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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Washington, D. C., July 29, 1895.

Sir: I have the honor to submit herewith my report on “Artesian
well prospects in the Atlantic Coastal Plain region,” which is offered
for publication as a bulletin of the Survey.

Very respectfully, )
' N. H. DarTON,

Assistant Geologist.

Hon. CHARLES D. WALCOTT, ,
Director United States Geological Survey.
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ARTESIAN WELL PROSPECTS IN THE ATLANTIC
COASTAL PLAIN REGION.

BY N. H. DARTON.

INTRODUCTORY.

In the Coastal Plain region of the Atlantic Slope there are no large
_supplies of potable surface water. The great rivers which traverse the
region are either tidal estuaries or are widely bordered by swamps, and
the water of their local branches is often of bad quality. The cities,
sitnated at intervals along the western margin of the region, obtain a
plentiful supply of excellent water from the rivers in the highlands to
the west, but out on the Coastal Plain surface waters are mainly used.
Malarial diseases prevail in varying degree over the greater part of
the region, and as medical opinion is largely agreed that these diseases
are taken into the system in dnnkmg waters, the hygienic importance
of pure water is very great.

Fortunately the region has a geologic structure particularly favorable
to the accumulation and flowage of underground waters, and many
streams of pure water are known to exist at moderate depths. These
have been tapped by numerous wells, and water supplies of the very
greatest economic and hygienic value have been obtained. The cities
of Brooklyn, Charleston, and Savannah have wells which yield mil-
lions of gallons per day, and there are several hundred wells which
supply smaller settlements and individuals.

During the past six years I have been engaged in a study of the
Coastal Plain region, mainly its central portion, and have given special
attention to the question of subterranean waters. Lately my observa-
tions have been extended to Long Island on the north and to eastern
Georgia on the south. Although my special investigation of subter-
ranean waters is not far advanced, it is thought that a preliminary

Bull. 138—2 .o



18 ARTESIAN WELLS ON THE ATLANTIC COAST.  [suLL1.

report would in a measure meet the great demand that exists for infor-
mation as to well prospects and the general relations of the water
horizons.

Notwithstanding the fairly large number of wells, the information
is meager for many portions of the region. TFew of the well records in
the southern portion of the area and on Long Island are sufficiently
definite to fully indicate the geologic relations of the swater horizons
and their associates, but some general features are quite clearly indi-
cated. In New Jersey, Maryland, and Virginia there are many wells,
and the geology is so relatively plain that it has been possible to defi-
nitely determine the position of many of the water-bearing horizons
and to predict water almost everywhere with a fair degree of certainty.

GENERAL GEOLOGIC STRUCTURE OF THE ATLANTIC
COASTAL PLAIN REGION.

It is proposed to give under this heading a brief outline of the gen-
eral geologic features of the region in order that the relations of the
water-bearing strata may be clearly understood. More detailed descrip-
tions of local features will be given in subsequent chapters.

The Coastal Plain is a geographic province which extends along the

COASTAL PLAIN

Avyss

1000 FEET
[e—
VERTICAL SCALE.

Fi1¢. 1.—Section across the Atlantic Coastal Plain from west to east.

eastern margin of the Atlantic Slope from Long Island to Florida. Its
width averages about 100 miles, exclusive of a submerged seaward
extension out under the Atlantic Ocean. The surface is in greater
part smooth or gently rolling, and westward it slopes up gradually to
altitudes of from 300 to 400 feet in the Northern States and to heights
somewhat greater toward the south. It is deeply intersected by bays
and long, narrow tidal estuaries of rivers, which are surrounded by
low lands near the ocean, but are flanked by moderatu]y high plateaus
and hills as the country rises inland.

The region is underlain by a series of great sheets of unconsohdaterl
* deposits, consisting mainly of sands, clays, and marls, which lie on arn:
east-sloping floor of older rocks, predominantly granite and gneiss.
These deposits constitute a great flat wedge, inclined to the east and
southeast, and presenting its thin edge to the west and northwest.
The underlying rocks emerge at the surface along a line which passes
from New York city through Philadelphia, Baltimore, Washington,
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Richmond, Weldon, and Columbia to Augusta, Ga., and thence through:
central Georgia and Alabama, and they extend westward up the gentle
slope of the Piedmont plateau to the base of the Appalachians. To
the east the crystalline floor sinks to a great depth, and it is about
2,000 feet below the surface along the ocean shore south from New:
J ersey. In fig. 1 a typical cross section of the Coastal Plain provm(,e
is given.

The sedimentary deposits are a succession of widely extended sheets
which usually thicken to the east and dip gradually to the east and
southeast. In their usnal relations they comprise alternating beds
of coarse and fine deposits, of which the coarse materials are water-

" bearing and the fine materials, on account of their relatively impervious
nature, sérve to confine the waters in the coarse beds. The eastward
inclination of the beds determines the direction of flow, and as the
watersheds or surface outerops are in the higher lands to the west, the
waters often. have sufficient pressure to rise above the surface from
wells in the lower lands.

On the floor of crystalline rocks there appears to be an almost gen-
eral occurrence of coarse water-bearing beds which are overlain by
clays and fine sands. At various intervals above there are other coarse
beds of greater or less extent containing water supplies for deep wells.
The order and thickness of the beds vary in the different portions of
the region, and present local features which will be described in the
several chapters that follow this general introduction.

SOME CONDITIONS AFFECTING SUBTERRANEAN WATERS
IN THE COASTAL PLAIN.

Betore proceeding to the well records and to a consideration of their
" significance it may be well to point out some conditions which affect the
occurrence of subterranean waters. I shall notice only a few points
here, and those who are interested in a more extended discussion
should read the paper by Prof. T. C. Chamberlin, entitled «“The requi-
site and qualifying conditions of artesian wells. o o
The simplest condition of underground waters is shown in section 1
of fig. 2. The water enters the coarse stratum at its outcrop over the
belt, AA, and flows down the dip, being contined to the coarse stratum
by impervious materials above and below. When it is tapped at B it
rises to a level approximately as high as AA. On the Coastal Plain’
there are probably several qualifying conditions of greater or less
importance. The first is shown in section 2 of the figure. This repre-’
sents a diminution in the coarseness of the materials down the slope,
until finally the bed becomes so fine-grained as to be impervious to the
water., Under this condition a well at C would afford water, but one

1Fifth Ann. Rept. U. 8. Geol. Survey, pp. 125—17{1_, 1885.
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at D would not. In case this fining of materials was mainly in irregu-
lar.beds or in local areas, the districts underlain by water would be
restricted to the areas of coarse materials.

This relation is probable throughout the Coastal Pla,m for the old
shore of the deposits was near A, and the fineness of materials increases
offshore in most if not all of the formations. Beds which contain much
water to the westward sometimes prove to be entirely fine-grained and
barren of water to the east and southeast.

A third condition, which is quite widespread in Virginia from
Fredericksburg southward, is shown in section 3, This represents an
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Fia. 2.—Ideal sections illustrating certain general conditions affecting underground waters.

overlap of fine materials across the catchment outcrop of the coarse
beds, and this relation probably greatly diminishes the amount of water
in the permeable bed. In Virginia the Pamunkey and Potomac for-

mations are overlapped in this way by the clays of the Chesapeake .

and the loams of the Latayette and the Columbia, and although they
are more or less widely bared of these deposits in the river depres-
_sions, their water supphes are cut off for considerable widths on the
divides.

Section 2 is introduced to illustrate the reason why some of the beds
to the westward which hold water have not yielded or possibly may not
‘yield water to the eastward.

Section 3 has a somewhat similar practical bearing, but beds which
are widely overlapped by impermeable deposits in one part of the
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region are often widely bared in other areas and receive ample water
supply diagonally down the dip. :
There are many local conditions that affect individual wells or small
areas which should be illustrated here, for they are often referred to in
the following pages. They are represented in the sections in fig. 3.

Secrron /.

F16. 3.—Ideal sections illustrdting certain special conditions affecting well prospects.

Section 1 represents a gravel bed merging into clay or fine sand in a
circumscribed area. Wells at B and C, and probably at D, would find
water-bearing gravels on the crystalline rock floor, whereas at A there
would be clays all the way down and no water would be obtained. In
some cases at A the gravels might continue, but with a clay matrix
which excludes the water.

F16. 4.—Ideal section illustrating water-bearing beds in channels.

Section 2 represents the occurrence of a gravel bed which is com-
pletely inclosed in clays, so that no water can accumulate in it, and a
well at A, although finding favorable materials for water, would obtain
none.
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In fig. 4 a condition is illustrated which is in a measure similar to
that shown in section 1, fig. 2. The water-bearing beds lie in channels,
as it were, with intervening belts of nonwater-bearing materials. In

_ this case wells at A and A would be successful, but those at B and B

would not be.
Figure 5 represents a coundition which is no doubt quite frequent on -

' Long Island among the drift deposits. The conditions would appear to

be favorable at A for water in the gravels between the upper clay beds,
but the water does not accumulate, for it is free to flow over the edge
of the clay into lower gravels, where it would be found in a deeper
well, as at B.

¥16. 6.—Ideal section illustrating the occurrence of local clay strata in gravels and sands.

In fig. 6 a condition is shown which is frequently met with along
the western border of the Coastal Plain in Maryland and northern Vir-
ginia. The water-bearing beds lie above sea'level and are cut across

Fia. 6.—Ideal section illustrating water-bearing beds intercepled by a valley.

by a depression, so that the water may escape in springs. Accord-
ingly, a well at B would usually find but little water, notwithstand-
ing the fact that a well at A finds an abundant supply in the same
beds.

NEW YORK.

As this report is intended to cover only the Coastal Plain region
of the Atlantic Slope, in the restriction of the term to the province
underlain by the Cretaceous and Tertiary deposits, this chapter should

‘relate only to Long Island and southern Staten Island. As, however,

I have incidentally obtained some data for many of the wells on New
York Island, a list of these wells will also be given.
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LONG ISLAND.
GENERAL GEOLOGIC RELATIONS.

Long Island consists of a great mass of glacial drift lying on Creta-
ceous and probably also Tertiary formations. The Cretaceous forma-
tions lie on a floor of crystalline rocks, which is deeply buried to the
south, but rises gradually to the north and emerges at the surfacein
Long Island Sound, in Connecticut, and — ‘
on the northwestern corner of Long R
Island. The Cretaceous formations,and
probably also the Tertiary, are a succes-
sion of widely extended sheets of sands,
clays, etc., which are often considerably
flexed locally, but as a whole dip to the
south or south-southeast. They also
probably thicken and increase in num-’
ber in the same direction. The drift

NEWTOIWN
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comprises the great terminal moraine of H

the Second Glacial Epoch, which rises in:

a range of high hills extending along ;

the center of the island, and a variety of 2

Pleistocene deposits of which the rela- Rz S
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tions have not yet been fully determined,
It consists mainly of mixtures of sands,
pebbles, and bowlders, and beds of sand,
clay, and sandy clays, presenting con-
siderable complexity of structure. It
lies on an irregular, deeply eroded sur-
face of the older formations, hut the
contour of this surface is not determined
over a wide area.

The following cross section of Long
Island shows the general relations and
also indicates the position and features
of some of the wells.
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WELLS Ol LONG ISLAND.

The artesian water supplies of Brook_

Iyn are of world-wide fame, for their
amount is phenomenally large aud the
quality of the water is exceedingly good.
The wells are of moderate depth—100 to 150 feet—and the waters do
not come from any definite geologic horizon, but are simply accumu-
lations in or under the drift deposits in localities where the physical
conditions are faverable. There are other wells - at various points
on the island which, in the main, obtain satisfactory water supplies,
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but as they are quite widely scattered and draw mainly from moderate
deptlis, the underground waters may be said not to have been exten-
sively explored. A fairly thorough canvass of the island was made,
in part by correspondence and to some extent by a personal visit,
and I have learned of the wells given in the following list:

~ List of deep wells on Long Island.

a —, feet below surface.

: Height to
Location. Depth. | Bore. | Capacity. |which water Remarks.
rises.a
Feet. | Inches.|Gals. per min. Feet.
Babylon .....cciiiiiiiiiiian. 100 [ O . Flowed. | Milky water.
Barnum Island .........coeoo.. 3: 2 N P P
BayShore....ccocveieennnnnnn.. 120¢ -3 ] P Flowed. | Poor water.
Bowery Bay:
Bwells..ooeeeeneeenananns 110 6 75 each. | One flowed
50 gallons.
A £) | 1 50 |..t.... 500 |.oeeieiininnn
Brentwood - .iceeeinennanaa.. 7 O
Brooklyn: ,
65 Pearl street.....c...oooufeeeeaiailieaaann, 200 |eeniiennenanans
Central avenue and Grove |..-.....fecce.-z. 300 |ciiocinnnann
street. ’
Brooklyn City Water Dept. :
Gang wells: )
Spring Creek, L. Loceeoooooufeannenifeanns, Pump 3333. Flow.
Baisley'8...eiieirieniocacaafiaernns|iaaenn. Pump 1359. Flow.
Forest Stream ... foeaiii]iaaill Pump 2000. Flow.
Clear Stream......coocveeofoeanansfoannnn.. Pump 2220. Flow.
Jameco Park, 5 wells. . 130-160 8| Pump 1130. Flow.
Watts Pond. ....oooeviiesfomnniindanenall Pump 1080. Flow.
Freeport....coveneennn... [N P Pump 3620, Flow.
Test wells :
No. 5. Ridgewood... . 284 |-cenn... Many. —46
No. 4. Spring Creek....... 148 |eene.. .. « Many. |’ —2
Baisley'8..ceocienannnnn. 200 |-....... Many. | To surface.
No.1. South of Jameco.... 155 |oeenn... Many. —3
No.2. BetweenJamecoand 257 |eeennn.. Many. — 14
Springfield.
No.3. BetweenJamecoand A O No water below clay,
Springfield. 87-202 feet.
No.8. Near Springfield.... P21 I IO No water below clay,
72-211 feet.
No.7. Near Springfield....| 419 |........ 2 -7
No.9. Just east of No.7... 15 T T R E No water below clay,
. ' 110-258 feet.
No.12. Half mile east of s No water below clay,
No.9. 162-170 feet.
No. 10. Northeastof Spring- 1 P No water below clay,
field. 248-252 feet.
No.. 6 Hollis Station....... T No water below clay,
_ 302-319 feet.
198 |ceennn.. Verymany. |....coeaveenn. Blue clay, 95-190 feet.
582 |.oern-nn 70 [eeieaeaes 182-582 feet in gneiss.
50
300
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List of deep wells on Long Island—Continued.
- Height to .
Location. Depth.| Bore. Capacity. | which water Remarks.
rises.a
Feet. | Inches. |Gals. per min. Feet.
Cold Spring Harbor............ 125 [oeenenn. "Flows 18. |eeverevennnnn.
Commac, 8 or 10 wells......... i3S T 11 I8 RN PPN
Deer Park....coevevvevunnnnnn. 136 [ceeivenrfennineerncnnns —12
Farmingdale 1 13 35 —104
Farmingdale, 1 mile distant.... 1413 13 35 [ceecancnienann
Far Rockaway....coeeeninnnne. 210 |.oueenn. 40 |-,
Fenhurst, 4 wells, Queens [148-183 }....
County Water Co.
Freeport.....ceeeveemeenannnnn. 285 [.oeennn No water. f.ceaeneann.... Clay beds 140-152 and
278-285 feet.
Freeport, near the bay......... 106 13 Many. [eeeenceneennn.
Glen Head.oooeerinernearennnns 398 5 65+ —80 | Water also at 80 feet
below surface.
Glen Head, 2 miles west ....... 84 l........ “Plenty."” —60
Glen Head, 33 miles West ..oovefoaeeeens|oaiaae]oenenneniaiiioreecnenne..
Great Neck.......cccenmnaenn.. D L1 O e g
Great Neck, L.I.R.R.CO.ceculemeramnafemnnnnns P P
Greenlawn..........ocooannnnn. D £ T e .
Hempstead ...ooevnnennnnaaa.. 150 [o....... Small flow. [-.............
Hempstead, 6 miles south...... 60 ........ Small low. |-eereeerannnns
Hempstead, near ocean . ....... 300 |....en-n Poor water. |-............. Good water at 123 feet.
Hempstead, reservoir.......... 360 |........ Flows10. |-eeeeecnnnan..
Hicksville...ooeviiieeiennnennn 75-85 |..eeun-. Many. [-ceeeeeneennnt
Jamaica :
Grand street............... 110
Mill Landing .. 145
Do..... 165
B 3 1 200 |.
» DOeenaainannnnnns 235 |.
Jamaica, South....ee..uieea. 200 |... .
Jericho ...ovonnniiiiiii 210 |. .| Milky water at 160 feet.
LawWrence. ... . eectaaecneann. 205 .| Water also at 40 foet.
B 5 7, 107 6 Many. .| Water also at 25 feet.
Little Neck.ueoenunannea.. 175 |eeeee... Fair supply.
Long Island City Gas Co 100 6 75 .
Lynbrook. 180 |. .| No water below 40 feet.
Merrick ...... . 83 |.
Mineola, 4 wells.........cecaeee 100-225 |.
Mount Sinai, Crystal Brook 100
Park.
Northport 92 13| Flows 10-15.
Orient.... [0) N I, Not any. .-
Oyster Bay .. 64 2 Flows 9. .| Water also at 18-47 feet.
Do. 70 3 Flows 9.
Do. 125 2 Flows 18.
Do. 156 2 Flows 18. .
Do. 190 5 Flows 20. TUnder 100-foot clay bed.
Do.. 60 3 Flows 20. :
Do.. 140 2 [Smallsupply.
Do. 87 2 Flows.
Port Eaton 265 3 [Satisfactory. | To surface. | Brackish water to 205

.

a —, feet below surface.

feet.

b Several hundred.
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List of deep wells on Long Island—Continued.

Height to
Location. Depth.| Bore. [ Capacity. | which water * Remarks.
: risés.q
: Feet. | Inches.|Gals. per min. Feet.

Port Jefferson, * Fairview” ... 120 |........ 10| . . —114
Riverhead «ouenn.n...... e -8 8’| Flows20.| Flowing.
Rockville Center .....occeveenifoanneand- PR R :
Roslyn................o...... 210 6 1004 ceeemeeaaoo ot Water also at 74 feet.
Roslyn, 1} miles distant........ 360 |........ 40 foeeeeeennil.
Rocky Point: : : :

Hallock Place.ceeeuneeuene| 125 [ooreoiifoienianens —115 |, -

L.LR.R.bridge....cec.... 125 [cennen.. © 0 12-15 |....... eeeaaa
Sag Harbor -«eeeeeninienennenns 80 | ooun.. Many. |-eeveacmaannn :
Sag Harbor Watch Factory ...| 179 |........ © Many. |eeceseenoaann
St.James ...l B O
‘Sand Point ........... s 140 [oeiei ] eiineiaaans B P
Sea Cliff ..oooiveaiiiiiaaai, b1
Westbury «.oooovviiiiiianaas 206 [« eeee e e
Whetley Hill .._............... 310 [.:iiio.. Not any. [....iocneonn. Failed owing to quick-

. : sand. '

Williamsburg, Nassau Gas Co.| 102 |........|eccen.. PO IO
Willets Point ................. 400 |........ Not-any. |.ceeeeemeannn. :
Woodhaven.......coonnuunnnn 577 |..:..... Notany. [-eeeeeneenna.. 556-577-feet in gneiss.
‘Woodsburg, several wells ..... 90-100 |........ Many. |.cceeaeeinnnns
WoodbULY «eeenneemenenneannnss T O

a—, feet below surface.

NOTES ON LONG ISLAND WELLS.

I have not been able to obtain records of many of the wells on Long
Island, and for the greater number I can give no further information
than appears in the above table. In most cases well borers have not
saved or recorded the materials penetrated, and we must depend largely
on that sort of data for a determination of the underground geology.
Some borings have been placed on exhibition in the museum of the
Long Island Historical Society, which I examined with care, but the
general absence of fossils and lack of distinctive materials preclude a
determination of the age of the deeper seated beds.

Brooklyn City Water Department.—I have not been able to secure
extended information regarding the wells which furnish a large propor-
tion of the water for the city of Brooklyn. They.are in ¢ gangs” sunk
at a number of pumping stations along the southern side of Long
Island from Spring Creek to Freeport. Their aggregate capacity is
stated to be about, 22,000,000 gallons per day of twenty-four hours and
the water is of most satisfactory quality. The wells are nearly all
flowing, but they pump down to a few feet below the surface. It is
stated that when the deeper wells were sunk at Jameco the flow from
a 6-inch pipe was 500 gallons per minute and the water would rise to 11
feet above the surface. In recent extended tests reported by Engineer
1. M. De Varona it was found that pumping 1,000,000 gallons per day
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from one well reduced the water level to about 5 feet below the surface,
and pumping 3,500,000 gallons per day from four wells reduced the level
to about 10 feet below the surface.

The record of one of the wells at Jameco—well No. 4a—is as follows:

Feet.
0-3...... muck or peat.
3-5..aa-. fine, gray gravel.
5-7......fine, white gravel.

7-21...... sharp, yellow sand and gravel.

21-34...... fine, white sand.

34-65...... fine, yellowish sand.

65-79...... coarser, yellowish sand.

79-137...... blue clay.
137-144...... coarse, black sand. -

144-150. .. ... coarse, black sand and gravel.

During the year 1895 the water department sunk a series of twelve
test wells to obtain additional light on the relations and extent of the
deeper waters which are tapped by the Jameco and Baisley’s wells, and
. theresults of these investigations are embodied in a report by I. M. De

" Varona, water engineer, for 1895, now in course of publication. Mr.
De Varona kindly furnished advance proofs of this report, from which I
have obtained the following records and statement of results of the
test wells, given in order from west to east:

Test well No. 5, south of Ridgewood reservoir; altitude, 61.8 feet.

Feet.

0-16...... top soil.
1640...... brown gravel and sand.
40-61...... fine, yellow sand.

51-62...... coarse gravel.
62-88...... finer gravel.
88-131...... sharp, gray sand.
131-193...... brown gravel and sand.

193-200...... blue clay, with traces of decayed wood.
200-216. ..... dark gray sand.

216-280...... blue clay. .
280-284...... gravel and black sand, with water to within 46 feet of the

surface.

Test well No. 4, Spring Creek pumping station; altitude, 8.6 feet.

Feet. . )
0-8...... top soil (decayed vegetable matter).

© 8-81l...... ‘coarse, brownish sand and small gravel. Water bearing.
31-64...... finer, brownish sand without gravel. Water bearing.
64-74...... good, sharp, yellow sand without gravel. Water bearing.
76-96...... coarse, brown sand and gravel. Water bearing.

96-105...... finer, brownish sand and gravel. Water hearing.

105-126... ... coarse, brown sand and gravel. Water to within 16 feet of the

surface.
126-139...... tough, dry, blue clay. )
139-148...... coarse, black sand, with very large gravel: Waterto within2}

feet of the surface.
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Test well at Baisley's ; altitude, 6.7 feet.
Feet.

0-21.6...... yellowish sand and gravel.
21.6-34.0...... fine, yellow sand. '
34.0-39.0...... coarser, yellowish sand.
39.0-58.0...... fine, yellowish sand.
58.0-77.5...... gray sand and gravel.

71.5-97.5...... gray sand.

97.5-104.0...... yellowish sand and gravel.
104.0-107.0...... yellowish sand, gravel, and clay. A
107.0-139.5...... blue clay.
139. 5-156.0...... blue clay and quicksand.
156.0-166.0...... black sand and gravel.
166.0-174.0...... black sand. .
174.0-200.0...... finer black sand. Water rises to the surface.

Test well No. 1, half mile south of Jameco pumping station ; altitude, 5.5 feet.

Feet.
0-33...... yellow sand.
33-54...... coarse, yellow sand, with some gravel.
54-62..._.. fine, white sand.
62-75. ... ...coarse, white sand.
75-88...... gravel and coarse, white sand.
88-141...... blue clay. ‘
141-155:..... gravel and coarse, black sand, with water to within 9 inches of

the surface.

Test well No, 2, one-quarter mile east of test well No. 1; altitude, 7.4 feet.

Feet.
0-2...... top soil.
2-17...... yellow sand, with gravel.
1742...... fine, white sand.
42-67...... coarser, white sand.
67-73...... gravel and coarse, white sand.
73-84...... sharp, white sand, with traces of blue clay.
84-138...... blue clay.
138-153...... mixture of very fine sand and blue clay.
153-169...... coarse, black sand and gravel.
169-208...... finer, black sand, very little gravel. Water rose to within 18
’ ) inches of surface.
208-218...... coarser, black sand, with gravel.
218-239...... finer, black sand, with gravel. Water rose to within 2} feet of
surface.

239-257...... very fine, black sand, without gravel.

Test well No. 3, one-half mile east of test well No, 2; altitude, 9.8 feet.

Feet.
0-1...... top soil. .
1-8...... coarse, yellow sand, with gravel. Water bearing.
8-37...... fine, yellow sand. Water bearing.
3745...... white sand. Water bearing.
45-69...... fine, white sand. Water bearing.
69-87...... coarse, white sand and gravel. Water bearing.

87-140...... tough, dry, blue clay.
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Feet.
140-158...... very fine sand and dry, blue clay.
158-161...... coarse, black sand. Probably water bearing.
161-202...... dry, brittle, gray clay, with fragments of wood.
202-277...... dry, sharp, white sand.

No water below the clay bed.

Test well No. 8, one-quarter mile east of test well No. 2, one-half mile west of Springfield
: pumping station; altitude, 10 feet.
Foet.

0-6...... fine, yellow sand.
6-28...... coarse, yellow sand, with gravel.
28-59...... fine, gray sand.
59-72...... fine, gray sand, with wood and mica scales.
72-211...... blue clay. ’

211-222. .. ... fine, sharp, white sand, with wood.
222-258...... fine, gray sand.
258-295. ..... coarse, white sand, large quantities of wood.

No water below the clay bed.

Test well No, 7, one-quarter mile northwest of Springfield pumping station ; altitude, 16 fect.

Feet.
04...... top soil
4-20...... sharp, yellow sand, with a little gravel.
20-32...... sharp, yellow sand, with small gravel. Water bearing.
3245...... fine, yellow sand. Water bearing.
45-65...... fine, gray sand, with small gravel. Water bearing.
65-68...... blue clay, with traces of decayed wood.
68-78...... fine, gray sand, with small gravel.
78-176...... blue clay, with traces of wood.
176-182...... coarse, brown sand, with large gravel.
‘Water bearing. .
182-197...... fine, white sand. Water bearing. Water to -7" Two
197-419.. .. .sharp, white sand, white clay, and small | Sall8. perminute.

gravel. Water bearing.

Test well No. 9, one-quarter mile east of Springfield pumping station; altitude, 10.3 feet.

Feet.
0-39...... sand

39-55...... fine, gray sand.

55-57...... yellow clay.

57-60...... greenish-gray sand.

60-65...... fine, yellow sand.

65-107...... fine, yellowish sand.

107-110...... coarse, gray sand and gravel, with pieces of wood.
110-125...... gray clay, with much wood.
125-130...... gray clay, sandstone, and iron pyrites.
130-146...... gray sand and much soft wood.
146-233...... streaks of clay, sand and wood.
233-235. .. ...s0lid wood.
235-237...... gray sandstone, with iron pyrites.
237-250...... tough, white clay.
250-258...... gray clay and sand.
258-271...... white sand and particles of wood.

No water found below the clay bed.
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Test well No. 12, three-quarters of a mile east of Springfield pumping station; altitude,
: JSeet. . ] :

Feet. . .
04...... dark yellow sand.
8-20...... yellow sand.

20-38._.... fine, sharp, gray sand.

3846...... sharp, yellowish sand.

46-56...... sharp, yellow sand.

56-63...... yellow sand and gravel.

63-66...... gray sand and gravel.

66-73...... sharp, yellow sand.

73-85...... sharp, yellow sand and gravel.

85-98......fine, yellowish sand. ’

98-130...... coarse, gray sand and gravel.
130-145...... gray sand, with gravel, wood, and clay of different colors
145-162...... fine, white sand, Wlth fra.trments of wood and traces of clay.
- 162-170...... gray clay, with gra,vel and wood.

1707205 . .. .. fine, white sand, with fragments of wood and traces of clay.
205-223...... gray sand, with fragments of wood and traces of clay.
223-330...... fine, gray sand, with fragments of wood and traces of clay.
330-406... ... fine, white sand, with fragments of wood.

No water was found below the clay bed.

Test well No. 10, one mile northeast of Springfield post-office ; altitude, 27 feet.

Feet. :

0-18...... coarse, brown sand, with gravel.
18-28...... coarse, light-brown sand, with gravel.
28-40...... sharp, yellow sand.

40-54. . _...sharp, yellowish sand.
54-59....-. fine, gray sand.
59-63...... sharp, yellowish sand.
63-67...... coarse, yellowish sand.
67-73...... fine, yellowish sand.
73-80....-. yellow sand, with gravel.
80-89...... coarse, gray sand, with gr avel and wood.
89-94.._ ... blue clay.
©94-102...... fine, white sand.
102-114.. ... coarse, gray sand, with wood.
114-132... ... sharp, white sand.
132-137...... sharp, white sand, with wood.
137-139...... mixture of sand, gravel, wood, and clay.
139-190...... white sand, with wood.
190-212... ... sharp, gray sand.
212-222...... coarse, gray sand, clay, and wood.
222-227...... gray sand, clay, and wood.
227-229...... sandstone, - with iron pyrites, wood, and clay.
229-243...... gray sand and wood.
243-248.._ ... gray sand, clay, and wood.
248-252...... gray clay and wood.
252-325...... fine, gray sand and wood.
325-357. . .... sharp, white sand, with wood and clay.

No water found below the blue clay.

Test well No. 6; just east of Hollis station; altitude, 58.6 feet.

Feet.
0-1...... top soil.
1-13...... brown sand, with gravel.
13-19...... light-colored gravel.
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Feet. .
19-26...... brownish sand, with gravel.
26-37...... sharp, yellowish sand.
37-40...... bLrownish sand, with gravel.
40-54.. .. .. light-colored gravel (rich water bearing).
54-60...... brownish sand.
60-69...... brownish sand, with gravel.
69-77...... fine, yellow sand.
T7-98...... fine, light-colored yellow sand.
98-103...... fine, gray sand.
103-135. ... ...sharp, yellow sand, with gravel,
135-145... ... fine, yellow sand. :
145-157...... fine, white sand.
157-186...... sharp, yellow sand.
186-190...... fine, gray sand.
190-196. ..... fine, yellow sand.
196-212...... sharp, yellow sand.
212-218...... coarser, yellow sand.
218-225...... light-colored gravel.
225-229...... coarse, yellow sand.
220-244...... coarse, yellowish sand.
244-295...... fine, sharp, yellow sand.

295-298...... fine, pinkish sand.
298-302. .. ... sharp, yellow sand.

302-319...... gray clay, with wood.

319-336...... fine, white sand, with wood.
336-355....-- very fine, white sand, with wood.
355-368...... fine sand and reddish clay, with wood.
368-395...... fine, whité sand, with wood.
395-397...... fine, gray sand, with wood.
397401...... fine, sharp, white sand, with wood.
401-403...... coarse, gray sand. '
403-406...... fine, gray sand (powdered sandstone).

No water below the clay bed.

Test well No. 11, one mile south of Jamaica railroad station ; altitude, 19.2 feet.

Yeet.
0-2...... yellow sand.
2-6...... brown sand.
6-20...... yellow sand, with gravel.
2043...... gray sand, with gravel.
43-65...... fine, sharp, gray sand. .
65-89...... dark gray sand, fine and sharp.
89-95...... coarser, yellowlsh gray sand, with large qua,ntltles of gravel.
95-190...... blue clay.
190-198...... dark gray sand and gravel, containing large volumcs of water,

which rises to within mbout 9 feet of the surface.

Woodhaven.—In 1888 and 1889 a well was bored at this place to a

depth

of 577 feet. The gneiss was reached at 556 feet, but no useful

amount of water was found. The record as given by Mr. John Brysou!
is as follows:

TFeet.

0-113...... reddish sand and gravel.
113-120...... sand and coarse gravel.,
120-132...... pepper and salt sand.

!Am. Geologist, Vol. III, pp. 214-215, 1889.
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Feet.
132-144...... reddish sand.’
144-213...... reddish sand and gravel.
213-218...... tough, whitish clay.
218-246...... reddish sand.
246-298...... clay containing pebbles.
298-315...... light-bluish clay.
315-358... .. clay with rootlets.
358-375...... fine sand and clay.
375-385...... clay, wood, and vegetable matter.
385-417...... grayish sand.
417-419. ... light-bluish clay.
419-430...... sandy clay.
430433...... bluish clay. \
433-436...... white clay.
436-443...... light-gray sand.
443-456...... dark-gray sand. \
456-460...... coarse white beach sé‘,nd.
460475...... clay, pebbles, and beach sand intercalated.
475-480......clean gravel.
480-500...:..sand and gravel.
500-510...... quartz, sand, and gravel.

510-515...... grayish sand.
515-518...... clay or marl(#%).
518-540...... dark clay.
540-5656...... gray micaceous sand.
556-577...... gneiss rock.

Mr. E. Lewis, jr.,! gives the additional information that the well was
35.6 feet above high tide, and reports quicksand with lignite at 417
feet; 3 feet of blue clay at 436 feet; fine quicksand 7 feet, and coarse,
clayey sand, 13 feet, to 456 feet; sandy clay, 460 to 470 feet; very
tough, light-colored clay, 523 to 545 feet; coarse, clayey sand, 545 to 556
feet. The beds from 1 to 213 feet are regarded as Pleistocene.

Barnum Island.—This well was a quite deep one, but a satisfactory
water supply was not obtained.

Samples of the borings are preserved in the museum of the Long
Island Historical Society. They are as follows:

. Feet.
0-5...... gravel and sand.
s J fine, light-brown sand. R
15...... small gravel.
2...... argillaceous sand with mica.
29...... coarse gravel. '
29-63...... sand and small gravel.

63...... gravel and sand.

70...... fine, light-buff sand.
T4...... dark-gray sand.

T5.ca... lignite fragments.
95......gray clay. '

13...... gray clay.

126...... coarse sand and gray gravel.

'Am. Jour. Sci., 3d ser., Vol. XXXVII, p. 233, 1889,
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Fect
129...... coarse gravel, in part angular.
135...... gray sand.
7., light-gray, fine sand.
168...... coarse gray sand and gravel.
170...... coarse gray sand.
175...... coarse gray sand.
180...... gray micaceous sand with lignite.
200...... much lignite.
225...... argillaceous gray sand.
243...... loose gray sand.
245.. ... lignite.

247-258
260 » ....much lignite in gray sand,
270
274...... loose gray sand.
284...... lignite.
290...... gray sand.
300...... gray clay.
335...... lignite.
344...... gray sand.
350...... lignite.
352...... lignitic sand.
353...... gray micaceous sand.
360...... lignite.
365...... lignite
368...... gray argillaceous sand.
370...... gray micaceous sand with lignite.
380...... gray clay.
383...... carbonaceous clay.

Fenhurst.—The wells of the Queens County Water Company are at
the pumping station between Valley Stream and Fenhurst, on Jamaica

Bay.

They yield a large flow at the surface, which is elevated from 3

to 5 feet above mean high tide. The first four wells are situated within
a relatively small area, but the materials penetrated vary considerably.
They are as follows:

‘WeLL No. 1.
Feet.
0-60...... sand and gravel, reddish in color.
60-80...... blue clay.
80-96...... dark sand.

96-115...... coarse sand and gravel.
115-120...... very fine, dark sand.
120-128...... reddish, medium coarse sand.
128-142...... coarse sand, round grains.
142-152...... coarse sand and gravel.

162......peat
WzLL No. 2,
0-31..... .coarse sand, reddish in color.
3142...... sand and gravel, light colored.
42-54...... black, fine sand.
54-87...... blue clay.
87-100...... black sand.
100-101...... blue clay.

Bull. 138 3
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Foet.
101-113...... reddish sand.
113-139...... coarse white sand.
139-158...... white sand and gravel.

158...... peat
WEeLL No. 3.
0-30...... reddish:sand.
30-64...... white sand.

64-87...... blue clay.

87-115...... black sand.
115-161...... white sand with some gravel (water).
161-176...... peat. :
176-183...... sand and gravel.

WELL No. 4.
0-10...... red sand.
10-36.. .... white sand and gravel.
36-37...... blue clay.
37-50...... dark or black sand.

50-88...... blue clay.
88-105......black sand.
105-106...... blue clay.
106-114...... black sand, very fine.
114-130...... reddish sand.
130-148...... coarse sand and gravel (water).

Calvary Cemetery.—This well was sunk through drift and clay to and
into the crystalline rocks to a depth of 582 feet. The water is soft, with
only a little lime, magnesia, and chlorine in'it. The yield is 70 gallons
a minute.

:According to Mr. Elias Lewis, jr.,*it had the following record:
:"Feet.

1-139...... .surface loam-and drift.
139-178......greenish earth.

178-182...... .white clay with red steaks.
182-582...... gneiss.

The greenish earth was found to be.ferruginous, and on .treatment
with hydrochloric acid left a residue which under the microscope was
seen to comsist of fragments of kaolinized feldspar, Wlth occasional
grains of quartz sand.

Nassau Gas Works, Williamsburg. ——Mr Lewis! also ‘furnishes a
record of the well bored at the works of this company, as follows:

Feet.

1-3...... surface loam.

3-5...... qmcksand (so called).
5-T5...... -bowlder clay, somewhat:sandy.

75-102...... blue clay with pebbles.
' 6 inches of oyster shells, underlain by-a. water-be&rmg quick-
sand.

1. J. H. Merrill, Geology of Long Island, N. Y. Acad. Sci. Annals, Vol. ITI, p. 346.
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Jem'cho.——Mr..LewiS' has supplied the section of the well bored at
. Jericho in 1878 on the premises of Mr. Jules Kunz., It is as follows*

Feot. .
0-15...... surface loam.

15-51...... drift.
"51-132...... yellow gravel. .
132-147...... sand
147-151...... sandy clay with a carbonized branch.
151-154...... yellow clay. .
154-184...... blue and gray sandy clay with pyrites.
184-198%. ... micaceous sand.

Port Eaton.—At this locality a well has recently been sunk to a depth
of 265 feet which yields a satisfactory supply of excellent water. The
surface. of the land is 4 feet above high tide and the water rises just to
the surface. The following record was secured through the kindness

.of Mr. Nimmo:

‘Feet. )
10...... quartz-gravel and sand.
20...... quartz-gravel and sand.
30...... fine sand mixed with clay.
40...... gravel,
50...... sand and fine gravel.
60..... .sand and fine gravel.
70...... coarse gravel.
80...... coarse gravel.
'90...... fine gravel.
100...... fine gravel.
110...... gravel and sand.
120...... fine grayel.
130...... coarse gravel.
'140...... fine yellow sand.
*150...... fine yellow sand mixed with mica.
160...... lighter colored sand with mica.
170......coarser sand, no mica.
180...... coarser.sand, no'mica.
190...... fine red sand.
200...... coarse, straw-colored'sand.
205..... .very coarse sand.
210...... fine light-colored sand.
215......clear gravel.
220...... light coarse sand.
225...... light coarse sand.
'230...... coarse gravel.
"240...... coarse gravel.
-250...... yellow sandy clay. -
255......sharp coarse sand.
260......sand and gravel.
265......clear fine light-yellow sand.

Salt water was found at various depths down to 205 feet. The fresh-
water-bearing bed was first encountered at a depth of 263 feet. The

'F. J. H. Merrill, Geology of Long Island, N. Y.'Acad. Sci. Annals, Vol. III, p. 350.
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experience of this well adds important confirmatory evidence that
fresh-water supplies may be expected far below the bottom of Long
Island Sound on the north shore of the island.

WATER HORIZONS AND WELL PROSPEGTS ON LONG ISLAND.

Our knowledge of the underground geology of the-island is not yet
sufficiently far advanced for a discussion of water horizons, and no safe
basis for well prognostication can be established until the geology is
understood. Owing to the peculiar geologic structure of Long Island,
with its great accumulations of heterogeneous glacial drift, we can not
infer the underground structure from studies on the surface, and our
data must come mainly from careful records of wells. As the records
are so few and most of the wells so shallow the data now available are
too meager to throw much light on the subject. In the opening remarks
of this chapter I explained the general underground structure and
showed how the south-sloping ﬁoor of crystalline rocks was overlain by
to dlp gently to the southward. It is beheved that there are beds and
streaks of coarse sand and gravels in this series which carry water, and
I have considerable confidence that they will yield water to deep wells
in wide areas on Long Island. They outcrop along the -shores of the
sound, and, as is shown in the cross section, lie quite far below the sur-
face along the south shore. They proved to be fine grained and appar-
ently nonwater-bearing in the Woodhaven well, and there is possibility
that this condition exists in other areas, but the prospects for water in
these lower beds is, I believe, sufficiently promising to warrant the sink-
ing of other wells to the basal beds. The depth to these beds along
the south side of the island is about 1,000 feet, and they rise gradually
to the northward so as to emerge at the surface along or near the north
shore. On the eastern end of the island they appear to lie somewhat
deeper than they do to the west, where the underlying crystalline rocks
emerge in the Long Island City region. Precise figures can not be
given, for no wells have been sunk to the crystalline rocks east of
‘Woodhaven, and we can only assume that the rate of slope is as uni-
. form eastward as it is known to be in the region westward. -

It is thought that the wells on Sands Point and Bowery Bay, and
probably other deep wells along the north shore, find their waters in
-beds not far above the basal sands, ete., which lie on the bed-rock floor.

The higher horizons on Long Island appear to be in the drift and
‘associated with clay beds of which the relations and distribution have
not yet been ascertained. In the vicinity of Jamaica and southward
the deeper waters of the Brooklyn city supply are from under a clay
bed which appears to underlie an area .of considerable extent.

During the past year these waters have been extensively explored
by test wells by the Brooklyn City Water Department, and found to
be available for large water supplies. ‘These explorations have also
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determined the southeastern limits of the water-bearing beds. They
did not, however, test the availability of the still deeper horizons.

Long Island is a great reservoir of water, for the rain falling on its
porous surface sinks in large proportion into the sands and spreads
widely under the clay, and unless there is subterranean outflow into
the ocean it should be expected to accumulate in large volumes in every
porous stratum down to the rock bed. The flow-off is not so large as
in many other regions, for the drift materials are sufficiently porous to
hold much of the waters. There are no large surface streams on the
island, and the small ones never experience any noteworthy freshets.
The volume of water falling on the island, of which the area in round
numbers is about 1,200 square miles, is nearly 2,200,000,000 gallons a
day. Of this, from 50 to 60 per cent runs off, and some more is lost by
evaporation, but it may be quite safely estimated that 500,000,000 gal-
lons a day pass underground. This is an average for the year, and is
based on a 40-inch rainfall, which has been the average for the Brook-
Iyn region of readings extending over a half century.

STATEN ISLAND.

The southern and eastern portions of this island are underlain by
Cretaceous sands and clays, which are overlain by a greater or less
amount of glacial drift. In the northern section of the island the
crystalline rocks, mainly serpentine, rise in high hills, and on the north-
western side there are Newark red shales and sandstones with a large
intruded trap sheet. The Cretaceous beds lie on a floor of the crystal-
line rocks, but the depth to this floor has not been ascertained. The
sands offer favorable conditions and relations for the transmission of
underground waters, but I have learned of no deep wells to them.
Several wells have been bored in the crystalline rocks on the northern
end of the island, which yield water, and large supplies are obtained
from wells in drift formations in that region. ~

Mr. H. Ries! reports a boring at Bachman’s brewery in Annadale,
Staten Island, in which at a depth of 200 feet a bed of yellow gravel,
containing shells, was penetrated and found to be 36 feet thick. It is
underlain by a 10-foot bed of whitish or bluish clay.

A well at Kreischerville is reported to have been sunk to a depth of
196 feet without finding water. The following record is given:?

Feet.
0+4..... .gravel
4-40...... sand.
40-61...... white clay.
61-91...... white sand.
91-101...... blue clay.

101-191...... fine, white sand.
191-194...... sandstone (black).
194-196...... quicksand. ’

! Clay industries of New York, Bull. N. Y. State Museum, Vol. I1I, No. 12, p. 135,
Albany, 1895.
2 New Jersey report for 1895, p. 90.
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NEW.YORK CITY.

There are many deep wells on New York island which yield large
volumes of water, but it appears that the greater part of the water.con-
tains either mineral or surface contaminations which greatly diminish
its usefulness. The deep wells are in the granite-gneiss, mica-schist,
or limestone, which are near the surface north of Fortieth street, but
'southward are more or less deeply buried -beneath sands and clays of
Pleistocene age, There are also many wells 20 to 80 feet deep in the
superficial beds. Nearly all the data I have for the Néw York City
wells were obtained through the kindness of Mr. W. d’H. Washington,
of New York, who has sunk many of these wells. All those of which
I have learned are listed in the following table:

 List of wells in New York. City.

’ Capacity.
Location. Depth.| Size. per Remarks.
. minute.
‘Feet. | Inches:| Gallons.
Washington Building....cceveeeeiiecncionennnns cevenae|+1,000 ...l Many.
Manhattan Life Insurance Co - 760 | 8. 100
Liberty and Nassau streets.......... . 720
New York Life Insurance Co - 500 ..
Holt’s well, Fulton Market..ceeeeeenn . 628 1. Rock at 126 feot.
West and Barclay streets........ccueuuen sesensenrenman R PPRIPPY IR In sands.
Broadway and Houston streets......ccoeveeemennnaoon. 424 caieenn 2, 600
Broadway and Bleecker streets T 7 80 | 42 feet to rock.
Houston and Attorney streets.......ccoocveainennnnne. - PO PP ’
Lafayette and Barnard streets .00 8 80
‘West Tenth and. Washington streets (7 wells)......... 500 6 600
‘West Tenth and Washington streets (6 wells)..... .- 50 6-4 1 500
‘West Eleventh and Greenwich streets................. 1,047 8 10 | Rock at 40 feet.
Twenty-eighth street near Broadway.......ccceeun.... 500 8 100
Forty-seventh street and Fourth avenue.... .| 600 8 100
Fifty-ninth street and Eleventh avenue.....ivceeee.... 700 3'5 100
Dakotaflats, Seventy-second streetand Eighth avenue.| 1,200 8 8
Hotel Savoy, Fifty-ninth street and Fifth avenue.:.... 500 f.... I . 80
Hoffman House -« .cocoveieniiiiin i iieeeenaaaas 300 |-eeunen. 25
Manhattan Athletic Club, Madison avenue and Fourth 306" 8 40 | Flows.
street. ' . B
Ringler brewery, Ninety-second street and Third ave- 685 9 300
nue. -
One hundred and sixteenth street and First avenue | 40-50 |........ 600 |
(3 wells). v
Mount Morris Park..cceeeecieiiiiiniieiiieniiennann, 90 [.ovanen. Many.
Onehundred and twenty-fifth street and Sixthavenue.. 451 ... Many.
One hundred and fifty-fifth street and Seventh ave- | 50-60 |........ 450
nue (12 wells).
One hundred and Forty-fifth street and Eighth avenue.| 1,045 |........ '120 | Fine water.
One hundred and twenty-eighth street and Tenth 605 10-8 [coeennenn.
avenue.
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SOUTHERN NEW JERSEY.

GENERAL GEOLOGIC RELATIONS.

- The portion of the State of New Jersey that lies south and east of a
line extending from Trenton to near New Bruunswick is underlain by a
succession of great sheets of sands, clays, marls, and gravels lying on.
a basement of rocks which are mainly granite and gneiss. These rocks
outerop in Pénnsylvania, at Trenton, and ‘on Staten Island, but their
surface slopes gradually to the southeast beneath the overlying sedi-
ments, and it is deeply buried along the ocean shore. The sheets -of’
overlying sediments also dip to the southeast, but at a less rate, and
consequently some of them thicken in that direction., In the sections’
on Plate III an idea is given of the structure of the region, although
they do not show how deep the crystalline rocks finally sink.

The formations of southern New Jersey have been studied by the’
State geological surveys, and during the past few years Dr. W. B.
Clark,! of the United States Geological Survey; has added greatly to
our knowledge of them. In the following table is a list of these forma-
tions, with the names by which Dr. Clark has designated them, their
thickness, and some other information, mainly from Dr. Clark’s reports,
but in part from the evidence of well records.

Formations of southern:New Jersey. -

Monmouth
Now Brune. | Phfiadelphia | Bridgoport
Formations. wick to | and Burling-| and Salem to
Asbury Park ton Ht; Beac Atlantic
and Long ven. City.
Branch. :
Miocene: . Feet. Feet. " Feet.
Chesapeake, 8ands and claFs...ceveerereencvarecarenss 100 800+- 1,000+
Cretaceous: 12 |eaenns N
Shark River’.}Upper marl..ccoveeiivenannnns Sl ’
Manasquan.. 65 60 | fm90
Rancocas, or Middle Marl ....cveueeemsracrennccannnnn. 20 €30 fElmi1s
ReAbank, of Tod SANA ... .. eneeneernrnrenenesenrnaranns i 100 230 | iklm82
Navesink, or Lower Marl...ceeeeereniinnenaaniaanae S n45 ed3 h k1 m50
Matawan, or clay marls....veeeeeans et eiennaans : n'275 €220 g hl220
Raritan, sands and clay8..eceveceessecesrrerecsranennss b n420 d53T |.eeeivevnennnn
Crystalline rocks.

aFossil beds in Middle and Lower marls are 100 foet apart in wells 2t Ocean Grove and Asbury Park.
. bJamesburg well.
c¢Mount Holly well.
dColumbus well. )
€155 feet in Marlton well from lower beds of Middle Marl to base of Lower Mari (?).
S Glassboro and Quinton wells.
g Wenonah well; 160 feet in Woodstown well.
h Sewell well, 240 feet (7).,
iQuinton well.
k100.feet in Greenwich well.’
1336 feet in Woodstown well.
m 235 feet in Glassboro well.
7 860 feet in Monmouth Park well..

'Reéport of the State Geologist for 1892, pp. 167-249, and Report of State Geologist
for 1893, pp. 329-355.
3Locene?
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There are also several superficial formations—the Lafayette, Colum-
bia, and Trenton—consisting of sands, loams, and gravels, which
thinly cover the lower lands and occupy certain higher regions.

CHARACTERISTICS OF THE FORMATIONS.!
RARITAN FORMATION.

This formation consists mainly of beds of clay and sand and admix-
tures of these materials lying on the floor of crystalline rocks. As the
slope of this floor is quite steep, the deposits thicken rapidly to the east
and southeast and a thickness of 500 feet is soon attained. The basal
beds often are coarse sands and gravels or bowlders, and these coarse
materials always contain an abundant water supply. In some areas
finer sands and even clays extend down to the cerystalline floor. Local
beds of coarse sand and gravel occur interbedded among the finer
sands and clays in some areas, but their distribution is not fully deter-
mined. The clays are of various colors, but red, gray, white, and buff
are those most frequently observed. Ordinarily, they are in widely
extended sheets, but they thin or thicken or merge into sands in a very
irregular manner. Sands predominate in the upper portion of the for-
mation. The basal beds outcrop along the Delaware River below Tren-
ton, and in greater part extend to the Pennsylvania shore. From a
few miles north of Trenton to beyond New Brunswick the formation
lies on the eastern,edge of the red sandstones and shales of the Newark
formation. B

MATAWAN FORMATION.

The deposits of this formation consist of dark-colored clays with
intercalated beds and streaks of sand. The upper beds are predomi-
nantly sandy. The mineral glauconite, or greensand, occurs in the for-
mation to a small extent, mainly mixed with gray sand. Fossil shells
occur in some of the beds at certain localities. Dr. Clark has esti-
mated that the formation has a thickness of about 275 feet at its out-
crop, but it appears to thicken rapidly to the eastward ’ro over 800 feet
in the deepest well at Asbury Park.

In the outerops in Middlesex and Mercer counties there appears to
be no sharp break between the Matawan and the Raritan formations,
but to the east and south the well borings have brought to light an
intervening gravel bed which is an important source of underground
water. In Maryland and Delaware the unconformity between the twé
formations is strongly marked, and the occurrence of this gravel bed
appears to'indicate the northern extension of this relation.

NAVESINK FORMATION.

This name has been applied to the Lower Marl bed, which is the next
formation above the Matawan deposits and appears to merge into
them. In its unweathered condition it consists of a greensand marl

!The data under this subheading are largely derived from the reports by Prof,
W. B. Clark, in the report of .the Geological Survey of New Jersey for 1893.
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which is intermixed with considerable sand below and clay above. The
basal beds are usually water-bearing. Iossil shells occur in greater or
less abundance throughout the beds. The thickness of the formation
averages about 45 feet, and is remarkably constant.

REDBANK FORMATION.

This is the ¢‘red sand” member, which lies between the Lower and
the Middle Marl beds. In its unweathered condition it consists of an
admixture of gray or dark sand with a moderate proportion of glauco-
nite or greensand. Some clay admixture occurs locally, and the upper
and lower beds are usually notably argillaceous. In its surface out-
crop, which extends across the State along a narrow belt from Nave-
sink Highlands to Salem, the glauconite is weathered out and the
residuary sands are stained red by the iron from this mineral. The
thickness of the formation averages about 90 feet, and the local varia-
tions are not large in amount. The sand is an important water bearer
south of the latitude of Philadelphia, where it is mainly coarse sand of
a medium-light color.

RANCOCAS FORMATION,

This, the Middle Marl bed, is considerably thinner than the Lower
Marl bed, but it is a widespread and characteristic horizon. It is
largely glauconitie, particularly in its lower portion. The upper beds
contain much calcareous material, often to a sufficient degree to consti-
tute an impure limestone. These beds are highly fossiliferous, and at
their top carry the very distinctive layer of Terebratula harlani.

MANASQUAN FORMATION.

This is the lower portion of the Upper Marl bed. It consists of
glauconitic marls, of which the richest beds are toward the top. The
thickness has been estimated at 65 feet but to the southward it
increases somewhat.

SHARK RIVER FORMATION, .

This is the upper portion ef the Upper Marl bed, or the ¢#blue marl”
of local parlance. It is a highly glauconitic marl with some argilla-
ceous admixture, and is recognized distinctly only in the area about
Shark River. Its thickness there is about 12 feet.

CHESAPEAKE FORMATION.

This great series of deposits overlies unconformably the Crets 20us
greensand group. To the northwest it consists largely of very coarse
materials, but these gradually become finer to the south and to the
east, where the principal deposits are great beds of clays with inter-
calated strata of water-bearing sands at various horizons. Several
hundred feet of the clays are intermixed with diatom remains, which
constitute a very definite horizon in the formation. The thickness of
this diatomaceous clay bed has been revealed in the many deep wells
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in the coastal region, and the bed has been studied with special care by
Mr. Woolman. He found-that it is about 300 feet thick in the Atlantic
City-well, 380 feet in the Ocean City well, 225 feet at Great Sedge
Island, 200 feet at Waretown, 253 feet'at Beach Haven, and 423 feet at
Wildwood. Near its center it carries a bed of sand which is an impor-
tant and widespread water bearer.

The various members-of the Chesapeake formation dip at‘the raté of
about 25 feéet per mile to the southeast, and pass beneath the surface
in regular succession in that direction. The various' beds are given in
the record of the: Atlantic City well in: PL IV, so that it is not
necessary -to give an account of them here.

WELLS IN SOUTHERNV NEW JERSEY.

In the following list there will be given a brief ‘statement of the
location, dépth, diameter, yield, and some general features of’ the
wells, which will ‘be followed by detailed deéscriptions.. On the maps,
Pls. I and II; the location, depth; and water horizon of the wells are indi-
cated, and there are further data in the sections on P1. IIL

List of deep wells in the Coastal Plain region of New Jersey.

: Height
Location. Depth.| Bore. Cag’;;i‘f per t%vv;t;:h Geologic horizon. |,  Remarks.
rises.a
Féet. | Inches.| Gallons.. |. Feet.
Absecon, 54 wells..[ 24 .l.......]. Many. |