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1.

S1}IMARY

The Delaware River basin service area , as c•~-isi1ere i in this report ,
occupies a total area of about 30,000 square miles, of which only
12 , ~~~ square miles ~~~ in t h e  ias!n proper . The area includes parts
of Conne~~. !~o~t , Delaware, Maryland , New T~-rsey, New York , and Pennsy l-
vania. Use ~f wat er in this h~~; ily important region is increasing
rapidly , and ground-water supplies constitute a small but locally very
signif tcan * ~ari of the total supplie s.

The Delaware River basi:~ se:’v:He area occup ies pares of two major
physiographic divi~~~ rs , se-D arated ~y the Fall Line , which extends north-
easterly across the region WiL’nington, Del . ,  Phila rhia . Pa.,  Trenton ,
N .  J . .  and New York , N.  Y. The Atlantic Plain division , or Coastal
Plain as its emerged part is called , lies southeast of the Fall Line .
The Coastal Plain is underlain by a thick wedge of seawar. -dipr ing
unconsolidated deposits of alt er~iatJ.ng permeable aquif2rs courposc i of
sand and some gravel and relat tvely impermeable aquiciudes composed of
clay , silt , and marl . Northwest of the Fall Line is the Appalachian
Highlands division , characterized by ridges , valleys , uplands , an~
plateaus . The bedrock is consolidated , complex in c onm~ si t ion and
structure, and generally yields littl2 water to wells, ‘~~~oaco : to the
unconsolidated aquIfers of the Coastal Plain . The r~ rthe::~.i half of ~he
region described has been glac iated and in places contains r,lac iai out-
wash which constitutes an excellent aquifer .

As a rough approximation , given only to indicate or Lor of magn i-
tud e , the potential ground-water supply in the Coastal Plain part of t1i~
Delaware River basin is considered equal to the found-water -iis~harr~e
to streams--about 1,600 mgd in an area of 2 ,750 square miles. Because
of’ practical limitations, chiefly’econoinic , it is estimated that onl;
about half this total--or about 800 mg~’--can be developed . P -esant cse
(1951-56 average) is about 210 rngd , but the net gr ound-’~Tate: ’ dis-~h~ r~:e
is even less, because part of the water p~~ped is not cons~nned and re-
turns to the aquifers.

Aquifers in the nonmarine sediments of C.’etaceous age--tl.-~ low~s~
group of aquifers in the Coastal—Pla !n wedge of deo~ st ts--~ ield the
largest proportion of’ the total ground-water ptanpage at pr~ se~~
(slightly more than half in 1951-56), but the deposits o~’ ~uater:’~aryage are becoming increasingly important, and the Cohansey sand offers
perhaps the greatest potential for future development .

As in the Coastal Plain , the potential ground-water supply in the
Appalachian Highlands is considered equal to the ground-water discharge
to stremns--I&,1i~00 ± 500 mgd . However, it is belIeved that only a small
fraction of this potential supply can be developed feasibly. Instead,

- ~~~~~~~~~~~~~~~~~ ‘ - ~~~ -r~
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2.

ev~ioJo~en~ of surface-wat~ r supplies will continue to be dominant in
the Highlands, although iar~~ ground-water supp~’ les may be developed
locally , as in the glacial outwash along some 01 the major streams .
In many places , wells developed in permeable deposits near streams may
induce recharge at rates far greater than the natural recharge rate ,
and individual sustair~ed yields of about 500-1,000 gpm are not unconmion .
Such iev~lo~ nents of large ~r iu nd_w~r~~r supplies will he ai. the expense
of str~’amfl:w, for ground water and. surface water are each part of the
same totc~l rosour~e.

Ground water suitable for most uses may be developed , at least in
small quant ities , almost anywhere iii the basin . In th” Coastal Plain
large quantities of fresh ground water can generally be developed ex-
cept near ~he icean and Delaware Bay, but even to this general rule there
are exceptions. For instance, where thick impermeable aquicludes inter-
vene between the salt water of the o~ean or bay and fresh water of
deeper aquifers sizable supplies of good water can be developed--as in
the “:330-foot” sand at Atlantic Ci ty ,  N .  J. However , salty water extends
inland to different and varying distances in each aquifer; for example ,
water in excess of 250 ppm as .-h lorLde is believed to underlie about
half the entire State of New Jersey in the Cretaceous artesian aquifers.

In the Coastal Plain of the area reported upon, numerous fresh-
water well supplies have become salty. For the most part this repre-
sents encroachment from the modern sea; however, some of the salty
water originated in the geologic past as residual salinity never
flushed out in later times. The encroachment is due in part to a slow
world-wide rise of sea level (6 inches in this area since 1930), but
mostly it is due to pumping too near a body of salty ground or surfa:’e
water . Some of the encroac hment may be due largely, as it was at
Lewes , Del.,  and Newark , N.  J . ,  to salt water being introduced to a
former fresh-water domain through dredging operations . Extensive pump-
ing of wells near the exist Lng salt-~ater--fresh-water interfaces inaquifers , or deep dredging of river or cana channels that would , in
ef fec t  - bec ~rno Inland armo f the s ~ - would probab ly accelerate salt-
water encroac hment and either ruin or great ly depreciate the value ~f
many existing ground-water supplies of the Coastal Plain .

Although fresh ground. water in the Coastal Plain aquifers is gen-
erally good to excellent , there are some places where the ground water
is hard and requires softening for many uses. The greatest quality prob-
lem (apart from salt-water contami nation) is the irregular and largely
unpredictable presence of water high in iron and sometimes manganese .

In the Appalachian Highlands most ground waters are of satisfactory
chemical quality for most uses, although the carbonate rocks generally
yield hard water , the sulfate content is high in some format ions , par-
ticularly in the anthracite coal regions , and objectionable quantities 
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3.

of iron occur locally in several types of rocks and deposits. Wells in
very shallow aquifert , especially dug wells, somet imes become contamin-
ated by surface sources.

In Fairfield County, Conn.,  ground-water supplies are obtained from
various crystalline bedrock formations and from unconsolidated glacial
deposits. Average yield of wells in bedrock is about 8-10 ~~m , but
yields of wells in some of the coarse-grained stratified glacial depos-
its corTunonly are several hundred gallons per minute . Of the average
precipitation of about 1~8 inches , 26 inches is discharged as direct and
base runoff in streams , and the remaining 22 inches is lost by evapo-
transpiration . Encroachment of poor-quality water has occurred in the
glacial outwash in the coastal area of Bridgeport .

In Dutchess, Orange, Putnam, Rockland, Ulster . and Westchester
Counties , N. Y . ,  ground water occurs in the same geaeral rock types as
those in the glaciated , northern half’ of the Delaware River basin.
Highest yields are obtained from the glacial deposits;  yiel .i s from sand-
stone and shale aquifers in the Newark group ( largely in Rockland.
County) coimnonly exceed 100 gpm per well; the lowest yields generally
are from crystalline bedrock where average yield per well is less than
50 gpm.

On Long Island , N.  Y . ,  large stmplies of ground water are available
from unconsolidated deposits comprising several aquifers of Pleistocene
age and the Magothy formation and the Lloyd sand member of the Raritan
formation , both of Cretaceous age . The total quantity of ground water
available for perennial use is not known, although it i~ less than the
average annual return flow to the ocean of 1,500 mgd. P:~ sent c n ~~sp-tive use of ground water (estimated to be half the total withdrawal) is
about 12 percent of the average amiual return flow and about 19 percent
of the return flow during the driest year to be expected . Although ~.nL s
suggests the possibility of consic1e~ ab1e additional development , ra~ ional
plans of development will be require l to prevent excessi”-e p~ np ing near
the shore which would result in sa .t-water eecroaehm-~nt. 
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INTRODUCTION

This report was prepared. in respn~ se to a request fr om the Corps
of Engineers for a report on the ground-water resources of the Delaware
River service area . The dat a herein summarized have been gathered
chiefly as a result of nany inw stigat ions by the U. G. Geological Survey
in cooperat ion with the States of’ Delaware , New Jersey, New York , and
Pennsylvania and with a large number -~f mnaller political divisions and
other agenc ies ( inc luding (jthC’~ Fedc~rnl agencies) over many years. The
work requested by the Corps of EngLie~rs as a part of the Delaware River
basin project was an important , but v�ry small part of this total effort .

The report was writtcr. u~cie: the i.’nediate superivision of Gerald G.
Parker , project hydrologist , anI  U1i . the general supervision of
Charles C. Mclkrnald , chief , General Ii - Irolo~~r Branch . The Geological
Survey field offices concerned with the De1.aware River service area
contributed data and made special studies. Grou~d-water data were fur-
nished, and special hydrologic studies were made , fnr Delaware by
William C. Rasrnusen; for New Jersey by Henry C. Barhsdale, Allen Sinnott ,
Paul B. Seaber , Solomon M. Lang, and Leo A. Jabl ris’i; for Pennsylvania
by I~ vid V. Gre eninan, Donald R. Rima, Norman H. Blanc hard , Jr.,  and
William N. Lockwood; and for New York by Joseph B. lJpsorL , George C.
Taylor , Jr., Nathaniel M.  Perlmutter , Edward H. Sa2xas , Culian Soren,
and John Isbister. Quality-of-water data for Delaware, New Jersey, a’4
Pennaylvania were supplied by Norman H. Beainer, and for New York by
Felix H. Pauszek.

Additional geo1og~c information was furnishe l by Car lyle Gray,
state geologist of Pennsylvania; Meredith E. Jo~anson , state geologist
of New- Jersey until 1958, and his successor, Kemble Widmer; Johan J.
Groot , state geologist of Delaware; Horace Cr. Richard s, Philadelphia

• Academy of Natural Sciences; Edward ‘~~. Watuori and Lincoln L~yden of
Br~,m Mawr College ; Bradford Willard o~ Lehigh ~Ji~versity; Herbert P.
Woodwa rd of Rutgers University; and Paul MacClLotook of Pr inceton Uni-

• versity. Horac e G. Richards assisted in the study ~~
‘ the geolo~~r of

the Coastal Plain , and interpretat:L’r- o of th*-~ ati~ra~hy cf that im-
portant region are based largely on his wo ~k.

Federal agenc ies that contributed dat a, mar s, or file material in-
elude the Corps of Engineers, Col. A]2. rr. F. Clork, distr L~t. engineer
to December 1, 1957 , and his suc ces~’r’, Ccl. William F. Powers; the
Soil Conservation Service , Fred H. Larsoo, head, Engir~cering Unit ;
the Public Health Service, Sylvan C. Me.~~!n , regional engineer; and
the Weather Bureau , William B. Hiatt , chie f , Hydrologic Services
Division .

Others , far too numerous to mention , including conaulting engineers ,
city, county, State , and other officials, contributed ideas and data.

-: —v- 
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5.

The writers have drawn freely on the data and conclusions of many re-
Doru s by the Geological Survey and other agencies and individuals . No
attempt is made to present ground-water and geologic information for aU
the Delaware River basin in the detail that some of these reports provide
for par~ s of the area; instead the general subject matter in these re-
por~. s s ~~ r:~r1zed 1 riefly. Basic to the ideas and conc lusions pre-
sented in this report are the contributions of the several authors who
wrote assi~~ied parts of an unpubliohe~i 21i-6-page report in 1957 that is a
pre iecess~r uf thi~ report . That report is largely the work of the fol-
lowin rti ;tuor s listed alphabetically : Jam~ e K. Culbertoon , Garald G.
Parker, Nathaniel M. Perimutter , 1) ahi 2. Rima, William C. Rasmussen, and
Edward : .  Sa.lvas. Also the pr ’~ se~ t wviter s ha re drawn much information
and L~porcant conclusions from a :e~ o:t , published in 1958 by the New
Jersey Departm ent of Conservation ~.nd Economic Development, entit led
“Ground-Water Re sources in the Tn -State Region Adj a~ -~:it to the Lower
Delaware River ” . That report , which contains the most comprehen:5ive
treatment of the ground-water rc~so •c~~es of the l~o,ur part of the Delaware
River basin , was prepared h:/ Henry ~~~ . Barksiale , Davii W. ~r~eninan,
Solomon M. Lang . George S. Hilton , ani Denald E. Out law .

Most of the present. r~yort h a s  h.~ren ahstrt.ot~:1 aid g .ne~ihat modifte ,
from a longer and more inciLsive rom c’t deal ~.ng ~ .th thc 1~ ci~i aspects
of the h: Lrolo~~ of the Delaware River basin .

As :efined herein , the Delaware Rive r servi~e ~- ‘~~~i c:~v ru about
30 ,000 square mile s of which only l2 ,8~ 5 squar? iiiT~~: a~c- . is to-~ basin
Proper. Besides the basin itself , w~iloii inelo . ’ :  ;~~c~~ ~ New York ,
Pennsylvania, 1’~ew Jersey , Delaware, ard a m:a J. t ip  of Mar.. land . tne ~rc-
comprises Fairfield County, Conn .; ~ ec  York ~~~ ~~~~ i L . ~.g ~~iaii•~ , an
Dutchess , Orange, Putnam , Rockland , Ulster , and We~~ -d -. ~~er Counties.
N .  Y . ;  and all of New Jersey and Delaware. The servi~~ ar~n a’d i’s s~-
liviSionS , class if ied  by the Corps of 2:igie ~ors a~c.rdLn~ to C ni~ ~~i ~ S

are shown on plate 1. Total popula+ic n -~f i- he aroa in l9~O (~~aci . U. S.
Census) was about 20 mill±on; app: •c -~ntel~’ 6 mLl Li’~ po-~~~ l ir ~- i wiThio
the basin , and of these about 3.7 mLlli~n l!veu i.i th~ ~‘h~~ aie1ph1a ~iC~ —

politan area. The population is gro-,t:Lrig •c.p~ dly , es~~ ially in th~ urha
and suburban areas; water demands ‘~c~ -. gr ow~. rlg ~~ i~~:i ~scr~ rapidly an-i ar-
creating problems that require com~ro~~~.-~.’o p’arv~ ani pr :~rams ~~
solution .

Ground-water sources now furnis . a minor , In t b ally irnj o 4 ant par t
of the total  water withdrawn in the Delaware Rivor s~~r-v~~ e area. Of a
basinwide withdrawal of ~ ,1OO mga (rni:.lioo~ gall ~--s por lay ) in 1)55 (nc .
including water for hydroelectric j~la.nts) ground-water c ;urces supplied
340 mgd--5.~ percent of the t 1a1 (K~ unerer, 1557 , p. 9; revised 1958).
Ground water furnishes the largest proportion of tdd a i  withdrawals fur
ir rigation , rural, and ~na1l-scale mun icLpal uses--types of use s where
the demand Is liapersed rather than concentrated in r-latively small

- 
• 
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areas . Also ground water is a more important source of supply in the
Coastal Plain than in the Appalachian Highlands , northeast of the Fall
Line ; roughly two-thirds of the ground water pumped in the De laware River
basin is from the unconsolidated deposits of the Coastal Plain , which
constitutes only one-fourth the area of the basin .

Because ground-water supplies are but a part of the total it is em-
phasized here that the magnitude of the potent ial ground-water supply of
the Delaware River service area cannot be evaluated apart from the over-
all total , as if ground water were a separate resource . Thus , it is
axiomatic that heavy development of surface-water supplies tends to limit
the amount of perennially recoverable ground water and conversely . In
the final analysis , economic and, other factors beyond the scope of this
report determine the extent to which ground-water supplies are developed .
This report attempts to indicate only the physical possibilities for
ground-water development in the Delaware River service area.

S— —~~~__.s~_r-~r--— — - . - — —. ~~
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GENERAL GROUND-WATER HYDROLOGY OF THE BASIN

SOURCES OF GROUN D WATER

In the Delaware River service area all ground water is derived from
precipitation . Under the humid conditions prevailing in the region
aquifers are usually full to overflowing and are so maintained by pre-
cipitation. When the capacity of the soil to retain water against gravity
( the field capacity of the soil) is exceeded , the excess water percolates
to the water table to become ground water -

Throughout most of their courses the streams of’ the service area
usually act as drains rather than as sources of water . Seepage from
streams therefore contributes recharge to ground water only where pumping
of wells near streams reverses the natural direction of ground-water move-
ment toward the streams . Under the se circumstances substantial quantities
of recharge may be induced from the streams . Near the ocean or other
bodies of saline water such a reversal of movement may cause encroachment
of the saline water.

OCCURRENCE AND MOVF)4ENT

Ground water may be considered as the water that is stored temporarily
in saturated openings in earth material and that provides the water to
wells , springs, and fair-weather flow of streams . A bed. or zone of such
materials that is capable of yielding usable quantities of water to wells
is called an aquifer . Aquifers have two princ ipal functions : they store

I ’ water and they transmit water.

Storage is perhaps the primary function of aquifers in which the
water exists under unconfined , or water-table, conditions . Such con-
clitions are most counno n near the land surface in permeable materials
such as the coarse-graine d. d eposits in large areas in the Coastal
Plain and the thick mantle of weathered rock in many part s of the
Piedmont physiographic province. Such aquifers obtain recharge di-

• rectly from rain or snow in their storage areas .

_.z_.~._ -—,,~~~‘- — --— — - -—-——5- --- — . - .. — - .-.- --:-
~
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On the other hand, aquifers that contain water under confine d , or
artesian , conditions serve princ ipally as conduits to tra nsmit water
from intake (recharge ) areas to dischar ge areas . Artesian aquifers
are enc losed by beds or zone s of relatively impermeable material s
( aqui cludes) which , though they may be saturated , yield little water
and act as barriers to water movement . The best examples of e.qui-
clud.es and artesian aquifers in the basin are the extensive , alter-
nating layers of clay and. sand in the Coastal Plain province.

Aquifers in the basin range widely in their capacity to store ,
tranamit , and yield water . Their most significant hydrologic pro-
perties are their coefficients of storage , permeability, and trazzs-
missibility. Porosity is not so important , because not all, end. in
some materials such as clay very little , of the water stored In the
openings of a material will drain by gravity; hence some of this total
storage capacity is not usable .

Coefficient of stora ge is the volume of water released from or
t aken into stor age by an aquifer per unit surface area per unit change
in the component of heed (water pressure) perpendicular to that sur-
face . In artesi an aquifers , where the withdrawn water canes from
elastic adjustment to head changes rather than from drainage of the
pores , the stor age coefficient is very amal 1, c~~~ onJ.y 0.00001 to
0.001, whereas in water-table aquifer s, where the material is actually
drained, the coefficient of stor age coamonly r anges from 0.05, end.
sometimes less , to 0.30 .

The coefficient of permeability of a material as used. by the U. S.
Geological Survey is the rate of flow of water in gallons per day
throu gh a cross-sectio nal area of 1 squar e foot under a hydraulic
gradient of 1 foot per foot , at a temperature of 60°F. The field co-
efficient of permeability is the same except that it is measured at
the prev ailing water temperature rat her than at 60°?. Some of the
deposits of coarse send end gravel have permeability coefficient s ex-
ceeding 3,000 gpd per square foot , whereas moat beds of clay have per-
meability coefficieut~ of a very ~uall fraction of 1 gpd per square
foot.

The coefficient of tra nsan1 s~ibility may be regarded as the pro-
duct of the aver age field perme ab ility of an aquifer end its thickness;
it is expres sed in gallons per day per foot . It Imiicatea the capacity
of the aquifer , es a unit , to tr~m~mit water at the prevailing temper-
atur e, under any given hydraulic gradient - Tr anam isalbility coeffl.c-
lents gre ater then 100,000 ~~d per foot have been measured for sand
aquifers in the Coastal Plain, but coefficients less than 1 gpd per
foot have been estimated for adjacent clay aqu icludes.



9.

Ground water , like sur face water , moves in the direction of decreas-
ing hydraulic heed • In water-table aquifers the water moves in fairly
direct paths from higher to lover areas in the outcrop , but in artesian
aquifer s the water may follow long and sometimes rather circuitous
paths . In the Delaware River ~~ ‘-iLce area distances trav-
eled from intake points to discharge points in water-tab le aquifers
range fran only a few feet to thousands of feet . In artesian aquifers,
such as those of the Coastal Plain , distances tra veled by some of the
water from the recharge at the outcrop to discharge points range from
a few miles to tens of miles; however, some artesian recharge is ob-
tained from leakage through confining beds; therefore , recharge from
such sources may be in the order of a few tens to several hundreds of
feet . Times of transit also range widely from a few hours or days to
tens end even hundreds of thousands of years .

DI~~KARGE

Natural discharge of ground water takes place where the top of
the saturated zone- -the water table, or the over lying capillary fringe--
is at or near the land. surface . Some of this water returns to the
atmosphere by the processes of evapotranspirat ion end thus may be con-
sidered as pert of the natural loss. The remainder enters streams or
other bodies of surface water and becomes a part of the water crop .

In addition to natural dischar6’, considerable quantities of
water are in places discharged artificial ly by puaped wells, mines,
and quarries. New pattern , of ground-water movement toward the puaped
areas become established, and discharge at nature]. outlets may dimin-
ish or cease .

In the basin most natural gromid.-vater discharge occurs at rela-
tively low part s of the outcrop of aquifers--along streems, in wet
or swampy areas , and into the bays, estuaries, or ocean . The total
~~~unt of such natural discharge , including evapotranspiration , is not
accurately known; however, it is estimated that about half the aver-
age eimua]. streamfiow in the basin is supplied fran ground-water dis-
charge. The total pimipage from basin aquifers is estimated to be
about 3~O mgi end the total ground-water discharge to streams is es-
timated to be about 6,000 mgi; In addition, an unknown quantity by-
passes the streams and leaves the basin mainly in the Coastal Plain
aquifers . Therefore , the grourid-~ater pumpage is probab ly 5 percent
or less of the total; certainly it is less then 10 percent .

iiir~~ OF AQUI?KRS

Based on the nature of their water-bearing openings, two major
types of aquifers exist within the Tl-la-~are River service area, those
consist ing of unconsolidated sediments end those consist ing of con-
solid.ated rocks ,(pl. 2 ) .

_________ — ~.-- - ~~ 
~~~~~~~~~~~~~~~~~~~ -
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Unconsolidated sediments consist of loose granular materials, de-
posited by water , wind., or ice , in which essential ly all the water-
bearing openings are pores between the grains . Laboratory-determined
porosities of sand samples from the Coastal Plain in New Jersey range
fran about 25 to 11.5 percent (Barkadale , Greenman , Lang , and others ,
1958), and some clays have even higher porosities.

Not all the water stored in the pores will drain by gravity , how-
ever. Th2 ter m specific yield is therefore used to indicate the ratio
of the vo1~~~ of water that can drain by gravity from a s&tura ted ma-
terial to the volume of the material . This ratio, like porosity, us-
ual].y is expre ssed as a percent age . Where free drainage occurs, as
under water-table (uncon.fined) conditions , the specif ic yield is
practically equal to the coefficient of storage.

In many part s of the Dtiaware R.’rer serv~~ i..rca the ;;pe~ ific
yield of sand. and gravel exceeds 25 percent . However , in clay and
silt most of the water is retained in the tiny pores by molecular
forces (capillary attraction), and. the specific yield may approach
zero .

Consolidated rocks are dense , coherent materials which, in their
fresh, uuweathered state , have little or no intergeanular porosity .
Inste8d, the water-bearing openings consist largely of fractures, some
of which are solutiona.lly enl~~ged . Where weathered, such rocks may
resemble unconsolidated sediments in having intergranular pores, and
the dist inction between the two types is not sharp .

In the •~~~~
.-j • 

~ ~i~~a the ~ .)r~~J~ idat~ ~ r . ck~ ~~rnpri’;~ t 1i.re~
principal, categories, each having distinct water-bearing properttes:

clastic rocks; carbonate rocks; and crystalline rocks .

C].astic rocks Inc Lade shale , sandstone , conglomerate ,
and related rocks, all of which were deposited originally as uncon-
solidated sediments. These material-a have been hardened by cementa-
tion or compaction so that little remains of their original Inter-
granular porosity, and most of their water occur s in fractures. How-
ever, ~~~ sandstone and c~nglcmierate contain si~ 1ificant amounts of
water in their intergranuler pores where the cementing material has
been dissolved .

Carbonate rocks, also of sedimentary orig in, include limestone
(calcium carbonate) , dolomite (calci~.mi and magnesium carbonate),
do1~mitic limestone, and rocks gradational between the pure carbonate
rocks and the elastic rocks In which the carbonate con-
tent ii substantial . Carbonate rocks differ from other categories
chiefly in having solution channels or cavities in addition to the
other types of openings . Although tbe aggregate volume of the solu-
tion openings usually is but a ~nk.1l percentage of the total volume

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - . - -
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of rock , t1~~ir re 1ativ’~ly 1*~rge s u e  permits rapid movement of water,
and the permeability of some carbonate rocks in the basin area com-
pares favorably with that  of the coarse--gralned unconsolidated sedi-
ments.

Crystalline rocks , which are composed of interlocking mineral
grains (crystals) have virtually no iutergranular porosity , except
where altered by weathering. Fr acture s in these rocks c~~~ only contain
~~~1 1 but significant quantities of water; however , in the area of
this report few such openings extend leeper than shout 300 feet, and
moat of the water is contained at much shallower depths . Considerable
quantities of water U C (~ UT i~. mi ~k z~ne~ of weatherec~ crystalline
rocks such -~~~ a~ e f;~ulid in thU Piedmont upland (p1 ) .

• 
• - — - ‘~ . - • - • -

~ , - .
~. - - ~~r 

~~~ 
- .- - 

• r
in their capacity to store and trarn~~1t and yield water. Probably
few consolidated rocks have a specific yield as great as 2 percent ,
in contrast to the specific yieldø cf 20 percent or more comnon in
sand and gravel. Coefficients of transaissibility of 50,000 —‘150,000
gpd per foot have been measur~ I in se’~’erai unconsolidated. granular
aquifers (tables • and ), but , wit~i the exception of some of the car-
bonate-rock aquifers and pc.~~ ibly same of the coarse-grained sandstone
and conglomerate aquIfers , pro’. ab]..y few consolidated-rock aquifers
have coefficients of tra i~~ ~i~ flLty higher than 5,000 gpd per foot .

~YDR~5IA)Gi; PROVIi~C~~

The Delawai e R!~~e, basin cojn-:;r i .s 2 gi ~-aily diff~~-ent hydrologic
provinces which correspond t t’~~ 2 Ha of phyE~ ogr 3.pi1~ -: units in the
region : the At.~ a~tti~’ Plai t. o -~~~~ ng appr ximat~ ly thc s~uthern
fourth of the basin; and fl i t Ai;: .4- hian l’~.gbland~ c~n~~ituting the
northern three-fourth-’ of ~kt~-: ba~ ~~ - ) .  Th~ 2 pr3vinces are
separated by the  Fall. Line , which e~ Leni~ nor-theas erly across the
southern part of the •,atin ~~ l~~ 

-~ si. og t~e northwest side of the
Delaware River bet~ -f - n W Ii~u1~~rt - Del , and Prent in. N.  ~i .

The At lantic Plain , or C 3t. - ii PLa1ji a~ its emerged part is desig-
nated , is underlain by a w~- Ige r f  ~~: ~rt 4-)lidated sediments having
its northwestern ~•Ige aL ~~z th~ l~i ‘ -. L u-ic Thi a great wedge thickens
Beaward , reaching a Inzi~~~~maf l  tC~~ J - i ~a-~~~ 0;!’ abou t 6,000 f~c ’. h~neaththe mouth of Delawar e B~ , (p 1. ~ - i~ - , onalsts of an alternating
sequence of sheet-like layers ui sand , clay, and some gravel. Enor-
mous quantities of water are at~~~t 1  in th is  great mass of deposits,
and its aquifers tran mait water much more readily than most of the
consolidatel-rc k aqu t fer~ •f the Appalachian Highlands .

- —~~~~~~~~~ ~~~~-- - -~ —
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In contrast , the Appalachian Highlands are underlain predcimfnnnt-
ly by consolidated rocks . In general , the consolidated-rock aqui-
fers store and trsn~~it much less water than the unconsolidated. gran-
ular aquifers of the Coastal Plain. Unconsolidated d eposits of glac-
ial origin discontin uously mantle the northern part of the Klghl*nd s
and occur also as tongue-shaped valley fills of glacial outv&sh
throughout both northern and southern parts. Although the aggregate

~~~unt of water stored in the out-wash is ~~a1 1 compared with that in
the consolidated rocks , the supplies from these deposit s are readi ly
available to wells and , under favorable conditions, may be au~ sented
considerably by recharge induced from hydraulically connected streeas
and lakes.

The Appalachian Highls~nds include i~ physiogrsphic provinces , each
of which has distix~ctive 1 *ni~forms resulting from the types and struc-
ture of th. underlying rocks and the geologic history of the region.
Prom the Pal]. Line northward these physiographic provinces, as class-
ified by Fenn~~~n (1938), comprise the Piedmont , Hew 1~ngThnd, Valley
and Ridge , and Appalachian Plateaus provinces (p1. 3 ) .  The char ac-
teristics of each provjnce and its subdivisions are described brief ly
farther on in the discus sio~ of the Appalachian K1~~ 1 kn4s part of the
basin..

~~~~~ C0A~~ AL PLAIN

G~~~~ AL F~AT~~~~

The Coastal Plain pbyeiographic province is the omerged part of
the Atlantic Plain (p1. 3 ), a gently sloping surface that extends
125-175 miles southeaster ly from the Pall Line beyond the present
coastline to the edge of the continental shelf . A net rise of sea
level in the last 10,000 years since the shrinkage and disappearance
of the continental glaciers of the most recent ice age (Wisconsin
age ) has inundated the outer part of the Atlantic Plain and has
“ drowned ” the lower reaches of the streams , foraing bays, estuaries,
and tide.]. marshes near their mouths. Delaware Bay and the estuary of
the Delaware River , which extends inJ.~nd 133 miles from the mouth of
the Bsç to the Fall Line at Trenton , H . . 7 . ,  has been formad by this
sea-level rise , which has amounted to about 150 feet (flint , 1957,
p. 262).

The Co~~tsl Plain occup1~ea the south half oZ Hew Jersey, most of
Delaware, ~~d a nar row strip in southeastern Pe~nsy1vania along the
northwe st side of the pelavare River . Zxc].udi.ng tidal marshes and
bays, it Includes in area of about 2,750 square miles Within the basin
and about 2,150 square mile. in coastal J ew Jersey , outside the basin .
Ti-i width it decrease s toward the northea st from abqut 70 miles i~Delaware to less than 20 miles at Raittau Bay in Jew Jersey . Long
Island, H. T., averaging about i6 miles in width, is the continuation
of the Coastal Plain in that State .

~~~~~ ~~~~~~~~~ , ~ • •
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Throughout most of New Jersey the Coastal Plain consist s of an
inner part which slopes gently northwest toward the Delaware and
Raritan Rivers and an outer part which slopes even more gently south-
east toward the ocean , or , in the southern end of the State , south
and southwest toward the Delaware Bay . In Delaware , the plain slopes
east toward. the Delaware River and Bay .

The land surface is nearly flat over wide areas but is moderately
hilly in places, particular ly toward the northeast , in the vicinity
of Raritan Bay . In that area a few hilltop s rise to near ly 1i00 feet
above sea level, but in general altitudes greater than 200 feet are
rare , and more than half of the plain is below an altitude of 100 feet .

The inner , northwestern part of the Coastal Plain in New Jer sey
is crossed by a sequence of approxthiately parallel belts, which are
the beveled edges or outcrop ~ of the geologic formatio~~that dip to-
war d the ocean (p18 . and - ) .  Where outcrops are not mantled by
younger deposits of sand. an~ gravel, each belt has a distinctive
1,aml -?orm result ing from the relati ve resistanc e to erosion of the un-
derlying materials. Unusually resistant beds such as sandstone or
conglomerate(cemented send or gravel) form steep-aided hills and
r idges; beds of clay tend to form bro ad interstre am surfaces but
steep stre am banks; end loose sand beds form gentle valley aides, or
where wind action is sti’ong and the sand is not he].d in place by veg-
etation , dunes and. “blowout? may b~ formed . In plan view, some of
the outcrop belt s are deeply frayed or indented where they are crossed
by th.~ ~mss~1 1 streams flowing toward the Delaware or Raritan Rivers
(p1. ~- ) .  Below the bend at Tr enton , N.  J . ,  the Delaware River follows
the innermost belt- -the largely concealed beveled edge--of the basal
unit consisting of noranarine a ~diment of Cr etaceous age . The r-~la-
tive weakness of these mater ia1~ and th~ recistance to erosion of the
hard crystalline rocks ttnrne’J,iately to the northwest across the Fall.
Line have evidently determined th:-~ course of this part of the river.

The outer margin of the Coa~~al Plain in Ne w- Jersey has very low
relief and slopes gent ly toward the ocean on th~ east and southeast,and toward the bay on the sDuth . Li. Delaware the toi ography is simi-
lar , except that the prev ailL~g ~1c”pe and drainage is toward the east .
These areas are Eimnediately utid~r~~ in for the most part by permeable
sand and gravel and. are traveL s-~d ‘try perennial streams of low gradient .
In their shoreward reaches moEt of the streams are tidal and are bor-
dered by marshes. The coast in central and southern New Jersey is
characterized by a line of offshore send bars, formed by ].ongahore
currents and wave action , behind which lie shallow bays and marshes.
Atlantic City is built on one of thea? bars .

4.
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The deposits underlying the Coastal Plain form a wedge which con-
sists of an alternating sequence of relatively permeable coarse-
grein.ed beds of sand. and gravel end. relatively impermeable fine-
grained layers of clay and silt . The coerse-graineci beds and the
fine-grained bed s constitute , respectively, aquifers and aquic].ud.es
of variable thickness and extent. These aquifers and aquic].~~es
correspond in a general way to the geologic formations that have been
established on the basis of both physical character and age as deter-
mined from fossils . Rovever, the bonmiR~iea of the aquifers and aqui-
eludes are not everywhere the same as those of the formations, because
the formations change in character from place to place--a formation
ma~v be predominantly coarse-grained and classed as an aquifer at one
place, and preclcmiln’uit].y fine-grained and. classed as an aquiclud.e at
another--, and because some of the formations comprise several, aqui-
fer s and aquiclndes, end because aquifers in two adjacent formations
may join to form a single hydrologic unit .

The geologic formations that comprise the imconsoli&ated sediments
of the Coastal Plain are listed in the order of their age on pages 15,

and are described briefly in table 1.- The sequence lies on a
platform of the consolidated rock s of the same type as are exposed
northwest of the Fall. Line . This platform, which had been eroded to
a surface of -very low to moderate relief by the beginning of the
Cretaceous period, about 125 million years ago (table 1), now elopes
southeaatvard from the Fail Line, where it is slightly above sea level,
tovard the ocean , where it is about 6,000 feet below sea level t the
mouth of Delaware Bay--au average slope of about 83 feet per mile.
Plate shows the configuration of this surface in a very general
way; not enough deep-well information and geophysical data are avail-
able to determine the buried topography in detail.

Nearly all the formations in the overlying wedge of deposits
thicken seaward. Dips of the formations therefore decrease upward
in the sequence from about 75 to 80 feet per mile in the Cretaceous
formations near the base to perhaps only slightly more than the slope
of the outer part of the Coastal Plain--about 10 feet per mile in the
Cohansey ani --near the top of the sequence .

Besides thickening seaward , moat of the formations become finer
grained and more difficult to identify in that d.ire~tion. OsciU.a-
tions of the ancient shoreline caused the deposition of materials
in alternating layers of d.iffereut character that allows classifica-
tion of the deposits into formatiow~ toward the northwest in and near
their outcrop . Uowever , because th~ ocean lay to the east throughout
the time that all the depoaits were accimiulating, just as it does at
present , all the formations probably grade eastward end southeastward.
into fine-grained silt and c 1.ay of deep- water origin , and it is be-
lieved. unlikely that many beds of ~,and extend as far as the edge of
the cont inenta.l shelf , some 100 miL~! eart uf the prea~nt shoreline .
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Nevertheless, some of the sandy aquifers probably extend at least
several miles beyond the present shoreline . Some of the se aquifers
were deposited in the ocean and. therefore were origi n*lly saturated
with salt water . No.1, however, they contain fresh water, which in-
d.icatee that infiltrating precipitation has filled the lnl*nd re-
charge areas of the aquifers , ~~rved through th~~ to the sea and ir~
doing so has flushed the salt water out. This implies, of course ,
a connection between sea and lead through the aquifers and. has an
important bearing on probl~ ia of salt-water encroac~~~nt along the
coast.

Bearing in mind that most of the formations change in character
from place to place and may be missing altogether at s~~~ localities,
a generalized picture of the sequence of aquifers end aquicludee is
provided by the following list . The age increases toward the bottom
of the list; hence in general, the units are in the order they would
be penetrated in a well.

Beach end dune sand A minor aquifer
Marsh and swamp deposits A portal. for recharge and discharge
Afl.uvi~a and glacial outwash ... . An aquifer , more i~~ortant in Appa-

lachian Bhg}ili.ivis than elsewhere
Basin-rim sand A portal for recharge and. discharge
Talbot and Cap e May

for-mat Icns An aquifer and portal for recharge
and discharge

TJnc],aasified deposits)
Peneauken formation )~ 

A portal for recharge and. locally
Bridgeton formation ) a minor aquifer
Beacon Hill gravel An entry for recharge
Cohansey sand A major water-table aquifer
Ki.rkwood formation A si~~ificant group of aquifers

and aquicludes
Piney Point formation An ent ire ly confined aquifer in

• southern part of basin
Shark River mar11
M*r1~~quan ~~~- , ,‘. A minor imperfect aquiclud.e
Vincentov’n sand. A minor aquifer
Rornerstown marl Together with Navesink marl, an

imperfect aquiclud.e
Red Bank sand An aquifer in northeastern part ~area , largely outside basin
Navesink marl Together with Hornerstown marl, an

imperfect aquiclude
Mount Laurel sand) An extensive minor aquifer . In De].a-

7 ware, Mount Laurel sand not die-
Wenonah saud ) tinguisbed from Navesink marl
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)(arsha.lltovn formation • An imperfect aquiclude; not known
in Delaware

~~glishtown sand A highly variable minor aquifer; not
present in Delaware

Voodbury clay An extensive major aquiclude
Merchantv ille clay J
Bonmarine sediment s~ A complex group of aquifers and. aqui-

Magothy formation clud.es. Aquifers constitut e most
Raritan formation import ant present sour ce of ground.
Pata.psco formation water in basin
Patuxent formation

OCC1JR~~~~E OF GROUND WATER

Very large quantities of fresh water occur in the great wedge of
unconsolidated sediment s underlying the Coastal Plain . Nearly all
the usable water--that is , the water that can be withdrawn by wells--
is in sheetlike layers of sand end lenslike beds of send. and. gravel.
These layers of send. end gravel--the aquifers--are interbe dñed with
aquicludes composed of silt and clay which restrict the movement of
water and confine the water in some of the aquifers under artesian
pressure. The aquicludes generally increase in thickness and relative
abundance toward the coast , reflecting the seaward change to a deeper
water origin of the deposits.

Fresh water occurs, or occurred under native conditions, in all
the near-surface materials in the Coast al Plain; however, salt water
is contained in the lower, seaward part of the wedge in accordance
with the Ghyben-Herzberg principle (p.  ~~

The inland extent of the salty ground. water is different in each
aquifer . In gener al , the sa lt water extend s farthe st inlan d. in the
lowest aquifers . The aquifers in the nonmarin e sediment s of Cretac-
eous age contain salt water as far inland as 50 miles. At Atlantic
Cit1, N.  J . ,  the “800-foot ” sand aquifer in the Kirkwood formation
st ill contains fresh water , despite p~snping which has lowered the
fresh -water head in the aquifer by more than 100 feet (Barksdale,
Gree runan , Lc.n~ , and others , 1956), but the aquifers below the Kirk -
wood formation in this area contain only salty water . Salty water
occurs in shallow aquifers of both the Coha nsey sand and the Quaternary
deposits at places along the coast , but th i3 probab ly has resulted
largely from pumping end. to a lesser extent from dredging and drain-
ing activities; it is not a natural condition.
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The outcrops or intake areas of th. aquifers in the Coastal Plain
are sh_o~m on plates -~~ and 7. The Quaternary deposits (p1. 7 ) ,
which blanket large areas of the older aquifers, covering prsctida3Lly
all of Delmre and much of southern isv Jersey, contain imconfined
to semiconfined. water and funct ion somewhat as a sponge to receive
infiltration from precipitation and tr*n 1 t it to the und~~I.ying
aquifers.

Plate ~ is an idealized cross section showing geologic and.
hydrologic .~ondit ions in a Coastal Plain setting simi 1*!’~ to that of
Jew Jersey or Delaware. A capping layer of permeable sand and gravel
lies umconi ormab),y over the se~ rard-dipptng pre-Quaternary deposits
that constitute a system of aquif.r. and aquicludes. The Quaternary
capping layer itself is largely an ~mconfined aquifer. It. watertable is a subdued replica of the land surface and water flows from
high to low areas . The recharge that d.o s not escape locally to
streema--some of it soon enough to be considered a part of the di-
rect runoff , but most of it as base flow--direct runoff , or to the
a~~~sphere through evapotrangpiration is available to underlying
aquifers (designated A , B, end C in the dia~~ em) through the so-
caLled “funnel effect .” This is a system by means of ‘which precip-
itation collected over a fa irly extensive area of land ~mfac. is made
ave-fl *hle as recharge to ~~~ l ~~ underlying permeable zones--tb. sub-

• surf ace intake areas of the older aquifers.

Plate e illustrates also how parts of an aquifer can be both
artesian anti nonartesian, although the case is necessarily greatly
oversimplified..

The older aquifers (p1. 6 ) als.~ contain unconfined. water in much
of their outcrop or where covered by the Quaternary deposits, al-

• though semj .confin~ment occurs iiher. lenses of silt and clay inhibit
• the mov~~~nt of water between the water table and deeper parts of the

aquifers. As may be inferred froa subsurface data on the character
of the materials end from the re sults of pumping teats, ccmplete
l&ck of confinement , or true water-table conditiong probab ly are
rather imc~~~~ n even in the shallower aquifers of the Coastal Plain,
and conditions approaching true con.fins~ent exist in most of the
noomarine sedinenta of Cretaceous age which contain n~~~roua lentic-
ular bodies of clay and silt that greatly restrict vertical movement
of water . Nevertheless, during extensive periods of withdrawal and
recharge of water, essentially tmconfiued conditions exist in the
outcrop areas of most of the Coastal Plain aquifers.

~~vn the dip, toward the coast , water in the aquifers below the
Coh.asey sand is confined by the intervening aquicludes. Under nat-
ural conditions interchange of water through the aquicludes is e~-tremei.y slow and probably minor in amount . However , significant

• - ~--—— ... .‘•— — . - •  -



quantities of water may move through an aquiclude where a large differ-
ence in hydraulic head between the adjacent aquifers is created by
r tsnping from one aquifer. Fbr example, assume the following conditions:
thicl:necg of aquiclude is 100 feet; average coefficient of permeability
of aquiclude is 0.01 ~~d per square foot; and difference in heed be-
tween adj acent aquifers is 50 feet. Then, the quantity of water mov-
ing through a square-~nt1].e area of the aquiclude would be about 1140,000
gpd--en omoiint sufficient to supply a town of 1,000 people e.t an aver-
age rate of consumption of lli-0 gpd per person .

The physical and hydrologic properties of the aquifers a~d aqul-
eludes of the Coastal Plain are described briefly in order from oldest
to yount~est in the following pages; and a more abbreviated description
is provided in table 1 . Later sections st~ri’~rize the movement of
ground water through the Coastal Plain deposits , the importance of
storage , the chemical character of the ground-water supplie s, the prob-
lems of present and potential salt-water encroachment , and the pro-
ductivity of the aquifers.

Nonmarine Sediments of Cretaceou~ Age--the Major Group of Aquifers

The norunarine sediments of Cretaceous age include in ascending
order th~ Pat~xent , Patapsco , Rar itan , and Magothy formations (table 1 ~~.

These formations are not separated herein, because together they con-
stitute a major hydrologic unit whc.-~~ individual aquifers snd aqui-
eludes are comparatively inexten~i~~ and therefore susceptible of class-
ification only in restricted areas.

The nora narine sediments--the ~~~ -~rmost part of th~ unconsolidated
sediments in the Coastal Plain--form a sea rd -thi~kening wedge that

- 
- 

lies on a surface of low relief cut on consolidated r-)c]~e similar to
those which crop out northwest of the Fall Line (pis . 4 and. 5 ) .
The wedge thickens southeastward from zero along the Fa]~]. Line to
more than 3,500 feet beneath the mouth of Delaware Bay and more
than 5, 000 feet beneath the southeastern corner of Delaware.

The beveled northv~stern edge of the noumerine aedi-
ments, most of which is not an outr rop but is largely co-~rered. with
Quater nar y deposits (coalpare pis . 6 and 7) forms a lowland that ex-
tends from northern Delaware 100 mile s to the 1~ rer Raritan River and
Raritan Bay in northeastern New J~ ~~y. Much of the Delaware River
estuary lies along this belt , as doe s the Rarita n Riv~~ and its south-
western tributaries. Largely beeau~~ of their location near the Pa].].
L1i~e where the large centers of population and industry are concen-
tr’~ted, the aquifers in the nonxnar Ln-~ sediments are more completely
de’~r-loped and provide more water ai.xpp.lies than anj of the other aqui-
fore in the basin. 
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The sediments represent several norunarine environments--stre ,
marsh, lagoons]., and estuarine--and, in the upper part, there are
thin tongues of marine deposits. The individual beds or layers, which
are much less extensive than the beds in the overlying format ions of
marine origin, consist of sand, clay, silt , and a little gravel.
Varicolored tough clay and. light , cross-bedded , f ine- to coarse-grained
sand are typical. Lignite (a brown low-grade coal) and pyrite (an iron-
sulfide mineral ) are prominent in some places. A few thin flay beds
containing shells occur in the seaward part of the sequence.

The hydrologic properties of the norunar ine sediments vary greatly.
Scene of the layers of coarse-grain~’~d sand. are highly permeable , bUt
many of the intervening layers of cisy are nearly izj~er ab.le . Lab-
orato ry coefficient s of permeabiUty for samples from the Raritan
formation in Mid~i].esex County , N. .7 , ranged from 25 tc- 3,500 gpd per
square foot and gave a. weighted. ave-age of about 1,300 gpd per square
foot; the average coefficient for sands in the Magothy formation was
about 400 gpd per square foot (Bar~~dale , and others, 1911.3).

Ptnping tests in New ~ers~y g~~ .:. permeability coefficient s rang-
ing from 2110 to 2 ,500 gpd per ~ r-~ar~ foct and averaging about 1,200
gpd per square foot , although th€~ r~ ~ults of 2 tarts tu northern
Delaware indicated, lover permea~:2.~~~es there (tai~-le 2).

Coefficient s of tran~~i~~:~~ .Uty tr~ a p~ np~~ig t~ st3 in New
Jersey, Delaware, and Pennay~~~u~ ..t ~~abi~ 2) rang.~d from 5,000 to
150,000 gpd per foot and averaged 60,000 gpd. per foot. None of these
values i~ based on a penetra~1~z o ’ the entire thickmer~ of the non-
marine sediments; the thicknesi~ of aquifers tapped ranged from 10 to
100 feet , and even the l00-fo..t th .Lc -tne~ a r~pr ~~t~d only partial
penetration of the unit .

In contrast to the moderate 3 -.Lgh permee.t.iLity and trans- -

missibility of the aquifers in the ~io~marmne sedimeats, the clay
aquicludea probably have per & .U-3,y coeffic ient 3 of less than 0.1
gpd per square foot . One aquic ~ ..~de In the vic ~nity of Camden, N. J . ,
has an estimated coefficient c~ t.ra~.siaissibLLLty c.f about 0. 11. gpd
per foot (Barksd.ale , Greerunan , Lang, and oth-~r a , 1958).

Specific yields , determir~ d by the Oeologica.l Surve y’s Hydrologic
IAborstory~ of samples of sand from Middlea-ex County, N. .7.~ aver-aged about 35 perceut for the Raritan formation and about kO percent
for the Magothy formation. Coefficients of storage determined from
the p~zrping tests listed in table 4 ranged from .000062 to ,ooi6 --
indicative of con!ined conditjonr--and , the median ~as about .0003.
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In New Jersey , mo~~ wells in the noninarine sediment s that are de-
signed for large capacity , yield in the range of 300 to 1,000 gpm, and
yields exreeding 1,000 gpm are not uncommon . In Delaware , yields are
considerably less , as a rule . Rasmussen and others (1957 , table 15)
report el  an average specific capacity (discharge of a p1~ ping well di-
vided by the drawdown of water level) of’ only about 2 gpm per foot of
draw 1- )Wfl for 66 wells in no:’ ~he:c. Delaware. This value indicates an
average coefficient o~’ tran sxnissibi~i~y in the order of only 4,000
or 5, 000 gpd per foot which is comparable with the 2 ,500-8,000 gpd
per f- ~~ values derived from p~~pi:~ tests at 2 sites in that area
(table 2).

Although individual beds of s~::d aii~ clay in the nonmarine sedi-
ments are quite lenti—ular , wate:’-~~ elding zones have been recognized
in the most intensively stuöJ ed areas. These zones appear to be
separated by layers of clay that are more extensive than those separ-
ating the individual sandy layers within each zone , and definite
differences in artesian pressure and also in the chemical character
of the contained water exist between the zones. In northern Delaware
Rasmussen and others (1957) defined 3 zones which were called the
lover, middle, and upper aquifers; in the Philadelphia-C amden area ,
2 principal zones appear to be present. Graham (1950, p. 214-16,
fig. 3) has given a lucid and concise description of the ground-water
occurrence in the Philadelphia-Camden area, and his geologic cross
section illustrates the nature of the 2 zones mentioned above .

Merchantvi.lle and~ Woodbu.ry Clay s - a Ma~jor Aquiclude

The Merchantville clay and the overlying ~oodbury clay together
form a widespread major aquiclude confining the water in the nonmarine
sediments. The combined unit crops out or is covered by Quaternary
deposits in a belt 1 to 4 miles wide lying immediately southeast of
the intake area of the nonmarine se ~iments. Southeast of its outcrop
the unit unJ.eriLes all the Coastal Plain. The Woodbury clay has n~~
been recognized in northern Delaware , but the Mer thantville clay
there probably is equivalent to the combined Merchantville and Wood-
bury clays , and pr~ssib].y alao to the Marshalltown formation of New
Jersey (Rasmussen and others. 1957, p. 116). Near the outcrop the
Merch antville and Woodbury clays together range in thickness fr om about
100 to 114-0 feet , but they thicken ‘ - w~d Lp and attain a maximt~n known
thickness of more than 250 f~et tr-. the seawar d part of Ocean County , N.  J.

The Merchantville clay is a black or greenish-black glauconitic ,
micaceous clay . Glauconite is a gr eenish to black amorphous mineral
of the iron-potassi um-silicate family and has pronounced cation ex-
change properties; it is coi~ ierc ia11y mine d in parts of New Jersey for
use as a water- softeni ng agent . The Merc han tvllle clay is general ly
greasy and massive, although the wmer part is somewhat sandy and in
places is distinctly laminated . part lr’ularly in Delaware.

- ~~~~~~~~~~~~~~ -— - - —
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The Voodbury clay, on the other hand,, is not glauconiti.c, and
consists of a black or bluish-black , somewhat micaceous , tough clay.
It weathers to light brown and breaks into distinctive blocks having
curved or shell-sh aped fractures.

The Mercha ntville and Woodbury clays , which form the most ex-
tensive and impermea ble aquiclude in the Coastal Plain , are important
chiefly in protecting the uuderlying aquifers in the rionmarine sedi-
ment s from contamination or encroachment of salt water from above
and in restricting the loss of’ water from those aquifer s by upward
leakage. However , even though their permeability is very low, the
Merc hantvi lle and Woodbury clays are capable of tr~n~mItting sigx4fi-
cont quantities of water where sizable differences in head. exist be-
tween the over lying and underlying aquifers .

A few wells ta p the sandy phases of the Merc han tville clay , but
the ~‘oodbury clay is everywhere too impermeable to be a source of
supply .

Minor Aquifers and Aquiclud.es Above the Merch antville and Voodbury C].ays

Between the aquiclude formed by the Merchantville and Voodbury clays
and the Kirkwood formation is a sequence of’ aquifers and. aquicludea
ranging in thickness from about 400 feet in its northwestern part to
about 1,000 feet bene ath the coast at Atlantic City, N .  J. None of
the aquifers in this sequence is an important source of water supply
within the Delaware River basin, although 2 of them--the Rnglieh~~wn
sand and the Red Bank sand S- -are Important outside the basin in the
northeastern part of the Coastal Plain . However , al.!. are capable of
being used to a considerably greater extent than at present , should
the need arise and economic factors be favorable .

Englishtown Sand

Overlying the aquic lude formed by the Mercha ntville and Woodb ury
clays in the central and northern parts of the Coastal Plain is the

~~g1ishtovn sand , a minor aqui fer in the basin but a fair ly import ant
source of water supply northeast of the basin in I4oimiouth and Ocean
Counties , N. J.

The Engliahto wn consists of fine-grained to pebbly quartz sand.
and. a few inextensive layers of silt and clay . The sand contains
amA1 1 ~~~unts of mica and ~1auconite , and in places, some liWiite .
‘ocally it is cemented by iron oxide. In outcrop the Band is ‘white ,
ye].low , or brown , but in subsur face it i.e light tr ay . Clay and. lilt ,
which ar e not general ly abundant , occur mostly in the upper part of
the formation .

I
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The ~~gUahtovn sand becomes finer grained toward the south and
east and thins BOUthvftr d . It s maxJi n~~ thickness is about 3 ~O feet in
O ’ea~ County, N .  J . ,  but it wedges out and is missing south west of
Svede sboro , N.  J.

The sand beds prob~b1y are moderately to highly permeable , ‘where-
as the few layers of silt and clay are relat ively imper meable . No
data on any of the hydraulic coefficients ar e available, nor have de-
tailed data on productivity of wells been assembled . However, because
of the wide r ange in thickness of the aquifer , its productivity var-
ies greatly from place to place . Within the basin the n~,irlmt~n re-
ported yield per well is 200 ~~ n , but more probab ly could be obtaine d
in some places , particularly in the northeastern pert of the Coastal
Plain , outside the basin .

Mar aha3.ltown Format ion

The Marsha.lltowu formation is an imperf ect aquiclude. It over-
lies the Englishtovn sand in most of the Coastal Plain in New Jersey
but over lies the Woodbur y clay 1* Salem County, N. J. In Delaware
the Ma.rshailtown has not been recognized , but possibly equivalent
beds there have been assigned t~ the Merch antyille clay (Rasmussen
and others , 1957 , p. 117).

The )tar ahalltovn form ation consists of greenish-black to black
sandy clay end lent icular beds of glauconitic sand . Dovndip to the
southeast where the beds of sand become more abimtiant , the Marshall-
town resembles the Engliahtown ~aM and the Wenonah sand . The maxim~~thickness of the Maraha.lltovn in New Jer*.y is ~~~~ t25 fet~ .

Because It is thin and contains some slightly to moderately per-
meable beds, the Marshalitown formation constitutes a “leaky” or i’s-
perfect aquiclude . flown the dip , where it becomes more sandy, it
functions even less effe -tIvely as an aqu iclude and water moves between
the underlyi ng Engliah t uwn sau d and the overlying Wenonah sand where
the required hydraulic gr adient s exist ( Barksd.ale , Greeznnazi , Lang ,
and others , 1958) - DomeBtic suppiles of ‘water may be obtain ed from
the Ma~rsha.l1tovn ~i many places , and the sandy part s yield, as much as
40 g~mi to drilled wells ,

~~~~~~~~~ ao .~ !&~~.~f lt  ~s uz — .

Throughout ‘sob’ . of t,i~~ Coae tal Plain the Wenonah sand. and the over-
lying I4cunt Laurel band togethe r form a minor aquifer. In northern
Delaware , however , the Mount Laurel Band has been grouped, instead,
‘with the ovez’lyin~ N*vesiiik n~arl which it resembles there (Ra ussen
and others , 1957 , ~~. 118).



The Wen~mn~i~ sand is a slightly glauconitic , micaceous quartz
sand contain !r ,d i~~n~il hi n ia~-r ’r c  ~f’ s i l t  and, clay . The sand Is
mostly fire- to medi~c~-~.r~)ncd c.i~ t gray -~r black where unveathered.,
although In :utcr ’p it Is generally white, yellow, brown , or red.
In northern Delawar e it grades downward into the Merch antville
clay .

The overlying Moun~, La Lr -l sand contains more glauconite than
does the Wenonah sand, is sa2 -and-pepper-cslored , and is mostly
meditun to coarse-grained , though in o rthern Delaware it is finer
grained and contains considerablo ~r unts of silt and clay. In
places the Mount Laurel io :renen~~ hy iron oxide to form a brown
sandstone .

The outcrop of the Wc~~~riah and ~ -un ~ Laurel sands forms an jr.
regular belt ~ mile to 3 miles wide across the northeast part of
the Coastal Plain about 8 miles s ’utheast ~f the Delaware River .
Like the other formatIons of the Coastal Plain wedge the unit dips
southeast , end its top Is about 2,1140 feet below sea level at
Atlantic City, N. J. Near the out~’rop the combined thickness of
the Wenonah and Mount Laurel sends ranges from - - C ”  feet azid. Is
greatest in southwestern New Jer c~y. Dovndip toward the coast, the
thickness may exceed feet .

For the most part , the beds of sand in the unit are moderately
permeable . Thompson ( 1930 ) reported laboratory coefficient s of
permeability of about 570 and 890 ~~d per squar e foot for sand
samples from the upper and lower r-ar~ s of the aquifer , respectively .
An average coefficient of permeabL~~tj f-~r the aquifer in New Jersey
might be in the range of 500-700 ~~d per square foot ( Barksdale ,
Greez~aan , Lang , and others , 1958); hence the coefficient of tre.ns-
mi~ sibilIty of an average sect ir n  70 t’~~e-t thick would be about
35,000-50,000 ~~d per fon t  H w’~- ”~ r , one p~miping test at Bradley
Beach , Momnouth County, N. 3., ~,a-ie a transmissibility coefficient
of only about 7,000 gp1 per foot (Lang; S. ~~~., written caimtuntcation) .
The storage coefficient f r  this t~ ~t was 0.0001, which is indica-tive of confined “ ,nd it ions .

Few dat a are availa:-le ~ the p!)~uctivity of wells in the
Wexionah and Mount Laor~~1 san . ~~. ~rom the kno~ u ,~r~ perties of the
aquifer it may be thfe:’red ‘ hat- pro’p~ 1.y constru~ ted wells of large
diameter penetrating the entire aq~ufer  -~hou .d y:’:ld about 40 or
50 to 200 ~~n .
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Navesink Marl

Within the basin the Nave sink marl and the over],ying formations ,
the Red Bank sand and. especially the Nornerstown marl, for’s an imper-
fect or leaky aquicluda overlying the aquifer formed by the Wenonah
and Mount Laur el sands . The Red. Bank sand supplies only ~~kl1
~~~unts of water to veils within the basin and. Is missing in ‘such of
central and southern Jew Jersey; so in that area the Javesink and
Korneritown m~rla for’s one aquiclude having generally siiiil&r char-
acteristics. In Delaware the Javesink marl Ii sti.i1~~ +~ t~~~ under-
lying Mount Laurel sand nd together with that fO~~atton torma a poor
aquifer south of the Chesapeake end Delaware Canal end. ~~ i~~ertect
..q~1ielude north of the canal .

The Navesink marl consists of a green glauconitic lirny c lay
and sand and a basal bed. of shells . Clay ii most ab~n~~~t In the
upper part of the formation . Its max1i~ zn thickness ‘withi n the basin
is about 40 feet , diminishing toward the south to 25 feet or less.
The combined thickness of the Navesink and. Kornerstown marl ranges
from 35 to 70 feet .

Red Bank Sand

The Red Bank sand is fairly coarse grained , and con-
tain s clay and some glauconite in the lower part . In outcrop the
sand. is typic ally yellow or red dish-bro wn owing to oxidation cf the
iron-bearing minerals, but in subsurface the color is comeonly dark
gra y .  White ‘sicaceous sand and dark clay occur locally as do some
beds cemented by iron oxide . In Konmouth County, I. J., an upper
~~~ber--the linton sand member--consists of somewhat cemented glaucon-
itic, clayey sand.

The Red Bank sand sttains a thickness of 185 feet in the’ ~~~th-
eastern part of the Coastal Plain , outside the basin, but - thins
southward and is missing altogether in central and southern New
Jersey. It occurs again in Delaware where it is less than 20 feet
thick .

l’ew hydrologic data are available on the Red Bank sand , but it
is believed to be simil’sr in physical properties to the Reglishtown
sand (Barksda.le, Green’san, Lang , and others, 1958). Within the basin
it is not thick enough to be developed for more than domestic supplies,
but outside the basin it yields considerable quantities of water to
wells in lounouth and northwestern Ocean Counties , N. J.

- ~- - --.~~~~-~~~~---——— - - 
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Korneratowia Marl

The Rornerstown mar l, lowest formation of Tertiary age in the
Coastal Plain (table 4 . is scarcely distinguishable from the Nave-
sink marl , which underlies it in ‘such of the area. In the north-
eastern part of the Coastal Plain in New Jersey and in Delaware the
2 formations are separate d by the Red Bank sand, but in central
and southern New Jersey the Rorneratown and Nave sink ‘saris toge ther
form an aqui clud.e 35-70 feet thick . The maximum thickness of the
Kornerstown is about - feet , in Monmouth County, N. J., where it
confines the water in the Red Bank sand- -an aquifer of some Import-
ance in that area.

The Bornerstown marl is not a true marl--an unconsolidated, sedi-
ment containing a conside rable amount of carbonate as the term is
defined geologically- -but actually is a dark-green to greenish-
black glauconite or greensend. mixed with some glauconitic clay and
nongla uconitic sand . Toward the sout hwest , sand and. elay become
more abundant , end In Delaware it in difficult to distinguish the
Hornerstown marl from the over lying Vincent own sanc . At some places
the san~rphase~ of the Rorxaerstovn yield ~m~i1 supplies of water for
domestic use .

V~ ocent : vri S~tn d

The Vincentown sand gr adationally overlies the florner stovn marl
and underlies nearly all the Coastal Plain southeast of the outcrop
of the Rorn erstown marl. Rovever, the outcrop of the Vincentown ,
Itself , is missing in eastern Salem County, Gloucester County, and.
Cemien County, N .  J . ,  where it Is overlapped by the ~Irkwood forma-
tion (p1. -

The Vincentown sand consi pte of a fossiliferou s end somewhat con-
solidated limy sand - quart z sand . The limy
sand is more abundant within the basin , whereas the quart z sand lB
more abundan t in the upper part of the form~.tion , especially north-
east of the basin in Monmouth County, N.  J .

Down the dip the sand beds pinch out and are rep laced by beds
richer in clay and glauconit e . This change , which occurs withi n about
5-7 miles of the outcrop , grea1~1y restricts the area in which the
Vincento ’wn is useful as an aquifer . The form ation also thickens down-
dip toward the southeast fr om “~ -1O0 feet in outcrop to abou ~i~ 0 feet.
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No data are available on the coefficients of permeability, trans..
aisnibility , rtnd storage of the Vlncentovn sand. Eovever, the quartz
sr.nd Is at lean t. moderately perme able , as m~y be. inferred from its
med”.um to c~ nrse grain size and from well.’yiéld Inform ation. The
ii’ty ar.nd probably is less permeable because of its cement at ion and
r,.~~~vhat ~ iafler average size of grains.

Yie1d~ of veils in the Vincento~m sand range rather widely owing
in pert to the var iability in thickne ss and permeability of the for-
nation from place to place . Well yields as much an 300 ~~im are re-
ported fram the thicker parts of the aquifer in I orr~auth County, I. a’.,
and in th~ vicinity of Cu.l~~i , N.  J., but elsewhere , yields of 50-100

are rn~re cot~ion (Barkadale , Greennu~n, Lang, and others, 1958).
Prop erly constr ucted wells mi~ht be .~xpected to yield 1~0 or 50 to ~~0 g~’s
at most places in the aquIfer (p1. ,‘) .

Maria - - clua’l art ’]  SI’ is ~ h -r’ .r Marlu

The l!enc.aquen marl crops out In a discontinuous belt generally
les3 than a mile wide from C 1ei~~nton in eastern Camden County , N. 3 . ,
to the vicinity of Long Branch in !1oninouth County, N. J. (p1 . 6’).
Overlap by the Kirkvood format ion creates the long gaps in thiai belt,
and parts of the beveled edge of the flanasquaxi marl are covered by
Quaternery deposits. Beneath the surface the I.!c~zmsquon is present
in most of that part of flew Jersey east of a line from Cape iay to the
outcrop at Clementon . The Shark River marl overlies the llonasquan
and is known only in Monmouth County, N. J. :~ outcrop the xaaxlmum
thickness of the Shark River marl ‘~s about 11 feat , end of the
Kan asquan marl, ab out 25 feet . In subsurface the combined unit
thickens southeastwar d to about 20() feet at A1.la.nt ic C ity, N. 3.

The lover part of the Manasquan marl is composed chiefly of
glauconite (greensand), whereas th~i u~ ~ er par t is composed of en ashy
mixture of very fine-gr ained sand and greenish- white clay. The Shark
lUver mar l consists of a mixtur e of grE ennan d and light silty clay in
vhich the uppermost 2-3 feet is ce -tented.

The Manasqu&i and Shar k Rive r mar Ls form ~n aqu.tclude confining
water In the Vincentova sand,. Where the Vincentown is productive ,
the equiclude Is not more than 25 feet. thick and contains bed.a having
moderate penneallllty; therefore it probably is not very effective
as an aquiclude .
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Piney Point Formation

The Piney Point formation does not crop out within the basin and
v’aa nc..t recognized as a distinct aquifer in the area until Marine
and Ra~*ussen ( 1955) described the formation in Delaware.

The Plney Point occur s only beneath the southern part of the
Coastal Plain--beneath Kent and Sussex Counties, Del., and in the
southern parts of C~~ ber1and , Cape May , and Atlantic Counties , N.  J.
It rests on a surface eroded across the Manasquan marl, Vincentown
sand , and. aornerstovn marl; in turn It is overlain unconformably
by the Kirkwood formation. In thickness the Piney Point form ation
r ange s from near ly nothing along its northern edge where It wedges
out between the overlying and. underlying formations to about 290
f e e t  a~ Atlartic C ity, N. :

As determ~.ned ent irely from veil samples , the Piney Point forms.-
tion consists of beds of coarse- to fine-grained glauconitic , salt -
and-pepper-colored sand and greenish-gray clay .

All water in the formation is confined end is subject to recharge
only from adjacent beds , especially where they are relative ly perme-
able . No data on its water-yielding character are available , be-
cause the formation has been developed only slightly for water supplies.

Kirkvood Formation, an Important Group of Aq,uifers and Aquiclud.es

The Xirkvood formation, which contains several important aquifer s
in the Coastal Plain of New Jersey and Delaware, underlies practically
all the Cohansey saud in New Jersey and crops out in a northea st-
trending belt inland from the outcrop of the Cohansey (p1. “ • The
Kirkwood does not crop out in Delaware , but it underlies the ~uater-
nary deposits in approx imately the south ern two-thirds of the State
(compare pis. and ). It extends seaward beneath the Cohan sey
sand and , where sea-water encroac1~~ent has not resulted from ptmiplng
of wells, contains fresh water beyond the present shoreline . The
KirJttwood also underlies most of Delaware Bay .

The XIrkwood. formation lies on a buried surface of very low relief
cut on formations ranging down in the senuence from the Piney Point
formation to the Navesink mar l (table I Throughout most of its
extent, however , it overlies the Manasquen marl or the Vincentown sand .
The lower p.rt of the formation dips about 25 feet per mile to the
southeast, whereas the upper part dips a little more than 10 feet per
mile . The thickness ranv~~ from nearly zero along its northwest
ed.gc to r. r’ .bably m c r~ ‘ F a n  U t  eet L~’-ri~ a’.n t he  mouth of Delaware Bay .

a. ,—~‘~~~‘r -  - . -
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In outcrop the IirkvoOd formation consists chiefly of fine-
gra.ined micaceous , quart zose sand alternating with layers of silt
and clay of variabl.e thickness. I~ caU.y, beds of lignitic black clay
ar e prominent . The Shiloh marl ~~~ber, a highly fossilferous clayey
or silty sand , occurs at the top of the formation in southern New
Jersey .

In subsurface the proportion of silt and clay increases down
the dip toward the coast , but the beds of sand become coarser grained
end more permeable. Silt end clay are estimated to constitute at
least four-fifths of the total thickness of the Kirkvood formation
at Atlantic C ity ( Bark adale, Greeasan , Lang, and others, 1958).

Several prominent sandy zones in the ICirkvood have been designated
as aquifers: The Chesvold aquifer in Delaware, and its possible
equivalent , the “800-foot ” send, at Atlantic City , N. J.; the Frederica
aquifer in Delaware , separated from the underlying Cheavold aquifer
by about 100 feet of silt and clay; end some aquifers above the
“800-foot ” sand in coastal New Jersey, the highest of which may be
equivalent to the Shiloh marl m~~ber or to the Frederica aquifer .

Because of the absenc e of deep veils through much of the extent
of the Kirkvoo d formation , particularly in southern New Jersey betveen
the coast and the area of -outcrop , probab ly not all the aquifers in
the Klrkvood format ion are known .

Field and laboratory tests to date have indicated only moderate
permeabilit1es for the aquifers in the ~irkvood formation . Laboratory-
determined coefficients of permeability for several samples of the
“800-foot ” sand at At lantic C ity averaged about 860 mgd. per foot
(Thompson, 1928) . A pt ping test made in 1952 in the s~~e ar~a gave
a closely comparable aver age coefficient of about 880 gpd per square
foot for an 80-foot thickness of aquifer. flsewhere , p~~ping tests
and estimate s based on yields of individual veils have yielded ~ e~ 1 1-
er values--in the order of 100-500 gpd per square foot .

Coefficients of tranmaissibility derived in p~mping tests range
from 910C to 70,000 ~~d per foot , and coefficient s of storage determined
so fur are all about 0.0003, except in one test at Ancora, N. J .
which gave a value of 0.0Oi)li. The rem8rka~].y coflsistCnt values 3f st or-
age ~~effIcient may be just an accident because of the mna11 statis-
tical sample. These coefficients are representative of confined
condItir~n-a .
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Cobansey Sand, an Aguifer of Great Potential

The Cohansey sand , perhaps the most promising future source of
ground ’irater supplies in the Coastal Plain of New Jersey end Delaware
occur s at -~r near the land surface throughout most of the outer part
of the Coastal Plain in New Jersey--an area of about 2 ,500 square -
miles , of which about 1,000 squar e miles is with in the basin (p1.
The Cohazisey may he pre sent also in southern Delaware , but ow trig ‘~o
the difficulty of distinguishing it from the overlying Quaternary
deposits, its presence there has not been confirmed . In New Jersey
much of the Coha.nsey sand is b lanketed by the Quaternary deposits--
chiefly the ~~icigeton and Cape May formations--which are generally
thin but attain a thickness of about 200 feet in buried valleys and
in places along the coast . The outcrop of the Cohansey is a gently
seavards-sloping plain of low relief characterized by extensive
marshes along most of the st?eams .

The Cohansey sand lies on a hurled surface of low relief eroded
on the Xirkwood and older formations. The dip of beds in the Cohansey
averages about 10 feet per mil~ to the southeast , and the formation
extends seaward beyond the coast , beneath the Quaternar y deposits
(p1. ). The thickness of the formation ranges from nearly zero
where beveled by -erosion along its north western margin to about ?A5
feet at Atlantic City on the coast .

The Cohansey consists 1arg~1y of typically light.- ~olored quartz~se,
somewhat micaceous sand , but it also contains lense r~ o~’ uilt and clay
as much as ‘

~~~ feet thick, and some gravel The sediment s Wobabl.y
were deposited in estuaries -xt~ deltas except toward the southeast
where they may have been ~ep~~’i~~ d in the ocean . 1~ e average grain
size of the mate~ials -~c~r~ast-s ~c .utheastward; and. beta of silt and
clay become thicker and mc-rt-- abundant near the coast .

O On the wu- :.Le , the Cohaziaey :~j .od. it~ a highly pE ~al~~- formation.
The coefficient of permeability rf the well-sorted meditmi- to coarse—
grained sand probabi., is exce~ i.~- - i oniy by acme of the sand and gravel
in the glc.cial-outvash ~n I  cLa~~. 1-fill deposits of Pleistocene age .
Coefficients of permeability for the ~~an.~ey, determined from p~~p-
ing tests made 1~ C umher ’~u A-1 , At 1-tn~ ic , and Cape May Co’.jnt las , N.  J . ,
range from about 500 to ~-r e than 5, 000 gpd per ~ -juare foot and aver-
aged more than 1,000 - per s~ -ia ~~ 4 co~ ~tab le

The transmissibility ang~s from rnod.erate to high, depending in
part on the thickness f the ei~r~ !~~-~~~. C- ff1-o i~~ts o~ trausmissibil—
ity determined from the p~szj in; ~~~~~~ ~-‘lte i in ¶.~~~~‘- range from about
40,000 to more than 200 , C~ u ~~~i p~-r foot - AU 4 het¾? values are based
on lese than complete penetrat 1 o.~z of thor Cohansey and ben~e are too

-5 — -— -5 . -— —
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low to be representative of the full, thickness . Even so, they are
comparable to transmissibility coefficient s determined for the aqui-
fers that at present are most productive- -those in the nonmarine
sediments of Cretaceous age (table 2).

The coefficients of storage from the tests listed in table 3
range from o.ooo8 to - 0.002 --values representative of confined
to s~~icon.fined conditions rather than of imconf’ined conditions .
Such stor age coefficients are not representative of the specific
yield, which as determined by laboratory tests , is about 0.25. If
p~~~ tng of the confined sands should. pr oceed at any place to the
point where the piezometric surface falls below the confining layers ,
then values of the coefficient of storage would approach or equal
the specific yield .

Modern drilled wells in the Cohansey sand may reasonably be ex-
pected to yield between 100—and 1,000 g,~mi and e~rén higher yields may
be obtained without excessive drawdown in places where the thickness
of the aquifer exceeds 100 feet .

Be’a’-~-n H~i~ Cc’-.~~1-  a Remnant CaD

The Beacon Hill gravel, or Bryn Mawr gravel as its probable equiv-
alent is called in the Piedmont province (Richards , 1956) , occurs at
widely scattered places where it ç~ ss broad hills and. ridges. The
Beacon Hill occurs at only 2 places in the portion of the Coastal
Plain within the basin but caps about 25 hills outside the basin in
Mo~~outh , Ocean, and Burlington Counties, N. J. (p1. 6 ) .  In the
Piedmont In southeastern Pennsylvania end northern Delaware the Bryn
!4avr gravel caps several broad intar str eem areas at altitude s of

• about 300 feet .

The Beacon Hill gravel consists of highly- weathered deposits of
sand, gravel, silt, and some clay which are in places csmented by
iron oxide . Some of the pebbles are so weathered that they onmible
to tripoli--a friable or d.ustlike silica. The Pliocene(?) age listed
in table 1 is uncertain , because no fossils have been found in the
formation .

Because of its position on hilltops above the water table , wells
in the outcrop pass through the Beacon Hill gravel int o saturated
materials below. Therefore its hydrolo gic significance lies in its
funct ion as a moderately te highly per meable intoke area for the
underlying formations (p1.8 ).

____________________________________ - - •._ ~~~~~~~
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Quaterna ry Deposits--an ~ 1portant Group of A~uifer s
and a Portal for Ground~~ater Recharge and Discharge

In the Coastal Plain the uncon~olidated sediments of Quaternary
age comprise several geologic format ions and units that overlie the
older formations as valley fills, thin blanketlike masses , and. scat-
tered caps on ridges and hills . Wjth the except ion of relative ly
th in deposits of Recent age along streams , marshes, and beaches,
these deposits were laid. down during the Pleistocene epoch , or Ice
Age , as it is often called . All, the deposits therefore are less than
about a million year n old and. are much younger than the underlying
Cretaceous and Tertiary formations (table 1). The Quaternary deposits
are shown on a separate geologic ma~ (p1. 7 )  because they mask the
Cretaceous and Tertiary formations i~o extensively in some areas that
the relations of those form ation s cQuld. not be shown on the same map
with the Quaternary formations . The extent of some of the Quaternary
formations has not been defined ac~urate]..y in much of the region,
partly because o± the lack of detailed geologic study but at many places
also because of the difficulty- of distinguishing these formations from
the underlying formations of Cretaceous and. Tertiary age .

Brid,geton and Pensauken Formations

The Brid.g eton formation and younger Pen sauken formation are
blanket like deposits of q,uartzose ~rave1, sand , and silt in broad inter-
stream areas in the Coasta l. Plain (p1. 7 ) .  The Brid .geton is general ly
somewhat more highly weathered than the Pensauke n but the two forma-
tions are very similar . In places it is difficult to dist inguish the
Brid .geton from the coarser phases of the underlying Coha nsey sand .

The Bridgeton lies at altitudes more than 150 feet above sea level
in centra l. New Jersey - and above 100 feet in southern New J ersey, where-
as the altitude of the base of the Pensauken declines southward from
about 100 feet in the area between South Amboy and Camden , N. J . ,  to
30 feet south of Salem, N. J. The Pensauke n occurs also northwest of
the Fail Line in Penns ylvania where it lies at altitudes of as much as
170 feet above sea level (Bascom, Clark , Derton, and others , 1909, p. ia).

Both the formations were deposited in broad valleys by the ancestral
Delaware River and its tributaries . The Bridgeton formation is as much
as 70 feet thick , but the Pensauken general4’ does not exceed about 20
feet in thickness (Cam pbell and Basccan, 1933).



Although thes. formations are extensive in many part s of the
Coastal Plain (p1. j ,  they are scsrc.].y thick enough to provide
large supplies of ~~~~~ to wells . Nonetheless , they act as permeable
entry areas for ground-water rechargs, and where they overlie permeable
forma~~.ons inch as the Cohansey sand and permeable beds in the non-
mar ine Cretaceo us sediments, they constitute water-table aquifers in
conjunction with those formation s, as shown in the schematic dia~~em,
(p1. ~) .  Where they overlie aquicludes or less permeable beds the
~~id~.ton and. Pansauken probably are capable of yielding only ~~ ii 1
supplies sufficient for domestic or ml1_fsra uses . In such situ-
at ions the water they contain discharges naturally along a line of
seeps or ~M 1  1 springs near their base.

Unclassified Deposits of Pleistoce ne Age

The unclassified deposits of Pleistocene age include a variety
of materials that do not belong to the Bridgeton, Pensauken, Cape
Key or Telbot formation and whose proper ass tgi ent awaits the find-
ings of future field investigations. In Delaware these deposits
were aasi~~ed to the Wicomico formation in the U. 8. Geological
Survey Geologic Atlas Folios (Miller , 1906; Bascom end Miller , 1920).
In New Jersey the unclassified deposits were described in the U. 8.
Geological Survey Folios as a discontinuous mantle of surface mater-
ial whose age, in many places , is not determinable. Owing to their
thinness and uncertain extent the unclassified deposits in New Jersey
are not ihown on plate

The Wicomico formation in Delaware is described as a broad
blanketlike deposit of loam, sand, gravel, and scattered boulders
which lies topographically above the adjacent younger Talbot forma-
t ion (Killer , 1906) . The Vicomico, which is as much as 50 feet thick ,
is reported to be somewhat fine grained toward the top .

In New Jersey the unclassified deposits include a variety of mater-
ials ranging from silt and clay- to coar ie-grained send and gr avel.
The deposits generally are only a few feet thick and at many places
they closely resemble the weathered part s of the underlying formation.
of Creta.ceous and Tertiary age .

The hydrologic properties of the unclassified deposits are not
well known. Probably they serve primarily as a moderately to highly
p.rmsabl. blanket through which recharge enters the underlying aqui-
fers or th.r ough which ground water dischar ges. In Delaware, buried
valleys or channels filled by deposits provide large yields to favor-
ably situated well..
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Cape May and ‘Pa l hot Formations

The Cage May formation and its probable equ ivalent in Delawar e ,
the Talbot formation , form a rough ly wedge-shaped mass thinning in-
land and having tonguelike extenøions up the larger stream valleys .
The Cape May includes broad , blan ketlike deposits and channel-f ill
or valley-fill deposits which mci be more than 100 feet thick in
northern Delaware . The exact relationij  of the Cape May formation to
the glac ial outwash to the north are not known , but the coarse -graine d
gravelly deposits in the broad valley adjacent to the Delaware River
near Trenton , N. J . ,  have been d~~crlbed both as outwash and as Cape
May formation in earlier reports (compare Greeninan , 1955, and Bascom ,
Darton , Kthamel, and othe~’s , 1909). Richards (1956 , p. 89) believes
that no sharp lines exists between the Cape May formation and the
glacial outwash . Parts of the C~ r,e May formation near the coast are
of marine origin , and the upper part of the formation includes estuar-
m e  deposits of c lay and silt .

Much of the Cap e May and Taibot formations consists of stream-
deposited sand and gravel that are much less weathered than the depos-
its of the Bridgeton and Pensauken formation . Where such deposits lie
in buried valleys more than 100 feet deep , 1a’~ge yields may be obtained
fr om dr illed wells . Rasmussen and others ( 1957 , p. 12)4 ) reported
yields of as much as 1,000 gpm from drilled wells in these buried val-
leys in Delaware . At present , however , the location of the burled chan-
nels and valleys is known only in a general way in northern Delaware
and in Cape May County, N. J.

Toward the ~‘oast the estuarine deposits of clay and silt in the
upper part of the Cap e May formation confine the water in the under-
lying leposits of san 3. and gravel. The top of this silt-clay aquiclude
i~ as much as 30 feet above sea level, but the underlying sand and
gravel extend below sea level; therefore the ground water of these de-
posits is hydr aulically cont Inuous with sea water . Such conditions
make it possible I’or salt-water encroachment to take place ~here p~.mip-
ing has lowered water levels below sea level. In some places encroach-
ment already has occurred .

Together vith the glacial outwe.ah the Cape May and Talbot forma-
tions constitute one ~if the most promising sources of ground-water
supplies in the southern part of the Delaware River basin . Yields of
several thousand gallons per minute to individual wells are possible
in places , especially where rechar ge may be induced from adj acent
streams and other fresh-water bodies.

_ _  - -
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Basin-Rim Sand

Thr~~~ hc~ut 1~ u’t s of the ~
‘ 

~~~ ~a1 P1La :. ure small , ~j~nerally ellip-
t i i- al basins ,  the r ims of wd L~ :i , and n p laees the interiors , are
f - ~~~’~i h ~: -iepos~ ts  ~‘aJ basin—rim :;an~ (Ra ~~ us~;en , 1)53). The upper
par j i sis ts  of ~~~~~~~~~~~~ ‘r. a id  silt , ~ibereas the lower part is
a - Mr~~:;.~t of redd -b . -e~ .~ p ~rly : ~-teJ c Dar ce— draiae l sand a~m~ gravel.

The basins collect runoff, allowing it to infiltrate to the
ground-water body , or where the underlying materials are saturated ,
the basin centers are sites for large evapotranspiration losses. Thus
the basins function as port als for recharge or discharge of ground
water , or for both at different t imes of the year .

Glacial Outwash and Alluvium

The glacial outwash was deposited by streams flcwiri~ from the
continental glac iers that occupied the northern part of t i~c basin .
The most exi-~ nsive and perme ab le outwash deposits in the Coastal Plain
are those of t. ” Wisconsin glacial sti~~e ~~~~~ oc~ u y  t~te broad valley
adjacent to -t he Delaware River near Trenton. Older outsQasli deposits
are herein grohped with the Pensauken formation and possibly the
Bridgeton formation . Thin alluvhnn of Recent age is ~~‘ouped with the
underlying outwash of Wisconsin age because of the difficulty in dif-
ferentiating the 2 deposits and because they are hydraulically con-
ne-~ted . The glacial outwa~~ appears to be mixed with s ~iar de-
po~ it of the Cape May f-~nrr .ti~

--
~n downstream from Trenton . N.  J . ,

( i i .  7) .

The glacial-outwash deposits which are largely relat i--ely Un-
weathered sand and gravel , are highly permeable and yield as much as
l,(50 g~mi to wells in southeastern Bucks County, Pa. , (Greeninan ,
1955 , p. 39) .  The outwash is quite similar in hydrologic ~:ropertiea
to the coarse-grained part ~f the Cape ~4ay formation .

Marsh end Swamp Deposits

The marsh ‘and swamp deposits occur along the streams and tidal
estuaries and consist of dark silt and clay mixed with organic matter .
They are all ~-r part ly covered, by water most of the time and generally
ar e in such a 1 se , flocculent state that appreciable recharge and
-iiscaarge may pass through them . Along bays and estuaries the marsh
deposits may serve as portals for selt-vater encroachment into under-
lying shallow aquifers In whleh the hydrau11~- head has been lowered
below sea level by pumping or h~’ drainage operations that reduce fresh-
water head ~t~ove sea level. ij ~j ~-‘r natural conditions t h e  fresh-water
Larshes ani~ suer-ps are pr ~v.hly the sites of ereat quantities of
r~- —w~~ r -r tiseh~ r -

~~.
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Peach and Dune Sands

The beach and dune sand s consist - of loose well-sorted sands alont~
the beaches and of’ f’shore bars. The total th ictness of these deposits
probably does not exceed 30 f eet , except near Lewes, Del., where dunes
are as much as 8o fee t- high . The beach and dune sands act as a per-
meable collector for  r~ char -~e which in places may be transmitted to
the underlyin~ Cape ?~tay formation. Also , they locally provide small
supp lies of f resh wa t er for domest ic use along the shore .

RECflAR~E Arm DISCHAW’.E

Under natura l conditions t,he aquifers of the Coastal Plain are
rechar ’ed lar -~ely by in f i l t rat ion  of precipitation on their intake
areas , which consis 1 either of the outcrops themselves, or the over-
lyInr blanke t of Quaternary deposits ‘p1. 8 ) .  Seepage from the head -
wate r reache s of strea n s may contribute a small amount of additional
recharge .

Some buried aquifers receive recharge from adjacent aquifers
across the Interveninr~ aquicludes, but such recharge does not con-stit ,ute a net ~ain of water in the system.

The avera~e rate of natural rechar :~e to the Coastal Plain aqui-
fers has not been determined directly. However , a 2-year water
budge t was made by Rasmussen and Andreasen (i~ ~) for the drainage
basin of Beaverdam Creek , an area of l,.5 square miles in the Coastal
Plain of ?‘~ ryland about- 50 miles southwest of the mouth 9f Delaware
Bay. The physical and climatic conditions at Beaverdam Creek are
believed to be similar to those in the aquifer intake areas in most
of the Coastal Plain in New J ersey and Delaware . Ra smussen and
Andreasen found that the avera ~e rate of Inf i l t ra t ion or recharge
was a l i t t l e  more than 1 rn ’d per square mile , which ariounted to
sli ‘h~iy more than half the average annua l rate c r  precipitation.

A semi-independent check of the results of the ~eaverdam Creek
study is provided by an ana~lysis of pre cipitati-’m and runoff data In
the Coasta l Plain of New Jersey and Delawa re . Table )~ stmmm rl zes the
data derived from maps prepar~~ by ~he U. S. -~eoloc~ical Survey and.
‘he U. S. Weather Bureau showi n~ precipitation , water loss, and run-
off , and from base-flow recession c~irves and streamflow hydrograph s
developed by t-he C,eolc~~j cal Survey.

The values of preci pitation , water loss , and runoff are avera ge s
for a 30-year period ( 1921-50) and thus are virtually unaffected by
any chan~e in the quanti ty of water in storage durin~ the period . The
last item--base-flow , chiefly -‘round-water runoff--indicates the lower
limi t of the ground -water discha r~e, and also the lower limit of ground-
water recharge , because not all ‘r wnd -wate r rechar~e eventually Is
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diBcharged into strea ms ; a large part is discharged “-s evapotr anspir-
ation, and some ground water in the Coastal Plain is discharged di-
rectly to the estuaries, bays, and ocean as unmeasured outflow. Total
ground-water discharge, then, includes a part of the water loss in
t&ble ~4 as veil as all the base flow (ground-water runoff) .

Total ground-water recharge--or discharge--may be calculated as
the sum of the base flow of streams, the -discharge of ground water by
ei-apotranspirat ion , and the unmeasured ground-water outflow beneath
and between stre ams . Two methods of calculating the recharge or
discharge are used in the following example . In both methods the base
flow is estimated to aver age about 0.6 mgd. per square mile (tab le 1 + ) ;
end on the basis of the Beaverdam Creek st~udy ( Ras mussen and Andreasen,
l95’~) ,  ground -water discharge by evapotr ans~ irat 1on is estimated to
be about 1+0 percent of the total evapotranapiration loss.

In the first method , unmeasured ground-water outflow is assumed to
be negligible ; hence all the water loss in table ~ is assumed to re-
present ev’apotransplration. Thus, base flow (0.6 mgd per sq ml) +
ground-water discharge by evapotranspiration (0.4 x 1.2 = 0.5 nigd per
sq mi) = total ground-water recharge or discharge (i.i mgd. per sq mi).

Table ~4. --Water budget for Coastal Plain of Delaware River basin
and New Jers~y

Approximate Average Average per- Average
item range (mgd (mrd . per cent of pre- percent

__________________ ~~~ sq. ml) sq ml) cipitation of runoff

~recipitatl9r~ 1.9 - 2.3 2.1 100 -
later loss LI 1.1 - 1.1+ 1.2 57 -
~unoff .65- 1.2 .9 1~3 100

Direct runoff - .3 14 33
Base flow - .6 29
(chiefly ground-
water runoff) 

_______ ________ _____________ ___________

~~ 
Largely evapotranspiration, but includes some unmeasured ground-

water outflow .
~~/ 

Estimated value based on an interpretation of base-flow recession
curves and streamflc’w hydrographs for Coastal Plain streams in the
Delaware River basin and New Jersey . The value for Beaverd am Creek
basin, Md ., was nearly 72 percent (Rasmussen and Andreasen , 1958) , or ,
allovined for change in storage during the budget period, perhaps 74
percent .
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In the ~e - ~n-~ met:ia-~ . ~~r( Ufl —water r ,u t f l eW -~~~~ assumed 1.
be 0.2 m~~i per square mile (probably a maximum, rather than a likely
value); hen:e , the  tL Lal eva~ - ransairation loss is re -~e~ from 1.2
mgd ncr  squar e mile (table 4 , to 1 .0 mgI per square mile . Thus, base

~iow (0.6 mgd per sq ml) + ~r- .n’~-water dts ~narge by evat t ran spirr~ ion
(0.5 x 1.2 = 0.~ tngd per sq mi)  + unmeasured rnun 1-water nu~ flow
(0 .2  m per so m i )  = trt.aJ :~ -~i — ~-rater re- -I1ar~ e or - s- -hari:e
(1.2 mg~ per sq ml).

These values are :~ppraxirate a’~~ra2es f- ~r the en ~~ Coastal Plain
in the Delaware River basin an 1. tev Jerse :,’ and are in approximate
a~~’eement with unpub -lishe-i U.  2 .  Gc- loi~ica 1 burveJ data obtained from
hy .tr’) loGte ~ ‘i~ s at Bro~khaven . Li r ~ Island , N.  Y. Rather large

-~ev~ atLu nn fr om the averages nil;,hU be expertel in parts of the area,
as indinated by the ran-icc in values of precipitat ion , water loss, and
run ff  shown in table 14.~ The average values also apply approximately
to the part of the Coastal Plain entIrely wi th in  the Delaware River basin .

The estimated. rerharyc is in n ose agreemer~i with . thoug1~ a little
greater than, the 1 mgd per square nile esttrr4a: ci f r the 5eaver~arn
ire’-~: basin.  The sligh t ly hiyher renharde est imate f~r the Coastal
Plain of ~cw Je rco ’; and Delaware ma~ r~’ tie -t its somewhat rea~ er aver-
age are- - ip i t a t i n n --t . d  mgd per 5 -doare n t - - a s  c-~np a.rc- . w i th l. ’ mgd
rer square mile for the d u e  - rer lod at 3€ aver 91: ~

‘n- k .  In any - ‘ase ,
an estbnat ed aver age re~harge a t 1.]. mgd per square r.ile i - v  the Dela-
ware Ri ver basin and an acent Cons - al Plain is asn~zne . an 1 is bel ieve- :
to be ~nservat ive .

The area of the C -astal Plain In the Deia~ar~’ River basin . t x n l u :-

~ng nal:-water marshes, bays , and estuaries , is auctt 2,750 square m les.
Th an , if the average r er -har gc- far  this area is 1.1 mg ner so mi , the
average recharge to groun i water ii’. the Coastal Plain in the Delaware
RIver  ban n ~s ab~~t 3,000 mgd . 3’- - .‘ompar’.n u this is eçuivalent t~
an on ’  1i0 per -ant  of the fl ow of ‘he Delaware River at Trenton , N .  J . ,
wht ~h Is about 7 .~OO mgd , an - ;ih i - h rep resents the rui -vit ?r- on ‘ha ~ par t
of ‘he basin above ~~~ r t ~ - , ab- u~, 6 , 30 scr -u’ -~ miles. An an- 4 her ~‘

icon . j i  ‘~ar- -’~ from p ripe veils in the C- etc at PiiaIn of  the baa in was
en- n a :  to average an c )u t  212 ago for 1-;) r -57~ which is ( r err en f

- 1- oct unate 1 tal na~ ra t j r - - a u - — w at er  dis harge of 3, 000 mgd . But
par. -of no water purnpe retur. n to th e aqu 1- ‘r s ;  h, :. -o , he ric~
-nan -c -~f groun d w-a~ e; by 1~~ ra :uf: is even less than I per ~ei4t if

natural i iseharge . Aqui fe rs  a t1~e nonni ar i n -  sedirnen S of Cn- -t ar eru s
age—- tb.’ lowest in this wedCe of deposits in the Coastal Plain --
:,‘ield the largest p r o p o r t o)u  of the total ground-wa er pi.nnpage
at er”sent (slightly more than half in 105 -57), but the -lep- sits of
Quaternary age are ace -am [ne; increasingly ünpor cant , and the Cohansey
sand offers perhaps th e greatest -potential  for future - c v t ’ -rn -n t - .

~~~~~~~ ~~~~~~~~~~ . - -
~~~~

-‘-_: --
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An a rough app r v-.imat on. g, i-rca rily to in- I  r ate v - icr  of magnitude ,
the p o t en t  ird ly matiati e r- ’ uri -- ;a ter  supply in th~ Coastal Plain part
-~f r Ire De Lawai- -~ B k-er basin is arir :rv ’- ] to equal toe average discharge
of gr and water as base 21 w in -enms - -  1~ -

‘ mgd per uruare mile
(t ai k’ !~) .  Tb:n  assumpt tan is consevva’ tve . because part of t hr -  nat ural
dlc  -b ar -c of gr~~I n - :  wa -et- by - - t a  trar- ni j r - a t  b -n  also may be rer overed
far u se as water levels rare ic- we re by in -reaseu pump~ ng.  Hen~-e , the
r-~~ e~ iailp a-raiiable gr :.unJ -w1- t ar supp ly w t thin t h e  C ant -al Plai n of
the 1a3In is :St ij f lCted tu  be 06 ag-a p er square mile :-: 2 750 square
m i i e s  = about 1. -t°~~~- . .  T a-et- )r~~, b :rase fl t use (l9 ~~— -57 ) is about
one-etgh~ 1: of ti~ :.~ pote ’-. - tel , lvi. be .o.nze nart. of the water pumped
not - - I n s u m e r and ret in ’ns to the aqui. ers , t h e  net Iis’-barie of jroaa -

w a t e r  by p~soi in~ less than one-n iJ Ub of the potential . Howeve r ,
be ause of p r a n t i -ni l imitat ions , chiefly economic , it is estimated that

- sly aii :- at one-half of the p tential ground-water supply , -or about 800
-- an be iev elc-pc-i .  It cha ui-i be en rahasizo r , moreo~~r , that the

a’ -  supp ly ~s cc n-d y a part c-f the tota l  water supply, includ—
lrr : water L r - ~n surfa c or-:cr. dhaul l it or-ave a-are feasible to -- .evelop
r an -st  of the s~rpplies fr en znria;e sear-sec rather  abai i f rom ground water ,
the groun-i-;Tater nor~-.iy -.bat --cal-i feasibly be developed in the Coastal
Plait .  night be substantially less than 800 mgd .

Fur-s i:I~ -of a-ra in-i we.. er has ia-tu e.: re- harge fr- i strea -ors an i  other
of sa r fa--e  wat er  vharo - pr-i log has reverse I the natural hydraulic

.~ra t~~n s t - -ran the n i r f a  c-vat cv 1 .n- l ies .  Wbcr ’~ the svrfa~-e-waterb o-i ic~ — .r- - fresh . the ro Paced re b-a-i -e — t - r en -rrr t s the ret~n —water supply;
bet whet - -h e  s r  - a -r -aa ’ sr bodies a - c salt ;’ , the saline water replaces
- h ’  r unpe : i’cnh w e t ;’ in the ac,- 1h2 a ru.

Thu largest ar-aunt ;2 l i - 3 eJ re--harate occur s a~ m a -  the Delaware
Rive r ezt :a-;- or l aw  2’c-nrP on , . J .  wh am several w-:-il fields -e~~ both
sites of tire eat -avg are :ril - m- .onw li ’.g large r-:, ants of wcra or from t h e
n an m ar ‘ tie SC i:fl - : tS :2 ‘ ~ i.n.’ - - -- 3 ag . ‘ii.: pr - sent in’- rat of induced
re barge is not :e ~r 1 , bit hr -n icotict -an- crY u t t e r  a planned system
of - :evc1 ; ; - i -ce~~t. sony -~x :e’- - b 100 n a - i  (:ar :5 talc . Cr -or~nrsnn - Lang , an i others ,
i95~ ) .

Over a long enough p-cr Led of h o e  c’~anges in st- rage ran be ignored
bec ause re~-1ravge approxtmr .at ely ccs uals discharge . Dy far the greater
proportion of total  discharge oc :.:rs at natural outlets--stream channels ,
es iar ies , bay s , the ocean . c nings and seeps, lakes and ponds--and in
marches , and other 1 u-lying lands where t h e  water table is suff i- ie nt ly
near the land surfar- e to. all ;w 1i~ sh arge by evapotran spiration . Deter-
mination of the :nagn~ tu P of the dic’-tm -.arge through lhocr outlets would
require eta: i~ - wa c- r- h -a - 1 g-~t st ud. i’’ r whirh are rostly in terms of t ime ,
ef l r ts , and money . As a consequence such studies have only been at-
tempo - in a few places; b n  t h i s  par t f the country . However , the approx-
imat e nagnit  o. to of -i iu’ -har ’gc to streams and as evat otranspiration was
in~h i : a4 eo ifl the pre r ’edirrg dis - .~~n l -  ~ ( p .  38, 39 ‘

, an is believe d to
be suff ic iently  accurate tim ex- ’ept in unusual circumstances of local
1:01. -rtan-’e , eu- - h costly w a t . - r — h i m  get Si u i i e~ need ti - t be man e.
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P 1 - 2J’.db OF M OVEMF~ T

Where not si fe c-s by pumpia. , most ground. water in the Coastal
Plain moves fi- r- h a-): parts to trw part s of the intake areas or to
the out cr --s ot ~lu quii e -’~ (pis . 6 oh! 7 ; the quantity moving
through the aj;b f~ r~s and aquicl- . r .es ciovndi1i from the intake areas is
relat ively ~nall ( Barksdale , Greerunan , Lang, an- i others , l95~ ) ,  even
though the luaL . 1.:-:,- in stcx-~~~ an very large . In the intake areas
the water et iben is unconfthri— - -ar 1~ semicorafined by 1.nextensive lay-
ers of silt an : elat - - and i r e configuration of the water table is
somewhat like ti -at of the lanc ~ur f a - t-’ ‘~x :ept that it is more Bubdued
and regular . H, -u ’aah i - - ~a- -i,e ’ ei t5 aie reiatlvely steep and they slope
toward areas uf a i uh a r g e~ (i~ i’~ear i~e base of the aquifers; or
( 2) along stre & . - cnarui els arra mar8hec- . The gradient s are much gent-
ler in the conf:neci or an’tea~~;e~ ~arta of th € aquifers , which accounts
for the Bmaiier quan t it ie e of ;~ater movement in the artesian systems .

Unfort uxiaae~ y ,  com-prenens .ve , regional water-level data are lack-
ing for nearly all the aqeifei s in the Coastal Plain of New Jersey
and Delaware . I lmos-r all water-level data are for small areas in and
near well fieldi , where tne nr .ti ~ pattern of ground-water movement
has been altered radi ally ~~ ‘sr:ir ~~, and ~t would be impossible no-v
to reconstruct r h e  ortginar .  water babies and piezometric surfac~ a.

Some useful informat ion is available , however , on the native
pattern of movement of water in -the nonmarine se—3J~~ent s of Cretaceous
~~e. Plate 1. shows the theoretical flow pattern in the nonmarine
aediments un re: - natural c- nd i tion~ , as postulated by Bark,~dale ,
Greerunan , Lang ; and other s  (l’~58 “1!. 18). The theoretical flow pat-
tern is basec~ or mot - ; - - -itl sbn~ tj f :od as’s-i mipt ions am: - does rio t , there-
fore , indicate i he  ac t ia~ -c-md ’ . — ; a s in detail.

For example , tif jnterface be~tween sat  .J~ter ru ii  fresh water is
not a sharp v~ r* ical line as .it a-ri in plate It,; rather , it probab ly
is a zone of some th ckness at,- . us more near.uy horizontal than ver-
tical . Thus , t 1’~ h.laad ~xten~ f sal t water ii; considerably greater
in t -  -

~ lowe r p a - - c  of -the unit; t~~~~ L~ the upper part .

However, th~ map Li t~~ h~ ve~ an aho~ adequately the general pat-
tern of ground-~ratex nrovemew. ~~~~~~~

-
. tiao extent of ;r csO water in the

no arin -~ -~edime nta et- : . re  z.~- :  - di~ 7e ia-pmemr -a - In part , the validity
of the theor - i al flaw ~att-e a o iim a - - ifirmed by the earliest water-
level data icr we u.s peii~ -r~a ~~~ Usie - uiori.rine sedime n ia s, and the
posit~ - -u of tn~ uite:’f ~ce bcuwts~ i~ sa1-~ water ~~i-a. fresh water is sub-
stantiatci :m a get ul a way at r~ few places where deep wells either
have been th’ii~ L a -  on bc-ti. ~- de3 0r ;n int e r face  r have penetrated
it (i~:u’k sdale , Creenn - ua ., b : I L~~~~, ani u ’-he; ii , 1958 )



The map shows that most of the water that m o  ies ahrou)i the
ied , artesian portion of the nonmarine sediments travels circui tous
paths from two relatively high intake areas--one northeast of Trenton .
N. J., the other in northern Delaware--to discharge areas along the
Delaware River estuary below Trenton and along Raritan Bay .

Bear in mind , however, that a greater quantity of water move s in
much shorter and more direct paths from -high to low parts of the in-
take area and discharges into the Delaware and Raritan Rivers and
their tributary streams .

Less is known about native patterns of movement in the other aqui-
fers having intake areas along the inner northwest part of the Coastal
Plain. In some respects , the patterns of movement probably were siw.-
ilar to those in the norunarine sediment e , although because higI ’l-leve.L
and low-level intak e areas are not as distinct as in the nonmaririe
sediment s and because the aquicludes are more perme able , more water
moved dovndip toward the ocean and baye end dischar ged by slew ur -war~t
movement across overlying aqui e ludes and aquifers . As in the non-
marine sediments , the gr eatest quantities of water mo ved relatively
short distances to discharge points in the outcrops or intake areas .

The predominant movement in the Cohansey sand. and -;vcrlyt :ia-
~uaternary deposits in tue outer part of the Coastal Plain was . uOJ
for the most part still is , along relatively short paths fro--ic intak e
point s in the broad , flat interstreazn areas to dischaa’~e poi n t s  along
the adjacent streams and marshes. Longer and more devious r r & th ~ are
followed where there are layers of silt and clay , bu s . sucs layers
are not extensive or thick except near the coast or the sbirez of
Delaware Bay .

Artificial discharge throug,h pimiped wells has changed the rat tern

j f ground-water movement considerab ly In parts of the Coastal P 1--Wi .
Water now is diverted from natural outlets and moves toward the ~nped

4 areas , generally from all directions within the Influence -if  th - - one
of depression that surrounds piriped wells .

The greatest changes have occurred in the most heavily pun pe
areas , principally along the Delaware River estuary from Trenton .
N.  J .,  to northern Delaware, In the vicinity of Raritan Bay, ant

f along the coast of New Jersey .

Large-scale ptmlping of ground water from wells in the norunarine
sediments along the Delaware River estuary in places has diverte i
water from i ts  former paths leading to discharge points in the chan-
nel urn! ha; induced movement from the river Into the aquifers at
those p laces. Also , hydraulic gradients from the intak e areas have
been in- ; ;-”-nse t , ant  the loss r f ’  natural discharge to the river in
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some cases has bee :~ exceeded by the gain in ar t if icial  -~1scharge in
the p~~ped areas . Some ground water has been withdrawn from storage ,
and recharge to the aquifcrs probably hPG increased .

Northeas t of the basin , concentr E .ted pumping in the intake area
of nonmarine sed iment s along the Raritan and South Rivers has induced
large quantities of recharge--some of it of very poor quality--from
those streams ( Barksdale , Greenman , Lang , and others , 1958).

Along parts of the coast in New Jersey, heavy p’~nnping of water
from artesian aquifers , particularly fr om the “800-foot sand in the
Kirkwood. formation at Atlantic City,  has greatly lowered the artesian
pressure . There , over an area - - ~ 20 or 30 mile s along the shore , where
prep tmiping water levels were about 25 feet above sea level, pumping
has lowered. the head to more than 15 fee t below sea level. Thus ,
this represents a total head loss of more than 100 feet (Barksd.ale ,
1911.5, p. 565) , and has caused movement of large quantities of water
downd.ip toward the centers of withdrawal. A1.most certainly, some
of the recharge to the Kirkwood formation within the Delawar e River
basin moves toward the major center of pumping near Atlantic City;
the convergence of ground-water flow line s on the Atlantic City area
has been likened to the path s of tourists in the summer .

Although much of the water moves
into the area from “ie seawarã side , only slight signs of salt -water
encroachment have yet been detected .

The flow pattern in the Kirkwood formation has been changed also
in Kent and Sussex Counties , Del., where withdrawals from the Che swold
and. Frederica aquifers have caused decline s in artesian head of more
than 80 feet in places (Rasmussen and others , 1951).

GROUND-WATER STORAGE

Use of Stor~~~
The - -~ -~ f c~-s underlyL~~ the Coastal Plain conotit~oe large ground-

water rei~ li- s wT .l cb , because of the scarcity of sites suitabl e for
aurface re~,er ’r ,irs , are pctentlally very important iii the management
of water s..ir:li ec~. The utorage capacity of these reservoirs is
~ac-rmnous; h~wev~~- , the calculation of this quant i~~- Ic of little con-
sequence — iher  than to ind V~ate that it is very many t imes the annual
rccharge . ~n- ~~~~ more than a mmall part of this capacity . therefore ,
the averngr~ :at e a~ withdr awal from the reservoirs would have to ex-
n i~ € .i the av~ rove rat e of recharge for o long per ic--I- -an overdraft
procedure .



Ground-water overdraft , commonly known as “mining” , is a pract ice
con~on in the semiarid and arid parts of the country, but is not like-
ly to become a widespread practice in the Coastal Plain . Such a con-
t inued overdraft of ground-water supplies would lead to salt-water
encroachment , which results from lover ground-water levels near the
coast .

The ground-water reservoirs of the Coastal Plain are much more
likely to be used on a sustained-yield basis wherein the storage de-
pleted dur ing periods of excess discharge , both natural and artific-
ial, is replenished completely either naturally or artificially dur-
ing periods of excess recharge. The long-term yield of the reserv-
oir s , then , is equal to the long-term average recharge and the stor-
age used is that required to level out the fluctuations in recharge
and discharge . In the Coastal Plain of New Jersey and. Delaware, water
supplies are relatively abundant and uniformly distributed in t ime ;
drought periods seldom are sufficiently long or severe to require
large drafts on ground-water storage . Peak consumptive use of ground-
water supplies is for supplemental irrigation of crops in the sunnier ,
at a t ime when natural recharge is at a minimum. Such seasonal de-
mands can be readily met with the available ground-water stor age in
the shallow aquifers .

Rasmussen ( 1955) estimated that the usable reservoir capac ity of
the Coasts]. Plain aquifers in Delaware was sufficient to store more
than a year ’ a recharge , considering the recharge as 1 mgd per square
mile of aquifer Int ak e area. No such estimate has been made for New
Jersey; however , because of the similar hydrologic and geologic, con-
ditions there , Rasmussen ’s estimate probably indicates the order of
magnitude of usable reservoir capacity for all the Coastal Plain of
this area. The capacity appears to be more than adequate to meet
maximum fluctuations in ground-water stor age that would occur on a
sustained-yield method of operation .

Stor age Fluctuations

The fluctuations in storage in an aquifer are reflected by fluctu-
ations in the water table or piezometric surface; the ratio of the
voitmie represented by the zone of fluctuation of the water table or
p iez~~~tric surface Is determined by the storage coefficient of the
aquifer . For example , in a water-table aquifer having an average
coefficient of stor age of 0.1 , a 10-foot decline in water table over
a specified area represents a decline in storage equal to a 1-foot
depth of water over the area. In an artesian aquifer having a co-
efficient of stor age of 0.0001, a 10-foot lowering of the piezometric
surface represents ~t decline in storage of only 0.001 foot of wat er .
In a water-table aquifer where part of the material actually is
drained as the water tab le declines , the coefficient of stor age is



~5.

practically equal to the specific yield , but in an artesian aquifer
none of the material is drained, and the water released fr- m storage
is derived princ ipally from a slignt expansion of the water itself
and a slight decrease in the volume of the aquifer . Howeve r , an
artesian aquifer becomes a water-table aquifer when the water level
is lowered beyond it8 upper confining layer ; the storage coefficient
within the area of unvatering then becomes practically equal to the
specific yield . Sustained-yield operation of artesian aqu ifers In
the Coastal Plain probably would iavolve little dewatering, however;
only in the shallower water-tab le ~tquifers , or the recharge-outcrops
of the artesian aquifers where water-i-able conditions exist , would
the upper part actu-~~i~ be dewater’-~-i seasonally

r-~atui’al iPluctuations

The natural fluctuations in storage in most Coastal-Plain aqui-
fers are small compared to the -total storage capacity of those aqui-
fers . For example , base-flow recession dat a for Coastal Plain stream s
indicate that in an average year the maximum range of f luctuation in
ground-water storage supplying base or fair-weather flow to the
streams amounts to l?ss than a 3-inch depth of water over their drain-
age area . Fluctuations in storage caused by changing
rates of evapotranspiration. might ~sount to an additional 2-inch depth
of water; hence , the total natural storage fluctuation ordinarily
might be in the order of 5 inches of water . Assuming an average co-
efficient of storage of 0.1--a conservative estimat e for the water-
table aquifers of the Coastal Plain--the 5-inch change in storage
would be reflected in an average water-table fluctuation of 50 inches--
a RmAI 1 fraction of the sat ur ated. thic~cness of most water-table aqui-
fers of the Coastal Plain.

Artificia l. Fluctuations

Man is able to provide additional ground-water storage by p~miping
water from the aquifers. In most ~laces In areas of humid climate
ptmxplng increases the recharge to the aquifers by: (1) I.cwering the
water table and thus providing additional storage space for infiltra-
tion of precipitation that otherwise would have been rejected; and (2)
by inducing infiltration from streams, lakes, or swamps where the
normal hydraulic gradient toward these discharge areas is reversed .
P~~ping increases the total discharge , although it may reduce the evapo-
transpiration of ground water by lowering the water table and capillary
fr inge below the reach of plant root s and the capillary zone below
easy reach of evaporation opportunity; additionally, pumping eventually
reduces the discharge at other nat ural outlets by decreasi ng the hy-
draulic gradientr toward those outlets. The local rate of recharge
and discharge might then exceed by a substa ntial amount the estimated
average rate of natural rechar~p an d dis~har~e of about 1.1 mgd per
squaf ” mIle ‘~~~ e - ~~ f~r L-~- ’~’:e ~~~~~~~ -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - 
- - 

- 
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Aquif er stor age also could be used by recharging unfilled aqui-
fers artificially with Imported surface supplies. These supplies
would augment the recharge induced from streams within the area.
However , except for heavi ly pumped industrial and municipal well
fields in which large withdrawals are concent rated in small areas,
it Is unlikely that imported supplies would be required .

CK~~ICAL CHARICTER OF GROUND-WATER SUPPLIES

The waters of the Coastal Plain aquifers , except where cont aniin-
ated by salt water , are general ly of good quality and suitable for
most uses. Usually they are of the calcium bicarbonate type , soft
or only moderately hard , and are not highly mineralized. Many wells
yield water free from objectionable quantities of iron , but in every
aquifer localized objectionab le concentrations of iron are found
with an apparent r andom distribution , both areally and with depth .
Treat ment , if required , is usually limited to softening or the re-
moval of iron .

Aquifers may be contaminated locally from surface sources , the
disposal of wastes through recharge wells , leakage through corroded
well, casing s , or from encroachment of salt water . In general , the
waters from the several aqu ifers of the Coastal Plain do not differ
grea tly; they are described in the following sections and representa-
tive chamical analyses are given in table

Pleistocene Deposits

S~x~e of the best ground water in the Coastal Plain Is obtained
from the aquifers of the Pleistocene series , which comprise the
she.Uaweat (or uppermost ) aquifers . The water is , for the most part ,
soft or only moderately hard. It contains relatively low concentra-
tions of calcli.m and magnesium, and. is only moderate l:-~’ mineralize d .
The disso lved-solids concentration is usually less than 200 ppm .
The average hardness , as ~~~~~ determined by 41 analyses of water
from the Pleistocene aedJ.ment~ in Delaware, was 51 ppm and it ranged
from 7 to 248 p~~ (Marine and Rasmussen , 1955, p. 85). The water

m the Pleistocene sediment s often contains ey.ces~ ive concentrations
c. iron . Occasional samples with high concent.-ai ions of nitrate ,
sulfate , hardneoe , or total dissolved solids ( table :)  usually repre-
sent cont ai~inAtion from surface sourees. The native water is generally
satisfactory for moat uses without further treat ment except where the
r~~~val of iron is required . The principa l, discharge of ground water
to the streams of Delaware and of a large part of coastal New Jersey
Is from the Pleistocene serIes; this Is largely responsible for tile
good quality of water in many of the streams of the Coastal Plain .

e

- - - —



Table 5. --Representative ch~~ ica.l analyses of ground water in C

(Concentrations in p 1t5 per i

Ansi -1 Depth Date of J ~.eper- Silica Iron Man- Cal- ~~~~~~~~~~~~

i~~• I County aM state collectioni sture ganese cI~~
no. (feet) 07 (5102) (Fe) (Mn) (Ca) (Mg)

Qunternary (Pleistocene ) r~~”
i~~~~iisex, Del. l3 1; l~~ 9-23-44 -- 25 14 -- 17

New Castle , Del.  24-25 4—23-3 1 -- 14 .03 -- 11 8.).
3 Sales. N. J. 242 1-11-51 55 9.7 1I~~~ F~ 0.00 111. 2 3

~ Burlington, N. J. 115 7.3-53 -- 5.3 .20 .33 13
Cape May, N . J. 50 10-17-56 -- 12 .19 .01 14 1.8 —

r~ Buck., Pa. 35 2 .28-56 -- 12 .16 - .00 21 _8.8
Coh.ns.y aax4

~~~ k~1antic City, 11. J J  64 8-13-57 ~~57 6. 2 .28 .00 0. 8 —

~ Salem, N. J. 105 11 .27-56 51 22 1.5 .05 2.3 .4
9 Gloucester, N. 3. 111.7 11-23.51 55 5.5 .01 .18 1.2 .8

10 Burlington, N. 3. 80 8-8-51 54 4 .1 3.2 .09 .2 .7
11 Burlington, N. 3. 67 11-13-51 ~8 4.7 .00 .00 .5 .2

Kirk wood fox~~~tion

12 &imsez, Del. 242 12-28-51 -- 55 .13 .01 148 : 6.9 —

13 ~1(.ut , Del. 253 1-26-52 -- 47 .16 -- 31 6.hi
14 IBurl J ns~qn, N. 3. 350 8-i4-~i ~6 26 .10 .00 .8

Vineentown ~saM

1.5 Kent , Del. 272 ~i 8-20-514 1 5 8  T 12 .25 -- 33 ~ 9.~~
1.6 Sa1e~ , N. 3. 156 4-26-56 I 53 12 . 1,5 .00 36 ~ 12
1~ 

Ssl.m, I. 3. 133 12-21-50 L_-- 36 1.9 .00 60 
~ 

8.7 
—

Wenonah aM ~~~~~ I~ ure

~ Nii, Castle , Del. 164 8-20-54 -- 16 .19 -- 3 7 -
19 Sales. N. 3. 116 4-27-56 60 17 .26 .03 74 1.5

20 $alee, N. 3. 380 4-27-56 50 8.6 .33 .CQ 15 5.1
21 Gloucester,!. 3. 100 8-15-50 -- 18 5.6 .00 34 1.2
22 Nw lington, I. 3. 150 6-21-51 57 13 

— 
.28 .00 22 

- 
5.7 

—

Nnglisbtovn saM

~F W ~~ ovt~ , L J.  
- 

200 3-13-57 54 15 .62 .(~ 42 —

24 N~wlingtoi,L 3. 260 3-22-51 ~6 27 .115 .10 1*3 4.0
25 Mo~~~utS, I. J. 480 3-1—57 58 12 .88 .01 38 3.2
26 So~~~ ut~ , P. .1’. 657 8-8-51 54 1.3 .6o 26 5.1 —

127 Oe.an , L 7. 3-13-57 64 17 1.0 .11* 20 5.5
Ocean, I. 3. 1,136 3-13-57 70 12 .19 .06 ~.8 _______

Nonsartee CTStSCSOUS

.
~~~~~ ~i~w Castle , 0.1. -- 7-2 .56 -- 111 .01 -- 11.7 — ‘ f 7
‘30 Nslem, 1. 3. 322 4.26-56 511 8.3 .11 .05 1]. 5.11.
3]. Ca~~.n , P. 3. 387 5—1—51 61 10 .11 .00 14 2.9
‘32 Burlington, L 3. 57 7-3-53 -- 9.1* .00 .19 12 10
33 Burlington , N . 3. 120~l1ê0 5-22-51 57 14 9.3 .00 i6 5.2

~L... N.rosr , L J . k — 205 9.26-49 -- 9.3 4.1 -- 2.2 
L.J ~~

2 
—

— ..— -.- —~~ - - - - - . -~~~~~~~~-—~~~~~~~~~~~~~



~f ground water in Coastal Plain of Delaware River basin and New Jersey TABLE ~

na in parts per million)

_ _
_ __ _ __ __ __ _ _ __ __ _  —

Magn.- Sod1~~ Potas- Bicar- Sulfate Chior- Fluor- Ni . Dii- CaCO
s1 e1~~ bonate ide Id. trate solved Won- pH

Ca) Mg) (~~~~ ) (K) (5co3 ) (304 ) (ci ) (F) (P03) solids Tot*]. car-
___________ _________ 

bonate
DeeD. ) ~~r”~~ - -.  - - - - .

~ 1 5~3 1 37 3.3 23 9.8 -- 0.0 204 ~~~~~~~ i~~
8.]. 18 1.2 20 11.0 27 -- 15 lIi6 61 141

14 2.3 90 14.0 131 25 74 0.5 .8 2414 44 c 6.5
.3 4.5 3.8 1.8 40 21* 14.2 .0 1.3 85 51 18 7.2
14 1.8 — — — 12 — — — 3]. 12 16 .1 8.7 106 Ii2 17
______ 

8.8 — — — 9.0 — — 53 48 8 .1 11 .]. 1110 89 4~

~ans.y

0.8 ~~t• 1.6 .4 0. ~~~6 .1 .11 20 3 0 
-

.4 7.1* 5.2 11 19 3.0 .2 1.2 6i 9 0 6.0 ’
1.2 .8 2 .7 ~1 5 1.0 4. 2 .0 5.0 25 8 14 6.~

.7 i.8 .3 7 0 2.9 0 .1 13 3.6 0 6.7-
______  

.2 1.5 .3 11* 2.0 2.8 .0 .2 22 2 0 6 . 5 -
Lrkwood . for~~~tion

8 6.9 
- 

6.lii 2.5 
- 

192 2.0 3 .4 1 .0 219 1148 ‘~

1 i 6.~ — — — 2 3  — —  — 1711. 6.0 2.8 .2 .1 202 101* 0 (7.8, 
.8 ~~~~~j  2.91 2.2 1 10 3.1 .0 .1 119 6 s~

~entovn : .aM

3 1 9.8 9.9 9.0 80 14.7 2 . 5  ~ .2 2.2 177 
— 

l5~~ 211 ~r:~6 1 12 9.0 6.9 170 30 3.0 I .3 .0 200 139 0 8.0
0 f 8.7 7.14 4.9 212 21* 5~~_j . 1* .7 2514 186 12

ib aM * , t  1*urel saMs

7 i~~r i.~~1 3.9 
— 

80 18 10 .1. .3  152 
- 

107 31 ¶
~~1* 1.5 4.1* 1.9 130 118 24 .2 .0 250 191 68 7.6 ,

5 5.1 24 8.2 1111 6.1* 4.0 .3 1.2 155 59 0 8.2~
1* 1.2 2.2 2.8 83 20 5.9 .5 .2 133 90 22 7.6 ,
2 3.7 5j 8.5 111 5.0 2.0 .1. .0 115 78 0 8.1

btovn saM

1.6 2.! 2.5 
- 

98 28 T .1 .2 11*7 1143 31
3 4.0 2. 2 5.7 1119 7.0 2.6 . 1* .3 i66 121* 2 8.2~
B 3.2 2.7 3.9 136 4.6 2.7 .1 .2 111 3 108 0 8. 11.

5.1 — — — 7.0 — — - 98 113 14.0 .1 • 1~ 113 86 .6 7.6~
) 5.5 24 ~fl 1118 6.0 i.6 .2 1.0 163 73 0 7. 8’
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Sowce an’1 i~ s~ i-it: ’tlo r~ or ~ ic-p1es referred to ‘by rnmiber in table

1. Rehob--th £~~a-~~- , S~~~ ”x County, Del . ,  Composite of 2 municipal wells.
2. New Castle , N -

~ Ca sk I.e County , Del. ,  C~~rposlte of 3 shallow muni-
cipa.l wells . New Castle Board of Water ~.nd Light Co 1~ziBsion.

3. Pennsville . Salem County, N .  3. ,  Lover Penns Neck Water Department
veil, pho sphate 0.4 ppm

~4. Beverlj , 2~rL ~~~~. n Thunty, N. J., Delaware River Water Co.  well
2; alim,J .n~.sn 3.0 ppc~, cooper 0.00 ppm, zinc 0.00 ppm, phosphate
0.0 ppm

5. Rio Grande , C~~e May County, N.  J . ,  Wi.Ldwood P~zzping Station;
color 2

6. t~ vittovn , ~3u~ i~~ C’oun~~ , Pa., Lover Bucks County Joint Municipal
Authorit,,’; color L~

7. Folsom, At~ ’~nt ic County, N. J., ~~. Jacob well
8. Parvin Stat.-’ ?~rk , Salem County, ~i. 3., State of New Jersey well;

color 30. l~ thitmi 0.5 ppm .
9. Nevfleld , Gloucester County, N.  J . ,  Newfield Water Department

veil 2; phosphate 0.0 ppm , nitrite 0.00 ppm, color 5
10. Lebanon State Forest.. Burlington County, N.  J . ,  Pakin Pond Well ,

State of New Jersey: color 2, bar ii.nn 0.0 ppm, alt~nin~~ 0.4 ppm,
phosphate 0.0 ppm , nitrite 0.0 ppm

11. Chatsvorth, Burlington County, N. J., A. DeMarco well; color 3,
ali.xnirn~u 1.5 ppm, cooper 0.0, zinc 5.0 ppm, phosphate 0.0,

12. Milford , 3u~sex County , Del., Milford Water Department well,
?rederica acuifer ; color 2, zinc 0.0 ppm, phosphate 0.2 ppm,
copper C. rpm , turbidity 2.3 ppm

13. ~~ver Air D € , Kei~t Coun ’t~y .  Del., U . S. Air Force well , Cheavold
a4uifer; color 2

114. Harriaville, B~.rlUigton County, N. J., well
15. C1a~jton, Kent County , Del., Clayton city well; color 8.
16. Allovay , Salem County . N. 3., Williems General S t— r e  well;

color 10, LIthium 0.8 ppm .
17. Quinton , 5& err. County, N. 3.., Salem Water Co. well; color 6 ,

phosphate 0.2 rpm , nitrite 0.00 ppm
18. Odessa, New Castle County, Del., H. Davi s well; Wenonah sand -.
19. Woodstovn. Salem County, N. 3., Woodstovn Restaurant well;

color 20, lithIum 0.2 ppm
20. Dikes Mills, Salem County, N . 3., Warren Cobb well; color 25,

1IthI~.m 0.6 ppm
21. Sevell , G1ouce~ ter Coun.ty ,  N . J . ,  James Ledan well; color 5,

phosphate 0.]. ppm, nitrite 0.00 ppm.
22. Vincentown , Burlington County, N. 3., Vincentown Water Co. well;

color 8, alurnirAlrJn 0.0 ppm, phosphate 0.0 ppm, nitrite 0.0 ppm.
23. Freehold , Mormiouth County , N. J. ,  Freehold Water Department,

ccmrposite of 9 wells.



Source and description of sam~ples referred to by number in table ~--
Continued

211 . )brlton , Burlington County, N. J., Mariton Water Co. well;
color 0, phosphate 0.3 ppm, nitrite 0.0 ppm.

25. Fs~~ingdale, Monmouth County, N. J., Farmingd.a.le Water Depart-
ment veil 1.

26. Bel sr , Cemp Evans , Monmouth County, N .  J., U. S. Army Building 82
27. PoInt Pleasant , Ocean County, N. 3., Point Pleasant Water Depart-

asnt veil 1.
~~~~~. I*valette , Ocean County . N. 3., Lavalette Borough Water Depart-

ment well 2.
29. Near St it Br id.ge , New Castle County, Del., Near Chesapeake and

Delaware Canal ; Magothy.
30. Sai~~, Salem County , N.  J . ,  ~a.lem Ice and Cold Storage veil;

color 10. lithium 0.2 ppm .
31. Blackvood, Camden County, N. J., Blackvood Water Co. well;

color 2, aluminum 0.0 ppm, nitrite 0.0 ppm, phosphate 0.2 ppm.
32. Beverly, Burlington County, N.  3., Delaware River Water Co.

well. 3; color 3, lithium 0.2 ppm , copper 0.00 ppm, zinc 0.00
ppm, phos~nate 0.1 ppm.

33. Maple Shade , Burlington County, N.  3., Maple Shade Township
‘well; color 3, aluminum 0.0 ppm, phosphate 0.2 ppm, nitrite
0.0 ppm.

313. Eigbtstovn , Mercer County, N. 3., Hightstovn Water Department
well 1; color 12.

Cohansey Sand

Tb. water from the Cohansay sand is ~enerally the best obtained
fr~~ the Coastal. Plain aquifer. (table . ) .  It is not highly mineral-
ized and is soft . Some ssexplee are moderately high in iron, and the
water Ii generally slightly acid. and corrosive to iron pipes and fix-
tures. Soluble mater isle in or near the surface may be dissolved. b3r
precipitation and (or) irrigation waters and effect the c~~position of
the ground water locally . In this way the leaching of chemical and
organic fertilizers yields a2)ove normal nitrate concentrations. Salt
‘water has encroached into the Cohansey sand In a few places where ex-
tensive cones of depression have formed near salt-water bodies . There
are few industries in the are a that are underlain by Cohaneey sand,
therefore , at present the industrial, use of water from the Cohansey
sand is not great; the water is chiefly used on a large-scale basis
for m~~ieipa1 supplies end for irrigation. The Cohansey sand is po-
tentiaUy the most productive aquifer in the New Jer sey part of the
Coastal Plain , but be pr - ected from cont~ n1 nAtion and salt-
water encroachment if It is to cont inue to produce the high quality
water It now yields .



~an~ s of the Kirkwood Formation

The Kirkwood formatici~ ~~~~~~ soft water , generally of good qual-
ity, with a dissolved-solids c~ ncentration usually less than 250 ppm
(table 5) .  The iron concentration is usually less than 0.3  ppm, but
occasionally it is higher; coinmon.].y the silica concentration is 30
to 50 ppm . The water from s ~r~o pa nf the Kirkvood formation is
slightly ac id . The water is .so~iLL~: used without treatment ; some-
times it is acf ~ one r the p11 ad ,~ ~~ct t ~ before use . Salt water
has encroached in i~t ie aquifer in a few places near the seacoast .

Vincenuown Sand

The Vincentown sand yi~ ias water haT is hard and moderate ly
high in dissolvE~ ~.~li:s (t able : i ~ It is mildly alkaline on the
pH scale and in places contains ah~je ot ionable concentrations of iron .
Near the Delaware River there is ~i L~~ sioility of salt-water encroach-
aent , but a considerable iickn~-os of silt and clay in the river chan-
nel at the outcrop area probably retards the Interchange of water be-
tween the Vincentown sand and the river (Barksdale , Greenman , Lang ,
and others, 195f3, r .  i .~~) .  Water from the Vthoentown sand is used
for farm and mes’~ic supplie3 ~~d ao a supp lementary municipal
supply for Salem , N.  J .

Wenonah an1 Mount Laurel Sands

Water of good quality is ~btaine~ from the Wenonah and Mount
I*urel sands (tab le ~ . It Is soft to moderately hard , with less
than 150 ppm of iiss~±vt~[ solids, and is fair ly uniform in chemical
c~~~ oaitIon . It is suitable for most uses without treat ment , al-
though excessive amounts of iron occur it. some parts of the aquifer
and water from such part s must be treated to r~~~ve the iron.

Engliaht~swn Sand.

The Englishtown sand , like the Wenonah and Mount Laurel sands,
yields water that is moderately ha.rc ( Lable 

~‘) . Normally the water
is slightly alkaline and ~nn~ains less than 200 ppm of dissolved miii-
era.la . It is 3uitable for most uses without treatnent , although oc-
caaionally softening or r~e ~r;~~~i~ of iron Is requ ired . The English .-
town sand is less “k’ “ . ‘. ~~:• salt-water encroachment than are the other
Coastal Plain aquifers.
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nmarine Sed i mon 4 r of Crc ~cc)1s A

Tho ~~~~~ ar~na~ ~ i wa~ e ’s  f r om ~ho ~ a~Ine ~cH .oent ; ~f yrotaceous
~~~ reia ively low in dissolved—solids conr ’en~ rm~ ion (3-200 ~~~~~

s~ f t , ~~ in ~eneral of ‘ti ‘r quality (table 5). ~car the Intake
areas where the recha r~e consists chiefly of ra inwar er , the water is
sof’ , i Tbtl” ‘~~rL.~ra t1zed , s i t  tht. ly acid , and somewha t corrosive .
As tho wa 4 cr f ’ ~~ -wT~~’- 1O1 nt in the fThrra inn P becomes more min-
erali zed , r li yh .~ly alkaline , ~~~ nor corrosive and r~enerall y co n tains
mnrr’ Ir~ n , some jmes Lri ohj~~’tio nable qsan Pt~~s. The fluoride con-
cen~ ra~ ion is i~so~ lly 0 to 0.1 rpm bu t  in tho vP ’inP y of ¶~oodstown
and ~1asr~~nrn , ~~ 

j  , ~ cp r ~-

In ~ov~ n ,  p la :es ~~~ n~ t tve  wa ’~~rs are c~ ry 1nina ted . The loca-
‘inn.  of the jr r ’fq -e b’~~w en  f~ c~ h ar~i ~~~ ~r~ter is described on
pq~~~es 16. ~~~~ ~~~~ 

• t • ~~
. ni ’~~~ra’~i’r; of wate r near the interface

a’~ ’ lar~e. the encr  hr~~n t  n~’ salt ~~~~~~ may occur. This Is tru e In
the vicinIty of ’ f’al~’rn and ‘oc.3~trj~n , ~~~. ~ . In the vicinity of Camden
ani ThIlad~ lphia , ‘no T ’~lawa re ~ivc r .t’in,n ove r the outcrop of the
~ari tar. and Ma ‘~~ h:,’ ‘nrr :t i u n s .  He re , there lar e quantit ies of water
are wi thdrawn , the aquif ~ rs ~ re rr~~t~ ~ el ‘. 4h river water , and the
qua l ity  of the wei~ wa~er approaches thot ~f river water. Above
Camd en the r i v e r  wa t e ~’ is no more mineralized than the native ground
w-~~e” , ari~ rive’- rech~io’ne has no adverse effects  on , or may even im-
rrnv e , the qualPy of the ~~e Ll  ‘mater .  ~rivstream from Camden , however ,
~~~~ ri ’ror water is more h .~ h i -~ mInera i~ ze1 and (o r )  polluted , and
w~’lls n r - ~r ~h r ~ r l w r  have he~ n , and mo r’~ of hem may be , advt~rse1y

n iuce d  rec~n ir~e ,f s’.~ch o~~t~ r .

The ~~j  ±~~ 5t  con r r r a ~ 1nnL - f nss~~ v~ solids in the lower
-~qui f er of’ the ~~r t i n  f o n~atio n are f ’ ~rv1 ‘z i tb i n the cit’~’ of Phila-
leiph ia. This ar ises  ~~~~~~ ~ p r : n~ nnil soo n ° s :  ( 1)  The disposal of
wa~ths on lum ps on the ir ~~~r~k~~ ar€ -i of Le i’~ i i f e r ;  (2) seepaRe from
l eaky sewcmr , and ( 3 )  ~ stes u s  ~~~~ ~~~~ s~t n I ta ry ” or “dry ” we lls.

T-~ A~’i’ v~ E’t~ P ~A -~ k~ F~

3a] t-~’a er err- roa thmo~nt  has h:& ~ i-S : r ‘
~~ ‘:u nv ways. nero we

shall define it  as the er~c roa-I  .t-r t ~n fr e~th~ wa~ nr  domains of any
‘o~line wat e r  in ~ ~~~~~ y~ t fnfl~ ~nn \ n L n m o S ia r~e :no ur ’h t o he de—
I.e te rIoi~r .

In par ~~ of the T~n j t ~~.1 Sta t.e~ ~ ‘~1t .water •: n ’T roachment may have as
Its source r~.uen f rom n I L  wells , salty w~ s ’ liquors (bit tern s)  left.
a r er refinement (~~f t~l tLe ~-o~ t t , l t ter r n deve loped In the production
of’ ~‘a~nes~u.~ and by~produc’ from ~~~~~ mineralized waste waters
f : - rn  some m Ixi ~ s; saP tha t has acr~ nu la t ,ed In imp roperl y desi~~ied or
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~~~c:t or. systoins; sai~ :.k~~” — — o t ‘ )P ~~ 01 5~~~ t i’oo~~it~
n ’  rtrnnr : ~~~~~n~~r :  malt  n . ‘~ nyr ;  salt lume n :  uVe l~~~ wa t e r;  r on—

nc~ ~ wa en we ~‘r ~c m  mo’ r mean ; an rc’ Si nLl sal.; oe~~ia cei’ id ’’
by ’ ’  h — - ‘vol Pi~~ oth ’cuv ’  moan .

In the “laware 1~i ’m r ncr rt ‘ :~~oa. fnr~ nately , the m o r es of
sali ne na an” ?“‘ :. ‘i :occ I’.; L nr.~ 

- :‘ rt lc . Of the S -

n c we no ’ cml:’ ‘ -n e: eunn’’in’ :: -. r~th the last ~~~ . nanely , m’~ en
sea n a n  cr5 ~ na1 n-’.~

The n-si ’ a1 li:’~m o~e . o’ :a~ h o ,  mtmilex to ~~on ate -,~a n ° r — —
‘~-a. e.’ that -c’, e:’ ’- “-: - r i  n’ i me o’i.m C’) t or y were ve . nc ieons~ te I
In - n e  n c . — -  it th e  cnn  n i  sal . es ace “ late rwv’i:ie r igia  ani
they lain-c n ut canon into ~~~~~~

- 
~~~~

-
~~

- a - a- irlud~ s b r In. the inter —
~lac ial ayc ; cc n ’  n.. wan Inc e by - h— ‘~n v ’ri I~’n .

‘ c noas
Mo st of the rcs~ b u n ’ n-oilm en n.e now yr ea t ly  mod ific t fn x- . he is - ~r
.nai rber. :ai cnn it io r. ; -:s-:rttl:y ny have teen lil~tei  an lav n . : - n  -

,lone ion e::. anjo . This is a .co m’ Sn b , rea~s of whi - ’ t :a1c~ ts~ or
ma~~esii.un in the wat a’ is exchacye l’or soi l -en , ath- ac a lesse n ex to r t
ton ~- -~t o m n l ’.sn , in the e.i ic m ’ n~ ‘e~ks, cr vi  vcmc. ,  epe:i I n~ on
ic -a! can tit

With retn -e ‘t - -  1 ’  “rt t . - r ,  ‘em I ~ual saline h”die~ nlonc fr m the
shore ~~~~~~~~ aest “ nmion 1.y ‘toc o’ ~m an ’ :L’lu ocss whcr o t n e c  ar€ f’-cu rni in
‘me loam’c n c ’ o  I cart s .  Th is  is oe~ ause I ‘e A~’e sal nar ’ r has
been f lnst e~ out of t h e ’ ’ - r s ah i’ . - - ‘‘ocr 9. the “rcne ~~~cenhle
Ear th of’ toe ~r t . ’~~lutc s in .n t h e  n : ,  - n ’  los’ h I  —l ev el  I ’e age
c-a ; but  not o~ , t. t h i~~ h r  . . no “ - ‘  L r -e  s I n , I . ci - ‘  l~ Its
throu~h the ~n~ ’~o c-c less e - ‘ -‘  

~~~ ~ ~~~~~~ i ’l~~~~ ’~ tO’4 ~
cia - c .

a Thc~~, wh, :~~c na ,— ‘~‘ancn no r. ‘ iraco ’ ~~cncs in a n ’ no Cl’
• thastal Plc -- It nc- cr ‘-- 

~s ~
‘cc--i”.o ~

‘ ‘ - ‘~ ‘c-’e ±f the s-c-nr ~ ‘s a
mcsi’iual rr i’e 1) 3 c:.’ - -  :er ‘

~~~
‘ te n. ~~~~~ son . In tv laic”:’
I - .; i i 1 :  ‘m’ the

1s about ~~ to 20 ,0(0 ’ u-s i . - -c~ 
-
~ ~ , ‘ crit ; Is the - c - n - V  ~ase

• th e  scrnr ly cc. ice n.’ti.T——thou~ r.r’I - - s : r ,c ly so; ~
‘ all lcven - :s

upon the vol ac ci’ “on l - ’n a  ‘,m. -nr :’ he ‘ ‘~y ~n. -e b — — t n. in the C-~ar tai
Plain s o m e ’ - r in  thIs ~t - ”' - t the sal T ‘

~~ w i l l  m e n - n .  be -n. . 11gb as
t h a t  of the ‘ ‘a:. It I S  i~~~.l, hoc- ‘ ai~ ,. ‘ i-u ’ -:’ ’ , t o :  the s ’ur - ’”
and kIn . o2 nolt ,’ ~~~~~ ~~~~~~~ t :~~ e~ L ~~ t~~’ tnt !i ’ie car. iy ,
for ea-n~ ‘if the two tin s -

~ .‘ :- : ‘- -“ ‘- c-lu i c o n .  i .  a~- i I cone: Lev I—
opmentaJ, - ta to ~n.•th to pn-c ’Ie:t. t he  c’u ira of the ih’ ’sh—water anu I

tel YL(” “‘1’ ~‘- i - C -



The density of waLer increases as the &ali.nity increases. Pure
water , which ‘nni .ain:’ no cui.5soi’~rea solids, is a standard for measur-
lug the specific ui~rav ity  of ilqyi ids and is assigned a value Ct unity .
Aver age --:~~ n wator - -n t  a!ns &proximately 35, 000 ppm of dissolved
solids ( Includ ing about i-i , ooo ppm ci) and has a specific ~ ‘avity of
1.025 . Thus fresh water Is 4o/J~i as heav~’ as ocean water .

Aver ’~ e ocean w’~ te r  ( Svc’r ir u n chnmon , and. Fleming , 1946) con-
tains tui~ ~~

‘ al’ ‘.-i x iy ::r~ r.cIuai :oroc. ;. - - -uents in part s per million:
Ca1cj i~n (Ca) 1.~00; a~ iesi:~: ~~~~~

) 1,270; sodi~~s (Na) 10,600; pota &si~~
(K) 380; bicarbonate (HcO~) ili.e; su,,U’ate (s0i~) 2 ,650; chloride (ci)
19 , 3OC ; tot i. dissnine con ti-Ic 3: f ,500.

- . am ocean yo ur Is tca”-ier and denser than fresh water ,
the 2 11 :1 t en l  to r -nr ,k a in separate . Thus , where the 2 liquids are
in contact , 1rL:n water occupies a position above salt water and tends
to remain U1e:’e exce c t  as turbulence causes mixing .

In tiial c-: on S of st reonis an! canals where salt water from the
ocean has f- LI across to the channels and where fresh-water flow is
ii ’tt . suf f i l .  c. c,o s~-~ ep th~~ oce~u : water nut , salty water co only
oc-:u-r Ic.:. -f t . ’ im . .‘tc o f :e ‘nr ’ .roi”in and extends inland as a
hiunt-nc -so- . ‘nc - rut’ -n ’n’ai-o en-i of the wedge remaims re lative ly
unchanged at the -ccc an end, of the channel , but the inland end of the
wedge moves n. r t  i n w i  T the -n iocS , an-i advances and. retreat s
seasona1.l~~, an n or. heve I rises ani falls and as streczn.flow responds
to change s In

In - -a 0-~: ,. , -~~~~ - . -“.t- - n”:O I- , nu t. a: J~e Delaware , tb~ salt-water
~‘--i g e c--n m ’ ’  - Lc i J l - -b’ ’hned , }- tvec current s , t al currents, waves,

11cr :“ : -  ‘ c c.. ian. - ‘ni-i ~r. - .-‘ rsels , an-I roudi and uneven
C ‘.~uii’oi. bQtcOn.. oj I , ~ . n- - , I ~~~ t.e:i o t -  - . -~ x salt onL fresh water . If
‘s~’ rrcav ‘ch u- - ’ ’ .e ’-~ -: . - tbi~ :‘ - i ’Y . i o ns} ’. ir s  in the Delaware Estuary, about
all we -a~i Sti ; is  11.:i t as a cule t u -  0a1ti est  water is at the bottom
of c: , e  -ch~~~~. . :  ‘mat t:x~ - - -oc r deprc- :~ ions in the river bott~~ gen-
erally ‘c’s . “ ii - ac cet s ” c-f water of’ tc,her salinity than adjacent

- 

~her par t s oi the r31~se .L fin-or , h -n . horizontally across the chan-
nel the on.~~. ~ty  ~~ . - o11: is about I-tn - --ime at the some depth below
toe watec ‘ cO-~~t- - ’-: ~ - -cal the ires :cec t water is at anI just below
the surfo -

- ty ::~ r. ni in ~~ ~~1awa~’o E8tuary does no-. occur as a
well—define s- .lt~’.mter we ’ ~ ~~mh as Is found in rr.c~n,,- estuaries. In
most part s cf  the esti ’u”- wi th i n t b - -  ltistts of salinity intrusion ,
‘-J i m  tiE~r- .; ilU j i  .-,c~ a. bottom a•e e~isential1y tt. cc- ice .“
(W e t • rcr~ - . ~i~— ~: i -  ~_ •. ~L, 1 al j - ,n .l , ~~~

56’
~ nder coucictio~tn of low fresh-

water I I .: ~h at’ge tue • l y  Lnm :”'a- sha.rply - cownn. tr ’-ccc fr om the

•1



Delaware ~Lcir :rial B r 1 ~ e , alth :t: c~~i under flood c on l i t l o n s  the chlor-
ide coucentrati- a at th is  point is as low as 30 p I n .  Upstream from
the Delaware Mernorizc Bri it’c the stre am is usuall y ~r dll mixcc-i and
there is little c-’ha.n~e in concentration with depth . In 1950-55 the
chloride cou ’ - ’nt r at i , .n  wc.s less than ~~O ppm for at least two-thirds
of the t L’ce at Marcen Rook , Pa., and nine-tenths of the time at
Camden , N. 3. On ly for 5 per’ent of the t ime did the chloride con-
centration excee- i i,0(~’) ppm at Mar cus He- h ’;  it wan ,~ ‘eater than 100
ppm onJ.~

- 1 percent of the t ime at Ca~m~en (Coh en , 1957). T1e extent
oI’ salt-water intrusion in the estuary -lepend.s ui cn fresh-water dis-
charge , which is now re ’-uiated, and sea level , which has been rising
slowly for centuries but has risen more han ~n cchc s since 1930 .

As with other i-ial streanc in permeable materials that carry salt
water in their chamu :’ls , the E~; laware tiver has an elongate prism of
saline water un: er and along ihat par t -of its ~ource where salt water
occupies the channel much of the time . Salt water fr om the channel ,
becau se of its ~rentri’ density than fresh water , sinks dcwn to the
bottom of the permeable sediment s (to the base of the aquifers be-
neath the stream ) and fills them from bottom to top . If fresh-water
discharge takes place from aquifer to river , as it does in most of the
le~~ tb of the entuary, the fresh water flows toward. the salt-water
prism that underlies the chnn:ciel and moves upward over the prism to
seep into the stream along its side s and shorewarcl bottom .

Where ground-water pumping begins in such an area and is great
enough , or near enough the river ‘ s edge sc’ that even small pumpage
is effective , sal t water from the prism beneath the stream migrates
toward, the wells, and the prism widens accordingly . Eventually the
salt water reaches the wells . Restori ng the fresh-water--salt-water
contact to Its original position may be a long and difficult task ,
or even impossible . At Leves, Del. ,  where salt water was drawn into
the municipal well field from the Lewes-Rehoboth canal when pumping
was great ly step~ eii up during World War II , the original well field
had to be abandoned (Marine and Ra~ nussen , 1955, p. 138) . New well
supplies were ~uick 1y developed distant from the salt water of the
canal and are being used to this day . In the meantime ground water
in the old well field is freshening as recharge frets precipitation
flushes the salty water out of the aquifer . But the old well field
is not safe for c:utinued large-scale pumping again--if it were to be

3ed. heavily a~c-~Ln sa1~ water would encroach upon i t .

The encroachment problem in the aquifers of the Delaware Estuary
area has never been °tudled in detail as it has been in parts of
Florida (Parker , 1fl55, p . 6l7-~l9) and Maryland (Bennett and Meyer ,
1952 , p. 154-157). although unpub lished , local “spot studies” at and
near certa in well fielda have been made , chiefly by consultants.
Nonethe :lcss , the principles invo lved are well known and apply to the
Delaware River ~“ wc ll an to the Minr.I River and Canal , or to the
Patap aco Ri ver f : ~~ u uc’y .



Many mile s of coastline in Delaware , New Jersey,, ~ev York, and
Connectiuut , in tue area of thia report, are bounded by the ocean , or
bays connected with the -ocean . Generally, throughout this region ,
the shorer are in areas of pe rmeable mater ials such as unconsolidated
sand and f;~-a-/el of t h e  Cretaceous and Tertiary periods, or glacial
materials ; i the Pleistocene epoch. In materials such as these where
salt watc~ and. fresh water or- c into cont act , their relationship is
largely ~~~ - -raed by the Ghyben-Herzberg princ iple . This is the famil-
iar rule h -~~ , ~ ii~c~ f resh water ii’ 4o/1~l as heavy as salt water , it
will take a ~ o~~i :~f fresh water lii feet high to weigh as much as a
similar tcl~j  of ~idt wate r 1~ feet high . Or , stat ing the rule another
way , givc r I out  of fresl: ~ra~er at -cve sea level, the salt water will
be fou~.~ ~ . - ~‘eet U ’~~ -w sea level; Liven 2 f e e t  cf  fresh water , the
salt wattr  ;~~.ii ~-c ~3O feet . below -;ea level, and so on. On a freely
permeable ~~l~i~n i~nde-i by -e~ ;~ water , the “lens ” of fresh water
in the i~-l~~~~’ s ruc~~ fl-oats u;o n ~he surrounding and underlying ocean
water muoh as an ice ube float s in a bowl of water , with most of its
mass subrierg.T

However , the rela ’ ionship between fresh water of the aquifers and
salt water cf ~Le oc- e.n or bay is not the simple static relationship
of the Lee cu~;e to the bowl of water. The aquifer-ocean relationship
is a ~~~~~ c-Il t~ i~ n an~ forces not considered in the Ghyben-
Herzberg :)r:r~c-:ple, which is simply that of the U-tube, operate .
These f -r ‘~~‘~~; have no, been adequate ly define d to date but are the
aubject of a “ nsiderably amount of research , notably , in the United
States , ly the  U. S. Geological Survey and the University of California .
They are~

1. M . 1 & L U J~. - In the interface sc-n-’ tends to dissipate the
encr a :h t~0 : ~ -.lt-water wedge .

- : 2. Al croat ~ t i -~al t hr’u~~t and pull in and near the ~hc-r e zone Is
a ~ u-~- . ful mixLng force in the aquifer , and it widens and
thi -:c!o; ho z ne etwet ~n the fresh wa~cr and, the salt water .

3 .  i ’r-. ~ - .‘at~ r I i~ -~~ v”r the salt wedge exert s a slight downward
r- sure ~ I ts  hi ef off -oct  is an “ ei-~--ii ng” force (Parker

an~ ~ t L c r~~, l9~~~ p. 012) which sweeps seaward the tidally
aiL ed  a~~ i ~1Ifr is cJ salt water; this a c t1 - n  is especially ef-
i~ • t L vc -  i - i L~~ h-c foiling st~~ e of the tidal cycle when the
m a n  ~ u-~y - - f the :oii t -water we-1~e t -uly moves seaward but
a~ 1 o’-s he~ h hro z~hcnt  the area t’ r m  wh i- h it withdraws .

TI :~— ann )t anply t b ” -  Ghyben-Uerzberg Frtnr iple to salt-water
ennroa — th - .: j - r~ oleno ; wilJ i ut mak ing due allcwancc f,,r these named
f act )r s.  L - .i~v’~r~ it - - “t am t h u t  i-b - l -t -  -i~l )  ratio of the Ghy’ben-
Herzberg r1rc - ip 1~ a “s’i: ’e” factor  tD apply in the development or
con r ;- r v a t  i~ n of water sup~ l~~’-s i~ e a-~ al aq ilfers , for seld~~ will
equillbr i ’m ’ e’r” r be rr~ ° -  v ’ - ’i- -

~~ t - 1-br’ ct-a, at- this limited
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ratio . Bather , the depth to salt water will usually be greater than
that predicted on a l-to-40 ratio , and, likewise, the ~~~unt of in-
land encroachment of an intruding wedge of salt water wi).l be same-
vh,at less.

But even with this in.format ion , our control of salt-water encroach-
ment de~nand.s rather complete knowledge of all the factors involved .
These factors are the most Important : (1) The geolo~~ of the aquifer s
and associated aquiclud.es; (2) the hydrologic constants of the aqui-
fare, includ.ing the coefficients of trRn mnl aaibility and storage ; (3)
the changing hydrologic factors , such as changes in storage, head,
and. migration of the salt-water --fresh-water interface .

Thus to evaluate and conserve the water resources we must be well
informed of the local conditions under which the salt-water--fresh-
water system operates. It is €ot~iential that an accounting system
of “ input and. out go” be maintained so that changes in storage can be
known and, under given expected conditions of rainfall, runoff , re-
charge , evapotr anspirat ion , ptmiping, and other related factors , pre-
dictions can be ~~ de of future availability of water . Such an evalu-
ation and account ing are important anywhere in the basin and its
service area , but in seacoast areas , or inland areas where saline
sources exist that are potential. sources of encroachment, ev~ry - pre-
caution must be taken to safeguard our water supplies .

On the basis of past experience , one mi~~t think that there i.
little to worry about for problems of salt-water encroachment have
been faced before and have been solved, generally without excessi ve
cost or irreparable ~a~n.ge . How m~ver , it would be most unwise to com-
elude that condit ions will always be so easily hø~n~i1ed, henc e thi s
note of warning so that precau~iou.ary measures may be taken in adequate
t 1~~~.

This logically leads to such pertinent questions as : “What Is
the salt—water encroac hment situation in the basin and its service
area today?” ; “Where are the danger spots? ” ; and “What aay w, do to
protect our fresh-water supplies against salt-water encrost’h~*nt ?”

General answers can be given to each of these questions , and for
certain localities such as At lantic City, Asbury- Park , Philadelphia,
Cfflnden , Newark , and a few other ” , specific answers can be given..
But , for the most of the rest of the basin , generalizations must
suffice for now . This is because the essential data needed to supply
specific answers for local areas genera.]J.y are not available~ De-
tailed local. information , such as David G. Thczpson and subsequent
workers (Thompson, 1928; Ba.rkad.ale and others, 1936) ga~hered for the
Atlantic City area , N , J , are needed now all along the shores and.
1n1an~i as far as tidal streans carry salty water; and such detailed
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data will be needed ur gently over all the Coastal Plain of Delaware
and New Jersey in the foreseeable future . Our understanding of the
salt-water encroac hment situation over a lar ge reach in the area of
the report probab ly is best developed at present on I~ ng Island ,
N. Y. , but even on I~ ng Island. there is still much detailed local.
information needed .

Within the Delaware River basin and. the adj acent Coastal Plain
parts of New Jersey and. Delaware , salt-water encro~~h~.nt is a most
serious threat to shallow aquifers along the shores and. the tide.].
reaches of streems that at times carry salty water . Thus the entire
eastern shore of Delaware and. that part of New Castle County that is
bisected by the Cnesapeake and. I)~lawar e Canal are potentially threat-
ened by salt -water encroac hment . Salt y water at times extends up
the Delaware River to Philadei~hia, thus New Jer -sey is surrounded by
salty-water boundaries from Philadelphia to Cape May and. northward
along the Atlantic Ocean to and. somewhat beyond Newark. Because all
the Coastal. Plain is underlain by aquifers and. aquicludes of varying
permeability and hydraulic head, the opportunity for encroachment to
spread in,lRnd varies accordingly.

Under the general operation of the ~~yben-Lerzberg princ iple ,
with modifications imposed by d.ynan.tc conditions (p. 514 ), Nature
has established interface zones in the several aquifer~ at different
places with respect to the modern ~hore 1iie . Thus, in the nonmar ine
Cretaceous sediments , the salt’~wat~r--fresh-’iater interface (us ing
250 ppm as the bounding i~ochlor for the interface at depth i,n the
aquifer ) is along a gently curved line that crosses New Jersey d.iag-
onaU.y from the ocean beach near )‘~ii~-*quan to a point on Delaware Bay
about 8 miles south of Salem Y Salt ‘dater cont~J fling more than 250 ppm
of chloride therefore underlie~ abcut half of the Coastal Plain in
New Jersey in the nonmar ine Cr.~tace~~~ ~edim~nts , and pumping from
deep wells t app ing th i~ aquifer group anywt~ r.~” south and east of thi s
line would yield only b1~~ -ch1or1ds water -. Pimxping from deep wells
north and west of th~ ~. i 1.ne , and c1o~e to it ~‘.‘.aa in central Salem,
Gloucester , Burlington , and Ocean Co~nti~~ -~would be likely to pull
salt water inwar d- -~that i~ • to caus.-~’ enc roachaie nt~. No large-scale
ground-water pumping would be ii’- i”i this rAgio i yith.out careful pre-
checking to ascertain the status of th E euppky and the pot~ntial ef-
fects of the pumping on exi~ting I7~txppli~~~.

The next major aqu i fer above the nonmar i.ne Cretaceous sediments
in New Jersey is the KI.rkvood formation~ This is the formation in
which the “800-foot sand ” , ut i U z e d  along the shore at At lantic City
and elsewhere, occur e .  So far , the’re are only 2 areas of the Kirk-
wood along the ocean that yield water containi ng more than 250 ppm of
chloride . The southernmost Ia the tip of Cape May peninsula , includ-
ing a.l]. the area s~m~h of the Cap ” May Canal and northward to a line
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extending about from N ..rtb C-tpe May through Bennett to Wildwoo&.
North of this line the hydr auli head in the Lirkwood generally has
been sufficient to h’~li  sea water some dista nce seaward from the
present shore. Thoap s~ n ~~~~ p.  7O.~71e ) calculated that this salt-
water--fresh-water interface in the Kirkwood was at least 7 miles
offshore at Atlant ic City at the ~me of his report .

The north~’rn rit~~~-~ h Lortd~ 7~~o’~ in tie Kirkvood formation is in
the vicinIty of ~~~ asq.~an-P ~x~t Pleasant and extends inland only a.
couple of mile..

The vester omo.’ dg~- t~lor1 1e ~one in the Kirkwood formation em-
tend.s from Salem -o ..Str and a~ ~.thweatvard almost to the mouth of
the Cohansey Rive r - Its t~verage i dth , measured 1 n i.snd from Delaware
Bay shore , IS  s~ - U t

?~.~~~ing within any of these 3 zones in the Kirkwood. fomstion
would rca u t in b ~. a n  tAg water -

~ ~ atn ing more than 250 ppm of
chloride ; and ping inland from hes~ areas , especially near the
salt-water boundaries , would induce encroachment .

The next important aquifer , or aquifer group , above the Kirkvood
formation i. the Cohansey send . This is the formation that , in the
Atlantic City area , contains the “100-foot” and the “200-foot ” sends
(Bsrksdele and others , 1936 , P . 52—91) . For the sake of convenience,
aquifers in the over lying Pleistocene deposits are here grouped with
the CohAn~ey.

Chloride in excess of 250 ppm ccur s in the Cohansey sand along
most of the New Jer sey and Delaware coastline, begl nn ing about at
Point Pleasant Beach , in northeastern Ocean County , and cont inuing
southward beneath the offshore bars and island s; and on the ~~a1n1~si~4
beginn i ng about at Tome River and cont inuing southward beyond Stone
Harbor. In general, the Inland margin of this salty zone follows
fairly closely the line of V. S. Highway 9; the salt-water boundary
bends inland in large curves arouni Great Bay and Great Igg Harbor ,
and between these places probably average s about 5 miles tnl*nd from
the - ocean shore . A t iny tip of the zone of water cont &tnin g chloride
exceeding 250 ppm exists in the Cohansey on Cape h ay, and a narrow
strip borders Delaware Bay in New Jersey, usually less than a mile

• wide, as far as the mouth of the C hansey River . In Delaware, on the
opposite shore of Delaware Bay , a similar but generally wider stri p
extends almost to Cape Renlopen, Including Levee. South of Leves the
next area of high chloride (I .  e. greater than 250 ppm) is at
Rehoboth Beach; the southernmost areas surround Rehoboth Bay, Indian
River Bay, and Assaw m~an Bay--the l&tter chiefly in Maryland .
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Wells developed in :ie Cohans ey sand - -or in the permeable sands
overlying it-- in the ar eas describ~~ would thus yield ~m1,y water oca-
tam ing more than 250 ppm 1. If p~*ping were on a very large scale
the salinity would unth ubted ly increa se as water of higher salinity
wee drawn into the aquifer . Tn1~ nd from the zones described, wells
should be developed with caution , not only because of danger to the
new wells but also because existing supplies might be ruined by ad-
ditional p~~ping.

Tn1~ ni1, from each . f the zones of high chloride described above
for the 3 principal aquifers or aquifer groups of the Coastal Pla.in,
there is a zone of ground water containing chloride ranging from 250
ppm down to “normal ’ . The word I~normalu is put in quotes because not
enough is known about he salt -water situation in this region to be
certain of how much chloride should be considered “normal”. Most
ground-water hydrologiets in New Jersey use 10 ppm for the norm, but
Delaware ground-water hyd.rologiata use 25 ppm in that State . Thus ,
mapping of cb’ ”~11•~s in these ranges of values does not corr elate
from State to State .

If one uses 10 ppm as the “ normal ’ , then wide areas in western
Salem and Gloucester Counties , N.  J ., are underlain by the interme diat e
belt of 10-250 ppm chloride in the norn nar ine Creta ceous sediments.
Prom this wide strip in Gloucester County a narrow band ~ mile to
3 miles wide , averaging perhaps 1 mile , extends all the way up the
river as far as the head of tidewater, beloir frenton; and a similar
but wider strip occur s on the Pennsylvania side of the river .

Much of this chlor ide in the strip tip either side of the Delaware
River is, however , not derived from sea-water cont~~ ination . host
of it north of the Schuylkill River s~ems from industrial and muni-
cipal wastes derived from leaky severs, so-called “ sanitaryTM land
fill, wastes disposed of through wells or septic t ank s, and other
htmen causes. As a matter of fact , the shallow aquifer in South
Philadelphia, especially in the viclxi!ty of the U. S. Navy Yard end
reaching under the r Iver across to Cemden , is rapidly becoming useless
for most purposes exceot cooling.

But to get back to natura].ly occurri ng waters of salinity in the
r ange from 10-250 ppm in the nonmariue Creta ceous sediments: there
is a narrow ribbon of such water aboi tt a mi le wide , extending from
the very wide zone in Gloucester County, described above , northeast
about to Manasquan. In Delaware , along trv~ Christina River end
Brand,ywine Creek and underlying most of WI J.mlngton , a zone of such
saline water occurs; another , much smaller , underlies Newark; and a
third , about the size of that at Wilmington, underlies Delaware C ity .
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In the Kirk wood formati on most of Cape May County is underlain by
water In the 10-250 ppm ran ’e . The sout }~~ n boundary I s , of course,
the hi gh-chloride zone previously described . The inland boundary of
this 10-250 ppm zone extends northeastward about from Reeds Beach to
Stra thmore. In Delaware a fairly large area con~ainin - wate r of this
quality extends froTr Delawa re Pay at Liston Point downstream about 20
miles to Pj cke r j n~’ Beach . and curves inland a m c1~~r” of about 10
miles to Include Smyrna , Chenwold , and flove ”.

In the Cohansey sand and b~ iraulically connected over1yi n~r
Pleistocene deposits , pract icail :.~ all o” Cape May (‘~~U f lt v  is Included
In this 10-250 ppm zone--exclud ir.~ only  those part s previously des-
cri bed where hi ,~,her clilorlde exitts , and ~i part of the northern end
of the county whe re rhl~~ride is less hrtr~ 10 ppr~. Narrow strips a
‘cu e oD so wide , usual ly  a l it t l e  l~ r . . bo rder the higher chlo ride
zone previousl y desc r ibed , and extend ‘enera lly nor thwa rd along the
route of U. S. Highwa y ~ as far as Toms °tver and northwestward in
Cumberland County about to the Cohansey River. 0n the Delaware State
side of the estuary this zone, about a mile or a little more wide,
begins at the north near Wilminu ton ; it borders the river about as far
as Woodland Beach (east of Smyrna) and from this point south lies in-
land from the zone of hi ‘h chloride preciously described . A few miles
north of Lewes this zone widens greatly to almost parallel the shore
in the reach from Cape Henl open to the Ma ryland line . ~ this reach
the Inland margin of the 10-250 ppm zone averages about l( miles west
of the Atlantic Ocean .

Thi s about. sums up our present knowledc’e of the status of
salt water in the Coastal Plain. Perhaps a few remarks ahou~ the
situation in the vicinity of Newa r}~, N. ,T . ,  would not be amiss at this
point.

Newark Is in the Passaic River val ley, ly-ing j us t west of Newark
Bay, a salt-water body that is connected bo th to New Yo rk Bay and to
~aritaii Bay by channels at the north and south ends o” Staten Island .

The area Is a part of the Triassic lowland and Is underlain by
bedrock of the Newark group (p. 85-90 ) ch ief ly  dense red shale and
sandstone of the Brunswick formation of Triassic a,.~e. Prior to
Pleistocene tise a major valley developed , trending northeast with depth s
as great as 100 fee t unde r Newark and dipping to 300 feet or more under
Harri son . In Pleistocene time this valie ,’ and Its tributaries were
filled with glacial deposits of sand, ~‘ravel , sil t , and clay. Modern
streams developed after the Wisconsin Ice sheet wi thdrew. Recen t
alluvium , chiefly slit , clay, and very fine sand , has accumulated over
‘he glacial deposits , chiefly In and near present river beds. Thus in
thi s part of New Jersey, the typical thick wed~e of Cre ta ceous and
“ertiar y deposits , presen t in the Coastal Plain farther south, Is
en t irely missing.
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Water occurs in the Brunswick forma t ion chiefly in Its cracks and
c revices. Herpers and Barksdale (1951 , p. 27) estimated the specific
yield of the upper 300 fee of these rocks to be about 1 or 2 percent .
Water moves most readily through the more vertical cracks and especial-
ly thr o ii?h those trending northeasterly- -apparently the joint pattern
tha t produced the widest cracks.

The P leist~~ ene gravels and sands that overlie the Brunswick
formation in the rtver vaueys of the Newark area are relatively high
in p~~—~eabIl Ity and both transmit and store ~~m~~~at ive1y lar ge quanti-
ies o~’ wa ’ er.  The alluvium has a low or very low permeability, and

whe ’~e thick anI compact is relat i vely impermeable ; however, the
alluvium is not ever~wbere thick and compac t., therefore It acts as
an iriperfect aquiclucte.

In the early days fresh water was obtainable from wells almost
anywhere in the Newark area, except very near the river and bay, but
heavy pumping in areas close to Newark Bay and the Passaic Rive r, to-
gethor with dred Ung of ship channels in these bodies, has caused salt-
water encroachment to take place. The dred~ing was no doubt a prime
contributor to encroachment ti breaching the imperfect seal of ~ecen i
and, in some places . Pleistocene silt and clay (Herpers and Barksdale,
1951. p. 50). thus exposing the per meable sand s and gravels directly
to sal t water throughout the entire 1en~ th and depth of the excavations.
This Is a case that should be .~iven careful consideration in regard to
the prop osed deepening of the ship channel In the Delaware Bay and
Rive r.

Salt. -water encroachment ‘ .rcuble spots” now exist in those coastal
parts o~’ 4ho service area where lar ’e-scale pumping exists adj acent to
salt-water bodies. Included are places that have alread y experienced
the loss of once usable wells or well fields ; others are potentially
threatened with encroachment. Among them are Newark, Perth Amboy,
South Aznboy, Sayreville , Asbury Park, Atlantic Ci ty, Cape May, Penns
Grove --all in New Jersey , and in Delaware the most threatened spots
probably are Lewes and Rehobo t,h Beach. But , as men tioned earlier In
this section , whe rever new large-scale pumping is developed. In an aqui-
fer near the salt-water--4’resh-water interface--as in the norm~arIne
sediments of Cretaceous aquifer in easte rn Camden County, 6o miles or
so Inland from the ocean--salt-water en~ r’~achment could be induced and
a new “ tro uble spot ” could i~’-L~p.

How may the fresh-wate r supplies t e  best protected against dam-
a’e or ruin by salt-water encroachment? The answer is not a simple
one because the problem s themselves are complex. In general we must
first of all develop a bet ter unders tanding of local conditions in all
aquifers and rela ted surface-water bodies that have a bearing on the
salt-water problem . We need comprehensive Information for the whole
Coastal Plai n sI r~ilar to. but even more detailed than , that now
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available for the Atlantic C ity area- - details on the local geolo~~ and
hydrOlO~~r such as depth , thicknes’, and effectiveness of aquifers and
aquic ludes; the hydraulic heads and water-table or piezcinetric maps
depicting these hyd~raui1’ heads; the variation of chloride in the aqui-
fers, with isoch,lor mapb cu~-r en~ iy coastruct ed at reasonable time-
intervals, perhaps sem.Lann~ ally in se me areas and. annually in others;
and other similar or related data , including chan ges of chloride and
of stage and flow of 3ui-fac c-water bodies.

Given such essential back~~ound data consisting of permanent
(geologic, chiefly) and changing (h~yd.ro1ogic and. chemical quality)
data, local or State authorities would be in a position to enact and
put into effect the issnediate controls required .

With respect to streams ~arrvtng salt water , the most effective
way to keep salt water out is to ut~ 1ize dams , tidal gates , or other
barriers as far Liovns t ream as possible . Where water traffic ii import-
ant , as it is on the Delaware and Passaic Rivers, such structures may
be considered impractical because of navigation al needs . If they ar e
impractical, then the only alternative meanc of keeping salt water out
of the stre ams is to maintain such high flows of fresh water that salt
water canno t encroac h in the fa~~- ~f it

Salt-water encroac hment may be hastened , or .c ’r .en init iated , by
construction of a tidal canal or c anal system designed to do no more
than drain low-lying marshes . Th~~ was the prime cause of the serious
salt-water encroachment proU..em in southeastern Florida (Parker and
others, 1955, p. 581i~-•591 ;. Or th~ encroachment may item fr ~m the
breaching of a relatively tmperm~ah1e blanket of ~~~~~~t and c~ ay on the
bed of a river when ~hip~. :hann~ Ir edging takes place ~Herper3 and
Barkadale, 1951, p. h O ) . Th i-~ ‘Y~~-e ~s a real po lbil~ty of eucb
encroachment in the lever ~~~~~ ow og t~ Lhi~ pro~.~se1 addit ional
deepening and widen ing of the .~‘~ip ~~~~~~ 1 frcsa b~~~Tw Phi1ad.~lpt~a tohead of tidewat er at Tre n~~n .

Such dredging w.u1d~~~~loubt~e1~,.,’ ~a(:~ ~~tat -~ ~~~ m, :y ~~ ert of water
frc~n the river fr i to the aq~t1~: ~r vLre VeT~ a, a ording to the
relative hydraulic heads. Th. harrni~~l r~~ u.~t s  co~~d a~cr ie—-i n fe~ct
benefit s would re s .Alt --- from ~~~~ d ?dging t f  the ~ua!ty of the r t r e r
water were to be mai nt ained in a ~~~~ ‘~f’actory ‘c nJ I t i ~n. But ~f the
deepene d end widened channe l become an Inland extension of the sea ,
or if pollutants are allowed to spoil the river water , the deepene d
channel would provide t asy a’ren ~~~~~~ of .~ at rance to the aquifers , and
the ~~ound-water a upp i le ~ yr ~ 1 b e endangered , If not ruined , for
most uses.
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One other effect to be expected frxi widening and deepening the
cut through the aquifers in the Philadelphia-Trenton area is con-
cerned with discharge frc~ the aquifers. Removal of silt and mud on
the river bott a would increase the discharge for any given head that
exists in the aquifers above river level. This would result not only
in reducing h3rdraulic bead close to the river, but also ii ~k]ring it
that much easier for salty or polluted water to ~~ve into the aquifer
against the lowered fresh-water head in the aquifers.

No easy solution to this problem present s itself. It would, be
extremely costly and difficult to “pave” the deepened ~~.‘“‘.1 either
by over-dred.ging and then allowing Nature to replace the removed
silt-clay blanket , or to use cement gout or other known impermeable
materials. The only practical ways are those mentioned earlier : (i)
Construction and operation of a salt-water barrier or; (2) increased.
fre sh—water flow in the river .

PROJJTXTJ.vJ.TI OP AQUIJE1~~

The productivity of an aquifer depend s on several factors emong
which are the extent , thickness, average permeability, recharge poten-
tial, storage capacity, and susceptibility to salt-water encroachment
of the aquifer . An approximate meas~ire of the pro ductivity of the
aquifer s in the Coastsl Plain is provided by the expected yields of
properly constructed drilled wells tapping the entire thickness of the
aquifers . The location , spac ing , and size of such wells depend on the
factor s mentioned above, and also on the eeon~~ice of water demand.
As discussed in the section on ~~ound-water storage , the aver age rate
of conai~~~tive withdrawal--the net discharge fr ~~ the aquifers--cannot
exceed the aver age rat e of rech ar ge wIthout depleting the stor age and
ultimately ruining the coastal portions of the aquifers by causing
encroachment of salt water .

The hydraulic coefficients of , end yi~1ds of veils in, the aqui-
fers of the Coastal Plain have been cited in a previous section
Plate 9 ‘shove : ( i )  The areas in which it is known or believed that
adequate wells can be de ve loped in each aquifer ; and (2) the produc-
tivity that may be expected from properly constructed modern veils
penetrating the entire aquifer . The map ‘ a gener a].!.zed and is based
part ly on interpolation and extr apolation of field data. Because the
available data are not suff iciently comprehensive, the map (p1 o)
can only approximately represent the entir e picture . For exemple ,
wells may not everywhere produce as much as the map indicate s, espec-
ially on the fringes of the several areac; or highly productive zone s
may well extend beyond the boundar 1~ shown , espe~’ Tally in a seaward
direction .
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THE AP?AL~CHTAr ~ HIr~mA ~m’

~ E~ AL AT~P~Y~

The exten~ ive re~~icrn north of the Fall Line is a par of the
Appalachian ‘~i gh1ands--a major phystographic subdivision of the
Tin i ted St,ates (F’enneman , io~ Q ) .  The region comprises parts of rour
physlographic provi n ces , each having distinctive landform s which
are related to the types and s~ ruc~~ire of the rocks and to the geo-
lo~ ir history of the province. From the Fall Line northward these
include the P1ethnon~ , New En ;~1and , Valley and Ridge , and Appalachian
Plateaus provinces (p1. 3) . Each province is f irther subdivided
into sections or subprovinces.

The Piedmont province contains 2 very distinct subprovinces:
the Piedmont Upland, a considerably eroded low plateau formed primar-
Ily by weathered crystalline rocks such as granite, gneiss, and
schist ; and the Piedmont or Triassic Lowland, a lowe r and less rugged
are a formed largely by relatively soft shale and sandstone but &n-
cludin g also ridc~es, hills , and small plateau-like surfaces formed ty
harder rocks--principally diabase , basalt . , and ar gillite. Another ,
much smaller , area is Chester Valley (p1. 3), a narrow lowland trend-
ing westward across the center of the Piedmont Upland. Chester Valley
is underlain by limestone and dolomite (carbonate rocks on p1. ii)
which are soluble and therefore less resistant to erosion than the
surrounding rocks.

The New England province extends into the basIn from the north-
east as a long tongue t e r m i nat in ’  near Reading , Pa. Wi thin the basin
it consists entirely of the ~ealin~’ prong of the New England Upland
subprovlnce which I s called the Highlan ds in ~~ Jersey. The area Is
rnodera’~~ly rugged and , especially in I t r  northeastern part , it  is char-~
acterized by approximately parallel , somewhat irregular rid ges and
in t ervenin-- valleys all t rendin northeas~ . ‘he r i d • e s , which ris~about 500-1, 000 feet above the valleys , are f n roe~1 lar~ei~.’ by ~-neiss
and related ha rd crystalline rocks; the valjeys are underlain by
weaker rocks--principally carbonate ‘-orks and shale. Most of the
New England province has been olaciate~~. In the northeas tern pa r t. ,
In New Jersey, the rith ’es are blan1cet.e~ by extensive deposits o~’
glacial till , and the valleys contain thicker deposits--lar gely out-
wash --which completely mask the bed rock in most places.

The Valley and Rid ge province Is divided by a rith re kno wn in Penn-
sylvania as Blue Mountain, into two main parts: (1)The ~reat Valley
to the sou th; and (2) a sequence of nar row valleys and ridges to the
north . Known a’ so in New Jersey as Kittatinny Mountains, and In New
Yo rk as Shawangunk Mountains , this ridge for convenience will herein-
after gene rally be desi p-iat ed as the Blue Mountain ridge .
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The Great Valley, a relatively broad feature 8-20 miles wide in
the basin , actually consists of 2 belts of contrasting lRn iforms .
The southern , and narrower, belt is a gentle lowland formed by rela-
tively weak carbonate rocks . The northern belt, formed by more re-
sistant shale , slate , and sandstone, is a deeply eroded surface ris-
ing abruptly several hundred feet above the lowland to the south .
As in the New England province, the northeastern part of the Great
Valley has been glaciated , and part s of this area are covered by gla-
cial deposit s of varying thickness and permeability .

North of the Blue Mounta in ridge , the Valley and Ridge province
is characterized by alternating ridges and valleys which trend gener-
ally northeast , parallel to the regional “grain” of the topography
but which at many places curve , bend abruptly, reverse direction, or
zig-zag . The highest and eteepest ridges, which have rather uniform
st~anit altitudes of 1,500-2,000 feet , are forme d by the hardest mater-
iala--chiefly thick-bedded Iuartzose sandstone and conglc~~ rate.
Lesser rid ges are formed by more thinly layered sandstone and hard.
&~~l’.~ The valleys are underlain by rocks less resist ant to erosion ,
such as soft shale and carbonate rocks .

The most extensive development of these valleys and ridges is
west of the lehigh River; the belt narro ws between the Lehigh River
and the Delaware Water Gap near Stroudsburg, Pa. Northeast of
Btroudsburg the belt narrows still further and consists princlpa.U.y
of the Kittatinny-Shave.ngunk Mountains r idge and the valley of the
Delaware River . The area northeast of Stroudsbtu-g has been glaciated,
and the valleys of the Delaware River and lt a maj or tribut aries are
filled with glacial outuash .

The Appalachian Plateaus pr ovince , which occupies approximately
the nor thern third of the basin, is an upi.and formed by flat-lying
to very gent ly folded beds of sandstone , shale , and conglomerate.
The gent le to flat structure of the beds contrasts with the stro ngly
folded and faulted structure of the similar beds in the adj oining
Valley and Ridge province and accounts for the difference in land.form
between the 2 provinc es. The relat ion of rock structure to topog raphy
is well shown by the gradational change from one province to the
other near the Lehigh River ; there the folds in the Valley and Ridge
prov ince flatten toward the northeast gradually rather than abruptly .

The 2 sections or subprovi nces of the Appalachian Plateaus pro-
vince in the basin--the southern New York section (whlch inc lude s the
Pocono Mountains) and the Catskill Mountai ns--differ chiefly in relief;
the boundary between them shown on plate is vague and arbitrary.
In both areas the layera of rock are nearly flat; the greater alti-
tude and relief of the Cat skills , which attain an altitude of li.,200
feet at Slide Mountain on the eastern border of the basin, is due to
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the superior resistance to erosion of the con~lomerate and coarse-
grained. sandstone , which are more abundant there . Few strnm~iits exceed
2,000 feet in altitude in the southern New York section of the plat-
eaus, and most of th€ area is between altitudes of 1,000 and 1,500
feet. The Delaware River and its major tributaries have carved deep,
narrow valleys across the plateaus in both subprovinces.

Probably all the plateau region has been glaciated , although the
most recent glaciation--that of the ~Jisconsin stage ( table l)--did not
extend into the southernmost part oi the region (p1. 3 ). Glacial
till mantles most of the area, and the drainage pattern has been modi-
fied greatly by the effects .of the ice sheets. Marshes and lakes dot
the flatter parts of the plateaus in Pennsylvania. The large valleys
are filled with thick outwash.

OCCURI~ NCE OF GROUND WATER

In the Appalachian Highlands, ground water occurs in both con-
solidated rocks and unconsolidated sediments, but although the glacial
outwash supplies the most productive wells, by far the most water is
in the consolidated rocks because of their greater extent.

The glaciated northern half of the area is blanketed discontinu-
ously by unconsolidated sediments . Thin unbedded deposits of glacial
till lie on the interstrean areas ; bedded deposits of glacial outwash
lie alonr~ the major stream valleys , both in the glaciated area and in
he un glaciated area to the south . The glacial outwash is the most

permeable and productive aqui ”er in the Highlands , but its total vol-
ume is small; nonetheless , if large local supplies of ground water
are to be developed , the best sites for such developments would he
where the larger bodies of glacial outwash are to be found in hydraul-
ic connection wi th perennial streams, as is commonly the case in the
large r stream valleys . Though much more extensive than the outwash ,
the glacial till is less penneable and usually is too thin to yield
large perennial supplies of ground water.

The consolidated rocks underlie all the unconsolidated sediments
and are exposed at or near the land surface throughout most of the
southern , unglaciated , part of the Appalachian Highlands. The capac-
ity of the consolidated rock s to store and transmit water
ordinarily is much less than that of the unconsolidated sediments ,
but their r ’reat thickness and. extent make the consolidated rocks the
principal aquifers in the Appalachian Highlands.

The consolida ted rocks are herein divided into 3 major categories
based on the nature and distribution of their water-bearing openings :
(i )  Crystalline rocks; (2)  carbonate rocks ; and (3 ’) clastic rocks .
The genoral chara ~~r i stic~; ol’ ~t ir ~ of t1~~se cate~~rie .’ ~~~ iescribe~
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briefly , and the geologic formations that c~~~ ose each type are listed
in the sections following. The individual, formations are described
very briefly in table 1~vhieh shows also their relative ages and strat-
igraphic sequence . Because it is impossible to show in one table all
the consolidated-rock formations in so large and &iveise an area as
the Appalachian Iigbland.s portion of the Delaware River basin , table 6
list s the formations in each of the physiographic subdivision of the
Appalachian Kighiands and indicates their approximate age relations.

The outcrn’~s of the consolidated-rock formations are shown on
plates 1.1 and j.~ end stratigraphic and. structural relations of the
rocks are Lu part shown d,ia~~~~matically on plate 13,

The unconsolidated sed.iments are described , in a later section .
Their extent is shown on plate i~ and their thickaess and distribu-
tion in and adjacent to the major strew valleys are shovu on plate 15..

CR~STALLfl~~ ROCKS

Crystalline rocks are composed of interlocking mineral grains- -
crystals--which formed either : ~l) by cooling of molten material
(to form igneous rocka) or; ~2) by crystallization of previously ex-
isting rocks either tllrough tremend.cua pressure as the earth ’ s crust
folded and was squeezed , or (and.) by deep- seated emanations of hot
liquids or gases to form metanorphic rocks . The crystals may range
in size from microscopic grains to giant . several inches in di~~eter .

The c o n  igneous rock s in the bas in are granite, gabbro, din-
base , and. basalt Of these , the granitic to gabbroic rocks cooled
slowly at considerable depth in the earth ’ s crust end are relatively
coarsa grained . Many of these ro:ks appear to be of igneous origin
but are now believed to be a.ctua.LL.y of met~~iorphic origin. Dilbase,
a dark rock generally haying smalLer cryatal~ than granite or ga.bbro ,
forms intrusive sheets (sills) and. dikes is. sediment ary rocks, whereas
basalt , a still finer grim ed rock, orIginated as lava flow, that be-
c~~e interbedded with sedimentary rocks .

The met~~orphic rocks of the App&lachian Eighland~ include gaeiaa ,
schist , phyllite , slate , quarti it., and probably some of the granitic-
rock types mentioned above . Thee. rocks derive their type name from
the fact that they hive been n~ tsmorpho.ed ~che.nged) by heat sad (or)
pressure from rocks of sedimentary or igneOuB origin. They co only
have a pronounced band iug , lsyer tug, or alinement of minerals.
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Some of the crystalline rocks grade imperceptibly into the other
major types, so that any classification is arbitrary. For example,
marble--a crystalline carbonate rock originating as a sedimentary rock
(ii rnestone)--has water-bearing properties similar to those of the non-
crystalline carbonate rocks and for that reason is grouped herein wi th
the carbonate rocks rather than with the crystalline rocks. Slate--
a metamo rphosed shale--grades into shale in parts of the
service area and is grouped more conveniently with the clastic
rocks than with the crystalline rocks. Some quartzite
differs very little from hard, stron mly cemented quart~ose sandstone
and conglomerate, and also may be grouped wi th the clastic rocks .

As defined herein , the crystalline rocks include the following
units shown on plates ii -~nd 12 and 1i r .~ d in table 1.

Age Map unit Formation

‘riassic Diabase t1 t rap rock ”
_______________ 

Basalt 
______________________

‘anThrian Quartzose rocks Ant ietaj n sandstone
Harpers schist
Chickles or Ha rdyston

_________________ _____________________ 
guartzite

~arly Pa leozoic (?)H lena rm series Pete rs Creek schist
~:issahickon formation

_________________ _____________________ Setters formation

>recambrian and (
~ra ni tic to d~a~Jbr o ic

a Paleozoic rocks

~ UTLtramafic rockb 
______________________

~recambrian C neiss

i’,neiss of Precs~obrian A~e

The oldest rocks in the Delaware River basin are various types of
gneiss and similar crystalline rocks of Precambrian age. They occur
in both the n~ jor areas of crystalline rocks--the Piedmont Upland and
the New England Upland --but are most extensive in t~he New England
Upland .

The g~e1ss and related rocks are of diverse origin; they include
highly met.wnorphrtsed sedimen t ary and i~neous rocks, unmetaniorphosed
Igneous rocks , and complex mixtures of t ,heRe types. In the Piedmont

— 
~ 1~~~~~~~

” ~~~~~~~~~~~~~~~~~~~~~~~~~~~ I



Upland many of the Igneous or igneous-appearing rocks have been dif-
ferentistied. frov~ the known metamorphic rocks and are shown on the
geologic map (p1. U. ~s ultramaf ic rocks and granitic to ‘glbbroic
rocks , but in the hew &iglath U~1and all the rocks are grouped as
gzeiss and related crystR~l l i ne  rocks (ph . .‘L; and 3.2,’

In the Piedmont Upland the gneisa of known Prec~~brisu age has
been ca.U.ed the Balt imore gnetss and. the Pickering gnei.s. In the
New ~~g1and Upland the n~ued formations include the Byram granite
gnelss , the Lossee dioi ite gneiss, and the Pochuck gsbbro gneiss, but
there are also ge’ve,ra.l kinds of unnamed gneiss believed to be lar cely
of metaaedi~ entary origin (~~nith , 1957 , p. 71-76) . Because of their
similar water-bearing propertle s~ their uncertain correlation, and
their ccmxplex associations, all. these rocks ’ are herein grouped in one
hydrologic unit .

Most of the gnelss is medium to coarse grained. and has a more or
less prc~ inent band ing or layering of t~e minerals. In composition,
the types range from L ght-color-ed rocks having abundant quart z and
feldspar to dark rocks containing abundant iron- end magnesiiis-b.sx ing
minerals. Oneiss or s”h let containing graphite occurs at scattered
localities in the Piedmont ~tp1and.

tYltramafic Rocks

The ultramafic rock. (rocks hIgh in inagxiesi~~ and iron-bear ing
minerals) which consist of more or less altered or metamorphosed
igneous rocks-- chiefly serpent IflaS , metapy roxenite , and aetaperiod.ot—
its——occur as ~na1 1 mac~see at scattered localit ies in the Piedmont
Upland . The outcrop s form law hI1~~ and ridges that are d.istinct-
ivaly barren of vegetat ion and are characterized by very thin soils .
The ~~~1 1 amount of water that occurs in these rocks generally has a
hi~~ content of magneei~~ bicarbonate , owing to the a~b~mdance of
magn.esi~~ in the rock-forming miners]...

f]ranitic to Qabbroic socks

The granitic to gsbbro ic r-ocJ~u ccmrprioe granite , quart z monzonite ,
grenodio~ite, quart z diori te , ~yeni.te , d.iorite, anorthosite, gabbro,
end related rocks . At many plsee~ these rocks intergrada ‘with gneiss
of Precambrian age or with echi’3t eM gusiu of the ~lenarm series , so
that it is difficult to portr ay the boundaries of the units on a g.o-
)ogic map . Only the larger ma.~aes of re-istively uzmiixed granitic
to gabbroic rocks in the Piedmont 

m p l.ant are shown on the geologic
mar- (p1. 1.1 ) in the New England Upland th~ce rocks are grouped with
the gne~~~o of Precambr ian ag’ .
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Gsbbro is the most abundant type in the southern part of the Pied-
mont Upland , whereas quartz monzonite , granodiorite , quartz diorite,
and anorthosite predominat e in the northern part of the Upland , north
of Chester Valley . Most of these rocks are meditan to coarse grained
and are not as strongly banded or layered as the gneiss and schist .
F’ractureE (joints) are relatively far apart, are regularly spaced ,
and co~~ionly form a set of three mutually perpendicular planes. A set
of curved fractures ( sheeting) approximately parallel to the land sur-
f ace is developeli in some of the sparsely jointed rocks .

Like the other crystalline ro~ka , the graniti~’ to gabbroic rocks
contain dikes of pegmatite and met adiabase and veins of quartz. - Many
of these veins and dikes are highly fractured and yield more water than
the surrounding rocks.

Glenarm Series

Most of the Piedmont Upland south of Chester Valley is underlain
by a sequence of schistose and gneissose rocks of predominant ly meta-
sedimentary origin known as the Glenarm series (Bascom , Clark , Darton ,
and others , 1909 , p.  ii.) . In order of decreasi ng age the Glenarm series
consists of the Setters formation, the Cockeysville marble , the
Wissahickon formation , and, the Peters Creek schist . The age of these
rocks, formerly thought to be Precambrian, is now considered probably
early Paleozoic . Increasing evidence indicates that the Glenarm series
consists of more highly metamorphosed equivalents of rocks of known
Cambrian and Ordovician age farther north (Watson , 1957), as shown in
table 6.

The Setter s formation consist s large ly of quartzit e and mica-
quartz schist and is similar to the Chickies quartzite of Cambrian age
to the north.

The ~iissahickon formation, w~~ch “:a~titutes the bulk of the Glen-
arm series in the Delawar e Rive r bnsi , n , includes a variety of rocks
r anging from gneiss in the southern part of the area to fine-grained
schist and phyllite in the northern part. Micas (muscovite and bi~tite)are the most abundant minerals; other important mineral s include
feldspar , quartz , chlorite , and garnet .

The Peters Creek schist , which lIes in the northern part of the
outcrop of the Glenarm series, is generally similar to the fine-
grained mica schist and phyllite in the Vissahickon formation iinzned-
lately south .
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Spacing and orientation of fractures In the rocks of the Glenarm
series are dependent on the texture of the rocks and the direction of
application of deformations]. forces in the earth ’s crust . Where mica
or chlorite are abundant the rock tends to split read.ii.y, parallel to
the layer ing of these minerals , but fractures are fi.rther apart and
more evenly spaced in the more massive rocks , where a considerable
amount of ~~—ixed granitic or gabbroic rock is present .

Quartzo.e Rocks of Cambrian Age

The quartzose rocks of Cambrian age include the Chickies quartzite,
the Harpers schist , and the t•ntietam sandstone in the
Pi*dmont ~~laM, and their approximate eq~iiva1ent . the Hardyston
qu.rtzite in the New England Upland ( tab lel 1 and 6). These rocks
actually are intermediate in character between the crystklline rocks
and the claj tic rocks; they consist of quartzose sand-
stone end some conglomerate ansi shale that have been metamoiphosed.
slightly to moderately. However , because of their almost total lack
of intergranu].ar porosity, they resemble in hydrologic properties the
crystalline rocks more closely than the cisatic rocks.
Because of their brittleness the quart zose rocks are higb],y fractured
at many places, particularly in the vicinity of faults or contacts
with older rocks .

In part s of the Piedmont Upland the quartzose rocks attain a
thickness of more than 1,000 feet, end because of their hardness and
resistance to weathering they form conspicuous ridges and hills. In
the New England T t pland , where these rocks generally are only a few
tens of feet thick , they form inconspicuous low ridges or abr upt
slopes at valley margins .

Basalt and Diabase of Triassic Age

In the Delaware River ,~~IV1-:c area i-he yo- n~;e~~t
crystalline rocks are basalt and diabase- -ccmmionly called trap rock - -
of Trie.saic age . Both are dense dark rocks of igneous origin and
consist mostly of approximately equal amount s of plagioclase and aug-
ite . The baaalt is fine-grained and occur s as lava flows Interbedded
with the she.le and sandstone of the Newark group; the diabase is
coarser grained and forms sills intruded between the beds of sedi-
mentary rock of the Newark group or as dikes cutt ing across those
beds . Both the basalt and the diaba se are much more resist ant to
erosion than the surrounding sedimentary rocks and form prominent
ridges and hills several hundred feet high in the Triassic Lowland .
The basalt forms a series of concentric arcuat e ridges--the ~ atchung
Mountains--in northern New Jersey,  cu t  side the Delaware River basin;
the cuabase forrr~ many scattered htlle and ridges across the basin and
forms the well-known Palisades al ng the west bank of the Hudson River
(p1 ‘ 4 .
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Kydro1o~ic Properties of the Crystall in~ Rocks

In spite of their diverse origin, al]. the cryIt~ l l i v a  rocks have
generally similar hydrologic properties: they have little or no in-
t.rgranular porosity except in the weathered zone near the land s~-
face; solutioti openings such as those in the carbonate rocks are
scarce or absent ; end practically ..ll water in the fresh rock occur s
in fracture openings . Porosity decreases with depth more rspi&ly
than in any of the other rock types in the basin , and, except lo-
cally, little water is obt~in~hle below a depth of about 300 feet.

As a general m l .  the following zones are encountered in down-
ward succession in the crystAi-1i-ne rocki~ (1) Soil end decc~ possd
rock consisting of granular material--largely a mixture of clay, silt ,
and s~~~ sand; (2) disintegrated rock which dovnirard contains more
and mor , residual masses of fresher rock; (3) relatively fre sh frac-
tured rock; (1~) fresh rock in which the fractures ar e closed by the
weight of the overlying rock.

Usual].y thes. zone s are gradational , and local exceptions to the
s.qwsnc. are c~~~~n. At s~~~ places where erosion has been very
active or the rocks are unusually me , fresh rock extends to
the land surface, and in much of the glaciated part of the Jew Inglsnd
Jpland, glacial deposits directly overlie fresh rock .

Tb. thickness and. character of the zones are related to n~~~rous
factors, among which are the len4form, the type of rock , and the
geologic history of the area . Other factors being equal , the weather-
ed zone also varies considerably with rock type . The hardeit and
ch~~ical].y most stable rocks , such as quartzite , tend to form the
thinnest weathered zones, whereas the weak end. chemically unstable
rocks~ such as much of the gneisa and achist of the Glenarm series
tend to form thick weathered zones. The thickness of weathered
material in the outcrop of the Glenarm series of the Piedmont pland
co~~only exceeds 25 feet and in places exceeds 50 feet .

The character of the weathered material is closely related to
that of the parent rock; rocks high in quartz tend to form sand ,
whereas rocks such as gabbro which have little or no quart z form much
less permeable clay and silt . Most of the crystalline rocks in the
basin weather to an unsorted assemblage of clay , silt , and sand hav-
ing moderate to low permeability.

Weathering is most active in the zone above t~ie loveat level of
the water table . The pr incipal weathering agents in this area con-
oist of dissolved carbon dioxide end oxygen and organic acids . Al-.
though some geologists believe that the lowest level of the water
table is the lower limit of normal weathering processes (Penck , 1953,
p. 61), much evidence exists to the contrary; in most crystalline-rock



areas in the I~~laware River basin the zone of fluctuation of the
modern water table is well above the base of the weathered zone .
Buxton and Berry ( 1957 , p. 1275) list 3 reasons for such a seemingly
anonma condition; (1) Dee-p weathering may have taken place be-
fore an integ rated c irculation of water was establishe d in the rock;
(2) local deepening of the weathered profile may occur along promin-
ent fractured zones; and (3) the level of the water table may be
higher now than at the tine the lover part of the weathered zone was
establi shed. In any case , considerable quant ities of water nov are
stored in the weathered. crystalil n~ rocks in many parts of the Pied-
mont pland. and New England ‘p.land, and water released from ground,.
water storage sustains the high base flow of the streena in those
areas

Fractures are caused by stresses ci’ various origins . Deformation
of the rocks dur ing folding and faulting probably caused most frac-
tures in the crystalline rocks of the basin , but shri nk*ge result ing
from cooling of igneous rocks caused many fracture s, particularly in
the basalt and dia.baae . Depths to which open fractures extend are
related, to the strength and brittleness of the rock type as well as
to the degree of deformation it has undergone . As a rule open frac-
tures extend to greater depths in the hard quar tzit ic rocks than in
the softer , less brittle rocks , such as phyllite and highly micaceous
schist . Recor ds of dr illed wells indicate that open fractures do not
ordinarily extend beyond a depth of about 300 feet, and that yields
of veils are not increased appreciably by dr illing below that depth .
However , a few wells have obtained water from greater depths , prob-
ably fr oni frac tures aa 3ng faui’~ a or in shattered pe~ natite dikes and
quartz veins .

The porosity of the fr actured fresh crystalline rock is consider-
ably less than that of the weathered zone , but the larger size of
many of the fracture penings permits more rapid movement of water
through then . The occurrence of’ water in fractured rock is much more
irregular tLari in the highly veathe:ed rock, owing to the unequal
distribution of fractures. Ad . ac ent wells ccmmioniy tap fracture sys-
tems that lack nearby iiydraulic connection , so that pumping of one
well may not a.ffe t the water level in the other , ai least inmed.iately .
In the granular material in the weathered zone the water table may be
the usual subdued reJi~a of the topography , but in a fracture sys-
tem, eapeciali - one in which the fractures are far apart end not inter-
connected. freely, a t .  ue water table c~~~ only is absent , and water will
stand at different levels in each fracture or set of fractures . At
some localities -water-bearing fractures may be separated from the
water-bear ing weathered zone b:r a zone of dry unfractured rock ; at
other places, ledges of hard , massive rock serar ate water-bearing zones
in the weathered material (Ward 1O56). Much study remains to be done
before the occurrence of water in the cryotrLL~ :Le ro cks in the
Delaware River basin 1~ weLl ~in Ier~~ ood .
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As indicated by the rather limited data available, the coefficient
of storage of the crystAl Une rocks probably ranges from about 0.005
to about 0.02--in the low range of values for unconfined conditions
( Greeuman , 1955 , p. 6). The higher values probably are representative
of the unconsolidated granular material in the weathered zone , where-
as the lover values are representative of the fractured fresh rock.

The tran~~issib ility and. average permeability of these rock s also
are moderately low to very low, as indicated by the reported specific
capacities of wells. In the Pied mont ~p1and of northern Delaware ,
Ra~~iussen and others (1957, p. 99) reported the following specific
capacities of wells tapping several types of crystAl 1~in  rocks :

Table 7. --~pecific capacities of wells in crystAlline rocks of
northern Delaware

Specific capacity in gpm Number
Type of rock per foot of dravdo’wn of

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Maximum Minimum 

- 
Average wells

~ranodiorite (igneous)Weathered material 3.2 0.005 -- 2
Hard rock 1.0 .07 .3 10

~abbro ( igneous) 15 .003 1.6 33
Iissahickon formation 13 .01 

— .7 71~.

From these hydraulic characteristics it is apparent that a typ-
ical well tapping the cryst~i~l ltn ~ rocks will exhibit considerable
drawdovn at any pumping rate, but substantial lowering of the water
table will not extend far from the well, probably no more than a few
hundred feet ordinarily, unless the rat e of pisnp ing is high.

Reported yields of 202 wells tapping crystalline rocks in the’
basin range from less than 1 gpm to more than 300 gpm and average
about 50 gpm . Except for the basalt and diaba8e , which are perhap s
the poorest water-producers in the basin and seldom yield more than
a few gallons per minute to wells , differences in productivity among
the many types of rystalline rocks seem to be outweighed by local
differences within each type . Detailed studies should be made to de-
termlne the factors that affect the productivity of the crystalline
rocks.

CARBONATE R0CI~

The carbonate rocks , as herein defined , consist of: (1) Lime-
st - rir’ (calciinn carbonate); (2) dolomite (calcium—magnesium carbonate;
(
~

) r cka intermediate in composition between limestone and, dolomite ,
some t lines called magrieaian limestones; and (1~) rocks intermediate be-
tvee~ l1in~ stone or dolomite and other types , in which the carbonate
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‘ )nLex ~. is suL s tLnt la l . Inc luded also is m a r L l ’ , a cc~/sta1line 8.1’-
nate cc ~k wriich reccoile s the nor ~~~ alline carbonate rocks in its

wa~er-be~.ring properties.

The arhonar e rocks ~ mprL se all or pac . n f  sever~o ’e( logic ~r
hydrologic units shown n plates 11 and 12 m d  listed ~n tables 1 an~
~~. In crEer of ~o~reasing age these units include : Franklin r~es~ ’ne
(Precaz:oian), C oice~ cv~ile marble of the ~l cc. ser ies f ear ly
Paleozoic ( 7 )  age , ‘or b nat~ ro ho of strian ani Or ~vi” ~ar. age , and
carh~oate rocks of Sil~ r ian and. [) v  c lan a~o. These odts are ies-
cribed bridily in the following pager.

oLin Lc :s t o n e

The Prar.klin lime~~~~or , one of the oldest rocks in che region
( table 1). ty ically is a white or gra~i corase-graLoe~ to locally
fine -graine~ marble or -lolonlitic marble which  in places contains con-
siderable ancuntrT ; of graphi te an. many other minerals. The Franklin
limestone is most abundant bust east of the Delaware River basin in
the Nc~r Ters ’~y Hi~thland of the l~nw ~n~’ian - province , but it occur s
also at sca ’ ter o  I localities tI udhoi~i. the ~ew Enylan d nrovince in
the basin ani  in nma]J areas in the P~.o Jn T r1t (p is. 11 and 12). The
marble is asn -iat e w it h  var us tbrnes of gneiss an~ relate l crys-
talline rocks of Pre’ambrian age.

Cockeysvi lle Marble

The Co ~kebsville marble is a massive ccc L csr - to c’oarse-grainecl
su~;ar~- :.. ar’ulc which in places grades ~nd ° impure schlst r :se marble
ao l  iio~’ aica schis t . It underlies several small valleys in the
soutowestern part of the Pie im~n~ Uclan-i where it ‘haracteristtcally
is covered by a t h i c k  residual deposit of c lay .

The t - ~ ;kej sville r c r t le ov’r l les the S tter s  form at ion and is
overlain i y  bri e Wissahickon f c c o  ion . ~ll taree f - o o at i c ns are car t
of the Glenarni series.

Carbonate Rack s of C aznbria.r i ~nj  Ordoviciari A~~

The thi~ kest and ma ; 4 extensiv~ unit c~ sed of ca~”L nate rocks
- r r -r ses several tc rma I ons of C rio lari and Orlovician a~ e which are

• gr o-c~ ’ herein be -aro3e of their general hydrologic similarity and be-
cause of toe uncertainty of t h e i r  ‘orrela t L o i  fr om one ar~ a to an-
other . T h ’  formations are listed in tables 1 and 6 ano are describe
l riefly in table 1.
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The CambrIan ani Ordoviclan carbonate rocks crop out chiefly in
the southern , lowland, belt of the Great Valley, but they occur also
in Chester Valley in the Piedmont - pland, in small areas in the
Triassic T owland , and in several long , narrow valleys in the New
~~~~~~~ 

:p~~~d (pla . ~~ ~~~~~, and i~ -

Typically, the Cambrian and Ord.ovician carbonate rocks consist
of a thick sequence a~’ llmeatone , shale , and slate, and, in the
southern part of the Piedmont , some mica aehist and phyllite . The
limestone and dolomite weather to e. thick residual deposit of clay
and silt and f rn lowlands having only a fe’~’ or crop s, whereas the
zone s containing noncarbonate rock types form low ridges and hills .

The total thickness of the carbonate r ; ’k s  of Cambrian and Ordovi-
clan age ranges widely throughout the basin , but it is difficult to
ascertain precise thicknessea , owing to the intense folding and fault-
ing of the beds . The total stratigraphic thickness of the unit at any
one locality may not exceed 2 ,500 feet , but because of folding and
fault ing the beds may extend to depths of 6,000 feet or more .

C arbonate Rocks of Silur ian and Devo~ ian Age

The carbonate rocks of Silurian and Devonian age comprise several
relatively thin formations whi ’h  are described briefly in table 1.
In ascending order they are the ~ - 

- 
..-: Decker , Rondout , M*nlius ,

Coeymans , New Scotland , Becraft , and Port F~ven limestones. These for-
matlons .crop out in a narrow belt across the Valley and Ridge province
a few miles north of the Blue Mountain ridge . The beds dip steeply
to the north and are within reach - :f  wells In  only a small area in and
near the outcrop .

For the most par t , the seqi ca -e consists of light-~~ ay t o  n *’tr o
b lack lii~~ t on~ and i ’ i o m 1 t I ~ limestone , and smaller nzno unt s of ~sandstone and sba1~~. The total th  -knes~ if the beds probably 1- ~es
not exceed 800 feet within the b a i j o , and in places h~- cri l kn~~ s ~much less.

~~ dro 1ogic PrqpertLor of the C~tt -b onate Rocks

The carbonate rocks d i f fe r  I~r - c ~ ~~~~~~ 
• - - ‘ lrat LI a-

having a n t ~ n 1~’i ain t cc -t -~t ~t - - ni’ s- - lo~H -na ‘v eç1 t.r~ e
Water per -olat in ~ downward from l~~~ L

’ - -n ’ ~ t r ~~ ~~~
di ssolved ‘ arb o d l i x l 3# and orR~uL - a r t t h~ vt~~ -

solution that is capabiA of d1~ 3 L’zl , ~r -~ -

generally starts aion~ T i ~~~— P X  I I iru! “a •

enlarges them t form a n~~t w -  - r k  ~
ad s. Some sir ‘h ‘harui~ 1~ -

caverns • and In t r~ ~ 1 !TII~ “ti n~
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and the land surface pitted with sink holes; part of the drainage is
on the land surface and the rest takes place through these underground
solution channels .

The distribution of solution openings in most carbonate rocks is
extremely irregular and is difficult to predict in advance of drilling.
In some of these rocks, particularly those that are sandy or shaly and
contain less calchmi carbonate , solution openings may be virtually ab-
sent , and all the water may occur in ordinary fr acture openings àithi-
lar to those in unveathered crystalline rocks . Where the fractures
are tight ly closed , as in some of the Jacksonburg limestone of t4idd.le
Ordovician age , little or no water may be yielded to wells . In the
Delaware River basin the most abundant fracture and solution openings
are between depths of about 50 to 300 feet , although some veils have
encountered. large openings at depths of more than 1,000 feet . Openings
also seem to be more abundant in the vicinity of surface streams .

Overlying the fresh carbonate rocks at most places is a weathered
zone conmionly as much as 50 feet thick , cciuposed of residual clay,
silt, and some sand . Owing to its considerable clay content, this
material generally has rather low permeability and specific yield,
acid it does not ordinarily yield much water to wells. However, at
some localities, such as in the outcrop of the Cockeysville marble
in the Piedmont where the weathered zone averages more than 80 feet
in thickness, the few available data suggest that the yields from
the weathered material may exceed those from the underlying fresh rock
where the fresh rock contains relatively few solution openings
( Ramnussen and others, 1957, p. 102).

Ground water in the carbonate roeks occurs under unconfined to
rather completely confined conditions . Uriconfined or semiconfined
conditions prevail in the weathered zone and in the ismieLliately under-
lying fr actured rock. The deeper fractures and solution channels
contain semiconfineci to confined water and may , in some places,
tran~ nit water many miles from intake areas to discharge areas .

Solution channels usually are more abundant near streams, and
at many places surface drainage is controlled by the distribution
of the subsurface openings. Stream valleys and other relatively low
areas are therefore favorable sites for wells .

Streamfiow in areas underlain by carbonate rocks is unusually
steady end includes a h igh proportion of base flow--chiefly ground-
water discharge . Water budgets are particularly difficult to esti-
mate for drainage basins in carbonate-rock terrane , because much of
the water that moves through the networks of solution channels may d
enter drainage basins underground from adjacent basins or m a y  leave
the basins as unmo~tsured ground-water outflow .
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Detailed data on hydran].ic coefficients of carbonate-rock aquifers
of this region are lacking. Bowever , fr ~~ observed behavior of p~aped
veils tapping the artesian zone, and the effects of the piaping on
s&ja.cent wells, it may be concluded that a decline of artesian pres-
s~ne as an effect of p~~ping generally is tr.n~~4tted rapidl.y to acme
distant points but seldcm is tr~n ltt.& equally in al]. directions.
In fact , nearby iieUi may tap different syst~~a of rock openings, in
‘stich case the p~a~ping of one veil will not appreciably affect the
water level in the adjacent well, at least ~~~~d1ate].y.

The tr*n~~issibility and average permeability of many carbonate-
rock aquifers appears to be high, as indicated by reported yields of
several hundred gallons per minute with pi ping dra.vdoinis of less
than 20 feet . ~~&1 1 yields with large dravdowna are not unco on ,
however , which suggests great variability in the aquifers . In the
fresh rock, coefficients of storage probably are in the order of
0.0001 to 0.001 (Barksdale , Ureenman ,Lang, and others, 1958); in the
weathered zone near the land surface, where water-table condit ions
prevail, the storage coefficient s may be in the order of 0.01 to 0.10 .

Although successful wells in the carbonate rocks yield larger
supplies than wells in any other type of consolidated-rock aquifers,
unsuccessful veils or veils having disappolntingl.y low yields are
not imc~~~~n. In some areas, pa~rtic~1arly where noncarbonate rock
types are abundant among the carbonate rocks, yields of ‘s .].a average
less than 25 ~~~~ , and the d3’i11 Ii~g of two or more test wells nay be
required to obtain a successful supply well. At other localities,
especially in the stream valleys, although test welL’ may ~‘tiil be
needed, veil yields exceeding 500 g~~ have been obtain”d, and yields
of as much as 1,500 g~~ are reported.

In the Pennsylvania pert of the Delaware River basin, reported
yields of 127 veils in carbonate rocks range from ~ to about 1,500
U and average nearly 200 ~~~~ modern drilled weLls 300-500 feet
deep In the relative ly pure carbonate rocks nay be eçected to yield
about 50-500 ~~~~ , but wells in formations, such as the Jacksonburg
l1~~ stone , that contain considerable ~~~unt s of noncarbonate rocks
are generally incapab le of producing more than domestic or ~~ul1-
scale farm supplies.

CLASTIC ROCKS

Consolidated clastic r cks consist chiefly of trig-
ment s of rocks or minerals whict~ have been derived from the disinte-
grat ion of older rocks , transported to the site of deposition, and
e~~~nted or other wise consolidated there . In the Delaware River
basin area these rocks represent both marine and nonearine deposi-
tional envirinmei~ta. but wi th a f~w lr,r al. exceptions all the rocks

_JTT ’i ______ 
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now contain fresh water at depths ordinarily penetrated by veils. The
c].nstic rocks are the most extensive aquifers in the Appalachian High-
lands; they underlie most of the Valley and Ridge province and the
Triassic Lowland, and all the Appalachian Plateaus.

A].]. the principal types of elastic rocks, ranging in texture from
fine-grained shale in which the grains are microscopic in size to
conglomerate containing boulders as much as several feet in diameter,
are represented In the basin. On the basis of both their age, as dé-
termined. from fossil content and. less direct lines of evidence, and
their physical character, or lithology, the cla~tic rocks have been
subdivided into numerous geologic formations. These are described
briefly In table 1 and listed also in table 6. The genera]. character-
istics of these rocks In each of the three major areas where they oc-
cur are discussed In the following pages. More detailed descriptions
of the individual formations are given by Hall (l931~) and Lobman (1937).

Rocks of the Valley and Ridge Province

Except for parts of the Great Valley and a narrow belt several
miles north of Blue Mountain which are underlain by carbonate rocks ,
all the Valley and Ridge province Is underlain by clastic rocks.

The Oldest elastic formation exposed In the Valley and Ridge
province is the Martinsburg shale of Ordovician age . Lying on the
eroded surface of the Martinsburg shale Is the Shawangunk conglonier-
ate of Silurian age, which dips moderately to steeply northward and
forms 1,he Blue Mountain ridge.

From the Shawangunk conglomerate upward, the formations of Silur-
Ian to Pennsylvanian age are folded into a series of anticlines and
synclines and are cut by rn.unerous faults. A large volume of the
originally deposited material has been remove d by erosion since the
end of the Paleozo le era ( table 1), so that only the “roots” of the
ant iclines and synclines remain. The harder beds of sandstone and
conglomerate form rid ges rising to altitudes of as much as 2,000 feet
above sea level ; the softer beds of shale and some limestone form the
inter vening valleys.

The c].astic rocks of the Valley and Ridge province include con-
glomera t~ , sandstone , siltatone , claystone , sha le, and slate which
occur in alternatin g bed or zones of variable thickness and extent.
Most of the thicker beds or sequences of beds can be
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identified over large areas and form mappable ~m.tts, or geologic for-
mat ions • ~~~~ formations have a distinctive character and are com-
posed predominantly of one rock type. However, most of the thicker
formations are more or less heterogeneous and conta in ni~~ roua alter-
nating layers of different rock types, each having distinctive hydro-
logic properties. The formations are descri bed briefly in table .1..

)(art insburg gha.le

The most extensive format Ion in the Valley and Ridge province is
the Xartinsbw g ~~~~~~~ which underlies the northern p.zt of the Great
Valley in a belt 6 - 13 miles wide extending east-northeasterly across
the basin. It occurs also farther south in several long, narrow belts
bo~mded by the carbonate rocks of Cambrian and. Ordovician age . The
Xartinaburg consist s largely of gray shale which in many places is
nst~~~rphosed slightLy to form slate, but it also Includes sandstone,
particularly in the upper part , and acme conglomerate .

In an extensive area between the Delaware and &huylkiil Rivers
thick zones of slate of coamercia]. quality are mined f or roof ing
material and other uses. In the slate the bedding of the original
thAi has been obscured by metmnorphimn , end instead, a prominent
cleavage, usually at a considerable angle to the bedding, is de-
veloped.

The most widely accepted value for the maxiatin thickness of the
Xart insburg shale in the basin is about 14,000 feet; however , Behre
( 1933), using a different interpretation of the geologic structure ,
estimated a maximum thickne i~a of nearly 12,000 feet .

Although the ehale and elate have little or no effective inter-
granular porosity, ~~~1 1 but dependable supplies of water are yielded
from fracture s in these fine-grained rocks • The sandstone beds in
the weathered zone contain coma water in the intergranular pores
where the c~~enting material has been leached out , and these beds
generally are more permeable than the shale and elate • Kost water
yielded to wells in the )lartinsburg shale is from depths of less
than 200 feet, end it is seldom profitable to prospect beyond that
depth. h ost drilled wells yield less than 50 gpa, but a few yield
50-250 g~u.

The outcrop of the Kartinsburg shale is a dissected upland in
which the bottoms of th . narrow, ateep-s ided stream valleys lie as
much as 500 feet below the broad interstream areas . The soils corn-
mon].y are less than a foot thick end have relatively low infiltration
capacity and stor age capacity, in the underlying rock is —~i 1; hence ,
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a relatively large proportion of the precipitation runs off as over-
land flow. In the glaciated area to the northeatt, however, a mantle
of glacial deposits acts as a more permeable intake, and. streamfiow
probab ly is less flashy there .

Congl~~~rate and Sandstone Aquifers

The beds of conglomerate and coaa-ae-grained sandstone are more
resistant to erosion then the adjacent shale and thin-bedded, sand-
stone , therefore they form prominent rocky ridges. The thickest and
coar~~st beds are those in the Shairangunk congl’ .rate, the Griskany
sandstone , the Pocono formation , and the Potts ville formation
(table i).  Althou gh these formations are not tapped. by many wells,
they very likely are the most permeable bedrock aquifers in the
Valley and Ridge province.

Water occurs both In the fairly abund ant fract ur es in the brittle
quartzitic sandstone and conglomerate, and in the intergranular voids
in the rocks of the weathered, zone where the camenting material has
been dissolved. Lees permeable beds of sandstone or ~~~~~~ locally
confine water , and flowing wells have been developed at several lo-
calities.

1~ ta on hydraulic coefficients of the conglc arate and eandstone
aquifers are not available; however, the physical characteristics of
these rocks and the behav io~’ of veils tapping tham Indicate that
modern drilled wells more than 100 feet deep might be e~~ected to
yield about 50-300 gre. Lolain (1937) reported that in Bchuylkill
County, Pa., several public-supply veils ranging in depth from 350
to 1,000 feet In the Pott eville formation yielded 65 to more than
125 ~~~~~~~~. However , he reported also that several deep wells had been
unsuccess ful in that area, owing to the absence of fractures in the
rock penetrated .

Because of their firmly camented character and very high content
of quartz, the fr esh congl~~era te and sand stone are difficult and
costly to drill . Moreover , the yields of wells in the se rock s do not
always increa se with depth . There ~. alway s a riak involved in drill-
tug for water in these rocks , and bite deeper the dri lling proceeds the
lees chance of getting large sappli~s becomes.

Interbedded, Se tone and Shale Aquifers

Several format i * n ~ in the Valley and. Ridge province
consist not n r i )n i n aI~~1y ol’ one roo k type , but , instead , of
alLernst 1~~ .! ayex of coar ~~~- t )  !4 .ne.- gre!ned sandstone , shale , silt-
stone , c lay~tone , said some cin~1.om~rate . In order of decreasing age
these forrnat Lone include (1 the B1oomo~~rg red beds a sequence of
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red and green shale , sandstone , and some conglomerate which is largely
of nonmarine origin ; (2) the Mahant ango format ion of Willard (1935)--
mostly beds of gray flaggy sandstone and shale of marine origin; (3)
the Portage group , as used in Pennsylvania,.-several formations consist-
ing of thin-bedded to thick-bedded sandstone and sandy shale of marine
origin which form broad ridges having moderate relief; (I i) the Cat skill
formation--a thick sequence of red , brown , gray , and. green somewhat
lenticu lar beds of sandstone , shale , and conglomerate of nonmarine or-
igin which also underlies near ly all the Appalachian Plateaus prov im~e;
(5) the Mauch Chunk formation consisting of red and green shale and
sandstone with some conglomerate in the upper part ; (6) the Allegheny
formation--the coal-bearing sequence containi ng irregular beds that
range from shale and fire clay to coarse-grained sandstone and con-
glomerate .

It is difficult to generalize about the hydrolo gic properties of
such a heterogeneous class of rocks . However , the beds of sandstone
generally seem to be somewhat more permeable than the beds of shale .
In weathered sandstone some water occur s in intergranular pores as
well as in fractures, but water in the shale is cont ained alaost en-
tirely in fract ures , many of which are along the bedd ing planes.
Artesian conditions , which are conunon , are caused by the dipping
beds of quite different perme ability. Water-tab le conditions gener-
ally occur in the weathered rock near the land surface.

Reported yields of veils in the interbedded sandstone and con-
gicanerate aquifers have a great r ange . Some beds of shale yield only
a few gallons per minute to veils , whereas wells tapping some beds of
coarseøgrained sandstone yield more than 150 gpm, and several deep
veils are reported to yield more than 300 gpm.

Because it underlies valleys that contain important centers of
population , the Mauch Chunk formation is a particularly important
source of water supplies , ev~n though much of the format ion Is com-
posed of shale • It receive s amp le recharge from adj acent ridge s, ow-
ing to its low topo gra phic posit ion . Reported yields of 100 wells in
the Mauch Chunk r ange from less than 1 to 375 gpm end aver age about
50 gjun. However , the aver age yield, which is affected by the value s
for many ~~~~ domestic wells , is too low to be pre sentativ e of yields
that might be expected from deep drilled wells used for municip al and
industrial supply.

In Schuylkill and Carbon Counties, Pa., where the Mauch Chunk
format ton is the moat important source of ground-water supply, Iohman
(1937) reported that many municipal and industrial wells yielded more
than 100 ~~~~ , and that a veil in Schuylkill County , ~i52 feet deep ,
yielded 350 g~m with a dr awdovn of 217 feet--a specific capacity of
1.6 grin per foot of drawd.own . Aeswiing that the drawdown caused by
entrance losses in the veil was ~‘~ 11 and that the aquifer is artesian ,
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the coefficient of tra nsmissibilit y probably is in the order of
3,000_1l ,000 gpd per foot .

Because of its location in the coal basins , the Allegheny forma-
tion offers a special case . Coal-mining operations have e~ctenaively
dewatere d part s of the form ation , and in many places the mini ng oper-
ations have resulted in the formation of acid waters high In sulfate
cont ent , thus making the water at or near the mine s unsuitable for
most uses. Usable supplie s of ground water may be obtained in the
Allegheny formation in areas remote from mines , however .

Shale Aquifers

Three formations in the Valley and Ridge province , the Wills
Creek shale , the Esopus shale , and the Marceflus shale , are comp~sed
of shale , siltstone , or claystone .

The Wills Creek shale , which generally is given the local name
Poxono Island shale (of White, 1882) , occurs in a narrow band just
north of Blue Mountain where it is largely covered by glacial deposits
and is not tapped by many wells. Little is known about Its water-
bearing characteristics.

The Marcellu s shale and the Esopus shale , which are separated by
the Onond.aga limestone , are largely dark sandy shale or siltstone
(p1 . 2) and both contain hard slaty beds . These rocks are relative ly
impermeable , and the small amount of water they contain occurs almost
ent ir ely in fractures. In maxiy localities the fractures are so tightly
closed or so scarce that little or no water is yielded to wells . How-
ever , some wells in the more highly fractured rock yield as much as
25 gpm.

Rocks of the Appalachian Plateaus Province

The Appalachian Plateaus province, which occupies a third of the
total area of the Delaware River basin , is underlain almost entirely
by a sequence of sandstone , shale , and some conglomerate predominantly
of norunarine origin . This sequence , which in places is more than
6,0cc feet thick , has been called the Cat skill formation . The Cat skill
formation has been divided into several smaller units which are listed
in table ~~~. Toward the west and. southwest the norimarine beds inter-
tongue with marine formations of the Port age group (as used in Pennsyl-
vania) and the upper part of the Hamil ton group . The younger Pocono
formation crops out on the west and southwest flanks of the plateaus
and when detaile d mappi ng is completed may be found. to cover a larger
part of the plateaus themselves than the area shown on plate 12. How-
ever, the question as to the presence or absen ce of the Pocono forma-
tion on the plateau is of little or no hydrologic importance because
of the similarity of the Pocono to the immediately underlying part of
the Catskill formation .

_._r

~ 

— 
~~~~~

‘-‘- —_ -  . - - - - -._ 
~~~~~~~~~~~~~~~ —--_ _._~~ -.—._- - -



r A ’~ 
? p ~ , •

U
. . .  ~~~~~~~~~~~~~ L~Ji’ 1

In contrast to the folded bed.. in the Valley and Ridge province ,
the bets ~~l~1lying ~~st of t~~ Appslachia* Plateans province sre
either nserl.y flat lying or very gently folded. They consist largsiy
of red, brown, pay, and p..n sandstone , ~~ -- s~~~ cong3.cm.rate .
J.d.. of homogeneous material range in tkie~~~ss ~~cm $ fraction of,
an inch to several tens of feet • The following log of a test boring
typifies the character of th~ beds:

Well SvUl~, Jew York City Board of Water Supply, test boring for
shaft on line of bet Dslmrar. Tunnel, near leversink liver, ibout k
miles ~~tbsa.t of Willow oc, Sullivan Co~aty. Altitude of land
mu face l~~].2 fast. (c~~~i]ad ~~~~ driller ’s 10$). 

________

- L’hickn..s Depth
____________________________________ (feet) 

_________

!iU 13 13
~~~l~ , red 5 18
Sandstone , red 2 20
Sandstone, gray 25 115
Congi rste, gray , white quarts pebble 5 50
Sandstone , gray 15 6~S~’~’•, gray 1 66
Sandstone, gray 11 70
~ha1., red and gray 2 72
Sanintons, gray 62 13k
Shale, red and gray 3 137
Sandstoni , gray 27 161,.
Shale, andy, gi~ary 8 172
Bandstona, gray 9 181
5h.&1., gray 2 183
Sandstone , gray 13 196
Shale , red
Sandstone , gray, trace of coal at 237 ’ 29 21.7
5h 1m , red., gray, some sandy shale 61 308
Sandstone , gray, and red, uh~.1 e streaks 23 331
fl1j.l~~, sandy, red 12 3113
Sandstone, gray 20 363
Cougl’~ erate , gray, some sandstone and 61 k211

Sandstone , gray, s~~~ ~)‘~~1 ~~ in this ~~i*t 162 586
Shs1 , sandy , red 7 593
Sandstone , gray, so~~ shale 73 666
5h~~15, sandy, red 29 695
Sandstone , gray, vein of calcite, o.k
foot thck, at 731 feet 11.3 738

~~~~ sandy , red sad green 5 7k3
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Kost of th. beds are cut by comparatively ooth , regular plane.
of fracture (joints) which c~~~~nly consist of three autuall,y per-
pendicular sets, on 4 ‘which ii parallel to the bedding . Joints at
oblique angles to th. bedding are not unco~~~n, however. These jo ints
greatly facilitated “quarrying” of th. rock by th. glacial ice that
sco~ned most of the ar ea several times during the Pleistocene epoch .
Tahielike surfaces, bounded by nearly vertical cliffs as much as
several ten.. of feet in h.i~~t , have resulte d. from such quar ryin g
action at many places.

Kost of the consolidated rocks in the plateaus are covered by
~lacial deposits of varying thic~~ess. These consist largely of till.

rt inc lude scattered bodie s of out’wsah, some of ‘which axe of eon-
‘arabia size (p1. 114) . Where permeable, these deposit s, especially

~ne outvaah , absorb much of the precipitation and. tr~~~~ t s~~ of it
to the ~mtiar1ying bedrock; however, a large part of the till is ral-
ativély impermeable and does not allow much recharge to the 1~wi.r1ying
hard-rock aquifers. The exposures of bedrock , ‘which probably cover
less than 10 percent of the ar ea of the p~.ateaua , are characterized
by niz~eroue outcrops of rock and generally thin stony soils; these
conditions result in rather .low infiltrat ion capacity.

The bed. In the Catskill formation underlying the platiaus are
moderately good to poor aquifers . Large variations ~In yield of veils
occur within short distance s, both vertically and. horizontally . Par
example , dry holes as much as 1400 feet deep have been reported in areas
‘where suce~~stu1 wells are typical. Also, much deeper wells have been
abandoned owing to. great depth. to water , to insufficient yields, or
to poor chemical quality of water . In general , the bed.s of sandstone
are more permeable than the beds of shale; however, s~~ of the sand-
stone is so completely cemented end lacking in fracture s that it
yield.. little or no water.

Exceptional yields are obt~1-n~ble in scattered large fracture
systena , generally along faults or unusually large jo int.. Pluhr
( 1953) reported that flows of as much as 600 ~~~ were encountere d in
inch tones ~t depths of as much as 1,700 feet below the land surface
during the construction of water-s upply tunnels . The tunnels wer e
almost c~~~letely dry elsewhere , however .

Records of 37]. veils in the Appalachian Plateaus in the Delaware
River basin show ran ges in depth from 5 to 960 feet , most wells being
100-300 feet deep . Isported. wate r levels range from U feet above
the land surface--flowing artesian veils are nOt unc~~~on-—to 540
feet below. Yields of wells range ~~c* 0 to 600 g~m and. average more
than 25 g~~; specific capacities range from less than 0.2 to about
4 par foot of drmadourn . Spring. ar e nueerous and are used as
sources of supply at many pla4..
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Rocks of the Triaasic Lowland

~~ ‘~~‘~~& ~ bro ad belt 9-32 miles wide extending
across the southern pert of the Appalachian Ri&”~~ Is, is underlain
chiefly by clas tic rocks that belong to the Newark group
of ‘rrjaasic age ( table i). ice elastic ~~~~ are in-
tri4e& by stu B end ttkei ~f diabase b ara~ east of the basin in New
Jerse y they contain also several flows of basalt. The basalt ante.
diaba se are diacu~~ed in the section on crystalline rocks.

)~~at of the sfdimentary r~Os are of nounarine origin and are
believed to have been deposited under semiarid. Qond.itions in a
nor theast_trending basin having ~~. somewhat greater extent then the
present Triassic Lowland (Johnson and McLaughlin, 1957, p. 36) .
The rocks are a thick sequence of shale, sandstone, argiuite, and
conglomerate which lies on the eroded surface Qf the much older rocks
of Precambrian and. Pa leozoic age (p1. 13) from which the materials
were in large part derived.

The beds are tilted to the northwest in most of the region,
although locally they dip in othe r directions where they are warped
into broad fold s, particularl y in the vicinity of the masses of
diaba se . At most places the dips are less than 20 degrees, although
adj acent to some of the large faults along the northwest border of
the Lowland , dips are as much as 50 degrees. The maximun thickness
of the Newark group in the Delaware River basin is about 12,000 feet
along the Delaware River (Johnson and McLaughlin, 1957, p. 32).

The Newark group has been divided into three formations , each
• having more or less distinctive type s of rock ( Ktnmnel , 1897). From

oldest to youngest , they are the Stockton formation , which is char-
acteri zed by pro minent beds of light sandstone high in feldspar con-
tent (arkose); the Lockatct~g formation, which is chiefly argili.ite
and hard shale , and the Brunswick formation , which is a thick , mo-
notonous sequence of red shale and sand stone . A fourth unit, commonly
grouped with the Bruns wick formation , consists of lenticu lar bed.s of
conglomerate and coar se -grained sandstone . Unlike most of the forma-
tions of the D.~1 aware River basin these formations are not clearly
defined time units but instead are units representing changing con-
dition s of deposition both in place and in time. In general , however ,
the Stockto n formation is the oldest unit and. the Brunswick is the
youngest. The Lockatong fo rmation represents a swamp and lake de-
posit near the center of the ancient Triassic basin , and inter-
tongues with the lowe r part of the Brunswick formation in a wide area ,
largely in Bucks County, Pa . The extent of the formations is shown
on plates 11 and 12 and their relations in cross section are shown
on plate 13. Their physical and hydrologic properties are described
briefly In ~ ‘bi~ 1 -md In somewhat more detail in the following
sections .

- _-,. ‘..._ .~~~~ -. . — - - - ~~~~~----— . - - .- - . —-
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Stockton Formation

The Stockton formation crops out in two principal belts, one
in the southern and one in the central part of the Tria ssic Lowland,
and. also in two ~~~~l ler areas--one mostly outside the Delaware River
begin and between the two principal belts, the other along the flnd-
son River at the eastern margin of the Trias sic ovlsnd, in north-
eastern New Jerse y (p15. 1 and 12;. The Stockton overlies the
eroded edges of rocks of Precambrian to Ordovician age and is in turn
ovarlain by the Lockatong formation or by the Brunswick formation
where the Loekatong is absent . The thickness of the Stockton ranges
fro. about 1,000 to 3,000 feet in the southern belt and reaches a
mexim~~ of about 5, 000 feet in the central belt.

The most distinctive rock in the Stockton formation is a light
gray or light yellow mediuc- to coaree-grained. sandstone (an arkose )
that contains much feldspar and some mica. Other types tncl~*~e con-
glomsrste, fine-grained. red or brown sandstone, and. soft red shale .
Sandstone and conglomerate generally are more abwi’i~nt in the lover
part of the formation than in the upper part . Individual beds are
not extensive, although some of the thicke r zones or sequences of
beds extend. for many miles. The rock material s appear to have been
derived in large part from the crystalline rocks to the south and
app arently were deposited in a noimiarine environment.

The beds of arkose and conglomerate fo±m low ridges; the softer
bed. of red shale and sandstone form the intervening valleys. The
soils formed on these rocks are nearly as variable as the rocks them-
selves; in general the soils are thickest and most permeable on the
coarse.grained arkose ~nd conglomerate and thinnest on the red shal e
wher e in places they are only a few inches thick.

The Stockton formation is one of the most productive of the con-
soli~ated aquifers in the Delaware Rive r basin and adj acent New Jersey
aM has perhaps the highest average permeability of any of the clastic-

rock formations . Most of the water in the Stockton occurs
under confined or seniiconflned conditions in the weathe red and frac-
tured rock within about 500 feet of the land surface . The most per-
meable beds are composed of coar se-gralned arkose and conglomerate
which contain water in fractures and also in openings between grains
where the cementing material has been removed by weathering. )ba t
of the interv ening beds of shale are much less permeable and act as
aquiclu~es confining water in the arkose and conglomerate aquifers.

Recharge to the aquifers in the Stockton formation percolates
downward in their outcrop areas , joins the ground-water body, and
moves in the direction of the hydraulic gradient to points of dis-
charg e.
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Preliminary pt pI~~ tes t s  have given coefficients of storage
of about 0.00001 or 0.00002, indicative of artesian conditions; prob-
ably nowhere does the coefficien t exceed about 0.001 (Greenman , 1955,
p. 28). Laboratory-de termined specific yields of a do zen samples of
arkose , conglomerate , sandstone, and. sandy slltstone from outcrops
of the Stockton forma~1on (U. S. Geological Surve y Water Resources
Labo ra to ry , Denve r , unp ublIshed data) ranged from nearly 0 to 19 per-
cen~ and ave raged abou t 8 per :e nt .  Poros ’ ties in these samples
ranged from 7 to 30 percent and ave raged ~bout 15 percent.

Coefficients of’ per meability or movement of water parallel to
the bedding dete rm ined in 10 of the 12 laboratory samples ran ged
from 0.001 to 0 .3  gpd per square foot and averaged only 0.014 gpd .
Permeability coefficients for movement perpendicular to the bedding
ranged from 0.001 to 0.2 and avera ged about 0.03 gpd per square
foot--some what less than the ave rage pe rmeability for movement par-
a] lel to the bedding. Both t,hese ~.verage value s are much less than
the average pe rmeability of arko se and conglome rate aquifers sug-
gested by well-yield da ta , which indicates that the most of the
wate r probabl y moves toward pi.zrrpecl wells through the fracture s in
the rock rather than t h r u. i,h h :  ii~’ ergran ular pores. However ,
~he sur pr Isin~~ly  hi th specific yt~~1ds for the labo ratory samples
o~
’ weathered rocks suggest that most of the ground-water storage
ipacity in the aquIfe~ 2 f ’  the Sto~kton formation Is in the pore
spaces between ~‘ ‘a1ris in the ~eathe ’~i zone near the land surfarc’
rather than in the frac ’ures , even though the water moves much more
readily through the f’ra ’ tures. As a result, wells may have rela-
tively high Ir~~ ial yie~ is , i~-ing ~ the high permeability of the
fractured zones , l u t  the u l timate or long_ te r n  yields may be su~-
stantially less . bec:au,~ they are gc ie rneci t y the much lower per~e-
abili ty of the weathe ro 1 ~r-m ’lar ~rt~ erIals that supply most of the
water withdrawn f’rom s’ .~rage . A mo~~ favorabl e aspect is that t.’ne
low permeabilit ;i of’ th~ granular rna ~‘rials al1c~ s them to retain
water in stora~c for ) id~ rahle pe rIods.

Reported y i e ld s  01 180 wells t!~pping the St. ~kton formation in
the Delaware River L acin range from 2 to 8oo gpii and average about
~0O gpm . Spec i f i c-  p~L ’i ty  tests ‘~~~i’ 23 wells in Bucks County, Pa.,
showed a range in n~~ues from 0 .3 ,  to ~14. gpm per foot of dra’4a wn
and on an ave rage of ab u t  6.0 gpm per f ot .  ~ lreenman , 1955, 

~
‘ . 28).

From all th . ’~ e ~ata I t i a ,’ be concluded th a t  most deep drilled
well s of mode rn design in the Stockton format ion should obtain yields
In the range of 30 to 300 gpm, lut that the l ong-term yields under
continuous pwnpIn~ woul d he subst~r tIai1y less than the Initial
yield. Because c~~ ’ h~ low eoef’i~ Ients of’ storn~ e and the relatively
high coefficients of pe rrne a! 11i~~ of the art~’sian a4uifers, d rawdown
effects of’ p ii~r .p1i ,~ woub i extend “ .m;[lerable distances, so that
p rope r spacin :  ~ ‘~el i s  to !‘i1flI~fli 0 Int~rr ’~r~n ’c’ is particularly Im-

n~

—
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Runoff from the outcrop of the Stockton formation probably i~less flashy than that from the other form ations in the Triassic low-
land, owing to the greater permeability of many of the beds and the
thicker soils.

Lockatong Formation

The Lockatong formation overlies the Stockton formation and
crops out In three principal belts lying north or northwest of the
outcrops of the Stockton In the ~.ntr al and south-central part s of
the Tr iaseic Lowland (p1. I I ) .  The Lockatong Is absent in most of
the Lowland northeast of the Delaware River basin and is missing also
in the western part of the basin. It attains a maximimi thickness of
more than 3,800 feet in the outcrop along Tohickon Creek and the
Delaware Rive r (pis. 11 and 13).

The most abundant and distinc tive rock type is a thick-bedded
dark-gray to black argillite (hard claystone or siltatone). Other
types Incinde thin-bedded dark shale, impure limestone, and limy ar-
gillite. The upper part of the Lockatong, which grades in to the
Brunswick formation , Includes tonguelike beds of dark-red argillite
and red, shale of the type occurring in the Brunswick formation . A
thin zone at the base of the Lockatong contains coarse-grained beds
like those in the underlying Stockton formation.

The argillite is a dense , hard rock and forms prominent ridges
where it ii Interbed.ded. with softer shale, or broad plateaus where
the soft rocks are absent. Most of the formation weathers to thin
soil composed of yellowish-brown clay loam.

The Lockatong formation contains some of the least permeable
rocks in the basin. The fresh argillite has very little intergran-
ular porosity, and fracture openings in this rock are neither large
nor abimd-~nt. Most of the water occurs under unconf ined or semicon-
fined conditions in the weathered zone near the land. surface.

Yields reported for 205 wells in the basin and a&jacent New
Jer sey range from 0.2 to 55 gpn and average about 10 ~~~; specific
capacities reported for 65 wells range from 0.02 to 2.0 g~*n per foot
of drawd.own and avera ge about 0.6 gpin per foot ( Baitsdale, Green man,
Lang , and others , 1958).

Runoff from the outcrop areas of the Lockatong formation prob-
ably ii extremely flashy because of the low infiltration capacity of
the thin imper meable soils and the small ground-water storage capacity
avaI lable to sustain base flow.
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Brunswick Formation

The Brunswick formation I. the thickest and most extensive for-
mation in the Triassic lowland. (pie. 11, 12, and 13’). In the Dela-
ware River baain its outcrop is about eqma]. in area to the combined
outcrops of the Stockton and Lockatong formations ; in Mew Jersey omt-
side the basin it underlies most of the Triassic ~ovland. Its ~~~~~~~~-

mtmi thickness within the basin probably is about 7,000 fee.; outside
the basin in New Jersey, where the Brunswick inel~de. beds that a~eprobably equivalent to the Lockatong formation and possibly to part
of the Stockton formation as well, the total thick ness may be greater.

The Brunswick formation typically consists of soft red. shale
interbedded with amaller amounts of bmi.nish-rsd si].tstone and fine-
grained sandstone, and green, yellow, gray, and purple ‘hale and
argillite . East of the basin, sandstone is more ab~’4~~t, end beds
of conglomerate occur in places. Along the northern border of the
Triassic lowland the fin.-gz’ained. materials grade into conglomerate
and coarse-grained sandstone ( pie. 11 aM 12) that
probably rep resent alluvial-fan deposits laid d own by torrsntis
strea ms near the end of Triassic time (Johnson and. McIaugh1in~ 1957).
In the vicinity of the Delaware River and to the vest in Bucks .~ounty,
the lover part of the Brunswick is gradationa l with the upper part of
the T4~~ tong formation and incluies bed s of dark argillite interbedded
with the typical red shale. Near the intrusive masses of tiabase,
the soft red shale of the Brunswick formation is alte red to a bard
dark finely crystalline rock (hornfels) that closely resembles ar-
gifli te (p1. 13). .

Because of its great extent and its relative ly high average per-
meability, the Brunswick formation is one of the most important sources
of ground-water supplies in the Appalachian Highland... The weathered
part of the formation above a depth of about 250 feet contains macon-
fined water and may be regarded as a water-table aquifer. Between
depths of abo~it 250 and 600 feet aemiconfined water occurs in rela-
tively permeable zones which rarely are more than 20 feet thick.

The upper, water-table a4uifer receive s rechar ge direct ly fro
precipitation ; the underlying aemiartesian aquifers are in turn re-
charged by 4rainage from the water-table aquifer. In the semiarts-
sian aquifers the water-bearing openings are fractures, many of which
have been enlarged sll.ght ly by the solu tion of limy material by cir-
culating ground water. In the water-table aquife r , fractures are
more abi~ Aaiit, and additional trainable water may be store d in the
intergrsnulqr pores In the coarser materials. Herpers and Barksdale
( 1951, p. 21) repo..ted a specific yield of 1 to 2 percent for the
zone vithln 300 feet of the land surface; a decline In water table
of a foot over an area of a square mile there rore w’oul,d represent a
release from storage of approximately 2 to ) 4 mIllion gallons. 
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Most wells in the Brunswick formation tap both water-table and
semiartesian aquifers. The ultimate yield of a well i~ related to
the storage capacity of the water-ta ble aquifer it penetrates and
the rate at which that aquifer can supply recharge to the underlying
semiartesian aquifers tapped by the well. As in the Stockton forma-
tion the long-~term yield of a heavily pwizped well may be only a frac -
~ .cn of the inrtial yield.

I~ ported yields of 1611. wells In the basin range from 2 to about
1400 gpn and average about 90 gpm. east of the basin where the Bruns-
wick forma tion contains a higher propo rtion of coar se-gra ined beds
the avera ge yield of wells is higher; at Ridgewood in Bergen County,
N. 3 ., well. yields up to 750 gpm are reported.

Most of the soils on the Br unswick formation are thin and. not
very permeable, heuce their infiltration rapacity is rather low.
Moreover , the grouno -vater storage available to accept recharge com-
monly is small. The runoff from the outc rop therefore prob ably Is
ve ry flashy.

UNC0NSOLIDAT~D SEDD~ NTS OF GLAgIAL ORIGIN

Continental glaciers covered all the northern part of the Dela-
we re River basin at lean t three, and possibly four times during the
last million years . The last ice sheet--that of the Wisconsin gla-
cial stage (table l)--retreated from the region about 10,000 years
ago (Flint 1957). The V scor~~in ice sheet and Its predecessors--
those of the Illinoian arzU ansa .o~ ?) stages (p1. lll)--removed the
soil and loose weathered mate rial , quarried and scraped the under-

• lying f resh rock, modified the pre-existing drainage pattern,
deepened some of the stream valleys and filled others with de~osits,
and left a man tle of unsorted deposits as till or ground. moraine over
most of the area. Ridges composed of unsorted debris were deposited
at the mar gins of the i~e as terminal and recessional moraines, and
lateral moraine. aecuznula ted along the mar gins of some of the ice
tongues in the valleys . Glacial outwash and other stratified depos-
its were laid town in tjie valleys and along the margins of the ice
masses by melt*ater streams, and fine-grained sediments were depos-
ited in lakes and marshes. Southward-flowing meltwater streams de-
posited outwash in the major valley far south of the ice margin.

On the basis of their h~ tro logic prop erties the glacial se&1-
santa of the basin are herei n divided into two main categories,
unstratified glacial sediments and stratified glacial sediments,
which are descri bed briefly In the sections following.

— - •.
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Unstratified 8edi nts

The unstratified sediments, which were deposited directly by the
ice,.- consist of unsorted matérial. renging from clay to boulderp and
having relatively low permeabi lity . The most extensive of these de-
posit. 1.5 till, which blankets perhaps 90 percent of the glaciated
area. Other unstratified sediments are the aor~~~~-~ deposits of
various types, which titte r from the till chiefly in thsir greater
thickness and their dist inct ive landform expression as omrv d or
sin~~us ridges, and their somewhat greater céntent of permeable
bodies of sand and gravel .

Th. oldest glacial depoei ta--thoae of ~an~sn!./(? )age -conaist
largely of scattered boulders south of the Illinoian border (p1. i~i).Scattered thin~ deposits of Illinoj an age oceur south of the Wisconsin
border, but only a few of the thicker masses, suck as the tere1~a1
moraines near Al lentown, Pa ., are shown as early glacial drift on
the geologic map ( p1. i~ ). North of the Wisconsin
border the till and moraines are aimo8t ent irely of the Wisconsin
glacial age; the earlier deposits of ~C&~a.n ( ?.) and Ikltn oian age
were largely reworked by the Wisconsin ice and incorporated into4 the younger deposits.

The till consists of an unsorted su ture of partielOs ranging
in size from clay to boulders many teet in diameter. Th~ characterof the materials varies from place to place, depending on the nature
of the parent rocks. Send and gravel ai~e abun~i snt where the materials
are der ic ed largely from sandstone but clay predcsinates where the
parent rocks are mostly shale . Limestone is not an eb~~~ nt const i-
tuent of till at most places In the DelawaTe River basin.

In the brond upland areas the till gener~lly is less than 30
feet thick~ but in b~r~.ed valleys the thickneØa is greater; Fluhr
( 1953) rspQr ted a thickness of as much as 350 feet in Dalawa~sCounty, 1. Y. In a4ny of the present stream valleys fairly thick
masses of till are interbed ded with glacial outvash (p1. 15).

The overall pea~ eability of till is very low, owing to the me-
ma]. moderate to large content of clay and silt, and the fact that
smaller particle s co only fill spaces between larger ones. Direct
runoff from mOst till-covered ar eas is large because of the low in-
filtration capacity of the materials. At mpny places till forms an
aquiclu~a confining water in permeable outwash depoSits, with which
it is int. r bsdded , or in the underlying bedrock. Mch till in the
upland area contains bodies of perche d water lying above zones rich
in clay or dense, relatively impei~~sblé bedrock.

1/ Deposits of Icansan ( ? )  age are somet imes refer red to locally
as Jerseyan drif t .

______________ - •~ • • -..~~~~~~~ .~~-——-— -—--- ~~~~~~~
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Yields of most wells in till. are only a few gallons per minute.
Rates of inflow into the wells c *smonly are even less, so that dug
we~.ls having large storage capacity are used. Such wells can be
pueped for short periods at considerably greater rates than they
could be pueped coitinuously. Most dug wells extend only a short
distance below the water-table and depend on frequent precipitation
for recharge. Seasonal water -table fluetmations in till may be
lar ge (p1. 16), and many wells are reported to go dry after several
weeks, others require months of drought.

The moraines are believed to be similar to the till. in hydrolog ic
characteristics, except that they are thicker than most of the up-
land till , and probably are more reliable ai sources of perennial
water supplies. The older morainal deposits south of the Wiscons in
border, ( p1. i’~) such as those in the vicini ty of Allentown,
Pa., are generally more highly weathered and less permeable than
the moraines of Wisconsin age .

Stratified Sediments

In the Appalachian Highlands the stratified sediments were de-
posited : (1) in the open valley bottoms by meitwater streams as
glacial outvash ; (2) in depressions on the ice as kaznes; (3 )  in
long, sinuou s ridge s beneath the ice as esker s; ( Ii. ) along the
valley aides at the niarginea of the ice tongues as kane te rraces;
and (5) in glacial lakes and marshes as deltaic , marsh , end. lake-
bott~~ deposits. A].luvitmi of postglacial (Recent) age occurs as
thin stream and marsh deposits which are difficult to distingui sh
from the underly ing deposits of Pleistocene age .

Although these deposit s are as heterogeneous as the till and
mora inal deposits , they diffe r In having definite bedding as a re-
suit of being sorted by water. The moat evenly bedded., and. also
the most f~ine-grained, sediments are the lenses and layers of clay,
silt, and fine sand. that were deposited in lakes and marshes tij~~~~~d
either by the ice or by moraines and rock walls beyond. the ice mar-
gin. Such deposits are moat widespread in the area of the ancient
Lake Passaic in northern New Jer sey, near the cities of Morristown
and. ~~~Ison (p1. 114) smaller masses of similar deposits occur at
many other localities. Outwash is fairly well bedded , but the in-
dividma]. beds are exceedingly lenticular. The ice-contact deposit .--
those in kames, kan * terraces, and eskers-- c~omeou1y are chaotically
or crnd ely bedded (p1. 2) aM locally contain bodies of till de-
rived from the adj acent ice.

The outwash, which is the most abundant and Important of the
stratified sediments, forms elongete masses partly flUing the pre-
glacial stream valleys . ‘lbngues of outwash extend along tbe major

_____________ - ‘ .- -
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valleys far beyc~ d the bo rders of the glaciated areas into the
Coastal Plain province . The Cape l4ay formation in the Coastal Plain
may be in pert equivalent to the outwash of Wisconsin age, and the
Penaauken and Bridge ton form ations may be in part equivalent to
the older outvaah .

Cross sections of the outwash in the Appalachian Highianis (p1. 15)
are typically U-shaped in basal outline as a result of quarrying
and scour of the bedrock by the ice that occupied the v~1ieys before
the outwash was deposited. At many places the locations of the pres-
ent streams do not coincide with the centers of the old valleys cut
in the bedrock aurl ace, and ridges of bedrock extend to the land
surface at nine rou~ places in the present valleys. The outvaah
generally ranges in thickness from about 50 to 200 feet , although
locally it Is thicI~er. Stratified deposits as much as 500 feet
thick occur, however; such thick deposits generally form kame ter-
races along valley margins and only the lover part is saturated .

Water occurs in the stra t.ified. glacial sedlme*ts under uncon-
fined to semiconfined or confined conditions . Under n~tum]. con-
ditions the deposits are recharged larg ely by infiltration of
precipitation on their o~ tcrop ; the outwash in the valleys also
receives some recharge from adjacent and underlying bedrock and
from till along the valley sides. Under condi tions of developeent,
where the normal hydraulic gradients toward streams and lakes are
reversed by pimrping, recharge may be induced f ro. surface-water
bodies and these may also include leakage from septic t*~ k,~~ ceas-
pools.4 end from severs or other underground pipes. Most natural
discharge of ground-water is into streams and lakas and into the
a~~~sphere as evapotranapiration . Artificial discharge is chiefly
through pimiped wells; although leaky sewers below the water table
may drain away some water in places , tbe~ ~sy yield vst.r
in other places where the head in the sever is above the water
table .

Some of the coarser and thicke r deposits of outwash coma ti tute
the most productive aquifers in the entire Delaware River basin
ftrea , although in some localities where silt and clay predominate,
yields of veils are tiisappointinglyglov. Reported yields of 55
w*Us tapping outwash in the basin range from 2 to 900 ~ a. The
msd.ism yield of 28 large-diameter drilled veils used for industrial
or public supply i~ 215 gpxn. Sustained-yields of as piuch as several
thous and gallons per minute doub-tl.sss could be obtained largely
from induced recharge to deposits of coarse-grained sand and gravel
that are hydrau lically conne cted with perennial stre ams. The ad-
vantages and disadvantages of ptnirping from wells versus puaping or
d4~verting the water directly f rom the strea m would, of course, have
to be appraised loeally. As often as not the qua lity ~~d t~~~ers-
ture of the water would be t~s imporUnt as the quantity.

- —— V.--—— — 
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RECHARGE A1~~ DISCHARGE

The aquifers of the Appalachian Highlands are recharged largely
by infiltration of precipitation on their outcrops or on the over-
lying blanke t of glacial sediments. Seepage from the headwater
reaches of some strea ms probably contributes a small amount of ad-
d~tional re charge , and some of the aquifers in the valleys are re-
charged in part from the adjacent rid ges.

The inf iltration capacity of the outcro ps is a func tion of
several variable facto rs , among which are the permeability of the
soil and underly ing weathered rock and the topo graphy. The tar 11-
trat ion capacity ranges from very high in the sandy and gravelly
glacial outwash to low in the thin , poorl y permeable soils on the
shale of Tr iassic age and in the outcrops of dense, massive rocks .

The avera ge rate of natural recharge to the aquifers of the Appa-
lachian Highlands ranges more widely and is more difficult to esti-
mate than the recharge to the aquifers of the Coastal Plain. However,
the average recharge in the Highlands may be estimated very approxi-
mately by comparison with a nearby area of similar climatic, hydro-
logic, and geologic conditions where a detailed water budget was
worked out--the basin of the Pomperaug Rive r , Cona. , reported by
Meinzer and Stearn s ( 1929).

- The Pomperaug River basin, an area of 89 square miles in vest-
central Connecticut , is underla in lar gely by crystalline rocks
e xcept for the south-central part , which is underlain by d.iabase
and sedimentary rocks of Trlassic age; these consolidate d rocks are
covered by a discontinuous mantle of glacial deposits (Meinzer and
Stearns, 1929, p. 76-77).

Wa ter budgets for the Pomperaug Rive r basin and. the Appalachia n
Highlands part of the Delaware River basin are compared in table 8.
The da ta from the Pomperaug River basin have been modified slightly
to allow for change in storage durin g the budget period , 1913-16.

4
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Table 8. - -Water hud~~ts for Pom~~rau~~~1ver basin, Cor*n., and
Appalachian fligKland.~~part of Delaware River basin

Item ‘ompe raug xU ye r baa m u  Appalachian Highlands
_________________ _____ ____ ______ 

ja Delaware River basin
Igd per Per :ent of Percent Mgd per Percent of
sq ml pt~ecipita- of run- sq ml precipi ta tioi

tion off -

precipitation 2.12 / 100 / 
- -- 2 . 10 100

fate r loss 1.13~i 53~ -- 1.04 49
hmoff .9~ 47 100 1.07 51

Direct runoff 55~./ 26~./ 56~/ -- --
Base flow ( ground .14 3—! 2lV 11)4_I -- --

water_runoff ) 
______ ________ ______ _________ ___________

~round-water rechar~e .714 35 j__-- -- --
j  Data modified from !4elnzer and Stearns ( 1929 )

~ 
Figures adjus ted to allow for change in storage during budget

period .

The similarity of the values of precipitation, water loss , and
runoff in the two areas is at once app arent. Streanflow data for
the Delaware Rive r basin are not sufficiently detailed to permit
estimates of direct and base , or gro und-water , runoff . However , the
value pf 14Jê percent for the base-flow portion of total runoff deter-
mined~~.n the Pomperau,g Rive r basin study is believed to be somewhat
lower - than the ave rage value in the Appalachi an Highlan ds of the
Delaware River basin. The Pomperaug basin is entirely glaciated
aM has relatively thin soils of low permeability, whereas only the
northern part of the Highlands in the Delaware Rive r basin is
glaciated, and in the souLhe rn p~rt many of the soils and zone s
of weathered rock are re)atively thick and permeable .

Likewise, the val ue of’ about 3/11. m~~ per square mile for ground-
water re charge in the Ponipe raug River basin probably is somewhat
lower than the average -for the Hi ghland s in the Delaware River basin;
in any case, an estimated average rate of recharge of 3/1~ m~t per
square mile for the highlands sppeare to be conservative . A simi-
larly conservative estimate for the recharge to the aquifers of the
Coastal Plain, which generally have more permeable intake areas than
those of the consolidated-rock aquifers , gave a value of 1.1 mgd
square mile (p.  ~~~~~~

e
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Because of the relatively low prod uctivity and small stora ge capac-
ity of most of the aquiferB , and also because of many practical limita-
tions , chiefly econcinic , only a small part of the ground-water discharge
at iiatural outlets in the Appalachian Highlands ôan be diverted for sian ’ &
use . However , pumpage substan t ially In excess of the 1955 rate of 130
mgd doubtless could be maintai ned with increased ground -water develop-
ment , especially in the glac ial outwash deposits in the major valleys,
where induced recharge fr om stream s is a siguificant factor .

The estimate d recharge rat e of 3/14 mgd per square mile is , of course ,
an average for the entire Appalachian Highlands; rather large var iations
from the average are to be expected. Dat a developed by the U. S. Geolog-
ical Survey and the U. S. Ueather Bureau indicat e that precipitation in
the area ranges from about 42 to 60 inches per year (2.0 - 2.9 mgd per
sq ml); water loss ran ge s from about 17 to more than 28 inches per year
(0.8 - 1.3 mgd per sq ml) ; and runoff ranges from 15 to about 142 inche s
per year (0.7 - 2.0 mgd per sq mi) .

The area of the Appalac hian Highlands In the Delawar e River basin is
about 9,700 square miles; thus , at an avera ge rat e of 3/4 mgd per squar e
mile , the total ground-water rechar ge or discharge aver ages about 7,300
mgd . !4ost of this water moves relatively short distances through the
weathered and fractured rocks within a few hundred feet of the land sur-
fac e to discharge outlets in stre am channels, spring s , seeps , lake s ,
pond s , marshe s, and low-lying areas where the saturated zone is suffic-
ient ly near the land surfac e to allow discharge by evapotranspiratlon .
As in the Coastal Plain , the potential ground- water supp ly is assumed to
equal the ground-water dischar ge to stre ani s--an estimated 4,1400 ± 500 mgd .
flo~r~ver, because of the low perme ability and small stor age capac ity of
most of the hard-rock aquifers , and also because of other practical lim-
itations , chiefly economic , the writer s believe that only a small fraction
of the potential supp ly can be developed feasibly and that development of
surface supplies will continue to be dominant in the Highlands . However ,
large ground-water supplies may be deve loped locally, as in the glacial
outwa sh along major streams in the glaciated part of the region .

Discharge throug h pumped wells is only a small fraction of the total
ground-water dischar ge ; about 130 mgd is being withdrawn at present .
This discharge does not inc lude pusipage from mine s and quarries , whose
unknown total may equal or exceed all withdrawals from wells for direct use . 

-- ‘V.-
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GROUND-WATE R STORAGE

The aquifers in the Appalachian Highlands range widely In their
capac iity t~ store wa~~r. As ~nj~~-wat P~ reservoirs, the deposits of
gla ’~ al ~~~~~~ ~n t~~ r~a , ~ valleys compare favorab ly with the
-‘oarsest -~p-’a r.e ~~~~~~~~ ~n the ‘

~ ~~a1 Plain , whereas most of the
nscl i i a tc~~-r~~~ aq .~~ fe : s , wLi h ;~a~~ ~r he bulk of the water-bearing

r’.at~ r a 1s The H1~ L~ s , have ~-‘~‘~~t~vely little storage capacity.

Ir. ~~~.
. -  ia ~: • ~~~~~~ ~~~e b els  - f  ~~~~~~ an~ sand ~r~bably have

spe - i f .  - yiel) s - ‘~~-~~!r ~ ~O ~-e~ - r i ~ . H u~- ’r ’~r ,  ~onso1idated-rock
a~~~ife :~s sp.• ~fi  - y le ll s  f ~~~

- -:~ t~~u~ 2 per ~ ent pr ’-bab ly are unconmion ,
ex-’e~~ in tbe  ~j per  ; a~ -: ~r~e w ’- ~~~~ zone . In most consolidated
ro~ka The spe -~if yiei  : : t ~ 

- -  i~ - ’~~: r k ~ i 1y v~~h iepth . and most of
n~ usable storage -apa~it~ .~~~ ~n .‘ w~ a~hered and highly fractured

na - .’-r.ai near ~~e lan -. ~~~~~~ ~‘;~r ’r~ -~ re , although The storage capac-
i~y ~

‘ :~e cons :a ’~~i r)’r~Lr is mu ch less than that of the unconsoli-
-we . s#~ ~~~~~~~ S. tr.~- s~ r a ~(~ ~~~~ : -  -

~~
- of f - he shallow , weathered and

frarture-1 r- - K S  tna~ r -
~~~ :~~ ~iit - a~. - • r fair-weather , flow of

s r e ~~ s ~s comparable to :.- . ri many ~ •~~~p unconsoL~ ated sediments.

La~r. of  asiequate stc ra~~ c- ii -i - i ty  i~ most likely t-i be an Imprrt-
arv~ limiting factor In ~ri un~ -wa e~’ level pmen In moderately perme-
a~~I e  aquifers having relat ively l w  spe - .f I ’ -  yields , such as the aqui-
fers In the Brunswick formation of Triasrlc age .

— - - ~~~V. ~~~~~~~~~~~~~~~~~~~~~~ _ - -
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Some of he large r masses of g~a~ia1 outwash store considerable
volume B of water. O~~ of the largest masses is that along the
Delaware Rive r from below Milford , Pa.,  to Port Jerv -is, N. Y . ,  then ce
along the Never sink River and Basher Kill to Simmiitville, N. Y.
From Milford to S~ mui tville the length of the outwash body is 28
miles , its width ave rage s a little less than a mile, and its ave r-
age thick ness is be tween 100 and 150 feet. The total volume of the
saturated materials, then, is estimated to be 150 , 000 feet x 5, 000
feet x 100 feet 75 billion cubic feet. If the specific yield of
the outwash is estima ted conservatively to be 15 percent, its stor-
age capacit y is about 11 billion cubic feet , or about 80 billion
gallons.

Only by diverting all or nearly all the streamfiow from the
vaa,ley during periods of pumping could a sizable portion of this
ground -water storage capacity be used , however. So long as the
streamf iow is sufficient to supply, by induced recharge, a large
part of the water p’.~nped by wells In the valley, the greater part
of the outwash will remain saturated.

The character of fluc tuations In ground-water storage in glacial
deposite is shown in the hydrographe of three unused shallow well.
(p1. 16). The fluctuations in all three yells are believed to be
entirely the result of changing ra tes of, natural recharge and dis-
char ge . The peak water levels In -the spring reflect high rates of
recharge from rain and. melting snow; the low water levels in the
staumer and autumn result from high evapotranspiration losses and.
hence lack of infiltration to the ground-water body. The average
yearly wa ter-table fluc tuations in the three wells are f rom about
5 to 10 feet; because of the lack of specific-yield data for the
materials penetrated by the wells , the changes in ground-water
storage indica ted by the fluctuations are riot known.

C~~MICAL CHARACTER OF GROUND -WATER SUPPLIES

The formations of the Appalachian Highlands yield water with a
wide variety of chemical chara cteristics. The concentrations of dis-
solved solids in individual samples analyzed rangea from U to 1,500
parts per million, and. hardness from 14 to 660 ppn, measured. as CaCO
The pH of individual s~ nplés ranged, from 14.14 to 8.9. The formation
of the Appalachian Highlands that contain water of highest quality
are the glacial outwash in the New york part of the $s in, the Cats-
kill formation In northeastern Pennsylvania, and the Wtaøahickon
formation in southeastern Pennsylvania. A few representative chem-
ical analyses of ground water are given in tables 9 and 10.
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Unconsolidated Sediments of Glacial 0ri~~ i

Wate r f rom g’acial deposits in the Delaware Rive r basin is soft
to mode rately hard and in general is not highly mineralized. The
iron conten t- Is usually low but in some places is objectionably high .
Shallow wells may be contaminated from surface sources. Where pump-
ing is heavy enough to induce recharge from adj acent streams a con-
siderable part of the pumped water is derived from the streams, and
the water is usually of better quality than the native ground water.
Riina (written conm~unicat ion , 1957) has prepared table U summarizing
21i analyses of water from the valley fill deposit s in the central
par t of the Delaware Rive r basin. In tabl e 11 the values for constitu-
ents given have been tak~n from available data and are not necess~rily
balan ced analyses. Water from the valley fill generally is slightly
acid. A few samples had excessive concentrations of iron, and some
had very high concentrations of nitrate and chloride, perhaps owf~g
to cont*iifn~tion from barnyards or cesspools.

Source and. description of samples referred. to by numbe r in table 9:

Unconsolidated. sediments of Appalachian Highlands

1. Near Pocono Lake Preserve, t’bnroe County, Pa. , Pocono take
Preserve springs; sodium plus potassium and dissolved
solids calculated.

2. Newfoundland , Wayne County, Pa., Dairymen ’s League veil;
sodium plus potassium and dissolved solids calculated.

3. Port Je rvis , Orange County, N. Y., Diamond Dairy well ~ analysis
by New York State Depart~~nt of Health.

14. Narrowsburg, Sullivan County, N. Y .,  Narrowsburg Water Depart-
ment well; analysis by New York State Department of Health.

5 . Hancock , Delaware County, N. Y., Hancock Water Co . well; anal ysis
by New Yo rk State Department of Healths

• 6. Bloomville , Delaware County, N. Y . ,  McIntosh Slaughter Rouse well;
aluminum o.6.

Source and description of samples referred to by number in table 10:

Martinsb urg shale

1. Near Newside , T~ hi gh Coun ’ y, Pa. , P 5 .  fle rman ~~~~
2. Near Laurys, Lehigh County, Pa. , H. Moye r well.

Cat ~;kill formation

3. Near Clazntown, Schuylkill County, Pa., K . Shellhaner well; color 3.
Ii. Honesdale, Wayne County, Pa., Dairyme n ’ s League well.

—-~~~~ - - — — 
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Source and description of samples refe rred to by number in table 10-.-
Contin ued

I.ockatong forea tion

5. Pluestead Township, Bucks County, Pa. , Camp Ocka niekon , Boy
Scouts of America veil; color 3.

6. Lover ?~ kefield ~~wnahip, Bucks County, Pa., G. K. Balderston-
H. R. Bradley well; color 1.

Stockton for~~ tion

7. PhoenirvIl le, Chester County, Pa ., Phoenix Iron s~~ Steel Co.
well; color 2.

8. NorrIs town, Montgomery County, Pa., Handvay and Gordo n Dairy
well ; color 2.

9. Doyles town, Bx~ka County, Pa., Doylestown Borough well 8; color
2.

10. Doylestown , Bucks County, Pa., Doylestown Ice Co. veil 2; color 3.
II .  Newton , Buck s Coun ty, Pa., Newtown Artesian Wa te r Co. well 3;

color 3 .
12. Trenton, Me rcer Coun ty , N. J., New Je rse y State Hospital well 8;

color I i.
13. Skippack , Montgomery County, Pa., Walter Dinse well; color 3.
114 . Near Q-uake rtown, Buck. County, Pa., Quakertown Borough veil 9;

color 3,
15. Near Perka sie , Bucks County, Pa., Perkasie Water Supply Co.

well 5, color 3.
lt~. New Hope , Buck. County , Pa. , Universal Paper Beg Co., veil;

color 3.
Carbonate rocks

18. Near Lancaster, lancaster County, Pa., J. P. Brenneman veil;
Conestoga limestone ,

19. Buckir~gb’in~, Bucks County, Pa., General Greene I~u veil; Conoco-
cheague limestone.

20. Near Coleeville, Lehigh County, Pa., L C. Zv.1a~d vel~.; Beckm an-
town ~~~~

-

21. Center Valley, Lehigh County, Pa., N. DePlore veil; Tomstovxz
d.c 2.01: : t P

22, Near Yogelevilis, Lehigh County, Pa., Lehigh Porl1,m~ Cement Co.
v.3.1; Jscks onburg limestone.

Diabase
23. Green lane, Montgomery County, Pa., Mont~~mery County Pszt veil;

color 14
214. Near Seller aville , Bucks County , Pa., Sellerevilis Borough well. 1;

color 3.
25. Milford Square, Ducks County, Pa. ,Nilford Square Pants Co. ~mi1;color 2.
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Sonree and descrip tion of samples referred to by number in table
10--Continued

Gneiss

26. Near Kennett Square, Chester County, Pa., L Pahey veil;
Baltimore gxieiss.

27. Ianghorne Manor, Bucks County, Pa. , Ti~nghorne Spring Wate r
Co. well 2; color 3, Baltimore gneiss.

28. Bear Yardle y, Bucks County, Pa., Tardley Water and Power Co.
veil 5; Baltimore gneise, color 2 .

29. Near ~h1~ør.vil1e , lehigh County, Pa., Kings Highway Zl~~~ntary
School well; Byram granite glAciss.

30. Near Center Valley, Lehigh County, Pa., K. A Beers veil;
Pochuck gabbro gneiss.

Chickies qua rtzit e

31. Ilvarson, Chester County, Pa., Dolfingsr Creamery veil.
32. I~~ g~orns Manor, Bucks County, Pa., t.nghorne ~p~ing Wa ter Co.

veil 14; color 3.

Wiesehickon formation

33. Centerviile, New Castle County, Del., Winterthur Fazm vei l.
3~. Lincoln University, Cheste r County, Pa., Lincoln University

well .
35. Bre.nd.ywine Sunm~it, Delaware County, Pa., W. C. Walton veil.
36. fluituevills, Bucks County, Pa ., 0. K. 0 . Plush Co. well; color 3.
37 Zd4ington, Bucks County, Pa. , Pub licke r Industries well.

- .- 
_
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Table 11. --8~~~~ry of chemical analyses pf ..2~i Sarip 1 ~ s of ground
water from vafl e~ fill
ffarts per mili.*o?7

Maximum Average Minimum

lilica (Si02 ) 20 U. - - 5.1
~ron (F. ) 7.2 1.3 .01

;alcium (Ca) 57 22 Li
~~nesium (M g) 143 13 3. )i.
Jod.ium + potassii~~ (Na . + ic) (5 analyses ) 7.0 14.3 1.2
Sodium (Na) (19 a~~1y5es) 76 i6 3.1
‘otassium (K) (19 analyses) 12 3.1 .9

Bicarbonate (NO0 3) 123 38 7.0

Sulfate ( 8014) 189 50 14.9
~b1oride (C]. ) 122 17 3.0
!lw,rl.de (F) .14 .2 .1
Nitrate (NO 3) 107~ 18 .5

Dissolved solids 716 202 63
Hard.ness as CSCO3 319 92 18
lion-carbonate hardq.ss as CaCO 3 276 62 12
Specific cond.ucta ce (micromhos at 2500 ) 1,090 267
pH 6.7 -- 5.2
Temperature (°P’) 60 55 147

Glacial outwash in the northern pert of the basin contains water
of much better quality than that of the valley fill. More than half
the seatp].*s were soft and the res~ lndsr aod.rnt.iy bard , Iron is
present locally, unpredictably dii tributid in thi aquifers, but
concentraticu ii not sxcisiiv. in mOst ~of th. uaple .. ~~bl. 12,
s risiag *naly..s of water from glacial outvuh in the northsz’n
part of the basin, was p2’sparsd Sro. data furnished by I. N. P•rl.ø
matt.r aM 1. L galvu (written c~~~~~icatLon, i,~7). Water from
the glacial out’wssh in the northern part of th. basin i5 3... miner-
&i.id and softer ~~~n water in the va3.3..y fill ‘o the ..*trsl pirt
of ~~ basin. N also L. the qs1it~ of the .tr$a water in the
aor~ srn part of the basin better thia Ihet in the as*trsl part.

______________  - - 
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Table 12. --Simenary of chemical analyses of ground water
from glacial outvash

~~arts per miuio~7

lumber
)4a2U.muui Median Minimum of

Samples

:ron (Fe ) 14. 5 0.19 0.03 20
I*nganese (Mn ) .28 .01 .01 12

~icarbonate (3~03) 117 33 . 5 15 i8
3ulfe te ( 8014) 27 9.3 14 1).
~~lori&e (Ci) 20 14. 1~. • 1~ 19
litra te (~ 03) 2.0 1.14 .1 14
)issolve4 solids 1145 9~

. 33 13
~ardness as CaCO3 1214 50.5 22 20

7.9 6.8 5 .8 19

C~~stic i~c- ks

Of the clas tic formations in the Delaware River
basin the Catskill, Stockton, and. Brunswick are best known for the
generally good qua lity of water yielded, and of these three, the
best water is obtained from the Catskill formation. Its water is
uniformly as good as, or better than, .that obtained from the glacial
outwash or from the crys talline rocks. Only a limited number of
analyses are available for the remaining elastic aquifer s , but from
the available analyses it appears that the shale or t~ie Mauch Chunk
f’ rniation generally y1eli~ wat~ r t’~at ~s snt’t and -ii;t highly mineral-
ize i .  The Martinshurg ~~~~~~ -the t3io~~~~~itr:j vu~ i’~~i~:; , ~~~~ t~e Middle ~~i
~jpper Devonian marine ~e contain water that is not highly
mineralized but tha t ranges f rom soft to moderately hard. The
waters of’ the Allegheny and Conemaugh formations are commonly poi-
luted with acid mine drainage and even at some distance from mines
have large concentrations of iron and sulfate resulting from the
oxidation of pyrite. In 5 samples of wa ter , for example, the iron
concentration ranged from 2.0 to 0.8 ppm . The chemical character
of the water contained in the Lockatong formation appears to be
about the same as that In the Stock ton and Brunswick formations.

Me.rtinaburg Shale

Wa ter from the t~~rtinsburg shale is øoft to moderately hard ,
the hardness being mostly of the noncarbona te t ype . A s~~~ary of
the analyses of water from 9 wells and springs in L~h1gh County,
Pa. I. presented in table 13 (Rima , D. R.  written c~~~imicatiou , 1957 )
and two representative analyses are given In table 10.

~~~~~~~~~~~~~~~~~~~ 
— —

~ 
— - -
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Table 3.3 . --Stumnery of chemical analyses of 9 Bamplee of ground
water~ ‘f rom the Me.r tinsburg shale

ffar ts per miilio~7

Me.ximum Minimum

podium + potassium (Pa + x) 5.3 0 .9

~iearbonate (flC03) 62 16
tulfate ( 801i. ) 6i 8.3
~h].oride (ci ) 10 5.0
titrate (P03) 33 7.8

ard ness is C CO3 l2ie 113
ton-carbonate hardness , as CSCO3 89 29
tpscific conductance (aicr oahos &t 25°C ) 320 3.21
~eaperature (O F ) 55 51
________________________________  

7.7 6.3

Catskill Fox,nation

The Cat skill for~~tion yi.ld.s water of excellent quality, which
is used for d~~sstic , industrial, and municipal supp lies, generally
without trea~~~nt. ~~~~~

- water rang es from very soft to moderately
hard and is c~~~on1y low in iron. A few deep wells in Wayne County
giv, water containing ~~~1 l qumntities of hydrog en sulfide . Table
114, prepared by D. R. Rii (wri t ten co~~unicatio n 1957), s~~~ar izes
18 ~h .4  cal analyses of ground water from the Catskill foliation ;
ad4.tti~~~1i y two repseseatativs analyses are given in table 20.

_ _ _ _ _ _  - — __7_______  
~~
—

~~~~~~~
- - -

~~~~
- - _ _
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Table l11.--Sumary of chemcial analys es of 18 sample s of ground
water from the Catskill formation

flarts per iniilio~7

I~ ximum Average Mininnm

Silica (Si02) 13 7.3  14.0

~alcItrn (Ca) 28 11.2 2.0
lagnesium (Mg ) 7.2 3 .5 1.0
Sodium (Na) 20 6.7 1.0
‘otassium (IC) 2. 14 1.14 .5

~icarbonate ( HC 03) 117 51.2 8.0
3ulfate (S01~.) 23 6. 14. 1.0
bloride (Ci) 22 5.0 1.0
titrate (M0 3) 6.0 2.14. .1

)isaolved solids 176 714 22
~ardness as CaCO3 97 1414 9.0
ion-carbona te hardness, as CaCO3 22 9.0 1.0
;peciric conduc te.nce(micronthos at 25°C) 100 60 3)4

7. 11. -- 6.2
remperature (°F) 57 50 11.8

Stockton Formation

Water from the Stockton forn~ tion varies widely in its chemical
characteristics. The water commonly has low to moderate concentra-
tions of diBsolved solids , gene rally less than 11.00 ppm . In the more
highl y mine ra lized samples sulfate constitutes a large proportion
of the anions. This probably results from leaching local deposits
of glauberite, a mineral with the chemical formula NS2SO14CaSO14.
Most of the samples tested range from moderately hard to hard. The
very hard vaters have a relatively large proportion of noncarbonate
hardness; rarely is the concentration of iron objectionable . Table
15 compi1e~. by D. B. Rima (written communica,tion, 1957 ) summarizes
a group of chemical analyses of ground water from the Stockton for-
matidn ; six additional analyses regarded as typical are also given
in table 10.

_______ — - —;.-. -. — - -  . - r~~
-
~~~~~~Th~~~~~ -’ -- 

- 
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Table ‘ . - -Siumaxy of chemi cal analyses of 514 samples of ground
water from the Stockto n formation

ffarts per mirno~7

~~.ximum Average Minimum

Sillca (8t02) 33 22 8.11.
Iron (Fe) 2.3 .3 .011.

Calcium (Ca) 233 11.1 2.5
~ .gnesIum (Mg) 27 12 1.6
Sodium + potassium (Na + IC) (142 analyses) 1i.6 18 .7
Sodium (Na ) (12 analyses) 37 16 8.1
otassium (IC ) (12 analyses) 3.5 1.6 .5

Bicarbonate (HCO3) 258 110 7.0
ulfate ( 8014) 603 82 9.14.

~hloride (ci ) 5)1. 12 1.2
~1uoride (F) 1.1 .1 .1
titrate (NO3) 14.8 II ,14.

)isaolved solids 1,011.0 261 11.5
iardness as CaC O3 660 161 18
Ion-carbona te hardness as CaC O3 562 14
Specific conductance (micromhos at 25°C ) 1,230 385 69

8.5 -- 6.o
L’emperature (OF) ~8 ~6 53

Brunswick Formation

The Brunswick formation produces water that ii moderately miner-
alized and may range from soft to very hard. In samples the hardness
ii mostly of the non-carbonate type . The water 1. suitable for do-
mestic, i~dustrial and municipal use although softening or treateent
to remove iron is often required. Water from the Brunswick formation
was &m.l ine (~pH 7.1 to 8.9) 1n all 23 samples , perhaps because of
the calcarsous seMitone and conglomerate associated with this aquifer.
Table 16 was prepared by D. R. Rime (written coimminication,1957) to
sumearize a number of chemical. analyses of ground water in the
Brunswick formation; ~Lso, four typical analyses are given in table 10..

__________________________________ —- .-— ~ 
_

~~~~~~~~-~ —_---~~~ - .- - - ---.,.-~—
.~~~ ._.__._.—,. — -
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Table ,. -—Simgnary_~~ ~- : C~ :. a.~rJ1 ’.oea of 23 6arn1 Lt & of Ground
“atE-r trom 4-he Brur~~wi~~ fpi~ ation

L~arts per miliioa7

Maximum Average Minimum

Silica. ( sio2) 25 19 10
Iron (Fe) 1.8 .6 .03

~a1cium (Ca) 190 67 15
4agnesium (Mg ) 112 32 3.8
Sodium + potas sium (Na + K) (6 analyses) 114 11.9 .6
Sodium (Na ) (ii analyses) 76 18 2
‘otaesi wn ( x )  (11 analyses ) 1.8 1.0 .2

3lcarbonate (HCO3) 211.2 1311. 26
~ulfate (30i1.) 1144 61 7.0
hlorid.e (Cl ) 22 8.3 1.0
rlt~ ri~e (F) •1~. .2 .1
titrate (NO3) 21 7.2 .14.

)issolved solids 386 297 217
rardness as CaCO3 2814 171 li.6
ton-carbonate hardness as CaCO3 158 514 10
pecific conduc tance (Micromho s at 25°C) 5911. 1406 172

8.9 -- 7.1
~emperat ure (°T ) 56 53 51

Carbonate Rocks

Rainwater containing dissolved carbon dioxide is slightly acid
and an excellent ~o1vent for limestone and other carbonate rocks.
Conseqiantly the grou~~vater from the limestone formations in the
Delaware River basin characteristically Is moderately mineralized
and hard . The chief mineral constituents are calcium and nm.~nesium
bicarbo nat es. Ground water from carbonate rocks in the Delaware
Rive r basin usually is slightly A1lralin~ , low In iron , and of exc!el-
lent quality except for its hardness. Table -, s~~~ar t zes 60 anal-
~~ês of water from carbon*t, rocks in Psnnsylvania . These inclnde
many of the 141 anal yses for southeastern Pennsyl vania discussed by
~~11 ( 19314, p. 142) and lead to much the same conclusions. Hall
found also that only 2 of his lii samples contained more than 1. ppm
of iron and more than half contained less than 0. j :  pp~ of iron .
Additional infor.~tIon Is presented In table I ~ giving analyses
f rom 6 samples regarded as typical.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ______  ______- - - 
. -
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The ratio of calcium to magnesium in water from the Conestoga
limestone is significantly greater than in waters from the
Conococheague , Cockeyaville, and other limestone formations.
Water from the Cockayevilie marble (14. samples) appears to be
less mineralized than water from other limestone formations.

Table 17. --3umniary of chemical analyses of 60 samples of ground
water from carbonate rocks

~~art a per mil1io~7

Maximum Medium Average Minimum Number ol
analyses

Silica (8i02) 33 13 13 14.7 53

Calcium (Ca) 107 57 58 5.6 314
I4agnes~.um (Mg ) 52 18 20 2.11. 35
Sodium + Pqtassiuin(Na+IC) 29 6.0 8.2 .9 30
Sodium (Na) 38 5.7 7.8 1.3 214.
Potassium (x)  7.7 1.9 2.5 .6 2~i~

Bicarbon.ate(flC03 ) 388 186 1914 11.1 56
Sulfate (5014) 1.20 26 35 2.3 61
Chloride (ci) 58 7.5  13 1.0 58
titrate (NO3) 73 12 16 .0 60

)issolved. solids 609 214~ 280 75 35
Iàrdn ess as C~CO3 508 20]. 208 211. 56

3pecific conductance
(aicroushos at 25°C ) 633 356 369 138 27

8.3 
—

, 
7.6 -- 

- 

6.0 . 28

Crystalline Rocks

The crystalline rocks of Precambrian and early Paleozoic a~e
in the Delaware River basin yield excellent water that is low in
dissolved solids and hardness. See table 10 for typical sample
analyses. ~With the exception of iron , which is locally present in
excessive concei~tra tions (mo re than 3 ppm in some samples), the
water contalna no objectionable mineral impurities.

Water samples from li. wells in d.iabase , all near ~uakertown , Pa.,
had from 66 to 398 ppm of dissolved solids , 32 to 272 ppm of ha rdness
as CaC~~ and 0.18 to i . 1e ppm of total iron. These are calcium and
magnesi um bicarbo nate waters .

- - -- r- - - - ~.._ - — —.._. ..— - a
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S’imples of water from 11. wells and. 1 sprin~ in gneiss , in Buc 1~s,
Delaware, Lehigh , and No rthampton Counties , Pa. , had from 51 to 261
ppm of dissolved solIds , 13 to 1714 ppm of hardness as CaCO 3, and
0.03 to o.~~14 ppm of Iron . The samples with large concentrations
of dissolved solids have large concentrations of nitrate or chlor-
ide also. This Is probably indii-atlve of contamina tion from ~-arn-

~~~~ or cesspools.

Tab’e 1~ — . .‘~1! Vt ry__()f (‘
~~~~~~: ~~~~~~ I u ’~t l _;‘~.:~ of i8~~n: ~~~~ of ‘~~r iiiid

W a t e r  f r o ;n c ‘:‘~-~ 
I -ti 1 j ’~p

LParts per riillio~/

Maximiiri Ave m r-P ?linlmurn
ilica ( Sio2) 35 8.7
:ro n (Fe ) 3. 14. .67 .02

~alc1um (Ca) 22 12 2 . )
~a~çnes1um (M g) ~.9 5 .3 1.3
~odIt~n (Na ) 21 8.6 2.2
‘otassium (K) ~ 14. -I’. 2 .2 . 14

-Ilcarhonate (HCo3) 106 35 8.0
~ulfa te ( S014) 20 .3
~hloride (ci)  140 10
‘luoride (F)  .2 .1 0
lit rate (T~03) 314 12 .3

)issolve i solids 214 118 51
t.a rdness as CaCO3 103 55 1.3
I’m-carbonate hardness as CaCO3 71 0
3pec iuie conduc tance (micromhos at 25°C)  ~~~~~ 1’~(
Al 7 .d -- 5.2

~~~~~~~~~ (°F) 58 52

Wiseah iekon Fo rmati On

I’ >ed wa te r Is ob tained from the Wj ssahickon formation in Penn-
sylvan ia and Delawa re . The water 18 not highly mineralized , un less
con ta’-!inated ; 10 or 12 samples contained less than 100 ppm of dis-
solved solids. The wa te r Is soft or only mode rately hard , w i t h  low

hi ~1de concent ra t ion.  Three samples from D~ law~t~~ County,  Pa.,
-to d I fro,i Bucks County, Pa. , contained excessive concent rat iom
of I ro n , hut 7 of the 12 samples contained lesn than 0. 3 ppm of
I ~n.  I}e~ hrt rder wat .er~ gene rally have the highe r ~oncentrat .ions
01 ~-~I t~tt ,c. Arc or dIn~ to Hall (19314, p. 27) ex~c~s~

;lvo hardness is
r1~~,. t o i- .~,~witj te dikes which conta in  1arr ~e percen :t

r 
~f r~ — : ;~~ctr ~

- -1 spar. On t,he w hole , howeve r , the ‘~rt te  r o t t  nun

_ _ _ _ _ _  
— - ~~~~~~~~~~~~~~~ 
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in t n ~ i~~n~~i~ii~- t n o n  fur : ~r~ t ion is un~~fornt1 y of qoo q u a l i t y . Sp r in~;n~
in the ~‘i ss~ih  IL l~cn form a t ion on occ3s ion bc - come p o l l u t e d , as in the
f a l l  of 19 37 Lhcn ( P h i~ a J  ~~i a  ~~~ c~ , lc- / I C / 5 7 )  75 spr in ~~ i s s u —
in~-, front t m -  Y i s s c h i c k o n  formation io Fairmount  Park , Phi ladel phia ,
Pa. , n - r  p ”~ 

:cd ( c l o s c l  for  u s e ) .  P o l l u t i o n  of thuse sprLn ~~ in a
l i i r ; b l y  r~ s i l c u t i a  1 neighbo rh oo probabl y s tcms lar~~ ly ~ro :t leak y
scu~ r s ,  In ta b l  i f  arc s muc a ci .  cnd im analyses of ~.at e r from the
-

- i s ~ihi Cm ~D~. f - m a  L i o : . ,  a~ 3 in ma - Ic 13 ~ 6 ar -~n l yscs tha t ar m - r e—
3ar ~ md as c - ~~’r s m n m a t j v c  of mbr .or.ation.

1)  Sur ~r ary ot c~~aaical analyse s of L5 s3m1p~1CS o~~Mound
‘- -ater fr omi t1-~ Wissahickon forrati- :- -.
LParts j~~. r oillion/

_ r -— 
~~

-

~~~~~

- -  

Number o~
~,;-: imiuci NLdian Av ra ge ii~ L:cun samp les

Silica (SiL2) 36 20 20 7.3 12
Iron (Fe) 8.7 .22 1.8 .04 12

Calcium (Ca) 14 ~.l 7.9  3 .4 12
~agncs iurn (Iig~ E.3 3.t - 3.9 1.7 12
Sod ium (na) a.~~ 5. 6 5. 1 2 . 8  11
Potassium (K) 2 . 1~ .6 1. 6 .7 11

Bicarbona te  ( l I C t 3 ) ~ f- 3 1  3 5  8 . 5  16
Sulfate (S0i~ 60 1C 19 2. 7 16
Ch loride (Cl)  13 5 ,3  5. 6 1. 8 16
N i t r a t e  (NC ) 3- 6. b 8. 7 .3 12

Dissol ved s o l i . - :s 1 5 n  73 80 
- 

12
Ham n L s m  as ~~:iCd 1~.2 ‘ m - 17 17 15

p it 6 .)  6 .3 -- 5 . 9  7

IN TUE SERV ICE A 3-1\ 033 IDE J1IE 3A~ IN

FA IRFIELD n U~JaI~ , Ct.I1NECTICU i
b y f . V . Cu s It i t a n

Introduc tion

i a i r I ~~L-1 d County  occupies in aio-a of abou t 633 square mi les  in
sou t h w e s t e r n  Co rm ect Lut  tha t IS hounded c h i e f l y  by Long Island
Souin , the Ilousa ~on Ic Rive r and th e New York S t at e  border (p 1. 17)
Th e u s t  ion t u - J  1957 1~~~ i l a t ion o~ 557 , 900 for the c o u n t y  is la r gely

- . . - - - -  ~~~~~~ — ~~ —- . 
- - — —
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ur ~~ and sum ur an and is engaged in Indus t rial and con~nercial
activities. Bridgeport , St,aznfnrd , Danbury, and Norwalk are the
largest cities. The increasing demands for water by the growing
p~pu1atIon and expanding indus t ry of Fairfield County are respon-
s131.e for its being placed within the service area of the Delaware
~ive r basin . It is estimated in a report of the Connecticut
Aate r Resources Commission (1957) that the county will have a
demand for 152.2 million gallons of water daily by the year 2000.

Principal sources of published information on the wate r re-
sources , especially on the ground water of Fairfield County, are
given ry Gregory and Ellis (1916); Palmer (1920); Leggette and
othe rs (1938); Rodgers , Gate , Cameron and Ross (1956); New England-
New York Interagency Commission (195~i.); and Connecticut Water Re-
sources Co~ nIssion (1957).

Conside rable unpublished information is available from the
U. S. Geological Survey and the Connecticut Geological and Natural
History Surve’,.

Physi cal Fea tures

The surface of Fairfield County is generally a low rolling
plain sloping grad ually southward to Long Island Sound. The ter-
rain is ‘ -yp lcally flat within a narrow coastal s~trip along Long
Island Sound but is rolling and deeply dissected by major stre ams
for the remaining area. The northeastern third of the county is
within the drainage basin of the Housaton ic River. Most of the
remainder of the county is drained by coastal streams of which the
r~~5t  important are the Byram, Mianus , Norwalk , Pequonnock , and
Saugatuck Rivers . The largest of these is the Saugatuck.

General Geology

The area is underlain by a wide variety of consolidated rocks
nrl’3ieting chiefly of gneiss , granite gneias , schist , and. dolomitic

-a~- i 1 e,all of pre-Carboniferous age . The distribution of the several
- -edrock units is shown on thie preliminary geologic map of Conne c ticut
(Hodgers and others , 1956). The bedrock , though consisting of rocks

f different kinds , is generally dense , compact , and has a low poros-
i’ y ; however, it Is b roken by joint openings which provide the avail-
a l-le space for ground -water storage and transmission.

The bedrock Is exposed at nt~nerous places , but elsewhe re it Is
overLain by g].~cia1 deposi ts of the Pleistocene epoch. These un-
consolidated glacial ma terials consist of unstratified till and
stratified drift or outwash . The till consists of a mixture of
boulders , sand, silt , and clay lacking sorting and bedding. It
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lies di re ’t ly - -n he be dr -”k and ranges in thickness from a few
inches to as much as 50 or 60 feet. It usually has a low permea-
t i l i t y  owing to its unsorted character, the small rock particle s
filling spaces between larger ones.

The stra tified drift consists of irregularly bedded d eposits
of gravel ~~d sand and minor amounts of silt and. clay ; the ei~tiresequence was deposited by melt water f rom glacial ice sheets . B.-
cause of the sqrting action of flowing waters, stratified drift
generally transmits water readily and. is the most permeable of
the aquifers in the county. The stratified drift occurs chiefly
in valleys where it may have a thicknes s exceeding 100 feet , but
it occurs also as a thin patchy veneer over many of the coastal
flats border ing Long leland Sound . Generally the areas underlain
by st ratified drift are essentiall y the same as those shown by
horizontal ruling on the map (p1. i.7 ,~ The most extensive de-
posits are those bord ering Long Island Sound and the Housatonic
River in the vicinity of Bridgeport , and those underlying the(

~
tIll ‘iver valley in the Danbury-New Milford area.

Ground -Water Sources

Tkr ~ r ” inclpal sources of ground water in Fairfield County nre
the bedrock formations and the unconsolidated glacial deposits.

Because the bedrock is dense and compact, ground wnter is
stored in , and moves mostly along, joint cracks and other simi1.ar
fracture openings. Therefore, the success of a well dr illed in
bedrock depends upon whe the r it taps open fractures filled with
water, and whe ther such openings s.re Interconnected in a sizable
vol’~ine of rock. These openings are distributed in such a hapha z-
ard manner that it i~ generally not possible to predict in advance
of drilling whe re the greatest yield of water can be obtained.
Information on the yields of drilled wells in bedrock in Fairfield
County is available from the published da ta and I r- ~ a large nun-

4 ber of well—completion reports filed with the Sta te Water Resources
Comeission by well drillers in the area. The rep orted yields of
individua l wells range from less than 1 ~~m (l,1~40 gpd) to a max-
imtm~ of 100 gpm ( 111.4,000 gpd); however, it a well yielding 100 gpm
initially were p~mrped over a conside rable length of tine the yield
quite likely would decrease . The average yield is about 8-ic gpln,
which is sufficient for most domest ic øup~lieø. Little diffe rence
is noted in the water-bearing r apacity of the several bedrock units,
even the dolomi tic marble shows about the same yields as other crys-
talline rocks. Thus , altho ugh the crys talline bedrock Is widely
used as a source of lomestic water supply because of its widespread
occurrenc e in the county, I t may be expected to yield quantities of
ground water sufficient only for small municipal , Industrial , and



agricul’urai supplies. A numbe r of industrial plants In Bridgeport
and St.arn~ r~ a~~ i~e-i t wa te r purchased from municipal supplie s with
grrund water from Irilled wells in bedrock. Heavy pumping from a
number of these wells located close to tidewate r has resulted in
a local increase i’-i the chloride content of the ground water.

The quality of na ural ground wa ter from bedrock is adequate
f~-~; most- purposes. The water generally is onl3i modera tely hard ,
al th Lt.th wat er fr o r the dolomf tic marble may be hard to very hard.

Wells In the gLacial till in Fairfield County generally yield
less than 3 gpn~. tecause of its widespread occurrence in upland
iectlons it- is an important potential source of small water supplies
‘or domestir and stork uses. These supplies are commonly obtained
trots dug wells. Throughout much of the area , howeve r , the till is
thin , ~‘ small sto rage capacity, and of low permeability; therefore
I t  furnishes rathe r undependable supplies. Consequently the general
practice is to drill through the till into the und erly ing bedrock
for va~~r.

The deposits o~ stratified drift , where they consist of sand
and gravel , are by far the most important water -bearing formations
in Fai rf ield County , and are poten ti~l sources for additional
water supplies for agriculture , induatries, and small municipal-
ities. The sand and gravel are quite permeable and readily abs -Drb
and sto~-e a large ~-orcentage of’ the local precipItation. The ex-
pectable -rield of modern lar ge -diame te r drilled wells , within the
rnn re p romising areas shown In plate .7 is generally between 100
and 500 gpin , although :‘Ields either g~eate r or smaller than the
lj m1t~- indicated have neen measured. These areas have not been
tested sufficiently t~ permi t an accurate areal evaluation of well
yields, arv~ par’Icul~ rly of sustained yields. Where finer grained
materials predomina t e in the deposits , wells may yield less than
the li-T i~ s given , t u~ where he deposits are composed of coarse-
grained sand and gravel, properly construc ted wells may yield a

— million gallons a day or more. Where the wells are favorably lo-
cated with respect to sources of recharge such as perennial streams,
long-~erm , high, sustained yields may he expected . For example ,
several wells of the Bridgeport Hydraulic Co.,  that penetrate sa~nd
and gravel deposi t i; adjacen t to the Housatonic Rive r in Shelton ,
are rep or te t  to have h~~en pum ped at rates exceeding 700 gpm (1 mgd)
per well f’ :” long periods. These wells are used to au~~nent the
extensive surf ar ’e -wa tp r  ~I -~ p1y ~sys tern for the Bridgep ort area. In-
s- fa r ~s is known , gr ~~~~~ water in stratified drift in most of the
- ‘~ lleys Is in hyd ra il it -’ -‘~nt in~zi~ y with adjacent streams . Ordin-
nr ily , - “ course , g round wa te r In these deposits move s toward and
sus tains the flow of the streams , hut whe re heavy pumping occurs
in aquifers near t.h~t ~ treams ~,he hydraulic gradient may be reversedand the river wa te r flows from f -h e s’ reane toward the ~~~~~~~~~~~~~
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Heavy pumping from wells adjacent to streams that are polluted
cr  close to tidewater may, therefore, induce water of undesirable
quality to move into fresh ground-water bodies and adversely affect
their  use for most purposes. This has taken place where wells pene-
trating outwash In the coastal area of Bridg eport have been pumped
heavily. 

-

The quality of natural ground wate r from stratified drift or
oitwa sh Is suitable for most uses; however , the iron concentrat ion
may be somewha t high in some localities.

!‘iagnit~1e of Water Supply

Cround water of Fairfield County is practically al]. derived
f’ rom rainfall and snowmelt of local precipiation. About ~8 inche s
nf precip itation falls ann ually in the county, amoun ting to an
average of about l,~~00 mgd or 0.520 tgy . Of this , 26 inches , or
0.280 tgy is discharged as dir ect and ground-water runoff in stream s;
the rest, 22 inches, or about O.2I i~0 tgy is lost by evapotranspira-
~i n .  This assume s , of course , no storage changes of consequence
in around water or soil moisture . Of the 0.280 tgy runoff , about
ha~f is discharged as storm (direct) runoff arid the remainde r ap-
pears as base flow in the streams ( table 20).

Public Water-Supply Systems Using Ground Water

At the present time , a r’umber of smaller cotmaunity systems in
th -’ - Hous atonic Rive r basin part of Fairfield County are supplied
en -i rely from ground water. These systems generally furnish less
‘-h rn 35 g~ n to their consumers , although the State Hospital at
NèL-’~own is rep orted to pump about 350 gpin . Several of the larger otlic water-supply systems pump ground water to augment surface-
~- -~~ r r  sources during periods of peak demand and low flow. The
lar~’est of these is the Bridgeport Hydraulic Co.,  which has a
nu~ibe r of wells located throughout its franchise area.

DtJTCKE& , ORANGE, PUTNM4, R0CICLIAND~ ULS~~ B, AN) WES’I\~~~STER
couN,rI~s, ri~w yoi~

by N. M. Perinni tte r
Introduction

; -~tchess , Orange , Putn am , Rock].and , Ulster, and ~festchesterCow-i ’ t~~~; toge ther comprise au are a of about 3,760 square miles in
scu - - - - --L o te rn New York (p1. 1 and table 20). With the exception
of i’ .. ~l parts of Ulster ana. O range Counties , which Lie in the
Delr,-c.- -i’- Rive r basin , the area is entirely I’-’ the adjoining Hudson
Rive r - asin. Some of the counties are relatl.ely densely populated
and ‘iso uubstantial quantities of gro und water. Owin’’ t~ Fhelr

__________________ --
—



potentialities for increase in population and corresponding in-
crease in water use , these counties are considered to be within
the service area of the Delaware River ba3in . Accordingly, a brief
i~uTnmary of ground-water conditions and of the totel water resources
within these counties is pertinent to the - - - L investigation
of the water resources of the Delaware Rive r basin.

Table 20, which summarizes water-resources values for this part
of the service area ( including Fairfield County, Corn.) shows that
on an average annual basis approximately Ii.6 inches of rain, and
snow equivalent to rain , falls on nearly I4,~400 square miles of
these counties in New York and. Connecticut. This is about equal
to 9,300 mgd, or 3Ji. tgy. However, about 22 inches is lost by
evapotrannpiration. This amounts to about 1.6 tgy . The rest of
the precipi tation, about 211. inches, or about 1.8 tgy runs off in
the streams -

Asseistine and Grossman (1955 ) and Grossman ( 1957) have pre-
I - 

pared published reports for two of the counties ‘ N~- w - -

W.-’ : t - - t - -  ‘~~ 
-= r &io Put r ac’. Reports are in preparation by the U. S.

Geological Survey lor Thatqhess and Rockland. Counties, but no
investigations have been started in Orange and TJlster Counties.
A conside rable amount of unpublished ground -water and geologic
data on these counties is in files of the U. S. Geological Survey
either at Albany or at Mineola , N. Y. The following descriptions
of ~ne general geology and water-bearing characteristics of the
aquifers in each county are based partly on examination of mis-
cellaneous unp1ablished data of the Geological Survey, published
bulletins of the New York State Water Power and Control Coimnission,
and of the New York State Museum, the geological map of New York
State ~Merr1.1l, 1901) , and. field observations of the writer ,
particularly in Rockland and Orange Counties.

Dutche~ s County

Dutchesa County contains approximately 816 square miles. The
permanent population was 137, 000 in 1950 and about 158,000 in 1955.
The land surface In moat of the county Is a gently rolling plain
ranging in a) titude from about sea level along the Hudson River to
about 500 feet it the interior. The southern border of the county
Is formed by the l~t4son Highlands, a part of the New England Upland
(p1. 3 ) ,  which reache s an altitude of more than 1,600 feet.

Gene ral Geology

Dutche as County is under 1ai~ by igneous, me tainor-
phic , and sedime ntary rocks ranging In age f rom Preca mbri an to
Ordo vician . The rocks are closely folded and have a northeasterly
st ri ke .
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The main Icirock -un~ts are : ~l) unl tfferent iated gran~te , gnelss ,
u.n-i I Lorite of Precambrian age which crop out mainly along the
:~o— ~it herr. bor.Ler of the county; (2) an argillaceous (clayey) unit his-
torically known as the Hudson River formation ( now abandoned) wh i-~h ,
as -ief’ir~cJ ( Vanuxem , 1842) in thIs county, inclu 1.es shale, slate,
r hyii te , and sohiEt of the Nac-:au acil Schodack formations of Early
Cambrian age , ani the Deepkili and. N—Drmansklll formations of Ordovic-
Ian age ; ari-~ (3) c- -n t t .~red el~~~ ate belts of th ’  Cheshir e aua rtzi te
of a n y  (Jnr;.~-r i ~ .n age , and tile Stocki -t~ige lhm:ctone, a mt:tnmori~hore~
carbonate ru :k formatiun of C~-nbrian and Ordovlcian age. The Hudson
River format ion of focmor usage . :- t’ c rn ~t -..rLdeiy -Ii s tr Lhi~~ed bed-
rock unit which occur~ in tL~ Vall~y an-i P t I ~o pr ovince as a north-
ward extension of the Great Valley in P :nnsy lvnnia (u i .  3 ) .  Uncon-
solidated. deposits of till and. outwash of Plo .stocene age cover most of
the bedrock sur face , being thInn -r on the upland r an-I deeper In the
valleys .

Water—bearing C -a~te~o i c t i c n  ~f tb~ D~ p ~~~ s

Groun~ water occur s in the tIll. outwarh , and beb ck. Depc-s~ts
of till range in thickness from less than a foot to 100 feet or more .
Yields of wells in till average on1~ a few gallons p- c minute. De-
posits of outwash composed of sand and gravel yiol—i the lar~ cst  quanti-
ties of water . Most of these deposIts are r e s tr ict e d  to maj--r valleys .
Yields of 31i. wells screened in out-wash range from ID to bO’ gpm and
average about 100 ~pm. Where in hy~c aulic cont Ln ty with th~ valley
streams , the outwash deposits are ca~able of siu-tn~.no i h igh y~cNo.

About 90 percent o~ the exist ng w~l1s tap the Hudson River forma-
tion of former usage or the Stockbridge limestone . Yields of 439
wells tapping the Hudson River formation of former usage range f r r n
O to 300 gpm and average about 19 ~pm. Y~~Ur o~’ 153 ve1i.~ tapp i ng

• the Stockbridge limestun~ range f r m  0 t 22~ gpm and. average about
22 g~pm . Yields from the o ther b—in -k un~~t~ - a rero~~ abc-ut 12 gpni .

Public-supply systems serve appr :x~mately one-h:121 the popula-
tion of Dutchess County . Most of the water used is taken dire-tl.y
from surface-water sources. Sixte~n publi”-supply sjstems tap
ground-water sources wholly or in ~art , bu t u m ~ of th~ yield from
wells is derived fro m stre ams as in” -~c~~t recharge ‘..r- - ’r -~ wo~ 1-ptnnp 1ng
influences (cones of depression) r~- ach :.treoxn cour -~~s.

Magnitude of Water Supply

Nearly all the ground water is de r ive d from precip itation within
the county. One Inch of rain , or of snow having a water content
equivalent to 1 inch of rain , falling on 1 square mile yIelds about
17 million gallons of water. Thus , with an aver age precip itat i on of
about 42 inches falling on the 816 square mile s of Dut~hes~ County ,

- -- - •- — . - ,~~~~~~~~~~~~~~~~ 
-
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a total of l, t;oo rngd or about 580 ,( 1 )  million gallons of water is
re:eived. each year. Of this , 13 inches , or about 0.250 t~~ r becomes
r-~n o f t ’; an-i 24 inches , or about 0.340 tgy is lost as evapotransp ir a-
t Hn .  In the above estimates it ~s assumed that changes of water
storage in the area are negligible. This is reasonable because , over
a long enough pe riod of time (base period for these estimates is 40
years) ,  changes in storage balance uut at or near zero .

Orange County

Orange County contains an area of about 841; square miles. The
permanent population in 1950 was about 152 ,000 and in 1955 was about
1)8 ,000 . The land surface in Orange County consists of four main
ypes: (1) a broad , gent ly rolling plain in the central part of the

county generally ranging in altitude from a few feet above sea level
along the Hudson River to about 1,000 feet; (2) a dissected ‘highlands
area trm the southeast where land sur f ace reaches an altitude of more
t h a n  1.500 feet; (3) a narrow northeasterly trending belt of ridges
and valleys bordering the plain on the northwest;  and (4) a ~na1l
plateau area in the extreme northn~ontern corner of the county.

General Geolo~~’

Orange Count y is underlain by consolidated. igneous , metamorphic ,
and sedimentary rocks ranging in age from Precambrian to Devonian .
The rocks are folded. and str~k~ northeasterly. Dips
are gentle to steep . Major fault s occur in some areas . The central
two-thirds of the county is underlain by gray siaty shale and sand-
stone comprising the Normanskill shale and the Snake Hill formation
of Midd le Ordov-ician age. To the southeast the rocks of the Normans-
kill, shale are in cont act with elongate belts of infolded and faulted
beds of limestone of Precambrian , Cambrian , and ()rdovic ian age , and
sandstone , conglomerate , and shale of Devonian age . These r~~ ks in
turn lie on and against the complex crystalline r~ : ka of the HIghlands
area which r~onsist mainly of granite and gneiuc.  The beds of t he
Normanskifl and Snake Hill are overlain unconform~b1y to the northvestby the northwester ly dipping rocks of the Shawangunk conglomerate and
High Falls shale of Silurian age which form Shawangunk Mountain . The
prominent valley which parallels the northwest flank of Shavangurik
Mountain is underlain by northweste rly dipp ing beds of limeotone,
shale, and sandstone comprising a number of format i rns ringing ~n age
from Late Silurian to Middle Devonlan . The plateau area to the north-
west is underlain by sandstone and shale of Mi l lie to Lat- ’ Devonian
age .

The bedrock in most - of the county is covere l -by a mantle of un-
consolidated deposits of Pleistocene age composed of till and outvaah. 

-~~~~~~ - - 
- — - -



119

Water-Bearing Characteristics of the Deposits

Record s for about 200 veils and. springs in Orange County are
available in the files of the U. S. Geological Survey. Most of the
data were obtained In the extreme northwestern part of the county
with some scattered da ta from othe r parts . Thus a de tailed apprais-
al of the grc*.~~ - water conditions requires considerably more field
work than has been accomplished to date .

The water-bearing deposits are till , outwash , and bedrock. The
till covers the upland areas throughout most of the county, and
gene rally yields small quantities sufficient for domestic use to
dug wells. Deposits of outwash sand and gravel as much as several
hundred feet thick occur in many of the stream valleys and lowland
areas. The largest body of outwash occurs in the Port Jervis trough
area (chiefly in the valleys of Neversin k River and Basher Kill ) in
the northweste rn part of the county. The gravels and sands of this
body have a maximum thickness of more than 200 feet and constitute
a very large underground natural storage reservoir. Other deposits
of outwash are relatively untapped and generally are po tential
sources of substantial quantities of water. Where such deposits
are in hydraulic continuity with perennial streams their yields
are high and sustained, for water ptmi~ed from wells in these de-
posits may be largely replaced In the aquifer by induced rech ar ge
f rom the streams. The yields of 13 wells screened in outva sh
range from about 3 to 380 gpm and. average about 85 gum. Larger
yields doubtless are available in many places.

Most of the veils in the county are drilled. into bedrock. The
main bedrock aquife r is the Nor msnskill shale . Yields of 16 wells
penetrating the Norr nanskill range from about 2 to 80 gptr and average
about 30 gpm. Yields of 21 veils in sandstone and shale of Devonian
age range from about 1 gpm to 80 gum and average about 20 gpm. Yields
of wells tapping limestone of Cambrian and Ordovician age are among
the highest for bed rock aquifers. In 11 wells , the yields range
f rom about 20 to 150 gpm and average about 80 gpm . Wells in granite
and gneiss have the lowest yields. In 10 wells, the yields range
from about 1 to 25 gum and average about 10 gpn.

Approximately 90 percent of the water pumped in the county is
f rom surface-water sources. Thirty public-supply systems ranging
from small real estate developments to municipalities, pump water
wholly or in part Prom wells and springs. Ground wate r is also used
for domestic , agri cul tural , and some industrial purposes.
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~~gnitude of Water Supply

Ground water wi thin the county Is deri ved almost entirely from
precipitation falling on Its 81t6 square miles of the area . Receiv-
Ing an avera ge of about 1i4 inches of precipitation a year , the total
rainfall amounts to about 1,700 mgd or 0.630 tgy . Of this, 20 Inches
or about 0.290 tgy becomes runoff and the rest , 21~. inche s or about
0. 31~O tgy , ass~miIng no essent ial water-storage change in the aquifers
and soil , Is lost by evapo transpiration.

Putnam County

From a report by Grossnm.n (1957) on the ground-water resources of
Putnam County most of the following data are summarized.

Putnman County contains an area of 235 square miles. JIbe perma-
nent population in 1953 was about 20,000 and in 1955 was about 28,090.
The county is in the Hudson Highlands , a dissected belt of low moun-
tains which rise from about sea level along the Hudson River to as
much as 1,11.00 feet in the upland areas . Valleys in the Hi ghland s
generally are narrow and straight.

General Geology

The bedrock underly ing Putnam County consists of folded and
faul ted consolidated igneous and metamorphic rocks ranging in age
from Precambrian to Ordovic Ian. ~~rc than 90 percent of the bed-
rock is composed of undifferentiated ‘~ranite and gnelss of Pre-
cambrian age . The remainder consIsts of : ( 1)  Bcatte red diori te
bodies of the Pochuck gabbro gneiss of Precambrian age , (b) the
Stockbrl dge limestone of Cambrian and Ordovician age , and ( c)  the
argillaceous and schistose beds of Ordovic lan age . The consoli-
dated rocks are overlain by an irre gular mantle of unconsolidated
glacial deposits of outwash and till of Pleistocene age , which have
an irregular distribution and thickness. In the upland areas the
till generally is less than 30 feet thick but in some valleys may be
as much as 200 feet thick. Outwash, consIsting chiefly of sand
and gravel, underlies large stream valleys. In some places the
glacial deposits largely consist of silt and clay.

Water-BearIng Characteristics of the Deposits

Ground water occurs in the till , outwash, and bedrock~ Records
of a few wells in till Indicate an average yield of about 2 gpm,
which ii an Indication of the low pe rmeabil ity of these deposits.
?~ ny wells in till go dry during periods of low rainfall owing to
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decline of the water table . Yields of 50 wells tapping ou t war ~hsand and gravel range from about 1 to li.50 gum and ave r~i~e about
30 pgm.

The yields of about 370 wells penetrating bedrock ran -~e from 0
to about 120 gum and average about 12 gum. Most of t~ie wells tap
granite and gnai se. ~~~re i~ little difference in the average yields
c~ wells tapping the principal bedrock units.

About one -third of the total estimated pumpage of 1.5 mgd. was
f rom ground-wstsr sources. Eleven public- supply sys tems use ground
‘.~ater wholly or In part . Ground water also is used. for domestic ,
agricultural and. some industrial purposes.

Magnitude of the Water Supply

Annually, over the 235 square miles of Putnam County there i~
tn average prec~.pItation of about 116 inches equiyalept to about
~00 ingd or 0.180 tgy. However, 211 inche s, or abãut ~ .O95 tgy Is
available as runoff. The rest, about 22 inche s, or about 0.085
tgy, is lost a.~ evapotMnspirat ion . These value s are based on
about ho years of record , a long enough period of time so tha t
ehange~ of water storage in aquifers and in the soi l can be

or~lected.

Rockl and. County

Rockland County con tains approximately 201 square miles. The
pe rmanent population in 1950 was *bout 89, 000 and 1955 was abouti-;, ooo. Land surface range s in altitud e from about sea level
a~~ ng the Hudson Rive r in the eastern part to about 1,200 feet In

h~: moun tainous northwestern part. The eas t.e rn two - thirds of the
r ,unty is a gent ly rolling plain which is bordered on i~ s eastern
r~~ -gIn by a narrow curving ridge that rises as much as 700 feet

~r e the plain . The plain terminates against ‘hr~ rugged highland
‘r~ o of ~hc ’ Ramapo Mountains In the northweste rn part  of the county.

Gene ral Geo1~~~y

~r~-k 1and County is underlain by igneous , sedime n ary, and me~ a-
-io rj ’hlc rocks ranging in age f rom Precambrian to ~)rdovi ’~ian and
TrI’t .-sj c. The eastern two-thirds of the county Is underlain by
~eds of’ conglomerate , sandstone, and shale , and associated igneous
r-Dcks of’ Triassic age. The sedimentary rocks are part of the

~- -
~~~r -k gro up . The largest differentiated unit of ’ Igneous rocks

is the Pal isade diahase , a sill, intri~~ed io ~hc eastern part of
h~ ~o~m~ ” In Tr iassir time. The rocks of ~‘r1 ascic age dip north-
~‘ner t ~: and ¶err inm -p s 1or.~ rt Ta ,~or “~ ‘i1~ markinG I he southeaste rn

~or de r 1 a belt r~~’ crys H~fline rocks of’ P~e~ ambrian aGe . The
crys talline r >cks consist mostly r~f t;rantte r~nf ~;n cIrs. A sm~l1
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area in the nt. rtheasterrt part of the county is underlain by an in-
folded and faulted body of rocks of Cambrian and Ordovician age
consisting of beds ~f quartzite , limestone, and phyl lite . Glacial
till and outwash of Pleistocene age cover the bedrock in most of
the county. In some places the total thickness of these deposits
is more than 300 fee t .

Water -Bearing Characteristics of the Deposits

Ground wate r occurs in the till , outwash , and bedro ck . Deposits
of till are tapped by some domestic wells which generally yield
less than 5 gpin. Deposits of outwash composed of sand and gravel
are restricted to major valleys and yield about 55 to 1,200 gum to
individual wells. At some places the outwash Is composed largely
of fine -gra ined material which does not yield large supplies.

Most of the wells in th~ county tap the bedrock . The main
water-bearing rocks are sandstone and shale aquifers , part of the
Newark group. Yields of 220 wells tapping these rocks ran ge from
abo.ut ~ to 1,500 gum and average about 80 gum. The average yield
of 110 public-supply wells penetrating the Newark group is about
300 ~~m. The water is modera tely bard . Yields of 13 wells tapping
the Palisade diabase average about 11 gum. Yields of 37 wells
penetrating granite and gneiss avcrage about 15 gum. Yields from
the o ther minor bedrock units are small , commonly less than 10 gum.

Most of the water used in the county Is from ground -water
sources. An average of about 7 mgd was pumped in 1955, most of
which was pumped for public-suppl y use. Some was pumped for self-
supplied indu strial use and the remainder was for domestic , agri-
cul tural, and othe r minor uses.

Magnitude of the Water Supply

The annual precipitation ove r Rockland County ’ s 201 square
miles is about 11.11 inches. This amounts to an average of about 11.10
mgd or 0.150 tgy . Of this about 0.072 tgy, or 21 inche s, become s
runoff . !vapo t re.nspiration accounts for approximately 23 inches
of rainfall annually, or about 0.078 tgy .

Ulster County

Ulster County con tains approxim ately 1, 172 square miles. The
permanent population in 1950 was 93,000 and In 1955 was 102,000.
Lend surface ranges in s.l ti tt4e f rom about sea level along the Hud -
son Rive r to over l1. , 000 feet in the northwestern part of the
county. The eas te rn half of the county Is a gently rolling die-
sected lowland . Sbavangunk Mountain and some mino r rid ges and
‘~ 11eys which t r~ni nor theasterly acrr ~ss the coun t y separ a t.e the
:aó tern i~ow 1 anu f rom the dis~sc ted plateau which forms the “

1t ~ ttw rvr ’ nwprtM rn h~~ of the ~r~~~y

.4
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Gene ral Geology

The bedrock underl ying Ulster County is composed of folded sed-
imenta ry rocks ranging In age f rom Ordoviclan to Devonian . The
rocks in the eastern half of the county have a northeasterly and
northerly strike . They mainly consist of folded beds of gray and
black shale and, sandstone which largely comprise the Nor manskill
shale of Ordovician age . Unconforxnably overlying the rocks of
the Normanskill silai r are the northwesterly dipping beds of the
Shawan gunk cong]orne rate of Siltu’j an age . Minor ridges and ~ta 1leys
immediately west and. north of Shawangunk Moun tain are underlain by
folded beds mainly of’ marIne shale, sandstone, and limestone com-
prising a numbe r of formations of Late Silurian to Middle Devonian
age. The Catskill Mountains area in the northwestern half of the
county is underlain by relatively horizontal beds of red and gray
sandstone , shale , and conglome rate of Middle to Late Devonian age .
The bedrock is overla in in most of the area by unconsol idate d d.e-
posl .B of tiLl and outwash of Pleistocene age . The maximum to tal
thickness of these glacial deposits is more than 200 feet.

Water-Bearing Characteristics of the Deposits

Little is 1ox~n of the water-bearing characteristics of the de-
posits In Ulster County because few records of wells and springs
have been collected in the county to date As in other nearby
counties the main water-bearing unitB are outvash , till , and bed-
rock . Till of irre gular thickness covers most of the upland areas .
Ave rage yields of wells in till probably are a few gallons per min-
ute. Scattered outwash deposits of sand and gravel occur in major
valleys and may yield as much as several hundred gallons per minute
to individual wells , and where in hydraulic continuity with per-
ermial streams their yields would not only be high but would ‘be
dependable . The bedrock is the source of water for most of the
wells in the county. The yields of wells tapping bedrock units
probably are on the same order of magnitude as the yields given
for the same units In Orange County (p . 1l9 )~

The ground water is used mostly for public supply, domestic ,
and agricultural purposes; a small quantity is used for industrial
and other miscellaneous purposes. About 10 public-supply sys tems
use ground-water sources wholly or in part. The combined ground -
water pumpage from these systems averages somewhat less than ‘~~ mgd .

Magnitude of the Water Supply

Precipitation on Ulster Coun l’y ’s 1 ’ p~a r ’  m i l es ran~.~~3 fr~m
slightly ~~re than 6o inches over the higher parts of Slide Moun -
tain to 511. inche s in the Overlook Mountain area; it drops off to



abo u t. 14~ inches at the base of ne Cat .skill £~~ll~ta1na scarp on the
eas t r~~ :‘r~ ’ there eastward gradually dimln ishe’ until, a’ the
Hudson River , the amoun t is about 1414 to 145 inches , the lowest , pre-
cipitation be in T  In the  southeastern part of the county. Ave rage
precipitation over the entire county lb  a out 14~ inches , which is
an avers -e of about 2 ,600 mgd or 0~960 tgy . Runoff takes about
30 inches , or 0.600 t.~y, and evapotranspiration losses amount to
about 18 Inches , or 0. 360 t~y

Wes 4 . t ~e~ or County

~‘estchest,er County cont ain , i  a total of’ about 1487 square miles.
The permanent population in 1950 was a’~~ut ~ ?~‘ ,0O0 and In 1955 was
about, 7l ° ,000. The altitude of the land surface rarvTes f rom about
sea level along the Hudson ~1ver in the western part of he county,
to about 700 feet in the Hudson Highlands in the northern part.
Land surface consists mostly of a ser ies of northeasterly-trendint~low ridges and valleys .

‘~enerai Geoio~ y

‘..‘estchester County is underlain by nortrLe~isterly~trend1ng belts
of closely folded igneous and metamorphic rocks which range In age
from Precami’rian to Ordovician. The pr ’~ncipa1 units are Pre-
cambrian: (1) Fordhazn gneiss, (2) Inwood limestone, and ( 3 , ,
Manhattan schist. In ad1ition, relativ& ,A,y small areas are under-
lain by the Harrison diorite , Yonkers granite , Infolded belts of
Poughquag qua r ~ite , of Early Cambrian age , Stockbr’tdge limestone .
and slate of Ordovlclan age , ‘md niscellaneous igneous
rocks such as ~‘r ant te , pegna~ ite , and undifT~rentiated basic In-
trusives. Th~ bedrock in most of the county ~s covered by uncon-
solidated deposits of ‘ill and outwash ~f Pieisto ’ene age which
range in total thickness from a few fee t to as much as 200 feet.

.‘ ater-Bearing Characteristics of ~.ne Deposits

~;round wa ter occurs in the till, outwash, and ~‘e irock Depos-
its of till having a wide range in ‘tickness are extensively dis-
tributed on the upland areas and ir, some valleve The t i l l  has
relatively low permeability and except where i t  ccrt aina lar .~e
sandy lenses yields onl y a few gallons per minute to 1u~ wel ib
scattered Bizable bodies of outwash occur in parts of the county,
the largest and thickest of which are restricted to major valleys,
The ovtwaah consists mostly of sand and gra’~ i but in places con-
tains much silt and clay. Outwash deposit~ of sand and gravel
yield the largest s’upp] ies in the county. Individua l wells screened
ir : these deposits range in yield from about 3 to 600 ~~n The aver-
age ‘rield is about 200 ~~n.

- 
~~~~~~~~~ 

- ‘-
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At least 70 percent of the existing wells in Westchester County
tap the bedrock. The average yield from these wells Is less than
30 ~~~ !k st of the bedrock wells penetrate schist and gneias and
reportedl y have a ran ge in yield from about 1 to 11.00 ~~m. The lime-
stone is the most productive bedrock aquifer, particularly where
it occurs in lowland areas and in overlain by water-bearing depos-
its of outwash. Yields of individual wells penetrating limestone
range up to 11.50 gpm. Yields from other bedrock units are relatively
low .

Public-suppLy systems serve about 90 percent of the population.
The water is pumped mostly f rom lakes and streams . About 21 systems
use ground -water sources wholly or in part. Wells and springs also
supply domestic , agricultural, and some industrial needs .

Asseistine and Grossman (1955, Part I)  present detailed Infor-
mation on the wells and yields of wells of Westchester County.

)
~ gni tude of Wat er Supply

Ann’~aUy on the averag e, there falls on Westchester County ’ s
11.87 square miles about 11.8 inche s of precipitation. This is the
equivalent of about 1,100 mgd. or nearly 0.11.00 tgy . However,evapo-
transpiration losses account for approximately 22 inche s, or about
o.i8o tgy, thus leaving 26 inche s, or about 0.220 tgy for runoff.

LONG ISLAND, NEW YORK

by Gerald G. Parker

Introduction

Although not a part of the Delaware River basin, Long Island
is importan t to this study because it is a part of the New York
metropolitan area which is in the Delaware Rive r basin service area.
Although the island is surrounded by salt water , an important fact
in conside ring the d.evelopnent and. use of water in large quantities
on the island, it contains in its huge glacial and Coastal Plain
aquifers very large quantities of fresh water. These could be
developed for emergency use in the New York C ity metropolitan
area if the area were struck by severe radioactive fallout .
In such an event all surface water, and perhaps some shallow ground
water, would, become unfit for use , but the deeper aquifers would
be capable of producing supplies needed until surface sources could
be decontaminated.
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The Water Supply

The total volune of water stored in Long Island ’ s aq~4fers is
very great, probably In the order of 50 trillion (5 X l0J~3) gallons.

However , not all , or even very much, of the water
is available for use. This is because of the delicate balance
that exists between this large body of fresh water on land and. the
still larger body of salt water of the ocean that surrounds it on
all side~~. In other wcrds, the salt-water encroachment factor is
the dominan t limiting factor here.

The total quan tity of wp.ter available for perennial use , which
has been called “ safe yield” , is therefore not known, although it
is less than the average annual return flow to the ocean which it-
self’ is not precisely known for all the island but is estima ted
in table 21.

In an attempt to place the water-supply picture in proper per-
spective, table 2~ and p1. 10 were developed. The value ., given
are based on published data of the U. S. Weather Bureau and on both
published and unpublished data of the U. S. Geological Survey, but
are intended only to give the order of magnitude of the hydrologic
value s involved.

Of general Interest is the conclusion that the values assigned
to Long Island are of the same order of magnitude for other parts
of the Coa stal Plain covered in this report (p. ~~~~~~~~ How-
ever , ~he water budge t for Long Iølan d ( table 2 . )  differs in one
respect fr~s that for the Coastal Plain in New Jersey and Delaware
( table 4 . 1 . In the water budget for Long Island , H include s im-
measured, but estimated , ground-water outflow beneath and be tween
stream channels , as well as runoff , and is designated average 1 annual
return flow to the ocean. In the budget for the Coastal Plain in
the Delaware Rive r basin and. adjacent New Jersey and Delaware, H
represents only runoff; unmeasured ground -water outflow , believed
to be much smaller per unit area than that in Long Island , is in-
cluded. in water loss in table

Table 21 indicates that Long Island receive s an ave rage annual
precipitation of about 2.1 ingd per square mile, which, ove r the
1,373 square miles of the island ’s surface amounts annually to
approxis~~tely 2 ,900 mgd of new water. flowo ver ,  water ~~~~ am ounts
to about ~ ~~~ per ~.4uar e mi~~~ fox a tot a’ ertunated ~iverage annual
1.oc m t 1 , “~t ,  rngd ~~~ ‘h .  wrt~ 1.e : - l ’~n i ,  rb~~ leaves only about
1.1 ir~gd ~ r h are mLt e  1 ,~~~ i . rnr ) d 1 ec~t ar t ~ f rom aquUor ~ t o
st .9ZflS 01) 1 ~O t l ~ ~‘‘ or a~ JO . ‘ rgro lAfl i f lu  t u i  w

4

__________  
—p



b

0 8

01 r— L~. . • I • •
— 

~~~~~~ 
C . .. e •

• • • I• •
S 5 5

$ .~~ ~~ ~‘~~l4 e
~~~~~

S
j .
. f’ . / ••

~
• :.

~~~,

C’) ~~~ ~ ‘L~i 
‘
si. ‘.~: 

‘
~~ 2m ~.: ; :-

~~~

~~~~~~~ ‘1
:I l j :J ’ .~ Z

j~d II:~i ’ ~!i~ ~~~~~~~~~~~~~~~~g :j/&/~.~ o

o (1)
~~~~~~~~~~~~~~~~ Z

~~E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ .~ ‘- 0

~ 
‘:, i~~’j  ~~~ - 

.

~~~ ~~~

. s il l ,! ~ g
C .. iI ii. . - ~. ~~ ~~ 

0 0

- . 

~ 
h i~lI i i ; . ! 5” ‘5- 0

o -~~ :j ’f l  - 
— o ~E jJjJI/.:.- 2 2 ~ ~~

= ,II’(.~:: 
•
~~ a~- ° ~~~~~~~~~~~~~~~~~~~~~~ 2

:j 4.~~~~ . —

~iI/,i: .‘- -
~ . 5 . 0 0

i ~~~~~~~JjJ~j~] H~i ~(0 ,!
~~
‘ 

~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~
4 ~ ~~~IJ~ ~~ ~~~ 

.
~~~~ 

.
~~~ ~

~~ ‘J( r~~~~~ r:.
~~\ 

D~~~~ 1 ~ ~,. b ~
..~ j 

~ d~ki ~

,— .—...— ,— —- - - — . . — —
~~ 

— - -. . -—
~
.— -.-- .

~~~~~
-.. ,- - .  ~~~~~~~~~~~~~~~~~ -



127.
I ~1~-~i ro~ —~ — Th~~f~ T

- - — - ----- ~~ .0 I)’ -1
ci) 0 ‘~~~~

- • :
H’ ,• I . -

~o —Ei~~~~~~ cf~~~1 — (ci
I_a I_,

~ p.i. ~ a
c+ 1—i H ’ (~~~O ( +

0 O H’ 0  ~‘ H H c ~~~CD

~~~~~~~~ H
“ ‘ - “  < (ci ~i 1 —H H H H  ~~~ c4 (D (ci

~~~~~~~~~~~ ro (i)
~ d EX k ~~ < X  O~~~~~H. .

c~~ i ’d  H C)
H HH ~~~

-
~ ‘1 H’ 1

0 0 0 0  P~~
-
~~ cf H~ 

‘—.,,, ~rJO~~C\ H G \  ~~~~~~ -~~~~~) H’-~~~- - -  r~~_ - cn 0 — _________

‘—

~~~~~~~ I-.. 0

~~~~~~~~~~~ ro ~~~~~~~~~~~ —
H H H H 0 CI) < (J~1 0 H
H H H H ct- 

~~~“ ‘-0 H ~~ (ci P. 1 (D
0 0 0 0  H ’ O ’ d  0 -~‘‘i~~~~~ -
~~~~~~~~~~~~~~~~~~ 0 0 —.- 0 ~~~~~~~~ — - to) O ) Ci) ~i ( D  H
p)~~~~~~~~ p —:~ — —

ti

~~~~~~~~~ 
)

(ci
( .~_) C I ) •~~~~~ -(

H \O o ( D ~~ q ~ -~~- 0 ~ f ’ -< (~~:~ I I’-’ (ci

r O w ’ n w  CD 0
_ _ _ _—

Dl
0 0( )  0 H. (D O c$’ P

~~~~~~~~~~~~~~~~~ 
..~j , ~~~~~~~~~~~~~~~~ 

H
C\ çI) H.~ 1 I (’Q

~~~~~~~ ~~‘
... CD CD

‘5+
_ _ _ _ _ _  H’— Ii

.1 .-1 . 1
H 0’) CD

0
H ‘i c ~. H ~~~~~~ C)

~ 1w 0
H’ ‘—,. ~~

— ~
, op .,~

H H ’ ( D 0~~~~i- J) 1I~~~~OtI 0 (ci
‘-Jl H~~’ ( D P. C)

8 ~~~~~~~~~~~~~~~~~~~ ~~P . m

____ —

U,) o ’d ~~ (ci
cx ~O m ~~~ P .O
0 -i~~~ p

~ IH ~~~
. 

~~-.. (ci
— _ _ _

0 H ’ ( D O C+ ~
%~fl H + ( D ’-.

(ci

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~i

b ~~~~~~~~1 1w cii
H’ “— . ‘d

_______ — — 
- ~~~~~~~~~~~~~~~~~~~ _____ 

.

~~ 
.‘ .-—- ‘ --...r——— . . - ---..--

~
.- — . . . .-- . 

-



On Long Island there is a negligible amount of direct runoff.
Nearly all the 1.1 ingd. per square mile seeps into the ground, becomes
ground -water recharge and then, the aquife rs being full ( and by nature
re quired to rem in so to maintain sal t water of the ocean and sound.
in its “no rma l” position ) is discharged chiefly as ground-water out-
flov beneath and between streams and as baseflow in strea ms . Thus ,
the streams of Lçng Island, none of which are large , are fed. almost
exclusively by ground -water discharge .

The topmost curve of~p1. 21 indicates the total amounts of wa Ler
wi tnd rawn from a].]. aquifer s 01 L.ong Island and projects possible 1958 )
quantities through 1960 . It is estimated (Lueczyn~~i ,w r i t te n  communication
about one half of the wi thdrawals on the f slana Is returned to the
aquifers , therefore the othe r half Is , in essence , consumptively
used by: (1) being sewered into the ocean,(2) incltd&, in manufactured
products; (3) lost by evapotran qpiration; or (14~) lost by othe r means
(this consimt .ive use includes, of course , the ~..ater used for ir-
rigation).

To see how important these wi thdrawals and consumptive uses are
let us compare the pumpege for 1957 (0,137 tgy) with the to tal an-
nus.]. average return flow (0.560 t r’:y ) and ‘h~n w ’. ’ I  the ‘.o~. al avrrage
return f L . w  during an extrernel’~’ i.ry y -~ar ( 0

Thus : 0.137/0.560 app roximately 2~ percent (no rmal year)
0.137/0.365 approximately 38 percent (probable driest

year)

If , howeve r , half the withdrawals are returned to the aquifers ,
the actual quantities we have to deal with are those for consumptive
use .

Thus: 0.69/0.560 approximately 12 percent (normal year)
0. 69/0.365 approximately 19 percent (probable driest

year)

We may conclude , the refore , that the present consumptive use on
Long Island Is about 12 percent of the ave ra ge annual r- turn f lov and
about 19 percent of the return flow thzr i ’?.g ~~~ . u r ie- t .-r ~~~~j . be ex-
pected. This indicates tha t a grea t deal of additional development
and use of ground wl’tter can be made. Howeve r , if lasting harm is not
to be suffered from such increased development, rational plans must
be developed and adopted to prevent overly large concentration of
development too near the shore zone s with resultant salt-water en-
c roaethsent. Present studies underway by the TI . S. Geological Survey
in cooperation with the State , county, and city governments should
lay the solid basis needed for future safe development.



129.

Irrigation on Long Island is increasing, and total water loes
is likewise increasing. Because irrigation water is largely used
consumptively, about 90 to 95 percent being lost by evepotranepira-
tion, it has an importance that most other uses of water, not being
so highly consumptive , do not have .

Accordi ng to the U. S. Census Bureau (l95~4, ~~. 14~1J19) total irri-
gated acreage on Long Isle.nd increased from 11,9115 acres in l9~$9 to
37,275 acre s in 19511 . Inasmuch as an estimated averag e of 6 - 7.5

inche s of water are applied during the growing season, about 1,900
mgy (6-inch rate ) or 2 , 1100 mgy (7.5-inch rate ) were used in 19149,
compared with 6,ooo mgy and 7,600 mgy, respectively, for 19511. By
counties , the irrigation water use for 19511, at 6 - 7.5 -inch appli-
cation rates, is distributed as follows : Kings County , 13 - i6 mgy;
Queens County, 30 - 37 mgy; Nassau , 190 - 2110 mgy; Suffolk County,
5, 800 - 7,300 mgy.

Previoualy ( table 21)it was estimated that the total return flow
i r ~~ L~ng Island averages about 560 ,000 ,000 mgd and durinG an ex-
trenely dry year amounts to about 3u5,000 ,000 m O l .  Thus , max imum
use of water for irrigation, compared with worst e~~ ected dry-year

~~nditions , is 7,500 / 365, 000 ,000 , or 0.002 perccnt of The return
f l w .  and, can be seen to be a very minor iten in the Dyer-all
wa ter budget. However, much depends upon where and in what quan-
tities the water is removed from the aquifers. Should it be too
close to the salt-water--fresh-water contact near the shore area ,
sal t water would be d rawn in. In any case , local studies would
have to be made if additional larg e-scale irrigation supplies were
to be developed. Additional pumping would be feasible only to the
extent that it would not induce serious salt-water encroachment.

Geologic Structu re and Mate rials

Although Long Island i~ adjacent to rocky New England , and its
bedrock is a continua tion or the same rocks f,ound. on the mainland ,
the Islan d is a part of the Coastal Plain rathe r than of the New
England province. As in New Jersey and Delaware , the bedrock sur-
face under the mantle of sedimentary rocks slopes generally seawa rd ;
on Long Island , however , the direction of the prevailing slope is
more southerly than it is in New Jersey and Delaware . The dipping
bedrock surface elope, from depths of only a few tens of feet below
sea level in northwest rn Queens County to depths of more than
2,000 feet at end beyond the south shore of Suf”olk County. In
central Suffolk County bedrock is about 1,1400 feet below sea level.
The overlying huge wedge of sedimentary rocks constitutes the
ground-water rese rvoir of Long Island , which contains several
notable aqui fers .



Pleistocene Aquifers

The upper geologic layers on Long Island are of diverse Ice Age
origin and are collectively called upper Pleistocene deposits
They underlie almost all of Long Island and in some places attain
a thickness of about 300 feet (p1 . ~9) , . Lying str atigraphica lly
below these deposits in the western part of the island is the
Ja meco grave l of early or middle Pleistocene age.

The Upper Pleistocene Aquifers

On the basis cf their origin and lithology the upper Pleistocene
deposits are aBsigned ~o three categories, each of which may be con-
sidered an aqui fer: ( i )  Glacial morainee, forming two sub -parallel
ridges, Harbor Hill on the north and Ronkonkoma on the south , ex-
tending almost the length of the island ; (2) glacial outwash, form-
ing a stratified sheet plain on most of the south side of the island ,
south of the Ronkonkoma mo raine ; and ( 3 )  a compleA deposi tional se -
quence lying both be tween the Harbor Hill and Ronkonkorna moraines
and also to the ~o rth of the Harbo. t~ 1]. mora ine .

Glacial moralnes

The Hsrbor Hill mo raine extend s ~rnm Kings County out along the
North Fork , and the Ronkonkon* moraine extend R fror western Nassau
County out along the South Fork (pis. t~~~ ~r~i 2Q~ In their western
parts the deposits o” these two moralnes carry local bodies of
perched ground water on claye y members , but to the east the re Is
less clay, and the gravels and sands are ~uI~e permeable and appar-
ently allow ready movement, of water through their interstices.

Glacial outwash

The outwa sh deposits lying be tween •.he south shore and the Ron-
konkoma moraine are mo st.l y sand and grave and gene i ally a r~’ v C ry
permeable . Near the sho re , and beyond , the re are in~~ rc~ latec~ layers
or lenses of’ mar ine ‘- lay ~f relatively low pe rmeabfl it y.

Glacial complex

The complex of glacial deposits in the northe rn part of Long
Island consists mostly of øtra t.ifled sand and gravel , parti ’ out-
wash origin , hut there are also included two units of clayey till ,
one in the middle of the seque nce and the o the r at the land surface .
It will require a great deal of de tailed field and laboratory study
to separate those uni ts, map them , and de rive a sat1sfac~~ ry quan-
t ita tive und.rstanding of ~h~~1r hydrologic significance .
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J ameco Grave l

The J ameco grave l ii the aquifer that lies atr atigraphically be-
low the upper Pleistocene aqui fers. It is chiefly a body of highly
pe rmeab le sand and gravel but locally includes lenses of silt and
clay. The formation occurs only in Kings County, the southern part
of Queens county, and the southwestern part of Nassau County. For
the most part the Janeco grave l seems to fill a system of buried
valleys, though in places it covers the interfiuvial areas between.
It ranges in thickne ss from a fea the red .ge to about 150 feet and
everywhere lies 80 felt or more below sea level. It was probably
derived from debris carried by meitwa te r stream s of a pre -Wiscon-
sin glacial sheet.

Hyd rology of the Pleistocene Aquifer s

The Upper Pleistocene Aquifers

The upper Pleistocene deposits , which mantle the entire island ,
are recharged entirely by local prec ipitation , lacking a connec-
tion through permeable rock with the mainland of New York and
Connecticut , fresh-water cannot be transmitted fr~~ the mainland to
the island naturally beneath Long Island Sound. S.lt water sur-
rounds Long Island ’ a ground-water body on all sides. Over the years
a hydrologic balance has been established by Nature between fresh
water of the island and salt water of the surrounding ocean and. sound .
P~~ping has changed this balance in some places , resulting in salt-
water encroachment (p1. 20). Because most of the deposits are very
permeable, direct runoff ii slight.

Overly ing othe r permeable aquifers, the upper Pleistocene aqui-
fers serve as vater-catehmex~t and temporary storage units for the
deeper aquifers . Recharg e to the J ameco gravel , the 1’~ goth y(?)
for mation , and the Lloyd sand member of the Ra ri tan formation
passes through the upper Pleistocene deposit 3. The to tal recharge
estimated to ave rage about 1 mgi per square mile.

The upper Pleistocene ground-wa te r bod y is unconfined , though
in local areas it may be aemiconfined , and the water table meets
the sea level at the shoreline; inland the water table rises in
some places to about 250 feet above sea level. Fluctuation ~f the
water table chiefly reflects change s in ra te of recharge from pre-
cipitation; however, in those areas where p~*ping 10 heavy wate,~-table fluctuations may be more the result of changes in rate of
punping than of’ changes in rate of precipitation.
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In those areas on western Long Island where perched bodies of
water occur in the upper Pleistocene depo Si ts , more than one “water
table ” may ‘be encountered in drilling wells .

Because of their bulk and permeability, the upper Pleistocene
deposits compr i se the most productive aquifer system on the island ,
probably now producing about half the gross pumpage , or nearly 0.061
tgy in 1955. Plate 21 which shows estimated. gross withdrawals from
aqu ifers on Long Island , and. estima ted consumptive use therefrom ,
give s an overall view of estimated withdrawals from 1950 to now , and
projects use to 1960 . This graph indicates that in 1957 the gross
withdrawal from the upper Pleistocene aquifers amoun ted to about
0.068 tgy . If pumping should continue to increase at its present
rate, we should expect withdrawals from these aquifers to reach
about o.o8i tgy in 1960.

Jameco Gravel

The Ja~~co gravel was once an importan t source of water in Kings
County, but salt-water encroachment in tbe aquifer , induced by fair-
ly large-scale pumping, has caused abandonment of all public supplies
formerly obtained from it ( Lusczynski , 1952). The Jameco gravel
still suppl ies substantial quantities of water in Queens County and
in southwestern Nassau County. It probably yields on the orde r of
5 percent of the gross ptnnpage on the island, or about o.oo6 tgy in
1955(pl. 21).

Water in the Jameco grave), occurs ~nder artesian or semiartesianconditions, being confined in varying d.egi’ees by the overlying
Gardiners clay, which separates the upper Pleistocene aquifers from
the Jameco gravel. Locally t1~e clay forms a leaky aquiclude but at.
most placs~ it is a fairly effective barrier to water movement a-
cross its thickness of 10 to 150 feet. Some of the recharge occurs
to the Jameco gravel through the more leaky and permeable parts of
the Gardiners clay; the remainder of the recharge enters the Jameco
where the Gerdinere clay does not extend above it.

Cretaceous Aquifers

Magothy( ’t) Formation

The Magothy(?) formation in Long Island , like the similar and
presissably correlative formation in New Jersey, Delaware, and Mary-
land, is a wedge-shaped deposit of nonmarine Cre taceous sediments
having its thick segment seaward (p1. 19) In Kings, Queeiis, and
Nassau Counties the P4agothy(? )  formation is overlain by the upper
Pleistocene deposits, except in the aout~ern parts of those counties
where it Is overlain by the Gardiners clay extending beyond the

p
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Jameco gravel. The Magothy(?) formation is present unde r most of
Long Island , being missing only in the western and northwestern parts
of Kings and Queens Counties.

The !‘%gothy(’t) formation in Long Island is a complex, hetero-
~eneous assemblage of lenses and stringers of clay, silty clay, silt,
~‘ine and coarse sand, and some gravel. Generally these deposits seem
to be distributed unsystematicafly except , perhaps, in the western
end of the island where the lowest few tens of feet of the formation
appear to be more gravelly and sandy, and thus more permeable, as
a whole, than the rest of the formation.

The upper surface of the Magothy ( ? )  has been eroded to a relief
of several hundred feet; its maximum elevation is about 220 feet
above sea level in southern Queens County. The base of the forma-
tion is fairly uniform, lying nearly parallel to the deeper bedrock
surface . Thus, the formation has a range in thickness from a
featheredge to at least 700 feet.

Lloyd Sand Member of the Raritan Formation

The Lloyd sand. member of the Raritan formation is the deepest
aquifer on Long Island. Nowhere does it crop out at the land sur-
face , but it underlies practically all the island and extends out-
ward beneath Long Island Sound and the Atlantic Ocean for unknown
distances.

The Lloyd member consists mostly of sand and fine gravel , with
lenses of clay, sandy clay, and fine sand . The lenses of sand and
gravel seen to occur promine ntl y in several permeable zones separated
by less permeable zones consisting chiefly of clay and silt.

The Lloyd sand slopes southeastward nearly parallel to the sub-
jacent bedrock sur face , dipping from about 100 feet below sea level
in northern Queens and Nassau Counties ~o about 1,)l00 feet below sea
level in southeastern N&ssau and to about 1,700 feet below sea level
in Suffolk County. The thickness increase s somewha t to the south-
east but in most places is about 250 feet.

Ov.rlying the Lloyd sand member almost everywhere is the clay
member of the Ra ri tan formation . The cla~’ member consists of clay,
silty clay, s~d some inclndett lenses of silty sand snd sand, which
collectively constitute an aquicl~~e.



H ydrology of the Cre taceous Aquifers

Magothy(?) Formation

The Magothy(?) formation which is presumably correlative in part
with the Ma goth y formation in New Jersey, Delawa re , and. Maryland ,
is rechar ged by ground-water seepage f rom the overlying permeable
deposits , c aiefly the upper Pleisto cene aquifers and. the Jameco
gravel. Ground wate r in the Magot1~r (?) is generally confined , less
in the upper parts of the formation in the central part of the is-
land, and more in the deeper parts of the formation where the
confining effects  of the beds of low pe rmeability are felt. Along
the southern shore of Long Island most wells ~ene trating the
Magothy(?) flow under natural artesian pressure . In southwestern
Nassau County artesian heads up to 5 feet above mean sea level are
not uncommon; the head increases to the east and reaches 9 feet
within a few miles of the Suffolk County line . The artesian head
probably continues to increase farthe r east along the shore to a
maximum somewhere in Suf~olk County, beyond whi ch It decreases.

Fluctuatio n s of the piezometr i c surface of the Magothy ( ? )  for-
mation are primarily those caused by pumping, in contrast to the
water-table f1iir~tuations of the uppe r Pleistocene aquifers which
reflect the effects of precipitation. Withdrawal of water from
the Magothy(?) formation Is limited by the capacity of Its geologic
materials to receive water from the areas of recharge and to trans-
mit I~ to the points of withdrawal.

The salt-water--fresh-water relationships in the Magothy(?)
formation are now being explored. Although they are not completely
understood , it is believed that, in general , hydraulic continuity
exists be~ ween the landward portion of the aquifer and. its extension
under the ocean . The lowe r part of the Magothy(?) a t , Atlantic Beach ,
near the west end of the South Shore barrier beach , contains water
with more than 1,600 ppm of chloride. Farther east the water is
fresh, where the artesian head is sufficient - to prevent the landward
movement of salt water In the Magothy(? ) .  Little is known at pres-
ent of the Mago thy(? )  along the north shore; however , a field stndy
is in progress .

The Magothy( ?) formation is the larg est aquife r on Long Island
and the second most important source of water; the upper Pleistocene
aquife r , though smaller in to tal are a , ranks first. In 1955 the
Msgothy( ’? ) produced about 35 percent of the gross p~mipage on the is-
land , or about O.O~i.3 tgy (p1. 21
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In those areas on western Long Island where perched bodies of
water occur in the upper Pleistocene depoSIts , more than one “water
table” may be encountered In drilling wells.

Because of their bulk and permeability, the upper Pleistocene
deposi~s comprise the moBt productive aquifer system on the Island,probably now producing about half the gross ptmlpage, or nearly 0.061
tgy in 1055. Plate 2~ whIch shows estimated gross withdrawals from
aquifers on Long Island , and estimated consumptive use therefrom,
gives an ove rall view of estima ted wi thdrawals from 1950 to now, and
projects use to 1960 . This graph IndIcates that in 1957 the gross
vt ~hdrawa1 from the uppe r Pleistocene aquifers amounted to abouto. o68 tgy. If pumping should continue to increase at its present
rate , we should expect withdrawals from .hese aquifers to reach
about 0.081 tgy in 1960 .

Jameco Gravel

The Jameco gravel was once an important source of water In Kings
County, but salt-water en.’ roachment In t~e aquifer , induced by fair-
ly large-scale pumping, has caused aba ndonment of all public supplies
fc’rmerly obtained from it ( Lusczynski , 1952). The Jameco gravel
still supp1~es substantial quantities of water in Queens County and
in southwestern Nassau County. It probably yields on the orde r of
5 percent of the gross ptsnpage on the island, or about 0.006 tgy In
1955(pl . 2 1) .

Wa te r in the J ameco grave ], occurs under artesian or semiartesian
conditions , being confined In varying degre es by the overlying
Gardiners clay, which separa tes the upper ?leistocene aquifers from
the Jameco gravel. Locally t$e clay forms a leaky aqu iclt~ e but at
most. place~ ~ t is a fairly effective barrier to water movement a-
crosB its thickneas of 10 to 150 fee t . Some of the recharge occurs
to the Jameco gravel throug~i the more leaky and permeable parts of
the Gardiners clay; the remainder of the recharge enters the J aineco
where the ~erdiaere clay does not extend above It .

Cre taceous Aquifers

Magothy(?) Formation

The Magothy( ? ) formation in Long Island , like the similar and
presumably correlative formation in N~w Jersey, Delaware, and Mary-
land, is a wedge-shaped deposit of nonmarine Cre taceous sediments
having its thick ee~ nent seaward (p1. 19) In Kings , ~ueeñs, andlasatu Counties the P4agothy (?) formation is overlain by the upper
Pleistocene deposi ts , except in the southe rn parts of those counties
where it Is overlain by the r3ardlners clay ex~er2ding 1-u j ~.nd h ’
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Lloyd Sand ?‘~mber

The Lloyd sand member, fourth and lowermost of the principal
aquifers of Long Island, is capped by the clay member; hence , water
in the aquifer occurs under artesian conditions. In the central
part of the island the flow is downward f rom the overlying formations
t~~ the Lloyd . Thus, recharge can be effec ted by slow and devious
percolation through and around th, lenses of clay and silt , or pos-
sibly thro ugh erosI~ nai ~~ps in the clay layer (De Laguna and Pen-
mu tter . l9~i-9).

Near the ~ho re a the water movement is upward from the Lloyd sand
member to the overlying mate ri al , and wells drilled in the shore area
will flow because of artesian pressure. In some areas, as near the
western end of the bar’~ier beach, fresh water may be obtained from
the Lloyd, whereas ove rlying beds contain only sal t water. Along
~he north shore, reportedly one or two wells drilled years ago into
th - Lloyd encountered ~nly salty water.

‘I’he Lloyd member is not greatly used, yielding perhaps about
10 perren~ of the gross pumpage on ~he island ; prestnnably it could
sue~aii additional fairly large a~velopment away f rom the shores.
A glance at the graph, plate 21 indicates that  the ~loy~, in 1955,
p roduced about 0.012 tgy and tha’ it will prod uce about o.oi6 tgy
in 1960 , if the present rate of . . i 1 t~ -
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- .aw’ off those parts of the aquifer that are too fine-grained or are
pollute- , if the development is to be successful. On expensive wells,
these -ie - ’isious should be made on the basis rift (1) Study of cuttings
or cores; (2) electrical logging; and (3) bacteriological (in some
:ases) and chemical examination of water from succeeding depths .
This is best ac complished by an experienced ground-water geologist
w-ur l-c :.nr wtt.h the driller . On less costly wells the driller will
fre auc-n~ iy make the ien i s ion , using his drilling log and sample
cuff Ln~s as gui-len.  In or ior to develop the desire-: well yield , in
areas of thin or silty sand strata, i t  may be necessary to use mul-
t pie s- ’reens with blank sections of casing opposite fine-grained
layers. These can be quite accurately located by careful electric
logging: in fac t , these changes in li tholo~~r are often more accurate-
ly determ ined by interpretation of an electri-o lo~ by a competent
peologist than by examinat ion of the most carefully taken well
samples.

The screen is one of the most important componentm of a properly
-iesigne i well. Choice of the corre- t slot size is critical , inas—
much as a certain percentage of fine material inu :.t be dc-nied passage
into the well while the maximiun rate of passage of water is encour-
aged . Conmionly a slot size is chosen that will allow a certain
rernentage of the smaller sand grains to pass into the well an-I be
nimipe-i to waste . Gradually an envelope of coarser material is
developed around the well , and the water clears. This method is
called “ nat ural” development .

The expensiveness of good screenc often influen:-es  the den i do n
-~n how much screen to set , even though hydraulically j 1 may be ad-
visable to screen as much of the aquifer as possible . Exact posi-
tioning and placing of a screen is necessary, if development time
is to be held to a mintht~~. A screen set only 1 or 2 feet out of
pror-er position may allow fine sediments to enter the well continu-
ously, and the water may never clear. Ai- menf iunr- -i above , electrical
logging has been found more reliable than other hoi~~in,~; methods t —:>
locate formation boundaries and permit casing and m ; reon ing with the
necessary precision .

Gravel packing is corrunon today in many wells designed for high
yield . Even when a well is to be gravel packed , the choice of
screen slot is important , because the texture of’ the  aqu f-~r .ieter-

- - mines the proper size of the gravel, and the size of the gravel in
turn determines the proper slot size of the screen .

The method of development--whether by surging , overp~unpthg ,
blowing with air, use of dry j’-e , backwashing , or bailing--may
affe --t  the ultimate yield and longevity of the well. The use of
ar id , in limy sand like the Vincento wn sand , is sometime s help ful.
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The use of polyphosphate detergents may be helpful in wells deve l-
oped in slightly c layey or irony formations. The new method of
pressure-fract uring is being used in consolidated formations, but
is not applicable to unconsolidated materials . Also , with careful
applicat ion of the method , use of explosives in some consolidated
rock formations is a successful mean s of fracturing the rocks to
open adjinional rhann~ ls for flow of water to the well .

The l’ nt.~th cf t ev~ lopment per lc--i is important to insure that
th~- well will not yt’-ld un-ann: orr - an t~ of sand , silt , or other sedi-
merco aftcr it. is p ia; -~ i to ~ :‘r vt c e .  t’~rt 8~ bcur development period
may u~- a- -pan e for ~- -~iis of mnall or moderate yield in unconsoli-
dated. aquifer:-;, where is a day or ar veral -imys may ‘be required for
a h igk i-n-Je l- 1 well in he same 2rmat i on; in most consolidated rocks
shorter periods of time are generally required for development of
wells ( after -tr i l l ing is complete) than for unconsolidated materials.

Benn tson ( l9i~7, p. 219-251) has given an excellent discussion of
the t :-roblcms of developing water wells. It is important to recognize,
ii- --wever , that even the best drillers, using the most modern equipment
an~ norhniques, and allowing adequnte development time, are occasion-
ally unable to develop the quantity or clarity of water .lesired . For
example, successful development of wells in 4~he Magothy and Raritan
formations in northern Delaware has been particularly difficult .
Competent drillers in this area have spent a month , or even more ,
trying to develop wells in parts of these formations and have failed
to obtain well yields gr eater than 75 gpm of ‘ milky” water. Experi-
en’~e in northern Delaware has shown that. many strata which indicate
hii h self-potential ant high resistivity on the electric log, and
which yteld medium- to coarnr-~~Irajino i rarer in w~shed samples fromthe rotary-drilling mud (generally concidered indications of perme—
able sand c), ar e -‘ r- c-i ]-r- y that 1oa~ d~~ ftrirm~nt and low yield are
typical. Only by coring th: n t  s ari--I --’ -~ ‘ -il - I the developer be warned
of impending failure . That flo-n f-mr-~go i. ni~ experience has been costly
is atterted by the r o ~cr-ir; s-~v ‘nd. r i -i l lera t n I i ” a t i r ~ as much as
$30,00fl for a ‘-try hole” .

Well Mulutenance

After a well is in service , it usually requires periodi c mainten-
ance. r-; ( .t only do the turbine s and shaft s of the pumping equipment
wear out , but the well casing may deteriorate , screens may become
corro-led or encrusted , or both , and the aquifer t u— ’if may become
plugged in the vic inity of the well . The maintenance problem s are
significan~ because they determ ine , in part , the extent to which
-irillers and water users will attempt development of an aquifer.

- 
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‘ - h :  qua l i ty  of water i~; articulorly significan t in uor e well—
I ouife r—J cvclonment problems. Evidence of di-a-:ual o J u ~~—

gin 01’ not be recognizable on the basis of well yield alone, be—
Z~~~i~~;!lan’:e m d  opor aLio~ personnel may increase the pot: ’ s eed

-r t b - : :‘;:::.i’er of purrp stages, or may lower the i~o-~iic of the niuav i , to
obt ain the  rn-s e y ield at greater drawdown . A clue to possible dc-
cliiic in the over-all efficiency of the development may be found in
tire s -e: ific capacity of the veil (yield , in gallons ler  minute , di-
VInle d b y mov-~own of water level in the well, in fee t ) ,  which grad-
u:~1J ’  -declines as plugging occurs.

Ia some places water-supply developments in the C~uaternary depos-
its of thi s area have been di f f icul t  to maintain , owiii~ to blocking
of tin- : pore s ol’ the formations close to the well with flocculent iron
to r i  clay . The remedial treatment , reaulr i ng from a day to a ‘reek has
in volved back-flushing with a polyphono -k iato -tutergent . Some firms
- t r i l l enough we lls so that one u ron be out of snnvir-e and no Icr treat—
i:ient while the others remain in o :c-rat ion . This , of cour se , n t i s  to
::;- , :i’at- ioni:tl costs but where it con be anticipated and nlarmed , it
be- one s routine .

Yell maintenance may include mcc:hunical treatment , such as the
r°: oval and scrubbing , or reDlar :cment , of s~ ro, :ns; or acidizing
vi i i -  - i i , although somewhat corrosive of coring and screens , may open
he f-a~aat ion Ufl- i prolong the life of the well.

i- ’ -w dat a have been accumulated on long-term terformance char-
a- - ;  e r is t i cs , longevity, and. “mortality” of wells, yet these factors
are .tm - -- r t ant an- : are , in lat - -~c- part , geologic or chemical problems.

~-~a- it renainS to be learnud about well maintenance. Possibly the
m i : r — s r  -do r~t. to whi - -h tne Vincexitown sand is -levelooe I is related to
r : I t i L l l eIinJl- e problems . In years to cane , superior maintenance methods
should exten t the usability ol’ wells and aquifers .

PRrn-EcTIvE BARRIERS

P. n t  lOll o1 the -o- -roachment of contaminated -Jr nollute-t waters
i - - J o  the subd e- -t  of n u t  a iven t ityL t i on , as revealed by an ex—

-Iii. 101~~ 1) I I )  I i (JgrW lly , anno t ate-i by To- i ( 1952) . The methods involve
I k i u  bu l  i - f l n ;: of 1-rote ’-  Live barriers in the intake area , bet ween the
und.n-~~irab 1 :  tmot ei’ awl the ~-r ouu m at er  - !u:l )n~ the niethod~s il l jn’ nctiee
( - I l l J -~~Iy ~r i  I i i - Y- ;n t  are : (1) Yut ’ -r - r - n f h i ,~ tin- r i l es and bottom am

: ii ;ri_ or stretLin c ; o n t ;r l z r i n g  ba- I w a tt -c ; (‘) - I igging a t run - -h to liii—
01~n it tny an-I ha-: hi-ill ii~t~ it ~; itli n~ -L - rmcub  IC mater  a 1; ( 3 )  i ~unp—
I n , a - - d t . u ; - - L - ~~~” • ‘ : :ul s ion ~~~~~~~ il ir i ; i i t  ~inI1a , . to ~l ’relc) p : 1 1

_ _ _ _  
-
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tim ~-rr ~ -.dle sern a; ()~) -v’ - :n~-~ ~n permeable liii ,pr -t -nn r-- or fis. ur-e-:
‘ks: aid (5) pump ing fresh water wir a 1 in ” of  is alm a,: ~ne edge

of thr- t-’n-:reaching ho ry of water f i’oor quality to - r t at -  - a r- tam ing
freso-wate r head .

3- far as th -~ writ ar s krL J~- , n : r e  f these metno I s  has been tried
in the areas of c-a ~ as i’e ir t:e Delaware River basin . \11 of
them are expensi’i~, n-ri 3 until o~ o:-~ ’-nn warrant s , probably n-:-rv’ will
be trjc-i .

The use of u - t;~~~ t w~~~~c to  x~ -t  the encroaching of undesirable
water  is a re- - u i ~r ’ - r  -‘d i rocemuro . p  such wells have been out in-
1-n serv i— -” by ‘ - - n r  of Eag i n-”-: n along the Chesapeake and Dela-
ware nan al (Rr ~am~~ oc’o air r Beamer, l r 5~ ) .  The intake area of the
Magothy format ion ani the RarItan formation is crc~ssed by i~~e canal
just west of the bnun ar.y of the Delaware River basin . ~~o wells are
emplaced in the Ra r itan t’ rrnation and one in the Magothy format it ri ,
for pen n-a l”  sampling and measmtr-air-ent of water level. t~ - -:ord uzn ina-
tion was recerle l luring tbc- first year of measurement .

RF~TF~ TION OF RUNOFF

In some areas of lower’: I gr un-I-water level, it may be desirable
to retain runoff, to permit maximum infiltration opportunity. Ditches
and canals can be use— i t -iistrfl ut e the runoff across aquifer intake
areas; and check dams , describe d in a later section (p.l!~3 )  will al-i
in artificial-recharge practices.

DRAINAGE

A need more pres ;~ r~g tdmiu r t h e  r entbon -- f runoff in many ‘-a u-al.
part s of the Coastal Plain - 2 the Delaware River bas in is the drain-
age of waterlogged lands. ThIs Is part icularly true in t h t  southern
part of the Coastal Plain area. By l-wertng the water table 1 or 2
feet some water that would have be- -n evaporated r transpired can be
converted to runoff. Water anns~rv~-t iort would re-~uLr~’ bringing ~~
outfiovlng water to beneft ,n la.l u s ’- , an: at present . this Is not
practical in most places.

- -
- - 

——— - - — — - . - - —‘.~~~~.- 
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DISPOSAL OF UNIESIP ~ABLE EFFLUENTS

AU too conunonly, the undesirable effluents of industries or
municipalities have been discar ded untreated , on the ground, in
“disposal ” wells , or in stream s , although the State boards of water-
pollut ion control are gradually abating this practice . But large
t L- ral streams, like the lower Delaware and Christina Rivers, are
almost open industrial sewers for wastes that are untreated and per-
haps onsidered untreatable. Possibilities of effecting water-re-
sources development , outlined in the section on tidal area controls
suggest a partial answer to this problem in an industrial drainage
canal, developed on an aquiclude , to carry the undesirable efflu-
ent s farther down the estuary.

ABTIFIC IAL R~~UARGE

Artificial recharge has been practice d successfully in many areas,
but usually where water is at a premium and the cost is justified, as
in part s of the we stern United States. Barksdale and DeBuchananne
(19~i-6) have described the artifi-~ tal recharge of productive aqu ifers
in New Jersey , outside the Delaware Rive r basin . It may be many
years before artificial-recharge practices are widely needed or
adopted , but there are places in the Delaware River basin where deep
cones of depression in the piezometric surfaces warrant early con-
sideration of recharge by artificial means. The cones of -depression
developed in the p iezometric surfaces of the M agothy and Raritan for-
mations in the Philadel phia-C amden area are one example; in De laware
the Patuxent format ion in the Delaware City area , the Cheswold aqui-
fer  in the ~~ver area, and the Frederioa aquifer in the Milfor I area,
are other examples.

The mec.n s for accomplishing art if icial  recharge require a det ent-
able water source and either input wells, check dams, infiltration
canals , or spreading basins, accord ing to local geolo~~r and e - - - nornics.

Input Wells

The use of input wells, usually to restore cooling water to a
format ion , is the most ccmunon method of artificial recharge in the
East . On Long Island , input veils are required for each air—con-
ditioning veil supplying more than 100 ,000 gpd . The water circulates
in an airtight system and is returned to the ground unaltered except
for a slight rise in temperature .

/
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At Louisville, K Y . ,  it was found that the ground-water level was
declining at an alarming rate because of great ly expanded use of
ground-water supplies to operate industrial plants during World War
II. Quantitative studies of the aquifer indicated that the pimipage
was about 20 mgd more than the recharge . Industries voluntarily
effected many economies of water use , and at two plants cold surface
water was artificially recharged into the aquifer during the winter ,
then pumped out agcin in the si~umner when the surface water was too
warm . Through knowlcdg~ of the industrial needs , the hydrology and
geology of the aquifer , ind teamwork among the users , the Louisville
probler was solved and the total vith-ir awal from the aquifer is now
a l i usted to the recharge . Such practices may become fairly connnon
in the Delaware River basin in the future .

Input wells generally must be supp liei with nonturbid and chem-
ically stable water to prevent plugging . Thi s and. many related. prob-
lems of recharging aquifers through input wells, using surface water ,
is now undergoing research by the Geological Survey and other agenc ies
in several places , notably in Arkazibar , Texas , ari-i California.

Check Dams and Spreading Basins

Perhap s one of the most practical means of artificial recharge
is to build a low dam on each surface stream ust- below the outcrop
or intake area of each aquifer so as to raise the head of the water
in the aquifer and induce more water to move down the dip beneath
the confining beds . Artificial recharge can be accomplished also by
constructing spreading basins . These usually are shallow ponds or
pits that receive excess runoff during storms . The stored water is
allowed to seep into the underlying aquifer for later withdrawal.
The basin bottom must be maintained. in a permeab le condition , and.
either a considerable hydraulic gr adient or a zone of aeration
must be maintained between the water in the spread ing basin and the
water in the format ion . At any given place , the percolation rate
will be gr eatest when the water table is well below the bottom of
the recharge basin . Under these conditions percolation is vertically
downward and proceeds at a maximum rate . The depth to the water
table does not affect the rate of percolation , however.

For more than 50 years Runyon pond at the Perth P1mboy Water Works ,
about 26 mile s northeast of the Delaware River basin , has been used
effectively as a spreadi ng basin to recharge the Old Bridge sand, mem-
ber of the Raritan format ion at a rat e of O. ~ mgd per acre (Barksdale
and DeBuchananne, 1946 , p. 727); and such recharge basins are currently
being used successfully on Long Island to receive the drainage from
storm-water conduits.
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Infiltration Canals

Infiltration canals -teve Ln~ cd over permeable substrat a offer a
mean s ef inducing waters, which otherwise wo uld have gone to waste
as flo d runoff , to seep into , an d be sto red in , aquifers for later
uc -e . Su~’h canals cost no more to - -c,nctruct than other canals or
di tches of similar size , but bec ause they ten~ to silt up they cost
mere to maintain. As an exan t 1±’ of a situation where an infiltration
-~anal might sur-~’-ssfully be used as a Pa- tor  in aquifer management

SDri nkltnC Systems

For several years, 5 farms at Seabrook , N.  J . .  recharge has
been a~-p 1ied by sprink ling . The war-er apc- 1 ~e1 i~ ~acte water frc-m
a vegetable-processing plant . Barksdale and R~~son (1956 , p .  522 )
observe :

“ On - no other hand , at S’ abr - -i: , N .  -;  . where rec:Large water is
applie by sprinkling , no soil mana enent. has been nc - - es- ary. The
-~r ,~tmic ma~ ter in the water is remove-i by bic- - -hem. i ‘- -C . a ‘Lion in the
soil. The accelerated soil-ferm i e;-~ pro-erses an~ plant growth that
ar -~>rnpaziy the i rr iga t ion  r~cm to ma~.nt ain and ma~ even in -~~-ase the
infiltration capacity of the forest floor . Scn~- carts of the Sea-
brook waste—water spre- lag area have received L+ ,000 inches of water
iur thg the last i~ year s an-i h ave suffered no ap~arent d~n inution of
infiltration capacity . Gradual c-hanges in  soil structure over a
longer per iod may prod uce adverse ~‘f’fe’-ts , bu t rresent indications
suggest improvement rather than deteriorat ion of the infilLration
capacity” . Such a high rate of infiltrat Wa is possible only where
the aquifer is ver’, permeable .

IND~J~ED R~~HARGE

Induced recharge may be thou ght of as water :-eeplng from s t rea ms,
lakes or swamps, into aquifers as a result of the cone of depression
ar und a p um r in & -  well or a well P~eLt spreading far enough to inter—
se’ t. a body of surface water . In a sense it is a f - cm  of artificial
re~’harge .

In the ear ly -ieve lopnient of wells in this area , ind uced re-
char ge was accidently begun . Now , it is possible to take advantage of
our knowledge of the geologic and hydrologic lac - t  concerned and
ei ther intentionally induce or prevent recharge Pr >m the stream-—a
form of conservat ion of water supply and a d e f i n i t e  factor in aquife r
management .
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raw-town in a well reverses the gr adient f rc n  river to
well , € -r a i ie nts ve ry  much st~ ep -r than exist in nature may become
establishe . and en or these  ~‘irc ’umstan ’es much larger quant i t i es
cf water w~il move from the river into the aquifer than rreviously
moved fr  r: aquifer to river . Ba.rksd.ale , Greenman , Lang, and.
othe r~ ~~~~~~ p~ .iob-108) di’ -~uss this situation in considerable
-letail t i n t  most of the following discussion is condensed from their
ret rt.

The potential i n c u i t e d  recharge , where an aquifer is in direct
-‘on tact with the river , is ~r ’ >- ’ly proportional to the permeabil-
it:,’ and 4ht-’kncFs of Ihe aquifer ant to the hydraulic gradient es-
tablished in it by e -imping . This potential, however, will be le-
creased by river_br ttom mud , silt , or clay , or by limited area of
-‘onta--t between the river an-i aquifer . If , for examp le , sands an-i
grav c> ls of an aver age aquifer in the Raritan formation of the Camden—
Philadelphia area are directly exposed to river water, a strip about
100 feet wide would accept as much water as the aquifer could trans-
mit . On the other han-i , where the aquifer in the river bottom is
covered by clay, induced recharge would be negligible , for 1 foot of
clay creates as mu ch head loss as 10,000 feet of aquifer material
at an:-’ given rate of flow .

The desirabil i ty of induc ing re~-harge from a stream is depend-
ent on the quality of the stream water as well as the quanti ty avail-
able . Induced recharge by water from the Delaware River below Marcus
Hook , Pa. ,  under prevailing quality-of-water conditions, would gen—
erally bt undesirable because of the probability of coutexni~ating .
large areas of the aquifer with water of poor quality.

There is substantial evidence thai i nì- uced recharge from the
Delaware River is already occurring in  the Philadelphi a-Camden
area. An aquifer te st on the Mcrro Phillips t rac t in Camden in-
d icate-i that after 2 years of operation on a new well near the
river would be delivering ab mt 90 pe rcen c river water .

It is evident that the relationship of water in the lower Dela—
ware River to the aquifers in hydr aulic contac t witn it mu~~- be
carefully considered in the future development of these aqu i fer c  or
of dr edging and deepening of the river .
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AQUIFER STORAGE AND LN D1X~ED RECHkRGE

In the bar -re--k region there are in some places thick , extensive,
an. : 

~~
--“-““ able , -~ a ’ i a i  It-posits , chiefly in some of the larger river

valle’,’s (p is. ~~ and ). Where- connected hydraulically with a perma-
n -n’ ho to  of w a t e r ,  such as a large lake or a perennial stream, these
bodies. Lao -cl.- - ~ san and gravel, offer  tremendous water-supply
po ’ -:,.ial . Lar~ e t~ it -plies , 900 gnm from an individual well is cc-

have : -i cx~ levelope .i for perennial use in these aquifers. How-
.-~vr~r .  by ~orn i— erar l l~- p~ nping from the aquifers at. a rate greater than
- t i e  cc -barge cat  n , storage space can be created in wit i - t b  part of the

- -us i -
~

- can be c tore - , thus preventing some wabtage of the poten-
ti-il wa- er crer by runoff to the sea.

Mani: -tlat on of aquifer storage does not , of course, in~rea~e the
tal water supp ly in the basin , unless by lowering the water table

- -v a r -  r- ruio - i ra t  ion from the aquifer lu  reauced ; the tota l wat~~~ supp ly
r - -c~ ontia1 is te erm : rio -i by h-ic relation rhip -ia ’~ exists be~~weeri pre —
-~ip1’ a~ on.  r u n o f f ,  an :  w a te r  loss . However ,  such manipulation non-
serv~-~c water , makes more water locally available o-~er a longer period
of the year , and 4 h u s  may be highly hinp~ rtant . Also such factors as
lower ‘. cmr -era ture an:  r ’-lative free b-rn from contaminat ion may make
rroun- t wto er more e s ir a : le than river water .

As an e:.:ample , let nu consider the Delaware River valley between
F - r  Jervis , N .  Y . .  an- > M i l f o rc , Pa. Here the valley is fillel w it h
tla: aL outwash ant  some ~ili :oncit~t i n g  of t a n - i .  gr avel, silt , and
cia~ to an average coptn  of about 100 feet over a w i dt h  of about a
mile : the lengt h of t e i S  s tretch of valley fi l l  Ls about b miles--
the d i u t r r n  ‘e between Par ’ Jervis and Milford---but  the valley f i l l  ex-
‘r - n i r  b t h  ~i - r t i . e au t  and southwest . In th is  maL s of material between
P o t  Jerv o and M : l f - r i , assuming ‘ iia~ the specif ic  y i e l d  is about
l . p er  ~‘nt - ernap t conoervat ive ) there w~uid be about 18,000 million
gallon s of water in stora~ie Now supp ose , by proper spac ing and pi.nnp-
ing of w o l i r , , that one~ four t b  of this c t o r e l w at e r  could be withdr awn
from the aquifer except for a strip 1,000 feet wide beneath the river .
Un - I r ~r t i i e r - - assume l conditions , there would be produced from storage
alone , about 3, ’,OO m i l l i n  gallons or enough to supply 200,O~do people
f or  ~ rn nttts at 200 gpcd.. However , wh i le th is  much water was be ing
with  Jrawn f -cm storage in the aquifer , which is conno ted hydraul-
i- -aLly w~ th the river , a somewhat ;reater amount would seep from the
riv~ r , and to a minor ex~ erl t Proir he adj acent rocks o t’ the valley
walls and floor , as I n l u  - “i recharge brough t about by ptunping of the
wells . Moreover , when one-fourth of the deposits on both sides of
the riv” r became devater e-] , the ra~~- of ~nd ure - I  recharge , c h i e f l y
from t he r Lve r , would be an estLmat ’~o 100-150 mgd .
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1 w c ~~cn • i : ~ a1’f~- ’t  l w fi wt- - i f  t h e  -h i t’ The min : mum I w
t ’i:w ~n t i > h i  s~~:’r’ ’ -h ct he rive r , ai~ er c- mcle i-n -f t h e  C E n n  0 5 —

vii lc-  -
~~

-- . (s-die- i ..ie i f  r 12 . 0) , as rot by the U. C - Cu ; re-icr ’ fl- ar t  
- ~~~L t h  reno - to New Y- ri’i City -~ iv~~r s t -  - n o .  is 1, ‘50 cfs

( 1 ,1  ~0 tri g - )  ac ~~. ‘- i t ru - t n  - N J .  If - hi-se - j ’ra l hir is incu -ci as much
as l~ n see ~ r in t h e  r iver- i r a  time of minimi.sn flow , the
t a  Ly low - f  t he  r v-~r wcolit be re-aune d by about 13 per- tent .

-fl lc- Lrl this w a . . - not be in he r-p ing with jr’ v~n1onc of the U. S.
Cu-’ c t - . ar~ 

- e ‘roe -

I~r -bably no cr ~e w- 1. ar -or-. f . at- such wa’ cc- thgally -~-cu l-c. be
with:r’a~.c an: -cnrccn : ’ ively used , either w : t h i i r ;  or wi thout  the basin;
to-v ‘;~

- c - , it seems likely that the na’g-~sre’rc would be atvun -c-i  that
t i n—ba sin ur- ’c—-largely non— ~~- :, mtT i ve as f-r municipal cr in—

.“ial uses or both-— m L ;r;L be icyaLi’.- made . If sr-nh o-ro-- hi g were
:. cfl e .  lc:~al sui t  might develop over the water  r~~;n~ it involved, an-i.
as - aLi t  is an In c cost a r-c  aq’ahicr an stream , the rights ol’ cit izens
in New Jersey aol Pennoylvan ta , €u-t- . l r -scrna;--r - New Y- c~ als- , m i g ht be

I~arlier potential ground—water developments were disrussed iii-
v--lying -im i if ~-c-r of toe Coastal Plain ani hi was i.n t i - ca fe- i  that
legal 1 - -titter may veil be ext -c c ci froo these developments.
~i~’ r~5n si . aa~ i — cu . arr. not ont yr .L -cL of the t o t  of wa’.ec’—lav s u i t s
t .at tray o1r- -nft>all ,’ be :- -t i- : by ncr-ut . lt- -: r-c’c if C’ at- - T -cc c a o l  (or )
tnt state compacts governing such sit- cat tons are not develoce l in

t_ ‘j ’-~~.

In the - :-:orir , - - f c c  the aquifer between P o t  Jervis , U .  Y . ,  an- c
M I Le:r t , Pa . .  v’ -ye il iustrate-t  v .at might be -lone in terms of
urrhre r c-ocr - w i ’. ’ s rc~ n onlou- aimE’ot in only one short ai ~ nen t
cf ‘he river val ley . Thor-c ‘-e o czco-’ - - - ~ other places where sim ilar
suc es stul  e 4 f- r s  m : 1-tii ’ he ma~i , ti~ I: ugh ‘-nere -a>-” not many pta -r -r --i
r. the . as h. -

, silo c-f the Delawarc’ Rivet- fl. - -ro - ..irdc Ri’rer-Ua.;a- -r Kill
ugh w ter ’~ ‘ a’ - erm ’-’able gL-i - oJ - ut wash arc . i-a. -ont alluvia] noo~

i t t —  ar-~ S-. - t ~’ep aril - act - -‘nsive (p1. 114) . Nonetheless, t ice r -c are
a .xccr ua smaller s t r ips  of these ; erraca ’t l e  deposits  in the basis ,
a,..l told tti ’iv rcf”cr tremen i -us potent ial opportunity for at itional.

- c  l-c~r,-- ..t . r’ccpcciall.y for 1- -cal.  ~n i s ’  r i c s  and municipal—
i t . Los .  H ~-r’v’ - t- . be t ’ore no - ] . ‘.uoc - —a:a l i ’  icve Jc pm f-ats  oi’ thcs~ uphac’- .tn
:t - i u i f p r S  are at’ ‘- m r - t i ’  I , sp e ’ ific  hyUrologic investigations of the

• S it es  r u i t e r  considera t ion must be made by - r-mr-et ’cr.t ivir ~ 1- igi st s .
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POSSIBILITI’ES FOR FUTURE GR0~~D-WATER ~~NE10RVIENT

The greatest potential for development of unco~ nitted ground-
water  supplies exists in the Coastal Plain , especially in the Co-
hansey san-I and ,to a lesser extent, in the noninar ine Cretaceous
sediment s, in the C’uaternary deposits , and in the Kirkwood formation.
The total present (1956-57 ) use , about 210 mgd , is only an estimated
one-e i ghth of potentially available ground-water supplies, about
1, -h. mgd , in the lower part of the basin . The remaining seven-
eighths of t h e  potential ground-water supply , or about 1,1400 mgd , in
the Coastal Plain of the basin , offers the greatest opportunity for
fut ure expansion of water supply below the Ft- il Line .

However, because of the many difficulties involved, it is con-
s idered impractical to develop more than an estimated half of the
potential annual ground -water supply. In other words , for the area
considered above , maximum practical deve lopment , without recourse to
artif icial  or induced recharge , may be on the order of 800 mgd . But
to achieve this there would have to be either an adequate dispersal
of water works, industry, and population , or the transportation of
water by pipelines, to areas of water need. In the ultimate de-.’olop-
ment of the ground-water pot-cntial of this area extensive aqueducts
siay rename commonplace.

The above estimates are based on long-term aver ages of precipita—
tion , runoff , and evapot ran sp ir at ion. Periods of several years of
subnormal precipitation would cause marked reductions in the water
available ‘ roni well fields developed in shallow aquifers of low st ar - -
age poc ’ncia.l but would have little effect on the total available
gr - un-i water in the area. The values shown are useful only in an
apr-raisal of th e  tocal gr c un-i-water resources of the area--not for
specific  c ite developments.

To achieve the maximum deve lopment of the ground-water resources
of the Coastal Plain many difficulties will h ave to be overcome . For
exarn~ 1cc , nlanxie t controls would be need .ed to insure proper spac ing ,
development , and pisnping of wells. A progr am of education in the
reasons for the necessity of such controls might be required to induce
the l.a.-~.1 owners to accept then . Also , even if pumping could, be pro-
perly t-ixe - - - u a r c i to capture most of the potential ground-water supply ,
there is always the possible danger of salt -water encroachment , or of
noilution and contamination of the aqu i fers by the disposal of wastes
f t - o n -  habitations, industrial plants, and c i t i e s .  Nonetheless . these
fi astal Plain aqu ifers offer t r emen - u s  possibilities for future water
auppitos , ant In the course of t ime , with or without  p lanning , more
an :  more wells will tc  Instal led an i water tak en from them . New Jersey
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is for tu t . a te , indeed , to be able to pursue its present policy of pur-
chasing and developing for future watt--c-supply reserves large acre-
ages of land. not now in great demons] for private ownership and use .

In the Appalachian Hic’hircndc ( hard-rock) part of the t an in  and
esrecially in the area containing glacini -.lepostts,iarge ac-cittonal

~-c- -a.n-d -water developments 
c- an be made . These opportunities are most

favcrable wherever fairly sizable permeable deposits of gravel and
san I. are hydraulically connected with perennial bodies of surface
water .  S-’ores of isolated ratches of thick glacial outwash thus
favorably situate-I. for high rates of recharge exist in most of the
large stream valleys in the glaciated part of the basin (pls . 11-i.
and 15 ’~.

Although the average annual ground-water recharge to , and u s-
charge from, the consolidated-rock aquifers of the Appalachian High-
lands is very large .. only a very small fraction of this amount can be
recovere d , for use owing to the low permeability and, small storage
capacity of the aquifers. Instead , development of surface-water
supplies, which of course includes base flow of streams ( largely
ground-water discharge), will continue to be dominant in the High-
lands; large ground-water supplies will be developed only locally,
as in the glacial outwash deposits along major streams in the
glaciated part of the area.

In the Coastal Plain of New Jersey and Delaware, future water
development s of large scale quite likely will take advantage of the
aquifer-stream relationships to -levelop the maximum water yield from
a given area. By Inducing recharge or by artificially recharging
aquifers, total yields may be increased considerably. As an example
of an area now (1957) under investigation for such development , let
us consider potential develoorrent of water in the Pine Barrens of
New Jersey .

The Pine Barrens form a huge tract of more than 2 ,000 square
mile s in the central part of the Coastal Plain of New Jersey (p1. 3).
They were originally called “barren” because it was difficult to grow
“--cm on the relatively infertile, sandy soil. - The Barrens coincide
generally with the outcrop of the Cohansey sand or t u e  overlying
Quaternary deposits. Pines, oaks, and shrubs (dwarfed over large
areas of the Barrens), with tufted grass , are t~rpical of the natural
vegetation . More than 300 square miles of the Pine Barrens are in
the De laware River basin , chiefly in parts of Burlington . Gloucester ,
Salem , Cumberland , and Cape May Counties.

In 1876 Joseph Wharton bought a large trac t in the Pine Barrens ,
and in 1878 began buying large additional a creage with the intention
~cf using it for the future water supply of Philadelphia. This plan
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was n’,-Li .Lfied, when the New Jersey State I~ gislatu~c’ forbade the re-
moval of N w  Jersey water to areas outsi-:e the State . The Wharton
Tract was acquired by the State in 1954 no a Sta te  Forest , Park , and
water-reserve area. It lies - u t r L  Ic , but close t ~, the Delaware River
basin.

Barksdale (1952) was one -
~~~ the first to discuss, from the view-

point of the hydrologist , the potential  value a~ the Pine Barrens
for hcvelopment of gr cu n -. l- w at c r  supply in New Jersey . He estimated
that  more than 1,000 mgd could be developed by a properly desi~~ ed
n’~twork of wells . The prerent  w’riters believe that this estimated
quantity may be possible of development , but not probable ; 600-700
mgd would be more likely feasible uf  perennia l  development ,

In the T-A-M -.S report (Tippetts-A’bbett-McCartby—S-t ratton , 1955,
p.  111-13 - 111-16) Leggette , Brashear s, and Graham recommend the
~°~~T la- r ement of lines of wells in the Cohansey sand along the Mullica ,
Batstc , and, Wading Rivers , te induce recharge an - i. to derive the
opt imum quant ity of ground water m r ~m that - par t of th- W:iar ton Tract .
The water derived from the Mulli a-Batsto wells could be diverted to
‘ce  Camden area by a proposed aqueduct. Water from wells along the
Wal ing  River could be diverted to the shore area.

Similar ievelopment ’c of well’- in the Cohansey sand in the drainage
basins of Great Egg Harbor Ri-rer and Tnms Rive r w’~iold undo ubt edly pro-
vide important quantities of g r ou n d  water . Some equitable division of
these waters may be require i eventually, in order to supply the needs
of the local inhabitants , the nearby growing shore area, end the in~-
dustrialized communittea of the Delaware River basin.

Developments of water of this kind , an .i on the large scale envis-
ioned above , would redu ce streamfiow from each strt --en basin so devel-
oped . In s w -  r i  ar -cs in- lu -c  rc-’-har-gc w a  1,d take water fr om the
~~ t rear,:; an-I tn others ground—wat er pumping wouI .d r~- - .iu- -:r - the discharge
from the  aau i~’--r s into tr io  streams - Th - i ’, , ripar~ an r ights , or exist—
ing ground-water r ights (not on streams) might well be interfered with ;
also , reduced flow in coas t al scre am s would r e su it . in salt-water en-
croac hxnent in the ir tidal reaches (unless -caLt-~watcr barr ier s or other
protec tive works were exnpl--cye-i in the seaward ends of the streams).
Such pos3ible large-s-alc developments may, there f- -r - ’, have far-reach-
lag o f f e - - t s  and u- u i - i  doubtless involve not only hydrologic ar-i eco~nomirc factors , but legal fac tors as we Lt .
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:;l~~i ¶nr f lt  a :  b r  -;&pa’- . ty  u t o- - so ~1- and btg,l . il’e ’

LI t y  aitd •t ’ra ~e cS ca~’! tv  of I t t a  a,r o i- fe ” -

it se-~uao-;a -:. ‘ ‘V era ) aq ..L fec-s and s-,t lulcl u da s . ij ccter u,:-
:ur s noutlI aider onj i ne’i or .~~~t - :onfiu e I c -nd it i- ’in s -

- . a ii 1111c r L ac slI ,Li i cit I 5 1 1  it 
•~~-~~ ‘ s~~~ p ieces in he ,c,rt t rop , utt er. 1 .  1 U’n u

I ac f r rca t  ton n s-out Re v ,Ter~ 
r n ~~~-I ‘1 5 I *po rtan t nilutt er s inc uda 13c))-fp,’i t

ajvn,1 I ,c - -
~~~~‘- t~ -

~~~ I ~ P cr 1 Ion -f ‘c It ant i •~~ay •,~~ sand or ct l a n t i c t  Ci t y  are a and The i vc~Li and Frederic.
0 i - n~~ot f e r s of :i.lawutre . The se th icker a ct ; , Lf er .  ~l . I t

I tea ses - ,,; re ‘an-i oe- - -~~e e area r gr ai n- a rib u - - : ~ - - 
-

pa rae ‘ci . )~
, ,_ -,: ~acl sI  it, a i r  jaa~ e - ‘ ~~ ~~‘ 

ui~ t- ~~~~~ ¶~‘-~~~ it tO )d.ei’ii cit -Il led vs ~ 1.. of Large ii -
- - - I t. -- - -- - - ,  - 5 I’ - c - f  ‘ci, ttit ”icnese at ~ ~~~~~~~~~ 

sa.ter , Wate r I, generally or good to excellent t ual-
- - - an- i r-rovn an :! conta in 

- ty  altlcougti salt-vat-er encrv - - asrit baa occurred in

ni -  551 a a 
- -

~ ‘~ s Pro De l v 
~ ea t- -a tie ~t ‘ ‘~ ~~~ 

pert i ot 5-ai,1 sa Ci~~b.rLand , 0 ape Kay , a~~ Oc ean t’i- ount ies ,
- .. J . ;  co cc t en t . of iron an,l s iU;a  is troub1es~~~~],.y high

in p laces .  t,j~~ ff I - ~~ c tztyey pert. s of outcrop probably
is tlsa~y but Is  euc a even. r fr asDdy are as .

i i -  -, - s. - - f tIC III t i t  5*fl U , sal t -anti- n et IC I- ,
~ aol os U,y an I.~~ ortaat squ.1 far in southuru part of basis .

r ir e , an- ~ -i ~ay tel !to siliI t f e r - ’ i u . s  mar flC Wit-hJ,.n the basis exist s onl y to lubserface aed .,ll ester
is eonfisad

-
~ -

a I 
- — n  o -t r i t ~ - S a : - t i n ’  f g . -:u 01 t~ 5.0 liltIl t c i i i ’  y C IIi~- - ,  

tx yti l rh cxppe ,—z p ~ rea r a —‘. e c - ’ a- M ar i n a  An equiclraia i~~~ rf.ctly confietag the vetsr In thu Yin—
2O~) 

- r-.at~~ n •snd - May be more effective as an squiclud.
nf l  - - li - -cop , Lct-WC ’ ,

~1c: - - -  I s  y g~ *uc r r i l te ç graar lzan-r , ; . -iov-ud.jp , v-tiers Use tbic~i-m.ss ta gr eater. Rninoff f’rc~-ppa r part arc u a - -ia n ~ 
r -  - a - - a :  cine l san I outcru~ mod.r.t-.Ly f l a s h y.

and gx’aeuI s t -v-’ - 
~~~

A minor aquife r ‘in a ri! rig vst r under cinecinf ineil coad i —

__________________— - - ‘ ‘s’ti faa cUI~~~ ~~~~ under -cn f i ”aed tOai4tt - ,t~& , L ncu,,, - - -
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- - i Many - to  1’,- ce- i tovgt C1a~a is ha,r &u- t a t
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form a t ion t ignit . ( br -cvva co~~i-) snlt pyr i te ( i i ’ -’ .
, - 44.- .  esulty - and a fee t i - in  beds coDts ja j , 5

— - - in u.war~i part of ant t ,
- - F’s ’ UICLI ’ -

I - ut

‘~~~~~~~~~~ ‘ 17 
~~~~~~~~~ 

- - -

- / ~
,, - ,, - gu - een la h - gu a,v fi~~~ ~ ~~C

— 
t a l e’ t rsg i - i Lnc-t t pSUy of 1aa~~~~. jaa ,

- 
- - a S Ills an-I dikes intrud ing ¶~r i a Sl

- - - 
‘i ‘-cr ee ly ~rnr t cired ; veat har a -~-

________ - — 
“ nut s : r - -u- I itrit r I I~

,, 
vU. ! l u l l ’ ,





AD A014 3 797 ARMY ENSIPEER DI S! PHI L AD EL PH I A PA ns a,.REPORT ON THE CONP - ‘- ‘- ;VE SURVEY OF THE WATER RESOURCES OF TH—— ETctt J )
0CC 60 F H o4.MSTr ‘ (, PARKrR. W a KEIS4ITON

UNCLASSIFIED

_ _  _  
_

_________
____

atsr

~

r

~

-

-

4 4~ • fl_

~

!I

~

L

~

VP

~ 

_
‘t~UEi!CiN6k~ !fl
I i;. __I,

~~% NilUFi! ii
fl iss _ II I



~o n ~ Laured nt.rtterr beLavI~ ~~~~~ - Oct readily j ist

I •~.j1~ 
Nave. tn~t marl. ajid ii ne ; ia to coarse
end pepper colorel , r ; ’:~~ris i~~t d at e~1 to .1
idat ed , in place. ceeented by i rOn oxida

H— -

M 1 r ’~V ,.O U I qU&r~ I aandj ].o~al tLt r i  e l i  Of
Send is sligh I glaxacoaitic , ~the to — .

5nn~l I I or black wte- 
~~~~~~~ but weather ing to

red . Mar ine .

~~~~~~~~~~~~~~~~~
M~rsh&lltc,vn 1 5  Oreeni.h-black to ~~~~ sandy clay and ler

‘~~ -L2~ !~~~r~n~ I~~n gla~iconttic send that bec~~ e more sbunda.
~~~~ Ar~~~~~~U5 

iubsurface s~~~ev*u~ d if f i c ul t  to i~~sting
o town and Wenona~i .‘ ~~. Pbsailiferou,;

- - -  _____

o I
— . i~IJ” Z ..an 1 , f irM - ç-’~~Ls I to p ti i~ a few

of d R y  and si lt  v t l :  e -~~~e more abu ndio I 
~~~~~~~~~~~ ~tb ern and caste ; esa and in upper

1A1 Sand is loose or • t g . ly  conaolid.at.d,
U by iron z1 I e ;  vh~ -.~ - h ~’w , sod brown
o grey in subsurfa ce - N: ..ing in D.l~~are

New J er sey. L.agoor.& ~nd mar ine .o ~~
. 

~-~~~~~~~~~~~~~~~ — ---~ 
____  _ _ _ _ _ _

‘~~o’bur-y ~1&ck or bluish-blac k ~~ c lay , s~~ .wb.s~
I ~~ 

gi*u coni t ic ; upper pert sligbt ly sandy s.
laminated. Not re ;

~~~
-O Led in D.lawsr.

I 

— — I 1~~~k or greenish—b1~ i ~~i on t ic , *~ ~C I erafly gr.s.y and ~~ .. sc~~e silt and
sand , per t  I - t i  lax- L~ in it ~e r pert . Mar in

~~~~~~~

Megothy
for mation- A seewsri-thI-ksnin~ vedge of no~~ ar tna is

several enyiro~~~ r.-,--5t rSam , marsA , Ls.g~
Rar itan an ne--and , in in. .~p.r part , loc&l n s . z
formation •n,-iro~~~~nt. . ~~~~~. i t t ,  con.ist of ~i~~ 3.j

— . - .  — ___ + contin uous beda o ’ I$fl i J dl&y ,  silt , and
- M say-colorsl , toeg± clay is ~har sct er t.~

Patapac o fins- to coarse-griined send , much of vt
I format ion Lignite (brown coL) and pyrit. ( iron am

Pot~~ sc 
- emily, and $ fey t in  b.&. contitn i reg she

I V~~~P in seaward part of nflit .
~~~tuxent

ete~ e e a  formation

~~~~~~~~~~~~~~~~ ‘Ø~ ~~ rk greenish-grey f~~~- t o e ~~t~~ -grai~~~
- T’aa I a~ Ing it ~pal1y of plagio~ laae en

~-,a sm 2 000 + RI sill. en: -~ e. Intruding ‘Pr i a Stc an
• 

- ‘ ~pars.l,y t ;~~~~~-~~i : weathsrs to large rt

—---  .. - - - 

?brma pr~~ iinen t r idges and 11111. . 
-

“ . I~~rk bluish- t~ enish-grey fths-gra.ined
150— i&) 

rr l.assic ) f le l s i  irtg princ ipall y of pisgioclas. an
as flows tnterbe’id.d vith upper par t of

Basal t 900 L.call,y as saafl likes . ~~oken by colt~~
ing fre - - ‘s Into polygonal ~O lkafl1 vti l
perpeni - i~o to tipper and lover surfac e
pr oii in.n - rca  er t t l  ridg e s , the Wat chun

- - 
nor h.rn New . ~ . sev . 

- — - -

~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~ 
—



J . . . ... —
~~~~

- . - .—. ——- . —. ...
~~~~ 

.— .-. .—,

-
~~ ~~~ ~~Uj ~~ ~~L ~~ •rteiiii ~~ nor .~~~~far. ~~ ~~~~~~~~~ Y

Nsvaelnl ~ ~~~~~~~ 
I 

~~ ~ç~rØ~ gralnad , m i t -  Laurel sand torn. a poor aquifer or .n irpSrt.ct equi-
and ~ ~e -  ~~lor~ i Un U5 ) l i J & t .et tc sli~~t ;t consol— duds in conjunction vito Navesink sari. Bed s of sand

t~ A l .  in placee c’.:p~~ ed by j r-on oxlda . M~~’th~~. ~~d*~~~~ l,y to highly p.r~~ sbls; few bed., of silt and
o lay poorly p.rseabL.. Properly i.~ &t.1 and co nat ruct. ~

~~~~~~ 
y e].d about 50 to 500 ~~~~~~. Wat er slightly or

inoi.ra t. ly hard and moderats in liseolv.d-.olid. ~oo ’ec
M ica~ ~~~~ quart z aan~ ; local thin m i s  of silt and c lay . Iton cont.nt variable , troublss~~ s].y high ~~ . s~~~ places

San,! I. slightly glaucooit1~~. fine to sedits~ gx t.iflod, &18,Y Nigh porosity and 1uftltr~it ion cap4ctty produce rein-
or o Lack where es~ but weathering to yetlf-v , brown , or : ~~~~~~ ~~~unt of ground water availabl, for base

• Mar in e . I flow in stre a :ros.ing out~ r “ -

.‘ .x.. ~ leaky aquic lode ~
- ~n 1 water in English town

a nd. runct tone aa en aquicluds to~.ther with under Ly-
Dre n~.~-bla. k to b~a~s sandy -~lay and lenticular bed, of tag Woodbury and Merchanty-ill. clays in 5al County ,

glaucoott i— san~t ~~~ -e. - a~e more abundant &iovndip ~~ I. J., but ha., Dot been re~ ognisad farther southwest in
subs urtar e sciiw,vti -~ ‘ 1  ~‘ i  - ult to dist inguish frcin ~~glish- ~~~~~~~~~ Bandy part s yield as such ia ~0 g~~ to
town an~ Weno n.aji 58. s .  ~isei - ‘ e -  .~s :  mar ine. ~~~~~~~~ weLLs - Runoff fr out c rop probably rather

- 4 f lashy .

Quartz can - ~~:e graicad to pebbly ; a few lense s and sesas
. - f  clay -.. st 1~~~~- bec~~ e more abundant downdic in Water unconfinsd in outcr op; conf ined down_dip by over iJ l : . ö
,. .ut her” Sfl-i e~t ’  a u eas and to upper part of fo rmation. Narabailtoyn formation. Productiv ity of aquifer range.
‘an.~ is . ~e or s .~. con.so liciated, Inc a.lly cmeented ~~~~~~~ wide hal t., dependin g on thickn ess and per-me -

by iron aide ; wh ite . o,llc’v , and brown in - u 1 c r O ~~, light ability of sand b.-~.. Prop.rly con structe d m~- ’ s~ we. .1
~~~~ i j  subsurf ace. I~ aa1.ng in De laware and p tnerOs ~~s~ say be e cp.rte~ to yield about 50-500 ~~~~~~.

Mew .J er .ey . La~oona’ anu mar ine . 

~1ack or o. ~ s -  inc-k :.~ gh c lay , .~~evtia t si c-ac-eons , not Woodbury and M.rchsntvill. clays tog ether fore the s.—s-
• t i c ;  upper part slightly s andy and -. ext.n.si ~ awl izp.rmeable aquic lud. in the Coast al Pie

~ N -e a.~ in ~~~~~~~~~ w a r ms .  Aquic lude is important in protecting underlying aqui-
— — — .- .~ for, in oorimarin~ sed iments tr~~ co nt~~.iaation or frc

encro achment of salt yater sad also in restricting loss
— 

~1ac- k or greenish-bl ack glaucon it ic , aicsc eous c lay , gao- of water fr~~ those api ifers by upward leakage . A few
orally greasy and ai~aa:va ; sc~ e si lt and f ins-gralned wells tap sandy part s of Kerchantyill. c lay, but Uoodt —
sand , &r t icul,rly in ~ppe r part . Marine . c lay is eve rywhere too ispermesbi. to yie ld water to

veils. Runoff fr~~ outcrop rapid and flashy bec suse of
low infiltration capacity of soil.. .

t
A e~~~ 1 z  group of lsntiouiar aqaife re and equtol~4.s.

Coaa~~t~~,e. the most l~ portant present sourc, of gi-~ ~~water in the bas in. Subj ect to recharge induced fr-m
A seavar-i-th’~ k.nth.g wedge of no~~srin. depo s it. representing th. Delaware River est uary, awl, in north eastern ‘,e’~

several envirorseen i--stress, san k , l*goon&l, a~d situ- J er sey, tP~~ Rar1~ an Bay . Permeability and transe
ar ias--and , in the ~ppor part , Lo a1 nsar-aho re *anine bility of sand bel, are high, exc e rt  in s~~~ place. ,
.oviro~~eots. Deposits consist of high ly lentic~ l,r, dis~ such as in northern r~~lawar. , where permeability ~f s~me

+ coet inuc us b.d.s of ss~~ , c lay, silt , snAi little gravel, of the sand ii reduced sub stanti al ly by its silt an~- I  - Many-colored , toagt c lay is characteristi c , as iS light , c lay content . Although veIl yield s eX -~e.-~1n.g l,.X’~ .j~~~
i - to coa.rse-grLined sand, .uch of which is cz’oss bedj l.d. are ~~~~n , and many veils yield 300-1,000 g~~ , Lan~ :

Lignite (brown coal) sad p3I-rit e ( iron salficle) occur lo- lanity end variable permeability of sand aquifers crea te
c-ally, and a fey ti ~ beds containing sheila a~e present prob1~ ns in location and design of walls . Cbssics.l
in seawarl pert ‘. noit . ity of native va~er is relatively good, but in

places water in the aquifers baa been con ss~ oateo
Surface so w-c -se , or by enc roachment of poor - q ,al ty v~

- ,.. ~ -c~ Delaware River Estuary and Raritan lay .

- - 
~~

• 

~1 ~~~~~~~~ •o- ~ g een I ati -~ - - . f ine— to ne’its.~~—graimed r~ stailine rock
ne 1st tag r .n. Ipally of pleg joe l.a.. and aug its. 0c- c- LO s

- + as .~ lls an- - cam Lntr~ i tag ‘rr ia.Sic and old. r rock...
- - — ‘~~ ~cee ly ~~~~~~ veathere to large ro~~~ .d bo~~4ers. 

~~~~~ the laast fa~~rab le .ources of water s~~~; lies in ~oeP~- --ns ~~~~~ 
.p I ge 5 and bil ls , basin. Only tract uree contain water; poro sity aOd per-

— - _ . - - ebl lity are very low . ~~su ccesst u l ve~~~ are ~~~~n ,
Derk bluish- to greenish-grey tina-graioed crystalline rock and the average yi.i of veils is less than 5 g~~ .

- .ne~~s -  ~~~ ; r~~u ~~a~~j  of p lagloc lase and sugits. 0c-~uns
‘a flows ~ti’ - rne - ide~ w ith tzpter par t of leve.rh group,, and

900 i~- i l l .  ~s maLl ~ i Broken by --ol ar j , t ~t t s  or cool..
tog - .~~ em into ly~ -nal -ol~~na wh ich general ly are
srpen1 - - i, .r u;-~er and lover surfaces of flaws . ‘ore..

mI ner , -
~~~~

- res ect I ’  rI Iges , the Wat-bung Mounta ins , in
nor ~.-n New ‘

- -

I r &A~
’- --

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
‘ ‘ - - • .  ,.- 

~~~~~“ 
-- 

- 
‘- -- - - ‘~ 
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-

?~bie , -!~~!,Lai and hyth~~1ogi. - r’~per- 1.. of the g.~~.og1 - ftt rea~ tons ‘~~~ . 1  - a to Ue *h,,

c~ ratigr rtpht ‘ a a I  e~e” o~ age 
~~~I i’s~~i r r t e  ‘ ,~~s I ,er- es ”T’ - 

Or- -
~ ~ormc,ti n cr unit ~h l ’ kn es m J ’ : js tca l  pro pe rties

FIre ~r (*iil,i oea ~f r r (i-es ’)
year.) -

~
- e~~zcii age Q j  .t ’c u l.,~ -•

- 
Soft red shale tht er h~ :e - with ssalier

red si lt.t one and fth.e-grain.d sandsto
yellow , gray , and purple shalla and erg
discontinuous Lenses of sand.to n. and

Br ic~. 
- along northern bor: e: ark; also in an e

formation • south of Resding, Pa- Silt.tozs. and 5
tively acre abundan ’. - tr ~~~out format
east , outside the basin. Near diabsss
feis, a hard , dark g:a~ finely crystal
altered shale forms ~ I og ate lowlands
of sore resistant r . - ~s Weathers no.

- 

, — - — 

cc rpoaed of iaz k re: - lay loss.
- - 

Chiefly tbick-bedd.d lark-grey to black
ci~~ys .cn e or slits’ .ne) Lrirlu-ies 0cc -i

— • bed.c e I ark shale , I.~r. ~re - ines tone ano - an : in —ç’pe r per4., • ,r,.-~es T dark r e tLockatong
2/ 

~~~~~~ , red shale of type c - - ~r log to ~ ‘Unawl
a 

~~~~~~~ - ‘~
-

~~~ ‘ 
ion vbicb it Ls gredatLoal. rg iil it. fn~group where it 15 intsrke :0: v~ ’. h softer shi

where weaker zones az-s . son - Weat hez
brown c lay loam .

- 
Light-g ray or ~~~ me-h un- t c , coarse -p

sto ne contain ing such te l ~5par and s~~ m
amo unts of congL~~ rat. , ftne-grain.d

Stockton .. + st000 and soft red sh.sl. . :c—v.r part
format ion 11 - ,  generall y s~~~~oat ~oerser grained thaz

are c~~~~ ni,y lsnt icular , aite ~~ th ick
qnences of b t s  nay extend fcc eany nil
gl~~~ rate for e ridge s ; soft cc :  sandat
intervening valleys. Soils van i~ cie ;

- I permeable on c cers.—grathed ark- a. and

U”  - 

‘

~~ 

/ 
- — — —

- — / ~~~~~ _________

Gray or brown shale sad fin .-grained sand
• - c - it 5 coal, fire - Icy, and black carbon..

shale; scattered J,a rses of coarse—grain
- ~~~~~z- :~ ~ 1,500 ± congl~~.rate. ‘~

- .al bed., are most paz -si

• are I.enticulnr at-I change in ~harac Icc
o distances. In valleys surrounded by c m

I ridges; weathers to sandy loss .
0 -
>

evt
C
C - I
•a. Hard quartzose conglc~ erate and coar.e-gr

E . Pz,tt .yille l,~® few thin bed s of coal and car bonaceous
• 

• 
fnrreat ion 3sc~~ es th inner and finer grained tower

Cong1~~ srate for ms ridge enc losing coal
- lain by Allegheny format ion.

205—255

~

--- -
~~~~~

__ _  ___ — • - -,-• — — -~~ 

Alternati ng lentt cu Ls r beds of re. : shale
C , sone lenses of c~~~L~~erate in upper p
o th ic kest and coarsest in Sclnu.yikill Co
.0 Mauc t . ak 3, J~ ) ± ward it thina abr’u- - and green shale
o ~ 

r-’- ” prominent . F ms va l leys between ridg
~ 2 and Potts vl .fle fo~~rat ions; weathers to

• 
shallow to moderate ppth .

Gray or yeU.ovish ..gr,y bard quart i000 ea~crate ; S~~s thin beds of greenish-gray
Pocono green , gray, s~4 red shale , sad local I

format ion 
~~~ * 

1.1k. the Pott~~j1. sad Kauck Chunk fo~1, c~~ ss thinner and finer grained toward
pr~~in.nt ridg..j weathers to stOa3’ sol

— — _____________ ___________ —- - - —- __________________ 

moder ate depth .

8~~~what lent b alsa’ b.da of r d , gray, or
- - ehale, and .~~~ oc~gl~~ rate . ~sprSsen

a—.. _I..111 - — - — - tna_ n~~~hak1,. & t. _a —
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; i c : - -- . r- : ~.e Of ‘.:-re geologic !~ rmat t :- .a ‘u~ un its in the Delaware Ri ver r~s 1fl— —Contthu e4 I AHLF : I ((: ,,t ’d.

r uni t h t -kne s a t :ysical prop ez-tieu Hydrologic properties

— - -- — -~~~~~- - - - -—--- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

Contain s uncoafined water in weathered part above a depth
S(f t  r e :  shale interbe :e- .: with manlier ssoun ts of brownish- of about 250 feet and seaiconfl.ned to conf ined water in

re t  si lts : - o c  ~nd fthe-gz-ained sandstone , and green , comparatively permeable zones rarely more than 20 feet
- ellcrw , gray , ant purple shal, and argilli te . Includes thick from 250 t-o about 600 feet . Long—term yields of
-d isc o ntinuo us lenses of sandstone and cong lomerate wells c~~~~ nly are no more than one-third of the initial
along northern ~ rde r  a~d also in an extensive area yield . Yiel ds of drilled wells 300—600 feet deep range
south - Read ing , Pa. Silt ston e and aandston e re la- from about 25 to 500 and are generally greatest in
tively a re a. un- ar. throughout formation in the north— the northeast part of the ?r iasstc Lowlan d , outsid e the
eas - outsi de the basin . lear diabaso , altered to horn- basin. Water is moderately min eralized and moderately

• fels , a hard , dark g a y  fine ly crysta lline r-x ~k. t in- hard but is satisfactory for most uses wi tho ut treat ment .
al t ers- I shale forms elongate low lands between low ridge s Runoff from outcrop is very flashy because of thin , poorly
of more resistant rc - ks - Weathers most ly to thin soils permeable soil., and relatively enali. available- ground-

— -~~ — 

-Impose : of lark cc . : clay low . 
--  - - - - - 

water storage capacity of the formation.

lh:ef )- ci k-t.e::e: lark-gray to black argillit. (hard ~tn unimportant source cf water supply because of its very
C i C . 5~ ne or s l i t s I ose) .  inc ludes occaaiona1 zone s of thin- i.ow porosity and permeability. varsge yield of ve ilsbodjed Irtz-k shale , tort ure limestone and ilmy argt lll ’e , is only about 5-15 gpe . Water is moderate l y— to hig hly.
an. in c-no r p at- ’ - 

• -r~ -~es - f dark red arg iui te and s ’me minerali ~ed and hard but does not c~~~ only contain cb-
.
~~~~~~ ~ 

red shale of t yPo o-c Lr c tog in ~~vOsvick formation , with ,Iect ionab le concentrations of any constituent exceptyt , i -h It Is gc 4.ta: I~ nal - .rgl Lii to fo rms prom inept ridges hard ness -fo rming mineral... Runoff from outcrop is ix -
where It a tr:lerbe- - ed v I’ h softer sha le , ant plateaus trmae].y flaahy becaus, of low permeability of thin
whe re veaksr cone. az- s : sen - Weathers to thin yellovi sh- soil . end maal l grou nd-water storage capacity availabl e
brovn c lAy I. arc to susta in be.sa tlov . 

— —  ________ ___________

~
1--- -— — — - - --- _ _  _ _ _

One of the no~t productive of the hard-rock format toni -

Light-g r ay or yellov macdun- to coarse-grained arkose (sand- Most water occurs under conf ined or smeiconfi.ned condi-
stone -rnta ini ng much feldspar and some mica) ; saall. r tions in weathered zone within about 500 feet of the land
amounts of rcong l~~~rate , fine-grained red or brown ~~~~~ I 

surface . Rocks having highest permeability are coarse-
grained erkose and cong lomerate which contain water in

- + sto ne , and poft red shale . Lower part of fo rmat ion I. I
generally s~mewhat — oerser grain,d than upper part . ~.. I intergranular openings wh ere original cenenting material

has been r~~~ ved by weathering , a.. well as in fractures.are cwn.ly Lsnttcular , although thicker bed.. and so- Yields of modern drilled veil, c~~~~ nly exceed 50qunn ces of be is nay extend for many miles . Ark ose and con- and may locally exceed 500 ~~~~~~. Water contains moderategl~~~ rate tore ridges; soft z-e I sandetone and shale form concentrations of disso lved solids and hardness—formingintervening ialleys . SOils variable; are thickest and most ainerals and is generally by  in iron content; con cent ra-perm.able on - ‘ar s.-grained arkos. end congkmerate . tion of sulfate is high in places. Runoff from outcrop
probab ly is less flashy than that from other formations

- of the ?riaasic lowland .
In coeJ...nin jng areas , unimportant as source of potable• I water because of high acidity of water resu lti ng from

Gray or brown shale and fin.-grained sandstone; suns enthra- oxidation of iron-sulfid, minerals aasoc tat ed w I Ui coal
c ite coal , t ire c lay, and black carbonaceous slate or end also because of extens ive devater ing of form at ion
sha le; scattere d Len.... of -toarse-grained sand.stone and in minin g operatio ns . In uunin.d areas, usually yields

- 500 ± conglomerate. Coal beds are moat persistent ; other beds - less than 100 gpe of water to well ..; even this watern 
are lent icular and change in character Within short :~~~~ nly ha. hig h concentration s of disso lved iron sad
distances. In vall eys surrounded by canoe— shaped - sulfate . Runoff c har.cteristic e of outcr op ar. not
ridges; weathers to sandy loan . I well known, are altered considerab ly from natural con-

~Litiuna by min ing operations .

Fractures in conglomerat , and sandatons contai n water that
is gsnerally con! m e d  by beds of shal , or slat s os , in
places , by unfractured cosrse-grained rock . Man)’ veils

Hard quart zose cong1s ~~ rate and coarse-grainad sands tone ; a ri~~ ~~~~~~ at least part of the year . Most drillad
i c i,,00 few thin bed s of coal and carbonaceous slat . or she.le. we lls tapping the Pottsv -i U.e range in depth from l~O to
-‘n l.c~~~ s th inner and finer grained toward the northeast . 1,000 feet and y Ield 50—150 g~n of water wh ich is suit -

Conglomerate forms ridge enc losi ng coal basins under- able in quality for most purposes w ithout treatment .
lain by Allegheny forma tion . Runoff from outcrop prob ably is at least moderate ly

flaany because of rugged topography and thin soils .
- - 

Most important source of ground-water supplies in north-

-.l ernat tag lent icu lj r beds of red shale and green san dstone ; - east ern part of Val ley and Ridge provinc e within the
som e lenses of —: aa~ lrme rat.o in upper part . ‘ormat ion is baslO. Mscs 1-se a ample recharge because of its low
t h ic kest and coarsest in Schuylkill County, Pa. north- topographic position and yields 15—375 ~~~~~i to industrial

5 ,  ~,.,  • ~ wari it to ins abr it-  t ly and green sha le become s more SM munic ipal wells 100—600 feet deep. Also an ~~~ort ant

i romi neut . ~c rrc v -~~iLeys between ridge s held up by Pocono and reliable source of domestic and rexm supplies.
and Pottsv -i LLe for~~t ions; weathers to silt y soils ~,f 

Water in beds of sandstone is confiued by less psrmsab le
beds nI nhaie, and many deep wells flow . Water is lowshallow to moderate ‘~z-~h. 
in uiss o]ved-soli ds content and is sort . Runoff char-
n.cteri.’.tcs of outcrop are not ve il known .

Gray or yeUowteh~grey h&rd quartso.e sandstone aM cong1~~ -
orate; ~~~ thin bet. of greenish-gray sandstone , y.l.low, Pot.ntie .L1.y a productive formation, but litt li developed
wee

~, w~~, sad . &  shale, sad local thin bed.e of coal. at present avi~g to ruggsd terr an. of its outcrop.

ion 1, - ~ * 
Like the Potts,4’l,, --~ Kauck Chunk formations, it be- veils flaw during the winter. Water appears to be of
comss thinner s~~ ~jner grsinsd toward us. north. p~~-~~ good ch ical qtaal ity . Stre fl.av charactsri sttoa of

modsrate depth. 
______________________________ 

____________________________________________________

~ I 

prominent ridgus; ,~~thers to stony soils of shallow to OUtOYep not veil

3~~~vbat lasUee1~~ beds of red, gray, or green sandstone, ‘ost. .xtlealve Vste r Wesatag malt within reach of veil.
shale, and s~~~ oe.glomsrst’. lepre.smts a vast nossear- in hahn, led, of eoaree— ’sLnM ~~ adatoae generIUj

_______ tz~e , probed ly 1~~~~ j .~os it ;  toward us. vest , lover 
- 

more pei~~ sb1. than Iaterb.ddsd fiise-gr.ined .andstone



-T ~-ee  0~ g ray, and - u..e -a , s.ad l~ca~
for mation 1,600 * 

Like the Pottivills and Mauch Chunk tori
comes thinner and finer greined toward
prominent ridge. ; weathers to stony soi

____________ 
moderate depth .

Somewhat leaticaler beds of red, gray, or
shah , SM u~~~ coCgl, arat.. lspz’enent

fo

~~~

t iofl Pert conta ins marine ton~~es equivalent -

Catskill 8 6,000 ± in,, probably delts.tc, deposit; toward t

K ilto n groups. Underlies most of App~forms valleys end low ridges in Valley a

Sandstone iaterb.ddsd with sandy shale sn~
Portage group, is hard gray to greenish gray, thin to t

as used in 1,500 micaceous; shale sad sandy .hal. are gre
Pennsylvania to black, and loc ally fossiliferou s

- 
Middle 

— 

Ridge prov ince fo re broad r1~~~s baytn~,
and

Upper DSrk -gray shale, in part hard SM slaty;
Devonian Mahantengo flaggy .aadston., and sandy skalaj thin ;

to~~~t ~~ 
shale; and in upper part a prominent boo

of Willard (1935) ~~~ tmp~u. limeston e, known locally as t~
Kani lt on reef, lass resistant to erosion than ov~
group ——-

~~~~~ ~~~
—-— —-—--_____ ___________________________________- - -

t*rk-grsy to black shah, sandy shah , cu
sto ne; sons slaty shale in lover part .Marcellus 900 is co~ared by glacial outvaab throughouishale nort heast of Stroudsbsn~g, Pa.

C ——-—-•---- ----- - - - —--—--— ---- - - _________—--- -—-—-- - .

a
r*rk-gray chert y 1lme,tone, shal.y llaestoi

o Onondaga
255-315 1~~~ston. 250 Thins soutbwsstva~~ Form_a narrow m v -

• Lover weathers to dark clay 1 o .
0 and

Middle
Devon tan I*rk sandy shale end U.vy ihaje having pr

Esopus cleavage . Coar.e.t and thickest in nor
shale 375 Jersey; thins t ovai-d the southwest in F

toward the northeast in New York. Forn
ten et -se areas of bare roc k .

_ _ _ _ _ _ _  
_ _ _ _  _ _ _ _ _  - -

I Granular quart z sandston, and tine.gra1n~
Oriskany 175 some sandy fossiliferous .limestone , :h.
sandstone Sandy limestone predominates in New Jer

I 
narrow ridges and vsat bera to sandy boa

0 i— -—-—--—--——— —._____ — -- -- - - —_______

N In New Jersey and Rev York , poorly exposeo Lover Port Fwen 190 Pennaylvanta now known to be present .
h i  Devonien limestone
_i — — — — — — —-

~~~~~~
- -- —— _______

Becraf-t limesto ne Bard gr ay cherty limestone , fos siliferou s

Kalderberg 
1ev Scotland 

— — 

160 Liny shale and hard cberty limesto ne.
— _j4 _gton~~ — — ________________________group — i -

Stormvilla
of elan 

Limy sandstone . 
-
~~~~~~~~~~~~~

_______ 
Coeymana lims ston_a 

~~ 
PW’~ t~O sandy lin,sto n., highly fosstllf c

Manli us lImesto ne 35 Derk-b1ue to~~~ ar~~~b~~~ k lossili ferou s )
— — — - - — —•-- - ______—— -

Thinly lmeinsteu limestone ; near top m c i
Rofldout limestone 40 silty, dolomittc limestone .

In Pennsylvania, thick-beaded hay sandstDscker lImestone 90 lImesto ne,
.—

~~~~~
— -— — — — — —

landed ftne-graiiwd bluish—gray limeston e
limesto ne in places having colsmaar StItmeston.

Wills Creek 20C ~ 
~ Unfossilifer ous buff , green , and vari egat

sha].e 2/ ebale; bard bluish -gray fossilife rous c
stone near the t ase .

C
a -

3
= Red or green shale and saMstons~ a Lttt l

lbocm_abw g 2,~~~ 
near baa.. Pbrm_ation probsbly nomearin

red boos Forms northwest slope of ridge known as
Mountains in Rev York , ~ittattnny Mount
and Blue Mountain in Pennsylvania.

1,900 I sandstone and cong~~~srat ~beds of shale. Derives its n~~~ from aj
con4l~~~i-ate perhaps the most pr~~Inset ridge in the

province.

~~~~~~~~~~ ~~~~~~~~~~~~~ upper ~oo feet , veil-sorted msdiue- to ti
sandstone or grsyveck s , c snted in low
om carbonate • afld a fey ans.a of ahkl.



- Like tue Po~~s . -  La u~ Mau h Criunk furmat~ons , it be- w. Js flow dur ing the vin tsr. ta ter appears to be -~ft I come s thinner and fin.er grained toward the north . p0~~~ - good thmeice.l qua lity . StreSMlov characteristics of
prominent ridges; weathers to stony soils of shal low to OUtcrop not well ~~~~~~~~~~.

- 
moderate depth .

- 
Somewhat lenttcul~~ beds of red, gray, or green sands -tone , ~oit sxtla e!ye i~ater-’b~esa iag meLt within re~cb of veils

shale , and sons congi—rat. . Repre sent s a vast noomar- in basin. Reds of cosns -~~ai~~~ ~~~4atoae gemerl.U3’
6,000 ± ins, probably daltaic, deposit ; toward the west , lover more permeable than interbedd.d fmne-graised sandston e

part contains marine tongue s equivalent to Portage end and shah., although in places beds of thi n-bedded ,
Hemilton groups. Underlie s aost of Appalachian Plateaus; flaggy sandstone and sandy shale in Catskill fo rmatio n
forms valleys and low r idges in Valley and Ridge provi nce , are reported to be good water producer. . Reporte d

— — — __________ ______________ - - -  - ________- yields of wells range from nearly 0 to 600 g~~; large
Sandstone interbedded with sandy shale and shale. Sandstone deep drilled veil s c only yield more than 100 g~~.

is bard gray to greenish gray, thi n to thick bedded , and liovever, great var iations in productiv ity, water levels ,
1,500 micac ious ; shale and sandy shale are greeniah or bluish and chemical char acter of water are known to occ ur

gray to black , and locally fossiliferous . In Valley and within short distances. Many wells flow, at least dur-
Ridge province for m_s broad r idge s haying moderate relief. tug the winter. Water is soft and low in dissolv ed-

- _______ _____________ _ _ - solids content but loca~~~ conta in. hydroge n su~~ide
Derk -gray shale , in part bard and slaty ; thin-bedded , ~~~~ obiect ionabls quantities of dissolved iron. Run-

flaggy sandstone, and sandy shah.; thin bed.s of hay off from outcrop is aodsrs.tely to highly flashy , dc-
1,600 shale; and 1* upper part a prominent bed of fossi hifer- pending in part on thickness and character of mantling

0*35 lapin’, limestone, known locally as the Centerfi eld glacial deposits.
~35) reef. less resistant to erosion than overlying form ations .

rerk-gray to black shale, sandy shale, clayatone, and silt- Yields a11 (1-25 gja) but d.pendabl. e domestic supplies
stone ; some alaty shale in lover pert • Forms val leys and of good water from f ract ures. Runoff probably is900 is covered by glacial outwash throughout most of outcr op flashy except wher, overlying glacial deposits are
nort heast of dtroudsb *n~g, Pa . thick and permeable.

Solution channels yield 20-100 g~m_ to drille d wells ;
rerk-gray chert y laestone, shaly limestone , and limy shale . fractured limestone lacking such channels yields only

250 Thins southvestw,~~. Forms narrow low-ly ing belt ; about 1-5 ~~~~~~. Water is bard , but softer than water
weathers to dark clay lose. from most limesto ne.. Btreaaflov charsct erist ice of

Derk sandy shale and hay shale having pronounced 
-

~~~~ 

___________ ______

c leavage . Coarsest and thickest in northwester n New Hydrologic prOperties largely unknown. Runoff from
Jersey ; thin s toward the soutbvest in Pennsylvania and out crop is proba b ly flashy owing to r ugged topograp hy
toward the northeast in Ihev York. Form_s ridge s w ith ex- and thin soils.
t.ns iye areas of bare rock.

~~~~~~~~~~ 

- 

Granular sandstone and conglomerate contain small to
Granular quartz sandstone and fine- grained cong lomerate; moderat e amounts of wat er between grains where cement

175 some sandy fossi liferous ,limestone , chert , and shale . has been removed by solution in ve~~~bere c z~ns; else -

narrow ri dges and weathers to sandy loam, in frac t ures. Few wells tap this fo rmat io2 because -f
- sandy limeston e predomi nates in New Jersey . Porn. where Only very small quantitie s of water ~re ~ontatne t

its inextenstve and rugged outc rop and its steep di p.

190 
In Rev Jersey and New York , poorly ex posed sha le; in

Pennsy lvania nov known to be present .

- 

Hard gray cherty limestone , fossiliferous .

160 - Limy shale and hard cherty limestone .

10 Limy sandstone .

stone 75 
________ ______________________________----— — — -  - - - ~ - --— --- — — Hydrolo gic properties largely unkn~~~ because of the

- 
to sandy limestone , highly fosstltfc rous .

Derk blue to nsar]J b1a~k losatl iferous limeston e, scarcity of walls tapp ing these fo rmat ions . Beds oftons 35 
_________________ — limestone probab ly cout sin moderat e quantit ies of- -- - 

Thinly lmeinatei hiae.tone; near top inclu des a be-I of water in joints end solution channels , whereas gen-

~ons 40 silty , dol.omitic limestone . erally aU emounts are contained in the sha les.
- 

Zn Pennsylv ania , thtck-beousd limy sandstone and some
90 li.estone.tone 

landed fins-grath.d bluish-gray limestone and basal slaty

- - - 

limesto ne in places havin g col~~~*r at~ ict ~~~.100

Unfoss llifero ua buff , green, and variegated beds of hay
200 t shale; bard blu ish-g ray fossiliferous crystalline h as-

stone near the ias, .

Beds of sandstone capable of yield ing substant ial supplies
of water ; shal, beds are lass permeable, on the average .Red or gre n shai.. ani sandstone; a little col~& ’ rats reliab le source of supplies in Monroe County, Pn .,2 ,_ near baa. . Pbruat ion probsb l.y noemar ins, at least in PSrt , wh ere reported yields of 12 wall s range from 2 to 200Forms aorth ,est slops of ridge known as ~~avsnguzak g~m_ and average about 100 ~~~~~~. Water probab ly isMountains in Jew York , £ittat inm3’ Mountains in New Jersey , moderately mineraliz ed and fairly soft . Runoff fromand Blue Mountain in Pennsylvania. outcrop believed to be rather flashy.

Hi~~ly fract~~~d, brittle quartaitic sandsto ne sad con-
ne sad conglomerate and a few thin glomsrat. suff icien t ly permeable to yiel d 100-200 gr~beds of shale. Derives its n from and form_s what 15 or more to modern dril led vei ls. Water occ urs under

perhaps the most promi nent ridge in the Valley and Ridge confined co~dit io~s, at least loc ally , and sc .s veils
province. flow. Water supplies are not exteasively deve loped

owing to rugged topography of its outcr op . Water is
reported to be of excellent qua lity. Runoff from out-

________ _______________________________ 

crop 1. probably flasijy.

Upper 500 t—.,t wu.eni’t.d .sdime- to fths-grainsd arkosic ~iale yields email but dependable supplies of water , most lysandstone or ~~&)‘va_cke , cemsnted in lover part by calci- from secondary open ings in zone of weathered rock at
r arboeate , a fey lenses of shale and com(l ’—erate. d’pths of less than 200 feet . Sandstone nay be som ewh at

Lover ‘.500 feet . handed bluish-gray shale and slata , more nrodu c t iv. ~ ~n t-h~ ~~~~~~~ M~~~. —‘  ~~~ ~~-. —



~~~~~‘z~Ø~~~ ~~ ‘,ØZ -
‘5’ Upper 500 feet , v.11-sorted medium- to fL

sandstone or grayvec ke, cemented in low
um carbonate, sod a few lenses of shale

Upper Kart insburg Lower 3,500 feet , banded bluish-gray sb.
Ordovician shale ~ ,000 ± son. fine-grainsd h ay sandstone sad so

POm p the higher , more diss ected and hi
Great Vall ey; vusthers to an laperfect i

o 
__________ ______________ 

loam , at most pl.eees less than 3 feet t
U 350_i~30 

__________________ __________ ___________________________________

o ~~~k ukaly ox slaty lap~~m_ U stome andV Midd le shale which increase in abumdsace tows
Ordo’ric tan ~~~~~~~~~~ 700 zxtensively quarried as “ cement rock” .limestone margins of val leys ; weathers to vell-d

red loam .

Lover Neelo.antowu STay to blue dolorite and dolomitic lime;
2,000 ous and shaly bets . Forms valleys and0ritovjcia~ 1i’nes~ -n. drained yellowish-red loam.

Aflentovn limestone Alternating light and dark do loni tic lime
of Wherry (1909) 500 fossiliferous in places. Forms lowl ~nUpper 

______________ ____________________

Cambrian ~lMpor t limesto ne 
- 

Alternating l igJ -a a d  dark-gray dolomltt
~f Howell , Robert s , 900 dolomite, abund antly fossiliferous. Po

_ _ _ _ _  _ _ _ _ _ _ _ _  
m d  Vi] d (l.950) 

- - _ _ _ _ _  _ _ _ _ _ _  - - - _ _ _ _ _ _ _ _ _ _ _

Kiddi.e(?) Thick-bedded dolcaitic limestone and dolLeithsv i]J.e of finely micaceous shale • Grades upvCambrian
__________ _______________ formation limestone . Forms lowlands and low hilC 

~30-5l0 ________________ ____________O
r)o lomi te , thin-bedded and locally cleysy

Tona’ ol tic shale , r.’~i thick—bedded dol.omiti
toloit~’e Equivalent to Ledger dolomite , Kinzers

o VIntage dol om ite of the Piedmont prov t
Lover

Camb rian Com prise s a variety of more or less quart
e luding sandstone , conglomerate, quart z

•nto n 200 ± 
shale • and micaceous quartz sehist . Yb

- - .. it, abrupt slopes at valley margins and wea
of gray to grayish-brown sto ny low. ~‘
equivalent to Antietem sandstone , larpe
Chickies quartzite of the Piedmo nt prov

______ 
as much as 1,500 feet in total thickne.,

~~~~~~~~~ ~ø’//////////Z ~ø~’/iø l4icacsous que rtzi te end schist ; a few th
Peters c~ eek near top . Format ion contains less re].

2,000 metamorphosed than the Wissahi ckon foriaci tist
otherw ise similar.

Most widespread of the crystall ine rocks
province . Comprises sckist , gusiss , p1
ite ~nd includ es masses of granitigto I
ultr aflc rocks , sod peguatite d ikes.
most Important minerals in the echiet

— 
WisseMekon 8,000 ± important co nstituents are feldspar , qi
formationU and garnet . Consists most ly of .st~~~ j

-
— 0 ary rocks but include s also some rocks
o ~ (ree of ..t ~~~rph1am increases southe
N 0

• dissected upland; weathers to yellow , b0 - Olemar. soils which are thick on brosd interst~S. series thin on steep slop es.
_ _ _ _ _ _ _ _ _  _ _ _ _ _  - -_ --4a.

0
-J

Massive medium- to coarae-grs.ined white
Cockeyuvlile __ + ~~~~~ marb le, in places cont a1ni n( lea

marble schist. Scattered, irregular exposur es
Piedmont prov ince . Weathered zone of c,
thicker than 50 feet.

Qusrtzite , quaztz iti e seh ist , and mica ~Setters 1,000 ridges and slopes bordering valleys iwofo rmation Cockeyavill e marble .
?Z7/777z’f/i 77///~//////,’f ///f//f —, -_____

Medium- to coer e-grs.tned crystalline roc
granite , quart z nonsonite , gra~odtori te

7 diorite , anorthos ite , and •bbro; c~~~c
4 guslssose ; locally massive , not ditfere

u Granitic to lad~fifl.tte various gn.iseel of Pree br Ian age, or
Z gabbro to rocks - series , where intimately n’ gradational.]

those units. probably of both tgueoua
(tO orig in. Form_s gently rolli ng to hillyCOW weathers to ssn4y clay or cley .
44
~ 3. Chiefl y serpenti ne, astapyroxenlte, and a
uJ Ultramaf Ic i’ockl Zamiefinit. email masses at scatte red loc alities in

including a. p.sttns Upland. Forms barren , rock outcrops oi
_ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _  ridges.

___________ _____ ___________ ________ fJ’Zf ~~i’/Z/} ’ Z ‘f, /’f, J’f,f’ 3 d’~~~Tf a  ‘f, 1’ J ‘f’~~



flow . ~ter supplies ax -s not exteas ive i.y uevelopedprovince. owi ng to rugged topography of its outcrop . Water is
reported to be of excellent quality. Runoff from out-
crop is probably flasny .

~~~~~~~~~~~~_ _

Upper 500 feet , veil-sorted medium- to fine- grained arkosic ~~e.le yields email but dependable supplies of water, mostly
sandstone or grayvacke , cemented in lower part by calci- from secondary openings in zone of weathered rock at
um carbonate , end a few lense s of shale end congl omerate, depths of less than 200 feet . Sandstone may be somewhat

~ ,~~~ ± Lower 3,500 feet , banded bluish-grey shale and slate; more productive , on the average • Most velli ~telo less
one fine-gre.jned hay sandstone snd some red beds • than 50 ~~~ , but a few yield 100-250 g~m . Water gen-

Forms the higher more dissected and hill y part of the erally contai ns less than 200 ppe of dissolved soli ds
Great Valley; v~ thers to so iLperfectly drained clay and baa a hardness of lee. than 100 p~~. Iron content
loam, at most plm.s less than 3 feet thick , rarely exceeds 1 p~~ but is meticeab ia at places.

__________ - - 

Rumoff from outcr op Is very fl ashy .

~~~k uhaly or slaty imper. lj eto.. and thin beds of h a y  Water occurs umdar unnonfimed te confined conditi ons ,
shale wh ich inc rease in abiedamc e tov.rd tap of formation, almost entirely in fractures and solution openings .

700 Hxtensi vel ,y quarried am “c ent rock” . Forms slopes at Occurrence of thes e secondary openings is ext r~~~ly
margins of valleys; weathers to well—drained yellowish- irreg~xlai ’ and difficult to predict , altb~ ugb , in gen-
red loam. eral, solution openings are most abundant near stre ams

— — — __________ _______ —-—— ----——-————-- and least abundant in the sb.e.ly format ions or part s of
Oray to blue dolomite and dolcnttic limestone, s~~~ stIles- fo rmations . Most solution openings occur between de;-t ii r

2 ,000 ous end shaly be is. Forms valleys and weathers to well- of 50 and about 300 feet , although some openi ngs deeper
drained yellowish-red loam, than 1,000 feet are reported. Yields of we lls in the

- — — __________ _______________—- - — carbonate r eke range more wid ely than in any other
tone Alternating light a~d dark dolcatitic limestone, abundant ly aquifers in the basin; yield s of from less than 5 to500 

- fossiliferous in places . Forms lOwlandS , nearly 1,500 are reported , although few wells pro -
- - -  _________________ ___________________________________ duce mor, than 500 gm . Most of the water Is moderately

me Alternat ing light- and dark-g rey do lom.j tj c lime ptone and to very hard and contains moderate ounts of di.solveota , 900 dolomite , abundantl,y fossiliferous. Forms lowlands - mineral matter. Poftening ts required for some uses.0) 
- - , ~~~~~~~ _~~~__~~ Runoff from outcrop includes a relatively high propor-

Thick-bedded dol~~iti c limesto ne and dolomite; many beds tion of ground-water discharge end “ank s with runoff
900 of finely nicaceous shale . Grades upward into Limeport from sandy part s of Coastal Plain in having the least

limestone . Forms lowlands and low hills , flashy character in the basin.

)ol~~ite , thin-bedded and locally clayey or shaly , seri-
— - attic shale, ,i.nI thirk—bedded dolomitic limesto ne .

Equivalent to ledger do lomite , Kinzers foz~~ation , and
Vintage do lx~ iite of the Piedmont province .

Comprises a variety of more or less quartzose rocks , in- Not sufficiently extensiv e to be developed very much for
e luding sandstone , conglomerate, quartzite, chart, herd ground-water supplies. Most abundant water is in highly

200 ± shale , end micaceous quartz schist. POres ridges or fractured zones near faults and near contacts with
abrupt slopes at valley marg ins and weathers to thin soils tmd.~~ ’1ng gus iss. Water Is low in dissolved-solids
of gra~ to grayish-brown ston y loam , ~pproxiaately content and very soft. Most drilled v.U.s in the
equiv a].ent to Ant ietam sandstone , Harpers schist , and Chie~~~ quart aite of the Pi.~~~nt province are less than
Chickie s quart aite of the Piedmont province which 

~~~~~ ~oo feet deep and yield about 5-20 g~m.
as much as 1,500 feet in tota l thickness.

Miceceous quartzlte and echiat ; a few thin beds of sandstone Cont ains water in open frac t ures a~d also in intsrgranul.ar
near top . Formation contains less feldspar and s less pore spaces in we athered zoos . Porosity and permeability

2,000 metamorphosed th*n the Wissshickon formation but is general ly decteas, with depth so that , with few excep-
other w ise s imilar . tions, little water can be obtained below about 300 feet .

__________ th’ifl.ed wells used for municipal or industrial supplies
Most widespread of the crystalline rocks in the Piedmont yield 20-100 gjm_ or even more; post drilled dcmeet ic

province . Comprises schi st • guetsa , pbylli te , anti quartz- wells wi ll yield 2-20 gpe. Water usually contains less
it. and tnclu dss masses of graniticto ~ ebbroic rocks , tb*n 150 _ of dissolved solids and is ve ry soft , but
ultramafic rocks , and peguatite d ikes . Micas are th~ in a few places it has objectionab le qua ntities of dia—
moat important minerals in the echi.t and gasiss ; other solved iron. Owing in large part to the .oderately

8,000 ± import ant constituents are feldspar, quartz, chlor ite ,~ high infiltration capacity of the soils end the coupar-
and garnet . Consists most ly of met~~~rpho .ed sedine nt- ative ly large available ground water storage capacity
ary rocks but includes also son, rocks of igneous origin , in the thick weathered zone , about two-thirdS of th
~~gree of met~~~rphiem incr.ases southeastward. Form_s runoff from the outcrop consists of base flow--largely
dissected upland ; weathers to yellow , brown , or red ground-water discharg e.
soils which are thick on bro*d interetreem areas but
thin on ste ep slope s .

Contains water in solution openings, joints , anti , .spec -
tally La lense s of h a y  schist , between grains. Thick
weathered zone also contains substantial quantit ies ofMassive medium— to coar se-grained wh ite to bluish-gray water. Like most carbo nate rocke, it is an erratic

+ sugary marble, in places contai ning lenses of ll*y mica water producer . Some we lls reported yield l00-i~00 gpe;schi st . Scattered , irregular exposure s in valleys in but others in zones where fr actures and solution open-Piedmont province, Weathered zone of clay is c~~~~ al.y mg. are scares or absent may yield only a few gallonsthicker than 50 feet . per minute . Water Is hard and requires soften ing for

____________________ ______ __________________ _______-

Quartet ’.,, qua rtzit ic sc his t , sod mic a gusts .. Forms low
1,000 ri dges and slopes bordering valleys underlain by Yields afl supplies of water of good quality from

Cockeysvt 11. asrble. fractures.

~~~~ izz.’
,’,, i —----—- —-—-—— - - ----—— _____________ _____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Medium- to coaree-gre.ined crystalline rocks including
granite , quartz aonlo nite , grsnodiorits , quart z diorite ,
diorite , snott kostte , end •bbro ; e~~~ only somewhat
gee i seose ; locally massive , Oot differentiated from Contains water in fr act urea and , near the land sur face ,

Iad ftmite various gmelssel of Precambrian age, or from 01.enarm in int.rgranular open ings in weathered rock .
he series, where intimately ~ gradationally sisoc t~ted with

those units. Pmobebly of both igneous end aet~~~rpbIc
origin. Form_s gently rolling to hilly uplands;
we athers to ssn ly clay or clay .

Chiefly serpentine, astapyroxenite, and .etap.ridotite;
~~~ IMeflai te ahl masses at scattered loc alities in Piedmont Contains a.il quant ities of water in fractures. Water

Upland . Formi barren , mocb outcrops on low hills sod is bard and of the .egeesi um bicatbonat, type.



I ~ir ’i y ~ T~~~~~ur wTwJr ~. ‘~r 5 , v ’
_______ format, ion - limestone . Forms lowlands and low t~LC 

~3O-5l0 
— - 

_________________--  - ____— -a
rblont te , thin-bedded and locally c lay.0 

~~~~~ iooo — d itt o shale , in thick—b edded dol.omitE tol,-,n~ -. Equivalent to ledger dolomite , K inzera -U Vintage dol~~ite of the Piedmont pro-

cluding sandstone , cong1~~erate, quar

lover -

Comprise s a variety of more or less quoCamb ’ t art

- atom __
~~ ± shale , and nicaceous q~artZ schist .

- .i~, 
abrupt slope s at valley margins end ~
of gras to grayish-brow n stony loam.
equivalent to Antiet sandstone , Iar~Chickies quartzite of the Piedmont prc

_______ 
as much as 1,500 feet in total thickn~

~~ ‘///Z~~~ ~~~‘/~7//////// ~w//1ø -

Micaceou s quartzite e~d achist; a few t
Peters ~reek near top . Formation contains less ra

2,000 staaorphos.d than the Wiesahicko n fo5 - d u s t
otherwise slaii,ar .

Most widespread of the crystalline rock
province. Comprises ackist , gnetss ,
it. and iucludss masses of gran1tIgt~ultramafic rocks , end p.guatite dikes

— most Important minerals in the sc his
Wissahickon 8,000 ± important conititusnts are feldspar,formation and garnet • Consists neatly of metmo 2 

ary rocks but include s also s~~~ rock— 0o ‘4 t~ gree of .etamorphime incrsa ae sN dissected upland; weathers to yellow ,o — Gleasre soils which are thick on broad inters
series th in on steep slope s .

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _  -

N
0
-J

Massive medium- to coarse-grained white
Cocirs yavifle ___ + sugary marble , in places cont aining Ic

marble schist. Scattered , irregular exposure
Piedmont province . Weathe red zone of
thicker then 50 feet .

Quartz ite , quartzitic schist , and micaSetters 1,000 I ridg es and slopes bordering valleysformation Cockeysv ’lll e marble .

~ 7Z~/// ~’77i ?Z’/////////// V//7Z,Z-~ 
- — - -

Medium- to coarse-grained crystall ine r
granite , quartz monzonlte , granodlori
d ior ite , anort hosit e, ~nd •bbro ; conz
gasissose ; locally massive, not diffe

Orani i- to laisfin ite various gn.isses of Precambrian age,
~aobro i rocks series , where intimately ~ gradations

those units . Probably of both ignso~orig in . Forms gently roiling to hil
~f l IAJ weathers to san.~1 c lay or clay .
‘114
0 ~~

, Chief ly serpentine , metapyroxenute , andUltrama,f to rocks Indefinite all masses at scattered localities
includ ing sampentine Upland. Forms barren, rocky out crops

ridges .

~~~ /////Z %W///// ~~ VZ//,½ Coarse- to fine-greinsd marble or dolom
Franklin cally contain ing graphite and otherZ lime tone masses associated with gneiss of ProcC

‘ Most ly medium- to cosrse.-grained gnaise
from light-colored rocks having abundi

5ld)-5 ,500j spar to dark rockS contatnlrtg abundan-0 U bear ing minerals . Include rocks of mlW Onei.s and related Indefinitecrystalline rocks igneous , end igneous origin, and ~~~~a. types. Comprise Pochuck gsbbro geeisi
gueiss , Nyram granite gnsiss , Pick.ri i
gneieses, and several kinds of unname

______ 
tly rolling to hilly uplands; weather

~J ?igw’es adopted by U. S. sological 8w ,ey, Geologic 1 s  C~~~ittee , 1958, except for 
~J Rar i tan  formati on of New Jersey aage of Precambrian, which ii based on en estimat, by Lerrison ~ ‘own (1957) . 
~J irumvsic ~ , Loekatoeg, and StocktoRaach and dune send , marsh and svmap deposit s , and alluvi un are all cont poreneoua, units by McI&uØ~lin (in Greeoe.eat least in pert . Catskill fo rmation nov considered

~/ 
Glacial outwme~, stratified glacial, drift of ~~lands, terminal and recessional mormines, In places it inc ludes equivs.lenand glacial tLU are all cont~~~oransous, at least in part. 2/ Locally called Pomono Island shalIn vicinity of ?rsntcm , I. I., Cape May forantiom has net been differentiated with 

~2/ Msrdinsburg shals has been calledcertainty from glacial outvsah.
1/ Geciseetfied deposits .ay be equivalent in pert to Pensaukea and ~ ‘idgston formations.

~~~~~~~~~~~ 
- -- ___________________ 

~~~~~~~~~~~~~~ 
- — — -

~ --
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-rf ini,ly ai aosous shale . Grades upward into Limeport from sanJy paz .5 ~t 2oa.atal I lain having toe 1e ua~
limestone . Forms lowlands end low hill s , f lashy character in the basin.

b]om tt. , thin-bedded and local ly clayey or shaly , seri-
1,000 — o it i~ shale , - c t  tht~ k—bedded dolomitic ll4iesto ne .

Equivalent to ledger dol om ite , Kinze rs formation , and
Vintege dol~~j te of the Piedmont pro vi nce.

Comprises a variety of more or less quartzos. rocks , in~ Not sufficiently extensive to be developed very much for
eluding sandst one , congl omerate , quartzite , chart , hard ground—water sup plies. Most abundant water is in highly
shale , and micac eous quartz schist. Forms ridge s or frac t~~ed zones near faults and near contacts with200 ± abrupt slopes at valley margins and weathers to thin soils underlying gneiss . Water is low in dissolved-solids
of gray to grayish-brown stony loam . Approximately cont.nt. and very soft . Most driU.ed wells in the
equ ivalent to Pot ietam sandstone , Nsrp.rs schi st , and Chic~~~ quartaite of the Piedmont prov inc e are less than
Chick ies quartzi te of the Piedmont provi nce which are 

~oo f..t deep and yield about 5-20 grm.
as much as 1,500 feet in total thic ks.esa.

Micaceous qua rtztte end schiat; a few thin beds of sandstone Contains water in open fractures and also in inter granula r
k 2 ,000 

near top . Formation contains less feld spar end is less pore spaces in weathered zoos . Porosity and permeability
metamorphosed than the Wissahickon fo rmation but is generally dec rease wi th depth so that , with few excep-
ot herw ise similar . tions, little water can be obtained below about 300 feet .

__________ _________________ - (k’illed wells used for munic ipal or industrial supplies
Most widespread of the crystalline rocks in the Piedmont yield 20—100 gr or even more; most drilled domestic

province . Comprises schist , gneiss , phyl lite , and- quartz- wells will yield 2.20 gpe . Water usually contains less
its end includes masses of grsn it leto gsbbrolc rocks , than 150 g~m of dissolved solids and is very soft , bu’
ultr snaf ic rocks , sad pegeatits dikss . Micas are th in a few pisces it has objectionable quantities of di.-
most Important minerals in the sch ist and gusi as ; oth’er solved iron. Owing in large part to the moderately

8,000 ± important constituents are feldspar , quartz, chlorite , - . high infiltration capacity of the soils and the compar-
and garnet . Consists mostly of aet~~~rphosed sedisent- atively large avai lable ground water storage capacity
ary roc ks bu includes also some rocks of igneous orig in , in the thick weathered zone , about two-thirds of tt~-
I~ gree of metamorphima tncrsas .s southeastward. forms runoff from the outcrop cons ists of base flow--largely
dissected up land; weathers to yell ow, brown, or red ground—water discharge .
soils which are thick on broad interstre am creas but
thin on steep slopes .

Contains water in solution openings, joints , and, espec-
ially in lenses of limy schi st , b*tvsen grains. Thick
weathered zone also cont ains substantial qusntit tee of

Massive medim- to coarse-grained white to bluish-gr ey water . Like neat carbonate rocks , it Is an erratic
+ sugary marble • in places containing lense s of limy *ica ‘water producer . Some we lls reported yield 100-400 gça;

schi st . Scattered , irregular exposures in valleys In but others in zoos. where fractures and solution open-
Piedmont province. Weathered zone of clay i5 c~~~~niy jogs are scarce or absent may yield only a few gallons
thicker than 50 feet . per minute . uater is hard a~d requires softenin g for

s~~e uses.

QiJartl ite , quartzitic schi st , and mica gneiss. Forms low
1,000 ridg es and slo pes bordsrthg valleys underlain by Yields amall supplies of water of good quality from

fracture s .Cock eyev-t l ls marble .

~ZZZ ~~~~~~~~~~~~~~~~ Mediom- to coerse-grained crystalline rocks including 
—-_____________________________

granite , quartz monzonlte , granodlorite , quart z diorite .
d ior lte , anort hosite , and gebbro ; c~~~only somewhat
gxieiaaose ; locell.y massive , not differentiated from Contains water in fracture s and , near the land sur fac e ,

Indefinite various gneisse s of Precambr ian age , or from Gl.enarm in intergranular openings in weathered rock.
ks series , where intimately ~ gre4ations.lly associated with

those units . Probably of both igneous and mst~~~ rphic
orig in . Forms gently rolli ng to hil ly uplands;
w eathers to san~y clay or clay .

• Chief ly serpentine, metapyroxenite, end astaperidotite;cka Indefinite all masses at scattered localities in Piedmont Contains amai,l quantities of water in fractures. Water
~~land . Forms barren , rocky outcrops on low hills end is hard and of the a.gnesit bicarbonate type.
ridge s .

Coarse- to fine-grained marble or dol~~itic marbl.e 10- Contains a1l to moderate quantities of bard water in

~~~~ vn cafly containing graphite and other minerals . ~~ali ~ointa end generally st ar se solution openings. lot a
masses associated with gneiss of Precambrian age. significant so~ :~~e ~f water because of its limited exten ’

-i -— —---—_____________________________________________________ —- - - — --- ---— - ____________________________________ —

Most ly esdiom- to coerae-grainsd gneissose rocks ranging
from light-colored rocks having abundant quart z and felt.!-
spar to dark rocks cont aining abundant iron— and aagn.sitm Contain water in weathered end fractured zones. As in
bear ing minerals. Include rocks of metasedimentary, neta- other crystalline rocks , porosity end permeability gem-

ocks igneous , end igneous origin , end complex mixtures of these orally d.c reese vith depth. Generally ste llar to
types. Comprise Pochuck gabbro gnsiss , Loss. diorite Wissehi ckon formation in well y ields , chemical chara cter
gneiss , lyram granite gesiss , Pickering and Balt imore of water , and strea mf lov character istics of outcrop .
gneiss .s , and several kinds of unn~~~d gneiss. Form gen-
t ly rolling to hilly uplands; weather to sandy clay or clay.

58, except for 
~J Raritan fo rmat ion of Rev Jersey may include equivalents of Patapsco and Patuxent formations of~~~ lsware .
JJ lrunvsick , lockatong, end Btoekton formations considered as lithofac i.e , rather than dist inct st rat igraphicporsneous , unitm by McLaughlin (in Greeamsa, 1955).

Catskill for mation nov considered as a cont inental phas. or fs .ciss by most geolo gists familiar with the area.liomal mors.in es, In places it includes equivalent s of the Port
2/ Locally caLled Pomono Island sha1. (of visi t, 1~ge~~~oup and the Naksntango formation (tible 6.)

lated with 
~ / Mart insburg shale baa been called a formation or a group by some geologists working in the area (tab le 6)

n formations .

- - -
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5 ~~~~~~-~_ _

‘ \ ?ab~a ~~
. 
_ .

~~~~ressntati~~ ch ical en~~~~~s of water ii ~~~oa.o~~4ated sed~~~~~s ~~ Appa~~~10t’° Uigh~~n~~

p 
(Concentration. in r rts per i~i11ion)

Sodi,ri Potas- Bicar- Sulfate
A~~l Depth Date of Peeper- Sili ca Iron Man- Cal- 

st siam bonate
yeds J County and state 

f .et 
co llection attn . 

(8i02) (Fe ) (Mn ) (Ca) (Mg) (Ma) (x) 
— 

(~~03) ( 50(4 )

1 _ _ _ _  _ _ _ _ _ _  1_ J ~~~~~16 < 2
~~~~~~,nro , Pt. -- 9.22.30 ~~~~~~~~ -- -- -- 2 ::~ 

::: — — — 25 lIt
2 Wayne , Pa. 28 9-20.30 60 -- -- -- “ -. — -  -- 133
3 Orange, M. Y. 110 8.7..147 -- -- .18 0.01 -- -. - - - - 33 --(4 Bullsvan . S. “. 57 14.19.56 -- .10 -- -- 15
5 Delaware , 1~. ‘

~. 166 7.10-106 -- . .15 .015 -- 8 ::_ _ :: 
_~~~~6 Delaware , N , Y. 70 5.18.149 -- 8.5 .15 -- 16 ‘~~‘ ____________

1~).--MspreeentatiYe cba~ ical sna2~S.s of water in conaolid.ated rocks in Appa1*i~i1as Ltg~~1,.nI

~Conceetretiona in 205.4/c per utill ion)

Anal - Depth Date of Temper- Silica Iron Man. Cal. Mapfle- Sodiiaii Potas - Bicsr . Sulfate

~~~1J. County and uta te co llection ature genese ciam Siam siam bonat4’
nt .  ( feet) °F ( 5102 ) (Fe ) (an) (Ca) (Mg) (Na) (x) (~ o~

) ( sr’()

Martinaburg shale

~~ J Lebigb, Pa. 75 11.18.5(4 5(4 —- - l.Ip —- —— —— — — (4 .3 — — 62 6:
_~~ j Lehigh P~. 129 11-14-514 5(4 -. 1 .33 I —— — .  — — 3.6 — — — 51o 3(4

Catek il ’ form ation

~ ~8chuy1 kt11 , Pa. 120 5-k -149 (49 7.5 .17 .. 5.0 ~~~ ‘,9 ~ I ~
~ Wayne, Pt. 238 9— 19.30 52 13 .01 .. 28 ~.8 20 2. 14 ioh 23

Lockat ng ‘orI~~tion

~ ~~~~ 9~ ’ F 330 F 14—22— 53 ~~~~~~~~ 114 ‘~~~~ —— 1 25 15 7.0 .6 120
~~~j Buck., Ps. I -- I 1o~~i6.53 53 I 13 .29 —. I 50 1-5 15 1.2 1714 I 5~’ I

Stockt on fotamtion

‘~fl Cheete r , Pa. 752 6.7.56 -- 26 .114 0.01 145 214 — — 17 — — — 127 1 1 3
8 Mnntgomery, Pa. -. 6.28.56 -. 30 .17 .00 59 17 — — 17 -. — 151’ I
9 Bucks , Pa. -— 3—2 (4.53 5(4 18 .66 -- 17 8.3 .8 151, I

10 Bucks , Pa. -- 14-17-53 514 15 .0~4 -. 30 9.9 37 3 .5 (49 ‘7
ii Buck., Pa. 227 14.9.53 5~ 20 .- 5 -- 22 6.7 12 1 72 34
12 Merce r, (3. J. 372 9.27-149 -- 27 .03~~ -- 27 6.8 12 1.7 ~8 j~~o

Brunsw ick !Cramtfo n
T~’ Montgoasry, Pa. 100 14.21-49 54 20 T .17 -- 52 

~~~ ~i 3 , !~ (98 23
114 lucks , Pa . 300 3.25.53 52 22 J 1.3 —— 77 18 13 1.0 1610
15 Buck., Pa. 303 14.7.53 53 19 I 1.1 -- 37 i6 1~ 3 , 8 yp
!L. Bucks , Pa. 511 9—8-53 _______ 17 

~ 
.010 -— 149 114 ~ .6 is6 

_________

Carbonate rocks

~~~~~~~ 
lancaste r , Pa. 105 9.2(4.25 7.9 .10 -- 72 9, 1, Ii  7.1 17 30

O - 18 ~~~ks, Pa. 14-114-53 54 7.2 .08 —— 6~ 36 18 .2 317 15
19 Lehigh, Pa. 175 5.15-53 58 9.8 .01 .. —— — . — — 6.5 — — — 13(4 2 .3
20 Lehigh, Ps. 100 5.12-53 52 6.o .~~~ . -- — — 3,5 — — -  108 8.14
21 Lehigh, Pa. 314 1-6-55 50 

_______ 
.63 -- -- -. — — 14.2 — - — ______

- Diabsee
~~~~f$eet~~amry, Pa. 350 (4-21-109 -- ~1 LO -- 22 

~.5 6.1 .9 75 
- 

25
23 Ileeka, Ps. 765 (4 ..8..53 55 25 • - .14 -- 914 9.1 4 .14 1.0 126 169

• ~~~~~~~ Pa. 
______ ~~~~~~~ - if!S 

16 1. 14 
—~~~~ 148 15 11 2.3 (96 314

- _ _  _ _ _  _ _  

(I.else
‘!!“ ~~seter, ~~~ 9.25.25 -- — 

31 ~ .31 ‘. 
- -  ( 47 7  

- 

2.3 (4 3 9 30 3.7t6 B~~ts, Ps. 226 9-7-53 53 8.y 1 .29 -- 2.9 1.3 5.0 1.3 8 .3
27 leeks , Pa. 198 14—9.53 15 I 1.1 .. 18 7.0 16 3.3 (06 9.5PS Lehigh, Ps. 250 12 -51o ~3 -. I .61 -. -- -- — - 2.6 — — - 145 5 .6

-~~~~~~~ Lshieh Ps. 90 12-7-54 53 
— -- -. -— -- — — 2.1 — — — 29 29

Chickies (4amrtzite
30 Chester, Ps. I ~ F 10-1-25 1 53 7.6 0~1(4 j .. 1I.6 3.9 I 6.2 I 1.14 I 5.k I 14.2 3
jl leeke, Pa. I 50~ 1 9—7-53 53 17 1.6 I -- 25 5.1 i 14.5 I 3.8 i ~ i



- —_ _ _ _ _ _ _  —- ----~~~~--~ - _ _

~pr.sentattv chu icsl analyses of vater to uacoaaolidated se~i t s  ~~~~~~~~~~~~ 
B L E  9~~j

(Concentrations In ~.rts per utillion)

_____  
____  _ _ _ _ _ _ _  ffardness I -

— 

‘Peeper- Silica Iron Man. 

— 

Cal- tiagne. Sodisan Potal- Bic&r.~ Sult’ste Chlor- TIucr- ~t~; 
DII. 

_____

• attn. ~~nes~ clam slam 
~ ( (3003) (504) (Ci) (~) (leD3 ) solids car- I

Op (Sio2) (P.) (Mn) (Ca) (Mg) (Na ) ( , 
_____ 

_____ —

1 — -- 16 <2  1.0 - - 
— 

~! 18 -
~
-
~rr- 

—

— -. -. S -- 1 — — — 25 lIt 14 .0 -- 2. 14 50 140 -- --
6o -. -- -• 

‘
~ 

-- 
- 133 10.1 2 .14 -- ._ 144 88 .. 7.9

-- .. .18 0.01 .. -- .- - -- 7.8 -- 1.8 -- 58 ..
-- -. .10 -- —— — - 

- - 15 8.9 .8 .. -- 33 28 -- 6.

— 
:: ~:5 :~ _:°~~ ~~ 2 .8 — — - 5 . 7  — - - 52 14 .1 10 .5 0.0 _ __~~~ __ 914 j~._. ......2_ 1:2..

~hla 10...lepresentati ’~~ chamical anslj ss of water in coneolidated rocks in Appalacktia* aiglilsnds 
-

~Conceiitrationa in ror$,s per uttllion)

Hardness -

Temper- Silica Iron Man- Cal- Map~’e- Sodiam Potas- Bicar. Sulfate C1S - -- Fluor. 131- Dl... as CaCO 3
on ature genese clam siam siam bonate ide Ida trots solvpd eon.

(8107) (Fe) (en) (Ca) (Mg) (Ne) (IC ) (5C03) ( SOI4 ) (Cl) (F) (1303) so~ (-~c T’ta car— pH
bonate

Martineburg shale

14 — -  l i t  —- _ 14,3 — — —  62 61 -- 7.8 —- 121 70 7.7
54 -. I ~ I .. .— — -  — — 3.6 — — — 314 5 -- ‘5 -. 91 47 6 .6 

-

Catekl 1’ f~o reation

109 1 7.5 .17 I -- 1 5.0 3~~ 179 .7 8 12 3.5 0 12 53 28 I 22 6. 2
52 1 13 .01 1 ~~- I :8 14.8 J 20 2 .4 1010 23 20 —. 3.0 176 90 [ 4 --

Iz,ekat ng ‘oration

F~3~ ~ 1k I .014 I -. 1 25 15 J 7.0 .6 120 F 38 7.0 0.0 2.1 229 I 132 33 7.14
1 53 I 13 .29 -. 1 15 j 15 1,2 174 1 514 ~.f- .1. .1 274 j 186 I~4

Stockton ro,~~ t ion
— 

--  26 .114 0.01 1s5 214 — — 17 — — — i~~~~~~~1~ l23 9.5 .1 2.7 3(46 ~ 1T i.6:?— •
~T~’30 .17 .00 59 17 — — 17 — — — 15(4 107 48. .1 (48 351 217 91 7. -

51i 18 .66 -- ‘~9 17 8. 3 .8 1514 19 8.5 .0 5.5 195 142 16 7.7’
15 .0(4 ~ - 30 9.9 37 3.5 148 72 54 .0 i6 304 116 76 6.a

5~ 20 . 5  -- 22 6.7 12 1 72 314 10 .0 1.2 i~6 ~~ 23 6.7
-- 27 .03 -- 27 6. 8 12 1.7 88 

— 
20 11 .0 12 158 ._.2L ..~~~~~~~ -~~~~~~

Brunswick 
~‘oruiatlon

54 20 T .17 52 13 11 1~~ 
— 

198 23 7.0 .0 12 2~2 T~~ ~T ~~52 22 j 1 . 3 -- 77 18 13 1.0 1614 1144 7.0 .3  2 .8 381 266 l~~ 7 .7
53 19 I 1.1 -- 37 i6 13 1.8 172 31 10 .1 1.8 217 158 17 7.14

— 16 17 
~~ 

.014 __ 49 14 26 .6 156 _ j ~ 22 .1 21 311 180 ~~~~ __ ~~~~~~

Carbonate rocks
— 7.9 .10 -- 72 9.14 11 J 7.1 217 30 22 -. 1.0 290 219 Ito

51’ 7.2 .08 .~ _ 65 36 18 I 2 .2  312 15 46 .. 22 397 310 55 7.1)
58 9.8 .01 .. -. — — 6.5 — — — 1314 2.3 10.0 -- .3 1010 0 7.9
52 6.o .~~~ -- .- -- - — 3.5 — — — 108 8.14 Is., -. 10 -- 1014 16 7.7

— 5° ______ .63 .- .- — -  — . — 258 92 7 -. 15 -- 

~~~ ~
-- 31 1.0 -— 22 ~.6 6.1 .9 78 25 12 . i T ~ .2 1144 

- —

~~~ r 
jii— ‘

~~~~55 25 .14 —. 914 9.1 10.14 1.0 126 169 2.2 .1 I .3 398 272 169 7 5
_____ i8 1.14 -- 148 15 U 2.3 196 ~4 8.~ .1 j 3.7 2107 181 21 J~

— -— 31 ~ .3]. - . .. .. 14.7’ 
— 

2. 3 14 .3 .9 30 3.7 2.1 -. 1.5 67 
- 

~ 5T ~~53 8.7 .2, -. 2.9 1.3 5.0 1.3 8 .3 7.0 0.0 7.9 51 13 6 5. 1054 i~ 1 1.1 .. 18 7.0 16 3.3 106 9.5 8.0 .1 5.8 138 74 0 6.8
-— I ,ul .. .. —— — — 2.6 — — — 145 5.6 1 -- 3.1 -- 141 14 7.9

— 
51 .- j~i.5 -- .- -. - - 2.1 — - 29 29 1 -. 110 -- 62 JL 6.6

Chick ie. ~anrtzit —

1 53 7.6 0. 114 .. j 14.6 3.9 6.2 1.14 I 5.14 - 1 14.2 10 1 — I 23 1 64 27 27 --i 53 11 I 1.6 1 -- I 25 5.1 I h.~ 3.8 I 8~ I 11. 8.0 I .~~ 1 .
~~ I 122 1 83 I 18 17.1

W4 .kl,.l.... ,



no. ~r~e t j  ‘ ‘~~~~~ “‘ -~ ‘r’~~~ ~~
,.-; .-. , ,

~~~

_ ,  -

-- 9.22-~~~~ ~~~~~~~~~~~ 
-- .. .. 2 - -- ::: 1

~~~ ::~~~~ 
<

1~ 

—

2 Wayne , P. . 28 9-20-30 60 . . 7 
— -  - - 13 3 10. 1

3 Orange, (3. Y. 110 8.7-47 -. .. .18 0.01 —. 
- - - 3 --

14 SullIvan, It. ~~ 57 It. )9-56 -- .. .10 -- —- 15 8.9
5 Delaware , II. Y. 166 7.10-46 -- -. .15 .015 __ : ._  — :: 52 14.1
6 D.lsvare, 13. Y. j 70 _ i8.~~~_ -- 8.5 .15 .. 16 .~~ 5.1  ______ _______ —

?s~la 10. --I presentati~’s cbseical analyses of water in co~aoU4ated rocks in App&lscbiaa a1g1015n411

~Concentrst iona in ray -f e per eillion )

Anal- Depth Date of Temper. Silica Iron Man. Cal. tkapne. Sodiam Potas- BIc.r- Sulfate C
e~js County and state colLectiort atUl’~ ganese clam slam slam bonete

- nt.. ( feet) 0p (sio7 ) (Fe) (inn) (Ca) (Mg ) (Na) (it ) (~~03) ( sos )
— 

Martin ebu rg shale

~~ Lehigh, Pa. 75 11-1t~-54 ‘ 514 -- 1.14 —- — —- — — 10 .3 — — — 62 61
- Lehigh, Pa . 129 li.. lt_ 5 10 54 -. .33 -- .- — -  — — 3.6 — — — 514 3I~

Cateki’ ’ ~orat ion

3 I Soboy lkill . Pa. 120 5.1.49 109 
~~~~ 

.17 -- 5.0 1.9 .7 8 12
• I~ j wayne, P.. 238 9.19-30 5~ 13 .01 .. 28 14.8 20 2. 14 1014 23

I~ ekat ng ‘oration

5 IBuc ite , P.. 1 330 I 4.22—53 53 14 .0k .. 2F 15 1 7.0 .6 120 38
6 j 13ucke , Pa. I -. 1 4.16—53 5’~ 13 .29 —- 50 15 I 15 1.2 I 1714 514

Stockton ~O ramt iOfl

T Cbe,te rT”Pi,~ 752 5.7-56 -- 26 .114 0.01 145 24 127 i; 3
& Mootgosery, Pa. -- 6.28.56 -- 30 .17 .00 59 17 — — 17 — — — 1514 147
9 Bucks , Pa. -- 3.214-53 54 18 .66 -. • ‘9 17 8.3 .8 ~

,s1’
10 Bucks , P.. -. 4-17-53 51~ 15 .014 -- 30 9.9 37 3 .5  148 77
11 Bucks , Pa. 227 4.9.53 5~ 20 . 5 -- 22 6.7 12 1 77 34
12 Me rcer , N. J. 372 9.27..49 -- 2L_,, .03 -- 27 6.8 - 12 1.7 88 

_________

Brunsw ick “c~reation
3T Montgosery, Pa. 100 4-21.49 54 20 .17 -. 52 13 11 i.4 198 23 -

114 1ucIt~, 2.. 300 3.25-53 52 22 1.3 . 77 IE I 13 1.0 1614 114,14

~5 Bucks , Pa. 303 14.7.53 53 19 1.1 .. 37 16 13 1. 8 172 31
!i_ Bucks , P.. 

— 
511 9.8.51 ~6 17 .04 -. 49 lIt ~6 .6 i~6 53 -

Carbonate rock.
T~? Lancaster , P.. 105 9.24.25 ~~~~ 

.10 . 72 9.1’ 11 I 7.1 217 30 
-

16 Nenks, Ps. 4.114-53 54 7.2 1 .08 .~~ 6~ 36 18 I ~.2 312 15
19 Lehigh, Pa. 175 5—15-53 58 9.8 I .01 .. -. — — 6.5 — — — 1314 2.3

• 2C Lehigh, Ps. 100 5.12-53 52 6.0 I .00 -- .. -. - — 3 .5 — — - 108 8.14
• 21 Lehigh, Pa. 314 1-6.55 50 1 .63 -- -- — —  10.2 — - — 258 92 

-

- Diabsie

~~~~ Mo.t.nsery, Pa. 350 10.21-149 -- 31 1.0 -- T 22 — 9.6 6.1 .9 78 25 -

23 1)55k., Ps. 765 14.8-53 55 25 ‘ - 
.~~ —- I 914 9.1 10.14 1.0 126 169

,
~ ~~_ J~Desk.. P.. 

______ 
14.20.51 

- ,J~ 
18 1.14 __

~~ L 148 15 11 2,3 196 34 
-Qeetse .

rw-. 
~~~~~~~ ~~ ~t 9..254~”’ 31 .31. .. 

‘
.~
. 14.7’ 2.3 14.3 .9 30 3.7 -

t6 Bents, Pa. 226 9-7.53 53 8.7 .29 2,9 1.3 5.0 1.3 8 .3
t 27 lineRs , Pa . 198 14—9— 53 514 15 1.1 -- 18 7.0 16 3.3 106 9.5

26 Lehigh, Ps. 250 12-2.54 53 .. .61 -. .. -- — - 2 .6 — — — 145 5.6
~j  ~~~~~~~ P.. 90 12-7.510 53 ~~~~~~~~~~~~~~~ 1.5 -- -. -. — — 2.1 — — — 29 29 

-
S Chickies qamrtzi te

W Chester, Pa. 80 10.1-25 “31” — 7.~~~ r T i ~~ .. ‘

~ 
14.6 

~.T 6.2 1.14 5.14 10.2 -

,~~~~~ Desks, Pa. J 5014 9-7-53 53 
— 17 11.6 -- L2, 5.1 14.5 3.8 — 

8o 11 
-

Wissahickogi fos~ation
~~~ Castle, Del. 110 1-19.56 ~~ I 15 - .~~4 -- 11 14 .0 — — 5.6 — — — 15 “~~~ 

______

3~ Ohe.ter , Pa. 1~ s 9-21.25 -- 23 .11 -- 5.14 14,6 3.7 1.6 27 5.0
314 Delawsre, P.. 148 9.26.25 34 28 I*.1 -- 11 10.2 5.8 1.14 1t3 14.3
35 Desks , Ps. 300 4.28.53 57 214 3.14 -. 10.1 1.7 8.3 2. 14 26 9.1
~~~ Deeki, Ps. 90 1-21.511 55 

— 
20 ~15 -. 110 8.3 ~ .4 2.8 :6 18 

-

________ - 
‘—“ -- -— ~~~~~~~~~~~~~~~ - - •  -

p.



(St o,) 
• 

(p,) 
~~r ~~~~ ‘Mg) (Na ) ~~~~~~~~ ~ °4) 

~~~~~~~~~~~~~~ 

~~ USO~~ 
sulidl ca~~~~~~

H : :  ‘°‘ 
_ _ _ _  

_ _ _ _ _

~~~~ [ 
_____  

.15 .015 
2 8  ~ . - 5 7 - - -  52 4 .1 14:5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~
.

psble 10. --)pprepentatiys ch j ca). e.ns]J.es of Mater in consolidated rocks,~in Ap~pa3.scbiei. ai&14 P4! 
-

Conceatr.tjone in rarte per inil lion)

Hardness
‘~.‘~~‘er. 5t lic a Iron Man. 0.1- Ma~me. Sodiam Pot*~. Hear- Sulfate C r ’S - rl,~~r- Ni- Di... CS C~C03

1 - n  - s • ganese clam siam si ne bona te ide ide tra te eolvp.i Non-
* “ (810., ) (Fe) (un) (Ca) (Mg) (Na) (it ) (~cc3 ) (9014) (Ci) (F) (w~ ) s&~Ac T’- ta~ car- pH

Mart inebu,rg shale

-. 1.14 -- —. — -  — — I i . 3 — — — 1 6 2  61 7 ~~~~~~.. ~.e -- 121 70 7.7 
- - . .33 -- -— — -  — — 3.6 — — — 51i 314 5 1 -— 15 —- 91 147 6. &

Cats ki ’ 1’ormation

7.5 .17 -- ~ 
3. ’5 1.9 J .7 8 12 1 3 .5 0 12 53 28 22 6 .. 

13 .01 J -- [ ,-‘~~ 
10.8 20 I 2 .14 1014 23 I 20 -- 3.0 176 90 4 --

1~ ~~&~~~nR ‘oration

- , c~ 1 110 .014 -. I ~8 15 1 7.0 .6 120 j 38 I 7.0 0.0 2.1 229 I 132 33 7 • :. 

53 I 13 .~~~~ —- I so 15 I 15 1.2 1714 I 54 I ~~~ I .1 1 .1 I 2D4 L186 I 44
Stockton ~ot~~tion

26 .114 0.01 105 24 — — 17 — — — 127 123 9.5 .1 2.7 J 3106 211
- -. 30 .17 .00 59 17 — — 17 — — — 154 107 28. .1 48 351 217 91 ‘7 .

5~ 54 18 .66 .. 59 17 8.3  .8 154 19 8.5 .0 5.5 195 1102 16 ~‘.7
53 54 15 .010 -- 30 9.9 37 3 . 5  148 72 54 .0 i6 304 116 76 8.a
7 53 20 . 5 -- 22 6.7 12 1 77 314 10 .0 1.2 156 ~~ 23 6 .3  

-- 27 ,~~3 -- 27 6.8 - 12 1.7 88 20 ii .0 12 i~8 ~~~~~~~ •~~~~ _ ~~~~~~

Brunsw ick 
~or~nation

510 20 .17’ -. 52 ‘3 U 1.14 198~~ 23 7.0 .0 12 2142 T~’ 21
52 22 1.3 __ 77 18 13 1.0 164 144 7.0 .3  2~~~~ 381 266 132 7 •7
53 19 1.1 .. 37 i6 13 1.8 172 31 10 .1 1.8 217 158 17 ~~~~~

__________ 17 .014 -. 149 11’ “ 6 .6 156 _,,~~~~
,,, 

22 .1 21 311 180 j~_ ~~~
Carbonate rocks

7.9 .10 __ [ 72 - 9. 14 11 J 7.1 217 30 22 -. 1.0 290 219 ho
53 54 7.2 .08 I 6s 36 18 U 2.2 312 15 14-6 -. 2 2  397 310 55 7.7
53 58 9.8 .01 -- I -- — — 6.5 — — — 134 2.3 4.0 -. .3 -. 1014 0 7.9
53 52 6.0 .~~~~ -. I -- -- — — 3. 5 — — .  108 8.4 4.3 -- 10 -- 104 1.6 7.7L_. 50 ______ 

.63 ..j -. -. — -  10.2 - - - ~58 92 7 -- ~ 
-. 

~~~~~~~~ 1~~ ~~~
Blabs..

-- 31 
- -— 22 9.6 6.1 .9 7ff 25 12 .i~~[ .2 1144 ~r ~~~~~ 

•7
~55 25 .I~ -- 914 9.1 11.4 1.0 126 169 •~ .2 .1 I .3 398 272 169 7.5U.,~ 2~ 

18 1.14 -- 148 15 11 2.3 )96 34 8.5 .1 j J,7 247 181 21
aaw4~~

-- 31 .33. - - ~~ . 14.7’ 2.3 10.3 .9~ 30 3,7 2,~ .. 1.T~~f ~~ r 3T T
~~~ :: 

~~~ ~ 
0:0 

~~
_ _  

:: j ...j~ :: :: :: : . 2:6 ::: 45 5.6 1 :: 3.1 :: “
~~~~~~~

°
~ 53 _ _ _  

1 
_ _ _  _ _ _ _  

_ _ _  
2 1  29 29 1 

_ _ _  
114 

_ _ _  6 2 J ~_ 6..6
CbIckie~ q55rtzit i

r— 53 1 7.6 T°’•1’~~1 -. 10.6 3,9 6.2 I 1.14 
- 

5.14 4 .2 1 10 — 1~~ 
- 

64 ~~~~~~~~~~— 53 iiI._._ I 1.6 
~ -. 23 5.1 4.5 I 3.8 Sp ij. J 8.o .14 j .3 122 

~~~~ . .....L7..~~~..Wi.sa1~j ekon t~o2~~~tion

~~~~ 51 18 .~~~~~~~~~ 
__ U h.p — — 5.6 — — — 33 11 7 .0 7.6 

- 
87 ~~ T~~ 6f23 .11 -- 5.14 14 .6 3.7 1.6 22 5.0 14.0 I -- i6 714 32 9514 28 14.1 -- 11 4.2 5.8 1.14 143 14.3 5.2 I -. ii 85 ~s 11057 214 3. 14 .. 14.i 1.7 8.3 2 .14 26 9.1 5. 14 I .1 .3 72 17 0 5.9

______ 
20 ,15 -. 110 8.3 

~~~~~ 
2.8 26 iS 

- 
16 j_ . 1 314 1514 ...~~~~~. .~~~~~... 6~~

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _  

‘.7
— - .*,_I_~~,.—•.---’•- - ‘ ..——,—~~~

.. - -—•—•,——•— .—- -

p.



U. S. GEOLOGICAL SURVEY
- — - - -  

,.. 

—
. 

.

~~ 
I

- ... ‘ -

- - *.-I S 
~~,__. ‘ ~~

EXPLANATI ON 
,

~ / . j. ..~,
C., _ _ _ _  ! ‘ ‘ / •.~~S ~ , 

S
• . , ~ Fall line —major divi sion boun dary, - . / . * 

.dashed where vague or arbitrary - .• 
-.

— — - - - - £ - . 
...

Boundary of provin ce , - . 

- . 

I ’ 
- , 

* \ ~‘:~ 
‘>

~~~~ -

— 
doshedwhere vogue • .  5 . • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-

— or arbitrary - ‘~ V • ’ ~~~~~~~~~~~~~~~ 
( . I

f~! ~~~ ~~~~~~~~
Boundary of section or sub-province ‘

dashed where vogue or arbitrary - . ~ - ‘4:- , 

-, ~f. •, ,
, . .,

• ‘ 
-

- 
~

- Southern li m it of Wisconsin g laciation 
~~~ ~

, 

— 

,,,j
~CLASSIFICATION OF UNIT S -

“~~~~~ i~~Major d ivus ” Province Section or sub-province 
. ‘ I .14

Atlontic Plo/n Coastal Plo/n .i ” f -

r . .‘ .‘• - .‘4.•_.- I Piedmont Up/and ‘s.~ 
. 

- 
.

- I . r~ ~~~~~~ -Piedmont 
. 

. t,~’. . 
.

• Piedmont or Triossic Low/and 
~~:. - 

... 
• 

~~ ~~~~ . . 
.

~~~~~
— 

‘ .. e
I.’ ‘- i -  

• 
. . . . 4~ .~~

-

I’ NewEnglond Reading prong of New England Up/and - 
- 

.
. - 

~~~~~~~~ ~~ ‘ 
.
~~~~

Appo/ochion ~~
.
• 

~~~
.

Highlands I Great Volley , 
. 

. . 
• -

ValleyondRidge - . . ‘ . 
- 

. -

(Volleys and ridges north of Blue Mountain) ‘ 
~.. .  I’~ : . - 

‘ - -- ‘ .

~: ~~~ ~~~~~~~~~~~
— 1’Southern New York section 5 . ’ ~~~~~ 

... .. - •. ..
~~

. 
~ 

. .. .

* 
. -. .

~~.- .‘.. .y, •~ .•
. ‘Ci:1r f

~t
. .

~~
. IAppalachian Plateaus - -n- 

_.. ~~~~~~~~~~ . - :  
~~~~~~~~ .. 

~~~~~~ 
q

Co/skill Mountains • .‘ ‘ , ‘j.~’~4 • --

- — 
— 

~~ — 
— 

~~ ~~~~~~~~ I

- 

-- — 
‘ - ..,. - — 

~
. 

“ \ - t\r_~ 
,q~’ v~ ~

. 
~~ 

/

— -‘ 

— 

~~

- 
‘ 

* 

-: ~ 

- 
— 

~~~ ~ 
~~~~~~~~~~~~~~~ ~~~~~ ~/ 

- 

- -‘ -‘ 
- 

1~
? ~~ ~~~~, ‘T

•_
•
..

.
. ..— - -

_~~~~4~~~~ ~~~,II
I” _.. ’

~~A, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - — ~.qj i-~i• ~~. ~~~~~~~~~~~~~~~~ ~ 

:, ~~~~~~ ~~~~/ ? - 
,—... 

- ~~~~~~~~~~~~~~~ 

~~ ~~~~~~~~~~~~~~~~~~
- 1 & r ~ J~~j ~ci ~~~ - /  

~ -~J- 

/ 
,- ~. * ~ ~‘ 

I i•’ J~~~~~~~
’7k1 ~~~~ ~ ~

;- —‘ 
- 

‘: 

• ~~~~~~~~~~~~~~~~ ~~ ~~~~~~~• £ ~~~~~~ ~~~~~~~ ~& e~’*’ . ~~~~~~~~~~~~~~~~~~~~~~~~..~~~~ ,. e” . I • • -  ~~
>

. • • I’1 •, - 
~ • 

-
, -

~~~~~~ . 

~~~~~~~~~~~~ ~ ~~~~~ ~~-

~~~~ 

- 
— C ‘e

~
~~.d ~~~~~~~~~ .~~~~~~~~~~~ 

•) - 
.~~~~~~~~~~~~~ 

,. .‘. ~~~~ 
- .

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ‘ k  ~i~~~~~7?”t



-

~

-- - --.-————--- —-~~~~~~~~~~ _t

* • - . 
PLATE 3

~
/ ,

~~~
.- , \  - -

. , 
5

- 

~~~
• 1~ 

- —
‘,“ ~~~ 

- S
t

-, 
:- - ~~ ~~~ 

4/~ / 2! 
~~~~~ ~~~ ~~ 7~

/ L~ 
~— -~ ~• I.-~~

’ 
S ~~~~~~ 

~~~~~~~~ ~~~~~~~~ 
I, . 

S 
~~~~~ 

~~~~~
/ .. - 

- ~~~— k

K J J\ . .. ~~~~~~~~~~~~~~ / -r ~~~~~~
- “ A 1#~l~~Ml.~ /~~~~‘ 

-
~~ 

* -
~~~ - - .

P--~~~~ I 
, • , 

- 
--- ‘

~~~ 
.
~~ - I •— -, / . }

___
_ 5

-

,

’ 
. ‘7

~~~~~~ 
‘-

~ ~~~~~ 
.5
~~~; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ -

- S - - I - 
, / • .

~ -~ I 
— 

~~ 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

‘~

• 
~~ ~~~~~~~~~~~~~~ 

- 
• 

-
“~~~~. - • ;

~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ‘~~ ~~~~~~ lb 
- I

- • 
I - 

I 

~~ 

,

- 
- 

S

_

~ ~~ 

* 
I 

- 
~ . - - -‘ 5-

.. 
—

• _. - - CM

‘p’: ~~~~~~~~~~~~~~~~~~~~~~~~~ 

I
f~~

’ 
~~~~ 

~~ 

( 
,- -.i_ \----- -- _.

I -- 

~j
_
•~ ~~~~~~~~~~~~~~~~~~~ 

5
* . -

. 

-~ 
*
.

- - ~~~~
/ 

~

~ 4” ~ ~i. S /
~ ~~~~~~~~ 

S ~~
- - I;

• • - 
-~~~~ - , 7:

- I - - - - 5 -s . —. ‘-- -- / S • 
- 

* 
5 -

P.,, ,~ - 4- 1 - 1*

it. - E ~~~~ ~~~~~
‘
~~~ - —~~ 

/ - - -  * - S

~ i ‘c’- W ~~ ~~~ ~ / 
‘

~ —

- 
- 

. 5 
5
....’ 5~’ .

1’ - . - ‘ 
~ ~~:- .- • D D . ’ :,L l~:~I •. \ / .-. S 

‘

I 

~~~~~~~ ‘~~~~~~
[ 

~~
l
~~~~~/4~~ ~~

—
~~~~: /

‘
~~~ ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~
/‘

~~‘ ~~~~~~~~ 
N,~’ * ‘— .

aimi ‘ M ± ~~~~ j 14~ ~~~ I 
— 

—

~ ~~~~~~~~~~ ~~r~4 ~~~~ 
‘ • —

~~~~~~ 

- S . 
~~~~~~~~~~ 

~~~~~~~~~~~

___ ___ 
7 I‘SQ~* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J ( 

—

5*. 
~
, j  

‘

~~~~~~~~ : 

:‘;;;il

I S

4 P 4. ( 1  j~.* / — ..
~~~

~. ~~~. 
—

~~~~ * -, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~ 

-
, 

~~~~
S 4

;

4
/

***~~~
.,

* 
5. ~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _ _  

“~~~~~~~~~~ / 1/~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~ 

\
~~~~~~~~~~~~~~~



* “ ~•; ~~~~~~~~ • 
•. 

, ~~~~~~~~~~~ I~i•. ~V ’~~ ~~~~ • i 1~~~~
-
~~~ 

-F qq-

~~~ ~~~~ 

$ 

~~~~~~~~~~ ~~~ 

~~ 
,~~
.

• 

,~~~~~~~~~~~~~~~~~~~~~~ l. 

_ _

6

/ ~~~ 
..- - ~

t ,,.i10, j  ~~ ~~~~~~~~~~~~~~~~ .
. 

S
.

.
.

~~~~~~~~~~ *,, .. b. . . S - -I. )~~~~Pt h.~~~~~~’~~ . . .

~~~~~~~ 

~ 
- 
-- 

~~~~~~~~~~~~~ AL~~~~~~~~~~~~~~~~~r~~ 
:~~~

.( 
~~~

: “
~~~~~~~~~~~~~~~~~~~~~~~~~ • J ~~

- 
5 - 

- 
- .4

~~~ ~~~~~~~~~~~~~ A~~ 
:- ~:: --- 

•
. ~ - ~, .5 ~~~~~~~~ - I

— — I- 
-
~~ - - 

~ 

1 # _ 
‘

— 5. 15* ~~~~~~~ .* 
—‘ /

_:~~~ :
—

~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~ :‘~ ~~ 

~~~ 

~~~~~

Reoth n( pron g - 

~~~~~~~~~~~
‘ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ e’TP°~.- • - - 

S 

~~ 
•

~,
- 

-

S 
~~~~~~~~~~

*—. ~~ ‘~~‘—~~~~~~

, - 

~~~~~~~~~ L ‘- ~~~ 0 .
- 5 .5 

~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~ i 
~~~~~ ~~~~

~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-

~~~~~~~~~~~~~~~~~~~~~~~~
---

— 

-5- 
13, ~~~~~ ‘ LL . ’1cJ~~~~ t1 

~~~~~~ - -5.

- 
‘~ 

,, .~ ~~~~~~~~ -

~~~~~~~~~~~~~~~ ‘-:
~ 

.

~~~~~~~~~~~ 

~~~ 

-- I •. . ..~~~~~ c’.
~~~~~~~

*4:..I*~
b... ~~~~~~~~~~~~~~~~~~ .5 5 .

$;
_ 

~f ~4 :‘~~~~~~~ 
‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~ j~~~~~~~
1 A

— ‘i.: 
~
. ~~~~L-~ - •*Ie 

~ 
_

~~

. <~~ ...JI \ A ~

~~ 

- ,-‘r ’ .~~~ ~~~~~~~~~~~~~~~~~~~ _.. ~~~~ .
.. ~~ 7~; ;

: P

,
.. 

;
*I c 

.

5 ./

— /
- 

~~ ~~~~ _ 
\ 

/ 
I ~~‘ 

‘~~~~~~~~~~ 
, 

_l~~~ 

~~~~~~~ 
‘ 

‘.4

~~ l / ‘.

~~~ ~~~~~~~~~~~~~~~~~~~~ 
cf

’

~*. ” )  .5 ; .
, 

•

“ / -r .

~-. 3 ‘ S - / • _ - - - - - L “t ~

-“-I • ‘
~~~ 

. ( _ #• _ ‘•t~j _ . , • . ) 7 ~ - 
- ~I%~~

5- 

~~ I 
* i5. ~ 

‘:‘~
:
~*.

- 
4 - ‘ - S * ~ ~~~~~~

7

L ‘~
I 

- 

-* 

— - - 
\:r 

-.
~; 

~~~~ c~~ 
~~~~~ 

... 

‘

I 

~ 
.

is 
\-.~~~ 

~~IIP 
‘ 

— - 

~~ :~ 
~
btIC.;.:S

cc>I I S ~



.,j~~’t, 
, 

~I

a I ~~~~~~

~~~~~ ~L~1f~~ 3 7 k~4~J /  N 7 — - ,  ~~

~~ ~~~~~~~~~~~~~~~~~ ‘ L s~
/1 ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~

- - 

i . t
.t i~.q ~* 

/‘ 
~~~~

~~ ~~
>,‘ t,

• 421 
- 

.. ::~~/ /~
r -

~~~~~~

-

~ 
-
~~ 

~~~~~~~~~~ p~:r — -  
- -, — —--‘.

~: ~~~ 
—

~~~~~~~~~

_~~~~~
_
~~~~~~

( -
~~ 

~~~~ .~~~~~
- 

.
~~~~~~

‘
. . - • . • • . .. ~~~~~~~- - ~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

.5 7 - ) -, S
.~~ 

— 
~~~
‘ . 

- 
- - pi~. 

J - 
I 5-~~~~~ *’ — —

- -5 - 

~ ~~~~~~~~~~~~~~• 
‘ , 

*
5 ~~~ ‘~~- ~~~ ~

-5
’ , 

S - - 5 5 )  

- 
• 

~~~~~~~~ • 
~~~~~~~ 

- -‘- I
-

~ / ~~~~~~~ 
(
~I/ 

, / 
I 

— 

*

:~~
-
~~~~

-
~~ 

- \~
7\ 

55

~~~~~~~ ~ r ’ 
~~

— ... 1 
— 

_.
-=

~ ~~~ 
-‘ - , 

~~ 

“ 
~~~~~~~~~~~~~~~~~ 

e 

,

~:Y’ E — ~~~~~~~~ 
- K’ I.; ~

4

_ -

~~~~ W - _; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

~~~~~~~~~~~~ -

5-- 
.5

-. 

~ - 
-: 

~
, 

/ — -- •~~~
{
~~~ 

~~~~
- ~~~

5.%
~~~~~:~~~~ .:* , -‘-5

‘

~~
•

It•.~ 

~~~ 
. 

— 

.i S
.-
. 

•
~~~~~~~~~~~~

S -\/ 
~~ 

~
‘ N -

~
•;

~ -~
- ~~~ ,. 

-

~~~~~~~~~~~~~~ ? — 

~~~

- 

~‘ ~~

- 

.5 

~~

- 

/. \

“
.b, 

-
5-

-

~~ 

I•

-
’\ 

~~ 
-

~~~~~

~~~~~~~~~~~~~~~ (‘~~~~ N~~~
- 

- 

~~~~~~~~~~~~~~~~~~~~~~~ 

\ ‘ . \  ~~~~~~~~~~~~~~~~~~

~
( ‘T~~ 

1~

~r 

-~I~~-;~~~~~ Jk ~ 
-

~ 

~~~~~~ 

~~

/

~ 
~“T ~~~~~~~~~~ I 

-

/ __7,~~~~~

• 
- 

.5
( lS~~~~) Ii ~ If J ~~~~~~~~~~~~~

~~~~~~~~~ 4 

_ _ _  _ _ _ _



— - ~~~~~~ 
V —

/ 
- -, 

N\ \  if*~ (~~I~~ I’ ~~~~~~~

L~~( [

-~ — 

~~~~~~~~~~ ~~~~~~
1~ - 

~~

- 

/ 
~~~~

‘

.4 P ~ I 
-

.4 
~

. 

, ~~~~ ~-. ~~~~~~~~ f t

~~~~~~~~~~~~~~~- 

- 

C 
4;; ~~~ 

-

9 
\

- I ‘ 
~~~~~~~~~ s \

4
~~~~

j  
/1 I~ I I t /1 4

— 

~~~~~~ i
t 

~~~~~~ - \ . i
s

!

I 

s
~: ~~~~•~~~~~~~

/
.. 

- 

~ 

~ 

•

— 

~ 
I 

- 

- 

S - 
~~

- 
__
‘
\

__._
\ ~

‘
~‘~: ~~~~~~~~~~~ 

— 

-~~J~~~4

- 
.1 

- 
(

— I ‘: s ~
~TT~ ~~ .1 - .

- 
~~~~~~~~ , -

~ S 
~~~~~~~;.ci-

’)-” -’.I
~~

Mr .- 
.

5 
- k~

~~~~~~~~ ~~~~ _ _

MAP OF REGION INCLUDING THE DELAWARE RIVER BIAS
4

__________________________________ - 
-



_ _ _ _  

-

‘ 

~~~

- - ~~ I b’.~~~~

~~ ~~
- 

- ~~ ~~~~~~ \i -• 
I 

• 
~ ~~~~ 

•
.- 

~~~~ \
C~~~~~~~\ ~

‘ 

v~~ 

-

:~~
-

S._.~~~~~ 
~~ 

- 
-

, 
.1 

~~~~~~ 
- - . I - p 5 5 ~~ , -5’,..

- -
- - . . 

- 
S • - * 4 C - 

~~~~~~ 
-
~

S 

- - 

(
~
. 

• 
•
I 

~~~~~~~~~~~~~~~~~~~~~ ‘C
- 

‘,
~~~~

;- . 
~~~~~~~~~~~~~~~~~~~~ --.~..,.-.\‘.j 

-

~?4 \ ~~~~~~
I 

~~~~~~ ~~4’ -

.5 . ‘c~4 - 
- 

. ~
‘4 : - /~~~

~~~~~~

- . II / / * I* ’ I 4 1 /  # 1 4  / ~-

‘S i
-, -

‘1.~ — N: ~~~ .~~~~~~~~

~~~~~~~~~~ 
.~~~~~~~..-

- 
-~~~~

S i ’  ‘

~~
1•S . 

- S

- -~~ ~: -
, 0 10 2ONi ies

I - - ~~ —. -5-. —. —-- —=———— .—.• — - - — S t

R efined by F. H.Oimsted
- - - on bos ,i of topography

.
_~~~ : from Fennemon , N.M , 1938

- - ‘ Physi ogroph y of eastern
1 .~~~~~ 

— ‘~ 4~ Unit ed States.
_ _ _  - - J .~~I

.

ELAWARE RIVER BASIN SHOWING PHYSIOGRAPHIC UNITS
4~5

5 5 5



U.S. GEOLOGICAL SURVEY

~~ I th  ~ : : ~ ~ i f 
/ 

7/

- — - — - — 5- - -

.5 ~~~~~ 1
,

5
, 

- 

S 

- 7 ~~~ ~~~~~~~~~ 

-

~ /
5 I •-

— — I •., 
- 5 -1% 

r ’ SS.. .t \ \ _ - ~
I 

~~~~~ 5~~ 5
ft - ‘

I

I L~ — .J 
- 

I S 

—I 1 - 
- p 

~~~ ~~~~~~~
— -  I -

5 5  - ) S \ -
I I -~, - - S S

- - • I -

~ / .

~
-L.~~. I\ 5 / ) S - ‘S 

7 / 
5

‘ 
S. 

- .4/ - 
_ _SSS/ — S 

-( ‘ 
I ‘-

/ 

I S 

/ 
- -~~~~~\

\ 
-- — i~~.. c ,~ ~ -

5- 5. - 5 /
- 

S 
-- 1 j -

E ~PLAN5 ~I I N

fJ II COrI 5 IO/ , dO t#1d SOI/ I~~O S ~ * 5. J”mopped in Oreo ~~~~~~~~~~~~~ SOU ’~of 4’ OO ti / 0 / / l o d e  and west of 75 45 ’ W Io” b’ ,. Op

L Qbd L.~ 
j m S

4 1/

Beach and dune sand 
- M - . ’ s r  c ’~d n w cr ’~~ d € ~~ o~ 

1 ~ I i u 5 I um and 9 I C C I O I  OU ’ W O S h  - -
sir~ l~f e~ ~l~ c a I  d r i f t  ot up1onds öm

- - 
fl ~~~~~~~~~~ ~f ’” 5y/varno ‘f l r /u de c

Glac i al  II 
come Swamp crd marsh deposits Te rm i nal and r ec essl or .o I mOra nes aC

~ Includes 5C01/ered expasore5(~/ ~ of conso/,do~ea ,o IS - ,
v - S .  

S

Qed 7 
I Ui / s5 - - -15 * 1 4

[oil y qIa~~al i s  ‘ I Pensoukeo and Br~dgeton ~Is’~~ o t s ( s r t 5

I fK u

Sed *menis ~ 
I f t # 1 t p r l t I o i e s I  _ 5__



—4

— 
- 

S
7 

- -~~~~ S/ 
S 

5-5 -- S

. - _~s 7  .~: 
5 - S

1 
~~ I

• - 
- - - — , L.~ ~ ~ 

-
~~

‘ 
5~’ ( 5

’ 
I 

~~
___

~ 4~ /‘ - S~~I

\ 7 ;, • 

~~T ~

~~ 

/  
- 

\~~~~ 

~~~~~~ 

~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5- - 
• 

- 
-

-

‘ 

N 
- 

7 C -~~~~~ 
- 

K’ 
~~~~~~~~~~~~ 

‘ 

~~~~~~

I ‘ 
-~~~~

. - • -. ~~~~ \ l~~. °°° /IlSde
- 

- - — .~ •, ~~~~~~‘l~~m,.s 

~ l( I ‘~ ~~~~~~~- r~J \ ~ I \ ~~~
~I

N I

C \5 
-- ~\ -- ~‘°fuiuiiu~ ~~~~~~~~~~~~ S

S - 
. 

f
I 

~~~~~~~~~~~ 

__ 
. . . 7~~~~~5 . 5

I .~wr. w

S1~i

.
. I I S

--‘C _ S • • 
S .

— :* L a~ 
It -:

If .1I S 1 . Qoc

S 

5 

~~~~~~~ S 

• 
• 

~~ ~:. ~~~~~ 
-

-

• 11c - 
. ~S ~~~~ 

.)
~ ‘SS_

, 

Gao

Qoo “
~~

S 

- 

._ •‘. . :- 
1
j, 

5 ~~.n’  , 
-

~~~~~~ S S ~~~~~~~ “ ~~~~~ • . c.— . .. -

I 5 0 g ’t.ft r . 14. 51, II~
t

- - - v l~~Y Qco - - ~ ~~~~~~ 
4,

- 
S 

~~~~~~~~~~~ 
\_‘.~ 

I

.
5 

5 ~~~~~~~ /
*-  5 -5 -  

5 .

~ I • - .1 5 - 

I j
- - - —. 7-’ r r - — - - — - - 

~~~~~~~~ 
• —~ ,I4r 5 5 5 5 555 5 5

‘~ - ‘ 1  t •
S. .... 5*1. 1 iq-.

I I •
S 

~‘~~ ‘•l, ~ *‘ “~‘s I ~5 5- I •
~S -; -

N 

~~ 

I 

1.

S 
~~~~~ 

S - r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

LI,I. ~~iIb.

~

f ~
‘i
~:: 

~~ 

~

k4~ 

~~~~~~~~~~~~~~~~~~~~~~~



-

— _ _ _. -

~~~~~

-_ _ _

PLAT

~~ S S~~ 

S 

-

1,
’
~~~~~~~ - - 

-
,-

~~~~
, K’ K”

~~
‘-‘I_ø ‘ “IT ~~~~ ~~~~~~~~~~~~~

~~~~~~~~~~~ F’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “P”~Hll/fl llll u/ lluh/Ii llill~ . ~~~~~~~~~~~~ 

~I”
I s 

~~~~~~~~~~~~~~~ 
~ / ( 5’

5 5 
• : ~~~~~~~

-

I ~~ 
‘~~~ 

-

~I IS 

• Il 
~~~~ 

1 -
~~~~~

I ’  III 
- 

-

.
5 

5 5  
5 

.
-

~~~~~~

-..

a 

i~r I

i ’  
/ - S

.5 . 

S~~~~ 
- - 

- 

,1

,~ 
., 

~~ 

- 

I I 1

‘~ • ~~- 

tI~~lj 

• 

I *

~~~~~~ 

. 

S. 

-- 
S

~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ 

1 1 1  / 1 
- 

I

5 5
5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::_I
~~ ~ 

~~ ~~•5*I -

‘I 

- 
-



I

PLATE 14
74 (Ifl ’

4/ / i~

\ K’ ~ / /

I 2 -

~~ I / / ~~5.
~~~~~~

7
A 

? 
( )

I I
5

’ 

~~~~~~~~~~~~~~~~~~~~~~~~ K’ - 

~~.- 

S 

I”5 f

S 

q
~
\ 

- 5

-

~~~~ Y
~
I

I 

I ~~ ~~~~~~~~~ S /
S 

- 
- C 

- ft 1 --- .>~ I
I I ~

II S 
- s._SSi. I / I’ - I - -

/ — 
- I -/ * 

- S / ~~~ / _ S/~~ 
/

Lt - ‘ ‘ -_~~~~~~i .’ II-5 S / -. 
S

- ‘S. 
/

5/ 
~~~ 

I/~ I r S t~4
..._.~_ - “ f

L Is.... 5- / 
S

/f 
i~ I

,’.~~~

L - 5’ * -j~ >-~.5. ~~‘ S ~~~~~~~~~~~~ 
-
5 - ‘ 

~~

b .‘-.----.-~ 
S 

- ‘ 

1
’ (

~
~~ 

* - 
— - -J I \ . - — --

~ /

~~~~~ ( 
I ‘~

‘ 
- 

I 

-

~ I 
~~

S 
- 

,,. / . 4? ’OO

a’ 
~~~~~~~~~~~~~~~~~~~~~~~ 

- 

S S / 
S

0 ~~~~~~~~~~~~~~~ .
- ~~ 

- 5 - / S

I .s 
••. 

_5
’ 5 ’ S  

I
S _ I’

- 5 -  5 
~~‘ •‘I,s~~

C 

- 

~~~~~

/ 

~~I
- 5* _

S 
- - - 

~~~~~ - ‘ -
~~~ ?‘ ~~

~11J’5’~ ~~~~~~~~~~ 

I/flC.—:,5 

/ 
- 

- C 

-. — 

.. ~~ 

‘

~~~

~11d ( -‘? 
‘

- - . 

. 

~

‘ - 

•

- 
S

~ / - — 

7.-— 
5 

S 

- j  5 5 5~ 
I -

5 - “ 
‘ 

- — :

S. C’ - i  
: -

~~ ~~~~.. I 
~~~~~~~~~~~~~~ 

- ,
/ •~~~I 

-

- S P • 4 
- - — t t”-~ _________________



- --~ --

S.O IT c I S I IO L I I C  II * 5 5 S  5 , *.**“ .i * 5 , 5  — *~~S SSi S - a... -

I ~1I 5 /15*0 5. 5 / ~5 5 _ f 5  0I7 ~ / /2  Loc - 55

-
. 5 - 101/111 t,_ 5, / 0 1 1 4 5  cd mo s s p - . (5/ eo ’ t v)

S// OI #0/  I /’S  ~ fl Oe ‘Ps o/ S - I  5 / 1 f 5  ~~ 
- o~ 

S

, S9 f f S f r ( fF S d~~ ’

1 ~~~~~~~ 5. 5 5 5 * 5  5 4 5 . r . ,; S . ~~ II - ‘‘1

- 
_~~~~~ /. . .

~~~ , ~

—
‘S —

5 c S _I, S e,, S. S , _  -

~~~~~~
- —

~~ J -~~~~~ ~~~~

* - - .Je ’ s e .  - - I i

~~~ 
I— ~~~~~~~~~

Bo~ 1~7 5 ; C ’ ~ C S O *  ‘Is 0 ,,*,  
~~~~~~

—
S S 

‘.‘ 
5 

- 5 5  1 5 5 5~~~~~~ / 1 - 5 55 - 5. -S - S - - 
—

.1 , 1I 5. - . * S .,. / ‘

— 00 
1

* 
$ - ‘ ‘ • ‘ . ( , STON 

I

5._
~~ 

— 

-

~_ I 

Is :~ 
-

,_ -.. ~II/
” 

I*5* I~~~ 

~~~~~~

II

::: 

‘
~:i’:i~:~ 

I~~ 

“
~~~~~~~~~

‘
~~~pku~~~~~~~~~~ “1 ‘s Ql / 4 4 5 - 7 ”  . 5’ 

5-’ •1 - _~

IiOO.n**C5 
— 

.,l 4 ,._
~
, 

~~ 
4. S. 5- <

4 1 ;~;,_ _i~ 55* -5 
5- 4 — —  \ ‘- 

— 
- 

- . - ‘ ‘III,

/ 
-

- -

~~ 

-
-

~~~~~ / ~~~ 
~~~~~~~~~~~~~~~~~~~~~

5 - 

I. -5”;. 

~~~~~~~ 

i- - . 

- —‘S.- 

~~~~~~ ~ - 
,L.1’1’ 

— 

- — 
5 ’

S. 
- - N 

- 5— <
_‘

~~ 
5. , -,.~~~~ 

- 
- A L ‘~~ S. /

-/ ) ~~~~~~~~~~ • ‘S.J ~~~~ 
5 

5 t- —
/, 5- I’, - 4.,. -

• 
- SJ

~

5* 
4140 15 5 - ~_ ‘ -, 

5, P-S 

-
Is _ S 

~~ .11 1 
r- 

d~~~~
’ A

~~~
/ 7’ V ~ S. ~‘sI 

~ (
S n ’ . t’ ~, ~ ‘s v \ -  .$ t # . - ,.~~ ~ S

/ - N c- r ‘ 7” . V _1s~~
t5 S~ -55 C •~

14 I / ,_~ ~~~~~~~ r 
~ 

N Is ~~~~~ 
,g”~ Lamto. s

- 
* 

— S. 5- ~~~~S4 .~~ 5- $~~~~
5 — * 

_ 
- .._ ,, pIu I”~ 

5 
- ~ 

r , 4 5 -  ‘5-5 - 1  ~~~5-



~~~ ,5*l” 

~~~ ~~ W~~~~~~~~
S T
~~~~T £~ 

k5. t55:~~~~~~~~~~ ~
-
~~~~~

---r -
~ ~v ~~~~~~

- -5 
S -~~~~ S - .  - - 1~ 

~ 

..
, 

~ I ~I~I ~ 
- 

5* 5 - 

. . 

- S

I S S S  I/I 

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V~~~

- ‘I 
&%~ - S~~ 

~~~~~~~~~~~~~ k ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

‘

~~~~~ 
5”

~~~~~
’ 

— 
I,,. /

-
~ ~~ J 4 / ,  ~ ~~ ~

I ~~~~~~~~~~~~~~~~~ y
~~

,-4
~~
’
~~ ~

—

- S - .  / ~ ~~~~~~~~~~ ~I 
- / 

rI~ ~, ¶~-, ~~, i.i ç J--5 (55

- 
~ ~

1Y’t5-
~’ 

#~
. 

5 ,1* 
- 

.

,

—
.,

~~~~~~~~~~

S 

~J~~~rr.JY~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~ 

-

6 
~‘ 4.— /

Gao 
I~4 4 ~ .

I ~~ l 
_1 -S~

~: ~~~~~~~ ~~~~~~~~~~~~~~~~ 
~5,

’

/ ’  

Qoo

-
~ 

--5 — 

. — 
S 5/al S 

- - — I 
, 

~~~ 

~~~

-* 
I’ 

~~~~~~~~~~~~~~ - 

~~~~ Qt 
~ 

I I

J i r~~~~ ~ : 
,-T
~ 

~~~~~~~~ 

I i 

1
V y 5- 

‘5 1~ 
~1~~

’ 
~~ I at

’S,.

/ 

I 

I 1
I~/ 

j I/ I 
I

J / 0 . —~~~~ 
* 

5- I 1 I 
•~~
‘ .. . . 

- ‘

‘~ ~~~~~~~~~~~~ 
I I ,

~~~~

“ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - S i  

‘
• 

5- 5- 
,

- . * ‘*‘~ 

S 
- 

S
~~~~~J

°’

~ 
S

_ _ _ _ _ _ _ _ _ _ _ _ _ _  - I - ,, - S



- 

T

*.: 

- - 

7 [ ~
IT,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~ 

I 

~ 

- 

~~~~~~~~ ~ 

- 

N1:

~~~~~~

1

.

~~~~~~~~~~~~~ ~ 

°°
G~~

.
:: ~~ -. ~~~ , 

M S ’ .  -5

:~~~~~
- 

‘ 

5 - -  
. 5--  

.
~ 

- - S  -5 --5 

.. 
5 -

~~~~~~~~ 

~
‘
~I 

:: ~~ ~ 

SS

~~ -

. Y 

~~~ 
.

~ ,r ~ 
S 

~ 

5- 

‘ 

-4 5 5.- 

- 

5*

~~~~~~~~~~ 

~~;

I 

~ ~~~ 

~ ~: ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~ 

C ~ ~~~~~~~ 

-5 
— 
I
i 

~ 

: 

~ 

~ 
4 :~ ~ ~: ~ ;

~~~

~~~~II 
~~ •,,~ Gsr ~~~~~ ~ / .11 Gao 

~~~ 
.
~, 

-5 ‘I
_~~~-1~ ,~

b : ~ 
. -~ 

S 

~ 

I
~~5* S.IM 4 

1
~ ’lf’ ~ ‘

~~%Is 
~ 

S : 5-i S S . . S 5. ’

~~
, 

S 

~/ ~~—__ ~ 
• 
. S 

, r’ ~~~~ ~~~~~~ 

‘s 
~ 

I I I  

~~~~~~~ 
_ 

-5 - -
S ‘ : 

‘

-~~~~~ 

‘

- ~ ~ 

‘

~

: , S 500 ~~~~~~ 
I S ~ ‘ It ~~~ ~ 

-5 1 0 ~ S -S

I 5.5.41 , ~ .— •‘ 
Q4\ 

I~~~ 

‘ 5*0~~~
5
f;/

~ S Q, 
~~‘~~-5 

/:
~~~ ~

, 

- 
-S 

1’ ~ 

-5 V 

~~~~~~~~~~~ 
; S

~ 
I ~ :, 

-

~ 
S ~ 

~~ 
~ ~~ 

S 

~ ~~~9:;r ~ ~! ~ ~ s -/1.. .0 
‘ 

‘ ,; ~ ~ 

5- ~5 5

~~~~~~~~~~ 5/~~~~ ~~~~~~~~~~~ ‘I 
: 

:‘~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-5

/

‘ ~~~~ 
~ S_ -i~~ 

~ ‘~ ~~ ~ 

S 
~ 

• aa~~ ~l 
Qi I 

~~~~ 
~ 

. 
S

.5 . - 5* fl II ‘ a..I. ~ ~ 5- -5 i

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ ~~ ~~~ ~ 

~~ ~~ ~ 
~ :• ~ 

~ ~~~~ ~~~~ sI ~ 
~ I I I : 

~ ~~ : ~‘ ~~

-Is - c C a a  - —  i • o-~ m ~, ‘5~ 
5 -

- : V 

~~
, 

1 ‘ 

. 
I

I ;‘ S/_  
S 

S 
510.

~~~~
.

S
S H ~

-S--S
,j 

~~~4 
I 

a ~~ S

- 1 I 
I 

I 
- a 

- 
I 5’

1— ‘ 
- 

I ~~fI ~ac r 
. : ,. 414 II ~~~

1 0 4*5 
I Qp o :~~. 

I I
— . 

S . - 
, I!~~~~~~ 

m 
~ f,id~ 

:
S ~r

51—-’ - 
. 5  

-
I ’

- I — 
S 

• ‘ ‘‘~

~~Qo 

—l

~ 
5
- 5 •

_ 
‘
~ • ,A -5 1, 

-

PS - S . S S j . - - 4 -

II P 5 
5 .7 5 

5 5 - — 5— -‘ -

I , I~ 5 - • - 5  . . S IP — ~~
_ ~~~‘I -S

S S - II S S 
~~~~~ - ,

,
. l _ - 15’r.a -

S .. 
5 

.
. 

-S. ,, -
~~~ 

•
S 

• 5
5
~ 5 

I~ 
.

/ —
~i1~ ~, J

I 

10 4ra 
,~

_ 

I

— 5 
5 r ~ ...u. .10s... — 

I—.- S 
- —

Qqd 

S4LII’~~~~~~!!~~ 

pCu / I P~ V , :..: “ 

IJ I i 

I I I  

QmI



~~ 7 
‘ 

_

1 ~~~~~ ~ ~~ 
“-‘. -tS ~ - . C.—-- ~ ~---_ _ _ _ _ _•S-S~~~ ~~~ St--S 4

~ II 7 ~ 
_ 

~ / - , S S -

r ~~~
‘ 

5 .. S ~~f 5- 
-
~~~ ~~ 

5 -

~ S ,
( 

S 5 5 1 ,~
ll
; 

~ 
t I ~ 

I /~ I’

~~~~~~~~~~ ~:L ~~~~~~~~~~~~~~~~~ ~~~ -~~~~~ ~ :\~
- 

~~~ ~:_i_ 
~~~~~~~~~~~~~~~~ 

C 

~~ ~ 

?

~~~ 

5
5-!

__
__ 

~~~ 
/ / 

-

/ 

~~~~~~~~~~ 
Ii 

~~~~~~~~~~~~~~~~~~~

— 

~ 
-: 

~ 

~ -S 

S O l  
~ 

, 

~~~~

,

0 - - 
- 

/ 
- ‘ 

~ 
‘ — i S  Gs S5I . -5 s A l  C5.~ 4 - 5 . 5 - 5 -  l s S s

- P C 55 ’  * %

5* W ~
0
~*f’ , — 

- ~~~ $6  I~ SIi ‘- s . 5 - S  S 0 - S S b S i ’ y , 5- C S5~~1 *5 S~’l,’ ‘s A 
~ 4

r - 
- 

- . 151 -; — ISO 05 - — - 5 - ’ * C I5 5 Si. -

- 

~ S 4 5 5 ~ - - -  s SS S1 ‘ S - , - .1

- 5* 51 1 */ 14 / 5 5 5 C 5 . 5 - f s  0 ’ .)~ 
, s 0  14 - C ‘ 0 1 5 1 - - S - 7 1

- - ~~~. 35.1 [c o o  O s I  A?~~ ’s . I  4S ~~~‘~~ “ - ~~~ ‘/ — ‘i S 5 ~~~- 93S.  - ~~. • 5 ’1 5 ~~~I s 5 5 .~~~~~~~ 5~~

- 
C 

- 
,. 

~~. 5 5 - 4  5 1 5 4 5 5 , *0 -, 4-4,1. 4 ’ -  - e -  4- :~~ —
5* 

~~9 
~~~~~ ~ 

) C I  
15 5*

‘S,~~~~~\ 

—

~~ ~ 
I 

H

‘I” 
~~~~ 

SS 
5* 

5/ ~~~~ ~~~
I ‘ I 

I 
- “i ‘—_ ,—d.~

. 5  5 % • . — ~~~ S - -.I~~~ O 

~

‘

~: ~~~
. ~~~~ 

5

!

’ 

5 

I 
-

— ~S$ 
S S 

5 S~~• 5 , 
1 ..

N 
- 

I

,

’
(~ 4~

_ . 
5 . .  

S 

.
~~~.

. ~ S

. 

m 

/

- I 
~~~~~~~~~~ 

-
. 

~~~
- .-: . 

-
4

. 7 ~ 
S / ‘5 - S

.

, 
~~~~ 

- , . . 
. I: • 

~.. - 
S $ 

‘ 

4. III I I I 

~4,’, 
, 

-5 

5

, 
• 

‘



‘--5 

(_ 5 5

S - 
- ,C~~~s . 

_ -  - - - _ _ S SL
~~~ 

-

- 

I 
- 

-. 
5 

,I51IANTICC )C I 

- • Qoo
- ~~~~~

. -

I 
— 

.- ‘ S 
- - 

- 

- 1~
’

-, 
J ,II 

~~~~~~~ -- 

• 

S
~~~ SS~

I 
— 

.~ 
1~ 5* I

5.-’. 
0 

r~.- — i 
~~~~~

-

,

. (; .

I 
I 

L~~~~~~~~~
I

C l i~”~

55
_ — I ‘* Q/  

- Is
5 ‘1, 

. 
A,. 

- - -‘ - 
___

__
W

) 
- S

- 
- 

—
.. -c ‘~ s~ 4.5755 14

4, 

-_ 

\ 5- 

- 

-4 
-

5*-

- -SI , .- .  ~~~~~~~ ~~~~~~~ ~~~~~~~• 
S ‘‘/ 

S 

~~~~ 
-1 - .5 -

‘ 

- 

S 

- 
-

C- ~~~~~ ~~~ ‘S  - 
- 

- 
/ 

~4 ~~- . 
S S

~~~~~~ - 
~ ~S A- ~~~~ s 5 1  — 

~
, 7 —

41 - ‘- U 4
-
~ 

~~~~~ 1 
-‘

— 5 

~~~~~ 
- d~’° .1 /Is -

~ 
~‘

/ ,- - - -i -5’ s *7. L~
I r- N . .  I - .S \  ~~~~~~~~~~~~~~~~~~~~ ~

, 
~~~~~~ /~~~~~~~~~ S

- - ~~~~~~~~ / J 1 A < r 
~
‘ 

~~~~~ 
\ -  ~‘T~~ • 

- V ” --

5* 
— ~~~~~~~~ -.- . 

_
_••_ ~~ 5. - - 

~~~~~~~~~ 
- .11 •I-~ A- ~ 

-

— I ~~~~~~~si 
‘ 1 5- ~ 

0I~~~~~~~~ 

~~_

S \ ~~~~~~~~ ~~ - Is’ . S “ 
~5i ~ 

- - t
5 \ri.*si.#~p~ S ‘7- ~~~~~~~ ~~ 

.5 
7 S

- 
5-. —

*5 

~ - Si 

-? i~~ -i-
SI

> \ ~ ~ -, ,~
N ~~~~‘ - _~~ I~~~~~~~,_ ,3~ - - - -, A V ~ . S . -

~ Si I - 
- ~5- “4. ~‘ ‘5

~ 

1 
-‘ 

- - - 71 
~ *7’ J -S. 

~ V 5. 5- A < 3
0 

1 ~ ~~
-: 

~ >~
‘:~ ~~

— 
< ~~~~ -_54 

~ .5 7 \ . -C 5 0 r ;‘ - - A -4 r- 
~ - -

~~ 
<4 7 55

(7 ~ 
‘I 

~~ -
~ 

~
- 

~ ~~ 
~‘ 5-S k 

~ 
- 

, ~ ~- < K 
~~~ 

5/’
’ 

- 
A c 

- 
5’ 

~~~~ ~~~~~~~ ~ S \/

‘I _ Is ~ 
~, 

‘I ~ < 
~~~~~ ~7 - S f. S - v ‘5- 5-

5 S~~~~~~ SI A- ,~ 
A 

~ 4. -
S N t55 POI~~IIIp. - * sf15 . - ~~~ 4.- L .

~ - - - 
S A- .

~ V 1SI~~5 - \ 5-

~~~~

- S 7
V (

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

~P~j111 tItrt~ -

~ 

-‘ 
1~~~

11 
v~ 

51

I:~: : 
~~ Is 

~! ~
s( 

S. ~, 
~~ 

S. ~~ 
~ 

~~~~~~~~~~~~~~~ 

5-

- i> r s > ~
-
~~~~ ‘-~ 1 1 )”,,J S5J~~~~~~~~ 

~~~~ 
(5~~~ 5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .‘ -

r N 
< S. 1 [ ~~~~

5- 
N t. t~- ~~~

‘

- , 5 1  ~~~~~~~ .5 7 , .  - ~7,1 - ~ 1 4  N 1 4. 5 - 1
• L L -~ ./ :• A j 4. - t - 

- *7 *5

/ ,5• - —, U r > r -‘ ~ ‘ v -\ -~~~ A 
-~ - w

~~~~~~~~ 
7 ~~ 

1 - .
~ - S.

- I ~~~~~~~~~~ ‘I V L A - ,,7 1 A -~ 
- - -1 ‘1

__ ~~~~~__~__~~,__— ‘ -SI ( 1 - 1 1 “
~ -5 I A -  S )~~~~ ’ 7, / s <  

~~~~ 
..~ 

-.

S 
__, - —5-— 

4.. 1 ‘;~ 
.
~ < 

~~ ‘~ i.- -J  < ~~ —
~~ 

/ -4 551 < > -
~ ~~~

‘ 
~

4O0~~) I s  - - -  - -—  -~~~~ __ . N~~ /s5 t~~~ \ k ’ v ~~~~~X -,1 L ’ 7 A _ , .  ~~~~~~~~~~~~~~~~
5

5 l -~ °OC) 47~~S

GEOLOGIC MAP OF NORTH HALF OF DEL

‘I



. S 
•

‘~~~~~~~ 
. i•;;:. ~~~~~~~~~~~~~~~~ 

5 — 
5- ,

_
)

S/
S5*

~~
S,
.
, 

~~~~~~~ S ~~ ~~~~~ 
;

~~~~~~

7
C ~~,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~ 

_

_
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~ ~\-S 5~~~~~
4. 

- 

5 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ç

5~~. 
~~~~~~~~~~~~~~~~~~~~

0 - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~

A 

~~ ~ __

~~~~~~ J-i~ ~~~.

j  
C 

‘5
-. 

1 

w~~~)~~~~~~~~i 

~j / ~~~~~~~~~~4ç(
5- 

- 
5- 

~ - 
- ~
,,—1c~’—-~ - ~~

L_Z
~~~~~~~~~~~~~~~~

’-S
/ ~~~ •4~f 

~~ 
(1 

~~~~
I7

S. 
-, ( - 

- 

~~
5- -~~~~~~~~~~~~~~~~~~~~~~~~~ L 

S. 
_ _ _ _  

_ _ _ _~~~~~~~~~ ~ 5*5.5 5- 5. 

•!••_•__•_
_ 

~~ 

- 
— S. 

- V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
St

’

~~~~~~~~~7 55

- N. ~ 
“ 

, 

S. ~ -

~ ~ 
~~~~~~~ ~~~ 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-‘

I 
~~~~~~~~~~~ \ 

~~
. \ S . s 1 

~
, ~‘ --4 

i
.v _~ S~~~~~~~~~~~~~~~~~~~~~~~~~

’

Sj T 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

s —
- 

S/~~~~~~~~~~~~~~~~~~~ 

1 ~ A I 
~ N

SI— 
/ 

~~~~~~ 
51 

5- 

4 4  
~ 1 

I 

/ 
A 

-
‘

~~~~~~~~~~~~ 

‘ j - - :  
S. 

-
~~ 

S e~~~~
’ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

‘ — 
- - 

- 
- 

~~~~‘Ps~
\

k 0 
~ 

-~~~~0 
5 ; 5 - .~~

- —- 4~~
I -  

- 
~~~~ *~~

I5:

~ 

‘I 

7:571 ~~ 

/
57 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:~
::‘ 

~~~~~~~~~~
-‘ - 

S\ 
/ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~ 
> < -.4 ~1 b 

~ 4’ A v A ~ r

S
I — . I S 1—4 I—__-- -_. , _s4 I- —- -

DELAWARE RIVER BASIN AND NORTHERN NEW JERSEY SF

________ 
l0

5 5-—



I 
-4 

~~ ? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:

:

~.j~; 

~~
~: ~~~~~~

.. .
~ 

5.~~7 
S ~

5-/ 
~‘ 

~ ~ I 0 ~~~ 
•

~ 
~ ~‘1~’ 

0.d~a~’ W ~ 
~ I 

IC ~
‘5

~~~~~~~~~~~~~~~~~~~~~~~~ 

: 
~~~~~~~~~ ~~ ~~~~~~~~~ 

, 

~~~ 

57~~~~~~~~

’ 

Qp 
~ 

~ ~ 

I~~

~~~~~~ 

,_
5*1

L.~—2’ . 

~ 
5. 

: ~ ~ 
\I~~~~ 

~ 

w 

-S 

~ 

I

i::: 

00 ~~~~~ 

~~ 

: ~~~
—.. 

~ ~~ 

/~5* a0 

:
,

5S• ~~~~~~~~~~~ 
I 

~~~5 C~~~
5 

~ 5 5

45 

5 •4,~H 
Q$~~~~~~14~~ ~~ :~~~

‘

._ 
,~ C. ~~~~ 

~~ 

-/

~~~SS__J, 

5- 

i~ 
S 

~ 

~~~ 
1’ ~~~~ _ ~~ 

‘5* I

5c~~~
4 

,

S 

, 
~ ~ 

.1 I I 
~~ ~ 

~ ~ ~ 
s~ 5 ~ •_ _ ~~ sI ~ ~ ~ 

S 
‘ 

~ 
5-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
..

—
‘

.:

__
~~~~~~~~~~~~~~~~~~

S

” S S

/

_ 

~~~~~~~~ ~~~~~~~ ~ • .:~. f ~~ 

O r 

I I I IS P , ~ 
-i,-4_
I_ 

~

I5

~~~ :_
I

/‘
~~~_
(.I 

/~~~~~~~
,

_ ‘
~ 

‘ 

1~0~aI~’—-5 
S 

~ ,,Ci ~ 
• 4Thd ~ ~- ~ ~:- • : ~ : 

. 
~~ ~ 

~I 

I ~ 

~~1I 
I 

•

S~ 

~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-5 

51- ~ 
L~~~~~~~ . 

,~~~~~~~~~~~~~~~~~~~~~ 1 A - r.7rn
~~~~~~~~

’ ::. \ s . 
I I I s

~r’ j””—~~~ ~~~~~~~ \ ‘5 
5 t5h ~ . -

_ ~.—:‘4.- I 
~ ~

, 
I - -5 — ~. -.-~ S)

~
-
~~:‘-, S 

~~~~ . 

‘ 1 
‘ ‘f ~~- ~CA~~

-S 7 
~
, QSd .~~~~~

. ‘55:: :.: 5 
. 0~~ ’4~ I Qoo ~~~~~ ~~ 

$5 
5*. 4~- ;ss ~~~~ ‘ : ~° 1

~~ 
Is 

,

~~ . : — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N 

~~~~~~~~ 
. s

~~~~~~
.
~~~~~~~

ms .

.
::

05 

5 5 ~~ ~ 
~~~~~~

S ‘ 1~~ ~ 

~~~~~~~~~~ 
.S-.

~~
S

-
—
.S . 

~I- 

~~~~~ 
s~~~~ Si S~. ~~ 144 

~ 
‘lad -, 0~~ > 

S

D~~~J~ c4.I4 ~~~~~~ •.d 5 ’: 5 Qas .~~.. :. - ~ S ~, S Is ., ~ SC

- 
. 0.5. ~~ 5- ~.j6’ ‘ ‘ _ 

•
5 5~ ~ 45 5- ~ d ~m ~ 

S 
/ ~

:~ 
- 

_ . ~
— 

~
- — ; / 

~~~~ 
~ , ~ ~ ~ -

~ I ~~~~~~ - ‘~ ‘ 
plI li 5~ 

Q0~ . ~
_ ~~~ 

~~ ~ S . ~5 ~ 

S
•
’ 5 5 ,

5. 5 
.. 

- 
‘ I4~ : ~ ~~~~~~ 

S 

~
. ~ 7 

~ ~~~~~~~ I- 

‘ 

~ 

~ 

5 
A- ~~~~~~~~~~~~ 

-S .‘~c• ~~~~~ ~? ~ 
‘S 

~ 
‘ 

~

I 5-, 4- - 4- 5- 

J~~e
,t

~ 4 
~~~ 

*755 /s :i ~
. 4I~ 

t 
~~l 

~ ~~~

S ,~ ~ ~ -.1-S ~5 “ 7 1 e1~ 5 5 
•~, 

., ‘5
~

59C k*.mdN ~ :- q 5~ ~. 

~:. -:.“ ~ ~~ ‘~~ ~ 
305 4 

.~555
S _ 

~~~ ~~ 

::~~
.(
~;s 

~ ~ .~~:.., _ ,. ~, 
• P~ ’ . . : . 

~ 
S 

• 
14 ::-~

;
~

~~ 
= •I_•

~

’•

\ 

I 

~ ~~~ ~ ~ ~ 1~ 

‘

~ 
~ :b ~.

. 

4
~:~~: 

-

~

S 

‘~l 
~ Qa5. 

~~ 
S 

~ 
: ~ . ~

- 

~ 
~~ 

.4 
S

I S ~ ~ 
_
~ 

, 
. 

S S

~ ~ :t ~ - 

~~~~~~ 
1141545- I

/ S

I).,  

I - 
‘

~~ 

4’ 

5 ~~~~~~~ 
~47L55-~ ~~~~ 4— 

4-. ‘5~ 
Th~~~~ C43~~~ 

‘ 

I C

EY SHOWING UNCONSOLIDATED SEDIMENTS OF QUATERNAF



.5 

~;: ~ ~ 

~~ 
‘

~~~~~

-

~~~~~~ ~~
S _ ; _  

~ 
,:~ ~ 

5-

~ ~ . 5 ~ I~ 
-~ ~~~~~~~~-~~~~~~

. -- - 

S

S
~~

S 5 -5, 5 5 S~ ~ 
-S

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~S 
~~~~~~~~~~~~~~~~~~~~~~~~ 

.

5 

S

~~

S’ ~~~~~~~~~~~~~~~ 

~~~ 

s~~~~ .~~~~~~~~~~~i

5 T 5

-5 ;/ J/~4,. K’~ ~~~~~~~~ ~~ 5-~~~~, -S 

:, -
~

-
~ :~~~CI. ~~ ~ ~ I 

~ ~ ~ I , 
‘. ‘5

, _ 4.

S ,L1,sA5’I&~
P -5 

rl’ I 
°° ~~ S 

~~~~~~~~~ 
- ‘(

~ 
I. ,..o Is~~~. ~

I;~ ~ ~ 
i
;

~ _ 

~1.~’••’ 
-5 ~~~~~~ 

S 
~ ~ 

TV ~ 
I 4., -5 

- 
S 

~

5.— 5 
5 ‘~tp~1~ 

I 
S 

~~ I ~ 
I 

~ S *5 1 ~
-
p.— 

~~~

• 
S 5 ’ ~ I 

I t~ *.O. ._~ .
.5 5 p 5 L, $~~~~~•

S _ J~I •, ‘0~ 
• S 5 I ’  °° ~ 

S
•
I
~#4$A~ 

~ 

- 

p 
~~~~ ~ . 7.  

5 . ~ ~0l’ , ~ 
S ,

~ ~~~ ~~~~ 

- S  Is S~~

;~f 
‘ 

S 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I ; 
~ ~ ~ 

. P S 

1 _ 

~:/ ~ 

S “ , ! P ~
I~t_, ~~

- 
P 

~ Gpo ~ ~~ ~~
‘ s ; I ~ S W pr• 

~ 

)‘~::~ - 
0S ~ ~~~ ~ 

~~~~~~~ ~~I 
‘ 

~ 
.‘ . ~ 

S 
-5

4 
• 

pP ~ 
‘

I 

9*.s.. 

~~ 

5. 

4, 
P 

I 
~ I ~ 

, ,G v 

~ 

I- 
S 

~ 

~~~~~~ .~~..S 

~~~~~~~~ 
S 

~~~ ~ 

“ 
~ .5, 5 

5 
- 

. ~ I ~
5.4.5 I~ QI : ~~~~~ 

‘ ~ ~ 
. 

55_I ~. 
, :~i 5 I

0 ~ 

~~ ~~~~ 

-•
~
::- 

_ .~ 

‘

~~~~ 
SI g~ ~ ‘5 

~ 
4. 5 * 5 (

S :~
- 

~~~~~~~~~~~ 
o o - ~~ ~~ _ 5 r ~ ~ I ~ ~ 

~ 

~~5.

. S ; - 00 5 I ~ #
; . F

55.5- 
5 5 • P~ I 

~ S
i_ _ _ SS 

-S 
-S ~~05S ~ ..

‘I OS’ ; ‘ 
. , ... 

S 
r ~ I . - I 

~~ ~ rsI ~ 
~ •~ ‘ 

I 
~~~ 

- -

~ 

- 

~
- 
~ ~ 

5

,
, 

-5 
. 

m ~

S ‘~~~ ~ ~ 
~ 00 4’ — -  . /

~: ~ ._ ~m~
O
~

S S • :  ~ II~I ~ - < -
5

- 
5 ~

, :‘ 
~~~~~

-_ _---~C-V ~ 5’ 9’ 
- -5 _~~4* ~ , 

5 41

:~ ~, ~~ 

~~~~~~~~~
-:

‘
~~• I ~ 

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~

~~~~~~ 
*5 

51. :‘ -~~~ 

:‘ ~ )
~ 4 ’ ~ /

/-5-5
~t~(,~~~DQ 

I

-S’S .~: 
- 

~~ 

~~~~~~~ I ~ 

.:

.

S

~
5,
:
1I
.

.
.57:(: .. ~5 5 ,

5 , 

I ~~~~~~~~~~~~~~~~~
/

~~~~~~~~~ 5 I  

0

~$ 

Is ~~~~~~~ 

15 

i~ 15 
S 

1\ 
‘4/, 

~ 

~ OC 
si”

S

~

’

~~/ I

0*0 
~ 
:. .,.~~ *.‘ 5- 

5 55 ~ 5 S 5 _~~~ 5 ~ 
.•71-5 •571 

~~Qmi

~ ~~~~~~ 
I ~~~ 

~ 

Q~b 

~ ~7 — :~ ~~~ 

m: ~ 

~
Qb

~ 
~ ~~~ ~~

¶S

~ 

S 

~~~~ ~ ~~ 
S ‘ ~ 

‘ S ~ 5.0 ~~ . 
. 

/ # 1 4 4 1 / 1
C5

5 :: ‘
~~~ ,. - 

. S
~~

S 5’ 
~~~~~ 

~
_ %~ ~ .‘-‘S ~5 - pCs’ S S 

- I’ 1 4 4 #  ‘S., .

.5- 
C l  7 4 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~ II 30S 

S 74 °OO 7 3 ’ N O

JDATED SEDIMENTS OF QUATERNARY AGE

I — —



5 . 5 ____ ____

U S GEOLOGICAL SURVEY

~ ~~~~~ TRENTON
4

~~
1.7 5

5
5 

PHILADELPHPA 
~~~~~~~~~~~~ 

5’ \
\ 

\\ ~‘ S~

Is S K O  S

C A M D EN
,~~~ Is 5-’

?~~~~
5- - * 

55 0 I S ~~~S 75 .7

[) 
5’ 

5’ .7 ~~~~~~ 

I
51

~ 

S.

Is

WILMIN GTON ~~~~~~~~~~~~~ 
\ S S -

‘ 
~ - 0 5- A < r 

5’
,

‘ 4 15 
,,, S. 

- 
-
~~ 

55 
~~~~~~~~~~~~~ ~~~~~~~~~~~ Is-

Newark ‘ 
‘5 A 

>‘ 
-S 

ç I
I

Si J
I ‘ I S ~~ ~‘ 4 5’ 

‘ \ss * -, 
0 ,~~‘ _

Is
\

~~~~~~~~~~~~~~ •~~ 5’ 
-S 

0

- - ‘,‘ - S 
‘~*çrS r < ~~~~ ~ ~

. -5 
- 

-S.

I < 
~~ I 

~~~~~~~~~~~~~~~~~~~~~~~ 

~ 

~I, ~~~ 
~ 

—

I - 
.7 

‘
~/. ‘5-

\
~
”

~~ 
\ \\‘\

4 5. S. ,~

I 
1 5~~~~~~~~~~~~~~~ 

~~~

S

~~~~~\ )
S ‘

‘ 
~ /14 

5/ 7 DEL A W A  RE S A Y

~~~~~~ 

~~ 

~~~~~~~~~~~~~~~~~~~~~~~ 

S 

‘ 

~~~~~~

.

\‘~Y~ 
\\\\ \\ .L,~~~~~ 

:•

‘ 

SI

-

\4:~~\ 
\\\ \ 

- ~~~-1H~
5- TI - 

-

\:~ 
\\ 

/ 

- 

S 4  

~ ~~~~~~~~~~~~ ~~~ 

- 

5-



—~~~~~~~ - ____-—-- - - ---—S-S- -

PLAT E 5

A ~~~~~~~~~~~~
“ R4R/ rA A/ S A Y

A 
~~~~~~~~~~~~~~~~~~~~

Is ~S ~~~~~~~~~~~~~ 
‘ Long Branch

z

j 
V A  

\
S. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S. *5 
~~

‘
~~- I  ~ 

—

I < ~ ~~ ‘5S 7~’ , ~~ / 
- EXPL ANATS O P5 *

1 - 
1’ - 

5’ , ~ 
5- ‘15 -i - 

\\‘. 
- — -

- ‘5 5’ i N ‘ .~~~~. ,-~~ -
S. a

< 5-S. S. 

0 
\\~~\ 

Surf S 

—
55
~ A

— S. 5- 
r 

5- ~~ z
’

5 5-’ ‘ - 
- 5-051 S~. 

~~~

- ‘5.5 \ 
- . ‘ 15 

5 5- ~~~~~~ —
‘
~

-S —

S I • S 
S. _ 555’

.
~ - -

- 
S .5 5* “ 

- S. 
•‘~ ‘55 I’*.-’~( 

~~~~~~~~~~~~~~ ~~~~~~~~ 

- S ’ ° s - ’’-

- S 5’ 5- \
~
“ I\ ”..S

\ 

‘ , . , AT LA NTIC t I N

A 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C

-S__s__v
-S 

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

I

’

~

— 
lay

- A 
S

55—S. 
— 5SI ~. — 0 5” 5.

- ~~~~~~~~~~~~~~~ B 8 I : o ~
s . ’

/
7 

Q
I 0



1 , 
- S TRENTON

C

‘5 5- 5’ < ‘ S  
\~

- PHILADFLPH ! ~ Is - 

~ 

C -S - ,,~- 1. 
. ,\

A - S

S. 
- 

CA MDEN * 
Is ‘

5- 
) \~ ~~~~~~ 51

0 

. 

-
D 

< 5’ 
r ~~~~~~ ~~ 

-S I 
5’

‘5 

:

5’ 
~ 

<~ N 

~~~ 
A 3 A

S WILM IN GTON ~ ~~~~~ >~~~ 0~~~~~~~ ~ - - 
- - - — 5 5 1

~~~~5 .4 15 5- , , 141. S - -S 5- 7~~_ 5 S 0 ,s I.

15 -$ 
~55 

1 
- 

— 
I.\ 

‘ 5- 
5 

5- e S55 Is

I 
C

5
) A 5- 1

Is 
Is. ,s u 1

5- ~ 5-5 V S ~‘-. N - - . - ~ 
— -S- ~.

< r S. \ \
1.. s~ 5- N \ , - A 5- 5’ .

4-- 
5-

~~~,1 , 5’ ,. ‘-~~~~~~~~~~ i 
5 5.

— 
A 5-

:- ~~~~~ 
555-S S.

‘i-
, .\ * 

51 1 /5 
- - 

5-. -

5-\ 
S.

5- 

I 

‘5 

:~>‘ 
~,

0 

‘5 
—

‘ :. ‘. ~~

• 

\~~ 

5

5

11 ~ s ~ ‘ ‘\ 
\\\\~~~ 5- - 

S~

~~~ 15 4 o 5 \ \ 
\~~~~\\~ D E L A W A R E  SAY ~~~ _s

. 

S 

S

:: ~~\\ ~~~~~~~~ Is 
- 

~~I 

~: \.7 5
~~~~~~~ \

\ 

~ ~ 5- 

L
S 

~~~~*es . - -

5- 5 5 _~.I

15
5- 

4. _ __v~~~~~~~ —5 - _ I- 
‘5 5 ,

- —

S 
~~

\\\ \‘ V 
—

- 

-_v- 

-

\\ 
~~

V
-
~~~~~~7

_ I 
- 

-

FENCE D~AGR64M OF COIASTAL PLAIN IN DELAWAR E R~VE~

- 1 5 : 5.-, 555 5*~J5l~~~’ 
—- - —‘5.-- .

- - -S



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NTON 

h 

/5 0~~~

\\

S~~~~~~~~~~
5-

~~~~~~~~~~’ : 

5
,, 5

N ~~

“
“

~~

‘5-

~~’N
_v c

N~ ‘
~~~~~~~ . —- 

55 
5-

- S - 
5- 

5- 
5 

5’ C
55 ’ * - ‘~~~

S 

~~
:- 

~~~ ‘ 
5-n. 

-SI s 5~ S5 5 S I S S . * 5 1 . S . 5~~~5 * * 5 4

S — - . ~ T I A N T S ( , CIN - 
5 -

- 
55 .s57~ - Is~ IS ~_ S 0 * 5S *0,55*

Is 71 5 

— — 
— - -

- 
%

~~~~~~~~~ V~~~~~~~~~~~
S

S . ’

-

. .

— -~~~~ 
_
5_ 55

‘5 5 1 S . s s - 1 ’ .~~~55~

s_-SI 

—

~~~ -SI 

—

~~ 

v 

5* —

5 ‘5 5 5  k 0S5?w.,s, S S It ,,5 5 511 4015 0*
0~ I~~~~~S R S O S S . S j *  - * 1 : s _ 5 - C R~ isi*ss;~~s - - SC S 55 s$5$ • 55155 5 0 5 $  1 0

AIN IN DELAWARE RIVER BASIN AND ADJACENT NEW JERSEY

- 1~~~~~~~~~~~~~~~~ s 5 .C,sIs 5 — - —--- —-- -—--- —— --  - - - - -~~~ _SJ



_ _ _ _ _- 

5
55 

_ _—~~~~-------~~._~ L5.

U.a GEOLOG~~AL SURVEY 

I) 
-

‘I I 

- 

( N 
— 

~~- 5~
•
~\ ‘

~~~~~‘~5- N 5- 
. 

1... *5- ‘
~~~~~ S~~ 

(~5’ 
-

\ ,~~~~ - S. 

J 5
~
’

v 

I
l~~4~~*s 1 ss ~~~ 5-

- ( ~~~ 
~ 

I 
~~~~~~~~~~~~R E A ~~ NG

/ 

- SI [ ~~~~~~~~~~~~~~~ 
~;
‘
~ _~_ ‘~ A’

5 .
_

S. 

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,
~~~~~:

Si ~4,!~*~~5 ~ .5)755-_s - “— -‘

S 
-S.. 

~~ 
- 5$*C’5 - 

~~~~~ /S 
- 

S. = 0 ~~~~~ —~~~~ 
I ‘

—

5 

-‘ 
5 — ‘ ~~~~~555 5~

_5-
~~~ 

S. f55
~~~~- — ,

~ 5- 5, S S._./~- -
.
~

- 
—-5=— 5.- 

5 5 

55 -- 
\ ~~~

_____ _—
__ 5-5- ___

\ 
-5-5

I.— 
4 . _s , 

51~ 
‘— —- _ S 5 N — - 

--
~~ ~~~

• / 145. 
- 

5 S.~ 15 A / ~55 ‘ss_s_s 
/ ~Ø’ /5S5.~/ 

~~~~~~~~~~~ I

S ~5- 5
S55’~ -S ._s -S

- ‘~~~~ - V~~~ 5-5 - .  ~~-. -~ —

Is 
- 5— s 5 

V -- 
- 5- 5 - . 

‘- -—-5- — 7
__—

/ 
S. 

~ ,) LI 
~ 
: ~~~—

‘ 
~155 

-

4,. 
- - 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

S 

S 
~~~~ hsIs 

SI A- 
- ---u — 

- 

~~~ ~~~

/ 

- 

~~~ 

= 

~~~~~~~

~~~~~~~~~~~~~ 
~ 

- 

/ -
~~~ r ~~~

- 

- 

-
~ , ~~~~~~~~~~~~~~~~~~~~~

-~~~ 
5 ( ~ 

~~
) 

\
i 

~~~ (
f

SJ I 
5- 5

C
.

1 
I

C (
~ ~~-S~ £ 

I ~~~~~~~~~ 

/ 

) N 

~ \ ~~~~~~~ p
5- ’ 

~~i it( / ,~
/ 

S 

P 4 ’ N  h -N~~ ~~~~

‘

- 

n - ’

I .4 Ji’. T IØ f ~ -S 5, — —



- —,S--~~ _ - -5-- — _________________ 
- —- - 

_ - — --- _t~
_ 

-S S S

\ .5)

4 55 
~4 . S 3 S  I 5’ 7500’

-~~~ NS
N-.~~~

N
~~ 

~~~~~~~~~~~~~~~~~~~~~~~ 

\

~
0 \

\ 

--

~::~ 
- 

,
~ ~ 4 1 ~~~~~ 

, 

‘ 

~~ (
5-’I >‘-~: , ~~ - ~. 

I ~~~~~~~~ 

~ ~ 

~ 
. 

55 
- - - S  . 

: , .- ~ ) %

~

4 r~ 
-S 

~ 

~ 

/
/~~\~~ 

N~ 
N I ~ 

V
-

~~~~~~ ~~ 
7_ /

~~~ 

_

~~ 
\

1

4 

\ 
/ 
/

‘

\ 
~~~~~ 

S.

~~~~ ~~~~ 
~~~~ ~~~~~~~~~~~~~~ ~~ : .

~~~~ ~~~~
— 

5- 

~~~ 

I 

~~ ~ 
\) i ~ ~~~ _~~~ ~~~~ 

.5 ~ 
L ~ 

: 

~~ ~~~ 
N

~~
N 

~ -5 - 

-S

.

~ 

/ 5,

_ ~~~~~~~ 5- 

I * 

~~~~~~ ~‘- ~~~~ ~~~ 

S 
on,d ~~ 

~~~~~~~~~~~~ ~~~~ 

4. 

. 

~~~~~~~~~~~~~~~ ~~~ ~~ ~~~ 

\ 

C

SI. 
~
_ \.-5\~ ~~~~~~~~~ ~~ 

.5. -5 
. 

-5
,5\5-_

h5 -S 
5
~
5
~fl - ‘ : ~ -S . 4 5; b~ ‘ ~ ~ • ~ 

• . . - , ~ - ~ 
. 

-S -S 
• S 

• ~ 

_ . 
• 
. 

• , , S 
‘ I ‘ -S

‘ 5-— 
5- _55I_ ~ ~~ ~ J 0.~~ • ~

S_$ 
~ ~~ ‘4

14 s_0.g (S., 14 1~ ~1, n ?5,: ~L C—
V. , I S~~~ S_~ 5 5 5 5 ~~~~ ~~~~~~~~~~~~~~ . . ~~~~~~~~~~~~~~~ ‘5-.’ ‘ ~ .

— 

_ ) ~ ‘SI~ ( 

tI / -
~ SI C •

~—:
— 5- — ‘.1,5 • ,. 4 

/
4 ~i4

/ C’s’... , ~
11 

~— 
— ,

— — 
I,. ~ ~~~~~~~ 

~~ ~~~~~~ 

‘I

1 51 - 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ,
‘ .

~~~~
• .-~~

-:
~ -:

/ 5 , 5 *  ~ C _________ ,~ I •
— 15 

~ ~~~~ ~~~•j~,J5s7 1 •i
~~ i’ ~ ‘7~•~ ft — ‘ 

I~~

4 - .,‘ — • 
S 

~~~ ‘
~ s”5” -S 

•_
F . - 

~~~~~ 

- S 4  - ‘ s’ •‘C ~~I4 IS.5J.5** ‘, - , I , 
~~~) 

N 
~~ s_ ssS. 

— .% -s *I I 
5* SI

~ -~

0

~ 

‘5
~~~ca

, ;L~
; -, 

1 
~~~

‘

~~ 
\ 

‘- — 
~~~~~~ 

~~- b ’~

-
~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~ ~( ‘e ~~~~~~~~ -. 

I-S 
S i~4~ ‘._ c

_

I. ~ ::4~ ..,. 
‘
-p a..

’
. ,Z~~~~P~~~0 4 5.

Is 
1~~ ~. 

5* , 
I~~

-r ~ k~
-
.ç-S, ‘_7 ~ * ‘~~ 

- ‘1~
‘I ~ •~ 

~~ ~~5* ,,1 w

,~ :- -
-
~~~~~~~~

•;.
- ; - - - . ‘

~~~~~
‘ .- .

~: : . : 1 ~~~-~~’~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~
. -

~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
— 

~~~~~~~~ 7 s’ -‘ 
-

- ,~~~~~~
, 

~ 
~~~~~~~~~~ 

4 

- 
~~~~~~ ~ ~

i / ~~ 
?~

53 ’
~
1I ..

~~~~~~~~~



/

~~~~~~~~~~ 4 5 ’ SI5” I’S.’

. . I - 5, :.‘:~~~~~~~t~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

J I ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-S •
~~~~~ •~~~~~ 

I .
-.
. 

~~~~~~~ 
- 

~~~~~ 
‘ 

— ——— — -S. ’

I.
, *4 

~ 
E ‘‘f ,~:~

Y;h 

~ : _i ~~~~~~ 

I 
• 

‘~~~~

. I 
~ 

1

p4W 1T4

~‘e~ ..‘
‘
~~~~~~~

_
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘T 5 . :~ :: : :~:~ :4 ‘ S S ~ I ~~

~~~~~~~~~~~~~~~~ 

‘4

’ 

‘
\J , 

:5:
4

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

h I ~~~s’ ~~~~ 
•

~,.

4
C 

•

~~~• ‘ 5. 5* 5 f r .y~~o ’ ~~~~ ~

. -
-‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-: ~ ~ 0

I 
~ 

~~~~~~~~~~~~~~~~ ~: ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

k i~ I 

~ Tb T~~~~~

I 
— 

~ ~~~~~~~~~~~~~ 
~~~~~~ / 

$ 

- 

T

S I ’  .

•1J. 
- 

— .5 _5*p_
_

~ 
~~

-S
-S

-S - S - S  -S . ‘ ‘ - - . - - . . ‘ . • .‘ -S -5 -S . TP~~~I’S 1 7 I I N  .5 . . 
-S II

“,‘
~~ ,*~~~~ J O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
~~~~~~~~~~~~~~~~~~ 

c-S-S

• 

‘. 
.‘ K 

-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ I ~ k I

-r 
“
‘

~ 
/ 
- 

* 

~~~ 
oI:&~ b

I 

- 

4.
4 

:.~. :ii 

_

\

~~~~

J
f

SW~ \ ~~~~~~~~~~~

.‘ . -~5- ~~.
< S ~~~ -s’ . 

S 
~~-y-o’- -: ~~~~‘s _ • . .

~~~
-S—5 ‘ S •-S-SS-S~~~~~ 

n -S

~~ 
1~~~
’

.(.5., ~~ 5*~~~
- .

~ 

- 

#5.

I oz~~
’ 

6 ‘ 

~~~~~ - 

r

‘4 

,_
,I 

- 

o~ 4 - 
- 

- -

-

~~~ I 

- 

I 

~~~~l C

- 

- 

~~~~~~~~~~ 
S ‘ 5 -.~ . S ‘

- ~ ØO~~L~
5- 

~~ 
~~~~~~~~ - q 9

‘ .~~ ~~~~~~~~~~ 0J ’ 
- 

“r 
~~~ 

IC 

~~

‘

S S ——
S 

~~~~~ ~
5-’

~~ 

-



-S 55 - 55 
~~~~~~~~~~~~~~~~~~~~~~~~~~ -5-- 5 

55 
It

.

PLATE 6 7

S/ 55 
IS’ 74s’OO’ 73 50’

*~
. . — — -

~~~~ 

4 ) ’~ ()’

5 -S S ~~~ 
5-

~ 
S 

~ 
5
~
’ 

~ 
-S -S • ~k ~~~ 

5- 

~~~~~~~~ 
5*. 5” — ‘

5- ~~ N I  5- ~~~~~~~~~~~~~~~~~~~~~~~ 
I 

~ p%~~~
s
~~ ~ ~~~~~~~~

I 

‘5 p.~50S5** 

•

~
,
,C 

~~~~~~~~~~ 
4 ~ ;. 

5* 

5%. 5 1
’j

R4 R IT4 II  II 
\ 

55
5-5

~

~c ~~ 15~41-S~%s_S-5~. ~ n ‘5*

4 /, II

~~~~~~~~~~~~~~~~ 
k~~ I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
: 

~
. ‘5 

~ ::~~~~-~
~~~~~~~~~~~~~~~ a- ~~~~~~~~~~~~~~~~~~~~~ }

~~~~~ ~ ~~~ 
: -n~ 

50a - .~~~~~ ~ ~~

~Is_H__~~~
_
~~~

( t’Th~ i
0

~ 
~

5-L$~~ 

~~~~~~ c~t ~ 
~ 15CQ ~~~~

r iw5-
\ 
‘li. ~~~~~ ~%4 ~ ~ ~~~ -

-S. 
- S ~ ~ 

‘ 
~ 

‘ 
S S ~~~~~~~ ~~~~~~ ~

_s
55~~~~~ i:! . f’ ,7 I ,,4 

~~ ~~~~~ 
~~~~~ . : .~~ ~~~~~~~~~~ ~ ~ : ~ ~ ‘~I_ ~ ~ . I S.M~ ~~~~~~~~~~~~

~~‘:: 
)
~-.~--~4.:,1 . ~~~~~~~~~~~~~~~~~ 

,~~~~~~~S :  ~S 

~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

AYt.. ~~~~~~~~~~~ % / 5. ‘~~

)r!: 
~~~~~~~~~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~;s’i •~~~I& L s 55 • ‘n.4s _ : •  )S I .  5 :’ .
~~ ~~~

~t
T _-.

~~ ~~ i:~
;- 5- “2 

~~~~~~~~~
c, -?

~~~~~~~~~~~~~~~~~~~~~~~~~~ %~ 
4. 

I

~~~~ 

;;t;:. ~~
‘°

~~~~~~ • . ‘: ~~~~ S 

-~ I?
’1

: -~ -C 
I ~~~~~~ 

__;S 

~~S

- ~~~~~~ 11 5- 
4 ’7~51~~~

5-

,

~~~ ~ç-s~ 5, S
~~~~~~

-0’,5 
~~ 

I

‘5* 
-5-

r. “ 

,

‘ \ /
7 

~~
/
n. / 71

~~ r. ~ 
4:-

‘-S S 
-

— ~ - - 

. 

1’



-~~~~~ - -  -_
S 

_ _ _  -

* 
-SI — - - 5- ~~~ 15 

.. ,- .
, , ) /~~s f  .1 5” ;~-,~: -

~5- I - S - - I’ $ 5 5 ~0 S •/ . ‘s A  0 4 ~~~~ L *s &s 4

7 5 5 
— — —S’S — — ~

I s . ’ P” , 5 -  ‘5
S ,I~ t 4 0 4 11

5 
.s_- 1 -5- ~

- 5 5 , ,~~5 5 ,- 51,5~~s ~ (710 (, 5S5 1 , ’S 5 ’4-15’ / 7 5 5  ‘ ‘S 5 ar5 - . 
S 
/ 

~

r

h’ 5- s - - * ’  grovel Bej_ c- P -/ e — . 
S

4 5 ” 1515A ’ - ( 0 1 5 4  ‘ -  
- 

~~-e1p~
s_ coLo r_ -’oo555tuf T5-ou - 

- 

s—_ / 5

- 
C.s_ - .

- / 1 $ç~~~- K
- S. 

‘

- _ v ,  1
55 

S5~

- 5 5 ’ 5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S 

~~~~~~~~~~~~~~~~~~~

-S / 5/ ~~ s’ 5 ~~ 
s. ,. ~~~~

‘5’

)~~ ‘
S 5._s — -  -

- fl,;~~ 
— - - 

5’. 1 5 A 1 S . . C  I S I S C O I - O f l  5- 
I

_-

and S 1 - - U S .  
- _~~~
- -

S ‘

5’ 1 
-

1- .  .

~~

S ‘J ’ .S. 55 m~ r 5 - -~ 5

- 
~~~~ O*- 5” ’yS5’ç 1  ~

,o - v  // ,s 15~ mar l  ~~~~~~~ of 1~~5h55Sr y Park , /u .1 / ,~ 
~

.5- ~n,nor b u / e ’ ’ - - . , -- ~
5 - - s~s 15 / / - - 

S

I 
-

. ~ ‘ 5 1 A 5  4.0.50 _ 
S

- 
5 . - . 5 5~~~~~1.’  5- 5

5- 
/ _/ ~ I

1~~ J ,/ 
I

I
. _iS

r ‘

~~ 

-

~~ ~I _5 5 55 5 5 — 5

-
~ I - - ~~~~~~~~~ 0 ‘~ 5- ‘ 1 5 5 5 _s51 ~ ‘ - - f o rms  an - vs oqu ’clude Is —

-
5 

— -5 -—4

1 
5--

S
~~~~~~~

— — ~
‘

- S _ - I C  ,* 1 I 5 5 1~~~~~~~~~~ p 1 5S  1 5 / 54 .5 “ V jA ’, ~. ~~ I

- ~~Q~s ‘150 ‘ 1551 ~S S / 55 4 5 - I ’ S  
55 

55- \ (
_ _ 

-‘

5 5 5 - ! ~~~~ N 5- -~~~~
’

p .  - 
~
) 5 5 5 5

~

. 

j 
.. s 5 rs * sv

~~t * 1  -~~~ 

— 

~1

~ - 1 o Horo~~rg/own rna ’I / “ 5 1 5  Q’~~ s . - kr 35/S_s CA- 1d ~ ~
“ 5-

~ ( — r

_ _  -

‘

~~

‘ ,C’f

MOunT Lour e~ and W .~ I S S S 5 -  - SC ’ I 
s5 _5 5~ 

- I ‘5.
,, 5 , 5 

‘ 07~~ ’S ’ 5 1  Q.)s 5 ~~~ - -

Is \ ~~~# /
5) .

~~ A- I ‘
~

‘S 

I 
I

- 
.‘r-

Ss\ s , \s
~~~ / • I

1,7 5 - S  5 - s  s _ l w ,  * S ~~ 5 5 55 5-s - 5-
vs ‘N.1 / -

,Y~ ‘~~R’S . S ~~ 5~ ‘P iS  S J 5 / 5 1 S s !. ,d~- ( 55 ,57  ~~ S 1 5 0  t t~-~ s s l ’ l ~h1it 15 . 11151 - 5-~’~~~ 5/55- Sfl

— ‘~75- 5 - S 5 , 7hw5~S P p1 s-s ip s hs- ’~ ~ * T 
—

S - s -
~~ s N .. 

S.

/

>sSs

~~~~~~ 
)J

5s S// 

_________ 

‘

5 ~

~~~~~~~_ I ~~i £ f l Q I ’ - I s t s s , * o co nd - - 
s-SI



:- 

~~~~~~~~~~~ 0 
~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

Sf ~ 
.::~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~4 0 
~~~ 

‘

~ ~ 15 ~~~~~~ 
v “5-c 5.5-Is ‘~ ~ 

\ 
‘-S SC 

5;
~ j 5-  5i~~~~

-
~~
:” .

~ C ~~~~~~~~~~~ ,~~‘ 
‘

SI 
~~ -S,

5*:..
~ 

55I ‘ ‘ ~~~ 
-
~ 

_ 
_
~e~ 

‘- <~ ‘- 
5-
” 

SI ~~ 
~ ~~~~~~~~ ~~~~~~~~~~~~~~~~ v--S 

~~~~~~~~~~~~ 
“ Tc, ~ /

( ~~ 

5-

~~~~~ 

Is;,44 ~
4

~
4
~

- p1
0 ,  

/ 
; 

5* 
\t5- ~ 

I !~/
‘~~i J C- 

.~. L5 5-55.,)~”~ 4
y:24Cl~M

;
~~~~?~~~~~j . 21~

1;\ / -S 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 

t~ ~%~~~f 
:~ ~~~ ! ~ ~ ~r 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L4S
~~~~

N \¾~~
%

— : —
~:~ ~~~~~~~ )~~:~~

/Is ~~~~~~~ ~~~~~~ ~
-S

~~~ 
.5-— 55~555-5- ~

I— 
~~ 

!- 
.-.

~ ~~~~~~~~~~ ~~~~-5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5-55) 

~~~ ~~~~~~~~~~~~~~~~~~~ 

•LO5-.~5,S

\ 

\~~
5-

~~~~

51
,5

~

~~~~~~~~~~~~~~ : 

- 

I
’~~~-

- 

‘
~~~~

. 

~~~~~~~~~ ~~~~~~~ 

~~~~~~~~~~~~~~~~~ :.~~~~~

S.T 7 r

-H ~~~~~~~~~~~~~~~~~~~~~ —if!-~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T~~~ Y \_ S  - ~~~- . .

‘5 
— 

~~ t\~0.:~.- 5r - 
~~~~~~~I•15 

~~~~~~~~~~~~~~~~~~~~~~~~ 

‘S

- ~~~~~~~~~~~~ _j
~

N 

D I 1 A W\~ A R F

/ 

-

II ~

, 

SI 

•Ill5-r4

I\ 

T
’
~~~

”

( 
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

; . . ..:~)t ~~~~~~~ 
S ~~~~~~~~~~~~ ? ‘

5* t ‘ 
/ S 

— ~~~~~~ 
~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~ - 

—

5* 

~5 55 

5

_ ~~~~~~~~~~~~~~~~~~ - - 455-



5 

-

~~~~~~~~~~~~~~~~~ --~~~~~~~~-

SI-’ - . S ~: l ~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5 ’ .  
~ ‘,

. 5 _ 5
) ; 5 , 

S • i
*~~ ~~ ( 

S. ~ ~

, 

5-
- 

5-— yC-S

SIs

r
~~
! 

55

$
5 

s-S
: ~ ..

~~ ~;? “ 
~ \ - #c

_ 
~~~~~~

0. 

‘

~
C•44I-S~T 

5-5555 

:5.: 
~ ~ 

5-- — 
~~~~~~~~~~~~~~~~ 

-I 

\ ~~~~~ I 
5-
~’.~ 

‘I-SIIII~ ~ 
‘5- ~‘

? 
~~~~~~~~~ 

~~~ ,
/~~~~ 

/ ‘.
1~~L 

~~~~~~~~~ ~~~~~~ 

/ 5-

r 
~ ~ 

5- 

~~~~~ ~
~IL ~~~ 

~~ C- 
~ 

5--S 
~~~~~

5-’ 

~S’.5-:: ~~ ~ 
;

I. ~
- 

SI ~~~~~~ 
s—

., ~~~~~ 

4

N ~ 
~~~~~~~~~~ 

4~ ~~~~~~~~~~

- S ~ 

5-

~~~~~~~~~~~~~~~~~~~~~~~ ~~~S. 
s- ~~~~~ -w/n ~~~~~ ~

55 , 5 5  ~~~~~~~ .~ .~ . ~~ S . - • - :- - . ~~~~~ ~~ - :  - ~~~~~ - ~. ~ ~ . - .~ 
~~~~~~~~~ .~, 1 -  ~ S ‘ 5 ~~55~ ~ ~ : ~~~~~~~~ ‘\ 5 5

\, A~~~ ~~ 5* 
SI 

~5./ 
~~~~~~~~~~~ 

-

\

\ 
( 

1A1 5*. A
~
I
:~~~ 5;1 

~~~~
5-S’n44~ ~~~~ 

~\ 
S-S ~

-‘ 

: ~ 
b~; 

~~ 

‘
-S

~~ ~~~ 5- 
‘4 ~~~~~~~~~~~~~~~~ 

k~~~~~ ,..15*5-
7
~~~

3\
~& 

‘5 
~~~~ : 

~~~ 
5 - - S  

~)5-~~55 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5- *5 1 ~~-4 5-, -S ~~~~~~~~~~~ ~~ 

~~~~~ ~~~~ ‘~
~, ‘c~ 

55- “I 
I ~~ 

51 1~~~~ (t ~ ~~ 
I S4~~J~~ 

~~~~~
-;-S

~~r_5 
0) 

‘5 0~ ~~~~~ 
5-I-S 5*5-

Si 5 ~~~~~ 41 _,
%SI 

c
. 5 5 . 5 S .~ . s _ •  S~~~• ‘ . :- ~~~: ‘~~~ :~~- . . .. S 5~5 ”ss ::: .: . . - : 5  . - .-:. .~~.. : - :~~~~/ 

~~~~~~~~~~~~~~~~~~~~~~ -S -

I ~‘t 
k~~~.,7 )1 .

~ 
*5-

•
5 5 5- - , CIT Y ~~

- - 

~./

5 5 5  .~~~~ - - ‘ 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - -.~~~~• - ‘ ‘4 -

Ow.

s -  * 1~~~. 5
S

5 s . . . s s S . . 5. :
’

Sj ~~~~~ - - - - - -f
-~ ~ ~~~ ~-S0

,~ ~~~ ~~~~~ ~ 55
S

~~ \
~~~~~~~:~

s-t

~~ ~~ ~~ 
- I 

s_~

/ 5 - 5 -  /5-
-

N

~ I E~g:i
~ .55

~~~~~I

, N

~: t -  ~~~~9

B i % 
/ 

~~~~~~~~~~~~~

15 -S

I.-, 5:. ’.J.’ . ~:~~~~~‘~“
- - .  _

, S /~~ ;
’ - -

~
5
fi~

- ,’5’q
- ~~~~ S.5/,~~~~ S~~~~~~~~~

/
~~~~~

j  

.I, . 5 - 5 5 * 5

/ s- -s-- :’ ~~~~~~~~~~~~~~~~~

C 

/
4~ *~~~~~~~~~~~ 15 S 5 / * , Is l  -I

~~
A

~

r1c.

~~ 

5
~~~~~ 

- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
5
- 

.s_3 - 5, 

5.



~~~~
i \ t ~~~~~~ 

— _- _ s -- _ _ _

1
- —- 

- - - 5 - . 51~~~ j . ,-‘~ 5- : $5- - 
—
~ ~~~ 

- - 
5

5
~ - 

- -S--S —4
I 

~~~~ ~~~~~~ ,,• I—

~~~~~~~ 
4

- “I ‘~ - ~~~~s’55_5 
~‘ 

5-

-

.~
_ 

~~~~ J
Is-S_ *~~;;,•~ _ ~ ...

~ 

~~~~~~ -~::~ \ ~“ ~ I 
~‘ 5 - I

~‘ 

5-5’k4~ ~~

S I —  

~
- 

- . - 
~~~~~~~~~~~~~~~~~~~~~

-~~~~~~ 

- 
~~~~~~~~

-S

~~~~~~~~~~~~ -~

N 

V

CI

55 -

:;~
‘ ~~~~~~~~~~~~~~~~~~~~

r5
_ -.-. tr~~~~ 0 

~ ~, 
0

Lf~~o’4L . (~~~5 -~~~~~

5~~~~~~~~~~

S 3 5 - S - 5 ( 5~

0’_

I

5
’:

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __  ~~~~~~~~~ S - 

~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



5 , - S . .  

I / 5-

- 
~~~~~~

-

S S — 

) 
~~ / _ 5s

5- 1 5 3 s 1 . I l 5 -  marl 
- 

—S - ‘5/ e ’ne , s~ 
p~ ~ orner5/own ma’lt S ” 0 0” P ’ ’r~s 5 5 l ve covic/ude - ( 

~
f 5I 

I 

~~~~~~

‘ 

I
2

S 5 5 5 5 - 5 5 ’ -  (5-nd WI~’IS 5I ~S 1 ~
5 5-ISs S

~~ ‘N .~ 

I 
~~- _ ~

_ -5 5 . 5 * 5 . 5 5 5~~~5 ’  CQI’ ’-

- 
;
:~

5 #  

(1
I 

‘
~~~~‘ 5- - _ :.

~~~ S
I
I 

/ - 
T
I

-S -
- ~55 5 ,

~ 
, - --

~ 
- 5 5  - s . ~~~_ . I ~s 

~~~ 5 4 5 5  S. 

5- —5- 
- N

-~ , S 15 ’ S5 - s,C ’ S s ’ 5 - tl C , ’’~~ ~~5 - s ’ ’ hr h~~~ s 51~~ s : ’ - j , ’nd 

C
s

Merchanrvsf le - S~ 7 S 1  S ‘5-~~~-~~’ p5 5 5 s1 5- s 5 - / s S 3 I 
~~~S 

~~~~~~~~ S

I 5/ 
- -

N 
Si 

~~~~~~~~5 ‘‘ — 5 5 - 1 - S t  I ; 
~~~~~~~ 

- 

‘ ( 15 / 
-

I ~ mIn or Ui /IS. ‘Si .V5’PQP 55 n~,P 5 - / i - s  t hsn pç f  Of w ” s l r5 - ICS,  ‘1 j  ~~~~~~~ 2

~
I WOOdbur~ and M15S S / - I 1 5 5 - I I 5 ’  C S C ~~5 ‘

1, 
‘5-

~~ -~~

- 

5 

4 maj os  thick aqu’clude 

- ~~ -

55 c~
S
1~~~~~ 

- - S

I N5. 5- 
5 

s
_s . pNonm~ r,n~ fo rmatIons I is -

N 4 5- /5~~5I of -rn3 5 - ‘/ 5 4 5 1 1  ~ t~i r,rs, S/ f l/ I  iJq/ I t~~~ and / e f l ’, c u / c r  s -  ~ - . I l - s ~~~
s ~ s 

— — -InC ludes Mago/hy and Raritan fO r ms - ’  i’ - . .  555/ Irs ‘~ 
-

‘S s $ ~s ! r ’s rp  - 5-4 o5)~~tl1 y ~~a 1 s t O n  and / S ) l O/ S S C O  ‘ , “l U P s S  - I sDP # ’ 5- - 
, - L5s_ .i

55-

”
-S 

Crefoceou71I 5’-,! / - r i t -  ,p,? t forrnat,op ( f -  ws” ~~~p 75 5, 5 5 . ~5’( 5~~/ ’ S,-I*-..,s — s5~~~5.
\

- S

1~~ ‘~-
- 

4.5-S

S C~~~~~ ’C ’  s_

-S I~~ - .Co nso l Idated r o c k s , s _ s d l f  fe ’e~ r ’ISI ’S I 
S ‘.

~
.‘ ~ ‘ .5_~~~~ sS~ ~~~~ 

-S

1551,5/, v S  s s3~ s . . shown on p1./I 5’ 
. 

- 
—

7 5 / l i l 7 1 5 -  cO n ta ct  

~ I 

~~~~~ ~ 

~~

S

-

/ ) s j c h p d  whs ’r ~ i541~~~~
5 I7 s / l  dotted where ( / 1 5 5 5 7 5 ,~~5. - 

— 
‘ ~5- _

~~3C

GEOLOGIC MAP OF SOUTH HALF OF DELAWARE R~
S - 5---.- - -5.- - -5--- -~~~~~~ -- 

- — -‘_ s s ’- - - - _-——~~~~~~~~~~~~~~~~~~~~~ 
5--- —--



‘H 

- 

~1~~~~ A W ~~ A 1 / 1 %
1 ~~~~ 

-‘5- 5- 

5- 

~ ~ ~~~~~~~~ ~~~~

. 

-• 

5 - 5 ,.

\ 5- ~~~~~ 
-~1 5-

-

- 5. 
‘ 

- - . : -  ; - ~k’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Tc ~? )  -
-51 

- 
I / 

~~~~~ S
/ I I 

/ 
~ 1~ C~h m ”~ ~~~~~~~ —

~

/ 
~~ I

/ 1 l ~~ / \ - 

~~~~~ 
/ -‘

~

\_ s,:~ ~ 

- 
1 ,

5

~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 1.;N , .~~~~ s : s S ’ 
- 

--

\ I I

H 
5- 

l
Si- SI f ~~~~~ 

- 
5- 

5 5- - .4
C 

5- ~~~~~~~ 55-
I / — - 

5- 

/
55 ‘715 ~~~~~7 

5
~~ S S 

5 - ’  
5 ‘

- 

~~~~~

‘
~ ‘ ‘!

5 

3(1 ’

0 IQ *~~ 20 M - eF~~~1 ~t— -I ~~~~ — - I -— s- __.__ 5~~~~ — I--——— —----s5- .~~~~~~~~~~~~~~~

~\RE RIVER BASIN AND SOUTHERN NEW JERSEY SHOWING
- s 5 - - -s -S ’ s - - s -S 

55 

_ _  
_ _ _



-

N

~~~~~~~~~~~~~~~~~ 
j

I’ ~~~~~~~~~~~~~~
s-s...

~~~~~ ~~~~~~~~~~ o - w s s - ’ - S-

:-7 , —~~~~~-’*~’Th -

-

Co ’s1 s - I  - S ‘5- e 9 - 1 5 5 *  114 5-5 -~~S c . ’ -

5 - 5
m d  ‘. - -~5 - - .s- rs - 

S-_s

..o ’ S 5 - e r *  and Econ CIe~~,

155- t’5~~ n~ , ’ ,
~~ren ce ond ‘SI

.5-
3 )  SI ~ ‘ , B L. s9 ~~ I, i S  G~
4 5- s .  . 5 5 5 - s .  ~0 C Groot , J

~~ l ’ 1 5 ’ 5 F 9 s  6 v  - 22_ -

15 . Organ ’s ’. 0 *5

s S , ’ S _ ’ _ _ ’ S 5 s s ’oSn. o ,S ’ l n S- • e  (sss l l  3 ,

( f l  5- asc 51,1 1 5 5 5 . 5 5 5 5 ~~ -: o ’~~~, ~5-
- I U 11 CI’  So ~~~ C~ 5 55  5 - ’
• 

+ - 7 1 1. ’ e e - m on , D A . . 55 5 555555
S 

nm pps. , g  fl 5-Ø 5 ’ S p , s S s,S I

U 15 .5-S O - 515 ~ I C Y

-~~~~~ 
_ _.J_ _  - 

I
_ _ _ _  - -

~~~~~~~~~ 
- — 5

4’  30’ 15 ’

; UNCONSOLIDATED SEDIMENTS OF CRETACEOUS AND TER 1
~~~~~~~~~~~~~~~~ 

______ fr”5)E - ~~~~~~~ “~~ 
____________



71

—51

C~nrn - - ‘ s - i  ~~‘5 - P  5 5 Q* S S ;  5 - 5 1 . 1 5 . 5’ S

‘ I ,  
~~~~~~~~~~ s r d 5 , s ’ S ~~s s i  ‘ * S C  . C 1 1 ’ , • 5 S~~5S~~ 5

5 4 5 S 5 5 5  5’ £ lIl-55.’ 5--, ’ . 7 5 -  ‘0 1 ’ - ‘ ‘ ‘5 ’ 5 -~~V 5-, s O t 7

Lo ’ er -. and i c , -’  I se+e  A S  ~~ s b - s t  4

55 ~~ 
- 55 5 5 +5 5 55 . 5 5 5 5 4 -SI I~~- 5 . 9? ’ ’ , -) S - ‘v i  -~

4 U S E  5 - ’ ,  ,54 - .s 5~~~~~I l .a , 0~ 2 1 1 )

3 )  55 ‘ . B L l9O ~~~_ 5 e~. - ,s ’sfl y 155 Io~~C Y o s O  ‘S sI

4 Cs1  5~~. s 5 5 +  v. C Groo? . J J ‘ S I l - t f l R  0 1) 5-5* ‘:51’’,’1 r S 1 5 1

I C  - 
,~ 7 ‘~ S * 55 ’  S P 5 5 C s  ~~~ 5 5 5 ( - S - 5 * 5  1* - - ‘ 55 s5 ’ (S

~~~~~~~~~~ ~, , - 22! p

‘5) G - s - s ~ ’ .~~I j  , 3 5 5 ; S I S~~
S s ’~~ s~ ‘5- an d 1s - l l sss ’s l . H G I 5i5-4 Ms 5* LII 150 5

- - - “ - - 5 -  I - - ’ ” - - s ’ 5 5 5 . . - ( 5 ‘ S  5 . s s s s . - , and I - * 
S 55 - CO _ 5 5 * .

s’~~ s 15s_s s *~ 9 5 - 5 - -  5 - 4 1 -

I f  5 4 5 - S  5555 11 5 5 1 5 5 _s r , C s , .  - A B .Da,ton 71 51 and O f - e r  S ‘ -Is “ 4

U 5- ’ ’  - s ’  I - 5 ~~5 ~~~ ‘ 5 -  S ~~~~~ l ( + 5 ’ 5 ~5 S 5- no 6 / )
— - 

11  5- ;..,. - 5-) A , 1 5 - C S — s i  -5 71 and o s b e s -. 5 1 ’ , 5  i s , . - s
~~ 

s ts l sl.e ,I

- n S S 4 5 -  s s - j  , n 5 - s  ‘5e - - f l  Ø a . t ,  of  H - s  * - , . s s s . i  1 ’ ,,, osle! pS’ s s, C o u n t s , - ,

P0 - 5 s S  ‘ s o l o P y

- — - - 
—_______ 

- - - - 3 82 ~
30’ IS ’ 74 (I I 73 50’

SEDIMENTS OF CRETACEOUS AND TERTIARY AGE
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _  

I —

~
5 - 5 4 -: •.,~~.y, 1 - s7~~~.~’o-~~,o- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ — s, - - S - - 5 _______________-—



- .5 - - - ---- - - _ - S---- - - - - 

~~~~~~~~~~~~

- ,, -

U~•~ GEOLOGICAL SURVEY
76 30 5

— 
I ’ 7 6°O 0S 7 

5~~~~ 5 
~~~~

‘ ~~~~~~~~~~~~~~~~~~~~ ‘ 1 5 -  (“ V ~~~~~

I
t \ L -

~ L ~~ ~. N ~ -S L-~ ~.s 5 ~~ ~~ ~ ~‘

I 1 ~~. r ~ ,~~ ~ L- . A 5- 
~ N5-’ 

‘5- ~
‘ 

c C’ ~ 5-55

SI 
S 

i
.
~~~o 

5-

t 

~~~~~~~~~~~ 

s .. .. .. .~~~~

S 
~~~ 

51 ~~~~~~~~~~~~ I~~~5 

~ ~ ~
5. 

~ L 
n15 ‘ C’ .- L C’ - N s, Ps L 15

5455 
5 

(_ 
5 

- - I ~‘
-S 

~~ 
— 

5- 
- 

Is ~~~~~~~ -~5 
- . 

‘C 
~~ -

~

..d ’ 7 U 5-5-’ 55 15 t’ > ‘ r k  . ~~~~~~~ .
~~~~~~ 

s - , r. A .7 < s t
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ S N15 

.~~~~~~~ C 5 ,~~~~~~~~~~~~~
S ,15~~~~ 1 V  5~~~~A / 5 ~ > ~~~~ 7~~~

• - ‘~~~ £7 , - ,*5 S 5 5 - - C’ ‘ SI -S - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

15 ~~~~~~~ ~~fB A ~~( 
N 

S. ~ 15 

SI

C

1~~~~~~~~~~~~~~~~~~~~~~~~~~eSSIS�f ~~J ~j~~:~’: 
-

>5 55 
5 

n 7 ~~~~~~~ 

—

~~~
- 

‘°
~~N ‘- 

~~ ~i 5 ;S .~~ .

- ~—r’~ 
‘

~~~ s - s / S  - , .5~ 5’ 5 
_ 

-- 

s 
* 

555,~ 
- (~

, 
I 

- 

5 

5- 
I 1- 

~_
-~~~ ‘5-’ ~ 

S5• 

— 

,5* 

r- 
S*5 5-S

. 5 ,
~ - 

A

5- 
— 

~pI~~to ~ 
UI~~~~ ~~~~~~~~_III I~~~~

/ 

S.

- 
N 

- - S 

-

— 5-
S 

- , - 
- 75 

5

’

- 5 5 
~~~S

S 
S5 .

~
-S

- 
5 71 1

• 
- .4 

- 

S
5. 

- ~~ ‘5-, 
~S s f l s s  5-’ 1 ~~ .4 ~1 5 . .  

~~~~~~~~~~ ‘ 1 ,. ~~~~~~ - 5- 5’l j~~~
5 ‘

~ S c. ) .- 
:‘

~

‘
. - 

,
~ 

N ,•;~ ~ 
~ 

~s -S-S -55*~ ‘5 

11.11 ) 
-S ~~~~ 5 -4 . -S

15,. 7 1 lIIuul7 s- rs
‘1 7 ~~~~~~~

. I -
S 

IAP’$CASUW 
~~~~~~~~~~~ s 5 / ~~~

l 
— 

- 5~~ 5-

/~~~~~~~ S. ~~~~~~~~~~

Il~

\~
\

t 5 5 
, 

5- 
5
/ - S S 

- 55 - -

) 5- -S . :~~~~~~~~~
-5

S 
‘
~ S ~~~~~ 

5 5 ,.
- 5  

- I ‘~~~~~~~~~ - 54

-- 

S. 

~

5- 
\ “ \ 

5- 

5- 

/
- 

. - P 5 
- ~~ 5/5 

‘5 
‘
~~ 

- 1+
~ 

s / - 
-I 

-

~ 4~’ -

- 

‘ 5 -~~ l~ S k~~N(~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --“ * ‘ s S I ,  50 5 5 Ff 5 5 -  
_ 

- 
.a 7.,~~ A *5 -



-- ---- -S-~~~~~~~~-- -  -S - ~~ - .- -~~~~~~

4~~ ~~~-, l b  ‘55-00

i~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5

~~~~~

;-

~~~~ ~~~~~~ ‘
~~~~~~A t  

~~~ 

~~~~~~ 
~~~~~~~~~~~~~~~ :‘ :P~

-S. 

~ 

5- 5-

i S ~ / ~~ 

N
Nt / ~~~~~~~~ 

~ 

5l~~~ 

~ 

5-~ 
~~~ ~~~~~~~~~~~~~~ 5- 

5
~~ / ~ : ~ ~ ~ 

~
t’ t 

~~~~~~~ 
5- 54 

>

-S ‘
~ 

5- 5 5 5- c - - ~~~~ 
~ 

S ‘S _ ~) 
r 

~ ~ ~ 
, 1~~ 

•5-’ ~- S 5 - -~ 
A -~ ~ 

~~~~~~~~~ +. ‘I ‘ 
~ ~ ~~~ 

5-

5’

~~ 

5- ; 
~ 

I ~ 

~~~~~~~~~~~~~~~~~
:: :~~~~

:i 

~~ Z 1 I  
~~~~~~~~~~~~~ : 

:~: - T ~ ~ ~ ~~~~~~~~~~~~~ _s:~~

1

~~ 

r

~~~~~~~~~~~~~~~~~ ~ 4 

i~~ ~1A~ ~: ~~~~~~~~~~~~~~~~~~ 

~ t 
:~: ~

~~ 

~~~~
;y5-

7

~~ ~ : ~ ~ ~~~~~~ 

~~~~~~~~~~~~~ 
~ 

~ 

:

I
c

V 

5- 

~~~ 

5-

~1~
/ 5-r

~
SI S ~~~~~~~~ 

:

v 

~~ 

:~
5- ‘ ~ s+ S ~ “ ~V - ~ 2 ~ ‘~ ~ ~ ? 5 -  “ ‘~‘ 

A 
~ 

A 5-
~~~~’A 4 5- ;51 *5 5-S. 

.4 ~~ ~ 
‘ .,-,~~, I’ S 

~
.
~~~~.IsSS5

.(

‘ 1  s ’~ 
‘

-S-S’
S A C , ~~~~

.s ’ ’ 5 -
~~~ 

s~~~ 
~~~55 5~ 

5-
-S-S’

~~~~~~
” . ,,, S

~
_5 i  s p ”'~7 ~

5 51 

5 5 
— ‘_s C. 

~ 
~~~~~~~ 

- 4 -5 4,. ~ 
+ 

•~~~~
,
~~_~~ I55.1&. - ‘ 

— ,/ ~~~~ ~~~~~~ /_ P55j

A 
~~~~- 5- 

~~~~~~~~ i ~ 1
51 

V ~~ + 5- 
- ‘ 

5- 
C’ 

- - s
7 

L ~~ - 0 - 5-’
~~
’-’N 

TK u 
- 

. 
- 
,,.•,, S ~~ “ f ’

- 
5-

5 

C ,
‘ 

r ‘~~
, .

. 

S S 
C’ ~ s l ~5- 

0 
-S 

*5 
‘ ‘

, 
~~~~ 

~4
5
r’ + 

~~~~~~ d~~~~~
?

~S. I 7’ ’ 54 ~ ~ 4#~~’ r~~. ~~
-

.5

, 
~~ ~~~~

- 

~ -: ~ 
‘

~~

-.1 

/ 

-S 

: 
“

s :

4 
‘5 

~

. C’ 
-, 

+5 ,~5_
5S V ~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

*~ b 

,
,

?Ir~~
. ~~~~~~~~~~~~~~~~~~~~

- -S - L N 
r N 

~~~~
‘ ) SI 

1’~5- 
~çt~ ~ ~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

+5 1 
-‘ 

si 

‘ ~ 
.C. 

5’
~C~

:’ 
~~~~~

—:“ 1 
~~~

‘ ‘

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~

5- 
II / S

K, 
sl ~~~~~~~~~~ 

4.5- s~~~ 

~~~~~~ \-S



--- S -S - -~~~~~

I -S

“ 

•t’ 
- -S 

S : ( ,~ . 
~ 

‘

~~
-

‘ 

~ 
.

‘ 

•: 
~ 

‘

~~ ~~ 

- ‘h-: ~~

. 
: 

, ~ 

5
t

.

L

” 5

,

55

: U
~~~~~~~~~~~~ .

5
i~; 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•. ‘ 5 5 , • 5 *  
-S . , 5

, 4 ~ ~~~~~~~~~~~~~ ( _  : c ” ~~~s’ ’ ~~~‘v’~~’ - ~~~~ 5’S” ‘-4! :;~f5- :: :g~~s - .

\
,s 

/3) 
~~~~~~~~ ~~~ ~ -S-S 

~~~ .:‘r F .  
~~~ ~~~~~~~~~~~~~ 

~ç:~5-~~ ~~~~~~~~~~ 5*-

~~ 

S ‘ 

~~

• “
•

‘ 

.: 
~~~~~~~~~~~ 

: ~

- 

~. 

-
U

,

. ~~~~ ~S 

: - - I/ /
J 7.-Sf ‘~~~~~~ 7~~~~

) .  

~~~~~~~~~~~~~ 
-S

_ S
.c- -S 

,
,~

~~~~~~~~~~~ ~ 
\~

_ \~~~~ _
~~~~~~~~~~~~~~~~~~~~~

L _ _
~~
1

~~~~
: -

~~~~~~

- 

,~(3;::
5-:

r*
j 

~~~~‘
~k~ 

“ ‘
~ I ~~~~

-:
~~ :7 ~ ~~~ ~~ 

- 
~~~~~~~ ~~~~~

-S 5
- 5 

\ ‘ I 

• 

•‘ •~ ~ ‘ I . .  . 
- ...-.--S- ‘,~~ J5S ,~ c ‘ . (.5,,~~~ ~ : “ . (ii 

• 

~~i/ ~~
, c.

-S. 

,
_•lP~~~ ~~ 

- 
~~~ 

I 1  
~~~~~~

‘

~~

‘

~~~~~~~ d 

“U, “

i
i ~~ 

r
S 5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ ,

~
, , .~~ -S

\~ ‘‘i ç~~~~74~~~ ~~~ 
r ,*~t1~-_ ~~lF’ 

“r’~
J -

\

~~Sq
~

%,.

~~~~~~~~
t (

I 

~~~~9 ~~~~~~~~~~~~~~~~~~~~~ ~~4IP~~~’t~~~~~~~~~ .~~~ I 
~~~~~~~~

S ‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ‘ ~‘II~~ ~~~~~~~~~~~~ 

‘ , - j •J /
’

- 

~~~~~~

I- / 
~ ~~~~~~~~~~~~~~~~~~ v —

~~ 
— / —‘,, ~

0 0  

J’
-S
.: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~ -: 

_

~
- S - \  

(I

— / / 
~~

-S I -Sf5”
~ 

~, F,.

:. ,~‘A~~
f ~~~~~~~~~~~~~~~~~~~~~~~~~ 5-S . 

‘I 
- 

‘ - 
~~~~

‘ i ~ ,
.~..). ,  ~~~~~~~~~~~ , .~. 5- ‘ ,‘-~~~~~~ . ‘ ‘ -S t - 

.~s ,_ ‘SI ,. • / - . 
• ‘,-ç~,. ‘ . . ~~~ ~~~ - “ . . S ‘4.-‘ 

I 4 ~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
\ ~

:~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~ 
‘\~~~

f .0 % ( N I

:V ~~~~~~~~~ f~J~t~;çP j_ 
‘.5

-S. ~~~~

o( ~~ ~ .~,, ,~ SI , ,~ ~ 0” 1 -

~ 
“
~~ : 

‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ $t
,

g;~~~

~~~~~~~~~~~ ~J 
~~~~~~~ 

C - 
• 

‘S I . 
,~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

) / 
- 

- 
\ ( 5’

~~~~c ~ I
I 

,

7 (~~
r
~:’~

’
~ 

. - - ~~~~~~~~~~~~ 
. i ~~~~~~~~~~~~~~~

‘
- .
‘

~~~~~ ~~~

‘5 ’- ~~ s .~ \ s ~ ~~~~

_~~
, ‘I-

’Is_-S_
~ ~~~~~~~~~~~~~ . 

‘ 
~~~~~~~ 

I ‘ ~~‘j -~ S —- ~~~~~~ ~



/
PLATE 7

5 7 ) 0 0 0

5- 
~~~~~ 

-
~
. - . 5 

,, ~~~ - ~ ~~~~ 
- 

‘— 
- - S

-
~~~~ 

- 
‘ Lol l -

‘ ~~~~*~~~
‘

~~
/ ‘4 ~~~~~Iç~~~~ lII~ - 

~~~~~~~~~ I I Iv 
-

~ ~5(ç,~ 
QF~~~~ _ 4 ç ~

1
~j~, I~~~~ 

(.
• o~~~~~g ~~~~ ‘- ‘ (i’ . 

~~~ 1)I”~ i’ ‘

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ‘;;~~~~~~~ .... ,, •- . 
- ‘ ‘~‘~i~ 

S

? , S I L  
,J’

_
’ ’~ -

~i :  .

-S 5-”i 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~ 4~J~) F.sL&

i__n / 
~~~~~~~~~~~~~~~~~~~~~~~~~ (~~~~~ i’ ’t , ”j ~~~~~~~~~~~~~~~ - 

- -
5- 

~~~~~~~~~~~~ 

~~~~
, ft-S7e)c:’~~’ ~~~~~~~~~~~~~~~~ I (3 ~~J,.- ..‘ 

,~ 
‘ 

~~~~~~~~~~~~~~~~ IJ 
‘.~~~ ~~~ ~~~~ a ~~~~~~~~~~~~~~

~~
- — _

~~~~~~ - . 

~~~~~
. ~~~~~~~ k- ’~ ~~~ - - - . - - 

~~~.. 0n’~ -S 
- s~

q . .

)  -
. 

•
. ‘*- - ~~Y - ,

-

‘
~~ 

‘5”

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5- S I.~~~~~~~~L S ~
-
/ ~ ~~

—1.ti \~ ‘~~~‘ô ~, ‘ 
S 

~
I..-5, £~~~~~~~~~~~~5~3 I~~~f4 

.
~~‘

- ~~~~~~

‘

~~~~~~~~~~~~

‘ + 
Cjt~~~

.,.

- ~~ — -~~ _
- .. \~ à1I-~ ~~~~~~~~~~~ - I’- 5-

~ 1c~ ~~l ~ ~~~~~~~~~~~~~~~~~~~ ‘~~
j,, 

‘5-
) 

~~~ ~ ,Ny—

’ 

4
1

5-
’ 

- \~~_~; ‘ 
O rb

c- .- t ’, .. , 11 -‘y0” ~~~~o ’ ( I ac ‘ l~ !( ~~~~,1I\ , -S % (S I- -S 
% 

~~~~~~~~~~ -

T.~~ -S .\ N 
(5d~~~~~~~~~~~~~~~~ F~~~~~~ 1

5
-
.- -\ ~~~~~~~~~~~~~

-
) 

~ij’1 ) ‘ \  t c ,”~~
C,. 

“-S 
5- 

.
•

~
..

Ott 
~

c-Sd~j , ~,$‘ 
‘ 

~~
“5- .~~~~~j’\ 1 ..~J -

~• 
,* 

) “,~~~~~~~ - 
~~~~~

4 ,  C , ,‘::-‘ \ ~~. ,~ ~~~~~~~~~~~~~~~~~~~ ~- 4 ~

-‘ T V  ~ 
• 

. • 
~~~~~~ ~ 

•• s ’ 

. ‘
S 

- : ~~~~~~~~~~ ~~~~~~~~ 
,r~ gt 

,:..~~~.. 
‘
.

-

L I 
‘ 

0~ ~ 
f4~~

,
54~•-S

,
F ~~( f  ~~~~~~~~~~~~ 

_ F 
~

‘ 

~~~~~~~~~~~~~~~~~ f,
_ _ _ _ _ _ _ _ _  - - ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~/



— 5 _
55~ -S 

)S , / . ‘ 7 .  - 5’
*5 

-S~~~ I 
~~_ ; 

) 
~~~~~~~

. “ r +

5 
55~~~ 

+ 
‘ 1 5 +5 1

5- 
s

_
5,~) 

- 

%
,

_
S~~~~~ ~3~~ /

- s  -S 
•
~~~~ . S + \ 5 S

_
~ 

S~~~~~ L 9

— — — - — ‘ 5  --S 
S S - 

* - -

S 55 5 

)~

5 
(55 1 

-
— — — — — - — 

_ 
- 

P) 71~ ~ A 
L* ~ ‘~ ‘ s~ S I ~~~

‘-S
S 
- — 

~, 
— — — — 

~~~~~~
. — — — — — —~~~~S — —  — — — —I~ — — .,_._L

f o / ~~ _ 
t I .‘+ f (

st< 

~~~~~ I
, 

1~

- ,~ ‘
S

- S - S  

-- 
5- 

5 
‘~ /

~~~~ 
~~~~~~~

~~~~~~~ /
_

~~~

5- 
I 

5- 
* 

I‘i_ -/ / 
~~~‘—.- ~~ 4

1 
&~/ 5

5-_
St - 

- 
~~~~~~~~~ 

~~- - S

• ~~~~ /~~~~~~~~ 

/ 

1
~~~

r 

~~~~ I

/
r ~~ 1 f A (

J
~~~~~~ 

‘- - 

/

- S.
~-~~~

_
~-S_ _r

~-

- / S C
~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~ 
r: ~~ ~~

- 
~~~~ -,5-

s

* S 
Sr’S ( 5

. 
- 15 - —— — .- 0 I.~4 I - - / + .— S 

—
5 5 5 ’  ~~~~~ 55 - 1~ ~~ ~5 

5 
+5 

~~ /
5~~~ ~ 

55

5 , 
71 - -  / 1 5 1  -

- / - 
~~dq,.. ... ,1 ~ 

~ ~~~ 
5- t ~~,_S~~

S 
—~ 

.5[
/ 

~~-S S~~ I -.~( _D ..~~~~ - .*‘~~~, - , , 5 —5 5 5 
S 5- I ‘ - S , 

~5-_( “ 5- 
.d~~~

”
~
’5-’ ‘ 

1 ‘S.
’

5 55 7 -
, ~ 2 - -

~~~/ 5
5

I 
—‘ ~ 5

~~*S~ j  ‘. - - - 
U-S 

S 
~~~~

e

S 

~ c 
~~

--\ ~5 f 75,~, L ) 5-4 5 

- 

~~~~~~~

‘ I
L’ 

5 
- —~~~~~

I 
~_1 S 

4 ’  ‘ 

~~‘ r
-~~ 

305 

I 

-

~~~~~ 

- 

- 
- —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Si 

/

5 ~ 
I~~~~

- 
/ 

~I 
~ 

- 

~l ~ 
1 

~ 
I

- 
- -S I ) )

EXPLANATI ON :- -

— S~~~~ r~1~~~ —--— ’— 
~~‘ 

I I -— -



~

5

5 54 
5- 

~~~~~ 
; 

C 
:

1

~ ~ ‘
/ 

v
,0~

5- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 ~~~~~ ~~~~/

‘ WftM I~~(~~~~ft~~ 
~~~~~~~~ ~~~

Si cV~’-\? ~~~~~ 2~~~~~~~”'~~ (-Si ~~~~~~~~~ ,
j, 7 ( “-S 1

‘T~
’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~

~~~~~~~~~~~~~~~~~~~ £J~~~~~~~~~~~~ : ~ “S K ~~~~~~~~ ~ ~~~~~ ~ ~~~~~~~~~~
1 

~~~~~~ 
~~~ ~~5-J ~~~ 

~~~~ 
~~~~ 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
c_ _,~~~~~~

j 
~~~~~~~~ ~~~~~\_ _,- 

~~~~~~~~~~~~ 
~ ~ ~r ~ 4~1 ~.s 

;
~~~;~~~~~C5’ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ Opb 5-

~~~~~

*

~

j  ‘ 
~ 

JI’f
l~ ~~~~~~ ~k

~~
- 

J
_ 

‘ ~ *~~tC I  ~~~~~ 
,. 
, ft, ~~~ 

‘
~~~~~ I ~ ~~~~~~~~ S ~~~ ~~ V ~ ~~ ~~~ _ —~~ O~~

I ~ ~~~~~~~~~~~~~~~~~~~~~~~ 
i~Is%i~~

\

~~~~ ’ , ~ ~~ - S .  

~ 
~~~~~~~~~~~~~~ 

~~~~~~J~4;~~~0’ 

~N.~-? ~ ~~~~ ~~~~~~~ - “
~~

(‘-
~ ~ ‘ ,~~~~~

~~

~ ~

/ 4~~ t F ~~~~~~ ~ \ ~~~ 0 ~5- ~ ~~~~ ~~~~ ~~ r ~~~~~ ~~~~~~ , 
, 

,~~~ ~ 

~~~~~ ,~ ~ 
‘ 

~~~ ~ ~~I 
~ ~ ~~~~SIS 

~~~~~~~~~~~~~~~~~~~ 

\,~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

5

— 

~ ( : -S
:~;t~~T \~!rr ~~~~~~ V~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

p 

~~~~~~~ 
J

I ~ 
~~~~~~~~~~ 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

\%~
\
Z 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~ \ L:~r ~;jç~ ‘
\ 

5. j- 

~~~~~~~~~~~~~~~~~~~ 

\ \
- S - S- ’.

I ~~~~~~~ \ 5
/

\
\

- t

I) 
~ ~ 1 1 1 4  }

- 

.‘.



-~~~~~ ~~~~~~~~~~~~~~
— — — 

- S _ ~~~~~~~

_ ;i —_
~ 

--

..-

~~~~ 

‘ 5 - .  

~~ : •‘ J::~:-j S ~~~~~~~ 
5- 

Is

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. 

~I ,A I ~ ~~~~ \

\ “~~
‘
~~~~~~~V7~ 

__;;4~~~~~

+~~~4 I ,~~~~~ fl1I 
I—
.. 

5- ‘;‘;‘~- — — 5 
~~) 

~~~~~~~~~~~~~ ~~~~~ c,~
,_ _ -S. ~~~~~~~ 

‘ 
5 S _

;
I-S

S 
i-

-S

:

I.- 
:: :4 ‘

~~
‘5

d
~5-d;-~~.5 ~~~~

‘•
~~~~1I~ 

~~~~~~~~~~ ~~~.“ ~
) 

~~ . ‘
0 -SN 

~~~~~~~~~~~~~~~~~~~~ ~~

I 14 b~~~
° 

~~~ I
~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~ >,‘-

~
... 

“b 

~~ ~~~ ~~~~~~ ~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ c n ,~j~ ~~~~ ‘~~~~

L~ 2. ~~~~~~ ~4
I
~~~r:

S
c
c:91

S
, ~ n ‘ ~~ ~~~~~~~~ 

- I -S-Sb’ I .5- Ii :4~u~ “.‘

_ *

~~~
;:.

S*

’

~~

’5
S v.S

i1 

~
:- -

~ 
, 

-‘ ~~~ ,
~ 
‘~r ”

~~-’ 
~~~~~~~~~~~~~~~~~~~~~~~ 

I I 

~: 
— ‘  

~~~~~~ 
71

~~~~~~~~~~~ 
- 

I ~~ ~~~
— S ~~~~~~~~~ 

_~~~~_ :~~ ~ ~ ~ ) ‘l~ S .~f ,~(~y ’.11 ~ ~~~ S ~~~~~ /~ • C i

- _ _:- ., ~ ~~~~~~ ,;1 ‘ ~~~~~~~~~~~~~~~~~~~ 
,. 

~~~~~~~~~~~~~~~~~~~~~ 
£. C— 

•~ 
~ ~~~~~~~ ~~~~~~~ , ~ : :~.. ~ / ~ ~ ~ .P‘-S.- / 5’ 

5
’ ~~~S

S,-S* _ J I 5 4 ~~~ g 
~ 

~~~~~~~ ~ ‘—~~~ ~~~~~ 
~. (

~~ c~~ 
l\ E~~~,, 55 ~ ~:Lal

~
rr

~::

I

5 ~~~ ~
_“) ~~~~~~~~ 

‘
5-

,
~~ 

‘~ ~~~ ~ ~

~~~~~~~~~~~~~

‘- S

~~~~~~~~~c ~i~i!~ ~~~~~~~~~~~~~ ;~
/

‘

:/~~~~~~
-S(:

A

~~
J ~ 5- 

:~~~~~~-~ ,‘y 
~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

;
~: ~ ~ ~::~~~~ 

‘— -5. 4 f •15- ~~ 5- \~ ~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~ 

~ ~~~~~~~~~ 

~;c ~~~~~~~~ ~ ~ 
- -S , 

~~ 
~~ ~

~,j 4~.-S:? l~ 
-S 

- )E.a -S_;5
~
]
~L& Q,,$ ~ ~0-S 

“-
~~~~ _~~~~~~~~~~~ (4~f(J i~ 

V•5-I
~~i~ 54 ,~~n7~I 5-c;

~~~~~~~ 
::~ ~_SF

,Is F ‘\ ~‘1~~-4 ~~~ 
---—~ ~“<‘\ ~~~~~~~~ ~~~ ~~ ~~. — ~~

- — 
~
— 

~~~
-
‘ .*- —~i’ ~~~ ~~~~

‘ 5- 

~~~~~
“

~~
- 

~jc-S. “? ‘N&~c’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
!~:~:c

,,:s~~~~f
)

~ r7I /~~~*) ,~? 
~~~~~~~~~~~~~~~~~~~~~~~~ 

_
_0, 

Qpb ’~~~
”

~~~~ ~ ~~~~~~~~~~~~~ ~ 
‘c-,~ “-

~~~~ ~:i ~ \ ~~~~ ‘ J ~73~ ~
_
~_ j-~__ _n sc&MbI::S~;r~ Si I

s~~~~?J c:~1 ,~~ 

‘ 

~~~~~~~~~~ ~ 

~~~~~~~~5-1r( ~ ‘5
~~~ :

t.sR:
~ Qt+d ‘-S-S.’

—

— 

LANT IC ClTi

- Obsi  -

~~
l’C

~~~~
_

~~~~b,.s 5-
~~~~~~~~~4 ;;:~~

- .:/5 . 
5
~~ ’~~ - Obd

‘5-

l~3/ “7 ~~~ 
-~~~

‘ 

\

} 
Obd



-._---__ _
_ _

1 ’ ’  
_ - . - 

5 , 0 ~~~~~~~~~~~~~~~ 
‘ 

IS
- .  / • - S.~~~~~ ‘~~~~~ 

. 
- 

S — -

-s 1” .~~~1’~ ~ 
S , 

- . .— .
~~--St 

-S 
,~~I b  5-)

- 
~~~~~~~ 

~~‘w ’~~~ 
- 
\ .‘ 

~~~~~~~~~~~~~~~~~ I~~~~~~~~
•

- 
- - - S  -

5 
• “

~~~~~~
.%

_- S \ i,.
:~~~~s.’ ~~. ~~~~~ ...L, _ -

~. 
~~~~~~~ ~~~~~~~~~~~~~

,‘S~~ 
~~~ ~:‘/~

-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~

: 
p 

~~~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~ 2
I 

~
, .‘s~’i I 

•~~~~~~~~~~~ ‘ ~~~~~~~

Q I
‘ \ ‘ ~~~~~~l ~~~~~~~~~~ i~

;,
~

— ’ 
~ 

~~~~~~~~~~~~~~~~~~ 
.
~~
. . J

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A

~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~ 
1’

~ ~~~ ‘%“ 5” ’.1-S~~~~’t~~~~111I~~~~ \ 
~

0
~~~.5-- ’t,~I ~~~~

I
- - 

- 

- 

. - \ 5 5- --S.-
.. S 

- -
S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘

~~~~~~~~~~~~
‘

/ 4 - S •’ - S ••~~~
’ 

~~~~~~~~~

- -
~~~-‘

- 
• 

~~~~~~~
‘ ‘~~~ Qbd

~~~
. -

~~~~~ - 
- I~~~~ ,. 

C—

Qb d
h

O 
f 

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~1i: J
~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ A~~ AN TI C C I T Y

tcs’r~ 
A %

~~~
?;

Ip

~~~~~

‘ 5

~~~ 
‘
--
‘

5

.
.-

,

~~~~~~~ ~~
- ,  .

r

V

H

5 5~



. 5. F 
_.
/

5~
‘5 _ S  

~-S 

/ ‘ 
~ S 

I
\ 

‘5

‘4 ~ / S ( ~~_ , 
\\(/5-  

~~~ J ~~

. 
-S ~~ 

(
S-S ~

~15, ’ I ’ ~~~~~~~~~ * ,/ ~~~~~~~ 
I

‘I-. ~~~+Y , 1~5 
~~~~~~

_ I q ,  51 ) - 
_5 ’“551 ‘*5~~~ ~~

-S 

~, )  
~

r 5.

1 

~~~~
;-

-
-

~

__

/ 5 

- 

-

— GA.... iA.d S — - I
5. 

- 

~~~- ~ 

/~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

I ~~~~~~~~

t~ 
~~~ 5 ~~

5- - ~I 

‘
I 

~
) \ J

EXPLANATION - ‘ 
-

- 
5 

~~~~~~~ 
-

- Qbd . Qms -

“ S - -s - - S - ._ _

- Beac h and dune sand Marsh o li d swamp d epos it s 
,~ , .55

SI-S 
/ i .5- - - - .s 4 ii

5- 
‘ .~~oO :. .

_ _ _ _ S~~~ 
55r -~ - s - . -

~~IIuv i um an d 9 I O C IO I  o utw osh I 
~ / 

~~~~~
. ~-

I - Tolbot and Cape May form ati ons

5 

Locally /nc/ode g/acioI~,wlwos/, 
~~=~~~~‘ I

- ,
Unclassified deposits Qpb 5-S’ s

Shown only in Delaware Pensouken and Bridgeton formation s - 5- _~, 
5-

15 

—~~~~ -

~~~ L. ‘ 
~T K u - 4

S S s
-

Sediments , undiffer ent iated ‘— -

/ n c ’5 d e s  s mol/ oniounls of unc l assi f i ed  dep osi ts of \ — s. .,S

~~~~~ 2 - ..Ple stocene oae ~n New Jersey Subdivisions 
,‘~

“ -m ~~~~~~~~~~
shown on p16  

~~ 
I
,,_,_,(

L_
\

Consolidot€d roeks, undIf feren t Iate d

Subdivisions shown On p1 II - ~5’

-

Geologic cont ac t  
-

dashed where o p p ro xl m of e l y located

- 55

Southern limit of Jerse y on d r i f t  55 , ~ 
~~~~~~~ - - 

,
4 

_
~~~

—
~~~~~ 

___—
~~~~

.. 
‘- 

- - r
Boundary of Delaware River bO S In 

— 

_
ç

~t~~,’ / -— _
~
_____

~_ .__ .~
_ ___ -

s~~~~ 315 5 5 76 °O0 ’ 45

GEOLOGIC MAP OF SOUTH HALF OF DEL1~



-

T \ 

/

I — 
~~ ~~~~~~~~ 

I) F- 1 14 1? F 11 A Y

“5 : ~~~ /~E;
~~~~~~~ 

~ ““~~~~ ~; ~~~~~~ IT~ \~-~ 
‘S I ~-S

\
‘5 - ’ 5- - S 

~~ 55 S - S S ” S 5

‘I 

~~ 

~~~~~~ nmopped c;o
Ji ., 

4
~51s~~~~- ~~~ /~~,_5

/ ~~~~~~~~~~ I’ ~~~

‘ 

~~~~

‘

~~~~~~‘ 

~~~
“
~~ \ F

‘—5-- / 
-

+ ) ,r’ / 
-5--

~ ~,5- 
5-
’ ‘ unnioppe&s~~eo ,-

I ~‘ - --——-— -: - -S

- 
—

~~~~~~~

5-

-
_ ;  

5~~~~ 
~~~5

- - 
5-

~~ - 
‘

~ 1 %
__

~~~ . ~~~~
‘5-S ‘ 

Jj
555 1 \ ,

~~S 
~~~~~ S 

— 
.
~~-i-4-S- ~~~~~555~~ 55~

- 
‘ 

S \ ~~~ ( / ) 
‘ 

-S. ‘ - 
.- 

Os

5- (
) / 

~~ I 
~~ 

~~~~~ ~~~~~., Qbd

f ~~~~~( ‘  

5 54
5

51

~~ S

55
’ ~~~ 

5 

- 

~~~~~~~~~~~~~~~~~ 

—-

-\ / 
,

~~~~~~ 

,
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~

‘
~~~~~ I ~ L - 1 - . Ss s + ’  5 5 5 ~ -

~ -‘

~ : ~~ - ‘S s 
“ 5- ‘ S - - 

505ss~~ - 15 ’S+

-
~~ S~~

~~~~~~~~~~~~SI / ~~~~~~~~~~~~~~~ 

. . s 

~~~~~~- S t~~~~ 5 - 5 5 .

-
~~ 

I 

- \, ~~~~~~~~~~~~ ~‘-~~~~ 
- ,5 

‘ 

~ • ~
-
~
-- 

~~~~~ 

-- -

-s 55~~~~~ 5
’
~~~~~ •

ti~~!i
r 

15
1 L

c~_ 
//~

5- 

1 
0’ / 

‘ 

~~ Is

-

~~~~~~ 

-

~~~~~ 

‘ L~

- 

-
-

-

30 ~~
‘

- 5-) ‘, It) 5 ,5- ( I5-’ 5 1 5 551
- - - - 55 55 5 -~

= DELAWARE RIVER BASIN AND SOUTHERN NEW JERSEY SI

-_ ~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----~~~~~- 5 -



..~~~J~~~~~~~~~L..~~/s. . : .io’S j .sw’~’ ~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~ /:~~
,

..

i~ - 
Qbd

~~~~~~~ ~~~~

:~ ~~~-‘~4 - Qbd

7.:: .:: ..

-
~

I.s,0t. _ ~~SS -

/

-- Ce

TI.-

4~~ 5 3i ’
- 2-’T 5-7 1+’’ .

~ JERSEY SHOWING UNCONSOLIDATED SEDIMENTS OF QUAT
I \\



- 5 - —- 5 -

Ic
-S

3 5

Com Piled t r r s ,n 101 I s w s r s s1 SOIS5 ’ CiS

(I) Lewss , .5- V and Kss n,nSel H B 1910 S~i5 , . relsle d by lcss rrs sne. 1931 ,
and M E JohnIos~ 950 , Geo lag S c m a p  of  New Je rs e y  N J Oep I
Co ns erv  and ~c oe Dead A t l a s , s tr eet 40

i?l Bsi5coins ,F io,encs , Oorton ,N N ,K ssmnsmnel H B ond otherS 909
U S  Geol Sur ve y  Opa l A t l a s , T ren t on  f O l s a  (no 16)

I 5 - 5  W i l l a r d  Brad fo rd , Mc L ouqhI sn 0 B , *at son , E H and o ilm e rs , Geo!o11c
sn op ~~ . Gr .en mon , D W~, 955 , Ground - wo t s r  re no ur ces o f  Bu ck s - ou ’s ’y
Pa - Pa Geal Su r+• y ,  4 t h  se r ~ , Bull W I i , 66p

14 ) Bosco rn ,Florenc e Clark , W . B - Dar lon , N P-i and otlrers ,l909, u ~
6 .05- S uraey G o I  A t l as , Philade lphIa fo l io  (no 16 2)

(5) Bosco rn , Flor.nc. , and M I l es , B L , 5 9 7 5 1 , U S Geol Surve y Geo l
Is 

- 
A f los ~ Ik sngton - Ws lrns ngtOn 105- so

(6)  M l  Ie r , B L 1 906~ U S Opa l S u r s e y  Opal A t las , Dovar f o l i O  (no 13 7 (

- 7) Rasrn usse n ,W C GrooI ,j  J Mor r sn , P 0. P McCa rre n ,E F - and
o f f l e S s , 5 9 5 7 , lIr e w a t e r  S e 5 O U S C P I  ot  nos them n De l ’wo r s  Del Geo I
S u r v e y  B u l l  6 , v I, 2 2 3  p

S — - - - - — - - - — —— —-5- - - — +—~~-- -_ ~- - 38 27’
3551 5 S 74° 00

LIDATED SEDIMENTS OF QUATERNARY AGE

— S-S S ~~~~~~~~~~~~~~~~~~ 554.5 -S 
~~~~~~~~ -5_I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘5 -5— 5 —



- ‘- 5 - -- -- -— -__—-S ---- - -- - - - - - - -_ _

u-Ss , GEOLOGICAL SURVEy
~ 

- -S 

S~ M 5 -  ~~~~~~~~~~~~~~~~~~ I~~
s 

, 
I ~ 

) l~~~~
’ 15 5 

~~~°°‘ ~ 

l~~ ) 
I , 

S 
~~~~~~~~~~~~~ ~

N ~ 
Is ~ ~~~~~~~ ~ I) ) ~ ~f~

I 
~I 

~ ~~~~~~~~~~~~~~~~~~~~~ -55 5N . • ~ 

S S 

, ~ a t i~ i+’~ 
P € B  //-

~ 
. 

I ‘I ~ I , a “~ ~~~~~~~~~~~ bN~ I ~~ ~~~ -S 
I 

‘ I ~~~~~~~~~~~~ -S

~~ ~ 

~5S ft ~

5- 

N ~ 
~ 

‘:~ ~ 
, , 

I

I 

~1 ~ 
I 

~ ~ 

,, 

I

~4 
I 

~~~~~~~~~ 
) 

S ~ 
‘ , S 
I pt,’,

a I ~ I 
~ 

, C /
0 5

) 
~~~ ~i ~ 

55
55 0

-S I 
~ 

_ 

~ 

C
’ I i~iI!!!~iJl I~’ x—~ ‘ . _

~—2~ 
‘

~__-S*,-S___.t
5_-_s 5-Is il lA iT I’~ r1r~ ‘ 

, 
75- - r-~ ~I /5 *,

5~~~5 I 
~ 

y a 
~ 1I ~~~, ~~ 

bc .- ~ ~- ~~~ 
S

C 
‘

-S 
-S 

S ~, ~ 16:
-S -S ~ _~~~~~~~~

- 

N - • . 
S 0~~~~ 

‘ 
~~~~~ ~ S - SS 

~s 

-:~~~~ 
5-
; 

5 _

.
~ ._ 

~~~~~ ~ S 
•

_S~~~;5
.5- ,

n ‘5
~~~_4,+, ,,,•~ lbc • n 5- 5- 5- 

,~ • 
-S 

+‘ lb5*

‘-S.— 
— ---Si 

‘s’5-S 

: ~ 
~~~~~~~~~~~ 

ml;: 
: •. . 

- : ~~~ I

~~n~
-5-5’ 

S 
‘ 

-‘

SI 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , 
.j ;~ ~~~~ ~ I I~ 

~ ~“‘S 
~~~~~~~~~~~~ 

5 - ’ -  

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~S ~t 
S 

~~~ 
, 

~~~~ y
/ 

• ~~~~~~~~~~~~~~~~~~~~ .• • 
.. . . .~~~ ~~~

‘5 —
-S S “ 5 0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
- 

- -S -.f S~~~~~~~~ &S:~~ 
5 

~~#Ap d p 
~~~~~~~~~~~ 

~ S ~ • •
S I . ‘

~~~~~~~~1j~w.~
-S 

~~~~~~~~~~~~~ ~‘ 
- 
. -:

15 ‘;Is ~ 
“ 

“
~ ~~~~~~~~ )d + +~~ S- ~ u ‘ ~ ~ 

. 

S ~~ 
• ‘

5 5~ / , t s%. S 
~ 

, 
C , .

.-S 

~~ - 
<,, 

5— - S ,:~
• 

~1’ 
~ - 5w -, 

~~•,
. 
,5. 

5-’ w 4 5- ‘.- 4
-

S~~~~ 
~~

: ‘ S
~~

-5 - - ..,.4.
-Sr , 

-S 
-. 5 - S ~ ~~~~~ • 5 - ~~~~~~~~~ ~~~~~~~~~~ 

-
~~~- I— ,~ 

5, -5 :..: .~ ~~~~~~~~~~~ ~-S ~
. 

‘ 4 n -
-S , ,, h U  . 0

~~ ~ ~ ~~~~~
.u  51 

‘ 5- • 0  ~~~~~ ‘,- S +‘-S

’
S 

-S -
- 

~ I~~!
5 * ’S

4~~~ ~~~ 
:;

~~~ 
-S 

-
~_

o~ r ‘S . u u

- 
S 4~ 

• 
9- .5 55 . ’ 5 5  S _ _5

~ 
55 4 55 5~~ • 0

’
_ _ S L ~ 5 C 

• ~.:.I ~~
‘S C 

a~~~~~~~6 
-Su,,,es.o , , -S Iss~ ‘5-i 

~ C ~ ~ ‘ 
~~~ 

F ~~~ -5~~ ~

S 

~ LAF4C&SIIV 

~~

-‘-
~: 

‘-• 
‘ T ~~ - - 

~~~~~ 

~~ S “ ‘S.€_ u t ~~~ 
“u ’,

- - ‘ -S 
S ~~~~~ ~~~~~~ 

‘
S

..- .- 
~~~

I-I

~ ~
.‘- ::i~ 

~~~~~\~ ~ 
)
~~~~. , 

- 5 
L~~~ 

~~~~~~~~~~~~~~ 

55

,

\
\

~~

;

1 
I I 5J :~ ,

/ / 0~~ S

\ 5S 
F 

~~~~~~ 
: 1-j~ 

~~~~~~~~ 

5 
I- 

~~~ 
S 

~~~ ~ ~~ ~ ~~ \‘\~-S—.4 S ~ ~ 
(55555 

. ~ 1- \~ 
S
~~ 

5
~

S ::~~ ~ ‘ - 
‘~ 5- S 

~ 
k
k~~~~

5\/S 
s/~

-SS~ \ 5  ~~

, 
r

~~5s ) - 5
’ ‘5 5- ( 55 ~ \ ‘ \ ~ ~ ~~~~~~~~~~~ 

S
~1iS ~ ‘-5 

5 5- N ~‘5~5- 
~~~~ . ~ 

‘b’- ~- 
r ~~~~ 1 ~5- S .5~~’S~\S i  I

~ 
, 

~~S 

‘5 , ) 
-5 5

5._ S ~5 5 ~ ~~~~ 5 5~~~

- 
~ ~ 

5* 

-t( 

~~~~ 

-S 

~~~~~~~ 

\
\ 

\~ 

~
“

~iSi~~
’
~ 

~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~ ~
-. ~~~~~~ 

~~~~~~~~~~~ 

I 
5 0 ~~~~ 

~~~~~~ 

5 5- Si

5 
SI 

- 
~- ‘5- ~ ~~~~ / 

_
5 

Si 

~

sk ~ \ 
5 

~~

~~ 
~~~~~

Un
1 

) ¶
~ 

‘
~~~ �:. \

- 

~~~ 

~~~~ 
-- ~~~I

,ss ~~~~~ - 

k-S~~Ii’ ~~-i / -



-

45’

~A
’ 5

_ 
_ 

3

m m  5- ~ 

I

~~~~~~
cI ~~~~~~~ 

r ~;~~~ 7 
, , 

5- 
~~~~~~~~~ ~~SS ~ ‘~~~~~~ ~~~~~~

~~~~~r~~r~ m t I ~~ 
~ p C 

/
s/  

~ ~‘ 
5 -  ‘ ~ ::: ‘ . • 

+‘ 

~~~~~~ 
r

~~~~ 
€ ,a /,

/ 
~ 

~ t i ~ ~ , 4 ~ 
— 4 ~ 

b ~ 
4 ~~~~ 

-

I 
m ~ ~~~~~~~~~~ 

/ :~~~~~~~~~~~~
/ B/ 

~ 

~ d \
~ b ~ lb ~ 

~d ~~~~~~~~~ 
_ 

lb 
~~~~~~~~~~~~ p ~

P C 
~ ~ 

b~ 

~4 
‘ 

b 

-S 6 ~~~ 
{~
) 

~~~~ 

‘ 

~~~~~~~ ~~~~~ 
~ ~~~~~~ 

S

t~~ 
/ S 

~ 
~~~1d - 

~ 

S 

~ 

S ~ ~~ 
:
‘:‘~ 

, 
. 
I ~~~ ~~ “ 7 5

•;I - ~t Cr / ~~~~~~~~~ 
5- 

Sib 

~ 

55- .
~~~_5 

*5 _ 0u
-S._

_/ ~ 
i
/

-s 

~

r 
‘
~~~ r :~~~~~ 

‘

~ 

5 : . 5 :
~
:
~~~~~

’
:~~~

. s . .
~~ 

5~e- 5 
~ “ ‘~~ / J 2cq55

~‘ 
/ 

1

~~~~~I 

*~ ~ 
r ~~ ~ 

c 

~~~ ~~~~,

1 
/ 

bc ( 
~~d 

- 

~~~~~~~~~~ 

P ~ ,,~~~~~ 

~~A’~~
” 

~ ‘ 
— 

5-

P ~ ~~~ ~~~~~~ 

S : 5  
5 - : ~ 

: R~1~~~~~~ ~~ 
- ‘

~~ ~~

l 

~~~~~~~~~~~~ 

- - S  

~~~ 

o~ c 
, ~ ::

14 1 

C 1~ ~ 
:~ ~~ ~ 

~~~~~~~~ : ‘ ‘ ‘ 
— :- 

a 
_~

S 
_ 

6 ~ ~~~ 

S . 
~~~ 

~ b ‘~. 
~ -S ~~ 

.~~~~
., S I~ ~~~ ‘ 

,~~~~ I ~

S _
_ _ •-S’

~_
_
_

~~~~~~~~ d 

: . . 
~
.—. S 

:: ~ ~~~~~~~~~~ 
~ s~~

.$- 

-S 

~ 
5 5 ~•5*Is•øF-S~• 

b

1!c ~~~~~~ 
~ 5 5 5 5 5 5  ~~~~~~~~~~~~ 

‘ S ~ ~~~ 
-7 5 ~~

:~~ 
~ -~: .

~~ 
:-~-~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. / ‘ 

~ 

- - 

~~~~~ ~~~~~ ~~l

.
5- 
- 
. 

S S S ~i,cs_::0_L__:,:5_ - 
~ 

0 ‘ 
~ 

~~~~~~~~~~~~~ S 
5-
~~ 

~/ ( S 
~~

-s.. k . ’ - •~~~~ •
5-
’ 5- ~~~~~~~~~~~ 

-S S 
~ b ~~ 

55 

55

-sS- 2~ ~ “ N ~~ 

*,

~~~~

. . -

--

•
:~~~~~~

‘ 

~ ~~~~~~~~~~~ 
~~~\ ~~~

-S
-

~~~~~~~~~~~~~~~~~~

- 
‘

15 

-S

~~~~~~
- 

~~~~~~~~~~~~~ \~, 
_ -

—

~~~~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~

.
5-.
. 

• 5 5 5 ~~~~~~~~~~~~~ 
~A 

~~ S ~~ 

‘5
~~~~~~~~

’5
I ~~~~~~~~~~~

. 

S\~~~~

; 
S 

~~‘

~
. 

-5. 

1 ‘S ~, , 
~~5- _

\ ~~~~~~~~~~~~~~ 
WI 

~l ~ ~ 

1 

~~~~~~~~~~ 

4 ‘N

. 

V 
I ~~~~~~ 

~ 
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I i ~ ‘ ~~ 1/ ~ ~ 
/

. . ‘: -~~~:: : :..- S . 0~~~~~~,
0
~~~~

0 n  5- lp , W 
~~ ~ 55 ~~~~~~~~~~ ,1

A7~~~~~~~~~ ~

~~~~~~~~~~ 
• 

~ ~~~ 

, y 
~~~ 

. 

~~
‘ S 

~~~~~~~~~~~ ~ 

?~~ QRIStOW N 
S 

~ 
/_

. S i ...5-
. . .:s* : ’S  . 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~ 

‘ 
~ 

~ 
~ 

~~~~~~~ ~ / I 

~~~~ 

\ ~

~ 
-S 

55

, 5 . ~~~~~~~~~~~~~~ 

r

~~ 

Is ‘
~~~‘~~~~~~ .\\ 

S

:
_~~ ~

,
- 

• -S 

~ ~~~~~ ~~ 
I ;•~~~: . . 

‘

~~

-

~~~ ~ ~~~

“ ‘ ‘ C ~~ 

‘N 
5- 

~ ~~~~~ 

S 

~~~ ~ 

r ~~~~ ~ ~ ~

l~~~~• ,  ~~~~ -S ~~~~
.• . 

S 

\ S ~ 
5-
’

1~ 
‘~ ‘ 

~ \ 

It 
~~~~~~~~~~~~~~~ ~ 

- ~~~~~~e 

gr 

~~ 
\

~~~

“

~~~~Si 

\

~~~; ~~~~~~~~~~~~~~~~~~~~~~~~~~

\\  
~ 

~ ~~ ~~ ~ 4m~~ n~~~~~ :~( 
r . ~~~ 

J
i 

• ~~~~~ ~~~~~~~~~~~~ 
~~~~~~~ 

: ~
I~ \\ ‘\ 5’ a ‘ ~ ~ ~~~~~~~~~ 

, * 
~ 

, • ~~~~ - 
‘
~~~~~~

“ ~~~~~~~~ 
‘

5- ‘N 
S ‘ .

~~.~:~ ‘:-:~ , 
.~~~~~~~~

‘-~:: ~~~~~~~~~ 

~~~~~~~~~~~~~ 
Is~~~~~s ‘~~ ~ .~~5- ~

~ 
5- 

~ \ 01 “ 
‘ ~ ~ • :: ‘S

~~~-
’,~~, : ‘ 

~~~~ Si 

5- 
~~~~~ 5~ ~~ ‘ . ~ S 5 ~ ~

/ 
~~~~~~~~~~~~~~~~~~ 

I E ~ 
~ 

S~~~~ ‘-S * ~~~~~~~~~

S ~~ \ 0~ ~
‘ 

~~~~~~~~ 

u ,~~~~ ~~~

. 

~ 
~~~~~CAMDEN ~ 

S

S ~ ~~ 

5 u , .~~~, 

-S 
5 5 5 ‘~ ~~ 

5-

, ~~~~ S 
, ~~~u n -5 

~~ 
B 5- 1 ~~~ 

r 5- ~~~~~~~~~~~~~~~~~~ 
S

~~ 
S 

-S 
S +‘

~~~~~~ 

5N 
5- 

k 1

\ I 
0 . 

5- 
~~~~~~~ 

N S S • -S
’ 5-~ ‘-S ~~~~ ~~~~ 

-S u ~~~ i+’~ /
~~ •5~~~~~ 4,

S S ~ 

,

~~~~~

-S \~~ 
S 

~ ~~ ~~~~~~~
-S ’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ ~~

S 5

.5 
- Si ~~ ~ 

Si 

: ~~ ~~~~~ 

Si 
5- Si 

~ 
_ 

~~~~~~ ~~ 
‘
~~ . 

0 [ ‘ 
~~ ~~ 

5- ~~~ ~ ~~~~: , ~ 
5-

‘4 5* ~ 0 ~~~~u ~~~~~~~ ~ n 
~ 

—S-S ~~~~ . ~ ~~~~~ 

5-

~~
’
~~~~

’ 
15 ~ ~~ 

S ’ 5  ~~N ~~~~- N.

~ ~~q’ ~ ~ 
~~~~~~~ j /~ 

~~~~~~~~~ ~~~~~~
5- 

~~~~~~~~~~~ ~ ~
-: 

~~~ 
wwod:~~~ ~ ~ 

lc
~ t ~fL~

”5
5 ~:

S Si ~~ 
- 

~~~~~~~~~~~~ 

,.~~~:,
‘0 u 0

~~~~~~~~~~~
” 

5- .
,

~~~~ ~~~~ ~~~~ 
~~~~~~~ 

• I 
• 

‘
~

~~~ 
5- ~~~~~ 

S 5- ‘ 55 
‘S , 1’Su~~~ 5 - .

51’
~~~~,5 

S... - 

~
-i 

~~~

‘ ‘ 5- 

~ 

, I ~~~~

5-

~~~~~ — ~~~~~~~

~~ 
\\~~~~ 

~ 
~~~~~~~~~~ 

~; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

TI 

~ ~ ~ 
: 
~ ~ ~ ~~

- ~ 
Sr 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~

s S .
S - 

~ S ~

Is ‘ S  S I



—~~~~ 5 -— S_~~~~~~~~~~~~~~~~~ - - -S ~~~~ -_ _

-S

5
~~~~~~;

S _ 

~ 
~~~~ 5 ) 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S SS 

: 
bb  ~~~~~~~~~~~~ 

_

~~p 

~~~

e>
/ 1 .  

.
) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~: ‘ 

~~~ j  
~~~~~~~~~~~ 

~~~~~~~ ~ ~~~ 

~~~~~~~~~~ sO 

TKu ~

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 1V~L~’ ~~~~~~~~~~~~~~~~~~~~~~~~~ 5-  ~
‘ 

-~ I . / 1

__4-SQ(”’b_-
_ 

~~~~~ :~~~~~~~~~~~— Y .  0 5 ’ ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~ ~~~~~~~

2i~J \ 
I~ ~~~ A ~:j/~/~~~~~ z f°~~~~~~~~~. ..::,R~sf ~~~~~~~ ~J4~~~~~’5~ / ~ 

-S
. 

S 
~~~~ ~\ 

‘

-S ~ I 
i+a.-5~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I ~~~ _, 
u. 

~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5~5~~
, 

~~~ ~ ~ ~~~~ 

f
t ~~~~ 

5
(5

~

~~~~~~~~~~~~~~~~~~~~~ 
~.H ~~~~ 

~
5
\,/<:S

”
5
H1*l 

~~~~~~~,-S-Si~~~~~ 
~ b 

-::~~~
---

~~~~~~~~ / ‘:~-;i~ 5 5 5 ~
‘lul.wIF
.,q

~~~ _ .
S ~~~ ‘5~

09-Sks ~ 
5 5

/ 
~~~~ s* ~~

-5
~S ~

•li I 
•

~~
‘ ~~~~~~~ 

, 
~ ~ 
,‘L1 5 5 , , ~ ~~~~~~~~~ “5 %._ .5 

S ~.‘ ‘ ~ 
~ 

.:~r”~
55 

~~~~ ~ ~~ ,fn~~~wid

~0 ~ , ~ 
w 

~~~~~~~~~~~~~~~~~~~~~~~ \ \ S 55 / 

~ 2c~~ ~ 
r ~~ ç. ~~~~~~ ‘-~~ 

‘h— .‘~~
“ ~ 

S 

~-,S---;
~~~~~

,,.. —+’-
-S-- 

,
.: \ ~~~~~~~~~~~~~~~~~~~ 

ci 
, ~

‘
~~~~~g1p ~~ -~~~ 

. ~l
<4 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Thu 

~ 
‘-SIs’° ~~~~~~~~~~~~~ 

S ”
~~ 51 / 5-

tee 5 ~ 55 ‘~,~~~~~~~ rsf ~~~° , 5/5-S -S’~~~~~~ ’5 ~ 
I

- as Is 55505- s~~~i~f_5~~~~~~~~~~~ ’~,+,0., I 555 5 -#1 -S-SP% I

‘-S 

.
~ , - f~~ 4 ThENTON 5- /‘~ 

~~~~~~~~~~~~~~~ / - 5 
0

- 
- / ~~~~~~ 

S - 
/ ‘5- 

. . q~~~~ ,
~~~~~~~~~~~~~~~~~~ -\ .~- - ~/ I - i~ -~~~~

/ . .
~~~~~~~~~~ 

:~
-
~S

F ~~S 5  —
~~~~~~ ‘ 5 -  - 

- S.’ 
5 5

/ i, \ ~~~~~~~~~ . 
. /7 . L.

- 
5- ~~~~~~~~~ 

~ 
~-~~~~: 

- 

_5/
/

_ 
\ S~~

“ . -
~~~~~

. 

~~~~~~~~~~ I ‘-S ,
_ 

S I -

\\ k \ ~~~~~ - 
,; ~~/ 

‘ -

~~~ /  , . /S55 
5 S S  5 ‘ S S •  , P s  ~~~p 55 -S + 5 5 ‘ -‘ 5- Lo In . .  . -

• 
~~~~~~~~~~~~~ 

.
~~ 

5 ‘5 — - 
I

~~ d ~ 
L ~~~- 

- 

~

- 

~ 
,8~~h 
‘%I

j  

- 
- - 

- 5 5

- ~~~~~l 
- 

F 9 - 
~

MDEN ‘ 

-- 

~~~~~~~~ ~~ 
- 

k -
~~
‘ 

-S • • -~ 1 5-’  

-

fl (u -S
~ ,‘ -~~ 551 5 

5- I
- 05. 5- I S

/5555.rw.oè p, ‘~ 
5- . 

/
S5~ 

- 

-s 
~ 

~~~~ 
~~

+‘

~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ /

( 

~~~~~~~~~~~~~~~ 

-

~~

‘

~~~~~

_ -sP 
.5

~ S t  -

• 5 1 $fl.’~ •_ 
~~~ ~~~~ 

I -
~~~ - 

s,
# _

) 
- - S ~~~~~

~~~~~ —~~~~~
:-. -

+ ;~~~~_~-~\ - 
55 \ - 

- 1
- 

.+-:. / 
5

J t•~~ 

~~~~ ~-~
) ‘A .



- --5- -. - 
_

‘55,

I
PLATE I I

‘3 (5
5 

~~~~~~~~~~ 
73 50’

~ ,1: ~~~~~~~ T 5~~ ””~
5
, ~~ 

—- 
~~~~~~~~~~

. 
T

z~~~~~~~~~~~~~~~~~~~~~~~/ r e  

TK5 Tj : 
~~~~~

~~~~~~~~~~~~~~T l ’ 

/

/

I ’ - 
5

. 

r -
~~~~~~~~~~~~~~~~~ 

•

‘ -
~~ _ “ S - ‘ 

~ / ~~~~ 
) Si I

\~ 
5-~5-, -+-:

~,, ~~ 1 5-o~~v

0. ~1- 
~~~~~

. 

~~~
- - - . 

- -.

S . . I
~~~~ ~~~~~~ \ .55 

7 -  
-

~~~
• 

- , -

~~~~~~ 
~~~~ 4••_~~~~~~

0-S• S S

5 5* ) 55 s 5-
- ‘ 5

F,  - ~~~~~~~~~~~~~ 

7 
/ 

- *..kOS~.~~~
S*_

~
u S

(~

‘

~~

5- ..-v~~~b r I ~ortr -ç

-7 
- 

- I 
- -

S S ~~~~~~~~~ 
fl~-S - 

- - 5 • S 
- 

~~~~~ N s~~~~

~~~~~~~~~~~~~ 
N

/  I ~~~~~ ~~~~. 
- .,

~~~ 0

\, 
.Is-S -~~~~~

’ - 

~~ 
\~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ i / ’ -
t -S

z S ~~ ~~

5.
’- .  ‘ _ _ ‘. t  S

‘ .~~ $ I~. 
-- - ,

‘7
’
~~~~ - 5-

. 5 ’5_~_~~ 4e~~~~~~

S

‘~
-S
~~~0 --

‘~~~~~~~~~ S

‘55 )—~~
,(

~~~~~~~~~~ 
‘-~ . ~~~

‘5 ~~~ ~~~~~~

. 
—

~~~~~~ 
Sf 5~~~~ ~~~~1

- 
- ~~~~~~~~~~~~~

• - / ~1 - s~~~ si 
-sO 5 

-
S. 

~~~~ I ~~ -
~/  

~~ /
- I - 

-

-
~ S - -~ ‘°~~ -J ~

0/ ~

S .  
- 

i’
-S~~ 

-S— ~~~~~~~~~~ 
7

~~ :,~ ~ 
.4,

-~~~~~~‘~~~‘



_0 \ 

~ \ — -r — 
/ 

54~ A NI ’

5-S.’ 

(~~1 

~~~~~~~~~~~~~~~~~~~ 

(
~, S 

-~ 

5-

L I  

- 

(55~~ 

~~~~

-

~~ t~~~~-S - ,— ‘~~Nt~ 
~~~~~ 

-
~~ I (r l1lIs

~
N 

l X l ~ I Is T 

os 

5-
5- \ -SSss_

:I~~
/
1_

~

5- 

~~~~ 1 ‘tA d  7 rs- I /~ ~ ‘,0
~ 

0 5 * 5  ‘~ *~~ s’i’~ /~ 
m 5- ‘5- __S’ 

— ~~~~~~~~ 
~~

-. 
,~ 1 C 5

5~~~ 55

‘ ,G id , . e+ . s 
: - . v, .- . ~~~~ ~

- 
~~~~ ~~

s f l s s C 5 -  ‘a; P/0s0 + 5* 5 *555 5 
~~S ~i5*

-- S . .  S 5 5 ’ 5 5 5  I -— 
~~~~~~ ‘, •~— — —  

~: : : : : : : ~~~J .  ‘5 , 
-

5 - - - - / ‘ 7
D o ba- + ’  - -

içne . s~~ s i / Is and d s d e i  S ‘ ‘ ‘u s! r9 7~ OSSiC Ofld ~ 5 ‘~r 0 -  .S 
- 

S I ~~~
-

r o l l e r  S , fl~ S 5  - 
—

5)

Pr . .~~~~l /
5

55 5 ‘
5—

l Sl5 - ~~‘ 
ss ~ - - 

5~J ~~ - C.’..’~~~S..4 
-Shale ana minor sondstone , ~~7 ( 155 s5 ,1 /7 517 5 0 Pt ‘ 

~~‘n’ ’ ’Sr~
’i~

-

~~~~~ 

/ 

“

Loc ko to ng S
~~~ 1J l s S ~~rs I

~ ‘q ~
/ / S t e - shole orsd msno, 5005/ 1 ç L- — 

—

—
-S - - S 5 - 5 S ..~~~S 

- - ft .J

-S
~~ ts ~‘

I C S  t C 5 ’S ’. ‘0” ~~~~~~~~~~~~~~ ~~~~~ 
—~ S 

—

‘I~~. Cs~ 5~/ 55S, P S 5 5 55 and s /’ - - 5 “

5 - S - f l  
-

—SS 55,

m ! : : S , h U r ~~~ ShO I, 

, 
5-

~~
‘5 ( ] , ~~ I / O/ C  ) u’ Cs ’on e , ond some /5 5515 55~~f ~~~ 

I - (
~ 

;

‘5 - -
~~~ I 

~~~
r~4’0€c 1~~t ~-

1 ~~~ 
[

s

Co r borsofe rocks 
‘s ~~~~~

j~s includes iocksonburg, Cones? ago, Beekmontown , onci Conacocheoçue ~limesrones , .41/enro wn limestone of Wherry (1909),Limepor t limeston e ~~ 
- -

of Howe/I, Reberts ,ond Wil/ord(1950), LeIthS v/lie fo,’rnotsos”,Ovsd (Ibrook ~ ~~ 55

limes/ one , l’omstown and Ledger do/omit es, A’snzers formation, and Vintage
dolomite sI

5-

;

)

Quo rt pose rocks 1
5 S Includes .4n/,eIos’rs so,ndstone, Horpers schist , / P- sr  5-uPS Quartz/iC ‘ 

,
,° -

~ ‘ 5S including Hellom conglomera te .~,,ember,ond HordyStOfl quartz/r e .
~~
‘

15 ‘5 - i F

-S 
5 - 5  

-

Glenorm ser ies S 5 h S
Includes Peters (reek s-cf/st ond Wsscah, kI ‘ormot,on,Pi’ç,’ 

55555 55,,, 
-

— 

Cockeysville n,orb/e, t~}gc ;ortd SeFfers fo,m , s s i9’g 

- 

s~~ , 7



‘

L

’

~~’T c
~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
: 

J/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-5-

~ 

I

~~ 
~~~~~~~~~~~~~ 

,
~ 

i 
~~

uI ~~~~~~ 

~~~ 

~~~~~ 
•~•-~~~ 

/
55

}~
55-S ‘

~~~ ~~~~ 

N 
~~~ (I ~::T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N

0

1 

: 

~~~~ N

/ ~~~
‘ ‘ .‘. s ~~~ ‘ 

L_
~~~~

-_ 
~~~~~~

‘ ~ I N )- 
‘ 5—

S J - S 
~~~~~~~~~~~~~~~~~~~~~~~ 

1 5 - S--S -S 
~

S
-S 

5 • n  

~~~~~~~~~~~~~~~~~~~~~~~ 

~

•
-

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ ;

‘ 

dg s,-S’ 

4
t_

_~~~ 

I

‘%~ F~~~~~~~~ 
( 

- 

ç 

-

~~ 

- 

:
~~~~~~~2 

~~~~ S ~ -

55 
‘ \

5-_~~~~~~~~~~~~~~~~~~~~ -S \v’~~L- . r 

- - .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~
I “

~‘a~ I ~~~~~~~~~~~~ m, 5r~fe!’, ,~~~~~~si~~
” ;~,s

5 5 ,
55

. ’ 
° -~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~

~~~~~ \~ ~~~~
- 

I .

~~~~~~~~~~~ -

5. ( 5.
,- 

\
5- 

- 

-~~~~~ 

55’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5 5 +‘~~ 5

-
~~~~

- 

J~ 
- ~ 7 ~~~~~~ - ~~~~ 

~ ‘ ( -

-

E i~ .1 
~~~~~ R F B

I / /

2~ 
:~ 

45
/

S 

(T 
.. —

‘-S

- ~:~
‘ ~~‘fm d ~~~~



I ~

4.-

~~~ 

\.- --==-- _
T; :ii::i— - ——--5

5
~~~~~~ I ~ 

s~~~~~~~~~ ~~~~~ -s ~~ ~~ 

5 ’ ~~ ~ S 
-5 -S 

~ 
- - 5-

~~

- - S

I ~~ 

~~~~~~ 
N ~~~ ~ ~ ~~

‘5’
~ ~- 5- -S I ~ ~~~~~~~~~~ 

— -

-S 5 5  

I~_ ~ 
,, 

+‘ 
0 

~~ ~~~~~~~~ 
-S 

~ ~ 
- -: ~ -? ~ ~~~~~~~~~~~~~~ ~~~ 

4 c .‘

P- ~~~~~ ~~~~ 

5
-i 

5 ~ 
S 

~ ~~~~~ 
S 

~
. -S 

~- 
~ 

0 ~~~~~ ~ ‘ 
-S -S 

~~~ 

/ -S 
S

- -  ‘ 5 ’ I  
S 

/ — ~S ’  

I 
-

~~~~~

1 
- — — ,  5 5 

—

1 
- - “ 5 5 

0 ~~

‘5
-S 

-

~~ • 1

*‘ 

S f Sf 
/

7 S ~~~~~~ :‘~ 

‘I

/

0 

5.S n55 - • -S 

/ 
~~~~~~ 

‘I 

-

~~~~
, 

-S-i

/ ‘

S 5-
- 

-S ‘ 

. 

‘I 
-S 

5- 
1 ~~~

_

Is 

‘ 

~ 
-S -\ /5. 

15’ 

5 ~~L~- 
~~~~~ - 

5 
,

\~~~~ ~~~~~~~

. I 

“ 5
C

~~~~~~~ ;mS

.’ 

~~~ s 
j~~~~; -

~~~~~~~~ 
- -

~~

~~~~~~~~
S S 

( S 

sO ,
I

55

/ ~~~~~~~ 
- 

‘- 5,
-S 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,:~‘ 
~~~~~~~~

I N - ‘  / 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. 
1

J \ 55 5

N /  / 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

:7

~~~~~ S 
— 

.1 - 
- 

- 5 -5 > 
~~~~~ \ “m l ~~

‘I N -
NJ 

- 
“--S - 

- - 
- 

.

jN- I ~ 

- 

•‘~~:~~~ 

-

5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

CITY

‘S t 

.

~~~~~, ~f
’5 
41

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ I  

~~~~~~~~~~~~ ,i~~~

5- - ~~~~~
- - ~ 

S t ~~~~~~~~~~ 

5 F S F • ’

- 1
—‘ 

~
-:,-‘

~
. -

~
-
~~~ 

S -S  
~~

,-S
+’_

SO
i~

5
,.
5
. 

/

~~~_
\~~ 

‘~~~

/:~P
B .4 Y ~~ ~

0’I ~~ 
-~~- S ’ ’

5 
~~~ ~~~~~~~~~~

/ - / n,4?~~ ‘.4

S / ~~~~~~~ 
‘
~

- 4) ’I”5 - 

- --S. F,—.’. 

F 

“~ Idwood

5/

S . . . ‘
,

~~~~~~~~ 5 55 5 5 5 55 .

\



-S\ •• O w
1 ‘ 

P 5- 
- - “p - 

5-

~ I 
~~~~~ I ~~- 

/ 
~ 0 

-5 —-

~~~~~~~~~~~~~~~~

--

-5.-. 
~

i ; 4’) I C ~~~~~ 
-. ‘

~~~~ 
j  

- 

-,

5- - 
-
. 

5.-I
-S ~~~ 

- - 
- S -~~~~~~~ & ‘

- i__
~_ 

5. 

‘5- 
~

.S’5

’ 

~~~~~ 

- 

.5-.

- I 
5- 

- ~~~~ 
~~~~ /

S 

~~~~ ~

‘

~ s s 
- 

I - ~~~~~~~~~~~~~~~~~~ 
— —s

’ ~ 

/ -S

9 
~~~~ ,. -55

~~~~~~~~~~~~~~ 

-

-- 

-~~~~~~~~~~~

-
.

~~~~~~~~~~~~~~~ \ 
S 

1(”

ff

A ‘IA NTIC C I~ Y 

‘<5-’

~~~~~~~~~~~~~ 
- S 

-

- ‘
55 

- - 5 ,

S ‘ 
5 . 1 5

- 4



- S ’ s  1 1 55 -S

~1 - “ 5  - ~~ IlI~ ~ I- \ ~5*_ S -S M0 ‘ s 5 5 ~~h~ s m  5- ~ti~~
(
~ 

-
S , 

55 - ~ 55 1
5

5 _ S ~ 
I -~ 5-

S s 0 ~ S l ~ ’ Si I Sl~~P Is J ’ S s J S- ’LSOC , Ond so me 5 - - - ‘~ ~~~ ~ ~‘ ~ \ 4 
•

~: 
j ‘ ~ l

_

_ 

/ ~~~~ ~\ 
, 

~ 

S .

r ~~~~
- 
.~ ~; ;; ~~ ~~~~ 

/ 
-

5 

~~~~~

/ ~ 
Ca rbon ate rOc ks ~ -~ ; 5~~ 

5r ~~~~ ~- ( i

_ _

S ~ I

~55 
- Includes JocksOnburg, Conestogo, Beekmontown, ond C000cocheQçue ~ ~ \ -~r ~~

‘ 

~ ~ 

S

(5 

~ /imesrones,4I/entowfl limestone of Whsrry(1909)Limeporr limes/one ~ , ~~ 
‘55-

- I ‘(

~ ~ 
of Howell, Roberfs ,O’~d Wil/ord(l950), Leithsvil/9 fO’mOtson,and E’lbroak ~~ 

‘ 
~ t~~

S
_

- ~ l,mestone,7’omstown and Ledger dolomit~S,I(’nzCrs formation and Vintage I - 
-5- 

- 
II 

/ -

dolomite -
/ ‘- -‘> 15

~~~~~ 

~L )

5 Quor t~ose rock s -

- Includes An/i efam sandstone, Harpers schist, - * es quorlr ’le \~ ‘~ 
S I

S including I-tel/am conglomerate member,ond s ‘ r i ,  c ’on quorf zile - 
5- ‘11’ 

-

5 
5- 

5 
- 

-ss~ —

- T~~L~~ IC ~ 5 I

L
Si
~~~~~ 

, 
I

-
~ Glenorm series 

S/ 
— 5- -

Includes Peters Creek s-cf/st and WisSahiCkiS’r 1orrnotion , i~5g, . ‘ -S-S’.’ , / (
1 

- -s ~~~~

Cockeysvil/e marble, flgc;and Setters form ‘ -N ’ S~~~~g r / - t
/ 7

- 
J~~/~ 55 / 

S 

— - - -‘

rI~J - /

S U(tromofi c rocks 1 -.s~__ 
- 

5 
-55 

5—

Chiefly serpentine, metapyroxenile. ond mefaperm - ‘ S n ‘-~~

1 5 . 0  — - I ç  ‘
~~

5-
S .

S o t  I - - 5 51 
5

I 
~

S G ra n i t ic  to gobb ro ic rocks S -
~

Medium to coorse-grained crystOllifle rocks of both Sgneous 55~ I 
- - 

1 - 
5 1

4 ’  and me,amOrph;c origin A/at differentiated from gneiss of Pre - ‘ 
_ -

‘ 
5

combr/an age or from Glenarrn series where intimately or

~rodot/onal/y associated with those units ‘ ‘ 

5 

‘ -

‘
S 5 - 

~~~~~ 
-555555 

1- 
~~~~~~~r ~~~~~~~~~~ .

-S - ’

-S-S ~~~~~~04oit ,, - 5~~~
) I

Gn eis s and re lated c ry s t o ( l s r ’ e rocks ‘11 ~~~~ 
- -

Chiefly grteissoSe rocks of me/asedirltefltory , metalgneosis , -
~~~~ 

SS

’F

”. 
-

and igneous origin. Includes Pocls+vk gobbro gnei’ss • Losee 
- - 5—

• diOrite gneiss,Syrum gron/te gneiss,Pickering and Baltimore - “~ ~~~~~~~~~~~ “5~~~ 

- 
‘5-

k ~~
“

gneisses,ond several kinds of unnamed gne,ss 5- 5-
) 

~~~~ . 

5-’5 ’  5-
’ ----- -

-
~~~~~~~~~~~~~~ -

- S - ’ 
S 5

~~~~~

Geo lo g Ic contac t  55 

1

a sI red where uncertain; dotted where concealed 
S 

- 

•S 

- --
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
— — 5555

~usj It  / - 1

( j ~~/ mr ’d .o ’I?ere uncer ta in  
- 

- .‘~~~‘ —

U, upthrown side .- 0, dowfitl 5tr own side 
S ~~~~~~ - 

-

( S I 5 

, 
4l ’

~~~~~~~~~ 
— 

— 

- 
_

55 . 

4~~~
’ C’ 

• 
S

ri- 
- 

B:u n d o r y I S I ) e l : W O r e R I V e r b a S l r r  

f - :-- 5
~~~~ 

S 

4/ 

~~~~/ 6  ~ t~ 76 00

GEOLOGIC MAP OF SOUTH HALF OF DEL~AW
‘v -S 

_____________________ ‘

~~~~~

‘-. o5-0C~~~~~~~~~~~ 
--



55- - 5 - 5  w- - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~II , ,, 5 
~ — 

S— -S
- - . ~~~ :5’~m-~~I 

. 5 -h
/ -

~~~~~

L 
.. 

~~

. 
~~\ - 

-ST
~

I. ~~~ 
D E L A ~~~~~ R E  B A  I

e
_

øø_
) 

; 7’ /
- 

. 

-S .- S’.~~~~~~ 

‘

~~ /~

-S.— - -
~~~~ ~1~ 

- - 

~~~~~~~~~~~~~~~~~~~~~~~~

-

/ 
- 

~~~~~~~ 
j- 

‘~~~~ 1 .)  
~~~ 

‘
- ‘

F

~~~~ \
I 

- 
I

S j  
~~~~~~~~~~~~~~~~~~~~~~ -

S 

S

5- i, ~~~~~ - 

-

s i A.t’ ’— “-S’
~~~~ 

- 
- , S 

S I , 

~
_ 

SS 

~~~~~
‘ 

,~~5 

-
~~

‘ ,~~k
-

s 

‘
5 S

I ‘ — - ‘
~~~~~~~ 

51 5’ l s~’ -S 
- 5’  r sI - -S 355 

., — -5 , ,  
~~~~~~~~~~~~~~~~~ - 

-
L~~~

75 flfl’

3 
‘a ,

~ 20L I  I I I I 
I 5-

WAR E RIVER BASIN AND SOUTHERN NEW JERSEY SH
_ _ _ _ _ _ _ _ _ _ _ _ _ _-- - - - 

- -



—

t & k
~

7

~~~~~~~ 
)
~~1..

- 

\i
I 

FS-S S

- NJ ~~~~
‘

S 
~~
‘

- “ )l~~~ NS “5—” * 5d’.ood

-

-

~~~~~~~ 
.
~~~~~~~~~S 

~~~~ -‘~~~~~~~~ 
* 

S -

- — . 
~‘ W51d ,ood

~~~ 
7,. 5- -

k5-ir 
~

C nm psles f S o ’ m s  ~ ‘S5*

I I )  Bosco” , -

•5 5’5s~~S5

Fc- sso 2 -

) H s s o~ms , f

U S
( 3 )  ~~~~~~~

S 

- 
( 05  5-

4 )  S S ’ -~~~ 5I>

s 5) Bos ;” ’ -  S

o,- T s

F - s o  I L
(~~ , ~~~

s s ,s

J S O p
I B o r ; -’ S

935 ,

/1 5 W - S c u l i/-
bis SI Og

B u c k ,  Cs

( 9 )  MI le ’ , B I

Be-” -
(10) Lewis J

und M I
Con n er ,

( I t )  C,s~~~ — ;

S sS 51’ 1’
~ u0d ’ _ s _ -

12) A f s s s y ,  S
Boie m I
Mor’us ’

5 ( 1 3) Gray, Car l ’,
roc ks mm

Manuscr

45’ 30’ 15

20
1

:RsEY SHOWING CONSOLIDATED ROCKS OF PRE- CRET4
_____________________ — - 

S - 0~~~~*’ 5-~~~~~~~ . 5 - -~~~~~ s ‘- ‘—5—-- - -~~~~ - -5 - - - - -



(S

S~ mnpsIed tronr the I o I I o w s n ~ sou rr es
I ) Bo sconm , FIor en ce , ond Mil l e r B L 920 5 Descrspt so n at the EIkto n

IsVS lmsSl4lOmS quodsoi’Igles -1 Delaware) U S Geo l Surv ey Geol ~?Ios ,
Folio 2 11

( 2 )  BsIs’ omn . FloSe n c e , and N- s e ’ , B L , 932 , Do s c r - p l on of the
‘o u t e s s -  lIe e ,est Chester  qsso dranq les PersIy Iirr o- De l - lw c re
U S 1~~15* ,’ cvn- G l l o s , FOlio 223

13) Boscorn ,F o ’ e ,Sc e , C lar k , W B Dor Ia,, N H and others , 1909,
D e s c msp t 5 0 5 -  5- f the II lsl d 5 - S p  S ’ - - ~ 1 5 5 - I S  S c ’ )Penr ss y ls a ms ia )  U S
Geol - r ue y  Geol A l lan - Fo l ,o 162 4’

- 4 )  R a sm u s s e n , W C , Groat J I MOrt in , R C /1 , M : C O r 5 * e .  , F F
,sns ’ ,  o t h e r s , 59 5 1, The waler resources  of nor th e rn Delaware:

s e -  Seal , Su’ i — y  Bull 1., I , / s ’ S  p

( 5 )  Basca mn , F lo ren ce : so , ’ c r  5- 5 H <somme ! ,H B , C ’ u~ k . k B ,
M I - - , , B L Sa l i s b u r y ,  P 0 and otherS , 1909 5 De s c rs p ’ior, of
‘he 1’ > 5 , 5 ’ .,, quoS’o nqle I New J e r s e y , - U S ) eo l S u rvey  Gea At las ,
FoliO 167

16 ) Boscam’m , Florence and ~~~~~~ 0 w -s  38 , Geology and m ,’ sn era l
reso u rces of the f-i One 1br OO b and Ptsoen m u ,  lIe quadrangles , Pa I

J S .  Geo l Su rvey  15-i ’ /5--S I - pl  I

5 7 )  I - I , s , o m s , II,,,e~s r e , Wh e r r y E F , St o s e , G A s S s S  J at , Os , A S
19 31 , Geology and m i neral  re sources at the Ou a k er lo wn - Do y l es ’ oss ss
r t s s t r s C t , Pa and N J - U S Gaol . S - s , n e y  Bull  828 ,pl I

“11 W , I l a m d , BrO dt Om d , McL a uglslsn , D B ,Wa Is O n ,E H and others ,
s i - - s q ’ s  mop in - ‘ r ’nnsss ss , U W ,1955 , Ground-water resources of
Bucks Caunt y, Po - Po Geol Sur,ey, 4m’- 5cr ., Bull W I t

9) Mi l le r , B L and others , 1 94 1 , Le h mgh County ,  Penn s y l nan s o ,
ge” q, and ~eo qmaph y P0 Geol ‘ ,~~ ‘ we y , 4th ser Bull C 5 ’ S

(10) Lew i s , J V and Cis mmnel , H B s 15 5 2 . r e o s s e d  by Ku mme l , l 93 l
and N F JohnsOn , 1 9505 Geol mop of New Jersey - N J Dept
Con ner , and Econ Deed At las , n lm e ef 40

( I I )  B uck wo l te r , 7 V 5 UnpublsOs esi geo log ic maps at Prec a m br ia n  and
Ca m brian s s . c s s  Sm ’ Bayer town , W emnp r s u s l  Ic - and Reads ng IS
quad rang les , Pa Manuscri p ? on t s l e  n- ’’ Pu Geol - s l S u e y

11 2) hP,. , m
~~ , S , Unpubli sh ed geologic mop s of T r lo s sic ra r k s  in

Bo p er f awn , w e , ’ - e ’ s s -  l I e  and Reading iS ’ q,s c J ’ 0 5 s 5 Ie 5 , Ps

Manu s crIpt  on f i f e  w s t h  Pa Gaol S o r u e y
(13 ) Gray, Corly le , Unpubl ished geolo gi c maps 0t Cambr ian and 0’ -‘nicsnn

rocks In We rn ersvI t Ie and Read ing 15 quodrooglea , Pa ‘

Mon usc r.pt on f i l e  ~ st tm Pa .eos lj.i’I c y

~li - - — I 38> 2” ’

30’ 5’ 1 4 1 5 1 1’ 71 511

OLIDIATED ROCKS OF PRE- CRETACEOUS AGE



- -
~~~~~~~~~~~~~~

-S----- 

-

- S -5 

- 

- -- -

~~~~~~~~~

-S 

~~~~~~~~~~~~~

~~~~ 
U. S. GEOLO GICAL. SURVEY

4

5 
~~~~~~~~~~~~~~~~ ~

S P lw ,~ ,:1.

° 

7 \
( I~~~ ~ ~~~ ~~~~ 

- 5  

-S

:_:-S
~ I (

, 

‘ 

r I ‘ 

~ -
S 

~ 

~ 
\

5 
5 5‘ ‘ 555 .5 5_ _ _ 5 - • ’S•,hI. ~ 

SSS

~\ 
S F 

‘5• 
5* I

~ 

S \~ Ith.,. ‘ 

~ttre 
/ 5- 

5 1 

‘5 ‘ ~ ~ \ 
7-5 

~~~~ 
S 

~ S

P 
(~~~

o
’5 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 

~~

I: XP I  IM-~A 1 5 (~r, 
;
51’~ ~ 

- 

~

l nCOsS,ohs/a /ed seds men/s Cl 1 op. osn,t le,1 ~ 
- 

,~ 
I

~55S0’7m 1*51 mop ate shown a-’ plo/c ., I. ‘ ° I ~,
~~ 

— -
-

55 

( 
~
y!‘

~ ~/ / S 
~ ~ -I -S 

~‘ m ._, iS ) 
~

:1- i
- S 5 -ScsI “ . -‘ , ,. us ) - Y /- - , - “‘~~5!~~4 9 r 5 5 r > ,

~ S 
~, -snscS,siored r o s e s  S

I S S  and dske s o p s - ~ - -; f r ,n ,csc  s,nd o lder O(k1 
5S 

— 

) 
— — -S

5- mo//e, .1 *. ‘~ - n - .>

S 
- 

5- 5 S
S

_ -- - S — ‘~ 5 ‘ O$Ss s ‘
: 
“ ‘ - - ‘ - ‘ - - ‘ - ‘ , ‘

~

, - - - - ,  

~ \ / ~- 0

- , SOd s ssr - f . ’ .,-e t L-~~ 
~~~~~~~~

J /I~~~N GH~~~TON~~~~~~~~~

I 
- 

‘

~

-

~~ 

~
—
~
‘V

~~ “~
—
~

/
4 0(l ’ - 

~~~~~~~~~~~~~~~~~~~~~~ _ :
~~~~~~~

-
~~~~~~~~\~~- S , 0> - I s ” ’ ,’ s s - . ,j 5~~~~s 5 , (5S ,S ,~/ 

5 
5 

P t N N S i l 1 ~~NlA

it
_

i ° 

I 

:~~~

~~ - >~ c’- - , s r - 
“~

_‘
p( . 

-

~~~~~~~~~~~ 
/ ‘  

-

~

- - 5 5 5 * ’ - . ,  S SS - S ~5Ofl POFFOQP Q’ , , 5 ,  ,‘ V -‘ - s/a- , S s , , 5 ,,,Sof Ws/ia,d (/935) smm P mmvryfeon,o /*s mneo,u,sy 
~~~~~ ‘-S >sSi 

5-

— 

F SOImOSPOOS Of / C .  S O  O f t  Snsne, (i915,l o  0 ( 0  

1



1’ y s l ’ V . ’ , >1 ’

( S ( 1 ~ : ~~ ~ ~ S~~ ~ 
‘
~ ~~~~~~ ~~/ 

5
’ ~~~~, 

-

~~
- , 

S ~~ 
L 

‘ ) -S I -5

~ 
- \

- i
5-

~~~~~~~~~~~~~~ ~ - \ 5 ~ S
_ _

_ 5 ~ IS ‘I,- S , 

i
\ / ~/ S ‘7’- ( 5 

I ’ ~ 
•

.
‘

- 5, \ ‘ 0 5 5 1. ~~~~~~~ ~ ~ 
i

\ ~ 
-
~

‘ 

~ 

\ S , 
~~~~ 2 ~ 

C .  ~ , I : , 
‘ 

~~~~~~~~~~ J .
\ ‘

J s .
~ 

‘5- 
1 

~‘
, ~- - S S S S S S  5 .~ ~ 6 \ \ \ S  

• 

a
, , ,

’

S~ -S -S 
_ /

S r - S _S_-S 
.5 55 ,5~~~~~ 55~ S 

S \ S 15~~ ~~~~~~~~~~~~~~~~~

-S ~ 
l~ 

~ 
‘5 

I “ 
‘
~ 0 

~~~ 
5 ’ - -- ‘ , 5 5 5 ~ 

~~I ~

, ~ ~~~— S ~ ~

‘ 
S 

~ ~ ~ 
( \ ~ / ( \ -

‘ S (
~~~~~~ S -SS

55

\ 
j 

~ -~~~~ ~~~

‘ 5 
‘

- 
- 

~ c ) ? I~~~ 55
SV 

~ ~~ 5~~~~~~ 
S 

~~~ 

/
I c—’ ‘s-S ~55~ )~

S5*’~”55 S~ 
~~~~

,. 
55555-S~ ~ /S

~ 
/ S 

~ 
S 

5

) 
~~~~~ ~ 5/1

5- 1
~~ ~ /

/ ~~ A
S N ~~~ - .5  

5 y~~~~ ~~~ 
r ~~- ~~ \ 

S

ti \
~:t~ 

s 5- 7 ,‘ ‘S 
~~

5 
55 

7 -5 
.5” 

.5 
1 ~ ~~ ~~~ S S) - ‘S ‘

, ~‘ ~~~~~~~~~~~~~~ I ) c , ~._.,i 55 

5 ~1 ~~~~~5-., ~‘ ~I~555 \— S S 
,,~aç~ ’1

m5-S
° 

- ‘ -  S
\ \555 ~~~~~ ‘~~~~

‘ 
~ 

S

\ S~~
_ 

~~~~~~ 

5-
\~~

\ 

~ 
‘

,~~~~~~~~ / ‘ \ ~~~~
S

S - S 55’ 

5- 

-

“ S. 

-5 

~~~~~~~

\ 5 - ’5-
~ 

\

SL ,~ ‘

-- - - ? -~t _ 
~ 

I - s. u ’i 

~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5

’
- - 

51 ~~~~~ 

r

~~
5 

‘ 

S , ~~~~ ~~~e~~~~
>

I 
> J~ I 

“-S 

~ , ~ — S ~~~~ ~~ _ 5” _
_~

(:S 
~~~~~ ~~IS.S ,

~/ 
5- ?

‘ “ S  
-S 

~: • •~~; ~~~~~~~~~~~~ 
‘

S 

~ 5-
’ 

1 ‘ \ I

~~~ T 

~~~ ~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
~~
4

O~~~~ 

Lso ~~~~~~~~~~

C ~~~ ~~~~ ~ 

~~~~

‘

~~~ S ~~~ ~~~~~~ s3
~~\ ~ 

\ 

~~ S ~~~ ~ : ~~‘ ‘ :
-
. -:, “ ~\ \ . -s~ ~~

‘

51 “\\ ~ ~~~ ~
, ‘ \  ,

‘ 
S

lA~MTON 

~~ 

_ 

~~~ 
I ~ 

:
‘
~ ~ ~ ~ 

‘ 

~~~ ~: ~ ~ ~ ~ ~ 

\ 

\ 
\\~ ‘51 

\ 
~
S)

h 5f5 ~~~~sP-,w he, I 
v5_I_-S5’L S 

~ ~ ~ ~, ‘S S ~~~~~ ~ ~ ~ :1 ~ \\ ~

‘5-’ “ San’ S 55 5~ ~ ~ 
‘S S S s5- n’5~i5C~ S

\

‘ h P A PK ’ ~ ~~~~~ ~~~~~n, ~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 
~~~~~ 

- ‘- — — ‘ __ -  - — - — - 

~~~~~ 
(5-

S 

~./\  ~ . ~~~~~~~~~ ~~~ ~~~~‘ > ‘ ~~\ \\~~‘S, ~~

I ~~~ ~~~~~~ ~~~~~~ S ’ t , 

-

- 

~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ /
.J

’~ s
\

~~~ S 5

- 
~
‘ - t ~: > “ ~~~ 

‘~~~~~~~~°‘ ~~~~ 
-

s

‘S 
‘
~~~

“-S 
;) 1 °“ 

. s . .~~~~~ ‘ us - ~~~~

1 - 
4 , ~~~~~~~~~~~~~~~ ~~~~~~ ~~ 

‘\ 
, ~~~~~~~

5- 
~

5- 
~~~~~~~~~~~~

‘ s \  

~~~~~~~~~

/ S :‘ 
- 

- 
S b55 ~~~~ - 

, 

‘ 

~~
‘ 
‘ 

‘
I5

- J 
~ / 

1 ~~ 
:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘

~~ _ .S
~~~

S

- - 
5

- 

~1 
‘ S ~~~ S

\
~ \ 5- —5 -

S 
\

\
, 

51 

1

’, 
~

/ 

i ; 

, .
~~~~~~~~~~~~~~~~~~

‘ 

•-  
5 

‘

. 

‘
~~~~ :~~~~

‘
. 

~~~~~~~S S 
S

~I 
S~ ’ 

5 - ’  ~~~~~~~ l/1 
C

I 

~:~
‘ 

~~~~~~

\

~~~~~~lI

\ 

~ 

Des 
5- 

L I’



-— — -— —-5—

I • 

~~ ~ 

-5 

~~ 
S ~ ‘ 

\~\ 5 — 

5 

1

~~~~~~ 
mm J 

S 

_ 

~~~ 
5~~

4 

- 

(
~~

_ —
~~~~~

1%~.%.._.ITa~
I ~ ~ ~ ~~~~ \\ 

I 

~
) ~~~~~~~~~~~ 

‘5

- 

~~
- 

~~ ~ ‘~~~~~~~~~ ~~ ~~~~~ ~~~ ~~~~ 
5- 

~~~~~ 

55

_t~t ~~~ 
‘ ~% ~ ~ ~ ~~~ 

ax 
~~~~~ ~ 

~~~~~~~~~~~~~~~~~~~~~~ 

5- 
\ \N~ ~ ~~~ 

/
~~~~~~~~~ , 5 . 5 S 

~k \ ,
5
~ r-~~~~:

’ ~~~~~~~~~ ,,
,5 ~\‘ -

‘
S 

~~~~~~~~~~~~~~~ 
‘ S

~~~ ~ 
T’ ‘ -7 

5

~ ~~~~~~~

s

\ ~~~ 
~~~~~~ Oss 

‘~~ • 

5
,~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

55~~~ -S 

/

~ ~ \s ~ ~~ 
5 5 5 hus’~~~ ’~~~~\ 

\ ç’

~
5* \sS.

55 

5~ 
~~~~~~ 

4
5 

, . ~~~~~~ ~2 
~ 

S

v~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~

iS ’
~~ 

5 5 5
5 51

~~~~~
” S \ t

~ ~

.
/ S

1~ ~ ( ‘-Sos ’ mm ’ ~~~¼ s k ~u.~~~~~ 
5-

~’rt, ~ ~~~~ ,“ ~~i s~~~~ ss~~~~ ,~~“ ~ ~

Ls s ~, ~
;5
~~~ 

e ~ r ~ ~~~~~ ; 
~~~~~~~~~~~ R ~ 

I ~~ 

—

~ 

\~~ ~ 
\ 

~ ~ : 

~~~~~~ ~ ~~~~~~~~~~ Des t~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

P 

5

— i~ eqiu~ss 
,
~ 55

555 
h45-~~~~~ r~

55n(”
5
5- . 

5~ 
S

~~~~~S 
S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~ 
- 

~
‘ 

‘ 
l

‘ _ -S 5_’ 5 ’ ’  5-1 , I 
~~~~~~ 55 5

~~~~~2K 
~o 
4” 

~ 
S - S

N ~~~~~~~~~~~~~~~~~~~ 
\. ~~~~~~~~ 

~~~~~~ 5-O5~~~~~S S 555~~~~~~~

S S~~~ ~~ .\\\ 
~ 

— N. 
~~~~~~~~ ? >-~~~ 

5-
~~5- ~‘~~ ‘ ~~

SS \
S ,5- S 

~ ~~ 5~ fl ~ 5 - ~ s~S ~ .- ‘~~~ 51 I_ *55 . 5. 5 5 - 5 ’~ 1

5 ,~
5
\\~S51~ “s.u’,~~ , \ 5 

5- .,,, ~,, ~~~~ ‘,,i ~~~~ ‘ 0  
-, *S -

5 
55

0
5-5/  

5 5 5 5 5-
”k,~~i~ 

5-
,
~ 

S~ 
SGøT~\~~-SJ

’ ,~ \
S ~~~~~~~~~ 

~~~~~~ 
S 5 54

Dee 
~~~,

. ( S~ 0 \ 

‘
~~ s

~~~
!’ ..u 

~~~~~ 55 ~~~~~~~~~~~ 45A5-5 ~ 
~~~~~~~

p
Il L, 

5
-

‘7 (~~ ~~~~ ~~~~~~~~~~~~~~~ - ,
S 

~~~~~~~~
“

5- ’ 
-~~~~~ 5- -

S ~~~~~ — - S . - -

S
’

~~~

’
0~~~~~~~ \ S ”

-S ’

~~~~~~ S 

~~~~~~~

4

~~~~~~~~~~~~~ 5_5-~~ 

S ~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ ‘
S~~~ S 

S
S S

5 i ~~~~~~~ S

C m:
- 

\ 

~~~~~~~~ 

#~~~~~~~~~~
S

’O
___

_
’S

_ 
S(

~ ~~~~~~~ ~~~~~~~ .

‘

S ”51\S 
~~~~~~~~~~~~~ 

~~~~~~~~~~

~~~~~~ 
S,~, ,~~ 

~ 
~~~~ ~~~~ - ~~~~~~~~~~~~~~~~~~~~ 

5 5 
4%.vn~l5J s

- 5 5 5 o~ 
~ ICIt sqsft *,. e’.”5-

~ i-~~
’, ”~~~

’ 

‘
~‘ ‘55 KIss - 

_
55__._,. 

S

-

~~~~ 
S I

-S . ‘ - 5 5 , 5 5  5 5- 
S~ ‘ 

S 5-s;, 
~~~~~~~~~~~~~~~~ 

-S

55 *” - ~~~ ~~~ 
-S - 

S
_ - S - S  •

~~~;55~st~:
-S
~

h ~~~ ‘5- 
:
‘

~~ ~~~~~ - -“
~
‘

5 S

S 5- , 

. ,/,,at~~~.n
. S S S S ’  /

/ 
- 

S

~~~ ( / 
/

7

;
~~~~~~55

\ 

~ k: 
~~~~~~~~~~~

~~~~~~~~~~ ~
5-1 

~~~~~~~~~~~~~ 

S



PLATE 12

I -

- 
S - K ’ -S

i

5 

5
/ 

.

--5 15 

—
55 —

55 
t~~~~~~~~~ - 

‘

.
5 5’ .- 

.

S 5 - - C 

--S
’ S - - ~~~~~~~~~~~~~~~

‘
5 , 

~~~~~~~ - 
I 

- 
¶ 

-S”5~ “:~~ 
-‘t 

-
- 

. 

, S_55 L - ,  , 
5 :~ 

-S.,’ / 
~~~~ 

5-
~~5 - i  , S- 5 _ ~

S 

-
~ 55 5 5 5 5 %  

~~~~~~~~ ~~1 S 

I s/ 
5-- 

S
’ S

‘~~Q5kAk ’S ,‘~ ,• 

5 ~ I5;

S ~ 5’ 4-S
ft 

~~~~~~~~ 
~~~~~~~~~~~~~ 

51

/ 

— — — 
&-S,s

.) ~: 
,~ ~~

, S C s , 

- 5 - 5 
- -

.~~~. 
“
~~~

55

~~~~
4-S

~~~~
:5- 5/ 

- 

/

7

/ -
~~ ‘ .

‘ 0 5- 
/ ~~~~ 

, 
S 

~~~~ 

S

S 
- , -S

~ •- -S’ - n 

I 
5 /

-

~~~~ / I• S “ ‘/‘T ~-: ‘~‘u~~~ 

/ - ,
S 

5- 

-S -S 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S
It, ~~~~~~~ 

S 
S 

— S55
,~

- / ~ ~)flf~ ~~~~S 

~~~~ 

. 

S~~5 - 5 -S-S 5~~
• S .  

~~~~~~~~~~~~~~~~ 
S ‘ ‘~~( 

- 

I - 
- 

- 

42 ’OO’
S 

~5~~~~~~~ 5 S

’ S 
;S

-’

S / -

S 
~~ ~~~ 

~~ 
~~~~~~~~ S 

5~t I #S  

- I

- - 

~~
‘ 

- S ’

~~~~ ~~~~~~~~~~~~~~

‘ 
S ‘ 

, 
~~~~~~~~~~ 

- 
- 

5-
’ 

S

-

~~/

. 

~~~~~~

5- 

.-< 
~~1h.uh h1~~~~ 

I 

5’5

_r
e 

I ~~ 
I

4 

I

f1s~~~ ,,ss . 

/

7 

- S 

“ s-S t 
, ~, * 5-S j 

~/
‘ 

m ,  

-S 
-

- 

5 . :~ 
-.

5 

- - 5~~~~ 
-~ \ ,/ ‘

-
5 

~~~~~~s s 5 5 s

-S 

~~~~~~~~~~~~~~~~~~~ 
. 5 4 ~

S 

~~~~~~~~~ 

I

\
0~~ 

~/ S 
- ‘~ ‘S 

- •- 51  ~~~~~~~~~~~~~~~1 -1 5 -



S ~ ~ ~~~~~~~~~~~~~~~~ : 
‘ 

~~ ~ -
*~~~~

( - - - S - I S  5 r 5 S , t 5
~~~S •

: - 
~ 

-, - - - 5 5 5 / ,  5, 55 5 - 5 ~‘1 5’ ~ ~S~ S _ S~ S S . S,S ~5 5 S (555
~~5 

S ~ ~ ~., ,, , .S ’ ’ 5 1 55 ’ ’ 5 , - - ‘ 5’ - - - - -  5 . 5 - ’ ,’ - - ‘ S i(0~~ i s ( i0 S

~~ 4’ 1 
I 

~~~~~~~~~~~~~~~~~~ -S S S 0 s -  5 ‘ 5 5 ’  ‘
~ ~ - r S _ ’5,S _ _ 5S 

~S~
5 S -S

~ 
, 

~55 . S’~ 5 ’ - . 5~ 5 5 ~~ - ‘ 5 - O , 5V , S , 5 /5 5 5 5 5 5 5 5 S55 ~ S~ ‘ i -~ .5 5- S~ S 5 Q5557 S

p - 
~ 1~ Ss ’ ’ . - S i  ,~~~ 5 5 - - -5S~~~S - ~~sS S S  5 5 5 5 5 5 ’ f ’• s , , S S s

~ 

~ 

S 

I 

~ ~~~~~~~~~~~~~ 

55 

J I  ~ 

5- 

—“ — 

~~

—

S 

0 0  

, 

S n 0  0 /  

~~~ 

T O 9 , 000 ~ 01 /

, 5 5 5 5- - :- - • ~~ 

5

’
-
,

S 5 - S  _ - . 5 .
~ 

5- , - O e s - ’

S ~~~~~~~~~~~~~~~ - 
5 5 55 >0 . 5 “ SSS S Sn- .- - > - ~ 5 S S~~~~ .5 S , S S .~~5S , —

‘55 ,5 S55 ~~~~5 -S~ S S S . S j . 5 5 5  s’ 5S I ’~5 
5 -

S I - - --- - 
S ~~\ 0 -  

‘5

a ~~~
-

S 

IS 
~~ ~ -; - S ~ 

55 ’
O S’ - -  S.— ‘ 5 5 5

5 -  - 5, ~ 5~~~~5 - 5  5 ,55 5~~ - -~ 
S 

5 5 -~ ‘ .5 
- 

S ~~~~ - 555 5,,
~

5 ~~S9 5 55,, —
b -

- - S _ u .- -
- ~s;’~’~~f s ’: - - 

-
s 5

- ~~~~ 
5 . :  5-

,‘ ‘ . ‘.‘, ‘ s t W S S  55,

i. /515 . “~5 ‘5 s - - 000 - S’ — -5’~ — - Ii ’ s-v ‘ S ” 5 0  5 5 -
— ~l S  s r , 5 5 S ’ S ” n ~~P, ”O — ,  Qs0r ’ ’, US- si ‘1 “ 05 95-L - e -” s v - -  ,s a , 

~~~ S -
‘0- 5S %~ 5~ 0550 - S dCs0’~~

s ,  5._ S - S 51 5 -

f 1 - a-S..
5 -— - ‘ ‘ ‘ —  - ‘ ‘  ‘r~

r 5 ~ 
S V , , ,  . 4 .  - S

- -- 
55 

- 7’’ s ’ l s

- , - - 
I rs z I , s S r s n 51 5 s 5 5 5 , _ 5 ’  -

IANI Co K ) 

L

55 5 
5 50~ 

~ 

5 ~S ‘

~;~~ S~~~; S ~~~~~~Q000S’ s 5 -  ç ,5 5 - nsc s O - s 1 -, sn . - , ‘ , S 
~~~~ 

- 0 -  SS 1515 d 0 -  u  “ ‘ 
S ‘‘s .

I
F

- _~~~~~~ _ 
- 5 5 -

-

.

-~~~~~~~~~~~~~IiM.

‘ -‘.., 

-5-S .5 I

I f,~IiJ WI~~
11”

~~ SS~ ~/



a 
f 

~~~~~~~~~~ 

~~~~~ 

\
\~~~~ 

— 

S

i ~~~~~ 

5-

~~ 

‘

5- 

n
~~~~~~~~

P 7 Ii 5- 5- 5-~
’

\ 
a 

~ 
II

\ 
*,-SS, ,~~

I ~ ~ ss ~ \\# 5-

~~ ~ 

~ 
5- 

Des ~~ 

S
\

~~ 
55 

\
\

\ S I ~~~~ 
\~~ \ 55 5-5 

\-S S \ “
-‘0 C ‘

- S .
’

-S 

‘I’ ‘\\“‘ 
~~ ‘5-~~~5- 5 - i -  

S S

~~~ ~~~ 
~~~~~ 

‘ S~~~~ S~~~~~~~ S 
~~

S-S-S

~~ 
,~ 

S

S 
• 

I\  

5

~~.\ ~~~~

S
,\
\55 5

5-~~~~~~~~~ S S - S / S
S S \ 5 S S

S I~ S
5
:\  

. - ~‘ 7
555 5 S 5- 5 5 5 5 - \S-Ss - 5 5 5

- S_I ‘~ ~ ~ \‘ - 
S , 

~~~~~ ~~~~ ~ ~ 

~~ 

S ~ 
~ 

S~~

- - ~~ ~~~~~~ 

~~t— — ~~~~~~ ~~ ~~~~~~~~~~~~~ 

\ 

~~~~~~~ 
5- 5- 

5 

~~~\~~~

\

~~~~~~~~~~

5

\ 
~ ~~

‘ 

~ \* ~
: ‘~ 

-S 1k .*ti
( 

S sJ “‘  I~~ 5 5 S 5~~~~ 5 \ ~,
S 

~ I ~-S ~ 51 5- ,~~-n~~~~
5
~~ s ’ \ ~ ‘ ‘ ~ ~ ~~~‘ S

S ~ 
- 

S 
‘ 

~~~~-
/ ‘-

, s -s,h ?- ~~~~
5- s ‘S ’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~\ ~

‘
~~~
‘S

~~~~” ’  
‘
5 ,  t’ ‘

S .~- ‘ t ,:” ; ~~
‘.~~~:~

-
~-‘ 

~~~ ~~~~~~~~~ ~ 5 5 ”
‘ S ~ \ - S ’S S ‘ ‘S-S ~ ~

‘ 
~ 

~ S ~ 
~~.S I se~*h 55 ~~“ 5 5 5 5 5’S

I ~~~ J~’ 
55 ~~ ~ ‘5-

:~; ~~~ ~ 

5- 

15 

‘S 

~ 
5

5- ~~~~~~~ 

5-A~ ~

S ~ 5 

~ ~ • S - S 5 - >  ‘ SL S 
n\\5I \ \5 -~~\ ,,5 C b n e s I * i h  ~ - ~ ~S 5, ~~~~~ 

~~ ~~~~ 5,5
5~ 5, 5 \ S .

; I 5 5 s t .~~~~~~~~

\ 
\ S

, ~~~~~ 
~~ ~ S~51~ ,

S 5 5 ‘/‘ 
~~~ 

\5’ ~~ 

S
S

~~~~~~~S ~ 
‘

~ Ds~~~ ~~~ ~‘ 
~~~~~~~~ ‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ \ 5 S~ *

I 
~ 

(~ \ 
5-

” 

~~~

S

~~~~
’ 

~~~~~~~~~~~ 
S 

t
\ 

~ ~~~ 

~~~~~~~~~ 5-
5 

-S ~ :S
~5~ ~~~555- \ 5 - 5 555~ ~S~~~~ S 5 . S 5

5~~~ 
5 5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I ~~~ 

‘ 
~ - _ 515k ‘

5-
- 

~
‘

• ~ -51~5--L. ~ ~ ~
. 

~
s
’ ~ 

‘ 

~~ 

‘
5-
’ 5- 5

: ~ ,~~~ 

5-

~ 
5- 

‘0 S~55 \ ~ 
~~~~~ ~ ~~~~ \ 

S 

~~ ~~~ 

5- \ S \~~~ ~ 
5- ~~~~~~ 

\

L ! 7 . 
‘

~~~~~~ 

,
0
\ 

\ S
55
~~ 5-~~~~~~~~ 5- _~~~~~~~~~5 \

0
S 

5- ~ ~ 

-
.
~~~~~

-

- 
.

5 5 _
S

S ~ \‘
5 

~~~~~~

s 

~ 

~~~~~~~~~~~~ 
S S 5~~’5.5-5 5-*W’0 ’S~S )  

~,• ‘:: 
-5 

(s~~~~
55

~~~ 
55-SI’S 

~ ~ ~ 

S

SC
~~

A N 1 ,N p. \ s s e \ 
‘-S 5

’ “ ~- 
5

- 5 5, ~ iS ) S 5,,’S S~~ ~ 55 C 5-~
r 

r ~ -S 
\\~~

‘
\ 

~ 
~~~~~ ~~~~~~ ~~\~~~~J5 ~ 

S 

~~~ ~~~~~ *‘:_I~

5St

5-: 51
5-
~S
.~ 

~~~

~~ 

_ 
‘ 

I ~~~ ~ ~ : , Des •~~~~ ~ ~ 

‘

~~ 
15 

5 ~ 

‘0

~~~~~~~~~~
\ 

5-

~~~~~~~~~\ 

\\  
5- 

~ ~~~~ ~ 
~~~~~~~~~~~~ ~~~~ ~ 

- u ~~~ ~

I - ~ ‘N ~ ~ 
- - 

- / ~ ~ 

>
~:~

S
~” ~. 

S 5” -s55~ 5 ~ ~ S ~ s ‘ ~~~~~ ~‘
-S \~~~

_
\ ‘ ~~ ~~ 

5 s~5 _ i  .~ ~ 
, S ~ S

,SS 

“1T-\_ ~~~~~~~~~~~~~~~~ ~~~~~ 
~~~~~~~~~ 

sIS _

.
~~ .::\5~

s S 

~ • 

, ‘5a~~~s-,,,,, us~~~~’ 
:

~:-S~ 

~~

~~~~~~~~~~~ ~
) ,.~~_#l
, 

I ‘
~~~ ~~~~~~~ 

~~ ~ 

/>\ ~~~ ~ ~~~~~~ ~ ~~~~~~~~~~~~~~~~ :, 
5- 

~ ~~ ~~~ 5
‘ S  , - S ~~~~ 5 ~~~ S:;O. -5~~y

~
5

S5 ~~~~~~~~~ ,~ ~-~-~°2 0’ 

55-s S~ 5’ 5
S
_

- 

- 
- 

\. /5*~~~~ ‘

~~~

-

~~~

‘-: “- : 
~ 

•‘

~~,- ~~ ~:~‘ ~
- 

- ,•S ‘~ , ~~~ S-Sn -

/ 
~~~~~~~~ - 

I ~~~~~~~~~~ 

- ~~ 
\ ‘~55us a

— — ~~

‘ 5- 

)
\ ~~~~~~ ~~ ,

~~~n
s ,

~
.,*

-
. :~ 

-S 
55 

- 
-S
~
’ 5- 

-S . 
-S

”~*5 -S 

5
5 

* 

.‘55~
, - 

5
~ 3 1, 

- 

~~~ 

5 S~ 5
,~~~ 

~

I 
—: 

.5 

/ ‘ 
*S 

‘~,w 
~~~~~~~~ — I

1 S 

I

5
~~~$~ ~ ,,

~~ 

5- ) ,, ,‘
~

~~ 3’ 5’ 

- 

“ “
~~s~ ~

, 

1)5 5 ‘
~~ 

~~~ ~
\

~~~~~~ l-S.5 

- 

:

~~~ ~~~~~~~~~

_ _ _  _1i

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -- - ~ 
55 55

:‘ . - - \ 
~
‘ \,- 5- 5 \ 51’ - I ~ - ‘ ‘S S

‘
5- 

5’ 
\ 

~~~
P
~~

I: ~
55-55s S• /~ 

_

5

~ . ~~~~~~~ 

\ 
S 

~ 
51 

5
_ 

;5 ),,, :- - -‘ ‘ - ‘ - 5--
~~~~~~~ 

— 5  5- 
0 ~ , 5

- 
5 ~

- ~ 5 ’~~~~~~
’ s o •-~~s~~’ S 5 

5

:~ - - . ~ ‘ 
,
~ -Sn - ~: 

5- 

~- 
0 5 ~ 

S r . , ,  5 ~~~ S ~ 5

S ~
‘ 

-S 
S ~

5- 

~ 
~ 

5- 
~ I ~ 

~ 
s ~ \\\\ ~ \ / 

S ~ 
‘ 

\ 5

-~ - 5
’ 

S~~~~ 
‘

5 ~~~~
‘ ~~~~~~~ 

S
\

S~ \ 5- 
~~~~~~~~ ~~~~~~~~~~~~ 

‘ 
~~ 

S ,

-S S 
~ 

~~ ~~ ~ 
51~ 

~: 
- 

~ 

5- ‘ ~
5 _

‘

~~~ 5~ : ~~~~ ~ ~ . “ - ‘~I N 5- 
;-

~~~
. . 

~ 
, - ‘

~~~ ‘~‘ 
5 - S ~~\ 

~~~~ ~, 
,
~
i’ S 

5- 5-
~ 

~ 

~~~~~~ \~ 
S 

‘

~ 

5- : > ~
( ‘- ‘- ‘-

~

‘ ‘ —
~~: 

. 555_ 

\~I 

‘

~~ ~ 

U-S ’ ’ 5
~~. 

~ 

:~
5’ ~ ~~~~~~~~ ~~~~~ 5

5 5
5 

\ 55 “5- ‘~~~ S ~5~S
\ N,5 ‘ /

-:~ 
‘

~ ~~~ 
S 

~~~~~ ~~~ ~ S ‘ 
‘~ ,

L~ s
~

S S ~ “_S
55_S 

I~’/ G -S—S 

\
0
~~ k k 

“ I 

~~~~ 
D ’ S

~~~~~~~~~
’

~S,SSS~~~~~~
’ 

‘/
—

~

-

~~~

-
- -

~~~-:~

“ 
‘S 

~~~~ ~~~~~~~ 
: ~~~~~~~~~~~ 

\
~~~~~

0

~ ’ 
~~~~~~~~

l
~ tll_ .r Irt\ 

~~~~~~~~~~~~~~~~~~ 5 ;
_

\ 

5~~~~’ S
S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i_

S ~~~~~ N5/5 \ ~ - 5- ~~~~~~~~~~~~~~~ 

% ~~~~~~~~~~~ ~ 

,
,,

.
~~~, ~ 

5’

\ 5 - 
“

S ~ ~~ ~ ~, 
, S SS S 5~ \5~ ~~~~~ 

5
~ 5-’ 5 5 

S 
~ ~~ / S.q 

-

- 5 5 5 ’_ ’ 5-
1 ‘ \~~~~S’ 5-~~ 

5 5 5 
~ ~ ~~ 

, ~~~~~~~~~~~~ ,~s ‘
~ 5 j~5)II~J ~ 

5-I .s ‘~‘~‘7~ ~ 
‘\ -S 

-‘--S 5
55 

55S -5 \ ~ ~ 
~~~~ 5- ~~ -U 

“ .:‘ 
~~~ ~~ ,~ ‘~

- 

5
’ ‘

-5- 
\ 

~~~~~~~~~ ~~ 
~ 

~S-S555 _ -~\
~S ’ 

~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~ >5- 5 ~ ‘ \ 5

5 

~~~~~~~~~~~~~ 

~~~ ;~
— 

~~~~~~~~~~~~~~~~

t1’ 

‘ w S5 ~) 
S

5’ ‘5- - 5- 
5
’ 0

5 ‘~ -
• \ ‘_  ~: \\ ~J0*~/,&7 5- -

~ 
5 ’. ‘55 S~’ ‘~ 5 - -~ ~\ .

5- 
5. 

~~~5- ’ 
-Si \\ \ . Sn 5 /7~~~~ ’ ~‘S s5~sf’ ~~ 

~~ 
_
~

SS S\ “,5-0 ~~~~ ~ ~ -
~~ 55 

~~~~~~~~ ‘~‘~1~~il ~ 
0 -S

‘S S -‘5 ~ ~ s: ~ ~ ‘N ~, , 
~~ 

Dss s \ s \ ,~~, ~~~~~~~~~5- ;5 -:‘ ~ ~ 
~~~ 5-~~>~’ ,- ~‘2 5- \\‘ S ~ 5-f-

.55
5 ,- S 5 ” S 5

S S 5, S 5
~ 

‘
~~~

5-
~~~~~ \ _

‘
~ \\,~\ 

S 5,

‘
S 

, 
~ ~~ 

~~ SS- ::~~
’ 

~~~~~~~~~~~~~~ 5- :- - 
~- 5

~~ ~ 

\ 0~ ~~ 

~~ _ ~~~~ ~~~~~~
- 

~~~~~~~
- 

- I ~ A

S( . 
~
,. S 5f \ 

~~~ 
‘~~~~ 

‘,-
_ \

~~~~ -\ 
.5 

1 .5
- S ~~~~~~~~~~~~~~~~~~~ ‘s’~ , 

~ ~ 

sS\ , 
S 

~~~~~ ~ 
_ 

_ _ S5 .  S ~
\ \\ \~ S \ ~5 ~~ 

‘ ~ ~5- ~, -
S ~
‘ 

~5 ~
‘ 

~ ~ S ~ ~~ s S 
~ ~~~ 

5- ~ ~ \-S ~ 55 

ii 5 
55 5- 5 ,S

5- 
‘

5 
5 ~5 S5wS.4~

, 
~ :~., 

‘ 

~ 
-
~ 

- 2 
‘ \ S S -S

~
’

• 
5,, ~ ~ ~ ~ ~ ‘ 

~~ - o 5 1 - r  ‘S ~~~~ 
:, ~- ~

, 
~~ 

5, - 
5 5 5 ~~~~ 5 5 5

SO
’ \~~~~~~\~~

,
~,/C4\ 

\

~~~~~

y,

S
/ ~~~.5 

\
S~ ,

~ 

5,’ ,n 

5- -

\ \
\ \~~\ \~~~~~~~ S 

~ ~~~~~~~~~~ 
(

5 /

.
5- ‘ 

i- ~ 
:- ~ ~~ ~~~~~~~~ 

~~~~~~ S ~ ~~~~ ~~ 
-S 

~~ S S 

‘

~~

‘ sI

-S : ~ ~ 
:‘ ~
‘S ~ S ~ 5- \ ‘ ‘ ,~ ~ 5 - ‘

~ : ~ . ,,~ 
,v0 S ~~ ‘ -

-
-

—~ 
5 . 5- \

O t \5- .~ 5. 5 5
_ _  55-, 

5 5 55 5 5 55 ~‘ 5 5

; 
-

~~

S

~~~ 
~~~~~~~~ ~~~~~~~~~ 

5 . ~~~~\ ~ ~~~~~~~~~~ 
h-S , ~ ~ 0 -  <~ 

1

i S 
5

5 

~~\ 
S 

>~
5- S , ~~

‘ 
~ ~ 

5- : ~~~ 
, - -

~~~~
/ 

S 

~~~ ~ 
S 

. 

- ‘ - - S ~
- S ‘ ~ , ~~155 ~~~~ ( 

~ 
r51~ ~~ ~ S ,S~ ~ i- ‘j  ...._ .

~ 
\
\\

‘S 
\

5-
~~~~~~~~~ 

5-
~~ / ~~~~~~~~~ 

I 
~~~~

5- I

5’ ~ 
~ 

-

~ 

5-
~~1 

~~ ~ ~ 

:~: 
l~S~~

I

P;/

’ 

~~~~~~~ ~~ 

~ ~~~~~ ~~~~~ 

) 

- 
: ~

-

:~ ~ c-; 
~~ 

:j 
/Sr

~1/ ! ~ 
~~ 

~ 
~ 

~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~

:~ 
:~~ 

~~~~~ : 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5- 

,‘ ,,1 ~ 

~ ~

,, 

-Sn 

,~

~~~~~~~~~~
0; 

~; :~ / ~
r f/ ~~fr(y~ A~11:~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

~t2c~~~~~crw 5-

~~ 
0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 0 ,~~ 
c’~~~ 

~~~~~~~~ ~ I 

1~ ~~~~~~ ~~ ~ y 
~~ ~~~~~~~



“ 
I 
‘ ) 

5- 
~l o 

~ ~ ,I/  : 

- 

~~ 
(

~S 

~ 
) 

~

, 
S 

~ 
S .S

~~

S i ;,, ,, ,~ 
S 

/ 

5 
L

-S
)5 k ~ 

(~
‘

1,~ ‘
-S-

-~~ 

‘ 
S 

•

~~~ S 5 5 ’ : ‘~ ,
- I 5- - r - S !~ 

-S -~4., .- ,m S 5 , I’ I ‘
~

I S -S 5 5 5 1  
S ~ -S.,,

’ 51 
I-

) 
~N5 54, 

5
’ ~

S 

,

e 

-S 

~: ~ ~~~~~~~~~~~~~

~ 
-- - - - ‘ 5 

~~~~~~: 
S~~~~~: ~~ ~~~ 

--“ -S 555 - 
5 ~~ S S ~ 

~~~ 

I 
~~~

- 
s 5 5-

-
‘
\ ~~~~~ 5 ~5 

55 

5 : ~~~
. 

~ - .

SI ~ 
S 

~~ 
5 

~~ _ S ~
-
5 \ %  0S5 ~~ ‘t~ 

. ‘ e

~ ~: 
“

~

••
~

••
~
•

~ 5~~
r
~
T-S 

- 

S 
, ,;

;
‘ 

~;

5- 

•
: 

•
‘~~~~~ 

;

~~I
5

-S ~~ ~ 
m,-.s 

‘S 

~~~~~ . • . 4:
-
~ ~ 

c 
~ 

I ~ , ~
~

-S
~~~

5-
~~< : v

- -
~~
\ 5~~ LI ‘

~ S 

‘ 

“~~~~: ~~~~~~~~~~~~~~~~~~~~ ~ 

~~
‘ - H5 - 

-‘
-

~~~~~~

‘ 

,5

_

‘0, 5
’ 

-‘~~~~,J7 5’ 
5 ;~~~~j  ~ ~ ~ ~ 1- \ ‘ L5-_ - S ‘ 5?

S .~s~’5 S~ , S S
\ 

~~~~~~~ 
----

5 
r 

~ ~~~ 5— 55 5— 
j  I ~~~ ‘ 

-S 
‘ 

5’

P

S ~ s 
~~; -

5 , S ~ S
i -S S 

~~ - 5,5*.,, - 5 ~~~~ 
S / S n I-

S ~~‘ 
S 

S 0 ~~~~~

~2 ~*s ’ 
~ 

55-

. 5 - 5- 
5 / 5

5
55

‘

5- ! ~ ~~~~~~~~~~~~ 

-S 

y ~~~~~~~ 

1~ , :~
- Nfweuc~ R 

~~~~~~~~~~~~~ .,:

7 s L

~~~

s:

’ 

5 ; 
5

‘
S 5

5i-TS:
SS

~~~~~
,

S

,~~~
r 

_

5 5 5155 ~ 
,

‘\ 
‘ S 5 S 5~5~~~ ~~~~~

- 
S O -  

~l 
5- 5

~
)-S 

S ( j
~
. 

S 
‘~ - S ~5- 0,~~ ~~~ I 

~ ~ ~ ~~~~~~~ 
r

S -S :
I 

-S. - 
/ 5- 

5- t
S_ I ~ 5 5

1 W  S ~~~ 
S ~ S

5, _ - ~~~~~~ 
5- - 5

_ ,
i

5 - 
: ,  ~~~~~~~~~ 

~/
,_

~~~~~~~

_ 

7 

-

~~~~~ 
-S

i

PS 5.M5
~ 

‘

~~ 

-

~~

S 

~~~ ~, _~~~

5 
‘0 ‘0 /  :

~~ 
,5,’ _

_ 
, ,. ~ 55

’ ~~~~~~~~~~~~~~~~~~~~ 
i )  

‘ I/

/~ 
I ~ 

5
_ : ~ ~

~~~ S 
~ ~ 

c
_~~~ ~-[ ~ ~~ 

5~
5 5 15 

‘
~~:, ~

“ - 
‘ ‘s

-S 
“-S r ,;~~ç

— 
~ 

-- I

(~~~~~~
•_ 

0 
~~_ ~ ~~ 

/
5- 

‘S 
I 

15 ~~ ~~ ~~ 
~~~ 

55 ~~~ 
4 ~~S

~ 
J~ -S_ b 

S 
-S

S~ ~ / 7 ,,

~/ 
‘5 5

I

i 

lIs~ 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~A —-S ‘ 

~~ 

5- 

-5 

•1 
~ 

•

,
~ 

~~~~ 

~

~~~ ~~~~~~~~~~~~~~~~ 

1~

, 

,, 

~ 

~ ~

* 

5, 

/ 
4 

‘0

_k/

/ 
~~ _ 

~~~ 

‘f

,: 

‘

~~

S ‘~ ‘: ~~ , 

~~ 
~ 
‘ 

~~~~~~~~ ~ ‘ / “ 5’ 
-S ). 

S 
~‘v~ • ~~ ~

I 
~ ~ 

0 ‘ 4 s; , fj/ ~~~~~~~ ~~~~ 

I I’ ~ 

5555 “ :—‘
~ 

-

eh 5 5 :~~ ~ /
~~

5
~~~~~S S

- 

I ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ • s ~~~ ~ J

:~ ~

‘ 

~~~~~~~~~~~~~~~~~~~~ 5.- 

.~~(f-S 

~ f,
/ ‘: ~~~~~~ S. ~,, ,~ 

f I ~:

r i - S 
. -2~ 

~~~~ ‘ 
~~ .~~ ~ 

~~~ I~ ~~ 
‘ n~~~ ; ~

~ 2 ~ 
~~~ ~~~~~~~~~~~ 

2’ ~ .~T
’ 

~ 

: ~~~~ 
~~~~5

, 

. I 
~~~~~~~~~~~ ~ 

‘

~

~~~~~~~~~~~~~~ *1lI ~ 
~~~~~ * 

1~~ 
~~

:5- c5 

J5/4, 
‘ 

‘ 

an: ~~~~ 
~~~~ 

~~~~~~~~~~~~~ Isobbe L

41 ‘ c - S ’  - 

~ 
5-’ 5 

55
0 5 

~ S ~ 
~~~~~~ 5S5 5 * *5 S-SS ft , 

‘ 
. ~~~~~~~~ 

I, S . yy 5,

5 0 ‘ ‘ ~ ‘ -S /(~~~ 
S 5 ~ .: , - ,‘ ( 

~~~ 

~~~~7 5 ~~ 
55 

‘ 
~~~~~

— t~ ~~~~~ 
S 

, 4 ~ 
S ,

~-S ,,_ Ijl / f~ 5 ~~~~
4
/

5
~~ // S ,_I~~/ :. ‘ ~~~~~~~~~~~~~~~~~ 

A ~~~‘S ’ ~~~~~~~~~~~~~~~~~~~~~~~~

M~ ~<‘ :‘ 
~ ~~~~~ 

‘ , ~~ 
_ _ 5 -~~~~~- S

~~~~~~;~~~~
- S\  

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5

~~ 

~/
/ ~ e\ 

\

\

~~I ~~ tl 
~~~~~~~~~ 

us 

J,; 1~ ~



s : ~~~~~ :
5 

1.r ,5 K 
~~~~~~ 

~~~~~~~ 

~~;-S ~

f  

i

n

_ 

/~~~ 

~ 

.5 

~~~~ F

5’ 
~

C S 55 505c C 5, r, ,. .. , -S

‘ 

S 
~ s~~~~~~

‘ 
, 

55 

5 

~~~~~~~~~ • 
- 

~~~~
‘ ‘C

---
- —555- 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S ~

,-0 ‘ S - Is~ 

- 4
, 

s - , , .  ~~~~~~~~~ _ S

- I~T:ITI~ 55

55

f -S 

I ’/  
- 

~~~S 
,5555
;~~~~~~ 

‘
~
__4

:~*~~
’ .:

~~~ 5-S-S
~

~~~~~~~~ ~~~~
554 

55- _s_4
s
~ 

Is 

S~ 
,21~ 4~F’- 

~~ 
~-S 

— 55-

S hI~ ~~~~~~~~ ~~~~~~~~~~~ :~“ 
5~~ 5~5

~~~~~~~~~~~~~~~~ i
~ :~ 

~~~~~~~~~~~~~ ~_
.k~

ieS 
~ 

S
~ 

~~~~

- 5 5- 

~ -S S

55 

Ap~~~~~ ~~~~~~°~~~~~~~~~I 

~~~~~~~~~~~~~~~ 
5-

- - 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 5  

55 —’ 5 

5 

~~~~~~~~~ ~ 

~~ 
5- ‘

5 

\

5 5 ~ 

S ~ 
~~~~~~ 

, 

~

‘;~‘: 
>5-  

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~ 

~• 

,,‘ ‘- 
‘;) 5- 

\ ~ 
\\ \

5
~

55;
~~~~~~~~

:i5/Y

‘s~.’j~~~:
- S ’ -S - ,gI ~ ~~ 7~

5 , 
, ~ 55_ S ~, ~~~~~~

55 

1~ ~ ~~~ 
~ 

-
~~ 

55 

5.
_ 

- 

~~~ ~~~~ 

I 
~ ~~ ~~~~~

5’ 
~~~~~~~~~~~ 

•-S51 ~~~~ 
‘- 

•Lgi~~i~ ;_i:m;ei~~ _C 
~~ ~~ 

. 

I 
.

‘ui;; ;;~ 5- 5 ’ 
5 

:~~~
“
~ 

:~~ 
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 

~~~~~~~~~~~~~~ “ 

~i:.5 ~~~~
—‘

5”

~~~

’ - 5
’

‘-S 

% 
:I

~Ic1 ,,:~

4ø* u
s 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~ 
I,.

- 

55

_ 5555’ s s s i ~lIIIIi I 

~~~~~~~~~~~~ 
_ ~~~~ ~ ~ 

Is 5 _ _ f

S 

-S 
5~ I ~II~

1 ~‘ i Id I 
~ 

~ 

.. _ ~~ ~~~~~~~ I W~~
’5 

~ 
r ‘~~ ‘ 

‘ 
~ 

~

.

~~ 

~~ ~~~ 
~~~~~~~~~ 

~~~~~~~~ 

-S 

k~ ~~ 1)5- ~~ - - iI~~ 5. 1,1 s .1 55 55 5 55 ,~~~ - ,~~~O r

o~~ IS 7~~’~~0 5, 5

GEOLOGIC MAP OF NORTH HALF OF DELAWAF



5 5 “S S S -S~ - S S S 5 
-S

~~~~ 

-S 

5- 5- 
-

5

’ ~~~ \ S  _ .  ~ ~~~~ 5’~ \ 5
5 

‘ 

~: ~ ~ ~
-
~

- 
-S 

5 
‘
~~~ I ~_

S 
~ 

S ‘ ‘ 

~ 
-S ,

~ ‘5 5 - -~~ 55- 5 5•~~55’5’ ~5 5
5> • S 

~~~ ~
_ A -S •~ ,~~~ u s C .,- S

‘ -S C ‘ S C ~ S-S ~ ‘5~ S S 
-Se ‘ ~ I S 

~
S-S 5 -S .,-,

~ 5 5 5~ ~~~~ 
-S 5 5 55 2 ~‘ s 5J ’I5- 

\~~ ss-S ~. ,
, 5 

,,
5 1,~~. I 

• ~ I - . ~ 
5- - 7-

I

_ 
~~ 

_

—~ 
-55

. ~ 
: ~~~~~~~ 

: ~ ~ 

~- 

N 

~~~~~ ~~~~~ 

~ 
5 - 5 -  

~
‘\

\ 
~ 

~ 

5’ 

~~~~~~ 
~~~ 

2

:
: 

:~ ~~~~
— ;:‘- 

1:~ 
¶1 

‘‘- ‘5- 

— 

5- 

/. 

‘
~0- 

~ 

~ 
: > ~~~ 

~
1 

i: 
~ 

•- ~~~~~

5
’ 

- 

—

‘S 

~~ 
~~~ 

‘ 

~ ~ 
~-S ~: 

:‘

5

~ 
‘5

5> 

7~ 

I~ 
~~~~~ ~~~~ 

‘S 5- 

: 

~ SS{

)._ 

~ 

~~~~~~ ~ 

S5

1

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

5’ 
S~ s_,55 

~~~ 
~ \ \ F’ ‘

~ ~ 
~ 55 

/ ~ 
//

-S 
I 

~
, 

~ 
.
~

, a, ‘-S /-S5’5~j1,r ~~ 

~ 
It 
)

j.._-0 

~ ., ,~e \ \ S 5-5— 
0 ‘0 

~~ 
I’ 

— 
.5 

55~ 

~ ~~~~~ J~ 4~~
I .55 

, ~
7.-. 5’

55
., 

F ~~~~~~~~ 
-5 

t I 

Os ~~ 

~~ 

~ ~
S
~~~

5-
;�;b ~~~~~ 

>m_ 
~ 

a

_
5-S ~

- 
~~ ‘ ‘ ~~ 5? ~ ~ • _5S 

~ ~ 
S .55,..57-S~~IdS~Ise-; ~9” •- S ~5 5 ‘ ~~~ ~ r

~ ~~~~~~~ 

~~~5_ 

55 

5- 

~~~~~

k 5 -  

\
~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ ;
~:~ : 1  

5- 
5 ’ 

~ ~ ~~~~

- - ~~~~~~~~~~~~ 
\/ 

h ~~~~~~~~~~~~~~~~~~~ -~~~~

-S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. 

~‘;5 . -~ 
~~~~~~~ ;:~>~~ ~ ~ 

l
s
~
t ~-K

t 
~~~~~~~~ ;:;~~ 

“5’ 

~: -~~~~ 
au ~~~~~~~~~ ~~~~~ ~~~~~~~~~~~ : ‘ 

~ , ~ I ~~~~ ~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

—~
‘ ;n~

:i;:
~~~~ ~~~~~ 

~ 

~~~~~~~~~~~~~ 
S 

~ 

5-
-s: ~-1 ~ ~~~~~~

‘
-S

/

1’ 

~~~~~~~~~~~~~~~~~ 

0’ 
0~ ~1 ,~, ~ 

J_ ;
S l~S-S 

~ 

5~ 
,,
~ 

~~ 
-5 ..~: ~ 

~~~~~~~~~~~~~~~ 

~~ 
I 
‘

~ 
~ -i-’-~ 

-S

~ - C ‘ ~ — -~~
*
~ 5- ~~~~~~~~~~~~~~~~ 

5S /  

~
‘
~55G~~~~~~~

•5 -S~~

~~~~~~~~~~~~~~~~~~~~~ 

S 

: ~~~~~ 

“
~~i’~i 

r 

~~~~ ~~1~~;r 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-SI— --S j -  - “ ‘ ~:x s~ x~ s~ 
15 

, 
~ ~ ~~~ 

s 
~ ~ ~ ~._ ~f

f 
, ~ , ~ ~ 

S _s , ,S 5 

~ 51*~ ~ 7 - ‘5-- S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (‘1’~i~ “S ~ 
1151 ~ ~

I~~~
5
~5*’r;_r; 

_, .~ C ~ I 
~ 

c5,!s ~ 
0
~ ~ ~ ~~~~ o I’ . I _ I . 0 0 

~~~~~~~~ j
1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ # S -~ S ~ - ~ :~~1f4:j4i i~r’o~~ ~ ‘ r~ s ~ 5 ~ 4r~ 
0, C rt ~~~~~ ,. - S , 5-

S 
-S~ ~ 5

~ p 
~~~~~~~~~~~~~~~ _ y _

S 

:
“

~~~~~

‘ 
55

.AWARE RIVER BASIN AND NORTHERN NEW JERSEY SH



‘5- C J ~~/~~~ */~~ i::—~ 
- 

~~~~~~~~~ C 

~~~ 
:~ ~ )~~~~~~l

T

0 
S~

\

.555 ~~
5- 

~F~ A’~-l ~~~~~~~~~~~~~~ - / 
/

r ,#~ ~~~~~~~~~~ ~~~~~~~~~~ 
&:~!~p 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I j J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~; ~~~~~~~ 

$

~i S . ~~~~~~~~ 5 - :~~~~~T ~~4’ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ft

C ~ ~ ‘/~ “--7 ‘~
-S1~ m 

5-
’ ~ f ‘~ 

:
/ ~~~ 4~~

f
~~~~~~ ~ ~~

- / / J 

~i ~
t5-

~ 1/ 
~ 

~ 
55

S~.,
S_ ~

, :_ ‘ - 5. 5 5~~j ~ 
S n’ ~ ~~ 

-
S ~~~~~ ~:

2 Ds I ~’ 

~~~~~~~~~~~~~~~~ 

~~ 5-t5;~f;~~~
s5-U;1

: ~~ e “ ‘~ ~~~~~~~ 
-S .5-

‘,—
,--

‘5 a ‘ 
5-
~~-5’~ ~~~~ Sc /

5_ 
~~~~~ A~%S/S-S ‘5 - ~ S 

~~~~~~~~~~~~~~~ 
,5

~~ 5 . ~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~ 45S~ ~ 4yri.r~05 /5~ 1
~
• °

5, y±t° S. 5-
~

_ 
~ 

Sb sI ~~ l’~ 

~f *~4 y~~ 
4~5kps ~ 4 / \ --S

s~~~~j~~r . 5 
._, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I 

~~~~~~~ 
~~ ~~~~~~ 

. 

~~~~~~~~~ 

5
’

, ~~~~~~~~~~ 
k~~ 

j~

~~~- ~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ ~~ 

55 ~~ 

5 - S  ~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~

‘-7 ~~~ ~4 ~ )~~ 
;, 5’b19

5
14*$?5-55 / 

-5 
.~~~~~~~~ 5 5 5 5  

-~‘ 
(ns ~~~~~~~~~~~~~~~ 

~~55~~~~~~~ S

~~~~~~~~~~ Ic 4’/-_55/,sJ 5- ,d2;~1{~ ~~~~~~~~~~ 

,5’ 

‘~ ~~ ~~~~~ ~~~

- 

~ I J~1/~ 
i ~ (~~~ : °‘ ‘~L #

:~s
/ ;
~,1~? ~~~~~~~~~~~~~~~~~~ ~iJ I 

<~:
S 2 - 

~~ / ,
7 ~

;
7
4 

,~
, 

~ ~ ~~~

5

~~~~

S

~~~/ :~;‘ - ‘ - -55 
c,

~ 
_ 

~ - 7 5 ,
5 5- - 5  5 5 

,_~40 ~~ 
~~~~~~~~~~~ ‘5

-

L ‘:; 50~~
5
/ 

~~/ / ~~~~~~~~ 
~~~~ 

‘- ‘5  
~~~~~~~~~~~~~~~~~~~~~~~ :~ ~~~~~~~ ~

-‘
~~“ -~~~ 

55 a— , ~ ~~t’f~
l ~F ~~

~7S _ 
~~~~~~ 

:- : ~~~~ 
- 

i
)
~~- >

-S S~~~~~~

’

~~~~( 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ :-~~~ : :: . E~~t~

‘
,~‘: : ~

--  

~~~~~~ 
“ ~~ — —-S -5 

~ t 
5; 

5

~~~~~~ 54
/

5-
~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~ 

~~~~~~~~ ::_a

;
: 

A ~~
5’

1r~ 
~~~ 

-‘ ‘~ ~ ~. lb ~~~~ - ~ 

• 
‘:‘ ~~ ;~~, 

‘

~
-‘~ 

s
-S5~ 

: .~~~~‘ : : m  - -  
~~~~~~~~~~~~~ 

~ -S
.- 

55-.- 

~~~~~
‘
~~

-
51 

5
0 

~
S 

~ ~~ 
-
~ ~ ~,, 

5-

~:*
-‘--‘-- •- 

~ y~g 
~~ ~ ‘I ~~ \~.‘,,_ .,-::,;:~/:r

°
~ —~~~ 

-f-- ~~~ —: - 

\

k
~:), ~:; ~ 

‘-S 

~~ 

J

-S
~ 

. 
-5 7/ \ ~ ~ I) ~~~~ 

,,
~~ y, F I I ~~~~~~~~~~~~~~~~~~~~~~~~ ?~

‘5
~~~~~~~ft~~~~, 

-
~ -5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

i s - ~ /‘ 

_/~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :+
:t
~E55;~~, 

‘5-

) - 
‘ s S~~~y 5- ‘~~~~ 

5 

T - ~~~~~
°° ’ ~

- 5~~~~~~~~~~i~~~ _ - 
S s

y

f

,

,
S

~~~~~

RSEY SHOWING CONSOLIDATED ROCKS OF PRE-CRETACE

‘
~ \



-~~~~~-- 7’ --S 55 5

~~: ‘f , ~~~~~~~~~~~~~~~~~~~ ~~~~ “ 5- 5- 7 .5 - -S
1t 1i7 ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ ‘. ) , .t 2~~~~ ~.. ... 
,

5
; ~ ~~~~~ 

55 ~ y 
~ J 55 ‘5-5, - - ’ ~~~~~~~~~~5)~ s

.7*~~~
,,• 

.5 
~~~~~ ~‘~:;: ~~~~ ,I5

c
~~~
?’—’5.

*;: -S 
‘ S  

“-S 

~~ 
~~
, 

Sr .5, )/ S. 

~~

-S

• 

‘ 

~~

~~~~~~~~~~~~~~~~~ ~ : / 5. 

1

,
~~~~~~~~~

‘~~v~::i2’~:~~
’-i ‘i ~~~~c~~:p~; / ~~-g ~~ ; V

. ~~ ~~ 

I

~~~~~ 
s ~ ~ 541 

~ ~i 7 ~ ~ ~~~ S 5 5- ‘ 5-~~~~
1
~~i~’ • ~0 S 55’ 

~~~ 
‘ S S ~ S

~~~~ ~�/ fl 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘)~y~ 

5- i :~ l~~,

~~~ ‘;: ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ , 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~5/ ~ 

~~~~~~~~~ 
‘
~ 

‘
~~ 

‘°‘

~~~~~~~ ‘5 :~~

55 T~ ? ~~ ~ ~ ~ 

5-5-
’ - 

~~~~ 

P 

~

ft 5JI~~~,544~,,c: ~~~~~~~~~~~~~~~~~~~~~~~ ~ I’ t2~c~ ~~~~ ~K, ~ .: _ 
>‘~~ ~ ‘ 5, 

—‘5-’ 
5 

5.- 
‘

5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

/
- 

~~~~~~~~~~~ ~~~~
-•‘ -. - -  :-i- - ~~~~ 5~~~ - S •~ ~. , ~~~~~~ I ~, ~

( ; 
~~ j ~~~~~~~

’
~
’;

~
/-: 

~~~~ 
~~~~~u ~ ~~~~~ ~~~~~ 

~~~~~~ 
A 

‘-S ~~~~ ~~~~~~~ 

‘

~ 

‘
5- :

_ 
‘ 

5’

~~~ ~ 
~ ~

. 

“

~~~~~~~~~~~~ ~ 
•

~h~~~ 

~7’?\ h~ 
~r’~~~~~~~~

’ ~~~ fr

.5~~~~

f,

l

;
~~55f~~ I 

/

1~ 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ _ I

5~~~~~S ~~~~~~~~~~~
5*5S

~
*

1 ~~~~~~ -;;~~
s
~~

~
-‘
~
‘
~:~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

t~~~~ 

~A::~ ~
‘ear~:~~~ 

‘ 
~~

.5 ‘
5 , ~ ‘~~-Sa~~~~ ~~~~~~~~~ ~ 

~~~~~~~~~ 
‘ : : ~~ 

:-:.,,~!:~~
_4:

~, s ’ - ’ ~~~~~ ~~~~~~ ., _ _  , h od - : 5-5- j -S

,
~ ~~~~ 

- 
~~~~~~ 4 

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : ~~~~~~~~ 

SI; / 7 
S.
f

.: r ~

‘ 

;Lm~:~. j  
~~~~ 

- 
I’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
-S
~- S / 5  

.

a — S - 5.Sa 
~ 

- ~~~~~~~~~~ t%Mdy ’ s, ’ ~~ - -  “ -P ~ . , . 3 ~
,

~ 
/

/ ~ 
•
> 2 ~ ~~ 

- 

- 

55 

~ b I  Il  

~~~~~~ ~~~ 
1
,

55-~~’S~~ ~~~ 

~ 
:~ ~~~~~~~~~ ~ 

I 

~~ ~
:; 

~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~
7 (  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ 

— -  

~~~~~~~~~~ -~

_._
~~r~~~~~~~~~~i

’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~ ~ 

. y4 - 

5-7 ~

5

f 

i
F

0
~~~ S

t It 
, 

~ 

~ 
I

~~~~~~~~~~~~~~~~~~~~~~~~ ~;~
:
~
su5:

: ~~~~~ S -: 

O

::
:i : 55555 55 

‘~ 

~~~~~~~~~ ~ 
.;5- 1 -S~ 

~ ~ 
V\ . ~ 

I~ 
~~ ~

S I 
~

--S-
~
-S’- 5

~~~~
, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~
:‘

~~~ -~ ~~ -~ 

~I 
~~~~~~~~~ 

,~~ 5, 
.5-S-S

-S ‘ - S S ’ -” 
•

-S 5

5
’ 

~~~~~~~~~~~~ ~ 
— ~.:;;~~~~~ 5’

S. / ~~~~~~~~~ .55
- 

-
~ Li .~ ~~~~~~~~~~~ 

ft ‘:~ ~

-55-

kme:\
I ~ 

5- 

~~t~~~~f4-S’0~~ ~~~~~ 
5-5
~~

-S-S1_ ~~~ 

1.4.. 

~~ ~ ~~~~ 
! p 5’ ~ ft 

5-
’ 

.,:

~: ~~~~~~~~~~~~~~~~ 
~:m~~~~~~ ~~~ ~~ ~~~~~:o1i 

‘
5 

a 

I 

•~~5-S5, 
:‘i ~ _

= - 
—

‘
Si

’

. 

~~~~~

S 
5

5 ;

~~~~~~~~~~~~~~~ 

; r ’~ 
~

IDATED ROCKS OF PRE-CRETACEOUS AGE




