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To his Excellency, Joseph D. Bedle, Governor of the State of New Jer- .
sey, and ex-officio President of the Board of Managers :

SIR :—

I have the honor herewith to submit a report on the Clay
Deposits of New Jersey, and trust that it may meet your ap-
proval, and aid in making more widely known one of our most
abundant and useful natural products.

With high respect,
Your obedient servant,
GEO. H. COOK,
State Geologist.

New Brunswick,

Jan. 1, 1878. |
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The facts contained in this report have been greatly increased in number by the
liberal contributions of our citizens, Information of the most valusble kind hes
everywhere been freely given. Wherever it has been possible credit has been given
for this in the body of the work, And it would be invidious to begin to mention
here the numes of our citizens who have aided the survey. It should be stated, how-
ever, that for the large collection of clays from outside of the State, which are men-
tion in the appendix, and which are so useful for comparison, we are indebted to the
friendly aid of Alex. L. Holley, Esq., of New York city, who secured them for us
from his numerous professional correspondents among the iron manufacturers every-
where.
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JINTrRODUCTION.

The following report is intended to present an intelligible
description of the clay deposits of New Jersey. They have long
been known, but their importance and extent have been under-
stood only for a few years. Their uses for common earthen and
stoneware pottery, first attracted attention about the beginning of
the present century. Clay from Morgan’s clay banks at South
Amboy, was used in making stoneware at Van Wickle’s pottery
at Old Bridge, now Herbertsville, about 1800. Ebenezer Price,
Ebenezer Price, Jr., and Xerxes Price purchased the property at
the Roundabout, now Sayreville, on the Raritan, in 1802, and
began making stoneware pottery, using for the purpose clay from
Morgan’s banks, at South Amboy. The use of the stoneware
clay for pottery gradually extended, and it is now carried to pot
teries everywhere along our Atlantic coast.

The use of New Jerae‘y clays for making fire brick and other
refractory materials began after the war of 1812, Mr. G. W.
- Price. of New Brunswick, informs me that Lis father earried a
. vessel load of fire clay from Woodbridge to Boston,soon after 1816,

It was dug on Mr. Cotheal’s property, and was used for making
fire bricks; and Mr. Price thinks it was the first load sent from
Woodbridge for this use. Mr. Samuel Dally, of Woodbridge,
says the white Woodbridge clay was known to the soldiers quar-
tered at Perth Amboy, before and during the revolution, They
called it fuller's earth, and used it for cleaning their buckskin
breeches. About 1820 Jacob Felt, of Boston, bought 50 tons of
the clay of Jeremiah Dally. He paid 25 cts. a ton, in the ground,
for it. This was shipped to Boston ; and it was sent on regularly
to the same place, from that time onward for many years. 1t
was used in satining wall papers in Philadelphia in 1835, by
Howell & Brothers. J. R. Watson, of Perth Amboy, began the
manufacture of fire brick in 1833 and had his works in regular
operation in 1836. Gordon, in his Gazeticer of New Jersey, pub-
lished in 1833, says “ extensive beds of white pipe clay, composed
1
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2 - INTRODUCTION,

principally of alumine, and infusible, have heen observed between
Wondbridge and Amboy.”

So little, however, was known of its extent and uses, in 1840,
that I'rof. Rogers, in his Final Report on the Geology of New
Jersey, published that year, says “about one mile southwest of
Woodbridpe, near the level of a small stream, on the road to
New Brunswick, there occurs an insulated deposit of white clay
and white sand, in whiels both materials are of remarkable purity.
Thix local bed is surrounded by the red-shale rocks of the middle
secondary series, and would seem to be a remnant of the lower-
muost layers of the upper secondary group, lving in a depression
of the surface, where it has escaped removal during the general
denudation of the strata.

“Beneath about ten feet of reddish diluvial matter derived
from the adjoining red-shale, we find a bed of pure white sand,
regularly stratified, and dipping gently westward.  Its thickness
i< about ten feet. This sand is much esteemed as an ingredient
for the manufacture of fire bricks. Underneath the sand lies the
white clay, in a bed about eight feet thick; when dry it is very
nearly white, some portions of it, however, have a very slight
bluish tinge. It is much used in the manufacture of pottery and
fire brivks.  The purer varieties are admirably adapted for
making the glaze for paper hangings, being employed for this
purpose.  About three-fourths of a mile southwest of this exca-
vation, another similur deposit is exposed in some recent dig-
rings. The clay at the latter place surpasses even that of the
former in whiteness, and in its exquisite simoothness of texture.

“In the descending order, the beds at this place are, first, dilu-
vial matter ten or twelve feet thick, then a layer of sand, and
under this again the elays, between seven and cight feet thick.”

In the Geological Report for 1853, statistics collected showed
that clay for making 50 million fire bricks was taken yearly
frown the pits at Woodbridge, Perth Amboy, and South Amboy ;
2,000 tons of elay were sold for facing paper hangings; 2,000
tons for making alam, and a considerable quantity for making
fine pottery at Jersey Cily, Trenton, and Green Point. About
10,000 tons n year of stoneware clay were needed to supply the
demawdd. The Geology of New Jersey, 1868, shows an increase
indhe agrregate of clays dug for market of about double the
quantity dug in 1853,
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INTRODUCTION. 3

The Geological Report for 1874, pages 42 and 43, says:

“Tt is estimated that two hundred and sixty-five thousand tons
of fire clay are dug annually in the places mentioned above, and
sent into market for making fire brick, fine pottery, sewer pipe,
terra cotta ware, retorts and crucibles, facing for wall paper,
alum, &e.  The prices at which it is sold vary from $1.50 to §13
a ton, according to its quality,'but its average price may be
safely set down at $3.50, which produces an aggregate of $927,-
500 for the amount of annual sales of the fire clays.

“The amount of stoneware clay dug annually in the vieinity
of South Amnboy, is estimated at twenty thousand tons. It is
shipped to all parts of the United States, and supplies the mate-
rial for most of the stoneware that is used in the country. Its
price varies slightly, but an average is near $4 a ton, the aggre-
gate of which is $50,000 a year.

“ Fine earthen ware was formerly imported almost wholly from
Europe, but within the last ten years potteries have been ecstab-
lished at Trenton, which have been remarkably successfulin the
quality of the wares made and in finding a ready market for
them. There are now twelve potteries in Trenton, which employ
about one thousand men, and one thousand women and boys, and
turn out $1,500,000 worth of ware annually. The ware madeis of
the common white earthen and ironstone, and its quality isnow
fully equal to the best English ware of those grades. The manu-
facturc of such ware was very limited at the beginning of the
late c¢ivil war; it has now grown so as to supply a quarter of the
demand in the country, and the market for it is still kept up,
even under the present financial distress. A few ycars more of
like progress, and we shall be able to fully supply the demands
of our own market, and from the peculiar advantages of New
Jersey, in regard to materials, fuel, and markets, it must become
the centre of such manufactures.”

The business depression which has been continued from 1873
to the present (1877), has greatly shortened the demand for clays;
bat it must revive again with the general improvement in finan-
cial matters. The manufacture of pottery has continued to pros-
per and grow even during the present stagnation in trade.

Tie abundance of the clay, its superior qualities, and its con-
venience to market, have made it almost essential to the success-
ful prosecution of some of the great industries of our country.
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4 IXTRODUCTION.

And tone progress of manufactures gives it promise of still greater
importance in the future,

This report with its maps, drawings and descriptions will aid
explorers in searching for new locations for digging clay, in
enabline owners to judge of the value of their lands, and in
directing buyers of clay to the various qualities of the material
and the sources for their supply.

Tur work is based on the explorations of the survey i 1855,
and on the results of the work as published in the Geology of
New Jersev in 1868, But in the fullness and accuracy of its de-
tailed deseriptions and drawings, it is largely the work of As-
sistant Geologist, Prof. J. C. Smock.

The beautiful Map of the clay distriet was drawn by the late
James Kennedy Barton, C. E, and his own surveys and levels
furnizhed nearly all the material for it.  In addition to the mat-
ter on ordinary maps, it gives the elevation of all parts of its
surface ahove the sea.  The numerous analyses of clays have been
made by Mr. Edwin 1. Bogardus, in the laboratory of the
Geolegical Survey., They furnish an addition to our knowledge
of fire and potters’ clays, and will be appreciated wherever such
materials are used.

Ix the arrangement of the various details of the report, Part I.
treats of the geograply and topography of the Middlesex county
clay district, and of its place in the general geology of New
Jersey. Part 1. describes the geological structure of the clay dis-
trict of Middlesex county, with full loeal details. It gives the
extension of the Middlesex clays across the State and along the
Delaware River. It also gives the clays of southeastern New
Jersey, and these of northern New Jersey. Part 111 gives the
compuosition, propertics and origin of the clays. Part IV. shows
the economical uses of the clays. Part V. gives statistics of
peculiar products of the clay districts, directions for exploring
for clay, digging and mining clay, and some account of its rela-
tions to transportation and market.
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Part 1.

ON THE GEOGRAPHY, TOPOGRAPHY AND GEOLOGY OF THE CLAY DISTRICT
OF MIDDLESEX COUNTY,

The clay distriet, which is the chief subject of this report, in-
cludes the portion of Middlesex county which lies along the
Raritan and South rivers, and the Woodbridge and Chesquuke
creeks, and extends from Woodbridge on the north to the Mon-
mouth county line on the south; and from Staten Island sound
and Raritan bay on the east, to Martin's dock, and the mounth of
Lawrence brook on the west. Its boundaries are as follows: be-
ginning at the northeast on Staten Island sound near the mouth
of Woodbridge creek, the line runs west southwest up that creck
till opposite Edzar station on the Woodbridge and Perth Amboy
railroad, which is three-quarters of a mile north of Woodbridge;
thence from the creek running west and southwest near the old
Woodbridge and Metuchen road, and intersecting the Metuchen
and Bonhamtown road a half mile north of the latter village;
thence southwest through Piscataway to Martin's dock on the Rar-
itan river; south of the Raritan river its western limit may be
said to be defined by Lawrence brook and the Old Bridge and
New Brunswick turnpike; the southern boundary is not plainly
marked, but it may be approximately described as running from
Old Bridge to Jacksonville, and thence to the Monmouth county
line, near Raritan bay shore; and the waters of Raritan bay and
Staten Island sound, being the State line,* limit it on the cast.

On the northwest the clay district joins that of the red-shale
and sandstone, and the frequent outcrops of the latter muke the
location of the northern boundary of theclay easy and accurate.
Towards the west the boundary is entirely arbitrary, the later
geological deposits, over which the Old Bridge and New Bruns-
wick turnpike runs, being without any breaks, and effectually
concealing the underlying formations. Indeed, it is probable that

- m—— . —

* Geologleally, this eluy district extends over a part of the south end of Staten Island, and prubably
to Long island also,
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6 MIDDLESEX COUNTY CLAY DISTRICT,

the equivalent of the clay is not limited by the boundary above
riven; but that like all the other deposiis of the cretaceous
formation it extends entirely across the State in a southwesterly
direction to the Delaware river, and beyond. In the flat and
<andy country south of the South river, and stretching east as
fur as Jacksonville, vellow sand and gravel drift reach down to
tide level, and so effectually discourage explorations for clay
that thix boundary must be considered the limit of the district
in which clay can be profitably dug, rather than the end of the
beds of clay. From Jacksonviile to the bay shore the outcrop-
ping clay-marl aceurately defines the southeastern margin of
the clay district.  The map accompanying this report shows the
whole of this district which produces clay, including all the pits
of the county and of the adjoining parts of Staten island, in
which fire ¢Jay or stone-ware clay is dug; but it does not exhibit
the whole area of the county in which clay may, possibly, yet be
found, The belt of country underlaid by the plastic clays ex-
tends entirely across the State, and includes an area of 320
square miles, In this area it is possible much valuable clay
land muy vet be found which can be worked to profit. The
area of the cluy district of Middlesex county within which is
included all the clay pits at present worked is only 68 square
iles.

The map of the clay district, which accompanies this rcport,
exhibits the above deseribed boundaries and area on a scale of
three inches to a mile. It will be further described in its rela-
tions to topography and structural geology.

Although this district borders the tide waters of Staten Island
~ound and Raritan bay, and is intersected by the tide waters of
Raritan and South rivers, and belongs in the general Atlantic
slope of the country, it has not the flat surface, or general long
seaward slope which are suech marked features of most of the land
along our coast.  On the contrary, the surface is uneven, and its
average elevation is quite as great as that of the red sandstone
country on its northwest border, or the marl region on its south-
east.  North of the Raritan river nearly all the upland has an
clevation exceeding 30 feet, and fully one-third of it is over 100
feet above tide water level.  This area is subdivided by a series of
hills or Hattened ridgeswhich extend southeast from the Short
hills near Metuchen to Perth Amboy. The Perth Amboy and
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GEOGRAPHY, TOPOGRAPHY AND GEOLOGY. T
Metuchen road runs almost level, high up on the side of this
elevated ridge. From this clevated ground as the water shed, the
drainage is northeast and east into Woodbridge ereck and Staten
Island sound, and southward into the Raritan river. Poplar hill
is the highest point in this ridge or chain of hills, and the highest
in the district being 240 feet above tide level. From Ford’s
Cerners westward to Bonhamtown, and thence southwest to I'is-
cataway, the old road runs on high ground, most of the way
about 100 feet above tide. Bordering the sound and along Wood-
bridge creek there is a narrow fringe of tide marsh. The largest
body of tidal meadow, however, is along the Raritan river. That
on its north side extends the whole distance from Martin’s dock
to the Crossman Clay Company’s works, and is from a half mile
to a mile wide, and nearly five miles long. On the south of this
stream there is but little tide marsh on the shore of the bay;
Chesquake creek is widely bordered by tide marsh from its mouth
to its hiead ; there is a fringe of marsh along the south shore of
the Raritan between South Amboy and Kearney's dock, and
smaller patches from there up to Sayreville, and a much larger
tract above Savreville about the mouth of South river, and stretch-
ing up that stream nearly four miles. The area of the distriet,
which is tide marsh, is as follows, in acres:

TOWNSITIPS, ACRES,
Perth Amboy. .ot e b 403
Woodbridge vvre e e 690
DT 4 13 U ORISR 2,067
East Brunswick 673
Bayreville Lo e 1,797
South Ambor. e e J RO 40
13 T T g T 1,563

]2 ST U PP PP PP PP PO PP PP PRI 7,238

The surface of the quadrilateral area bounded by these streams
and Raritan bay is nearly all 40 feet and upwards above tide-
level, and a large part of it is about 100 feet high. while o num-
ber of hilltops are from 140 to 180 fect in height. These hills
are irregularly grouped. One ridge of 100 to 180 feet high can be
traced from Sayreville southeast, east, and again southeast nearly
to Chesquake creck. The Burt’s creek and Jacksonville road
runs a little east and northeast of the crest line of this ridge.

NEW JERSEY GEOLOGICAL SURVEY



8 MIDDLEFSEX COUNTY CLAY DISTRICT.

West, southwest and south from Soutl Amboy, most of the sur-
face i« between 100 a1l 140 feet high.  The Camden and Amboy
Crailrond cats through ihis high ground near the Sayreville road,
ascendine from the depot at South Amboy, to an clevation of 100
feet newr thi« road, and descending a little near the clay pits of
W. € Perrine und L. R. Rose, and again running up to 100 feet
across the ridgze near the Burts creek and Jacksonville road. T
runs fur over three miles on the watershed between the streams
flowing north and west into the Raritan and South rivers, and those
flowin cast und south into the bay and Chesquake creck. The
stopes of thie upland toward the Raritan and South rivers are com-
paratively gentle, and terminate, except in a few cases, in tide
marshes South of South Amboy, along Raritan bay and up
Chescuake ereek, the upland is high quite to the water or marsh,
and forms hlutfs that mark clearly the upland from the marsh.
The New York und Long Branch railroad runs at the base of
these Inolls from South Amboy to the Chesquake creek at Mor-
gan station,

TABLE CF ZLEVATIONS IN THE CLAY DISTRICT OF MIDDLESEX COUNTY,
TAKEN WITH AN ENGINEER'S LEVEL.

The Dllowing table of elevations, ascertained by leveling, gives
the Loinits at mary cusily identified points. They were got
from ruiiroad surveys, und surveys made for the Geological Sur-
vey. ‘The maps give many additional heights of hills and crests

A ) of ridzcs. These, with the contour lines, show both the clevation
and the siape or confizuration of the country, much better than
any verbal deseription.

The fizures give the elevation in feet above mean high water

level.
VICINITY OF WOODBRIDGE.
Feet,
Iravid Fioeds elay bank, o G platform seale. e eeereanesrevnssresenens 7.0
David Ayers elay bank, oo of G0 e e eaeeaea 858.0
Floe o Vo ey near DL Shotwd s house, ofd Woodbridge and Metachen road 80,7
Supfree o€ water in brook under the bridge...oonniie e i 85.0
Fioos of Veilee, sluwe-montioned road, and one mile northeast of above
L83 T3 R S O R OPOTT SRS 73.0
Suainit of hill, Now Brunswick and Woodbridge road, near k. Stackpole's
LUt ettt e et e e e easaeeereere e tabt e eeas 165.0

Same moad, near I, Liddie= bouse
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TADLE OF ELEVATIOXS.

Same road, bridge over brook from Mutton Hollow, fep of stone abutment,

103 4 LR A 17 o
Surface of road, David Flood’s tenant house, north of Mutton Hollew...........
H. Cutter's platform scales, on road to his pitaa..c i,
Woodbridge and Perth Amboy road, Spa Spring brook bridge, top of north-

B 1 1 T P
Perth Ammboy road, corner of road to Cutter’s dock, surface...c..oviiiiinineniin

PERTH AMBOY AND WESTWARD, NORTH OF THE RARITAN RIVER.

Track, E. & A.R. R.and N, Y. & L. B, R. R, crossing....cccevververmennerneninns
Summit on E. & A. R. R, near Ford's corners.....c.... voue
E. & A. R. R. track, crossing New Brunswick and Weodbridge straight road...
Metuchen and Perth Amboy and New Brunswick and Woodbridge ronds inter-

RECHION, BURFECE. ... eevviiriiiiiiiis it ettt e e ettt e b ee st s e e
TBridge floor on Florida grove road over the E. & A, R. R...,
Surface at Benjamin Valentine's gate, near Florida grove.. vviiicniieevvinninns
Summit, New Brunswick and Perth Amboy road near the Eagleswood road.....
Surface corner of road north nerthwest of Manning House (hospital)............
Surface, at Manning elay Bhalti oo crvsme i oo
Centre of New Brunswick road, epposite entrance to Eagleswood...oocovunnnenee
Flooring of culvert, New Brunswick road at corner of road on the west line of

Perth AmbDog.. it e e
Railroad track over small cnlvert at entrance to Phillip Nenkumet's clay bank
Rail at end of track, E. F. Roberts’ pita...couiicieiiniiiiiniccen e v rannens
Surface, west end of grinding pit house at old brick yard, Raritan Clay Com-

L P PO OOV TPRUPIN
Frog of switch at junction of railreads from pits of Chas, A. Campbell & Co...
Surfuce, New Drunswick and Perth Amboy road, at * Flalf-way IHouse”.........
Surfitee, New Brunswick and Perth Amboy road, at west end of pits of Samuel

Surface, pits of Sammnel Dally, near red house at pits of N. J, Clay and Brick

COMIPANY (oieerernsnsvmmnrmrsntbane eeenaaet e bbbt ab s ea bbb et et b besasbabbaseteemrnnnssennn
Top of post near corner of road lending io pits of R. N. & H. Valentine.........
Top of platform of David Flood, side of X, .J. Clay and Brick Co.’s railroad...
Platform of scales near office of R. N. & H. Valentine.......c..... oo
Railrond track, at the seakes of N. J, Clay and Brick Co
New Brunswick road, surface in front of David Mundv’s house, east of Bon-

hamtown...... L
New Brunswick road, surface in front of Martin Schofield’s house, half-mile

east of Bonhamtown ..o
Railroad track, entrance to gravel pit of P. R. R. Co,, north of Bonhamtown...

WASHINGTON TO S0UTH AMBOY.

Brick pacement {west end) in front of M. E. Church, Washington..........cccco..
Lower rail on curve of track entering Willett & Yates’ brick yard, Washing-
176] 1 PO B s
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10 MIDDLESEX COUNTY CLAY DISTRICT.

Feet
Bayreville, sv.fae in centre of road in front of M, B, Churelu.vvevecesiveeeeeenn. 41,4

Sayreville, svifaer at frame barn of Sayre & Fisher, near the fire brick works.. 20,0
Surface, Washington and South Amboy road, corner of road to Whitehead's

QUK e s e et et en s e eann rrerirreen 45.0
Suifare, Woshington and Sauth Amboy road, Such’s railroad crossing............ 1.5
Suunnit, Washington znd South Amboy rond, between Such’'s gate and Roberts’

WUSE DIt rrrreteenes o snatarae et ae e et arceeesa sa e aeenssen e s nbane hebse seranntan at 44.4
Suwnmit, on rosdd from Roberts’ pits to Kearney’s dock... 61.8
Such’s railroad traek, ot clay Works..ommueevieneeinenereee s veins 13.8
Street, in front of R. C. Chureh, South AmbBoy..cccciveiieeeeeciieecnireveerenesiaens 470
Surfuee, southeast corner of B, C. cemetery, muin street, South Amboy........... 1225
Swinmnit of hill routh 0f the FHINZE et it ee e e s

Flovr of bridge over C. and A. R. R., Wushington road
MADISON TOWNSHIP.

Surfure, South Amboy and Jacksonville road, at corner of road to Theodore

SBmith's clay Pits i s e e 80.0
Surfure, in front of K. Ilishrow’s house, on road to Theo. Smith's clay pita...... 45.0
Surfare, north eorner of - —-- Fitanack's house, at Theo. Smith's clay pits...... 38.5
Qtte Ern-t's clay mines, floor ut top of shaft of 1868.....ccccevvevrecenicieseriiiere. 313
Otto Ernst’s elay mines, floar ab top of shaft of 1874.ccviciveiiiiiiccciiinninniccinien. 27.6

ELEVATIONS OF EACH OF THE CLAY BEDS AT VARIOUS POINTS IN THE
DISTRICT.

RARITAN CLAY BED.

Geo. W. Ruddy's pits, couth end, surfee of ety .coeeeiceeeieeivnes vernrineceeiee e 35

Geo. W. Ruddy's pits, near house, surfuce of clay 36
Wm. B. Dixon's clay, fp... 31
New Jersey Clay and Bruk Cnmpam, top ......... e r ey densaientiresiis 44
David Flowl's fire vlay, sontheast of Bonhamtown, top of eay... 47
David Flood's routhwest pits, 46D of dfay.cveeerenieicernreniiieninecne 43
Geo. Pheenix'a clay pits, north of Benhamtown, fop of clay.... 76
W. C. & F. Mundy’« pits, north of Bonhamtown, top of clay (i
Carman’s brick yard, north of Bonhamtown, top of elay...cccvveeeceninienrincnnnnn, 78

Charles M. Dally’s pits, south of Bonhamtown and north of the Raritan river,
top of duy, [helow tide] cvevevnninieciniie e ben s raeesraetaa s tas s sa s ans 11

WOODBRIDGE FIRE CLAY BED.
WOODRBRIDGE AND VICINITY,

Vm, P. Ediar’s bank, fop of clay. .. et ettt ettt e nnae 83
\m. P, Edirar's bank, 120 feet east of ubove (top) ................ 89
Wm. H. Berry's pits, {e=t) 51p of cd@lfcviiniiii i e sssenne s raeees 73
Wm. I, Berry's pits, northwest of farm house, top of elay.eciiiecieniiniiiininecna 81
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ELEVATIONS OF EACH OF THE CLAY BEDS. 11

Fect.
David Flood's bank, near his residence, top of blue clay, at northeast end of the
3R PO O PP PO PP DI PPRLPTPEPIPPES 76
David Flood's bank, tup of sandy clay, 100 yards northwest of above............ 89
J. H. Cumpbell, estate, fop of best elith corvrvnrmciriiisne i
David Ayers’ bank, fop of elayf.cmiovainrisnienna
Charles M. Dully’s bank, top of fire elay..occevnenrneinniencis
Salamander Works bank, top of white clay
Loughridge & Powers' pits, top of white clay. . cvererviecmcraciiiniinnin 73
Loughridge & Powers’ pits bottom of fire clay—deepest....co.ooovinrinniiiiiininiinnnan 48
Mellick Brothers' pits, top of fire elay....cociniiininininiinnniecn s 57
B. Kreischer's pits, fop of sundy (stoneware) elay a9
B. Krcischer's pits, fop of fire elay......coocianiiririenorceniinn i, 53
Wm. I Berry's bank, adjoining New Brunswick road, on the soutl, top of black
OO SIS PP PP TP PP IO 88
8. A. Meeker & Son's pits, “ Matton Hollow,” top of fire elay...covenrniiinainnins 56

J. R. Watson & Son’s bank, top of (stoneware) eay v eeeeevessrnnnnininniniones o 59

J. K. Watson & Son's bank, bottom of fire elay 41
A, Hall & Soun's bank, top of fire elay.......oovinunnninitonrineranane. 67
A. Hall & Son’s bank, southwest end of bank, tap of fire dlay....ccovrnveeiiciianns 73
BANKS SOUTIIWEST AKD SOUTH OF WOODBRIDGE.

Tsaac Tnslee’s pits, 200 0f lay..o.cerriiiciiiiiniini e e cocvsesins 52
Isnac Inslee's pits, bottom of fire day........ 38
James Valentine's pits, top of elay........... 48
James Valentine's pits, dotlom of fire elagfeeocoooviiiiiiinnniiniiin 36
Hampton Cutter & Sons, northeast pits, top of white fire clay. oo ivvnniinnnnnans 32
Humpton Cutter & Sons, south pits, top of elay bed....oiiiiiiniiiiiiniin i 34
Hampton Cutter & Sons, south pits, botiom of fire clay.... 20
Mampton Cutter & Sons, west bank, fop of black dlay... g3
Hampton Cutter & Sons, west bank, top of blue dlay....... 41
Fampton Cutter & Sons, west bank, bottom of blue elay....oovovrnieneiiiiiiiiinans 20
Isaac Flood, clay pits, top of (stoneware) elay.....cviiniiiiiniiiniirninacre i

E. Cutter's estate, old pipe clay bank, top of clay.......cooeeeinnns

W. H. P. Benton's pits, top of cfay, [below tide]......coocminiiies

Charles Anness & Son's pits, fep of clay, [below tide]
CLAY ALONG THE NORTII SHORE OF THE RARITAN RIVER.

Woodbridge Clay Company’s pits, east of Crows’ Mill creek, top of the fire clay,

[BE10W HE] cooereins it e e e —18
Woodbridge Clay Company’s pits, near Crossman Clay & Manufacturing Com-
pany’s works, fop of fire elay, [below tide]. ..o —3.5

Woodbridge Clay Company's pits, bottom of fire elay, [below tideJu....coouernn. —11.5
Angustine Campbell’s pits, near Crows’ Mill ereck, bottom of fire clay (average). —20
A. Weber's bank, fop of fire elay...oocooivenioiien e 205
A. Weber's bank, bottom of fire clay . 11
Crossman Clay & Manufacturing Company’s east bank, top of fire eloy..ovveros 215
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12 MIDDLESEX COUNTY CLAY DISTRICT.

Feet.
Crowsman (luy & Manufacturing Company’s cast bank, dottom of fire clay........ 10.5

Crossman ( luy & Mannfaeturing Company’s middle bank, top of fire clay......... 26
Crossmian Clay w Manufacturing Company’s middie bank, dottom of fire clay..... 17
Crossman {lay & Manufacturing Company’s west bank, top of fire clay............. 37

Crossman (lay & Manufacturing Company’s west bank, bottom of fire clay........ 25
Ph. Neubaret's bank, (6p of fire edayseeenuceiioeeeis oo oo 33
Ph, Nenkunwt's hank, bottom of fire elay........ e e b s 25-32
Chas, A, Campbell & Co'w north or blue elay bank, top of fire cluy.enniennennn,. 40
Cha-. A, Camypbell & Co.’s south or white clay hank, top of fire clay............., 38
Tsasie Flood & Son's bank, east end, top of fire cay..... o6
Lsage Flood & Sow's bank, west end, top of fire ey, o, 61
R. N. & H. Valentine's bank, top of fire clay....oeveveeeeeernrvennnn, R ) E E
R. N, & I, Valentine's southwest pits, top of fire clay a0
Banmel Dally's pits, north of New Brunswick road, top of eluy...ovieiiiiiiiienee. 74
Samuel Dally's pit, sonth of New Brunswick road, tap of elay. «..oconviniiiiiinans 68
N, J. Clay and Brick Company, northeast pit, bottom of fire elayo. . veiiinanenn. 64
EAOLIN AND FELDSPAR BED.
Forhes furny, feldspar bank, top of sandy elay.........ocovoveeeeeovineeesseveeesessas 104
Forbus" farm, top of feldapar.....omeeceesieeeeesivieseseesreee oo oeeveeeseseseeee a6
Forbes’ farm, brtton of feld<par 90
Chas. Anness & RBony” sefdspar bank, top of feldspar...cicreeeivieeeeerenisevnes .. . 81
Chas. Anness & Sons” feldspar bank, east end of the bank, top of feldspar......... 99
Chas, Anness & Sone’ feldspar bank, top of sandy red cluy. .oueeeeeerrneee s, 104
Eilgar Bros', feldzpar bank, top of feldspar..........covmreeeieeeirrsiieevesriasnesn, 8!

Knickerhocker Life Insurance Company’s farm, fire sand bank, top of black clay 50
Koivkerbocker Life Insuranee Company's farm, fire sand bank, top of fire sand 71
Knickerbocker Life Insurance Company’s farm, fire sand bank, top of fire sand 58

Knickerbocker Life Insarance Compnny’s south pit, top of #aline................ 63
Jas. Valentine's kiofin, N. Y. & L. B. R. R. cut, bottom of kaolin............ 33
Alre. Merritt's kaoiin pits, top of kaolin........ PP 53
Whitehead Bros'. bank, Sayreville, tap of kaoditt..veeeeeeeeeoreseceisses oo, 50
J. K. Brick estate, Burts’ creek, top of £aobie...ocovcerceeeevivereieseereeereiaenn 30
Whitchead estate, bank, Washington, t0p of kaoliie...ccveeeeicreeneevees e, 52
SOUTH AMBOY TFIRE CLAY BED.
NORTH OF THE RARITAN RIVER.
Manning shaft, (D of 1R ludce v vinciiieiiieeecis e eeceeeeeee e ves oraranesseees aes 100
E. ¥. Robert<' pits, Manning fiarm, t0p of fire elag....veereeeoveresvienessienssonninn 80
L. F. Roberts’ pits, Manning farm, boftom of fire Yt 69
E.F. Robert’ pits, Manning farm, east end, dottom of fire clay......oovervoireiran G0
John De Bow's pits, 109 of 760 eltferrereerciciineciiiiiieiic e creerseseseens s . 80-83

SOUTH OF THE RARITAN RIVER.

Kearney tract, E. F. & J. M. Roberts, north of Washington road, top of fire clay 82-36
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ELEVATIONS OF EACH OF THE CLAY BEDS. 13

Feet.

Eearney tract, 12, F. & J. M. Roberts, north of Washington road, battom of fire

B e vee e e ri e e e e 26
Wearney tract, E. F. & J. M. Roberts, south of Washington roadd, top of ﬁre

L U OSSP SS PP ET  E PR E PO RTETITPINL 29-35
Kearney tract, E. F. & J. M Roberts, south of Washington road, bottom of fire

elay (deRPest ) uiireciinrir e 156
Gieo, Such’s pits, southern end, top of fire clay....... 25
Geo, Such's pits, southern end, bottom of fire elay.......... berrbesstant s ey 13
J. K. Brick estate, bank, fop of fire elag....ccoooveniiinnniiinnninne 28-36
Whitehead Bros' pits, (0ld southeastern) top of fire clay ......... e
Whitehead Bros' old Bolton pit, top of elaye..coovnneirninieniicnnen.
Whitchead Bros' bank, near Savreville, top of clay...cccoooiiinenin,
Whitehead Bros' hank, near Sayrevitle, (south end) fop of elafereerrisiiinnins
Whitehead Bros' bank, near Sayreville, (zouth end}) bottom of fire clay............ 51-54
Savre & Fisher's bank, top of fire elay. .o, verseeienee 65

STONEWARE CLAY BEDS.

E. R. Rose & Son's pits, near C. and A, R. R, fop of clay..eviniiniiininnnnnen, 70
Theo. Smith’s pits, top of elay.....ocvviierinrnrciiniinnee, 40
Theo. Smith's pits, botiom of day........... reteesereseurenes basaneterarnant s perantanat 32
X. Furman's clay mine, Chesquake creek, top of stoneware clay........... 20
N, Furman's clay mine, bottom of stoneteare elay...........oomvvrivrmiaiiniiiininnnn 13
N. Furnat’s clay mine, western shaft, top of stoneware eday .umeeceeeiioniiinenn 14
N, Furman’s clay mine, western shaft, bottom of stoneware clayo ueeimeinnnnne. 13
Otto Ernst’s clay mines, 1568 shaft, top of good elay....... teeeis arrsseneraareieens 12
Otto Ernst's clay mines, shaft of 1876, top of good elag...covveiniiinnnenniinnnia 4
Morgan estate, Raritan Bay, top of stencware elay...... crerrrreni et eean 25
Morgan estate, Raritan Bay, bottom of stoneware elag..c.oovivricrniniiiiiiiinnan, —_
MISCELLANEOUS,

Salamander Works fire sand pits, northwest of Woodbridge, top of send......... 72
K. N, & H. Valentine's fire sand pit, at Raritan Sand Hillg, top of sand......... 49

]J.n id Flood's kaolin pits, southenst of Bonhamtown, top of (so-called) Laotm 49
Vo, 1. Berry's bank, Woodbridge and New Brunswick roud, fop of the btac.{,
day ................................................................................................ 88

Clay pit, across road from residence of Chas. Anness, fop of black dlag....ovrvinn. 22

W. S. Petit’s brick clay bank, Washington, South River, bottom of working face
OF BOREecvert it e s e 18

Willett & Yates brick clay bank, Washington, 8. R., top of bank..........ooevoe. 41

Everett & Fish, potters’ clay bank, South Amboy, top of day........vveet versinen 82-88

The drainage of this clay district has been already described
in connection with its surface elevation. It is so limited in
extent that there are no large streams wholly within its bounds,
and yet it is remarkably intersected by tide water-and navigable
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14 MIDDLESEX COUNTY CLAY DISTRICT.

channels. Thus in this area of about 68 square miles, there
are about 30 miles of shore fronting on navigable water; or,
counting both sides of the Raritan as high up as Sayreville, and
excluding the more tortuous bends of the Raritan and South
rivers and Chesquake creek, there are 25 miles of water-front.
So that there is not a point in the district three miles from navi-
gable water; and of the 100 clay, kaolin, and sand pits, none
is more than 2} miles away from such water-front. The advan-
tages of this remarkable location for the development of such a
country, are plainly shown by the rapid growth of its industries.
The tributaries of these rivers and creeks are small and unim-
portant, although most of them, for short distances, are small
tide water inlets, bordered in some cases by tide meadows; and
some of them are capable of being improved as canals or basins.
The character of the surface and soil throughout this clay
district is so varied that detailed description would faii to convey
a distinet idea of its manifold phases. And yet nearly, if not quite
all the upland area can be deseribed in two clearly characterized
groups. These two groups of soils and superficial deposits, mark
two kinds and two periods of the drift. These are (1) the northern
or glacial drift which is composed of fragments of the red-shale
and other northern rocks spread unevenly over the surface, (2)
the older (southern?) yellow sand and gravel drift, derived, ap-
parently from some more southern source, and containing no red-
shale drift whatever.  The former is the more recent of the two,
and is found resting at many points upon the latter: and both
unconformably upon the beds of clay, &e. The district north of
the Raritan is mostly covered by the former, and that south of
the Raritan has only the latter kind. The yellow sund and
gravel drift is found to some extent north of the Raritan.

1. Gracran Drirr.—No attempt has been made to trace out all
the sinuosities of the limits of thissurface formation. The gene-
ral outlines are as follows: Staten Island sound on the cast,
Raritan river on the south, and, on the west, a line drawn from
the works of the Crossman Clay and Manufacturing Company
north-northwest to the Sand hills, and thence west, near Bon-
hamtown, to the limits of the map. Northward this connects
with the Short hills and the red shale country. It will be thus
seen that this drift covers, or occupies, the tongue of land run-
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GLACIAL DRIFT. 15

ning southeast from the Short hills to a point between the
sound and the Raritan river, forming Poplar hill and the high
ground thence to Perth Amboy. It must here be stated that the
sound is not its eastern limits, as the same drift covers nearly
the whole of Staten Island, and there is no difference in the ma-
terials as seen at Perth Amboy or at Tottenville, on the opposite
shore. No shale, or sandstone, is to be found south of the Rari-
tan river and east of the South river, and the former, at Am-
boy, sharply divides the two surface formations. This drift is
cut on the line of the Easton and Amboy railroad at Ford’s
Corner, and at several points between that place and Perth Am-
boy. It is best exposed in its relations to the yellow sand.and
gravel, in the feldspar banks of Chas. Anness & Son, and in
the Woodbridge and New Brunswick road, near Wm. H. Berry’s
bank. It can also be seen in the cut on the Easton and Amboy
railroad, half a mile south of Ford’s Corner.

This red-shale drift belongs to the true, northern drift of the
glacial epoch, which is seen covering nearly all of our more
northern territory. This portion, thus locally described, must be
considered as part of the southern end of the great sheet cover-
ing the continent; and the city of Perth Amboy stands on the
southernmaost point of this particular drift bank. The red-shale
material, the predominating and characteristic constituent in
this mass of drift, gives character to the surface of the country,
which resembles somewhat the country to the north and west
where the red-shale crops out in place. The soil has that peculiar
purplish-red color, and is in marked contrast with the sandy sur-
face towards the west and south. The forest on this drift area is
also quite different from that growing on the sandy and gravelly
loam surfaces. There is less chestnut and no pine, both of which
trees are common and make up most of the wood found growing
south of the Raritan river. From these statements itisevident
that the boundary of this drift is easily and accurately traced.

The matrix of this drift consists of red-shale in the form of
small fragments and as fine red earth. In this the pebbles, cob-
blestones, boulders and other rock masses are enclosed, without
order and in all possible combinations. Boulders and pebbles
and fragments of red and bluish (indurated) sandstone and of
trap rocks are very abundant. Gneiss, granite and syenite are
less abundant; the canglomerates and slaty grits of the Green-
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16 MIDDLESEX COUNTY CLAY DISTRICT,

pond mountain (Potsdam) series, and the Magnesian and Tren-
ton limestones are of much rarer occurrence. Large boulders
are quite comnion, so much so that their removal in clearing new
ground for tillage is laborivus and quite costly. Many of them
are large enough for quarrying into building stones. One on
Miss (rale’s laund, three-fourths of a mile west of Woodbridge
and a short distance south of the New Brunswick turnpike was
20 to 30 feet in diameter and was used for bridge abutments on
the Easton and Amboy railroad. In Melick Bros.’ clay bank near
Woodbridge, a granite block, 10 feet in diameter, was found,
lying with its polished and striated side down and imbedded 3
feet- in the fire clay bed. Near Patrick Miles’ house, west of
Woodbridge, there is a trap rock boulder, whose dimensions, out
of ground, ure 15x10x5 feet. Others nearly as large might be
cited, but they are not uncommon, although growing scarce ag
the country is more cleared up and farmed, or worked for its
clays. Doulders from one to three feet in diameter are abundant,
both in the drift bed and on the surface. Occasionally thin and
irregular layers of white, sandy clay and clayey-like pebbles
occur int this drift. These are, however of very limited extent and
not common.

The «urface of much of the area ocecupied by this drift is re-
markably uneven. The hills are irregular in outline and of
uneven slopes, and sink holes and small ponds are numerous.
These irregularitics of the surface are striking features in the
higher grounds west and southwest of Woodbridge, in what may
be termed a continuation of the Short hills.

The thickness of the red shale drift, as cut in many places,
does not ¢xceed 20 feet, but in Poplar hill there must be a much
greater thicknuss—possibly more than 100 feet. The average or
mean thickness may be put at 20 feet. An examination of the
table of elevations of the clays, Laolins, feldspars and fire sands,
and a cowmparison of these heights and the heights of the sur-
face at these places, shows that there is not anywhere more than
40 feet of drift, excepting in Poplar hill. So far as excavations
indicate, it is frequently quite thin, sometimes amounting to
little more than a soil and subseil. This is more particularly
the case towards the southeast and near its boundary lines, or
where the sheet thins out and disappears.

That this drift is a part of the great northern drift and of the
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YELLOW SAND AND GRAVEL. 17

glacial epoch is evident from the nature of the materials. The
large and numerous boulders in it belong to rocks whose outerop
is to the north, and these occur in numbers proportional to the
nearness of such rock formations. Thus the trap rocks and
sandstoncs are in excess over the gneiss and conglomerates.
Then the great mass of shaly material has certainly not traveled
far, as much of this is in the form of fragments, which are in-
capable of long transportation without being reduced to earth.
This character of constituent materials and entire absence of all
sorting, or stratification, corresponds with what is observed in
the great northern drift elsewhere. No organic remains have
been discovered in it, although it has been so largely excavated
and at so many points, '

2. YeLLow 8a¥p aAND GRAVEL—This s0 called sand and gravel
drift includes all the more or less sandy and gravelly layers which
form the surface materials, or superficial covering of this clay
district, outside of the lines above given as the boundaries of the
more recent red-shale, or northern drift. As has already been
stated 1t underlics much of the latter and extends north and
northwest beyond the limits of this district. In all directions it
goes beyond the comparatively small area represented by this
map. The almost endless gradations of sand, sandy loams,
gravel, gravelly loams, &e., generally of a yellowish color, but
with many other shades, accidental to the surface, are embraced
in this formation. Tt is not only thus marked by the general
character of its material components, but more definitely by the
sorted or stratified arrangement of these materials—a character-
istic, which everywhere distinguishes it from the unsorted, red-
shale drift.  And it might very appropriately be termed the
stratified drift. Towards the northwest, between Bonhamtown
and Martin’s dock, some red-shale earth and fragments and
boulders appear in it—as if there had been a mingling of mate-
rials by alternate currents, carrying shale and sand and gravel.
Excepting on the northwest border of this district there is o re-
markable absence of shale in this formation. And this is an-
other of its distinguishing features.

This sand and gravel or stratified drift is found as a surface

covering, unconformably resting upon all the clay and other beds
2
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18 MIDDLESEX COUNTY CLAY DISTRICT.

of the plastic clay series, excepting in the aren of the red-shale
drift, where it is overlaid by the latter.

The thickness of this surface formation varies exceedingly
from point to point, even within the limits of a single clay bank.
In those about Woodbridge and north of the Raritan river, it
ranges from one to thirty fect, or possibly, in rare instances, even
more widely. In William P. Edgar’s clay bank it is thirty feet
thick, and the red shale drift is wanting—this forming the sur-
face. In the bank of William H. Berry a few rods southwest of
Fdgare, it is ceut 20-25 feet thick, under six feet of red-shale
drift. A few rods west of this and on the same property the
latter rests immediately upon the top black clays. The same
irrepularities and breaks appear in it in the Mutton Hollow clay
hanks, west of Wootlbridge, und in those of the Salamander Works
and others, north of the New Brunswick road. And the two in
their relation to each other and in their varying thickness, are
heautifully exposed in Anness' feldspar bank; in E. F. Roberts’
hark, near Eagleswood ; in the cuts of the Easton and Amboy
Railroad; in the cast bank of the Crossman Clay and Manufac-
turing Company, and at many other points which might be
mentioned since most of the digging for clay about Woodbridge
lias to penetrate both of these drift formations. The average
thickness may be put at 10 feet. In the clay banks at the Sand
hills and along the north shore of the Raritan river, the thick-
ness is from 4 to 25 feet. Here it forms the surface material.
South of the Raritan it appears to be thicker, ranging from 15 to
40 feet in the several clay banks from Sayreville to South Am-
bov. At the =and bank of Maxfield & Parisen, in South Amboy,
it is at least 30 feet; at Otto Ernst’s clay mines, near Chesquake
creek, it is about 40 feet thick. From the elevation of some of
the hills and ridges in the district southwest of South Amboy
(110-180 feet) the maximum thickness of this sand and gravel is
thought to be not less than 100 feet.

Tiie materials of this formation, whether sand, gravel, or less
rounded rock fragments, arc always stratified. The lines of strati-
fication, or layers, are sometimes horizontal, but frequently they
are seen to be wavy, or gently undulating. The dip or inclina-
tion of these lamina, or layers, is not uniform in direction. A
prevailing dip towards the northwest, as might be expected, i3
not shown by the observations. This sorted arrangement ap-
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pears in the Iayers of sands, gravels, &c., slthough these layers
are not, generally, persistent to any great distance, but taper out
and are then replaced by others. In the examination of the sur-
face of the country a marked featurc is nearly everywhere ob-
served in the gravelly hills and crests of ridges and more sandy
valleys and depressions. This may be owing to some systematic
arrangement of the gravels and sands, but more likely the re-
sult of surface drainage, which, operating through ages, has
carried down the more easily transported sands and left these
gravelly accumulations in the shape of hills and ridges such as
we now see. The sand and gravel generally alternate, but ir-
regularly, and in some places there are thick beds of sand with-
out any lines of gravel, as, for example, at the clay banks of
Sayre & Fisher, George Such, Messrs. Roberts, and the sand bank
at South Amboy. Very frequently a thin gravel stratum, a fow
inches thick, is seen lying immediately upon theclay, The sand
beds generally exhibit a double system of lines, or obligue lami-
nation, known as cross stratification. This can be seen at
nearly all of the clay banks on the south shore of the Raritan,
from Sayreville to South Amboy. The sand is mostly a fine
white to a yellowish-white granular quartz mass, which is in
some layers mixed with earthy matter. On the north side of the
Raritan there is less sand and a larger proportion of earth and
gravel. Quartz constitutes nearly the whole of the yellow sands,
and most of this is in the form of grains and pebbles of white to
yellowish, transparent, translucent, chalcedonic varieties. Some
black grains of hornblende and very small, angular grains of
magnetite occur with the quartz. In some places these grains
are cemented together by oxide of iron, making a friable, stony |
mass.  Fragments of feldspar are rare; and most strange is the
general absence of mica from these yellow sands and gravels. It
floes occur in places, as in Whitehead’s moulding sand, east of
Sayreville, and in the South Amboy pits. This absence of so
common a mineral and rock constiluent may, perhaps, be sug-
gestive of the source of the materials found in this drift. In the
vicinity of Piscataway, and at Weidener’s cut near Martin’s dock,
both rounded and angular fragments of red shale are quite abun-
dant in thisformation. This exceptional occurrence of the shale
is also seen further southwest, beyond the limits of this map, and
always near the southeast border of the shale outcrop. But here
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the deposition was in water,and a mixture of materials was such
as would be expected, Further east, the glacial action carried
the red-<hiale further south and covered the stratified drift, and
in that manner made a marked line between the two surface
formations.

Wherever the white sands of this formation constitute the sur-
face, the #0il is light and poor, and the timber is mainly yellow
pine, chestnut and serubby oak., The gravel has more earth in
it and makes a tighter and better soil. DBut as a whole the area
ovcupied by this sand and gravel formation is quite inferior as a
soil to the red-shale drift north of the Raritan river. As these
formations make the soil, their occurrence explains the differ-
enees =0 marked in this district, not only in the natural soil
it<elf, but in its forest covering. And much of the general de-
velopment of the agricultural wealth of this part of the State is
al=o due to this occurrence of the northern drift. The mouth of
the Raritan river also owes its place to the glacier whose foot
terminated at Perth Amboy. So that the glacier of the past
weological age has left an impress upon this country which all
subsequent tillage and improvement has not effaced.

This formation has been described as drift. It must not be
confounded with glacial drift, as its origin was due to water.
Its stratification-—its lines and layers—indicate that Howing
water and not ice was the moving power. And these alterna-
tion~ ot pebbles and sand show that there were great changes in
the foree of the currents that carried them. The dip of these
layers iz not at all uniform, although several fo the northwest
have been observed. These may point to a northward move-
ment of these currents. The general absence of red-shale also
puints to & southern origin.  Again, the prevalence of pebbles of
mottled white and chalcedonic quartz and of a reddish variega-
ted quartz, unlike any known rocks to the north or northwest
and the existence of rolled fossils, more abundant than in the
more northern gravels and true boulder drift, all point to a
southieustern origin—a wash or drift from lands now under the
waves of the Atlantic.  Possibly the same continent furnished
the materials for the older beds below—the clays, kaolins and fire
sands—und this, in part gravelly formation, may have been the
last of the successive floods that came from that direction. If so,
thers miust have been a long interval between the deposition of
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these clays and this drift, since these, as well as the more recent
greensand marl beds of the Cretaceous and Tertiary ages, arc all
alike covered unconformably by it. The glacial drift came later
and partly covered this, but as to the length of time between the
two formations we have no data for knowing. Asno fossils have
been found in the older, sand and gravel drift, excepting the
rolled pebbles and fragments, it is impossible to determine its
age. It may belong to the later Tertiary and have preceded the
Glacial age. Tt is hoped that future explorations in many locali-
ties may result in the discovery of some remains which will
enable us to determiue its place in the geological series, and also
point more conclusively to the source of its materials.

In this notice of the surface these two drift formations have
been described as constituting the whole of the area of this
clay district. They do not, however, form the whnle surface,
since there are here and there small, isolated outcrops of the
several clays, kaolins, feldspars, and fire sands. These are, as it
were, little islands in the great sea of drift. But these outcrops
are of so limited extent, and they have been so nearly all dug
out for their materials, that they are altogether insignificant, so
far as surface features are concerned.

There is one other outerop deserving attention, not so much
from its size as its geological importance—this is the red-shale
hill in Perth Amboy township, one and a half miles northwest
of Perth Amboy and about o third of a mile east of the Wood-
bridge and Perth Amboy road. This outerop of shale is not
more than an eighth of u mile in diameter and is surrounded on
all sides by drift.  Theshale has a northwestern dip and appears
to be fast rock. It is probably an clevated point in the floor on
which the clays and drift have been successively deposited. And
it was probably never covered by them, or at least, not by the
clay and feldspar bed. The drift may have been removed by
subsequent denudation. This hill, or outerop, of shale 7n situ
is at least two miles from any other—or from the southeast border
of the shale formation, and appears to be an outlier from the
main body.

The tidal meadows have already been referred to in the above
general description of the surface of this ¢lay distriet. They con-
gtitute the more recent alluvial formation. The boundary lines
of such meadows are easily traced and are represented on the
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map.  This alluvium rests unconformably upon the older forma-
tions.  Very generally there is cither red-shale drift, or the sand
and gravel under the meadow mud. At a few points valuable
cluys have been found a few feet beneath the surface of the tide
meadows.  The depth of the workable deposits below tide water
level and the expenses of raising both waler and ¢lay from such
pits have retarded the examination of such ground for ¢lay, and
cunsequently only a few pits have been dug in the meadows, and
these are near the upland border. The depths helow mean tide
level at which clays bave in several places been discovered, show
that the beds are continugus underneath the meadows and the
Ruritan river. It isonly the difficulty and expense of contending
azainst water that hinders the opening of clay pits at any proper
place in these meadows. The beds of clay were deposited before
the Raritan had cut its present channel to the sea.

MAP.

THE MAP OF THE CLAY DISTRICT shows the variations of the sur-
fuve by means of its contour lines; and a careful study of these
will cnable a person to understand the form and clevation of
ridges and hills, the shape and location of valleys, and the drain-
aoe area of streams, better than any detailed description can pos-
sibly do. And a comparison of the map at any poiut with the
columnar and cross sections will show what beds of clay or sand
underlie the surface at that point, and at what depths they can
be found. It is drawn to a scale of three inches‘ to a mile; and
the cross sections have the same horizontal seale, and a vertical
senle of one inch to 200 feet.

The data from which the map was drawn were obtained as
fullows:—The water lines of the Raritan bay, Staten Island
sound, Raritan river and South river {to Bissetl’s brick yard),
were taken from the United States Coast Survey maps of “ New
York, Lower bay and environs,” published 1844, and of “Raritan
river,” published 1874.

The city of Perth Amboy and the villages of Woodbridge,
Washington, South Amboy and Old Bridze, were transferred
from local maps. The straight road from Old Bridge to Harden-
berg Corners and the roads south and west of it; the roadssouth-
east of Chesquake creek ; and the roads north of Piscataway, and
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east as far as Bonhamtown, were taken from the map of Middle-
sex county. The vicinity of Sayreville was taken from a private
map .belonging to Sayre & Fisher. The railroads were drawn
partly from railroad maps and partly from odometer surveys

The remaining roads on the north side of the Raritan river
and the principal ones on the south side of the same, were sur-
veyed with odometer and compass. Ou some of the lanes on the
north side of the Raritan and on several of the less important
roads and by-roads on the south side, pacing was substituted for
the odometer, the courses being determined by s compass.  This
method was also applied to all the salt meadow lines, to Wood-
bridge and Chesquake creek, South river (above Bissett’s brick
vard), Lawrence brook and most of the smaller streams. The
field work was constantly verified by plotting.

The datum plane, or plane of reference for levels, was taken
at ordinary high tide.

The heights of the surface of the clay at most of the openings,
and the surface of the ground at many points, were obtained by
an engineer’s leveling instrument.

The heights of all other points were measured by an aneroid
barometer.

To show the elevation of the surface of the ground on all parts
of the map, contour lines of level were then drawn through all
points having the same elevation. These lines are drawn at in-
tervals of ten feet. The contour line which is nearest' to the
shore would be the shore line,if the water rose ten feet above
present high tide level. The second line from the shore would -
be the shore line, if the water rose twenty feet higher than pre-
sent high tide level. The third, if it rose thirty feet, &c. The
small figures on the contour lines denote their heightabove high
tide. The limit of error of the contour lines may be assumed at
ten feet. In places where they have been checked by a levelling
instrument it was rarely found lo exceed that amount, and
usually it has been much less.

GEOLOGY.
THE GEOLOGY OF THE CLAY DISTRICT will be best understood by

a general review of the geology of the State in which it occurs,
and of the geological formations which are associated with it.
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For this reason we here present a condensed statement of the
geology of New Jersey.

Nearly all the great geological classes of rocks and carths are
represented inthis State.  Its oldest rocks make up the mountain
range wiichr crosses the northern part of the State from northeast
to southwest in parts of Sussex, Passaic and Bergen; Warren
and Morri=; Hunterdon and Somerset; and which is known in
New Yurk as the Highlands, in Pennsylvania as South Moun-
tain; and is here without any general name, but its individual
ridges are known as Ramapo Mountain, Hamburg Mountain,
Schooleys Mountain, Trowbridge Mountain, Watnong Mountain,
Muscouvcteonyr Mountain, Scotts Mountain, Marble Mountain
and others. The newer geological formations lie upon each side
of this central ridge, and run parallel with it; the Silurian and
Devonian limestones and other formations being mostly in a
broad belt upon its northwest side, and a little in its valleys; the
Triassic red sandstone adjoins it in a broad belt on its southeast
side ; the Cretaceous cluvs and marls streteh across the State in
a belt just southeast of the red sandstones; and the Tertiury and
the Recent formations lie southeast of the marls. The columnar
sectinn of New Jersey formations here inserted shows their order
and relative position, as they have been proved by measurement
and comparison at the various places where they occur in differ-
ent parts of the State. It does not however give the relative
thickness of the different formations, those in the lower part
being much thicker in proportion to the higher; and the layers
or struta are not level as represented here, but are almost all of
them slanuting or dipping downwards towards the northwest or
southeast.  The Azoie, Cretaceous, Tertiary, and most of the
Recent have a prevailing dip towards the southeast; while the
Silurian, Devonian, and Triassic mostly dip towards the north-
wost.
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The sketch map of New Jersey, which faces the title page,
gives the outlines and location of the most important geological
aivisions of the State. The plastic clay formation is shown on
it. It is that part of the Cretaceous which is northwest of the
dotted line drawn through it, and the clay district of Middlesex
county is marked by a dotted line, inclosing a rectangular space.

The houndaries of the formation are as follows: The north-
western boundary, beginning at Woodbridge Neck, on the shore
of Staten Islund sound, passes just north of the villages of
Woodbridge and Bonhamtown, to the Raritan river, a few rods
Lelow the mouth of Mill brook. Then crossing the Raritan, it
is casily traced along the south side of Lawrence brook, and at
distances varying from a few rods to a quarter of a mile from the
stream, to the bend of the brook a mile west of Dean’s pond.
I'rom there it can be traced in almost a straight line to the Dela-
ware and Raritan canal, half way between Clarksville and Ba-
ker's Basin, and then near the line of the canal to Trenton and
tire Delaware river.  From Treantonn to Salem the Delaware
marks the northwestern and western boundary, with the excep-
tion of some limited patches of marsh and alluvium along the
river. Its southeast border can be traced from the shore bf Rari-
tan bay, a little south of Chesquake creek, in a southwesterly

" direction, in a line passing north of ihe village of Morristown,

and on just south of Jacksonville; then across the country by
the house of the late Parker Brown to the little village called
Texas, on the Matchaponix ereek ; and from thence directly on,
passing about a mile south of Jamesburg station,and crossing the
Camden and Amboy railroad near Cranbury station, it passes
about a half-mile north of Hightstown, and thence in a line a
half-mile northi of the railroad to the mouth of Crosswicks
creck, on the Delaware at Bordentown. It follows the bank of
the river to Kinkora, from which place it is extremely difficult to
trace it with accuracy, the characteristic clays being entirely
hidden by superficial deposits and soil, except in the banks of
the streams. (tuided by these marks the line has been drawn.
It follows near the line of the railroad east of Florence; a half-
mile east of Durlington, crosses the Rancocus a mile above
Bridgeboro’, and the Pensauken some distance above Cinna-
minson bridge; it comes to the bank of the Delaware again at
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Gloucester City; it passes back of Red Bank, crosses Woodbury
creck a mile above its mouth, Mantua creek near Paulsboro,
and Raccoon creek a mile above Bridgeport; thence it continues
in the same direction to the Delaware near Pennsgrove.

The area comprehended within this formation is three hun-
dred and twenty square miles.

The materials of the clay formation are earthy; and no rocky
or stony layers or beds are to be found in it. There arc some
small places in which the sand and gravel have been cemented
with oxide of iron sufficietly to form a rough building stone, and
concretions of clay and oxide of iron of a stony hardness are
found in some of the clay beds; but the layers of sand and
clay, of which the formation is made up, are all earthy, and so
soft that they can be dug with a spade.

The whole formation is composed of a series of strata of fire
clay, potter’s clay, brick elay, sand and lignite. The details of
these with their order, thickness, and qualities will be given far-
ther on in this report. The thickness of the series of strata is
nearly 33 feet. The strata are generally parallel to each other,
and are all inclined downwards towards the southeast, with an
average dip of about forty-five feet per mile. The direction or
strike of the outeropping edges of the strata is south 46° west, true
bearing.

The geological age of this formation is determined entirely
from its fossils—the series of earlier formations between this and
the Azcic period being wanting here, and this lying directly upon
the erystalline gneissic'rocks. Fossil wood is abundant in many
places, and the roots, leaves and fruit of plants are sometimes
found. Shells, and remains of animals, are rare.

Fussil leaves from the clay banks at Washington and Sayre-
ville, from the clay pits at Burts creck, from Mrs. Allen’s pit at
South Amboy, and frem the clay in the bluff bank of the Dela-
ware two miles below Trenton, were collected, These were sub-
mitted to the examination of Prof. Leo Lesquereux, of Colunibus,
Ohio, who mukes a special study of Vegetable Paleontology, and
is one of the most eminent authorities upon the subject. He
reports as follows: “The specimens, very numerous, badly pre-
served, from Sayreville'and other localities in the leaf-bed over-
lving ¢he Woodbridge fire clay bed, have, so far as they are
determinable, the characiers of the flora of the Dakota group,
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or of the lower Cretaceous of Nebraska and Kansas. This is
lower Cretuceous for this country equivalent to a lower member
of the upper Cretaccous of Europe. The species identical to
both formations in New Jersey and Kansus are Magnolia Capellini,
Heer; M. allernans, Heer ; Persea Nebrascensis, Lesqr.; Saliz pro-
tufolia, Lesyr. ; two species of Proteoides; Glyplostrobus gracillimus,
Lesqr. ; Sequnia condita, Lesqr. : I noted some other species as new,
but they are not named or described, indeed from the bad state
of preservation of the leaves, it would not be possible to make o
diagnosis, without a comparative study of specimens with those
I have on hand. Among others there are fragments of an
Araliopsis, the basilar part of a leaf only, and we have from the
Cretaceous of Kansas and now also from that of Colorade numer-
ous spevivs of the same genus.

“The flora of South Amboy, as collected from Mrs Allen’s
clay pit, totully diifers in its character as far us represcuted by
the few species known as yet, from that at Sayreville* Tt has
one, a single species, a Sterculia (new species) in common, and it
is the only one. Most of the leaves of the lower Cretaceous stage
have entire borders: on the contrary those of this upper stage
are serrate or denticulate on the borders. As suid above, these
upper Cretaceous leaves represent mostly new species referable to
the genera, Salix, Proteoides, Andromeda, Myrica, and perhaps
a Prunus.  There are many specimens of small cuneate flabellate
leaflets referable to o new genus of ferns ; also leaves of Quercus;
of the section Dryophyllum, and another narrow denticulate,
apparently a Lomatia or a Myrica. The leaves of Saliz are like
those of 8. profzfolic of the lower stage but are covered with a
coatinyg of earbonaceous matter which renders their nervation
obsolete. One of the leaves is referable to Andromeda like A.
parlatori, Heer.; another to Cinnamomum Heeri, aud two species
of conifers, Sequoia rigida., Heer, and 8. Reichenbachi, Heer., the
leaves being shorter and narrower.

Resuming.

1. Pettits’ clay bank near Washington, S. R.

Sterculin, undetermined species.

Rootlets of equisetum.

Andromeda.

Proteoides Daphnogenoides. .

Yt &mrur:;hn- to an upper Cretnocous bed of southwest Colorado, (see Ann. Rep, of Dr, F. V.
ILiyden, 1504, | Gt N )
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Platanus Heerii, Lesqr.

2. Sayre & Fisher's clay bank, at Sayreville.
Glyptostrobus gracillimus, Lesgr.
Sequvia condita, Lesqr.

S. Smithsiana, Heer.

S. Subulata, Heer.
Araliopsis—undeterminable.
Magnolia alternans, Heer.
M. Capellini, Heer.
Cinnamomum Heerii, Lesqr.
Laurus —species.

Persea Nebrascensis, Lesqr.
Daphnophyllum ?

Salix protwefolia, Lesqr.
Proteoides Daphnogenoides, Heer.
P. undeterminable.
Sterculia—species.

3. J. K. Brick’s clay bank, Burts creek

Sassafras (Ara110p51s)

Seed of Conifer.

Rootlete.

A Sequoia with thick leaves.
Sequoia Reichenbachi.

4. Mrs. Allen’s elay pit, South Amboy.
Quercus, dentate leaves.
(Dryophyllum.)

Sterculia, same as above.

Myrica or Lomatia.

Salix protefolia.

Aundromeda

Cinnamomum Heerii; Lesqr.
Sequoia rigida, Heer.

S. Reichenbachi, Heer.

Leaves of a peculiar new kind of fern.

“These specimens are few and poor, and therefore the deter-
minations are not positively ascertained.”

Two specimens only of shells have been collected from the
clays during the surveys. These are not very well preserved, but
they have been examined by Prof. W. M. Gabb, of Philadel-
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phia, and by him determined to be the Cucullea antrorse, a
specics common in the green sand marl bed. Tt is undoubtedly
of the Cretaccous age.

Pebbles containing fossils are not uncommon in the gravel
found in all parts of the clay district. Several small lots sub-
mitted to Prof. R P. Whitfield of the American Museum of
Natural History, Central Park, New York, were reported on us fol-
low<: “The fossils in the various lots are nearly all from the
Cpper Helderberg limestone group. Those from Martin’s dock
contain three species of Favosites, several fragments of cyathophyl-
loid corals, a Michelina, also allied to Favosites, Atrypa reticularis,
Stropliodonta parce and fome other shells, fragmentary, also seve-
ral specimens of an undeseribed Stromatopora (spongoid).

“ Those from Everett and Fish’s clay banks are mostly cherts
and juspers and many, likely, from the Corniferous.

“The pebble with fish tooth is most likely Upper Helderberg.
One other lot contained a curious pebble of sandstond composed
of a white matrix and rounded quartz and on being broken open
reveuled a large fragment of Orthis hipparionyz, Vanuxen.

“ Another lot reveals Afrypa reticularis, Spiriferae (species ?) and
several fragments of Devonian brachiopods and corals and an
impression of the dorsal side of a Gyroceras, or Cyrtoceras, very
like (. Hall, from the Schoharic Grit.

“There is no evidence of anything in the lot of more recent
age than the Hamilton and that only on two fragments, the others
being Upper Helderberg, Oriskany and perhaps some of the
Favosites Lower Helderberg, possibly though not probably.”

The source from whence the materials for this formation origi-
nated must be looked for to the southeast of the present strata.
Though bordering upon and overlying the red-shale and sand-
stone which lies to the northwest of it, there is not a fragment of
tiose rocks to be found in any of these beds, nor any of their
striking and characteristic red color to be perceived in them,
On the contrary, the materials of these beds are white, grey, or
blackish, and if at all tinged with the reddish color of oxide of
iron, it is a ycllowish red, and not g purplish red like the red-
shale and red sandstone. The appearancesall indicate that they
have originated from the materials of disintegrated and partial-
ly decomposed feldspathie granite or gneiss. In some places
these products of disintegration have been sorted by water, the
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fine particles of clay deposited by themselves to make the pre-
sent clay beds; in others, the quartz has been deposited as sand
in beds by itself; and in still other places, the finest of the sands,
with a little mica almost in powder, has been deposited to make
the so-called keolin beds. In other beds the materials are de-
posited in their original mixed condition—clay and quartz to-
gether constituting the so-called feldspar beds of this district.

There does not appear lo have been any violent or irregular
movements since the deposit of the clay beds, which has dis-
turbed or distorted them. But there must have been high
ground to the southeast and outside the present line of sea coast,
from which the materials for the clay and sand could have been
washed and deposited on the lower ground upon which they still
lie. And this high ground, besides what wore awny to make
these beds, must have gradually settled down till it was hidden
beneath the ocean, and the beds of the clay formation have risen
along their northwestern border till they were above the sea
level, and till the beds had so altered their inclination as to slope
down towards the southeast instead of towards the northwest, as
they did when first deposited.
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Part II.

CHAPTER 1.
GEOLOGICAL STRUCTURE OF THE CLAY DISTRICT OF MIDDLESEX COUNTY.

Tue Prasric Cray Foryartiox here deseribed consists of the
following members, or sub-divisions, beginning at the top, viz.:

Feet.

Dark colored clay (with beds and laminz of Hgnite) 50
Sandy clay with sanl, in alternate layers....ooeovveiviiiecrennan, 40
Stoneware clay bed .....oiiiiii i et e e e 30
Sand and sandy clay (with lignite near the bottom ..o iiceieiveceeoiee e 50
South Amboy fire clay bed .........veeeee. 20
Sandy elay (generally red or yellow)... 3
Band and olin.. . ..o et 10
Feldspar bed..vevvveviieeeniininnn, 5
Micaceous sand bed 20
Laminated clay and rand y 30
Pipe clay (80P whlle)....coovoeiiiiiieci e et e e s 10
Sandy clay (including leaf bed) H
Woodbridge fire clay bed .......ocovvvverivennnnnnnnn. 20
Fire sand bed........coveivririoniceec e, 15
Raritan clay beds—Fire elay..ccoeeieicemieie cirsimras s e esvae e 15
Bandy Clay. i e e 4

Potters elay...oooiviciiiiiniiiiii e e 20

347

The columnar section here given shows the position and rela-
tive thickness of the several members of the Clay Formaticn.
These several members of the Plastic Clay Formation are not
equally well defined and clearly marked by characteristic fea-
tures; neither do they always appear of uniform thickness, cor-
responding to the figures as stated in the above general section
and order of superposition. The series here given represents the
succession of the several sub-divisions, or beds, and theiraverage
thickness, as observed in localities where they appear fully de-
veloped and have not been subsequently eroded or otherwise
. diminished in thickness through the action of outside agencies.
The order of succession, or superposition, is made up from a sur-
vey of the whole.

3
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COLUMNAR SECTION
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In this district there are no high hills with steep slopes, neither
river or shore bluffs, nor any. natural cuts or banks of sufficient
elevation to exhibit this aggregate thickness of individual beds.
Nor are any of the excavations made in working the clays, or
borings made in the course of exploration, deep enough to show
the whole series. Scarcely any of these exceed cighty feet in
depth, or little more than one-quarter of the whole thickness of
the formation. The general section and the sub-divisions given
above, may be considered as a combination representing and in-
cluding over one hundred local sections, which are distributed
all over the district. Some of these are quite short, scarcely
showing more than a single bed and its relations to the one over
or under it. Others include several entire beds and paris of
others. Taking into account all these features and peculiarities,
the position, extent and character of each bed have been deter-
mined as the result of this general comparison. There are
many characters or phenomena which are merely accidental,
peculiar to a locality and of limited extent. These, however, when
carefully examined, are found to conform to the general arrange-
ment described above, and a reasonable cause can be found for
the apparent variation.

In the consideration of this part of thesubject the superficial beds
of earth, loam, sand, gravel and boulders are omitted, inasmuch
as they have already been described in Part I, page 14, on the
geology of the surface. The discussion here considers the geo-
logical structure, or skeleton of the district stripped of its super-
ficial or later covering, though in many cases this is of great
importance in the economy of mining clay. We look at it as it
existed just before the drift of sands, gravel and boulders came
in successive floods and covered it.

Strike—The strike of the beds in the plastic clay series is in
a general northeast and southwest line, or more accurately,
north 46° east,and south 46° west. This is ascertained from a
comparison of heights of the Woodbridge fire clay bed,South Am-
boy fire clay bed and of the stoneware clay bed, taken at nearly
all the points where they have been seen. The vertical sections
properly referred to these standard levels or elevations of these
more prominent and persistent beds give further data for com-
paring the elevations of other and intermediate beds, and conse-
quently additional lines of equal heights or strike. Each layer
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or bed thus furnishes one or more of these, but since they all
agrec in dircction and are simply paraliel to one another, one
represents all these beds, or the whole formation. Any given
bed or member of the series is at the same elevation on this line
of strike.  And proceeding from any given point on one of theso
beds in the direction of this line either northeast or southwest,
that bed is to be found at the same elevation throughout the ex-
tent of this district. A reference to the map will show a remark-
able correspondence between this line of strike and some of the
natural features of the surface. First, it will be observed to coin-
¢ide with the trend or direction of the tidal valley along the
Raritan river from the South river at Washington and Petit’s
¢lay bank tothe upland at theCrossman Clay and Manufacturing
Company's works and at Kearney’s dock, where the wide border
of meadow on the north side of the river ends. Second, the
broad valley of the Chesquake creek from Jacksonville to the
Raritan bay also runs in this same direction. There are, of
course, other streams and valleys and depressions, as well as
ridees of hill and lines of elevation, which do not agree with
this reneral trend.  But these two valleys, above mentioned, are
large and the most characteristic features of the surface and
their coincidence with the line of strike is at least remarkable.
The bauks opened along the Raritan from near Bonhamtown
tu the truet of the Crossman Clay and Manufacturing Company,
in what is known as the Woodbridge fire clay bed approximate
to the line of strike. The several banks in the South Amboy
fire elay bed between Washington and South Amboy border the
tide valley of the Raritan on the south and their general direction
coincides with the line of strike of the clay beds. In the same
way the openings along the Chesquake creek in the stoneware
clay bed correspond to the trend of this tidal valley and to the
line of strike. The Woodbridge clay banks are all in a com-
paratively limited area and the length of this group of openings
i« from northwest to southeast, or across the strike. The eleva-
tion at the severul points in this group shows that going from
northwest to southeast the line of strike is crossed at right angles.

Dir —From the strike, or line of level along or in any given
bed the line of maximum descent gives the inclination, and
this descent is termed the dip. It is always at right angles to
the strilc. From the elevations of the clay beds this descent or
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dip towards the southeast is evident. And as the line of the
strike is north 46° east, the direction of the dip, being at right
angles to the strike, ig, therefore, south 44° east. An cxamina-
tion of these elevations at a few points illustrates this statement.
Beginning with the lowest member of this series, the Raritan
potters clay bed—the bottom of the bed in Mundy’s pits, north
of Bonhamtown, is 60 feet above mean high water level; in
Charles M. Dally’s pits along the Raritan river meadows it is
abont 18 feet below the same datum plane, showing a difference
in elevation of 78 feet in a distance of 1.3 miles (measured on
the line of dip) equivalent to a descent, or dip, of G0 feet to a mile.

In William P. Edgar's bank, north of Weodbridge, the bottom
of the Woodbridge fire clay bed is 69-75 feet above high water
mark ; in James Valentines pits, soutl of Woodbridge, the same
bed (bottom) is 36 feet above the same datum plane, a difference
of 36 feet, taking the mean of the two measurements in Edgar’s
bank. These pits are on the line of dip and the distance between
them is two-thirds of a mile. This would, therefore, show a
descent or dip, of 48 feet to the mile. Again, in David Flood's
bank, northwest of Woodbridge, the height of the bottom of the
fire clay is 61 feet; in William H. Benton’s pits, near Spa Spring
station, the bottom of the same bed is 25 feet below high water
level, showing a difference of 86 feet in a distance of 1.7 miles,
which is equivalent to 50.6 feet per mile. In the clay banks
along the Raritan, those of P. Neukumet and the Woodbridge
Clay Company, near the mouth of Crows mill creek, are on the
line of dip, and the distance between them is just one mile. The
mean elevation of the clay bed (bottom) in the former is 20 feet,
while in the latter the bottom is about 22 feet below high tide—
a difference of 52 feet, or here the dip of the bed is 52 feet per
mile.

In the South Amboy fire clay bed the average height in E. I,
Robert’s pits near Eagleswood, north of the Raritan, is at the
bottom 65 feet ; in George Such’s pits near Burt’s creck, south of
the Raritan, the bottom of the clay is 11 feet above high tide level.
The distance between these two points, on the line of dip, is one
and a quarter miles, and hence the dip is 42 feet per mile.
Between the average elevation of the fire clay in the bank of the
J. K. Brick estate and that of George Such’s bank there is a differ-
ence of 9feet—a distance of a quarter of a mile, equivalent to 36
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feet to a mile. In thestoneware clay bed the dip isless than in the
South Amboy or Woodbridge beds. At the pits of E. R. Rose &
Son, near the Camden and Amboy railroad, the bottom of the clay
is 03-64 feet high; at Otto Ernst’s clay mines on Chesquake creek
the bottom of this bed is a little- below mean tide, making a
difference of about 65 feet in 1.5 miles, equivalent to a dip of 43
feet permile.  Again,the heights of this bed in Theodore Smith’s
pits and Noah Furman’s western mine are 32 feet and 13 feet
respectively—a difference equivalent to a descent of 30 feet to a
mile. (Mher examples might be cited, showing the uniformity
in the dips of the Woodbridge and South Amboy beds, but more
variation in that of the stoneware clay bed. The average of all
the measured dipsin any given bed is taken as its representative.
This average or mean inclination of the several beds has been
ascertained more accurately and readily from a general or com-
bined section, upon which all the openings and outerops at
their respective elevations have been placed and all referred to
their proper position with respect to each other.

This section may be understood as coinciding with the direc-
tion line of the dip, 8. 44° E. To it every outcrop of clay or of
other associated Deds has been projected, each carried on the
line of strike to this section line and there represented at its
proper beight. Wehave in this way the wholedistrict represented
on one plane and by a single section; and on it the several clay
beds appear within certain parallel lines, which correspond ap-
proximately to the top and bottom of each bed. These are ob-
served to have quite a regular descent or dip Lo the southeast, corre-
sponding in amount to the figures given above. As this section
includes in the comparison all the outcrops, pits and openings, it
furnishes a more nearly correct mean or average dip than any
comparison which could be made, using any less number of
points of observation.

This section will be found folded and accompanying this
report.  The horizontal scale is six inches per mile; the verti-
cal scale, one inch, equivalent to one hundred feet. The ob-
server is supposed to be looking in the direction of the strike,
towards the northeast-——the northwest end being to the left hand
and the southeast to the right hand. The Woodbridge and
South Amboy beds will be observed descending quite regularly
towards the southeast and at nearly the same angle of dip,while
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the stoneware clay bed descends more gently in the same direc-
tion.

From this section the Woodbridge fire clay bed is found to
have a dip of 51 feet per mile; the South Amboy fire clay bed,
48 feet per mile; and the stoneware clay bed, 28 feet per mile.
These figures indicate a slight difference only between the rate
of descent of the two fire clay beds. Practically, they may be
assumed to be parallel, although the more gentle dip of the
South Amboy bed, together with the still more gentle dip of the
stoneware clay bed, show that the strata of this clay formation
gradually become flatter, approximating to the horizontal posi-
tion, or level, in going from northwest to southeast. And the
amount of the dip of the stoneware clay bed agrees with thai of
the greensand marl beds which lie on its southeastern border,
although in these latter the direction of the dip is about 10°
more towards the south. The strata which liec between the
Woodbridge and South Amboy beds conform to them in the
amount of dip, that of the feldspar bed, which is clearly marked
and easily traced, being 48 feet to the mile. The strata above
the South Amboy bed and under the stoneware clay bed are not
so plainly marked as to be capable of identification at many
points, and, consequently, it is not possible to give their rate of
dip, or to indicate the line where the dip changes its angle and
these beds become flatter. IT'rom an isolated outerop of an infe-
rior fire clay on the beach at South Amboy, about 25 feet higher
than the regular dip of the South Amboy bed would put it at
that point, it is reasonable to suppose that this bed bends a little
upwards somewhere between this point and Burt's creek clay
banks, or near the line where the bed strikes the level of tide
water. The curve may be near this level, not only in this bed,
but upwards through the overlying beds to the stoneware
clay bed.

RARITAN CLAY BEDS.
RARITAN POTTERS CLAY RED.
This is the lowest member of the Plastic Clay Formation and

lies unconformably upon the red and shaly rocks of the
Triassic age. Its contact with the shale can be seen at nearly
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all the loealities where it has been opened and worked. The
shale appears with its nniform northwest dip at the bottom of
the pits whicl are dug through this clay bed. From the cleva-
tions of the bed at its several localities its dip is ascertained to
be towards the southeast and at the rate of 60 feet per mile.
It is slightly more than that of the following and higher beds
of this formation. The strike corresponds to that of the rest of
the clay formation. The bed has been designated as the Raritan
Potters’ (Tay Bed, on account of its occurrence on both sides of
that river, having a greater length of outerop on the northern
side of it than any of the other elay beds of the series. And
from the topography of the country this outerop and its locali-
ties will in all probubility be considerably extended and in-
creased, and will make it pre-eminently the Raritan bed. The
extreme western outcrops now known are near Silver lake, half
a mile south of the village of Piscataway, and north of Martin's
dock. The bed has been opened on the property of J. Conway
west of the Silver Lake brook and in the pits of W. N. Weidner
on the cast of the same stream. At the latter the bed had a
maximum thickness of 18 feet and rested upon a greenish grey
shale. This locality is especially interesting on account of the
several relations between the elay, shale and the drift over the
former. These are illustrated and deseribed fully in the local
descriptions given in the chapter succeeding this. Proceeding
castward this clay erops out in the upland bank, bordering the
tide meadows, onn John Van Horn’s farm. It was also found in
digging the well at his residence and was there reported to be
13 feet thick. It has also been found on the lands of Morby &
Brown, east of Van Horn’s.  Charles M. Dally’s clay near and in
the tide meadows belongs to this bed. On the adjoining farm of
B. Ellison it has been uncovered in pits dug in the low grounds
south of his residence. Nearer the house and in a southwesterly
direction from it a pit was recently dug through a sandy clay,
which is considered the equivalent of W. B. Dixon’s clay ai Wood-
bridge, and is named the Raritan fire ciay bed, then through
about 4 fect of clay with lignite and a layer of “hard pan,” or
cemented sand, and then 1 feet into this Raritan potters clay
bed. East northenst of Ellison's, a pit dug near the Crossway
brook and the road which leads southward to the meadows from
Bonhamtown, is also supposed to have opened this bed. Still
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further towards the northeast some of the clay dug by David
Flood in one of his southwest pits may also belong here.

This bed appears north of Bonhamtown at Carman’s brick
yard, and in the pits of W.C.and E. Mundy and George hoenix.
At the first named of these places the clay was mottled red and
white, and was said to lie on the shale.  On it there was the clay
containing lignite. In Mundy’s pits the same relation between
the clay and shale was observed. The top of the bed hereabouts
has an average elevation of 78 feet above mean high tide level.
This bed has been struck by the anger in borings in the Pennsylva-
nia R.R. Co.’s gravel pit at Bonhamtown and on the farm of Harri-
son Martin, northeast of the same place. Going northeastward the
next locality where this clay bed is recognized is at the pits of
George W. Ruddy, one mile northwest of Woodbridge. Herealso
the red shale is found at the bottom of the pits, underlying the
clay. The mottled clay dug at Edgar station on the Woodbridge
and Perth Amboy railroad, is the most northerly outcrop of this
bed. At Ruddy’s the elevation of the bed top is 36-38 feet.

Southwest of the Raritan river the white clay on the Island
farm and that on the adjoining Devlin farm, being on the lines
of strike passing throngh Charles M. Dally’s and B. Ellison’s clay
pits, and at about the same level, are included in the limits of
this bed, and they are its most southern outcrops thus far dis-
covered. A reference to the map will show that the area, within
which this clay bed may be found at workable depths beneath
the surface, is large, reaching from the Sand hills to Martin’s dock,
and southwest beyond the Island farm at the mouth of Law-
rence’s brook. In consequence of the gentle slope of the surface
throughout much of this distance the breadth of working terri-
tory will probably be found to be greater than it isin the outeropsof
either of the other beds of this formation. Up to this time this
bed has not been developed to the same extent as the others, and
future explorations and working must add largely to the list of
localities and our facts concerning it.

This clay bed has been recognized still further west, beyond
the limits of the clay district, near Ten Mile Run, on the farm
of Isaac Webster. Its elevation there is nearly 200 feet, and it
there also lies immediately upon the red shale. The descriptions
of these western localities appear in Chapter II. of Part 1I. of this
report. The composition of Webster's clay is included in the
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table below with the others of this district—for purposes of com-
parison.

This bed appears quite irregular both at the top and at the
bottom, lying upon and conforming to the inequalities of the
shale beneath, and having its surface marked by incqualities,
some of which are so great that the continuity of the bed is ap-
parently broken in places, and some of the outerops seem more
like local pockets or deposits than the parts of one continuous
bed. The red shale surface has given character to the bottom,
receiving as a great sloping floor the clay as it was deposited
upon it. And this rocky basis, by its greater elevation in some
places, may have interfered with the deposition of the clay and
thereby occasioned the formation of some isolated bodies or
masses. But these separate outcrops, if there be such, will all be
found having the same general dip towards the southeast and
the same elevation on given lines of strike. The top of the bed
has been in most places towards the north, very much exposed
to the denuding agency of the northern drift, and after that to
tl.e wear of the natural drainage of the country, and by them
has been very much modified, so that in places, as at Edgar’s
station and at Carman's brick yard, only a thin layer of clay—a
remnant of the bed—has been left. Along Mill brook, from
Mundy’s pits to the Raritan river, the bed has been eroded so
that none of it remains. In consequence of the modifying agen-
cies that have acted upon it, the thickness of the bed varies con-
siderably, from a few feet to a maximum of about 20 feet. The
latter, as the limit, corresponds to the requirements of the gene-
ral =ection {appended to this report), in order to include all the
localities represented upon it. The northwest edge or outcrop of
this bed may be a natural thinning ouf of the formation in that
direetion, and not a result of the drift denudation.

This clay bed has been recognized at the several localities by
its immediate contact with the shale and by its clevation, as re-
ferred to planes corresponding to its top and botiom, drawn
from known heights at given localities. It has, however, some
characteristics that are generally seen. Most of the clay in it
shows, on close examination, a laminated structure and a lack of
homogeneity, as if the materials of which it was formed were of
somewhat diverse origin. This seems particularly true of the
lower part, near the shale; and in some of the pits, as at Charles
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1. Best white clay, Weidner’s pits, Martin’s dock.

2. White clay, Island farm.

3. White clay, Isaac Webster, near Ten-Mile Run, Somerset
county.

4. Best clay, Charles M. Dally’s pits, south of Bonhamtown.

In Nos. 1 and 8 the titanic acid was not determined. It is
weighed with the alumina in these analyses. The other blanks
show that no determinations were made where they appear.
The Island farm specimen here seems to be exceptional, but as
only a foot or so of it was dug and that in a single small pit, it
cannot be considered as representing. the locality. 'I'he others
exhibit the patash present in quantity.

The Raritan clay bed is interesting geologically on account of
its position at the bottom of the plastic clay series and as the
first of the deposits of the Cretaceous age in New Jersey. And
it marks the changed conditions that followed the deposition of
the shales and sandstones of the Triassic age. Instead of the
shallow waters and sandy flats of the former age there was a
general subsidence, deeper water, and sheltered seas in which
was silted down the suspended matter carried hither by the
gentle currents from the surface degradation of gneissic and
granitic rocks which lay to the southeast.

The Raritan potters clay bed is separated from the Raritan
fire clay bed in B. Ellison's pits, southeast of Bonhamtown, by a
layer of sandy clay, which has in it considerable lignite, and a
layer of so-called hardpan, or cemented sand. The clay layer is
2 feet thick and the hardpan 1 to 1} feet thick, making,
together, nearly 4 feet. The lignite bearing clay is seen at
Carman’s pits, north of Bonhamtown. These are the only
localities where it has been observed and they are hardly suffi-
cient to allow any definite conclusions being drawn from them,
regarding the space between these two clay beds. On the
general section this interval is scarcely noticeable. In William
B. Dixon’s pits at Woodbridge there is a sandy clay at the bot-
tom, but nothing is known of its thickness or of the beds under
it. More facts are needed to determine the nature and extent of
these intermediate layers. For the present they are assumed, as
& provisional arrangement, to be 4 feet thick and to consist
mainly of clay and lignite, according to the section at Ellison’s
pits.
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M. Dally’s, it looks like a mixture of blue clay, alternating in
very thin layers and lamine with fine shaly material or earth.
This latter may he largely from the wash of red shale or earth
tinged hy it.  In general, there does not seem to be the same
uniformity in muterial which is so characteristic of the best por-
tions of the higher fire clay beds. At Ruddy’s pits some of the
clay has been found containing traces of copper, which is evi-
dently from the copper-bearing beds of the Triassic shales. Red
and mottled colors are also common, and almost characteristic.
Another observed character is the low degree of plasticity. The
rich white clays of Weidner's pits, near Piscataway, and of the
Island farm, as well as the laminated specimens from Dally’s
pits, 21l exhibit this want of plasticity as compared with the rich
clays of the other beds of this district. Another character of
nearly all the elay of this bed is the larger percentage of potash
than in the fire clays, varying from one to two per cent. Speci-
men~ containing much less can be found, and there may be less
in certain horizons, or portions of the bed; but taken together,
from top to bottom, all the clays of the Raritan potters’ clay bed
have it in nmount sufficient to render them fusible at high tem-
peratures and unfit for refractory purposes. In short, they are
not properly fire clays. This does not, of course, prevent their
use nor lesson their value for other purposes. By careful selec-
tion it might be possible to get some fire clay from some of the
localities.

Tlhe results of chemical examinations of some of the clays of
this bed are here given. These are representative specimens:

ANUMING crrivrerrrereraersreererereccrmenrsssmeramseminsascssanenes | 39.04| 35.80
Kilicle aeid (combined) ...l 45.61| 46.44
R RO ...| 10.90| 14.10
Quartz ~and . 071 0.51
Ferric oxide oo i, .| 110} 1.44
Magnesin i weneeee-o| traces
Limt e eecrscnenrseercessnensaissenes 0.25
Potash. .o L2260 012

Boda ceniiecranes ramveren esseransas 0.25| traces
B T T L T T (PP, PRI 1.44

J T PP TSP UPPoS 990.87] 100.10] 98.74
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RARITAN FIRE CLAY BED,

As has already been stated this bed follows, ascending in the
series, the Raritan potters clay bed, and is separated from it by
a thin layer of lignitic clay and a cemented sand, or hardpan.
This bed was first recognized, as a distinct and well defined mem-
ber of the plastic clay series, at the pits of William B. Dixon, in
Woodbridge. From this locality it was for a time known as the
Dixon bed. The identification of the clays at the pits of David
Flood and B. Ellison, southeast of Bonhamtown, as belonging to
this bed, has extended its limits and proved it to be more or less
uninterrupted from Woodbridge southwest to the Raritan river,
and probably beyond this stream, corresponding in direction and
extent with the Raritan potter’s clay bed and the Woodbridge
and South Amboy fire clay beds. Continued exploration and
clay mining will undoubtedly discover and open new localities
of this bed. The map and appended section suggest these.

Beginning at the southwest, this bed is opened in the south-
west pits of B. Ellison, where it is 8 fect thick. In a pit west of
his house it was found 15 feet thick. The next locality, going
northeast, is the clay of David Flood's pits, about one mile south-
east of Bonhamtown, Here the bed is covered by the fire sand
bed, and that by yellow, sandy and gravelly earth. The eleva-
tion of the bed (top) here is 47 feet. It is a little lower at Elli-
son’s. The only other locality is in Woodbridge, at the closely
adjoining pits of Wm. B. Dixon and Lewis Potter. Here it is
covered by drift, and is of varying thickness—f{rom 5 to 15 feet.

The clay of this bed is characterized by its drab color, its con-
taining very fine sand, and its small percentage of potash. The
specimens examined show from 29 to 50 per cent. of fine-grained
quartz sand. The composition of specimens taken as represent-
ing the three separate localities, is as follows:
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Iy 27 s
1 3

ATUMINR. L orrentine et cvreereereesseeem s reberabeens 2718 ... b 15,70
Bilicic acid (cOmBINEd).vvvvverieereesreerseerescerreeses serens | 8032711803
WALEE vttt sttt ssessssoeennneen | 9.03 0,60, 4.90
QUATZ #10...cveerirerecrestieesesearersreseseesesenseess e seses e 29.00'......... | 53.09
Ferrie 0XIdeuuuiiiiiireiriennien it e s rerevsesseeerarseeenenes s 1.26 ...oeee i 1.21
MBNESIt ccueiiii it rrresesareere et rin st e e e erenreeeas 0.08 ..
Lime. i e trnces.: ......... Mo
Potash. ..o vriririiie it i e rerien et seaneren truces.] 0.42 0.17
BOB e i sersrin ittt r et e res s essereeeren seerns nmremetenerernreens traces.'......... Cveveeenn
THATIC BEId.crerereeienrinreiesesee s eees seesseseee e eressaens 193 oo, i 161

Ot turrreverarsersraneases svremeessesessenssesesssnseeseeesrs seresans 100.35 | 99.81

1. William B. Dixon’s clay.

2. David Flood’s clay.

3. B. Ellison’s clay.

In No. 2 the percentage of water shows the amount of sand to
be quite small. .

In No. 3 the percentage of quartz sand is a little higher than
in some of the clays from that property. It is a varying con-
stituent.

FIRE SAND BED.

This sand is seen at the bottom of the pits dug in the Wood-
bridge fire clay bed; and as the openings in the bed are nume-
rous about Woodbridge and along the Raritan river, the locali-
ties of this sand are also many, and in several places borings,
made in search of clay, have gone nearly through it. As the
Raritan fire clay bed has not been discovered at any point under
the Woodbridge bed, there is no vertically measured section
giving the thickness of the sand separating them, byt from the
general section, accompanying this report, the vertical distance
between them is found to be fifteen feet, which, of course, must
be the thickness of the fire sand bed. Atthe bank of A. Hall &
Son, in Mutton Hollow, a boring is reported as going 14 feet into
this sand. It was said to be mixed with streaks of reddish,
sandy carth and fine gravel. In Loughridge & Powers’ pits,
near the Woodbridge and New Brunswick road, a boring 21 feet
deep wunt 13 feet into yellow sand and then § feet into a sandy
clay.
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This latter is probably the Raritan fire clay bed. Atthe bank
of the Salamander Works a boring, made several years ago, isre-
ported to have passed through 27 feet of sand from the bottom
of the clay bed as then opened and worked. This must have
reached the level of the same fire clay bed, but the earlier
borings were not so skilfully nor so carefully made as now, and
a sandy clay might have been overlooked or not recognized in
the small pieces brought up by the auger. Under the fire clay
in J. R. Watson’s bank, borings show 20 feet of sand. The sand
under the clay in William P. Edgar’s bank, B. Kreischer’s bank,
and the east bank of the Crossman Clay and Manufacturing
Company, has been found containing lignite and, occasionally,
pyrite.

The fire sand in the pits of R. N. & H. Valentine, M. Compton,
Charles A. Campbell & Co., and David Flood, north of the Rari-
tan, is in each of these localities lower than the horizon of the
Woodbridge fire clay bed and in that of this bed.

The material of this bed, as already referred to, is generally a
white quartzose sand. In places it contains a little fine gravel.
Fragments of lignite also are common in it. Thin layers of yel-
lowish and reddish earths are occasionally seen in it. In gene-
ral, its characters are not so clearly marked or so persistent as
those of the clay beds above it, and hardly decided enough to
admit of easy recognition, unless the accompanying and over-
lving clay bed be present to enable one to identify it by its po-
sition.

WOODBRIDGE FIRE CLAY BED.

This ie one of the most important members of the plastic clay
formation. On account of the great commercial value of much
of its material and the important uses to which it is put, this
bed has been excavated at many points, and widely explored
for additional workings. There are, in consequence of these
openings and explorations, the best facilities for studying its
geological relations, structure and character. It has been named
from its development and the many pits where it has been
opened and worked, in the vicinity of Woodbridge. Excepting
the clays of George W. Ruddy, L. Potter and William B. Dixon, all
the fire, ware and paper clays dug about Woodbridge and south-
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ward as far as Anness’ and Benton’s pits, near Spa Springs,
belong to this bed. But this is only one group of openings or
outcrops. Separated from these by the high ridge (which is a
continuation of the Short hills), running from Poplar hill to
Perth Amboy, are the several clay banks on the north side of
the Raritan river, from Eagleswood westward to Bonhamtown,
These are often termed the Raritan river clays. The pits on the
J. H. Manning furm and the pits of John De Bow and Edward
F. Roberts do not, however, belong to this bed, but are in the
higher South Amboy fire clay bed. The position, association and
character of the materials in these pits along the Raritan show
their intimate relation to the Woodbridge group, as parts of the
same bed.  Whether these two groups of outerops and workings
are connected under the high ground lying between them, or are
separate bodies or deposits of the same age and origin, is at
present unknown. And this question can only be solved by
further exploration in this intervening territory. It may be that
this ridge has in it a core of red shale rock in place, of which the
little hill of D. Watrous, two miles northwest of Perth Amboy, is
an isolated outerop, that has not been covered by drift. The more
probable explanation is that the ridge is a continuation of the
Short hill, and is o part of the great terminal moraine, which
here covers deeply the Woodbridge fire clay bed and the higher
members of this formation, and by thus concealing, divides, as it
were, the outcrop of this bed into two distinct groups of localities.
The cxistence of the feldspar bed near the top of this dividing ridge
also indicates the presence of the lower members of the series be-
neath it. Ifuture exploration and excavations will probably soon
prove the continuity of these outerops and dispel the prevailing be-
liefin their separation. The general section appended to this re-
port and deseribed on page 38 exhibits nearly all the localities
where this clay bed is opened, or seen, and these are represented in
their relative position as determined by the lines of strike, in
the thickness of the bed, as cut in these several localities and in
their elevation above the level of mean high tide. In thickness
there is considerable variation, as observed in the different pits.
And this is more generally due to inequalities in the surface, or
top, than in the bottom of the bed. And these changes of level
or irregularities of the surface are frequent, within short
distances, and there are many instances known where the
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top line has abruptly fallen from five to fifteen feet. Wher-
ever a considerable area of the bed has been uncovered,
this undulating character appears to a greater or less ex-
tent: sometimes rising and falling quite gently, forming ridges
and dome-like knobs or clevations and trregularly shaped
depressions or hollows; at others, marked by exceedingly irreg-
ular “bunks” as the miners call them, and sink-like holes
that succeed each other without any apparent order or system
resembling on a smaller scale, the uneven surface so churacteristic
of much of the drift areas of the Short hills and other moraine
ridges. These irregularities are characteristic of the top, or sur-
face of this bed very generally throughout the district. There
are, however, pits where the bed is more uniform and the top ap-
proximates to a plane surface. This irregular surface has beon
observed very marked in some of the pits west of Woodbridge;
for example, in those of Loughridge & Powers, a difference of 17
feet has been seen within a few yards. And here, the bottom,
also, being quite uneven and not corresponding to the iop, the
clay has been found in places 40 feet thick. In Hampton Cut-
ter’s bank, south of Woodbridge, the top line has been scen run-
ning in nearly a straight line for several rods. In the banks
along the Raritan river this bed seems to be more uniform in
thickness and less irregular in its surface line. This regularity
in stratification is very beautifully exhibited in the bank of A
Weber and the east bank of the Crossman Clay and Manufactur-
ing Company. But in these this bed is covered by the over-
lying members of the series in their ‘regular order of succession
and these in their turn by the drift beds. It may be stated ag o
fact of general occurrence that there is more inequality in the
surface of the fire clay in the lower ground, or wherever the bed
is not covered by the dark colored sands and clays that belong
geologically over it, but by drift only. In such localities the
surface features arc to be regarded as the results of denuding
agents which have removed the higher beds of the series and
worn down the clay into furrow-like depressions and sink holes,
and left it to be subsequently covered by deposits of the glacial
and post-glacial epochs. This wear or denudation may have oc-
curred in the time of the glacial drift or long before it in Creta-
ceous or Tertiary times, and it may in the latter case have been the

wear of natural drainage rather than the work of any extraor-
4
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dinary floods sweeping over the land of those ages. This
difference between localities where the bed is covered by dark
colored sands and clays or by a thin layer of drift, is well ex-
hibited in the banks of Charles A. Campbell & Company, at
Sand hills, along the Raritan. In the old bank near the Perth
Ambov and New Brunswick road, the fire clay is covered by
these ligher clays and sand; in the southern pits, in the lower
around, nbout two acres of the clay bed stripped of the top dirt,
show the incqualities of such surfaces. The high bank of R. N.
& II. Valentine near the same road, and the southern pits of
the same firm also illustrate this difference in the surface. In
Tsaae Flood’s bank, east of that of Valentine Brothers, the fire
clay bed is covered at the east end by white sand, while at the
wost end the black elay lies upon it, and there the top of the bed
is five feet higher than at the east end where the covering is
drift.  For additional facts illustrating these general statements
the reader is referred to the chapter on detailed descriptions of
localitics.

The continuity of this bed is in places wholly interrupted
by breaks or gaps, which show that it was not deposited uni-
formly, or that therc was a considerable wearing away, or erosion
after its deposition. That there was such grosion is evident in the
¢lay pits worked on either side of such depressions which are
lower than the general level of the clay bed. This can be seen
in the pits along the valley of the brook between David Flood’s
clay and that of the Salamander Works, also along the branch
of Heards brook between the pits of Melick Brothers and B.
Kreischer & Son on the east side and those of William H. Berry
and othiers on the west side.  The valley along the Metuchen road
between David Flood’s elay on the west and William H. Berry's
on the cast, is another example of an eroded valley, cut out
after the deposition of the beds of this clay formation. North-
weet of David Flood’s fire clay bank borings show black sandy
clays, but no fire clay. Here is an example of erosion in the
interval of time between the deposition of the latter and that of
the former and higher, or more recent, strata. Many other locali-
ties could be given where the older strata appear to have been
replaced by the more recent.  More frequently we see the hollows
and depressions and breaks filled by drift materials, evidences
that thiese inequalities in the surface belong in the more recent
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age of the drift or diluvium. The bottom of this bed approxi-
mates to a plane, descending to the southeast. It has some in-
equalities making it in places higher and in others lower, but not
rising and falling with the surface. This could not be so when
it is considered that the bottom of this is the top of an older bed,
or beds, upon which, as a great floor the fire clay was gently laid
down. And hence the uneven upper surface of that older bed
is represented by the bottom which is reached in the fire clay
pits.

As the top and bottom of the bed are not generally parallel
planes or conformable to one another, the thickness of this
member of the clay formation is subject to the inequalities of
both, and is, consequently, more varying than it would be if one
or both were more regular, or plane surfaces: And it is seen
ranging from a few feet to 40 feet thick. The average of all the
pits, where the bed appears well developed, is about 20 feet. The
general section appended to the volume shows, by its parallel
lines following the dip, that this agrees with the mean or ave-
rage of all thereon represented. For the exceptions, the reader
is referred to the descriptions of localities.

This bed is mainly a bluish-white refractory clay, mixed with
more or less fine white quartz sand. Its composition is repre-
sonted by the following cight analyses of good specimens of as
many No. 1 fire clays taken from different banks:

9
1 2 3 4 b 6 7 8 1Aver-

age.
Alumina........, veverens, 40.14] 37.94} 38.87| 36.40( 37.92 35.05| 36.34 36.78| 27.55
Silicic acid (combined).| 42.88) 44.26) 44.77| 42.82| 4240 38.18| 36.60 40.28| 4132
Water..oovivienieneiniinen, 13.59] 14.10] 12.97| 12.42( 14.60 12.38 1‘2.23l 13.06| 13.17
Quartz sand._... ..., 050" 1.10; 0.80, 580 1.41 10.50; 12.33; &8.10; 5.07
Ferri¢ oxidea........... 0.51' 0.96] 1.14] 078 1.0 0.9¢ O.97l 1.02) 0492
Magnesin....oovcvneivini ] o1 001 01l 'traces| i 0.04] 0,00
Lime o ccecerernvarrenson 010 e SOTOPOOTL SR P LNOUOTN PR - 0.10
Potash _......ooiviviinnenns 041 015 016, 045 035 037 005 015 09
P 008/ oo o O.BTI‘....... oo vl 0.22
Titanic acid.........ee.... 142 1.30] 1300 112 1.4l| 161 152 ... 1.38
Totals oveivriiceninnn, 99.63| 99.92; 100.12: 99.99 99.51' 99.95! 100.071 9943/ 100.28
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Loughridge & Powers’ fire clay, Woodbridge.

. Hampton Cutter & Son’s fire brick clay, Woodbridge.
Hampton Cutter & Son’s ware clay, Woodbridge.

A. Hall & Son’s fire clay, Woodbridge.

Wm. H. P. Benton's fire clay, Woodbridge.

6. Crossman Clay and Manufacturing Company’s fire clay,
north shore of Raritan river.

7. Charles A. Campbell & Co’s white fire clay, north shore of

laritan river,

8§ R.N.& H. Valentine's fire clay, north shore of Raritan river.

9. An average, 1-—=8.

While this may be taken as representative of the whole, there
are many exceptions, The following order in the nature of the
material from the top downward shows the more common char-
acter of these variations:

Sandy clay.

Alum clay.

Fire clay.

Spotted or red clay.

Sandy clay.

Extra sandy clay.

Tliesc are not to be understood as separate layers, but simply
parts of one continuous bed. This shows that both at the top
and at the bottom there is a larger proportion of sand and very
frequently the bed is found more and more sandy until it is lost
in the sands above and below. Especially is this true at the bot-
tom and the gradation isso gentle that it is diffieult in some
places to fix the limit between the clay and the sands.  The alum
elay is not so well marked nor so common. It may be defined
as that portion of the bed which contains some pyrite, or sul-
phide of iron with some sulphates of iron and alumina and
which is not good for refractory purposes, whereas it answers
quite as well for the manufacture of alum. It is distinguished
by these little nodules or lumps of pyrite and by its yellow and
dark colored or dark mottled color on weathered surfaces.

The best clay of the bed is commonly in the central portion,
or about half way between top and bottom, but these variations
have so wide a range that it is impossible to be definite upon
this point. The spotted and red clays are those which contain a
large percentage of iron and which exists in them as ferric oxide,

G o b0
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giving them a red or spotted (red and bluish) color. They are
termed mottled clays, and also, simply red clays. The line of
separation between these red, spotted and blue clays is always ex-
ceedingly uneven and the clay often appears to be one mass,
which has been made by the most irregular mixture of large and
small masses and fragments of these different shades of color.
In some places these colored, or more properly discolored, clays
are not found and the whole bed is blue or bluish white clay, In
others the red clay is at the top, as if this part of the bed had
been in some way thus discolored by agencies from above; in
still others it is found at the bottom, but it is more generally
found towards the bottom, as in the order of arrangement given
above. Some of these latter seem to indicate an original uniform
pereentage of ferric oxide throughout the whole bed which has
been remaved from the upper part.

The sandy and extra sandy clays contain such varying per-
centages of sand that their composition can be given only
approximately. A typical specimen from Loughridge & Powers’
pits contains 52.6 per cent. of quartz sand.

From the Woodbridge fire clay bed upward to the feldspar bed
there is a distance of 65 feet, which is occupied by sandy and
dark colored clays with irregularly interbedded layers of sand
Some of these beds are largely worked for common red brick and
pipe materials, and these excavations, together with those neces-
sarvy for the removal of these higher beds in many of the fire
clay banks, afford good opportunities for the examination of
the lower of these strata, but the whole series is not to be seen at
any one locality or in any one vertical section. In the Wood-
bridge group of pits the overlying black clays run up to 40 feet
in thickness Along the Raritan also they are very well exposed
both in the clay banks and also in the high bluff at Florida
Grove. The sub-division, as given in the columnar section
above, see page 34, is not ¢verywhere equally plain and well
marked. It may be regarded as provisional, particularly towards
the top, subject to alteration and further sub-division after ex-
tended workings have made the order more clearly defined.

SANDY CLAY, INCLUDING LEAF BED.

This bed is easily traced by its contact with the fire clay and
by the leaf prints, or impressions so numerous in it. These are
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occasionally seen in other strata of this formation, but not in
such numbers as here. This leaf bed, with its fossil remains,
appears in David Ayers’ pits, S. A. Meeker’s pits, Hampton Cut-
ter & Sons’ pits, in Isaac Inslee’s pits, near Woodbridge, in the
Woodbridge Clay Company’s pits, in the cast bank of the Cross-
man Clay and Manufacturing Company, and at the bottom of the
brick clay bank of Sayre & Fisher, on the Raritan river. Else-
whero the sandy layers appear, but they have not been examined
for such organie remains. Careful explorations will no doubt
result in their discovery in nearly all places where the bed is
found. And this may be considered as the immediate accom-
paniment of the fire clay, and a guide in exploring for the
underlying Woodbridge fire clay bed. It is difficult to determine
accurately the thickness of this leaf-bearing sand bed. At the
hank of the Crossman Clay and Manufacturing Company, where
it lies between the top white clay and the fire clay, it is six feet
thick. In R. N. & H. Valentine’s bank there is five or six fect of
such sandy layers between the pipe clay and the fire clay. In
some of the banks itis only one or two fect thick, while in others
its limits eannot be fixed with any certainty. Lignite or, as it
is more commonly termed, wood, and pyrite (sometimes known
as " sulphur balls?) are also common in this bed, and the dark
color of the sandy mass 1s often duc to the amount of carbona-
ceous material disseminated in small fragments and particles
through it. This is sometimes so abundant that the bed appears
made up of many thin layers of compressed woody matter in
the form of flattened Jimbs and trunks of trees and leaf impres-
sions packed so closely together that it is difficult to to get good
specimens or well marked prints. These all lie with the stratifi-
cation, that is, with their longer axes conformable to the plane
of bedding. In the banks of H. Cutter & Sons, and at Savreville,
the bed seems like a great herbarium, with its specimens nicely
pressed and preserved in the sandy layers.

PIPE CLAY.—(TOP WHITE CLAY).
This subdivision, as well as its name, comes from the fine sec-
tion seen in the adjacent banks of the Crossman Clay and Manu-

facturing Company and A. Weber. It is made to include both
the so-called top white clay, and the clays over it, which are used
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as pipe material. The best of the top black and dark colored
clays in the bank of the Salamander works, and in those adjoin-
ing it, along the Woodbridge and New Brunswick road, and also
those in Mutton Hollow, as in J. R. Watson’s, 8. A. Meeker's, and
Melick Brothers' banks and in Isaac Inslec’s pits south of Weod-
bridge, H. Cutter & Son’s, and the pipe clays in the banks along
the Raritan, and the hard clay stratum at Sayre & Fisher's brick
clay blank, used for front brick, are all in this member of the
clay series,

The stiff blue clay stratum in W. S. Petit’s brick clay bank on
the South river, and the five-foot blue c¢lay layer in Willett &
Yates’ bank, at Washington, are also to be referred to this mem-
ber of the clay formation, although in neither of these banks Lias
the lower Woodbridge fire clay bed been identified.

Tt has been represented in the columnar section as 10 feet
thick, but like the sand bed underncath, its thickness varies in
different localities. In Watson’s bank thereis 8 feet of pipe clay;
at the Salamander Works’ bank the pipe clay, including three
feet of sandy clay, is 11 feet thick. At Weber's bank and in the
cast bank of the Crossman Clay and Manufacturing Company
there is 12 feet, including a blue pipe clay 3 feet thick; then 23
to 3 feet of black sandy clay; 3 feet of black pipe clay; then
the top white clay 3to 4 fect thick. Near Crows Mill creck, in the
pit of the Woodbridge Clay Company, this bed is 9 fect thick.
At R. N. & H. Valentine’s bank there is a layer of dark colored
pipe clay 4 to 5 feet thick, which belongs in this subdivision.
The front brick clay at Sayre & Tisher’s bank is about of the same
thickness. These examples show that there is in this, as in the
lower strata, the same moderate range of variation from certain
fixed limits, which are to be taken as the mean or average of
many localitics.

As has already been stated, this sub-division in some places
consists of two to four distinet layers or strata. Generally there
is a thin and sandy stratum interposed between two layers of
pipe clay, as if the middle of the bed had received a larger per-
centage of sand. A more detailed survey of localities may find
additional facts sufficient to justify a triple or four-fold sub-divi-
sion of this member of the series. The material of this bed, as
here limited and deseribed, shows a wide range in character.
The top white clay of the Crossman and Weber banks may be
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taken as typical of the purer clay of the bed. This containg
about 50 per cent. of sand, and about one per cent. ferric oxide
aml 244 per cent, of potash. The equivalent of this layer—in
Savre « Fisher's bank—the front brick clay, has the following
constituents, as determined by analysis:

Y
Titarde bl

These figures represent the best portion of this bed, although
there is probably less potash in some of the black clays that are
ineladed in it than in these clays whose analyses are here given.
Somie of them are certainly more sandy. This gradation from
richer to poorer, or more sandy clays, is seen here as in all the
othur elay beds, and this not onlyin going vertically, but also hori-
zontally, from point to point,thus explaining the differences which
are to he seen in corresponding sections of the same layers taken
from difkerent banks, or even from points.in the same bank.
There is the general correspondence running through the vary-
ing details of ench loeality. Tignite is not so abundantasin the
beds above and below this one. It oceurs more commonly in the
sandy layers,and not in the richer portions of the bed. There is
some carbonaceous matter in all the clays of dm;ker shades of
color. In one from the bank of H. Cutter & Sons—a black clay—
it amounts to 6.3 per cent. This is exceptionally large. The
average is estimated to be 4 per cent. Tt is distributed quite uni-
formly through the mass, and gives it the dark blue to black
color so common. As this i3 consumed in tho kiln, such clays
burn white. Pyrite is another quite common constituent of the
clayx in this bed, but nearly always in the more sandy portions
which are not used. It is generally associated with the lignite.
It is seen in the thin layer separating the black pipe and the blue
pipe clay layers of the east bank of the Crossman Clay and
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Manufacturing Company. The top white and the best pipe clays
are free from it. No leaf impressions are known to have been
found in it, but they may exist in some of its sandy and lignite-
bearing layers. This bed has furnished the few shells and casts
of shells which up to the present time have been found in the
plastic elay formation.. These are of one species only, viz.: Cu-
cullea antrorsu. They were found in Valentine Bros’ bank, on
the Raritan river. Additional localities and specimnens of this
shell, as well as of other species, are anticipated as the results of
further diligent search for sueh fossil remains.

LAMINATED CLAY AND SAXND.

This member of the clay series is well developed in many of
the banks about Woodbridge and also in those along the Rari-
tan, especially where the bearing, or top dirt, is thick. At many
of them it is the uppermost clay in the bank, since none of them
as yet are high enough to reach the next higher member of the
series. The bottom sandy clay of Isaac Inslee’s pits, near the
Woodbridge and Perth Amboy railroad, is referred to this sub-
division. The lower half of the brick clay bank of Sayre &
Fisher is also placed here. Most of the upper part of W. S
Petit’s red brick clay, on South river, very probably belongs to
this bed. The black clay and sand dug by Willett & Yates in
their bank at Washington, and the clays dug along the South
river for the red brick yards, are also here included.

This bed crops out at Florida Grove, in the north hank of the
Raritan, and is seen in the south bank also, near Kearney's
dock, and thence southwest along that bank to Mount Ararat,
near George Such’s residence. It will be observed that this, with
the micaceous sand bed which rests upon it, furnish nearly all
the c¢lay which is dug in this district for the manufacture of red
or common brick; and the extent of these beds is quite equal to
the largest demands.

As implied in its name, this bed consists of thin layers of sand
and sandy clay, alternating quite irregularly. Some of these are
less than an inch, while others exceed a foot in thickness. Both
lignite and pyrite abound, more, however, in some than in other
layers, and disseminated irregularly in all of them. The car-
bonaceous matter gives the dark color to much of the clays in
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this sub-division. The sandy layers are almost all white quartz,
although in places blackened by small fragments of lignite. In
consequence of this sorted character of these layers and lamina
and the lack of homogeneity, as well as the very general preva-
lence of both pyrite and lignite, the materials found in them are
only usedd in the manufacture of red brick. Some of the layers
might be used for more valuable purposes. The division plane
between this and the overlying sand cannot be located accurate-
ly. There are but few sections showing the whole thickness of
the two, and conseruently it is impossible to define exactly their
limits. As nearly as can be determined, the thickness of this
laminated clay bed is put at 30 feet, leaving 20 feet (the interval
between this and the feldspar bed) as the thickness of the sand
bed. '

MICACEOUS SAND BED.

While the laminated elay and sand has been most studied at
the top of the clay banks, wherealone it is worked, this sand bed
15 best known from the excavations that go down through higher
beds and stop in it. In other words, it is best known as a botiom
bed, whereas the other is generally at the top of thesection. The
localities where this is seen are comparatively few, partly owing
to its position with reference to other beds, partly to its having
no present use, and, possibly, in part to its lack of decided marks
or character whereby to identify it. Lying next under the feld-
spar bed, the pits in that material have in most of the banks
gone Jown to it, and bhorings and explorations have then gone
further into it. .\t the bank of Charles Anness & Son this dark
colored sandy bed has been penetrated twenty feet in borings.
On the adjoining FForbes farm, a pit and boring went through
20 feet of this bluish-sand and micaceous clay. It appears in
Edgar Bros.” bank also. On the line of the New York and Long
Branch railroad, near Woodbridge creek, and under the kaolin of
James Valentine, there is 14 feet of black, sandy and micaceous
clay, containing lignite and pyrite. Here this sub-division ap-
pears more clavey than it is under the feldspar in the above-men-
tioned banks. This bed, or this portion of the clay series, crops
out in the hillside at Florida Grove. It was dug vears ago on
B. Vulentine’s place, south of his residence, and down the hill
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below the feldspar pit. The black clay under the sand at thefire
sand bank on the property of the Knickerbocker Life Insuranee
Company, from its relations to the overlying feldspar, must also
be placed here. The top clays at Isaac Inslee’s pit, near the
Woodbridge and Perth Amboy railroad, also belong here. South
of the Raritan, the top clays in W. 8. Petit’s bank, in Willett &
Yates’ bank at Washington, and those in Sayre & Fisher’s bank
at Sayreville, also belong here.  As the division plane betwecn
this and the laminated clay and sand under it is unsettled, some
of these localities here separated may belong to both. In our
scction 20 feet has been assigned as the thickness of this bed.

Micaceous sand and sandy clay, dark-colored to black, make
up the mass of this bed, not uniformly mixed, but more or less
in layers of varying thickness; but the sand predominates over
the clay and gives character to it, distinguishing it frem the
more clayey beds under it. Mica also appears more abundant
here than in some of the lower strata of this formation. It oc- .
cars in the form of very minute flakes or scales. TPyrite and lig-
nite are also common in it. No organic remains other than
those of plants occur in it.

FELDSPAR AXD KAOLIN BEDS.

The columnar section represents these as distinet beds. They
are, however, so intimately connected that for the purposes of
description these layers, and the thin sandy clay stratum which is
found generally accompanying them, are here in¢cluded under one
head—one sub-division, as it were, of this formation. This three-
fold division is plain at nearly all the localities, but there is such
a variation in the thickness of the respective layers that the
figures on this part of the section cannot be considered as repre-
sentative of any one locality, but as typical of what is seen at all
of the openings and outerops. These strata lying on the black
sand and sandy clay, are not seen in the vicinity of Woodbridge.
The sections there do not reach high enough to include them.
Nor are they seen in any of the Raritan river banks west of Crows
Mill ereek. There, also, the drift lies upon the laminated clay
and sand bed, or upon even lower members of the clay series.
The higher ground between these two groups of clay banks in-
cludes the higher strata under a considerable thickness of drift,
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and the most extensively worked feldspar localities are in this
dividing ridge. At the bank of Charles Anness & Son, the Jeld-
spar varies from 3 to 10 feet in thickness, sometimes in two
layers, which are separated by a bed of white quartz sand, and
covered by a sandy clay bed 1 to 5 feet thick. At the neighbor-
ing large bank on the Forbes tract there is, in most of the pits,
a sandy clay at the top, which is between a few inches and 3
feet thick; then there is a fire sand and a sandy clay, resembling
kaolin, from 2 to 8 feet thick ; then the feldspar, 2 to S fect thick;
and at the bottom the bluish, micaceous sand bed. A little fur-
ther to the southeast, this bed is aopened on the farm of the
Knickerbocker Life Insurance Company. Still further south-
east it is cut in the lvolin pits of James Valentine, and by the
New York and Long Branch railroad near Maurer’s brick and
tile works. At the last mentioned place the feldspar ocenrs in a
thin Jayer, searcely o foot thick, resting on the black, sandy clay
and under the Laolin,  On the Forbes farm the Seldspar bed is
90 fect (hottom) above high water level; in James Valentine's
pits it 12 35 feet, and at the Iatter place the kaolin is 6 feet thick.
At Merritt’s pits, one mile northwest of Perth Amboy, the
kaolin varies between 4 and 12 feet in thickness, and there is no
clay or feldspar of any extent accompanying it.  In Pertl A mboy
and its vieinity the Laolin is dug in the pits of A. Hall & Son,
where it is S to 10 feet thick,and also along the Easton and Amboy
railroad. It also appears in the cut of the New York and Long
Branch railroad, near the depot, besides several other places within
the limitsof thecity. The feldsparis wanting in these pits and ex-
cavations in Perth Amboy. West of this, and on the southwest-
ern slope of the ridge, Edgar Brothers dig the feldspar near
Crows Mill creek. It hasbeen found in the clay shaft on the J.
H. Manuing farm, and in a boring under the clay at Ed. F.
Roberts’ pits, and alse on B. Valentine’s lands, near Florida Grove.
These localities are between one and two miles west-northwest
of Perth Amboy. In Roberts’ boring, on the Manning farm,
the three layers were penectrated as follows: reddish yellow,
sandy clay from 2 to 3 feet thick; keolin and white sand, 10 feet
thick ; fildspur, 1 feet thick, and at the bottom, sand. South of
the Raritan river this feldspar bed has been opencd by J N. Cole-
man, about half a mile southeast of Kearney's dock. The
kaolin stratum has been recognized under the South Amboy fire
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clay bed in all the fire clay pits on that side of the river. At
the pits of E. F. & J. M. Roberts, on the Kearney tract, it is
found at the bottom, but is not taken out, the work stopping as
soon as the clay is removed. In George Such’s pits the red clay
under the blue fire clay is presumed to lie directly upon the
kaolin or on an equivalent bed of sand. On the J. K. Brick estate
the pits are dug through the fire clay and into the kaolin, and
this is at least 7 feet thick. At Whitchead Brothers’ bank, at
Sayreville, it is 8 feet thick. At Washington the keolin crops
out near the top of the hill above the brick clay and it is there
opened and dug extensively by Whitehead Brothers, The layer
there appears higher than the natural dip would put it at this
point, occupying the horizon, which the South Amboy fire clay
bed would be expected to fill. The general section illustrates
this statement. Some of the fire sand and clay of J. N. Cole-
man’s pits between South Amboy and Kearney's dock is re-
ferred to this place in the vertical geological section. From
these preliminary notes of localities and from the fuller deserip-
tion of all the outcrops, given further on in this report, it will
be evident that the strata of feldspar, kaolin and the associated
clay laver are subject to much variation in their thickness and
character of materials. The average aggregate thickness of the
three beds is 18 feet, of which the feldspar occupies 5 feet, the
Laolin 10 feet, and the sandy clay, 3 feet. The surface is marked by
its unevenness, the inequalities being more characteristic and
common than they are in any of the clayey beds of this forma-
tion. .

The names feldspar and keolin, as used everywhere in this
clay district to desipnate these strata and their materials, are
applied incorrectly. The feldspar is more properly a kaolin, al-
though not answering fully to all the characters implied in that
well known term. It is a mixture of a rich clay with white
quartzose sand and fragments of quartz, nearly all of which are
slightly rounded on their edges and lack the sharp grained
character of the quartz in most of the true kaolins. Both the
clay and the quartzose portions are of a secondary origin, that is,
they are not the result of rock disintegration in place. Nor are
they sorted as the materials of the clay and sand beds. There
is no lamination in its structure nor any arrangement other
than a most intimate mixture of these two constituents, some-
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what sirnilar to the blending of quartz and feldspar in some of
our granitic rocks. Whence it came and how it was deposited,
in this unsorted condition over comparatively so large an area,
and so uniformly, are difficult questions. If there were gheissic
or granitic rocks immediately under it, the explanation would
be easy. Instead of such a rock basis it reposes on a sand bed,
which is one of a series of sedimentary strata and these too of
earthy materials, such as clays and sands, all of which appear
to have been sorted by the action of water during their deposi-
tion. The mixture is so intimate that there is not the slightest
trace of lamination or stratification in it. As it does not show
any wave action or evidences of deposition in water it may be
considered as a drift of the Cretaceous period probably of quite
local origin and extent.

The chemical composition of this anomalous mixture varies
somewhat in the different horizons of the layer, according as
there is more or less qunartz in it or oxide of iron stains through
it. In places it is quite sandy and by gradations, not marked,
pusses into a coarse, clayey fire sand. In others it is discolored
by the irqn oxide and this appears in the analyses of such speci-
mens. The following analyses * represent the average composi-
tion of the typical feldspar, viz:

ANmIna v e e eraee eerereeerrasariens
Silicie acid..
Water............
Quartz sand...
Ferrie oxide...

Magnesia ......

Lime...... ...

Potash....... [T .

3T T - 0.21 Q.21

Titanic acit.....cvuvereinesieriieriiinerinrrmn. vernrrrerensrnriescd | cneenan, RL1] RPN
A S e et et v rrerare v re s saree s sanas i s et sansbasssbhsbebemnan 100,581 99.68] 98.70

t lactuding the silicle acld,

1. Feldspar from the Forbes’ farm, bank worked by W. N. Weid-
endcr.

* In (he chemlicat omminatlun uf tlu s¢ specimens the magnesia apd the lime wers nm. m'lglwd
They g vory ~mall In amount, hardly more than traces, The titunie acid wis determined iy one
cenly. lnotheother anulyses it 13 weighed with the silicic wcid,
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2. Edgar Brothers’ feldspar.

3. Feldspar from bank on farm on the Knickerbocker Life In-
surance Company.

These analyses show a remarkable agreement among the severa]
constituents. They show also that the sand and quartzose frag-
ments or pebbles amount to about sixty per cent. of the weight,
which, allewing for the greater density of the quartz, would
make it about one-half of the mass by volume.

The specific gravity of the feldspar is 2.283—2.321, being con-
siderably greater than that of the fire clays and a little less than
than that of pure quartz (2.5—2.8).

The so-called kaolin is a micaceous sand. consisting of fine-
grained, white quartz sand, mixed with a small and varying
percentage of white mica, in small flakes, or scales and a very
little white clay. The mica, however, is conspicuous and gives
the mass a glistening appearance and a somewhat soft and soapy
feel, but the sand is very largely in excess, constituting from
sixty to ninety per cent. of the mass in the more clayey and mi-
caceous specimens. The ultimate chemical composition of some
of these kaolins is as follows:

1 | 2 | 3
Silicie acit and sand.......ooiii i 77.10! 89.40° 92.70
Alumina and ferric oXidea.. .o civeeevrnriirecioien corsrnserserannas 17.10! 7.80 5.0
WWILEE 1 eerveentterieeanne senses seesanseessasmnsantassrsesseeremsesasesbsenins 4.50) 260, 0.70
B e TT) PP 1.30 . uee.en | 0.35

1. Is from Mrs. Merritt’s pits, near Perth Amboy.

2. From Whitehead Brothers’ pits, Washington.

3. A typical specimen from Charles A. Campbell & Co.,
Staten island.

These analyses were partial, made for comparing the kaolins
with the fire sands, but they indicate the large proportion of
sand and show that they are simply mica-bearing sands.

The upper layer of sandy clay is not seen everywhere accom-
panying the feldspar and kaolin. It is quite often wanting. It
is very sandy and in most places has a reddish or yellow color
and contains a considerable amount of ferric oxide. Some of
it is used, mixed with other clays in the manufacture of lower
grades of fire bricks and also in saggars.
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East of Staten Island sound this bed of %eolin is worked ex-
tensively in several large pits north of Rossville, Staten island.
It has been worked to a depth of 18 feet without finding bottom.
It occupies the same relative position as in New Jersey, a little
below the South Amboy fire clay, which latter bed is seen in

the pits of Storer & Brothers, B. Kreischer & Co. and William
H. Berry. ' :

SOUTH AMBOY FIRE CLAY BED,

This bed of fire clay is best developed on the south side of the
Raritan river and within the limits of the township of South
Amboy,as these ran before its division two years ago. This name,
then proposed, has been retained as appropriate inasmuch as the
bed comes to the shore near the town of South Amboy. Like
the Woodbridge bed this fire clay bed has been worked extensively
at several points and these large oxcavations have afforded very
good fucilities for studying its relations and structure. The con-
figuration of the surface south of the Raritan river does not
favor & wide development in working, such as is seen north of
that stream, in the Woodbridge fire clay. In the latter the slope
of the surface descends southward, making a small angle with
the line of the dip; and as this slope is in some places quite as
steep as the dip of the clay, the belt of available or working ter-
ritory—that is, land where the clay is within an accessible
depth beneath the surface—is wider than it is on the south of the
river, where the slope of the country is towards the north and
northwest, or in an opposite direction from that of the dip of the
clays. s the ground here rises quite rapidly, going southward
the edges of the strata are soon passed over, and the covering, or
top dirt, becomes too thick for removal, precluding profitable
working and exploration. This explains the narrow belt in
which the several banks of fire elay south of the Raritan are
lacated. Looking at the map, we see this belt bending south in
the low ground along Burt’s creek, then turning north again in
the banks on the J. K. Brick estate and that of Whitehead Brothers,
where the land rises. This bed has been 'identified north of the
Raritan river at three points, near the New Brunswick road, 13
miles northwest of Perth Amboy. The most important one of
these localities, where the bed has been best opened and most
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extensively worked, is in the pits of E. ¥, Roberts, on the Man-
ning farm. FHere the bottom of the fire clay is G0 to GO feei
above high water level, and is between 7 and 13 feet thick.
Under it there is a sandy clay 2 or 3 feet thick, and under this
the kaolin and feldspar. These pits and the neighboring river
Lluff, south of them, together make a vertical section of 80 feet,
including nearly all the strata between the Woodbridge and the
South Amboy beds. Until the true place of this fire clay was
recognized it seemed altogether exceptional, being, as it were, an
isolated outcrop on the top of the hill, and much too high to be
classed with the other Raritan river clays. By reference to the
general section, it will be seen that its elevation is. that which
would be assigned to it, knowing the dip of this fire clay bed and
its correct geographical relations to the other localities of this
bed. The pits on the De Bow farm, west of Roberts’, arealso in
this bed. The remaining locality is on the north of the New
Brunswick road, on the J. H. Manning place. A deep pit or
shaft was here sunk through this into the kaolin and feldspar,
confirming its geological position, as indicated by its elevation.
In addition to these three localities, of which there is no ques-
tion, sowe of the reddish clays found in the Easton and Amboy
railroad cuttings, near the Florida Grove road crossing, very
probably belong in this horizon. 1t is also reported as existing
north of the Manning furm, in some of the higher ground run-
ning thence to the Forbes farm.

All of the fire clay which is dug south of the Raritan river
comes from this bed. It has been very extensively mined in
the large excavations made by E. F. & J. M. Roberts, on the
Kearney tract. It has in these pits an average thickness of §
feet and is underlaid by quartzose sand, the equivalent of the
kaolin bed. In most of these it has evidently suffered some loss
at the surface by wear, or denudation, and afterwards has been
covered by the yellow sand and gravel drift. In George Such’s
bank it is generally found covered by sand and sandy black
clay, m irregularly alternating layers. And here the bottom of
the bed is red and not properly a fire clay. Proceeding west, it
appears in the Brick estate bank, under a heavy bed of sand and
gravel drift and lying on kaolin. The same association of layers
is seen at Whitehead Brothers’ bank, at Sayreville, although in
some of the pits of this bank there is a sandy bed at the top,

5
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which is called kaolin, as well as that under it. The same sand
drift covers it in Sayre & Fisher’s (westernmost) bank and it in
turn lies on the kaolin. Here it is from 5 to 16 feet thick. This
bed has been opened on F. Van Deventer's land near the South
river, one mile southeast of Washington. The diggings were
not of sulicient extent to test the locality. At James Bissett’s
red brick clay bank on the South river,a thin layer of tough
and refrictory white clay, near the top of the bank, has been
supposed to belong to this bed. Its elevation corresponds to that
of the fire clay horizon, but the layers associated with it do
not appeer to confirm this position. The white clay which
crops out on the shore in South Amboy near William Allen’s
pits may also be a part of this bed. Its elevation and place
have been discussed above (see page 54.) The fire clays dug on
Staten island, near Rossville, by William H. Berry, Storer &
Brother and B. Kreischer & Co., from their relations to the
laolin, near the same place, their elevation and their location in
reference to the fire clays of this district, are also in this bed.
The general section shows these relations and their elevation
and illustrates this statement. Judging from the localities where
this bed uppears hest developed and not greatly worn or denuded
on the surface, its thickness has been estimated to be about 20
feet. This exceeds the measurements in most of the pits, but in
many of these there are evidences that at these points the thick-
ness has been diminished by much surface wear. The inequali-
ties in both the surface and at the bottom are very considerable,
as can be seen in the pits of E. F. Roberts near Florida Grove;
in George Such’s and in the Brick estate banks at Burt's creek,
and very finely in those of Whitehead Brothers and Sayre &
Fisher, ot Sayreville. So also on Staten island this clay is 15 to
29 feet thick in Storer & Brothers pits, while in Kreischer’s it is
only 6 feet. Notwithstanding all these variations the general
section shows the mean thickuess to be about 20 feet.

The South Amboy bed, like the Woodbridge bed, ghows much
variation in the character and in the percentage of its several
constituents. The order of succession, or changes vertically in
this bed, is as follows, beginning at the top:

Sandy white to buff-colored clay.

Blue fire clay.

Sandy mottled-red clay.
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These are not distinet layers, but gradations from top to bot-
tom in the one bed. This order is not always apparent. For
exceptions the local descriptions must be consulted. This bed,
like the Woodbridge bed, has its upper and lower portions more
sandy than the intermediate part; and here, also, the lower part
is found, in most pits, colored by ferric oxide, making a red or
mottled, or (as often styled) a spotted clay, according as the clay is
wholly or in part impregnated with this coloring oxide. * Sul-
phur balls,” or round, ball-like aggregations of pyrite crystals,
are found in many places in this bed. They occur irregularly
in all parts of it—in the rich white and fine fire clays, just as
in the inferior red clays. These are from one to four inches in
diameter. Frequently the outer shell or periphery is completely
changed to ferric oxide, while the interior is still unchanged sul-
phide of iron. Pyrite in smaller lumps and fragmentary pieces
is also quite common, and diffused throughout the clay of the
whole bed as worked in some places. It appears more common
in this than in the Woodbridge bed. Small pieces of lignite are
also found here and therein it. A filmy coating of vivianite (phos-
phate of iron) has also been seen in one locality. Amber is an-
other forcign mineral, but of much more rare occurrence. The
rich and purest clays of this bed do not differ essentially in
chemical composition from those of the Woodbridge bed., For
the comparison the following table of analysis is here given:

1 2 3 1 5

ALENG 1oovo e e eeeeeeees e e 37.49) 89.93 3676 30.05 33.81
Silicie ackde iiciiiieiicrrerncrvrcen e e e, 41.33| 43.45] 43.36 41.51' 4241
B T PSSO U R 12.66) 13.42] 13.64 13.68i 13.35
QUALLZ 8A10.1uu . ersviviaeie e ieems s eens e eenenenas 8271 051 151 3']3i 265
Ferric 0xide tiiioiieeanreniieninnsinieeseneseiee e 1.211 041 0871 07" 081
MAgnesio .. e e e 0.25]......... F 0.25
LiIe ceieei i irrrveree e e e e e e araa 0.22(  0.200.cciieefiraieanes 0.21
Potash i 0691 047 0.26f 0238 040
SO0 et rrecrmnrarmrerrerreeisr s rnrsintessiensmrennenas | reseanace 0.42| 0.8 0.18] 026
Titanic actde..oooiiiiiiirii (1} 1.68] 1.211 121 1.35
Ot 1vtveetiiiecoeeneeeeeer e rrenerereeresesaneaasens 99.021 100.64! 99.79 99.79' 10050

(1) Undetoermined, weighed with aluming,.

1. E. F. Roberts’ pits, Manning farm, northwest of Perth Am-
boy.
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. E. F. & J. M. Roberts’ pits, Burt’s creck.
. George Such’s, (washed clay,} Burt’s creck.

4, 8ayre & Fisher's fire clay, Sayreville.

5. An averape of analyses, 1 to 4, inclusive.

There appears to be a slight difference in the density, those of
the Woodbridge bed being more solid and their specific gravity
a little greater. This difference does not, however, exceed one-
tenth (0.1), which is equivalent to 150 pounds, nearly, per cubic
vard. These clays thus compared contain nearly the same
arnount of quartz sand. The more sandy specimens are more
dense.

The interval between the South Amboy fire clay bed and the
stoneware clay bed is not so well known as the lower part of the
clay formation. The thick beds of drift which make the sur-
face of the slope skirting the clay banks along the Raritan river
. from South Amboy to the South river, have hindered, to some
extent, exploration, and there are very few outcrops, or cuts,
where these intermediate strata appear.  The sandy, dark-colored
clays of E. F. & J. M. Roberts’ pits, near the South Amboy road;
that over the fire clay in the old Kearney bank, and in the bank
worked by the Messrs. Roberts in 1865, all on the Kearney
tract; the black clay in George Suel’s bank, and the black sandy
carth on the same clay bed in Brick’s pits, constitute the lower of
these strata.  In the last-mentioned locality leaf impressions and
lignite oceur. The sandy, dark-colored clay in W. C. Perrine’s
pits, cast of Roberts’ pits, and near the old South Amboy and
Burt's creek road, from its elevation, is supposed to be near the
top of this intermediate series, and not far below the stoneware
clay. The laminated, sandy clay -dug in Mrs. Clark’s pits, on the
shore at South Amboy. and in which, also, leaf prints and lignite
arc abundant, is another exposure of these layers, but close down
to the fire clay bed, the latter cropping out a little lower on the
beach and seen at low water only. One of the best localities for
seeing a part of these intervening beds is in the cut of the Cam-
den and .Amboy railroad, west of South Amboy and just north
of and under the crossing of the Washington road. In this cut
there is a considerable thickness of the dark-colored to black
sandy clays, containing lignite and pyrite. Under the stone-
ware clay bed in the pits of E. R. Rose & Son, near the Camden
and Amboy railrond, a dark-colored, sandy earth is found; in

2 +3
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Theodore Smith’s pits, a laminated, sandy clay ; in the Morgan
bank, on the shore of Raritan bay, sand; in Otto Ernst's clay
mines, the bottom is sandy clay, with lignite in places in it; in
Noah Furman’s mine, white sand. These several localities taken
together show that between these beds the predominating mate-
rial is a sandy clay of dark color, with alternating layers of
quartz sand, and all containing some lignite and pyrite; and
near the top of the fire clay bed—that is, near the bottom of this
scries—there appears to be a layer characterized by the presence
of leaf impressions, more plainly marked and better preserved
specimens and of species differing from those found in the more
sandy layer which lies immediately upon the Woodbridge fire
clay bed.

The thickness of these sandy clay and sand layers from the
South Amboy bed up to the stoneware clay bed, as measured on
the general section, assuming the dip of the former bed to be
constant as it descends under the latter, is 50 feet. If the descent,
or dip grows less, as is indicated by the height of the clay on
the shore at South Amboy, this interval is scarcely 40 feet. The
distance from the fire clay outcrop at South Amboy to Morgan’s
stoneware clay bank is one mile and in the direction of the dip.
At these two points the two beds are at the same hoight respect-
ively. According to this distance and at the dip as observed in
the stoneware clay bed these clays are 30 feet apart measured
vertically or at right angles to the planes of the beds. Again,
the differcnce in the elevation of George Such’s clay (bottom)
and that of E. R. Rose’s (bottom) is 45 feet and these are one
mile apart on a northwest and southeast line. From these state-
ments and examples it is evident that these layers do not exceed
50 feet in aggregate thickness and more probably range between
30 and 45 feet. On the columnar section and in the tabular
statement of the members or sub-divisions of this formation a
thickness of 50 feet, as o mazimum, has been assigned to them.

STONEWARE CLAY BED.
This designation is taken from the material of the bed, nearly
all of which is particularly well adapted to the manufacture of

stoneware. Its outcrops are seen southeast of the South Amboy
fire clay bed and in Sayrevillc and Madison township. The
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thick beds of sand and gravel, forming the surface in all the
higher ground south of the Washington and South Amboy road
and extending to the Raritan bay shore and the tide meadows
along the Chesquake creek, cover this clay so deeply that it has
been opened at one point only on this higher level—or territory
—alil the other openings are on the steep slopes of this area.
The most northerly pits are those of W. C. Perrine and E. R.
Rose & Son, southwest of South Amboy and near the Camden
and Amboy Railroad. The bed here is covered by drift sand
and gravel. In scme of the pits of this locality the bed has
been 15 feet thick. Along the bay shore the bed has been ex-
tensively worked on the Clark property and on the Charles Mor-
gan estate. Ilere it is covered by a laminated sand and sandy
clay and it has o maximum thickness of 25 feet. In the deep
and narrow valley of Crossway or Back creek the bed has been
opened at three points on the southeast side of the stream.
On ¢he southern edge of the high upland where it descends to
the Chesquuke creck meadows this bed has been opened by N.
Furman, Otto Ernst and on the Morgan estate. These openings
are at the head of this creck and near Jacksonville. This
hiezh pround descends more gently towards the west and south-
west and on this slope there is but one opening, viz, the pits of
Theodore Smith. The clay of Charles Reynolds near Tennent’s
brook, west-southwest of Jacksonville, should probably be in-
cluded in this list of localities, although it wants somc of the
characteristics belonging to the others. From this enumeration
it will be at once remarked that this bed has not been opened at
as many points as either of the fire clay beds. There are conse-
quently, fewer localities and sections for the examination of its
geological relations and structure and these are not so well under-
stood.

Tle vertical extent, or thickness of this bed varies exceedingly
in these several Lanks where it is worked. At Reynold’s pits
there is only 5 fect of clay; in Theodore Smith’s the bed 1s 8
feet thick ; in Noah Furman’s mines it is from 7 to 12 feet thick,
including a sandy layer at the top; in Ernst’s mines it appears
to be somewhat thicker, being 12 feet in one shaft, 15 feet in
another, and in a third, the shaft and borings are reported by
Mr. Ernst to show 31 feet of clay, passing through two distinet
layers of good clay, separated by G feet of sandy and red fo dark
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colored clays. At the salt works dock the clay appeared in
pockets, one of which was found to be 18, {eet thick and 20 feet
below tide level, while near this in the side hill the clay was got
18 feet above that level and 5 to 7 feet thick. Morgan’s bank on
Raritan bay also shows much inequality and variation in the
thickness of the workable clay. Measured from extreme top to
bottom, at deepest, it here approximates to 30 feet in thickness.
Some of these figures and the general section, appended to this
report, indicate & mean thickness of 30 fect. Wherever it 1s
found covered by the laminated sand bed which succeeds it in
the geological order, it is generally found to be thicker. Else-
where il seems to have been diminished in size by agencies ope-
rating at the surface. The upper part of it has very probably,
in these places, been carried away by floods of water or ice.
More extensive working in it may yet show considerable irregu-
larity and, possibly, that it is more of a series of pocket-like
deposits than a regular, continuous bed, like the fire clays of
Woodbridge and South Amboy. '

This bed rests upon a sandy stratum and, in turn, supports a
laminated sand bed. Approaching these limits, towards the
top and bottom, it grows sandy. And the top part, which is
more sandy, is not generally recognized by clay miners as the
stoneware clay, but is sold for inferior uses. In the vertical di-
mensions, given above, this has been put in as a part of the bed,
as there is not generally any well marked plane of division
between this and the stoneware clay, of the miner, which is be-
neath it. In one of Ernst’s shafts a dark colored clay comes in
between them. The stoneware clay, proper, is a white to grey-
ish white clay, marked by numerous small spots or specks of
ferric oxide and hence, sometimes, termed “fly specked.” It is
quite dense, having a specific gravily of 1.97-2.15. It contains
from one-third to one-half its weight of fine, white quartz sand.
Its chemical composition appears in the following analyses of
typical specimens:
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1 2 3
ANIMIN L teeariiiieiirn it e ee e ie s e ens s e esrassrne e 1 21070 2045 21.29
Silicicacid combined oo oot e e s ¢ 20.95 20.14| 20.46
Water "combined 7.227 587 6.81
(arts samel i e e e eeernaans . 36.75] 40.43, 38.14
Farrie 0Xide i iirrciices it ce e s ern cesean st e en s eereanas l: 1471 146{ L7l

030 051 0.30
0.11] tracesl 0.11
1.56| 1.61] 1.82
traces] 048] 018
1.15f 091! 1.01

99.58| 100.86' 100.83

1. Stoneware clay from E. R. Rose & Son’s pits.

2. Stoveware clay from Otto Ernst’s clay mines.

3. Stoneware clay from N. Furman’s elay mines,

Foreign minerals are less common than in the fire clay beds,
and no leaf impressions or other organic remains have been
found in it. At Ernst’s mines small pieces of amber have been
di<covered, but they are comparatively rare. It differs from
the fire clays in the large amount of sand and in the much
larger pereentage of potash.  The latter constituent, coupled
with the sand, makes it fusible and adapted to the making
of stoneware. At Morgan's bank the lower part of the bed is
found very commonly stained red by oxide of iron (ferric
oxide), or sometimes spotted, red and white, and then, locally,
termed, from its color, “peach blossom clay.”” Other spotted
cluy, from its use, is called “door knob clay.” TIn this phe-
nomcenon there is some correspondence between these several
Leds«.  Whatever may have been the causes which produced
these like effects, they seem to have acted uniformly in affecting
the lower rather than the upper parts of these beds.

LAMINATED BAND AND CLAY.

This sand and clay, succeeding the stoneware clay bed, crops
out at several peints along the Chesquake creek valley and in the
bluif along Raritan bay. The best locality for secing it is on the
stoneware clay in Morgan’s bank and on the Clark property ad-
Joining, and thence southward along the line of the New York
and Long Branch railroad to Morgan station, near the mouth
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of Chesquake creek. At Morgan’s bank it rises nearly to the top
of the hill, and there attains a maximum thickness of 40 feet.
From this point to the creek it appears in the side cut of the rail-
road, above the track level, and downwards to the tide water
line. Here it is covered by yellow sand and stratified gravels.
At the salt works dock it lies on the stoneware bed. Near Mr.
Ernst’s mines it crops out in the hillside, and here it is quite full
of pyrite and lignite, and is covered by yellow sand and gravel
drift. Some of the sandy earth, or so-called “black stuff” was
found in sinking the mine shafts at this place. This, together
with the strata, scen in the neighboring ravine where the strata
are well exposed by surface wash, makes a total thickness of
about 40 feet. The proportion of white quartz sand seems here
to be greater than it is at Morgan’s bank. At N. Furman’s old
bank, south of Ernst’s mines there is 10 to 15 feet of this black sand
and clay. At the more recently worked mine of Furman, near
the head of Chesquake creek, there is 3 to 6 feet of this bed, and
here as at Ernst's the section made up of this and the outerop in
the adjacent hillside, is somewhat longer. The Chesquake creek
is approximately the southeastern limit of this laminated sand,
as south of that, in the cuts on the New York and Long Branch
railroad, and also along the Bay Shore there is more clay and
less sand and very little of the laminated structure. It is
estimated to be at least 40 feet thick. The very plainly marked
lamination is a characteristic of this bed. It is made up of drab
to black, sandy clay, generally in moderately thin layers, separated
by much thinner layers, and in some instances by mere filmy
partings of white sand. There is, however, some variation in the
size of these layers. Lignite occurs in this bed, but most com-
monly in small picces and fragmentary masses.

CLAY AXD LIGNITE.

This is at the top of our columnar section, and extends up-
wards to the greensand marl, or the clay marl bed, which is at
the bottom of the greensand series. The line of division between
this and the laminated clay and sand cannot be fixed accurately,
but its top is clearly defined by the greensand, or glauconite,
which appears irregularly disseminated through the drab and
dark-colored clay of the clay marl. Two good sections of this
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lignite-bearing clay are seen, one along the Raritan bay shore,
from Chesquake creek southeast to a point a little beyond the
Monmouth county line; the other in the several cuts on the New
York und Long Branch railroad, from the same stream to the
Cliffwood station, in Monmouth county. There is about 40 feet
of this hluish-black clay in the bluff on the shore of the bay,
east of thie Travers house. Southeast of this, and near N. Fur-
man's brickyard and Whale creek, the bluff is 40 feet high, and
consists of a solid bluish-black clay, excepting gravelly earth a
few foct thick at the top. Lignite, in the form of branches and
even scetions of large tree trunks, is abundant. On the railroad
line, south of the Chesquake creek, there is a cut 45 feet deep,
and iu this there is at least 30 feet of this clay, covered by alittle
sand and gravel at the top. The sandy and micaceous layers at
the level of track, and seen at the north end of the cut in the
upland bank, are supposed to belong to the laminated sand and
clay. .\ little above the track level there is a layer largely made
up of lignite in small pieces and other carbonaceous materials.
This is very black. It is the bottom of this clay, and is 25 feet
above tide level. It is about 15 feet thick. Higher, and extend-
ing to the gravel, the clay is of a lighter shade of color, and
apparently faded. Lignite was discovered several years ago in
this clay, cast of the railroad line and north of Whale creck, on
the Hodge farm. A bed of it, 4 feet thick, was struck 35 feet
from the surface and at about tide level. West of the railroad
line, and on the south side of the Chesquake creek meadows,
beds of it have been opened at several points. On the farm of
George C. Thomas a great deal of exploring and mining work
was done. On the farm of the late Sheriff Gordon it was found
20 feet above tide level. This lignite crumbles on exposure to
the air and soon falls to pieces, and then looks like a heap of
very black clay. The clay and lignite is about 50 feet thick,
judging from its outerop, as measured from the northern border
of the Chesquake tide meadows, where the stoneware clay bed is
about at tide level, to the Cliffwood road crossing, or Cliffwood
station on the New York and Long Branch railroad, a distance
of 13 miles, and assuming the dip to be the same as that of the
stoneware clays and the green sand marls—about 30 feet per mile,
On Enoch Hardy’s farm, near Jacksonville, there is above the
lignite layers a yellowish white sand about 30 feet thick. Thisis
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not seen either on the shore of the bay oralong the railroad line,
although the cuts on the latter are hardly deep enough and so
continuous as to exhibit anything, excepting a few feet of the top.
If this sand be persistent it forms the upper layer of the plastic
clay series and then the lignite-bearing clay is only 20 feet
thick. This subdivision is as yet involved in somewhat of un-
certainty. The materials of both of these subdivisions, if they be
made, are quite largely used in the manufacture of commeon red
Lrick in two or three yards on Raritan bay. The lignite is com-
bustible, easily kindled and burns with a blaze like wood. It
has been called brown coal, or simply coal. A good specimen of
it analyzed some years ago in the laboratory of the Geological
Survey, yvielded of volatile matters, mostly combustible:

LB, e e ctiraisserersestsanarsarassssnstarrasinsssenasnssssssssnmostasssssanasastsninatsnsnsnssrnnnsnns 50.2
0K eereenssanenaeneeamestanssasestasantanstassnsanemnee asanstuarnrassssnsraststesrrarnrnnassnians 34.8
. T PP PO PP 15.2

L. e etemsrasvansnnmre s ennsiettestosasrasnasnasassnassnressensrassasencearmasnsstonesssnss 100.0

On account of the pyrite in it there is alulfays a disagreeable
odor in burning, and the sand and clay mixed with it make it
difficult to get in large and workable amount and sufficiently
clean for an economical fuel. Several attempts have been made
to mine it, but thus far without success or profit.

This lignitic clay is considered to be the equivalent of that
seen at Bordentown and White Hill, on the Delaware river bank.
At the latter place the laminated clay and sand, with the latter
in excess, appears just under the clay marls, but the beds there
are not so well defined nor so largely developed as on Raritan
bay.

The green sand of the clay marls seen in the marl pits of
Enoch Hardy and on the Gordon farm (near the farm house), or
the Conover farm near the head of Whale creek, and in the cuts
on the New York and Long Branch railroad, near the Clitfwood
road and station, marks the southeastern limit and the top of this
plastic clay series.
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MIDDLESEX CQUNTY CLAY DISTRI(T,

SECTION I
1. LOCAL DETAILS OF BEDS NORTH OF THE RARITAN RIVER.

The description of the several outcrops and openings of these
beds of clay, kaolin, feldspar and sands, oceurring in the clay dis-
trict of Middlesex county embraces all the local and particular
facts attaching to them with such references io the general geogra-
phy and geological structure as are necessary to define more pre-
cisely their relations, and in turn illustrate the general statements
of the preceding chapters. The arrangement of these local de-
seriptions is geographical. Beginning at the northeast, near
Woodhridge, proceeding thence south and southeast to Perth
Amboy, and from that point westward, to the extreme western
openings near Martin’s dock, all the outerops and localities north
of the Raritan river are grouped together in the first section of
this chapter. Property lines mark the limits of these localities,
with few cxceptions, as, for example, where the openings on the
same property are quite separate and show some marked differ-
ences. Generally the individual openings are described as banks,
in distinction from pits, which are restricted in their meaning to
smaller excavations, such as may be made in a few days. The
pits, as here understood, are, therefore, parts of banks.

In the arrangement of the matter, descriptive of any given
locality, an attempt has been made to put the facts, as nearly as
possible in the following order:

1. Geographical relations,

2. Columnar section of the strata.

3. Elevation above mean high tide level.

4. Character of the materials, beginning at the surface, or with
the top clay, &c.; with analyses.

5. Historical notice of openings.

6. Modes of working, handling and transportatlon with uses
and values of materials.

Constant reference is made to the map and the accompanying
general section.  On the latter the localities are numbered, and
by this means any given one can be found readily and certainly.
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The numbers in the text correspond with these on the section.
In this chapter nearly all the local designations for beds, clays,
&e., are used, as properly belonging in a full account of the facts
and peculiarities pertaining to the several localities. The fre-
quent repetition of some of these has prevented explanation in
each case. It is hoped that they will be understood from a com-
parison of the facts presented, if not plain on first reading.

The arrangement of the beds in their natural order is shown
by numbers, and these tabular statements are intended, unless 1t
is otherwise mentioned, to be representative of that locality or
opening. ’

The analyses were generally of the best specimens of the kinds
described. Exceptions are mentioned in place. These speci-
mens were nearly all collected by the Geological Survey and
with reference to their use as the basis for microscopical, chemical
and physical examinations and tests and comparisons. These
examinations have furnished many of the facts regarding their
physical characters,and all of those relating to their chemical com-
position, which are included in these detailed descriptions. The
specimens analyzed were all well air-dried. The analyses give
the composition of the clays, kaolins, feldspars and sands as they
dry- in summer air. The specific gravity* of the specimens
represents their weights as compared with the weights of equal
volumes, or bulks of water. Many of the specimens were ex-
amined under powers of 75 to 150 diameters of the compound
microscope, and the descriptions often refer $o such examina-
tions.

On account of the length of time during which this report has
been in course of preparation, many localities have been visited
several times, so that the notes of these examinations at inter-
vals of one, two, and, in a very few cases, of three years, show
differences such as would be expected to appear in such a length
of time in the steady working and further opening of localities.
Wherever practicable, the descriptions have been brought- up to
date, but this could. not be done in all cases, since in many of
them little work and, in ‘a few of them, nothing has been done
since 1874. The very general working of all the banks and lo-

* The method of getting these wns ng follows: A cube or other convenient form wns cut out of
the solid mass. This was covered by a Hlm of parnfilne, and then weighed, first in alr and then in
water. DIy this method the openness or porous condition was considered as affecting the density,
while by the common method this is neglected, and ihe specific gravity is that of the clay, sand, &c.,
without reference to the spaces or interstices between the poartictes of solid matter.
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calities in that year made observations easy and very full, and
these are incorporated in the report as more applicable than
some of those of the succeeding years.

Where not expressly stated, the facts regarding the strata,
character of materials and other general geological observations,
are fromn the field notes of personal examination or verification.
The modes of working, expenses, uses, and other facts more
related to the business of mining and using the materials, are in
most cases the statements of proprietors, or other practical men
acquainted with these facts. So far as possible these have been
verified by corroborative testimony, and a general judgment
obtained as authority for what is here given. Where this has
not been obtained, the fact is credited to its author.

DESCRIPTION OF CLAY BANKS IN GEOGRAPHICAL ORDER.
EDGAR'E BTATION CLAY,

At this place some white and reddish-white, or mottled clay
has been dug for making red brick, but the layer is quite thin
and the clay not suited for such use. The red-shale drift, in-
cluding Ierge boulders, lies upon it. This is the most northerly
clay outerop in this district, and it is the most eastern locality of
the Raritan bed, to which it is referred by its elevation above
high water level and by its evident nearness to the red-shale, the
underlying rock.

Nothing was learned of the refractory quality of this clay. It
has not probably been tried, excepting for common brick. It is
not now worked.

WILLIAM B. DIXON'S CLAY FPITS.

Thesc pits are about 30 rods north of Mr. Dixon’s residence, in
the village of Woodbridge. The top dirt here is from § to 12 feet
thick and largely of red shale earth. The bed of clay varies
somewhat in thickness, and its surface is quite uneven. This
inequality corresponds with the varying amount of top dirt. The
top spit of the clay is yellowish. Under this there is the best
clay of the bed, and from 3 to 10 feet thick. Towards the bottom
it is more sandy. It is underlaid by sand. The thickness of
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this sand, or the nature of the strata, deeper are not known.
The clay is said to run deeper in the most southern part of the
pits. The average elevation of the top of the clay bed is 31 feet.
This clay belongs to the Raritan fire clay bed. It appears as
number 27 on the general section.

This clay is more sandy than the rich fire clays dug about
Woodbridge. The selected or crucible clay is greyish white;
some of it has a reddish or faint purplish tinge, and some is quite
red in color. This latter is owing to oxide of iron in considera-
ble quantity present in it. And this red clay is very irregularly
distributed in the bed. Commonly it appears in pockets and
layers over the best white clay. Some of the clay thrown out of
these pits is covered by a greenish yellow efflorescence of sul-
phate of iron, indicating the presence of this salt with sulphide
of iron in parts of the bed. All of it is remarkable for its com-
pactness and density. And its specific gravity is 1.994-2.047.
An analysis of the best of it gives the following percentages:

ANALYSIS.
ALUININA . e eiirieererirrisrrrrresrrmssssaissonitiestssrasserarantins e s sneraes 26.95
Silicie Acid vvrviiivii i eestteserierersrnsirerainseans 3112
Water {combined Juooiiienineniiiiniiinisin e 9.63
67.70
Silicie acid (3aRA) . ivermerrerrerrrre s 28.81
Titanic acid...ciieivnenininiiinns YN 1.90
30.711
DT T PP PPN traces
i U U POT TP traces
| L T U VIS VTR PP AN
Magnesin............ eedsrrensene ey naaanen OO 0.07
Sezqui-oXide of Ir0Nuiiiivivisrirrerrrrre i 1.24
Water (0IStUTe)....ccueeriinniineierineniisentant b s s rentiasessenransens 0.57
1.88
TIOEBL 1vvrrernerensronenbesiaeerons tasssasstnessstasssnnrarsrssasstnsassassssssnarsassrnnnans 100.29

These figures exhibit a close.correspondence in composition to
that of the German clays, which are imported for making glass
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house pots, and also with the best English crucible clays. This
clay is not quite so dense as they are. It has been tried in a few
glass houses for making pots, but the results have been rather
experimental in character. It stands fire well, and burns with-
out much shrinkage or checking, and the burned clay is dense
and strong, properties which give it special valua for making
crucibles, glass pots and the more silicious fire brick.

But few pits have been dug by Mr. Dixon, and the limited ex-
tent which its uses have reached are hardly sufficient to establish
its character in the great industries where such a clay is needed.
In view of the increasing demand in our country for such clays,
nearly all of which are now imported at very high prices to the
consumer, this promising clay deserves a careful and thorough
trial.

LEWIS POTTER'S CLAY PITH,

These pits are a few rods west of Dixon’s and in the same bed
of clay. The top dirt is said to be 4 to 8 feet thick, and the clay
bed 5 to 6 feet thick. The surface of the latter is not more than
10 feet lower than that of Dixon’s clay. Very little has heen
dug on this place. This opening is in the Raritan fire clay bed.

GEORGE W. RUDDY'S PITS,

These are near a small tributary of Heards brook, a mile
north of Woodbridge, and about 200 yards west of the Union-
town road. The overlying beds are red shale drift and, at the
north end, a yellowish white fire sand. This is quite coarse
grained and is mixed with a little white clay and streaked red-
dish in places by oxide of iron. The clay is said to have had a
maximum thickness of 20 feet. White, greenish white and mot-
tled clays were obtained. Red shale, in place, underlies the
clay. From the large proportion of shale found on the top of
one of the heaps, this statement appears altogether reasonable.
In the most southern pits the top of the clay is 35 feet above high
water level. Near the road, and a few rods from the house of
Mr. Ruddy, a pit was dug under a bearing of 4 feet of reddish
earth and 4 feet of sand. This clay had a greenish tinge. Car-
honates of copper occur in it. Here the clay bed is reported as
12 feet thick. Of the character and value of this clay of Ruddy's

NEW JERSEY GEOLOGICAL SURVEY



DESCRIPTION OF CLAY BANKS, 81

pits, nothing definite is known, although several hundred tons
are said to have been sold. While this pit is near the group of
openings about Woodbridge it does not belong in the same bed,
but to the lower Raritan potter’s clay bed. Its position being
near, if not altogether upon, the red shale and in contact with it,
and its elevation somewhat lower than any of the clay worked
about Woodbridge, refer it to this geological horizon. See the
general section, No. 6.

These pits have not been worked in several years, excepting
for the sand. This is supposed to belong to the fire sand bed
underlying the Woodbridge fire clay bed. But it may belong to
the drift. Some of the sandy elay of the Raritan fire clay bed
ought also to be found here, as this lies next under the fire sand
bed.

WILLIAM P. EDGAR'S CLAY BAXK.

This bank is the most northerly locality in the clay district
where the Woodbridge fire clay bed is opened and worked. Ttis
about a mile north of Weodbridge village and east of the Me-
tuchen road. Tt furnishes the following section at the north-
west, viz. :

(1) Yellow sand and gravel
(2} Retort clayaeinniciicietinrirneun

(3) Sandy clay (for pipel.....cv.rn.

(4) Fire ey, Now oiisiimiiiicnioieeicerene s iiessneeesneesetes s s e esnnsestesseseennesssnes

(5) Blick cloy, No. orrieitivireeiierieietieesetrianiesiene s snmrnnressranranssestrinsenens 2 fect

A black sandy clay, containing mueh lignite and pyrite, is at
the bottom. The top of the clay in this bank, as measured at
two points, is 83 and 89 feet high, respectively.

At the east the clay bed is sandy at the top for 2 feet down-
wards; then there is 3 to 4 feet of red or spotted clay; next, fire
clay, 2 feet; and, at the bottom, black, pipe clay, 2 feet—in all, a
thickness of 10 feet.

The sand at the top is very plainly stratified, and the gravel
is generally in thin layers in it. The sand shows the compound
ebb and flow structure. Towards the bottom of this drift cover-
ing the gravelly layers are thicker than at the top, and there are
a few stones, from three inches to a foot in diameter, in them. In

6
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places there is a very thin layer of red, shaly earth at the topon
this sand.

The top layer of clay is very tough, and is sold for making gas
retorts. The next layer(2)is more sandy and not so tenacious nor
sodark-colored as (1). Thisis used in sewer and drain pipe,and is
known as “ pipe clay.” The best fire clay, or fine clay, is white,
and nearly free from gritty matter. 1t is sold for firé brick, ete.
The black clay at the bottom (5) is not so sandy as that at the
top. It also is used for pipe. The sandy bed under this and-at
the Lottom is quite full of lignite, and pieces five feet long are
very common in it; but no leaf impressions have been found in
it, or in the overlying clays which are dug. This clay bank ap-
pears as No. 7 on the general section. The clays are carted to
docks on Woodbridge creek, where they are loaded on vessels.

WILLIAM H, BERRY'S CLAY PITS.

These are on the farm adjoining the Edgar place on the west,
and near the Metuchen road. There are two separate openings.
That cast of the house is but a few rods from Edgar's bank. In
this the red-shale drift forms the surface, and is several feet
thick. TUnder it there is the yellow sand and gravel, which is
stratified and of varying thickness. The clay surface has here
an clevation of 73 feet above mean high water level, and it is
caid to be 15 feet thick. Some of it is bluish-black in c¢olor, and
very tough and without any sand or gritty matter, but it is not
so refractory as the best white fire clay. 1t burns white, and
makes a very superior sewer pipe. Its composition is asfollows:

AU ot renieie s s re e eansra s e san e s en s ans aera s e bt aa s st rasrnr s 20.11
silicic acid and sand. ... coiviiinrerr e e et s e 68.38
B R 5.50
Oxide 0f TR0 oot et ittt r e e e e st s e ra st aransmaee 1.71
) T 1T £ TSP UN PPN 073
PUtilnbiues s eeusesresenernaraeserrenanrannsseeannansestetrbessssisetseransstistasnrransinesnannsnne 2,58
Titante aCId. e ucer e i s e sre e e re e e rr st s sa s vaae i aan s 1.01

T AL cvvnvrenreeeeibaesaesnnessssttseisaresbnrrarans s e anernsabssesasssienttannssnsrnssans 100.07

The potash shows that it is not refractory as a true fire clay.
The alumina and water indicate nearly one-half of it to be clay
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proper and the rest sand. Quartzose sand is at the bottom in
this bank.

Northwest Pits—Here the overlying beds vary greatly from
point to point. Generally there is about 6 feet of red-shale drift.
Under this the yellow sand and gravelly layers are of varying
thickness, up to 25 feet in some places. This latter is not always
continuous, and in some parts of the bank the red-shale drift
reposes immediately upon the clay. This bank givesthe follow-
ing section, beginning with the surface of the clay bed, the
elevation of which is 81 feet.

(1} Saggar claF... e iiioriins e e et e 1 foot
{2) Bluish-black clay (for retorts)u...coicvicrrisierrienmrreesieniiare s 5 feet
(3) Slate-colored clay (for pipelaieeicrarimiiiierirrine s e e 2 feet
(4Y Black €lay. ..o i 3 feet

(5) Black clay, full of lignitew wvvviveerionicrniererrciiini e, 8 feet
Yellow sand at the bottom.

The surface of the c¢lay is very uneven, hence the height is
varying. The bottom is more regular. The best clay of the pits
is (2) that used for retorts. It is remarkably tough. Its specific
gravity is 1.743—1.789, and its composition as follows:

ANALYSIS,
ATNMIN i s e e e s 36.52
T BT T U P 41,18
Water (combined}.......ccoooiiiiiiiii 11.30
——  §3.00
Silicic acld (830d).....cverrerreererenriri e s 6.51
T1tanic ACIQ euisnsrrrerrnransrrustasreeserinrerersareerrenrtorsnrrans peerererraratrrere 1.32
_— 7.83
Potashi..ccireiiriirserrern s s srrerr e reres e r e s anran 0.28
Boda. it et e e s et s 0.16
B 7L T OSSP
MBEMESIA . ittt eiiriein reba e e i ss wsieis
SesquI0XIAC 0f 10N cvievvrnriiiriaiirnntierriersierransienreissmnsnssnranrennnns 1.11
Water (ImOISTEIE). i i crerec s s ts et sas e e bre e 1.50
_ 3.05
B OO 90.88
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This clay burns white and is very refractory.

These banks, together with that of Edgar’s adjoining, show
finely the varying character and thickness of the top dirt, con-
sisting of the two well marked drift beds. These banks appear
at number 8 on the general section.

FIRE BAND PIT OF THE SALAMANDER WORKS,

This sand pit is a few rods south of the Woodbridge and
Metuchen road and south of the clay pits described above. The
bearing, or top dirt on the sand is red-shale drift, and is 5 to 10
feet thick. In it there are some large boulders of gneiss, trap-
rock, indurated shale, &c., &. The top of the sand is 60 to 64
feet above high water level, and it is said to be § feet thick.
This elevation agrees with the horizon of the fire sand bed, and its
place orr the general section is at number 12. The sand of this
locality is white and almost exclusively of quartz.

The pit is worked for the supply of the Salamander Works in
Woodbridge, where it is used in fire bricks.

DAVID FLOOD'S CLAY PITS,

These pits open the Woodbridge fire clay bed, a short distance
west of the Uniontown or Metuchen road, and west of Mr. Flood's
residence. They are the most easterly of a group of pits or con-
tinuous openings belonging to several landowners, whose property
lines take in the little valley which is a tributary of Heard’s
brook, and which heads about one mile west of Woodbridge,
near the residence of Ed. Thompson. Flood’s pits have been
worked profitably for many years, and have yielded a large
amount of valuable clay. The top of the fire clay at the ‘north-
east is 70 feet above mean high water level. About 100 yards
west of that the elevation of the clay (sandy)} bed is 89 feet. Ac-
cording to Mr. Ilood’s statements the following section may be
taken as an average of the pits. It has the following subdivi-
sions and thickness, beginuing with the surface of the ground:

{1} Red-shale drift. i s i } 10 fect
(2) Yellow sand and gravelo e

(3) White, sandy elay (for pipe)..ivveerieriiveermeimersm s erninenn 2 feet
(4) Bloe fire clay. s s s e e 2 feet
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(5) Mottled or 8POLEd €18F.creireeueerriereirretestsceeeeee e sresesens e srassesens 8 feet
(6) Bottom sandy €lay.......ccoveeerereniieiiresneeieiereni e s s s es st s eeeseeeeans 2 feet
Sand at bottom of pits under the clay.

No. 8, the top clay, which is quite sandy is sold for making
drain pipe and tile.

The blue fire clay, or, as it is here designated, fine dlay, is the
best of the bank, and commands the highest price for manufac-
ture into white ware. It is bluish white, and contains scarcely
any sand or other foreign matter. The mottled or spotted clay
derives its name from the irregularly mixed red and white
masses, the red color being due to a comparatively large percent-
age of sesqui-oxide of iron. This is not an essential constitnent
of the clay, butis to be considered as a foreign or accidental
constituent, which enters irregularly into its composition,
amounting sumetimes, in the deeper red portions, to seven per
cent. of the mass. Slight digestion in dilute hydrochloric acid
removes it, leaving a white or blue fire clay, somewhat more
valuable than the original mottled or spotted clay. This method
of treating such clays, in practice, will be extensively carried on
whenever the prices of pure clay shall make it profitable to do
s0. These iron stained masses in this clay are not in any way
separate from the remaining portion, nor are they in any orderly
arrangement. This mottled clay is at present used in making a
No. 2 fire brick, and is also adapted to mixtures for pipe or tile,
The bottom, sandy clay, No. 6, is a bluish white clay, becoming
dirty yellow in the heaps. It also is used in mixtures for fire
brick. Mr. Flood says that in borings southwest of his bank he
did not find any good white clay. It is possible that these ex-
plorations have been at points where the fire clay bed has been
entirely removed by erosion, and its place filled subsequently by
beds of drift, or, as elsewhere in this clay district, replaced by
other members of the plastic clay formation. The fire clay bed
appears, in the workings, to thin out, going west and northwest.
Some of the borings seem to show an increased thickness of black
clay towards the west. For the position of this clay bank on the
general section see No. 9.

WILLIAM H. BERRY'S CLAY BANK,

Adjoining Flood’s bank on the west is that of William H. Berry,
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but it has not been worked in six or sevén years. Mr. Berry says
that he got a considerahle proportion of alum eclay, pipe clay
and some fire clay. And in the first pits that were dug there
some paper clay was obtained.

J, II. CAMPBELL ESTATE.
This property adjoins Berry’s on the west. The bank, as worked

three years ago, showed the following beds in a descending order,
viz:

(1) Red-shale drift..ccimimmmiimiee e e eremerens
(2) Dark blue, sandy clay ..o iinrionmerecii i s 3 feet
T SIS Y O OSSPSR TP PR 3 feet

(4} Fire elay. i st e e 8-16 feat

In places a part of the latter was mottled, or spotted, red and
white. The sand layer (No. 3) is wanting in some of the pits,
and the fire clay is in one continuous mass or bed. The top of
the ¢lay in this bank is 78 feet high. This bank has not been
worked steadily, having until very recently been idle for about
threc years. Work in it has been resumed by Mr. Loughridge.
The three banks of Messrs. Flood and Berry and the Campbell
estate are all on the north side of the valley of the little stream.
As they are all within a radius of a quarter of a mile, the gene-
ral features of both the surface and the underlying beds are much
the same in all.

DAVID AYERS CLAY BANK.

This bank is near the head of the valley, or run, and adjoins
that of Ed. Thompson on the west, and B. Kreischer's oun the
cast. The top of the clay has an elevation of 80 feet, as scen on
the general section, No. 10. The section of this bank, as it was
worked in 18753, includes the following beds:*

(1} Red=shale driffo . 10 to 20 feet
{2) Black clay, with layers of sand, and containing lignite and pyrite....

(37 Top randy clay ..o ieriniiiensivas s s st 2 feet
{(H) White quartz sandu.. o rrreeassenesae 8 inches
151 AL CJAY corvevre et e e i e e 2 feet

*The figures are by MMr, Ayers.
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{B) Fire Claz..oireereceeciiiesirinsta e st st senne st 7 feet
(7) Retl Clay.cciirisssioriarerertricr s e 6 feet
(8) Extra-3andy claF....cooieierormemmrrtiinis e 5 feet

Yellow, shaly earth, containing lignite, at the bottom.

The black clay and sand at the top (No. 2) is made up of ir-
regularly alternating layers of dark-colored, sandy clay and
white, quartzose sand, varying greatly in thickness, and horizon-
tally stratified. In it there is much silver mica, lignite, and
pyrite, and some leaf impressions have been found, but these
latter are of rare occurrence. [Fish bounes are also reported, but
nothing is known of them. Below this, the Nos. 3 to 8, inclu-
sive, are geologically parts of the Woodbridge bed, although not
all fire clays.

The top-sandy clay is of uneven grain, and quite full of little
particles of red oxide of iron. It is used in pipe. The fire clay
(No. 6) is very white, and does not fade on exposure. There is
searcely any gritty matter in it. Ibis used in fire brick. Se-
lected lots of it are sold for white ware; and its reputation is
among the best of any of the Woodbridge clays used for this
purpose.

The red clay is a little sandy, but the sand in it is fine grained.
It contains a little pyrite and a very few scales of white mica.
On account of the iron oxide it is unfit for No. 1 fire brick. It
is used in No. 2 brick, in stove linings and in drain and sewer
pipe.

The extra sandy clay is more than half fine and white quartz
sand. It is a good refractory material, and, as such, isused in fire
brick mixed with richer clays, for the purpose of tempering them.

This bank has been worked steadily, and a large proportion of
its products have been high priced fire brick and ware clays,
obtained at a moderate cost for the labor spent in extraction.

ED. THOMPSON'S BANK.

This bank is next west of that of David Ayers, and is the
furthest opening in that direction in this little, subordinate val-
ley. Tt was not worked when visited. As it is really nothing
more than an extension of Ayers’ bank, any details would be
little more than a repetition of the description which has been
given above of this latter.
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CHARLES M. DALLY’S BANK.

This adjoins Campbell’s bank, on the south, and is on the
south side of the stream. No work has been done here recently,
so that the details of the place are scanty. The red-shale drift,
as seen in the bank, varies up to 10 feet in thickness, and lies on
a thick bed of black clay. The upper part of the fire clay bed is
sandy. The maximum thickness of the clay in this bank is 20
feet, of which that suitable for fire brick manufacture is said to
range from 4 to 8 feet. At the bottom there is a yellowish sand.

CLAY BANE OF THE SALAMANDER WORKS,

This property is west of the village of Woodbridge, and on
the north side of the New Brunswick road. The work of exca-
vation goes westward and northward into the hill, which is here
100 feet above mean high tide level. The elevation of the work-
able clay bed (top) is about 80 feet. See general section, No. 17.
This bank has a long working face, and consequently exhibits
considerable variation in the vertical sections taken at different
points.  One observed in the summer of 1874 showed the follow-
ing strata :

(1Y Rutd-shale drifte.. it ereeeererreeresestsseseeesseeeseeseerees s 8~10 feet
121 Yellow sand and gravel 11 feet
(31 Black, sandy elay.....cov.eo..e.. 3-6 feet
(41 Black clay {for pipe) 2 feet
(51 Very sandy lay..ocovvrviiiiccirrieecccie e e re e e e 5 feet
(8) BanAY ClA¥.iiniciireereeiiiiarrier e e iee e eeeras et asaaseees sereseas 5 feet
(v) Fire clay....cvivceerininnannns R 7 feet
[B) BPOIEL ClaX ittt iereiriiiieri s es ceaeve e rrarmsenenneeasessntertonnstoenennss 6 feet

Another section, seen in 1875, and further towards the north-
east end of the bank, showed—

{1) Red-shale driftee..oo i e 8 feet
{2) Yellow sand and gravel..... 6 feet
{3) Clay and sand 6 feet
(4) Black pipe clay. 2 feet
(5) Sandy clay..cvivceciianieninns 3 feet
{6) Light blue and red clays 6 feet
(7) Alum clay..iriinrineniiiinans 4 inches
(8) Fire elay, No. Luieeeienernncrreranen 3 feet
(9 Fire clay, No. Zucceriniieveeneeevnnns 2 feet
110) Red or spotted elnya. i s tererrenranrrannecrenraa 3 fee,

Rud, sandy clay at the bottom,
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The red-shale drift, as here shown in the cut face of the bank,
contains many large boulders of indurated shale and trap rock.
Some thin layers of very sandy white clay are seen in it. These
are short and unconnected. No other evidences of stratification
ard to be seen in it. The bed of sand and gravel under it is very
irregular, sometimes thinning out entirely and leaving nothing
between the dark-colored clay and the red-shale drift. Generally
this sand is very beautifully laminated, the thin pebbly sheets
separating the thicker sand layers. Some of this sand is uni-
form in grain and has enough loam with it to be used in mould-
ing. Towards the bottom there is more gravel, and the pebbles
are larger. The clay and sand (No. 3) also shows stratification
in irregular, alternate layers, or lamine. Scattered throughout
this bed there is much lignite and some pyrite. The lignite
oceurs very generally in certain horizons, or layers, and in some
of these it makes up the bulk of the mass. No leaf impressions
have been found at this bank. The pyrite and lignite and the
excess of sand in this layer make it practically worthless. The
black clay (No. 4) is slightly gritty, but very tough. It is used
in the mixture for drain and sewer pipe. An analysis of a speci-
men of this gave the following results:

01 ] SO RO *22.20
Silicic acid and Band.....ooiviviiriii s 61.25
Water (combined and moistire)..coeici i s 8.00
g PP O 2.44
L S S
L U OO
B B T O P 0.94
Sesqui-oxide of IP0N....ierieiiieirasesisriarnrresiesenian sassssssnsrsastenssesmrsessnsnranens 5.30
Lignite .. civrimirii s e s e 0.30

TRl s iriiiiiiiiiii it e e e sss e s s e ae e s s e s nen e neaen 100.43

From the percentage of alumina and water here given, it fol-
lows that there is comparatively a large percentage of quartz
sand, The amounts of potash and iron also are large, and indi-
cate a clay of low degree of refractoriness.

No. 5 of the section above is too sandy to be of use.

No. 6 is also quite sandy. In places it is stained reddish by
sesqui-oxide of iron. It is used in making sewer pipe. The

* Includes titanic acld.
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alum clay contains some coarse grained sand in small aggregates,
also pyrite in little nodules. On exposure to the weather it
fades to a yellow-buff color. It has a decidedly astringent taste.

The fire clay is of two grades—one, the upper part of the bed
which is used in No. 1 fire brick, and is from this fact known as
No. 1 clay; the other being slightly inferior in refractory prop-
erties is considered a No. 2 clay, and is made into No. 2 brick.
The No. 1 fire clay has a little very fine sand, a few small flakes
of silver miea, and on weathering shows a cream colored surface.
The spotted or mottled clay, resembles in general that described
above, found in David Flood’s bank. This also is of inferior grade
and is used for pipe, or for No. 2 fire brick. In the pits this
layer grows sandy towards the bottom, and at last ceases to be
sufficiently clayey to be worth extraction, and at this depth the
digging is stopped. A boring made several years ago, in the
bottom of a pit, is reported to have gone 27 feet below this clay,
all in quartz =and. Nearly the whole product of this bank is
worked up into drain and.sewer pipe and fire brick, at the Sala-
mander Works in the village, one mile from the bank. A little
of the inferior sort has been stocked in heaps at the bank await-
ing future demands.

LOUGHRIDGE & POWERS BANK.

This bank adjoins that of the Salamander Works on the south
and runs to the New Brunswick road. The locality has been
sometimes called “ China Hill.” The section made up from ob-
servations at this locality in 1874 and 1875, includes the follow-
ing subdivisions, viz:

{1) Red-shale drifto...ovcconrimiinsinn e s e e seenns

(2) Yellow sand and gravel....coviniimnnnnn i

(3) Black clay, eontaining lignite and pyrite......c............ 20-30 feet
{4) Top, sandy clay...ccoii 0-10 feet, average 4 feet
{3) Alum elay.oiii e ' 1-6 feet
{6 Fire clay, including ware clay... feteaetaetieiarnnanenans 6 feet
{7) No. 2 fire clay, sometimes mou.led ot red 4 feet

{8) Fire clay (lead colored)..ooocviummniiinineinnncininninninane

{9; Mottled or spotted elay.viiiiimii
(10) Extra sandy ela¥. it 4 feet
(11) Yellow sandy elay.ooiinniiin vvcninnnnnneieaie,.
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These figures except in Nos. 3-5 inclusive, are average thick-
nesses. In some pits Nos. 8§ and 9 were wanting.

A boring 21 feet below the bottom of the pits passed through
13 feet of the yellow sandy clay and earth, and then into a sandy
clay—S feet. Under this a fine groined feldspar-like substance
was reported as the material at the lowest point ever reached at
this locality. This sandy clay must have been the Raritan fire
clay bed. See number 24 of the general section.

The top of the white clay here (No. 4) is 73 feet, but this eleva-
tion varies greatly on account of its remarkably uneven surface,
and a difference of 17 feet of level has been observed in a hori-
zontal distance of as many yards. There appear to be bunches,
or bunks, as nere termed, of clay with intervening hollows or
sinks in its surface, caused either by very irregular deposition,
or by subsequent erosion. As the bed is about 20 feet thick, the
bottom has a mean elevation of 53 feet. But these inequalities
of the surface do not correspond with those at the bottom, and
sometimes the clay goes deeper in one of these so-called bunks.
And in one of them which rose up 12 feet above the surround-
ing clay surface, there was said to be a thickness of 40 feet of
marketable clay.

The great thickness of the top black clay here, and in the ad-
joining pits of William H. Berry and David Ayers, is exceptional.
There is more or less pyrite disseminated irregularly through it,
and some mica in very small white scales, but much of it is
tolerably free from the former constituent. It is very dense and
tough, and slate colored, drying quite white on weathered surfaces.
The best of it will do for pipe making, but it is at present all
thrown back into the pits, where it gets mixed with the earth
from the surface, and is thus spoiled for all future uses. In this
manner thousands of tons of this clay areannually wasted. It
could be used for common red brick, if for nothing of more
value. Asitisimproved by weathering, thereby gradually losing
its sulphur through the decomposition of its pyrite, it might be
well to stock it by itself in heaps on the dump or wasie, and
there let it undergo the amelioration of nature, or await, possibly,
the coming practicable methods of treating such clays so as to
render them fit for more valuable uses than those known at
present. When it is considered that the valuable clay beds of
this district are being gradually worked back, under thicker beds
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of drift and worthless clays and sands, it will be evident that the
demand for better qualities must stimulate the invention of
methods whereby these top clays, now wasted, can be made
available. The existing practice forever puts them beyond the
reach of improvement. It is a matter deserving the attention of
all prudent clay proprietors and miners.

The top sandy clay is light colored and contains much rather
coarse-grained quartz sand. It is used in pipe. The alum clay
is nearly always found just over the fire clay. It is generally
somewhat streaked with darker shades and contains pyrite in
small erystalline aggregates and nodules, which show plainly in
specimens freshly dug. This clay after short exposure to the air
turns greenish yellow.

The ware clay is really a part of the fire clay, which, in ap-
pearance, differs from it, in being more brittle and friable, break-
Ing with conchoidal fracture and crumbling quickly and readily
to a soft, pulverulent mass. The fire clay is harder and more
solid, and show an irregular fracture. It does not fall to pieces
so readily as the ware clay. Both are very fine, and scarcely any ’
gritty matter can be detected in them. The following analysis
of the ware clay of these pits may be taken as representing the
composition of the best of the fire clay layer:

Silicie 20k i e e s eee e e ere e e eeaabares e vvrararonn 4223
B3 U U 13.59 '
95,35
Silica (quartzeand)....cocveceeinvannnnn ervtrrararrareernenrane st aerensanra senrnane 0.50
THARIC BCIA. ccreteeeerriereiriira e e ierereerr s e e verrssansns s son s vateeense 1.40
—_— 190
Potash . ovvicennvimrns . 0.41
e O U SRR 0.08
. Lime. i ittt e e anr e reseeesesanaenarnan seerenerers 0.1¢
Sesquiroxide of 0D iirrr vrrrernni s s 0.50
Hyproseopic WateTuu e iisiietiecasiititreasrrcrsrrrrernresssnsssnsstreessremnmemnnte 121
2.30
99.55

The specific gravity of this fire clay varies from 1.731 to
1.804.

NEW JERSEY GEOLOGICAL SURVEY



DESCRIPTION OF CLAY BANKS, 93

Underlying the best fire clay there is an inferior grade, or No.
2 fire clay, which is sometimes white and at others appears mot-
tled, red and white. This, with the clays found under it, in-
cluding Nos. 8 to 10, as given above, are sold for No. 2 fire brick.
No. 9 is used in stove linings, saggarsand drain pipe. The lead-
colored clay apparently differs little from the white fire clay, ex-
cept in color. The extra sandy clay, the lowest clay dug here, is
of uneven texture, being quite coarse-grained in some portions.
No mica flakes are perceptible in it. It is more than half quartz
sand, as appears in the following analysis:

Aluming (1) it vt s s s s 18.92
SHHCEE BCIA 1 evnveeervenrvemrrnnr i iitisitrrrsnsan roenrars rasrrasarasaconsiassinsssanas 20.00
B L) OO PO P PO PP PRSP 6.70
45.62
Silica (3an0).riiiiirr e e e e ee e b 51.80
; — 5180
Potash .o.iieiuieriierensceaiminismmesiiseiiia s isersantrsnr e resasasaneses s (.48
Besqui-oxide of IFOMuueeieiireciiisisriirisssiirms s rse s sereen 0.88
Hygroscopic Water. .o s s s s e ¢.50
1.86
99.28

This clay answers well in tempering rich or “fat” clays.

The bank has been worked steadily until within a year. Al-
though the thickness of top dirt to be removed has been great,
the amount of good clay, which has commanded high prices, has
more than paid for the heavy expense of uncovering.

East of Loughridge & Powers’ pits, the old site of the New
Brunswick road has been dug up by David Ayers and William
H. Berry. South of this road, in the bank of the latter, there is
nearly 50 feet of covering on the fire clay bed, of which about
30 feet is a dark-colored clay, with some interstratified layers of -
sand. At another point the yellow sand and gravel drift above
the clay is very distinctly stratified, the thin layers of white and
yellow quartz pebbles alternating with rather coarse yellow sand.
These pebbly layers are thicker and the pebbles are larger
towards the bottorn of the bed. In the overlying red-shale drift

{1} Includes titanic acld, which was not determined. Sp. gr, 1.813—L0.897,
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a thin and very uneven layer of white sandy clay appears, but
of limited extent. The fire clay bed of these pits being only a
few rods from that of Loughridge & Powers, which has been
described above, does not differ materially from that, and the
descriptions of the latter apply in general to the former.

SAMUEL DALLY'S BANK.

South of the New Brunswick road and south of William H.
Berry's line, Samuel Dally owns the next bank. It is properly
the continuation of the same general arrangement of strata as
already described, varying, as everywhere in this district, in the
details, so that the vertical sections of openings, but a few rods
apart, do not exhibit complete parallelism in all their subdivi-
sions, As this property has not been worked within the time of
our survey of the district, no full description can be given of it.

PITS OF FLOOD BROTHERS.

'This property joins Dally’s on the south, and is on the north-
west side of the Mutton Hollow brook and between the roads.
When visited two years ago, the digging passed through black
sandy clay and white quartz sand at the top, then a dark colored
sandy bed, in which there was much lignite and one thin seam
of sandy white clay; next a greyish pipe clay resting upon a
sandy earth where the pits stopped. No fire clay was then got
here. The black clay and sand bed found here near the surface
must be the laminated clay and sand bed, and the pipe clay
layer the equivalent of the top white clay, so well marked in the
banks along the Raritan river. If this be so, the fire clay would
be found about 6 feet below it. This property has been worked
during the past year, but with what results is not known.

CLAY BANK OF A. HALL & S0N.

This bank is at the head of Mutton Hollow, and the most
westerly opening for clay in it. The New Brunswick road at
present runs along side of it on the north; the original line of
the road being directly across the present diggings. The section
which this bank gives shows considerable variation in the several
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layers from the surface to the bottom of the pits. The following
one represented the bank as exposed in 1875. The working
since does not show any important changes:

(1) Red-shale drift, varving up to....iec v ersine s 20 feet
(2} Yellow sand and gravel not continuous over the whole working area...

(3) Black clay and sand, varying Up 0w e oniirian e srerreaciene s 15 feet
{4) Blue and buff colored elays.......ccvvciieriiireinriiiis st e 3-8 feet
(8) Black, sandy earth containing ligrite and pyrite......cciivivivniiniiananns 1-2 feet
(B8) Fire £lag. oo e e e caras s rereraer e e 8-20 feet
(7) Bandy clay (bottom SaNdY ) icvieciseeeieecercee v sre e aee e 3-6 fect
(8) White quartz sand (boring). ccvivercinvierrireremrieciere e ssiaes s 14 feet

In some of the pits at the bottom there is a gravelly earth with
some shaly materials mixed with it.

The red-shale drift here includes many boulders of trap rocks,
indurated shales, quartzites, &e., some of which exceed 6 feet in
diameter. Wherever the yellow sand and gravel is wanting this
lies immediately upon the black clay and sand. The two drift
beds are well exposed in this bank for the study of their relation
to each other and their structure.

No. 3 (of the section) is characterized by the abundance of
lignite and some pyrite found in it. It contains some mica in
fine scales or plates. Tt is thrown back into the pits as filling, or
carted out on the dump as waste material.

The top clay—blue and buff colored clays—is a little sandy,
the grains of sand being rather coarse and unevenly mixed
through the mass. Some pyrite, in small lenticular nodules,
occursinit. Itisconsidered good enough for mixiure in No. 1 fire
brick. The next layer is worthless, and is thrown aside as waste.

The fire clay bed presents the usual inequalities in its surface,
and its elevation of 67 feet above mean high water level is the
average of several measurements. These inequalities make
the thickness also to vary from point to peint. A maximum
thickness of 28 feet of fire clay has been seen at this bank., The
top spit is of a greenish yellow color and contains some pyrite, and
is sold to chemical works for alum making. The pyrite appears
in it in small nests or aggregations of crystalline masses. This
clay weathers yellowish, on long exposure to atmospheric agen-
cies. Sometimes a large part of the bed is sold as alum clay.

The top clay is very solid, and is said to burn tight or close. The
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best of the fire clay is very fine, having a conchoidal fracture,
and containing but little fine quartz sand. Ifts composition as
shown by the analysis of a good specimen, is as follows:

AlNMIND tiiersiiiririinir it b s ra s s e eea s sanean e 35.83
Siliee 20Tl v e e 42.05
Water {eombined) i 12.20
90.08
Silica {quurtz i) i s e e e 8.70
Titanic acide . cre i st e b s s s eaaa 110
—_— 6.80
Potash 1o s e e raa e e e s aa e 0.44
T P PO SOOI PPN
L. ittt e e s aa e e st en R een
MtmEsin e ie e e e e e s rree e s b an e n s ba s et naes 011
Besypui-oxide of Ir0N.. e v 0.77
Water [MOIFLUTE ) v s niirresans s e sanr s snr s s besasassnss 1.50
_— 2.82
Total 1 evruernenernrerioreramarsianeinesetieatatraarisaratans s rntasesttsessstisarsesssins 99.70

The soda and lime were not determined. They cannot amount
to much, judging by the analyses of the fire clays from other
localities in this district, and also by the difference between this
total and 100. _

The sandy clay at the bottom, or as it is sometimes called
ertra sandy, contains some quite coarse grained quartz sand in
irregularly shaped aggregates in the sandy clay mass. No mica
was perceptible in it.  For mixture with fat clays it is liked, and
is considered to be a good refractory material. This is properly
a part of the fire clay bed. Below this layer comes the white
sand, into which the superintendent of the work says he has
bored 14 feet. The shaly earth seen at the bottom in some of the
pits may indicate the red-shale in place a little deeper—although
this is not so likely to be found as the sand—and then the lower
beds of this plastic clay formation. The general section, number
23, shows the relative position of these clay pits and this boring.

Most of the fire clay got out of this bank is used in the works
of the proprietors at Perth Amboy and at Buffalo, N. Y. A con-
siderable amount is sold to other fire brick factories, chemical
works, &c., particularly to somein the northern part of Ohio and
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western New York. The product has in some years amounted to
12,000 tons.

JOHN R. WATSOXN'S DANK.

Watson’s bank is south of the Mutton Hollow brook and east
of Hall's. The bearing, comprising the red-shale drift, the vel-
low sand and gravel and the black, laminated clay and sand,
varies greatly in different parts of this bank. On the east, next
to William H. Berry’s line, it is between 5 and 20 feet thick ;
while on the west and southwest, the working Las penetrated the
upland or hill, until it has become 40 feet. On the east, near
the property line, the successive strata, beginning at the surface,
are:

{1) Red-rhale @rifte..coieiiiiiiininincs s eeeeeeees oo 4 feet
(2} Sand and yellow clay {varying greatly).. .o rereeeeemrreeeien,

(3) Dark colored, pipe clay..........oocvvivvveeeeee s, v i e 8 feet
{4) Sandy clay (used In BLONEWNTE) . cvveies covieriiieteeeereeereeesss o soenesns 4 feet
{0) Fire clay (No. 1hoeoiiiiiiiriiieies e s e eeeves e s s e 6 feet
(8) Sandy fire clay (No. 2)ccirviriireer it e et oo 3-5 feet
(7) Extra-sandy clay at botom. . ..ovu.veeereeeieeeeeeeceeaeeee v

The elevation of the clay at this bank is 59 feet. That is the
top of No. 4. Towards the southwest this bank shows quite a
thickness of sand and gravel, under the true boulder drift. Iere,
at the east, the sand is associated with a yellowish clay, or clayey
earth, and little gravel.

The black clay under the sand is not used, except as waste, for
filling the pits. The best of it, if sorted, could be used in mak-
ing pipe. The sandy clay (No. 4)is a mixture of fine quartz
sand and clay in about equal proportions, and resembles the top
sandy clays of other banks. Some of it is sold to potieries for
stoneware mixture, and hence its local name of stoneware clay.
That which is dug in the more southerly pits and under the
thicker bearing is not so sandy as tha* of the east pits where the
superlicial beds are not so thick. A part of this clay is used by
Mr. Watson in his fire britk. Geologically itisa part of the fire clay
bed, and cannot be considered a well defined layer or persistent
member of the clay formation. The same is true of the sandy and
extra sandy clays under the No. 1 fire clay of this bank. (Sce gen-
eral section, No. 34) In some of the pits an alum clay, one to

7
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three spifs thick, is dug on the top of the fire clay. All of these are
parts of the Woodbridge bed. They are modified somewhat by
the existence of more or less sand and pyrite, although retaining
somewhat of their refractory natare. The fine or No. 1 fire clay
dug at this bank is white to bluish white, fading a little on
weathering; has very little grit in it: breaks with a conchoidal
fracture; and belongs in the class of fine clays dug in Mutton
Ilollow. Towards the bottom it is of inferior quality and is con-
sidered as a No. 2 clay.  Borings at this bank, whichgo down 40
feet from the top of the clay, passing through the whole of the
fire clay bed, show 20 feet of sand under it, and do not strike
the Raritan bed.

Most of the clays dug here are carted to the Watson Fire Brick
Works, at Perth Amboy, and made into fire brick.

This bank was one of the first opened in the vicinity of Wood-
bridge, and has been worked, with some interruptions, since
1820.

WILLIAM H. BERRY'S BAXK.

This bank, east of Watson’s, hias not been worked lately. As
it lies between Watson's and Meeker's, something may be learned
of it from the descriptions of those on either side of it. Clays
for scwer pipe, stoneware, and retorts were got here.

8. A, MEEEER'S BAXNK,

This opening occupies the southeast angle of the Mutton Hol-
low group of clay pits; and, being farthest to the southeast, it
opens this fire clay bed at a less elevation than that of the other
banks, which are north and northwest of it. Its height is 56
feet. This dip and the position of this bank is represented on
the general seciion as No. 39.

The vertical section representing the bank, as made from ob-
servations on the ground and the figures of Mr. Mecker, includes

the following layers, viz.: o

(1) Red-shale drifte i i e 5-8 feet
{29 Yellow sand and gravel. et 0-6 feet
(A Black, laminated sand €lay. e e 4-7 feet
(4) White, sandy elay (for fOREWATE) . viearas it 4 feet
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{5) Drabreolored, PIPe Clay e eevaiiieinrrieiiiiiireeeecire e re e seer s e s erererseaasons 3 feet
(6) Retort Cliy et oo s i eeccciin e e et vrren e st rssessses s st ae b se e meens 1-4 feet
(7) Tire Cly.uiieiiii i et arereraeee s rres s s e e st testaebe e eemraerns 6-8 feet
(8) Sandy fire Clay . e ere et re st s eeter e reveeneseermreans 4 feet
(9) Coarse yellow sand at the bBottom.....oieiiiiiniineericieceeiee e ceeemrseennnss

Of this section, the layers 6,7 and 8 may be considered as
making the Woodbridge fire clay bed. The bearing, which con-
siste of the layers above the stoneware (No. 4), varies somewhat,
according as the pits are nearer the bottom of the valley or fur-
ther in the bank. It is 20 feet thick in the southwestern pits.
The sand and gravel drift is very beautifully laminated. On the
west side the bearing consists of the dirt of an old dump, then the
black clay and sand. Under this there is a clay dug for stone-
ware, 3 feet thick ; pipe clay, 1} feet; retort clay, 2 feet; then a
black sandy earth. :

The so-called stoneware clay of this bank is white and sandy,
the sand in it being fine-grained, and it contains some white
mica in small flakes. Its composition is as follows, viz.:

ANMIAN (1 )eriiiiin st e s ar s e ee st eba e e s 21.83
Bilicie acid..oeioviiriiiiii i e e arseer e en 19.44
Water (combined)u...oviiicrieiieieioniieiiie e it e e ceveeeeneans 5.90
- 4617
Silica (quarlz sand).......oecevemennne PO 48.40
—— 4840
Potash oo e st e aene e ean 2.24
BO0Mers i artrtrattnii e et e skt eeante eaean
LiO18 sttt et ae s e et re e i (.28
Magnesin ..ot e 0.24
Sesqui-0Xide 0f 0Muiiiieceieecrerreien et ve v e e s e s e er e sse e 1.57
Water (D0IStUIE} . vvvvieecii i et e 0.80
—_— 5.13
TOtaL ettt e e s e st e e e eees 99.70

Its specific gravity is 2.047—2.077.

From this it will be seen that the amount of quartz is large,
and also that the potash is sufficient to make it vitrify the mass,
and hence its use in the manufacture of pottery. It corresponds
to the analysis of the fop white clay found.in the banks of the

(I} Including titanic acid.
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Crossman Clay and Manufacturing Company, and it appears to
belong to that layer of the clay series. The lower part of this
layer is more sandy, and is of inferior quality. This stoneware
clay is used in mixture with the South Amboy stoneware clay for
pottery.

The pipe clay (layer No. 5) is quite sandy, but the sand in itis
fine. It is of a drab color.

The retort clay also is rather dark colored and quite sandy,
but tough—a fire clay.

The fire clay restricted to its narrow limits, as it i3 by these
local names, is fine, white and free from grit, becoming sandy
towards the bottom. The latter is used in mixture for,tempering
fut clays, or for No. 2 brick.

Some of the best of the top clay and sand layer (3) is very hard
and solid, and isused in pipe. Itcontainsscatiering fragments of
lignite.

B. KREISCHER'S PITS.

This property is east of the Mutton Hollow brook and north of
the rowl. The beds overlying the clay here are:

11 Ted-Bhale Grifteevve et s et e 5 feet

(2, Auttled, red and white, micaceous sand, resembling kaolin, and in places
containing o whitish elay.nnl SRR 5 feet

13) Laminatel sand and clay, sometimes containing impressions of lenves... 4 feet

The clays show the following succession, beginning at the top:

4} Clay for stonUWaAT . ssrere 4 feet
13) Clay for smoking pipe 1} feet
B Kardin-like sand. e e 9 inches
T a1 T PRSP R T P 4 feet

*9) Blaek, sandy varth, containing lignite and pyrite at the bottom............

Layer (4) called stoneware clay is sandy, of light bluish color.

The next layer () is compact dark colored, but drying white,
and burning white. It is used with a more sandy clay for the
pipe mixture. The fire clay of these pits is bluish and hard, but
crumbling on exposure to the weather.

Somec of the overlying clay and sand layer (No. 3) is good
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enough for common brick, but it is not now used except to fill
up pits.

Fuarther north the pits go through a bluish-white fire clay into
a light-spotted and red clay; and the total thickness of clay
there was 12 feet. Under this the sandy clay with lignite and
pyrite was found. No. 36 on the general section shows the posi-
tion of this clay bank. A little of the clay dug at this bank is
sold, but nearly all of it, and all the fire clay, is worked up in the
fire brick and clay retort works of the proprietors, B. Kreischer
& Somn, at Rosgville, Staten Island.

In 1873 the product of these pits is said to have been 17,000
tons of clays.

The pits of 8. A. MEEKER, across the road, east of Kreischer’s
bank, have not been worked lately, and no deta respecting them
is at hand, and their description is omitted.

MELICE DROTHERS' CLAY PITS.

These pits are south of the straight New Brunswick road and
Just east of the old road, and near the village of Woodbridge.
The red-shale drift and yellow sand and gravel cover the clay
from 10 to 20 feet thick. At the north end of the bank the lat-
ter bed is wanting, and the shale drift is in contact with the clay.
A granite boulder, 10 feet in diameter, was found here, lying half
in this drift and balf imbedded in the clay. Iis upper surface
was polished, while the under side was rough. The clay surface
in these pits is marked by inequalities. The top clay is dark-
colored, and is used for pipe making. This is thin at the north,
but 3 to 6 feet thick in the southernmost pits. In the latter
there is a layer of sand 2 feet thick between the pipe clay and
the fire clay. The latter is about 6 feet thick, and its surface in
the northern pits is 57 feet above high tide level. It is under-
laid by a white quar.wz sand. It is white, with very little gritty
matter, and very refractory. The clays of these pits are carted
to the dock of the proprietors, on the creek southeast of the vil-
lage, whence they are shipped as orders require. The same firm
own clay lands north of these pits and north of the straight New
Brunswick road, adjoining the Salamander Works’ clay bank,
but they have not worked there recently.
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This completes the description of the Mutton Hollow group of
clay pits, consisting of several ownerships whose openings are all
connected, so that it is in reality one great excavation. which has
taken out nearly all the accessible clays of value in this hollow,
or valley, and filled it partially with great, flat-topped mounds
of waste clays and top dirt.

CLAY PITS SOUTH OF WOODBRIDGE.

Going east on the clay docks road "from Mutton Hollow there
is, on the north side of this road, a group of pits which huave
been so worked that they are almost united, although they are
distinct in ownership, belonging to three proprietors, viz: 8. A.
Mecker on the west, Isanc Inslee in the middle, and James Val-
entine on the east.

8. A. MEEKER'S PITS.

The succession of the layers seen in Meeker’s pits, beginning
at the surface, is as follows :

(I} Bed-Bhiale drifte. .o ieess e e e e e e e e e e e e s e ate s tnaes 9 feet
(21 Light grevish o1y oo s s e 3 feet
(3} Sandy, white elay ... o e 2 feet
(41 Durk colored clay..coooooeiriiee e e s 5 feet

(8) White, gquartz sand at bottom.........covveviiic i s e sreare

Leaf impressions are said to occur in this dark colored to black
clay at the bottom, but no lignite or pyrite. It isvery hard and
solid and issaid to burn white, and is used, together with the grey-
ish white and sandy white clays,in pipe. According to theeleva-
tion of the Woodbridge bed on the line of strike passing through
this opening, which is 48 feet, and the heights of this bed in the
adjoining pits of Isaac Inslee and James Valentine, 42 and 41
feet, respectively, these pits do not get deep enough to reach it.
The bottom of the above described section is at 51 feet. (See
general section, Nos. 40 and 41.) The existence of leaf impres-
sions also identifies it as the leaf layer which lies over the Wood-
bridge bed.
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ISAAC INSLEE'S FPITS.

These pits showed when visited, and when worked in 1874,
the following strata, viz:

(1) Red-shale drift

(2) Yellow gravelly sand.... It 8 fect
(3) Sandy, white clay......oiviiiini e e e 2 feet
(4) White randy bed (called kaolin)..iviiniie rrrmriceiccin s 4 feet
(5) Dark colored, sandy, pipe elay...ccooviivirinininimerme s e 3 fect
(6) Black, sandy earthu..coooociiiiiiiiiininii e e 2 feet
D I T L PP PP PRSP e 3 feet

Dark colored sand at the bottom

The bottom of the fire clay layer has an elevation of 38 feet.
Leaf impressions have been found at the bottom of the pit and
in the white fire clay. This is the only locality where they have
been seen in that bed.

These pits have not been worked since 1875.

JAMES VALENTINE'S PIT4.

Mr. Valentine finds that both the top-dirt, or bearing, and the
clay bed are very uneven, showing much variation from point to
point. The stratification generally exposed is as follows:

’

(1) Red-shale drift..crivniciieererarmcrcsiaiin s s serasnssrasese 4-0 feet
(2) Sandy clay {white, grevish and streaked ). vvvri i 3 feet
(3) BDE e e e ee e s e s e . 1 foot
{4) Dark-colored, pipe clay.... 2 feet
(5) Fire clay §-10 fect

{6) Sand and sandy clay, with lignite, at the bottom «coorois i

Some of the greyish-white sand and sandy clay found on the
pipe clay is sent to stecl foundries as erucible linings. In places
this makes up nearly all of the top-dirt below theshale drift. Tt
is almost all quartz, although there is some clay streaked through
it in some of the pits.

The fire clay layer appears to be very irregular, lying in
bunches, or pockets. Its elevation (lop) is 42 feet. This clay is
white, very tough, quite free from sand or gritty matter, breaks
with a conchoidal fracture, and is highly refractory. In burning,
it shrinks considerably, like all the pure or aluminous clays of
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this fire elay bed. Mr. Valentine says that he has bored 30 feet in
the level ground north of his pits and found no fire clay. To-
wards the northwest he found black clay only. Southeast of the
pits the auger brings up a sandy clay. These explorations indi-
cate & want of regularity in the bedding in this locality greater
than is renerally observed where the surface is so smooth as it is
here. The thinness of the fire clay in Inslee’s pits, on the west,
also points to unevenness in the original deposition, since it ap-
pears there to be covered by beds that belong above it, in their
regular order of succession, although their complete identifica-
tion is not certainly made out. A large part of the clay of these
pits is used in the fire brick and drain pipe works of M, D, Val-
entine & Brother,about a half a mile east of the pits.

TSAAC INSLEE'S PIT3—{PERTIl AMBOY ROAD.}

These pits are on the road side a few rods south of Mr. Inslee’s
residence.  There is much variation in the bedding which has
been exposed in this opening, and hardly any section is a repre-
sentation of the whole. Generally there is red-shale drift at the
surfuce, then black clay, very hard and showing a jointed struc-
ture; then the fire clay bed becoming sandy towards the bottom
of the pits. The top dirt varies from 4 feet upwards in thickness.
The black clay at the top is in places 12 feet thick. It has a
laminated strueture, ineluding filmy layers of white quartz sand.
It contains a considerable amount of carbonaceous or coaly
material, which gives it a very black shade, besides small frag-
ments of lignite. The lower part of it is very hard, and breaks
with a cledn, sharp fracture into square, flattened, plate-like
masses.  Small, nodular masses of amber are occasionally found
init. Leaf impressions also oceurin it. This clay is sold for
making pipe. The best of it is destitute of the laminated strue-
ture. The fire clay has a mean height of about 30 feet, judging
from the elevation of the surface of the ground as given by the
contour lines of the map, but its surface is quite uneven. Some
of it near the top of the layer is stained by oxide of iron in filmy
coatings on cracked surfaces, apparently caused by “infiltration
from above. This also goes into drain pipe. It is improved by
weathering., Some is sold to foundries. The fire clay is very
hard, breaking up under the pick, with a conchoidal fracture.
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Both at the top and the bottom it iz sandy. The fop blue, which
is sandy, is sold as a pipe clay. It isfurther sorted into No. 1, or
fine clay, for fire brick ; No. 2 also for fire brick, retort clay, and
bottom sandy clay. In the latter small quartz pebbles are occa-
sionally found. And this contains a large percentage of very
fine sand. It burns without shrinking or checking much. The
total thickness of the fire clay bed may average 10 to 13 feet.

Thus far no water has interfered with the digging, and this
lessens the cost of extraction. The small amount of top dirt has
also favored the locality. * But the ¢luy being dry and hard it is

‘not so easily or cheaply dug. These pits have been opened about
a year, and the sales are reported as encouraging, even in these
times, for new localities, which, like this, can furnish good and
marketable clays.

These pits are interesting geologically, as having been opened
since the publication of the map of this district, according to
which they are in clay territory, and the bed here is within acces-
sible distance from the surface. The general section appended
to this report also shows its position (No. 50} within the limits of
the Woodbridge bed as there drawn. A careful study of the
map shows further that the area of workable clay territory ex-
tends east of this a short distance, also a little further south and
west and southwest to the clay pits above described and to those
of Hampton Cuiter and Sons. And a fire clay is said to have
been got in digging Hampton Cutter’s well at his house on the
hill, but this was quite deep, probably too much covered for
profitable extraction.

FIRE CLAY BANKS3 OF HAMPTON CUTTER AND SO0NS.

These are south-southwest of Woodbridge and west of Mr.
Cutter’s residence. The openings are properly in two groups of
pits, separated by a short space of ground that has not been
touched in the work of excavation. The northern pits are in
lower ground and not more than 200 yards south of James Val-
entine’s pits, deseribed above. At these the top dirt of sandy
earths and clays is, on an average, 6 feet thick. The clay bed is
10 feet thick, and 32 feet (top) above mean high tide level. It
is stained by oxide of iron in places, and is rather sandy, be-
coming more so at the bottom. It is sold as & No. 2 fire clay.
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Under it the pits stop at a sand, which is full of water. This
may be the fire sand bed. (See general section, No. 46.) These
pits have not been worked in two or three years.

The main bank is a few rods southwest of that described. A
large area of ground has been worked over, and many thousands
of tons of valuable clay have been taken from it. On account
of its extent and the inequality of the ground, the stratification
varies somewhgt in different parts of the bank. The following
vertical sections, one at the east and the other at the west, illus-
trate this difference and show the several beds:

Eustern Face of Muin Bank.

(1) Sandy and gravelly earth...c.o.vvvieiviiriiiiesei e reeceeineieeeeeerreeesrarenensan 6 feet
(2) White quartz sand, including thin layers of earth.......cooveiviiivieeeeeesrerans 9 feet
(3) SBundstone (sand cemented by oxide of iron) ..ocvvvivvieninrnneeesiiinreee e 3 feet
(4) White quartz sand. ..o e et eee e srer e 1 foot
(2} Black, pipe eliy i iiiiccrienrererrerre e er s eesae e saes et e 1 foot
(6) White ware {(and paper clay in sone pits) elay ......coovevrieirrrecneerereneerne 6 feet
{TY Rt 0l ece i iiieii vt rrite e e baie e e e mr e e senre e enses st vens s oan e 7 feet
(8) Bandy fire clag...ceecsieericiinns cheeeit v s e s e 7 feet

The sand bed in thisbank (No. 2) is very plainly stratified, and
much of the material in it is clean quartz sand. Thestone layer
(3) is in some places 6 feet thick. This stone is really a part
of the sand bed, which has been cemented inte a quite solid,
stony mass by a very little reddish oxide of iron. It servesa
useful purpose in working the bank by holding up the overlying
beds, thus preventing slides and accidents from falling top dirt.
It is not firm enough for a very desirable building material, al-
titough good enough for rongh and light structures. Itisthrown
out on the waste heaps. Some of this top sand is sold to fire
brick makers for moulding. This sand bed is supposed to be-
long to the drift. The clay under it begins the top of the regu-
lar series here. Southward this black clay grows thicker and is
remarkably uniform on the top, running nearly horizontal
through the bank. Some of the pits do not get any red clay,
the ware clay in them lying upon the extra-sandy white clay.

The western face of the bank affords the following section, viz.:

(1) Rued-shaly dirt ..ocoiuviieieniiiienie e ees e riaininee s ceenvaene sesvereas 2 feet
(2) Dark-colored sandy clay and layers of sand.....e vveeienrierienininnneen, 20 feet
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(3) White qnartz 8and.. ..o ceivsisisnnanesie e e e
(4) Bluish-white sandy clay ...ovevveeienis
(5) Dark-colored sandy clay....c.cioineiiiiininininaninnn,
{6) Retort clay..ccocvvneerimnianann.
(7) Fireclay, No. Lo.civiieranns
(8} Extra-sandy fire clay

The black clay and sand bed {No. 2) of this bank is not used,
although much of it, if sorted, could be put into pipe, and some
into retort. It is quite dark colored, almost black in the bank,
and contains a great deal of lignite and coaly or carbonuceous
matter. Its composition according to an analysis of a good
specimen, is as follows:

Titanic actd..cciviiiinimme.
Water {combined)
POtRSI ciii i ievteriseteinre crmenriaien e stt bt sa s sana e a e ey rann e e b ni
Soda ..ovvenine

Lime..........

Magnesia
Besqui-oxide of iron
Water (moisture)........... 2.40
L0 1T PP P OO TIPSO PPN 6.73

This analysis shows nearly seven per cent. of woody matter
but this is not in the usual form of lignite, but rather fine car-
bonaceous material distributed uniformly through the clay. As
this 1s removed in burning, the mass is left open, and uninjured
as a fire material. Its combustion also gives heat, and amounts
to so much fuel in the kiln. The percentage of potash is com-
paratively low. It may, therefore, be considered as a fire clay,
but of inferior quality. The great thickness of this bed in
the western part of the bank, all of which has to be removed
to get at tho retort and fire clays, makes the work of extraction
expensive—and such clay should find other uses than filling pits.
The present practice at this bank is to put it by itself, in heaps out-
side, where, if wanted, it can be easily reached. In some of the
layers of this bed there is a great deal of sand and much pyrite
and lignite. These are worthless. About 10 feet above the fire
clay bed there is an apparent accumulation of lignite—in the
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form of flattened twigs, limbs, and trunks of trees, and leaf im-
pressions.  Fora thicknessof 2 to 4 feet the mass is mainly made
up of these vegetable remains. Alllie with their flattened forms
in the plane of the bedding, evidently compressed by the great
weight of the overlying clay and top dirt.

The blue, sandy clay (No. 8), dries white, is very sandy, and
contains many scales of mica. It is sold as a sort of sandy clay
or kaolin for fire brick and pipe mixtures.

Of the dark colored clay overlying immediately the fire clay
the bottom two spits, or two feet, is used for retorts and saggers.
It is very tough and plastic. It dries light in color.

The fire clay of this bank is quite remarkable for its freedom
from sand and its high character for fire brick, ware and paper
glazing. The several varicties, as defined by these several uses,
are dug at difierent points, one pit yielding more of the ware
clay, another a paper clay, &c., but they all belong to the same
continuous Woodbridge fire clay bed, and their differences in
physical and chemical characters are apparently slight. Gen-
erally the easternmost pits have furnished the paper clay; the
western and northern, the ware and brick clays. These clay
banks appear on the general section as Nos. 46 and 52. The
clay for fire brick is harder, more solid and breaks with a straight
fracture. The ware clay is softer, more friable, crumbling readily
on exposure to the atmospheric agencies, and has a very decided
conchoidal fracture. The specific gravity of the former is 1.764-
1.76t; that of the latter is 1.791~1.893, showing the ware clay to
be a little denser. In the kiln the ware clay is said to burn
more open than the brick clay. The composition of thesc two
varieties is not materially unlike; in fact it does not differ
enough to justify any such variations as their uses intimate.
The analyses of good, typical specimens are as follows:
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1 2
ANIIMINA erierererrerarrenmrientassmoriantarrremetomsisesnsrsarnase 38.24 38.81
SICIE RCI. o eoersiiinrararrerreraresssnsrsmsstsnissrarmesisionasnns 43.90 4414
Water (combined ). e iienniiinnii 14.10 12.97
—_—| 96,24 — 95.02
Silica (3a0d ) oiiiirirrr e s 1.10 0.80
THtANIC NI, enervnrarernesusenrrrrsarsssnraracnoetssstnsenaranrrons 1.30 1.0
—  240|———| 210
17T U P P 0.15 0.17
SOOR 1vvvnrrararere crsssniersnrmssisnrssrinenssetsranneresinssssnosss 0.00 0.00
| T T ST PP P PES traces traces
MAZNESIA coersianrrnariniras crre e s ense s e e 0.1 0.11
Sexqui-oxide of Iron...ciiiieeienisii e 0.96 1.14
Water (MOISIUTE} i iireincrramiors s 070 1.23
—_—i 192 2.65
U
TOLA18. e et evsnerieesensarareastorneissstossannse rereraenaraises 100.50 100.67

1. Fire brick clay.

2. Ware clay.

In these analyses the lime was not determined. From what is
known of other like clays it is scarcely a weighable constituent,
rarely amounting to as much as the magnesia.

The red clay, got in some pits, under the fire clay is quite hard,
breaking with a conchoidal fracture, and contains some fine sand
unevenly distributed through it. This is sold for stove linings.
The sandy clay, below this red layer, is used in fire brick.

This bank is drained by underground, covered ditches that
carry the water from the lowest pits. This naturally easy and
cheap drainage, with the thinness of the top dirt over much of
the clay which has been dug, and the high prices realized for a
large part of the clay mined, have made these pits a source of
wealth to the proprictors. No other equal area of ground in
the clay district has yielded so large an aggregate of net returns
as these. The total number of tonsof clays sold from these pits
amounts to thousands of tons, and their sale has realized a fortune.

WILLIAM CUTTER'S8 CLAY BANKS,

The main bank of William Cutter is connected with that of
Hampton Cutter & Sons, lying immediately south of it. The
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geological relation and chemical and physical characters of the
clays are so like those of the former that no additional, separate
description seems needed. It is not worked now. About SO
yards southwest of it, and in the woods, a new opening was made
in February, 1876, which has been worked by Messrs, William
H. and Josiah Cutter. A vertical section observed recently ex-
Libits the following layers:

(1) Red-shale drift earthe....ivveeivinniieeneinccnens betererrreerarnsrrararan 2-10 feet
{2) Black, sandy clay, streaked horizontally and irregularly with thin

lagem of rand . e e G feet
(3) Top, sandy clay............. 3-4 feet

{) Blue, pipe clay.... I foot
(3) Yeilowish, streaked (alum) elay..eueneeee..n, 2 feet
(6) Fire clay and Ware clay.. ..o e eeseeann e e naeenens b feet
(7) Fire elay, partly No. 2...ooiiiiiiiiiiiiciii e et eeebee e e s e ens i feet

(81 Sandy cluy, containing lignite, at the bottom....veiiieniieenieeescnrerernnee

The top of the clay is quite uniform and is about 30 feet above
high water level, judging from the contour lines of the map, on
which the surface here is 40 to 50 feet. The ware clay is sorted
from the fire clay bed. This latter bed is more sandy towards
the bottom, and this is sold as a No. 2 fire clay. The fire clay
bed proper includes (5) to (7}, inclusive, of the section given above,
and is therefore about 12 feet thick.

(toing west from the Cutter banks, the next openings are the
kaolin and clay pits of H. Cutter and Isaac Flood. In that of the
former, a sandy clay and a so-called kaolin was obtained. It was
not worked when visited. West of it, and connected with it, are

THE CLAY PITS OF ISAAC FLOOD,

The beds here when visited were as follows, beginning at the
surface :

(1! Rud-<hale drift..cocoennvnnne.. b reereever S e AT areReSaEtEr s ean rerreaanrnres 3-5 feet
(2) White, pipe claya .. 4-5 feet
(3) Yellow, laminated sand......... 4-5 feet
(4} Bluck, pipe clag..ccovriiiniiiiccen e, eeerareenre errereranes 4 feet
(5) Bluck, eandy earth, containing sone lignite and pyrite.....veecviineeesenenn. 5 font
(6 Sandy white clay, used in stoneware,..... Ferrrereirestasterenteas e eanasnranann 6 feet
(70 Sandy Faolin......, et e st e e e
Black clay...... evretrerrr e
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Of these layers, No. 2, which is sold for pipe mixture, is really
a fire clay of inferior grade. It is light drab-colored, and has
some iron oxide stains through it.

The next bed (3} cousists of drab-colored and white, thin layers
of sand.

No. 5 of the above section contains much lignite in small frag-
ments. The stoneware clay of thesepits is white and sandy, and
is said to burn brown. It is used to mix with the South Amboy
stoneware clays. The top of this bed is 38 feet above high tide
lIevel. There is some uncertainty as to the proper place of these
beds in the geological series of this ¢lay distriet, inasmuch asno
fire ¢lay is recognized here as belonging to the Woodbridge bed.
The general section at No. 48 shows that the upper layers dug
here belong above that bed, and that the stoneware clay is in it.
If this be so, then the sandy, kaolin-like layer underlying it cor-
responds to the fire sand bed just under the fire clay, and the
dark-colored pipe clay (4) is the equivalent of the top-white clay.
The next bed below this, in which there is much lignite and
pyrite, must include the leaf horizon. Near thz line of the pro-
perty on the east a retort clay was formerly dug, 30 feet beneath
the surface of the ground, and separated from the kaolin-like
sand by a stratum of black, sandy clay. Nothing further is
known of it, and no specimens were seen.

Cutter’s pits are in the low ground east of Flood’s.

E. CUTTER FARM.

This property is south of William Cutter’s lands, west of the
Perth Amboy road, and lying along the head of Spa Spring
brook. Clays have been dug at several points in the lower
ground near this stream. At the most westerly openings (old
kaolin pits of the map), there was said to be a thickness of top
dirt of 18 feet, then a pipe clay 3 feet thick overlying the sandy
bed—here called a kaolin. Its elevation, according to the height
of the ground here and the above figures, may have been 15 feet
(top}; and this is about the height at which the Woodbridge bed
should be found. The kaolin may lie on it.

A short distance from these Laolin pits, down the valley of the
brook and on the east of the stream, there is a pit where a white
fire clay is said to have been dug. Its surface was about 7 feet

NEW JERSEY GEOLOGICAL SURVEY



112 MIDDLESEX COUNTY CLAY DISTRICT.

above high tide level. Still further on down this valley, and an
eighth of a mile or so from the Cutter farm house, a dark-colored
clay for yellow ware, and also for pipe, was dug. There were §
or # feet of red-shale drift over it. This latter clay appears
where the fire clay would be expected if the elevation and the
thicknesses given above are correct.  (See the general section, No.
58.) It is possible that the strauification is more irregular along
the valley of this brook, and that the fire clay has, in part at
least, been replaced by more sandy layers, either as dark-colored
clays and such as are suitable for pottery, or by kaolin-like sands.
Such variations and localities like this are to be expected where
there seem to be exceptions to the persistence and uniformity
observed over so large a territory and in so many openings.
More carcful explorations are needed here to test this property
and to settle these questions.

8. G. PHILLIPS PITS.

These are newly opened pits east of the Woodbridge and Perth
Awmboy road and a few rods west of Spa Springs station. The
vertienl section partly from observation and partly from the
statements of the foreman of the pits, is made up of the following
layers :

{1} Redeshale @il e ciieii e rrsseres teeteestaearsenassensaannn sennrees 9 feet
(2} Dark-colored clay, containing pyrite and lignite......cvuveercennreeiiinnnen. 4-5 feet
131 Dark-colored to black, pipe ¢lay...ocoviimiiiiiiiiiiie i e 9 feet
L) FIre elay. oot s e e e e nn raraeeean 4-5 feet
(5} Bandy fire elay. .o viviiieraniiiiiiiet it e et ae e e e rannre e 2 feet

The top of the fire clay bed here is about at the level of mean
tide, and the bottom of the same about 9 feet below high water
mark. Number 65 on the general section exhibits this opening.

The top black clay (2) is thrown away as waste. Of the suc-
ceeding dark-colored clays, that in the middle of the bed (3} is
nearly black. All of it issuitable for pipe mixture. There may
be some of it adapted to more valuable uses.

Hince these pits have been opened a considerable amount of
clay has been taken out and sold.

This is another locality opened since the publication of this
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clay district map, and within the limits of clay territory repre-
sented by 1.

Over the hill, south of these pits and southwest of Chas,
Anness’ residence, and just west of the Perth Amboy road, several
small pits in fire clay have been dug by Mr. Phillips. North of
this and on the hill across the road from Anness’ house, there is
an old pit where a little dark-colored clay was dug some years
ago for making red brick at the Spa Springs yard. This belongs
in the laminated clay and sand bed, which is the great source of
the red brick clay for the several yards along the Raritan and
South rivers.

W. H, P, BENTON'S CLAY PITS.

These pits are in the low ground west of the Perth Amboy
road and the railroad, and south of those above mentioned. The
first opening here was made about three years ago. The surface
of the ground is a few feet only above high water and the top of
the fire clay bed, as leveled, is 7 feet below that datum plane.
The relation of these pits to this bed is shown by the general
section, No. 67, being the columnar section of these openings.
The following section, made from the observations of Mr. Benton,
shows the several strata, descending :

(1) Red-shale deife...cooiiiiiiiiii e e ecrase s svaaeeeeens 12 feet
(2) Sandy, blue cloy, for PIPe.. rrureerriiisiciereiirrsiersistmieeseessensesenenes 8-9 feet
(3} Fire clay, Mo, 2. riciisicesiiiinieeiestieeirenrent rerssssnsens sanrssnsrass o seeareers 5 feet
{4) Blue, fire €lag..iuieiie it rriiiesss e eess et s s veere reereaen 2 feet
{8} Best, white, fire ClaFuu..cericeriiiiieeiiecieir s e ettt ee s 5-6 feet

The top sandy clay (No. 2) is not uniform, the sand in it being
irregularly mixed with the more clayey portions. It containsa
little pyrite. An analysis of a good specimen of it showed the
following constituents:

AUMING.. i et et arran e areeresesaearrans 23.80
BIlIEIE B0H i i iererserenrirerrisis e sie s st es sererorrssansannsnsnssess stesnsassennnes 33.00
Water (eombined)u.iiiiicoriieicciiien i et e e reres 6.70
—_ 63.50
8
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Silica (Quartz gand)..c.ooevveveriiienininnis reenvearvrerses s ere hrr e e rn e ens 29.10
Titanic acideeuiiiii e e e 1.70
30.80
Potash u.cvnvinnenas 2.01
e STV 0.76
Lo vt e e s s e s aaaas eeeemernn traces
B T T U 0.57
Sesqni-oxide of iron 1.60
Sulphuric acidu e e e e e v e
Phosphoric acid. ..o RO ¢ S
Water (IOIBLUTE)  viviierei s it re e e e v vver e e e b s s srna e 1.00
—_— 54
Ot s ieren e sraiinies arere s rer et haasent e ea i e rane rrror e trran s araanran 100.24

This is a tough clay, but not refractory. It answers well in
mixtures for pipe.

In some of the pits there is 2-3 feet of sharp, clean, white
quartz sand over the fire clay and under this bed.

The fire clay bed proper includes Nos. (3) to {5) inclusive, and
is, therefore, about 13 feet thick. Some of the last pits dug are
said to have had a greater thickness than this, and of superior
clay at the bottom. The best of the white fire clay dug here is
bluish white ; has a conchoidal fracture; containg very few gritty
particles, and crumbles readily on exposure to the air, falling
down into o fine Inmpy mass. And the best of it is said to an-
swer for white ware equally as well as for fire brick. The com-
position of the best of this fire clay is given in the following
analysis:

ANALYSIS,
ANMINA s i e e s 37.56
Siliele aeidiuuii it s e 42.00
Water (combined)..ivrriiinisiinnniniimncii e e 14.60

— 0416

Silicie acid (Band)...civviiiiiiininiiiiiniin,
Titanie acidu..rmrsiic st i e nsee e 140

Potash.....c..... e rdeeiraer s areis bereraasiaeseiistan e eteiesaea i rreres 0.35
1T TR Heesersternrteriararanrsetsinenarrarenten cievenens 037
L. s vie e s e et rrnra s srr vt e banrera v rerta sbeabntsnnras s assanarnansnnsrnantans  waeres
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Magnesia wcviiiiiininnns e Eae e e e eaetan s aseereesie s neaentreees  anean
Sesqui-0xide of IE0D..iviic e eriii e e e e e e ean e naas 1.04
Water (I0IRLITE]...iveri i e e e 0.30
— 2,56
TOtl et e e e e e e s e 99.52

The lime and magnesia were not determined. They are in-
considerable in quantity, probably, together less than a half of
one per cent. of the whole.

Some of the dark-colored clay of these pits has been called a
retort clay, but as to its composition or reputation nothing can
be said.

The depth of the fire clay bed in these pits under the top earth
and clays and below tide level, necessitates the removal of much
waste and the raising of all the water flowing into the pit. The
cost of pumping this out added to that of stripping and digging
the clay, makes mining in these pits more expensive than the
present slow market justifies, even for fine clays. No work has
been done here in over a year. The pits are now filled with
water.

Nearly a half a mile southwest of these pits, and also in low
ground near the brook, Mr. Benton dug a single pit and went
through :

(1) Top 'dirt (BANAY eirrrereariiiieuries creieemicsennstnisansrresssssssasssssmnnesanses 5 feet

(2) Yellowish white elay....oovvvunriiriirmii e 3 feet

(8) Yellow sand..cu v e e 3 feet

(4) Sandy Clay . i i et e s aobs crmsssaieias 3 feet

(5} Kaolin-like 8and........coooorviiiii e rere s e 2-3 feet
. Dark sandy clay at the bottom.......vvivriiniii i s

This pit was not deep enough to strike the fire clay, as the
ground rises in that direction, and the clay is about on the same
level as in the pits on the roadside, judging from the strike of the
formation.

PITS OF CHAS, ANNESS & S0NS,
Anness’ clay pits are south of his residence, east of the Wood-

bridge and Perth Amboy railroad, and at the border of the tide
meadow. The clay bed here, as at Benton’s pits, is wholly below
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tide level, its surface being somewhat uneven, but from 5 to 10
{eet below that level. The strata observed here were the follow-

ing:

{1) Red sandy earth (for red brick)e..oooiiiicicrnneisirionniene ertasaa

+2) Gravelly loam and earth, in alternating layers......coooininiiiiinnnns } 10-18 feet
(3) Pipe clay 2 feet
14) Fire olay. e aneriree et it s e s s 4 feet

(53) Bandy clay and sand, dark-colored, at the bottom.......coiviviiviisnraaren

The top earth here is very fine and sufficiently clayey for red
brick material. This has been stored by itself for such use when-
ever it is wanted. It lies upon the gravelly drift, and is probably
of alluvial origin—a meadow mud. It is from 6 to 8 feet thick.

The gravelly loam and earth (No. 2) varies greatly in thick-
ness. It is waste,

No. 3 is an inferior fire clay that is used in pipe. It is a little
sandy, dark streaked, but dries white. Thebest fire clay of these
pits is bluish-white, solid; having a specific gravity of 1.861—
1.864. Tt contains some fine sand, which with the other con-
stituents appear in the following analyis:

ADBIITET vareneeesssrsnssasensrsnrssmsstsssssnsensrmnriarscaraniatstossisistsaninsnes 31.66
RTHIC MEI L erecaesvarrns sncenssesrrrrrattetontarsiassssensensssrnrarntetrstosanssasms 34.30
Water (combined) ......evuvenre e tbieiens sesembers emersmeereacereasonvemrnasaeranyes 10.50
— 7648
Bilica (quartz sand). v 20.60
—_ 20,60
Potashe..oeiann F SO UPT RPN 1.53
BTttt renerarnasrnraekisenbasrass somrsarann et rienbniista v v e e eranr rrre ATRES
) DT ST U O PP PR peean
Y FTe 1T T T U PO TS P P T PPT PSS RIS
Rest[u1-0xide Of (0N e eriicencicns i e 0.74
Water (MOIHIITE)  aunreras ierivessressemestssaiiisrannernrs renrsernnsenisssnniansrsns 0.60
_— 2.87
TOLAL. . ettt iraersesnersonnnssntasrastsesensarnsssearenymmsbdabisaseraneinarasutonssrsranins 99.93

Towards the bottom the bed is sandy. )
Another section, seen in a pit more recently dug than that
which the above figures illustrate, is as follows:

= Titanlc acid with the alumion.
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[0 =L L T PR 1 foot
(2) Sandy clay, bluish, in places yellow. oo ivniiirennii s 6 feet
(3) Sandy gravel and cobblestones...occociiiiniii 1-5 feet
(4) Red, sandy earth ..cooviiiiiiiiiiii s 4 feet
(5) Clay and sandy gravel, in alternating layers....oococcinniiiieinnnineenann 2-6 feet
(6) Sandy elay. . uoe i e s e e e 12 feet
(7) Fire elay.o o e 4-10 feet
(8) Black elay....cooivviniiiiii i e e 1 font
(9) Quicksand, black and underlaid by black clay......cocciiiiiiiiiiriinnnnnnen 6 feet

This last is depth of boring from the bottom of the pits.

The layer No. 2 furnishes a superior red brick material.

The next lower layer (No. 5), is quite remarkable for its uni-
formly fine-grained texture and its deep red color. Thus far no
use has been found for it, although from its fineness of grain it
seems adapted for some purposes of value.

The clay of layer (6) is used either for pipe or for some kinds
of pottery or stoneware. It may be regarded as the upper part
of the fire clay bed.

The fire clay has been found 10 feet thick in some borings
west of the pits. In the latter, it was 4 feet thick. It is shown
by the columnar section No. 71 on the general section.

The water was raised from these pits by a centrifugal pump,
worked by steam power. 'This, of course, was attended by con-
siderable expense, as the amount of water is large, particularly
towards the bottom.

All the clay of these pits is worked up in the National Fire
Brick Works of Charles Anness & Son, into fire brick, drain pipe
and land tile.

FELDSPAR AND EKAOLIN PITS OF CHARLES ANNESS & SOXNS.

These pits are one mile south of Woodbridge, and in Wood-
bridge township, near the line road which separates this town-
ship from Perth Amboy. In these pits there is considerable
irregularity and variation in the thickness of the several layers,
and the vertical section of any given pit is not always represent-
ative of that immediately adjoining it. In the southernmost
pits the following layers were observed:

(1) Red-ghale @rifte... i i e e e 18 feet
(2) Yellow sand and gravel. ... e e e 6 feet
{3) White, 8andy €lay...vvieieiviiiiiiiieiiirira e e e e 3 feet
(4) FehBPAr. . ovre s ceareririrenieiieemare e ies b rr e rbsrts s tate s e ten st terenrrnssrrnans 4-5 feet
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Here the top of the feldspar bed was 91 feet above high water
level. About 100 feet from the above section, and in the eastern
pit face, there was:

(1) Red-ghale drifl... . iiicirriivieriirenrreieriannereessnerenesssriresnsasssnesererenser 8 feet
(2) WHhitlsh 880de i viieir i rer e r s e s e s ri s aearr s e nenerr s rn e ans 7 fect
(8) FUllSParac..ememereeeeeeeeeeeeeee oo eeeeeee e ses e soesseenes e eesesnsens 3= €L

And here the latter bed was 99 feet high. The unstratified red-
shale drift, and the underlying sorted sand and gravel drift, are
very finely exhibited in these pits. The former is much coarser
at the top, and includes some large boulders, scattered irregularly
through it. It is seen here from 3 to 18 feet thick.

The yellow sand and gravel is nearly all quartz, and some
parts of this drift bed are clean and sharp grained and good
enough for common mortar. The pebbles and cobble stones are
generally in thin layers in the sand, marking very distinctly the
lines of stratification.

The top clay varies from a yellowish white to buff, and to a
deep red color. It is quite sandy and the sand in it is often of
uneven grain. It ig, however, refractory enough for admixture
with other clays, for No. 2 fire brick, und also for pipe. lts
thickness varies from 1 to 5 feet. In some of the pits there is a
thin layer of reddish sand, with balls or concretionary masses of
iron-cemented sand, between this clay and the feldspar bed.

The feldspar ranges from 3 to 10 feet in thickness. In some of
the more westerly pits it is in two beds, separated by a bed of
white quartz sand, which is 2 to 3 feet thick. Here the upper
layer is of inferior quality and is considered a No. 2 feldspar. In
the main layer or bed the material is in places varied by the
presence of small irregular masses of white sand surrounded by
the feldspar. The material does not differ much from that dug
on the Forbes tract, and for the composition of the No. 1 feldspar
reference is made to the analysis in the description of that local-
ity. The finer-grained portions and also that which is at all
vellowish, or stained by oxide of iron, or which hasany earth with
it, are graded as No. 2.

Under this bed there is a dark-colored clayey sand, containing
some lignite and a little pyrite. Mr. Anness says he has bored
20 feet into this sandy bed. Occasionally there is a layer of
yellow sandy clay, 1 to 2 feet thick, slightly mixed with feldspar,
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between the sand and the feldspar beds. This feldspar opening is
represented as No. 57 on the general section.

The materials dug in these pits are carted to the proprietors’
works, on Woodbridge creek and near Spa Spring station. They
are used in the various grades of fire brick, sewer and drain
pipe and land tile.

The kaolin pits are about 200 yards north, northeast of the
feldspar opening. These have not been worked in several years.
They are in lower ground, and the kaolin did not exceed the
height of 80 feet, or about 10 feet lower than the feldspar bed.
This is probably a sandy material belonging to the micaceous
sand bed underlying the latter. The so-called granite pits of
I. Flood are a few yards south of Anness’ feldspar bank,and on a
little higher ground—near the top of the ridge. Feldspar was
dug in them.

FORBES FARM—FELDSPAR BANK.

This bank is in Perth Amboy township near the Woodbridge
line road and a few rods southeast of Anness’ pits. This large
opening has shown much variation in the thickness of the feldspar,
and also in that of the overlying beds of drift, and a single
vertical soction fails to represent the whole area here opened.
The general character of the beds over the feldspar in their rela-
tive super-position, varying thickness and inequalities are shown
by the accompanying sketch (Figure 1.} This represents the order
and the thickness of the several beds, not however in exact cor-
respondence with the bank in its whole length. 1t is rather a
combination of three vertical sections, as observed at different
parts of the bank.
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The following is a tabular statement of the strata:

(1) Red-shale drift........cccciviieiiiieeenriiieei i eesaeseeecesemresseeeseaesassrasaes 6-20 feet
(2) Yellow sand and gravel...uiecvorivrivssescesseeseeeee s eeeeerrresnssensesans 0-15 feet
(3) Red nnd white, sandy clay. . viivueceeueiieessivsisieieiceeesroeessenessssessseessans 1-3 feet
(4} Fire sand and sandy Layers........o.ioueeenevmersrnsseresiesieereessesssneesnns 2-10 feet
(5) Feldapar. iuuc oottt et e e e e s e ee e 3-8 feet
(6) Micacenus sand bed (boring).cceccvrevrvvrsrirsreerunee. OIS 20 feet

The irregularities are such that thicker and thin beds are
brought together. That is neither the minimum nor the max-
imum thicknesses are always together in any given vertical sec-
tion of the bank. For example in a recently measured section
of the bearing there was of the

(1} Red-shale drift........... ettt ottt s eee st senene e e ere s tareeserenon 10 feet
(2} Yellow sand and gravel........, ettt it et ne ettt ereerar e e net et ieeeaes 8 feet
13) Red iy ittt ittt e e e et 2 feet
(4) White quartz sand {fire 8and in PAIt)......ccvermiivieessrieeeeceseeerieeeeens 10 feet

Or in all above the feddspar........ccccovvirreiieininierine st 30 feet

The two drift deposits are very finely seen here, and are
sharply defined by a very uneven divisional plane.

The clay bed (No. 3) is occasionally wanting. It is sometimes
white, sometimes red, and always sandy. Itis thrown away as
waste.

The next bed is' a white quartz sand, some of which is con-
sidered a fire sand. Some of it that is of finer grain and con-
tains a little mica is sold under the name of kaolin. And it
represents the kaolin bed of the clay series, being the equivalent
of that which is found under the South Amboy fire clay bed in
the several pits where that clay is dug. Some of this sand is yel-
lowish and, in places, it shows oxide of iron stains. Here and
there it seems to replace in part the feldspar or it is split into thin
layers that alternate with like strata of feldspar.

The height of the feldspar in this bank is on an average 96
feet. Its thickness has been from 2 to 14 feet; the average has
been put at 5 feet. The material of this bed also varies greatly,
according as it is more sandy, or more clayey, or contains more or
less of oxide of iron stains or other foreign matters. That which
is most free from these foreign constituents and which contains
the most clay is selected as No. 1; while inferior grades are
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marked Nos. 2 and 3, the latter being little else than a clayey
fire sand. The best of it is very white, solid and a mixture of
nearly equal parts of clay and quartz grains. These grains are
from fine sand to those half an inch in diameter and are slightly
rounded. The composition of the No. 1 feldspar is as follows:

Alumina and titanie acid....... e tieetessiesrenaerattaaarriareerrnyartriataras 18.80
Billide aelisiiinnriirare v eiierrarerreramsar e csstis s st ir s st a s s aeeree 16.85
Water (combined ). i it st s 4.90
— 40.566
Silicie acid {mand)o i e 58.40
58.40
POtIShl caiierienvineranerrrrarresermiee sestsinba s snm st arraee e bt bta it 0.15
B000 oot iveriivetererernrerrririeiirses rarresie st bersetaeraanaasnras erveerereenats 0.21
LUITTIE ot vevevsseern et teerae e rrasern rambesarsarsnsrssbansbnsst srasnsrntasatnanstasaars  pirers
Magtie-id conirinanieernreeeencnns PP RO
Sesqui-oxide of Irof.. e 0.49
Water (IMOIBTUIE) civveresranerarsnrossrnimssissiiiinenissionseinransinsineasnrarssa 0.80
_— 1.65
08 e saereeeiaessiiasaausrasronsas ssansnsasanssrnsrnioniotissiosstrarnntsarnans 100.60

These figures show this strange mixture is a good fire material,
being quite as pure as the best clays of this district, and, except-
ing the quartz, quite as refractory as they are. In any compari-
sons of this kind the only material difference, chemically, is be-
tween quartz and clay. Physically, the texture of the feldspar is
different from the sandy clays, and from any fire brick mixture,
where fire sand is used, in the more uneven grain and greater
coarseness. The feldspars of the several grades are sold for tem-
pering clay for fire brick mixture. They command a quite ready
sale at good prices.

The fire sand in this bank is in spots, contaminated by ball-
like masses of pyrite crystals. Neither the sand nor the kaolin
sell as well as the feldspar, and there is a large stock of them in
great heaps about the opening.

The sandy earth found in boring under the feldspar contains
quite a conspicuous amount of mica in very fine scales, and it
resembles kaolin. It is the micaceous sand bed of the plastic
clay series. The general section, No. 59, gives the position of
this opening and the boring in relation to the strata. On ac-
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count of the excessive quantity of water in it, the pits stop at the
bottom of the feldspar.

The excavation at this bank has worked over several acres. In
the deeper pits at the west, the bearing on the feldspar has been
40 feet thick, making the cost of stripping very large; but the
height of all the beds above easy, natural drainage down to the
bottom of the pits compensates largely for the expenses of re-
moving so much from the top. This mode of drainage is very
important, as there is a great deal of water in the lower strata,
none of which are like the clay, wholly impervious to water, but
rather water bearing beds, allowing all the waters from above to
run through them; and when very wet they become soft, and
slide or fall down very easily.

North of this bank feldspar has been dug in one or two small
pits near the barn on this property, and within a few yards of
the road. In these there was about 8 feet of yellowish, buff-
colored, sandy earth; then 2 to 4 feet of No. 1 feldspar, and sand
at the bottoimn.

The same bed has been found in trial pits and borings west of
the main bank and also north of it and east of the farm house.
It thins out in that direction, as the ground rapidly descends
below its level. South and southwest of the bank the ground rises
and as the bed descends in that direction it soon reaches the
limit beyond which practicable or economical working becomes
impossible.

At Kinsey's corner a half a mile south southwest of the Forbes’
Jeldspar bank, a well dug about thirty years ago, is =aid to have
reached the feldspar bed at a depth of 38 feet. The surface here
is 130 feet above tide Ievel, and the height of this bed is 92 feet
at this place. No. 62 of the general section shows its relative
position and elevation.

On this Forbes property, southeast of the feldspar bank, 100
yards, or thereabouts, a light-colored, sandy clay has been dug
and used in pipe. Itisatan elevationof 55 to 57 feet (top) above
tide level, or 35 feet below the feldspar. According to these fig-
ures it belongs in the horizon of the laminated clay and sand.
Borings near the old pits, and on the eastern part of the tract,
- along the road indicate the same clay stratum as extending in
that direction, but thin and of no economic value. Lower a
dark-colored, sandy clay, full of lignite, abounds, cropping out
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along the brook, south of the road and seen in borings made
near it. This is at 20 feet above tide level and is the equivalent
of the sandy, leaf bearing bed, which lies immediately upon the
Woodbridge bed. Some of. the light-colored clay found on this
tract may answer in the manufacture of yellow ware.

D. WATROUS FELDSPAR.

Within a year or so considerable digging has been done on
the farm of D. Watrous, a half a mile east of the Woodbridge and
Perth Amboy road and 150 yards northeast of his house. The
pits are in the low ground, near the head of a wet, swampy run,
Only thin seams of feldspar have been found, interstratified with
yellowish white sand and covered by a red, shaly earth and a
bluish black, sandy clay. The total thickness of this top dirt
does not exceed 6 feet. The little feldspar obtained is much
stained by oxide of iron. It is rather clayey and the quartz in
it is quite fine grained. On account of this association in such
thin strata with ferruginous sands, the separation of marketablo
grades of feldspar is scarcely practicable. A small heap has,
however, been thus sorted out, but rather as an experiment. The
height of the bed here is estimated from the contour (surface)
lines to be between 80 and 90 feet.

Borings in the low ground west of this opening have failed to
discover any extension of the bed in that direction.

FELDSPAR AND CLAY BANES OF THE KNICKEERDBOCKER LIFE INSURANCE COMPANY.

Feldspar and Fire sand.—These banks are from 200 to 300
yards west of the Perth Amboy and Woodbridge road, and one
and a half miles north of the former place. The old bank, not
worked lately, is mainly a fire sand with thin seams of feldspar.
The following layers were obzerved here in 1874 :

(1) Yellow rand and gravel ..c.coveeiiiiermiiininiinniinieniin st e e 12 feet
(2) Chocolate-colored elay .covviviiiiuiiiiiiimnine s e reaeae e 2 feet
13} Yellow, sandy earth ...ccooiiiiiiiiiiiie it tnrr s e e enn renaes 2 feet
(4) FEdspar ......c.cociirvrirmrinsremssee e s ssisniae sessssanasmsnrensennees 2 feet
(5) FIresamtd .viveriueiereesemverseienioseraninss sasnnrnsesassassmmssssesnsesenssnsssessssrresons 1% feet
(B8) Fuldspar .ooveeviiiiieiiiii i it s e e e e 6 inches
{7) Yellowish, sandy earth at BOMOmM .o vveciiisiiiinnrisr e s seraneeien e
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But these layers are not persistent for any distance. They show
the interstratification of sand and feldspar. Even in the sand at
the top there are thin layers of feldspar and fire-sand. And the
whole bank secems very much mixed in character. The highest
outcrop of the fire sand is 71 feet. East of this bank a black
clay crops out in ground a little lower than the bottom of the
bank, or at an elevation (average) of 50 feet. This is quite sandy,
and belongs under the feldspar bed. Some of it was tried in a
kiln near the pit, for making red brick,but it did not burn easily,
and the bricks were pale and tender, falling to pieces in the air.
Some of them are still at the site of the kiln, near the road.

Another bank, on this property, for feldspar and fire-sand has
been opened within a year or two. This is a little over 100 yards
northwest of the old bank, and in ground of about the same
height. This has the following beds:

(1) Red, shaly earth with small boulders.......coivieriniriiiiiiininnniiiaicarnnnnn, (-3 feet
(2) Yellowish-white sand and fine gravel.....ceviineeiiiicicisiinininnnoreennnnnn.. 20 feet
(3) Fire-and .o i it trarine s rame s rrerersaresrassaara e ransveans 3-5 feet
(4) Feldspar (ATeFREE) it et ineiinar s rentrere snnre e s e 5 feet
(8) Brown, chocolate-colored, sandy clav...cociiineieis cviiiiiciricninenns 2 feet
{6) White quartz Band.......ccooovreiiiiiiiini s s e 5 feet

Black, sandy clay only found at botton of deepest trial pits,

4

The red-shale earth at the top is here a part of the true
northern drift, which appears in the hollows only, as a very thin
superficial sheet. In places this is wanting, and the sand and
gravel bed forms the surface.

The sand and gravel bed is very finely laminated, some of its
layers show very plainly what is known as an ebb and flow struc-
ture, that is sands obliquely laminated as if deposited by the
changing currents of tide waters. Some of the sand in this part
of the bank is very clean, but sorting is impracticable where the
layers of it are thin and lie between those which are worthless.
The surface of the fire sand is very uneven and its thickness is
varying. Itis in places streaked by oxide of iron. The feld-
spar bed also varies a great deal in thickness, and has an irregu-
larly undulating surface. Its average elevation is about 60 feet.
The material is very white, consisting of a white clay matrix
which holds the grains of white quartz, most of which are some-
what rounded on the edges and range in size from fine sand to
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pebbles half an inch in diameter. Most of these are opaque and
crumble easily; some of them are bluish; others translucent.
Throughout some portions of the bed there are scattering earthy
specks that slightly affect itsappearance and quality. The best,
selected material contains the following constituents:

ANALYSIS,

Aluming and titanie acid ..o 16.07
Bilicic acid {combined and sand).....coorveiiiiiiniieiiniersernrer e 77.40
Water (combined and hygroscopich..ciciinisinsiniin i eiane e 4.30
Sesyni-oxide of ol e e e 0.63
) 1Y O U U U PO
Y T T T PSS 0.25
o] T N 0.16
T U P S

TOULueevereressrnrnsrrrsinasiertiarcansiarnesistnnarrestsssiotinstsassiorssstsensnissransnoanes £8.70

The composition iz very - much like that of the No. 1 feldspar
of Weidner’s and also that of Edgar Brothers’ pits. It is used
guite largely by William H. Berry & Co.in their mixture with
clay for fire brick and is much liked. A little clay has been dug
on this property, south of the farm house and near the corner of
the rond. The clay was said to be yellowish white and quite
sandy, but as it was not séen, nothing further is known of 1t or
its relations. The ground hereabouts is between 90 and 100 feet
high, and from the combined section the height of the South
Amboy fire clay bed is found to be between 65 and 85 feet, which
would put that clay within reach of pits of moderate depth.
And it may be that the clay dug there was a part of that bed.
but of an inferior quality. On the same section these feldspar
openings are represented by No. 73. Another clay pit is reported
on the same tract, near the line between it and W. P. Benton’s
lands, and northerly from the feldspar banks. It must belong to
the laminated clay and sand bed overlying the Woodbridge
clay bed. Such clays as this bed furnishes, sufficiently refractory
for many purposes, are to be found not only on this tract, or
farm, but also in all of the territory lying between the outcrop
of the Woodbridge fire clay bed and the feldspar bed.
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KAOLIN AND FIRE-SAND PITS OF ISAAC INSLEE.

These are east of the above-described feldspar banks, and a few
rods east of the Woodbridge and Perth Amboy road. The kaolin
was got in the north pits, and found near the surface, at an eleva-
tion of 65 feet, which corresponds to the height of that layer here,
as shown by the general section, No. 79. The fire-sand was dug
a little south of the kaolin opening, and where the surface of the
ground is a little higher. No work has been done here since the
survey of this district has been in progress.

CLAY PIT& OF ISAAG INSLEE, JR.

These pits are between the Perth Amboy road and the Wood-
bridge and Perth Amboy railroad, northeast of the last-described
locality. One of the pits went through the following strata :

(1) Red shale Qrift....iiiiiiiicrrminiie e ieee e sievreseseesre sensvesvasesseeeonons oo 10 feet
(2) B Clay.couiiimiecriiiiniis it ree s e 5 feet
{3) Black, sandy clay, containing HERite. ... vviiveesieriiriesiieineereeereseeeeeane 5 feet
(4} Sandy clay, resemnbling Kaolin.........ce. covevveerieveniiiie e enesareeeneseaeaes 5 fect
(5} Dark blue clay, containing leaf impPressions.....eceecierirrveeeereeesseresrssnns b feet
(6) Band A ClAF oottt teiiiiri e ereree e e e eeseesseetee st et nstee e e 3 feet
(7) Light-colored sand (boring).....ccceeoiriiimiiineiieee et ee e s erireseeeesnnns 15 feet

The ground here is about 55 feet high, so that this pit and
boring reached within 10 or 15 feet of tide level. The section is
referred, from its position and height (see general section, No. 77),
to beds lying below the feldspar. .

The top clay (No. 2 of the section) is considered the best of the
pit, although not sufficiently refractory for fire-brick, as it is said
to vitrify in the fire-holes of the pottery kilns. It might do for
yellow, or for Rockingham ware. An analysis of it gives the
following results:

ANALYSIS !

AN e et e s eea e e e e s 23.80
Silicic acid and BANG....ccriiiit e e e e 54.80
Water (combirred).ui ..ottt et s et seeee s 7.80
Titanic acid.......vveviieierireiiricininnn 3Lt b r L an st a bt nrarsrasben et tarnes 1.00
T TSR 297
B0ttt e et e tee st e seereeee e eeeen
LUDE. ciiti sttt vt ea et e ee v reres e ee et eeestmeareans 0.20

NEW JERSEY GEOLOGICAL SURVEY



128 MIDDLESEX COUNTY CLAY DISTRICT.

MAZNESIA oiviier s eemr e it bi i s e e s e iaterar e reraa sy et (.64
Sesquioxide 0f ITN et e e e 2.20
TWRLET (IOIIUTE) ctiiieierunrerniereisarisesrnsionsissemessimmesssntntvbasisnssarstonsrnsscmmnenn 1.50

Ot ] s iiiitinrsnssencansrnarsnretastnrsrananien st esessstanssansinnsnnetssrsrnisussnstrrane 99.91

The aggregate of alkalies and of lime, magnesia and oxide of
iron, amounting to five per cent. of the clay corresponds with the
practical tests, indicating a somewhat fusible material.

The luyer, No. 4 of this section, is very sandy and not of value.
Throughout all the layers of this pit scattering fragments of
lignite appear, hardly enough in some of them to be character-
istic, in others abundant. Leaf impressions have been found in
No. 3—a dark blue and very tough clay.

The clays of Nos. 2,3 and 5 are all quite good enough for
pipe. That of the latter has been thought fit for retorts, but all
of them are as yet, in a measure, of undecided character and the
pits are rather more to test the ground than as clay producing
localities. '

East of this pit the dark-colored clays and sandy beds, marked
by the presence of more or less lignite and pyrite, are cut by the
Woodbridge and Perth Amboy railroad, and some of these have
been dug at the side of that road for pipe mixtures.

JAS, VALENTINE'S EAOLIN PITS AND NEW YORE AND LONG BRANCH RAILROAD CUT.

This cut is through the rising ground south of the Woodbridge
creek. The dark-colored clays and sands and the overlying
Laolin and feldspar are all traversed by it. The following are the
layers cxposed here, beginning at the surface:

{1} Yellow sand and gravel with red-shaly earth ...ccocoiiniiimiiiininin 4-8 feet
{27 Kaolin—average 5 feet
{3} Feldspar....vvvrveeerinnicnnnnnna. 1 foot
{4) Yellow sunf..ccvesirsssinsiiimieimiciiiiv st st errcssir e ssanssaes s etissstn 1 foot
(5) Black, micaceous clay, lignite and pyrite.....ccooiiviiniiiiniiininnnierennn. 20 feet

Bluish, sandy clay at bottom, at level of track.........ocoiiiiniininniicnnnen.

The kaolin has been dug on each side of the railroad cut—on
the top of the ridge. It has an average thickness of 5 to 7 feet,
varying, it is said, from 2 to 18 feet. The feldspar is not over a
foot thick, and in most of the pits it has appeared at or near the
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bottom, under the kaslin. The top dirt on the east of the rail-
road has an average thickness of 8 feet, and the height of the
kaolin bed (top) is about 48 feet. It may be a little higher on
the west side. This is rather low, as the general secfion shows
it (No. 82), although we may here see the bottom of the bed only.
The upper part of it may have been washed away or worn down
previous to the deposition of the drift bed, which now covers it.
The feldspar here is finer grained than that of Weiduer's or An-
ness’ pits and contains some scales of mica, looking more like &
mixture of fire sand and kaolin. Tt can be considered as the
geological equivalent of that bed ; practically it is unimportant
and is dug with the kaolin. The bed seems to thin out in this
direction, and it does not appear either at Merrit's pits, southeast
of this, or in the kaolin localities in and near Perth Amboy.
In some of the western pits there is a thin stratum of yellowish,
sandy earth at the bottom of the pits, under the kaolin and Jeld-
spar. But more commonly they occur, lying directly on the dark
colored micaceous and sandy clay. This is, at the top, full of
lignite and pyrite, and is valueless. Some of it contains much
mica in very small scales. The lower part of this bed, near the
bottom of the cut, is quite free from pyrite and lignite, and has
a bluish shade, Some of it is reported to be suitable for Rock-
ingham ware. It has not been used. Previous to the opening
of this clay by the railroad cut it was supposed that there was a
valuable clay bed under the kaolin pits. A reference to the com-
bined general section will show that this ground is occupied by
these dark colored clays and sands only, and that the fire clay is
here too deep for working. Some of the clay in the bottom of
this cut may, however, be valuable for pipe,or some kinds of ware.

The sides of the cut have slid down somewhat, thereby mixing
the layers and presenting sections that may mislead observers on
& first inspection,

The products of these pits are carted to the works of M. D.
Valentine & Brother, near Woodbridge, one mile from these pits.
They are used in the mixtures for fire brick.

MERRITT'S EAOLIN PITS,
This opening for kaolin is in Perth Amboy township, a mile

north of the town, and a short distance west of the New York
9
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and Long Branch railroad. Thetop dirtis red-shale earth mixed
with sand, gravel and some thin layers of red and white sandy
clays, and is 8-17 feet thick. This bed is modified drift.

The Faolin bed is (top) 53 feet above tide level, and is from 4 to
12 feet thick. There is considerable variation, and the surface is
undulating. Near the top it is streaked by yellowish oxide of
iron stains and some little earthy masses. Its composition is, in
part, as follows:

Alumina and sesgqui-oxide of Iron .. oo 17.10
silicie acid and SANA. . o.ii i 77.10
T O USSP PP P R PPTS PP DT PR 1.30
LA U S PP PSP S PRPS PSP PPPERP TR TPISRED 4.50

Total (determined ). .. v omreserrrresnorerirsimmar et e 100.00

According to these figures there is clay in this kaolin. The
quartz grains are very small, most of them less than 1-200 of an
inch in diameter. The mica is in very fine white scales, and
this may furnish & part, if not most, of the potash given in the
analysis.

1t is sold for mixing with firc-clay in making fire-brick, stove
linings, &e., &c. A large area has been worked over at these
pits. As in most kaolin pits there is some water, particularly
towards the bottom, and the digging is sometimes interfered with
by the excessive amount of it, although good drainage is here
practicable quite to the hottom of the kaolin bed.

KAQLIN, PITS OF A. HALL & BON.

Hall's pits are about a half a mile northwest of their works,
and between the Woodbridge and Perth Amboy railroad and the
Faston and Amboy railroad. The kaolin is 8-10 feet thick, and
is underlaid by a dark-colored, sandy earth, occasionally called
“black kaolin.” The kaolin got at these pits is coarser grained
than that of Merritt’s, and is regarded as of inferior quality.
Very little of it has been used lately.

EAQLIN.IN PERTH AMEOY.

"This bed is cut in several places in Perth Amboy. On theline
of the Easton and Amboy railroad, a few rods east of Halls pits,
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and near the railroad hotel, it was found in the low cut, and that
under the track line was dug out. Streaks of reddish and of
yollowish earths run through it, and affect slightly its quality.
Its elevation here is (top) about 30 feet above tide level. Over it
there was a thickness of 10 feet of red-shale drift.

In some of the streets of Perth Amboy, near the sound, a
kaolin like sand appears at an elevation of about 25 feet, covered
by red-shale drifi. In the western part of the town it is seen
near the freight depot of the New York and Long Branch rail-
road, at the level of the track. Over it there is the red-shale
drift. Tts elevation is here also about 30 feet. The thickness of
the bed and the underlying strata are not known. The relative
positions of these several openings for kaolin in and near Perth
Amboy are exhibited on the general section by Nos. 8S, 97
and 101. Some of the kaolin from Perth Amboy was formerly
used in the Watson fire brick works, But of late its use has
been discontinued.

This kaolin bed extends northeast beyond the sound into
Staten island, and it is extensively worked in several large open-
ings one-fourth of a mile northeast of Rossville. The bed there has
a maximum thickness of quite 30 feet, although generally the pits
stop at 20 fect in it. This kaolin is very white and the grains of
quartz are from 1-200 to 1-400 of an inch in diameter. The
mica is in small white scales. For purposes of comparison the
following analysis is here inserted. Tt is of a representative
specimen from the pits of the Staten Island Kaolin Company
and sent to the State Laboratory by Hon. Charles A. Campbell :

ANALYSIS.
Alumina and sesqui-oxide of FT0N . ievieiiiiniie st e 8.70
Silicie acid and sand..... i 92,70
POt e 0.35
IV T ettt et et et e et ee e 0.70
Total (determined}..viou.crsiciiceecirriniinnreie s s eearee e ee oo 99.45

SAMUEL DALLY'S FIRE SAND PIT.

This pit is a mile northwest of Perth Amboy, close toa cross road
which connects the Woodbridge and Perth Amboy and the town-
ship line road. The material dug here was found near the sur-
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face and resembled a coarse fire sand, excepting a little more
clay than is common to such sands. Its height, 110 to 120 feet
above tide level, is much too great for the fire sand or the feldspar
beds of this clay formation, and it can only be referred to the
sand drift.

Nothing was learned of its thickness. Only two or three small
pits were dug, and the material thrown out was seen in a little
that was left about them.

EASTON AND AMBOY RAILROAD CUT—FELDSPAR,

Feldspar has been seen cropping out in the Easton and Amboy
railroad cut, one mile west of Perth Amboy and east of the
Eagleswood road. This was in the bottom of the cut.

J. H. MARNING'S CLAY PIT.

This locality is one and a half miles west of Perth Amboy,
near the New Brunswick road. A single, shaft-like pit was sunk
in 1874, more for testing the ground than for the extraction of
materials. In it the lavers were:

(1) Top earth-—soil and SUBBOIL..eivrirrimmieiir i s 2-3 feet
(2) Clays (red and white) .eieriiien e e 10 feet
¢3) Black, sandy claF....oociiiiimminiinrianrie e s et 2 feet
{4) Fire sand..cciccceeeianniet i isiiimese e asranenn st b b s sty ane 10 feet
(5) Buffieolored clay......vveeceoiemmiiinvisirimin e e s e 4 feet
B) Fire 8an0....cieiiiiririnrersierns i esb s an e rrran e s et s e e 4 feet
T) Feldspar (BOTIRg) oot 10 feet

The surface of the ground at this pit is 103 feet high, con-
sequently the top of the clay is at 100 feet, and the bottom of the
feldspar at 80 feet above high tide level. The elevation of the
latter corresponds with the horizon at which its heights at other
pits and its proper dip would indicate for the bed at this point.
The fire sand of this pit is the equivalent of the kaolin bed, and
overlying it there is the buff sandy clay closely resembling the
clay in the feldspar banks. The top clay, red and white, belongs
to the South Amboy fire clay bed. It is several feet higher than
the same bed as opened in E. F. Roberts’ and in John De Bow’s
pits, even allowing for the proper dip in the distance between
them. The general combined section exhibits this locality {No.
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72} and the difference between the mean surface line of the South
Amboy bed and the top of the clay at this place. The so-called
fire sand layer under this clay and above the buff clay, is, possibly,
a part of the South Amboy bed, which is at the bottom sandy.

The white clay at the top is almost free of gritty particles, and
apparently a rich and fine clay. Some parts of this bed are stained
reddish.

Some of the fire sand approaches a feldspar in composition,
containing small lumpy masses of hard clay.

The feldspar bed here was dug into about a foot, below which
it was bored 10 feet. Specimens from it show more sand, and are
finer grained than the average No. 1 feldspar of this district.

Working was suspended here shortly after this deep trial pit
was dng. The locality is more interesting geologically than
practically, as it shows the relative positions of the feldspar and
the clay beds. It isalso a proof of the existence of these beds
i this high ground north of the Raritan river, and, probably,
in extent sufficient for further opening and mining.

Northward, and also eastward, borings are reported, which
have reached this fire clay bed. Northeast of this point,and-near
S. Dally’s pit, a clay crops out in the road side, which is, proba-
bly, of the same bed. A study of the map, and the general sec-
tion, will show a wide area wherein exploration is feasible and
hopeful.

EASTON AND AMBOY RAILROAD GUT NEAR THE FLORIDA GROVE KOAD.

At the west end of this cut a variegated, reddish and sandy
clay appears, about 4 feet above the level of the track. Tt is cov-
ered by a beautifully laminated, yellowish-white sand. Further
east, in the middle of the cut, a dark-colored, sandy clay is ex-
posed. The height of the red clay, in this cut, is about 90 feet,
which puts it in the South Amboy fire clay bed. The only clay
dug here was in the cutting for the railroud grade, and none of
it has been put in the market,

E. F. ROBERTY CLAY PITS.
These are south of the Easton and Amboy railroad, near the

Woodbridge and Perth Amboy line, and a third of a mile north
of Florida Grove.
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The pits and borings made in the bottom of the diggings, fur-
nish data for the following scheme of stratification, beginning at
the surface:

1 { Red-<hale drift, (2t Westh..v.usiveeerrniersicierieciiessnissrereeeseesnns } 10-18 feot

" 1Y How -and and gravel, (at east)
" Butleentored fire clay

(2 Biai=h fire clay

v Darkespotted fire elay... e, 18 feet
Livht-spotted fire 1y, e

130 Bandy elay (Jor “ommars) e et e e 2-3 fect

(Y White sand and Euslin..oiini e 10 feet

I S 3-4 fect

(6 White sand.is e e e e
Black einy at the bottom,

In the western part of this excavation red-shale drift is the
bearing on the bed of clay; while towards the east, yellow sand
and gravel is found at the top. Both the top and the bottom of
the clay bed show great inequalities, and there are differences of
& or 11} feet within a few yards, the elevation of the surface vary-
ing from 80 to 89 feet. Its thickness ranges between 7 and 13
feet. The variation in color also is considerable. Generally the
upper part of the bed is buff; then comes a blue; next a mot-
tled, red and white, of which the upper portion is of a darker
shade, and is termed “dark spotted,” and the lower portion,
which is lighter in color, “ light spotted.” A buff-colored clay is
found in some of the pits under these mottled varieties. But
this order is not invariable. The lines of division between these
different colors, as seen in the walls of the pits, are exceedingly
irregular. The accompanying sketch illustrates this fact.
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Fic. 2.

a. Buff and yellow clays.
. Blue clay.
¢. Mottled, or spotted clay.
d. Buff clay.

The superintendent, Mr. English, reports finding, occasionally,
masses of blue clay entirely enclosed in buff-colored clay,
showing a change from above, descending and working into the
clay mass. The spoited clays appear to consist of red and bluish
masses irregularly intermingled. The dark spotted, as its name
implies, is darker colored, containing more of the reddish
masses, while in the light spotted there is a preponderance of the
blue. The biue clay is considered as No. 1 fire clay, and has
very little sand in it. It is solid, breaking with an irregular
fracture. Its compesition is given by the following

ANALYSIS.

1 0T £ g P
Silicicacid....o v

Titanie acid (with alumina)
Water (combined).......coooiiiin e

91.30

Bilicie acid (Fand). ..o i e 5.20

<t
(]
=1
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Sesqui-0xide of PON..1v treriieceiirii it e e eseree s s e e 1.20
Water (MOIFHILE) i iiiiiiiiiririiies s ccerresee s sereeseeeressresare v sarsreeesas 1.30
— 358
TOLRL L treesreren e eeb s rn e s te e et es s nesne s e me e eessesreeeneereeses 100.06

According to these figures, this clay is like most of the best fire
clays of the Woodbridge and South Amboy beds in general com-
position, differing from some of them in having a little more of
the alkalies, oxide of iron and sand, and, possibly, not quite equal
to some in refractory qualities.

The buff clay is faintly streaked by pale reddish lines of iron
oxide. It has very little grit, but contains a little more sand
than the blue.

The spotted clays are more sandy. The shades of red are due
to a larger percentage of oxide of iron than is to be found in the
blue or light-colored masses, and in these there is more sand also.

The blue, buff and some of the light spotted clays are sold for
fire bricks and other refractory materials. The dark spotfed and
the lower, more sandy, buff clays are used for saggars.

Under the clays borings have gone 20 feet into a white sand,
some of it a sort of kaolin, 10 to 15 feet thick; then into a feld-
spar, 3 to 4 feet, and stopped at the top of a black, sandy clay,
resembling that which is so well developed in the river bank at
Florida Grove. The several strata here opened and their rela-
tion to the clay formation, are illustrated by the little section,
No. 78, of the general section appended to this report. A nar-
row gauge railroad to Roberts” dock, on the river, serves for the
transportation of the clays of these pits to that point, whence
they are shipped by boat.

The first digging at this locality was in the fall of 1872, since
which date work has gone on steadily until very recently.

JOHN DE BOW’S CLAY PITS,

These are across the road, about 200 yards west of Roberts’
pits. Here the top dirt is red-shale drift, and is about 10 feet
thick. The top of the clay bed is 80-83 feet above high tide
level. The average thickness of the clay is said to be 10 to 12
feet. A portion of the top of the bed is white; lower it becomes
mottled, red and white, while at the bottom red is the prevailing
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shade of color. All of it is quite sandy. The red clay contains
some jron oxide. These make it worthless for more refractory
uses, and hence its sales have been limited and the area dug over
has been small. A white quartz sand is found at the bottom of
the pits.

FELDBPAR PITS OF EDGAR BROTHERS,

This opening is on the William Watson farm, in Woodbridge
township, two miles northwest of Perth Amboy, and a quarter of
a mile north of the Perth Amboy and New Brunswick road.
When visited two years ago the following vertical section was
observed, showing the several strata there dug:

(2} Ycllow sand and L L) DU UO USSR } 8-16 feet
(3) Bed clag. oo e et 2-3 feet
(4 Fedspar .......oiiiieiiicieeeeec e ettt eevst e e senevassteess s 1-13 feet
(8) Yellow samd..iicccsioiieisiereiee ittt bt eerer e e e rne s e 1 foot

The top of the feldspar bed has a mean elevation of 83 feet
above high water level, corresponding to the heights of the same
bed at Anness’ bank and to that on the Forbes’ farm, when the
proper allowance for dip is made. (See general section, Nos. 63,
59 and 57.) There is here a wide range in the thickness of the
bearing (layers 1 and 2 of above section), and also in its character.
In some of the pits there is a red, sandy clay stratum, 2 to 3 feet
thick, between the sand and gravel and the feldspar. It is thrown
away as waste. As elsewhere, the feldspar bed is very uneven,
appearing in pockets thinning out here and there to less than a
foot. The material is very solid, cutting like elay. The grains
and lumps of quartz in it are from a quarter of an inch down-
wards in diameter, and on the average a little smaller than those
of the feldspar dug in the pits northeast of this opening. They
also appear less rounded, or more angular. The following analy-
sis shows the composition of the best of the pits:

ANALYSIS,
ATUMINA 1ttt e e v ar e e 17.46
Biliele aCiduuu i e ere e ee e e e 16.50
Water (combined)........ccoivieiiiiiinriercniiir e s eeee 6.30

— 4028
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Silicie acid (quartz sand ). .oiuruniiee e e enans 57.10
Tatanie feHl. i e e . 090 .
-—  58.00
Potash. . oo i e s be tse s ranns 0.12
o O (.21
LI i et et et e e ens aeeans
BIEnesian oot r et e e s b ere e e arane
Beanni=o Xile of I00Tu i e e 0.54
I BT (IO STITE 1o e erinvarenenerarsrraniee s essssrseasssiessntesnsennnmnaennsansesen 0.50
—_— 1.37
TOUL e et e s sere et e i et aab e e s ians 99.63

These fizures show a great similarity to the analyses of the
same material as dug clsewhere in this clay district.

The more sandy and finer grained portion of this bed, together
with any which may be stained by oxide of iron, is selected as a
No. 2 article. Tt is underlaid by the thin layer of yellow sand,
and that by the dark-colored sandy earth which is said to re-
semble Lanlin.

About 200 vards north of the pits, and in ground about 15 feet
higher than that about the pits, Mr. Edgar reports boring
through 4 feet of red earth, 5 feet of fire sand, 1 foot of spotted
clay, 1 foot of white sand, and then 8 feet of feldspar.

Edgar's fddspar pits were first opened three years ago. A very
large amount has been dug. It is carted direct to fire brick
works in the vicinity, or to tide water for shipment to more dis-
tant poeints.

W. N. WEIDNER'E CLAY.

This opening is one mile southeast of Ford’s Corners, and just
at the south side of the road to Perth Amboy. It is little more
than a trial pit dug in the hollow close to the brook. In the
bank of this stream a sandy white clay crops out covered by a
dark-golored clay, full of pyrite and lignite. In the pits there
was red-shale drift at the surface and 3 feet thick. Under this
a dark blue clay 8 feet thick, then a greyish clay 12 feet thick,
and at the bottom a greyish sandy carth. As the surface of the
ground here is between 60 and 70 feet high, this c¢lay has an
elevation of 43 to 65 feet, which places it below the feldspar bed
and in the horizon of the laminated clay and sand and the
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micaceous sand beds. For its exact location in the series and its
relations to the neighboring piis see the general combined sec-
tion, and in particular, No. 64 of that section.

B. VALENTINE'S FIRE SAND, FELDSPAR AND EAOLIN PITS.

These several pits are all near Mr. Valentine's residence, about
a quarter of a mile northwest of Florida Grove. The southern
slope to the river allows of easy access to these beds, beginning
at the top with the fire sand and descending to the dark-colored
clay at the bottom, and at the river level.

Fire sand~—This is dug a few rods southeast of the farm-
house. The bed appears about 5 feet thick, and is 70 feet high.
It is underlaid by a hard, indurated sand. This sand is yellow-
ish-white, and the grains of opaque, white quartz range down-
wards from } and 1-16 inch in diameter to fine quartzose dust.
There are in it a few lumps cemented by oxide of iron, but no
mica. Tt is most probably drift.

Feldspar—Nearer the river, and at a height of 50 feet above
it, a feldspar has been dug. It is covered by a thin layer of top
dirt, and is 2 to 5 feet thick, resting upon a black, micaceous
sand. This latter bed is reported to be 10 feet thick. This feld-
spar has more quartz and less clay than that of Weidner or Ed-
gar Brothers, and is stained reddish by oxide of iron. The
clayey portion is unevenly mixed with the quartz, and the latter
is in smaller grains. Neither this nor the kaolin, which is found
a little to the southeast of it, can be considered as first-class in
character.

This bed appears as No. 75 on the general section.

Lower in the hillside the dark-colored clay appears. A little
of this was dug years ago, but it is not good enough for refractory
uses. Its favorable sitnation for easy and cheap extraction and
its nearness to water transportation make it a good site for the
location of red brick works. .

Deeper and further excavation on this property may show that
the feldspar and kaolin beds improve in character further in the
hillside, where they are covered more deeply. So far the whole
amount of excavation here has been comparatively small. Of
late years the work has been in the fire sand pits alone.

Southwest of the house and’150 yards east of the Woodbrilge
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Clay Company’s dock, at the level of high water, two borings
were made about 50 years ago in search of coal. These struck a
blue, slaty rock, at a depth of 100 feet. This is supposed to have
been hard shale or slate-like rock of the Triassic formation. One
of these holes was sunk 23 feet further in this rock ; the other, 9
feet below the top of the slate, struck upon what was supposed
to be coal. In the absence of any notes or data, other than the
memory of the land owner, these opinions are little more than
conjectures. But the fact of so much rock, said to be slate, and
its depth below tide water level, lead to the inference that it was
triassic shale, the flooring of this whole clay district. This depth
agrees with our estimate, taking the descent of the Raritan clay
bed (60 feet per mile), as that of the rock upon which it rests,
and having the elevation of the red-shale on the northwest
border, at Edgar’s station, Ruddy’s pits, on Mill brook and at
Weidner's pits (near Martin's dock) at 15 to 30 feet—that is, 120
feet in about two miles, the distance measured on the line of dip.
This existence of the shale at such depth seems to prove that it
is the hoftym rock under all of these clay beds, and also that it
has a general slope towards the southeast, with which they cor-
respond. The general section illustrates these statements,

WOODBRIDGE CLAY COMPANY'S PITE—(EAST),

This company has three separate localities or groups of pits
where clay has been dug. The easternmost of these is at the
border of the tide meadows, a half a mile west of Florida Grove,
and not far from the Raritan river. The top dirt here consists
of red-shale drift a few feet thick, then a weathered, laminated
and sandy clay. Acenrding to the workmen of the pits the fol-
lowing beds are found, and have the thlckuess given in the
accompanying figures:

{1} Bed-hale driflocueiiiiraerrrrinnireinsiiees sereesersseatnmeeaeereaeres
{2) Lominated, sandy €lag, .c..cvoiveierriiiimriisisiismieeereaereseemrnsessnen } up to 20 feet

(3) Dark-colored pipe clagu e iieariierieciirei v cene e s 9 feet
(4) Dark-colored sandy elay....ccveeririvecerimeiiiiniiice e eeee e e s s 7-9 feet
{5) Bluish fire Clay....ciociieeiiiciniiesninitieeececeseerrirese e e s st 7-9 feet

(6) Sand at bottom, full of WBIET....cceueerreerivenrrirseriserirareeeesvneens -
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The thickness of the top dirt (1 and 2) varies here according
as the point of measurement is nearer or further from the level
of the tide meadow. On the northeast and in the bank the ma-
terial is not properly a red-shale drift, but mare of gravel, with
shaly earth and a few small boulders and cobble-stones. And
here it may be 10 to 15 feet thick, and the total thickness of the
two beds (1 and 2) about 20 feet. Tlie pipe clay surface corre-
sponds very nearly to the level of high water; and this is appa-
rently the equivalent of the top white clay of the banks north-
west of this locality. The sandy clay under it is worthless. The
fire clay bed (bottom) is, on an average, 22 feet below high water.
It is represented by No. 69 on the general section.

In working these pits all the water, as well as the clays, have
to be raised to the meadow level, and there is, consequently, con-
siderable expense attending the working of these pits. Partly
as a result of this no digging has been done since 1874, and the
pits have filled with water. The nearness to the river and the
comparatively small thickness of top partly compensate for the
drawbacks from water.

AUGUSTINE CAMPBELL'S PITS.

These are about 150 yards west of the pits above described,
and not quite a half a mile east of the Crossman Clay and Manu-
facturing Company’s works. They were formerly worked for the
firm of Maurer & Weber, but have been idle for some time. The
beds are said to correspond to those found in the pits east of the
brook, and the bottom of the fire clay is about 20 feet below high
w ter level.

WOUDBRIDGE CLAY COMPANY'S PITS—(WEST).

These are west of the last mentioned pits, and about a quarter
of a mile north of the works of the Crossman Clay and Manu-
facturing Company. The surface of the ground immediately
about the plts ranges from 10 to 30 feet above tide water. The
top dirt varies quite as much in thickness, but in this there is 3
feet of pipe clay. The fire clay is between 3 and 11.5 feet below
high water. Sand is found at the bottom. Mr. Hope, the super-
intendent, reports leaf impressions in the pipe clay, just over the
fire clay.
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This company works pits a quarter of a mile north of these,
and east of the Crossmau bank railroad line, This locality was
opened between two and three years ago. This also is at the
tide meadow border.  Mr. Hope reports the following beds, be-
ginning at the surface : '

{1} Sandy carth and red brick elay.....ccceiviiiiiciie e 4-14 feet
{2} " Specky” elay varying considerably
(3} Fire clay, 1 No, 1)
{4) Fire clay, (N0, 2)uiiiiii oot aeerere e vt et e e e ee e seee s
{5) *Seune " elay

The so-called specky elay is quite white but a little sandy,
although free from earthy streaks. It is sold for stove linings.

The tire clay, No. 1,is without grit, bluish white and solid.
The No. 2 fire clay is not so white as No. 1, and more friable,
crumbling easily. It is sandy. On weathered surfaces its color
is & yellowish buff,

The “seamy ” clay, which is under the fire clay bed, is sandy
and streaked with yellow earth. Itissold for pipe, or sometimes,
after weathering, for No. 2 fire brick mixture. The extra-sandy
clay also is sold for pipe making.

Al of these clays, geologically, are one bed, whose upper and
under portions are more or less impure on account of earthy and
sandy admixtures. .

The clays of these northernmost pits of this company are not
considered quite as good as those got in the southernmost, nearer
the Crossman company’s works. This company sells its clays.

The present working bank of this company joins that of A,
Weber on the west side, and the stratification corresponds in
gencral to that seen in both Weber’s and the Crossman Clay
Company’s (east) banks. The red-shale drift is heré thin, lying
upon the black elay. The top white clay layer is here recognized,
although partially replaced by a very dark-colored clay in which
there is much lignite in small fragments scattered through the
claycy mass. A chemical examination of an average specimen
gave seven per cent. of lignite or carbonaceous matter, In the
kiln this amounts to as much fuel, besides rendering the product
more open.  In practice this clay is said to burn as white, as the
best No. 1 clay of the bank. A red clay is found under the fire

NEW JERSEY GEOLOGICAL SURVEY



DESCRIPTION OF CLAY BANKS, 143

clay, and under that a sand. On the west, close to Weber’s line,
the top of the fire clay bed is white and stained on fissure sur-
faces by thin films of oxide of iron. This occurs where there is

less top dirt and overlying clays. It is not seen as yet in the
bank.

A. WERER'S CLAY BARK.

This bank together with the several banks of the Crossman
Clay Company and that of Philip Neukumet, are all quite close
together in places adjoining, and they are all in the side hill
where the upland level falls to the low ground immediately
hordering the tide meadows. They are within a quarter of a
mile of the Easton and Amboy railroad, and between three-
quarters and one and a quarter miles of the Raritan river, at the
dock of the Crossman Clay and Manufacturing Company, to
which their clays are carried by railroad lines running from the
soveral banks.

At ‘Weber's bank the stratification is very distinct, and follow-
ing beds are seen :

(1} Red-shale drifto...cocoiciiiiiiiiiciiii 10-11 feet
(2) Blue, pipe clay ..o e 2 feet
(3} Black, sandy eartli .oiiiieieiiiiiniiniir i e s 3 feet
{4) Black, PIpe Clay v reeriecmrear et crrees e s e e reremr e e crn et b abb b bt 3 feet
(5) Top white elay .o s s e e 3 feet
(6) Dark-volored, sandy bed.. ... i 4-5 feet
(7} Fire clay, No. L....cinniicininnnninien, e 5 feet
(8) Extra-sandy fire elay....cooommmiiniiiiiiniin e 6 feet

The top of the fire clay (No.7) is 20 feet above high water
level, making the top of the section nearly 50 feet high. These
subdivisions are represented by No. 56 on the general section.

The drift at the top includes some sand and gravel, but un-
sorted. The blue clay at the top {No. 2) is a little sandy, tough,
and dries quite light-colored. It is used in making pipe, and
also for beer bottles, from which use it is known as blue bottle clay.
The next bed is sandy and is not used.

The black, pipe, or botile clay, (No. 4} is dark, lead-colored on
drying ; it is more sandy than the dlue bottle clay, but the sand in
it is fine grained. Its name indicates its uses.

The top while clay bed is here distinctly defined. This clay
dries nearly white, although not like the fire clay proper. From
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this circumstance it gets its name—distinguishing it from the
lower white fire clay. It contains considerable quartz sand and
some very fine scales of white mica. It is sold for pipe.

The fire clay is white, slighty gritty, although no sand can be
seen with small magnifying glass, quite hard, breaking with a
conchoidal fracture. The extra-sandy fire clay is white, quite
sandy, but very fine grained, solid, and is used in fire brick.

The clays of this bank are loaded on cars which run on a
narrow gauge railroad from the bank to the dock at the Cross-
man works, whence they are shipped to the proprietors’ works,
the “ Manhuttan Fire Brick and Enameled Clay Retort Works,"”
East Fifteenth strcet, New York City.

CLAY BANES OF THE CROSSMAN CLAY AND MANUFACTURING COMPANY,

The three banks of this company, on account of their nearness
to one another and closely similar position, show a correspond-
ence and uniformity in the relations of the several layers and
their thickness. As they cut the clay on a northwest and south-
east line the elevations of the fire clay bed show a dip towards
the southeast. Thus, in the west bank, this bed is 25 to 37 feet
high; in the east bank itis 10 to 21 feet, a difference of 15 or
16 feet in a distance of one-third of a mile, corresponding to a
dip of 45 to 48 feet per mile. The horizontal section from Ford’s
corner to Whale creek, at the bottom of the map, cuts through
these banks and shows their location and the dip of the clay bed.
And the general section, Nos. 45, 53 and 55, shows the same dip.

East Bank,
This bank joins that of Weber on the west. Being so close to

it the vertical sections of the two are very much alike. The
section of this bank includes the following beds :

(1) Red-shale drifte i e se st e ns raseeens 10 feet
(2) Clay with sand layers (for red brick)i i iiieeriereecorseeres esereasas 10 feet
(3) Blue, PiPe lay. e inicsiiecerr et ve e se e esssseets e eme e eeee e 3 feet
(4) Black, pyritiferous elag.... i ie e irescreeeecetcerrrressseressssessesns 2} feet
{5) Black, Pipe clay.. v iociiriececrerenenissirine e ense e e e s e seeesate e eessnssen 2% fect
{8) Top, WhIte Clay.m it iiiicrrinrecrisiues s csrerreeesessrtaeerreesestereseesns 3-4 feet
{7} Clay and sand (1eaf I0Yer)umiiiiiiieirierisiieisieesereseesrsesrroseresesnseess 6 feet
{8) Fire elay, (sandy towards the Bottom).....eereeevereevoivsrreos e oosssessn, 10-11 feet

NEW JERSEY GEOLOGICAL SURVEY



DESCRIPTION OF CLAY BANKS. 145

The red-shale drift at the top of the bank includes many
boulders of gneissic, granitic and quartzose rocks. One of feld-
spar and quartz, 4 feet in diameter, was lately observed here.

The laminated sand and sandy clay is used in the red brick
yard near the bank,

The blue, pipe clay is very tough, but a little sandy. Its
specific gravity is 1.689 to 1.699. This is used for pipe.

The black clay (No. 4) is sandy and contains too much pyrite
for use.

No. 5, of this section, is a dark slate colored clay, and is used
in the manufacture of pipe, stove linings and beer bottles. The
top white clay is rather sandy, yellowish white, and contains a
little mica in the form of small scales. The bottom eighteen
inches of this layer, or bed, is chocolate-colored, and, in places,
almost black. According to a partial analysis, it contains of :

Alumina and titanic 20 ..o 29.08 per cent.
Bilicie acld and RN .oiiecieveeriieeice e et 64.00 per cent.
Combined water and moIBtILE. cvvevvesreresveeeresee et s 6.80 per cent.
Seaqui-0Xide 0f 110N ©eiveeiiercice e 112 per cent.
POtaBH «oeecvttiiiiiii s ettt ot ettt een 2.64 per cent.

From the percentage of water the clay is calculated to be about
one-half of the mass, leaving nearly one-half of sand. The large
percentage of potash, and the iron oxide, show that it is not a
good fire clay. It is said to burn white. Its use is almost ex-
clusively for mixing with No. 2 fire clay for stove linings. With
other clays it has been put into fire brick, No. 2, and is said to
give strength lo the mixture. Between this and the fire clay bed
there is a bed, 6 feet thick, made up of sand and sandy clay, in
alternating layers, these varying from an inch to two feet thick.
Just at the bottom of this, and on the top of the fire clay, leaf
impressions occur quite abundantly. This bed has a great deal
of lignite in it, scattered irregularly through it. It is utilized by
mixing with the top clay and sand for red brick. In the western
part of this bank there is, between this and the fire clay bed, a
layer of clean, white quartz sand, 1 to 2 feet thick, probably be-
longing to this bed.

The fire clay is very solid, breaking with a conchoidal fracture ;
it has in it a few scattering quartz grains which are somewhat

10
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rounded. An analysis of an average of the bed shows the fol-
lowing percentages:

ATUMIND crnvirienrvenrcstiesarrraciernsnseaneiaasesanes ot eeeerebesarrereearars erane
TR R et e tresesersensensssneesranernensassansnnresssiassnreststencassrnsisssnssrran :
Water combined

Band (QUATEZ) covtisieeaene e et s 10.50
THaDIE ACTunrrare e eeniistenraaransiasaremsstustrarsannannrenaarrtst st brnrtnanreyosss 1.60
— 12.10
0.37
e irnces
0.95
1.00
-_— 232
100.32

The sandy clay at the bottom is considered a No. 2 fire mate-
rial, although it is said that this will stand a more intense heat
than the fat No. 1 clay. A partial analysis gives, of

Water itotal)a. s, B 7.00 per cent
| ) TR P U PP P PRI POPLTEEP (.21 per cent
Mesquisoxide of (00D s Lestsariasiane (.78 per cent

The=e figures indicate about 40 per cent. of sand.  The potash
and oxide of iron are each less than they are in the No. 1 clay.
This sandy clay is generally mixed with the rich, or fat clay for
fire brick, or sometimes with the top white clay for other pur-
Jroses.

This bank shows quite a long working face, and the regularity
and persistence, as well as the evenness, of the several beds is
remarkable.

Middle Bank—The order of arrangement of the beds at this
bank is substantially the same as that already described in the
eastern DLank, although it is not quite so easy to make out all of
the sub-divisions which appear in the latter. The clay at the
top of this bank has a greyish shade of color, as if the original
Bluc had faded. Under this there is a blue, pipe clay, 4 fect thick,
then o bed, 8§ feet thick, of dark-colored clay with thin sand
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partings, and containing lignite and pyrite. This bed is not
used. The fop white clay is not so well marked here as in the
east bank. The main fire clay bed is 9 feet thick, and has an
elevation (bottom) of 17 feet. Here, also, the top of this bed is
very even.

West Bank—This bank is about a quarter of a mile south of
Ford’s Corner, and 100 yards or thereabouts from the Easton and
Amboy railroad. Here the top dirt is not heavy, and is mostly
sand and gravel. Next under it is a blue clay 8 feet thick. It
is quite sandy, and the sand in it is fine-grained. It also con-
tains mueh mica in fine scales. It is used iu drain pipe and in
land tile, and, with fire clay, for gas retorts. Descending, there
1s a bed of black clay 8 feet thick. This is quite free from the
presence of lignite, but it is rather sandy, and has a laminated
structure. One layer in it, 2 feet thick, contains much pyrite ;
otherwise it is entircly free from this constituent, so common
to the dark-colored clays. The selected clay of this bed is used
in pipe making.

The fire clay in this bank is 11 to 12 feet thick, and has an
average elevation of 25 fect. It is bluish white, solid and is con-
sidered the best of this company’s banks. At the bottom there
15 said to be a hard, red, ochrey clay.

South of this bank, and in the lower ground, this company
has another clay opening. In it a white fire clay was got, 11
feet thick, and covered with 2 to 3 feet of top dirt. The frac-
tured surfaces of this clay are coated by red films of oxide of
iron, probubly depesited by waters from above carrying this
oxide. This clay bed is the same Wondbridge clay bed, which
1s ordinarily blue, or bluish white, which on account of its thin-
ner covering has been more discolored by atmospheric agente
and by drainage from the surface. It is not thought to be as good
a refractory material as the blue clay. At all the banks of this
company the clays are above tide level, and consequently the
drainage is thorough and not expensive, through covered drains
that open south of the banks in the lower ground. No pumping
is needed, and digging is possible at all seasons of the year. This
is offset in part by the increasing thickness of the top dirt as the
work of excavation advances further into the upland bank. In
consequence of the use made of much of this top, especially of
the clayey beds, in the making of common red brick, the cost of
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removal is much lessened, or at least partly counterbalanced.
This use of these clays in works so near the banks, is an economy
in management worthy of the serious consideration of many of
the clay proprietors and miners of the clay district, and also of
the attention of capitalists who may be seeking new locations
for the manufacture of common brick. The cost of the material
is almost nothing, since these top clays have to be removed, and
generally the fire clay miner is glad to get rid of them.at the
cost of digging.

By means of a railroad about a mile long, the clay of these
hanks is sent to the company’s works on the Raritan. This road
also carries the coal to the red brick yard and their brick to
vessels at the docks.

Onthelineof the Easton and Amboy railroad, north of the Cross-
man Company’s middle bank, and 870 feet southeast of the Sting-
tail brook, at its intersection with the railroad line, a boring 57
feet deep, combined with the strata seen in the same railroad cut,
atfords the following vertical section.

1) Red-rhale drifteeee ey e s s

12) Yellow sand and gravel....cooiviminiiis e } 20 feet
{31 Sandy, slate colored clay....cci i 10 feet
4) Clay {for red briek oo 23 feet
157 Blize, pipe €lay.coooiiiresiieeiarersr et e e e 7 feet
(61 Clay (for red brick ). e e 8 feet
7} Black xand and clay, pipeor bottle elay......omwiiiinniiniiniin. 6 feet
(8) Tup trhife elay...covieesiiirnrirerree s s 5 feet
19) Clay, (suitable for red brick)..ccoiiiimmienionmr i, 7 feet
(10) Black €lay. e s s e e e e D feet

The Boring was through Nos. 4 to 10inclusive. The thickness
of Nos. 1,2 and 3 are from the cut, at its deepest point. The
elevation of the track is 94 feet, so that the boring stopped at 37
feet above high water level. According to the combined gen-
eral section the Woodbridge bed has at this point an elevation of
42 feet, which is 5 feet above the peint where the boring stopped.
The existence of the top whife clay and the general correspond-
ence of the boring with the general columnar section, indicates
the fire clay bed as probably very near the bottom of this boring.
This section is also interesting as it includes nearly the whole
series of beds between the feldspar bed and the Woodbridge fire
clay bed. It appears on the general section as No. 47.

NEW JERSEY GEOLOGICAL SURVEY



DESCRIPTION OF CLAY BAXNKS, 149

South of the railroad 250 feet, and 20 to 40 feet east of the
brook the fire clay has been uncovered at depths of from 13 to
24 feet, and this locality has been worked during the past sum-
mer, {1877).

JONIN NEUKUMETS ESTATE CLAY BAXK.

This bank is a few rods west of the west bank of the Crossman
Clay and Manufacturing Company, and about a quarter of a mile
south of Ford’s Corner. In the western face of the bank the
following beds are seen:

{1} Sand and gravel and fandy €laya......ccccorirrnrrnmsirer s rreeresesasseeeras 30-35 feet

{2) Black clay (for PIPE).ciseericiimrriirinissrirose st s saesamse e eesrenessssenssen 5 feat

(B) Bandeci i e s st e aen varerereseaans 5 feet

(4) Fire Clay.veciin o cceir e vtiii e cr s aesaera sanbesssem e e e eaabaeen aeene 6-13 feet
Snnd at bottom of the Pits.....covvvreieiieieeeeiaiieei e s s eeeee e

The top part of the bank was so fallen down at the time of our
visit, that the subdivisions of the upper 30 to 35 feet could not
be seen.

Towards the east and southeast there is a less thickness of top
dirt. In the eastern face there is only a little red-shale drift on
the fire clay. This is interesting as marking the western and
southwestern limit of this red-shale drift and the glacial drift.
West of this the yeilow sands and gravels (sorted or stratified
drift) appear as the surface deposits.

The best fire clay of this bank is bluish white in color and re-
markable for its density and hardness, requiring the use of a
pick in getting it out. Its density is 1.798-1.814, which exceeds
the average of this clay by one-tenth at least. In it there are
scattered grains of white quartz varying in size up to 1-32 inch
in diameter and slightly rounded. The bottom of this bed is a
mottled red clay, also hard and solid. This rests upon a yellow
sandy earth. The wholé bed is also remarkably dry and free
from water. An eighth of a mile or so southeast of this bank
and in the lower ground, there is another opening in which a
fire clay is dug by the same proprietor. At this point the top
dirt is about 3 feet thick, and the bed of white fire clay is 6 feet
thick. Under it there is a red or mottled clay. This clay re-
sembles in location and character that of the seuthern pits of the
Crossman Clay and Manufacturing Company.
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The clays of these banks are carried by rail to the dock of the
Crossman Company,and thence shipped to Neukumet's Fire Brick
and Clay Retort Works, Twenty-third and Vine streets, Phila-
delphia.

RARITAN CLAY COMPAKY'S BANK.

Going west from Neukumet's bank, there is only a short in-
terval to this bank. Asthis has not been worked in several years,
no data are at hand for descriptions.

CLAY BANES AND PITS OF CHARLFE5 A. CAMPBELL & CO.

Here the work of excavation has cut away the hillside quite to
the Perth Amboy and New Brunswick road at the Sand Hills.
A very large arca has been dug over, and the large quantity of
top dirt has accamulated in huge waste heaps. No work has been
done at this bank in several years. The average thickness and
the general succession of the layers seen in this bank, as reported
by Mr. Mundy, the foreman, arc as follows:

(1) Sandy carth (drift). i 8 feet
(2) Black, pipe clay. s iirimnem i e 4 feet
(3" Sand (thinning out entirely in PICEs e

(1) Diue, sandy €lay oo e b s 3 Reet
{5) Black, randy earth, containing lignite and pyrite...oooiiiini. 7 feet
{61 Fire elay st ciees et e e 8 feet
(V) § fect

The top of the black clay in this section is about 70 feet high.
This would make the clevation of the fire clay bed about 50 feet.
The pits now worked by this firm are about 300 yards southwest
of this bank, and not quite a half a mile south of Sand Hills.
They arein two groups, or separate openings. - ‘The more northerly
of these is known as the dlue clay bank ; the other as the white clay
bank. These local names arise from tlie color of the clays found
in them.

Northern, or Blue Clay Bank—In this opening the top dirt,
or bearing on the fire clay, consists of yellow and white sands
and gravels, with sowe sandy, dark-colored clays in places, and
is from 3 to 12 feet thick. The average height of the surface of
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the fire clay is 40 feet. It is 10 feet thick. Under it there is a
red, or mottled clay 8§ feet thick. The total thickness of these two
sorts of clay has been as much as 26 feet. Some of the bed is
variegated, red and white, but there does not appear to be much
order in the arrangement of these shades of color, although
gencrally the top and bottom are bluish white and the mid-
dle portion red or mottled. Long, irregular shaped lenticular
masses, or bodies of clean, white quartz sand are sometimes found,
enclosed in the fine cluy, analogous to the horses of rock which
are seen in the bedded ores of older rock formations.  The bottom
clay 1s quite sandy.

The White Clay Bank is a short distance south of the blue clay
bank. About an acre of clay has here been stripped, and the in-
equalities of the clay surface show finely. These are gently
undulating, but without order; ridges, furrows, small basins and
little, rounded knolls succeeding onc another., The top dirt, or
stripping, was 3-10 feet thick, and mostly yellowish, sandy and
gravelly earths. The clay is from 5 to 8 feet thick, and the aver-
age elevation of the surface is 3§ feet. This white clay is the same
bed as the blue clay of the northern opening, and of the old
bank, which has lost its bluish shade of color by the oxidation
of its iron {ferrous oxide), by the action of atmospheric agents
that have worked more easily through the lighter surface cover-
ing. Underneath this fire clay there is a sandy clay 4 to 5 feet
thick, and under that a sand. The blue fire clay of these pits is
slightly gritty, crumbling quite easily. The white fire clay is
white, but stained by very thin films of iron oxide; it is a little
softer than the blue and crumbles more easily, and has a rather
shaly structure. Its composition is represented by the following
percentages.

AN cvverririsiianrs srrrrararesasristiassisnrarioisse e itisiasresnrastersarnnanans 35.94

Silicie a0kt .orr e e rsr e srrerrarreara e i e 36.20

Water {combined) .......covurerirmriiiiiii i 12,10
—_— 8424

Band ((Uarz).cccievsinsiees e sseestes s ssssssssmsnssssssssssssssenns 12,20

Titanie aeid eeenevorccireisn s iiosssmnn . 1.50
13.70

Polash (i i et i re s e s e e 0.08

oL F OO OP P
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MAPNESIA (it e e a e ran i e a e seeres
Besqui-oxide of Iron .o s 0.96
Waler (moisture)......... . 110
—_— 214
Total......... e rerr et e e r e et e e e b dr s ereranseeesuesnn e brarn 100.08

While these figures show some sand, they also indicate scarcely
more than traces of alkalies, and not much iron oxide. Tts com-
position is that of a very refractory clay, and quite equal to any
of the blue clay dug in these Raritan river banks. The red, or
mottled clay of Campbell’s banks, is more sandy, and also of un-
even texture. The lines of color are very sharply defined, and
the red is of several shades. Both the blue and the white
clays are sold for fire brick manufacture. The red clay goes for
saggars, sewer pipe and No. 2 fire brick. The clay is loaded
on cars in the banks, the tracks being moved from pit to pit, so
that the workmen throw it directly into the cars. These run on
Campbell’s clay railroad to the docks on the Raritan, whence it
ig shipped by boat. A large amount is sent to Troy, N. Y.

Fire Sand Pits—About 150 yards southeast of Campbell’s
blue clay bank, a fire sand is dug from a bed 5 feet thick. The
top of this sand bed is 17 feet high, or 3 feet below the bottom
of the Woodbridge fire clay bed at this point, as determined by
the Jines of strike and dip. This is supposed to belong to the
fire sand bed which separates the Woodbridge and the Raritan
fire clay beds, and to be the bottom of that bed. In the ditch
leading up to the clay banks the sand crops out higher up, under
the clay, and is much finer-grained. This deposit of fire sand is
said to thin out towards the west. East and south-its limits are
undetermined. The general section in Nos. 38, 42, 44 and 49
exhibits the relative position of the several pits of this firm.

CLAY BANK OF ISAAC FLOOD & SON.

This bank is at Sand Hills, one and a half miles east of Bon-
hamtown, and close to the New Brunswick and Perth Amboy
road. The clay is covered at the eastern end of the bank by 6
to 8 feet of yellow sandy loam and earth, and then by 15 feet of
fine, white quartz sand, some of which contains a little earth,
and is sold for moulding. TFurther west this sand is replaced by
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a dark-colored clay containing lignite and pyrite, interstratified
with thinner layers of sand. The whole series of dark-colored
sandy and clayey beds appear to have been eroded down to the
fire clay, and the latter subsequently to have been covered by the
sand and gravel drift, which filled up the excavated space to the
general level of the surrounding country. This erosion seems to
have been continued a little way into the fire clay, as this bed is
highest at the west end of the bank where the upper beds of the
series were undisturbed. The top fire clay (6 feet) is white, the
lower portion (4 feet) is blue. The height of the bottom of this
clay is 51 feet above tide level. A yellow clayey sand is found
at the bottom, under the fire clay.

Thiz bank was opened ten years ago, and has yielded a large
amount of good clay.

The products of this bank are sent into market over Camp-
bell’s ¢lay railroad, and thence by boat, and also over the Easton
and Amboy railroad, which is about half a mile distant at Sand
Hills.

CLAY BANK OF R. N. & H. YALEXTIXNE.

This clay bank is separated from that of Flood & Son by a
roadway which leads into these banks, branching from the main
road that runs just north of them. The several layers of sand
and dark-colored clays above the fire clay are very plainly
marked and well exhibited in the long face of the extended
workings of this bank, and the following vertical section, from
observation and from data contributed by the Messrs. Valentine,
presents these several sub-divisions in their order and relative
thickness. (See general section also, No. 25):

{1) Yeclow sand and gravel...ooooiiiii e 10 feet
(2) Slate-colored, sondy Clay..cciiiiviiiiniininiiin o 10 feet
(3) Grey, 5andy clay ..eirremirrrer i e e e 2 feet
(4) Black sand.ccciiiiiiicii i e e 3-4 feet
{5) Dark-colored pipe elay....coiiiiiiii 4-5 feet
(6) Black, sandy clay, with layers of fine sand ...coooviiiireeiieniceninnns eeren 34 feet
(7) White i e 2 feet
(8) Sandy elay . 1 foot
(9) Blue five elay..vvrrrrvrrrrierisrissernrinree teeny e easeaees seneaeanreseean e 7 feet
{10) Red or mottled fire clay. vivvierivvniiiiceiiininiinienisesesien s eenann
Sandy cloy and sand at BOLOML v e
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The top dirt here, mainly a yellow sand and gravel mixture,
is from 4 to 10 feet thick. The next layer, the slate-colored clay,
becomes darker in shade towards the bottom. Tt is carled away
as waste. The grey sandy clay is in places good enough for
drain pipe. The sand underlying this clay (No. 4) is also waste.
No. 5 of this order is a tough black clay, and includes an occa-
stonal cast of a fossil shell known as the Cucullea antrorsa. These
casts are of much geological interest, as they are almost the only
marks of animal life which have been found in the clay forma-
tion of this county, and they help to determine its age. Leaf im-
pressions are also reported as occurring in this layer, but none
were seen. It is possible that they may have come from the more
sandy layers just over the fire clay. This clay is probably the
cquivalent of the pipe and top white clays of the banks east of
this. Under this there is a dark-colored, very sandy clay in thin
layers, serarated by thinner, white sand layers, which gives the
whole a luminated structure. Pyrite occurs in it, but not suffi-
cient to injure selected portions for drain pipe. Lignite is abun-
dant, and the fine, coaly matter in it makes it almost black. On
burning it becomes white. The more sandy layers between this
and the fire clay bed are carted to the dump as waste, or used in
filling pits.

The fire clay bed has an elevation of 51-54 feet (top), but its
surface is slightly unduolating. The clay of this bed is blue
quite firm, breaking up readily, and showing a conchoidal frac-
ture. No mica or quartz appear in it under a low magnifying
glass, nlthough containing some sand. Its composition, accord-
ing to an analysis of an average specimen, is as follows:

Alumina and titanie acid... .. viriiiirerer e e s 36.34
Bilicie avid. v e e e enee 39.80
Water 1combINed Juriveeiiirirares s e ere i sersananees 12.90
— 8004
Kilieie 2eid S0 ). i e e e reans 8.10
8.10
2.40
09.54
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The pits are dug through this blue clay into a red, or mottled
and sandy clay, and generally stop in that.

In the low ground at the southwest end of the bank, a white
fire clay is dug under 1 to 3 feet of soil and sub-soil. This is
said to be 14 feet thick. The average elevation of its surface is
50 feet. This white fire clay has some iron oxide stains in it,
but not sufficient to injure it as a refractory material. It appears
o little more sandy than the best blue clay of the bigh bank.
Some of it is sandy, and has some admixture of yellowish earth.
This latter is sold as a No. 2 clay. :

The fire clay bed of Valentine’s bank is not so irregular or
uneven in surface as it is in many banks and pits. This is clearly
exhibited in the long stretch of excavation from east to west, and
in the sub-divisions above the fire clay also, all of which run
nearly level from one end to the other.

The figures of the several layers, or beds, given above, show
how much top has to be removed, and how large a part of it has
to be thrown on the dump as waste. And here, as at nearly all
the clay banks of this district, there are tall and large heaps of
refuse clays and sands. Some of these stand upon clay ground,
so that the working of such ground will require their removal
first. The height of the clays in this bank is considerably above
the natural drainage, permitting their extraction without need
of pumping any water. Such a bank can also be worked by
driving the carts quite to the bottom level of the clay beds, and
the loading is then more easy than by throwing upwards from
planking in the pit.

The clays of this bank are nearly all used in the fire brick and
drain pipe works of M. D. Valentine & Brother, at Woudbridge,
and arc carted thither by teams. i

Five Sand Pits—A quarter of a mile southwest of this bank
the same firm digs a fire sand. The pits go through 3 to 5 feet
of sandy top dirt; then 16 feet of white quartz sand. This bed
is plainly laminated and the layers dip gently towards the south-
east. Some of the layers contain a little whitish elay. At the
bottom there is a clayey sand, 1 to 3 feet thick, which looks like
feldspar, excepting the larger proportion of sand, and is not so
coarse-grained. 'Trial pits sunk still deeper show a continuation
of quartz sand, but of fine grain. The top of this fire sand is 49
feet high, which is a few feet higher than the strike and dip would
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require it at this place. According to the combined general
section the bottom of the fire clay bed would here be 44 feet high,
These figures show some inequality in the stratification.

This fire sand consists of slightly rounded grains of white,
opaque and translucent quartz of varying sizes, from one-quarter
inch downwards. There is a little clayey matter attached to
some of these grains. A partial analysis showed of :

QUATEZ BAN.c. it ieii et e e ennseree st e es e rmnaeseessbanesbeessass 96.00 per cent.
Alumina and sesqui-oxide of I10N.c..ccvrirrvrrirerriciine e 4.20 per cent,

It is used with the clays of this bank by the same firm in their
works at Woodbridge, and is regarded by them as a very superior
sand.

Kaolin.—Valentine Brothers dig a sort of kaolin in the low
ground south of their clay openings, but the work done there
has not been very great as the same and other like manufactur-
ing firms have other and more accessible kaolin pits nearer their
works. This deposit belongs near the fire sand horizon and can-
not be much above the Raritan fire clay bed.

The property was opened as a clay tract eleven years ago. As
a matter of record in the history of the clay district and its de-
velopment, it was purchased at that time for $3,800. Since that
its market value has been multiplied several timeg,

EDGAR BROTHERS CLAY BANE.

This locality was discovered by C. 8. Edgar and opened by
him this year (1877). The bearing is a stratified, gravelly and
sandy earth and is 3 to 10 feet thick, averaging thus far about 5
feet. 'The surface of the ground here is about 75 feet above the
level of tide water, so that the fop of the clay bed has an eleva-
tion of about 70 feet.

This corresponds with the height of the Woodbridge fire clay
bed here. (See general section, No. 18) The bed is about 20
feet thick. The best of the clay is found near the top and in
the middle of it. Towards the bottom it is reddish, spotted red
and blue, and a little gritty, The upper part is a good fire clay,
bluish-white, and quite solid and compact. The finest of it is
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sorted for paper glazing. The spotted clay may answer for No.
2 fire brick, saggars, or stove linings.

This bank is interesting geologically, as it is a discovery fol-
lowing the hints given by the map of this district, and another
confirmation of its accuracy and the correctness of the geolo-
gical structure of this country as thereon indicated.

BAMUEL DALLY'S PITS.

These pits are close to the New Brunswick and Perth Amboy
road, about a quarter of a mile from its junction with the Wood-
bridge road. The surface of the ground here has an elevation
of about 80 feet. The clay is found a few feet only beneath the
surface, covered by the soil and a reddish, gravelly earth. The
top of the clay has an average elevation of 74 feet above high
water level. A comparison of this height with that of the same
bed in the bank of R. N. & H. Valentine shows the dip of this
bed towards the southeast, or, as it is sometimes locally termed,
the rise going northwestward. (See general section, No. 15.)

The thickness of the fire clay dug here was not ascertained, as
no work has been done in these pitsin several years. The heaps
show clays of several shades of color—some yellowish-white,
others bluish, and still others reddish and mottled. On some of .
them there is a yellow efflorescence of sulphate of iron and
alumina. None of them appeared to be very pure or fine clays.
They might answer for saggars, pipe and in No. 2 fire brick.

South of the road there are several pits, and the clay surface
has an average elevation of 66 feet. Here also both the red and
the blue clays are seen.

Very little clay seems to have been carted away from these
pits. The pits were dug by R. J. Wiley, and his name appears
on the older map. .

CLAY PITS OF THE NEW JERSEY CLAY AND BRICK COMPANY,

These pits are also near the Perth Amboy road, west of Dally’s
pits, and three-quarters of a mile east of Bonhamtown. At the
most northerly pit, at the side of the road, there is but a few feet
of top dirt on the fire clay, and the elevation of the latter (top)
is 64 feet. It is 6 to 7 feet thick. It is white, a little sandy, and
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slightly stained on some of the fracture surfaces by oxide of iron,
especially near the surface. A yellow, sandy earth, also stained
by iron oxide, is found at the bottom of the pits, underlying the
clay.

West-southwest of this pit, about 250 yards, several small pits
have been dug in the lower ground, near the head of a ravine.
The top of the clay here is 45 feet high, which correspondsto the
surface line of the Raritan fire clay bed at this point, as seen on
the combined section, No. 13, The clay here is sandy, bluish-
white on the top and red at the bottom. It is said to be 11 feet
thick.

A yard for making front brick was started here a few years
ago, and there was a considerable outlay of capital for this manu-
facture. A railroad 1} miles in length, from the yard to the
river, was built for the transportation of clays and brick. The
greater heat necessary to burn these clays (properly fire clays)
was not given them, and as a result the brick produced by the
ordinary kiln constructed here were pale, tender, crumbling
and of little value. This part of the enterprise proved a failure,
and the work was abandoned. Since the yard went down very
little clay has been dug on the property. TFurther exploration
and the use of these lower clays for refractory purposes promise
to be successful.

The property is interesting geologically from the possession of
both the Woodbridge and the Raritan beds, in outerops that are
quite near one another, and also near the surface of the ground.
It ought to be made more productive than it is at present.

DAVID FLOOD'S FIRE SAND AND CLAY PITS.

These pits are about threc-quarters of a mile southeast of Bon-
hgmtown and a quarter of a mile west of the New Jersey Clay
and Brick Company’s pits. There are two separate openings for
clay. At the most northerly and the working locality therc are
the following beds:

{1) Gravelly earth and 8and...vvrrevveceericrevereeceeies s e eresnees s 4-G feet
(2) Fire sand (GVETAZE) .. i crrrreraiieeesvrerreesienrssessseas seene s samsnrersresessns 4 feet
(3) FIre elay oot tenr s e s e e e eenvr e e e 5 feet
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The top of the clay bed is 47 feet above mean high water level,
and that of the sand 51 feet.

This fire sand is mostly coarse grained and sharp. Its structure
is laminated. In places it is streaked with oxide of iron and
yellowish earthy sand. It is an excellent article and commands
a steady market.

The drab colored clay is rather sandy. A partial analysis gave
9.60 per cent, of water, and 0.42 per cent of potash. The general
resemblance of this clay to those of the Raritan fire clay bed and
its elevation (sce general section No. 22) refer it to that bed. Its
relation to the overlying fire sand bed also indicates its place-

The clay of the southwestern pits was near the surface and 43
feet (top) above tide level. This is streaked with earth and of in-
ferior quality. That from the bottom was said to be the best of
these pits. In the valley of the brook and in the lower ground,
between these two clay openings, borings show sand. It seems
highly probably that the Raritan potters’ clay bed will yet be
found in this lower ground, and below the level of these clays
here described.

Northwest of the clay pits and near the road, a pit of sand has
been dug, which is called kaolin. Properly it is a sand contain-
ing a little mica in fine flakes or scales, and also a little clay,
Its surface is 50 feet high, or above the level of the fire clay, and
corresponding to the horizon of the fire sand bed, and belongs to
that bed. (See general section No. 20). DBut litile of it has been
dug. The materials from these pits are carted to a loading plat-
form at the side of the railroad of the New Jersey Clay and Brick
Company, whence they are taken in cars to the river and there
shipped as desired.

M. COMPTON'S FIRE SAND BANKS.

These banks are one mile southeast of Bonhamtown, and near
the New Jersey Clay and Brick Company’s railroad. The bearing
is ycllow, sandy earth, and reddish gravel and is 3 to G feet thick
in the westernmost pits. The sand is white, and almost wholly
of quartz, but varies considerably in the size of grain. These
varying sizes appear generally in different layers, which are thin,
and give to the whole a laminated structure. In some of the
northwest pits the sand is as much as 13 feet thick. Under this
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there is a reddish, sandy clay layer 6 inches thick,and under
that quicksand. The top of the sand bed is generally of finer-
grained quartz. These grains are angular and quite uniform in
size, being abouf 1-30 inch in diameter. Under this there is a
coarser-grained layer, some of the grains being as large as a pea,
and a part of it, properly, a fine gravel. The grains in this are
sharp, or but slightly worn, and mostly of opaque quartz. The
more frequent sizes are from 1-16 to 4 inch in diameter. In
some of the thinner layers of it there is a very little white clay
mixed with the quartz. Near the bottom some of the fine-grained
sand is very clean and white, consisting of white, translucent
quartz grains of nearly uniform size—about 1-30 inch in diam-
eter. This grade has been thrown aside, as too fine-grained fora
fire sand. Puartial analyses of these fire sands gave the following
results:

1 | 2
f i —
|

BIlIeA (QUATIZ) . eiiiieuriceieeciracrrrrarrsrsastesissamses aesnnsnrersssansesossseroneae QS.OOI 96.40
THEANIC ACEA utiut i iiiiorraiirme s e e rrr e aarass serisasansessnisns sosarasansrosnsnes 0.25 .........
Alumina and oxide of iron....... 145 210
Potasgh. st trra s i e e e s arobes te et s e e enemanann 0.20].....cc..
BOO8 1reorirerurreeneraure e rrae e aa et tasinaab e em e emrrranas trnccsl .........
LI teae et et cra v r s rrrrman vraresrans s ee v anas s v e manrsnreata tbtean e an s satee traces, . -ueves
Totals determineq ...o..cvvvvvriviiiniiinien et omeaenes v rerrereenrenas !JQ.QOI 98.50

1. Coarse-grained fire sand.

2. Fine-grained fire sand.

According to those figures the first is a little better than the
fine-grained. The alkalies and alkaline earths were not deter-
mined in 2,

The elevation of the fire sand bed in these banks is not known,
excepting approximately from the contour lines that run near
them. The bottom of the bed, as ascertained in this way, is about
15 feet above tide level. This, according to the section (No. 35),
puts it partly in the horizon of the Raritan fire clay bed, and
poartly in the fire sand bed, as there drawn,

This property is leased and worked by Thomas Aiken, of Bon-
hamtown, and the sand is sold to J. R. Watson, B. Kreischer &
Co., A. Weber, and other fire brick manufacturers. By a short
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branch tramway cars are run from from the banks to the railway
of the New Jersey Clay and Brick Company, and thence to the
.dock on the river. As the bearing is light and easily handled,
the sand bed thick, and the facilities for loading and transport-
ing are good, the cost of putting this sand in the market is
comparatively low. The annual sales have been large, and
steady excavation for eighteen years has worked out a large area
of ground.

These banks and the lower grounds near them should be
further examined for the Raritan fire clay bed, which belongs
under the fire sand. The wet and swampy character of much of
the surface south and east of the banks, indicates a tight bottom
and probably a bed of clay.

Northeast of M. Compton’s residence about a quarter of a mile,
and near the Sand Hills road, there is an old fire sand pit not
worked in several years.

CLAYS, &C., IN THE VICINITY OF BONHAMTOWN.

Nearly a mile southeast of this village a white clay is said to
have been opened in a trial pit near the Crossway brook, and
north of a house belonging to Ex-Sheriff Acken. This is in low
ground, much of which may be comsidered available territory
in which to discover the lowest clay bed—the Raritan potter’s
clay. The map illustrates this and the inquirer is directed to it.

South of Bonhamtown and near the village, the Woodbridge
bed has been opened in several places. On Jerome B. Ross’
lands, 150 yards southeast of John Courter’s residence, C. S.
Edgar reports a pit which passed through white clay at the top,
then biue clay and at the bottom a red clay,in all a thickness of
24 feet of clay.

Clay is also reported on Benjamin Tappan's lands, southeast
of the village.

There is also said to be fire clay on the property of L. J. Tap-
pan, southwest of the village.

There are very probably other points in this vicinity where
trial pits have found this bed and of which we have not heard.
But none of these have amounted to more than exploring work.

Just north of the village a white clay has been found under

the gravel at the gravel pits of the Pennsylvania Railroad Com-
11 '
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pany, and 7 feet beneath the bottom of the excavations made
for the gravel. This was found in boring. This is at about the
proper height for the Raritan potier’s clay bed. .

A similar clay is said to have been struck in borings on Har-
rison Martin's farm, northeast of the village and near the Mill
brook. This also belongs to the Raritan potter’s clay bed, which
las been opened and worked in the pits of Messrs. Mundy,
Pheenix and Carman to the northwest.

West of the village, at the road forks and the chapel, a fire
clay was found in digging a well. It was 40 feet beneath the
surface of the ground, which has an elevation of 80 feet. This
agrees with the horizon of the Woodbridge bed at that point.

T, L. CABMAN'S CLAY.

This clay is near the old brick yard, two-thirds of a mile north
of Bonhamtown and west of the Metuchen road. The top clay is
dark drab-colored, and contains a few lumps of lignite. The red
and white or mottled clay under it, is said to be 4 1o 6 feet thick
and to Jie upon red-shale. An attempt was made to use it for
making red front brick, but the location was bad, and the clay
was too hard to burn for profitable manufacture. The top of the
clay here is 78 feet above mean high water. This clay is a part
of the Raritan potters’ clay bed..

W. C. & E. MUNDY’S PITS.

Tlhese are only a few rods southwest of Carman’s brick yard.
The strata here, according to the statemen. of the proprietors, is
as follows:

Farth and gravel. et er e is s s e 6-8 fect
Yollow, clayey earth oo 2 feet
TWHIER CAY eerversaeenessersrinonmets i et st s rteas B bbsnne e e s 6-8 feet
Red clay (in places OBLY) e ittt st 8 feet

At the bottom red-shale was found in situ. These figures are
of maximum thickness of the several layers as passed through in
these pits.

The surface of the white clay has an elevation of 77 feet above
high tide. On exposure some of the heaps show a considerable
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coatling or efflorescence of the sulphates of iron and alumina.
Most of this clay is a little gritty. Some of it was burned in tile
at adjoining works, and some of it wassent to Trenton for use in
the potteries.

0 GEORGE PH®NIX'S CLAY PITS.

These are about 200 yards west of Mundy’s and near the gravel
pit railroad. The clay bed is reported to be S feet thick under a
few feet thickness of top dirt. Both the red and the white varieties
were found here also. The mean elevation of the surface here is
78 fect above high water level. Some of this clay issaid to have
been sold in Trenton for use in the potteries, but how it was used,
and with what results, are not known Both Pheenix’s and
Mundy’s clays belong to the Raritan potters’ clay bed. Theyare
shown at Nos. 2 and 8 on the general section.

JACKSON TAPPAN'S CLAY AND FIRE SAND.

This tract of J. Tappan lies southwest of Bonhamtown, between
the Piscataway road and the road leading due south from this
place. A single small pit of clay has been dug. Nothing was
learned of the character of the clay. It was probably in the
Woodbridge bed, although the Raritan beds ought to be found
on the lower part of the property nearer the marsh.

The fire sand pit is a few rods south of the road which runs
in a southwest course across the place, passing Freeman & Van-
derhoven’s pits. This digging is in a very sandy knoll, one of a
series of low, rounded knolls of very loose and -coarse sand.
Much of the sand dug here is yellow, and some of it contains a
little yellow earth. Its structure is very plainly laminated. A
large amount has been dug. There is said to be a coarse sandy
clay under it. This pit is in the horizon of the fire sand, be-
tween the Woodbridge and the Raritan fire clay beds. Its place
on the general section is numbered 133,

CLAY PITS OF FREEMAX & VANDERHOVEN,

These pits are one mile southwest of Bonhamtown and a third
of a mile east of the road leading to Freeman’s dock on the
river. They are close to the by-road which runs northeasterly
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from the last-mentioned road to the Red Root creek road, and
on the southern slope of the ridge near its summit. At the most
northerly pit there is 8 to 10 feet of bearing. This is clay loam
and gravelly earth, with a layer of black, sandy clay just over
the fire clay. The latter is, on an average, 10 feet thick, al-
though it has been found 14 feet thick in®places. Under this
there is a sandy clay, probably the bottom of the fire clay bed.
This clay is bluish-white, and has very little grit in it. An
analysis showed the following percentages: :

ATHTIIITIA <ot rmememsversnssesnsaerassiaarsssnisssnesssssnnrseenss sisist bermassnnrarnesssisastssnins 36.33
Sand and silicie actdo. i 47.10
R T 1 PO PP RIS P PRPPRITTTPITTRIIEIDIS LI 1.61
WWALET (EOTAE} urerrersrcorisvsbinerenarerssastneniisrryoriss Gaeanaisararanasttiareiaacarens 13.60
Sesqui-oxide of IFOM v 1.07
T ) TP P RIS T R RTERURLPIRE T PILLLLD 0.20

TT'OLAL 4vvvmseaeneressossies srsaremnsossenmsnsnitersnanesttarsrssrinnasinssnsrssismsssennianes 30.90

The percentages of alumina and water show that thisis a rich
and pure clay. The amounts of potash and oxide of iron are
small.

The elevation of the bed at this pit is about 60 feet, which cor-
responds with the clevations at pits on and near this line of
strike between this point and Woodbridge. The southwest pit
is about 100 yards from this one. At that point the covering is
but a foot or two thick. The clay is white at the top and of &
peach-blossom shade at the bottom; and it is 4 to 9 feet thick.
Only the two or three spifs at the bottom are of the reddish, or
peach-blossom shade. This is more sandy.

In this pit the clay is at nearly the same elevation as in the
northeastern, although the ground is about 10 feet lower than it
is about the former. On the ridge northwest of the pits the
borings go through dark-colored clay and then into a blue fire
clay, showing that the white variety is only a part of the bed
where it has not been so deeply covered, or not covered at all.
In one of these borings on the hill, where the surface altitude is
about 90 feet, the section penetrated was:

(1) Clay, loam and gravel. e 6 feet
(2) Black, clay and sand.. e 8-9 feet
(3) Blue, fire ClaFu.ciersmcssrersirsssmniminnnaiiasst s i 10 feet
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Mr. Freeman says that this blue clay burns white and close. It
has been tried in small lamps by the fire brick manufacturers,
with good indications.

In some of the borings on the hill there was 25 feet of bearing,
but the range was found to be from 8 to 25 feet. Generally the
extreme thickness was in the higher ground. Towards the south-
east, beyond the pits, and also towards the southwest, between
the two pits, there appeared, from many borings, to be breaks or
partial interruptions in the continuity of the fire clay bed.

The location of these pits is such that an open ditch drains off
all the water and the clay is very dry. The clay is carted to
Freeman's dock, a mile and a half distant, on the Raritan river.

These pits make the most sonthwesterly outerop or opening
of the Woodbridge fire clay bed. on the north side of the river.
Reference to the map shows the extension of the clay land a
little further towards the west.

B. ELLISON’S CLAY.

This property borders the tide mmeadows of the Raritan, and is
about a mile south-southwest of Bonhamtown. The surface
slopes quite gently from a maximum elevation of 70 feet, on the
north, near the farm house, towards the south and the meadows.
This slope being greater than the dip of the clay formation, both
the Raritan fire clay bed and the Raritan potter’s clay bed are
found at workable depths, the first towards the north and on the
higher ground, and the latter on the lower portion of the farm,
near the meadows. At the spring, about 75 yards west of the
house, a boring strikes the clay under 12 feet of top dirt They
have gone into this bed about 11 feet, not reaching the bottom.
This clay is light drab colored and quite sandy. A partial an-
alysis of carefully selected borings and taken as representative of
the bed penetrated, gave:

Sand and sl ACIA. .oee et e ivvirerien e vivrierreriererrenerare et crevenvarar e rnenrernirere 77.90
Aluming and tHanic aeide.. e coivir e er e ren garae 15.60
O XIde O T10D ittt it eir e vits e rrr s trr e rabsraare see st bnsbntnansns asnsones 1.00
POtaSE e irr e et vt rerra et an e re e reanrs e sane s e carerenrs rareeeran .25
B BT 11 scenes et ee e e ret ve e rrre s e s s ant s aeta s e rraare et s e v et sanenbr er bt et e eaniant 5.20

T OO PRP PO RTRTTRUIN 99.95
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This analysis shows the sand as probably about half of the
mass, by weight. The titanic acid, which is weighed with the
alumina, may be less than one per cent., leaving nearly fifteen
per cent. of alumina. The small amount of potash and the gen-
eral apperance of the clay, show a close resemblance to that of
Dixon’s pits at Woodbridge. The line of strike of this forma-
tion connects the two localities and the heights correspond
closely. These facts of similarity in character and position seem
to prove that these belong in one bed, and this clay is here placed
in the Raritan fire clay bed.

Recently a pit was dug 100 yards northwest of the spring.
The top dirt here is yellow sand and gravel, and about 5 feet
thick. The bed of clay is 15 feet thick. Its height, ascertained
by reference to the contour lines of the surface, is (top) 40 feet
above tide level. The general section, No. 19, shows its elevation
and relation to other clays. Both its character and its height
indicate its place in the Raritan fire clay bed.

The top spit of the clay dug in this pit is white streaked a litile
with yellow, oxide of iron probably. Itis sandy, but the sand
is very fine-grained.

The clay, 6 feet from the top of the bed, is of a light drab color,
and without any streaks of yellow or red. It feels quite gritty
to the touch. A complete analysis of this shows its composition
to be as follows:

ANALYSIS,
ATUINIBR ciieiiaiiirniar et srsrr s rrerseemrrre s e es s st eeaad s as s e 20.45
Bilicie 801uuiviiririrariiniireriraris e ssrnne s s res s ssmersrsemmensnsnraseernese 20,14
Water (combined) i sessses e 9.87
55.46
Silicie acid (BADA) v ininersrriinrsnssie s e et e e sies s s 40.43
Titanic 8cid..cueririreiecreristenriraresirenrinesrrsssesscssmmmenmmmmersesirarsrearaseas 161
—_ 42,04
Potish oo er et e i s s e 0.17
T PP VOO 0.48
LIIE s siis i i s s et s in st e e n s s net e rra s s s rr e a et ey a s e arans traces
Magnesin. oottt s seeisaae cerrvanns 0.51
Sesqui-oxide of iron.........cooeeieeienii. e ereeeeee b ittt st 12t
Water (MOIBLOIE) . ciiirir i i rrs s s ssrar s ennr srrers s tarsanses serere
—_ 237
UL, es e vaes e re e e e rr e e mr e an e erthm be et e heab et e b s s sat s sra b b ot 99.87
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The clay from the bottom of this pit is a shade darker in color,
but otherwise much like that above described.

At the bottom, and under the clay bed, there was sand. On
account of the water in this bed the auger could not be got more
than 2 feet down into it. And, consequently, the Raritan potters’
clay stratum was not reached.

Sand Field Pits—On the same property, and in what is known
as the “ sand field,” from fire sand occurring in its surface, and
southwest of the house, about a quarter of a mile, two pits have
been dug. One of these, a few rods west of the meadow lane,
passed through the following layers:

(1} Band, coarse, and, in part, & fire RaNd....coviiii e 7 feet
{2) “Hard pan"” of sand, cemented by oxide of iron........oovvvviiveineranreenne 1 foot
{8) Clay cviiiiiniiiiiiiin e s e e e e s e ra s n i e 8 feet
(4) Clay and Hignite..e i crierreermrnrsrerm i rvaiieni i s nbe s el s 2 feet
(8) “Hard pan” layer {cemented sand)....... coorerriiiiir i 13 feet
{B) Clay .. iieiiiiricirererirer s e s e st ans 4-43 feet

The pit was stopped in this latter bed of clay.

The upper clay (3) of this pit is white, or light drab-colored,
and sandy. It resembles closely the clays of the pit above de-
scribed, excepting that these contain more yellow streaks.

This is an interesting section, as it presents both of the Rari-
tan beds and gives the distance between them ; and it is the
only place where both liave been seen in one vertical section—
or one above the other. The clay and lignite must be the equiva-
lent of that seen on the top of the white clay at Edgar's station
and at Carman’s pits.

Some of the clay from the top of this pit has been tried for
stoneware, but it did not fuse. Tt is a fire clay, and not adapted
to making ware. The lower clay was said to be like that of
Dally’s pits, and without grit. It belongs to the Raritan potters
clay bed. ,

A pit was recently dug in this sand field, east of the above
mentioned one and near the lane. Here sand was found at the
top 3 feet thick, then earthy and sandy clay. The specimens
from this pit, from Mr. Ellison, are a little more sandy than those
of the western pit, and the top clay is streaked reddish. Those
from 3 and 6 feet down, respectively, are less sandy, of light drab
color, and streaked red and yellow.
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Southeast of the farmhouse a little digging has been done and
a white clay obtained. These pits are in lower ground than the
sand field, the surface being about 20 feet above tide level. The
top clay got here is a fuint buff color, with yellow streaks through
it. That lower down in the bed is bluish-white and of faintly
mottled shades of white and greenish-white. Tt has a laminated
structure, and is not so homogenous as the clays of the other pits
on this property.  Its place is certainly in the lower Raritan
bed. For its location on the general section, see No. 26.

Up to date the diggings and openings on this property have
been of an exploring character,and no considerable amount of clay
has been sold. Some of this lower c¢lay has been tried for ware,
and is said to answer for such use. It is also thought to be suit-
able for alum making. One drawback of this bed is its want of
uniformity in quality ; hence there is constant need of careful
sorting. The fire clay bed is much more promising, both in its
extent and character.

A tramway about a half a mile in length is now being con-
structed to the river for the transportation of these clays to a
dock on the river front. This necessary work must lead to the
development of the property.

CHARLES M. DALLY’S FITS.

These pits are near the salt meadow, sputhwest of Ellison’s,
and 1} miles southeast of Piscataway, in Raritan township. The
first opening for clay on this property was made in 1870 and
1871 by Edgar Brothers. One of the pits then dug was about
300 yards northwest of the farmhouse and near the woods. The
ground here is between 20 and 30 feet high, and the clay is cov-
ered by several feet of sand and gravel. That which was seen on
the bank is partly white and partly mottled. Some of the latter
looks as if it had been tinged by red-shale, or had been derived
from the wash of that rock. It is said to vitrify in the fire,
fusing to a mass of very pretty shade of color. Nothing as to
the value or uses of what was dug here was learned.

In the pits southwest of the farinhouse and at the border of
the meadow, there is an average thickness of 10 feet of yellow-
ish-white sand and sandy gravel in thin layers. The surface of
the clay is quite uneven, varying from 6 to 13 feet below the
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level of high water. It may have an average thickness of 9 feet.
In one pit it exceeded 11 feet. The upper threespits (equivalent
to 2% feet) is bluish-white, very tough, and contains a little
pyrite in small crystalline masses. On exposure to the air it is
soon coated by a yellow efflorescence. This clay is said to be
fusible at a moderately high temperature. Below this the clay
is free from pyrite and almost without gritty matter. This is
said to be quite refractory, and to burn tight and close. A par-
tial analysis of it gave 1.71 per cent. of potash, which indicates
fusibility at a high temperature. By judicious mixture it might
be used as a fire clay. The seventh and eighth spits down are
mottled with bluish and pinkish streaks, and the clay seems to
be a mixture, in very thin layers, of a blue clay and a very fine
reddish earth, which latter is probably detrital or silted matter
from the wash of red-shale. This mixture melts in thefire. In
the bottom of the pit the clay has a very plainly laminated
structure, and is more solid. Under this there is a flaky clay, out
" of which the water flows very freely, and the digging stops when it
is reached. Mr. Dally says that in the low ground east of these
pits he has bored and found the clay from 9 to 18 feet bemeath
the surface, or 5 to 12 feet below high water level. About 350
yards east of thie above described pits, a single pit was dug in
1874, and the clay was found 14 feet thick, under 11 feet of top
dirt.

Some of the clay on this property could be improved in char-
acter by washing, and so made valuable for some uses; and for
this purpose there is a good stream near the pits and the flat tide
meadows, convenient for settling vats. But the position of the
bed—wholly under tide level—necessitates the raising of all the
water from the pits, and this adds considerably to the cost of ex-
traction. The nearness to the Raritan river, and the short dis-
tance to reach transportation by vessels, may counterbalance this
drawback from water. The outlay necessary for working such a
locality, and the slow market for such grades of clay, have pre-
vented the development of the property.

This is one of the interesting localities in this part of the clay
district. The mixed reddish earth and clay near the bottom of
the pits belongs evidently to the lowest and first layers of this
plastic clay formation, the Raritan potters’ cluy bed, deposited
upon the shale. Its structure and composition indicate an alter--
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nate mingling of currents, carrying the blue clay and those flow-
ing from red-shale areas, charged with shaly materials, ag if it
were & border region, where for a time neither prevailed, and
consequently in the resulting quiet and slow shifting of materials,
there was the deposition of the more or less mixed sediments.
The old shore line must have been near this southeast boundary
of the present red-shale outcrop, and this shale may have been
the land whose drainage thus mingled with the muddy currents
of the water wherein the clay was deposited.

CLAY WEST OF FREEMAN'S DOCK ROAD,

Near thisroad and west of Charles M. Dally’s place, some white
clay was formerly dug by Nelson Martin. As the pits are caved
in, and noune of the clay is seen, nothing of its character or extent.
is known to the survey., According to the map, this wet ground
along the brook from this point, both eastward and westward, is
of the elevation indicating the existence of the Raritan beds at
workable depths. White clay is said to have been found on the
lands of Morby & Brown, southwest of the old pits of Martin
West of this property and east of Mill brook and lake, a white clay
crops out in the upland bank, bordering the tide meadows, on
John Van Horn’s farm. In digging his well it was found 9 {eet
beneath the surface, and the bed was 13 feet thick. Borings re-
ported on the same property passed through rich clays. All of
these localities are within the limits of the Raritan beds. The
important question is as to their quality. TFurther exploration
will, doubtless, find workable amounts of good clay and other
localities along this shore—westward to Martin’s dock.

W. N. WEIDNER'S CLAY PITS,

These pits are near Silver lake, a half a mile south of Piscata-
way, and about a quarter of a mile northeast of Martin’s Dock,
on the Raritan river.

The locality was opened about eight years ago by C. 8. Edgar.
It is one of the most interesting in this district, on account of its
relations to the red-shale, and the overlying and newer beds of
modified and true drift. The accompanying section, running
from the pits southward, through a cut, for a proposed railway
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to the tidal ‘meadows, represents the geological features of the
place.

a. Yellow sand and gravel, with red-shale fragments,
b, Glacial drifi.

¢. Bottom of cut.

d. Clay.

e. Red-rhale.

At the south end of the cut the red-shale is seen, dipping
towards the northwest. TFollowing this there is a red-shale drift,
which, in the cut about midway, is 8 feet thick. In this the shale
predominates, both in an earthy form, as a matrix, and in irreg-
ularly shaped and slightly rounded fragments and masses, of all
sizes—up to blocks two feet in diameter, mixed with boulders of
trap and other rocks, and sand and gravel. This is a true drift,
and shows no stratification. The overlying bed of yellow sand
and gravel has a maximum thickness of 12 feet. It is plainly
marked by lines of sorting, and these lines dip gently towards
the northwest. In some portions of it, a beach structure is plain
in the lamination of its layers. Red-shale is seen in this drift
also, but only sparingly, and nearly all of it is confined to a single
very thin layer, which is interstratified with the gravel and sand.
Many fossiliferous pebbles occur in this upper gravel and sand
drift. Both of these drift beds lie above the clay. The relations
and ages of these are discussed in the chapter on the Geology of
the Surface. (See page 30.)

The clay, as it has been uncovered, has been very uneven, but
the average elevation above tide water may be put at 45 feet.
This appears a little low for the Raritan bed, when compared
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with the other localities where it has been opened and measured,
and as illustrated by the general section No. 5.

The greatest thickness of clay observed here was reported to
be 18 feet. Towards the bottom there are streaks of yellowish
earth in it. And underneath it a greenish grev shaly rock is
struck. This is probably in place. Most of the clay dug in this
pit is very white, although there is some of a bluish shade. A
little copperas is detected in some of it. Selected lots are re-
markably clean and free from sand, and very white. And this
does not change color on long exposure. Its tenacity is not as
great as that of the Woodbridge clays. It also appears to be less
plastic. The fracture is not so clean and sharp as in the fire
clays. Its density is lessthan that of the latter, being 1.528-1.542.
An analysis of a sample, taken as the average of several tons
of this sorted white clay, shows its composition to be as follows:

AlUIMINA. it iianiinsr srasssirarese s iesrsresesmmnresthraneasatins it snbritisas 39.04
SHlIeIC B0 e 1 vines cierenrreriirinsirnerioreirrarrae e stseass sraseranssenranrassasnnnin 45.61
Water {combined oo e e 10.90
95.55
T Y N 0.71
—_— 0.1
OxIAE OF ITOMeuiieiirsieneierieaiiareerserniaeae e enien et sssiasss rabass sanans 1.10
Magnesiu. i e e e r s ias sbares
N0 e ceii it tit s criesstais e e n s s re e senr et nran  aeean
T T PP 226
LT L T OO 0.25
THtANIC ACTA.cie i iiirnieiiaririnsaisnrcar e renrensearsstrasatrba st sbssrarassanenssrem  seroen
— 351
b T U PO 99.87

Tn this analysis the titanic acid is weighed with and included
in the alumina. The magnesia and lime were not determined.
They do not probably amount together to one per cent. Thetitanic
acid may be a little over one per cent. From these figures it will
be observed that this clay is remarkably free from sand. Tho
potash is large, comparatively, and makes it unfit for any refrac-
tory purposes. It is said to fuse readily. It may do for glazing
paper, or for certain kinds of ware, if the quality can be got
uniform through enough of it to pay for working. The blue
clay here is more sandy. A few yards west of the pits, on the
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road to the dock, the red-shale crops out on a level with the out-
crop of the same rock at the south end of the cut, giving to the
clay mass the appearance of being a pocket lying in this red-shale
basin.

Extensive preparation was made here in cutting through the
ridge and building a causeway on the meadows to the dock on the
river, for the removal of the clay to vessels at this dock, but
nothing has been done since 1874. The locality has the advan-
tage of easy and efficient drainage and of short transportation to
boats on the river. The want of uniformity in quality through-
out large masses may offset these advantages of location.

CONWAY’S CLAY.

A short distance west of Weidener’s pits, and on the west side of
the Silver Jake outlet, two or three small pits were dug some
years ago, on the Conway farm, by George Pheenix. The clay
was found quite near the surface of the sloping field. That seen
in the old heaps left by the pits, has a pinkish shade of color.
But nothing further of its occurrence or character is known.
From its elevation and location there can be no doubt of its
place in the Raritan bed. It may be remarked of it that it is
the most westerly outcrop of this bed on the north side of the
Raritan river. The general section shows this clay at No. 4.
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SECTION IL
2. LOCAL DETAILS OF BEDS SOUTH OF THE RARITAN.

The order of the descriptions in this section is geographical,
and proceeds from west to east, beginning near Lawrence brook,
first the pits and outcrops along the South river; next, those
along the Raritan slope, Sayreville and Burt’s creek to South
Amboy; then the pits south and southwest of South Amboy to
the southern limit of the district. This arrangement corresponds
in general with the geological succession of the more important
beds, in putting the stoneware clays at the end, following the
South Amboy fire clay bed and the most of the outcrops of the
latter after those of the Woodbridge and the Raritan beds.
There are, however, exceptions which can be seen by a reference
to the map.

DEVLIN FARM.

This property lies south of Lawrence brook and west of the
Island farm, between that and the Oid Bridge turnpike. The
pits dug to test the ground, are near the meadows, on the eastern
side of the tract. The surface is about 20 feet above tide level
at the pits. Some bluish white clay was got in a bed 6 or 7 feet
thick, under which there was a red clay. Thetop of the bed was
about 12 feet above high water level.

Southwest of these pits C. S. Edgar reports borings in a sandy
blue clay near the surface of a hill, the highest point of which is
70 feet above tide level. This latter would appear to be of a
higher and different bed, perhaps the Woodbridge fire clay bed.
That of the pits in the lower ground, is referred to the Raritan
potters’ clay. (See general section No, 21.)

ISLAND FARM.

On this tract the red-shale outerops are seen on the north and
northwest, in the low, upland banks, bordering the tide marsh.
They are covered by a thin deposit of yellowish sandy loam. On
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the central and highest part of the island the sand and gravel
drift was found quite thick in the several trial pits dug by the
Pennsylvania Railroad Company, in search for gravel. In two
of these, white clay is said to have been found at the bottom,
under about 15 feet of the drift sand and gravel. On the eastern
side of the island a large amount of fire sand has been taken
from the bank of Whitehead Brothers. At this place the yellow
sand and gravel is 1 to 8 feet thick. Under this there is a layer
2 to 3 feet thick, consisting of alternating laminz of sandy clay
and fine grained, angular, quartz gravel. If these materials were
mixed and not thus sorted, the mass would be a feldspar. This
layer is quite hard and compact, eapping, as it were, the sand
below. This latter extends down nearly to thelevel of tide water,
and is about 20 feet thick. The sand is nearly all quartz,
moderately fine grained and yellowish white. A very little clay
1s mixed with it in some of the thinner layers. In digging no
attempt wus ever made to sort the different grades of sand. It
was carted to the dock on the river and there loaded on vessels,

North of the fire sand bank a few rods, white clay has been
uncovered in two small pits, dug in the lower ground near the
marsh border. In these the bearing on the clay was only a few feet
thick. The clay was at the level of tide, and in these trial pits
was not more than 6 feet thick. Towards the bottom there were
ferruginous stains in it. A sample of the best found in thisdig-
ging was analyzed. The analysis shows the following compo-
nents:

AJBMING i e fsr i e e e 34.85
Silicie acid.....cc.ooii e s e 45.20
Water {combined) .. .oieeiiiiiiiiiiiarii s s e 18.60
93.65
Silica (quartz $and ). s sese s 0.50
Titanic Al .ooverveervere it isesnriaisisn e e 1.40
— 190
T O PP ST 0.12
e U U Dy S P trace
0 RS 1L Oy UN TP 0.25
MAgnesia e rveriirierenier e s trace
Sesgui-oxide of Ir0n..iimiiiivieirerniirrr i e 1.35
Water (MOISIITE) oiivmririviiriirir s s 2.80
—_ 452
TOHAL treeeeetieenteeerieianinnsesrerasiarsstbuansnesitsstasirararessassssrnarnrssnrarannerssrars 100.07
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These figures show that this is a very pure clay. The per-
centage of alkalies and alkaline earths is unusually small. The
oxide of iron is above the average of the best of the fire clays of
this district. The ratio of silicic acid to the alumina is different
from that of the best clays. The alumina in this is relatively
smaller and the silicic acid larger than in most fire clays.

Too much stress must not be put upon this analysis, inasmuch
as this small pit was the first one dug, and this single specimen
may not be an average or representative of the bed here opened.
Its elevation corresponds with the horizon of the Raritan clay
bed, as is shown by the general section, (See No. 32) In com-
position it does not agree with the analyses of other specimens
from this bed; but this is not sufficient of itself to offset the argu-
ment from elevation. The potters clay layer is characterized by
its want of uniformity in physical properties, and by its varia-
tion in character in its different parts, so that this unusually
pure clay may belong in it, being of limited extent and of little
practical value. The position of the fire sand of this tract ap-
pears on the general section at No. 37.

W. 8. PETIT'S CLAY BANK.

This bank is near the South river, and a half a mile north of
Washington. It is worked for the supply of the red brick yard
near it, and on the river. The following is the order of the sev-
eral beds seen in the bank, and in the face of the hill above it,
on the road leading west to the Old Bridge turnpike:

(1) Reddish gravel and sand.......ooovviiiiiiiiiiicimnnmeinrerenisecreeieecneans 10 feet
{2) Light-colored, sandy clay, with layers of sand....c.ccoeeiiies eveviicinnnanann, 25 feet
(8) Clay and sand, alternating........coicrreesiosineensssiserinsransiennisnetesmeeeeeneens 20 feet
{4) Cemented sand (SI0N8).....vveersiionieieiinieininnt e st ise e eencerens 3-5 fect
(8) Black clay..cccccocirviviirrrneiin e e e e e e raar e d feet

(6) Laminated sand and sandy clays containing lignite, at the bottom........,

This level, or working floor of the bank, is 18 feet above high
water. Of the above-mentioned sub-divisions only 3,4 and 5 are
excavated, and of these No. 4 is thrown aside. The black clay
(No. 5} is very tough and solid, and is the best of the bank. It
contains a very little lignite and pyrite. Mr. Petit dug a small
pit in the bottom level, and found a light-colored. sandy clay,
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which burned hard and appeared to be quite refractory—like a
second quality fire clay.

Northwest of the main bank there is an excavation for white
sand, which is used in moulding., This lies below the level of
the main bank, not more than 10 feet above high tide. Just over
it there crops out a dirty white, sandy clay. This may be ihe
equivalent of the Woodbridge fire clay bed. Below the level of
this sand, in the ditches northeast of the bank, there is sandy,
black clay, which goes down to tide level.

The pits across the road, and south of the main bank, furnish
a light-colored clay, which burns to a paler shade. The bluish
and the black clays of the main bank make a deep-colored, red
brick.

The position of these clays, with reference to the fire clayg, is
shown on the general section (No. 60.}) This shows the clay at
the bottom to be at the height of the Woodbridge fire clay bed.
Hence, from its character and its elevation, it may be regarded
83 a part of that clay bed. Nothing definite is known of its
thickness, or of its character, beyond what has been learned from
the surface specimens,

The clays worked in these banks all belong in the laminated
clay and sand bed—the svurce of nearly all of our best red-brick
clays dug in the State.

In the old bank south of the kilns a black, pyritiferous and
lignitic clay is seen.

CLAY BANK OF NEWARK COMPANY,

This is at the side of the New Brunswick road, close to and
northwest of ‘he village of Washington. The excavation has
been confined within the 10 and 30 feet contour lines above tide
level, corresponding to the heights at Petit’s bank, and the clays
dug here are geologically the same as those at the latter place.
It will be observed that the line of strike runs through this open-
ing and the brick clay bank of Sayre & Fisher, at Sayreville,
and this shows them to belong to the same bed—the laminated
clay and sand. This bank has not been much worked in several
years past.

Northwest of this bank kaolinand a clayey sand crop out in the
hill on the New Brunswick road. The top of this outcrop is 85

12
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to 00 feot above high water mark. This height is the same as
that of the kaolin, which is worked on the Whitehead estate,
couthwest of the village of Washington, but it is one third of a
mile northwest of that locality and does not, therefore, show any
dip in the bed. It corresponds more with the elevations of the
bed, as opened north of the Raritan and shows the Whitchead
bank to be exceptionally high. This outerop is placed on the
general section as No. 634

EAOLIN, WHITECHEAD ESTATE, WASHINGTON,

This kaolin bank is in the village of Washington, at the side
of the Hardenburg Corners road, near the top of the hill. It
is covered by a reddish, sandy gravel, which is thicker west-
ward in the higher ground near the top of the hill. In the
excavation for road material this gravel appears in layers of
jrrepular extent and thickness with thicker strata of coarse
cand. The kaolin (surface) has an clevation of 82 feet above
mean high water level and the workable bed is on an average 6
foet thick. Under it there is a fine white sand and then the
black clay of the brick clay bank. This kaolin is very whits
and rather coarse-grained, and it contains more white mica than
is commonly found in the kaolins of other localities in this dis-
trict. It iz not regarded as a first class article. According to
partial analysis it has of

Alumina and sesqui-oxide of Tr0l. v 7.80 per cent.
Silieie acid and BANE .o 89,40 per cent.
R U PRI PP P SR DRI S PTRPITEELIY 2.60 per cent,
———— .

Total {determined).uereesieieenniiirni it 09.80 per cent.

As the stripping is light and the drainage easy and natural
this bank is cheaply worked.

BRICK CLAY BANK OF WILLETT & YATES.

This is almost connected with the above described kaolin bank,
being a few rods cast-southeast of the latter,in the village of Wash-
ington. The strata between the top of this bank (59 feet eleva-
tion) and the bottom of the kaolin (76 feet) are not seen, except-
ing in the gentle slope of hill and as to these there is some un-
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certainty. The several sub-divisions of the bank and their
relations to the keolin are expressed in the following order,
beginning at the top of the hill, at the gravel pit:

(1) Reddish rend and gravel........ovvieiiiriniissiossieeeseeeeereneeessesensrens 10-13 feet
(2) Koolin (workable bed}.......oooiiivuiiiiieiiees oo v e ese s eesrmsnns s 6 feet
{3} Bluck clay with layers of sand {partinlly obscured).........coeeeerenrannan. 35 feet
(4) Yellow, 10amy elag...c.iccoicecireiiienieneeneiiecieee s veetsebeeen seneraans 13 fect
{8) Black, pyritiferous clay.....cooovvvviiieeeiiiiiee e es e eeeneee 6 fect
(8) Bluish cluyey R2odin.......ovvriviiieeeiiisier e ceeieeeseeese s reeesassseseeeeerns 4 feet
(7) Slate-colored Clag. . coiviceierenriciereieeescrer e e eeet e e 3 fret
{8) Clay full of PFIileu..iiviiieieiii e e e ie e e s e s eneas e eraes 1% feet
(9) Bluish A@olin...ovvuviireeriiee v et s e ees e s e e ennee 1 foot

Blue clay at the bottom of the digging, which is 22 feet above
the level of high water. No. 3 occupies the interval between the
kaolin near the top of the hill and the top of the working face of
the clay bank. In No. 8 there is very much of both lignite and
pyrite, and it is sometimes called pyrites clay. Layers 6 and 9
are sands, which are known in the bank as kaolins. They are
mixed with the clays for brick. The slate-colored clay (7) is
very tenacious and burns hard, and is quite refractory. It is free
from pyrite and it is considered the best clay of the bank. The
working face of the bank stops at the bottom of this, although
in the drains and in the eastern part of the bank, nearer the
yards, lower clays have been dug. The several clays and sands
are mixed together in using them for the brick.

The clays and sands of this bank belong to the laminated clay
and sand bed. The height of the kaolin in the top of the hili,
west of the bank, is shown on the general section (No. 81) to be
20 feet above the horizon of that bed. The feldspar is wanting
here unless it is to be found in the intervening 35 feet under the
kaolin, that is, in No. 3 of the above section. It is probable that
it is here replaced by sand, and also that the greater height of
the several beds here is owing to a flattening of the strata and a
gentler dip, which would account for these apparent exceptions.
And if this be so, the Woodbridge fire clay bed should be found
higher and somewhere near tide level. Or, it is possible, that
the intervening beds between the fire clay and the kaolin have a
greater aggregate thickness here than eastward and the former
is at the horizon which the section indicates, viz., about 25 feet
below high tide level.
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JAMES BISSETT'S CLAY BAXNE.

This is on the west bank of the South river, one mile southeast
of Washington. There is here at the top, yellow sand and gravel
8 feet thick, then a greyish clay 1 foot thick, then a kaolin-like
sand, which is about 8 fzet thick. Then comes the black clay,
thick layers of which alternate with very thin seams of white
sand and sandy clay. One of these thick layers of clay is
traversed by planes of bedding and joints, which divide it into
large brick-like massess. This curions structure facilitates its
extraction and handling. This is a very solid, tenacious clay
and has a specific gravity of 1.778—1.812. It is a very superior
brick clay. The top of the black clay outcrop s at the height of
22 feet above high tide level, and the bottom of the diggings 10
feet above the same datum plane. At the bottom the clay is
more sandy. This burns very red. The materials of the several
layers are generally mixed together and all put into common
red brick. At the top there is, over the black clay and the kaolin,
a greyish streak of clayey sand, which is said to be hard to burn.
This may be the bottom of the South Amboy fire clay bed and
the Faolin under it, that bed being here in place. The general
section, No. 108, exhibits this bank as partly in the horizon of
this fire clay bed. The flattening of the whole formation on
this side of the South river, or going southeast will also explain
the apparent discrepancy in the section. Such a flattening
would elevate the fire clay bed here and so place this brick clay
under it, where it most probably belongs.

Neither the top clay nor the kaolin, above mentioned as over
the black clay, are used. Mr. Bissett reports finding a whitish
clay in a pit and boring about 100 yards west of his residence, at
a depth of 22 feet beneath the surface. This was in ground 40
feet high, and this elay was therefore nearly 20 feet above high
water level.

A. J. DISBROW'S CLAY,

From fiftecn to eighteen years ago about 3,000 tons of potters’
clay were dug near Old Bridge, in the side of Snake Hill, and at
the level of tide, by A.J. Disbrow. As worked, the bed was
eight feet thick, and was underlaid by sand. Over it there was
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about 25 feet of top dirt. The clay was greyish slate-colored. A
specimen obtained at time of visit, from the outcrop near the
river, 1s white, solid and sandy, but the sand in it is very fine-
grained. An analysis of this specimen gave the following per-
centages:

ANALYSIS.
Almina. . .coovevriviiiieereren v e T 19.85
BIlICIE ACHA eviisiciee e e e et e s e te aee e 2455
Water (combined}....ccuuivuiiiiiiiiice i e 5.70
—— 5010
BN (QUATIZ e ieieeiarei e sieet e e s s er e rss st s i ee s ervaeaesaeessaesanenren 44 80
Titanic acid.....ccoivvvreviieiinnieein e U R 1.G0
— 45.80
POtaAI oot et e e ettt r e et 1.90
BOMA, - rrreer it s e e rer e e erer e errre s taateeeseseaen 0.32
Sesqui-0xite of rON ..ooiii it e e e 1.00
Water (T00ISIIIE) it it ririe e e e e s st et e e e e eramre e 0.90
— 412
Total....... e e e e e iy e Ee s s h4a s eea e anta e arotn e re e res srenanans 100.02

These figures indicate a composition suitable for pottery, cor-
responding as they do quite closely with the stoneware clays of
this district. This outerop from its elevation appears too low for
the stoneware clay, unless there is a curve in the line of strike of
that bed, which is not sustained by any other fact. Hence it
seems more reasonable to consider this clay as a part of the South
Amboy fire clay bed, although in composition and character it is
allied to the stoneware clays. It will be observed that this out-
crop is very nearly on the line of strike with that dug on the
shore at South Amboy, and they are much alike. This similarity
in position and character may indicate one bed, of which these
are the only outcrops thus far discovered; and it may be a dis-
tinct bed intermediate to the South Amboy and the stoneware
clay beds. Additional localities are necessary to setJde these
points. Knowing the horizon at which this is to be found, it
may be desirable for landowners and clay miners to look care-
fully after ii, since this question has a practical as well as purely
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geological interest. The South Amboy clay and this outcrop
are to be seen on the general section, Nos. 114 and 115.

Higher up in the side of this (Snake) hiil and 30 feet above the
level of the tide water, there is another layer of light-colored,
sandy clay. It has not been worked, and none of it has been
examined.

Northwest of this and nearer the New Brunswick road, on the
same property, clay has been dug in two small openings at in-
tervals during the past 40 years. These pits are about 100 fect
above tide level. The clay has been used in making drain pipe.
Specimens from near the surface of the ground are drab-colored,
sandy and streaked with yellow earth. The same clay has been
struck, as is supposed, in several wellson the high ground in this
neighborhood. Its geological place is not plain, unless it be of
the drift.

The potters' clay bed, at the river level, is seen up the stream
in the bank inthe villageof Old Bridge. There it is 2 feet thick.
Mr. Disbrow thinks it can be traced to the southwest as fur ns
Outealt’s mills, above Spotswood. These outerops in the low and
flat valley of South river may also be of drift or even of alluvial
origin.

BRICK CLAYS EAST OF SOUTH RIVER—WASITINGTON,

The laminated clay and sand bed is worked for brick clay in
the pits of Service & Tuitle, north of the Amboy road, in those of
Peter Fisher, just south of the same, and in H. I. Worthing-
ton's, still further south. These at the side of the road go down
a few feet below tide level, and their working necessitates the
pumping of the water. The clay of these pits is all dark-colored
and very tough, and it makes strong and good building brick.

II. F. WORTHINGTON'S BRICE CLAY.

At the northernmost pits of Worthington, the bottom of the
excavation is about 10 feet below tide level or high water mark.
At the southern end of the opening the bottom of the digging is
about at tide level. Here the clay runs up to the top of the
ground, so that there is no waste material to be removed. The
thickness worked is about 15 feet. At the botton there is asandy,

NEW JERSEY GEOLOGICAL SURVEY



DESCRIPTION OF CLAY BANKS. 183

laminated bed, and over it a tough, bluish-black clay layer. The
layers are all mixed together for the brick.

A short distance northwest of the pits and near the yard, a well
65 or 68 feet deep was dug about eight years ago. This went
through. It was six feet in diameter for a depth of about 30
feet, and was then bored 32 feet, in six holes ench 2% inches in
diameter. From one of them water rose in abundance, and
filled the well quite up to the overflow drain.  Mr. Worthington
in a recent letter says: “In descending the first four or five feet
we passed through impure surface clay, known by brickmakers
as ycllow-white, and containing large quantities of sulphuret of
iron. From that on we passed through nothing but blue clay,
which, however, grew gradually darker in color as e descended,
until at last the clay was, when damp, almost jet black. We
came to no sand, but at the depth of thirty-five feet we struck a
clearly defined stratum of clay, which was almost white, and
contained but very little sand. The contrast was very great be-
tween this and the stratum immediately over it.” From the de-
scription, it is safe to infer that this white clay belongs to the
Woodbridge fire clay bed. And it is cqually safe to conclude
that the water comes from the underlying fire sand bed ; and, of
course, that the bottomn of the well represents the bottom of the
Woodbridge bed at this place. According to the general section,
the bottom of the Woodbridge bed at this place should be sixty-
two feet below high water mark. The boring makes it a few feet
less than this, but the difference is not greater than is frequently
found in the inequalities of the bed; and the result is a con-
firmation of the regularity of the beds, and of the general accu-
racy of the sections as previcusly deduced from the various sur-
face workings.

Another boring, made by the Lehigh Valley Railroad Company
at their docks, at Perth Amboy, since the early part of this report
was written, is so much like this in its confirmation of the geo-
logical structure given in these pages, that a description of the
latter 13 here given:

1. The well started at 26 feet above tide, and just at the bottom of the 4aolin Led ;
there was 25 feet of surfuce materials,

2. The boring then passed 36 feet of black clavs and kands, the various layers next
over the Woalbridge bed.

3. Then light-colored clay in the place of the Woodbridge bed for 25 feet,
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4. Fine white rand, representing the fire sand, 11 feet.
5. Thick layers of light-colored clays, representing the Raritan clay beds, 30 feet.
6. A thin stony layer, and red mud in which the anger sunk 17 feet.

The whole depth was 130 feet. Watershould have been found
in 4, but the sand is very fine and yielded none.

Both of these wells are southeast of the outcrop and all the
openings in the Woodbridge bed. They prove the extension of
that bed under the higher and more recent beds of brick clay.

BRICK CLAY.

About a mile southeast of Washington, a red brick c¢lay was
formerly dug near the Van Deventer place and at the side of the
Jacksonville road. The yard was on the meadows near the
river. Nothing has been done at this place for several years.
The pits were not of much extent, and the business was limited
to a few years. The strata here are probably equivalent to the
higher beds at the bank of Willett & Yates, or to the clays above
their working bank and under the kaolin.

FREELAND VAN DEVENTER'S CLAY.

This property is one mile southeast of Washington, and on
the east side of the South river. There is a red brick yard at
the border of the tide meadows, and from it a canal to the river.
Here Mr. Van Deventer made brick for several years. The clay
was obtained from pits near the yard. The works are now down.

White fire clay has been found at several points on the tract.
1t lies within 2 feet of the surface, about 50 yards northwest of the
farm house, on the Washington road. The clay here is sandy,
and contains some quite angular grains of white quartz, which
give it the appearance of some of the feldspars. The same bed is
said to have been struck in a pit dug a few rods east of the house.
It also appears close to the surface in the swampy ground north-
east of the house. .

By reference to the map, it will be observed that the line of
strike of the clay beds runs from George Such’s banks, across this
property, to the South river, and the general section shows the
clevation of the South Amboy fire clay bed, on this line, No. 1073,
to be 30 feet. Aud this is about the height of the ground where

*
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the white clay has been discovered. The map also indicates
this as available clay land. The clay dug at the brick yard is
lower than this white, fire clay, and belongs, most likely, close
under the kaolin.

None of the fire clay of this tract has been tested. The diggings
have been for exploration, and not for getting clay for use.

BRICK CLAY BAXNEK OF SAYRE & FISHER, SAYREVILLE.

This large bank affords a very fine section of the strata over-
lying the Woodbridge fire clay bed, and extending upwards nearly
to the horizon of the feldspar. The vertical section, from the top
of the bank to the tide water in the river, shows the following
strata:

(1) Laminated cley and sand layers, abolt......ccocciisrinirinisnmianisnnsreees 40 feet
(2) Laminated sand, containing some leaf lmpressmns ........................... 13-5 feet
(3) Drub-colored elay {for front brick). ..o 4-10 feet
{4) White and..... ciirimnii e e 3 feet
(5) Black, sandy bed, very full of lignite and containing some leaf impres-

L T R IR PRt 6-7 feet
(6) Sand (leaf bed) at low water mark.......... feitiaereriernaerer sttt

The bearing on (1) is nothing more than the clayey soil—really
a part of it changed by atmospheric agents and by cultivation.

Towards the top of the bank the clay is somewhat fuded, and
of a greyish color. Pyrite and lignite occur throughout all the
strata of the bank. No order is recognized in the succession of
the layers of clay and sand, nor do they run in an unvarying
thickness from one end of the bank to the other, but vary from
point to point.

Near the bottom of this thickness (1} there is a very tough and
fat, black clay, about 4 feet thick. Then comes the sand (No. 2.)

The sand (No. 2 of the above scheme} is of clean quartz, and
beautifully laminated.

No. 3 is a drab-colored clay, very persistent in all parts of the
bank, and 4 to 10 feet thick. Its average elevation (top) above
high water is 15 feet. It is very hard, compact und finely lami-
nated, and splits on these lines into flat sheets and masses. Its
specific gravity is1.705-1.732. That of the more sandy, common
brick clay of the bank is 1.860-1.882. Under a magnifying glass
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of low power it appears quite full of very small plates of miea.
Its composition is as follows:

ANALYSIS,
ATMINA ci v irisr s s s rerer s s s s s et sy ans 27.42
Silicie 2eid. ciriiiiicinns i et e rr v e s ana s an e rans 28.30
Water (combined ) ..o i e e e e 6.60
— 62,32
Band (QUArZ) . s 27.80
Titanie aeld coviiiiiiiiimrin i e e e 1.00
— 2880
Potash i e i s e s s s s s sa e s e ern 271
B T | T T U 0.18
Sesqui-oxide 0f Jron e s 2.68
WRLEr MOISILIE) ieiivrarirenieisnroreiisn e rsesr v iressiese s ansansons 2.90
—_— 8.47
Totalii i e e s e 99.69

A very little lignite and occasional small nodules of pyrite are
in it. On burning it becomes pale yellow to white, and it is
used with excellent results in the manufacture of pressed front
brick.

Geologically this bed is considered. the equivalent of the fop
white clay, seen in the banks on the north of the Raritan river,
and the pipe clay of other banks. A very thin, stony layer of
sand, cemmented by oxide of iron, separates this from the sandy
beds below. In the more clayey portion of this latter and a few
feet above tide level there is a great deal of lignite in the form
of twigs, limbs and trunks of trees, and leaf itnpressions are
very abundant, frequently being so crowded together as to form
g “leaf bed.” Fora fuller notice of the species found here see
pages 27-20.  Mr. Fisher says that under this sand and leaf bed,
and a few feet below tide level he has found a white clay, which
is sufticiently refractory to make a No. 2 fire brick. This latter bed
of white clay was struck 25 to 30 feet beneath the surface,in a
well dug near the office and store of the firmm. These discoveries
confirm the dip of the Woodbridge bed, as above stated, accord-
ing to which it should be found here at a depth of 10 to 15 feet
below high water level,
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At the west end of the brick yards a driven well passed
through sand only for over 60 feet from the level of high tide.
This probably belongs to a more recent formation, which has
filled up valleys and gaps in the clay series. Pits or borings at
the east end of the bank, where the brick clays remain, would
be likely to strike the lower members of the clay series, and the
Woodbridge bed. The leaf bed and the sandy layer here resting
upon the latter shows the correspondence in the order of the
beds between this locality and the pits north of the Raritan.
The space here between the front brick clay and the fire clay
seems to be greater than that between the top white and the fire
clay in the Raritan river banks.

The relation of the strata as seen in the bank of Sayre & Fisher
to the plastic clay formation is graphically presented on the gen-
eral section, No. 70.

"The whole of the thick bed of ¢lay from the surface to the
front brick clay layer is tumbled down by partial undermining
and is mixed together. The bank has a working face over a
quarter of a mile long, and a very large amount of clay is dug
every year.* Cars running on narrow gauge railways carry the
clay to the yards.

WoOD'S CLAY BANK.

Less than a quarter of a mile east of the bank of Sayre &
Fisher, James Wood digs a similar clay for his red brick yard.
The strata are like those above described, and are their eastward
extension. The general section, No. 80, gives the location of this
bank. The digging does not go down quite so deep, the bottorm
being about 10 feet above tide level, but as the bank is further to
the southeast the dip of the strata compensates for this less
depth, and the same brick clay is obtained as in Sayre & Fisher’s
bank. As the bank is not so high—about 20 feet at the back—
there is a less thickness worked. Mr. Wood uses his clay in his
yards, adjoining those of Sayre & Fisher on the east. Here, as
in the latter, the light amount of waste material to be removed,
the natural drainage, the location upon navigable watersand the
nearness to the banks, all favor these manufacturers.

* The annual product of the yards of Sayre & Fisher Is repurted Lo be 22,000,000 brickse, to make
which would take at lenst 50,000 tons of raw material.
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The dark-colored brick clay has been found 15 feet beneath the
surface on the line of Sayre & Fisher’s railway, about half way
between the brick clay bank and the fire clay pits; and Mr.
Higbee (of Sayre & Fisher) reports finding it 60 feet under their
fire clay. These occurrences at such depths would be in entire
agreement with the structure of this country, as indicated by the
general descriptions and the map, and the reader is referred to
them for further details,

FIRE CLAY BAKKS OF SAYRE & FISHER.

Fire clay has been dug at several points on the large tract be-
longing to this firm. The banks formerly worked are between a
quarter and a third of a mile northeast of the one now occu-
pied, and they are all north of the Washington and South Am-
boy road. At the latter there is much variation in the stratifi-
cation, but the following order is generally observed :

(1) Gravelly earth and 10am.......eisiies oo eee e s 3-4 foet
(2) Band with earthy Jayera.......cooiviironieriiniee e ees e sees e 13-20 feet
{31 White fire elag. oo i it reee e e e eea e e te e e s 1-4 feet
(4) Bliue fire elay. i e e s e ee e e s 4-9 feet
(3} BA0AY fire ClAY . ieiieiiiii et ere s caeens e ererees oeerrer e 2-3 feet
(8) Clayey kaolin, containing PITHe....occeevrreriiiree e iiiie e ves e e 5 feet
(T3 Fne Basli. ..o oiriiiiicsiiceiecrirrin e veas e e cve s rmeeses sevvsens 6 feet

The gravelly earth at the top evidently is a part of the drift
which covers most of this country.

The sand over the clay is beautifully laminated, and the thin,
gently undulating layers have a slight dip towards the south-
east, although in places they are horizontal. Through it there
a1¢ some thin loamy layers, in which the sand is mixed with a
yellow earth. Towards the bottom, and near the clay surface,
the sand is very clean, sharp and fine-grained, resembling glass
sand. Under the microscope it appears to be nearly all white,
translucent quartz of uniform grain, about 1-100 inch in diame-
ter; no wica in it. As it has to be removed in mining the clay,
and can be carried cheaply to the river, it can be sold at a low
rate if wanted for any such uses. At present all the top dirt is
tumbled down together, and is used in tempering the clay for
the yards at Sayreville. A railway connects these with this bank.
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The fire clay is here exceedingly uneven, and sometimes there
is as much as 15 feet difference in the heights of the surfaceina
horizontal distance of 30 feet. The mean elevation above the
datum plane (high water level) is 65 feet. This is the fop of the
bed. As lately worked, the highest point has been near the mid-
dle of the bank, and from this its surface has descended east and
west. In places there is a thickness of several feet of white
clayey kaolin, or a very sandy clay, between the top drift sand
and the fire clay bed. The white fire clay at the top is probably
blue clay which has faded, or has been altered by the oxidation
of the slight amount of protoxide of iron in it. Sometimes a
little lignite is seen in this, just over the blue clay. Towardsthe
bottom of the bed the fire clay becomes more sandy, and grades
into what is termed here a “clay kaolin.” The best of the fire
clay of the bank—the blue—is a homogenous, compact mass,
having a specific gravity of 1.657—1.705. Its fracture is de-
cidedly conchoidal. It does not fade or become discolored on
exposure to the air. An analysis shows its composition to be as
follows:

ANALYSIS.
ANMINA i s e e e s e e 38.66
Silicie 8t i e e e e 41.10
Water {combined)......coociiiimiiiimimniienis s ey 13.55 )
93.31
LT U P EUUTO PR USRS 3.10
Titanic acid ...iiiiiiiiiii i e e 1.20
_ 4.30
Potagh....i i e e e e b e ss s s e e 0.28
8008 iieiieiiin e e i s s e r e e revare ey seene 0.18
Lime it ian s rern st e s s e e et s anrans
Magnesia .o e erern e esiase e aat e rteen
Sesqui-oxide of iron
Water (MOISIUTE) vurvrrerrsmrmereermrrerssmimimiiiniis s peesseananes
— 2.20
Tota] (determined)..cooviieiiiiierier ciriiserersinnr e sssrs s ssssrssraneraes 09.81

The kaolin at the bottom (layer No.7) is very fine grained,and
contains a little white mica. The pits are generally stopped in
this bed, as the water comes in quite freely, but .borings have

NEW JERSEY GEOLOGICAL SURVEY



190 MIDDLESEX COUNTY CLAY DISTRICT.

gone through it and into a dark-colored sand, and then stopped
in a dark-colored clay, probably the equivalent of some of the
layers in the bank on the river. For the relative position of these
strata, reference is made to No. 91 on the general section.

All of the clays and the kaolin, and also the top sand dug in
this bank, are used by this firm in their own works on the Rari-
tan. The kaolin is largely used in the mixture for front brick.
The fire clays are carted lo the fire brick works by team; the
sands and kaolin are sent to the brick yards by cars.

The large tract of this firm has been explored by digging pits
and boring, and much valuable fire clay has been discovered. Alr.
Higbee reports such discoveries northeast of the bank now worked.
On some of the higher points the covering seems to have been
too thick for these pits or borings to reach the clay bed. A care-
ful study of the contour lines of the surface together with height
of this bed will show that these results are in accordance with
the peological structure as above set forth. Future need will
develop these available clay areas as they are wanted. A
practical question of constant importance is the thickness of fop
to be removed, '

A halfa mile southwest of this bank and near the Washington
and South Amboy road, fire clay was formerly dug. Tts character
and the thickness of the bed were not learned. TIts location is
within the outerop lines of the South Amboy bed, as is shown by
the map. '

CLAY BANKS OF WHITEHEAD BROTITERS, SAYREVILLE.

These are a half mile from the Raritan, along the old road to
Burt’s creek. They extend a guarter of a mile from northwest
to southeast, and on the line of the dip. And this extent of open-
ings shows considerable variation in the character and arrange-
ments of the several strata. The first digging was at the south-
east, in what is known as the Bolton pit. In this there was about
16 feet of top dirt, and then the fire clay bed, 20 feet thick, having
an clevation (top) of 70-72 feet and lying upon kaolin. The
bank, as now worked, shows at the south end the following order
of strata:
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(1) Sand (yellowizh white) in places, including some sandy clay layera.... 25-30 feet

{2) Yellow buff-colored clay. ..o )
(3) Blue fire clay......o.iviiiiiiiini s s I 1-20 feet
{4) Sand and Euolin. ... e § feet

There is, in places, a thin layer of reddish gravel at the surface,
overlying the sand.

In the northern part of this bank the strata appear in the fol-
lowing order and thickness:

(1) Reddish-yellow gravel..............oiiiemniim. e

(2) Yellowish white sand with streaks of elay.....oocvviiniin, } 20-25 feet

(3) Sundy bed (called Faolind i e e 6 feet
(4) Bluc fire elay. oo i e ey e e ey 4 feet
[5) ROMI. o ivr e eee et e eeb bt b e ta st tn e e nr aan e e s ans st sa b e ans 4 feet

(8) Black, pipe clay at the bottom.

Both the gravel and the sand, which form the bearing on the
clay bed, are very plainly marked, particularly in the middle of
the bank. The reddish-yellow earth and gravel at the surface,
make up together 5 to 8 feet, the gravel stratum being on an
average 2 feet thick.

The sand has an average thickness of about 25 feet. Tt is in
nearly horizontal, gently undulating, thin layers, and is alimost
all clean, white quartz, excepting an occasional thin layer in
which some yellow sandy earth is mixed with it. Some of it is
sold to foundries and for building purposes, bringing $1.25
a ton, on the boat. In the northwesternmost pits there is, between
the sand and the clay, a sandy layer (No. 3), which is sold as a
kaolin. In some of the pits there is a thin stratum full of wood,
on the clay. It has not yielded any leaf impressions,

Both the top and the bottom of the fire clay bed are very un-
even. The height of the top, northeast of the Burt’s creek road,
is 76 fect; south of this, and west of the road, it is only 60 feet.
The general section, Nos. 84 and 85, show these heights.

Towards the northeast the top clay is generally bright red, and
- of two shades of this color, presenting a mottled appearance. A
partial analysis showed as much as seven per cent. of peroxide
of iron in it. This did not seem to be in cotnbination, but simply
as a foreign constituent, which gave color to the mass. Dilute
hydrochlorie acid dissolved it readily. Yellow and also a buff-
colored clay occur at the top, in some of the more southern pits.
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In a pit, at the extreme northwest, and which was dug quite re-
cently, the following order was observed in the ‘clay bed : Sandy
white ; blue; dirty yellow; blue; red and blue. These colors
appear in irregular, thin bands running, in general, horizontally
across the pit.  All of these facts show the remarkable variation
in the fire clay bed, as opened in the different parts of this bank.
And in the alternations of color no order is discernible. Near
the top of the blue clay there is, in some of the pits, much pyrite,
occurring in irregularly rounded aggregations of crystals, which
are popularly known as “sulphur balls” They are from two to
five inches in diameter, and many of them are oxidized on the
exterior to a reddish-yellow ochrey mass, while the centre or in-
terior consists of unchanged pyrite. They seem to be confined
to the blue and yellow clays, and are not seen in the red clays.

The best bluc fire clay of this bank contains a little fine sand.
Its specific gravity is 1.837-1.883. This greater density is an
index of some sand. Thered clay is more earthy and also more
crumbling. Its specific gravity is 1.745-1.771. The buff-colored
variety is generally specked by oxide of iron and some unde-
composed pyrite.

The layer under the fire clay is not so sandy as that over it
and it is the kaolin bed of the clay series. It is used in fire brick.

The black clay at the bottom is not generally reached, or dug.
It 1s sandy, and contains both pyrite and lignite. Only the best
of it is of value as pipe material.

The red clay of this bank is sold to foundries and is known as
“foundry clay.” Some of the blue clay goes into fire brick and
some of it is used for boiler linings. The general practice in
working this bank has been to dig the clays of the several colors
and grades of quality together and sell them uunsorted for in-
ferior uses and at lower prices, rather than to select the varieties
and sell at prices varying according to quality. The economy
of labor in this method of working may more than counterbal-
ance the slight loss in prices obtained.

The elevation of the clay in this bank and the rapid descent
of the ground towards the east and north allow the water to run
off without much trouble or expense and the down grade for the
half mile of cartage {o the dock on the river are material advan-
tages favoring it.

Northwest of Whiteheads’ bank, near the Methodist Episcopal
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Church, fire clay has been dug, but the top dirt has fallen down
so much that it cannot be seen and nothing was learned of its
extent or character. ~ It is within the fire clay territory. And a
study of the map and general section will show that much of
this higher ground to the west of this bank and south of Wood’s
brick clay pits is available clay land. East of this bank there
is an interval of three-quarters of a mile in which there are no
openings. There is no reason to suppose that there is any break
in the bed in this space and explorations at the proper height in
the ground south of the Burt’s creek road should discover clay
at workable depths from the surface.

EAST BANKS OF WHITEHEAD BROTILERS,

These openings are from 50 to 300 yards south of the Sayre-
ville and Burts’ creek road and near the head of a small stream
running northward to the Raritan. The west group of pits has
been dug within a year. These are nearest to the read. 'The
surface of the ground is between 40 and GO0 feet high and the
yellow sand on the clay ranges from 6 to 8 feet thick,in a pit
near the road to a thickness of 20 feet in the main bank, 100
yards from it. The top of the clay is, therefore, 35-40 feet,
which corresponds with the height of this bed at this point as
given on the general combined section, No. 95. The top clay of
these pits is sandy. About five feet down there isa layer 18
inches thick, streaked by oxide of iron. It dries white and the
amount of iron is small. Under this the clay is blue and better.
Towards the bottom it becomes sandy. These pits are dug 8-9
feet in clay and do not go through it. The best of the clay got
here is & little sandy, but this does not materially affect its refrac-
tory quality.

A short distance east and southeast of these pits, there is an
older opening which has not been worked recently. The top of
the clay bed in the southeastern part of this opening was mea-
sured and found to be 54 feet high. This was probably above
the average elevation. Asthe fallen top dirt had everywhere
else covered the clay, no other heights were obtained, and no
further data respecting it wers got. As the ground south and
east rises quite fast, the bearing on the clay bed 'is probably
thicker in those directions, and this location is not so favorable

13
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for getting at the clay as that of the newly opened pits west of
this and deseribed above. The clay of these pits is carted to
Whitcliend’s dock on the river a half a mile north of them.

WHITEHEAD BROTHERS FIRE SAND PIT.

This pit is by the side of the road about a quarter of a mile
east of the above described clay pits. It shows at the top:

Gravilly enarth o e 1-4 feet
Yollow tmoamd, with streaks of Joam . ....o. i ieiciei veerneiiesineiins 8 feet
Very iy clay in thin layer; then sand and a “clayey kaolin” at the

LT T O RO O

Tli sand of this pit is mostly quite coarse and sharp grained.
As the height of the surface here is about 50 feet, the sand bed
lias an clevation of 34 to 46 feet, which is the horizon of the fire
clay, zeeording to map and general section (see No. 96} in the
latter)  The explanation of this oceurrence of sand is that the
clay luix been removed from this point, and its place subsequently
fillel Ly the drift sand, and the kaolin at the bottom is of the
clay series and in place—undisturbed. This sand is nearly all
(uartz. Some very small black grains appear in it, which may
be carthiy and colored by organic matter. Tt is carted to boats,
whicl, load at the proprietors’ dock on the river, and is sold to
foundrivs and iron furnaces.

Abovt half way from this pit to the dock and west of the road,
the ~ame tirm dig a moulding sand in the eastern side of a
ronnd hill, which rises 50 feet above the surrounding surface
and 70 feet above tide level. A long excavation exposes to view
about 50 feet of quite clean white quartz sand. 1t is very finely
lamineted and is covered by a yellow, sandy earth, a fow feet
thick, thinningaway on the sides of the hill. Examined by the
mirrescope, this sand is found to be fine grained (grains 1-100 to
1-200 inch in diameter.) Mostly transparent quartz, and most
of the=e quite angular.  Some crusts of cemented sand and oxide
of iron ure observable.

This sand is sold to foundries, and also for building purposes.

It is =aid that there is a dark-colored clay underneath this
sand hi'i, which latter appears to be a drift mass of modern age.
It ticre, it belongs, probably, to the laminated clay and sand bed.
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CLAY DANK OF THE J. K, BRICK ESTATE.

This bank is at Burt’s creek, in Sayreville township. The dig-
ging has been along the eastern and northeastern side of a ridge,
and has exposed the strata along this for a quarter of a mile
from north to south. This length of continuous opening in the
clay has, of course, shown the inequalities of its surface, the
range of its variation in character, and the varying nature of the
layers associated with and contiguous to it. The top of the fire
clay is between 28 and 36 feet high, but these heights appear
within a few yards of one another. The following vertical sec-
tion gives the several layers in their order and thickness:’

(1) Yellow pand with some gravelly layers through it.........cevriiervveenenns 15-40 feet
{2) Boffcolored fire Clay . ovvveieiiceiineee i ceice st e s anee s e .

(3) BIUE, fire Clay.uuuveeesiiireriiiiniiiii i e seeseeseeeessntransn e ees 6-14 feet
{4} Bundy fire Clar .o et e eraraaes

(5) Extra-sandy clay, and 2and ...cooooooiniinii i 7 feet

The sand at the top is nearly all fine white quartz, and its
layers are gently undulating, and dipping slightly southward.
This sand alternates with very thin layers of quartz pebbles.
It is all thrown aside or used in filling up the pits. At the
south end of the bank there is more gravel and less sand, and
the bearing is not so thick as to the north, where the ground is
higher.

In some parts of the bank there is a thin layer of black, sandy
earth between this sand bed and the fire clay,and in this, lignite is
abundant. Some leaf impressions have been found in it. At
other points the sand just over the clay for 2 to § inches is
cemented into a sort of stone by iron oxide.

A red clay is got at the top of the more southeastern pits, and
very frequently the top of the bed is buff-colored. The upper
portion of the blue clay of the bed is considered the best, and is
here designated as XX clay, or No. 1. The paler blue portion,
lower down, is marked X clay, or No. 2. Towards the bottom
the bed is more sandy

The best clay is bluish white, compact, having a specific
gravity of 1.760—1.773, and contains an occasional scale of white
mica. The No. 2 grade is a little sandy and its specific gravity
1s 1.852—1.901. It erumbles more readily than the No. 1 clay.
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The buff variety is also a little sandy and crumbly. It shows
streaks of oxide of iron.

The kaolin consists of fine quartz sand and a little white clay
and without mica. It is rather a clayey sand than kaolin, as this
term is understood in this clay district. It is considered a first
class article and is used with the clays of this bank in fire brick.
The elays and kaolin of this bank are used by the proprietors of
the same, E. D. White & Company, in their works, which are
known as the Brooklyn Clay Retort and Fire Brick Works, Van
Dvke street, Brooklyn,

A few rods northwest of the main bank and near the residence
of 8. tiildersleeve, the superintendent, there iganother clay bank
worked by the same firm. This opening shows the following
layers:

(D) Yellow sanda v s e ea 10-15 feet
12 Dark-coloted, sandy elay ..o e 4 feet
o3 Biark elay, full of lignite and pyrite. ..o 2-3% feet
' Black clay, nsed for wareor No. 2 briek oo 4 feet
151 Yellow sand (boring) ..o s s e 6 ieet

The clay layer (No. 2) issandy, but the sand in it is fine-grained,
and it dries nearly white. It is used in the manufacture of yel-
low ware. The next layer is quite full of leaf impressions. Its
only use is as a substitute for Albany slip, in glazing pipe. The
next lower clay is another potters clay stratum,although generaily
put in the mixture for No. 2 fire brick. The sand at the bottom
Lins not been dug.  Borings have gone 6 feet in it.

The place of these clays in the clay series and their relation
to the fire clay bed of the adjoining bank are unsettied. Their ele-
vation, between 29 and 40 feet above high tide level corresponds
with thie horizon of the fire clay. As a practical opinion it may
be stated that Mr. Gildersleeve thinks these potters clays here
replace the fire elay and he hopes to find the latter further in
the ank, south and southeast. Another explanation may be in
the reference of these layers to a place in the series just below
the fire clay. For the better illustration of these points the
reader is referred to Nos. 99 and 102 on the general section.

The materials of these banks of the Brick estalc are carted
about a (uarter of a mile to the dock, at the head of a long slip
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or canal, which opens northward into the Raritan river. Thence
they are shipped to the works in Brooklyn.

GEORGE SUCH'S CLAY BANKS.

These are on the Ridgeway tract, east of Burt’s creek, and two
and a half miles west of South Amboy. A large area has been
dug over, but it is all comprised in two groups of pits, or open-
ings. The eastern, east of the old Burt’s creek and Jacksonville
road, is not now worked. The western bank is much larger, and
1s the scene of present operations. In so large an area there is
considerable variation in the stratification, although all within
the range of the general order of arrangement of the members
of the plastic clay series. The representation of all of these, by
any one vertical section, is impossible. The following order is
presented as an approximate expression, and, as such, fairly rep-
resentative of the bank.

(1) Yellow sand, with thin Tayers of gravel.......ocooieiieiiiviiieciieseean. 5-3h feet
(2) Dark-colored sandy cluy 0-10 feet
{3} White fire clay (average) 10 feet
(4) Mottled elay..oiiiiriinii i e 1

(6) Bed clay....... e e e er ey i ee et e e a e e b rnes aeareanes jour to 10 feet

The sand at the top is nearly all white and yellowish white
quartz, and of varying degrees of fineness. It has a gently un-
dulating structure. There are a very few thin layers of pebbles
in it. No dip is apparent in the complex arrangement of the
laminae, or layers. In much of the area worked over this sand
bed lay immediately upon the fire clay, but on the southeast side
of the opening a black clay (2) comes in between them. This is
sandy, and includes some thin layers of white sand. It contains
more or less lignite, and some trunks of trees, 3 feet ncross, have
been found in it. Pyrite is also common in it. Amber isanother
mineral found occasionally in it. A4 present, no use is made of
this clay, excepting to fill up pits or to pile up heaps of waste on
the dump. Some of it is said to be good enough for drain pipe,
but the cost of sorting prevents its employment for such uses.

The fire clay bed in this bauk has an average elevation (top) of
25 feet above mean high tide level, but its surface is full of in-
equalities, rising and sinking from 5 to 10 feet in aliost as many
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vards, or within the compass of a pit, so that the track level is
in places 5 or 6 feet below the top of the clay, while in others
the black clay line runs as many feet below the same horizon,
following, as it does, the sinuosities of the fire clay line, and by its
contrast sharply defining the surface of this bed.

Mr. Armstrong, superintendent of the bank, says that towards
the southwest the fire clay bed thins out and is wanting, and
that the black clay appears to replace it, although this is not
considered the end of the former bed in that direction. These
facts, brought out in the very extended area here excavated, con-
firm the observations made elsewhere—that the fire clay beds
have been worn away in places, and these hollows of denudation
have been afterwards filled by the more recent beds of black
clay, sand, &e., deposited upon them. The average thickness of
the fire clay is 10 feet, ranging from 2 to 13 feet. White, bufl
and red clays are got. Generally the top of the bed is white,
lower down it is spotted, or mottled, red and white, and at.the
bottom red ; but this order of colors is not uniferm nor every-
where observed. Some of the white clay contains pyrite in very
minute aggregations of crystals disseminated through its mass.
This clay is washed, and thus freed from this injurious constitu-
ent. Probably one-third of the total amount dug is thus
treated. Some of the white clay is very pure and of superior
guality. This is sold for fire brick. The so-called “paper clay,”
used for paper glazing, is all washed. By a proper mixture of
clays of different colors any desirable shade from white, buff,
yellow, to red is obtained. A sample of washed white clay was
analyzed, and found to contain:

BN ST Y 1 T WO PR 38.34
SBLITET0 BOIRuraararrrrrrereeesneisisarsasiasiucerarsurserarniansensnsaemntsnssastssnses 42.90
Water (combined) i s e 13.50
04.74
Band {QUATEA) .oveeea ettt ey srerseregans e e st e 1.60
A TE T e T PSP 1.20
. _ 2.70
J oL PSP PPN PN (.26
L1 1 U U PP OT PPN (.18
L Il vaaenemvrnsnesnsrnrnrrerasnrensaresenaaesttanrassasassnnssnsssasnusranrrsrranerocsane  Saatrs
B T T R PO PO P U PP PP PR
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Sesqui-0xide of JT0B.. it it e e 0.86
Water (moisture)....... errertisearar et e ee et a e paasr e taer e 1.10
—_— 2.40
Total (determined)...cciciciiiiiciiic iyt s e s enrarr e reaeons 99.54

These washed samples are lighter than the érude clays, the
specific gravity of a buff (paper) clay being 1.530—1.571. That
of the unwashed white clay is 1.716—1.761. The fracture
is conchoidal, but not so smooth and clean as in the original
specimens. The unwashed clays turn yellowish on exposure to
the air; the washed remain unchanged in color. These changes
are due, probably, to a trace of sulphate of iron in the crude clay,
which is removed by the washing. The mottled and red clays
are more sandy. Some of these are sold for making saggars and
other uses where less refractory clavs can be employed. Thered
clay where it crops out in the exposed bank, or when lying for
some time in heaps, is soon covered by stony crusts of clay
cemented by ferric oxide. These seem to be due to atmospheric
agents. Some of the white, and also some of the yellow and
buff' clays, turn brown on exposure, and this efflorescence has a
very astringent, or inky, taste, indicating the presence of copperas
or sulphate of iron. These are not considered of any value for
refractory purposes, as they do not stand high heat. They are
thrown out on the dump. Some of the richer white clays, con-
taining some pyrite, are sold for the manufacture of alum,

All of these varied phenomena of arrangement, extent and
character give a peculiar interest to this bank, and make it a
favorable place for observations, both of a geological and of a
practical nature.

A track runs from the bank to the washing works near by and
to Such’s dock, one mile distant on the Raritan. This in the bank
is shifted to suit the digging, and top dirt and clays are readily
carried in cars that are drawn out by team to the works, deck or
to the dump for waste. These arrangements show a comprelien-
sive management, and the economy in the handling and in the
transportation is a strong argument for similar modes of working
at other places in the clay district.

In the old “blue clay bank ” east of the one now worked, the
yellow sand bearing is seen. The fire clay dug in it is bluish
white. No digging has been done there in several years past.

NEW JERSEY GEOLOGICAL SURVEY



ﬁl

200 MIDDLESEX COUNTY CLAY DISTRICT.

The washing works are north of the clay bank, and about them
are the large drying vats.  The description of these worksis given
further on in this report.

CLAY PITS OF LAIRD & FURMAN,

This pit is a half a mile east southeast of Such’s clay works.
But little clay has been dug here, and it has not been worked in
several years. There is a yellow sand bed, 10-15 feet thick, on
the clay, and the latter is about 30 feet high, or nearly the same
level as Such’s clay, Its extent or character was not learned,
nor any reason for the abandonment of the locality. It is, as the
map and section show, within the available clay territory.

KXIARNEY TRACT.—CLAY TPITS OF E. F. & J. M. ROBERTS,

This large tract of about 700 acres borders the Raritan river,
northeast of Burt’s creek, and one to two miles west and north-
west of Bouth Amboey. Pite have been dug at several points, but
inasmuch as their relative location is more easily learned from
the map, than from any extended geographical description, the
reader is referred to it, and only some of the local details are
given here.

Western Pits—These are on both sides of the old Burt’s creek
and South Amboy road, and about a quarter of a mile east of
Bucl’s greenhouses.  The diggings liere have left a narrow strip
for the roadway, and this may be said to divide it into two
groups of pits, one to the north and the other south of it. The
length of opening from northwest to southeast, on the line of
dip, shows the descent to the southeast in the greater height of
the fire elay bed north of the road than in the pits south of it.
Thus, on the north, the top of this bed has an elevation of 32-36
feet : on the south its height is 29-35 feet. But a difference of
several feet is common within short distances. And these in-
cqualities appear at the bottom as well asin the top. For exam-
ple, at one point, where the top was 35 feet high, the bed was 20
feet thick, appearing both higher than the general surface and
going below the average bottom, or flooring. In the lower ground,
and on the south of the road, the bearing on the clay consists of
a vellow sand with some gravelly layers, in all, from 6 to 12 feet
thick. The average thickness of the clay bed is S feet. Under
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it there is fine sand and kaolin. At the top a spit or two of the
clay is white, next comes the blue, or bluish white, and, at the
bottom, a red clay. But these are not to be understood as sepa-
rate layers or beds. They are shades of color all in one bed,and
the color line is the only one to be seen.

South of these pits the ground is still lower, descending more
rapidly than the clay bed. This, with the known thickness of
the alluvial and diluvial beds there, precludes the probability of
finding much clay in that direction. It may be found beyond
the low and swampy ground, where the surface again rises, going
southward. Borings and trial pits have confirmed these geologi-
cal conclusions, and shown the absence of a workable thickness
of valuable clay in this low ground, immediately adjoining the
pits on the south.

North of the road the digging has got into higher ground, and
there is a thicker bed of sand on the fire clay, varying from 10
to 30 feet. In this there are a few streaks of white gravel.
Although much of this sand is clean, sharp grained guartz, and
is excellent for mason’s use, it is carted off as so much waste
material. The clay bed here also presents inequalities, quite as
great as in the more southern pits. The upper part of the bed
is a buff-colored clay. Below this it is bluish white, the line be-
tween the two shades of color being distinet and clearly marked.
Conerctionary, or ball-like masses of pyrite crystals, one to three
inches in diameter, and which are generally oxidized on the sur-
face into a brownish, ochrey shell, are quite abundant in the top
of this buff clay. Each spit of this pyritiferous clay is exam-
ined, and the pyrite cut out and thrown aside. The clay thus
sorted is sold for alum making. The lower part of this buff clay
is very rich and free from impurities, and is sold for glazing
paper, commanding a high price. The blue, or bluish white clay,
is esteemed the best of the bank. This is very rich in alumina,
and contains scarcely any sand or foreign matters. Its composi-
tion is given in the following analysis of a selected specimen,
which can, however, be taken as representative of this clay:

ANALYEIS,
AIIINE e riis srnrreas cirrrs s s e e bear s s 30.24
Silicie Reld i e 42,71
Water (combined ). .oocvreeir i e e e e 13.32

95.27
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Band QiartZ) e e rsre s e e e e 0.70
THANTE 0T s cie it vrirae e e s er st et on s eerer et enera e eeees 1.60
2.30
Putnalie e e 047
L ittt b e e e bt e on bt e rerenre e veerannaneea 0.42
T I e e e s e e aee ae 0.20
DA titi it ieeret st ieaese v varesireseerrrrnan betresans s eenarasieetbrerareeses  saeees
Sewni-oxile of 1r0D.. i e 046
WAL r (OISR 1aitrarisanrantiit e e e rressarrranren rresrasseesees nesnassnssnrns 1.58
_— 3.13
I sttt ettt e crrrrrre s s s rer s ee s ee sranresaesranssssrrenressbsribesenn 100.70

T e small percentages of quartz sand, alkalies and oxide of
iron <how the purity of this clay, approaching a pure kaolinite
in composition. It dries very white, and, unlike most of the fire
clays of this clay district, does not show any discoloration on the
surfice, but retains its whiteness. It is the most refractory of
the clays dug here, and is sold for fire brick.

The best clays of these pits all appear of very uniform tex-
tare and homeogenous. Their specific gravity varies between
1502 und 1.742. They exhibit a conchoidal and clean fracture.
Unider the microscope there is seen occasionally a very small
scale of white miea or a particle of white quartz. The red glay
is a little sandy, and is sold for making into saggars.

No attempt has been made in these pits to dig or utilize the
fine «und or kaolin found under the fire clay. There is so much
water in the stratum that its extraction is not practicable while
digeing the clay, as it would soon rush up and fill the pits.

Northeast Bank.—This is the most eastern opening along the
road, und is less than a quarter of a mile northeast of the pits
just deseribed. It is an older bank, in whieh work has been
resumoed within a year. At the side of the road the pits pass
through sand 6 feet thick, then through u bed of black, sandy
clay, alzo several feet thick, into the fire clay. North of this,
100 vards or thereabouts, there is none of the black clay, but the
sand hed attains a maximum thickness of 40 feet. A very few
thin Inyers of white gravel occur in it. The whole has a plainly
laminated structure, and much of the bed is a very clean, sharp
sand. The removal of so great a thickness of bearing, which is
waste material, is costly, and is compensated only by the supe-
rior quality of the clays which it covers. The top of the clay
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bed here also has its characteristic inequalities of surface. At
the top there is a white to faint buff clay, reaching down 4 feet.
The top spit of this contains a few of the “sulphur balls ” (above
described), which are cut out. The remaining mass is very rich
and a fine clay. The lower portion of this buff clay is free
from almost all impurities, and is considered the best clay of
the tract. A fair specimen of it was carefully analyzed, and the
following results obtained :

ANALYSIS,
ALUMINA L1oviirinrcirirnrie et iserrr st r e e ene saerraarra st e rnraa e 39.14
Silicie acid..n i e e e 44.20
Water {combined)..coooriiriiiiiimiinini s, 14.05
97.39
Silien (8a00). i e e 0.20
Titanic acid.iiiiiiiii i 1.05
— 1.25
TPOLABI Loevriieesisvenearre e rerevar et e aea e e ena e et eeeee teaant e e aeann s rrare 0.25
B000 1 vt e e e e e e se s aanee barers
LM cice i i s s s e e se st v et e s baeeas
Magnesn oo e e e aeeras
Sesqui-oxide of IFof..v vorieiiieniir s s s e en 0.45
Water {IMOISLUIE) .vuiuneririririsiieiniirrn e s e s 0.90
—_— 1.60
Tl . eee et et s gaa st e ar e 100.24

The purity of this clay is apparent at a glance at these figures,
there being less than three per cent. of foreign matter, and of
this nine-tenths of one per cent. is moisture.

The blue portion of the bed under the buff is thought to be
equally good, but it burns a little darker shade of color than the
buff. Selected lots from this bank are sold for ware, the buff
going as a paper clay. The rest is good enough for fire brick.
Sand underlies the clay in this bank. The digging stops when
it is reached.

Kearney Clay Bonk—What was known under this name is
three-quarters of a mile north northeast of the Roberts openings
and a half a mile southeast of Kearney’s dock. The ground
about this opening is 70-80 feet high and the top of the clay, as
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ascertained by levelling done in 1855, by the geological survey,
is 57 feet high. The fire clay bed was 17 feet thick, of which
13 feet of the top was of good quality, and 4 feet at the bottom
of spotted clay. The pits stopped at a sandy clay at the bottom.
Resting on the fire clay bed there was, in places, a black, lignite-
bearing clay, but most of the top or bearing, which was 10-18
feet thick, was yellow sand. A laolin was dug in the lower
ground about 200 feet from this clay bank and at the side of the
road. Its height was 44 feet.

In Roberts’ bank (worked in 1835, but not lately) a few rods
east northeast of the Kearney bank, there was yellow sand,
15-30 feet thick, then 14 feet of fire clay. And the surface of
this latter was found to be 58 feet above mean tide level. These
differences of level observed in the several banks on this prop-
erty are explained by the dip of the fire clay bed towards the
southeast and they show it in a very striking manner. The
general, combined section also shows these banks in their respec-
tive places on the lines of strike and the heights of the clay bed
at these several points. (See numbers 103, 100, 93 and 92).

In working these banks of Messrs. Roberts the customary
practice is to throw the spits in heaps upon a board flooring at
the side of the pit, sorting them into paper, ware, fire brick, and
alum clays according to their quality. The white and buff
varieties are sold for paper; the blue and some of the buff for
fire brick ; that containing a little pyrite, for aluin; the reddish
and inferior vorts, for saggars, &e., &e. A great deal of care is
here given in the handling and sorting, thus keeping up the
severul prades to a high standard of purity and cxcellence, as
well as maintaining the character of the clays from these banks.
They are carted to Roberts’ dock on the river, less than half o
mile distant, whence they are shipped wherever ordered. Most
of the clays go either to Jersey City or to Trenton, although some
are sent as far as Baltimore and Boston. The fire brick clay is
sold to manufacturers in Philadelphia, Reading, Lehigh Valley
and at other points. A very small amount is used (it is said) by
manufacturers of white lead as an adulteration or diluent.

The aggregate production of the banks on this tract, worked
steadily for so many years, is very large. And of this amount
an unusually large proportion has been of very superior guality
and has commanded high prices, although here, perhaps more
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than elsewhere in the district, very much fine clay suited for
ware, or for paper glazing, has been sold for making ordinary
fire brick and thus used, where lower grades of clay, or such as
were not quite so rich and pure, would have done nearly, if not
quite as well.

J. N. COLEMAN'S ESTATE PITS.

Fire sand, feldspar and sandy clay have been dug at these pits,
one mile northwest of South Amboy and near the road to
Kearney’s dock. At the most westerly pit a sandy material re-
sembling feldspar is found a few feet beneath the surface. The
top of this layer, as here opened, is about 30 feet high. This
agrees with the horizon of this bed as determined by the dip.
The general section illustrates this statement in its No. 94. In
the pit southeast of the feldspar, some clay has been dug, but it is
said to have been in thin layers and of limited extent. A
vellowish white quartz sand forms the bearing in these pits. The
fire sand pit is in lower ground northeast of the road.

Further exploration of the higher ground adjacent to these
pits on the west and southwest may discover a thicker bed of
better feldspar than that which has been dug. And in this ridge
which starting here, runs southwest, passing the several pits of
E. F. & J. M. Roberts, the South Amboy fire clay bed ought to be
found. The clay in the southeast pit cannot belong to that bed
as it is too low, the surface there being 35 to 45 feet high,
whereas the top of the fire clay bed there should be 50 fect above
high water level. Allowing a few feet for superficial beds or
bearing there is no margin left for this clay. Both the fire sand
and clay dug on this property are very probably of drift origin—
a part of the great sheet of sand, gravel and clays which cover
the members of the plastic clay beds in this part of the clay dis-
trict. The clays nearer the shore and southeast of these pits ap-
pear to be of like character.

CLAY IN S0UTH AMBOY.
A white clay crops out in South Amboy, near the wharf at the

end of Bordentown turnpike. It appears about 5 feet above high
water level. A few rods southwest of this point, and also along
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the shore, a dark, drab-colored clay crops out in the upland bluff,
rising 8 fect above tide level. This appears to lie above the
white clay. In Mrs. Clark’s pits, near the shore, this clay is seen
10 fect above the same level. The clay dug in these pits is very
sandy, as is seen in the following analysis of a specimen from
them :

Alumina and titanic acid....cccosiveriren i e e 17.58
T T T T A SN 19.50
Water (combined).......vciinieiienioier veereeisnrearinersaissisarmmr s seirasnns 4.50
—  41.58
Band (QUATLZ).uiiiriiiiimiii ittt e ee e ae e e ne 63.20
— 5320
Potash, i e e e e e e 2,24
1 - R PP U
P08 T PR traces
B3 €T L D OSSR (.43
Sesqui-oxide of IFON ..oooiii i e e e eaeee e 1.42
WALter (TNOISIUTE L 1irvernrienrenerrerirnerearmensernseernnmsinerssesmmrnressasresnns 1.20
_ 5.29
Total (determined Juueiieneiierreiirirrerrei et s tsnasssmsaes 100.07

Its composition is much like that of the stoneware clays of this
district. Itis used in making yellow ware. Towards the bottom
it is not so sandy, and is said to be too refractory for wace. In
some of this drab-colored clay there is much lignite and many
leaf impressions. Their outlines are well preserved and clearly
marked. For a notice of their age, species, &c., see page 29.

As has been referred to on page 180, there is a close correspond-
ence between this clay and that of Disbrow’s bank, at Old Bridge,
both in position and in chemical composition. And, as there
stated, the place of these clays is still doubtful. They are cer-
tainly below the horizon of most of the stoneware clays. And
they are too high for the South Amboy fire clay bed, unless there
is a change in the rate of dip of the latter, and that is here higher
than it would otherwise be. The whiter portions resembie the
firc clays in external appearance. The leaf layer over this would
also correspond with that seen over the fire clay in the bank on
the Brick cstate. If it be a part of that bed, the drab-colored clay
at the top, and that dug for ware, are hardly parts of the same
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stratum. Deeper diggings may discover the more refractory clay
of the South Amboy bed.

FIRE SAND BANK OF MAXFIELD & PARISEN.

Sand is dug at the side of the Now York and Long Branch
Railroad in South Amboy. Tt is on the east side of the road, and
about a quarter of a mile southeast of the station. There is at
least 30 feet thickness of this bed. At the top thereis a thin
layer of loam. Tt shows fine lines of stratification, which descend
at an angle of 10° towards the southeast. Along some of these
lines thereisa little yellowish earth. These alternate irregularly
with the sand. The sand is very firm and solid in the bank,
requiring the use of a pick to cut it down. And the bank stands
up nearly vertical. The digging goes down to tide level. And
the sand is loaded on boats off the shore.

CLAY PITS OF EVERETT AND PERRINE.

These pits are in South Amboy near the Jacksonville road.
The ground is 90 to 100 feet high and rises rapidly on all sides,
excepting towards the east. The top of the cluy asopened in the
several pitsis 82, 84, 85 and 88 feet high. In some dug quite re-
cently there is 1 to 6 feet of yellow sand and gravel at the top;
then 1 foot or ahout that of black sandy earth quite full of wood ;
then 4 to 10 feet of clay, light-colored and rather sandy, becom-
ing more sandy and of a darker color towards the bottom. Also
pyrite occurs towards the bottom. It is underlaid by sand. This
clay is dug for the supply of the pottery in South Amboy, he-
longing to the Fish estate. It is used in making yellow ware.

Southeast of the above openings clay was formerly dug at
several points by Mr. Parisen. Sandy clay of a dark color and
containing lignite and pyrite appears in the old bauk, but as no
work has been done here in some years, the lower strata have not
been seen.

East of the Parisen bank there is another opening in the side
hill, worked by Messrs. Everett and Perrine.  The clay is covered
by 5 feet of sand and gravel. At the top it is slightly stained on
scams by oxide of iron. The main body is drab-colored, drying
bluish white and is very sandy. It isonly a few feet thick and
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is underlaid by sand. It is inferior to the clay of the western
pits. It goes to the pottery on the Bay Shore, a half a mile east
of this opening.

W. . PERRINE'S CLAY PITS, NEAR S0UTH AMBOY.

This locality is about a half a mile south of South Amboy
and about 200 yards northwest of the old Bordentown turnpike. A
shaft was sunk to a depth of 46 feet, of which 52 feet was through
sand and gravel, and then 14 feet in a dark-colored, tough clay,
containing a little lignite and pyrite. From this, horizontal
drifts were cut, all in the same clay bed. This shaft is square
with its sides planked, and the materials are hoisted in buckets
by means of horse power. The clay passed through would prob-
ably do for yellow ware, but it is not a stoneware clay. This shaft
has been abandoned. Other trial pits are being put down near
it, in hopes of finding a good material for stoneware. The height
of the ground at the mouth of this shaft is about 130 feet. The
clay met with in it is, therefore, 84 to 98 feet above tide water.

In the pits, a short distance north of the shaft, there is S feet
of sand and gravel, then the dark-colored clay 8 feet thick, be-
low which sand is struck. Mr. Perrine reports bering 25 feet in
this sand, mostly white quartz, with some streaks which are
dark-colored. All of the materials appear very dry. Here the
surface is at least 20 feet lower than at the shaft, and the clay of
the pit is 94 to 102 feet high.

The geological position of these clays of W. C. Perrine, and
those of Everett & Perrine, nearer South Amboy, is involved in
some doubt, arising from their elevation and their exceptional
character. While they may all answer for yellow ware, they are
not adapted to the manufacture of stoneware, nor do they have
the peculiar speckled and characteristic appearance which be-
longs to the stoneware clays proper. The clay at the pits of
Messrs. Everett & Perrine is very near the height required for
this stoneware clay bed, going northwest, being a few feet above the
height of the same bed as opened near the Camden and Amboy
railroad, in the pits of E. R. Rose and W. C. Perrine; but the
clay struck in Perrine’s shaft appears a little too high for that
bed. If this be the case, sinking this shaft deeper should strike
the Jatter. This shaft and the pits along the Camden and Am-
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boy railroad (above referred to) are on the same northeast and
southwest line of strike, and assuming the dip to be uniform and
the strike to continue the same direction through this inter-
vening space, the bed of stoneware clay should be found at the
same elevation—that is, 55 to 70 feet above mean high tide level,
or 14 feet below the bottom of said shaft. The advisability of
sinking such shafts rather than digging pits in the lower ground
towards the north and east, is very seriously questioned. It must,
however, always be kept in mind that on- the slopes and side hills
the superficial covering may be thicker and more uneven, having
been subject to the modifying effects of surface drainage; and,
besides, having reached a definite layer in the shaft, it may be
easicr to go through it to the next and lower beds rather than
dig several holes on sloping surfuces, where there may be the
greater uncertainty in regard to the top dirt. A careful study
of the map and the general combined section is recommended
for the better appreciation of these statements. Nos. 110, 111
and 112 on the latter represent these several openings.

W, C. PERRINE'S CLAY WEST OF SOUTH AMDOY, AND NEAR ROBERTS BANKS,

Here some light, drab-colored and sandy clay has been dug.
The pits are about 100 yards south of the old Burt’s creek road
and in ground whose elevation above tide is about 100 feet.
The stoneware clay bed, if found so far to the northwest as this
point, would be higher than this, and consequently the clay of
these pits is either surface deposit or a lower bed. Neither does
it look at all like the true stoneware clay. Like that of the pits
near South Amboy and just described, it is not so white, but
more of a drab color and not so compact or dense. But little
has been dug at this locality, and of this less taken away. It is
more as a trial or exploration than a working locality. Its place
on the general section is No, 104.

CLAY PITS OF E. R. ROSE & SON.

These and the adjacent diggings of W. C. Perrine are at the side
of the Camden and Amboy Railroad and near the old Borden-
town turnpike, one and three-quarters miles southwest of South
Amboy. The ground here, and for some distance to the north

14
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and west, is rather flat and 60 to 80 feet above tide level. The
strata observed in these pits are in the following order and
thickness, beginning at the surface:

1) Sand, gravel and very sandy clay......ccoviiiininniini e 6-10 feet
2} RIOTEWANE CHUT . tiesiiieirsioiriererrsrisierteatiisrsrnrsrr e si e ras b abas 6 feet
{3) Dark-colored sandy earth at the bottom

Generally the top dirt is sand and gravel, but sometimes there
is a little sandy clay also. The clay bed varies in thickness,
having been found as much as 15 feet thick, but this included 8
feet of the top clay, which is sandy and stained a little by oxide
of iron. And this top, inferior clay is sold for common yellow
ware manufacture. The stoneware clay has a greyish color and
is marked by dark spots of oxide of iron so characteristic of the
clay of this bed and known as “fly-specked clay.” It is very
solid, and its specific gravity is 2.129—2.151. The composition of
a representative specimen of the best clay of the pitsis given in
the following analysis:

B T L7 T T U
[ § TG TUR T T PO YY
Water icombined)

95,04
Band (quartzla..cerseerene- e eretenteaaserereersae e as brra st iantanrnns
— 38.20
BPOLIEN tirvvararscueeniots coresssvsssrsneirarsirasisneaasisnsrasrararsitetiseianbsaneiasnan 1.50
B0 duriciinssarniraersuinranresnsearrarareranaas traces
L TiLC s vavvavereneiaess tierentiesiassnnsessaraensesbussustastararsrnnes nnestonsensnrrannns  arares
MU UTIES Lot cvernisiasisssienrsretinrersnrsssientsessentasnnrnrnrstrasasionsiiss e 029
Sesyni-oaide of iron 1.38
WWHLET (HIOISEUI ). cvvs i evensrenrarinssisansesemasetiuriararnnaranansrssenrnnins .. 418
—_ 735
101.49

This will be found to correspond closely with representative
specimens of this bed as worked in Otto Ernst’s clay mines and in
Noali Furman’s pits, for which see analysis under those heads.

The bed becomes more sandy towards the bottom and in the
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more northeastern pits it is underlaid by a dark-colored sandy
clay which further west is replaced by a looser, sandy earth.
The top of the bed as opened in Rose’s pits has a mean height
of 70 feet above tide level. The position and height as here
opened, is represented by No. 113 on the general section.

W. C, PERRINE'S CLAY PITS.

These are just southwest of Rose’s and in the flat ground.
The bearing on the clay is said to be thinner than in the pits of
the latter, but the clay bed has the same average thickness.
They were not worked when visited. It is said that there is no
good stoneware clay southwest of this opening. In the Camden
and Amboy Railroad cut, three-eighths of a mile southwest of
these pits, the following strata are seen, viz.:

(1) Earth and gravel.. .o iiicciiriiniiecicie s es s eranris e eve e esssse s erae e e 6 feet.
(2) White 8and .o iiviiii it e virr e eee e e re s s es e e e renrans 6 feet,
{3) Dark-colored, sandy clay, alternating with sand, which reaches down to

the Dottom of the Clbu.cveiii i e

The elevation of this latter layer is 87 feet. This cut is inter-
esting only on account of its exposure of this clay and sand as
strata overlying the stoneware clay bed in this part of the clay
district.

West of the pits of W. C. Perrine, and near the Burt’s creek
and Jucksonville road, the stoneware clay has been found in bor-
ings made by Otto Ernst. These explorations were made in the
low and flat ground at the head of Burt’s creek, in search of the
South Amboy fire clay bed. The layer penetrated was only one
foot thick, and was one and a half feet beneath the surface, and
under it there was white sand. Its elevation above tide level was
about 67 feet, corresponding to its heights at the pits of Rose and
Perrine. So thin a layer is of no practical importance. But it
13 & proof of the extension of the bed westward, and also of the
uniformity of the dip. T'wo other borings near this one did not
show any of this clay. The fire clay bed was not reached, as the
borings did not get dewn far enough, in consequence of water
stopping the work.

The deep valley of Crossway brook, south of South Amboy,
running from the old Bordentown turnpike to Chesquake creek,
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across the strike of the stoneware clay bed, affords favorable local-
ities for opening that bed. The bottom of the valley, or stream,
descends from 65 feet where it crosses the above-named road, to
ligh tide level near the old dam and mill pond, one mile to the
southeast. Asg this descent is greater than that of the stoneware
clay, this bed is found above the stream throughout the valley.
E.R.Rose & Son, Morgan & Furman, W. C. Perrine and William
Hayes have pits in this valley, and near the mouth of the brook
Otto Ernst has a clay bank. Several of these localities have been
quite recently opened. And no doubt others will be found. The
map indicates the available area of clay territory and the general
section, in its Nos. 116, 116}, 116}, 1164, 117 and 1174, exhibits’
these pits on the lines of strike, and at their proper elevation.
And these show the dip towards the southeast. Beginning at the
northwest, there are the

CLAY PITS OF E. R, ROSE & SON.
These pits are in two groups, or two openings, 150 feet apart, on

the west side of the valley, and about a third of a mile southeast
of the residence of Mr. Rose. The strata cut here are:

(1) Yellow, randy geaselo. } 10 feet
M Yellowish white sand. ..o e e

13) Drurk drab-colored elay...iiiiiinni e 1 foot
[4) Blue, 8toneWare CliFaou v irsrermeuieiressoeniaretateierrirerssernneaesayaianesnsaas 6-T7 feet

{3) Yecllow streaked earth at the Bottonm......cciceiiiniiininnienr e
The stoneware clay is (bottom) 54 feet above tide level.
The above section was taken in a pit recently dug in the most
northern opening. No work is doing at the other one. Both
were opened about the same time, nearly two years ago.

MORGAN & FURMAX'S PITS AND MINES.

These are across the brook from the above described locality
and near the head of a small tributary of the Crossway brook.
They are not more than one mile southwest of South Amboy.

The southwest opening is on the south side of the brook. The
following order of beds is reported by Mr. Furman, viz.:
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(1) Yellow, 8andy Bravel.....ccccooiveiioiieiiecriessriirieessensssisesree st eeesseneenn 24 feet
(2} Yellow 8a0. . oiiiiiiiirieii e icecrere v e eree v este oo e eeessmannre st seven 10-11 feet
(3) Black clay (not in all the Pits)..eweeeericeieriiee e e e eses s 34 feet
(4) Blue, BLONBWATE ClaFuuuieriseerueireisrseeeieceereesesieeeeeeeerssrstesseesnneeses + 10 feet

(3) Dark red lag.u..cceeiieeciiiriiirieiisiaiiees cevaeeeenseeneessssssmmnnnniesressrenss 1-2 feet

At the bottom, there is, generally, a sandy black clay.

The top of the black clay (No. 3) was found to be 74 feet, ac-
cording to which the bottom of the stoneware clay bed is about
60 feet above tide level.

The northeast pits are about 100 yards from the western open-
ing and in higher ground. The surface has an elevation of 9¢
feet. In these pits the top dirt consists of:

{1} Yellow sand and gravel....ciiccceieereeieerisiessiesinsinsisenereeteeaeeeaesserssssnns -8 feet
{2) Black Clireeere ittt iee e er e e st en e e e e e e et e e er et 3-4 feet

The blue, stoneware clay bed is 10 feet thick and lies upon a
black clay. From these figures and the elevation of the surface
about the pits, the stoneware clay (bottom) is about 72 feet above
tide level.

Much of the clay of these pits contains pyrite in small crystal-
line nodules and grains. And these damage it for finer uses.
Otherwise these openings are favorable for working as there is
not an excessive bearing, the drainage is natursl and the bed is
thick. Neither of these places are now being worked. The first
work was dane in 1876. On ground northeast from the last
mentioned openings, and at an elevation of 110 feet, work is now
going on in mining the clay. Square shaits are sunk through
the overlying yellow sand and gravel (20 feet) and into the clay
bed, which is said to be here 30 feet thick. From these shafts
horizontal drifts about 10 feet high and 100 feet long, are cut in
the clay, leaving a part of the bed as floor and roof. These are
let to full in after the clay has been removed and then others are
driven by the side of the first and so on. The hoisting is done
by a horse whim. Mr. Furman says that his explorations in the
vicinity of these shafts indicate a thinning out of the clay bed
towards the north and east. The thickness appears unusually
great, above the average observed elsewhere in this bed and in-
dicates o swelling up here, so that while the bottom of this clay is
only G0 feet high, the top is 90 feet, higher than any stoneware
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clay outcrop or exposure in this clay district. No. 116 on the
general section illustrates these statements.

WARD C. PERRINE'S PITS.

This opening is one of the oldest in this valley, and issituated
about 60 rods southwest of Morgan & Furman’s mines. It is at
the head of a brook, which flows west into the Crossway creek.

The top dirt consists of yellow sand and gravel and a drab-
colored, laminated sandy earth, and, in places, a black clay
under the above. On the southern side of the excavation there
is 25 feet, at least, of bearing. Eastward it is not so thick. The
top of the black clay on the south side is 62 feet above high tide
level. The stoneware clay was not seen. It was said by Mr.
Perrine to be 3 feet thick. The heavy bearing and thin bed of
clay caused the stoppage of work, and the bank has been idle for
several months. )

WILLIAM HAYEY QLAY PITS.
Hayes pits are down the valley, on its eastern side, and south-

east of his residence near the top of the bluff. In these pits the
following strata are seen :

(1} Yellow gravel.. i iiniriicerenin ot et s 1-3 feet
(27 Yellow sanfl e e 12 feet
(3) Stoneware Clay....ccviriirrmernrrrtriems o e 5-6 feet
(41 Dark drab-colored clay...cccoiciores rorreecieni i 1-2 feet

{5) Yellowish earthy clay (vellow streaked) at the bottony..c.ecveernnicninns

The bottom of (3) the stoneware clay bed is 43 to 44 feet above
mean high water. These pits were opened during the past sum-
mer. The clay is carted to South Amboy.

North of Hayes’ pits deep gullies have cut deeply into the
earth, gravel, &c., but have not shown any clay of value, al-
though quite low enough to reach the level of the stoneware clay
bed. These facts, with the results of borings made by Messrs.
Perrine, Rose and Furman along this Crossway brook valley,
show great inequalities and gaps where no clay is to be found.
There must have been a great deal of erosion, which cut out the
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bed and left breaks that have been filled by the more recent beds
of sand and gravel. _

The map and sections indicate the probable existence of the
stoneware clay down the valley, southeast of Hayes’ pits to the
Chesquake, although there are no outcrops or openings. The
great length of the upland bluff bordering the tide meadows af-
fords the best of facilities for exploration. Tollowing the bends
there is at least three miles of such banks in which searches can
be made with some degree of success in discovering clay.

MORGAN'S CLAY BANK.

This old and well-known bank is one mile south of South
Amboy, on the shore of Raritan bay. The upland here comes
to the water front, the tide meadows disappearing, and in the
bluff the stoneware clay bed and the overlying strata of sand,
gravel and sandy clay crop out, from here southward to the
rmouth of the Chesquake creek. The side cut on the New
York and Long Branch railroad goes down to tide water level,
ahd shows the clay to that depth. To the northwest, in the old
Clark bank, on the Conover tract, the yellow sand and gravel ap-
pears at the surface, resting upon the dark-colored, laminated
sand, and sandy clay.*

The same surface gravel and sand bed is well exposed in the
cut at the side of the railroad for a quarter of a mile northward
from Morgan station. This bed is wanting in Morgan’s bank
and in its place the laminated sand and sandy clay rises to the
top of the bluff, and attains a maximum thickness of 40 feet.
It may average 25 feet. This bed consists of thin, horizontal
layers of dark-colored, very sandy clay with much lignite and
some pyrite, alternating with layers, or partings of white quartz
sand, which are generally, somewhat thinner than the clay lay-
ers, the whole forming a quite sandy mass when it has fallen
down in the bank and obscured the lamination. This Jami-
nated structure is very conspicuous in freshly cut vertical or
highly inclined surfaces. The material is useless, excepting to
fill pits. The sand might be used if it could be separated from
the clay.

* The following lnyers were observed here when this bank was worked bg Clark & Furman, {n 1855,
viz.:—(1} Fire sand, 1 feet thick: (2) Black clay (not used), 57 feet: (3) Stoneware clay, 9 feet; (1)
* ARhy stuff ™ and lignite, 1 foot; (5) Stoneware clay, 8 feet; (6} Dark-brown clay, full of pyrite, 1 foet ;
(7) Hard, yellow clay, 3 feet; (8) Sand and water at bottom, The top of (3) was 30 feet above tide,
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The stoneware clay bed has a very uneven surface. It is
about 25 feet high in the headland, or point east of the railroad
and about the same height in Morgan’s western pits near the
Clark bank. In the other pits the top of the clay is not over 15
fect above high water level. The following is the order of the
succession of strata and their thickness at this bank, beginning
at the surface: :

(1) Laminated rand and sandy elay.....ccooiiiiiiiiiiiiin e 40 feet,
(21 Bandy elay (INferior) i i e e s e s sas s e e s rasesians 8 feet.
{31 Blue, sLoneWATe ClaF.. ccieiersinrirariirrnamnarssarrrsnsurnssessrssiareerssssssrsnnees 3 feet.
(4" Rid iincluding “ peach-blossom ) elay......oooiiriiiiiic e 6 fect.
(5) Stoneware clay (becoming sandy at bottom)....oiveiiiiiinieriniereienn e § feet.

(6) Sand at the DOLLOMI e rerrrrverrrarrrerere e aereratmrarerererraresserevesnnsnnsres

These (layers, 2 to 5 inclusive) are not all distinct, but variously
colored parts of one, the stoneware clay bed. And while this is
the order in which they appear most frequently, it is not always
the same. Nor do these figures apply to all pits. They were the
measurements in one pit and are representative. The top, or
bearing towards the old Clark bank includes a little gravel near
the surface. This in some parts of the bank does not exceed 25
feet. From that it varies to 40 feet.

The sandy clay of the top of the bed is inferior in quality and
much of it is thrown aside as refuse. The so-called “ peach
blossom ” clay is properly a mottled, red and bluish white clay.
It is quite sandy and contains a very little mica in fine scales.
It is sold for making saggars, and some of it which is more
spotted with patches of red and white, is used in the manufacture
of door knobs. The clay under this is considered the best of the
bank. Its appearance is very similar to that of the other stone-
ware clays of the clay district. It becomes sandy towards the
bottom and finally grades into sand. This more sandy clay lacks
the clLaracteristic, dotted or “ fly specked ” appearance observed
in the best clay found higher up. The average thickness of the
whole clay bed is said to be 25 feet. It was found to be so in the
cut made by the Long Branch Railroad, from which the clay
was removed previous to the laying of the track.

The method of ¢xcavalion here has been somewhat varied.
More commonly the top dirt is removed, and then large pits aro
sunk in the clay, which are in turn, filled by the bearing of the

t

NEW JERSEY GEOLOGICAL SURVEY



DESCRIPTION OF CLAY BANKS. 217

succeeding pit and so on. But sometimes a pit is dug and then
from it short drifts are cut in the ¢lay bed, after which the top is
allowed to fall down and thus fill the excavated space. From
the pits tho clay is carted at low tide to vessels lying off the
shore and thence shipped as ordered. Most of it is sold for stone-
ware, but a large quantity of it goes to Norwalk, Conn,, and else-
where, to door-knob factories.

The location, right on the shore, but a dock’s length from boat
trangportation, the great thickness of the bed and that nearly

all above tide level, affording all the needed drainage and the.

varying character of the clay, suited to different uses are great
natural advantages, which should be connected with systematic
and comprehensive management. The nnusual thickness of the
bed in this bank would appear favorable to the introduction of
underground working* or mining, such as is followed by Mr.
Ernst in his clay mines on Chesquake creek.

This bank is one of the oldest in the State or country, potiers’
clay having been dug here before 1800, for the supply of potteries
at Old Bridge.

From the elevation of the clay bed here as compared with its
heights elsewhere it seems rather lower than would be expected,
indicating a greater thickness in general and alsosome irregularity
in it. {See No. 120 on the general section.) IFrom the rate of
dip or elevation going northwest, there are good reasons to sup-
pose that this bed can be found further to the northwest beyond
the Clark bank, and the steep, upland bluff there offers favorable
points for explorations. The heights can be more easily fixed by
a careful study of the map and general section.

OTTO ERXNST'S CLAY AT SALT WORES DOCK.

This loeality is on the north bank of Chesquake creek a half a
mile southwest of its mouth and the same distance from Morgan
station. It was formerly worked by the Amboy Clay Company.
Tt has been reopened and worked a little by its present owner,
Mr. Ernst. There seem to be two distinet beds of clay here, an
upper, which was worked in the bank or side-hill, being from 5
to 7 feet thick and 10 feet above high water level, and a lower

+The extraction by pits and horizontal drifts was practiced more than tweniy yonrs ago hy Messra,
Clark and Furman In their bank north of the Morgan property, ond now owned by Richard 8. Con-
over.
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one, which was found, in borings and trial pits, to be 17 feet
thick and 12 to 29 feet below the same level. Mr. Ernst reports
having prospected this property pretty thoroughly by numerous
borings and says that he has found this lower clay confined to
narrow limits, not exceeding a few rods square, and running out
to nothing in one direction, towards- the upland, and to 2to 5
fect towards the water. This clay he considered very much like
that from his mines, which is also partly below tide level.

The clay of this bank is included within the boundary lines
of this stoneware clay bed as is shown by the general section
No. 124 But the lower clay found here is altogether below the
horizon of that bed, as also shown by the same section. Either
there is here a greater ¢hickness of the whole, as one bed, or
there are two separate beds. Both of these explanations are in
part correct, as they may be regarded as parts of one bed sepa-
rated, locally, by deposits of sand, sandy clay, &ec., which at
other points are wanting and the two are seen together, making
& greater thickness, as in Morgan's bank. Inequalities of surface
arc also evident from these discoveries of Mr. Ernst. These may
apply to all the phenomena observed in the several pits along
the bay shore and Chesquake creek.

THE AMBOY CLAY MINES—OQOTTO ERNST.

Tlie banks and mines included under this head are in Madi-
son township, near the head of Chesquake creek, and three miles
south of South Amboy. The stoneware clay on this property was
opened at first by digging and sinking pits in the upland, where it
sloped to the tide meadows, south of Mr. Ernst’s residence and
southeast of the mines now worked. After following this mode
of extraction for several years the proprietors, then holding it,
begun mining on a small scale, sinking shafts and then removing
the clay by cutting short horizontal drifts in the clay bed. In
1868 Mr. Ernst came into possession of the property and con-
tinued this system of mining on an extended scale. New shafis
were put down west and northwest of the old bank and old
shafts, and nearer the head of the little semicircular depression
or valley in which all of these clay workings are located. Threo
of these, put down in 1868, 1872 and 1876 are in line, east and
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west, and the vertical sections in thiese, ag given by Mr. Ernst,
are as follows:

Western Shaft (1872).

(1) Yellow sand and gravela.. i s 7 feet
(2) “ Black stuft” (sandy earth, lignite and pyrite)....ccciiviiniiniininninns 2 feet
(3) Blue quicksand......ccoviiiiainrn et 5 feet
(4) GO0 CIRAY ceeveereraeeniee st ara s s rrr s e e taa st et e s na e ta e 4} feet
{5} Good elay {red streaks at top) (main drift)....nniniinne.. 8 feet
(6) GOOL Clay .. covveiriimeisrremeeeeinrr st s e s e 4 feet

Bottom at high water level.

The stoneware clay bed includes (4), (5) and (6), or a thickness
of 161 feet. The place of the drift is represented by (5), while
(4) is left as a roof and (6) as flooring to the mine.

The middle shaft, put down in 1868, is 100 feet east of the
above and 240 feet west of that of 1876. In this the stratifica-
tion was reported to be as follows:

(1) Yellow sand and gravel...ocviiiiiissee 134 feet
(2) Sandy earth, containing lignite .......coooniniimi 2 feet
(3) Blue quicksanda . eeeciiiiiieniieairierer i e e 3 feet
{4) (H0O CIAT 1.vererrenremeereisbraressisssarenes e br bt senss absnsss bt rae s s s an e 3 feet
{5} Sandy Clay .uvremierasirre s 2 feet
(6} Dark-colored clay...imriiienirieen it 2 feet
(73 Red ClBFuee vereeeesstiesiniasnnsssies s et s rs s sras st e 2 feet
(8) Good clay {(main drift).cc it 9 feet
(9) GoOd Y . revisisiortiiiremnnrs st s e 5 feet
{10) Clay (BOTINE) . .vviirreemeeieriesise s ettt e e 13 feet

The top of the drift (8) is 3 feet above high water level. Here
the worked portion of the bed is represented by (8), but, as this
section shows, there is good clay for 5 feet under it.

Shaft 1876 —(Euast.)

(1) Yellow sand and gravel.....cceieeenanrcrinimnmrnrss e e 17 feet
(2) QUICKBANG..eeeer iiiaiisriiirirarrrnrse s st st heeaterastteren 3% feet
{3) BIIe gravel..ccovurieiriiiiveiienenisiieres ciar b e 2 feet
(4) Good elay (lower 6 feet main drift}......ccooociiniii 10 feet
(5) SARAY CLAY weorvrererirrirrnenrir st e bt s 5 feet
(6) “Black B .. i cariirs s s 2 feet

The top of the good clay (4) is 4 feet above high water level.
Most of (5) and (6) were determined by borings.
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These sections show the stoneware clay bed in its relations to
tide level and the inequalities in it. In the middle and eastern
shafts the top of the bed is mostly below that level, whereas in
the western it is above it. If the higher strata are carcfully con-
sidered, these apparent differences are explained. Beginning at
the west, the yellow sand and gravel goes down 7 feet, or 23 feet
above high water level. This is the plane of division between
the surface beds (drift) and the plastic clay series. In the mid-
dle <haft the dividing plane is 17 feet above tide level. In the
eastern, it is only 4 feet. These figures show that there was a
cutting out of the upper beds towards the east. The absence of
the sandy layers in the east shaft indicates that there the erosion
cut down to the good clay. These sections of Mr. Ernst are
particularly instructive in this respect; and the slope of this
ancient surface corresponded with that of the present surface in
direction. It was steeper, being 1 foot in 18, or nearly 300 feet
per mile. Looking at the bottom, the sections of the middle and
east shafts agree; the other was not deep enough to prove any-
thing as to the uniformity in the bottom of the bed.

In the deep ravine west of Mr. Ernst’s residence, and north-
west of the mines, there is a white sand and sandy clay in alter-
nating layers, 40 feet thick. A thin layer of moulding sand is
at the top of the bank, just under the soil. A dark-colored,
sandy clay, containing lignite and pyrite in the form of broken
sticks and small fragments, crops out in the bank west of the
shafts. No leaf impressions have been found in it. Small pieces
of amber are occasionally seen in it. This bed of black, sandy
clay was found over the stoneware clay in the older workings
near the meadows. The clay bed near the top is sandy and dis-
colored by reddish streaks, as is shown by the above sections of
the west and middle shafts. These variations are common, and
in some places the mining has found large lenticular-shaped
masses of such clay surrounded by good wareclay. One of these
measured 75 feet in length and 1 by 3 feet in its other dimen-
gions. The shafts and borings indicate a maximum thickness of
30 feet, but this is much above the average.*

* Tt % proper here to state, in deference to My, Ernst’s extensive practical observations and experi-
ence in clay mining, that be considers the clay worked in his mines as a large pocket, o deposit, 1ving
in this o ~oes arnong the bills, and that it thins out towards the higher ground. The vertleut sections
EIVeD ahove may be so Interpreted, but the survey of the other clay banks and outeraps 1o the vicinity
of biv miney and in the sdjacent country do not fivor such an hypothesls. And we think n cnreful
study of tle toap sod the general sectlon with the local details of this reportare altogether agalnst it,
and conctusive in regard to the generslizations respecting the stoneware clay bed,
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Tnasmuch as the mining is confined to the good ware clay
stratum and care 18 taken to avoid cutting through it, the under-
lying bed of black, sandy clay has been found in borings only.

The mode of extraction by mining has been greatly improved
by Mr. Ernst, and the extent to which he has carried it is shown
by the map above referred to. The following description of this
method of mining the clay, written in 1874, as a paper for the
American Institute of Mining Engineers, and printed in their
transactions, Vol. I1I, pages 211-215, is reproduced here in part
as applicable to date.

The mining operations have been the sinking of vertical shaf s,
and then the removal of the clay by a system of hori-
zontal drifts. The shafts stop in the clay stratum. On account
of the very wet and porous beds of sand and sandy clay over it,
the sinking of the shafts was attended with much difficulty.
They had to be water tight. To do this the cribbing was
doubled, and the intervening space was carefully filled with the
best of clay, rammed down hard. This clay filling has been
found efficient and, so far, enduring. From the shafts working
tunnels have been cut, slightly rising, in order to allow easy
drainage and to assist the loaded cars running to the bottom of
the shafts. Some of these main tunnels have been cut in 500
feet. They are about eight feet wide and from eight to ten feet
high. In driving these, as also in removing the clay from the
side drifts, the boring auger is in constant use to ascertain how
much clay is in front, as a thickness of five feet is always left
below for flooring, and the same overhead for roof. This is ren-
dered all the more necessary by the irregularities in the surface of
this stoneware ¢lay stratum, sometimes amounting to differences
of 10 to 14 feet from a horizontal plane in a distance of as many
rods. To support in part the roof, the ordinary mode of timber-
ing horizontal drifts is employed, the uprights or props with
their corresponding sleepers or collars being set from a foot to
eighteen inches apart. In some places, for extra security, they
are set closer, or they are doubled. Lagging on the sides keeps
up the sand filling where the clay has been removed. From the
main drifts laterals or side drifts are cut at right angles to the
former and parallel to one another.

In these the timbering is not so substantial, its object being
the temporary support of the roof while the cutting goes for-
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ward. Generally the timbering follows closely the extraction of
the clay, rarely leaving more than five feet of roof in advance
unsupported. As soon as one of these laterals has attained the
proposed length, it is filled with sand brought from the surface,
aud o few yards only from the mouth of the shaft. A second
side drift or tunnel is then cut, removing the clay quite to the
first, and thus the work of extraction and filling goes on to the
further end of the working or main tunnel. These side drifts
are rarcly more than 75 feet long. One main serves thus for the
excavation of the clay from a width of 150 feet, or from an area
of 500 by 150 feet, or nearly two acres. Owing to the earthy
nature of both the roof and the floor and the weight of the
heariny, sinking and crecps oceur, ultimately shutting up the most
carefully timbered tunnels. In practice these serve abouta year,
but this is generally sufficient for the removal of the clay from
both sides of it. A second belt is then opened from a new shaft
and tunnel. The sand filling has been found quite essential to
cconomical mining, as it prevents the cracking and fissures
through which, either in the roof or in the floor, water and
quickszand would soon flow in and fill the mine. In a word, this
sand filling completely replaces the clay, making the series of beds
almost as solid as they originally were, and accidents from such
breaks have but rarely happened. The greatest source of danger
Is in getting too near the adjacent sandy beds, and thus letting
in the water. Hence the constant use of the auger to know what
is ahead.

The elay is very solid and quite dry, and broad-edged picks,
or rrrabbing hoes, are used to cut it down. The mass thus broken
is shoveled into cars. These run on tracks which, in the lateral
drifts, are temporary, being taken up and laid in the next drift,
when one is finished. A more permanent track is laid in the
main tunnel, and on this the loaded cars are pushed to the shaft.
Here they arc emptied into buckets, which are hoisted by horse-
power to the surface.

The ventilation is effected through a board flue, built up one
corner of the shaft, and running from the surface down to within
three feet of the bottom. A current of air is created by the heat
of two or three large kerosene lamps burning at the lower end of
this flue.  Without this the air would soon be so vitiated that
work in the drifts would be impossible. * * ** *  Ventila-
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tion not only supplies good air, but also removes dangerous gases.
Several explosions have resulted from these gases when ignited
from the candle flames of workmen on entering the mine. For-
tunately these have been slight, frightening rather than hurting.
From the faint, blue, flickering flame, which can be seen by hold-
ing a lighted candle close to the toof, and near the sand filling,
where it accumulates, it is supposed to be marsh gas (methyl
hydride), mixed very likely with some carbonic acid gas {carbon
dioxide) and nitrogen, but no chemical tests have been made, as
the amount is so small, and it is not easily collected. The pres-
ence of this gas in a clay bed appears at first to be quite im-
probable, or, at least, anomalous. In this loeality, however, the
clay bed that is worked is covered by dark-colored sandy strata,
which contain much lignite in the form of small stems, with
leaves and fine woody matter distributed through it. And this
lignite contains some volatile hydro-carbons, as is proved, on dry
distillation. The decomposition of the lignite, with an insuffi-
cient supply of oxygen, would furnish these gases. Through
very small cracks they might find escape into the chambers of
the mine, and there manifest themselves in the phenomena ob-
served. Marsh gas, or fire damp, has been noticed in some of
the brown coal mines of Europe, and the conditions favoring its
productions in the brown coal formations are not very unlike
those which exist in the surroundings of this clay mine.

As the clay bed is impervious to water, and the shafts, which
cut the overlying porous strata are water-tight, there is practi-
cally no water to be raised, at least only that which comes in by
accidents, such as are sometimes unavoidable.

This mode of mining clay has been successfully employed by
Mr. Ernst for several years. With further improvements in
enlarged workings, in the modes of under ground transportation,
and in hoisting, greater economy might be obtained. Asit is, he
gets a superior clay, since there is no mixing with overlying top
dirt or inferior clays. Then there are no interruptions caused
by slides, inclement weather, &ec., common to open workings.
In addition to those advantages, the mining goes on night and
day, thus doubling the capacity of the same area in a given time.

One disadvantage will be evident at once. For every 8 feet of
clay taken out, 10 feet (5 fect below and 5 feet above) is left. But
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as the area of clay land is yet large, this is not so serious nor
objectionuble.

Therapidly diminishing area of clays at depths easily accessible
by open diggings, and the increasing value of superior clays to
meet the large demands in making fire brick retorts, sewer and
drain pipes, and the manifold forms of pottery, demand greater
economy in mining them, and this mode, so successfully employed,
ought to be more general, for it would extend vastly the workable
areas of valuable clays and thus contribute to our mineral wealth.

The composition of the best average clay of these mines is as
follows:

Aluming. cveeeeicenieinnnns .
BLEIE BT Eeisiee s ieic e et ce s e e e e cr e e s o s easassas srenrsnsiasesseess

Band {QUARLL i e e aee s 39.95
Titanic acidiiiii e e e e e e 0950
— 40.85

B G T U U
Fesqui-0xide 0f 10D., 01 s s 1.45
Water {IITstre) e siranieerar e rerrcsra e s era e sesbn seabeeenans 1.20

The specific gravity of this clay 181.971-2.138. It has the “fly
specked 7 appearance, characteristic of this stoneware clay bed.
The sand in it is very fine grainéd quartz. Mr. Ernst’s practice
is to keep his mining considerably ahead of the immediate de-
mands, and in this way he keeps a large stock of clay on hand.
And by the exposure of some months he thinks it is improved in
quality.

The elay is carted a half a mile to his dock on Chesquake
creek, whence it is shipped to all points on the Atlantic coast
from Maine to Texas. Itis knowninthe marketas “ mine clay”
in distinction from pit clay.
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NOAH FURMAXN'S CLAY BANK.

A half a mile south southeast of Ernst’s mines there is the old
bank of Noah Furman, which was described in the Geological
Survey report of 1855, page 72, as showing:

(1) Ban coriiiis ceiirirriiati e e e e e e e m s erran 3-10 feet
(2) BIRCK Iy cieraeesiiiiiierireraessisesresrsssnnssesensssnses sesrssnransnnserssnassan 10-15 feet -

(3) StONEWATE ClAFu. ieriirrrerernrerniaterioests srrsrmsiinssrarrasinrrsrarareesrasesais 14 feet

This bank has not been worked much since that report was
made. This top black clay includes in its mass a great deal of
lignite and pyrite.

MORGAN ESTATE DANK.
This is southwest of the above described locality and at the

border of the marsh. According to the same report, this bank
cut the following materials:

(1) SANMre ©erereneee e eeseseeesessessssesenessemesenesessesasaseseeessseseannesenesensaes 15-16 feot
(2} Black elay .o i e s s srsanens 7 feet
(3) Stoneware elay...oiiin 10 feet

No work has been done here lately. At both this and the last
mentioned banks the clay bed was found partly below the level
of tide water.

KOAH FURMAXN'S CLAY MINES.

These pits or mines are at the head of Chesquake creck, near
the old Morgan bank, and about a mile northwest of Jackson-
ville. They were opened about eleven years ago. They are in
the upland, near the marsh, and the surface is 20-30 feet above
mean high tide level. In one of the shafts the top of the stone-
ware clay was found at an elevation of 20 feet; in a second shaft,
100 yards west of the first, it was at nearly the same height (10.5
feet) above the same datum plane, méan high tide level. The
surface here is sand and gravel; then thereis a black clay full of
wood and pyrite, and containing some leaf impressions, 3-6 feet
thick; then the stoneware clay 5-7 feet, and at the bottom a
white sand. These heights correspond with the place of the bed

15
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as determined by its dip, and its elevations at other points. (See
general section Nos. 121 and 123.) The extraction is here mostly
by under ground tunneling, or mining, proper. A vertical shaft
is sunk to the bottom of the clay bed, and this is well timbered.
Drifts, generally 100 feet long, are cut from this shaft into the
clay, which is in this manner taken out. By means of a succes-
sion of such drifts the bed is worked out, excepting a stratum left
at the top as a roof, and another at the bottom, as floor. No par-
ticular care is taken to keep these drifts after excavation,.and
consequently they soon fall in, and thus become filled with the
material from above.

This clay has the same characteristic physical qualities that
belong to the stoneware clays in general. Its specific gravity is
2.012-2.022, and it is, on the average, a little more sandy than
that of Ernst’s mines, or that of Rose’s pits. A selected specimen
has tlie chemical composition seen in the following analysis:

1 S N 21.13
wilicie aeid e 29,23
Water (combined) oo e e s st 6.81
b7.17
T HaniE eI it e iireiers s rece s e e raes e ss s s ssaees s ba bvamns e sner e snnrsanans 1.00
33.80
Potash eveecieavieieanas B 44 e 884 m 48 4o hsuad e s shRahatiaatt bateanssnrs IR b as s 1.81
OBt eeieer e rrs et sen st seanriansrtrn s sanraa e rnnras e e en beesne e sttt enas 0.18
) T TP PRI
Magni-ia 0.22
Sesqui-oxide of iron 1.68
WaleT (MOISLUTE)..iuuiire srriemesnsssssarimsensssnirsssirmsrrssssmssssss s spensssssnernesns 0,69
4.58
100.60

.

This clay is carted to the dock on the creck, about one mile
distant. It goes to potteries for stoneware.

TIHEODORE SMITH’S CLAY PITS,

These pits are in Madison township, a half a mile east of the
Camden and Amboy railroad, and 1% miles northwest of Jack-
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sonville. The ground here and towards the south is 30 to 40
feet high, rather fiat, and drained by the headwaters of Prickett’s
brook, a tributary of the South river. The bearing on the clayis
about 9 feet thick, of which the surface layer—2 feet thick—is a
moulding sand ; the remaining 7 feet is common yellow sand.
The top of the clay bed has an average clevation above tide level
of 40 feet. TIts thickness is between 3 and 10 feet. The top spit
is very sandy, and is thrown aside as waste. Towards the bot-
tom also it grows sandy, and under it there is a laminated sand
and sandy clay. There is some pyrite and lignite in the lower
part of the bed.  All of the clay is carefully sorted so as to avoid
the pyrite, which occurs occasionally in all parts of the bed. The
greater portion of what is dug in these pits is sold for stoneware.
Tt is carted to a siding on the Camden and Amboy railroad half
a mile west of the pits.

As can be seen on the section, No. 118, the height of the clay
bed here coincides with the lines drawn, enclosing it at the pro-
per dip, and these lines projeeted to the surface would indicate
an arca of available clay land south of these pits in the low, flat
ground which extends southward to Tennent’s brook and west-
ward in a narrower belt to the railroad.

CHARLES B. REYNOLDS' CLAY.

Reynolds’ pits are in Madison township, near the head of Jer-
nee’s mill pond, and about two miles west-southwest of Jackson-
ville. The surface of the country hereabouts is flat, and does not
exceed 30 feet in height above tide water. The clay dug here is
covered by a sandy loam and yellow sand to the depth of 3 feet.
It is 5 feet thick. It is quite sandy, and near the surface is
streaked with yellow earth. The bestis drab-colored, sandy, and
dries quite white. It wants the speckled appearance observed in
the stoneware clay of the pits above described.

Only a few small pits have been dug. The clay from these
has been carted to the pottery at Matawan, where it has been
used, mixed with Furman’s clay, in making stoneware.

The clay here, so near the top of the ground, appears to have
been somewhat changed by surface agencies acting upon it. It
looks more like a local deposit of recent age than it does like the
regular stoneware clay bed of the plastic clay formation, vet its
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elevation and geographical position agree with the latter. Future
exploration of the country between Tennent’s brook on the south
and as far northward as Smith’s pits, will show either a more
or less continuous bed of clay, or the isolated and entirely
local character of this outerop, and separate from all others. In
the latter ease it will most likely be found to be of a more recent
formation, possibly of the drift. Its place in the general section,
No. 125, and its location on the map illustrate these statements
in part.
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CHAPTER II.

EXTENSION OF THE MIDDLESEX CLAYS ACROSS THE STATE AND ALONG
THE DELAWARE RIVER.

Southwest of the clay district of Middlesex county, as that
district is represented by the map accompanying this report,
white clays have been found in a few places, although not to an
extent that has led to any developments other than the few trial
pits put down to test these surface indications.

The following notes of these localities are here inserted as a
record of facts accomulated. They indicate an extension of the
plastic clay formation southwest, and are the connecting links
between the Middlesex county district and the outcrops along
the Delaware river. They are presented as the basis for further
exploration, which, it is hoped, will demonstrate without doubt
this extension, and still further enable the geologist to identify
entirely across the state the several sub-divisions, as now recog-
nized in the former district. Beginning at the northeast, a little
light-colored, tough clay is cut in the road ditch on Rider’s lane,
ascending the hill south of Lawrence brook. This lies on the
red-shale. Tt is of no practical importance as the layers are thin
and uneven.

South of this and about 250 vards north of the old mill
(Kraner’s) there is an outcrop of this clay in the side of the road.
Here its extent is not known.

Up the valley of Lawrence brook there are several outcrops.
One of these is in the road, crossing the stream, about a quarter of
o mile east of Milltown and a few rods south of the brook. An-
other is on the same side of the brook, in the road, a quarter of
a mile east of Parson’s snuff mills. Clay was once dug at the
latter place and used in fulling cloth. The surface material here
is spotted, blue and white, with yellowish stains of oxide of iron.
It is quife sandy and micaceous and looks like a mixture of blue
clay, white clay and some earthy material, derived fromn the wear
of older clay beds. Near the brook, north of it, red-shale crops
out, so that the clay must be close to this rock. Its Reight above
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tide level {(about 30 feet) conforms to the elevation of the Rari-
tan clay bed, assuming that to extend this far to the southwest
and to have a uniform strike and dip.

One mile west of Parson’s mills, and a short distance soutly of
Lawrence brook, on the road to Dunham’s Corners, clay was
found in digging J. Hox’s well. It was near the bottom, and 20
feet deep.  North of Hoy's place, and on the opposite side of the
stream, there is an outerop of yellowish-white and tough clay,
but of limited extent. Its laminated structure and its position
indicate the bottom of the Raritan bed. The red-shale is seen
very near it, in the same little ravine a few rods east of the main
road.

Another outerop of clay is on the Cranbury road, on lands
of Ross Drake, two miles southwest of New Brunswick. Here a
white clay was cut in the ditch on the road, and also i the lot
south of the road. At the latter place it was within two feet of
the surface of the ground, and the layer was two feet thick. It
was also encountered in digging a well at Drake's house. 'This
clay was mixed with sand and a little earth. The red-shale
crops out a few rods east of this. [t appears to be a part of a thin
sheet of clay which has bere been left upon the shale, and the
indications do not favor any workable amount.

There are probably other points on this border of the red-shale
along Lawreuce brook where white clay may be found crop-
ping out in the road ditches, in the little tributary brooks of the
main stream, and in its south bank. All of these are very close
to the red-shale, and, so far as their appearances and characters
indicate, are small areas of a once more or less continuous bed,
and that the Raritan clay bed As the course of Lawrence brook
is parallel to the general strike of the clay formation, and liesin
the red-shale near its southeast border, the valley which it fol-
lows does not afford such opportunities for exploration as streams
which cross the strata. Asit is, only the lowest member of the
plastic clay series is to be found along its valley.

Going further south, a yellowish-white clay crops out in the
ditch just below the old dam at Peitey’s distillery, a half a mile
southcast of Woodsville, in South Brunswick township. The
thickness of the layer bas not been tested. That at the surface
is very white and almost free from grit. Some of it is, however,
more sandy and micaceous, and looks like kaolin. This outcrop,
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so far to the southeast of the red-shale border and near the mid-
dle of the clay belt, must belong higher in the scries, possibly as
high up as the South Amboy bed. But these are scarcely more
than conjectures in our present want of facts. This locality is
interesting and promising, as it can be so readily tested. Alittle
boring or digging would determine the extent and thickness of
the deposit.

So far as can be learned from residents and well diggers of
this country, this is the only white clay known in that part of
the clay belt south of Lawrence brook. The deep wells at Day-
ton and Rhode Hall, some of them over 50 feet, pass through
sands and gravels, but no clays. In the lower lands bordering
the Millstone river and the Cranbury brook the surface is partly
alluvial in character and partly drift. These low iands are more
easily bored or tested than the higher hills, nearly all of which
are of drift and cover the regular strata thicker. At Cran-
bury a dark drab clay has been cut in a few wells, although some
of the deepest were in sand and gravel only, indicating clays of
local extent and probably a part of the general drift covering.
Explorations could be easily made in the flat and lower ground
along the Millstone river, near the Cranbury and Locust Corner
road; on J. D. Grover's farm, one and a half miles south of
Plainsboro, and at Swaenger's mills, in West Windsor township,
Mercer county.

TEN MILE RUN CLAYS.

This locality is a half a mile south of Ten Mile Run, in Som-
erset county. The diggings and borings were made on the lands
of TIsaac Webster and W. E. Baker at the side of the Ten Mile
Run and Kingston road. The clay crops out in the side ditches
of this road and also gives character to the soil over quite a
large area of land to the east of the road, towards the Sand
Hills, in Middlesex county. In the pits of Mr. Webster there
was a gravelly and sandy earth at the top, which was 5 to G feet
thick ; then the clay which was 11 feet, in the pit, and in a bor-
ing, 3 fect additional, making in all, a bed 14 feet thick. Sev-
eral borings near the pits showed 7 to 14 feet of clay within an
area of three or four acres. Red shaly materials brought up by
the auger from the bottom indicated red-shale as the bed rock.
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This clay is quite hard and dry, breaking up into shaly frag-
ments. Portions of it are very white and fine. TIn places it is
bluish white and mottled. Oxide of iron is scen in filmy coat-
ings on some of the cracked surfaces. Its specific gravity is
1.607—1.612.

An analysis of the very white and best clay of the pits gave
the following results: ,

ALIMINA s e e e ee s e ree e sese se s ren et s ans 35.09
BIIICTE B0 e it et et et e seeeseaae cenanntan sennt s e eeseneees 38,20
Wattr  combIned) vumriiriinii i e ee e cee e e eees cent s ee e e 12,10
— 83.39
Silicie aeld (SA0)vu i e e 8.60
THARIE 80 1o e e ee e et nas 1.30
9.90
0L s s bt sttt e e e anare aererentonsareenn 244
B0 o e e s et ee e e areens s e sar et ronanransrns  eseeens
LI oot e r e e serreeeeeraearaan i taeaeneen  soerron
MRENERIA ittt r et rr s s e e ees baesesomenaerereen 0.21
ResquisoXide of iron.. . e 1.89
Water (mOoIBIIEe) oo e e e oo

These figures show a rich clay, but contain too much oxide
of iron and potash to be refractory or of much value in the
manufacture of pottery. Very little has been dug, and that in
these trial pits.

South of Webster’s pits on the Gulick estate a white clay bed,
7 feet thick, was passed through in digging a well, about fiftcen
vears ago. It was covered by sand and gravel and earth to the
depth of 10 feet.

It is reported that clay was found in digging a well several
vears ago, at the upper Ten Mile Run school house, on the old
Rocky Hill road.

Mr. Webster dug and bored on his farm near the. Gulick house,
but found gravel and *hard pan” only. On the west side of his
farm he found a yellowish brick clay 2 to 3 feet thick resting
upon “ hard pan.” TLess than a quarter of & mile north of theso
several openings on the Webster farm, the red-shale crops out,
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forming the surface in the fields and appearing in the road to
Ten Mile Run. Southward, towards Kingston, the trap rocks
appear. The wet, tight bottom lands and the white oak timber
east of the road, indicate an extension of the clay to the Sand
Hills. The elevation of this clay above tide level, according to
aneroid measurements, is 240 feet. From its position upon the
shale this clay is the equivalent of the Raritan clay bed of Mid-
dlesex county. Prolonging the line of strike of the bottom of
this clay bed at tide level southwest, this locality is three and a
half miles northwest of it. IFrom that line a rise of 60 feet per
mile would place that bed 210 feet above tide water, which does
not differ many feet from the actual height of this clay. This
agreement in elevation together with its relation to the red-shale
and its composition, all show that this deposit belongs to the
Raritan bed. The trap rock and shale outcrops on the north,
west and south, and the Sand Hills on the east, surround this
clay holding it in a basin-like depression. The eastern and
southern connections with the same bed, as seen elsewhere, have
been removed, and in this manner this mass or pocket has been
left isolated and closed in by these trap rock ridges and the great
pile of drift of the Sand Hills.

Proceeding southwest the next outcrop of interest and im-
portance is on the Pennsylvania Railroad, one mile south of
Princeton Junection, where at the bottom of a low cut there is a
sandy white clay mixed with coarse grains of glassy quartz and
very small mica scales, a material resembling somewhat the feld-
spar of Middlesex county. It is, however, finer grained and more
sandy than that. A similar mixture appears in another cutting
on the same line of railroad, near the Clarksville road crossing.
This is covered by a reddish, clayey quartz gravel, which is
characteristic of the surface of the hills and knolls in this part of
the belt.

J. H. Everett, at Lawrence Station, Mercer county, says that a
white clay was cut in the railroad ditch about 200 yards north-
west of his residence.  Also, in digging for water at a small house
near the station, clay was found- from the surface down to a
deph of 8 feet where the work stopped. None was found in
digging a second well a few yards distant from the site of the
first attempt.

Near Clarksville, whitish, sandy clays crop out north of the
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village, on the Port Mercer road, and also southwest of it on the
etraight Trenton road. But these look more like drift clays, and
are not so promising localities for searches as those above men-
tioned, which arc near the railroad.

Mr. Walker, of Van Hiseville, who has dug many wells in this
belt between the Millstone and the Delaware rivers, says that he
hus not found any white clays, except in thin streaks, although
some of these wellsare between 25 and 40 feet deep. The surface
in the triangle between Van Hiseville, Lawrence and Dutch
Neck, is a stiff clay loam. Along the Assanpink creck there is
the wet alluvial tract, known as Bear Swamp. In Hamilton
township the surface is more sandy. These superficial beds con-
ceal the older strata, and in the absence of explorations leave us
in doubt as to the underlying rocks or beds. The clay of David
Rulen, near ITamilton Syuare, and that of South’s pits, along
Pond Run indicate the existence of clay in places, if not
in a continuous formation. The surface along Miry Run is also
flat, and much of it of an alluvial character, but this does not ap-
pear very deep, and in Washington township, at James Hutchin-
son's mills and for a mile thence down the stream, the pits or
borings would not have to go so deep to reach the strata in place,
and thus determine the geological structure of this part of the
country. '

Clay issaid to have beenfound on the farm of Edwin Chambers
and on the T. Combs’ estate near Miry Run, but nothing further
of the extent or character of these reported discoveries could be
learned. The higher ground at Hamilton Square and in Hamil-
ton township is sandy and gravelly, and is probably drift to a
greater depth. .

DAVID RULON'S CLAY.

Rulen’s pits are one mile west of Hamilton Square,and a quar-
ter of a mile southwest of Mr. Rulon’s house, in the flat ground
drained by o branch of Pond run. The bearing on the clay is
sand and gravel, and of varying thickness, but not generally
exceeding 6 feet. The upper part of the clay bed is yellowish ;
the mididle, red; and at the bottom, white or bluish white. The
so-called red clay is, properly, fine, mottled and streaked red and
white,and includes small, reddish masses that look like red-shale.
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All of the clay of these pits is sandy, but the sand is fine-grained.
That from the bottom is considered the best. White sand is
found under the clay, in the bottom of the pits. This locality
was first opened about four years ago. The clay is carted to
Trenton, and used in making saggars. It sells at about $2.00 a
ton. As the digging has been coupled with the work of the
farm, it has been done at intervals of farm leisure, and the
amount dug has not been large.

DANIEL SOUTH'S CLAY PITS.

South’s pits are about three miles east of Trenton, and near
Pond run, a tributary of the Assanpink creek. In the pits near
the farm house the clay is white, and is deeply covered by sand
and gravel. The first opening was in these. The later digging
has been a quarter of a mile north northeast of the house, in
the low ground bordering Miry run. At these pits both red and
white clays are dug. They are quite sandy. None of the pits
are more than 20 feet in depth, including a few feet of top dirt.
Most of them get through the white clay and stop in the red clay.
All of these clays are carted to Trenton and used principally in
the potteries, in making saggars. Here, also, the clay digging is
subordinated to the work of the farm proper, and the product of
this place is comparatively small.

These clays of Rulon and South are placed, without much
doubt, in the Plastic Clay Formation, although their exact place
in it is not at all certain. ‘They probably belong to beds which
crop out in the bluff southeast of T'renton, along the Delaware
river, although at present it is not possible to identify them there.

CLAY BANK OF AARON (. ANDERSON & COMPANY.

This bank is two miles northeast of Trenton, north of the
Assanpink creek and about 100 yards north of the Delaware and
Raritan Canal. The top dirt is gravelly and imbedded in it are
many quite large boulders of white and jaspery quartz and blue
flint. Tmmediately upon the clay bed there is a layer of these
flinty boulders. Both the top and the bottom of the clay bed are
uneven and consequently its thickness varies considerably, but
does not exceed 23 feet. The bottom is about on a level with the
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water of the canal, or 50 feet above mean tide level. The upper
part of the bed is a mixture of white clay with sand and fine
white gravel. Tt hardens on exposure when lsid on walks or
roads and for such purposes is admirably adapted, making not
ouly good but very pretty walks and roads. This clay gravel
sells at 75 cents to $1.00 per ton. Under this gravelly part of
the Ded there is a mixture of white clay and fine white quartz
grains and angular masses. It is not properly a clay, but more
like a true kaolin. It is used in the Trenton Fire Brick and
Terra Cotta Works of O. 0. Bowman & Company, and sells at
8250 per ton. At the bottom of the bank there is some reddish
clay of inferior quality which is not used.

The crude clay has to be washed to get rid of the sand and
quartz mausses, for finer uses. The washed residue is white and
fine ctay. Its chemical composition is shown by the following
analysis taken from the Geology of New Jersey, page 683:

ANALYSIS,

AN e ettt s ra e e tee et ns
BHHER vvriiirirrrieriiet e ee v et e

Magnesin coiininin e cvecsieriranaaes
Per-oxide of Iron..ccocvinvinineivrannnnes
ZITCOMIAT (et ei ittt e st eeeeeereersesesieseeeese e veessesssseronrreetrroreraeees

TO] e e e e 1o e e re s raneen i00.19

The flint boulders lying on the white clay are broken up and
sent to the potteries in the city, bringing $5.00 a ton. They are
from 1 to 2 feet in diameter. Some of them are remarkable for
the purity of the quartz, hence their value in the manufacture
of white ware. All of the beds exposed in this bank consist of
unsorted materials, and show little, if any, evidences of travel.
It is very probable that they are, in part, the result of decompo-
sition and disintegration of strata belonging to the gneissic for-
mation underlying this portion of the State,

# A necaminaton of aur Xew Jersey clays proves this constituent, which was then supposed to bo
zlreunk, to be o compound of ttanium, ($ée Part 111, ob the composition of clays.)
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There is a sand pit in the adjoining field, east of Anderson’s
bank. The surface is lower, only a few feet above the canal level.
But little of it has been dug lately.

Aleng the Delaware river, south of Trenton, dark-colored clays
crop out near the foot of the upland bluff and the border of the
tide meadow. This so-called “upland bluff” gradually rises
going from Trenton, and near the residence -of Dr. C. C. Abbott
is 70 fect above the river flood plain. Thence on to the Cross-
wicks creek bridge it slowly descends. Throughout this whole
distance it is very steep and precipitous, and is made up of a
yellow sand and gravel, resting upon the clays. On lIsaac De
Cou’s farm the bank has been cut into, and some clay has been
taken out. Here the sand and gravel is between 20 and 30 feet
thick, with some thin layers of sandy clay near the bottom. The
sand is very sharp-grained. Some of it has been used in Tren-
ton as core sand and for other purposes. Feldspathic noduies,
with a hard, shell-like exterior, and soft interior mass of Laolin-
like materials, are quite abundant in this gravel and sand bed.
The top of the clay outcrop is 20 feet above the river, or tide
water. The clay of the upper part of the bed is dark grey to
black, with mottled and more sandy masses. Nodular aggregates
of pyrite and lignite are common. Leaf impressions also appear
to be guite abundant in this upper, darker-colored clay, but none
of them have as yet been studied in their botanical relations.

This bank was first worked about ten years ago. The clay was
taken out by tunneling in the side hill. Some of these hori-
zontal drifts were 200 feet long. The roof was supported
by timbers. After having been worked in this way for two or
three years the bank was abandoned on account of the cost of
timbering. The clay was carted to Trenton and worked up into
saggars and terra-cotta ware,

On Dr. Abbott’s farm a tough, yellowish-white elay crops out
in the bed of a mmall brook, a few rods west of his residence.
An unusually heavy rain, during the past summer, lowcred the
bed of the little brook from two to four feet, and exposed this
clay for several rods along its course. From this wash the bed
appears to be of considerable extent, and of workable thickness.
An analysis of an average sample shows the following constitu-
ents: .
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Aluming and 1anic ACitu. e evvrieires et 19.43
Siltea ineluding sand)ew i i e st 70.05
POISH 1ottt e et ettt s oo 1.60
Beseui-Xide 0 FTa0 vt et e e oo 1.52
Water combined and hygroseapic) .oveeeerevieeeeeeereers oo s 7.00

Tital tdetermined)aeiueennscieeerianiieerei e vaeee e e e st 99.60

In compasition there is a close resemblance to the stoneware
clays of Middlesex county, and, theoretically, it belongs to that
class of clays. Tt is important that it be tried for some such use
—for pattery, or for saggars, or pipe. The apparently workable
extent of clay of this quality, point out the locality as a prom-
ising one,

No exploration or working has been done here. This clay
outerop is higher than that in DeCou’s bank, and it is probably
underlaid by the darker-colored bed, which is worked at the
latter place. The lower part of the bluff is to be explored for
this bed. '

On the farm of E. Abbott’s heirs, southeast of this, there is
clay in the bluff.

ISRAEL LACEY'S CLAY PITS.

These arc about half way between Trenton and Bordentown,
near the Crosswicks creek draw bridge, and west of the road.
They are in the low ground near the border of the tide meadow.
Mr Lacey says that he found the clay 27 feet thick and under it
a sand.  This clay was dark-colored and sandy. East of this
bridge and the road and also on the north side of the creek no
outcrops of clay are seen, but yellow sand and gravel.

At the Albion mill, five miles southeast of Trenton, white
clay and sand were observed by Prof. Henry D. Rogers in the
First Geological Survey of New Jersey and mentioned in his
Final Report, page 183. It was arather sandy clay and supposed
to be unfit for stoneware, but good for fire brick mixtures.

This river bluff or upland bank offers facilities for mining clay
as a more practicable mode of extraction than digging pits as
the thickness of the overlying sand and gravel is such as make
the Iatter mode of working expensive, and only possible where
there are thick beds of valuable clays. And thus far no such
clays have been discovered here. Clay beds may yet be found
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nearer the surface, or as this bank is worked back those already
known, may be found to rise and the top dirt, or bearing, to
decrease in thickness, Inasmuch asthis ground is not thoroughly
understood, explorations are very desirable to determine its geo-
logical structure and the practical value of its strata. The Dela-
ware river in its east southeast course from Trenton to Borden-
town has cut across the plastic clays to the clay marls, thus
making a good cross section of the former. At Bordentown the
river bends towards the west and thence flows on the line of
strike as far as Kinkora, where it is still more deflected towards
the west and then west northwest, again cutting the strata of
clay, but in this course, obliquely to the strike of the clay forma-
tion. This continues to Florence where it resumes its general
southwest direction. This curving course of the river has twice
cut across the clay formation and shown it in contact with the
clay marls at several points. From Bordentown to Kinkora the
bluff is steep and high and the beds of dark drab-colored clays
are seen nearly the whole distance, although in many places the
slides of the upper layers and surface washes have obscured the
stratification and made the whole look like one bed, or uniform
mass from the top down to the railroad and river line. The
dark-colored clay which in this way appears to make up the
whole bank is very sandy and is marked throughout by the
presence of pyrite and lignite. The following strata were
observed in a clean face of the bank, back of the Pennsylvania
Railroad Company’s freight car shop, about half a mile south of
the Bordentown (lower) depot.

(1) Yellow sand and gravel with some clay streaks.....ooocvicvvceecnnceranan, 8-10 feet
(2} Clay marl {green sand) . e e e vt e st es e raan 5 feet
(3) Black, randy clay, full of pyrite and lignite, alternating with Inyers of

white qUATZ RN ..e i e e e e s e e 35-40 feet
(4) White quartz sand at level of railromd track. ... iiieieiiin e,

This latter level is about 10 feet above mean tide.

The clay marl at the top is a dark-colored and sandy bed, char-
acterized by the green sand in it. The clay immediately under
it contains much sand and many erusts of oxide of iron; sand
and clay cemented together. Lower down, this bed shows much
pyrite, which is commonly in irregularly rounded, or elongated
masses. The sand layers are thin, generally, and are interbedded
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irregularly with the thicker clay beds. Towards the level of the
railroad these alternations of sand and clay are particularly sharp
and distinet; the former dark-colored and varying from half an
inch to an inch in thickness; the latter, of clean, white sand,
and often not thicker than a knife blade, appearing as mere films,
or coatings, just enough to separate the clay into these thin sheets.
There are, however, some thicker layers of this sand, especially
towards the bottom of the bank. But this thin bedding or lami-
nation is a character of the whole 30 feet, or more, of the bank
under the clay marls. The white sand seen at the railroad line
is said to extend down to the river, or tide mark, and even lower.

At White Il the stratification of the bank, as it appears at the
north end of Willard & MacPherson’s forge building, is as follows:

(1) Yellow carth and gravel......civiiiiiinimmeririiimi e ssraseisesieens §-10 feet
£2) Clay mMarl. i v s e s as s e G feet
t3) White sand contzining red oxide of iron Crusts.....ccccurvecreviecrierinnnans 12 feet
{4} Black sandy clay alternating with thin lavers of sand....cccierivnrnnn, e 12 feet
{3) White sund from railroad track level to tide level...ocoueriainiiiiarininiian 10 feet

Here also the alternations of clay and sand are very clearly
marked, and very regularly bedded. TForty distinct layers were
counted in a vertical section of 3 feet of the bank. This was
near the level of the railroad track. Just over it there is a
single bed of clay 3 feet thick. This is dark-colored, tough, and is
found very serviceable in the forge.

About a quarter of a mile southwest of the forge building, the
bluff scetion is very much like that described above, wanting,
however, the clay marl at the top, and showing more white sand
at the bottom. This sand is so clean and fine that it looks as if
it might be put to some use. The upper clay layers contain a
great deal of lignite in small pieces.

At the ice houses, and near the mouth of a large brook, the
bottomn of the clay marl is 28 feet above mean tide level. This
is lower than the same bed appears at White Hill, due to the
more southeasterly position of the former, in which direction the
bed descends, or dips. The bank near the Kinkora depot, con-
sists of clay marl, 6-8 feet thick; black, sandy earth, § feet; and
white sand, 10 feet. Fifty yards south of this point the clay
mari appears on top of a dark-colored, astringent clay. Under
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the latter there is a white, but very sandy, clay, of which a few
tons have been dug and sent to Trenton.

CLAY BANK OF MULFORD & PINE, RKINKORA,

Here the clay marl comes quite to the surface, and is 6 feet
thick. It lies on the laminated clay and sand bed, under which,
at the bottom of the pits, there is a white sand. The marl and
clay are mixed together, and made into common, red brick. The
same thin layers of clean white sand and thicker beds of clay
are scen here also. A few feet under this sand, at the bottom of
the pits, there is said to be a sandy, light-colored clay. Tide
level is about 10 feet below the bottom of the pits. The adjoin-
ing cut on the Columbus and Springfield railroad, shows a section
similar to that of the pits.

The composition of this clay is as follows:

ANALYSIS,
AR et et s 17.70
Silicie aeid. oeveei e 25.50
Water (eombined).ccuiiivvviiiiiencre et 11.80
85,00
Silicic acid (830d)...crvuueiesiccrsranrent et 31,50
Titanic 8t ..o.iviiiiccc et et et *0.80
— 3270
Potagh it 1.54
BOUR -ttt
LiMIC. it e et 0.16
MAENCSIB. oo e oo 0.65
Sesqui-oxide of Fron......ieviiier et e see e 6.40
Water (MOIStUTe). ...ovivesivitieceiienian et eeer et 3.50
— 1225
TOtL st 99.95

This represents the constitution of the laminated sand and
clay. The percentage of combined water shows a composition
unlike that of the fire clays. The percentage of oxide of iron also
is larger than it is in the latter.

In the brick clay bank south of the creek at Kinkora, there is
a thick bed of tough, black clay, quite free from lignite and

16
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prrite, but there is no clay marl upon it. This is lower than the
pits of Mulford & Pine, and near tide level. Denudation has
probably removed the clay marl from the immediate valley of
Craft’s creek, at this point,

These sections, here given, as well as others which could be
added, between Bordentown and Kinkora, show very beautifully
the contact of the clay marls and the plastic clays, and the upper
members of the latter series.

West of Kinkora there are no bluffs for half a mile or more,
but round knolls and a sandy surface, sloping gently northward
to the river. Further west the ground rises, and there is a bluff
fronting the river, from 30 to 75 feet high, and running north-
west to the steamboat landing. At the foot of this bluff, clay is
dug by Joshua Eayre and H. L. Tinsman,

JOBHUA EAYRE'S CLAY BANKS,

The openings are about a half a mile northwest of Florence
station. At the extreme end of Eayre’s eastern bank several pits
have been dug in a very tough black clay which is free from lig-
nite and pyrite and is 4 feet thick. A few rods west of this is the
main stoneware clay bank. In this there is at the top yellow
sand with some gravel, from 20 to 25 feet thick; then a biuish
white clay bed which is 9 feet thick. This is thought to be the
best clay of the bank. TUnder it, at tide level, there is a white
sand. Theclay is rather sandy, but the sand in it is fine grained.
It dries white. The cost of extraction is increased by the labor
of removing so much top dirt.

At the western opening, 500 feet west of that descrlbed above,
the strata are in the following order, beginning at the top. The
thicknesses are approximately :

(1) Yellow sand, in undulating, wavy lines.......ociiniiiiiiiininnne. 16 feet
{21 Gravel i i cr i s s e e s 2 feet
(3 Reldich and variegated elag...vic 18 feet
(41 Whitt elaF...ooiiiii i s e e e e 4 feet
(5 Clay and sandy earths.. 2 feet
(6) White sand (ealled Faolind v..oeoruiere i 6 feet
(7) Sand at mean tide level. i
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The best white clay of the bank has the following chemical
composition : '

ANALYSIS.

Alumina and titanic acide.. ...vvvvieieivies ceeervenieersseieoe e oo weene 2106
Silicic acid....oveerenreerennnennn. R et are e aue e ee vesbar e aaaa e nan 26.57
Water (combined)....... OO URTR 5.30

53.43

40.50

B T (1L USRS
Sesqui-oxide of fron wevievviececenvsiees s i,
Water (TOIBIUTE) e ererasaeereinrinie e veemeerece e eesa . e reeraraaras

Its specific gravity, 1.989—2.023.

By referring to the analyses on page 72of the stoneware clays
of Middlesex county, it will be seen that these figures correspond
closely with those. This contains a little more potash, and also
more iron oxide.

In places the clay is reddish and such is sold for saggers and
to foundries. Its average price is $1.75 a ton. The bottom of
the bed is more sandy than that represénted by the analysis
given above.

As these openings are in the river bank or bluff, there is no
expensive handling beyond the wheeling from the bank to the
boats, which can approach within a few rods of it. The most of
the red clay and the more sandy white clays are sent to Trenton.
Some of the best grades are sold in Philadelphia and in the
Lehigh Valley, mostly for stoneware, bri nging 83.00 per ton. A
more recently cut bank shows:

(1) Sand and earth, with gravelly lavers near the top of the bank ............... 30 feet
(2) Black, sandy clay, full of HgNite...oouveveeerseeeeensies e, 6 feet
{3} White clay becoming sandy towards the bottom and at length grading into

B RADUT. ot e ettt
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Some of the sand in (1) can be used in tempering clay for red
brick.

Some of the white clay is quite refractory and is used as a fire
clay. A little of it has been made into retorts. The kaolin has
very little mica in it, and it reaches down to the tide level in
the river. The sales from Eayre's banks in 1874, amounted to
3,000 tons, including the keolin.

“West of this Mr. Eayre says there is much red clay, and that
it is found all along this bank to the steamboat landing.

HENRY I. TINSMAN'S CLAY.

This opening is about 300 yards west northwest of Eayre's
hanks. The bluff here is about 30 feet high and shows the
following layers:

I =2 T T PO PP P PSPPI PRSP PRSI 15 feet
.2) Black clay, with Hgnite.. i 5-8 feet
3) Blui<h white clay, with some included masses of red clay in it............. 12 feet

The latter reaches down to tide water. Lignite is very
abundant in certain layers, especially in the form of flatiened
branches, which lie with their longer diameters horizontally, as
if they had been flattened by the pressure of the overlying beds.
Leaf impressions are said to occur both here and in Eayre’s banks,
hut none were obtained or seen at the time of our visits. This
bank was opened three years ago.

Rack of the Hygienic Institute the bluff is estimated to be 75
foct high, and the clay rises from the water’s edge to a height of
35 feet or nearly half way to the top. Above this there is sand
and sandy clay in thin layers for 20 feet. In this latter bed the
lnyers of sand are from several inches to a foot thick, while those
of the clay alternating with the sand do not exceed two inches.
At the top there is the common, yellow sand and gravel of the
country.

The laminated clay and sand bed seen in this bank, is con-
sidercil the same as that which is cut in the clay pits at Kinkora,
and which erops out under the clay mar], at White Hill and at
Bordentown. Here it succeeds the stoneware clay, and affords
us a clew to the order of the several beds observed along the
Delawure river. The equivalency of these beds with some of
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those of the Raritan bay shore, between Morgan's bank and the
Chesquake creek, has been discussed on page 225.

West of Florence Heights some clay has been dug near the
foundry wharf, on McNeel’s lands. Here, and also west of this,
on the point, the ground is low and descends gontly to the river.

At William Lanning’s house, Florence village, the following
were the beds cut through in digging a well ;

(1) BANA ettt ettt et et ettt et eeea e st ran e 7 feet
(2) Moulding 8and. i imuiiieieiiiei e e et e s ereenees 4 feet
(3) Chocolate-colored clay, growing sandy towards the bottoni.......eceuvveven.n. 8 feet

(4) Quicksand at the botiom, 43 feet deep, which is about on a level with mean tide.

A black,sandy clay is very commonly reported in well digging
about Florence and Florence station, at depths of 15-25 feet
beneath the surface. The sandy soil, and loose nature of the sur-
face generally, at Florence and westward to the river, give no in-
dications of the clay strata which underlic the whole district.
From the point the course of the river is a few degrees west of
south, but there are no clay outcrops, only the superficial beds of

-sand and gravel, and there is no blufl along tho river.

BRIDGEBOROUGIT GLAY,

A little clay has been dug near Bridgeborvugh, on the Ran-
cocas creek, in Cinnaminson township, Burlington county.

Charles Hampshire's pits are a quarter of a mile east of the vil-
lage, and near his residence. In the western pits, which are near
the creek, there is only a thin covering of soil on the clay bed.
The clay is 12 feet thick. Tt is red and mottled, some of it con-
sisting of a mixture of red and yellowish-white masses. Although
sandy it is a tough and strong clay. Under this there is a layer
of white sand about a foot thick, and under that a sandy white
clay, but the digging rarely gets deeper than the sand layer.
The red clay is sold to terra cotta manufacturers and to iron
Works, at §1.50 to $3.00 a ton. The eastern pits are also in the
low ground, but a few feet above tide level. At these a sandy
white clay is dug. Over this there is a sandy clay, streaked with
yellow dirt, and a layer a foot thick of black clay, making alto-
gether 5 feet of top dirt. The clay bed rises slightly going back
in the bank, towards the house, where the surface is not over 12
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feet above tide level. These pits were first opened about four
years ago.

Joseph Austin’s pits are one mile east of those of Hampshire,
and also close to the south bank of the creek. No digging has
been done lately, and the locality has not been visited. The clay
was described as light-colored, sandy and suitable for some kinds
of pottery.

Current rumor says that there is clay on the Austin farm, west
of Bridgeborough. None has been dug. The surface of the
country on the south side of the stream, about Bridgeborough and
west to the Delaware river, is very sandy. The highest points
are not 20 feet above high water mark, and the slopes are all very
gradual, so that there are no favorable outcrops or natural sec-
tions. These clays at Bridgeborough resemble those of Florence
Heights, and they belong in the plastic clay formation. Their
location, west of the outerops of the clay marls and on the line
of strike of the elays, shows their relation to the latter in general,
although it is impossible to determine more precisely their true
geological horizon in the clay series.

HYLTON'S BANKS.

These banks are on the south of the Pensauken creek, in Cam-
den county, and one and a guarter miles south of Palmyra.
The biuff here along this stream is about 80 feet high, and in
this, from the Pennsylvania railroad bridge eastward to the wagon
bridge, the strata are very finely exposed to view. The general
northwest course of the creek is at right angles to the strike of
these beds, or across the clay formation, so that following it up
stream, the older, and then the newer and higher beds, are
crossed. At the west end of Hylton’s bank the clay bed is almost
wholly above tide level. On the Morris property, east of that of
Hylton, it is all below the same level. But there is much varia-
tion here, not only in the thickness of the several strata, but also
in the order of arrangement of some of them. Hence no general
vertical section is applicable at all points. The following is the
order most commonly observed, and the thicknesses of the indi-
vidual beds: \

(1) Yellow sand {for moulding}. ..ot e 4-5 feet
(2) Yellow loam and gravel .o e 0-12 feet
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{3) Yellow fire sand .oooviernieieeciinn e s s s 20 feet
(4) Fine white sand (kaolin) ..o 12 feet
(3) Clay (white and red)... vt e 8-20 feet
(6) Fire sand, or aolin ..ociiiiieiininninimie st i et 8 feet

(7) Clay and sand, in alternate layers, at the bottom......ccvenviviiiininnnnei

This order is, as stated, not persistent throughout the bank.
In some places there are gaps, and in others some of these are
replaced by beds of a different character. The gravelly earth
next under the sand, at the top of the bank, is very firm and
solid, consisting of quartz pebbles mixed with a little yellowish
red clay. When wet. it is quite sticky, but dries like a stone.
Tt is thrown down through chutes to the dock level, at the foot
of the bank, where it is loaded on vessels, and shipped to foun-
dries for moulding in large castings. Tt is also used in making
walks and roads, for which it is an excellent material. Its price
ranges from 75 cents to §1.00 a ton. The yellow sand, under the
gravel (3), is nearly all quartz, mostly fine-grained. There is a
litile coarse-grained in some of the layers. It gocs to the fire
brick works as fire sand.

The next bed (4) is also nearly all quartz and sharp-grained.
There is a little mica in it. An analysis shows its prineipal con-
stituents to be represented by the following per centages:

A LIIIN A et vravansnrirrersaararransrrraromesarsrnnrenoetatasisbnsannnsastnusiarrnarrsetaisssassanss 5.60
Quartz and combined gilicic Acida...oiiiiii 91.80
oL L eeneeuestiirnerstrrassrnanennrasenssssnsans esassatbasesntssetanmsenrrnstrastasiastrianins 0.20
R T 1 PP YOI TU SN 2.20

Total (determined) ...................................................................... 99.80

It is said to stand fire well, and is used in fire brick, &e.

The bed of clay ranges between 8 and 20 feet in thickness.
All of it is sandy, but this sand is very fine grained. If is hard
and solid and breaks with an irregular fracture. Its specific
gravity is 2.052—2.101. Most of it is white, sometimes with a
pinkish tinge, but in places it is reddish, or variegated red and
white. The red is more common at the west end of the bank
and often runs out asthe digging gets further in the hill, as if it
had come from the surface. The composition of the clay, accord-
ing to an analysis of an average specimen, typical of the bed, is:
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ANALYSIS,

Aluming and titanic acid
Filitie 2eideii v,
Water ‘eombined)

—  41.11
56.80
Sesqui-oxide of iron .
Water (muoisture) 040
2.56
Totad e e s 100.47

The percentage of quartz sand is large. The oxide of iron,
lime and potash, separately, exceed slightly the average amounts
of these bases found in the best clays of Middlesex county, as
can be seen by reference to the tabular statement of anal yses in
Part IV, on economic uses of clays, but they are not so large
as in the other clays along the Delaware river, and not sufficient
to prevent its employment in making fire brick. This clay is
largely used at Trenton by 0. 0. Bowman & Co. in the manufae-
ture of fire brick. Some of it is sent to Bethlehem, Pa., for
retorts and condensers in zinc furnaces. Besides these it finds
other customers and some additional uses, as in stove tile and
flucs, chimney tops, garden vases, &e. But none of it has been
found to burn so as to hold the slip for terra cotta ware. The
prices range from §2.50 to $3.00 a ton.

The kuolin under the clay bed is not often dug, as it is low and
under the water. Tt 1s sold for fire bricks and to rolling mills.
Under this at the west end of the bank there is a bed, consisting
of thin, alternating layers of white sandy clay and sand. The
vertical section of this bank, according to a letter recently
received from the proprietors, iucluded the following beds:

(1) Monlding sand v eee e ees eeeeies e eeaae 4-5 feet
(2} Moulding gravel (ClaFey) o e eeecere s e rerenneiereaes s 4-20 feet
(3} Loose gravelu....cocoiniinaane N
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(4) White sand, sharp sand and kaolin.......cccccciiiininiiiniiinnnnnn 2-20 fect
{5) White and mottled €lays....ciceiieiirarivermnriesrsrmmsim e e 7-23 feet
(6) Fire sands, fldepar and quartz.........coooviiiniiiiininnns e

Sometimes there is a stony layer on the top of the kaolin (4).
It is mixed in character and apparently a layer or thin bed of
boulders.

Woody layers are occasionally seen in the kaolin. The quartz
in this latter is very fine and uniform in size of grain, and
angular. Fragments of sandy clay and a few mica scales occur
in it. Some of it looks clean and of uniform size, fitting it for
glass making,

The lower fire sand, found under the clay bed is coarser-
grained containing pebbles and angular masses half an inch in
diameter. Part of this layer is a mixture of quartz and yellow-
ish white sandy clay. The quartz appears in sharp fragments
and as pebbles and these are from % to } inch in diamweter. It is
called feldspar. But it is much finer grained and more sandy
than the so-called feldspar of Middlesex county. It is used as &
fire material in rolling mill {furnaces.

No boring has been done to determine the strata below these,
here described. In the keolin or sand bed, over the clay, veins
of very rich, fat clays are often met with, from the thinnest film
to layers an inch thick. Rounded, ball-like masses of clay are
also common. These abrupt changes in material are evidences of
very sudden changes in the period of formation. And this bed
may belong with the higher, gravelly and sandy beds, to a much
later geological epoch, possibly to the later drift, or even post-
glacial age, and not to the clay series. A curious phenomenon
observed in this bank are vertical, cylindrical, or tubular masses
of kaolin (pipes) several inches in diameter, or smaller, running
through the clay bed, as if holes in the latter had been filled by
the material of the succeeding and higher bed.

In working this bank, gunpowder is often employed to break
off and throw down large masses of clay, &c.,, upon the level
below. Thence it is easily wheeled on board of vessels at the
docks. This bank very favorably situated, having a navigable,
tide water front along the whole length of the working face and
vessels of 200 tons burden can lie close to the shore. Then
there is very little pitting or digging below the level and conse-
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quently no pumping expenses, or raising of water in any way.
And all the materials above the clay bed are thrown down
directly into the carts, or blasted off and so loaded. These facili-
ties for easy handling and nearness to navigation and railroad
enable the proprietor to utilize very much more of the upper
gravel and sands than would be possible in many banks. The
materials go into market as “ Pensauken Creek clay und kLaolin.”

CHAS, MORRIS' CLAY.

East of Hylton’s bank the same bluff or bank continues on
the property of Charles Morris. The clay is deeper than ou
Hylton’s lands. No openings have been made, but the clay out-
crop can be traced up stream as far as the old distillery site.

These cloys of Florence Heights, Bridgeborough and Pensauken
creek are, it may be observed, along lines of denudation where
the Delaware river and the Rancoeas and Pensauken creeks have
worn into and through the beds of drift, exposing the underlving
strata of clays, sands, &e. And these openings are where nature
has thus laid bare these valuable materials and made exploration
almost unnecessary. It is not to be supposed that these streams
have any connection with these beds, beyond such as accidentally
oceur in the drainage, and consequently there are good reasons
to suppose that these beds are found in the intervals between them.
In these mtervals the drift sand and gravel has covered the clays
and associated strata more or less decply, and in the absence of
exploration by boring or digging they have not been found.
The slopes to the Delaware river and its tributary streams are-
generally very gradual, and hence there are no breaks in the
drift mantle or covering. Borings and diggings for testing these
apparently bdarren intervals could be made easily and cheaply;
and a judicious choice of location where the drift is light and in
the lower grounds, will most certainly add to our number of clay
localities and our knowledge of the geology of this part of the
State.

The above mentioned statements apply equally well to the low
and flut country bordering the Delaware river in Camden and
Gloucester counties. The slopes of the upland are very gentle,
and there are wide meadows along most of the streams in the
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limits of the tide water district. Outcrops of clay have, how-
ever, been observed at a few points.

RED BANK CLAY.

On the United States government lands at this place and on
the bank of the river, a tough, white and sandy clay is secen at
low tide in the gently sloping bed of the stream. The locality is
a few rods south of the battle monument. Nodigging or explor-
ing work of any kind has been done here.

BILLINGSPORT CLAY.

Clay is dug on B. A. Lodge’s lands one and a quarter miles
south of Billingsport. Gloucester county. The opening for clay
is in the upland bank or river bluff, which has an average height
of 20 feet above high water mark. "The strata exposed are:

(1) Sand and gravel 10-17 feet
{2} Yellow clay 2 feet
{3) POUEr® Clay.ecoriveiiiiiiiiieeioinieriereesrninsiena e 10-12 feet
{4} Yellow clif covveriiininirnnemr oot ians s TP . 1 foot
{56) Coarse white gravel at the bottom............. b s e

This clay is dark colored. Near the top of this bed there are
some lumps of lignite. Towards the bottom a little pyrite is some-
times observed in it. The best of it is quite sandy. An analysis
shows the composition to be as follows:

ANALYSIS.

Silicic acid
Water (combined)

Silicie ncid (sand)
Potash

Magnesia .oooiiinninrniaan
Sesqui-oxide of iren
Water (moisture)
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The sand makes up a little more than half the weight. The
per centages of iron oxide and alkalies are quite large, and enough
to render it fusible at a high temperature, and, thercfore, unfit
for some uses as a refractory material.

The clay is wheeled from the bank to vessels of light draught,
or such as can lie near the shore, and sent to potteries as a pot-
ter's materinl. A short distance southwest of this, in the flats in
the river, clay has been seen, probably of the same bed as that
of Lodge's diggings. Tt is also reported as found in a well at a
neighboring house, near Mr. Lodge’s residence.

BRIDGEPORT CLAY,

This loeality is near the Raccoon creck, one mile south of
Bridgeport, in Gloucester county. It is on lands of James Kirby.
This clay is vellowish-white and tough. None of it has been
dug lately. There is said to be a large amount of it. This is
the most vouthwesterly clay locality in the State.

Neither this nor Lodge’s clays appear like those further to the
northeast. And both may be more recent than the Iatter. With
so limited outerops, and so far apart, it is difficult to generalizo
with much certainty. More exploration and larger opening of
these places are necessary to determine their geological relations,
as well as their extent and practical value.

Beyond Bridgeport, southwest, the country along the river is
low, and descends gradually to the tide water creeks and the
river. Meadows border these, excepting a few points, as at Penn’s
Grove landing, Church’s landing and Pennsville, in Salemn county,
where there are low banks of upland. Tt is not known that any
valuable clay has ever been found in this belt of countrv along
theriver. The wells are shallow, and apparently not deep enough
to get throuzh the drift. The Delaware here flows in the clay, or
between it and the gneissic rocks, which crop out on its western
shore as far south as Wilmington, South of the latter place the
clay formation appears on the west of the river, and its beds
crop out at several points in Delaware. Christiania creek runs
along its northwest border, and the southeastern follows near the
line of the Delaware and Chesapeake canal. Both white and
red clays crop out in the bank, and in the bed of the river about
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three miles south of New Castle. A considerable amount of clay
was formerly dug here for pottery manufacture. Some of it was
used in making glass pots in West Jersey. These clays resemble
the best clays of the belt along the Delaware river in New Jersey,
and in character, as well as in their relations to the adjoining
greensand marl, on the southeast they appear to belong to the
same formation and to be the southwestern extension of the clay
belt of New Jersey, which has here been described in its out-
crop across the State, and along the river from Trenton to
Bridgeport, or to Red Bank.
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CHAPTER III
CLAYS OF SOUTHEASTERN NEW JERSEY.

As no geological classification or arrangement of these clay
localities of the southeastern part of the State is possible, th ey are
here described according to a geographieal order, beginning at the
northeust and proceeding south and southwest.

CLAY AT BENNETT'S MILLS.

Near Bennett’s mills in Qcean county, there is an outcrop of
white clay on lands of Charles H. Appleget, lying near a tributary
of the Metedeconk creek and not far frora the latter stream,
Specimens selected by Mr. Appleget and sent to the office of the
Geological Survey are tough and plastic, but quite sandy and a
little streaked with reddish and yellowish earths. The locality
has not been cxplored sufficiently to test the size of the bed un-
covered so near the surface of the ground.

BRICESBURG TRACT.

On this tract clay is dug near the old Seven Stars hotel and
made into red brick. This is a very stiff, tougly clay, and most
of it of some shade of yellow or red, although some of it is
said to be white. There is on it a bearing of earth, gravel,
&e., 4 feet thick. Tt is possible that selected clay of these pits
could be used for pipe or some kinds of pottery.

TOMS RIVER CLAY.
[}

From Bricksburg to Toms River there is a belt of clay land
quite in contrast with some of the more sandy surface east and
west of it. Some gravel is mixed in the surface layers of this
belt. A clay for red brick is dug one mile north of the village,
at Dubuisson’s brick yard. There is here an average thickness
of 13 feet of clay covered by sand and gravel 4 feet thick. This
clay is dark drab-colored and sandy, resembling somewhat the
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astringent earth called “ rotten stone,” which occurs on top of the
upper marl bed in Monmouth and Ocean counties. It is said to
burn light colored. But little of it has been used, and the
bricks made of it are not very strong and do not command a
ready market. By sorting, some clay could be got here which
would make pipe. i
East of Toms River a yellowish white bed of clay having a
maximum thickness of three feet, appears in the bluff on the
south side of Dillon’s island. The bluff is 35-40 feet high and
this clay is at a height of 25 feet. It is interstratified with sand.
These strata dip gently towards the southeast.

STANTON TRACT.

On this tract three miles west of Toms River and near Sunken
Branch some digging and boring 10 feet deep brought up yellow-
ish white, sandy clays. These were found in two layers, each 18
inches thick and separated by sand. Clay, in thin layers, is said
to occur on the same tract near the Bowman place. Borings
15-25 feet in depth, made by Ex-Sheriff Ivins, at many points
on this tract did not discover any clay beds of value, although at
one point a tough blue clay was found 10 feet thick. Sandsand
gravels were the prevailing strata encountered in these explora-
tions.

It would be easy to increase this list of localities where such
thin lavers of clays, more or less sandy and earthy, could be
found, or are already known. Their uncertain and limited
extent and generally inferior, or worthless character, excepting
- 8s red brick material have rather prevented explorations which,
properly conducted, might have led to discoveries of some beds,
or deposits of more value. These clays already known, appear
to belong with the sands, gravels and sandy earths to the drift
which constitutes the surface material over so large an area in
this part of the State, excepting the tidal meadows, the alluvial
deposits of the swamps and the more recent sand dunes that
follow the coast line.

LARRABEE'S BRICK CLAY.

This clay is on the line of the New Jersey Southern Railroad,
one and a half miles northeast of Whiting’s station, in Ocean

NEW JERSEY GEOLOGICAL SURVEY



256 CLAYS OF SOUTHEASTERN NEW JHRSEY.

county. Tt is yellowish red in color and covered by a thin bed

of gravelly carth. The brick yard here uses it in making red
brick.

CLAY AT MOUNT MISERY.

Near Mount Misery, one mile south of Hanover station of the
New Jersey Southern Railroad, Burlington county, clay was
formerly dug for making the brick used in the furnace at
Hanover. The pits are near the old Brown’s Mills road and
about a half a mile northwest of Mount Misery. They are
nearly filled up by the sand and earth of the sufuce and none of
the clay can now be seen without digging. At the village a red
brick ¢lay was dug in the south bank of the stream. It is very
sandy.  An onterop of red clay was seen near the old pits, west
of this point. Exploration hereabouts might discover clays of
some value, better than those once dug here.

TOWXSEXD'S CLAY, WHEATLAND,

A pipe clay isdug by E. N. & J. L. Townsend one and a quarter
nmiles southeast of Wheatland Station, QOcean county, near the
boundary line of Burlington county. The strata seen in these
pits are described as follows by Mr. Townsend :

(1) Gravelly rand and Cla¥ey FANG...ii i e T-10 feet
12) Black, ~andy elay, full of lignite and PYMtC e 14 feet
(3) Bion pipe Iy e 3-8 feet
(4} Redili<h-rellow, sandy elay..oiemencn i oo 2-3 feet
{5} Samly varth with some clay lumps (locally called a kaolin).c.vineeivenen. 2-3 foet

(6) Sand with some gravel 88 the BOWOI. v v .eee s ceseerees e eesoseosoossonas

In the top black clay, logs of wood (lignite) a foot in diameter
have been found. Mr. Townsend has applied this clay as a
fertilizer on sandy ground and observed good results from its use.
It has been called a marl, but it is not properly such, but rather
an amendment to the soil. It must be used sparingly, otherwise
the sulphate of iron from the decomposition of its pyrite is in-
jurious. The blue pipe clay is sandy, the sand being very fine
grained. This layer is throughout very uniform in quality,
The reddish elay at the bottom is sometimes very thin.

NEW JERSEY GEOLOGICAL SURVEY



CLAYS OF SOUTHEASTERN NEW JERSEY. 257

A little of the sand or kaolin from the bottom and the blue
clay mixed together, have been made into fire brick. But most
of the clay of these pits is used in the manufacture of pipe and
chimney tops at the drain pipe works of the proprietors at
Wheatland Station.

UNION CLAY WORKS.

This locality and these works are four miles south of Wheat-
land Station, Lacey township, Ocean county. In the south-
eastern pits at this place there is a top inferior clay § feet thick ;
then a micaceous clay and sand 4 feet; then white clay 10 feet
thick, and gravel at the bottom. In the pits north of the works
there is at the top a gravel with yellow, loamy clay 4 to 9 feet
thick, then a bed of white clay 10 feet thick, next a sand and
gravel 4 feet thick, and at bottom white sand. These figures do
not apply throughout, as there is some variation from pit to pit.
In digging a well 62 feet deep at the works, the strata cut were
reported to be:

(1) Loamy gravel and clay..ccocoeiivrciieiceininensiecisiee e ceeee e e eeseenen
(2) Clay. e b atranre ettt rra e ranars 8~-10 feet
(3) Gravel (thin layer) ..o cees erinseraaerenes
{4) Good ClaF. it 2-3 feet
(3} White 8anUeiiiiiiiiiiiiiciii e eeresie s cersrrmnines e vee et s e st e e e e 22 feet
{6) Sandy gravel at the Dottom. e et iceeeerer s mrrse et mtine e ie s e e eee e

Borings made near the worksare said to show that this deposit,
or bed of clay, is at working distances from the surface, under
about seventy acres of the lands adjacent to the works. Some
of the top clay is reddish in streaks. It has been put into red
brick. The best of the clay was used in the works, in drain and
water pipes, for which it is mixed with sume of the micaceous
sand which is found under the clay bed. The pipe manufacture
here was started in 1866, previous to which dats the clay was
tried for making fire brick and common pottery. For the latter
it answered very well, but for the former it was not sufficiently
refractory.  This use of it was abandoned. Tt appears to be
better fitted to make stoneware than pipe. It has been tried in
glass pots also, but alone did not answer. When mixed with
German crucible clay it is said that it did well.

17
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The first pits here were opened about eighteen years ago, but
the locality has long been known for its clay, which the colliers
were accustomed to use in ehinking up their cabins and for other
such purposes,

This deposit is on the high ground, or divide, between the head-
waters of the streams flowing west to the Delaware river and
those going east to the ocean. It is, at least, 150 feet above tide
level.  From its association with beds of gravel it appears more
like a tertiary, or post tertiary, deposit, than of any older epoch.

In the southeastern portions of Ocean, Burlington and Atlantic
connties sandy clays have been found at a few points, but hardly
fit for any other use than the manufacture of red brick. There
are two or three such near Tuckerton. At one of these, on the farm
of Juoseph Nugent, two miles west northwest of the village, a very
fine white cluy, containing but little gritty material is found
within two fect of the surface, and as Mr. Nugent states, is at
least 7 feet thick. The size of the deposit, or the value of this
clay, are unknown. Asitisin a low, sink-like basin, it must be
more deeply covered in the adjacent higher ground. This clay
looks as if it might do for stoneware. The locality should be
further opened and the clay tried, as it might be used for stone-
witre, saggars or sewer pipe, and such manufactures at Tuckerton
would have cheep fuel and labor, and be near good transporta-
tion Ly land or water.

A clay like the above is reported on Eayre Oliphant’s farm,
about three miles southwest of Tuckerton.

CONRAD'S CLAY PITS.

These pits are at Conrad, one mile south of Tansborough, Cam-
den county.  The Williamstown railroad runs a few rods west of
thens.  The existence of clay here has long been known, and it
Las been used at times by the people of the neighborhood as a
whitewash for outbuildings, fences, &c. About seven years ago
the first pits were dug for clay, to make pipe, and about that
time works were erccted here for the manufacture of pipe, terra
cotta and fire brick. The pits go through a bearing of G inches
to 3 fect, and then the bed of clay, 5 to 16 feet thick. Under this
latter there is white and yellow quartz sand. In some places
there is a stony layer, from two to four inches thick, consisting
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of sand cemented together by iron oxide, between the clay and the
sand. James Conrad, the former proprietor of the pits and works,
says that this clay can be traced for a mile southeast of his pits;
he has found it at several points in borings in that direction.

This clay varies considerably in its appearance. Generally the
best of it is at the bottom, near the stony layer. All of it is
sandy, and some of it is mixed with earth in streaks. Its colors
are bluish-white, buff’ and chocolate shades.

The chemical composition is expressed by the following analy-
sis of an average specimen :

ANALYEIS.

ATNMINA® . L e iriairrrcirrerererrrerrerarerrnees sanererrareraariaarstnranrrsiaraas 23.30

— 59.80
S cai ittt e sr s ettt rr e e e ey se e e rnmn e e aare 34.50
— 3450
Potash oo e s 1.77
B0R e 016
L U VPO
Magnesia e,
Seaqi-oXide of IP0N...e.iviveriiiaccrin ceerieeriaesarrer i s e nreas 1.50
Waler (MOIBHIPE) . ivisiiiiie i crie e et e e 1.60
_ 5.03
TOtRlcieiiieiii et e e e e e e e 99.33

These figures show that this clay cannot be refractory enough
for the best fire brick. They indicate a composition like that of
some of our best stoneware clays.

The spocific gravity, washed clay, is 1.553—1.929 ; sifted clay,
1.866—1.946. ‘

All of this clay answers for pipe. Some selected lots were used
in fire brick, but nothing was learned of their character. For
some of the finer and ornamental terra cotta ware the crude clay
is washed, sifted and pressed. The ware made of it has a pleas-
ing and soft shade. Some of the statuary looks very well. For
the latter, the unwashed crude clay can be used. The products

@ Including the tinnle ncid.
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of the works are shipped over the Williamstown railroad, a side
track running to the works. The thickness of the clay, the thin
covering of soil, and the location so near the railroad, favor this
place.

This deposit, like those near Wheatland, Ocean county, is on
the water shed, between the drainage towards the Delaware river
and the Atlantic slope. Its geological place is uncertain.
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CHAPTER 1V,

CLAYS OF NORTHERN NEW JERSEY.

Tn the northern part of the State clays fit for the manufacture
of bricks and tiles are found very generally distributed through-
out the several counties and these supply the local demands for
the more common grades. There are no such large and exten-
sive beds, or large manufacturing establishments as in the plastic
clay belt of the central part of the State. And consequently
these deposits are of local interest and value. They are all near
the surface and belong to the drift and the alluvial formations.
Their description is omitted in this report and referred to the
chapters on the surface in the “Geology of New Jersey,” and
other reports specially devoted to such deposits.

Two localities of clay in this part of the State are here noticed,
as they have furnished material for other and more valuable
uses. These deposits or outerops appear to belong in older rocks
and to have resulted from changes produced in them by the
long continued working of atmospheric and surface agents.

The first of these localities to be mentioned is in a narrow
valley one and a half miles southwest of Bethlehem, Hunterdon
county. The following description of this clay appeared in the
annual report of the Geological Survey of 1874, viz.:

“The ridges on each side are gneiss rocks, and the bottom of
the valley is also gneissic in character, but just here the rocks
have been so decomposed by surface agencies, that this clay is
all that is left of the original rock strata. The clay was discov-
ered two years ago by the owner of the property, Mr. Willever.
For a short time, the place was worked by a company from
BEaston. Last spring it was reopened by the present owner, S.
L. Shimer, of Phillipsburg. The clay is covered by a very thin
bed of drift earth. Its thickness has not been ascertained,
although a shaft thirty-three feet deep has been sunk in it. Two
trial pits, one lower down the valley, and the other several rods
west of the mine, indicate an extensive bed. The mining opera-
tions consist of the single shaft, and a little digging at one side
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of it.  The clay is properly a kaolin, being a mixture of white
clay with a large percentage of very fine white quartz, and
partially decomposed feldspar.  Analyses of the crude material
show a large amount of potash, with some lime and magnesia,
and a little oxide of iron. A trial of it made by a Trenton pot-
tery firm, shows that it will not make porcelain ware, on aceount
of the dark color from burning. It would probably make good
stoneware; and selected portions when washed, would answer
well for paper facing. The company have erected a drying shed
in which there is a washer, and at the side there are small vais
for the reception of the clayey liquid. The sand in this clay is
remarkably fine, and that sorted out by washing, appears pure
enough for some uses in the arts.  Only a few tons of the washed
clay have been sold, and this more for its introduction into the
market, than as a regular business.”

Little work has been done since the above account was written.
Such kaolin clays or kaoling, resulting from the decomposition of
feldspars in gneissic, granitie and syenetic rocks are found in all
parts of the world, and most of the fine and valuable porceluin
ctays of England, France, Germany and some of those in our own
country belong to this class, thus formed in site from the rock.
The poreelain elay of the Iokessin valley, Delaware, is 4 notable
example of this class of clays, From these statements it follows
that wherever there is much decomposition of rocks containing
feldspar, clays will be produced, varying greatly in character ac-
cording as this change in the rock has proceeded to o greater or
less extent, removing all the original potash and the excess of
silica and making a fine clay, or partially carrying away these
constituents and leaving an impure and inferior clay. The
original constitution of the rock also determines in part the
resulting product, rendering it more or less valuable as there may
be more or less of foreign constituents in the rock muass.
Throughout much of the highlands and gneissic rock district of
the State, and particularly towards the southwest, in the western
portion of Morris, in Warren, and in Huntcrdon counties, the
disintegration of the strata near the surfuce resulting in what is
often termed “rotten rock,” is a characteristic feature in the
reology of these counties. The Bethlechem clay is one of these
outerops or localities of rock thus altered in appearance and com-
position.  Other localities where a little of such clay can be dug
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are reported, but they have not been considered as sufficiently
developed to beincluded in this report. That others of workable
extent and of value may yet be discovered is Liighly probable,
and careful searches, prudently carried forward, within the limits
of the gneissic and associated rock outcrop of the so-called Azoic
formation of the State are advised.

The other clay locality is about a mile north of Macopin pond,
in West Milford township, Passaic county. The following de-
seription of this clay deposit, written for the annual report of the
Geological Survey, in 1874, is here inserted, inasmuch as there
has been nothing done there since that account was published :

«Tt was first worked about thirty-five years ago, by Moses
Kinzey, afterwards by Mr. Wooley. But during the past twenty
years nothing has been done. At present the pits are filled up
by the surrounding earth, and the bank is so fallen down that
there is no clay exposed to view. A little digging at the. time
of our visit in September last, cut through some thin layers of
mottled (red and white) clay, which is apparently quite pure.
A chemica! examination of samples thus obtained, gave four per
cent of alkalies, indicating the presence of some partially decom-
posed feldspar with the clay, and showing it to be unfit for the
ordinary uses of fire clay until it is washed.

“TThe statements of residents in the neighborhood, and of one
man who worked in the pits, are, that the clay occurred in Jayers,
or beds, nearly horizontal and not exceeding two feet in thick-
ness, and separated by thin strata of fine, white quartzose gravel.
The banks, as now exposed, show that over this clay there was
a quite thick covering of this quartz gravel, mixed with yellow-
ish clay, and in places with a dark red sandy clay. The clay
obtained from the pits was washed in works that stood near the
pits, and then carted to Mead’s Basin. It's use was not learned.
This bed is very near the conglomerate outcrop of the Kanouse
mountain range on the west. About four hundred feet west of
it in the hillside a pinkish red bed of shaly rock was dug for
red paint. On the east side of the valley the guneissic rocks crop
out. About a quarter of a mile south, and near the farm house
belonging to the clay mine lot, there is an old pit, in the sides of
which a conglomerate, made up of quartz pebbles and a white
clay, crops out. It is said that some clay was dug here. If so,
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it would appear to point to this feldspathic conglomerate rock as
the origin of this clay.”

No attempt can be made here to enumerate the localities in
New Jersey where clay for red earthenware, for tiles, and for
common brick can be found. A large number are known, and
many more can undoubtedly be found by an inexpensive but
judicious search.

Bricks of excellent quality are made at Newton, in Sussex
county. They are made from clay found there, and may be
taken as samples of what can be made from the clays of the
Kittatinny valley. These clays have been formed by the dis-
mtegration and wear of the Hudson river slates. They are in
quality like those on the Hudson river from Newburgh to
Albany.  And they may be looked for throughout Sussex and
Wurren counties wherever the slates are found.

A large business has been done in the manufacture of bricks
and drain tile at Flemington, in Hunterdon county. The clay
is found in the immediate vicinity. It is evidently produced by
the dixintegration of the red-shale which is the prevalent rock
there. Clay of the same origin is used in the manufacture of
bricks at Somerville, Somerset county.

A very large deposit of excellent brick clay is found near the
Morris canal, at Singack, in Passaic connty, A large quantity of
excellent brick has been made at that place for Paterson and
other towns on the canal. A large deposit of equally fine clay
has been noticed about the flat country whore the Whippany and
Rockaway rivers join the Passaic in Morris county. And another
at the south end of the Great Swamp in Passaic township,
Morris county. The clay of these three localities is of compara-
tively recent origin, and is probably a sedimentary deposit from
the sluggish strewms which flow near them. The last two men-
tioned have not been worked.

Near Hackensack there are also considerable deposits of brick
clay, which have been extensively worked. The clay is plainly
of modern and sedimentary origin.

At Trenton there are extensive brick yards, and large numbers
of common brick, and also of pressed brick of the best quality are
made, The material used is the clay from the decomposed gneiss
rock which underlies it. It is the same material that is used in
making the fiue Philadelphia and Baltimore pressed brick ; and
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it is specially liked on account of the fine color and accurate
shape of the bricks made from it.

The localitivs of the brick clays cannot however be further de-
tailed. Thev are numerous, and sufficient to meet the require-
ment of this most important though primitive art.
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Part III

COMPOSITION, PROPERTIES AND ORIGIN OF THE CLAYS, FELDSPARS AND
KAOLINS.

CHEMICAL COMPOSITION.

The chemical composition of the clays, feldspars and kaolins,
occurring in the State has been given in many analyses in Part
IT. Tn the first chapter of Part IT the analyses of the clays and
feldspars of the Middlesex county clay district ave classified necord-
ing to their geological position. Thus the Raritan bed clays are
represented by tables on pages 43 and 46; the Woodbridge bed
on page 51; the feldspars on page 62; the South Amboy bed on
page 67, and the stoneware clay on page 72. These analyses are
of speeimens dried at 212° Fahrenheit. The local descriptions of
the same district include these tables and many additional an-
alyses of clays, feldspars, kaolins and fire sands, But these are
of specimens well dried at summer temperatures (in summer
air) and they all show the presence of a small amount of
moisture, or hygroscopic water. Such analyses are of economic
value since they give the composition of the raw materials, in
their natural state, after extraction and drying and when ready
for use. They are of special importance and significance to the
clay miner or dealer and to the manufacturer. And in the con-
siderations regarding the uses of these raw materials, for ware,
fire brick, drain pipe, building brick, alam making, paper
glazing, &e., &ec., these analyses should be taken into account,
sinee they show in some degree the value of these materials for
special applications. They are important to the land owner and
clay miner also, if they would know the value of their lands, or
of the materials they would put in the market. No intelligent
proprietor or manufacturer dealing extensively in clays can
afford to be altogether ignorant of the facts which such analyses
give. The tables referred to above, indicate the general charac-
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ter of tho several geological beds. Hence their interest to the
geologist. They may be studied advantangeously by the prae-
tical man who desires & basis for comparisons preliminary to
more detailed examination and study of localities. For conven-
ience in using these analyses scattered through this report the
rewler is referred to the list in the index (see under “ Analyses”)
and to the table of contents.

The composition of the various clays, feldspars and Laolins,
which muake up the strata or beds of geological formations, and
further studied as minerals, aggregations of which forin rocks,
is here presented. It follows naturally the descriptions of locali-
ties and of the materials as they occur. Here the analysis is
studied with reference to the constituents and their chemical
relations to one another. It is made to explain the constitution
of the erude material and to exhibit both the essential and char-
acteristic components and those which are foreign, or which are
accidentally present.  The crude clays are resolved according to
these chemieal determinations into their proximate and ultimate
elements. By the former the mineral components are deter-
mined and by the latter the chemical constitution is ascertained,
For example, a clay may be separated into water, sand, mica,
lignite, titanate of iron, kaolinite, or clay proper. The last
named is the essential constituent. Alone it is clay. The others
may, one or all be wanting, that is they are accidents in the
case. These several constituents, or minerals, can be further
examined and resolved into elements, as silica, potash, titanic
acid, alumina, &e. The complete chemical analysis gives these
elements, but does not necessarily indicate their relations to one
another, nor give the proximate constitution of the clay. To
get this there must be physical examinations, special tests and
niicroscopical work.  The composition is, therefore, learned
through the scientific study of the results of the chemical analy-
sis, supplemented by these particular examinations which are
made for the purpose of showing the mode of combination, &e.,
&e. For the better understanding of these discussions and for
eagy comparison the analyses are computed upon the basis of
100. That is, instead of taking the weights obtained in the
luboratory and the fotals of the determinations the sum is
assumed to be 100 and the several constituents calenlated accord-
ing to the ratio between 100 and the sum obtained. By asimple
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proportion the percentages of the several constituents are thus
obtained. Since the difference between the totals and 100 seldom
exceeds one per cent the calculated percentages do not vary
much from the weights got in the original analyses. Only a few
of the more full analyses of typical specimens are used in this
part of the report.

As has already been stated, the essential part, or constituent,
of clay is the kaolin, or kaolinite of mineralogists. This is a
hydrous silicate of alumina. According to analyses of pure
specimens, its composition is as follows:

BHLI00 .ttt rueranrerasssusasseserernerasssssssursnsmsetnnttretostasrinrtnarernsenrareiestes ebtaninsis 46.3
AlUmInd veeecearieneses o e hatiTEeRveererEeueterterreraebadbatrratiartasarrrerons eerearenies 239.8
Water i eeiberssassarEsiTesterivereoekitesnaranteattrentraraansrhionan 13.9

100.0

This composition is expressed by the chemical formula
Al, 0, 281 O, + 2H, O. For comparison with tlis standard the
following table of seven analyses of as many of the rich and
purest clays from the Woodbridge and South Amboy fire clay
beds is presented :

1 2 3 4 5 6 T (Avige
[
Silican .| 42041 4422 44.64) 4255 43.17| 44.39 43.45: 43.62
Alumina ... 40,200 38.08! 38.75! 33.05 30.67) 39.48( 38.84! 39.01
Water...ovew carens 13. 2| 14.10] 13.05] 1479 1347, 14.17| 13.68, 13.87
; 96.50
Potash.,.....uen... 0.41] 015 017 035 048 025 026 029
S50da cveeneviniiin 0.08].ceenvmalininnnans 0.371  0.22]......... 018 021
Lime...coiccernnns {170 £1] RO O POPPPTPN 0.20]. ] evernnnas| 015
Magnesit covovvendenenninn 011 01l PPN D 0.11
Ferric oxide.....] 051 001 115 105 046 045 087 0.78
Titanic acid...... 14530 1.327 132 142 182] 106, 121 ].34;I
Sand . neens 0.51 1.11 : 0811 142 071 0,20 151 0.00
Total............[ 100.00 ]00.001 100.00; 100.00| 100,001 100,00 100.00

1. Loughridge & Powers' fire clay, Woodbridge.
2. H. Cutter & Sons’ fire clay, Woodbridge.

3. H. Cutter & Sons’ ware clay, Woodbridge.

4, W. H. P. Benton’s fire clay, Woodbridge.
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o

o]

. E.T. & J. M. Roberts’ fire clay, near South Amboy.

6. E.F.& J. M. Roberts’ selected paper clay, near Soutls Amboy:,

7. Grorge Such’s washed paper clay, near South Amboy.

Av. Average of analyses, 1-7.

The <um of the averages for the silica, alumina and water is
96.50. The caleulation of the per centages of these constituents
upon the basis of 100, gives:

Silien ...,
Alumina .,

Or, as compared with the percentages deduced from the above
stated formula, there is o deficiency in the silica, and an excess
of alumina and water. These differences might be explained
by variztions in analyses, which were made for technical uses,
and not of specimens best adapted to yield data for formulas.
Such variations might be expected under sueh circumstances.
But an examination of each of these analyses shows like differ-
ences in all. No. 6 was the richest clay of the seven, containing,
after throwing out the inscoluble silica or quartz, oxide of iron,
titanic acid, water and potash, 98.04 per cent. of soluble silica,
alumina and water. These computed for 100 are as follows :

1 T O TSP UUTTPIN 45.27
Alumina ..oiviniee, i aeertereetaietriee teaneraeet e iahe ettt e e nae
LT ettt e s er et v e et e e a v e s et tearen aban st et aaaan

These last per centage figures differ-vory slightly from those
of the average, They all show the excess of alumina above that
deduced froni the formula of kaolinite. An examination of the
several analyses of the fire and ware clays oceurring in New
Jersey, was made to ascertain the proportion of the alumina to
the soluble silica and water (combined), and the following
classifiention was deduced :

1. The counstituents were in amounts approximately ex-
pressed by the avernge as above given. In this class nearly all
of the fire elays were found ; also, the porcelain, or ware clays.

2. The constituents were not in the amounts as above expressed,
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the alumina being in considerable excess. The so-called feld-
spars, the potters clays of S. A. Meeker and B. A. Lodge, and
probably others, and the fire clay of J. D. Hylton, Pensauken
creek, belong in this class.  Charles A. Campbell’s white fire clay
1s also in this group.

3. The silieca was found in excess. The clay of the island
farm, and the stoneware clays of Middlesex county, belong here.
Also Joshua Eayre’s stoneware clay, Iflorence, und the fire clay
at Conrad.

These classes are not sharply defined, since the analyses show
gradations from one to another, which cannot be more accurately
classified. Examples of the first class have already been given.
For the second, the following are presented :

i 2 3
BHLCM . c1en et tevesreemvee e ee s eeeanen soeseean seese seneneereate s eeeenenenes 1046  16.65) 17.52
ATNINING 1oviver e eeee s e tb e st e e veew| 21.86' 17.61] 1814
Water i Jeemrtaareeteararereareaanrire e yaaansaaaanann 589, 6351 541
| T S 225 0121 0.76
B0da v v e G210 0,20
LUMIE coeees e e eeeeaes s e e v erae e etetas e obs st s ee e st s sae e e st e et b 0.28 e
MIAENCKI (oot e e e e s e XX U PO
Ferric oxide. ... coviiemen i ireneere e ereretareernrees 1.57] 0.54 1.09
Titanic acid 0.01.........
BN 1 evveveee e eere s eeerereen et e eet e esaere et et ereesent et eeaarann 43.45! 57.61| 5688
100.00] 100.00| 100.00

1. S. A. Mecker's potters clay, Woodbridge.

2. Edgar Brothers' feldspar, near Woodbridge.

3. J. H. Hylton’s fire ¢lay, Pensauken creek.

In Nos. 1 and 3 the amounts of alumina are to be reduced,
each about one per cent., for titanic acid. With these reductions,
this constituent is relatively large in amount. Taking the aver-
age for the three constituents, they correspond to the formula
6Al, O, 10Sic, + 11H, 0.

As examples of the third class we have the following analyses:
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It
|
F

l 1 | | 3
SHCR ovver s s reeseesseseeessesessesssseessesssmtes s e sots e oo 16.11| 2067 20.20
AIUIIDA 1oveivtieereeeieeineeseesessreeieesessssessssesssesneesssemesenes | 85561 20.87 2117
WALET. oot ierire st ssrssnsas e nsasns prerreniasctetetenrresrans 14800 8611 6.72
POLESh ©ocviieeisiieieece e aebe et e teeeesereas s nerarenaransen 012, 155 181
Bodn v e U PO i ......... 0.18
) 71 O TP PUURUTN RRTORURNNRRN FOPTPPRRS
MEAEIRSI ©evrereeeeeeereressssersseesensssesesemeersessessons sersssssosssnsedsosssens 0300 o022
Ferric 0Xide i crreeisiiasiessr e erers rrereereosssesenssasassecionns | 138 1.45| 1.68
THABIC B cveirneisreriersesnesieeeessieeeeeeeeseeetrernrestssesnresasneses ] 143 1.14] 1.00
BN eiriiririierr ettt teernn e s et e e sra s arnaea s 0511 36.41) 37.93

| ‘
£100.001 100.00. 100.00

1. White clay from Island farm, Middlesex county.

2. Stoneware clay, E. R. Rose’s pits, Middlesex county.

3. Stoneware clay, N. Furman's pits, Middlesex county.

In No. 1 there is little foreign matter. The formula 5Al, O,
1181 O, + 12H, O, cxpresses very nearly the relative proportions
of the alumina, silica and water. Nos. 2 and 3 may be expressed
4Al. 0, 1051 O, 4 8H, O.

The examples above stated prove conclusively that the clays
are not altogether uniform in composition, even after throwing
out all the aceidental or foreign constituents. Either the essen-
tial Laolinite is not constant, or our clays consist of this mineral
mixed in varying proportions with other hydrous silicates of
alumina. Inasmuch as the greater number of the rich fire and
ware clays of the State, and also others which have been here
examined, do correspond very closely to the composition and
formula assigned to this mineral, the latter explanation is the
more plausible.  What may be the constitution of these other
silicates is not evident from the analyses. The specimens
analyzed were not all of a character to furnish data for the con-
struction of formulas, or to determine with certainty the compeo-
sition of Laolinite, but many of them were of remarkable purity,
and the generalizations here stated rest upon determinations
which do not appear capable of any other explanations.

The ¢xeess of silica (soluble) may in part be due to the pre-
sence of free silica. The separation of the free or hydrated
silica was attempted in many of the analyses, but the results,
although quite constant (ranging from .4 to 1.5 per cent. in the
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fire clays), were not considered satisfactory, and werc rejected.
There is no doubt as to the existence of the silica in this condi-
tion, but present analytic methods fail to determine its amount
with accuracy.

ACCIDENTAL OR FOREIGN CONSTITUENTS.

The foreign constituents or impurities in the clays and so-
called feldspars of New Jersey, are quartz and titanic acid in
nearly all, and feldspar, mica, pyrite, lignite, oxide of iron, am-
ber, carbonates of copper, vivianite, red-shale, and various earthy
matters more or less widely distributed.

@Quartz has been found in all the specimens analyzed. It
exists in all, even in the most fat and apparently gritless clays.
The smallest amount determined was two-tenths of one per
cent., in the paper clay of E. F. & J. M. Roberts’ pits, near South
Amboy. This is better expressed in a practical form by four
pounds in a ton of the crude clay. The average amount in the
best fire clays of the Woodbridge bed, Middlesex county, accord-
ing to the table on page 51, is 5.07 per cent. But there isa wide
range in the amount, as well as in the form, in which this con-
stituent occurs.  The stoneware clays of Middlesex county con-
tain between thirty and fifty per cent. of fine white quartz sand.
The average size of the grains in these clays is 1-250 of an inch
in diameter, and they range from 1-70 to 1-1200 of an inch.

There are other clays, as that of Mrs. Clark’s pits at South Am-
boy, Loughridge & Powers’ extra sandy clay, and some of the
clays along the Delaware river, in which the sand amounts to
more than half of the mass In these latter, and generally in
the fire clays, there is considerable variation in the fineness of
the sand. In some the sand is coarse-grained, from 1-100 to
1-200 of an inch; in others it is very fine, less than 1-250 of an
inch. The fineness does not necessarily go with richuess of the
clay, as in Roberts’ clay there are graing 1-70 inch in diameter,
although few in numnber. More commonly there is uniformity
in the size of the grains in the same clay, so that in the coarser
grained there is a preponderance of a larger size, while in the
fine grained there is an absence of coarse grains, and also of the
more minute quartz dust. In the feldspars the quartz occurs ina

18
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greater range of sizes, from dust to'small pebbles half an inchin
diamet ri and these latter are somewhat rounded on the edges,
as 1f worn by atteition.  In the clays the sand, as examined
undle - the mieroseope, appears little rounded and of exceedingly
irreenlor shapes——fragments of translucent to transparent quartz.
Oceasionally there is some yellowish and, rarely, a grain of red-
dish quartz, The colorless, vitreous variety prevails. The sand
is ulvn vident in the greater specific gravity which its presence
gives, oo can be seen by reference to the table further on in this
part of the Report.  Scattering white pebbles of quartz have
been observed in the bottom of the fire clay bed at Isaac Inslee’s
pits, venr Woodbridge.  This oceurrence is exceptional. At the
Neukaunt bank, Sand Hills, the fire clay has some coarse sand
grain- bere and there imbedded in it As has been already men-
tionoed (pages 52 and 67), there are no sharply defined planes of
division hetween the rich, or fat, and the sandy clays, but grada-
tions through which the former passes into the latter and vice
corers They are not distinet beds, but variations in the same
contitneus bed. Masses of sand and very sandy and inferior
cluy= have been observed in the rich clays.  Long lenticularsand
mas~c-, tonsisting of clean white quartz, have been found en-
clo~t:l in the clay.  These oceurrences are much like some of the
Ioiw s cock which are found in the ore beds of oldor forma-
tion- i like the association of the white erystalling limestone
and pr1ovissie rocks of the northern part of the State.

T e deid—In the third annual report of the Geological
Survey made in 1856, page (67, analyses of clays from Trenton and
Burt's erevk are given, containing each 1.4 per cent. of zirconia.
These analyses made by Julius Koch were subsequently printed
in the = Ceology of New Jersey,” 1868.  Inthe year following the
publication of the latter, a revision of these analyses was made
by Mr. Dozardus, and what had been announced as zirconia was
found to be titanic acid.® These revised analyses appearcd in
the annnel report for 1872, Later chemical examinations have
found *iteaium in nearly all the clays, both foreign and New
Jursev which have been tested.

‘ A w!nm tinn it Wi found that fu the ordinary method of nnulv‘a[‘; hy Msing
%01, dese- o in water, Hlterlne and bolling the fllirate-no precintate
Show the rhwence of titanjum. The following tnethad was then
s chiceste L byvdrotiverie and sulphurie aclds, the aluming, &c. was pre-

: Terd, washed wnd I ded inasotutivn of utu-\tlc]potmh the it soluble POT-

v emd tinlem was eoileeted on o flter, burned and t

HEEIITS wen iused in bisalphite of
Of B 1 ied nldes Was rlgested In water h\drnqu!phur](. ncid gas was passed through the
Wt w t' e lran and (Lo u'd wows hal'ed the t'tanitu wad precipitatod,
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The combination in which the titaninm exists is not certainly
known. By careful washing the most pure clay, as that of
Roberts’ banks near South Amboy, (in which the quartz is 0.2 per
cent. and titanic acid 1.05 per cent.) a mixture of quariz and
brownish black grains was obtained. These were not magnetic.
Most of them were of irregular shapes, and about of the same
size as the fine (quartz) sand about 1-230 inch or .01 centimeters
in diameter. This granular residue was digested in sulphuric
acid and the filtrate analyzed. An average of two resulis gave
the following percentage:

Insoluble in sulphuric acid...ociiie i e e e e 43.49
Alumina

The portion insoluble in sulphuric acid was further tested and
found to contain a little soluble silica sufficient to combine with
the alumina as clay, but no titanium.

A third sample of clay was more carefully washed to ensurc as
nearly as possible a complete removal of the clay. The washed
mass was digested in hydrochloric acid. A large portion of the
iron and an unweighable trace of titanium were dissolved. The
insoluble mass was heated in sulphuric acid, the liquid filtered
and analyzed. The results this time were :

[nsoluble in sulphuric acid........ e rer e r e e et eE e e eas s aaat s ey ararany 7797
Alvming cveuneeen.. Caramreearrerer
Ferric oxide i rrnneenen
TIanie ACIt. e e et ee et e ereen s
Total et et eee et raetaas 100,00

A reasonable explanation of these results is that these black
grains are titanic iron (menaccanite) mixed with nigrine. Both of
these minerals are found in granitic and gneissic rocks, and such
rocks are supposed to have furnished the materials for the clay
strata. Rammelsberg in his “ Handbuch der Mineralchemie,”
8. 1008,* describes a compound containing of :

“From {(fumbel's Geognaostische Beschrelbung des Ost Bayerischen Grenzgebirges, S, *,
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TEANIE f0E L iieeriiires crres it s e s rsressas s sesransensssrenassrasarnerasrnaraustrnsersore 89.49
T o 11 S 11.03
DY YT T PP PTO PP PON 0.45

POb ] et et cr it s et tis cerias b resesiantrarsernse ternsasnentasanisarsannisnrannrnns 100.97

Thesc proportions of titanic acid and oxide of iron are not very
different from those given above. And its behaviour with
chemical reagents is very similar to that of these black grains
from the clay. According to Rammelsberg this compound of his
analysis from Barnau, in Bavaria, is nigrine, a variety of rutile
mixed with menacecanite.

The general oceurrence of titanium in the clays of the plastic
clay formation, and in nearly constant amounts is most remark-
able. In twenty-one clays from as many different localities, it

-as found varying from 1.06 to 1.93 per cent., or excluding the
maximum, the range in the remaining twenty was between 1.06
and 163 per cent., varying much less than the quartz sand.
These titanium compounds have been found in the feldspars and
fire sands of the same clay formation. They are evidently dis-
«vminated throughout all its beds.

Fildspar and Mica oceur in the plastic clay formation, irregu-
larly distributed through the several beds. The feldspar is seen
in some of the coarser clays, and in the fire sands, and in the so-
valled fdldspar bed, but in very small fragments. It appears
mueh altered or kaolinized. This condition is very marked in
the kaolin clay at Trenton, which is the decomposed gneissic
rock. The clays on the eastern side of the State do not appear
to have any of this mineral in them, or if there, it is in minute
frasments, The alkalies in some of these, as well as a part of
the =ilicic acid and also of alumina, may exist in such particles
of undecomposed feldspars. No examinations have been made
to determine the feldspathie species. This determination might
Lwe iuteresting and suggestive, as relating to the origin of the
clavs and feldspar. Mica is a more common constituent in the
Lieds of this formation. It gives character to the micaceous sand,
commeonly termed kaolin, although in this material it docs not
amount in any case to ten per cent. of the mass. It occurs in small
crgles or flakes, rather unevenly mixed with the sand grains.
The top white elay of the Middlesex county pits shows in wash-
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ings the mica mixed with the quartz. And the potash in this
clay may come from that source. As both of these minerals are
fusible at high temperatures, their presence is undesirable in fire
clays.

Pyrileis a common constituent in many of the clays in the
State. Tt is most abundant in the darker-colored and more saudy
clays, rendering them, in many cases, unfit for uses to which they
might be applicd, were it not for its presence. It is so abundant
in the laminated clay and sand bed over the Woodbridge fire
clay bed, and also in the black clay overlying the stoneware clay
bed, as to give character to them. In these, as also in all the
dark-colored clays, both in Middlesex county and in the beds
along the Delaware river, it is generally associated with woody
matter, or lignite. The latter is very rarely seen in any amount
free from pyrite. Its presence in the lignite beds of the upper
part of the clay formation, near Chesquake creek and the Rari-
tan bay, has been one of thie most sertous obstacle in the utiliza-
tion of that fuel. It is also common in the black clays along
the Delaware river, between Trenton and Kinkora. The clay
diggers frequently refer to the pyrite as “sulphur,” or as “sul-
phur balls.” It occurs in fire clays of some localities, and is re-
moved by washing when in fine lumps distributed through the
mass, or it is cut out by hand when present in larger ball-like
aggregations of erystals. In these clays it isnot associated with
lignite. The round “sulphur balls,” as commonly known, are
from two to five inches in diameter, and often partially decom-
posed on the exterior, so that the outer portion or shell of oxide
of iron encloses a centre of unaltered pyrite. Generally, such
occurrences of spheroidal nodules are limited to certain horizons,
or levels, sometimes at the top, at others at the bottom, and when
they are found in this way their removal is an easy matter—Dby
cutting them out of the spifs as these are dug. Careful sorting
and cutting, in this manner, obtains most valuable grades of fire,
ware or paper clay, even from pyritiferous beds. (See pp. 192,
193 and 201.) When clays, rich in alumina, contain considera-
ble pyrite scattered through them, so that it cannot be cuat out or
sorted, nor profitably washed, they can be used by alum makers,
and much of this grade of clay is thus utilized. The oxidation
of the pyrite has produced copperas or sulphate of iron, which
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is apparent in the inky or astringent taste freyuently noticeable
in some of the dark-colored clays, and occasionally observed in
the white fire clays. The deep, brown color of water standing
in and ubout clay pits, is owing to the presence ¢f sulphates thus
derived from the alteration of the pyrite. Since this inineral
does nat acear in suflicient amount to be workable as a source of
sulphur, it cannot alone be utilized. And in the clay it is posi-
tively injurious. .\t moderately high temperatures it fuses, and
acts therefore as a fluxing agent. It is one of the damaging
constituents, and its presence is altogether undesirable. Its
ocenrrenee has been given in local descriptions of Part T, and
for localities the reader may consult that portion of the report.

Liguite.—This term has been used to designate the various
forine of fossil wood which occur in some of the beds-of the clay
formation, awd to which reference has already been made in the
notice of pyrite. It appears as trunks and branches of trees.
These are of all sizes up to logs three feet in diameter and many
feet in length. The wood structure is still apparent, and brown
to jet black in shade. The smaller branches and stems are
aenerally flattened, as if compressed by great weight. They lie
horizontally, or nearly so, in the beds. Impressions or prints of
leaves are ofton found aecompanying the wood. This lignite
hurns with a blue blaze, giving off an empyreumatic odor. As
above stated, pyrite is commonly associated with the fossil wood.
Exvosed to the atinospheric air it soon cracks badly and falls to
picres, so that lumps, solid when freshly taken out of the pits, are
soon ruined ps specimens in mass.  Nearly all of the dark-
colored elays, and particularly the more sandy of these, contain
ligmite, or wood, as it is commonly known ameng elay diggers,
either in very small fragments very uniformly distributed
thirough the mass, or in the form of sticks and larger pieces more
irreirularly imbedded in them. In the upper part of the clay
formution, and near Chesquake creek, beds of lignite one to four
feet thick oceur among the black ¢lays and sands. For a fuller
deseription of these lignite beds the reader is referred to the
“ Geology of New Jersev,” and also to pages 74 and 75 of this
report It is necdless to mention localities, as they are almost
everywhere in the area of the clay formation and they are
referred to in the local details of Part IL The composition
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ing to an analysis made some years ago in the survey
ory is,

Gases (wolatile hydrocarbons) a0.2
Coke (¢ ATHON) o viiiaiirieriernmneeicriin e 346
F X T TSP PP PP P TPTC PP IT PEEPIIR IR 15.2

100.0

Its use as a fuel is, of course, restricted to its occurrence in
workable masses. Elsewhere it is valueless. It cannot be con-
sidered as injurious as it burns out and leaves the mass white
and mora open, or porous. The fire clays do not contain it, or
very rarely. In the dark-colored to black clays it enters to the
extent of seven per cent in some of them. These are generally
used in pipe making.

Ozide of Iron(Ferric Oxide)—The hydrated oxideof iron occurs
very generally in the clays and feldspars of the plastic clay forma-
tion. The analyses of the white and fine ware clays indicate
from .4 1o 1.2 per cent of ferric oxide. Nearly all of it is readily
dissolved by digesting the clays in dilute hydrochloric acid,
which shows that it, or the most of it, exists uncombined and mixed
with the silicate of alumina, or clay proper. And it is regarded
as an accidental constituent or impurity. In none of the analy-
ses of fire clays, or of the feldspars, has there been over two per
cent., and generally it is about one per cent of the whole. The
common, red brick clays often contain much more, although in
these a part of the iron is combined as silicate with other bases.
This oxide is supposed to be the coloring agent, or matter, in
the various shades of red clays. The “spotted,” or mottled
clays, owe their variegated appearance to the iron oxide present
in the red portions. The strange mixed arrangement of the
colored clays in some parts of the fire clay bed has been referred
to on pages 52, 67, 85 and 134. Some of the red clays have been
examined and found to contain as much as seven per cent of
oxide of irox. It seems highly probable, from the behaviour of
our clays in analysis that a portion of the iron exists as a pro-
toxide (ferrous oxide) and is combined with silica and other
bascs as a double silicate. When present to the extent of about
onec-half of one per cent, as in the best fire clays of the State, it
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cannot be of much effect upon the refractoriness. And
not show in any discoloration in burning. When it am
three or more per cent, as in the red clays it appears to inju-
rious, as these do not stand intense heating. The remova’ of the

iron by treating with acid has been suggested, but the practica-

bility of such a method has not been proved, at least not upon a
large scale,

Ambher (Suceinite), has been found in small, nodular masses in:

the dark-colored clays at Isaac Inslee's pits, near Woodbridge,
George Such’s pits, Burt’s creek, and at Ernst’s mines, on
Chesquake creek.  The largest pieces which have been collected
by the survey were not more than an inch in diameter. It was
of dark yellow to reddish brown color. Its ocecurrence in the
dark-colored, lignitic clays is an indication of vegetable origin.

Malachite, or Carbonate of Copper, and Vivianite are among the
rarest of these foreign constituents of the clays. These minerals
have been observed, cach in a single locality. They appeared
as incrustations, or filmy coatings, on the fractured surfaces.

Red-shalr has been mentioned as one of the foreign constituents.
Its occurrence is limited to the bottom of the lowest member of
the plastic cluy serics—the Raritan bed and near the red-shale
and sandstone rock of the triassic age. It appears in small frag-
ments, and as shaly earth in the clay of two or three localities.
Excepting these occurrences, no traces of these rocks have been
discovered anywhere in the beds of the clay formation.

Sandy corths and loamy materials are found in places with the
clays, not in one mass, mixed uniformly, but in streaks and
irregular pockets and layers in the clay. They can hardly be
considered as parts of the clays, but rather as associated im-
purities. In some cases these are superficial masses, or deposits
of later age.

MICROSCOPICAL EXAMINATIONS.

A microscopical examination of some of the clays of the State
as well asof some obtained elsewhere, was suggested by the paperof
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Johnson & Blake, “on Kaolinite and Pholerite,” in the American
Journal of Science and Arts, IT Vol,, XLIII, pp. 351-361 (1867.)
Their results, as therein presented, indicate the existence of a
mineral of definite form and composition, and this was named by
them kaolinife from the old and common word “ kaolin.™*

Under the microscope this mineral appears in the form of
transparent or translucent, rhombic, rhomboidal, or hexagonal
plates, or scales, which are generally aggregated in irregular,
curved and sometimes in fan-shaped, prismatic bundles. The
same paper further indicates an intimate relation between the
plasticity of the clays and their fineness, or state of aggregation
in which the plates or scales are found. In sedimentary clays
these are more broken and fragmentary, and there are fewer
bundles than in the kEaolin proper, or clays which have resulted
from the decomposition of feldspar in place. Trituration, as rub-
bing between the fingers, breaks up the bundles and the mass is
rendered thereby more plastic than in its original state. The
plates vary greatly, from .005 to .0001 of an inch in diameter.

The examinations made for this report were with powers rang-
ing from 200 to 800 diameters. Many clays, fieldspars and kaolins
were examined, more particularly with reference to the nature of
the foreign constituents associated with the keolinite. The speci-
mens were exceedingly diverse in character and embraced both
kaolins and sedimentary clays of different geological ages. The
hexagonal scales or plates, were found in nearly all of these
specimens. Generally they were much broken, and the mass
appeared largely made up of their fragments. Curved and
prismoidal aggregates, or bundles of these nummular plates were
more abundant in the kaolins than in the sedimentary clays.
In some of the latter no plates were recognized. The following
specimens are selected as indicating the range of the examination
and the results.

1. Washed, white clay from Bethlehem, Hunterdon county.
This clay is simply the altered feldspar, in situ.

Plates very abundant and small, many fragments. No bundles.
These may have been broken apart in the washing.

#Thts word Aeelin has been nsed with much latitude, and 1ty meaning greatly perverted in varlons
ways. Originally from the Chinese knofing or Agu-ling, meaning igh ridge, and spplled 1o the
pulverized rock employed in pottery—Iit has been {ranslerred to the clays resulting from the decom-~
rosmon of feldspathic rocks in situ, and then to those which have been remaoved from the original
ocality nnd deposited In beds, or sediments of later geclogical formations, In New Jersey and on
Staten Island it has been still further used to designate & micaceous sand. Wherever 50 used in this
Tepori it appears italicized.
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2. Clay from Trenton. Another clay which is on the site of
its origin, or very near it.

Full of plates, mostly thin. Some rhomboidal but more irreg-
ular in outline,

3. Keolin from Hokessin, Delaware. Decomposed feldspar, in
place. Many very fine, thin plates; some masses of nummular
plates, or shapes.

4. Paper clay, E. F. & J. M. Roberts, South Amboy. Very
little quartz. Mass of fine particles lurgely made up of small
dises or plates of irregular outline. A few of them were approx-
imately hexagonal in shape.

2. Blue fire clay, same pits as No. 4. This appeared much
coarser than No. 4, Very few plates were seen in it.

6. William H. Berry’s retort clay, Woodbridge, extremely
tough and plastic. Very small particles, No plates or bundles.

7. Charles M. Dally’s clay (Raritan bed), south of Bonhamtown.
No plates or bundles.

8. Clay from feldspar, Forbes’ farm. Many plates, but very
small.  Prismatic bundles of nummular shaped plates also
common.

9. Clay from feldspar, Knickerbocker Life Insurance Com-
pany’s farm, Perth Amboy township. Much coarse gritty mate-
rial.  Many bundles of nummular shaped plates, but of less
diameter than those of the clays.

10. N. Furman’s stoneware clay, Chesquake creek. Much
quartz in grains of irregular shapes. A few thin plates.

Among the foreign specimens examined were Chinese kaolin,
which contained many small curved bundles, and kaolin from
Aue, Saxony, in which fine plates and bundles were very abun-
dant.

These cxaminations appear to show the very general presence
of the crystallized kaolinite, and, further, the conuection between
the plasticity and the state of fineness of the clays. The absence
of well defined hexagonal plates or scales, and the abundance of
irregular shapes or fragmentary plates in most of our clays ac-
cords with their sedimentary character and their highly plastic
nature. In this place it is proper to add that an examination of
some of the altered feldspar from Trenton, discovered nummular
like shapes and some irregular (broken) plates.

The subject has a practical application, and it is highly prob-
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able that the microscope can be used to ascertain the degree of
plasticity as depending upon the abundance, nature and state of
aggregation of these crystalline forms, (kaolinile) in the raw
materials.

Microscopic examinations are also of value in the determina-
tion of the foreign, or accidental, constituents of clay, that is,
the minerals associated with the kaolinite. The field is very in-
teresting both scientifically and practically. Want of time pre-
vented the continuation of this work further.

PROPERTIES.

All the clays occurring in New Jersey are earthy, differing
essentinlly from the hard and rock-like fire clays which are
found in the coal formations both in this country and in Europe.
Consequently they are mined or dug from their beds by the use
of spades and grubbing hoes,and rarely are so hard as to require
the use of a pick. They break with a dull fracture, often con-
choidal or irregular in outline. When breathed upon they
exhale a peculiar argillaceous odor. Moistened with water they
form a pasty mass, more or less tough, according to a variety of
conditions all of which are not certainly known. This affinity
for water is strong, and the combined water is entirely removed
only by intense heat.

T'he density, or specific gravity, varies considerably in specimens
from different localities, and in those from the same place accord-
ing to their physical constitution. The following table of specific
gravities of clays occurring in New Jersey exhibits the range of
variation in this respect. It may be stated here as a convenience
in using this table, that water is assumed as the standard of com-
parison, and is represented as unity, or 1.000. I, therefore, a clay
has a specific gravity of 2.000 its weight, bulk for bulk, is just
twice as great as that of water. It may be added, as convenient
in the practical application of these figures, that the weight of a
cubic foot of water is 62.5 pounds. Consequently 30.4 cubic feet
will equal one ton (2,000 pounds); or 15.2 cubic fect of a clay,
whose specific gravity is 2.0, will weigh 2,000 pounds; or, in
another form, 1 cubic yard (27 cubic feet), will weigh 3,550
pounds. With a specific gravity of 1,750, the average for the
rich fire clays of Middlesex county, 1 cubic yard weighs about
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3,100 pounds—or 1% tons. In practice it is found that a cubic
yard of a clay a little sandy weighs about 3,30 pounds.

The method of taking the specific gravity was as follows: A
prism about an inch in length was cut out of the solid mass.
This was covered by a film of paraffine and weighed, first in air,
then in water.

A few were taken in this way; afterwards the prisms were
placed in water, in a glass vial very little larger than the clay, and
then weighed.  No water was absorbed by the clay in this modi-
fication of the method.

By this method the opeaness, or porous condition, which affects
the density, was taken into account. The ordinary method
neglects this condition and the specific gravity as obtained, is
that of the clay, sand, &c., or solid mass, without any reference to
the space or interstices between the particles of solid matter.

TABLE OF SPECIFIC GRAVITY,

The arrangement of the table is geographical. The pereentage
of sand (quartz) appears in a second column, in the clays which
have been analyzed and that constituent determined.

ey Ly
<E  |FEE
=8 §°8
g% 5s<
7 &
Clays North of the Raritan River.
William I%. Dixon's best fire clay...... rrereri e e 1.994—2,047| 2881
Loughridie & Powers’ ware clay.....cocovvnivrerrnnnninvisisisinena. 1.731—1.809, 0.50
Loughridge & Powers’ alum elay.....ccovvierieriiniiiiieieceinaranes 1.86g ...
Longhridge & Powers sandy clay (bottom of bed) 1.813—1.897|.........
William H. Berry's fire clay (for retorte}...ocoviiiinecescrnunns 1.743--1.789| 6.51
Salamander Works pipe clay...o.ccveninisvvsiinniiniinn. . 1.863—1.941[........,
J. R. Wut-on's fine sandy clay 1777 eeveenens
8, A, Meeker's potters {stoneware) elaye...occcvcceceninrennenvennann.| 2.047—2.077| 48.40
H. Catter & Sonw’ fire elag..ooviievierivciiicniin e smn e L.764—1.769] 110
H. Cutter & S0ns’ ware clay . viieeneceericeiciees vveec e aerenene 1.766—1.893] 0.80
H. Cutter & Sons’ black clay....... 1.569—1.614|.........
Charles Anness & Sony’ fire clay... 1.861—1.864] 20.60
Philip Neukumet’s fire €lay cooiviirieciirernniiinereinani e, 1.798—1.814(.........
Cro==man Cluy end Manufacturing Company’s blue pipe clay...... 1.6890—1.6994.........
W. N, Weidener's white clay {Martin’s dock)a...eveeriesveernnans 1.528—1.542| 051
David Fiood's mottled or “apotted ” clny.ivivvirireiuniviiiinionnns 1.790
David Flood's mottled or “ spotted” elay (white portion)......... 1.778
David Flood's mottled or “rpotted” clay (red portion)...... et 2170
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Clays South of the Raritan River.

Island Farm white clay...coiverereimiinmmiiisereoe. S 1.578—1.610| 0.60
Jumes Bissett’s red brick elay....coaivirinnnie i, 1.778—1.812i.........
Sayre & Fishet's fire clay.. oo merssensserericnsionas 1.657—1705)  3.10
Savre & Fisher's (clay for front brick).......coeenes 1.705—1.732  27.80
Sayre & Fisher's common briek clay......oieoeeeee 1.860—1.882].........

Whitchead Brothers’ blue fire clay..
Whitehead Brothers' red clay..........
J. K. Brick estate, No, 1 fire clay...ooconiiininn i
J. K. Brick estate, No. 2 fire clay.....oooiiievieeercniinmnnnnn
George Such's (unwashed) fire elay......ooiiiinn
George Such’a bufl' (washed) clay. ..o,
George Such’s alum clay
George Sucl's top {inferior) clay..
E. F. & J. M. Roberts’ fire clav...
E. & J. M. Roberts” paper clay...iiiene i
E. F. & J. M. Roberts’ common white elay............cooiiieninins

Feldspars.

Forbes Farm, W. N. Weldner's pita...ccciccvinnnvineninnnen
Edgar Brothers..ociiimicrrrn s e

Stoneware Cluys, Middlesex County.

E. R. Rose & Son's stonewnre clay...coociaiiiiirnn i,
Otto Krnst's stonewnre elay. o ciae
Noah Furman’s stoneware clay (Chesquake creek}........
Theodore Smith’s stONeWare cla¥..cooviiviirerivararieriiiicinenan

Clays Along the Deloware River.

Clays Unclossified,

Teaze Webster’s, Ten Mile Run, Somerset county........o.oeinen
James Conrad’s washed clay, Conrad, Gloucester county.........
Joseph Nugent’s clay, Tuckerton, Burlington county...............
R. L. Shimer's (washed elay,) Bethlehem, Hunterdon county...
Hokessin, Defaware (washed clay)......cccioviiiiiiiiinninn,

1.837—1.883 wooeiinns

1.7456—1.771

1.760—1.7731 coeiensn
1.852—1.901:.cciuis

LT16—1.7561 veruee

1.530—1.571  cvenes

1.539
1.660
1.73%
1.723—1.742
1.702—1.746

2.321
2.283

2.129—2,151
1.971—2.138
2.012~—~2.022

58.40
57,10

37.10
39.95
37.85

1.946—2.062(.........

1.864—1.873
1.981—2.023
2.052—2.101
1.898—1.917

1.607—1.612
1.803—1.961
1.827—1.864

1.525—1.5791...

1.604—1.622
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It will be observed that the variation in the density, corres-
ponds in some degree with the percentage of sand, but this is
not altorether the case, as there are differences aside from the
admixturo of sand. The specific gravity of quartz is 2.5—2.8,
consequently the greater the proportion of sand, the clay being
the sume, the greater the density. Some of the dark-colored
Pipe und red brick clays are exceptions to this, although they
are generally quite sandy. It will also be evident upon consid-
cration, that clays which contain sand of various degrees of
fineni<s, or exceedingly fine sand are more dense than coarser
prained mixtures. In the former case the intervening spaces
are sualler.  In some of the &lays the sand is almost dust fine ;
while in others the average size of the grains may not be less than
DT inch in dismeter.  The clay itself, in some specimens, ap-
pears more compact and dense, as, for example, the ware clay of
11, Catter & Son's, compared with the fire clay of the same pits.
The olider beds appear to be more dense; thus, if there be any
difference between the Woodbridge and the South Amboy fire
clny beds, it is in the greater density of the clay in the former.
The washed clays are all lighter than the raw, or crude clays, of
the same grade. The table shows this in the clays of George
Such and that of Bethlehem, as also the Hokessin, Delaware
clay.

For many purposes the density of a clay is an important cle-
ment of consideration. When strong fire brick are needed, or
glass house pots, a dense, solid clay is desirable. One of the
superior «ualitics of the celebrated Stourbridge clay of Tngland,
and that from Coblentz, Germany, as also the Missouri clays, is
their comparatively great density. That of the first named is
2436—2053; that of the Coblentz, 2.220—2266; that of the
(lieltenham elay, Missouri, 1.708-—1.715 ; that of the Evans Mine,
Missouri, 1.758—1.789.  The nearest approach to these figures in
our New Jersey clays, is that of Dixon’s pits, Woodbridge.

Plusticity is another of the essential and important properties.
By it i understood the capacity which a clay has of absorbing
water and forming a tough, pasty mass. On drying, it hardens,
and when burned it becomes stone-like. The plastic property
has heon variously explained. Some opinions aseribe it to the
impurities in the clays. But this cannot be, since clays equally
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pure are not at all alike plastic. A large percentage of sand,
which is non-plastic, may affect this property, and render a clay
more loose and friable, but in moderately aluminous, or rich,
fat clays, the greater or less admixture of sand does not appear
to make any differences in this direction. The alumina has been
regarded as the basis of the plasticity, and highly aluminous
clays have been said to be more plastic than others contain-
ing less of that clement. Neither is this a satisfactory explan-
ation, as some of those which are richest in alumina, are
deficient in this property. The amount of combined water is
another constituent in which the plasticity has been supposed
to reside. Like the above, this also is not adequate to every
case. There are marked exceptions to any of the above hypoth-
eses. And it would be easy to cite numerous examples against
any one of them. Chemical composition does not appear to be
competent to furnish a theory which meets all cases and ex-
plains the facts. The physical constitution must afford us the
clew. And in this direction it has been stated that the fineness
of the material, that is, of the kaolinile, or essential part, of the
clay was so related to the plasticity that the one might be
assigned as the cause of the other. To the unaided eye the day
portion presents no differences in structure. The accidental, or
foreign constituents, as sand, oxide of iron, &e., mantfest them-
selves plainly either in their structure or iun color, but the
kaolinite is all apparently of the same texfure—a homogenous
mass.  Microscopical examination is here necessary. And it
discovers marked differences. Some clays appear to consist of
well defined crystalline forms; others show a few of these in a
mass of fragmentary shapes; others still seem to be wholly
made up of irregular forms and exceedingly fine pariicles of
matter. A satisfactory explanation of these different conditions
is that the more finely divided clays are those which have had
their erystalline forms broken up, either wholly or in part by
the several agents that have moved them from the place of their
origin to their present location, while those in which these forms
still abound have not suffered the same constitutional derange-
ment, Now, it has been observed that the former class of clays
are more plastic than the latter. And a further observation is
that by breaking up these crystalline forms and rendering them
finer the plasticily was promoted. We know that in some of the
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metals a tendency to erystallization reduces their tensile strength;
most notably in the case of iron; and it may be that the crys-
talline structure of clay is somewhat analogous to the metals.
Thus far there scems to be a close correspondence between this
state, or condition and the property of plasticity, and it appears
to be a reasonable explanation consistent with most, if not all,
the facts. The microscopical examination of a few of the clays
of the State, with reference to the investigations of Profs. John-
son and Blake, of New Haven, given on pages 280-233. illustrate
briefly some of the above statements. As corroborating this
view, is the mechanical preparation of clays by variously knead-
ing, grinding, or otherwise working up the mass, which appears
to render them more plastic and better fitted for manufacture.
The weathering of clays, by the action of rains, frosts, &e., is
said to improve their texture and make them more easy to
mould into desired shapes. This action of atmospheric agents
may break up not only the lumps or spits as they come from the
pits or mines, but to some extent the crystalline structure of the
kaolinite as well, and thereby increase their degree of fineness and
render them more highly plastic.

Oune peeuliar property of the clays of all grades and varieties
is that when heated to redness, or until the combined water
15 expelled, they lose entirely the plastic property. Burned
clay, us for example, brick earth may again be wet up or become
moist, but cannot recover the lost water of combination, In con-
seqquence of this the plasticity has been supposed to be due to
the combined water, and the absence of this constituent is said
to account for the want of it in burned clay. That the water is
essentinl cannot be denied. It does not, however, make clear the
very marked differences which exist in different clays in their
degrees of plasticity. In these statements relating to New Jersey
clays it must be understood that our clays are nearly all of a
sedimentary origin, and are not properly kaoling,or porcelain clays
in the sense in which those terms are used. The only clays of
the latter elass are those found in the northern part of the State,
They are in, or very near the localities of their origin, and the
pareut rock from the decomposition of which they have resulted.
The distinetions employed in the designations of the clays of
Middlesex county, and of those along the Delaware river, as ware,
fire, potters, stoneware and pipe cluys, are to some extent inter-
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changeable, that is some of the best clays may be applied in part
to all these uses and receive names according to their several ap-
plications. The names refer to uses, and these are quite as often
determined by the demand as by their adaptation to the various
uses to which they may be given. In Europe theseterms generally
imply special characters that mark themn strongly as varieties.
Here the clays of the same geological bed are often variously
used. Thereare, however, marked characteristics in the materials
of the same bed, or even pits sometimes, and these do to a great
extent limit their uses, but the lines are not as sharply drawn
between them as elsewhere. The clay of the stoneware clay bed
is perhaps as definite as any. All are plastic, but notin the same
degree; and all discussion of plasticity is relative to grades, not
to absolute distinctions of plastic and non-plastic.

Fusibility and Refractoriness. Inasmuch as clays are prepared
for their most extensive and most varied uses by the action of
heat, or fire, their behavior when subjected to the action of
intense heat is the most important and decisive test which
can be applied to them. According to the results of such
tests they are very generally classified according to the several
uses to which they are adapted. All clays which can be
moulded into shapes can be baked and thereby made hard and
solid approximating to stone. At moderately low temperatures,
as incipient redness, nearly all are infusible and to this extent
their action in the fire is somewhat alike. But here the resem-
blance or uniformity ceases. Beyond the facts of baking and not
melting or fusing in a moderate heat, there is nothing common
or characteristic of all. This degree of heat produces various
effects, depending in some degree upon the combinations in the
clay. The first and great change in all is the removal of the
moisture or hygroscopic water, and after that the expulsion of
the remaining water, which is combined with the alumina and
silica as a hydrous silicate of alumina. As has already been
said the removal of the latter changes essentially the nature of
the clay, permanently destroying its plasticity. It further affects
the mass by causing a shrinkage from the original shape. This
varies greatly in different clays, dependent in part upon the
quantity of water in the original clay, and also upon its consti-

tation. Thus some clays which are almost exclusively silicate
19
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of alumina, that is, contain little, if any, foreign matter when
baked, contract as much as one-quarter in linear dimensions.
And in general the fat, or alumminous, clays shrink mueh more
than the lean, or sandy and impure, clays. The change is essen-
tially in the silicate of alumina and the percentage of this, or of
the clay proper,isin part the measure or index of the shirinkage of
the whole muss. The various foreign constituents, which are
not destroyed by the baking heat, or remain unaffected thereby,
as quartz sand, oxide of iron, &c., have no tendency to shrink
and in the clayey masses counteract that of the silicate of alumina
or clay proper. And their effect is proportioned to the amounts
in which they may enter into the original composition. Conse-
quently, when in quantity or in excess of the clay itself there is
little shrinkage, and sometimes it may be entirely counteracted
by the expansion of these foreign constituents. Sandy clays
therefore shrink but little, if at all; in some cases they expand,
and on cooling return to their original dimensions. Shrinkage
manifests itself variously. It may be by a diminution in all
directions and the baked mass may be as solid and free from
fractures as it was when fresh from the mould. The change
may be simply in bulk. The baked clay is not as long nor as
broad nor as thick as originally. But a more common form or
development of the shrinkage is in more or less fractures,
cracks or checks, as these are sometimes termed. The very rich
and pure clays, when baked, generally exhibit the shrinkage
throughout in many little eracks and fractures. Hence the need
and use of a non-shrinking material, as quartz, to prevent too
great contraction and fractures, in other words to {emper the
wixture. The brick maker and potter have constant recourse to
some siich counteracting admixture in their arts.

The baking process produces other changes in addition to the
expulsion of water and the consequent shrinkage; and one of
these is the combustion of the carbon and hydro-carbon com-
pounds of the raw clay. These exist in many clays, butin varied
forms. Lignite, a hydro-carbon, is one of the most common in our
claysof New Jersey. This is consumed in the fire,and its place left
open in the burned mass. A result of such change is seen in
the more open and porous condition of materials which, in their
unburned state, contain some of these combustible constituents.
The vulue of such fuel in the raw clay cannot be accurately
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estimated. At low temperature it cannot be much, as then the
volatile gases might be expelled without combustion, and their
removal would consequently take up, rather than yield, any
additional heat. If volatilized, and then consumed in the kiln
or furnace, they must contribute to the degree of heat, and in
such cases be of value in practice. As some of our black and
dark-colored clays contain from two to seven per cent. of such
materials, they are not less valuable on this account. The econ-
emy of fuel in such form and shape is also evident from the
common usage of brickmakers in mixing coal dust with their
clay and sand for the brick mixture. When present in the form
of sticks, and large, irregular lumps in the clay, woody, matter,
or lignite, may be a disadvantage, causing vacancies and gaps
in the produets. Careful mixture, as grinding, &e., may obviate
this evil. Another constituent affected by a moderate degree of
heat is the pyrite (sulphide of iron.) This constituent, not un-
common in sedimentary clays, is decomposed, its sulphur driven
off, and its iron oxidized to ferric oxide, or to a mixture of
ferrous and ferric oxides. The escaping gases may produce
other changes, both physical and chemical, which may be preju-
dicial. These changes are not altogether desirable, although the
resulting compounds are not so injurious as the sulphide of the
crude clay. But they are unsightly, and mar the beauty of the
baked products. Hence their removal before baking, when pos-
sible, so as to avoid these after results. From these statements
it will appear that clays of diverse composition must behave
variously, even at moderately low temperatures, as that in ordi-
nary brick making, or that of baking, as in the case of earthen
ware. Differences in the original clay manifest themselves in
the burning. :

More intense heat produces greater and more marked effecis,
and some clays reach their fusing point and are melted. This
temperature of fusion is not uniform forall, but varies.somewhat
according to many circumstances. Some clays remain unmelted
at the highest temperature of metallurgical operations. They
are practically infusible. This fire resisting or refractory property
of clays, is the most remarkable and valuable one which they
possess. All of these terms relating to fusion are not absolute,
since all elays can be fused before the oxyhydrogen blow pipe,
and at a given temperature clays may be infusible, whereas when
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subjected to a greater heat they would melt. They are limited
to the degree of heat emploved. This refractory property of
clays is intimately connected with their physical nature or
strueture and their chemical eonstitution. Or in other words, it
is dependent upon these, and the varying phases of the latter
explain the differences in their behavior under like conditions.

The physical constitulion of clays has an effect upon the
fusibility in several ways. The density and fineness of grain are
important elements in the consideration. The finer grained the
clays, the more fusible they are, other things being equal.
Greater density arising from a more compact arrangement of
constituents increases the refractory property. In thisconsidera-
tion the size of the grains of sand which enter into the composi-
tion of most fire clayvs is important. Comparisons based upon
these physical differences are not easily made as they are so apt
to be associated with slight differences in chemical constitution,
making the proper estimate of these several factors extremely
difficult. Consequently the more prominent distinctions rest
upon the

Chemical constifution. As a starting point, it may be assumed
that the basis of clays, hydrous silicate of alumina, is practically
infusible. Before the oxyhydrogen blow pipe both this silicate
and alumina can be melted. Quartz also is readily melted in the
same way. But in the highest furnace heats of metallurgical oper-
ations, alumina and its silicate, the basis of clay, are infusible.
The clays whose composition correspond to this silicate are re-
fractory. The variations from the normal composition as a
standard are many according to the varying amounts of foreign
matters which are mixed with the kaolinite base. And they all
have their effect, separately and collectively, upon the whole.
Each one may be said to have a particular tendency, which may
vary according to its percentage of the mass. This statement
shows how difficult it is to fairly estimate, or even in some cases
to jurge of the nature of the effect produced by these constituents
in making any given clay more or less refractory. One may
neutralize in part another, or the presence of one may increase
the tendency of another to injure the fire-resisting property. In
consequence of the difficulty there is much difference of opinion
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regarding the nature of the effects and their extent. Authorities
both theoretical and practical are not altogether agreed upon
many points. And so, too, thecretical considerations are not in
all cases confirmed by practical tests and the results of work.”
The variation from the kaolinite composition (46.3 silica, 39.8
alumina, and 13.9 water), may be by an intrease of the alumina
or a larger percentage of silica, due to the existence of other
silicates. That such do exist is certainly the case, if the above
composition for the base (kaolinite} be accepted, chemical analy-
gis shows that the relative proportions of the silica and alumina
are not always expresed by the above figures. Hence the pres-
ence of other silicates of alumina is inferred to explain the facts
of analysis. It has been stated that the most aluminous clays
were the most refractory. That is, the refractory property varies
directly as the alumina to the silica, other things being equal*.
Whether this is equally true in the case of two or more silicates,

and in a more basic silicate assuming a different composition”

from that above, is not known. As has been stated on page 270,
our clays are highly aluminous, and the aluminais in excess of
the silica, to form Laolinite.” An excess of silica is said, at long
continued and very high temperatures, to favor the formation
of a fustble silicate}. An examination of the analyses of this
report appears to be in accordance with this proposition. The
stoneware clays of Middlesex county, and those along the Dela-
ware river, contain an excess of silica {see pages 271 and 300), and
these are fusible clays. The percentage of potash and other bases
may, however, explain their fusibility.

The accidental,or foreign constituents found in fire clays, and
which affect their refractory property, are sand {quartz) and
titanic acid, and the bases potash, soda, lime, magnesia and oxide
of iron. In the analyses in Part I these are arranged in two,
groups, the quartz and titanic acid in one, and the -bases lere
mentioned in the other. The latter are viewed as fluxing agents,
while the former may be considered as neutral. _

Silica in the form of sand is infusible, excepting at very high
temperatures. Practically it stands the fire in all ordinary fur-
nace work. But it is not so refractory as pure clay or silicate of
alumina. When associated with the alkalies, to the extent of one

* {0, Blscho!f, Dingler's Journal No. 194, et seqr.
t Kerl's Muspratt's Chemie, §, 36L
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or two per cent.each, it is sometimes made fusible, by the formation
of a slag containing these bases, combined as a doublesilicate. The
tendeney of sand to slag, when brought in contact with bases, is
well known to furnace men, and it is avoided in constructions
- exposed to such agents. It is valuable for tempering the rich
clays and for special uses, but simply as refractory material, can
not rank with the clay basis. Titanic acid is found in most fire
clays, but rarely in amount above 1.5 per cent. In New Jersey
clays it exists in the form of rutile, or a variety of this mineral
with some titunate of iron. It is supposed, from its relation to
silica, to act like sand or quartz, and not to be specially detri-
mental to a fire elay. As it is always in such small amounts, its
effects cannot be great either way.

Oxide of iron may be in the clay uncombined, or in combina-
tion with other bases and silica, or it may result from a decom-
. position of sulphide or sulphate of iron, through the action of
the fire. As to the degree of its influence upon the refractory
property of a clay, there is some difference of opinion. Bischof
in experiments with silicates of known composition and tests of
various mixtures containing oxide of iron, lime, magnesia and
potash, obtained the following results.* At the melting point of
wrought iron the lime and the potash mixtures melted; the
magnesia partly melted ; the oxide of iron was unaffected. At
most intense white heat the oxide of iron prism was rounded to a
ball, and the one containing potash fused to a porcelain-like mass.
In point of fusing tendency the potash was most active and the
iron least so. An increased percentage of bases gave similar re-
sults. It has been observed in the case of Stourbridge clays that
none of them contain over two per cent. And when alkalies are
absent, the iron oxide may be present to the extent of three per
cent.t This experience agrees with the observations made on
New Jersey clays. Those which contain three or more per cent.
of this oxide, as some of the dark-colored, common brick clays,
and all the red and spotted clays, are less refractory than the
rich blue fire clays. All of them can be fused. It is, however,
difficult to be positive upon this point, as these contain other
bases also, and notably potash.

Lime and magnesia also exert a ﬂuxing influence. And aec-

'mnzk-ru.lournal N, 198, p. 438, et n(‘qr
t Journal of the Iron and Steel Institute, 1875, pp. 514-520.
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cording to Richters, they are more active than potash or oxide of
iron.* As the silicates of these bases are easily fusible. the ten-
dency to the formation of such a compound would have its
fluxing effect upon the clays containing them. The clays of
New Jersey contain low percentages of these constituents. They
have not in all cases been estimated, but in none of the com-
plete analyses do they amount together to one-half of one per
cent. In the best foreign fire clays they rarely amount to one
per cent.

Potash.—It is generally admitted that potash possesses the
most active tendency as a fluxing agent. And this, as stated
above, may be helped by the presence of other bases, as iron
oxide, favoring the production of a silicate with two or more
bases. Opinions differ as to the amount of potash which may
be positively damaging in a fire clay. Snelus says thay about
one per cent. confers so much fusibility as to render them un-
suitable at high temperatures.t Bischof found that four per
cent. of potash, in a silicate of alumina, without any other bases
could be fused at the melting point of wrought iron. The diffi-
culty of accurate determinations of alkalies, has no doubt led to
some confusion of opinions, as compared with the results of
practice. Clays containing from two to three per cent. of potash,
are said to stand well at high temperatures. The most carefully
made analyses of the more noted and best fire clays of this coun-
try and Europe, do not generally show more than two per cent.
of potash, and the greater number do not contain one per cent.
of atkalies. So far as the clays of this State have been tried,
those which are found to have one and a half to two per cent.
and upwards of potash, have not proved to be good fire clays,
and none containing over iwo per cent. are in use as fire clays.
And yet they are otherwise rich and tolerably pure clays. The
potash alone appears to explain their low refractory property.

These statements indicate the effects based upon the chemical
constitution, and from them it follows that chemical analysis
does, to some extent, show the refractory property, or the degree
of fusibility, of a fire clay. And from carefully made analyses,
it is possible to draw some general conclusions regarding the fire-

# Dingler's Journal, 191, 59.
t Journul uf the Iren and Steel Institote, 1575, p. 813
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resisting power of any given clay. Biscliof has attempted this,
and has constructed the following formula by which to test fire
clays. It is based upon the general principle that a clay is more
refractory the greater the quantity of alumina it contains in pro-
portion to the silica and to the fluxing constituents. And an
expression is obtained by dividing the quotient of the fluxes
into the alumina, by that of the alumina into the silica.* This
1s a very simple formula to use, and it rests upon generalizations
that are founded on practical observations and results. Know-
ing the composition of a clay, its fire-resisting power, or refrac-
tory value, can be readily ascertained.

The following table of analyses, made in the laboratory of the
Survey, is here presented as a convenient arrangement of facts
for reference, and also as an illustration of the statements given
above. In it the constituents are arranged somewhat as in Part
II. In the first column the silica, which is in combination, is
given; in the second, the alumina; in the third, the water of
combination ; in the fourth, the sum of these three constituents,
or the essential elements of a clay; in the filth and sixth, the
titanic acid and quartz sand appear; in the seventh, the sum of
these two; in the eighth, nine, tenth, eleventh and twelfth, are
given the potash, soda, lime, magnesia and sesqui-oxide of iron ;
the thirteenth gives the sum of these; the fourteenth has the
hygroscopic water (moisture), fluxing agents. In the last column
the total of the constituents determined, is placed. By this
arrangement it is easy to use the formula of Bischof or others,
and apply them to these analyses. In the appendix, additional
analyses of foreign clays, by other chemists, are placed, for com-
parison with those of this report.

¥A0; | 810,
TROTT AL (g _
RO inclndes the bases, potash, soda, lime, magnesia and oxide of iran. Dinglers
Journal, 200; 110.
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This table of analyses is valuable as a basis for comparisons
and for further examinations and practical tests. The analyses
were all made by the same chemist and under like conditions.
Some additional analyses of foreign clays will be found in the
appendix. At present it does not appear to be possible to estimate
accurately or even approximately, from the results of chemical
analyses, the fire-resisting power of all clays before they have been
tested in the fire. This is evident from the table. From some
of these analyses we should anticipate fusion of those clays, yet
thoy are noted fire clays. Analyses need to be supplemented by
fire tests, and these should be of the specimens examined. A
couple of preliminary fire tests have been made with the speci-
mens represented in the above table and some others. They
were incomplete, and in the case of many specimens, indecisive.
Want of time since the reception of many of these, and since the
analyses were finished, has prevented the completion of this most
interesting and promising series of investigations. The first
trials were made in a crucible steel furnace, at the Newark Steel
Works. The clays were cut in the form of tetrahedrons, seven-
oighths of an inch on u side. The clays as they came irom the
pits and mines, well dried at summer-temperatures, were used in
all cages where they could be cut easily and with regularity.
The hard clays, as those from coal formations, were pulverized
and moulded into the desired shape. All were put in a graphite
crucible, and set in a steel furnace, and exposed for one leat
(about four hours), at least up to the melling point of hammered
steel. Among the specimens thus tested there were several pipe,
saggar, stone ware, yellow ware, and alum clays. These were all
more or less fused. Some of them melted down to flattened
buttons; otherswere rounded considerably. Some fire clays were
partially fused, others were sharp and true, as at tho outset. So
far as it is possible to generalize, the clayscontaining much oxide
of iron and potash together, were fused. The iron, when it ex-
ceeds 2.5 per cent., appears to be more detrimental than the potash,
Nearly all of the more sandy clays were slightly fused. The rich
fire clays of Woodbridge, the Raritan river banks and South
Amboy, remained unaffected—not even glazed. The Missouri
and the more noted British, French and Belgian clays, also stood
well. Further trials are needed to complete these examinations,
and to enable one to be specific, and give details as to the
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304 THE GEOLOGICAL ORIGIN OF THE CLAYS.

behaviour of each clay tested. These with analyses of the same
specimen are essential to reliable and valuable results, And
from the facts already gathered it is plain that there are very
marked differences even among fire clays of good character—and
it is believed that such a series of fire tests will agree with the
results of practice, and be explained finally by differences of phy-
sical and chemical constitution.

THE GFEOLOGICAL ORIGIN OF' THE CLAYS.

The source from whence these clays was derived is not plainly
apparent as yet. They join on their northwestern edge, the red
sandstone and shale formation, from Woodbridge almost to
Trenton. They are of more recent age than the red sandstone
for they overlap and lie directly upon it, as is seen in many
places. At several clay pits about Woodbridge, they have dug
through the white clay, and come down at the bottom to solid
red-shale. The conclusion cannot be avoided that the latter rock
is much the oldest of the two, and yet there are no fragments of
red-shale to be found in the clay, anywhere except at its very
bottom. Tf the material had come from the north it must have
passed over the red-shale, and, in so doing, it could not have
fuiled to bring with it some of that peculiar and strongly marked
material ; for the red sandstone formation is about 20 miles wide;
and its color is everywhere a purple red, while the color of all
the red materials found in the clays, is a yellowish or salmon
red. The most careless observer can perceive the difference, as
they are seen near to each other in very many places. The mate-
rial found in one cannot have been derived from the other.

That the clay is derived from decomposed feldspar of granitic
or gneissic rocks is altogether probable, for we find feldspar in
the gneissic rocks at Trenton, Philadelphia, and near Wilming-
ton in Delaware, in this peculiar and decomposed form, and these
localities are all of them near to the northwest border of the
New Jersey clay deposits.

In New Jersey there are no gneissic or other crystalline rocks
on the southeast side of the plastic clays. But this seems to be
an exceptional case on the eastern border of the United States,
as the gneiss rocks appear on the island of New York, and widen
out to a great breadth in their extension northeast to New Eng-
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land ; and towards the southwest the same rocks appear again at
Trenton, in a narrow point,and widen out in Pennsylvania, Del-
aware, Maryland and Virginia, into a broad belt a hundred miles
or more in width. If this belt were continuous from New Eng-
land across New Jersey to the States further south, it would
occupy all of the ground now covered by the clay, greensand and
later formations, quite out to the coast and into the ocean. An
inspection of the coast survey charts shows that the ocean over
this sunken interval is very shallow, and an upheaval to a very
small amount would bring it again above water.

The hypothesis that the plastic clays, the green sand, the dark
clays and the glass sands of New Jersey have been formed from
the decomposed rocks of the southeastern belt of the azoic forma-
tion has many facts to support it :

1. The mineral constituents of these are unlike those of the
older formations found to the northwest of them.

2. Their beds overlap the older rocks on the northwest, in a
layer which is very thin on the outcropping or northwestern
edge, and becomes gradually thicker towards the southeast.

8. The fossil wood, leaves, roots, and fruit found so commonly
in the plastic clays and the scarcity of shells, indicate that the
deposit was a very quiet one, and probably in muddy fresh
water. This could only have been the case if the sea water was
kept out by the high ground southeast of these deposits.

4. The lower beds of clay have a southeastern dip of 60 feet
or mor¢ per mile. The higher beds have a dip of only 30 feet
per mile. The green sand which is next higher has an aver-
age dip of 30 feet. The glass sand bed which is the highest of
the series has a dip of not more than 10 feet to a mile towards
the southeast, which is the same dip that the ocean bottom has
from the New Jersey shore out to the border of the gulf stream.

This regular diminution in the amount of dip in the beds
higher in the series is consistent with the gradual subsidence of
this southeastern high ground.

The green sand formation was evidently all deposited in salt
water. It contains immense numbers of marine shells, wood is
exceedingly scarce in it, and what there is, is bored full of
holes bya marine worm. The lowering of the high ground would
allow of this irruption of salt water, and of the change from a
fresh water to a marine formation.

20
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306 THE GEOLOGICAL ORIGIN OF THE CLAYS,

The dark clays overlying the green sand are also evidently
marine in their origin, as shells, sharks’ teeth, &e., are found in
them.

The glass sand bed which is the highest in this series has not
yet yielded any fossils except an occasional piece of charcoal.
It appears to have been formed beneath the level of the ses, as
there are patches of miocene containing fossils, found in places
very near to it.

NEW JERSEY GEOLOGICAL SURVEY



Part IV,

THE ECONOMICAL USES OF CLAY.

The economical uses of clay are numerous, indispensable for
the common arts of life, and of the highest importance for their
artistic applications, .

Clay when moistened with water is plastic and sufficiently
firm to be fashioned into any form desired. It can be shaped by
the handsalone; by the hands applied to theclay as it turns with
the porter’s wheel, or it can be shaped by moulds, presses or tools.
When shaped and dried, and then burned in an oven or kiln, it
becomes firm and solid, like stone; water will notsoften it, it has
entirely lost its plastic property, and is permanently fixed in its
new forms, and for its designed uses. These singular and in-
teresting nroperties are possessed by clay alone, and it is to these
it owes its chief uses, Tt is used

1. For making potiery.

2. For making refractory materials.

3. For making building materials.

4. For miscellaneous purposes.

1. Pottery. Pure clay worked into shapes and burned, consti-
tutes earthenware. The ware of itself is porous, and will allow
water and soluble substances to soak through it. To make it
hold liquids, the shaped clay before burning is covered with
some substance that in the burning of the ware will melt and
form a glass coating or glazing which will protect the ware in its
after uses from absorbing liquids, and give it a clean smooth sur-
face. The color of the ware depends on the purity of the clay.
Clays containing oxide of iron burn red, the depth of color
depending on the amount of the oxide, even a small fraction of
one per cent being sufficient to give the clay a buff color.

Clay containing oxide of iron in sufficient quantity to make
it partially fusible in the heat required to burn it, when made
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into forms and burned, is called stoneware clay. The heat is car-
ried fur enough to fuse the particles together so that the ware is
solid and will not allow water to soak through it; and the fusion
has not been carried so far as to alter the shapes of the arlicles
burned. The oxide of iron by the fusion has been combined
with the clay, and instead of its characteristic red, hns given
to the ware a bluish or grayish color. Stoneware may be
glazed like earthenware, or by putting salt in the kiln, when its
vapor comes in contact with the heated ware and makes withita
sufficient glaze.

Clay whicl is pure white in color and entirely free from oxide
of iron, may be intimately mixed with ground feldspar or other
mineruls which contain potash enough to make them fusible,
and the mixture still be plastic so as to be worked into forms for
ware. When burned, such a composition retains its pure white
color, while it undergoes fusion sufficient to make a body that
will not absorb water. And its surface can be made smooth and
clean by a suitable plain or ornamented glaze. Ware of this
kind is porcelain or china.

The large portion of plain white and decorated wares now sold
as C. (. and white granite wares are intermediate between'the
old earthenware in which the body was of clay unmixed, and
the porcelain in which the body is of mixed earths that undergo
ineipicnt fusion when burned at a bigh temperature. The fine
carthen wares of both kinds mentioned above are being improved
in quality and appearance every year, and approaching nearer
in real excellence to porcelain. It isthe aim of the potter to give
them the accuracy of form that characterizes earthenware, to give
them the body which shall be least porous after burning, and to
glaze them with a material that incorporates itself most perfectly
with the body of the ware and does not crack or craze with any
changes of temperature to which it is exposed.

It is the art of the potter to make these different wares in such
forms and of such qualitics as may suit the demands of the
market and the tastes of those who must use them. The clay s
here in unlimited quantities, and in quality sufficient for its best
uses. It has been our own fault that they have not been sooner
used. In the catalogue of British pottery in the Museum of
Practical (teology, in London, it is said that “ The great advance
of the porcelain manufacture in England is due to the discovery
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of the kaolin of Cornwall by William Cookworthy, of Plymouth,
about 1755, He apparently had his attention directed to the
subject by an American who showed him samples of China-stone
and kaolin from Virginia, in 1743.” This suggestion from our
country was productive of most fruitful results. The manufac-
ture of fine wares thus begun in England has grown to an im-
mense extent, while in the country of its origin it lay dormant
for a hundred years or more.

Stoneware from the Amboy clays was made at Chesquake and
at South River soon after the revolution, and the good quality of
that clay, and its convenience to water transportation, has caused
its use to extend very widely. - At the present time it is taken
from there to be used in potteries in most of the towns along the
coast from Maine to Georgia. Its good qualities are known and
appreciated, and the stonewarg made from it is highly esteemed.

The clays for making common earthenware are very widely
distributed, and they are used in making such qualities as are in
demand for the commmon purposes of daily life.

Those clays which are pure enough to be used for making the
finer varieties of earthen ware, are by no means common. And
it is in these that the clay district, which is deseribed in this
report, is singularly rich. They are white and plastic, excelling
in the latter property the fine white china clays brought from
South Carolina, or those from Indiana or Illinois. They are not
quite so white as those last mentioned, containing a little more
oxide of iron. But a reference to the tables of analyses will
show that this impurity is very small in either of them. It is
s0 small that the expense of removing it by acids and washing
would not greatly increase its first cost. And some experiments
made in the State laboratory show that it can be done satisfac-
torily. Whenever this process is carried out, the New Jersey
clays will take precedence of all others; their superior plastic
properties making it possible to prepare stronger and better
shaped ware than from any other. .

The manufacture of the finer kinds of pottery was established
very late in our country, but it has advanced with extraordinary
rapidity. The precise statistics of its growth cannot be ascer-
tained now. A note in the Geology of New Jersey, 1868, fur-
nished by a manufacturer of pottery at Trenton, says that, “In
the coming year our products will doubtless be at least one-
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eighth of the whole quantity consumed by the home market of
white ware, for which Trenton is by far the most impertant
peint.  The manufacture of vellow and Rockingham ware is
more generally diffused throughout the States, and the quantity
now imported is comparatively small.” The value of the vari-
ous kinds of pattery imported into the United States during the
fiscal yvear ending June 30, 1876, was

Brown, earthen and ston. Ware.. s iiisseicisesrertienrissssiesrastssnsenses .. 336,744 00
Ching, poreclain and purtan ware, plain white..oovveiiieininnn. 409,548 00
China, porevlain and parian ware, gilded or ornamented 715,155 00
All uther carthen, stone or erockery ware (white granite and C, C.)...... 2,948,316 00

Total ¥alUC.cireies e e $4,112,953 00

The United States Potters’ Association report that the value of
the goods sold from the factories of its members, in 1875, was
82,005,000, and moest of this was of the kind enumerated in the
above list of importations, under the fourth head; so that the
relative values of the home-made and the foreign, instead of
being one to cicht as in 1868, is now one to one and a half.

The following statistical statement from the United States Pot-
ters’ Association, shows very nearly the condition of this branch
of industry in the United States in 1876:

Number of firma in the Asoeiation. o o, 40
Number of kilns belonging to the members........ ... 140
Value of goods sold In I8Thi i v 32,993,000
Capital Invested. i e i e e et e e eeaa g aae 4,089,000
Yearly wages palde.. e e e 1,110,000
Horse power employetd o o e s e e raerars 1,000
Caparity of works, if n-ed the year roundon i 4,895,000
Tons of coal used in 1875 50,000
Other raw materials, in tons 50,000

About three-fourths of the above is represented in the works
gt Trenton. The location is peculiarly favorable for getting the
requisite supplies of raw materials and fuel, and for sending off
manufactured goods by railroad, canal or river. The climate is
favorable, and supplies for living abundant and cheap.

Should the present growth of the business continue, the need
for foreign importations will cease in o very few years.
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2. Refractory Materials. The largest use for the white clays of
New Jersey is in making fire bricks, and retorts for gas works
and for zinc works. Modern improvements in metallurgy, and
in furnaces for all purposes, are dependent to a great degree on
having materials for construction which will stand intense heat
without fusing, cracking, or yielding in any way. The two mate-
rials to which resort is had in almost all cases, are pure clay, and
quartz in the form of sand or rock. They are both infusible at
the highest furnace heats. The clay, however, is liable to have
in it small quantities of impurities which are fusible, and it
shrinks very much when heated to a high temperature. Quartz
rocks are very liable to crack to pieces if heated too rapidly, and
both the rocks and sand are rapidly melted when in contact with
alkalies, earths or metallic oxides, at a high temperature. They
do not shrink in heating. Sandstone, or quartz rock, is not as
much used as a refractory material as it was formerly. Bricks
to resist intense heat are made of clay, of sand, and of a mixture
of clay and sand. The different kinds are specially adapted to
different uses.

Fire bricks made of clay, or clay and sand, are the ones which
have been generally made in the United States. To make these,
the clay which stands an intense heat the best, is selected as the
plastic material of the brick. This is tempered so that it may
not shrink too much or unevenly in burning, by adding to the
raw clay a portion of clay which has been burned tili it has
ceaged to shrink and then ground, or a pertion of coarse sand,
or a quantity of so-called feldspar. These materials are added in
the proportions which the experience of the manufacturer has
found best. The formula for the mixture is the special property
of each manufacturer,and is not made public. Thematerials,being
mixed together and properly wet, are moulded in the same way
as common bricks are, and after they have dried a little, they
are put into a metallic mould and subjected to powerful pressure.
They are then taken out, dried, and burned in a kiln at an in-
tense heat.

It does not appear which is the best for tempering, burned
and ground clay, or coarse sand, or feldspar. Respectable manu-
facturers are found who use each of these materials, and make
brick that stand fire well. It is of the utinost importance to select
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the materials carefully, and to allow no tmpurity to get in while
handling the clay or working the components together.

The manufacture of fire brick is carried on very extensively
at Woodbridge, Perth Amboy and Sayreville. There were made
at those places in 1873, when business was brisk, eight million
brick.

Fire bricks intended, in addition to thejr refractory qualities,
to retain their size and form under intense heat without shrink-
age, have been made to some extent. The English Dinas bricks
are of this kind, and the German and French “silica bricks.”
The Dinas bricks are of quartz sand or crushed rock, and con-
tain very little alumina and about one per cent. of lime. They
stand fire remarkably well, the lime being just enough to make
the grains of sand stick together when the bricks are intensely
heated. In the other “silica bricks,” fire clay to the amount of 5
or 14) per cent. is mixed with the sand, and this plastic material
makes the particles of the sand cohere sufficiently to allow of
handling the bricks before burning, They have met the expec-
tation of those who made them, and are extensively used. A few
trial bricks, like the silica brick, have been made by Mr. AL Hall,
of Perth Amboy, and they have been tested and found to stand
fire very well, but the demand for such brick has not been large.

Fire clay, fire sand and feldspar are also sent away in great
guantities, to be made into fire bricks at other places, near where
they are to be used. At the glass houses much fire clay is worked
up into large blocks, which are shaped in moulds so as to suit the
different, and perhaps irregular, parts of the furnaces. The
quantity of clay and refractory materials sent off for these pur-
poses in 1873, amounted to 260,000 tous.

The quality of these fire brick is superior. They have satis-
fied the demands of the manufacturers who use them, so well,
that very few fire bricks of foreign manufacture are now brought
into the country. Fire bricks are made from the fire clays or
shales of the coal formation in Pennsylvania, Maryland, Ohio
and other States where they are needed, but for some uses the
New Jersey fire bricks or fire clays receive the preference over
all others. And the chemical composition given in the table of
analyses, as well as the fire tests of the clays made here, justify
this preference. More refractory bricks than these are not yet
found.
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Retorts for gas makers’ use have been made of clay for several
years past,and they are replacing the iron retorts formerly used,
They are made of material prepared in the same way that it is
for fire brick. But on account of their great size and weigh.,
peculiar management is requisite in handling and burning them.
A large quantity of clay is consumed in their manufacture.

Retorts for making zinc are also made from these clays. They
are simple in form, and are made in part, at least, by machinery.
This clay stands well in them.

Pots for glass makers’ use are made from fire clay. The clay
is always tempered with burnt clay, and great care is taken in
mixing and working over the materials, for weeks or months
before using, and the pots are very carefully made by hand. Up
to this time nearly all the clay used in making these pots in this
country has been brought from Europe, and most of it from
Germany. So much depends on the perfection of the pots in
glass making, that the manufacturers are very careful to follow
the practice which experience has proved to be successful, and
avoid all experiments where much chance for damage is in-
volved. On this account the German clay continues to be used,
and our own has not been thoroughly tried for glass pots. It is
chemically much purer, and is more refractory. It is not gen-
erally as dense as the German clay, and it may be more liable
to check in heating to intensity. But it does not cost more than
one-third as much. Intelligent and well directed experiments
in preparing and handling our clays, must surely succeed in
making them fit for glass pots. Some experiments already made
with clay from the Raritan fire clay bed, have been very encour-
aging: the clay standing fire well and burning to a hard, dense
body, without cracks.

Refractory clay is also used for making sewer pipes, chimney
tops and terra cotta wares. It must stand fire so well that the
articles will be burned hard without softening under the heat,
or in any way losing the regularity of their forms or the accuracy
of their outlines. If not sufficiently infusible, pipes will become
crooked and flattened in the kiln; and objects of more elaborate
workmanship will lose their artistic character and their value.

The poorer qualities of the fire clays are sent off in enormous
quantities to the manufacturers of sewer and drain pipes, and
to terra cotta works, in all the principal cities of the Atlantic
States.
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3. Uscs of Cluy for making Building Materials.—Clay of the com-
mon kind can be tempered, worked into the form of bricks, roof-
ing tiles, drain tiles, &c., and then burned into most durable
building material. The clay costs but little; much of the labor,
in working it, is unskilled, and a large amount of the work can
be done by machinery. If works can be located on navigable
waters, so as to bring fuel and carry the products to market at
the least expense, these indispensable articles can be furnished
to the purchasers at very low prices—far below what any other
articles designed for the same purposes can be supplied. In
these respects the district which has been described has singular
advantapes. The beds of clay suitable for such purposes are
very thick, 10 to 40 feet in some exposures, and they come out
in bold bluffs in many places near the water. In the district of
68 suare miles, there are 30 miles of navigation and 25 miles
of available water front. The distance from Perth Amboy to
New York city is only 22 miles by water, and by railroads it is
23-25 miles.

Much of the navigation is never stopped by ice, and in the
narrower passages it is seldom closed more than six or eight
weeks in o winter. And fuel is delivered along the water as
cheap as it is in the cities.

The value of bricks as building material, especially where
strength and solidity are required, can be best judged by tests of
their capability to resist the crushing force of heavy weights.
To ascertain something in regard to this quality in bricks made
from New Jersey clays, specimens of hard brick were obtained
from several placss, which were judged to be representatives of
those made from the principal kinds of brick clay in the State.
They were tested at the establishment of Messrs. Riehlé Brotliers,
Philadelphia, in their machine for measuring the force required
to crush building materials. The following are the samples
tested, and the weight per square inch required to crush them:

Maonufacturera, Pounds.
Sayre & Fisher, Sayreville, MiddIeSex GONRLY...vrvrrrerressossrreeseesesseessees P
- . 4,750

. F. Worthington, Washington, South River, Middiesex county.....c.vroenes { g‘g:f
T8

. - 5,337

A, Ridgway, Newton, SusseX COUNLY......coierariermianerssiinsmcimsiesyeremarians 4:500
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Manufscturers Pounds.
, 2705,
T AL ¢ 2200.
i T CONDEY anresctsanransiniraianran [
renton, Merce unty {. 3340,
[ 2497

The following table of the “ Resistance to crushing of bricks
and natural stone,” is copied from Gen. Q. A. Gilmores “ Treatise
on Coignet—Beton,” &e., p. 42.

Crushing weight

Materinls. per synare inch,
1o poundsa,

Brick, weak reda. .. oo e 530 to 800
Brick, strong red coooovien e 1,100
Brick, first quality, hard 2,000 to 4,363
Brick, fire ...covvreeeieenitiisininnnns 1,700
L0111 USRS PRI 330
Grinite, PALPSCO. .o ivt vevrserieriersinmrinississansanarassssssenss st bans e ne 5,340
Granite, Quiney 15,300
Marble, Montgomery county, Pennsylvania........occiiininnninion, 8,950
Limestone, granular. .. i e 4,000 to 4,500
Limestone, marble......ooiiiniin o enrsnnnreenininin e 5,000
Sandstone, Strong ....coveeeenssnis 5,500
Sandstone, ordinary 3,300 to 4,400
Sandatone, Connectient 3,319
CHUIL BLOIIE.. <uverienrerarronesesesionsossrossnsarsinntnsistorasanssansesttsnnninrass s 1,088

Brick is one of the most common and cheap of building mate-
rinls. It is also one of the most strong and durable. It resists
fire Letter than any other building material whatever. DBricks
are in such shape that they can be laid with little labor, and in
walls that are no thicker than is necessary for the needed
strength. A comparison of materials in the two tables above
will give information in regard to the real values of various
well-known building stones and bricks. To make the compari-
sons easily, in weight as well as size, it may be mentioned that
the specific gravity of building stones varies from 2.25 to 2.75,
and that of hard bricks from 1.75 to 2.10—common bricks weigh-
ing about four pounds each.

There are eight brick yards on the Raritan river and the bay
shore, at which 54,000,000 bricks are made annually from the
common clays of this district. It is estimated that there are also
18,000,000 made yearly at Keyport and Matawan,and 10,000,000
at Trenton and Kinkora, on the Delaware.

A small number of very handsome white brick for building
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purposes have been made by Messrs. Sayre & TFisher, at Sayre-
ville, and by Messrs. A. Hall & Son, at Perth Amboy.

Hollow bricks have been introduced for house building in
many of the countries of Europe. "They are light, strong
enough to hold up all the weight that can be loaded upon them,
and they make a drier wall. Dry bricks are not good conduc-
tors of heat, and the air enclosed in tlie hollows increases this
non-conducting property, so that houses built of such brick keep
out the summer’s heat and the winter’s cold better than those
built of solid brick. They have not been much used in this
country. Henry Maurer, of Perth Amboy, has begun their
manufacture, and there is now an opportunity to make trial of
this promising improvement in building materials.

Roofing tiles have long been in'use. They are made of brick
clay, and form a tight and durable roof. Their weight is objec-
tionable ; but they find an important use in ornamental archi-
tecture, and their strong colors and manageable forms make them
an effective addition to the resources of the architect. The New
Jersey Building on the Centennial grounds at Philadelphia in
15876 was covered with tiles made by Henry Maurer.

Draining tile are made from the same kinds of clay that are
used for common brick, and they are made in great quantity
from the brick clays of this district, at Woodbridge and on the
Raritan,

The material of which common brick is made is not al clay.
It contains a good deal of sand and oxide of iron, limg, or potash
enough to make the mass easily fusible at a high temperature.
Hard brick are obtained when the heat is great enough to pro-
duce the beginning of fusion; and the economy of brick-making
is effected when the temperature necessary to produce well shaped
hard brick is obtained with the smallest amount of fuel. The
following analyses show the composition of two common brick
clays.

1 is from the brick yard at Chesquake creek, Middlesex county.

2 is from the brick yard at Kinkora, Burlington county.
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1]

Silicie aeit.vererrreerrerienserrinns ettt sttt s ternrn e neies 28.30° 25.50
Alumina............. 2150 17.7¢
Combined water 8.04] 11.80
QUATLZ SAN . .e v iasirieresiesrrie et s er i ee i crres e aa e e e s arn ranrea e 28.70 3180
) B e U OO U "1.00] " 1.54
Limme. i icemnre el RPN T B I 3 11
Magnesit....oooiui e s eia mteeeeeaeeoese e e res i rans 0.821  0.65
Ferric oxide 4.31| 06.40
MOTAIITE ciiiiiiie vieremvee i ierraaaierrrmee s eeseemsat st e s nnrn s reranen L70  3.50
P10 L VPSPPSR PP 1.001‘ (.48
CrIBI00 ceriiiit rriennsrerrrneemeesiesmrrnr v o rre i ens caeiesbiasba e s 3.80 ...,
TEUAIIE BT s ene et ce e eiisusrsnranaramr e sene s nresstasra s it nanr s rbarabasrrs ) ponocannn .90
X 13 (1 F T U U OS 100,071 100,43

4, MISCELLANEOUS USES OF CLAY.

Paper Clay. Clay which is pure white, and that also which is
discolored and has been washed to bring it to a uniform ghade
of color, is used by the manufacturers of paper hangings, to give
the smooth satin surface to the finished paper. It is used by mix-
ing it up with a thin size, applying it to the surface of the pieces of
paper, and then polishing by means of brushes driven by ma-
chinery. The finest and most uniformly colored clays only are
applicable to this use,and they are selected with great care. Clay
is also used to some extent by paper manufacturers, to give body
and weight to paper.

Alum Clay. A large quantity of clay is sold every year to the
manufacturers of chemicals, for making alum. A rich clay is
needed for this purpose, but those containing lignite or pyrite
which renders them inapplicable for refractory materials, do not
spoil them for this use. Alum is made by digesting the clay in
sulphuric acid, which forms sulphate of alumina, then dissolving
out the latter salt from the silica and other impurities, and form-
ing it into alum by the addition of the necessary salt of potash,
soda, or ammonia, and crystallizing out the alum,

Portland Cement. Hydraulic limes and hydraulic cements are
coming into large use both with engineers and builders. Tho
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magnesian limestones, when burned at a low heat, furnished a
lime which possessed hydraulic properties. The improvement
in limekilns, and the use of coal instead of wood for fuel, has
led to the burning of lime at higher temperatures than formerly
and but little lime with hydraulic properties is produced. Lime-
stones containing a considerable amount of clay are found in
many places; when these are burned at a moderate heat and then
ground in a mill they furnish hydraulic cement. Immense
quantities of such cement are made near Rondout, New York,
at Louisville, Kentucky, and at other places. The composition,
however, is liable to variation, and engineers have sought a more
uniform and reliable article, by mixing pure clay and earbonate
of lirae in proper proportions, burning them together at a mod-
erate heat, and then grinding them for the cement. The pro-
portions are nearly four of carbonate of lime to one of clay. These
artiticial ccments are madesuccessfully and in large quantities in
England, France, Germany, and other European countries. The
English Portland cement, which is artificial, is brought into this
country and finds a moderate demand at high prices. The at-
tempt to meke such cements in this country has been made
several times, but up to the present without success. It must,
however, eventually succeed. The shores of the Raritan, Staten
Islund sound, and Woodbridge creek, all of which waters are
navigable, offer most advantageous sites for such manufactorics.
The rich clays spotted or otherwise discolored by oxide of iron,
can be had here at little cost, and the rich shell marls of Sussex
and Warren counties will supply, at a cheap rate, an abundance
of carbonate of lime which needs no grinding, but is in its
natural condition fine and ready to be mixed with the clay at once.
This is a promising field for a new industry. Cement is indis-
pensable in mortar which has to be exposed to water, and its use
in all mortars for stone and brick work is increasing rapidly.
There were, in 1860, 14 establishments, with a capital of $759,000,
employing 740 hands,and having an aunual preduct of $§767,000
In 1570, there were 45 establishments, with a capital of $1,521-
000, employing 1,190 hands and producing $2,033,000 worth of
cement,
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EXPLORING, DIGGING, MINING AND MARKETING CLAYS.

SEARCHING FOR CLAYS. :

The examination of ground for clays includes, first: a care-
ful survey of its surface features, natural outcrops and artificial
cuttings and a consideration of all the facts relating to previous
diggings, borings, &c.; and second: testing the ground by bor-
ing and digging trial pits, or shafts.

The first point of examination is the study of the best geologi-
cal maps of the country or locality to be examined to ascertain
its geological structure and to get a correct basis for the further
study of the surface and the strata which explorations may dis-
cover. This may at the outset indicate the improbability of dis-
coveries of any value, and prevent useless work and disappoint-
ments. Again, attention to the geology will enable the explorer
to understand the relations of the surface features to the strata
beneath, and thereby to interpret more clearly the indications
which they may present to him. "Thus, for example, the geologi-
cal map and survey may represent the locality in question as in
a region of glacial drift, and consequently one whose surface
would be characterized by irregularly shaped elevations and
depressions, all marked by abrupt changes of slope and irregu-
larities without any apparent order of arrangement. Kunowing
this, the explorer finds the configuration of the surface to be such
as was indicated by the glacial drift of his map, and at once
appreciates the difficulties in his way in exploring it. He knows
that his selection of points for his bore holes and test pits must
be made so that they can reach the regular strata hidden under
this boulder drift and not be compelled to stop in it, since every
boring pit which fails to penetrate this drift covering is not
only useless as indicating nothing more than the surfuce showed
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him, but also a waste of time and capital and a discouragement
that may tend to retard or wholly stop further exploration.

The personal inspection of the surface, as above stated, takes
into account the nature of the slopes as especially important in
locating pits or borings. The top of a hill or ridge is to be
avoided if it isa true boulder drift, or a bank of sand or gravel.
For a like reason the hillside may not be suitable for exploration,
Flat Tunds, such as tide marshes or swampy ground may also be
unfavorable, from the thickness of the alluvial or recent beds of
earth and mud. Generally the hillsides, near the foot of the
hills offer the least thickness of diluvial covering, or top earth,
and are the best locations for exploring.

Natural outcrops exposed in washes in the sides of hills and
in the banks of streams ought always to be looked at, as some of
the strata are often seen in these places, and by an examination
of them it is possible to learn the depth to which shafts must
reach in order to test such localities for nny given bed of clay or
other valuable material. These outerops from their relations to
the beds searched for, may also indicate too great a depth for
successful exploration or for practical working.

Artiticial cuttings on railroad lines, street or road grading,
wells and other excavations, are also to be considered as furnish-
ing some indications as to the nature and extent of the strata,
and by the facts they afford, aiding the explorer in his prelimi-
nary survey. Al the facts from such excavations are, however,
to be considered in their relation to the surface, since in certain
localities these, unless very deep, may cut drift or alluvial beds
only, and consequently afford no positive information of the
lower strata or beds in place. The study of the surface requires
much care in considering the various facts of topography, out-
crops and exposures, in order to arrive at just and valuable con-
clusions, and yet this preliminary work is so easily and cheaply
done, that it is economy to take time enough for it, as subsequent
mistakes and failures are manyfold more costly and vexatious,

Boring is a common and quick mode of testing ground, pre-
paratory to sinking shafts or pits. It is available through all
strata or beds, and, if a chisel-pointed bar replace the auger, ca
be got through thin layers of ordinary brown sandstone, which
1s the only hard or rocky layer ever found in the clay belt of the
State  Boulders of large size cannot be penctrated, and layers
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of gravel are often difficult to get through. Wet sand, such as
quicksand, is alse troublesome, but these obstacles are of limited
extent, and by repeated trials can nearly everywhere be avoided.
The use of the auger is practicable through almost the whole
clay territory of the State. Beds of clay are readily and casily
penetrated, and the borings brought to the surface are tolerably
fair specimens, giving information as to the character, as well as
to the thickness, of the bed. As the boulder earth, or gravelly
strata which so generally cover the clay formation, is difficult
to penetrate, it is easier and more expeditious to dig well-like
pits through these to the clay, and then begin to use the auger,
than "to attempt to bore from the surface. Where there is no
quicksand, and the earth stands up, trial pits 2% to 3 feet in
diameter can be dug to a depth of 40 feet, at a cost of 25 cents
per vertical foot, and at a lower rate where the pits are not so
deep. Owing to the treacherous nature of some of the sandy
clays and sands which occur in the clay formation, larger shafts
are necessary, and much care to prevent accidents by caving or
sliding. The depth to such pits is rarely greater than 20 fect, as
sites for boring are seldom on thick masses of drift. For boring,
various patterns of augers are in use, the most common and
most serviceable is the ordinary carpenter’s screw auger, having
a straight cutting bit, and from an inch to two and a half inches
in diameter. A pod auger, with a vertical or spiral slit up its
side, and sometimes provided with a valve inside, which, open-
ing upward, prevents the materials cut from falling back into
the hole, is another form. Sometimes the bit is made convex or
spade-shaped, instead of straight, and sometimes double edged.
For loosening the earth or clay, a tapering screw auger, with
a narrow bit, is useful. Some of the so-called well excavators—
pod augers of larger size—are applicable to boring in these earthy
strata. Whatever the form, those which most easily penetrate
the strata and bring up specimens as they are cut in succession,
are the best. The auger, or borer, is the essential part of the
mechanism. The shank, or rod, may also be of various styles.
The more common form is a square iron bar, #-inch on a side
and S to 14 feet long, upon which the auger is welded. This is
made so that it can be spliced on to a second bar (the ends
being fastened together by a ring shoved over them), and that to
a third, and so on to any desired length. Rods and pipes are,
21
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also used. These are generally screwed together, the threads
being reversed that the turning of the handle may not unscrew
the sections.  Gas pipes or tubes are of a convenient size, easily
obtained and much used. These are lighter, stiffer and cheaper
than the «olid rods or bars, and preferable to them.

The sizes are proportioned to the diameter of the bit. Tt is
ulways advisable to have the size uniforin throughout. In the
deep boring of the Crossman Clay and Manufacturing-Company,
on the line of the Easton and Amboy railroad, the auger was
11 inches in diameter, and was put down through a gas pipe 2
inchies in diameter, which was driven down in sections that
screwed into one another. The first length, that holding the
auger, is usually 10 to 15 feet long. Others are not so long,
generally ubout 8 feet.  Upon this bar, rod, or pipe, as the case
may be, a handle is fitted, so constructed that it can be readily
adjusted at any point, and also be firm enough to turn the auger.

The boring implement thus put together is worked by means
of the handle, requiring two men to turn it. Longer bores, of
course, require more power.  When the thread is filled the auger
is drawn up and the material examined, so that every portion of
the strata penetrated can be examined at the surface. Augers
are rurely used at greater depth than forty feet, and in nearly all
cases this ix sufficient to test ground. At such depth, and even
at twenty feet, the raising of the auger is a difficult matter, and
then a windlass, or, better, a derrick with block and pulley, may
be employed. Such a length of rod also requires guides to keep
it crect, and for this purpose shear poles set up at the mouth of
the boring are necessary. These may be of the same length as
the rods or a little shorter.

In the ense of wet and running material, or quicksands, it is
frequently impossible to make any progress, the sand filling the
hole as fast as the auger removes it. Then tubing becomes
necessury.  For this purpose gas pipes a little larger than the
auger ure employed, usaally 13 to 2 inches in diameter. These
are driven down in sections, one screwed to ancther at ihe top.
The interior is then bored out, and if the tubing be driven
deep cnough to shut off all loose sand, the boring is continued
bevonid to the desired depth, If gravel or cobble stones, or other
stony and hard material, is encountered, a chisel-pointed bar is
driven down to break them or drive them to the sides of the hole
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and open the way for the auger. Equipped with these tools, two
men can put down several 30 feet holes in a day, or with a third
max, oue or two 40 feet deep, but the time is dependent on many
circumstances, aud differs with the localities. Tor removing the
water, and in case of quicksand, sand pumps have been sug-
gested, but with how much success is not known.

In Germany boring is an almost universal mode of searching
for brown coal. T'he strata covering this are earthy and such as
are readily penetrated by the auger, but the thickness of this
covering often exceeds 100 feet. At this, and even greater deptls,
the auger is employed with success. In Saxony, borings having
an average depth of 120 feet cost twenty-seven cents per vertical
foot. The diameter of the bit is sometimes as much as six inches,
and then the rods are correspondingly large, and the working of
them requires long levers at the surface and inecreased power.
In New Jersey depths of 40 feet are in nearly all cases sufficient,
as at greater depths the amount of top earth is too much to be
moved, and subterranean mining would be too expensive. TFor
this depth an auger two or two and half inches in diameter, with
five-cighths inch rods, is sufficiently large.

One of the drawbacks to boring is that the specimens are not
always unmixed and representative of the variations encountered
in the hole. In the stiff clay there isno difficulty, as the threads
or pod of the auger hold it firmly, and each auger full repre-
sents the last eut made. Thus, if the auger thread be six inches
long, the auger full represents the last six inches that was cut.
But if the materials are quite loose they slip off in raising,
especially if there be any water in the hole. Again, the borings
are apt to get mixed with material on the sides of the hole while
the auger is brought to the surface. Consequently, borings are
not generally quite as good as specimens from diggings, and are
never to be regarded as altogether decisive, but as indications of
strong probability, which urge the final step in the exploring
work—that of sinking pits.

The digging of trial pits may be merely to test the ground or
to do work in the extraction of the materials sought. The loca-
tion of pits must be determined by the borings, by the nature of
the surface and the best sites for opening and working. The
discoveries of the auger alone are not sufficient to determine
the sites, as often the opening of a bank is best where the bed is
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thinver or of inferior quality, near the foot of the hills, or other
advantages of location for steady working. The size of the pits
is a matter of business rather than of exploration. To test
ground, a shaft or pit 8 by 10 feet is quite large enough for con-
venient working; if the strata be firm the pits may be little
more than a well, or they can be as inuch larger as the explorer
wishes.

In boring, failure at one point should not discourage or stop
further work ; the hole may have been just where the clay or
other bed sought for was once, but subsequently was partly or
completely worn away and its place occupied by depositions of
reeent material ; or it may have chanced to strike a point where
the thickness of the bed was much above its average dimensions,
Here there should be several borings, depending somewhat on the
disclosures they make. If the depth and thickness of the strata
appear to be uniform, fewer borings will answer. Generally the
iuequalities in these particulars require more to furnish much
valuable information.

What has been said of borings is to a less extent true of pits.
The latter do more in showing the exact value of the materials’
dug; the former give approzimately correct ideas as to their char-
acter but tolerably accurate opinions as to their extent.

The employment of the auger and the digging of trial pits
ought to be far more general in the clay districts of the State.
If more generally adopted, discoveries might show beds and de-
posits of superior character and great extent in localities much
more favorably situated than some of those now worked. It is
possible that we are expending uselessly some of our activities
that could be better employed at other points; so that this sub-
ject of exploration is important not only to the capitalist and
prospector in search of new localities, but to the clay miners and
proprietors.

The map of the clay district of Middlesex county, which ac-
companies this report, is a guide to explorers in that part of the
State. It shows, by special designations, the location and extent
of the pits of clay, feldspar, kaolin and fire sand, as they are now
opened. It further shows the configuration of the surface, or
make of the country, by contour lines of elevation above mcan
high tide level. The figures on these are the heights above that
level. By a series of colors it indicates the territory, or country,
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in which each of these beds may be found of workable thick-
ness, and at depths below the surface of the ground, which are
practicable for economical digging by open pits. A thickness of
15 feet is assumed as needed for practical working. Whenever
the height of the ground and the dip of the bed indicate less
than this, the location is considered unavailable for working, an
it is left uncolored. 1t is proper, in this place, to state that the
absence of color does not imply barren ground, or no clays or
feldspar, but that the bed there cannot be more than 15 feet
thick, and that it has not yet been found. Great inequalities
may show exceptions, but these are quite as likely to make it less
than 15 feet. A thickness of 25 feet of top dirt is assumed as a
limit to practical working, beyond this, gencrally, the removal
of the bearing is unprofitable. In places where the bed is un-
usually thick, and particularly if this be due to a swelling up at
the top, above the general level or plane of the top of the bed,
the top dirt may not be so thick, and such ground may be profit-
ably worked for that bed. Variation in the opposite direction
may make the top of the bed lower than the mean elevation,

" and thereby increase the thickness of the covering lo more than
25 feet.

Figure 4 is here presented as an illustration of these state-
ments, and of the facts which have served as the Dasis for color-
ing the map. It represents one valuable bed of clay in its
relations to the overlying strata and the surface ; the map shows
the relations of the Raritan clay bed, the Woodbridge five clay
bed, the Feldspar and Keolin bed, the South Amboy fire clay bed
and the stoneware clay bed, to the surface, and, according to these
relations, the areas in which these several beds are available for
economic mining. The figure is, therefore, an illustrution of
each of the valuable beds here enumerated. ln it there is at
the bottom a sandy clay stratum, which is not considered to be
of any value. Upon this rests the bed of clay, which is souglt.
It may represent any one of those mentioned above, according
to location in the clay district. Both of these beds are supposed
to belong to the plastic clay series, and they dip towards the south-
east. Another and valuable bed may be supposed as underlying
the sandy clay, but it is unimportant, as such would be too decp
to be reached, except by sinking shafts and then cutting horizen-
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tal drifts, that is, by underground
working. The clay bed is repre-
sented as 20 feet thick. At (e) the
bottom of this bed is near the sur-
face and slight digging may un-
cover it, but from this outcrop, or
point to (4) denudation has so worn
it off that it is not thick enough for
profitable mining. West of (e) the
surface is lower than the horizon of
the clay bed. The ground west of
(A) is, therefore not available for
working. From (4) to(D)there is a
hill, the top of which is boulder
drift and between (B) and (C) this
drift is from 25 to 40 feet thick.
Such a thickness of useless materials
is regarded as too great for profita-
ble working and the interval (B)—
(C) is marked as unavailable. Going
down the steep southeast slope of
this hill the drift mass becomes
thinner until at (C) it is only 25
feet thick. Thence to (a) it rapidly
diminishes and from that point to
(b) there is but a thin sheet of it,
lying uncomformably upon the
clay bed. Here is more available
clay territory and between the points
(C) and (D) exploration and mining
are eminently practicable. East of
the latter point the clay bed again
becomes too thin for working and at
(b) is altogetner wanting. The sur- |
face at this point ‘is below the level ||
or horizon of the bed. The under- |t";
lying sandy clay crops out in the, [/,
depression, on each side of the IJ
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water,that lies in a hollow excavated “! J
in it. Ascending the slope on the '/,

east side of the little valley, the out- ‘
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crop of the clay bed may be discovered, at or near (E) but on
account of denudation it is too thin to be profitably worked.
From (D) to (E) there is a breadth of unavailable territory, or clay
land. Tt will be observed that this valley is one of erosion and
the wear has removed the whole of the boulder drift and the clay
bed, and cut down into the underlying sandy clay. Thisisan
illustration of many valleys of the clay district, which have
been described in the local details. East of (E) a lower hill,
or ridge, is represented. The superficial bed in this ridge con-
sists of stratified materials, of sand and gravel. And it is not
so thick as the boulder drift of the other hill.  As its maximum
thickness nowhere exceeds 25 feet, the hill is all workable clay
lands. The space (£)—(F) is, therefore, available territory.
Between {(d) and (F) the clay bed is covered by a thin sheet of
the sand and gravel drift. Beyond () castward it thins out and
is wanting at the water on the extreme cast.  To resume, thereare

1. Unavailable areas on account of great thickness of top dirt
B—-C.

2. Unavailable areas owing to denudation of bed, e—A; D—E
and d—F,

3. Awailable aveas, A—B; C—D; F—F. 'The map by ifs seve-
ral colors exhibits the areas, or territory in which each of the
beds above mentioned are of workable thickness and at accessi-
ble depths from the surface. The key to the colors appears at
the side of the map. Where two beds occur close together one
above the other as the feldspar and kaolin bed and the South
Amboy fire clay bed both are represented by their colors.

DIGGING AND MINING CLAYS,

The extraction of the clays, feldspars, kaolins, fire sands and
other materials occurring in the plastic clay belt of the State, is
mostly by digging pits in the beds worked, the overlying strata -
having been previously removed. The remaval of the superfi-
cial beds, or bearing, as it is frequently termed, and the digging
vary somewhat in the details according to the nature of the cir-
cumstances of location, relation to water, cost of labor, prices of
Ioaterials, transportation and business management.

The first work on opening a clay baunk, after satisfactory ex-
ploration, is to remove the top dirt, or bearing. This is done in
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wagons in case it has to be carried to some distance, or else by
cars on a moveable track. Wheelbarrows are occasionally used.
At older banks, where a large amount of clay is dug, n car track,
or truniway, generally runs from the bank to the point of dclivery
—main lines of railroad, or to docks on navigable water—and in
these the track is generally laid quite to the heading or face of
the bank, or alongside of it, so that the cars can be easily loaded.
This muterial is taken outside to the dumping ground. Teams
arc in common use as the motive power, being cheaper than
steam, and quite as effective in short distances. If any of the
materials of this bearing are of probable value they are sorted
and put by themselves preparatory to future use, or are at once
shipped as desired.  Whenever, in working banks, pits or exca-
vations, areas have to be filled, tho top dirt is used for that pur-
pose.

Aceording to the general practice, the digging advances by a
suceession of contiguous pits, and the dirt of the pit which is
being uncovered is thrown at once into that which has just been
dug. In some cases this is sufficient to use the dirt from the top
of the new pit, and the necessity of removal to dump or waste
heaps is avoided. But this is exceptional, as in most localities
the amount of top dirt is in excess of that needed for filling, and
the surplus must be removed.

The cost of removing the top dirt depends on so many and
such constantly varying conditions that it is not possible to give
prices. The nature of the strata, the distance of removal, the
price of labor, and other items, enter into the cost. Exeavation
by muchinery, or by steam diggers, has not been attempted.
This iz due, apparently, to the generally limited extent of most
of these works,

Since the top dirt nearly everywhere is earthy, the employ-
ment of steam excavators or similar machinery is certainly prac-
ticable. The introduction of larger capital and more compre-
hensive management in the mining of these clays, &e., will be
accowpanied by more machinery to replace much of the slow
and primitive methods now in use.

An important question is the location of the heaps of top dirt
or dumpings. This is especially important at a new locality, and
care is always necessary to avoid sites which are to be worked.
By boring or digging small trial pits, it is easy to select areas
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which are not profitable for mining. Wherever the area worked

over is large, they becomes the proper place for storing them, if '

the distance is not too great.

The mining of clay is generally by digging small pits; these
are of different sizes according to circumstances of place and
men to be employed. A common size is a rod square, or an ob-
long pit of about the same arca. These are dug through the
beds of value, or as deep as practicable. Generally they are made
of sufficient depth to extract all of a given bed of clay, feldspar,
kaolin, or other material, which may be worked,and the digging
or pitting stops at the bottom of that bed. Thus in the fire clay
banks, they are dug through that stratum, although in some
places, where there are valuable beds underneath this, the dig-
ging is continued into these lower beds. The work is often stop-
ped on account of the water in some pits; the danger of caving
in, water flooding and other such circumstances determine the
depths of the workings.

Ii is customary to have on the ground at the side of the pit a
platform of a few boards, on which the clay or other material is
thrown, and, if needed, is sorted into different grades. This
sorting is done piece by piece as the spits are dug. A gouge
spade is used in digging clay. This differs from the common
spade in having its blade cylindrical, and the upper edge is
broader than that of the common spade, a tread to receive the
weight of the pitman, necessary to cut down into the solid clay
bed. The lump of clay,or spit,as it is called, thus loosened is taken
by another workman, who cuts out any nodules of pyrite that
may be in it, or any other foreign matter which can be removed
by a knife, and thrown on the platform. This workman sorts
the clays for ware, fire brick, paper, alum, pipe or other grades.
The pitman confines his operations to cutting down the clay,
continuing this over the pit area, and then begins a new spit
level, and so proceeds till the bottom of the bed is reached.

In some of the clay banks the working floor or base is lower
than the top of the clay bed, or on a level with the bottom of it.
The digging at these banks is not properly by pits, although it
goes forward by a succession of pit-like excavations. The plat-
form for the clay is below, the carts are driven to the side of the
bank and loaded at once by the workmen; or the clay is carted
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to heaps near by and there stored, each grade or variety by itself,
or 1t s tuken to boats or cars for transportation to market.

Wherever the sides or the walls of the pits or banks are weak
or linble to full in, these have to be strengthiened and the work-
men protected by planking and bracing. In pits of ordinary
size three heavy planks, on a side, are sufficient with bracing
timbers placed across between the opposite sides. Excavation
into the bank and above a working level is not often attended
by such dangers. The lateral thrust in pits appears to be the
more common cause of slides or caving.  In sinking pits it is
neces=iry and customary to leave walls of clay 1 to 2 feet thick
on the sides which have been worked. These act to hold up the
ground and keep out the water. Most of the danger from shides
comes from these walls and the pressure of wet drip behind
them. After the pit is dug and before it is filled up, a part of
the ¢lay walls is taken out so that as little as possible is left in
the ground.

Occastonally picks are used instead of the gouging spade,
when the clay is very hard and compact.  Ata very few localities
blasting by powder is employed to break up extra hard clay or
strong layers associated with it. Undermining and splitting off
large masses of eartly, clay, &c., by wedges or powder is practiced
at banks where the materials are of a coarser or less valuable
character. This is common at the red brick clay banks. It con-
sists in digging under at the foot of the bank as far as can be
done with safety, and then either allowing the undermined mass
to tumble of itself, or to force it off by using powder or wedges
at the top of the bank. In this manner hundreds and thousands
of tons are tumbled down at once and broken, making the hand-
ling much easier than the removal of an equal weight by
spading and shoveling down from the bank.

As the beds of clay are nearly always impervious to the flow
of water there is no water to be removed, except the very little
rainwater which falls or the leakage from the surface drain about
the top of the pits. This is usually allowed to accumulate in a
deeper corner of the pit and is bailed out from time to time with
a bucket. As the time for sinking a pit of the ordinary size
does not often exceed two or three days there is little water from
these sourees. The greatest amount of water comes from the
sand or other layers that are sometimes interstratified with the
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clay and which allow the water to percolate quite frecly through
them. Sometimes the clay bed is found to be quite sandy in the
middle and to allow water to leak throngh.

At most of the clay bunks the bed of clay is underlaid by
sand, kaolin, or sandy clay and these strata are generaily full of
water so that the bottom of the pits are wet and the pits soou fill
with water if it is not pumped out or if they arc not filled at
once with earth. In banks where all of the clay bed is above the
working floor, open ditches or partially covered drains are con-
siructed so that the water can run off without further inconven-
ience or cost,

In pits the water has to be hoisted to the level of the working
floor, and thence carried off by drains. Various modes of rais-
ing water are in use; the most common is by a pump worked by
hand at intervals, s is necessary to keep the pit clear and in
working condition.

Hoisting by buckets and a windlass has been used in a few
localities. Steam power has also been employed in a few places,
where the depth of the pits and the surrounding wet ground, as
in tide meadows, furnished a large amount of water to be raised.
The judicious arrangement of the location and appliances so as
{o avoid heavy expenses in keeping water from the pits, have
much to do with the profits of clay digging. Comprehensive
plans and skillful management are as important in this as in
any other department of industry. The profits of clay digging
have in some instances been very large, but for lack of judicious
plans they have not been long continued.

At a few places in the State the extraction of the clay has been
by underground work or mining. This consists, on side hills, in
cutting short drifts, or tunnels, in the clay bed, timbering them
so as to hold up, temporarily, the superincumbent earth, and,
when the work is done, allowing it to fall in. By a serics of
drifts side by side most of the bed is in this way worked out.
There is some loss of material in the clay which has to be left
at the bottom as a fAoor and at the top as a roof to hold up the
overlying sand or other loose material, and to keep out the
water. These drifts are inclined a little, if the bed allows any
inclination, to let any water which may get in them by accident
run ouf. They are narrow, being only wide enough for the
passage of men with their barrows or carts. The timbering con-
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sists of upright posts set at the sides, at varying distances apart,
sometimes close together, and at others a foot and a half or two
feet apart. Upon these, ¢ross beams or sleepers are laid to sup-
port the roof. These drifts are seldom more than 100 feet long.
At Furman’s mines, on Chesquake creek, shafts are sunk through
the overlying top dirt to the clay bed, and then drifts are cut in
this. Here the clay has to be hoisted to the surface in buckets
by a windlass and horse power. At Morgan’s bank, on Raritan
bay shore, drifts were cut in from pits dug outside of the bank,
At Isaae De Cou’s bank, on the Delaware river, south of Tren-
ton, the drifts were cut in from the face of the bank. This was
Liere possible, as the mouth of the drifts opeued several feet above
water [evel.  An excellent example of mining clay is to be seen
at Otto Ernst’s mines, on Chesquake creek. For the deseription
of this, reference can be made to pages 221—3224 of this re-
port, where it is described.

This mode of mining clays could be adopted at several places
in the clay belt of this State. Wherever the beds of clay are
uniformly thick, the bearing heavy,and the clays of superior
quality and value, it may be practicable and more economical
than the ordinary mode of stripping off the top and pitting the
clay. Tt is costly and attended with risks; and these objections
must be considered in its application to any locality. It is be-
lieved that the scarcity of clay at easily accessible depths for
open working will in the future compel the attention of clay
miners to it s practicable, and the only way in which some of
our cluy territory can ever be made available and productive,

The digging of fire sand, kaolin and Jeldspar is carried on very
much like that of the clays. As the strata are not impervious to
water, the pits are generally smaller, so that the length of time
in sinking one is seldom more than a day. The quantity of
water 10 be raised is commonly much greater, and in some eases
it is «o lurge that it is scarcely possible or practicable to get to the
bottom. In working the strata of these materials there is more
loss than in digging clay. More of the bed is left in the ground.
In digging these the gouge spade is rarely used, but ordinary
shovels und spades, aided occasionally by picks where the mate-
rial may be niore firm or too hard for spading. The loading is
generally direct from the pit or the side platform into carts or
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cars, and there ave fewer grades, rarely more than number one
and number two. : ,

Nearly all of the clays, and all of the feldspar, kaolin and fire
sand, arc sent into market in a crude state. They are shipped
in bulk, either in boats or in cars. With some varieties, ns the
paper and ware clays, more care is taken in keeping them clean
and free from admixture with inferior grades. Formerly the
paper clays were shipped in barrels, but at the present time they
are generally transported in bulk.

The improvement of clays by washing is practised at a single
locality only, by George Such, at Burt's creek, near South Amboy.
The work is done on a large scale. The following account of
the principles and practice followed in doing the work, is per-
haps sufficiently full.

Clay stirred up in water will remain in suspension a long time,
while sand, gravel, and nodules and grains of iron pyrites settle
quickly. And the finer the clay is, the longer it will remain
suspended in water. Advantage is taken of this property in
washing the clays and freeing them from impurities. Washing
has the further advantage, too, of bringing the clay to a uniform
tint or color. As taken from the bank or pit it may be streaked
with brown, or yellow, or red colors, or with all of these, but
after passing through the washing process these colors are all
blended into one uniform tint. And by a proper selection of
the white and stained clays, a great variety of colors are pro-
duced.

Mr. Such’s works are located on a stream, from which an
abundance of water can be drawn for all the purposes of the
washing apparatus. The machinery for washing the clay is
driven by a powerful steam engine.

The apparatus for washing consists of large troughs or bins,
in which the clay from the banks is dumped, covered with waler,
and allowed to stand for twenty-four hours. Other large troughs,
in which long horizontal shafts, armed with knives, revolve, re-
ceive the clay. The knives are set at right angles to the shafts,
and are fastened in a spiral line, so that at every revolution of the
shaft the clay in the whole length of the trough is thoroughly
stirred up and mixed with the water, which is constantly stream-
ing into it. Large vats are used, in which to receive the clay
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and water. These vats are made of puddled clay at the bottom,
which is then covered with boards; the sides are made of a
double casing of hoards, filled in with puddled clay between the
boards and backed up with earth, They are nearly five feet
deep. And they cover about an acre and a half of surface.
There are a number of vats entirely separate from ecach other,
which arc intended for white clays, and different shades of col-
ored clays. Each vatalso has partitions or guiding boards in it,
which are so arranged as to cause the water, with suspended clay
in it, to circulate between them and cross the vat repeatedly
beforc it reaches the farthest part, and so that the clay may have
time to =ettle and let the water run off clear at last. Some of the
vats are low enough to be filled through troughs, which run from
the washers directly to them; while others, on higher ground,
have to be filled by pumping up the clay and water together,
from the washing machine, and running it off through elevated
troughs to the proper vats.

When the washing machine is in operation, a constant stream
of water is run into it and is thoroughly mixed up with the clay,
which is thus divided into its finest particles and separated
from its heavy impurities, and only.that which is fine and com-
pletely suspended in the water can run off into the settling vats.
The process of washing any desired quality of clay is carried on
from duy to day, till the deposit in the vat is thick enough to
handle conveniently and to furnish a supply adequate to the de-
maid.

The operation is a very complete and satisfactory one. It im-
proves the quality of the white clays, and indeed of all the claye
washed. It makes saleable those which would otherwise be
worthless.  And it brings those which in their natural state are
unsightly, to soft, pleasing, and even beautiful shades of color.

The work isa success. The process is slow, and the invest-
ment of capital in machinery, vats, sheds, &c., seems large.

The extension of this method of improving clays will soon be-
come o necessity—and the subject should receive the attention of
all who are interested in the profits of clay digging.

The removal of sand, pyrite, or other mineral masses from
clay, by washing is easy and effectual. The removal of oxide of
iron which discolors the clay is attended with more difficulty, as
washing does not take it out. The treatment of such clays with
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hydrocliloric acid has been tried in Europe, and found effective
in removing both oxide of iron and lime from them. A
praciical way of using this method to obtain good fire clay from
inferior and common clays is given as follows in the Oesterreiche
Zeitungr, No. 32, by Kerpely. “Clays containing lime and iron
are «tirred with boiling water, the latter being poured on till it
is vight or ten inches deep above the clayey mass. To thisis
added hydrochlorie acid to the extent of two per cent. of the clay.
After further agitation it is allowed to stand for some hours and
then the acidulated water is conducted to a second vessel to
which more acid is added. The clay mass is well washed with
hot witer, and is thrown upon a linen filter stretched over the
waste diteh. In four washing troughs it is possible to clean 100
centuers o tons) of clay for which the cost amounts to 5-3.80
florins = L0,

The washing of clay is common in all kaolin districts where
clays for ware or paper are obtained, and also at potteries as a
farther preparation for their use in the body of the finest white
ware.  These modes involve various styles of machinery whereby
the eluy or kaolin is agitated with water, and then the clayey
liguid i« conveyed to a scries of settling vats. The simplest form
of a wusher or agitator consists of an inclined trough in which a
eylinder, set with spiral rows of knives or cutters, revolves,and by
the movement of its knives pushes the mass from the feeding end
up the inciineand out at the opposite end.  There may be many
moditications in the mechanical arrangement of these appliances
for stirring the clay, as well as differences in the sizes and forms
of vat«. The washed clay is allowed {o dry in the vats on long
exposure, or the water is pressed out of it by subjecting it to
great pressure in bags.  ‘The latter method obviates the length of
time requisite for drying in the open air, and does not need such
large vuts. '
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METHOD OF ANALYSIS.

The method of chemical analysis adopted and pursued in the examinations
of the clays, feldspars, kaolins and fire sunds, which are given in this report
with analyses, was as follows: One gramme of the air dried pulverized materizl
was digested in sulphuric and hydrofluoric acids until the silica was com-
pletely dissipated ; the residue was dissolved in hydrochloric ucid (a few
drops of hitric acid being added to oxidize the iron), and the alumina, scs-
qui-oxide of iron and titanic acid were precipitated by ammonia ! in some cases
by acetate of ammonia). In thé filtrate the lime was precipitated by oxalute
of ammonix, and weighed as carbonate. The filtrate from the lime was
divided into two equal portions. In one of these the magnesia was deter.
mined, by precipitation by phosphate of ammonia. The second portion was
evaporated to dryness and heated to drive off the ammoniacal salts. The

, residue was dissolved and chloride of barium was added to remove the sul.
phuric acid and then caustic lime to remove the magnesia. The liquid wag
boiled and then filtered. To the the filtrate ammonia and earbonate of am.
monia were added to remove the chloride of barium and lime ; the liquid was
filtered, evaporated to dryness and the ammonia salts driven off by ignition.
The potash was precipitated by bi-chioride of platinum and weighed as
potassio-bi-chloride of platinum. The aleoholic filtrate was cvaporated to
dryness, the platinum compound decomposed by heating to redness with
osalic acid ; treated with water ; filtered ; a fow drops of hydrochlorie acid
added ; evaporated to dryness and weighed as chloride of sodium.

A seeond sample (one gramme) was treated with hydrofluoric and sulphuric
acids, as before, and then ammonia added to precipitate the titanic acid,
alumina and oxide of iron. This precipitate was reserved for the deter-
mination of the titanic acid. The filtrate was treated as before for the
determination of the potash and soda, as duplicates.

A third sample was fused with carbonates of potash and soda; the fused
mass treated with water ; hydrochloric acid added in excess; cvaporated to
dryness to render the silicic actd insoluble ; treated with dilute hydrochlorie
acid ; heated, and then filtered for the total silicic acid. This weighed de-
termination was checked by the difference in the analysis by hyrofluoric acid.
The alumina, oxide of iron and titanium were precipitated by ammonia us in
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the first sample  Lime and magnesia were also determined as before (dupli-
cate determinations),

The precipitate in the second sample, reserved for the titanium determina.
tion, was treated with a solution of caustic potash and heated, to remove the
alumina. The insoluble portion, consisting of oxide of iron and titanic
acid, was collected on a filter, burned, fused with bi-sulphate of potash, dis-
solved in water, and saturated with hydrosulpburic acid gas, to reduce the
iron oxide. The liquid was filtered and hoiled ; the titanic neid was precipi-
tated and collected on a filter, then burned and weighed.

For the determination of the quartz the clays were digested in sulphuric
acid, and the liquid filtered. The insoluble matter on the filter was burned
and weighed as a duplicate of the total silica. This insoluble matter was
then boiled in a solution of potash, and the undissolved residue weighed as
quartz. These determinations were duplicated by the same method.

The moisture or hygroscopic water, was determined by heating over o water
bath, and the loss at 212° (100 C.) taken as its amount. The samples were
then heated to redness, ignited, and the loss noted as combined water. In
most of the dark-colored clays there was sowe organic matter. Ina few
analyses this was estimated ; in others the combined water includes very
small amounts of organie matter.

The izon was determined by volumetrie avalysis, using the method by
proto-chioride of tin.
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LIST OF FIRE CLAYS EXAMINED BY THE SURVEY, FOR COMPARISON
WITH THOSE OF NEW JERSEY.

AMERICAN CLAYS.

1. Trucks & Parker, Hokessin, Delaware.

White and buff colored clays resulting from the decomposition of feldspar in gran-
itic rocks. Used for paper glazing and pottery.,

Specific gravity of washed elay, 1.604—1.623,

For analysis of the white clay {washed) see No. 49, page. 300. Collected by
Geological Survey.

2. Monnt Savage Fire Clay, from the Unlon Mining Company, Mount
Savage, Alleghany county, Maryland.

A grey, shale clay from the Cumberland coal field. See analysis No. 53, page
300. Specimen from Jas. 8. Mackie, President, 71 Broadway, New York.

A second sample, received frora the mines after printing the nnalysis above referred
to, wus examined, and found to contain, of sesqui-oxide of iron, 1.12 per cent., and
of potash, 0.80.

The following specimens were received from the Pennsylvaniz Steel Com-
pany. L. 8. Bent, Superintendent. Steel Works postoffice, Dauphin county,
Pa.

* 3. Fire clay from M. D. Valentine & Brother, Woodbridge, N. J.
4. Pensauken Creck clay, J. D. Hylton, Palmyra, N. J.

5. Huntingdon County clay, from Sam'l Hatfield, Alexandria, Hunting-
don county, Pa

A light buff eolored, very sandy, clay, containing 2.00 per cent of water, Some
streaks stained by oxide of iron,

“ A semi-plastic refractory elay, containing a good deal of free sand and is used
for linings, joints and other places where it is readily held in place.”

8. Lebanon Valley clay, from Horace Kecfer, Harrishurg, mined at Sheri-
dan, Pa.

Faint buff eolored, fine grained, not quite as sandy as (5), contains 5.9 per cent of
water,
“ A clay similar to above” (5).
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7. Ran'ly Ridge clay, from W. R. Miller, Center county, I'a.
A wixel enrthy and rock fragment mass, grey, contains 9.9 per cent of water,
* A rock clay, pourly plastice, but is non-shrinking, refractory and resista chemieal

wtion, lenee is an egceellent setting for fire brick after it has been screened and
‘l‘ll‘.l\ti.”

8. Wuodland clay, from Woodland Tire Brick Company, Woodland, Clear-
field eounty, Pa,

Dirshy eolored, shaly elay.  For analysis ree No. 50 of table page 300
“ A eluy -imilar in every respect to the above, pussibly a shade more refractory.”

The {ambria Iron Company, Johnstown, Pa,, sent the following seven
~pecimens of fire clays :

9 Cluy from near Mapleton, Huntingdon county, Pa.

A whit., fine-grained, very sandy, clay. Ifas 2.1 per cent.of water. Of this 0.5
T reent i~ moi-ture,

*“ (o] for lining converters, mixed with gannister.”

10. Flint clay, from Solomon’s Run, near Johnstown, Pa. Lower coal
Ieisures,

Very light drab colored, exceedingly hard and compact ; sub-conchoidal fracture;
1215 cumiIn 4 water and % hygroscopic water,  Analysis No. 51 of table, page 300,

* Fine quulity of flint ciay from lands of Jacoby and others, adjoining lands of A,
J. 1awes. Some can be had on lands of Cambria Iron Company.”

11. Springfield Kaolin, from mines of Cambria Iron Cowmpany. Found
assoelated with hematite ores in lower beds of 1L

Wi, tineegrained, very sandy mass, resembling some loose sand rocks. Con-
tain- 3.0 per vent of combined water and 4 per cont of moisture.

% (romd for lining converters.  Mixed with flint clay makes a cement.”

12 Fiint clay from barren measurcs on lands of A, J. Hawes, at Johns-
tawn, Pa.

Lizht draheeolored rock clay, not gquite ns hard as No. 10; irregalar fractnre ; con-
-

tains 7.2 per eont, of eombined water, and .9 per cent. of moisture.
“Cind for common or second quality of fire brick.”

13. Durk fire clay from lands of A. J. Hawes, 50 fect above coal bed C,
at Juhnstown ; also on lands of the Cambria Iron Company.

Itark grey rock clay; hard; irregular fracture; water of combination, 8.6 per
conl; Hiolsture 2 per cent.
“raaverler bottoms ;) best that ean be foond for this purpose.”

1£ Mineral DPoint fire elay, near Johustown. In lower coal measures.

Lizit drah-colored rack clay 3 hard; irregular fracture; combined water, 12.50 per
entr meidiry (LT, Analvsis No. 52, page 300.

¢ For roliing mill and blast fornace brick. Best for steel works purposes cemented
with tpriuglield beolin.”
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15. Tite clay from floor of coal bed B, Miller scam. In Blast Furoace
mine ot Cambria Jron Company, at Johnstown.
Grey hard shale clay ; irregnlar fracture; combined water, 4.5 per cent.; hygro-

scopic water, 1.0 per cent.
“(Good for a cementing elay to lay fire brick in, &c., &’

The following two specimens were obtained from John Moses, Trouton,
New Jersey :

16. Porcelain clay (Indiznaite) from Huron, Lawrence county, Indiana,

Very white, tolerably hard and compact.

Specific gravity 1.878—1.972 and 2.040. Varying in hardness and density, 1irac-
ture conchoidal and smooth, opal-like. For composition see analysis No. 54 of table,
page 301.

This clay is used in pottery manufacture at Trenton. It is not very plastic.

17. Clay from Pope county, Illinois.

An earthy clay of mixed characters.
Analysis No. 55, page 301. Used at Trenton.

Charles Frost & Co., Winchester, llinois, sent one specimen of

18 Fire clay from a vein 12 to 17 feet thick, 100 feet under the surface
and under coal shaft.
Hard, grey, rock clay of irregular fracture. For its chemical composition see No.

&7 of table, page 301.
¥as not heen used in practice.

The North Chicago Rolling Mill Company, O. W. Potter, President, sent
three clays : :

18. Utica clay, La Salle county, Illinois.

An uneven misture of vellowishand greyish clay masses. Earthy and crumbling.
Its composition is given in analysis No. 56, page 301.

“Very plastic, tolerably refractory. Mixed with quarte is used at these works for
linings and bottoms of Bessemer converters. Capital clay for such uses.”

20. Blue clay, Wilmington, Will county, Illinois.

Greenish grey, crumbling shale elay, Has 11.9 per cent. of water.

“ Becomes very strang and plastic by wetting and kneading. Not specially refrac-
tory. Used at these works for tap holes and repairs about the hearth of blast fur-
naces and for tap holes of cupolas in Bessemer works. Very good clay for such uses.”

921. Anna clay, Anna, Union county, Ilinois.

Yellowish white, earthy clay, with reddish and yellow streaks of oxide of iron.
Water (combined) 13.2 per cent.

“Very plastic and tolerably refractory. Used at the works when mixed with
quartz for linings and bottoms of Bessemer converters and as a mortar for laying fire
brick, for which it is excellent.”
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Evens & Howard, St. Louis, Missouri, seut five samples of clays, as follows ;

22. Glass-pot clay (crude) from Cheltenham, Missouri.

Grey and greenish grey, irregular fracture, hard and compact. Specific gravity
1.708—1.715. For composition see analysia No. 58 in table, on page 301,
“Very refractory; used in glass pots and crucibles.”

23. Cheltenham elay, calcined and floated (washed).

* Not so refractory but valuable for crucibles, allowing them to expand and contract
mnre, with less liability to fracture than crude clay.”

24. Cheltenham clay (washed).

25. Fire clay from the Evens mines, Montgomery county, Missourt,

Light cream-colored, conchoidal and smooth fracture, hard and compact; spocific
gravity 1.769--1.789. For its composition see analysis No, 59 in table, page 301,
* For special purposes and mixed with Cheltenham clay,”

26. Caleined clay from Evens mines.
Used with Cheltenham clay.

BRITISH CLAYS.

The following samples were received through Bell Brothers, Middles-
borough, Kngland.

27, 28, 29. Stourbridge clay Nos. 1, 2 and 3, (ground), from Harper &
Moore, Stourbridge, Worcestershire, England.
No. 1 has 7.9 of water; 2 has 8.7, and 3 has 11.7,

30. Stourbridge clay, No. 1, (strong).
Hard, solid, greyish color; 7.8 per cent. of water.

31. Stourbridge clay, No. 2, (mild.)*

Darker colored, finer grained and softer than No. 1. It has 11.3 per cent. of water.
These two specimens from King Brothers, Stourbridge.

32. Pease’s West (Durham) clay.
Black-shale elay; 11.5 per cent. of water.

33. Fresh-wrought fire clay from the Low Main Seam, South Benwell
colliery, Newcastle-on-Tyne, from Wm. Cochran Carr, Newcastle.
Black-shale clay.

34. Fire clay from J. Walker & Co., Kingswinford, North Dudley.

Grey-shale clay (ground.) Contains 8.6 per cent. of water,
_*:l'he mild thu;hridgé clay ]w porixaps falrly re{resemed by analysis No, 63 of the table, on page 301
from rpecitmens sent by A. K. Hay, of Winslow, N. J,
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35. Fire clay from South Brancepath colliery, Durham ; Bell Brothers.
Haid, dark grey-shale clay ; 10.2 per cent. of water.

36. Fire clay from Wm. Ingham & Sons, Wortley, near Leeds.
Hard, compact, grey, rock clay. Water 11.8 per cent.

37. Fire clay from Joseph Cliff & Sous, Wortley near Leeds.

Grey-shale clay; 9.5 per cent. of water.

38. Fire clay from W. Stephenson & Sons, Throckley colliery, Newcastle.

Sample ground. Has 7.1 per cent. of water.

Dr. C. W. Siemens, London, sent samples of Glenboig and Stourbridge
clay and gannister, as follows :

39. Glenboig star fire clay, Glenboig, Scotland, from James Dunnochie,
Glasgow.

Light, drab-colored, close grained, rock clay. Analysis No. 61 in table, page 301,
gives its composition.

40. Glenboig gannister, from James Dunnochie.

A close grained light greyish sandstone.

41. Stourbridge pot clay (strong) from Mobberley & Bayley, Lyc, near

Stourbridge.
Grey, solid rock clay. Analysis No. 62 in table, page 301. 10.4 per cent of water.,

492. Stourbridge pot clay (mild), from above firm.

Light greyish, compact, rock clay. Tt has 9.9 per cent of water.

43, 44. Stourbridge clay (burned and unburned samples), from George
King Harrison, Stourbridge

Brown, Bayley & Dixon, limited, Sheffield lron and Steel Works, Shefiield,
England, sent the following samples :
45. Crucible fire clay, D. Sharrott, Halifux, Yorkshire.

A grey shaly clay, Analysis No. 65, page 301, gives its composition.
“ High class fire brick, cupoln linings and Bessemer stecl makers requirements.
The bricks are excellent.”

46. Crucible fire clay, E. I & J. Pearsor, Stourbridge

Grey, hard and solid.
“Steel melters, crucibles, glass pots and retorts, Very good where liable to sudden

changes from high to low temperatures.”

47. Brick fire elay, Thomas Wragg, Sheffield.

Dark-colored, stony clay, uneven grained, not homogenous in struetere.
“ From this clay Sheffield fire brick are made, Not of very good quality.”
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48. Crueible fire clay, Thomas Wragg, Sheffield.
Dark drah-colored shale clay.

“ From thix tuyeres and stoppers are made for Bessemer process. The Luyeres are
very guod.”

49. Crucible fire clay, John Knowles & Co., Woodville, Burton-on-Trent,
Derliyshire, from 25 yards deep.

Groy, rock clay.

“ Thix i~ the well known Derby clay—for steel makers' crucibles probably the best

in En.land. The clay seam varies from 4 to 7 feet in thickness ; is got in same way
osenal. Tt commands o high price.”

50. Sume locality as above, 50 yards deep.
Darle dral-rolured, shale clay. Has 13.0 per cent. of water. Analysis No. 64 on
e GOl

51 Crucible fire clay, Farnley Tron Company. Limited. Farnley, Leeds.
Durkecalored, coarse grained rock clay.
* From thi- elay the well known productions of the owners are made.”

92 Crucible fire olay,Andrew Peak, Horwichtown, Lancashire.

A wrey, e crained, shale clay,

“Used ehrictly fur tuyeres, stoppers, &e., for the Bessemer process.”

53. Cruvible fire elay, Garnkirk Fire Brick Company. Limited. Glas-
gow and Lunark, Scotland.

No. 1. Bluwk, -haly clay. Analysis Ne. 60, page 301. Water and organic mat.
fer 16,4 pu s cent.

54. Nauie loeality, No. 2.

Drab culond and not so shaly as No. 1, Water 13.7 per cent.

85. Chin. clay, from Redrath, Cornwall, from George Smith, F. G. 8,
Coalville, Leicester,

A kaolin eluy, very white, consisting of clay and qnartz fn angular graina. Water
reomlinels V.2 per cent. Analysia No, 66, page 301,

*Thi« i~ porcelain, or china clay. Is used with other clays to give touélmess to
vissels liddde to -udden changes of temperature, Will bear frequent heating and
cooling - hi b priced.”

56. Joseph Cowan & Co., of Blaydon Burn, near Newcastle-on-Fyne,
~ent a spevimen of grey, shaly elay.

Thoewas Belt, F. G. 8., of London, sent two specimens of china elays as
follows :

7. Clinu clay (kaolin) from Cornwall, England.

Very white and gritless,  Containg 11.9 per cent of water {combined).
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58. China stone, Cornwall, ground and used in Staffordshire.
FRENCH CLAYS.

From Petin, Gaudet & Co., 8t. Chamond, Department Loire, ten samples
were received :
59. St. Kareve clay, Department Isere, sold by Fumet.

White, sandy clay, containing 5.2 per cent of water. Used in converters,

80 Orange colored clay, same place.

Sandy. 1.4 per cent of water.

g1. White sand, from Voiron, Department Tsere. Rosset fils et cie.
Used in eonverters.
White, has 3.5 per eent of water.

62. Firc clay, same place and same use.
White and randy ; 3.2 per cent of water.

§3. Macon clay, Department Saone et Loire. No. 1 sold by M. Taupenot.

Sandy elay ; 6.0 per cent of water. Used in fire brick.

64. Lcuan clay, from same place.

Salmon colored, sandy elay; 4.6 per cent of water. Used in coke foundry fur-
naces.

§5. Bollene clay. Department Vaucluse, sold by Carron Jeune.

White clay, containing a little sand.  Water 10.9 per cent. For fire bricks.

§6. Courpicre clay, Department Puy de Dome, No. 2, sold by Fraisse
freres.

White, some quartz sand in it. Water 10.5 per eent. Used for erneible covers.

§7. Courpiere clay, No. 1, same place and dealer.

Pear] grey, fine, very little quartz. Water 11.8 per cent. Used in crucibles.

§8. Mussidan clays, Department Dordogne, sold by Baignot freres. Used
in making erucibles. )

White, fine grained and compact, Water 13.1 per cent.
Sehneider & Co., Creusot, Department Saone et Loire, sent gix samples of
fire clays, used in their works. They are as follows:

69. Boilene clay, near Avignon, Department Vaucluse.

Faintly variegated, shades of red and green in white mass, dense, contains 12.9 per
cent of water.

 Blast furnaces where the heat is most intense.”
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70. Clay trom Decize, Department de la Marne.

White, with streaks of yellow. Water 10.2 per cent.
* Blagt furnaces where the heat is low.”

71 Clay from Lezanne, Department de la Marne.

Drab colored compact clay.  Water and organic matter 15.2 per cent.
* Converter tuyeres and special shapes for steel works.”

72. Clay from Macon, Department Saone et Loire.

Salmon colored clay. Grains of quartz quite coarse, Water 6.7 per cent. Analy-
gis No. 72, page 302,
“Is used with Lezanne clay for converter tuyeres"

73. Clay from Gravoine, Department Szone et Loire.

Coarse granular mixture of quartz and white clay. 4.5 per cent of water.
* Puddling and preheating furnaces, Siemens’ regencrators; Cowper stoves; coke
ovens,"

74. Quartz from Dorat, Department Haute Vienne.
“ Siliea bricks for melting furnaces”

From the Compagnie des Fonderies et Forges, Terre Noire, La Voulte et
Besseges, five samples of fire clays used in their works, were received.
They are:

75. Macou elay, raw or crude.

White, sandy, coarse grained. Water 1.9 per cent.

78. Macon clay (prepared).

The preparation consists in drying on heated plates, then grinding it. Used for
Bessemer converter bottoms. Sometimes bear over 40 successive heats, Water in it
2.0 per cent.

77. Bollene clay.

Fine white clay. For its composition sec analysis No. 72 in table, on page 302.

“Thix is the most noted and most sought after of French clays, for the manufacture
of refractory materials. Used one-third crude and one-third burned, with one-
third quartz sand for tuyeres of Besscmer converters and ateel furnace hearths,”

78. Voreppe clay.

Brown carthy and coarse sand in it. Water 3.2 per cent.
“It serves for the linings of converters, Mixed with one-third quartz sand it is
used for repairs in the Siemens-Martin steel furnace.”

79. Varielle clay.

Snuff-colored, coarse grains of sand. Water 3.9 per cent.
“TUsed withont preparation or mixtare for steel pots. It is moderately refractory
and shrinks in the fire. Its vse is very limited,”
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The Bollene clay shrinks considerably in the fire. Voreppe clay being
mostly quartz, shrinks little. Macon clay also contracts but little, and

becomes very hard in the fire.
BELGIAN AND GERMAN CLAYS.

M. A. Greiner, Manager of the Steel Works, at Seraing, Belgium, sent
ten samples of clays:

80. Soree I'rancesse clay.

White, sandy, dense clay ; 7.8 per cent of water.
Lean clay, rarely used, except previously calcined for cement.

81. Natoye clay.
White, solid, sandy clay, containing 7.4 per cent. of water.
Used as above for cement only.

82 Vandaigle clay.

Greyish white, little sandy ; contains 9.2 per cent. water. Tsed as above,

83. Strud (pale) clay.

Dark greyish, solid, and contains 11.5 per cent. of water.
A strong clay, used mixed with others; and sought after in the manufacture of

glass and steel.

84. Strud (slate) clay.
Very dark-colored and dense. 'Whater 13.6 per cent. Used as strud (pale.)

85. Nanines, No. 2, clay.
White, solid, little gritty ; water 9.3 per cent. Used as atrud clayes.

88. Nanines, No. 1, clay.
Black, hard and dense; 14.8 per cent. of water.

B7. Seree (fine) clay.
White, solid and fine clay. 13.1 water. For its composition see analysis No. 68

in table, page 301,
A very rich clay used in the manufacture of artificial stone, beginning to vitrify at

a red heat withont losing shape.

88. Soree, No. 3, clay.
Drab-colored, fine grained, little sandy, solid ; has 7.8 per cent. of water.

89. Frankenthal clay from Frankenthal-on-the-Rhine, Germany.
White, very little grit; water 12,8 per cent. Analysia No. 69 in table, page 301.
Very refractory.
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From A. K. Hay, of Winslow, N. J., the following sample was received :

90. Glass put clay from Coblentz, Germany. From A. K. Hay’s glass works,
Winslow, N J,

White, denee, speeific gravity 2.229—2.266; fine grained sand in it. Analysis No.
70, page 301, Imported for glass pots,
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ANALYSES OF SOME AMERICAN FIRE CLAYS. (Copied).

1 2 3 K 6|7 | 8
SiHea covevareirnrnien 50.46| 44.95| 50.15] 45.42( 46.90 60.97| 61.02' 59.60
AlIming evveeeannsniennn. 3500| 37.75 35.60| 36.80¢ 39.60° 26.38 2564 2641
AWater.ocvinerreainniisanss 12,741 13.05| 13.611 12.65; 13.80| 8.93 9.681 10.48
) FPRR DRV 048 0.20
0.98) 0.07| ... 07| 982 o025 o0a6
0.30, 011} 0.87|......... 0.35 0.70l 1.00
Magnesia .. 0.02 0.21[ 0.16!  045[...... ..] 023 0.08  0.07
Oxide of T weveeeeenene|  1.60]  2.70°  0.83] 38.33[......| 1461 1.70] 1.61
Oxide of manganese......| (FACES| ...vne.|eeermenes (1% IUUSTURTE JOUPPRUY PRFPTPI PRSP
Sulphuric acid 0.07] 014 ... R DRUTOP FURURUS P
Bisnlphide of iron.......|oce o, 0.03].......c. FOPTUTPIN RTPPPY P " .........
L2191 1 1150 UUURUURIIOPPI PPIVIOTIY PRTPTSTIN CETTLILE SR SR PR 0.431 0.38
Total oviivrerecemieernenn 100.75| 100.01| 100.70! 100.00{ 100.47 99.6-“ 100.005 100.00

1. Momnt Savage fire clay, by Prof. J. M. Ordway, Massachusetts Institute of Tech-
nology.

2. Fire clay, Sandy Ridge, Centre county, Pennsylvania, Andrew S, McCreath,
Second Geological Survey of Pennsylvania (1874, M. 80).

3. Fire clay, mine at Clearfield, Clearfield county, Pennsylvania. Same report
(M. 81).

4. Tire clay, Johnstown, Pennsylvania. Analysis by T. T. Morrell, Second Geo-
logical Survey of Pennsylvania (R, P. H. H,, p. 147).

5. Kaolinite scales, Tamaqua, Pennsylvania, (mean of two analyses purified by
chlorhydrie acid), Preliminary report on the Mineralogy of Pennsylvani, by I. A
Genth, Second Ceological Survey of Pennsylvania, B. 1190.

6. Fire clay of Charles Frost & Co., Wineliester, Illinoia. Analysis of Chauvenet
& Bluir, 8t. Louis, Missouri, {communicated by C. F. & Co.)

7. Fire elay, Cheltenham, Missouri, (crude). Analysis by Prof. A. Litton, {circu-
lar of Evens & Howard).

8. Fire clay, Cheltenham, Missouri, (washed). Analysis by Prof. A. Litton, {circu-
lar of Evens.& Howard),
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BRITISH FIRE CLAYS.

Copied from Percy's Metallurgy., Fuel. Pages, 98-100.

1| ¢ 3 1 5 ] 7 879
6510 48.04) 4573 48.08| 67.12) 53.05| 55.50(46.32’ 46.20
-(22.22 3447} 34.14| 36.89 21.18 28.13| 27.75|30.74 40.00

0.18| 194 045 188 202 410 219 ..

with |

CraSo3
Soda. ] orsy ISEaos PSSR NUSORN IRRORNE 1Y ML
Lime..... crerenenna| 0114 O.GBI 0.79] 055 0.32( 0171 067 085 0.50
Magnesia............... o 018 045 074, trace| 084] 120 075 O.44|........
Protoxide of iren......| 1.92\....| 176 | 1 N 0,27' 0.27
Sesgui-oxide of iron.imee....| 3.05]..... | 2261 1.850 248 <2.01
Oxide of manganese._l........ trace | e vrnnien] vene OO [T
Water (combined)....} 7.10| 11.15 1017 10.87| 4.82| 5.82] 10.53 12,67 12.67
Water (hygroscopic)..! 218l.......| 445|....... 139 2200 .ccunrer] i errnnns

Organic matter.........
Titanie acid........... .

0.58........] 070......] 090 282 trace

| waeeene | tracel L FTTTIOTNS IO :

|
99.60; 99.76, 98.93/100.53| 100.54| 100,061 99.84| 99.501 99.82

Total e

1. Stourbridge clay. Best clay used for glass pots. Silica is partly free, gritty sand

2. Clay from Stannington, near Sheffield. Weighed for analysis after desiceation
at 100° C. {212° Fahrenheit). Used for cast stee! pots.

3. Edgemount, near Sheffield, Analysis of sampledried at 212°. Used in maklng
crocibles for melting cast ateel in, and said to be excellent for that purpose,

4. Edensor, near Derby. Analyais of sample dried at 212°, Used for cast steel
pots,

8. Dowlais, South Wales, Considered the best fire clay at Dowlais.

6. Dowlais, Sonth Wales. This clay melted down on the bridgeof balling furnace.

7. Newcastle-on-Tyne. The soda contains some chlorine and sulphuric acid,
From Blaydon Brown colliery in Tyneside. Used in fire brick.

8. China clay from Cornwall, Analysis of specimen dried xt 100° C.

9. China clay from Cornwall. Analysis of specimen dried at 100° C,

The~e are said to be the finest china clay in Comnwall. The two unalyses are of
the sante clay by different men.
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DINAS “cLAY.”

Copicd from Perey's Metallurgy. Fuel. TPage 147.

| 1 2
9831, 96.73
0.72] 1.39
0.18 048
022 019
0.14[ 0.20
035 0.50

09.921 09.49

These analyses give the composition of the rand rock which is uged in making the
celebrated Dinas brick. One per cent of lime is put in the mixture. These bricks are
remarkable for their endurance at high hents and for their property of swelling and
making a tight roof fur furnaces.

FIRE STONES AXND TIRE CLAYS.

ANALYSES BY RILEY,

Copied from the Journal of the Iron and Steel Institute No. 2, 1875, page 522.

1 2 3 4 8 | b

Silien e iiieeeeieenns e eeneteebaa e, 56.42° G654l 55.61’ 62.35 5933 U304
Al MDA 11 eveevirviereerirrr e oo . 26,45 3055 27.5(); 1847 221 0.57
Combined water.......vivveevaversiresseeerar 110050 G.ﬂﬁi 522 S.'ISI 0.42
Potash..,.. 048] 053 081! 247 2.42'
Lime ......... 0.60] 069, 032 trace' 036 0.62
Magnesia cooviiiiiiin e e 0.5 064 059 1.36¢ 147 021
Sesqui-oxide of iron 133 1700 1010 477 4801 067
Titanic acid 1.15| 133] 033 110 ... ’ .........
MOTBUUTE vevrevrevverimenreiierresrerarserrranee 280 .. 2520 415 ) 11 T

]00.(53! 100,87196.3%* 99.89.  90.95] 10143

* Orgunic matter, .34 t Protoxide of lron.

- Glenboig clay, Star Works.
. Glenboig clay, caleined.

. Etherley clay.

Derbyshire clay.

. Mine shale, Dowlals.

. Sheflicld gannister, hard.

23

[

S o e
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ANALYSES OF SOME BELGIAN AND GERMAN CLAYS.

‘ 1 ‘ 2 3 4 5 6 7 B 5
Silica {combined)......| 36.60; 38.21] 32.18|35.35| 30.32| 38.04] 19.99| 40.53] *46.59
AlUming eereene oo, | 3478| 3347) 87.95|35.36] 35.05 36.30] 17 31| 38.54] 354
Water o] 10780 11811 10,020 1172] 7.43) 1452 570| 13.00] 949
Potash.eovvrrnrn oo, : 0.41‘ 1.13' 3.00] 1.24| 3.8 042 o048 066 132
Soda e, ; ......... I ......... jeeeeaee (S PO PR FRTTTUTN S U,
Lime .oorvern v, 068 0.93' 0.04) 016] 0160 0.10[...... 0.08] 202
Magnesia coee, covcenrest 04D 0.67| 01| 007] 1.11] 0.19]......] 038 128
Sewqui-oxideofiron... 1801 460 095 269 2.30| 046 056 090 069
Sand 9.95 943 14791241 8.01] 490! 5580 515l ...
Moisture ‘ 1.27i .................. weeenns| 308 82600 i .........
Total eveeereeresrereens ! 99.72| 10030 99.04/ 09.00' 99 64/ 99,181 99.911 99.24: 99.13

* Inctoding sand.

1. Andennes, Belgium. Best Belgian clay, according to Bischof. (Dingl. Polyt,
Juurn,, 200, 110 and 289).

2. Vallendar, near Coblentz on the Rhine, Germany.

According to Richter’s tests glazed at melting point of steel. (Kerl's Muspratt's
Chemis, 5 8. 623),

3. Ebernhaln, near Vallendar. According to Bischof’s tests very refractory. Very
much sought after for glass works use, {Kerl’s Mpspratt’s Chemis, 5 S. (623-4),

Mullheim on the Rhine, between Coblentz and Andernach. Moderately refractory,
very plastic; with cement very refractory. Kerl's Muspratt’s Chemis., 5 8. 623-4.

3. Grunstadt, Bavarian Palatinate, used for glass pots and steel cracibles, Fire-
resisting power 30, as compared with Saaraun (Ne. 6), which is put at 100, and stand-
ard of comparison. (Bischof, Dingl. Polyt. J., 185; 39 and 200; 110 and 239).

6. Baarau, Silesia, {washed clay). (Bischof in Dingl. Jour. 1. ¢.)

7. Baaran clay (erade).  According to Bischof, (Dingl. J,, 1. ¢.), fire-resisting power
of this clay, as compared with No. 6, is only 80,

8. Zettlitz, Bohemia, washed kaolin. {Bischof in Dingler's Journ.). Fire resisting
power 60-70,

Y. Passau, Bavarin, kaolin or porcelain clay. (Knafl, 1860, in Gumbel's Geognos-
ti-che Beschreibungdes Ost Baierischen Grenzgebirges 8. 359.)
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pipe clay, Wm. H. Berry ............

British elays......ccoviiimnivin i
white fire elay, Charlez A. Campbell & Coivvirvens crvivveriinnnrnn.
Cheltenham, Mo., clay........... ... 301, 351
brick clay, Chesquake ereck ..ovrvviverianiisninesniiersnineareesisienesiiie, 317
clay, Mrs. Clark ..ccvemivnnrnniinnns e s e 206, 299
Clearfield couaty, Pa., clays .. 300, 351
fire sand, M. Compton......cconviiiiimimnne e, ... 160, 299
clay, James Conrad ... 259, 300
Corawall cloys covivvevenreraninns ... 301, 352
fire clay, Crossman Clay and Manufacturing Comp’m_) .......... 146, 297
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ware clay, H. Cutter & Sons.. SR, 109
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Derbyshire €lay.....cocvrerecricsrveerinmmemareasressiearas 301, 652, 353
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fire clay, B. EIB0M vuereceriicriniinnnrieeiens sinisiiesisieeeneesens 165, 166, 297

stoneware clay, Otto Ernatl .ooviieiin ciciicinninssnnnnrensie e seesevneseens . 224

Etherley lay.. i rineiesieseeserseeieecrsiesreseeaes 353

feldspar, {tables of)...........

fire clays, table of......cicceiiiiiiiciiiiirrrese e e s

BANGL s cerentiicrta et r re e s enasaes
fire elay, David Flood........coeevereeees
Jeldspar, Forbes farm........

fire clay, Freeman & Vanderhoven...

stoneware clay, Noah Furman.., 226
German clays.......vveerennineieeiiecieniiensennes 354
Glenboig SIAT Clay..ueiiiiiiiiiiiorc s rrraren e reii et 353
Gruenstadt clay... . ereren 354
fire clay, A. Hall & Son.. , 207
J. D. Hylton . . 300
sand, J. D. Hylton.....ooovveeiccnninnnes PR 247
clays from Indmna, Illinois and MisSOUFi..uuieieeeecrirraeianiinieneeias 301
pipe clay, Isaac Inslee, Jr 127, 299
elay, TRland farm...eeecrecreee i e eeeeeerrere sarnns seesesanenns 175, 299
Johnstown, Pennavlvania, claya.....ccvcveieiivvennenniecsineneceeennn 300, 351
kaoling (tab!e of Jureeerna crrrrnrerrnenanen 08, 209
JSeldspar, Knickerbocker Life Insurance (,ompnuv .................. 126, 208
lignite (Chesquake creek)....coiiiiiviireiiineeas e A .
clay, B. AL Lotge.....cioriviciiiiireiiteieiciecsvesrenn e mnee s seasassennes
fire clay, Loughrldge & POWErS......cceeieeeeminnnnncrannans

extra sandy clay, Loughridge & Powers
stoneware clay, 8. A, Meeker........oo..ue....
Eaolin, Merritl's pite.......
Monm Savage clays....
brick clay, Mulford &
New Casile, England, clnya ..............
clay of the pipe clay bed.......cuvieee.
Posran clay...ooniiiiiiiiininncreereranees
clays of the Raritan fire clay bed......
Raritan potters’ clay bed clays
Rhenish clays... ceraanrans
fire clay, E. F. ROMCTtS...orsorms e
E. F. & J. M. Roberts..
paper clay, E. F, & J. M. Roberts.........

Suamu clays... trrrresrenieaturrirarasrarsasnris
plpe clay, Salamander Works......ooooerrron. ersesssee et nts e aa e

ﬁre clay, Sayre& FHhEl’
front brick elay, Sayre & Fisher.....cccocvvvreiriaevrinninnees -
clays from Sheflield......ccoetiiieeiiieiirinvier i v eecr s ree s aereriane 352
Bheflield gannister......o.ieiieeeiiminnricieriias e ser e et e e s 353
clays of South Amboy fire clay bed...
kaolin from Staten Isfand...........
clays of the stoneware clay o OO SA . 72
Stonrbridge elays....vviiiniiiniicinieic e
paper clay (washed), George Such.............
Tamaqua, Pa., knolinite
clay (washed), Trenton... verrerassseseninenss 2006,
clays from Trenton and Southern New J¢ ersev .............................. 300
Utica clay, Illinois........ ... et nrentrasbierr s s rrrra e var
fire clay, o 7 A
rand, R. N. & I Valentine
kaolin, Washington...........
Winchester clay, Ilinois.......cc.ceeveus.
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Page.
Analysis of clays of Woedbridge fire clay bed.. veereneerenserassinensnenane 01, 297
clay, Isaac Webster. ..ot 232, 299

Zettlita Clay.cirerniinnennienns

Andennes, Belginm, clay, analysis of o
Anderﬁon, Anron C. & Company, clay bank of.
Andromeda ——————....cieerierannieninen

Anness, Charles & Son, clay pits

Jeldspar and kaolin pwl Of cirvarvtressarrnnr s

Appleget, Charles H,, clay on lands of... . 254
Araliopsis ...ouuvviinreee et st e . 20
Aren of clay dISEEIetB. vuuiereersrerrerirnns e ree err st bsrs e rrr s s s ns e 14
Assanpink creek, clay near........... SO SUTOPS NS 236
Atrypa, FELOUIIFIR vvrevvvrsresesasrensassssesassetass smemseses suseressenssninssnsare ceeerane 30
Auger, style of, for bOring ..o 321

use of, In bOTing..oviieerareramnanan F P PP 321
Austin, Joaeph clay pits.ciicisiiionianns rertieteesenshritieetanreraraseras s enaanyrs 248
Available clay Tand, how shown .......... e rerasmestrsetsreiasisnssesnantetaneanrars 325

illustrated ..

Ayers, David, elay bank ............
{N.B. road}erevinrrinnenres
Aczoic formation, southeast belt of .o..vvevieieeniins

rocks, clays formed from......... F U PPN -

B.

Bases, fluxing, in clays coeviiiirinecrsninenn
Bavarian clays, analyges of.ccovvrieniiiiinenninnnin
Beach structure of drift sand
Bear swamp.,.........
Bearing, removal of....oeoviviiiiiiiiinnanns
Beds of clay not continuous .cc.eeveerse
Belgium, clays from....c.ociiviincennnnaane

Bell Brothers, clay from .......cooaierinens

Belt, Thomas, clay from.....ccoovivireannnsrienens

Bennett's millz, elay ato...oooocciiiiiinniinnn, .
Benton, W. H. P., clay pita of oivvrrrvriinieniniaiennain
Berry, Wm. H,, clay pits.....
Bethlehem, clay mine near ...
Billingsport, clay at...oivivenieriviicaciainenn

Bischof, C., anulyses of...coiiivnviiirimenneni e

formulas for refrnclory power
reference to . SN

Bissett’s, James, clay bank ,

Black clay, great extent of

of H. Cutter & Sons, analysis OFsvvenresrssens
Blake, see Johnson & Blake.......
Blasting used to throw down clay....coiviiiincrinnnes
Bluff clong Delaware river............. [N
Bollene \l< rance) clay, analysis of........... rereremvearraserasrearae e nearaanbaasiays
Bolton pit, see Whltehead Brothers’ bank....seseeeeens
Bonhamtown, clays in v1c1mty of .......... P,
Bordentown, clay at..

section of bluff at..
Boring for clay ..
by Crossman Clu.y and Manufacturlng Company, E. & A R'R...
at Sayreville, by M. Higbee...
of L. ¥. R.R. Company, Perth Amboy
B. Valentine, farm ., aressavessennss
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Boring for well, H. F. Worthington's yard cvvveeeveceveeveeveesonnsinens
Bottle Clag.uciveiuisirinseiiicnriesieesenns ettt reeseeesste e
Boulder, or glacial drift .....oco.ooimeeernnnnn,
Boulders in glucial drift, Middlesex county.....
Inrge size of.............

at clay pits, Trenton.................
Waoodbridge...coo.oooenanne,

Boundaries of plastic clay formation .....
Brick, J. K., estate, clay bank of
potters clay

clay bank, fossil 1eaves b ooiieiiviiieiiecs e e e 29

elu¥ o, 91, 113, 116, 147, 177, 178, 180, 182, 185, 187, 241, 254, 264, 316
BLALIHER OF 1er ettt eeveseee s s eeeeeeaeesees seeaaes 187

e, MANIFACLIEE Oftiiiieiireii o iee v e ie i i eaerae e e e trreessen e e e eeeeseen seean 311
front, elay for. v vee. 186
ROIMOW e et e e e e e s e e tboe et eoes 316
mannfictore., - 78, 91,125, 314

Bricks, statistics of...
strength ef,,..

weight ofiiiineiinnn
White Lo
Brick-burg ¢lays..ccrvoreniinenra
Bridgvhorough clay..e e,
Bridgepory, clay at..........
British clays received, list of.
analyses of.........c.vceieeriviniiennnn..
Brown, Bavley & Dixon, clays from....
Building materials, use of elay for..........ovvveeee
stomes, strength of L, .
“Burks” in the fire clay beds..ooiiinnieeeee e et e
Burlington county, elays in.....occoveveeees .. vt reeentaaneieas 238, 258
Burt's creck, elay near .o veeeeonnns venereeenane 195, 197, 211
cluy washing works abu...coi i e e e 333
C.
Cambria Tron Co., £lays froleci e s s ss s sassssms s 342
Campbell, Augnstine, clay pits of.... 141
Charles A, kaolin from....vvveneennnn... . 131
& Co,, clay banks of........ - 150
fire sand pits of...cieeeenienvnnnn, vee 152
J. H. Eetate, elay bank..weeeeiveeeeeeeenns e 86
Carbou in black clay..cocerenrienen. b rererir et aerren e 107, 142, 278
of clays removed by heatu e e e 290
value as fuelu.iiin i s, w201
Carman, T, L., clay pits.......ccooiiiiiiiss covnvrena ceneeerenins e 162
G WO i it e e er e et s e et et e st e be e e e sa s s retnat e raran 308
Cement manufaclure ........e.. 318
Portland, use of clayin......... 317
Centennial Builling of New Jereey...... 316
Chelteubam, Mo, analysia of clay......... .... 301
Chemicenl constitution of clays related 1o fusibility.cvvvveeiieiiieecr i 299
Chesguake creck, elay 8longa.......ooviiiieienniene e crreer s e . 217, 228, 817
Chicago Rolling Mill Co,, clays from.. . 343
China elays, analdy=es 0fi. o v ies oeeeeerearrssarssesssssesssssarsssans 352
Chnumueseaa Hi P s ireaem e et s s e te e ey e be e sreaab s e tsntnn 29
Clark, Mes, clag, South ATBOY....oieoriiiiiiiie e e e e vvranens (8
Clark-viiiv, elay outerop nearn . eieieieeierseeeeeensen. 233
Cluys, aceidental or foreign constituents of. ... veeesievee e vee e e ceeeeee e 278
AlUM e, 52, 87, 90, 92, 96, 97, 168, and list under Dirceiory
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Clay banks, descriptions 0 ceicceeivicivininnens vorerieesiieeiotee e eeeessee s eressnnesasens %s
beds, erasion of......coi v 42, 49, 50, 66, 71, B3, 153, 157, 103, 220
of Middlesex county, general section of.ccueviciieeeeneiieacinniirsirnsennn, :
ke of v .
BOTIIE 0. o eii it ettt e e e e e aeaeeeeeee e e e e reaen
Clays, brick........... 91, 113, 116, 139, 147, 177, 178, 180, 182, 185, 187, 241, 254
chemicnl composition 6f. ... civvs civeeiieeieeice e e e er e e e e eeeaaans

classified according to chemical cOMPOSILON . wvuvrrerriirseerieeeeeeeeeeearieres
coloration of, by oxide of iToDuuriinieereeeerannn. 52, 67, 72, 134, 191, 27¢
Clay digging in New Jersey, earlieste.ccocecioiioviuiisiiiisis vaeeeesreeeeeereessreerisreses
BIZRING OF 1 it vviciiiiciis et
district of Middlesex county, configuration of surfuce...
elevations in.......cooeeeeesis
map of, described... 22, 324
geologe of.......ei. v 23
geological structure of. ..o, . 33
local details of.......cocciiiviviniinniiiiiiiine. 76
extension of, westward across the State......... 229
disColoration of ...o.vvcveviirvisceiine e eeeeeer e ie e ee e e rne TN
exploring for......
Clays, fire, toeulities of.......vvveees . 45, 47, B4, 64, 229, and sce Clays
tables of analyses of.....ooociiin 297, 351, 352, 353, 354
BESIR OF Loiiit i i e e eyt eerarr e e ae 303
fluxing bases in..ooieeanl, . 294
Clay Formation, boundaries of........ccevviierenereeserenes . o 28
thIcknesg 0F ooorrin ittt et 27
AE Of.ciies i e 27
fossils in...... S 27
Q1P Of Beds..veiiviiiiieiic e e e e 36
fOUTrCe OF IDALETIAlS Of . ciieieeriiiriieriaerieri e ine e rrrer e raaseeeens 30, 304
Fubalivisions Ofi....oiieieiiirericernraree s e e e aee e e es 33
Columnar seetion of. ..o e e 34
Clays, formulas of composition............ 269, 271, 272
Clay for gluss Polsi. i iiserir e saree e s esitaeeseesnneeeaes seneeees 80, 313
Clays, geologicil origin of New Jersey....ooooovieeivnviiirerviceeeesesveeie seeeenen,s 304
improvement ofe.....c.covveivenvaninnnns w198, 334
Clay in the glacial drift o890, 4
infasible...occeeiiiinns ceanan, . 311
lands, available for working. ... 325
Cluys, microscopic examination of... e 280
Clay mining ....covevviieriniiineniieninns v 331
Morgan & Furman....vieieies iverssineenir vineersnaeeann s e 213
OF O1t0 FIENSt. veriiveiieieininiiciicssiseisii e se e ee s e i e 23
on the Delaware. 237
mixed with shale........ooooiii e, v 170
Clays, mode of travsporting... eee 383
Clay pits, how duZ..vie i e e e 329
removal of water from........oivviiiiii e 231
Clay, Priced of i e .. 1,8
Properties of, e e 283
PURfICaTion Ofiuiiiiiiiiiciins e e v BU9
PUTILY 0f. .t v 203
raising from pits........ e 331
refractory power of.....cvviviiiiviniisic e v 258
shrinkage ofiivuiiiiii i cereeeen 280
sorting of .......oivieninns . . 204, 329
stoneware, anabyzes ofii i s 72
localities of... .. 69, 97, 99, 111, and list under directcry
ECONONUE USES  Ofciuiecicaiinrieeriene i et v s et e s s aneeeeaas e 307
use of in alum making.. 517
brick making.......... ... 314
paper manfaCtiile .....covrrercrianererrrrcesrcersnemenne e 317
2

NEW JERSEY GEOLOGICAL SURVEY



362 INDEX.

Clay, use of in pottery manufacture
used for Tetorts...covvireriernenrans
paper glazing..........,
refractory materials....
to adulterate white lead...
Clay, washin~ of...cviiiniiiiiniinninn,
WOTKS o s s
Clays for white ware.......
Clay of pipe clay bed...
and rand, laminated ..............
of lnminated clay and rund bed.
hed assoclated with feldspara..........
and lignite beds.co.oiiiiiiiiiii e
Clays hetween South Amboy and Stoneware clay bed....
at Bennett’s mills...oi i e
neat Bethlehem,
at Billingsport...
Brieksbirg. . coeee i ettt e
Bridgeporto .. iveniiariiereerensianas e rene e a e aaaees
British, list of.cooiiiin e ean
onterop near Clarksville...oovvrinincerin.
of James Conrad............
bank of Isaac De Cou...
in Delaware.iviiiiinian.
at Edgar Brothers' feldspar pita...ooniiiinininneeccvnenens
hanks of Joshua Eayte....iovvnrinnineriininnnn .
at Flemington
ut Florence
frum Germany
of Charles Hampshire.......o..oe..s
bank of J. D. Hylton...
pits of Israel Lacey ..
at Lawrence station......cooeeeinenns
fromt MissOurl s viiviariereeeninnne veneee
of northern New JeMeY . iiiivimniiiiiiimmermeniceanes
~outheaxtern New Jersey
southern New Jersey, analyses of.....
Mount Misery...cociviinianiiann
banic of Mulford & Pine.......c.o. ool
L - € TR PPN
in Ocean county....... v
from Penresylvania.....coooeinn
sotithwest of Princeton Junction.....
at Red Bank..ooviiciiiiiinecniniverssnnann,
pits of David Rulon....o
~osith of the Raritan, details of,..
at Singack....on
on the Stanton tract...
on Staten Island o
at Ten Mile Run...........
bank of H. L Tinsmaun....
at Teenton...covverininnn
at West Milford.onnnnine-
in vicinity of Tuckerton
additional localities, =ee list nnder Dlreclory..... .....
Clay marls and grecnqand L e bt e e ook f e b b e s e
marls, Dordentown.. e e
Coal, hrmm or lignite..... e reitias e e
BOTIngs fOr. o e e
Const, =hallow walcr oﬁ' New JGPHQV ...........
Coblints, Germany, clay from....... "
Compten, M., fire sand PR OF wovrvtvrinairnnneeeveraerencrernres s nesrsenereerennsen TSI 159

..............
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I'age.
Composition 0f laYS...uiiiiciccereeeineerent st eee oo e o 267, 297
ConwWay’s Clay .. i eece e e seees st e e e 173
Conrad’s clay pits ...c.cueunn. v 238
Coleman, J.N., estate, ChaY...ocveeeiiiieetiorittetceeee e v soos oo 205
Coloration of clays by oxide of iron... . 92, 67, 72, 134, 191, 279
Copper in clay..... e r b bty s et te s e renaeenrn arnsanarnas 43, 80, 280
Copperas in clay...cccceennn. . 199, 277
Cornwall eloys, ANAITICS Of. .o veeeeeeececrssssiensassecs oo 2o eesees oo 301, 352
discovery of kaolin it .o 309
Constitation, chemical, related to ELE LT OO OO 202
physical of clays............ 2902
Cranbury, elay OULCIOPE Dhuuummerirssssomscecrssrereee s sesesosesssins 231
Cretaceous age of plastic clays........... 28
age, first deposits of, in New Jersey.ioeeecirnnrinnnn. ST &
Crossman Clay and Manufacturing Company, eas cluy bunk....ooiveiiiiiiiiiieninna, 144
middle clay bank........ ....vomunn... 1406
western elay bank................. 147
borings of...oiiieevnviiiinni e, 148
works ........ rerrriaan v 148
Crossway Brook Valley,...ccceeeverereenns errrra . .. 211
Cricibles for B1a8s WOrKRu . iverievierrevre oesinire st res e ee e e oo 313
CUOHHEL QIUPOFEM 1uriseiiiiec et ieeseeeeebestese e ereeeseeesessessesss s seen s 30, 37, 134
Cutter, Hampton & Sons elny banks.......ovvvercvereeenecsovsssiiiin 105
Willinm, clay bank................. e e st e s e er 109
E., farm, clay and kaolin.. ..c..cocvvvinn s vnes e v 111
Quathophylioid COTals......vriiiiiiiiit i ses st ree s s s e e 30
D.
Dally, Charles M., eluy Danks of....c..veecovieicerorrorseeeeeereecrssess e
Samuel, on history of clay digging.....
clay banks............io0eeecee,
fire sand pits of...... ......
Daphnophyllom ....occocvrvreriieniniironn.
Dayton, wells at...uvuee.e...,
De Bow, John, clay pits of......vevveeeereeernnnnnn,
Decomposition of rocks forming cluy. .o eeeeeeeeessrensssso o v 202
De Con, Isaac, clay BanK 0f...oeos e e e 287
Delaware, elays in.c..o.cooor i e 252
analysis of ..o, .. 300
Delaware river clays, equivalents of on Raritan bay.. 245
course of. - e, 239, 252
Denudation at Kinkora e 242
of elay bed filustrated........ooviiiieesieiees e 326
Derbyshire, elay from....oovecccerinensiieneeans e e e b e 346
analyeis of e 53, 353
Descriptions, loeal, of Middlesex county clay diatrict.. . 76
Detnils of beds south of the Raritan.........cu.:eeeeonnrivrns 174
Devlin farm clay . 174
DHgEing Clay....ciiviieiiiicc it ettt et 327
Kaoling and feldEpars.........ovocveiiiviiiiieecs et 332
Pits in search of clay..ccviiieeiiiiie e 321
Dinas ricks.....cooccvviiciiicini e 312 -
“elay,” analyses of...oii e 353
Dip of beds of clay formation..........ccoocvivreeesiniitieeeeeesrer s eee oo 36
clay beds, examples showing.....c.ccoviiiiii i ecere e s 37
change in....c i, 181, 206
diminution in, 10 S0UtHEst....ccovviimimeeriisiereeitite e e 305
of fire clay, examples of .........oviiiiiiieeiii e ceeieee e 144, 204
Directory—Abbott, Dr. C. iy elay ofiecceceieiriiiciieciiceecevesres s s 237
Aldblon Mill, €lay at.. . oviiiiiicreeciiieeee e seaeeerea 25

“
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Directory—Anderson, Aaron C. & Co., clay pits of ...,

Anness, Charles & Sons, clay pitaof.......

feldspar pits of .coviiiiininin
Appleget, Charles H., elay ofie oo
Avers, David, clay banks of oo, .
Benton, W. H. P, clay pits of oo

Rerry, William H., elay banks of..c.oiiiieen 82, 85, 93, U8
Bethlehen, clay DEAT (v v 261
Bisst, James, elay bank of....ccoovniinins e 180
Bonhamtown, clays in vicinity of.......... vene 161
Bordentown, clay in bluftat.....ooce. . 239
Brick, J. K., &istate, clay bank of. ..o, verersee 193
v 204
Campbell, Aug,, elay pits o rameienens 141
Charles A. & Co., clay banks of.... 150
J. H,, Estate, clay bank of....ooivnianinnens . 86
Carman, T. L., elay pits of. oo 162
Clark, Mrs, clay pits ofioiiiiieee e e 205
Colvman, J. N., Estate, clay and fire sand...ooovieeieeeieneinniinenn, 203
Campton, M., fire sand pits ofue i 150
Conrad, James, clay Pits ofu. i 258
Comway's elay Pils. .. 173
Cro~sman Clay snd Manufacturing Company, clay bunks of............ 144
Cutter, E, farm, elay ol e 111
H., & Sons, clay banks of...... et et 105
William, clay bauks of......... e 109
Trally, Charles M., elay pits of i 88, 168
Samuel, clay baoks of ..o e 94, 157
fire sand pits ofi. oo e 131
IreBaw, John, fire clay pita of. o 136
DvCon, Lsaae, clay bank of..coiiiniinnes v 237
Dlevlin farm clay o e G 174
Dishirow, A Jo clay o s 1350
Dixon, William B, fire elay pits ofi oo v, 78
Easton and Amboy railread cuts, clay in.venvriscnnn veeen 133
Fayre, Joshua, elay bank ofici 242
Fudyar Brothers, clay pits ofi i weee 106
Jeldspar pits of..... 137
Tdgar. William P, clay banks of..ivinnenn, .. 81
Elli=nn, B, clay pits of o.oiniiiias e erraarren e tiitean b 165
Frost, Otto, cluy pits and minesofi.o.ini 218
Everctt & Perrine, elay pits of........
Fisher, Peter, brick clay pits of..oooie
IFlood, David, clay banks of i,
clay and fire sand pits of.
Isaac, clay Pits o
& Son, elay bank ofu i 152
Rrothers cluy bank. .o s W
Freeman & Vanderhoven, clay pits oficiv .. 163
Forbes farm, feldspar hank on... i 119
Yurman, Noah, clay banks and mines of....ocoiiiiiiiiinienns 200, 212, 225
1lall, A., & Son, fire clay bank ofi. i 94
kaolin pits of...... . 130
Hampshire, Charles, clay pita of..... .. 245
Iiylion, J. D, clay banks of........... SRS SRt 246
Inslee, Isaac, Jr., clay pits of.ccooociiininn, . 127
kaolin and fire sand pits of .o 12
Taland farm, elay of .o eeerienccisnannn. v 174
Kirby, James, clay pits of........ e reeemetnseansires et e et et .. 252
I nickerbocker Life Insurance Company, feldspar pits of.. e 124
Krei-cher, B, clay bank of.....iis eererrrareey e tateeeat s aeen 100
Lacey, Lerael, clay pits of i Cernesesra i e , 238

e
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Directory--Laird & Furman, elay bank of....cociiiiiiesievinvneranscocnvernronnes e 200
Larrabee’s brick clay pits e ven 233
Lawrence station, clay at...... .
Lodge, B. A., elay bank ofi. oo - w251
Loughridge & Powers, clay bank of.cviviiieiiian. -
Macopin, clay pitg at.coieocii
Manning, J. H,, clay pitof...ooeenennnnnnenae.
Martin, Nelson, clay pits of.............
Muaxfield & Parisen, fire sand bank of.
Mecker, 8. A, & Son, clay banks of.....
Melick Brothers, clay bank of............
Merritt's daolin pita..c....cooveeriiiinn
Morby & Brown, clay on lands of.............
Morgan’s clay bank.oioviiieiiiencinien.
Morgan cstate, clay bank on

& Furman, elay pits and mines of.oooiinrinncenenn.
Mount Misery, cliy pits b .ooieriniiiini
Mulfurd & Pine, brick clay pits of....... R
Mundy, W. C. & E,, elny pits of.........
Nenkumet, J., estate, elay bank of............
Newark Company’s brick elay pits..oooviiinieennn
New Jersey Clay and Brick Company’a clay pits
Nugent, Joseph, elay of v
Oliphant, Eayre, clay of.iiiiisiiniena.
Perth Amboy, krolin 0uterop i eereee v ciniens vemreenens
I'hillips, 8. G+, clay pits of ...........
Phoenix, George, clay pits of.,
Perrine, W. C,, clay pita of.....
Petit, W. 8, brick clay bank of..
Pouter, L., elay PR of e ciiiiiniieice e,
Powers & Loughridge, see Loughridge & Powers...oeccvccenc i
Raritan Clay Company, clay bank of...
Hed Rank, Gloucester county, ¢lay at...
Revnolds, Charles B., clay pitaof....oooiiieiiiinn, i 227
Roberts, Ii. F,, (Maoning farm} clay pits ofwe.onnicccciii i, 138
and J. M., clay pitsof......... errera e e 200
Roze, E. R., & Son, clay pita of........... e 209, 212
Ruddy, G. WV, clay piteof........ i e, 80
Rulon, David, clay pits of......... TR e 234
Salamander Works, clay bank of......c.oooviviieeinnnn. e e 83
fire sand pita of..ceiiiiiieerinicie e e 8
Sayre & Fisher, fire clay bank of........ S 183
brick elay bank of.coeiciiieiieiinnes o 185
Service & Tuttle, clay pita of..oocoeiunnne e e I -
Shimer. 8. L., see Bethlchem elay...ooooeeieniinin,
Smith, Theodore, clay pits of.....ccouvue.s
South, Daniel, ctay pita of.....ooiiiiiiniiiiiiinn.
Stanton tract, claye of. ... e e
Such, Geo,, elay banks ofi...ooiii i
Tappan, L, J,, clay and firerand of ..o e,
Thompson, I, clay bank of........oooii,
Tinsman, . I, clay bank of........
Toma River, elay atoveiiine i,
Townsend, }2. N. & J. L., clay pits of.,..
Union Clay Works, clay pitsof.......ooooiiieninii
Valentine, B., fire sand, feldspar and kaolin pits of.
Jas, elay bank of oo
Kaolin pits of..oovvereveiiiinnnnn,
R, N. & H, elay bank of............
fire sand pits of... .-
Van Deventer, T, ¢lay ofiiciiriiieiciioriaesvaneens
Van Horn, J., elay of oo
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e.
Directory—Watrous, D., feldspar bank of........ ettt e sty Pi‘gll
Watson, J. R., clay bank of....oovve i iieeise e oo vemesseseen eee 97
Weber, A, clay bank of......... .....s v 143
Webster, Tsane, elay pits 0f .ot iinriii i ee e s res eeaes 231
Weidner, W. N, foldspar bank of..ccviiverieiiiiiiinore v seenaen 119
clay pits of.viiiiieniiacnninnis e 138, 170
White, E. I, & Co., see J. K. Brick e8tale. ivuririmeireioeeranrresserareen
Whitehead Brothers, kaolin of....oooiiiiiiiiiiiiiiiiiii e eeeeae 178
fire rand and moulding sand of.....ccocoiiien.n.., 194
clay bunks of.iivinieniiniiinie.. ... 190, 193
White Hill, clay in bluff ate.ooiiiiiiiiiiieccr e srenee e 240
Willett & Yates, elay bank ofieooociiiiiiiiiccice et e 178
Waood, Jas, elay bank of ... c e, vereevnenn 187
Waudbridge Clay Company, elay bank of...ooocoviueann. e 140
Worthington, 1. F,, clay bank of evveeiiviiiinnniani i,
Dixhrow, A, elay oo i,
Dixon, William B, clay pits..ccocccnvciecniiniinnn,
Daor knobes, elay for malking........
Dowlai=, Wales, analvses of elay. .
Drainage, Middlesex county elay distriet,.......
of clay pits..ooviveeecie e
Drain pipes, clay for...cooeninieiin e,
Drake, Rioss, clay on Innda of.............
Dritt, Forbes' farm, iz, VLo,
glucial, in Middlesex county...........
and modifivd (cut)......
of yellow sand and gravel..............
rand and gravel, source of..........
S L
at J. K. Brick’s bank.,,
George Buch's bank. ..o,
Trenton v s
at Whitehead Bros! clay bank....
Dubuison's brick elay pits..ooini e
.
Earthenware
Easton and Amboy Railroad cuts, clay..
Eavre, Jushua, elay banks of....o.ooiviiiiiiiciini s
Ebb and flow strueture of sund..
Economie uses of elay vieiineneieinne.
Edgar Bro<! elay bank.....ccoviivvanens e
Seldrpar pita.. el
Willinm P, clay bank ...,
Edgar's Satiom, eluy .o
Elevhitions ju the clay district of Middlesex county..
of the elay beds.......cooniiin i,
Eliam, By elay it s e e
Ero<im of cloy beds o,
Ern«t, O1to, Borings of (v i e e
clay mines of oo
opinions of ... P SR 220
Equivaleney of elays on Raritan bay and Delaware river.. . .. 75, 245
Eyrisetrtur, rootlets in elay i i renrieeniens e 28
Everett’s, J. L, elay near.....oo. i, 233
Everett and Perrine, elay pits of v 207
Peorrine's pits, fossils in gravels at,., s 30
Evoens and IHoward, clays from...........ooone e 301, 344
Exploring for clay. oo s s e e 319
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Page.

Exploration by shafts......coocroevinvinnniennne et ar e s b an e er b 209

Explosions of gas in clay mines.......ccoivcriiniiinennnninnieneans et eem e raanee 823
F.

FUr0SIles ——— 1o e e e b e e r e ssves 30

Feldapar in clay....ccooovvviiiiiiiminii i e e w262, 276

Trenton with kaolinite plates.... reberersrrasertenestatererarinrararernns 282 |
Feldspar, deseribed....ovuiiiiiiiiii s s 61

analyses ofi .o +2, 208 |

in fire brick MiXtUres . ovvuiiruiiieniiiiiini e i i v 311

localities, see _D:rectoru

microscopical examination of .. 232
mode of digging ... 832
L1 7o I PO 62
FQITHCLOTIIEES OF...vvvsnsensessssssssssssersessesaessasssssnssesssanssnesesssnrsessossres 122
gize Of quUartz grains inL.....cecveeeeiveiie e 137
unsorted character of...oooviviiiiiiii e, .1 |
and kaolin beda.....oviiiniiicii 59
bed, elevation of........cc..coociiimri i 11

on Staten Island ........... e 64

relation of, to fire clays... veenn BB

use of terms ..o covviiiiiiiiinnians ereriresar e 61

of Anness’ bank.. ..o e e 118
J. N Coleman RLALC. cc.uviiieirartiotresarrrasssariasrranisnsrarransrnnessrrasnss 205

Pits, Edgar Bros...cc i e et e 137
of Forbes farm............... . 119
J. H. Manning clay pit............... w132
and kaolin, at 1. 17, Roberts pits..e i 136

B. Valertine's pita...c.. ottt st e 139
Feldspathic nodules in elay.............. RPN 237
Fire, behaviour of claya in ............ drerverranerrers 289

hricks, manufacture of......... ‘- B 311

SUALISLIES OF uuiiiiiit i iirriei et e e et s ecne s e na e rsennab s :

claye, British, list of....ocoviiiiniiiimininn.
analyses 0f . ccovnievici i
chemical compozition of ..ovvverecrenns
Hluxes il
from France........ocoiiiiinieiimcercniian e
fusibility and refractoriness ofi........ocorevns oo
from Germany covmeerrieere crenerarrasisssnssinies , 354
clay for glags pots...viviiireri i SO, 313
clays, localities of] see list under Directory...ccvoviviiiiiiiiiinini e
properties of....oivicierinrrenenian et de e i d b ebe et s e et 283
Clay, fOr FelortB. iviririiii s icnrrire tetier e e st s e 313
clays, statiztics 0f e i 2, 312
clav, White wverviviicririnnns .. 147, 149, 151, laa 189
damp in elay MINes.........cciiiiiviiicii i e e 223
sand, analyses of......... . 160
ns fempering material .. . 38l1
bed, localities of..uriniiiiiiiii s 46
character of A 47
Char. A. Campbell & Co.......... . 152
Of M. COMPLON ettt i re s s 159
Samuel Dalby oo iieniiciiecsnseeaniononne, P, 131
David Flood. i ren et st i e 138
Isnac Inslee .ooooeeiieiniiniiiinnes s 127
Islund farm.......ccrne e 175
Pensauken creek oo e 248
South Amboy....... ettt i e e s sa s e aa b e 207
Jackson Toppan.....ivsseiiiriee e o Verreerirnre e 163
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Page,

Fire wand of B Valentine's pith..oo e e siiieii e creseie s seesseeseeeees s 139

HoNC& H. Valentine. ..o oeiviinoniisneesnsiencnnnns vee 153

Whitchead Bros . e 194

L L OO RORTR 302

“lovivs for fiee bricks... 312, 342

Fih h- T T N e e e e ceeares 8T

Fii »-:‘:=r~ in el 236

Frendvotor, Leick and tile manufaeture at... 264

Flouwl H* cwclay hanke e 94

I':u‘i:l clay pits of..cn., 84

fire sand and chay pitte.aneeen...... .. 158

Traae, clay pits southwest of Woodbridge. .....oovvveeeeeecreressoviiesveeian 110

& Som, Clay banlt Of ... v e e s 152

Flora, fos-11 of the ul.xv furmation... e 28

I 'nr.ru,'lnnkvl:lv Bloe ttetreeereeeie e e st s s eenr serenrans e re s s s oo 245

Floiehita, elny I BIE Rbairciriiiecee oo s eesessereeeassssnnssee e crveesens 242

L LI 1) T L O 204

¥ I"‘l'” Rl v e ceereees , 210

Forh < farm (W, N \Veldner}fddwprzr bank.. e 119

clay pits........ crverrenraneanens 13

Forcston clacial drift, character of oo.ooeoiins vveveeesveresceeeeeeeee e, e 18

Formativonm Gentoical in New JOPSEY v, e 24

Fornetion, Pliic elay, Boundaries 0f i eneeeereessrreessressesssossson oo 28

lnr-m.x as for elavs of New Jersey... 2 , 272

OF BOHERTIE ©uviviieet v es e st taat st e ese e eeee et e eteesseeesanaes 2sos 269

Fo<-tiin the ULy FaTIAtION coieieceicviai et e eeere e e e ee e e eeaees 27

B ] iforre pe Tible... O PN 30

Founiry sanl.. e 191, 104

Fronkouthal o n, .m.ﬂy ts nf ......... e et e raa ey 301

Frioman & Vandorhoven elay pltq e 163

French Lire vliy s, annlyses of.. peen 302

clitys received, list of..... 347

Frest, Chn', A Co (Id_\a from.. e 343

Frant hr\ Nk, clay oo o.. 185

Frohin elavs) ov lienite oo, e 281

Furin ;\ Taink, elay bank 0ficiiiiicueeroereeersressrenesens . 200

Nuah, elay bank and mines, Chesquake creek... 225

Fu~i tity and refractoriness of c[.n.Q .......................... 289

atieete:] by constitution of elays. e 292

FUsinie POINE Of Clags.ce oo e e e s s seeese s et s stieteers rerassreeseseeesnes 291
G

Gaehih, W, M, on khells found In elays...eriiiiirieiie e vereeses eeesssesssssnns 29

Ginps in v T T |

GANKITR €AF vriiiciiicce et s ie s rer s erssr s esase st e eeeseeesaenrmnanns soee s 345

analyvsisof..... ereretereierraeraran, e 301

G rcturts of Jave .. .- ... 313

G- oxplosive, Bn elay mines... ... .. . e 228

Cront! l‘. A, snalveis of kaolinite [0} ST e 351

Giovmmphy of the Middlesex county elay distriet.. 5

(xu:lu teal origin of the Clays. . 304

seetion of furmations in New Jersey... e 25

sketeh of New Jersev.. i cicnniinieinnennns e 24

~tr|u ture of elay distriet of Middlesex county..... e 33

Gooley of olay listrict of Middlesex connty..oocivesesne.. e 23

~ontheastern New Jerrey.. - v 308

Germiny, clays fHONL e es s es e e ree e . 301, 349, 350

Germzn plass pot (]uy .................... Ce merarereaiheerre e aaeas v arrane 313, 354

Hrrnmny, horings for DroOwn conl e e e rerananes 323

Gillore, Gen, Q. A, on strength of briek and natural BtOne.. .ovovevverieeiereromenner 315
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Glactal drift oo s e ey s s s e en
cut illustrating
examples of..

thickness of ..ol
western limit of...oenenn,
and modified drift......ovi
yellow sand and gravel....................
Glassmakers’ crucibles or pots......oveveennes
Glass poLelay..cov v
Newcastle, Delaware.
sand bed, dipof.........coooveeininn,
sands of New Jersey, origin of.....
Glazing of cluyf i,
Gloucester county, clays in,.
Glenboig star fire clay oo s
analyses ofi.. i
Qlyptostrobus gracllimus. ........oooociciiiiiieniiinnieen.
Gueirdic rock belt routhenst of clay formation.....evrveerieeiaerrerrerevecenerernnnernens
rocks, decomposition of.... T 262
Gordon's Gazeteer on clays of New Jersey. .o s e 1
Gouge spade used in digging..........ooiiiiiii e 329
O GPARIIE™ PIBeterniiriererenrnreranrarrrrnrerasressessrrasserasnrnreasrrennsrerssnrs notusnennens 119
Granite, resistance of, t0 crushing...eeviniiiin, e 315
Gravel with fosaila....oevne worivireens et err e st te s st s sraran s e 30
amd pand.. 17
vellow sand, source of... .20
BABG QFIflrrevesecvecornreresorersnersonssansaeseesseesnessrsnsssassiearsansarmanans 93
and boulder drift (cut) .............................. 120
glaeial drift. o e 171
Great swamp, elay deposit i e e 264
Greiner, M, clays from.....coveees et aats e 349
Green rand 10 elay marls . O £
of New Jersey, origin of. . 308
Grover, J. D)., farm, cl.'!.‘\' on.... . 231
Gruenstadt elay, analysis of ... e e e 354
.
Hackensack, brick manufiuctiire. cve e e vrrrveirimerierrireceresrrensnieresrrereasrererrenas 264
Hall, A. & Son, elay bank of ...
kaolin pits .....

gilica brick of...
white bricka of.......
Halifax, Yorkshire, England, elay.......ccciceiinns
analysis of.......
Hamilton Sijuare, drift ab....ciieiiciciiieei,
township, Mercer county, surface of.......
Hampshire, Charles, pits ofvcvivvniniriiiiiinnnn,
Hayes, William, elay pits ofi.innnnen,
Hent, effects of, on clava,......oooll
Helderberg, Upper, fossils in gravels......ocoeoovanine
Herbertsville, Old Bridge pottery.........
Higbee, M., borings maﬁe BY i
Historical notice of elay digging.....ccooov i,
Hoisting clay out of pits....ceiieiiiiinicinnnin,
THokessin clay, analysisofi...ooooeeo il
Delaware, kaalinite plates in..
Hollow brieka i viieiiniiieiiiins sereiincienan,
Hoy, J., clay in well of..........
Hunterdon county, elay in......o.ooooiiiiinnnn
Hutehinson, Jas,, mills, locality for explorationu..cvinniiiion s,
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Poga,
Hydranlic cement manufacture................. cernererrienaeras . cervenaene 318
Hydro-carbons consumed it fire..c.ovuvuvienriesesiesinsesneseores s ess oo oo, 200
Hydro-carbons from lignite................ crereeen 223
Hygrascopic water in clayvs removed., eieeerenbee e creneenn 280
Hylton, J. D., elay Danks 0f .ieveevrieeeeseeinnrsereenmenssssssassssnn soroesssssssesssnn e 246

T.
TIliNois ClaFs fPoMm. iereeeecirrrirseassneeriesee e creceessmmnee e sanes reererraeirerer e rate 301, 3
lmports of poitery....
Indianaite..co.covsrrnnnan, reeeererie et
anAlYAIA OF ..ot e ser e e s sreion

Inequalities in elay, Hylton's Bank.....oeciuiecreinnceniseieceessnsssens oo s,
Infusibility of clays......cccovviiiiineriinas Frree AErseerieeEieetetieerrraen s e eaeeeern
Inslee, Isane, Laolin and fire sand pits......ceevervevu-..

Jjr, clay pits (southwest of Woodbridge) ...
(Perth Amboy road}

clay pits cviiic v
Iron, oxide of, cementing sand.., O Y OGO L 1: M [
discoloring clays............ccvvvuvennae 52, 63, 67, 72, 85, 134, 191, 210, 279
B fuxing agent in elays.....ccveerceccrmrvisirnnes e s esres e ssereas 294
removel of.....ooenneil Veeemanrrrerrane e 191, 309, 334
{sulphide of) i ClayS....ccceeiei e viecisieesieeseeieaesrmreseee st essns sesstes e 217
decomposed by heat et e 291
Island farm clay and fire BANG .2e.cvveccrueverrrrea erveeeieeetenesee e eomseeeserr eoreees - 174
J.

Johnson & Blake, reference to paper of.............. trerrrarieeterstrarsanienens TN 281
Johnstown, Pa., clays from ......eeeeu....... brrnrearearrre e arraaan berrereraraeraa 342, 351
K.

Kanoling, analyses of....occceveeeeeesiireiriineeeseseesann eerrerraesrerree e s e saey . 299
Kgolin of Bethlehem.................. e 262
in Cornwall, diSCOVETY 0fi..cc. viimivvvieerismeeesesreenssesioetoeressessnssrons 309
Passau, analysis of........... 354
At TR0 . eteeiiis i vrsreieavereres s aar s ae et setereesssesssertereeansnnstnsssesnnes 236
Zettlitz, analysis of.. RPTR 354

Kuolin, analyses of .......... 63, 130, 299
extraction of.., T PPN 332
IHCA IMureiisitianiiiis ciecrrrieevess nremer s sbesen s cantessassseans smeeesssnssssesors 276
origin and use of WOId.......coiciirrvreicriercreirensrrarst e er e e e 281
size of grains it........cceeeeens 131
BOUTCE Of 1eiuiniaiiiiitiiicri s i sarnr s st ey e nsreennan s eemnn ranarnes s o as 31
Jos, Bissett’s bank........iiccoerree cniiiins i e es s reiens sre e e ntaneeenans 180
at J. K. Brick estate bank.... veeen 106
of E. Cutter farm........cceeueuee.. veens 111
Joshoa Eayre's ¢lay bank.. e rerEea e et s sinatans 244
Forhe fAFM . uiiii e ccrcrieneiie teere s s ren e s e s e s ree s e seesiont e ereraae 121
AL TTAIPS PItB.creeeereirierieeenreene oo s esssessesssosesee s e eerer s sreee e 130
J. D Hylton's Danke e viieeieninciseesressss s sscins sannenns e 248
at Kearner clay bank.... B TN 204
Merritt's pitse.vviviieiiiiecnic . O e 129
in Perth Amboy.cocciciiirierrii e 130

E. F. & J. M, Roberta elay pits........ococervsivicmeercnirensniiinessonennns 201, 202
Bayre & Fisher, fire clay bank e 189
on Staten Island.......cocviieinnnnn, v 64
B. Valentine's pits................ e, ee 139
Pits, James Valentine. ...oovveevccreneiersrrirneccmrme s s snesesenea . 128
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Page.

Kaolin, Washington and New Brunswick road ....cccovviiiiciiinniiiin s 177

Whitehend estate, Washington. ..o, ... 178

at 3\’lmehead Brothers clay bank, 192

and feldspar beds.....ooooeieniinnne. . 59

4 bed, clevation of ..o, o 11

E. F. Roberts L T ... 136

use of termb...oeviinnnen, eeresarrmras e raarias .. 61

Kaolinite, comPOsilIon of....c.oiiiuiivieiiniiniarioiiesicierisimemssessniisniieasiesssess 269

Tamaqua, Pa., analysis of e e 351

Under the MISCIOBCOPEC. 1. e eer e e em e e et rem e be e emeenae ... 281

and pholerite, paper of Johnson & Blake on... 281

Kaolinization of feldspar 276

Kearney clay bank e 208

£ TS S BN e 200

Kevport, bricka made ate.....ooiiiiiiiniicicicis i e s ias sieens .. 315

Kuickerbocker Life Insurance Company feldspar, firesand, clay pits... . 124

Kinkora, elay for brick making at . . 317

BECLION Blivirs vrevsninanviisnaaans e 240

Kinsey’s Corner, feldspar at ... 123

Kirby, Jas., cla;' LI BT s L3 Y e 202

Koch, Julius, zircenin determined by..cooiiiiiiiniiviiniimiicinir 274

Kraner's Mill, elay near........................ eeteeeareeravenrererenta e aernareaaneanraa 229

Kreischer, B, clay pits....cciiiiiiniiinisiiiiisisssisss i cisssossssrasssnenns 100
L.

Lacey, Tsrael, clay pits of...coevvienee. . weesateirearennenresranrresner srrraterates 228

Laird & Furman elay bank of oo e e e e e 200

Laminated clay and sand bed, loealities of.....oiveieriiinniiiiiniersrer e e 67

thickness of. ..o e 58

eharacters oficivriniiii e 58

Washington ..o 182

sond and clay above Stonewareclay bed. ..o 72

at Bordentown.....cc.ouiiiniiiciirrrrenerenrerrecarensenrnrases 239

structure............... . B8, 73, 240

Lamination, oblique, of sands. ... i 19, 81

Lanning, William, section of well of.... derrrer e e e 245

Larrabed’s brick elay.........cooooiiiii e vraieees 205

Lawrence brook, clays along....c.coviverieinnnviernnniinnneen, TR 2!

BLLON, ClaY At erneenes 233

Lead, white, adulterated by clay.....ccooeeviiiiinicinnaean crereniciae. 204

Leaf bed and sandy clay. oo viveininiienninnienmnnenn. .. 063

localities of...oeiieviiiiiiininnas .. b4

Sayre & Fisher clay bank ... ... 186

Leaves, fossil in clays..cocviiviivinen s inas . 27

Leaf inmpressions, Soulh AMDOY. e ... 206

in eclays.. 87, 102, 103, 128, 141, 145, 154, 190, 196, 206, 237, 244

Lehigh Valls}z Railroad (,omp:mv 8 bormg, Perth Amboy........ T I

Lesquereux, Leo, on fossil leaves of the clays...cooovivviiiviiiniiiiniiniii e 27

Lignite, analysis of............. e erenerre et reeoermanieemernn e iasaemn s raereanan 75, 279

i cliuys, Amotnt 0f .veeeereeresreeeeeeeiicenieene e 06, 107

consumed by firC....civiiiiii 219 200

in elays ...... 54, B2, 104, 107, 128, 142, 154, 179, 186, 197, 223, 20() 278

greensand beds........... 305

the Raritan clay bed.......... 44

beda ..o . 73

analysis of.......... . 75

Lime inclays v .. 109, 285

and magnesia as fluxes in clays..... 294

Lamestone, strength ofi....oooooiiiii i, 315

Local details of beds north of the Raritan river.. 76

south of the Raritan rivera. oo, vererne 174
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Ladge, B. A., clay bank of vvivvereecrrieiiecriereereeersenrenrensons
Loughridge and Power’s ¢lay bank

Macon, Franee, anAlysls of Clay fTOM....cviiviiiiiiiiiie e rerersse e s eree e e 302
MHOgruolict @UTRANS. covveee vt cie et e ceerae e et rrenesetbesaes s s et emteae eneen 2
capellini...., ST 29

Magne-ia a3 2 flx 0 fire elFs.. v s 204

Manning, J. IL, elay plico.veciiniii e e veeses st e e ens 132

Manufuctured products from Clay........coviveiveriiesieiteeeee e er e eresereees 307

Mup of Middlesex county elay district explained ...........c.oovirvernens e 22, 324

Marine origin of greensand Deds. ..o ieiivin i ieeiccarcesrece et eens 305

Marls, elay at Bordentown.......cvvieeiviiiiiiineceerieeeesvenssesssasessrssnnnns e 239

Marl, elay at Kinkorn.......... PP PPPS 241

Martin, Harrison, €lay ofic..cooiiiiiiiiiininicec e st eeneee st saneeenes 162
Nelron, elay of... e, e e i e e b e bea e et aanys 170

Martin's Dock, fossil PEDDIES 8b..c.oieiiiivrvericrreiiciieis it eeeaeeaeeeeaessane s 30

Marsh, tide, in Midd1esex COUNEY . arcrirririreiir e crisseeaesereresseesesssnsasatoesen 7

Matawan and Keyport, number of bricks made 8l .ceveviiviieeiveiveeisorenaeeeririns 315

Maurer, Henry, hollow brick manufacture of.........

Maxteld and Tarisen, fire sand bank ..............

Mecker, B AL clay banks.............. v

Melick Bros., clay pits... et an e

Menciecanite in Cla¥a......ooveviiviiciiinieiaene e e

Merritt’s Faolin pits..nciniiircencceer e e

Mercer county, clays in......cc.ovvveeens
Metuchen, elays south of......
Micas In elay=..ooiiiinarren
Micaceous ~and bed
Miehelin - —— e,
Micro<copical examinations of clays...oivcvieinicoesiniieeieeeeeeeeer v ererer i e rrn e

Miczenus rand bed, localities of ..ot 58

thickness ofi.coconiic e, 59

nadure of materialn in....... e, 59

Maddlisex county, clay outcrops in, west of elay district.......c.coovvreerrresruienen. 229
elays in western partofi.........cooiii s 230

clay district, boundaries 6f.....uvr i eeneciirerees 5

configuration of surface..........c..coviviniviieninins 6

elevations i, 8

beds, general 8ection of....cciceiieeiriiiiiiiiini e, 38

district, geography of....ccoooiiiiiin i

geology of. i 23

Tocal details of v icocieee e v e 76

map described.... e 22, 324
tide marsh.. T
fire bricks made in........
Milltown, clay neara....ooeviiiniiniiene.

Millstone river, valley for exploration........
Mineral Point, Pa., clay, analysis of...........

Mining clay by underground work............ :
examples of ..o 208, 213, 217, 221, 226, 237, 238, 261
Mines, Amboy clay.......... e,

Miry Run, clavs along......vvenees
Mizsouri, clays from...........
Munisture in clays removed....
Motrhy & Brown, clay..........
Morgan's clay bank.....
Morgan e-tate banK....cooviniiinn o,
& Furman pits and mines
Morris, Chas, clay of..iiniisennnns
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Page.
Mottled clays, see clays spotled.. ..o
Moulding sand............ - 220
Mount Misery, cluy ato. i 256
Mount Savage clay, analysis of.....veeeenes , 351
Muhlheim clay, analysis of...... | 354
Muiford & Pine, clay bank of.... 241
Mundy, W. C. & E,, clay pits 162
Muspratts Chemistry, analyses from o 354
Mutton Hollow clay banks.......c.coooiiviiiiinmnn 102

Neukumet, John, estate, clay bank of....cieiiniiiiininicri e
Newark Company’s clay bank...oooovirrininiin,
Newecastle, Delaware, clays...cooverevieno
Newton, brick elay at......

New Jersey Clay and Brick Company clay pits...
New Jersey, geology of coeeiiiiiiiiiviiiiiinnn
New York and Long Branch Railroad eut..............
Nigrine inclayf.....cooiio
North Chicago Rolling Mill Company, clays from....
Northern New Jetsey, elays ofvevivinieinivencaiininn
Nugent, Jou., lay ofureieeverivesreeereercesienseenns

thh.mt ]'.ayre, clay 7] AU
Ozide of iron in clays...
localum« .....................

g a flux in fire clays.......oooes

Origin, geological, of the clays...........o.cciiie
Orthis Mpparionyr. ... 1o
Oxyhydrogen blowpipe melts clays....oovvveeiirenieesinninn. PPN 292

Palmyra, GlaF Abivieesiimieriinieieieiisrcs e re et st s es s e v e ann 246
Paper clay.oovniinininns . 108, 156, 198, 202
analyein of.......o. 2
glazing, useof clay for.....ooviiiiiinn e
manufacture, 13e of elay in oo,
Parisen & Maxfield fire sand bank.....ooocvvirneeeennies
Parson’s mills, clay near....
Passaic county, clay in......... e
valley, clays in the......oiiiiiinn i,
Passan, Bavarig, elay ..o,
Pebbles containing fossils....ccevviiiiiiiinnicnniinn.
Pensauken creek clay.....ocoiiiiiiiniiinniininin,
Pennsylvania Steel Company, clays from the....ccoviernin e,
CIAFS tiinii i e
ratlroad cuts near Princeton Junction...............
Petin, Gaundet et Cie, clays from........cociiiiiiniiniiinn
Perey’s Metallurgy, analyses from
Perrine, W. C, %dy pits near Camden and Amboy Railroad...

of, west of South Amboy.....c.cverureuns
near South Amboy...... P
Crosawny brook...cianainone,
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Persca Nebraseonsis........oveeun, T e e
Perth Amboy, boring atu.....oveeveeereerenrnnnn.,

elevations in vicinity of..........

kaolin In.c.ocoeiinii i,
Petit, W. 8, clay baok of....ccocvvvieneennnns

fossil leaves at...

Petty's distillery, elay ate.ioccennininiienecriinnninnns
Pipe cluy top white) bed, charncter of clay of..
fosgils iNuuueieiinyenrnnns

localities of...

Phillips, R, G, clay pits
Phanix, George, elay...oooeinineriinnan,
Pipes of sand in clay..ccoenrnnnnn, cernanrenies
~ewer and drain, elay for meking c.ouveevieen,
Pits, . wle of digging....ccorervvinine i,
fur testing clay ground......cooieee,
location of............
Plastic cley formation, boundaries of........oeeceeererriveessennnsns
subdivisions of...ooiieviniiiiinciiiine
eolumnar section of..oovveieeiveeennns
sonthwest end of, in New Jersey...
Plasti.itv, -uperior, of New Jersey clays
Platiniog Heerit oo eeeeens
Poplar Hill, elevation of........ceeuveveen
thickness of drift in....._.........
Porcelntinu i
clay« from decomposition of rocks.
Cornwall, analyses of..........
clay from Indiana............
Passan, analysia of ...,
Portlanl 1«ment, use of clay in making............
Potash, iriount of, in best fire clays.iin s
ten X in elagsn e,
in clays, how determined..................
Potter, Liwis, elay piti..oreeiiniinnennseesrenes
Potters Assnelation..eeeriieeieciciccecs i vnseeins
Potterie- in N. J., historical notice of............corvreens
Pottery 1nnufacture at Trenton....ooeeieeeieeeecneeeenien,
Pottery, ~tatistiea of....covvenniene.n..
Prices al clagu i recnriesriasrenes e e
Princcton Junetion, sandy elay near...............
Proteartes duphangengides........couvvuerieeircinenenn.
Pumping water out of pitse...oceeeiiiiininiinennns
Purificutivn of clays by washing.......coocveven.

Pyrite in South Amboy fire clay bed 67
iy s e 192, 198, 201, 213, 239, 277

removed by washing.... 1
BOTLING . avesarns
Low aflected By BeBt.....ovvvreeriveriesinnerine s st rcebeeere e e ean

Quartz In claF s e . PPN 273
grains in feldepar.....
P ble-in elayiaina,
n~ rofractory material,,............
QUETES - e
Quick-nn " in boringa. i rrerens 322
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Rammelsberg’s analysis of DIgrNe.....ooiiiiini s, P
Rancocas creek, clay along....ooiiiiiiivniinnn
Raritan bay clays, equivalents along Delaware river...
ghore, clay along...oovinninnnn,
clay bed, outcrop near Ten Mile run....
fire clay bed, analveis of clays of.........
localities of..............
potters’ clay bed, analyses of clays............
clmmcter of clays of..ceeeeennnen. 43
ip ofteeiiei 40
elevations of..veeeeiiininiiiii 10
inegnalities in, localities of, thickness of..... e 42
Clay Company’s bank........ooveeiiniininnnni, . 150
river, br:cis made in yards on, . 313
Radsing clay from PhtBurrsarsieirserrranireisseininnsiarianiersnsens .. 831
Retl BAnK, CIAY Bleeruereieeeeeeieeareeeteseerteseasensasssasestesenssanssatssessnesessessesesses 251
ChFB L b i e e s s R e e 191
shale in sand and gravel drift.................... e .. 19
outcrop in elay formation.......ccoviereineriiennminne., v 21
under elay. ..o s e 172
L5 U 15
Refrnctoriness of ClaFs ... s 289
Refractory materials, analyses of......coooiiiiiii 297
use of clays for. i s 311
Resistance to crushing of bricks and stone.....coooiiivenriiniinnn, 315
Retorta for gns MaKers U8, veerivereeo i e s 313
Reynold’s, Chas. B., ¢lay pitt.ocererenaniiornens rereeven e remetrantreasnireanrreretrrar 227
Rhenish clays, analyses of.... e 354
Rhode Hall, deep wells in vicinity of... e 231
Richtera on fluxes in clays...coiviiiiiiirinirninnnernn SN 205
Rider'a lnne, clay inu. i, e 229
Ridgwiy tract.....coooiieniimmii e G 197
Ridgway, A. Newton, brick of.............ooo il e ... 314
Riley’s analyses. ...ocoiviinii i s s s e 353
Roberts, . F., clay pits....ccccovriieiiiiiiiiicc e, .. 133
analysis of clay of.....coovviniiinnniinn. 135
Jeldspar and kaolin at pits of..............e. ... 136
& J. M., clay banks.........cccoii v 200
Rogers, Prof. H. D,, on Woodbridge clay.......cceeiiennnas e 2
clay at Albion Mill..ocoooiiriiin, 238
Rose, E. R., & Son, elay pita...coovvervrsvcnninreinemnmnn e 209, 212
Ross, Jerome B., elay on lands of..ccoocvniiiimiiirinicinii i 161
Ruddy, George W, clay pits,.. . 80
Raulon, Davuf elay Pitaiiveiciiciirina e e ceereene 234
=.
Saarau clays, analy-es of........... S T 354
Salit proteefolid.. . ovvieviiininiiiin e, 29
Salamander works, fire sand and pits 84
clay bank...oiiiiiirri e s 88
Sand and gravel drift.....l?, 81, 89, 93, 99, 118, 121, 125, 149, 171, 175, 178, 188, 195,
197, 231
thickness ofi........iiviiriiinir i 18
source of materials
Anness Pits...ooviinii
at Forbes’ farm bank....
drift, at Trenton.......
Woodbridge ..cvvv.vees
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Pagoe,
Sand cemented by oxide of Jron oo e 108, ﬁts
drift, at J. K. Brick elay bank.......cociiniiiiiiii e 195
Sayre & Fisher elay bank. ..o e, 188
George Such’s banks. .o e 7
at clay bank of Whitehead Bros................
inextrn sandy elay...ienien .
clay- of Woodbridge fire clay bed..
of fire sand hed..ooviii
laminated elay and sand bed....................
in miraceons sand bed.. .,
fasibility ofiancir i
hills, elay lands west oftoeiieieiennees,
MsEC, AT CIAY . i cres e craiere e an s eenens
PIOUIHIE oo i e
Whitehead Bros...
tendeney to form elags.......oeie,
Bandstone, resistance of, to crushing.
Sundy cluy, including leaf bed............i,
Iocation of...

Ttidge, Pa, clay.oeaenneimien,
Sassafrus v drofiopsis).i i,
Sayre and bisher, brick clay bank ..
fire cloy bank...........
strength of brick of i,
white brick of ..o
Bayreville, fwsil leaves fuund at.............

Schneider & Co., Creusot, clays from...
Seoteh fire clays o s
Searching for clay
Section, coluiminar of the plastic clay formation.....
general, of Middlesex county clay beds.......
peological, of New Jersey formations.......
ideal, ilustrating available Jand ...
vertical, at Charles Anness & Sons clay pits
Seldspar bank
David Ayers' clay bank...................

W. H. P. Benton’s clay pits.........
W, H. Berry’s clay bank.....

Jas, Bissett's clay bank.......
Bowdentown, river bluft,................
J. K. Brick's estate, fire clay banke.ocoovirciiiiininininnnnn
potters clay....ninao e, 196
Charles A. Campbell & Co.’s clay bank.........oiiiiin, 150
J. H. Campbell’s estate clay bank.......ccouiniiiiiniererinnennan 86
Crossman Clay and Manufacturing Company’s clay bank...... 144
boring......... 148
II. Cutter & Song' clay banka....cocicviivianereiinisnaiennnin 106, 107
W, Cutter’s clay banka........oooi i, 110
Joshua Eavre's clay banks....ovoviverininsi o 242, 243
W P. Edgar's clay banks......coooiiniiniiinnnnineas 81
Edgar Bros, feldspar bank........cooiiiiniiininiinier i, 137
B, Ellison’s clay pits....ccooieiininnns - 167
0. Ernst's clay mines.... . 219
David Flood’s elay pits..cciiiiiniimimins, 84
fire sand and clay pits......ccoociiiiiiiininnn, 158
Traac Flood's clay Pits..c.cciviiiiiinisrisniissninseemmimnsecenees 11¢
Forbes' farm feldspar bank e e 121
horizontal, at Forbes' farm feldspar bank...covvrviivrnriemimmenniniiiinn. 120
vortical, at Freeman & Vanderhoven's clay pita... . 164
Nooh Furman's clay bank........oveemicr i 225
J. D. Hylton’s clay bank 248
Wm, Hayes' clay pits.ccuiivin i 214
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Section, vertical, at I, Inslee, Jr, elay Pits...cconcccceeceicniiinninesirsvnnnncrmereresnns
Kinkara, river bluff..................
B. Kreischer’s clay pits.......ccccomuniienniiiiniisiirinranan
Kuickerbocker Life Insurance Company’s feldspar bunk. 124, 125
Wm. Lanning’s well, Florence.....oocvereeererenirininninniioninnn. 245
Lehigh Valley Railroad Company’s well, I'erth Ambey...... 188
B. A, Lodge’s ¢lay Pt o iee e eee e s eennins 251
Loughridge & Powers' clay bank... .
J. H. Manning’s clay pit......oeeees
S, A. Meeker's elay banks..........
Morgan's clay banks.......c.coevvevvnnnne s
Morgan & Furman’s pits and mines..............
W. C. & E. Mundy's elay pits..cccce vrvvvivnniiiiiiiiinennieecern
J. Neukumet’s estate clay bank,...........
8. (. Phillips’ clay pits..............
W, C. Perrine's clay pits.......ccccoernninn
W, 8. Petit's clay banke....ooueeeeennninnan,
Y. ¥. Roberts’ clay bank.........c....e
E. R. Rose & Son's clay pits.............
Salamander Works, clay bank.............
Sayre & Fisher's brick clay bank.........
fire clay bank............
Geo. Such’s fire clay bank......ococuene...
L. N. & J. L. Townsend’s clay pitsu.ceiceceerrciniiniienieniann,e. 256
Union clay works, clay pits.....ccooooiiiiiiiiinniiiinnninn.., e 257
Jumes Valentine's clay pits........... e rae ... 103
Eaolin Pits......oiiiiiiiiierniineinanenna ... 128
R. N. & H. Valentine's clay bank........... .. 153
J. R Wataon's elay banke. i e, 97
A. Weber's elay bank.....oooviiiiii e, 143
horizontal, at W. N. Weldner's clay bank......oooiivvuvinniiiiiiiinierennnres 171
vertical, at Whitehead Brothers’ elay bank......ccooovviiiiicinenninniiiinnin 191
fire sand pits.......ccocivniiiiniinniennn.. 194
White Hill, river bluff.......covviriiiiiirinicieecnaiin 240
Willett & Yates' clay bank ooooooeeiiiiiiiiiiinnienienrenee e, 179
Woodbridge Clay Company's clay bank.......c..ooo...... 140, 142
H. F. Worthington’s well.oouiiiciiccincnnirnccnrvnenn i, 183
Sequoiet condifite.c.vvveeriiniiiniiriianan, Eeeternee e re s arr s tearesasieaneennns 29
Reichenbachio..uvvueiin.. cerereas N
Smithsiana rigid@..ooiiiieneirercemnrrranens
subulata............ rererraraererereiesrasasiares

Service & Tuttle, clay pits....
Seven Stars Hotel, clay near., .
Sewer pipe use of clay for.... e e
Shafts for exploring for clay...cccvuriveiiereeinieninnns

Shale and clay in contact. i e
N ClaY B e
modified deifte. i
nnder clay formation..
with clay................. D PP 169
Shnles, fire, for fire bricks.............. e s aas b et ba s e e et rar s nes 312
Sheffield, England, clays, analyses of . ...ooicrveveeireenieeneiieinsimneinenisisens eee 302
ganister, analysis of....viiiiiiii e 333
Bhells, fossil in Claysa .. i e 29
in the greensand formation........coocvevevivniiiens irnevsesenienienn . 305
Shipping clay, mode of ..covveiiiiviiiininiinnienenen e 333
Shimer, 8. L, clay mine ofi.....ccveererinereeraniennn. v 261
Shore, shallow water off..... cocoiiiiiiiiiiiiniieei v ietrereerr et 305
Bhrinkage of €lyB....o.r i e e 289
Siemens, Dr, C. W,, clays from..... coianas v 345
Silica bricks e e e e 312
25
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Rilica, excess of in stoneware ch}ﬂ ......................................................... 271, Z‘Jd
in clays, determination ofu ..o e e e 340

M ERCES e ie mieeiiiieaiiiinare s erss s raarssrisaer tavanarsnaasnerasanen 176
proporticn of, to alumina for refractoriness. ceer 2006

as sand, refractory property of.........coconnnis e 203
Eilicates of alkaline bases in fire clays..... . 295
Singack, brick elay at_..o.oooooi .o2684
Slagging tendeney of sand In elays...ooooviiiii s 204
Slate rocks disintegration of..ivvvviiieninenn. Ve 204
&mith, Theodore, clay pits...oecciieenes e 226
Solomon’s Run, Pa., ¢lay......cocooeenene ceee 342
analysis of.... .... 300

Soree, Belginm, clay, analysis of..o.ooiiviiinnin i e 301
Sorting of elaya... i s 204, 329
South Ambuy, clay ate. i 205
elevations in...ooeenn. vere 10

fire clay bed, clevation of..... 12

fire clay bed..........ocis G4

geography of........ccoiiii e, 64

relations of to feldspar bed.............. 63

arrangement of materials........ G6

character of ¢lav.............. 67

analyses of clays of.... v 67

density of Looiiiiiiannn . vien 68

bed, analyses of. v e e 208

Brunswick township clay Il vene 240
Daniel, clay pits of (o, 235
Southeastern New Jersey, clays of.., voren 204
Spue Bpring clay near. .. v 112
Specitic gravity of brick........ ceeee 31D
clays, &e..... e 284

Springfield, Pa., Kaolin,.....oo 342
Spotted elays...coivieniiiainn. .02, 63, 67, 85, 134, 151,191, 198, &e
Stanton tract, Toms RIVer i i e 255
Saten Island fire elays..... P 66
ol s rvenreerarenarniaacnnnns .. 64, 131

Statistics of brick clay.. v vernens 187
BIICKS L e s e s 315

fire elays.ovvuvneierernne 2,97, 101

and fire brickf. ..o e 412

pottery manufacture in United States,.......ooicviiienniniiceinrmneen i, 310

SRl v e e ... 28, 29
Soneware clay, statistics of... er B
bed, elev QLTINS Of.vvvr s oomseoseosmsnssnsooeoeessoseresessoversessserseres 13

outcropa and localities e 70, 97, 100, 111

thickness of......cuveeee e 70

irvegnlaritics o v 70

characters of the clay of.covviiiiini 70

analyses ofi v e e 72

irregularities in surface Of...c.iiiiveeiieii e e s 218

local details of pits in........ . 200-228

in valley of Crossway brook.......cceciniiniciinii i 211

elays, excess of siliea in.............. 272

NALUPE Of aieenisiniinrenininne .. 508

first made in New Jersey o e s s rsssnissen reesen 309
Stourbridge clay..cocoviv i . .. 301, 344, 345
analvses of......... s e 301 352

stratified drift nf sand and gravel e e e .IT
Strength of bricks.. oo e 314
Sirike of plastic clay beds..oviniiciniin i o v 33
NIPORULIPOTO e v evneeenrsanrnrnrnanss e 30
Strophodondt PUFtue. i in s s e s e s asa e 30
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Page,
Structure, geological of the clay district of Middlesex eountyu. e ieiiiisnriees 33
Such, Geo., elay Banks.... .o reraiiiernr i e . 197
analysis of clay of....
mode of washingelay........ooee e
Snelus, Geo. J., on fluxing tendency of potash...
“Sulphur balls...v i
Sulphide of iron (pyrite) in elays,.......cooon.
in clays, affected by fire......
Swaenger'a Mills, Clay . cee o ieiierirrsisrse e 231
1.
Tappan, Benjamin, clay ... 161
o dy Bl e e e e 161
Jackson, clay and fire sand ..., ..o 163
Temperature, effects of, in brick making...coccvvriini i 316
Ten Mile Bun elays. cooiuiiiimimmimirerermee s e e 231
clay, identification of as Raritan bed.. e 41
Terra cotta, clays for making. ..o, rereetieaserararrernaaarare 313
Terre Noire company, France, elays from. ... 348
Temts, e, OF CIAYA....ecserrmreereerrtraerininrr s s ees st s s m s s e s b 302
of strength of bricks................ PP eeee B4
Thompson, Edward, elay banke.....ciiiin e 87
Tide marsh of Middlesex COMNLY . ...ttt ssiiiets 7
Tidal meadows, alluvial character of.......o.oriimiiii e 21
Tile, drif.eieeemeeerir e et eraeraeaseeestasnrararraneaeataen .. 316
Tiles for roofing, made by H. Maurer ... v 318
Tinsman, H. I, elay bank ofecovo e 244
N T ts ) 0 TP S P e 74
behavior of, i fire...ciiviierrmere s 204
method of determination.......covureeciiinrinmmne. . 275, 340
node of occurrence in clays.. rreeireaes rranes 270
Toms river, clay outerop near.......cceeess-. rereeetiesisnirareresens arnarue 255
Top dirt, removal ofeuieivr i 93, 123, 166, 202, 327, 428
Topography of the Middlesex county elay districto e ]
Top white, (Pipe elay) Betl o vurianr i s o4
localities of ..o 55, 143, 143
character of clay of...c.ovvinin a6
clay, equivalent of ..o e 186
Transportation of clayS.. o i 333
Trenton, brick manufacture ad.. ... crerrenneen 264, 815
strength of............. SOOI 315
CLAFS 1rvvememisseanrriesnre st e errrrererernnes 23D
Analyses ofi e OO 1]
potteries, SALISEs 0f oo ciurn TSR
poltery MAnUMCINLe Aluee riesssisriiosianniinrirar s 310
Trial pits in search of clay......... R 2.5
Triassic shales under clay formation.. . 2, 168, 171
Trucks and Parker, Delaware clay......coocoienninanes 00, 341
TUEKETLON ClATB1nnsevsersrrssnanseaesensan e s ibsi it rasaa e st L a s s T m ot r s dn et 258

Unavailable ground for clay..ccovvinninninacinen.
Underground workings ...oveniniees
TUnited States Potters Association...
Union clay works...oovinniiinennns
Uses, economic, of clay.....
Utica, 11linois, clay from.

analysis of..............
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.

Valentine, B., firesand, feldspar 2nd Baolint........ccocouviuveereseeseeess oo
horings on lands of..............
Jamey, clay pits....... -
kaolin pits.................. -

R. N, & I, clay banks of..........

firesand pits..............

Vallendar elay, analysis of oo,
Vandeventer, Freeland, elay
Van Horn, Jouhn, clay of........
Van Wickle's pottery
Vats for washed elay .............
Ventilation of clay mines......
Vivianite in fire clay

Ware elay . e
white granite,......
Waxhing elays, mode of vvvveieiiiiiiniinnvienannn.,
of clays, examples ofl..
Washingiun, clay banks near.................ooccveenee.
elevations in vicinity of
Retoding Bleccieiiiviannacnrrenas
Water in clays, expulsion of.........
clay pitso,

removal of...........ueeee.

Watrous, ), feldwpar pits..................
Watson, J. R, elay banke.....o.oooooniveinnns
fire brick first made by .....
Weher A, elay bank of.c.ooeeeeiiviiininnnnnn.
Webster, Isane, elay pits oficciiveviiiiniiec e

Weidner's feldpar, see Forbes® farm..

Weidner, W. N, elayocinicinin,
pits {Martin's Dock)....
Well at Perth Amboy.....covvviineeeiivniinienenes
Sayre & Fisher brick yards .........
flowing, of I. F. Worthington..............,
West Milford clays...ccoovvriiiiniieici e e
Wheatland, clavein vieinity of.veveeeeecnienieneineiennnns
Whitening clayvs,.....ceiiiinninnn, veen B0
White, K, D. & Co,, elay bank......coovviiiiciviiee v vesseesmnee 196
L SO ... 147,149, 151, 155, 157, 164, 189
BETATHEL WAFC.1ieiisiieiie s ettt e e ers s raraeasiasssrss teseeeereenennes seresenresssses 308
Hill, section of bIufl at........vverveiicvriiieiiienaee s cerenes s —e 240 '
Whitehead Bros, elay bank.....oovoviiiieii i veeee e .ere 190
eastern clay banks.......oooviiiiieiiiiinvenenne P
firesand pita.......ooiiviii e . 104
estate, kaolin................... Cerr et rrariaree, e ireenraanas 178
Brosa,, fire sand bank (Island f: ety e e ey ara e 1756
Whitfield, R, P, on fossils of gravel........ccooiviieniiiinncennenen. S
Willett & Yates, brick elay bank....vooeerviiierivinniiciiccns . 178
Wiley, R. J,, clay pits (see Dally, Samuel).icccecvriiniinnninnenns
Winchester, Illinols, analysis of clay from....cuuveceriereeene. PP 1] S p
Wood, James, clay banK. oo e . 187
or lignite in clay (see Hgnile).....cooooiriviiiiiieenieenen, .
Woodbridge, elevations in vicinity of... e, 8
clay pits, south of ...t 102
report of Prof. Rogers on...vua.ie.. _—
Co., east clay Pits.cicirrrmreeniierisrseseessrsnssansrnnnees reeemrrrrererns 140
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Woodbridge clay Co., West Pits..oooeiii i crena e e rrrraiser e Pﬁl
fire (lnv bed, analyses of cl'ws of ...............

arrangement of materials IN....ve..eenns

character of clays of...cviiiiiiiinninnin

elevations of coooiiiininiiin

localitiesof.........

thickness of..............

Woodland, Pa., elay...oiciinnnnnn,
analysis of i

Worthington, H. F., elay bank....................
ﬂu\nng well of ..............

localities, 81, 89, 03, 99, 118, 121, 125, 149, 171, 175, 118
148, 19.) 19? 234 237 255,

2.

Zirconia in analyses of clays. i 236, 274
Zettlitz, Bohemia, elay analysis ofioininn s 354
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Page 12, twenty-sixth and twenty-seventh lines, read Isaac Inslee, Sr, instead of

29,
44,

51,
62,
6,
89,
83,
9,

108,
124,
1686,
200,
2453,
269,
281,

39,
253,

ag4,
293,
319,
320,
330,
345,
345,
352,
354,

Knickerbocker Life Insurance Company.

fourth line, read sequoia instead of sequvia,

in analvsis (3) of table, insert for titanic acid 1.30; and for total 100.04 in-
stead of 98.74.

in analysis (3) of table, 36.78 for alumina includes titanic acid.

third line of foot note, read alumina instead of silicic acid.

fourteenth line, read 39 instead of 54.

fourth and 6ftl lines, read (3) in place of (2), and (2} instead of (1).

analysi= should be as in table, gage 297 (No. 4).

for total of alumina, silivic acid and combined water read 47.17 instead of
46.17, and total of analysis 100.70.

sixth line, read (4) in place of (3).

cighth line, read west instead of east.

analysis should be as No. 3 in table, on page 207.

Bith line read east northeast instead of east southeast.

second line read 75 in place of 225,

in first column of table of analyses for water read 13.82.

in fousteenth, fifteenth, twenty-ninth and thirty-fourth lines read feldspar
in place of feldspar, and kaolin in place of kaolin.

fifth line from top and third line from bottom same correction as page 281.

sixth line from bottom read 32 instead of 30.4,

and fifth line from bottom read 16 instead of 135.02.

and third line read 3,375 in place of 3,550,

second line read 3,000 instead of 8,100,

ninth line read period after accepted.

seeomd line from bottom insert or between boring and pit.

second line for they read that.

fourtecnth line read dirt for drip.

tunth and fifteenth lines read panister instead of 5annister.

In parngraph seventy-seven, Bollene clay, read No, 71 instead of 72.

Bifth line from the hottom read Blaydon Burn in place of Blaydon Brown.

In parageaphs two and three read chemie for chemis; insert 4 before
Muhlheim and in same paragraph read chemie for chemis.

NEW JERSEY GEOLOGICAL SURVEY
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