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REPORT.
$

The work of the.Geological Survey has been carried forward during

the year 1891 (l) in the study of the surface or Pleistocene formations

of the northern part of the State; (2) in an examination of the oak-

land and pine-land belts of the southern part of the State ; (3) in the

continued study of the stream-flows and the water-sheds, for the re-

port on water-supply and water-power, and (4), in co-operation with

the United States Geological Survey, in the study of the crystalline

rooks of the Highlands of northern New Jersey.

Some notes on'the active iron mines and on the artesian wells have

been collected.

STUDY OF THE SURFACE OR PLEISTOCENE FORMATIONS.

The production of a geological map of the State was one of the

leading objects of the present _urvey, as indicated in the last annual

report. Particular stress was put on the need and desirability of a

map which should exhibit by appropriate colors or symbols the

various surface formations_ as distinguished from the underlying rock

formations, commonly shown on geological maps, and to the exclusion

of the former class. The work of preparing such a map has been

begun by the State in conformity to the plan agreed upon with the

United States Geological SurVeys whereby the latter undertakes the

study of the crystalline rocks, and the State is to map the. surface

formations. According to tbis plan of co-operatlon the National

Survey has about three-sevenths of the State to map geologically,

1
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2 ANNUAL REPORT OF

irrespective of the surface formations. The State work will cover

the whole, excepting the comparatively small areas of outcropping

older formations which may be exhibited by the maps of the United

States Survey. The result of their work will be important and help-

ful in the study of these newer and overlying surface formatinus.

Some dit_culties will be thus eliminated in advance of the State work.

Prof. Rollin D. Salisbury, of the United States Geological Survey,

has been put in charge of the study of the surface or Pleistocene

formations, and of the work of mapping them. His experience in

the study of glacial phenomena and wide observations will, no

doubt, be of much service in dlfferentiating the various elements

entering into the complex nature of the drift in New Jersey.

He began his work in a reconnoiesance across the northern-central

part of the State, and in tracing the southward extension of the

glacial drift beyond the belt known as the "terminal moraine"

of the Survey reports. The existence of a glacial drift south of

this line was announced in the first published notice or descrip-

tion of the moraine by the Survey.* In a report on the "Sur-

face Geology," made in 1880, this more scattered southern drift was

again referred to, and localities of occurrence were cited, t The desig-

nation of "preglacial drift" was given it in accord with a belief

that it was older than the terminal moraine. The possible southern

line or limit, from the Raritan to the :Delaware, along the valleys of

]Lawrence brook and the Assanpink creek, was also stated in that

report._ The relation of these deposits and scattered bowlders to the

terminal moraine had been left unstudied. Prof. Sal!sbury's observa-

tions corroborate the hypothesis that the glacial drift extends south of

the moraine of our maps, and marks an earlier stage in the ice epoch.

The subject of glaciers in general, their origin, formation, move-

ment and effects, has been discussed by him in an instructive, inter-

esting and clear way, which is commended to the reader familiar with

*Ann. Rep. of the State Geologlst, for 1877, p. 19.
_'Ann. Rep. of the State Geologist, for 1880, pp. 81-87.

See page 81.
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THE STATE GEOLOGIST. 3

_glacial phenomena but ignorant of its origin. Reference is made to

the great North American ice-sheet, and to the work it did. The

application of these facts of wide, continental range, and of the laws

.governing the movement of a great ice-sheet, is made to New Jersey,

and some details relating thereto are given. The various forms of
drift are classified and described with references to localities in the

State in illustration of these forms. The action of waters flowing

Trom the ice, in transporting further and in sorting the burden of the

glacier, as well as in re-working glacier drift and in modifying older

• leposits, is stated briefly. It is hoped that this fresh presentation of

the subject in its general relations and in this clear and concise way

will suggest more observation of the drift deposits, and lead to the

discovery of facts as a contribution to science in its study of this phase

of the earth's later history. :l
Of more interest and importance are the further studies, in detail,

made by him in the survey of Essex, Union and Middlesex counties.

They show the complex constitution of the drift in that part of the

"State. Its resolution into the elements of ice-deposits, deposits in

¢lowing waters, depceits in the glacial lakelets of the epoch, and those

made by the re-working of ice-laid materials, tells an interesting story

in the history not so far beyond the coming of man or the historic

period. The mapping has necessarily to follow closely the geological
-classification and show these several kinds of surface materials. A

great dit_culty is met with in mapping on account of the lack of

sections or excavations showing the nature of the material. The

whole ground has to be traversed and in some places gone over in

review to get correct observations and to reach a proper conclusion as

to its real nature or particular class of deposits to which it belongs.

The importance of such an accurate map of the surface to the farmer,

or to the capitalist seeking farming lands, to the builder in locating

where drainage is good and dry, to the landscape artist in search of

forms of beauty and lines that may produce the desired etFeet, to the

-engineer looking for water-supply and a desirable water-shed whence

it may be had, is such as to justify the time and cere necessary to
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4 ANNUAL REPORT OF

produce it. Prof. Salisbury's report as here given shows the amount

of work done. It has been thought best to defer the publication of

the map until a whole sheet of the atlas has been gone over. Early

in the coming field season, the territory of sheet No. 6 will have been

thus traversed and that sheet will be ready for printing.

OEOLOOICAL WORK IN THE SOUTHERN PART OF THE STATE.

C. W. Coman_ Assistant Gcologist_ has given nearly all of the year
to the work in the southern part of the State. The latter part of

1890 and the first half of the current year were devoted to a recon-

nnissance survey of Cape May eounty_ preparatory to detailed work

and the production of an accurate map of the surface-hods which

crop nut within the limits of the county, and the adjacent parts of

Atlantic and Cumberland, covered by sheet No. 17 of the Topograph-

ical Atlas. The narrow range in the variation of the surface beds of

clays, sands and gravel, their irregularity in outcrop, and the nearly

level nature of the whole surface make it difficult to represent them

by any scheme of classification whose division lines are drawn sharply.

The absence of good sections showing the succession of the beds_

except in the artesian-well borings at Sea Isle City and Cape May

City, makes the study of the geological structure more difficult than

elsewhere in the State_ or where the order of succession can be seen.

The outcrops, as noted in their characteristic features_ must be com-

pared with the surface-beds in the adjacent parts of the State_ and

with outcrops whose geological horizon is known. This correlation

work is necessary before the geological map of the county cau be

made. The data accumulated by this reeonnoissance is, therefore_

withheld from publication until the whole southern part of the State

has been traversed, and a scheme of classification made to include

these outcrops in Cape May. The question is a geological one_ and

the delay does not affect the economic results flowing from the publi-

cation of such studies. In fact, the map published in the report of
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the late Dr. Cook on the geology of the county shows on a large

scale and in detail the clearings, forests, tide-marshes and sea-bcachea.

In view of the necessity for a more detailed study of the geologic

structure than the limited field season would permit, the work in
Cape May was suspended, a_d Mr. Coman was transferred to the

division of economic geology. He devoted the latter part of the

summer and the autumn to an examination of the oak-land and pine-

laml belts of the southern part of the State, and their agricultural

capabilities. A prominent object iu this survey was to find the loca-

tion and approximate areas of uncultivated lands southeast of the

grecosand-marl belt, which are adapted to agricultural improvement_

or, in other words, which can be cleared and farmed with profit. This

part of the State has been so long and so generally misrepresented as

a region of barren wastes, "pines," "sands," and by other disparag-

ing names, that it is difficult to correct the common opinion as to its

agricultural capabilities.*

"The wants of our first settlers required that they should clear and

till land that would produce crops at once, and without manure ; and

such were the only lands cultivated in the early settlement of our

State. All lands which did not possess this degree of available fer-

tility were considered to be barren and worthless. A large area in

_lew Jersey, especially in the southeast parts, came under this con-
demnation, and was held in disrepute until very recently. * * *

It is one of the discoveries of modern farming that such lands can

profitably be tilled." 1"

Another reason for the lack of agricultural development has been

the comparative inaccessibility of the region, excepting the narrow

shore belt. Without railroads and with sand paths as roads, large

areas had no rapid means of communication with the outer world.

The construction of several lines of railway from the cities to the

sea-shore within the last decade, has made nearly all parts of South

Jersey easily accessible.

_Anu. Rep. of State Geologist, for the year 1867, p. 11.
tAnu. Rep. of State Geologist, for the year 1871_p. 23.
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6 ANNUAL REPORT OF

The large size of the tracts of woodland held for the supply of

wood and charcoal to the iron works and glass-houses of the district,

retarded clearing and prevented settlements. The decline of the iron

works, and the concentration of the glass-manufacturing industry at

a few points, have left nearly all of these large tracts valueless except
for farming purpoees or for the production of firewood for local

demaods. The increasing danger of fire threatens the destruction of

their value as wood-producers.

Attention has been directed to these lands in the annual reports of

the Survey, and particularly in that for 1878. In the report for

that year a map was given which showed the location and extent

of these sc-ealled oak-land and pine-land belts. The results were

considered as approximate only, and preliminary to a full and

detailed survey. The development since that report was published

has been rapid, particularly in Cumberland and Atlantic counties_

near the railway lines. The importance of the subject has made it

neceesary and desirable to publish again notes on this region, which

may help on its development, and in advance of the issue of the

detailed maps of the surface geo!ogy.

The geological map of the State, as now proposed, will show the
various tracts of available lands for agriculture as well as forestry,

and will give their boundaries in detail corresponding to that of the

topographic sheets. The demand for information about our unlm°

proved lands by incoming and by prospective settlers, and the value

of such precise data in developing the natural wealth of the Stat%

suggested an advance publication of reliable facts bearing upon the

location, extent, character and comparative advantages of these South

Jersey lands. The work of Mr. Coman has been to traverse the

territory and to examine the soil and note its forest growth and it8

possible capabilities. The map and report of 1878 have been valua-

ble guides in this survey, and constitute, in part, the basis for hie

scheme of arrangement and treatment of the subject. As will be

noted in his statement, the work shows results which tend to modify"
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greatly those of 1878. A more careful study shows that the area of

pine lands or pine barrens is less than it was represented to be at that

time. It is difficult, however, to exhibit on a map the extent of these

several oak-land and plne-land belts, because they merge into one

another by almost imperceptible gradations, and are not well definedp

excepting where streams form the boundaries. No attempt has been

made to show them on the State map which accompanies this annual

report. The detailed descriptions given by Mr. Coman will enable

the reader to locate them on thls map, and their relation to the

political divisions, and the railways and navigable water-ways to

them. The map shows the large area of' tide-marsh and the swamp

lands of the interior, the former of which is not included in the de-

scriptions of the several belts. The names which were used in 1878

have been retained so far as they are applicable and descriptive in

location.

The soils of this part of the State may be described as candy, and

the percentage of sand is greater than in the more clayey soils of the

central and northern counties of the State. The grains of sand are

generally coarse and grade into fine gravel in many cases. Gravelly

soils also are common. They consist generally of quertzosc pebbles

of yellowish and red shades of color, well rounded and from the size

of small peas to masses as large zs one's fist, with a very few silicified

foseiliferous fragments and some chert, and the whole held together

by a clayey admixture. A distinguishing mark of the gravelly soils

of the region is the clay, in contrast with the more sandy gravels of

the northern part of the State. The former are not as porous, and

are more retentive soils than the latter. The "clay" soils of South

Jersey are more sandy than clay soils generally, and would be classi-

fied as "sandy" in a general scheme of classification of soils.

The small amount of vegetable matter in the soils of the plne-land

belts, generally, is owing to the frequent forest fires, which have con-

sumed that in the superficial layer and left bare, glistening, white

sands only. In the oak-land belts, where leaf-mould has been
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accumulatingundisturbedby fires,thesollcontainsa largerpercent-

age of organicmatter. A recently-madeanalysisof thewhitesandy

soiltypicalof thepoorerpinelandsshows two-tenthsofonepercent.

of organicmatter,whereastheyellowsubsoilcontainednearlyfour-

tenthsof one percent.,or twiceasmuch. Analysisshows alsothe

deficiencyinphosphoricacidend inllmeascompared with naturally

fertilesoils.Some havescarcelyenoughof theseconstituentsneces-

saryfora singlecropof wheat. The scantyand stuntedgrowth of

timberon the Burlington Plainsand on otherpine-landbeltsis

evidenceof the povertyof the land. There is,however,a wide

rangeincompositionbetweenthesoilsof theoak landsand thoseof

thepoorerpine barrens. On theformerthegrowth of wood shows,"

as wellas chemicalanalyses,the greatercapabilitiesof production.

The clearingsare furtherevideuceof theiradaptationto farming.

The soilsof theoak landsarenot naturallysorichastobe suitedto

continuouscroppingorpasturagewithouttheadditionoffertilizersof

some kind. They are betteradaptedto the raisingof vegetables,

melons,sweetpotatoesand smallfruitsthan tocerealsand grass,and

a lackof attentionto thispeculiaradaptatlouhas in many cases

resultedinfailureand broughtdiscreditupon thecountry. The suc-

cessatHammonton, Egg Harbor City,Vineland and otherplacesis

noteworthyand suggestiveof imitationoverwide areasof landnow

uncultivated.*The easewithwhich theselandscan be clearedand

tilled, the nearness to the great cities end the mildness of the climate

as compared with the long winter seasons of the New England

States, New York and the far Northwest, are other advantages of

South Jersey. So much has been published on the soils and the

farming of that part of the State that it is unnecessary to do more

than add references to these publications.*

The Survey of the past season gives the following summarized

statement of oak lands, pine lands and cleared upland :

*For notes on _oils of South Jersey, see Ann. _ep. of State Geologi_t_ for 1379,

p. 113; Ann. Rep. of State Geologist, for 1886, pp. 90-94; First Ann. Rep. State

Board of Agrlculture_ 1884_ pp. 23, 24.
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1. Oak lands ................................................. 1,300,309 acres.

2. Pine I_uzds ................................................. 486,000 acres.

8. Cleared upland ......................................... 438,298 acres.

Assuming that nearly or all of the clearings are in the oak-land

belts, there would remain over 800,000 acres in forest which are

available for farms. Inasmuch as some of the clearings are in the

pine-laud belts, it is safe to estimate the available area at 900,000

acres. Should all of the oak lands be put in farms, the forested areas

would still amount to 20 per cent. of the total upland. The distri-

bution of these available oak lands and the pine lands in the several

_ountiss is shown on page 140 of this report.

"These uncleared lands constitute the largest body of undeveloped
wealth in the State, and they offer a most inviting field for those who
wish to get cheap farms and homes for themselves, and at the same
time retain the advantages which come from proximity to the great
business centers of the country."*

The cutting off the timber on the oak lands and putting them all

into farms would, however, be disadvantageous to the country, on

account of the great stretches which, thus bared of all wind-breaks,

would be exposed to the full force of on-sweeping winds, and be more

liable to suffer from both drought and cold. For a fruit-raising

region, it is highly important that these possible drawbacks be avoided

and come belts of wood be re_ained. The pine-land belts are not so

situated as to afford this distribution of their shelter. They will be

left to wood-growlng largely, and in tracts of large size. Their value

is now diminishing, in view of the low price of the wood which they

produce, and the insecurity o£ the standing timber because of the

danger from fires. State protection is opposed to our policy and

impracticable, hence it is suggested that the best and most efficient

way to deal with these pine lands is to encourage their distribution

among a greater number of owners, and the opening of farms and

clearings, which may serve as barriers to fires, and also enlist the ser-

vices of more owners interested in the protection of the wood. In

*Az_n. Rap. State Geologist, for 187], pp. 28, 29.
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this way it is believed that ravages of great spreading fires can he

much lessoned and the timber on larger areas reach maturity, or at

least an age to make it of more value than the fire-scarred poles which

now make so unsightly a view over many miles of South Jersey.

Besides,theincreasedfarm populationon theclearedoak landswoul_

make a largeforceof suturalprotectors,where now both oak and

pinelandsaresweptoverby firewithfewtooffersoceessfulresistance

toit. In thisway itisbelievedthattheproductsof the400,000or

more acresof pinelandsmay be made to amount toas much as is

now obtainedfrom the whole timberedarea. The enhancedvalue

which must attachtothepinelands,thusprotected,warrantsthecost

of clearingtheoak landsasan economicmeasure,and a partalsoof

a prudentforestrymanagement. Itistothisend thatMr. Coman's

surveyhas beendirectedasinitiatoryand specific.

WATER-SUPPLY AND WATER-POWER.

WATEE-_UPPLY.--The sources of available supply of wholesome.

water for domestic consumption have been referred to in the "Geology

of New Jersey," published in 1868, and in several of the annual

reports since published. The importance of the subject has been

provenby thewidespreaddemand forthesereports,and forinforma-

tionrelativeto the locationof thesesourcesof supply. The rapid

growthof populationinthecitiesoftheStatealsoshows theimport-

anceof accurateknowledge of the districtsand streamswhich car

yield a supply of good water adequate to their needs. The supply

from deep-bored or artesian wells is a subject of inquiry in some'

places, and the data then sought have reference to the possible exist-

ence of subterranean reservoirs or water-bearing horizons and their

depth below the surface of the ground. These inquiries come from

cities and towns seeking a public supply, and from individuals and

manufacturing establishments interested in getting either more water

or better quality than that of the common dug well or that of cisterns,
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storing rain-water. The improved sanitary _mngemen_ of houses

both in country and in city cause a demand for an increasing supply

of wholesome water.

It has been one of the leading objects of the Geological Survey to

contribute that kind of information which may be helpful to the

people of the State in the development of its natural resources in

water. A short reference to some of its work in this direction is

here given to show what has been done and the relation of the data

put in print to the present needs of our population. One of the

earliest references to water-supply is in the "Geology of New Jersey,"

published in 1868, in the chapter on " Water," * in which the chemi-

cal analyses were given, showing the composition of well-watere in

old-settled parts of cities, of waters from the Delaware, Passaic and

Raritan rivers, and from artesian wells. The results of these exami-

nations at that time were such as to show that the comparison between

these well-waters and "the pure waters from streams is the best argu-

ment that can be made for the superior wholesomeness of the latter."

The subject was introduced iu the annual report of the State Geolo-

• gist for 1874, with the following sentence: "Another of our natural

products that is coming to be of great value, is pure and wholesome

water." t In that report the areas of the several drainage Ixasins in

the Passaic water-shed were given, and their capacity for storage and

supply. The Delaware river and the streams of the southern part of

the State were also referred to in their relation to the needs of cities near

them. In the annual report for 1875 the subject was again discussed,

with references to analyses of polluted waters, and the possible dangers

in the use of waters _f doubtful purity. The question of a supply for

"Newark, Jersey City and the other towns and villages in the thickly-

settled part of the State near New York City" was again discussed,

and the necessity for another source than the Passaic was pointed out

as urgent.:_ The subject was studied in greater detail in 1876, at the

Geology of New Jersey, lgewark, 1868, pp. 701-708.

t Ann. Rep. of the State Geologist_ for 1874, p. 60.
_:Ann. Rep. of the State Geologist, for 1875, p. 31.
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request of a committee of the Mayors of l_ewark, Jersey City_

Hoboken, Bayonne, Orange, Bloomfield and Montelair, preferred

by the Governor as President of the Board of Managers of the

Geological Survey. Following this direction, Geo. W. Howell,

of Morristown, was employed by the State Geologist to make

a survey of the lakes and natural reservoirs of the Highlands.

Full statistics of the drainage areas and of the storage reservoir

sites and analyses of the Passaic waters were given in the report

for that year.* Plans for supplying the several cities were indicated

in broad outline. A map of the Passaic river system accompanied

that report. The frequent references to it, the copious extracts from

it, and the demands for it show its value and the interest in "the sub-

ject of water-supply. The importance of a new supply for Newark

and Jersey City was set forth briefly in the annual report for 1878,

and that of the Upper Passaic was shown to be adequate to the needs

of a large popalation.t The report for 1881 had a short section

devoted to the subject2; In 1882 the topographic survey of the

State had progressed so far as to afford precise information about

the limits, slopes, character and areas of the several drainage basins •

of the northern part of the State, and it was published in the report

for that year, supplemented by a reprint of descriptive notes on

the lakes and natural reservoirs contained in the report for 1876.§

Statistics of rainfall, of drainage-basin areas, analyses of Passaic

waters, and plans for supplying the larger cities and towns were given.

In 1887 it was stated that "The topographic maps, 4 and 7, of the

Passaic water-shed, with its area and elevation, contain the informa-

tion which is sought by those inquiring into the _articulars desired in
a plan for a water-supply for these cities, and a study of them will

show the numerous and well-adapted localities which are available

for the storage and supply of water."_, In the last annual report

* Ann. Rep. of the State Geologist, for 1876, pp. 13-50.

? Ann. Rep. of the State Geohlgist, for 1880, pp. 93-97.
Ann. Rep. of the State Geologist, for 1881, pp. 73j 74.

Ann. Rep., 1882, pp. 96-132.

¶ Ann. Rep., I887, p. 25.
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made by the late Dr. Cook, are these words: 'CAt Little Falls all

this water is in one stream, at an elevation of 158 feet above mean

tide. * * * * By going a few miles farther up the stream

most of the water could be collected at an elevation of 250 feet, or

high enough to supply all of these cities by gravity. The quality of

this water is unquestionable in purity. It is mostly gathered from a

country which is mountainous, mostly in forest and likely to remain

so for a long time to come. As a substitute for the filthy water sup-

plied to almost half of the people of the State it is of incalculable

value, and there should be no delay in securing its health-giving bene-

fits."* A clear presentation of the whole case and a strong argument,

and representing the result of years of patient and painstaking labor

summed up almost in a single sentence. These references to the

Geological Survey reports show what has been done by the State in

giving information of value upon this question of water-supply.

Under the wise and far-sighted direction of :Dr. Cook the subject

was kept prominently befor_ the people.

It would seem as if the State had done nearly all that was neces-

eary, so far as surveys of the territory capable of furnishing a public

water-supply were concerned. The study of the surface forma-

tions in the northern part of the State, which has been begun

recently, promises to give a more nearly correct knowledge of the

nature of the surface and of its forested covering, and its cleared

areas--and hence a more detailed survey with geological maps, show-

ing the surface deposits and their relations to the several streams which

flow from them. At this point the problem of water-supply to the

several cities is so related to engineering, business management and

inter-clty and municipal control, that the Geological Survey of the

State finds here a proper limit to its investigations. It continues,

however, to be one of great public interest and importance, affecting

as it does about half of the population of the State. And the

question of an abundant supply of wholesome water in place of

Ann. Rep. of the StateGeologist,for 1889.p. 72.
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what is now unsatisfactory in quality, is one of sanitary import-

ance. In view of what has been referred to, as bearing on this

subject, it may be stated here that little more can be done than

to emphasize the arguments of these reports and show the in-

creasing urgency of attention to it, because of the rapid increase

in our population and the prospective cities which are destined to

occupy the northeastern part of the State. The Upper Pa_aic valley
with its several streams is the natural source whence these cities

and towns are to be supplied with good water. The geologic struc-

ture and the geographic positions indicate it. The red sandstone

plain through which the lower Passaic flows, from Paterson to the

sea, is so situated that it is to be covered by towns and cities and

by market-gardens, which cluster around centers of dense popula-

tions. Once an agricultural district, it has lost much of its older

character, and is to-day in process of transformation, and new towns

are springing up between the rapidly-approaching lines of the older ,

cities. Jersey City, Newark, Paterson and Elizabeth will be so close

within a decade that the railway traveler may not recognize their

confines as he whirls across that part of the State. Bordering this

plain on the northwest there is an upland valley, almost completely

shut in by ranges of hills, in which are many beautiful sites for

suburban homes and for quiet villages_ attractive to the smaller class

of people_ who may Hve further from the toil of the city. Pompton,

Little :Falls, Montville, Hanover, Caldwell, Chatham, Madison and

Morristown are in this valley. The density of population which it

is highly probable will mark this upper valley of the Middle .Passale

within a few years is opposed to it as good gatherlng-ground for a

city water-supply, and it is excluded from consideration on this

account. The extensivetractsof wet meadows (whichwillno doubt

be reclaimedasrichagricultural,and particularlyaspasturagelands)

arean undesirablefeatureincollectingwaterfrom it. :Flankingthis

valleyon thenorthand westaretheHighlands,a hillcountry,which

risesfrom 400 to800 feetaboveit. A landofwooded hills,studded
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here and there with natural ponds and beautiful lakes, it is the ideal

_erritory on which to collect and store water for city use. Some of

its advantages may be stated. 1. Its geological structure is such

that there are many springs flowing out along the hillsides and

in its valleys which are of excellent water_ and some of them are

noted for their tonic effects. The granitic, gneiesic and quartzose

rocks, which make up the structure of the Highlands, afford better

water than is obtainable from rock formations of adjacent territory

and of later geological age. The purity of waters of granitic "rock

districts is almost a proverbial truth. 2. The large part of this

Highlands district which is in forest is remarkable in a country so

old'settled and so near New York. Sixty-seven per cent. of the area

_0f the Passaic valley above Paterson is in forest. For its tributaries,

the following arc the respective figures of percentages :*

Pompton river.................................... 69 per cent. in forest.
Ramapo river ...................................... 72 " " " "

Wanaque river.................................... 83 " "
Pequannoek river ................................ 78 " "

Rockaway river ................................... 80 " "

Whippany river .................................. 36 " "

Passaic (above Chatham) ..................... 23 ........

Similar figures obtain for the water-sheds of other streams on the

Highlands west and south of the Passaic system. This forest

area offers little chance for pollution from agricultural operations

or from dense population. It is not at all likely that the rain-

fall on this hill country will be affected injuriously, as is possible on

one which is deforested. In fact, the amount of precipitation

thereon is slightly greater than on one bare of forest. The con-

formations of the country with their wooded surfaces are conditions

favorable to the increase of precipitated moisture. No doubt the

rainfall is more uniformly distributed through the several calendar

months and the seasons than it is in the red sandstone plain to the

• Topographyof NewJersey, Final Report,Vol. I., pp. 190, 191.
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southeast, or, in other words, the droughts are less severe. The sta-

tistics, so far as obtainable, seem to show that this favorable condition

exists. The hilly surface conduces to a more rapid loss by surface

drainage and to floods in its streams, but this drainage is in part

counteracted by the wooded condition of the surface. The well-

known absorptive tendency of forest mould, which holds back the

flow, as a sponge, is here largely active. The forests also tend to

prevent loss by evaporation from the surface, and the concentra-

tion of saline matters characteristic of surface-waters in times of

drought in a cleared country and on bare ground. The actibn of the

forests is therefore favorable to the quality as well as conducive to

quantity of steady flow. 3. The nature of the surface is such as

to be almost prohibitory of agricultural development. The extent.

in forest and the comparatively small percentage of the tots| area

in farms or under cultivation, is explained by the numerous rock

outcrops and the stony soil, where the ledges do not appear on the

surface. There is no other equal area in our Eastern States com-

parable with it excepting those on the same range in New York

and Pennsylvania and New England. The Bearfort and Green

Pond and Copperas mountains are as rough and rocky us the Sierra

Nevada or the Kocky mountains of our Western States. Their cul-

tivation in farms would seem to be an impossibility. Even for timber

they are almost forbidding because of difficulties of access. The

gneissic rock areas are less rocky in general, but the mantle of glacial

drift, which covers a large part of the gneissic strata, is almost as

forbidding to prospective cultivation as the rock outcrops or solid

ledges. The small fields with their wide stone rows for fencing show

the abundance of stone picked off the surface, and closer inspection

shows that iu many cases the soil is still filled with stone. This

abundance of cobbles and bowlders makes tillage difficult, expensive

and undesirable, and, as a result, the farms are being devoted more

to pasturage than they were formerly. A part of the territory is

reverting to the fore_ted condition. The ease of tillifig lands else-

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 17

wheredrawsaway thefarmersfromthetoilsomelaboroffarming

suchstonysoils.The profitsfrom therapidgrowthofsomekinds

of wood,notablythechestnut_on thesestonyhills,alsooperates

againsttheirdevotionto farmingaud to theirclearing.This

unsuitabilityto agriculturemakes the territorymore desirable

as a sourcewhence to draw a publicwater-supply.4. A

remarkableadvantagein theseHighlandsis in the number of

streamsand in theirgeographicposition.The geologiccon-

formationwhichhas determinedtheirlinesof drainageand their

water-sheds,issuch thattherearefiveprineipalor leadiogbasins

emptyingintothePassaicas theycome outoftheHighlandsand

debouchon theRed SandstoneortheUpper Valley,asheretermed.

The comparativelysmallsizeofthesestreamsisunfavorabletothe

concentrationof largecitypopulationsaboutanymill-siteson them.

The growthofthetownisoffsetbythedecreaseintheruraldistricts.

5.The smallpopulationon theHighlandsconducestotheexcellence

of thewaterandminimizesthedangersarisingfrom possiblepollu-

tionthroughmafiaagency.Accordingtothecensusof 1890there

are 75_000 inhabitants on the Passaic water-shed, above Patereon_ or

about 3,000 increase in fifteen years, bat the greater part of the in-
crease has been in the towns of the Middle Passaic and not in the

Highlands.*

There are some indirect advantages in making that part of the

State a gathering-ground whence to draw an abundant supply of water

which may be pre.esntedat this time. The preservation of the forests,

particularly on the steep mountain sides, and the enlargement of the

area in growing wood, might be of much value as a factor in climate.

Opportunities and desirable locations would be given for the beginning

of successful experiments in forestry, which might serve as valuable

examples to foresters and to land-owners of the whole State. The

judicious management of these protected woodlands would yield a

larger return in the form of forestry products than that which is now

Croes & Howell ; Report on Additional Water-Supply of Newark, 1869_pp. 15-17.

2
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obtained from these tracts of wood or from the farms on these stony

soils. The natural beauties of the Highlands offer advantages in the

location of natural parks and game preserves, which are deserving of

the attention of the crowded dwellers in the suburban districts and in

the great metropolis across the Hudson. The success of Tuxedo

Park, in the adjacent part of the Highlands, in New York, is sug-

gestive iu this relation. There is room for a group of such parks,

easily accessible by railway lines from the cities and yet so situated as

to inclose secluded gleus and bits of scenery as wild and as unim-

proved as any country in our middle Eastern States. Greenwood

lake, Lake Hopatcong, Budd's lake, Green pond, Splitrock pond,

Maoopin pond and Wawayanda lake are amoeg the larger and more

widely- known sheets of water in this region. There arc many smaller

natural lakes and lakelets which are set in picturesque laudseapes and

attractive to the lover of scenery.

City and country may in this way become mutually helpful,

although the characteristic development of each one may be more

intense, and in lines peculiarly its own.

WATga-Powga.--The increasing scarcity of wood along the lines

of transportation, the cost of coal, and the urgent need of attention

to greater economy in some kinds of manufacturing work, are produc-

ing a notable tendency toward a more general and more effioient use

of the power which is to be bad in the many streams of the State.

The more thorough utilization of the water-power heretofore allowed

to run idly away, or left in large part unused, is an important element

in the development of the resources of the State. A view of the

relief map shows that the streams of the Highlands fall rapidly and

afford many sites for power. The streams flowing out of the High-

lands and across the northern-central, or piedmont division of the

State_ gather in volume as they cross the latter, and on them there are

notable water-powers, as at Paterson, Dundee and other points. In

the southern or co_tal-plain division of the State there are many

streams, some of which as the Mullica, Great Egg Harbor, Maurice,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 19

Cohansoy and Rancoeas rivers, are large in volume, but generally the

descent of the streams in this part of the State is so slight that there

are fewer mill.sites than in the northern part of the State. Their

more equable flow is compensatory to some extent, affording a more

steady power throughout the whole year than that in the hill-country

streams. This equable flow has been discussed fully in the report of

Mr. Vermenle. The Delaware river, on our western border, is an

inter-state river, and flows out of the Highlands across the piedmonl

and coastal-plain belts to the sea. It furnishes power at a few sites

in the State, but the aggregate thus utilized is a small part of what

could be had at any one of several sites, if the whole stream were put

at work. An extract from the first annual report of the late Dr.

Cook is here pertinent. After referring to the advantages for loca-

tion of manufacturing towns in New Jersey, he says : "Take the

Delaware river as a source of power for driving machinery. Its

volume of water is immense even in the driest weather--greater by

far than the Merrimac at Lowell. Its fall from Port Jervis to Tren-

ton is not less than four hundred feet. * * * The power which

is here lying idle would, if improved, be sufficient to driv_ the

machinery of a Lowell every ten miles, would furnish profitable in-

vestment for millions of capital, and create a large and constant home

market for our farm* and market-garden products." After the "lapse

of 28 years, this note on the Delaware river has lost none of its

force ; although it may be said that there are other interests which

affect the case end retard development_ and difficulties arising from

inter-state relations which are in the way.

The use of water-power in the State has declined apparently within

the last half century, because of the change in the location of the

iron-making industry. The forges and furnaces which were located

on nearly all of the streams have disappeared, and in some places

they have not been replaced by other industries, but remain as abano
doned mill-sites.

• Annual Report of Prof. Geo. H. Cook, State Geologist, for the year 1864, Tren-
ton, 1865, p. 20.
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The importance of accurate information on this subject, and the

need of it, is evident from the numerous inquiries which are made

concerning sites, capacity and availability of water-power. On

account of its practical importance, the subject _f water-supply and

water-power has been made a separate study, and it has been decided

to give the results of this work in one volume of the series known

as the Final Report of the 8tare Geologist. The necessary surveys

and studies and the preparation of the volume have been in charge of

C. C. Vermeule. They were begun in 1890. The census of the

water-powers in the northern part of the State_ and the data obtained

from the measurement of stream-flows, with a discussion of the

relation of these flows to the amount and distribution of the rainfall_

evaporation_ ground storsge_ floods and droughts, and storage in sur-

face reservoirs, were given in the annual report of the State Geologist

for that year. The work has been carried forward throughout the

year. The canvass of mill-sites where water-power is used, has been

completed.

The data obtained from the period of observation on the flow of

strea;ns and its relation to rainfall is discussed in this report. The
marked difference between the streams of the northern and southern

parts of the State is worthy of attention, and has a practical bearing

upon the important subjects of water-supply and water-power. The

two-year period of observation, which will be available for use in the

spring of 1892 for the final report, approximates closely to the normal

or standard which is had from a longer observing period. Climatic,

geologic and topographic features enter into the discussion of the

problem of flow, and the peculiarities of the streams in these measures

reflect the influences of these features of their water-sheds. The loss

by greater evaporation in the winter months in the case of the streams

in the southern part of the State, the heavier spring flows of those

of the northern and mountainous districts, and the more equable flow

of the former for the year, are noteworthy facts shown in the discus-

sion of these records in Mr. Vermeule's report.
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The canvass of water-power has been completed, and the sites of

l_ower thus utilized and those undeveloped are given in this report.

The power by industries, the increase of utilized power, its value and

importance to the development of the natural resources of the State,

are topics there discussed. The aggregate value of the water-powers

and their improvements is put at $20,000_000. The further state-

ment that in the southern part of the State there is an aggregate of

_,000 horse.power unused in stream falls, is full of suggestive hints to

capitalists and workers in search of this kind of material help. The

importance of development at all of these unused sites to the sym-

metrical growth of population, and favorable to better social condi-

tions of the workers, is worthy of the attention of all of our people.

The highest degree of utilization of the water-power is an economy

in our stores of fuel as well as a saving of power now running away

and lost. The accessible lines of railway near or parallel to nearly

all of the larger streams of the State afford easy transportation to the

large cities on the borders. There is not a place within the State on

any of these streams which is not less than 100 miles of both Phila-

delphia and New York by existing railroads. Navigable waters are

at several of the larger stream-falls, and water-power sites---_lew

Brunswick, Trenton, Bridgeton, Millville and Mays Landing--are at

such meeting-points of tidal and river waters and at fall lines.

The llst of water-powers for the State is given, with kind of work

<lone, fall, horse-power utilized and ownership, that of the streams of

the northern part of the State being reprinted from the last annual

report. The list for the southern part of the State is complementary

in some degree to the notes on the undeveloped and cleared lands of

that part of the State, which also are given in this report. It shows

that the development of the stream-powers has gone on faster than

the clearing of the forest and the cultivation of the soil. The latter

is in great part untouched, except _ it is robbed of its wood by cut-

ting or ravaged by fire. From the location of the power-sltes on the
streams near tide-water and in the shore belt and near the better and
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more available farm ]ands there is an indication of their development

as likely to help forward that of the land also. The light and more

sandy soils and pine lands farther in the interior and about the head-

waters of these streams, where there is little water-power, are indica-
tive of forest conditions as best suited to them. These interior and

more distant lands from navigable waters are needed in forest in order

to a preservation of that equable flow which now marks these streams

ofthesouthernpartoftheState,and makes them vahmbleforwater-

power on theirlowerreaches.

The fullreporton water-supplyand water-powerisincourseof

preparationand isto be publishedin 1892 asVolume III.of the

FinalReport.

ART_IA_ WELLS.

Water-supply from artesian and deep wells is attracting more atten-

tion each succeeding year, and many inquiries are addressed to the

Geological Survey for information on the nature of the strata, posi-

tion of water-bearing beds or subterranean reservoirs, quality of water

to be had and volumes of flow, at localities in all parts of the State.

Some notes on new wells, of which the Survey has had notice, are

given in this report, but no attempt to present a complete statement

of the wells put down during the year has been made.

In response to my request, Lewis Woolman, of Overbrook, Pa.,

has continued his investigations of water-bearing horizons in the

southernpartof theState,and has prepareda shortpaperthereon,

witha few noteson wellsinPhiladelphiaand Milford,Delaware.

This subject is of so great practical importance, and the discoveries

made in boring are so valuable helps in the study of geological struc-

ture, that a full report on our artesian wells is suggested as a proper

subject for the Geological Survey, and steps arc being taken to obtain

complete records of well borings and suites of specimens to illustrate

the same. The co-operation of the firms engaged in sinking wells in

the State is earnestly asked to facilitate the work.
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DRAINAGE.

The Geological Survey is authorized and empowered by law to

make surveys and plans for drainage of tracts of land "subject to

overflow from freshets, or which are in a low, marshy, boggy or wet

condition," on the application of at least five owners of separate lots

of land included in such wet tracts.*

Under the provisions of the laws on drainage_ the Survey has been

enabled to prepare a plan for the improvement of the drainage by the

Pequest river through the Great Meadows, in Warren county. The

results there arc such as to commend drainage for the improvement of

other tracts in the State similarly situated. Of course all drainage

plans of this nature imply the necessity of constant watchfulness and

care that there may not be any impairment through obstructions in

the stream or unlawful interference with a free channel or water-way.

And the maintenance of the benefits accruing to any tract through

drainage improvements seems to demand the oversight of some com-

mon superintendence continued after the work of drainage has been

done.

The improvement of the channel of the Passaic river at Little

Falls, with the object of draining more efficiently the waters which

in times of flood cover a large part of the level lowlands in that

valley, has been in eharge of the commissioners of the Passaic drain-

age, appointed in pursuance of an act of the Legislature, and the plan

of drainage is that proposed by the Geological Survey and authorized

by this Board. The work in the channel below the falls is nearly all

done. There remains to deepen the cut near the dam and the removal

of the bar at Two Bridges. The report of Geo. W. Howell, one of

the commissioners_ refers to the necessity of some changes which are

desirable in continuing the work. (See page 233.)

"This act does not extend to Iands flowed by tide. (See A nn. Rep. for 1888, pp. 49-60.)
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D']NITED STATE8 GEOIA}GIOAL SURVEY WORK IN ]NEW' JEP_EY.

The U. S.GeologicalSurvey,in fulfillmentof itspromisetoco-

operatewiththeStateSurvey_has begun thestudyof thecrystalline

rocksof theHighlandsof northernNew 5ersey,and thepreparation

of the geologicalmap of the areasoccupiedby theserocks. By

directionof Hun. J.W. Puwell,thework was put inchargeof Prof.

R. Pumpelly. The fieldwork has been underthe more immediate

chargeof Dr. J. E. Wolff. The difficultiesintheway of the classi-

ficationof the various rocks found in the district, and a correct differ-

entiation of the horizons represented has made it necessary to do some

preliminary work in a general survey of the whole district. The cor-

relation of these rocks with the crystalline schists of :New England

and New York and the gnelssoid rocks of Pennsylvania is studied to

advantage in connection with comparative examinations aud surveys

of these extra-limital outcrops, and more easily by the U. S. Survey,

whose wider range of observation is better able to grasp all of the

facts. The experience and practical direction which Prof. Pumpelly

can give to this department leads to the confident expectation that the

results will be of great geological importance and of substantial

economic value to the State. The relation of these crystalline rocks

and the iron, zinc and other metallic ores, and minerals which occur

associated with them, is intimate. The discovery of the laws of their

occurrence must be of service in the search for new mineral localities

and new ore deposits. In the iron-mining districts it will be of great

importance to ascertain what are the relations between the ores and

the various rocks in order to discover new ore-ranges or trace the con-

tinuation of ore-shoots beyond the limits of mines now actively

worked or ncarly exhausted. The recent abandonment of two of the

large and historic iron mines of the State, and the apparent exhaus-

tion of others in the near future_ show the want of practical help--

from geologic science--and accurate knowledge of the facts of occur-

rence which can be put to service by the miner and prospector.
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The work of the season has been in part to determine the areas

,occupied by various rock outcrops, and to prepare a detailed map of

these areas. The northern part of the Jenny Jump mountain range,

Warren county_ the Alamuche mountain and the outcrops in Byram

and Andover townships, in Sussex county, and an area in the vicinity

of Mount Hope and FIibernia_ in Morris county_ have been mapped

in detail. The full geological maps cannot, however, be published

until the general survey of the district has been completed, and the

.classification scheme determined. All of this work is preparatory to

a complete geological rasp of the State on the scale of the topographic

.survey atlas sheets.

PUBLICATIONS.

In consequence of the incompletion of the rooms for the Geologi-

-cal Survey in the State House, the distribution of its publications has

been continued at the New Brunswick omee, under the direction of

Irving S. Upson, the assistant in charge.

The demand for the volumes of the annual and final reports of

the State Geologist, as well as for the maps of the topographic atlas

increases from year to year, and demands daily attention. No addi-

tional volume of the final report series has been published, and the

limited edition of the first volume, upon the topography, magnetism

and climate of the State, is nearly exhausted, as are also most of the

annual reports previous to 1883.

The large edition of the clay report of 1878, for which there is

continuous demand, was burned in the State House tlre of 1885, and

has not been reprinted. The Geological Survey has no copies of

this report for distribution.

It is the wish of the Geological Survey to complete, as far as pos-

sible, imperfect sets of its publications in the public libraries of New

Jersey and adjacent cities, and Mr. Upeon will give correspondence
relativetheretoimmediateattention.

Itisverygratifyingtonotethe interestmanifestedin the Survey

by the increasingnumber of requestsforitspublicationsfrom intel-

ligentcitizensthroughouttheState.
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OFFICE WORK.

The office work is largely correspondence and distribution of pub-

lications. The correspondence has an ever-widening range, as the

demand for information grows with the acquaintance with the opera-

tions of the Survey. Inquiries from citizens of the State are numer-

ous, and refer to all kinds of material sought for in mining, quarrying

and even in farming and manufacturing, to some extent. They are

answered as fully as possible by letter or by publications on the sub-

.loot of inquiry. The subject of water-supply is prominent. Cities,

towns, factory-owners and individuals seek information on it. The

letters from capitalists outside of the State_ who are looking for oppor-

tunities within our limits, are an important feature of the correspond-

ence. The State has so great advantages in ]oeatiou that oitlzens off

other States and of foreign nations are studying closely all of our

reports, and noting chances for investment in our lands and mineral

products. And the Survey appears to be the bureau to which such

letters are addressed. While it is possible to answer these inquiries

officially without imparting much information and in a comparatively

short time_ the careful attention give_ to them in the conscientious

discharge of one's duty requires much more time. It is believed that

the State gains by this attention to details in answering even individual
letters from those outside of it.

The distribution of publications embraces (1) that to the public

_chools of the State, paid for out of the School Fund ; (2) the distri-

bution of annual reports and other puhlicatlons to individuals, and

(3) the sale of maps of the Atlas of New Jersey. This work was

done from the office at New Brunswick, through a part of the year.

It is being transferred to Trenton as rapidly as is possible, in view of

our restricted room at present. The sale of maps continues to be

large. Their usefulness is attested by this demand for them, The

annual reports are also in hrisk demand, and the editions of all of the

earlier reports are exhausted. The demand for the volume ou topog-

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 27

raphy and climate, of the final report, has so far reduced the size of

the edition that great care is exercised in the distribution. During

the year, Volume II., Part II., has been distributed to all of the

public schools, thus completing that work to date. The Atlas of New

Jersey had been supplied to them in previous years. The time given

to the distribution is productive of valuable results. The dissemina-

tion of information is recognized as important, as its collection and

the prompt and widespread distribution of what is collected is appre-

ciated by the people.

RJ_MOVAI.

The collections of geological specimens, ores, minerals, elays_ marls,

soils and other material for the illustration of the geologic structure

and economic recources of the State, heretofore deposited at Rutgers

College, New Brunswick, have been removed to the State House,

Trenton. They are stored temporarily in the basement, and awaiting

the construction of eases for the new museum-room in the old library

part of the building.

The storage of maps and reports also is now at Trenton, excepting

a small part of the later editions of the Atlas of l_ew Jersey, which

are distributed by sales from Mr. Upson's office at New Brunswick.

In consequence of this removal the laboratory fixtures and chemicals

are in part packed away in cases, and the Survey is not equipped with

a chemical laboratory, and is not prepared to make assays or do

analytical work. At present the necessary chemical work has to be

done at a private laboratory, and is paid for out of the appropriation.

Many specimens which are sent in by citizens of the State and many

app]icatious for chemical examinations have to be returned untested

and unanswered because of the want of a laboratory. :Facilities for

doing such work are needed and are hoped for in connection with the

equipment of the State museum in the State House. The ability to

answer all inquiries in reference to the composition and value of ores,

minerals, marls, clays, soils, &c, occurring in the State will tend to
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the increase in the number of such inquiries which may come to the

office, and thereby be the means of distributing valuable information

promptly, and popularize the work of the Survey among the people
of the State.

STAFF OF THE SURVEY.

The working force of the Survey has been changed by the resigna-

tion of Frank L. Nason, Assistant Geologist, and by the engagement

of Rollin D. Salisbury as geologist in charge of the studies of the

surface or Pleistocene formations. Mr. Nason left at the beginning

of the field season, to accept an important position on the staff of the

Geological Survey of Missouri. The special work in'which he had

been employed is now being done by the United States Geological

Survey, in co-operation with the State Survey, and is under the direc-

tion of Prof. Raphael Pumpelly.

Prof. Salisbury, of the University of Wisconsin, and formerly in

the service of the United States Geological Survey, was engaged early

in June. He was in the field about two months, and was assisted by

Charlce E. Peer, a student in geology.

Charles W. Coman, Assistant Geologist, spent nearly the whole of

the year in the southern p_t of the State, excepting ihrce weeks in

the summer which were given to a reconnoiesanoe along the Delaware

river in studying the river terraces of that valley.

Irving S. Upson, sO long the efficient clerk of the late Dr. Cook,

has been retained as the financial clerk, and has had charge of the

distribution of the publications from the ofllce at New Brunswick.

C. C. Vermeule, Consulting Engineer and former Topographer of

the Survey, has continued his work in preparing a report on water-

supply and water-power. He has also given some time to the proof-

reading and the revision of the editions of the sheets of the State

Topographic Atia_.
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The United States Geological Survey, in its work in New Jersey,

has had Dr. J. E. Wolff, of Harvard University, in charge of the field

studies of the crystalline schists of the Highlands of the northern

part of the State, under the general direction of Prof. Pnmpelly.
He has had several assistants with him.

Geo. C. Bullock, Alfred A. Cannon and Burton S. Philbrook have

given a part of their time to the work of distribution, under Mr.

Upson_ at the office at New Brunswick.

Hatfield Smith is retained as general assistant. He has given a

part of his time to the work of removal to Trenton.
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UNITED_'ATES GEOLOGICALSURVEYWORK

IN NEW JERSEY.

U N IDT_PDA_MTE_ T _ EFO_ oHoEIO]_T E_R_O_'E y i

WASHt_OTO_r, D. C., December 17th, 1891. .t

Dr..1. C. 8mocl_, 8ta_ 6_eologi*t, Tremon, N. d.:

SIR--In accordance with the arrangement between the State Survey

of New Jersey and the U. S. Geological Survey, for co-operative

work, the U. S. Survey has carried on work upon the crystalline
schists as follows:

The work was placed under the general charge of Prof. R. Pum-

pelly and under the immediate direction of Dr. J. E. Wolff. Prof.

Pumpelly has been for many years in charge of a division having fbr

its field the crystalline rocks of New England, and Dr. Wolff has

been one of his principal assistants. The special assignment of this

work was made for the purpose of giving to the investigation in New

Jersey the advantage of the experience acquired in New England in

the study of similar rocks.

Dr. Wolff has been assisted for various periods by Mr. R. S. Tarr,

Mr. L. G. Westgate, Dr. August F. Foerste and Mr. H. J. Rich-
mond.

The work has been directed to the accomplishment of two general

resulte---first, the discovery of the true classifieation of the formations

making up the crystalline area, and, second, the delineation on the

map of the boundaries of these formations. As the classification is

_.ssential to the mapping, the first of these works might logically be

completed before beginning the second, but it was thought best to do

(Sl)
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as much a_ possible of the preliminary work of classification in such
manner as to filrnish fianl data for areal delineation. Three of the

assistants were therefore employed in the delineation on maps of the

lithologie elements found in the districts assigned to them, marking
their boundaries upon the map in advance of the determination of

their classification and sequence,while Dr. Wolff himself was occu-

pied with the general examination of the formations of the district
and of the continuation of the belt into the State of New York. Dr.

Foerste was sent from point to point to search for fossils to be used

in the identification of metamorphic rock, and thus aid in the classifi-
cation of the formations.

The areas covered by the local detailed work indicated on the

accompanying map, are small, but they do not properly represent the

general progress of the work. As clearer ideas are obtained in regard
to the classification of the formations, the areal work will come to

consist of the tracing of a comparatively small number of boundaries

and will advance much more rapidly.

Yours, with respect,

J. W. POWELL,
Direotor.
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UNITEDSTATESCOASTAND GEODETIC

SURVEYOF NEW JERSEY,
189I.

BY EDWARD A. BOWSER.

In the month of April an observing tower 64 feet high was built
at Colsons; and in June and the first half of July a reeonnoissance

was made for opening vistas through the tree-tops from Colsous to
Taylors, Bridgeton, Burden and Lippineott.

On July 15th this reconnoissance was completed, and the measure-

ments of the horizontal angles at Colsons were begun. While these

measurements progressed, the vistas were cut through the tree-tops on

the lines from Colsons to Bridgeton and Taylor. Many of the trees

on the latter llne were very large and from 90 to 125 feet high.
A careful search was made for the monuments at Lippincott, Burden

and Pine Mount stations, but they could not be found. Signals were

therefore erected at Lippineott and Burden as near the old stations as
we could tell, and observed upon from Colsons.

Granite monuments were set in hydraulic cement, at each of the

stations Colsons_ Bridgeton, Taylor, Kellogg, and Russia, to mark the
center of the station. On September 5th the observations at Colsous

were completed, and the instruments were moved to 1%w Brunswick.

In December the latitudes and longitudes of a number of points

were computed, including Colsons_ Viueland Catholic Seminary,
Clayton Church and Whiglane.

The next stations to be occupied are Taylor, Lippineott and Bridge-

ton, requiring observing towers about 48, 16 and 64 feet high respee-

tively_ and probably a long vista will have to be opened through the
tree-tops on the line Bridgeton-Burden.

If this work is continued this summer_ it is desirable to build the

observing tower at Taylor during April or Juue_ so as to be prepared

3 (33)
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to begin measuring angles at Taylor on July 1st. We should then
determine Lipplncott during the summer of 1892. If there is an
allotment of $400 for the present fiscal year, for New Jersey, the
observing tower at Taylor can be built, and a part of the reconnols-
sance can be made before June 30Lh.
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A PRELIMINARY PAPER

ON DRIFT OR PLEISTOCENEFORMATIONSOF

NEW JERSEY.

BY PROF. R. D. SAL_BURY.

I.

INTRODUCTORY.

The detailedsurveyof the Pleistocene(drift)formationsof New
Jerseywas begunaboutthefirstof Julyofthepastsummer. Itis

thepurposeofthissurveytopreparemaps whichshallrepresentthe
distributionandtherelationof thevarioustypesofdriftformedby
the ice, and by the waters emanating from it, during the glacial or
Pleistoceneperiod.It isalsothepurposeof thesurveytoprepare
mapsshowingthedistributionandrelationsof suchotherformations
usshallbefoundtoexistwithintheStar%whichweremade contem-
poraneouslywiththedrift,or duringany partof thePleistocene
period.

The preparationofsuchmapsinvolvesmuch timeandlabor.No
morethana beginninghasbeenmade. Theirpreparationmakesit
necessarytotraversepracticallythewholeareaof theStatewhich
wasreceivingdeposits,ofwhateversort,duringthePleistoceneperiod.
Itwillinvolvethecarefulstudyof thetopographyof eachsquare
mileoftheterritorymapped,thestudyofthecutsmadeby railways
androadways,thestudyoftheexcavationsmade in theprocessof
building,theconstructionof sewers,thelayingof waterandgas-
pipes,thesinkingof wells,&c. The detailedresultsof thesurvey,
therefore,cannotbeexpiredtobereadyforpublicationbeforemuch
timehasbeengiventothework.
Witheachsectionalmap ofthePleistoceneformationsitisproposed

topublisha descriptivetext,explaininganddescribingthenatureof
thevariousformationsmapped,themethodby whichtheyoriginated,

(35)

NEW JERSEY GEOLOGICAL SURVEY



36 ANNUAL REPORT OF

their relations to each other and to underlying formations, and the
notable changes which they have undergone since their formation.
Along with such descriptions, which will be adequate to the under-
standing of the maps, and of the surface formations of the areas repre-

sented on the maps, there may be suggestions concerning the economic
significance of the formations.

Obligations contracted before this work was undertaken have
limited the time which has thus far been devoted to it. Of the two

months spent in the field, a considerable part was given to a general
reconnoissance of that part of the drift-bearing area adjacent to the
terminal moraine. Some of the general results of this reconnoissance
will be embodied in the general discussion which follows. Others are
of such a nature as not to be available for immediate publication,
though they will be of service in the further prosecution of detailed
work, and were necessary to it.

In addition to the work of reconnoiesance, the detailed study and
mapping of the surface formations has been begun, and has covered
that part of Middlesex county which lies north of the Raritan, most,
of Union county and the southeastern portion of Essex county. Since
the details of a scheme for mapping cannot be definitely fixed in ad-
vance of the work itself, it is probable that some portions of the area
already studied in detail, will need to be reviewed in the light of
facts which were subsequently developed. :For this reason it is
thought advisable not to publish maps for any portion of the State
until a larger area has been studied. This plan will insure better '
results in the end, though delaying the time of the first publication.

Under these circumstances it is deemed advisable to make this

report no more than a general discussion of the drift and of the
Pleistocene formations in general, with especial reference to the phe-
nomena of New Jersey. This report may therefore be regarded as in
some sense a preface to the more detailed reports which will follow,
when the work which must form their basis is completed.

According to the present basis of classification, the Pleistocene period
of geological history began witb the first of the two or more glacial
epochs, during which the body of the drift which covers the northeastern
part of the United States was produced. All the formations laid down
upon the surface of the earth, at whatever point, during the Pleisto-
cene period, are Plelstocene formations. At first thought, this state-
ment of the case seems to give a definite basis for separating the
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formations which belong to the Pleistocene period from those of
earlier date. But a little consideration will make it clear that even so

definite a beginning as the advent of a glacial period might seem to
be, does not remove all difficulty in defining the earlier limit of the

Pleistocene period and of the Pleistocene deposits.
The especial feature of the ice period was an ice-sheet. But the

ice.sheet was not universal, and, at the outset, its proportions were
small. Its starting-point was a snow-field somewhere north of the

eastern part of the United States. From this snow-field, which was

its beginning, the ice-sheet extended itself until it covered the large

drift-bearlng area of North America. Between the date of its incep-

tion and the date of its maximum expansion, there was a long interval
of time.

When the snow-field had been converted into an ice-field, as in
snow regions of to-day, and when the ice had begun to move out from

its center, after the fashion of glaciers of to-day, the Pleistocene period
was well begun in the regiana where the ice existed. But at that time

the ice.sheet bad in no direct way affected New'Jersey, so far as her

geological formations are concerned. We have no knowledge that, at
the time the ice-sheet began its motion in the north, the course of

geological history in New Jersey was anything more than a continu-

ation of that which had preceded. :No new chapter had begun,

though, as the sequel shows, the last one was drawing to a close. The

formations which were being made in :New Jersey at the time the ice
began its motion in Canada, bore none of the marks which the ice-

sheet was impressing upon the deposits which were making further
north. They bore none of-the marks of the Pleistocene formations

which were afterward made in :New Jersey, when the ice had advanced

further south. Shall the formations made in New Jersey while the ice

was still confined to Canada, formations which were not influenced by
ice-action in any direct way, be classed as Pleistocene ?

What is true of :New Jersey is true of a wide range of territory.
The Pleistocene ice-sheet had an earlier existence in Canada than in

the United States. :Did the Pleistocene period begin with the begin-

ning of the ice-shset in Canada, or is it to be regarded as beginning in
any region when the influence of the lee-epoch first made itself felt in

the onguings of geological history in that region?

Again, there were large areas which were never covered by the ice,

and whose formations, accumulated during the time when the ice existed
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furthernorth,do notappearto havebeeninfluencedthereby. They

were made duringPleistocenetime,asreckonedfortheregionfurther

north.But ifthePleistoceneperiodbeganatdifferenttimesindiffer-

entportionsof theregionsultimatelycoveredby theice-sheet,and if

itistheredifficultto determinejustwhen itbegan,itisyetmore

difficulttosay,inregionsnever invadedby theiceand not directly

influencedby it,when thePleistocenebegan. Itisdifficulttodeter-

mine the time relationsof formationswhich haveno community of

origin,and inwhich,or inone of which,fossilsarenot present.It

isextremelydifficult,when_in addition,they are so situatedas to

sustainno stratigraphiealrelationtoeachother. From theseconsid-
erationsitwillbe seenthatthedivisionbetweenPleistoceneand Pre-

pleistoceneisnotsosimpleasitfirstseemed. Leavingtheinteresting

questionswhich hereariseconcerningtheexactpointoftimeatwhich

the Pleistocenebegan,itwillbeagreedthatwhen the formationsof

New Jersey,or any otherregion,began to be directlyinfluencedby

theconditionsoftheice-epoch,thePleistocenehistoryofsucharegion

was begun.
There isno evidencenow in hand which indicatesthaticeever

invadedsouthernNew Jersey. But itcannotbe doubtedthatgeo-

logicalhistorywas thereinprogresswhilethe icelayfurthernorth.

Such depositsaswere thenmaking "insouthernNew Jerseywere of

Pleistoceneage_and itisthe businessof the geologisttodetermine,

ifpossible_the extentof such formations,and themanner inwhich

theywereformed.

Itmay notbeoutofplacetoremarkthatthedifficultyencountered

inattemptingtodraw thelineofdivisionbetweenthePleistoceneand

Pre-pleistocene formations is no greater than that encountered in the

case of many other formations. The Pre-pleistocene formations graded

into the Pleistocene. There is not everywhere a sharp break between
them. The division between geological periods, in general, is of the

same character. It is not always, or generally, the sharp llne which

it is popularly thought to be.

The Pleistocene formations of New Jersey embrace at least all
which were made by the ice in the northern part of the State, and all

which were made contemporaneously by water further south, whether

the depositing water arose from the melting of the ice, or whether it

was sea-water invading the territory now above its level. It is the

purpose of the survey to determine the nature and extent of the vari-
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ous classes of deposits made by different agencies during the Pleisto-
cene period, and to delineate them upon the maps. If there be
portions of the State, as may well be, where deposition was not taking
place during Pleistocene time, such areas would not appear upon maps
showing the Pleistocene formations only. The value of such study
and mapping is manifold. They will have an important bearing
upon various questions which are of universal interest.

The availability of laud for building sites is a matter of the first
importance to a State situated as New Jersey is. Already consider-
able areas, especially in the northeastern part of the State, have been
made use of for this purpose, and the future is sure to show still fur-
ther development in this direction. The availability of land for
building sites is dependent, to no inconsiderable extent, on the nature
of the surface formations. The nature of the subsoil, to the depth
reached by the foundations of buildings, by sewers, by water and gas-
pipes, is a matter which receives attention wherever new sites are
sought for building purposes. The local water-supply, as well as
surface-drainage, is often influenced, in kind and quantity, by the
depth and character of the surface formations, and no town or resi-
dence site is wisely selected without consideration of these questions.

Again, the surface formations influence, and often largely deter°
mine, the cost of constructing and maintaining good roads. The
surface formations, too, influence and often determine, not only the
nature and the character of the native vegetation available for orna-
mental purposes, but also the character of that which can be made to
flourish by cultivation. These considerations cannot but have an

influence,and sometimes a deciding influence, in determining the areas
likely to be chosen for residence purposes. These are considerations
which are of especial importance in the territory tributary to the great
metropolis. They are considerations which will receive more atten-
tion in the future than they have received in the past.

The value of land for agricultural purposes, as well as for all other
purposes to which land is put, is mainly dependent, apart from con-
siderations of climate, on the character of the soil and subsoil. In a

general way, this will be shown by the Pleistocene maps, which will
therefbra be directly serviceable to the agricultural interest of the
State. The value of maps of the surface formations for agricultural
purposes is much greater than may at first thought appear. It is
probable that progress in agricultural pursuits, in the immediate
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future, will be greater than at any time in the past. In this progress,
the knowledge which is to be its basis will be the results of experi-
ments among agriculturists. Experiments which prove to be suc-

cessful in one area, on a given kind of soil, will be likely to prove
successful in other regions where the soll is similar. The Pleistocene

maps will not be soil maps primarily, but they will so far indicate
the general character of the soll and subsoil, in indicating the geo-
logical formations that form them, that it will be possible to make
intelligent inferences concerning the areal limits within which the
successful results of experience in one region are likely to be profit-
ably extended. The results in this llne, which it is possible to reach
by the intelligent use of geological data, have never yet been adequately
tested, but it seems reasonable to suppose that they may be very
considerable.

The scientific and educational results which will follow, directly
and indirectly, from the prosecution of the work, if it be well done,
will be great, and will possess an interest and a value which will not
be bounded by the confines of the State. New Jersey has the honor
of being the first State to attempt a detailed mapping of its surface
formation.

II.

AN OUTLINE OF THE PLEISTOCENE (DRIFT) FOR_ATIONS OF

NEW JEP_EY.

The Nature of the Drift.

The northern part of New Jersey is covered by a mantle of clay,
sand, gravel and bowlders. These various materials may be con-
fusedly mingled, or they may be more or less distinctly arranged in
layers, one above another. Any one of the above classes of material

may predominate over the others to any extent, or all may be asso-
ciated in approximately equal proportions. This aggregation of sur-
face material is called drift.

The thickness of the drift varies greatly. In some places it is so
thin that the underlying rock is frequently exposed. Much more
commonly it is so thick that the rock upon which it rests is exposed
only where deep excavations have been made by natural or human
agencies. In still other regions the covering of drift is so massive
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that even deep wells fail to penetrate it to its base. These variations
in thickness may be great within short distances. It frequently
happens that one hill has barely drift enough to cover the rock, while
the next adjacent hill may be essentially composed of drift. The
drift may be thin on the hills, while it is deep in adjacent valleys, or
the reverse may be the case. Thicknesses of drift varying from

nothing to 100 feet may occur within a single square mile, or even
within narrower limits. Within the city of _ewark, for example,

quarries show but a few feet of drift, overlying the rock at certain
points, while at others, according to data derived from well-borings,
the drift appears to have a thickness of 200 feet or more. While
these variations in the thickness of the drift characterize certain

regions, they are not universal. Over large areas its thickness may
be nearly uniform. In such eases the depth of drift may be great or
small.

In the early days of geology this surface material, which often
effectually conceals the rock beneath, was commonly regarded as an
obstacle to the study of the underlying formations, which were looked
upon as the proper field for geological investigations. So long as
this view concerning it prevailed, the drift received little attention.
But within recent years it has become the object of critical investiga-
tion, and there is perhaps no department of geology which is now
attracting a larger measure of popular and scientific attention, and no
department which has yielded, and is yielding, more important results.

It was long since recognized that the materials of the drift did not
originate where they now lie, and that, in consequence, they sustain no
genetic relationship to the strata which they overspread. Long be-
fore the drift received special attention at the hands of geologists, it
was well known that it had been transported from some other loca!ity
to that where it now occurs. The early conception was that this
material had been drifted into its present position from some outside
source by water. Hence it was designated "drift." There are con-
elusive reasons for believing that water was not the transporting
agency, but the term "drift" is still retained. To clearly understand
the origin of the drift, and the method by which it came to 'be where
it is, it may be well to consider some elementary facts concerning
climate in its geological relationships, even at the risk of repeating
what is already familiar.
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The .Formatlon and Movements of Glaeier Ice.

The temperature and the snowfall of a given region may stand in

such a relationship to each other that the summer's heat may barely suf-
fice to melt the winter's snows. If under these circumstances the an-

nual temperature were to be reduced, or the fall &snow increased, the

summer's heat would fall to melt the winter's snows, and some portion

of the snowfall would endure through the summer, and through suc-
cessive summers, and constitute a perennial snow-field. Were this

process once inaugurated, the depth of the snow would increase from
year to year. The area of the snow-field would extend itself at the

same time, since the snow-field would so far reduce the temperature
of the surrounding territory as to increase the proportion of the annual

precipitation which would there fall as snow. In the course of time,
and under favorable conditions, the area of the snow-field would attain

great dimensions, and the depth of the snow would become very great.

As in the case of snow-fields of to-day, the lower part of the snow-
mass Would eventually be converted into ice. Two factors would

be effective in accomplishing this result. 1. The pressure of the over-

lying snow would tend to compact the lower portions of the snow into

ice. 2. "Water, arising from the melting of the surface snow by the
sun's heat, would percolate through the superficial layers of the snow,

and, freezing below, would take the form of ice. By these means the

snow-field becomes an ice-field, the snow being restricted to its super-
ficial parts.

Eventually the increase in the depth of the snow will give rise to

new phenomena. Let us suppose that, in the ease of a given snow-

field, the depth of snow or ice is greatest at its center, and that its

thickness gradually diminishes toward its edges. The field of snow,
if resting on a level bas% would have some such form as that repre-

sented in the diagram.

_ig. 1.

¢J, h. l_.¥t!l rtl_k -llrrac , q_n_ h[ch thO _IlOW _,lld |C_ acctlmulat_ ; e_ the snow and ice
aevumulated On the rock stlrfaco.

When the thickness of the ice has become considerable it is evident

that the pressure upon its lower parts will be great. We are wont to
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think of ice as a brittle solid. If in its place we had some slightly
plastic body, which would yield to pressure, it is evident that the
weight of the overlying portions would preSs out the lower parts of
the mass, and that these would extend themselveS in all directions by
a sort of flowing motion.

Under great pressure many substances which otherwise appear to
be solid exhibit the characteristics of plastic bodies. Among the
substances exhibiting this property ice is perhaps best known. Brittle
and resistant as it seems, it may be moulded into almost any desired
form if subjeeted to sufficient pressure, steadily applied through long
intervals of time. The changes of form which may thus be produced
in ice are brought about without visible fraeturee in its mass. Con-
cerning the exact nature of the movement which takes place between
the particleS of ice there may be some queStion, but the result appears
to be just sueh as might be brought about if the ice were capable of
flowing, with extreme slowneSs, under great pressure continuously
applied.

In the ice-field supposed we have the conditions for great preSsure
and for its continuous application. If the ice be capable of motion,
asa plasticbody,theresultwouldbe thatthegreatweightofice,
pressingdown uponthelowerpartsoftheice-fie[d,would inducea
gradualmovementoftheiceoutwardfromthecenterof thefield,
so thatareassurroundingtheregionof snow accumulationwould
graduallybeencroacheduponby thespreadingof theice.Observa-
tionshowsthatthisiswhat takesplacein everysnow-fieldofsuf-
ficientlygreatextentand depth. Motionthusbroughtaboutis
glaciermotion,andicethusmovingisglacierice.
Two factorswould determinethe limitto whichtheicewould

extenditself:I.The rateat whichitadvances,and2.The rateat
whichtheadvancingedgeiswasted.The'rateofadvancewould
dependupon severalconditions,oneof which,inallcases,wouldbe
theamountofpressureof theice-masswhichstartedand whichper-
petuatesthe motion. If thepreSsurebe increased,theicewill
advancemore rapidly.I_fthe iceadvancemore rapidly,itwill
advancefurtherbeforeitismelted.Otherthingsremainingcon-
stunt,therefore,increaseof pressurewillcausetheice-sheettoextend
itselffurtherfromthecenterof motion.Increaseof snowfallwill

increasethepreSsureofthesnow-andice-fieldbyincreasingitsmass.
If,thereforejtheprecipitationoveragivensnow-fieldbeincreasedfor
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a period of years, the ice-sheet's marginal motion will be accelerated

and its area enlarged. A decrease of precipitation, taken in connec-
tion with unchanged wastage, would decrease the pressure of the ice

and retard its movement. If, while the rate of advance diminished,

the rate of wastage remained constant, the edge of the ice would

recede, and the snow- and ice-field would be contracted.

The rate at which the edge of the advancing ice will he wasted
will depend largely upon the climate. If_ while the rate of advance

remains constant, the climate becomes warmer, the melting will be

more rapid, and the ratio between melting and advance will be increased.

The edge of the ice will therefore recede. The same result will follow,

if, while temperature remains constant, the atmosphere becomes drier,

since this will increase the wastage of the ice by evaporation.
Were the climate to become warmer and drier at the same time, the

rate of recession of the ice would be greater than if but one of these

changes occurred.

If, on the other hand, the temperature over and about the ice.field

be lowered, melting will be diminished, and if the rate of flowage be

constant, the edge of the ice will advance further than under the
earlier condition of temperature, since it has more time to advance

before it is melted. An increase in the humidity of the atm(>sphere,

while the temperature remains constant, will produce the same result,
since increased humidity of the atmosphere diminishes evaporation.

A decrease of temperature decreasing the melting, and an increase in

humidity decreasing the evaporation, would cause the ice to advance
farther than either change alone would do, since by both changes

wastage is diminished.

If, at the same time that conditions so change as to increase the

rate of movement of the ice, the climatic coj_ditions so change as to

reduce the rate of wastage, the advance of the ice before it is melted

will be greater than when only one set of coadition_ is altered. If,

instead of favoring advance, the two series of conditions conspire'to
cause the ice to recede, the recession will_ likewis% be greater than
when but one set of conditions is favorable thereto.

Greenland affords an example of the conditions here described. A

large part of the half million square miles which this body of land
is estimated to contain, is covered by a vast sheet of snow and ice,
hundreds and thousands of feet in thickness. In this field of ice

and snow there is a continuous, though very slow movement. The
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ice creeps slowly out from the heart of the icy continent, by a sort of

flowing motion, and advances to the south and east and west until it
reaches territory where the climate is such as to waste (melt and

evaporate) the ice as rapidly as it advances. The edge of the ice

does not remain fixed in position. There is reason to believe that it

alternately advances and retreats, according as the ratio between flow
and waste increases or decreases. These oscillations in position are

doubtless connected with climatic changes. When the ice edge retreats

this may be because the rate of ice wastage is increased', or because
the snowfall is decreased. Increased wastage may accompany in-

creased precipitation, when the recession will be greater than when

but one of the two is operating. In any case when the ice recedes
from the coast, it recedes until its edge reaches a position where the

melting is less rapid than in its former position, and where the ad-
vance is exactly counterbalanced by the wastage. This represents a

condition of equilibrium so far as the edge of the ice is concerned,

and here the edge of the ice will remain stationary so long as the con-

ditions are unchanged.
When for a period of years the rate of melting of the ice is dimi¥-

ished or the snowfall increased, or both, the ice edge advaneee to a

new llne where melting is more rapid than at its former edge. The

edge of the ice will ultimately reach a position where waste and ad-
vance balance each other, and here its advance will cease, and here

the edge of the ice will remain so long as climatic conditions remain
unchanged. If the conditions determining melting and flowage be
continually changing, the ice'edge will not find a position of equili-

brium, but will advance when conditions arc favorable for advance,
and will retreat when the conditions for advance are reversed.

Not only the edge of the ice in Greenland, but the ends of existing

mountain glaciers as well, are subject to these fluctuations, and are

delicate indicators of changes of climate in the ice regions where they
occur.

TAe Work .E.fected by Glacier Ice.

As the edge of an ice-sheet, or as the end of a glacier, retreats, the

land which it has previously covered is laid bare, and the effects

which the passage of the ice has had may be seen. Some e_isting

glaciers and ice-fields are now diminishing in size, and are therefore
surrounded by areas which they recently occupied. In some eases
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one may actually go hack under the ice now in motion, and see its
methodof work and theresultsitisaceompllshlog.The bedsof
livingglaciersand bedswhichtheyhavebutrecentlyabandoned,are

foundtopresentidenticalfeatures.Becauseof theirgreateraccessi-
bility,thelatterofferthebetterfacilitiesfordeterminingtheelrecte
ofglaciation.

The conspicuousphenomenaof abandonedglacier-bedsfallinto
twoclasses: I.Thosewhichpertaintothebed-rockoverwhichthe
icemovsd,z_d2.Thosewhichpertaintothedepositsofloosedebris
made by theice.

1. Effects of the ice on the bed-rock.--The leading features of the
rock-bed over which glacier ice has moved, are easily recognized.
Its surface is generally smoothed and pglished, and frequently
marked by lines (stri_e) or grooves, parallel to one another. An'
examination of the under surface of a living glacier, such as may be
made from many a subglacial ios-eave, discloses the method by
which the polishing and scouring are accomplished. The lower sur-
face of the ice is seen to be thickly set with a quantity of clay, sand,
and stony material of all grades of coarseness and fineness. Still
more of the came material is pushed along beneath the ice. These
earthy and stony materials in the lower portion of the ice, and
beneath it, are the tools with which it works.
Thus rock-shod,theglaciericemoves slowlyforward,resting

down upon thesurfacesoverwhichitpasses,withthewholeweight
of itsmass. The grindingactionbetweenthestonylayerat the
baseof theiceand therock-bedoverwhich theglaciermovesis
mostpowerful.Ifthematerialforcedalongoverthesurfaceof the
rock,underthepressureof theice,befine,likeclay,therock.bedis
polished.Ifcoarsermateriais,harderthanthebed-rock,bemingled
withthefine,therock-bedof theglacierwillbestriatedaswellas
polished.Ifbowldersexistbeneaththeice,orinitsbase,thesemay
cutgroovesor gougesin theunderlyingrock. The groovesmay

subsequentlybe polishedby thepassageof clayoverand through
them,underthepressureoftheice.

All these phases of rock wear may be seen beneath glaciers, where
circumstances are favorable for observation, and about the termini of
receding glaciers, on territory which they have but recently aban-
doned. There can thus be no possible doubt as to the origin of the
polishing, planing and scouring.
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There are other peculiarities less easily defined, which characterize
the surface of glaciers' beds. The wear effected by the ice is not con-
fined to a mere marking of the surface over which it passes. If
prominences of rock exist in the path of glaciers, as is often the case,
such obstacles oppose great resistance to the movement of the ice, and
receive a corresponding measure of abrasion from it. They receive
their greatest wear on the sides which oppose the current. Because
the ice is so slightly viscous, it will not rest on the lee side of a
prominence with the same pressure as upon the opposite (" stoss")
side. That side of an obstacle, as a hill, which faces the direction in
which the glacier is moving, will therefore suffer most wear. All
roughn_ses of surface and all projecting angles will be pressed upon
with especial force, and in the course of time they will be worn or
broken off. In time, rock prominences overridden by the ice will
come to have not merely polished and striated surfaces, but rounded
forms, exhibiting most wear on the sides which front the motion of
the ice. Even the minor rugosities of a glacier's bed will suffer wear
in a similar manner, and, until entirely effaced, will present si_ailar
forms.

Fig. 2.

Form of hill after it has been worn by the Ice. The movement of the ice wu
lromatob, a Is the "stoss" side.

So distinctive are the striations and plaoations accomplished by
glacier ice, and so characteristic the topographic forms it produces,
that, once they are familiar, they become the means by which the
former extension of glaciers may be measured, and by which the
former existence of glaciers, in areas now altogether free from them,
may be demonstrated.

2. Cfiaracteristies of glacial dHfl.--When the ice of any given
glacier began its motion, it did not carry the stony and earthy
materials that may be observed in the basal parts of glaciers which
have advanced some distance from their source. The materials carried

in the lower part of the ice and pushed along beneath it, have been
derived from the soil and rock over which the ice has moved. When

the ice melts, these materials are left as an irregular covering on the

--J
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bed-rock over which it earlier passed. This covering represents the

material which the ice gathered in its course, and carried in the direc-

tion of its movement. Its position marks the spot where the power

of the ice for further transport failed. When the ice has disappeared,

the whole surface previously occupied by it may be strewn with ice-
transported debris. This material is known as glacial drift. From

the method by which it has been gathered it is evident that it may

contain fragments of rock of every variety which occurs along the

course of the path followed by the ice. If the course of the glacier
has been a long one, or if there be frequent changes in the character

of the rock constituting its bed, the variety of materials in the drir%

may be great. The heterogeneity of the drift arising from the
diverse nature of the rocks which contribute to it may be caUed

lithologlcal heterogeneity--a term which implies the commingling o[
materials derived from rock formations of different characters. Thus,

it is common to find large and small fragments of shale, sandstone,
limestone, grauitej gneiss, schist, trap, &o., intimately commingled in

the tlrift, wherever the ice which produced it passed over forma-

tions of the_e several rocks. Lithological heterogeneity is one of the
notable characteristics of glacial formations.

Besides lithological heterogeneity, there is a physical heterogeneity,

which owes its origin to the mechanical action of the ice. As first gath-
ered from the bed of the moving ice, some of the materials are fine and
some are coarse. The action of the ice in all cases is to reduce its

underload to a still finer state. Some of the softer materials, as soft

shale, may be crushed or ground to a powder. This constitutes what
is known in common parlance as clay ; not such day as is used for the

manufacture of pottery, but such as constitutes many of our clayey

subsoils. Clayey material is likewise produced by the grinding action

of ice-carried bowlders upon the rock-bed, and upon each other, when

they are too resistant to be reduced bodily to the physical condition of
clay. Other materials, such as soft sandstone, may be reduced to the

physical condition of sand, instead of clay, and from sand to bowlders

all grades of coarseness and fineness are represented in the glacial
drift.

Since the ice does not assort the material which it carries, as water

does, the clay and sand and gravel and bowlders will not, by the

action of the ice, be separated from one another. As left by the ice,

these physically heterogeneous materials are confusedly commingled.
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The finer parts constitute a matrix in which the coarser are imbedded.
Physical heterogeneity, therefore, is another characteristic of glacial
drift. It is not to be understood that the proportions of these various
physical elements, clay, sand, gravel, and bowlders, are at all constant.
Locally, any one of these physical elements may be more abundant
than the others, may even so far predominate as to nearly or quite
exclude some or all of them. (See Plates I. and II.)

Since lithological and physical heterogeneity are characteristics of
glacial drift, they constitute, together, a feature which is often of ser-
vice in distinguishing glacial drift from other surface formations. It
follows that this double heterogeneity constitutes a feature which can
be utilized in determining the former extension of existing glaciers,
as well as the former existence of glaciers where glaciers do not now
exist.

Another characteristic of glacial drift, and one which clearly dis-
tinguishes it from all other formations with which it might be con-
founded, is easily understood from its method of formation. If the
ice in its motion holds down rock debris upon the rock surface over
which it passes, with such pressure as to polish and striate such sur-
face, the material thus used as a tool will itself suffer wear, comparable
to that whieh it inflicts on the surface over which it passes. Thus.
the stones, large and small, of glacial drift, will be smoothed and
striated. This sort of wear on the transported blocks of rock, is
effected both by the bed-rock reacting on the bowlders transported
over it, and by bowlders acting on each other in and under the ice.
The wear of bowlders by bowlders is efl[ectedwherever adjacent ones
are carried along at different rates. Since the rate of motion of the

ice is different in different parts of the glacier, the mutual abrasion of
transported materials is a process constantly in operation. A large
proportion of the transported stone .and blocks of rock may thus
eventually become striated.

From the nature of the wear to which the stones are subjected when
carried in the base of the "ice or beneath it, it is easy to understand
that their shapes must be different from those of water-worn materials.
The latter are rolled over and over, and thus lose all their angles and
assume a more or lees rounded form. The former, held more or less
firmly in the ice or beneath it, and pressed against the underlying
rock or rock debris while they are carried slowly forward, have their
faces planed and striated. The planation and striation of a stone need

4
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not be confined to its under side. On either side or above it other

stones, moving at different rates, are made to abrade it, so that its top
and sides may be planed and scored. If the ice-carried stones shift

their positions, as they may under various circumstances, new faces

will be worn. The new face thus planed off may meet those which
already existed at sharp angles, altogether unlike anything which

water-wear is capable of producing. The stone thus acted upon

shows a surface bounded by planes and more or less beveled, instead

of a rounded surface such as water-wear produces. We find, then, in
the shape of the bowlders and smaller stones of the drift, and in the

markings upon their surfaces, additional criteria for the identification

of glacier drift.

Fi_. 3.

llh_tratlng forms of glaciated stone. "£hc sub-angularity, and In some csacs even the sharp
angularity, dlsSngulsh these pebbles from those worn by water. The smoothuess of some of
the flat surfacer is no less characteristic than the forms Of the pebbles.

Of the specific features which have been enumerated as characteriz-

ing territory over which ice has passed, but which it has now

abandoned, viz., (1) the lithological and (2) the physical heterogeneity

of the surface material ; (3) the shape of and (4) the markings on the
stone which constitute one element of the surface deposits; (5) the

smoothing and striating of the bed-rook beneath the same, and (6)

the form of the underlying rock-prominences (certain ones alone) may,

under proper circumstances, be sufficient to demonstrate the former

presence of ice. But it generally happens that where one of these
marks is found some or all of the others accompany it, and in such
cases the evidence of former ice occupancy is overwhelming.

Taken singly, the individual phenomena noted above may be

imitated by the work of other agencies. There are other agents than
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glacier ice which may striate bed_rock, and bowlders as well. In
special cases stri_e produced by other means may closely simulate

those made by glaciers, though the difference may generally be detected
without difficulty by discriminating observation. So, too, confused

deposits of materials of varying degrees of coarseness and fineness

may be made by other agencies than glaciers. But such deposits
will lack the other associated marks which characterize glacier forma-
tions.

The markings on the rock which once constituted a glacier's bed ;
the form or topography of its prominences ; the heterogeneity, both

lithologieal and physical, of its deposits ; the striation and form of
the ice-transported materials, taken together, constitute a volume of

testimony whose meaning cannot be mistaken. Where these several
features co-exist it may safely be concluded that glaciers have existed.

Conversely, where glaciers have existed, some or all these features

will testify to their former presence. This being true, it becomes

possible to determine, as in Switzerland and Norway, how far existing

glaciers have receded in recent times. It becomes possible also to
determine the former existence of ice, wherever it has acted with force

in recent geological times, even though no glaciers remain. The

qualification as to time is to be constantly borne in mind, for in the

course of the ages even the most distinct signs of glaciation may be

obliterated. The winds and frosts, the rains and streams, working
conjointly, may destroy the polished surfaces of the rock and the

smooth contours of its hills. They may destroy the physical

heterogeneity of the drift by reducing it all to fineness, or they may
carry it away to some new resting place, destroying its distinctively

glacial marks in the process.

The foregoing are not the only marks of abandoned glacier-beds.

They arc but the simplest and most easily-applicable criteria. There

arc other marks of glaciation, some of which are less susceptible of

brief statement, and some of which are of less universal application.

The foregoing arc sufficient for our present purpose.

.CRITERIA OF GLACIATION APPLIED TO NEW JERSEY AND ADJACENT

TERRITORY.

Northern New Jerseypresentsallthe phenomena heredescribed.

At many places within the Highland region of the State, the surface
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of the rock shows planation and striation, identical, in all essential

respects, with the planation and striation produced by the moving ice-
sheets and glaciers of to-day, and the rock-hills'frequently show the

peculiar form which is characteristic of ice-wear. Overlying these
worn and polished surfaces of rock_ there is"the formation of drift,

lithologieally and physically heterogeneous, composed in part of mate-

rials transported from other and distant regions to that in which they
now occur. The reck masses, great and small, of which the drift is

largely made up, frequently possess the forms and the surface mark-

ings which characterize the materials deposited by glaciers at the
present time. In many cases, the direction whence the bowlders have

come is known, and the direction of transport corresponds with the

direction of stri_e upon the bed-rcok. These phenomena, as well as
many others scarcely less conclusiv% leave little room for doubt,

that the region where they occur has been at some time covered by
glacier ice.

The phenomena of New Jersey do not stand alone. They are
similar to those of s very large area in the northeastern portion of the

United States. Over the whole of the area where these phenomena
occur it is believed that glacier ice once extended. To have covered

so wide an area, including mountains and highlands, aSo well as
valleys, the ice must have had such an areal extent that it is common

to speak of it as a continental ice-sheet, rather than as a glacier_ com-
parable to those of mountain valleys at the present time.

In New Jersey the direction of movement of this ice-sheet, as

shown by the stri_e, by the contours of the rock-hills, and by the
direction in which the material has been transported, was cast of

south. Locally, the direction of ice movement departed from the

general direction here indicated. Such variations appear to have been

the result of local topographic influences. In New England the
direction of movement departs still further from the meridional

line. West of New Jersey the movement of the ice was at first

more nearly to the south, while in the interior of the continent it was,
in general, somewhat west of south.

If these varying directions of movement be followed back toward

their source, they seem to radiate from an area north of the eastern

portion of the United States. From an area in this part of the con-

tinent which seemed to serve as a center of dispersal, the ice moved to

the southeast, south and southwest, as shown by the phenomena of
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stripy and transportation in the United States. The phenomena of the

region further to the north show that there were also movements in

other directions from this general center of distribution, but it is not

to our purpose to enter into details concerning them.

SUMMARY STATEMENT OF THE DEVELOPMENT AND MOVEMENTS

OF THE NORTH AMERICAN ICE-SHEET AND THE

WORK WHICH IT ACCOMPLISHED.

The Area of the Ice-Shed.

In an area north of the eastern part of the United States it is be-

lieved that an lee-sheet similar to that which now covers Greenland,

accumulated in time past, From this area as a center, it spread in

all directions, urged forward by the pressure of the ice and snow

within the area of accumulation. From the Canadian territory the

ice invaded the territory of the United States, and overspread nearly
the whole of New York and considerable portions of New Jersey and

Pennsylvania. To the east, New England was buried by the ice.

To the west, its southern extension was still greater. It crossed the

Ohio river in the vicinity of Cincinnati, and pushed out upon the
uplands a few miles south of the river valley. Farther west, its

margin lay in southern Indiana, and reached nearly to the southern

point of Illinois. "West of the M_ssissippi, the line which marks the

limit of its advance curves to the northward, and follows, in a general
way, the course of the Missouri river.

The total area of the North American lee.sheet, at the time of its

maximum expansion, has been estimated to be something like

4,000,000 square miles, and about thirteen times as large as the esti-

mated area of the snow-field of Greenland at the present day. To
have afforded the pressure requisite to such extensive movement, the

ice must have possessed a thickness of many thousand feet at its
center.

The Mobility of the Ice.

To a clear understanding of the work accomplished by glaciers,
and espccia]ly of the formations made by them, definite conceptions
of the nature and melhod of ice movement, and of the work which

this movement effects, are necessary. The nearly-universal notion of
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the rigidity of ice, based on the phenomena of ice as ordinarily seen,
is likely to lead to erroneous conceptions concerning the work of
glaciers and ice-sheets.

It belongs to viscous bodies, when in motion, to adapt themselves
to the irregularities of form of the channels or beds over which they
move. The degree of adaptation will depend primarily upon the
degree of mobility of the plastic body. It belongs to rigid bodies in
motion over irregular surfaces to adapt their beds to themselves.
Their tendency is to plane off such irregularities of surface as they
meet. An obstacle which opposes a perfectly-rigid body will either
stop it altogether, or will be overcome by it.

Between viscous and rigid bodies there is no sharp line to be drawn.
The terms arc relative. There are all degrees of rigidity and viscosity,

and the substance which, under one set of conditions, seems to be per-
fectly rigid, may show itself to be viscous when conditions are sum-.
ciently changed. The same body or substance may exhibit different
degrees of viscosity under diiterent circumstances. Such substances`
as tar, whose viscosity varies with temperature, are familiar illustra-

tions. A viscous body with but a slight degree of internal mobility
may so far approach rigidity that, when in motion, it exerts great
pressure against any opposing body, and is reacted upon by it, in turn,
with great force before its particles move upon each other in such wise
as to reveal its viscosity. Moving bodies of viscous nature exert their
greatest pressure against that side of an opposing object which faces
the direction of their motion--that is, the struck, or "stess" side.
The disparity between the force exerted on this and other sides of
the oplxxsing body increases as the viscous body approaches rigidity.

In spite of its seemingly solid and britth character, ice is viscous,
or at any rate behaves as a viscous body when under great pressure.
The degree of mobility of its particles is so slight, that ice in the form
of a glacier does not readily yield to opposing obstacles, and, unless
they be very resistant, may overcome them. If they be eufficientiy
resistant, however, and if the pressure behind the moving ice be
powerful enough, it will move over or around them. Bat so grudg-
ingly does the moving ice yield its right of way, and so reluctantly
does it conform to irregularities in its path, that prominences are
likely to suffer great abrasionfrom the passageof the ice. Ice appears
to yield more readily uader certain circumstances than under others.
Glaciers move more freely in summer than in winter. Whether this.
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is the result of increased mobility of the lee itself, or the effect of the
greater amount of water contained in the ice, and produced by its
melting, or whether it is the result of beth these conditions, is an open
question. Certainly the ice seems to have acted with much greater
rigidity in some places than in others. This apparent difference is
doubtless due in par_ to the differences in the amount of resistance

opposed. It may also be due in part to variatious in the mobility of
the ice itself.

The Preglacial Land Surface.

Before the time of the ice invasion, the surface which it over-

spread had long been exposed to the common processes of degrada-
tion. It had been cut into valleys and ridges by the streams, and the
ridges had been further dissected into hills. It is certain that its topog-
raphy was comparable to that of many regions now known to us,
over which the ice did not spread.

The characteristic features of a topography fashioned by running
water are such as to mark it clearly from surfaces fashioned by other

agencies. Rivers end at the sea (or in lakes). Generally speaking,
every point at the bottom of a river's valley is higher than any other
point in the bottom of the same valley nearer the sea, and lower than
any other point correspondingly situated further from the sea. This
follows from the fact that rivers make their own valleys for the most

part_ and a river's course is necessarily downward. This statement
does not take into account the minor roughnessss of a stream's
channel, or the lakes which.may occur in its course. Such excep-
tions are so slight, or so rare, as not to merit consideration here. In
a region of erosion topography the main valleys lead directly down
to the sea. Tributary valleys lead down to their mains, and secondary
tributaries lead down to the first, and so on. Or to state the same
thing in reverse order, in every region where the surface configura-
tion has been determined by rain and river erosion, every gully and
every ravine descends to a valley. The smaller valleys descend to
larger and lower ones, which in turn descend to those still larger and
lower. The lowest valley of a system ends at the sea, so that the
valley which joins the sea is the last member of the series of erosion
chanuelsj of which the ravines and gullies are the first. It will.thus
be seen that all depressions in the surface, worn out by rivers_ lead
down to lower ones. The surface of a region sculptured by rivers is
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therefore marked by deeper and shallower valleys and intervening
ridges and hills, the slopes of which descend to the valleys. It fol-

lows that the surface is well drained. Ponds and lakes, as well as
basln-like depressions without water, are absent or rare. The surface

of the driftless area of southwestern Wisconsin, an area surrounded

by the ice, but not covered by it, is a good illustration of the surface

configuration developed by rain and running water. Other regions

altogether beyond the limit of ice advance present the same general
features. Such was the surface configuration of the drift-covered

region in general, and of northern New Jersey in particular, before

the ice invaded it. The details of its topography had been deter-
mined by river erosion.

The preglacial surface, characterized by hills and valleys, was

doubtless overspread to a depth of several feet by a mantle of soil and

earth which had resulted from the decomposition of underlying rock.

This earthy msterial doubtless contained fragments and even large

masses of rock like that beneath. These fragments and messes had
escaped disintegration because of their greater resistance, while the

surrounding rock had been destroyed. Such masses of rock charac-

terize most soils and surface earths arising from the decomposition of
underlying rock.

_|g. 4.

Diagram lllll_tr_l[ng the relation of rock to the overlying soil derived by decomposition
from it. The' upI,er surface of the rock Is irregtdar and much decomposed, and the overlying
earl_', li1]_ aE the crack_.

The topography and the surface mantle of earth above noted, are

the superficial features which characterize, in general, the territory out-

side the limit of ice advance, although they are less clearly illustrated
in much of the extra-drift territory of New Jersey than in most other
parts of the United States. The driftless area of Wisconsin shows

the typical characteristics of a non-glaciated region with respect to
snrface soils, as well as surface configuration. From this and other

areas we learn that it was a region of hills and valleys, the details of

whose topography had been developed by streams, and whose surface

was covered by a shallow layer of soil and residuary earth, that the
ice invaded.
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Glacial Modification of the Pregladal Surfaes by Abrasion.

As the ice advanced, seemingly morerigid when it encountered yield-
ing bodies, and more viscous when it encountered resistant ones, it
denuded the surface of the land of its loose and movable materials,

and carried them along beneath itself or imbedded in its basal portions.
This accumulation of earthy and stony material beneath the ice and

in its basal portions, gave it a rough and grinding lower surface, which
enabled it to abrade the surface over which it passed much more
powerfully than the ice alone could have done.

Every hill and every mound which the ice encountered contested
its advance. Every sufficiently resistant elevation compelled the ice
to pa_aaround or over it. But even in these eases the ice left its marks
upon the surface to which it yielded. The powerful pressure of pure
ice, which is relatively soft, upon strong, firm hills of rock, which are
relatively hard, would be likely to effect little. The hills would wear
the ice, but the effect of the ice on the hills would be slight. Bat
when the ice is shod with earthy and stony debris derived from the
rock itself, and therefore equally hard, the case is very different.
Under thes6conditions the ice, yielding only under great pressure and
as little as may be_ rubs its rock-shod base over every opposing sur-
face, and with greatest severity where it meets with greatest resistance.
Its action may be compared to that of a huge "flexible rasp" fitting
down snugly over hills and valleys alike, and working under enormous
pressure.

The abrasion effeeted by a moving body of ice under such coadlt/ons
would be great. Every inch of ice advance would be likdy to be
attended by loss to the surface of any obstacle over or around which
it is compelled to move. The loss will be greatest at the most resist-
ant and weakest points. It follows that the sharp summits of the

hills, and all the angular rugosities of their surfaces, will he filed off
and smoothed down to such forms as will offer progressively less and
less resistance. If the process of abrasion be continued long enough,
the forms, even of large hills, may be greatly altered and their dimen-
sions greatly reduced.

Among the results of ice wear, therefore, will be a lowering of the
hills and a smoothing and softening of their contours, while their
surfaces will bear the marks of the tools which fashioned them, and
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o

•
_t$¢. 5.

illustrating tbt, ft_rm elf a hlIi shaped by rain and river erosion. The upper line represents
lhc _ufface of the lee as it first peases over tho hill,

will be polished, or striated, or grooved, according to the nature of the
material which the ice presses down upon them during its passage.

Fig. 6.

Illustrating form _f bill, such as that represented in Fig. 5, after it has long been acted upon
hythe ice. The_rr_ _ndlratesthedlrevtI_uof lheicemovemeut,_u4 th_ dotte41t_e_v¢
_gpesis the position of the upper ,_rfaee of the ice when it pa_edover the hill I_ great
thickness.

It was not the hills alone which the moving ice affected. Where it
encounteredvalleys in its course, they likewise suffered modification.
Where the course of a valley was parallel to the direction of the ice
movement, the ice occupied its depression. The depth of moving ice
is one of the determinants of its velocity, and because of the greater"
depth of ice in valleys, its motion here was most rapid, and its abrad-
ing action powerful. Under these conditions the valleys were deep-
ened and widened.

Where the courses of the valleys were transverse to the direction of"
ice movement, the case was different. The ice was too viscous to span
the valleys, and therefore fi]led them. But in this case it is evident
that the greater depth of ice in any valley will not accelerate its
motion, since the ice in the valley-trough and that above it are in a
measure opposing each other. If" left to itself, the ice in the valley
would tend to flow in the direction of the axis of the valley. But in
the case under consideration, the ice which lies above the valley
depression is in motion at right angles to the axis of the valley.
Under these circumstances, three cases might arise:

1. If the movement of the ice-shcet over the valley in any case was
able to push the valley ice up the further valley slope and out upon
the oplm_ite highland, this work would retard the movement of the.
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upper ice, since the resistance opposing such movement would be "
great. In this case, the thickness of the ice is not directly and simply
a determinant of its velocity. The depth of ice above the bottom of
the valley will be influenced by the depth of the valley. The deeper
the valley the deeper the ice. The deeper the valley and the more
the volume of ice it contains t the more dimcult will it be for the ice,
moving at right angles to the valley, to push the valley ice up out of

t
_J ,., ,.,..r. _., _ r, r7,-1,1 q ?? ,_.. /

]Pig. 7.

Diagram Illustrating th_ moveRlent of ice across a valley In' the relations here described,
t,/, is the ice, moving at right angles to the valley e, as Indicated by the arrows ; Ihe slope ap c,
will be _o reduced that Its angle of slope Is less than that of b, ¢.

the valley-trough and upon the opposite highland. While, therefore,
increasing the depth of the valley will increase the thickness of ice
above its bottom, it will increase the rate of movement. On the
other hand, if the great depth of ice over any valley be the result
not of the depth of the valley, but of the thickness of ice above the
valley, the velocity will be greater, the greater the thickness of the ice.

In the case under consideration, the bottom of the valley will not
suffer great erosion, since ice does not move along it or press with the
greatest stress upon it. That slope of the valley against which the
ice movement is projected will suffer great abrasion. The valley will
be widened, and the slope suffering greatest wear will be reduced to a
lower angle. Shallow valleys, and those possessing gentle slopes, will
favor the phase of ice movement here noted.

2. The upper ice crossing the valley might pass over the ice filling
the valley-trough, leaving the latter stationary. In this case, the
total depth of ice will not be a determinant of its velocity. It would
be the thickness of the moving ice only, which would influence the
velocity. The stationary ice in the valley would serve as a bridge, on
whichtheuppericewouldcross.In thiscasethevalleywouldnot
suffergreatwear by theice_so longas thisconditionofthingscon-
t/nued."Valleyswhichhavegreatdepthrelativetothethicknessof
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I _ : _LI ,' I I /it f I I _ _ t Irl I I I

Fig. 8.

Diagram lll_lltralln s thv relations specified m the text (2) ; the ice. i, l, fills the valley but
remains stationary,the iceabove crossingthe valleyon the ice which fillsit.

the ice,and valleyswhose slopesaresteep,willfavorthisphase of
movement.

3. In the valleys whcee course is transverse to the direction of gen-

eral ice movement, it is conceivable that transverse currents of ice

might arise, following the direction of the valleys. If the thickness

of the ice be much greater than the depth of the valley crossed, and
if the valley be capacious, and if one end of the same be open and

much lower than the other, it is conceivable that the ice filling the

valley-trough might move along its course, while the upper ice con-
tinued in its primary course at right angles to the valley, crossing the

same on the ice which is moving along it. l'n this case the valley

would be deepenedand widened,but thiseffectwould bedue tothe

movement alongitscourse,and not to thattransversetoit. So far

asthewriterisaware,no instanceof thistypeof movement hasbeen

demonstrated,but itispossiblethatsuch movements existedwhere
conditionswerefavorable.

The corrasiveeffectsof iceaction,therefore,upon the surfaceover

which the ice-sheetpassed,were locallydependenton pre-existent

topography,and itsrelationto the directionof icemovement. Tn

general,theeffectwas tocutdown prominences.Thus,theiceacted

asa levelingagent. But when itencounteredvalleysparalleltoits

movement,theseweredeepened,thuslocallyincreasingrelief.Whether

the reductionof the hillsexceededthe deepeningof thevalleys,or

whether the reverse was true, so far as corraslon alone is concerned,

is a question about which there is difference of opinion. But what-
ever the fact with reference to the corrasive effect of ice action upon

the total amount of relief, the effect upon the contours was to make

them more gentle. Not only were the sharp hills rounded off, but

even the valleys which were deepened were widened as well, and in

the process their slopes became more gentle. A river-erosion topog-
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raphy, modified by the wearing (apart from the depositing) action of
the ice, would be notably different from the original, by reason of its
gentler slopes and softer contours.

Glacial Modification of Preglaeial ,Surface by Deposition.

Reference has already been made to the fact that glacier ice on
melting leaves its bed covered with the debris which it carried along,
on and in and beneath itself. Were this material equally distributed
on and in and beneath the ice during its motion, and were the condi-
tions under which this material was deposited everywhere the same,
the drift would constitute a mantle of uniform thickness over the

underlying rock. Such a mantle of drift would not greatly alter
the topography. It would simply raise the surface by an amount
equal to the thickness of the drift;, leaving elevations and depressions
of the same magnitude as before, and sustaining the same relations to
each other. But the drift carried by the ice, in whatever position, is
not equally distributed during the process of transportation, and the
conditions under which it is deposited are not constant in the same
area, or uniform in different areas.

The larger part of the drift transported by the ice in America
appears to have been carried beneath the same, and in its basal por-
tions. But since the surface over which the ice passed was variabh,
it yielded a variable amount of material to the ice. Where it was
hilly the friction between it and the ice was greater than where it was
plane, and the ice carried away more load. From areas where the
surface was overspread by a great depth of soil and loose material,
more load was carried away by the ice than from areas where there
was less material in a condition to be readily transported. And again,
when the subjacent reek formations were soft and readily worn, the
amount of material carried away by the ice was greater than where
the formations were hard and resistant. Because of the topographic
diversity and petrographic heterogeneity of the surfaos of the country
over which the ice passed, some portions of the ice carried much more
drift beneath themselves than other portions. When, therefore, the
ice finally dropped its load, greater depths of drift were left in some
places than in others.

Not all of the material transported by the ice from its former posi-
tion was carried forward until the ice melted. Some of it was
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probably carried but a short distance from its original position before
it lodged. Drift was thus accumulating at some points beneath the

ice during its onward motion. At such points the surface was being
built up, while at other points, abrasion was lowering it. The drift

mantle now existing does not, therefore, represent simply the material

which was on and in and beneath the ice at the time of its melting,

but it represents, in addition, all that lodged beneath the ice during
it8 movement.

A considerable part of the drift transported by the ice was carried

forward toward its thinned edge and there deposited. It follows that

if the edge of the ice remained constant for any considerable period
of time in the history of glaciation, large quantities of material would

here accumulate, and a sort of ridge, or belt of drift, would be built

up where the ice edge was stationary. Other things being equal, the
longer the time during which the position of the edge of the ice was
constant, the greater would be the accumulation of drift. Certain

ridge-like belts, where the drift is thicker than on either hand, are

confidently believed to mark the position in which the edge of the

ice-sheet was constant, or nearly constant, for considerable periods
of time.

Because of the unequal amounts of material carried by different

parts of the ice, and because of the unequal and inconstant conditions

of deposition under the body of the ice and its edge, the mantle of
drift has a very variable thickness. And a mantle of drift of variable

thickness cannot fail to modify the topography of the region it covers.
The extent of the modification will be dependent on the extent of the
variation in thickness. This amounts, in the aggregate, to hundreds

of feet. The continental ice-sheet, therefore, modified the topography

of the region it covered, not only by the wear it effected, but also by
the deposits it made.

In some places it chanced that the greater thicknesses of drift were
left in the positions formerly marked by valleys. In some cases the

thickness of drift was so great that the valleys were completely filled,

and therefore completely obliterated as surface features. Less fre-

quently, drift not only fills the valleys, but even rises higher over

their former positions than on either side, thus leaving low hills or
ridges of drift along the site of the old valleys.

In other instances, instead of being deposited in the valleys, the

greater depths of drift were left on the pre-existing elevations, making
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them still higher. In short, the mantle of drift of unequal thickness
was laid down upon the pre-existing surface in such wise that the
thicker parts sometimes restupon hills and ridges, sometimes upon the
slopes, sometimes upon the plains, and sometimes in the valleys. In
regions where the thickness of the drift is great relative to the pre-
existing relief, the topography may be completely changed. Not only
may some of the valleys be obliterated by being filled, but some
of the hills may be obliterated by having the lower land between
them built up to their level or above it. In regions where the thick-
ness of the drift is slight, relative to the pre-existing relief, the
hills and mountainscannot be buried,and the valleys cannot be com-
pletely filled, so that the relative positions of the hills and valleys will
remain much the same after the deposition of the drift as before.

In case the pre-glacial valleys were filled and the hills buried, the
new valleys which in time the surface waters will carve out of the
drift surface, will not always correspondin position with those which
existed before the ice incursion. A new system of valleys, and there-
fore a new system of ridges and hills, will be developed, in some
measure independent of the old. These facts and relations may be
illustrated by the accompanying diagram :

Fig. 9.

Illustrating the relation of drift to the underlying rock. The 8urfe.ceof the _k is _n3_, not
decomposed as in Fig. 4. The rock slope_ are also gentler and smoother. The drlR covers the
rock in such wise that the higher p_lhis of the drift surface do not always correspoud to tho
klgher points of the rock surface. Post-glaciat valleys now In process of excavation at a, b and c
sustain no definite relation to the proglaclal valley.

The inequality in the thickness of the drift leads to a further modi-
fication of topography. It frequently happened that in a plane or
nearly plane region a slight thickness of drift was deposited at one
point, while all about it muchgreater thicknesses were left. The area
of thin drift would then constitute a depression, surrounded by higher
lands representing the thicker deposits. Such depressionswould have
at the first no outlet. They are altogether unlike the depressions in
a region whose topography has been shaped by rain and river erosion,
for in such a region the depressions have outlets. A drift-covered
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(glaciated) country is, therefore, marked by the presence of depressions
without outlets. In these depressions water may collect, forming lakes
or ponds, or in some cases only marshes and bogs.

Depressions without outlets, in which water may collect, may arise
through the agency of the drift in other ways. If deep deposits of
drift be made at one point in a valley, while above it there is little or
none, the deep deposit will form a sort of dam, above which waters
may accumulate, forming a pond or lake. A ridge of drift may be
deposited in the form of a curve or loop, with its ends against a rock-
ridge, or against a second drift-ridge, in such wise as to leave a
depression between them. In these and other ways depressions were
made in the drift without outlets, many of which gave rise to lakes_.
So abundant are lakes and ponds in a drift-covered country, and so
rare in other regions, that they constitute one of the more-easily
recognized characteristics of a glaciated region.

In the course of time_the lakes and ponds formed on the surface of
the drift will be destroyed by the action of streams, which work out

a new system of valleys, draining or filling the lakes in the process.
The process of destruction of the lakes is a gradual one, and so it
comes about that the abundance and the condition of undrained areas

in a drift-covered region is, in some sense, an index of the relative
length of time, reckoned in terms of erosion, which has elapsed since
the drift period.

The action of the ice was accompanied by the action of water on a
somewhat extensive scale. The upper surface of the ice was con-
tinually melting by reason of the influence of the sun. The lower
surface was likewise continually melting by reason both of the heat

received from the earth beneath, and of that generated by the friction
of the ice motion. From the margin of the ice, therefore, consider-
able volumes of water must have flowed, just as streams issue from
beneath glaciers at the present time. In some cases the water issued
from beneath the ice in valleys and coursed down them. Elsewhere_
it issued on plains and spread widely over them, having no valley to
confine it. In both cases the waters flowing from the ice carried such
loads of silt, sand or gravel as they were able to transport. These
materials were deposited whenever the transporting power of the
water failed, building up level or gently-sloping plane surfaces.

The material thus carried forward by water beyond the edge of the
ice, falls within the general class of drift. The materials were first
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carried by the ice and subsequently by the water. Bat since the
transportation by water came last, the material was water-worn after it
was ice-worn, and its glacial markings were in part or altogether
destroyed. Water, too, assorts and stratifies the material which it
deposits, so that drift deposited by water differs notably in physical
constitution and in structure from that deposited by the ice. Its

physical heterogeneity is much less, though the variety of rock con-
stituents which it contains may be the same.

Since large streams sometimes issue from beneath glaciers at the

present time, it must be that they have some course beneath the ice
itself. In the much larger bodies of glacier ice in the past, the came
must have been true on a yet larger scale, so that deposits of drift
made by streams beneath the ice must have accompanied the move-
ment of the ice itself. Such deposits are sometimes found above ,

those made by the ice, sometimes below them, and sometimes inter-
bedded with them.

Clas_ifico2ionof the DHft.

The formations made by the ice and by the water accompanying it are

highly complex. They vary in constitution, in structure, in topog-
raphy, in "topographical relations and in genesis. This is the result
(1) of the various phases of ice action, dependent on a variety of con-
ditions and relations, such as the topography and constitution of the
land over which the ice passed, the thickness of the ice, nearness to

its margin, &c. ; and (2) of the nature and extent and relation of
water action, contemporaneous with the ice or immediately subsequent
to it. The two agencies, water and ice, seem to have co-operated in
divers ways with the greatest degree of intimacy.

Broadly speaking, the drift falls into two great classes----(1)
the stxatified or assorted drift, and (2) the unstratified or unassorted
drift. Generally speaking, the former is the drift deposited by water,

and the latter that deposited by ice. But to this general statement
many qualifications and minor amendments are necessary. These two
general classes of drif_ are so intimately related to one another that
it is sometimes very difficult to draw lines of definition between them.
It frequently happens that the one lies above the other, and not rarely
they alternate with each other several times between the surface and
the bottom of the drift.

5
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Till.--A large part of the drift is made up of an unassorted mass of

clay, sand, pebbles and small stone, intimately commingled, together
with larger masses of rock, known as bowlders. Any one of these

constituents may be more abundant than the others, and the clay or

sand (rarely the coarser constituents) may so far predominate over
the others as to nearly exclude them. Those portions of the drift

having this constitution and this structure, or lack of structure, are
known as till.

The till* was deposited by the ice directly, not by the water accom-

panying it. In part, the till was deposited beneath the body of the

ice during its onward motion. Wherever obstacles to the progress of
the ice lay across its path, there was a chance that these obstacles,
rising somewhat into the lower part of the ice, would constitute bar-

riers against which stony debris from the lower part of the ice would

lodge. It might happen also that the ice, under a given set of con-
ditions favoring erosion, would gather a greater lead of rcok-debris

beneath itself than it would be able to transport under the changed
conditions into which its advance brought it. In this case, some part
of the lead would be dropped, and overridden by the ice.

Especially near the margin of the ice, where its thickness was

slight and diminishing, the ice must have found itself, unable to

carry forward the loads of debris, which it had gathered further back

in its course, where its action was more vigorous; for it will be

readily seen that, if not earlier deposited, all material gathered by
the under surface of the lee, however distant from its edge, will pres-
ently find itself at the edge of the glacier. For, given time

enough, ablation will waste all that part of the ice oceupying the

space between the original position of the debris and the margin of
the ice. Under the thinned margin of the ice, therefore, consider-

able accumulations of drift must have been taking place while the

ice was still advancing. Under these circumstances, while the edge
of the ice-sheet was advancing into territory before uninvaded, the

material accumulated beneath the edge of the ice at one time, found
itself much farther from the margin at another and later time.
Under the more forcible ice action which existed back from the mar-

gin, the earlier accumulations made under the thin edge were par-
tially or wholly removed, and carried down to or toward the new

_No act_unt ia here taken of berg till, which may closely simulate glacier till,
thougtl del,t+sited by iceberg,.
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and more advanced margin, and here deposited, to be in turn dis- "
turbed and still further transported by the further advance of the ice.

Since in its final retreat the margin of the ice must have stood,
necessarily, at all points once covered by it, these submarginal
accumulations of drift must have been made over the whole country
once covered by the ice. These deposits of drift, made beneath the
marginal part of the ice during its retreat, would either cover these
deposits made under the body of the ice at an earlier time or be left
alongside them. The constitution of the two phases of till is essen-
tially the same, and there is nothing in their relative positions to
sharply differentiate them. They are classed together as subglacial
till.

It will be seen that these subglacial aeenmulatioas of till were
made under the pressure of the overlying ice. In keeping with these
conditions of accumulation the till often possesses a firmness suggestive
of great compression. It is often remarkably tough where its consti-
¢ution h clayey. Where this is the _ the quality here referred to
has given rise to the suggestive name "hard-pan." Where the consti-
tution of the till is sandy, rather than clayey, this firmness and tough-
hess are loss developed, or may be altogether wanting, since sand
cannot be.compressed into solid masses like clay.

The consti_u_ionof the t///.--The till is composed of the more or
less comminuted materials derived from the land across which the ice

passed. The soil and all the loose materials which covered the rock
entered into its composition. Where the ice was thick and its action
vigorous it not only carried away the loose material which it found
in its path, but, armed with this material, it abraded the underlying
rock, wearing down its surface and detaching large and small blocks
of rock from it. It follows that the constitution of the till at any

point is dependent upon the nature of the soil and rock from which it
was derived.

If sandstone be the formation which has contributed most largely
to the till, the matrix of the till will be sandy. It sometimes chanced
that the ice traversed areas of loose sand. In such cases it incorpor-
ated large quantities of sand into its lower portion, or pushed it
forward beneath itself, SOmetimes mingling it but slightly with
material of other kinds derived from other sources. Sand derived

in this way, and deposited directly by the ice, falls within the general
class of subglaeial till. Occasionally sand nearly free from all other
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constituents thus cornea to make up the body of the till. Such devel-
opments are generally local, and beneath them or above them there
may be till of a very different constitution. In New Jersey such till
was seen within the limits of Orange, on High street, where expo-
sures, _everal feet in depth, were open to observationduring the laying
of sewer-pipee it the summer of 1891.

Where shale instead of sandstone made the leading contribution to
it, the till has • clayey matrix. Any sort of rock which will be
very generally reduced to a fine stateof division under the mechanical
action of the ice, will give rise to a clayey till.

The nature and the number of the bowlders in the till, no lees than
the finer parts, depend on the characterof the rock overridden. A
hard and resistant rock, such as quartzite or trap, will give rise to
more bowlders in proportion to the total amount of material furnished
to the ice than will softer rock. Shale or soft sandstone, possessing
relatively slight resistance, will be much more completely crushed.
They will, therefore, yield proportionately fewer bowlders than will
harderrocks, and more of the finer constituents of till.

The bowlders taken up by the ice as it advanced over one sort of
rock and another, possessed different degrees of resistance. The softer
ones were worn to smaller dimensions or crushed with relative ease

and speed. Bowlders of soft rock are, therefore, not commonly found
in any abundance at great distances from the point of their origin.
The harder ones yielded less readily to abrasion, and were carried
much further before being destroyed, though even such must have
suffered constant reduction in size during their subglacial journey.
In general it is true that bowlders in the till, near their parent forma-
tions, are larger and less worn than those which have been transported
great distances.

The bowlders which are carried furthest beneath the ice will be

subjected to most wear. If bowlders were all of the same constitu-
tion, the relative measure of wear would be, in some rough sense, a
measure of the distance of their subglaeial transportation. And for
any given kind of rock this is true. But since bowlders of certain
kinds of rock are much softer than those of other kinds, and therefore

are more readily worn, it follows that the softer bowlders may suffer
more wear in a short journey than harder ones in a long one. For
example, bowlders of shale, being but slightly resistant, generally
suffer but a limited transportation before they show notable marks of
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wear, both in the forms they assume and in the markings which their
surfaces receive.

Since the ice which covered the northern part of New Jersey had

passed over wide stretches of territory before reaching this latitude,
it had also passed over rocks of many varieties. The till of New

Jersey, therefore, contains elements gathered from a wide range of

territory. But in general it is true that the till of any locality is

made up very largely of material derived from the formations close
at hand. In the counties of Union and Middlesex, for example, the

drif_ is very red, being derived largely from the red shales and sand-
stones of the immediate vicinity. A much ]esasr constituent of the
drlft has been derived from formations lying further north in N_w

Jersey, and still further north in New York. Where the widely-trans-

ported material is in the condition'of clay or sand it may be mingled
with constituents of local derivation, in such wise that it is not easily

recognized. But when in masses of sufficient size for ready identifi-
cation, such as pebbles, cobbles and bowlders, it may be distinguished

without difficulty. Since much of the till is in a fine state of divi-

sion, it may be that a much larger proportion is derived from a
somewhat distant source than would at first appear. But it is yet

true, as observations over a wide range of territory demonstrate, that
distant formations have contributed much less than those near at

hand, to the till of any locality.
This fact seems to ai_ord sufficient warrant for the conclusion that

a considerable amount of deposition must be going on beneath the ice

during its movement, even hack from its margin. To take a concrete
illustration, _ it would seem tha_ the drift of northern New Jersey

should have had a mu_h larger contribution of material, derived from
central and northern New York, than it has, if material once taken

up by the ice was mostly, or even in large measure, carried down to
its thinned edge before deposition. The fact that so little has come
from these distant sources would seem to prove that a large part of

the material moved by the ice is moved a relatively short dis-

tance only. If this be true, the ice must be conceived of as con-

tinually depositing parts of its load, and parts which it has carried
but a short distance, as it takes up new material from the territory

newly invaded.

Where rock is very soft and easily reduced to fineness it sometimes

happens that the fine parts of the till overlying it and covering the
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regions in its lee, are mainly of local origin, while the bowlders are

mainly from some more distant source, where the rock was harder,

and therefore better able to endure transport without destruction. In

case the ice has come from a region of soft rock to one of harder_ the

till might have a similar constitution. But in this case it would be

the finer part instead of the coarser which had suffered the wider
transport, and the bowlders would show less wear than in the other
case.

For one reason or another, material which has been widely trans-

ported may be almost wholly wanting in the till. In such cases both
the finer parts of the till and the bowlders are of local origin. The

bowlders may be few or abundant. In some cases the till is largely

composed of blocks of rock that seem hardly to have been carried

from their original area. They ha_e been disturbed in their positions

and have had the fine parte of the till mixed with them so that they

appear to have been kneaded into it. In such cases the rock masses

are angular and rough, and frequently increase in size and number
from the top of the till to its base. At the base they may be so

abundant as to nearly exclude all other constituents. If the surface
of the rock be much broken and its uppermost layers disrupted and

crumpled, as is sometimes the case, and if the angular masses of rock

in the basal part of the till become so abundant as to nearly exclude
the finer constituents, it is sometimes difficult to say where the line

between the bottom of the till and the surface of the underlying rock

is to be drawn. The till overlying the rock at one of the quarries in

Newark affords a good illustration of the relationship here described.

(SeePlate II.)

The subglaeial till forms a somewhat general mantle over the

glaciated area, and yet it is not universal ; it failed of deposition in
some places ; it has been subsequently carried away by running water

in others ; it has been buried by the silts, sands and gravels deposited

by the melting-ice waters in still others.
Subglacial till is frequently termed bowlder olay, a name which

seems most appropriate where the till is largely composed of clay

and imbedded bowlders. (See Plate I., representing cut through

bowlder clay in Newark.) But "bowlder clay" would fall to be a

definitive term for till composed of clay alone, or for that composed
principally of sand or stony material. Another term which is

synonymous with suhglacial till is ground moraine. In the broader
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sense of the term, all deposits made by the ice are moraines. Those
made beneath the ice and back from its immediate margin are desig-
nated "ground" moraine, to distinguish them from other deposits
made by the ice. Of all the glacier deposits, the ground moraine has
the greatest extent, whether its area or its volume be considered. It
also contains a greater proportion of planed and striated stone than
any other part of the drift. Any stone or bowlder in the ground
moraine stood a chance of being rubbed over other stone, or over the
bed-rock beneath it, and of being rubbed fiver by sand or stone or
clay imbedded in the ice above it, or on either side. In many places
more than half of the rock fragments of the ground moraine show

distinct glacial markings. The proportion of the fragments of the
softer varieties of rock which show these markings is often much
greater.

The topography of the ground moraine is, in general_ the topography
already described in considering the modifications of preglaeial
topography, effected by the ice. As left by the ice, its surface was
undulating. The undulations did not take the form of hills and
intervening valleys, but of swells and depressions standing in no

}' orderly relationship to each other.

8pe_d Forras of Till Hills--Drumlins.

In various parts of the great drift-fields of the United Sta(es, there
are aggregations of till of such symmetrical form and regular
arrangement, that they have attracted wide attention. The most
notable of these are hills of somewhat elongate form, smooth and
flowing contours, and regular slopes. Their horizontal axes sustain
to each other a ratio varying from 1 : 2 to 1 : 6. Their end slopes,
from 3° to 10°, are commonly gentler than their side slopes (10°
to 200).* In any given region their longer axes are approximately
parallel.with each other, and correspond in direction with the course
of thelce movement in the same region. In length they vary from
one-elghth of a mile to two or more miles. In height they range up
to 300 feet, though drumlins more than 75 feet or 100 feet high are
rare. They are composed of till, which is generally very compact..
The proportion of striated material which they contain is high.

_ Davis, American Journal of Science, III. Series, Vol. 28, p. 409 (1884).
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Such hills are known as dr_umli_s (sometimes d_mns). The definitive

terms slliptloal hills, lentioular hilla_ and mammlUary hills, have also

been applied to them, and these names may still be serviceable, 'for

thepurposeofdesignatingvarietiesofdrumlins.

There may be stratifieddriftwithinthe body of the drumlins,

overlainand underlainby till.The coreof thedrumlinsissome-

timesstratifiedmaterial.*Certaindrumlinshave been thoughtto

indicateperiodicgrowth,as iflayerafterlayerof tillwere added

througha periodof years.%

Varioussuggestionshavebeenmade concerningthemode by which

drumlinshave been developed.Their form has been ascribedto

waves,ortowaves assistedby suba_rialerosion,_ but itisnoteasyto

seehow waves coulddevelopsuch forms,orwhy, iftheycould,the

longeraxes of the drumlinsin s_y regionshouldbe so constantly

paralleltothedirectionof icemovement inthatregion,asthestrim

show them to be. Furthermore,theyoccurwhere thereisno inde-

pendentevidencethatlakeorsea-waterhasexistedsincethedriftwas

deposited.

Theirform,theirstructureand theirarrangementseem toleaveno

room todoubtthattheyweremade beneaththeice--thattheyarebut

phasesor specialdevelopmentsof the ground moraine. But,thus

restricted,therearevarioushypothesesas tothemode by which the q
drumlinscame intoexistence.They havebeenregardedashillsfirst

carvedout of an oldersheetof driftby suba_riaierosion,and later

modifiedin form and contourby the passageof a secondice-sheet

overthem.§

Were thisthe trueexplanationof the drumlins,they should be

composed mainlyofolddrift.At most,theywould be merelyfloated

with new drift,depositedby the latericeinvasion.So faras the

drumlinswithwhich thewriterisfamiliarareconcerned,theyappear

tobe composedwhollyof new drift.IfalltheweatheredPortionof

the old till were worn away by the later ice-sheet, leaving the j
unweathered portion only, it is not certain that this could be dis-

tinguished from the new till. In this case, the point here suggested
would be without force. Again, the drumlins have been regarded as

_Upham, Proc. Boat.Soc..Nat.Hist., Vol. 24, pp. 232-3 (1889).
op. tit., pp. 235-6.

_.Shaler,Illustrations of the Earth's Surface,p. 63.
Shaler, Ninth Annual Report U. S. G. S., pp. 550-1.
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the hills of older terminal moraines, overridden and reshaped by later
glaciers. Bu_ neither the distribution nor the composition of drumlins
seems to favor this hypothesis. It seems altogether probable that the
drumlins are built up beneath the ice, and not fashioned from hills
overridden by it. It has been suggested that their development
beneath the ice is analogous to the development of sand-bars* in a
stream, and this suggestion probably has some measure of truth in it.

Wherever any slight obstruction whichtthe ice could not remove,
stood in its way, debris, urged forward beneath the ice, might lodge
against it. Such an obstacle might be a prominence of resistant
rcok,t or a mound of drift which, for one reason or another, the ice
at that point was unable to remove. The obstacle was thus enlarged

by the lodgment of drift against it, though its obstructive effect was
not neces_rily thereby increased, since the additions would so dispose
themselves as to give the obstacle that form which would offer least
resistance to the moving ice. Under special conditions such an
obstacle, once its growth was started, might continue to grow so long
as ice passed over it, and its resulting form would correspond to that
of a drumlin.

Were such accumulations made in any place beneath the thin outer
portion of the ice during the period of its advance, they might sub-
sequently be destroyed by the greater erosion accomplished by the
greater depths of ice which would come to rest upon them at a later
time. Even were all the drumloid forms which might be accumu-
lated beneath the thin part of the ice-sheet during its advance,
destroyed by the ice resting upon them when it had spread further, it
might yet be true that they would accumulate beneath the thinner
part of the ice as it receded. For it is to be borne in mind that even
in receding there was forward movement, though this movement was
more than counterbalanced by edge-melting. The drumlins are some-
times regarded as thus formed beneath the ice, but so near its margin
that its thickness and eroding strength were not great, and its tran-
sportive power slight.

But it is not altogether clear that drumlins or drumloid aggrega-
tions of till formed beneath the thinner parts of the advancing ice,
would be always destroyed when the ice became thicker at the same
point. The erosive power of the ice would doubtless increase with

Kinahan and Close, General Glaciation of Iar-Connaught (Dublin, 1872).
"_-Chamberlin,Thitxl Annual Report U. S. G. S., p. 306 (1881-2).
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increasing thickness up to a certain undetermined point, beyond which
it might not continue to increase, at ]east not in the same ratio. In-

creased depth of ice means increased pressure upon its lower parts.

Increasedpressureupon the ice means increasedfluidity (mobility),

and'increasedfluiditymeans decreasederosivepower. Itisconceiv-

ablethatthe ereslvepower of the edge of the icemay have been

relativelylow,becauseoflackofpressureupontheunderlyingsurface;

thatfurtherback from itsIedge the erosivepower may have been

greater,becauseof the increasedweightwith which the icerested

upon itssubstratum; but thatstillfurtherback,theerosivepower

ceasedtoincrease,becausethe greaterpressureof theicerenderedit

toomobile,ortoofluid,tobe effectiveasan abradingagent.

If therebe anythinginthissuggestion,drumloid formsdeveloped

in thevicinityof the ice'sedge duringitsadvancemight,to some

extent,escapedestructionduringfurtherprogressof theice,and might

have anotherperiodofgrowth,when, initsrecession,thethinpartof
theice.sheetagainlayoverthe same region. Indeed,itisnotclear'

thatgrowthmight not takep]acebeneaththeverythickice.
The drumlinshave neverseemedtothewritertheanomalousforms

thattheyare sometimesthoughttobe. Itseems tohim thestrange

thing,rather,thatdrumlinsarenotmorecommon. Theiroccurrence

in certain regions, and in certain regions only, seems to him the only
anomalousthingaboutthem. Their distributionneedsexplanation.

Itisnotclearthatany of thesuggestionswhich have yetbeenmade

concerningtheirdevelopment,would notapplytoone regionaswell

astoanother. Much lesswould theyseem toapplyonlytotheareas
where thedrumlinsoccur.

In _ew Jersey,drumlinsarenotnow known tohavemuch develop-

ment. The ellipt|eally-shapedhillin East Orange (thecornerof

Munn streetand Centralavenue beingataboutitscenter)appearsto

bea drumlin. Anotheroccursa mileand a halfwestof Railway,on

theroadrunningeastand west along the south sideof Robinson's.

branch;on the topographicmap itsheightisshown tobe 106 feet
abovemean tide.

While thedrumlintypeisfairlydistinct,drumlinsgradeintohills

which are notdrumlins. When theybecomesomewhat irregularin

form they are sometimesdesignateddrumlolds,drumloid hillsor
immaturedrumlins. Itisnot certainthatsome of them may notbe

over-mature drumlins--that is, drumlins made irregular by uuequat

surface deposits upon regular drumlin forms.
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Hills, the greater part of whose maes is rock, may have dril_ so
banked against them, and spread over them, as to closely resemble
drumlins. Such hills are known as veneered hills.* If there be no

exposure to reveal the rock, veneered hills may be mistaken for
drumlins. Some of the lcntlcnlar bills about Newark appear to.
belong to this clues.

A. deposit closely simulating glacier till may be made by water and
icejolntly. When shallow lakes existed along the margin of the ice,
as was sometimes the case, bergs of ice detached from the ice sheet
floated out upon it, carrying burdens of stone and clay which were
distributed over the lake's bed." Such materials would be dropped
from the ice wherever in its melting its hold upon them was loosened,
or wherever the berg grounded. In some cases but a slight degree of"
stratification was developed in the fine materials thus deposited, and
the coarser are scattered through the fine much as in true till. Till
thus formed is known as s_baqueov.s till or berg till. It can generally
be distinguished from glacier till "(1) by a more homogeneous clayey
base ; (2) by a more uniform distribution of imbedded erraties ; (3)
by occasional traces of indistinct lamination ; (4) by its surface ex-
pression ; (5) by its distribution, and (6) by its stratigcaphical rela-
tions. It is manifest, upon consideration_ that the finer material
settling down from suspension in water would distribute itself with
greater uniformity than is possible to clay accumulated under a moving.
glacier. It is also evident under the law of probabilities that erraties,
falling from floating ice as it melts, would be dispersed with a general
regularity unless there were currents or other elrcumstaness that
determined concentration along certain lines or in certain areas. The
rock fragments often stand in tbe clay on their edges or points, as

though they had been received on a soft mud bottom as they fell
through the water. Where lamination is observed, the lower clayey
leaves may sometimes be seen to be flexed beneath the stone, while
the uppe? ones curve over it as though it had depressed the former
in its fall, while the latter had been subsequently formed over it." t"
Berg till has not as yet been recognized in New Jersey. If it exists
it will be found in some of the plane tracts of the State, where the
topographic relations were such as to allow the formation of tem-
porary lakes at the margin of the ice.

*Chamberlin.

"_Chamberlin, Third Annual Report U. S. G. S., pp. 297-8 (15S1-2).
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Englacial and Superglaoial Till.

Mountain glaciers of the present day carry considerable loads of

rock debris upon their surfaces. This is derived, for the most part,
from the slopes of the mountains between which they flow. This

surface material is composed of large and small blocks of rock,

Most of it was not detached by the glaciers themselves: and its pres-

ence upon them is not the result of any activity on the part of the ice.

Whatever causes operate to loosen masses of rock from mountain
slopes, have detached these blocks_, and they have rolled or fallen

down into the valleys below. Where a glacier occupies the bottom

of a valley, its surface becomes the lodging-ground for such debris.

It will be readily seen that this superglacial material would be

markedly unlike the drift subglaeially transported. In the first

place, it is carried quietly along without being subjected to ice-pres-

sure, or to the abrasion which rock moving over rock effects. It
would, therefore, be carried forward, if no accident, such as falling

into crevasses, befall it, until it arrives at the end of the glacier--

that is, until it has reached the point where the melting (and evapora-

tion) of the ice counterbalances its forward movement. Among the
surface blocks of rock there might be a slight amount of motion,

and therefore of wear, since all parts of the surface of the underly-

ing ice do not move with equal velocity. Such movement would
tend to wear the rock masses and produce finer products. But much

of the rock thus borne arrives at the edge of the ice in a physical
condition much like that which it possessed at the beginning of its

journey. The blocks of rock are largely angular, exhibiting still

the fracture-faces which they possessed at the time of their disruption

from their parent mountains. Some fine material would fall upon
the ice, along with the coarse, and some might be washed upon it by

waters descending from the elopes above, while, from wide" sources,

the wind might mingle dust and sand with the debris otherwise
accumulated upon the ice. In this way it is conceivable that the

stones upon the ice might come to have associated with them a con-

siderable quantity of clayey earth and sand. On existing glaciers
the amount of this fine msterial is generally very subordinate to that

of the coarse. Rarely does it become sufficiently abundant to form a
matrix for the coarser material.

Since the end of the glacier is being constantly melted off, the
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material it bore upon its surface is continually being dropped at its
end. Such material as the ice-sheet bore upon its surface in glacial
times would have been treated in a similar manner, and since, in its

retreat, the edge of the ice lay along all lines northward from the

position of its extreme advance,such surfacematerialas may have

existedwould have been dropped upon the surfaceoftheground

moraine,and should now overlieit. So far as it consistedof

bowldere_theseshould be more angularthan thoseof subglacial

till,and iffound in the relationsinwhich theiceleftthem,should

bescatteredover thesurfaceofthegroundmoraine. If inany case

therewas finematerialupon the icein such quantityas to form a

matrixforthe bowlders,or insuch quantitythatthewhole of the

surfacedriftwas enough to form a distinctlayer,thismaterial,

depositedupon the surfaceof theground moraine,would constitute

supergladalor "upper" till,and would besoclassifiedwhereverits

surfaceorigincouldbedetermined.
Such materialsaswere carriedforwardinthe iceaboveitsbasal

portionsand belowitsuppersurfacemay becalledengtaciat.By the

meltingof theuppersurfaceof the iceenglacialmaterialwould ap-

proachtheuppersurface.By themeltingofthelowersurfaceofthe

icetheeng]aeialmaterialwould continuallyapproachthe bottomof

theice. All englaeialmaterialwillultimatelybecome subglaclalor

superglaeial.Itcannotremain englacialpermanently. Whether in

any given instancethe englaeialmaterialreachesthe upper brthe

lowersurfacedepends(1)upon therelativethicknessof theiceabove

and belowit,and (2)upontherelativeratesofwasteofthetwo surfaces.

Could thematerialwhich had sufferedtransportintheiceabove its

basalpartsbe distinguished,afteritsdeposition,from thatwhich is

carriedforwardattheupperand lowersurfaces,itwould receivethe

name of englacialtill.Such a classof tillhas a theoreticalexistence

in regionsonce glaciated_thoughitsdiscriminationfrom super-and

subglaeialby transportedmaterialwould be diffieulh ifeverpossible.
In thecaseof suchan ice-sheetasthatwhich invadedthe United

States,littlematerialcouldget upon the surfaceof the iceafterthe

fashionofmountainglaciers,unlessintheearlystagesofitsdevelop-

ment_for elevationsof land which projectedthrough the iee_and

which couldhaveyieldedmaterialstoitsupper surface,were mostly

wanting. Like theice-sheetof Greenlandto-day,thesurfaceof the

ice.sheetwithwhose work we aredealingmust have beenessentially
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freefrom surfacedebrisatthetimeof itsmaximum advance,aswell

asduringallthetimeofitsgreatextension.Where the icecovered

hillsand mountainsitmust have derivedmaterialfrom thdr tops

which projectedup intoitsmass. This materialwas englaciaiuntil

itbecameeithersuperglaciaiorsuhglaclal.

It has been held by some glaeialists that drift which starts in a sub-

glacial position may become euglaciai * or even suporglaoial, by rising,

by one process or another, through the ice. This hypothesis would

seem to be necessary if the amount of superglacial and englacial

(" upper ") till be so great as it is sometimes believed to be, for it is
altogether improbable that any "such amount of material as is some°

times reckoned to the elates of till under consideration, existed upon

the ice at the outset, or so near the upper surface as to finally become

superglacial by the ablation of this surface. :It is not difficult to con-
ceive that much of the euglacial material carried by ice which has

passed over a mountainous region, might become superglaeiai_ as a
result of superficial melting. But in plane regions, and in ice whish

has passed over plane regions, for the most part, it is not clear that

much euglaciai drift could become superglac'ml by surface ablation,
since most of the englaciai material, in the beginning, must have been
near the lower surface of the ice.

The hypothesis that subglacial material worked its way to the top
of the ice is made necessary further, in order to explain the presence

of material which has suffered very little transportation, and that

over a flat country, in the so-called superglacial (" upper") or englacial

till. The same hypothesis would seem to be called for to explain the
somewhat abundant presence of striated bowlders in the till which is

regarded as superglacial. For, like the superglaciai material, the

euglaeiai drift, unless its quantity be very great (at least locally), rela-

tive to the amount of ineloslng ice, is not likely to receive much

wear. There is likely to be little grinding and crushing, the products
of _vhich are "rock-flour" or the "clay" of subglaeial till. The

dli_erential motion of the ice would involve some friction among the

englaclal material, so that wear, similar to that of the debris beneath

the ice, might affect it. But such wear would be on a much less
extensive scale in eng]aciai than in subglaciai mat&iai unless the

amount of englaeiai material was very great.

• By engIaclal, a._ here tL,ed, is meant v. position above the basa/ part of the ice.

"the basal part of the ice is very generally believed to have carried much debris.
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As might be inferred from the preceding paragraphs, there is much
difference of opinion among glacialists as to the amount of till which
is to be classed as superglacial (counting as superglacial all that was
ultimately transferred from a subglaeial or englaeial to a superglacial

position). Since this difference of opinion exists, it is cleareither that
the criteria for distinguishing the two classes of till are not well
defined or that many glacialists have not been able to apply them
successfully.

In general, superglacial till, having been subject to less pressure,
should be less compact than subglaeial. Its bowlders should be less
worn, and a large portion of them should be of more distant origin.
The finer material of the drift, if existing glaciers give us safe data
to reason from, should be relatively less abundant in superglaeial till
than in subglaclal. The finer material, too, should be, to a less extent,
the product of mechanical comminution.

There is another source than mechanical comminution for the finer

materials of superglacial till. This has been alluded to already.
During the course of the glacial period, the winds doubtless blew
much dust upon the accumulating snow which made the ice, and
later, after it had spread beyond the region of accumulation, upon the
ice itself. Much of that which was buried in the accumulating snow

would come to be superglacial in the end, though for a time englacial.
When the drift deposits were first made, the dust which had such an
origin may have been sufficiently different from that made by the
mechanical action of the ice to have afforded means of discrimination.

But in the course of the time that has elapsed since the deposition of
the drift, the action of rains and frosts, and of plants and animals,
has very materially altered the uppermost part of the fill, and the

• changes which these agencies have produced when operating upon
subglacial earths, have been such as to render them more and more
like the earths which might have accumulated upon the ice by the
process indicated, thus obscuring any differences that might have
existed at the outset. Any distinction, therefore, between superglacial
(and englaeial) and subglacial till, based on the character of the finer
materials, is one which cannot always be made.

Some of the criteria relied upon for the indentification of super-

glacial till, have the misfortune to be such as can be produced in
other ways, and in particular such as must be produced by the
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weathering of the surface of subglacial till.* The weathering of
such till includes the action of frost and heat, drought and rain, sun
and air, plants and animals. These agencies tend to loosen up the
compacted material of the subglacial till. The material thus changed
lies at the surface of the unaltered subglacial till, just the position
which the loose superglacial till, when present, must occupy. The
upper surface of subglacial till which thus loses its compactness comes
to be very like the superglacial till which was never compressed.
The difficulty in the application of this criterion does not hold where

the depth of the till, regarded as superglacial, is greater than the
depth to which the loosening effect of weathering has extended, as is
sometimes the case.

Again, the greater oxidation and leaching which is claimed for the
superglacial till must be the necessary accompaniment of the loose
texture which characterizes the upper surface of the drift, whether
this looseness of texture be original (superglaeial till) or acquired
(weathered surface of subglacial till).

The greater infrequeney of striated l_owlders in the uppermost part
of the drift, regarded as "upper till," might be accounted for, in
many cases, by the corrosion which their surfaces have suffered since
their deposition. This suggestion does not necessarily vitiate the cri-
terion in all cases, or perhaps in most, but it indicates that there are
limits to its application. So with other criteria which have been

relied upon for the discrimination of upper till. Some which appear
to be good are rarely applicable. Others which are more widely
applicable do not appear to be decisive.

For discriminating superglacial from subgleeial material, the cri-
terion which seems to the writer most decisive, and most easy of
application as well, is the relatlve abundance of unworn or slightly-
worn bowlders of distant origin. This criterion is liable to more
exceptions in mountainous regions than in plane ones.

The writer is not disposed to believe that superglacial (and engla-
cial) till has not a real existence, though he is inclined to believe that
its quantity has been overestimated, so far as our country is concerned,
and that the criteria, which are commonly relied upon for its identifi-
cation, are by no means such as to make its recognition certain, except
in favored localities.

* For criteria of englacial and superglacial till, see American Geologist, December,
1891. Upham.
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Terminal ._Ioralnes.

It has already been indicated that the ice carried much of the
material gathered beneath itself to or nearly to the limit of its
advance. It is generally held that the marginal portion of the ice-
sheet was more heavily loaded--certainly more heavily loaded rela-
tive to its thickness--than any other. The thinned ice toward its
margin was constantly losing its transportive power, and at its edge
this power was altogether gone. Since the ice was continually bring-
ing drift down to its margin, the rate of accumulation of drift beneath
the edge of the ice must have been greater than e]sewhera.

Whenever, at any stage in its history, the terminus of the ice
remained constant in position for a long period of time, the submar-
ginal accumulation of drift would come to be great ; and when the
ice disappeared the site of the margin, for the time during which it
was stationary, would be marked by a broad ridge or belt of drift,
thicker than that on either side. Such thickened belts of drift_ due
to the causes here noted, are known as terminal moraines. The terms

marginal_ submarginal and frontal moraines have also been applied
to them, because of their positions with reference to the margin of
the ice during the time of their accumulation, and the term lodge
moraine,* referring to the method of their formation. The last term
was first used to distinguish moraines accumulated in the manner here
indicated from other and subordinate varieties of terminal moraines.

From the conditions of their development it will be seen that these
submarginal moraines may be made up of materials identical with
those which constitute the ground moraine within (north of) it. As
might be inferred, many a section of a terminal moraine shows material
identical, in all essential respects, with that of the subglaeial till, close
at hand. But water, arising from the melting of the ice, played a mueh
more important r61e at its margin than further back beneath it. One
result of its greater activity may be seen in the greater coarseness
which generally characterizes the material of the marginal moraine_ as
compared with that of the adjacent ground moraine. This arises, in
part, at any rate, from the fact that the water carried away some of
the finer constituents, which it was able to transport_ leaving behind
the cearser parts, which it was not able to transport. A further evi-

'*Chamberlin, Bulletin Geological Society of America_ Vol. 1, p. 28 (1890).
6
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dence of the relatively greater activity of the water near the margin of
the ice is to be seen in the greater proportion of stratified material,
as compared with the ground moraine.

Such materials as were carried upon the ice would be dropped at
the edge of the ice, and would rest upon the surface of the marginal
and submarginal accumulations. If the surface of the ice carried
many bowlders, it might happen that great numbers of them would
be dropped along the line corresponding to the ice's edge, wherever
the edge remained practically without motion for a considerable time.
In this way a sort of bowlder-wall might be built up, resting upon
the material accumulated at the edge of the ice. Such bowlder-walls
have not been described in America, but they exist in Germany and
perhaps in other parts of Europe. In Germany it is these bowlder-
walls which have received the name of terminal moraines (End-
mordne). In the United States such bowlder-walls, were they
known, would be classed as dump * moraines--a variety of terminal
moraines made from the material which was carried on the ice and

"dumped" at its terminus. To restrict the name terminal moraine to
these bowlder-walls or "dump" moraines, is to shut out from the
category of terminal moraines other varieties of moraine formed a_
the terminus of the ice. In this country the material_ where such
there was, having such a mode of deposition_ has not been generally
distinguished from other marginal accumulations made by the ice.
The bowlder belts, which have a somewhat local development in some
of the interior States, are probably identical in genesis, though not in
form, with the bowlder-walls or Endmargine of Germany.

Since all the marginal accumulations are essentially one in position,
and since all are phenomena of the margin of the ice, end for the
most part nut yet satisfactorily discriminated from each other, no
attempt will be made to delineate them separately upon the maps.
But for a clear conception of the multitudinous phases of the ice's
work_ it is important to bear in mind that a part of the material of a
terminal moraine may have had such an origin.

The terminal moraines therefore embrace (1) the material accumu-
lated beneath the edge of the ice while it was stationary, or nearly
stationary, for a considerable period of time, so as to form thick
ridges or belts of drift ; (2) that carried on the surface of the ice and
dumped at its margin, as well as (3) such material as the ice pushed

• Ch:tmberl_, Bul[etln (Jt'_logi_.tl So¢'iety of America, Vol. 1, p. 28 (1890).
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up in front of itself by the forward motion of its edge. Of these
three classes of material_ that accumulated beneath the edge of the
iceisbelievedtohave beenmuch more importantthantheothers---
thatis,thematerial"lodged" beneaththeiceedgeisgreatlyin ex-
ce_sof that"dumped" atitsmarginor"pushed"beforeit.

At variousstagesinitsfinalretreattheicemade moreorlesspro-
traetedhalts.The halting-placesaremarkedby marginalmoraines,
greaterorsmaller,inproportiontothedurationof thehalt.
A terminalmoraineisnotthesharpand continuousridgewe are

wonttothinkit. The greatterminalmoraineof,NewJersey,like
terminalmorainesingeneral,isa belt,ratherthana ridge_ofdrift.
In widthitvariesfroma fractionofa mileto severalmiles.Itis

oftenbutslightlyhigherthantheareaon eitherside,andsometimes
evenlowerthanthaton theonesideortheother.But thedepthof
drift is generally greater than that on either hand.

Topography of Terminal Moraines.

By far the most distinctive feature of the terminal moraine is not
its ridge-like character, but its topography. :Nearly everywhere it is
characterized by depressions without outlets_ associated with hillocks
and short ridges comparable in dimensions to the depressions. In the
depressions occur many marshes, bogs, ponds and small lakes. The
shape and abundance of round and roundish hills have locally given
rise to such names as the " knobs," "short-hills," &c. In other
places the moraine has been named the "kettle range" from the
number of the kettle-llke depressions upon its surface. But it is to
be kept in mind that it is the association of the "knobs" and the
"kettles t" and not either feature alone_ which is the especially eharac-
teristic mark of the terminal-moraine topography.

The aCCompanying plates, I]_I. and IV., illustrate the topography
and the topographie relations of the terminal moraine. Plate III. is
a reproduction of a portion of the topographie map (sheet 6), in the
vicinity of Plainfield. Through the area represented on the map
runs the terminal moraine. The course of the moraine may be
readily traced by the irregularity of the contour lines. Beginning
northffest of Westfield the moraine runs slightly west of south •
through Fanwood ; thence, in the same general direetiou_ just east of
,Netherwoed ; thence, in a southerly direction, to Oak Tree, bearing

NEW JERSEY GEOLOGICAL SURVEY



84 ANNUAL REPORT OF

slightly to the east. Its average width is about one mile. The

abundance of hills and short ridges, with their intervening depressions,

which mark the surface of the terminal moraine, express themselves

on the map by the irregularity of the contour lines along the belt
indicated. The contour lines on either side of the moraine belt are

much more regular. Some of the depressions among the hills con-
taln water, thus constituting ponds or small lakes.

It will be seen that the altitude of the moraine belt, as a whole, is

greater than that of the land on either side. The moraine belt is,

therefore, ridge-like, and the short hills and abrupt little ridges which

mark its surface are but constituent parts of the larger, broader ridge,
or terminal-moraine belt.

The area immediately west of the moraine represents an "overwash"

plain (see p. 96). It consists of gravel and sand deposited by waters
emanating from the melting ice. The high land in the northwest

corner of the map, rising with steep and regular slope above Scotch

Plains, represents the slope of a rock ridge. The regularity of its

slopes, as shown by the regularity of the contour lines, is in striking
contrast to the irregularity of the slopes of the moraine.

East of the terminal belt, the edge of the ground moraine is

shown. Between this and the terminal moraine there is no sharp

line of demarkation. The one grades into the other. Ash swamp
represents a feature common to the inner face of a terminal moraine,
where ill-drained areas are likely to occur.

Plate IV. represents a portion of the same area on a much larger
scale. On this plate the contour lines are at intervals of five feet

instead of ten. All the depressions which contain water (ponds) are
here indicated. It will be seen that the terminal-moraime belt is a

belt marked by an abundance of ponds. It should be borne in mind

that the actual number of hollows or depressions is much greater than
the number of ponds, since only those depressions whose bottoms are
relatively impervious, retain the water which falls and flows into

them, thus making ponds.

The following are muong the many localities in :New Jersey where

the moraine may be seen in its typical development :* The north-

west part of Perth Amboy; just north of M:etuchen; at Oak Tree,
and between Oak Tree and Netherwood and Fanwood_ east of" Plain-

×For general descriptionof terminal moraine of last ice epoch,see Third Annum
Report t . _. G. S., pp. 291-402. Chamberlin.
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field ; east and southeast of Morristown ; a mile or two north of

Haekettstown; and north of Butzville. A subordinate terminal

moraine, marking a halt in the retreat of the ice, has an interrupted
.course west-southwest from Waverly, passing by Lyons Farms and

south of Union (Connecticut Farms). It has its best development
about two miles northeast of Cranford. Other recessional moraines

will probably be found when the whole glaciated area of the State
shall ha_e been studied.

The manner in which the peculiar topography of terminal moraines

has been developed is worthy of note. In the first place, the various

parts of the ice margin had unequal amounts of drift to deposit.
This alone would have caused the moraine to have been of unequal

height and width at different points. In the second place, the margin
.cf the ice, while having the same general position during the making

of a moraine, was yet subject to many eseil]ations. It doubtless

receded to some slight extent because of increased melting during the
summer, to advance again during the winter, when the melting was

less. In its recession, the ice margin probably did not remain exactly

parallel with its former position. Some parts receded more and some
less, so that the details of the line of its margin may have been quite
different at the close of a summer's season from those at the begin-

ning. When the ice again advanced, its margin may have again
_changed form in some slight measure because of unequal rates of

motion, so as to be parallel neither with its former advanced position

nor with its position after its greatest temporary retreat. With each
successive fluctuation in position, the details of the ice margin may

have altered, and all the time the depositions beneath the edge would

conform in position to the varying margin. There might be consid-

erable change in the outline of the edge of the ice, even when there

was no general recession or advance, as existing glaciers show. Any
_ause which would induce variable rates of melting or advance at the

margin of the ice would help to bring about this result.

It may have been true of the margin of the ice-sheet, as of glaciers
at the present time, that there were periods of years when the edge of

the ice receded, followed by like periods when it remained stationary

.cr nearly so, and these in turn followed by periods of advance.

During such advances, the deposits made during the period of reces-
sion would be overridden and disturbed.

If the margin of the ice during a halt following the re-advance,
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did not correspond exactly in position with the earlier advanced mar-

gin, the submarginal ridges of drift formed at the two stages of

advance would not correspond in position. The later might touch

the earlier at some points, when the two submarginal ridges would
become one, and fail to reach it at other points, when there would be

a depression between them. The ice in its re-advance might pass
beyond its earlier position at some points, overriding such deposits as

had been earlier made. If the ice were to retreat and advance repeat-
edly during a considerable period of time, but always within narrow

limits, while the details of its margin were frequently changing, the

result would be a complex or "tangle" of minor morainic ridges of
variable heights and widths, formed beneath the edge of the ice

during the halts which intervened between the periods of movement.

Between and among these minor ridges there would be depressions of

large and small size and of variable shapes. Thus, it is conceived,
the peculiar hillocks and hollows which characterize the terminal

moraine may have arisen.

DRIFT DEPOSITSMADE BY WATER.

1. In Connection with the Ice.

Even during the advance of the ice, and while it was in most

vigorous action, continuous melting was in progress. It is to be kept

in mind that it is the ratio between the advance and the wastage which

determined the position of the edge of the ice at every time and place.
The surface wastage was greatest near the edge of the ice, because here

the climate was warmer than elsewhere upon the ice. At the edgc_

and reaching hack considerable distances from it, surface melting was
always in progress. This gave rise to large quantities of water, some

of which ran over the surface of the ice to its edge, and was there
precipitated upon the surface of the land beyond it, and some of which

fell into crevasses in the ice. Part of the water which found its way
into the crevasses was doubtless carried forward, for greater or less

distances, in the ice itself, but most of it found its way ultimately, if

not immediately, to the surface of the ground beneath the ice, and
flowed along this surface.

The water which flowed over the surface of the ice often formed

more or less well-defined streams, which from their position are known
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as superglaeial streams. The water which flowed upon the land sur-
face beneath the ice was likewise often concentrated into well-defined

streams called subglaeial streams. Some of these attained the dimen-

sions of largo rivers. The Rhone river of to-day issues as a consider-

able stream from beneath the Rhone glacier. Above the terminus of
this glacier the river has a subglacial course of undetermined length.

In this part of its course it is a subglacial stream.
The water which descended into the ice from its surface through

crevasses, or through smaller cracks or pores_ had a various course.
It is possible that it was sometimes eoncentrated into streams which

had longer or shorter courses within the ice itself. On one of the

Alaskan glaciers* at the present time, an englacial stream appears at

the surface of the ice, issuing from an ice tunnel, pursues a super-
glacial course for a short distance, and plunges again beneath an ice

arch and pursues for an undetermined distance an englacial course.

Such streams may be designated as englaeial streams. It is probable

that englacial streams had but short courses, in general, before they

reached a subglacial position.
The rain which fell upon the surface of the ice augmented the

volume of surface water produced by melting, and swelled the various

classes of glacial streams, in proportion to its quantity. The sub-

glacial waters derived from above would be increased by the melting
of the under surface of the ice. The friction generated by the move-

ment of the rock-shod ice over the surface of the laud, as well as the

heat derived from the earth by conduction, would bring about tMs

under-surface melting, which would not be restrieted_ like the surface

melting, to a wide margin of the ice-sheet, but would take place
everywhere beneath it. "The total volume of water originating by the

melting of its under surface, was probably greater than that which

arose trom superficial melting during the time when the ice was

in vigorous motion. _ear the margin of the ice, the melting at the

upper surface was probably greater than that at the lower, at all
times. In the later stages of the history of the ice-sheet, its motion

became very sluggish, and while its areal extent was still great, parts

of it appeared to have lost their motion altogether, and to have become

stagnant. Where this condition of things obtained, and especially if
it were due to warmer climate, as it may have been, the superficial

melting probably exceeded the basal.

"_Russell, An Expedition to Mount St. Elias, Nat. Geog.Mag.,Vol. 3, p. 106 (1891).

NEW JERSEY GEOLOGICAL SURVEY



88 ANNUAL REPORT OF

It is conceivable that, under special conditions of topography, sub-
glacial waters might have become englaeial. But, at best, this was a
rare occurrence, and no instance of the kind is known to the writer
among present glaciers. In the nature of the case, it would be diffi-
cult to observe the phenomenon here referred to, even if it were a
common fact.

The melting of the ice was not confined to its upper and lower sur-
faces, though here the wastage was greater than elsewhere. 1-u its
motion, various parts of the ice were under varying strains and
stre_es at the same time, and the same part at different times.
Wherever the stress was such as to crush the ice, as must have some-
times been the case, the crushing would involve friction, and there-
fore heat and more or less of melting. Again, pressure lowers the
melting point of ice, and, under pressure, various parts of the lee
might be reduced to a liquid condition because of increased pressure,
especially if the temperature, before such increase, was near the melt-
ing point. In either case, the movement of the water would probably
be but slight before the conditions which caused the change from the
solid form would be altered, and' the water wouM again be converted
into ice. But, meantime, some part of it might have joined an en-
glacial or subglacial stream, and thus be brought into conditions
which prevented its return to a solid form. Data are not at hand for
determining, even approximately, the amount of water which is pro-
duced by the process here indicated, or what proportion of it joins the
glacial drainage.

Not all the water on the surface of the ice was concentrated in

streams during its superficial course. Where the surface of the ice
was smooth and plane and the rate of melting very uniform, the
water, doubtless, formed thin, superficial sheets rather than definite
streams. Likewise, and to a much greater extent, the snbglacial
waters failed to be confined along well-defined channels. Subglaeial
pools (miniature lakes) probably had a temporary existence at many
times and places, and thin sheets (rather than streams) of water

probably covered small plane or depressed areas beneath the ice, where
the ice temporarily failed to rest upon the land surface. Such areas
would correspond to hollows on the under side of the ice, or to small
depressions in the land surface, which the ice failed to fit into and fill
during its passage.
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Osars. Eskers.--Iu all these various positions the water did its
peculiar work. The superglacial streams wore channels and valleys
in the ice, much as streams wear channels and valleys in the surface
of the land. Other things being equal, valleys would be more easily
excavated in ice than in rock, since ice is softer than rock, and since
the streams would deepen their courses by melting their beds, as well
as by abrasion. Wherever there was rock debris upon the surface of

the ice this would be slowly gathered into the channels of the streams
by the movement of the water into them, as well as by the action of
g_vity, which would carry i_ down the ire-slopes berdcriuff the
valleys. If the ice which occupied the space of the valley-trough
be/ore the latter was excavated, contained drift, such drift would accu-
mulate at the bottom of the valley as the imbedding ice was melting
or worn away. Some part of the material, accumulated by one process
or another in the superglaeial valley, would be removed by the water
coursing through it. If the water was unable to remove all of the
material, the finer would go and the coarser,would remain.

In process of time, if the stream held its course without interrup-
tion, a very considerable filling of gravel and bowlders might be made
in the bottom of the superglacial valley. Over and through this filling,
the water would move. Should the ice on which such a valley exists
become stagnant, as ice did to some extent (luring the declining stages
of glaciation, the ice beneath and around the valley would melt, and
the sand and gravel and bowlders accumulated in it would be let

down, gradually and gently, upon the surface of the land immediately
beneath the original channel in the ice. When the ice was gone, this
ice-channel drift would appear as a ridge, coinciding in geographic
position with the old superglacisl stream. If the superglaeial stream
had tributaries, as is possible,, their valleys might have been partially
filled with debris like that of the main stream, and when the ice had
melted, the position of the tributaries would be likewise marked by
ridges of assorted drift. Such ridges would stand in the same relation

to the ridge of the main stream as the tributary rivers to their main.
Since the slope of the upper surface of the ice was toward its edge, the
surface streams would have their courses determined thereby, and the .
courses of the resulting ridges would correspond in a general way
with the course of the ice movement.

It is not necessary that the ice should become stagnant before its
mdtlng in order that the material aeeumulated in the superglacia[
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valley should be deposited as a ridge upon the land. Although over-
balanced by melting, the ice had a forward motion during its recession
in many if not in most places. In this case there might be super-
glacial streams, as in the case of the stagnant ice, and such streams
might accumulate much gravel in their channels if the surface or
upper part of the ice furnished it. As the edge of the ice is melted
the ice-valley drift would be delivered on the land in proper form, as
the ice melted from beneath it, and by the progressive recession of the
ice's edge the superglacial valley drift would come to constitute a ridge
of stratified sand and gravel marking the site of the supcrglaeial
valley.

Ridges of assorted drift, such as we may conceive would arise under
the circumstances as here sketched, are known, and it is believed that
they may have been formed in the manner described. Such ridges ot
drift are known as osars (_.sar) ores'kera. They have sometimes been
described under the name of kames and serpentine kames, but there
seems to be sufficient reason for discrimination between them and the

formations usually described under the term kame.
The superglacial valley might become very deep, even cutting

through the ice. In this case the stream would come to rest upon
the land beneath the ice and would flow through an ice canon. The
accumulation of drift in its bed would be much the same as before.

The only important modification that would result would be from a
tendency of the ice to move in on either side of the ice canon, as if to
close it up. Even if worn back by the stream as rapidly as it tended
to close in, it would still bring debris to the stream channel from
either side, thus adding a new contribution to the debris accumulated

by the stream's own action. This contribution might be less assorted
and less definitely stratified than that finding its way into the ice
valley by other means. The lateral movement of the ice toward the
canon would probably be so slow, and its contribution of drift so slowly
made, that the stream would rework all or most of it, carrying away
the finer parts and arranging the coarser in more or less regular layers.
The movement of the ice, as here suggested, would be likely to disturb
and contort the regular stratification of the material arrauged by
water alone.

In the channels of streams beneath the ice a very similar process of
accumulation might be going on. The stream beneath the ice would
be subject to conditions much more variable than those of streams on
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land surfaces, where there is no ice. The velocity of a subglaeial

stream would probably vary greatly from time to time, and from
place to place.

On passing from their subglaeial to their open-air cqnrses, existing
streams carry much silt and sand and gravel. The same is probably

true of them during their subglaeial courses. If so, wherever their

velocity is checked they are likely to deposit some portion of their

load_ and the portion deposited would be the coar*er portion, since this

is most difficult to carry. A subglacial stream might thus build up

its channel, and if the subglaeial course of the stream was closely con-
fined by the overarching ice, the stream might not be able to abandon

its bed, even though this be higher than the land surface on either
hand. Thus the subglaeial stream might come to flow on a subglacial

ridge accumulated in its channel, because the only course accessible to

it was along the crest of this ridge. In this case the ice would tend

to press in on either hand and close up the valley, the same as if the
channel had been cut down through the ice from surface to base." In

the one case, as in the other, the mol;e or less reguler stratification

produced by the stream in the deposits made in its channel would be
disturbed and contorted.

After the melting of the ice, ridges thus developed, and representing

the courses of subglaeial streams, would have the same general aspect

as ridges formed in the channels of superglacial streams, and let
down upon the surface of the land by the melting of the ice, or the
same as that of ridges formed in cations which have been cut from the

top of the ice to the land surface beneath. Among the gravel ridges

known as osara, it is altogether possible that some may have been
formed in subglaeial streams. Such osars might have lateral osare

joining them, just as those formed on the ice in superglacial valleys.
It is not to be inferred that every superglaeial stream or every

stream beneath the ice constructed osars. They may have failed to

do so because of insufficient material, or because their life histories
were too brief; for all the streams on and in and beneath the ice are

subject to great vicissitudes of conditions, and their existence, in any

given position at least, is liable to be brought to a sudden end.

Not every stream which built an osar, or which gathered the
material that might have become an osar, left permanent record of its

work. If the stream ceased to exist, or if its position was changed

before the movement of the ice ceased, the ice would be likely to
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override the ridge which might otherwise have been an osar, partially
or completely destroying it, or burying it by a deposit of till made
directly by the ice.

The water on and under the ice which was not confined in channels

was doing a work uomparable to that of the streams. Instead of
ridges, patches of gravel and sand were probably accumulated on the
ice, where the surface waters could get the materials to work upon.
When the ice melted such of these patches as had not been earlier
destroyed were let down upon the surface of the land. It is not
probable that such accumulations were extensive, and it would be
very difficult, if not impossible, to discriminate them from other like
deposit_ which might now be similarly disposed, though produced by
very different methods.

Subglaeial waters likewise, even though not confined in channels,
would exhibit their proper activity. As on plains at the present
time, such waters might spread sand and gravel over such areas as
were subject to their action, burying whatever deposits had been
earlier made in the same locality.

Such deposits of sand and gravel would be stratified as water de-
posits are. They might be subsequently disturbed or altogether
destroyed by the action of the ice, or they might be buried by it8
deposits (till), if it subsequently came to rest upon the surface earlier
covered by the water, but not pressed upon by the ice. Such changes
were probably not of infrequent occurrence during the ice period.

Kames.--Agsociated with the terminal moraines in many places,
there are hillocks of variable shapes and sizes, composed of stratified
sand and gravel. As their composition and structure show, they are
the result of water action, not of ice action--or, at any rate, not of
ice action alone. The common association of these hills and hillocks

with the terminal moraine suggests that they are features developed
at the margin of the ice. The gravel of these hills is often but little
worn. Some of the rock fragments composing it are angular, and
many are but slightly de-angulated. The stratification of the sand
and gravel is generally very distinct, but often very irregular. The
irregularity has arisen in two ways. Part of it is original, indicating

peculiar conditions of deposition, and part of it is acquired, for it is
of such a character as to indicate that the original stratification has
been much disturbed since it was produced. In these cases, the lines
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of lamination show bendings and contortions and even sharp foldings,
which water could not produce in its deposits without the co-operation
of some other disturbing agent. The structure of these hills and
hillocks seems to warrant the conclusion that their material, once
stratified by water, and by water moving with swift and changeable
currents, as indicated by the original irregularity of the stratification,
was contemporaneously or subsequently subjected to pressure by some
powerful agent which was able to distort the original bedding planes
produced by the water. So far has this disturbance gone in many
places that it is probable that the shape of the hills themselves may
have been materially changed by it. Hillocks of the structure, com-
position and associations here noted are known as kames.

It is frequently the case that otherwise well-defined kamea are
covered by a thin mantle of till. The till indicates the presence of

glacier ice, and this was probably the disturbing agent which displaced
and distorted the stratification which the water had earlier developed.
A till-covered kame may be seen in the western part of Rahway, south
of Robinson's branch, and in the valley of the East Rahway, from
Orange mountain to South Orange and beyond, several such kames

• Occur.

While most abundant in and near the terminal moraine, kamas are
by no means confined to it. If they be the phenomena peculiar to
the ice margin, as their frequent association with the terminal
moraine suggests, they might occur in any region where the ice margin
has been. Since, during its retreat, the ice margin covered all the
territory north of the position of its maximum advance, kames might
be found anywhere north of the moraine, where conditions were favor-
able for their development, if they be marginal phenomena. And
such is their distribution. But north of the main terminal moraine

they are less numerous than in and near it, and are much more com-
monly than otherwise, associated with secondary or recessional termi-
nal moraines. Such moraines are sometimes essentially composed of
an aggregation of kames. In New Jersey, the recessional moraine
already referred to, running west-southwest from Waverly, is locally
made up of kames, so far as its constitution is indicated by present
exposures. That kames were made by water seems certain from their
constitution and structure. That they were frequently made in the
immediate presence of ice and somewhat modified by it, seems certain
from the till which sometimes covers them, and from the pressure to
which they have dearly been subject.
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It is not the habit of water, unaided, to construct hills of the

materials it carries. When tributary streams, much swollen by
floods, and carrying heavy loads of debris, meet a more sluggish
main stream, it is possible that the water-carried debris would be so

deposited, and the deposits so shaped by the currents, as to constitute
small hillocks. It is conceivable that where strong currents meet in
such wise as to antagonize each other, both would drop their loads of
debris, and the eddies, which would result from their contest with

each other, might help to heap these deposits into hillocks, and
might excavate hollows between them. Basin-like and irregular
hollows, such as might have been produced by eddies in conflicting
currents, are frequent accompaniments of kames. But while such

activities as those here suggested seem to adequately explain certain
kames, they do not seem adequate as an explanation of all the hills
which are now grouped together under the name kames. It is not

improbable that further study will result in the recognition of
various types of kames, formed in different ways.

It is possible that some of the kames may have had their forms

impressed upon them beneath the ice ; that they are cast, so to speak,
in ice moulds. Then, too, the activity of the waters at and beneath .

the margin of the ice, where the latter no loflger rested heavily upon
the ground, was doubtless great, and constantly .varying in strength,
and the currents constantly shifting in position. The work of the
water in this position, and under these circumstances, would be ever
and anon interfered with and modified by the action of the ice, whose
margin was subject to constant fluctuations from the seasonal and

periodic changes in climate, and from the variation in the activity of
the marginal and submarginal waters. While these seem to be the

general conditions under which kames were developed, the precise
method by which all kames may have been builded is difficult of con-
ception.

Kames differ from osars (1) in being mounds and hills rather
than ridges, though kames may be somewhat elongate, and (2) in
being commonly arranged in positions at right angles to the move-
ment of the ice, instead of parallel with it, as is the case with osars.
Isolated kames cannot be said to exhibit arrangement. But when
the kames are in belts, as when associated with terminal moraines,
the belts are approximately at right angles to the motion of the ice,
or parallel to its margin. Such belts of kames were produced by
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waters whose direction of movement, though frequently shifting, was
mainly at a high angle to the belt itself. On the other hand, the
movement of the water producing osars was approximately parallel
to the direction of ice movement, and parallel to the direction of the
resulting ridge. Where single kames are elongate, their greatest
diameter is, more commonly than otherwise, parallel to the edge of
the ice, and at right angles to the direction of its motion--that is, the
reverse of the relationship shown by the osar ridges.

In size kames vary greatly. From mounds a few rods across and
a few feet high, they range to hills a mile or more in diameter, and a
hundred feet or more in height. With a diameter so great as the
maximum here stated, a kame is usually elongate and more or less

ridge-like. Their slopes are frequently about as stecp as the incoherent
material of which they are composed will lie.

2. Water Deposits Beyond the Margin of the Ice.

A. Valley drift.---So far as the water which flowed beyond the margin
of the ice was confined in valleys its current was swift, wherever the

gradient was not very low. This follows from the great volume of
water which such streams had. Under these circumstances the

streams issuing from the glaciers must have carried great quantities
of debris, since the glacial grinding was constantly producing it under
circumstances such that it might be taken up readily by the streams.
Much of the debris was deposited in the valleys through which the
swollen streams coursed. Drift, therefore, is not confined to the limit
of ice advance, though the strictly glacier drift is so confined. That
which lies beyond was deposited by water. The valley drift carried
beyond the edge of the ice, by streams originating from it, was coarser
when the streams were swift, and finer where they were slow. From
the nature of the deposits of valley drift, therefore, the relative

velocity of the streams which did the depositing may be inferred.
At the time of that glaciation of New Jersey which is represented by
the heavy drift-sheet which is bordered on the south by the terminal
moraine, the streams which flowed from the ice were swift, for they
carried down large quantities of gravel and sand, with which they

partially filled their valleys. The gravel and sand thus deposited have
been designated valley drift, to distinguish it from other forms of
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stratified drift. The drift thus deposited in a valley has sometimes
been called a valley train of sand and gravel.

Such valley trains have their source, at any given stage of their
depositiou, at the margin of the ice. As the ice margin changed, the
geographic source of the gravel likewise changed. Where the ice
margin remained constant in a position for a long period, the gravels
would take their source for a corresponding length of time. It thus
happens that the terminal moraine, which represents a loog period of
time during which the ice edge was nearly constant in position, marks
the source of heavy valley trains of river-carried sand and gravel.

In New Jersey such valley trains of gravel occur in the valleys of
several streams. In the judgment of the writer, the gravels COmpos-
ing the terrace at Trenton belong to this class. These gravels have
long been known under the name of "Trenton Gravels." Their

geological relations have been the subject of much dispute. Especial
interest attaches to them, because of the association of paleolithin
implements with them. Gravels corresponding to them occur at.

various points in the valley of the Delaware, generally forming a
well-defined terrace. Though not now uninterruptedly present from
the moraine at Belvidere to Trenton, these gravels doubtless once

filled the bottom of the valley throughout this entire distance, and
even further south, although they are said to have no development
below the vicinity of Trenton on the east side of the river at the

present time. Where they are not present on the New Jersey side of
the valley, they often occur on the Pennsylvania side. Where they

are present on neither side, they are confidently believed to have been
removed by the river since the time of the last glaciation.

The materials of this valley train are coarsest in the vicinity of the
moraine, and become finer and finer further down the stream. The

occasional large bowlders which occur in the gravel and at its surfacer
were probably carried down the stream by icebergs detached from the
edge of the ice-sheet, and carried southward by the current. If

bowlders were imbedded in it or frozen to it, even a small berg of ice,
because of the lightness of ice, would be able to carry large masses of
rock and still float upon the water.

B. Overwash plains.--Where the country beyond the margin of the
ice was flat, the water spread widely over it, carrying its burden of
gravel and sand, depositing it where its transportive power failed.
Since the velocity of such waters was slight, compared with that of
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waters having a similar origin but confined in channels whose banks
might retard the flow, they would not be able to carry material of so
great size, nor such as they might at first move, to any considerable
distance. Water, marginal to the ice and arising from it, would
cover the flat tracts of land over which it spread, with stratified
gravel, sand or silt--according to its strength of movement. Such
plains of drift deposited by water beyond the edge of the ice have
received various names. Among them, overwash plains, morainic
aprons and border plains, may be mentioned. Where the plain of
deposition is narrow and extended in the direction parallel to the
movement of the water, the deposits will closely resemble those made
in a wide valley, both in kind and distribution. Overwash plains
may thus merge into valley trains.

The gravel and sand plain on the edge of which Plainfield stands,
is an example of such an overwash plain ; or, more accurately, it is a
plain partaking of the nature both of a valley train and of an over-
wash plain. So far as it was built up from the northward, it was by
water starting from the ice margin about one mile northeast of Scotch
Plains, and flowing west of south through a preglacial valley. Thus
far it corresponds to a valley train, and has a slope down the valley
to the west of south. So far as it was built up by waters discharged
from the ice's edge lying east of the valley, and flowing in a westerly
direction toward the valley, it partakes of the nature of a morainic
apron. The position of the ice-edge from which the water thus flow-
ing emanated, is marked by the terminal moraine from Netherwood
southward. That part of the plain thus built up has a slope to
the south of west. The deposition from the two directions was
probably going on at the same time, and the resulting plain is a unit,
though two slightly-different phases of the activity of water co-operated
in its construction.

It sometimes happens that the slupe of the land which the ice
invaded was locally against it. In such cases water sometimes accu-
mulated between the ice barrier behind and the land barrier before,
making a temporary lake. Under such circumstances the melting ice
discharged its waters into the lake. Since the currents would be
arrested on meeting the quiet body of water, its load would be dropped,
and formations of gravel and sand would be made on the iceward
border of the lake. If the waters joining the lake had little current,
silt, instead of sand and gravel, might constitute the deposit. The

7
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growth of the formation would be on the same principle as the growth
of a delta. The finer material carried by the water would sink less
readily than the coarser products. They would therefore be more
widely distributed over the lake bottom. In the interior of the
United States there are extensive plains of silt thus accumulated.
No formations known to be of this character have come under the

observation of the writer in New Jersey, but they may yet be found.
They are not rare in other parts of the drlft-covered area.

As the ice retreated, border plains of gravel and sand were some-
times developed similar to those which were found at the margins of
the ice at the time of its maximum advance. The plains of stratified
drift made along its border during the recession of the ice_buried the
till or whatever phase of drift previously occupied the ground.
Gravels accumulated beneath the ice by subglaeial waters might stand
in the same relation to underlying till.

If, after a border plain of gravel had accumulated, the ice tem-
porarily advanced over it, the border plain might be destroyed or its
stratification disturbed, or it might be buried by till deposited upon it.
Gravels deposited by subglaeial waters might be covered with till sub-
sequently, in such wise as to be indistinguishable from overwash
plains buried by till.

The thickness of the sand and gravel of these border plains was
dependent in large measure, upon the length of time the ice stood in
such a position as to allow the border waters to flow over the same
territory and make deposits upon it. The rate of supply of detritus
would be a second determinant of the depth of the gravel and sand.
The actual variations in thickness are great. It may be several scores
of feet or it may be so thin as to be scarcely recognized as a layer
independent of the material beneath it. Overwash plains generally
have less depth of drift than valley trains.

.Pitted plains.--The plains of stratified drift are not always plane.
Their surfaces are sometimes marked by depressions. These may be
deep and kettle-like, or more rarely trough-like iu form ; or shallow,
being mere sags in the surface. Plains thus characterized are known
as pi_ed plains. Their position generally corresponds with that of
overwasb plaiu_, though they sometimes occur where there is no
terminal moraine associated. Where the depressions become conspic-
uous, they are sometimes accompanied by mounds and small hillocks,
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so that the plain becomes undulating. When this character is marked,
the hillocks take on a form and structure such that, individually, they
correspond to small kames. Overwash gravel plains may thus merge
into pitted plains, and pitted plains into areas of kames. In origin,
pitted plains and kame areas probably have much in common. It is

probable that the ice played an important r61e in shaping the surface
of those plains which become so rough as to be classed as kame areas
rather than as overwash plains. Valley trains likewise are some-
times pitted.

Gradation of Tgpes of Drift Into .Each Other.

The various classes of drift here enumerated are sufficiently distinct
from each other to be easy of recognition where typically developed.
But from the circumstances under which they were made it will be
readily seen that any form "of drift may grade into others. This
results from the fact that one phase of ice action grades into another,
and from the fact that water and ice co-operated and alternated with
each other in all conceivable relations. It follows that distinct as the

various phases of drift are, taken in their typical development, it is
often extremely difficult to make sharp distinctions between them in
the field.

No types of drift are better defined than the till and stratified

gravel. But it has already been pointed out that till may assume
different phases, according to the nature of the rock from which it
was derived. It may be more or less clayey, more or less sandy,
more or less gravelly, more or less bowldery. But the difficulty of
discriminating till does not lie here. When the ice passed over beds
of gravel which had been made by subglacial or extra-glacial waters,
its action upon them was various. If it simply buried them they
would be gravel beds still, though overlain by ground moraine. If
the ice so worked upon them as to roughen their surfaces and distort
their stratification, without destroying it, undulatory tracts of gravel
would result, the hillocks of which might bear some resemblance to
kamse, though their material would generally be more water-worn.
If the gravel deposits were buried by till in the process, the kame-
like hills would be till-coated, as is sometimes the ease. If the ice so

worked upon the stratified gravel beds as to destroy their stratifica-
tion, removing them never so little and depositing them anew, with
little admixture of other material, the gravel, though gravel still,
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would become ground moraine. Its structure, or its absence of

structure, would be the result of ice action, and not the result of

water action. The original stratified gravel, even if deposited in

advance by waters emanating from the ice itself, constitutes the forma-

tion over which the ice afterward passes, upon which it works, and
from which it makes its ground moraine. And here, as elsewhere,

the ground moraine is dependent on the character of the formation

from which it is derived. If the ice's work upon the gravel was

protracted or vigorous, the latter might be worn and crushed so that

its character as gravel was largely or even completely destroyed. In

this case the gravel might be changed to typical till. But the work
of the ice upon the gravel was sometimes only enough to destroy its

stratification. It would be but unstratified gravel, though deposited

by the ice, and therefore moraine.

The process of destruction of the stratification may have proceeded

to any extent. It may be disturbed only; it may be largely destroyed

though locally preserved, and the ratio between that part which has
lost its stratification and that which has not, may vary in either
direction until the one class or the other is excluded. If the stratifi-

cation has been completely destroyed, the gravel is to be regarded as
ground moraine. But if it has just failed of complete destruction,

the gravel seems hardly to belong to the category of assorted drift or to

that of unassorted. It is customary to speak of such deposits as
made up of stratified drift, re-worked or re-arranged by the ice. But

it is not found practicable in the mapping of the drift formation to
recognize a class of drift intermediate between that which is stratified

and that which is not, although drift possessing an intermediate

character occurs. To carry the classification thus far in the mapping of
the drift would lead to endless complications. It goes without saying

that stratified sand deposits may stand in the same relations to till as
the stratified gravel deposits. Thus it often becomes a matter of

extreme difficulty to draw a line_ separating till on the one hand from

stratified sand and gravel on the other. Often no such llne can be

drawn without doing violence to the facts.

In another way the till and the stratified deposits of drift present
dit_culties when their delineation upon maps is attempted. The

stratified drift may overlie the unstratified, or vic_ versa, to any

depth. One foot of stratified sand may overlie many feet of till, or
the reverse may be the case. The areas where this condition of thiogs
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obtains might be mapped as sand, because their uppermost por-
tion is sand, or they might be mapped as till, because the main
part of the drift material is till. Were the thickness of the surface
layer in such cases uniform the matter would be simplified. But it
is often very variable. A surface layer of sand may be wanting at
certain points, thin over associated areas of small extent and deeper
over other areas of like extent and relation, and the thickening and
thinning follow no law which expresses itself at the surface. The
areas where such changes occur are often very small--too small to be
separately represented on maps of the scale in use. Re.re there is
another obstacle to the accurate delineation of the drift formations.

As if the lateral and vertical variations and gradations between
till and stratified drift were not enough, a further difficulty is encoun-
tered, in that the extent of the complicated conditions of things which
is known to exist cannot be defined. Exposures revealing the facts
are only here and there, and all that is left by which to judge of the
nature of the drift is the surface soil and its products, and the local
topography.

The discriminations between the stratified and unstratified drift are

hardly more difficult to make than those between certain other classes

of driR. The lines which must be drawn upon the map limiting the
position of the terminal moraine are sometimes arbitrary. Its outer
border is frequently well marked, as, for example, where it is bor-
dered by an overwash plain with a smooth surface. When the border

plain is undulatory, as it sometimes is, the definition is less sharp.
But the inner border of the moraine is frequently ill-defined. The
main part of the terminal moraine is formed beneath the margin of
the ice, and under the peculiar conditions there existent. The COn-
ditions which are peculiar to the margin of the ice become less and
less pronounced back from the edge. They disappear gradually;
they do not cease suddenly, and it is not easy to say how far back
from the absolute edge of the ice the strictly marginal conditions
extended. The distance is probably a variable one, dependent on
many factors, such as local topography, thickness of the ice, vigor of
its action, softness or hardness of the rock, &e.

The terminal moraine corresponds to tbis condition of things. :Its
outer and central portions are often sharply enough marked, but on

the inner face it grades back by almost imperceptible degrees into
the ground moraine. The line betwosn the inner face of a terminal
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moraine and the adjacent ground moraine is, therefore, in many
instances an arbitrary one.

These and many other complications make the delineations of drift
formations upon the map a matter of extreme difficult);. And not
only a matter of diffieulty_ but they make it impossible to make per-
fsetly-acenrate maps. Such maps would require exposures many
times more abundant than they now are. For definiteness of repre-
sentation upon a map, too, lines must needs be drawn between
formations, when the separation between them is not marked by $
line, but by a belt or area of gradation.

EXTRA-MORAL,NTIO GLACIAL DRI_"r.

Until the present study of the Pleistocene formations of the State
was undertaken, in the summer of 1891, no evidence had been pub-
lished, so far as the writer is aware, that glacier drift existed in New
Jersey south of the terminal moraine which crosses the State from
Belvidere to Perth Amboy. That drift deposited by water had a
considerable distribution south of the moraine, as at Trenton, was
well known.

In 1889 President T. C. Chamberlin and the writer visited certain

localities in New Jersey and Pennsylvania, south of the terminal
moraine. In New Jersey_ south of Belvidere and between that point
and Phillipsburg, as well as at corresponding points on the west side
of the Delaware, surface features were observed at that time which led
us to suspect that an older glacial drift existed in New Jersey and
Pennsylvania, and that its exposed portion lay south of the terminal
moraine referred to above. It was inferred that this extra-morainic

drift corresponded in age to that lying south of the terminal moraines
in the interior. But the observations made were too few and too

indecisive to make their conclusion certain, and it was never published.
When the writer first visited New Jersey, early in the summer of

1891_ he learned from Prof. Smock that he likewise had been led to
think that there might be an older sheet of drift in New Jersey, south
of the terminal moraine, deposited by an ice-sheet which antedated
that whose southern limit was marked by the well-known terminal
moraine. The relevant factswhich Prof. Smock had accumulated were

generously put into my possession, together with the inferences which
had been drawn from them. Prof. Smock further pointed out several
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localities where the surface formations which seemed to justify the
inference concerning an older drift, could be well seen.

These localities were visited, and the materials whose origin was in
question were examined in detail. Two of these localities were rail-
way cuts near Pattenburg and High Bridge respectively, in Hun-
terdon county. In both situations the surface formations were found
to be such as to make it seem certain that they were glacier drift ;
not drift transported beyond the terminal moraine by water, con-
temporaneous with the formation of the moraine; not material trans-
ported by water at any time either before or since the formation of
the moraine; and not a "fringe"--whatever that may be---nor any
dependency whatever of the terminal moraine, nor any form of deriva-
tion from it.

The cut at High Bridge is about fifteen miles south of the terminal
moraine. Here the drift has a maximum thickness of about thirty
feet. It is composed of a clayey material, which, in some parts of the
cut, is mingled with sandy and gravelly material, and set with
bowlders, the largest of which reach a diameter of several feet.
Among the stony material there are bowlders of various sorts.
Bowlders of shale cannot be said to be abundant, but they are cer-
tainly not rare. Repeated examinations failed to discover a single
piece of shale so much as three inches in diameter, and which sLlll
retained the form it possessed when the drift was deposited, which did
not show glacial strlm upon its surface. In many cases the pieces of

shale had disintegrated into fragments, and even among the fragments,
those which still preserved portions of"the original surface, frequently
showed strim in great perfection upon such surfaces. In some cases
small bowlders or bowlderets of shale were seen, whose surfaces
showed glacial markings in the clearest manner, but which were yet
so far disintegrated that they could not be lifted from their places
without falling into scores of pieces. Though the strim were found
to be much more common on the shale than on harder sorts of rock,
as would be expected, they were not wanting on other kinds of rock.
More than one hard sandstone and quartzite showed strive no less
decisively than the shale, and one large bowlder in the face of the cut
has one surface, seven feet across, planed and striated.

Just east of Pattenburg a railway cut shows the same condition of
things, with the additional feature that the stratum of shale on which
the drift rests, shows evidence of having suffered violent mechanical
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action. It is crushed and crumpled, as if pushed upon horizontally
by great force.

A similar condition of things is found to exist over the whole of
the northern part of Hunterdon county, and over that part of Morris
county which lies south of the moraine. Along the highways shallow
cuts frequently expose material which shows physical and lithologlcal
heterogeneity, an absence of stratification, and the presence, and often
the abundant presence, of striated stones imbedded in a matrix of

clayey earth. These phenomena may be seen at various points
between Oxford Church and Little York, between Little York and
Oxford Furnace and between the latter place and Washington. They
are especially well exhibited at and near Little York, where this
extra-morainic till lies considerably higher than the moraine to the
north.

In places this drift forms a tolerably continuous sheet. Thie is
especially true where the topography is such as to have been unfavor-
able to erosion. On steep slopes and sharp summits it is generally
wanting, as also in the narrower valleys. On the broader uplands
and gently-sloping hills_ and in broad valleys, it finds its chief devel-
opment at the present time. It can hardly be doubted that it once
formed an essentially continuous sheet over a large area south of the
terminal moraine, and that its interrupted existence at the present
time is the result of subsequent erosion.

Concerning the relation of this drift to the terminal moraine, we
hold no doubtful opinion. That it could not have been derived
from the moraine by overwash or by any phase of water transporta-
tion, is clear, since (i) it does not possess the structure of an aqueous
formation ; (2) it is much too heterogeneous to represent the work of
an assorting agent; (3) the surface upon which it rests sometimes
shows the effects of mechanical force, such as water could not pro-
dace; (4) the soft shale bowlderets could not have suffered trans-
portation by water, even for a few miles, without having lost all
traces of stri_e,especially in the presence of abundant harder stone ;
and (5) its topographic distribution is such that water, issuing from
the ice which made the terminal moraine, could not have been the
transporting agent, for, as at Mount Bethel, it covers the tops of high
elevations three hundred feet or so above the moraine, a mile or two
further north, and, without modification of character, occupies depres-
slons at least five hundred and fifty feet below its greatest known
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altitude. Such a formation with such a distribution and such rela-

tions, is not the work of water.
The case is no better if it be looked upon--as the corresponding

formation in Pennsylvania has been--as a "fringe" of the moraine;

for, however this "fringe" may be conceived to have arisen, we

suppose that it is assumed to have an intimate connection, both in
time and in genesis, with the moraine itself. But the drift here
under discussion is not believed to have had any genetic connection

with the moraine, or any time relation to it, except one of great separ-

ation. It is composed of materials which are, in some measure,

inherently unlike those which compose the moraine. But especially

its physical and chemical condition puts it into sharp contrast with
the material of the moraine and with the sheet of drift of which the

moraine is the southern border. Essentially, all the stony material it

contains, except the hard sandstones and quartzitss, shows the effects

of long-continued weathering. Much of the granitic material has so

far lost its integrity that it cannot be handled without falling

into pieces. The matrix, both by its color and by its chemical
character, shows that oxidation and leaching, both as regards exten-

sion and intention, have taken place on an extensive scale.

To adequately appreciate the difference between this drift and that
of the moraine the two should be set in contrast. While the one

exhibits oxidation, leaching and disintegration in an advanced stage

of development, even to its base, where it is thirty feet thivk, the other
has not suffered oxidation and leaching on any such scale as to make

them apparent more than two or three feet from the surface_ and the
sof_t and most easily-disintegrated varieties of rock often present a

degree of freshness which, so far as the eye can see, might charac-
terize masses of rock worked out of their parent ledges within the

memory of living men. We hold, therefore, that this extra-moralnic

drift represents the remnant of a drift-covering once much more
extensive and more uniformly present than now, and that, like the

drift in and north of the great terminal moraine, it was formed by

an ice-sheet, but by an ice-sheet which overspread New Jersey much
earlier than that which made the terminal moraine and the main body
of drift which lies north of it.

It is a matter of great interest to know how much earlier. But to

this question no definite answer can now be given. Suffice it to say
that if the chemical and physical condition of the material be a safe
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criterion to gauge by, the extra-morainic drift must be at least several
times as old as the morainic. That is, according to this standard of
measurement, the interval which elapsed between the first and the
last glacial formations of New Jersey was several times as long as
that which has elapsed siuce the last. This extra-moralnic drift is
regarded by the writer as the equivalent of the oldest glacial drift of
the interior.

The phenomena here described as indicating a drift-sheet older than
that represented by the moraine and the drift north of it, arc not con-
fined to Hunterdou and Morris counties. The extent of the territory
over which these phenomena occur is not known, though many facts
concerning its extension are already in the pOssessionof"the Survey.
The railway cuts southeast of New Brunswick afford similar evidence
in thls part of the State. Glacial-striatsd bowlders have also bee=

_Is. 10.

I}rlfI resl[ng _n diMorted _bale. The latter appears to have been disturbed by mechan|c_

fore, _he up_ portm_s of the miniature folds beins worn _v_y. RaOway cut lost southenst
of Yew Bruns_ick. l'rom a photosrapb.

found between Monmouth 3"unctionand Deans, along the llne of the

Pennsylvania railway, and at :Kingston, on the Millstone river_ three
miles northeast of Princeton, though they are by no means common
in either place.

In Pennsylvania there are drift deposits well south of the moraine
in similar altuatious. Glaciated bowlders, imbedded in clay which
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presents the general aspect of till, have been found near South
Bethlehem, several hundred feet above the Lehigh river, and at
various other points south of the Lehigh, at distances from the
moraine comparable to those at which the corresponding formation
in New Jersey occurs. Drift closely resembling till, and containing
striated rock material, occurs on the west side of the Delaware near

Fallsington,* three or four miles southwest of Trenton, and, with Mr.
C. E. Peer, the writer found similar deposits at Bridgeport, Pa,
opposite Norristown, still further south. Bridgeport is the southern-
most point at which glacially-striated material has been seen by the
writer. Glaciated bowlderets were here taken from clay of such char-

acter that, were the locality known to have been covered by ice, its
reference to till would be fully warranted. Bridgeport is about fifty
miles south of the terminal moraine.

It is not intended to convey the impression that every region where

glaciated stone may be found was necessarily once covered by glacier
ice. The possibility of transportation of glaciated material beyond
the edge of the'ice by water, is distinctly recognized. But it is not
believed that water alone, or water-bearing glaclally-derived bergs,

could produce all the results which are here recorded. Neither the
structure of the extra-morainic drift, nor its physical make-up, nor its

geographic or topographic distribution, is consistent with such an
hypothesis.

At several points in New Jersey south of all the localities thus far
mentioned within the State, there are topographic features which are
easy of explanation if ice once extended to the region where they
occur, but which seem to be very difficult of explanation on any other

hypothesis. The features hero referred to characterize the region from
Washington, Middlesex county, southwest to Fresh Ponds and be-
yond, and also the region east of Trenton, from White Horse to
Hamilton Square. The topography in these regions is very much
like that of a subdued terminal moraine.

The determination of the southern limit of ice action during the

earlier glaciation is likely to be a matter of some difficulty. In its
southern extension the ice reached the region of the "yellow-gravel"
formation. Invading a region whose surface was composed of such
loose material, the thin edge of the ice would probably do little more
than work it over, destroying such structure as it once had, and de-

*This locality was first made known to the writer by Prof. Smock.
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peeiting it again without wide transportation in much the same con-
dition as that in which it found it. There would be some admixture

of material brought from more northerly sources, but this might be
but slight. This condition of things would be especially favored if
the region invaded by the edge of the ice were so low as to be covered
by a shallow depth of water, as might have been the case. Iu this
event bowlders would have been carried beyond the edge of the ice-
sheet by floating ice, and scattered over a wide area beyond the reach
of the glacier, so that a sharp line marking the limit of drift, or even
of glacier drift, would not exist.

The age of the "yellow-gcavel" formation has been long in ques-
tion, and, so far as the writer is aware, no certain conclusion has yet
been definitely reached concerning it. But from its relation to the
older glacial drift, the writer is inelined to believe that it antedates
this drift, and that it is therefore Pre-pleistocene. The definite deter-
mination of this question is one of the problems which will engage
the attention of the Survey in the further prosecution of its work.
New Jersey is probably the best locality for the determination of the
relation of this formation to the drift, and this determination will
have an important bearing upon the problems of coastal-plain
geology, now under investigation at the hands of Mr. McGee, of the
United States Geological Survey. The relation of the "yellow
gravel" to the earlier glacial drift and the age of the former are,
therefore, problems which have a wide interest beyond the limits of
the State. It is perhaps true that no other area of equal extent
affords a more inviting field for the study of Pleistocene geology, or
within which determinations of more importance can be made con-

cernlng the later stages of geological history. Within the State
occurs the p_seagc from the Pleistocene glacial formations of the
North to the Pleistocene water and land (non-glacial) formations of
the South. The determination of the relations of these two phases
of the Pleistocene formations is of prime importance.

NOTE.--It is proper to note here that the proof of this report
was not read by Prof. Salisbury.
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GEOLOGICALWORKIN SOUTHERN

NEWJERSEY.

BY C. W. COMAN.

OAK-LAND AND PINE-LAND BELTS AND THEIR RELATION

TO AGRICULTURE.

The region here considered is that part of the State which lles to
thesoutheastofthebeltof marl outcrops,and isboundedon the
southeastand southwestby theAtlanticoceanand Delawarebay
respectively.The areasodelimited,theformofwhichapproximates
a right-angledtriangle,witha considerablespurextendingfrom its
rightangleinCapeMay county,includesabouttwo-fifthsofthewhole
State.Itsgreatestbreadth,orthebaseof thetriangle,fromSalem
toa pointon thesea-shorefivemilessouthof SeaIsleCity,isfifty-
threemiles;andfromLong Branch,theapexofthetriangle,toCape
May Point,thedistanceisnearlyone hundredand tenmiles.The
_)utcropsoftheuppermarl-bedinMonmouth countyarehereincluded,
but as withtheseinconsiderableexceptions,theuppermarl from
Brindletewn,near New Egypt,northeastwardisdeeplyburied
beneathlaterdeposits,themiddlemarl may be consideredas the
westernboundaryfromNew Egypttothesea-shoreatLong Branch.
The politicaldivisionscoveringthisareaincludethewholeofCum-

berland_Cape May, Atlanticand Oceancounties,considerablymore
thanhalfof Salem,Gloucesterand Camden counties,nearlythree-
iburthsofBurlingtonandthesoutheasternhalfofMonmouth county.
The surfaceisingenerallevelor gently-rolling,nowheregreatly

elevatedabovesea-level,thehighestpointbeingonly808 feetabove
tide-water.The streamshavenowherecutdeeplyintotheirbeds,
butflowgenerallyininconspicuousvalleysverynearlyonthegeneral
levelof thesurface.Thistopographyisdue partlytoitsnewness,
thestreamsnothavingyethadtime(withtheirsmallinclinationand
elevation)toexcavatedeepvalleys;inparttothenatureofthesurface

(In)
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materials, loose sand and gravel not readily lending themselves to the
production of bold contours ; and in part to the undisturbed condition

of the strata, lying as they do almost horizontally without fold or
distortion of any kind.

The following excerpts from the report of C. C. Vermeule in the

Final Report of the State Geologist---Vol. I., Topography, Magnetism

and Climate describe this region from the topographer's standpoint :

"From Long Branch southward sixteen miles, to Bay Head, the
fast land comes out to the ocean front and rises at the north in a

bluff, 30 to _,0 * feet high ; southerly, it is a low coast, fringed with
sand dunes. * * * The shore is broken by Shark River bay,
some 3 miles long, which has a contracted inlet which occasionally
closes, cutting off the tides, and by Manasquan river, a tidal estuary 5
miles long with a width of one-quarter to one-half mile, and bold, pic-
turesque banks from 70 to 100 t_et high in places. Deal lake and
Wreck pond are similar estuaries. A line of fresh-water ponds, just
back from the coast line, have been utilized to add to the attractive-
ness of the several settlements.

"The ridge running off from Freehold east to Asbury Park, and
forming the divide between the Mavesink and the Manasquan, and
the Shark river water-sheds, has already been noticed. It is an
irregular line of gravel-rapped hills. The highest of these, known
as the Hominy hills, 2½ miles south of Colt's Meek, is 308
feet above tide. A spur of this irregular, gravelly ridge runs
off' southeast between Shark and Manasquan rivers to Manasquan
village_ carrying an elevation of 100 feet within two miles of the
O_ an. * * *

"Southward from Bay ttead_ the piny region is fringed along the
ocean front by a strip of tide-marsh, bays and creeks from 3 to 6
miles in width. * * *

"The drainage of the eastern slope of southern Mew Jersey is
southeast, along lines running quite direct from the water-shed line to
the ocean. * * *

"As we proceed southwest, the slope becomes more gentle. It
rises from 10 to 20 feet per mile, or in places steeper, north of Tuck-
erton, but southward from there, the rise from the marsh back to 100
feet elevation averages only 3 feet per mile. In this portion the area
above 100 feet elevation within 25 miles of the sea is very trifling.
The highest point of Cape May county is but 50 feet above mean
sea-level, and more than half of Atlantic county is below 50 feet, as
is nearly half of Cumberland. The fall of the streams of this slope
is quite uniform. Above the head of tide the aversge fall of the
Manasquan is 5_ feet per mile. The Metedeconk falls 69 feet, and

• An error has in some way here crept in. The bluff'is now only about 25 feet high.
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Toms river 6½ feet, the distance used in each of these three cases
being 12 miles. Cedar creek falls 7 feet per mile for 7 miles, Mul-
lica river 5 feet for 16 miles, and Great Egg Harbor river 5 feet _br
25 miles. Mauriee river averages 5_ feet for 20 miles. The head
of tide, however, while it is but 3 to 5 miles back from the edge of
the fast ]and on the first three streams, is 17 miles back on the Mul-
liea and 12 relies on the Great Egg Harbor rivers. These figures
are sufficient to show that it is not a lack of fall along the stream-
lines which causes the swampy borders, but a lack of lateral fall at
right angles to these lines.*

"Ridges and valleys and slopes have been spoken of in a way which
may distract the reader's attention from the extremely level character
of this whole pine country, but to guard against this he must keep
in mind the figures which have been given. Casting the eye over
this plain from any point of vantage, such as one of the small round
hills which rise from its surface here and there at wide intervals, we

see an,unbroken extent of dark-green pine forest as far as the limit of
vision, stretching away in long, gentle swells, as level as the ocean
itself. So level is it in places that the greater height of the timber
in the swamps gives the appearance of a ridge on what is really the
lowest ground of the plain, and the uninitiated may be easily
deceived thereby. It is often impossible for even a practiced eye to
judge which way the ground descends, and in passing along the long,
straight roads cut through the timber, it frequently seems that one is
always at the bottom of a hollow, the ground appearing to rise in
both directions, whereas it is either level or sloping all one way."

Until within a few years the agricultural possibilities of this part

of the State have received little attention. With notable exceptions

in Salem and Cumberland counties, which have rich, heavy loaal

soils, and have long been cleared of forest and under cultivation, the

soils are generally lightj aud farmers have viewed them with dis-

favor, deeming them incapable of productive cultivation. By far

the greater part is still in forest, the proportion of cleared to
uncleared land in 1888, at the completion of the topographic sur-

vey, being less than one to four, and the total acreage of cleared lamt

at that date was only 430,730 acres, while 1,326,000 acres still
remained in forest. And of this cleared area the greater part lies in

the old-esttled portions of Salem, Cumberland and Monmouth

aounties. The timber of the uplands consists chiefly of the short-

leaved pitch pine (P. rigida), and white, red, black and chestnut oaks.

*That is, the streamsareborderedbyswamps becauseof the e_treme shallowne_
of theirvalleys.

8
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The plne occupies the poorest tracts almost to the exclusion of other
trees, but is by no means confined to such tracts.

On the Delaware bay slope the Jersey pine (P. intxps) is quite

common. A heavy undergrowth of the dwarf or chinquapin oak
renders much of the forest almost impassable, especially where it is

interlaced with the thoroy greenbriar, abundant on nearly all of the

low ground which is not actual swamp. Where the coarser under-

brush is not too dense, the ground is generally well covered with the
varlou_ species of huckleberry bushes, the fruit of which forms a

natural crop of considerable value, and the gathering of which, in

season, furnishes employment to hundreds of berry-pickers.

The swamps, except a few, mostly in Burlington and Ocean

counties, which are nearly treeless and overgrown with grass, cran-
berry vines, &c., are even more densely wooded than the upland.

From a little distance a cedar swamp presents the appearance of a solid

mass of dark green, while even when in' the midst of it the eye can

penetrate but a few yards among the thickly-clustering, smooth, gray
trunks. The gum and maple swamps are scarcely less dense, and

are even more difficult to penetrate, because of the abundance of

underbrush, amid which the poison sumac (.l_hus venenata) is sure to
be encountered by the unwary. The trees are often very l_.rge, ex-

ceeding 100 feet in height. The demand for white cedar for shingles,

siding, planking for boats and such other purposes as require great
durability under exposure to weather, far exceeds the supply. As

the eariy growth of a tree is much more rapid than when approaching
maturity, the swamps are cut off before the cedars are much more

than half grown, with a view to securing as much timber as possible

within a given number of years_ and as a result of this system there

is little large cedar in market. Bat a more urgent reason for cutting

as s_on as the timber is at all marketable lies in the danger from
fi*rest fires, which annually _weep over thousaods of acres of 8outh

Jersey, destroying the timber of the uplands and penetrating the
cedar swamps as well, where the latter are not well filled with water.

The p_ne and oak timber, too, is generally cut off young; seldom
allowed to stand twenty years, and in more cases cut after ten to

fifteen year_' growth_ and to this, with the frequent burnings, is due

the small size and stunted appearance of the trees over most of the

region, giving it a forbiddingly-barrm aspect, which is only in part

really deserved. The name "Jersey Barrens," loosely applied to thin
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part of the State, which expresses the popular opinion of the character
of its soil, is, as the detailed description following will show, mislead-

ing, being fairly applicable to less than one-third of its area. That

timber may attain a good size on such soil is evidenced by the few
examples where the trees have been allowed to attain a natural growth.

The grove at Point Pleasant, just south of the Manasquan river, con-

tains many large trees ; there are a few very fine oaks and pines about
Absecon, on the mainland, abreast of Atlantie City ; and the grove

just south of Wiaslow contains as heavy timber as is often seen in
the State.

Most of the older clearings border navigable water, their owners

having been fishermen, oystermeu, or, in earlier days, whalers, and

depending more on the water than on their farms for a livelihood.
Then, too, when travel was chiefly by water the interior was out off

from communication with the markets. Moreover, the privilege of

access to the salt marshes and bays for salt hay and seaweed, fish,

mussels, crabs and salt-marsh-mud (cheap and convenient fertilizers,

enjoyed by the shore farms), had much weight in determining their
location. Thus it occurs that while the sea and Delaware bay shores

have had for years a border of clearings and villages, the greater part

of the interior has been, until a time comparatively recent, an almost

unbroken wilderness, although the soil of the interior is on the whole

in no way inferior to that nearer the shore.
The advent of artificial fertilizers and the extension of railway

facilities have removed the disadvantages of the inland farms, and

new settlements arc now rapidly springing up along the lines of the
various railroads.

The region is well watered. The prineipal streams arc, beginning

at the north : Shark river, Manasquan river, Metedeeonk river, Toms

river, Mullica river, Wading river and Great Egg Harbor river.

These flow into the Atlantic. Flowing into Delaware bay are:
Maurice river, Cohansey creek, Stow ereek and Alloways creek.

"And, in addition, all the large creeks flowing into the Delaware river

south of Trenton, take their rise in this region.

Several of these streams are navigable for some distance from their
mouths. Three-masted schooners ascend Cohansey creek as far as

Bridgeton, and the Maurice river to Millville. At the shipyard on
Dennis creek, near Dennisville, eoasters of several hundred tons are

launched and taken down the creek to the bay. Great Egg Harbor
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river is navigable to Mays Landing, and Mulliea river to Green_
Bank, but not to vessels of such size as enter the Maurice river.

These streams also furnish valuable water-power. That at Mill-

ville is one of the finest in the State, and those of Mays Landing r
Weymouth, Pleasant Mills, Batsto and Harrisville are not much

inferior. A feature of peculiar value with these el,reams is their

equable flow, running full with scarcely any variation summer and
winter, with no disastrous floods and no season of extreme low water.

The cedar swamps in which most of the streams take rise, yield their

water slowly and thus form storage reservoirs for maintaining this
equable flow notwithstanding inequalities of rainfall.

Geologically, this i_ the most recently-formed portion of New

Jersey, with the exception of the later glacial drift, and the recent
river alluviums.

With the e_ception of the beaches, the recent alluvium of the

shores, and the marl of Cumberland county, which is Miocene, it is

all provisionally clmsed as Plioceoe Tertiary.

The beds exposed, either in outcrop or section, are clays, sands and
sandy or loamy gravels. In places the sand and gravel have been

cemented, since deposition, by infiltration of iron in solution, to a stony

mass of considerable hardness. These "ledges," though never&any
considerable extent, are pretty generally distributed, and as the stone

is emily quarried and fairly durable, it is much used for foundation

walls aud other rough work. In the neighborhood of Millville, Vine-

land and Bridgeton much of the ironstone has a very pretty, subdued,

reddish-brown tint, and has been used in buildings with good effect.
Unlike the marl and the other older_ formations lying to the west

and north, these Pliocene and recent formations arc seldom uniform

over any great area, the lithologieal aspect of a given horizon varying

greatly from place to place--that is, a stratum which is at one place
clay may at another place appear as sand, gravel or perhaps a clay of

entirely different appearance from the first. These changes are not

due, except in a few cases, to displacement of the strata, but to varia-

tions in deposition. Before or during the deposition of the upper
grave], the subjacent clays and glass-sands were considerably eroded,

and the gullies and channels of the uneven surface thus formed being

filled with gravel, are a further cause of the apparent lack of con-
linuity of the strata. These cases, however, are easily distinguished

from the above. The variations may be abrupt, as where a lens-
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,shaped mass of clay lies in a stratum of sand, which incloses it, with
a distinct llne of demarkation between the two, or so gradual that it
"would be difficult to fix upon a dividing line. Examples of both
the interposition of the lenses of clay in sand, and of the gradual
passage from one to the other, were to be seen last summer at the clay-
pit of the Clayville Manufacturing Company, between Vineland and
Millville. At the gravel-pit just south of Abseoon, on the Camden

.and Atlantic railroad, are lenses, or "pockets," of clay, some of
which are only a few feet in extent. These are not eroded remnants
of more extensive beds, but were originally laid down as they now
occur. Many other examples might be given.

This lack of continuity, or uniformity of the strata, makes the
task of classifying the formations overlying the upper marl, one of
difficulty. It appears safe to assume, however, that thhy lie parallel
with the upper marl--that is, dipping toward the southeast at the rate
of about 27 feet per mile. From observations taken, the dip of the
clays and glass-sands appears to vary from 8 to 80 feet per mile, but
it is probable that this discrepancy is due not to any real distortion
of the strata, but to the error of confounding beds similar in appear-

.anea but belonging to different horizons.
Most of the clays are suitable for ordinary brick and tile manufao-

ture_ and some have long been used for terra-cotta and other better-
class ware.

All of the specimens examined microscopically contained a high
•percentage of silica, consisting, in fact, of fine quartz-sand held
together by a little true clay (kaolin), the proportion of the latter
never rising as high as 50 per cent.

The purer of the siliceous white sands are used in glass-making,
and being found in practically inexhaustible quantity, and of easy
access, are the foundation of one of South Jersey's largest industries. 4

The gravel with an admixture of loam, particularly that of a deep-
reddish tinge, indicating the presence of considerable oxide of iron,
makes excellent road-building material, and its abundance and excel-
lent quality make good roads, no less essential in the rural districts
than in the cities, possible throughout nearly every part of South
.Jersey.

The soils of this region may be loosely classified as yellow gravel
•or gravelly loam, and whlte-sand soils, or, since the differences of
forest growth correspond pretty closely with variations in the nature
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of the _ol], as oak-land and pine-land soils; oak preponderating oir
the better gravelly loam, and pine on the white sand.

This is the classification adopted in the report of 1878, and in the

map accompany{ng that report the respective oak and pine areas are
provisionally marked out. It should be used with caution, since the

kiml of timber is not an invariable indication of the quality of soil

beneath. The _me areas may be clad in oak and pine forests suc-
cessively, oak succeeding pine, and pine, oak, when either is cut off.

But, as stated in that report, the term "pine ]and" is used to desig-
nate laml too poor to support a thrifty growth of oak, while the term
"oak ]and" is applied to that on which the oak timber attains a fair

size, whether the timber actually predominating be oak or pine..

_ON_OUTE COUST¥.

Within the limits of Monmouth county there are two pretty well-

defined tracts of pine land, namely, the Hominy Hills pine land and

the Manasquan river pine land. There is a small tract lying west of"
Asbury Park, of inconsiderable extent, which may be called the.
Whitesville pine land.

Hominy Hills Pine Land.

The Hominy Hills pine ]and extends from near Centreville and

Green Grove westward about 6 miles, and its greatest breadth from
north to south is a little more than 3 miles. It includes the southern

part of Shrewsbury and Atlantic townships, and about 2 square
miles of Huwell township. The surface is quite hilly, the highest of
the Hominy hills rising to 308 feet above tide, and the whole tract
is very poor, the soil being white sand on the lowlands and white

sandy gravel and coarse white sand on the hills. A great deal of the
lowland is also too wet for cultivation, even if otherwise fit. With a

few exceptions this tract is all in forest, the timber nearly all pine,
small and stunted-looking.

Manasquan -River Pins Land.

The Mana_quan river pine lands extend in a narrow belt, with an

average breadth of a little more than a mile, from the Manasquan river

below Herbertsville to the outcrop of the middle marl along the head-
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waters of the same stream. The clearings about Herhertsville show

a good yellow-gravel soil, but south of the small stream bordering

these c]earlngs is only clean white sand. About the junction of the

Lakewood and Squan Bridge road and the road leading southwest from
Herhertsville, there is a little dark. sandy loam which has been cleared

and appears to be good. That part of this tract lying northwest of

Southard was not visited, but judging from the number of clearings,

there must be a considerable part of it fit for cultivation. This belt

comprises a part of the towns of Freehold and Howell.
North of the Hominy Hills pine land lies the fertile and well-cul-

tivated area 9 comprised in the towns of Ocean, Eatontown and Long
Branch, and south, between it and the Manasquan pine, stretches the

belt of Sqoankum oak ]and, most of which possesses a heavy loam or

gravelly-loam soil.
The Squankum oak land is well cleared between Shark river and

Manasquan river for a distan_ of two or three miles back from the

sea-shore, and along two narrow belts, on each side of the gravelly

ridge running down from the Hominy hills, one following the course

of the Manasquan river and including Allenwood, Allaire, Squankum,
Farmingdale, West Farms and Fairfield; the other occupying the

shallow valley in which runs the Hopeville road. The ridge itself
which forms the divide between the Shark and Manasquan rivers, is

still well covered with timber, the soil being slightly inferior to that

of the adjoining lowlands. There is, in fact, a marked difference in

the distribution of good and poor soils between Monmouth county

and most of the region south of the Metedeconk river.
Here the best land is found along the river slopes, while in Ocean,

Burlington, Atlantic and .eastern Cumberland counties the soil of the

valleys is almost invariably.poorer than that of the higher ground
forming the divides. In Salem county, western Cumberland and

Cape May the character of the soils does not appear to bear any

relation to the topography.
The explanation of these differences, which depend on geological

structure, cannot here be entered into; as the study of the stratigraphy

of this region is still in progress. The clearings on the northern side
of Shark river include some of the best farm-land of Neptune town-

ship. West of the New Jersey Southern railroad, the swamps

bordering branches of the Manasquan river occupy about 1,000

acres, but these are partly utilized for cranberry-growing.
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OCEAN COUNTY.

Leaving out about 2,500 acres of the northwest corner of the town

of Plamstead, this aunty would lie wholly beyond the marl belt,

and it also contains a greater area of ]and worthless, except for forest,

than any other county except Burlington. The difference between
the heavy marl soils and the lighter gravelly loam and candy soils of

the country cast of the marl is nowhere more forcibly presented than

in the contrast in Plumstead, between the northwestern cnrner, in

which marl occurs, and the remainder of the township. The marl

area is all cleared and in productive farms. Adjoining the marl are
scattered clearings, while still farther away the forest is unbroken.

This county includes the following pine-land and oak-land tracts,

beginning at the north: Metedeconk river oak land, which over-

laps into Monmouth county; Metedeeonk river pine land, Toms
river oak land, Upper and Lower Toms river pine lands, Forked

river oak land, and most of the Forked River-Rancoeas pine land,

antl Barnegat oak land. The Burlington Plains pine trac_ overlaps
the western border a little, and the northeastern corner takes in about

7,000 acres of the poorest of the Manasquan river pine lands.

Metedeeonk River Oak Land.

The Metedeconk river oak-land tract extends from the junction of
the north and south branches of the Metedeoonk river northwestward

to the county line. It is bounded on the north by the Maaasquan
pine-land, along a line passing through Southard and Georgia and

terminating near Clayton's Corners..The southern boundary is
fi_rmed by the south branch of Metedeconk river, and the Toms

river oak land, which adjoins it, from a point on the river about

three miles above Lakewood, to its western termination. The

quality of sell on this tract varies considerably. The farmed tracts

east and north of Lakewood have a fine, light, sandy-loam soil, in places
apparently very good, with quite heavy sod along the roadside and

thrifty-looking crops and orchard trees, while adjoining fields, with

a soil unly a little more sandy, appear scarcely worth planting.
Much of th_s difference is undoubtedly due to different methods of

cultivation. This belt is pretty well cleared up along the north
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branch of the Metedeeonk river, and between Jackson's Mills and

New Prospect. There are some good-looking farms also along the

_quan Bridge road, bat most of the remainder is still in forest. The

timber is mixed pine and oak, with rather a preponderance of pine.

Metedeoonk River Pine Zand.

The Metedeeonk river pine land lies south of tile south branch of
Metedeeouk river, in a belt which is at Lakewood about one mile

"broad, widening southward so as to take in the headwaters of Kettle

_reek, and reaching the alluvium of the shore from Mosquito cove
_o the mouth of Metedeconk river, where it is continuous with the

Manasquan pine land. As the wooded land betweeu Toms river and
Mosquito cove, lying east of a line drawn from Island Heights

_hrough a point just east of the White Oak Bottom clearings, is nearly

_dl poor and sandyj it also may be properly included in this pine bolt.

The soil throughout is very poor. From the Lakewood elcarings to
"the shore road there is not a single cultivated field, except those lying

about the villages of Silvcrton and Cedar Bridge. This barren

expanse of white sand covered by a forest of stunted pine trees,
which is unbroken save by the bare patches where the poverty of the

soil is such that not even the hardy pitch pine can maintain its place,

is never likely to be profitably cultivated. As a source of timber
and firewood, and for climatic reasons, such land has its value. The

presence of so large a body of pine adds greatly to the attractiveness

.of Lakewood as a resort for invalids, the air of a pine forest being
popularly believed to be peculiarly health-giving. This very poor
land includes most of the town of Brick and the eastern end of

Dover. Metedeeonk Neck and the neck lying between Mosquito

•cove and Kettle cove have a somewhat better soil and are partly
elcared, but even here three-fourths of the area is still in forest.

In the immediate vicinity of Point Pleasant, extending to about a

mile west of the railroad_ there is a heavy, gravelly-loam soil, appar-
ently fertile.

Toms Ricer Oak Land.

South of the Metedeoonk river pine land is the Toms river oak-

land belt, the southern border of which is defined by the Toms river
:and the pine swamp skirting the Ridgeway branch, while on the
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north, west of the termination of the Metedeconk river pine land, it
merges with the Metedecenk river oak laud. It is nearly divided

into two by a oarsow strip of pine land, bordering both sides of the

north branch of Toms river from Berksvil]e nearly down to the

village of TcJms R_ver, which may be called the Upper Toms river
pine land. This strip is less than a mile in breadth below Holmans-
vflle, hut widens at the head of the river to about 2 miles. The soil

and subs_fii are white sand, very poor, and the timber is chiefly pine,

with white cedar, gum and maple in the deeper swamps. The clear-
ing at Ca_sville, and others between that place and Holmansville, are

on this strip, hut their appearance is not encouraging.
The largest clearings in the Toms river oak belt lie between White

Oak Bottom and Toms River village. The well-to:do appearance of

most of these farms, with thrifty orchards and well-cultivated fields,

attests the good quality of the soil, which varies from sandy loam to
heavy clay loam, generally with much gravel. The farms along the

road leading through White's Bridge, Holmansville and Vanhiseville

show an excel/eat soil of yellow-gravel loam. The clearings of
$iloam, Jackson's Mills, New Prospect and Pleasant Grove also are

on this tract. Southwest of the Upper Toms river strip of pine land

the soil is inferior. There are quite extensive clearings south and
southeast of Cassville, but they are only partly cultivated and do not

look promising. The timber is mixed pine and oak, the latter pre-

dominating. The poorer land above mentioned is largely covered

with chestnut oak, which rivals the pitch pine in ability to live on the
driest and most sandy of soils.

Tams River Pins Lands.

The Toms river pine land includes the town of Berkeley and part
of Manchester and Jackson.

It is well defined along its northeastern border, which conforms

quite closely to the course of the Ridgeway branch and Toms river_

but o_ the south the demarkation is not equally sharp, as much of the

oak land 'on that side (the Forked river bolt) is nearly as poor as the

adjoining pine ]and. The timber of both belts consists almost wholly
of pine, but south of a line following the course of Cedar creek to

Dover Forge, running thence by Giberson's Mills and Horieon, to the

edge of the Collins' Mills olearing, and then northward to within
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about a mile of l_[idwood, the soil is chiefly gravelly loam, or at any

rate underlaid by the gravel at a depth of a few inches, while on the
north is found little but white sand, and this line may be considered

the boundary. East of the Toms river and Waretown branch of the

New Jersey Southern railroad, south of Toms river, oak trees mingle

with the pines, tile soil is evidently better than farther inland, and
there are numerous clearings. There is also a tract of three or four
hundred acres on the Manchester-Toms River road with a fairly-good

gravelly-loam soil. The remainder of the upland of thls tract is a
dreary waste of stunted pines growing from a white-sand soil, scarcely

an aore of which is fi_ for cultivation. At Horleon, just on the edge

of this belt, grapes and garden vegetables are successfully cultivated_

but the vineyards between that place and Manchester have been aban-

doned and are now scantily overgrown with weeds and bushes.
In this tract of nearly 70,000 acres, exclusive of that lying between

Toms river and Cedar creek, and east of the railroad, less than 200

acres of upland are under cultivation. There ar% however, between
four and five hundred acres of cranberry meadow, and the area of

swamp available for cranberry-growing is many times this. As cran-
berries, where the meadows are properly located and cared for, yield
better returns than almost any other crop, it is possible that even the

poorest of these tracts may in time support a considerable population

engaged in this kind of farming.

.Forked River Oak Land.

The Forked river oak land is a belt, averaging about 3 miles in

breadth_ bordering the Toms river pine ]and on the south ; covered

with pine timber_ but distinguishable from the pine-land on either

side by a greater proportion of gravelly-loam soil. This belt crosses
the towns of Plumstead, Manchester and Lacey. The best land of

this tract lies about Whiting's, on the Forked River-Bamber road,

near Laecy station, and in the vicinity of Cedar Creek, Good Lock
and Forked River, near Barnegat bay. Most of the cultivated land

is near the bay, but this is mainly because it lies near salt water.

The early settlers never liked to live more than an hour's journey
from their clam-beds and .fishing banks. The forest growth on this

belt is not such as indicates a fertile soil, and the appearance of the

Lacey and Bamber elearings_ which are practically uncultivated, is
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nut encouraging, but the subsoil is sufficiently retentive to make the

gradual improvement of the soil possible, and this, with its railway

facilities, should make it worthy the attention of prospective settlers.

._brked River-Raneocas Pine Land.

The next belt south, the Forked River-Rancocas pine land_ is

narrow where it crosses the New Jersey Southern railroad, probably
not more than a mile wide, although its limits are not well defined,

but wldeas t_)wards both ends. Measured along the course of
Oyster creek, which marks the southern border, to about a mile

above Wells' Mills, it is between 5 and 6 miles wide. Thence, the

llne runs with a sweep westward nearly to Howardeville, through

Wcbb's Mills, and a little south of Buckingham, beyond which point

the belt widens rapidly, extending westward through the swamp and

fiat pine land, south of Brown's Mills and .New Lisbon, until it joins

the Atslon river pine-land in the town of Southampton, Burlington
county. This belt includes about half of Lacey township, crosses
western Manchester, and takes in the southwestern corner of Plum-

stead and southeastern Pemberton. East of the New Jersey Southern

railroad there are no swamps, except the cedar swamps which
closely border the streams, and the land, which has a mean elevation

of over 100 feet, is somewhat rolling, the Forked River mountain, a

caddie-backed mound of gravel, partly iron-cemented, 180 feet high,

being the most conspicuous prominence. The very slight relief' of

this region may be inferred from the term " mountain" being applied
to a hillock which rises lees than 80 feet above the general level of the

surrounding country. West of the railroad are extensive cedar

swamps, and fiat pine land, which is overflowed every wet season.
The Philadelphia and Long Branch railroad crosses this part of the
belt between Nee, Lisbon and Whiting's. The sell of these wet pine-

lands is white sand and white gravel, from which most of the ele-

ments of' plant-food have been leached away. It is not probable that

they would ever repay the expense of drainage_ but the deeper
_wamps having an unfailing supply of waterj are well adapted to

cranberry-grow[og, and several hundred acres, mostly in the town

of Pemberton, have been put to this use.
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J3arnegat Oak Land.

The Barnegat oak land, the next in order, also lies partly ia Ocean

and partly in Burlington counties. It may fairly be made to include
all the shore settlements from Waretown to the Mullica river, a belt

of the woodland extending back from these clearings three to five
miles, and a tongue running northwest, with an average breadth of
between Four end five miles, to the New Jersey Southern railroad,

and from there curving around westward until it meets the Shamong

oak lend. The best lends of Little Egg Harbor and Bass River

townships, in Burlington county, and Eaglesweod, Stafford, Union

and Ocean townships, in Ocean county, lie in this tract. Wheatlaud

is on it. The prosperous appearance of the farms at Four Mile and

Hedger _touse shows the excellence of some of the soil in the western
part of the belt. The quality of the soll varies much in different

localities. About l_'ugentowu it is sandy and poor enough to be

classed as pine land, while just south, about Tnckerton, a heavy

gravelly loam prevails. Not all the be_t land is confined to the
shore, although this has been most exlcnsively cleared. The Wheat-

land clearings have a good, gravelly-loam soil, and at Millville, five
miles west of Barnegat village, there is a heavy loam, with much

gravel on the higher ground, similar and equal to the best of the pro-
ductive Hammonton land.

BURLIl_ GTON COUNTY.

As Burlington county extends entirely across the State, from the

Delaware river to the Atlantic ocean, it exhibits a great diversity of
soils. A belt between fifteen end twenty miles wide across the north-

western end includes the outcrops of the three marl-beds, with their

intervening sands, the clay marl, plastic clays and the Delaware river
alluvium, and on these formations are found the heaviest and most
fertile farm lands of the State. But southeast of this beit lies a tract

containing more than 500 square miles, four-fifths of which is a deso-

late wilderness of tire-scarred pines interlaced with swamps, through

which the traveler may journey for hours without seeing a house or

meeting another human being. This description is applicable to

nearly the whoh of the Burlington Plains pine land, which occupies

all the central part of this tract, extending from the Barneget oak
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land on the northeast to the Atsiou river (below Atsion) on the south-
west, and has au extreme northwest-southeast dimension of about

twenty miles. The Sbamoug oak ]and and the upper part of the

Ats_on river plne land are also included in this part of Burlington
c_unty, a._ well as the western extension of the Forked River-Rancocss

plne land and Barncgat oak land, which have already been mentione_l

iu the description of Ocean county.

Burlington Plains Pins Zand.

[fflng northwest of Munion Field and drained by the east branch
,f Wading river, is the region known as the :East and West Plains,

on which liltle of the timber exceeds the height of a man, and some

considerable stretches are entirely bare. Standing on any little knoll
one can look over miles of scrubby little ploes from two to ten feet

high, with here and there a patch of bare sand, dazzling white in the

sunshine, without a trace of vegetation. In places there is a rather
dense undergrowth of huckleberry and other bushes and coarse grass,

but most of the surface, where covered at all, is carpeted with the

grayish-green poverty grass (a kind of moss or lichen, the name of

which is sufficiently suggestive of the quality of sbil on whioh it is

found). Yet the soil of a part, and the subsoil throughout nearly
the whole of the plains is a heavy, retentive loam, in appearance not

inferior to other soils on which large crops have been produced.
Analyses of the plains' soil and subsoil show them to be deficient in

lime and potash. :Neither of these elements of plant-food is difficult

to obtain or very expensive. The grcensand marl furnishes beth in
a cheap, though rather inconvenlently-bulky form. ]'f either of

the two lines of railroad surveyed from the sea-shore to Atco and

Medfcrd r_spectively, during the past year, be built, this region will

be made accessible to settlers_ and experiment will determine the

fi,ssibility of its cultivation. At present, aside from the cranberry

begs, this region is almost worthless. That part_, at least, of the

plains have not always been in their present treeless condition is
vvim'ed by the blackened circles occasionally found, relics of former

eh,rcoal-burnl ng, which, cf course, could be carried on only where there
_'as timber. North of the plains, in Woodland township and eastern

Sbamong, the country is almost equally poor, and much of it is pine

swamp. The soil is white _and, with gravel on the higher knolls.
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Along the Mulliea river there is considerable good, loamy soll in
small tracts, alternating with white sand, which have been partly
cleared. The villages of Bass River; New Gretna, Wading River,
Lower Bank, Green Bank, Herman and Crowleytown mark these.
Some of the ]and about Batato is very fair, and much of the southern

part of Washington township, south of Washington village, has a
gravelly soil, although interrupted by sandy areas which are exceed-
ingly poor. The timber here is mixed oak and pine, showing the
better character of the soil. This pine-land belt is crossed by the

:New Jersey Southern railroad, and clearings have been made at
Woodmansie, Shamong and Harris stations, but the attempt to culti-
vate such soils is of questionable advisability. If protected from fire
they yield, as woodland, a good annual percentage on their present
"valuation,but for farming they hardly warrant the expense of clearing.

Sfiamong Oak Land.*

The Shamong oak land is an area with a very irregular boundary,
which includes Tabernacle, Sooy Place, Friendship, Fox Chase_
Flyat, Small's and Dellett's, with a southward spur to Atslon, between
the main Atsion river and Wesickaman creek. :Northeastward from

Sooy Place it joins the Barnegat oak land. The best lands of Sha-
mong township and a little of western Woodland lie in this tract.
South of Atsion, between the Atsion and Batsto rivers, the timber is
nearly all oak, but the soil is poor and sandy. West of Batsto river,
near Batsto, the soil becomes better again, with the re-appsaranee of
gravel.

The best soil of this tract is peculiar, and unlike that of any of
the other oak-land tracts. It is a fine loam, free from pebbles--not
of the usual yellow or reddlsh-yellow tinge, but nearly black. The
subsoil at a depth of ten inches or a foot is yellow, and rather sandy.
While all the staple crops--corn, small grain, potatoes--yield well on
this dark, loamy soil, it appears to be especially adapted to the growth
of grass, and hay forms a principal crop. The roadsides are well
grass.grown, and the turf resembles in thickness and toughness that
of a Western prairie. There are also some gravelly soils and some

*Named from Shamong township, in which it partly lies, and not to be confounded

_vith the Shamong on the New Jersey Southern railroad, which lies in the Burlingloa
Plains pine lands.
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pretty poor sand on this tract. Doubtless much of this land owes tL

good share of its fertility to the care it has received, as the farmers

haul marl from the pits at Chairville and near Red Lion, and have

continued this practice for years, probably more formerly than at

present, since the u_e of marl has lessened under the competition of
manufactured or "chemical'' fertilizers. But the character of the

soil along the roads, which presumably have never been marled,

shows the superiority of this tract over the surrounding pine lamt.
A great drawback is the lack of shipping facilities, but this would

be removed by the constrnction of one of the proposed new railroads.

At,ion River .Pine Land.

The Atsion river pine land lies west of the Mullica and htsion

rivers, beginning at a point about ten miles from the head of Great

hay, widening toward the northwest, to two or three miles above

Atsion, where it is crossed by the river of that name. North of the
Atsion it becomes still broader, and extends to within about a mile of

the marl belt. At Batsto, it is about one and one-half miles wide;
at Atsion, about four miles. That part of this pine-land tract which

lies within the limits of Burlington county has much more oak than
pine timber, except the borders of the swamps, which are studded

with sickly-looking pines, but the oak is chiefly chestnut oak, which
no poverty of soil can displace. The soil is white rand, and white,

candy gravel. There are some large cranberry bogs in the town of

Medford, but very little of the upland is cultivated.

As the remainder of the oak-land and pine-land belts are so aplmr-
tioned among the counties that each can be more intelligibly described

as a unit than with primary reference to the county lines, they will
be taken up in this manner.

South and west of the river from which it takes its name, the

Atsion river pine-laud belt is poorer than the part already described
in Burlington county. The timber is nearly all pine, the soil white

sand, south of Atsion, and white gravel and sand west of that place.

This white gravel is quite different from the ordinary yellow gravel

of the surface, the pebbles being smaller and more angular. It may
be the outcrop of another bed. About twenty square miles of this

part of the belt are in Camden county, the remainder in Atlantio
county.
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Mullion and Egg Harbor Divide Oak Land.

The Mullica and Egg Harbor divide oak-land belt extends
from the marl district to the sea-shore, along both sides of the Cam-

den and Atlantic and Reading railroads, and includes nearly two-
thirds of Atlantic county and most of the southeastern half of Cam-

den county.
At the shore this tract extends from the tidal marshes of the Great

Egg Harbor river to those skirting the Mullica river, a distance of

nearly twenty miles, but farther inland the pine-land belts converge,

narrowing the oak land to about eight miles at Hammonton. The
timber is mixed pine and oak. The character of the soil varies

considerably from place to place, but is usually a yellow, gravelly
loam, and even where the surface is light and sandy the subsoil is

generally sufficiently retentive. In a few place, as at Winslow, out-
cropping clay-beds give heavy clay soils over limited areas.

This tract is worthy of especial examination, because here, more

than in any of the other areas which have been reviewed, the farmers

have adapted their methods to suit the peculiarities of the soil.

Unable to compete with Western farmers, or even with those of more

favored parts of their own State in producing llve stock and the other

general staples of the farm---grain, hay, &e.--they have turned their
attention to raising fruit, particularly small fruits, grapes and the
various berries, and to truck-farming. Not enough corn and hay

are produced to satisfy, the local demand. It does not pay to raise
them. The land is more valuable for other purposes.

The Hammonton tract includes some of the oldest and best-culti-

vated farms in the belt, and as it embraces a variety of soils, from

heavyclay loam to white sand, the experience of its farmers may be
considered as typical of what can be done with such land. The figures

given below were fornished by Mr. L. H. Parkhurst, one of the

largest and most successful fruit-growers of Hammonton. The fig-
ures are considerable higher than the average for the town, but they

are instructive, as showing what may be accomplished with proper

skill and experience.
9

NEW JERSEY GEOLOGICAL SURVEY



130 ANNUAL REPORT OF

YIELD PEa ACRE I/_]891.

Strawberries ....................................... . ........... 8,000 quarts.

Raspberries, red ................................................ 2,000

Raspberries, black cap ...................................... 2,300

Blackberries .................................................... 1,200

Grapes ........................................................... .5,000 pounds.
Pears ............................................................. 80 barrels.

Peaches and apples also yield well. In comparing these returns
with others from different localities, it should be remembered that
these were not the results of kitchen-garden experiment, but of cul-
tivation on a large scale. The farm referred to has 140 acres iu

fruit alone. The German settlers of Egg Harbor City have made a
specialty of grape culture and wine-producing, in which they have
been eminently successful. It is claimed that the red add white still

wines and champagne of Egg Harbor are equal to the best imported
from Europe. While this may be rather warm commendation, it is
certain that these native wines have many admirers and find ready
purehas_es. A few years EgOit was feared that this industry would
be totally destroyed by the prevalence of mildew and black-rot on
the vines and fruit, but these fungi arc now readily destroyed by
spraying the vines with some fungicide. The most approved prepara-
tion for this purpose is "Bordeaux mixture," composed of lime and
sulphate of copper. The production of wine this year exceeded
100,000 gallons.

Although moot of the Hammonton tract has a good, gravelly-loam
soil there are parts which are very light. To the farmer accustomed
to deal only with heavy clay soils, the sight of these fields of white
sand, with their rows of blackberry and raspberry canes, overbur-
dened with luscious fruit, is a singular one. In reality such fields
are less sandy than they appear, as beneath the surface film, weather-
bleached, and in part consisting of fine sand drifted on by the wind,
the soil is darker in color and lees purely siliceous. But the secret of
success with such land is in the liberal use of superphosphatc and
other artific!al fertilizers. Barnyard manure, muck, composts, &o.,

are not much used except for top-dressing grass plats, and mulching
trees. It is the prevalent opinion that on these very light soils the
greater part of slow-acting manures is lost by leaching away during
the winter, or wasted in forming wood and leaf during the season
that the plant is not producing fruit, while the more conecatrated
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and soluble fertilizers can be applied directly to the roots just at the

right time to force the buds or aid in ripening the fruit. This prac-

tice brings greater immediate returns. Whether in the long run

such usage results in the deterioration of the land, is a disputed point.
it is certain that some of the shore farms, on which, for generations,

the farmers have been hauling muck and salt-marsh mud, have

been greatly improved thereby, but at a great expenditure of time
and labor.

The sea-shore front of this belt, as elsewhere, is well cleared and

settled. From Somers Point, on Great Egg harbor, to Leeds Point

on Great bay, the estuary of Munica river, a distance of 16 miles,

there is a continuous clearing, varying in width from one-half to

one and one-half miles, and to drive along the road between these

points is like passing along a village street, so elosely set are the
farm-houses and summer residences. The villages of Somers Point,

Bethel, Sea View, Uncle Tom, Linwood, Bakersville, Newell,

,Smith's Landing, Pleasantville, Mount Pleasant, Absecon, Conover-
ville, Somersville, Oceanville, Centerville and Leeds Point are on

this shore clearing, and Smithville, Higbeeville, Jobnsontown, Port
Republic and Unionville continue the line back along Great bay and
_he Mullica river.

A rear line of clearing, following the course of Patcong creek,

includes Steelmanville and Bargaintown. Originally selected because

adjacent to the sea, this shore belt now enjoys the additional advantage
of being crossed by several lines of railroad, constructed chiefly to

meet the increasing demands of summer travel, but affording an outlet

for the produce of the region as well.

Besides Egg Harbor City and Hammontou, already mentioned, there
have sprung up on the lines of the Camden and Atlantic and Philadel-

phia and Atlantic (Reading) railroads many newer agricultural towns.

Pomona and Germania are east of Egg Harbor City, and, like the

latter, are the centers for thriving German colonies. In the vicinity
.of Ellwood there are about 1,000 acres of cleared land, most of it

equal to any at Hammonton. The clearings about New Germany,
southwest of Hammonton, embracing about 1,200 acres, most of

which has an excellent _ravelly-loam soil, are also tributary to these
roads. Winslow, Waterford and Atco are glass-manufacturing places,

hut, having much good farm land about them, are not wholly depen-
dent on this industry. On the West Jersey and Atlantic railroad,
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east of Mays Landing, two new towns, Riga and MeKestown, have
recently been lald out, with a view to attracting the stream of Hebrew
immigration now flowing into this part of the State.

Egg Harbor River Pine Land.

Bordering the Mulliea and Egg Harbor divide belt on the south-
west is a narrow strip of pine land along the Great Egg Harbor
river. It extends from near Senll's Landing, in Egg Harbor town-
ship, nearly up to New Brooklyn, in Camden county. South of
Weymouth it is almost wholly confined to the east side of the river,
and is nowhere more than 3 miles broad. Below New Germany it
divides, one fork, from one-half to thrce-quarters of a mile wide,
extending between Hammonton and New Germany to about half a
mile west of the Hammonton road, and the other, still narrower,
following the course of the main stream. The soil is poor white
sand, and much of it is swampy. There is little timber but pitch
pine, and most of that is small and thinly set. The largest clearing
is at Maya Landing, a manufacturing place.

Atlanlio and Delaware Bay Divide Oak Lands.

The oak land of the Atlantic and Delaware bay divide includes.
parts of Gloucester, Atlantic and Cumberland counties. In its general
features of soil, forest and means adopted in bringing it under culti-
vation it is similar to the railway oak belt. The soil of the southern

part is, as a rule, somewhat lighter than that about Vineland, New-
field, Clayton and the northern half generally, and this part still
remains an almost unbroken wilderness. The new Philadelphia and
Sea-shore railroad opens the wildest part of this tract, and settlements
may be expected to soon spring up along its line.

On the Vineland tract attention is paid chiefly to the special crops
which have been found best adapted to this soil, of which mention
has been made in connection with the railway oak belt. Wine is
made here also. In Gloucester county, nearer the marl belt, the
usual farm products are more depended upo*n. On the farm of Mr.
John M. Moore, of Clayton, which is a model of its kind, are raised
corn, hay and small grain and root crops, as well as some fruit_
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_His experience is valuable and suggestive, as showing what may be
achieved on land too often stigmatized as unproductive.

East of the last-named belt is a narrow strip of sandy land border-
ing the Maurice river from a little south of"Iona to below Manu-
muskin. The Maurice river pine land lies mostly on the east side of
the river. Above Millville its average breadth is less than 1_ miles_
but below that point the belt widens. At Manumuskin it is between
3 and 4 miles broad. This belt extends along the West Jersey rail-
rend to just south of Muskce creek. Some shreds and patches of it
_extenddown the left bank of Maurice river also, in the shape of dune-
like moundsand ridges of sand, and some fiat sandy land, interspersed
with better tracts. The soil of this belt is white sand, very poor,

supporting a stunted growth of pines, with a few oaks. Some of this
land on the Vineland tract has been cleared and then abandoned.

Most of this tract is in eastern Cumberland county, the northern part
just touching Salem and Gloucester counties.

Delaware Bay Slops Oak Land.

All the territory west of the Maurice river, including the western
half of Cumberland and about two-thirds of Salem county, may be
fairly characterized as oak laud, with the exception of about 3,000
acres lying west of Cohanscy and Jericho, known as the Salem
Barrens, and much of this area has a heavy loam soil which will bear
comparison with that of any part of the marl belt. The excellence
of the farm lands of Alloway, Pilcegrove and Pittsgreve, in Salem

county, has long been known. Deerfield township, in Cumberland
county, has a soil which owes much of its present fertility to liberal
applications of marl in years past. Greenwich and Hopewell are
well-known truck fields. But a large part of this region still remains
in forest. This is especially true of the towns of Millville, Fairfield,
Lawrence, Downe and Commercial. The soil of these wooded areas
is not equal to that of the cultivated townships just mentioned, but
that it is quite up to the average of the oak lands on the other side of
the Maurice river is shown by the success of the Jewish colonists at
Alliance, Rosenhayn and Carmel.
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Cape May County Oak Land.

In Cape May county there is some very light soil, but none s_
poor as to be fairly classed as pine land. The timber is mixed pille
and oak, but mostly small, owing to frequent cutting, but on Beasley's
Point some large old oaks show what size the timber would attain if
left undisturbed. Moat of the cleared land lies along the shore on
both sides of the cape, but, as has been pointed out, this choice Of the
shore, instead of the interior, has had no particular reference to the
quality of the soil.

Owing to its location, between the sea and Delaware bay, and in
the extreme southern part of the State, Cape May eDjoys a milder
climate than other parts of New Jersey. Cotton has been success-
fully grown here; and delicate plants, as the English ivy, which
elsewhere must be taken into the house at the approach of winter,
may safely be left in the open air the season through. As the spring
is a week or ten days earlier than in the central part of the State,
garden vegetables can be brought to market that much earlier--a
considerable advantage, since prices are always high for the earliest
produce.

In the "Geology of Cape May," published in 1857, the late Dr.
George H. Cook makes the following remarks concerning the soils of"
this region, which are not only equally true at the present time, but
worthy of reprint, as showing Prof. Cook's early appreciation of the
agricultural possibilities of this part of the State :

"The soils are generally light; there are none which are clayey,
and very few which would be designated as heavy loams. The term,
sandy loam, would designate almost all the soils of the county.
Spots are occasionally found which are decidedly sandy, but these are
not of any considerable extent. Tracts of loamy soil are also found.
The varieties of soil run into each other so much in all parts of the
county, that it is not possible to give descriptions which would be of
any local value. In moat eases, the subsoil is similar to the soil,
except in the want of organic matter. A more tenacious subsoil has
been found in a few places; as on Stipson's island, and at Fishing
creek.*

"The soil is particularly well adapted to the growth of truck ,_r
market-garden produce. Early potatoes, tomatoes, melons, &c.,

* For ana]y_es of some of these soils, see Geology of the C_.ty o.I" Cape 3lay,
Trenton, N. J., 1857, pp. 70, 72, 74.
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thrive here. Apples, pears, peaches, blackberries, strawberries,
cranberries, &c., can be raised in abundance, and are very fine. The
spring is between one and two weeks earlier than in the central
part of the State ; and for raising early crops this would give very
great advantage; but the distance from market_ and want of proper
facilities for conveyance, have discouraged enterprise in this llne of
husiness."

[The latter part of this sentence is no longer applicable, since the
cape is now traversed throughout its whole length by the West
Jersey railroad, and a new road, the Philadelphia and Sea-shore, has

been completed as far as Sea Isle City, and has the road-bed graded

nearly to Cape May City, so that there is now no part of the county
more than six miles from a railroad station.]

" FOREST TREES--UPLAND.

White oak .................................. Quercu_alba.
Blaok oak .................................. Querou8tineloria.
Red oak ..................................... Quereu_rubra.
Pin oak ...................................... Quercus palustris.
Poach oak ................................... Quercu8phellos.
Scrub oak.................................... Quercu8nicjra.
Chestnut oak............................... Quereu8ca_tanea_ Quere_ Mu_bergii.
Turkey or Spalt oak ..................... Quercu8obtu_loba.
¥ellow pine *.............................. Pinus mills.
Spruce pine ................................. Pinus inops.
Red cedar .................................... Juniperus Virglniana.
' " " Virginiana.t ommmon ................................. Dio_yros

Dogwood ..................................... Corn_flor_da.
Hickory (white-heart) .................. Carga tomenlosa.
Hickory {red-heart) ..................... Carya alba?
Wild cherry {introduced ?)........... Cerasu8serotina.
Chestnut {introduced ?)................ Castaneavesca.
Sassafras...................................... Sassafras o_iclnale."

" FORF,_r TREF_q--TIMBER SWAMP.

Wlfite oak ................................... Quereus alba.
Black oak .................................. Quercus coccinea7
Beech ........................................ Fagusferruginea.
Sweet gum ................................... Liquidamber styraeifolia.
Sour gum, or pepperidge ............... Nyssa multiflora.
Spoonwood................................. Magnolia glauca.
Aspen ......................................... Populus lrerauloide_.
Maple ......................................... Acer rubrum.
Holly ......................................... llrz opaca.
Ash ........................................... Fraxinus Americana.
Elm ........................................... Ulmuz Americana.
Yellow poplar............................. Liriodendrou t di'pifera.'

• This tree is the pitch pine, P, rig/da-
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"The original growth of timber on the upland has been all eat off.
The growth of the young timber is rapid ; from fifteen to twenty years
is long enough for it to get sufficient size for firewood, and it is then
cut off. An acre cut off in this way will yield about as many cords
of wood as it has been years in growing; thus, a twenty-years' growth
will turn out twenty cords per acre.

"With laml at a low price the growing of firewood has in many
cases been found profitable. The greatest drawback to this business
is the fires, which are too common, and which sometimes destroy
hundreds of acres of growing timber."

This part of the State, and especially Atlantic, Cumberland and
Cape May counties, has attracted much attention of late on account
of the heavy immigration of Russian Jews likely to ensue from the
various colonization plans now on foot. Fears have been expressed
that these immigrants might prove an undesirable addition to our popu-
lation. Bat thus far the Hebrew colonists have proved industrious
and economical, and have gained a good reputation for prompt
settlement of debts. The older colonies appear to be eminently sue-
oessful, and while it is yet too early to express an opinion of those
which have but just been organized, there appears no reason to doubt
that they will be equally so. The following quotation from a late
number of the "Philadelphia Record" refers to the Baron de Hirsch
colony at Woodbine, and shows the character of the work being done
there: "The sixty 30-acre homesteads at Woodbine are nearly ready
for the balance of the Hebrew colonists. The preparation of the soil

for planting is being pushed forward rapidly, and 15,000 fruit trees
will be set out as soon as the weather permits. A large acreage of
berries will also be planted. * * * Twenty acres have been
reserved in the center of the tract for a public park. A synagogue,
public school and hotel will go up on its boundaries. Mr. Sabso-
vitoh, its superintendent, fixes its population at four hundred by early
spring."

In the following tablesgiving the area of cleared upland and forest
in the territory southeast of the marl, the figuresfor the towns entirely
included in this territory are taken from the :Final Report of the State
Geologist, Vol. I., 1888. In the case of towns only partly ineluded_
the respective areas were carefully measured on the topographic
sheets, but_ of course, without attaining the accuracy of a survey:
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MONMOUTHCOUNTY.

ClearedUpland. Fore_
Townships. Acres, Acres.

Neptune ............................................... 3,553 3,892
Atlantic ............................................... 1,208 4_552
Ocean ................................................... 9,450 2,905
Eatontown ............................................ 1,7C0 1,700
Shrewsbury ............................................ 1,575 4,825
Freehold ........................... _.................... 1,880 9,028
Wall .................................................... 13,00_ 11,672
Howell .................................................. 13,913 25,480

46,283 64,044
OCEANCOUNTY.

Berkeley ................................................ 2,091 24,78_
Brick .................................................. 6,456 26,432
Dover ................................................... 6,494 13,0/0
Eagleswood ........................................... 1,036 5,215
Jackson ................................................ 9,873 53,128
Lacey .................................................. 2,621 53,743
Manchester ........................................... 1,857 51,416
Ocean ................................................... 972 9,210
Plumstead ............................................. 5,327 16,311
Stafford ............................................... 2,800 20,008
Union ................................................ 1,386 15,768

40,913 294,501
BURLINGTONCOUNTY.

Bass River ............................................. 1,573 43,261
Evesham ............................................. 582 7,318

Little Egg Harbor. ................................ 3,253 17,920
Medford ............................................... 896 16,064
New Hanover ....................................... 2,060 4,980
Pemb_rton ............................................ 9,547 26,258
Randolph ............................................. 1,150 31,710
Shamong ............................................... 7,852 ' 37,153
Southampton ......................................... 4,339 14,861
Washington ......................................... 627 25,943
Woodland ............................................ 403 74,344

25,282 803,307

ATLA51'TIOCOUt_TY.

Absecon ................................................ 1,066 1,330
Bocna Vista ........................................... 4,940 32,163

Egg Harbor ........................................ 9,966 34,034
Egg Harbor City ....................... _........... 659 5,312
_alloway .............................................. 5,873 37,201
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ClearedUplaud. Fore_
Townsh|/_. Acres. Acre..

Hamilton .............................................. 1,197 71,'493
Hammouton ........................................ 7,142 21,668
Mullica ................................................. 2,268 82,817
Weymouth ............................................ 2.362 85,625

35,771 271,635
CAMDENCOBNTY.

Gloucester ................................... , ......... 8,947 6,413
Waterford ............................................ 5,741 24,789
Whaslow ............................................... 9,524 28,386.

24,212 59,836
GLOUC_S_EBCOUNTY.

Clayton ............................................... 7,416 6,437
Franklin ............................................... 11,509 25,581
Glassboro ............................................... 4,669 2,605

Harrison .............................................. 3,380 460
Mantua ................................................ 3,2_4 576
Monroe .............................................. 7,824 21,511
South Harrison ...................................... 3,453 2,22"/
Washington ........................................... 10,584 3,864

52,100 63,211
CUMBERLANDCOUNTY.

Bridgeton ............................................. 5,041 3,i25
Commercial .......................................... 4,907 9,047
Deerfield .............................................. 14,899 11,607
Downe ................................................... 4,228 16,146-
Fairfield ............................................... 7,767 9,719
Greenwich ............................................6,313 1,702

Hopewell ............................................... 17,439 2,393
Landis .................................................. 16,134 28,631
Lawrence ............................................. 6,284 11,090
Maurlce River ....................................... 5,514 58,060
Millville ............................................... 3,876 24,341
Stow Creek ............................................ 9,289 2,116

101,691 172,975
CAP_ MAY COUNTY.

Cape May City.......................................177 .........
Dennis ................................................. 6,178 °_,677
Lower .................................................. 6,924 6,710
Middle ............................................... 10,615 19,104
Upper ................................................. 5,887 23,882

'29,631 75,873-
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SALEMCOUNTY.

ClearedUpland. Forest.
Townahip_ Acres Acre_.

Alioway .............................................. 14,032 7,757
Elsinboro .............................................. 4,188 78
Lower AIloways Creek ........................... 10,731 2,731
Mannington ........................................ 1,995 565
Pilesgrove ............................................. 11,826 974
Pittegrove ............................................. 11,088 20,831
Quinton ....................................... , ....... 8,101 7,272
Upper Pittsgrove .................................... 20,454 2,596

82,415 42,799

The total area is 1_?85,687 acres, of which 438,298 acres have-

been cleared, while 1,347,389 are in forest. The areas of the pine-
land tracts are :

Acre.

H o¶niny Hills ........................................................ 9,000
Manasquan River ................................................ 17,000
Metedeconk River ................................................... 19,000
North Branch Toms River ....................................... 7,000
Toms River ............................................................ 60,(}00
Forked River-Rancoeas .......................................... 80,000
Burlington Plains .................................................. 172.(]00
Atsion River ....................................................... 63,000
Great Egg Harbor River ......................................... 80,000
Mauriee River ........................................................ 26,(_0
Salem Barrens ........................................................ 8,000

486,000

Deducting this from the total area leaves 1,300,309 acres fit for"

tillage, of which more than 800,000 acres still remain in forest.

New Jersey is the third State in the Union in density of population,.

but there is still plenty of room within her borders.
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WATER-SUPPLYAND WATER-POWER.

BY C. C. VERMEULE.

The work of collecting and compiling data bearing upon the flow
of the streams of the State has proceeded throughout the year. The
purpose of these studies is to enable us to reach reliable conclusions
as to the capacity of our water-sheds to supply our cities with water
for domestic and industrial consumption, or power for mills and
manufactories. An accumulation of interesting facts has been the
result of this work, and next May, when our period of observation
shall be complete, we shall have sufficient data in hand for our
report. Much of our material is at the present time incomplete;
more of it will have an important bearing upon the results reached,
but of itself is not proper matter for publication in our reports.
Our practical readers want conclusions, clearly, conveniently and

concisely stated. They have not the time to make their own analy-
ses and deductlons from unsifted material. In this progress report
we shall give only sueh results as have sufficient completeness to be
of value.

RAINFALL FOR 1890 AND 1891.

In order to properly interpret the gauginga we must know the
relation which the rainfall during the period of gauging has to the
average rainfall of the region under discussion. From the averages
given in the Climatology of New Jersey, published by the Survey in
1888, and from the rainfall records furnished me by the State
Weather 8ea'vicc, I have compiled the following comparative tables of
rainfall for 1890 and 1891. The yearly rainfalh given are from
January to December, and therefore do not agree with the totals for
the four seasons, as the winter rainfall includes January and Feb-
runty of the following year. I have deemed it best to use the figures

(x411
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for stations which had the best-established averages, or those made

up from the larger series. The stations given fairly represent the
.characteristics of rainfall of the State from March 1st, 1890, to

November 30th, 1891.

RAINFALL AT NEWARK,

Average. ._prtng. Summer. AutUmn. Winter. year.

18_ to'87................11.31 12.92 I0.96 11.06 45.95
1890......................... 14.67 15.71 12.53 17.57 54.98
1_91 ......................... 9.67 13.36 7.51 ....... 48.16

RAINFALL AT NEW BRUNSWICK.

Avt.rRitre. _prlng= Summer. AUtumn. Winter. Yeae.

1854 to '87 ................ 10.98 13.46 10.36 9.51 44.31

It_.c_t...................... 13.86 17,04 14.4") 16.59 55.76

1891 ....................... 10.78 11.54 7.23 ....... 46.66

RAINFALL AT TRENTON.

AVt'ri_gc. Spring. Bummer. Autumn. Winter, yeer.

1866 to '80 .............. 10.83 ]5.01 11.71 8.95 47.55

1890 ......................... 13.65 12.03 12.97 15.09 49.80

1891 ......................... 9.33 15.40 9.62 ....... 48.91

RAINFALL AT PHILADELPHIA.

A_eragc. SprlDg. Stl_mer. Atltumll. Winter. Yeet.

1825 to '87 ................ 10.69 12.46 10.15 9.80 43.03

1890 .............................. 8.69 7.93 10.69 .......

1_91 ........................ 8,50 11.38 6.17 ....... 38.39

RAINFALL AT ATLANTIC CITY,

AVera_,e. Spring. Summer. AUtumn. Winter. y_tr.

1874 to '87 ................ 9.56 11.22 10.02 11.75 42.55

18,qO........................ 14.87 16.56 9.44 13.63 " 47.90
18._1 ......................... 9.53 11.59 8.53 43.14

RAI_'ALL A'I VINELAND AND EGG HARBOR CITY.

AVt'[_t', Spring. Summer. Autumn. Winter. yeLt.

_1,_86 tt) '_6 .............. 11.31 12.86 11.43 12.67 48.27

_-D,99 ...................... 15.1_ 14.49 15 16 16.96 55.38

_+1,_9I .................... 13.06 18.89 7.94 ....... 57.51

taeh,_M vnly. _ E_ Harbor City only. _:Vineland and Egg Harbor City
_ombined.
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Itmay benotedthatinthespringof 1890 therainfallwasfrom
2.4to3.8inchesabovetheaverageinnorthernNew Jersey,andfrom
4 to5 _nehesinthesouth.The summerrainfallwasalsoinexcessin

thenorthand south,althoughapparentlydeficient,or belowthe
average,atTrentonand Philadelphiaas much asitwas aboveelse-
where. In theautumn itwas in exee_ain northernNew Jersey,

nearlynormalatTrenton,anddeficientinsouthernNew Jersey.All
overtheStatetherewasa verydryNovember,theprecipitationbeing
less than an inch at most of the stations.

During the winter of 1890-91 there was an excess of from 6 to 7
inches over most of the State; the following spring shows a deficiency
of about 1.5 inches in the north and nearly a normal fall in the
south. April was quite dry. The summer of 1891 had about the
normalprecipitationovernorthernNew Jersey,withquitea large
excessinthesouthernpart.The autumnwasdry allovertheState.
Tiledeficiencyamountstofrom2 to4 inches.This deficiencywas
quiteuniformforthethreemonths_and streamsinnorthernNew
Jerseyranverylow. Some of theobserversreportthedriestyear
everknown on theirstreams.Thereisevidenceofanunusuallypro-

tractedperiod of very low water on the Paulinskill, Musconetcong
and Ramapo, extending from May through November. There is
as almost complete absence of flood flows for this period.

'['he yearly rainfall in 1890 was from 2.8 to 11.4 inches in excess of
the normal. In 1891 it was also in excess from 0.6 to 9.3 inches,
the greatest excess being in northern New Jersey in 1890 and in the
southern interior in 1801.

The distribution of rainfall is a matter of importance which we
shall need to keep in mind also. The Climatology points out the
differencesso far as the data indicate. An average excess of southern
over northern stations of 0.73 inch annually, and of eastern over
western stations of 8.74 inches, is then shown. For the last two
years in particular, and in all of the recordsto a greater or less degree,
an exo_s of rainfall is shown by the stations of the southern interior,
Egg Harbor City, Vineland and Bridgeton usually showing a much
greater precipitation than is indicated by the stations in the vicinity
of Mount Holly and Philadelphia; the figures given in the table of
flow are composite rainfall, being the averages of several stations
which, taken together, are believed to fairiy represent the water-shed
of the stream under consideration.
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EVAPOI_TIO_.

We gave quite full studies of this subject in our last report.

Under the computation of flow of the Croton we found it necessary
to allow a percentage of the ex_s of rainfall added to the constant

ground flow when rainfall was in excess of the evaporation in the

dry months. We present herewith some further investigations of the

Croton series, with a view to determining more accurately our evapo-

ration constants and variables. First taking the rainfall, flow and
loss by years, and eliminating all doubtful figures, where there i_

evident error in gangiug_, we get the following averages:

YEARLY RAIN, FLOW AND LOSS OF RAIN ON THE CROTON--IN INCHF_S.

Rain. Flow. LO_ of Rain.

39.41 19.12 20.29

41.06 17.W 23.09
44.42 22.29 22.13
46,92 21.93 24,99

48.47 20.74 27.73

50.56 24.46 26.40

We find in this table no direct ratio between rainfall and flow or

loss of rain, but we do find an increase in both columns with in-

creased rain. If we take the loss for 40 inches of rain at 21.6 inches r

and then for any excess of rain add half that excess to the evapora-
tion_ we get the following results :

COMPUTATION OF YEARLY LOSS OF RAIN--CROTON WATER-8HED.

Computed Computed
Rain. Flow. Lc_s.

40.0 18.4 21.6
41.0 18.9 22.1
44.5 2O.7 23,8
47.0 21.9 25.1
48.5 22.7 25.8
50.5 23.7 26.8

These computed values range well with the observed values of flow

and loss, and seem to point the way to a method of determining the

yearly flow from the yearly rainfall. This rule rests on the fact that

the evaporation from the ground is practically constant when the
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rain exceeds 40 inches, and the excess of evaporation is due to the

exposure of shallow water on the surface when rainfall is heavy.
On the Sudbury we find the following :

SUDBURY WATER-SHED--YEARLY TOTALS.

Rain. Flow. L_.

1875-76.............................. 40.95 21.45 19.50
1876-77.............................. 41.11 22.26 18.85
1877-78 ............................. 45.41 24.21 21.20
1876-79.............................. 47.78 24.43 23.35

These results show an evaporation of 19.17 inches for a rainfall of
41.03 inches ; about 3 inches less than the Croton shows for a like

rainfall. Adding one-half the excess of rain over 41 inches we get

for 45.5 inches, 21.4, and for 48 inches, 22.7 inches of evaporation,

which seems to indicate that the above rule holds good for this water-
shed also, with a change of constants. With extremely light rain-

falls we should, probably, find the evaporation decreases somewhat.
In the absence of data to determine how muoh, we shall be safe to
a_sume that it is constant for lesser rainfalls.

Let us now examine the dry months only, in the same way :

JUNE TO NOVEMBER--CROTON WATER*SHED.

Rain. Flow. LO_.

17.25 2.54 14.71
20.86 3.76 17.10
22.28 4.81 17.47
23.94 4.81 19.13
25,71 7.12 18.59
27.80 8.95 18.85

Here also we notice an increase of both evaporation and flow for
increasing rainfall, and if we take the normal for 20 inches of rain-

fall to be 17 inches evaporation, and add to this 25 per cent. of the
excess of rain, we have the following :

Rain. Evaporation,

20.0 17.0
22.0 17.5
24.0 18.0
26.0 18.5
28.0 19.0

10
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These results also seem to range well with the observed quantities.

It may seem, at first sight, strange that we use only 25 per cent. of

excess in the summer months and 50 per cent. for the whole year, but
it should be remembered that this percentage represents evaporation
from water on the surface in pools, &c., and there is less water so

standing during this season, as the ground rapidly absorbs the rain.
The constant evaporation for 20 inches of rain for these six months

is 17 inches, against 21.6 inches for 40 inches of rain during the

whole year. The constant part of the evaporation is much greater,
the variable part only being less. It is noticeable that for the smaller

rainfall shown, evaporation decreases nearly as fast as the rainfall.

SUDBURY WATER-SHED--JUNR TO OCTOBER.

Raim Flow. Less.

18.81 2.45 16.36
21.50 3.15 18.35
°,?3.94 3.22 20.72

This series is too short to show more than the general fact already

observed--that evaporation increases with the rainfall. Taking the
period from May to December, we find a close agreement between the

Croton and Sudbury.

CROTON WATER-SHED--MAY TO DECEMBER.

Rainfall. Flow. Loss.

23.98 5.42 18.56
28.44 8.01 20.43
30.03 9.98 20.15
33.09 11.77 21.32
40.05 14.69 25.36

It is here evident that for this period the rainfall appears in the
proportion of one-third flow and two-thirds loss.

SUDBURY WATER-SHED--MAY TO DECEMBER,

year. Rainfall, Flow, Lo_.

1875 32.95 9.70 23.25
1876 31.88 6.89 24.99
1877 28.25 10.01 18.24
1878 35.84 14.23 21.61
1879 25.52 5.22 20.30

After making proper allowances for rainfall carried over from

April, so as to increase the flow in May, we find the Sudbury almost

identical with the Croton for this period. The proportion of two-
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thirds rainfall to evaporation and one-third to flow is apparently

quite well established by the records of the Croton and" Sudbury from

May to December.

CROTON WATER-SHEDj DECEMBER TO MAY.

Rainfall. Flow. Loss. One-fourth Rainfall.

15.74 11.81 i 8.93 3.92
19.72 14.52 t 6.20 4.93

21.70 16.07 5.64 5.42
25.18 19.03 6.15 6.29

SUDBURY WATER-SHED, NO_EMBER TO MAY.

Rain. Flow. : Loss.

21.37 20.09 1.28
23.87 21.13 2.74

The difference between the Sudbury and the Croton is evidently

almost entirely in a less evaporation in the winter months. It is to

be expected, since the winter evaporation is largely from water upon
the surface, that it should be proportionate to the rainfall. The last
column of the above table of winter flow of the Croton shows how

closely 25 per cent. of rainfall agrees with the observed loss of rain.

Applying the above results I am inclined to modify somewhat our

monthly constants of evaporation assumed in my last report and adopt

the following: January, 0.5; February, 0.5; March, 0.75; April¢
1.0; May, 2.0; June, 3.0; July, 3.75; August, 3.75; September, 3.0;
October, 1.75; November, 1.25; December, 0.75. These constants"

are believed to fairly represent the evaporation upon the Croton water-

shed for an evenly-distributed annual ralnfall of 40 inches. We shall

ultimately modify somewhat the methods of determining the vaiiabhs
also, but for the present the above estimates will prove useful in com-

paring our New Jersey streams and in fixing their constants of

evaporation.

PAULINSKILL GAUGINGS.

The record for this stream has been kept throughout the year by

Messrs. G. C. Adams & Co., at Hainesburg. The stream has run

very low since June let. This part of the record not having yet
been fully reduced, we give below the results to April 30th only.

This gives us a full year of natural periods of flow, such as we used

in studying the Croton flow, and enables us to compare' with that
stream.
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FLOW OF THE PAULINSKILL, 1890--91.

Water-shed, 174.8 Square Miles.

FLOW IN CUBIC FEET

PE_ SECO_ID*

MONTH.
f

-
1890.

February 12th to 28th .................... 1.97 58 55 437
March ....................................... 6.15 44 94 117 672
April ........................................ 2.81 68 86 _72 451
May ......................................... 6.58 88 19 _29 470
June ......................................... 3.42 29 26 [46 357

July ......................................... 5.30 7l 29 43 108
August ...................................... 5.2l 0.73 597 29 112
September .................................. 4.01 1.60 726 111 249
October .................................... 5.17 2.3l 868 165 352
November ................................... 0.69 1.20 423 95 188
December .................................. 3.07 0.66 230 63 99

1891.
January .................................... 7.43 4.45 2,884 77 670
February .................................. 3.87 4.53 1,894 372 761
March ....................................... 3.81 3.56 996 293 540
April ........................................ 2.24 1.64 476 111 258

May .......................................... 2.26 0.60 146 50 90

June ls_J3O0, to. May 3lst, 1891 ..... 47.48 24._ Loss of rain, 23.20.

The year shows a loss of 23.20 inches against 25 inches on the

Croton for similar rainfalls. (See table under Evaporation.) From
June to November we have rain, 24.301 flow, 8.841 loss, 15.46

inches. The Croton gives for this period: rain, 24.0; flow, 6.0
loss, 18.0 inches, according to our estimates. From May to Decem-

ber we have rain, 33.95 ; flow, 13.38 ; loss, 20.57 inches. We have
seen that the Croton shows 21.3 inches loss for a rainfall of 33

inches. This is a nearer agreement than we have in the period
from June to November, but we find by examination that the flow

for this latter period has been increased by storage carried over from

May to June, and by November flow from ground water to the
amount of about 2 inches. It is evident, therefore, that the loss

through the summer months for 1890 was within half an inch of
what we have found to be true of the Croton. From December,
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1890, to May, 1891, we have rain, 22.78; flow, 15.44; loss, 7.34
inches, which is considerably greater than the loss on the Croton and
Sudbury. Fully 2 inches of the December rainfall went to replenish
the exhausted ground storage, however,' and not to evaporation.
Allowing for this fact, we find that the winter evaporation does not
exceed that upon the Croton shed. The conclusions reached as to
the constant flow during dry months, in our last report, have been
verified thus far. The stream shows a marked resemblance to the
Croton.

PEquEST QAUGISGS.

The record has been kept up at Belvldere throughout the year by
Mr. I.B.Keener. The resultssofarasreducedareasfollows:

FLOW OF PEQUEST RIVER, 1890--91.

Drainage Area, 158.0 Square Miles.

I
FLOW I_ CURIO FEET

pER SECOND.

MONTH. _ _ ._

1890.
February 12th to 28th ................... ].96 1.62 561 286 465
March ....................................... 6.15 3.97 1,016 290 544

........................................2.818.34 264May .......................................... 6.58 3.07 209
June ......................................... 3.42 2.43 505 100 344
July 1st to 24th .......................... 2.02 0.76 319 08 127
August .................................................................................................
September ....................................................
October ...................................... 0.17 2.17 ...... 4"28" ...... i'45" ...... 3"OB"
November ................................... O,7O 1.47 312 132 208
December .................................. 3.07 1.08 327 95 149

1891. 1,253 119January ..................................... 7.43 4.27 587
February .................................... 3.87 3.99 842 [ 397 I 607
March ....................................... 3.81 3.74 757 ] 312 I 513
April ......................................... 2.24 1.82 439 107 ] 260

May .......................................... 2.09 071 __154__23 98

December to May ....... 22.51 15 61 Loss, 6.90 inches.
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The loss of rainfall through the winter and spring months must be

reduced by 1.5 inches, which went to replenish depleted ground

water in December. This gives us a net loss of 5.40 inches, about
the same amount shown on the Croton. The general conclusions

reached in the last report as to flow from ground storage are sus-
tained by later observations. This flow is at a higher rate than on

the other streams of the Highlands, and we have already pointed out

the low flood flow which may be observed by comparing the maxi-
mum flow in cubic feet per second, of the above table, with the

figures for the other streams given in this report.

MUSCON_COIqG OAUGINGS,

Messrs. Taylor, Stiles & Co. have volunteered to continue the

record at Finesville, which they began for us in February, 1890.

This stream is considerably complicated by the storage and division
of the waters of the Lake Hopetcong water-shed by the Morris

canal, but some valuable facts are brought out by the gaugings, and
we are enabled to get a good idea of the character of the flow from

this typical water-shed of the southwestern Highland region of the
State.

J

FLOW OF THE MUSCONETCONG, 1890=91..

Drainage Area, 155.8 Square Miles.

I FLOW I1_ CUBIC FEET

i _ $ _ s_co_..

1890.
Februa O" 12th to 28th .................. 1.07 1.41 312 227 348
March ....................................... 6.15 3.22 1,619 148 436
A ril ........................................ 2.81 2.89 632 206 360
_PflV ............. 2.766.58 801 166 377
June ......................................... 3.42 1 32 334 72 184
July ......................................... 3.30 0.83 205 61 113
August ....................................... 5.21 0.72 160 61 96
September ................................... 4,00 0.83 357 61 117
October ...................................... 5.17 1.20 334 89 167
November ................................... 0.70 0.80 188 72 113
December ................................... 3 07 0.97 384 72 130I

Total for 1890 ................... I"--_.38 ""]6.65
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FLOW OF THE MUSCONETCOI_G, 1890-91--Continued.

Drainage Area, 155.8 Square Miles.

FLOW IN CUBIC FEET
PER SECOND.

MONTH. _

7 7
_ _ ._ .

1891.

January ..................................... 7.43 4.69 3,172 87 033'
February .................................... 3.87 3.66 1,350 385 551
Max,ch ....................................... 3.30 3.25 713 124 440
April ........................................ 2.24 1.52 334 104 212
May .......................................... 2.14 0.75 206 72 1Ol
June ......................................... 1.77 0.48 104 47 67
July .......................................... 4.33 0.40 104 ............ 54

• 6.97 0.67 499 ............ 92August .......................................
September .................................. 1.55 0.3t 134 ............ 42
October ...................................... 2.68 0.23 72 ............ 29
November ................................... 2.84 0.39 206 ............ 54
December ................................... 4.85 1.35 290 ........... 184

Total for 1891 .................... 44.47 17.70 ....................................

May 1st, 1890, to April 3Oth, 1891... 50.79 22.55 .........................

Gaugings of the Morris canal indicate an average summer flow of

100 cubic feet per second, which is drawn from this water-shed. The
winter flow may be taken at 80 cubic feet per second. This is equiv-

alent to a draught of 0.72 inch per month, on the Musconcteong

water-shed, for the eight months of navigation, and 0.57 inch per,
month for the winter months, making a total of 8 inches for the year,

For the portion of 1890 shown in the above gaugings this would give
7.25 inches to be added totheflow, giving the following result: Rain,

44.38; flow, 23.90; loss_ 20.48 inches. For 1891 we add the full 8.

inches, giving rain, 44.47; flow, 25.70; loss, 18.77, and for the year
from June 1st, 1890, to May 31st, 1891, we have rain, 46.35 ; flow,

28.54; loss, 17.81 inches. The storage interferes too seriously to

enable us to analyze closer the flow by periods. The dry-month flow

is held up somewhat by flow from Lake Hopatcong, but we can make

out by close examination a first-mouth flow of 1.30, a second of about
0.80, and then a gradual decrease to 0.23 in the sixth or seventh dry
month.
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DELAWARE GAUGIIgOS.

Additional gaugings have been made at Center Bridge and impor-
tant data secured which will to some extent modify the estimates of
flood flow given in our last report. The flood heights and flood slopes
of the river have been better determined from additional and more

reliablefloodmarks. Mr.A. J.Phillipshaskepta continuousrecord
oftheheightoftheriver,fortheuseoftheSurvey,sinceAugust.
Inconnectionwithourgaugingsitwillenableus todeterminethe
flowsincethatdate.The necessarycomputationshavenot yetbeen
completed.

FLOW OP RAMAPO RIVER, 1890-91.

Drainage Area, 159,5 Sq.aze Miles.

FLOW I_q CUBIC FEET

pElt SECOND,

MONTH. "_ "_ d

1890. ' "" [......
February 7th to 281h ..................... 4 45 I 3,29 1,913 277 043
Mar_.h ....................................... 0.40 4 85 2,020 277 043
bprli ........................................ 2.68 3.05 1,032 _ 231 { 429
May ........................................ 4.72 2.75 762 _ 170 [ 377
June ........................................ 4,98 1,25 334 ( 55 170

July ......................................... 0 06 0,94 338 J 9140 125

• 41 108August ...................................... 4,75 0.80 601 [
September .................................. 4.14 1,51 948 [ 55 209
October..................................... 6,95 2 22 839 [ 301

December ................................... 4.02 1.77 1,583 [ 80 238

/
1891.

January .................................. 8.51 _ 0.80 4,552 879
February. .................................... 4._0 ] 5.28 2,130 264 I 853

290March ..................................... 4.25 _ 5.23 1,686 729

April ....................................... 2.80 2.34 695 143 335

t, Aprll : .......... 24.90

These ganglngs have been kept up through the courtesy of the
Pompton Steel and Iron Company, by Mr. Alfred Riehards. The
loss here indicated is about the same that the Croton shows for 47

inches rainfall. For a rainfall as heavy as this the Croton would
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probably give a loss of about 29.5 inches. It is evident, however, at
a glance that our rainfall records do not fairly represent |hLs water-
shed for the winter months of 1891. The heavy monthly flows in
February and March are shown also by the Wanaque, and must be
attributed to heavy rain or snow on the upper part of the wafer-shed_
on which area we have no rainfall stations.

From May to December we have rain, 36.39; flow, 12.34; loss,
24.05 inches, showing the proportion of one-third flow and two-thirds
evaporation, which we tlnd to be characteristic of the Croton. This
stream is the nearest to the Croton of any which we have measured.
The geology and topography of the two water-sheds are also the same.
The very heavy rainfalls which are indicated by the maximum flows
in cubic feet per second, and by the heavy winter flow, probably occur
aloa'g the eastern edge of the Highlands, in the valley of the Mahwah
and the lower Ramapo valley• Strongly indicative of such heavy
precipitation are the records of rainfall at South Orange and Paterson.
These places lie at the foot of the Watehung mountains, with an
exposure similar to that of the valleys above mentioned, save that the
rise of the mountains along the Ramapo is much greater. Indeed,
.the rainfall of January, 1891, was 10.55 at South Orange.

FLOW OF WANAQUE RIVER_ 1890--91.

DraJna_ Area, 101.0 Square Miles.

FLOW IN CUBIC FEET
PER SECOND.

MONTH. _

• o ._

October ...................................... 6.95 2.49 594 9t" 217
November .................................. 0.77 0.93 128 44 84
December ................................... 4.02 1.59 790 4t 138

1891.

January .................................... 8.51 6.27 4,943 91 549
February .................................... 4.50 5.51 1,107 217 548
March ....................................... 4.25 5.55 914 217 510
April ......................................... 2.80 1.92 308 92 174
May ......................................... 2.96 0.61 77 45 54

December to May ........................ 27.04 21.45 Loss, 5.59 i[2ches.
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The gaugings for this stream have been taken by Mr. Jam_
Frazer for the year. The winter flow, from December to May, shows
the inadequate character of rainhll records, as did the Ramapo flow.
It is scarcelynecessary to discuss this record further until we have the
eomphte series.

FLOW OF THE PEQUAlqNOOK_ 1890-91.

Drainage Area, 84.7 Square Miles.

FLOW 11_ CUBIC FEET

PER SECOND,

MONTH.

18_,.
February .................................... 45 38 686 125 273
March ....................................... 40 02 891 155 296
April ........................................ 68 70 382 75 205

May 1st to 5th ............................. 31 20 I 155 [ 74 91Juue.........................................1...........
July .................................................... I ] D

August .......................................1............
September 27_.hto B_Yth..................10.58 .....0,'08" "i 25 45
October ..................................... I 6.95 3.61 25 264
November................................... I 0.77 1.42 25 100
December ................................... I 4.02 1.03 25 75

1801.
January ..................................... 8.51 48 387
February .................................... 4.50 45 276
March ....... 4.25 46 192
April 2.80 46 215

The record for the Pequannoek has been kept by Mr. J. H. Furey.
While some characteristics are brought out, the series as a whole is
not entirely satisfactory, because of unfavorable conditions at th_
pointofgauging.We shallusetheresultsonlyforwhat theyare
reallyworthinour finalanalysis,They willRotadmitof great
refinementof deductions.

PASSAIC RIVER.

We have been able to add very materially to our data of Pa_alo
flow, having procured a record of height of the river which, when

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 155.

we have completed the measurements and tedious calculations neces-
sary for its reduction, will furnish a fair record of flow for fifteen
years. Gauglngs have also been continued at the dam at Little
Falls, by the courtesy of the Beattie Manufacturing Company. The
data require exhaustive examination, checking and adjustment_ a
large part of which has already been done, but it is still so incom-
plete that it is not thought desirable to publish at present. Even
the results published in our last "report will be somewhat modified by
the contemporaneous record which has been alluded to already. It
is deemed especially fortunate that we have succeeded in obtaining so
much information as to this the most important stream "of the State
excepting the Delaware. The results for the Passaic will be given

in the completed report upon this subjce_,

FLOW OF THE RAHWAY RIVERj 1890=91.

Drainage Area, 40.4SquareMiles.

FLOW IN CUBIC FEET
PER eECO_D,

MONTH. ":d

1890.

February 18tb to 281h .................... 2.21 99 113 70 9S
March ....................................... 6.95 O0 ljO15 59 175
_aaril ......................................... 2,61 2.59 292 46 93

y .......................................... 4.65 2.35 147 50 82
June ......................................... ' 4,97 2.95 373 44 106
July .......................................... 5.72 9.86 292 26 ' 82
August ...................................... '4 97 I 3.04 534 39 106

September .................................. 4.68 2.19 195 41 I 79

October ...................................... , 6,79 4.47 781 I 67 I 15_
l'%vember .................................. O,8O 3.25 147 ' 94 I 117

December ................................... 4,35 3.82 71fi I 60 i 134

1891.

January ..................................... 8.99 5.90 1,081 82 I 217
February .................................... 4,86 5.75 694 I 107 I 223
March ...................................... 5,08 5.80 458 ! 107 ] 21S

_ril ........................................ 2.66 3.44 180 i 94 I 121

•-aay .......................................... 3.23 2.30__ 147 23 iI 80
June 1st, 1890, to bfay 3lst, 1891 ..... 61,40 45.27 ........... ......... ,.i ...........

The gangings were continued on this stream by Mr. Addison C.
Russell. The results seem to show, like the Ramapo and Wanaque,
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a deficiency ip the rainfall records. This stream is similarly situated
with those, being along the base of the Watehung mountains and
probably affected by irregular, heavy downpours of rain. As we
noted last year, this stream shows large ground flows from the
ma_es of dri{t upon the water-shed. It occupies a ground almost
midway between our Highland streams and those of southern New
Jersey.

FLOW OF THE RARITAN AT BOUND BROOK, 189_)-91.

Drainage Area, 879.0 Square Mile_.

I

I FLOW IN CB'BIO FF,ET
i PaR SECU_ID.

i [MONTH.

._. *_

1890.
February 17th to 28th .................. 1.58 0.08 1,038
March ....................................... ' 6.28 6.13 4,727

April ........................................ 2.74 2.26 1,773
may ........................................ 4.95 1.95 1,489
June ........................................ ' 3.97 1.32 1,040
July ........................................ : 5.68 1.18 898
August ...................................... 5.18 1.58 1,205
September ................... 4.31 1.34 1,064
October ..................................... 6.74 2 380
November ................................. _ 0.88 1,016
December ................................... 3.53 1,854

1891.
January .......................... i 7.08 3.738
February ................................... 4.21 2,931
March ................................... I 4.64 3,404
April .............. 1,276

May 18_890, to April 39th, 1891.. Loss, 24.63 inch..

This record has been continued throughout the year by Mr. William
Fisher. For the year it shows a larger flow in proportion to the
rainfall Ihan is shown by the Croton. From May to December we
have 35.26 inches rain; flow, 13.89, and loss, 21.37 inches. From
December to April the record shows rain_ 21.29 ; flow, 16.64; loss,
465 inches. The diagram of flow shows the same flashiness.which
wasindicatedlastyear, and in generalcorroboratestheconclusions
thensetforth.
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STREAHS OF SOUTHERN NEW JERSEY.

The streams of the northern portion of the State show a certain
marked individuality in the character of their flow. While there is
a general resemblance which will admit of the application of general
laws to all which have their sheds upon the same geological and topo-
graphical divisions, yet the variation in the steepness, in the amount
of natural storage, or in the state of cultivation of the water-shed is
always sufficient to bring out peculiarities in each stream gauged. In
the case of the southern streams, however, the resemblance is so
remarkable that it is found best to treat of them as a group. The vari-
ations arc only such as are due to difference in size of the water-shed,
or some local peculiarity at the point of gauging. 8o great is the
resemblance that it is found best to discuEs the gaugings which we
have been able to obtain as a whole, and regard these streams as indi-
cative of what we may expect for all of the sand-hill streams of the
State. Our longest series of gaugings is the one on the Great Egg
Harbor river at Mays Landing. In addition to the gaugings here
given, a short series on the Assenpink, and a mass of general no_es of
flow, as well as several years of personal observation, all indicate the
applicability of these results to oar southern streams as a class.

FLOW OF GREAT EGG HARBOR RIVER AT MAYS LANDI_TG, 1890-91.

DrainagB Area, 215.8 Square Miles.

FLOW IN CUaIC FEI_

_ z.r_ szcesD.

MoTB i i*¢ o
1890. _] -- _

February 16th to 28th ................... 2.40 [ 0.86 463 322 383
March ....................................... 6.06 ] 2.39 723 327 447
April ........................................ 3.37 [ 2.44 784 268 470
May .......................................... 3.71 [ 1.88 348

2.33 I 1,27
491 I 270

June ........................................ 352 I 126 244
1.33 802 I 201 249

July .......................................... 633 1.32

August ..................................... 531 [ 1.46 54l I 07 273
September ................................... 6.06 I 1.05 366 [ I14 203

1.67 313October ...................................... 6.30 ] 318 [ 270
November ................................... 0,71 I 32.5 I 142 255

December ................................... 4.49 1.52 438 I 18__0 284
Tola] for 1890 ..................... 416.87 17.'_ $7 per cent. of yearly raln_.
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FLOW OF OREAT EGO HARBOR RIVER AT MA_/S LANDII_G"--_.

Drainage Area, 215.3 Square Miles.

FLOW IN CUBIC _EI_T

PER SECOND.

MONTIL _=

130L
January ...................... 6.07 70 67 260 505
February ................................. I 6.58 19 61 508 662
March ....................................... ! 6.98 15 62 538 778
April ...................................... , 2.44 53 50 324 500
Ma_ ...... _ 3 27 52 43 222 284, . ............... ]

Jure ......................................... i 3.25 1.45 343 226 279
July ........................................ I 8.93 1.60 377 ] 154 [ 302
August ....................................... _ 0.10 1.67 420 I 220 I 313
September .................. ! 1.9_ 1.41 404 ) 127 I 273
October .................................. 3.64 1.21 347 I 126 [ 232
November ....................................2 23 1.24 322 [ 183 ] 299

December ................................... i 4.19__ 1.74 _--370 [ 233. I 325

Total for 1891 ................... I 56.62 _ 44 per cent, of rain.

M_J_t,1890,,oAp_l30th.1391I---_E_- _ - 43po__.t.of_in
Thisserieshas beencontinuedby Mr. JamesBlaisdel],atMays

Landing, by the courtesy of the Maye Landing Water-Power Com-
pany.

FLOW OF BATSTO RIVER, AT BATSTO, 1891.

DrainageArea, 69.7 Square Miles.

FLOW /.N CUBIC FEET

_ r_:RsFzo_v.

i.
January ..................................... :...'_.....-_'.
February .................................... I 6.24

March ...................................... I 6,29 ........................... _.,_..
April ........................................ 2.13 2.05 287

May .......................................... 2.79 1.44 112 17093
June .............................. 3,59 , 1.17 , 120
J.ly...............................:::::::::::l 7.1_ 1.79 197
August ....................................... ! 6.35 1.46 124 88
September ................................... , 3.08 1.62 226 67 I 101
October ..................................... 3.72 1.50 131 52 I 94 ,
Sovember ................................... 2.42 Lll 88 55 I 69 "
December ................................... 4.12 1.42 115 52 ] 85

..... l

April to December .................. i 35.39 _ 13.61 38.5 per cen t. of rain.
if--

Year ................................... 1 53.72
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For this series we are indebted to Mr. Joseph Wharton, the record

having been kept by Mr. George Wright. It is especially valuable

in enabling us to compare the action of the flow from quite a small

water-shed with the larger area on the Great Egg Harbor.

FLOW OF NORTH BRANCH OF RANCOCAS AT PEMBERTON--1890.

Drainage Area, 111.7 Square Milea.

FLOW IN CUBIC FEET

PER SECOND.

_IONTH.

March ....................................... 5.48 8.21 590 I 161 300

_yl ........................................ 2.18 1.93 329 118 192

I

.......................................... 3.20 1.53 189 I 132 148
June ......................................... 3.76 1.84 [ 244 129 183
July .......................................... 5.38 1.37 211 82 132
August ....................................... 4.49 I 1.25 144 i 97 120

Total ............................... 24.49 11.13 ] .......... i ....................
m

For this series we are indebted to Mr. Anthony J. Morri% of
Pemberton.

COMPARATIVE FLOWS FOR LIKE PERIODS--APRIL TO AUGUST.

Rain. Flow. L(_ of Rain.
IncheS. Inches. Inchc_

Rancocas, 1890 ................................. 19.01 7.92 11.09
Great Egg Harbor, 1890 .................... 19.85 8.36 11.49
Great Egg Harbor, 1891 ..................... 23.99 8.82 15.17
Batsto, 1891 ................................... 22.05 7.91 14.14

In 1890 there had been large draught upon ground water during

this period, which was not replenished at the end of August. In

1891 there was no great depletion of ground water at the end of

August. Therefore, the normal loss of rain or evaporation for these

months, with a given rainfall, is beat shown in 1891.

MAY TO DECEMBER.

Rain. Flow. LO_.

lnche& Inche|. Inches.

Great Egg Harbor, 1890 ..................... 34.04 11.50 22.54
Great Egg Harbor, 1891 ..................... 33.5_ 11.84 21.61 ,
Batato, 1891 ...................................... 33.26 11.56 21.70
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The first fact which strikes us in these comparative tables is the

marked similarity in the flow of the several streams for contompora-

neons periods. The Rancoeas and the Great Egg Harbor from April

to August, 1890, show almost exactly the same percentege of rainfall

flowing in the stream--41.6 for the former, against 42.1 per cent. for

the latter stream. 80 with the Batsto and the Great Egg Harbor for
the same months in 1891. From May to December, a period which

eliminates the etTect of depleted ground storage, we find a remarkably

constant condition of flow for both years on the Great Egg Harbor,

and fortheyear1891 on theBatsto.

Turning now tothetablesof monthlyflowwe findtheresemblance

holdinggood herealso. Here itisnotedthatthesmellerwater-shed

of the Batstoholdsitsown with the Great'Egg Harbor in the

amount of waterflowing,ifwe make properallowanceforthediffer-

enceinrainfall.So doestheRanceoas,theresemblancetothe Great

Egg Harbor beingnonethelessmarked,althoughthestreamismore
remotethantheBatsto.

Taking theyearlyrain,flowand lossasshown by thesetables,and

computing the flow and losson the Croton by the rulesdeduced

when we were consideringthe evaporationon thatwater-shed,we

have thefollowing:

YEARLY RAINFALL, FLOW AND LOSS.

Rain. FLOW. LO_,

GreatEgg Harbor,Feb.tilthtoDec.31st,1890......45.87 17.19 28.68
Great Egg Harbor, 1891....................................... 55.62 24.46 31.16
Great Egg Harbor, May let, 1890,to Apr. 30th, 1891.. 56.11 24.10 31.99
Croton, estimated .............................................. 56.00 26.40 29.60
Croton, estimated ................................................ 49.00 22.90 26.10

If we take the evaporation from January let to February 16th,

1890, to have been 3 inches, 1890 will show 31.68 inches loss for
48.87 inches rainfall. I am inclined to attach rather more weight to.

the figures for 1891, and for the year _glnning May let, 1890.

They indicateabout2 inchesexcessof evaporationoverthatshown
on theCrotonwater-shedfor56 inchesrainfall.

Comparing theperiodsfrom May toDecember,we findan average

forthesouthernNew Jerseystreamsofrain,33.62; flow,11.63; loss,

21.99inuhee_a resultwhich isremarkablyclosetowhat we findon
theCrotonforthesemonths.

Our observationsforthewintermonthsarenotyetcompleteenough
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to be entirely satisfactory, but they indicate, so far as they go, the
following : January to April, rain, 22.2 ; flow, 12.6 ; loss, 9.6 inches.
This shows an excess of 4 inches over the winter evaporation on the

Croton, and seems to establish what we have suggested in our pre-
vious report, that the increased evaporation is confined to the winter
months. In summer the warmer climate and porous soil would give
an increase, but this is offset by lees vegetation and by the fact that
rain sinks so quickly into this soil that there is very little evaporation
from water standing upon the surface. In the winter, however,
there is less offset to the conditions favorable to increased loss of rain.
:From these considerations, and working between observed periods, I
am disposed to adopt for our constants of monthly evaporation on
southern New Jersey water-sheds the following: January, 1.00;
:February, 1.00 ; March, 1.25 ; April, 1.25 ; May, 2.00 ; June, 3.00 ;
July, 3.75 ; August, 3.75 ; September, 3.00 ; October, 1.75 ; Novem-
ber, 1.25; December, 1.00. These constants are for 40 inches
annual rainfall. While we may find cause, as our investigation pro-
ceeds, to slightly modify these constants, they are sufficiently accurate
to be used with entire confidence for preliminary studies.

To fully appreciate the superior value of southern New Jersey
streams for water-power we must examine the records of monthly flow
month by month and compare them with those for our northern
water-sheds. Such an examination brings out the better-sustained

dry-season .flow, and the columns of greatest flow in cubic feet per
second show how much less liable these streams are to hcavy'freshets.

:For example, in January, 1891, the northern streams--the Passaic
and its branches and the Rarl:an--were discharging at their maximum
from 27 to 28 cubic feet per second for each square mile of water-
shed. The heaviest discharge reached on the Great Egg Harbor for
that winter was 4.1 cubic feet per second per square mile. The heavy
rains are absorbed by the sandy water-sheds or held in the wooded
swamps and fed out gradually to increase the flow for weeks and
months. This peculiarity makes it easier to utilize the flow of these
streams for any purpose, as less storage is required than upon more
flashy streams. It has been my practice in designing storage works
for these water-sheds, to estimate that with storage equal to six inches
of rainfall upon the water-shed, fifteen inches of rain could be utilized
in the driest year. The present investigations as they proceed seem
to indicate that this is a very conservative estimate. Stoi'age equal

11
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to 3.5 inches would be sufficient to maintain an even flow of one inch

per month in the driest year, and only half an inch of storage would
yield a steady flow of half an inch monthly. These valuable charac-
teristics of southern New Jersey streams will be more clearly brought
nut when I have completed my estimates of flow by mouths for the
driest years.

DIAGRAMS OF FLOW'.

The accompanying diagrams of flow are intended to bring out the
differences between southern and northern New Jersey streams. In
my last report a diagram for the Great Egg Harbor, for 1890, will be
found. The diagrams of this stream and of the Bateto for 1891,
which are shown, accompany this report, are more satisfactory and
more truly represent the actual flow. There are a few minor fluctua-
tions in the_e diagrams_ due to opening and closing of sluice gates,
which could not be wholly eliminated and retest be disregarded. They
are not important enough to seriously aflhct the truthfulness of the
presentation, however. The Musconetcong is taken to represent north-
ern streams for 189 i, because of its drainage area corresponding fairly
in size with the southern streams. It is rather too favorable to north-

ern streams, however, because its fluctuations are diminished some-
what by storage, and because the rainfall was lighter than that for the
southern streams. For this reason the Ramapo, for 1890, has been
added, and by contrasting this with the southern streams the less vari-
able flow of the latter is seen clearly. The minor fluctuations shown
in the diagram of the Museoneteong arc produced by holding back
the water in mill-ponds.

The rainfall is given in inches for each day. It is made up of the
daily means for the stations given. In the tables of flow previously
given other stations were included to make up the monthly averages.

• By referring to the diagram for the Great Egg Harbor, facing page
202, report for 1890, we can see how the heavy rains from December
17th, 1890, are taken up by the ground, and the flow stays at about
400 cubic feet per second until January 21st, 1891. During this
period 7.37 inches of rain fell and only 2.10 inches flowed off.
Assuming evaporation to have been 1.5 inches, a liberal estimate, we
have 3.8 inches absorbed by the earth to replace the draught through
the dry period preceding December 17th. The replenishment is evi-
dent at about the 17th_ and from that date through March the flow
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holds up at the average rate of about 725 cubic feet per second.
Notice the marked difference in fluctuations of this stream and the

Musconetcong during this period, although the heavier rains are on
the southern water-shed. The diagram of the Batsto, while it shows
a marked general parallelism to the Great Egg Harbor, still indicates
neatly the slightly sharper fluctuations due to the smaller size of its J
water-shed. On a subsiding flow, the steeper gradients indicate the
drawing down of swamp storage, and then when we come to ground
flow alone we see how gradually it decreases. Thus, from April 12th,
when the swamps had become quite depleted, to May 15th, rains were
less than evaporation, yet the flow only fell from .075 to .045 inch
daily, showing clearly the capability of yielding a flow of 1.50 inch
for the first month from ground water alone.

Studied in this way, these diagrams are capable of unlocking many
of the secrets of the flow of these southern :New Jersey streams, but
even a superficial examination reveals the peculiar steadiness of these
as compared with streams like the Croton, Sudbury and others, with
which we have been more familiar heretofore.

U-_DEVELOPEDWATER-POWEBSOF SOUTHERNNEWJERSEY.

The agricultural development of the lands of the southern portion
of the State must give some incentive to the development of water-
power. We called attention to some of the important powers which
are already in use, in our last report. Having in preparation for our
final report full descriptions of the undeveloped sites and their capa-
city, the completion of which work will be delayed until our observa-
tions are finished, it is not necessary to do more at present than call
attention to certain exceptional localities in a gengral way.

On Manrice river, a little above the head of the Millville Manu-
facturing Company's pond, and near Vineland_ a fall of 20 feet, and
probably about 450 net horse-power, could be obtained. Just above
this, near the New Jersey Southern railroad, about 15 feet fall and
200 net horse-power might be developed. Several of the smaller
powers on both the east and west branches of this river could be
advantageously improved, not being at present developed to their
full capacity. There are also good small sites on Manumuskin,
Manantico and Buckshutem creeks.

As the demand seems to be for large powers, it might be well to
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concentrate the flow of two or more streams at one pointwhere circum-

stances are favorable. The power at Mays Landing is susceptible of

increase in this way to about 440 horse-power. On Great Egg

Harbor river, between Mays Landing and Weymouth, there is still

a fall of 11 feet not in use. It should be possible to utilize at least
9 feet fall here, giving about 300 horse-power. The Weymouth site

is a good one, and capable of driving a larger plant than the one now

there. It was not in use at the date of making the canvass, but I

believe steps are being taken to utilize it. It should be good for 325
horse-power, and, if Deep run should be added, 360 horsepower
should be obtained on the 13 feet of fall. Just below the mouth of

Hospitality branch another site, good for 250 horsepower, might be

developed. Near the crossing of the Philadelphia and Sea-shore

railroad there is a good opportunity to develop power also. Above
this on the main stream the banks are low and only low falls could be

secured. On Hospitality branch there are valuable cranberry bogs,
which might interfere somewhat with the utilization of several good

sites£orsmallpowers.

On Wading river,thepower at Harrisia(l_arrisville)isan excel-

lentone,'225horse-powerbeing now used on 12 feetfall,witha

considerablesurpluspower wasted. The flowof the eastand west

branchesisconcentratedby means of'acanalovera milelong..On

theeastbranch,known asOswego river,thereisan unoccupiedsite

attheoldlocationofMartha furnace.The fallis12.5feet,and 100

horse-powershouldbe obtainable.Above thistheopportunitiesare

notsogood,asthestream-valleywidens. On the westbranchthere

isa siteatthemouth of Tulepehaukencreek,where 15 feetfalland

200 horee-powermight be had. Smallerpowerscouldbe developed

atSpeedwelland otherpointsfartherup stream. At PleasantMille

thewatersof Hammonton creek,the Neseochague,Mechescatauxln

and Atsionhave beenconcentratedby asystemofdams and raceways,

and 150 horse-powerisusedon 10 feetfall,witha considerablesur-

pluswasted. The Batstocould be added totheotherstreams,and

fully265 horse-powerobtainedon I0 feetfall; orthefallcouldbe

doubled with littledii_culty,and 530 horse-powerutilized.At

Quaker Bridge,on theBatsto,15 feetfallcouldbe obtained,and the

flowof theAtsionadded by a canal,giving220 horse-power.At

Ateionthereisa goodplantwhich isnotatpresentinuse.
Passingup thecoast,thenextopportunitywhich ispresentedfor
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developing a considerable amount of power is at Toms River. A
plant might readily be arranged here to concentrate the flow of all
the branches of Toms river on a fall of 30 feet, so as to realize 670

horse-power, and raise the village to the size and industrial importance
of Millville within a few years. Transportation facilities are excel-
lent at this point.

Just below the mouth of Ridgeway branch, on Toms river, there

is also a very good site. Twenty feet fall and 350 horse-power might
be utilized. At White's Bridge 175 horse-power may be developed,
and several good sites Forsmaller powers are to be found on the stream
above and on Ridgeway branch.

Metedeeonk river offers a site just below the junction of the north
and south branches, at Burrsville, good for 200 horse-power on 20
feet fall. There are several good sites of smaller capacity on both
branches above.

On Manasquan river, near Allenwood, 20 feet fall and 180 horse-

power could be obtained in a good locality. Near Red Bank, on
Swimming river, 20 feet fall and 180 horse-power could be had.
This, also, is an exceptionally good location.

Turning now to the Delaware or western slope, we find that .the
streams south of the Rancecas furnish excellent sites for single mills,

but offer no opportunity for the development of large water-powers.
On the north branch of the Rancocas the power is quite fully devel-
oped. At Eayrstown, on the south branch, it would be possible to
concentrate the flow from 140 square miles with 30 feet fall, giving
about 590 horse-power. This would require the extinguishment of
four smaller powers, however. There are good sites for 100 horse-

power or less at several points on the branches of the Rancocas.
Crosswicks creek has 60 feet fall between New Egypt and Borden-

town, of which 24 feet is utilized. It flows through a narrow ravine
and opportunities are good Fordeveloping power. Splendid natural
facilities exist for utilizing the whole flow of the stream at the crossing
of the road From Bordentown to the White Horse tavern, where 30

feet fall could be obtained, and fully 550 horse-power utilized. Four

existing water-powers and some other improvements now stand in
the way of the utilization of this admirable natural site. About 260
horse-power on 20 feet fal] could be obtained at Crosswicks without
interfering with any existing improvements of consequence.

As we previously remarked, the estimates of power here given are
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subject to revision in the final report, but they are based on the per-
formances recorded in actual work of large powers of southern New
Jersey and are safe enough for general guidance. It is noteworthy
that the few sites here mentioned aggregate over 6,000 net horse-power,
or over three-fourths as much as the total utlhzed powvrof this portion
of the State. Evidently the amount in use is not more than one-third

of what may easily be developed. When the large powers which have
been indicated shall have been utilized, in how many places shall we
have repeated the splendid work which has been done at Millvilh and

Bridgeton, and well begun at Mays Landing? Truly a very great
impetus would by this means be given to the industrial development
of southern New Jersey.

It will at once be asked if it is more profitable to develop these
powers or to use steam. Oar answer must be that it has proven
directly profitable elsewhere with lees favorable conditions than we

have at many of these sites, and we have seen how great the indirect
advantage has been to the localities where such development has been
made. If a more exact answer is required we may estimate that the
value of a horse-power, determined from the cost of producing it by
steam, and making due allowance for the possibility of selecting more
favorable locations when steam-power is used, may be taken safely to
average $21 annually in New Jersey. In other words, if we ignore
the indirect benefits to be derived in appreciation of property values,
&c., and take only the direct money return into consideration, we may
spend to develop one horse-power a sum which at six per cent. per
annum will yield $21, or $350. There are some industries which need
the space and the abundant water to be had in such localities, and can
afford on this account alone to locate on these sites• Then there is

surplus power above the amounts given in my estimates, for several
months of the year, which might be turned to account for certain lines
of manufacture. Even without these advantages most of our sites
could be developed well within the above money limit.

Turning to the possibilities held out to us by electric transmission,
we find that this has passed beyond the experimental stage in Swiizer-
land and in our own country, at Spokane Falls, Aspen and other
places. Naturally it has been first applied at localities where coal is
expensive and water-power abundant• Let us imagine such an instal-
lation which would transmit the power from some of the less accessi-
ble of these sites to communities like Vineland, Hammonton or Egg
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Harbor City or the larger communities at Camden and Trenton, and
rented to large and small manufacturers. The result must be the
employment of labor more steadily and to better advantage, the
increase in productive capacity of these communities, and the restora-
tion to society of the small manufacturer and the pleasant relations
which he sustained with his employes as well as his patrons. The
social effects of such a step would go even further and do much to
counteract the baleful influences which are at work upon character

wherever operatives are herded together in the enormous centers of
industry, which are the result of the very rapid movement toward
concentration of manufacturing in fewer and larger establishments.

While these may seem to be rather sentimental reasons, all who
have the welfare of the State at heart must recognize that the fact
that the utilization of our water-power in this way would be a long
step toward securing the better housing, more healthful environment
and improvement of the condition of our industrial classes, without
sacrificing that economy of production which has obtained in large
manufactt_riug plants, is high ground for the encouragement of enter-
prises of this kind by furnishing information as to their prauticability.

Another consideration which is worthy of being kept in view by

the community is, that every horse-power of water which runs to the
sea unemployed must be madegood by the consumption of coal to the
amount of three tons annually. To benefitaccrues to the working-
men of the State from this coal consumption, or to the State as a
whole. The visible supply of the nation's fuel is just so much
diminished. Just so much of available energy is wasted. On the

other hand, if the horse-power is developed from water-power, $350
is at once added to the wealth of the State, our workmen are employed
in the improvement, and the increase of population and indirectly
added wealth which arc consequences of such development, have been
realized at several of our most important industrial centers.

UTILIZED WATER-POWER.

In order to accumulate facts as to the peculiarities of individual

streams, so as to be able to make a close application of the results at
our researches to each, and furnish information sufficiently explicit to
be of direct utility, it was found necessary to inquire of those who
were most familiar with the stakes of flow and profit by their expert-
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encc. Naturally the mill-owners and managers were most able to

supply a large share of this information, their occupations leading
them to observe closely the facts which we most need. It was a

simple matter to make in connection with and as a part of such an

inquiry, a full canvass of the water-powers of the State. This work

has been completed and the results are here given. First we will give
a summary by water-sheds in the table on the two following pages.

In classing the Raritan as a northern stream we are obliged to include

its branches, South river, Lawrence's brook and the Upper Millstone,

although they really belong to southern New Jersey.

Classifying the northern streams by entire water-sheds, we have :

NO. of Net

Mills. Horse.Power.

Delaware _bove Trenton ................................ 186 6,658
Wallki]l ...................................................... 25 598

Passaic........................................................ 216 8,924
Hackensack ................................................ 25 404
Elizabeth ...................................................... 2 36

Rahway ..................................................... 15 356
Raritsu ........................................................ 171 5,993

The Passaio stands at the head of the streams, in both total horse-

power and horse-power per square mile, the latter being 11.3. This
refers to the streams as here grouped, however, for the Musconeteong,

taken separately, shows 12.9 per square mile. Of the other Dela-
ware streams, Flat brook shows 2.1, Paulinskill 5.4, and the Pequest

6.1 net horse-power per square mile. The Wallkill has 2.8 and the

Raritan 5.4 per square mile. The southern streams should not be

expected to show nearly so much power per square mile, as the fall is

much lessand the countrymore sparselysettled.Crosswickscreek

shows 4.7; the Cohansey,3.6; Metedeconk river_3.5; A_eanpink

creek,3.4; Maurice river,2.8; Rancoces creek,2.3; Great Egg

Harbor, 1.4, sad 1%[ulliea river, 1.0 horse-power per square mile.

For the entire State, taking the land-surface at 7,514 square miles,

the average is 4.11 net horse-power per square mile.
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POWER BY INDUffrRIES.

The power is divided among the several industries as shown in the
table. Grist and flouring mills use'39.5 per cent. in northern, and 49
per cent. in southern New Jersey ; 42 per cent. of the whole power of
the State. The average power of these mills is 28.6. Saw, turning
and other wood-working establishments use 10 per cent. north, aud
23 per cent. south, or 13 per cent. for the State. Their average power
is 15.6 horse-power. The mills classed under fabrics and fibres use
14 per cent. of the power, having an average power of 74.6. Paper
mills, being large users of power, are placed under a separate class
from fabrics and fibres, to which they really belong. They use 10.7
per cent., with an average of 118 horse-power each. Iron-working
mills use 10 per cent., and average 65 horse-power. Miscellaneous
manufacturers utilize 11 per cent., averaging 56.5 horse-power each
and including a great variety of industries, among which may be
mentioned the manufacture of photographic lenses, grinding of soap-
stone, driving of pumps for supplying water to cities, and of electric-
light plants. Paterson, Trenton, New Brunswick, Passaic, Millvills,
Somerville and Raritan, Lakewood, Wenonah and Nutley have each
a water-power pumping-plant for water-supply. Boonton and Lake-
wood have elcetrie-light plants run by water-power.

INCREASE IN UTILIZED POWER.

Taking the census figures for 1870 and 1880, and comparing them
with our own, we have :

1870. 1880. 1890-1.
Net tL P. Net H.P. Net H. P.

Total power in use .................. 25,882 _/,066 80,870

Flouring and grist mills ........... 11,108 12,183 12,880

Saw mills, &c ................................... 3,903 4,085

This shows a small but steady increase in each decade, amounting
in the last to 14 per cent. It does not show the real changes which
have taken place, for there has been a steady loss of small_ inei_cinnt
water-powera, which had to be made good by the construction of
larger and better-equipped plants. Many small saw arfttgrist mills
have thus been abandoned, the former because of scarcity of timber,
and the latter from the competition of larger well-equipped modern
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mills. Where the stream is of sufficient capacity, these large plants

are erected upon the sites of the small mills i otherwise these sites are
abandoned and new ones developed.

LARGe WATER-POWER PLANTS OF NEW JERSEY.
Net H. P.

Stream. LocaUon. Fall in Feet. In Use,

Passaic .......................... Paterson .................. 66 1,760

Passaic .......................... Passaic .................... 22 1,235
Roekaway ...................... Boonton .................. 101 970
Delaware ....................... Lambertville ............ 9.5 to 18 747
South branch of Raritan..High Bridge ........... 47 730
Maurice river ................ Millville .................. 22 690
Delaware ...................... Trenton ................... 9 to 17 589
Musconetcong ................ Riegelsville .............. 20 430
Museonetcong ................ Warren Paper Mills.. 48 360
Great Egg Harbor ......... Mays Landing .......... 10 342
Musconetcong ............... Hughesville ............. 27 340 "
Passaic ........................ Little Falls ............... 14 820
Pequannock .................. ButTer..................... 30 260
Rockaway ..................... Old Boonton ............ 30 260
Wading Hver................ Harrisia ................. 12 225

Some of these plants are of larger capacity in proportion to the
actual power of the stream than others. Some of them have a sur-

plus of power which is not in use and does not appear in the above

figures. Those on the southern streams are much larger for the size
of the water-shed and the amount of fall than the northern powers,

but notwithstanding this are folly as efficient and reliable, and,

indeed, most of them very much more reliable during the dry months.
\

F_TIM&TED VALUE OF UTILIZED WATER-POWER.

The total amount of power in the State is 30,870 net horse-power.

If of 70 which is about what is
efficiencywe assume au per esnt._

obtained with good wheels, we shall have a gross horse-power of

44,100. In reality more power is required to run the above plants,

as the average efficiency is below 70. Taking this power to be worth

an average rental of $22.50 per horse-power per annum, or abouttwo-thlrds the rate at Paterson_ Passaic or Trenton (see page_ 219

d see/.of last report), we have a total rental of $992,250. Capitalizing
this at 10 per cent. would give a value of $9,922,500 for the water-
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powers of the State. If we add to this the value of the buildings and
machinery in the 903 mills using water-power, I do not think the
most conservative estimate would make a total of less than $20,000,000
to represent the value of the water-power plants of the State.

In order to fully appreciate the importance of this interest, how-
ever, we must consider the great wealth which has been brought to
us by the development of these powers. Paterson, now a city of
78,347 inhabitants, with large industrial interests, was created by and
has grown up around the water-power of the Society for the Encour-
agement of Useful Manufactures. Trenton, with 57,458 inhabitants,
and another of our most flourishing manufacturing centers, was only
a village when the water-power was created, which formed the nucleus
of its rapid growth in population and wealth. Passaic, with 13,028 ;
Bridgeton, with 11,424; Millville, with 10,002 inhabitants; Lam-
bertville, Boonton and several smaller towns, owe their being and
industrial importance directly to this cause. Little Falls, Butler,
Mays Landing and other places show a marked tendency to a similar
future, and a majority of the other towns of the State owe their
origin to the country grist mill, saw mill or iron forge, driven by
water-power, with the little group of houses about, occupied by the
employes, and the more spacious and pretentious abode of the owner
overlooking all from the most commanding site in the vicinity. To
estimate the amount of wealth which the development of water-power
has thus indirectly given to the State would be difficult. By com-
parison the value which has been given for the plants themselves is
insignificant.

LIST OF WATER-POWERS.

This list is intended to include every water-power in use in the
State, and also such as have been recently used to an important
extent, but arc now unoccupied. The net horse-power is obtained
usually from the capacity of the wheel-plant, taking account of its
condition. When this was impracticable it was taken from estimates
of the owners or managers, or from the amount of work being done
in the mill. The gross horse-power was estimated from the net, and
shows the amount of power needed to drive the plant. In estimating
it the general efficiency of the whsel-plant, or in eases where the net
power was taken from work performed, the efficiency of the whole of
the machinery was considered. This gross horse-power, giving the
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amount of water actually needed to drive the mill_ taken with what

was learned as to the number of months in which full power could
be used_ furnishes an indication of the usual flow of the stream_ and

will be of use when we finally come to compute this flow for each
stream.

There are difl_culfise met with in making such a canvass as this,

which render entire accuracy di_eult to attain. It is believed that

this is a fairly accurate presentation of the interest_ however_ and it

is especially desired that any errors which may be noted by the parties
interested shall be sent to the omce of the Survey at once_ so that we

may make the necessary corrections for the full report.
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ARTESIANWELLS.

The annual reports of the Geological Survey since 1878 have had
many notes on the artesian wells in the Star% and in that for 1890 a
list of the wells and the references to notices in the various reports

were given.* The space devoted to the subject annually has scarcely

been equal to the development of the artesian well as a means of

getting water-supply in the State, but the information, though scanty

and fragmentary in its nature, has apparently been productive of

good, and the inquiries addressed to the office of the Survey and the
demand for its reports on artesian wells, have attested the importance

of early publication of all data available from these well borings.

The rapid increase in population, even in the suburban cities and

towns and villages, has been surpassed by the growth of public water
systems. Already the greater number of the towns in the State are

thus supplied, and are no longer dependent upon the common dug
well or the driven well for water. The increased attention to sani-

tary arrangements promotes the growth of public water systems. • In
the smaller towns and villages, where the cost of aqueducts is per-

haps beyond the financial ability of the place, the artesian well is

tried. Isolated manufacturing and other establishments which require

large volumes of water, or which desire to get it at less cost, are

everywhere discussing the problem, and particularly its possible solu-
tion, by recourse to boring.

Several firms in the State, and others outside, arc engaged much of

the time in putting down wells for these parties and for towns. The

success which has followed generally is'encouraging and suggestive,

and there appears to be an increasing number o'f artesian wells bored

each successive year.

The study of the geological structure, particularly of the southern

*AnnualReport StateGeologist,for 1890,pp. 277-283.
(217)
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part of the State, has proved to be of great service in finding water-

bearing horizons within practicable distance from the surface. A
remarkable horizon for water is that at the base of the lower marl-

bed,and itfurnishesgreatvolumesof wateratseveralplacesinthe

I coastalplain. A more carefulcomparativestudy of the structure
aod of theknown waterhorizons,will,no doubt,show theexistence
of otherwell-definedhorizonsinthemarlseries.The artesianwells

have,inturnjyieldedmostvaluabledatatogeologyand have verified

theconclusionsof geologicalscienceina remarkabledegree. Much

more ishoped forfrom wellsyet to beput down, and itisproperto

stateinthisconnectionthatthecompletesolutionof the problemsel

geologicalstructureinthesoutheasternpartoftheStatewillcome after

deep wellshave shown the orderof successionand thethicknessof

the severalbeds. A richharvestof resultsisanticipatedfrom the

carefulstudyof recordsfrom artesianwellsinthatpartof theState.

In view of theimportanceof datafrom them,thepreservationof the

recordsof thenatureand thickness,and of illustrativespecimensof

thevariousmarls,clays,sands,gravelsand fossilsfound inthem,isa

mostimportantmatter. The attentionof our wellborersiscalledto

thissubjectat thistime,as alsothatof property-ownerswho are

havingwellsput down. The valueof such datatothegeologistis

hereemphasized. On theotherhand,thefurtherstudyof thegeolo-

gistand theelucidationofthegeologicalstructurewillleadtovaluable

datatoaidand guide thepracticalman insearchof good waterand

of water-bearlnghorizons.

_gosystematicattempthas beenmade thisyeartocollectallof the

welldata. A fewnotesofwellswhich have beenvisited,or ofwhich

informationhas been furnishedto the Survey,are here presented.

Mr. Woolman has occupied a part of the field, and has made a speciat

report, beginning on page 223 following.

PASSAIC TOWNSMIP_ MORRIS COUNTY.

I. An artesianwellwas put down severalyearsago on theVan

Wagoner farm, one" mile north-northwest of Long hill, by Mr.
Oscar Linds]ey. The size of bore was three inches in diameter, and

the depth 78 feet. The work stopped at that deptb, where the rock
was struck.
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2. In summer of 1891 Mr. Lindsley had a well sunk on his farm,

near Green Village_ to depth of 152 feet. Size of bore, six inches.

Earth, &c.............................................................. 22 feet.
Sandstone ............................................................ 130 "

At 138 feet a stream of water with quicksand was met with which

rose to a point six feet below the surface.

RUMSONNECK, MONMOUTHCOUNTY.

An artesian well was put down last season on Rumson Neck, near

the corner of the ridge road and Bellevue avenue, for a water-supply
to the residents of the vicinity. The surface at the well has an

altitude of 80 to 90 feet above tide-level. The beds passed through in

boring were reported by Uriah White to be the following :

Depth.

1. Top earth ....................................... 81 feet. 81 feet.
2. :Marl.............................................. 55 86 "
8. Shells andsand ................................ 6 92 "
4. Hard strata ..................................... 8 95 "
5. Graysand ....................................... 5 100 "
6. Marl or clay................................... 50 150 "
7. Sand ............................................. 40 190
8. Clay, with thin sand seams ............... 20 210 "

210 "

A subsequent examination of the specimens which were sent to the

Survey office by Mr. White, showed that there was more or less green-
sand in them to a depth of 95 feet. Below that horizon the speci-

mens show more mica and a gray sand. As the well is about two
miles southeast of the line of strike of the tide-level horizon of the

lower marl-bed, and the dip of this bed is at rate of 37 feet per mile,
the marl would be at about 75 feet below tide-level, or at depth of
about 160 feet. The water is obtained from a sand-bed below the

lower marl-bed and in the clay-marl series. The pumping capacity

of the well is 60 gallons per minute.
Leach Brothers, of Glassboro, report the following wells bored by

them in the State in 1891 :
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"Three at WrNsLOW--(1) 135 feet deep, for Geo. Cochran ; (2) 145
feet deep, Winslow Inn; (3) 85 feet deep, for Capt. Jewett; flow,
1,200 gallons per hour, each. No marl in these wells.

"Eight wells at Prr_AN GROVE,from 60 to 80 feet deep, all above
the marl, for the Pitman Grove Association, each one yielding from
1,000 to 2,000 gallons of water per hour.

"One well at SmVSLL, for F. J. Anspach, 420 feet deep, pumping
1,500 gallons an hour.

"One at RrCHWOOD, for the public school, 65 feet deep, water in
red gravel, furnishing 2_500 gallons per hour.

":Five for the West Jersey Railroad Company, at GLASSnO_O(these
are gang wells), 70 to 80 feet deep, and furnish 6,000 gallons per
hour. They are above the marl, as the marl is at 88 feet. At Rich-
wood the marl was found at 78 feet.

"At Pitman Grove the marl was found at 96 feet, and was pros-
pected to a depth of 130 feet, to conglomerate, when the work was
stopped and water was taken from the stratum above the marl."

These notes are interesting and suggestive in relation to geological
structure. The Pitman Grove well-section correspnpds to what would
be expected from the known dip of marl-beds to the scuthe_t. But
the marl at Glassboro is too high for the horizon of the middle be<l
and is in position to be the upper bed. As Clementon is the south-
western limit of this bed, so far as known, the identification of the
upper bed at this depth in the Glassboro wells extends its limit.
The study of a good section at this place appears to promise important
facts bearing upon the relations of the Cretaceous marl-beds to the
succeeding Tertiary series. A good well-section in the vicinity of
Glaesboro or Clayton would be productive of valuable scientific results.

WOODSTOWN, SALEM COUNTY'.

A well was bored at Woodstown, in December, 1891, by Kisner &
Bennett, of Belmar. The site is in the low ground near the creek,
where the surface is about 30 feet high above tide-level and near the
outcropping middle marl-bed. The strata penetrated in this well are
reported to be as follows :
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TOTAL THICKNE_
DEPTH. OF BEDS. BEDS.

4j _ _[. 4_ Meadow Earlh.

12' Gravel and Limc._tone.
16_ h

Grceusand Marls.
4ff

_ _ : Shells near bottom.

-- 56'

Gray, Coarse Sand.

70' (No water.)

Quicksand,

fff with flak_ of

Mica.

186'

6ff Black, Sand Marl.

2461

80' Black, Muddy Quick_,nd,

.- 2_7_6'_

20' Blue Clay--Hard and tough.

296'

White Sand

•with Lignite,

44' Water-bearing.

White Clay.

840' Red Clay.

VERTICAL SECTION OF WELL, WOODSTOWN.
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The gray limestone, under the surface earth and gravel, belongs to
the middle marl-bed; the total thickness amounts here to 52 feet.

The coarse, gray sand and the quicksand are identified as the red-
sand bed, though of great thickness. The micaceous quicksand
corresponds to the clay which occurs over the lower marl-bed at
many localities. The "black, sand marl," 60 feet thick, of the well-
section, also appears to be abnormally thick if it be the lower marl-
bed. But it is probable that the lower part of this black, sand marl
and the "black, muddy quicksand" represent the clay marls which
underlie the marl-bed. The white sand corresponds to the lami-
nated sand of the plastic.clay series. At the bottom the red clay is
recognized as the top of the plastic-clay series.

This well is, therefore, interesting as a measure of the thickness of
the greensand-marl series from the top of the middle bed to the
plastic clays. The well-section has a thioknees of 336 feet, which
corresponds with the 352 feeb the aggregate thickness as determined
by a comparison of vertical sections at different localities.*

The wells not noted in previous reports of the Survey, are :

PORT NORRIS, CUMBERLAND COUNTY.

Depth, 78 feet ; strata_ sand and clay ; good water_ slightly tinc-
tured with iron ; rises 2 feet above the surface; flow, about 1 gallon
a minute; four-inch pipe; contractor, Caleb Risley, of Woodbury.

STRAIGHT CREEK, CUMBERLAND COU_'/'Y.

There is a well on the tide meadows, near False Egg Island point,
about 100 feet deep. A flowing well of good water.

PORT REPUBLIC_ ATLANTIC COUNTY.

Well of Capt. E. W. French, 151 feet deep. Soft water, flowing
to surface.

* See *' Geology of New Jersey," l_ewark, 1868, p. 246.
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A REVIEWOF ARTESIAN-WELLHORIZONSIN SOUTHERN

NEW JERSEY,

With Notes of New Wells in New Jersey, Delaware and South Carolina,

and also in Philadelphia, Pa,

]BY LEWIS WOOLMAN.

In an article in the annual report for last year (1890), the writer

demonstrated that within a triangular area bounded by the ocean,
Delaware bay and a somewhat irregular line drawn from the mouth

of Forked flyer southweetwardly to the bay, so as to include within

and near its margin Barnegat, Hammonton, Vineland, Bridgeton and
Shiloh, there exists beneath and between a succession of impervious

beds, mostly clays, a number of porous sands and'gravels capable

of furnishing by means of artesian wells a plentiful supply of good

water that will either overflow or rise more or lees nearly to the sur-
face according to the elevation of the same.

These water-yielding horizons, of which four are now known and

there are possibly more, are higher stratigraphieally than those sup-
plying the artesian wells upon and near tile coast from Spring Lake
to Sandy Hook.

The first or uppermost of the four horizons underliee Cape May

county and probably the southeastern portion of Atlantic county. Its

position was deduced from the study of wells at Sea Isle City. Its per-
sistence, with the occurrence, perhaps, of a still higher horizon, has been

shown the preeent year by the sinking of three wells at Milford,

Delaware, to depths of 35, 150 and 160 feet, and which tap two
water-yielding sources. The extension of these horizons beneath the

two SLates and their equivalency is treated more in detail in the report

of the Milford wells. (See page 227.)

The other three horizons are probably continuous, one below the
other, under the entire triangular area noted. The upper two of

these, or the second and third of the four described, are intimately

associated with a series of fine but hard clays, sandy clays and clayey

s_mds, having a thickness, as shown by Atlantie City borings, of over
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300 feet, occurring there between the depths of 382 and 697 feet, and

ascertained by careful microscopical examination to contain throughout
nearly every foot of vertical extent the minute siliceous remains of dia-

toms, a low order of plant life, each individual form of which is com-

posed of a single cell. As may he inferred, these are entirely invisible
without the aid of considerable magnifying power. Practically this

series of strata comprises one bed, which may be termed the d/oAo--

maceous clay-bed.

A reproduction of a microphotograph of these forms magnified

90 diameters is shown upon the accompanying plate.* The species
in this deposit are marine. Diatoms when living consist of two valves

of pure silica ioclc_ing a brownish gelatinous substance, the valves

being eonnected around their edges by two or more bands, which

generally, though not always, fit over one another like the parts of a
pill-box.

Of course the gelatinous portion in these fossil forms has long since
vanished, the siliceous valves only remaining ; these are perfectly

transparent and are most beautifully, delicately and accurately marked
as shown in the plate.

The occurrence of these diatoms is sufficient to identify this bed

wherever entered by artesian borings. The two water-bearing hori-
zons connected with it are situated one midway of the bed and the

other immediately beneath it. 'Ihe one occurring midway is found
at Atlantic City at the depth of 550 feet and is believed to be the one

that supplies the various artesians located along the coast between
Atlantic City and Barnegat, and also most of those within the interior

and near Port Narris_ upon Delaware hay, a distance of twenty or more

mile_ from Cape May. This conclusion is based upon the remarkably

uniform increase of depth of the various wells regularly to the south-

east directly across northeast and southwest parallel lines drawn

through the locality of each well. This increase is twenty-five or
twenty-six feet per mile and indicates the dip of the strata, while the

parallel lines represent the general trend of the same.

As stated last year, these wells on being sounded each yielded
diatomaceous blue clay.

The water horizon immediately beneath the clay-bed is found at

Atlantic City at the depth of 700 to 720 feet. Its persistence and

* The plate shows forms found at Bev.ch FIaven. Similar forms occur in borings at
Barnegat, Atlantic City, Maya Landing, Weymouth and Pleasant Mills I N. J., and at
Clayton, Del. They are from the same clay-bed.
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availability have been again proved at that place by the sinking thereto
the past year of an additional well for the Consumers Water Com-
pany. This well has been furnishing an abundant supply of go_d
water for several months. The yield from this stratum is greater
than from the one midway of the great clay-bed.

The persistent extension beneath that part of the State towards
Delaware bay of the diatomaceous clay-bed, and presumably also of
its associated water-yieldlng strata, is indicated by the occurrence in
the State of Delaware of exactly similar micro-fossiliferous clays at
outcrops recently visited, with microscope in hand, and samples
therefrom carefully examined. One of these is at Malcom's mill, on
the headwaters of the Lcipeic river, about one mile slightly south of
west from Brentford station and three miles nearly south from Clay-
ton. Another is fifteen miles further south, upon one of the head
branches of the Murderkill, at Emerson's mills, 3½ miles northeast of
Felton. At Malcom's the diatoms are very abundant and are
readily seen under the microscope by transmitted light. At Emer-
son's they are not so plentiful, and being invariably coated with iron
pyrites they are opaque, so that their presence cannot be detected
except by reflected light, when they present a golden metallic luster
and show their coarsest markings in relief.

Further evidence of these clays was obtained at Clayton from a
six-inch well bored for the Baltimore and Delaware Bay Railroad

Company to a depth of 150 feet, and cased to the depth of about 100
feet, the walls standing apart and intact the remaining 50 feet_
which penetrated what was described as a dark, tough, sticky, soapy,
clay--a description verified by scrapings personally obtained there-
from, and which proved to be the characteristic greenish-blue clay
containing diatoms. The material from the bottom, as shown by
portions attached to the end of the sounding apparatus employed,
contained greeneand grains, indicating marl underneath, as occurs at
Shiloh, _. J.

It should be stated that this well was not successful in obtaining
water. In consequence of a belief that water-bearing strata had been
eased off, since driven wells in close proximity obtain water at depths
of 35, 60 and 85 feet, another six-inch well was bored 100 feet east
to the depth of 35 feet, and water obtained which rises 20 feet, and
yields, on pumping, 1,800 gallons per hour.

Quite probably a point only a few miles northwest of Clayton
15
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limits the base or western margin of the diatomaceous clay-bed, while

Fulton approximately locates the top or eastern outcropping of the
same. This indicates a belt some twenty miles wide, in which the

slightly-upturned edges of the bed rise to and a little above sea-level,

and whleh belt no doubt extends northeast across New Jersey. In
the latter State, except at Shiloh, and perhaps at ttermon, near Green-

bank, it has not been found to outcrop, on account of the greater thick-
ness of the superficial gravels and sands, which attain a height of 120
feet and upwards, as against 40 feet in Delaware.

Further proof of the identity, not only of the diatomaceous beds
of New Jersey and Delaware, but also of those with similar fossilifer-

ous outcrops long known as occurring at Herring bay, on the western
side of the Chesapeake, and also upon the banks, some dlstauce from

their mouths, of all the rivers emptying from the west into the

Chesapeake, is afforded by the presence of a single specific form of
diatom which occurs at the base only of this bed, and has not been

found elsewhere in the world, either fossil or recent. It is technically
known by the name of Heliopeltn, which means sun-shleld. It is a

beautiful, large, circular disc, having a symmetrically-shaped star in the
center. There are several varieties having, respectively, four, five,
six and sometimes more rays or points to the star.

It has been found in the Atlantic City wells at the depth of 625 to
675 feet, and not higher, though carefully sought for by several in-

vestigators. It occurs also in the base of the well at Clayton, Dela-

ware, and at the following outcrops, which in every instance are upon

the western margin, and consequently at the base of the deposit, viz. :
At Shiloh, N. J. ; Nottingham, Calvert county, Md., and at Peters-
burg and Bermuda Hundred, "Vs.

The fourth or lowest of the horizons under notice occurs at Atlantic

City at the depth of 1,100 feet, or 400 feet below the diatomaceous

clay-bed. It is not certainly known that any other artesian boring has
opened this stratum, though poosibly the well at Winslow and that

at Seaside Park may draw therefrom ; but this cannot positively be

determined until more facts regarding the strata underlying the

diatomaceous clay-bed shall become known through the sinking of
additional artesian wells within the southern interior. Its existence,
however, need hardly he doubted, and since it furnishes a still more

abundant supply of good water than either of the three higher
horizons, the greater becomes the desirability of reaching it inland,
where its depth is not so great as beneath the beaches.

k.__
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Facts already presented in this paper and also in previous annual
reports respecting wells widely distributed over the Atlantic seaboard
and which draw their supply from within Miocene strata are sumcient
to show the feasibility'nf obtaining by means of deep borings a plen-
tiful supply of water at once wholesome and free from the organic
impurities almost inseparably connected, at least in thickly-settled
localities, with shallow wells. So far as the writer has been able to
learn, the amount of water yielded by the different wells referred to has
been greater with greater depths of the water-horizons. As bearing
_pon this some facts may be added respecting wells at Charleston, 8. C.

In the annual report for 1880 occurs the record of a well in that
city having a depth of 1,970 feet. Recent advices inform that this
well has a diameter of tube at the bottom of about 2_ inches, and is

now yielding about 166,000 gallons in 24 hours ; also that more
recently two additional wells have been bored to depths of 1,945 and
1,950 feet. One of these has a diameter of 33 inches and furnishes
245,000 gallons in 24 hours, whih the other has a bore at the bottom
of 5 inches and delivers 1,186,000 gallons cash 24 hours. The value
of this water for use in the city of Charleston is further evident from
the fact that a fourth well is now being put down.

ARTESIAN WELLS AT MILFORDj DELAWARE.

The past autumn three artesian wells were put down for an electric
light and water company, at Milford, Delaware. They reached,
respectively, the depths of 35, 150 and 160 feet and each yields an
abundant supply of good water.

The wells are situated upon the south bank of the Mispillion creek,
near the head of tide-water, which here rises and falls about four feet.
The ground slopes gradually toward the stream, the area occupied by
the water plant being from two to five feet above high water. Each
well has a diameter of six inches. The water overflows from the

two deeper ones several feet above the surface, while in the shallow
one it j ast reaches thereto. These facts may he more accurately tabu-
lated thus :

Size nf Dopth. Elevation Rise of Water. Purapla_, CapacityWell. Casing. of Surface, perhour.

No. 1. 6 inches. 160feet. 5 feet. 2 feet abovesurface.) .....
_-._,'JUUgals. each.

No. 2. 6 incbes. 150 feet. 2 feet. o feet above surface.}

No. 3. 6 inches. 34 feet. 5 feet. Just to surface. 3,000gals.
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Through the courtesyof CharlesBarkersTreasurerof the com-

pany,thedisgramaticrecordon thefollowingpage,preparedby the

company'sengineer,who carefullywatchedthework,hasbeenreceived.
A fewadditionalfactslearnedfromanotherobserverwho examinedthe

boringsfrom timetotimewitha singlemagnifyinglens,are placed

to,herightof the diagram.
The wellsweredrilledby J. H. K. Shanahan,of Eastoo,Md., the

hydraulicprocessbeingused. WellsNo. I and No. 2 draw from the

_ame stratum,and were each casedto the depth of about141 feet,

just through the lowermost clay-bed. No. 1 was continued about 20

t_et and No. 2 about ]0 feet further and a considerable quantity of

sand pumped out and replaced with clean, pebbly grave], to keep back
the sand and allow a free tlow of water.

The process employed in bering ground the shells noted in the sec-

tion so thoroughly that only small fragments were obtainable, but by

sifting these from a considerable quantity of material left near the

wells after their completion, and then carefully looking over the frag-
ments, the following genera were recognized :Arca, Astarte, Natica

and two forms of Turritella, the latter being of the same two species
that occur so abundantly in the shell marls near Shiloh, N. J.

These facts respecting shell fauna show that the strata at the two

localities belong to the same geological period, i. e. the Miocene, and

determine the position of those in the wells to be, not in the super-
ficial horizontal gravels and sands, but within the underlying aeries of

clays and their interbedded sands, and which are known to have a

slight dip to the southeast. Stratigraphically, however, they are not

only higher in the Miocene series than the Shiloh deposits, but also
somewhat above the 300-feet diatomaceous clay-bed of the New Jersey
wells and which also is above the Shiloh beds.

ConsideriDg the northeast and southwest strike along the Atlantic
seaboard of the Miocene strata, these water horizons should be found

in extreme southern New Jersey. If the dlp for these beds near

Delaware hay be the same as that indicated by the facts connected

with the wells along the section from Weymouth to Atlantic City--

that is, about 25 feet per mile--then the 140 to 160-feet horlzon at

Milfordmust be nearlyequivalenttothatof 850 to390 feetsupply-

ing the electric-lightcompany'swellat Sea IsleCity_:N.J. (See

Annual Reportfor1890,page272.)

Itshouldalsobe lookedforatCape May ata depthof 475 to526

A
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feet. A well put down some years since at Cape May Point au_

abandoned at the depth of about 450 feet was probably discontinued
not far above this water horizon.

ARTESIAN WELL AT SEWELL_ lq. J.

This well was noted in the annual report of 1889, page 86, as
having been put down to the depth of 72 feet. It has since been"

completed by the owner of the property, F. J. Anspaeh, of Phila-

de]phia_ who has cheerfully furnished systematic specimens of the
earths penetrated accompanied by descriptive notes, from which the

following record has been compiled :

BEDS. Thickne_8 Total
of Strata. Depth.

Surface layer_, a_ follows: ]
Yellow gravel .................. |
Yellowish sand .................... [ .................................... 17 feet. 17 feet..
Yellow, ochrey, sandy clay..... 3

Green marl ..................................................................... 7 24 "

Black marl (= very dark green) ............................................ 6 " 30 "

B,_diBb-yeliow _nd-roek, ea._t_of shells ............................... 13 " 43 "

Yellowish _and, with black specks, shown by the mierc_colm to be
the greensand grains peculiar to _ew Jersey marls ........... 13 " 56 "

Yellowish sand, ii_thterineolor, alsoeontainlnggreensandspecks.. 16 " 72 "

At thls depth, as stated in annual report for 1889, page 86, an r

abundance of clear water was obtained, and the bering stopped.

Time, however, has proved that the water is unsatisfactory, es it

preelpitetes iron oxide upon expo6ure to the atmosphere. Hence,
the boring was resumed.

Water-bearing _and continued ............................................... 32 " 101 '_
Tough, fine, blue clays and blue sandy days ............................. 180 284 "

Notes for tb;s div_sion:

At 180 feet, fine, tenacious, sticky clay_ Containing exogyr_.
" 264 " layer of sand.

" 276 " very sandy clay, with some large pebbles.

" 280 " sandy clay, with shells finely comminuted by
the drill, and therefore not identifiable.

" 284 " fine, tough, aticky clay, containing calcareous

stones and lumps of iron pyrites.

Greenish _and .................................................................... 51 &9_5 '"

Streak of clay ...................................................................

Fine, clean, gray sand .......................................................... 7 M2 "

Coarse, sandy gravel, angular grains, yielded a little water. ......... 9 " 351 "

Stiff, white clay ................................................................. 1 " 352 '"

Fine, gray sand, with streaks of clay and considerable lignite ...... 23 " $Yfi "

Layers of white sand mad white clay ....................................... 6 " 381 "
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Thickness " Total
BEDS. of Strata. Depth.

White, angular gravel, coarse and grltty_ great abundance of good
water .......................................................................... 14 feet. 395 feet.

"_Vhlte, angular gravel, extra coarse ....................................... 10 " 405 "

Fine, white sand ........ . ........................................................ 3 " 408 "
Fine sand and coarse gravel, mixed ........................................ 7 " 415 "

Very coarse, angular gravel, pebbles larger than any above ........ 5 " 420 "

F. J. Anspach kindly writes this additional information: "From
the behavior of the tools it is believed lhls stratum contains bowlders

as large at least as cobblestones. The boring was discontinued upon

a hard white-clay bottom, which was penetrated by the drill about
12 feet further. The main three-inch casing was driven through the

gravel-bed, or to the depth of 420 feet. A brass screen of 60 meshes
to the square inch, 2_ inches in diameter and 12 feet long was then
secured in the bottom of the well_ after which the main easing by

means of hydraulic jacks was withdrawn about 12 feet, exposing the

screen surface to the water-bearing gravel, thus preventing the fine

quicksand and coarser gravel from getting into the three-inch tube.
"At first the water was cloudy, the clay being held in supension,

but after continued pumping equal to about 40 gallons per minute

(the capacity of the pumping cylinder), the cloudiness disappeared and
subsequent experiments have proved that there exists at this depth an
abundant supply of pure r fresh, soft water, clear, transparent and free

from mineral impurities and perfectly satisfactory in every particular.

Constant pumping does not lower the water in the three-inch tube and
it continues to hold its level of 77 feet below the surface line, which
is 82 feet above tide."

WELLS BORED THROUGH PLAgrIC CLAYS OF THE NEW JERSEY

SERIES IN SOUTHERN PHILADELPHIA.

In Philadelphia, southward from Christian street near the Delaware,
there have been drilled at various times during a number of years past a

dozen or more wells for sugar refineries, salt works and ice factories.

Three contractors who have each made several of the borings agree in

stating that a series of thick beds of mottled red, white and yellow

clays were passed through, a remnant most probably of the base of

the New Jersey plastic clays which the Delaware river in cutting its
channel has left in Pennsylvania. Similar clays have been dredged

from the bed of the river below Philadelphia and were also encoun-
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tered beneath the silt in seeking a foundation for the central pier of
the pivot bridge across the Schuylkill at Penrose ferry. Specimens

of both of these may be seen in the collections of the Academy of
_atural Sciences of Philade]phla. Red clay has also been found in
cellar excavations near Seventh and Fitzwater. These facts indicate

that this bed underlies a triangular area in the southeastern part of
the city.

Seven of the wells above noted were put down for one sugar
refinery at Morris and Otsego streets. The contractor from memory
furnishes the following record for one of these, and states that the

thickness of the upper clay-bed varied somewhat, being sometimes
not met with so near the surface, in which case the bed was thinner

than stated--a fact tending to show erosion of the top of the clay-bed

before the deposition of the upper sands. In other respects the
record was the same for all the wells :

RECORD.

Alluvium, and then fine yellow sand ................................. to 25 feet.
Mottled red and white clay ..................................... 40 feet. 65 "
White potter's clay mixed with gravelstones .............. 10 " 75 "
Fine running sand, all but quicksand light gray in

color .............................................................. 15 " 90 "
Fine-white clay, no gravel ...................................... 4 " 94 "
White coarse sand .................................................. 15 " 109 "
Coarse white gravel, with pehbles, some as large as

hens'-eggs, and s(mm the size of the fist, hard, gray
and white like cobblestones .............................. 16 " 125 "

This stratum furnishes the water.

One boring was made through these pebbles to rock at 140 feet.
A microscopical examination of the "alluvium " reveals numerous

diatoms of both salt and fresh-water species, showing that the salt
water of the bay encroached in the past upon the fresh water of the

river and thus commingled the specific forms characteristic of marine
and fresh waters.
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BY GEO. W. HOWELL.

Since the report of last year the excavation of rock in the river-
bed below the Beattie dam has been prosecuted, and is now near com-

pletion. On account of frequent floods the work has been somewhat

delayed, but all things considered, fair progress has been made.
The contractors, the Morris & Cumings Dredging Company, of

New York, have wholly obliterated the main fall at Little Falls, and
the river now runs through a rapid channel eighty feet wide, from

the Beattic mill to the pool below the site of the original fall. Work

is well along, also, in the twenty-five-foot channel leading from the

dam where the gates are to be erected to the main channel below.

On the completion of this work, which will probably be early in the

present summer, the Beattie Manufacturing Company have agreed to

• put in the gates which are to pass the flood waters. The ultimate
lowering of the entire dam will not be effected till the completion of

the necessary work in the river above. The gates, however, will be

set at the proper c]evation for the final grade.
It has seemed desirable to folly complete the work below the dam

before entering on that above, so that the benefit of the gates might

be secured in lowering the water above during the prosecution of the

remaining work.
After the present contract is completed, the Commissioners will

seek to let the remaining work at as reasonable terms as possible.

There yet remains to be done the removal of a reef immediately above

the dam, which is already blasted, and a larger reef nearly one-quarter
of a mile above, on which nothing yet has been done, but which in

itself forms a dam entirely across the river. In addition, the plan
under which the Commissioners are working, and which was author-

ized by the Board of Managers of the State Geological Survey,
C23_)
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involvestheremovalofa barof earthand bowldersatTwo Bridges,

and a cut-offthroughthemeadow bottomatPine Brook.

Some of the friendsof the enterpriseare now recommending the

adoptionof the old schemeof openinga new channelforthe river

from PineBrook to the Deepavaal,a distanceof a littlemore than

threemiles_whilethedistanceby theriverbetweenthesetwo points

isfrom ten to twelvemiles. If thisplan be adopted,thework in

contemplationat Two Bridgesand Pine Brook would not be re-

quired.

During thecoming seasona carefulexaminationof the proposed

changeofrouteand a comparisonoftherelativecostofthetwo plans

willbe made. If found desirableto effectthe change,the matter

willbe referredto the Board of Managers of theGeologicalSurvey
fortheiraction.

Under the presentDrainage law the costof the work isto be

assessedwhollyon thelandswhich are classedas flowedlands. In

many easesthiswillbe veryburdensome_and itisa seriousquestion

whether landsortownshipsadjoiningshouldnot alsosharein the

expense. In theminds ofmany thisisespeciallyfittingfrom asani-

tarypointofview,sswellasfrom thefactthatthe taxablevalueof

the lands improved .willbe considerablyincreased,therebyin a

measurereducingtheratioofgeneraltaxesintheadjoiningtownships
and eounties.

The State Board of Health has had the matter in consideratlan_

and it ishoped by many thatsuitablelegislationmay be secured

beforeassessmentson thelandswillbecome neceesary_in orderthat

thecostof thework may be more equitablydistributedaccordingto

benefitsreceived.As the law now stands,no assessmentscan be

made untilthefinaleompletionof thework.
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IRON MINES.
NOTES ON THE ACTIVE IRON MINES.

BY GEORGE E, JENKINS.

SHOEMAKERMININGAND MANUFACTURINGCOMPANY.

This mine) two miles south of Belvidere, has been in active opera-
tion during the year, producing a brown hematite, non-bessemer ore)
which analyzes 45 per cent. metallic iron.

BELVIDERE MINES.

Daring the past year the mining operations among the Belvidere.
mines have assumed somewhat of their old-time vigor, and much
work has been done in this region, most of it, however, being in the
way of prospecting. A peculiar feature of the deposits is their loca-
tion in the crystalline limestone belt. The rock on both the south
or hanging-wall side of the deposit, as well as the north or foot-wall
rock, is of this character. During the year the following-named
mines have been operated :

The LINCOLN"BES_E_ER ORE COMPANYoperated upon the
property of Mr. Kaiser for a part of the year, using a separating
plant to concentrate the material mined, but the enterprise was not
successful, and all mining operations at this date haw been stopped.

At the QUEE_ MIt_s, owned by Paul C. Queen, and operated by
the Sharon Ore Company, of 52 Broadway, New York City, the
work of re-opening has been carried on. Two shafts and an incline
are opened upon the deposit, the deepest of which is 155 feet.,and the
ground has been opened along the direction of the deposit for a

(285)
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distance of 200 feet. The deposit has been ascertained to have a
width from hanging-wall to foot-wall of 40 feet, but it is not very
regular, and there are no well-defined walls. The ore is of a disin-
tegrated character, carrying much decomposed feldspar, which is
removed by washing. Two log washers, driven by steam power, are
used for this purpose, and about 60 tons per day of vein material are
washed and prepared for shipment. The ore averages 57 per cent.
metallic iron, and it is shipped by way of the Lehigh and Hudson
railroad to the furnaces in eastern Pennsylvania, where it is used as
a low-grade phosphorus ore, some of which passes the bessemer
limit. Two sixty horse-power boilers furnish steam for driving two
hoisting engines and two steam pumps, which drain the mine of
water. About seventy-five men find employment at this mine.

FELLOWS MINE,

R. C. Fe]'lows, the owner of this mine, and the previous operator,
leased it on July 1st to the Thomas Iron Company, of Hocken-
dauqua_ Pa. Their operations consisted in the sinking of two new
shafts, one east and the other west of the old Fellows open-out
workings. The eastern shaft is now 40 feet deep, and has pierced
the ore deposit, which is the same in character as that worked upon
the adjoining Queen property. The western shaft seems to be upon
another deposit, about 200 feet west of the eastern deposit. The
depth of the shaft is 50 feet, and 18 feet of this distance is in the ore,
which is much harder and more compact than the ore from the
eastern shaft. A cress-cut has been driven 14 feet, and strikes a
compact sandstone on the south and a limestone on the north.

The work done thus far upon this deposit is mostly in the line of
prospecting, and further developments will be noted with interest.
The eastern deposit has the same irregularity of width as observed in
the Queen mine, and owing to the absence of anything like firm
walls, large quantities of timber are necessarily used to keep the
ground up while removing the ore.

Two boilers furnish steam for one steam pump and two hoisting
engines. The ore has to be washed, and is shipped to the Thomss
Iron Company's furnaces as a 58 per cent. magnetic bessemer ore.

About seventy men are employed in and about the mine.
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RIDDLE MINE.

G. Riddle, Owner.

The Champion Steel Ore Company, of Trenton, N. J., Operators; Thos. P.
l*,iarshall, General Manager ; John P. Eckmeter, Mine Captain.

The mine is just east of the Fellows mine. The present company

began operations in October, 1890, since which time three shafts have
been put down upon the course of the deposit. The deepest working

is 118 feet, and at this level 200 feet of drifting has been done in an

easterly and westerly direction. The width of the vein has been

tested by a croes-cut, driven at right angles to the vein, which is 50

feet in length, striking clay walls on both sides. This vein matter is
of a very disintegrated character, requiring careful washing to sepa-
rate the ore from the accompanying dirt and clay. The ore is of the

.,mine character as that produced from the adjoining mines to the
westward. It carries about one and one-half per cent. of metallic

manganese, and it is sold to the Bethlehem Iron Company for the
manufacture of steel.

The mine is equipped with a seventy-five horse-power boiler, and

another of eighty horse-power is being pat in place. The number of

men employed is about twenty-five.

RAUB MINE*

American Zinc and Iron Company, Operators.

Thos. P. Marshall, Manager, Trenton, N, J.

:During a part of the year prospecting work only has been carried

on, which consisted in the sinking of a shaft 60 feet deep, opening

upon a body of ore six feet wide. The ore which has been taken out

is very compact, requiring no washing, and is considered a bessemer
ore. No ore has been shipped, as the work has been purely in the

way of prospecting.

OSMUN MINE.

About one-half of a mile east of the Riddle mine, the Enterprise

Mining Company, of 52 Exchange Place, New York City, has been
prospecting since January, 1891. A good many test pits, varying in

depth from ten to forty feet, have been put down, but no mining of
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any account has been done. These test holes have yielded six hun-
dred tons of ore, which is in every respect the same as that found in

the mines on the western part of this belt of ore. _[achiusry is now

being purchased to be used in proving the ground previously opened
by the test pits already noted.

Mr. Caleb Fanlkner, of Butzville, is doing some prospecting upon
the Robeson tract, which adjoins th_ Osmun to the southwest. :From

four to six men "have been employed.

OXFORD IRON A_ID NAIL COMPANY'S MIN]_.

The two mines spoken of in the Geological Report of 1890 have been
operated during the entire year. The opening known as Slope No. 3

is now 660 feet deep on the pitch of the shoot, which is at an angle
of 34 degrees. The mine is worked in an easterly and westerly

direction for a distance of 150 feet, and the vein varies from a maxi-
mum width of 30 feet to the minimum of 10 feet. The ore mined

is a non-bessemer, yielding 53 per cent. metallic iron. It is low in

phosphorus.

THE WASmNOTO_ MI_ is worked a distance of 100 feet on the

course of the vein, and dips to the south at an angle of 70 degrees.

The slope through which thls mine is operated is oblique to the vein,

running down on an angle of 40 degrees, and is now 480 feet deep

on this angle. During the year a sink 30 feet deep has been put
clown and the ore stoped out. One Ingersoll power drill is used for

driving headings, all the other work being done by hand-drilling. A
boiler capacity of about seventy horse-power furnishes steam for one

steam pump in each mine and for the necessary hoisting plant. The

ore from both mines is used at the Oxford furnace, but has been
stocked at the mine since October, when the furnace was blown out.

The ore from the Washington mine runs as high as 65 per cent. in
metallic iron, but owing to the sulphur, requires roasting. Ninety-five
men are employed.

KISHPAUGH MINE.

Owned and Operated by Ario Pardee.

The work of re-opening this mine, which was begun in October,
1890_ has been carried on unlnterruptedly during the year. When the

work was begun the old Cook shaft was 200 feet in vertical depth. It
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was continued downward to 350 feet and opened upon the old Kish-

paugh deposit in the cap-rock. A drift has been driven eastwardly,

along the course of the deposit, for 180 feet, and cross-drlfts have

developed the vein to be 25 feet wide. At this depth there seems to
have been some change in the structure of the surrounding walls as
well as in the ore, for, instead of the soft walls encountered in the

old mine, they are here found to be much harder and more compact.

The ore also be_rs the same characteristic as to hardness and compact-

neon. The deposit has a dip to the southeast of 38 degrees, and

pitches in a southwesterly direction.

A diamond drill is now being used at a point 500 feet southwest of
the Cook shaft, in order to test the continuity of the deposit. No ore

has been shipped during the year. About thirty men are employed

and the mine is well equipped with the best of machinery.

HUDE MINE.

Owned by the Diekerson-Suekasunny Mining Company.
Operated by Ario Pardee, Lessee.

Two tunnels have been driven into the hill, from the north and the

south sides. The north tunnel has opened upon a vein of hard, com-

pact, magnetic ore, dipping to the southeast on an angle of 15 degrees.

The south tunnel has been driven into the hill far enough to cut three

parallel shoots of ore, which dip well to the sontheast on an angle of
30 degrees. The mining during the year has been in removing the

ore found in these three shoots and taking out the ore from surface

workings. The ore is non-bessemer, averaging about 50 per cent.
metallic iron, but is high in sulphur and requires roasting. It is used

at the Stanhope furnace, to which it is carted by teams. A boiler

plant of 75 horse-power furnishes steam for operating the air com-

pressor and hoisting engine. Thirty men are employed.

HURDTOW_IHINTM.

Hurd Heirs, Owners.

The Glendon Iron Company_ who have been the operators of this

mine for the past forty yeam_ have continued their operations during

the year, and the mine continues to be as productive as ever. IL is
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now 4,300 feet deep, measured on the slope, which goes down on the

bed-rock of the shoot. The shoot has an average width of 20 feet,

and a height of 36 feet, from eap to bed-rock. Power drills are
nsed to remove the ore, and the mine is thoroughly equipped with the

necessary machinery. The ore is used at the Glendon furnaces, in

eastern Pennsylvania.

LOWER WELDO_4MINE.

Weldoa Mining Company, Owners.
Copley Iron Company, Operators.

The openiog upon the Weldon vein is a single shaft, which is now

270 feet deep, the last 18 feet being a rock sink. It is the intention
to continue this shaft till it cuts the shoot of ore which outcrops on

the top of the hill, about 500 feet west of the present hoisting shaft.
The mine has been worked on the top shaft to a depth of 600 feet, on

the angle of the pitch, which is 30 degrees. The vein pinched out

during the year, and work is now abandoned in this part of the mine.

The lower shoot is still producing, and averages 25 feet from bed to

cap-rock, and a width of 4 feet. The ore is a magnetic non-bessemer,
yieldlng 58 per cent. metallic iron, and is used at the Copley Iron

Company's furnace. There is a 40 horse-power boiler, which fur-
nishes steam for a Rand air compressor, which supplies air for two

Rand drills. The mine is drained by one steam pump. About 20

men are employed.

UPPER WELDONMINE.

Leonard Elliott, Owner.
Richard Hecksher & _ons, Operators.

Since this mine was re-opened by the presentoperators, over 300

feet of sinking has been done, going through three new shoots of ore,

each of which is separated by a bed-rock of from 8 to 30 feet.

The ore-shoots have a height varying from 20 to 60 feet and are

from 2 to 9 feet wide. The length of working upon the present
bottom of the mine, which is 300 feet vertical depth, is 396 feet.

The ore-shoots pitch to the northeast, on an angle of 30 degrees, and

dip to the southeast at about 50 degrees.
The ore is non-bessemer, averaging 58 to 60 per cent. metallic iron,

and is used at the Swede furnace. The concentrating plant, which
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was erected a little more than a year ago, has been operated for the
whole year, concentrating about 2,000 tons. A granulator and
another separator are being added to the plant.

During the past year a great deal of work has been done in straight-
ening and retimbering the hoistway and putting in a new skip road.
The mine plant is the same as reported last year. Seventy men are
employed in mine and separating works.

OGDEN MINE.

The New Jersey and Pennsylvania 0oneentratlng Company_
Owners and Operators.

0wen J. Conley, Genera] manager.

During the past two years this company has been engaged in the
construction of an extensive plant, for the purpose of concentrating
the lean magnetic ore of the old Ogden vein.

The mining operations have been carried on upon the west end of
the old Ogden workings, and consist in blasting down the vein, the

• width of which is 100 feet. All the material is conveyed to the con-

centrating works by two cable tramways of the Lock-Miller system,
which have a span of over 2,000 feet, and are each capable of
handling 400 tons of product per day. The material mined is about

20 per cent. in magnetite_ and it is concentrated to a 68 per cent.bessemer ore--the phosphorus being eliminated through the process
of concentration. The enterprise is, however, only in a state of an
experiment, and for this reason no great amount of ore has been
shipped. About 200 men are now employed.

AUBLE MINE_ NEAR PEAPACK.

John Auble, Owner.
Peapack Mining Company_ Operators.

The work done upon this property consists of the sinking of two
shafts, one 120 feet deep, and another 80 feet deep, connected by a
drift 140 feet long. The vein is small, having a maximum width of
three feet_but it is said to be a bessemer. About four men have been
employed and 400 tons of ore mined. It is carted to Peapack and
shipped to the Carbon Iron and Pipe Company's works, at Parryville.

16
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MACKLEBARNEYMINE.

The Chester Iron Company, the owners and operators of this prop-
erty, have been employing about twenty men, who have mined prin-
cipally red ore, hut confining their operations all above water-hvel.
The ore is a magnetite of about 50 per cent., some of which is low
enough in phosphorus to pass the bessemer limit.

The blue ore is high in sulphur and requires roasting. This is
done at the mine in a Taylor gas generator, and about 3,500 tons have
been treated during the year. The water-power plant has been
reconstructed and furnishes 70 horse-power, with which the air com-
pressor is operated and the ore washed.

A tunnel at the level of the river is being driven into the west
hill, and a bunch of ore already discovered at about 50 feet from the
entrance. The ore is placed upon the market.

DICKERSON MINE, FERRO MONTE.

Dickerson-Suckasonny Mining Company, Owners.
Ario Pardee,Operator.

This mine, one of the oldest in the State, as well as, perhaps, the
most famous, is now to be added to the llst of "worked out and

abandoned ;" for during the year, although a considerable amount of
ore has been mined and shipped, the work has principally been in I

the line of prospecting for new shoots. A diamond drill was
employed for this purpose, and several bore holes were put down
but no large ore-body was discovered. In November it was decided
to remove the machinery and shut2 equipment. This has been done,
and the workings are now flooded with water.

During the year the Diekerson-Suckasunuy Mining Company
have been engaged in opening a shaft upon the vein of mixed mag-
netite and apafite, which crosses their property, and they purpose
separating the magnetite and utilizing the phosphorus for fertilizers.

BAKER M[NEj MINE HILL_ N, J.

Joseph Wharton, Owner and Operator.

This mine was worked up to about July 1st, when it was tempora-
rily closed down. The workings have reached a depth of 500 feet
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on the underlay, which is about on an angle of 65 degrees. When
the mining was stopped, drifts had only just been driven into the

new shoot of ore which was discovered during the year. The eastern
drift is 30 feet long, and the western drift is about 70 feet, both

of which are in ore varying in thickness from 3 to 5 feet. The ore is

a non-bessemer, averaging 60 per cent. metal/in iron.

HURD MINE AND NEW STERL[I_IO SLOPE.

The New Jersey Iron Mining Company, who are the owners as

well as the operators of these mines, have continued them in active
operation during the year, but most of the mining has been done in

opening upon the "old Sterling shoot," through the new Sterling
slope.

This new slope is iocated 75 feet west of the Harvey off_et, and

continues for 200 feet on an angle of 45 degrees, where it cuts into

the old workings. The vein here flattened out to a dip of 20 degrees,

but the course of the slope was continued on the angle at which it
was started, until it reached a depth of 603 feet. Here a drift was

driven into the hanging-wail a distance of 28 feet, where the vein

was discovered. During the _ear a sink has been put down in this
ore body 5fl feet, and by drifts and "raises" the vein has been worked

out to a height of 70 feet above the point at which the vein was first

cut into. At the Irondale mines there is no cap-rock to the deposit,
the vein outcropping at the surface, but it diminishes very materially

in width as the surface of the ground is approached, and work upon
the vein is continued until the width becomes so narrow as to be un-

profitable in its removal. The principal product of the Irondale

mines now comes from this slope, which averages 90 tons per day of
a non-bessemer, 60 per cent. ore.

The vein has been worked in an easterly and westerly dlreetion
about 300 feet, and the maximum width is found to be 18 feet of

clean ore; minimum width, 3 feet ; average, 10 feet ; dip, 48 degrees ;

pitches to the northeast.
At the Hord mine_ work has been continued, but only to a small

extent, and no new ground has been opened up. The subject of the
concentration of iron ore is receiving the attention of the owners of

these mines, and during the year a concentrating mill of a supposed

capacity of 60 tons per day has been erected. The dry process of
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separation is adopted, the C. G. Buchanon magnetic separators being

used. The original purpose of erecting this mill was to utilize the
lean ore which is necessarily culled from the general yield of the vein,

and at the same time convert the resultingproduct into a bessemer ore.
Experiments are being tried with the "Dutch _[ill ore" or _rb

mine, a lean, magnetic ore, which in its crude condition is low enough

in phosphorus to pass the bessemer limit. The results of these trials
will be awaited with interest by Morris county mine-owners, for if

successful, they will demonstrate a way of utilizing the large deposits

of ]ee.n ore, heretofore useless except when iron ore is at a very high
value.

ORCHARD MINE.

The Estate of J. Couper Lord, Owners and Operators.

Joseph Richards, Mine Superintendent.

The vein upon which this mine is located is probably the same as

that upon which the Irondale mines are located, but there is an offset
on the western end of the property which throws the vein to the
southeast. There are two shahs upon the vein, going down on the

foot-wall, the dip of which is 48 degrees to the southeast, but only
one of these openings is used for a hoistway. On the course of the
vein the mine is worked for a distance of 900 feet, and the vein has

an average width nf 6 feet, which yields a 59 per cent. non-bessemer

magnetite. One year ago a cress-cut on the 700-foot level was driven
into the hanging-wall at right angles to the course of the vein, for a

distance of 800 feet, the object being to cut the Richard mine vein,

but nothing was found excepting a string of ore 20 inches wide,

which, being so far south, is probably the eastern extension of the
Jackson Hill vein. On the main vein only about 25 feet of sinking

has been done during the past year, and operations have been confined

to beating away the stope of ore already opened up.
In February, 1891, a survey was made for the purpose of locating

a new incline slope, which is to be pat down in the foot-wall_ running

in part through the old workings. This slope will be 773 feet deep,
on an angle of 44 degrees and 44 minutes, and an entirely new equip-

ment of both hoisting and pumping machinery is to be put in. The
ore is used almost exclusively in the furnaces of eastern Pennsylvania.

About 85 men find employment in and about the mine,
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The equipment consists of boilers of 250 horse-power, pumping
and hoisting engines, air compressor and steam pumps.

MOUNT PLEASANT MINE.

This mine is now operated by the Mount Pleasant Mining Com-
pany, who operated upon the Mount Pleasant mine on the property
of the estate of J. Couper Lord and on the Baker property.

The extent of the working is now 3,500 feet on the course of the
vein, and at a depth of 950 feet on the underlay. The average width
is 6 feet, of a rich, magnetic, non-bessemer ore, which is shipped on
a strict guarantee of 66 per cent. metallic iron. In July an offset
was developed in the bottom of the mine which threw the vein in the
foot-wall. After sinking 40 feet the ore body was again discovered,
and it continues to be of the same dimensions as where previously
worked.

During the past three years much time and money have been spent
in the sinking of a "new incline," in part through the old workings
and foot-wall, and in equipping the mine with a most excellent and
complete mine plant, which consists of the following: Compound
condensing Corlisa engine, operating four plunger pumps, three of
which are 14 inches in diameter, and stroke of 7 feet and _ inch.

These pumps lift 800 gallons of water per minute, and are run on
a speed of six strokes to the minute. Two of the large pumps throw
together to surface, and have a lift of 400 feet. The remaining two
llft about 350 feet. Four steam pumps clear the bottom workings
and have a lift of 300 feet.

The hoisting engine is 175 horse-power, of double cylinder, 15 x 24
inches, which operates two six-feet drums at a maximum speed of 500
feet per minute, and 200 tons per day is the present amount raised, but
only one drum is operated. The true capacity is 1,000 tons per day.
There arc three air compressors, having a capacity of 35 drills, one
operated by turbine wheel, all of which supply air for 14 Ingersoll-
Sergeant drills, one hoisting engine and three steam pumps. A small
locomotive is used underground for shifting the ore cars on the lower
level. There arc 200 men employed. The ore is placed upon the
market, and is used in eastern Pennsylvania furnaces.
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RICHARD MINE.

Owned and operated by the Thomas Iron Company.

This mine contint_ee to be the largest producer of any of the
Jersey mines, yielding over 84,000 tons annually. The vein is opened
and worked for a distance of 2,300 feet along the trend, and in the
distance there are three openings. The maximum width of the vein
is 25 feet, and the deposit is worked until the width is too narrow for
profitable working, which is about 18 inches.

The general average of the deposit is fully 10 feet. The dip is 50
degrees to the southeast. The Thomas Iron Company consume the
entire product, and it is shipped as a 60 per cent., non-bessemer ore.

The mine plant consists of 900 horse-power boiler capacity, three
duplex engines and Rand air compressor, which operates four drills.
Steam pumps are used to free the mine of water. One hundred and
sixty men are employed.

THABO MINE.

Glendon Iron Company.

All work was suspended at this mine on January 1st, 1891, and
the mine abandoned by its owners,the Glendon Iron Company. The
ore which was in stock has been shipped to the Glendon furnaces and
the extensive mine plant is now offered for sale.

MOUNT HOPE MINES.

Owned and Operated by the _fount Hope Mining Company.

Work has been continued during the year upon the Jugular vein
in the Taylor mine, the Side Hill vein and the Elizabeth vein.

Much work has been done in the Taylor mine in retimbering the
tunnel level to the present bottom. The two shafts have been en-
tirely reconstructed and tracks and skipways entirely relaid, as well

as a new engine placed upon the tunnel level, with which the hoisting
is done.

In the Side Hill vein the dip has now changed to a southeast.
direction, making an angle of about 70 degrees with the horizontal.
The vein is now 140 feet long, and all the ore produced is hoisted
through the new shaft and then conveyed to the general stock-yard
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by a gravity road about 700 feet long. The maximum width is 20
feet; minimum width, 5 feet; average, 12 t_et. The capacity of this
mine is 20,000 tons annually.

In the Elizabeth vein, the pitch is from 25 degrees to 30 degrees
to the northeast, and not 65 as stated in the last Geological report.
The dip, however, is 65 to 70 degrees. The vein is 140 to 160 feet
long, but the mine is only in a state of development, and the exact
dimensions of the deposit cannot be ascertained. The ore is from 60
to 65 per cent. metallic iron, and the total product of the three mines
is divided into Mount Hope rich reserve ore, running 65 per cent.
metallic iron, and low in phosphorus, and Mount Hope standard,
which analyzes 58 per cent. The ore is placed upon the market, and
used principally by the Thomas Iron Company. About 130 men are
employed. The mine plant is the same as reported last year.

HIBERNIA MI_ES.

The Hibernia mines have all been in operation excepting the De
Camp and Scott. In October, 1891, the Lower Wood mine was pur-
chased by the Andover Iron Company, who have been the operators
for the past 15 years. The length of the vein is 1,900 feet, but only
1,500 feet of this distance has been operated upon. West of the off-
set, which is near the skip shaft, no work has been done this year.
The vein has a maximum width of 20 feet, and is worked to the

minimum width of 4 feet. The average is 9 to 10 feet. The dip is
62 degrees to the southeast, and the workings have reached a depth
of 685 feet on this angle. The vertical depth is 584 feet. The mine
plant consists of eight boilers of 425 horse-power; one 100 horse-

power pumping engine, and two hoisting engines of 50 and 30 horse-
power: respectively ; four air compressors, capable of furnishing 1,800
cubic feet of free air per minute ; six small steam pumps, and the
requisite number of drilling machines. The number of men em-
ployed is 150, and _he output for the year is used at the company's
furnace at Pbillipsburg, and placed upon the market.

The Glendon Iron Company have worked' only the Glendon and
Upper Wood mines during the year, although the pumps have been
kept at work in the Scott mine. A sink about 125 feet was put down,
and the vein found to widen out. The working distance upon this
lot is 425 feet.
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The Upper Wood has been producing during the entire year. It
has a working distance of 950 feet, upon which there are two shafts.
The ore is a non-beeeemer, 58 per cent. magnetite.

WILLIS MINE.

Mr. Joseph Wharton has continued operat'lonsupon this property,
which is on the eastern extension of the Hibernia vein. It is worked

from the Upper Wood boundary to the eastward for 1,000 feet,
where the vein becomes too narrow for profitable working. Along
this distance the vein varies in width from four to six feet, giving an
average of five feet of clean ore. One hundred feet of a sink has
been put down, making the depth of the mine 700 feet on the dip,
which is 87 degrees to the southeast.

The walls are very rough and ragged, but generally firm, and
therefore not requiring the amount of timbering found necessary in
the mines to the eastward. The mine-plant consists of three bat-
reties of boilers of a combined horse-power of 300; three air eom-
preesors, which supply air for twelve to fifteen Rand drills; four
steam pumps drain the mine, but there is no great supply of water to
contend with. The ore is used at Port Oram furnace, to which it is
shipped by the Morris County railroad and Central Railroad of New
Jersey. One hundred and twenty.five men are employed.

WANAQUE MINE.

Midvale Mining Company, 5 and 7 Beckman street, New York City,
Operator.

The work of re.opening this mine was begun in April, 1890.
There are three shafts on the vein_the deepest of which is 125 feet.
The vein is braced for 1,300 feet, but only about 500 feet has been
opened up. The width of the vein is from 10 to 16 feet, but it
carries a great deal of rock, from which the ore has to be cobbed.
The dip is 85 degrees to the southeast. The ore is very hard,--com-
pact, non-bessemer--yielding 54 per cent. of metallic iron, but is
rather high in sulphur. The company intends to crush, roast and
concentrate the or%and two roasters are now being erected for this

purpose. Three boilers furnish steam for air compressor and two
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hoisting and pumping engines. About 8,000 tons of ore have been
talced and stocked at the mine. Twenty men are employed.

RINOWOOD MINESo

Ownedand Operatedby Cooper&Hewitt.

During the year operations have been confined to the Peters mine,
where the hanging-wall is being removed so as to expose the ore
pillars, which are then removed. By this method the first pillar has
been taken out and the stripping of the hanging-wall is still going on.

The output for the year amounted to 20,000 tons, all of which was
_hipped to Pequest and Durham furnaces.

NOTES ON THE ZINC MINES.

The New Jersey Zinc Company have continued active operations
upon their property at Franklin Furnace, putting down a sink
seventy-five feet, and finding the vein to be of the same uniform size
as it was above.

At Sterling Hill work was stopped in April, the company not
having any need of this grade of ore. The ore mined here has not
been shipped.

The Lehigh Zinc and Iron Company's mines, which are southwest
of the Buckwheat opening, have operated upon the deposit for a
length of 500 feet, and the present workings are now 400 feet deep
on the dip, which is 58 degrees to the southeast. The maximum
width of the deposit is 45 feet, and minimum of four feet. During
the year a new equipment has been put up, consisting of 245 horee-
power boiler eapaeity ; a hoisting engine of 100 horse-power, having
a capacity of raising six tons at the rateof 500 feet per minute. One
large steam pump drains the mine of water. One hundred and
,twenty-five men are employed.

On the Rutherford tract a series of bore holes were put down with
n diamond drill in search of the deposit of zinc developed and operated
through the "8outhwest" opening. The work was begun in Novem-
ber, 1889, and the work was suspended with very satisfactory results
in April, 1891. As a result of these borings a new shaft, known as
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the "Parker Shaft," has been located, and the work of sinking was
begun July 14th, 1891. The shaft is 10 feet by 20 feet, outside
measurement, and divided into three compartments, 5 feet by 7 feet
in the clear. It is at present 200 feet deep, timbered down to a depth
of 180 feet by sets placed four feet apart.

The plant consists of a hoisting engine of 50 horse-power; Inger-
soll & Sergeant compresser of 100 horse-power; 120 horse-power
boiler capacity, and a 90-light Edison dynamo, which is used in light-
ing both the underground works and the buildings. A switch from
the Lehigh and Hudsou railroad, one and cue-half miles long, is also
being built to the mine.

The noteson theactiveironminesfor1891,collectedby Mr.
JenkinsfortheSurvey,withtheminestatisticsreceivedfrommine-
owners and superintendents, exhibit some phases in their history and
development which are here summarized :

1. There is a notable and slow decrease in the number of active

mines as compared with that of a decade ago. The statistics show
that the larger part of the total production comes from compara-
tively few mines. In 1891, four mines reported an aggregate out-
put of 316,248 tons of ore, nearly 60 per cent. of that of the State.
Although there are fewer producing localities, the State production is
maintained at nearly a constant rate, and is in excess of every year
since 1882. (See page 256.)

2. There is a concentration of production in a few eeutem and groups
of mines, as the Belvidere-Oxford group; the Hurdtown-Ogden
range ; the Port Oram and Mount Hope groups ; the Hibernia range;
and the Ringwood group. There are few isolated mines, as the Kish-
paugh, Hude, Midvale, at work.

3. A study of the localities shows further that all are accessible by
railroad lines, and nearly all have branch tracks to the mines. The
necessity for a reduction of expenses in these times of low prices'is
so important that ore localities remote from transportation lines are
considered as practically abandoned or suspended until more favoring
conditions may arise.

4. These producing mines are the old and historic ones, whoso
periods of activity reach back a half century or more. The :Kish-
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paugh and the Belvidere areexceptions, belonging to the latter half of
the present century.

5. The closing of the Teabo and the Diekerson mines marksan im-
portant epoch in the history of iron-mining in New Jersey. They
have been large producers of good ores, and have been worked
steadily and continuously for several decades of years. The Dicker-
son mine has been distinguished for its long history ; its importance
in the early days of mining, when forge fires were on every mill
stream in the northern part of the State; its large total output; the
richness of its ore, and its characteristic shape of ore-body. The
occurrepco is not fully understood in its geological features, although
so well known as a mine. The deposit is not exhansted_ although a
limit of profitable working at present prices may have been reached.
In this respect it is a type of the mines of this rcglon--closed_ but
not exhausted.

The following notes on its history have been contributed by Fred-
erick A. Canfield, of Dover, one of its owners :

DICKERSON MINE.

Opened 1716 ; closed 1891, Nov. 16th ; period of working, 175 years.

This tract of land on which the Dickerson mine is opened was
taken up as n mining tract in 1713, by John Reading, surveyor, for
Joseph Kirkbride, who left it to his three sons, Joseph, Jr., Mahlon
and John, members of the Friends' Society of Bucks county, Penn-
sylvania.* Jonathan Dickerson, father of Governor Mahlon Dicker-'
son, began to buy interests in the property before 1780. His son,
Mahloa, succeeded to his father's interests in 1797, and added to them
by purchase until he had acquired all. At his death, in 1853, the
property descended to his nephews and nieces,who formed the original
stockholders of the Dickereon-Suckasunny Mining Company, the
present owner. The mine has been in the possession of the family
and its representatives, from whom it was named, for over a century.

* In 1713 (May 12th), Joseph Kirkbride took up a tract of 4,525 acres (see Book A

146j Burlington), which probably included the "Old Mine." February 21st_ 1716,

John Reading, Jr. took up a tract of g60 acres immediately adjoining the northwest
corner of the Kirkbride tract. Thi_ tract also probably includes Rome of the min_

on the Dickerson property.
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Before the mine came into the possession of Mahlon Dickerson it
was worked under a system of forge-rights, whereby certain forge-
owners bad the right to get the ore needed by them at this mine.
The ore was a favorite among forgemen because of the ease with
which it was reduced, and because of the fine quality of the iron
made from it.

It is safe to say that one hundred forge fires were run with this
ore, and it was carted as far as High Bridge in a southern direction,
and northward as far as Hamburg, in Sussex. county. The forges
in Longwood valley, Newfoundland, Stockholm, Sparta, Hurdtown,
Chester, Bartley, Whippany, Morris Plains (and it is said that some
in Monmouth county) drew their supply from this mine. As money
was scarce, the ore was often paid for with bar iron, which was carried
on horseback over bad roads. After the Morris canal was opened
the ore was sent to Pennsylvanla_ where it was reduced in furnaces
using anthracite.

Governor Dickerson worked the mine in a small way, regulating
the production by the demand, and probably mined about 2,000 tons
of ore a year. The mine was worked more actively after 1854 until
the depression in the iron business, from 1857 to 1860, when the
mine was closed, the company having from 25,000 to 30,000 tons of
ore in stock which could not be sold at that time. The mine was

closed from 1880 to 1862, when the Allentown Iron Company made
a lease of the old mine for 15 years at 75 cents a ton royalty. It
was worked by this company until 1877. In 1871 the firm of
E. Canfield & Co. leased the remainder of the property for six years
.at a reyaIty of one dollar per ton; and in 1877 Mr. Ario Pardee
(who was in the firm of E. Canfield & Co.) took the entire property
and worked it actively until l_lovember 16th, 1891. In 1883,
owing to the great expense of securing the old parts of the mine, and
the difficulty in raising the ore to the surface up the long 1,300-foot
slope, the owners decided to sink a vertical shaft, which at 550 feet
cut the "Side vein" and at 750 feet the "Big vein?' The depth of
the Big qnine is about 1,300 feet.

About three years ago an offset was encountered in both veins
which threw the northerly end of the vein about 35 feet to the east.
The ore in the vein "inside" the offset seemed to be totally different
in character from that in the main part of the vein, and being very
stringy and rooky, and getting worse and worse, caused the lessees to
surrender the lease and dosethe mine.
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The owners have tested the ground with many diamond-drill

holes, which have proved that the ore deposit was not exhausted,

although no large bodies of ore were found. The further working
could be carried on if it were not for the depressed condition of the

iron market. At the present prices for iron the old mine may be

regarded as economically exhausted ; that is_ it will not pay to
work it.

It is estimated that about 1,000_000 tons of ore have been taken

from the mine. The largest output for any year has been 48_000
tons.
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IRON ORE.

The statistics of the iron mines for the year 1891 are the aggregate

output of all of the mines which were worked during the calendar

year. Requests with blank forms were sent to mine-owners or mine

managers, and the information asked for was received from all of
them. The statistics of production thus obtained by the courtesy of

the mining representatives forms the basis for more nearly accurate
totals for the State than have been obtainable heretofore. The reports

received from the several railroad companies which carry iron ore
from mines in the State, represent the amount shipped, which

differs materially from the total output. The total iron.ore tonnage

reported by these carrying companies amounted in 1891 to 449,046

tons. The total output, as ascertained from the mine reports for 1891,
amounted to 551,358 tons. These figures are comparable with the

total obtained by Mr. Nasou in 1890, which were 552,996 tons.
It is notable that the difference is less than 2,000 tons--a decrease.

The statistics of last year's report are reprinted here :

IRON ORE.

1790......... 10,000 tons ........... Morse's estimate.
1830......... 20,000 tons ............ Gordon's Gazetteer.
1855......... 100,000 tons ............ Dr. Kitchell's estimate.
1860......... 164,900 tons ............ U. S. census.
1864......... 226,000 tons ............ Annual Report State Geologist.
1867........ 275.067tons ........... "
1870........ 362,636 tons............ U. S. census.
1871......... 450,000 tons ........... Annual Report State Geologist.
1872......... 600,000 toils ............ "
1873 ......... 665,000 tons ........... "
1874......... 525,000 tons ............ "

ff_sI
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1875 ....... 390,000 tons ............ Annual Report State Gcologht.
1870 ......... 285,000 tons* ..........
1877 ........ 315,000 tons _...........
1878 ........ 409,674 tons ............ "
1879 ......... 488,028 tons ............ " "
1880 ......... 745,(300 tons ............ "
1881 ......... 787,052 tons ............ "
1882 ......... 932,762 tons ............ "
1883 ......... 521,416 tons ............ "
1884 ....... 393,710 tons ............
1885 ......... 330,000 tons ........... "
1886 ....... 500,501 tons ........... "
1887 ........ 547,889 tons ............
1888 ......... 447,7_8 ton_ ........... "
1889 ........ 482,169 tons ............
1_9(l ....... 552,996 tons ...........

ZINC ORE.

The production of zlnc ore in the State for the calendar year 1891,

as reported by the companies working the mines at Sterling Hill and
at Franklin Furnace, in Sussex county, amounted to 76,032 tons, 12

cwt., an increase of more than 50 per cent. above the total amount

reported for 1890.

The statistics for preceding years are reprinted in the following
statement :

1868 ......... 25,C00 tonst ........... Annual Report State Geologist.
1_71 ......... 22,000 tons ............
1873 ......... 17,500 tons ............
1874 ......... 13,500 tons ............
1878 ......... 14,467 tons ...........
1879 ......... 21,937 tons ............ "
1880 ........ 28,811 tons ............ "
1881 ........ 49,178 tons ............ "
1882 ......... 40,138 tons ............ "
1883 ........ 56,085 tons ............ " "
1884 ......... 40,094 tons ........... "
1885 ........ 38,526 tons ............
1886 ......... 43,877 tons ............ "
1887 ........ 50,020 tons ............ " " "
1888 ........ 46,$77 tons ...........
1889 ......... 56,154 tons ............ "
1890 ......... 49,618 tons ............ "

'_From statistics collected later.

_"Estimated for 1868 and 1871. Later year_ statistics are from reports of the rail-
way companies carrying the ores to market.
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PUBLICATIONSOF THE SURVEY.
I

DISTRIBUTION OF PUBLICATIONS.

By the act of 1864 the Board of Managers of the Survey is a board
of publication with power to issue and distribute the publications as
they may be authorized. The Annual Reports of the State Geologist
are printed by order of the Legislature as a part of the legislative
documents. They are distributed largely by the members of the two
houses. Extra copies are supplied to the Board of Managers of the

Geological Survey and the State Geologist, who distribute them to
libraries and public institutions, and as far as possible, to any who
may be interested in the subjects of which they treat. Several of the
reports, notably those of 1868, 1873, 1876, 1879, 1880 and 1881, are
out of print and can no longer be supplied by the office. The first
volume of the Final Report, published in 1888, was mostly distrib-
uted during the following year, and the demand for it has been far
beyond the supply. The first and second parts of the second volume
have also been distributed to the citizens and schools of the State, and
to others interested in the particular subjects of which they treat.
The appended list makes brief mention of all the publications of the
present Survey since its inception in 1864, with a statement of editions
that are now out of print. The publications of the Survey are, as
usual, distributed without further expense than that of transportation,
except in a single instance of the maps, where a fee to cover the cost
of paper and printing is charged as stated.

17 (257)
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CATALOGUE OF PUBLICATIONS.

GEOLOOV OF NEW JEa_EY, Newark, 1868. 8vo., xxiv.-_899 pp.

Oat of print.

PORTFOLIO OF MAPS accompanying came, as follows :

1. Azoic and palcozoic formations, including the iron-ore and lime-
stone districts ; colored. Scale, 2 miles to an inch.

2. Triassic formation, including the red sandstone and trap rocks
of Central New Jersey ; colored. Scale, 2 miles to an inch.

3. Cretaceous formation, including the greencand-marl beds;
colored. Scale, 2 miles to an inch.

4. Tertiary and recent formations of Southern New Jersey;
colored. Scale, 2 miles to an inch.

5. Map of a group of iron mines in Morris county; printed in
two colors. Scale, 3 inches to 1 mile.

6. Map of the Ringwood iron mines; printed in two colors.
Scale, 8 inches to 1 mile.

7. Map of Oxford Furnace iron-ore veins; colored. Scale, 8
inches to 1 mile.

8. Map of the zinc mines, Sussex county ; colored. Scale, 8 inches
to 1 mile.

A few copies are undistributed.

REPORT ON THR CLAY D_eosrrs of Wcodbridge, South Amboy

and other places in New Jersey, together with their uses for fire-brick,

pottery, &c. Trenton, 1878, 8vo., viii.W381 pp.,with map.

Out of print.

A PRELIMINARY CATALOGUE of the Flora of New Jersey, com-
piled by N. L. Britton, Ph.D. New Brunswick, 1881, 8vo., xi.-_-

233 pp. Out of print.

FINAl, REPORT OF THE STATE GEOLOOIST. Vol. I. Topography.

Magnetism. Climate. Trenton,1888,8vo.,xi.-{-439pp.

Very. scarce.

FINAL REPORT OF THE STATE GEOLOGIST. Vo]. IL Part I.

Mineralogy. Botany, Trenton,1889,8vo.,x.-{-642pp.
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FINAL REPORT OF THE STATE GZOLOOmT. VoI. iI. Part II.

Zoology. Trenton, 1890, 8vo.,x.W824 pp.

ATLAS OF NEW JERSEY. The complete work is made up of

twenty sheets, each twenty-seven by thirty-seven inches, including

margin, intended to fold once across, making the leaves of the Atlas

18_ by 27 inches. The location and number of each map are given
below. Those from 1 to 17 are on the scale of one mile to an inch.

No. 1. Kittatinny V¢dley and Mountain, from Hope to the State line.
No. _. Soutbwesteru Highlands, with the southwest part of Kittatinny valley.
No. 3. Central Highlands, including all of Morris county west of Boonton,

and Sussex south and east of Newton.

No. ]_. NortheastvrTt Highlands, including the country lying between Decker-
town, Dover, Paterson and Suffern.

_No. 5. Vicinity of Flemington, from Somerville _nd Princeton westward to
the Delaware.

No. 6. The Valley of the Passaic, with the country eastward to Newark and
southward to the Raritan river.

No. 7. The Counties of Bergen, Hudson and Essex, with parts of Passaic lind
Union.

No. 8. Vicinity of Trenton, from New Brunswick to Bordentown.
No. 9. Monmouth Shore, with the interior from Metuehen to Lakewood.

-No. 10. Vicinily of Salem, from Swedesboro and Bridgeton westward to the
Delaware.

No. 11. Vicinity of Camden, to Burlington, Winslow, Elmer and Swedesboro.
No. 1". Vicinity of Mount Holly, from Bordentown southward to Winslow

and Woodmansie.

_'o. 13. Vicinity of Barnegat Bay, with the greater part of Ocean county.
-No. 1._. irivinity of Brldgeton, from Allowaystown and Vineland southward

to the Delaware bay chore.
.No. 15. ,Southern Interior, the country lying between Atco, Millvillo and Egg

Harbor City.

No. 1_;Egg Harborand Vicin_y,includingtheAtlanticshorefrom Bttrne-

gattoGreatEgg Harbor.

No. 17.Cope May, withthe countrywestward toMaurice river.

No. 18.New JerseyStateMap. Scale,5 milestoan inch. Geographic.
No 19.New JerseyReliefMap. Scale,5 milestotheinch. Hypsometric.

_No._0.New JerseyGeologicalMap. Scale,5 milestothe incl,.

In orderto meet the constantlyincreasingdemand for thesesheels,

the Board of Managers of the Geological Survey have decided to

allow them tobe soldatthe costof paper and printing,forthe uniform

priceof 25 cents per sheet,eithersingly or in lots. This amount

coversallexpense of postageor expressage,as the casemay be. Sets
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of the sheets, bound in atlas form (half morocco, cloth sides, gilt

title, maps mounted on muslin, and guarded), are furnished at $13.50

per copy. Application and payment, invariably in advance, should
be made to Mr. Irving S. Upeon, New Brunswick, N. J., who will

give all orders prompt attention.

REPORT OF PROFESSOR GF_OEGE H. COOK upon the Geological

Surveyof New Jerseyand itsprogressduringtheyear1863. Tren-

ton,1864_8vo._13 pp. Out of print.

THE ANNUAL REPORT of Prof.Geo.H. Cook,StateGeologist,to

His ExcellencyJoelParker,Presidentof theBoard of Managers of

the GeologicalSurvey of New Jersey,fortheyear1864. Trenton_

1865, 8vo., 24 pp. Out of print.

ANNUAL REPORT of Prof. Geo. H. Cook, State Geologist, to His
Excellency Joel Parker, President of the Board of managers of the

Geological Survey of New Jersey, for the year 1865. Trenton, 1866,

8vo., 12 pp. Out of print.

ANNUAL REPORT of Prof. Geo. H. Cook, State Geologist, on the

Geological Survey for the year 1866. Trenton, 1867, 8vo., 28 pp.
Out of print.

REPORT OF THE STATE GEOLOGIST,Prof. Geo. H. Cook, for the

year 1867. Trenton, 1868, 8vo., 28 pp. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for ]869.

Trenton_ 1870_ 8vo., 57 pp., with maps.

ANI_UAL REPORT of theStateGeologistof New Jerseyfor1870.

New Brunswick,1871,8vo, 75 pp.,withmaps.

ANNI:AL R_V.PORTof theStateGeologistof New Jerseyfor1871.

New Brunswick, 1872, 8vo., 46 pp., with maps.

ANNUAL REPORT of theStateGeologistof New Jerseyfor1872.

Trenton,1872_8vo, 44 pp.,withmap. Out of print.

ANNUAL REPORT of theStateGeologistof New Jerseyfor1873.

Trenton,1874,8vo.,128 pp.,withmaps. Out of print.
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ANNUAL REPORT of the State Geologist of New Jersey for 1874.

Trenton, 1874, 8vo., 115 pp. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1875.

Trenton, 1875, 8v% 41 pp., with map.

ANNUAL REPORT of the State Geologist of New Jersey for 1876.

Trenton, ]876, 8vo., 56 pp., with maps. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1877.

Trenton, 1877, 8vo., 55 pp. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1878.

Trenton, 1878, 8vo., 131 pp., with map. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1879.

Trenton, 1879, 8vo., 199 pp., with maps. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1880.

Trenton, 1880, 8vo., 220 pp., with map. Out of print.

ANNUAL REPORT of theStateGeologistof New Jerseyfor1881.

Trenton,1881,8vo.,87-}-107-+-xlv.pp.,withmaps. Out ofprint.

ANNUAL RRPORT of theStateGeologistof New Jerseyfor1882.

Camden, 1882,8vo.,191 pp.,withmaps. Out of print.

.ANNUAL REPORT of theStateGeologistof New Jerseyfor1883.

Camden, 1883, 8vo., 188 pp.

ANNUAL REPORT of the State Geologist of New Jersey for 1884.

Trenton, 1884, 8vo., 168 pp., with maps.

ANNUAL REPORT of the State Geologist of New Jersey for 1885.

Trenton, 1885, 8vo., 228 pp., with maps.

ANNUAL REPORT of the State Geologist of New Jersey for 1886.
Trenton, 1887, 8vo., 254 pp, with maps.

ANNUAL REPORT of the State Geologist of New Jersey for 1887.

Trenton, 1887, 8vo., 45 pp., with maps.

ANNUAL REPORT of the State Geologist of New Jersey for 1888.

Camden, 1889, 8vo., 87 pp., with map.

_.A
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ANNUAL REPOR'rof theStateGeologistof New Jerseyfor1889.

Camden, 1889, 8vo., 112 pp., with cut.

ANNUAL REPORT of the State Geologist of New Jersey for 1890.
Trenton, 1891, 8vo., 305 pp., with maps.

ANNUAL REPORT of the State Geologist of New Jersey for 1891.

Trenton, 1892, 8vo., xii.+270 pp., with map and cuts.
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