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GENE RALIZE D STRUCTURAL CONTOU R MAPS OF TH E 

NEW J E RS EY COASTAL PLAIN 

By 

Horace G. Richard s!, F. H . Olmsted 2, and J ames L. Ruhl e3 

ABSTRACT 

Twelve generalized structural contour m aps we re prepa red from a study of 169 well 

logs or sample logs of drill cuttings from th e Coa t a l Pl ai n of New J ersey , D elaware, and 

the E astern Shore of Maryland . The configurat ion of th e tops of th e nonm arine Cret aceous 

deposits (Pa tuxent , P a tapsco, Raritan, and M agoth y form ations) and th e Piney Point For

m a tion (Eocene ) show th e kn own sub surface ext ent of th ese fo rm a ti ons in both ew J e rsey 

and D elaware. Th e structural contour m aps show th e tops of th e Merchantv ille Form ati on 

and Woodbury Cl ay, th e E ngli shtown Form a ti on, th e Ma rsha lltown Form ation, th e W e

nonah Formation and M ount L aurel Sand , th e Naves ink Fo rma ti on, and th e R ed B ank 

Sand which are a ll of Late Cret aceous age. The m a ps of th e Horn erstown Sand , th e Vincen

town Formation, and th e Man asquan Form a ti on and Sh a rk Ri ver M a rl of ea rly T erti ary 

age show the subsurface extent of th ese form a tions only in • ew J ersey. Also included is an 

outline map showing the locations of wells and se ismic st ation s and a structural contour m ap 

showing the configuration of th e bedrock surface of th e report a rea. 

Structural contours on top of th e M agothy Form ati on, or on th e t op of th e R aritan For

mation wh ere th e M agothy fo rm a ti on is absent , show th e configuration of th e nonm arin e 

deposits of Cretaceous age. I sopachs of th e nonm a rin e depos its are deri ved by interpolation 

between contours on top of the bedrock and th e top of eith er th e M agothy Form ati on o r th e 

R aritan Formation wh ere th e M agothy is absent. 

The M erchantvill e F orm a tion and W oodbury Cl ay a re difficult to se pa rat e in th e sub

surface, and therefore th e contour a re draw n on top of th e W oodbury Cl ay. In ew J ersey, 

th e thickn ess of th e combined M erchantvill e Fo rm a ti on and W oodbury Cl ay ranges from 

ab out 100 to 140 fee t nea r th e outcrop, but exceeds 250 fee t in th e subsurface along th e 

coas t in Ocean C ounty . 

The top of th e Englishtown Form ati on is easy to recognize because it generally con ists 

of a mic aceo us white and ye ll ow sa nd, alth ough locally it is a silty clay . Th e fo rm ation 

thins tow ard th e southwest from about 160 fee t in centra l Ocea n County t o less th an 20 fee t 

1n Salem C ounty . It h as not been recogni zed in D elawa re. 

The M a rsha lltown F orm a tion va ri es from bl ac k cl ay to a glauconiti c sa nd . It usuall y 

ranges in thicknes from 20 to 60 fee t . It i ve ry thin o r absent in D elaware. 

1 Academy of atural Sciences, Phil adelphia, 1 a. and U. . eo logica l urvey. 

2 . G eological urvey. 

3 Forme rl y Academy of atura l ciences, Philade lphia , Pa. · pre. ent add re . V irginia D iv i· ion of M in-

era l Re ou rce , C harlotte ,·ill e, Va. 
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The W enon ah Formation and ount Laurel and arc diffi cult to epa rat in C\ J e rs y, 

and therefore are hown as a unit . The c mbin d thickn cs · range · from 60 to lCX) fee t. In 

D elaware the two fo rm ations are eas ily eparat d. 

The avesi nk Fo rmati on i genera lly hig hl y glau conit ic ;1nd it is diffi c ult to d t e nnme 

th e upper limit where overlain by th H o rn erstown Sa nd " ·hi ch is also g lauco niti c. The con

tour m ap on the t op of th e avesi nk i ba d upon r lativ l_v littl e cont rol. 

The R ed Ban k Sand reach sa th ickness of abo ut 160 fee t in i\ lonrnouth Count . I t thi ns 

southwestward and is absent in utcrop in t he so uth rn pa rt of t h C oa tal Pl a in of ew 

J ersey. A probable equi va lent of t he R eel Ban k has be n recogni zed in Dela \· a re. The Tin

t on Sa nd M ember is th e topmost unit of th Red B ank and in M nm outh County. 

The H o rn erstow n Sand is mos t! gla uconitic and is abo ut 30 fee t thick in outc rop. This 

is overla in by th e V incentown F rmation which cons ists of two fac i s ( 1) ca lc a reo us sa nd 

fac ies and (2) qu a rtz sand faci es. T hese a re ove rlain by th e lanasquan Fo rm ati on a nd 

Shark Ri ver Marl w hich a re h re trea t d as a unit . In outcro p the combin ed thickn ess of th e 

Man asqu an Formation and Shark R iver Marl is about +0 fe t, but in th subsurface th ey 

thick en to about 200 feet. T he Piney Point Format ion of J ac kson age occ ur in th e sub

surface in Cape May and Atl antic Counties, . ]., and in south rn D la,va re but is no t 

exposed in th ese States. 

Brief notes a re g iven on form ation of !at r T ertiary and PI 1s tocen ag , but no con

tour maps were constructed. 

I V 



I TRODUCfiON 

Scope and p11rpose.-This report summ a ri zes briefl y the structure and stratigraphy of 

th e sedim entary rocks of Cret aceous and Terti ary age in th e Coastal Pl a in of ew J ersey, 

D elawa re, and southeas t ern Pennsy lvani a. Twelve st ructure contour m aps are included. 

These illustrations a re generalized beca use th e sub surface data were obt ai ned from va rious 

sources, and in many wel ls form ationa l identifica tions were uncerta in . 

It is hoped that this report will serve as a useful bas is fo r lat er, more det a iled s tudies. 

In fact, it is understood that th e Ground W ater Branch of th e U . . Geological Survey 

and th e ew J ersey G eologic al Surveys a re pre entl y attempt ing to obta in more det ai led 

inform at ion on th e subsurface geology of parts of th e ew J ersey Coastal Pl a in . It is 

expected th at th ese interpret ati ons will be refined or modifi ed as more su bsu rf ace infor

mation becomes ava il abl e. 

A preliminary set of m aps was prepared by Mr. Ruhle in 1957-1958 at the U ni ve rsity of 

P ennsylvani a und er th e direction of the seni o r auth or. The wo rk was continued a t th e 

Academy of atural Sciences of Philadelph ia and at th e Un i ersity of Ma sachus tts. 

The present set of m aps represents refin ement of th e orig in al m aps, ba ed upon addi 

tional we ll logs. The b as ic d at a upon which th e st ructure contour m aps a re based > e re ob

t a in ed from m any sources, and a re of varying degrees of acc uracy. The publi shed ou rc Ill

elude r ports by Woolman (1890-1902), and Richa rds (1 9-!5 , 1948). U npubli shed dat a wer 

obta ined from the Ground W ater Branch of th e U. S. Geologic al Survey in Tr nton, . ]., 

and from th e ew J ersey Geological Survey, Trenton, . ]. 

The repo rt was prepa red und er th e general supervis ion of All en Sinnott District G eoloP"i t 
for the Ground Water Branch of th e U. S. G eologica l Survey in Trenton, N . ]. P aul R . 

Sea be r, Jack R osenau, Harold E . Gill, Leo A . J ablon ki , and other personnel of th e district 

office in Trenton, supplied informati on on well logs and st rat ig raphic correlati ons, and also 

critica lly rev iewed the report. 

Acknowledgments.-Kemble Widmer, Sta te G eologist of ew J ersey, upplied d a t a 

from the files of the New J ersey Geologica l Survey and ass isted in m any other ways. Frank 

]. Markewicz, Principal Geologist wi th the N ew J ersey G eologica l urv ey, gave us th e bene

fit of hi s knowledge of seve ral critical wells . M eredith E. J ohnso n form er Stat Geologi t of 

ew J ersey, critically reviewed th e manuscript . 

Sampl e and elec tric logs from a series of t es t wells drilled in Burling ton and Ocea n 

Counties were m ade available through the courtesy of th Transcontin ental Gas Pipe Line 

Corporation and th e ew J ersey Geological Survey . 

Information p rt ain ing to the D elawa re parts of th e structure contour maps was ob

t a in ed from J ohan]. Groot , t a t e Geologi t of D elavva re, fe wark , D el. , and from William 

C. R a mussen, U. S. Geologica l urvey, ewa rk , D el. Dr. Groot critically revi ewed t he pa rts 

of the m anuscript dealing with D elawa re. 

Mr. Ruhl e's work was aided by a grant from th e J essup F und of th e Academy of Natu

ral Sciences of Phil adelphia. 



PR EVIOU S WORK 

Although con iderable p ioneer work on the geology and paleontology of th e Atl antic 

C oas t al Pl a in h ad been done by R ogers, Conr ad, Cook, Whitfield , and oth ers, it was the 

wo rk of Cla rk , publ ished in th e Annual R eports of th e N ew J ersey G eologic al Survey in 

1892, 1893, and 1897, which may be t hought of as contai ning th e first modern cl assification 

of the Cret aceous sys t em of New J er ey. ( See espec ially Cl ark, Bagg, and Sh attuck, 1898.) 

C lark's work was contin ued by Knapp, w ho named most of th e currently used form a

t ional un its of th e Ma t awan G roup . T h is wo rk was summ arized by Kummel and Knapp 

(1904). Kn app's la te r wo rk formed the ba i for th e cl assification used by W ell er (1 907 ) 

in hi s report on th e in vertebrate foss ils of t he C ret aceous of ew J ersey. In W ell er's report, 

as in previous wo rk , th e H ornerstown M a rl , Vi ncentown Sand , and M anasquan M a rl were 
considered to be of Cret aceous age. 

Lew is and Kumm el ( 1915) summ arized t he inform ation on the v arious formati ons in a 

report iss ued to accomp any a geologic map of the Sta t e. This report was revised by Kummel 
(1 940) . 

In 1928, Cooke and Stephenson restudied th mac rofo sils of the H orne rstown M arl , 

Vincentown Sand , and M ana qu an M a rl and changed th eir age ass ignment from Cret aceous 

to E ocene. At th at time th e P aleocene was not recogni zed in this a rea. L ate r work by Mc

Lea n (1952 , 195 3 ), Loeblich and T appan (1 95 7 ) and oth ers has shown th at th e H om ers
town and th e Vincentown a re of P aleocene age. 

Spangler and P eterson ( 1950) discussed th geology of th e Coas t al Pl a in of ew J e r ey 

and diffe red from prev ious inte rpret a ti ons in several important res pects: ( 1) th ey reduced 

th e rank of th e M a tawa n and M onmouth g ro ups to form ations, and at th e sa me time reduc
ed th e severa l form ational subdi v isions of th e Ma t awa n and lonm outh to members; (2 ) 

th ey changed th e di v iding line between the M atawan and M onmouth groups from th e top 
of th e W enonah Form ation to th e top of th e ove rly ing Mount L aurel Sand ; and (3 ) th ey 

rega rded the Raritan Form ation as both basal U pp r Cret aceous ( Cenom anian) and L ower 

Cretaceous (Albi an) instead of a ll Upper Cret aceous, as beli eved previ ous ly . Spangl er and 
P eterson included severa l structura l contour a nd isop ach m aps. 

J ohnson and Rich ards (1 952) rev iewed th e a rguments presented by pangler and P eter
son and gave reaso ns for the ret enti on of the previ ously accepted v iews. Dorf ( 1952 ) also re

vi ewed some of th e arguments of Spangler and Peterson, espec ially th o e based upon paleo

bot any, and presented ev idence to show th at t he R a ritan and Magothy form ati ons are of 

L ate Cret aceous age, but th at th e form at ions of th e P otom ac G roup, as expo ed in Dela
ware, M a ry land , and Virgini a, a re of Ea rly Cret aceous age. 

Th e stratig raph y of th e ew J ersey Coast al Pl ai n was rev iewed by R ic ha rds ( 1956) . 

Ba rk dale, and oth ers ( 1958) discussed th e hy drology an d geology of t he va ri ous form ation 
in th e region adj acent t o th e lower D elawa re Ri ver. 

In 1958, th e ew J ersey Geologica l urv y i sued t he fi rst volume of a two-volume 

rev ision of th e Cret aceo us fau nas of th e St a te t ha t included chap ters on stratig raphy, pre-
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vious inves tigations, and correlations by Rich ards and R amsdell (Richards and others, 1958). 

Recently a r port on the geology and hydrology of th e D elaware Ri ver basin was pre

pared by the G eneral Hydrology Branch of th e U. S. Geological Survey (Parker and others, 
m press). 

Owens and Minard ( 1960) in a recen t fi e ld trip guid ebook rev iewed th e Cretaceous and 

T ertiary formations in th e north-central p art of the New J ersey C oas t a l Plain and m ade 

several changes in t erminology, mainly the sub stitution of th e more genera l te rm " formation' 

for such terms as "sand", " cl ay", or " m a rl". These new designations a re used in the present 

report. 

GEOLOGICAL SETTING 

The C oas t al Plain of New J ersey a nd D elawa re is und erl ain by a wedge of unconsoli 

d a ted edim ent ary rocks th a t thickens seawa rd from a veneer at th e Fall Line t o 6,000 feet 

beneath th e mouth o f D elawa re Bay and to about 8,000 feet beneath the southeas t ern cor

ner of D elawa re. These sediments li e unconform ably on consolidated rocks of pre-Cret ace

ous age s imilar to th ose exposed northwestwa rd of th e Fall Line. 

The unconsolid ated sediment a ry rocks ra nge in age from Cretaceous to R ecent and con

s ist of c lay, si lt , sand, and gravel, of both marin e a nd nonm arin e o rigin, depos ited as th e an

cient shorelin e fluctu a t ed ac ross the gently slopi ng continental m a rgin . The southea t e rly 

t o easte rl y dips of th e beds decrease upwa rd from more than 60 feet per mil e nea r the ba e 

of th e sec tion to about 10 feet per mil e at th e t op . In ew J ersey, th e ave rage gra in size of 

the deposits dec reases southea twa rd o r eas twa rd . The sandy form at ions wh ich can be deli

nea ted rea dily in outcrop t end to becom e finer grai ned and mo re d ifficult to distinguish from 

ad j acent clayey a nd silty form ati ons downdip . Most format ions ap pea r to thicken downdip. 

Approximately h alf the t ota l thickness of coasta l plain deposits in ew J er ey a nd D !
aware a re rep resented by nonm a rin e ediments of Ea rl y and Late Cret aceous age which fo rm 

the ba a] part of the sec tion . M a rin e t ongu es appea r in the eaward portion- th ey a re very 

difficult to correl a t e wit h in dista nces of on ly a few mile . Overlying th e nonmarine sedi m ents 

is a seq uence of mostly m arin e s trata of Late Cretaceous and a rl y T erti a ry ag ( pre-Mio

cene ) rangi ng in thickness from about 400 fee t nea r the outc rop to more than 1, feet near 

the coast. Thes marine beds a re in turn overla in by late Tertiary marine and nonmanne 

deposits which reach a thickn ess of about 1,000 fee t in south ern ew J ersey and so uth ern 

D elawa re. A eries of complex Quaternary deposit cap th old er ediments forming blanket

like rn a . e whi ch a r generally less th an 50 fee t thick but which are as much as 200 feet 

thick in loca l ch a nn el fills. 

Table 1 li t s th formati on of the coastal plain of ew J ersey and D ela \ a re. The col

umn for \ J e r ey is la rgely ada pted from Ki.imm el (1940) J ohn on and Ri ch a rd (1952), 

and Rich a rd a nd oth rs ( 195 ) . The clas ifi catio n for Delaware i th at accepted by th e 

D elawa re G eological urvey. 

Figur 1 shows th locat ion of the well studi d in th e prepara tion of thi s repo rt . D at a 

concerning these well ar giv n in Table 2. 

3 



Table 1.-Coa tal Plain Formations of New Jersey and Delaware 

Age Formation 

New J ersey D elawa re 

R ecem Alluvial deposits Alluvial deposits 

"' Cape May Formation 
A ~ r-~--~----------~ 

Pleistocene § e Pensauken Formation Pleistocene undifferentiated 
oc.:J u Bridgeton Formation 

Pliocene(?) Beacon Hill Gravel Bryn Mawr Gravel 

Miocene(?) Cohansey Sand 

Miocene 

Eocene 

P aleocene 

Kirkwood Fo rm ation 

Piney P oint Formation 

Shark Ri ver Marl 

Manasquan Formation 

c ~ §' Vincentown Formation 
c.suo 

P::: 8(5 Hornerstown Sand 

....c ..... 
::l ~ 
0 ::l 
E o c: ..... 
oc.:J 
~ 

R ed Bank Sand including Tinton 
Sa nd Member 

aves ink Formation 
r---------------~ 

Mount Laurel Sand 

W enonah Formation 

U ndifferentiated 

Piney P oint Format ion 

Pamunkey Group 

B righ tsea t Form a tion 

R ed Bank Sand 

Mount Laurel and 

aves ink undifferenti ated 

Wenonah Formation 

Upper Cretaceous c: Marsh alltown Formation "' ~ ~ ::l ~----------------~ 
~ 2 E nglishtown Formation 
~CJ 
~ Woodbury Clay 

Merchantville Formation 

Magothy Fo rm ation 

R aritan Formation 

u 
"' ~ 

Lower Cret aceous ~ 5 Und ifferentiated 
..... ..... 
oC) 

0... 

ot recogni zed m D elawa re 

Merchantville Formation 

Magothy Formation 

R a ri ta n Formation 

Pat apsco and P atuxent Formations. 
undifferentiated 1) 

1) The . S. Ceological Survey regards the Pata psco as pper retaceous and the Patuxent a 
Lower Cretaceous. The . 1ew J ersey Geo logica l Survey regards both formations as Lower 
Cretaceous; this is al o the opinion of the present writers. The Patuxent , Patapsco, Raritan, 
and :\Iago th y Formations are treated as a unit in thi report. The Potomac Group has been 
mapped in Delaware as the Patuxent and Patap co formations. The Potomac Group ha not been 
recognized in outcrops in 1ew J ersey. 
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Table 2.-Wells studied in the preparation of contour maps shown in figures 2-13 . 

Altitude: Altitude of land surface at well. 

TO: Total depth of well. 

Source of information: ANSP, Academy of Natural Sciences, Philadelphia , Pa.; 
DGS, Delaware Geological Survey; NJGS, ew J ersey Geological Survey; 1 CPL, 
Transcontinental Gas Pipe Line Corp., ewa rk, N. ].; USGS, U. S. Geological 
Survey. 

•Seismic data ; ¢ Approximate location . 

Alti- Source 
tude TD of 

No. Location Lat. North Long. West (feet) (feet) information 

Monmouth County N J 
' 

1 Sandy Hook 40° 27.71 74° 00.1 1 10 804 NJGS 

2 Highlands 40° 23.21 73 ° 59.41 120 344 Do. 

3 Red Bank 40° 20.81 74° 04.3 1 40 702 Do. 

4 U nion Beach 40° 26.61 74° 10.81 10 331 USGS 

5 Matawan 40° 25.21 74° 14.81 90 457 Do. 

6 Telegraph Hill 40° 23 .21 74° 10.61 230 1,044 NJGS 

7 Iml ays town 40° 21.71 74° 09.91 130 158 Do. 

8 Holmdel 40° 21.3 1 74° 09.81 125 210 Do. 

9 Eatontown 400 17.41 74° 03.2 1 60 891 Do. 

10 Colts eck 40° 16.7' 74° 12 .5 1 125 680 Richards (1945) 

11 Monmouth Beach 400 19.91 73 ° 58.61 10 420 Rich ards (1948) 

12 W. Long Branch 400 16.71 73 ° 59.61 10 98 1 JGS 

13 Whitesville 400 13 .41 74° 01.91 20 629 Do. 

14 Asbury Park 40° 12 .5 1 74° 01.01 20 580 Rich ards (1 945 ) 

15 eptune Township 40° 12.2' 74° 04.2 1 85 475 Rich ards ( 1948) 

16 Belmar 40° 11.0' 74° 03.91 75 453 JGS 

17 Belmar 40° 10.6' 74° 01.81 20 4 0 Woolm an ( 1896) 

18 Sea Girt 40° 08.0' 74 ° 02 .51 20 755 Rich ards (1948) 

19 Freehold 400 14.3 1 74° 16.61 140 650 Ri chards ( 1945) 

20 Freehold 40° 16.6' 74 ° 17.41 115 500 NJGS 

21 Farmin gdale 40° 11.81 740 10. I 100 4 0 Do. 

22 Ch arl es ton Springs • 400 11.61 74° 22.61 175 - Ewi ng ( 1939) 

23 Disbrows HiW 40° 15.3 1 74° 28. 11 120 - Ewing (1939) 

24 E ly Corner 40° 13 .8' 74° 29.0' 17 345? Ewing (1939) 

25 Smithburg 40° 10. I 74° 28.3' 190 712 NJGS 

26 Allentown 40° 11.21 74° 35.41 100 238 NJGS 

6 



Table 2.-Wells studied in the preparat ion of contour maps shown in figures 2-13. 

Alti- Source 

tude TD of 
No. Location Lat. North Long. West (feet) (feet) information 

Middlesex County, N. ]. 

27 Plainsboro 400 19.0' 74° 33.9' 95 160 Ewing ( 1939) 

28 Cranbury Station 400 18.1' 74 ° 29.5' 120 180 Richards (1948) 

29 Hightstown (Heider) 400 16.1' 74° 27.9' 100 472 USGS 

30 Dunhams Corner 40° 25 .4' 74° 25.4' 90 565 Richards ( 1945) 

31 Old Bridge 40° 25.2' 74° 23.2' 150 355 ANSP 

32 Spotswood 40° 24.1' 74° 22.6' 30 355 Richards (1948) 

33 Runyon 40° 25 .6' 74° 20.3' 7 310 Richards (1948) 

34 Browntown 40° 24.1' 74° 18.6' 60 221 NJGS 

35 Cheesequake ~40° 25.4' 74° 16.8' 135 254 NJGS 

Mercer County, N. ]. 

36 Hightstown 40° 15 .9' 74 ° 31.4' 108 482 Ewing ( 1939) 

37 Hightstown, 1 mi S ~40 0 15.5' 74° 31.6' 130 251 NJGS 

3 8 Hightstown • 40° 15.3' 74° 30.5' 100 - Ewing ( 1939) 

Ocea n County, N. ]. 

39 Jacksons Mills 40° 09.0' 74° 19.4' 110 5,022 Richards (1945) 

40 J acksons Mills• 40° 09.1 1 740 19.1' 115 - Ewing ( 1939) 

41 Van Hiseville 40° 06.71 74° 20.6' 100 184 JGS 

42 Lakewood • 40° 05.8' 740 15 .5' 130 - Ewing ( 1939) 

43 Lakewood 40° 05.71 74° 12.5' 50 612 NJGS 

44 Cedar Bridge* 40° 04.5 1 74° 12.3' 60 - Ewing (1939) 

45 Point Pleasant 400 04. I 74° 03.91 20 800 ANSP 

46 Lakehurst 40° 00.81 74° 18. I 62 1,038 USGS 

47 Silverton* 40° 00.91 74° 08. 1' 10 - Ewing ( 1939) 

49 Mantoloking 40° 02.1' 74° 03.2' 40 1,207 Ewing ( 1939) 

50 ormandy Beach 40° 00.5' 74° 03.6' 5 1,507 N]GS 

51 Island Height W39° 56.5 1 74° 08.5' 5 1,145 Richards (1945) 

53 TCPL 20 39° 54.81 74° 14.91 38 1,728 TCPL 

54 " 19 39° 54.41 74° 14.41 29 1,680 TCPL 

55 " 17 39° 46.9' 74° 20.61 155 1,710 TCPL 

56 " 18 39° 46.3 1 74 ° 19.81 138 1,733 TCPL 
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Table 2.-Wells studied in the preparation of contour map shown in figures 2-13. 

Alti- Source 
tude TO of 

No. Location Lat. North Long. West (feet) (feet) inform ation 

Burlington County, N. J. 
60 Bordentown 40° 09.6' 74° 55 .4' 100 397 NJGS 

61 Georgetown 40° 05.7' 74° 41.0' 90 263 ANSP 

62 Columbus ¢40° 04.4' 74° 43.2' 80 715 Woolman? ( 1892) 

63 McGuire AFB 40° 02.3' 74° 35.9' 125 1,060 N]GS 
64 Juliustown 40° 01.3' 74° 40. 1' 85 988 ]GS 
65 Fort Dix 39° 59.9' 74° 37.0' 145 1,096 NJGS 

66 Hanover Lake 39° 59.0' 74° 31.2' 95 485 Richards (1945) 

67 Browns Mi lls 39° 58.1' 74° 34.8' 75 430 NJGS 

68 Pemberton 39° 58 .8' 74° 41.0' 50 147 Richards (1948) 

69 Birmingham 39° 58.6' 74° 42 .6' 38 105 N]GS 
70 Beverly 40° 03.9' 74° 55.4' 20 123 N]GS 
71 Moorestown 39° 58.6' 74° 55.0' 70 220 JGS 

72 Mount Holly 39° 58.3' 74° 49.9' 40 562 N]GS 
73 Lumberton 39° 57.2' 74 ° 48.3' 10 404 ]GS 
74 TCPL 12 39° 51.2' 74° 39.7' 93 820 TCPL 

75 " 8 39° 52.3' 74° 31.3' 125 880? TCPL 

76 " 13 39° 46.2' 74° 30.1' 90 1,450 TCPL 

77 " 15 39° 39.6' 74° 31.3' 20 1,625 TCPL 

78 " 16 39° 39.0' 74° 30.6' 11 1,600 TCPL 

79 Marlton 39° 54.3' 74° 57.4' 72 322 ANSP 

Camden County, . J. 

80 Ellisburg 39° 54.3' 75 ° 00.1' 35 200 JGS 

81 Collingswood 39° 55.4' 75 ° 03 .0' 25 168 N]GS 
82 Haddonfield 39° 54.3' 75 ° 01.2' 8 120 NJGS 

83 Haddonfield 39° 53.4' 74 ° 59.4' 110 13 5 NJGS 

84 Haddon Heights 39° 52 .8' 75 ° 03.9' 85 276 NJGS 

85 Gloucester 39° 53.8' 75 ° 07.3' 5 299 JGS 

86 Blackwood 39° 48.1' 75 ° 04.3 ' 8 387 NJGS 

87 Clementon 39° 48.7' 74° 59. 1' 90 652 Rich ards ( 1945) 

88 Clementon 39° 48.1' 74° 58.1' 160 457 USGS 

89 Pine Valley 39° 47.0' 74 ° 58.4' 170 370 ]GS 
90 New Brooklyn 39° 42.3' 74° 57.3 ' 110 2,090 USGS 
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Table 2.- Wcll studied in the preparation of contour maps shown in figures 2-13. 

Alti- Source 

tude TD of 

No. Location Lat. orth Long. West (feet) (feet) information 

Gloucester County, N. ]. 

92 Paulsboro 39° 50.4' 75 ° 14.7' 8 277 Richards (1948) 

93 Gibbstown 39° 47.7' 75 ° 17.0' 8 105 USGS 

94 Gibbstown 39° 49.9' 75 ° 16.8' 11 220 NJGS 

95 Bridgeport~ 39° 48.4' 75 ° 21.3' 10 - Ewing ( 1940) 

96 Clarksboro 39° 47.9' 75 ° 13.7' 70 223 USGS 

97 Mantua 39° 47.7' 75 ° 10.3' 22 240 USGS 

98 Wenonah 39° 47.7' 75 ° 09.0' 85 320 USGS 

99 Prospect• 39° 47.2' 75 ° 22.0' 8 - Ewing ( 1940) 

100 Swedesboro 39° 45.2' 75 ° 18.6' 36 439 JGS 

101 Swedesboro• 39° 44.7' 75 ° 19.5' 45 - Ewing (1940) 

102 Lincoln• 39° 41.3' 75 ° 14.2' 110 - Ewing ( 1940) 

103 Barnsboro ¢39° 45.7' 75 ° 09.5' 140 110+ N]G 
104 H urffville 39° 46.1' 75 ° 06.3 ' 90 128 USGS& ]GS 
105 Pitman 39° 44.1' 75 ° 07.8' 142 525 USGS 

106 Pitman 39° 43 .7' 75 ° 07.9' 142 250 USGS 

107 Mullica Hili 39° 45.2' 75 ° 13.4' 108 286 JGS 

10 Mullica Hill 39° 43.0' 75 ° 12.6' 120 168? JGS 

109 Mullica Hill 39° 42.3' 75 ° 12.6' 100 106 JGS 

110 Glassboro 39° 42.3' 75 ° 07.4' 149 654 ]G 
111 Glassboro 39° 42.1' 75 ° 06.6' 145 360 G 

112 Harrisonville 39° 41.1' 75 ° 15.8' 0 -- Ewi ng (1940) 

113 Harrisonville 39° 40.7' 75 ° 14.9' 80 110+ JGS 

114 Clayton 39° 39.2' 75 ° 05.4' 133 - - USGS 

Salem County, . ]. 

115 Penns Grove ¢39° 43.8' 75 ° 2 .3' 5 350 USGS 

116 . ]. Turnpike 39° 41.9' 75 ° 24.1' 35 344 JGS 

117 Auburn 39° 41.8' 75 ° 20.9' 110 301 NJGS 

118 even Stars 39° 41.1' 75 ° 19.7' 92 316 JGS 

11 9 Woodstown 39° 39.0' 75 ° 19.9' 45 694 ]G 
121 Daretown ¢39° 35.3' 75 ° 15.7' 1+0 355? Woolman ( 1 97) 

122 Daret wn 39° 36. I 75 ° 16.3' H4 33 6 NJGS 

123 Pitt grove• 39° 37.4' 75 ° 12.1' 132 - Ewing (1940) 
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Table 2.-Wells studied in the preparation of contour maps show n in figures 2-13 . 

Alti- Source 

tude TD of 

No. Location Lat. North Long. Wet (feet) (feet) information 

Salem County, N. ]. 

124 Elmer• 39° 35.5' 75 ° 10.2' 125 - Ewing ( 1940) 

126 Carneys Point ¢39° 43.0' 75 ° 28.3' 10 418 Richards (1948) 

128 Pennsville 39° 39.9' 75 ° 30.8' 8 600 NJGS 

129 Fort Mott 39° 36.3' 75 ° 33.0' 10 320 Woolman (1900) 

130 Salem 39° 34.3' 75 ° 28.0' 12 1,440 Richards ( 1945) 

131 Quinton 39° 33.0' 75 ° 24.6' 10 248 USGS 

132 Alloway 39° 33.7' 75 ° 21.7' 40 115 NJGS 

133 Alloway ¢39° 33.5' 75 ° 19.3' 40 240 Woolman (1901) 

134 Norma• 39° 30.0' 75 ° 04.6' 60 - Ewing ( 1940) 

Atlantic County, . J. 
137 Atlantic City 39° 21.2' 74° 25.9' 5 2,306 Woolman (1901) 

Richards ( 1945) 

Richards (1948) 

Cumberland County, N. ]. 

140 Millville• 39° 26.6' 74° 57.9' 70 - Ewing ( 1940) 

141 Millville 39° 24.3' 75 ° 02.8' 40 705 Richards (1945) 

144 Bridgeton 39° 26.7' 75 ° 13 .5' 80 1,651 Richards (1945) 

145 Greenwich ¢39° 23.5' 75 ° 20.8' 20 - Woolman 

149 Port Elizabeth* 39° 21.8' 74° 53.0' 60 - Ewing ( 1940) 

Cape May County, N. ]. 

151 Woodbine• 39° 14.5' 74° 48.1' 32 - Ewing ( 1940) 

154 Wildwood ¢38° 59.0' 74° 49.0' 10 1,244 Richards (1945) 

(1948) 

156 Cape May ¢38° 56.0' 74° 55.5' 10 1,3 13 Richards (1945) 

157 Brandywine (19-t8) 

Lighthouse 38° 59.2' 75 ° 06.7' 0 825 Rich ards (1945) 

ew Castle County, Del. 

15 ew Ca tie 39° 40.2' 75 ° 33.7' 11 515 DGS 

159 Delaware City 39° 35.8' 75 ° 37.9' 55 781 DGS 

160 Middletown 39° 25.3' 75 ° 45.0' 65 1,478 Richards (1945) 
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Table 2.-Wells studied in the preparation of contour maps shown in figures 2-13. 

Alti- Source 
tude TO of 

No. Location Lat. North Long. West (feet) (feet) information 

Kent County, Del. 

161 Smyrna 39° 17.8' 75 ° 36.8' 40 320 DGS 

162 Leipsic 39° 16.5' 75 ° 38.1' 20 270 DGS 

163 Cheswold 39° 12.5' 75 ° 33 .9' 42 515 DGS 

164 Dover 39° 07.6' 75 ° 29.6' 24 1,422 DGS 

Sussex County, Del. 

165 Milford 38° 54.8' 75 ° 25.6' 15 770 Richards (1948) 

166 Bridgeville 38° 43.2' 75 ° 32.2' 45 3,010 Richards (1945) 

Wicomico County, Md. 

167 Salisbury (Hammond) 38° 20.8' 75 ° 29.1' Richards (1945) 

Worcester County, Md. 

168 Berlin (Bethards) 38° 18.2' 75 ° 16.7' 45 7,16 Richards (1948) 

169 Ocean City ( Esso) 38° 24.3' 75 ° 03 .7' 13 7,710 Richards (1948) 
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PRE-CRETACEOUS ROCKS 

The consolidated rocks beneath the Coastal Plain deposits are believed to consist chiefly 

of crystalline rocks of Precambrian and early Paleozoic(?) age, but locally th ey include 

sedimentary rocks and possibly basalt or diabase of Late Triassic age. Few wells in the 

Coastal Plain penetrate these rocks, except near the Fall Line where the pre-Cretaceous 

bedrock surface is relatively shallow. The nature of most of the bedrock is inferred from 

geophysical evidence, which at mo t places indicates seismic velocities similar to those of the 

crystalline ro(ks exposed northwestward of the Fall Line (Ewing, Woollard, and Vin e, 1939, 

1940). 

Southeastward of the Fall Line, most wells t hat have penetrated th e pre-Cretaceous 

bedrock have encountered schist and gneiss similar to much of th at in the Wissahickon 

Formation of ea rly Paleozoic age. Gneiss like that in the Wissahickon was encountered be

tween depths of 1,336 feet (-1,226 feet, sea-level datum) an d 5,022 feet (-4,912 feet) man 

oil test well at Jacksons Mi lls in Ocean County, N.]. (Well 39, Table 2). 

Shale and sand tone of the Newark Series (Upper Triassic) occur in the subsurface in 

parts of Middlesex and Mercer Counties, N. ]. as well as some di aba e near Perth Amboy, 

Middlesex County. A buried Triassic basin (Sa li sbury emb ayment) , which extends from 

Ocean City to Salisbury, Md., lies just outside the area of the present report. Triassic rocks 

may und erlie the Cretaceous depo its elsewhere in the Coas tal Pl ain. Because of insufficien t 

inform ation, no a ttempt has been made to ma p th e extent of th e buried Triassic rocks. 

Figure 2 shows th e generalized configuration of the pre-Cretaceous bedrock surface be

nea th the coastal plain of ew J ersey and D elaware. The control consists in large part of 

two refrac ti on seismic profil es across New J ersey (Ewing, Woollard, and Vine, 1939, 1940; 

Woollard, 1941); logs of deep water wells and oil-tes t well s were used to supplement th e sei

smic data and aid in the interpretation of the seismic res ults. The contours on th e bedrock 

surface are somewhat more generalized than those on the other maps (figs. 4-14), owing to 

the fact th a t the control points are too far ap art and un eq uall y spaced to determin e the 

buried topography more precisely. Moreover, the depths determined by th e seis mic meth od 

are somewhat in accurate, a lthough th e probable erro r is less than 10 percent (Ewing, Wool

la rd , and Vine, 1939, p. 294). Local reli ef of the bedrock surface probably exceeds 200 feet 

- comparab le to th at immediately northwest of the Fall Line. 

0 MARl E CRETACEOUS SEDIME TS, UNDIFFE R E TIATED 

The domin an tly nonmarine ed iments of Cretaceous age, which make up approximately 

th e lower half of th e coastal plain seq uence, are divided into the Patuxent, P at apsco, R ari

t an, and Magothy form ati ons. Accurate mapping of th ese formations is difficult, both in 

outcrop and in the subsurface. R apid late ra l changes in lithology a re th e rule; it is seldom 

poss ible to trace indiv idual beds from one well or outcrop to the next. Although distinctive 

heavy mineral suites have been correlated wi th exist ing form at ions in some pl aces, attem pts 
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at regional correlations on the basis of heavy minerals have not yet been consp icuously suc

cessful. Fossils, except plants, spores, an d pollen, generally are absent. Accordingly, the 
Patuxent, Patapsco, Raritan, and Magothy form ations are treated as a unit in this report . 

(See fig. 3.) 

Figure 3 shows structural contours on th e top of the M agothy Formation, or on the top 
of the Raritan where the Magothy is absent; the isopachs indicate the tot al thickness of 

the combined unit and were derived by interpolation between contours on the top of th e 
pre-Cretaceous bedrock and the top of either the Magothy Form ation or the R aritan For

mation where the Magothy is absent . 

The following paragraphs ummanze very brie fl y the stratigraphy of the nonmanne 

sed iments. 

In Maryland the lowe rmost formations of the Cretaceous form the Potomac Group. 
The Potomac Group has been mapped in Delaware as the Patuxent and overlying Patapsco 
Formation; the intervening Arundel Clay of the type area in Maryland is absent or has not 

been identified. The Potomac Group has not been recognized in outcrop in New Jersey 
although its presence in the subsurface of New Jersey was recognized by Dryden (quoted 

by Richards, 1945, p. 895) in a well at Salem, N. J. (Well 130, Table 2). 

The Patuxent Formation was named by Clark (1897) for basal sand and cl ay of Cre

t aceous age exposed in the upper tributaries of the Little P atuxent and Patuxent Rivers in 
Maryland. The Patapsco Formation was also named by Clark (1897) , for variegated clay 

and lenticular clayey sand typically exposed along the Patapsco River, Maryland. 

Berry ( 1911 ) rega rd ed all three formations of the Potomac Group as of Early Cretac
eous age on the bas is of fossil plants. On the other hand , Spangler and Peterson ( 1950) and 
Anderson (1948) considered th e Patuxent of Early Cretaceo us age and the P at apsco of 
Late Cretaceous age. Dorf (1952) reviewed the paleobotanical ev idence and reassigned th e 
P at apsco Formation to the Lower Cretaceous. The U. S. Geological Survey considers the 
Patapsco Formation Late Cretaceous. 

Recent studies of plant microfossils by Groot and Penny ( 1960) h ave resulted in the 
differentiation of biostratigraphic units . Whil e th ese do not always coincide with strati
graphic units as mapped , the age assignment based upon palynological data is in general 
agreement with th at based on pl ant megafossils (Berry, 1911, Dorf, 1952) , and is in dis
agreement with that of Spangler and Peterson ( 1950). 

The problem of the age of the nonmarine Cretaceous deposits is being studied by th e 
Delaware Geological Survey. The following is quoted from a personal communication ( 1960) 
from Dr. J ohan J. Groot, State Geologist of D elawa re: 

"Areas mapped as Patuxent , Arundel and Pat apsco appea r to be of Ea rly Cretace

ous age on the bas is of poll en. The R a ritan of ew J ersey is of Late Cretaceous 
age . It must be recognized, howeve r, that the geologic maps showing th e geograph
ic distribution of th ese formati ons are not always correct because the lithology of 
the nonmarine Cret aceous sediments is so similar th a t no formations can be rec-
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ognized with any certainty. As a result, some areas mapped as Patuxent will turn 

out to be Upper Cretaceous, and some areas mapped as Raritan will turn out to be 

Lower Cretaceous. The only thing we can say with great certainty is that sedi

ments which have been mapped as Patuxent, Arundel, Patapsco, and Raritan range 

in age from Early Cretaceous to early Late Cretaceous, probably from Neocomian 

to Cenomanian, although it is not impossible that some Turonian material is present 

also." 

The Raritan was named by Conrad ( 1869, p. 360) for clay deposits in the valley of the 

Raritan River in New Jersey. The term Raritan Formation was first used by Cook ( 1888), 

but as used by both Conrad and Cook, the Raritan included material now assigned to the 

Magothy Formation. The term Raritan Formation was restricted to its present meaning by 

Clark (1893, p. 181-186). The present geologic map of New Jersey (Lewis and Ki.immel, 

1910-12; revised by Ki.immel, 1931, and Johnson, 1950) groups the Raritan and Magothy 

formations. 

The Raritan Formation consists of lenticular beds of white and buff sand and pink, 

brown, green, yellow, and variegated clay, locally containing considerable lignite. In Mid

dlesex County, seven units have been recognized (Barksdale and others, 1943, p. 18): 

7. Amboy stoneware clay 

6. Old Bridge sand member 

5. South Amboy fire clay 

4. Sayreville sand member 

3. Woodbridge clay 

2. Farrington sand member 

1. Raritan fire clay 

Whereas alternating layers of sand and clay occur in the Raritan Formation elsewhere 

- for example, near Trenton and Camden, N. J.-it has not been possible to trace the Mid

dlesex County units very far to the southwest. 

Insufficient information is available to indicate downd ip facies changes in the Raritan 

Formation. However, a test well (55, table 2) drilled by the Transcontinental Gas Pipe Line 

Corporation in 1951 near Manahawkin in Ocean County, . ]., penetrated fossiliferous 

marine limestone at a depth of 1,710 feet. This was overlain and underlain by fossiliferous 

marine silt (Richards, 1961). The fauna in these beds suggests that they may be of Raritan 

age. 

The Raritan Formation is largely nonmarine and carnes a Aora that suggests a basal 

Late Cretaceous age (Cenomanian). Marine mollusks in the Woodbridge clay at Sayre

ville, . ]., also suggests a basa l Late Cretaceous age and a correlation with the Woodbine 

Formation of Texas (Richards, 1943, and Stephenson, 1954). The marine fossils from the 

test wells near Manahawkin and Harrisville, N. J. (wells 55 and 56, table 2) confirm this 

correlation (Richards, 1960). 
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The Magothy Formation was named by Darton ( 1893) from exposures along the 

M agothy River in Maryland. The term was extended to ew J ersey by Clark ( 1893, p . 

181-186) for part of what had previously been referred to as the R aritan Formation. 

The Magothy Formation consists of white micaceous sand and lenses of dark lignitic 

clay. Near Cliffwood, N. ]., the Magothy carries a marine fauna and is separated from the 

Raritan by a disconformity. Elsewhere in New J ersey, the Magothy is practically indis

tinguishable from the Raritan , although in Delaware the two are fa irly distinctive. 

Ewing, Woollard, and Vine ( 1939, 1940) interpreted the M-Zone reflect ing horizon 

of their seismic profil es as th e contact bet ween the R aritan and Magothy formati ons. 

However, because the two formations a re usually transitional, the M-Zone proba bly 

represents only a locally cemented layer that may occur at different horizons. In any 

case, the M-Zone is not used for control in this report. 

The Magothy IS considerably thinner th an th e underlying formations, its average 

thickness probably IS less th an 100 feet , and it may be missing in the subsurface at orne 

places. 

MERCHANTVILLE FORMATIO A D WOODBURY CLAY 

The M erch antvill e Formation and Woodbury Clay are difficult to differentiate in the 

subsurface without careful lithologic or paleontologic studies. Hence, the st ructural con

tours were drawn on th e top of the Woodbury (fig. 4). The two formations have be n 

mapped separately in the ew J ersey outcrop (Lewis and Ki.immel, 1910-12), but in 

D elawa re they h ave been combined into the Crosswicks Clay, as origina lly done in New 

J ersey. Recent work of Groot , Organist, and Rich ards ( 1954) uggested that the bed 

assigned to the Crosswicks Clay along the Chesa peake and Delaware Canal belong largely 

or entirely to th e Merchantville Formation. However, because of th e lack of sufficient 

subsurface data, the distribution of these clays in Delawa re has not b en shown on th" 

accompanying map (fig. 4). 

The M erchantville, basal form ation of th e Matawan Group, wa named by Knapp in 

1895 ( Ki.immel and Knapp, 1904) for exposures at Merchantville in Camden County, 

N. J. The Merchantville is a black, glauconitic, micaceous clay, generally gr asy in ap

pea rance, commonly massive in structure, especially in th e lower part, and is distingu ished 

from th e Woodbury clay by the presence of significant quantities of glauconite. In some 

places the Merchantville contains considerabl e qu antities of silt and fine-grained sa nd . 

In ome wells, th e contact of the Merchantville Formation and th e underlyi ng Magothy 

Formation appears to be transition al. Howeve r, th e Merchantville may be distinguish ed 

from the Magothy by th e presence of glauconite and locally by abundant marine fossils . 

The Woodbury Clay, which overlies the Merchantville Formation gradationally was 

origin ally combined with th e Merchantvill e to form the Crosswicks Group of Conrad 

17 
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(1869). The Woodbury was first described as a distinct unit by Knapp (in Salisbury, 

1899, p . 35) and was named from exposures near Woodbury in Gloucester County. It 

is principally a black, somewhat micaceous clay having generally a low sand content. It 

is distinguishable from the Merchantville Clay by the carcity of glauconite, the charac
tenstiC light-brown color of its weathered product, and a distinctive fauna. 

In New Jersey, the thickness of the combined Merchantville and Woodbury com

monly ranges from about 100 to 140 feet near the outcrop, but exceed 250 feet in the 
subsurface in coastal Ocean County. 

ENGLISHTOWN FORMATION 

The Englishtown Formation, originally named by Ki.immel (footnote, p. 17 in Weller, 
1907) for exposures near the town of that name in Monmouth County, N. ]., lies com

formably on the Woodbury Clay and is overlain conformably by the Marshalltown For
mation. 

In outcrop, the Englishtown consists typically of white, yell ow, or brown quartz sand 

that is slightly micaceous and glauconitic and loca lly lignitic ; lenses of clay and ilt are 
significant in places, and crossbedding is characteristic of some phases of th formation. 

Downdip the formation becomes increasingly silty and clayey. The yellows and browns 

characteristic of weathering in the outcrop give way in the subsurface to shad of gray 

which are more representative of the formation a a whole. The Englishtown thins outh

westward from about 160 feet in coastal Ocean County to less than 20 feet in northeastern 
Salem County, N. ]. (fig. 5), and the formation is unknown in Delaware and outhernmost 

New Jersey. 

Although the Englishtown Formation was originall y regarded as nonmanne marine 

fossils consisting of shell fragm ents and foraminifera have been found at several sub

surface localities, including Fort Dix, Holmdel, Mantoloking, Lavallette, and nearby Wood

bury Heights (Richards and others, 1958, p. 23). 

MARSHALL TOWN FORMATIO 

The Marshalltown Formation was named by Knapp (reported by Salisbury, 1899, 

p. 35, 36) for exposures near a small town in Salem County, . ]., of a bed of "marly 
clay sand" overlying the Englishtown Formation and underlying the Wenonah Formation. 

The Marshalltown ranges from a black andy clay, which is dominant to the northea t, 

to an argillaceous, glauconitic sand, which is dominant to the southwest. Some of th 
glauconite-rich beds were formerly dug for fertilizer. Fossils are pre ent locally, the most 

con picuous species being Exogyra ponderosa R oemer and Gryphaea convexa (Say). 

At mo t places the Mar halltown ra nges in thickness from 20 to 60 feet, but It 

appa rently thins toward the southwest, for it is ab ent or ve ry thin in Delaware. Its 

greatest known thicknes is 125 feet, in the coastal part of Ocean County, . ]. as shown 

on figure 6. 
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WENONAH FORMATION A TO MOUNT LAUR EL SAND 

The Wenonah Formation and the overlying Mount Lau rel Sand are difficult to differ

ent iate without detailed lithologic or paleontologic study and a re combined on the geo

logic map of New Jersey (Lewis and Kummel, 1910-12). 

The boundary between the Matawan and Monmouth g roups is considered to be the 

contact of the Wenonah and Mount Laurel Formations (Tab le 1) even th ough th e two 

formation are not mappd separately. The fossils of the Mount Laurel sand are very 

similar to those of the overlying avesink formation and very different from those of the 

underlying Wenonah formation. 

The Wenonah conformably overlies the Marshalltown Formation, and in several 

places the contact appears to be gradationa l. The vVenonah, which was first described 

by Knapp (in Sa li sbury, 1899, p. 35-36) for expos ures in the vicinity of Wenonah, in 

Gloucester County, . ]., genera lly consists of very fin e- to coarse-grained quartz sand of 

various color , but is usually light colored in th e outcrop. It is not very glauconitic, but 

is locally micaceous. In ew J ersey th e Wen onah becomes fin e-grained and silty downdip 

and is, in genera l, fin er gra ined than th e Mount L aurel , but in northern Delaware 

the Wenonah is th e coa rser of th e two. There the W enon ah consists of rustbrown and 

gray, well-stratified, fin e-grained micaceous qu artz sand which reaches a thickness of 12 

feet along the Chesapeake and Delaware Canal. 

At several places th e Wenonah is characte rized by tubes named Haly1nenit es ?naJOr 

Lesquereux, a fossil of uncertain affinity. 

The Mount Laurel Sand, originally named by Clark (Clark, Bagg, and Shattuck, 1898, 

p. 315, 333), from Mount Laurel in Burlington County, . ]., is a fine- to medium-grained 

qu artz sand having a variable content of glauconite and a salt-and-pepper appearance. 

It becomes finer grained toward th e south and southwest and in Delaware contains con

siderable clay. In ew Jersey, th e M ount L aurel usu ally can be di tinguished from the 

Wenonah by the abundance of glauconite, a generally coar e r grain, and by a distinctive fauna. 

At most places in N ew J ersey, the thickness of th e combined W enonah and Mount 

Laurel ranges from 60 to 100 fee t . The top of th e Mount L aurel dips 33 to 42 feet per 

mile toward th e southeast, but t eepens to 62 fee t per mil e nea r Atlantic City (fig. 7). 

Work now in progre s by Ruhle shows no consi tency in the relative proportions of 

heavy minerals to aid in the differentiation of th e Mount L aurel from the Wenonah. 

The glauconite mcreases considerably downdip. 

AVESI K FORMATIO 

The aves ink Formation, which was n amed by Cl a rk ( 1894, p. 336, 337) for typical 

ex posures in th e aves ink Highlands of Monmouth County, ]., consists of glauconitic 

and, ilt, and clay. The lower part of the form at ion is ri ch in glauconite and is distinc-
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tively d ark green, whereas the upper part is les glauconitic and more clayey. The base a t 

many places is marked by a conspicuous shell bed containing Exogyra costata (Say), B el

emnitella americana, (Morton), and other fossils. 

In Monmouth County, and southward to the vic inity of Sykesville, Burlington County, 

N. ]., the Navesink grades upward into th e R ed Bank Sand. The Red Bank is missing 

in the southern part of New Jersey, and th e avesi nk is separated from the overlying 

Hornerstown Sand (Pa l eor ~ne) by a disconformity. The Navesink commonly is mistaken 

for the Hornerstown in the southern part of th e State, so th at it has been difficult to 

determine the top of the avesi nk in many well logs. For this reason th e accomp anying 

map (fig. 8) is based on relatively littl e contro l. 

In New J ersey, the thickness of the aves ink generally ranges from about 20 to 45 

feet and does not have any apparent systematic areal variation. In Delaware, the contact 

of the Wenonah and Mount Laurel is very sharp, whereas the M ount Laurel and Navesink 

a re so similar that they a re rega rd ed as a single unit by Groot , Organist, and Richards 

(1954). 

RED BA TK AND 

The R ed Bank Sand was named by Clark ( 189-!, p. 337) from ty pical exposures in 

Monmouth C ounty, . ]., where it is most conspicuou and attains a thickness of 140 fee t. 

It gradationally overlies th e avesi nk, and th e contact is difficult to determin e precisely 

in some places. It has, however, been recognized in wells fa rth er south, for example, at 

Fort Dix, and in several of th e tes t wells in Burlington and Ocea n Counties of the Trans

continental Gas Pipelin e Co. (fig. 9) . Miller ( 1956) suggested th at it occurs as far south 

as Sewell, Gloucester County, but its pre ence th ere has not been verified on paleontologic 

grounds. A probable equivalent of th e R eel Bank Sand occ urs along th e Chesapeake 

and Delaware C anal in D elaware (Groot, Orga nis t, and Richard s, 1954). 

The R ed B ank Sand is typica lly coarse-gra in ed and in outcrop is ye llow or recldi h 

brown , owing to oxidation of th e ferriferous min erals. In th e subsurface, below th e zone 

of intensive weathering, th e beds a re commonly da rk g ray . Beds of clay and sandy clay con

taining glauconite occur in th e lowe r part. 

Olsson ( 1960, p . 4) has suggested th e divi sion of th e R eel Bank Sand into an upper 

Shrewsbury M ember consisting of "quartz sa nd , slightly g lauconitic" and a lowe r Sandy 

Hook Member of "glauconiti c sand, clayey, light g ray, some quartz in basal beds." 

Tint on Sand M ember. - The Tinton Sand Member of the R ed B ank Sand (considered 

a separate fo rm ati on by th e New J ersey G eo logic a l Survey) was named by W ell er (1905, 

p. 155) fo r ex pos ures nea r Tinton F alls in Monmouth County, . ]. It consists of 10 to 

20 fee t of a semi-indurated glauconitic , clayey sand and sa ndy clay. It has not bee n 

id entifi ed outside of Monmouth County. 

2.J. 
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HORNERSTOW SAND 

The term Hornerstown, named from exp.osures near the town of that name in Monmouth 

County was first used in print by Clark (1907, p. 3), although it had previously been 

used in an unpublished manuscript by Knapp. It is the lowest formation of the Rancocas 
group. 

Like the Navesink, little of the Hornerstown is a true marl. The Hornerstown i 

glauconitic sand (greensand) mixed with some glauconitic silt and clay and quartz sand. 

The proportion of glauconite decreases tow ard the southwest, where it becomes difficult 

to distinguish the Hornerstown from the overlying Vincentown Formation. Though the 

Hornerstown is sometimes confu ed with the ave ink on lithologic grounds, the fauna 

of the Hornerstown is of Paleocene age rath er than Cretaceous. Moreover the Homers

town is commonly lighter green in color than the Navesink and contains less clay. Its 

average thickness is 30 feet. 

The Horner town appears to overlap th e Red Bank Sand of Cretaceous age. Dorf 

and Fox ( 1957, p. 8-9) believe that the contacts of the Hornerstown, the Red Bank, and 

possibly the avesink are unconformabale. At least a disconformable relat ion hip between 

the Hornerstown and Naves ink has been observed in outhern ew Jersey. 

The Horner town was originally regarded as Cretaceous, but i now assigned to th 

Paleocene. 

Glauconitic sand resem bling that of the Hornerstown ha been noted at Drawers 

and oxontown Pond in D elaware. Howe\·er, at the present time, th Delaware Geological 

Survey does not recognize the Hornerstown and and the Vincentown Formation a di tinct 

units of the Paleocene, accordingly figure 10 shows on ly the extent of the HornerstO\· n in e\ 

Jersey. However, the Brightseat Formation is recognized in the subsurface· it is probably 

equivalent to the lower part of th e Hornerstown. (See Table 1). 

VI CE TOW FORMATIO 

The Vincentown Formation of the Rancocas group (tab le 1) wa origi nally named 

by Clark (Clark, Bagg, and Shattuck, 1898, p. 316-338) from Vincentown in Burlington 

County, . ]., who regarded it as Cretaceous. Its Tertiary age was first pointed out by 

Cooke and Stephenson (1928). It was rega rd ed as early Eocene by som (Fox and 01 son, 

1955; Miller, 1956; Dorf and Fox 1957) and as Paleocene by others (McLean, 1952, 1953; 
Hofker, 1955). Pal eontol ogic al evidence favors assignment to the Paleocene. The contact 

of the Vincentown and the underlying Horner. town is gradational. According to Lo blich 

and Tappan (1957), the Vincentown con tam planktonic foraminifera simi la r to those in 

the upper part of the Hornerstown. 

In and near the outcrop, th e Vincentown cons1sts of two facies: ( 1) a calcareous or 

limesand facies, locally sem icon olid ated and hi ghly fo siliferous and (2) a quartz sand facies 

of va ri ab le glauconite content. 
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Downdip the sandy beds are cemented or are repre ented by beds richer in cl ay and 
glauconite. The formation thickens from 10 to 130 feet in outc rop to as much as 460 feet 

downdip at Atlantic City, N. ]. ( fig . 11). The top of the formation dips 15 to 35 feet 

per mile until a depth of about 200 feet below sea level is reached ; below that depth the 

dip steepens and exceeds 40 feet per mile near Atlant ic City (fig. 11). Ewing, Woollard, 

and Vine ( 1939, 1940) interpreted the V-zone of their seis mic surveys as the top of the 
Vincentown. It is believed th at this indurated zone is not neces arily the top of the 

formation and may represent different horizons. Consequently, th e V-zone has not been 

considered in preparing figure 11 which shows the extent and subsurface configuration 
of the Vincentown in New J ersey. 

MANASQUAN FORMATION AND SHARK RIV E R MARL 

Although faun ally distinct, the Manasquan and Shark River probably form a single 
lithologic unit; th ey are so considered in this repo rt. The Manasquan Formation named 

by Clark ( 1893, p. 205, 206) from typical ex posures near Manasquan, in coastal Mon
mouth County, N . ]., consists of glauconite (greensand) in th e lower part, and of a fin e

grained sand mixed with greenish-white clay in the upper part . The term Shark River 

was first used by Conrad (1 865), but the unit was defined more completely by Cl ark (1893, 

p. 208-210). It consists of a fos iliferous glauconitic clay and silt and is known only from 

Monmouth County, N. J. H owever, the two form ations are very difficult to separat . 

The fauna of th e M anas qu an is correlated with the Wilcox Group (lower Eocene) of th e 

Gulf Coast, whereas that of the Sh ark Rive r has affi niti es with the laiborne roup 
(middle Eocene). (Dorf and Fox, 195 7). 

In outcrop, the m aximum combined thickn ess of th e Mana quan and Shark River is 

about 40 fee t , but in th e subsurface th e combined unit thickens to about 200 feet at 

Atlantic City, N.J. (fig. 12). 

PI EY POI T FORMATION 

M arine sediments of late Eocene age th at are correlative with the J ackson group of 

th e Gulf Coas t have been recognized in th e subsurface of Delawa re (Marine and R asmus
sen, 1955) and southern ew J ersey (Richards, 1956, p. 4). Otton (1955, p. 85) named 

th e "glauconitic sands and inter persed shell beds of J ac kson age" of southern Mary land 

the Piney Point Formation from the locatio n of a well at Piney Point, St. Mary's County, 

Md . On th e basis of lithology, microfossils , and discontinuous tracing using well log , the 

name was extended by Rasmussen and others (1957, p. 61-67) to a si mil a r unit on the 
Eastern Sh ore of Maryland, and by R asmussen, Groot, and 0 pman (195 ) to fossiliferous. 
glauconitic and and clay penet rated in a test well at D ove r Air Force Base, D el. (no. 164, 

T ab le 2). Rasmussen (written co mmunicat ion 195 7 ) gave th e name Piney Point Formation 

to the sedim ents of Jackso n age penetrated by a deep well at Atlantic City, N. ].; P arker 

and oth ers (in pres ) foll ow thi u age in th eir report on th e water resources of the 

D elawa re Ri ve r basin and adj acent coas t al ew J ersey. The Piney Poi nt Formation, as 

defin ed herein , thu comprises a ll th e sediments of la te Eocene (Jackson) age in New J ersey 
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and Delaware. Insofar as is known, the Piney Point does not crop out in either New J ersey 

or Delaware; all lithological and paleontological data are from well samples. 

The Piney Point Formation consists of fine- to coarse-grained glauconitic , "salt-and

pepper" sand and greenish-gray clay. Clay and silt dominate at Atlantic City, N. ]. (well 

no. 137, Table 2), and south of Bridgeville, Del. (well no. 166) (Rasmussen, Groot, and 

Depman, 1958, p. 29), but in central Delaware the formation is more sandy. In southern 

ew Jersey, the Piney P1int has only been identified in four wells (nos. 137, 154, 156 
and 157, Table 2), so that its extent and character there are largely unknown. Although 

its maximum known thickness is 290 feet at Atlantic City, the Piney Point has not been 

recognized in deep wells farther north, hence it probably pinches out or is overlap ped 

by the Kirkwood Formation of middle Miocene age in that direction. The distribution of 

the Piney Point Formation in Delaware as shown in figure 13 must be regarded as tentative 

pending the completion of work on well samples now in progress at the D elaware Geo

logical Survey. 

FORMATIO S OF LATE TERTIARY A D QUATER ARY AGE 

Unconformably overlying the formations of Cretaceous, Paleocene, an d Eocene age 

IS a sequence of depo its ranging in age from middle Miocene to Recent . Because of the 

lack of reliable subsurface information, structural contour maps of these formations are 

omitted. 

K irkwood Formation.-The lower of these units is the Kirkwood formation, which is 

of middle Miocene age and equ iva lent to the Calvert Choptank, and St. Mary's for

mations of the Chesapeake Group of Maryland . The Kirkwood Formation, which was 

named by Knapp ( 1904, p. 1, 82) from deposits near Kirkwood in Camden County, 

consists of fine-grained, micaceous, qut~rtzose sand, and beds of silt and clay of variable 

thickness. The Shiloh marl member, a highly fossiliferous clayey or s ilty sand, marks the 

top of the Kirkwood in parts of southern ew J er ey. 

The Kirkwood is largely of marine or igin, as contra ted with the younger formations, 

which are mostly nonmarine. It li es on a buried surface of low relief eroded on formations 

ranging from the Piney Point Formt~tion to the T t~vesink Formation. In thickness the 

Kirkwood ranges from less than 100 feet in much of the outcrop to po sibly more than 700 

feet beneath the mouth of Delaware Bav. 

Cohansey Sand.-The Cohansey Sand (Miocene?), named by Ki.immel and Knapp 

(I 904, p. 132) from deposits a long the Cohansey River in Cumberland County, . ]., con

s ists chieAy of light-colored quartzose, somewhat micaceous sand, and lenses of si lt and 

clay. The deposit are thought to be mostly nonmarine. The age of the Cohansey is 

uncertain owing to the almost complete lack of fossils. The apparent absence of a sig

nifict~nt unconformity at the base, and the difficulty of identifying the contact of the 

Cohansey and the underlying Kirkwood suggest that the Cohansey is probably of late 

Miocene age and that it may be nonmarine equivalent of the marine Yorktown Formation 

of Virginia. 
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Except where covered by a veneer of Pleistocene deposits, the Cohansey is exposed 

m much of the outer Coastal Plain of New J ersey. In Delaware the Pleistocene deposits 

entirely conceal the Cohansey so that its extent and character are not as well known 

there. Its maximum known thickness is about 265 feet, at Atlantic City, N. J. 
Deposits of Pliocene (?) and Pleistocene age.-Pleistocene sands and gravel generally 

form a veneer on the older formations throughout much of the Coastal Plain; deposits of 

Pliocene (?) age, known as the Beacon Hill Gravel occur only as thin, isolated remnants 

capping hills in Ocean, Monmouth, and Burlington Counties and possibly elsewhere in 

ew Jersey. The Bryn Mawr Gravel of northern D elaware may be the equivalent of the 
Beacon Hill. 

In ew Jersey, the deposits of Pleistocene age are divided into the Bridgeton, Pensauken, 

and Cape May formation , but in place there a re unnamed deposits whose correlation is 

uncertain. The Bridgeton and Pensauken formations are nonmarine, whereas the Cape May 

Formation is partly marine near the coast. At most places the Pleistocene deposits are less 

than 50 feet thick, though their aggregate thickness may exceed 175 feet in parts of Cape 
May County and elsewhere in coastal ew Jersey. 

R ecent deposits.-D posits of Recent age include thin alluvial deposits along present 

streams, fresh-water and tidal-marsh deposits, beach sands, and dune sands. Such deposits 
rarely are more than a few tens of fe et thick . 
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