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PREFACE. 

The accompanying report was undertaken at the request of the 
State Geologist of n'ew Jersey, with the aim of presenting in a 
single publication the major facts known concerning the distri- 
bution and manner of occurrence of iron ores of the State. 
Many items of interest with reference to the iron niines have 
been published in the various reports of the New Jersey Geo- 
logical Survey, and much information relating to the history 
of the different mines has been given in them. This material. 
however, is scattered through about forty volumes of the Annual 
Reports of the Survey, and, since many of these are out of print, 
is inaccessible to those to whom it might be of skrvice. More- 
over, many of the mines that were formerly worked have been 
lost sight of, and others have changed names. It is, therefore, 
a difficult matter to  follow the descriptions written at different 
times unless the successive reports are carefully con~pared for 
the express purpose of identifying the niiines discussed. I t  is, 
nevertheless, very important to know their early history, if 
any correct idea of the permanency of the ore bodies is to he 
obtained. For these reasons it has seemed desirable that the 
information contained in the older reports be examined and its 
essential features be correlated with the results of later investi- 
gations. -4s the old reports are comparatively rare, it is thought 
probable that a re-statement of the many facts contained in 
them might be of value. 

In the following pages everything of iniportance that has been 
published relating in any way to the iron-mining industry of the 
State has been collected, condensed and presented in such a 
manner as will prove convenient for reference to those who are 
interested in the subject. The literature has been scanned for 
items relating to the mines and for discussions of views on the 

(xiii) 
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PREFACE. xv 

that has been published on the State's iron-ore resources. If it 
satisfies this demand, its existence is justified. 

In the course of preparation of the report the author has been 
favored with the help of the mining men of the State, who, 
without exception, have done all in their power to contribute 
to its completeness. T o  all of these the author desires t o  express 
his thanks for the many courtesies extended him. Among those 
whose aid has been most valuable may be mentioned Mr. Edward 
Kelly, General Manager of the Wharton Steel Company ; Mr. A. 
Munson, Superintendent of the Hibernia Mines; Mr. James 
.-jrthur, Superintendent of the Richard Mine; Mr. Duke Peckitt, 
Superintendent of the Mt. Hope Mines; Mr. Charles E. Hewitt, 
Secretary of the Ringwood Company; Mr. J. M. Clark, 
Secretary of the Hudson Iron Company, and Mr. B. F. Facken- 
thal, President of the Thomas Iron Company. Mr. Frederick .A. 
Canfield has kindly read certain portions of the manuscript, and 
has added to it matter of considerable value. 

T o  Mr. Thomas A. Edison special thanks are due. Mr. 
Edison not only placed at the disposal of the writer all the ma- 
terial collected by him during the course of his investigations 
of the iron ore resources of the Highlands, but also granted 
permission to use this material in any way that seenletl desirable. 
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CHAPTER I. 

INTRODUCTION. 

CONTENTS. 

Brief history of iron-ore mining in New Jersey. 
Outline of the Geology of New Jersey. 
General Character of the iron ores. 

BRlEP HISTORY OF IRON-ORE MINING IN NEW JERSEY. 

The mining of iron ore in New Jersey began in the early 
years of the State's history, almost as soon as English settlers 
entered its borders. It is on record that Robert Morris owned 
iron works at Tinton Falls, Monmouth County, in 1685. 
Twenty-five years later (in 1710) the Dickerson mine at  Succa- 
sunna was bought. Forges were in operation in 1716 at W h i p  
pany, in Morris County, and at Upper Freehold, in Monmouth 
County. These forges evidently obtained their ore locally, 
though we cannot be certain from what mines it came. Prob- 
ably most of it was limonite, but some was surely magnetite. 
In 1742 the old charcoal furnace at Oxford, in Warren County, 
was built, and the magnetite mines in its vicinity were operated. 
The forges and furnaces at High Bridge, Hunterdon County, 
were built in 1754; the furnace at  Ring-wood, Passaic County, 
in I 762, and those at Charlottesburg and Long Pond (Green- 
\vootl Lake), in the same county. were constructed in 1763. 

Many forges were in operation during the early years of the 
Revolution. -According to a census in 1784, the State then had 
eight blast furnaces and 79 forges. Gordon, in his statistical 
table, published in 1834, has listed 12 blast furnaces and 108 
forge fires. There were 14 forges in South Jersey at that time. 

With the introduction of anthracite for smelting. the number 
of charcoal furnaces rapidly decreased, and the many forges 
were abandoned. In 1856 the number of active charcoal fur- 

I ORE ( I )  
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i IRON MIKES AND MINING. 

naces was only two, while the number of those using anthracite 
as a fuel was five, of which three were at Phillipsburg, one was 
at  Boonton and one at  Franklin, the latter having been built for 
the reduction of franklinite. A few of the forges continued to 
work intermittently to  satisfy local demands, but finally all dis- 
appeared, until even their sites are now difficult to recognize. 
Among the last to cease operations were the forge at Dover, 
that in Ocean County, which was at  work in 1866-7, and the 
following in the northern part of the State : Shippenport, Russia, 
Stockholm, Ryerson's a t  Bloomingdale, Powerville, Splitrock 
and Middle Forge. These were operated for short periods, at 
intervals, until 1879, but since that time have fallen into ruins. 

Table I.-List of Forges F m r l y  Operated in Nmu Jersey.' 

Name. Location. Remarks. 

ATLANTIC COUNTY. 

Monroe, Weyrnouth Township 

BeaCEN COUNTY. 

Schraalenberg. According to (:or- 
don's map. 

BURLINGTON COUNTY. 

Hampton, Shamong Township. 

CUMBERLAND COUNTY. 

Manumtrskin. 

HUNTERDON COUNTY. 

Solitttdc, ........... Near, High Bridge. 

MIDDLESEX COUNTY. 

Spottswood. 

MONMOUTH COUNTY. 

Imlaystown, Upper Freehold. E~rilt in 1716. 
Jackson's, ......... .Near .Squankum. 

Y ORRIS COUNTY. 

Russia. Jefferson Township. 1775. 
Weldon, Jefferson Township. 
Hurdtown, Jefferson Township. 

'This list and that of the charcoal furnaces is taken bodily from the Annual 
Report of the State Geologist for 1879, pp. 164-167. 
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HISTORY O F  IRON MINING IN NEW JERSEY. 3 
Name. Location. Revrks .  

Swedeland. ........ .Milton, Jefferson Township. 1801. 
Petersbur~, Jefferson Township. Two forges, accord- 

ing to Gordon's map, 
at Petersburg. 

Woodstock, Jefferson Township. 1790. 
Upper Lonmood, Jefferson Town- 

ship. 
Lower Longwood, Jefferson Town- 

ship. There have been a 
forges at  Lower 
Longwood and in 
the Berkshire and 
Longwood Valleys. 
The map of Gordon 
has 6 in all. 

Berkshire Valley, Jefferson Town- 
ship. 

Valley, .... .,. ..... .Near Baker's Mills, Roxbury 
Township. I*. 

Washington, ....... .On Rockaway River, Rockaway 
Township. 1850. 

Mount Pleasant, ... .Mount Pleasant, Rockaway Town- 
ship. In ruins. 

Xtna,  ............ ..Near Middle Forge, Rockaway 
Township. Built about Revolu- 

tion. 
Middle, ........... .Middle F o r ~ e ,  Rockaway Town- 

ship. 1810. 
Denmark, ......... .Denmark, Rockaway Township. 

ship. 1800. 

Timber Brook, ..... .Southwest of Charlottesburg. 
Rockaway Township. 

Durham, .......... .Southwest of Charlottesburg. 
Rockaway Township. 181 1-1856. 

ar le 's ,  ............ .Stony Brook, Pequannock Town- 
ship. 1822-1856. 

Decker's, ........... Rockaway Valley, Rockaway 
Township. 1846. 

Dixon's, ............ Rockaway Valley, Rockaway 
Township. 1827. 

Splitrock, ........... Splitrock, Rockaway Township. About 18.37. 
Stickel's, ........... Meriden, Rockaway Township. 1790. 
Righter's, .......... Meriden, Rockaway Township. ~&o. 
Beach Glen, ....... .Beach Glen, Rockaway Township.Built in 1760. 
Hibernia, ........... Hibernia, Rockaway Township. Gordon's map has 

two forges here. 
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Name. Location. Remarks. 
Muir's, ........... ..On White Meadow Brook, Rocka- 

way Township. 
Rockaway, Rockaway Township. There were 2 forges 

here, 1790-1805; and 
Gordon's map has 2 

additional on Horse 
Pond Branch. 

Powerville, Boonton Township. Built 1853. 
Boonton. Gordon's man has 

2 forges here. 
Righter's, ......... .Old Boonton, Hanover Township.Built 1853. 
Troy, ............. .Troy, Hanover Township. 1745-1859- 
Whippany, ......... Whippany. Hanover Township. Built in 1710. 

Speedwell, Morris Township. Gordon's map has 2 

forges, W. & N. W. 
of Speedwell works. 

Morristown, Morris Township. According to Gor- 
don's map. 

Shongum, Randolph Township. On Den Brook, be- 
low Shongum, Gor- 
don has 2 forges. 

N. Branch of Raritan, Mendham 
Township. 1850. 

Budd's, ............ Hacklebarney, Chester Township. 
Budd's, ........... .Black River, Chester Township. 
Welsh's, ............ One mile below Bartleyville, Mt. 

Olive Township. 
....... Bartleyville, .Bartleyville, Mount Olive Town- 

ship. 1790- 
Mount Olive or 

......... Stephen's, One mile below Bartleyville, Mt. 
Olive Township. 

........ Shippenport. Shippenport, Roxbury Township. 1843. 

OCEAN COUNTY. 

Three Partners, .... Near Bricksbur~. According to Gordon. 
... Butcher's Works, Near Burrsville. 

Dover. In operation 1866-7. 
Ferrago. Stopped in 1851. 
Westecunk (West Creek). 

PASSAIC COUNTY. 

........... Clinton, .West Milford Township. 
......... Stockholm, West Milford Township. .4t and near Stock- 

holm there were 4 
forges. 
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Name. Location. Remarks. 

Charlottesburg, .... .Charlottesburg, West Milford 
Township. Built in r840. 

Pequannock Valley, West Milford 
Township. There were 2 forges 

between Charlottes- 
burg and Smith's, in 
the time of the Lon- 
don Co. 

Smith's, ............ Smith's Mills, West Milford 
Township. 

Vreeland's ......... .One mile west of Rloomin~dale. 
Ryerson's, .......... Bloomin~dale. Built in 1840. 

......... Lond Pond, Rinmood Works. Built by Hasenclever, 
1764-67. 

Rin~wood Works. Three forges were 
built by Hasenclever 
in 1764. 

Boardville. 
Wynokie. 

SUSSEX COUNTY. 

Canistear. Vernon Township. 1796. 
Franklin, Hardiston Township. 
Windham, Hardiston Township. Built about 1790. 
Sparta, Sparta Township. Two forges, 1821-3. 

Morris Anchor W'ks,NormanSs Pond, Sparta Township.Two forges, 1821-3. 
Hopewell, .......... Hopewell, Sparta Township. 17%. 
Columbia, .......... Byram Township. 1800. 
Roseville, ........... Byram Township. 1828. 
Lockwood, .. .: ..... Byram Township. 1857. 
Andover, ........... Byram Township. 1804. 
Stanhope, ........... Byram Township. 

Table II.-List o f  Charcoal Blast Furnaces Formerly Opcrated in- N e w  Jersey. 

ATLANTIC COUNTY. 

......... Gloucester. Mullica Township. 
....... Weymouth. .Hamilton Township. Idle since 1854. 

Etna, ............... Weymouth Township. 

BURLINCTON COUNTY. 

Hanover, ........... Hanover. Idle since 1854. 
Mount Holly, ...... .Mount Holly. Mentioned by Acre- 

lius in 1759. 
Mary Ann, ......... Pemberton Township. 

..... Union Works, .Woodland Township. 
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Name. Location. Remarks. 
Speedwell, ....... ..Woodland Township. 
Hampton, .......... Shamong Township. 
Atsion, ............. Shamong Township. 
Batsto, ............ Washington Township. Built in 1;r66; ran un- 

til 1855. ............ Martha, 
........... Taunton, Medford Township. 

CAPE MAY COUNTY. 

.......... Tuckahoe, Tuckahoe. 

CUMBEBLAND COUNTY. 

........ Cumberland, Manumuskin. 

Millville, ........... Millville. 

Bridgeton, ......... E n d s t o n .  

Out of blast since 
1844- 

Built 1815; out of 
blast since 1855. 

HUNTERDON COUNTY. 

Union, ............. Near H i ~ h  Brid~e.  In existence in 1759; 
abandoned in 1778, 
and a ruin. 

Amesbury, .......... Near High Bridge. 1755 (?)  in, ruins. 

MONMOUTH COUNTY. 

Morris Iron Works,. Tinton Falls. At work in 1682. 
Howell, ............ Manasquan River. 

MORRIS COUNTY. 

....... Mount Hope, Mount Hope. 1772. 
Splitrock, .......... Splitrock, Rockaway Township. 
Hibernia, .......... .Hibernia, Rockaway Township. Built before 1764. a 

Old Boonton, Hanover Township. 

OCEAN COUNTY. 

Bergen Iron Works,. Bricksburg. 
............. Dover, Manchester. 
.......... Phomix, ..One mile east of Manchestcr. In ruins (Gordon% 

map). 

PASSAIC COUNTY. 

Clinto~i, ........... .West Milford Township. Stopped in I&; in 
ruins. 
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Name. Location. Remarks. 
Long Pond. ........ Rinjzwood Works. Built in 1764-7; re- 

built as an anthra- 
cite furnace. 

Ringwood, ......... Rinmood. Built in 1764-7; a 
ruin. 

*reedom, ........... Wynokie Valley. 1838; out of blast in 
18cc and down. 

Pompton, .......... Pompton. 1837. 
.......... Ryerson's, Bloomingdale. In ruins. 

Charlottesburg, ..... Charlottesburg. . 1767; wns abandoned 
1772. 

SUSSEX COUNTY. 

Wawayanda. ...... .Vernon Township. 

Hamburgh, ......... Hamburgh. 
Franklin, ........... Franklin. 

Ogden's, ........... Ogdensburg. 

Andover, ........... Andover. 

WARREN COUNTY. 

Changewater. 
Oxford. ............ Oxford. 

Built in 145; out of 
blast since 1856. 

Built in 1770; last 
repaired in 1854. 

Rebcilt as anthracite 
furnace. 

In existence before 
1759. 

Built in 1763. 

Built in 1742-3; re- 
built as an anthra- 
cite furnace. 

Table III.-Anthracite B b s t  Furnaces in N e w  Jersey. 

HUDSON COUNTY. 

Secaucus Iron Wks.. .Secaucus. 
Furnace of New Jer- 
sey Zinc Company,. Newark. 

MORRIS COUNTY. 

Chester, ............ Chester. 
Port Oram, ......... Wharton. 
Boonton Iron Wks., . Boonton. 

Active in 1907. 

Active in 1907. 

PASSAIC COUNTY. 

Ringwood Iron Wks., Rinnwood. 
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SUSSEX COUNTY. 

Name. Location. Remarks. 
Furnace of New Jer- 
sey Zinc Company,. Franklin. 

Musconetcong Iron 
............ Works, Stanhope. Active in ~gg. 

WARREN COUNTY. 

Whrrm, ............ Hackettstown. 
Pequest, ............ Oxford Township. Active in 1go7. 
Oxford Furnace, ... .Oxford Furnace. Active in 1905. 
Phillipsburg. ....... Phillipsburx. Active in ~ g g .  

The amount of ore furnished to the forges and the early 
furnaces was not large, because the demand for the iron made 
was mainly for local consumption. In 1821 Morse's Gazetteer 
reports the manufacture of 2,500 tons of iron. In 1831 the 
product had reached 4,671 tons annually, all of it, of course, 
being reduced by charcoal. 

As soon as anthracite furnaces came into use the furnace busi- 
ness began to increase rapidly and with it there was a great in- 
crease in the quantity of ore produced. In 1855 according to 
Dr. Kitchell's estimate the amount of ore mined in Northern 
New Jersey was about 100,000 tons. This was more than 
doubled by 1864 and reached 275,000 tons in 1867. 

In  the report of 1868 the list of mines given contained the 
names of 115 separate operations. During 1870 and 1871 
there were many explorations in Sussex and Warren 
counties. These increased the number of named ore occurrences 
to 161 in the latter year. lMany of these were explorations only, 
and some of the mines working in 1868 had in the meanwhile 
been closed so that the actual number from which ore was being 
raised in 1871 was less than in 1868. The greater portion of 
the ore shipped at this time was obtained from about 30 mines, 
the balance being explorations mainly. The active mines were 
being worked more vigorously than heretofore, however, the yield 
being about 450,000 tons. In  the following year the yield was 
increased to about 600,ooo tons, the Kishpaugh, the Howell and 
other mines on Jenny Jump Mountain having added their quota 
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to  the product of the older mines. In 1873 there was an increase 
of only 6 5 , m  tons over the preceding year. This small increase 
was the result of the financial depression that began then to 
be apparent, and which necessitated the closing down of some 
of the furnaces. The list of active mines and proltlising explora- 
tions given in the Report of the State Geologist for this year 
contained 203 names of mines, and of these 61 mines were 
reported as working. 

The financial depression of 1873 continued through several 
years, its effect being noticed in a reduction of the output to 
525,075 tons in 1874, a falling off of 1 2 5 , m  tons from the pre- 
ceding year. The number of mines enumerated in the Survey's 
list fo; this year is 225, of which 10 were new. Of the latter, four 
contributed to the output during the year. In 1875 several of 
the larger mines suspended operation, and most of the smaller 
ones, the production being diminished to 390,000 tons. The few 
mines producing Besserner ore continued to work, however. and 
there 'was some examination of old properties with the hope 
of adding to the number of mines producing this class of ore for 
which there was considerable demand because of the fact that steel 
pig hacJ been made from New Jersey magnetites by several fur- 
naces in 1875. During the following year there was a further 
reduction in the output of ore amounting to 105,ooo tons, but in 
the succeeding year (1877) there was a slight increase. Tltese 
were the two leanest years in the quarter century between 1869 
and I-. During this periocl only 30 lllines continued to operate. 

From 1877 to 1882 there was a rapid increase in the quantity of 
ore shipped, the maximum year's output for the State being 
reached in the latter year when the yield rose to nearly a million 
tons (932.762). In 1879 it is reported that there were 16 blast 
furnaces in the State run largely upon home ores. During the 
preceding period of depression the mine operators had been 
compelled to the utmost economy in mining the ore. The lessons 
thus learned were not forgotten during the more prosperous 
years that followed, so that in spite of the low price at which the 
ore had to  be s ~ l d  as compared with the prices brought prior to 
the panic and in spite of the further fact that the ore had now 
to  meet the competition of the rich hematites of the Lake Superior 
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region, the mine operators, as the result of the economies forced 
upon them, were able to  increase their output. Moreover, the 
more prosperous condition of the trade caused the starting up of 
many old mines and gave a great impetus to  the work of explora- 
tion. This is seen in the statistics of the State Survey. In 
the r e p r t  of 1879 there were 300 mines mentioned of which 8 
were new openings. The balance were old mines, the increase 
in the number over that in earlier reports being explained by the 
fact that in the early reports groups of mines under one manage- 
ment were entered under one name, while in the report of 1879 
they were mentioned separately. The increase in the prosperity 
of the mining community was reflected particularly in the great 
increase in the number of active mines, of which 50 were re- 
ported. Many of these, however, were not properly situated for 
economical production and consequently in the succeeding year 
some of them were closed down. The number of mines worked 
during some part of the year 1880 was 136, while those operating 
at the close of the year numbered only 81. The total number 
of mine names given in the list for that year was 350. The gain 
over the preceding year was partly due to the listing of a few old 
mines that had not been noted previously and to the discovery 
and opening of a few new ones. 

In the census report of 1880 most of the mines producing dur- 
ing the year from July rst, 1879, to  June 31st, 1880, were visited 
and estimates of their ~ i e l d  obtained. Since this is the longest list 
of active New Jersey mines ever reported, and since it in some 
measure indicates the possibilities of ore production from localities 
a t  present abandoned, it is reproduced below. While some of 
the large producers of this time are still actively operated. others 
of them have probably been abandoned permanently. The large 
number of small producers in the list, however, is promising as 
indicating that there is still a great resenTe of ore waiting to be 
removed when the conditions are more favorable for the working 
of small deposits than at present. 
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Table IV.-List o f  Mines Producing Magnetic Ore in the Census Year 
187pr88o . 

Mine . 
Allen. ..................... 

............... Anaandale. 
Ardover and Sulphur Hill. . 
Bald Pate. ................ 
Baker. .................... 

... ............... Barker. : 
Beach Glen. ............... 
Beers. .................... 

............... Black Hills. 

............... Brotherton. 
Brown. ................... 
Bryant. ................... 
Budd. .................... 
Butler. ................... 

................... Byram. 
......... Canistear (1879). 

............... Centennial. 
........... Charlottesburg. 

Combs. ................... 
Cobb. ...................... 

...... Cooper (at Chester). 
Cregan. ................... 
Dalryrnple. ................ 
Davenport. ................ 
Day. ....................... 
Dickerson. ................ 
Dodge. ................... 
De Bow. .................. 

.................. Eveland. 
Ford. ..................... 
Evers. .................... 
Gove. ..................... 

..................... Gray. 
.............. Green Pond. 

Hacklebarney. ............. 
Hager. ................... 
Hann. .................... 
Hude. .................... 
Huff ...................... 
Hurd. .................... 
Hurdtown. ................ 

r Willis. ........ 
Hibernia. Glendon. ...... 

... I Lower Wood 

Tons . 
10. 130 

625 
15. 201 

150 
14. 695 

#X) 

9& 
22 

2. I95 
4730 
1. 232 
6. 710 
2. 016 

280 

16. 60j 
10. 000 

Mine . 
High Bridge. ............. 
High Ledge. .............. 
Hill. ...................... 
Kahart. ................... 
Kane. ..................... 
King. ..................... 
King (at Mine Hill). ...... 
Kishpaugh. ............... 
Large. .................... 
McKean. ................. 
Millen. ................... 

................. Montauk. 
Mt . Hope. ................ 
Mt . Olive. ................ 
Mt . Pleasant. ............. 

.................. Oxford. 
Orchard. .................. 

....... I Davenport. 
Old Ogden. ...... 

Ogden Roberts. .......... 
P a r e  .......... 

Pidcock. .................. 
Pikes Peak. ............... 
Pitney. ................... 

.................. Randall. 

.................. Richard. 
Ringwood. ................ 

......... Rockaway Valley. 
Roswille. ................. 
Samson. .................. 
Scrub Oak. ............... 
Sickles. ................... 

................ Skellinger. 
.......... Split-Rock Pond. 

Sterling. .................. 
............. Stony Brook. 
............. Stoutenburgh. 

Teabo. .................... 
.................. Topping. 

........ Washington Forge. 
Weldon. .................. 
West End. ................ 
Willever & Godfrey. ....... 
Wright. ................... 

Tons . 
2.m 
I. IaC 

6. 7m 
50 

250 
280 

2.560 
12. 7x0 . 

I a ,  

2% 
1. 263 

357 
54379 

1. 625 
22. 525 
22359 
14. OO'J 

I. 110 

2464 
16. 800 
8. 089 

156 
8. 960 
2. 800 

4360 
35463 
6.6,4& 

500 
I. 347 
3. 360 
I. 680 
19- 

4,480 
560 

1 8 0 0  6. 
100 

1. @J 

22468 
875 

2. 721 
1276 

1 1 . 086 
500 

12 
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Mine. Tons.  Mine. 
......... ... 

Tows. 
Asbury, 

..... .... 
Hoagland, 

Case (25). Pequest, ............ 500 Roseberry, . . i ........ Mayberry (3001, 950 
Petty (40). .... Schuler, ..... J 

Rodenburg, ..... Lawrence .. 1.. .......... 760 
De Hart, ... 

.............. Total, 7 V f W  

Tablc I/.-List o f  .llir~cs Producing Li~~aonite Orc ill fhr Cr~ t sus  Year 
1879-1880. 

Mine. 
Brown, ................... 
Dafford, .................. 

................. Neighbor, 
New Village. ............. 
Shields, ................... 
Radley, ................... 
Rapp, ..................... 

T o t ~ s .  Mine. Tons.  
431 Roseberry , ................. 500 
500 Thomas, .................. 2,050 
896 Wean, .................... 565 
374 Wm. Hamlen, ............ 344 

9870 
.............. 78 Total, 16,003 

392 

In the succeeding two years there were a few additional mines 
opened, but the great gain in production was the result of the 
more vigorous working of the larger mines controlled by furnace 
companies. I n  1882 the market for ore began to  contract and 
as  a consequence during its latter part some of the mines that had 
contributed to  the production (luring the earlier'lmrtion of the 
year were compelled to shut down. Moreover, about this time 
steel was beginning to  replace iron for many of the uses to  wllich 
this con~n~odity had hitherto been applied and as  a result the iron- 
making ores to which class the majority of the New Jersey ores 
belong, began to  rneet with slow sales. The replacement of iron 
by steel a t  this time was due largely to the utilization of the Lake 
Superior ores, which are so rich m d  so well adapted to  steeI 
making that the cost of manufacture of this metal had been so far  
reduced a s  to  make it a strong competitor for many purposes 
with the hitherto cheaper iron. At this time also some of the 
oIder and larger mines of the State had become very deep, and 
the expense of raising ore had consequently increased t o  such an 
extent that it could no longer be produced at a profit on a falling 
market. Among the mines then abandoned were the Byram, 
Randall Hill, and Swedes. Many of the snlaller mines wllich 
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were at a considerable distance from the railroad were also 
closed down, mainly, however, because the price obtained for 
their ore was not sufficient to pay the cost of its transportation 
to the railroads. In spite of the closing of these mines during 
the latter part of the year and the consequent loss of their con- 
tribution to the year's production the aggregate for the year 
was 932,762 tons, the largest total ever raised from New Jersey 
nines in a single calendar year. In  the following year, how- 
ever, the full effect of the adverse conditions was felt. The pro- 
duction fell off to 521,416 tons. Nearly all the smaller mines 
were closed, some k i n g  abandoned permanently. Only the more 
thoroughly equipped mines that were near transportation lines 
continued in operation. Prospecting ceased. There was no 
stimulus to exploration, as it was recognized that new mines in 
localities distant from the railroads would not be able to  p rduce  
ore at a profit. 

In  the next succeeding years the same conditions prevailed, 
the output continued to decline and the trade languished until in 
1885 it reached a very low ebb, only 350,000 tons being produced. 
Only the very largest mines continued in operation, 30 being 
the number mentioned in the State reports as having been worked 
during sonle portion of the year. 

In 1886 the price of ore improved slightly. The mines imme- 
diately responded to the demands of the market and increased 
their output to  500,501 tons. The increase in production was, 
however, not due to an increase in the number of -mines worked 
but rather to  the more energetic operation of those that had con- 
tinued to run during the dull times of the preceding two years. 
The number indicated in the State report of 1886 as having been 
in operation during the year was 33. The conditions remained 
quiescent during the next twelve-month and the yield of ore was 
approximately the same as in the preceding year (547,889). In 
1888, however, there was a loss of IOO,OOO tons, the production 
for this year being only 447,738 tons. 

From this time t o  1891 there was a small but steady improve- 
ment in the ore trade, the output gradually mounting to 551,358 
tons in the latter year. There was a slow decrease in the number 
of mines engaged in raising ore, but a considerable increase in 
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the yield of the most active mines. In  1891, for instance, four 
mines produced an aggregate output of 316,248 tons of ore, or 
nearly 60 per cent. of that of the State. 

There was a strong tendency about this time to the con- 
centration of production at a few centers convenient t o  
railroad lines. In  other words, as the market price of ore dimin- 
ished the cost of transporting it to the furnace became a more 
and more influential factor in determining the mines that could 
be successfully worked. The abandonment of mines at this time 
was not necessarily the result of the exhaustion of their ore 
bodies, but was rather because of their inability to deliver ore 
to  the furnaces at a profit in competition with mines that 'were 
more favorably situated with respect to transportation. I t  is 
encouraging to  note that the producing mines were mostIy the 
old historic ones whose periods of activity reach back a haIf cen- 
tury or  more. At this time, however, two of the old mines, the 
Teabo and the Dickerson, were closed down, because the depth 
of profitable mining under conditio~ls then prevailing had been 
reached. Both of these mines had had honorable careers and 
had contributed very largely to the output of the State, the 
Dickerson having produced an aggregate of about ~,ooo,ooo 

,tons. In 1905 the Dickerson was reopened, but not in the same 
deposits that had formerly been so productive. 

The number of active mines continued to diminish after 18g1, 
and also the State's output of ore, until in 1897 it reached its 
lowest ebb in recent years, vjz., 257,235 tons. The low price of 
ore, which was due to the general business depression throughout 
the country at  this period, together with the great increase in 
the use of Lake Superior ores in Eastern furnaces, had seriously 
affected the New Jersey ore business, and it was only in conse- 
quence of the consolidation effected between mines and fur- 
naces that any of the mines were able to dispose of their output. 
The improvement in mining methods and machinery rendered im- 
perative-by the necessity for producing ore cheaply showed their 
effect, however, in the ability of the New Jersey mines to market 
ores in the Lehigh Valley at a lower price per unit of iron than 
any competing district. In the year 1896 only the mines at  
Hilxrnia, l 'harton and Hurdtown continued at  work. Prac- 
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tically all the mines that remained active during the succeeding 
years were operated by the owners of furnaces. 

In 1898 the tide turned. By this time the large economies that 
had bken introduced in the method of working the great hehatite 
deposits in the lake region and the low freights granted to  lake 
shippers resulted in the lowering of the price of lake ore to 
such an extent that the New Jersey ore had to be sold a t  about 
$2.00 per ton in order to secure purchasers. At this price only 
a few of the most favorably situated mines could continue opera- 
tions, but these were able to compete with the rich lake hema- 
tites, and when the demand for ore increased, as it did in the last 
years of the century, they showed themselves capable of meeting 
this demand by largely increasing their output. The Hurdtown 
mine was closed in 1898. I t  had at this time reached a depth of 
6,000 feet on the slope, or 2,600 feet vertically, and was at that 
time the deepest mine in the State. In  this same year, however, 
the concentrating works at Edison, which had been erected 
to concentrate the low-grade ores of the old mines near Ogdens- 
burg, were put into operation, their yield about compensating 
for the loss due to the closing of the Hurdtown mine. 

With the rapid rise of the price of iron in the opening month 
of the year 1899, there followed a rise in the value of ore. 
The New Jersey mines quickly responded by raising their output 
to 300,757 tons. The older miries increased their production, 
several enterprises that had been closed by low prices resumed 
operations, many leases of mining properties were made, and sev- 
eral sales of ore lands were consummated. Among the mines that 
were reopened were the Green Pond, Beach Glen, Ford, Weldon 
and Kishpaugh mines, and the groups at Ringwood, Oxford and 
Mount Hope. With the advent of more remunerative prices, 
improvement in mining plants were pushed forward with vigor, 
concentrating works were constructed and much lean ore was 
made marketable. Henceforth concentrates became a prominent 
feature of the New Jersey ore market, thus enabling the poorer 
ores of some of the more favorably situated mines to be delivered 
at the furnaces in such condition and-at such prices as to  prevent 
richer ares from mines less favorably situated from competing 
with them. 
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The "boom" of 1899 continued well into 1900, but during the 
later months of this year it collapsed. Furnaces were shut down, 
the demand for ore ceased and as  a consequence some of the 
mine:that had been reopened in 1899 were compelled to' close 
again. In all, 15 mines were in operation during the year; 
but two of these were shut down before its close. Because of 
the activity in tlle early part of the year the output was increased 
over 1899 by 41,633 tons. The tlepression was only temporary, 
however, for the following year saw another increase in the 
output to  401,151 tons, an increase in the number of operating 
mines, and an increase in the output of the individual mines. 

During 190.3 tlle ore market agaia took a downward turn. 
Each recurring depression finds the mines deeper and the cost of 
raising ore tending to  become greater. But few of the nlines 
in the State had been worked with regard to the future and in 
~llost mines no pains had h e n  taken to compensate for the in- 
creasing depth by improvenlellts in tlle mining plant. Only those 
mines that were sure of their markets, i. c., those that were oper- 
ated in connection with furnaces, made investments in the shape 
of permanent improvements. The year 1w3 ,  therefore, saw all 
the independent mines closed down and only those in operation 
that were run in direct connection with blast furnaces. Since the 
demand of the furnaces was comparatively slight the mines 
were run at a nloderate rate. Fortunately, however, the progres- 
sive policy of tlle furnacemen had' by this time gotten their 
mines into good shape, and in excelle~lt condition to  respond 
l'romptly to tlle demand for ore. so that when the demand 
came in the following years the mines were able to furnish the 
l~roduct, which in 1906 amounted to s p , & 8  tons, obtained from 
eight mining centers, and in 1907 to  558,137 tons. obtained 
froin 17  nines a t  twelve milling centers. 

The present year (IW) finds the ore-mining industry in a 
very favorable condition in respect to equipment. There are but 
13 mines working, but these are operated with modern equ ip  
ment, which enables them to earn a profit even when the selling 
price of ore is considerably less than was the cost of mining it a 
few years ago. Moreover several old mines are being re-opened 
in the hope that they may be made to yield sufficient ore of god 
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quality under modern conditions of mining to warrant their 
successful operation. No ore need now be raised at a loss, since 
there is no clamoring on the part of the mine-owners for a dis- 
posal of the ore. The policy of husbanding their resources until 
such time as ore is needed will be followed. There will naturally 
be wide and sudden fluctuations in the output from year to  year, 
because of the enforcement of the law of supply and demand. 
The reserves of ore in the operating mines are still large, so 
that there is no fear of the early exhaustion of the ore bodies, 
and besides, if iron ore ever becomes so scarce elsewhere that the 
New Jersey magnetites will command a price as great as that ob- 
tained a decade or more ago there are hundreds of now-aban- 
doned mines which ,nay be opened up again and. made to supply 
a large quantity of ore for an indeterminate period. 

Fig. r. 

Diagram showing the production of iron ore in New Jersey from 1870- 
I@, in the U. S., 1&?+1908, and the price of foundry pig in Philadclphia, 
187+1908. 

2 ORE 
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The yield of the State during the past century is shown in 
the table below, which is essentially that printed in the Annual 
Report of the State Geologist of Kew Jersey for the year 1908. 
It is estimated that the total yield of the State since the beginning 
is in the neighborhood of 22,000,& tons. The fluctuation in 
the amount of ore produced in recent years is graphically rep- 
resented in figure I. 

Table V1.-Production o f  Iron Ore in New Jersey, 1790-r908. 

Year. Iron Ore. Authority. 
....... ................... 1790, I O , ~  tons, .Morse's estimate. 

1830, ................... a o , m  tons. ....... .Gordon's Gazetteer. 
...... ................... 1855, ~oo,ooo tons, ..Dr. Kitchell's estimate. 
........ 1860, .................. .164,900 tons, United States census. 

1864. .................. .226,m tons, ....... .Annual Report State Geologist. 
....... 1857, .................. .275,067 tons, .Annual Report State Geologist. 

.................. ....... 1870, .362,636 tons, .United States census. 
1871, .................. .450,m tons, ....... .Annual Report State Geologist. 
187% .................. .6oo,m tons, ....... .Annual Report State Geologist. 
1873, .................. .665,m tons, ....... .Annual Report State Geologist. 
1874, .................. .525,m tons, ....... .Annual Report State Geologist. 
1875, .................. ,390,000 tons, ....... .Annual Report State Geologist. 
1876, .................. .285,m tons, ....... .Annual Report State Geologist. 
1877, ................... 315,ooo tons, ........ Annual Report State Geologist 
1878, .................. .4og,674 tons, ....... .Annual Report State Geologist 
1879, .................. .488,028 tons, ....... .Annual Report State Geologist. 
1880, .. -. .............. .745,m dons, ....... .Annual Report State Geologist 
1881, .................. ,737,052 tons, ...... ..Annual Report State Geologist 
I&, .................. .99,762 tons, ....... .Annual Report State Geologist. 
I&. .................. ,393,710 tons, ....... .Annual Report State Geologist. 
1885, .................. .33o,m tons, ....... .Annual Report State Geologist. 
1886, .................. .5oo,501 tons, ....... .Annual Report State Geologist 
1887, .................. .547,&39 tons, ....... .Annual Report State Geologist. 

....... 1888. .................. . ~ 7 , 7 3 8  tons, .Annual Report State Geologist. 
1889, .................. .4&,1og tons, ........ .Annual Report State Geologist 
1890, ................... 55z,gc$ tons, ....... .Annual Report State Geologist. 

....... 18g1, ................... 551,358 tons,. Annual Report Sfate Geologist. 
....... 18gz. .................. .465,455 tons, .Annual Report State Geologist. 
....... 1893, .................. ,356,150 tons, .Annual Report State Geologist. 

I& .................. .277,483 tons, ....... .Annual Report State Geologist. 
1895, .................. .282,433 tons, ....... ..Annual Report State Geologist. 

....... 1806. .................. .26j,999 tons, .Annual Report State Geologist. 
...... I&;, .................. .2.;7,35 tons,. . .bnual Report State Geologist. 

........ .................. I&& .275.378 tons, .\nnual Report State Geologist. 
...... I* . . . . . . . . . . . . . . . . . .  ,300,757 tons,. .Annual Report State Geologist. 
...... .................. ]goo, .3@.390 tons,'. .Annual Report State Geologist. 
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Y e a r .  Iron Ore .  Authori ty .  
1901. .................. .401,151 tons, ....... .Annual Rcport State Geologist. 
I F , .  .................. 443,728 tons, ....... .A1111ual Report State Geologist. 
1903, ................... 484,796 tons,'. ...... .Annual Report State Geologist. 
IW, .................. .45)9,952 tons, ........ A ~ ~ n u a l  Report State -Geologist. 
1905, .................. . ~ O O , ~ J I  tons, ....... .Annual Rcpon State Geologist. 
I&, .:................ .542488 tons, ....... .Xllnual Report State Geologist. 

....... I W ,  . . . . . . . . . . . . . . . . . .  .558,137 tons, .Annual Report State Geologist. 
1908, . . . . . . . . . . . . . . . . . . .  432,566 tons, ....... ..411nual Report State Geologist. 

OUTLINE OF THE GEOLOGY OF NEW JERSEY. 

The rocks exposed in S e w  Jersey include those of nearly all 
geological ages, from the Algonkian to the Pleistocene. The:; 
may be grouped as follows: 

Table  YII.--Classification of New Jersey Rock Formations. 

... Quaternary. Pleistocene... UnconfOrmitv. 

.... Se0cer.e. 
Tertiary. .... 

Eocene. ..... 
Manasquan marl. .... Vincentown marl. 
Hornerstown n r l .  I Ngr$4., .{~ed Bank sand. 
~\ave,ink marl. 

lbf t .  Laurel sand. 

.. Cretaceous. 

i 
Wenonah s a n d  

Natawan .... Marshalltown clay-marl. 
Group. Englishtown nand. 

11 1 Woodhury clay. 
Merchantville clay-marl. 

Nagothy formation (day. sand and gravel). 
Unconformity. 

E Raritan formation (clay, sand and gravel). 
Unconformity. 

Trap sheets (diahase and basalt) a t  varicus horiwns. 
B r u ~ w i c k  shales (red shales, sandstones and con- 

h'euark. ..... glomerates). 

Lockatong series (shales, argillite, and flagstones). 
Stockton curies (arkose sandstones and shales, some 

conglomerates). 
Unconformity. 

'The figures, 407,596 tons, given in the repon for 1900, included 75,206 tons 
of crude material, which should have been reduced to its equivalent in con- 
centrates. The figures for 1903, given in the report for that year, were 
incorrect. 
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Skunnemunk Conglommte (including red unbtone). 
Bellvale flags (bedded sandstone). 
Pcquamc shales. 
Onondaga limestone--Kanouse sandnone (including 

fine grained connlomerate). 
Esopua grit. 

.Devonian, . . .{ Oriakany formation. 

I 
Kingston or Port Ewen be&. 
Becraft limestone. 
New Scotland beds. 
Coeymana limestone. 
Stormville sandstone. 
Manlius limestone. 
Rondout limegtone. 

Decker formation (shaly limeatone). 
Bossardville limestone. 

Silurian. . . . . salina croup, Poxino Island hales. I { High Fallr formation-Longwood shales. 
Shawangunk cong.-Green Pond cong. 

Unconfonnity. 
Martinsburg (Hudson) formation (shales. flagstonea, 

rlates and sandstones). 
Ordovician, . . Jacksonburg (Trenton) limestone (foaailiferous lime- 

I stone). 
f Kittatinny limestone (blue limatone). 

(cambrian. ...{ IIardyston quartzite (sandstones and conglomerates). 
Unconformity. 

i C n e i ~ e r .  
Algonkian. . . Franklin limestone (including a few conglomeratca. 

quartzites and dates). 

The oldest rocks known to occur in New Jersey are regarded 
as of Algonkian age. The iilgonkian series conlprises white 
crystallii~e limestone, quartzite and quartzose conglomerates, a 
small quantity of schistose volcanic rocks and great quantities of 
acid and basic gneisses. These are cut by numerous dikes of 
pegmatite or coarse granite, and a few small dikes of diabase that 
are believed to be connected with the great sheets of this rock to 
the south that were intruded during Newark time. ~ H g n e t i c  
ores are associated with the limestone, the pegmatite and the 
gneisses. Hematites have beell found only in the quartzites and 
quartzose conglomerates. 

The Cambrian series is represented in New Jersey by a com- 
paratively thin layer of feldspathic conglomerate and sandstone, 

which in some places beconles a quartzite. This is believed to 
be equivalent to the Lower Cambrian sandstone in New York 
and elsewhere. It is followed by a thick succession of magnesian 
limestones. The former rock is known as the Hardyston quart- 
zite because its true relation to the ullderlying Franklin lime- 
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stone was first revealed by exposures in Hardyston township, in 
Sussex County. 

Between the Algonkian beds and Hardyston quartzite is a 
great unconformity. The quartzite was laid down upon the 
eroded surface of the gneisses and the Franklin limestone, and 
consequently is much younger than these. 

.4bove the Hardyston quartzite follow beds of magnesian lirne- 
stones, with a few interleaved shales. These have been called 
the Kittatinny limestone, from the valley in which they are ex- 
tensively developed. The limestone is known also' as the "blue 
limestone," in contradistinction to  the white pre-Cambrian 
(Franklin) limestone. The underlying quartzite grades upward 
into the shales, and these into the limestone. The limestone and 
shales are folded and faulted. In many places they lie immedi- 
ately upon the Algonkian rocks, the Cambrian quartzite being 
entirely wanting. In these cases the junction is supposed to 
be along a fault plane, the quartzite perhaps being beneath the 
limestone many feet below the present surface. 

The limonites (or brown hematite ores) are associated with 
this limestone, and are usually found near its contact with the 
underlying gneisses, or with the overlying formations. 

Following the Kittatinny limestone upward is a regular suc- 
cession of limestones, shales and sandstones of Paleozoic age. 
All are folded and faulted in the same way as is the Kittatinny 
limestone. Above these is an unconformity, and above this, 
lying upon the truncated edges of the folded Paleozoic and pre- 
Paleozoic rocks, is a gently inclined series of younger rocks. 
The latter need not be considered here, as there are no iron ores 

, associated with them, except the bog ores that may occur on the 
surface wherever the conditions of deposition are favorable. 

The folding of the Paleozoic beds took place just before the 
time represented by the unconformity at their top, which sepa- 
rates the Paleozoic rocks from the succeeding Mesozoic ones. 
This folding affected all Paleozoic and Algonkian rocks in the 
eastern part of the United States, and resulted in the making of 
the Appalachian Mountains. I t  was during this period of de- 
formation that the limestones and other rocks in the valleys 
between the Highland ridges were folded. At least the greater 
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portion of the folding was produced at  this time. At the same 
time, perhaps, the rocks of the ridges may also have been corn- 
pressed to some extent. The principal compression of these, 
.however, must have occurred before the Hardyston quartzite 
was laid dewn, i. c., in pre-Paleozoic tinic, since boulders of 
well-defined gneisses are common in the conglon~erates at  the 
base of the quartzite. 

At the opening of Mesozoic time the land which is now north- 
e m  Xew Jersey was somewhat above its present height. The 
weather then began to break down the rocks and the streams to 
carry away the debris. The two agencies acting together reduced 
the country until it became a gently rolling plain, sloping gradu- 
ally oceanward. 

During this period of denudation. i. c., during the time when 
the folded Paleozoic rocks were being reduced to near sea-level, 
the Newark deposits were being laid down cn a plain that ex- 
tended eastward froin the base of the mountains by a system 
of great rivers which deposited silts. sand and pebbles, that later 
became shales, sandstones and conglomerates. The deposits of 
neighboring rivers coalesced, forming a general covering over the 
plain's surface. The plain, together with its veneer of sediments, 
later became deformed. By folding and faulting, troughs were 
produced, running parallel to the trend of the mountain ridges. 
The deposits of Newark time \j7ere carried tlownward in some 
places and raised in otllers. Subsequently (in early Cretaceous 
time) the deformed surface \\:as again e r a e d  and a new plain 
\\.as formed. The Xewark rocks that \\.ere in the troughs were 
protetted, while those in the saddles between the troughs were 
\ V O ~ I I  away. Thus on the new plain the Newark rocks were left 
in long. narrow belts running southwest and northeast. The 
trap rocks that are associated with the Newark sediments were 
partly lava that flowed out on the surface of the beds, and partly 
sheets of rock that were forced between their lower layers. 

The new plain carved from the folded rocks of the old plain 
extended north ant1 south over a wide area, and was at  one time 
very near the sea-level. It was afterward elevated, its remnants, 
in some places no\\- 1400 feet above the original position, being 
recognizable in the flat tops of the Highland ridges, and of some 
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of the trap ridges rising above the general level of the lowland 
that stretches southward from1 the base of the Highlands. The 
tops of these elevations, considered as a whole, form a sloping 
surface inclining seaward about 70 feet to the mile. 

'After this elevation the denudation processes again became 
exceedingly active. The relatively soft and easily erodible lime- 
stones that had been folded between the gneisses, and the shales 
that surrounded the trap masses were worn away more rapidly 
than the resistant crystalline rocks, and in this way the present 
valleys were developed between ridges. 

IVhile this was going on the southern and central portions of 
the Sta;te oscillated below and above sea level through a long 
series of charuges, and during later Mesozoic and Tertiary time a 
great succession of sands, marls and clays were deposited. These 
were finally raised above the ocean to form the southern part of 
the State. They are strongly contrasted with the older rocks in 
their attitudes. Tlle former are folded or tilted, while the latter 
are uniformly flat, or but slightly'inclined toward the sea. Dur- 
ing the later stages of the history glaciers from the north covered 
the northern part of the State with a series of loose deposits, 
which determined the minor features of its topography. 

GENERAL CHARACTER OF THE IRON ORES. 

The iron ores that have k e n  mined in New Jersey are bog 
ores, limonite or brown hematite, red hematite, and magnetite. In 
the early years of the State's mining history considerable bog 
ore was utilized in the manufacture of bloomery iron. Later, 
the limonites became of considerable importance. At present 
magnetites are mined almost exclusively, although in the last 
two years progress has been reported in the redevelopment of two 
of the large limonite mines1 that were formerly of considerable 
importance. Hematite has never been mined to any great extent 
unless the ore from the Andover mine was of this character. 
In any event, the quantity of hematite taken from the ground 
is small as compared with the immense aggregate of magnetite 

' Wbrk at one of these has since been suspended (June, rgro). H. B. K. 
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that has been mined and is much less in quantity than the amount 
of limonite raised. 

Magnetite has always been the important ore. I t  has been 
mined from the earliest period, and at the time of the Revolu- 
tion in 1776, magnetite mining already occupied an important 
place among the State's industries. No records are at hand that 
enable one to  judge of the relative importance of the several 
ores at different periods in the mining history of the State, the 
only records of value in this respect being those of the Tenth 
Census. In the report of this Census it is estimated that in the 
twelve months between July I, 1879, and June 30, 1880, there 
were raised about 728,000 tons of magnetite and about 16,000 

' 
tons of limonite. In this year, however, the limonite mines were 
more energetically worked than usual and, as a consequence, 
limonite makes a better percentage showing than would be the 
case if the record covered a longer period. In 1830 it is es- 
timated that 2,000 tons of ore were mined and it is thought that 
most of this was bog ore. . 

In spite of the slight importance now credited to limonite and 
bog ore it is possible that these ores may in the future become 
valuable sources of the metal, and it is interesting, therefore, to 
know that there are still reserves of these materials in the ground 
awaiting utilization. 

The geological associations of the fotir ores are as different 
as their physical and chemical characteristics. The bog ore is 
fount1 mainly as stirface. acctimulations in bogs and swampy 
places, the limonites are in the Kittatinny limestone and in one 
or two places in later setliments ; the magnetites, in the -4lgonkian 
gneisses and crystalline limestone; and the hematite, in the 
silicious sediil~ntary rocks asswiatetl with the Franklin lime- 
stone. 

Each of the ores is discussed in some detail in the following 
pages. The magnetites becatlse of their overshado\ving import- 
ance are disctissed at intich greater ler~gtl~ than the other ores. 
The hematites are treated very briefly for the reasoil that in- 
fonllatioil concerlling them is very meager. 
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THE BOG IRON ORES. 

CONTENTS. 

General discussion. 
Nature of the ore. 

Appearance. 
Chemical composition. 
Metallurgical value. 

Manner of occurrence. 
Origin. 
Distribution and description of deposits. 

Description of individual mines. 
The Gulick mine. 

GENERAL DISCUSSION. 

NATURE OF THE ORE. 

Appearance.-The bog iron ores are mixtures of limonite and 
other hydrated oxides of iron intermingled with clay, sand and 
various organic compounds. Ak usually found, the ore is a 
brown yellowish-red, soft, earthy substance, containing scattered 
nodules of compact limonite, casts of leaves, roots, etc,  com- 
posed of the same material and mixed with sand or clay, the whole 
forming thin layers that may or  may not be porous. I t  occurs, 
also, as crusts enveloping twigs, leaves, bones, and other organic 
remains. When dried the ore tends to fall into a brown or red- 
dish powder. 

Chemical Contposition.-Since bog ore consists essentially of 
limonite, its composition is that of an impure limonite. Fe,O, 
(OH),. When comparatively free from impurities the per- 
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centage of iron in the dry ore may reach j9.8gyk,, but this high 
percentage is rarely reached because of the great quantity of 
foreign matter mixed with the limonite. Usually the ore con- 
tains not more than 30% of iron in its natural state, the remainder 
consisting of clay, sand, water, and organic acids. The phos- 
phorus content is nearly always high, sane of the element being 
present as the iron phosphate, vivianite (Fe, ( PO,) ,+8H,O). 
Sulphur is also nearly always present in large quantities. These 
two elements are constituents of the organic matter to  whose de- 
composition the ores owe, in part, their existence. They are also 
sometimes due to the minerals that constitute the source of the 
ferruginous solutions from which the ore was deposited. 

Complete analyses of the bog irons of New Jersey have not 
been published, though many of them must have been made in 
connection with the smelting of the ores in early times. Deter- 
minations of the metallic contents of a few of them are given 
in the table below. I t  is probable that they are not of equal 
value. Some were unquestionably made on material dried a t  
212O, while others were probably made on air-dried specimens, 
and others, perhaps, on material in its natural condition, i. e., as 
obtained from the mine. There is, however, nothing in the 
reports of the analyses to  indicate the nature of the treatment to  
which the samples were subjected. 

Table VIII.-Iron Corrtenfs of hre~rp Jcrsrjl BOR Orrs. 

Fe. 
Menlo Park, Middlesex Co., ........ 12.1570 
Jacksonville, Middlesex Co., ......... 57.06% 
Gulick Mine. Middlesex Co., ........ 49.9570 
Atsion Iron Works, Burlington Co.,. . 45.8370 
Atsion Iron Works, Burlington Co.,. . 47.71% 

... Upper Squankum, Burlington Co., 52.94% 
Shrewsbury River, Burlington Co., . . 46.98% 
Aycrs Farm. Allamuchy, Warren Co., qj.d/% 

........... Hainesburg, Warren Co., 32.00C/r. 

P.  S. Authority.' 
. . . . . .  N . J . . 1 8 7 7 , p .  49 

.047 2.88 N. J., I&, p. 178 

. 1 2  ... N. J., 1880, p. 130 
. . . . . .  N. J., 1868, p. 668 
. . . . . .  Ib. 
. . . . . .  Ib. 
. . . . . .  'Ib. 
. . . . . .  N. J., 1 8 7 4 , ~ .  59 
. . . . . .  N. J., 1 8 7 7 , ~ .  49 

Metallurgical Value.-Bog ores are but little used at  present 
because of their impurity and the consequent low percentage of 

'The citation N. J. always refers to the Annual Reports o f  the State Geolo- 
gist. 
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metal they contain. The high percentage of sulpllur and phos- 
phorus in them make them unavailable as mixtures for the manu- 
facture of Besserner iron. In a few places, however, the ore is 
sufficiently pure and in large enough quantity to be of commercial 
value. The latter condition is especially true of deposits situated 
at a distance from hematite and magnetite deposits, and in places 
where, because of a long haul, the purer ores are too expensive 
to compete with the less valuable ores in the manufacture of 
cheap iron. 

In this State the bog ores are now of very little economic value. 
In the early years of the iron industry, however, they were the 
source of much of the iron forged in the southern part of the 
State. Professor Cook, in the New Jersey report of 1868. 
quoting Gordon, states that in 1830 there were 14 furnaces and 
the same number of forges dependent mainly upon bog iron 
for their supply of ore. As early as 1868, however, they had all 
been abandoned. The magnetites had already gained the 
ascendency as the cheapest source of iron, and the smelting in- 
dustry in the southern portion of the State succumbed to that in 
the Highlands. 

Even in the early days the bog ore was probably rarely used 
alone, for we find Cleveland1 stating on the authority of Conrad 
and Woodbridge that it was often mixed with other kinds of ore 
brought down the Delaware from Easton. 

During the last half century the large deposits of the ore known 
to exist in the marshy portions of the state have lain neglected. 
Within recent years, however, the ore has met with some favor 
as a road metal-a use to which it is well adapted when properly 
mixed with sand. 

MANNER OF OCCURRENCE. 

The bog ores, as their name indicates, are found in bogs and 
swamps, often immediately under the grass roots, and also in 
the bottoms of shallow lakes into which swamp waters drain. 

'An Elementary Treatise on Mineralogy and Geology, etc., Boston, 1816, 
P. 500. 
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In  New Jersey they are found mainly in the southern portion of 
the S a t e  where the surface is low and the drainage mature, 
where swamps abound and streams are sluggish. Deposits of con- 
siderable size occur also in many flat areas between ridges in its 
northern portion. 

ORIGIN. 

Bog ores are formed wherever iron-bearing solutions are ex- 
p e d  to the action of the atmosphere. The swamps are settling 
basins into which drain the higher lands surrounding them. Con- 
sequently, where ferruginous solutions are provided by the rocks 
of the drainage area, the swamps between the higher lands are 
natural precipitation basins for iron hydrates. 

In  New Jersey as elsewhere the bog ores are the result of 
two processes. Rain water and water which has traversed lime- 
stone contain carbonic acid. This dissolves the iron-bearing com- 
ponents of the surface rocks forming dilute chalybeate solutions 
which flow down into the swamps through rivulets and springs, 
spread out and thus e x p e  large surfaces to the action of the air. 
Here the excess of carbon dioxide e s c a p  into the atmosphere, 
the iron carbonate becomes insoluble and forms a scum, which 
in contact with the air changes into hydrated iron oxide and 
tii~ally sinks to the bottom and becomes the ore. Likewise other 
salts, such as the sulphate derived by the oxidation of pyrite, in 
meeting alkaline carbonates, as for instance the calciun~ carlmnate 
dissolved from limestone by underground waters, pass into the 
carbonate and this, on exposure t o  the air is oxidized to the 
hydrate. 

011 the other hantl \\;hen tlecoinposing organic matter is ex- 
posetl to the action of the air, organic acids and car& dioxide 
are pr(x1uced. The fonner tlecomlmse the iron-bearing com- 
pountls, forming carbonates that dissolve in the carbonic acid, 
producing solutions \vhich, when subjectetl to the conditions out- 
linetl above, naturally behave like ferrug-inous solutions praduced 
in any other \\.a). ant1 yieltl limonite. 
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The insoluble oxides thus precipitated form a layer to which 
are added other layers in succession, since the process continues 
so long as ferruginous solutions are provided. When the drain- 
age is into swamps vegetable matter is carried down with the 
iron compounds and the two kinds of material are more 
or less thoroughly mixed. When shallow ponds receive the 
draindge the hydroxides fall to the bottom and become con- 
solidated into nodules. These are composed of purer material 
than the deposits in swamps. They may be dredged and used as 
ore. Moreover, since the process is a continuous one the dredging 
may be repeated from time to time with success. In some parts 
of Sweden certain lakes have been worked for ore of this kind 
during generations at  intervals of about 30 years and at each 
dredging have supplied profitable yields because of the great 
rapidity with which the removed deposits are renewed. 

The principal sources of the iron in the New Jersey ores are 
the pyrite and the greensands in the Mesozoic clay and sand that 
are so abundantly spread over the southern portion of the State. 
In the northern portion the magnetites, limonites, pyrite and the 
iron silicates in the crystalline rocks may have furnished some 
of the iron to the swamps in that quarter; but the quantity was 
inconsiderable as compared with the quantity furnished to the 
southern swamps by the components of the Mesozoic rocks. 
Consequently the largest bog ore deposits are found in the south:. 

DISTRIBUTION AND DESCRIPTION OF DEPOSITS. 

I f  one may judge by the geographical situations of the early 
furnaces and forges in New Jersey bog ores are very widely dis- 
tributed throughout the State. Although there are no records by 
which we are able to discover all the sources of their ores it is 
evident that these were obtained from many different localities 
that were widely separated. Since the ores of this class have had 
no commercial value for some time past, there are no descriptions 
of recent finds. No search has been made for them in later years, 
hence we are dependent solely upon the old descriptions for state- 
ments of their occurrence. 
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The largest, and formerly the most important deposits, were in 
the valley of the Little Egg Harbor River, in Burlington County. 
These are described by Rogers in his report of 1840 as bordering 
the principal tributaries of the stream. One tract stretches from 
the head waters of Atsion Creek in a ivitle belt southeastward 
to Landing Creek. The  width of the belt is about three miles, 
and its length about twenty miles. Throughout this area of 
sixty square miles the ore is found in the stream-beds and along- 
side all their small branches. The  second tract is within the same 
general district. I t  occupies a belt along the Tulpehaukin, o r  
Wading River and its branches. It  covers quite as  extensive an 
area as the first tract, but the ore deposits a re  not as  abundant. 
His detailed description of the Atsion deposit will serve a s  a 
description of bog ore deposits in general. 

"The ores which are used a t  the Atsion Works are obtained from above 
the furnace, the present excavations are  chiefly at  about three or  four miles 
above the pond or  dam which supplies the water-power. Great quantities of 
the ore are also taken from the bed of the pond during the winter, when the 
furnace is out of blast and the water is drained off. The  ores which are  used 
a t  this furnace are  the loam ore, the seed ore, and the mussive ore. The  
swamps of the river (which is rather sluggish) are extensive, and form 
numerous shallow coves, some of' which are  covered with water t o  the depth 
of about a foot, while others contain a very spongy peat, which is always 
found on the edges. The  ore is chiefly taken from these coves when the 
water is not too deep, especially along their wet margins. Excavations eight 
or ten feet square are made, between each of these a thin dike is left, so  as 
to prevent the water from one flowing in upon the workmen in the others. 
The  three kinds of ore are generally found in each hole; the loam ore near- 
est the surface, the seed ore under this, and the massive ore at the bottom. 
In  some positions, however, only one of these kinds occurs, unaccompanied 
by the others. I n  other positions the several varieties may be seen in their 
various stages of maturity. The  loam ore is that which appears to form first, 
being in reality merely the infiltration of ferrilginous sediment into the soil of 
the bog. This, which is at  first quite soft, becomes, by the accumulation of 
oxides of iron, heavier and more compact. In the center of many lumps, the 
mass has a crystalline or  regular ore-like character. This structure would 
pervade the whole deposit, could it be exposed for a sufficient length of time 
to the correcting action. The loam is thus in time completely replaced by 
the oxide of iron, which is seldom solid, but of a honeycomb structure, the 
cavities being more or less filled with aluminous matter. These ores are  ob- 
tained in various conditions of compactness. That  which is partly concreted, 
partly pulverulent or  loamy, is called young ore, a variety which experience 
shows to be better adapted for easy fusion than the more concretionary harder 
kinds. 
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Great quantities of woody matter, such as stumps and trunks of trees, 
abound in these ore beds, completely converted into oxide of iron. The 
curious process of replacement which has taken place, has preserved the pre- 
cise form and structure of the bark and woody fibre, down to the most 
delicate lines and markings." 

In the northern part of the State another large deposit is re- 
ported by Dr. Kitchell a s  occurring about half a mile southeast 
of Mount Hope in Rockaway Township, Morris County. I t  is 
said to cover an area of 14 or 15 acres with a thickness of one 
to  two feet. ,A partial analysis of a sample of ore from this 
deposit indicated the presence of much manganese and some 
phosphorus, but no sulphur, lime, o r  m a g n e ~ i a . ~  

Other occurrences of the ore have been noted as follows: 
I .  One mile north of Dover, along the road to Mount Hope, 

in Rockaway Tbwnship, Morris County. 
2. I n  the meadows east and northeast of Dover, in Rockaway 

Township, Morris County. 
3. On Talman's Creek, a tributary of the Rancocas river in 

Chester and Evesham townships, Burlington County. 
4. On the south branch of the Rancocas River, near its junc- 

tion with the north branch in Burlington County. 
5. On the Manasquan River, near Georgia, in Freehold Town- 

ship, Monmouth County. 
6. On Manalpan and Machapnix creeks, two small tributaries 

of the South River, in South Amboy Township, Middlesex 
County. 

7. At Menlo Park, in Middlesex County. 
8. At the Gulick exploration, half way between Milltown and 

Dunham's Comers, East Brunswick Township, Middlesex 
County. 

g. At Hainesburg, Warren County. 
10. One mile or so northwest of Perrineville, Monmouth 

County. 
11 .  On the Ayers farm in Allmzlchy Township, Warren 

County. 
12. .At Jacksonville, in Middlesex County. 

'H. D. Rogers: Final Report on the Geology of the State of New Jersey, 
1840, P. ag8, 299. 

'Geology of New Jersey, 1856, p. 194. 
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DESCRIPTlON OF INDIVIDUAL NIINES. 

The Gulick mine is half way between Milltown and Dunham's 
Corners, East Brunswick Tbwnship. Middlesex County. The 
ore was found in a nearly horizontal bed about three feet thick, 
overlain by from one to seven feet of clayey earth. I t  occurs 
under a large area which is capable of yielding many tons. The 
ore contains 49.9570 Fe and .12? P. A nearly complete analy- 
sis' of a sample prepared by taking fragments from forty differ- 
ent lumps gave : 

Fe,Oa A1208 MgO CaO MnO SiO. TiO, PzOa S HtO Total 
71.36 2.27 .15 tr .70 '8.90 .oo .27 .oo 15.95=99.60 

'Annual Report of State Geologist for 1880, p. 129-130. 
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Radley mine. 
Anderson mine. 
Beatyestown mine. 
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Neighbor and Dafford mines. 

Mines south of the Ilighlands. 
Bird mine. 

GENERAL DISCUSSION. 

The ore generally known in S e w  Jersey as hematite is lilore 
properly "brown hematite," or  lintonite, a hydrated oxide of iron. 
differing from "bog iron ore" mainly in its more compact tex- 
ture, its smaller content of water in its natural state and in its 
greater purity. Though now mined to a very slight extent, it 
was formerly an important ore, being much sought for the pur- 
pose of mixing with magnetite in the furnaces. While the 
report of 1868 was being wntten, it was stated that the supplv 
was insufficient to  meet the demand. As the annual capacity 
of the furnaces wprking at that time was small, it is probable 
that the yield of limonite was not more than a few tllousa~ld 
tons. Later, there was a considerable increase in the yield of 
the ore, the estimate of the product for 1871 being over 
15,000 tons, but its occurrence in small and pockety deposits 
rendered the supply so unsatisfactory to  the furnace men, be- 
cause of their inability to secure steady deliveries of a constant 
composition, that its use was finally abandoned. Its disuse as 
'a source of the metal was also influenced by the fact that it was 
neither rich enough nor in sufficiently large quantities to com- 
pete with the pure and abundant lake ores that began to find 
their way into the Eastern markets at about this time. 

At present very little limonite of New Jersey origin is being 
used in the furnaces of the State, its place being taken by the 
soft hematites imported from New York ant1 Minnesota. There 
is no question but that if a large quantity of low-phosphorus 
limonite should be discovered in the future the ore would find a 
ready sale af remunerative prices. In the neighlmring State of 
Pennsylvania limonites like those of New Jersey are still in use 
in increasingly large quantities. 
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NATURE OF THE ORE. 

Appearatcce.-The pure limonite is a compact reddish-brown 
or black metallic mineral, mnletinxs occurring in globular, stalac- 
titic or kidneylike masses, wit11 a fibrous structure. More fre- 
quently it is found in irregular luntps of a reddish-brown color 
and a dull luster, or as a red or brown earth. \vhich, when pure, is 
known as ocher. This form of the mineral resembles some vari- 
eties of hematite in general appearance, but it can easily be dis- 
tinguished from the latter by its streak or powder, which is 
brownish-yellow instead of red. 

The ore as mined consists of nodular masses and small frag- 
ments of the more compact varieties mixed with different pro- 
portions of ocherous earth, sand and other i~npurities. such as 
small particles of rock and sn~all  quantities of various minerals. 

Con~mercially, the limonitic ores are grouped as "rock ore" 
and "wash ore." The former comprises the lumpy portions that 
may be picked by hand from a natural ore, and which may be 
shipped without further sorting. 

"Wash ore" is the fine, more clayey portion that constitutes the 
greater part of most deposits. This must be freed from its im- 
purities, which are lighter than the ore, by some form of washing. 
The most usual method of accomplishing this purpose is to  treat 
the impure ore with a current of water in inclined troughs or 
revolving cylindrical sieves. The lighter portions are carried off, 
leaving the heavier limonite behind. 

Che.rztica1 Contpositiotr.-Brown hematite differs from "bog 
ore" merely ill its greater contpactness. its greater purity, its tex- 
ture and its method of fonltation. Both are composed essentially 
of the same substance, but the "bog ore" is loose ant1 porous, and 
contains much clay and organic matter derived from the vege- 
table material of the marshes in which it occurs. 

The composition of pure limonite corresponds to the chemical 
formula Fe,O,(OH),, which is equivalent to 85.6% of ferric 
oxide (Fe,O,) and 14.4% of water. The metallic content of the 
pure mineral is 59.89% iron (Fe) .  The ore, as usually found, 
however, contains so much impurity that the quantity of iron 
present rarely exceeds 45 %. 
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The analyses of some of the New Jersey limonites, including 
several that have been used as ores, are tabulated below, to- 
gether with a statement of the sources from which the analyses 
were obtained. In  the column of authorities the letters N. J. 
refer to the Annual Reports of the State Survey. The tenth 
census report referred to is the report on mining industries 
(Volume 15, Reports of Tenth Census, Washington, 1886). 

T a b t  IX.--Commercial Analyses o f  Limonite (Brown Hematite) Ores from 
N e w  Jersey Localities. 

Locution. I p s  I P I  
8 m b  ' - . -' 

i I- Anderson. ........ 3542 oc6 4.03 .. - 1  h( ... .( .m N. J., ~Rgg, p. r65. 
Beatyestown Mine,. 5 7 4 1  .1o7 .or0 sg, .. 1z .q :  .... Analyst, R. B. Gage. 
EirtI Mine. ........ 40.50 1.510 .oo .jh .. 
Pochr~ck Mine, .... 38.h ._sh2 .132 . . . . . . . . .  
Kolf Farm, ....... 39.07 ,039 .055 .oa tr ....... .. ... Rapp hline, 56.71 .o50 .or9 1.19 .lr\nalvst. R. B. (;are. 
Shipld'5 Mine, ..... 42.73 .:ji ,041 140 .. ... .6orIroth Census, p. 176. 
Scott Farm, ....... 43.8j .021 .&1 .... 
Shoemaker Mine, .. j r . j - .  r.o,lS .... 
Slack property, .... 44.33 .~;n' .... ..... 
Gulick hline, ...... 
h i  . .., .. 

These ores, as will be seen, are low in iron and contain, so 
far as determined, but traces of titanium. Since, however, ti- 
tanium was not generally tested for in the Survey laboratory . 
prior to 1879 this generalization possesses little value. I t  is 
probable, however, that none of the limonites contain enough 

. titanium to prove detrimental to their use. Tlhe ores vary 
materially in their contents of other components. Their range 
in sulphur and phosphorus is very wide, some of them with 
respect to the latter element being well below the Bessemer 
limit. Manganese is probably present in nearly all cases, as well 
as numerous other constituents which apparently were not tested 
for. In  one case a complete analysis showed, in addition to the 
components indicated above, small quantities of calcium, mag- 
nesium, nickel, cobalt, potassium, sodium and carbon, both in 
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the form of carbonic acid and carbonaceous matter. (See An- 
alysis I below.) In one notable instance, that of the ore from 
the Neighbor Mine, there were found also 3.74% of lead and 
about 10% of zinc. Analysis I1 is that of limonite lumps picked 
from the bog ore of the Gulick Mine, in Middlesex County. 
Analyses I11 and IV are of selected samples of pure fibrous ore 
from the Beatyestown and Rapp mines. 

Table X.--Complete Analyses of Limonite Ores from N e w  Jersey 

I .  1I .  I I I .  IV. ' 

Silica (SiO.), .............................. 
.................... Titanium oxidc (TiO,), 

Ferric oxide (FezOa), ....................... 
Ferrous oxide (FeO), ...................... 
Alumina (A1.Os), .......................... 
Manganous oxide (MnO), .................. 
Lime (CaO), ............................... 
Magnesia (MgO), .......................... 
Pyrite ( F e S ) ,  .............................. 
Nickel oxide (NiO), ........................ 
Cobalt oxide (Coo).  ....................... 
Potassa ( K O ) ,  ............................ 

...... ..................... Soda (NazO), ,.. 
Carbonic acid (CO,), ....................... 
Phosphorus pentoxide ( P t G ) ,  .............. 
Sulphur trioxide (SOa), .................... 

......... Carbon (in carbonaceous material), 
Water below 212', .......................... 

.......................... Water above 212', 

Total. ............................ 

I. Washed ore from the Shields mine, Beatyestown. Sample obtained 
from a pile of 2 j  tons at Stanhope furnace. Tenth Census, p. 176. 

11. Fragments of 40 lumps found in the soil and in the ore beds at the 
Gulick Mine, East Brunswick township, Middlesex county. Annual 
Report Geological Survey of New Jersey, 1880, p. 129-130. 

111. Selected brown nodules from ore of Shield's mines at Beatyestown, 
199. Analyst, R B. Gage. The manganese was present partly 
as MnOZ. 

IV. Black dense fibrous nodule from Rapp Mine, near Carpentersville. 
Analyst, R B. Gage. The manganese was present partly as MnO.. 
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The ore of the Shields mine ( I )  contained 24.91% of material 
insoluble in acid and 74.78% of soluble material. The insoluble 
residue was made up as follows: 

SiO, A1,O. Fc,O, CaO MgO KSO N 6 0  Total 
19.24 4.06 t r  .07 48 1.02 .03 = q.90 

This is the conlposition of a feldspathic sand. 
Besides sand, the ore contains, also, organic matter, pyrite, 

apatite, and carbonates. Moreover, if all the soluble CaO shown 
in the analysis is combined with P,O,, in the form of apatite, 
there will remain an excess of .388% of this constituent unac- 
counted for. This may mean that a portion of the phosphorus 
is colnbined with some iron in the form of an iron phosphate. 
Subtracting all the constituents above enumerated there remains 
to represent the composition of the limonite the proportion of 
oxides shown in line X below. Line B gives these same con- 
stituents calculated to roo%, and in line C is the analysis of a 
pure limonite. 

Fe,Os Altos MnO Mg0 hriO COO K20  Na20 COI PSOo HrO Total 
A 60.p .6C, 1.81 .22 .06 .q .a .07 .06 .388 8.88- 73.618 
B 82.85 .p 2.46 .29 .08 .05 .59 .IO .08 .j3 12.06~ 99.99 
c 85.6 144 =100.00 

The Gulick ore, being a lump ore-that is, an ore made up of 
large pieces collected by hand, is necessarily "cobbed" in its col- 
lection, and is therefore purer than the Shields ore, which is fine, 
and therefore mixed with all the impurities deposited with it. I t  
contains only about 10% of insoluble residue, and in it, too, the 
phosphorus must be in some form other than apatite, since the 
analysis shows only a trace of lime present. 

Tlhe samples furnished for analyses I11 ant1 IV were perhaps 
as pure specimens of limonite as can be obtained in the State. 
Both were dense, heavy and finely fibrous and neither showed 
any evidence of the presence of foreign matter. Here again the 
figures indicate that the phosphorus is in the form of an iron 
phosphate. The percentage of linre (CaO) necessary to form 
apatite with the .246% of P,O, present in sample I11 is about .30, 
whereas, in fact the analysis sho~vs none. The only metal 
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present with which the phosphorus is likely to be combined is 
iron. The close agreement between the figures of this analysis 
and the calculated conlpsition of the soluble portion of the 
Shields ore as  shown in line B above is noteworthy. 

The two classes of ore-that from the Shields mine and that 
from the Gulick, the Rapp and the Beatyestown mines--may 
serve as the types of brown hematite ores most coinmonly rrxt 
with. Both are liinonites mixed with siliceous and other sub- 
stances. Both contain manganese and phosphates and neither 
contains any considerable quantity of sulphur. The lump ore is 
purer than the wash ore, mainly because the latter is in small 
pieces which cannot be completely separated fromn~ the sand and 
other foreign substances with which it is mixed. Usually the t\vo 
are mined together. 

A third class of brown hematites which will be referred to 
more particularly later is characterized by its large content of 
sulphur. nhese are now limonites h ~ t  they have originated 
in a different way from that in which the more common limonites 
were produced, i. e., by the decomposition of pyrite, the sulphur 
in them representing a remnant of the original pyrite which has 
remained unchanged. This type is probably represented by the 
ore of the old Pochuck mine. 

M'etallurgicnl Value.-The limonites are used chiefly in the 
blast furnace in mixtures with other ores. Their water content 
renders them too expensive to be used alone at the present time 
when anhydrous ores are so abundant. The fuel necessary to be 
burned in order to drive off their water is more economically 
employed in smelting more expensive ores. As mixtures, how- 
ever, they are valuable, especially in connection with the mag- 
netites. When roasted most of the water is driven off and the 
ore is left as a soft friable mass which binds the harder ores and 
tends to cause them to smelt more readily than would be the case 
otherwise. Moreover, the possibility of securing good lin~onites 
containing small quantities of phosphorus and con~paratively 
large quantities of manganese increases their value as mixers. 
Chving to their siliceous character they are particularly useful 
in mixtures with the rich ores of Lake Superior that contain but 
little silica. The lean siliceous ores of the lake region are so 
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expensive by the time they reach New Jersey, on account of the 
long haulage and the consequent high charge for freight, that 
they would not be able to compete with the New Jersey ores if 
these were capable of being furnished regularly and with a con- 
stant composition. 

MANNER OF OCCURRENCE. 

The limonite ores in New Jersey are usually found associated 
with the blue or  Kittatinny limestone, more particularly near its 
upper and lower contacts. In a few places, however, it occurs 
under other conditions. At the Edsall mine the ore appears to 
be in. the white (Franklin) limestone, near its contact with 
gneisses. At the Pochuck mine it appears to be in fault fissures 
between the white limestone on the one side and the blue limestone 
and Hardyston quartzite on the other. At the Roseberry and 
Shoemaker mines it is partly, at least, in the Cambrian slates and 
quartzites. In. all the mines but the Pochuck, however, its 
origin is apparently similar to that of the ores in the blue lime- 
stone. It occurs in very irregularly shaped layers or  flat lenses, 
following the general direction of the contact planes-as steeply 
inclined vein-like deposits when the contact planes possess dips, 
and as gently inclined bed-like deposits when the contact planes 
are more nearly horizontal. The lenses are separated from each 
other by ferruginous clay or by barren limestone that is very 
much decomposed. Small masses of compact, rich, fibrous ore are 
often found imbedded in the clay, but the greater portion of the 
ore is a mixture of porous, earthy nodules, stalactitic masses, 
ocherous material and lenses and sharp-edged fragments of jasper 
or chert. When the ore is in joint fractures there are often 
intermingled in this mixture sharpedged fragments of the ad- 
jacent rocks, and the whole mass is cemented by compact ore. 

The boundaries of the deposits are extremely irregular, the 
ore often extending into the limestone along its bedding planes, 
or along joint cracks for considerable distances beyond the main 
mass of the deposit. (See also pages 43-44.) 
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DISTRIBUTION. 

The greater portion of the limonite, as has been remarked, is 
in the blue, or Kittatinny, limestone, which in New Jersey occu- 
pies the valleys between the Highland ridges and extends from 
these northward into the Kittatinny Valley, and occurs locally 
south of the Highlands between the crystallines and the younger 
Newark beds. The limestone constitutes a portion of the great 
belt of Cambro-Ordovician beds that stretches from Vermont to 
Alabama along the Great Appalachian Valley. Everywhere this 
belt is characterized by the presence of limonite deposits. In  the 
south the deposits are of great magnitude,, some of the Alabama 
mines producing as much as roo,ooo tons annually. 

T o  the northeast the belt passes through Cornwall Township, 
Orange County, New York, where there are a few mines, but it 
is better developed on the east side of the Hudson River in the 
southern and eastern~portions of Duchess County and in the 
southeastern portion of Columbia County, whence it passes into 
Litchfield County, in Connecticut, and Berkshire County, in 
Massachusetts, and thence northeastward into Vermont. In  New 
York, on the east side of the Hudson River, the mines are of con- 
siderable importance. 

To the west the north boundary of the limtstone belt passes 
the Delaware River into Pennsylvania just north of Marble 
Mountain, and its southern boundary crosses the river a short 
distance south of ,Ilusconetcong, which is directly opposite 
Riegelsville, in Pennsylvania. It passes through Korthampton 
and Lehigh counties into Berks County and thence continues 
southwesterly via the Cumberland Valley into Maryland. In 
Pennsylvania the ore deposits in the limestone are numerous. 
They have been worked extensively in the past and are still yield- 
ing abundantly. In 1880 Sorthumberland County produced 
122,000 tons of this type of ore and Lehigh County about 
350,000 tons. 

In New Jersey the limonite deposits are not as abundant nor 
are individual deposits as large as they are further south. The 
ore has, however, been found at a number of different points and 
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at many of these it has been mined. In succeeding pages the 
separate deposits so far as they have been exposed are listed and 
described. (Pp. 5 1-74.) 

ORIGIN. 

S o  careful study of the limonites of New Jersey has been made, 
but the explanation of the origin of the ore offered for the New 
York, Virginia antl Alaballla deposits will probably apply equally 
well to the New Jersey occurrences. 

\\'it11 respect to the ores in New York. Professor Dana1 declares 
that the limonites east of the Hudson River occur in limestone, 
sericite-slate, clay-slate. mica-schist and quartzite. They are 
most abumlant in the sericite-slate. The ore has resultetl 
principally from the oxidation in place of carbonate of iron and 
ferriferous limesto~le, antl to .some estent, also, of the iron- 
bearing minerals of the associatetl schists. The slates near the 
ores have been changed to soft clay, largely through the oxidation 
of ferrous carlmnate. Iron silicates, like biotite, chlorite, etc.. 
ivoultl also yield to osygen ant1 nloisture, and give up their iron, 
and pyrite, if it existed, woultl he likewise tlecomposed and tlis- 
solvetl, thus adding inore iron to the accumulating store. But the 
nearly total absence fronr the ore of sulphur (seldom over one- 
tenth per cent.) appears to 1x evitlellce that pyrite played a very 
subordinate part in the production of the limonite. The character 
of the h d s  indicates that their formation required only the access 
of air and) moisture to the minerals furnishing the iron, though 
surface drainage may have played an imlxxtant part in their accu- 
mulation, for the largest mines are situated off the mouths 
of valleys or near slolxs that directed the rain water southward. 

'l,e\visVater slto\vetl that some of the ore contains much more 
than .ro% S., btit, nevertheless, they are comparatively low in 
this elenlent, and the views of Dana are essentially upheld. 

'Geology of Vermont and nerkshire. Amer. Jonr. Sci. 111. xir. (18871 
p. 132. 

'Trans. Amer. hlin. Eng. V. 1877, p. 235. 
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Hobbs,'on the contrary, thinks the source of the iron for the . 
New York limonites is almost exclusively the pyrite of the neigh- 
boring schists. H e  finds the Columbia and DLltchess County lim- 
onites,.and those of Litchfield County in Connecticut and Berk- 
shire County in Massachusetts to occur near the contact of the 
Stockbridge (Cambro-Ordovician) dolomite and the overlying 
Hudson schist. They are frequently so closely associated with 
faults as to lead to the conclusion that faulting has determined 
the positions of the deposits. The iron is supposed to have been 
obtained by the solution of pyrite in the neighboring schists, which 
fcmn highlands in the vicinity of the mines. The solutions thus 
formed \\?ere directed in their circulation by the faults. They 
flowed through portions of the Hudson schist faulted down be- 
tween dolomite walls and replaced this, producing sheet-like de- 
posits of limonite lying u p  the dolomite. The principal differ- 
ence between this theory and that of Dana is that in Hobbs' 
theory the iron is supposed to have been brought into its present 
position by solutions originating elsewhere, while according to 
Dana the source of the metal is mainly within the rock in which 
the ores now occur. 

In the South the limonites are much better developed than in 
New England, Nkw York and New Jersey, and a much better 
opportunity is thus afforded for studying them. Here they have 
been shown to be largely residual deposits, produced by the solu- 
tion of limestone and its removal by water. The iron carbonate 
which w a s  originally in the limvstone, or  which \\-as brought to it 
by the percolating waters, is oxidized by contact with the alkaline 
waters resulting from the solution of the limestone and is precipi- 
tated in the hydrated form (see p. 35) just as hydrates of the 
metal are precipitated in the labratory by the addition of an 
escess of alkaline carbonates to solutions of its salts. 

Whatever its original source the precipitated oside first accu- 
mulates in any cracks in the rocks through which water may pass. 
forming masses of comparatively pure and compact limo~lite. 
LVhen the cracks are in limestone this rock is gradually dissolved 
and its place is taken by newly precipitated lirmnite. By gradual 
replacement of the rock the deposit gro\vs until finally it Inn.; 

1 Economic Geology, Vol. 2. No. 2, r g g ,  p. 153-181. 
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become sufficiently large to warrant working. The undissolved 
impurities in the limestone remain behind and become mixed with 
the limonite, the whole forming a typical ore deposit. The m e t h d  
of fornution explains the tendency of the deposit to seek contacts 
between limestone and slates on the one hand and those between 
the same rock and gneisses on the other. since it is well known 
that such contacts between different rock layers offer favorable 
conditions for the percolation of ground waters. The circulating 
waters cany the ore material into their channels, where it is 
precipitated by the alkaline solutions originating in the limestone. 

The source of the ore in New Jersey is probably almost exclu- 
sively the limestone. The gneisses of the Highlands are in the 
main quite fresh. Their ferruginous components have suffered 
little alteration and therefore have not yielded a great quantity of 
iron to the solutions that deposited the limonite. Moreover, they 
contain but an extremely small quantity of pyrite1 or its alteration 
prducts. Further, the magnetite in the ore lenses is likewise 
fresh and unaltered. It shows little evidence of having suffered 
partial solution. With these three sources of iron eliminated there 
remains only the limestone to be considered. This always con- 
tains a small percentage of iron, which, in some cases, may reach 
1.25'76' of Fe,O,, and in.one case, that of the Beatyestown mine 
(see p. 70), there is known to  be present as high as 82.23% of 
FeCO,. The composition of some specimens of the limestone is 
shown in the accompanying table. When comparing the com- 
position of the limestone with that of the limonites it must be 
remembered that the latter represent the accumulation of the 
undissolved residue of great masses of the former, and therefore 
that it is not necessary for the original rock to  be very rich in 
iron to furnish abundant material for the prduction of ore de- 
p i t s  of great size. 

' In  the report for 1868 it is stated that all the ore originated "from sul- 
phides of iron in the adjacent gneissic rocks. which, by atmosphzric agencies, 
have been converted into soluble sulphates, and these latter, when in solution, 
have, by chemical reaction on the magnesim limestones, produced precipitates 
of peroxide of iron, and solutions of sulphates of lime and magnesia." 
(Cook, G. H., Geology of N. J., 1868, p. 663.) 

It is probable that there has been some addition made to the ore deposits by 
waters draining from the Highlands and carrying down ;with them salts of 
iron, but that the greater portion of the limonites met with in the limestone 
has originated in some other way seems more plausible. 
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The lintestones contain all the materials found in the ores ex- 
cept those txcurring in very small quantities and even these might 
have been tliscoveretl i f  the analyses had k e n  made ivitli that pur- 
pose in view. 

In a few special cases the brown lieniatites have apparently had 
a different origin. This is true particularly of the ore at the Po- 
chuck mine \\,here the tlel>osits - fill fault fissures ivhich lie between 
the white Franklin limestone and gneiss on the one side and the 
blue Canlbrian limestone ant1 quartzite on the other. The condi- 
tion of the mine does not afford opportunity for a careful survey, 
as it has been alxindonetl for many years. Dr. Spencer, ivho has 
examined carefully the ore tleposits in the neighbrhoocl of 
Franklin Furnace thinks that the Pwhuck occurrence is an ex- 
ample of a deposit resulting from the deconlpositicn of pyrite. 
He believes it represents a vein of pyrite that once fillet1 a broken 
fault zone ant1 which, by its oxidation, vieltled the present ore. 
just as ferruginous sulphide veins every\\-here are altered near 
the surface to  linlnnitic compounds. If this is a true view of the 
origin of the Pochuck deposit the ore should pass into sulphide a t  
a b u t  the level of the ground water. below ivhich oxidation ~vould 
be arrested. 

While this is an unusual lnode of origin for New Jersey 
limonites it is a I\-ell-established niethotl for certain ores in Penn- 
sylvania and Virginia. In the latter state, in Floyd, Grayson 
and Carroll counties, there is a narrow belt of limonite 20 miles 
wide that has been worked extensively in recent years. At the 
surface the ore contains from 40 per cent. to 41 per cent. Fe, but 
kloiv the water line it passes uniformly into pyrite or pyrrhotite. 

In Franklin Co~lnty, Pennsylvania. important deposits have 
been found in the Hutlson Riiver slates where the ore has likewise 
beell tho~lglit to have resultetl from the alteration of pyrite,' "the 
large percentage of sulphlrric acitl which they invariably contain 
go i11~  to confirn~ this view." .An analysis of a sample of 125) 
pieces of ore taken from Stouffer's ore-bank, east of Mercers- 
burg, gave: 

Fe Mtr S P SiOI P in roopts. Fe. Atctlrority. 
40.8jo tr ,297 .037 20.030 .090 10th Census, p. 198 

IhlcCreath : Second Pennsylvania Survey, Rep. M3 p. x. 
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This type of ore differs from the more usual types of limonite 
in its small percentage of manganese and phosphorus and its large 
content of sulphur. 

A complete analysis of the Pochuck ore is not available, but 
a partial analysis made for the Tetltll Census Report gave the 
following figures : 

Fe S P P i n  roopts. Fc. Authority. 
38.6 .132 ,562 1.456 10th Census, p. 177 

This shows the presence of less sulphur than in the Mercers- 
burg ore, and much more phosphorus. I t  furnishes no basis for 
argument either in opposition to, or in favor of, the view that the 
ore is derived from pyrite. 

Very recently H.  M. Chance' proposed to ascribe all of the 
limonites in the post-Cambrian limestones throughout the eastern 
United States to the oxidation of pyrite in place. His explana- 
tion of the origin of the lilnonites differs from the explanations 
previously proposed in which pyrite is regarded as the source 
of the iron, in that the sulphide is supposed to have k e n  depos- 
ited with the sediments forming the rocks in which the ores are 
now found. This k i n g  oxidized in place resultetl in accumula- 
tions of limonite which settled cloivn as the general surface of 
the country was lowered by erosion and thus formed masses of 
great size. In the previous theories the pyrite is regarded as hav- 
ing been introduced as veins after the rocks were consolitlated. 

PRODUCTION. 

Although more or less limonite has been ~aisetl from the New 
Jersey ores for more than 40 years there are no statistics that 
indicate the quantity obtained annually or the gross aggregate 
for the period. In 1871 and 1872 the prductiorl was estimated 
a t  15,ooo tons. In 1880 the total yield of all the nines was 
15.503 tons, of which 12,354 tons were from those in the neigh- 
borhood of Beatyestown. Between 1872 ant1 1880 the Shields 
mine alone produced 41,121 tons. After 1880 the yield of "brown 

' Bi-Monthly Bull. Amer. Izst. Min. Eng. Sept., 1908, p. 791-808. 
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hematiteJ' rapidly diminished until in 1885 only an inconsiderable 
quantity was being raised from two small mines. There is no 
record of any of this class of ore being prduced in the state 
between the years 1893 and 1906. In the latter year one of 
tlie Beatyestown mines was reopened and a small quantity o f  
ore was obtained, and in 1907 and 1908 additional small quan- 
ties were raised from the Shoemaker and Roseberry mines. The 
Shoemaker mine is still operating. 

In the table below the life of each of the limonite mines is 
indicated in so far as it can be determined from the published rec- 
ords. The years during which the several mines were worked 
are indicated by the sign +. I t  does not necessarily follow, 
however, that the mines were inactive in all the years that are 
not so indicated, since the records are very fragmentary. - For 
instance, there is no record for the year 1869, or  for many of the 
years since 1880. The table is of value only so fa r  a s  its infor- 
mation is positive. That is, it indicates only that in certain years 
and during certain per ids  of years certain mines were prduc-  
ing ore. A glance at it teaches that while most of the mines have 
been worked in a desultory manner some of them have yielded 
steadily, being closed down only when the price of ore fell to  
figures too low to enable them to operate profitably. 
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The existence of the ore beneath the surface is recognized 
by the presence of a brown or yellowish orcherous soil containing 
little fragments of ore, with the appearance of which the explorer 
must have made himself familiar. Sometimes the upper soil may 
have lost its orcherous color by leaching, but when this is true 
small fragments of ore may still occur in it. If ore is suspected 
under a light colored soil recourse must be had to the dirt thrown 
out from the bottom of wells or  other excavations. If this is 
also light colored the chances of finding ore in the immediate 
vicinity are poor. If the surface indications seem favorable to 
the existence of ore h e a t h ,  and the dirt from the bottom of 
excavations also affords favorable indications, the neighborhood 
should be tested with pits reaching to  rock, or if ore is penetrated, 
with pits of sufficient depth to  test its availability as a workable 
deposit. The pits should be so placed as to determine the breadth 
and length of the area and should of course not Ix arranged 
in a line. If the boulder or  drift layers on the surface are not 
too deep the large rocks may be removed by hand and the soil 
tested by boring with an auger. This method, when practicable, 

. is preferable to test-pitting, as it does not disturb so much of the 
soil o r  any crop growing upon it. When the surface layer is clay, 
boring is very much more efkacious than test-pitting, besides 
being much cheaper. 

In making search for the ore it should be remembered that 
its most favorable situations are near contacts of the Kittatinny 
limestone with other rocks. I t  should also be borne in mind that 
as the ore is mainly of residual origin it can only be present in 
quantity where the limestone has been decomposed. I t  is useless 
therefore to expect to  find large bodies of ore in places where 
fresh limestone layers outcrop. 

RESERVE 

That there is still a considerable quantity of good limonite 
in the valleys between the Highland ridges is beyond question. 
Many of the mines formerly worked were abandoned not because 
of the exhaustion of the deposits, but because the low prices a t  
which ore was selling a score of years ago made the venture of 
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mining it unprofitable. The discovery of huge accumulations of 
excellent hematite in the M e s a s  district and the exploitation of 
the Alabama ores has had a depressing effect upon the limonite 
industry in New Jersey. Iron can be manufactured from the 
Lake Superior and Alabama ores at a cost which prevents com- 
petition by Eastern furnaces using local ores except in cases 
where abundant supplies can be obtained cheaply. Fortu- 
nately, in this State, the magnetites can be produced at 
a profit at prices which enable them to be utilized extensively in 
New Jersey furnaces. With an increase in the value of iron 
that bids fair to be permanent, the limonites will again be in de- 
mand, but this time will not arrive perhaps until the supply of 
MesabG ores that can be mined with steam shovels becomes less 
abundant. When it does arrive, however, New Jersey limonites 
will. again be produced, probably not in very large quantities, but 
in sufficient quantity to be worthy of consideration in any dis- 
cussion dealing with the value of the State's resources. 

LOCALITIES 

Limonitic ores have been reported to exist in Warren, Sus- 
sex, Morris, Hunterdon, Middlesex and Passaic counties. In 
many of these localities the deposits have been large enough to 
warrant working when the market price was satisfactory. Where 
the d e p i t s  have been opened up and shipments made from! them 
we have the mines, the names which are erkmerated on page 49. 
Openings fr& which no ore has actually been shipped are known 
as explorations. A list of all the occurrences reported is given 
below. 

Table XZZ.-List of Known Limonite Localities in New Jersey. 

HUNTERDON COUNTY. 

Bethlehem Township, 1% miles S. W. of Asbury on road between Asbury 
and Bloomsburg. Hazard Exploration. 

Bethlehem Township, 2 miles S. W. of Asbury. Wolverton Farm Explora- 
tion 

Bethlehem Township, I mile E. of Bethlehem. Wean Mine 
Holland Township, 1% miles N. of Amsterdam. Snyder Farm Exploration. 
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Holland Township, near Little York. Exploration. 
Holland Township, near Delaware River. Nolf Farm Exploration 
Lebanon Township, Radley Mine. 
Lebanon Township, 2 miles N. E. of Califon. Dafford Mine. 
Lebanon Township, 2 miles N. E. Califon. Neighbor's Mine. 
Union Township, % mile W. of Clinton. Bird Mine. 

MIDDLESEX COUNTY. 

East Brunswick Township, between Milltown and Dunham's Corners. Gu- 
lick Exploration. 

PASSAIC COUNTY. 

New Milford Township, near Greenwood Lake. Cooley's Exploration. 

SUSSEX COUNTY. 

Hardyston Township, W. foot of Pochuck Mt. 2 miles N. of Hamburg. 
Scott Farm Exploration. 

Hardyston Township, 2 miles N. E. of Hardistonville Edsall Mine. 
Sparta Township, 2 miles S. W. of Ogdensburg. Van Kirk Exploration. 
Sparta Township, I mile N. E. of Pinkneyville. 
Vernon Township, % mile N. of McAfee. Pochuck Mine. 

WAPREN COUNTY. 

Franklin Township, near New Village Cline or New Village Mine. 
Franklin Township, % mile S. of Broadway. Broadway Exploration. 
Franklin Township, % mile W. of  West Portal. Slack Exploration 
Franklin Township, )4 mile N. of Stewartsvill; Thatcher Mine. 
Greenwich Township, I mile S. of Carpenterville. Carpenter Mine. 
Greenwich Township, I mile S. of Carpenterville. Rapp Mine. 
Greenwich Township, I mile S. of Carpenterville. Riegel Minc 
Greenwich Township, north foot of Silver Hill. Exploration. 
.Harmony Township, at Upper Harmony. Exploration. 
Harmony Township, road between Upper and Lower Harmony. Ramsay's 

Farm Explorations. 
Hope Township, near Shiloh. Shiloh Mine. 
Hope Township, 3 miles S. of Blairstown. Swayze's Hematite Mine. 
Hope Township, near Smith's Mill, north of Green Pond. Exploration. 
Lopatcong Township, 2 miles E. of Phillipsburg. Hamlen Mine. 
Mansfield Township, mile N. of Beatyestown. Brown hline. 
Mansfield Township, mile N. of Beatyestown. Shield Mint.. 
Mansfield Township. '/l mile K. of Beatyestown. Thonlas Mine. 
Oxford Township, 2 miles S. of Qxford Church. Roseberry Minc 
Oxford Township, 2% miles S. of Oxford Church. Shoemaker Mine. 
Oxford Township, 2% milcs S. of Oxford Church. Fittz Mine. 
Oxford Township, near Bridgeville. Titman Exploration 
Pahaquarry Township, near the Water Gap. Exploration. 
Washington Township, near Anderson, on road to Port Colden. Anderson 

Mine. 
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DESCRIPTION OF INDIVIDUAL MINES. 

The limonite mines of New Jersey and the principal explor- 
ations are situated in the valleys lying between the gneiss ridges 
of the Highlands. Most of them are on the sides of the valley 
tracts and near the contacts of the Kittatinny limestone and the 
gneiss. Others are near the centers of the valleys near contacts 
of the !imestone an$ the overlying Martinsburg slates. A few 
seem to  be at some distance from visible' contacts of either kind. 
but in these cases the' mine developments have usually revealed 
rocks other than limestone very near the ore deposits. In the 
descriptions below, the mines are discussed in order, &nning 
with those in the valley farthest northwest and proceeding north- 
eastward along the valley troughs. Thus all the mines in a 
given valley are described before those of the next one to the 
south are taken up. The figures prefixed to the names of the 
mines refer to the map, on which the location of the mines are 
indicated by the same numbers. 

MINES IN THE KITTATINNY VALLEY. 

The Kittatinny valley lies between the Kittatinny or Blue 
Mountain on the northwest and1 the Highlands on the south- 
east. Several explorations for limonite have been made in the 
limestone and slate in which the valley is carve& but only one, 
o r  possibly two, have ever proven of economic importance. 

The openings in this valley are the Shoemaker, Fittz, Rose- 
berry, Shiloh and Swayze's Hematite mines and the Scott Farm 
exploration. The Swayze mine is in a slate area, but it is prob- 
able that the slates at this place were thinly covered by an over- 
thrust mass of limestone now removed by erosion. The mine 
produced a small quantity of ore in the decade between 1870 and 
1880. The other four mines are on the flanks of gneiss ridges 
where the gneiss is in contact with the Kittatinny limestone. Of 
these the Shoemaker mine is by far the most important. 
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(I) The Shoemaker and (2) Pittz Mines. 

Along the west side of Scott's Mountain, in Oxford Town- 
ship, Warren County, where the crystalline rocks are in contact 
with the Kittatinny limestone, are several shafts and tunnels that 
were formerly actively worked, yielding limonite of a slightly 
different character from that found elsewhere in the limestone 
valleys (Fig. 2). Very little can be learned from the openings 
at present, as only small portions of their dumpheaps remain. 

The southernmost of the openings cm.prised the Shoemaker 
mine, the shafts of which are at the base of the mountain on 
Buckhorn Creek, two miles south of Belvidere. The mine was 
discovered in 1888 and worked for several years thereafter, 
yielding several thousand tons of ore. I t  was then closed and 
remained idle until 1906, when it was again explored, without, 
however, producing much ore. Later it was worked more 
energetically and at the present time (January, I-) it is p m  
ducing about goo tons per month. 

The mine is entered by two shafts and a tunnel, the latter hav- 
ing been constructed for drainage purposes. The original shaft, 
which was to the northeast, was put down on the foot wall of the 
ore, vertically for 20 feet and then at an angle of about 50" 
southeast for 60 feet. I t  was not steep enough, however, and 
consequently passed through the ore deposit. A second slope 
was then begun 400 feet southwest of the old shaft. This was 
sunk to a depth of 230 feet and terminated in a drift of 606 feet 
driven along the length of the ore-body. The width of the ore- 
M y  varies between 2 and 44 feet, increasing as it descends. 
Its top is extremely irregular1. 

The ore is a fairly rich limonite, containing however a very 
high percentage of phosphorus The average analysis of a s h i p  
ment of 125 carloads received by the Thomas Iron Company in 
1893 gave 46.73% of iron. 

The partial analysis of another shipment yielded : 
P in 100 

Fe P Mn AlsOl Coo MgO SiOt pts Fe. Authority 
51.420 1.048 0.17 3.86 1.68 0.18 8.85 2.037 N.J.18ggp.168 

'Engineer's Report to Shoemaker Mining and Manufacturing Co. 
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Fig. 2. 
(After C. R. Hall. Courtesy of the Shoemaker Mining and Manufacturing 
Company.) 
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The ore raised in 1906 analyzed as follows: 

Fe P S AM). CaO MgO Sat  Watn Avtkoriry 
Labomtory 

48.20 0.267 tr 2.09 0.99 0.72 10.38 Not Det Secaucus Furnace 

In general the ore is.50 soft that little powder is used in the 
mine except when an occasional lump is encountered too large to 
be removed m w s e .  It is mixed with clay, sand and slate to 
such an extent that much of it requires washing before shipment. 

The manner of occurrence of the ore is not definitely known, 
though a tunnel driven into the mountain from the valley for 
the puqxxe of drainage gave a good section 350 feet in length. 
This tunnel penetrated 35 feet of dark green talcose slate, 300 
feet of a light buff-colored clay slate, 3 to 12 feet of flint or chert, 
and ended in ore from 4 to 12 feet thick On the hanging wall 
side of the ore, which dipped southeast at about 50°, was a body 
of very white clay. This may represent a bed of feldspathic 
Hardyston quartzite lying between the ore and the fresh gneiss 
of the mountain. The flint referred to as lying under the ore 
is probably a remnant of the Kittatinny limestone which has es- 
caped decomposition. It  was probably originally a chert bed in 
the limestone. The dump at fhe shaft contains many pieces of 
ore composed of sharp-edged fragments of a yellowish slate ce- 
mented together by limonite, thus forming a well-defined breccia 
such as sometimes occurs between the mountain gneisses and the 
valley sediments. The slate which lies between the chert and the 
blue limestone is apparently a slaty phase of the limestone near 
the base of the series. 

The ore probably lies partly at least, in a fault zone in the Cam- 
brian, into which it was carried by downwardly percolating wa- 
ters which found their easiest courses in the fault rubble lying 
against the underlying crystalline rocks. In this was deposited 
the limonite which partially replaced the slate and partly 
cemented the fragments into a breccia. 

It  is reported that another "vein" exists 250 feet east of that 
worked at the mine. It  is said to be parallel to the Shoemaker 
vein and to be the extension of that formerly worked at the Rosc- 
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berry mine. No evidence of this vein, however, can be detected 
on the surface. 

References: N. J. I@, p. 52; 1891, p. 233; 1899, p. 168. 

The Fittz (or Fritts) mine adjoined the Shoemaker on the 
northeast. I t  was worked to some extent in 1889 and 1890, as 
an independent mine, but is now part of the Shoemaker property. 

Reference: N. J. I@, p. 53. 

( 3 )  The Roseberry Mine. 

The Roseberry mine was a mile northeast of the Fittz mine, 
well upon the hill forming the east slope of the valley of Buck- 
horn Creek, a narrow depression lying between two gneiss ridges, 
and extending northward from the Fittz mine toward Oxford 
Church. Another mine of the same name was situated farther 
south, on the west side of the ridge separating the valley referred 
to from that of the Delaware River. The latter, however, pro- 
duced magnetite. The ground around the limonite mine was 
tested by a dozen shafts and pits in 1879 or 1880 and about 500 
tons of ore were raised. I t  was again worked during the first 
half of 1906. An old shaft was opened and retimbered and 
some wash ore was raised. Preparations were made for reopen- 
ing it again in I@, but at the present time mining has not 
been resumed. 

The ore in this mine was found at depths of from eight t o  sixty 
feet in a series of pockets that are arranged in a line trending 
northeast. The pockets are apparently in a slate that has the 
geological position of the Hardyston quartzite. When followed 
downward the separate deposits merged and formed a layer d i p  
ping 45' southeast. At the depth of 80 feet, however, the dip 
changes suddenly to the northwest. At this point the ore layer 
impinges against the mountain gneiss which lies to the east and 
is deflected northwest along the contact plane between the gneiss 
and ore-bearing rock. Where the deflection occurs the ore-body 
is much thicker than elsewhere. It is probable that the ore bed 
is the same as that worked a t  the Shoemaker mine. The ore, 
however, is softer and less pure and all of it has to be washed be- 
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fore shipment. If the ore body is continous b t w m  this mine 
and the Shoemaker the quantity of ore available is very large, 
possibly several millions of tons. 

References: N. J. 1880, p. 129; 1890, p. 53. 

( 4 )  The Shiloh Mine. 

The Shiloh Mine was near Shiloh, in Hope Township, Warren 
County. I t  dweloped only a small quantity of ore in test pits 
that were dug at the west foot of Jenny Jump Mountain near 
the contact of the gneiss and limestone, du,ring 1873. The mine 
never yielded any ore. 

Reference: N. J. 1873, p. 89. 

( 5 )  Swayzds Hematite Mine. 

Swayze's Hematite, or the Osman Mine, lies 3% miles south 
of Blairstown, Hope Township, Warren County, northeast of 
Silver Lake. East of the mine are slate outcrops and west of 
it exposures of limestone. A b u t  three-fourths of a mile to the 
northeast is a second opening known as the Shuster Mine. Its 
ore probably was of the same character as that of the Swayze 
Mine, but there is no record of its ever having been worked. The 
pits a t  the Swayze mine pass through an unassorted drift consist- 
ing of blue clayey earth and gravel, cobbles and boulders. Under 
the drift is yellow mhery clay that is supposed to be a decom- 
posed blue slate (Martinsburg slate). In the shaft the ore-bed 
was eight feet thick, but drifts cut to  the east and west indicate 
much variation in the thickness. The ore appears to occur over 
an area of several acres in workable quantity. 

Ore was first discovered at this place during 1872 or 1873, 
but the mine was first opened in 1877, an11 roo tons of ore were 
produced. There is no record of the amount raised in succeeding 
years until 1880, when 550 tons were mined. 

Most of the ore was wash ore, but with this were some bomb- 
like masses and small fragments. An analysis of an average sam- 
ple obtained from a pile at the shaft gave: 
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Fe Mn P S Inr. H,O P. in zoo pts. F t .  Authority 
4744 .79 , I ~  .OO 1240 I~.ZO 400 N. J., 1877, P. 51 

References: N. J., 1877, p. 51 ; 1880, p. 121 ; 10th Census, p. 177. 

( 6 )  Scott Farm Exploration. 

At the west foot of Pochuck Mountain, 2 miles north of 
Hamburg, in Hardyston Township, Sussex County, a small de- 
posit of limonite was opened in 1879. A sample obtained from 
the owner analyzed : 

Fe S P Authority 
43.85 .84 .om N. J., 1879, p. 93. 

Reference: N. J., 1879, p. 93. 

MINES I N  THE SPARTA V A U E Y .  

The Sparta Valley begins at Sparta, extends north and 
northeast for 18 miles to the State line between New Milford, 
New York, and Glenwood, New Jersey, where it opens into the 
wider Kittatinny Valley in which lie Amity and Edenville, New 
York. The only two producing limonite mines in this valley are 
the Pochuck and Edsall, the former near McAfee and the latter 
near Rudeville. Both have been important sources of ore, but 
neither is now active. They are among the oldest mines in the 
Highlands. Besides these there are also within the limits of the 
valley several hematite mines, that will be referrd to  in another 
place, a number of magnetite mines and the famous zinc mines 
at Franklin Furnace and Sterling Hill. 

( 7 )  The Edsall Mine. 

The Edsall Mine is 2 miles northeast of Hardystonville, in 
Hardyston Township, Sussex County. It is situated in a slight 
depression between the base of Hamburg Mountain and a small 
knob of pegmatite to the west. The depression is probably 
underlain by Franklin limestone, although it has been stated 
that the ore is in a ferruginous gneiss. 

The mine is one of. the oldest limonite mines in the State. 
I t  was worked extensively prior to 1840, since in this year the 
ore is reported to have been removed from an excavation 140 
feet long and 40  feet deep. For some years before 1869 the mine 
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had been idle, but it was opened again in 1870 and worked until 
1873, when it was finally abandoned. During its life it is re- 
ported to  have yielded a large quantity of ore of the same gen- 
eral character as that of the Pochuck Mine. The situation of the 
mine near the contact between the white limestone and the gneiss 
of Pochuck Mountain is exceptional for deposits of this char- 
acter in New Jersey. 

References: N .  J., 1840, p. 91-92; 1855, p. 164; 1868, p. 663; 1869, p. 54; 
1871. p. 32; 1872, p. ao; Folio No. 161, U. S .  Geol. S., I@, p. y; Geologic 
Atlas of N. J., No. 2, I@, p. 24. 

( 8 )  The Pochuck Mine. 

The Pochuck Mine is on Pochuck Mountain about a mile 
west of McAfee, in Vernon Township, Sussex County, on the 
west slope of a prominent ridge of Franklin limestone. (See Fig. 
3.) The mine was first worked as an open cut about 1835. As 

Geologic Map and Section, vicinity of the Pochuck Mine. (After A. C. 
Spencer.) 
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early as 1854 the ore had already been removed from an excava- 
tion 600 feet long and from 60 to  80 feet deep. The mine was 
idle in this year and had not been worked for several years pre- 
viously. I n  1868 it was again active and with the exception of a 
few short periods it continued in operation until its abandonment 
in 1876. The mine has been a large and important producer. 

The ore is a brown hematite occurring in stalactitic, marn- 
millary and botryoidal masses mixed with clay and sand with 
which are associated "large masses' of quartzose rock of a honey- 
comb or  cellular structure, containing fibrous limonite of a very 
poor quality."' There is also present in the ore a decomposed 
feldspar and other constituents of the adjacent gneisses. 

The composition of the ore determined by the analysis of 
a sample taken from 75 tons a t  the Franklin Furnace is 

P# P S Pin roo pts Pe Authority 
3aa -560 -1s 1-45'5 10th Cauus, p. 1n 

The ore also contains graphite. I t  will be noticed by reference 
t o  the ligures that it contains much more phosphorus than is usual 
in the limonite5 and a considerably larger proportion of sulphur. 
In spite of this fact it is reported by Rogers to have been much 
sought by the furnaces of the early part of the 19th century. 
H e  declares that 

T h e  mineral is of excellent quality, yielding a much superior iron to that 
procured from the magnetic ores of the adjacent primary dktrkts. The 
facility witb which it may be smelted in Mast fninaccs, compared with the 
magnetic ore, is another great recommendation. Thoagh but h e  
or six ycus in use, this ore has alrady become rather extensively waked. 
being not only smelted at a large furnace recently erected near Hamburg, 
but hauled over the Wallkill Mountain a distance of 12 miles to Clinton 
Furnace, and a still greater distance to Ryerson's Furnace, near Pompton." 

The deposit is between white limestone (Franklin limestone) 
on the one side and blue limestone (Kittatinny limestone) and 
slates (Hardyston quartzite) on the other. The white limestone 
is intruded by an acid crystalline rock (the Byram gneiss j, the 

'3. J. I= p. 663 

31. D. R o g m :  Final Report, GeoL of Sew Jersey, Phila, 1840, p. 91. 
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decomposed remains of which formed the walls of the ore to  a 
depth of IOO feet and for a distance of 600 feet in length. The 
workable ore occurs more particularly, so far as can now be seen, 
in a fault fissure at the contact of the white limestone with the 
blue limestone and its basal layer of Hardyston quartzite. 

"On the downthrown side of ,  the displacement a tongue of blue limestone 
coming in from the southwest extends past some of the old pits, but d c  
creases in width and terminates a short distance south of the main workings. 
This well-bedded and ~~nmetamorphosed limestone contains strata of limy 
shale, and is underlain by a thin irregular bed of [Hardyston] quartzite. The 
latter rests upon the coarsely crystalline white limestone which forms the 
main country rock of the ridge between the mines and the valley at McAfee. 
The dip of the blue limestone strata is toward the northwest, or in the direc- 
tion of the fault. At the mines and to the north no rock outcrops appear 
west of the fault until the slopes of Pochuck Mountain are reached. T o  the 
south, however, white limestone outcrops at various points on the westward 
slope of the hill, and the position of the fault is clearly shown by several 
prospecting pits extending in a nearly straight line for about IZXI feet 
southwest of the principal mine opening. Still farther south the fault can 
be accurately located by outcrops of white and blue limestone no more than 
3 feet apart. At the place where the position of the fault is so closely de- 
termined no iron ore exists. 

"The mine openings show that the main M y  of ore occurred beyond the 
north end of the blue limestone tongue inclosed in the older crystalline rocks. 
These rocks comprise white limestone as  the principal rock; dikes of peg- 
matite, evidently intrusive; and layers of light-colored granitold gnelss, 
which are perhaps also intrusive into the limestone. * * * The layers 
of gneiss included in the white limestone strike northeast and southwest and 

' 
stand approximately vertical or are steeply inclined to the southeast. One 
of them, which has been exposed by the caving of the mine, is perhaps 10 

feet in width, and others'outcropping a fourth of a mile to  the northeast 
are somewhat wider. * * * 

"The more southerly pits have exposed a bed of reddish-brown shale, ' 

which lies east of the fault and evidently forms the east wall of the ore 
This shale presumably corresponds with the shale strata mentioned above as  
being interbedded with the blue limestone. Its appearance, however, is quite 
different from that of the shale exposed on the east side of the, fault farther 
south, for near the mines it shows little evidence of stratification and is 
impregnated with iron oxide and in places contains minute but abundant 
scales of graphite. In the same pits are found large masses of sintery quartz 
rock showing honeycomb or cellular structure. This rock contains flakes of 
mica and of graphite, and through it here and there are irregular masses of 
limonite. Limonite also occurs in minute crystals which have the form of 
pyrite and are evidently derived from the decomposition of that mineral. 
The presence of this sintery quartz-carrying limonite that can be so defin- 
itely proved t o  be derived from pyrite suggests that the iron ore as  a whole 
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may have been originally a deposit of pyrite formed by mineral-bearing 
waters from a deep-seated source rising along the fault which has been 
shown to exist. If this suggestion is correct, the Pochuck deposit should 
be regarded as the decomposed capping of a large body of iron sulphide 
or pyrite.'" 

The ore is evidently of a different origin from that in the 
mines within the blue limestone. Not only is the ore body of a 
different shape but its relation to the surrounding rock is differ- 
ent, as is also its association with the white limestone and gneiss. 
If  the ore was originally pyrite it should pass into sulphide be- 
low the level of permanent ground water. 

In  the 10th Census Report, Putnam declares2 that the ore "is 
merely the outcrop of a vein of magnetite," basing this conclusion 
upon the fact that it contains graphite which is a frequent con- 
stituent of the magnetites of the region and upon the supposition 
that it occurs in the gneisses. He hazards no guess, however, 
as  to the reason why this should be the only magnetite vein in the 
Highlands that is altered to a considerable depth to  limonite. As 
a matter of fact, all the magnetites elsewhere outcrop in a fairly 
fresh condition, even those found south of the glacial area where 
weathering has been much more profound than it has been in 
the vicinity of the Pochuck mine. Hence it is not believed prob- 
able that the ore of this mine has originated in the magnetites. 

On the other hand the alteration of pyrite into limonite is of 
common occurrence. Nearly all sulphide veins near the surface 
are altered into mixtures of oxides of which limonite is a prom- 
inent compound. This is lcnawn a s  "gossan" and is universally 
recognized as an indication of the underground presence of an 
iron-bearing sulphide. For example, an important belt of iron 
mines m r s  in Virginia lying along the "Great Gossan Lead" 
which is the oxidized upper portion of a vein which at the level 
of the permanent ground water changes into pyrite. The av- 
erage metallic content of the Virginia ore is between 40% and 
41 'j6, or a trifle greater than that of the Pochuck ore. The ores 

'A C. Spencer: Folio 161, U. S. G. S., I&, p. 23; Folio 2, Geol. Surv. 
of N. J., 1908, p. 23. 

* Vol. x v . ,  p. 177. 
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of Franklin County, Pennsylvania, likewise of this origin, have 
been referred to in another place. (See p. 46.) 

Although the evidence is not conclusive in the case of the Pe 
chuck ore, largely because of the impossibility of studying the 
deposit at the present time, it nevertheless appears probable that 
it is an oxidized pyrite vein occuring in a fault fissure, rather tharl 
an oxidized magnetite deposit. 

References: N. J. IQO, p. 90-91 ; 1854, p. 42; 1855, p. 1 6 1 4 7 ;  1868, p. 663 ; 
1871, p. 32; 1872, p. 20; 1873, p. 68-8g; 1879, p. 93; 10th Census, p. 176-177; 
Folio No. 161, U. S. Geol. S., I@, p. 23; Geologic Atlas of N. J., I@, No. 
2, P. 23- 

M1N.S I N  THE POHATCONG VALLEY. 

The Pohatcong Valley beg-ins at the Delaware River in the 
vicinity of Phillipsburg and Carpentersville, runs northeast along 
Pohatcong Creek and terminates a short distance beyond Wash- . 
ington, at Karrville. I t  was formerly one of the important 
limonite-producing districts in the State, for in it were situated 
the Carpenter, Rapp, Riegel, Hamlen, Thatcher, New Village and , 
Broadway mines and several explorations. The first three were 
of considerable importance between 1865 and, 1885, but they 
have not been worked to any considerable extent since the last 
named date. 

(p, 10, II) The M i w s  Near Carpetttersville. 

The mines in the vicinity of Carpentersville, on the Delaware 
River, near the mouth of Pohatcong Creek, in Pohatcong Town- 
ship, Warren County, are high up in the north side of the gneiss 
ridge that overlooks the valley of the creek. 

They are among the first of those situated in the limestone 
that proclucecl ore in any quantity. As early as 1868 a shaft had 
been sunk t o  a depth of 104 feet in clay and much ore had al- 
ready been raised through it. This was known as the (9) Rapp 
mine. Later two other pits were opened to the east on what is 
supposed to he the same general ore body and these were called 
the ( ~ o j  Carpenter and the ( I I )  Riegel mines. Still later other 
openings were made between the Rapp mine and the Carpenter 

NEW JERSEY GEOLOGICAL SURVEY



LIMONITE OR BROWN HEMATITE. 65 

mine. These were known as the Reese and the Boyer mines, 
after the owners of the land on which they were situated. -411 the 
mines are near the contact of the blue limestone with the gneiss 
~f Musconetcong Mountain. The Rapp mine was worked quite 
steadily until 1885. The ore was unevenly distributed and conse- 
quently was raised from different pits at  different times. In 
1880 the pit then worked was 204 feet deep and the yield was 
392 tons between June I, 1879, and May 31, 1880. In  1885 a 
second opening was being worked. This at that time was 160 
.feet deep, and the ore was between m e  and 15 feet thick. I t  
analyzed 4.57'0 Fe, no phosphorus and no sulphur. 

.At the Carpenter mine the ore is reported by Mr. Fackenthal to 
be in the form of a vein between a north wall of limestone and a 
south wall of gneiss from which the limestone was separated by 
five feet of clay. The vein averaged 5 feet in width and was 
worked about soo feet in length down to the water level. The 
pits in 1880 were two in number, respectively r o o  feet and I 15 
feet in depth. I t  appears from the descriptions that the ores were 
accumulated along the contact between the limestone and the 
gneiss. 

In all there are nearly a dozen pits and shafts along the course 
of the deposit which consists of a layer of irregular pockets and 
lenses which dip nearly vertically. Immediately south of the 
deposits are outcrops of gneiss from which the ore is separated 
by a layer of clay. For some distance to  the north nothing was 
encountered but clay in any of the tunnels and trenches cut into 
the face of the hill. In the valley at the base of the hill are out- 
crops of the Kittatinny limestone. There is no hard rock, ex- 
cept the gneiss, in the immediate vicinity of the ore bodies, but the 
presence of quartz in streaks and layers of chert nodules in the 
clay near the limonite suggests the former presence of the blue 
limestone. The ores are apparently along a fault zone between 
the Kittatinny limest~ne and the pre-Cambrian gniess. They are 
almost certainly the result of decomposition of the limestone. 

.A complete analysis of one of the nodules from the Rapp rnlne 
is given on page 37. 
References: N. J. 1868, p. 664; 1871, p. 32; 1872, p. 21 ; 1873, p. 89 ; 1879, p. 
W; 1880, p. 9; 1885, p. IOj; 10th Census, p. 176. 

5 ORE 
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( 12)  Silver Hill Exploration. 

Several trial pits dug in 1879 at the base of the north slope of 
Silver Hill in Pohatcong Township, Warren County, uncovered 
ore, but so far as is known none was raised. The place was near 
the line of the Lehigh Valley railroad. 

Reference: N. J. 1879, p. 91 

( 1 3 )  The Hamlen Mines. 

The Harden mines are about two miles east of Phillipsburg in 
Lopatcong Township, Warren County, near Lopatcong Creek. 
The first mine opened was known as the William Hamlen mine. . 
I t  was originally exploited sometime in the sixties, was worked 
as long as the ore lasted, yielding in all about 1000 tons, and was 
abandoned prior to  1868. A second deposit was opened on the 
same property in 1868 and was worked on a small scale at in- 
tervals of a few years. I t  was reported as exhausted in 1874, 
but was later worked for yellow ocher, yielding 344 tons in the 
year ending June, 1880. This was found on the east side of the 
ore-deposit and beneath it, and had a maximum thickness of 15 
feet. In  this year the pit was 200 feet long and IOO feet wide. 
The ore and ocher were in the blue limestone. 

References: N. J., 1874, p. 32; 1879, p. 92; 1880, p. 121; 10th Census, p. 1?6. 

A seccmd mine, the Henry Hamlen mine, was opened on an 
adjoining property, in 1880. Nothing is known as to its history. 

References: N. J. 1880, p. 121. 

( 1 4 )  The Thtchm Mine. 

The Thatcher or Stewartsville mine is two miles east of 
Stewartsville, in Franklin Township, Warren County, near the 
base of the Pohatcong Mountain, probably near the contact be- 
tween the gneiss and the limestone. I t  was first worked in 1873, 
yielding about 5,000 tons of ore in this and the succeeding year. 
I t  was shortly afterward abandoned and remained idle until 1900, 
when it was unwatered and again put into shape for work. Al- 
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though the original excavation made in removing the ore is 200 

feet long, 70 feet wide and 30  feet deep, its entire bottom, when 
mining was stopped, was still in ore. 

The ore is said to  have been of Bessemer quality; an analy- 
sis reported in 1899 gave Fe 43.64 per cent. The deposit con- 
sisted of lumps and h e  granules of limonite mixed with ocher, 
clay and sand. The coarser portions, of which somr of the lunips 
weighed ten tons, were limited to an "elongated pocket" or vein- 
like mass running northeast through the center of the deposit. 
This, it is conjectured, may represent the filling of an old crack 
from the sides of which replacement proceeded into the rock. 
The  propsrtion of coarse lump'ore to \vash ore was large. Many 
of the lumps were hollow and partly filled with a coarse quartz 
sand and clay in which were occasional small fragments of silice- 
ous hematite. 

References: N. J., 1874 p. 31 ; 1879, p. go; 1899, p. 169; 193, p. 107. 

(15)  The New Village Mine. 

The New Village or  Cline mine is situated just west of New 
Village and a few rods east of the Morris Canal, in Franklin 
Township, Warren County, at the base of Scott's Mountain and 
very near the contact between the mountain gneiss and the val- 
ley limestone. I t  was opened in 1873 and about 400 tons of ore 
were raised in the succeeding year. In  187g1880 the country 
around the original pit was explored by ten or more shafts, from 
which about 700 tons of ore were taken. The limonite was dis- 
covered to  be in small pockets and therefore was expensive to 
work. The mine was abandoned in 1880. 

References: N. J., 1873, p. 89; 1874, p. 30; 1879, p. go; 1884 p. 121; 
10th Census, p. 176. 

( 1 6 )  T k  Broadway Mk~le.  

The Broadway mine has not been worked since 1868. Only 
about ten tons of ore are known to have been obtained from it 
before this date The mine pit is situated at the base of Mus- 
conetcong Mountain near a mineral spring, about a mile southedst 
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of Broadway, in Franklin Township, Warren County, at the con- 
tact of the mountain gneiss and the valley limestone. 

References: N. J., 1868, p. 664; 1874, p. 30. 

MINES I N  MUSCONETCONG VALLEY. 

Musconetcong Valley extends from Riegelsville, on the Dela- 
ware River, to Saxton Falls, a small settlement a few miles north- 
east of Hackettstown. I t  is separated in part from Pohatcong 
Valley by the narrow mass of Pohatcong Mountain, but unites 
with this valley around both ends of the mountain. 

The mines and explorations in the valley that have a t  one time 
or another produced limonites are the Wean, Slack, Hazard. 
Radley, Anderson and the Beatyestown mines. Of these the most 
important by far are the several mines comprising the group a t  
Beatyestown. With the exception of the Wean and the Beatyes- 
town mines all the others named are unimportant. 

(17) The Wean Mine. 

Trhe Wean mine, situated one mile south of Bethlehem (or 
West End),  in Bethlehem Township, Hunterdon County, well 
up on Musconetcong Mountain, alongside the road to  Patten- 
berg, was discovered in 1875, but it was not developed as a ship- 
ping mine until several years later. Prior to  1878 it had yielded 
as much as 310 tons of ore per month, but this was materially 
reduced during 1879 and 1880, so that in the year ending June, 
1880, only 565 tons of ore and ocher were raised. The total 
yield of the mine to the end of 1879 was about 1.500 tons. In 
this year the main shaft was 60 feet deep and connected with a 
second shaft to the southwest by a drift 200 feet long. 

The ore was found in pockets and irregular masses lying 
upon a decomposed gneiss. In one instance it is reported as  en- 
closed between walls of rotten gneiss. In both instances it is 
wobable that the ore was at the base of a bed of Kittatinny l ime 
stone that lay upon the gneiss, as limestone was found in large 
quantity in a similar position at the north end of the Musconet- 
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cong tt~nnel of the Lehigl~ Valley railroad, which is but a short 
distance east of the mine. 

About tw+thirds of the ore was wash ore of a bright red 
color which was sold as paint. An analysis of the ore reported 
in 1878 gave 

Fe P S Ins. H,O P i n  xoopts Fe Authority 
55-42 .IO .IO 6.9 11.80 .18g N. J., 1878, p. 102. 

References: N. J., 1874, p. 27-28; 1878, p. 102; 1879, p. go-gr ; 1880, p. I=; 
10th Census, p. 176. 

(18) The Slack Mine. 

The Slack mine is 2.5 miles east, or northeast, of Blooms- 
bury, Franklin Township, Warren County, near Musconetcong 
River. The property was explored by a shaft 8.5 feet deep, of 
which the last 5.5 feet and the bottom were in ore. Some ore 
was shipped, but in what quantity is not known. It contained : 

Fe P Mn Ins. P i n  xoopts Fe Aufiority 
44.33 .170 .06 21.31 .383 N. J., p. 169. 

The exact position of this mine has not been identified, but 
it is probable that it was in the limestone near its contact with 
the Martinsburg slate. 

Reference: N. J., 1899, p. I@. 

(19) The Hazard Mitte. 

The Hazard mine was ncver an important one. It was situ- 
ated about 1.5 miles west of Asbury, in Franklin Township, War- 
ren County, near the contact between the blue limestone and the 
Martinsburg slates. Some ore was mined about 1877, but the 
place was never extensively worked. 

Reference: N. J., 1879, p. 91. 

(20) The Radley Mine. 

The Radley mine was situated in Lebanon Township. Hun- 
terdon County. Very little is known concerning its history or 
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the manner of the occurrence of its ore. It was worked in 1879 
as an ocher mine, yielding about 78 tons of material that was 
used for paint. 

References: N. J., 1879, p. 89; 1880, p. 119; 10th Cwsus Rept., p. 1% 

(21) The Anderson Mine. 

The Anderson mine was on the road from Anderson to  Port 
Colden, in Mansfield Township, Warren County. It is reported 
to have been productive previous to 1868, but to have been aban- 
doned before that year because it became unprofitable to  work. 

Reference: N. J., I%& p. 

(22) The B c a t y e s t m  4fines. 

The most productive litnonite deposit in the State is that 
which has been worked so long and profitably in the neighborhood 
of Beatyestown, in ~ans f ie ld  Township, Warren County, on the 
north side of the road to Hackettstown. Openings in this ore 
body have been made by three different operators, under the name 
of the Shields mine, the Thomas mine and the Brown mine. 

h e  ore is found in the bottom of limestone basins lying im- 
mediately upon the rock. The limestone is more ferriferous under 
the ore than elsewhere, a specimen obtained in 1871 yielding 82.23 
per cent. of FeCO,. 

The Shields mine is the oldest working in the deposit. I t  
was opened in 1868. During this year about 20 tons per day 
were raised. From this time until 1881 it was steadily producing, 
yielding in the nine years between 1872 and 1880 an aggregate 
of 41,121 tons. It is probable that the total amount of ore raised 
from the pit is greater than that raised from any other limonite 
pit in the State. The mine was closed shortly after 1880. Pros- 
pecting was begun again on the property in 1899, and an ore car- 
rying 40  I>er cent. of iron was uncovered in payable quantity at 
a depth of 20 feet beneath the surface. The burden of soil and 
disintegrated rock that it would be necessary to  rnove in order to 
get at the ore mas, however, so great that no attempt was made 
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to work the deposit. In 1906 the mine was again opened by a 
shaft 65 feet deep in the bottom of the old openings, and a drift 
from this 65 feet long. Explorations were continued during 
1907, but a t  the beginning of the following year the place was 
again abandoned. 

The ore was mixed with yellow clay. About three-fourths of 
the material raised was lost in washing, but .the portion that was 
saved was of excellent quality. The composition of some of this 
washed ore produced in 1880 was : 

Fr P S M n  HtO Authority 
42.73 0.257 0.w~ 14 8.83 10th Census, p. rfi 

A complete analysis of the same sample and another of a 
dense nodule obtained from the workings in ~ g g  are given on 
Page 37. 

T!he walls of the pit were blue limestone, but slate ledges 
outcrop a short distance to the southwest. 

The Thomas mine was opened north of the Shields mine. 
The quantity of the ore was the same as that of the Shields mine, 
and the relation of the deposits to the limestone was similar. The 
mine has never been as prolific a producer as the Shields mine, 
though it has yielded considerable ore. In  1880 its production 
was 2,050 tons. 

The Brown mine adjoined the Shields mine on the south. 
I t  was opened in 1873, worked a few years and closed. I t  was 
reopened in April, 1880, and before May 31 of that year it yielded 
434 tons of ore. 

The ore was beneath a covering of 9 or  10 feet of soil. C)n 

the east side of the pit the blue limestone dips 60° S. E The 
ore was found lying on both sides of this and resting upon it. 
The  west side of the pit is reported to be slate. The deposit was, 
therefore, at the junction of the slate and limestone The ore 
was mixed with yellow clay and sand and contained streaks of 
blue-black earth. I t  contained also large nodules of limestone. 

References: N. J., 1868, p. m; 18@, p. 54; 1871, pp. 32, 33; 1872, p. 21; 
1873, p. 89; 1874, pp. 29-30; 1879, pp. 91-92; 1880, p. 120; 10th Census, p. 
rfi; N. J., 1899, P. 163. 
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M I N E S  IN GERMAN VALLEY. 

German Valley occupies a narrow longitudinal depression in 
the Higlilantls extending from Califon northeastward a distance 
of about 17 miles to Wharton, where it is terminated by the 
youthern end of Green Pond Mountain. On the east, west, and 
south it is surroundc'd by the crystalline rocks of the Highlands. 
The south half of the valley is occupied by the Kittatinny lime- 
stone and in this are fou,nd occasional d e p i t s  of limonite. But 
two mines were ever developed in the area These were at the 
extreme southwest end of the valley and neither proved profitable. 

The ore of one was notable because it contained large quan- 
tities of lead and zinc. 

(23) The Neighbor a d  Dafford Mines. 

The surface of German Valley in the vicinity of Califon in 
Tewksbury Township, Hunterdon County, appears t o  be quite 
generally underlain by limonite. though so far as known, the 
ore is not in sufficiently thick deposits for profitable working. 

Ore was first discovered here in 1871 on the east side of the 
valley near the road running north along the foot of the Fox 
Hills range. Specimens of the ore contained iron as follows: 
5 4 . 8 8  per cent. ; 5 6 . 8 9  per cent. ; 4 0 . 4 5  per cent. ; and 5 6 . 1 2  per 
cent. During the following year the region was thoroughly ex- 
plored by IOO test pits, nearly all of which struck ore, which was 
in small masses or concretions, mixed with yellow earth and white 
sandy clay. One of the pits showed a thickness of 2 5  feet of ore. 
"Frorn these explorations it appears probable that the ore occurs 
in a bed or deposit quite narrow but extending for some distance 
lengthwise of the valley near the western base of the gneissic 
ridge," i. e., near the contact of the limestone and the gneiss. b- 
plorations were continued in 1879 and 1880 proving the existence 
of ore upon the limestone entirely across the valley from the base 
of the Fox Hills on the east to the base of Schooleys Mo~~nta in  
on the west. 
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From only two points in this area, however, has ore been 
shipped. These are the Neighbor and Dafford mines, situated 
about 2 miles north of Califon near the center of the valley. 
Neither of these has been extensively worked, though the Dafford 
produced 500 tons of ore in 1879 and 1880. The N e i g h h  
mine also yielded ore to  the amount of 896 tons in 1880, but it 
was abandoned immediately thereafter because of the presence in 
the ore of 3.74 per cent. of lead and about 10 per cent. of zinc, 
which proved troublesome in the furnace. In  later years the 
country around the mine was explored with a view to  the develop 
m n t  of a zinc mine, but only small scattered pockets of blende 
were found in the rock, of too small size to warrant working. 
A specimen taken from one of these pockets 'was reported as 
containing 8.429 per cent. zinc and 3.10 per cent. sulphur. A 
fresh specimen gave 34.76 per cent. zinc and 21.90 per cent. sul- 
phur. 

References: N. J., 1871, p. 33; 1872, pp. 21 and 22; 1879, p. go; 1880, 
pp. 120 and 128; 10th Census, p. 176; N. J., 1899, p. 175. 

MINES SOUTH O F  THE HIGHLANDS. 

At only one point in the plain south of the Highlands have ex- 
plorations for ore been made, so far as the records show, and at. 
this one comparatively little work was done. The geological con- 
ditions are not favorable for the occurreilce of limonite in this 
area, since the Kittatinny limestone is generally absent from it. 

(24) The Bird Mine. 

The  Bird mine, situated about one-half of a mile west of Clin- 
ton, in Hunterdon County, was discovered in 1873. It lies in 
red slate (Martinsburg slate) near its junction with the blue 
limestone (Kittatinny limestone). About 2000 tons of ore were 
raised during the year of discovery from an excavation about 20 

feet deep. Only about one-quarter of the ore obtained required 
washing. After being wrkecl for a short time the mine was 
abandoned in the same year that saw its opening. The reason 
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for its abandonment is not known. The result of explorations by 
test pitting indicates that the quantity of ore present in the vici- 
nity is large. 

References: N. J., 1873, p. 89; 1879, p. go; I&, p. I*. 

Deposits of limonite ore are known to occur at many other 
points in the limestone valleys between the Highlands ridges, 
but so far as known, explorations to test their extent have been 
carried on only at the localities described above. The positions 
of many other deposits are indicated in the old county maps of 
Warren, Hunterdon and Morris counties. 
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GENERAL DISCUSSION. 

CHARACTER O F  THE ORE. 

Appearance.--The ore known as "red hematite" is composed 
essentially of the mineral hematite which is the oxide of iron 
represented by the formula Fe,O,. Though very different in its 
appearance when obtained from different localities. the variety 
that occurs in New Jersey is practically all of the same kind. I t  
is  a mediumly fine-grained aggregate of dark gray or black 
scales and thin plates arranged in a generally parallel position, 
thus producing a mass with a schistose structure. Because of 
the glistening of the little plates causkd by the reflection of light 
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from their flat surfaces, this type of ore is frequently known as  
specular ore. In a few places the New Jersey ores lack the 
strongly pronounced schistostity. They are then black, finely 
granular aggregates with a dull luster. 

The red hematite is easily distinguished from the brown hema- 
tite, or limonite, by its crystalline character, its black or dark- 
gray color, and by the fact that it does not yield any appreciable 
quantity of water when strongly heated. I t  differs from rnag- 
netite in possessing a red' streak or powder and in being non- 
magnetic. Although the most valuable of all the ores of iron in 
the United States, it is comparatively unimportant in New Jer- 
sey. I t  has been found at about half a dozen localities, but has 
been mined with profit at only one. 

Cowzposition.-Theoretically, hematite ccmtains 70% of iron, 
but the ore as marketed rarely assays more than 65% of the 
metal. The impurities are usually quartz, apatite, and the min- 
erals characterizing the rock with which the ore is associated. 
No accurate analyses of the New Jersey hematites are available. 
It is probable that their principal impurity is quartz and chlorite 
or m e  other magnesian silicate. 

OCCURRENCE. 

The occurrence of the hematites in Nkw Jersey is practically 
confined to the quartzite conglomerates and shaly rocks associated 
with the Franklin limestone. The geological relationships are not 
clear. In some places the hematite appears to form the matrix 
of quartzites, at other places to impregnate the shaly rocks 
and at one place it occurs as a vein-like or  dike-like mass 
cutting across the schistosity of certain shaly rocks that resemble 
sheared volcanics. In all cases it appears t~ be subsequent in 
time of origin to the rocks with which it is associated. Its mode 
of origin is not known, h t  it is probable that i t  was h- 
troduced by circulating water into the positions it now occupies. 
It is hardly likely that it is connectetl in any direct way with the 
great intrusions that forced themselves into the sed5ntentary beds 
and formed the widely prevailing gneisses of the Highlands. 
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Such a mode of origin would probably have resulted'in many 
deposits, some of which would have k e n  in the white limestone, 
which is much more common than the quartzite and shaly rocks 
associated with it. I t  seems more likely that the hematite was 
introduced lxfore the advent of the igneous rocks, but from what 
source it was obtained is unknown. 

Small quantities of the ore are also reported from a few lo- 
calities at which the rocks associated with them are not the 
Franklin quartzites and conglomerates, but none of these local- 
aties are of more than passing interest. 

LOCALITIES. 

Since the pre-Cambrian quartzites and shaly rocks in which 
the hematite deposits occur are in a few small scattered areas dis- 
tributed irregularly over the western portion of the Highlands, 
the developments that have yielded the ore are also few and their 
locations widely scattered. Most of them, however, are in Sus- 
sex County. 

DESCRIPTION OF INDIVIDUAL MINES. 

There are two points near McAfee, in Vernon Township, 
Sussex County, at which hematite has been mined, but at neither 
place did the mining prove profitable (Fig. 3, page 60). The 
propositions were nothing more than large explorations. At both 
plaps  the ore is asmiated with quartzites, conglomerates and the 
white Franklin limestone, but the exposures are not sufficiently 
abundant to  warrant any definite statement as to the geological 
relationship of the ore. 

( I )  The Ceclar Hill Mine. 
\ 

The M a r  Hill, Smith's or the Ten Eyck mine is on the 
brow of the steep ridge of Franklin limestone just west of the 
village of McAfee. The rock west of the ore is white limestone, 
while that under it, i. e., on the southeast side, is a conglomerate 
of white quartzite pebbles in a dull reddish-green matrix. com- 
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posed of chlorite and amorphous hematite. This occurs in a bed 
40 or 50 feet thick which can be traced for a distance on its strike 
of about 500 feet. I t  stands on edge in a nearly vertical position 
and is exposed to a depth of 25 feet. I t  is apparently intercalated 
with the limestone. 

The conglomerate is highly ferruginous, the hematite occur- 
ring largely in the interstices between the chlorite particles that 
constitute its principal mass, but it is too lean to be wmked 
as an ore. Pyrite is present in considerable quantity through the 
rock, and portions of it contain crystalline grains of iron carbon- 
ate (siderite) about a half-inch in diameter. These are pearl- 
gray on fresh fractures, but are rust-red on exposed surfaces. 
I t  is probable that the hematite may have been derived from these 
two minerals. The exploration was first opened a b u t  1867. 
Several thousand tons were removed ,from two pits about 500 
feet apart, but so far as known none was ever shipped. The 
mine was abandoned in 1872. 

An analysis of a sample of the ore obtained when the mine 
was first opened gave: 

sio, 
FerOl ' S AOl and inrol. Met. iron Authority. 
43.3 0 -3 29. I 31.0 N. J.. 1868, p. 662. 

References: N. J., 1868, p. 6Q; 1872, p. 20; 1873, p. 89; 1879, p. 90; 
Folio No. 161, U. S. Geol. S., 1908. pp. 21 and 23; Folio No. 2, Geologic 
Atlas of N. J., 1908, pp. 21 and 23. 

(2) The Simpson Mine. 

The Simpson mine is 2.5 miles northeast of Hamburg and 
about I mile southwest of McAfee, on the west side of the brow 
of the' hill overlooking the Lehigh and Hudson River Railroad. 
(See Fig. 3.) 

The geological conditions at this mine are not essentially 
different from those at the Cedar Hill mine. The hill is cov- 
ered with glacial drift so that exposures are very few. Several 
openings, however, have been made which show the quartzite 
conglomerate lying in layers separated by ahaly material. The 

NEW JERSEY GEOLOGICAL SURVEY



HEMATITE. 79 

iron oxide not only impregnates the conglomerate, but it occurs 
also as thin layers of comparatively pure hematite interleaved 
with the shale and quartzite, both of which are ferruginous. 
These dip southeast beneath beds of white limestone. On the 
northwest is the basal quartzite of the Paleozoic series (Hardys- 
ton quartzite), which dips to the northwest. 

The mine was first opened about 1850 and before 1854 an 
excavation 20 feet deep had been made and 80 tons of ore had 
been removed from it. This is reported to have been quite pure. 
I t  was of a brownish-red color and possessed a metallic luster 
and a finegraihed' texture. From the present appearance of the 
pits it is evident that considerable work has been done in more 
recent years, but there is no record as to its date. 

References : N. J., 1854, p. 38; 1855, p. 147 ; 1868, p. 661 ; Folio No. 161, 
1908, U. S. Geol. S.. pp. 21 and 23; Folio No. 2, Geol. Atlas of N. J., I@, 
pp. 21 and 23. 

(3) The Anhver Mine. 

The Andover mine is in Andover Township, Sussex County, 
about 1.5 miles north-northeast of Andover, on the east side of 
the road to Pinkneyville. Here was the most extensive deposit 
of hematite that has been uncovered in the state. The mine pro- 
duced S>oth hematite and magnetite, but the two ores were so 
intermingled that it is difficult to estimate their relative impor- 
tance. From the descriptions that have been handed down to  us 
it is probable that the greater portion of ore mined was hema- 
tite. A great quantity of ore was removed, leaving a wide, gap 
ing opening a b u t  70 feet deep, which extends for a distance of 
750 feet along the west side of a cliff of gneiss (Fig. 4). 

'I'b the west of the opening, a t  the southern end of the mine, is 
a hillock of quartzite conglomerate very much like that at the 
Cedar Hill and Simpson mines, and interleaved with this are in- 
durated carbonaceous shales. The sediments have a thickness of 

. a b u t  go feet and stand nearly vertical at the southwest end of the 
mine. In  the northerly workings their dip is southeast, at some 
points being as low as 25O. At a few places they contained irregu- 
lar masses of magnetite and hematite. Here and there the rocks 
are cut by pegmatite. The ore lies between these rocks and thu 
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SKEtCU MAP 

A N D O V E R  

SULPHUR HILL MIYPls 
M dpr .  
- - . d - x : 3 '  

Fig. .I. 

(From 10th Census Reports. Vol. XV,..p. ~ 5 2 . )  
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gneiss and in irregularly shaped basins or tongues in the conglom- 
erate. The largest of the basins measured zoo feet in length, 65 
feet in width and 85 feet in depth. There is nothing to show the 
relations of the magnetite and hematite to one another, but from 
the writings of the early writers who described the mine it is evi- 
dent that these relations were complicated. 

There are two main workings comprising the Andover pits 
m e  larger one was at the south. This is the one referred 
to  in the preceding paragraph. The other was north of the north 
end of the southern opening, and a short distance west of the 
projection of its trend. This second opening, which was very 
much smaller than the first one, is known as  the Sulphur Hill 
mine. It produced only magnetite and consequently is included 
among those mines, and described elsewhere. 

'l'he southern pit, or Andover mine proper, was worked 
mainly from the surface. I t  is from 30 to 60 feet in width 
and very variable in depth. Its extreme length is about 
850 feet. T o  the north the ore pitched beneath the sur- 
face and was worked underground to a distance of zoo feet or  
more, making the entire length of the ore body that was mined 
about 1,200 feet. In this northeast portion of the mine the ore 
was principally magnetite. The whole pit is said to have bean 
filled with ore. 

In the center of the ore mass was a "blue are," which was 
characterized by its bluish-black color. In  some samples exam- 
ined it was granular and in others it was compact, with a black, 
jasper-like fracture and luster and a jointed structure. Most of 
the specimens were magnetic, but in others magnetite particles 
were scattered through a non-magnetic matrix. 

Completely surrounding the blue ore was a shell of red ore 
which was composed of nodules of red and black hematite ce- 
mented by red hematite, or of grains of the black variety im- 
bedded in the red variety. The mixture was essentially a red 
oxide of iron usually so intimately mixed with silica that the 
m s  possessed the fracture and luster of quartz. In other places 
the silica appears to have been "wholly or partially in the amor- 
phous or opaline condition and the mass has a jaspery fracture." 
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The red ore was thus very much like that at the McAfee local- 
ities. 

,Analyses of samples of these ores as given in the Geology of 
New Jersey, 1868, are as follows : 

Fe MnO S PSOI Inroluble. 
I. 56.85 a45 t~ t r  5.80 
2 58.12 a45  0.0 0.30 6.w 
3. 40.75 tr 0.0 tr  r r . 9  
4 44.51 0.20 0.0 0.51 r 1.30 

I. Hematite from southwest opening. 
2. Hematite with a little magnetite forming the upper part of the deposit 

in large mine. 
3. Hematite with magnetite from northwest aide of d&it in large mkrc 
4 Magnetite with hematite from deepest part of large mine. 

The magnetite which was associated with the hematite often 
contained a large percentage of manganese, and consequently the 
iron made from the mixed ores was highly manganiferous. 
Analyses of specimens of the pig from the old Andover charcoal 
furnace and the anthracite furnace at Phillipsburg testify to this 
fact, and account for the excellent reputation borne by the An- 
dover ore in the early days. 

Analyses of pig iron made from Andover ore. 

Analyst-P. W. Shimef. 

Andover. 
............... Graphite, ror 

..... Combined Carbon, 4529 
Silicon, ................ .037 

............ Manganese, 5.75 
............... Sulphur, .003 

Phosphorus, ........... .06 
Iron, .................. 8g.4 

99.92 

Phillipsburg. 
.005 

4.212 

-294 
3.75 
031 
-072 

91.57 - 1 

Both varieties of ore were traversed by narrow veins of cal- 
cite. The blue ore moreover, in some places, contained garnet 
and sphalerite particles and in it was often found considerable 

'Trans. Amer. Inst. Min. Engin. Vol. 37, 1906, p. 198. 
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manganese, as stated above. 'In 1d58 Lesley described1 the de- 
posit as being more shaly than previously, and stated that below 
the level of ground water the ore contained a noticeable amount 
of zinc and other sulphides, which had beell found in traces only 
in the ore at shallower depths. 

The mine was extensively worked before the Revolutionary 
War and the ore was smelted in the Andover furnace, which was 
built in 1763. During the war the miries and furnaces were taken 
possession of by the Continental Congress and were worked to 
supply the army with iron and steel. After the war the mine 
was abandoned until it was re-opened in 1847 by the Trenton 
Iron Company. I t  was worked until 1863, when it was again 
closed. 

Between 1847 and 1854 about 120,000 tons of ore were 
taken out. The total yield of the mine (including the Sulphur 
Hill opening) is estimated at 400,000 tons. 

References: N. J., 1854, pp. 38-41 ; 1855, pp. 149-163; Iron Mfrs. Guide. N. 
Y., 1859, p. m; 1868, pp. 640657; 1873, p. 88; 10th Census, pp. 151-153; 
Trans. Amer. Inst. Min. Engin., Vol. 37, 1906, p. 198; Folio No. 161, U. S 
Geol. Survey, p. 21. Folio No. 2, Geol. Atlas of N. J., p. 21. 

( 4 )  The Byerly Openings. 

The Byerly openings were made about 1873 on the west slope 
of a high ridge of gneiss, one-half mile southwest of the Rose- 
ville mine, in Byram Township, Sussex County. Their exact lo- 
cation has not been identified. 

The openings, which varied in depth froin 5 to 15 feet, were on 
a line of attraction striking northeast. Although the ore found 
in all the holes is described as a red hematite, which in some 
specimens was quite sileceous, it was in all probability a magne- 
tite. I t  occurred in small lumps scattered through the earth. 

An analysis of the ore found in the earth gave: 
Fc=66.98; Pz.032; S=tr; Ti*; Mn=o. Authority, N. J. 1879, p. 86. 

References : N. J. 1879 p. 86. 

'Quoted by Spencer in Folio No. 161, U. S. Geol. Survey, p. 21 ; also in 
Folio No. 2, Geol. Atlas of N. J., I&, p. 21. 
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( 5 )  The Marble Mountain Mine. 

The Marble Mountain or  Fulrner's mine is situated on the 
southwest side of ~ a r b l e  Mountain, on the bank of Delaware 
River, about 1.5 miles northeast of Phillipsburg, in Lopatcong 
Township, Warren County. The mine pits are well up toward 
the top of the hill on the slope overlooking the river. 

As a t  the other localities in the State at which hematite occurs 
the geological relationships here are also obscure. T o  the south 
of the ore pits is a great mass of yellow and light-purple shaly 
rocks that resen~ble in many respects the sheared volcanics of 
20~1th Mountain in Pennsylvania. There is no evidence at 
Marble Mountain that the rocks are mashed volcanics but on the 
other hand there is little evidence to indicate any other origin 
for them. Some of the shales are very quartzose, others are 
steatic and others are very fine grained and dense, like rhyolites. 
In  one or  two places hematite replaces the dense rock locally 
forming nodules or rounded masses or disks which grade into 
the rock in all directions. I n  other places bands of shale are 
impregnated with hematite material and in one or two instances 
dktinct bands of hematite, like veins, cut across the structure 
of the shaly rock. Conglonlerate layers are interbedded here and 
there through the shales, but they are not common. 

The pits in this portion of the mountain are shallow and were 
plainly never important. Toward the northwest the shale is re- 
placed by a quartzitic conglomerate identical in every respect 
with the similar conglomerates at the Andover, the Simpson, and 
the Cedar Hill mines. In this a large pit has been excavated 
and from it much material has been removed, although from the 
size of the dumps 0 b s e ~ e d  it is probable that very little was 
hauled away. 

The me  so far as can now be told is merely a portion of the 
quartzite more ferrug-inous than elsewhere. The hematite ap- 
pears to be in the interstices between the quartz grains. The fer- 
ruginous quartzite is not in a definite bed, but it 'possesses irreg- 
ular boundaries and on all sides grades into less ferruginous va- 
rieties. In one place it was thought folding could be detected in 
the quartzite and at this place the richest ore was found. 
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The Franklin limestone occurs both south and north of the 
quartzite-shale beds, but not in contact with them. It is probable 
that here as elsewhere the quartzite together with the shales form 
a part of the limestone series. The ore is probably an infiltra- 
tion from some unknown source. 

The mine was first opened in 1860, but the ore was found in 
such limited quantities that work was prosecuted for only a 
short time. The place was re-explored in 1880 and oie was un- 
covered under an area of 60 feet by 16 feet. A considerable 
quantity of ore reported t o  be of good quality was mined, but 
none was shipped. The mine was again explored in 1886. 

The old workings consisted of a number of shallow pits and a 
short tunnel driven into the west side of the hill near its summit. 
I n  1886 several new pits were dug, the largest, 25 feet square 
and 20 feet deep, being some 500 feet northeast of the old tunnel. 
The m here wasestimated to  ba I I feet thick and to  dip about 
15" southeast, though the bedding was not distinct. About ~ o o o  
tons of ore were separated from about four times this quantity of . 
rack. This may have been shipped, as no trace of it can now be 
found in the vicinity of the pit. I t  is reported that impure lime- 
stone was associated with the ore. 

References: N. J., 1868, p. 662; 1873, p. 72; 1879, p. go; I&, p. 119; 1886, 
PP- 1.53-154- 

(.6) Coolq's Mine. 

Cooley's exploration was in West Milford Township, Passaic 
County, on the west side of Greenwood Lake, at the base of 
Bearfort Mountain. 

The ore, which was found in loose boulders scattered over the 
surface, is reported to have been in part limonite and in. part hem- 
atite. I t  was inferred that hematite occurred here at the sur- 
face in connection with the conglomerates of Bearfort Mountain, 
because ore of this character in similar geological relations has 
been dug to a considerable extent at Townsend's mines, in Corn- 
wall Township, Orange County, Nlew York. 

The place was explored to a slight extent about 1868, but no 
ore was found in situ. A sample, presumably obtained from one 

NEW JERSEY GEOLOGICAL SURVEY



86 IRON MINES AND MINING. 

of the bulders, is exceptional in that it contains a very large 
percentage of manganese. 

PerOl SiO, and insol. ALO. MfiO. 
45-4 30.8 5.3 104 

References: N. J. 1868, p. 662; 1879, p. go. 

(7) The Nolf Farm Exploration. 

The Nolf Farm explorations were made in Musconetcong 
Mountain near the Delaware River, in Holland Township, Hun- 
terdon County, a b u t  I mile from Durham furnace. The ore 
is reported to have been. a specular hematite mixed with quartz 
and limonite. I t  occurred as boulders in the soil over an area 
of several acres. 

Explorations were first made in 1879. In  the succeeding year 
several shafts were sunk, but they uncovered only a thin vein of 
ore which was too narrow for profitable working. The mine 
was therefore abandoned. ' 

An analysis of a sample reported in 1879 yielded: 

Fe P S Mu Ti Insol. Authority. 
39.07 .039 -055 o tr 43.60 N. J., 1879. P. go 

A visit to the place indicated on the State maps as a locality for 
hematite showed the existence of a shallow pit on the top of the 
hill. On the dump nearby was a small quantity of magnetite 
but no hematite could be found. At the base of the hill, on a 
flat near the river, an old dump was detected under a growth of 
weeds and brush, but it contained no rock that could be identi- 
fied. I t  was stated that the place was once important, but no 
definite information could be gatherecl as to the character of the 
ore obtained from it. 

Refcrcnccs: N. J., 1879, p. w; 1880, p. 119. 

( 8 )  The Titman Shaft. 

The Titman shaft was southeast of Bridgeville, on. the south 
side of the road running along the south side of Pequest River, 
in Oxford Township, Warren County. 
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The opening, which was ma& in 1873, is in a gray slate lying 
bet- gneiss on the south and blue Kittatimy limestone on the 
north. Only a small quantity of ore was found. This is re- 
ported to have resemlbled the hematite of Marble Mountain. 

Nothing can now be seen on the dump except fragments of 
slate. This is probably a slaty phase of the Hardyston (Carn- 
brian) formation. The geological conditions here are so differ- 
ent from those at Marble Mountain that it is hard to believe 
that the ore at the two places was similar. 

Reference: N. J., 1873, p. 76. 
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APPEARANCE. 

Magnetite is an oxide of iron with the composition repre- 
sented by the formula Fe,O,. It is hard, dense, black and 
opaque. It crystallizes in cubes or octahedrons and is magnetic. 
Sometimes it becomes polarized. Then it possesses the power 
to  attract to itself unmagnetized material, like soft iron, i. e.. 
it becomes a natural magnet. Its streak of powder is black 
or gray. I t  is easily distinguished from hematite by the color 
of its streak (that of hematite is red or reddish-brown) and the 
fact that it is attracted by even a weak magnet. Its color, crystal- 
lization and freedom from water distinguish it from limonite. 

Magnetite ore as found in New Jersey is usually ( I )  a mix- 
ture of the mineral magnetite with varying quantities of black 
o r  dark-green hornblende and augite, colorless quartz, brown or 
reddish apatite, white or  light-colored feldspar and sometimes 
black mica; or (2)  of almost pure magnetite in an almost struc- 
tureless mass which in many instances exhibits a distinct rec- 
tangular cleavage; or  (3) of magnetite, often in octahedral 

(sg) 
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crystals, with calcite, garnet and light-green augite; and ( 4 )  of a 
mixture of grains of magnetite in an earthy mass of limonite con- 
taining little nodules of pyrolusite. 

The first type of ore is a coarsely granular black and white 
rock that resembles some of the darker pegmatite5 and gneisses 
of white calcite, light-green pyroxene and red or brown garnets. 
masses of a purplish-black component, which is the magnetite. 
The second type is a dense, metallic, purple-black mass, heavy, 
hard and without definite structure. The third type is more 
varied in appearance than any of the others. I t  is also granular 
like the first type, but the magnetite is scattered through a matrix 
of white calcite, light-green pyroxene and red ,or brown garnets. 
The fourth type is an ocherous, earthy mass through which are 
scattered crystalline lumps of a hard, heavy magnetite. 

The first two types are characteristic of ores associated with 
the gneiss& and the last two of those in the Franklin limestone. 

CHEMICAL COMPOSITION. 

The chemical composition of the pure mineral magnetite is 
F e 7 2 . 4 ;  -27.6%. A few of the magnetic ores of New 
Jersey approach this composition, but none quite reach it. There 
is always more or less hornblende or pyroxene, pyrite and apatite 
mingled with the magnetite as it is prepared for market, and 
consquently there are always present some silica, lime, magnesia, 
alumina, sulphur and phosphorus. Certain classes of ores, not- 
ably those of the Franklin limestone, contain manganese, and 
others a greater or less quantity of titanium. Some quantities of 
soda, potash and the heavier metals are probably nearly always 
present, but they have rarely been reported in analyses because 
they have rarely been sought for. 

Quite a number of the mines have at one time or another 
placed upon the market ore that has contained more than 62 per 
cent. of the metal. The majority, however, have furnished ore 
ranging between 50 per cent. and 60 per cent. of iron, and in good 
times a few ores have been shipped in which the iron content has 
been as low as 40 per cent. These figures do not necessarily 
indicate that the ore as mined varies greatly in composition. They 
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are evidence, rather, that some producers have taken greater care 
in preparing their ore for shipment than have others Much of 
the product of the mines is unsalable as mined. By careful cob- 
bing, however, o r  by magnetic treatment, a part of the silicate 
minerals is removed and the magnetite is thereby concentrated. 
With the removal of the hornblende and augite much of the mag- 
nesia is abstracted from the ore and with the removal of quartz 
much of the silica is taken out. The remaining constituents are 
not especially objectionable with the exception of the sulphur, the 
titanium and the phosphorus. These are diminished somewhat by 
magnetic concentration. The sulphur m y  be more completely 
removed by roasting. The titanium and phosphorus, when origi- 
nally present, may continue in the ore after the most careful treat- 
ment, and may injure its yalue in the open market. Fortunately 
titanium is a comparatively rare constituent in large quantity. 
Phosphorus, on the other hand, is constantly present as the min- 
eral apatite. I n  a few instances it is present in such large quan- 
tity that serious attempts have been proposed to utilize it as a 
phosphate in the manufacture of fertilizers. 

It is naturally impossible to estimate the average quality of 
the ore as it is obtained from the mines, as practically all of it 
is concentrated to some degree before shipment. W e  have, how- 
ever, on record a large number of commercial analyses of sam- 
ples that represent shipments or stock piles, and these give us some 
idea as to the quality of ore that it has been thought practicable 
and economical to  place upon the market. I n  other words, they 
represent the quality of ore that can be furnished at  the prices 
which obtained at  about the time the analyses were made. Upon 
referring to  the figures below it will be seen at  once that many 
of the earlier analyses are unreliable with respect to the determi- 
nation of titanium, phosphorus and sulphur. When the analyses 
are indicated as having been made at different times, the later 
ones should be regarded as the most trustworthy. This is es- 
pecially true of titanium, as in the years before 1879 no at- 
tempt was made to discover whether this element was present 
or  not. ~ e ' k n o w  now that the mineral sphene is almost uni- 
versally present in the magnetites of the State, so that some 
titanium should be found in nearly all analyses. 
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Very few ores of the State have been subjected to complete 
chemical analysis. In a number of instances, however, partial 
analyses have been'made that include all of the components of 
most interest to the furnace operators, and in connection with 
the work of the 10th Census and that of the U. S. Geological 
Survey a few' additional analyses are reported that embrace all 
the constituents. These and others that are published here for 
the first time are the only analyses, so far as is known, that at- 
tempt to show in detail the exact composition of the ores. 

The complete analyses made by the chemists of the 10th Cen- 
sus, of the U. S. Geological Survey, and by Mr. R. B. Gage, the 
present chemist for the State Survey, are regarded as being ac- 
curate. Of the partial analyses published in the State Reports, 
many of those of earlier date bear on their face evidence of their 
urireliability. The later ones are m;r? trustworthy. Most of 
them may be considered as close approximations to the facts. The 
partial analyses furnished by the furnace laboratories are pre- 
sumably accurate with respect to iron, sulphur and phosphorus, 
but some of them are unreliable with respect to the other constitu- 
ents. The values of the analyses given below may be inferred 
with considerable certainty from their dates of publication and 
their summations. 

The analyses are arranged in several tables-those of the 
ores occurring in the limestone being separated from those of the 
ores associated with the gneisses. The titles of the tables suf- 
ficiently indicate their contents. Under the caption "Authority" 
are recorded the sources from which the records of the analyses 
were taken. 

Commmcial Analyses.-The tables of commercial analyses in- 
clude all analyses of the magnetite ores of the State that have 
been published and a few that have been furnished by the chem- 
ists of various blast furnaces. The earlier ones are notably poor, 
as will be seen from. the fact that there is often no record of 
sulphur in ores which by later analyses are found to contain a 
large quantity .of this element. It must be remembered, how- 
ever, that in the case of mines south of the glaciated area the ore 
near the surface usually contains much less sulphur than that at 
greater depths. 
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IRON MIXES A N D  MINING. 

Partial ,;l~~nlyscs-An~ong the partial analyses are included 
those that contain recortls of the deternlination of all the con- 
stituents that occur in noteworthy quantity and of those which, 
though in small quantity, affect the smelting quality of the ore. 
Except when otherwise indicated they are probably all trust- 
worthy. 

Table ?r'V.--Partial rlna1~~s.s o f  New Jersc-y JIircd Jiognctite ottd 1.i11rottitct 
Ores. (Ore Deposits it: the Franklin Limcstonc.) 

SiOl, ..... 16.96 
Fc.O,, . . . . . . . .  
Fc,Os, . . . .  50.91 
AI,O,, .... 4.06 
CaO, ..... .66 
MgO, .... 1.54 
hln02, ... 11.28 

P,O,. ..... .33 
S, ....... .ma 
TiO,  .... t r  

... H,O+, 7.16 
HzO-, ... 5.13 
BaO, ..... 1.44 

- 
Total, . . 99.67 

65.801 47.95 18.23 93.27 83.63 

1.347 6.4 I 5 .4  -74 2.67 
1.260 9.14 10.09 .31 4.h 
I .636 3.10 2.89 .51 I .22 

6.883 MIIO = 45 MnO = .M 1.16 MnO = .65 
.21 I .018 .o28 .046 .I0 

.038 584 .3& .d3 1.9 
.... -3 I .21 t r  00 

undet. .... .... C0,=463 
untlet. . . . .  .... C= .70 

.... .... . . . . . . . .  .... 
- -- - 
97.6526 97.6486 97.316b 100.1 I C  

I-(A). Ahles Mine. Soft, brown ore, separated from crude ore wvhich is a mixture 
of A and 8. Analyst, E. C. Sullivan, U. S. C. S.. 1905. The  complete 
analysis of this ore is given on page 111. 

(8) .  Ahles Mine. Hard, granular, black ore, separated from crude ore. Analyst. 
E. C. Sullivan, 1905. The  complete analysis is given on page r r x .  

(C). Ahles Mine. Mixed ore, dried at  zlz". N. J. 1904. p. 295. 
2-(A). Bedell Mine (Redell Mine). Probably black ore, similar to I B from hhles 

Mine. N. 3. 1899. p. 166. 
(8 . )  Bedell Mine (Redell Mine). Probably similar to I B from Ables Mine. 

X. 3. 1899. p. 166. 
3- Little Mine. Black ore. Probably similar to I B from Ahles Mine. N. J. 

1899. P. 169. 
4- IIowell Farm Mine. Average ore. N. J. 1873, p. 86. 

( 0 ) .  I<eportcd as 802. 
( b ) .  Note.-This ore was probably dried at  212". The  differences between the 

summations and 100% is no doubt due to the omission of the determina- 
tion of water. 

(c). Total roo larfic, since all iron is calculated ;s Fe*Os. 
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Table XVI.-Partial A~talyses of Ncup Jrrsrj* Magnetic Ores. 
(Ore  Deposits ifr Gneiss.) 

I 2 

SiO,, ........ 2.475 2.1 I 

. . . . . . . . . . . . . . . .  Inscl. 
. . . . . . . . . . . . . . .  FelOh 
....... FerO,, 90.110 91.50 
....... Alsos, .920 1.13 

......... CaO, 2.680 .89 
....... MgO, .& .46 

MnO, . . . . . . . . . . .  00 

........ P,Os, 1.380 .212 

........... S, FcS2 = .63 
TiO,, ......... . ~ O O  .... 

......... .... CO,, .6& 
. . . . . . . . . . . . . . . .  HLO, 

.... 
37.265 
4.764 

tr. 
1.61 I 
40 
.096 

Total, ...... 99.025 96.93 100.789 95.622 97.795 99.736 

I-Baker (Mine Hill) Mine. 
a-Bishop hline (re-opened Jackson Mine). Shipment analyzed a t  Secaucua Furnace. 

1907. 
3-Car Wheel Mine (Stockpile). Empire Steel and Iron Co. Ceo. F. Corwin. Anal. 
4-Fisher (Fox Hills) Mine. N. J. 1877, pp. 49-50. 
5-Cay Mine. 
&Henry Tunnel Mine. N. J. 1873, p. 79. 
7-Huff Mine. N. J. 1880, p. 106. 

S O 2 ,  ............. 
Insol., ........... 
Fezoh ........... 
FeaO,. . . . . . . . . . . . .  
Al,OS, ............ 
c a o ,  ............. 
Mg 0 ,  ............ 
h-inO, ............ 
P,O,, ............. 
S, ................ 
TiO,, ............. 
CO,, ............. 
H10, ............. 

.......... Total, 105.3jD 

8--Hoit Farm Mine. N. J. 1873, p. 80. 
~ H o r t o n  Mine. h'. J. 1873, P. 40. 

lo--Hurdtown Mine. S. J. 1885, p. 105. 
11-Jackson Mine. N. J. 1873, p. a7 (see, also, No. a )  
12-Kishpaugh Mine. N. J. 1873, p. 83. 
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IRON M I N E S  A N D  MINING. 

13 
SiOs . . . . . . . . 
Insol., . . . 18.50 
Fe:Oa, . . . . . . . . 
FelOl, . . . 64.36 
AbOa, . . . 3.50 
c a o ,  ..... 4 5  
MgO, .. . . 1.76 
MnO,. . . . .30 
P,Oh . . .. .& 
S, . . . . . . . .22 

TiO,, . .. . tr 
CO,, . . . . . . . . . 
H20, . . . . . . . . . 
NiO, . . . . . . . . 
Total, . . . 99.159 

13-McKean Mine. N. J. 1874. p. 28. 
14-McKinley Mine. N. J. 1903. p. 100. 

15-Naughrigbt Mine. N. J. 1878, p. 100. 

16-New Mine. N. J. 1873, p. 61. 
17-Pequcst Minc. N. J. 1873, p. 78. 
18-Petty Mine. N. J. 1899, p. 166. 
1 y S t o u t c n b u r g h  Mine. S. J. 1873, p. 58. 
20-Teabo Mine. N. J. 1885, p. Ioa. 

21 
SiOa, .,.. 10.18 
Insol., . . . . . . . 
Fe?Oa, . . . . . . . 
FerO,, . . . 82.22 
Al:Os, . . . 1.90 
CaO, . . . . 2.86 
MgO, . . . . .85 
MnO, ... -14 
P,O., . . . . .98 
S, . . . . . . . .375 
TiO,, ... . .17 

-- - 
Total, .. . 99.675 1~0.58 102.40 

( 100.42) 

21-Washington Mine (roasted ore). N. J. rpoj, p. 99. 
a=-Van Sycklcs Mine. N. J. 1873, pp. 55-56. 
23-37-Ore of Ringwood Mines. N. J. 1873, pp. 53-54. 
13-Cannon Minc, No. I ore. N. J. 1873, pp. 53-54. . 
24-Cannon Mine, No. a ore. N. J. 1873. pp. 53-54. 
as-Cannon Mine, No. 3 ore. N. J. 1873. pp. 53-54. 
26-Cannon Mine, No. 4 ore. N. J. 1873, pp. 53-54. 
a;-St. George Mine. N. J. 1873, pp. 53-54. 
28-Miller Mine. N. J. 1873, pp. 53-54. 
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IRON MINES AND MIXING. 

e-Alumina (AI,O,) included with insoluble material. 
f-In all analyses of  the ores of the Ringwood group of mines the iron is calculated 

as Pe.01 and consequently the totals are correspondingly too large. Upon the 
assumption that it is all in the form of magnetite (Peso,) the totals should be 
as indicated by the figures in parentheses. 

~Volc.-Sos. 3. 14 and 16 are analyses of ore trom practically th.e same mine. 

While the analyses quoted a b v e  are not all of equal value and 
several exhibit unquestionable evidence of inaccuracy, they never- 
theless represent in a fair way the general character of the mag- 
netic ores of the State, as prepared for market. Of course, it is 
understml that by more careful cobbing the iron contents of some 
of the ores might be increased to a considerable extent and the 
other components diminished. It is, ho\vever, not certain that the 
consequent increase in the market value of the resulting product 
would be sufficient to pay the cost of its more careful treatment. 
Some of the ores might be concentrated with benefit by magnetic 
separators, but on the whole it is probable that under the present 
condition of the market such concentration would not prove 
profitable. 

An inspection of the analyses reveals at once the reason why 
the New Jersey ores may compete with the richer ores of the 
Lake Superior region. The impurities are mainly silica, alumina, 
lime and magnesia. The silica is usually low and there is com- 
monly a fair quantity of magnesia and lime present. The ores, 
though more tlifficult to work than many of the Lake Superior 
hematites, serve as excellent mixers with these. 

A comparison of the analyses of the ores associated with the 
gneisses and those of the ores in limestone brings out several 
facts of interest. While the ores from the deposits in limestone. 
as prepared for the market, are usually lower in iron than the 
ores in the gneisses, they contain larger proportions of manga- 
nese and much smaller proportions of sulphur and phosphorus. 
Further, their titanium content is much lower, while their water 
content, on the other hand, is higher. The sane  facts are brought 
out also by inspection of the commercial analyses listed on pages 
93-105, viz. : the limestone ores are usually high in manganese 
and low in titanium and phosphorus, and the gneiss ores are low 
in manganese and comparatively high in the other two con- 
stituents. 
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Complete AnuJyses.-hplete analyses include determina- 
tions of all the components of an ore, whether they occur in 
large or in small quantity, or only in traces, and whether of im- 
portance to  furnace men or not. Very few such analyses have 
been published heretofore. These are reprinted below, together 
with 12 new ones, made by Mr. R. B. Gage, of the State Geo- 
logical Survey. 

Table XYII.--Cor,rpletc Analyses of N r w  Jersey Iron Ores. 

(Mainly n~agtretites in Franklin linrestone.) 

I 

SiOl, ................... 1.67 
AlzOs, .................. .28 
FerOs, .................. 30.69 

.................... FeO, 1443 
MgO, .................. 7.53 
CaO, ................... 17.63 
NalO, ....................... 
L O ,  ........................ 
H20-, ................. .4 
HIO+, ................. .18 

........................ TiO,, 
.................... COr, 22.25 
................... P.05, .077 
................... Fe S,, $30 

FeAs. .................. -47 
NiS. ......................... 
MnO, .................. 2.9 

c o s ,  ......................... 
CuS, ................... .03 
Zn S, ......................... 
PbO, ........................ 

................... SbS* .05 
........... C (graphite), .98 

............ Total, 100.007 

Insoluble. 2.41 
................... SiO,, 1.67 

ALO,, .................. 45  
M ~ O ,  .................. .08 
Cao, ................... .I9 
K,O, ....................... 

............ Total, 2.39 
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I-Ore of P i k u  Peak Mine at Franklin Furnace. Sample taken from pile of rgo 
tons at furnace. Report of loth Census, p. 154. 

2-Cohkd ore. Sulphur Hill Mine. Sample from pile of 80 tom on mine dock. 
Report of loth Cemus, p. 153. 

Ore consists of mixture of magnetite, garnet, pyrite, pyrrhotite, and a little horn- 
blrndc. There are Jso closely rslociated with the ore calcite and various zinc 
minerals, fluorspar, galena and copper compounds. The ore is unique among the 
New Jersey magnetites. I t  resembla, in some rupectr, the ores of the "zinc 
vein" at Franklin Furnace. 

3-Magnetite separated from ore of Ahles Mine. Analyst: Eugene C. Sullivan. U. 
S. Geol. Survey. 

4-Limonite uparated from ore of Ahlen Mine. Analyst: Eugene C. Sullivan, U. 
S. Geol. Survey. 

The ore of the Ahlea Mine is a mixture of limonite and magnetite, the latter 
often exhibiting cryatal boundaries. A aample of the crude ore was taken from 
the stock pile and separated into three portions with the aid of a magnet and by 
washing. Of t h e ,  one containing 6396 of the entire mixture, waa hard, granu- 
lar and magnetic 0). Another, comprising 15% of the crude material, was wft.  
ocherou and non-magnetic (4 ) .  The remaining 22% waa a mixture of these. 

Table XVIII.-Complete Analyses of New Jersey Magnetites. 
(Ore in Gneiss.) 

SiOs ........................... 
Alto,, ......................... 
Fezoh .......................... 
FeO, ....... ;. .................. 
Mg 0, .......................... 
CaO, ........................... 
Na.0, .......................... 
K O ,  ........................... 
H,O+, ......................... 
Hz&, ......................... 
TiOs .......................... 
Zr02, ........................... 
C02, ........................... 
P;O,, ........................... 
S , .................................. 

........................... FeS;, ,212 

Cr,Oh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NiO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MnO, .......................... 44  
c o o ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CuO, ............................... 
ZnO, ............................... 
BaO, ............................... 
SrO, ............................... 
Li,O, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V,O,, .............................. 

.... C in carbonaceous matter, . . . . . . . . . .  .03 

Total, ................ 100.306 99.793 1m.m 
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Insoluble. 
SiOa, ........................... 
ALO* .......................... 
FeO, ........................... 
MgO, .......................... 
c a o ,  ........................... 
NaaO, .......................... 
IGO , ........................... 

I--Ore of the Pardee Mine of the Ogden Mine group. Sample from stock pile of 
r,Soo tons. Report of 10th Census, p. 155. 

A r e  of the Hurdtown Mine. Sample taken from 1 7  carloads r u d y  for shipment 
Report of 10th Census, p. 157. 

3--Cobbed ore. Hihernia Minc. Representing shipments of 1906. Analyst: W. T. 
Schaller. U. S. Ceol. Survey. 

4-Lean ore. Richard Mine. Single sample. Analyat: W. T. Scballer, U. S. Geol. 
SUNCY. 

5-Richard Mine. North,.or Mt. Pleasant Vein. Selected sample, 1908. Analyst: 
R B. Cage. 

5 6 7 8 9 10 
SiO,, ................. 1.31 2.22 3.77 8.48 12.08 7.14 

................ Also,, .73 3 9  .79 .86 1.63 1.23 
Fe,O,, . . . . . . . . . . . . . . .  64.01 62.76 61.16 55.93 56.21 60.89 
FeO, ................. 30.62' 28.59 29.56 26.98 26.39 25.94 
M a ,  ................ .33 .74 .64 1.89 .88 I .40 
G o ,  ................. .96 2.54 1.23 2.42 1.08 1.31 
Na,O. ...............: tr tr .IS . .33 -17 n8 
K O ,  ................. tr tr .14 .I9 -15 -13 
H,O+, ............... 
HzO-, ........ : ....... 
TiOa ................ I .29 
PaOb . . . . . . . . . . . . . . . .  .563 

. . . . . . . . . . . . . . . . . .  S, . I 2  

Cr.O,, ................ .oo 
NiO, ................. .oo 
MnO, ................ -05 
coo, ................ .00 

BaO, ................. .oo 
................. SrO, .m 
. . . . . . . . . . . . . . . . .  v a o *  I0 

.......... Total, 100.183 

1.21 
em3 
.026 

Some 
.OO 

a07 
.00 

.00 

.00 

.21 

&Richard Mine. South Vein. Selected sample, 1908. Analyst: R. B. Gage. 
).-Richard Mine. Ore of North, or Mt. Pleosant vein. Average sample, 1908. Ana- 

lye:  R B. Gage. 
&Richard Mine. South vein. Average mample. Represenb shipping ore, 1908. 

Analyst: R. B. Gage. 
p--Hikrnia Mine. Selected somple, 1908. Analyst: R. B. Cage. 

r-Hikmia Mine. Average sample. 1908. Analyst: R. B. Gage. 

8 ORE 
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SiO,, ................. 
AI,O*, ................. 
Fe,O,. . . . . . . . . . . . . . . . . .  
FeO. ................. 
MgO, ................. 
CaO, .................. 
Na:O. ................ 
K O .  ................. 

TiO., ................. 1.15 

P:O,. .................. -541 

..................... S. .02I 

Cr.0,. ................ .co 
NiO, .................. .m 
MnO, ................. .03 

c o o .  ................. .oo 

BaO, .................. .oo 

SrO, .................. .oo 
v,os ................. .& 

Total, ........... 1oo.052 

11- I.ronard hline. 511. Hope. Selected aaml~le. 1908. Analyst: R. I?. Gage. 
12-Lconarcl Mine. Mt. Ilope. Average raml)le, 1908. r\nalyst: R. R. Cage. 
13-Elizabeth hline. Mt. Hope. Selected sample. 1908. Analyst :  R. Il. Gage. 
14--Elizabeth Mine. hlt. Ilope. Average sample 1908. Analyst: R. Ti. Cage. 
IS-Hurd Mine. iV11arton. Selected rarnpie. 1908. hna lys t :  R. Il. Gage. 
16- -1lurd Mine. Wharton. Avcragc sample, 1908. Analyst: H. n. Cage. Containr 

alao a little chlorine. 

The complete analyses of the New Jersey magnetites confirm 
the conclusions reached in the disc~~ssion of the numerous com- 
mercial and partial analyses. The ores in the limestone are 
characterized by the presence of a less qualitity of titanium ant1 
phmphoms than tlie ores in the gneisses and a greater quantity 
of manganese, tliougli ~mssil>ly exceptions to this ge~ieralizatio~i 
are occasionally met with. The ores in the gneiss are as a rule 
Illore uniform in character than the limestone ores, though both 
contain a large n ~ ~ m l x r  of ingredients. The greater variety of 
substances present in the limestone ores is due largely to the fact 
that the limestolle itself, being highly metamorphosed in places. 
colltaills many tlifferellt constituellts and the rock is not as com- 
pletely separated in mining- as is the case with the gneiss ores. 
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MINERAL COMPOSITION. 

Mineralogically the magnetite ores of New Jersey consist of 
the mineral magnetite, associated with the usual components of 
the rocks in which the ore bodies occur. In the case of the ores 
occurring in the gneisses the principal components in addition 
to the magnetite are hornblende, pyroxene, feldspar, quartz, 
apatite, sphene and pyrrhotite and pyrite. 

The titanium is evidently present in two forms, viz.. as the. 
mineral sphene, which can often be detected in thin sections cut 
from the ores, and also partly replacing iron in the magnetite. 
Its condition in the latter form is indicated by analyses Nos. 4, 
13 and 15, which were made on samples selected for their appar- 
ent purity. If the phosphorus shown in these analyses is in the 
form of apatite then there is not enough calcium present in any 
of the samples to combine with all the titailiunu to forin sphene. 
The excess of titanium is either in the form of ilmenite or is in 
the magnetite. On the assumption that all the phosphorus is in 
apatite, that the excess of calcium above that in the apatite is 
combined with titanium in sphene, and that the balance of this ele- 
ment is in ilmenite, the analyses Nos. 4, 13 and 15 contain these 
minerals in the following proportions : 

4 
Magnetite, .............................. 93.03 

................................. Apatite, I .34 
Sphene. ................................ .7s 
Ilmenite , ................................ I.& 

Others, ................................. 3.36 
- 
100.33 

The constitutents of the ~nag le t i ca l l~  cobbed Hikrn ia  ore as 
calculated from its analysis ( 3 ) ,  is approximately as follows: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Magnetite. 
Hornblende, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Pyroxene. 
Oligoclase, ................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Orthoclase, 
.................................................... Quartz, 
................................................... Apatite, 
.................................................... Sphene, 

..................................................... Pyrite, 
.............................. Calcite, :. .................... 
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The ores from other mines in the gneiss vary from this mainly 
in the proportion of the different minerals, and this in turn de- 
pends largely upon the carefulness of cobbing. Between mag- 
netite-bearing gneiss and high grade ore-bodies there are all 
gradations into country rock containing little magnetite. 

In  rare cases the proportion of apatite in the ores is so large 
that they are useless as sources of iron, but their phosphorus con- 
tent is thereby so increased that attempts have been made to  use 
them as raw material from which to  manufacture fertilizer. 

In addition to the minerals mentioned above as present in 
most of the ores there are present in some of them also biotite, 
chlorite, garnet, epidote, sillimanite, fluorite, molybdenite, m e  
lybdite (MOO,), gummite (uranium compound) and some sub- 
stance containing vanadium, which, as will be noticed by refer- 
ence to  the analyses (pages I I 1-1 xq), has been detected in almost 
all the skcimens analyzed. 

Most of the ores associated with the limestones are not much 
different from those in the gneisses. The composition of the in- 
soluble constitutents sllows these to consist of quartz and horn- 
blende or pyroxene, and in the case of the Sulphur Hill Mine, also 
willemite. The soluble components are magnetite, calcite, pyrite, 
pyrrhotite, and other sulphides, among them chalcopyrite, galena 
and sphalerite, and a lw sphene and apatite. In the case of the 
Ahles ore there is in addition a large quantity of pymlusite 
present in little nodules scattered through the limonite, but this is 
rather unusual. The magnetite is non-titaniferous (see analysis 
3, p. 111), and thus appears to differ from that in the ores asso- 
ciated with the gneisses. In the limestone ores there is also often 
present considerable garnet, and in some instances some chon- 
drodite and serpentine-these three minerals being common con- 
stituents of the metamorphmed limestone with which the ore 
bodies are associated. 

Palache' mentions also as present in the magnetite near Frank- 
lin Furnace the minerals allanite, arsenopyrite, phlogopite, rutile, 
scapolite, iron spinel and zircon, and states that some of them are 
directly traceable to the gfanite associated with the ores, but he 
tloes not specify which these are. Most of the minerals named 
are probably in the ore within limestone. 

' Folio 161 U. S. Geol. Survey, p. 8-10, and Folio No. 2 Geol. AtlaS of 
N. J.. p. 8-10. 
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CHAPTER VI, 

GEOLOGY THE MAGNETITE- 
BEARING ROCKS, 

CONTENTS. 

The Franklin formation. 
The prominent gneisses. 

The Losee gneiss. 
The Byram gneiss. 
The Pochuck gneisses. 

Other gneissic rocks. 
Pegmatite. 
Origin of the gneissic complex. 
Dike rocks. 
Faulting. 
Comparison of the New Jersey Highlands geology with 

that of the Adirondacks and Eastern Ontario. 

The magnetic ores of New Jersey, as has been stated, occur in 
the pre-Cambrian rocks of the State. Unlike the hematites, how- 
ever, they are associated either with the white limestone of the 
Franklin formation or with the gneisses. So intimate is this 
association that a knowledge of the character and manner of 
occurrence of these rocks is necessary before the relationships of 
the ore to the country rocks can be appreciated. 

It has already been remarked that the pre-Cambrian rocks of 
S e w  Jersey are practically confined to the Highland area, and 
that they comprise various gneisses, pegmatites and a .series of 
sedimentary rocks that have been grouped together under the 
name of the Franklin formation, of which the most important 
member is a white crystalline limestone. These rocks form a 
series of northeast-trending ridges separated from onesanother by 

( 117) 
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intervening valleys of Paleozoic quartzites, limestones and slates. 
The ridges are composed mainly of g~eisses. In the valley of the 
Wallkill River near Franklin Furnace, at Marble Mountain and 
between Pequest and Oxford Church there are considerable areas 
of Franklin limestone; but in most instances the limestone occurs 
in very small detached masses entirely surrounded by gneiss. 

The rocks are distributed in belts striking in general parallel 
to the trend of the ridges, i. e., to the northeast, and dipping 
southeast. Here and there, however, they strike and dip in 
other directions over comparatively small areas and in a few 
places they are curved. In the gneisses the belts consist of the 
outcropping edges of layers of different composition that wedge 
out at their ends, and thus exhibit on the surface the outlines 
of sections.of flat lenses. Since the gneisses are by far the most 
prominent rocks of the Highlands this arrangement of the rocks 
constituting the ridges may be said to be characteristic. 

THE FRANKLIN FORMATIOX. 

?Yle oldest rocks of the region' cmliprise a series of sediments 
that are included under the name of the Franklin formation, 
because of the preponderance in it of the well-knbwn white cbr 
gray crystalline limestolle so well exposed near Franklin Furnace. 
The formation embraces, in addition to the limestone. a few? con- 
glomerates, quartzites. and slates. 

The fragnlental rocks are not widely spread. They occur 
principally at Andover, near McAfee, and at  Marble Mountain. 
The conglomerates and quartzites are massive dark-red varieties, 
the former containing in most cases numerous pebbles of white 
quartz. and having associated with them in a few places a greater 
or less quantity of hematite. 

'I'he slates are rare, and differ greatly in appearance at  differ- 
ent places. At Marble Mountain they are purple or yellow 
ta1cose rocks that apparently grade into quartzites. At Andover 
they are dark red and siliceous, like shaly quartzites. At  Pot- 
tersville Falls gray, handed and schistose rocks occur that re- 
semble strongly sheared rhyolites or other acid lavas or tuffs. 
Finally, at the north end of Cranberry Lake there is a large inclu- 
sion of a dark-gray slaty rock embedded in the gneiss. 
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The limestone is usually a white crystalline marble which 
varies greatly in texture from place to place. It is generally 
coarsely granular, but in some places it is fine grained, and in 
a few localities is nearly amorphous. This passes locally into 
pink or yellow or gray varieties, and at one place, near Danville 
it is a mottled red and white rock speckled with black flakes of 
biotite. At many places tlie linlvstone is free froni inclutlerl 
minerals, but usually it contains tliol>sitle, traiiolite, chontlrtwlite, 
phlogopite, and quartz and often small flakes of graphite. Mag- 
netite, sphalerite and garnet occur locally. Serpentine is abun- 
dant at many places as an alteration product of the diopside and 
chondrodite, and talc and asbestos have been observed in a few 
places where the rock has been sheared. Where the number of' 
the included minerals is large the rock loses its white color and 
becomes dark gray or green. Bedding is obscure. Wlien ob- 
servable, however, it usually strikes and dips conformably with 
the gneisses. In a few places it is apparently folded. b~r t  cases 
where folding has been proven are extremely rare. The small 
areas of the rock scattered through the Highlands are sniall 
plates completely embedded in gneiss. 

The ljmestone is cut by dikes of pegmatite and of basic rocks, 
most of which are identical in character \vith some of the black 
gneisses forming integral portions of the gneiss series. Some 
of these dark intrusioils have apparently been affected by the 
limestone into which they have been forced, for their feldspars 
have been so conipletely replaced by scapolite that the rocks 
have now the mineralogical composition of scapolite gnbbros 
or  scapolite diorites. Other dark dike rocks that intrude the 
Franklin limestme in the neighborhood of Franklin Furllace are 
tinguaites andcamptonites that are connectetl with the nepheline 
syenite intrusion near Beemerville in Wantage To\vnsliip, in 
Sussex County. In a fe\v places tongues of tlie lighter gneisses 
also penetrate the limestone. 

From the relation of the limestone to the gneisses it is in- 
ferred that the limestone is the older and that, together with 
the quartzites, conglomerates ant1 slates it represents an old series 
of rocks into which the gneisses and the pegnatites were forced. 
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T H E  PROMINENT GNEISSES. 

The peisses consist of alternations of approximately parallel 
layers rich in potash with others rich in soda and others rich in 
magnesia and iron. The rock rich in potash is designated the 
Byram gneiss, the soda-rich forms are called the b s e e  gneiss 
and the magnekia-iron varieties the Pochuck gneiss. All varie- 
ties exhibit a more or less well-defined linear structure in the 
arrangement of their constituents which are elongated into cylin- 
drical grains, or are grouped in little cylindrical aggregations. 
This structure dips and strikes in the same direction as the 
gneiss layers and usually pitches northeasterly at comparatively 
low angles ( 15'-40'). The strike of the layers is usually north- 
easterly and their dips high to  the southeast, though strikes and 
dips in other directions are sometimes met with. In a few places, 
where the layers curve, the dips change correspondingly. , 

There is no eGidence of any kind that the gneisses are meta- 
morphosed sediments. They are completely crystallized and ex- 
hibit no structures such as are associated with rocks of sedi- 
mentary origin. In earlier descriptions of the Highlands it was 
stated that the more massive phases of the gneisses occui in the 
axes of the ridges and their more schistose varieties on the flanks. 
Later studies show this generalization to be an error. Massive 
and schistose phases are not distributed in any such symmetrical 
manner. The two phases grade into one another and either may 
be found on the tops or along the sides of the ridges. 

The Losec Cttciss.--In its best characterized phase the Losee 
gneiss is a white rock composed of oligoclase and quartz with 
minor amounts of a light-green diopside, sphene, apatite, and 
magnetite, and in some specimens a little biotite. Hypersthene 
is present to a considerable extent in some varieties, when the 
rock takes on a greenish tinge. The linear structure is not as 
pronounced in the I.osee gneiss as it is in the Byram gneiss 
because of the lack of contrast in the color of its components. On 
fractures across the structure the rock is typically granular, but 
in other directions a more or less well-defined schistosity is 
noticed. especially in the shape and arrangement of the quartz. 
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An analysis of a pure white variety nearly free from diopside 
and hypersthene gave the following percentage composition : 

Analysis o f  Losce C~rciss from knob near Berksltire I/alley.' 

(W. T. Schaller, Analyst.) 
SiO,, .............................................................. 77.53 
AlzO8, ........................................................... 13.6~ 
F'elO* ............................................................. 33 
FeO, .............................................................. -16 
MgO, .............................................................. Trace. 
CaO. .............................................................. .73 
NalO. ............................................................. 6.65 
K O  , ............................................................... 1.7.0 

Ha-, ............................................................ .I5 
H,O+, ............................................................ .r8 
TiO,, .............................................................. .16 
CO., ............................................................... Trice. 
pIO., .............................................................. .03 
MnO, .............................................................. Trace. 

Norlrt, or Standard ikfineral ~ o m ~ o s i t i b n ,  of L o s ~ e  G ~ I P ~ S S ,  ~ ( ~ I c ~ l o t c d  fro111 
Cher~rical Analysis. 

............................................................ Quartz, 32.85 
........................................................ Orthoclase, 7.23 

Oligoclase (albite. j6.g; anorthite, 3-43), ........................... 59.50 
................................................. Other components, 1.22 

The B y a m  Gneiss.-The Byram gneiss is a medium to coarse- 
grained gray rock in its most characteristic outcrops. Its essen- 
tial components are microcline, a microperthite, orthoclase, 
quartz, brown and green hornblende, and sometimes green py- 
roxene. The accessories are sphene, apatite, and magnetite, and 
sometimes biotite. In some varieties quartz predominates over 
the feldspars. In some it approximately equals them. In  others 
the feldspars are in excess. A very light-gray variety containing 
very few dark components yielded upon analysis by Dr. W. T. 
Schaller the following result : 

' Folio No. 157, U. S. Geological Survey, p. 5. Folio No. r ,  Geol. Atlas of 
N +  J., P- 5. 
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Analysis of Bjlrarr~ C~ceiss from Qrrarrj* Onc Afilr lVcst of Hibrntia.' 

( W .  T. Schallcr. Analyst.) 
SiO,, .............................................................. 
Al,O,, ............................................................. 
Fc:Oa, ............................................................. 
FeO, .............................................................. 

............................................................. MgO. , 
CaO. .............................................................. 
Na,O, ............................................................. 
K:O. ............................................................... 

77.07 
12.61 
.7I 
,73 

Trace. 
.87 
8-43 
d.06 

TiO?. .............................................................. .IZ 

C0:.  ............................................................... Trace. 
PzOn, .............................................................. Trace? 

Norm.  or Standard Jlitteral Coinposition, o f  Ryra~rr G~t r i s s ,  calculatt.d frolit 
C1;emical :I tlalysis. 

Quartz. ............................................................ 39.13 
........................................................ OrtI~oclasc, 21.46 

Plagioclase (albite, 28.82: anorthitc, 4.37), .......................... 33.19 
................................................. Other cor~stit~rents. 3.13 

99.91 

The structure of  the Byram gneisses is usually strongly linear, 
but in some outcrops the rock is conipletely massive. On the 
surfaces of all fractures that are ~)erpendicular to the direction 
of elongation of the cmponent minerals the texture is as granu- 
lar as that of any granite. 

Tile Pochzrck Grleisses.-The black gneisses are all grouped 
together under the name of Poclluck gneiss. I t  is possible that 
the group is co~nplex; i.e., that all the rocks placed in it are not 
of the same origin. It may well be that some of the dark 
gneisses, like some of those in the Adirondacks and others in 
Eastern Ontario, are metamorphosed sediments or tuffs. Many 
3f them are certainly igneous in origin. These rocks consist 
essentially of brown hornblende, green augite and oligoclase, 
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with subordinate amounts of magnetite, apatite, and sphene and 
occasionally quartz. Where the Pochuck gneisses are closely 
associated with limestone, as in the tongues or dikes intruding 
this rock, the plagioclase is often completely replaced by scapo- 
lite. These are the rocks that have beell so often described in 
the Nav  Jersey reports as* "Gefleckter gabbros." Mineralogic- 
ally, the feldspathic phases may be regarded as augite tliorites. 
Only one specimen has been analyzed. This is a sparkling 
black schist that might have been classed as a hornblende schist. 
Chemically it is almost identical with some of the norites de- 
scribed by Kemp as occurring in the Adirondacks. 

The result of the analysis, which was made by Dr. W. T. 
Schaller, is given below. 

Analyses of Porhuck Gneiss fronz tlrt. Pnrdee ~I~lajinrtitc Alirrt. arid nf A'oritc 
from a Tita?~ifrrous Iro~t  ~ l f i n e  tccar Litccaln Pond irr thr .Idirotrdtri.hs. 

(W. T. Schallcr. Analyst.) 
Gneiss.' 

A1,0,, ....................................... 
FelOl ........................................ 
FeO, ........................................ 
Mgo, ........................................ 
CaO, ........................................ 
Na,O. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CO,, ......................................... 
S, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P20b. ........................................ .28 
NiO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BaO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MnO, ........................................ .05 

Norite.' 

44.77 
12.46 
4.63 
12.99 
5.34 

10.20 

2.47 
.95 
.I2 
.48 

5.26 
.37 
.z6 
.28 

Trace. 
Trace. 

.I7 
- 
100-75 

'Folio 157, U. S. Geol. Survey. p. 4. Folio No. . I ,  Geol. Atlas of N. J. 
P- 4. 

'Kernp, J. F. 19th Ann. Report U. S. Geol. Survey. Pt. 3, I&. p. 407. 
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The structure of the Pochuck gneisses is more schistose than 
that of either of the other gneisses. This is due mainly to the 
naturally elongated form of their principal constituents. 

Distribution.-The separate phases of the gneisses are rarely 
found alone occupying any large areas, but each occurs inter- 
mingled with others in long narrow belts wedging out at their 
ends. Within these belts one type of gneiss may preponderate, 
but at  the same time both the other phases are usually repre- 
sented in smaller amounts. Not only is there often an interlam- 
ination of phases within a belt, but not infrequently one type 
may grade into another along the strike of the belts through 
intermediate phases. As a rule the Pochuck gneiss is more fre- 
quently associated with the Losee phase than with the Byram, 
though interbanding of the Pochuck and Byram phases is not 
unknown. 

Relntive Ages.--Because of the exceedingly intimate associa- 
tion of the different types of gneisses described above it is diffi- 
cult to ascertain with certainty their relative ages. The Pochuck 
gneiss, or at  any rate some forms of it, are unquestionably older 
than either the Byram or the Losee gneiss. The Byram and 
Losee gneisses are apparently approximately contemporaneous. 
Further than this it is hazardous to express an opinion. 

OTHER GNEISSIC ROCKS. 

Besides the gneisses that have been described there are present 
also in the gneiss complex long, thin layers of a garnetiferous ' 

graphitic gneiss, and of a graphite quartz schist. The former . 
are fine to coarse grained. aggregates of quartz, feldspar. biotite 
or  muscovite, garnet, magnetite and graphite. They are strongly 
schistose and in many places they exhibit every evidence of 
having been crushed. The coarser varieties grade into garnetif- 
erous pegmatites. though it is probable that some of them are 
crushed sedimentary rocks. The quartz-graphite schists are fine 
grained, very schistose, dark-gray, friable rocks composed of 
quartz, biotite, muscovite, occasionally a garnet, and a con- 
siderable quantity of graphite, in some cases reaching. 3% to 
4% of the rock's mass. The graphite is usually associated with 
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the biotite. The two are often intergrown, though in most 
cases they occur in plates lying sipe by side. Although no frag- 
mental quartz grains can be discovered in the rock it is, never- 
theless, thought that it was originally a sandstone, which has 
been recrystallized through the influence of igneous intrusions. 

PEGMATITE. 

The most prominent rock of the Highlands aside from the 
gneisses is pegmatite. It is the youngest of the pre-Cambrian 
rocks, since it is found cutting all the others. I t  occurs in irreg- 
ular patches in the midst of the gneisses and grading into t h q  
as  dikes cutting across the stnicture of the district, but most 
frequently as sheets interpolated between the layers of the 
gneisses and the beds of the limestone. 

Mineralogically the pegmatites are like the acid gneisses. Some 
of them contain oligoclase as their predominating feldspar, while 
in others the preponderating feldspars are microcline and micr* 
perthite. Their other components are hornblende, magnetite, 
graphite, and zircon, with occasionally a garnet. Hornblende is 
abundant in many instances, especially in pegmatites that are 
associated with magnetite ores. Magnetite and graphite are also 
often present in large quantity. The former mineral is so abun- 
dant in some places that the rock has been mined as  an iron 
ore. Graphitic varieties are also occasionally found that are very 
rich in this constituent. In a few places these varieties have 
been mined as a source of plumbago. 

The question as to the origin of the magnetite and graphite 
has not yet been completely solved. In some specimens these 
minerals are embedded in feldspar and hornblende and thus a p  
pear to he original. In other specimens, however, magnetite 
occurs in the interstices between the feldspars and the graphite, 
in plates wrapping around quartz grains. In these cases the 
two minerals appear to have been introduced su~bsequently to 
the solidification of the rock. This view if correct is important' 

1 
in its bearing upon the theory of the origin of the magnetic ores. 
(See pages 147 et seq.) 
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ORIGIN O F  THE GNEISSIC COMPLEX. 

Because of their similarity in composition to the acid gneisses 
it is inferred that the pegmatites are closely related in origin to 
the usual gneisses of the region. These rocks and the greater 
portion of the Pochuck gneisses are thought to have cooled from 
a molten magma which invaded a pre-existing series of sedi- 
mentary rocks of which the limestones, quartzites, conglomerates, 
and slates of the Franklin formation and probably the graphitic 
quartz-schists, and the finer grained garnet-graphite gneissea 
and possibly some of the Pochuck gneisses are the surviving 
remnants. 

In most places the invasions were along lines running north- 
east and southwest, resulting in the regular banding which is so 
conspicuous a feature of the district. In certain places the first 
intrusions were along curved lines. Later ones followed these 
and there resulted the curved belts as seen south of Split 
Rock Pond. The linear structure of the gneisses is regarded as 
the direct result of the flowage of the viscous magma and of 
crystallization of some of the minerals of the rocks under the 
influence of the strains produced by the flowage. That it is not 
the result of mashing during the later stages of Paleozoic time 
when the folding of the Appalachian mountains was produced. 
is indicated by the fact that there is no evidence of crushing 
observed in any of the thin sections, made from specimens taken 
from points distant from faults. Moreover, the structure is 
found well developed in gneiss pebbles embedded in the Cam- 
brian quartzites, and consequently was produced long before the 
Paleozoic rocks were folded. After the intrusion of the gneissec 
there was much addition made to the complex by the injection 
of fluid or thinly plastic material that afterwards solidified as 
pegmatite. This injection of material was for the greater part 
forced between the tabular massess or  flat lenses of the already 
almost completely solidified rocks and spread out as plates be- 
tween them forming the intercalated layers which now constitute 
the numerous pegmatitic bands that are so constant and uniform 
a feature of the gneiss areas. In a few cases the pegmatite ma- 
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terial cut across the foliation of the gneisses and formed veins 
o r  dikes. 

DIKE ROCKS. 

The youngest rocks of the region are certain dark basic intru- 
sions that occur as small dikes cutting the gneisses antl the mem- 
bers of the Franklin formation. Most of them are diabase's that 
are offshoots of the great Newark trap masses to the south. 
Others are t ingates  and camptonites that are probably apophy- 
ses of the nepheline syenite intrusion occurring between the Mar- 
tinsburg shale and the Shawangunk conglomerates near Beem- 
erville. The camptonite is represented by the great dike at the 
Buckwheat zinc mine at Franklin Furnace. 

FAULTING. 

Aside from the complexity caused by the interlaying of the 
various gneisses and their gradation into one another the struct- 
ural features of the pre-Cambrian areas are comparatively sim- 
ple. Great faults bound: the Highlands on the south and sepa- 
rate the gneiss from the Paleozoic and Newark rocks. Others 
limit the southeast sides of the Highland ridges and form the 
northwest sides of the intervening valleys. The ridges together 
with the valleys on their northwest sides thus form parts of 
single crustal blocks, which were tilted northwestward and after- 
wards reduced to their present forms by erosion. Other great ' 
faults may have been produced within the gneiss areas parallel 
t o  the strike of the gneiss belts, but if so they have not yet been 
recognized. 

Minor faults within the gneiss, however. are common, but all 
those that have thus far been discovered cut across the banded 
structu.re of the region. No longitudinal minor faults have been 
detected on the surface, although some of the phenomena ob- 
served in the mines indicate that a few may be present. The 
cross faults are easily recognized by the horizontal displace- 
ments they have produced in the handing of the gneisses antl in 
the ore bodies in the mines. These displacements are nearly 
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always to the right as one faces the fault plane and are usually 
of small magnitude, although in a few instances they measure 
several hundred feet horizontally. The fault planes usually strike 
about N 30 W, and dip at high angles. These minor faults are 
of considerable practical importance, as they often seriously 
affect mining operations in the magnetite mines. (See also pages 
140-.I 44. ) ' 

COMPARISON O F  THE NEW JERSEY HIGHLANDS GEOLOGY WITH 

THAT O F  THE ADIRONDACKS AND EASTERN ONTARIO. 

A comparison of the geology of the New Jersey Highlands 
with that of the Adirondacks and Eastern Ontario reveals the 
fact that the Franklin formation and the Byram, Losee, and Po- 
chuck gneisses have their equivalents in the northern districts, 
and that in general the three districts are essentially similar. 

The oldest rocks in the northern districts are crystalline lime- 
stones, quartzites, and micaceous schists that are considered to 
be metamorphosed sediments. Beneath these and also interlarded 
with them1 are augite gneisses that may be mashed intrusive gran- 
ites or the extreme phases of metamorphism of arkoses or acid 
volcanic tuffs. This complex is invaded by gabbros and by rocks 
called syenites that are practically identical with the Byram gneiss 
in New Jersey. 

In Ontario there is in addition a series of a~nphibolites which 
have a three-fold origin. Certain ones are considered to repre- 
sent limestones that have been altered by invading granites. 
Others have been produced by the dynamic alteration of basic 
igneous intrusions; while still others have in all probability re- 
sulted from the recrystallization of basic, fragmental, volcanic 
material. All three processes have produced amphibolites that 
cannot be distinguished from one another either by appearance 
or by chemical composition. A gneissic granite intrudes the 
sedimentary rocks and contains fragments cf the amphibolites. 
The geological conditions are thus practically the same in the 
Adirondack, Eastern Ontario, and the New Jersey Highlands, 
except that in the southern area no gabbros occur. 
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In  the northern regions the fragnental rocks and the schists 
derived from them were collectively termed the Grenville series 
until very recently. The  granite gneisses that are intrusive into 
them but which are structurally beneath them were called the 
bu ren t i an  gneiss. 

Messrs. Miller and Knight, however, have recently subdivided 
the Grenville series of Eastern Ontario into an older and a 
younger series which are described a s  being separated by an 
erosion unconforn~ity. The younger ser'ies is correlated with 
the Huronian of the Lake Superior region and the oltler, for 
which the name Grenville is retained, is correlated with the sedi- 
mentary portion of the Keewatin series in the Lake region. 

The  igneous portion of the Kee~vatin is represented by a sphe- 
roidal or ellipsoidal greenstone in Ontario. No  evidence of the 
existence of rocks referable t o  the igneous portion of the Kee- 
\vatin has been discovered in New Jersey unless a few of the 
slates are of igneous origin, nor have any sediments been fouild 
that can be ascribed with certainty to the Grenville sediments ( f 
Miller and Knight. 

I t  is not possible at the present time to  fix the age of the New 
Jersey rocks with any great degree of accuracy. They are 
equivalent to the Grenville series as this term was employed 
before Miller and Knight redefined it, I~tit whether they shoultl be 
correlated with the Grenville or the Huronian series of these 
authors is not yet known. 

'16th Report Bureau of Mines, 1907. Printed by order of the Lcgi-;lative 
Assembly of Ontario. pp. 222-223. 
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CHAPTER VII. 

THE MAGNETITE ORE BODIES. 

CONTENTS. 

General character of the ore deposits. 
Ore segregations. 
Magnetiferous pegmatites. 
Ore bodies in the Franklin limestones. 
Ore bodies in the gneisses. 

Shape and size of the ore bodies. 
Faulting of the ore bodies. 
Distribution. 

GENERAL CHARACTER. 

Although magnetite occurs as an essential constituent of most 
of the siliceous rocks of the Highlands, at only a comparatively 
few places is it in sufficient quantity to  be of economic import- 
ance. At these places it is probable that .much of the ore material 
has been introduced since the various rocks attained their present 
position. 

The principal magnetite deposits occur 
( I ) as s d l  segregations in the gneisses, 
(2) as richly magnetiferous pegmatites, 
( 3 )  as bands in the Franklin limestone, 
(4) as interleaved layers in the gneisses. 
Of these the deposits that occur interlaminated with the 

gneisses are of greatest importance since it is in these that most 
of the profitable inines in New Jersey occur 

Ore Segregafions.-The segregations of ore are little bunches 
of nearly pure magnetite that occur here a i d  there in the midst 
of the gneisses and grading illto them in all directions. They . 

( 1 3 1 )  
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are considered to be basic secretions similar in inode of origin 
to the well-known secretions of titaniferous magnetite in many 
gabbros. In other words, they are thought to represent the 
oldest separations froin the magmas which upon cooling gave 
rise to the gneisses. These are foulld principally in the Pochuck 
gneisses, but occur also in a few places in the Losee gneisseu. 
They are so sinall that they have no economic value. 

.Ilngrl~tifcrolts Pcgnlatites.-Tt has already been stated that 
some of the pegmatites are so rich in magnetite that they have 
been nlinetl as ore. In compositio~l the magnetiferous pegma- 
tites do not differ from other varieties of the rock except that 
they rarely contain graphite. Thev occur usually as layers inter- 
leaved with the gneisses, but in few instances they cut across the 
gneiss layers for short distances. IVhere the gneisses strike and 
dip uniformly the ore-bearing pegmatites do the same. Where 
the glieiss layers curve. so  also do the pe,matites. Tn nearly all 
cases the pegmatites conform with the gneisses in these respects. 
In the few cases where the magnetite-bearing pegnlatites occur 
in the Franklin limestone the pegmatite strikes northeast and 
dips southeast, in conformity with the gneisses surrounding the 
limestone areas. 

The pegmatite is al~vays a coarse-grained rock that contains 
an abundance of hornblende, quartz and feldspar. The maple- 
tite is disseminated through it irregularly as inclusions within 
the other minerals and as irregular masses between them. The 
rock is therefore very unequal in quality as an ore. In some 
places it may be rich enough in iron to warrant working, but 
at short distances from these places it is apt to be quite lean. 
Moreover, because of its granitic character and the consequent 
necessity of breaking it into small pieces it is expensive to cobb. 
For these reasons it is not a satisfactory ore to work and conse- 
q ~ ~ e ~ i t l ~  all the 11lines that wpre situated on pegmatite deposits 
have been abandoned with no hope of being reopened until the 
price of ore 1)ecome.; much higher than it is at present. 

.4mo11g the prominent mines that formerly utilized magnetif- 
erous p e ~ ~ ~ a t i t e s  as ore nlay be mentioned the Beach Glen and 
some of the Ogden mines. 

Orc Nodit-s it1 tkc Fri~llklir~ Lilllr*sto?~~.-Tlie ore found in the 
Franklin li~nestone occurs ill a variety of forms. In some places. 
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as at the Ahles mine, it constitutes a comparatively thick layer 
of uniform width running for a long distance without interrup- 
tion. As has already been related the ore consists essentially 
of a mixture of magnetite crystals and grains in a soft earthy 
limonite. 

In other cases, as at the Glendon mine, the ore is apparently 
in an irregular-shaped mass that is so involved with black dioritic 
rocks that its outline is impossible to decipher. The ore in this 
case is mainly a mixture of magnetite, garnet and calcite. More- 
over, in this case, as in other similar cases where there has been 
an intrusion of basic igneous rocks, the limestone is impregnated 
with magnetite crystals for considerable distances beyond the ore 
body proper. Consequently the ore body, or that portion of it 
which was considered to be rich enough to work, gratletl into 
the surrounding limestone by almost imperceptible transitions. 

A third type of ore body in the limestone is represented by the 
Sulphur Hill mine near Andover. Here the ore body is also 
irregular, though in rude lens-shaped masses, striking northeast 
and dipping southeast. When the mine was in operation it was 
reported that the ore occurred in "shoots" pitchitlg northeast; 
i.e., the ore bodies were conformable with those in the neighbor- 
ing gneisses. The quantity of limestone associated with the ore 
was so small that the mine occupies a position intermediate be- 
tween mines in gneisses and those in limestone. 

The ore of this mine is characterized by a high percentage of 
pyrite and by the fact that it is a mixture of minerals unlike 
that anywhere else in the Highlands. Sulphides are abundant, 
among them being galena, sphalerite and chalcopyrite in rather 
large quantities. Willemite and garnets are also present, the 
latter in several varieties. In general the ore deposit is unique 
among the magnetite deposits, and because it is so different from 
these others and so similar in many respects to the zinc ore depos- 
its at Franklin Furnace and Sterling Hill its history is believed 
to be different in some respects. It is thought that it may be a 
replacement of small m s e s  of limestone embedded in the 
gneisses, as the result of the action upon it of solutions, gases 
and vapors emanating from the igneous rocks associated with it. 
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Ore Bodies in the Gmisses.-The ore bodies associated with 
the prevalent gneisses of the Highlands are by far the most 
valuable in the State. Practically all of the important mines are 
situated upon them. For short periods certain mines have 
worked pegmatites. Others have exploited for longer periods 
the ore bodies in the Franklin limestone. All these, however, 
have sooner or later been abandoned and only those mining the 
ore in the gneisses have proven pekanent.  Among the latter 
may be mentioned the Dickinson, the Hurd, the Richard, the 
Stirling, the Hibernia, the Oxford, the Mt. Hope, and the Ring- 
wood mines. All these, with the exception of the Hurd mine, at 
Hurdtown, are still active shippers and all have been worked suc- 
cessfully for nearly IOO pears. 

The ore-bearing rocks in the gneisses occupy the same general 
relations to the surrounding rocks as do the layers of Pochuck 
gneiss to the lighter-colored gneisses. They constitute thin layers 
striking and dipping with the associated gneissic rocks and 
wedging out at their ends when not terminated by fadts. In 
some instances the contacts with the adjacent gneisses are sharp, 
but in many cases the ore layers and the country rock grade im- 
perceptibly into each other. On the surface the trace of the 
magnetiferous layers can be followed for considerable distances 
by their weathering products which extend across country in 
straight lines as rusty-red streaks made up of hornblende, bictite, 
quartz and limonite. These layers, which are known as the Pre 
"veins," contain rich and lean prt ions,  the f o m r  of which are 
the ore bodies. Where not deeply weathered the veins differ 
very little from the ordinary Pochuck gneisses, except that they 
contain a greater proportion of magnetite. 

The ore-bearing layers vary in thickness from a small frac- 
tion of an inch to  50 or more feet, the average thickness being 
from 4 to 20 feet. They occur in narrow belts or  ranges sepa- 
rated by wider belts of barren gneiss. The width of the ranges 
is rarely more than 2 miles and is usually less than one-half 
mile. Their lengths are indeterminate at present because of 
lack 'of kno\\lletlge. Their productive portions in some cases 
attain lengths of 30 miles or  more, but more frequently than 
otherwise they are less than I mile long. These ranges may be 
regartled as mineralized zones. 
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Within the ranges there may be a single ore-bearing layer or  
vein or  there may be several parallel veins of large size and 
numerous small ones so thin as to be unworkable. 

The developed portions of the veins vary greatly in length.' 
Some, judged from their outcrop, are extremely short, perhaps 
being limited to the length of a single ore body. Others are 300 
or 400 feet long and may contain a succession of several ore 
bodies. The Hibernia vein has been developed for at least a 
mile in length, and, if the vein at the Montauk and Beach and 
the White. Meadow mines to  the southwest is in the extension 
of the same vein as they are thought to be by most miners, its 
entire length is over 2.5 miles. In the Hibernia portion of the 
vein there are reported to be 10 or 12 shoots and a corresponding 
number of pinches. 

SHAPE AND SIZE OF THE ORE BODIES. 

The ore bodies are portiolis of the ore veilis that are rich 
enough in magnetite to warrant mining. Practically all the 
rich ore bodies are distinctly pod-shaped lenses, with the 
longitudinal planes of the pods dipping parallel to  the dip of 
the layers of the neighboring gneisses and their longer axes 
pitching with the pitch of the rock structure (Fig. 5 ) .  
Ususally a number of the lenses lie one above the other in 
the same plane, all pitching and dipping in the same direction. 
This featureis well illustrated in the Fort1 and Schotieltl riiiries 
at Ford, in the Harvey, Hurd and Orchard mines at Wharton, 
in the Peters m.ine at Ringwood. at the Mt. Pleasant and Rich- 
ard mines at Wharton, and at the Mt. Hope mines. The pods, 
whether isolated or in series, are known as shoots and the com- 
paratively barren vein rock between them as pinches. The rock 
overlying the s h o o t s i .  E., that under which the ore pitches-is 
called the "cap" rock and that under the shoot the "bottom" rock. 
The hanging wail is that under which the shoots dip and the 
foot wall that over which they lie. The material of the shoots 
grades into that of the vein rock by the loss of magnetite. When 
the magnetite is not sufficient in quantity to make an "ore," min- 
ing ceases and the material is considered "rock." The succession 
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Diagrams of pod-shaped ore shoots characteristic of the magnetite deposits: 
a, Plan of ore lenses. 
b, Longitudinal s e c t i o ~ ~  of sanle in the plane of the dip. along the line 

B-B in a. 
c. Vertical cross section along the line A-A. 
( F r o n ~  Folio 157, U. S. Geol. Survey. 1908, p. 24, and Geol. Atlas of N. J., 

Folio No. I ,  I@, p. 2q) 

of shoots and pinches in their horizontal direction constitute the 
outcrop of  the vein. Where the limits of the vein coincide with 
the planes of junction between bands of gneiss its bounding 
walls are sharply marked; where the boundaries of the vein and 
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the junctions between gneiss bands are not coincident the walls 
are not distinct, but there is a gradation between ore and rock. 

The pinches, though poor in ore, are not entirely barren. In 
some instances walls of the veins close in, reducing the width of 
the ore bodies to a few feet or even a few inches; but more fre- 
quently the space between the "shoots" is occupied by vein rock, 
which in some instances is a pegmatite full of magnetite, in other 
instances is country rock (gneiss) traversed by a few or by many 
narrow strings of magnetite, connecting the shoots with one an- 
other, and in still other cases is a coarse hornblende cut by tiny 
veinlets of ore running parallel with the general direction of the 
gneisses. 

In one or two places, notably at the Fort1 ant1 Scofield mines. 
and at  the Weldon mine, there were parallel shoots, which so far 
as we know are entirely independent. As mining proceeded 
downward the ore bodies at the Ford mine approachetl one 
another until a distance of only five or six feet separated them. 
At one time it was supposed that they would unite below. As 
mining progressed, however, they again separated and continued 
to maintain their independent entities. 

The occurrence of the ore in shoots between pinches has al- 
ready been referred to. The shoots have been described as pod- 
shaped masses that occur in series dipping with the dip of the 
associated gneiss and pitching parallel to the pitch of their stnrc- 
ture. As a matter of fact, the ore bodies are not always as 
simple as this. The pinches are of various kinds and these 
determine in part the shapes of the shoots. In the State Report 
of 1883 the manner-of production of the pinches is outlined 
at considerable length. From it is quoted the following: 

"The pinches in the ore are caused in some cases by irregularities in both 
nwalls. And they converge or approach one another by irregular rolls and 
the ore is squeezed into the thinnest recog~lizable layer or sheet. A pecrlliar 
form of pinching is caused in some cases by a flattening of the walls, but 
not so as to  produce a parallelism, and the rcsult is a narrowing of the vein 
into pinches. * * * * Examples of it are to be seen in the Kean Mint, 
near Chester, and at  Motint Hope. besides other localities. Rarely are the 
walls found coming together so as to pinch out the ore completely. As it is 
not profitable work to follow so thin leads and pinched-up veins, miners 
and practical men speak of the ore as pinched or cut otit even in such cases. 
But it is more often the fact that the pinch is caused by rolls in the foot 
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wall, the hanging wall retaining its regular dip i n d  strike. The  foot wall is 
seen to grow flatter and approach thc opposite wall, by a series of step-like 
offsets, which are sometimes called rolls and sometimes slides of rock. 
When both walls have rolls of this nature and are  not strictly parallel, a 
succession of shoots and pinches is produced. Following the ore length- 
wise the shoot-like irregularities in the walls are observed to  produce 
pinches between the end of one shoot and the beginning of another. The  
walls here may approach each other at  uniform angles, or, what is generally 
true, a successiol? of slabs of rock come in on the foot wall and leave no 
room for the ore shoot, and a pinch results."' 

The shoots, moreover, are ~ ? o t  uniforlll throughout. Oftell 
a slab of rock, o r  a horse, divides the ore mass into two parts 

Sketch showing relation of ore and gneiss ill the wali of the southwest 
opening of the FIrrrd mine at Hr~rdtown. (Frnln .4nn. Rep. State Geologist 
N. J. for 1883, p. jg.) Crossed lines indicate ore. Parallel lines represent 
rock. 

Ann. Report State Geologist N. J. 188.3, p. 69-70. 
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which may remain separated for long distances. In  other cases 
the slab may project into the ore-body from below or above, 
separating it into two parts which may have the appearance of 
the limbs of a fold. At the Hurdtown mine, on the northeast 
wall of the old southwest opening near the turnpike, the ore body 
is said to  have exhibited a genuine folded structure (Fig. 6). The 
folded ore body pitches to the northeast and hence the outcrop 
which is represented in the figure is the cross section of a syncline 
whase axis descends to the northeast. The long slope of the 
mine followed the line of the axis. A notable feature of the 
supposd fold is the difference in character between the two limbs. 
The southeast limb was thick and compact. The northwest limb 
on the other hand was split into three thin portions that were s e p  
arated by two layers of rock. These have every appearance of 
being horses that project downward into the ore bodies, and it is 
a question whether the central rock mass which is supposed to 
separate the two limbs is not another horse. The bottom of  the 
ore body has not been studied, so it is not certain that the untler- 
lying rock is not a bottom rock into which some of the ore 
material projects. No other such clear suggestion of folding 
has been seen anywhere else, although in the Richards mine the 
ore body at one place appears to cunre in such a way as to resem- 
ble a fold, and at the Hurd mine at Wharton an ore spur ex- 
tends from the main ore mass downward a distance of 80 feet. 
Phenomena of a similar character have been described from 
other mines, but in all cases it is thought they may be explained 
as features connected with the origin of the ores rather than as 
the result of the folding of the ore layers subsequent to their 
formation. 

The sizes of the shoots vary greatly. Along their pitch, they 
may persist for considerable distances. At the Hurd mine at 
Hurdtown, the length of the ore-body from its outcrop to its 
underground termination was more than 6,000 feet, but this \\.as 
exceptional. A length of 1500 feet for a single ore pod is not 
unusual, but lengths of 400 or 500 feet are Inore common. I n  
their horizontal dimensions the shoots are more uniform. Their 
widths, measured at right angles to their strikes. vary between 
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a few inches and 40 feet, and their breadths measured in the 
planes of the veins are al>proximately 1 2  j .feet. 

Cap and botton~ rocks are supposed to terminate the horizon- 
tal extension of the ore bodies along the strike, so that be- 
yond them no continuation of the shoots is to be expected. 
As a matter of fact, however, true cap or bottom rocks have been 
proven to exist in only a few cases. .At times it was supposed 
they had been encountered in the more important mines, but 
close observation has shown that the ore bodies extend into them 
as tiny streaks of magnetite, and subsequent persistent explora- 
tion following these streaks as "leaders" has developed beyol~d 
them new and ~inex~>ected ore bodies. In all cases where the 
ore bodies have appeared to terminate suddenly this has been 
due to cross faults which have displaced the vein to such a dis- 
tance that persistent search has failed to discover its continua- 
tion. 

* 
FAULTING OF THE ORE BODIES. 

\Yhere faults exist the horizontal displacement caused by 
them is nearly always to the right; i. e., toward the hanging 
wall on the southeast when facing northeast (Fig. 7), and 
is usually only slight in amount, although in some cases it 
reaches at  least 200 feet, and in a few others it must be much 

r:: 3 8 L 3 . . h k' 3 
d 3 

Fig. 7. 

Plan of faults at the Randall Hill mine. (From Ann. Rep. State Geol. N. 
J. for 1883, p. 63.) 

greater, since (-)re hotlies that have been mined up to the fault 
plane have been entirely lost on its opposite side, all attempts to 
find them with diamond drills within a reasonable distance on 
both sides of the projected strike of the ore having failed. 
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Faults causing displacements to the left are conlparatively rare, 
although they are met with in some of the mines. Figure 8 illus- 
trates the .horizontal plane of the ore body at the.'Mt. Pleasant 
mine where the displacenlents are alternately to the left and to 
the right. Most of the faults that have k e n  ol>.ierved cross the 

Fig. 8. 

Horizontal section at S. W. end of Mh. Pleasant mine, s l~oaing displacc- 
ment of ore body caused by faulting. (From Sccoild Ann. Rcp. Geol. Sur- 
vey N. J. for 18jj, p. 203.) 

ore veins either perpendicular to their strike or at a' very large 
angle with this, so  that their direction is approxinntely north- 
west or in some direction between west and northwest. Their dips 
are usually very steep. In some cases the dip is vertical. but more 
frequently it is inclined 15"-20" from vertical, the inclination 
being in some instances to the northeast (d and e in Fig. g), and 

Fig. y. 

Vertical longitudinal section of Mt. Pleasant Mine. October, 1855. (From 
Second Ann. Rep. Geol. Survey N. J. for 18j5, p. mz.) 

The part in black represents the portion of the ore that had been removed. 
The heavy white lines are shafts and levels, and the lighter lines are faults. 
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in others to the southwest. I f  the old mine plots can be relied 
upon the direction of movement along the fault plane has also 
varied. While usually the downthrow has been on the southwest 
side of the fault and the horizontal displacement has consequently 
been to  the right, the opposite condition has sometimes prevailed. 
Moreover, the hade of the fault gives no indication as to the 
direction of throw. For instance, in the Byram mine (Fig. 10) 

Fig. 10. 

Vertical section of Byram mine, October, 1885. (From Ann. Rep. Geol. 
Survey for 1855, p. 212.) 

Dotted lines represci~t faults. Unshaded area, ore removed. Shaded area, 
ore and rock. Heavy black lines, slopes and drifts. 

the dip of the faults is to the southwest and their hanging walls 
are on the upthrow side ( i .  e., the northeast side is the down- 
throw side), causing a displacement of the ore M y  to the left. 
At the Mt. Pleasant mine (Figs. 8 and g), on the contrary, most 
of the faults dip northeast. .Their displacement varies. About 
some of the faults the downthrow side is on the southwest, and 
about others it is on the northeast side. At the Irondale mines, 
again, the displacement about one fault is to the right and about 
another to the left. (See page 387.) At the Randall Hill mine 
there are three faults and each has caused a right-handed displace- 
ment ('Fig. 7 ) .  Between Mt. Hope and Hickory Hill the dis- 
placenlent on the surface has k e n  ~h feet to  the right (Fig. I I ) .  
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F i g .  1 1 .  

Sketch map of Mount Hope and I-Iickory Hill, showing displacirnent of 
ore veins by faulting. (From Ann. Rep. State Geol. N. J. for 1886, p. 99.) 

which indicates a downthrow of about 450 feet on the southwest 
side of the fault on the supposition that only vertical movement 
has taken place. At the Hackelbarney mine a fault crosses the 
ore body with a vertical dip. The throw here is also to the 
right (30 feet), the downthrow side being on the southwest. 
At the Hurdtown mine the ore body seems to have been faulted 
r50 feet vertically by a fracture dipping steeply to the southwest, 
the downthrow being on the hanging-wall side and in the direc- 
tion of the dip of the ore veins. 

A second class of faults consists of those that strike nearly 
parallel with the ore beds and dip at various angles to the north- 
west, the downthrow being on the foot-wall -side. (Fig. 12.) 

Fig. 12. 

Vertical cross section of the Mt. Pleasant Mine, looking northeast. Show- 
ing strike-faults. (From Ann. Rep. State Geologist, N. J., for 1883, p. 65.) 
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The  movements along the fault planes have usually resulted 
in clean surfaces. Sometimes the rocks near the fault are sheared 
and the fault surfaces are slickensided. . '1n a few other cases, 
as  for instance at  the Richard mine, the fault crack is apparently 
occupied by a thin seam of ore. 

These faults because of their similarity to those in the New- 
ark rocks may be fairly regarded a s  having been produced in 
Newark time. 

DISTRIBUTION. 

N o  definite rule as  t o  the distribution of the ore-bearing layers 
can be formulated. They may occur within wide layers of Po- 
chuck gneiss, they may be surrounded entirely by b s e e  or  by 
Byram gneiss, o r  they may have walls of different gneisses. In  
a few cases, as  has already been indicated, the neighboring rock 
may be the Franklin limestone, and at  one place-in the vein at  
Franklin Furnace-limestone is present on one side of the ore 
deposit and gneiss on the other side. The existence of the ore 
"veins" is therefore inclepellrlent of the character of the country 
rock. Their positions, however, are so distributed that they 
may be described as occurring in zones, between which are 
stretches of barren cm111try in which only sporadic ore M i e s  
have been discovered. 

The belts of veins are not sharply defined. They consist of 
assemblages of parallel veins, each of which nlay be short, but 
all of which taken together form a zone which in some instances 
extends entirely across the State, from the Delaware River to 
its northern boundary. 011 these belts or  zones are situated most 
of the mines that have been prominent as contributors t o  the 
State's output of ore. A few others lie between the belts, but 
none of them have risen t o  prominence. As a rule the country 
between the belts is practically barren from the ore producer's 
view-point. (See accompanying large maps.) 

,Co far  as is no\v ~ I I ~ W I I  there are no  structural features that 
determine the position of the belts. No  great faults that have 
been recognized extend along their lengths, though numerous 
small ones are known to cross them. Further, thp belts are not 

)r ' 
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in crush zones, for the rocks associated with the ore veins show 
no more granulation than the similar rocks between the belts. 
Since there are no known lithological or structural features that 
condition the position of the ore bodies it is impossible to pre- 
dict their existence from anything seen on the surface, except 
in places where the ore bodies outcrop. 
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CHAPTER VIII. 

ORIGIN OF THE NEW JERSEY 
MAGNETITES. 

In  this chapter the conclusion of the author as  t o  the origin 
of  the New Jersey magnetites is first given. I t  is followed by 
a brief history.of the investigations and conclusions of previous 
workers in the same field. Finally there is a summary of the 
conclusions reached by various investigators of magnetite de- 
posits in other districts. In presenting the latest view first, 
violence is done to  the historical order of presentation, but it 
has the advantage of presenting first to  the reader's attention 
the view which at present seems best founded. 

PRESENT VIEW AS TO ORIGIN. 

From the statements made in the preceding chapters it will be 
observed that the magnetite in the New Jersey Highlands occurs. 
I )  disseminated as individual grains through the prevailing 
gneisses of the district; 2 )  a s  small bunches in these gneisses; 3 )  
as  an important component of some of the pegrnatites associated 
with the gneisses; 4) as  a prominent constituent of certain zones 
in the Byram and Losee gneisses ; 5 )  as an important component 
of certain layers of dark hornblendic rocks resembling the Po- 
chuck gneisses; 6) as narrow dike-like masses of pure magnetite 
traversing the gneisses in the direction of their banding; 7 )  as 
deposits of mixed magnetite, limonite and pyrolusite in the 
Franklin limestone; and 8) as irregular aggregates of magnetite, 

( 1 4 7 )  
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garnet and other silicates, and often some sulphides, associated 
with basic instrusive rocks in the limestone. 

The ore-bodies in the gneisses-that is, the portions of the ore 
veins illat are rich enough in magnetite to possess a con~mercial 
value at the present price of iron-are usually lenticular in shape, 
and their inaterial may or may not grade into the surrounding 
rocks that are comparatively poor in magnetite, although prac- 
tically all of them contain more or  less of this component. The 
ore-bodies, or shoots, are arranged in belts dipping and striking 
with the layers of the surrounding gneisses. Between the shoots 
in any belt are masses of barren rock which is usually either a 
pegmatite or a rock composed of hornblende and pyroxene. This 
is often traversed by narrow seams of rich ore connecting suc- 
cessive shoots. The shoots, together with the barren rock be- 
tween them, constitute the ore-veins, which are usually sharply 
separated from the surrounding country rock. In some cases the 
shoots fonn such a large portion of the vein that the latter is 
practically a vein of rich ore. There is no regular arrangement 
of the minerals in the vein, nor is there any gangue in the sense 
in which this term is commonly used, i. e., material in which the 
magnetite is embedded. In some cases there is a regular banding 
of magnetite and gneiss, but in these instances the gneiss is the 
usual country rock and there is no differentiation of vein and 
rock. 

The ores in the lilnestones present many of the same features 
as those in the gneisses. The shoot structure is perhaps not so 
well defined, nor is there in most cases as distinct a vein. The 
conditions are often colllplicated by the presence of intrusive 
basic rocks, which have evidently metamorphosed the limestones 
and brought about an intermingling of metamorphic minerals 
with the normal conlponents of the ores. 

The only accumulations of magnetite having commercial im- 
portance are those in the pegmatite (3) ,  those in the black 
gneisses ( s ) ,  and those in the limestone ( 7  and 8). In a few 
instances zones of gneiss impregnated with magnetite (4)  have 
furnished a lean ore, but these are no longer worked. At the 
present time only one mine is exploiting a limestone deposit 
ant1 that is of the type designated as No. 7 above, though 
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formerly th.e deposits in the limestone were of considerable 
importance. Most of the ore at present being worked is of the 
jth type. I t  is a mixture of hornblende, augite, feldspar, quartz 
and magnetite. In a few instances these ores are nearly pure 
magnetite within restricted limits, but even in such cases there is 
usually intermingled with the magnetite a little feldspar and 
hornblende. 

I t  is quite evident from the character of the different types of 
ore that they have all had the same origin. The ores in the lime- 
stone differ somewhat from those in the pegmatite and the 
gneisses, but these differences are easily accounted for by the 
character of the country rock. In all cases the ores are regarded 
as being of magmatic origin-that is, the source of their ma- 
terial is thought to  have been the deep-seated molten magmas, 
portions of which, upon being intruded into the overlying rocks, 
solidified as the various gneisses now constituting the principal 
rocks of the Highlands ridges. After the partial cooling of the 
gneisses these were in turn intruded by ferruginous portions of 
the same magma that gave them birth, and these intrusions were 
later enriched by iron-bearing solutions or vapors originating in 
the same subterranean source. In their transit to the surface 
these solutions or vapors deposited additional magnetite in the 
intruded ferruginous rocks and made the ore lenses that now 
comprise the ore bodies. 

The evidence in favor of this theory is not by any means con- 
clusive, but it is the only theory that suggests itself which will 
account for most of t h e  facts observed in connection with the 
distribution and manner of occurrence of the ores. Moreover, it 
is in accord with the views held with respect to the origin of 
similar magnetites elsewhere. The principal reasons for accept- 
ing it are indicated below. 

The magnetite which occurs as a constituent of the gneiss is 
plainly a separation from the magma that yielded the rock. I t  
was one of the first components to separate, and in all of its 
features presents the normal appearance of a rock constituent. 
The magnetite that occurs as small bunches in the gneiss is 
apparently also a segregation from the rock magma. The ina- 
terial of the bunches often passes into that of the surrounding 
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rock by gradual transitions. From these deposits the transition 
is also gradual into the ores of the 4th group, which consist of 
phases of Losee and Byram gneiss sufficiently rich in magnetite 
to raise their iron content above the lower limit of workable ores. 
Thin sections of these ferruginous gneisses exhibit no note- 
worthy peculiarities. They differ from the sections of the more 
usual phases of the gneisses mainly in sllowing the presence of a 
greater amount of magnetite. This mineral often exhibits the 
outlines of crystals and in its relations to the surrounding 
minerals presents the same features as the magnetite scattered 
more or less abundantly through the more normal gneisses. I t  
is apparently a separation from the rock magma in the same way 
as are the other rock components. The greater abundance of 
the magnetitic phases in some places than in others is accounted 
for in the same way as is the irregular distribution of more acid 
and less acid phases of the gneisses, or phases in which horn- 
blende is scarce and those in which it is abundant, i. e., by suc- 
cessive intrusions of differentiated portions of an originally 
uniform rock magma. In many instances the ferruginous 
gneisses are banded, layers of rock rich in magnetite alternating 
with those containing only small amounts of the mineral. This 
interlayering is identical in character with the interlayering of the 
tabular inasses of the different gneisses which is such a con- 
spicuous feature of the geology of the district, and, like it, is 
ascribed to successive intrusives of nlaterial of slightly varying 
composition. It is possible, llowever, that the banding has been 
emphasizecl and made more prominent by deposition of magne- 
tite from circulating hot water that followed the gneissic folia- 
tion. Such deposits would occur most abundantly in the planes 
separating the different rock layers and woultl thus enrich cer- 
tain belts as conlpared with others. 

In the pegmatites the nugnetite is in three forms. I t  occurs 
I )  as large irregular sub-crystalline grains between the other 
rock conlponents, 2)  as well-defined crystals embedded in feld- 
spar ant1 l~on~l>le~lde, and 3 )  as angular masses filling the spaces 
bet\\-ecn feltlspar and quartz grains. Often the feldspars present 
crystal outlines where they are in contact with magnetite, and 
tiny veinlets of the latter mineral penetrate the cleavage cracks 
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of the former. The magnetite is thus in two generations, the 
first of which crystallized before any of the other constituents of 
the rock, and the second after all the others had been formed. 
The particles of the first generation were clearly products of the 
crystallization of the magma that solidified as pegmatite. This 
is believed to be a differentiate of the magma that gave rise to the 
prominent gneisses of the district, and as such is a part of the 
gneissic complex. I t  was the last portion of the magma that was 
intruded, and, like many pegmatites elsewhere, was probably 
formed by the crystallization of an aqueo-igneous solution, the 
source of which was in the cooling magma. Zircon and fluorite 
are often present in the pegmatite. Garnet is found in a few 
cases and sphene and apatite are nearly always present. With 
the exception of the garnet, these minerals are characteristic1 of 
aqueo-igneous deposits and lend support to the view that the 
pegmatite possesses this mode of origin. The later magnetite, 
which is in the nature of a subsequent enrichment, was evidently 
introduced after the nonnal components of the rock had crystal- 
lized. I t  occupies the interstices between these, a d  in some cases 
was deposited in the cleavages of the feldspar, where it now 
appears as  extremely thin sheets penetrating the silicate as tiny 
veins. I t  is evident that the iron was in a very fluid form, other- 
wise it could not have been carried into the crevices which it now 
fills. Very probably the vehicle of transportation was a hot 
aqueous solution or possibly a vapor which emanated from the 
same magmatic source as the material that produced the peg- 
matite. I t  succeeded the latter, first appearing after the tempera- 
ture had fallen below that of aqueous f u ~ i o ~ o f  the silicates. Tlle 
channels through which the solutions circulated presumably 
afforded the most favorable opportunities for deposition of 
mineral matter, and such portions of the rock naturally became 
richer in magnetite than other portions through which the solu- 
tions slowly percolated, and thus became the ore shoots. In some 
places there may have been replacement of the silicates by mag- 
netite, causing further enrichment of the mass, since in some of 
the ore shoots where the ore appears to occupy the entire breadth 

' Economic Geology, Vol. 2, No. 2, p. I I I and 121. 
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of veins for long distances there may occasionally be detected in 
the otherwise pure magnetite well-outlined crystals of feldspar 
and hornblende and scattered round grains of quartz. 

The fact that the solutions invaded the belts of pegmatite in 
preference to  belts of gneiss is accounted f m  by the supposition 
that the pegmatite magma had not entirely cooled a t  the time the 
iron-bearing solutions were extruded, and, therefore, was more 
or less pasty, while, on the other hand, the gneisses were cold and 
solid. The process of extravasation was thus a continuous one, 
beginning with the siliceous magma that yielded the magnetite- 
bearing pegmatite and ending with the vapors that deposited 
magnetite, fluorite, zircon and possibly some of the compounds 
of the rare metals-molybdenum, vanadium and uranium. 

The reason for the constantly recurring pitch of the ore bodies 
to  the northeast is not understood. Since, however, this direc- 
tion always conforms with the direction of pitch in the neighbor- 
ing gneisses, its origin is thought to be regional in character, 
i. e., it is thought to be due to  some cause that operated nearly 
uniformly over the entire Highland district. 

The ore bodies in the dark gneiss which are of so great com- 
mercial inlportance probably had an origin analogous to that of 
the ores in the pegmatite, except that in the first stage in ore pro- 
duction the intrusion of very acid siliceous material was lacking 
In a few cases pegmatitic material is intermingled with the mag- 
netite in the dark gneisses, but usually the vein matter consists 
of hornblende, augite and magnetite with a little quartz and 
sphene, the whole constituting the dark layers that are inter- 
leaved with the lighter-colored rocks. The hornblende and 
magnetite in these layers are often found intercrystallized, the 
latter being enclosed within the hornblende crystals, and in other 
places filling the spaces between adjacent hornblende and py- 
roxene. This magnetite is clearly the product of the crystalliza- 
tion of the magma which formed the dark layers. 'I'he ore and 
the amphiboloids thus constitute a rock mass which becomes an 
ore when the magnetite predominates, as  is the condition in the 
shoots. In the pinches between the shoots the hornblende and 
pyroxene predominate and the magnetite is in small quantity. 
Through these pinches, however, there often extend small 
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stringers of almost pure magnetite, which appear in cross-section 
as narrow dikes from a small fraction of an inch to several 
inches in width running parallel to the general strike of the vein, 
Their contacts with the surrounding rock are not sharp, their 
similarity in appearance to well-defined dikes being very super- 
ficial. m e r e  can, however, be no doubt that the material of these 
bands is distinctly younger than the material which it apparently 
intrudes, and that it was deposited by solutions passing between 
the ore bodies. 

The ores in the Pochuck gneiss thus present the same essential 
features as those in the pegmatite. There is a later magnetite 
and an earlier one. The earlier one is one of the original con- 
stituents of the cooling magma. The later corresponds to the 
second generation of magnetite in the pegmatite. Like this, it 
is probably a deposit from a hot aqueous solution, which, where 
it traversed the magnetite-bearing Pochuck gneiss, formed ore 
bodies. These constitute the shoots where they occupy main 
channels. Where they occupy small crevices they form the veins 
o r  dike-like streaks that traverse the comparatively lean pinches 
and unite the shoots with one another. 

Besides the belts of Pochuck gneiss that have a magmatic 
origin there are other, older, dark gneisses into which the inag- 
matic gneisses were intruded. The origin of these is doubtful. 
They may be old igneous rocks, or they may be metamorphosed 
beds of tuffs or sediments. It is not certain that any of the ore 
bodies are associated with these older gneisses. Since, however, 
it is difficult to distinguish these older black gneisses from the 
later ones it is possible that some of the gneisses associated with 
the ore may be of this kind. If there are any ore bodies in these 
gneisses, they cannot be distinguished from those in the mag- 
matic gneiss, nor is it probable that their mode of origin can have 
been very different. 

Only one other type of ore remains to be considered. This is 
the type that occurs in the Franklin limestone. T%e ore-in the 
limestone differs from that in the gneisses only in so far as it is 
affected by the difference in the character of the rock by which 
it is enclosed. The black hornblende and pyroxene that are char- 
acteristic associates of the ores in the gneisses are rare in those 
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in the limestones, and calcite becomes the prominent gangue 
mineral. On the other hand, colorless or light-green pyroxene, 
garnet, micas and occasionally other silicates that may have been 
protluced by metamorphism of the limestone are frequently met 
with in the ores. In some cases there is much limonite inter- 
mingled with the magnetite and in this are nodules of pyrolusite. 
bloreover, practically all of the limestone ore is manganiferous. 
In most places the ore bodies in the limestone comprise shoots 
that are similar to those in the gneisses, but at the Ahles mine 
the mixetl magnetite and limonite form a dike-like mass with 
straight walls extending for a considerable distance without the 
shoot and pinch structure that is so noticeable in the nines in the 
gneiss. The absence of  this structure may be due to the fact 
that developnlent of the ore 1mdy has not proceeded far enough 
to disclose it-that the mining has thus far been on a single shoot 
of  great size. In the ore of this mine there are a few decom- 
posetl feldspar crystals-now changed to soft kaolin-and a few 
doubly terminated crystals of quartz. There are also large 
nodules of ferruginous chert enclosing pockets of limonite and 
crystals of magnetite. Further, some of the limestone near the 
ore body has been silicified so that it now resembles very closely 
a light-gray gneiss. 

The rlhles mine differs notably from the Sulphur Hill, Rose- 
ville, Glendon and several other mines in the absence fro111 it of 
intrusive basic rocks. In the latter case the presence of these 
intrusives is accompanied by the presence of garnet, various 
sulphides and silicates like chondrodite, diopside and serpentine 
derived by the n~etainorphic action of the intrusive rocks upon 
the limestone by which the ore bodies are surrounded. In the 
case of the ,Ahles, the Queen and other mines in the limestone 
near Pequest, where basic intrusive rocks are lacking, these 
metanlorphic products are also lacking. 

The origin of the magnetite bodies in the lin~estol~e is probably 
the result of the same two processes already outlined in connec- 
tion with the ores in the gneisses. The magnetite was probably 
introduced into the limestone by intrusion of aqueo-igneous ma- 
terial emanating from deep-seated sources. and during this pro- 
cess the limestones near the ores were silicified and garnets were 
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produced. The acid portions of the magma reacted upon the 
limestones with the formation of lime silicates, and, consequently, 
did not take the form of pegmatite as it did in the gneisses, 
although here and there, as has already been related, a few feld- 
spar crystals and grains of quartz scattered through the ore 
bodies give evidence of the siliceous character of the ore-deposit- 
ing agency. The hot solution which followed the aqueo-igneous 
intrusions added more iron and enriched the ore bodies partly by 
tlepositing additional magnetite in the ore veins and partly by 
replacing the calcite adjacent to the ore bdies.  Isolated mag- 
netite crystals are found scattered sparsely through the lime- 
stone at  some distance from the ore bodies. They become more 
ant1 more numerous as the ore bodies are approached, and very 
near these they form large clumps thickly studding the limestone. 
At the Ahles mine and the other mines in its vicinity the inag- 
netite in the ore body is embedded in limonite in which are also 
little nodules of pyrolusite, but at  most of the mines in the lime- 
stone in other portions of the Highlands, magnetite, calcite and 
the various silicates associated with those minerals in the ore 
vein form a compact mass in which neither limonite nor pyrolu- 
site can be detected. The form in which the manganese is 
present in these ores is unknown. The analysis of the magne- 
tite separated froni the ore of the Xhles milie (page I I I )  sho~vs 
that it is present only in coniparatively small quantity. It is. 
therefore, inferred that the ele~ilent may have k e n  disseminated 
in the rock before it was invaded by the intrusions from below. 

,4t the Ahles mine and the others in its vicinity the mixture of 
limonite and pyrolusite is thought to be the result of the replace- 
ment of the limestone that otherwise woultl have appeared as the 
gangue of the ore, by the ascending ferruginous solutions, and 
the subsequent oxidation of the resulting mixture by downward 
percolating meteoric water. The exact steps in the process have 
not been ascertained. I t  is probable that the result of the action 
of the ascending solutions was the deposition of magnetite and 
the production of iron and manganese carbonates by the replace- 
ment of limestone, and that the effect of the descending water 
was analogous to that which takes place in the production of 
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bog-ore. Fragments of the ferruginous limestone taken from 
the dumps of the Queen and the Little mines when dissolved in 
small quantities of dilute acetic acid yield residues consisting 
largely of magnetite, limonite and manganese oxides. 

BRIEF HISTORY OF THE STUDY OF THE N E W  JERSEY ORES. 

The first references to the geology of the Highland region in 
New Jersey and to  the iron mines situated in the northern por- 
tion of the State are found in several papers published in 1822. 
In one of these James Pierce1 described the rocks of the High- 
lands as granites and schists, and incidentally mentioned the fact 
that mines were being worked in the Pompton Mountains, at 
Rockaway and at Succasunna. H e  also referred to the Copperas 
mine and stated that the Dickinson mine furnished excellent ore. 
In  the same year Thomas Nutallvescribed the limestones and 
the metamorphic minerals in the ore beds at Franklin and Sparta 
and made special reference to the magnetite under the furnace 
built to smelt the zinc ores at Franklin Furnace. I,. Vanuxern 
and W. H.  Keating3 also described the Franklin Furnace zinc 
deposits and proclaimed the rocks associated with them to be 
primitive in age and to com,prise sienite, limestone, gneiss and 
greenstone. The sienite and limestone were reported to occur in 
lxds and in the latter rock were observed thin layers of rnagne- 
tite. Overlying these was found a graywacke (quartzite) and a 
gray limestone, both of which were regarded as younger than 
the sienite series. The gray limestone was thought to be equiv- 
alent to that at  Easton and Reading, and in the valley north of 
Schooley's R.Io~mtaitl, a view which later observers proved to be 
rorrect. 

It  mas not until eighteen years later that Henry Rogers, in his 
final report as State Geologist. gave the first detailed description 

'Amcr. Jour. Sci. (I) Vol. V, 1822. p. 26. 

'Ib. (I) Vol. V. 1832, p. 239. 

'Journal of Acad. Nat. Sci. of Philadelphia, 1822, Vol. 11, pp. 277-288. 
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of  Highland geology.' H e  described the ridges as  anticlinal folds 
of sedimentary gneisses with the rocks on opposite sides of their 
axes dipping away from each other. 

They were correctly considered as being unconformably be- 
neath Paleozoic betls. H e  described the rocks in detail in much 
the same t e r n  as  would be used in describing them t eday ,  and 
,gave an  excellent account of their structure. He, however, con- 
sidered the white limestone associated with the gneisses as meta- 
morphosed phases of the blue Paleozoic limestotle, a view which 
is discredited at  the present time. The magnetite veins were 
referred to as  "genuine I d e s  o r  veins" lying between walls of 
granitoid gneiss to which they are parallel, not only in strike 
but in dip. H e  called attention to  their variation in width, the 
inclusion in them of "horses" of the neighboring rocks and the 
occurrence of the ore bodies in distinct pods. His  conclusion 
as to their origin is given in the following \vords: 

"The several circumstances here spoken of in the structure of these 
metalliferous veins, seem strongly to imply that they are  real veins of in- 
jection, and not true beds, contemporaneous with the adjoining gneiss, a s  
some have supposed" (p. 22), 

"the first theoretical inference. naturally suggested by the remarkable man- 
ner in which all the veins, without any exception, occur, is, that the primary 
strata existed in all probability at  a rather steep inclination before the in- 
trusion of the veins: for it is inconceivable how a forcible injection of fluid 
ore could enter a series of beds, lying in a nearly horizontal position, with- 
out in some cases causing and occupying fissures transverse to  the strike of 
the strata. The  fact that other similar veins-those of the altered white 
limestone of Sussex--occupy a corresponding position in reference to  the 
neighboring strata, and appear to  have been produced after the formation 
of the limestone, is another argument lending probability to  the notion 
that their origin was subsequent to  the formation and upheaving of the 
gneiss." (p. 36). 

As to the age of the ore, he says: 

"In examining the question of the ,date of the veins of magnetic iron ore, 
our  attention is a t  once called to  the interesting general fact that these 
veins lie exclusively in the primary rocks. I think we must conclude that 
most, if not all of these veins of ore, were extruded from their deep source 
beneath the surface during the epochs which preceded the deposition of 
the first widely dispersed secondary [Paleozoic] strata." 

'Final Report on the Geology of the State of New Jersey, Philadelphia, 
1840, pp. 12-22 and 36. 
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This was the first publishetl declaration as to the genesis of 
the magnetites. Rogers' views have been accepted by very few 
of the geologists who succeeded him in the study of the New 
Jersey ores. &lost of these believed the ores to be sedimentary. 

In his tliscussioil of the ores the author mentions the names 
of a number of mines, among them the Ringvtxxl, Hibernia, 
Mt. Hope and Oxford groups, and the Charlottesburg, Dickin- 
son, Sweed, Muir, Jackson, Denmark, Teabo, Mount Pleasant, 
Harvey, and Stirling mines and a number of explorations 
that afterward developed into sllipping mines. 

In the succeeding fifteen years there was but little reference 
in the literature to the Highland geology. C. T. Jackson1 inci- 
dentally referred to the syenite and the white limestone associated 
with the Franklin ore deposits as being in his opinion igneous in 
origin. and mentioned the names of some of the old mines, but 
he added little to the knowledge of the origin of these ores. 

With the establishment of the second survey of the State, 
however, t l ~ e  view held by Rogers as to the igneous character 
of the ores began to be attacked and the theory of their sedi- 
mentary origin was proposed. 

William Kitchell.5who followed Rogers some years later as 
State Geologist, published three reports. In the first, issued in 
185j, he discussed in some detail the physical geography and 
geology of Sussex County as typical of the northern part of  the 
State. Tbe pre-Cambrian rocks lie divided into a metamorphic 
series, which includetl gneiss, hornblende, slate and white lime- 
stone, and an igneous series including veins, dikes, and irregular 
masses of granite, syenite. and a quartzose feldspathic rock that 
cut the metamorphic series. 

H e  also described the ores as magnetite, mixed with quartz, 
mica, hornblende, and feldspar, occurring in veins and beds and 
in particles disseminated through the igneous and metamorphic 
rocks. 

In addition to the magnetite, which he dtxlared to be the pre- 
dominant ore of the district, the author called attention also to 

'Proc. Bos. Soc. Nat. Hist. Vol IV, 1854, p. 308. 

'First Annual Report of the Geological Survey of New Jersey for 185.1. 
New Brunswick, 185j, pp. 28-38. 
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the presence of a few occurrences of hematite [limonite] in the 
white limestone at  or near its junction with gneiss, syenite, or  
granite. ( Pp. 37-38. ) 

In the following year many more details were given with re- 
spect to the occurrence of the magnetite deposits, with the spe- 
cial purpose of combating Rogers' theory of their igneous origin. 
Kitchell concludecl that the deposits are sedimentary, mainly on 
the ground that they are associatecl with gneisses and granites 
which a t  the time he wrote were universally regarded as meta- 
morphosed sediments. 

In his second report1, he described the Highlands rocks as  com- 
prising interstratified gneiss, various schists and white liine- 
stones. The limestone he considered as older than the blue Kit- 
tatinny limestone, and in this respect again differed with Rogers. 
All these rocks were referred to as  exhibiting 

I 
"violent dislocations, being displaced vertically, laterally, contorted. folded, 
etc. Their general strike is northeast and southwest, and their dip sbutheast. 
They are  traversed by joints * * * and in addition to their distinct strati- 
fication * * * they exhibit planes of cleavage frequently a t  right angles 
to the plane of stratification." (P. 132.) 

A large number of mines were enumerated and details of 
their geology were given, and a summary of the occurrence of  
the ore was enunciated as  follows : 

"I. Geog~aphically, the deposits of ore occur in a series of parallel belts 
crossing the Highlands, in a northeasterly and southwesterly direction. 

''2. Each belt is composed of a series of deposits having the same general 
direction and inclination, coinciding with the strike and dip of its accompany- 
ing rocks. 
"3. As a general rule each deposit is exposed a t  the surface only to a very 

limited extent, on account of its pitch beneath the rocks, towards the north- 
east. 

"4. The  outcrop of ore generally occurs on, or near, the summit of a hill 
or  mountain ridge. 
"5. The deposits are traversed by numerous joints and faults, frequently 

displacing portions of them to a considerable distance." (P. 235.) 

No generalizations as  to the origin of the ore were ventured, 
however, until the succeeding year, when the subject was dis- 
cussed a t  length. 

'Second Annual Report on the Geological Survey of the State of New 
Jersey, for the year 1855. Trenton, 1856, pp. 111-248. 

NEW JERSEY GEOLOGICAL SURVEY



I 60 I R O N  M I N E S  A N D  MINING. 

In  the meantime Whitneyl proposed to account for lenticular 
lllasses of  magnetic ore in gneiss, like the ores of New York and 
New Jersey, by supposing that while they may be the result 
of segregation they are more likely t o  be 
"thc ruins of pre-existing igneous masses, which have been broken and worri 
do\\.n during the turbulei~t actioil which we may suppose to have been pre- 
eminently manifested during the Azoic epoch, and then swept away by cur- 
rents. and deposited in the depressions of the sedimentary strata in process of 
formation." 

In other words, he regarded then1 as water-born sediments. the 
peculiar distribution of which in long narrow bands he explained ' 
as due to transportation and deposition by currents. This view 
was endorsed by very few succeeding geologists, most of whom 
accepted Kitchell's explanation that the ores are metamorphosed 
sediments that were laid down in the ordinary course of sedimen- 
tation with the associated rocks and afterward fclded. The long 
narrow. deposits are, according to  this view, the upturned ed.ges 
of bedded rocks. 

In his third report2 this view was elaborated at  some length. 
The ore was described as occurring in granules dissemillatetl 
tl.irough the gneissoid rock as one of its components, in masses 
cjr bunches in the most highly metamorphosed rocks, which, 

"with respect to their constituent minerals do not exhibit a distinct lamina- 
tion nor when viewed en masse do they show distinct lines of stratification. 
Nevrrtheless they pass into stratified rocks like gneiss and mica schist so 
it~sensiblp that no line of den~arcation can be drawn between them." (P. 1 1 . )  

Finally the ores were stated to be found in seams or strata which 
alternate with strata of rock, and coincide with them in strike 
2r:d dip. Both rocks and ore pitch downward beneath the sur- 
face toward the northeast at variable angles. 

While many of the seams were said to consist of pure magne- 
tite, most of them were described as containing in addition to the 
iron oxides variable proportions of apatite, hornblende, quartz. 
felclspar, mica and pyrite. Generally when the ore contains a 
consiclerable proportion of these minerals it is laminated with 

'Ainer. Jour. Sci. Vol. 72, p. 1856, p. 43. 

'William Kitchell, Third Annual Report of the Geological Survey of New 
Jersey for the year 1856. Trenton, 1857, p. 11-13. 
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alternating seams of ore and silicates. When the impurities are 
in small quantities the ore possesses a columnar parting perpen- 
dicular to the walls of the seam. 

In many instances 

"large wedge-shaped masses' of rock, composed of quartz, hornblende, fcld- 
spar, mica and magnetite, called by miners 'horses,' frequently occur imbedded . 
in the ore seams. Generally a line of demarcation can he drawn between the 
'horse-rock' and ore ;  but so insensibly do they sometimes pass into each other 
that it is  difficult to tell where the one begins and the other ends. They vary 
in extent from regular seams or  strata of rock alternating with the ore, to 
small, irregular, wedge-shaped masses, the longer axes corresponding with 
the strike of the strata and its lamination, which is generally perceptible, cor- 
responding with the lamination of the adjoining rocks. 

"Having described the geological occurrence of magnetic iron ore in this 
district, we are  led to consider its origin. and to refer it to the particular 
class of metalliferous deposits to which it belongs, whether it is  of aqueous 
o r  igneous origin, or whether it occurs in the form of stratified or  unstrati- 
fied deposits. 

"That they cannot be referred to the unstratified deposits appears evident 
from the facts stated in describing the different forms in which the ore occurs; 
nevertheless it has been 'maintained by some that they are true veins of igneous 
origin, which implies that they extend to an  indefinite length and breadth, 
that they differ in character from the rock in which they are  situated, ant1 
have been formed subsequent to  it. Such deposits do  not i~sually coincide 
with the strike and dip of the strata in which they are  inclosed, but generally 
cross the line of stratification and frequently send off branches of greater or  
lesser dimensions, a t  different angles from the main vein The  body of the 
vein is in most cases separated from the walls on either side by decomposed 
rock called selvage. 

"It will be observed that none of these phenomena can be applied to the 
magnetic ore deposits of this district; nor can they be veins of segregation. 
which implies that the material of which they are  composed has heen elimi- 
nated or  collected together from the surrounding rock by some chemical ac- 
tion. Such deposits are  composed of a gangue, or  materials different from the 
surrounding rock, and are very irregular in their form. 

"Stratified deposits imply that they are  included within sedimentary rocks. 
that they are of aqueous origin, and that they coincide in geological position 
and in the  mode of formation with the rocks in which they are situated. From 
the facts that have already been stated, they must be referred to this class of 
metalliferous deposits. 

"That the rocky formation of this district, including the gneiss, the horn- 
blende, and mica schists, the magnetic iron ore, and the quartz-feldspathic 
rocks, are  of metamorphic origin there can be but little doubt; consequently 
it is conceived that they were originally deposited by water in a horizontat 
position ; that  they are  composed of materials derived from pre-existing rocks ; 
and that  they were subsequently disturbed in their position and altered by 
metamorphic agencies, which have caused them to assume their present form 

I 1  ORE 
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and position. The origin, therefore, of these deposits of magnetic iron ore is 
identical and contemporaneorls with the rocky strata in which they are  cn- 
closed." (Pp. 12-13.) 

This opinion has been quotetl at length because it is the first 
argument published to substantiate tlie very prevalent view that 
the New Jersey niagnetites are metalnorphosed sediments. Most 
of the geologists who have followed Kitchell have subscribed to 
this view and have labored to  collect facts that would strengthen 
the argument. 

In  1868 Dr. Cook1 discussed the origin of the magnetites. 
repeating in the main Kitchell's tlescription, adding a few facts 
and concluding with him that the ores are metamorphosed sedi- 
ments. H e  differs from Kitchell, however, in declaring that the 
ore deposits never had more than a liniited distribtition. Because 
c f  their character he assumes that they were precipitated in lines 
along the banks of rivulets or  the shores of quick water. H e  
states that 

"as an ore it is always found mixed with more or less rock, the rock being 
sometimes in grains, and a t  other times in large masses or in stratified 
streaks. The rock is the usual one of the azoic region; gneiss, syenite. horn- 
blende, feldspar, Gmcstone, etc., and grains of phosphate of lime are common 
in some of the ores. Iron pyrites are  found in minute qrrantity in many of the  
ores, and in some places so much is found a s  to render the ore unfit for the  
present modes of working. In some of the ores in-limestone, graphite is 
found. 

"Thc ore is found in beds or  layers which arc conformable to  the gneiss in 
which they lie. I t  is also found 'mixcd in with the rock in all proportions, 
f r o n ~  one to  one hundred per cent.: and where it is found pure, it is not un- 
common to find it gradually becoming impure by the n~ ix tu rc  of more and 
more rock until the ore is all gone. I t  is not separated from the rock by 
well-defined niarks of division. as is the case with nietallic ores in true veins, 
neither is there a pccr~liar gangue rock, such as is in true veins; but the rock 
is the common one of the formation. 111 short, everything in structure, 
position antl attendant minerals, shows that the orc is in sedimentary beds. 
the same as tlie gnciss is. IXsturbance since its original deposition has 
brought its beds on edge, and so far has made it like ore in veins; antl 
having this rcsemblance, its l)cds, by the comlnon usaRe of the country, are 
called veins, and wc may so use the word in this report. There is n o  
difficulty in conceiving of the beds as having been formed by the deposition 
of the peroxide of iron, and having since lost enough oxygen t o  change them 
into ~nagnctic oxides." 

' (ieology of New Jerscy. Xcwark, 1868, pp. 532-533. 
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H e  repeatedly states that though gneisses and white limestone 
are  metamorphosed sediments, nowhere in the State can the slates 
and sandstones be shown to  grade into gneisses or  the blue lime- 
stone into white crystalline limestone. H e  declares, however, 
that one specimen of magnetic iron ore has been found in the 
Kittatinny Valley 

"which is in the form of an orthoceratite, a chambered shell of the Silurian 
age. The specimen was about two inches long, an inch wide, and a half 
inch thick, and showed the markings for the chambers plainly. The form is 
complete and the change to magnetite is entire for all the outside of the 
specimen, but through the specimen there is a line of reddish-yellow peroxide 
of iron. Bischof, in his Chemical Geology, has long ago asserted this 
change to be the one by which magnetite was produced, and the specimen 
substantiates the possibility of such a change." (P. 332.) 

"The beds of magnetic iron-ore are in layers in the strata of gneiss or 
limestone. They are in long narrow belts, which are parallel to the gen- 
eral northeast and southwest strike of the Azoic rocks. They have the ap- 
pearance of having been thrown down as a chemical deposit along the 
borders of streams or slopes, perhaps seashores, just as oxide of iron is now 
deposited from spring-water when it is exposed to the air ;  just as bog-iron 
ore is now depositing in many places in Southern New Jersey, or just as 
oxide of iron is depositing at the salt-springs in New York and Pennsyl- 
vania. Such deposits are necessarily of limited extent. They do not spread 
out over a great area as deposits of sand or clay may, but are separated 
from the water in which the oxide of iron is dissolved by the action of air  
and the escape of carbonic acid, and are quietly precipitated along the banks 
of rivulets or the shores of larger bodies of water in which the springs 
enter. In the subsequent changes of level and the folding which has taken 
place, the axes along which the folds have been made, have been some- 
times directly upon these deposits of ore, and at other times have probably 
been upon one side of them." (Loc. Cit., p. 332.) 

I n  several of the mines folds are said to be developed in the 
ore beds, notably at  the Hurdtown mine and the Durham mine, 
south of Easton in Pennsylvania. 

From this time practically all the study of the Highland geol- 
ogy was confined to the geologists connected with the State Sur- 
vey and their work was de\-otetl mainly to  the attempt to sliow 
some constant relation between the ore bodies and the associated 
rocks. Details of the geology of the iron mines were described 
in plen~y,  and many descriptions of the supposed structure of 
the Highlands ridges were given; but no advance was made in 
the discussion of the origin of ores until the advent of the mall- 
bers of the National Survey into the field. One or  two writers' 
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hesitated t o  accept the generally accredited view of the sedi- 
mentary origin of the ores and denlanded s o p e  proof of its 
correctness. But these were isolated cases. Most of the geolo- 
gists who worked in the region regarded the case as closed and 
the verdict as  rendered the proper one. 

In the report of 1872 attention was called by Smock1 to the 
fact llitlierto unreported, that much of tlie ore near Hacketts- 
town is found as a constituent niineral of granitic and sye- 
nitic dikes. I t  was thought that while such rock masses may 
he closely related to ore beds, the probabilities of their leading 
to beds o r  veins of commercial value are not strong enough to 
justify much labor or  expense in prospecting them. There was 
a marked distinction notetl between this mode of occurrence and 
that of the regular ore beds, or  veins, a s  the latter have definite 
and well-marked walls of rocks, and the ore masses conform with 
the rock strata. 

"The dikes may be conformable to the adjacent beds, but, generally, they 
are not so, son~etimes cutting across thc strata." 

In the following year Smock2 further reported in a discussion 
with respect to the character of the Azoic (pre-Cambrian) 
rocks that the only difference between the ore and the rocks 
among ii.hich it is foutitl is, that the ore beds are limited in 
extent, either tliiniiing out o r  gradually chatiging in character 
until the ore is entirely replaced by rock,-though this may not 
txcur in hundreds o r  even thousands of feet. H e  declared of 
the rocks associated with the ore, that they 

"are now conceded by all geologists to be of sedimentary origin. Thcy 
were originally deposited from water as sand, earth, clay, shells and corals 
or marl, and oxide of iron. Under the influence of pressure and heat, long 
continued, these deposits hardened to stone or rock. Under the prolonged 
and powcrful influence sf the same agencies the rocks were forced from 
their original horizontal position, turned up, bent and folded as we now 
find them, and changed from its earthy appearance to the crystalline 
structure which it now has. Examples to illustrate the possibility of these 
different changes might b: cited, but they would hardly be in place in this 
report. In regard to the iron ore, however, it m y  be said that we have 
in New Jersey deposits of yellow oxide of iron now going on;  that they 

'.Annual Rep. of the State Geologist of N. J. for 1872. p. 17. 

'Ib. 1873, p. 18-19. 
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are in wet places, and arc limited in the areas they cover. I have, in one 
instance at least, had a fossil from the northern part of the State of which 
the centre was red oxide cf iron and the outer and main part was magnetic 
iron ore. Along our own shores, too, we are having changes of level 
decided enough; and we have only to imagine them continued long enough 
to put our present level grounds in just as inclined positions as the Azoic 
rocks now have." 

In the succeeding year Smock1 again recurs to the subject in 
a paper read before the American Institute of Mining Engin- 
eers, but adds nothing new to the discussion. 

Wm. P. Blake,* in commenting on this paper, declared it as 
his opinion that the elongated form of the magnetite deposits is 
evidence of their detrital origin. He considered them as stream 
deposits that were subsequently metamorphosed. 

"In a rushing current ~f water the heavy minerals are collected by them- 
seIves a t  the bottom, and the lighter ones are separated from them, a prin- 
ciple that is in common use for the artificial enrichment of metalliferous 
ores. If we imagine a rapid and narrow stream running through a country 
in which ferruginous rocks abounded, the iron minerals swept down the 
stream would be concentrated in long and irregular patches, precisely as 
we find existing streams sorting out the common and iron sand they carry 
along. These patches would naturaIly be connected by threads of similar 
ores, and the general line of the deposit would evidently be that of the 
river bed or current which formed them. These were probably the condi- 
tions in New Jersey. A series of rivers running down to the sea, or some 
great body of water in tidal current, performed the concentration in 
parallel lines like the streaks of iron-sand we find at this day. On the 
other hand, if we assume quiet deposition in previously formed valleys, we 
must believe the deposition to have been simultaneous throughout the whole 
district. How couId valleys be so long and deep compared with their 
breadth as  these beds are? They would almost be straight lines. Then, 
too, there must have been a constant recurrence of such valleys throughout 
the successive geological horizons, for Professor Smock shows that the 
beds are not confined to any one stratum, but are found in several and 
of all grades of size and richness. The evidence is that they were formed 
mechanically of materials swept along by currents." (Pp. 325-326). 

This is a return to Whitney's view which had not been con- 
sidered worthy of discussion by the New Jersey geologists be- 
cause, perhaps, of the difficulty of discovering any direct evidence 
bearing upon it. 

'Trans. A. I. Min. Eng. Vol. 11, 1874, p. 314. 

' Ib. p 325. 
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Work on the iron ores was continued by the State Survey 
under Professor George H. Cook,' but very little was contributed 
in addition to what harl already lxen learned with reference to 
their manner of occurrence. A few new facts. however, were 
reported, but they threw little light on the problem of  the 
origin of  the ores. It was pointed out that the ore veins never 
cut across the banding of the gneisses, and it was stated they 
never contain fluorite, calcite or quartz as gangue minerals. 
Many of the veins were described as containing wide and narrow 
places which pitch to  the northeast, just as do the extremities of 
the beds. These facts were regarded as indicating that the ores 
are not vein deposits, but are metamorphosed sediments. 

In tlie next year J. S. Newberry2 added his argument to the 
unanimous voice of the geologists of the time. Assuming that 
there was no question as to the sedimentary origin of the rocks 
associated with the magnetites in New York and New Jersey, hc 
thought that while the ore sheets have the aspect of veins they are 
much more likely to be beds deposited contemporaneously and 
conformably with the gneisses and which 

"In the elevation and metamorphism of the mountain belt where they are 
found * * have been changed to magnetites in composition and by pres- 
sure, and when softened, have been variously pinched, bunched and con- 
torted." 

A couple of years later, A. A. Julian8 recalls the Blake view, ap- 
plrently considering it a new one, to the effect that iron-ore 
deposits of Archean time were made mechanically, but declares 
that they were laid down like the accun~ulation of iron-sand along 
sea-Ixaches. Dr. Ne~vberry, discussing this opinion, argued in 
favor of precipitation of iron oxide from its soluble salts in 
waters of a bog or lake receiving tlie drainage of a region, i. c.. 
he was inclined to favor tlie view of Smock. This origin, how- 
ever, he seeluetl to apply principally to ores like those of the Lake 
Supel-ior region that are associated with jasper. Professor Dana. 

' George H. Cook, Annual Report of the State Geologist for 1879, pp. 15, 
and 94-95. 

Scliool of Mines Quart., November, I&, pp. 5-6. 

aTrans. N. Y. Ac. Sci. 11, p. 6. Abst. A. J. S. (111) 25, pp. 476-7, and 
Phila. Ac. Science. 1882, p. 335. 
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in reviewing the article and the discussion, seems to regard a 
modification of Mr. Julian's view the correct one. He thinks the 
magnetites may be a beach deposit, sorted by the ebb and flow of 
-the waters and thus concentrated on the high portions of beaches. 

In 1883, the State Survey began a systematic stiidy of the 
geology of the Highlands belt which was continued thrmigh sev- 
eral years. I p  the report1 of this year the facts known about the 
geology sf  the Highland region were collected and summarized 
in anticipation of the detailed studies to be made later by N. L. 
Britton and F. J. H. Merrill. The gneisses were separated into 
three groups : feldspathic gneisses, h a b l e n d i c  or syenitic 
gneisses, and micaceous gneisses. ?"he first were reported to 
occur upon the flanks of the ridges and at their bases, with the . 
hornblend5c and micaceous varieties most closely associated with 
the ores. Magnetite was recognized as a c o n m n  component of 
the country rock. U7here it replaces the other rock components 
t o  the extent of 50 per cent. of their mass, the rock was regarded 
as an ore. 

,A comparison between the size of the ore veins and the gneiss 
beds of uniform composition led the author to the conclusion 
that "rock strata having uniform character and of equal extent 
cannot be said to be much more common" than the ore beds. In 
many of these, it is conceded, stratification is not easily recog- 
nized. Their original bedding is thought to have been obliterated 
by the subsequent changes to which they have been subjected. 

I n  deference to popular usage the author concluded to use 
"vein" in describing the ore bodies, but the term he explains is to' 
be understood as denoting a bed of ore. He referred particularly 
to the "pitch" of the ore bodies and stated that their prevailing 
strike is northeast and their pitch in the same direction, but in 
several of the mines the pitch is southwest ant1 in one it is south- 
east. Folds are reported to exist in the gneisses associated with 
the ore beds and at several places in the ore beds themselves. ,4t 
the Hurdtown mine the ore was described as being in a syncline 
pitching northeast, and a diagram is given of a section through 
it at the southwest opening near the turnpike (see Fig. 6, p. I 38). 

'Annual Report of the State Geologist for 1883, pp. 27-77. 
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The slope through which the ore was raised followed the line of 
the axis "and the ore appears to  be a close fold ant1 without any 
intel-bedded rock between its two legs or sides." The repetition of 
beds of gleisses in railroad cuts and the fact that the southeast 
dhps of the gneiss layers are often steeper on the southeast sides 
of the iutli\.itlual gneiss ridges than on their northwest sides, were 
regarded as evidence that the gneisses had been folded. There was 
a l ~ o  cited, as evidellce of distortion of the original lxds, the 
presence of numerous faults or "offsets," which may run either 
parallel to the strike or transversely to it. In the ore beds it was 
noted that the faults are usually right-hantled, i. c., into the hang- 
ing wall, or southeast, when following the beds northeastward 
along their strikes. Their throw varies largely, but in most cases 
it is very slight. As the faults, however, are closely spaced the 
aggregate of the offsets is frequently great. 

The ore bodies were described as being characterized by a 
pinch and shoot structure. The shoots were pictured as irregular 
lenticular bodies that lie between the rock strata, and possess 
with the country rock the elements of pitch and dip. Besides the 
walls \vhich b ~ ~ n d  then1 on the dip slopes, there are also cap rocks 
which limit tlleill at  the top, and bottom rocks which underlie 
then?. Sometimes the walls approach, making an arched roof or 
cap over the ore-body and a trough-shaped floor or bottom 
beneath it. The different shoots conilect with each other by 
narrow strings or sheets of ore, which are known as pinches. A 
vein is, therefore, merely a succession of shoots and pinches. In  
inany instances the pinches are caused by rolls in the foot wall of 
the ore-body, but sometinles both foot wall and hanging wall 
converge. In many instances the shoots lie one above the other 
in the same stratigraphic plane, and in other cases, as at  the 
\Veldon mine, they may lie side by side and parallel. 

As an explanation of all .these features the author makes the 
following statements : 

"These rocks arc found in beds of varying thickness and cxtcnt. and suc- 
cccding one another irrcgrllarlg as newer strata or even as very recent de- 
posits. arc seen to co~lsist of alternating scries of thick and thin tcds. From 
thcir composition, also, it s e e m  highly probable that they were laid down 
untler conditions somewhat similar to those which affect the deposition of 
betfs of sand. clay, marl 311d iron orcs in recent times. And there must have 
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been sandy, clayey, calcareous and ferruginous beds like these niodern de- 
posits in some respects. Uniform conditions may have prevailed over larger 
areas than they do to-day, a s  is proved by the extensive outcrops of rocks 
having the same general characters and composition. The lakes. marshes or  
basins in which the deposits of iron oxides or  iron carbonates accumulated 
were of great length, and apparently of equally great breadth, and the de- 
position was long continued, forming thick beds, whet1 they in turn were 
covered by other sediments. Thus  the accumulation went on as the older 
strata gradually and slowly subsided until the thickness amounted to thou- 
sands of feet. The  time was long, perhaps as great in length as the combined 
age's of all the later formations. With the subsidence of the beds, the agents. 
pressure, heat and water, came into action, producing the great changes 
wherein these fragmental sediments and fine deposits were altered into 
crystalline masses. This change or  lnetamorphism of the strata was probably 
slow and in progress throughout a long period of time. The gradual sub- 
sidence also gave the strata more or  less gentle inclination, and dip began as 
a n  element of stratification. Upheaving and compressing forces a t  length 
began their mighty work and the gently sloping beds were raised up a lo t~g  
axial  lines of great length into huge arches and depressed into deep troughs, 
and compressed by the powerful thrust of lateral forces into close folds so 
that all the beds were brought into an  approximately vertical position. And 
f rom the steeper inclination of the beds on the southeast, this thrust or 
horizontal compression was apparently greatest on that side. As already 
stated, the folding took place along northeast and southwest lines, and the 
lateral forces pressing the strata together was from the southeast side. But 
it is scarcely conceivable that such prodigious energy, exerted however slowly, 
confined itself to the folding in one uniform direction throughout the whole 
area of these Archean rocks. The elevating forces may hare  acted very 
unequally and at  greatly varying rate;  and the inequalities thus caused, with 
differences in the nature of the bed and compressing forces acting with vary- 
ing intensity, would tend to disturb the symmetry and produce the diverse 
strike and dip which we recognize a s  exceptional to the general course and 
prevailing directions. O r  a combination of lateral forces would produce the 
twists, as it were, in the strike. * * 

'Varying intensity in the upheaval and folding forces would not only tend 
to produce diverse dip and strike, but also fractures and rents in the strata. 
The  different degrees of firmness and elasticity in the strata themselves 
would aid in bringing out such fractures and dislocations. And faults wolrld 
result from these causes. Lateral pressure exerted unequally upon a bed of 
uniform degree of elasticity and resistance would disrupt it along lines paral- 
lel t o  the line of pressure or approximately so. Pressure in the line of the 
strike might pucker up the beds and, sundering them, let them slip past one 
another." (P .  71.) 

In this way a fold might be produced in a bed of iron ore 
accompanied by a thinning of the bed. If the squeezing process 
be imagined to continue until the ore is completely pinched out, 
an offset would be produced. 
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"These forces were doubtless the factors in the production of what has 1)rrll 
styled the shoot and P i ~ h  structure. The ore beds possessing more elasticity 
than the adjacent and enclosing gnessic and syenitic rocks adapted themselves 
more readily to their action and accumtrlated in certain lines or horizons and 
in somewhat irregularly shaped bunches. Wihere the compression was less 
they would be thick; where more intense they would be squeezed into thin 
sheets, if not cut out. This pressure may have been, in part, during the 
deposition of the succeeding beds over the ore, and caused by their super- 
incumbent weight, which was unequally distributed. When the effect of heat 
also is considered, which might result from great pressure, the causes appear 
adequate to the production of great inequalities in one and the same bed. 
But the more probable theory is that the uplifting and folding forces did more 
in giving shape to these ore bodies. Of course, the formation of such sedi- 
ments in shallow lakelets and marshes as bog and lake ores, or the deposition 
of carbonate of iron in the water of lagoons, might explain the lenticular 
shapes of the iron ore vkns.  And the succession of shoots in the case of 
many of our iron mines seems to agree with the theory of such a mode of 
original deposition in a chain of small and partly connected bogs and lake- 
lets. This origin determined the general direction and extent, but subsequci~r 
forces of uplifting, folding and con~pression must have greatly modified them 
and given them their present shape." (Pp. 75-76.) 

In  addition to the stratified rocks there are conceded to be a 
few exposures in the Highlands in which no clearly defined evi- 
dence of bedding can be detected. These occur often as large 
dikes of granite, syenite and trap. I t  was thought that further 
examination might show that some of the granites are "stratified 
rocks, in which the bedding has been obliterated, and the faint 
parallelism in the arrangement of the minerals may give the clue 
to the bedding." 

This is the first detailed description of the ore bodies that has 
come down to us and the first effort to work out the structure of 
the region. It assumed that the entire series of rocks associated 
with the ores are metamorphosed sediments without any attempt 
to prove the assumption correct. The supposed occurrence of 
more schistose phases of these rocks on the flanks or ridges than 
along their apices was regarded as sufficient evidence of the 
soundness of this conclusion. 

Nearly all the succeeding work in the region by the officers of 
the Survey tended to substantiate the views set forth in this 
report. A few additional facts were recorded, but nothing was 
discovered to cast doubt' on any of these conclusions until 1889, 
when Nason suggested that the peisses might be igneous in 
origin. 
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In  1884 it was found by Britton and Merrilll that the dips of 
the gneisses did not indicate their occurrence in simple folds. 
The micaceous and hornblende gneisses were grouped together 
as a single type, so that the three types of the preceding year were 
reduced to two. The distribution of these, however, was dis- 
covered to be so complicated that no mapping was attempted. 
In addition to the gneisses there was discovered also a great 
quantity of an unstratified gray syenite, more particularly in 
those portions of the district where the topography is irregular. 
By inference from the statements made it is plain that all the 
rocks were regarded as metamorphosed sediments. 

In the report for 1885 Britton and Merri112 retuned to the 
subject after another year's experience in the field. They grouped 
together all the crystalline rocks of the Highlands as Archean, 
but were unable to subdivide them further. They thought, how- 
ever, that massive and heavily bedded granulited, quartz, syenite, 
etc., underlie the stratified gneisses and schists, which must be 
younger, but they were unable to draw exact lines between the 
two series. 

The ores were regarded as integral parts of the stratified 
series. From the character of the minerals associated with them 
and the structure of the ore beds it is thought that there is 
evidence "that there has been considerable segregation accom- 
panying the metamorphosing processes, and intense chemical 
action must have taken place at the time of formation of the 
magnetite." 

Work was continued during the following year, and inany 
details of the structure of the rocks and the ore veins were illus- 
trated by figures and cross-sections. An attempt was made to 
subdivide the rocks into three series, all belonging in the Lauren- 
tian system, the sequence being ( I )  the massive group; (11) the 
magnetite-bearing group, and (111) the schistose group. The 
iron-bearing group was made to include the crystalline limestone, 
the dark gneisses and the more completely foliated gneisses 
generally. The divisions were said to he based on stratigraphic 

'Annual Report of State Geologist for 1884, pp. 57-69, 

'Annual Report of the State Geologist for 1885, pp.36-55. 
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evidence, but this evidence was not given. It  was declared, how- 
ever, that no indications of unconforinities were observed, but, 
on the other hand, there was noted a gradual transition between 
the several strata. The ore deposits were declared to be limited 
to the second group of rocks. They were referred to as "true 
beds" interstratified with the gneisses. With reference to the 
structure of the region the authors reiterated their earlier state- 
ments that the ridges are due to folds that pitch northeast, and 
that the rocks are repeatedly brought to the surface by cross-fault- 
ing.' 

In the course of the field work during 1887 a fossil plant was 
found in the limestone of Sussex County, supposed to be a part of 
the crystalline series lying along the northwest base of the High- 
lands. This was describetlVn the following year under the name 
of Archaeophyton Newberryanurn. 

About this time there appeared the valuable report on the iron 
ores of the United States published by the Census office. This 
contained an excellent sumlnary by B. T. PutnamQof the condi- 
tion of iron-ore mining in New Jersey during the tkvelvemonth 
between July 1st. 1879, and June 3oth, 1880. The introduction 
embraced an account of the geology of the ore bodies, but nothing 
new is ventured as to their origin. It  was stated, however, that 
the ores are closely associated with very hornblendic phases of 
the gneisses. 

In 18@, for the first time, doubt is thrown on the correctness 
of the view that all the rocks of the Highlands are metarnor- 
phosed sediments. In tlle report for this year F. L. Nason4 
denies the value of Britton's subdivision of the crystalliile rocks 
into three groups. H e  concludes, as the result of his studies, 
that "the rocks of the Archean are not ho~nogeneous, but * * * 
there are belts which are similar and persistent." From the dis- 
tribution of the belts of graphitic rocks and of iron ores it is in- 

' Annual Report of the State Geologist for 1886, pp. 70-112. 
'Annual Report of the State Geologist for 1887, pp. e23, and Trans. N. Y. 

Acad. Science. Vol. VII, 1887-1888, p. 89. 
"eport on the Mining Industries of the United States (exclusive of the 

prcciol~s metals). Tenth Ccnsus Report, Vol. XV.  pp. 145-177. 
'Annual Report of the State Geologist for 1889, pp. 12-65. 
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ferred that the entire Highland district is crossed by faults trend- 
ing transversely across the ridges from northwest to southeast. 
' Ike rocks are not subdivided into groups, but four rocks are 
defined a s  characteristic types, which are represented as occur- 
ring everywhere throughout the pre-Cambrian area. The first 
type is called the hfount Hope type. I t  is described as a foliated 
rock composed of  quartz, orthoclase, plagioclase ant1 n~ag~iet i te ,  
with the magnetite in some places replaced by hornblende or  
mica. The second, or  Oxford type, appears to differ froni the 
first type principally in the possession of liornblentle ancl the 
absence of magnetite. In some instances biotite replaces the 
hornblende. The hornblende is usually distributed in strings, 
giving a striped appearance to outcrops. The  third type, known 
as the Franklin type, is a thin-bedded rnicaceous schist, and tlie 
fourth, o r  Montville type, is a white crystalline limestone. The 
Mount Hope is thought to underlie the Oxford type, forming the 
s u d t s  of the hills in general with the Oxford type flanking 
them. -4 dark dioritic rock was declared to be interstratified wit11 

' 
both of the other types. 

I n  surnmtarizing his studies with respect t o  the distribution of 
the types, the author says that the facts observed by him 

"point most clearly to  the extreme difficulty of any classification or division 
of the Archean in our present state of knowledge. In  order to  explain away 
these difficulties by the prevalent hypothesis of sedimentation, one must clcarly 
prove, in the first place, that the rocks are sedimentary, and that the foliation 
and bedding are original and not the secondary results of metamorphic action; 
or, in other words, the results of pressure. There is, however, an- 
other possible explanation which has gained such formidable proportions as 
not t o  be thrust aside by simple credence or non-credence. Reference is here 
made to the possibility that the greater part, if not the whole, of the Archean 
may prove after all to be eruptive, and that the schistose and foliated struc- 
ture may have been caused by pressure or shearing, and that the so-called 
bedding planes may be due t o  parting planes between successive intrusive . 

sheets." (P. 54.1 

The possibility outlined by :Nason has never been adequately 
discussed. The work of later years centered around other points 
in the geology of the Highlands than the origin of the mag- 
netites, and it was not until after the United States geologists 
entered the field that Nason's view received much support. 

In  the year following his discussion of the g-neisses. Sason 
studied the white limestone, which, following Roger5's view, he 
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concluded to be a phase of the Kittatinny blue liillestone and 
therefore of Post-Archean age.' . 

\t'ith respect to the iron ores the author concludes that the 
mine rock is a diorite that is distinct from the country rock. 
which is a siliceous gneiss. 

In the same year T. Sterry HuntZ contributed a new view to 
the discussion of the origin of the ores. H e  explained the gneisses 
associated with thein as precipitates from the Archean ocean. 
Tlie magnetites were considered in general as contenlporaneous 
with the gneiss and as having been produced in the same way. 
In a few instances, however. he thought they might be vein 
deposits. 

In the succeeding year several references were made to the 
Xe\v Jersey ores in the literature, but none embodied any novel 
views. Mr. S. F. Enimons3 mentioned them as probably being of 
Algonkian age, and Messrs. Raymond and Fackentllal' suggested 
the presence of a distinct belt of titaniferous magnetite east of the 
main magnetite belt and passing through the Church, Naugliright, 
Bloom and Hager mines. 

The most important publication of the year was the summary 
of New Jersey geology made by C. R. Van Hise in connection 
with his review of North American pre-Cambrian geology. As 
the result of his investigations Van His@ declared that i f  the 
white liinestolles are excluded from consideration, 

"The evidence in favor of  the detrital origin of the Highland ores is re- 
stricted to the widely disseminated graphite and to the magpetite beds of iron 
ore. Magnetite is widely associated with certain belts of the granite-gneisses 
of New Jersey. but this and its concentratio11 in lenticular masses within 
the grleisses in the form of nlagnetite can hardly be considered as decisive 
evidence of their sedimentary character. The magnetites associated with the 
basal gabbros of the Lake Superior Keweenawan are in purely igneous rocks. 
The  graphite of the graphitic gneiss is a point of more weight. Tlie absence 
of graphite as an important constituent over large areas in any definitely- 

' Ib. for 1890, pp. 25-50 and 51-84. 

'Trans.  An~er .  Inst. hlin. Engin.. Vol. XIX, 1891, p. 3. 
'Trans.  Amer. Inst. hlin. Engin., Vol. X F I I ,  1892, p. 58. 
' Ib. Vol. XXI, 1892, pp. 275-277. 

'Correlation Papers. Archean and Algonkian. Bulletin U. S. Geol. Survey, 
NO. 86, 1892, pp. 414-415. 
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determined igneous granite-gneiss, bears in favor of the sedimentary origin 
of the gneissic series. If this theory proves true, the Highland gneissic series 
more nearly approaches the characters of a massive eruptive than any other 
metamorphic sedimentary rock known to the writer. Upon the whole, in the 
regularity of its lamination, in its lack of extreme contortion and foliation, 
and in the presence of graphite, the Highland gneiss is not like the funda- 
mental complex, the genuine Archcan of Canada and the West. However, 
there are no certain criteria upon which it can be referred either to the 
Algonkian or Archean. It must be simply classified, so far as  present knowl- 
edge goes, as pre-Cambrian. 

"If it cannot yet be decided whether the Highland gneisses are sedimentary 
the supposed structural divisions of Britton and Nason can be regarded as 
only lithological. Britton's arrangement of a massive group in the cores and 
schistose groups on the outer parts of the ranges can be as  well explained, as 
has been repeatedly seen, by the eruptive theory of the origin of the series 
as by the sedimentary. From Nason's work it appears that certain varieties 
of rock have a continuous widespread distribution; but the descriptions 
show that his various types grade into each other instead of being sharply 
differentiated as suppose,d. Magnetite is the distinguishing characteristic of 
one type, and yet, in order to make out the continuity of this belt, rocks have 
to be classed with this type, in which hornblende and biotite are the chief 
basic constituents. The same thing is true of the second type, in which the 
hornblende, the distinguishing characteristic, is locally aln~ost wholly replaced 
by magnetite o r  biotite." (Pp. 414-415.) 

The summary of Van Hise gives a fair estimate of the condi- 
tion of knowledge of the geology of the Highland rocks in the 
year 1891. Since this time all the work done in the region has 
been devoted to the study of  comparatively small areas in the 
hope that some of the uncertainties in the problem might be 
cleared up. 

About this time the U. S. Geological Survey entered the field, 
and, in co-operation with the State Survey, began the mapping 
of the area around Franklin Furnace and Hibernia. The first 
result of this work was an article by J. E. iVolffl, in which is 
discussed the geological structure in the neighborhood of Hi- 
bernia. The rocks of the area are described as acid gneisses that 
grade into each other through variations in the proportions of 
their constituents, but which on the whole form well-defined beds 
that vary widely in thickness. All are characterized by a pitch 
structure due to the elongation of the mineral components and 
their arrangement in lines that (lip northeastward. This is 

' Annual Report of the State Geologist for 1893, pp. 3 5 ~ 3 6 9 .  
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thought to be an original feature and not a structure produced 
by shearing, since the minerals seem to be entirely unaffected by 
strain, cracking or granulation. Pegnatites and dioritic g~leisses 
are also met with, both of which are thought to be intrusive in 
the siliceous gneisses. All the rocks are folded into small sharp 
folds. 

m e  strike of the gneisses associated with the ore bed sug- 
gests the presence of a fold,. 

"the center of which is about one mile due north of Hibernia. with the orc- 
bed, a s  far a s  now explored, lying on the eastern flank at  a level several hun- 
dred feet above the lowest rocks in the center of the fold." 

The rocks comprised in the fold are regarded as forming a 
series 3,000 feet thick. The most constant and uniform bed that 
could be traced on both sides of the fold consists of a fine or 
coarse red-weathering gneiss composed of quartz, orthoclase. 
plagioclase, garnet, biotite, magnetite and often graphite. This 
bed is supposed to lie above the ore and to be separated from it by 
a thickness of about 2,000 feet of rock. I t  is thought that the 
bed may represent a limestone horizon. The conclusions of the 
author with reference to the origin of the rocks is as follo\vs: 

"The whole series has a top and bottom, the rocks near the center of the 
dome having originally been below those a t  the periphery, so that as we g o  
outward from the center we pass to higher levels, and moreover, the different 
layers of the series must have been once hori,zontal, or nearly so, and forced 
into their present positior~ by folding, ttnless the common facts of stratig- 
raphy can be set aside. 

"That the foliation, in part a t  least, is parallel to the bounding planes of 
the different layers of rock (bedding), and that the pitch and foliation are  
closely connected, since one takes the place of the other o r  both occur to- 
gether; also, the pitch is plainly connected with lateral compression, since it 
is parallel in direction and angle to the axes of crumples in the gneiss. 

"That the essential crystallization of the.rocks a s  we now find it took place 
either during or  after the action of the compressing forces which folded the 
rocks and produced pitch, but not before, since the pitch-structure is  inherent 
in the shape of the minerals a s  they crystallized; and that hence. if we con- 
sider the rocks to have been formed by a series of eruptive flows or segrega- 
tions, one above the other, they must have been able, while in the fused state, 
t o  act as solid masses in order to form the folds which have been described- 
a difficult assumption. 

"It is, perhaps, not possible to state definitely at  present whether this origi- 
nal bedded series was water-deposited or clastic in the ordinary sense, or of a 
different nature. Facts already obtained near the Hibernia region point to 
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the transition of a similar garnet rock into limestone. Should this be estab- 
lished, it will go far towards establishing the sedimentary origin of this series, 
and its consequent classification as Algonkian." (Pp. 363-369.) 

In 1895 a second paper1 was presented in which Westgate 
classified the rocks of Jenny Jump Mountain as granitoid, bio- 
tite-hornblende gneisses, hornblende-pyroxene gneisses, biotite 
gneiss, hornblende-biotite gneiss and white limestone. These 
are cut by pegmatites, arnphibolites and diabases. The gneisses 
occur in broad bands with a northeast strike, and in structure 
correspond with similar gneisses elsewhere in the Highlands. 
The bands themselves are banded in a smaller way, which minor 
banding may be the result of .sedimentation, or, as seems more 
probable, may be a secondary structure produced by dynamic 
metamorphism. The pegmatite is in dikes and irregular lentic- 
ular patches in the other gneisses. The amphibolites are black 
hornblende-feldspar gneiss interleaved with the lighter-colored 
gneisses in the form of long, narrow bands. They are regarded 
as igneous. 

The gneisses, viewed as a whole, are described as being grani- 
toid and usually massive. There is a noticeable absence of 
crumpling and contortion and no well-defined schistosity in them. 
Their banding is uniform and constant, but no evidence was 
discovered that any of the light-colored gneisses are of detrital 
origin. Their structure was regarded as possibly secondary. 

"At any rate, the mere presence of banding in the gneiss is certainly no 
proof, perhaps not even an indication, of sedimentary origin; for banding in 
gneiss has been repeatedly shown to be of secondary origin. On the other 
hand, the massive character which some of the granitoid gneiss assumes sug- 
gests an eruptive origin, and that a part at least of the gneiss is a meta- 
morpbosed granite." (P. 33.) 

The hornblende gneisses were thought to be identical with 
certain black gneisses associated with the limestones, and these 
are regarded as intrusive. But the author does not consider it 
safe for this reason to conclude that all the areas of dark horn- 
blende-gneisses are eruptive. 

A study of the structure of the mountain revealed the presence 

' Ib. for 1895, pp. 21-61. 

I 2  ORE 
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of no folding, and none could be worked out by the study of 
minor puckerings, for none such exist. 

The white crystaline limestones were studied in detail. They 
were concluded to be pre-Cambrian sediments and not metamor- 
phosed Kittatinny limestones, as Rogers and Nason supposed. 
The reason for this conclusion is the uniform character of the 
rocks throughout their entire extent and the absence of meta- 
morphism near their contacts with the gneisses. 

Associated with the linlestones, Westgate discovered a few 
rocks different from any that had theretofore been described from 
the Highlands. These are gray, banded, micaceous. graphitic and 
fibrolitic gneisses, and a quartz-pyroxene rock. They occur as 
narrow bands following the bedding of the limestones with a 
uniform thickness for long distances. They were regarded as 
metamorphosed calcareous sediments. Hornblende gneisses. 
amphibolites and diorites also occur with the limestones. The 
greater part of these, i f  not all. are thought to be igneous. 

The third paper, published by the U. S. Geologists as the result 
of their work, did not appear until 1898, when J. E. Wolff and 
A. H. Brooks1 again discussed the age of the white limestone. 
These authors proved it to be pre-Cambrian. as Kitchell, Cook 
and Westgate thought, and therefore not a metamorphosed 
phase of the Icittatinny limestone, as Rogers and Nason believed. 
Certain of the white gneisses that cut the limestones they clecidetl 
to be intrusive. 

In 1904, Peck2 described the gneisses near Phillipsburg and 
the associated limestones and talc but attempted no discussion of 
the origin of the gneissic rocks. 

In the same year A. C. S p e n ~ e r , ~  in two articles, attempted 
the first explanation of the origin of the gmeisses and the cause of 
their intimate association, which was based on structural evi- 
dence. His most important cunclusion was that all the gmeisses 
are igneous. 

Of the three types of gneisses recognized, two were found in- 
truding the limestone and the third, while not intrusive into the 

'Eighteenth Ann. Rep. U. S.  Geol. Survcy, Pt. 11. 1898, p. 425. 
' X ~ ~ n u a l  Report of the Statc Geologist for 1904, pp. 161-186. 
Ib. 247-253. 
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limestone, was thought to cut the other two. Pegnlatite cuts all 
the other rocks. The magnetite was found ahtrays to be closely 
associated with the pegmatite. The ores occur with aH types of 
country rock. Where limestone is the matrix the inagnetite often 
impregnates the rock for a considerable distance from. the peg- 
matite, though in other cases the ore is limited to the vicinity of 
the contact between the limestone and the dike. -4.t all the nines 
the pegmatites contain magnetite as an essential component. At 
Edison where the ore is associated with gneisses the rock is com- 
pletely penetrated by thin vein-like stringers of pegmatite. The 
intimate association of magnetite and pegmatite, here and else- 
where, led to the conclusion that the two are connected in origin. 
The pegmatites seem clearly to be invasions of niaterial from some 
deep-seated source. They may have beell the active agents in 
segregating the oxide of iron both in the dikes themselves and in 
the wallrocks. 

In a second article Spencer1 elaborated his conclusions and 
gave a few details as to the association of the different rock 
types. The structure of the gneisses he stated to be, in his 
opinion, original and their banding to be the result of fluxion. 
Three types of gneiss were distinguished, I )  a light-gray variety 
containing microcline and microperthite as the predominant feld- 
spars, 2)  a white or light-green variety composed of oligoclase, 
quartz and augite with only a sniall quantity of potassium feld- 
spar, and 3 )  a black or  dark-gray variety composed essentially of 
oligoclase and hornblende. These rocks intrude the white lime- 
stone, and are intruded by pegmatite, which is a coarse rock 
with a variable composition, but in which oligoclase and horn- 
blende are very common.   he magnetite was found in all the 
rocks, but with it was nearly always associated more or less 
pegmatite. The poorer ores are simply magnetite-bearing peg- 
matite. The richer ores contain hornblende and feldt;par, and 
often particles of the iron oxide are completely enveloped in 
hornblende. From these facts the author concluded 

"that the masses of  hornblende and magnetite both originated as segregations 
connected with the invasion of the pegmatites. Instead of being bog ores or 

Mining Magazine, Vol. X, No. 5, 1904. 
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carbonates deposited in sedimentary rocks and later changed to magnetite by 
metamorphism, as formerly suggested, they apparently have been introduced 
as products of igneous activity. The  process suggested, however, must not 
be confused with magmatic differentiation as  commonly understood. * * * 
According to this view pegmatites are formed by the crystallization of sili- 
cate minerals from a condition which has been described as aqueo-igneous 
fusion or igneo-aqueous solution, it being held that all gradations from 
relatively dry magmas to  perfect water solutions may exist, and in certain 
cases give rise to rocks partaking of the characteristics both of veins and 
of igneous dikes. 

"The similarity of the hornblende and magnetite, both where they are cut 
by the later pegmatite and where they lie within the feldspar rock or aloiig 
its walls, is evidence that the minerals in these different relations must have 
formed in essentially the same way. 

"The process is not regarded as one of mere separation and bunching of 
dark silicates and magnetite within masses of crystalline rock origiilally con- 
taining the requircd elements in the necessary proportions ; but it is conceived 
that the accretion of certain substances, such as the iron oxide, was brought 
about by the addition of material dissolved in magmatic waters which per- 
meated and moved through the pasty pegmatites as  long as they were in an 
unconsolidated condition. These waters are also appealed t o  in explanatioil 
of deposits in limestones where there is no actual contact with pegmatite 
masses, and it may be that they have caused a replacement of calcite by 
metasomasis." 

A few years later W. S. Bayley,' in a description of the geol- 
ogy of the Highlands portion of the Passaic quadrangle, also 
concluded that the greater portion of the gneisses are igneous. 
These were supposed to be intrusive into a pre-existing series of 
old rocks which are now represented by the white (Franklin) 
limestone, a few quartzites, conglomerates and micaceous schists 
and a series of black gneisses, which may be metamorphosed 
tuffs or clayey sediments. The age of these is regarded as Gren- 
ville (Algonkian). Subsequent pegmatites cut igneous and sedi- 
mentary rocks alike, and finally the whole complex was cut by 
Newark diabase dikes. 

?'he ores were found to be associated in part w8ith pegmatites. 
in part with limestone, and in part with gneisses. Those associ- 
ated with the pegrnatites were considered as  an essential part of 
this rock, and, therefore, as intrusive. The origin of the remain- 
ing ores is left in some doubt. They are neither igneous in the 
sense used by Rogers nor metamorphosed sediments in the sense 

'Folio 157, U. S. Geol. Survey, pp. 4 and 25; Folio No. r, Geologic Atlas 
of N. J., pp. 4 and 25. 
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in which this term is employed by Kitchell. Some of their ma- 
terial may have been incorporated with the sedimentary material 
that yielded the black gneisses, but in their present condition the 
ore bodies are believed to have been introduced in part, at least, 
by "hot circulating solutions under conditions of igneous meta- 
morphism." Subsequent to its formation, however, the ore is 
thought to have been able to move as a mass and to a moderate 
extent to invade the surrounding rocks in-the form of small dikes 
or veins. 

A. C. Spencer1 becomes a little more definite in his discussion 
of the magnetites of the Franklin Furnace area. H e  ascribes 
the .gneisses to "the solidification of silicate magmas of deep- 
seated origin," but declares that these magmas may have 
"derived from the deep portion of the lithosphere dissolved and incorporated 
portions of the previously solid rock into which they were injected. * * * 

"It is possible that the ma-as or silicate solutions contained considerable 
water, and that cooling and decrease of pressure led to the beginning of solidi- 
fication by the separation of the least soluble constituents through crystal- 
lization. Once divided into solid and fluid portions, separation of these 
phases might ensue, and such separations would amount to differentiation of 
the original magmas. I t  is believed that in some such way, and possibly also 
by the absorption of older rocks, all the varieties of the Losee and Byram 
gneisses may have originated. This differentiation hypothesis provides also 
for the production of metamorphism in the Pochuck gneiss and the Franklin 
limestone and suggests a method by which the notable deposits of iron and 
zinc ore may have been segregated. Hot mineral-bearing waters expelled 
from the magmas during the progress of crystallization would have been able 
to produce the observed metamorphism and the ore deposits. 

"The foregoing considerations are recognized as, for the most part, highly 
speculative, and in reality the history of pre-Cambrian time is very obscure. 
What may be confidently stated is that all the rocks of the ancient complex 
reached their present state of crystallinity together, during a period in which 
materials were being transferred from the deep earth toward the surface; 
that an unmeasurably long period elapsed before the oldest Paleozoic rocks 
were laid down; that during this interval deep erosion ensued ; and that when 
the Paleozoic seas advanced over the region it had been reduced to an almost 
featureless plain. I t  is probable that the interval between the original deposi- 
tion of the Franklin limestone and the deposition of the Hardyston quartzite 
was longer than the sum of all the subsequent periods." 

With reference to the ores Spencer2 remarks that their origin 

"Folio No. 161, U. S. Geol. Survey, 1908, p. 19; Folio No. 2, Geol. Atlas 
of N. J., 1908 p. 19. 

'Folio 161, U. S. Geol. Survey, 1908, p. 8 ;  Folio 2, Geologic Atlas of 
Sew Jersey, I@, p- 8- 
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is obscure. Since they offer in themselves no adequate clues for 
determining their origin, 

"the best that can be done in this direction is to assign the deposits to the 
most probable place in the geologic history of the pre-Cambrian rocks. * * * 

"The magnetite ores * * * are helievcd to havc Ixcn formed by ignrous 
processes connected with thc invasiot~ of thc region by the granitoid rocks 
which are characteristic of tllc prr-Can~l,rian area." 

In some of the mines, as at  .4ndover, it appears probable that 
the ore was deposited 'from solutions as replacenients of lime- 
stone, shale, etc. Elsewhere, more particularly where the ore is 
in the gneisses. the magnetite appears to have had a magmatic 
derivation. 

"Some of the ore-bodics may be essentially masscs of igneous rock which 
acquircd the characteristic tabular form during tlie general migration of the 
deep-seated magmas that gave risc to the gneisses of the region; others may 
represent shreds of limestone or  other rock, older than the igneous gncisses. 
that were soaked and altered by solutions emanating from the invatlir~g 
magmas." 

The existence of magnetite-bearing pegmatite is considered 
corroborative evidence of the correctness of the view. that the 
source of the iron was deep-seated and that its concentration . 
occurred through igneous or magmatic agencies. 

Leithl, in his classification of the iron ores of Canada, places 
the New Jersey magnetites, or at least some of them, in his 
"pegmatite type," defining this as ores extruded from magmas 
after their greater portions have partially cooled and crystallized. 
"They are deposits from essentially aqueous solutions mixed in 
v a r ~ i n g  proportions with solutions of quartz and the silicates." 
T o  this class, among other types of ores, are assigned those along 
the contacts of limestone and igneous rocks. 

SUMM:\RY O F  CONCLCSIONS REACHED BY STUDIES OF MAGNETITE 

DEPOSITS I N  OTHER DISTRICTS. 

Though much of the work that has been done in this country 
upon the magnetite ores has been in connection with those of 
the Highlands in New Jersey and New York, not a little energy 
-- 

I Economic Geology. Vol. 111, I&, pp. ~ 6 2 9 1 .  
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has been expended in the attempt to learn something definite 
about the origin of this class of ores in other portions of the 
United States. The magnetites of the Adirondacks have been 
studied assiduously by Kemp, Cushing, C. H. Smyth and New- 
land, but the conclusions reached by these geologists is not 
much more definite than those reached by the students of the 
New ~ & s e ~  ores. 

The rocks of the Adirondacks are very similar to those of the 
Highlands, with the addition of gabbros and anorthosites as late 
intrusives and a comparatively large development of schists that 
are believed to be metamorphosed sediments. l e s e  are usually 
associated with white limestones. Kempl regards the ore body 
at the Hale mine as a part of the white limestone that is rich in 
magnetites. 

C. H. Smyth2 declares that the pre-Cambrian limestones of the 
northern Adirondacks are interbedded with micaceous and gar- 
netiferous gneisses, and with pyroxenic and hornblendic gneisses, 
some of which have the appearance of interbedded members of a 
sedimentary series, while others closely resemble intrusive rocks. 
The latter are much mashed, thus being unlike the corresponding 
New Jersey rocks. Between the areas of the limestone-gneiss 
series are other areas in which the rocks are mainly very massive 
gneisses that are thought to be, at least in part, of igneous origin. 
Cutting all these rocks are distinctly intrusive mica granites, dio- 
rites, gabbros and diabases. 

Among the phases of the gabbro is described an augite syenite, 
closely resembling the Byram gneiss of New Jersey. Many of 
the more massive gneisses are also regarded as phases of the 
gabbros. 

Later H. C. Cushing3 also described the augite syenite from 
another portion of the Adirondacks, and, like Smyth, considered 
it a phase of the gabbro. 

As work in the region continued larger areas were surveyed, 
attention being devoted mainly to the distribution of the gneisses. 

' Bull. Geol. Soc. of America, Vol. 6, 1895, pp. 241-262. 

' Ib. p. 263. 
'Bull. Geol. Soc. of America, Vol. 10, p. 77. 
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As in the case of the corresponding New Jersey rocks, this later 
work tended toward the conclusion that the gneisses are igneous, 
and that their association with the ores cannot be considered as 
lending credence to the view that the latter are members of a 
sedimentary series contemporaneous with a set of siliceous sedi- 
ments which later by metamorphic processes gave rise to  the 
gneisses. 

I n  1900 Kemp,' Cushing2 and Smyth3 all mapped large areas 
of the Adirondacks finding exactly the same conditions prevail- 
ing over the country studied a t  this time as were observed over 
other portions of the area in 1895. Smyth declares that the 
gneiss series is a complex, but he groups all of the gneisses 
together because the difference in the ages of the different units 
is+ comparatively slight, and because all are believed to have 
originated in a common source. Some of them are intrusive in 
the limestone and are therefore known to  be igneous. Some of 
the gneisses also enclose fragments of schist that often appear 
as  dark bands in the lighter rock. 

A further contribution was made in the succeeding year by 
Cushing4 in the statement that the syenite cuts the anorthosite 
and is cut by granite. Since, on the other hand, it grades both 
into the anorthosite and the granite, the author considers all 
three rocks as differentiates of a single magma and as younger 
than the sedimentary Grenville rocks. The succession in the 
district is thought to be as follows : I )  a great group of gneisses, 
in part probably igneous; 2 )  a series of crystalline limestones 
and quartz, sillimanite and graphite gneisses, believed to be meta- 
morphosed sediments (the Grenville series), interbanded with 
dark basic gneisses that are probably igneous, and 3) intrusive 
anorthosites, granites and syenites. 

In a later publication5 he groups a number 'of the gneisses 

'Fifty-third Ann. Rep. N. Y. State Museum for 1899 (dated Dec., I W ) ,  
r. pp. 23-35 

a Ib. r. pp. 3-2. 
' Ib. r. pp. 83-104. 
' Fifty-fourth Ann. Rep. N. Y. State hi~rsetlm for ~ p o o  (Dated 1902), VOI. 

I .  r. p. 23. 

'Bull. 95, N. Y. State Museum, 1905. 
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under the name of the Saranac formation, which is regarded as 
younger than the Grenville series and as igneous in origin. 

The magnetite deposits, according to Kemp: occur in micro- 
perthitic and pyroxene gneisses of this formation, I )  on the 
contact between these gneisses and the gabbros, 2 )  on the con- 
tact between gabbros and the gneisses involved with the crystal- 
line limestone (presumably sedimentary gneisses), 3 ) and, 
finally, within the limestones near gabbro intrusiohs. The rela- 
tions of the ore bodies to the surrounding rocks are the same as 
in New Jersey. With reference to their origin the author 
remarks that many geologists have regarded* the magnetites asso- 
ciated with the pre-Cambrian gneisses 
"as segregated veins whose iron-oxide was collected by a leaching of the 
neighboring wallrock and a concentration of it into lenticular masses parallel 
to the foliation (or supposed bedding) of the gneisses. It  is, however, diffi- 
cult to concejve of the ores coming through hard crystalline rocks in this 
way (unless the deposits were formed before metamorphism) and of making 
a place for themselves by either forcing the wallrock to bulge laterally or by 
replacing it. If deposition before metamorphism is assumed, we are then 
brought back to the uncertain ground of what the rocks were in those early 
times. The lenticular shape is best accounted for by pressure and consequent 
stretching of a bed or mass already formed, and for magnetites not associated 
with rocks demonstrably igneous, the above conception of a segregated vein 
may properly seem reasonable.' 

"Others have thought them replacements of limestones, presumably stretched 
out into lenticular beds by dynamic metamorphism ; but these magnetite mines 
are notably lacking in minerals involving much lime; and calcite, while 
occasionally met in small cross-fissures, is, as a rule, a .rarity.' Its original 
existence is a matter of assumption. 

"Again, conceiving of the gneisses as originally fragmental sediments, the 
magnetites and their associated apatite have been regarded as concentrated 
placers or shore-deposits of relatively heavy minerals, such as we sometimes 
see along large rivers or on sea-be ache^.^ This view has claims to serious 
attention; but, again, it is huilt on the uncertain foundation of the early 
history of the gneisses. * 

~ - 

'Trans. Amer. Inst. Mining Engin., Vol. 27, 1898, pp. 146203. 

'Compare R. S. Tarr,"'Economic Geology of the United States," p. 130. 
'See, in this connection, J. P. Kimball's "Genesis of Iron-Ores by Iso- 

morphous and Pseudomorphous Replacement of Limestone, Amer. Jour. Sci., 
Sept., 1891, 231 ; Amer. Geologist, Dec., 1891, 352. Archean magnetites are 
not specifically treated. 

4This conception is urged hy B. J. Harrington, Can. Geol. Survey, 1873- 
74, p. 193, and by A. A. Julien, Proc. Philadelphia Acad. Sci., 1882, p. 335. 
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"It is to be remembered that [in dealing with the magnetite deposits,] 
have to deal with long, irregular bodies of magnetite, a t  times in double or  
triple beds, o r  chutes, with much pegmatite associatcd, that itself contains 
large crystalline masses of magnetite. Traccs of titanic acid have been met 
in all the mines; but it is in vcry small quantity and may be largrly in thc 
form of dissemination of titanite, a mineral that is common in the associated 
wallrock. On the analogy of the neighboring titaniferous ores that occur in 
gabbro and that are  unquestionably of igncous origin. i. t - . ,  by thc crystalliza- 
tion and concetltration of titaniferous magnetite in a fused and cooling 
magna-one might infer the same for these, lying. as they do. along the 
outer portions of a gabbro intrusion." (Pp. 191-192.) 

T o  the author it seemed most reasonable to regard the ores 
near Port Henry, N: Y., which are near contacts between gneisses 
and the intrusive gabbro 

"as contact-deposits formed by thc influence and stimulus of the gabbro in- 
trusion; but, at the same timc, the difficulties and uncertainties are appre- 
ciated, and the conception is supported as the most  rt-asonable one, rather 
than a s  one absolutely demonstrated. Their history would then be somewhat 
a s  follows: In  pre-Cambrian time, and before the complete metamorphism of 
the gneisses from their original conditions, whatever they were, and while 
the rocks were deep-seated. the intrusion or  intrusions of the gabbro took 
place. Attendant on thcir cooling and crystallization. the omission of highly- 
heated solutions of iron and other compounds transpired, presumably with 
vapors in some degree, and these circulating along the various contacts gave 
rise to the ore-bodies. They must have replaced in large part thc wallrocks 
and have made a place for the iron-oxide in this way." ( P .  193.) 

At the same time great masses of pegmatites came into exist- 
ence. 

"Iron ores themselves have becn referred to contact action in Norway, and 
on looking the subject up, the writer discovered that the s;tnlc view had been 
taken some timc ago by Prof. Vogt' for certain ores in Norway that are gen- 
erally associated with granite. * * Professor Vogt even goes so far a s  to 
refer to the igneous intrusions the formation of veins as much as 1.5 kilo- 
meters distant, but while one might hesitate about such remote instances as 
these, greater confidence nlay be felt regarding those at  or  very near the con- 
tact. As investigation of the geology of the Adirondacks progresses, it, is  
more and more evident that the parallclism with that of Scandanavia is  in 
many ways very close." ( P .  194.) 

Very recently D. H .  Newland2 has summarized his views on 
the geology of the Adirondacks in a paper in which he described 

' J. H. L. Vogt. On Dannelse af jernmalmforekomster. especially Part  11. 
Jernmalmvorkomster dannede red pneumatolytiske processer. ("On the  
Formation of Iron-Ore Bodies." Par t  IT, Iron-Ore Bodies formed by Pneu- 
matolytic processes.) Norges Geologiske UndersGgelse. Kristiania, 1892. 

' Economic Geology, Vol. 11, ~ g g ,  p. 763-773. 
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the rocks of the region as  a series of limestones, gneisses, schists 
and quartzites which he correlates with the Grenville series of 
Canada. These rocks are cut by anorthosite, gabbro, syenite 
resembling the Byram gneiss of New Jersey, granite, various 
gneisses derived from the more massive rocks and a group of 
gneisses of doubtful origin that are tentatively placed in Cush- 
ing's Saranac formation. The ores as described are like those 
of New Jersey in composition and in their associations. In form 
the ore-bodies are also in general similar to those in New Jersey 
except in the eastern portion of the area where they 

"often exhibit a complexity of pinchcs, swells and compressed folds that 
afford puzzling structural problems!' "These forms are believed to be con- 
ditioned by the structures of the enclosing rocks, and therefore it is inferred 
that the ores 'must have been deposited before the regional metamorphism 
took place, or at least before the rocks received their present structural 
arrangement. They have passed through all the vicissitt~des of squeezing and 
deformation impressed upon the walls.' " 

Attention is called to the fact that there is no uniform associa- 
tion of ore and country rock-that the ore may occur with walls 
of any of the rocks in the region except the most basic ones,.and 
that in some cases the ore is nothing but country rock impreg- 
nated with magnetite. 

The ores are supposed to have originated within the wall rocks, 
mainly by magmatic differentiation. Gaseous and water circula- 
tions set up by the cooling magmas are thought to  have helped 
to assemble some of the ore-bodies. The titaniferous magnetites 
associated with the gabbro of the region are considered by all 
geologists as segregations from the gabbro magma. The acid 
magmas constituting the gneisses are known to grade into one 
another, and, consequently, are conceived as being differentiates 
of a single magma. There is as much iron in the gneisses as in 
the gabbros, and there is titanium in both rocks. In the gneisses, 
which are the most acid rocks, the titanium combined partly with 
calcium and silica, forming sphene, while in the gabbros with a 
deficiency in silica the titanium combined with iron in the mag- 
netite. 

Where the ore bodies are in the Grenville gneisses and schists, 
the ore is apt to be highly pyritiferous, the pyrite having origin- 
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ated, probably, in organic matter in the sedimentary rocks from 
which the schists were made. 

No explanation of the method of origin, of these ores is pro- 
posed. The author thinks the evidence in favor of their sedi- 
mentary origin is not strong. H e  believes, however, that they 
may have been 

"formed before the surrounding rocks had undergone their final compression 
and folding, because they have laminated textures and conform in their 
arrangement to the general field structures. 

"Their introduction may thus have taken place before the period of general 
metamorphism, in which case it might have been accomplished by under- 
ground circulations, with limonite or carbonate replacing the original shales 
and limestones as the first step." 

The presence of organic matter in the beds, which is suggested 
by their content of graphite, would tend to the productioi~ of 
magnetite rather than hematite. 

In a later paper the author1 describes in detail the mines of the 
Adirondacks, and discusses the origin of the ores in practically 
the same words as are used in his preliminary paper, and finally 
K ~ e b e r l i n , ~  in discussing the origin of the Tilly Foster and the 
Croton ore botlies in the Breivster district, New York, ascribes 
both to magmatic agencies. The Tilly Foster ore is thought to 
be the result of the action of solutions and vapors upon a body 
of limestone, and the Croton ore body to be the result of the 
segregation of magnetite within a sill of syenite intruded into 
schists. 

Magnetite ores in old ~r~sta l l ine ' rocks  have been studied in 
several other portions of North America, but in most cases there 
is more or less doubt expressed as to their origin. Those of 
Eastern Ontario are described by F. J. Pope3 as occurring in 
Laurentian gneisses and Grenville schists and limestones. The 
ore bodies are lenses and impregnations in the schists and 
gneisses and in crystalline limestones at  their contacts with the 
schistose rocks, which are regarded as metamorphosed sedimepts. 
m e  ores gratle into these. In some places the schists immedi- 

'Boll. 119, N. Y. State Museum, Albany, 1908. 
'Economic Geol. Vol. IV., p. 713-7j4. 

'Trans. .I\n~er. Inst. Min. Eng., Vol. 29, p. 372. 
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ately contiguous to the ores are acid gneisses containing bands of 
black schist and in other places are hornblende schists which are 
thought to be metamorphosed diorites or diabases. The ore 
bodies in the schists are composed of aggregates of magnetite, 
hornblende, pyroxene and garnet with fluorspar, quartz and uran- 
inite present in a few cases. Those in the limestone consist of 
hornblende and augite with some serpentine and epidote. 

In North Carolina the conditions appear to be somewhat 
similar in general but to differ in detail from those in New Jer- 
sey. Arthur Keith1 describes the ores as occurring in pods in 
a granite-gneiss. These lie parallel to the schistosity of the 
gneiss as great lenses dipping to the southwest. The magnetite 
is associated with a gangue composed of hornblende, pyroxene, 
epidote, a little feldspar and quartz. 

The ore bodies were deposited much later than the production 
of the schistosity in the enclosing gneiss. I t  is inferred by the 
author that they were not due to original segregations from the 
granite, but that they were secondary phenomena. They are 
regarded as replacements of granite, through the action of cir- 
culating water charged with mineralizing agents. This dissolved 
the rock and perhapstadded to the rock minerals and re-deposited 
the material in favorable situations. While the deposits have 
not the shapes of veins, their occurrence was controlled by the 
schistosity of the granite. I t  is thought that the mineralizing 
solutions were put into action by the great masses of gabbro that 
lie a t  some little distance from them, though in some places there 
are no igneous rocks in the vicinity of the ores that can be 
appealed to as sources of such solutions. 

The magnetites of Utah are believed by E. P. Jennings2 to be 
igneous intrusions that were differentiated from a subterranean 
basic source. Leith and Harder3, on the contrary, explain the 
Utah ores as the result mainly of contact action upon limestone. 

These ores are on the contacts of limestone with aildesites oc- 
curring as laccolites. From the relation of the magnetite to the 

'Bull. No. 213, U. S. Geol. Survey, 1903, p. 243. 

'Trans. Amer. Inst.-Min. Eng., Vol. 35, p. 338-346. 
'Bull. No. 338, U. S. Geol. Survey, p. 75-86. 
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limestone ant1 the andesite, tlie character of the minerals asso- 
ciated with it in tlie ores, and tlie manner of occurrence of the 
latter it is sho\\!n very clearly by these two geologists that the 
origin of the ore must be ascribed to hot solutions 

"rising from a deep-seated source t h r o ~ ~ g h  fissures in the andesite now filled 
with ore, a t  a pcriod closely following the crystallization of a t  least the outer 
part of the laccolitic luass." (P. 76.) 

The principal source of the solutions is thought to have been 
the hot antlesite magma, and the solutions themselves are inferred 
to have been above the critical temperature of water (365"). 
The ores were further concentrated by hot solutions flowing from 
lavas that were laid down upon the ores and associated rocks. 
These introduced new minerals into cavities in the ores, adding 
small quantities of iron cotnpounds, among other things, to the 
aggregate of magnetite and silicates already existing. Weather- 
ilig processes have also modified the ores but resulting enrich- 
ment has been almost nil. 

The famous magnetite deposits at Cor~lwall and at other 
points in Berks and Lebanon counties, Pennsylvania, are con- 
sidered by A. C. Spencer1 to have a similar origin. These ores 
are at the contacts of Paleozoic shales and limesto~les with in- 
truded diabases. The ore-masses are regarded as the result of 
contact metamorphism. The theory of their origin 

"is that the magnetite ore-bodies of the Cornwall type have been formed by 
the more or lcss complcte metasomatic replaccmcnt of sedimentary rocks, 
mainly li~nestoncs and limy shales, by iron minerals precipitated from per- 
colating heated solutions sct into circulation by invading (tiabase." (P.187.) 

Over sixteen years ago Vogt reachetl practically the same con- 
clusion \\it11 respect to the magnetites of Nor\vay (see p. 186). 
Triistedt2 considers the similar ores of Pitkaranta, Finland, as 
partly replacements of limestone at the contact of granite intru- 
sions, produced by solutio~ls emanating from the granite magma, 
and partly as tlirect precipitates from these solutions; and finally 

'Bull. No. 315, V. S. Geol. Snrrcy, p. 18j-1%. 
' Otto Triistedt : Dic Erzlagerstitten von Pitkiranta am Ladogo. See Bull. 

No. 13, Corn. Gcol, de Finlande. rgoj. Abstract in Ecorlomic Gcol., Vol. 111, 
No. 6, p. 540. 
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Stutzer,' in discussing the magnetites in the pre-Cambrian rocks 
of Lapland, assigns to them a magmatic origin, believing them to 
be differentiates of the magmas which produced acid porphyritic 
rocks with which they are associated. In certain of the districts 
described the ores are associated with gneisses which are in many 
respects almost identical with the gneisses associated with the 
ores in New Jersey. 

In summarizing the discussion on the origin of the magnetic 
ores, J. F. Kemps enumerates the following theories that have 
been proposed from time to time to explain them. No one is 
favored by the author to the exclusion of the others. The reader 
is left to take his choice. 
I. Intruded (eruptive) masses. This theory supposes that the lenses have 

been intruded like t r ap  dikes, and have been squeezed and pinched apart. 
Though formerly much advocated, it is now generally rejected. 

2. Excessively basic portions of igneous rocks. This supposes that large 
amounts of iron oxide have separated in the cooling and crystallizing of basic 
magmas. There are  such occurrences, although seldom, if ever, pure enough 
or  abundant enough for mining. The  titaniferous magnetite of the Minne- . sota gabbros is of this class, and also the Brazilian ore and the Cumberland 
Hill  (R. I.) peridotite ore. Should such igneous rocks be subjected to 
regional metamorphism and the stretching action characteristic of it, the ore 
masses might be drawn out into lenses. 
3. Metamorphosed limonite beds. This idea has been most widely accepted 

in the past for the New Jersey deposits. I t  pre-supposes the existence of 
limonite beds which became buried and subjected to metamorphism, chang- 
ing the ore to magnetite, and the walls to schists and gneisses. Igneous rocks 
have apparently changed limonites to magnctites a t  Cornwall, Pa., and in 
Utah, but such changes by regional metamorphism are less easy to demon- 
strate. 

4- Replaced limestone beds, or siderite beds subsequently metamorphosed 
as in the Lake Superior region. Such deposits may pass through a limonite 
stage, and after metamorphism may become magnetite. 
5. Submarine chemical precipitates. 
6. Beach sands. According to this theory the lenses are regarded as hav- 

ing been formed as beaches along a shore. The same heavy minerals somo- 
times occur with magnetic lenses as are found on beaches.' 

'0. Stutzer: The Geology and Origin of the Lapland Iron Ores. Neues 
Jahrbuch fiir Mineralogy, etc., B. B. XXIV, 1907. and Journal of the Iron 
and Steel Institute, No. 2, 19~7. Abstract in Economic' Geo.. Vol. 111, No. 
6, P. 545. 

' The  Ore-deposits of the United States and Canada. N. Y., 1go5, pp. 181- 
183. 

'See B. J. Harrington, Can. Geol. Survey, 1873. 193; A. A. Julian, Phila. 
Acad. Sci., 18th. 335. 
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7. River bars. This regards the lenses as due to the concentration of 
magnetite sands in rivers or flowing currents. Hence the overlapping lenses, 
the arrangement in ranges or on lines of drainage, and the occasional swirling 
curves found on the feathering edges of lenses, as in the Dickerson mine, 
Ferromont, N. J.' I t  is also reasonable to suppose that lakes o r  still bodies 
of water may have occurred along such rivers and have occasioned the 
accumulation. 

8. Segregated veins. By this method the iron oxide is conceived to be con- 
centrated by slow segregation in solution from a state of dissemination in the 
walls to form the ore bodies along favorable beds. The action is analogous 
to the formation of concretions; and is illustrated on a small scale by the well- 
known disks of pyrite, or of siderite, that form in clays and shales.' It is a 
curious fact, however, that some magnetites are in wallrock that hardly shows 
a trace of a dark silicate. 

The lenses at Hammondville, in the Lake Champlain district, are in a 
white or light-colored gneissoid rock, consisting of quartz, acidic plagioclase. 
and a few scattered garnets. In such surroundings segregation could not be 
applied, but where the walls are supplied with hornblende and other ferrugin- 
ous minerals, and are reasonably basic, it might be advocated. 

I t  will be noticed from this summary that as late as 1905 the 
views held concerning the origin of the magnetic ores were 
almost as numerous as the geologists who had studied them. 
The majority explained the ores as originally sediments. One 
theory accounted for them as of vein origin, but the process by 
which they were formed was supposed to be secretion from 
waters that percolated through the wall rocks, dissolving from 
these 'their iron compounds and depositing iron oxide in favor- 
able situations along selected beds. Within the past few years, 
however, as more detailed work has been done, the various views 
of different students have become less divergent. ?'he sedi- 
mentary theory has been abandoned and practically all of those 
who have studied the magnetic deposits in gneisses, whether in 
Finland,'Lapland, Pennsylvania, Utah, New York or New Jer- 
sey, have reached approximately the same conclusion-that the 
magnetites are the result of magmatic emanations; that is, that 
the source of their material was the iron in cooling igneous 
magmas, and that their deposition in their present situations 
was largely the result of upward flowing hot waters. This was 
accompanied in some places by intrusions of iron-bearing silicate , 

'See H. S. Munroe, School of Mincs Quarterly, Vol. 111, p. 43. 
'See, also, Dakyns and Teall, Quar. Jour. Geol. Soc. LXVIII. p. 118. 
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magmas, but much.of the iron was transported in hot solutions. 
The deposits are veins in the sense that their material was 
deposited from water, but this water was of magmatic and not 
of meteoric origin, and the source of the iron was beneath the 
rocks enclosing the ore-bodies, and not in them. They may be 
called, in short, igneous veins. 
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CHAPTER IX. 

ORE RESERVES AND EXPLORATION. 

CONTENTS. 

Reserve. 
Exploration. 

RESERVE. 

I t  is impossible to estimate with even approximate correctness 
the quantity of available magnetite still in the ground in the 
Highlands of the State. If the theory of origin of the New Jer- 
sey magnetites is correct, there is no reason to  suspect that the 
ore bodies do not extend to considerable depths. The depth 
alread!y reached by some of the mines without noticeable change 
in the character of the ore encountered, is corroborative evidence 
of the correctness of the inference that there is nothing inherent 
in the nature of the ores, or their method of origin that would 
limit them below. A few of the mines that had reached consid- 
erable depths have been abandoned because the ore became lean. 
or wedged out, but this is interpreted as meaning that a pinch 
in the vein had been reached! in the course of mining. that the 
lean rock t~nderlying the ore lenses had been penetrated, and that 
the expense of the dead work required to develop new lenses was 
so great that at the current price of ore it was not thought ad- 
visable to undertake the expldrations necessary for this purpose. 
In several instances, where mines had been abandoned because of 
lack of ore, later explorations succeeded in locating new ore 
bodies, and the mines again became active. In  the few other 
cases where mines were closed permanently the ore was lost by 
faulting. 

(195) 
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In  most cases of closed mines operations ceased because the 
price of ore fell below the cost of mining and transportation. The 
ore was comparatively lean, it was in small bodies, and was so 
far froin railroads that the charges for cartage became prohib- 
itive. With an increase in the price of ore it is quite certain that 
some of these idle mines will again become productive. The 
n~unl>e.r will be further increased when better transportation 
facilities are supplied. The greatest incentive to increased pro- 
duction, however, will come when the consolidation of small 
properties shall make it practicable to  erect magnetic cobbers to 
separate the ore from the useless material. Much of the ore as 
it is raised from the miries is too lean to work profitably, even 
under the most favorable conditions, so long as the price of iron 
remains near the present figure. With a small amount of con- 
centration much of this ore would be available for use even at  
the present prices of the metal. With a very little increase in 
price the quantity of ore that might be raised and concentrated 
would be greatly increased. 

At several of the now abandoned mines efforts were made 
from time to time to increase the metallic content of the ores by 
some method of concentration, but except under very favorable 
conditions the projects have not been successful from a cornmer- 
cia1 statidpoint. Statements of the results of experimental runs 
have not .been p~tblished except in the case of the Beach Glen 
mine, so that we have little data upon which to  base opinions as 
to the conditions under which such concentration of lean ores 
might become prditable. i l t  the Beach Glen mine, in 1899, crudk 
ore to the amount of goo tons yielded by magnetic concentration 
400 tons of a 60 per cent. ore, containing .oog per cent. of phos- 
phorus, and in the following year 16,84j tons of rock containing 
30 to 40 per cent. of iron gave 6,479 tons of ore with an iron 
content of 60 per cent. 

In estimating the amount of reserve ore it must be remem- 
bered that only those c;re bodies have been exploited that out- 
cropped, or that are continuations of thase that outcropped. 
From the general character of the distribution of the ore lenses 
in the veins it is probable that the present land surface must in 
many places pass through pinches between the ore lenses. If 
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this is so there n ~ u s t  be ore bodies just below the surface which, 
because they do not outcrop, have not yet been discovered. How 
many of such ore bodies may exist within working distance of 
the surface there is no means of knowing without actual explora- 
tion. There are many magnetic lines running for longer or 
s m e r  &stances in the direction of the prevalent strike of the 
veins, and these are supposed to indicate the presence of mame- 
tite at no great depth under the surface. Many of these lines 
have been explored, and in some cases ore bodies have been dis- 
closed where there was no visible evidence of their existence on 
the surface, but in most cases the explmations have lacked thor- 
oughness and have been abandoned before satisfactory results 
were reached. I t  is morally certain that a t h m g h  investigation 
of some of the other lines would also disclose the presence of ore 
bodies where they are not now known to occur. Whether these 
would prove as valuable as those that have been worked cannot 
be foretold, but from the strength of the attraction on sonle of 
the lines, their continuity, and the breadth of the magnetic zones, 
it is probable that some of these hidden ore bodies are of gener- 
ous proportions. The most systematic work that has ever bee11 
done in the State along these lines is that which was undertaken 
under the direction of Mr. Thos. A. Edism about fourteen or 
fifteen years ago. Before locating the concentrating works, 
which were later built at Edison, a thorough magnetic survey of 
the most promising ore-producing districts of the Highlands was 
made, and the results of the work were plotted in a series of 
maps, on which the lines of maximum dip were indicated. 

An inspection of these maps shows that the areas over which 
high dips have been observed are in the aggregate very large, 
thus indicating a considerable reserve of ore which has not yet 
been touched. 

The total yield of ore from the State during the past hundred 
years or more ( to  the end of 1907) is estimated at about 
22,522,000 tons (practically all magnetite), the largest produc- 
tion being in 1882, when nearly 1,000,000 tons were raised. Of 
this aggregate the Hibernia mines have yielded about 5,000,000 
tons, the Richard mine 3,000,000 tons, and the Mount Hope and 
Hickory Hill mines about an equal amount. That there is at 
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least as nlucll ore within reach in these mines under present min- 
ing conditions as has already been taken out, no one who is 
acquainted with them will doubt. Besides, there are still large 
reserves of good are known to exist in the Oxford Furnace 
group of mines, in the Hurd, Huff and Orchard mines at Whar- 
ton, in the Ford group of mines northeast of Lake Hopatcong, in 
the niines at Ringwood, and in the Ahles mine near Pequest Fur- 
nace. Tn addition there is a large quantity of ore in many aban- 
doned workings scattered tllroughout the Higlilands that awaits 
only slight concentration and cheap transportation to make it 
available for use, and an unknown but probably large quantity 
of ore that is equally as good as that now being mined. A very 
conservative estimate of the quantity of good ore still capable of 
being mined from tlie deposits already known in the New Jersey 
Highlands is 35.000.000 tons. 

If we add to the quantity of fairly high-grade ore still remain- 
ing in the active and abandoned mines of the State the quantity 
of magnetite in tlie lean ores-ores that have never been nliried 
and can never h of value without concentration-the amount of 
material that might be m d  for the manufacture of iron under 
favorable conditions will be greatly augmented. \Ve may get 
some idea of the magnitudk of the quantity when we recall that a 
plant ivith a concentrating capacity of 700.000 tons annually was 
recently const&ed at the site of the old Ogden mines. That 
this plant was not a commercial success does not invalidate the 
conclusion that a vast quantity of lean ore exists in the New 
Jersey hills. and that it can be profitably extracted under favor- 
able conditions. With a comparatively slight increase in. the 
value of ore and a modification in the method of treating the 
crude material the plant in question might have been successful. 
In any event the calculations that were so carefully made before 
the concentrator was built indicated that a sufficient suspply of 
cructc Illaterial was available to warrant the construction of a 
plant of eriornlous capacity. 

The figures upon which these calculatiolis were based are not 
now available, but a rough estimate of tlie amount of magnetite 
in the vicinity ]nay be based on what can be seen. The surface 
has been strippetl arountl the old mine sites over an area measur- 
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ing about 5,000 feet in length and zoo feet in width, showing 
magnetitic gneisses that are pretty uniformly penetrated by mag- 
netite-bearing pegmatites. The percentage of iron in the rock as 
a whole can, of course, not be estimated accurately. If,  hbwever, 
it be assumed that the magnetite content is u.niformly 12 per cent. 
of the rock as it might be quarried, i. e., taking everything, and 
that the specific gravity is 3, which is extremely low, the total 
tonnage of 72 per cent. ore in the rock above 5oo feet in depth 
is about 7,500,000'. But the width of ore-bearing rock is known 
to be much greater than zoo feet. I t  is probably at least three 
times as great. Moreover, since the strong line of magnetic at- 
traction that runs through the stripped area extends for  a dis- 
tance of 4 miles or  more it is probable that the quantity of lean 
ore contributory to  the concentrating plant is 7 or 8 times as 
great as the estimate given. 

Equally productive areas probably occur in the neighborhood 
of the Dickerson, Oxford, Ringwood, Rutherford, Byram, Allen, 
Scrub Oak, Mount Olive and perhaps some other mines. If,  
therefore, the quantity of ore that may be obtained under favor- 
able conditions in the Ogden mine area is properly estimated in 
the millions of tons, the total quantity of ore available under 
similar' conditions from the entire Highlands must be estimated 
in the hundreds of millions. Very little of this is capable of 
being utilized a t  present, but in the future when the richer ores 
of the country shall have been exhausted, the New Jersey lean 
ores will afford a source of material which will be available to 
the furnaces in the State and furnish them with a source of metal 
for many years. 

EXPLORATION. 

There are no means now known by \\.hich the positions of ore - 
bodies beneath the surface in the Highlands may be predicted 
from the geological features observed above ground. I t  is known 
that the best and most persistent veins are associatetl with tlnrk 

' I n  1900 the concentrator made a run on 7j.206 tons of rock, producing 
about ~o,ooo tons of 63% ore. This is a yield of about 13% of 63% ore, or  
12% of 72% ore (see page 278). . 
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hornblende, forming bands of nearly black rock interlayered with 
the lighter-colored gneisses, but when the ore is rich the propor- 
tion of black silicates is small and the veins are very inconspicu- 
ous. Where covered with glacial drift or with the products of 
rock weathering it is impossible to detect them. In some places, 
where the drift covering is thin, the ore and associated minerals 
weather to a coarse gravelly mass with a rusty-red color, and 
by this means the veins may be traced. But there are other rocks 
that also disintegrate and weather red, so that this feature is not 
always to be relied upon as indicating ore veins. 

Fortunately, however, this ore is magnetic, so that by tracing 
lines of magnetic attraction on the surface the positions of ore- 
bearing rocks beneath the surface may be outlined. I t  is to be 
remembered, however, that much of the pegmatite of the High- 
lands is magnetite-bearing and that the Pochuck gneiss always 
carries large quantities of the mineral, which may attract the 
magnetic needle even when it is not in definite ore bodies. Hence. 
the discovery of a line or band of attraction is not always proof 
of the existence of a deposit of workable ore. When the band 
is continuous and its breadth is comparatively great-that is, 
when the magnetic area is a broad one-the chances for the dis- 
covery of good ore are greater than when it constitutes a line. 
even though the strength of the attraction may be comparatively 
slight. 

In several instances magnetic surveys have shown their value 
in locating ore-bodies in the Highlands. One of the best illus- 
trations of this use of the compass and dip needle is exhibited by 
the survey of the Washington mine property near Oxford Fur- 
nace, made by W. H. Scranton in 1879. His map is reproduced 
in .Plate I. The small figures on the east-west lines indicate the 
magnetic dips, and the figures at the ends of the long lines in- 
clined toward the locus of the vein indicate the magnitudes of the 
variation. The double line is the approximate position of the 
center of the vein a short distance below its exposure at the rock 
surface beneath the soil. The conclusions deduced by Scranton 
from the study of a large number of observations made within 
the State are as follows :' 

Annual Report of the State Geologist for 1879, p. @A 
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"AII attraction which is confined t o  a very small spot and is lost in passing 
a few feet from it is most likely to  be caused by a boulder of ore, or particles 
of magnetite in the rock. 

".4n attraction which continues on steadily in the direction of the strike of 
the rock for a distance of many feet or rods indicates a vein of ore; and if it 
is positive and strongest towards the southwest, it is reasonable to conclude 
that the vein begins with the attraction there; if the attraction diminishes in 
going northeast, and finally dies out without beconling negative, it indicates 
that the vcin has continued on without break or ending until too far off to  move 
the compass needle. If,  on passing towards the northeast, along the line of 
attraction, the south pole is drawn down, it indicates the end of the vein or a n  
offset. If,  on continuing farther still in the same direction, positive attraction 
is found, it shows that the vein is not ended; but if no attraction is shown, 
there is no indication as to  the further continuance of the ore. 

"In crossing veins of ore from southeast to northwest, when the dip of the 
rock and ore is as usual to  the southeast, positive attraction is first observed 
to come on gradually, as the ore is nearer and nearer to the surface, and the 
northwest edge of the vein is indicated by the needle suddenly showing 
negative attraction just at the point of passing off it. This change of attrac- 
tion will be lesq marked as the depth of the vein is greater, or as the strike is 
nearer north and south. The steadiness and continuance of the attraction is a 
much better indication of ore than the strength or amount of attraction is. 
The ore may vary in its susceptibility to the magnetic influence from impuri- 
ties in its substance; it does vary according to the position in which it lies- 
that is, according to its dip and strike; and it also varies very much according 
to its distance beneath the surface." 

O t h b  illustrations of the use of magnetic attractions in sur- 
v e y i n ~  land containing magnetic ore may be found in the State 
Survey Report for 1873.' For a description of the construction 
of the instruments employed in making magnetic surveys and a 
discussion of the theory underlying their use the reader is re- 
ferred to a recent article by Prof. H. L. Smyth2 in which several 
examples of the manner of interpreting such surveys are outlined. 

After locating the approximate position of the ore by mag- 
netic surveys or by some other method recourse should be had 
to the diamond drill to dekrrnine its more accurate position and 
its extent and quality. Test pits and trial shafts may be employed 
for this purpose, but it must be remembered that these can reach 
only shallow depths, whereas the depth to which the tlrill can 

'Annual Report of the State Geologist for 1873, p. 91-95. 

'Economic Geology, Vol. 11, No. 4, 1907, p. 367-379; Vol. 111, No. 3, 1908, 
p. -218. 
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esplore is practically as great as the lower liinit of economical 
mining. 

Of course, tlie locatioii of the permanent plant of a mine 
shoultl not be determined upon until the course of the ore under- 
ground has bee11 established. While most of the ore veins in the 
Highlands strike northeast and dip southeast a few are known to 
strike and dip in other directions. The usual pitch of the ore 
bodies is northeast, but here again there are departures from the 
rule. Moreover, the amounts of dip and pitch vary. In some 
places the dip of the vein is nearly vertical, while in others it is 
only 30" from the horizontal. The pitch may be as  low as 12" 

to 15' or it may be as high as 45" to 50". The permanent shaft 
should be located with refererice to these features since through 
it the ore must be raised to the surface. X shaft that is favor- 
ably situated for the working of a steeply dipping and pitching 
deposit may be very unfavorably located with respect to one 
that (lips and pitches a t  low angles. Consequently, the perma- 
nent shaft should not be started until all the elements of strike, 
dip and pitch have been determined. Fortunately, these can 
often be inferred from the corresponding features exhibited in 
rock exposures, ivliicli, over niost of tlie Highlands, are abuntl- 
ant. \\'lien natural outcroppi~igs are not available trenches 
and test pits will usually afford access to  solid rock. The 
dip ant1 pitch of the ore bodies in wery instance that has 
come under observation correspond with these features in the 
associated gneisses. Hence, it is only necessary to measure the 
clip and pitch of these rocks near the vein to know the dip and 
pitch of the ore bodies. Care shoulcl be takeii to make the 
measurements on fresh rocks, otherwise the results reached will 
often be inisleatli~ig. This is especially true when the location of  
the vein is on a hillside, since on slopes weathered rocks. as a 
result of tlo\vnward creep, often assume positions which are very 
different fro111 those they originally occupied. Measurements of 
dip ant1 pitch liiade on such exposures would, therefore, naturally 
lead to conclusiolls \vhich might involve unnecessarily expensive 
investments in the niining plant. 

NEW JERSEY GEOLOGICAL SURVEY



CHAPTER X. 

DESCRIPTION OF MAGNETITE MINES 
IN LIMESTONE. 

CONTENTS.  

The Schulcr mine. 
The Belvidere group. 

The Little mine. 
The Riddle mine. 
The Queen mine. 
The Osnlun mine. 
The  Ahlrs mine. 
The Raub mine. 

The  mines on Jenny Jump Mountain. 
Smith's n~ine .  
The  Deats rnine. 
The Hoaglarld mine. 
The Stinson mine. 
The Davis mine. 
The Albertson mine. 
The Inshow exploration. 
The Shaw mine. 
The Howell Farm mine. 

The Ando\,er group. 
The Clendon mine. 
The Sulphur Hill mine. 
The Tar  Hill mines. 

Other mines. 
The Roseville mine. 
The Sterling Hill or Franklinite mine. 
The Pike's Peak and Furnace mines. 
The Split Rock h t l  mine. 

The deposits of magnetite in the Franklin limestone are de- 
scribed separately from those in the peisses  principally because 

( 203 ) 
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of the :.lightly different character of their ore, which has been 
sufficiently emphasized in an earlier paragraph. 

No very large magnetite mine has ever been developed in the 
limestone, the most important one being the Ahles mine, which 
at the present time is the only one being operated. Most of the 
limestone ventures are little more than explorations, and none of 
them has ever been worked continuously for long periods. 

There is no recard of the quantity of ore that has been ob- 
tained from these mines. A few have yielded abundantly for a 
few years, but no one in its entire history has reached an aggre- 
gate of 500,ooo tons. The dkposit at the Ahles mine promises 
to be the most productive of this class ever worked in the State. 

Following the order employed in discussing the limonite mines, 
the magnetite mines that are situated in limestone areas will be 
described in groups beginning with the mine in the most west- 
erly limestone area and continuing with those in areas success- 
ively further northeast, as follo~vs : 

The Schuler mine, the mines of the Belvidere group, the mines 
on Jenny Jump mountain,, the Andover group of mines, the 
Roseville mine, the mines near Franklin Fulmace and the Split- 
rock Pond mines. 

(I) The Schder Mirre. 

The Schuler mine is in an area of Franklin limestone which is 
(me of a series of small areas that occur on the w s t  slope of 
Scotts Mountain for a distance of 1%. miles north of Roxburgh. 
They are apparently the outcroppings of little patches only a few 
scam feet \vide that lie embedded in gneisses. In most cases the 
limestone is a white' granular variety that is devoid of silicate 
minerals. The individual patches lie approximately along a 
straight line parallel to the structure of the gneisses, but so far a s  
can be learned they are isolated from one another. 

The Schuler openings were about three-quarters of a mile 
north of Rosburgh, near the comer of the roads t o  Montana 
and Belvidere, in Oxford Township, Warren County. An old 
opening made about 1770 was reopened in 1872 to  a depth of 
27 feet, and a new shaft was sunk 50 feet to  the west. Both 
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were in a gray crystalline limestone, dipping steeply southeast. 
The d e p i t  in the western shaft was 2 feet wide, and the ore 
was so soft that it was removed with pick and shovel. About 
roo tons were taken out and the mine was abandoned. In 1880 
it was again reopened, but after considerable drifting and the 
sinking of four additional shafts further east without finding 
workable ore: the project was again abandoned. During these 
explorations about roo tons of ore were raised. 

The ore was brownish-black, fine-grained and highly magnetic, 
and, like other ores occurring in the limestone, it contained con- 
siderable manganese. 

On the topographic map of the State the mine is located 
three-quarters of a mile further north, at  the next northerly 
road corner, but this is clearly an error, since no limestone occurs 
there, and no old niine pits are discoverable. The Warren 
County atlas, published in 1874, shows an iron mine on Schuler's 
farm a t  the point indicated above. Here there is an old pit in ' 

limestone, and this is taken to be the Schuler pit. 

References : N. J. 1873, p. 73 ; 1879, p. 82; 1880, p. I 16; 10th Census, p. 149. 

THE BELVIDERE CROUP. 

The Belvidere group of mines is situated in an area of firank- 
lin limestone that occupies about 3.5 square miles in Oxford 
Township, Warren County. The area begins about half a mile 
east of Oxford Church, and extends east and north a b u t  4 
miles to Pequest Furnace. 

The rock for the most part is a fine-grained, white or gray 
crystalline marble, remarkably free from impurities. At Pequest 
Furnace, chondrodite, serpentine and a few other silicates are 
present in large quantities, thus giving the rock a dark color, and 
at a point midway between Pequest Furnace and Oxford Church 
the limestone is impregnated with sphalerite to such an extent 
that an attempt has been made to utilize it as a source of zinc. 
At the Raub mine, about one-fourth mile northeast of the zinc 
exploration, the limestone also co~ttnins a few silicates and is 
dark-colored. At all these places dark, igneous rocks intrude the 
limestone, and it is to the influencc of these probably that the 
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silicate impurities are due. Elsewhere the rock is so  free from 
impurities that it was formerly quarried a t  many places as a.fluxl 
and is now- being quarried about three-fourths of a mile west of 
the Ahles mine for use in the manufacture of Portland cement. 

The principal openings in this area are: the Little, Riddle, 
Queen, Osmun, Ahles and Raub mines. &sides these there is 
a n  esploration about one-half a mile west of the Raub mine on 
the north side of the road, running north of east from Oxford 
Church. 

(2) The Little M i w .  

The Little or Fellows mine is about 1.5 miles northwest of 
Oxford Furnace and about the same distance east of Oxford 
Church, in Oxford Township, Warren County. Like most of 
the other mines in the vicinity, the Little mine was opened in 
1870. It was operated for 3 years and was closed in 1873. The 
cause of its abandonment at this time is not known, though it 
map have been due to the fact that the mine was very wet. 
Later, in. 1889, the mine was again opened, and in June, 1891, 
was leased by the Thomas Iron Company, and was operated 
nntil October, 1893, when it was again closed becau~ of the low 
price of ore. During this period about 2,300 tons of ore were 
mined. 

Tiwo lines of attraction are reported to crass the property about 
160 feet apart. Two shafts were sunk to a depth of 70 feet 
on the northwest one, and were connected by a drift. Later (in 
1891 ) two other shafts were sunk, one in each deposit. Drifts 
from the western sha.ft seemed to show that the ore body at a 
depth of 50 feet is 14 feet wide, between limestone on the north 
and a "con~pact sandstone" on the south. 

The ore on the surface was the nixture of ocherous limonite 
and crystalline maglietite, characteristic of all the mines in this 
area. The magnetite was distinguished as hard ore and the 
limonite as soft ore. Usually the two kinds were separated by 
washir~.g, and only the hard ore was saved. Below the zone of 
weathering the ore was compact. Here it was probably a mix- 
ture of magnetite and calcite. 
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On the dump heaps are great quantities of limestone contain- 
ing crystals and irregular masses of magnetite. When the large 
lumps disintegrate the limestone between the magnetite clumps 
dissolves and leaves a mass of limonite, which contains consid- 
erable manganese. In  many of these lumps the relations of the. 
ore to,the rock can be seen to advantage. Some of the frag- 
ments are of great size, and are covered with a layer of limonite. 
Others are weathered in ridges, the ferruginous portions pr* 
jecting above the general surface of the rock. On fresh frac- 
tures veins of magnetite can be seen w i n g  parallel to the 
structure of the limestone, as though f m d  by a replacement 
of the rock along bedding planes. I n  all cases the limestone has 
assumed a blue tinge, and is decidedly darker than the unaltered 
rock in ledges at a distance from the mine holes, which is nearly 
white. The limonite can not k detected in the unweathered 
specimens, but is developed only after they have k e n  attacked 
by the atmosphere. 

Several analyses of the ore made a t  different times indicate 
clearly its quality. An analysis of the compact variety obtained 
from kneath the zone of weathering gave: 

Fe.0. MnO MgO S P20s  Ins .  Authority. 
94.76 1.00 .29 .IO .IO 1.60 N. J. 1873, p. 75 

A shipment - of 375 cars, including 10 cars of unwashed ore, 
made in 1891, gave 55.34 per cent. Fe. The highest percentage 
of metal was shown by a shipment of 25 cars in July, 1891, 
which yielded 62.25 per cent. Fe, and the lowest in a shipment 
of 2 cars of washed ore, which gave on.ly 37.94 per cent. Fe. 
The average of 531 cars shipped to the Thomas Iron Co. in 
1893 was : 

Fe= 56.29%; SiO.= 7.94%; P =  ~ 0 3 % ;  Authority, N. J. 1899, p. 167. 

A sample ( ? )  of black ore (probably washed ore) analyzed 
by Cooper & Hewitt gave: 

FeO Mu ALO, CaO MgO P S Ti SiOZ Authority. 
67.54 .go .74 .JI .51 .oz .a¶ t r  1.m N. J. 1899, p. 169 

References : N. J. 1873, pp. 74-75 ; 1879, p. 83 ; 1890, p. 54 ; 1891, p. 236 ; 1896, 
P. s; I&, PP. 159, 167, 169; 1900. P. 205. 
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(3) The Riddle or Redell Mine. 

The Redell or Riddle mine was a short distance east of the 
Little mine. It was evidently in operation before 1872, but is not 
mentioned in the Geology of New Jersey issued in 1868. It 
\\.as closed in 1873, but was again opened in 1880 and1 worked 
for a short time and again Closed. Operations were resumed 
once more in 1889, but only for a brief period. The mine was 
again opened in 1890, but shortly thereafter it was abandoned. 

Three shafts were sunk in the deposit, the deepest of which 
was about 120 feet. The deposit was followed 200 feet east and 
west by drifting and was cross-cut for 50 feet, disclosing clay 
walls on both sides. The ore was "loose and crumbly," like that 
of most of the other mines in the vicinity, and required careful 
washing to make it marketable. The washed product. however, 
was reported to be of good quality. It contained about 1.5 per 
cent. of manganese and was of Bessemer grade. 

Two analyses of ore taken from the "Bedell" mine are pub- 
lished in the Annual Report for 1899. It is probable that the ore 
was from the Redell mine. The results of the analyses, which 
were furnished by Mr. B. F. Fackenthal, are as follows: 

Fe M n  AbOs Coo  MgO P S TiO, SiO, Authority. 
1.-34.72 .3j 6.41 9.14 3.10 .008 .j& .31 29.69 N. J. 1- P. 166. 
2.-34.93 .34 j.84 10.09 2.89 .012 .380 .2I 29.54 N. J. 1899. p. 166. 

References: N. J. 1872, p. 18; 1873, p. 74; 1879, p. 83; 1880, p. 116; IW, 
P. 54; 1891, P. 237; 1899, P. 166. 

( 4 )  The Queen Mine. 

The Queen or Belvidere mine was a few hundred yards south 
of the Redell mine in Oxford Township, Warren County. 

It was opened in 1882 after a careful survey with the dip 
needle over a line of attraction running east-west. The property 
was tested by ttvo vertical shafts and several pits. Drifts in one 
of the shafts, which was j j  feet deep, disclosed an ore body 25 
feet wide between walls of ferruginous clay or much decom- 
posed rock, dipping ~0~1th .  A b u t  200 feet south of this shaft 
a large pit was dug, and in this a lean ore \vas uncovered that 
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contained streaks rich in magnetite. This was about 60 feet 
wide, and apparently trended east-northeast. About zoo feet 
east of the pit a second shaft was sunk to 60 feet. In this year 
about 2,000 tons of Qre were raised. During the succeeding year 
the shafts were lowered to ~ o o  feet and 15,000 tons of ore were 
mined. Since the ore body in the northern shaft was traced by 
an east-west drift about 140 feet, it is probable that there are 
two parallel veins present about zoo feet apart. 

It is not known how long the operations were continued at this 
time. However, the mine was closed and reopened in July, 
1889. During the following two years extensive prospect- 
ing was done. Two new shafts and an incline were put down, 
the deepest being 155 feet, and the ore body was opened up for 
a distance of 200 feet along the vein, which was found to be 40 
feet wide. The mine was operated until 1893, yielding a large 
product (about 1,800 tons monthly). In this year it was closed 
because of the low price of ore and remained closed until 1899, 
when preparations were made for resuming operations. During 
the early portion of the following year a little ore was raised 
through one shaft, but later all work was suspended. 

The ore was very much like that of the Little mine. It was a 
mixture of limonite and magnetite that was washed before s h i p  
ment. Early analyses reported the presence of about 4 per cent. 
manganese, a very small quantity of phosphorus and almost no 
sulphur. Later analyses, however, did not corroborate these 
figures. The ore shipped in 1 8 c p  contained about 57 per cent. 
Fe, and some of it was so low in phosphorus that it came under 
the Bessemer limit. Large shipments, made a little later, were 
found to contain considerable phosphorus. 

Fe Mu P Insol. Autlrority. 

1;--55.39 N. J. 1899, p. 167. 
2.-55.12 .22g 9.81 N. J. 1899, p. 167. 
3.-54-35 I.* 1.52 N. J. 1899, p. 167. 

1.-Shipment of 343 cars to Thomas Iron Co. in 1892. 
2.-Shipment of 16 c a n  to Thomas Iron Co. in February. 1893. 
3.-Sample from stockhouse, Hellertown, Thomaa Iron Co., 1893. 

References : N. J. 1882, pp. 71-73 ; 1883, p. 141 ; r&p, p. 54 ; 1891, pp. 235- 
236 ; 1896, P. 322 ; 1899, PP. 159 and 167 ; IP, P. 205. 

I4  ORE 
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(5) 7'ke Osmurz Mine. 

The Osmun mine was about a mile northeast of the Queen 
mine and about an equal distance northwest of Oxford Furnace, 
in Oxford To\vnship, Warren County. 

A nun~ber of trial pits sunk in 1882 found ore like that of the 
Queen mine in the Franklin limestone. About 400 tons were 
raised during the year. In 1885 two more shafts were sunk and 
200 tons of ore were mine& This contailled about I per cent. 
of manganese. Very little mining was done, however, and opera- 
tions soon ceased. At the beginning of the year 1891 explora- 
tions began anew and many new test pits were dug, ranging in 
depth from 10 feet to 40 feet. These yielded 600 tons of ore 
like that of the Queen mine. 

Four carloads of the ore shipped to Cooper & Hewitt gave: 
Fe Ma P Authority. 

I . - 5 8 . 3 ~  1.084 .033 N. J.  IW, p. 168. 
2 7 5 5 . 7 3  . ~ j  N. J. I-, p. 168. 

In 1901 work was resumed. A new shaft was begun in glacial 
drift south of the old workings, but it was not completed until 
the succeeding year. The mine was later kilown as the Osmun- 
Robeson or -4hles mine (which see). 

References: N. J.  1882, p. 73; 1885, p. 106; I&I. pp. 237-238; 1899, p. 168; 
1 9 1 ,  P. 137. 

(6) The AhIes Mine. 

The Ahles or Osmull-Robeson mine is in the same general 
area as the oltl Osillun mine, but a little south of the old work- 
ings. It is on the east side of the road from Oxford Furnace to 
Bridgeville, about a mile north of the former place in Oxford 
Township, Warren County. 

A shaft was begun in 1901 and continued during the suc- 
ceed~ing year until it attained a depth of 168 feet. At depths of 
7 j  and 128 feet drifts were run southwest to the ore body, which 
was 30 feet distant. At the upper level the deposit was 40 feet 
wide to a horse of pegmatite from 2.5 to 30 feet thick. Beyond 
this the ore h d y  was 24 feet \vitle, and beyond this to the south 
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was a much decomposed siliceous rock that gradually passed 
into a banded1 gneiss that resembles the Byram gneiss on the hill 
to the ~011th. The dip of the ore vein is 80' south. On the 
foot wall is a finely banded gray gneissoid rock which in the 
hand specimen closely resembles some phases of the Byram 
gneiss. In thin section under the microscope its true character is 
revealed as that of a much metamorphosed and silicified lime- 
stone. It is composed of colorless pyroxene, calcite, a little bi* 
tite and some serpentinized chondrodite. The more siliceous 
bands consisf mainly of oligoclase, microcline, green augite, 
green hornblende and calcite. The ore is apparently on the con- 
tact between this rock, which may be a metamorphosed limestone, 
and the gneiss to the south. In this respect it differs from the 
ore of the mines to the west, which is well within the limestone, 
a t  some considerable distance from any igneous rock. 

Fig. 13. 

Map of surface of Ahles mine. (Courtesy of Basic Iron Ore Company.) 

I n  the following year two other shafts were sunk and drifts 
were driven for a distance of 760 feet along the vein, developing 
ore thr~ughout  their entire lengths. The three shafts were 
completed and a slope to the zoo-foot level was constructed 
further west in 1907. During 1908 a drift at the zoo-foot level 
was driven a distance of 1,800 feet in ore to connect with the 
drift from shaft No. I. No. 3 shaft was driven to the 250-foot 
level and a drift was started toward the ore body. The shaft 
and slope are northeast of the ore deposit, which has a width 
of from 20 to 40 feet (Fig. 13) .  

South of  the ore body is the horse of pegmatite referred to 
above, and south of this is a second ore body. \vhich is from 5 
to 30 feet wide, bu,t is very short. Only three of the shafts are 
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working at present, No. 2 having been abandoned. The depths 
of the three working shafts are as follows: Shaft No. I, to 
tlie southeast, 200 feet; shaft KO. 3, a few hundred feet 
west of No. I, 250 feet; slope about 1,000 feet west of No. 
3, 208 feet. The mine has been operated continuously up to the 
present time, and has produced about 215,000 tons of ore. That 
raised prior to 1g04 was all obtained in the course of the devel- 
opment work. 

The ore is a mixture of soft brown limonite, containing nodules 
of pyrolusite and crystals of magnetite. and often enclosilig 
boulders of limestone, in which the limestone is' partially re- 
placed by 1inion.ite. There are also present in the ore great 
masses of chert or  cherty limonite. Many of the large lumps of 
this material on the dump are gashed and jointed, and the sur- 
faces of the cracks are coated with cherty quartz. 

A partial analysis of the material raised in 1902 gave: 

PC 1 S P Ti SiOn 11:O L-lt~tliority. 
46.0 4.0 0 0 0 10.72 10.0 & 12.0 N. J. 193, p. 101. 

A second and more careful analysis of the ore dried at 21z0, 

which was made in 1904, gave: 

Fe Mti AI..O, CaO MgO S P SiO, .4ufhority. 
47.65 4.35 1.35 1.26 . 1.64 .038 .O92 15.705 N. J. 1904, P. Lqj. 

A complete analysis of the ore as shipped in 1go5 is given on 
page III. 

References : N. J. 1902, pp. 116-1 17 ; 1903, pp. 100-102 ; 1904, pp. 294-5 ; Ipj, 
P. 317; I&, P. 175. 

(7) The Rat& Mine. 

Tlie Kaub mine was about three-fourths of a ~nile northeast of 
tlie Redell and Little mines on the south slope of the hill over 
which passes the roatl between Buttzville and Oxford Furnace. 
Tlie principal m.ine holes are on the east side of this road and 
north of tlie road bet~veen Oxford Church and Pequest Furnace, 
in Oxford Township, Warren County, though a fe\y of the 
older pits are on tlie west side of this road. 

Several test pits were put down in 1872. One of these passes 
through 68 feet of a soft decomposed rock and several feet of 
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brmn earthy manganifenws ore. which n-ac thought to  dip 
north The m d  pit. n-hich \\-as south\\-est of the first one, 
showed the same kind o i  ore. It bottomed in magnetite. asso- 
ciated with limestone. Prospecting continued until 1875. by 
which time one of the pits had been developed into a shaft 90 
feet deep. Driits of 200 feet d i d &  an ore vein striking a 
few degrees south of \vest. In the south\vest pit. now also 
changed to a shaft. a little sphalerite was found. No w o r k  \\as 

done-between 187 j axid I-, but in this p a r  prospecting was 
resumed. -4 nm\- shaft \\-as sunk, and this in the succeeding year 
struck a deposit of ore 6 feet thick. Shartly thereafter the mine 
was closed. It probably never produced much ore. 

The ore that \\-as found w 2  like that of the other mines in 
this limestone area. I t  was a fine, earthy, manganiferous nlisture 
of soft (limonite) and hard ore, some of the former of which 
was used as a paint. 

Partial analyses of the ore removed in the course of the pros- 
&ng operations were as follows : 

Fr Mm P SiO: HtO &organic .-luthority. 
! .-a34 3.81 . I I  13-55 N. J. 1873, p. 75. 
2-3.3.80 1.836 .IP 2~.& N. J. 1899. p. IM. 
3-63-87 .jIz .118 2.97 N. J. 18gp. p. 168. 

I.-Soft, earthy ore ranored from northeast pit in 1872. 
2.-Soft, earthy ore, prohb:y ruhd h l y r e d  by Tho- Iron Co.. 1896. 
%-Hard ore scpuatcd from w f t  ore  Analyzed by Thomu Iron Ca,  1896. 

References: K. J. 1873 p. 73; 1879, p. 83; 1890, p. 9; I&I, p. 237; 1899. 
p. 1 6 8  

THE MIXES ON JENNY J U M P  MOUNTAIN. 

The Franklin limestone on Jenny Jump Mountain occurs in 
two narrow belts running northeast, or parallel to the crest of 
the ridge. The most conspicuous of these borders its east side 
for a distance of about 5 miles. At its northeast end the lime- 
stone is intimately associated with siliceous beds that are s u p  
posed to  be metamorphosed calcareous sandstones, and is cut by 
large dikes of basic igneous rocks. The limestone and associ- 
ated sandstones are folded into complex folds, which occupy on 
the surface an area of about 2 square miles. In this are situated 
the many openings of the Howell and Shaw mines. 
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South of this area the limestone extends south\vest, with sev- 
eral intern~ptions, along the base of the mountain as  a narrow, 
straight strip a few hundred feet wide. In this strip are the 
Welch and Inshow explorations. 

The second k l t  is exposed only by explorations in search of 
ore. It nlns along the hollow on the southeast side of the crest 
of the mountain, possibly as a series of small lenses embedded 
in the gneiss. It is found in the pits of the Smith, Hoagland, 
Deats, Stinson, Davis and -4lkrtson mines, but only in such 
small quantity that the mines have heretofore been considered 
as k i n g  in the gneiss. 

(8) Smith's Mine. 

Smith's mine was a b u t  three-fourths of a mile northeast of 
Green's Pond in Hope Tomship,  Warren County. 

The mine was first explored in 1873 by two shafts 20 feet deep. 
Immediately under the soil the shafts encbuntered a brownish- 
black ore resembling that of the mines in the white limestone 
northwest of Oxford Furnace. This ore contained 45 per cent. 
of Fe an4  6.5 per cent. MnO, and had associated with it some 
calcite, white mica and asbestos. Below this was hard black ore 
like that a t  the B a t s  mine a mile further northeast. 

The place was not worked until 1882, when a small quantity 
of ore was raised. 

References : N. J. 1873, p. 81 ; 1879, p. 83 ; 1882, p. 73. 

(9) The Deats Mine. 

The Deats Farm, or Dietz, mine, was on the east side of the 
valley of the stream that flows into Green's Pond, in Hope Town- 
ship, Warren County. I t  was about 1.5 miles northeast of the 
head of Green's Pond and about the same distance southwest of 
the Kishpaugh mine. 

The mine was first opened by a shaft 22 feet deep, which pen- 
etrated an ore composed of magnetite and hornblede. There was 
soine calcite reported in the hanging wall and a few nodules of 
pyrite scattered through the rock. A trench 200 feet west of the 
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shaft uncovered a magnetitic gneiss. On the dump-heap of the 
mine there is considerable impure limestone containing dark mica 
and other silicates that are characteristic of the rock where it is 
in close contact with basic intrusives. In some fragments the 
limestone is cut by dikes of a gabbroitic rock. 

The mine was never worked until 1882, when a little ore was 
taken from it. I t  has long since been abandoned. 

References: N. J. 1873, pp. 8 1 - 8 ~ ;  1879. p. 82 : 1882, p.7.1. 

(10) T h e  Hoagla,nd Mine. 

The Hoagland or Hendershot Farm mine was also in Hope 
Township, Warren County, but its exact location is a matter of 
some doubt, as it is very differently located in different reports 
of the Survey. I t  is possible the openings made at different 
times were in different places on the Hendershot farm, and that 
to  this fact is due the confusion in the description of its location. 
The principal opening was apparently about IOO rods southeast 
of the Deats mine. 

I t  is probable that openings were first made in 1873. These, 
however, could have been nothing but shallow explorations, as 
the place is described as a new discovery in the State Report of 
I 880. 

In 1879 a shaft 50 feet deep was sunk in a vein of ore from 
2 to  5 feet wide. Several hundred tons of ore, containing man- 
ganese and a very little phosphorus, were mined during this and 
the succeeding year, but since that time, so far as the record 
goes, nothing further has been done. The situation of the mine 
and the character of the ore suggests that the deposit is as- 
ciated with limestone. West of the main shaft is a snlall pit 
with a dump on which is a little limestone. The conditioi-ls are 
apparently the same as at the Deats mine. 

References: N. J. 1879, p. 83;  1880, pp. 117 and 127; 10th Census, p. 149. 

(XI) The Stinson Mine. 

The Stinson mine was on the east slope of Jenny Jump Moun- 
tain about 1.5 miles from its northeast end, in Independence 

- Township, Warren County. 
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The place was explored in 1879 by a shaft and some drifts. 
The rocks near the mine were reported as being gneisses and 
limestones. .The place was not worked because of its great 
distance from the railroad. With the completion of the Lehigh 
& Hudson River Railroad in 1881 explorations were resumed, 
and a second shaft was sunk 123. feet in a vertical vein from I to 
3 feet wide. In  1882 the width of the vein had increased to  7 
feet. but shortly thereafter the mine was abandoned. 

The ore, three samples of which were analyzed with the results 
indicated below, has the general character of the ores in lime- 
stone. Most of it contained'calcite andc garnet. 

No. r Fe=63.rz; Px.017; S=- ; Mn= .65 N. J. 1879, p. 85. 
No.2  =60.66 =.006 = t r ;  = .40 N. J. 1879, p. 85. 
No. 3 =49.79 =.oz =o ; =2.74 N. J. 1879, p. 85. 

References: N. J. 1879, pp. 4 -85 ;  1881, p. 37 ; 1882, p. 74. 

(12)  The Davis Mine. 

Davis's mine was on the top of Jenny Jump Mountain, at its 
northeast end, in Independence Township, Warren County. 

' 

It was opened in I 873 by a shaft 25 feet deep, a t  the bottom of 
which was a layer of ore a f w t  wide in rocks dipping southeast. 
The ore contained pyrite and calcite, some chalcopyrite and 
azurite. The latter was observed principally a s  thin coatings in 
seams of the rock. On the hanging-wall side the calcite was in 
such large quantity as to  constitute an impure limestone. 

The place w a s  never worked extensively. A small quantity of 
ore was raised in 1880 and in 1881. Work was resumed in 1883 
a little farther east, down the slope of the ridge, cm the top of 
which were the old openings, and 7 feet of ore were developed. 
The d e p i t  dipped toward the southeast. This was lean and 
contained considerable calcite. After working it for six months 
the place was abandonedl. 

N. J. 1873. p. 35; 1879. p. 85; I&, p. 117; 1881, p. 38; 1883, p. 143. 

(13)  The Albertsorl Mine. 

'I'he Albertson mine was a h u t  300 yards west of the oldest 
shaft of the Davis mink, on Jenny Jump Mountain, in In- 
dependence Township, Warren County. 
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The mine was opened in 1873 by a test pit that passed through 
14 feet of clay and struck an ore belt 7 feet wide. This lay on 
rock which dipped southeast at  about 20". I t  was probably a 
surface deposit that had been transported from elsewhere. From 
its character it is presumed t o  have originated in limestone. 

An approximate analysis gave : 
Fe,Ol AlnO, Insol. HI0 Fe Mu Authority. 
78.61 5.20 10.40 5.00 55.6 3.3 N. J. 1874, p. 58. 

References: N. J. 1873, p. 85 ; 1874, p. 58; 1879, p. 85. 

(14) The Inshou~ Exploration. 

The Inshow explorations were on a low limestone and gneiss 
ridge at the east base of Jenny Jump Mountain, about a mile 
north of the Hov-Danville road and a few rods east of the road 
skirting the east side of the mountain, in Hope Township, War- 
ren County. 

Two pits were dug in 1872 disclosing a lean ore in white crys- 
talline limestone with a steep dip to  the northwest. The ore was 
lean, but manganiferous. I t  seems to have been present in very 
small quantity only. In a pit on the adjoining Welch farm to 
the north only thin strings of ore were found. These are con- 
nected with the southern pit by a weak line of attraction. 

A specimen of the ore containing garnet, hornblende, and cal- 
cite gave: 

Fe M n  S P Authority. 
5 I -40 -79 .oo .o17 N. J. 1879, p. 84. 

The limestone in the vicinity contains graphite, hornblende, 
mica, garnet and serpentine. 

References: N. J. 1873, p. 84; 1879, p. 54. 

(15) The S k m  M i w .  

The Shaw mine in Independence Township, Warren Coun,ty, 
on the east side of Jenny Jump Mountain, is one of the oldest 
mines on this ridge. The mine consisted of several openings on 
both sides of the road from Danville to Southtown, some being 
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in white limestone and others in gneiss. They were opened many 
years before the appearance of the Report of 1868, but were not 
in operation, at that time. In 1871, however, they were appar- 
ently reopened and worked for a short period and then aban- 
doned. 

The pit in limestone was on the east side of the road and 150 
yards distant, at the southwest end of a limestone ridge. The 
vein of ore is said to  be 18 inches wide and to dip northwest. An 
opening northeast of this one was dktant several hundred yards 
and was in gneiss. The pit was 12 feet long, 5 feet wide and 7 
feet deep. Northeast of this a few hundred yards was a third 
opening of the same size as the last one, and this, too, was in 
gneiss. The ore from both of these openings was reported to be 
good. Analyses were: 

FcJOl SiO: and ins. S P,OG Met .  iron Autltority. 
I.--81.6 16.2 o o 59.1 N. J. 1868. p. C h .  
2.-75.7 15.0 .9 o 54.8 x. J. r8C8, p. 660. 

:.-Ore from southwest opening in gneiss. 
2.--Ore from northwest opming in gneiss, on west ride of  road. 

Later reports declare that the ore from the pit in limestone 
carried considerable manganese and some magnesium and cal- 
cium carbonate. The percentage of metallic iron in the m e  raised 
in 1872 was 58.5 per cent. 

References: N. J. 1868, pp. 6jg-65~; 1872, p. 18; 1873. p. 85; 1879. 1). 85 

(16) The Hozewll Farm Mine. 

The lIo\vell Farm mine comprises a number of independent 
opening-., in the Franklin limestone at the northeast end of Jenny 
Jump Mountain in Independence Township, Warren County. 

Several of the many pits and tunnels on the property were 
opened in the early part of the last century. In  1872 some of 
these were re-explored and several new shafts were sunk. The 
northernmost shaft was at the north end of a line of strong at- 
traction that crossed the limestone ridges in a north-south direc- 
tion. In  this the ore was found to be 10 feet thick, including 
some layers of limestone. Its dip was 70' southeast. An adit 
tunnel driven in from the west to strike the vein below the shaft 
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is 150 feet long through a hard gray gneiss, which is cut at  one 
place by a narrow trap dike. About 300 yards southwest of these 
openings others were made in a vein 8 feet wide. which dipped 
Go0 southeast. A large quantity of calcite and graphite accom- 
panied the ore, an  analysis of which is given below. N o  ore was 
shipped during this year, and no systematic mining was attempt- 
ed. I t  is not known whether any extensive explorations were 
made later o r  not, but it is quite certain that the mine never 
shipped any large amount of ore. 

Several analyses of the ore from the property have been pub- 
lished. The samples analyzed were probably all from the soutll- 
west opening described above. 

FesO, AhO, MnO C o o  MgO S P,OI TiO, SiO, COI C 
I.--83.63a 2.67 ,65 482 1.22 1.09b . lo  o .60 3.63 .70 
2.-78.4 d 2.70 d d tr .06 o 11 .70~  d d 
3.-73.27 d 1 . 8 0  3.71 d 1.24 .85 0 10.20~ d d 
4.-70.06 d 2.60 6.49 1.30 .18 .43 o 10.10~ d 

=Iron recorded m Fe,O,. 
kSu lphur  recorded ps SO,. 
 includes all material insoluble in acid. 
d=Known to be present, but not determined. 

I. Average ore from southwest opening of 1873. N. J. 1873, p. 86. 
a. Brownish-black, earthy ore containing graphite. From west side of deposit at Shaft 

No. 4. N. J. 1878. p. 101. 
3. Hard, blucblack ore containing graphite and feldspar. Middle of deposit at Shaft 

No. 4. N. J. 1878, p. lor. 
4. Fine grained, hard. brown.black ore. From eost side of deposit at Shaft No. 4. 

N. J. 1878, p. 101. 

References: N. J. 1872, p. 18; 1873, pp. 85-87; 1878, p. 101; 1879, p. 85. 

THE ANDOVER GROUP. 

The mines included in the Andover group are  the Glendon, 
the Sulphw Hill and a portion of the T a r  Hill openings. The  
Sulphur Hill mine is the only one that has ever been important. 
?'his mine and the T a r  Hill mine are  usually regarded as being 
on the same vein, but it is doubtful if this is so. The Glendon 
mine appears t o  be in a distinct deposit that is apparently very 
short. 
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The Franklin Iimestone in this vicinity, as at Koxburgh, occurs 
in a series of small exposures in a straight belt, which extends 
northeast from near Decker Pond to a point about I mile above 
Andover, where the rock was fonnerly quarried. The Glendon 
mine is at the east margin of this belt near its contact with Cam- 
brian sandstone. 

A second belt lies about half a mile west. This is exposed 
only at the Sulphur Hill and the Tar  Hill mines. I t  is very 
narrow, and like other similar occurrences, may be simply a line 
of inclusions embedded in the gneiss. 

(17) The Glcndon Milre. 

The Glendon or Chapin mine was in Green Township, Sussex 
County, on the northwest slope of Allamuchy Mountain, on the 
east side of the road from Andover to  Allamuchy and about 
2.2j miles southwest of Andover. 

The mine was probably opened about 1850 and worked for 
several years. By 1868 four shafts had been sunk, one of which 
was 70 feet deep. The mine probably never produced much ore. 

The ore contains much pyrite, hornblende and garnet and a 
great quantity of calcite. I t  is reported also to be rnanganiferous. 
In the i~eighborhoodi of the openings there is a great deal of 
pegmatite, and in the openine themselves a large quantity of 
scapoIitic diorite. The ore occurs as magnetite crystals em- 
bedded in calcite, which contains in addition numerous garnets. 
The peculiar character of the ore seems t o  be due to  the action of 
the basic igneous rock, which is evidently intrusive. So far as 
can be seen now, the ore deposit does not mcur in a distinct lens, 
but rather as an irregular impregnation. in the limestone. 

References: N. J. 1855, p. 163; 1868, p. 628; 1873, p. 88; 1879, p. 86. 

(IS) Thc Su1phu.r Hill Mine. 

The Sulphur Hill milie was the name given to the northern- 
most openings of the i\ndover mine (see page 79). situated 
almut 2 miles north of -Andover, in Andover Township, Sussex 
County. 
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The mine occupied the higher portions of the slopes of a ridge 
overlooking Hewitt's Pond. Although usually considered a pai-t 
of the Andover mine, it was opened in a distinct deposit, which 
was a short distance west of the line of strike of the Andover 
deposit. Moreover, calcite was ahsent from the ore of the An- 
dover n ine  while present in that of the Sulphur Hill mine. 
Further, the ore of the former was a mixture of hematite and 
magnetite, while that of the latter is magnetite, with which is 
associated a large number of different sulphides. 

The mine was opened some time between 1855 and 1860, and 
was operated for a few years when it was abandoned (about 
1863). I t  was later reopened and worked in 1871 and 1872, 
and in the latter year was again closed, because of the great 
quantity of sulphur in the ore. It was again reopened in 1879 
and worked through this and the succeeding year. I t  was then 
abandoned permanently. During the census year 1879-1880 ore 
to the amount of 15,201 tons was raised. 

At this time the main excavation was 65 feet to 75 feet deep, 
about 30 feet wide and ~ c o  feet long. The pit was entered by a 
tunnel 175 feet long. A second opening, known as the north- 
west pit, was 20 feet deep. I t  was situated on the northwestern 
or "back" vein. 

The Sulphur Hill deposit is remarkable for the great number 
of minerals occurring with the magnetite, among them being 
compounds of zinc, copper and lead. The most important are 
willemite, garnet, calcite, quartz, sphalerite, galena, chalcopyrite. 
pyrite, malachite, azurite, hematite, limonite, talc, biotite or 
phlogopite, epidote, fluorite and a sesqui-oxide of manganese. 

The ore-bearing belt in which the deposit lies is from 50 to 60 
feet wide, extending from a point opposite the north end of 
Hewitt's Pond to the openings of the Tar Hill mines, a mile to 
the northeast. The ore deposits, which are two in number, are in 
gneiss, but they are bordered on the southeast side by a narrow 
zone of a quartz-garnet rock composed of garnet, epidote, quartz, 
feldspar and hornblende. The ore deposits consist of a mixture 
of crystalline magnetite intermingled with calcite, garnet and 
many of the other minerals enumerated a b v e .  l'he galena, 
sphalerite and chalcopyrite were associated together in bunches in 
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the calcite, particularly in the rock bet\veen the two ore veins, and 
occasionally crystals of it~agt~etite were found embedded in the 
galena. Aluch of the galena was argentiferous. A specimen of 
mised galena and rock yielded. 19.5 OZ. silver per ton. and a 
specimen of inixed galata and pyrite 17.02 OZ. per ton. 'I'he 
quartz occurred as large "gatherings" in calcite and smaller ones 
in galena. On the other hand, galena was observed occasionally 
in quartz, and in some cases on the contact between quartz and 
feldspar. 

The garnet occurred in a great variety of colors, from dark 
red to light yellow. It wnstituted in some places the principal 
component of the aggregate. In other places it was present in 
small quantity only. It was present sometilnes in "gatherings" 
within a mass of feldspar and hornblende, and sometimes it was 
found as a matrix surrounding these minerals. 

It  was noted in early descriptions of the mine that there 
seemed to be a definite relation between the galena and the mag- 
netite of such a character that when the former was abundant the 
latter was also in large quantity, and vice versa. On the other 
hand, with a diminution in the proportion of the lead sulphide 
present, there was also a diminution in the amount of magnetite, 
its place being taken largely by garnet. 

In the southeast portion of the opening calcite is the predom- 
inant material. 

"Here calcareous spar, sometimes of a highly crystalline structure, and 
so~nctinles of a compact, forms the base throughout which green sahlite (a  
variety of pyroxene), iron pyrites, magnetic iron ore, garnet, feldspar, etc., 
are disseminated. Highly interesting is the occurrence of nearly regular seams 
of calcareous spar, from the thickness of a leaf of paper to half an inch in 
thickness in a rock chiefly composed of magnetic iron ore and garnet. Not 
infrequently a narrow seam of calcareol~s spar, of a yellowish-white color, and 
of a subcrystalline texture, is seen penetrating a larger, irregular-shaped 
gathering of highly crystalline calcareous spar, of a bluish-gray color. * * * 
Occasionally the calcareous spar forming the narrow seams contains small 
partic!cs of iron pyrites."' 

Much of the rock associated with the ore is such as might be 
fount1 by the metamorphism of limestone. Spencer reports that 
masses of the altered limestone are enclosed in gray gneiss, and 
that pegmatite is present near the ore. 

' Geol. of Ncw Jerscy, 1868, p. 647. 
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The later working showed that the ore existed in two parallel 
deposits striking northeast and dipping southeast. The south- 
east deposit was found to be a shoot pitching 30" northeast. The 
galena, pyrite and chalcopyrite were found almost exclusively 
between the deposits in a rock, which was principally a mixture 
of garnet, calcite and hornblende. 

The character of the ore and its associates suggests that it was 
formed by the replacement of limestone, the remnants of which 
are represented by the quartz-garnet rock. 

Samples of the ore were analyzed by the chemists of the tenth 
census with these results : 

Fe Mn S P Ti  Authority. 
I .-42.63 . . . .  2.290 .024 .... 10th Censcs, p. 151. 
2.-36.91 .... 2.527 .022 .... 10th Census, p. 151. 
3.--46.53 .786 .OM 10th Census, p. 153. 
4.-32.73 . . . . .YO ,100 .... 10th Census, p. 151. 

1.-Chippings taken around north and west sides of mine. Contained garnet, pyrite and 
pyrrhotite. 

2.-Sample from 80 tons cobbed ore on dock. 
3.-Sample of shipping ore after roasting. 
4.-Sample of stringers of brown ore in magnetite, probably produced by surface altem- 

tion of the magnetite. 

A complete analysis of Sample No. 2 is quoted on page I 11. 

References : N. J. 1855, p. 152; 1868, pp. 642-647 ; 1873, p. 88; 1879, pp. 86-87 ; 
1880, pp. 1 1 s 1 7 7 ;  10th Census, pp. 151-153; 1883, p. 145; Folio U. S. G. S. 
No. 161, p. 21 ; Folio 2, Geol. Atlas of New Jerscy, p. 21. 

(19) Ttre Tar Hill Mines. 

The Tar  Hill mines are about a mile northeast of the Sulphul* 
Hill mine, near the top of the same ridge, in Andover Township, 
Sussex County. 

The ore-bearing belt extends with many interruptions from 
the Sulphur Hill openings to those of the Tar  Hill mine without 
any essential change in character. On this are the deposits which 
have been opened up in the many pits of the Tar  Hill group. 

The first openings were made some time prior to 1855, as in 
that year large abandoned pits are known to  have existed. One 
otthese was 70 feet wide and 60 feet long, and the other 100 feet 
long and 10 feet wide. The ore on the dumps of these was a 
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mixture of magnetite and pyrite, with the latter often predom- 
inating. .4rnong the other minerals noted in the dumps were 
epidote, calcite, pyrrhotite, hornblende and garnet. An impure 
limestone was fo~ind on the dumps of some of the smaller pits. 
Between 1867 and 1873 the mine was in operation, but since the 
latter date, so far as is known, it has been idle. In 18%. how- 
ever, a tunnel was cut into the hill from the south side. I t  pene- 
trated a lean garnetiferous ore, which apparently was the lower 
portion of a deposit which at the surface was rich enough to 
warrant working. Altllough the ore was enclosed between dis- 

' ~ i n c t  walls, it was not thought worth while to try to  mine it. The 
place was therefore abandoned permanently. While active it was 
probably operated very vigorously, as the ruins of six shafts are 
still to be observed Gn the crest of the hill beyond the highest 
point. 

The composition of the ore raised in 1867 was as folloivs: 

Fea04 S P-Oa SiOt atrd Ins. Met .  iron Authority 

73.6 1.1 t r 20.6 53.3 N. J. 1868, p. 658. 

Half a mile fu.rther northeast on the crest of the ridge are two - 

other pits, known as the Longcove mine. They were abandoned 
before 1855. Both were small openings in a seam of pyritiferous 
ore a few feet wide. The materials found on their dumps are 
the same as those found at the l'ar Hill pits. 

From the nature of the ore on l'ar Hill and its associated rocks 
it seems probable that it is similar in its origin to the ore of 
Sulphur Hill, although the quantity of limestone present is much 
less. The limestone layer was probably much thinner, and conse- 
quently nearly all of the rock was changed to silicates. The mag- 
netic attraction in the n e i g h b o r h d  of the pits is very strong. 

References : 1855, p. 147; 1868, pp. 657-658; 1873, p. 88; 1879, p. 87; I*, 
p. 118; 1883, pp. 145-146; Folio U. S. C. S. No. 161, p. 21 ; Folio No. 2, Geol. 
Atlas of Ncw Jersey, p. 21. 

OTHER MINES. 

In atltlition to mines of the groups described above there are 
several others which seem to be on isolated deposits in that they 
are widely separated, and so far as known have no connection 
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with each other. These are the Roseville, Sterling Hill, Pike's 
Peak and Split Rock Pond mines. 

(20) The Rosm'lle Mine. 

The Roseville mine is about 3.5 miles southeast of Andover in 
Byram Township, Sussex County, and about one-half mile east 
of Wright's Pond. I t  is in a more or less isolated situation, on 
a deposit that is apparently independent of any well-defined vein. 
The deposit is partly in gneiss and partly in limestone, and the 
ore partakes of the nature of the type that is characteristic of the 
two classes of rocks. Limestone is present only in small quantity 
at  the mine, but other areas of the rock occur north of Wright's 
Pond and in the valley of the brook draining Stag Pond, which 
lies 1.5 miles north of the mine. 

The mine was first worked about 1850, and thereafter at  inter- 
vals until 1870, yielding a large quantity of ore. I t  was agaln 
operated in 1880 for several months, during which time 1,200 
tons of ore were removed. 

The mine consists of two large openings and a number of 
small ones. There are reported to be two ore-bodies with their 
long axes inclined to one another at  45O, or possibly a single 
large one that curves to this extent. In the southern pit, about 
200 yards south of the northern one, the strike of the deposit was 
north-northeast, while in the northern one it was northwest. At 
the surface the dip in each case was vertical, but at the bottom 
of the pits it became steep easterly. At the same time the ore- 
body diminished in width. The southern deposit as developed 
was  100 feet long, 25 feet wide and 30 feet deep. The northern 
one was 700 feet long and about the same width and depth as  
the southern one. 

At  a point roo yards south of the southern opening a smaller 
deposit was encountered, which yielded some good ore. West of 
the north pit several openings disclmed only a garnetiferous ore 
that was of little value. 

The geological conditions under which the ore exists at  this 
mine are exceedingly complicated. The limestone is present in 

15 ORE 
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small quantity only, but it is of the same character as the altered 
phases of this rock elsewhere. The ore in the main bears a close 
resemblance to that at the Sulphur Hill mine, and probably had 
a similar origin.. A section across the north end of the north 
excavation as it existed in 1855 showed: (a)  compact ore con- 
taining pyrite at the east side of the ore-bo*, (b) a horse of 
rock composed principally of calcite, hornblende, magnetite and 
talc, (c) a granular ore on the west side of the horse. Gneiss 
occurred on the east side of ( a )  and the west of (c) .  

Analysis of the ore mined in 1868 gave: 
Fea04 S PsOa SiOsond ins. Met. iron Authority 
69.9. 4 o 23.5 50.6 N. J. 1868, p. 629. 

A pile of sorted ore taken from a lot of 50 tons awaiting s h i p  
ment in 1880 gave : 

Fe S P Authority 
53.92 .ox3 -035 10th Census, p. 151. 

The total production of the mine to 1880 was @,om tons. 
References: N. J. 1855, pp. 1w174; 1868, pp. 628-62g; 1873, p. 88; 1880, 

p. 118; 1883, p. 145; 10th Census, p. 151. 

(21) The Sterling Hill or Franklinite Mine. 

This mine was first opened in 1877 at the southwest end of the 
zinc vein in Sterling Hill, Sparta Township, Sussex County. I t  
was worked five years and then closed because of the increasing 
quantity of zinc minerals encountered. 

'The deposit mined was a phase of the franklinite zinc ore, in 
which franklinite had replaced nearly all the other minerals in the 
usual aggregate of franklinite, willemite and zincite. In  appear- 
ance the material was a massive franklinite. The vein was roo 
feet wide in some places, but it was very irregular in width. I t  
consisted of a franklinite mass between deposits of willemite, the 
whole lying in the Franklin limestone. 

The ore was reached by an adit 317 feet long that ran from 
the roadside, near the eastern foot of the hill, a northwest course, 
through limestone to the vein. The southeast wall was vertical, 
and near this wall, as well as at the end of the adit along the 
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northwest wall, were large bodies of zinc ore. On the =£ace 
an opening 225 feet long and 160 feet w6de uncovered a very 
large quantity of ore. 

As the hill was penetrated the franklinite became less massive 
and p a s s 4  into a mixture of franklinite crystals disseminated 
through a calcite matrix. 

Analyses of the ore first mined gave: 

Fe Mn Zn SiO. and itrc. Authori)y. 
1.-51.98 7.40 3.15 7-70 N. J. 1877, P. 51 

11.-51.21 740 6.24 9.80 N. J. 1877, P. 52 

I. Ore from near bouthwest end of deposit. 
11. Otc from further northeaat, within Lhe deposit. 

W r i n g  the first two years of its life the mine yielded 45,000 
tons of iron ore; 3,000 tons of zinc silicates, and 1,500 tons of 
material that was marketed as  franklinite. The iron ore was 
used for Bessemer metal up to  20 per cent. of the total charge of 
the furnace. 

References : N. J. 1877, p. 52; 1879, pp. 87-88 ; 1880, p. 118; 1883, p. 146. 

(22) The Pike's Peak land Fwnace Mines. 

There are two mines that have at one time o r  another passed 
under the name of the Pike's Peak mine. One was near Split 
Rock Pond and was better known as the Stony B m k  mine. The 
other was a t  Franklin Furnace in Hardyston Township, Sussex 
County. I t  was known also as the Franklin Ircm mine. I t  is the 
latter that is referred to in the following paragraphs. 

Near the zinc mines at Franklin Furnace are two magnetite 
veins that have from time to time been worked. One, in gneiss, 
near the contact between this rock and Franklin limestone, is 
designated the Hill vein (see page 255)' and the other within the 
limestone is called the Furnace or Pike's Peak vein. The latter 
passes under the old charcoal furnace and continues to the north- 
east bank of the Wallkill River, where it was mined. From this 
point it runs southwest with a few interruptions parallel to the 
vein in the gneiss and only a few feet from it, the contact of the 
gneiss and limestone being between the two. The total length 
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of the mineralized zone is about 1.25 miles. The vein in the 
limestone was from 3 feet to 8 feet thick. I t  was first mined on 
the northeast side of the Wallkill River before 1855. In  1868 it 
was opened under the old charcoal furnace on the southwest side 
of the river, where it was very wide, and at  several other points 
on the hill further southwest (Furnace mine), and later by a 
slope on the northeast side of the Wallkill River (Pike's Peak 
mine). This mine was worked almost continuously until 1881. 

The principal opening in 1880 was on the hill north of the 
Wallkill River, and but a few rods distant from the zinc vein. 
I t  was a slope 300 feet long at  an angle of 60". The ore mass 
was in the form of three shoots, one above the other, and all 
pitching northeast and dipping 55" southeast. The  ore was 
being taken from the ~ m f o o t  level, where it was concentrated in 
two bands, the centers of which were 5 feet apart. These graded 
off into limestone on both sides. Where the ore was lean the 
magnetite was arranged in the limestone in layers parallel with 
the trend of the deposit. The total width of the vein was 8 feet, 
of which about 4 feet was regarded as ore. 

Explorations by diamond drill having revealed no shoots be- 
neath the Furnace mine, this mine was abandoned in 1881. 

South\vest of the Furnace mine, near the old flux quarry, a 
third vein was found about roo  feet east of that in the gneiss, but 
the body of ore was not sufficiently large to mine. 

During the census year 8,960 tons were produced. I t  was 
used in the manufacture of Bessemer metal. The ore contained 
graphite, manganese and calcite. A n  analysis of an average 
specimen made in 1868 gave : 

Fea04 h f n 0  CaO MgO CaCO. C PnOl S H,O Total Alrthority. 
79.0 3.5 4.2 3.9 7.6 .6 o 0 4= 99.2 N. J. 1868, p. 659 

,4 sample taken from a pile of I 50 tons in 1880 yielded : 

FeaO, MnO S P H,O Iitsol .4uthority. 
45.12 2.90 .439 .033 24 2.41 10th Census, p. 154. 

A complete analysis of this sample will be found on page I I I .  

Spencer, in his description of the magnetite veins at  this 
place, reinarks that : 
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"A feature of interest concerning the iron veins is their attitude in refer- 
ence to the zinc deposit in Mine Hill. The  outcrop of the zinc ore forms a 
bow o r  hook convex toward the southwest, the two legs of the vcin o r  ore 
stratum dipping together to form a keel, which pitches to  the northeast. T h e  
outcrop of the iron vein is parallel to that of the west leg of the zinc vein of 
Mine Hill, but from the turn of the latter the two diverge and the iron vein 
keeps a nearly straight course to the southwest, with the same trend as the 
boundary between the white limestone and the gneiss. The pitch of the iron 
ore shoots is in the same direction as the pitch of the kecl forniing the bottom 
of the zinc-ore deposit." 

References: N. J. 1868, pp. 658-659; 1873, p. 88; 1879, pp. &UQ; 1880, pp. 
118-119; 10th Census, pp. 153-154; 1883, p. 146; Folio No. 161, U. S. C. S., 
pp. 22-23; Geol. Atlas of N. J. Folio No. 2. pp. 22-23. 

(23.) The Split Rock Pond ilIinz. 

The Split Rock Pond mine is at  the north end of Split Rock 
Pond, in Rockaway Township, Morris County. 

The mine is an  old one, the early history of which is unknown. 
I t  was reopened in 1873 and worked during a portion of 1875, 
during which time a shaft 100 feet deep was sunk. The mine 
was then closed until 1878, when it was again reopened and ope- 
rated during the succeeding two years. In the census year 1 8 7 9  
1880 about sf50 tons were raised. 

During this period two leads were developed by a shaft 100 

feet deep. They were 50 feet apart. The eastern one was more 
than 14 feet across, 7 of which, toward the foot wall, consisted 
of alternate strings of granular ore and mica. The foot-wall or 
west "vein" contained a shoot of rich ore 25 feet high and 8 feet 
wide. Nothing is said in any of the reports upon the mine as  to  
the existence of limestone in it, although great fragments of this 
rock impregnated with magnetite are still to be found on its 
dumps. 

North of the shaft, near the Charlotteburg road, and for a 
distance of about a mile along this road, a number of pits were 
dug, and in almost all of these ore was found. The most north- 
erly of these openings was later developed as the Wood mine. 
The ore is stated to  have been used in making Bessemer pig. 

An analysis reported in 1879 showed it to  contain a very little 
phosphorus. 
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Fe=63.399; P =o.o~og; S=o.o68; T i =  .oo; Authority, N. J. 1879, p. 58. 

On the east side of the lake an ore body was uncovered in 
1872 which is nearly in the line of strike of the Hibernia lead. 
The Split Rock Pond mines are thus in a lead that is west of 
the Hibernia lead. 

References : N. J. 1873, pp. 47-48; 1874, p. 23; 1879, pp. 57-58; 1880, p. 108; 
10th Census, p. 174; N. J. 1883, p. 118; 1884, p. 91. 
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CHAPTER XL 

DESCRIPTION OF MAGNETITE MINES 
IN GNEISS. 

CONTENTS. 

Mines in the Jenny -Jump belt. 
Mines in the Oxford belt. 
Mines in the Cat Swamp Mountain belt. 
Mines in the Gaffney mine belt. 
Mines of the Ogden mine belt. 
Mines in the Rockport belt. 
Mines in the Stanhope belt. 
Mines in the Ford mine belt. 
The Marsh mine belt. 
The Hurd mine belt. 
The Van Syckle mine belt. 
The High Ledge belt. 
The High Bridge belt. 
The Mine Hill, belt. 
Mines in the Old Furnace belt. 
The Hibernia belt. 
The Woodhull mine belt. 
The Ringwood belt. 
The Pottersville Hewitt belt. 
The Rockaway Valley belt. 
The Kahart mine belt. 
The Kanouse mine belt. 
The Butler mine belt. 

The ores occurring in the gneisses are by far  the most import- 
ant, from a commercial point of view, of any classes of ore in the 
State. Nearly all the important mines of the Highlands have 
drawn their supplies from them, and all of the more permanent 
mines are situated in gneiss areas. 
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For convenience in describing! them, the mines that have 
\\-rought on the tlelmsits in the gneiss have been divided into a 
number of groups, each comprising a series of openings arranged 
in zones, or belts, trending with the strike of the gneisses, and 
separated from one another by zones of country rock from which 
rnines. are absent or over which a few openings are scattered 
irregularly. Each of the productive belts has been called by the 
name of some important mine situated thereon. The belts are 
described in order, beginning at the west, and the mines on each 
are discussed in succession, beginning with the southwestern- 
most. The advantage of this method of treatment over all oth- 
ers lies in the fact that mines that work the same vein or the 
same series of parallel veins are dealt with in sequence, and in 
this way the relations of their ore bodies to  one another may be 
the better brought out. For some purposes a geographical order 
might be more desirable, but since this, in many instances, would 
destroy the geological continuity of the descriptions, it has been 
thought best to follow the order as indicated above. 

M I N E S  IiS THE J E N N Y  J U M P  BELT. 

The Jenny Jump belt of mines begins a short distance south of 
Belvidere, runs northeast through Oxford Church and along the 
east side of the main ridge of Jenny Jwnp Mountain, and term- 
inates at its northeast endi. 

There have been a number of openings made on the belt, but 
only one-the Kishpsugh mine-has ever become prominent. 
The others \\.ere mainly explorations, though a few shipped a 
little ore, which in all cases was lean. 

The -\ndover mine may also be considered as on this belt for 
the purpose of description, although it is on an ore body that 
may not be in the gneisses. (See page 79.) 

(24) The Rosebewy Mine. 

The Roseberry mine was on the northwest slope of ~ c o t t s  
Mountain, about 1.5 miles south of Belvidere and I mile north- 
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east of the Schuler mine. in Oxford Township. Warren Couaty, 
if the location indiated on the topographic map of the State is 
correct1 

11-orli began here in 1872 and \\-as continued a year, during 
which time about i.ooo tons of ore w ~ r e  raised. Chving to  the 
pinching of the vein t o  a width o i  only 6 inches the mine \\.as 
closed It  was evidently opened again a fen- !-ears later and 
worked mtil 1875, when it \\-as again closed. In  1880 it \\.as 
again reopened. and about -w tons o i  ore \\-ere mined. It must 
have been again c l m d  soon aitemards, as no reference is made 
to  it in the reports of the State until 1890. \\-hen it is reported 
as being idle. 

The ore \\-as mixed with mica and a bluish shale, and conse- 
quently w-as lean 

Rcfercnces : S. J., 1873. p. 73 : 1 8 7 ~  p. &; 1%. p. I 16; I@O, p. 53. 

The Barton mines were on the east slope of the ridge south of 
Oxford Church, in Osford To\vnship. \\-amen County, on the 
west side of the road bet\veen Oxford Church and Little York. 

The mine was opened before 1873. and two shafts 200 fee: 
apart \\-ere sunk on a reddish-black granular ore. It \\-as worked 
until 1876 or 1877, and quite a quantity of ore \\-as raised. It 
was then closed. 

The strike of the vein is N. 80" E., and its dip about vertical. 
The country rock, as seen on the dump, is interlayered with seams 
of m t i t e  and hornblende, and it contains lenses of ore sur- 

' Another mine of the same name was situated across the ridge in the valley 
of  Buckhorn Creek. This produced limonite. From the fact that the ore of 
the mine referred to  in the above paragraphs is said to hare  been mixed with 
a bluish shale i t  is possible that the mine here described and the one on Buck- 
horn Creek were the same, and that the location on the topographic map refers 
t o  an opening in magnetite which has not been described in any of the State 
reports. I t  is more probable, however, that the above description applies to 
tbc magnetite mine, the location of which is indicated on the map, as several 
d d  dumps in this vicinity give evidence of the former existence of a number 
o f  mine holes nearby, some of which evidently yielded considerable ore. 
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rounded by zones of hornblende: The ore is interlaminated with 
la.yers of biotite or same other dark mica. 

References : N. J. 1873 p. 73 ; 1879, p. 82-83. 

(A) The Kaiser Mine. 

The Kaiser mine was about one-fourth of a mile southeast of 
Hazen P. O., in Oxford Township, Morris County, on the road 
between Oxford Church and Little York. The shaft was at the 
base of the hill a little north of east of the Barton mines. 

The first explorations were made in 1882, but the ore body 
was lean and could not be successfully marketed without concen- 
tration. The mine was idle in 1890, but a concentrator was built 
and work was again started in the succeeding year. After oper- 
ating a short time it was found that the project would not pay, 
and it was consequently abandoned. 

The ore body was 11 feet thick, but only 5 feet was good ore. 
The product was concentrated to contain 65 per cent. of iron. 
The rock associated with the ore is a massive Pochuck gneiss in- 
terbanded ~ 4 t h  layers of a dark micaceous rock full of garnets. 

References: N. J. 1882, p. 73; ~&p, p. 53 ; 1891, p. 235. 

(27) The Shoemaker Farm Exploration. 

The Shoemaker farm exploration was three-fourths of a mile 
northeast of Oxford Church, in Oxford Township, Warren 
County. 

A shaft sunk in 1872 discwered a wide belt of rock cut by 
parallel bands of magnetite too lean to  work. I t  was therefore 
abandoned. 

The location of the shaft has not been identified. 
References: N. J. 1873, p. 74; 1879, p. 83. 

(28) The Brewer A4im. 

The Brewer mine was a shaft near the contact of the Franklin 
limestone and the gneiss, on the north side of the road, between 
Oxford Church and Pequest Furnace. 
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Nothing is known of the history of the pit. Its dump con- 
tains some very lean ore and a great deal of pegmatite. I t  is 
pmb& that no ore was ever shipped from it. 

Pif East of Greens Pond. 

A small pit on the east slope of the hill east of Greens Pond, 
in Hope Township, Warren County, is in a very massive Pochuck 
gneiss. So far as can be judged from its dump the material ob 
tained from the hole was a magnetitic phase of the gneiss, too 
lean to  be utilized as an o re  

(30 )  The Kishpaugh and (29) Cook Farm Mines. 

These two mines were in the same deposit in Hope Township, 
Warren County, on the east slope of Jenny Jump Mountain, 
about 2 miles northwest of Danville. These and the other mines 
on the Jenny Jump belt are situated about one-fourth of a mile 
east of the belt of mines in the Franklin limestone. (See page 
2'3). 

The Kishpaugh mine was opened in 1871, and during its com- 
paratively short life it was one of the most prductive mines in 
the state. I t  was worked almost without intemption from the 
day it was opened until its destruction by fire in IF, yielding 
in all about 125,om tons of ore. 

At the surface when the mine was first opened the vein was 
50 feet wide. With greater depth it diminished to 20 feet, and 
in m e  places to  8 feet. Toward the northeast the deposit grad- 
ually thinned t o  a foot in thickness. In all, the vein was traced 
for a length of 700 feet by development work, and later was 
shown to continue a considerable distance further southwest, 
where it was opened up by the Cook shaft. 

The ore occurred in distinct shmts, pitching southwest, or in 
a direction opposite to that in which most of the ore bodies in 
the Highlands pitch, and dipping 35' southeast. In 1882 ex- 
plorations were carried on to the northeast of the main shaft by 
a slope which disclosed the vein dipping 28' southeast and pitch- 
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ing I j" southwest. The shoot was go feet high and 18 feet 
wide, with a layer of exceptionally rich ore a foot thick on the 
foot\vall. .4 thin layer of ore penetrated the caprock, but it \\?as 
not worked. \\'ith increasing depth the dip became steeper (38"- 
4 j '  southeast). In 1884 the mine was sold. to the owners of the 
adjoining Cook mine, and the two were thereafter operated to- 
gether. 

In 1881 a vertical shaft, later known as the Cook shaft, was 
sunk southwest of the main Kishpaugh vein, through a coarse 
basic gabbro-like rock. It was expected that the vein would be 
reached at 200 feet. In the following year, when the shaft had 
been sunk to this depth, a diamond drill hole was put in t o  the 
west from the bottom of the shaft for a distance of 103 feet 
without striking ore. -4 second drill hole, located 220 feet to the 
northeast of the shaft and 23 feet from the road, at a depth of 
285 feet found ore and continued in it for 26 feet without striking 
the foot wall. Shortly afterward the shaft w closed. It was 
reolxned in 1890 and was lowered to 350 feet. where it pene- 
trated the Kishpaugh deposit through the cap rock. Here the 
ore was 25 feet wide. It dipped southeast at 38" and pitched 
southwest. 12 diamond drill was started 5 0 0  feet southwest of 
the shaft, ant1 this encountered ore 400 feet from the surface. 
Drifting from the bottom of the shaft proved that the ore re- 
tained its thickness and direction as in the old workings. At this 
time the ore had been developed through a distance along its 
strike of 2,000 feet, and from about one-half of this distance the 
ore had been removed. In 1886 the mine was idle. Work was 
resunled in 1899 and about 3,000 tons of ore were raised, but this 
was not of as good quality as that prduced at the old Kishpaugh 
\vorkings, which contained 52 per cent. of iron after washing, 
ant1 was low enough in phosphorus to pass the Bessemer limit. 
In the following year 2,000 tons had been raised, when the ma- 
chinery was burned and the mine flooded. It was then per- 
manently abandoned. 

-4 notable feature of the deposit in this place, especially that of 
the old Kishpaugh openings, \vas the great diepth to which the 
ore was disintegrated. Even at IOO feet in depth it was so soft 
that it needed ollly an occasional blast to  fit it to be raised. 
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The ore was not very rich as first mined. It  contained consid- 
erable mica and hornblende on the whole, but in some places it 
was free from rock. Here it showed prismatic partings at right 
angles to  the walls. In the footwall side a thin layer was strongly 
pyritiferous. 

A carefully selected sample of the shipping ore analyzed in 
1873 (N. J. 1873, p. 83  gave) : 
- 
SiO, A120. Fe.0, FeO CaO MgO MnO PIOs S H:O Total. 
21.80 9.00 ' 4.32 17.97 4.37 4.03 .50 .32 .05 1.64 = 100 

Fe=54.25' Px.128 

Samples collected by the agents of the 10th Census yielded : 
Fe Mn P S TiO, 

1-49.68 . . .036 . .755 . . 
2-54-71 . . .036 .542 . . 

I.-Sample from zoo tons from northeast stopa. 
1.-Sample from zoo tons from southwest stopa. 

A sample from the Cook Farm shaft gave: 
FP = 55.91 P = .037 N. J., 1885, p. 106 
Fe= 48.516 P= .042 S = .93 N. J., 1899, p. 160 

References : N. J. 1873, pp. 82-84; 1879, pp. 83-84; 1880, p. I 17 ; 10th Census. 
P 149; 1881, P. 37; 1882, PP. 73-74; 18ah P. 107; 1885, P. 1 6 ;  1886, p. I45 ; 
18901 P. 56; 1891, PP. 2S239; 1896, PP. 323-324; 1899, PP. 159-160; 1900, P. 205. 

,(31) The Corliss Erplorcltions. 

The Corliss explorations were on the land adjoining the Kish- 
paugh property on the northeast, in Independence Township. 
Warren County. 

Explorations were beb- in 1882, and a small quantity of 
surface ore was found- The place was not worked. 

References: N. J. 1882, p. 74. 

(32) The Stiff Farm Explorotiorl. 

The Stiff Farm explorations were west of the Welsh-Inshow 
explorations, on the west side of the road running along the east 

'The percentage of metallic iron corresponding to the determination of FeO 
and F e ~ a  is 41.20 instead of 54.25 as recorded in the published analysis. The 
reason for the discrepancy is not known. 
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slope of Jenny Jump Mountain, in Hope Township. Warren 
CoLUlty. 

The openings were made in 1871 on a coarse pegmatite con- 
taining irregular strings and sheets of magnetite. Nothing was 
done here except to uncover the ore, after which the place was 
abandoned. 

References : 1873, pp. 8 4 8 5  ; 1879, p. a. 

( 3 3 )  The Potter Far~rt E-rploration. 

The Potter Farm exploration consists of a single shaft, that is 
described as having been sunk in the valley between Jenny Jump 
Mountain and a ridge bordering the Pequest meadows, in Inde- 
pendence Township, Warren County. 

The shaft was 35 feet deep, penetrating an ore band 4 feet 
wide, in which the ore is reported to be like that at the Kish- 
paugh mine. 

Nothing further is known of the locality, nor has the posi- 
tion of the shaft been identified with certainty. I t  was probably 
the shaft indicated as being onethird of a mile southwest of the 
Stinson mine. 

References: N. J. 1873, p. 85; 1879, p. a. 

( 3 4 )  The Garrison Farm Explorc7tio?ls. 

The Gamson Farm explorations were about I mile northeast 
of the Potter explorations in Independence Township, Warren 
County. 

The mine was first opened about 1858, and m e  ore was 
raised. Its quantity and however, are unknown. The 
opening is described as being on the east slope of the mountain 
near a small brook. The place was never worked Later, in 
1881, a bed of ore was found in another opening, which was 15 
feet wide on the surface. The attraction near by is fairly strong. 

Rcfcrences: N. J. 1873. p. 85: 1879, p. 85; 1881, p. 37-38. 
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(35) The Andover Mine. 

The Andover mine was a b u t  1.75 mile north-northeast of 
Andover in Newton Township, Sussex County, on the east side 
of the road between Andover and Pinckneyville. Its history is 
outlined in another place (see page 79 and Fig. 4) .  

The mine produced b t h  hematite and magnetite, principally 
the former. The magnetite came mainly from the northernmost 
parts of the opening, and from that afterwards known as the 
Sulphur Hill mine (which see). 

While the ore of the Andover mine was mainly hematite, there 
seems to have been intermingled with some of it a notable quan- 
tity of magnetite, sufficient at all events to  cause the mixture 
to-be slightly magnetic. In the northern portion of the mine the 
magnetite appears to have been more abundant than in the 
southern parts. 

Analyses of some of the ores rich in magnetite are (N. J. 
1868, p 653) : 

Fc M d  S P,Oa Sioza~d ins. 
1-4680 19.85 .o tr 6.90 
2-46.40 1.45 .O .47 450 
3-5520 tT .O .51 12.15 
4-64-65 .40 tr -19 2.75 
5-59.20 tr .O tr 7.70 

I.-Blue ore from central portion of deposit. 
*.-Magnetite from upper part of deposit in center of mine. 
3.-Magnetite from "middle mine." 
4.-From northeast end of large mine. 
5.-From e a t  end of mine. 

Analyses of samples taken by the experts of the 10th Census 
gave : 

Fe P S M n  TiO, Authority 
1-42.31 .WI .059 . . . . 10th Census, p. 151 
d3.62 .or8 ,057 .. . . 10th Census, p. 151 
3-41.66 .IIO .o71 .. . . 10th Census, p. 151 

I.-Sample from 3 feet wide vein in small opening on hill, east of north end of open 
p i t  

2.-From old pillar near north end of pit. 
3.-Prom d l  pit west of mine opening. 

The total product of this mine and the Sulphur Hill mine to 
June, 1880, was estimated to be 400,000 tons. 
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Because of the considerable proportion of manganese in some 
of the ore tlie iron made from it was considered of excellent 
quality. Analyses of some of this metal are given in another 
place (page 82) 

References: N. J. 1855, pp. 149-163; 1868, pp. 648-653; 1873, p. 88; 10th 
Census, pp. 151-1j3; Folio 161, U. S .  G. S., p. 2 1 ;  Geological Atlas of N. J.,  
Folio 2, p. 21. 

MINES I N  THE OXFORD HELT 

The Oxford belt of mines extends froni the southwest end of 
Scotts Mountain to tlie northeast terniilius of the Pimple Hills at 
Franklin Furnace. The mines are not evenly distributed along 
tlie zone. Most of them are grouped about Oxford Furnace and 
Warrenville as centers, the rest being irregularly distributed 
along two lines about a mile apart. There is no evidence that tlie 
ore veins are continuous from niilie to mine. On the contrary, it 
is very probable that the zone comprises a series of short, ap- 
proximately parallel veins, separated from one another by barren 
rock, and that the greater number of the mines are on isolated 
deposits. 

The mines and explorations that are considered as occurring 
in the Oxford belt are the Carter. the Oxford group,.the Barker, 
the mines around Warrenville, those near Allamuchy Pond, tlie 
Hill Vein at Franklin Furnace, the Copperas mine and tlie Bird 
mine. 

Moreover, there is a spur that leaves the main belt at  Alla- 
lriucliy Pontl and extends south of west along Cat Swamp Moun- 
tain, across the Pequest Meadows and beyond through Pequest 
Furnace to an unnamed mine south of the Queen mine. In this 
belt are situated the two niines nortliwest of Warrenville (prob- 
ably Haggerty's explorations), the Curnmins mines, the Hoit 
riiine and the Pequest mine and the unnamed mine on tlie south 
slope of the line south of the Queen mine. This belt has been 
called the Cat Swamp Mountain belt. 

There are a few other explorations situated far to one side of 
the other of the belts of mines as described, but they are evidently 
on very small deposits, as they have not proven pron~ising enough 
to warrant the building of shafts. 
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(36) The Carter Mine. 

The Willever and Godfrey, or Carter, mine was 2.25 miles 
west of north of Stewartsville, in Harmony Township, Warren 
County, near the top of the southeast slope of one of the terminal 
ridges of Scotts Mountain. 

The locality was explored in 1880 by a shaft 48 feet deep, 
which opened up a vein of ore g feet wide. About 500 tons of 
ore were mined during the first year and g carloads were shipped. 
The mine was shortly afterwards closed down. 

References: N. J. 1880, pp. 113-125. 

THE OXFORD MINES. 

The Oxford mines comprise a group of openings which are 
distributed along several veins just south of the village of Oxford 
Furnace, in Oxford Township, Warren County. These openings 
have been known under different names at different times, the 
names often changing with the ownership. They may be divided 
into two sub-groups-the Washington mine, including the old 
Harrison and Clark mines, and the Oxford group proper, com- 
prising the McKinley or Carwheel, or Slope No. 3, and the old 
Staley, Lanning, New and Welch mines. 

Mining was first undertaken at this place about 165 years ago, 
when the first mines were opened to supply ore to the Oxford 
Furnace, which was put into operation in 1743. Since this time 
the district has been continuously productive except for a few 
short periods when the furnace was not being operated. 

The early history of the district is not known. In 1840, how- 
ever, Prof. Rogers called attention to the fact that an  imrnense 
quantity of ore existed beneath the surface in at least two veins 
which he supposed to be divided here and there into several par- 
allel branches. H e  reported also that the veins were crossed by 
two or three large faults, and mentioned that two of the lodes 
66 sweep round a curve of almost semi-circular form." Not all of 
Rogers' observations have been substantiated; nevertheless, the 
district has always proved of special interest because of the varia- 

16 ORE 
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tion in tlie direction exhibited by the different veins. These are 
described in Cook's report of 1868 as running in a north of west 
direction, but sliglitly diverging from one another. The  map 
published with the report represents all the veins a s  curving. The  
Staley and New mine veins are indicated as being approximately 
parallel and pretty nearly perpendicular to the Harrison and 
Franklin veins. T o  the west of the Harrison vein is another, 
about 5 feet wide, that was not named. This is curved, with its 
concave side to the east. As mapped it looks as  though it might 
represent the southeast prolongation of the Franklin vein, out- 
crops of the two apparently producing an  S-shaped curve. Of  
the several veins named, the Franklin and its soutliern extension 
have never been worked. There were, however, sufficiently 
numerous openings upon them prior to 1868 to prove their ex- 
istence. 

It  is not known what names were given to the older openings. 
In 1868 shafts were indicated as existing on the Staley, New 
mine, Carwheel and Lanning veins a t  Oxford Furnace and on 
the Harrison vein half a mile further west. A t  this time the 
Carwheel mine had been worked to a depth of 125 feet in places 
and through a length of 500 feet. The  New mine was, however, 
the principal source of ore through a long period. I t  is not 
known when the shaft was begun, but in 1868 it is recorded that 
the ore had been removed for  a distance of 700 feet to the depth 
of 140 feet. The  Harrison mine, on the western vein, was 
opened in 1864. The Staley mine was probably one of the oldest 
in the group. I t  had been abandoned before 1868, but from it 
a large quantity of good ore is said to have been extracted. In  
the course of time several of these mines were closed and several 
others were opened, but, as  a niatter of fact, the closing and 
opening was merely a migration of shafts along the same de- 
veloped veins. The  Harrison mine, for instance, was closed it1 

1876 and the 1l'asl;ington niitle opened on the same vein in 

1879. The Carwheel and Kew mines were abandoned in 1880 
or 1881 and the McKinley mine opened in 1883. This in turn 
was abatitlolied in 1904 ant1 a new shaft further east was opened 
in 1909. Throughout nearly the entire period of iron ore niin- 
ing in S c ~ v  Jersey one or ant-)they of the Oxford shafts has been 
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active. Only during short periods of extreme depression has 
work entirely ceased. The principal contributors to  the ore pro- 
duction in recent years have been the Washington and the Mc- 
Kinley mines. 

The Franklin vein was never worked to any considerable ex- 
tent, though an analysis of its ore reported in 1868, if repre- 
sentative of the whole deposit, shows that it possesses consider- 
able value. The fact that the analyst reported no phosphorus, 
however, tends to  make one skeptical of accepting his figures for 
the other components. 

The analysis follows : 
F d ,  S P.0, SiO, and iw. Metal. iron. Authority. 
82.3 I .o 16.3 59.6 N. J. 1868, p. 639. 

References : N. J. 1840, pp. 35-15> and citations under the respective mines of 
the group. 

(37) The Ha.rrison and Wmltington Mines. 

These two mines were on the western vein, as delineated on 
the map of 1868. This vein consists of two parallel seams sepa- 
rated by 12 feet of rmk. On one of these was the Harrison 
shaft, and on the other the Washington mine. 

The former in 1868 had been worked for a depth of 94  feet 
and through a length of 250 feet along a d e p i t  12 feet thick. 
The ore was, however, very sulphurous, and as a consequence 
the mine was not working. At the Washington shaft, which was 
originally opened in 1854, ore had been removed from 663 feet 
of a deposit 18 feet thick to a depth of 100 feet. This mine, too, 
was idle in 1868 because of the great quantity of sulphttr in the 
ore. The vein, however, had been traced for a distance of 2,100 
feet. which later was increased to  4,000 feet. In 1879 work was 
resumed, an old slope west of the highway was reopened, kilns 
were constructed for roasting the ore, and a new shaft was sunk 
about i,ooo feet further south as a result of the excellent magnetic 
survey undertaken by W. H. Scranton (see Plate I, page 200). 
which developed a long and regular ore deposit that had an 
average thickness of 11 feet. Its strike was about 25' west of q 
north, and its dip 45' t o  the southwest. The pitch is supposed 
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to be to the southeast, but the deposit is so uniform in thickness 
that no pinches have been recognized in it that are distinct 
enough to  furnish satisfactory evidence on this point. 

The mine continued in operation until 1885, when it was tem- 
porarily closed. It was soon afterward reopened and was oper- 
ated until it was again closed in 1895, because of the failure of 
the Oxford Iron and Nail G., by whom it had been worked. 
In  IF it was again reopened, and since this time has been oper- 
ated continuously. The collstruction of a new three-compart- 
ment slope was begun in 1901 at a distance of 1,400 feet south 
of the old one. This was completed in 1903 to  a depth of 497 
feet. A plan and a longitudinal section of this slope are shown 
in Plate 11. In this year the mine prc-)ducetl 30.172 tons. The 
annual production at present is at the rate of about 100,m tons 
per year. 

Analyses of the ore from the Washington mine are as follows: 
Fe S P SiO, ~Cin and TiOt Aictltority. 

I-j7.jJ .620 .So5 .... 10th Census. p. 161 
2 4 1 . 3 6  .6og .657 . . . .  10th Census, p. 161 

6.3.19 I .68 .615 7.985 N. J. 1885. p. 106 
1.-Sample taken across stope. 
2.-Sample of 75 tons at furnace after removing lumps containing large quantitie of 

pyrite. 

An analysis of roasted ore prduced in 1899 gave: 
SiO, F e d .  A120, MnO CaO J i g 0  SOz P,Os TiO? Total Authority. 
10.18 82.22 1.9 .14 2.86 .85 .75 .98 .17 = 100.05 s. J. 1903, p. 99 

The walls of the vein are a coarse lllagnetic hornblendic peg- 
matite, and the same rock occurs with the ore. 

References: N. J. 1868, pp. 637-640; 1879, pp. 74 & &IS; 10th Census, p. 
161 ; N. J. 1883, p. 133 : 1884, p. IOI ; 1885, p. 106; 18go, pp. 55-56; 1891. p. 238 ; 
18y6, PP. 3n-323 : 1900, p. 201; 1901, P. 136; I W ,  pp. 117-1 18 ; 1903, P. 99 ; I9W, 
P. 1905, P. 317; 1906, P P  175-176. 

(38) The I,cll!ni~ig Mint.. 

The Lanning mine was the southernmost of the axford  open- 
ings. 'I'he shaft was situated on the upper slope of the ridge . overlmking the village of Oxford Furnace, and on the west side 
of the road to \!lashington, some diistance south of the McKinley 
mine. 
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There were reported to be two magnetic lines intersecting on 
the property, and several pits in the vicinity of this intersection 
disclosed ore. The place was explored a b u t  1873 without suc- 
cess. A b u t  seven years later the explorations were resumed, 
and what was regarded as a fine ore body was discovered in 
1881. This was worked for two years, yielding about 12,- 
tons of ore, and was then abandoned. The deposit, which was 
150 feet long and from 2 to 15 feet wide, seems to have been 
an isolated one. 

South of the shaft, at the Chapin and Lo~nassen explorations, 
a great deal of work was done in search of ore to explain the 
existence of a line of magnetic attraction, but without success. 
A small vein of ore was uncovered, but it was not large enough 
to warrant working. Its strike was east-west and its dip north. 

Still further south, on the southeast slope of the mountain, 
near where the road to  Washington passes down into the valley 
between Scotts Mountain and Pohatcong Mountain, several tun- 
nels and a number of pits were dug in another area of rather 
strong attraction, but nothing of value was discovered. 

An average sample of the Lanning ore obtained in 1881 had 
the following composition : 

Fe.0,  MnO CaO S P Ti Authority. 
73.61 .635 4.82 -265 .oo .oo N. J. 1881, p. 37 

References: N. J. 1873, p. 6 0 ;  1879, p. 74; 1881, p. 37; 1883, pp. 132-133; 
1884, p. Ior. 

( 4 0 )  The Carwhed nttd ( 4 1 )  N e w  Mines. 

The New mine was the principal source of ore for Oxford 
Furnace during the middle of the last ceritury. In 1868 it had 
been worked for a distance of 700 feet along a deposit that 
varied in width from 18 t o  40 feet and to  a depth of 140 feet. 

The Carwheel shaft was on a separate vein from the New 
mine shaft, but very close to it. The western end of the vein 
was worked during the latter portion of the 18th century by 
open pits, a large number of which were still visible in 1868. In 
this year it is reported that from the shaft the ore had been 
removed for a distance along the vein 500 feet, and a t  some 
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places to a depth of 125 feet. Both mines were operated until 
1880 or 1881, when they were closed, the ore remaining in the 
shoots being more conveniently reached from the Welch and 
the Slope No. 3 openings. During their operation the two shafts 
together produced on an average about 25,000 tons annually. 

'I'he tnro veins were originally supposed to be connected, with 
the Carwheel vein occurring as an offshoot of the New mine vein. 
Later operations, however, proved that both shafts were work- 
ing on two different deposits, consisting of two parallel curved 
shoots (Fig. 14).  That in which the Carwheel shaft \\-as sunk 

Fig. 14. 

Plan of the ore-bodies at the S e w  mine ncar Oxford Furnace, Xew Jersey. 
From survcys by Mr. William H. Scranton. (From Tenth Census Report. 
Vol. xv., p. 160.) 

was on the southwest, and therefore below the deposit penetrated 
by tlie New mine shaft, since both dip northeast. The pitch of 
both was steep to .the southeast. Tlie strike in their niost thor- 
ougl~ly developed portions is northwest, but at their northwest 
ends it is reported that they bend northward until they finally 
assume the northeast direction, which is the usual direction else- 
where in the Highlands, and connect with the vein at the Staley 
mine. 

In mining no distinction was made between the ore of the two 
veins, although it was recognized that the material raised came 
frorii two distinct deposits. That in the New Mine was kno\vn 
as the "Carwheel" or "red-ore" vein and the "New mine" or 
I #  gray-ore" vein. 

In the IVelch shaft, which was 400 feet northwest of the New 
mine shaft, the two veins were called the "U'elch" and the 
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"Slope" veins. Although the deposits reached by the two shafts 
were not continuous, being separated from one another by, a 
mass of pegmatite and possibly by a fault, it was thought by 
those who were most competent to ju&e at the time the mines 
were working that the "Slope" vein was the extension of the 
"Carwheel" and the "Welch" the continuation of the "New 
mine" vein. 

The New mine shaft was sunk near the foot wall of the Car- 
wheel vein. When abandoned it was about 250 feet deep. At 
this depth the Canvheel d e p i t  was only 4 feet wide. The New 
mine deposit still maintained its average width of ao.feet, but its 
bottom rock was probably not far beneath, and the ore was 
pretty lean (see analysis). 

The ore from the Carwheel vein was a finely granular to com- 
pact magnetite, possessing a purplish tinge. That of the New 
mine deposit had a gray-black color. The former was used in 
the manu.factu?-e of carwheel iron, and hence the name of the 
mine. 

The New mine ore was exceptionally free from sulphur, that 
from many of the stopes being of Bessemer grade.. 

Analyses follow : 

Fe,O. MnO Coo S P,Os TiOI Insol. Total Autl~ority 
95.08' .so .3I .ro .03 .oo 7.32=103.14' N. J. 1873, p. 61 

Fc P S Mn TiO, Authority 
1.-39.54 .044 .758 . . . . . . . . 10th Census, p. 160 
2.-54-84 . I  5 I .225 .... . . . . 10th Census, p. 160 
3.-43.31 a"v .307 .... . . . . 10th Census, p. 160 
4-q6.~ .W5 ,270 .... 10th Census, p. 160 
1.-Hand-cobbed ore from New mine vein. 
2.-Sample from Carwheel mine. 
3.-Mixture of ore from the two veins. From a pile of 7 5  tons at Oxford Furnace. 
4.-Sample from week's output of New mine, including ore from both veins. 

References : N. J. 1868, p. 639 ; 1873, p. 61 ; 1879, p. 71 ; 10th Census, pp. 
15g-b; N. J. 1883, p. 133; I&, p. 101 .  

(39) The McKitllcy iVliitc or Slope *Yo. 3. 

Slope No. 3 was on the Carwheel vein, about 400 feet south- 
west of the Carwheel shaft. 

'Had the iron been calculated as Fe.0, the corresponding figures would 
have been 92.23 and the total 100.29. 

NEW JERSEY GEOLOGICAL SURVEY



248 IROX M I N E S  A N D  MINING. 

It  was opened, in 1883, and so far  a s  known was worked prac- 
tically continuously until 1895, when it was closed on account of  
the failure of its operators. I t  was reopened in 1899 and 
operated uninterruptedly until 1go5, when it was abandoned. 

When reopened in 1899 the workings were 700 feet long and 
500 feet in depth, measured vertically. In its western part the de- 
posit was 4 feet wide, and a t  its end its width measured 10 feet. 

Became of the crookedness of the old slope a new one was 
sunk in 1902 about 1 2 j  feet south of the oltl slope. This 
was designated the McKinley mine. I t  encotintered the t.~ltl 
workings at  a depth of 186 feet. The total depth of the shaft 
was 615 feet. The deposit a t  its bottom had a north-south strike 

. and a dip of 56' east. Near the surface the dip was 45" east 
and the pitch 34" north. The  walls were very irregular, and the 
ore was so mixed with rock that careful hand-cobbing was neces- 
sary to raise its metallic contents to 53 per cent. 

Through this the ore was raised until operations ceased in the 
early part of the year 1go5. Plans and sections of Slope No. 3 
and the McKinley mine are reproduced in Plate 111, the originals 
having been funlislled by the Empire Steel and Iron Company. 

An analysis of the ore raised in 1go3 gave: 
Iron oxide Al,O, CaO MgO Mn P S Ti SiO, Authority 

70.78 2.04 7.54 2.98 .22 .23 .15 .36 14.84 N.J .1*3 ,p .1oo  

In 1901 a shaft was begun a b u t  1,000 feet south of the Mc- 
Kinley mine, and this was given the name of Prospect No. 4. 
This appears t o  be on a vein that is entirely distinct from the two 
worked at  the McKinley mine, but its relation to these has not 
been determined. I t  is proposed to operate this shaft in the near 
future. 

References: N. J. 1884, p. IOI ; 1885, pp. 105-106; 1890. p. 5s; 1891, p. 238; 
1896, PP. 3-323; 1899, P. 159; 1900, P. 204; 1901, P. 137; 1902, PP. 117-118; 
19039 PP 99-100; 19% P. 294- 

( 4 2 )  Tiic Welcli  Minc.  

The Welch mine shaft was situated about 400 feet northwest 
of the New n i n e  shaft. I t  obtained ore from two deposits that 
lay side by side-the southwestern being known as the "slope" 

NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



MAGNETITE MINES I N  GNEISS. 249 

vein and the northeastern as the "Welch" vein. These were 
supposed to be the continuation of the "Carwheel" and the "New 
mine" veins that were developed in the old mines of these names, 
and which were terminated a little northwest of the old shafts 
by a fault or a dike of pegmatite. (See description of Carwheel 
ant1 Sew i~zines.) 

It is not known when the shaft was opened. It was at work 
in 1880, but was obtaining ore from the Welch vein only, and 
this was much mixed with rock. 

Samples of ore assayed in 1879 showed .05 per cent. of phos- 
phorus. Analyses made by the chemists of the 10th Census 
yielded : 

Fc S P Mn TiOt Authority 
1-46.59 .342 .077 . . . . loth Census, p. 161 
2-41.60 .j85 .059 10th Census, p. 161 

I.-Sample of loo  tons a t  Oxford Furnace. 
2.-Samples of a week's output. All from the Welch vein. 
References: N. J .  1879, p. 74; loth Census, pp. 159-160. 

(43) The Staley Mhe. 

The Staley (or  Straley) mine was one of the oldest of the 
Oxford group. I t  was situated on the road leading from Oxford 
Furnace to Washington, and operated on the northeasternmost 
vein. I t  was worked extensively before 1868, yielding an ore 
that was excellently adapted for the manufacture of bars. It 
had been abandoned before this date. 

There is very little known about the ore. I t  is reported to  
have contained 0 . 1 6  per cent. of phosphorus. 

References: N. J. 1868, p. 639; 1879, p. 74; 10th Census, p. 159. 

OTHER MINES I N  T H I S  BELT. 

The other mines in this belt are of little importance. With few 
exceptions they are scarcely more than explorations. The 
country in the neighborhood of Warrenville and A411an~uchy is 
honeycombed with pits and tunnels that were excavated in the 
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search inr ore. l>ut in neither tlistrict have any promising deposits 
been tliscovered. 

( 4 ~ j  The Barker -1Iirle. 

The Barker or Bulgin mine was 6. j miles northeast of Oxford 
Furnace, in Independence Township, ilrarren County, about one- 
half mile south of Vienna, on the west slope of Pohatcong Moun- 
tain. 

A line of attraction runs up the hill to the southeast and under 
it was found a mass of ore 12 feet wide dipping 38' northeast. 
At the northwest end of the opening which was made in 1880 a 
northeast-southwest fault crosses the deposit and cuts it off. In  
the pit the ore was exposed for a distance of 20 feet in a vein 
striking northwest. The ore was fine-grained, rich and con- 
tained a mere trace of sulphur. Specimens seen in the dump are 
definitely interbanded with rock. 

Several hundred tons of ore were raised in 1880, and from this 
a sample was taken which analyzed : 

Fe.0.  .VnO S P,Os TiO, Insol. Fe 
85.56 .o .o tr 1.45 , 9.00 61.96 

Another opening 300 feet further northeast also disclosed good 
ore, and attractions southwest of the main opening indicate the 
presence of other veins. These lines, together with the veins that 
have been uncovered, strike in a notal>ly different direction from 
that usually follo\ved the ore veins in the gneisses. 

The place appears never to have been worked. 

Refcre~lccs : S. J. 1880, pp. I 14 and 125-126. 

T l ~ c  TZ'nrrci~oillt. Group. 

Beyond the Barker mine to  the northeast are no other mines 
or explorations until the village of Warrenville, in .4llamuchy 
Township, Warren Count?l, is reached. which is distant about 4.5 
miles from the Barker mine. In the vicinity of this village, how- 
ever. there has been a persistent seardl for ore deposits. which on 
the whole have been unsuccessfut. .A large number of pits have 
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been dug, a few shafts sunk and some tunnels and drifts driven, 
but only a few small ore bodies have been uncovered. The 
country is strongly mineralized, but the magnetite is apparently 
well scattered through the rock in sufficient quantity to affect the 

. magnetic needle to an  appreciable degree, but is not concentrated 
in large enough deposits, so far as the present indications show, 

. to warrant the construction of mining plants. A little ore has 
been raised from some of the pits, but most of these have not 
risen above the dignity of mere explorations. 

Most of the exploratiolls were made before 1868, and practic- 
ally all had been abandoned by that time. Although many of the 
pits and shafts are still easily visible, nevertheless it is impossible 
to identify them under the names that are used in the early State 
reports. This, however, is a matter of no great practical im- 
portance at  the present time, because none of the explorations 
gave promise of the presence of ore deposits of any considerable 
size. 

Most of the pits are on the west side of the road from Warren- 
ville to Hackettstown and within I .5 miles of the village. Among 
the most important openings west and south of Warrenville may 
be mentioned the Hamilton, the Axford Farm, the Maring Farm, 
the Frace, the Pyles Farm and the Young Farm explorations. 
North of Warrenville, on the west side of the road to Allamuchy, 
were other explorations, known as the Haggerty Farm explora- 
tions. An exploration on the farm of Henry Barkman was 
southeast of Warrenville, on the road across the mountain. In 
only a few cases is it known when the openings were made. 

(45) The Hnmiltorc nrul Barkrnun explorations were under- 
taken before 1868. The former consisted of a shaft 20 feet 
deep located on the summit of a hill. I t  penetrated a very 
irregular deposit consisting of a mixture of pyrrhotite, pyrite. a 
little magnetite, considerable apatite, and hornblende. The horn- 
blende and pyrite are enclosed in the pyrrhotite. Of course the 
deposit was of no econon~ic value. 

The Barkman exploration was an old one when described in 
the Report of 1868. I t  is not known whether the small quantity 
of ore taken from the hole was obtained from boulders or from 
a small deposit. 
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( 4 6 )  The  J lar i j~g  Farrit esplorations were half a niile south- 
west of Warrenville. Openings on a long and continuous line 
of attraction tlisclosed some good ore. Southeast of this line the 
vein of the Livesey or Hibler mine, at Allamuchy Pond, can be 
traced by its outcrop across the property nearly a mile. S o  far 
as is known no ore was ever shipped froin this place. 

-4 nuillber of other exploratioiis were started about 1871 in 
the neighborhod of the village, but so far as known none proved 
productive of ore. Very few of them can now be identified, 
although pits are numerous in the country southwest of the 
village. Only the most important of these need be referred to. 

Thc Axford Farnz explorations, like most of the others, were 
on the west side of the road leading to Hackettstown and between - 

the two roads running west to Petersburg. A small quantity of 
ore was found here, but the vein was too narrow to work 
profitably. 

(47) Tlte Fracc. Farm explorations were but a few rods distant 
from Pyle's openings. These were the most pretentious of this 
group of workings. Two shafts were sunk about 1871, one of 
which uncovered a lean ore and the other a very narrow vein of 
richer ore. Neither was of commercial value. 

($8) T l ~ c  Yozrng Farm exploration was near the opening on 
the Pyle farm. About 1871 a shaft was sunk on a line of attrac- 
tion. This penetrated a dark-colored gneiss that contained a 
considerable quantity of magnetite, though not enough to war- 
rant mining operations. 

On a high ridge west of these pits a magnetite-bearing gneiss 
was again encountered, but it was valueless a s  a source of ore. 

( 4 9 )  The  Pyle Farm explorations revealed the presence of a 
magnetiferous pegmatite crossing gneisses perpendicular to their 
foliation. No mining was attempted. 

There was also some exploration undertaken on the brow of 
the rocky hill east of Warrenville, but ore was found in too 
small quantity to  pay for working. 

References: N. J. 1868, p. 625 (Barkman exploration) ; 1868, pp. 624-625 
(Hamilton shaft) ; 1873, p. 87; 1879, p. 85 (Maring farm); 1873, p. 63 
(Axford farm) ; 1873, p. 63; 1879, p. 76 (Pyle's farm) ; 1873, p. 63 (Young 
farm) ; 1873. p. 63 (Frace's farm). 
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Haggerty's explorations were north of Warrenville on the 
west side of the road to Allamuchy. 

A series of trenches across the banding of the gneisses uncov- 
ered a number of small veins and strings of ore, but nothing of 
any size. Later, about 1875, a shaft 40 feet deep was sunk into 
what was reported to be a good vein, but no mining was done. 

References : N. J. 1873, pp. 87-88 ; 1879, p. E6. 

Explorations near Allarnilcky. 

The magnetic lines west of Warrenville extend northeast to- 
ward Allamuchy, passing just west of Allamuchy Pond. Here 
they have been explored almost as energetica!ly as in the vicinity 
of Warrenville and with the same unsatisfactory results. A 
number of small deposits of lean ore were exposed, but none of 
the discoveries were sufficiently promising to  warrant systematic 
mining. 

The most extensive explorations were carried out along the 
west side of the pond under the name of Livsey's or  the Hibler 
Farm mine. Large dump-heaps of a fresh gabbroitic rock are 
still to  be found at the north end of the lake by the side of the 
road to Allamuchy, h . t  very little ore can be seen. 

( 5 1 )  The Lizlsey or Hibler Mine. 

On the hill west of Allamuchy Pond, Warren County, about a 
dozen pits and shafts were sunk between 1868 and 1873. Some 
of them encountered a highly magnetiferous gneiss, dipping 
steeply southeast. This lean ore, which was a gneiss banded 
with thin layers of magnetite, gave on analysis: 

FetO, PnOs Silicates Authorily 
26.95 I .02 72.03 N. J. 1873, p. 87. 

A few years later another vein was opened west of the first 
exploration. A shaft 70 feet deep struck an ore reported to be 
7 or 8 feet wide, in which again ore and rock were intermingled 
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This proving unsatisfactory, in 1880 a tunnel was driven west- 
ward from the lake shore into the hill for the purpose of inter- 
cepting the veins which had been discovered on the surface. 
Althotigh this penetrated the hill to the distance of 200 feet, no 
deposits were found that were worth working. The rock taken 
from the tunnel is a very black, massive phase of Pochuck gneiss. 

In 1go6 a sanrple of ore taken from near the surface in the 
neighborhood of these explorations was analyzed by the chemists 
of the Thomas Iron G., showing : 

FP= 51.53 P = .I2 S = .I.$ 
References : hi. J .  1873, p. 87; 1879. pp. 8 5 4 ;  I&, pp. 1x7-1x8; 10th Ccn- 

SUS, p. 151. 

Beyond Allamuchy there are no other developed deposits on 
this belt until its northern end is reached, 15 milei further t o  the 
northeast. Just west of Ogdensburg, on the east slope of the 
Pimple Bills, are the developments of the Stirling Hill zinc 
mines, one of whose openings furnished franklinite that for some 
time was utilized as an ore of iron. This, however, is in the 
Franklin limestone. About two and a half miles further north- 
east was the Hill mine, at Franklin Furnace. This was on one 
of the two parallel veins, of which one was in limestone (the 
Furnace or Pike's Peak vein, see page 227), and the other, the 
Hill vein in gneiss. The only other openings were the Copperas 
min? and Bird mine, 6 and ro miies, respectively, beyond Frank- 
lin Furnace, on the west side of Pochuck Mountain, near the 
State line, and a few explorations at p i n t s  not now easily de- 
terminable. 

The k e y  explorations were in Hardyston Township, Susses 
County, on a line of attraction in the valley of the Wallkill River, 
between Ogtlensburg and Franklin Furnace. 

The line, according to descriptions, passes from grleiss into 
limestone, and on both portions ore was found in 1881. The ex- 
act positiol~s of the explorations are not known. They were 
probably on the Hill mine vein about 2,ooo feet south of the 
soutl~errl pit of the Hill mine. 
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The ore in the limestone contained considerable calcite, and 
was k n o w  as light ore. That from the gneiss, known as "black 
ore," was of the usual character of the.ore in the siliceous rocks. 

,An analysis of average samples of each follows : 
SiO, Fe M n  s &' Authority.  

Lightore ,.... 2.16 38.43 .625 .I4 .oz8 N.J .1881 ,p . sg  
Black ore, . . . . 22.57 44.10 .48 1.64 .05 N. J. 1881, p. j9 

References: N. J. 1881, p. 39. 

(53) The Hill or Frar~klirt Mine. 

The Hill or Hill vein mine was on one of the two parallel 
magnetite deposits at Franklin Furnace, Hardyston Township, 
Sussex County. The mines on the deposits in the limestone were 
known as the Pike's Peak and Furnace mines. (Sek page 227.) 

The vein in the Hill mine was opened for a distance of 1,800 
feet along its length before 1868, and already at this time con- 
siderable ore had been removed from its southern end, on the 
hill, south of the furnace. The mine was not operated between 
1868 and 1873. Later (in 1879), however, it was reopened 
southwest of the old openings and was worked extensively in 
1879 and 1880. I t  was finally abandoned in 1882 because of 
its increasing leanness. 

The vein can be traced southwest from the shaft of the '~ ro t t e r  
(zinc) mine parallel to the zinc vein and only 40 or  5 0  feet from 
it across the Wallkill River and along the side of Mine Hill, for 
a distance of 1.25 miles. I t  is very near the contact between the 
gneiss and the Franklin limestone, and is in some places partly 
within the latter rock. Its dip is about so0 southeast, corre- 
sponding with the clip of the west leg of the Franklin zinc deposit. 
Much pegmatite is interbanded with the gneiss associated with 
the ore, and in a few places it cuts across the gneissic foliation. 
Allanite and magnetite are present in some of this pegmatite, and 
garnets of various colors occur in the limestone near the ore. 

In 1880 the old shaft \\.hich was near the furnace had reached 
a depth of  go feet and the deposit hat1 become narro\\-. Opera- 
tions were therefore transferred to a new opening some distance 
further to the southwst. This, however, was not used long. 
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since, as has ken  already stated, the place was abandoned in 
1882. 

The ore from this mine is reported, to  have been used in the 
manufacture of Bessemer pig, though it is difficult to understand 
how this could; k, .unless it was mixed with large quantities of 
other ores, as its analyses show a comparatively large percentage 
of phosphorus. 

A sample taken from a p i n t  south of the furnace in 1868 (N .  
J. 1868, p. 658) gave : 

Fe.0, AlzOa CaO MgO K,O. Na.0 P,OI S SiO, Total. 
80.8 2.3 4.7 2.3 I .o .6 o 10.4 = 101.2 

Another sample taken by the officers of the 10th Census from 
a pile of 1,ooo tons at the shaft yielded: 

Fe = 27.88 ; P = .045 ; S = 267. Authority : 10th Census, p. 153. 

The ore was shown by the mining operations to  possess the 
usual shoot and pinch strttcture. I t  was a mixture of magnetite 
and hornblende. 

During the census year the mine produced 6,720 tons. 

References: N. J. 1868, pp. 658-659; 1873, p. 88; 1879, pp. 8843g; 1880, pp. 
I I E L I I ~ ;  10th Census, p. 153; 1883, p. 146; Folio No. 161, U. S. Geol. Survey, 
pp. 22-23; Geol. Atlas of N. J., No. 2, pp. 22-23. 

The Greer Farm Tract. 

Explorations for iron ore were made on a line of attraction on 
the Greer Farm tract, or  Franklin Iron Company's property in 
Ilardyston Township, Sussex County, but without success. The 
exact lwation of the exploration is not known. 

References : N. J. 1879, p. 80. 

(54) The Copperas or Gretm's hl i~re .  

There have been two mines that have gone under the name of 
Copperas mine and two that have been called Green's mine in the 
reports of the New Jersey Geological Survey. The one here re- 
ferred to was on the east side of Pochuck Mountain, in Vernon 
Township, Sussex County. The other Copperas mine was in 
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Rockaway Township, Morris County (see page 374), and the 
other Green's mine on Wawayanda Mountain in Vernon (page 
310) - 

The present mine was about 1.5 miles north of McAfee on the 
east slope of Pochuck Mountain, near Decker Pond. It was 
opened early in the 19th century, and was abandoned about 1816. 
The ore was mainly pyrite or a magnetite very rich in the 
sulphide. It was originally worked for the purpose of obtaining 
material to be used in the mailufacture of copperas. 

References: N. J. 1855, p. 148; 1868, p. 660; 1873, p. 88; 1879, p. 89. 

(55) The Bird Mine.  

There have been several mines described by the name of Bird 
mine in the literature of New Jersey mines. One was a limonite 
mine, near Clinton, in Hunterdon County, and the other was a 
magnetite mine in Vernon Township, Sussex County, on the west 
side of Pochuck Mountain, about 4 miles north of the Copperas 
mine. The latter has not been worked since before 1868, and 
nothing is known about the quantity or quality of its ore. 

References : N. J. 1868, p. 660; 1873, p. 88; 1879, p. 89. 

MINES IN THE CAT SWAMP MOUNTAIN BELT. 

The Cat Swamp M m t a i n  belt of mines includles a number of 
independent explorations and mines situated along a line extend- 
ing from the Pequest mine, near Pequest Furnace, to Allamuchy 
Pond, where it joins the Oxford belt. None of the.openings 
upon it have proven of any great value. though the Pequest mine 
pioduced during its life a large quantity of lean ore. 

The northeasternmost openings on the line were those known 
as 'Haggerty's explorations, which have already been described. 
The others are taken up in the order of their locations from 
southwest to portheast. 

(56) The Pequest Mine. 

The Pequest mine was in reality a great quarry on the south 
slope of Mount Mohepinoke, about three-fourths of a mile east 

17 ORE' 
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of Pequest Furnace, on the north side of the road between the 
furnace and Townsbury. 

Ore was first discovered here in 1869, and during the following 
3 years the mine was worked witl~out interruption, and a large 
quantity of ore was removed. I t  was opened again later and 
worked until 1875. Work was again resumed in 1880 and the 
mine operated 5 months, when it was permanently closed, because 
of the exhaustion of the ore M y .  This \\.as taken cbut to the 
bottom, rmk on the south and west sides of the opening. 

The ore, which was lean, occurred in a large swollen shoot. un- 
derlain by a hornblende gneiss (Pochuck gneiss) dipping about 
70" southeast. North of the shoot on the surface was a gray 
granite which ran east and west and dipped steep toward the 
north, cutting out the ore in that direction. This is regarded as 
a dike, which is thought to have displaced the vein. Tunnels and 
pits put b w n  to the west and tunnels run in below the mine to 
intercept the continuation of the vein in these directions were 
unsuccessful. 

The ore was largely a soft mixture of magnetite and decom- 
posed hornblende, that was so lean as to require the smelting of  
3.5 tons of ore to produce one ton of metal. I t  was practically 
a very iliagnetitic basic gneiss. An analysis of the richly mag- 
netic portion of the ore yielded: 
Fe.0, I .  AbO. CaO MgO MnO HIO PIOl Total Fe. 
67.47 18.30 3.23 5.94 3.28 s5 1.95 tr=xce& 48.84 

References: N. J. 1873. pp. 7678; I Q ~ ,  p. 83; 1880, p. 116; 10th Census, 
P. 149. 

(57) The Hertry Tunrrel. 

At 300 yards northeast of the Pequest mine, in Oxford Town- 
ship, Warren County, was an old tunnel, the mouth of which is 
about 1 5 0  feet above the Pequest River. 

This was reopened about 1870 and extended to  a distance of 
650 feet northward; into the hill, along the foot wall of a vein 
about I j feet wide, dipping steadily to  the east. 

'Authority: N. J. 1873, p. 78. 
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A second tunnel about 50 feet below the first struck the vein 
at a greater depth, and at its northern end was connected with the 
upper tunnel by a shaft. A third drift starting near the foot of 
the hill ran across the rock structure at right angles to the upper 
two and entered the vein about IOO feet below the level of the 
uppermost tunnel. North of the upper tunnel trenches dug 
across the line of the vein succeeded in tracing it all the way to 
the Hoit mine, 1,500 feet distant from the tunnel opening. 

The vein dipped uniformly and was similar in width and char- 
acter a t  all points examined. The walls were regular and well 
defined. At the surface the ore was composed of alternating lay- 
ers of magnetite and rock. At greater depths the thickness of 
the rock layers diminished and.fmally they disappeared, the ore 
becoming correspondingly richer. 

An analysis of the lean surface me gave : 
Fe804 Ah08 Coo MgO Mu0 SiO, Ins. PIO. H1O Total Authority 
37.26 476 tr. 1.61 .40 49.40 5.w .a96 1.locgg.726 N. J. 1873, p. 18tg 

So far as known the place was never worked. 
References : N. J. 1873, pp. 78-79; 1879, p. 83; Trans Amer. Inst. Min. Eng., 

Vol. 2, pp. 73-74 and 317-318. 

(58) The Hoit Mine. 

The Hoit mine is near the top of Mt. Mohepinoke, and about 
I mile north of Pequest Furnace, in Oxford Township, Warren 
County. 

The mine was first opened about 1870 by a slope on a vein 
dipping 30" southeast, but becoming steeper with depth. It was 
later drifted on in a southwest direction for 70 feet. The drift 
is described as presenting "the curiotts phenomenon of an arched 
roof with sides of ore, the vein dipping from it towards the 
southeast at the angle of the slope, and in the opposite direction 
more gently." The condition is explained as possibly due to the 
presense of an anticlinal fold or  to a throw of the vein westward. 

The ore is compact and banded. I t  contains irregular masses 
of garnet, besides considerable augite, quartz and other minerals 
c- to the adjacent gneiss. 
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An analysis of the average. run of the mine gave: 
PeO Pr,O, A120t CaO MgO MnO SiO, PIOs Ti02 S Total. 
27.23 38.29 12.48 445 .86 .55 18.90 .06 1.30 1.23 = 105.25' 

The ore is remarkable for  containing garnet, which is rare in 
the New Jersey magnetites. The associated rocks are also abnor- 
mal. Instead of the usual gneiss of the district, the rock form- 
ing the walls of the ore body is a much sheared garnetiferous, 
quartzose schist, containing a considerable quantity of garnet and 
some sillimanite. I t  may represent an old sediment that has been 
metamorphosed by the surrounding gneisses. 

The mine was probably worked until 1875, although no state- 
ment to this effect can be found in the literature. 

References: N. J. 1@3; p. 80; 1879, p. 83. 

(59) The Hoit Farm E.t-ploratioru. 

The Hoit Fann explorations in Hope Township, Warren 
County, comprised a shaft about one-third mile northwest of the 
Hoit mine, and a series of old pits on a line of attraction north- 
east of the mine. 

The exploration northwest of the mine consisted of a shaft 
which opened up a lean ore composed of magnetite and horn- 
blende not worth working. In  the northeast explorations a 
banded ore like that at the Henry tunnel was found, but this also 
was too lean to be mined with profit. The associated rock, like 
that at the Hoit'mine, is a sheared garnetiferous gneiss. 

References: N. J. 1873; pp. 7981. 

The Green Farm exploration was on the east border of the 
Pequest Meadows, in Independence Township. Warren County. 
I t  was southwest of the Cumrnins mine. on the north slope of 
Cat Swamp Mountain, near its southwest end. I t  is probably 
identical with the Carroll place exploration referred to in the 
State Reports of 1879 and 1883. 

'Total is given as 100.25 in original (N. J. 1873, p. 80). 
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-4 shaft go feet deep was suik in 1882, and a vein of good 
quality ore 6 feet wide was found. Nothing further is known of 
the place. 

References : N. J. 1879; p. 85; I&, p. 74; 1883, p. 14. 

(61)  Scrantotr's Lease. 1 

Scranton's lease exploration was reported as being about a mile 
northeast of Danville, in Independence Township, Warren 
County, on the east side of the Pequest Meadows. 

,4 single pit is reported t o  have found a good vein of ore, but 
nothing further is known of the occurrepce. 

The location has not been identified. I t  was probably on the 
northwest side of Cat Swamp Mountain, a short distance south- 
west of the Curnmins mine, and was possibly incorporated with 
this mine during the latter part of its history. 

References: N. J. 1873, p. 87; 1879, p. 85 ; 1883, p. 14. 

(62) The Czlrnmins Mine. 

The Curnrnings or Cummins mine consisted of a number of 
openings at the north base of Cat Swamp Mountain, in In- 
dependence Township, Warren County, about 4 miles west of 
Warrenville. 

Before 1868 openings had been made on the southeast slope 
of the ridge near the Schaeffer farm explorations. Here the 
gneiss dip 70" to 80" southeast, and contain layers that are very 
rich in magnetite. In these it was hoped to find some ore. Ex- 
plorations on the mountain, however, were not vigorously prose- 
cuted until 1881 and during a portion of the succeeding year, 
when a new shaft was sunk in the ore on its north side. During 
the course of sinking about 4 w  tons pf ore were removed. A 
cut near-by exposed a breadth of from 10 to I5 feet of ore, which 
was generally lean, but contained very rich streaks in places. The 
vein dipped steeply to  the northwest, but k a m e  flatter with 
depth. In  1882 the yield was 20 tons daily of 40 per cent. ore. 
Work was suspended in the latter portion of this year after the 
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shaft had been sunk to a depth of 80 feet and 3,000 tons had been 
shipped. The ore carried garnet, pyrite and some other com- 
ponents. No regular walls had been found. 

An average sample of the washed ore gave: 

SiO, Fe Mn S P,Os TiO,  Authority. 
16.31 56.54 1.77 2.80 tr .o N. J. 1881, p. 38 

A belt of attraction passes through the mine and extends for a 
long distance in both a northeast and southwest direction. - 

Toward the east an opening made on the adjoining (63) .\yes 
property in 1881 also encountered ore of the same quality. This 
exploration is sometimes designated as the Ayres mine. 

References: N. J. 1868, pp. 625-626; 1879, p. 85; 1881, p. 38; 1882, p. 74; 
1881, P. 144- 

(64) The Schaeffer Fa.rm E.rplorations. 

The Schaeffer or  Shafer Farm explorations were 2.25 miles 
southwest of Warrenville, near the line between Independence 
and Allanluclly townships, Warren county, on the southeast 
slope of Cat Swamp Mountain. 

The first exploration, made in 1872, uncovered a small vein of 
rich ore, which is reported to have soon pinched out. In 1880 
explorations were resumed, and a shallow opening on a line of 
attraction discovered a fine-grained ore that analyzed: 

FeaO, MnO Al,O, SiOt Ins. Pa06 S .  Ti02 Total Fe P 
87.21 o 2.68 9.95 .50 .o25 .05 .o = 100.415 63.15 .or I 

References: N. J. 1873, p. 87; 1879, p. 85 ; 1880, p. 117 & 127-128. 

MINES IN THE GAFFNEY MINE BELT. 

The line of mines east of the Oxford belt begins near New 
Village, runs northeast near the east side of Scotts Mountain, 
through the center of Allamuchy Mountain, and along the west 
side of Hamburg Mountain to Vernon, where it ends. 

Tile southern end of the line has not been productive. A num- 
ber of pits have been put down on magnetite deposits, but none 
of them have proven of value. The ore appears to be lean and in 
snlall quantity. Further north the deposits have been lnore prom- 
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ising, but in no case have they resulted in the tlevelopment of a 
large mine. In two cases operations were carried on continuously 
for several years. and a considerable quantity of ore was mined, 
but most of the openings never were more than explorations. 

There are three pits on the south side 'of Scotts Mountain, all 
of which, judging from the size of their dumps, must be fairly 
deep. There is no reference to  these in the literature, nor has 
any definite information a b u t  them been obtained from the per- 
scms living in their vicinity. One of the pits is I mile north of 
New Village, on the east side of the road to Montana; a second 
is a. mile northeast of Brass Castle, on the road running north- 
west from Washington, and the third on the west side of the road 
between Washington and Oxford Furnace, and about midway 
between the two. 

Probably none of these pits ever shipped any ore. 

(65) Haggerty's Fann Explorations. 

Haggerty's Farm explorations in Allamuchy Township, War- 
ren County, were a b u t  1.25 miles southeast of Warrenville on 
both sides of the road to  Saxton Falls. 

A long and broad band of attraction running northeast was 
explored in 1874. In a pit at  the northern end of the exploration 
a distinct vein of ore was found that was rich near the hanging- 
wall, but which near the foot-wall was lean and much mixed with 
quartz, feldspar and hornblende. I t  was probably a mag- 
netiferous pegmatite dike, but the openings were tm shallow to 
afford much knowledge of the vein. 

A commercial analysis of a few tons raised in 1874 gave: 

Fe = 56.40; P = .21; and S = .05. 

A later analysis (N.  J. 1879, p. 76) gave : 

Fe = 58.55 ; P = .33 ; S = .05 ; TiO, = 4.20. 

About roo tons of ore were mined. 

References : 1876, p. 52 ; 1879, p. 76 ; 1884. p. 103. 
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( 6 6 )  The Bryatzt Mine. 

The Bryant mine was I mile southeast of Warrenville and 
about three-fourths of a mile from the Morris Canal, in Alla- 

. muchy Township, Warten County. 
The place was first opened in 1866 by two shafts, but q only a 

rich magnetite-bearing pegmatite was encountered it was soon 
abandoned. 

The exact location of the old shafts was not discovered. The 
exploration must have been very near the Haggerty Farm ex- 
ploration. 

References: N. J. 1873, pp. 63-64. 

( 6 7 )  The Waterloo or Brookfield Mine. 

The Brookfield or Waterloo mine was on Allamuchy Moun- 
tain, in Allamuchy Township, Warren County, about 2.5 miles 
west of Waterloo and 1.5 miles southeast of the village of Alla- 
muchy, in a valley between two ridges. 

It had been worked to a slight depth before 1855 and aban- 
doned after uncovering a seam of ore from 3 to 5 feet in thick- 
ness, which was separated into two parts by a horse of rock from 
I to 2 feet thick. 

Three shafts were sunk before 1868, finding an ore vein with 
an a v w g e  dip of 40' southeast. At the mouth of the principal 
shaft it was 4 feet wide. but it diminished to I foot a little 
further down. The wider band contained interlaminations of 
rock. In 1868 the mine was explored more thoroughly than had 
been the case previously, and a deposit 8 or g feet thick m s  
opened up. 

The mine was operated during the succeeding five years, pro- 
ducing many thousand tons of a superior ore. I t  was closed a t  
the end of 1873, when the main shaft was 300 feet deep; but it 
was evidently reopened later, a s  it is reported as being in opera- 
tion during 1884 on a vein 5 feet wide. 

Tile ore analyzed: 
Fr.0.  SiO, and ins. S P,Os Met Iron. Authority. 
90.4 5.2 .o t r  65.5 N. J. 1868, p. 628 

References: N. J. 1855, p. 163; 1868, pp. 66628; 1873, pp. 64-65 ; 1879, p. 
76; 1884, P. 103. 
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( 6 8 )  French's Mine. 

French's mine was west and northwest of Waterloo, in Byram 
Township, Sussex Cbunty. 

About a thousand tons were mined before 1873, at which time 
the openings had been abandoned. 

The ore was a coarse mixture of magnetite and feldspar, re- 
sembling a magnetitic pegmatite. The exact location of the open- 
ings has not been ascertained. They were probably just west of 
the pond, three-fourths of a mile northwest of Waterloo. 

References : N. J. 1873, pp. 66+ ; 1879, p. 77. 

( 6 9 )  The Silver Mirte. 

The Silver mine was in Byram Township, Sussex County, on 
the Sussex railroad, about a mile south of Cranberry Lake. 

The principal opening, which was made before 1855, is zoo 
yards west of the railroad. The deposit is irregular in shape 
but quite large. 

The ore consisted mainly of masses, seams and bunches of 
pyrrhotite intermingled with pyrite, magnetite and a dark-green 
mineral, p s i b l y  chlorite. 

An analysis of the ore showed the presence of about 73 per 
cent. of iron sulphides. 

Fe S 0 and loss SiO. and ins. Authority 
54-2 344 24.0 7.4 N. J. 1868, p. 621 

The d e p i t  was never worked much. 
References : N. J. 1855, p. 173; 1868, p. 621 ; 1873, p. 67; 1879, p. 79. 

(70) The hIcKeon Mine. 

The McKean or Bird mine was situated about one mile north- 
east of Cranberry Lake, on the northwest side of the road to 
Roseville, in Byram Township, Sussex County. 

The mine was fnst opened in 1873 by a shaft 40 feet deep and 
drifts 40 feet long. It was operated intermittently until 1880. 
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l%e vein where fust discovered was 12 feet wide. From this 
about 1,200 tons of ore were removed. When operations ceased 
there were two shafts 200 feet north of the older openings and 
roo feet apart, besides several pits. The depth was go feet. 

The dip of the ore body was steep to  the southeast. Its hang- 
ing wall was distinct, tn~ t  at the foot wall there was gradation be- 
tween ore and rock. 

An analysis of the ore raised in I 874 gave : 
Fe.0. MnO .4hOI CaO hlgO Ins. S P Ti Total Authority 
64.36 .30 3.50 .4j 1.76 28.50 .22 .03 t~ = 99.12 N. J. 1874, P. 28 

The total yield of the mine is reported to  have been 4,000 tons. 
References : N. J. 1874, pp. 28-29; 1879, p. 86; 1880, p. 118; 10th Census, p. 
151 ; 1883, P. 145. 

(71) The Bt-tiell Mine. 

The Bedell mine is about one-fourth of a mile south of the 
Gaffney mine, in Byram Township, Sussex County. 

The mine is in an area of attraction which is distinct from 
that of the Gaffney mine. At one time the mine was of consid- 
erable importance, if one may judge from the size of its dumps. 
There are two shafts, which must have been worked in the go's. 
and several pits. The rocks on the dumps are evenly banded 
dark Byram gneisses streaked with magnetite layers. They are 
gently folded, and in some instances are cut by branching veins 
of hornblende and magnetite. 

Nothing has been learned of the history of the mine or of its 
economic importance. I t  is probable that the ore was lean. The 
attraction in the immediate vicinity of the mine holes is strong, 
but it dies out rapidly a short distance from them. 

The Gaffney mine was 3.25 miles southwest of Sparta, about 
midway between this village and Roseville, in Byram Township, 
Sussex County. 

The cjriginal openings at  this place are old, but more recent 
openings date from 1874. The mine was worked for a few 
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years, but was closed in 1876. I t  was reopened in 1880, but was 
abandoned shortly afterwards. 

A strong line of attrastion extends for 800 feet northeast of 
the old pits, and at one point a short distance east of north of the 
openings the attraction is so strong that a map was prepared in 
1873 to illustrate an essay dealing with the methods of exploring 
for magnetite. After being opened a vein 6 to 8 feet wide of 
good ore was developed. 

Very little is known concerning the history of the operations. 
I t  is, however, evident that they were extensive from the large 
dump-heaps that were left, and the fragments of good ore thd 
are scattered around the old shafts. 

Refetences: N. J. 1873, pp. 67-68 and 94; 1879, p. 79. 

The Lawrence Furrrz Explorations. 

The Lawrence Farm explorations were southwest of the Gaff- 
ney mine, in Byram Township, Sussex County. The pits to be 
seen here are very old, and nothing is known about them except 
that they are on the line of attraction passing through the Gaffney 
mine. 

References: N. J.  1873, pp. 6748 and N; 1879, p. 79. 

(73) Tlzc Sicklcs Mine. 

The Sickles mine was 2.75 miles south of Sparta, in Sparta 
Township, Sussex County, one-quarter of a mile east of the road 
between Sparta and Brcoklyn and three-quarters of a mile north- 
east of the Gaffney mine. 

So far as is known, the mine was. first worked in 1870 and 
1871 through a shaft 30 feet deep. The ore deposit is said to 
have been 12 feet wide at the top, but only 5 feet wide at the 
bottom of the shaft. In a second shaft 150 yards to the north- 
east its width diminished to 3 feet, but the wall rocks contained 
ore in thin layers and sheets, the whole being too lean to work. 
The mine was again operated between 1874 and 1878. It was 
reopened near the end of the year 1879 and worked through the 
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succeeding year from a new shaft 500 feet southwest of the old 
mine. At the bottom of this shaft, which was 60 feet deep, the 
deposit was 3 to 4 feet wide. In 1882 the northeast shaft was 
pumped out and* explored, but no ore was mined. 

The dip of the deposit varied between east and east-northeast. 
The magnetite is much mixed with feldspar, in some places form- 
ihg a coarse rock, very closely related to pegmatite. 

An analysis bf a sample of the ore taken from a pile of 50 tons 
yielded : 

Fe = 38.11 ; S = 4-76; P = .o5. Authority: 10th Census, p. 158. 

The total yield of the mine is said to have been 4,000 tons, of 
which 2,000 tons were of Bessemer grade. 

Northeast of the vein as  developed at  the Sickles mine is a 
strong line of attraction, on which a little ore was uncovered by 
a trench. 

References: N. J. 1873, p. 67; 1879, p. 79; 1880, p. 115; 10th Census, p. 
158; 1883, p. 136; Folio U. S. G. S. No. 161, p. 22; Geol. Atlas of N. J. No. 2, 

p. 22. 

(75) The Bunker and (75) Sherman Farms Explorations. 

The explorations on the Bunker and Sherman farms were 
about I mile southeast of Sparta, on Slack Brook. 

The Sherman farm was first explored in the early part of the 
last century. Before 1854 several openings had been made on a 
number of irregular deposits measuring from 3 to 10 feet in 
width, constituting a mineralized zone extending parallel to the 
foliation of the gneisses in the vicinity. The strike of the veins 
is the usual northeast direction, but their dip is 35" to 50" north- 
west, which is contrary to the general rule. The mine was evi- 
dently not worked to any great extent in its early years, as it had 
lost its identity before 1868, and was at that time referred to 
merely as one of the explorations in the mountains southeast of 
Sparta. 

Between 1873 and 1875 about IOO tons of ore were taken from 
a large open pit 50 feet long and 35 feet deep. No distinct vein 
was struck, but there appeared to be present a large body of lean 
material, which passed gradually into the surrounding gneiss. 
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The explorations on the Bunker farm were about 50 yards 
south of those on the Sherman farm. An open cut was pade  in 
1874, or about that time. This developed a deposit which con- 
sisted of 5 feet of ore, 5 feet of rock and from 5 to 7 feer of ore, 
the latter lying on the foot-wall, which dipped 30" south. 

The quantity of ore in the neighborhood of the two mines is 
thought to be large, but the rocks are so badly jointed that the 
ore bodies are very irregular in shape. Spencer reports that 
prospecting was in progress during 1904 and 1905 for the pur- 
pose of determining the average value of the ore and its quantity, 
with a view t o  the possibility of concentrating the lean material. 

References: N. J. 1854 p. 37; 1855, p. 164; 1879, p. 79-80; Folio U. S. 
G. S. No. 161, p. 22; Geologic Atlas of N. J. No. 2, p. n. 

The Dekay Farm Explorations. 

The DeKay farm explorations were in Vernon Township, 
Sussex County,.possibly on the extension of the Gaffney belt, 
somewhere to  the east of DeKay's, on the Lehigh and Hudson 
River Railroad, near the State line. 

A well-marked line of attraction runs through the property in 
the line of strike of the gneiss, and here and there along the line 
is an outcrop of ore. A small test pit disclosed a vein of work- 
able size, but the ore raised was found to be very rich in titanium, 
and, consequently, the place was never worked. 

An analysis of an average specimen gave: 
Fe = 45.75; SiO, = 31.40; P = .XI ; S = 41 ; Ti = 2.81. 

Reference: N. J. 1899, p. 162. 

MINES OF THE OGDEN MINE BELT. 

The line of mines next east of the Oxford belt begins at the 
southwest end of Pohatcong Mountain and runs approximately 
through the central line of this mountain, over Allamuchy Moun- 
tain, and over the west side of Wawayanda Mountain, crossing 
the State line about I mile southeast of New Milford, in Sew 
York. 
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At or near it were situated a large nurnber of explorations and 
unimportant mines, besides the Williams mine and the Ogden 
group of mines, which were once large producers. The ore as a 
whole was rather lean. 

(76) The Cline illine. 

The Cline mine was near the base of Pohatcong Mountain, 1.5 
miles southeast of Stewartsville, in Greenwich Township, near 
the line between Greenwich and Franklin Townships, Warren 
County. Another mine of the same name was near New Vil- 
lage (see page 67). This latter produced limonite. 

The opening was made some time before 1873, as in this year 
there was a shaft 20 feet deep on the property and an adit on the 
vein 200 feet long. 

The ore on the dump was lean. It is reported, however, that a 
considerable quantity had been removed and sold. 

There is nothing further known about the inine, nor has its 
shaft been identified. 

References: N. J. 1879, p. 73. 

(77) Snzith's Openings. 

Smith's openings were on the side of Pohatcong Mountain, in 
Franklin township, Warren County, a few rods east of the Cline 
mine. 

Two shafts 20 feet deep were sunk, and from 200 to 300 toils 
of ore were mined and shipped before 1873, at which time the 
place was abandoned. 

The ore was lean and contailled pyrite. 

References: N. J. 1879, p. 73. 

The Dean Lot E-rplordtiott . 

The Dean lot adjoined Smith's openings on the east, in Frank- 
lin to\vnship, Warren County. 

There were two lines of openings 25 feet deep on two veins of 
very lean ore about r o o  yards apart, the western one of which is 
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about 150 yards east of the Smith openings. On this there were 
two shafts. There were also two shafts on the eastern vein. 
About 50 yards distant from the easternmost of these two veins a 
third one is reported to have been opened by a single shaft. 

The place was worked before 1873, but to what extent is not 
known. 

Reference: N. J. 1879, p. 73. 

( 7 8 )  The Creager or Conf ltcitts Mine. 

The Creager or Confucius mine was on the northwest slope 
of a little knoll on the south side of the road between Port Mur- 
ray and Karrville, in Mansfield Township, Warren County, about 
I mile west of Port Murray. 

It was opened in 1871 by two shafts, one 50 feet deep and the 
other 23 feet deep. The ore deposit, which was lean, measured g 
feet in breadth. Very little further work was done, and the 
place was abandoned in 1873, In 1880 it was explored again, 
but no mining was attempted. 

References: N. J. 1873, p. 61 ; 1879, p. 75; 1880, p. 1x3; I&, p. 101. 

A Cregar mine is reported by the 10th Census as haling pro- 
duced 250 tons of ore in 1879-1880. It was located in High 
Bridge Township, Hunterdon County. Nq other reference to its 
existence has been found. 

Reference : 10th .Census, p. 164. 

( 7 9 )  The Mitchell Mittr. 

The Mitchell mine was 2 miles north of Port Murray, on the 
east side of the road between this place and Mt. Bethel, in Mans- 
field Township, Warren County. 

The mine was opened in 1870. From an open cut several 
hundred tons of good ore were removed. Two shafts were sunk 
later, but no great quantity of ore was discovered. After spend- 
ing a large amount of money in exploration the attempt to find 
good ore in profitable quantity was abandoned. 

References : N. J. 1873, p. 6 1 4 2 ;  1879, p. 75. 
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(80) Johtuon's Exploratiorzs. 

Johnson's explorations were about one-half a mile west of the 
Mitchell mine, in Mansfield Township, Warren County. Their 
exact situation is unknown, though it is probable that they were 
on the west slope of the mountain, three-quarters of a mile east 
of Karrville. 

Very little ore was found in a narrow vein. No mining was 
attempted. 

References: N. J. 1873, p. 62; 1879, p. 75. 

The Stephenson Mine. 

Another exploration, near the Johnson diggings, was locally 
known as the Stephenson mine. Its exadt location has not been 
discovered. I t  was probably south of the Bald Pate mine. 

References: N. J. 1880, p. 113, and 1890. p. 115. 

(81) The Bald Pate Mitre. 

The Bald Pate mine was in Mansfield Township, Warren 
County, about 2.5 miles north of Port Muray, on the east side of 
the road to  Mt. Bethel, and a h u t  I mile south of this village. 

I t  is reported that iuite a lot of ore was obtained here before 
1868, but little is known of its character o r  the manner.of its 
occurrence. The mine has been operated for 'short periods at 
different times, but without great success. I t  was worked be- 
tween 1873 and 1876, producing about 2,000 tons of ore. In the 
latter year it was shut down, but it was again reopened in 1879 
and a few months' work was done, 150 tons of ore being raised, 
when it was again closed. 

Three shafts were sunk. In the southeastern one a quartz rock 
was struck at a depth of 40 feet, which continued to the bottom 
of the shaft (I$ feet deep), and also in a drift northward. The 
middle shaft was in gneiss and ore, and the northwestern one, 
which was 60 feet deep, opened a greenish slaty rock on the hang 
ing.wal1 of the vein. 
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The ore s m s  to have been in irregular strings in the rock, 
rather than in the form of a regular vein. 

A sample taken from a pile of 75 tons at the mine when 
analyzed by the chemists of the I 0th Census gave : 

Fe  = 5410 ; S = m g  ; P = .03g. Authority : 10th Census, p. 159. 

References : N. J. 1868 p. 624; 1873, p. Q; 1879, p. 75; 1%. p. 113; 10th 
Census, p. 159. 

(82 )  The Shafer or Welch Mine. 

The S a f e r  or Welch mine was near the Bald Pate Mine in 
Mansfield Township, Warren County, probably about onehalf a 
mile north of this mine, on the west side of the road leading to 
Mt. Bethel. 

A sample of the ore analyzed in 1879 yielded (N. J. 1879, p. 

75) : . 
Ins. Fr,Ot MnO PtOl TiOI S Fe  P 

2640 64.60 tr .20 qg5 .o28 45.22 . .og 

I t  is not known that the place was ever worked. 

References: N. J. 1879, p. 75. 

(83 )  The Egbert Church Mine. 

The Egbert Church, Egbert or  Smith mine was onehalf a mile 
north of Mt. Bethel, in Mansfield Township, Warren County. 

I t  was first opened in 1871 by two slopes 150 feet apart, and 
worked until 1876, during which time it yielded several thousand 
tons of ore. 

-4t the bottom of the slopes the ore M y  measured from 6 to 8 
feet in width. A short distance above this there was a pinch, 
and here the ore was only a few inches thick. The strike of the 
vein was north 15' east, and its dip east-southeast. When 
abandoned in 1876 the shafts were 130 feet deep, and the ore had 
been drifted upon for a distance of 220 feet: The composition of 
a sample taken from a pile of IOO tons gave: 

Fe=47.37; S = 4.010; P = .418. Authority: 10th Census, p. 159. 

18 ORE 
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The  line of attraction that passed through the mine was recog- 
nizable for a long distance to  the northeast, and also to  the south- 
west. Openings made on the northeast extension of the line 
discovered no  ore. Five openings t o  the southwest, varying in 
depth from 20 to 40 feet, found ore, but not in large quantity. 

One of the explorations northeast of the Church mine must 
have been of considerable magnitude, for we find on the State 
map a couple of shafts indicated as (84) Tunnison's mine. KO 
reference to  them can be found, however, although the pits can 
still be seen with their fairly large dumpheaps. 

References: N. J. 1873, p. 62; 1879, p. 76; loth Census, p. 158-159. 

c85) T k  gay Mine. 

The  Day mine was I mile northwest of Hackettstown, on the 
southwest side of the road to  Petersburg, in Independence Town- 
ship, Warren County. 

The mine was little more than a n  exploration. A shaft I 5 feet 
deep was sunk on the vein in 1880, and a drift was driven 15 feet 
northeast. Twenty tons of ore had been obtained when' work 
ceased. The  ore consisted of magnetite grains imbedded in 3 

mass of white feldspar, probably constituting a pegmatite dike. 
An analysis of a sample representing the average of a pile of 

20 tot15 of the ore at  the pit gave: 
Fr.O4=7o.z6; MnO=.qs ; T i O ~ 5 . o o ;  P,OG.IO S O 6 t r  ; Fe=50.88. 
Reference: N. J. 1880, pp. 126127. 

Wintermuth's mine was in Allamuchy Township, Warren 
County, about I mile southwest of Haggerty's mine, and 1.5 
miles southeast of Warrenville. 

All that is known about this place is the fact that it was opened 
in 1880, and that tfie ore was similar t o  that a t  the Haggerty 
mine. 

References: N. J. 1880, pp. I* and I V .  
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(87) Ttte Excelsior Mine. 

The Excelsior mine was 3 miles north of Hadcettstown, near 
the canal, in Allamuchy Township, Warren County. 

It  was first opened in 1871, and thoroughly explored in the 
succeeding two years. The ore was a magnetite-bearing pegma- 
tite, which in places contained 40 per cent. of iron. As the dike 
was followed, its course became more and more nearly parallel 
to the banding of the surrounding gneiss and apparently was 
changing into an ore vein when the work was stopped. 

Reference : N. J. 1873, p. 64. 

(88) The Eureka Mine. 

The Eureka mine was on the south slope of Allamuchy Moun- 
tain, overlooking the Morris Canal, and about three-fourths of a 
mile north of the Excelsior mine, in Allamuchy Township, War- 
ren County. 

It  was first opened in 1871, uncovering a lean ore that was 
probably a magnetitic pegmatite. The country between this ' 

mine and the Excelsior mine is apparently everywhere underlain 
by streaks of ore-bearing rock. 
The exact location of the pit has not been identified. 

Reference: N. J. 1873, p. 64. 

(89) The Cascade M k .  

The Cascade or Smith mine is on the east side of rhe Sussex 
Railroad, about 2.5 miles northwest of Stanhope, in Byram 
Township, Sussex County. 

The mine was worked in 1850 or thereabouts for the Andover 
forge. It was reopened in 186g and operated continuously until 
1877, when it was abandoned. In 1883 a little work was done 
near the old shafts and on the hillside west of them, but nothing 
was developed. 

The ore vein varied from 3 to I I feet in width, and was sepa- 
rated into two parts by an irregular horse of rock. Its dip was 
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35'-45' east and strike nearly north. The ore contained con- 
siderable pyrite. 

Sixty yards north of the main openings was a thin vein of very 
rich ore that was, however, worked very sparingly because of 
its narrowness. I t  is described as having the character of a true 
vein. 

References: N. J. 1873, p. 66; 1879, p. 77; 1883, p. 135. 

(pa) The Allis Explorations. 

The Allis explorations were north of and adjoining the Cas- 
cade mine in Byram Township, Sussex County. A little ore was 
discovered here before 1873, and some mining done, but the 
quantity of ore raised is not known T'he work was soon dis- 
continued. 

Reference: N. J. 1873, p. 66; 1879, p. 77. 

For a distance of I I miles beyond the Cascade mine there are 
no openings that disclosed ore. In  the next 3.5 miles, however, 

- mine openings are numerous, a p i n g  an alrnast continuous vein 
throughout this distance, the mcst important openings in this 
stretch being those of the Ogden mines. . 

Explorations Near Sparta. 

A few pits are reported to  have been sunk south of Morris 
Pond, in Sparta Township, Sussex County, and'in some of them 
ore is said to have been found, but as to  its quality and abundance 
nothing has been reported. 

Reference: N. J. 1873. p. 68. 4 

(9192) The Ogden Mines. 

The Ogden group of mines includes a number of openings, of 
which the most important were situated in Sparta Township, 
Sussex County, about 2 miles southeast of Ogdensburg, at the 
place now known as Edison. 

NEW JERSEY GEOLOGICAL SURVEY



MAGNETITE MlXES IN GNEISS. 277 

The mineralized zone in which the mines are located has a 
maximum width of about 1,200 feet and an average width of 
600 feet, and a length of 5.5 miles (Plate IV) .  At its southwest 
end the zone separates into three distinct magnetic belts, and at 
its northeast end it wedges out into four narrow belts. The 
whole zone has been thoroughly explored by pits, shafts and 
trenches, which are most numerous around the site of the village 
of ~ d i s b n ,  where formerly the largest mines of the district were 
situated. Most of the openings at other points in the zone were 
merely explorations in search of the extension of the ore vein that 
was known to exist at Edison. Among the points at which o p  
erations were carried on were Kinney's mine, Amos Sharp's 
mine, Bird's mine, the De Camp mine, the Davenport mine, the 
Morris mine, the Pardee mine and the Roberts mine. .A long 
distance to the south of these another important group of pits 
was sunk, the most southwesterly of which was known as the (91 ) 
Riker mine. The oldest of the openings (that of the Old Ogden 
mine) was made in 1772, near the present site of Edison. Other 
pits were put down in the latter part of the 18th century and dur- 
ing the early part of the 19th century. Some of these were 
worked at intervals under various owners until 1899,' when all 
were abandoned in consequence of the failure of the New Jersey 
and Pennsylvania concentrating works to concentrate success- 
fully the ores on a commercial basis. 

On the map that accompanied the report of 1868, besides the 
Ogden mine, there is represented a mine to the north under the 
name Amos Sharp mine, and another to  the southwest under the 
name of the Moms mine. These, however, are not referred to 
in the text, and we are left in ignorance as to  whether they were 
a part of the group described as the Ogden mines or were intle- 
pendent mines. In  the text we find that in 1868 three companies 
were working in the tract, of which one-the Roberts Iron Com- 
pany-was operating the Old Ogden mine on a vertical vein 24 
feet wide at a depth of IOO feet. 'I%e Glendon Company was 
mining on the same vein northeast of the Roberts Company, 
finding a thickness of 7-10 feet of ore; and the Stanhope Com- 
pany was working an old mine near that of the Roberts Company, 
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and was exploring in a number of pits further southwest. One 
of the openings situated one-half a mile south of the Ogden mine 
is incidentally mentioned under the name of the Vulcan Head 
mine. This was operated before 1854 as the Vulcan mine on two 
d ~ i t s ,  each of which was about g feet wide. One of these con- 
tained small quantities of chalcopyrite and malachite. 

The principal mines of the group near Edison were worked 
continuously until 1873, when they produced 27,720 tons of ore. 
In 1879 the Roberts mine and the Pardee mine, adjoining it on 
the northeast, were both operated, and in the following year in 
addition the Davenport mine, which lies southwest of the Roberts 
mine, and the Old Ogden or Lehigh mine, which lay between 
the Roberts and the Davenport mines. Shortly after this all the 
mines were closed except the Pardee, which continued in opera- 
tion until 1884, and perhaps a few years later. 

In 1889 or  18go practically the entire magnetic belt was pur- 
chased by the Edison Company, and a great separator was built 
with a capacity of 700.000 tons annually. I t  was proposed to 
mine the ore and rock together, to concentrate it magnetically and 
to manufactu~e briquettes from the concentrates. In 1890 the 
quarrying of the rock on the west end of the old @den workings 
was begun. This was blasted down and fed into the concentrator 
with an iron content of 20 per cent. I t  was concentrated to a 68 
per cent. Bessemer ore and made into briquettes. Experimental 
runs were made a t  intervals between 1891 and 1897, but none of 
the product was sold. In 1898, however, a trial run was made, 
lasting sixty days. About 1,200 tons of ore briquettes and 20,000 

tons of sand were produced from a rock containing 10-12 per 
cent. of iron. Analyses of a shipment of 1,000 tons, made to 
the Thomas Iron Company, showed a content of 62.83 per cent. 
Fe. In the following year 75,206 tons of rock were quarried and 
I O , ~  tons of briquettes were shipped. Shortly thereafter all 
operations ceased. because of inability to manufacture briquettes 
a t  a profit. 

m e  ~ichest portion of the Ogden vein was a t  its northeast 
end at Edison. T o  the southwest it became poorer, and all the 
openings made southwest of the Davenport mine disclosed only 
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lean ore. Consequently none of these was ever operated. Al- 
though most of the ore was of non-Bessemer grade, a small quan- 
tity of Besserner ore was mined. Among the minerals associated 

- 

with the ore are molybdenite, cyanite, pyrite, chalcopyrite, garnet 
and crystallized apatite. 

The manner of occurrence of the ore is similar to that in many 
other portions of the Highlands area. I t  is better exhibited here 
than elsewhere, however, because of the fine exposures uncovered 
by the stripping of the surface in anticipation of the operations of 
the concentrating works. Spencer' describes the conditions here 
as follows: 

"The magnetite occurs in both large and small sheets. The larger masses 
of ore which were worked underground for many years were found to be 
similar in shape and of comparable size to the ore bodies of many other mines 
in the crystalline belt, showing the same elongated podlike form, pinching 
and swelling, southeasterly dips combined with northeasterly pitch, and con- 
formity in attitude to the structure of the inclosing rocks. The three larger 
mines of the group are said to have worked the same ore shoot, which ranges 
in thickness from 10 to feet. The ore was mined to a height of 85 to 110 

feet, and if actually continuous through the various mines, was worked for 
a length of nearly 1,500 feet. In addition to this large ore mass, several 
smaller bodies were discovered, though none of them have developed into 
important mines. In general the ore in the smaller shoots seems to have 
contained considerable feldspar and quartz, and some of it carried note- 
worthy amounts of pyrite. 

In addition to the ore shoots that are of such size as to.permit independent 
mining, minor sheets and bunches of magnetite associated with stringers of 
pegmatite penetrate the gneiss through practically the whole of the ore zone. 
So considerable is the amount of this distributed orey material that large 
masses of the rock are reported to contain 20 per cent. of metallic iron." 

The Davenport mine was in a lean shoot pitching 35" north- 
east. The walls were nearly vertical, and the d e p i t  was 6 to  8 
feet thick. In  1880 the depth of the mine was 165 feet. The 
chief gangue of the ore' was quartz, which in some cases com- 
posed 50 per cent. of the mass of the deposit. 

The cmposition of an average sample taken from a pile of 
200 tons was: 

Fe = 47.76; P = .M; S = .208. Authority: 10th Census, p. 155. 

'A.  C. Spencer, Folio No. 161, U. S. G. S. I@, p. 21. Geologic Atlas of N. 
J. Folio 2, p. 21. 
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During about seven months of the census year the mine p m  
duced 1,120 tons of ore. 

The Roberts mine was operated from two shafts 130 feet 
apart, from the ilortheast of which (in 1880) all the ore was 
raised. This was 270 feet deep. At the depth of 75 feet the 
ore pinched to  18 inches, but below this it again widened, until 
near the bottom of the mine the deposit was 15 feet broad. The 
shoots dipped 65" southeast and pitched 25' northeast. 

In 1880 analyses were made of samples taken from the north- 
east and the southwest stopes, resulting as follows: 

N. E. Stopes. Fe = 63.91 ; P = .613 ; S = .133 ; Authority : 10th Census, p. 
. 155. 

S .  W. Stopes. Fc = 64.22; P = .746; S = .1o5 ; Authority : 10th Census, p. 
155. 

In the census year the production of this mine was 16,800 tons. 
The Pardee or  Pardee-Ogden mine was on the same shoot as 

the Roberts mine, but a little further northeast, the "caprock" 
separating the two shafts at the surface. The Roberts 'shaft 
started-in ore, while the Pardee shaft was sunk through the c a p  
rock. In 1884 the shaft of the Pardee mine was 375 feet deep. 
In  the stopes 60 feet northeast of the shaft the ore body was 20 

feet wide. The shoots were 85 to  I 10 feet high, and in this mine 
had nearly vertical walls. At the cap the ore body diminished 
to a narrow.seam; at the bottom it appeared to run out entirely. 

About 200 feet north of the shaft a fault exists with a throw 
of about 17 feet to the right. Its strike is perpendicular to  the 
vein, and its dip is steep south-southwest. A thin leader of ore 
in the fault plane connected the two ends of the displaced ore- 

body. 
A sample taken from a pile of ore aggregating 2,500 tons pos- 

sessed the following composition : 
Fc = 59.23 ; P = 1.067; S = .II3. Authority : 10th Census, p. 155. 

A complete analysis is quoted on page I 12. During the census 
year the mine prodvced 8,089 tons of ore. Its normal capacity 
was 20,000 tons. 

References: N. J. 1840, p. q ;  1854, p. 16; 1855, p. 164; 1868. pp. 631-632; 
1873, p. 68; 1879, p. 80; 1880. p. 115; 10th Census, pp. 154-155; 1883, p. 137; 
1884, P. 104 ; 1890, P. 69; 1891, P. -1 ; 1896, P. 326; 1897, P. 321 ; 1898, P. 235; 
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1899, p. 170; 1900, p. A. Folio No. 161, U. S. G. S., p. 11; Geologic Atlas of 
N. J. Folio 2, p. 21. 

A weak line of attraction is reported to extend from a point a 
short distance northeast of the Ogden mines all the way to the 
New York, Susquehanna & Western Railroad, a distance of 4 
'miles. A number of pits sunk upon it at  different places uncov- 
ered lean oxe, but not in sufficient quantity to warrant mining. 
The most promising of these is on the edge of a swamp on the 
south side of the road between Two Bridges (Beaver Lake) and 

' Stockholm, and about 2 miles northwest of the latter place. It 
is in Hardyston Township, Sussex County, and is known as the 
Ward mine. It was never more than an exploration in a small 
area of slight attraction. 

About 7.5 miles northeast of the Ogden mines are the openings 
of the Williams mine, which, in, its day, was an important con- 
tributor to  the State's output of ore. 

Reference: N. J. 1873, p. 68. 

(93) The Williams Mine. 

The Williams mine is half a mile east of the Vernon-Stock- 
holm road, and 3 miles south of Vernon, in Vernon Township, 
Sussex County. . 

The mine must have been opened originally in 1815, or about 
that time, and worked extensively until about 1830, when 
it was apparently abandoned. It was later re-opened and 
operated at  intervals until 1870. From this time until 1876 it 
was worked uninterruptedly and then was closed. It was again 
re-opened in 1880 and operated for a short period. Work was 
again resumed in 1881 and continued until 1883, when the mine 
was closed permanently. 

In 1870 three shafts were sunk in a line 400 yards long. At 
the southwest one the dip of the deposit was northwest. In the 
second shaft, 1,000 feet northeast of this, the dip was steep to 
the southeast, as it was also in the third shaft, which was 200 

feet further northeast. 
The vein was irregular in width, and in the earlier working the 

ore is reported to have been free from sulphur. That produced 
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later, however, contained so much pyrite that it had to be roasted 
before using, although in theebottom stopes, worked in 1883. 
there was apparently some ore free from sulphur. 

When the mine was closed in 1883 the ore had been followed 
for a distance of 275 feet, with an average width of I I feet froni 
the main shaft, which was 200 feet deep. 

References: N. J. 1855, p. 164; 1873, p. 70; 1879, p. 80; 10th Census, p. 154; 
1880, p. I 15 ; 1883, p. 138. 

(94) The Segur and Wright Explorations. 

Northeast of the Williams mine, on the iinmediately adjoining 
property (the Rutherford Estate), some test pitting was done in 
1873 which disclosed ore. No mining was attempted, however. 

This exploration is also known as the Rutherford Tract ex- 
ploration. 

References: N. J. 1873, pp. 70-71 ; 1879, p. 80. 

(95) The Hunt Tract Explorations. 

The explorations on the Hunt farm were northeast of the 
Segur and Wright explorations in Vernon Township, Sussex 
County. 

Ore was found on two lines of attraction, of which the north- 
western one may correspond to a line across the Williams prop- 
erty, about 1,000 feet west of that on which the Williams mine 
was opened. The eastern line was probably a little east of the 
Williams line. 

No mining was done on either vein. 

References: N. J. 1873, p. 71; 1879, p. 80. 

(96) The Parker M i w .  

The Parker mine was an exploration on Wawayanda Moun- 
tain, about I mile south of east of Vernon, in Vernon Township, 
Eussex Coutlty, near the crest of the mountain. 
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Searches were made for ore by two pits sunk in a pegmatite 
during 1873. The ore found was very lean. None was mined. 
This opening was a short distance west of the extension north- 
east of the vein at the Williams mine. 

Reference: N. J. 1873, p. 71. 

MINES IN THE ROCKPORT BELT. 

There appears to be a distinct and well-defined belt of mine 
holes extending along the east slope of Upper Pohatcong Moun- 
tain, about one-half mile east of the Ogden belt. I t  is marked by 
eight or nine pits scattered a t  short intervals from a point west of 
Port Murray to Buck's Hill, north of Hackettstown. The holes 
have yielded only small quantities of lean ore, much of which 
was in the nature of a magnetitic pegmatite. A pit on the top of 
the hill I mile north of Port Murray is notable for the presence 
of molybdenite coating joint cracks in a very massive basic rock 
which forms the principal material of its dump. 

None of the pits on this line except the Searle mine and the pit 
on Buck's Hill have been referred to in the Reports of the Sur- 
vey, so that we know very little of their history. 

Explorations Near Rockport. 

A number of shafts were sunk near Rockport, in Mansfield 
Township, Warren County, in about 1870, in search of ore, but 
without success. Magnetite was observed in the vicinity in 
coarse pegmatite, but no definite deposits were discovered. 

References : N. J. 1873, p. 62; 1879, p. 75. 

(97) Tlte Searle Mine. 

The Searle mine was on the southeast side of Pohatcong 
Mountain, in Independence Township, Warren County, about 2 

miles southwest of Hackettstown. 
A shaft 60 feet deep was sunk prior to 1868, disclosing two 

very narrow bands of ore separated by rock. A second shaft a 
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little farther west was sunk 32 feet. From both shafts good shot 
ore was taken, but the quantity is not known. The mine has not 
been worked since this time. 

Analyses of ore ( I ) from the surface and (2) from a depth 
of 50 feet were made with the following results: 

Fenom Si0,andin.s. S P,OI Met. Iron Authority 
I.--92.6 4.2 . tr. .6 67.0 N. J. 1868, p. 6y 
2.-76.8 18.2 .o .2 55.6 N. J. 1868, p. 624 

References : N. J. 1868, p. a; 1873,.p. 62. 

ip8) Buck's Hill Exploration. 

The Buck's Hill exploration was on the crest of Buck's Hill, 
the high point northwest of Hackettstown, in Independence 
Township, Warren County. 

A shaft 30 feet deep was sunk in 1873 on a pegmatite dike, 
but no ore was found. Other pits situated a short distance west 
of this one opened into hornblende and biotitic gneisses. 

References : N. J. 1873, p. 63. 

MINZ BELTS ON MUSCONETCONG AND SCHOOLEY 
MOUNTAINS. 

The mines and explorations on Musconetcong and Schooley 
mountains may be considered as being arranged along four paral- 
lel belts about three-fourths of a mile apart, trending parallel to 
the general direction of the mountain range. On Mount Olive 
two additional belts originate, one on each side of the other four. 
At Hopatcong Lake the two eastern belts and the western of the 
two central ones terminate. Beyond the lake, therefore, only 
three belts continue, but these extend all the way to the State line. 

~ l t h i u ~ h  a great number of openings have been made in these 
belts only a few ever developed into important mines. These 
were the Ford, Schofield and Dodge mines on the western 
'continuous belt and the Weldon and Hurd mines on the eastern 
one. The Stanhope mine cm the westernmost of the belts has 
been operating for a long period, but its output is small. At the 
present time it is the only active mine in any of the belts. 
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For the purpose of describing the mines systematically the 
belts are taken up in order, beginning with the westernmost. and 
the openings situated upon or near each are briefly discussed. It  
is not intended by this manner of treatment to suggest that all 
the openings in a belt are necessarily in the same vein. It is cer- 
tain that this is not so. I t  is probable that no single vein is as 
long as any one of the belts, but that the belts are groups of short 
veins lying parallel to one another and constituting zones of 
deposits. 

Beginning at the west the first belt will be called the Stanhope 
belt, the second the Ford mine belt, the third the Marsh mine belt, 
the fourth the Hurd mine belt, the fifth the Van Syckle mine belt 
and the sixth the High Ledge mine belt. 

MINES IN THE STANHOPE BELT. 

The Stanhope belt of mines starts on Schooleys Mountain, a 
mile east of Hackettstown, and m s  northeast along the west 
sides of Lake Hopatcong and Canistear reservoir, and crosses the 
State line 1.5 miles southeast of New Milford, New York. 

The cnly openings of any consequence upon it are the Stan- 
hope and the Layton mines, the former near its southern extrem- 
ity and the latter at its northern end. The other openings have 
been merely explorations, although from a few of them ore 
has been shipped. The Creamer mine is at the southwest end of 
the line. The Stanhope and Budd mines are near its central part, 
a group of five or six pits is at the northern end of Lake Hopat- 
cong, and the Layton mine is near the point where it crosses the 
State line. Between these openings no others have been made 
except a few shallow pits that revealed nothing worthy of note. 

(99) The Appleget Openings. 

The Appleget openings were in Mount Olive Township, Morris 
County, about 1.5 miles east of Hackettstown, on the road to 
Drakestown. 
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From a broad open pit dug in 1880 several hundred tons of  
lean ore were taken and left on the bank. No distinct vein was 
found, but there was a line of weak attraction running northeast 
from the pit. 

Reference: N. J.  1880, pp. 112 and 125. 

(100) The Creatner Mine. 

The Creamer, or Cramer, mine was on Schooleys Mountain. 
about 1.5 miles east of Hackettstown, in Mount Olive Township, 
Morris County, on the northwest brow of the mountain. The 
Warne and Shouse tunnel was apparently near this mine. 

Very early in the last cen.tury ore was obtained here for a 
forge near Hackettstown. About 1854 the place was again 
worked. Nothing is known of the developments during these 
two periods. In 1872 the place was opened once more and op- 
erated until 187 j. During the last period three shafts were suilk 
from 30 to 50 feet deep on a regular line of attraction running 
northeast. At the surface the vein dipped northwest, but at a 
greater depth it was vertical, and at the bottom of the shaft it 
dipped southeast. 

Specimens of ore sent to  the State laboratory in 1877 yielded 
on analysis: 

Fc TiO, I' S Afn Autlrorliy 
Rich ore, .... .. 62.23 9.80 .14 o tr N. J. 1877. P. 49 
Lean ore, . . . . . . 40.25 4.20 .39 ? tr N. J. 1877, p. 49 

References: N. J.  1877, p. 49; 1879, p. 70. 

( I O I )  The Warne and Shouse Twznel. 

The Warne and Shouse exploration was 1.25 miles east of 
Hackettstown on the road to Budds Lake, in Mount Olive Town- 
ship, Morris County. 

The exploration was in the form of a tunnel driven 300 feet 
into the hill to intercept a long line of attraction observed on the 
hill north of the road. Two shallow test pits on the line failed to 
discover ore, and the tunnel met with no better success. 

The exact location of the tunnel has not been identified. 
Reference : N. J. 1879, p. 70. 
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(102) The. Smith Mine. 

The Smith mine is reported to have been 3 m,iles northeast of 
Hackettstown, on Schooleys Mountain, in Mount Olive Town- 
ship, Morris County. The mine is said to have been near the 
top of the mountain on the slope facing northwest. I t  was 
probably about a mile northeast of the Creamer m,ine. 

Three shafts had been sunk about 1850, one of which was 40 
feet deep. The ore was impure in places, but good enough in 
other places'to warrant shipment to  Sparta, where it was worked 
in forges. 

The mine was in operation two years, between 1850 and 1852, 
and was then closed down. I t  was reopened later (before 1868), 
and was operated two months, after which it was abandoned. 

References: N. J. 1868, p. 620; 1873, p. 59; 1@9, p. 70. 

(103) The Lozwance Mine. 

The Lowrance mine was 1.25 miles west-northwest of Stan- 
hope, just north of the Morris Canal, in what is now Mount 
Olive Township, Morris County. 

Several openings were made before 1855 on one of two parallel 
seams of ore, which are traceable by their attractions for some 
distance in a northeast and southwest direction. 

The ore was pyritiferous. h analysis made in 1868 gave: 
Fe.0. Si0,and ins. S PtOh Met. Iron Authoriby 
65.6 254 3.9 .o 47.5 N. J. 1868, p. 622 

The place seems never to have been worked. 
References, N. J. 1855, p. 175; 1868, p. 622; 1879, p. 70. 

(104) The Stanhope or H d e  Mine. 

The Stanhope or  Hude mine is on the south side of a ridge 
about I mile northwest of Stanhope, in Byram Township, Sussex 
County. 

The place has been worked for over IOO years, but never very 
vigorously. The first openings were made about 1790, a short 
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distance north of the present mine. In 1850 a new opening was 
started about 350 yards south-southwest of the old mine, but the 
ore found contained so much pyrite that the place was abandoned 
after the removal of several hundred tons of material. In 1873 
the mine was reopened and operated by open pits for several 
years, during which time 3,000 tons of ore were raised. I t  was 
again reopened in 1879. By this time about 50 pits had been 
dug, of which none were over 50 feet deep. The mine was 
worked for. a short period, but was soon again closed. About 
this time a tunnel was started at the foot of the hill on the south- 
east side, but it was carried only IOO feet when work was stopped. 
I t  was later driven roo feet further into the hill, cutting the vein 
that was being worked on the hill. U p  to July, 1880;the various 
openings were estimated to have produced 3,000 tons of ore. 

The mine was idle in 1883 and in the succeeding years until 
1890, when it was again in operation. In  the following year two 
tunnels were driven into the hill near its base, one from its 
northwest side and the other from its southeast side. The north- 
em one opened a deposit of compact ore dipping 15" southeast. 
The south tunnel traversed three deposits, dipping 30" southeast. 
The mining was limited to the removal of the ore from these 
three shoots. I t  is not known how long operations were carried 
on at this period, but a few years later the record reports the 
mine idle. Work was resumed in 1go1, the operations consisting 
in drifting from the two tunnels above mentioned. Except dur- 
ing a few short intervals the mine has been actively worked since 
this time, at  the rate of about 10,000 tons annually. 

The entire hill seems full of short, irregular b d i e s  of magne- 
tite pitching easterly at  low angles (Plate V) .  Some of them are 
supposed to have been connected by short folds, but this has not 
been proven. 

The ore found in the older openings was composed of magne- 
tite, horriblende and pyrite, the last-named mineral in some places 
constituting about one-fourth of its bulk. A notable feature of 
all the ore in the hill is the presence in it of molybdenite (MoS) 
and molybdite ( MOO,). 

Analyses of the ore raised before 1868 gave: 
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Fe,O, SiO, and ins. S Mo . Fe Authority 

. No. I.-743 15.2 .8 1.1 53.8 N. J. 1868, p. 623 
No. 2.-72.0 21.3 1.2 .o 594 N. J. 1868, P. 623 

No. I was covered with a strawcolored molybdic acid, and in addition contained some mo- 
lybdenite. 

No. a was a darkcolord ore containing pyrite. 

The principal vein worked in 1879 dipped 30' east. I t  was 
12 feet thick. A portion of the ore obtained at this time was 
rich and pure, and was used for Bessemer metal. Another por- 
tion contained a great deal of pyrite and was fairly high in phos- 
phorus. This was marketed separately. Commercial analysis of 
two samples obtained in 1880 gave : 

Fe P S Authority 
From s m l l  openings, west side of hill, . . 49.95 .037 ,178 10 Census, p. 158 
From pile of 500 tons at Stanhope Furnace, 50.23 .057 I.- 10 Census, p. 158 

The shoots opened ~tp  by the tunnel of 1891 are short and 
high (20 to >o feet), and all pitch to  the northeast, some at such 
high angles as to resemble "chimneys of ore." Their thickness 
varies between 6 feet and 20 feet. 

Analysis of the ore mined in r g o r  yielded: 
Fe SiO. P S Mo Authority 
53.77 14.86 .084 1.342 undet. N. J. 1901, p. 138 

It is reported that the shoots are often faulted into a succession 
of steps, and that' the presence of molybdenum compounds is 
especially noticeable near pegmatite dikes. 

Several test pits were put down on both the northwest and 
southeast slopes of the hill east of the kine in 1879, but they 
developed no workable quantity of ore. 

References : N. J. 1855, pp. 174-175 ; 1869, pp. 622-3 ; 1873, p. 61 ; 1879, p. 78; 
1880, p. 1x4; 10th Census, p. 158; 1883, p. 136; 1890, pp. 56-57 ; 1891, p. 239 ; 
1901, pp. 137-138; I W ,  P. 118; 1903. P. 102; 15% P. 295; 19059 P. 317. 

(105) The BuGd or Wright Mine. 

The Budd or Wright mine was about a mile northeast of the 
Hude mine, in Byram Township, Sussex County, at the west 
end of a small rocky knoll. 

Ore was first discovered here in 1875, and a little work was 
done during this year in the development of the property. Opera- 

I9  ORE 
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tions were resumed in 1879, four openings being made. Of 
these the principal one was a slope &'feet deep, descending on 
the foot-wall of the vein. Forty feet northeast of this was a 
second shaft. The other two openings were pits about 25 feet 
deep. One of these was 500 feet southwest of the slope. and 
the other 50 feet northeast of the shaft. The mine was worked 
during this year and the greater part of the succeeding two years, 
its total yield being about 6,500 tons. During this period a third 
shaft was sunk. In I@ the mine was again reopened and 
worked in a small way by several new pits. 

The vein, which was drifted upon for 80 feet from the foot of 
the slope, d ippd  southeast at 30'. Its strike was N. 50" E. 
The width of the deposit was g feet. but a portion of this con- 
sisted of rock. The surface ore was red, w-hile that from a 
greater depth was blue, and contained consider3ble pyrite. 
Analyses of the two varieties raised in 1880 gave: 

Fe S P Authority 
Red ore, .............. 49.88 1.382 .342 10th Census, p. 158 
Blue ore, ............. 47.62 2.824 321 10th Census, p. 158 

On the strike of the vein between the shafts and for a distance 
of 200 yards further northeast is a moderately strong belt of 
attraction. 

References: N. J. 1879, pp. 78-79; 1880, p. 114: 10th Census, p. 158. 

T H E  MINT? OPENISCS XEAR WOODPORT 

In the vicinity of Woodport, at the north end of Lake Hopat- 
cong, in Jefferson Township, Morris County, are a number of 
openings made in search of ore at various times. Some of these 
are very old; others were dug in the decade 1 8 7 ~ ~ 1 8 8 0 .  None of 
them ever found ore in paying quantity, although several pro- 
duced a few tons each. 

Most of the pits are situated on the extension of the line 
passing through the Stanliope mine, others are further east. 

In many cases it is impossible to  identify the openings with 
any of the mines named in the reports of the Survey, but in a 
f en  cases this was done. 
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(zd) The Woodport Mine. 

The Woodport mine was alongside the road between Wood- 
port and Sparta, in Sparta Township, Sussex County, about 
three-fourths of a mile liorthwest of the village of Woodport. 

Work was done here about 1880 or 1881 on a vein that was 
reported to be 5 feet or 6 feet wide. The ore was sulphurous, 
and the mine was therefore iiot worked. 

Reference: N. J. 1883, p. 132. 

(107) The Goble Mine. 

The Goble mine was about 1,000 feet east of the Sparta turn- 
pike, in Sparta Township, Sussex County. 

Before 1868 the mine had been worked to a depth of 45 feet 
through a shaft, but in this year it was found to be abandoned. 
A second opening 400 yards south of the shaft showed no evi- 
dence of ever having ken operated systematically. 

The ore was black and tough. It was mainly a mixture of 
magnetite and hornblende. An analysis of material selected from 
the dump yielded : 

Fc304 Si0 ,and i ~ .  S PIOs Fe Authority 
83.4 10.9 .o tr. 60.4 N. J. 1868, p. 613 

References: N. J. 1868, pp. 612413; 1873, p. 66. 

The Boss rnine was near the Goble mine, but its exact location 
is not known. It ]nay be the opening situated one-half niile north 
of the Goble mine pit. The mine was never \vorked to any great 
estent, having been abandoned before 1868. 

References: N. J. 1868, p. 613; 1873, p. 66. 

'I'he Shongum mine was also near Ll'oodlmrt. It  was an old 
place in 1873. So far as known it was never operated. 

References: N. J. 1873, p. 66; 1879, p. 73. 

The Duffee and Frazer mines \Yere also in this neighborhood, 
but since they are described as being northeast of \l'ootlport, they 
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are discussed in connection with the Ford-Schofield belt of 
mines. 

(108) The Fredericks Mine. 

The Fredericks mine was in a narrow belt of weak attraction 
in Hardyston Township, Sussex County, about 1.25 miles west 
of Stockholm and about three-quarters of a mile south of the 
New York, Susquehanna and Western railroad. 

. The mine was probably merely an exploration. Nothing is 
known of its history. 

(zcy)  he. Straight and (110) Brown Mines. 

About 1.5 miles northeast of the Fredericks mine is a belt of 
fairly strong attraction about IOO feet wide. On this are two 
pits about 250 yards apart. The southern one, which is about 
600 feet east of the road between Stockholm and Hardystonville, 
is known as the Straight mine, and the northern one as the 
Brown mine. Neither assumed any importance. They were 
little more than explorations made to  test the area. 

(111) The Card Mine. 

The Card mine was another small exploration in Hardyston 
Township, Sussex County, about 1.25 miles northeast of the 
Brown mine. The attraction in the neighborhood of the pit is 
strong but it is limited to an area of a few square yards and coil- 
sequently is probably of little significance. 

(112) The Laytoft- M i w .  

The Layton mine is a series of openings in Vernon Township, 
Sussex County, near the State line, about 1.25 miles southeast 
of New Milford, New York. 

It \\.as first opened in 1878 and explored by shafts and pits on 
a line 550 feet long. No mining was done at this time, but in 
1882 the place was again explored and after\vard was operated 
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about a year, the main shaft being 128 feet deep. The ore varied 
between 5 and 6 feet in width. It was low in phosphorus and 
sulphur and carried 55 per cent. iron. 

From the great amount of new work seen about the numerous 
pits it is evident that explorations were resumed at  a later date. 
I t  is not certain, however, that any considerable quantity of ore 
was mined. 

8 

I t  is probable that the vein here lies about one-fourth of a mile 
east of the extension of the main line on the Williams property 
and about on the extension of that passing through the Ruther- 
ford tract. 

There are, at  present discernible, three old and three com- 
paratively new shafts and a number of shallow pits. The ore 
visible on their dumps is a granular magnetite containing a little 
pyrite. I t  is associated with a pegmatite in which magnetite also 
occurs as a component and in little streaks. 

References : N. J. 1883, p. 139. 

MINES IN THE FORD MINE BELT. 

This belt is much better marked than any other of the 
Schooleys Mountain zone. It extends from near the south- 
west end of Musconetcong Mountain all the way to  the 
northern State line, a distance of some 55 miles, and all along 
its extent it is marked by pits and mine shafts. I t  passes through 
a number of mines that were once important producers, such as 
the West End and Swayze mines, the Fisher mine, the Dodge, 
Ford and Schofield mines, the Canistear mine, the Green mine 
and the Wawayanda mine. I t  was by no means as productive 
as the line that passes through the Hurd mine, but its productive- 
ness was more evenly distributed than in the latter case. At its 
southern end the line is traceable through an almost uninter- 
rupted succession of pits. At its northern ends, on the other hand, 
openings are few and far apart, and yet this portion of the line 
has produced the most ore. 
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(113) TIIC Pet ty  Mitze. 

The Petty mine was at the top of the north slope of Musconet- 
cong Mountain, in Alexandria Township, Hunterdon County, 
about a mile south of Bloomsbury. 

The mine mas opened in the early part c>f 1880 and was 
worked for three months, during which time about 40 tons of 
ore were raised. 

An analysis of a sample of 25 to 30 tons in the dump is r-e- 
ported by the Thomas Iron Company to show: 

Fc A120s CaO dfgo All10 NiO, SiO, P S TiO: .4utltority. 
54.37 .40 2.32 5.31 .IS .63 1487 .oz .o .o N. J. r8gg,p. 166 

The ore is notable for its content of nickel. 

References: N. J. 1880, pp. 1 10 and 123; 10th Census, p. 162 ; 1899, p. 166. 

(114) T11e Wes t  End or Turkey Hill Mines. 

The \Vest End or Turkey Hill mines included a number of 
openings extending for a mile on the north slope of hlusconet- 
cong Motlntain, a short distance soutliivest of West Portal. 
Bethlehem Township. Hunterdon County. 

The deposit was discovered and opened by a shaft 130 feer 
deep, in 1872, under the name of the Broderick mine, and by a 
more shallow one under the name of the Harris mine. and was 
worked uninterruptedly until July, 1881. The mines were agai:~ 
opened in 1885 and a new shaft was sunk to a depth of 290 feet. 
Operations continued during the succeeding year, but the mine 
was abandoned soon thereafter. 

The early explorations discovered two veins 60 feet apart, 
striking north 75' east and dipping 60' south-southeast. The 
bed rock pitched 45' northeast. The western vein was the 
thicker and this only was worked to any considerable extent. The 
deposit varied from 6 feet to 40 feet in width. At its widest point 

'there was a horse of rock 8 feet wide. In  1879 the openings on 
the vein were a slope 75 feet deep, connecting with a shaft ( S o .  
I) roo feet further northeast, which was go feet deep. No. 2 

shaft (163 feet deep) was 630 feet further northeast, and No. 3 
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shaft ( 175 feet deep) was 380 feet northeast of this. Shaft No. 
4 was 340 feet northeast of So .  3, and the two were connected 
by underground workings. At points 600 feet, 1,8oo feet and . 

3.000 feet northeast of No. 4 shaft, three other shafts were in 
process of sinking. The principal opening was No. 4, which was 
vertical for 75 feet and then inclined on the footwall 160 feet. 
The total length of the vein developed on the property was 4,450 
feet. In addition, the Crane Iron Company's exploration north- 
east of the West End property proved the vein to  extend in this 
direction, but since this place was not worked it is probable tha: 
the ore found was lean or in small quantity. 

The yield of the mines was about 12,000 tons annually. 
Much of the rock now in the dump is mainly a light-colored 

Byram gneiss containing numerous layers of magnetite bordered 
by thin seams of hornblende. Other fragments contain wide 
layers of coarse hornblende, through the centers of many of 
which are thin seams of ore. 

The ore was of Bessemer grade. It  was finely granular and 
contained hornblende, brown mica and thin veins of calcite. 
Analyses made in 1880 resulted as follo\vs: 

Authority. 
From shaft No. I. Fe = 35.31 S = .I& P = .oo6 10th Census, p. 162. 

3- = 30.45 = .034 = .ooo 10th Census, p. 162. 
4. = 52.48 = .ox3 = .cq 10th Census, p. 162. 

References: N. J. 1874, p. 27 (Broderick and Harris mines) ; 1879 (West 
End and Crane Iron Co.'s mine), pp. 63-64; I&, p. 109; 10th Census, p. 162; 
1883, p. 123; I& p. w; IS&, p. 104; 1886, p. 152. 

(115) The Bethlehem or Szlfayze dlit~e. 

The Bethlehem or Swayze mine was in Bethlehem To\\-nship, 
Hunterdon County, about three-fourths of a mile east of West 
Portal, on the Lehigh Valley Railroad. 

The mine is an old one, much work having been done on the 
deposit prior to 1868. In  this year it was idle, but shortly there- 
after it  was put into commission and was worked until 1875. 
It was reopened in 1879 and operated until 1889, when it \\-as 
abandoned, the yield during these latter years being at the rate 
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of about 16,000 tons annually. In 1871 the old shafts that had 
been put down before 1868-had become useless and new ones 
were sunk further east. 

Two veins occurred on the property and ore was taken from 
both. This was reported to  be of Bessemer grade. During tltt 
year 1884 the workings encountered a fault which displaced the 
vein 40 feet to  the left. 

A continuous line of attraction was traced between the Swayze 
and the West End mines. 

Ore is reported to  have been found about one-half mile so~ftk 
of the Swayze mine in considerable quantity. About 5 0 0  tons is 
reported to  have been shipped about 1870. 

References : N. J. 1868, p. 616; 1873, p. 55 ; 1879, p. 65 ; 1880, P. 110; 10th 
Census, p. 162; 1881, p. J6; I&, p. 123; 1884, P. 94; 1885, P. 104; I@, p. 
108. 

(116) The Rodenbaugh Mir~e. 

The Rodenbaugh, or Rdenburg,  mine was on the crest of 
Musconetcong Mountain, about 300 feet above the Asbury depot, 
in Bethlehem Township, ~ u n t e r d o n  County. 

Three or  four openings, about 25 feet deep, were made be- 
tween 1876 and 1879, finding some lean ore. In the succeeding 
year the mine was worked one month, and a few tons of ore 
were produced. 

In the most westerly shaft the dip of the vein was northwest. 
In  all others it was southeast. A very little ore was shipped. 

References: N. J. 1879, p. 65; 1880, p. 1x0; 10th Census, p. 162. 

(117) T h  Asbury Miru. 

The Asbury mine is in Bethlehem Toivnship, Hunterdon 
County, on the top of the northwest slope of hlusconetcong 
Mountain, about I mile southeast of Asbury. It  was opened and 
abandoned before 1868, about 1,000 tons of ore being shipped 
between 1854 and 1868. I t  was reopened in 1879 and worked 
for a few weeks and then again closed. 

The deposit is probably short, for while there is some attrac- 
tion at the mine, no magnetic lines could be traced from it in 
either direction. 
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A tunnel was driven into the side of the hill and from this 
the workings extended downward 130 feet on a vein 6 feet wide. 
T o  the south, higher on the hill, the vein was reached by open 
cuts. The ore was lean. The northern openings at the top of 
the hill slope were known as the Lake mine. 

References: N. J. 1868, p. 617; 1873, p. 56; 1879, pp. 65-66; 1880, p. 110; 
10th Census, p. 162. 

The Castner Farm Explorations. 

The Castner Farm explorations are reported as being 3 miles 
northwest of Woodglen, in Lebanon Township, Hunterdon 
County, on the brow of Schooleys Mountain. The exact loca- 
tion is not known. The Castner farm on which the explorations 
are said to have been made is 2.5 miles west of Woodglen and I 

mile south of Changewater. It, however, does not extend to the 
brow of the mountain. 

Some ore was mined about 1875, but nothing else is known of 
the place. 

Reference : N. J. 1879, p. 66. 

(118) The Mattison Mine. 

The Mattison mine was about I mile southeast of Anderson, 
in Lebanon Township, Hunterdon County. Its exact location is 
unknown. 

A little exploring was done in 1880, during the progress of 
which a vein 5 feet wide was encountered at a depth of 20 feet. 

An analysis of the ore made in 1886 by the Thomas Iron Com- 
pany gave : 

SiOt = 30.15 ; TiO, = tr ; Fe = 35.42; P = .oo6; S = 4.03. Authority : N. 
J. 1 8 9 9 1  P. 165. 

Other analyses yielded 37.37 per cent. and 37.39 per cent. of 
iron. 

References: N. J. 1880, pp. 111 and 124; 1899, p. 165. 
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(119) Tile Fisher Minc. 

'I'he Fisher, or  Beatyestown, mine is on the brow of Schooleys 
Mountain, I mile south of Beatyestown, in Washington Town- 
ship, Morris County. I t  was discovered about 1864 and \\.orked 
extensively until 1873. 

By the year 1868 there had been removed about ro,ooo tons of 
red ore from an open pit roo feet long, 25 feet wide and ;o feet 
deep. The ore was r8 to 25 feet thick in the opening, but a few 
rods further north a shaft IOO feet deep encountered only 6 feet 
of ore. The ore body appears to have been short, as no magnetic 
attraction could be detected for any great distance on either side 
of the mine opening. The ore was quite pyritiferous. At both 
ends of the opening shafts were sunk, and both penetrated a rich 
ore containing considerable pyrite. 

From present appearances the deposit was on or near the con- 
tact of the gneiss and the Cambrian sandstone, but whether any 
of it was in the sandstone or not cannot now be discovered. 
Unfortunately, we have no analyses of the ore that might give us 
some insight into its character. 

References : N. J. 1868, p. 618 ; 1873, p. 59 ; 1879, p. 68. . 

(120) Youngs Mill<. 

On the topographic map a pit is located on the slope of 
Schooleys Mountain, on the east side of the road between Hack- 
ettstown and Schooleys Mountain post office, and 2.5 miles south 
of Hackettstown. There is no reference to it in any of the 
reports of the Survey. Since it is only one-half a mile north of 
the main shaft of the Marsh mine and on the property owned by 
W. W. Marsh in 1868, it is probably one of the openings of the 
>Iarsh mine described on page 314. 

(121) The Poole Minc. 

The Poole mine was in Washington Township, Morris County, 
somewhere in the neighborhood of Drakestown, probably a very 

NEW JERSEY GEOLOGICAL SURVEY



MAGNETITE MINES IN GNEISS. 299 

short distance west, on the south side of the road to Hacketts- 
town. 

The place was explored in 1880, but nothing further is known 
about it. 

Reference : N. J. 1880, p. 1x2. 

f 122) The John Smith Exploratiort. 

The John Smith exploration was made in 1905 or 1906, in the 
woods on the north side of the lake east of Stanhope, between 
the lake shore and the wagon road running east from Stanhope 
to Lake Hopatcong. I t  is not known how deep the pit dug at 
that time was, but it was probably not very deep. The ore on the 
dump is lean and very sulphurous. 

(123) The Hnggcrty Mine. 

The Haggerty mine was in Byram Township, Sussex County, 
about 1.25 miles northeast of Stanhope, near the comer of the 
roads to Roseville and Lake Hopatcong. 

There are openings on both sides of the road running north. 
Some of them were made prior to 1855, as in that year they were 
found to be abandoned and full of water. Others were made 
later, but at  what time is unknown. 

The ore contained pyrrhotite, pyrite and apatite in consider- 
able abundance. The pyrite was in seams and irregular bunches, 
mixed with magnetite, hornblende and feldspar. 

The ore gave on analysis : 
Fe.0. SiO, and ins. S .  P,OS Authority. 
49.8 9.4 154 1.1 N. J. 1868, p. 263. 

References: N. J. 1855, p. 174; 1868, p. 623 ; 1873, p. 67 ; 1879, p. 79. 

Beyond Haggerty's mine are several openings on the west side 
of Lake Hopatcong. Only one of these, the Lawson mine, is 
referred to in the reports of the State Survey. Another, the 
Passaic mine, is located on the topographic map. Concerning the 
others no information has been found. In all likelihood, none 
of them produced any considerable quantity of ore. 
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(124)  The Lawson Mi.ne. 

The Lawless, or Lawson, exploration was south of the west 
end of Byram Cove, Lake Hopatcong, in Byrarn Township, 
Sussex County. 

A vein of ore 3 to 4 feet wide was opened in 1880, and a small 
quantity of ore was mined. The deposit dipped southeast be- 
tween well-defined walls. The ore was sulphurous and con- 
tained some titanium, but was low in phosphorus. 

References: N. J. 1880, pp. 114 and 117; 1883, p. 136 

THE MINES NEAR WOODPORT 

Of the mines near Woodport, two, the Frazer and the Duffee, 
were probably on this line of openings, although the exact loca- 
tions of neither of these has been identified. It is possible that 
the Duffee mine was the opening indicated on the topographic 
map as being situated on the west side of the Ogden mine branch 
of the Central Railroad of New Jersey about one-half a mile 
southwest of Ford station. 

(125)  The Frazer Mine. 

The Fraser, or Frazer, mine is reported as being 1.5 miles 
northeast of Woodport, in Jefferson Township, Morris County. 

I t  was opened about 1867. Explorations made in the follow- 
ing year disclosed a vein 3.5 feet thick and at  least 300 to 400 
feet long. It was not operated, so far as .can be learned. 

References: N. J. 1868, p. 613; 1873, p. 66; 1879, p. 73. 

(126)  The Duffee Mirte. 

The Duffee mine was about 2 miles northeast of Woodport, in 
Jefferson Township, Morris County. 

I t  was opened some time previously to 1855. In 1868 it was 
found to be abandoned and full of water. 
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The ore body dipped uniformly at 70' southeast. At the sur- 
face it was 3.5 feet in thickness, but a t  the bottom of the shaft, 
30 feet deep, it was only 18 inches thick. The ore seems to have 
occurred in pegmatite. 

References: N. J. 1855, p. 165; 1868, pp. 613-614; 1873, p. 66; 1879, p. 73. 

THE DODGE, FORD AND SCHOFIELD MINES. 

The Dodge, Ford and Schofield mines are situated very close 
together in Jefferson Township, Morris County, on the road 
between Woodport and Milton, about 3 miles west of the latter 
town. ' The Dodge mine adjoins the Ford mine on the south- 
west, and the Schofield mine joins it on the north. The shafts of 
the Ford and Schofield are very close together, while that of the 
Dodge mine is about one-half mile further southwest. 

Two approximately parallel ore bodies were worked at each 
of the mines. The Dodge mine is on the strike of the veins at 
the other mines, and is connected with them by a definite line of 
magnetic attraction. The three mines are, therefore, probably 
on the same veins, although up to the present time no physical 
connection between the Dodge and the other mines has been 
proven. 

In the case of all the mines the prevalent country rock is the 
ordinary Byram gneiss, and this is intruded by pegmatite in great 
quantity. Some of the pegmatite contains magnetite. The iron- 
content of the different ore-bodies mined varied about 9 per 
cent., but the ore of each mine was fairly constant. 

"The ore bodies conform to the foliation of the inclosing gneiss. From the 
development of the mines it is apparent that the shoots are thickened portions 
of practically continuous layers of orey rock. Two shoots worked in the 
Ford mine were separated by a n-foot horse of rock in the upper workings of 
the southwestern part of the mine. Both ore bodies pitched toward the north- 
east, and with increasing depth in this direction they were found to approach, 
until at a depth of 250 feet in the northeastern shaft of the Ford mine they 
came almost together. Farther to the northeast, with greater depth, they 
were again separated by a plate of rock, and were stoped separately to the 
bottom of the mine. The drawings of the mine workings (Fig. ~ j )  show 
clearly that the line along which these two veins lie near each other has 
approximately the same average pitch to the east as the ore shoots them- 
selves, and that above and below this line they are farther apart. The shoots 
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were not capped or  bottomed by entirely barren rock, but the thickness of the 
orc decreased in the roof and floor, and the veins were not followed where 
they were thinner than 2 feet. Both the top and bottom edges of the shoots 
as thus limited wcre found to descend toward the east, the height of workable 
orc remaining nearly constant, though showing local variations. The  average 
pitch of the shoots amounts to about 38". The  dip of the foliation in the 
gneiss parallel to the dip of the ore veins ranges from vertical to about 80". 
the steeper inclination being in the lower levels. 

"The north\vcst or  foot-wall ore layer, known as thc Glcndon vein. avc.r:~gt.d 
between 9 and 12 feet of workable ore, and the hanging-wall layer, or  Ford 
vein. was somewhat wider." ' 

P L A N S  

G L C N O O N  V t l N  

1 - - - - - - -  -:=-=- p " * - - , y n o p . T .  ' 
FORD SHOOT 

.J --L,=:RE:; 

SCALE 
0 
L- 

.PO a 0 0  I L L 1  

Elevation, plans and sections of ore-bodies and workings of the Ford and 
Schofield mines. I n  the sections stoped orc is shown in solid black; inferrcd 
veins are cross lined.. 

' A .  C. Spcncer, Folio 161, U. S. Geol. Survey, p. 22: Geologic Atlas of 
h'. J., Folio 2, p. 22. 
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(127) The Dodge Mittc. 

This mine has had a long history. It was opened before 1868 
by two shafts, one go  feet and the other 120 feet deep, and the 
single vein then known had been worked for a distance of roo 
feet. Although there is no record to this effect, it is probable 
that operations continued until 1873, and that the mine was then 
shut down. It was reopened in 1880 and operated during that 
year and the succeeding one, when it was again closed. I t  was 
opened again and worked for a short time in the latter part of 
1883 and the earlier portion of 1884, when it was again closed 
because of the lack of a demand for ore. I t  has not been worked 
since. 

The vein was 12 feet thick, and was traceable to  the northeast 
quite to the property of the Ford mine by a line of magnetic at- 
traction. The pitch of the ore shoot was 30" northeast, and its 
dip was northwest. In 1880 the hoisting shaft was down 165 
feet, and was bottomed in the bed rock of the shoot. .At a point 
230 feet nortl~east of the foot of the shaft the cap rock suddenly 
rlescended and apparently cut out the ore. Explorations into 
the southeast wall disclosed a second ore shoot, separated from 
the first one by 10 or 1 2  feet of rock. This where broken into 
was found to be 20 feet thick, but it narrowed to  8 feet toward 
the southwest. This shoot furnished practically all the ore that 
was raised in that year. The veins are reported to  dip very high 
to the northwest, but the ore shoots, as usual, pitched northeast. 
I t  is prohMe that the two shoots in this mine are thickened por- 
tions of the same two veins that were mined further northeast in 
the Ford and the Schofield mines. 

A sample of the shipping product mined about 1873 analyzed , 

as follows : 

Fr = 50.70; P e  . I @ ;  S = 443. Authority: 10th Census, p. 156. 

About one-eighth of a mile west of the main shaft an exploring 
shaft was sunk in 1880, near the Ogden branch of the Central 
R. R., on a line of magnetic attraction. At a depth of 60 feet it 
struck a 3-foot wide deposit of ore, but this was apparently not 
worked. 
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References : N. J. 1868, p. 614; 1873, p. 65 ; 1879, p. 72 ; 1880, p. 112; 10th 
Census, p. 156; 1883, p. 131; 1884, p. 99; Folio No. 161, U. S. Geol. Survey, 
page 22; Geologic Atlas of N. J. Felio No. 2, p. n. 

(128) The Ford and (1.26) Schofield ill it^^. 

The Ford and the Schokld, o r  Scofield, mines are treated to- 
gether, partly because they were worked together during the 
latter part of their history and partly because their deposits must 
be described together in order that a proper realization of their 
relationships may be obtained. 

As  early as 1855 the d e p i t  worked through the Ford open- 
ing had been mined to  a depth of 104 feet, and that worked 
through the Schofield shaft had been mined to a depth of 40 
feet. The two shafts were 130 feet apart, and both were evi- 
dently operated in this year. 

The Scofield mine was worked almost constantly until 1874, 
when mining was temporarily suspended. Operations were re- 
sumed in 1880 and continued until 1890, a t  which time the mine 
was closed because of the low price of ore. It is reported that 
considerable ore was left in the mine when abandoned. 

The Ford mine was also worked continuously until about 1874, 
when it was closed, to be opened again in 1879. From this time 
to  1883 it produced about 20,000 tons of ore annually. The mine 
was closed during the latter part of this year, but it was reopened 
in 1884. It was again closed in 1885, but was again reopened in 
1886, producing in this year about 15,000 tons. It was finally 
abandoned in 1896. By this time the east deposit, referred to  
below, had been entirely worked out, although in the west vein 
there still remained a little ore. In 1899 a small quantity of ore 
was obtained from above water level, b ~ ~ t  the mine was not 
operated systematically. 

In the Ford mine were two veins, the western or foot-wall vein 
being known as the "Glendon" and the eastern or hanging-wall 
vein as the "Ford." They were separated by 22 feet of rock a t  
the depth a t  which work was being carried on in 1883. The 
walls of both veins dipped steeply (85') to  the southeast and 
pitched 38" northeast. At the northeast part of the mine the 
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two ore bodies approached one another, and at  the depth reached 
in 1886 (250 feet) this double shoot apparently became a single 
one and pitched under the shoot'mined in the Scofield mine. 
(See Fig. 15.) Beyond this point to the northeast they again 
separated and remained apart to the bottom of the mine. 

Both shoots in the Ford mine were very large, the Glendon 
shoot measuring from g feet to 12 feet in width and 400 feet in 
length. The Ford shoot furnished nearly all the ore mined in 
1879 and later. This ore was finely granular and contained horn- 
blende, pyrite and apatite. A sample obtained from a pile of 
6,000 tons at the mine gave: 

Fe = 50.70; P = . j r j  ; S = .753. Authority : 10th Census, p. 156. 

A shipment made in 1899 yielded: 

Fe = 53.89; P = .319; S = .498. Authority : N. J. 1899, p. 169. 

From the brief descriptions of the Dodge, Ford and Sehofield 
mines given above it is evident that these mines are not exhaust- 
ed, and that under favorable conditions they may again. be made 
to  yield a great quantity of ,ore. Spencer1 remarks that : 

"The strongly defined character of' the ore shoots and the apparent per- 
sistence of the ore layers in which they occur make it seem very probable 
that they can be followed profitably to a much greater depth than was 
reached in the now abandoned mines. Just how far  they may be expected 
to continue cannot, of course, be determined out of hand, but it would seem 
that the facts warrant further exploration 011 an extended scale. 

"If the two parallel shoots in the lower part of the Schofield mine cor- 
respond with the two shoots of the Ford mine, a s  there is every reason to 
believe that they do, one of them is developed for 1,ooo feet and the other 
for I,- feet along the pitch. For  more than two-thirds of these distances 
they were mined to a width (measured in the plane of dip at  right angles to  
the pitch) of roo to nearly 200 feet, and found to be perhaps 6 or  8 feet thick 
on the average. There is ore on both shoots in the bottom of the Schofield 
mine, and so f a r  as known nothing was found to suggest that either the 
width o r  the thickness of minable ore is decreasing. On the contrary, the 
top of the Ford shoot on the hanging-wall vein shows a distinct flattening in 
the northeast stope, and this stope has been carried nearly to  the probable 
position of the lower edge of the upper shoot, if this edge continues with its 
average pitch beneath the floor of the upper stope. I t  seems, therefore, that 
this lower shoot should continue for some distance below the present work- 

'A.  C. Spencer. Folio No. 161 U. S. G. s. 1908, p. 22. Geological Atlas of 
N. J. Folio No. 2, p. 22. 

20 ORE 
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ings. The Schofield shoot has been mined out for a length of 400 feet with- 
out narrowing. and it too, with very little doubt, w~ill hold its own for several 
hundred feet at  least. If' it actually continues, it may still corltaili as tiiuch 
ore above the bottom of the Schoficld mine as has been removed froni it. 

"A much longer step into thc realm of inference is the suggestion that the 
Dodge shoots may extend far enotfgh on the pitch to reach beneath the Ford 
and Schofield workings. The only basis warranting such a suggestion is a 
comparison with more fully developed localities in the State, where the 
pinch and swell feature of the veins and the pitch of the orc shoots arc 
always found. The facts determined at the Hurd mine, two milcs south of 
Ford. are distinctly favorable to the idea of the persistence of individual 
shoots. In this mine a shoot was followed and worked out for a lencrth of - 
about 6,000 feet 011 the pitch, and in this distance olily minor variations in 
width were found. .Among other striking examples the body of zinc ore at  
Franklin Furnace may be n~entioncd a s  having been developed for a length 
of more than 3,000 feet, and the mines of the Hibernia group, in Morris 
county, havc rcvcalcd a continuous vein of ore which extends for  1% niiles 
and whosc limits are still undetcrniincd. * * * 

"If the Dodge shoots cxtend beneath the Ford workings, they lie at a con- 
siderable depth, say about 800 or  900 feet, below the bottom of the Ford and 
Glendon shoots, if we assume the same average pitch as has been determined 
for these shoots, which is approximately the same as  that recorded for thc 
shoots in the Dodge ininc. Between the Dodge shaft and the southwcstern 
shaft of the Ford the position of the shoots would lie proportionately nearer 
the surface, and it is evident that prospecting for the northeasterly continua- 
tion of the Dodge shoot would first be undertaken in this part of the belt. 
The troublesome feature which would attend prospecting with the diamond 
drill along this ore zone is the nearly vertical average dip of the veins and 
the fact that the dips vary both ways from a vertical plane." 

References: N. J. 1855, p. 164; 1868, pp. 614-616: 1873, p. 66; 1879, p. 72 ; 
1880, p. 113; 10th Censcls, p. 156; 1883, p. 131 ; 1884 p. 99; 1885. p. 105; 
1886. p. 141 ; 1890, p. 114; 1896, p. 325; 1899, pp. 159, 169-170; Folio No. 161, 
U. S. Geol. Survey, p. 22; Geologic Atlas of N.  J., Folio 2, p. 22. 

In the Schofield mine the deposit worked prior to 1880 was the 
"old vein," later distinguished as tlie Schofield shoot. This was 
a large lens I I O  feet high and 4 to 6 feet wide. It  dipped 79' 
southeast and carried ore averaging between 63 per cent. and 65 
per cent. of iron. In this year a second shoot was discovered 92 
feet below the "bed rock" of the old shoot. This dipped vertically- 
and pitched 35'240" northeast. Its breadth was 18 feet. Its ore 
contained 50 to 54 per cent. Fe and .g per cent. S. Phosphorus 
was lo\\:. Both of these shoots were supposed to be in the exten- 
sion of tlie "Glendon vein" Ivorked in the Ford mine, ant1 this 
view was later confirmed by tlie discovery of a third ore body in 
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the hanging-wall of the lower shoot and 10 or 15 feet distant 
from it. This is in the relative position of the Ford shoot that 
was worked in the Ford mine. This pitched under the Schofield 
mine shoot at an angle of 38". Reference to Fig. 15 will make 
these relations plain. In later years all the mining was done in 
this lower shoot, which came over from the Ford property, and 
the remaining ore in the Schofield shoot was kept as a reserve. 
The ore of this shoot averaged 52 per cent. Fe, and contained be- 
tween o.016.per cent. and 0.75 per cent. S and a very little 
phosphorus. 

References: N. J. 1855, p. 164; 1868, pp. 614-616; 1879, pp. 72-73; 10th Cen- 
sus, p. 156; 1880, p. 113; 1883, p. 131; 1884, p. 99; 1885, p. 105; 1886, p. 151; 
r&m, p. 114; 1896, p. 325; Folio No. 161, U. S. Geol. Survey, 1g08, p. 2a; 
Geologic Atlas of N. J., Folio 2, p. 22. 

( 130) Hopewll Forge Explorntio?ls. 

A line of attraction has long been known to exist near Hope- 
well, in Sparta Township, Sussex County. I t  has been tested at 
many points, but without yielding favorable results.. 

A mile south of the village, on the line between Jefferson and 
Sparta townships, an exploration known as the W d s  mine dis- 
closed a lean ore. It is in an area of strong attraction, but so far 
as known no merchantable ore was ever obtained from it. 

References: N. J. 1873, p. 68; 1879, p. 80. 

The Stockholm Mine. 

The Stockholm mine exploration was situated about a mile ' 

from Stockholm, probably in Hardyston Township, Sussex Coun- 
ty. Its exact location is unknown. 

In 1880 a vein I I feet wide was opened on a long line of at- 
traction. The ore analyzed : 

Fe = 67.10 ; S = .61; AfnrO, = 3.74 ; Ti02 = 3.60 ; P = tr  ; SiOz = .-. 
So far as can be determined the place was never worked. 

Reference: N. J. 1881, p. 38. 
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The \Ymls  mine is an exploration about one-half a mile east 
of Stoclcholm on the north side of the road, between this village 
and New Foundland, in Hardyston Township, Sussex County. 
Nothing is known of its history. Since it is situated in a very 
small area of attraction it was probably never of much promise. 

( 132) The Tracy and Cmne Fnrnc Explora.tions. 

The Tracy and Crane Farm explorations were a short distance 
northeast of Stockholm, in West Milford Township, Passaic 
County, about three-fourths of a mile from the railroad station. 

A rich ore containing very little sulphur was found here about 
1870, and a small quantity was shipped. Nothing further was 
done, however. The pits have not been visited. 

References: N. J. 1573, p. 70; 1579, p. 80. 

(133) The Henderson Farnr Exploratiotls. 

The Henderson Farm explorations were a b u t  a mile north of 
the Tracy and Crane property, near Stockholm, in Hardyston 
Township, Sussex County, on the east side of the road, between 
Stockholm and Canistear. 

Ore was uncovered in 1872 by a single opening on a line of 
strong attraction. The vein was 18 feet wide. Only a small 
quantity of ore had been raised when the place was abandoned. 

References: N. J. 1873, p. 70; 1879, p. 80. 

( 134) Tlte Kilrcble Fa.rrn Exploration. 

The Kimble, or Kimball, Farm explorations were 2 miles 
northeast of Stockholm and I mile southeast of the south entl of 
Canistear Reservoir. in West Milford Township. Passaic 
County. 

Three trial shafts were sunk between 1868 and 1873, one strik- 
ing lean ore. After this experience work ceased. 

References : N. J. 1873 ; pp. 68-69 ; 1879. P. 81. 
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(135)  The Day Mine. 

The Day mine was immediately south of the Canistear mine, 
in West Milford Township, Passaic County. 

The character of the ore and the associated rocks and their 
relations are similar to the features at the Canistear mine. 

( 136) The Crane Pit. 

A few rods north of the Day mine is an exploration known as 
the Crane pit. The ore is like that at the Canistear mine. It 
was never worked. 

(137)  The Canistear Mirze. 

The Canistear mine was in Vernon Township, Sussex County, 
about one-half mile east of the southern end of Canistear Reser- 
voir, and about one-fourth of a mile northeast of the Kinlble ex- 
plorations. 

Three veins were explored about 1870, and ore was raised 
from each. It  was rather lean and contained some pyrite, but it 
found a market. -The mine was worked at intervals until 1880, 
when, the demand for ore slackening, it was closed. In the cen- 
sus year 187g-1880 about 10,ooo tons were mined, the composi- 
tion of which, as represented by a sample of 350 tons taken by the 
chemists of the 10th Census, was: 

Fe = 35.38 ; P = .&; S = .g4z ; Authority : 10th Census, p. 154. 

The rock in the vicinity is composed of evenly banded Losee 
and Pochuck gneiss, which in many places is very much contorted 
and is full of pegmatite. 

References : N. J. 1873, p. 70 ; 1879, p. 80; 1880, p. I r5 ; 10th Census, p. 154. 

(138)  Tho Sullivan AIitle. 

The Sullivan, or Sulvan, mine was a small opening about one- 
half mile north of the Canistear mine, in Vernon Township, 
Sussex County. No ore was ever obtained from it. The pit is 
now filled up. 
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Tlre Scranton and Rittherford Exploratiom. 

The Scranton and Rutherford tract is reported as being west 
of the Budd and Hunt tract, in West Milford Township. Passaic 
County. 

Ore was found in a number of test pits sunk about 1870 on a 
line of very strong attraction, but no mining was undertaken. 

A little further northwest two other lines of strong attraction 
were also tested by a few shallow pits, and a pyritiferous ore 
was found. 

References : N. J. 1873, p. 69; 1879, p. 81. 

( 139) The Green Mines. 

The Green mines were on Wawayanda Mountain, in Vernon 
Township, Sussex County, about 2.5 miles northeast of Waway- 
anda ~ a k e .  There are a number of large openings alongside the 
road, and from these a great quantity of ore was obta.ined. 

In 1853 there were three openings, of which one was about 
180 feet west of north of the second, while this was 250 feet 
northeast of the third. The last two were evidently on the same 
vein which was east of that worked at  the first opening. 

In the first hole was found a seam of ore I foot wide coniposed 
of hornblende and magnetite. Its strike was north 50' east. and 
dip 72' southeast. The foot-waH of the seam was definite. but 
at  the hanging-wall there was a gradual transition from ore to 
rock without any line of delnarkatioil between them. 

In the opening next south the ore seani was about 2 feet wide. 
The magnetite was intermingled with hornblende. In 1853 this 
opening was 8 feet long, 5 feet wide and 18 feet deep and full of  
water. 

The third opening-the one furthest south-was worked to a 
depth of 7 feet. The ore body was 3.5 t o  4 feet thick, and was 
imbedded in hornblende. The  vein dipped southeast at  65'. It 
consisted of interlaminations of ore, hornblende, and mixtures of 
the two, with or  witliout feldspar. 

Retween 1853 and 1868 several other holes were made to the 
southwest, and in these the appearance of ore bodies of value was 
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more promising. The mines were not worked, so far as is 
known, between 1868 and 1880, but in the latter year the). were 
reopened and operated for a short period. They were aban- 
doned in 1888. 

References : N. J. 1855, p. 163 ; 1868, pp. 632-635 ; 1873, p. 71 ; 1879, p. 81 ; 
1880, p. 115; 10th Census, p. 154; 1890, p. 120. 

( 140)  Thc CVa,~c~ayanda Minc. 

b The Wawayanda mine was in Vernon Township, Sussex 
County, immediately north of the Green mines. 

In 1854 there were openings on five irregular deposits of ore 
of variable thicknesses, dipping from 15" to 50' southeast. The 
most regular deposit was that encountered in the northwestern- 
most opening. This was entered by a tunnel, the mouth of which 
was 85 feet further northwest. The vein was 2 to 8 feet wide, 
and had been worked to a depth of 60 feet below the tunnel in 
18j6. A' second deposit was 47 feet southeast of this, and was , 
2 to 12 feet wide. This second deposit had been worked to a dis- 
tance of 50 feet on both sides of the tunnel, which was 50 feet 
beneath the surface at this place. A third deposit from 4 to 20 
feet wide was 100 feet southeast of the second. It had been 
worked for a distance of a t  least 105 feet along its strike. X 
syenite (pegmatite?) dike is reported to have intersected this 
deposit at its southeast end. separating it into two parts, of ~ f i i c h  
the northeastern one was apparently a branch of the main or 
southwestern one. This branch had likewise. been worked for 
100 feet. The situation of the fifth deposit is uncertain. It was ' 

not worked in 18 j6. In 1867 the property was purchased by the 
Thomas Iron Company, after all the openings had been aban- 
doned. 

Between 1873 and 1877 the mine was again worked, but it 
was again closed in the latter year. It  was worked in 1880 and 
1881, and 4,737 tons of ore were shipped. In 1887, 1890 and 
1891 small amounts were again shipped, aggregating about 454 
tons. It  is unknown whether the mines were operated during 
these years or whether the shipments were from old stock piles. 
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The  shafts and pits of the Green and Wawayanda mines 
cover an area about 500 feet long and 125 feet wide, indicating a 
mineralized zone of this breadth. 

Fifteen carloads of ore shipped in 1891 were sampled and 
gave : 

Fe = 54.33 : SiO: = 12.68; MnO, = 0.34; Authority: B. F. Fackenthal, Jr. 

References: N. J. 18j4, pp. 34-36; 1855, p. 163; 1868, pp. 636-7; 1873, p. 71 ; 
1879, p. 81;  1880, p. 1x5; 10th Census, p. 154 

T H E  MARSH MINE BELT. 

This line of mines extends from Delaware River northeast- 
ward over Musconetcong and Schooleys mountains to  within 5 
miles of Budds Lake. There are no openings north of Budds 
Lake that are  near the projection of the line northeastward 
except a test pit on the peninsula between the river Styx and the 
main body of Lake Hopatcong, and the Welling mine, near the 
State line. These are not directly in the line. but they are so close 
to it that they may as  well be described in this place. 

The  belt has never been productive. Several of the mines have 
shippetl ore, but the quantity has been so srnall individually and 
in the aggregate that the contribution made to  the ore production 
of the State is negligible. Most of the openings are little lllore 
than explorations. They have proven the existence of nu~nerous 
small deposits of magnetite, but the ore found has been so  lean 
that it has never been profitable to mine. 

The  first opening on this line is an old one on the top of the 
south\vest end of Musconetcong Mountain overlooking Delaware 
River. O n  the topographic map this is indicated as  being a loca- 
tion for hematite, but an inspection of the dump heap shows that 
the ore was lean magnetite. (See Nolf Farm mine, page 86.) 

(' 14 r ) Hart's Exploratiorr. 

Hart 's exploration was in Holla~ltl Tow~lship, Hunterdon 
County, on the top of Musconetcong Mountain. about one-half 
mile southeast of Finesville. 

Openings were made in 1880 on a belt of attraction 150  feet 
long. A shaft was sunk to a depth of 52 feet, but no ore was 
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found, nor was there any attraction noticeable below a depth of 
20 feet. 

Reference: N. J. 1880, p. 123. 

Sinclair's explorations are described as being I mile northeast 
Spring Mills, in Holland Township, Hunterdon County. 

An attraction was tested in 1880 by a shaft 40 feet clccp, but 
only a thin streak of rich ore was found. Sincla'ir's farm is 
situated north of Spring Mills on the county map, Ilence it is 
probable that the explorations were north of the village instead 
of being northeast. 

Reference: N. J. 1880; pp. 1x0 and 123. 

( 1 4 3 )  The Wright Mine. 

The Wright mine was in Alexandria Township, I-iut~terrlorl 
County, about 1.3 miles southeast of Blrmn~slmy and I .  j rnilcs 
southwest of the West End mines. 

-\ shaft 3 j  feet deep was sunk in 1880 and ro or 12 tons of ore 
were raised, which was reported as being similar to that from 
the \Vest End mines. 

References : S. J. 1%. pp. I ro and 123. 

! 114)  The Henry .ifin.e. 

-in opening about 1.75 miles northeast of the \\'right mine, in 
Bethlehem Township, Hunterdon County, is named the Henry 

oa the topographic map of the State. 
The miae m i s t s  oi a single opening, on the dump of which 

is a quantit?- of lean ore. Sothing is known of its history or the 
character of its ore. 

Be?-orrd tbc H a q  mine there are no r ~ y m j n g s  cm this line fw 
a rfistmrat of almu~ r 3 miles. In the vicinit~ of Pleasant Grove, 
-cr. tfitre are sea-era1 crld mines. of which the westernmet 
oot, tfst P i t h c k  mix is artjrrarily phml cm the line, although, 
of aomst, no u m ~ ~ b ~ i ( m  can k t d  t~tur-em its dqrsjt andl 
t%at &pa& sf IIX H c n ; ~  and \\-+t mines WJ t h  wthwcst. 
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( 1 4 5 )  TItc Pidcock dlirle. 

The Hunt  or  Pidcock mine was near the oltl \Vashington turn- 
pike. 2 miles east of Pennville, in Lebanon Township, Hunterdon 
County. on the top edge of the north\vest slope of Schooleys 
Mountain. 

The  mine \\?as first opened about r k o  to supply local forges. 
but was not operated to any extent until it was reopened in 1871 
by a shaft 70 feet southwest of the old mine hole. After work- 
ing a short iime it was closed down and remained idle until 1880, 
~vhen 140 tons of ore were mined. The  shaft at this time \\-as 
6 j  feet deep. 

The  veil1 uncovered by the later explorations was found to be 
j feet to  8 feet wide and t o d i p  60' southeast. The  ore was 
lean. East of the mine holes is a line of attraction about IOO 

feet long. 

References: N. J. 1873, p. 56; 1879. p. 66; I&, p. I I I .  

( 1 4 6 )  The Sharp Mine. 

The Sharp mine was a few hundred rods soutl~\vest of Pleas- 
ant Grove, in Washington Township, Morris County. Its situa- 
tion is a little east of the Marsh mine belt o f  mines, and about 
micl\vay between it and the next belt east. 

The  first openings must have been made about 1871. They 
were reported as failures because of the neglect to explore thor- 
oughly. E~plora t ions  must have been resumed in 1873, for  we 
learn that a shaft 60 feet deep was dug  in 1874. and about 50 
tons of ore were removed fro111 a narrow vein. The place was 
then abandoned. 

References: N. J. 1873, p. 57; 1879, p. 66. 

( 1 4 7 )  The Marsh Mine. 

The Marsh mine was in \Vashington To\vnship, Morris 
County, about one-half mile north of Schooleys Mountain, on 
the east side of the road from this place t o  Hackettstown. 
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It was opened in 1855. Between this year and 1868 two large 
pits had been dug and 4,000 tons of ore raisecl. The place was 
again worked in 1872-3,' and a new shaft sunk, though little 
mining was done. In 1882 some new exploratio~ls were under- 
taken and another shaft was sunk. 50 feet deep, but the ore found 
was siliceous and was therefore not worked. 

Of the early openings the southwestern one was a pit 125 feet 
long and 30 feet to 40 feet deep. The ore body uncovered was 
very irregular. Its main portion dipped north-northeast a t  
angles varying between 25' and 60'. At the northwest side of 
the opening, however, there was a branch vein from 4 feet to 6 
feet wide, striking west-northwest and dipping 40' t o  60' north- 
northeast. 

In the northeast.opening two detached and irregular ore bodies 
were worked. The northeast one dipped 40' to 50' northeast, 
while the southwest one dipped 60' to 70' southwest. No con- 
nection was observed between the two deposits in this pit, nor 
between either of them and those in the southwest pit. 

In both pits the ore was imbedded in decomposed gneisses, and 
in neither case was it thought to be in place. 

The ore was black and compact in some places, and in others 
it was crystalline. An analysis of this ore gave : 

Pea04 Si0,ond ins. S  PZOs Fe Authority 
56.1 35.2 .o .6 40.6 N. J. 1868, p. 619 

The shaft sunk in i872-3 foulld a vein 3 to 4 feet wide, dip- 
ping southeast. This ore was also comparatively rich. 

Fe S  P  Mn TiO, Authority 
57.62 .055 .167 .o 2.05 N. J. 1879, p. 69 

The ore discovered in 1882 was it1 a deposit 5 feet wide. It  
contained M\\?een 45 per cent. and 50 per cent. metallic iron. 

The strong magnetic attraction observable in the vicinity of 
these openings suggests the presence of considerable ore beneath 
the surface. It  'is probable, however, that it occurs in numerous 
small deposits. 

References: N. J. 1855, pp. 179-180; 1868, pp. 618-619; 1873, p 59; 1879, PP. 
6869; 1883, P. 12s. 
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Dickinson's mine lay about one-quarter of a mile east of 
llarsli 's mine. It was a snrall opening on ore like that a t  tlie 
Marsh 111ine. The  mine was in operation in 1855. 

.Analyses of the ore made in 1868 gave: 

FcIO4 Si0,and ins. S PpO, FE Atitkority. 
61.9 24.2 .2 . tr ~ . g  N. J. 1868, p. 620 
79.3 14.0 .o .4 57.4 N. J. 1868, p. 620 

References: N. J. 1855, p. 180; 1868, pp. 619-620; 1873, p. 59; 1879. p. 6g. 

( 148) The Btdd nrtd Nllnt Tract Exploratiorts. 

The  Budd and Hunt  tract was near the head of Dunker Pond 
Brook, in West Milford Township, Passaic County. 

The  place. wliicl~ is a b u t  half way between the Kimble mine 
ant1 Buckabear Pond, was explored in the early part of the last 
century and abancloned. The  search for ore was resumed in 
1872, on a line of strong attraction, and a lean ore containillg 
pyrite was found. I t  \+*as not further explored. 

References : N. J. 1873, p. 69; 1879, p. 81. 

( 1 4 9 )  The Jennitrgs a d  Rutherford Tract. 

The Jennings and Rutherford tract is ill \Vest Milforci Town- 
ship, Passaic County, near tlie \vest line of the township. 

-4: strong line of attraction is said to  nin in a northeast direc- 
tion across the county line into Sussex County, and t o  be trace- 
able all the way t o  the Wawayanda mines. The  southern end of 
tlle magnetic line was explored by pits which uncovered a lean 
pyritiferous ore vein 8 feet wide. Further north, on the Ruther- 
ford property, a vein 24 feet wide was uncovered by two 

C. 
trenclles in which the ore appeared t o  be of good quality. No 
111ining. however. was clone, unless tlie Rutlierforcl property re- 
ferred to  is that described on page 166. 

References: N. J. 1873, p. @; 1879, p. 81. 
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(150)  The Welling Mine. 

The IVelling mine or Ten Eyck's exploration was near the 
State line. about I mile east of the Green ant1 lZrawayancla mines, 
in Vernon Township, Sussex County, on the east side of the 
roatl between New Milford and Greenwood Lake. 

-4 long line of strong attraction \\,as opened at five points about - 
1855, and a lean ore was uncovered at  each. Some of it was 
sent to the Wawayanda furnace. Additional exploratory work 
was done between 1873 and 1876. In 1879 a number of new 
openings were made in the neighborhood of the old ones and 400 
tons of ore were raised. It  was, however, not shipped. 

The rocks dipped high to the southeast at the openings, but 
nearer the road to the east their dip changed to northwest. The  
ore consisted of alternate layers of quartz and magnetite, forming 
a finely crystalline aggregate. Two  analyses are on record : 

Fe=jj .g~% ; P=.o28% ; SiO,=about 50% ; Authority, N. J. 1876, p. 53. 
Fe=54.23; P=.o33; S=tr; Ti=tr; Mn=tr ; Authority, N. J. 1879, p. 81. 

References: N. J. 1873, p. 71; 1876, pp. 52-53; 1879, p. 81; 1880, p. 116; 
10th Census, p. 154. 

T H E  HURD MINE BELT. 

The Hurd Mine belt begins at  Ilklaware River, runs northeasr 
through Musconetcong and Schooleys mountains, along the east 
side of Lake Hopatcong and crosses the State line 3 miles west 
of Greenwood Lake. Through this distance of 60 miles, mine 
holes are scattered at nearly equal intevals. Most of them, 
especially those situated on its southwest portion, were never 
productive, but at one or two points important mines were de- 
veloped. The most notable of these were the Mt. Olive, the 
Hurd and the Weldon mines, all of which large quanti- 
ties of rich ore. None of the ore was of Bessemer grade but it 
was all fairly rich in iron. In a few of the deposits at the south- 
west end of the belt titanium was present in considerable quantity, 
but in the deposits of the northern mines it occ~trred in such 
small amounts as  to be practically negligible. 
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( 1 5 1 )  The Hager Mine. 

The Hager mine was I mile west of Spring Mills, near the top 
of the south slope of Musconetcong Mountain, in Holland To\\-n- 
ship. Hunterdoll County. 

.\bout 1877 two shafts \yere sunk 40 feet and from these 
- almut 700 tons of ore were raised. The mine was then closed 

and remained idle until 1879, when it was reopened, to remain 
open until the latter part of 1880. During this period about 800 
tons \\ere mined. The shafts from which this ore was obtaineil 
\\ere abandoned in the early part of the year because of trouble 
with water, and a new one was started further northeast. This, 
~xohably. was never completed. 

The ore obtained from the surface in the early workings was 
practically free from sulphur, but with increasing depth there 
was an increase in the content of pyrite. In  the exploration of 
1879 a deposit 7 feet wide was encountered at  a clepth of 60 feet. 
T l ~ i s  (lipped southeast. =\ sample of the ore contained: 

F r =  56.13; S=7 .5g;  P = . a ;  T i = & ;  Mn=o.  Authority, N. J. 1879. 
P 63. 

The northeast shaft, put down in 1880, struck ore at 20 feet. 
I t  was in two narrow deposits separated by two feet of rock. 
One \ \as  2 feet \vide and the other 4 feet wide. 

.\ sample of red soft surface ore. taken from a pile of a few 
tons at  the shaft, gave: 

I. Fr = 62.71 ; S = .og3 ; P = .274. Authority : 10th Census, p. 164. 
11. Fe = 56.39; S i 0 , =  6.64; P = .19; TiOt = 7.02. Authority : N. J. 1879. 

p. 165. 

.\nalysis I1 was by the T l ~ o n ~ a s  Iron Cmpany. Other samples 
gave : TiO, = 5.62Fand 4.~9%. 

Rcfere~~ces: N. J. 1879, p. 63; 1880, p. 109; 10th Census, p. 164; 1883, p. 
122; 1899, p. 165. 

Mellick Sntith's E.rploratiotu. 

Alellick Slllith's explorations \\.ere I mile northeast of the  
Hager mine in Holland Township, Hunterdon County. A shaft,  
5 0  ieet tleep, dug in 1880 on a line of attraction ~lncoverecl only 
float ore. 
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The  location of this shaft has not been definitely ascertained. 

Reference: N. J. 1880, p. 123. 

The Alpaugh Explorntiotrs. 

The Alpaugh Farm explprations are described as being on the 
Alpaugh estate, 1.25 miles from West Portal and three-quarters 
of  a mile southeast of the Swayze mine,in Bethlehem Township, 
Hunterdon County. If on the Alpaugh estate as located on the 
county map of 1873, the explorations were northeast of the 
Swayze mine, and not southeast, as stated. In this event the'pits 
a re  on the Ford belt, between the Swayze and the Rodenbaugh 
mines. 
-2 shaft 25 feet deep was sunk in the 70's, finding a small veih 

of ore, but the quantity of water encountered was so great that 
the place was soon abandoned. 

Reference: N. J. 1879, p. 6j. 

(152) Wild Cat Mine. 

The Wild Cat mine was in Bethlehem Township, Hunterdon 
County, about midway between Norton and West Portal, on the 
north side of the road joining the two places. 

The  mine was opened about 1876. The  vein must have been 
8 or 10 feet thick. It  consisted of two ore layers. one of which 
was 4 feet wide, separated by 2 or 3 feet of rock. 

The n ine  was operating in 1879 through a shaft 30 feet deep. 
but there is no  record as to the quantity of ore that was being 
raised. From the size of the dumps it is evident that considerable 
work was done. 

Reference: N. J. 1879, p. 65. 

( 153) The Aii1le.r Jfine.  

The Miller mine, or the Miller Farm mine, was 1.25 miles 
southwest of Glen Gartlner, at the jul~ction of the road f r tm  this 
place and that betwten Hampton Junction ant1 Clinton, in Beth- 
lehem Township, Hunterdon Cot~nty. 
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Openings.were made in 1871 and thereabouts without finding 
any considerable quantity of ore. The place was further ex- 
plored in 1879, but no  ore was shipped. 

There are supposed to be two veins on the property about 1,000 
feet apart. The attraction has been traced northeast through the 
:tone quarry on the north side of the right of way of the Central 
Railroad of New Jersey and beyond. When examined under the 
microscope much of the rock in which the ore occurs is seen to 
be crushed. A part of it appears to be porphyritic in the hand 
specimen, but in thin sectioli ail the porphyritic phases are dis- 
covered to  be breccias. The ore is, in part a t  least, in pegmatite. 

References : N. J. 1873, p. 56; 1879, p. 66. 

(154) The Maberry M i w .  

The Maberry, o r  Mayberry, mine was one-half of a nlile south- 
west of Glen Gardner, in Bethlehem Township, Hunterdon 
County, and about one-half of a mile northeast of the Miller 
mine, on the road between the Miller mine and Glen Gardner. 

I t  was first opened in 1880, 300 tons of ore were mined, and 
then the mine was closed. 

References : N. J. 1880, pp. I 10 and 121; 10th Census, p. 162. 

( 155) The Eveland Mine. 

The Eveland mine was near Glen Gardner, in Lebanon Town- 
ship, Hunterdon County, on the north side of the railroad, be- 
tween this village and Clarksville. 

The place was opened in 1880 by three pits 50 feet apart, and 
worked for  a few months, producing 224 tons of ore. The-vein 
was j to 7 feet wide. 

I t  is not known that the mine was ever operated on a commer- 
cial scale. 

References: N. J. 1880, pp. 1 x 0  and 124; 10th Census, p. 162. . 
-An unnamed pit with a moderately large dump is situated about 

three-quarters of a mile northeast of Glen Gardner. in Lebanon 
To\vnship, Hunterdon County. 

Nothing is known of its history. 
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These mines are represented on the topographic map of the 
State as  situated about I mile northeast of Anthony, in Lebanon 
Township, Hunterdon County. 

The mine holes are four in number. on the north side of the 
road. t o  Pennville. No  description of them has been found any- 
where in the literature of the New Jersey mines. There has been 
considerable work done in the vicinity, but with what result is 
unknown. 

(157) The H a m  Mine. 

The Hann mine was one-half of a mile northeast of Pleasant 
Grove, in Washington Township, Morris County, on the road 
from Schooleys Mountain to Washington. 

The  mine was opened on a strong line of attraction by two 
shafts in 1871 or 1872. Some lean ore was obtained, and then 
the shafts were temporarily abandoned. About ~,ooo feet fur- 
ther southwest the line was tested again, and again lean ore was 
encountered in a thin vein, dipping southeast. Shortly afterward 
the mine was again reopened and worked at  intervals until 1880, 
when it was once more clmed. The last work was mainly in the 
line of surface exploration. 

The  veins were two in number, striking a little north of east 
and dipping 30' south-southeast. 

During its last period of activity (1879-1880) about 150  tons 
of ore were raised, making the total prwluction at  the time the 
mine was abandoned a b u t  5,000 tons. 

An analysis of an average sample of the ore raised a b u t  1879 
yielded: . 

Fe = 56.97; S= .o88; P = .367; Mn = o ;  TiO, = 1.05 Authority: S. J. 
1879. P. 67. 

References : N. J. 1873, p. 57 ; 1879, p. 67 ; 1880. p. I I I ; 10th Census, F. 162. 

21 ORE 
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(158)  The Hunt Farm Explorations. 

The Hunt Farm explorations were a mile southwest of 
Schooleys Mountain, near the Pleasant Grove road, in Wash- 
ington Township, Morris County. 

Ore  was discovered here while digging a well and a cellar, but 
the prospects were not sufficiently favorable t o  warrant explora- 
tions. 

Reference : N. J. ~ $ 9 ,  p. 67. 

( 159) The Derrenberger Farm Explorations. 

The Derrenkrger  Farm explorations were on Sc.hooleys 
Mountain, in the settlement of the same name, in Washington 
Township, Morris County. 

This mine was opened in 1883 on a brown granular ore, which 
changed t o  the usual blue ore at  a depth of 30  feet. The vein was 
4 or  5 feet wide. Some ore was shipped, but in what quantity 
is not known. The  mine seems to have been operated for part 
of a year. 

Reference: N. J. 1883, p. 125. 

(160)  The Stoutenbl~rgk Mine. 

The Stoutenburgh mine was located about one-half a mile 
northeast of Schooleys Mountain, in Washington Township, 
Morris County. 

The  mine was first opened in 1872, and worked during this 
year and the succeeding one, yielding 6,700 tons of ore. I t  was 
then closed down and not reopened until 1877, when ore was 
found in nine trial pits situated southwest of the old mine. T w o  
shafts were sunk 35 feet apart and about 350 feet southwest of 
the old mine. These were operated until 1880, producing 1,680 
tons. After this work ceased, except for the deepening of one of 
the shafts 50 feet. In all the openings the mine was very wet. 

The deposit first developed measured 5 feet to g feet thick, and 
tli~~petl 35"-40' south-southeast. ,At a greater depth and further 
to the south~vest the dip \\.as reported to be northwest. In 1873 
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the mine produced at the rate of 5,000 tons annually. The vein 
diminished to  2 feet in width, however, and this led to  its aban- 
donment. 

T o  the southwest the explorations of 1877 discovered a vein of 
lean ore from I to  7 feet thick, with a dip southeast, which became 
steeper with depth. The foot-wall was well defined, but the hang- 
ing-wall was irregular. 

Two analyses of the ore have been recorded. The first is that 
of material taken from a depth of 40 feet in the old mine, and the 
second that of the ore of the newer.mine. 

SiO, Fe.0, AbO. CaO MgO S P,O, TiO, Total Authority 
I .  6.70 83.04 3.87 3.25 .86 . IO  1.92 .70= 1w.44 N .  J .  1873, p. 58 

Fe=60.13; S=.og6; P=.839 
11. Fe = 56.37 ; S = .155 ; P = .639 10th Census, p. 162 

Northeast of the old mine a smaller vein was discovered, but 
the ore, though rich, was very narrow. North of the' mine was 
still another vein, from which 40 tons of ore were recovered. 
Another vein, 5 feet wide, was found a few rods east of the old 
mine, and on its west side a fourth vein, 3 or 4 feet wide, was 
opened for a length of 70 feet. Both of these were reached by 
shafts. In the fields to  the east are two lines of attraction, and 
these are taken to indicate a still farther extension of the vein in 
this direction. The whole neighborhood seems t o  be underlain 
by small deposits. 

References: N. J. 1873, pp. 57-58; 1879, pp. 6 7 6 8 ;  1880, p. 1 1 1 ;  10th Census, 
pp. 161-162; 1883, p. 125. 

(154) The H w t  Farm Explorations. 

Explorations made I mile northeast of Schooleys Mountain, 
in IVashington Township, Morris County, also disclosed a little 
lean ore. 

Several pits were dug here between 1874 and 1879, and 30 tons 
of ore were mined. Although the mine is reported to  have been 
leased in 1879, nothing more has been heard of it. . . 

Reference: N. J. 1879, p. 69. 
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T H E  MOUNT OLIVE MAGNETIC BELTS. 

The Mount Olive mines are near the southwest end of a com- 
paratively wide belt of attraction, which, because of its length 
and width, is one of the notable features of rhe Highlands in 
New Jersey. The belt begins a short distance north of the South 
Branch of the Raritan River, and extends uninterruptedly for a 
distance of 5.5 or  6 miles t o  within three-quarters of a mile of the 
south end of Lake Hopatcong. Its width averages about 800 
feet, with a magnetic declinatioil (or  dip) of from 8" to go0. 
I t  has been opened at a number of points by shafts, tunnels and 
pits, which are sufficiently near together t o  show that the entire 
belt is underlain by ore. Some of the openings were formerly 
important mines, but on the whole the ore was lean. The best 
known mines on the belt were the Mt. Olive, the Drake, the Sal- 
mon, the Osborne. the Church and the Hilt. 

A second belt, about a mile southeast of the Mount Olive belt, 
may be designated the South Mount Olive belt. I t  begins at  the 
Hopler mine, runs northeast for about 5 miles parallel t o  the 
Mount Olive belt. and terminates just south of the Church mine. 
Its width averages a little less than that of the northern belt, and 
the strength of the attraction is less. The  southern belt has been 
less thoroughly explored than the northern one, and no  important 
mines were ever developed upon it. T'he ore found was so leal1 
as to be unmerchantable. 

These two belts, with a length of j . 5  miles ant1 an aggregate 
breadth of about 1,500 feet, are regarded a s  evidence of the ex- 
istence of a great quantity of magnetite in the rocks over which 
the attraction is observable. So far as  we know, the magnetite 
is pretty uniformly distributed, forming a lean ore, which will 
need concentration before being marketable. T'here a re  probably 
nu large rich ore bodies in the area. but the quantity of lean ore 
present must be enornlous. 

On the east side of Turkey Brook, near Mount Olive, there are 
llumerous openings within the belt of magnetic attraction re- 
ferred to  in the preceding paragraph as the north Mount Olive 
belt. Some of these openings are very old, many of them having 
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been made long before 1855. Although it is difficult to identify 
all the mines referred to in the various reports of the Survey, the 
location of the most important ones is established fairly satisfac- 
torily. The mines described in the Report for 1855 were the 
Osborne, the Drake and the Stevens mines. I n  later reports 
brief descriptions are given of the Solomon, Chas. Solomon, Wm. 
Ste\renson and several unnamed openings. Later we read of the 
&It. Olive mines and the Salmon mine. As a matter of fact, the 
entire magnetic belt for a distance of 3 miles from its southwest 
end was thoroughly explored by test pits and shafts that were so 
closely placed as to leave no doubt but that the entire strip of 
country along the east side of Turkey Brook is underlain by a 
series of short parallel veins of lean ore. 

The most important openings beginning at the southwest were 
on the Stephens, Drake, A. L. Salmon and Chas. Salmon p r o p  
erty. They are referred to in the literature by the names of the 
land owners. All these openings were between the South Branch 
of the Raritan River and the road from Mount Olive to Flanders. 
Xorth of this road a few hundred feet was an important group 
of shafts and a tunnel, which is thought to be the Drake mine 
referred to in the early State reports. 

The Crane Mine. 

The southernmost pit in this belt that is referred to in print 
was the Crane mine, which is reported as being about one-quarter 
of a mile south of the Stephens mine. 

The mine was opened a few years prior to 1868, but probably 
never produced much ore. I t  is noteworthy because of the 
presence of tiraniurn compounds in its ore. Specimens obtained 
from its dump-heap contained yellowish-green scales of uranite 
coating feldspar and magnetite, and small quantities of uranocher 
and gummite. The ore was of two kinds, of which one was blue 
and had a bright luster, and the other was a dull black variety. 

Reference: N. J. 1868, p. 602. 
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The Stephens mine was a b u t  one-half a mile southwest of the 
Drake mine, and a b u t  the same distance south of Mt. Olive. 
The ore was first discovered at this place in 1848. In 1855 the 
vein had been opened by a sllallow pit through a length of go 
feet. At the bottom of the pit, which was only 15 feet deep, the 
ore was so filled with pyrite that it was practically worthless, 
and col~sequently the place was abandoned. The iron content of 
the ore is reported a s  being betw'een 63 per cent. and 68 per cent. 
The property was later operated as a portion of the Mt. Olive 
mines. 

References: N. J. 1855, pp. 177-178; 1868, p. 597-8 

(162) T h c  Ilfozi~zt Olive Mincs .  

The early explorations between the Stephens ant1 the Drakc 
mine uncovered a practically continuous vein between the turo 
mines. The most promising of these were the pits on the prop- 
erty of John Drake, of Wnl. Salmon and of Chas. Salmon. 
Later they were cor~solidated tinder one mnagenlent and 
operated as the Mount Olive mines. 

m e  first pit 011 the Drake property was dug in 1848. The 
openings on ,Salmon's land \Yere a few yards northeast of thc 
Drake pits. They were probably dug between 18j5 and 1868. 
A few hundred yards northeast of these were the explorations 
on Chas. Salmon's land. These revealed two parallel seams of  
ore close together. They were very narrow, the northwest one 
measuring 4 inches in width and the southeast one 12 inches. 
' h e  latter clipped 70' southeast and carried 61.2 per cent. of 
iron. 

In 1872-3 the Salmon mine was worked but all others had 
been abandoned. The Salmon mine was again explored in 
1874-5, and the mine on the Drake lands was worked to  a slight 
extent. The principal vein at the Salmon mine was found to 
clip 35" to 45" southeast, and the ore shoots to pitch northeast. 
The average thickness of the ore had incrased t o  10 feet. At 
the old mine on the Drake land three veins were found, of which 
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only the central one was mined. In 1879 both of these mines 
were leased by one party ant1 preparations were made to work 
them together. They were operated during the first half of 
1880 under the name of the Mt. Olive mines, producing 1,625 
tons. They were then closed because of the slack demand for 
ore. The total production to this time was estimated at 22,400 

tolls. The main shaft, when work ceased,-was 1 6 j  feet deep and 
the vein was 6 t o  8 feet wide. A new shaft, sunk to  the north- 
east of this one, was down 35 feet when work was stopped. 

The mines were reopened in 1883 and two shafts 100 feet 
apart were operated. By this time the vein had been worked a 
distance of 400 feet, and to a depth, in some places, of 175 feet. 
Its average width was 5 or 6 feet, although in a few places it 
measured 27 feet in breadth. A new shoot was discovered in 
this year and a new slope 175 feet long was sunk on it. The 
deposit dipped 35' to 40' southeast, and was crossed by a fault 
that threw the vein to the right. All the mines were closed in 
I 886. 

At the present time ( 1908) an attempt is being made to open up 
the country to the east of the mines by a company with a large 
capitalization. I t  is stated that a great quantity of ore of good 
quality exists in the area, but the evidence upon which the con- 
clusions are based is not given. Apparently no explorations have 
been undertaken by the promoters of the project, and no data 
are therefore at hand from which a reasonable estimate of the 
q~iantity of ore in the ground can be calculated. 

A11 the ore of the vein contained considerable limonite, and a 
great deal of pyrite, which was altered by downward percolating 
water and changed to limonite. The explorations showed clearly 
that there are in this place a number of small deposits arranged 
in lines. Pegmatite appears to have been abundant in all the 
mines, probably. much of the ore being a magnetitic pegmatite. 

Samples from 600 tons at .the old shaft ( I )  and of 75 tons 
of oxidized surface ore ( 2 )  at the new shaft (1880) gave : 

I.-Fe= 58.92; S = 1.96; P = .182. Authority: 10th Census, p. 161. 
a;--Fe= 63.36; S = .145 ; P = .ago. Authority : 10th Census, p. 161. 

References: N. J. 18j5, pp. 175-9; 1868, pp. j976oz;  1873, p. 59; 1879, pp 
7 b 7 1 ;  1880, p. 112; 10th Census, p. 161; 1883, p. I Q ;  I&, p. 97; 1886, p. 148. 
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(163) Tlzc Solorrton or Sulriwt~ Mirle. 

The Solon~on, or  Salmon, mine was immediately northeast of 
the 3,Iount Olive mine, in Mount Olive Township, Morris 
Countj-. 

The first account found of this ]nine appears in the Annual 
Report for 1886. The mine was probably opened about this time. 
I t  was operated in this year on a 5-foot-wide ore body that 
dipped qaO soutlleast ant1 pitched 10' northeast. 'I'he ore was 
an estension of that worked in the Mount Olive mine. The ~ i e l d  
was a b ~ ~ t  300 tons monthly. 

There is only one reference to this mine in the literature. Its 
location is not definitely described, so that it is impossible to 
identify it. I t  was probably never important. 

Reference: N. J. 1886. p. 151. 

(164)  The Drake Mirle. 

Drake's mine was about one-half a mile northeast of the 
Stepliens mine at Mount Olive, in Roxbury Toirnship, klorris 
County, and 2 miles southwest of Hilts mine, a short distance 
north of the road between Mount Olive and Flanders. I t  is 
probably the opening in the north side of this road. 

The  niine was first opened in 1854 on a vein 5 feet thick. d i p  
ping southeast 45'. By 1855 it had been esplored for a length 
of about 100 feet and to  a depth of 18 feet, but it was not at  that 
time being operated. 

Later a tunnel was driven southeast into the llillside from the 
level of Turkey Brook, a distance of 700 feet. I t  cut five ore 
veins, all dipping between 50' arid 65' southeast. The  north- 
west vein was 5 feet wide and the others 5 feet, 3 feet, 8 feet, 4 
feet and 3.5 feet, reslxctively. The  ore varied between 37 per 
cent. ant1 51 per cent. in iron, and the rock through which the 
tunnel passed averaged 20. 5 per cent. of metal. 

From the nature of the work done it is evident that the place 
was thought to pronlise well. 

The ore raised in 1868 averaged : 

FerO, SiO, and ins. S PzOs dfet. Irofr Authority ' 

88.4 8.0 .o .o 64.0 N. J. 1868, p. 599. 
References: N. J. 1855, p. 177; 1868. p. 599. 
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.About onequarter mile south of the road running east from 
Budds lake to the Main Flanders-Stanhope road are seven or 
eight pits from which lean ore was obtained about twenty-five 
years ago. On the topographic map they are designated as the 
Salmon mine. but no reference to this location has been found 
in the literature. The pits are on the main line of attraction 
passing through the Mount Olive and Osborne mines, but so far 
a s  is known none of them ever .became shipping mines. 

(166) The  Osbortle Mine. 

The Osborne mine was 3 miles from Stanhope on the road to 
Mount Olive and about one-half mile northeast of the Salmon 
mine. At the present time there can still be seen six or seven 
large pits, of which all but two are on the east side of the road, 
and the remains of an old shaft. 

The mine was opened in 1848 on a deposit 1 5  feet wide. Be- 
fore 1855 this had been worked to a depth of 20 feet for a dis- 
tance of 50 feet. The dip of the deposit was 45' southeast. 
Operations were suspended before 1855 because of the difficulty 
of getting rid of water. 

An analysis of the ore made in 1868 indicated the presence of 
66.2 per cent. of iron. 

References: N. J. 1855, p. 176; 1868, PP. 599-1500. 

(167) The  Stephetrs Mine. 

Several pits situated on the farm of Mr. Stephens, a few hun- 
dred yards northeast of the Osborne mine, are known locally as 
the Stephens mine. They are on the same line of attraction as 
that passing through the Osborne mine, but there is no record of 
any ore being obtained from them. 

(168) The Baptist Clzlrrch Milre. 

The Baptist Church mine was a few hundred pards southwest 
of the Hilt mine, in Roxbury Township, Morris County, and 
about three-quarters of a mile northeast of the Osborlie mine. 

NEW JERSEY GEOLOGICAL SURVEY



330 IROK M I N E S  A N D  MINING. 

The openings, of which there were six or seven, were situated 
on the west side of the road between Mt. Olive and Ledgewood, 
in the same vein as the Hilt mine. Several hundred tons of ore 
were raised about 1873, but further than this nothing is known of 
the mine. 

Reference: N. J. 1873, p. 59. 

( 1 6 9 )  Thc Hilt Mitte. 

The Hilt mine was about 2.5 miles southeast of Netcong, in 
Roxbury Township, Morris County, on the northwest side of 
the road from Mount Olive to Ledgewood, and a few hundred 
yards northeast of the Church mine. 

I t  was opened in 1854 on a vein 5 o r  6 feet wide where first 
struck. This dipped 75' southeast. A shaft was sunk a few 
years later, and this had reached a depth of 25 feet in 1868. Five 
o r  six pits and the ruins of the old shaft are still discernible. 

The composition of the ore was as follows : 
Fe.0, SiO. and ins. S PtOo Met. Iron Authority 
80.8 , 10.8 -9 .o 58.5 N. J. 1868, p. 600 
79.7 146 .o .o 57.7 N. J. 1868, p. 600 

References: N. J. 1855, p. 177; 1868, p. 600. 

(170)  Tlte Willets Mine. 

The Willets mine was one-half mile north of the Hilt mine, in 
Roxbury Township, Morris cbunty, on the west side of the road 
between Mt. Olive and Shippenport. 

The mine was probably nothing more than an exploration. I t  
consists of two pits situated in the belt of attraction that itretches 
southwest and surrounds the Mt. Olive mines, but it is not cer- 
tain that any ore was ever obtained from it. If any ore was 
found, it was probably lean. The attraction near the mine holes 
is fairly strong, but at a very short distance from them it is only 
moderately high. 

(171)  The TVilkinson Mitte. 

The Wilkinson mine was northeast of the Willets mine, just 
across the road. The conditions here were probably the same as  
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at the Willets mine, though nothing is known as to the amounr 
and quality of the ore discovered. There were three pits in an 
area characterized by a moderately strong attraction. 

OTHER MINES I N  THIS BELT. 

The other mines in the Hurd mine belt are scattered at com- 
paratively wide intervals on isolated lenses except in the case of 
the Weldon mines, which are on a vein in which are several 
lenses, apparently connected with one another. 

(172) the Wolf Mine. 

The Wolfe, or Wolf, mine was about .1.5 miles south of Net- 
cong, on the east side of the road to Flanders, in Mt. Olive 
Township, Morris County. I t  was situated about a mile west of 
the Mt. Olive belt of attraction, apparently on an isolated ore 
body. I t  is referred to in this place only as a matter of con- 
venience. 

The mine was first opened about 1880. It was reopened in 
1 9 0 1 ,  and 500 tons of ore were mined. The vein was so small, 
however, that work soon ceased. The ore contained about 59 per 
cent. of iron, traces of sulphur and a small proportion of phos- 

+ phorus, although it was above the Bessemer limit. 

Reference: N. J. I~OI, p. 138. 

(173) The Lake View Mine. 

The Lake View mine was within 100 yards of the shore of 
Lake Hopatcong, in Roxbury Township, Morris County, and 
about one-quarter mile west-northwest of the Lake View house. 

This is another old ore location. Openings were made about 
1863, but their history has not been learned. The place was 
opened again under the name given above in 1882, and was 
worked for a brief period and was then abandoned. 

Three shafts were put down during the later operations, and at 
least one shaft and a large pit were opened during the earlier 
period of activity. The newer shafts were 85, 84 and 60 feet 
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deep, opening up 150 feet of the vein. The width of the deposit 
averaged 6 feet. It  dipped southeast except at  one point (in the 
oltl 'open pit ) , where the walls were vertical. 

The ore was rich but contained sulphur. The foot-wall was 
clean hut on the hanging-wall side ore and rock were mixed. 

Reference: N. J. 1883, p. 129. 

Xolan's, or Noland's, mine was on Nolan's Point, on the east 
sicle of Lake Hopatcong, Jefferson Township, Morris count.. 

It  \\.as opened before 18jj and worked to  a depth of 45 feet 
ant1 for a depth of 500 feet. The deposit was 3 or 4 feet thick 
ant1 clipped 70' southeast. The mine was evidently abandoned 
before 1868, and, so fala as can be learned, has nut been reopened 
since. 

References: N. J. 1855, p. 1%; 1868. p. 603; 1879, p. 71. 

( I  75) The Hwdtozvh Apr~tite kline. 

The Hurdtown apatite mine was once very celebrated as being 
a sul>l'c'sed promising source of phosphatic material. It  was sit- 
uated in Jefferson Township, Morris County, about three-quar- 
ters of a mile southwest of the Hurdtown mine, on the north side 
of the road between Hurdtown and Nolan's Point. 

The mine was opened and abandoned some time prior to 1855. 
The ore is a pyritiferous magnetite, containing a large proportion 
of apatite. Pyrrhotite, calcite and the usual silicates were also 
intermingled with the magnetite, in some specimens in large quan- 
tity. 

The apatite occurs in irregular seams, often intermixed wirh 
pyrrhotite and in crystals embedded in this mineral. It  is green, 
amber or brown, sometimes transparent, sometimes opaque. Oc- 
casionally it is in distinct crystals with hexagonal cross-sections 
ant1 rounded edges. In some cases the apatite is in large masses 
that are almost pure, but usually it is in aggregates mixed with 
all the other inirierals mentioned. The pyrrhotite is also abund- 
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ant, occurring sometimes in masses several inches in diameter. 
Frequently it is pure, but more often it includes grains of apatite. 

The magnetite is often found embedded in the pyrrhotite as 
nodules. It possesses a perfect cleavage into thin plates, the sur- 
faces of which are often striated. In this form it was supposed 
by those who have studied it to be pseudomorphic aftsr the 
pyrrhotite. The mineral was also found embedded in apatite. and 
also in aggregates with the silicates. The pyrite was in quite 
large quantity, but it was not as abundant as the pyrrhotite. 

Although apatite is present in comparatively large quantity. 
the ore is not sufficiently rich in the phosphate to warrant its 
being utilized as a source of this material. 

References: N. J. 1855, pp. 166-168; 1868, pp. 603-606; 1879, p. 71. 

(176) Thc Hztwd Mine. 

The Hurd, or Hurdtown, mine was formerly one of the best 
known mines in the State. It was situated about 6.5 miles north- 
northwest of Dover, on the road between this city and Sparta. 

The mine was worked for a long time previous to 1855, but 
was not in operation in this year. In 1868, however, it was pro- 
ducing at the rate of 20,000 tons annually. A figure exhibiting 
the condition of the working at this time is reproduced in Plate 
VI. The mine continued in operation for many years almost un- 
interruptedly, until it was finally permanently abandoned in 1903. 
Its total production to June, 1880, was estimated at more than 
500,000 tons. In 1890 work was suspended for a few months 
pending the readjustment of the lease, but it was again resumed 
a few months later. In 1895 the ore began to fail. The bottom 
workings were abandoned, and the mining was confined to the 
pillars and other supports left in the old workings. Between 
1895 and 1898 the yield was about 2,400 tons annually. During 
the latter year most of the remaining ore was removed. Searches 
were made by diamond drill for new deposits, but only small 
seams of ore were found beneath the bed of the old shoot, at a 
depth of 600 feet from the s~rrface. Explorations in other direc- 
tions were also unsuccessful, and the mine was practically aban- 
doned after reaching a vertical depth of 2,600 feet, i. e., 1,6oc 
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below tide, and a depth measured on the slope of 6,000 feet. In 
the succeeding year further explorations were made, likewise 
without success, and about 2,500 tons of ore were removed from 
old pillars. Esplorations were continued through 1900 and 1901. 
In the latter y:ar a new shoot g feet wide was discovered ~0~1 th  
of the fault, to be referred to  later, and west of the three shoots 
that had so long furnished ore. This was reached at a depth of 
175 feet. Some ore was obtained from this, but most of the 
8,000 or 9,000 tons produced during the year came from the old 
workings. In the following year 14,000 tons were taken from 
the fourth shoot on the west side of the southwest mine and 
from a deposit on the hanging-wall side of the openings near the 
road, which had been located by previous explorations. All work 
ceased in 1903. 

Originally there were two principal workings from which ore 
was obtained. The northeast one was called the "deep" mine, 
and the southwest one the "level" mine, Turnpike mine, South 
Vein mine and Bluff mine in its different parts. (See Plate VI.) 
There was no connection between the two and no explorations 
had been made between them to  learn the relations of the two 
ore bodies. From the fact, however, that in b t h  openings the 
ore was in a curved deposit, like a fold, with practically the same 
dimensions, it was early thought that the two mines were sepa- 
rated by a cross fault, with the upthrow on the northeast side. 

At the southwest end of the property is an old open working, 
indicated on the vertical section as "fallen surface." On the 
northeast wall of this the ore is reported to  have presented the 
appearance of a fold (see Fig. 6, page 138), with its southeast line 
nearly vertical and its northwest line dipping 45'40' southeast. 
The bottom of the fold pitched northeast at 26' to 31') and was 
followed by a slope, which finally reached a length of 6,000 fee:. 
The South Vein mine and the Bluff mines were on the southeast 
limb, and the Level mine was on its northwest limb. 

The Deep mine, which was northeast of the supposed fault. 
was presumably on both limbs, as the ore-body worked by it was 
Y shaped. I t  differed from the ore bodies in the southern work- 
ings in continuing below the point of junction of the two limbs. 
as though the deposit were a branching vein with a horse of rock 
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I separating its two branches. The pitch of the trough was a little 
flatter than in the southwest mines. Moreover, the axial plane 
of the ore body was tilted further to the northwest than in the 
Southern mines, so that the northwest limb dipped 75" to the 
southeast and the southeast limb was nearly vertical. The de- 
posits on the west flank of the "fold" appear not to have been 
worked in the northeast mines. 

W r i n g  the long time that the mine was worked the shoot 
maintained its general character unchanged, except that while in 
the upper workings the ore and wall-rock graded into one an- 
other, in the lower workings the two were sharply marked oB 
from one another, and the wall was exceptionally clean. The 
cap, bottom and wall rocks completely enclosed it, so that it a p  
peared as an oblique chimney of ore. Its height varied from 60 
to go feet, and its breadth 35 feet. Thin layers of rock projected 
from the cap into the ore shoot, but the bottom rock appeared to 
be uninterrupted. A horizontal section of the mine as it existed 
in 1882 is shown in figure 16. 

f 
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During 1884 an offset was encountered, which threw the de- 
posit 13 to 16 feet to the right. In the early tlescription of the 
ore body there is reference made to a dike dislocating it, but the 
position antl character of this dike are not specified. 

The side shoot that lay to the southeast of the main ore-body 
in the northeast mine was peculiar in shape. Near the surface it 
measuretl 5 feet in width and only 4 or  5 feet in height. 

The  ore obtained from the different lwrtions of the deposit 
\\.as very varied. In some places it contained considerable apatite. 
and in others much pyrite in films coating joint cracks. Chalce- 
dony was also abuntlant in some places a s  yellow mammillary 
incrustations on the \valls of fissures in the ore ar?d also as irreg- 
ular masses enclosed in magnetite. I t  was also found lining 
geodes in smoky quartz. Translucent quartz cut by strings and 
seams of magnetite were also met with, and masses of ore cut by 
narrow seams of white quartz. 

Analyses of the ore made in 1875 gave: 

Fe.0. SiOI A1,O. .Il~t,O, M y 0  CnCOs S PIOa Total Authority 
I .  85.88 7.90 2.14 .21 .36 2.gj .06 .48=99.98 N. J 1 8 8 5 , ~ .  l o j  
11. 92.01 3.81 1.00 .23 .q 2.19 .02 .+1= 99.95 N. J .  1885. p. Ioj  

No. I .  Fc=62.195;  P=.zog;  S = . o 6  
So. 2. F e  = 66.63 ; P = .192 ; S = .02 

The result of a complete analysis of a sample taken from 1 7  
carloads is given on page I 12. The eqt~ivalent iron, st~lpliur antl 
phosphorus contents are : 

F r  =66.02; P = . I&:  S = . I @ ;  Authority: 10th Census, p. 157 

References: N. J .  1855, pp. 165-166; 1868, pp. 606-610: 1873, p. 6 j ;  1879, p. 
72: 1880, p. I 12  ; 10th Census, p. I j j ;  1882, p. 70 ; 1883. pp. 67-69 and 129-130 ; 
1%1, P. 98: 1 # j ,  p. IOj: 1 8 6 ,  pp. 14-145; I&, p. 57; 1891, pp. 239-240; 
11(96, PI). 3 3 - 3 4  ; 1897, PI). 3I!3-320 EO: 1 8 9 %  PP. 233-234; I@. P. 152; 1900, PP. 
~ g p m ;  1901, PI). 138-139; 1902, p. I 18. 

The \\'eldon ant1 Lower \\'eltlon mines \\.ere situated in Jeffer- 
son Township, Morris County, about 1.5 miles northeast of the 
H~ir t l  mine, and about 1 .7j  miles south of the Dodge mine, on 
the roatl between Wootlport anrl Lower Longwood. The  Lower 
\Veldon atljoinetl the M7eltlon mine on the south\vest. 
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T h e  openings of the two mines extend for a half mile along 
the road (Fig. 17) as  a series of  pits and shafts, most of \vhich 
are now in a tumbled-down condition. 

Fig. I f .  

Surface map of Weldon and Old Weldon mines. 

The  biJeldon mine was opened in the early part of the last 
century, and had been worked extensively before 1855. In 1868 
the mine had been abandoned, and the openings were, conse- 
quently, full of water. A few years later it was reopened, and 
in 1873 was being operated. In the following year the mine 
was again closed, and it remained idle for six years. In 1880 it 
was again reopened and worked until the ore shoots began to 
pinch and diverge, when operations again ceased. The  mine was 
reopened in 1885 and \vorked during the early part of 1886, 
when it was again closetl. I t  was once more reopened in 1888, 
and worked until 1890. At  this time a concentrator was erected 
to remove the phosphorus from the rich ore and concentrate the 
lean ore so that the whole might be sold as  of Besse~ner grade. 
By the end of 1891 a shaft had been sunk 300 feet. This en- 
countered three new ore-shmts separated by rock layers from 8 
to 30  feet thick. The concentrator separated about 2,000 tons of  
ore during the year with such success that a second one was 
erected during the succeeding year. By 1896. however, the 
entire plant was abandoned, because of the expense of preparing 

22 ORE 
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the ore for market. I t  is reported to have been at work in 1899, 
but was idle in 1900. In 1901 the mine was again operated in a 
small way for a few months from a shaft near the southwest 
property line, yielding about 250 tons of ore. During the course 
of the operations a small offset was encountered which threw 
the vein its own width. The water in the old workings was 
tapped and thk new workings were flooded, causing all work to  
cease. In 1902 the mine changed hands. I t  was unwatered and 
4,000 tons removed. I t  was then shut down because of the coal 
strike. It has not been operated ,since. 

The Lower Weldon mine was on the same vein as the Weldon. 
It is not known when it was opened, but it was being operated in 
1873. I t  was closed a few years later, and was idle in 1879. The 
mine was again working in 1890, when it was 360 feet deep, but 
it was abandoned before 1896. In 1901 a little exploratory . 
work was done, but so far as known no ore was raised. 

The ore body exploited in 1868 at the Weldon mine was froin 
4 to 7 feet wide, and had been worked for about half a mile in 
length by narrow open pits. Its dip was 50'-7s0 southeast. The 
main workings were at the northeast end of the vein. Here there 
were two shoots of ore lying side by side, dipping 75' southeast, 
and pitching 30'-32' northeast. Their height was about 30 
feet. The width of the west shoot was 3-4 feet and of the east 
one 4-5 feet. (Fig. 18.) 

As the mine increased in depth the shoots approached, ant1 in 
the bottom of the mine in 1872 they were only 7 feet apart. 
Vertical cross-sections of the two shoots, showing their relative 
positions, are reproduced in Fig. 18. At the shaft the shoots 
were 29 feet apart at a distance of 80 feet from the surface, 
while 200 feet northeast of the shaft they were only 7.j f e d  
apart. When the mine was reopened in 1880 it was found that 
the shoots were beginning to diverge and to pinch. Consequently. 
work was stopped after a few months' work. 

When work was resumed in 1888 a new shaft was sunk. By 
the end of 1891 this had reaclietl a depth of 300 feet, and had 
penetrated the three new shoots of ore which have already been 
referred to. These shoots varied in height from 20 to 60 feet, 
and in \vitltli f ron~ 2 feet to 9 feet. They pitched northeast a t  
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30° ant1 dipped southeast at 50'. The ore of these was non- 
Bessemer, and averaged j8 per cent. to 60 per cent. metallic iron. 

The shoot at the Lower ]Veldon was very regular. It  dipped 
505 southeast and pitched 30" northeast. I t  was about 6 feet to 
8 feet wide and carried about 3 feet of clean ore yielding about 
58 per cent. of iron. Rock and ore were beautifully interbantled, 
the former k i n g  very micaceous. There were evidently two 
shoots, one above 'the other. The upper one was exhausted in 
1891. The lower shoot, which was 4 feet wide and 25 feet high, 
was worked until the mine was abandoned in 1896. 

The ore of both mines was lean. It  is described as containing 
quartz, feldspar and apatite. An analysis gave: 

Fe,OJ .4603 C O O  SiOl  P - 0 ;  .4lk. C l ~ l o r i d r s .  I j Z 0  Tota l  ..lutlrority 
86.4 6.1 1.9 3.7 .j .5 .5 = 99.4 N. J. 1868, p. 612 

X sample of a pile of 300 tons of the ore raised in 1880 
yielded : 

Fe = 54.80 ; P = .554 ; S = .266. Authority : 10th Census. 

Xo data are available as to the total production of this mine. 
During 1870, 1871 and 1872, while under lease to the Thomas 
Iron Company, 6,639 tons were minetl. 

References: N. J. 1855, p. 165; 1868, pp. 610-612; 1873, pp. 65-66; 1879, p. 
72; I&, p. 112; 10th Census, p. 15;; 1883, pp. 72 and 130-131 ; 1886, p. 152; 
18% pp. 58-59; 1891, pp. 24*24I ; 1896, p. 325 ; I P ,  p. 199 ; 1901, pp. 139-140; 
I W ,  P. 119. 

The Clinton Flirturce Tract. 

Beyond the Weldon mine there are no openings in this belt 
until the Clintorl reservoir is reached. Here there was an old 
opening on the Clinton Furnace tract. but its esact location has 
not lxen tliscovered. It is reported as k i n g  a mile northwest of 
the old furnace in \Vest llilfortl To\vnship, Passaic County. 

Mining was acti\-ely ~>rosecutetl here in very early days. The 
place was reopened in 1872, the old shafts were cleaned out. 
trenches were cut and ore was discovered in abundance. It, how- 
ever. contained pyrite and quartz. The deposit clipped 85" south- 
east. 

Xo work was tlone other tllan the cleaning up of the place. 

Refcrencc: N. J. 1879. P. 82. 
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Between the Clinton reservoir and the State line in IVest Mil- 
ford Township, Passaic County, the topographic map shows the 
location of nine openings, of which three are unnamed. Of the 
others the House and the Sigler mines are not referred to  in any 
of the State reports. 

The Hbuse mine was situated about three-fourths of a mile 
northeast of the northwest corner of Clinton reservoir, formerly 
Buckabear Pond. I t  has not been visited and nothing is known 
as to  its extent or  the quality of its ore. I t  is near the south- 
west end of a narrow belt of attraction that has been traced for 
a distance of a little more than 3 miles to a point one-half of a 
mile northeast of the northernn~ost opening of the Utter mine. 
(Plate VII.) The attraction is fairly strong at several places, 
but explorations l~ave  exposed very lean ore. The most im- 
portant openings on the belt are those of the Rutherford, the 
Sigler, the Wallace and the Utter mines. 

f 179) The Rtltherford ~Vli~res. 

The Rutherford mines comprise a series of four shafts and 
twelve or thirteen pits, situated on an old road running along the 
west slope of the ridge immediately west of Cedar Pond. The 
southernmost shaft is about 1,250 feet south of the oil pipe line 
which crosses the mountain between Cherry Ridge and Cedar 
Pond. 

There is no description of these openings in the literature, 
unless the reference to the "Rutherford explorations north of 
Buckabear Pond" applies to them. This reference states that "in 
1888 a shaft was sunk on the Rutherford estate north of Bucka- 
bear Pond. The shaft was r o o  feet deep but failed to strike a .  
great body or ore." If this is the place in question a great deal 
of new exploration must have been undertaken at a later date, 
and a fair amount of ore must have been discovered, for the. 
dumpheaps are large and contain a great quantity of lean ore, 
besides some which looks quite rich. Mr. Velzo Utter, who re- 
sides in the neighborhood of the mine, states that it was originally 
worked to supply the Clinton furnace, and later (about 1%) was 
operated for the Franklin company. H e  declares that the vein 
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is 12 feet thick and that operations ceased because of the cost of 
transporation to the furnace. The scant width of the belt of 
attraction, however, suggests a narrow vein of good ore or  a 
fairly wide one of lean material. 

Reference: N. J. 1890, p. 6g. 

(181) Tlze V7allace and (180) the Sigler Mines. 

These mines are on the opposite sides of the west branch of the 
stream that flows along the west side of the main road that passes 
through Uttertown. The mine holes are about one and a half 
miles northeast of the northwest end of Clinton reservoir 
and about one-third of a mile northeast of the northeast pits of 
the Rutherford mine. Both the Sigler and the Wallace mines 
show large dump-heaps, on which the rock and ore are practically 
alike. The Sigler mine is not referred to in the literature. I t  is 
about of the same age a s  the Wallace mine and its ore is similar. 
I t  is reported by residents in the vicinity that when active it 
shipped 20 or 25 carloads of ore obtained from a drift 300 feet 
long. 

(181) The I,Vallace Mine. 

The Wallace mine was worked in 1874 and 1,500 tons of lean 
ore were shipped. The deepest shaft was down 35 feet at this 
time. Mr. Utter, who worked in the mine when it was being 
operated, declares that it is now 200 feet deep. If this is the case 
the mine must have been again opened subsequent to 1874. 

References: N. J. 1879, p. 82; 1883, p. 140. 

(182) T k c  Utter Mine. 

The Utter mine is the name here applied to  a series of test pits 
and shallow shafts situated in a northeast line along the crest of a 
small hill ahout a mile northwest of Uttertown. They are in the 
same zone of attraction as the Rutl~erford mines and about one 
and a half miles further northeast. 
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The openings were not much more than explorations, although 
from some of them considerable lean ore was raised. They seem 
to be near, if not upon, the line of attraction running through the 
if'allace mine. None of the holes are deep. I t  is said that the 
pits disclosed the existence of two veins. Of these the eastern 
one contained much pyrite. The western one was probably a 
magnetitic pegmatite. 

Reference: N. J. 1883, p. 140. 

(183) The Carey rMitrc. 

The  Carey mine, in West Milford Township, Passaic County, 
was on the south side of the road leaving the main road from 
Uttertown to  Warwick, about 2.5 miles north of Uttertown. 

The  mine was opened some years before 1886. The ore body 
.is said to  have been 7 feet thick. The  ore contained much 
pyroxene and epidote. I t  was mined through a shaft 27 feet 
deep and from an open cut about 35 feet long. I t  is not known 
how much ore was raised, but from the appearance of the dump- 
heap it seems probable that very little, i f  any, was shipped. 

Reference: N. J. 1886, p. 138. 

The Centennial, o r  Squier's mine, was in the woods on the 
east side of the Warwick-Greenwood Lake road, near the State 
line, in West Milford Township, Passaic County. 

The mine was first opened in 1875 on a line of attraction 2,400 
feet long striking north 38' 30' east. Eight pits and cross-cuts 
showed the ore to be 12 feet wide in general, and at one place a t  
least 38 feet in width. At the end of a drift stripping revealed 
the presence of five veins, each about 5 feet wide and all dipping 
80" southeast. During the year 1,500 tons were raised. The 
mine was worked until 1879, when it was closed. I t  appears t o  
have been operated a short time also in 1880. The total yield 
of the mine is estimated at 2,200 tons. 
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The  ore co~itai~ietl varying proportio~is of feldspar, quartz. 
epidote and pyrite. Analyses of the surface ore ( I ) and material 
from tlie deeper openings ( 2) gave : 

Fc P S Ti  Mn ~lutltority 
, 1-48.16 .14 3.02 .o .o N. J. 1876, p. 54 

2-55.39 .&7 1.74 .O .O N . J . 1 8 7 6 . p . ~  

Refcrences: S. J.  1876, pp. 53-54; 1879, p. &; 1880, p. 116; 10th Census, 
P. 154. 

T H E  VAN SYCKLE MINE BELT 

Tlie Van Syckle n ~ i n e  belt runs along the soutlieast side of 
AIusconetcong ant1 Schooleys mountains. 

The belt begins on tlie south sitle of Musconetcong Mountain, 
near the Delaware River, and follows the southeast side of this 
mountain and Schooleys Mountain as  far  north as Gernian Val- 
ley. It then turns more northerly ant1 extends along 3lount 
Olive a t  a distance of about I niile from the southeast side, cross- . 
ing the Delaware, Lackawanna and Western railroad a t  Ship- 
penport a~i t l  terminating a few miles beyond at Mount Arlington. 
on Lake Hopatcong. 

N o  mines of importance are situated along the belt. The  Van 
Syckle mine and the Naughright mine are the best known. both 
being remarkable for the large quantity of titaniunt in their ore. 
Indeed, the sanie feature is also noticeable in the ores of the few 
other mines that have been salnlrletl, s o  that it is possible that the 
belt is characterized by deposits i l l  ivliich titanium is an important 
constituent. Unfortuliately a~ialyses are too few t o  warrant 
tlrawing from them a generalization to this effect, but all point 
t o  tlie same conclusions. 

The  Bloo111 fa rm or Little York mine was about I mile \vest1 
of Little York. in Holland Township, Hunterdon County, a t  the 
foot of PIlusconetcong hlountain. 

'Another report places it one mile north of Little York, on the farm occu- 
pied by P. C. Bloom in 1873. If this is thc correct location, as it seems to be, 
the opel~ir~gs were in thc EIurd mine belt. 
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A b u t  150 tons of ore were raised in 1873 and 1874, but 
whether it was shipped o r  not is not known. -411 analysis of 
ore presunlably from this mine showed it t o  be lean. but of Bes- 
senler grade, except for the large quantity of titaniurlr in it. 

Nothing further was ever done here so far as  known. 

References : N. J. 1874 p. 26; 1875, p. 35 ; 1879, p. 63. 

(186)  The D.uck~oortlt Farm Explorations. 

The Duckworth farm explorations were I mile \vest of Little 
York, in Holland Township, Hunterdon County, near the base 
of kl~~sconetcong hlountain. 

The first opening was made about the time of the Re\.olution, 
but was soon afterward abandoned. I n  about 1877 the locality 
was re-explored by two shafts. jo feet and 25 feet deep. both of 
which encountered thin veins of ore. Explorations continue(! 
intermittently through 1879 but nothing further of iniportance 
was discovered. 

The ore was found t o  contain : 

Fe = 64.32% ; P = 0.0039% ; Ins. = 9.92%. Authority : N. J. 1879, p. 63. 

References: N. J. 1879, p. 63. 

(187)  The Martin Mine. 

The Martin mine was 2.5 miles southwest of Pattenburg, in 
Alexandria Twnsh ip ,  Hunterdon County. on the south s l o p  of 
Musconetcong Mountain. 

The ore was mixed with hornblende and was therefore quite 
lean. An analysis niade in 1878 gave: 

Pe=49.25; M s = o ;  P = . 2 5 ;  TiO,= 1.00. Authority: N .  J. 1878, p. 
100. 

The mine was never \vorke<l. 

References: N. J. 1878, p. loo: 1879, p. 63. 
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(188) The Cnse MLle. 

The Case mine was in Bethlehenr Township, Hunterdon 
C(:unty. about a mile southwest of Pattenburg. 

The place was opened in December, 1879, and worked three 
months. About 25 tons of ore were obtained, when the opera- 
tions were suspended because of lack of machinery. 

References: N. J. 1880, pp. IIO and 123; 10th Census, p. 162. 

The Van Syckle o r  Church mine is an opening near the forks 
of  the road, about I mile northwest of Van Syckles. in Union 
Township, Hu~lterclon County. The  mine is just across the town 
line in Bethlehem Township. The ore is notable for containing 
a very large quantity of titanium and some vanadium. 

??he mine is a very old one, the original opening having been 
made during the later years of the 18th century. I t  was aban- 
doned and lay idle for nearly roo years and was then reopened in 
1 ~ 4 .  By 1868 the new opening had reached a depth of 60 feet 
anrl a length of 20 feet. Shortly after this date the mine was 
closed, but it was again operied in 1871, and it continued in 
operation until 1875, when it was permanently abandoned. I ts  
total yield during the last period of its activity was 4,390 tons 
of ore. . 

The main deposit was I I feet wide. In this the ore was inter- 
layered with streaks of chlorite rock. A second deposit north- 
west of this one was 7 feet wide, but the ore was very lean. 
Liries of magnetic attraction were observed in the fields t o  the 
northeast of the mine opening, but no  explorations were made to  
ascertain their significance. 

An. analysis of the ore made by Bri t tm in 1871 and another 
made in 1873 yielded : 

Fe,O, Al,08 AlnO CaO M g O  SiOr TiO: PtOb 
(9.40 4.36 .rg .46 2.52 7.92 10.52 .02 

69.34 9.29 .oo .39 3.35 5.40 1 r . b  tr 

S H:O Org. 'I'alal ..li~lIrorily 
1.46 .49 2.69 = 100.03 T. A. I. hl. E., Vol. 21, p. 275. 
1.21 = 100.58 N. J. 1873, p. 55 
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Ten analyses of material taken from different portions of the 
vein showed an gverage of 12 per cent. of TiO,, with extremes 
of 9.82 per cent. and 15.05 per cent. It is also reported by Mr. 
Raymond that Mr. Walz discovered in three samples of the ore 
the following percentages of vanadic acid : 0.38, 0.31 and 0.13 
per cent. 

References : N. J. 1868, p. 616; 1873, pp. 55-56; 1879, p. 65; 10th Census, 
p. 162; Trans. Amer. Inst. Min. Engineers, Vol. 21, p. 275; N. J. 1899, p. 165. 

(190) Barzghart's Mitre. 

The Banghart 'mine never amounted to more than an explora- 
tion. It was situated in Lebanon Township, Hunterdon County, 
about I .25 miles northeast of Glen Gardner. 

Three openings were.made shortly before 1868, but they dis- 
closed only a very lean ore, containing considerable pyrite and 
chalcopyrite. No workable deposit was found, and the mine 
was therefore abandoned. Explorations were evidently renewed 
in 1879. -4 shaft 35 feet deep was sunk and a vein of ore was 
found 3 feet wide. The mine was thereupon abandoned. 

References: N. J. I-, p. 617; 1873, p. 56; 1879, p. 66. 

( I ~ I )  The  Aivalr Gray Mine. 

The *\lvah Gray, or Alvan Gray, or Alvey Gray, or Sand 
Flats mine, or  the Fritts farm mine, was about three-fourths of 
a mile southwest of Woodglen, in Lebanon Township, Hunter- 
don County. 

The mine was opened in 1873, and a wide vein of lean ore was 
found. I t  was worked for a short time and about 400 tons 
were raised. The mine was then closed, but was reopened in 
1879, and about 3,500 tons were mined before it was again 
closed, in the following year. 

The ore at the surface was comparatively free from sulphur. 
It became more sulphurous with increasing depth until finally the 
mine had to be closed. Its metallic content averaged about 52 
per cent. 
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There was thought to be atlditional ore in the foot-wall side 
of the vein, but it was not searched for. The total yield of the 
mine is estimated at 8,400 tons. 

References: N. J. 1873, p. 56; 1879, p. 66; 1880, pp. 1x1 and 124: 10th Census 
p. 162. 

The Fritts Farlrz ;13ine. 

The Fritts farm mine was a short distance northwest of 
Wootiglen, in Lebanon Township, Hunterdon County. but its 
exact location is not known. It may have been a part of the 
series of explorations later known as the Alvah Gray mine. 

X shait was sunk in 1873 on a wide vein of quartzose granular 
ore. 

Reference: N. J. 1873, p. 56. 

The T c r r a b e r r ~  Forrrt E.1-plorutiori. 

The Terraberry farm explorations were about three-fourths of 
a mile south of Woodglen, in Lebanon Township. Hunterdon 
County. 

A few openings made some time in the 70's discovered a lean 
ore mised with hornblende and mica. 

Reference: If. J. 1879, p. 66. 

The Wlzite Hull Mine. 

The White Hall mine was east of Woodglen in Lebanon 
Township, Hunterdon County. 

A vein of lean ore was opened between 1870 and 1873. It was 
regarded as the northeast extension of the Banghart mine vein, 
ant1 was not further explored. 

f i e r e  is some confusion in the description of the explorations 
near \Vdg-leti, so that it is now impossible to be sure that sev- 
eral of them have not been referred to under the same name, and 
on the other hand, it is not certain that different names are not 
used by different writers for the same exploration. In any event 
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it is certain that consitlerable bodies of lean ore esist in the neigh- 
borhood of the village. 

References: N. J. 1873, p. 56; 1879, p. 66. 

(192) The Lake Fnrirr Explorations. 

The Lake farm explorations were east of Schooleys Mountain, 
in \17ashington Township, Morris County. 

A shaft 30 feet deep was sunk in 1875 and a small quantity of 
ore was taken out, some of it very rich, but much very lean. The 
place was soon closed down, but it was reopened in 1879, with 
what result is not known. 

The location of this exploration is not .given in the only refer- 
ence to it that has been seen. It was probably identical with tlle 
Lake mine of the topographic map, which is shown one-half a 
mile soutllwest of the Naughright mine, on the north side of the 
roatl, between Naughright and Drakestown. 

Reference: N. J. 1879, p. 69. 

(193)  The Naughright Mine. 

The Xaughright mine was on the east side of Scllooleys Moun- 
tain, about I mile north of Naughright, in Washington Town- 
ship, Jlorris County. 

The mine was opened in 1870 and worked a b u t  a year through 
two shafts, of which the southeast one was 140 feet deep, 
measured on the s l q e .   his penetrated a vein from 20 inches to 
4 feet thick, of a coarsely crystalline ore il~ixed with sonle rock 
and pyrite. An unusual feature of the deposit is the fact that it 
is cut off at its northeast end by a large trap dike that intercepts 
it at an oblique angle. The secondshaft, 30 feet deep, was situ- 
ated about roo yards west-northwest of the first one. The vein 
here was 8 feet witle, ant1 here also the deposit was suddenly cut 
off by rock. About 200 tons of ore had been raised when the 
mine was closed. 

I t  was reopened a few years later and operated until the early 
part of 1879, when it \\.as again closed for a few months. It was 
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again reopened in the latter part of this year, and a little ex- 
pIoring was done. This resulted in the finding of a new vein 3.5 

+ feet wide. No mining was undertaken. The property remained 
untouched until 1883, when there was a little more exploring 
done, but without definite results. Since this time, so far as is 
known, the place has remained deserted. 

The ore, like that of many of the other mines in this belt, was 
remarkable for the large quantity of titanium shown by the 
analyses. Two samples, reported to  be averages, gave : 

Fe.0, CaO MgO S PIOI Ti03 Insol. Total. Authority 

I--89.39 .27 .16 7.50 2.20= 99.52 N. J. 1878, p. ~ a >  
11-87.78 2.70 .91 .04 2.56 6.40 2.40=97.79 N. J. 1878, p. 100 

I.-Compact lustrous blue ofe from vein ao feet wide. 
11.-Gray ore, containing apatite, from vein 4-5 feet wide. 

References : N. J. 18j3, pp. 58-59; 1878, pp. WIOO; 1879, P. 69; 1880, p. I 11 ; 
1883, p. 126. 

(194) The Wrrl.. Shorp Milre. 

The \Vm. Sharp mine was a short distance northwest of the 
Naughright mine, near the road from Naughright to  Drakes- 
town, in Washington Tbwnship, Morris County. 

In  1870 a shaft 25 feet deep was sunk in a deposit of mixed 
rich and lea11 ore dipping southeast. I t  is not known how ex- 
tensively the mine was worked. I t  was idle in 1879, but was 
prospected again in 1880, and 30 tons of ore were obtained.. 

References: N. J. 1873, p. 59; 1879, p. 69; 1880, p. III. 

(195) Tl~e  Rarick Forrn E,rplorntiotts. 

The Rarick farm exploratio~l ivas at a point just north of the 
Sharp mine. in \,Vashington Township, Morris County. 

The place was first explored in about 1870, uncovering a 
niagl~etiferous rock. No distinct ore deposit was found. The 
place was idle in 1879 and has 11(>t 1 ~ ~ 1 1  ivorked since. 

Rcicrcilrcs: N. J .  1873, p. 59; 1870, p. (9. 
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( I @ )  Ma,rio t's Mine. 

Mariot's mine ,was a short distance east of Shippenport, in 
Roxbury Township, Morris County. 

This was probably merely a small exploration. Nothing is 
known of its history. All that can k seen now is a small pile of 
rock a t  the mouth of a shallow pit. 

Reference: N. J. 1883, p. 128. 

(197) The Cove Mkle. 

, The Gove mine was near Mountain Pond, 1.5 miles north of 
Drakesville, and a b u t  one-half a mile north of the Mount Ar- 
lington quarries, in Roxbury Township, Morris County. 

The mine was first opened in 1874 and worked for a short time 
and then closed. It  was reopened in 1879 and 'operated until 
1881. During this period two shafts were sunk to  a depth of 
400 feet and a great quantity of rock was raised. 

The ore body was 7 feet wide when developed. The ore was 
rich, but it contained a great deal of pyrite in streaks. 

The yield of the mine to  June, 1880, was estimated a t  I 1,200 

tons. 
References: N. J. 1879, p. 71; 1880, p. 112; 10th Census, p. 161; 1883, p. 128. 

The Silver Spring mine was on the top of a knoll, about I 

mile south of Mount Arlington, on the west side of the road from 
this place to  Mt. Arlington station, on the Delaware, Lackawanna 
and Western Railroad. 

The place was explored a b u t  1882 and opened shortly after- 
ward. A considerable quantity of a sulphurous ore was raised, 
and a g d  deal of work was done about the shafts. Operations 
'did not continue long, however, and so far  as is known none of 
the ore was shipped. The country rock in the n e i g f i b r h d  is a 
garnetiferous gneiss interbanded with Byram gneiss. The ore 
is a richly magnetiferous Ptxhuck gneiss. 

Reference : N. J .  1883, p. 128. 
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The Lurk mine was one-half mile southeast of Mt. Arlington, 
in Roxbury Township, Morris County. The  exact location of 
the openings has not been learned. They may b nearer the Van 
Syckle than the High Ledge belt of mines. 

The  mine was discovered in 1904 by a shaft 18 feet deep and 
tlrifts of IOO feet. The  deposit is 6 feet wide, but the ore contains 
streaks nf rock. About 400 tons were raised. A selected saniple 
was found to contain 66.534 F e  and .- P. Four carloads sent 
to the Wharton Furnace yielded respectively, 64.482 per cent., 
58.405 per cent., 56.717 per cent. and 54.016 per cent. in iroli. 
Operations were suspended at the beginning of winter, and so 
far as known were never resumed. 

References: N. J. ~goq, pp. 295-296. 

(200) The Cone Mittc. 

The  Cone niine was a shallow pit a b u t  a mile northwest of 
Upper Longwood, in Jefferson Towns,hip, Morris County. 

Nothing has been learned about the place. From the appear- 
ance of the pit, however, it is surmised that it never yielded any 
ore. 

T H E  HIGH LEDGE BELT. 

The  High Ledge belt of mines skirts the southeast side of 
1:Iount Olive, beginning at the south near Bartley and ending 
a t  the norrh near Rerkshire Valley. It  crosses the DeIaware. 
Lackawanna and ilrestern railroad just west of PvIount Arlingtoii 
station. 

The  iiiine openings along this line are unimportant. The  only 
(-)lie that ever tlevelopetl into a shipping proposition was the Higii 
Letlge niine near Drakesville. Some of the others shipped ore 
during a single season, but merely as an experiment. 

(201) The Hopler Mine. 

The Bartleyville or Hopler niine was in Washington Towri- 
ship, l lo r r i s  County. on the brow of the liill, 1.25 miles west of 
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Bartley. I t  was a t  the southwest end of the southern Mt. Olive 
magnetic belt (see page 324). and is practically the only opening 
made in it. There were several pits a mile or  so further qcrtli- 
east, but they never developed ore and so were abandoned before 
they reached any great depth. The attraction farther xorth is not 
as  strong as it is in the vicinity of the Hopler mine, antl it is 
probably for this reason that it was not more systematically 
explored. The great difference in the number of pits dug on 
this belt as  compared with the number excavated on the northern 
belt is accounted for in the same manner, i. e., by the compara- 
tively light attraction as compared with that in the northern belt. 

Ore was found here before 1868, but the mine at that time 
was little more than an exploration. A strong magnetic attrac- 

, tion was, however, observed over a large area. In 1879 the place 
mas again explored and some good ore was found, the remains 
of six pits giving evidence that the place was once thought 
promising. In 1881 the property was leased by the Thomas Iron 
Company and about 167 tons of ore were mined at  a royalty of 
fifty cents per ton. The lease was then surrendered. 

References: N. J. 1868, p. 597; 1873. P. 59; 1879. P. 69. 

(am) The High Ledge Mine. 

The High Ledge mine was on the slope of Schooleys Mountain, 
about one-half a .mile west of Ledgewood, in Roxbury Township, 
Morris County. 

Two  shafts were sunk in 1880. Of these the southeast one was 
put down j5 feet into a shoot of ore from 6 to  20 feet wide 
pitching northeast. The ore was reported to  contain about 6j 
per cent of iron and from I per cent. to  3 per cent. of sulphur. 
T h e  second shaft was zoo yards further northwest. I t  was sunk 
30 feet into a deposit 6 feet wide. 

The mine was worked for a few months and was then closed, 
after having yielded 1,120 tons of ore. It  was reopened in 1883 
and worked for a few months and was again closed. 

.An analysis of the ore showed it to  run between j8 per cent. 
an'd 60 per cent. metallic iron. 

References : N. J. 1880, pp. 112 and 124; 10th Census, p. 161 ; 1883, p. 127; 
1899, p. 162. 

23 ORE 
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The Ki.ng M h e .  

The King niine was in Roxbury Township, JIorris County. on 
the hill about a mile northwest of Ledgewood, and about three: 
quarters of a mile west of the High Ledge mine. 

The mine was opened in 1879, but it had been explored sev- 
eral years earlier. It  was worked a few months and closed in 
the early part of 1880, during which time it produced 280 tons 
of ore. At the time of closing the shaft was down 50 feet in 
an ore shoot 6 to 12 feet wide. The ore contained no sulphur 
and only a little phosphorus, but a considerable quantity of white 
feldspar. The mine was opened again in Igo j  and a small quan- 
tity of ore was taken out of it, when it was again closed. 

References : N. J. 1879, p. 71 ; 1880, pp. 112 and 125 ; 10th Census, p. 161 ; 
1883, P. 127 ; 1905, P. 320. 

(203) The  Blrrt M i ~ l e .  

Tlle Burt mine was near tlie base of the hill one-half a mile 
west of Mt. -4rlington station, in Roxbury Township, Morris 
County. 

The location is an old one. It  was opened many years ago, but 
its early history is now unknown. I t  was reopened in 1882 and 
operated during the succeeding year. 

Within a quarter of a mile there were seven shafts in the vein, 
which outcropped on the hill slope 70 feet from its base and 
varied in width from 6 feet to 24 feet. The deepest shaft \\-as 
down 80 feet, and was connected with a shaft IOO feet to the 
northeast by underground drifts. In the main shaft the dip was 
to  tlie west-northwest, but in a11 the others it was, as usual. to 
tlie southeast. 

The ore was lean and sulphurous. ;\bout 400 tons were 
shipped, and much more hat1 been raised \vlien work was sus- 
pended. 

An analvsis of a roasted magnetite from near Mt. Arlington, 
which may have come fl-orn the Burt mine, yielded: 

Fc=43.18; S i O , = a ~ . q ;  P = . z I J ;  S=.783. Authority: N. J. I&, p. 
170. 

Rcfercllces: N. J. 1883. p. 128: I&, p. 170. 
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(204) The Dazvnport Migte. 

The Davenport mine consisted of a shaft and several small 
openings in Jefferson Township, Morris County, I mile west of 
Berkshire Valley, between the road leading to Nolans Point and 
the Lake Hopatcong branch of the Central Railroad of New 
Jersey. 

The mine was opened in 1868 by a shaft and slope 40 feet 
deep. I t  was worked 40 feet in a vein that was reported to be 6 
feet wide, half of which was rock. The deposit dipped so0 to 
60' northwest. 

The mine was never operated. 

References: N. J. 1868, pp. 6 ~ ~ 4 0 3 ;  1873, p. 66; 1879, p. 71. 

THE HIGH BRIDGE BELT, 

The High Bridge belt of mines extends from High Bridge, in 
Hunterdon County, to Echo Lake, in Passaic County. Beyond 
this point to the State line no explorations have been made. 

The principal mines in the belt are grouped around High 
Bridge, at its southern end, and around Wahrton in its middle 
portion. A number of the mines have been important shippers, 
but the ore as a whole was rather sulphurous. Where the belt 
skirts the east base of Copperas Mountain the sulphur content is 
very high, but the phosphorus is so low that the ore is below 
the Bessemer limit. 

(205) The High Bridge Mir~es.  

The High Bridge or Taylor mines were just north .of High 
Bridge, in High Bridge Township, Hunterdon County, along 
the road leading to Readingsburg. Together with a few open-' 
ings on the hill east of this village they constitute a short line of 
mines and explorations, about one-fourth of a mile east of the 
main line, which passes through the Kean mines and continues 
northeast all the may to the State line. 

Some of the many cpenings of the High Bridge mines are 
reported to have been made as early as 1720, and to have yielded 
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an ab~lndance of good ore. By 1868 the vein had been worked 
for a di~tance of nearly three-fourths of a mile, in some places 
to  a depth of 200 feet. In the following eleven years the vein 
was followed to the southwest, and a large quantity of ore was 
removed froni it. In 1879 it was abandoned. The main por- 
tion of the old (northeast) mine was also closed during this 
year, but 2,000 tons were raised during the latter part of 1879 
and the early portion of 1880 from above the water level in an 
opening known as the 'I'aylor mine at the east end of the vein. 
In 1886 a new shaft was sunk, which disclosed at a depth of 30 
feet about 4 feet of ore and a number of small veins. The dip 
of these deposits was 72' southeast, and their pitch 40"-47' 
northeast. The place was abandoned in 1889. 

The vein varied in thickness from 2.5 feet to IS feet, and 
dipped southeast at 65'. Near its northeast end a fault dis- 
placed the ore body approximately 20 feet. On the hanging 
side mas a thick layer of very pyritiferous ore that was taken out 
and thrown on the (lump. Many years later t'he'pile was exam- 
ined and the ore upon it was found to be sufficiently pure to be 
utilized in the forge. I t  was practically free from sulphur. 

Later observations showed that the ore was in the form of a 
series of shoots that lay slightly oblique to the course of the 
vein, which was nearly northeast. -411 the shoots pitched to- 
ward the northeast; those to the north declining at a greater 
angle (in some cases 60') than those further south. In the 
southwest portion of the vein there were four parallel shoots 
separated by only a few feet of rock. One of these was 55 feet 
thick, and in some places others measured IOO feet. With in- 
creasing.depth their thickness diminished until a t  the bottom of 
the shafts, when work ceased, their breadth was only I or 2 feet. 
I t  is noteworthy that none of them pinched out completely. The 
thinning of the deposits is ascribed to  the flattening of the dip 
of the foot-wall. The dip of the vein in which the shoots lay 
was steep to  the southeast, and in some places was vertical. 

Trial shafts put down at the north foot of the hill, on the 
south slope of which are the principal openings, found no ore. 

Only a few analyses of the ore of this mine have been pub- 
lished. Two, made in ,1868, are as follows: 
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Fe,O, Insol. S P20; Iron Authority 
75.1 15.4 .O tr 54.4 N. J .  1 8 6 8 . p . 6 1 7 4 1 8  
91.9 5.4 .o .3 66.6 N. J. 1868, p. 617418 

A sample of a few tons taken from the Taylor pit gave: 

Fe = 55.15; S = 5.172; P = .&g. Authority : 10th Census, p. 164. 

Some rich samples picked from the old dump in 1895 gave: 

Fe = 61.07; SiO, = 7.81 ; P = 0.405 ; S = 0.853 ; TiOl = 9.40. B. F. Fack- 
enthal, Jr. 

Between 1864 and 1889 the mine was operated by the Thomas 
Iron Company, during which period there were shipped 69,180 
tcns of ore. Considerable ore had been recovered previous to its 
purchase in 1864, but the aggregate yield is not known. 

References : N. J. 1868, pp. 617418; 1873, p. 29; 1879, pp. 43-44 : 1880, p.. 
102; 10th Census, p. 164; 1886, p. 143. 

(206) The Kean Mines. 

The Silverthorn. or Kane, or Kean, explorations were on the 
southeast slope of a hill I mile north of High Bridge, in High 
Bridge Township, Hunterdon County. 

The locality was tested about 1875 by several shallow holes, in 
one of which a vein was encountered several feet wide, dipping 
southeast. The ore contained pyrite and hornblende. The place 
was abandoned soon after work was begun, but was reopened in 
1880, and about zoo tons of ore were produced. It was worked 
again in 1881, producing 1,600 tons of ore, but was again closed 
before 1884. 

The ore appears to have been in large irregularly-shaped de- 
posits, constituting a belt IOO feet wide, in which ore and rock 
are interspersed. The surface ore was red and free from sul- 
phur, below this it was blue, lean and very sulphurous, and be- 

' 
neath this was compact and quite free from sulphur. The deep  
est openings had penetrated only 80 feet when the mine was 
closed and abandoned. 

From the number of openings observed it is clear that the place 
was pretty thoroughly explored. 

References: N. J. 1879, pp. 44-45; 1880, p. 102; 10th Census, p. 164; 1881, 
P. 37; 1884, P. 74. 
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No other openings occur in this line for a distance of 25 miles, 
except one small exploration pit on the hill east of Readingsburg, 
another on the west side of Raritan River about 1.5 miles further 
north (the Burd mine), and a third 3 n6les northeast of Califon. 

At Ferro Mont, east of Vanatta Station, however, mine open- 
ings become plentiful, and from this point to a short distance be- 
yond M'harton, a distance of 4 miles, the vein has been exposed 
almost continuously (Plate VI I I ) ,  and in it have k e n  developed 
a number of very important mines. 

(207) The Blutk Hills ,tZine. 

The Black Hills Mine is 'in Randolph Township, Morris 
County,  on the hill south of the Dickerson mine. 

Several pits were dug at different times, but none ~f them de- 
veloped into important mines. The place was first worked in 
1879 and 1880, and was then abandoned. In the census year 
r87g-1880 it produced 2,195 tons of ore. In 1899 work was re- 
sumed. The pits were unwatered and preparations were made 
for active mining. Mining was begun in 1900, and 500 tons of 
ore were raised, when operations again ceased after the deposit 
had been opened for a distance of 225 feet and to a depth of IOO 

feet. Later (in 1905) one of the old shafts to  the south was 
cleaned out and reopened, but this also was soon abandoned. Its 
ore consists largely of a Losee gneiss interlayered with thin veins 
of magnetite. 

The various developnlents showed the presence of four small 
veins of ore that is rich in iron and low in phosphorus, but the 
ore is so intimately intermixed with quartz that the metallic con- 
tent of the material raised was only 43 per cent. to  45 per cent. 

References: N. J. 1879, p. 5 1 ;  1880, p. I o j ;  10th Censc~s, p. 169; I@. p. 98; 
1899, p. 161; 1900, pp. 205-206. 

(208) The Dickersott ~19itzc. 

The Dickerson mine, in Randolph Township, Morris County, 
is one of the oldest and most celebrated in the State. Its history 
has been written by F. A. Canfield, and the account is printed 
in the State Geologist's Annual Report for 1891. 
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The mine is about 3 miles southwest of Dover, one-fourth of a - 
mile west of the Evers mine, and about the same distance north- 
east of the Black Hills mine. From Mr. Canfield's account we 
glean the following facts: (An. Rep. State Geol. N. J. 1891, p. 

"The tract of land on which the Dickerson mine is opened was taken up 
a s  a mining t n c t  in 1713, by John Reading, surveyor, for Joseph Kirkbride, 
who left it to his three sons, Joseph, Jr., Mahlon and John. members of the 
Friends' Society of Bucks county, Pennsylvania. Jonathan Dickerson, father 
of Governor Mahlon Dickerson, began to buy interests in the property a b o ~ ~ t  
1780 His son Mahlon succeeded to his father's interests In 1807, and added 
to them by purchase until he had acquired aH. At his death, in 1853, the 
property descended to his nephews and nieces, who formed the origiilal stock- 
holders of the Dickerson-Suckasunny Mining Company, the present owner. 
The mine has been in the possession of the family and its representatives, 
from whom it was named, for over a century. 

"Before the mine came into the possession of Mahlon Dickersoil it was 
worked under a system of forge-rights, whereby certain forge-owners had the 
right to get the ore needed by them a t  this mine. The ore was a favorite 
anlong forgemen because of the ease with which it was reduced, and because 
of the fine quality of the iron made from it. 

"From 1826 to 1830 oilc hundred forge fires were run with his ore. I t  was 
carted a s  far as High Bridge in a southern direction, and northward as far 
a,; IIamburg, in Sussex County. The forges in Longwood valley, Newfound- 
land. Stockholm, Sparta. Hurdtown, Chester, Mendham, Logansville, Bartley, 
I\'hipp:tny. Morris Plains, Rockaway, Stanhope (and it is said that some in 
l i o ~ i r ~ ~ o t ~ t h  County) drew their supply from this mine. As money was scarce, 
tlie (Ire was often paid for with bar iron, which was bent and carried on horse- 
back over trails and bad roads. After the Morris canal was opened to Easton, 
Prnnk!.lvnnia. the ore was sent to the Lehigh region, where it was reduced 
i l l  f ~ ~ n l a c e s  using anthracite. 

"Governor Dickerson worked the mine in a small way, regulating the pro- 
d ~ ~ c t i o n  by the demand, and probably mined 2,000 tons of ore a year. The 
~iiilic \vas worked more actively after 18j4 until the depression in the iron 
I)l~zinezs. from 1857 to 1860, when the mine was closed, the company having 
irnrii 25.000 to 30,ooo tons of ore in stock which could not be sold at that 
ti~lic. The mine was closed from 1860 to 1862, when the Allentown Iron 
Cr~nip:cny made a lease of the old mine for fifteen years at  seventy-five cents 
:t I ~ I I I  royalty. It was worked by this company until 1877. In 1871 the firm 
of 1:. Canfield & Co. leased the remainder of the property for six years at  
:I r~~y;tlty of one dollar per ton;  and in 1877 Mr. Ario Pardee (\vlio was in 
tlie firm of E. Callfield & Co.) took the entire property and worked it actively 
1111ti l  Sovenlber 16, 1891. In 1883. owing to the great expense of securing 
tlir t11r1 parts of the mine and the difficulty in raising the ore to the surface 
L I ~ )  tlie long 1.300-foot slope, the owners decided to sink a vrrtical shaft, \vliich 
:I! -50 fect cut the 'side vein' and at 750 feet the 'big vein.' T h e  depth of 
tlic big mine is about 1,300 feet. 
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"About 188g an offset was encountered in both wins  which threw the  
northerly end of  the vein about 35 feet east. The  orc in the vein 'inside' the  
offset seemed to be totally different in character from that in the main part 
of  the vein, and being very stringy and rocky, ant1 getting worse and worse, 
caused the lessees to surrender the lease and close the mine. There is little 
doubt that this offset had a vertical a s  well a s  a horizontal 'throw' and that 
the ore fountl was the same as that which was left in the so-called 'cap-rock' 
higher up. 

"The owners have tested the groclnd with many diamond drill holes, which 
havc proved that the ore deposit is not exhausted, althnugh 110 large bndies 
of ore wcre fountl. The  further working coultl I)e carrictl on if it \\.crc not 
for the dcprcssed condition of the iron market. -at the present prices for 
iron the old mine may be regarded a s  economically exhausted, that is, it will 
not pay to work it. 

"It is estimated that about ~,ooo,ooo tons of ore have been taken from the 
mine. The  largest output for any year was 48,000 tons." 

The main ore body \\:as a large irreg-ularly-shaped lens 
embedded in gneiss, its longest diameter coinciding both in strike 
and dip with these features of the gneiss. The lens thinned out 
at its borders to acute edges, which in solne cases were split by 
wedge-shaped masses of rock that sonletinles penetrated to a con- 
siderable distance into the ore M y .  Usually the rock and ore 
were sharply separated from one another. In its thinner portions 
the,ore was often crossed by joint planes that were approsimately 
perpendicular to its \valls. This structure nras best tlevelopecl 
where the ore was purest. This deposit was known as the "Rig 
hIineJ' shoot. In general, it dipped 60'' southeast anrl pitched 
northeast 35' to 48'. 

At the southeast end of the mine, as developed in 1883, ~ v a s  the 
"Side Vein," and at the southwest end was the "Co\v-Belly vein." 
The strikes of the veins varied somewhat. That of the "Cow 
Belly" was more nearly east-west than the others. The "Side 
Vein" was first found at a depth of about 250 feet. running into 
the hanging wall of the "Rig 1.Iine." It was nl\\-ays in the hang- 
ing wall and al\vays a little to the northeast of ilie "Big Jfine" at 
the same level, and about loo feet fro111 it. The northeast entl of 
the "Side Vein" had a peculiar habit of rolling over into the foot- 
\vall, so that what was the foot wall became the hanging \vall. 
The ore was very rich and at times the vein was large. The rare 
mineral isopyre occurred in this vein. The "Cow Bell!" was also 
irregular in shape. Its name was due to its great width in places. 
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I ts  pitch was 3j0-48' northeast and its dip 5j0-600 degrees 
southeast. 

As  the developments in the mine proceeded it was learned that 
the "Big Vein" deposit varied greatly in dimensions. =\t its 
widest part it was 40  feet broad and 78 feet long. Its horizontal 
section at the bottom of the shaft was 400 feet long and 18 feet 
wide. The  ,great length was due to the merging of the "Big 
Mine" deposit with the "Cow-Belly" deposit. 

The pinches seemed in all cases to be due to  the inequalities of 
the foot wall. With increasing depth below 1,200 feet the ore 
body gradually diminished in size and the quantity of rock inter- 
mingled with the ore constantly increased. At the bottom of the 
deposit the ore was interlayered with rock, but in the pinches be- 
tween the shoots the ore was pure and had a distinct prisniatic 
parting. In the hanging wall the trar~sition from ore to rock \\.as 
sudden, though there was no physical break between the two. 
There were many pinches in the ore body and numerous sn~all  
faults with throws to the right. In  the upper portion of the work- 
ings two distinct varieties of ore were observed. One was a 
coarse-granular variety and the other a fine-crystalline one, the 
two being separated by a horse of rock. 

The "Cow-Belly" mine was closed in 1883, but the shoots of 
the "Big Vein" and the "Side Vein" were in operation through- 
out the year. The  deposit was large, but its ore was much 
streaked with rock. The "Side Vein" was only 8 feet wide, but 
its ore was the richest in the mine. 

A t  the depth of the workings in 1884 it was found that the 
"Big Vein" and the "Cow-Belly" deposit were only 25 feet apart, 
whereas at  less depths they were distant 125 feet. About 18go the 
two deposits merged, forming the ore body about 400 feet long 
referred to above. 

In  March, 1885, work was suspended in the "Big Vein" be- 
cause of caves. Most of the work during this year was concen- 
trated on the sinking of a new shaft on the "Big Vein." In the 
next few years all the ore was removed from. the shoots then 
known, and the fault referred to  b j ~  Mr. Canfield was encoun- 
tered. Searches for new shoots being unsuccessful, the mine was 
abandoned in 1891. 

NEW JERSEY GEOLOGICAL SURVEY



362 IRON M I N E S  AND MINING: 

In Iwj, however, searches for new ore bodies were resumed. 
and a small shoot, lying in the hanging wall of the "Side Vein" 
and parallel with it, \\*as opened up by a new shaft east of the 
older ones. A small quantity of ore was removed in that year. 
Mining was continued through this shaft until January, I@. a t  
the rate of about 8,000 tons per annum. 

-411 the ore of. the mine was the granular variety known as 
"shot ore." The purest ore, as  has been stated, was in the 
"Side Vein." The  leanest and that containing the most phos- 
phorus was in the "Cow-Belly" deposit. In this the phosphorus 
content sometimes reached as high as 2 per cent. 

Analyses of the ore made in 1868 indicate that the inaterial 
being raised in that year from the "Big Vein" was rich in iron 
and high in phosphorus. 

Fe.0. SiO, and ins. S P,05 Authority 
Average sample, . . 96.0 3.7 , 0.0 .6 N. J. 1868. p. j74 
Good ore, ........ 95.2 3.2 0.0 .3 N. J. 1868. p. j74 

Samples taken from the "Big" or  "Main Vein" ant1 the "Side 
Vein" at  a later date gave: 

Fc P Autlioritg 
Sink in maill vein, ................... 61.62 1.1% 10th Census, p. 169 
Near botom of main vein, ........... 65.17 0.282 10th Census, p. 1% 

Side vein, ........................... 63.63 0.178 10th Census, p. 169 
References: N. J.  1855, pp. 215-220; 1868, pp. 570-574; 1873, p. 43; 1879, 

pp. 51-32; 1880, pp. 105-106; 10th Census, p. 1%; 1882, p. 70; 1883, pp. I- 

103; 1884, p. 83; r%j, p. 99; 1886, p. 140; 1890, pp. 5940:  I@[, pp. 212 and 
251-253; I p j ,  p. 320. 

The Canfield mine was a t  Ferro Mont, in Randolph To~vnship, 
Morris County, about one-quarter of a mile north of the Dick- 
erson mine, on the road between Ferro Mont and.Kenvi1, ap- 
parently on a vein a little west of the vein at the Dickerson mine. 

The mine was first explored in 1870 on a vein which in places 
was -30 feet wide, but in which was interlaminated considerable 
rock. The  ore contained a very little phosphorus. I t  was cut 
I>y joints running from wall to wall of the ore body, separating it 
into columns. 
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About 200 feet west of this was another vein, 4 to 6 feet wide 
and dipping 40' southeast. This also contained much rock. 
The  ore body was penetrated by a shaft from which considerable 
drifting was done. 

In 1873 over 6,000 tons of ore were raised from the two veins. 
Shortly afterward the mine was abandoned. 

References : N. J. 1873, p. 43 ; 1879, p. 52. 

(210-211) The Baker Mines. 

The Baker mines cdvered a large area on Mine Hill, in Ran- 
dolph Township, Morris County, j miles west of Dover, on the 
road from that city t o  Kenvil. In all there were a dozen open- 
ings besides those operated under the same name one-half mile 
further east. The  western Baker mines have been worked under 
several names, some of which have lost their significance and 
cannot now be assigned to any definite openings. The  two 
groups of shafts that are recognizable are the "Baker mine at  the 
base of the hill" and the "Baker mine No. I." 

(210) The  "Baker mine at  the base of the hill" (the north- 
west Baker of the Report of 1868) was on both sides of the 
road between Dover and Kenvil, on the west slope of the hill 
overlooking Kenvil, probably on the same vein a s  the Canfield 
mine. 

The  mine was not worked much prior t o  1868, a t  which time 
a depth of 45 feet only had been reached.. From this date, how- 
ever, to  1883 it was kept in operation practically continuously. 
In this year, when a depth of 300 feet had been attained, mining 
ceased because of the leanness of the ore. A little exploration 
was undertaken 3 years later, but no  ore was raised. Other than 
this no work has been done since the mine suspended operations 
in 1883. , 

The  Baker mine was thought to be on the same vein as  the 
Corwin mine, but this is not proven. The ore body had a thick- 
ness of 7 or  8 feet at  its southwest end and 4 feet at  its northeast 
end. The  percentage of iron in it ranged between 35 per cent. 
and 40 per cent. Phosphorus was low and quartz high. The  
ore is reported to have been used in the Bessemer process. 
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22 sample taken from the cars in 1880 gave : 

F e  = 32.02; P = .o33. Authority: 10th Census, p. 169. 

The average yield of the mine in its prosperous years was 
about 14, 500 tons. 

References: N. J. 1868, p. 575; 10th Census. p. 1%; 1883, pp. 103-104; 1886, 
p. 136. 

( 2 1 1 )  The Baker mine No. I was situated about one-eighth 
of a mile east of the mine referred to in the preceding paragraphs. 

'I'he original openings were north of the road. In 1868 the 
vein had been opened for a distance of 100 feet and to a depth of 
3j feet. By 1879 these figures had been increased to  225 feet 
and IIO feet respectively. The mine was worked continuously 
until about 1880, when it was abandoned. In 1886 a new slope 
was sunk on the south side of the road to a depth of 200 feet, 
when ore was encountered. Mining at this place continued until 
July, 1891. Operations then ceased, although it is reported that 
a t  the time of closing drifts had just been driven into a new 
shoot of ore that had been discovered earlier in the year. The 
mine was 500 feet deep when work was stopped. 

The vein on which the mine \\.as situated was a little east of 
the one worked on the slope of the hill. Its operators regarded 
it as the extension of the vein at the Dickerson mine. 

The ore body on the north side of the road averaged g feet in 
~vidth. with variations between 2 feet and 2 0  feet. The ore is 
reported to have been of Resse~ner -grade. On the south side of 
the road the ore body measured 6 feet in width, and dipped 61' 
southeast. .4 longitudinal fault is  aid to have existed in the 
mine but no descriptions o f  it are given. The shoot discovered 
in I@I was 3 t o  j feet thick. 'I'he ore in this was said to IX also 
of Bessen~er grade and to contain 60 per cent. of iron. 

There have been no analyses of the ore of this mine published, 
consequently the statements as to its quality cannot he cor- 
roborated. 

References: N. J. 1868, p. 575; 1873, p. 43: 1879. p. 52: 1880. P. 106; 
1882, p. 71 ; 1883, p. 104: 1886, p. 136: 1891, pp. 2.p-243. 
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(212) The Scrub Oak Mines. 

The Scrub Oak o r  Dell mines were in Randolph Township, 
Morris County, in a broad area of strong attraction, about one- 
quarter o f  a mile west of the vein of the Baker-Corwin mines, 
on the west slope of the hill overlooking the plains at Kenvil. 
The  main works were near the south end of the magnetic area, 
about 2,500 feet north of the northwest shaft of the Baker mine.' 

Before 1868 the vein had been opened by a series of shafts in 
a line about 1,000 feet long. The  ore was so lean, however, that 
operations continued only a short time, the mine being abandoned 
in 1873. It  was again opened in 1880 and worked a few months 
from a pit and a tunnel, during which time 1,680 tons of ore 
were raised, and again in the summer of 1881, when 820 tons 
were raised. Nothing more was done until 1899, when negotia- 
tions were begun for the erection of a concentrating plant. 
These having failed a new shaft was sunk in 1905 in the hope 
of discovering a large body of lean ore. This, however, was 
soon abandoned. 

The ore deposit was from 6 t o  20 feet thick in the old shafts 
and had been proven t o  a depth of 200 feet. The ore was, how- 
ever, much mixed with rock, so that it was very lean (Fe=40%), 
though it contained so  little phosphorus that it graded as Bes- 
semer. 

The  total yield of the mine to  June, 1880, was estimated at 
56,000 tons. 

The  breadth of the area of strong attraction and the presence 
of ore in a number of pits dug northeast of the mine openings 
point t o  the existence of an enormous quantity of lean ore it1 the 
vicinity of the mine. 

References : N. J. 1868, p. 596; 1873, p. 43; 1879, p. 54 ; 1880, p. 106: 10th 
 census,^. 170; 1 8 8 3 , ~ .  106; 1 8 9 9 , ~ .  161: rgoo.p.206; rg06,p. 176. 

(213) The Erb Mine. 

The E r b  mine, in Randolph Township, Morris County, was. 
probably on the same vein as the Scrub Oak mine. I t  was about 
one-third of a mile north of the Scrub Oak mine and about one- 
third of a mile west of the Sullivan mine. 
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The mine has never been extensively worked. In 1868 the ore 
body had been sunk on to  a depth of 45 feet and had been worked 
through a length of 60 feet. The mine was abandoned before 
1873. I t  was explored again in 1891 in the hope that the lean 
ore, which was of Bessemer grade, might be in sufficiently large 
quantity to warrant the erection of concentrating works. Experi-' 
ments with the ores, however, did not yield satisfactory results 
in a commercial sense and the project of concentrating then1 was 
therefore abandoned. 

The general run of the ore contained 40 per cent. iron and a 
very little phosphorus. The ore body was 8 or g feet broad. 

References: N. J. 1868, p. 596; 1873. p. 43; 1879, p. 54; 1891, p. yq; 1896. 
P. 327; 1899, P. 161. 

(2x4) The J. D. King Mine. 

J. D. King mine was on the northeast slope of the ridge \vest 
of Wharton, in Randolph Township, Morris County. It was 
probably on the vein passing through the Scrub Oak and Erb 
mines to the southeast and the western deposit of the Johnson 
Hill mine to the northeast. 

The mine was probably opened in 1869. In 1871 the same 
vein was explored further to the southwest near the crest of the 
ridge, but it was worked for a short time only and then aban- 
doned. I 

The ore is said to have been good, but since the deposit was 
very srnall it could not be mined profitably. 

Reference: N. J. 1873, p. 43. 

THE IRONDALE MINES. 

The Irondale mines c o m ~ i s e d  a group of about a half doze11 
niines that were opened on ore h i i e s  lying in the ridge separat- 
ing the valley of Spring Brook, west of Mine Hill, fro111 Succa- 
sunna Plains, and between the road from Dover to Kenvil on the 
south and the village of Wharton on the north. The mines in- 
cluded within the group are the Corwin. Spring, Sullivan, 
Stirling, Hubbard, North River, Hurcl and Harvey. There 
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is little in common between most of the mines except their 
location on the same ridge. The Hurd, Harvey and Sort11 
River mines were opened on the same vein, but as a rule 
each mine exploited an ore body that was entirely distinct from 
those worked by the other mines. The Corwin and Sullivan 
.mines are described below. The other m.ines are discussetl in 
connection with the mines on the range next east. (Pages 387- 

392. ) 
Reference: N. J. 1873, p. 43. 

(215) The Cornan Mint.  

The Corwin mine, in Randolph Township, Morris County, 
operated a vein a short distance west of the Sullivan mine, and: 
between this and the Scrub Oak vein. 

The mine had been worked quite extensively before 1855 by 
two shafts IOO feet deep, and by 1868 the ore had been removed 
from a deposit 3 to 10 feet thick for a distance of one-quarter of 
a mile and to a depth of 200 feet. Its yield at  this time was at 
the. rate of about 8,000 tons per year. The dip of the ore body 
was qjO southeast and its pitch 5' to 6' northeast. 

The ore was cnlmbly (shot ore) and contained specks of pyrite 
and apatite. An analysis of the average of three specimens 
yielded : 

Fe.0. SiOI and ins. S PIOo Met. Iron Authority 
84.7 9.6 .6 .2 61.4 N. J. 1868, p. 576 

References : N. J. 1855. p. 207-208; 1868, p. 575-576. 

(216)  The Sttllivan Mine. 

The Sullivan illille was also one of the Irondale group situated 
.between the Erb and the Spring mines, in Randolph Township, 
Morris County. 

The mine operated on a narrow vein, I to 3 feet wide. In 
1868 the ore had been removed for a length of 400 feet and to a 
depth of 40 feet. 

The ore is said to have been good. 
Reference : N. J. 1868, p. 575. 
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(217)  The  John.son Hill Mijle. 

l'he Johnson Hill mine was in Rockaway To\\-nship, hlorris 
County, on what appears to be the extension of the Corwin and 
J. D,. King vein, north of Rockaway River. 

The mine was on the southeast slope of the hill northwest of 
\Vharton. Shafts had been sunk on the vein before 1868, open- 
ing it through a distance of a b u t  goo feet and tlisclosing an ore 
body from one-half a foot to 6 feet wide. The mine was I\-orke(1 
for a short period and then was shut clown in 1869. Since this 
time only surface explorations have been undertaken. 

'I'here mere reported to  be some remarkable faults crossing the 
vein, but they have not been described because of lack of definite 
information concerning their character. 

References : N. J. 1868, p. 5 6 ;  1873, p. qb; 1879, p. 54. 

(218) The  Huff  Mine. 

The  Huff, o r  Hoff, mine, is in Rockaway Township, Morris 
County, on the east slope of the same hill as the Johnson Hill 
mine, and about one-third mile further north. 

This mine was worked to some extent before 1855, but at this 
tinie had already been abandoned. It  was reopened, however. 
between 1855 and 1865 and worked to a depth of 150 feet, and 
through a length of about tho feet, yielding about 5 o . m  tuns of 
ore. Up to  1870 it was operated intermittently to its full capacity 
until 1873, when it was shut (lo\\-n. It was again reopened in 
1879, but was again closed in the early part of 1880. .At the end o i  
this year its total yield had been 78.000 tons, of which 6.000 tons 
were sllipped tluritig the first half of 1880. During the census 
year ( 1 8 7 ~ 8 0 )  5,015 tons were mined. 

The mine \bras again operated in 1882, but \\-as again ahan- 
cloned in 1883. It  was reopened in 1884 and continued in opel-3- 
tion during 1885 and the first half of 1886, at which time it was 
200 feet deep, and had supposedly reached the hetl rock. This 
was tliscovered to be an error by later exploration. I\-hicli dis- 
covered another ore body at a little greater depth, and, conse- 
quently, mining was resumed in IPS. Since this time operations 
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have continued in a small way and a large quantity of ore has 
been stwked. m e  present yield is about 12,000 tons annually 
from a shaft which is about 50 feet vertical and 300 feet long on 
a slope of 45'. 

The ore wcurred in a succession of shoots dipping 60' south- 
east and pitching 35' northeast. These were in two veins 
separated by from 10 feet to 14 feet of rock. The foot-wall, or 
west vein, averaged g feet in width and the hanging-wall vein 
6 feet. Only the foot-wall deposits were mined in 1884, 1885 
and 1886, yielding 400 tons monthly. The rwk layer between 
the two veins became thinner with depth. 

T o  the west of the main deposits, i. e., further up the hill, are 
several old open cuts, which show alternations of ore and rpck 
without any definite walls. Northwest of these again is a vein of 
hard ore containing considerable quartz. The country rock is a 
well-banded Pochuck and Byram gneiss containing streaks of 
magnetite and cut by hornblendic pegmatite. 

The ore is rather lean and contains considerable mica. That 
mined in 1886 averaged about 45 per cent. Fe  as it came from 
the mine. An analysis of carefully selected material taken from 
the bottom of the mine in 1880 gave: 
SiO, Fe,O, CaO MgO ALOt TiO, P.06 Total Authority 
11.70 77-42 3.19 2.58 2 . 3  .75 3.10= IW.75 N. J. 1880, p. 106 

Fe = 54.19; P = 1.33; S =  tr. 

References: N. J. 18j5, pp. 6 2 0 7 ;  1868, p. 597; 1873, p. 46;  1875, p. 35; 
1879, pp. 54-55; I&, p. 106; 10th Census, p. 170; 1883, p. ~ g ;  1884, p. 84; 
1885, pp. W I W ;  1886, P. 144; 1899, P. 162; 1go5, PP. 319-320; ~ 3 ~ 6 ,  P. 176. 

(219) The Dolan Mine. 

The Dolan, or Doland, mine was a short distance north of the 
road between the Richard mine and Berkshire Valley, and west 
of the Baker and Richard mines in Rwkaway Township, Morris 
County. 

I t  was opened in 1869 by a shaft 120 feet deep, which passed 
through three small shoots of lean ore. In 1883 it was reopened 
by a shaft 140 feet deep and operated for four years until it was 
closed in 1886. The mine was never worked extensively. 

24 ORE 
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The deposit was in two veins 42 feet apart. They dipped 60" 
southeast, pitched 45' northeast, and were 6 feet t o  8 feet wide. 
The ore contained no sulphur, but there was present in it about 
1 .5  per cent of phosphorus. About 1,ooo tons of ore were raised 
during 1884 and a small additiona! quantity in the succeetling 
year. Most of the work in 1885 and 1886 was for tle\.elopn~ent 
purposes. X new slope was sunk to a depth of 170 feet and 
some drifting was done. Most of the mining was i l l  the hanging- 
wall vein. which was about 8 feet thick. Practically no mining 
was done in 1886. 

T11e Denn~ark mine, in Rockaway Township. Morris County, 
was not much more than an exploration. I t  was situated about 
one-fourth of  a mile south of D e n ~ ~ ~ a r k  Pontl. Three or  four 
openil~gs have k e n  made in search of ore, and from some of 
them large quantities of material have been taken. The ore, holy- 
ever, contains consitlerable pyrite, and very little of it has been 
removed. 

Referetlce: N. J.  1868, p. 597. 

The Chester Iron Company's mines were really a series of es -  
plorations on the east slope of Ccpperas Mountain, opposite the 
south entl of Green Pontl, in Rockaway To\vnship. Morris 
County. 

Very little was done here to develop the property. \vhich lay 
south\vest of the Green Pontl mine. -A \vide vein of good ore 
is saitl to have been discovered between 1870 and 1873 in six 
pits, but the discovery was not follo\ved up, the place having bee11 
al>antlo~led in I 873. 

Refcrences: h'. J. 1873, p. 48; 1879, p. 58; 1883. p. I 14. 
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( 2 2 2 )  The  P m d e e  Mine. 

The Pardee and Canfield mines were just east of Green Pond, 
at  the h e  of Copperas Mountain, in Rockaway Township, 
Morris County. 

The  mines were opened about 1870, very near the contact be- 
tween the Green Pond conglomerate and the gneiss. A large 
open cut was made in Pochuck gneiss in a vein which was I j 
feet wide and dipped 75"-9o0 southeast. The ore bodies pitch 
25' northeast. The mine was worked for two years, during 
which time 2,500 tons of ore were shipped. but the cmt of trans- 
portation to  the railroad, which was then 3 miles distant, was so 
great that the mine was closed in 1872. I t  was again opened . 
about ten years later and worked until the end of 1884, when it 
was again closed because of legal contentions. 

The ore was compact and hard, and near the surface was free 
from sulphur. At greater depths pyrite was quite abundant. 
The  ore contained also much mica and hornblende. Within the 
ore body was found a very fine-grained black, hard rock com- 
posed almost exclusively of magnetite and chalcedony. 

References: N. J. 1873, p. 48; 1884, p. 89; 1886, p. 149. 

( 2 2 3 )  T h c  lYi?lter Minc. 

The Winter shaft was east of Green Pond, in Rockaway 
Township, Morris County, between the Pardee and Davenport 
mines, and probably on the same vein of'ore. It  was worked 
with the Davenport mine. 

The shaft was sunk in 1882 at a distance of 4ou yards south 
of the Davenport mine, on an ore deposit 12 feet wide. A sec- 
ond shaft Ivas sunk in the following year 500 feet southwest of 
the first one, and within a few yards of the open cut of the 
Pardee mine. A new deposit was opened up, but before it had 
been tested the mine was closed down. I t  was reopened, how- 
ever, in the spring of 1885, and ore was raiser1 from two shafts 
on differhnt veins. In the more westerly of these the ore 
was 3 feet thick, and in the eastern one 10 feet thick. The mine 
was again closed before the beginning of 1886. 
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The ore was coarsely crystalline and rich (65 per cent. Fe)  
and it carried less pyrite than that of the Dayenport mine. 

References: N. J:1883, p. 114; I&, p. 89: 1885, pp. 102-103; 1886, p. 153. 

(224) The Davmport Mine. 

The Davenport mine was at the eastern foot of Copperas 
Mountain, on the west side of the road from Marcella, and just 
southwest of the Green Pond mines, in Rockaway Township, 
Morris County. T o  the southwest was the Winter mine. 

The mine was opened in 1880 on a vein dipping 40' south- 
east. -At its northeast end the deposit was 12 feet wide, but at 
its southwest end it was narrower and contained a horse of rock. 
The mine was worked by pits and through four shallow shafts 
situated within a distance of 250 feet in a single line, which 
opened up the vein 450 feet. Operations ceased in the spring of 
I 884. 

The ore contained considerable sulphur, but was otherwise of 
good quality. 

References : N. J. 1880, pp. 108 and 122-123; 1883, p. I 14;  I&, p. 89. 

(225) The Green P o d  hlines. 

The Green Pond mines, like the Pardee, Winter and Daven- 
port mines, were in Rockaway Township, hlorris County, at the 
east base of Copperas Mountain, near the contact of the Green 
Pond conglomerate and the gneisses. They were a short dis- 
tance northeast of the Davenport mine. 

The mines were opened in 1872 by several pits and a trench, 
which exposed a width of 50 feet of ore dipping about 40' south- 
east. In the first year 3,000 tons of ore were removed. Ex- 
plorations were continued during the succeeding year and new 
openings were made both north and south of the earlier ones. 
These resulted in the uncovering of the vein for a distance of a 
mile north of the road crossing the mountain f r o m  Marcella. 
The mines were operated with slight interruptions until a h u t  
I 882. 
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Between 1879 and 1880 about 18,000 tons were raised. In 
1899 the property was again explored, and this time in a more 
systematic manner than had heretofore been the case. Prepara- 
tions for mining were begun and continued through the following 
year, and about 1,200 tons of ore were obtained. In consequence 
of dullness in the ore market, however, operations were then 
suspended. 

In tile original mines, which were south of the explorations of 
1874, there were four open pits, from three of which the ore 
was quarried at the rate of about 75 tons per month. In the 
large pit at the south end of the property the ore was in a broad 
shoot pitching steeply toward the northeast. In 1880 two 
shoots were worked to a depth of 320 feet, a third to a depth of 
125 feet, and a fourth to a depth of 85 feet. At the south end of 
the mine the ore was not more than 200 feet from the conglom- 
erate. Its dip was 25' to 30' southeast. Further north the dip 
became flatter. The deposit was 70 feet high and 20 to 25 feet 
thick. About 250 yards farther northeast the dip was 40' south- 
east and the pitch 30' northeast. The main deposit was 20 feet 
wide, but in the foot-wall was another deposit 3 feet thick. 

In 1899 there were three slopes working. No. I ,  t o  the south- 
west, was 360 feet deep, measured on the slope. No. 3 was 74 
feet northeast of No. I, and the ground between the two was 
all ore. Magnetic observations showed that the vein extended 
for a considerable distance farther to the northeast, beyond the 
point where the northeasternmost openings had uncovered it. 
Without doubt the explorations already made at  this place indi- 
cate the existence of a large quantity of ore of fair quality. I t  
is rumored that the property is to  be reopened in the near future. 

The ore from the entire mineralized zone contained pyrite and 
some green mica, except near the surface, but it was so low in 
phosphorus that it was used for Bessemer pig. A sample taken 
from a carload representing the product of the four pits being 
worked in 1880 gave : 

Fc = 51.33 ; 'P = .033. Authority : loth Census, p. 174. 

References: N. J. 1873, pp. 48-49; 1874, pp. 23-24; 1879, pp. 58-60 ; 1880, p. 
108; loth Census, p. 174; 1886, p. 141; 1899, pp. 157-158; 1900, p. 204. 
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( 2 2 6 )  The Copperas n.line. 

The Copperas mine in Rockway Township, Morris County, 
was at the east lxise of Copperas hlountain. near the head of 
Tinlber Brook, on the \vest side of the road between Xewfound- 
land and Split Rock Pond, very near the point where, later, the 
Green Pond mines were developed. 

During the war of 1812, with England, it was ~vorkecl for  the 
purpose of making copperas and red paint. but it llas not been 
\vorketl for iron ore. o he' magnetite was much mixed with 
pyrite. 

Reference : N. J. 1868, p. j97. 

Thc Bancrof t Shnf t .  

The Bancroft shaft was near the road crossing the mountain 
at the head of Green Pond, about one-quarter of a lllile northeast 
of the openings of the Green Pond mines. it1 Rocka\vay Town- 
ship, Morris County. 

Explorations were matle here in 1873 on apparently the same 
veins as  those nlined at the Green Pond mines. 

References: N. J. 1874, p. 25. 

(22 ; )  Tlte Ho~veIl Trnct EA-plorntiolz. 

The Howell Tract explorations \\ere northeast of  the Green 
Pond mines, a few hundred yards east of the road to Ne\\-found- 
land, in Rocka\vay To\vnship. hiorris County. 

.% line of attraction crosses the property. On this a trial shaft 
was (lug hetween 1873 ar~tl 1879, ant1 from 50 to  IOO tons of  ore 
\\.ere taken from it. The place \\-as again \\-orketl in 1880 for n 
short time, but nothing of importance was ever tlevelopd. The 
mine was again \vorking in 1885, at which time there were four 
shafts in operatbn. Of  these two \\-ere on each of t\vo different 
parallel veins. Very little ore was raised and the mines were 
again closed at  the entl of the year. The ore contained 55 per 
cent. Fe  and considerable sulphur and pl~ospl~orus. The (lip \\?as 
so0 southeast. 

References: N. J .  1879. p. 60: 1%. p. 108; 188j. p. 103: 1886. p. I#. 
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The Wild Cat Mine. 

The Wild Cat, or  Kitchell, mine was northeast of the 
Ho\vell mine, 011 the east side of Copperas Mountain, in Rock- 
away Toivnship, Morris County. 

Two veins of ore were opened a b u t  1877 by five test pits and 
a small quantity of ore \\-as obtained. Nothing more was done 
until 1885, when explorations were begun in earnest and con- 
tinued during the succeeding year, a few tons of ore being raised. 
The  property \\-as then closed down. 

IVhen work ceased in 1886 there was a shaft at  least 75 feet 
deep, three slopes, one of which was 35 feet deep, and an open 
cut 40 feet deep, besides a tunnel. The ore \!as foulltl in t\vo 
veins. In one of these, called the "Rich vein." it contained 65 
per cent. Fe  and no  sulphur, and was said to be of Eessemer 
grade. The ore of the other vein was lean and pyritiferous. 
The  dip of the ore body was 40" southeast and its pitch 22' 

northeast. I ts  width in the open cut was 5 feet. The ore con- 
tained hornblende and mica. 

References: N. J. 1879. p. 60; 188j, p. 103; 1886, p. 146. 

(228) The Vreelald Mine. 

The Vreeland farnl exploration was at  the base of the east 
slope of Kanouse Mountain, about midway between Charlottes- 
burg and Echo Lake, in West Milford Township, Passiiic County. 

.A few holes were dug 35 to  40 feet deep about 1878, in which 
ore \\-as found that \\-as like that at the Green Pond mines. No 
mining was attempted. 

Reference : N. J. 1879, p. 61. 

T H E  MINE HILL BELT 

The deposits in the vicinity of Mine Hill, \Vharton and ~ l o u n t  
Hope are the most notable feature in the geology of the magne- 
tite ores in New Jersey. Nowhere have so many ore bodies been 
found so crowded together, and nowhere else have so many large 
mines been developed within such a small area. South of Rock- 
away River the country is honeycombed by almost continuous 
lines of openings with scarcely any unworked ground between 
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them (Plate VIII ) .  North of the river the openings are less 
numerous, although the land has been thorougllly explored to  the 
Hickory Hill mines, the northern openings of which are four 
miles from the river. 

The productive area which varies from one-quarter to one mile 
in width, contains a large but undetermined number of veins, of 
which some have yielded great quantities of ore. The Dickerson, 
Byram, Baker, Stirling, Hurd, Mount Pleasant, Richard and 
Mount Hope mines are all in this region and all have played an 
important part in the mining history of the State. 

On Mine Hill and near Wharton the mines are on three or 
more distinct groups of veins or ranges, as follows, beginning 
with the westernmost : 

I. The Canfield, Baker, Convin, Erb, J. D. King, Jollnson Hill 
and Huff mines. The Scrub Oak mine is about one-quarter of a 
mile west of the Corwin mine, probably on a distinct vein. It 
is included here simply as a matter of convenience. 

2. The Black Hills, Dickerson, Baker No. I and Sullivan 
mines. 

The mines of these two lines have been regarded as belonging 
to  the High Bridge belt and have already been described (pages 
35S368)-  

3. The Van Doren, Bryant. C. King. King, lfcI:arlandz, 
Evers, Brotherton, Byranr, Baker, Millers, Randall Hill. Jackson 
Hill, Stirling, Hubbard, Harvey, Hurd, Orchard, Washington 
Forge, Mount Pleasant, Baker, Richard, Allen, Teabo, Mount 
Hope and Hickory Hill mines and two unnamed mines explora- 
tions to  the northeast. This line of inines is the most important 
of the three. I t  is a part of thc Mine Hill belt, which stretches 
from the Bryant mine on the south to the Charlottesburg mine on 
the north, a distance of about 15 miles (Plate VIII )  with an ex- 
ploration near the State line, 12 miles farther northeast, which 
perhaps may be considered as being on this line. In view of its 
remoteness, ho\\-ever, its assignment to the Mine Hill belt is not 
beyond question. 

The Mine Hill belt has, in the past, been one of the most pro- 
ductive in the State, yielding immense quantities of ore, and it is 
still productive at  the Hurd, Orchard, Richard and Mount Hope 
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mines, having furnished over 50 per cent. of the ore raised in the 
State during 1909 and several preceding years. 

South of Wharton the belt has been proven to be practically 
continuous for several miles, and wherever opened it has yielded 
ore of commercial value. Since, however, ore has been taken 
from shallow depths only, except at  the Hurd mine, it is probable 
that there still remains in this portion of the belt a large reserve 
of good material. 

(229)  The Van Doren Exploration. 

I t  is probable that this exploration was on the south side of 
the road between Succasunna and Mt. Freedom, opposite the 
Bryant mine, in Randolph Township, Morris County. 

The place was worked in 1873, but further than this nothing 
is known about it. 

Reference: N. J. 1879, p. 50. 

(230)  The Bryunt Mine. 

The Bryant mine was near the southwest end of the east range 
of the Mine Hill belt of mines. It was in Randolph Township, 
Morris County, about 1.5 miles southeast of Succasunna, between 
the two roads connecting this place with Mt. Freedom. 

The place was not extensively worked before 1868, although 
at  this time an ore body 3 feet thick had been mined to a depth 
of roo feet and uncovered for a distance of 700-800 'feet. The 
mine was closed before 1873, but was reopened in 1876 and 
operated continuously until 1883. From this time it remained 
idle until 1886, when it was reopened and worked for a short . 
period. By 18go it had been abandoned. 

When the mine was closed in 1883 there were five slopes, of 
which the deepest went down in the "bottom rock" for a distance 
of 735 feet. The ore deposits consisted of five shoots, one above 
the other, ranging from 10 feet to 25 feet in height and from a 
feet to 8 feet in width. All dipped about 60" southeast and 
pitched 25'-33' northeast. The shoots were separated by 
pinches through which narrow strings of ore extended, connect- 
ing the shoots with one another. 

NEW JERSEY GEOLOGICAL SURVEY



378 IKON AtIINES A N D  MINING. 

The  ore was high in iron and low in sulphur. Samples taken 
from the two shoots being worked in 1880 gave results as below: 

Ore from shaft S o .  1-Fe=63.24: P=.o38; TiOspresent .  10th Census, p. 167 
Ore from shaft No. 2-Pe=50.70; P=.ozg; TiOl=present. 10th Census, p. 167 

During the five years between 1876 antl 1880 tlie total yield of 
the mine was 22,400 tons. 

References: N. J. 1868, p. 566: 1873, p. 43; 1879, p. j 0 ;  I&. p. 104: 10th 
Census, p. 167; 1883. p. 98; 1886, p. 138. 

( 2 3 1 )  T h c  Forrlolt illirrc. 

The Connor-Foulon, or  Cor~nor Fowlantl, mine was the north- 
east estension of the Bryant niine, in Rantlolpli Township. 
Morris County. It  lay bet\veen the Bryant antl tlie C. King 
mines, on the opposite sitle of tlie road frorn the former. 

It was worketl for a short time before 1868, ant1 closed before 
1873. 

Rcferences: N. J. 1868. p. 566; 1873, p. 43; 1879. p. 50. 

( 2 3 2 )  The  Clms. King Mine. 

The Chas. King rnine was in Randolph Township, R:lorris 
County, bet\veen the Foulon antl King mines, on tlie north sicle 
of the road between Mt. Freedom and Succasunna. It was really 
tlie northeast extension of the Foulon rnine. 

The  veh ,  which was 2 feet thick, hat1 Ixen uncovered for a 
length of about 200 feet before 1868, but tlie mine had not been 
worked to any extent. It  was abandoned about 1870. 

Refercnces : N. J. 1868. p. j66 ; 1873, p. 43 ; 1879. p. jo. 

The King niine was also in Rantlolph To\vnship. Morris 
County. It  was situated about three-fourths of a mile northeast 
of tlie Chas. King  nine, a few liundretl yards south of the Mc- 
Farland mine ancl about one-third of a riiile south of the Dicker- 
son mine, on tlie west side of the road running south from Ferro 
Mont. 
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Before 1853 the mine had been openetl to  a depth of 30 feet, 
exhibiting three layers of ore, dipping 54" southeast, and pitch- 
ing 50' northeast. The top layer was 4 feet thick, the second 8 
feet, and the third was a lean magnetitic pegmatite of undeter- 
mined thickness. The rock between the ore was generally mica- 
ceous. The upper two layers of ore contained some apatite, but 
were otherwise of good quality. The mine was abandoned 
before 1873. It  was re-opened later, and was being operated in 
1879 ant1 intermittently during 1880, yielding 2,560 tons of ore. 
At the close of this year it was abandoned permanently. 

References: N. J. 1855, p. 220; 1868, p. 566; 1873, p. 43 ; 1879, p. 50; 1880, 
p. l o j ;  10th Censcis, p. 167; 1883, p. g8; 1890, p. 97. 

(234) The McFarla?ld Mine. 

The McFarland mine is merely an exploration. I t  was situated 
on  the opposite side of the road from the King mine, in Randolph 
Township, Morris County, and probably on the same vein. 

There were evidently several shoots of ore on the property, but 
they have not been worked since 1868. 

References: N. J .  1868. p. 566: 1873. P. 43: 1879, P. 50. 

(235) The Evers Mine. 

The Evers mine was a few hundred yards east of the north 
end of the McFarland pit, in Randolph Township, Morris 
County, probably on a vein that was east of the McFarland vein. 

Though the vein averaged only 1.5 feet in width and was 
rather lean, it had been worked for a length of 300-400 feet, and 
to  a depth of 230 feet before 1868. Before 1873 the mine was 
abantlonetl, but it  was opened again in 1879 and worked until 
I 883. 

The later ore was reportetl to be rich, but on account of the 
small size of the vein it was unprofitable to work except when 
the price of ore was comparatively high. Between June, 1879, 
and June, 1880, about 2,500 tons of ore were produced, prin- 
cipally from near the surface, as  the deeper workings at this time 
hat1 not been pumped out. 
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A sample of the shipping ore taken from the cars by the agents 
of the 10th Census gave: 

Fe = 47.86; P = .a; TiO. = present. Authority: 10th Census, p. 167. 

References: N. J. 1868, pp. 566-7; 1873, p. 43; 1879, p. 50; 10th Census, p. 
167; 1883, p. 98; I& p. 82. 

(236) The Brotherton Mine. 

The Brotherton mine was northeast of the Evers mine, and 
' 

one-fourth of a mile south of the Byram mine, on bdth sides of 
the road between Mt. Fern and Kenvil, in Randolph Township, 
Morris County. 

T'he mine is an old one. It was opened before 1855, but was 
not in operation during that year. By 1868, however, it had been 
worked to a.depth of 200 feet for a length of 4oo-600 feet on a 
vein from 2 feet to 5 feet wide. ~ e f o r e  1873 the mine was 
closed. I t  was reopened in 1879 and worked to yield 6jo tons 
monthly until June, 1880, when it was again shut down, after 
producing 4,.730 tons of ore from five shafts, of which the 
deepest was down 130 feet. The lease was abandoned in 1882. 
In 1900 preparations were made for resuming work, but no ore 
was raised. In the following year the preparations were con- 
tinued, the main slope was sunk 75 feet, and 200 tons of ore had 
been raised when operations ceased. 

In the development of the mine two small veins were encoun- 
tered, separated by a few feet of barren ground. The ore as it 
came from the mine was mixed with considerable rock. Its com- 
position, as reported in 1868, was: 

Fe.0. Si0,and ins. S PIOs Met. Fc Authority 
89.8 8.3 0.0 tr 65.0 N. J. 1868, p. 567 

A sample of the cobbed ore ready for shipment in 1880 gave: 

Fe = 50.98; P = .214; TiO, = present. Authority: loth Census, p. 168. 

Other samples tested by 'Messrs. Booth, Garrett and Blair 
showed the presence of 0.1 I per cent. of phosphorus. 

References: N. J. 1855, p. 215; 1868, p. 567; 1873, p. 43; 1879, p. 30; 1880, 
p. 105; 10th Census, p. 168; 1883, p. 99; 1884 p. 82; I*, p. 97; 1899, pp. 
161 and 169; 1900, p. 204; 1901, p. 140. 
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(237) Canfield's Pho@hute Mine. 

Canfield's Phosphate mine, in Randolph Township, Morris 
County, about one-fourth of a mile northeast of the Dickerson 
mine, is a magnetite mine, in which the ore is so full of apatite 
as to be worthless for smelting purposes. I t  is apparently in a 
vein that lies about midway between that of the Dickerson mine 
and that of the Brotherton mine. 

The mine was opened in 1870, and was explored to some extent 
in that year by two shafts, one of which was 40 feet deep. The 
ore deposit, which is 8 feet wide, dips 65' southeast. and is cut 
by a fault, causing a displacement of about 35 feet to the left, 
carrying the northeast extension of the ore bed to the northwest 
side of the road, i. e., on the opposite side from the shafts, which 
are on the southeast side. The vein is traceable for 1,ooo feet to 
the southwest by a magnetic line. 

The ore is a granular aggregate of magnetite and grayish 
apatite, which are arranged in some places i n  alternating layers. 
A little quartz, orthoclase and biotite are also present in the ore to 
some extent. In bulk the magnetite and apatite are in equal 
parts, and in weight the ore carries about 35 per cent. of the 
phosphate. Analyses of an average ore showed the presence of 
3 1.90 per cent. of apatite, while another of a sample rich in phos- 
phorus gave a percentage of 53.85 per cent. apatite. 

The result of an analysis of what was considered an average 
ore gave (N. J. 1870, p. 35) : 

SiOzand ins. Mognetitc CaO MgO SoO, PtOl Total 
I 1.30 54.01 17.21 1.65 0.07 1491 =gg.15 

Since the CaO was not in sufficient quantity to satisfy the 
P,O, shown by the analysis, and, further, since the acid solution 
of the magnetite contained some phosphoric acid and no lime, it 
was thought that some of the phosphorus in the ore was com- 
bined with some of the iron. 

Experiments were illade in separating the apatite from the 
magnetite by the use of sulphuric acid in the hope that a method 
might be discovered for the production of a phosphate suffi- 
ciently cheap to make the ore a valuable source of commercial 
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fertilizers. 14'hile such a method was suggested as would result 
in a profit of $30.60 per ton of apatite ranovetl, the matter was 
not further developed. 

In 18gr a ne\v shaft was sunk and the property was further 
exploretl with a view to securing large quantities of nlaterial that 
might be separated into marketable magnetite ore and apatite. 
The project, however, was not successful. and the mine was 
al>andotled. 

References: N. J. 1871, pp. 34-38; 1873, p. 43; 1879, p. 51; 18g1, p. 2-v. 

The Byrarn mine was formerly one of the most i~nportant in 
the State. It  is in Randolph To\vnsllil>, Jlorris County, 1x- 
tween the Brotherton and Baker mines, 2.5 miles west of Dover. 

'Fhe mine was probably opened before 184.4, as it is kno\vn 
that in this year the first steam engine ever usetl in a Sew Jersey 
iron mine was installetl at this place by John Byram. 

The mine was nrorked extensively before I 85 j. In  this year 
it was about 200 feet deep and 600 feet long. and was yielding 
alwut 30,000 tons per year. The mine was ~vorketl cotltinuously 
until 1883, when it was abandoned. The tleptll of the slope 
through which most of the ore was raised had reached 1,100 feet 
nleasured on the dip of 60". As the deposit at the bottonl was 
small, and tlle shoot from which the ore was being obtained \\-as 
short, the expense of mining became too great to warrant further 
operations. 

In 1879 ore \\-as also k i n g  raised from a vein southeast of the 
main vein. \jrork was continuetl on this until 1883. \vhe11 this 
too was almndoned ant1 the \vhole mine Ixcame itlle. 

\Vhen the mine was most actively operated (in 1880) it con- 
sisted practically of two i~~depentlent propnsitions. .-It the south- 
\vest mine, shaft Ko. 7 was in a shoot 18 feet west of the maill 
shoot, \vhich was entered by three sllafts that were 11ortheast of 
So. 7 ant1 \\-ere con~lectetl untlerground. 

The north\vest openings co~n~>rised t\vo slol>es kno\vn as the 
Bvranl and the Russell. They follo\vetl the fcwt wall o f  the 
deposit \vhich dipped 50" soutlleast. These were worked only a 
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short time during this year, as  fire destroyetl the engine house at 
about the time the shafts were to have been put in commission. 

Between 1870 and 1883 the total shipments from the various 
openings aggregated 157,376 tons. 

The  ore deposit in the Byram mine was notable for the large 
number of faults that intersectetl it. The main deposit was 3 
to  8 feet thick and it dipped 50" sourheast. It  was crossed by at 
least 6 faults, of which the southwestern one was 130 feet from 
the end of the mine. At a distance of 36 feet northeast of this 
was a second with a throw of 1.5  feet. The  next was 153 feet 
further northeast and had a rhrow of 14 feet. At I 10 feet further 
along was a fourth, producing a displacement of 6 feet, and 29 
feet beyond was a fifth, with a displacement of 5.5 feet. The sixth 
was 27 feet from the fifth. with a throw of 8 feet. In  all cases 
the displacement was to the left. Two  of the faults were vertical: 
the others dipped steeply to  the southwest (Fig. 19). 

Fig. 19. 

Vertical section of Byran] mine. Dotted lines represent faults. Unshaded 
area, ore removed. Shaded area, ore and rock. Heavy black lines, slopes 
and drifts. 

The ore was crumbly and much mixed with apatite. In  many 
specimens the phosphate appeared to constitute one-half its bulk. 
In  spite of this fact the analysis of the ore quoted in the Report 
of 1868 showed the presence of 88.07 per cent. Fe,O, and only 3 
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trace of phosphorus. Later analyses, however, indicate that 
apatite was quite abundant. 

Fe P TiO, Authority 
I, ................. 38.52 0.393 Present 10th Census, p. 168 
11, ................. 28.24 0.605 Present 10th Census. p. 168 

111, ................. 40.70 0.790 10th Census, p. 168 
IV, ................. 59.54 0 . a j  10th Census, p. 168 
v. ................. 57.75 2.1 10 10th Census, p. 168 

I.-Sample cobbcd ore from shaft  No. 7. 
11.-Sample cobbed ore from shaft  No. xi, northeast of No. 7. 

111.-Sample cobbed ore from shaft No. 6, northeast of No. 12. 

1V.-Sample coarse, granular ore, 4-8 in. wide, near hanging wall. 
V.-Sample from pillar in Byram slope. 

Pferences :  N. J. 1855, pp. 211-215; 1868, pp. 567-569; 1873, pp. 43-44: 1879, 
p. 5 1 ;  1880, p. 105; loth Census, 1). 168; 1882, p. 70; 1883, p. 99; 1884. p. 82. 

(239) The Baker Mine. 

The Baker mine (the southeast Baker of the Report of 1868) 
was in Randolph Township, Morris County, just northeast of the 
Byram mine and southeast of the Millen mine. 

The mine was in the same general rangt: as the Byram, Chas. 
King and ~ r ~ a n t  mines, but its ore came from a vein that lay 
further west, possibly on the vein that yielded ore at the King and 
McFarland mines. The mine was worked before the year 1868 
to the depth of IOO feet on a deposit from 5 to 6 feet wide. It  
was closed during 1868, but was apparently reopened a few years 
later and operated for a short time. It was idle in 1879 and had 
then k e n  abandoned for several years. 

Refercnces: N. J. 1868, p. 570; 1879, p. 52. 

(240) The Millen -4lirte. 

The Millen, or Mellen, or Millon, mine, in Randolph Town- 
ship, 1fIorris County, is on Mine Hill. a few hundred yards south 
of the road between Dover and Kenvil. A few hundred yards to 
the south of west is the Baker mine, and a few hundred yards to 
the southwest is the Byram mine. Further south, on the strike 
of the Millen vein, are the openings of the Brothertoil mine. 

The Millen mine was opened and abandoned before 1855. 
During this early period of activity the ore had been removed 
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to a depth of 130 feet. I t  was reopened shortly after this year 
and by 1868 it had been worked to a depth of 250 feet and for a 
length of 200 feet in an ore body that was 2 feet to 5 feet wide 
on the surface, and gradually widened to 5 feet below. Its dip 
was very steep to the southeast. The vein contained a small 
horse of rock and was cut by a transverse fault that caused an 
offset of a few feet. In some places the ore and rock passed into 
one another through repeated alternations of seams of the two 
substances. 

The mine was closed shortly after 1873. I t  was again reopened 
in 1880 and worked until 1883, when it was abandoned. In 1880 
ore was being raised through a shaft 255 feet deep. During the 
census year 1,263 tons were mined. Its total yield was probably 
large, though we have no figures that give us any accurate idea 
of its magnitude. 

A sample of ore taken from several carloads by the chemists of 
the 10th Census gave : 

t 

Fe = 43.73 ; P = 483. Authority : 10th Census, p. 169. 

References : N. J. 1855, pp. 210-211 ; 1868, pp. 564-565; 1873, p. 43; 1879, p. 
51; 1880, p. 105; 10th Census, p. 168-169; 1884, p. 83. 

The Hance Minc. 

The Hance mine was simply the extension of the line of attrac- 
tion passing through the Millen mine. S o  far a s  is known it was 
never worked. 

Reference: N. J. 1868. pp. 5656. 

(241 )  The Randall Hill Mine. 

The Randall Hill mine was an important one prior to 1868. 
It is in Randolph Township, Morris County. on the strike of the 
Byram vein and about one-eighth of a mile north of the Millen 
mine. 

Two deposits \rere I\-orked before 1855 through a shaft 300 
feet deep. The mine was, however, abandoned before this date. 
Shortly afterwards it was reopened and worked intensively. By 
1868 the workings had been extended for a distance of 600 feet 

2 j  ORE 
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antl to a depth of 450 feet on a dip of 4j0. Operations continueil 
until 1882, when the mine became so deep that it \\.a$ no longer 
lmssible to raise ore ivith profit. It  was then abandoned. 

The ore came from three parallel veins, of which the largest 
measured from 2 to 8 feet in thickness. These were cut by a 
number of faults with thro\vs to the right (see Fig. 20). 

Fig.  20. 

Plan of fac~lts at the Randall Hill mine. (From Ann. Rep. State Geol. x. 
J. for 1883, p. 63.) 

In  1880 the deposits were worked through two slopes, of 
ivhich one was 700 feet deep and the other 300 feet deep. Be- 
tween the two was a fault with a throw t o  the right of 21 feet. 
At the deepest point in the mine the deposit was 3 feet to 3.5 
feet thick. 

-4 san~l>le of the ore taken from the cars in 1880 analyzed: 

Fe = 44.51 ; P = .577. Authority: 10th Census, p. 169. 

In  the census year 1879-1880 the mine produced 8,360 tons 
of ore. 

References: N .  J. 1855, p. 210; 1868, p. 570; 1873. p. 43: 1879. p. 51; 1%. 
p. 105: loth Census, p. 100: 1882. p. 70: 1883, p. 100. 

(242) The Jackson Hill ilfine. 

The Jackson Hill mine in Randolpli To\\~nshil>. Ilorris County. 
was another ilnportant mine fifty years ago. I t  worked the 
nnrtheast extension of the Randall Hill mine, all the way down 
the northeast slope of Mine Hill. a distance of about 1.000 feet. 

The mine was worked before 1855 and abantlonetl. It  was 
a-gain opened before 1868 antl worked until about 1876, when 
it was again abandoned, as the workings had reachetl the prop- 
erty line. 
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The vein, which was exploited t o  a depth of 125 feet, varied 
greatly in thickness. that portion which was worked being from 
10 t o  14 feet wide. 

References: N. J. 1855, p. 210; 1868, p. 570; 1873, p. 43;  1879, p. 51.  

(243) The Spring Milac. 

The Spring mine, in Randolph Township, Morris County, is 
one of the Irondale group (see pages 366-367). It  was east of 
the Corwin mine and west of the Jackson Hill mine, in the valley 
of Morris Spring Brook. 

The n i n e  was apparently on a distinct vein not connected with 
that worked by any other mine. I t  was in active operation dur- 
ing 1868, at  which date it had removed the ore from a 3 t o  5-feet- 
thick deposit t o  a depth of 50 fret.and through a length of 400 
feet. The  ore is said to have been of good quality. Shortly 
afterward the mine was abandoned. 

Reference: N. J. 1868, p. 575. 

(244) The Stirling Mine. 

The Stirling, New Stirling, Hubbard and North River mines 
worked the same group of  ore bodies, and were so intimately con- 
nected that it is difficult to discuss them separately (Fig. 21). 

Fig. 21. 

Plan of ore vein and faults at the Stirling Mine, Wharton. (From a map 
and sllrvey by L. C. Bierwirth.) 

They were all situated in Randolph Township, Morris Cotlnty, 
just south of \ 'harton. 
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The Stirling mine is the best known of the Irondale group of 
mines. Its southernmost shaft is a few hundred yards northeast 
of the Spring mine, and its northernmost shaft about the same 
distance southwest of the Hubbard mine. The Hubbard and 
North River mines worked the same shoot, which lay above the 
Stirling shoot and further northeast. The Hubbard mine was on 
its southwest end and the North River mine at its northeast end. 
The New Stirling was a slope situated on the Hubbard property. 
through which was worked the northeast end of the Stirling 
shoot, which at  this place was beneath the Hubbard-North River 
shoot (see page 369). 

According to C. T. Jackson the Stirling, or Sterling, n~ines 
were first worked by a party of Nassau miners in 1640. How- 
ever this may be, the mine was operated long before 1855, and by 
1868 had yielded about 150,000 tons of ore. From this time it 
was worked almost continuously until 1885. 

The ore deposit varied greatly in width. It possessed a dip of 
30"-45" southeast and pitched 10'-18' northeast. In 1855 the 
vein had been opened for a distance of 300 feet to a depth of  100 

feet. In 1868 the depth of the mine had increased to 250 feet 
and its length to 600 feet. The principal shoot on which the 
early mining was done had been followed about I , joo  feet by 
1879. Its total length was later found to be 1,800 feet, its aver- 
age thicknesi 7 feet and its height between go feet and 150 feet. 
The dip of its foot wall averagede about 45' southeast and the 
pitch of the bottom rock 15'-18" northeast. At the bottom of 
the mine, when work stopped, the ore had pinched to a foot in 
width. Drill holes put down vertically at  385 and 415 feet south- 
east of the outcrop of the North River shoot found ore at 338 
feet and at 365 feet from the surface. This was regarded 3s 
indicating that the Stirling shoot extends northeast\\rard under 
the North River mine, i. e., that a second shoot lies under that 
of the Xorth River mine. 

The ore was crumbly, was much stained with limonite and con- 
tained considerable apatite, the quantity of this mineral being 
much greater in the middle stopes than in the entl stopes. ;i 
sample of Zlie ore taken from the cars in 1880 gave : 

Fe = 5880; P = 1.342 Authority : 10th Cexlsus, p. 170. 
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It was supposed by the miners that a great fault separatd the 
deposit at this mine from that at  the Corwin mine to the south- 
west and that both mines are situated on the same vein, although 
the interval between them is 700 feet and in this distance no ore 
has been found. I t  is now known that a fault with a throw of 75 
feet to  80 feet to the right exists between the two deposits, but 
that this is sufficient to account for the more eastern situation of 
the Stirling shoot is doubted. 

References:   roc. Bos. Soc. Nat. Hist., Vol. IV, 1854, p. 308: S. J. 185j. 
pp. 206207, zo8-209; 1868, pp. 576577; 1879, p. 52; 1880, p. 106; 10th Census, 
pp. 170; 1883, pp. ~oq-105 and 151; 1884, pp. 8546; 188j, p. 100; 1891, p. 243- 

(245) The Hubbard nrld Nortlt River Mines. 

The Hubbard and North River mines were on the same de- 
posit. The Hubbard, which was on the southern end of the vein, 
was situated a few hundred yards north of the Stirling mine. 
I t  occupies about 600 feet of -the vein (Fig. 21) .  The North 
River mine exploited about 300 feet further north. Both mines 
\\.ere opened before 1855. By 1868 the ore had been removed 
by the operations of the Hubbard mine to a depth of 200 feet at 
the rate of 6,000 tons per year. The North River mine had taken 
from its portion of the deposit about 20,000 tons. 

The ore body in which the mines were situated varied in width 
from I foot to 14 feet and dipped 30'-45' southeast. The foot- - 
wall at the Hubbard mine was a coarse granite, probably a peg- 
matite. 

At the north end of the deposit, i. e., at the north end of the 
Xorth River mine, was a fault with a throw to the left of 130 
feet, which separated this ore body from that worked at the 
Harvey mine. 

The only analysis of the ore published is an old one, which is 
probably not trustworthy. It is as follows : 

Pe.0. SiO, and ins. S P2Or Metal. Iron Authority 
88.08 2.40 .o tr 63.8 N. J. 1868, p. 578 

References : N. J. 1855. pp. 205-206 and 209-210 ; 1868, pp. 577-578 ; 1883. p. 
log (North River t .  
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The  new Stirling mine \\.as opened in 1890 to  obtain the ore 
in the northeast portion of the Stirling shoot lying beneath the 
North River shoot. 

The shaft was located 75 feet southwest of the North River 
fault referred to as limiting the North River workings to the 
northeast. I t  was put down at  an angle of 3.;". striking the ore 
deposit at a depth of 200 feet, where it diplxtl 20" southeast. 
The s l o p  was continued until it was 603 feet deep. Here the 
deposit was tapped by a drift of 28 feet driven into the hanging- 
wall. The ore botly was found to vary between 3 feet and 18 
feet in width, to dip 48' southeast and to pitch northeast. Tt 
yieltled a 60 per cent. non-Bessemer ore at the rate of go tons 
daily. The mine was worked until 1900, since which time it has 
been operated in conjunction with the Hurd mine. 

In 1897 a drift was driven through the fault, and a body of 
ore 10 feet wide and several hundred feet long was developed on 
the northeast side of the offset under the Harvey cleposit. Prac- 
tically all of the ore had by this time been taken froin the Stirling 
shoot, so that the later developments were confined to  the ore 
northeast of the fault. The  deposit between the fault and the 
old Hurd mine was discovered to  be a large shoot between 6 feet 
antl 12 feet wide and 60 feet high, which lay untler the original 
Hurd  shoot. The ore was taken out partly through the S e w  
Stirling slope but mainly through the Hurcl shaft. (See  Hurd 
mine, p. 391.) 

References: N. J. ~&p, p. 60; I&I. p. 2.43: 1897. p. 323; 18g8. p. 236: 
1w, p. 155; 1900. p. = I :  1901, p. 1.40; 1902, p. 119. 

The Harvey antl the Hurd mines were originally two separate 
mines on the same ore shoot, which was probably the continuation 
of the North River and Stirling shoots northeast of the fault 
which has been described as being north of the North River 
mine. The Hanrey was to the southwest and the Hurd  to the 
northeast. (Fig. 21 .) 

The Harvey mine was opened, worked and abandoned before 
1855. I t  was evidently reopened shortly after this time, fo r  it is 
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described as being 400 feet long, 300 feet deep and from 2.5 to 
10 feet wide in the Report of 1868. Shortly after this time the 
workings of the Harvey and the Hurd  mines opened into one 
another and the former mine lost its identity. 

'I'he Hurd  mine has been one of the most prolific producers in 
the State. By 1868 it hat1 been worked for a distance of roo 
feet to a depth of 70 feet. 'I'he mine was closed shortly there- 
after, and was reopened in 1872. Work was again stopped in 
1874 by the influx of a great quantity of water. In 1877 an 
adit was constr41cted to drain the mine, and also the Orchard 
mine, which lay a little farther north. This adit was completed 
in 1879, and mining was resumed. Operations were continued 
until 1883, when the mine was again shut down. It  was not 
idle long, however, as  we find it again active in 1886. In spite of 
these intervals of idleness, it produced nearly 450,000 tons be- 
tween 1867 ant1 1886. From this time until 1897 it was worked 
intermittently, yielding a small quantity of ore nearly every 
year. In 1891 a small concentrator, with a capacity of 60 tons 
daily, was erected for the purpose of concentrating the lean ore 
culled from the general product of the mine and to convert it into 
a 60 per cent. Bessemer ore. 

In  1897 ore was found under the old Hurd workings by the 
drift driven from the New Stirling mine. In  this year also the 
concentrator was destroyed by fire. It was never rebuilt. In the 
following year the ore found in 1897 was explored for a distance 
of over 100 feet above the 5th level of the New Stirling mine, 
where it became too narrow to work profitably. 

Mining was continued on this deposit through the succeeding 
few years. In  1901 ore was taken through the Hurd slope-the 
deposit northeast of the slope, where most of the work was done. 
being 65 feet high and 2.5 feet to 6 feet wide. Its pitch was 4oo 
feet in a horizontal distance of 1,150 feet. In 1902 about 20,000 
tons of  ore were raised, and in the following year about I 5,000 
tons. 

During 1904 the property passed into the possession of Jos. 
Wharton, since which time it has been worked to supply the 
IVharton furnace. 
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This year and the following one were devoted principally to 
exploration. In the latter year (1905) a new deposit 15 feet 
wide was discovered, and since this time the mine has been a 
comparatively large producer. 

The deposits mined in the early years of the mine's history 
were rather narrow, rarely exceeding 9 feet in width. Their dip 
was about 52' southeast, and their pitch, as usual, northeast. 
The old shoot was 100 to 130 feet high. The dimensions of the 
shoot being worked at present have not been divulged. I t  is 
known, however, that i t  is large. 

A sample of the ore from 50 tons on the cars in 1880 gave: 
Fe = 57.11 ; P = 1.618. Authority : 10th Census, p. 170. 

References: N. J. 1855, p. 206; 1868, p. 578; 1879, pp. 54-54; 1880, p. 106; 
10th Census. p. 170: 1883, p. 105: IW, p. I4j :  I@, p. 60;  1891. p. 243; 
1896, PP. 326327; 1897, pp. 322-323; 1898, P. 236; 1901, PP. 140-141 ; 1902, P. 
1x9; 1903, P. IOZ; 1904 P. &; 1905, P. 317; 1906, P. 176. 

(247) Tlie Orchard Mil~c.  

The Orchard mine was north of the Hurd mine, in Randolph 
Township, Morris County, on a vein running from the Morris 
Canal to the Rockaway River. 

The mine was opened some time in the middle of the last cen- 
tury (about 1850), and up to 1868 had produced 50,000 tons of 
ore from =workings that were 400 feet long and. 300 feet deep. 
In 1874 water caused a stoppage of work, but in 1879, after the 
completion of the drainage tunnel referred to in the description 
of the Hurd 'mine, operations were resumed and continued until 
1884. the product averaging about 13,om tons annually. .4t this 
time the mine was 700 feet deep and 1,000 feet long. Its total 
yield to June, 1880, was estimated to be 220,000 tons. In 1886 
the mine was reopened with an output of 1,500 tons monthly. 
In 18go a drift 800 feet long was driven to  the southeast from 
the 7 m f o o t  level to intercept the Richard vein, but only a thin 
seam of ore \\7as found, which was suplmsed to be the estension 
of the Jackson Hill deposit. The mine was closed in 1893. 

Recent work in'the Hurcl mine has shown the presence of un- 
expected depsits  beneath those formerly worked at the Orchard 
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mine, and, consequently, this mine was reopened in 1907, and 
mining was resumed at  the close of I@.' 

The vein in this mine is thought to  be the northeast extension 
of that in the Hurd mine. There is no faulting in the mine, but 
the shoot structure is ;ell developed. The deposit averaged 
about 5 feet in thickness. I t  had a dip of 48" to 57" southeast 
and a pitch of 30" northeast. Under the Rockaway River the 
deposit was cut off by a fault, which is thought to  offset the ore 
about 150 feet to the right. According t o  this view the Wash- 
ington Forge mine, which is northeast of the Orchard mine, on 
the north side of the river, is on its continuation. The extension 
of the Orchard deposit has been sought on the north side of the 
river in the line of strike of the ore body on its south side, but 
without success. Moreover, no ore was found on the southwest 
extension of the Washington Forge mine on the south side of 
the river. Consequently the assumption of a fault between the 
two mines is thought to be well founded. 

The country rock is a light gray Byram gneiss, containing 
streaks of black gneiss, which is impregnated with magnetite 
along definite bands. In the magnetite are vugs of quartz, and 
veins of quartz and hornblende are often interbanded with others 
of pure magnetite. 

The ore contained about 59 per cent. of iron and was rich in 
phosphorus (about 1.5 per cent.). A sample obtained from the 
cars in I 880 gave : 

Fe = 55.0% ; P = 1.722. Authority : 10th Census, p. 170. 

References: N. J. 1868, p. 578; 1879, p. 54; 1880, p. 106: 10th Census. p 
170 ; 1883, p. 106 ; 1884, p. 86 ; 1885, p. IOO ; 1886, pp. I&-149 ; ; 1890, pp. 6 ~ 5 1 ;  
1891, P. 244; 1896, PP. 327-328; 1899, P. 161. 

(248) The I.Vashbcgtott Forgc .$fi~te. 

The Washington Forge mine was an the north side of the 
Rockaway River, in Rockaway Township, Morris County. It 
was a fav hundred yards northeast of the Orchard mine, from 
which it is supposed to be separated by a fault with a throw to 
the right of about I 50 feet (see above under Orchard mine). 

'While this report is in press (Sept., 1910) the newspapers announce the 
permanent closing of the mine on account of excessive cost of pumping. 
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The mine was opened in 1868 by two shafts 20 feet apart that 
revealed an ore body 10 feet wide. By the year 1873 the mine 
had been developed through a length of 200 feet and to a depth 
of 1 5 0  feet. I t  was closed about 1875 because of the difficulty 
of handling the water, but it was reopened in 1879 after the 
drainage tunnel t o  the Orchard mine was completed, and was 
operated until 1881. By this time the property line was reached, 
and further mining was done through a new shaft a few rods 
northeast of the older ones, under the name of the \Irest Mt. 
Pleasant mine. Between the two shafts was a fault with a throw 
of 10 feet t o  the right. 

The  average depth of the workings when the mine was closed 
in 1881 was 175 feet, although one shaft was down 300 feet. 

Between the West Mt. Pleasant mine and the Mt. Pleasant 
mine to the northeast is an interval of untested ground 700 feet 
long. 

,4 san~ple of the ore raised in 1880 from the IVashington 
Forge nune ,gave : 

Fe = 61.84 ; P = .633 ; S = .245 ; 7'i = o ; .%.in = o. Authority : S. J .  1880, 
p. 107. 

Another sample taken from a pile of  50 tons gave: 

Fe = 57.39; P = 1.261. Authority: 10th Census, p. 170. 

Referenccs: N. J .  1568, p. 578; 187.3, p. N; 1879, p. s j :  I&. p. 107: 10th 
Census, p. 170; rP83. p. 107. 

The hIeaclon mine was immediately northeast of the \\'ash- 
ington Forge mine, in Kockajvay To\vnship, l lor r i s  County. on 
the same vein as  the \\'ashington Forge mine. 

It  was evidently worked before 1884, since in this year the 
sliaft was 400 feet deep and the drifts 300 feet long. I t  was 
probably first worked as an illdependent mine in 1883. Opera- 
tions continued until 1886, \\;hen all work ceased. At this time 
the liiine was 450 feet long. Tbe  deposit averaged 4 feet wide, 
and dippecl 57O-60" southeast. There appeared to be neither 
"betl" nor "cap" rock. 
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The ore contained a little phosphorus, but practically no sul- 
phur. 

The yield of the mine in 1884 was at the rate of 24.000 tons 
annually. In 1886 it produced about 3,5m tons. 

References: N. J. 1884. p. 86; 188j, p. roo; 1886, p. 147. 

T h e  Burwell Mine.  

The Burwell mine was near the Washington Forge mine, and 
a b u t  one-fou,rth oi a mile distant, in Rockaway Township, Mor- 
ris County. I t  was opened before 1855 and abandoned. 

Reference: N .  J .  18jj, p. mb 

('250) T h e  ill ount Pleasant Mine.  

The b l o ~ ~ n t  Pleasant mine. in Rockaway Township, Morris 
County, was on the northeast extension of the vein worked by 
the \Vashington Forge mine. 

It is one of the oldest mines in the State, having been first 
opened in 1756. In 1868 the extreme length of the workings 
was almut 1,200 feet on one deposit ancl 800 feet on another. 
Their clepth varied bet~veen 140 feet and 225 feet. The mine 
was worked steadily until 1896, when it was dismantled. 

By 1883 the vein had been mined to a distance of 1,800 feet 
southwest of the highway from k i e r  to Berkshire Valley and 
1,ooo feet to  the northeast under the swamp. In 1896, when the 
mine was closed, its length was 3,500 feet and its depth 1,400 
feet, measured on the slope. 

Up  to June, 1880, it is estimated to have yielded 336,000 tons 
of ore. Most of this ore came from the northeast end of the 
mine, very little having been obtained from its southwest end. 
In 1880, however, the southwest portion of the property was ex- 
ploretl in connection with the work at  the Washington Forge 
mine ancl a new shaft was sunk under the name of the West 
Mount Pleasant mine (see IVashington Forge mine, p. 393). 

As ntining proceetled it was found that there were four veins 
on the property, as follows: The Northwestern, or Dolan, or  
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Huff vein, the Main or Teabo vein, a third 66 feet southeast of 
the Main vein and a fourth 294 feet further southeast. The 
main vein, which was the principal one worked, averaged about 
6 feet in width. There were three shafts on this, and these 
mined five shoots of ore. Their dip was about 57' southeast, and 
all pitched northeast. Their average height was 60 feet. 

The mine was especially noted for the number of faults that 
crossed the ore bodies. These were recognized in the early days 
of the mine's history. Five were cross faults, dipping to the 
northeast at angles of approximately 75 ' .  At the southwestern- 
most fault (as in Fig. 22) the throw was 5 feet to the left. FauIt 

\ 
Fig. 22. 

Plan of faults at S. W. end of Mt. Pleasant Mine. 

No. 2 (b),  which was 35 feet further northeast, had a throw of 
about the same magnitude to the right. At the third fault ( c ) ,  
about 6 5  feet from No. 2, the throw was 3 feet to the left. At 
No. 4 fault (d ) ,  35 feet distant from No. 3, the throw was 3 feet 
to the right, and at the fifth fault, 265 feet from the first one, 
the displacement was 30 feet to the left.' This separated the 
southwest from the northeast workings. Besides these five 
faults there'was another, which dipped northeast at  about 35' . 
and intersected the third and fourth faults enumerated above, 
displacing their upper ends 12 or 15 feet to the southwest. 

In addition to  these the ore was cut also by a number of 
faults that have been described as "cross slides." These are 
presumably strike faults, that is, faults striking approximately 
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parallel to the vein, but dipping in an opposite direction (40'-75' 
northwest). They cross the vein at the pinches in the ore body, 
and thus tend to emphasize its shootlike character. In all cases 
observed the downthrow occurred on the fmt-wall side of the 
faults to the extent of from 5 feet to  35 feet. 

As mining progressed several additional faults were observed, 
at which the throw of the ore body was found to be greater than 
in any of the instances described above, but their exact positions 
and the magnitudes of their throws are not known. In 1891 a 
fault in the b t to rn  of the mine threw the ore body to the right, 
but upon sinking 40 feet it was recovered with its normal 
thickness. With increasing depth, however, the ore became 
bunchy, so that it no  longer paid to  work. At the southwest end 
of the mine a drift was started at a depth of 6do feet and driven 
southwestward 800 feet, when another well-developed fault was 
encountered, that threw the vein to  the left a distance of 70 feet. 
This fault comes to the surface a t  the base of  the hill 1,ooo feet 
east of the highway. On the southwest side of the fault the de- 
posit opened to  a width of 15 feet to 20 feet, and this was tested 
for a distance of 5 m  feet. It  continued to be rich in iron, but 
the phosphorus in it was so high that the ore had to  be sold a t  a 
price that was unprofitable. The deposit was supposed to be the 
same as that of the Orchard mine. Since it could be worked 
much more cheaply through the Orchard shaft, it was thought 
best to close down the mine, which was done in 1896. 

The ore was a mixture of magnetite, calcite, quartz, chalcopy- 
rite, apatite, siderite, pyrite and zircon. The calcite was in vein- 
lets and incrustations on the walls of fissures in the wall rocks. 
The siderite was in seams and bunches in quartz, and also formed 
a matrix cementing masses of granular magnetite and quartz. 
The apatite often occurred in masses 6 inches in diameter, that 
were apparently crystals, in an aggregate composed of this min- 
eral, quartz and magnetite. The quartz, besides being found in 
the wall rocks, occurred also a s  lenses in the ore, and in these 
were found "bunches" of chalcopyrite. 

Analyses of the ore taken from the various slopes in 1867 
give ideas of the quality of the ore at that time. The results 
are as follows ( N .  J. 1868, p. 582) : 
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Fe PZO. 
Northeast stopes. ......................................... 69.2 I .O 

Northeast stopes of southwest workings. ................... 64.7 I .  I 

Middle stopes at northeast fault, southwest workings, ...... 65.5 0.3 
Center of deposit, southwest end, southwest workings, ...... 69.6 0.1 

Southwest stopes, ........................................ 67.0 1.6 

A sample of 10 carloads mined in 1880 from the northeast 
working gave : 

Fe = 64.85 ; P = .185. Authority : 10th Census, p. 171. 

The ore of the T e a b  vein in 1886 is reported as containing: 

References : h'. J. 1855, pp. 201-206 ; 1868, pp. 578-582 ; 1873, p. 4 ; 1879, p- 
55; 1880, p. 107; 10th Census, pp. 170-171; 1883 pp. 107-rag; 1884, pp. 86-87; 
1885, pp. 100-101 ; 1886, p. 148; 1890, p. 61; 1891, p. 4 5 ;  1896, pp. 327-328. 

(251) The Baker Miile. 

The Baker mine, in Rockaway Township, Morris County 
(northeast Baker), adjoins the Mt. Pleasant mine on the north. 

I t  was opened in 1866 on two veins of ore 300 feet apart, of 
which tlie western one was 7 feet thick and the eastern one 23 
feet. In  1868 the mine was producing at  the rate of 12,000 tons 
annually. 

It  was extaisively developed during the next five years, and in 
1873 was 325 feet deep and 335 feet long. The extent of the 
workings in 1872 are shown in Figure 23. In 1873 a new shaft 
was sunk southwest of the old \vorkings, near the turnpike, east 
of tlie hlt. Pleasant mine, on tlie strike of the southeast vein. A 
third vein was opened about this time 25 feet west of the "main 
northwest vein," but it was srnall in comparison with the other 
two. The mine was worked continuously until 1877, yielding 
abtnlt r50.000 tons of ore. \\.hen the vein pinched out at  the bot- 
toni. -4s b r i n g s  of 100 feet downward in the plane of the dip 
of the vein failed to disclose a new ore body, the mine was 
abandoned. I t  \\-as reopened in 1884 and worked continuously 
until I-, and then again closed. In the fall of 1905 the mine 
was again unwatered, and a sniall quantity of ore was raised, but 
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in January of the succeeding year the entire workings collapsed, 
burying 20,000 tons of ore that was in sight ready for removal. 
The accident was reported to be due to the robbing of the pillars. 

References: N. J .  1868, p. 583; 1873. p. 44-45; 1879, p, 55; 1890, p. 61; 
Eng. & Min. Journal, Jan. 20, I*: N. J .  1905, pp. 31bj19.  
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Profile and sections of the Baker mine. 
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( 2 9 )  The Richard M b e .  

The Richard mine is northeast of the Baker mine, in Rock- 
away Township, Morris County. It is one of the most important 
mines in the State, and one of the few that are still active. 

The mine was first worked before 1856, and it has been in 
practically constant operation ever since. Between July I ,  1856, 
and June 30, ~ g m ,  its total production was 1,844,769 tons. Since 
the latter date approximately ~,ooo,ooo tons have been raised. 
making the total yield to  the present time amount to about 
3,000,000 tons. 

In 1880 ore was being taken through three shafts, of which 
one (No. 7 ) ,  16o feet deep, was the southwestemmost one and 
was near the Baker mine. The next to the northeast was No. 6, 
375 feet deep, and the third (No. 3) ,  which was about 500 feet 
still further northeast, was 400 feet deep. I n  1883 the three 
shafts that were active were: No. I ,  which was to  the southwest 
of No. 7 on the vein that was supposed to  be the continuation 
of the Baker vein. About  o om feet northeast of this was shaft 
No. 2, and 700 feet further northeast was shaft No. 3. 

Five veins cross the Richard property. The three to the south- 
east are continuations of the Baker veins. The next to  the north- 
west was thought to be the continuation of the Mt. Pleasant vein, 
and the fifth, the northwesternmost, was originally regarded 
as the Teabo vein. 

The s~u theas tem~mst  vein is the largest. This was opened up 
for a distance of 2,700 feet, and from it nearly all the ore came 
in the earlier years of the mine's history. In sonle of its shoots 
it was 20 feet wide. In other places it was pinched to 12 inches. 
Between the two shafts referred to there was a pinch 300 feet 
long. Both pinches and shoots pitched northeast at low angles 
(about 15") and dipped 53" southeast. 

During the development of this vein several faults were en- 
countered crossing the ore body. One of these was 524 feet 
southwest of No. 2 shaft. This had a throw of 4-50 feet to the 
right. and dipped steepl) to the southwest. Another, which was 
nearly vertical, was found 334 feet northeast of the No. 3 shaft 
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and 156 feet from the north line of the property. This dipped 
85' northeast, and no  ore has been found to the north of it, 
although drifts were cut across the strike of the ore vein north 
of the fault for  a distance of go feet southeast and 15 feet north- 
west. 

In  1896, at a depth of 400 feet from the surface and 80 feet 
east of S o .  I shaft, a 3j0-f00t crosscut into the foot wall re- 
discovered the vein to  the north\vest, which was then recog- 
nized as the Mt. Pleasant vein. On this a new slope (No.  4 )  was 
sunk, which struck the ore at goo feet, where it was 10 feet wide 
and (lipped so0  southeast. Further exploratioll nlatle in the foot 
wall of the oltl mine between shafts No. I and No. 2 proved that 
the supposed foot wall was only a horse of rock about 2 feet 
thick, and that beyond this was a deposit of ore 17 feet thick. 
Three drifts \\.ere driven into this ( a, b ant1 c in the cross section) 
and a fourth one ( d )  which was not completed at  the time the 
plan was made a number of years ago. (Plate IX.). 

In 1896 slope No. 3 was abandoned and a new one (No. 5)  
was sunk 30 feet northwest of the vein and about 450 feet north- 
east of Xo. 2, with an il~clinatioll of 52'. In 1898 a new deposit 
\\?as also tliscovered on the hanging-wall side further northeast. 
This, however, was thought to terminate abruptly below a bed 
rock. I t  was later explored at a further depth of 100 feet, where , 
it was replaced by ore from 3 to 25 feet in thickness. The  s u p  
posed bed rock \\.as a fold in the foot wall. .A summary of  the 
history of the mine is given in the Annual Report of the Survey 
for I W ,  from \vhich the follo\\iing statements are quoted (page 

2 9 6 2 9 7 )  : 
"The R~chartl  Mine cotltains several shoots of iron-ore, two of which are 

worked at the present time. No. I shoot, now referred to as the ' l l o r ~ ~ l t  
Pleasant vein,' farthest to the north, is the one from which ore wac mined 
in 1856. * * * Mining from this shoot continr~ed for several years. brrt 
was then temporar~ly abandoned; and No. 2 shoot. now referred to as the 
'Richard vein,' lying to the south and overlying thc 'hlount Pleasalit vein,' was 
opened. A cross-cut was driven in 1893 at the western end of thc property, 
near KO. r slope, and connectio~i made between the 'Ricliartl' and 'Mount 
Pleasant' shoots, which are  aborxt 3m feet apart. This cross-cut intersected 
a shoot of ore about two feet thick, lying between the 'Richard' and 'Mor~nt 
Pleasant' shoots, which is referred to a s  the 'Middle vein.' The intersection 
of these shoots was at  a depth of 471 feet it1 length on the incline. As the 

26 ORE 
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depth of the 'Mount Pleasant' shoot of ore had never before been tested on 
the Thomas Iron Company's property, its development was at  once com- 
menced. Mining operations have been carried on ever since from both shoots, 
with consequent increase of the output. There are three slopes on the 
'Richard vein' going down on the foot-wall, known as No. I (length, 533 ft. I ; 
No. 2 (length 630 ft.), and No. 3 (length, 738 ft.) ; and two slopes going 
down on the foot-wall of the 'Mount Pleasant vein,' known as No. 3 (length, 
932 ft.), and No. 6 (length, 600 ft.). 

"A new slope, known as No. 5, was begun August  st, 1896, and completed 
April m h ,  1901, through which ore  is now being hoisted from both shoots. 
T h e  slope has three compartments, and goes down at an angle of 52 degrees 
into the rock lying between the 'Richard' and 'Mount Pleasant' shoots. At the 
depth of 570 feet two cross-cuts were driven; one going south 1x0 feet 6 
inches, and intersecting the 'Richard vein' loo feet below the old working a t  
No. 3 slope; and the other going north 191 feet, and intersecting the 'Mount 
Pleasant vein.' The  slope has a length of 868 feet, equivalent t o  a vertical 
depth of 685 feet. T h e  'Richard vein' a t  the point of intersection is 18 feet 
wide between walls. The  'Middle vein' at the point of intersection is 4 feet wide 
between walls, and lies 65 feet south of the 'Mount Pleasant vein! * * * 

"The total output of the Richard Mine, since its purchase by the Thomas 
I ron Company in 1856, up to February 28th, 1904, was 2,212,833 tons, being 
a n  average of 46,000 tons per year. The  average output during the first eight 
years was 11,683 tons per year; while the average output during the last eight 
years was 101,939 tons per year. The  output for ~ g a  equaled the aggregate , 

for the first ten years. 
* * * * * * * * * * * * * *  

"The ore from the Richard %line is magnetic and of high grade. T h e  
average analysis for the past twelve years, representing shipments of over 
one million tons (every shipment being sampled), was 60.19 per cent. metallic . iron. The highest yearly average was 61.89 per cent., and- the lowest 58.54 per 
cent. The  phosphorus averages about 0.75 per cent.; silica, 6 per cent.; lime, 
5 per cent. ; alumina, 3 per cent." 

The  rock associated with the ore is largely a very fresh Pochuck 
gneiss. In this are a few small veins of calcite and seams of a 
coarse pink feldspathic rock. The  wall rock of the vein is a 
banded gray rock that collsists of alternations of Losee and 
Pochuck gneiss, and between it and the ore are thin selvages of 
a micaceous dark gneiss. In some of the smaller faults a thin 
sheet of magnetite fills the fault crack and connects the displaced 
ends of the ore deposit. 

The ore of the Mt. Pleasant vein in the southwest workings 
was, formerly, not as high grade as that mined on the Mt. Pleas- 
ant property. :In average analysis showed (in 1896) 56.17 p r  
cent. I:e and 0.85 per cent. P. The  ore.of the Main, o r  Richard 
vein, that was being shipped in 1880, gave: 
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A u t h o ~  it$. 
Sample 4 carloads from No. 7 shaft, Fe=61.43 P=o.881 10th Census, p. I71 

5 " " ' 6 ' " 58.05 " 0.851 10th Census, p. I71 
5 " ' " 3 " " 62.32 " 0.661 10th Census, p. 171 

Recent analyses made by Mr. R. B. Gage, chemist of the Sur- 
vey, give the fonowing results, which show that the Mt. Pleasant 
vein at the present time is yielding the better ore. 

Richard vein- 
F e  Mn S P SiO, Ti02 

.4veragesample, .......... 60.18 0.m 0.008 0.672 8.48 1.01 

Selectedsample ,.......... 66.17 0.03 0.014 0 .8~5  2.22 0.30 

Mt. Pleasant vein- 
Average sample, . . . . . . . . . . 65.80 0.04 0.011 0.196 3.77 1.30 
Selected sample, . . . . . . . . . . 68.62 0.03 0.012 0.246 1.31 1.29 

References : N. J. 1855. p. 201 ; 1868, p. 583; 1873, P. 45; 1879, P- 55; 
p. ig ; 10th Cmsus, p. 171 ; 1883, pp. I+IIO; 1884, P. 87 ; 1885, P. 101 ; 1886, 
pp. 149-150 ; 1890, PP. 61-62; 1891, P. 246; 1896, PP. 318-330 ; 1897, PP. 3aD-321; 
1898, pp. 234-235; 1899, pp. 1527153; 1900, P. 3XX1; 1901, PP. 141-142; 1902, Po 
119; 1903, pp. 103-104; IgaA PP. *W'; 1905, P. 318; 1906, P. 176 

(253) The Allen Miire. 

The Allen Mine in Rockaway Township, Morris County, was 
another of the important mines during the last century. It was 
situated immediately north of the Richard mine, its workings - 
being on the supposed northern extension of its eastern vein, but 
on a distinct lens lying above that exploited at the north end of 
the Richard mine. The two mines were separated by the fault 
that has been described as limiting the Richard deposits in the 
northeast. 

The mine was worked before 18j5 and continuously from this 
date until 1882. when active operations ceased. A' little explora- 
tory \vork \\-as done in 1883 and 1884, but nothing new having 
been discovered the place \\.as abandoned. 

The mine was entered by an adit 630 feet long, running at 
right angles to the course of the vein. From the point where the 
atlit penetrated the ore b:;d! work had proceerletl a30 feet to the 
northeast in 185j and 350 feet to the southwest. The dip of the 
ore body wa.5 65' southeast and its pitch \\.as comparatively lo\\: 
to the northeast. .At the surface it was divided into two parts by * 
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a horse of rock that extended some distance downward. At the 
junction of the t\vo parts below the horse the thickness of the 
united veins was 23 feet. This thinned out, hoivever, at  both 
ends to 4 or  5 feet. 

The  hanging wall of the northeast workings consisted of a 
curious conglomerate rock composed of nodules of greenish- 
white feldspar imbedded in a schistose matrix of magnetite, horn- 
bleiltle and biotite. The  material winds around the nodules in a 

way to suggest that the latter were already solid while the matrix 
was still plastic. Some of the nodules, moreover, are schistose, 
with a foliation that is not conformable \vith the foliation of the 
matrix. 

Inspection of the dump shows many fragments of this rock 
in which the nodules of feldspar are apparently distorted por- 
phyritic crystals of oligoclase. Under the microscope the matrix 
is seen t o  be composed of green hornblende. a little green py- 
roxene and some magnetite. The nodules are oligoclase and 
epidote. ,Sometimes this conglomerate is interlayered with a 
light-colored rock, in which are also occasionally observed large 
feldspar crystals. Both rocks are apparently igneous. A slight 
crushing of some of the components suggests that the nodular 
character of the feltlspar masses may be due to  the rounding of 
prphyri t ic  crystal by friction. The rock 
"contains also large seams of pyrite and numerous fissures and cavities which 
are lined with quartz crystals mixed with limonite, sometinles with incr~ista- 
tions of a very delicate transparent mammillary opal, sometimes with very 
handsome rhom1)ohedral crystals of a pure white opaque siderite." 

In some places the foot wall containetl cavities lined ivith 
similar siderite crystals and well-terminated quartz crystals. 

Another peculiar feature of the ore tleposit a t  this n ine  is the 
presence of large masses of a breccia-like aggregate of angular 
masses of magnetite cemeilted together l>y white siderite. Cavities 
in the ore are also met with, the ivalls of \\llich are lined \\-it11 
small rhonlbohedrons of siderite, with which are associatetl liln- 
onite powder, pyrite crystals and hexagonal plates of an olive- 
green mica. Veinlets also cross the ore knly in various direc- 
tions. Their ~valls are lined with coatings of pyrite, while their 
centers are filled with white siderite. Where the veins swell, 
bunches of quartz crystals are imbedded in the siderite. 
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The  mine was worked on the supposetl Teabo vein of the Mt. 
Hope mine until 1873, when a tunnel was driven west to strike 
the Jugular or  Mount Hope vein, supposed to  be 300 feet further 
up hill t o  the west. This was, however, not successful. One 
vein only has, therefore, been worked, and in this the shoots 
were found to  be larger toward the northeast. The  southwest 
shoots contained a greater proportion of rock intermingled with 
the ore. 

The  relation of the veins in the Allen mine to those in the 
Richard mine are not known certainly, because of the fault be- 
tween the Richard and Allen properties. I t  has been assumed 
that the .Allen workings were on the northwest vein of the Rich- 
ard mine and that the main Richard vein lay further southeast, 
but the tunnel that was driven into the hill seems to  show that the 
main vein on the Allen property corresponds with the Main, o r  
Richard vein, in the Richard mine. This tunnel cut three veins, 
the main working vein at 600 feet from its entrance and two other 
smaller ones-ne near the entrance and the other at a distance 
of 500 feet from it, o r  at 100 feet east of the main vein. From 
the end of the tunnel a tlrift of 385 feet and a bore hole of IOO 
feet cut 385 feet of rock without finding more ore. Moreover, a 
boring that was started in the main vein southwest of the tunnel 
and directed southeast for a distance of 600 feet found no ore. 
It  is possible that the continuation of the Richard shoot, which 
\\-as large up  to the face of the offset, was faulted downward, 
and that this displacement together with the pitch of the ore has 
carried it below the workings of the Allen mine. If this is not 
so. the fault between the Richard and Allen property must throw 
the Ridharcl vein to  the west as it crosses the line between the two 
properties. 

The  ore of the AHen mine varied greatly in quality. Only a 
few analyses have been published and these are old. 

In 1880 the vein had pinched to 18 inches and but little ore was 
being minetl. :\ sample from three carloads gave to the chem- 
ists of the 10th Census: 

Fcz56.99:  P=j93. Authority : 10th Census, p. 171. 

References : N. J. 1855, pp. 1+200 ; 1868, pp. 583-587; 1873, p. 45 : 1879, pp. 
55-56; 1880, p. 107; 10th Census, p. 171 ; 1883, pp. 1x0-111 ; 1884, p. 88; 
1885, p. lor : 1886. p. 136; 1899. p. 162. 
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(rgj )  The Teabo illine. 

The Teabo mine, in Rockaway Township, Morris County. 
adjoined the .Allen mine on the northeast. 

It was very extensively worked in the early part of the nine- 
teenth century by a shaft more than 200 feet deep. but it. was 
closed down before 1855 and then reopened a year or  two before 
1868. U p  to this time but one deposit had been mined, and this 
was apparently in a vein that lay a few yards \vest of that which 
supplied the ore at the Allen mine. The mine was worked 
steadily until 1886 through two shafts that were connected under- 
ground. One of these (No. 2)  is reported to have been 460 iect 
deep in 1880 and the orher (Xo. 3 )  355 feet in depth. A third 
shaft (KO. I )  southwest of S o .  2 was not in use at that time. 
The mine yielded about 22,500 tons of ore during the census year. 
In 1891 it was abandoned. 

-4 new shaft (No. 4 )  was sunk in 1902 a considerable distance 
from the old shafts. This was then driven to  a depth of 240 feet 
and in its bottom \\,as found a vein of 50 per cent. ore 6 feet wide. 
At 60 feet from the surface a smaller vein had been cut. During 
this year about 1,000 tons of ore were raised. Work \\.as again 
suspended in 1903 because of the slack ore market. but explora- 
tions were resumed in 1905, and continued through the suceee~l- 
ing tivo years. .4 2-foot vein of rich ore was struck in the 
hanging wall on the 800-foot level at a distance of 27 feet ir-om 
the shaft and a somewhat thicker vein 40  feet from the shaft in 
the foot wall. The shaft was then sunk 40 feet farther and 
crosscutting was again begun. c~fortunately, however, one of 
the crosscuts entered old workings. the presence of which were 
unsuspected, and the shaft was abandoned in 1907. In the mean- 
while a drill hole located 100 feet northwest of the shaft was 
put down at an angle of 70' to the northwest to a depth of 138 
feet, where it stuck and \\.as therefore abandoned. It found 110 

ore. A second hole begun 40 feet east of this one \vent down 276 
feet and encountered I foot of ore analyzing 59 per cent. of iron 
and 0.017 per cent. of' phosphorus. 

The total yield of the Teabo mine is not known. Between 
January, I 871, and January, I 879, however. it produced 144.766 
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tons, and in the immediately succeeding years about 20,000 tons 
annually. 

The principal mining, as has been stated, was on a vein that 
was supposed to  correspond very nearly with the main vein at 
the Allen and the Richard mines. This, in the Teabo mine, was 
known as the Teabo vein. I t  comprised the usual shoots and 
pinches characteristic of the district. There were at least three 
shoots, each about 45 feet high, and all dipping 70" southeast 
and pitching about 21" northeast on the bed rock. The top 
shoot averaged 5 feet in width. The middle shoot averaged 16 
feet and the lower one 18 feet. 'I'he rock between the shoots 
varied between 40 feet and 60 feet in height. 

1111 attempts to find the Taylor vein of the Mt. Hope mine were 
futile. The original works were on the Brannin vein, which had 
been opened very early near the Mt. Hope line. Later this vein 
was abandoned, and all the operations were concentrated on the 
Teabo vein, which is the one referred to in the preceding para- 
graph. 

The ore was of two varieties. Some of it was finely granular 
and had a jointed structure and a purplish tinge. o ther  speci- 
mens were coarsely granular and contained considerable quartz 
and mica. 

Partial analyses of the ore raised in 1868 are as follows : 

Felon S PZOn Si02and ins. Fr Authority 
I- 88.4 0.0 0.3 11.8 64.0 N. J. 1868, p. 568 
2- 75.4 0.0 1.3 13.7 54.6 N. J .  1868, p. 568 

I .  Sample from depth of zoo feet next to foot wall. 
2. Sample from depth of 200 feet next to hanging wall. 

More complete analyses of two samples publishecl in 1876 
gave : 

FczOa MnlOl .41=01 CaO iMgO S PZOI SiOz Tota l  
No. I- 69.25 0.26 4.48 3.40 1.98 . ~ o z  1.62 17.77 = 98.862 
No. 2- 71.81 0.18 4.02 2.22 2.34 0.01 1.06 17.21 = 98.85 

A sample taken by the agents of the 10th Census from a ship- 
ment of  twelve carloads yielded : 

Pe=59.31; P=o.468. Authority : 10th Census, p. 171. 

References: 1855. pp. 195-196; 1868, pp. 587-588; 1873, p. 45; 1879, P. 36; 
1880, p. 107; 10th Census, p. 171; 1883, p. 111; 1884, p. 88; 188j, p. 1 0 1 ;  

1886, pp. 151-152; 1890, P. 62; 1891, P. 246; 1901, P. 142; 1902, P. I # ) ;  1903, 
p. 10.1; 1904, P. 298; 1906, P. 176; 1907, P. 172. 
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(2j.5) Tlle Mount Hope, Back Vein. 

The Mount Hope, Back vein, was about one-fourth of a mile 
northwest of the main Mt. Hope veins. on the top of Mount Hope 
hill. In situation it appears to  occupy the same position with 
respect to the Mount Hope veins as the Huff does to  the hIt. 
Pleasalit vein. I t  was opened up Ixfore 1868, but was never 
worked to any consitlerable estent. 

Reference: N. J. 1868, p. 597. 

(256) Tlze Mow11.t Hope Mines. 

The Mount Hope group of mines, in Rockaway Township, 
Morris County, is northeast of the Teabo mine. These mines 
constitute one of the most valuable mining plants in the State, 
antl have contributed a large quantity of ore to its tonnage. T h e  
deposits have furnished ore for  over 125 years, antl are still 
actively being worked. 

Tlie Mount Hope mines originally colnprised openings in nine 
ore bodies, of wliich four were on  Mount Hope. three on Hickory 
Hill and two on Mt. Teabo. The  oldest workings were the 
"open work" and the Jugular vein operations in what \\.as known 
as the Mount Hope Blue niine, which was on tlie ~iortlieast sitle 
of Mt. Hope (Fig. 24).  The first openings \\.ere made before 
tlie Revolution, the Mount Hope furnace having been built in 
1772. The ore was reached by two inclined planes descending 
to a tlepth of roo feet. These penetratetl an ore body with an 
average thickness of 10 feet aiid a dip of f33" southeast. The 
ore was worked do\vn from the surface. p r d u c i ~ i g  a great pit, 
which to the northeast estended untlergl-ountl. In  this pit tlie 
ore is described as liaving lxen "stratifietl." Its foot \\-;111 is 
covered with furrows possessing a def i~ i te  inclination to  the 
northeast. This was before 1 8 j ~ .  

Later an adit, known as the Big Tunnel, was tlriven into the 
hill from the southeast, and the ore was raised to  the adit level 
through shafts. This adit intersected five different veins. as fol- 
lo\\.s [Fig. 25) : First, t o  the so~ltheast, a vein from 2 to 4 feet 
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Fig. 24. 

Fig. 25. 

Section o f  ore veins at Mt. Hope Tunnel. Scale, 235 feet to I in. (1:rom 
Geology of S e w  Jersey, 1868. p . ~ )  
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thick, known as the Brannin vein; second, a vein from 3 to  4 feet 
wide, called the Side Hill vein; third, the Teabo, or, as it was 
later called, the Finley vein, 5 or  6 feet wide ; fourth, a small vein 
200 feet northwest of the Teabo or Finley vein; and, finally, the 
Jugular or Taylor vein. The third, or  Teabo vein, was 504 feet 
from the tunnel entrance. It  was so named because it was sup- 
posed to be identical with that worked at the Teabo mine, but 
latterly it has been called the Finley vein. 

Before 1868 the Teabo and the Brannin veins had also been 
opened at a number of places further to the northeast. The 
latter particularly had been exploited by four o r  five shafts sunk 
to depths of 35 or 40 feet. These showed the vein to be exceed- 
ingly variable in width. In some places it measured 17 feet 
across, and in others was pinched to I or  2 feet. Some of the 
shafts sunk upon it had received names, but as they were aban- 
doned after the tunnel was conlpleted, their names soon fell into 
disuse'and were forgotten. Among those best known were the 
Clay mine, Welch's drift and Gallagher's cut. On the dumps of 
some of these shafts were found masses of cellular quartz con- 
taining limonite, chalcedony, fluorite in veins cutting hornblentle- 
schist and "specimens of black crystalline hornblende containing 
disseminated apatite," the latter, sometimes in crystals, itteasur- 
ing several inches in their longest dimensions.' 

The ore of all the veins was cut by veinlets of pyrite sometimes 
as large as 2 or 3 inches in width, and their \\,all rocks were 
tra\w-sed by veins of epidote. In the country rock in the neigh- 
horliood of the ore bodies were often masses composetl of large 
crystals of apatite, quartz, black ntica, hornMentle and calcite. 
Thev also contained, occasionally, crystals of cupriferous pyrite. 
In the ore were found also seams of chalcedony ant1 pyrite and 
nodules of red hematite in a11 irregular mixture of quartz and 
feldspar. 

The yield from thesc veins in 1868 was a t  the rate of 72,000 
tons annually. 

In addition to the deposits in the veins near the tunnel. t ~ \ r o  
others were also worked very extensively before 1868. These 
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were on the northeast side of Mount Teabo. The one most 
worked was known as the Elizabeth. I t  is apparently an ore 
shoot in the Teabo vein several hundred feet above the shoot 
worked in the Teabo mine to the southwest. I t  was from 6 feet 

; to 25 feet wide, dipped 72' southeast and pitched 25' 
to 3 5 O  northeast. The ore body was entered by a tunnel driven 
241 feet south passing through a fault of 5 feet. At this distance 
the deposit "cut out" at the bottom and the bed rock rose gradu- 
ally to the surface. That portion of the ore body above the tunnel 
level was worked by three shafts situated to the south, i. c., 
higher on the hill (see Plate X.). 

The third set of deposits is to the northeast on Hickory Hill. 
They were known as  the Hickory Hill mines and are described 
in another place under this name (see page 416). The deposits 
are separated from the Mount Hope veins by a fault that in- 
tersects the surface near the brook between Hickory Hill and 
Mount Hope. 

Mining on all the veins continued for a number of years 
with slight interruption, most of the ore being obtained from the 
Jugular or Taylor, the T e a b  or  Finley, and the Brannin veins 
on Mount Hope. The Jugular vein was opened all the way to 
Hickory Hill, its continuity being broken only by the brook fault 
where it \\-as displaced 160 feet to the right. In 1874 the 
Hickory Hill and the Taylor mines were shut down, but the lat- 
ter was reopened in 1880. The Elizabeth mine was operated 
without interruption through this period, yielding about 30,000 
tons of ore annually. In this same year a little ore was raised 
from the Erannin vein at Hickory Hill. The aggregate tonnage 
of the entire group of mines to  the end of this year was estimated 
at  I ,ooo,ooo. 

Shortly after 1880 the Elizabeth mine was closed, but work 
continued on the Taylor (Jugular), the Teabo (Finley), and the 
Side-Hill veins (see Fig. 24.) In 1883 .these three veins were 
being mined, the former through the Platt shaft, which had 
reached a depth of 200 feet below the tunnel level. The upper 
portions of the veins were lean, but the ore in all increased in 
richness with depth. The Teabo vein was found to  maintain 
its steady northeast trend, but the Side Hill vein was found to 
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turn slightly to the east. A little to the northeast of the work- 
ings the deposit was lost and the vein was not recovered until the 
brook fault was crossed. Where mined. the Side Hill vein 
was found to dip t o  the northwest (Plate XI.) In the higher 
levels the two veins are supposed to have coalesced, giving rise 
to a big shoot in which the ore consisted of two bands of dif- 
ferent types. At the depth of 330 feet beneath the tunnel, how- 
ever, the ore \\-as 12 feet wide and had the character of that of 
the Teabo vein. 

In 1883 the Elizabeth mine was again opnetl  but was not 
actively operated until 1889 or IQO, since which time it has 
worketl continuously except during the period Ixt~veen 1893 ant  
1899, on a n  ore shoot that pitched 25' to  30' northeast. Its 
maximum height was 140 feet. its thickness from 3 t o  25 feet. 
ant1 its (lip from 65" t o  70' southeast. 

The  Jugular or  Taylor vein exhibited the shoot structure very 
perfectly. Some of the shoots were 30 feet witle ant1 pitclletl 30' 
to 40" northeast. They tlipptl 70' t o  7 jO southeast. The  shoot 
that was worked in 1886 was separated from another above by 
a pinch 18 inches thick and was terminated below by a n o t h e ~  
pinch of approximately the same thickness. At no place in the 
tlevelopment of this vein did the ore entirely disappear. The ore 
averaged 60 per cent. of iron, 1.9 per cent. of phosphorus and 
contained a little sulphur. In the Side Hill vein there was o.3j 
per cent. of phospl~onls near the surface ant1 I Ixr  cent. of this 
substance at the depth of 300 feet. 

In 1893 all the mines of the group were closed do\vn and re- 
nlained idle until 1899, when the Elizabeth mine was reopened 
ant1 3.ooo tons of ore ranoved from its south\vest end. I11 the 
following year 15,ooo tons were taken from this mine. practically 
exhausting the supply as far  south\vest as the line of the Teaho 
property. Preparations were lllatle for taking the ore from the 
nt)rtheast eutl of the vein, and later a new shaft on a 72"-79' 
slope \\.as sunk a little east of the entrance to the tunnel, which 
\\-as subsequently abandoned. It reached the ore at something 
over 200 feet, and in January, 1909, hat1 a vertical depth of about 
500 feet (Plate X.) .  
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The  Taylor mine, on the Jugular vein, was also unwatered in 
1899, and 6,000 tons of ore were raised. I n  the following year 
a new shaft was sunk further t o  the northeast a t  an  angle of 68 
per cent. to the southeast, as  all the ore in the southwest portion 
of the vein had been removed. This is known as  the Brown slop:. 
(Fig. 26.) In  the bottom \vmkings of the new shaft about 200 
feet northeast of its foot a fault was encountered, which dipped 
49' south and crossed the ore body obliquely, so that in the deeper 
levels of the mine the ore was soon cut out by the intersection of 
the bottom rock and the fault (see Fig. 26). I t  was supposed 
t o  be a continuation of the brook fault. which a t  the surface 
passed between Mt. Hope and Hickory Hill. The  mine was 
al>andoned, and is now ( 1go8) full of water. 

The Elizabeth mine has been kept at work,continuously be- 
tween 1899 and the present time. and the Taylor mine was  
operated from 18go t o  about 1903, all the mining on the Taylor 
vein being done since 1 9 1  through the Brown shaft. I n  1906 
a new shaft, known as the Leonard, was openetl to mine ore from 
the Side Hill vein, but no ore was raised through it until 1907 
(Plate X I ) .  In  this same year a magmetic concentrator was 
built near the Leonard shaft, and in the following year it was 
placetl in commission. All the ore from the Elizabeth, Leonard 
ant1 the Carlton shafts (see below) is passed through the plant, 
thus enabliilg the operators t o  dispense with the necessity of 
han(l-cobbing. which in the case of the Carlton ore would be 
1-ery expensive, as the material from this mine is on the whole 
rather lean. 

Explorations were made by diainond drilling in 1903 and 
1904, holes being put into both the hanging ant1 foot of the Eliz- 
abeth vein in the search for  the southwestern continuation of the 
3Iount Hope veins. Nothing was fount1 within a distance of 
504 feet to  the northwest of the main vein. \vl~ich is supposed 
to be the Teabo, o r  Finley, vein of  the Mt. Hope \vorkings; but 
on its soutlleast side a small vein was encountered at a distance of 
about 430 feet south of the hanging-wall of the main vein. One 
of  the holes drilled in this direction was over 700 feet long, but 
110 ore save this small vein-about 6 feet wide-was discovered. 
'I'his was further explored in succeeding years, with the result 
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that in 1907 a new shaft-the Carlton-was sunk upon it due 
south of the Elizabeth shaft (see Fig. 24 and Plate XI . )  The 

Fig. A. 
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new vein thus explored is supposed to correspond to the Brannin 
vein in the tunnel mines, though its ore is much leaner than in 
other portions ,of the vein. Explorations were also made by 
drilling to the southeast of the lower levels of the Brown shaft 
of the Taylor mine. These revealed the presence of the Finley, 
Side Hill and Brannin veins at distances of 400 feet, 475 feet 
and 675 feet southeast of the Taylor vein (Fig. 26). 

In the vicinity of the Mount Hope mines there are, besides the 
veins above mentioned, two others that are entirely independent 
of those mined. One, 3 feet thick, is a vein of lean ore situated 
between Mt. I-Pope and the White Meadow mines. The second 
was found west of the Jugular or  Taylor vein, on the line of 
strike of the Huff vein (see Mt. Hope, Back vein, p. 408). 
The ore in the latter was, however, high in titanium, and conse- 
quently the deposit was never developed. 

,411 the ore of the Mt. Hope veins contains considerable horn- 
blende and biotite. The Elizabeth ore is coarsely granular and 
has a blue-black color, while that of the Tealm vein a t  Mt. Hope 
has a purplish color. 

Analyses of samples taken from the several veins were made 
by the chemists of the 10th census. Their results are given be- 
lo\\. ( 10th census, p. 171-2) : 

Fe P 
Sample from 8 carloads from Jugular or Taylor vein, . . . . . 58.77 1.1777 
Sample from 14 carloads from Elizabeth vein, . . . . .. . .. . . . . 57.67 0.971 
Sample across stope, Teabo vein, Elizabeth mine, . . . . . .. . . . 60.61 0.577 
Samplc from 2 carloads from Bnnnin vein, on Hickory Hill, 60.81 1.230 

.A sample of the ore ntined from the southwest end o f '  the 
Elizalxth mine in 1899 gave: 

Fe SiO:. C o o  MgO hln  5' .41,0, Authori ty  
61.82 6.70 I .  tr tr tr 1.50 N. J.  1899, p. 1.54 

,In analysis of an average sample of the shipments from Mt. 
Hope in 1905 showed: 

FL. P S Mn .il,O, C o o  ~ l l g O  Attthority 
63.00 4.70 tr 0.0 1.70 3.0 1.10 Enlpirc Steel & Iron Co. 

liecent analyses of the ore from the Elizabeth ant1 Leonard 
mines, made by Mr. K. B. Gage, and others, furnished by the 
Empire Steel and Iron Company, of the ore from these two 
~iiines and the Carlton mine are as follo~vs: 
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Leoilard mine- Pe Mn P S SiOl ALOS CaO d1;O 
Av. sample (Gage), . . 58.98 0.03 ~ . & j  0.021 7.62 
Av. sample (E. S. & I. 

CO.), .............. 60.003 0.920 0 . O p  7 . W  1.088 3.300 I.& 
Selected sample (Gage), 65.74 0.02 0.236 0.021 3.56 

Elizabeth mine- 
Av. sample (Cage). .. b . 9 6  0.03 0.426 0.008 8.46 
Av. sample (E. S. & I. 

CO.), .............. 60.431 0.492 0.042 7.800 1.292 1.700 .4jO 
Selected sample (Cage),  69.26 0.02 0.214 ao1.3 1.38 

Carlton mine- 
Av. sample (E. S. & I. 

CO.), .............. 55.820 .760 .042 11.800 1.046 3.200 1 .0% 

References : S. J. 1855, pp. 186-193 ; 1868, pp. 588-595 ; 1873, pp. 45-46 : 1879, 
p. 56; 1880, p. 107; 10th Census, pp. 171-172; 1883, pp. 112-113; 1884, p. 8P; 
1885, P. 102 ; 1886, p. 147 ; 1890, pp. 62-63 : 18g1, pp. 2467; 1896, p. 330; I@, p. 
154; 1900, P. 201 : 1901, pp. 142-143; 1902, P. 120: 1903, P. 104: 1904, p. -98; 

(257) Thc  Hickory  Hill :l-lincs. 

The Hickory Hill mines, in Kockaway Townsl~ip. Morris 
County. were on the Mount Hope property, just northeast of the 
Mount Hope nlirles proper, and separated' from the111 by a great 
fault, which has thrown the Hickory Hill veins a little over 160 
feet southeast of the line of the Mount Hope veins. The out- 
cropping of the fault is a b u t  along the course of the little brook 
in the valley between the two hills (see Fig. 24). 

The Hickory Hill 1-eins have been less extensively worked 
than those at hlotlnt Holx. Those that have Im opened up  
showed an average thickness of 3 feet and a dip of 6 j 0  south- 
east. T w o  mines were located on then], which \rere known as 
the Hiclzory Hill North Drift (the 'raylor vein) and the Hick- 
ory Hill South 1)rift (Finley vein?). They were operated to a 
slight extent before 185j, but whether they were worked in 1868 
or not is not known. t\t all events, one of the drifts was in 
operation in 1873 and hat1 reached a tlepth of 270 feet. East of 
the working veins, which, as  has Ixen stated, were extensions of 
those at   bunt Hope, two additional ones were oprnetl up by 
explorations, but they were not worked. 
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The Hickory Hill mines were shut down in 1874, but a little 
ore was taken from the Brannin vein, on Hickory Hill, in 1880. 
An analysis of a sample of two carloads of this ore gave: 

Fe = 60.81 ; P = 1.230. Authority : 10th Census, p. 171. 

An old shaft on the Teabo vein near the south base of the hi11 
was reopened in 1886, and ore was found with a width of 10 

feet. The rocks on the west side of the magnetite-bearing beds 
on the southeast slope of the hill dip 80' northwest, and enclose 
a few thin beds of ore. These are now being explored by dia- 
mond drilling. 

References: N. J. 1855; pp. 193-195 ; 1868, p. 595 ; 1873, P. 46; 1879, P. 56; 
10th Census, p. 172; 1856, p. 14;. 

(258) The Cogill, or Cogszell ,  Mine. 

The Cogill, or Cogswell, mine, in Rockaway Township, Morris 
County, was merely an exploration, situated a mile northwest of 
the Hibernia mines, and about three-fourths of a mile southeast 
of the east end of Denmark Pond. 

As early as 1868 searches were made here for ore, and a shaft 
was sunk 70 feet deep. Nbthing of importance was found, how- 
ever, although there is a line of attraction in the vicinity of the 
mine hole. At the present time there are three shafts in this 
vicinity, one near the road running along the east side of the 
west branch of Hibernia Brook, and the other two a few hun- 
dred yards further northeast on the west slope of the hill be- 
tween the two branches of the stream. At the latter point is an 
open cut 200 feet long and 5 feet wide on a vein dipping 75"-80° 
southeast. Evidently a large amount of work has been done here 
since 1868, but at what time it was done and wit11 what practical 
result is not known. 

Reference: N. J. 1868, p. 595 

(259) The Greenville iMilte. 

The Greenville mine was near Marcella, on the south side of 
the road, between Split Rock Pond and Green Pond, in Rock- 
away Township, Morris county. 

27 ORE 
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The mine was opened in 1872 and a little ore was shipped. I t  
has not been worked since. The ore body is said to have had a 
width of 4 feet where struck. At present the site of the mine 
cannot be discerned. 

References N. J. 1873, p. 48; 1879, p. 58; 1880, p. 108; 1884, p. 88; I-, 

p. 102. 

(160) Titc Cirarlottesbztrg Mine. 

The Charlottesburg mine, in Rockaway Township, Morris 
County, comprises a series of open pits and shafts on both sides 
of the road, between Charlottesburg and Split Rock Pond, on 
the south side of Pequannock River. 

The first openings were made in the latter half of the 18th 
century on a strong belt of attraction about IOO feet wide and 
several hundred feet long, between Timber Brook and the pond. 
The exact date of the openings is not known, but it is stated that 
the furnace and forge at this place were built about 1765. Other 
openings were made later on the slope of the hill, on the east side 
of the road to Split Rock, and the mine was worked intermit- 
tently until after the construction of the New Jersey Midland 
Railroad, now the Morris County Railroad, and thereafter prac- 
tically constantly until 1874, when it was closed, having yielded 
in 1873 about 30,000 tons of ore. A still later exploration was 
made to the east of the old mine holes, and two new veins were 
discovered. The place was again opened in 1880 and operated 
until 1884 on the eastern veins. In this eastern area there a p  
pears to have been five parallel shoots of ore within a breadth of 
200 feet, all striking and pitching northeast. Three of these 
were worked. The mine was again opened in 1886 and was 
closed in I 888 permanently. 

The character and distribution of the ore in the old mine is not 
known. On the eastern veins there were several shafts. The 
principal shoot, worked by the southwestern shaft, was 40 feet 
wide in places, but to the northeast it narrowed to 12 feet. The 
dip was about 75" southeast, and the pitch low to the northeast. 
The shoot next to this one on the southeast or hanging-wall side 
was not so large, but it also was worked to a depth of 200 feet. 
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On its foot-wall side the ore was very rich. All the ore bodies 
are reported to have been cut off by a fault at the south end of 
the pond. 

Analyses of the ore of the old mine reported in 1868 were: 

Fe.0. SiO2and iw. P I O ~  S Authority 
No. I- 91.0 6.9 tr tr N. J. 1868, p. 596 
No. 1-- ?3.4 233 o o N. J. 1868, p. 596 

No. :-Old opening, v a t  side of road. 
No. +Later openings, side hill, ust side of road. 

The ore of the eastern veins discovered in 1874 was fairly rich. 
I t  contained much mica and hard, dark "serpentine." Its com- 
position was : 

I 2 3 4 
Fe, ...................... 61.42 6147 67.42 64.94 N. J. 1878, p. QB 

....... S, .............. ;. 0.274 3.36 0.55 0.39 N. J. 1878, p. 98 
....................... P, 0 . ~ 1  0.028 0.014 tr N. J. 1878, p. QB 

TiO,, ................... I .a 
I .  Ore from large opening on vein 9 feet wide (N. J. 1878, p. pB) 
2. From smaller opening made in 1877 or 1878. (N. J. 1878, p. g8.) 
3. From point where vein war 8 feet wide. (N. J. 1878, p. 98.1 
4. Black, compact, lamellar ore from hill, cast of old mine. (N. J. 1878, p. 98.) 

A sample from a pile of 30 tons mined in 1880 gave: 
Fe = 58.15 ; P = o.151; Authority: 10th Census, p. 174. 

References: N. J. 1840, p. 27; 1868, p. 596; 1873, p. 49; 1878, p. 98; 1879, . 
p. 60;  1880, p. 108; 10th Census, p. 174; 1883, p. 115; 1884, p. 9; 1886, p. 
139; 1890, p. 103; Trans. A. Inst. M. E., Vol. 14 p. 905. 

(255) The George Explorations. 

The George explorations are described as being about one-half 
the way between Ringwood and Greenwood Lake, in Pompton 
Township, Passaic County. 

Several pits put down about 1875 seem to indicate the presence 
of a continuous vein 4 feet to 6 feet wide. A partial analysis of 
the ore showed the presence of only 0.058 per cent. phosphorus, 
and no sulphur. 

Nothing further is known about the place. It may be the same 
as that described below as the Patterson mine. 

Reference: N. J. 1875, p. 34-35. 

NEW JERSEY GEOLOGICAL SURVEY



420 IRON MINES A N D  MINING. 

(261) The Patterson Mine. 

The Patterson mine is about 1.5 miles northeast of Hewitt, in 
a little depression between two hills. Several holes were dug 
some time ago and a shaft was put down about 1903. 

The one consists of magnetitic pegmatite with small ore 
streaks running through it. Ore veinlets also penetrate the 
country rock in the vicinity of the pegmatite. No ore has been 
shipped. 

MINES I N  OLD FURNACE BELT 

The Old Furnace belt of mines extends from a point about one- 
half of a mile west of Annandale northeast to a point north of 
Split Rock Pond. It is midway between the important Mine 
Hill and Chester belts. Only a few openings have been made on 
it, and only a very few of these have shipped any ore. Most of 
the explorations are on its southwest end, near High Bridge. 
Between this point and the Wood mine, north of Split Rock 
Pond, there is an interval of 30 miles which, so far as is known, 
has not been explored. 

(262) Sharps Mine. 

The Sharp or Cregar mine, in Bigh Bridge Township, Hunt- 
erdon County, was about 1.5 miles east of High Bridge, on the 
east side of the road to Lebanon. 

The mine was opened about 1871 and worked until 1873, 
and from that time intermittently until 1879. There \\;as one 
shaft 50 feet deep and several pits. The ore is reported to have 
been good, but the large quantity of water encountered made , 

mining expensive. The mine was reopened in 1880 under the 
name o f  the Cregar mine, and from 200 to 300 tons of ore were 
raised. 

References : N. J. 1879. p. 45; 1580, p. 102. 

The Emery, or Emory Farm, explorations were a little nlore 
than a mile east of High Bridge, in High Bridge Township, 
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Hunterdon County, on the south side of the road to New Ger- 
mantown. 

T w o  openings were made zoo feet apart in a northeast line. 
In the northern opening, which was 25 feet deep, a vein 2 feet 
thick was struck, and from it zoo  tons of ore were shipped. The  
ore contained pyrite and hornblende. The southern opening was 
shallow. From it a very lean ore was obtained, which was prac- 
tically a garnetiferous rock containing magnetite. 

T h e  last work done was in the autumn of 1878, since which 
time the mine has lain idle. The later explorations are sometimes 
known as the Van Syckle mine. 

Reference: N. J. 1879, p. 45. 

(264) The Old Furnace lVlitze. 

The Old Furnace mine was near Beaver Brook, about 2 miles 
east of High Bridge, in High Bridge Township, Hunterdon 
County. The  openings are on the east slope of a wooded hill, on 
the west side of the road from Califon to Annandale. 

A great deal of work was done in the vicinity about the time 
of the Revolution and considerable ore was raised for use in the 
neighboring furnaces. The place was, however, abandoned, and 
lay idle for niany years, until it was reopened in 1869, at  a differ- 
ent point by a shaft 80 feet deep and several drifts. 

The vein opened up  by the new exploration was discovered to 
be very wide. O n  the hanging wall was a layer of rich ore that 
in some places widened to 3 feet. I t  contained a large percentage 
of sulphur. The mine was worked for  several years. I t  was 
closed in 1874 and not reopened again until 1880, when 2,000 

tons of ore were raised. At a depth of 150 feet the vein is 
described as being narrow. 

References: N. J. 1873, p. 29; 1879, p. 45; 1880, p. 102; 10th Census, p. 164. 

(265) The Sigler iMille. 

The Sigler mine was in Rockaway Township, Morris County, 
a short distance northwest of the Swedes mine. 
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The vein was only 2 feet wide, but the ore was of excellent 
quality. I t  had been worked down 60 feet in 1869, but was not 
then in operation. nor has it been worked since that time. 

The Sigler mine is probably identical with that designated as 
the Lindsley mine in the old county atlas. I t  is about three- 
fourths of a mile northwest of the Swedes mine, near the road 
between Dover and Mount Hope. 

References : N. J.  1868, p. 559; 1873, p. 47; 1879, p. 56. 

(266) The CVood Mine. 

' f i e  Wood mine is the name given to the openings made about. 
1873 in search of the northern extension of the mineral belt de- 
veloped at the Split Rock Pond mine. The openings in question 
are on both sides of the road from Split Rock Pond to  Char- 
lottesbt~rg, about 2 miles north of the north end of Split Rock 
Pond, in Rockaway Township, Morris County. 

At this time it was discovered that the ore "vein" ran north 
from Split Rock Pond a t  least a mile or so. In 1883 the locality 
was again explored, and at a point about 2 miles south of Char- 
lotteshurg on the road to Split Rock Pond a great deal of work 
was done, resulting in the shipment of a small quantity of ore. 
Nothing has been done since, and the place is now abandoned. 

References : N. J.  1874, p. 23; 1883, 1). 118-119 : I&, p. 91. 

The Wrightfwozrr Mine. 

The IVrightneour mine was west of Monks Station, on the 
Greenwood Lake branch of the Erie Railroad, in Pompton 
Township, Passaic County. Its exact location is not known. It 
may have been the same as the Monks mine (page 423), or at 
any rate was very near it, and may possibly be the mine described 
as the Vincent mine. 

The place was originally worked as the Henderson mine and 
abandoned. I t  was reopened in 1880 by a shaft jo feet deep and 
a drift 40 feet long on a vein 4 feet wide. The ore is reported 
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to have been rich and free from sulphur, but it contained too 
much phosphorus for Bessemer pig. After some prospecting the 
mine was abandoned. 

References : N. J. 1881, p. 36; 1883, p. 120. 

(267) The i l fo t~ks  Mine. 

The Monks mine was on the north side of Wanaque River, 
about two miles above Boardville, in Pompton Township, Pas- 
saic County. Its exact position is not known, unless it was a 
part of the mine known locally as the Vincent mine, in which 
case the statements made below are certainly in error, as the Vin- 
cent mine produced a large quantity of ore, if one may judge 
from the size of its dumps. h'o reference to the Vincent mine 
has been found anvwhere in the literature. 

The ore contained a little pyrite, but otherwise was free from 
impurities. The vein was 7 feet wide, but its length was not 
determined. No mining was ever attempted, so far as is known. 

References: N. J. 1873. p 52; 1879, p. 61. 

T H E  HIBERNIA BELT. 

This belt is the longest and most contiAuous in the State. I t  
contains also the most productive deposit now being worked and 
the greatest number of nines that have shipped ore in the past, 
but which are now idle. Many of these mines were large ones, 
and many of them remained active for a comparatively long 
period. 

The belt extends from Annandale to the State line, about a 
mile west of Ringwood, a distance of 50 miles. The two ends 
of the belt have not developed important shipping mines. Its 
productive portion is the stretch of 19 miles extending from 
Hacklebarney on the south to Hibernia on the north, marked by 
about thirty openings, of which the'majority have at one time 
or another yielded ore in commercial quantity. That portion of 
the belt included within the limits of the Hibernia prger ty  has 
to its credit a larger production than an equal portion of any 
other belt in the State. 
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Near Chester the belt is double. It consists of two parallel 
ranges about one-fourth of a mile apart, and on each is a num- 
ber of openings that were important about 1880. The ore is 
fairly rich, but it contains a considerable proportion of phos- 
phorus. Titanium is low. 

(268) Tlte Anm?tdnlc M i w .  

The Annandale mine was I mile northwest of Annandale, on 
the south side of the road, between High Bridge and Lebanon, in 
Highbridge Township, Hunterdon County. 

The mine was opened in 1880 on a vein 7 feet wide. About 
62j tons of ore were raised from a shaft 30 feet deep, after 
which the mine was abandoned. ~ h k  ore was reported to be 
fairly rich and low in phosphorus. 

References: N. J. 1880, p. 102; 10th Census, p. 164. 

The Cokesbury, or Cokesburg, mine, was a short distance 
east of the village of Cokesburg, or Cokesbury, in Tewksbury 
Township, Hunterdon County. 

The mine was worked before the Revolution and closed down 
some years later. It was again opened in 1863. and abandoned 
after a short period of activity. It was again reopened in 1872, 
but soon thereafter again abandoned. 

The ore found by the last exploration was rich and contained 
very little sulphur, but the vein was so small-from 10 inches 
to 2 feet ivide-and the mine so wet that it soon became un- 
profitable to mine. 

References: N. J. 1873, p. 30; 1879, p. 43. 

The Burrill mine, in Tewksbury Township, Hunterdon Coun- 
ty, was about 1.5 miles noitheast of Mountainville. 

It  was opened in 1878 and a few tons of are were obtained. 
Nothing is known of the character of the ore or  its mode of 
occurrence. 

References: N. J. 1880, p. 102; 18B3, p. 8q. 
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(271) The Sutton Farrrr hli~le. 

The Sutton Farm explorations adjoined the Fox Hill mine 
on the southwest, in Tewksbury Township, Hunterdon County. 

?'he first opening made here was in 1873. It found some ore. 
Nothing further was.done until 1879, when two more shaftswere 
sunk at a distance of about ~ o o  yards southwest of the principal 
Fox Hill shaft. The deepest was 22 feet. About 50 tons of ore 
were shipped during the year. In 1881 work was again resumed 
and zoo tons were raised from a new shaft situated a few yards 
southeast of the first ones sunk. The deepest shaft was down 
only 30 feet when the place was abandoned. 

References: N. J.  1873, p. 30; 1879, p. 46; 1883, p. 84. 

(272) The Fox Hill Mirie. 

The Fox Hill or  Fisher mine was about one-half mile south- 
southwest of the Fox Hill M. E. church, in Tewksbury Town- 
ship, Hunterdon County, near the west bank of a tributary of 
Rockaway River. I t  was first explored in 1873 by several holes. 

In the succeeding year the locality was further explored and a 
deposit was found which was reported to  be large and promising. 
During the next succeeding years other openings were made, 
one of which was a shaft which was situated to  the west of the 
first openings. The ore contained pyrite and hornblende. Very 
little was shipped. 

In 1877 a sample taken across the vein, which was reported as 
being 10-12 feet wide, had the following composition: 
Per04 Coo hfgO SiOl TiOl S P Fe Authority 

79.40 2.70 .w 11.90 tr .59 .04 57.50 N . J . 1 8 7 7 . p . 4 9  

References: N. J .  1873, p. 30; 1874, p. 22; 1877, pp. 49-50; 1879, pp. 45-46. 

THE MINES NEAR CHESTER. 

The village of Chester was formerly an important mining 
center, not less than 26 different mines being operated in its im- 
mediate vicinity. These were along six distinct lines, which 
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probably represent as many mineralized zones, each comprising, 
perhaps, several veins. Most of the lines of mines are short, but 
one that passes through the village has a length of 13 miles, 
terminating to the southwest in the Hacklebarney mines and to 
the northeast in the Swedes mine. Along the direct line joining 
these two termini, or  very close to it on one side or the other, 
are twenty-eight groups of openings, from which ore has been 
obtained. They are certainly not all on the same vein. but the 
several veins are so close together, and so distantly separated 
from other veins, that they may justly be described as constitut- 
ing a mineral zone. Only fourteen of these are tributary to 
Chester, the remaining ones being nearer Ironia. 

The mines near Chester, beginning with those on the south- 
eastern range and following with those on more north\\-esterly 
ranges in succession, and naming them in order from soutllwest 
to  northeast, are : 

I. The Harden mine. 
2. The Child, the Quimby and the Tiger mines. 
.3. The Langdon, the Pitney, the Gulick, the Woodhull and 

the Budd mines. 
4. An opening southeast of the main Hacklebarney mine. the 

Skellenger or Samson mine, the Hotel, the Collis and the 
Swayze mines. 

5. The Hacklebarney, the Gulick, the Peach Orchard or Crea- 
ger, the Crom\vell, the Creamer, the Cooper, the Kean, the ' 

Squier, the Horton and the Barnes mines. 
6. The Hedges and the Dickerson Farm mines. 
7. The Topping mine. 
The fifth and sixth ranges are on two veins about 1,000 feet 

apart, each of which seems to be continuous throughout the en- 
tire distance explored by the mine pits. 

(273) Tlrt Hucklebarr~ey Mines. 

The Hacklekrney mines, in Chester Township, Morris 
County, comprised a large number of shafts and pits situated 
along both sides of Black River, about 1.5 miles south of Ches- 
ter. When active they produced a large annual tonnage. 
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Ore  was first obtained at  this place about 150 years ago, from 
an opening southeast of the later mines. The ore was used in 
forges situated in the near vicinity. U p  to  the year 1868 all the 
ore obtained had k e n  taken from near the surface. I t  occurred 
in veinlike masses of red ore, with earth walls. At greater depths 
the ore became black and hard, and contained so much sulphur 
that it had to  be roasted before it could be used by the forges. 
The mine is south of the terminal moraine, in the 
region, where rock disintegration has extended t o  great depths. 
Rock and are  have suffered considerable alteration, the former 
being changed to  clay and earth, and the latter t o  a red mixture 
of limonite, hematite and magnetite through the partial oxida- 
tion of the original magnetite. At  the same time the sulphur 
in the original ore was removed, with the result that the soft 
mixture of iron oxides near the sul-face was a non-sulphurous 
ore, which at  greater depths passed gradually into a hard mag- 
netite, containing much sulphur. In early times only the soft 
red ore was utilized, the hard black ore being left in the mine. 
The ore that was raised was stamped and washed before it was 
ready for the forge. 

Between 1868 and 1873 extensive explorations were under- 
taken. These disclosed a series of veins half a mile long. On 
the southwest side of the river two veins were opened, and these 
were traced northeast across the river t o  a series of open cuts on 
its northeast side, where a third vein was discovered. The 
western vein was followed 600 feet by an open drift. I ts  dip 
was 50°-600 southeast, and its average width was 20 feet. 

The mine was worked continuously between 1873 and 1884, 
during which period five veins were operated upon on the north- 
east side of the river. In 1884 the production fell off greatly. 
In this year a roaster was built, and many improvements were 
made in the mine equipment with a view to more economical 
working. During 1885 six openings were being operated, of ' 

which two were on the hill southwest of the river and the other 
four on the hill on its northeast side. The mine was closed in 
1888, but in the summer of 1890 work was resumed on 12 or  
15 small shoots of ore. Mining was continued on a small scale 
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in 1891. A tunnel was driven west into the hill at the river 
level which penetratd a deposit 50 feet from its mouth. Small 
quantities of surface ore were removed during succeeding years, 
but gradually all operations ceased, and the entire plant was 
abandoned a b u t  1896. When actively operated the annual pro- 
duction was about 20,000 tons. 

It is ilnpssible in the present place to  refer to all the open- 
ings from which ore was obtained at different times during the 
mines' history. Reference can be made only to a few, which 
for one reason or another were more important or more signifi- 
cant than those that remain unmentioned. 

In 1880, when the operations \\.ere nwst active, there were 
14 or I j open cuts and pits on the property from which ore had 
been taken, and 12 or  15 small shoots of ore were known that 
varied in width from I to 12 feet, and in height from I j feet 
to 200 feet. 'I'he most eastern opening was an old pit about 300 
yards southeast of the main mine, near the river. This was 
active in the early days, but had been abandoned long before 
the present mine was developed. 

Of the many openings on the property three were on the hill 
on the southwest side of the river. Two of these were open 
pits 133 feet long, 40 feet wide and q j  feet tleep, 011 the same 
deposit. They were worked to a \iritlth of about 35 feet, of which 
half was merchantable ore. About 100 feet west of these was 
a narrow vein from 4 feet t o  6 feet wide, that was worked a 
shaft 125 feet deep. The average composition of the ore from 
these three openings is quoted under VIII in the table klo\v. 
Another pit on the southwest side of the river was at  the foot 
of the hill, near the river bank. This was known as the Coal- 
house pit. It  was 150 feet long, 50 feet deep and about 30 feet 
wide. The suface ore was soft and had to  be washed) before 
shipment, while that beneath was hard and granular. Analyses 
IX and X represent the quality of these ores. 

OP1 the northeast side of the iriver, opposite the Coal-house 
pit, two cuts were driven into the hillside. In the larger of these, 
kno~vn as Andrew's cut, the ore was 30 feet wide. The other 
cut-the "East cutv-was on a smaller vein east of the larger 
one and parallel with it. The mixed ore from these two pits 
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had the composition indicated in XI. Further- up on the hill. 
northeast of these two cuts, were the T'unnel and the F'oley 
openings, which were in line with Andrew's cut. The George 
vein opening was several hundred feet east of these. On the 
top of the hill it was worked fromi a shaft. Analysis V I I  r e p  
resents the composition of the mixed ore from these three pits. 

The dip of the ore bodies on the southwest side of the river 
was 70' southeast, and their strike was north-northeast, or  a 
little more nearly north than the strike of the veins northeast of 
the stream. At the river a great fault throws the veins about 
200 feet t o  the right, so  that their northeast extension on the 
opposite side of the river is further to the east. On the hill 
which rises from the river bank the explorations disclosed a 
great series of interbanded rock and ore belts, with an average 
dip of 65" southeast and a pitch of zoo-30' t o  the northeast. 
The  most persistent vein was known as the Tunnel vein. I t  is 
characterized by its uniform thickness of 5 feet t o  6 feet and its 
regular dip of 55' southeast. Between this and the George 
mine, which is 800 feet to the southeast, a large number of 
small veins were uncovered and mined by a number of shallow 
pits. Other openings to  the northeast of these discovered still 
other ore bodies, one of which measured 15 feet across. The 
George vein itself, where opened by the pit, contained three 
parallel deposits, pitching 30' northeast. The  whole hill ap- 
pears thus to have been crossed by a great mineralized zone, 
consisting of many parallel veins. At only one place is this zone 
known to  have been faulted t o  any considerable extent, although 
small faults were numerous. The only displacement of any 
magnitude was at the north end of the westernmost pit, where a 
vertical fault running perpendicular t o  the ore beds displaced the 
vein 30 feet t o  the right. On the southwest side of the river at 
least five faults were developed in the workings, all of which 
possessed throws in the same direction. 

None of the workings on either side of the river were very 
deep, s o  that the persistency of the are downward was not de- 
termined. In the Coal-house cut, however, a shoot of ore was 
discovered in 1883 which was unquestionably below the bottom 
rock of the shoot that was worked previously. 
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Very little exploration is reported east of the George vein. 
It is known that other ore veins occur on the hill in addition to 
those enumerated above, but their positions and extent have not 
been determined. In 1883 a new ore deposit 5 feet wide was 
discovered about one-third of a mile southeast of the main group 
of workings near the river, and this was thought to indicate the 
presence of a new range, but since no further mention of the 
discovery has ever been made, it is probable that it was of no 
great importance. 

The ore of most of the veins is rather lean. I t  contains 
pyrite and biotite in definite bands, that are interlayered with 
other bands that are comparatively pure. The biotite is a dark- 
green variety. It usually occurs in layers one-fourth to one- 
half inch thick between layers of magnetite one-half of an inch 
thick and upward. 

Insol. 
I. 12.m 

11. 23.35 
111. 
IV. 
v. 
VI. 
VII. 
VIII. . 
IX. 
X. 
IX. 

Ti Authority 
.o N. J. 1873. P. 35 
.O N. J. 1873, P. 36 

N. J. 1$9, P. 48 
N. J. 1879, P. 48 
N. J. P. 48 
N. J. 1% P. 48 
10th Census, p. I G ~  
10th Census, p. 165 
10th Census, p. 165 
10th Census, p. 165 
10th Census, p. 165 

I. From open cut on the northeast side of river. 
11. From the underground workinga near the river. 

111. From open cut southwest side of river. 
IV. From Andrew's open cut. 
V. From Birch tree opcningl. 

VI. From Wiggins open cut. 
VII. Average ore from Tunnel, Foley & George openings, northeast side of river. 

VIII.  Average sample from 500 tons of ore from the openinga on southwest side of 
river. 

'IS. Sample from 75 tons hard ore, Coal-house pit. 
S. Sample from 20 tons washed surface ore, Coal-house pit. 

XI. Average ore from Andrew's and East cut, northeast side of river. 

References: N. J. 1868, p. 557; 1873, pp. 32, 35-36; 1879, pp. 47-49: 1880, p. 
104; 10th Census, p. 165; 1883, pp. 87%; 1884, p. 76; 1885, p. 98; 1886, p. 142; 

PP. 6 6 4 7 ;  18g1, P. 242; 1896, P. 326; 1901, P. 140. 
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The Gulick Farm mines adjoined the Hacklebarney mines on 
the northeast. They comprised a series of openings along the 
road from Hacklebarney to Chester, in Chester Township, Mor- 
ris County. 

It is not known when the mines were first opened, but it was 
some time before 1872, for in this year it is reported that the 
place was again tested. In 1872 a shaft 60 feet deep was sunk, 
and through this some of the surface ore was removed. The 
n ine  was worked until about 1878, when it was closed. It 
was probably again opened in 1881, and was operated contin- 
uously until 1866. In this year all the shafts that were on the 
northwest side of the road were abandoned, but another one 
was sunk on the road, which, at a depth of 20 feet, showed 6 
feet of ore dipping 65" southeast. Evidently this shaft was not 
used long, as no further report of its operation can be found. 

The mining developments Jisclmed the presence of three 
veins on the property. The eastern one (vein No. I )  was the 
continuation of the southeast vein at Hacklebarney. It was 12 

feet wide. Three shafts were sunk on this. The whole length 
of the vein that was tested me'asured 800 feet. A fault, with a 
throw of 30 feet to the right, was encountered south of the 
northeast shaft, ancl at the northeast end of the vein, at a depth 
of 40  feet, the ore was suddenly replaced by rock. though the 
\Vein walls continued undisturbed beyond the ore with a uniform 
[lip of 60" southeast. 

The western veins were tested by a number of pits that dis- 
closet1 a series of small ore shoots. From one of these consid- 
erable ore was taken, but most of them remained undeveloped. 
Xear the Hacklebarney property line the line of shoots is faulted 
30 feet to the right, and northeast of this fault were two shoots 
lying side by side. 

-4s a t  Hacklebarney, the surface ore was soft and red, while 
that at some depth was hard and black. It contained pyrite, a 
little green augite and biotite. I t  was interleaved with thin 
layers of a green micaceous rock. At the main shaft, which was 
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a few rcds west of the road, the ore varies between I foot and 
6 feet in width. 

An analysis of the ore gave: 

Fe = d.0 ; P = 47 ; S = 1.50 ; SiO, = .19; TiO, = o. Authority : N. J. 1884, 
P. 76. 

The output of the mine from 1881 to 1884 was 9.000 tons. 

References: N. J. 1873, p. 36; 1879, p. 49; 1883, pp. w; 1884, p. 76; 1885, 
P. 98; 1886, P. 142. 

(275) The Peaclt Orchartl .I.line. 

The Peach Orchartl or  Creagar mine lies northeast of the 
Gulick mines on the south side of the road, between Hackle- 
barney and Chester, and a b u t  midway between the two vil- 
lages. The mine formerly consisted of a number of pits, that 
are now completely filled up. 

Several shafts and pits put down about 1870 proved a work- 
able vein, from which considerable ore had been taka1 before it 
was abandoned in 1873. I t  was re-explored in 1883. but with 
what result is not known. 

References : N. J. 1873, pp. 3637 ; 1879, p. 49; 1883, p. go. 

(276) The  Hedges Mine. 

The Hedges mine was in Chester Toivnship, Morris County, 
about one-half of a mile west of Chester, on the nortli side of 
tlie Chester branch of the Central Railroad of New Jersey, and 
alx>u.t one-fourth of a mile north of the Peach Orchard mine. 
With tlie Dickerson Farm mine it marks a range west of the 
main range of Chester mines. 

This mine was once a large producer. I t  was first operated 
about 1870. The workings consisted of a great open cut 300 
feet long and 50 feet deep, and a shaft north of this connected 
by a drift with the open cut. Tlie ore was in two bodies, 25 feet 
and 5 feet wide, separated by a rock horse 6 feet wide. The ore 
mined was nearly all surface material, and was taken out with 
pick and shovel. I t  was much mixed with rock, from which it 
was separated by washing. 
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At the bottom of the pit the or< was of the usual dark com- 
pact variety. Pyrite was quite uniformly distributed through it. 
Samples obtained during the mining contained 2.45 per cept. S 
and 0.45 per cent. P. 

The mine was worked in 1874 and for a few years thereafter, 
but was closed down before 1879, after having produced a large 
quantity of ore, which was used in the manufacture of Bessemer 
pig. 

References: N. J. 1873, p. 37; 1874, p. 23; 1879, p. 49. 

The Blauvelt Mine. 

The Blauvelt mine was near Chester, in Chester Township, 
Morris County, probably near the Dickerson Farm mine. 

It was opened in 1890 on an old prospect vein, yielding about 
2,400 tons. 

Reference: N. J. 1890. p. 66. 

(277) The Dickerson Farm Mine. 

The Dickersun Farm mine was in Chester Township, Morris 
County, about one-fourth of a mile west of the village, and about 
the same distance northeast of the Hedges mine, on the same 
line of attraction. 

The mine was opened in about 1870 by two shafts, from 
which a lean ore was raised. I t  was worked for a few years and 
then abandoned in 1872 or  1873. The openings made when the 
mine was in operation were 80 feet deep. The ore shoots are 
descrilxd as being short. 

In 1890 new openings were made on a line of attraction 300 
feet long. These uncovered a vein 4 feet wide, from which 
about 3,000 tons of surfa'ce ore were taken. As nothing further 
has been reported from the project it was probably soon aban- 
doned. 

I t  is not Itnown whether the later openings were near the 
older ones or not. 

References: N. J. 1873, pp. 37-38; 1870, p. 49; 1883, p. 91; 1890, p. 66. 
28 ORE 
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(278) The Topping Mine. 

The Topping mine was in Chester Township, Monris County 
I t  was west of the village of Chester and occupied the territory 
north of the Dickerson Farm mine. 

I t  was first explored in 1873 on the southeast vein crossing 
the property. Ore was found and quite a large quantity was 
mined. The place was temporarily abandoned before 1879, but 
it was reopened in 1880 and worked for four months, yielding 
about 875 tons of ore. l5xplorations were again prosecuted in 
1883, but without success. 

Both of the Chester ore ranges were opened on the property. 
The southeastern vein was a continuation of that of the Samp- 
son mine. Several openings on this vein showed the ore to  be 
continuous nearly as far south as the Chester branch of the Cen- 
tral Railroad of New Jersey. 

The northwestern vein is 1,100 feet farther to  the northwest. 
Trial shafts dug at intervals on the line of the Dickerson Farm 
vein and northeast of the Dickerson Farm shaft disclosed a 
breadth of ore from 5 to 6 feet, running northeast. all the way 
to the Topping shaft. 

The ore was banded with mica and contained) some pyite,  
thus resembling the Hacklebarney and Gulick ores. 

A sample from a pile of 75 tons of unwashed surface ore 
analyzed in 1880 by the chemists of the 10th census gave: 

Fe = 5 5 . 4 ;  S =o.ooo; P = 0.086; Authority: 10th Census, p. 166. 

References: N. J. 1873, pp. 3a-33; 1879, p. 46; 1880, p. 103; 10th Census, 
p. 166; 1883. p. 91. 

Thc Hedges Farm Explorntiort. 

The Hedges Farm explorations were northeast of the Top- 
ping mine on the northwest range of ore west of Chester, in 
Chester Township, Morris County. 

Openings made in 1882 and 1883 were not successful in find- 
ing a workable quantity of ore. 

Reference: N. J. 1883, p. 92. 
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(279)  The Creamer Mine,. 

The Creamer, or Cramer, mine was north 1, st of the Topping 
mine on the northwest vein passing through the Topping prop- 
erty. I t  was about one-fourth of a mile northwest of Chester, on 
the road between this village and Chester station, on the Dela- 
ware, Lackawanna and Western Railroad. 

Ore was first dug here in 1873, but the operations were never 
more than explorations. So far as known none of the pits 
reached the solid ore. 

References: N. J. 1873, p. 31 and 38; 1879, p. 47; 1883, p. 92. 

(280)  The .Sumpson Mine. 

The Sampson, Samson, br Skellenger, mine was northeast of 
the Peach Orchard mine, in the village of Chester, Chester Town- 
ship, Morris County. 

I t  is the southernmost of the long series of mines on the east 
Chester vein, which passes from this point northeast through 
the east side of the Topping property and successively through 
the Cromwell, Hotel, Swayze, Cooper, Kean, Squier's and other. 
mines still further to the northeast. 

The mine was opened in 1867 and worked continuously on 
surface material until 1873, when it was closed dcause of the 
low price of ore. I t  is not known how long operations were sus- 
pended. The mine was idle in 1879, but in 1880 it was reopened. 
I t  remained active five years, when it was again closed in the fall 
of 1885. Up  to the year 1880 it had yielded a total of 39,200 
tons. 

Before 1873 the ore had been removed to  a depth of IOO feet 
from a vein that averaged 5 feet in width. All of it was ore that 
had the peculiarities of surface material. L;ater the working en- 
tered the hard ore beneath this. By 1883 the mine had reached a 
depth of 285 feet on the very steep slope of the foot-wall, and a 
length of 350 feet. The ore was mainly in a single large shoot 
350 feet long and 300 feet high, with cap and bottom rocks well 
developed. Its thickness varied between 3 feet and 8 feet. Be- 
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low this, however, was a second shoot on which operations were 
begun before the mine closed down in 1885. The dip of the ore 
bodies was southeast, but it varied and in places was high to the 
northwest. Their pitch was 22' northeast. 

The ore mined a t  a depth of 180 feet was a hard, blue magne- 
tite containing pyrite. An average sample taken from a pile of 
1,000 tons raised in 1880 gave: 

Fe = 51.39 ; S = 4158; P = 0.097. Authority : 10th Census, p. 166. 

The average analysis of 15,ooo tons produced before I€%+ 

was : 
Fe=53.90; S = 3 S o ;  P = o . I I ;  Si0 .=11.81;  CaO=3.oo-+; TiOs=o.o. 

Authority: N. J. I& p. n. 
References : N. J. 1873, p. 33; 1879, p. 46; 1880, p. 103; 10th Census, p. 

166; 1883 PP. 91- ; 18Bd P. 77 ; 1885, P. 98. 

There were two (see page 442) Skellenger mines in the vicinity 
of Chester. The older one was in Chester Township, Morris 
County, about 200 feet west of the main street in the village of 
Chester, in the area later occupied by the Cromwell and Sampson 
mines. 

This mine was first opened in 1867 on an attraction about one- 
fourth of a mile long. The vein, which had been explored to a 
depth of 15 or 20 feet in 1868, was said to be 4 feet wide. 

Reference: N. J. 1868, p. 557. 

(282) The Cront~c!elf M k e .  

The Cromwell, or Chester Highland, mine was in the village 
of Chester, in Chester Township, Morris County. I t  lay between 
the Sampson and the Hotel mines, on the Sampson mine shoot, 
and immediately northeast of this mine. 

In 1883 the slope was reported to be 180 feet deep. The mine 
was therefore probably opened in 1872. I t  was operated during 
the greater portion of the years from 1883 to 1886. In the latter 
year the main shaft was down 210 feet. 
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On one vein, which was known to be 630 feet long, five shafts 
were sunk. The width of the deposit varied between 3 ant1 12 

feet, and its dip was 63' southeast. The pitch was 40' north- 
east. The ore was rich and contained a very little phosphorus. 
Three shoots were recognized, connected with one another I)y 
thin stringers of ore. The ore contained 50 per cent. to 53 per 
cent. Fe and about 2 per cent. S. About 9,000 tons were raised 
in 1886. 

References: N. J. 1883, p. 92; 1884, p. 78; 1885, p. $3; 18& p. 139. 

(283) The Hotel Mine. 

The Hotel mine was north of the Cromwell mine, in Chester 
Township, Morris County, a short distance north of the road 
between Chester and Flanders. 

Three shafts were put down into the vein between 1870 and 
1873, but nothing definite is known as to the character and quati- 
tity of the ore found. Since, however, a magnetic line is trace- 
able between this mine, through the Cromwell mine to the Samp- 
son mine, it is probable that the ore is of the same quality in all 
of these. The locality was never developed into a shipping mine. 

References: N. J. 1873, p. 33; 1879, p. 46. 

The Collis Farm Exploration. 

The Collis Farm exploration was in Chester Township, Mor- 
ris County, north of the Hotel mine. 

The  place was first explored in 1873, and 70 tons of washed 
surface ore were shipped. So far as is known nothing further 
was done to develop it into a mine. 

References: S. J. 1873 p, 33; r H 7 3 .  p. 4. 

(284) The .Tweayze Mine. 

The Sweayze, or Swayze, mine was three-fourths of a mile 
north of the \-illage of Chester, in Chester Township, Morris 
County, on the rrml between the Hotel and the Cmper mines, 
probably in the same vein of we. 
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The first openings were made in 1870 on a long line of attrac- 
tion that passes northeast to  the Cooper property. This line was 
tested for 3,000 feet and ore was found a t  many points. The 
mine was shipping surface ore in 1873. Shortly after this date it 
was closed, and was not opened again until 1880. It was again 
closed in 1883. During 1885 and the early part of 1886 opera- 
tions were prosecuted on a small scale, but in the latter part of 
the year work was discontinued. 

The vein measured 12 feet to 18 feet in width, but it enclosed 
in places a horse of rock 3 feet wide. m e  dip was 45' south- 
east . 

For a depth of 40 feet the ore was weathered to the soft red 
variety characteristic of this region. Below this depth it was 
hard and black. 

An analysis of average samples mined prior to  1873 gave: 
SiOt Fe.0, MnO PnOs TiO. SO, Pyrite Fe S P Authonty 
1 1 . 9  81.79 tr. 0.18 0.0 0.31 3.02 59.21 1.59 0.08 N. J . 1 8 7 3 , p . s  

References: N. J .  1873, pp. 33-34; 1879, p. 47; 1883, p. 92; 1885, p. 99; 
1886, p. 151. 

(285) The Cooper Miwc. 

The most important of the mines that were known by the above 
name was about I mile north of Chester, in Chester Township, 
Morris County. It  lay between the Sweaze and the Keatl mines, 
and consisted of a number of large open pits and shafts 
that 'occupie'd the northeast extension of the Sweaze vein. 

I t  was opened at the close of 1879 and worked almost contin- 
uously until 1885, when operations ceased for lack of ore. 

The pits are on a belt of strong attraction. Ore was found in 
an unbroken line 1,465 feet long, extending from the Sweaze 
'property, which is southwest of the Cooper mine, to a fault which 
terminates its northeast end by a throw of 40 feet to the right. 
The plane of this fault dips south, and its strike is oblique to that 
of the ore vein. The ore in the Cooper vein was from 15 feet to 
30 feet thick and dipped 45' southeast. It  was soft and red to a 
depth of 74 feet. A large quantity was obtained by open pits 
from a series of flat, broad shoots pitching 25' southeast. Later, 
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when the hard ore was reached, the mining was underground, 
four slopes being sunk in the foot-wall on an angle of 45' 
southeast. At one time it was thought a "bottom" rock had 
been found, but beneath it a deposit of ore supposed to belong 
in a lower shoot was discovered by drilling. r i  cross section 
showing the conditions described is given in figure 27, which is 
reproduced from the State Report of 1883 (p. 153), with 

Vertical section through Slope No. 2, Cooper Mine, Chester, showing loca- 
tion of drill holes of 1883-1884. (Adapted from diagram in Ann. Report 
State Geologist, 1883, p. 153.) 
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modifications based on later information. In 1855 a slope was 
driven for 120 feet along drill holes Nos. 2 and 3, but only thin 
strings of ore being discovered, the mine was closed. 

The ore was distinctly banded with thin laminae of mica. At  
slope No. 3, which was at about the middle of the vein on the 
property, the ore had a total thickness of 1 1  feet in two deposits, 
9 feet and 2 feet thick, separated by 2 feet of rock. The dip 
varied between 45' and 65'. 

Analyses of surface and deep ore obtained in 1880 gave : 

Fr S P TiO, Authority 
Red (surface) ore, . . . . . . .. 66.33 0.0 0.078 0.0 N.J. 1 8 8 0 , ~ .  177 
Blue (deep) ore, . . . . . . . . . . 61.59 462 0.047 0.0 N. J. 1880.p. rn 
Red (surface) ore, washed, 62.89 0.156 present 10th Census, 166 

A later analysis, probably of blue ore, is as follows : 

Fe S P Authority 
59.9141-29 3-50 0.066 N. J. I& p. 7 9  

In the three years ending with 1883 the mine shipped 6o.ooo 
tons of ore, nearly all of which was surface material. In the fol- 
lowing two years about 30,000 tons additional were sent away. 

References : N. J. 1879, p. 47 ; 1880, pp. 103,122 and 177; 10th Census, p. 166; 
1883, PP. 93-94, and 152-153; 1884, P. 79; 1885, P. 99: 1886, P. 1-10. 

(286) The Kean Jfinc. 

The Kean mine lies northeast of the C h p e r  mine, a little 
over a mile from Chester, in Chester Township, Morris County. 
I t  was apparently on the same vein as the Cooper and Sweaze 
mines. 

It occupies a b u t  2,000 feet on the line of the vein passing 
through the Cooper mine. Near the surface the ore was of the 
usual red variety, free from sulphur. Deeper, the blue variety 
was encountered, and this as usual contained a little pyde.  The 
vein is remarkable for the close crowding of offsets. Six of 
them within a distance of 54 feet resulted in the throw of the 
vein 58 feet to the right. At the southeast end another with a 
throw of 40 feet separated this mine from the Cooper mine. 

Reference: N. J. 1883, p. 94. 
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(287)  The Sqscier's Mine. 

The Squier's mine was about midway between the Kean and 
the Skellenger mine, in Chester Township, Morris County, two 
miles northeast of Chester village. 

I t  was first opened about 1880 on the range containing the 
Cooper, Kean and other mines further southwest. Although 
nothing can be learned with reference to the history of the 
mine, it is evident that considerable work was done on the 
property, as there can still be seen on the ground evidence of 
the former existence of five or six shafts. 

Reference: N. J. 1880, p. 103. 

(288)  The Leake Mine. 

The Leak, or Leake, mine was probably on the extension of 
the Squier's mine, in Chester Township, Morris County. 

It was opened in 1866 on a line of attraction 1,ooo feet long, 
striking north 55' east. The vein was about five to eight feet 
thick, with a foot of rock through the center. I t  was probably 
worked in 1868, but was closed down in the following year. 
I t  was reopened in 1882, but was again closed before the end 
of the season. It had then reached a depth of eighty feet. 

The northern workings on the vein were later known as the 
Skellenger mine. 

References: N. J. 1868, p. 558; 1873, p. 38; 1879, p. 49; 1883, p. 94; 18~0, 
P. 91. 

(289)  The Beemer Mitre. 

The Beemer mine was between the Leake and the Skellenger 
mines, about 3 miles northeast of Chester, in Chester Town- 
ship, Morris County. 

Two shafts were sunk in 1886, and from them about 2,000 
tons of ore were raised. The ore deposit averaged 4.5 feet wide. 
I t  dipped 55' southeast and pitched 20° ncn-theast. Several 
shoots of ore are known to  exist in the mine, but none of them 
have been described. 
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The ore contained considerable hornblende and mica Anal- 
yses made in 1886-7 by the Durham Iron Works gave: 

Fe P S Authority 
Blue ore, ............. 41.10 .I35 2.958 N. J. 1899, P. 167 

............. Red ore, 9 -23  .~8-. I oo N. J. 1899, p. 167 

References: N. J. 1886. p. 138; 1899, p. 167. 

(290) The Skellenger Iline. 

. . The Skellenger mine lay about three-fourths ~f a mile north- 
east of the Squier mine and about one-half of a mile west of 
the Daniel Horton mine, and was about midway between Ches- 
ter and Ironia, in Chester Township, Morris County. 

Originally it was a part of the Leake mine property, but later 
it was worked independently. The mine was operated in 1881 
and.1882, but was soon afterwards abandoned. 

There were two other Skellenger mines in the Highlands 
(see pages 436 and 468). 

References: N. J. 1868, p. 558; 1883, p. W. 

The Chester Aline. 

The Chester mine, or George shaft, was near Horton's sta- 
tion, on the Delaware, Lackawanna & Western Railroad, in 
Chester Township, Morris County, a short distance east of the 
Skellenger mine. 

The opening was made in 1881 on a small vein of ore dipping 
southeast. I t  was followed down about 30 feet, and 400 tons 
of a sulphurous ore were taken out. The place was then aban- 
doned. 

References : N. J. 1881, p. 36; 1883, p. 95. 

(291) The B n i e l  Hortora Mine. 

The Daniel Horton mine was about 3 miles northeast of 
Chester, in Chester Township, Mmris County, on the southeast 
side of the road, between Chester and Ironia, and about one-haif 
of a mile east of the Leake and Skellinger mines. 
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I t  was opened in 1867 on a vein 4 to  g feet thick, and was 
worked until 1870, when operations ceased, after about 4,000 
tons of ore had been raised. The ore body consisted of rqagne- 
tite containing uniformly distribute& through it considerable 
quartz. I t  dipped so0 southeast. One of the slopes had 
reached a depth of 160 feet when mining ceased. At the bot- 
tom a roll of the hanging wall cut out most of the ore. This 
probably accounts in part for the stoppage of the work, since it 
is supposed that considerable ore still remains in the mine, as 
the ore body has not been worked between the two slopes that 
penetrated it. 

References: N. J. I-, p. 558; 1873, p. 38-39; 1879, p.49. 

( 2 9 2 )  The  Barnes Mine. 

The Barnes mine was on the same range as the Daniel Horton 
mine and about one-half of a mile further northeast. 

I t  was first explored in 1868 on a line .of strong attraction, 
and opened in I-. I t  was worked steadily for three years 
thereafter, yielding several thousand tons of ore. 

The vein was exploited for a distance of joo feet, and in some 
places to a depth of IOO feet. Its dip was 60' southeast,. with 
an average thickness of 4 feet. Three faults were encountered 
in mining, but none of them were of any great magnitude. The 
ore was comparatively lean. 

References: N. J. 1858, p. 558; 1873, p. 39. 

( 2 9 3 )  The  Thorp Mine. 

The Thorp mine was in Chester Township, Morris County, 
a b u t  one-half of a mile south of Ironia, and almost on the 
line between Chester and Randolph townships. 

Kothing is known of the operations of this mine. I t  was one 
of a series of small openings, from which surface ore was 
t'aken. It  probably never yielded much ore. 

Reference: N. J. 1883, p. g6. 
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( 2 9 4 )  The Henderson Mine. 

The Henderson mine, in Randolph Township, Morris Coun- 
ty, was about one-fourth of a mile east of Ironia, and a few 
hundred yards south of the road to  Calais. 

The mine was first opened in 1868, but was worked only for 
a very short period. I t  was abandoned before 1873. This was 
another one of the small openings so abundant in this vicinity 
from which weathered surface ore was taken. 

References: N. J. 1868, p. 558; 1873, p. 43; 1879, p. 49. 

( 2 9 5 )  The George Mine. 

The George, or Logan, mine was in Randolph Township, Mor- 
ris County, about I mile northeast of the Henderson mine and 
the same distance from Ironia. 

The mine was worked before 1855 on the southwesterly of two 
veins 50 feet apart, but was not in operation in this year. The 
vein worked was from 7 to g feet thick and was exploited to .a 
depth of 140 feet and a length of 200 feet. A third vein, 3.5 
feet thick, lies about 200 feet northwest of the other two. I t  was 
proved for a distance of 150 feet in 1868, and was worked until 
October, 1873. It was then abandoned. An analysis of this ore 
gave : 

Fe.0. SiOp and  in^. S P,Ol Met. Iron Authority 
72. I 14.2 0.2 0.5 52.2 N. J. 1868, p. 559 

References: N. J. 1855, pp. 220-221; 1868, p. 559; 1879, p. 49. 

( 2 9 6 )  The David Horton Mime. 

The David Horton mine, in Randolph Township, Morris 
County, was three-fourths of a mile northeast of the Logan 
mine and between this and the DeHart mine, on the southwest 
side of the road between Succasunna and Mt. Freedom. 

The mine was worked previously to 1868 on a series of three 
narrow veins within a few yards of one another, all dipping 
towards the southeast. The mine was idle in 1868, but it was 
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operated between this year and 1873 through four shafts, of 
which the deepest was IOO feet. In 1873 it was abandoned. 

Some of the ore was fine-grained and'very rich, but the greater 
portion was mixed with rock, pyrite and apatite. An average 
analysis of the ore on the bank in 1873 gave: 

SiO, FerO, AllO, C o o  MgO TiO: P ~ O I  Hz0 Total Fe P 
16.15 68.48 3.34 487 1.94 1.09 3.01 .e = 99.28 49 57 1.30 

References: N. J. 1868, p. 559; 1873, pp. 3g-40; 1879, p. 49. 

(297) The DeHart Mine. 

The DeHart mine is immediately northeast of the David 
Horton mine, in Randolph Township, Morris County, about 1.5 
miles north of Calais. 

Explorations were made before 1868, but no considerable quan- 
tity of ore was found, although a strong line of attraction was 
discovered which extended southwest to the David Horton mine 
and northeast to the Dalryrnple mine. Explorations made a few 
years later, however, discovered a vein which in places was 14 
feet wide. The mine was evidently operated until 1873. I t  was 
then closed, and it remained idle until 1879, when it was re- 
opened and worked in connection with the Lawrence mine, which 
was a few hundred yards to the northwest. At the end of 1884 
the mine was again closed, but it was opened again in 1886, and 
a vertical shaft 65 feet deep was sunk. Since no further men- 
tion of the mine is made in the Survey reports it is probable that 
it was soon afterward abandoned. 

Most of the ore mined was the red surface material. This 
was only a few feet deep in the northwest openings, but was 30 
feet to 40 feet deep in the later workings, which were southwest 
of the old pits. Below this was the ordinary blue ore, which 
was in four veins that were tested dong their strike for 1,200 
feet. The ore deposits varied in width from 3 feet to g feet. 
They dipped southeast at an angle of 80' to 85' and pitched 
northeast. 31uch of the blue ore was so sulphurous as to be .of 
little value. It is reported that at one time (about 1864) attempts 
were made to mine the material as a copper ore. 
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A sample of the surface ore as it was being shipped in 1880 
gave : 

Fe = 50.70; P = 0.633 ; TiO, = present. Authority : 10th Census, p. 167. 

References: N. J. 1868, p. 559; 1873, p. 40; 1879, p. 49; 1880, p. ~ o q ;  10th 
Census, pp. 166167; 1883, pp. 9697; 1884 p. 81; 1886, p. 140. 

(298) The Lawrence Mine. 

The Lawrence, or  Gordon, mine, in Randolph Township, 
Morris County, was between the DeHart and Dalryrnple mines, 
probably on the same vein. 

I t  is not known at what time the mine was first opened, but it 
was worked in 1878, and then closed, to be reopened again in 
1880, when it was worked in connection with the DeHart mine 
until 1883. There were three shafts, of which all were down I 10 

feet on a vein 2.5 feet wide a t  the time of closing in 1878. Be- 
tween the middle and the southwest shafts the vein is reported to 
be faulted. The shmts  of ore are said to  have pitched to the 
southwest. 

The later operations carried on in connection with the work a t  
the DeHart mine have already been described. 

The ore from the northeast shaft, as mined in 1880, contained : 
Fe = 51.62 ; P = 246;  TiO, = preserrt. Authority : 10th Census, p. 167. 

References : N. J. 1879, p. 49; 1880, p. ~ o q ;  10th Census, pp. 166167;  1883, 
PP. 9697. 

(299) The Dalrymple Mine. 

The Dalrymple, or Carbon, mine was inmediately northeast of 
the Lawrence mine, in Randolph Township, Morris County, about 
2.5 miles northeast of Ironia village. 

I t  was opened a few years before 1868, on the vein that passed 
through the DeHart, Lawrence and Trowbridge mines, and was 
operated until 1876. I t  was then closed and remained idle until 
1879. when it was reported and worked until the middle of 1882. 
In 1884 the machii~ery was removed and the niine was perma- 
nently abandoned. The reason assigned for the abandonmrnt 
was distance froni the railroad. When in active working condi- 
tion its annual production was 24.000 tons. 
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In 1879 there were two groups of openings on the property, 
about 500 feet apart. The northeastern one was a pit entered 
by two shafts. The vein which had been worked to a depth of 
200 feet varied in thickness between 18 inches and 5 feet. I t  
dipped 75O to  80" southeast.  he southwest opening was a shaft 
near the Lawrence mine. When the mine was abandoned the 
older shafts were 300 feet deep. 

The explorations developed a lens of ore that was 18 feet wide, 
in its broadest part, but which pinched within a few yards of this 
point to a layer not over 18 inches wide. This was due largely 
to a change in the dip of the hanging-wall which cut out the ore 
body. In places the wall continued uniformly, while the ore was 
partially replaced by rock. At the northeast end of the mine the 
vein was faulted. 

Much of the ore was lean and consisted of interlaminated mag- 
netite and rock. Several analyses show the character of the ore 
raised at  different times. 

Fe SiOt P S Ti02 Authority 
I 

I. 5406 18.00 0.25 tr N. J. 1899, p. 160-161 
11. 59.54 .0.366 present 10th Census. p. 16/ 
111. 55.92 0.222 present 10th Census, p. 16/ 
IV. 58.61 0.296 0.024 N. J. 1899. p. 170 

I. Sample of ore a# hipped. 
11. Sample from pile of zo tons at the aouthwcst shaft. 

111. Sample from pile of a few tons at northeast pit. 
IV. Sample of ore shipped from dump to the Thomas Iron Co. in 1900. 

References: N. J. 1868, p. 559; 1873, pp. 40-41 ; 1879, pp. 49-50; 18801 p. IW; 
10th Census, p. 167; 1883, p. 97, I& p. 81; 1899, pp. 160-161 and ~ p .  

(300) The Trowbridge Mine. 

The Trowbridge mine was in Randolph Township, Morris 
County, adjoining the Dalrymple or Carbon mine on the north- 
east. 

It  was being operated in 1868 on a narrow vein? but was soon 
afterwards closed. 

References: N. J. 1868, p. 559; 1873, p. 41. 
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(301) The Solomon Dalrymple .Vine. 

The Solomon Dalrymple mine. was in Randolph Towilship, 
Morris County, adjoining the Trowbridge mine on the north- 
east. I t  was at  the extreme northeasterly end of the range on 
which were situated the David Horton, the DeHart and the Dal- 
rymple mines. 

Explorations were made here just before 1873 and some ore 
was found, but as  t o  its extent nothing is known. The mine 
was idle during several years before 1879, and it is probable that 
it was never operated. 

References: N. J. 1873, p. 42; 1879, p. 50. 

(302) The Copper Mine. 

Three different mines have been designated by this name a t  
different times. One was about I mile northeast of Chester (see 
page 438) ; another was at  Ringwood, in Passaic County (see 
page 482), and the third was 2 mdles south of Dover, in Randolph 
Township, Morris County. The last named was of little import- 
ance. It  was worked for a short time and was abandoned in 
I 870. 

References : N. J. 1873, p. g ; 1879, p. 50. 

(303) Munson's Mine. 

Munson's mine, in Randolph Township, Morris County, was 
about one-half m8ile southeast of the railroad station in Dover. 

Two  shafts were sunk about the year 18jg. They were 120 

feet deep, 150 feet apart arid connected by a drift. The vein was 
4 feet wide, but in this width it included considerable rock. The  
ore was granular, crumbling and much rusted. During the time 
the mine was worked it yielded about 16 tons af ore daily. 

Reference: N. J. 1868, p. 551. 

(304) The Swedes MMi. 

Swedes, or  S~veed's, mine was one of the important mines of 
50 years ago. I t  was in Rockaway Township, Morris County, 
about I mile east of Dover, on the north side of the Morris Canal. 
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At the time of publication of the report of 1855 the ore had 
been removed along a distance of 860 feet, and to a depth, at one 
place, of 175 feet, the power utilized being derived by water 
(Fig. 28). The mine was worked almost continuously between 

Fig. 28. 

Machinery at Swede's Mine in 1855. (From Ann. Rep. State Geologist, N. 
J., for 1855, P. 2.0.) 

this date and 187j. In the latter year it was closed and in 1882 
it was permanently abandoned. -4t this time the mine was 220 

feet deep and 1,300 feet long, and was entered by two shafts 
and two adits. 

Toward the south\rest the ore deposit was narrow, measuring 
at different points from I to  3 feet in width. Farther northeast 
it was 13 feet wide and in the extreme northeast portion of the 
mine it was 9 feet. Here the ore \\.as mixed with seams of rock. 
It dipped 57' northwest. 
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The ore body was irregular in shape. I t  consisted of a mix- 
ture of magnetite and hornblende possessing an indistinct schist- 
osity dipping and striking with the structure of tlie surrounding 
gneisses. The vein was 

"made up of a series of subordinate beds or seams, mostly composed, as above 
stated, of mixtures in variable proportions of magnetic iron, black hornblende 
in crystals of considerable size, some seams, however, being composed of 
magnetic iron, more or less pure, and some feldspar or quartz." (N. J. 1855. 
P- 232.) 

The foot-wall material resembled the ore in being coinposed of 
magnetite and hornblende, but it was more schistose than the 
commercial ore. In some places the walls were apparently a peg- 
matite, and a horse in the ore was probably of the same material. 
Among the constituents of the ore were found veins of calcite. 
crystals of some zeolitic mineral, zircon and a violet mineral in 
amorphous incrustations, probably fluorite. 

Recorded analyses show the ore to  have been quite lean. 

Fe.0, SiO, and in& S ProI Met. iron Authority 
Northeast stopes, . . 66.9 24.6 0.0 0.0 48.5 N. J. 1868, p. 5% 
Southwest stopes, . . 78.1 20.6 0.0 0.0 56.9 N. J. 1%8, p. 554 
Southwest stopes, . . 56.3 3.4 0.0 tr 69.8 N. J. 1868, p. 554 
Southwest stopes, . . 71.5 17.8 0.0 0.1 51.8 N. J. 1868, p. 554 

References : N. J. 1855, pp. 2313-234; 1868, pp. 551-554; 1873, p. 46; 1879, p. 
56; 1882, p. 70. 

(305)  Tlie Wlzite Meadow Mines. 

The White Meadow niines comprise an extensive series of 
openings in Rockaway Township, Morris County, abotit 2 miles 
north of Rockaway and the sanre distance southivest of Hibernia. 

The niines were openecl Ixfore 1840 as tlie Kitcliell and hIuir 
mines, on a vein that was reported to be only A inches wide at tlie 
surface, but which ilrcreased to a width of 2. j feet at a depth of  
3 0  feet. Before 18j5 it had been ivorked to a depth of 130 feet 
and along a length of 200 feet. I t  was actively operated betiireen 
185 j and 1868, but before 1873 it had been abandoned. 

The vein on which tlie mine was opened was thouglit to be the 
sarrle a s  that worked in tlie Reach, Montauk aritl Hibernia niines. . 
I t  is more probable, however, that it is a different one, a little to 
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the east of the Hibernia vein. At the White Meadow mine the 
ore body was only about 2 feet thick. It dipped 75" southeast. 

The only analysis of the me that is recorded appeared in the 
report of 1868. I t  is : 

Fe,O. Si0,andin.s. S PIOs Fe Authority. 
59.9 53 .o 1.6 45.1 N. J. 1868, p. 559 

References: N. J. 140, p. 29; 1855, p. 230; 1868, p. 559; 1873, p. 47; 1879, 
P. 56. 

(306) The B w h  Mine. 
4 

The Beach mine was a n  important center of ore production 
during the middle of the last century. I t  was about one-fourth 
of a mile southwest of the southern end of the Hibernia property 
and about an equal distance northeast of the White Meadow 
mine. 

The ore was discovered about 1785 and was worked to a depth 
of about 12 feet by its discoverer. About 1833 it was reopened 
and worked for a short time and then abandoned. In 1853 the 
property passed under new control and was developed into a 
mine that produced 1,500 tons of ore annually. In  1855 the 
excavation was 50 feet deep and a go feet deep. In 1868 the 
mine was worked by two companies, its northeast end being 
known as the Montauk mine. Before 1873, however, both lines 
were abandoned. In 1880 the Beach mine was again reopened, 
but how long it was operated is not known. During the Tenth 
Census year it produced 357 tons. In 1885 it was worked in 
connection with the Lower Wood mine at  Hibernia, but it was 
again abandoned in the following year. 

The outcrop of the ore was about 20 feet below the crest and 
on the northwest side of the steep hill lying to the south of 
Hibernia Brook.. The ore body was 3.5 feet thick. It dipped 
80" southeast and pitched about 15' northeast. A small fault 
crossed the vein, throwing it about 2 feet to the right. Another 
fault, with a throw of 22 feet in the same direction, separates it 
from the ore worked in the Lower Wood mine. 

The ore was like the Hibernia ore in containing granular 
apatite and hornblende. A light-green asbestus occurred in the 
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hanging-wall next to the ore, and seams of calcite were associ- 
ated with black hornblende and green feldspar. 

Analyses of the ore as recorded in 1868 are as follows: 
Fe.0. S i02and  ins. S PIOl Fe Authority. 

I- 88.1 I 9.2 0.0 0.3 63.8 N. J. 1868, p. 561 
2- 94.1 44 0.0 tr 68.2 N. J. 18i58, p. 561 

References: N. J. 1855, pp. 6 2 2 8 ;  1868, p. 560; 1879, p. 56; 1880, p. 108: 
10th Census, p. 173; 1885, p. 103; 1886, p. 136. 

(307) The HibemM Mines. 

The Hibernia group of mines comprises the Lower Wood, 
Crane, Church, Glendon, Scott, Decamp, Upper Wood and 
Willis mines of the early Survey reports, situated at  Hibernia, 
in Rockaway Township, Morris County (Plate XII) .  In 1862 
the Glendon or Crane, the Scott or church, the DeCarnp and the 
Upper Wood mines were taken under the control of the Glendon 
Iron Company, and thus was inaugurated the policy of consoli. 
dation which finally resulted in a splendid property, now one of 
the most important ore producers in the east. In 1891 the An- 
dover Iron Company purchased the Lower Wood mine and in 
1899 the adajoining Church mines, and operated them under the 
name of the Andover mine. In the same year the DeCarnp and 
Upper Wood lots, as well as the Glendon or  Crane lot were b u g h t  
by Mr. Wharton, who had a few years previously, in 1890, se- 
cured the Willis mine. This gave him control of 4,500 linear feet 
of the ore body. In the early part of 1901 he purchased the An- 
dover property, and thus secured tht: control of the entire ore 
belt (Fig. 29). 

It is probable that ore was obtained from the Hilxrnia vein 
as  early as 1722, as at that time a forge was in operation on 
Rockaway River about a mile west of Dover, and between 1725 
and 1730 a small one was built at the village of Rockaway, 
about 3 miles south of Hibernia. The mine tract was taken up 
in 1753 by Joshua Ball. Before this time the ore is supposed to 
have been free to  any one who chose to dig it. From 1753 to 
1765 "iron works" were operated at Beach Glen. In the latter 
year thc "Adventure furnace" was built at Hibernia, and this 
during the Revolution manufactured shot and ordnance for the 

NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



MAGNETITE MINES IN GNEISS. 453 

NEW JERSEY GEOLOGICAL SURVEY



454 IRON MINES AND MINING. 

Continental Army. This was afterwards known as  the Hiber- 
nia furnace. There is no record of the amount of ore produced 
between 1750 and 1854. In 1850 a little ore was raised to s u p  
ply the furnaces at Powerville and Beach Glen, but the old 
Hibernia furnace was in niins, so that it is probable the quantity 
was small. The product of the mines between 1854 and 1864 
is estimated by Mr. Pullman at  104,521 tons, and from 1864 to 
1885 at 1,716.437 tons, being an average yield of 78,020 tons. 
Between 1901 and 1905 the recorded production is 1,084,567. 
If we estimate their production between 1886 and 1900 at 
1,800,000 tons, their aggregate yield between 1750 and the close 
of 1906 was about 5,000,ooo tons. In 1907 the Andover mine 
was abandoned, and the ore from its lowest levels was raised 
through shafts situated further northeast. In the following 
year all the shafts except No. 12, at  the northeast end of the 
property, were closed, owing to the slack demand for ore. 

The deposit on which the openings are situated is over a mile 
long, being by far the largest "vein" in the State. It differs 
from all other deposits in its nearly uniform thickness from 
one end to the other. Definite shoots are lacking, but pinches 
occur which are simply portions of the vein that are thinner 
than elsewhere. Of these there are about ten on the property. 

At the south end of the vein, near the surface, the ore body 
was divided into three parallel portions, with thicknesses of 
from 3 to 5 feet and I foot respectively, separated by rock lay- 
ers 3 feet and 2 feet thick. Further north the three parts be- 
came two, and at the north end of the lead, in the IVillis mine. 
these united into a single ore body 7 feet thick. The dip was 
about 80' to the southeast in the southern portion of the vein 
and nearly vertical, in some places even to the northwest, at its 
narthern end. At greater depths the divided vein united and 
became a single ore body, varying in depth between 4 feet and 
20 feet, with a uniform dip of about 87" to the southeast. 

At a depth of 500 feet in the Lower Wood mine, at the south 
end of the "vein," barren ground, i. e., ground that was not 
profitable to mine, developed and made northeast with in- 
creasing depth at a pitch of 27'. This was at first regarded 
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as the bottom rock of the deposit, but on the 24th level of 
the mine this was penetrated by a drift, which at a distance 
of 62 feet developed an ore M y  8 feet wide. This "barren" 
ground was only a pinch narrower than usual, lying between 
the ore M y  of the Lower Wood mine and that of the Montauk 
mine to  the south. At the north end of the "vein" a little to the 
northeast of the Wharton (formerly Willis) mine, "barren" 
rock is again being encountered, under which the ore body 
pitches a t  an angle of 45'. But in this there are stringers of 
magnetite, which suggest that perhaps beyond the pinch there 
is another ore body. 

In I@ a new ore body is reported to  have been developed 
a few hundred feet northwest of the main body. 'I'his con- 
tained a lean ore (30  per cent. to 32 per cent, of iron) which 
a t  a depth of 75 feet was about 35 feet wide. 

The ore of the entire lead is remarkably uniform in charac- 
ter. It  is coarsely granular, and in some portions possesses a 
columnar structure. Through it are disseminated small grains 
of apatite and particles of dark-gray hornblende, and occa- 
sionally a mass of quartz or  feldspar. On the walls near the ore 
body are found occasionally a few narrow veins of calcite. In 
the New Jersey Survey Report of 1868 there are noted as 
occurring with this calcite. green and violet-coloretl fluorspar 
and crystallized quartz. In the ore itself there were found 
small hexagonal plates of brown mica, quartz and needles of 
green tremolite, and chalcopyrite was noted as being associated 
with feldspar, but whether this was in the ore or the country 
rock was not stated. 

Before 1875 much o f  the ore was nsed for Brssemer iron. 
Later. ho\\.e\~er, with the fall in price of Bessemer ore the in- 
centive to its development ceased and all the ore was worked 
together. Until 1884 only the richest material \?.as utilizetl. 
.\lthougll a magnetic col>l>er was in operation as early as 1856. 
the practice of systematic cobbing was not inauguratetl until 
1884, antl in I&$ a separator was built. -4 second was atlded 
in I F I  antl a third in I@. \\'ith these to concentrate the mag- 
netite. much of the material that formerly went in the dump is 
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now classed as ore. I t  is crushed to a-inch cubes and passed to a 
cobber which extracts all particles containing ore. These are 
then again crushed and passed over separators until nwst of the 
magnetite is extracted. In this way material which originally 
contains from 22 per cent. to 30 per cent. of iron is concentrated 
to a product with an iron content of from 58 per cent. to 62 per 
cent. The tailing retains but 8 per cent. to r r per cent. of the 
metal. 

The installation of the separators, made an economic possibility 
by the consolidation of all the formerly independent mines on the 
Hibernia lead, and the improvement in the pumping and hoisting 
plants, which were also indirectly the result of the consolidation, 
have increased enormously the producing power of the group of  
mines and have made it possible to work the ore body profitably 
to greatly increased depths. The southwesterly openings are 
already I .zoo feet deep and the northeastern one I ,  jOO feet, both 
penetrating the rock to a distance of 600 feet beneath sea level. 

Analyses of the Hibernia ore have been published from time to 
time. These shoiv its quality to be as uniform as its appearance. 
Variations in the proportions of iron and phosphorous indicated 
are explainable as the result of more or less careful cobbing. 

The analyses of the chemists of the 10th Census are the only 
ones available that give any information of the characteristic dif- 
ference of the ore from. different points of the vein. These are: 

Across northwest vein of Scott mine, ............ Fe = 58.22 P = 0.407 
Across southeast vein of Scott mine, ............. 57.27 0.139 
Samples from 24 carloads of mixed ore from the 

Clendon, Scott, Decamp and Upper Wood mines, 53.75 0.364 
..... Sample from 14 carloads of Lower Wood ore, g6.m 0.223 

Sample from canal-boat load of Willis (Wharton) 
mine ore, ...................................... 49.82 0.343 

Other analyses are as follo\vs : 

Fe P S Authority 
Average sample, shipping ore, I@, . . 62.80 0.231 0.014 R. B. Cage 
Single sample, I@, .................. .59.87 o.010 0.026 R. B. Cage 

JIore com1)lete analyses fullo\v : 
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S iO ,  .................... 
Alto* .................. 
FelOr, .................. 
FeO, ................... 
MgO, ................... 

................... CaO, 
NalO. .................. 
L o ,  ................... 

II .  
7-14 
1.23 

60.89 
25.94 

I .40 
1.31 
0.08 
0.13 

I I I .  
9.25 
1.98 

55-71 
26.64 

1.1 I 

1.89 
0.57 
0.12 

IV. 
12.08 
I .63 

56.21 
26.39 
0 . s  

1.08 
0.17 
0.15 

........................ TiO,, 1.25 0.54 1.21 

P,Ob ................... 0.803 0.529 0.86 0.023 
SO., . . . . . . . . . . . . . . . . . . . . . . . .  0.034 ( S ) =o.op 0.065 
FeS2, ................... 0.711 .... .... .... 
V,OI. . . . . . . . . . . . . . . . . . . . . . . .  0.15 0.14 0.21 

MnO, . . . . . . . . . . . . . . . . . . . . . . .  0.03 0.05 0.07 
Fe  , ..................... tr .... .... .... 
CO:, .................... 1.045 .... .... 0.35 

100.@3 100.153 100.27 100.338 
Less 0 = ............... .om 

I. Analyst, L. C. B m w r r a .  
11. Average sample. Hibernia ore, 1908. Analyst, R. B. CA~I, N. J. Geological 

Survey. CrPa.  NiO. COO, BaO, and SrO were sought but not found. 
111. Average sample, Hibernia ore, 1906. After magnetic cobbing. Analyst, W. T. 

SCHALLEP. Small quantities of Cr.0. and NiO were also found. ZrO, B.0, 
SrO, L i P ,  CuO, COO, 'and ZnO were looked for but not found 

IV. Sample good ore. Single piece. Analyst. R. B. CACL Contain8 little C r a b  
but no iO, COO, BaO or SrO. 

References: N. J. 1840, p. 30; 1855, pp. 221-216; 1868, pp. 561-564; 1872, p. 
16; 1873, p. 47; 1879, pp. 56-57; 1880, p. 108; 10th Census, p. 173; 1883, pp. 
116-117; I & ,  pp. -I ; 1885, pp. 103-104; 1886, p. 143; Trans. A. Inst. 
Ming. Eng., Vol. 14, 1886, p. m; 1890, PP. 6345; 1891, PP. 247-248; 1893, PP. 
364-367 ; 1896, PP. 330-333 ; 1897, PP. 321-322 ; I W ,  PP. 235-236 ; 189% P P  156- 
157; 1900, pp. 202-W3 ; 1901, pp. 144-148; 1902, pp. 120-122; 1903, pp. 105-106; 
1904, PP. e 3 0 0 ;  1905, PP. 317-318; 1906, PP. 176177; 1907, P. 172. 

The Split Rock Porui il,lit~e. 

The Split Rock Pond mine is at the north end of Split Rock 
P o n t l .  in Rockaway Township, Morris Colrnty. 

'I'he nrine is an old one, the early history of which is unknown. 
Tt \\-as reopened in 1873 and worked during 1874 and a porrlon 
of 187 j. during which time a shaft IOO feet deep was sunk. It 
\\-as then closed until 1878, when it was again reopened and o p  
e r a t e t l  intermittently during the succeeding two years. In the 
ccnsus year 187p1880 about 560 tons were raised. 
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During this period two leads were developed by a shaft IOO 

feet deep. They were 50 feet apart. The eastern one was more 
than 14 feet across, 7 of which, toward the foot-wall, consisted 
of alternate strings of granular ore and mica. The foot-wall or  
west "vein" contained a shoot of rich ore 25 feet high ant1 8 
feet wide. Nothing is said in any of the r e p r t s  of the mine as 
to the existence of limestone in it, although great fragments of 
this rock impregnated with magnetite are still to  be found on 
its dumps. 

North of the shaft, near the Charlottesburg road, and for a 
distance of about a mile along this road, a numlxr of pits were 
dug, and in most of these ore was found. The  most northerly 
of these openings was later developed as the Wood mine (page 

422). 
An analysis of the ore raised in 1875 yielded: 

Fe = 634; P = 0.01 I ; S = o.g ; Authority : N. J. 1879, p. 58. 

References : N. J. 1873, pp. 47-48; 1874 p. 23; 1879, pp. 57-58 ; 1880, p. 108; 
10th Census, p. 174; 1883, p. 118; I-, p. 1 q .  

(308) The Stolty Brook Mine. 

The Stony Brook, o r  Pikes Peak, mine was in Pequannock 
To~cnship, Morris County, a h u t  midway between Charlottes- 
burg and Split Rock, antl about a mile east of a line between the 
two points. On the topographic maps of the New Jersey Survey 
the mine openings are represented as being on tlie west side of 
Stickle Pond (now better known as Kinney's Pond). 

There are five openings from which ore has been taken. One 
is reported to have been made by tlie London Company over 140 
years ago. The  others were sunk in 1-7, the deepest being 
30 feet. The place was worked for a short time and then closed 
down. Work was again resumed in 1870, and roo tons of ore 
were raised antl made into blooins during the following year. 
In 1880 the mine was abandoned. 

There were several small deposits developed. of which the 
thickest was only 3 feet across. Their dip is 60" southeast. Just 
outside the original line, however (on the Righter lot), there is 
reported to be 13 feet of ore and rock. 

The analysis of a specimen of the ore gave: 
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Ins. FerOa Ti02 PlOa S Mn Fe P S Authority 
8.10 89.33 1.50 t r  0.0 0.0 64.69 t r  0.0 N. J.1876,p.54 

A later analysis showed : 
Fe = 6345 ; P = t r  ; S = 2.03 ; Ti0: = 0.30 ; Mu = 0.0. Authority : N. J. 

1880, p. log. 

References: N. J. 1868, p. 556; 1873, p. 51 ; 1876, pp. 54-55; 1879, pp. 60-61 ; 
1880, p. log; 10th Census, p. 174; 1883, p. 119; 1884, p. 92; 1890, p. 105. 

(309) The Tellington Mine. 

The Tellington mine was in Pompton Township, Passaic 
County, about 4 miles northwest of Wanaque, and near the road 
through Stony Brook valley leading to West Milford. 

Three shafts were sunk in 1873 within a distance of IOO yards 
in the line of the vein, which dipped 40' southeast. The ore is 
more than 5 feet thick in the southern opening, with well-defined 
walls. It was lean, but otherwise was of good quality, as it con- 
tained but little phosphorus and no sulphur. Further north the 
vein was only 2 feet wide, and was a trifle richer. Here it dipped 
to the northwest. 

A b u t  200 tons of ore were raised .during the year, but none 
was shipped. Shortly afterwards the place was abandoned. 

References: N. J. 1874 pp. 25-26; 1879, p. 61. 

(310)  Tlze Cook Mine. 

One of the openings known as the Cook mine, is in West 
Milford Township, Pissaic County, on the west side of the road 
between Bloomingdale and West Milford, near where it crosses 
Posts Brook. 

Nothing is known about the place except that it is an area of 
fairly strong magnetic attraction. 

( 3  T I )  The Board Mine. 

The Board mine was on the top of a knoll about 2 miles north- 
west of Boardville and a few hundred yards east of the road 
between this place and Hewitt, in Pompton Township, Passaic 
County. 
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The mine was first opened in 1872 on a vein g feet wide, d i p  
ping southeast about 30". This vein was worked for a distance 
of IW feet and to a depth of 70 feet. A second opening, made 
a short distance northeast of the first one, was on a second parallel 
vein 50 feet further east. About I 1,000 tons were shipped be- 
fore the close of 1873. After this the mine was closed to remain 
idle until 1882. Explorations were begun again in this year, and 
several fair-sized veins of lean ore were uncovered a short dis- 
tance north of the old mine. The ore was composed mainly of 
quartz and magnetite with very little feldspar and hornblende, 
and no noticeable apatite or pyrite. Other explorations seemed 
to indicate the presence of a considerable quantity of good ore, 
so the mine was again opened in 1883 and operated until near the 
end of 1884, when it was closed down on account of dullness in 
the ore market. The ore was compact and apparently siliceous. 

References : N. J. 1873, p. 52 ; 1879, p. 61 ; 1882, p. 71 ; 1883, p. IZO; 1884, p. w. 

T H E  WOODHULL MINE BELT 

This is a belt of openings on veins of lean ore. So far as 
is known from actual explorations, the belt begins about three- 
fourths of a mile east of Fairmount and runs northeast to Split 
Rock Pond. In this distance of 22 miles there have been about 
ten explorations, from only three of which ore has been shipped. 
In every case the ore was lean. 

(312)  The Welch Farm Exploration. 

The Welch Farm exploration was aboit one-half of a mile 
east of Fairmount, on the north side of the road to Pottersville, 
in Tewksbury Township, Morris County. 

A little ore was obtained, but nothing is known of its char- 
acter. The openings were made some time before 1884. 
Judged by the size of the dump, the place was never important. 

Reference: N. J. 1873, p. 47. 

t 

(313)  The Langdon Mitle. 

The Langdon mine, in Washington Township, Morris Coun- 
ty, is one mile south of Hacklebarney, at the extreme southern 
end of the range next east of that passing through Chester. 
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A line of attraction 2,000 feet long was observed here and 
several pits were put down in 1879, finding some ore. The work 
of exploration was continued. during 1880 and a mine was 
opened in this year. 

At first the ore was worked by open pits, but later these were 
timbered and work was continued by underground methods. 

In 1882 the mine was closed to await an increase in the price 
of ore. I t  was opened again in the early part of 1886 and 
operated until the fall of that year, when operations were trans- 
ferred to a point several hundred feet to the northeast. 

As no work at the locality has been reported since 1886, it is 
probable that the mine was abandoned about that time. 

In the earlier work, i. e., that to the southwest, two shoots of 
ore were found pitching southwest at an angle of zoo. The dip 
was moderate to the southkst. In the southwest shoot the ore 
varied from 10 to  15 feet in thickness. West of this, and sepa- 
rated from it by a horse of soft rock 2 to 4 feet thick, was a 
second deposit 3 feet to 5 feet thick. In  the northeast shoot the 
vein was I I to 15 feet wide. A fault in this threw the vein to 
the left, displacing it about 7 feet. Between the two shoots the 
workings indicated a second and greater fault, which is appar- 
ently to the right. 

In the later, northeast workings, a bed 7 feet to 14 feet wide 
was exposed. This dipped 45" southeast and pitched 15' south- 
west. There is no evidence that this deposit is in any way con- 
nected with that to  the southeast. 

The surface ore to a depth of 38 feet was red and free from 
sulphur. Beneath this it was hard, and contained some pyrite 
and a little mica. 

The production was at the rate of 1,400 tons monthly in 1886. . 

References: N. J. 1879, p. 4;  1880, p. I@; 1883, pp. 8 5 4 ;  1885, p. g; 
1886, p. 146. 

( 3 1 4 )  The Raruk Farm Explorations. 

The Rarick Farm explorations were a mile southwest of 
' 

Hacklebarney on the east side of the road leading to Fairmount, 
in Chester Township, Morris County. 
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The place which was across the road from the Langdon mine 
was first explored in 1873. Some ore was found, but it was 
evidently in insufficient quantity to warrant working. 

References : N. J. 1873, p. 31 ; 1879, p. 46. 

('315) The Pi tmy M i w .  

Tile Pitney mine was less than one-fourth of a mile northeast 
of the Langdon mine and on the same range. I t  was in Chester 
Township, Morris County, about a mile south of Hacklebarney 
and just west of the Rarick Farm mine. 

It was first explored in 1873, but very little is known of the 
result, except that before 1879 some of the surface ore had been 
shipped, and during 1880 and 1881 a large quantity of ore (over 
2,500 tons) was sent to the Pequest furnace. At the close of 
the latter year the mine was abandoned. 

Later a vein 12 to 15 feet wide was discovered in a shaft in 
which the pitch was to the southwest. The ore was lean and 
was not further explored. The total yield of the various open- 
ings to June, 1880, was estimated at 6,700 tons. The ore was 
washed before shipment. A sample of the washed ore taken by 
the agents of the 10th census from a pile of 25 tons gave: 

F e 5 0 . 8 4 ;  S=O.I~Z;  P=O.IIZ. Authority : 10th Census, p. 164. 

References: N. J. 1873, p. 31;  1879, p. 46; $880, p. 103; 10th Census, p. 164; 
1883, PP. 86-87. 

(316) The Gulick Mitze. 

The principal mine of this name was northeast of the Hackle- 
barney mines. It has already been described in another place 
(see page 431). The Gulick m,ine now under consideration was 
on the north bank of the Black River about one-third of a mile 
east of Hacklebarney, and about a mile northeast of the Pitney 
mine, in Chester 'l'ownship, Morris County. 

It \\.as never of any importance. 
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(317) The Child Mine. 

1"he Child mine, in Chester Township, Morris County, was 
situated about I mile east of Hacklebarney and 1.5 miles south 
of Chester. It was three-fourths of a mile west of the Harden 
mine and one-half of a mile east of the Gulick mine, about mid- 
way between the two ranges on which these mines are situated. 

The place was explored in 1874 and a small quantity of ore 
was removed. Otherwise the property has not been worked. 

Reference: N. J. 1883, p. 95. 

. (318) The Woodhull Mine. 

The Woodhull mine was on the same range with the Budd 
and Gulick mines, about one-half of a mile south of Chester vil- 
lage, in Chester Township, Morris County, on the road between 
Chester and Gladstone. 

It was opened about 1870 and pretty thoroughly explored, 
but nothing being found that was very promising, it was soon 
abandoned, and was idle in 1873. It was started anew in the 
latter part of 1885 and 3.77 tons of ore were raised. It was 
again closed in 1886, after a shaft had been sunk south of the 
road. 

In some places the ore body was 8 feet wide. but as it was 
replaced in depth by a micaceous gneiss, it soon k a m e  too nar- 
row to work. The dip near the surface was 70" southeast. 
This diminished until in the deepest explorations it was only 50". 
The ore was reported to be compact and rich. 

Between this mine and the Budd mine, about I mile to the 
northeast, two faults were uncovered, which threw the vein 
about 200 feet in opposite directions, the south one to the right 
and the north one to the left. 

References: N. J. 1873, p. 32; 1879, p. 46; 1883, p. 95; 1885, p. 99; 1886, 
P 153. 

(jzp) The Budd Mine. 

Of the two mines of this name (see also p. 289), one was situ- 
ated about one-fourth of a mile east of Chester, in Chester 

NEW JERSEY GEOLOGICAL SURVEY



464 IRON MINES AND MINIKG. 

Township, Morris County, about I mile northeast of the Wood- 
hull mine, from which it was separated by two faults. 

It  was opened in 1867, uncovering a vein of ore from G to  8 
feet wide, and was worked a short time. I t  was, however, aban- 
doned before 1873. 

References: N. J. 1868, p. 558; 1873, p. 32; 1879, p. 46; 1883, p. 95. 

The De Camp Mine. 

There have been several mines described in the literature un- 
der this name. One is in the Hibernia group (page 454), an- 
other was known also as the Rockaway Valley mine (page 488), 
and the third, the one here referred to, was in Chester Town- 
ship, Morris County, I mile northeast of the village of Chester 
and near the road to Dover. Its exact situation is not known. 

The mine was opened in 1869 by five shafts, one of which is 
reported! to have been 80 feet deep. The ore is said to have 
looked good, but none was ever shipped, so far as is known. In 
1874 the place was abandoned. 

References: N. J. 1873, p. 38; 1879, p. 49. 

(320) The Meriden Mine. 

The Meriden mine was situated near the old Meriden forge. 
near Meriden, in Rockaway Township, Morris County. 

Nothing is known of the mine except that the openings were 
made before 1868. Its exact location has not been ascertained, 
but it was probably on the south side of the road, between Meri- 
den and the Wharton mine, where there are now to be seen two 
openings. 

References: N. J. 1868, p. 556; 1873, p. 47; 1883, p. 118; 1884, p. 91; 1890, 
p. 104. 

(321) The Righter Mine. 

The Righter mine is west of Meriden, on the road leading to 
Split Rock, in Rockaway Township, Morris County. 

It was opened before the year 1872, but nothing is known of 
the character of the deposit or the quality of its ore, except that 
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it was reported t o  be good, and to  contain a small percentage of 
titanium. 

References: N. J. 1873, p. 47; 1883, p. I 18; I& p. 91 ; 1890, p. 104. 

(322) The C0bb MhW. 

The Cobb mine, formerly known as the Split Rock mine, is 
east of about the center of Split Rock Pond, in Rockaway Town- 
ship, Morris County. 

Before 1868 the ore body had been traced for a distance of 
nearly a mile in a northeast direction, and had been opened up 
and worked down to the. water level for half this distance. In 
1873 the mine was not being worked. I t  was reopened in 1878 
and operated until 1881, since which time it has been abandoned. 
At the time of its abandonment it was reported to be 120 feet 
deep. 

At both ends of the undeveloped portion of the lead the out- 
crop passes under valleys into which the ore has not yet been 
followed by actual mining. At its south end the ore body is 2.5 
feet thick, with a dip of 70" southeast. Further north its width 
increased to  5 feet and its dip to 78". In its widest portion a 
narrow streak of rock runs through the center of the ore. From 
the descriptions given in the "Geology of New Jersey" it seems 
probable that the ore ocurs in two shoots, pitching at a low angle 
to the northeast. 

During the census year 1 8 7 ~ 1 8 8 0  the mine produced 1,288 
tons of ore. About half of the material raised was rock. The 
ore was roasted and crushed before going to the forge. 

An analysis of a sample of the calcined ore taken from a pile 
of 25 tons gave: 

Fe=59.79; P=o@. Authority: 10th Census, p. 174 

References: N. J. 1868, p. 556; 1873, p. 47; 1879, p. 57; 1880, p. 108; 10th 
Census, p. 173; 1884, p. 91 ;  1890, p. 104. 

(323) The Split Rock Pond Veitls. 

In addition to the ore body at the north end of Split Rock 
Pond there are known to be several veins of ore on the east side 
of the pond. These were opened in 1873. 

Reference: N. J. 1873, p. 47. 
30 ORE 
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THE RINCWOOD BELT. 

The  Rinpvood belt of mines begins a t  a point about 2 miles 
west of Lebanon, passes along the southeast side of Split Rock 
Pond, and leaves the State north of Ringwood. South of the 
Rockaway River it has been explored by eight or  nine com- 
paratively unimportant openings, only one of which, the Combs 
mine, ever became a shipping enterprise. North of the river the 
case is entirely different. Practically all of the openings were 
developed into shipping mines. Except in the case of the Ring- 
wood mines, however, the ore was comparatively lean. A t  Ring- 
wood the belt widens and includes a large number of parallel 
veins that suggest the existence of a mineralized zone. 

(324) The Large Mine. 

The Large mine, o r  the Lebanon mine, was about 2 miles 
southwest of Lebanon and I mile west of Round Valley, in 
Clinton Township, Hunterdon County. 

This property was explored about 1 8 ~ 2 ,  and a shaft g j  feet 
deep was sunk on a vein of mixed ore and rock 6 to 8 feet wide. 
The vein ran east-west, but in neighboring pits the strike was 
northwest. At many places the ore was mixed with hornblende 
as thin strings or veinlets, and, when followed along the strike, it 
was often found t o  be replaced entirely by this mineral. There 
is a great quantity of pegmatite in the rock on the dump. 
Where pegmatite is in contact with the Pochuck gneiss, which 
constitutes the principal rock associated with the ore, there have 
been developed in the latter large crystals of hornblende. 

The mine was apparently worked until 1875, during which 
time several hundred tons of ore were raised. I t  was again 
operated for one month between June, 1879, and June, 1880, 
and prodttced roo  tons of ore. I t  was probably again worked 
later, for in 1899 it was claimed that 1,200 tons .of ore were on 
the dumps. 

Fe SiO? P S TiO, Authority 
41.50 20.40 1.66 2.74 0.47 N . J . 1 & , p . 1 6 6  
45.075 14.185 1.625 3.634 N. J. 1899, p. 166 

References: N. J. 1873, p. 28; 1879, p. 33; loth Census, p. 164; 1899, p. 166. 
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( 3 2 5 )  The Bartle Mi te .  

The Bartle mine is in Washington Township, Morris Coun- 
ty, about 1.75 miles northwest of Pottersville. 

In the report for 1873 the first opening was reported to be on 
a vein 5 feet wide, but this was stated to be only one-half of a 
mile northwest of Pottersville. Later the vein is described as 
being 10 feet wide and as  dipping steep to  the southeast. 

The ore was hard and contained some pyrite. A small quan- 
tity was shipped. 

References : N. J. 1873, p. 30; 1879, p. 46; 1883, p. 85. 

(326)  The Harden Mine. 
, ej 

The Harden mine was about 1 .5  miles south of Chester, in 
Chester Township, Morris County, on the south side of the road 
to Pottersville. 

The mine was explored in 1869 and a little ore in small veins 
and strings was found. but nothing was developetl sufficiently 
promising to warrant further work. 

Reference : N. J. 1873, p. 32. 

The Quimb? mine was in Chester Township, Morris County, 
a little over a mile south of Chester and a short distance east. 
I t  lay between the I-Iarden and the Tiger mines and about one- 
quarter of a mile southwest of the latter. Considerable ore was 
nline(l here lxfore 1883 but no infornlation as to the quantity 
raise(l or its quality are obtainal>le. 

Reference : N. J. 1883, p. 95. 

(328)  The Tiger Mine. 

The Tiger mine, in Chester Township, Morris County, was 
about one-quarter of a a i l e  northeast of the Quinlby mine, awl 
about I mile southeast of Chester. 
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The vein was reported as being 3 feet wide, but the ore was in 
bunches and was sulphurous. About 300 tons were mined before 
1883 and then the place was abandoned. 

Reference : N. J. 1883, p. 85. 

(329) The Skellinger Mine. 

The Skellinger mine, in Randolph Towiship, Morris County, 
was 1.5 miles southeast of Ironia and one-eighth of a mile south- 
west of the Combs mine, on the south side of the road to Mend- 
ham. 

I t  was opened in 1878 and worked until the close of 1880. 
By June, 1880, there had been raised about 9,840 tons of ore, 
which was of the same character as  that of the Combs mine. 

Two other mines of the same name were in the vicinity of 
Chester (see pages 436 and qqz). 

Reference: 10th Census, p. 166. 

(330) The Combs Mine. 

The Combs mine, in Randolph Township, Morris County, con- 
sists of several openings about 1.25 miles southwest of Calais. on 
the opposite side of the mad from the Skellinger mine. 

The mine was first opened, so far as is known, about 1828 and 
worked a short time. It was reopened in 1864, but was again 
closed several years before 1873. Later it was again reopened, 
and by 1879 it had been worked for a distance of 600 feet in 
length by different parties through two shafts, one IW feet and 
the other 60 feet deep. A few years later it was abandoned 
permanently. The yield during the census year (1879-1880) 
was 5,480 tons. 

The vein on which the work was done was long and continuous 
and had a dip of 40' to 45' southeast. It had been mined a t  
five p i n t s  before 1868, the ore having Ixen removed from a 
breadth of I to 12 feet. The foot wall was said to be smooth 
and perfect, but there was a very transition between the 
"vein" and the hanging wall. 
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The ore is reported to have contained considerable disseminated 
feldspathic rock, making it rather lean, though near the hanging- 
wall there was a layer of pure magnetite. I t  was mixed with 
Spanish ore and used in the manufacture of Bessemer pig. 

A sample taken from the shaft a t  the southwest end of the 
property gave : 

Fe37.15 ; P=o.036; TiO~=Present. Authority : loth Census, p. 166. 

References: N. J. 1868, p. 550; 1873, p. 42; 1879, p. 50; 1880, p. 104; 10th 
Census, p, 166. 

(331) F r e n c h n ' s  Mine. 

Frenchman's mine was about 2 miles southeast of Dover and 
one-half mile southeast of Union, in Randolph Township, Morris 
County. 

There is no record of the mine in any of the literature on the 
region. 

(332) The Beach G h  Mine. 

The Beach Glen mines are about I mile southeast of Hibernia, 
on the southeast side of the hill, on whose northwest side is the 
Hibernia deposit. 

The first openings were made about 1808, when the surface 
was stripped and the ore excavated from a-depth of a few feet. 
I t  is not known how long work continued, but it could not have 
been for very long, since the place. was abandoned and then re- 
opened in 1851. At this time two openings were made, one on 
the southwest edge of the hill anld the other 400 feet further 
northeast, apparently on the same lead. 

There is no record as to whether the mine was worked con- 
tinuously from this time to 1868 or not, but in the latter year . 
it was being operated and it continued in operation until 1875, 
when work was again stopped. I t  was reopened in 1879 and ore 
was taker] from tivo veins. Later the operations were concen- 
trated oti the western vein, and this was worked until September, 
1885. The ore is lean but of Bessemer grade. With the influx 
into the market of an abundance of good Bessemer ore from the 
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Lake Superior region, it became unprofitable to mine the lean 
ore and market it in its natural condition. 

Experiments, therefore, were made in concentrating the ore, 
which averaged at this time only 41.11 per cent. of iron. I t  was 
crushed and jigged with the result that the percentage of the metal 
was increased by 50 per cent. and the phosphorus content dimin- 
ished 66 per cent. One ton of concentrate carrying over 65 per 
cent. in Fe required 2.73 tons of crude ore to produce it. The 
composition of the material before and after concentration is 
represented by the following figures : 

Fe P P i n r o o f i t s .  Fc 
Crude ore, .......................... 41.75 0.0643 0. I534 
Concentrates, ....................... 65.50 o . a q  a0342 

Evidently, however, the process was not regarded with much 
favor by investors, for the mine was not reopened until 1896, 
when it was worked for a short period and 500 tons of ore were 
removed. Two years later, in 1898, the property was leased to 
Joseph Wharton and operated until November I ,  1900, to secure 
ore for concentration at Hibernia. In the first of these years goo 
tons of crude ore averaging about 41 per cent. Fe were con- 
centrated, with a resulting yield of 400 tons of concentrates 
carrying 60 per cent. of Fe  and o.oog of P. In IF the cover- 
ing became so thick that the old mine was abandoned. Three 
shafts were, however, sunk on the west vein and underground 
work was inaugurated. At a depth of 475 feet a rich lead of 
ore was encountered with a thickness of 14 feet. This dipped 
northwest where first met with, but turned to 75' southeast with 
greater depth. The ore ran 56 per cent. to 60 per cent. Fe and 
0.003 per cent. to o.oog per cent. P, with no sulpl~ur and no 
titanium. About 7,000 toils of ore were taken out, but the price 
of ore falling the mine was closed in 1903. Since this date there 
has been no work done. 

The ore thus far discovered in the vicinity of the mine is in 
three veins, of which the largest and the one most mined is the 
northwestermost. This is from 5 to 10 feet wide. It is con- 
torted into slight folds, in which the rocks vary in dip from 75'- 
80' northwest to 70° southeast, the northwest dip being near the 
surface. The richest ore was obtained from the trough of the 
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fold. Further northeast the "vein" is composed of narrow 
lamina: of magnetite from one-half to 2 inches thick, alternating 
with gneiss, the whole being 7 feet across. 

The second important vein is 200 feet further southeast. I t  
is characterized by the possession of a great deal of biotite o r  
other dark mica. This was opened up in 1868 to a depth of go  
feet. The dip of the deposit was 70" northwest and thickness 8 
feet. Its pitch was about 15' northeast. During the operations 
it was observed that the richest ore lay across the foot-wall in a 
band 2 or  3 feet in thickness. 

The other vein is IOO feet further east, and has not been much 
worked. The  ore in this vein contains 64  per cent. F e  and only 
.06 per cent. P, but it is only 16 inches thick and consequently is 
unprofitable to mine. 

The  ore in all the other "veins" thus fa r  opened is lean. From 
observations made on the walls of the largest opening to the 
west it is apparent that much of the ore taken from this opening 
was a magnetitic pegmatite. A t  all events a pegmatite is now to 
be found at  the end of the opening in the line of strike of the 
ore removed. 

During the census year 9.486 tons were raised. Analysis of 
this lot by the chemists of the 10th Census gave: 

Fe=48.63 ; P=.cng ; Cr.=present. Authority: loth Census, p. 172. 

References : N. J. 1855, pp. 228.230; 1868, p. 554; 1873, p. 47; 1879, p.  57; 
10th Census Report, p. 172 : 1880, p. 108 ; 1883. p. I 18;  1884, p. 91 ; 1885, p. 
104; 1886, P. 136; 1890, P. 104; 1896. P. 330; 1898, P. 237; 1899, P. 155; 
I W ,  P. 201 ; 1901, P. 144; 1903, I). 105. 

(333) The  Tichenor Diggings. 

The Tichenor diggings, made between 1868 and 1872, are a 
short distance northeast of the Beach Glen mine, on the strike of 
the vein, in Rockaway Township, Morris County. 

Three shafts were sunk and small quantities of ore were found. 
In 1872 the mine was closed because of the financial depression. 
I t  has not been reopened since unless it was worked in connection 
with the Beach Glen mine during 1879-85. 

Reference: N. J. 1873, p. 47. 
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(334-335) The Wanaque Mitres. 

The Wanaque, or Wynokie, mines, in Pompton Township, 
Passaic County, are about 2.25 miles west of Midvale. The 
openings are two in number, about one-half mile apart. 

The southern mine has been known at different times as (334) 
the London, the Iron Hill and the Blue mine. The northern one 
has been called the (335) Laurel, the Red and the Laurel Hill 
mine. Both were worked for many years prior to 1857, the 
former having been opened by the London Company near the 
close of the 18th century. The mines were idle until 1886, when 
the London mine was reopened by a slope IOO feet deep and a 
drift 50 feet long running north 40" west along the strike of 
the deposit. I t  was, however, operated for a short time only. 
I t  was reopened in 1890, and again worked for a short period, 
during which over 8,000 tons of ore were raised and two roasters 
were erected. Shortly after this date it was again closed, to be 
reopened in Iwj. At  this time the mine was cleaned out, but 
so far as known no ore was raised. 

The Laurel Hill mine was opened by a tunnel in the side of 
the hill, about three-fourths of a mile north of the London mine. 
Before 1857 about 60 feet of the vein had been developed. It is 
not known how long the mine was idle, nor how many times it 
was tested. From the character of the dump-heap it is inferred 
that it was re-explored about 1890. 

The vein at the London mine was g feet to 10 feet thick. I t  
had been worked for a distance of 150 feet before 1868. Later 
the workings were extended to 500 feet in length on an ore 
body that widened to 16 feet. The dip was riearly perpendicular. 
The ore body pitched 58" northeast. It  was supposed by the 
operators that the main vein, which had the usual northeast 
strike, was split and that a second smaller arm ran more nearly 
north. 

The ore was compact and hard. It contained considerable 
hornblende and mica and was intermixed with a great deal of 
rock. After being cobbed it yielded a non-Ressemer product 
containing 54 per cent. Fe arid a great deal of sulphur. 
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The Laurel Hill vein was 4 feet thick. Its dip and pitch were 
like those of the  ond don mine. A great deal of ore is said to 
have k e n  removed from it, but no record of the amount has 
been seen. 

References : N. J. 1868, pp. 545-546 ; 1873, p. 52 ; 1879, p. 61 ; 1886, p. 152 ; 
1891, PP- 24gw 

(336) The Rheidth Fwm Explorations. 

The Rheinsmith Farm explorations were 2.5 miles northwest 
of Midvale and one-half mile southwest of Stonetown, in Pomp- 
ton Township, Passaic County. 

Considerable work done here in 1873-1874 uncovered a wide 
breadth of lean ore on a long and steady line of attraction. No 
workable deposit was found. On the dumps there is considerable 
pegmatite. 

References: N. J. 1874, p. 26; 1879, p. 61. 

(337-344) The R i n p o d  Mines. 

The Ringwood mines comprise a group of pits and shafts, 
some of which are among the oldest in the State. They-are 
about 4 miles e&t of Greenwood Lake, in Pompton Township, 
Passaic County (Plate XI11 ). 

Some of the ore deposits in this place were well known k f o r e  
the American Revolution, and nearly all of the older openings 
were evidently made before 1740, as a blast furnace was built at 
Ringwood in this year. As early as 1840 Rogers described the 
details of the ore veins, of which he knew two about 200 feet 
apart. The southeasterly one had k e n  explored for 3 miles 
along its length by a number of pits, the southwesternmost of 
which was 40 feet deep and 350 feet long. About 100 feet north- 
east of this was the Blue mine, which was likewise a pit, 100 feet 
long and j o  feet deep. Half a mile northeast of this was the 
Mule mine-a pit 300-feet long and 70 feet deep. Southeast of 
this a short distance was a small pit known as the Blue Hole, and 
a short distance to the northwest of the main mine was another 
small pit on a rich lens of ore that was called the Henion mine. 
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Northwest of the Mule mine was the Cannon mines, where the 
ore body in places was 40 feet wide. Further to the northeast 
was the Peter mine, which was worked by a shaft and a pit. 
The ore here was 50 feet wide in one place. and had already been 
removed to a depth of 70 feet. . Continuing toward the north- 
east, the next mines in order were the Spanish Hope and the 
Good Hope mines. These two mines were extensively wrought 
before the Revolution. The Good Hope mine was reopened 
about 1820, but was soon thereafter abandoned. In 1840 the 
mine pit was 60 feet deep. 

The northwestern vein had been little explored in these early 
days. At its southwest end it was opened through a length of 
IOO feet and to a depth of 30 feet, but was otherwise unex- 
plored. 

Later additional openiilgs were rnade on the property, and 
these are grouped in five lines, apparently on as many distinct 
veins. Beginning with the southeast vein, and at the southwest 
end of each vein, these mines were known as : 

I. The Blue, Hard, Cook, Mule. Little Blue and Rush mines. 
The LVood mines were also in this range. 

2. The Cannon, St. George, Miller and Sew Miller mines. 
3. The Keeler, Little Red, Winslow and Ward mines. 
4. The Cooper mine, ant1 
-5. The Peter, New Peter and the Hope mines. The Oak 

mine was also in this range. 
Lines of attraction connect the openings on the several ranges 

and extend northeast into Sew york. On the southeast range 
there were no less than seven distinct openings, of which four 
were of considerable extent. The Hard mine was a little to the 
west of the others, but all were so closely crowded that it is 
almost impossible at the present time to distinguish their re- 
spective limits (see Plate XIII) .  

-4 review of the descriptions of the inines in the group indi- 
cates the presence of a series of distinct shoots varying greatly 
in shape. Thus the Cannon shoot was a flattened cylinder with 
a greater breadth than height. other shoots were more nearly 
square in cross-section, while still others possessed the usual lens 
shape. The ore was apparently in a Pochuck gneiss cut by 
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pegmatite. Through this run wide veins of magnetite parallel 
to the gneissic structure. Magnetite is present also in nests in 
the pegmatite and as a matrix enclosing the feldspar. In other 
instances it is enclosed within the feldspars. The dips of all the 
ore bodies were southeast at fairly high angles, and their pitch 
was high to the northeast. In the pinches lxtween the shoots 
the ore in some cases became very thin, and in others was cut 
out completely. In the early openings the leaders of ore passing 
through the pinches were not traced to any considerable distance, 
so that the presence or absence of shoots other than those that 
outcropped or were near the surface was not proven. In the 
later workings of the Peter mine, however, it has been clearly 
shown that in this case, at any rate, there is a succession of 
shoots such as prevails in other portions of the Highlands. 

A study of the positions of the groups of known shoots with 
respect to one another led Nason to suggest that their occur- 
rence in so many lines so closely crowded is due t o  repetitions of 
a single ore horizon by folding. He  points out that the ore 
bodies all possess the same general structure, and states that the 
central portions of all the lenses carried the purest ore, while 
in their upper and lower edges the magnetite was largely re- 
placed by hornblende, augite and biotite. The mines are con- 
sidered as lxlonging to two groups, distinguished by differences 
in the dip and pitch of the ore bodies-the Blue mine group and 
the Peter mine group. In the latter group the dips of the ore 
bodies are between 60" and 80" and their pitch 35' northeast,. 
except in the Hope mine, where the dip is 55" northeast. This 
difference is explained as due to a difference in "original deposi- 
tion." In the mines of the Blue mine group the plane of the 
ore bodies is vertical and their pitch 60" northeast. Between 
these two groups lie the Bush mine (Fig. 30), with a dip of 70" 
southeast and a pitch of 45" northeast, the Miller, Keeler and St. 
George mines, with dips of 63" sou.theast and a pitch of 40' 
northeast, and the Cooper mine with a dip and pitch correspond- 
ing with these features of the Peter mine. In explanation of this 
method of distribution of the ore bodies, Nason's suggestion is 
that the Blue mine group is on the limbs and the apex of a syn- 
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cline, the Peter and Hope mines on the west limb of another syn- 
cline, with the Bush, Keeler and Cooper mines on the west side 
of the intervening anticline. He illustrates his contention with a 

Sketch may, showing rclative positions of the Rlue Mine and Bush Mine 
groups at Ringwood. Scale, I inch. = 400 fcet. (After F. L. Nason, Trans. 
Amer. Inst. hlin. Eng. Vol. 24, p. 519.) 
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plan of the assumed folds, which is reproduced in Fig. 31. This 
theory is based on such a slight foundation that it can hardly be 
considered seriously. It is just as probable that the Bush and 
other mines in its vicinity are on the continuation of the Blue 

Fig. 31. 

Sketch iiutsrating supposed folding of rocks at Ringwood. Scale, I inch 
= a,so feet. (After F. L. Nason, Trans. Amer. Inst. Min. Eng. Vol. 24, p. 
509.) 

The heavy black spots represent mines actually worked. Fine lines repre- 
sent actual rock outcrops where dip, strike and pitch were observed; dotted 
lines, conjectural strikes, etc. 
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mine vein, brought to the surface by a fault between the two. 
This view receives some support from the fact that in the vicin- 
ity of the Cannon mine there are numerous parallel ore shoots 
that are in a general line with the shoots of the Peter mine, but 
which at several places appear to  have suffered a slight displace- 
ment to the left. The distribution of the mines might be ex- 
plained on the supposition that the ore bodies lie in a single vein, 
or possibly two parallel veins, shifted to the left as they are 
traced northeast by a number of cross-faults. '4 third hypoth- 
esis considers the deposits as being on independent veins. 

The total yield of the entire group of mines to June, 1880, is 
estimated in the Report of the 10th Census at 896,000 tons of 
ore. This was' contributed mainly by the Cannon, Hurd, 
Keeler, Peter and Blue inines and the various openings on Hope 
Mountain. Before 1880 all these mines except the Cannon and 
a few small openings on Hope Mountain had been abandoned. 
and the Peter mine began to be again prominent as a producer. 
The Xew Miller was also worked a short time in the early 80's. 
Since 1886 all the ore has been obtained from the Peter mine 
except a comparatively small quantity that was taken from the 
Cannon mine. The total prductiori of the group since 1880 
has been about 325,000 tons, which, added to the 896,000 tons 
produced prior to this time, gives an aggregate of 1,221,ooo 
tons as their total production to the close of ~gg. 

References: N. J. 1810, pp. 23-27; 1855, pp. 180-186; 1868, pp. 546550; 
1873, pp. 52-54; 1879, p. 61; 1880, p. 109; 10th Census, pp. 174-175; 1883, 
PP. 120-122; 1884, PP. 92-93; 1886, P. 150; 1890. PP. 67-68; 1891, P. 249; 
I&$, p. 333; 1899, p. 160; Trans. Amer. Inst. Min. Eng., Vol. 2q, p. 505; 
1900, P. 205; 1901, PP. 148-149; I W ,  P. 122; 1903, PP- 161%'; 15% PP. 
300-301 ; 1905. P. 317; 1906, P- 175; 1907, P. 171. . (337) 'llle Blue Mine was on the southeasternmost of the 
Ring\\-ood ranges. It was first opened about 1835. By 1840 
the ore had been removed from a pit which is described as being 
roo feet long, 50 feet deep and froin 6 to 15 feet wide. I t  was 
again opened in 1853 by a shaft that was sunk to a depth of 130 
feet. A tunnel \\-as also driven 175 feet from the southeast 
slope of the hill on \$hich the mine was situated. This inter- 
cepted the ore body 30 feet below the surface. In the next two 
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years about 6,000 tons of ore were raised from an irregular 
deposit from 10 t o  20 feet thick, and 100 feet long, measured 
horizontally. 13y 1868 this deposit had been worked through a 
distance of 300 feet on the pitch, which was 60' northeast. Its 
dip was nearly vertical and its width about 17 feet. The mine 
was idle in 1873. 

The ore was massive and light blue in color. Its composition 
as given in 1868 showed a content of 68.1 per cent of iron. The  
following analysis was published in 1873 : 
Fe,O. ALO. CaO MgO PzOa TiO; Ins. Total Authority 
95.98 .66 ... .43 .06 1.95 4.10=103.18. N . J . 1 8 7 3 ~ p . 5 4  

Within at1 area of a few hundred square feet, in addition to 
the Blue mine there were three other considerable mines, namely, 
the Mule mine, which was southwest of the Blue mine; the Hard  
mine, which was west, and the Little Blue mine, which was north. 

The ore body in the Mule mine was 60 feet long and 14 
feet to 20 feet wide. I t  pitched 45" northeast. The  mine was 
opened about 1835, and abandoned in 1840. The ore is reported 
to  have been very fine. 

The  outcrop of (338) Hard mine was 1 5 0  feet long but very 
narrow. I t  was opened before the Revolution and had been 
worked down more than 175 feet before 1855, when it was 
abandoned. I t  was reopened again about 1870 and in 1873 had 
been mined to a clepth of 400 feet. I t  was soon afterward 
abandoned permanently. 

The  Little Blue mine ore body had a length of 40 feet and a 
breadth of 8 feet. In  1868 the ore had been removed to a depth 
of over 100 feet. . 

The ore of the Hard  mine analyzed: 
Fe,O. hfnO A1:O. CaO MgO P2OS S TiO2 Ins. Total Authority 
90.14 0.30 1.00 2.13 o.gq 1.86 0.01 0.40 5 .k102 .38 .  N. J. 1873, p. 54 

References: N. J. I & O ,  p. 24; 1855, pp. 182-183; 1868, p. 547; 1873, pp. 
53-54. 

The New o r  Wood mine was 400 yards northeast of the Blue 
mine. I t  was opened (luring the winter of 1854. The ore 
deposit was 12.5 feet thick, including 5 feet of rock. I t  dipped 
88' southeast and pitched 30" northeast. 

Reference : N. J. 18j5, p. 182. 
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(339) The Bush mine was about one-fourth of a mile north- 
east of the Blue mine, and was for a long time considered as  
being on the same range as this mine. Nason, however, regarded 
its position on a line which lies between the Cannon and the. 
Blue mines as explainable by folding. 

The mine was probably opened about 1855. In 1868 ore had 
been removed from a pit roo feet long and 70 feet wide. The 
ore body dipped nearly vertical and 'pitched 30' northeast. 

The ore was compact, granular and black. I t  contained a 
little hornblende and a few veins of quartz. 

Reference: N. J. 1868, pp. 547-548. 

The Cook mine was near the Hard mine. I t  was opened about 
1867 on a comparatively large ore body, but so far as known 
was never worked. 

Reference: N. J. 1873, p. 52. 

(340) The Cannon mine was formerly the most important of 
the mines in the Ringwood group. I t  was at the southwest end of 
a vein about 400 feet northwest of that on which the Blue mine 
was situated. 

The mine is an old one, but just when it was opened is not 
known. In 1855, however, extensive pits had already been made 
and large quantities of ore had been removed from them. Within 
an area of 125 feet by 100 feet there were apparently four de- 
posits of ore. The southwest one was 25 feet long and 10 feet 
wide. From this about 200 tons had been taken before 1855. 
Another was at the southeast end of the pit: This was 50 feet 
long ant1 34 feet wide. It was worked in the very early years. 
The other two were in the northwest portion of the pit. These 
were 60 feet by 13 feet and 50 feet by 20 feet. They were both 
worked to a depth of 25 feet to 30 feet by the London Com- 
pany. The entire rock between the ore bodies was so thickly 
impregnated with nlagnetite that it was all mined together in 
later years so that it constituted a mass of ore about 125 feet by 
100 feet in size. The whole body apparently pitched northeast 
beneath a "cap rock" at an angle of 45'. The wall rocks were 
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remarkable for being grooved with furrows sloping in the tlit-~x- 
tion of the pitch of the rock. In the vicinity of the ii~iiie tlit're is 
much pegmatite composed of a bright-red feldspar, quartz, nnrl 
hornblende or pyroxene. This often ericloses masses of ore. 
The quartz occasionally contains crystals of rutile. Zeolites aiitl 
asbestus were also observed in cracks in the neighhrliood of the 
ore bodies. The mine was worked almost contiiiurrlly between 
1855 and 1879. 

The ore varied in color and in coarseness of structure. When 
powdered some of it possessed a purple tinge and other parts a 
distinct red color. 'I'his was thought to indicate that Iictnirtite 
was intermingled with the magnetite, which, of course, consti- 
tuted its principal portion. 

A sample of ore taken from the cars in 1880 analyzed: 
Fe=55.25; P = I . S ~ .  Authority: 10th Census, p. 175. 

Samples analyzed in 1873 gave: 
Fe,OI MnO AkO, CaO MgO S PIO1 Ti01 Insol. Total Authority 

1 4 5 . 9 5  0.0 5.09 6.83 o . g  0.0 5.56 0.80 18.1o=10240 N. J. 1873, P. 53 
2-76-08 0.0 1.w 7.77 0.14 0.0 6.59 0.70 7.oo=roo.22 N. J. 11173, 11. 53 
3-96.16 0.0 1.74 0.0 0.22 0.0 tr 0.70 3.10=IOI.g1 N. J. 1H7j~p.5.3 
4-90.47 0.0 1.91 0.0 0.72 0.0 tr 2.72 5.80=101.02 N. J .  187.3, 11. 53 

The Saint George mine was in a small deposit on the trend of 
the Cannon vein and very close to this mine. It was worked 
before 1863 on an ore body that was reported to IK go feet wirle, 
and which was supposed to be connected with the Cannon mine 
shoots. 

An analysis of the ore niade in 1873 gave: 
Fe,OI JlnO Al:O, CaO JMKO S P,Or TiO: Insnl. 7'ulal Au~hor i~y  
94-66 0.20 0.3 2 . 9  0.21 o 2.50 0.65 2.oo=103.19 N. J .  rH73,r~. 53 

References: S. J. IW, p. j48; 1873, y. j> 

(341) The JIiller mine was also fm the trend o f  the Cannon 
vein. It was opener1 atv~ut 1867, revealing an Ore b ~ i y  atr~ilt 12 

feet \vide irom which 1 . r ~ ~ )  tons of ore were taken during the 
first year. It \\.as ivorkerl ior several successive scars, t ~ t  wal 
not in opera~ion during 1873. In 1 X 8 r  a nmw opening was made 
under the s a n e  o i  the Sew Jliller mine, an4 wa5 operated until 
18% 

31 ORE 
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The  shoot of the New Miller mine was large, having hori- 
zontal tlimensions of 300 feet by 20 feet. .At a depth of I jo 
feet a pinch was encounteretl in which the width of the ore was 
redt~ced to j feet. The dip of the tleposit was al~otlt 609 south- 
east antl its pitch was northeast. 

-A sample of the ore analyzed in 18 73 gave : 

Fe20,  JllrO AI2Oa CaO dlgO S PIO3 7'iO: Insol. Total dutltority 
84.56 0.25 3.00 5.04 tr o 4.74 0.50' 4.ho=roz.(q X. J . I ~ ~ . Z . P . . ~ . J  

References : N. J. 1868, p. 548; 1873, p. 53 ; 1880, p. 109; 1883, pp. 120-121 ; 
1884, PP. 92-93. 

(342) The Keeler mine was about one-half a mile northeast 
of the Cannon mine, on what is apparently a distinct vein a few 
hundred yards further west. 

Like the other rnines of the King~vtn)d grotlp it was first 
worked by an open pit, which, in 1868. was 70 feet long. 20 feet 
wide and 15 feet deep. Magnetic attraction, however, indicates 
extensions at  both ends of the tlevelopetl portion of the mine. 
The  (lip of the ore body \\-as 63' sotrtheast and its pitch 40" 
northeast. If this mine is identical with the Caler mine of the 
early reports, it \\-as openetl by the London Company, and re- 
openetl again before 1855 Abot~t 5,000 tons of ore had been 
removetl at that time. The mine was idle in 1873 and had been 
idle for some time previously, except during short periods when 
small quantities of ore \\-ere taken out for rlse in the forge at 
Bloomingdale. 

i ln  anlysis of the ore published in 1873 was as follo\vs: 

Fc,O, .\In0 AI,O, CaO blgO S P20s Ti@? Insol. Total Authority 
78.3 0.25 1.17 4.03 tr 0.01 3.39 1.44 I ~ . ~ O = I O I . I ~  N. J. 1873, p. 54 

References: N. J .  1855, pp. 181-182; 1868, p. 548; 187.3. p. 53. 

The Ctwper mine was situatetl 011 a \vein between the Keeler 
antl the Peter mines. The olxning \\-as ahot~t  one-tlrlarter 
of a mile sot~th of thc last-nametl mine. 

Tt \\-as openet1 a few years before 1868. anti at this time hat1 
lxcn \\-orked for :i length of 80 feet. The pit \\-as 10 feet wide 
and in one place was 30 feet tleep. The mine was operated 
bet\\-een 1868 antl 1873, but soon after the latter date was closetl. 
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Ore analyzed in 1873 had the following composition : 

%ez03 hinO A1,O. ChO dig0 S PzOa TiO. Insol. Total  Authority 
85.08 0.20 2.80 6.62 0.28 tr 5.12 tr 3.10=103.20 N. J. 1873, p. 54 

Rcferences: N. J. 1868; p. 548; 1873, p. 53. 

(343) The  Peter mine was situated about I mile northeast of 
the Blue mine at the southwest end of the northwestern range. 
I t  was opened before the Revolution and worked by the London 
Company through several shafts and an adit. 

After producing about 50,000 tons of ore the mine was aban- 
doned. I t  \\.as reopened in 1837 and 1,000 tons were removed. 
when it \\.as again closed before 1855 In  the early years the 
mine was the main reliance of the two furnaces on the Ringwood 
property. In 1868 the pit from which the ore had been removed 
was described as being 150 feet long and 50 feet wide. The  mine 
was idle in 1873. Ten years later, however, it was being oper- 
ated in co~nect ion with a new opening which was known as the 
S e w  Peter mine. The  two mines were in parallel shoots which 
united a short distance beneath the surface. The  northwest, o r  
old Peter, shoot had a length of 60 feet ant1 a height of 70 feet, 
with a breadth of 30 feet. I t  dipped 60"-75" southeast and 
pitched 40"-so0 northeast. The southeast shoot was 20 feet 
high and had a breadth of 10 feet. Its dip was nearly vertical. 
In  1884 a new slloot was discovered northeast of the Old Peter 
shoot, but was not tested, as work \vas suspended at both mines 
during this year. By 1886 work had been resumed and a new 
shaft was sunk northeast of the old workings. In I- the ore 
came to an end suddenly in the bottom of the mine, possibly as  
the result of faulting, since there was no gradual thinning of the 
ore h l y .  as  would have been the case had it Ixen pinched out. 
In  the f u l l o ~ ~ i n g  year the pillars were removed and the \\.ails 
were striplxtl, yielding a product of 20,000 tons. 

The ]nine was reopened in 1899 and has been worked inter- 
mittently since this time. In Iwj a new slope was erected a t  
the southwest end of the large open pit. This extends through 
the old pit for a distance of 440 feet at an angle of 40" and then 
drops vertically. Three new ore shoots were penetrated, two 
of which were each 16 feet high and ro feet wide, and the third 
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40 feet high and ~6 feet wide. The ore is rich, containing as it 
does 65 per cent. Fe. In the hanging wall of the bottom shoot 
a fourth shoot was later discovered, which was separated from 
the main shoot by 8 feet of a rock described as pegmatite. 
This new shoot is 8 feet thick, and consists of very rich ore. N o  
mining was done in this year nor during the early part of 1904, 
but in the latter part of the year active operations were resumed 
and a small amount of ore was raised from a shaft northeast of 
the pit, which cut the two ore shoots known as Nos. 4 and 3, 
both of which were known from the open-cut work. The new 
shoot was 8 feet from the hanging wall at the bottom of the 
shaft. The mine has continued in operation to  the present time. 

An analysis of a sample of the ore, published in 1873, gave : 
Fe.08 MnO AlzOs CaO MgO S Pro, Ti02 Insol. Total Authority 
91.11 0.20 3.19 1.23 tr 0 0.90 0.30 5.40=102.33 N. J. 1873, p. 54 

Another sample obtained from the cars in 1880 gave: 
Fe7j5.56; P=1.556. Authority: 10th Census, p. 174. 

References: N. J. 1840, pp. 25-26; 1855, p. 181; 1868, pp. 548 and 550; 
1873, p. 53 ; 1880, p. 109; 10th Census, pp. 174-175 ; 1883, pp. 120-121 ; 1884, 
PP W93; 18g1, P- 249; 1903, PP- 1 6 1 ' V ;  1% PP 3-301 ; 1905, P- 317- 

(344) The Hope mines were northeast of the Peter mine, 
apparently on the same ore range. They were situated at the 
base of the southeast slope of Hope Mountain. In all, the group 
comprises nine or  ten pits, extending through a distance of 1,200 
feet. Before 1840 two of them had been worked sufficiently to 
warrant recog~lition as dhtinct mines under the names the Span- 
ish Hope and the Good Hope, the latter of which was northwest 
of the former. These mines were opened by the London Com- 
pany before the Revolution. They were reopend in 1820, but 
were again closed before 1840. The Oak mine referred to below 
was also one of this group. 

All the mines on Hope Mountain were permanently aban- 
doned before 1868, although in 1880 a little exploratory work 
was done on the slope of the hill west of the main pits. I t  is 
evident from the size of some of the openings that considerable 
ore had been raised from them. One of the larger pits, of which 
there are five or six, measures IOO feet in length and 30 feet in 
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width. The vein probably consisted of pinches and shoots with 
consequent great variation in the thickness of the ore body. The 
general dip of the vein was 85" southeast, and the pitch of the 
ore bodies about 55' northeast. 

The ore from some of the openings is said to  have been of 
superior quality. Two analyses published in 1868 indicate that 
it was very rich if the samples tested represent the ore as a 
whole. 

These analyses are: 

FerO, S i0 ,and  iw. S PIO.  Fe Authority 
Old Hope, . . . . 95.7 3.1 0.0 0.3 69.3 N. J .  1868, p. 550 
New Hope, . .. . 96.8 3.0 0.0 04 70.1 N .J .1868 ,p . s so  

Analyses published in 1873 (N. J. 1873, p. 54) are: 

Fe,Ol MnO A1203 C o o  MgO P 2 0 s  S TiOl  Insol. ~ 6 t o 1  
Old Hope,. 94.06 0.25 2.59 1.57 0.22 0.45 . .. . 0.30 j.oo=~oz& 
New Hope, 97.29 0.35 0.52 0.62 t r  0.47 t r  0.52 2.60=1oa.37 

In 1880 samples taken from (I) the opening on the slope of 
the hill that was worked at this time and (2)  from the newer 
openings at the bottom of the hill gave: 

( I )  Fe=63.20; P=o.448. Authority: 10th Census, p. 175. 
( 2 )  Fe=62.66; P=o.458. Authority: 10th Census, p. 175. 

References: N .  J .  1840, p. 181 ; 1855, p. 26; 1868, p. 549; 1873, P .  54. 

The Oak mine was an old opening on the southeast slope of 
Hope Mountain, about 1.5 miles northeast of the Hard and 
Blue mines. It  was opened by the London Company 'in 1762 
or 1763, and when abandoned was 30 feet deep. I t  was re- 
opened before 1853 and worked to a depth of 60 feet. The ore 
formed an irregular deposit, pitching 55' northeast. Several 
openings were made by the London Company to the southwest 
of the mine, but little ore was obtained from them. 

Reference: N .  J .  1855, p. 181. 

Of the remaining three mines of the Ringwood group that 
are referred to by name in the literature, viz.. the Ward, the 
Winslow and the Little Retl mines, very little is known. They 
were probably all in the nature of exploratory pits. The Ward 
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mine was o l ~ n e t l  about 1874, but was not worked. The  other 
two niines were probably opened about the same time. 

Reference: N. J. 1874. p. 26. 

THE POTTERSVIL1.E-FiEWITT BELT. 

The Pottersville-Hewitt belt of mines contains a few scattered 
openings from which ore has been taken. Xone of them have 
been important mines, nor has any physical connection between 
them been discovered. They appear t o  be on independent ore 
bodies. 

The Poltcrsiille Openiags. 

number of openings in search of ore were made in the 
vicinity of Pottersville during 1871 and 1872, but onl! two ever 
prcxlucecl ore in sufficient quantity to be shipped. 

One of the most important of these was on the south side of 
the road between Pottersville and Fairmount, in Tewksbury 
Township, Hunterdon County. This was known later as the 
Pottersville mine (see below). Another was 1.5 miles north- 
west of the village on the Fox Hill road. This afterward be- 
canie the Bartle mine (see p. 467). -\ third opening was one- 
half of a mile northeast of the village, near the Chester road. 
This clisclosed a vein of good ore. but it was so small that the 
esploration was soon abandoned. About 2 miles west of Pot- 
tersville was a fourth olxning. of which nothing is known. I t  
ma! be that it was the Lb-elch mine of later reports (see p. 460). 

The Pottersville mine, or Updike Farm mine, was on the 
south side of the road to Fairmount, in Tewksbury To\vnship, 
Huntertlon County. 

I t  was opened in 1872 on a side hill 200 feet above a trib~itary 
of Black River. A vein of ore 5 feet wide was discovered with 
hart], firm walls running east-\vest. .About IOO tons of ore were 
mined and then the place was abandoned. 

References: N. J. 1873, p. 30; 1879, p. 46; 183 ,  p. 85. ' 
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13-15) T h e  I~l'ortiirnn J.li?ze. 

'I'he Wortman mine was in Chester Township, Morris County, 
a short distance west of the road between Hacklebarney and 
Pottersville. 

Two shafts were (lug about 1873 to a depth of 35 feet. It  is 
reported that the recl ore .at the surface was of good quality. 
Kothing more is known of the occurrence. 

References: N. J. 1883, p. 85. 

(346)  T h e  Lralis -2.lijtc 

The Lewis, o r  Herrick, mine was in Mendham Township, 
Morris county, a h u t  2 miles southwest of Calais, and three- 
fourths of a mile south of the Conlbs mine. 

There is no record as to the date at which this mine was 
opened. It  was abandoned, however, in 1870, and renlained 
closed until 1880, \vhen. a little work was done looking to its 
reopening. Three shafts had been sunk, one of ~ - h i c h  was 
reported to be IOCI feet deep. 
, . I he ore was coarsely crystalline and nlisetl with a green 

n!ii~eral, which lnay halve been chlorite. m e  vein was 4 to 6 feet 
wide. 

Rcfcrcnces: N. J .  1873. p. 4 2 ;  1879, p. 50; 1880, p. 104. 

1347) T h c  Hezcritt :\lint. 

The I-Iewitt mine \\.as east of the range of Ringwood mines 
and furt l~er  north, on a knoll about I. j rniles northeast of Ring- 
wootl. In the descriptions of the Kew Jersey mines in the 
various reports of the Survey the mine is recorded as being 
situatetl in Pompton Totvnship, Passaic County, but on the maps 
of the Survey it is located north of the State line, in New York. 

The  mine was worked before 1868 and again in 1880, but for 
how long a period in each case is not known. In 1880, however, 
the ore hat1 been I-emovetl froin an open cut to a tlgpth of 25 feet 
with a breatlth of 8 feet. 
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Analyses of the ore made at different times give widely vary- 
ing results, as follows : 

Fe S P Si0 ,and ins. Authority 
454 2.3 tr 19.1 N. J. 1868, p. 550. 
52.32 3.324 0.078 .... 1othCensus,p.175 

Fe201 MnO AlsoI  CaO MgO S PIOI Insol. Total Authority a 

69.64 0.15 9.17 .... tr 4.54 0.19 ry.p=100.9gN.J.1873,p.54 

References: N. J. 1868, p. 549; 1873, p. 531 10th Census, p. 175. 

THE ROCKAWAY VALLEY BEXT. 

The Rockaway Valley belt of mines is poorly developed. 
Aside from the opening northeast of Pottersville and a few ex- 
ploring pits north of Taylortown it has been worked only a t  the 
Rockaway Valley mines. As a matter of fact there is no  distinct 
belt here, although the various openings are considered as con- 
stituting a belt as  a matter of convenience. The Pottersville 
explorations have already been referred to  (page 486). 

P 

(348)  The Botts Farm Mine. 

The Botts Farm mine was about 1.5 mile north and a little 
east of Powerville, on the south side of the road leading west 
from Taylortown, in Pequannock Township, Morris County. 
The mine opening is nearly in the line of strike of the ore lead 
passing through the Decker mine,*which is about a mile further 
north, and therefore is a little east of that on which the Rocka- 
way Valley mines are situated. 

The mine was opened for exploration in the winter of 1872-3 
by a shaft 23 feet deep, and about 70 tons of ore were raised. 
The ore body is between 3 and 4 feet wide and the ore .is of about 
the same character as that of the Rockaway Valley mines. 

-References: N. J. 1873, p. 49; 1879, p. 60; 1880, p. 109; 1883, p. 1x9; 1884, 
P 91 ; 18p0, P. 10.5. 

The De Camp, or  Rockaway Valley, mines comprised a number 
of pits and shafts situated on the west slope of Rock Pond Moun- 

NEW JERSEY GEOLOGICAL SURVEY



MAGNETITE MINES I N  GNEISS. 489 

tain, 3 miles north of Powerville, in Pequannock Township, 
Morris County. 

The ore body was first explored in about 1820, but was not 
further tested until 1870, when five openings were made which 
disclosed the ore in a lead of a t  least three-quarters of a mile in 
length. The mine was worked until the panic of 1873, when it 
was closed, to  be reopened again in the fall of 1879 and worked 
for a short time, after which it was abandoned. In 1872 the 
yield was at the rate of about 450 tons per month. In 1879-1880 
about 500 tons were raised. 

The ore here occurs in a succession of shoots pitching about 
45' northeast and dipping 60' southeast. The ore bodies were 
about 4 feet wide and 50 feet long in the outcrop. The ore was 
hard, close-grained and contained a little pyrite. Several small 
veins parallel to  the larger one occur near the latter, but their 
small size, and the fact that their ore is sulphurous, prevented 
their being worked with the larger one. 

Southwest of the openings above referred to, and in the same 
lead, two other shafts were sunk in 1872 and 500 tons of ore 
were removed. The ore body at this place was also in the form 
of a shoot descending steeply to the northeast. The ore, how- 
ever, differed from that of the mines to the northeast in consist- 
.ing of alternating laminae of coarse and fine material. Still 
further southwest on the same line other openings were made, 
but the ore was found to be too lean to warrant working. 

References: N. J. 1873, p. 50; 1879, p. 60; 1880, P. 109; 1883, P. 1x9; 18% 
p. gr ; 1890, p. 105 ; 10th Census Report. p. 174. 

(350) The Decker dlitle. 

The Decker mine is on the same ridge as the Rockaway Valley 
mines, but on its east slope. A shallow trench and a few holes 
put down in 1872 uncovered an ore body 12 feet wide. The 
work was not followed up. 

References: N. J. 1873. p. 51 ; 1879, p. 60;  1880, p. loo; 1883, p. 1x0; 1884, 
P. 91 ; 1890, P. 10s. 
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(351)  Tlre Cole  Farrrr E.rplortrtiorl. 

The Cole Farm exploration \\:as -3 miles north of Boonton, 
tiear the Butler-Btw~nton road. It  is reported as k i n g  in Mont- 
ville Township, Morris County, but i f  it is the place indicated 
on the topographic map as I mile northeast of the Decker mine, 
it is in Pequannock To\vnship. 

Tile work \\:as clone about 1874. .A lean ore was found be- 
tween walls dipping steep to the northwest. The magnetic at- 
traction is reported to be strong and steady for  a long distance. 
So far as known no further work has been done at  the locality. 

References: N. J. 1874, p. 21; 1879. p. 41: 1884, p. 73. 

T h e  Gould's Farnt :\line. 

The Gould's Farm mine is another exl>loration only. The 
opening was one-half mile southwest of Brook Valley, in Pe- 
quannock To\vnsiiip, Morris County, but its exact location is 
unknown. The fann of .I. Gould is indicated in the county map 
of 1873 as  being nortli\vest of Brook Valley. 

.\ strong magnetic line, which is said to extent1 for a distance 
of 1,500 feet, was exploretl by diarnontl drills about the year 
1873, and a body of ore 5 feet wide was encountered which dips 
steep to the southeast. Nothing is now known of the character 
of the ore, as  there is no record that the explorations were fol- 
lowetl by active mining. 

References: N. J. 1873, p. 51 ; 1879. p. 60; 1880, p. 109; 1883. p. 1x9; 1884, 
p. 92: 1890, p. 105. 

T H E  Kr\HART MINE BELT. 

The Raliart belt of mines, like the others of these eastern 
belts. is mainly one of exploration. I t  contains only two mines 
from which any ore has been shippetl commercially. All the ore, 
SO far as it has hecn tleveloped, is lea11 and in narrow veins. 

The  .\uble mine was 1 . 5  miles northeast of Gladstone, in Bed- 
minster Township, Somerset County. 
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I t  was reopened in 1890 in an old prospect hole by a shaft 50 
feet deep. The mine at the end of the year was 100 feet long. 
By the close of 1891 two shafts had been sunk, one 120 feet deep 
and the other 80 feet deep, and these had been connected by a 
drift 140 feet long. The  vein was only 3 feet wide, but the ore 
\\.as said to  be of Bessemer quality. About 400 tons were raised. 
IYork soon ceased and the mine was abandoned. 

References: N .  J .  I-, p. 67; 1891, p. 241. 

The Connet, o r  Water Street, mine was on the south side of 
Whippany River, at Brookside, in Mendham 'l'ownship, Morris 
County. 

The  first opening at this place was a tunnel driven from near 
the river soutllward into the vein for a distance of about 200 feet, 
presumably in search of copper ore. This tunnel was reopened 
in 1869 and follo\vecl into a vein of magnetic. This was then 
drifted into for a distance of 300 feet, where the ore body be- 
came too narrow to warrant further working. A second tunnel 
5 0 0  feet long was clriven along the vein beneath the first one. 

Throughout its entire length the vein, which was between 4 
and 7 feet wicle, strikes southeast and dips southwest at  45'. 
The pitch of the ore shoots was southeast. 

The ore was contaminated in places by hornblende and pyrite. 
It  is not known how long the mine was worked, but it has pro- 
ducecl nothing since a b u t  1875. When actively operated its . 
yield \vas 4,500 tons annually. 

References: N. J .  1873, p. 25; 1879, p. 41. 

(354)  Tlzc Rccrs Esplorntio,t. 

The Beers exploration was near Morris Plains, in I-Ianover 
Township. Morris County, but the exact location of the holes 
put down has not been ascertained. They were probably near 
the Asylum. 

T h e  first explorations were made in 1878, and these were 
followed in the succeeding year by others. One shaft 25 feet 
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deep was sunk, and from this about 30 tons of ore were raised 
and shipped. I t  is said that "no regular vein" was struck. 

Specimens obtained from the first holes dug showed the pres- 
ence of a large percentage of titanium, as the following analysis 
indicates : 

Fe Mu S P TiO. Si0,and insol. Authority 
54.46 o 0.31 0.04 7.70 22.50 N. J. 1878, D. m 

References: N. J. 1878, p. 99; 1879, p. 41 ; 10th Census, p. 176. 

(355) The Taldor Mine. 

The Taylor mine is described as being east of Stony Brook 
Mountain, or  Mine Ridge, near Taylortown, in Montville Town- 
ship, Morris County. The mine hole is on the west side of the 
Boonton-Butler road, .about one-fourth of a mile north of the 
road corners a t  Taylortown. 

About 300 tons of ore were taken fro111 the mine in 1858 or 
about that time. I t  was not worked again until 1873, when it 
was reopened for exploration. The ore was found to be rich 
and to be present in a body of from 2 to 3 feet wide, striking 
nearly east-west. 

References : N. J. 1873, p. 25 ; 1879, p. 41 ; 1880, p. 101 ; 1%. P. 81 ; 1884, 
P. 73. 

(356) The Kahart Mirle. 

The Kahart mine, situated about 3 miles south of Butler and 
about one-half mile east of the Boonton-Butler road, in Pequan- 
nock and Montville Townships, Morris County, was opened prior 
to  1868 and explored by diamond drill in 1872. The drilling 
revealed the presence of two ore bodies, one of which was 3 feet 
thick and the other from 3 feet to 6 feet thick. After the pres- 
ence of these was discovered a shaft was sunk 20 feet, and then 
work was stopped. The mine remained closed until 1880, when 
it was reopened and worked for a few weeks, during which time 
about 50 tons of ore were raised. The rocks in the neighborhood 
of the ore body are reported to dip northwest. 
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The composition of the ore obtained from the shaft in 1872 
was as follows : 

Fe=52.34; P=o.17; S=1.23 ; Ti02=1.40. Authority : N. J. 1873, p. 26. 

References: N. J. 1868, p. 544; 1873, pp. 15-26; 1879, p. 41; 1880, p. 101; 
18&, p. 73; 1Sg0, p. 88; 10th Census, p. 176. 

(357) The Beam Mirte. 

The Beam lot explorations were 2 miles north-northeast of 
Bloomingdale, in Pompton Township, Passaic County, in a valley 
between two knolls, about three-fourths of a mile southwest of 
Haskell. 

The locality is an old one which had been explored and ap- 
parently abandoned until reopened in 1875 by a shaft 20 feet 
deep in a vein 4 or 5 feet wide. . A little rich ore was raised, but 
the place was soon abandoned a second time only a few weeks 
after its reopening. At present two shafts can be seen and 
several large dumps. 

Reference: N. J. 1879, p. 42. 

(358) The Slont Firrfrz Minc. 

The Sloat Farm openings are about 3.5 miles northeast of 
Midvale and three-fourths of a mile southwest of Conklintown, 
in Pompton Township, Passaic County. 

The place was explored some time before 1882, but the first 
account of it appears in 1883. Four pits were made on the south 
and east slopes of a steep, w d e d  ridge, disclosing lean ore and 
a thin bed of good ore. The southernmost pit was 20 feet deep. 
The northernmost one was the more important. It  is not known 
how deep it was, but its dump contains quite a large quantity of 
lean ore. -4 third hole was 250 yards northwest of the last 
mentioned. 

A visit to the locality in 1907 showed the presence of two 
openings with large, fresh dumps that indicated very recent 
working. I t  is probable that no considerable quantity of ore was 
found. The country rock at  the slope is a hornblendic gneiss, 
and this apparently passes gradually into ore. 

Reference: N. J. 1883, p. 83. 
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The  tlevelol>etl portion of the Kanouse mine lxlt is very short. 
I t  practically estentls only 3 or  4 miles, crossing the Wanaque 
River at I ' o ~ ~ ~ p t o n  Junction. I t  has been esl)lored at several 
points, at which only lean ore was obtained. Since. however, 
the pliospl~orus content of most of the ore found was lo\\. there 
have been repeated attempts to discover a paying deposit 11po11 
it. The belt has never produced it1 commercial quantity, except 
at the Kanouse mine, and even here the prospects were not 
bright enough to warrant mining on a large scale. 

Thc Bermrdlcuille Mines. 

This name is given to a number of openings made in 187+71 
on farliis \vest of Bernardsville, in Ber~lardsville Township, 
Somerset County. Little ore was obtained. and the holes were 
abandoned af ter  a short period of esploration. 

Rcfcrences: N. J. 1871, p. 31; 1873, p. 24; 1879, p. 41. 

The Janes mine, in Bernardsville 'I'owl~ship. Sonlerset County, 
is described as  an old mine situated on ;\.line hlountai~l, near the 
contact of the Highlands g-neiss with the Kittatinny limestone. 
I t  was opened some tirne prior to 1865. but was never worked 
t o  any cor~sitlerable esterlt. 

References: N. J .  1868, p. 5 4 ;  1873, p. 4. 

?'he Lanagan nlitle is reported to have heal 2 nliles north~vest 
of Porn])ton Plains, near the border of  the gneiss area in Pe- 
quannock l'o\v~~shil>. Morris County. OId residents in the vicin- 
ity declare that the mil?e was ab )u t  one-fourth of a mile south- 
east of the De Bow shaft. and that the location of the tnine I .  j 
miles farther south\\-est, as sho~vn on the topographic map, is a n  
error. 
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,4t the point one-fourth of a mile southeast of the De Bow 
shaft is a cleep hole at the base of a ledge of  rock cut by a great 
(pantit! o f  peg~iiatite. A large dump surrouncls the Iiule. but 
the rtxk in it is so \veatliered that little can be deteniiined as to 
its nature. The few pieces of magnetite discovered in the pile 
were in a coarse pegmatite. 

The  mine is reported to have been openetl between 1868 and 
1873 by several shafts \vhicli disclosed the presence of some lean 
ore. l'lie size of the deposit is unknown. The  mine has not been 
\vorkecl sirice I 874. 

At the point indicated on the tnap as the site of the Lanagan 
mine is a sniall hole froni which some very lean material was 
taken. The  quantity is so  sniall, however. that it is certain that 
the place was never regarded as promising. 

Rcfercnces: N. J. 1873, p. 26; 1839, p. 42; 1%. p. 73: ~&p, p. 88. 

The I>e Bo\v, or  De Bow Place, mine is described in the State 
Reports as being situated south of the Lanagan niine, but on the 
top>grapliic nlap it is lcxated northeast of a shaft which is indi- 
cated as Ixing the Lanagan. This location is said to be the cor- 
rect one by old resitlents in the vicinity, but that of the Lanagan 
niine is said to 1x an error (see p. 494). 

The Ik Bo\v mine, known also as the JIiller mine, was openetl 
in 1872 on a long line of attraction. I t  was worked until 1874. 
and then closet1 after a great deal of work had been done. It  is 
lwssible that it was openetl again by a new shaft in 1880, and 
almut roo tons !,f lean ore were taken from it at this time. In 
any event. the mine has not been \vorked for riiany years. 

In ryo0 a shaft was sunk in rock a few yards northwest of 
the prir~cipal shaft of the De Bow mine, hut no ore \\.as found. 

Refcrrrlces: S. J. 1873, 1). A: 1879, p. 32; 1880, p. 101; I%, p. 73; 1890, 
p. 88; 10th Census, p. 176. 

The Jackson, or  ;Istell, mine (called Pompton mine in the 
Report for 1868) was situated about a mile southwest of Pomp- 
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ton Church, and less than a quarter nf a mile south of the Pe- 
quannock River. 

It  was opened about 1862 and operated for two years. In 
1873 it was reopened and worked during a portion of the year, 
yielding about joo tons of sorted ore. The vein is reported to  
be small and to be cut by a coarse granite, or  pegmatite, which 
contains magnetite as one of its components. 

The composition of the ore was: 

SiO: FesO. Al,Os CaO hfg0  P,O. TiO. S Total Fc P 
9.80 73.15 9.48 1 4 6  0.72 0.54 qqo 0.06 = 99.62 52.96 0.23 

References: N. J. 1868, p. 544; 1873. p. 26; 1879, p. 4; 18% p. 73; 18W, 
p. 88. 

(363) The  Rycrson L)e Boycl Minc. 

The Ryerson De Bow mine was at the foot of the gneiss hills 
west of Pompton station, about 1 5 0  yards south of the Pequan- 
nock River, and a quarter of a mile north of the Jackson mine, 
in Pequannock Township, Morris County. 

'I'he locality was explored in 1872 by a shaft, which discovered 
a lead 9 feet wide, dipping southeast, on a line of magnetic at- 
traction that is strong for a distance of IOO feet. The ore con- 
tained some pyrite and hornblende. Two trial pits southwest of 
the shaft discovered lean ore. In 1874 operations ceased, and 
the mine was soon afterward abandoned. 

It was again explored in I 880, and I I 2 tons of ore were raised, 
but so011 thereafter the place was again abandoned. 'Again in 
the fall of 1906 it was tested by two shafts 1,ooo feet apart, 
the northern one of which, IOO feet deep, was near the old open- 
ing. The southern one is supposed to be on a vein further east. 
Botll veins are said to have been traced by compass readings a 
long distance, passing through the I'>e Bow mine. Under its new 
m;lnagenlent the mine was knofvn as the Bishop and Search mine. 

-411 analysis of a sample of 2 carloatls shipped to Secaucus in 
I907 yielded : 

I:P -1111 ,4120s MgO COO P S SiOs 
65.87 o 1.13 .46 .89 ,092 .3g1 2.11 

Rcfcrcnccs: N. J .  1873, p. 27; 1879, p. 42; 1880, p. 101; 1883, p. 88; 1884 
p. 73; 1890, p. 28; 10th Census, p. 176. 
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(364) The Broalrt Minc.  

The Brown mine was 250 yards southwest of the Kanouse mine 
in Pompton Township. Passaic County. 

A shaft of 26 feet in depth penetrated an ore vein more than 12 
' feet wide on a strong line of attraction. The ore was struck in 

1874, and about 100 tons were removed in the. first 4 months of 
operation. The mine was abandoned during the winter of 1874- 
1875, but was reopened in 1880 and worked a short time, yielding 
250 tons per month. 

The ore was moderately rich but it contained considerable 
sulphur. An analysis of the material from near the surface gave : 

Fez46.9; S=2.Q; P=o.o3. Authority: N. J. 1874, p. 22. 

References: N. J. 1874 pp. -21-22; 1879, p. 42; I W ,  pp. IoI-Ioz; 10th 
Census, p. 17s. 

(365) Tlr c Karzo~rse ~ l l i n e .  

The Kanouse, or Brown, mine is in Pompton Township, 
Passaic County, about I mile east of Wanaque, at the foot of 
Ramapo Mountain. 

Before 1868 the mine had been opened at several points reveal- 
ing a streak of ore at least 7 feet wide. -4t this time it had been 
worked by open pits, one of which nras 30 feet deep. It  was 
reopened again in 1873 and 1874, and four shafts were put down 
from which 2,000 tons of ore were raised. The mine was again 
closed in 1875. 

In 1882 explorations were resumed and a large sum was spent 
in preparing this mine together with adjacent Brown mine (see 
above) for operating. At this time there were two main shafts 
1,500 feet apart and 100 feet deep, and drifts with an aggregate 
length of 600 feet. Several thousand tons of ore were raised. 
In 1890 the mine was again unwatered and explored. but the 
prospects did not seem sufficiently favorable to  warrant working. 
although a great quantity of rock had been removed from the 
various openings. 

The ore hotly dips southeast. The ore was very hard and 
compact and was intermingled with some marcasite or pyrite, 

32 ORE 
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but it was low in phosphorus. Near the vein is an exposure of 
white limestone that has been serpentinized in part, hut whether 
the ore is in this rock or not is not known. The line of attraction 
passing through the mine is strong for a distance of 600 feet in 
a northeast direction. 

References: N. J. 1868. p. 54 j  ; 1873, p. 28; 1874, p. 22; 1879, p. 42; 1882, 
p. 71 : 1883, p. 82; I@, p. 89. 

T H E  BUTLER MINE BELT. 

The Butler mine appears to be on an isolated deposit, which is 
not on any distinct belt of deposits such as ,has been assumed to 
exist in connection with the other mines. At  any rate no such 
belt has been developed in Kew Jersey. In Ne\\ York there Is 
an exploration pit, east of Tuxedo Park, and another east of 
Southfield, that are approximately in the strike of the Rutler 
vein. and these three, with possibly some ot,hers farther to the 
northeast, may constitute a definite belt. In any event there are 
no openings on the New Jersey portion of the line except those 
of the Rutler mine. 

The Butler mine, in Hohokus Township. Bergen County, was 
on the Ranlapo hlountains, about 3 miles west of Suffern. 

Quite a little exploration had been undertaken before 1868. 
Pits and trenches uncovered a vein of good ore free from sul- 
phur, 120 feet long. and varying from 5 to I I feet in width, and 
with an additional 3 or 5 feet of ore and rock. Strong mag- 
netic attractions were observed for a distance of 200 feet south- 
west of the openings. In 1873 and 1874 a little additional ex- 
ploration was undertaken, and during the summer of 1879 some 
surface work was done. Three veins were uncovered, varying 
in \\-idth from 3 to lo feet, and about 50 tons of ore were re- 
moved. 

'I'he mine was worked one month in 1880 and produced 280 
tons of ore. It  was then abanrloned. 

On the strike of the Butler vein, and about one-half mile to the 
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northeast, is the Pierson exploration, which uncovered the saine 
lean ore as  at the Butler mine. KO ore was mined. 

References: N. J. 1868, p. 544; 1873, p. 28; 1879, p. 42; 10th Census, p. 175. 

MISCELLANEOUS NOTES. 

The following analyses of magnetite ores have been published 
but without sufficient data to enable their locations to be identi- 
fied : 

.Johnson Farm, near Glen Gardner. Surface ore contains 
8.97% TiO,. (Trans. Amer. Inst. Min. Engin., Vol. 21, 1892, 
P. 279.) 

Property of Marcus Sayre, near Edison ( ?) : 

A sample of ore obtained from the Bayard farm, near Alla- 
nluchy, on analysis by the chemists of the State Survey, gave: 

Fe=qg.5; TiO1=5.9; P =  tr; Insol. =z6.6. (N.  J. 1875, p. 35.) 
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analysis limonite from . . . . . .  36 

Shongum mine. ................... 29 1 

Shoots in ore . defined .............. 135 
sizes of. ................... 139 

Shrcrshury  River. analysis bog iron 
from .................... 26 

...................... Shustcr mine 58 
Sickles mine. ................I.. 103 . 267 
Side Hill ueim. see dlounf Hope mines . 
Side vein. see Dickerson mine . 
Siylrr mine ........................ 341 
Sialer mine (Rockaway Township). ... 421 
Silver . occurrence of .............. 222 

Silver Hill mine. .................. 66 
Silver mine .................... .103 . 265 
Silver Spring mine ................ 35 1 
Silvcrtltorn mines . see Kean mines . 
Simpson mine ..................... 78 
Sinrlair's exploration ............... 313 
Skellcnger mine (Chester Township). 442 
Skellengcr mine (near Chester). ..... 436 
Skellinger mine. s rc  Sampson mine . 
Skcllinger mine (Randolph Township). 468 
Slack mine ........................ 69 

analysis limonite from . . . . . .  36 
Sloat Farm exploration ............. 493 
Slolw So . 3 mine. see Oxford  mines . 
Smith (John) exploration ........... 299 

p a t s  
........ Smith (Lfellick) exploration 318 

Smith mine (Mount Olive Township). a87 
Smith mine. see Cascade mine . 

..... Smith's mine (Hope Township) 214 
.................. Smith's openingr. 270 

Smock. J . C., origin of gneiss and 
magnetite ................ 164 

S r n ~ t h  . C . H .. cited on gcolo g). . . . . . . . . . . .  Adirondacks .183 184 
Smyth . 11 . I,., cited on magnetic sur- 

................... veys. 201 
.................. Snyder mine. .103. 109 

............ Solomon (Salmon) mine 328 
South Amboy Township. bog iron ore 

..................... in. 31 
South i'ein mine. see Hurd (Hurd- 

town) mine . 
S11anish Hope mines. see Ringwood 

mines . 
... Sparta. analysis of limestone from 45 

............... mines near. 276 
........ Sparta Township. limonite in 52 . ..... . magnetite in a26 276 291. 307 

Sparta Valley. limonite mines in ..... 5 9-64 
Spencer . A . C .. cited on Dodge. Ford 

. . .  and Schofield m i n e  .30 I.  305 

. . . . . .  cited on Ogden mines 279 
cited on origin and structure 

of S e w  Jersey gneisses. 178 . 181 
cited on origin magnetite 

..................... ore. 182 
cited on  Pennsylvania mag- 

................... netites 190 
............ Pochuck mine. 62 

................ Split Rock. forge at  2 

................... Split Rock mine. 103 
Sce also Cobb mine . 

..... . . Split Rock Pond mine. . . I  I 229.457 
Split Rock Pond veins ............. 465 
Spring mine ....................... 387 
Springtown. analysis limestone from. . 45 
Sqtriers (Centennial) mine ........ .96. 343 
Squiers mine (Chester Township) . . .  441 
Squires mine ...................... 103 
Staley mine ........................ 249 

See also Oxford mine . 
Stanhope belt. mines in ............ 285 
Stanhope mine ..................... 287 
Stephens mine. ................. .32 6. 329 
Stephenson mine. .................. 272 
Sterling Hill mine. ................ 226 
Sterling mine. .............. . I I .  103. 387 
Stewartsville mine. ............... .4 9.66 
St . George mine. ................ r o j  . 108 

Sec also Ringwood mines . 
Stiff Farm explorations ............. 237 
Stinson mine ...................... 2x5 

analysis magnetite. ......... 94 
Stockholm. forge at  ................ s 
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5x2 INDEX . 
I 

Palre Page 
. Went Milford Township. ........... 85 Wolff. J E.. cited on age of white 

............... magnetite in. 308 . 309 . 3x0. limestone. 178 
316 . 340 . 341 . 342 . 343 . 375 . 459 cited on structure and origin 

West Mount Pleasant mine. ........ 395 of New Jersey gneiss . . . .  175 
....................... .................... Wharton mine. 105 Wolf mine. 331 

. .  Whippany. forges at. . . . . . . . . . . . . . . I  Wood mine (Rockaway Township). 4za 
White Hall mine ................... 348 Wood minc. see Rinp.ood mines . 
White Meadow miner. ............. 450 Woodhull mines. .................. 463 
Whitney . J . D .. origin of magnetite Woodhull mine belt . mincs in ....... 460 . ........... ore bodies. .............. 160 Woodport mines near .ag 0. 300 
Wiggins mine. see Hockleborney mines . Woodport mine. ................... 291 
Wild Cat mine (Bethlehem Township) . 319 Woods mine ...................... 308 

...................... Wild Cat mine (Rockaway Township) . 375 Wortman mine 487 
................ . Willriason mine. ................... 330 Wright exploration. z8a 

Willets mine ....................... 330 Wright mine (Alexandria Township) . I r. 313 
Willever and Codfrey mine. . . . . . . . . . I  Wright mine. see Bvdd mine . 
Williams mine ..................... a81 Wrightneour mine. ................ 4aa 
Willie mine ....................... 105 

See also Hibernia mines . Y 
Winslow mines. aee Ringwood mines . 
Winter mine ...................... 371 Young Farm exploration ............ 252 
Wintermuth's mine ................. 274 Young's mine. .................... 298 

NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY


	Title Page
	Contents
	Illustrations
	Letter of Transmittal
	Preface
	Chapter I introduction
	Chapter II The Bog Iron Ores
	Chapter III Limonite or Brown Hematite
	Chapter IV Hematite
	Chapter V Character of the Magnetite Ores
	Chapter VI Geology of the Magnetite Bearing Rocks
	Chapter VII The Magnetite Ore Bodies
	Chapter VIII Origin of the New Jersey Magnetites
	Chapter IX Ore Reserves and Exploration
	Chapter X Description of Magnetite Mines in Limestone
	Plate I. Magnetic map of the surface at the 
	Plate II. Plan and sections, of the Washingron Mine, Oxford Furnace
	Plate III. Plan and sections of the Washington Mine, Oxford Furnace
	Plate IV. Surface map of the Ogden mine tract, Edison
	Plate V. Plan of workings and magnetic map of Stanhope Mine
	Plate VI. Plan and sections of the Hurd Mine, Hurdtown
	Plate VII. Map of Utter mine magnetic tract
	Plate VIII. Map of mines near Dover, Morris County
	Plate IX. Plan and elevation of the Richard mine
	Plate X. Plan and elevation of the Elizabeth mine, Mount Hope
	Plate XI. Plan and elevation of the Carlton and Leonard shafts, Mount Hope
	Plate XII. Map and sections of the Hibernia mines in 1869
	Plate XIII. Map of the Ringwood Iron mines, Ringwood

	Chapter XI Description of Magnetite Mines in Gneiss
	Index
	Map of Western Highlands
	Map of Eastern Highlands



