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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograplric lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3) the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal el8\'a-
tion above mean St:'<l le\~el, the vertical iIltt:'l'Ynl represcnted by 
each space bctwf'en lines being the same throughout eHcll map. 
These lines nre called COJ/fOU1' lines or, more brietl \', contours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FlOrRIe \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J ri vcr VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly ('losed hy 
a hooked sand hal'. On eaeh sirlf' of the v:dley is a terra('e. 
The terrllCC on the rig-ht merges into a gentle hill slope; that 
on the left is backed by a asef'ut to II diff, or RCfll"p, \\ hich 
contrasts with the gradunl awny from its ncst. In the 
map each of these features indicat.ed, directly benoath its 
posiLion in the sketch, by contour lint'R, Tlw map docs not 
include t.he (liHtant. portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A eoniour line represents a eertain height ahove' sea le\·e1. 
In this illnstration the contour interyal is 50 feel,; thel'efore 
the contour lines are llrawn at. 50, 100, J 50, and 200 feet, and 
so 011, ahove tnCHn sea leyel. Along the contour at 250 feeL lie 
aU points of Lhe surface t.hat Ht"e 250 f~et above the sea-that is, 
thii:l contour would be the shore line if the sen. \vere to rise 250 
feet; alan!!: the contour at 200 feet. are all points t.hat nrf> 200 
feet abo\'e the sea; and so on. Tn the ."pace bet,"ween any two 
contours are u11 points whose clevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the eontnur at 100 ft'f'L 
falls jUSL helow the edge of the knace, and tltat at :l00 feet lit:'i'l 
above the terrace; therefore all points on tile t.errace are shown 
to be more tlwn 150 but less than 200 feet aboye the sea. 
The summit of t.he higher hill is rm:nkc(l GiO (feet aboye sea 
leyel); accordingly the ('ontom at ()oO feet surrounds iL. In 
t.his illust.ration all the contoUl' ]ines are nuwbered, and those 
for 260 and riOO feet are accentuated by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('eentnating flnd nnmht'ring of ('ertain of them-::;ay eyery 
fifth one-suffices and the hl'ights of the others may he l.lSeer­
tained hy eOllnting up or dO\Vll from th('se. 

2. Cont.our lines 8how or' express the forms of slopes. ~\.s 

eon tours are eontinuolls horizontal they wind SlllOOtJlly 
about smooth surfaces, rcet:'dt:' into rt'entrant of 
rllyillei'l, and project. in .passing around spurs or I"·o,mi,,wnees. 

These relations of' cont.OUl" curn"'s Hnd 1:..0 of' t.he 
('an be seen f!'Olll. the map and 

lines sl~o\v the approximate of any sl~pe. 
The yertieal interval between two \'(mtours the same, whether 
they lie along a diif or on a genLle slope; hut. to attain a gi vell 
height on a gentle slope olle must go Dll'ther than on a :-ltce]) 
siope, and therefore eontOUlli are fill' aplll't on gentle ~lop('s 
and near togcthf'r on steep one". 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating countr)'; a steep or mountainolls 
country ean, as a rille, be a(lequately represented on the same 
seale by the use of a huger intenal. The smallest interya 1 
used on the atlas sheets of the Geologieal Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may he 250 feet nnd for less rugged country ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lJe.-\Yat.er~oursf's are indicated by blue lines. For a 
perennial st.ream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvn hy a 
blue linf'. Lakes, marRhes, and odler bodies of ,vater 

by conventional signs in hlue. 
for the works of' man and all letter­

are printed in 
,)ca"C.,.-j~l1e area of the United States (exclusive of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the scnle of 1 mile to the inch 
would ('over 3,027,000 s<jlHlre incile"" of pnper aI1(1 measure 
about 240 by 180 feet. Each sqwue mile of ground Slll-:raCe 
wonld bE' represented hy a inch of map snrfllee, and a 
linear mile on the ground a linp...ar inch on the map. The 
stale- mav be also a fradion, of whieh the numer-
ator is a" 011 the map and tue denominator the eorre-
spondin)!; lengt.h in nature expressed in the same unit. ThuB, 
as there are 6:3,;~60 inehes in a the scale"] mile to the 
ineh" is by the fradion 

Three are used on the sheets of the Geological 
and (\~.:-'()IJ' (,orresponding approxi­

mately to -4 milf's, and 1 mile on the ground to an 
inch on t.he map. On the seale of 1n('h of map 
surface ahout 1 square surt"i-lee; ,on the 
scale of a bout. 4 s(]unre milf's; and on the se<lle of ~OOJ , 

alJOHi IG '3<jlmre miles. At the botton! of each atlas 1:lheet the 
scale is in three a gradua,ted line l'epre­

a similar line indieat.ing 
a fraction. 

"U""""U"I(".·~j "cmap of the Unit.ed Stat.es 
is being shedS of eonvcnient size, wlrieh 
represent areas houl1(lc,d parallel.; awl meridians. ThCBe 
lueas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one slllUll'e degree~that is, <L of latitude by a 
degree of longitude; each sheet. on thp of reprebents 
one-fourth of a square degree, and cHch sheet on scale ot 

one-sixteenth of a square degree. The arcas of the corre­
sponding quadranJ!;les are about 4000, 1000, and 2;)0 square 
Uliles, thOllgh HH'y vary with the lat.itude. 

The atl:18 sheck;, heing only parts of OlJe map of the United 
States, are not limited by polit.i('al boundary lines, such as 
those of SLates, ('ount.ies, all (I tow nships. Many of t.he maps 

arell" lying in two or m'en three States. To each 
and to the quadrangle it represents, i::; given the name of 

somc well-known town 01' natural feature within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if t.he maps are published, 

THE GEOLOGIC MAl'S. 

The nwps l'cprt'6enting the show, colors and 
conventiowJl sip;ns printed on topographic map, the 
di:3tl'ibution of rock TImsses on the surface of the land and, by 
means of structure sections, their underf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of Ulany kinds. On the geologie mnp they are 
diRtinguisheil as igneous, sedimentary, and metamorph~c. 

19n~·ons 1'oclcs.-Rocks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
ha" from to t.ime IJeen forced upwanl in fissures or ehan-
lIe1,.; of and sizf's through rocks of all to or 
lI(;arly to t.he Itoeks formed by the of 
mohen material, or magma, within these ehannels-that is, 
below the suriu('('--;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pHl'allel walls it is 
called a where it fills a large and irregular conduit the 

termed a Bloch:. 'Vhere molten map;ma trayerses strat-
ified rocks it be intruded along betiding planes; sueh 

or ..,hed.s if eomparatively thin, and lacco-
chambers prod uee(l by the pressure 

of t.he m<ll!;ma. rock molten material cool.; 
slowly, witll lhe result that rocks are generally of 
crystallinc t.exture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them is called lwva, 
and lavas often build up volcanic mounli:lins. rocks 
that. have solidified at'the sllrface are called 
Lavas generally cool mort:' rapidly than intrusive 
a:-1 a rule contain, espt:'f'ially in their superJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehillillg. The outer parts 
oflanl How,:;; are uHlwlly porous, owing to the expansion of' 
thc gase" originally present in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing cjl,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when consolidated, constitute breceias, agglom-

and tuffs. 
l'oclcc~.-Uoeks eomposed of the transported 

fragments or particles of older roeks that haye undf'r~one 

di::;integration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed ill sueh water bodies by chemical precipi­
tation are termed i5ediuu:nta1-Y, 

The ehief ngent in the transportation of rock Q-ebris is water 
in mot.ion, including rain, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Bueh a.re which are latel' eonsolidated 
int.o Sfllldstonc, shale. Some of the mate-
rials are carried in soluLion, and deposits of these are ealled 
or,!!anie if formed with the aid of lift:, or ('hclIIical if formed 
·wit.hout the aid. of life. The more important roeks of chemical 
and organie origin are limestom', ehert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'\eplll'att:'ly formed, or the different he 
intermingled in many wayi'l, produeing a great variety 

AnodiCI' transportinp; ag-t'nt is nil' in llIot.ion, or wind, lmd a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sedimcntnry rocks arc usually made up of lllyt'r",. or beds 
which can be separnted. These :Ire ealled .strata, 
and rocks in such layers are to be stratified. 

The snrface of tlIe earth is n~t immomblE'; 0\ er wide regions 
it \'ery slowly rises or sinks, with referencc to the sea, and 
Rhore . lint's ~re thereby changed. ) ... s a result of upwanl \ 
moyement manne sedimelltmy, ro(~ks may hecome part of the 
land, and most of our land areas are in faet orcupietl by rocks 
originally dcposited as sedilllents in the 

Rocks exposed at the snrff~ce of tlle air, 
watf'r, ice, animals, and plants, 
known as bacterin. They 
soluble parts UTC leaeh('(l out, t.he 
left as a reBidual layer, \Yater washes this 

and more 
material bcing 
material down 

the slopes, and it. is 
other bodif's of Welter. 
but it is 

carrietl by riYers t.o the,oeean or 
its journey is not eont.inuous, 

huilt into river hal'S and flood plains, 
_·Ulu \·ial deposits 

belong to 
laver is commonly inelllded 

Their upper part.s, o~cllpied by th~ roots of 
eon:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable admixture of mat.t.er. 
Hnd by various 

processes, rocks may in com position 
a.nd in t.exture. If the new pro-
nouneed than the old such rorks arc called In 
the of metamorphism t.he cOllstituents of a chcmi(,~ll 

may enter into new combinations nnd eertain substances 
may be jost or new ones added. A complete gradHtion from 
the primary to the metmnorphie form may exist within a 
single rock mass. Surh changes transform sandstone into 
quartzite and limestone into marhle and modify other roeks 
in various ways. 

From time to time during 
been deeply buried and haye 
pressures, to slo\v movement, and to igneous intrusion have 
been afterward raised and lat.er exposed by erosion. In snch 
rocks the original st.ructures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of division, along 
which the rocK. splits most readily, may have been deyeloped. 
This structure is caUed and liIay cross t.he original 

roeks rbanltterizcd by it 
Crvstal" of mica or minerals nwy have gr~wn 

in tlte rock in "such a as to produce a laminated or foliated 
structure known as The rocks characterized by this 
structure are schisfl3. 

As a rule, the oldest roeks are most altered and the young,=,l" 
formations haw eseaped metamorphism, hut to this mle there 
are many impOlinnt t.'.;peeially in rcgiolls of igneous 
aetivity ~JlId complex 

TOlOl.A.TlO.KS. 

For of 
above are into A f(edimentmy 
formation ('ollt.ains bet~yeen its upper and lower limits either 
rodes of uniform eharad~r or rocks more or 1css uniformly 
"\\il.riell in eharacter, for example, an alternation of shale and 
limestone. 'Vhere fn}m OIle kind of rocks t.o 
another is graduHl it. may Twet:'Sf(ary to two contigu-
ous formations by an arbitrary line, aTHl sOHle rases the 
dist.im~t.ion depends almost. f'nt.irely on the contained fossils. 
An igneous fOl'mat-lon cont.ains one or more bodies of one kina, 
of' similar oecurrenee, or of lil-:e origil1. .r\ metanH1l11hie for­
mation lllay C'Olwist of rock of uniform eharaeter or of se\ eral 
roeks having eomIllon charaet.erist.ies 01' origin. 

'Yhen for Reicntifi(' or eeonomie reasons it is dcsimhle to 
re(,ognize and map one 01' more dcypioped parts of a 
yaried formation, such parts arc memberi5, or In' oom(' 
odler appropriate tcrm, as If!ntiIB. 

.\GER OF ROCKS. 

Geoloy'ic {i'llie.-The iime during which roeks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

• 



and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formations deposited during a period are 
gronped to,2:f'ther into a 8Yl:Jtent. The pl'illeipal divisions of a 
system are ealled 8(Tie8. Any aggregate of formations less 
th1ul a sf'l'ie); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt aro older, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense' disturbance, howevcr, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to dntcrmine their relati \"e from thcir 
present positions; under Hueh eondiLi,ons. if prcsent, 
may indicate whieh of t.wo or moro formations oldest. 

Many stratified rocks eontain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of ,ynter or were ... ,ashed into 
them) or were buried in surficial deposits 01] the hlncl. Ruch 
rocks' are ('aIled fossiliferous. By studying f()ssils it has 
been found t.hat the life of each period of the earth's history 
was to l-l extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssiliferous rocks were deposited. From timl:' to time Illore 
complex kinds awl as the 8impler ones lived on in 
modified forms life more yaried. But during each 
period there liYl:'d peculiar forms, which did 1I0t exist in ('arher 
timl:'s and lwve not existed sinpe; thf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp;e of any bed of roek in whieh they are 
found. Other types passed on from period to period, and thus 
linked the fOl'minp; a chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two sedimentHry formations aTe rernot.e from eac·h other ami it 
is impossible to obserYe their relative positions) the charncter-
istic fossil found in them may (If'termille which 'was 
deposited Fossil remainR in the strata of different areas) 
provinc(~"" and eontineutr: afford the most import.ant means for 
comhining local histories into a earth hist.ory. 

It is TJlHny plaees difficult or to dpterllliuc the age 
of an igneons frfrlllfLtion, hut the rdatiw age~of .:mell a fi)rm;l­
t.ion can in generaJ be ascertailled by 
associated Redimentary formation of known 
igneous maRS or is df'positetl upon it. 
which llletalllorphir' rocks ~'f're formed from the 
may be shown bv their relations to formation.., of 

age; hut the reeohll:'d on nwp i.., that of the 
masses llnd not. of diCir metamorphit>m. 

culon;, and pa.tiaus.-Ench fimnation is shown on 
the lllap hy a dist.inetive comlJillation of color awl pattern allii 
is'laheled hy a speciallett.er symbol. 

Patterns <compoAf'd of parallel 
format.ions 

lineR arc mwd to 
ill tlw jn lakes, 

tlots awl 
eirdf's represent idluyial, and eolian i{ll'llllltions. Pat­
tel'l1~ of trianglf's and rhombs are u:::;ed for ignf'ous fi)l'IllaLions. 
:Metamorphic rO('kR of unknown origill llre 
short <l~:shes irn.>)!"ulady placed; if the 1'0('];:: is 
muy lw Hrranged ill \\avy lineR pm'HUrl to the t>truetllre 
Suihlble combillatioll THlttel'llR an' used 10r met.amorphic 
tion:::; known to he of or of igneous origill, The 
patternR of eaC'h cbs.., are in vario\ls (~610l'S. \Vith the 
patterns of parallel colors are used to indicate age) a 
particular c0101' Lo cHcll t>YStelll. 

The s\'mbols of two or more letters. If the age 
of' a fOl'~ation is known the snnhol include.., the 
bol, whieh is H capital letf,('; or monogram; 
symbols att' ('o111p08ed of smalliettel's. 

p.ym­
tllC 

The ll<lInf'S of t.he systems and of Iwries that have heell given 
diHtincti ve in or(lf'r from to olaf'Rt) with the 
color and assigne(l to 
subjoined 

Symbols and colon, a8.~if}ned to the l·ock systems 

By.tAll 

f'TTRF.\CE l'O.l:GUH. 

llillfl, ynIley", 11l1d 1,11 oiher slLffuec forms lmy!"' becn produced 
F9r f'xample, most thf' result. 

strealll~ that llcnr through 1), 
plains hOJ"(]pring- mall)' streams were up 

hv the st.Teams; \\a"eR cut S(,11 ()lifI;" amI, in cooperation \\ith 
c~rrellts, '6uild up sand spits aIld ham. Topographic form" 
thus confltitute part of the rcC'ord of tIle of tJ]P Ptlrth. 

Some forms are inseparahly eOIllleCf,cd with TIH~ 

hooked sh9wll ill figure 1 is an illustration. To thif'( dnss 
belong alluvial plains) lava streams, drumlins (smooth 
oval hills of till)) and moraines (ridg-('s of drift made 
at tiIC Ot.her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clllSS belong abandoned river ehannel'l, glacial furrows, 
and peneplains. In the making of a stream tf'IT1WC an n 11uvial 
plain is first built and afttrward partly eroded aV'llly. The 
shaping of a marine or lacust.rine plain it> ul'lual1ya douhle 
process, hills l)('i~g- worn away (degraded) and yalleys being 
filled up (aggraded). 

AU parts of' the land surfaee arc to thc aetion of air, 
water, and ice) \'1"11i('h slowly wenr down) and streams 
eurry the wask mat€rial t.o the sea. As t.he dep~'nds all 
the £low of water to the sea, it can no,t ('arried belo'w sea 
level, and t.he e.ea is therefore called the ba8(:;-/evel of erosion. 
LnkPs or hlrg: rivers Illay dd(~rmine locul hase-Ievds for certain 
regions. When a large traet is for a long time undisturbed hy 
uplift or subsidence it is df'graded nearly to bast'-lc\'t'l, tmd tlll:' 
fairly f'ven snrface thus produ('erl is called If tlw 
tract, is aft€l"W1m.1 uplifted, the ele\ated 
re('oTd of the former elose·rf'lation of the traei. to base-level. 

'1"111: V~UtlO\JS GEOLOGIC i'lHEE'l·S. 

map ::lho'wing the areas occupied 
is called an areal geology map. On 

,vhieh is the key to tile lllap. To as('el'-
tain the meaning any color or pnttf'rn and its lett.Pr 
the rfwler should look for that color) pnttern) (lnd 
the wh('re he will find tIle name and 

If it is desired to find 
name should be sought in the 
llOted; well the areas on the 
pat.tpl'll may be il'aeed out. TIle 
ment of tile ,2:eolog-ic history. In 

according 
unknown 

group t.hey are placed in the order 
at. t.he top. 

lllap reprf'stmt.ing the distribu-
tion of and roekl::' ,ina their relat.ions 
to the topogrllphic fpatures and to the 
~erlIled the economic Heolo9!1 map. The that appear 
ou the areal geology lllnp arc usually shown on t.hil::> map by 
faint.er color and the areas of produdive formations 

(~()lors. .A mine symbol shows the 
or qualT,v and is l1ccompflllied tlw 
mineral mined or stone If 

mining indust.ries or artesian in the 
nmJ1Y to sbow thuse additional economic features 
in tht' folio. 

shaftl', and otJler 
natural and artific'ial cuttings t.he different beds to 
one allother l)e seen. Any elltting that exhibits thosc 

a sectiun) and the same term is applied to a 
reneC'S,,,>t>;ng the rebtions. The arrangf'illf'ut of'roc];::s 

arrdn~,emenLis (,ll11ed <l :;lrudUt'(J section. 
is llOt limited, fIOWf>Ver, to naturnl and arti­

for hi" iuforlllnt.ion eoneerni.ng the earth)s 
the mallner of fi)rmation of rock:::; and 

the be(l:::; on the surface, 
they P118S benclith ihe 

surflwe and can draw reprt's('nt.ing the strueture to a 
<:Ollsi<icrable J.ept.h. i:"3uch a 5ee~iou is illust.rated iIl figure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the front and It landscape 
beyond. 

The figure represents a landsC'ape which is eut off sharply 
in the foreground ou a vertical plane) 50 as to show the 
underground relations of t.hc rocks. The kinds of rock are 
indicaLed by a.ppropriate patterns of lines) dots, and dasht:'-I:l. 
These patterns admit. of mueh variaiion) but those shown in 
Ggure a are used to represent tlte eOIIlmoner kinds of roek. 

':l=cj"t<>n~Hal1ll~'Hl' 
glolJl<"cate, 

ShaJylm19st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at tllf' kft of figure 2 presents t.oward 
the lower land an escarpment, or fi'ont, \\hich is .made up of 

sHndstones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt. of lower land IS t.raversed hy several 
ridges, which are seen in the scction to correspond to· the out­
crops of a lwd of sandstone that rises to the surf~lce. The 
upturllf'a f'dge", of tIlis hed form the ridges) and the inter­
mediate yalleys follow the outcrops of limest.one and ealeareous 
shale. 

'Yhere the edges of the strata appear at the surface their 
thickness ean he measured and the' angles at which they dip 
helm·" the surffwe can be obsC'l'\"eJ. Thus their positions 
underground can be int"(·rred. The direvtion of the intersec­
tion of a bed widl a hOl~zontal plane is called thc ,~lrike. The 
inclination of the bed to the horizontal plane, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughs and nrehes, 
sllch as are seen in 2. The arehes arc C'fllle(l anticlines 

ana the troughs As the sandstones, shales, alld 
limestones were deposited beneath the Sf'a in nearly flat sheets, 
the fltrt that dley are now bent. and f6ldf'd is proof that forcE'S 
haye from time to time caused the f'arth)s I::>urface to wrinkle 
along certain zones. In plaees the 8trat.a arc broken across 
and the paris haye slipped eaeh other. ~uch brenks are 
tel'me(ljaults. Two kind8 are 8hown in figure 4. 

At the rig11t of figure 2 the section :::;11ows schists that arc 
tra "ersed by igneous rocks: The schists nrc much contorted 
nnd their arrangement uwlerground can not l)(' inferred. 
HenC'e that. portion of the seC'tion delineates what is probably 
true but is not known by ohseryation or by well-fOlUlded 
inference. 

The spdion also shows three set." of formatioIls, distinguished 
by tht'ir underground rehttiolls. The uppermost set., ~een at 
the left) is made up of sandstOlws and Hbales, whieh lie ill a 
horizolltal position. These ~t.rat9 were laid dO'wn under water 
but are now high above the SOlt, forming a plateau, and their 
ohange of ekmtion shows that u portion of the carth)s masl'l has 
beell uplifted. 1'1lC strata of tili8 seL are parallel, a relatioil 
whieh is called cm,ero/·maolC. 

The sccond set ('OnsistR of strata tlwt have be-en 
folded into u1"t'hE's and troughs. These strata were OIlee eon­
tiUllOUf1, but the crests of the arche.." Iitl\Te b;'en rt'llio,'ed bv 
erosion. The beds, like those of the lin>t set, are conformabl~. 

The horizontal strata of the plateau rest upon the upturned, 
erodf'd cdges of thc heds of the l::>eco]](l set. shown at tile left of 
the section. The are, from their position, 
e,·idently younger than deposits, and the bend-
iug awl t'roding of the older beds must havc ocC'urred betwe~n 
t.llf'ir deposition and the HCCl1lllulation of the youngf'r bedH. 
The roeks arc to the older, and the 
surface i", 11ll ""conformity. 

The third set of formations ('onsisti,; of crystalline o;chists and 
igneou8 roe1o::s. At 8011le period of their history the Hehists 
were folded or by pr ... I::>S11r.o and traversed by emptions 
of molten But the pre8suTe and int.rusion of igneous 
roc-ks have 1l0t affected the overlyinf!: stmta of the serond set.. 
Thus it is evidellt that a con",iderable int.enal elapsed between 
the formation of the sehisis and the beginning of deposition of 
the st.rata of the second set. During tllis inter'ntl the sehi.<;Its 
were metamorphoscd, they were (listurbed by eruptive 
and they werc deeply eroded. The contact between the 
Hnd third sets i::; another unconformity; it marks a t.ime 
intenal bet.\\een 'two periods 'of l'oek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illustrnte aetnal l'elalionH. The sections on the stl'uetUrL'­
spction sheet are related to the maps as the seetion in the 
figure is related to the landscape. The prolile of the surface 
in the section corresponds to t.he actual slopes of the ground 
along the s('{!tion line, and tiIC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the section may be measured usillg the seale of we map. 

Columnar secLion.-The maps arc usually accom-
panied by a columnm~ :;('ction, which eontains a coneIse 
description of the sedimentary formations that oecm in the 
qU~idrangle. It presents a summary of the filets relating to the 
<charadeI' of the rocks) the thi(~kness of the formations, awl the 
order of aeeuIIlulation of successive deposits. 

The rocks are briefly deseribed, and their eharaders are 
indicated in the eolumnar diagram. The thicklle8ses of fo1'­
inations are p;iven in figutcs thaL stflte the least and greatest 
meIL'lUl"ements, and the thickness of cach formation i", 
shown in the colulllTl, which drtlwn to w~ale. The order of 
ac('ulllulation of t.he sediment8 is shown in the columnar 
arrangement-the oldest being at t.he hottom, the youngest at 
the top. 

The intervalt> of tillle that correspond to events of uplift and 
degradation and eonst.jtute iuterruptioll:::; of deposition are 
indicat.ed graphically and by the word" unconformity." 

May, 1900. 

GEORGE OTIS SMITH,. 
.Director. 



DESCRIPTION OF THE TRENTON QUADRANGLE. 

By F. Bascom, :So II. Dart.on, II. B. KiimmeJ, W. B. Clark, B. L. ::l'Iillcr, anti It. 0. Salisbury. 

I~TRODU(Jrro~. 

lly F. BASCOM. 

WCA'I'IOK A~D AREA. 

The Trenton quadrangle, deserihed in this folio, lic:::; between 
40° and 40° 80' north la.titude and 74 Q 30' and 1,)° west. longitude. 
This is one-fourth of a square degree and is equivalent in this 
latitude to approximately DlU-l4 square miles or about 84.60 
mileH from north to sonth awl 2G.43 miles from east to west. 

PrmJRE J.-Sketch map of the \"ieinit.y of the Trenton quadrangle. 
quartl'",Tlgle, P"bliwed folios lire as follow" 
Dover; lall, Patuxent, ][{I. Pas~"j", Jill, ~'ntnk-

It lies in two States, New Jersey and PennsylYania, and 
embraces in whole or in part nine counties, Huntenlon, Somer­
set, }fercer, Middlesex, ~.fonmouth, Ocean, and Durli ngton 
counties in New .Tersey; Ducks and Philadelphia eounties in 
Pennsylvania. (See fig. 1.) The population of this area docH 
not exceed 150,000. 

GI£Nl£RA]J G-1WliR.AI'HY ,\ND GEOLO(+Y. 

The Atlantic border region, of which the Trenton quadrang;le 
is a part, embraces two distinct physiographic pl'ovinces-a 
mountain and plateau district and a coastal plain. TIle Trenton 
quadrangle comprises portions of the plateau and of the plain 
provinces, each of' whieh is cha.racterized by special topographic 
features which record the physiographic history of the province. 

The first of these is known as the Appalachian Province 
and is separable into three geographic divisions which extend 
throughout it"! length. Thp Appalachian (formerly called 
Allegheny and Cumberland) Plateau forms the western divi­
sion; the Greater AppaJachian Valley, comprising a group of 
valleys and ridges, constitutes t.he central division; flnd the 
Appalachian 1Iquntains, whieh border the Great.er Valley, and 
t.he group of plateaus stretching away to the east in the vast 
upland known HS the Piedmont Plateau, fortH the eastern 
division. A pordon only of this eastern division forms a part 
of the Trent.on quadrangle. 

l'lED}fOKT T'LATEAC 

The Piedmont Plateau owes its name to its location at t.he 
southeastern foot of the Appalaehian :Mountains. Curving 
parallel to the Atlant.ic coa8t line, and extending northeast until 
it merges into' t.he New }~ngland Plateau and southwest to 
Alabama, it possesses a mean width of60 miles and a maximum 
width in the central portion of 120 miles. The Appalachian 
Mount!iins, "which form its northwest border, although more or 
]('SS distinct from it topographieaUy, are united with it in one 
physiographic division, b(,-'Cftuse t.hey have had essentially the 
same gcol06ric and physiographic history. 

To the sOllth thei'lc mountains are chiefly representcd by the 
Cohutta MOtint.ains of Ceorgia, the Great Smoky ltlollntains of 
Tennessee and North Carolina, and the Blue Ridge of North 
Carolin~, Virginia, and 1'1aryland. 'fo the nortll the Blue 
Hidp;e is continued in South, ~cversink, Lehigh, and ~Jus­
conetcoug mountains of Penm,ylvania and in the Highlands of 
New Jersey and New YOl'k. 

Physiographical1y, the boundary between the .A ppalaeJtian 
1Iountains and Piedmon~ Plateau is not a sharply dciincd line, 
'but is cro"sed by physiographic features possessing similar I-lJId 

contemporaneous origins. Although topographically there is 
usually a more or less abrupt passage from a trenched upland 
to an area of level-topped mountain ridgf'E, geologically there is 
no transition, the same geologic formations and structures 
appearing in both Mount.ains and Plateau. 

On the east the Plateau is separated from the margin of t.he 
continental shelf by a belt of coastal province 250 miles in 
width. The greater part of this is under "water in the region 
discussed. The land portion, which is eaUed the coastal plain, 
dips gently eastward under thc sCU; it increases greatly in widt.h 
toward the south. 

The boundary between Plateau and Plain is defined by a 
well-marked change in the topographic features and geologic 
formatiQns. Topogl'aphieally, the change cousists generally in 
an abrupt transition from a diversified uplaml to a relatively 
undivc1'sifled lowland; and geologically in a transition from 
consolidated and for the most part crystalline rock to uneon­
solidated days, sand", and f,rravels of morc recent age. The 
Coa"tal Plain formations, however, always overlap the eastern 
mal'gin of the Plateau and in some district.s are found fhr inland 
and '-'somewhat obscure lhe passage from Plateau to Plain. 

The mar~in of' the Plat.eau is also indkated by a, chang;e in 
the charncter of the "treams which pass from Plateau to Plain. 
This passage is always eharacterized hyan abrnpt decrease in 
strwm velocit.y, and is so frequently marked by fhllH or rapids 
that the boundary lws been ealled the" fall line." This term, 
how eyer, is impe;{ectly descriptive of the boundary, which is 
aetually a zone of appreciable width. E:lst of it navigabJe 
streams lead to tidal estuaries affording good shipping faeilities; 
westward they cease io he navigable and oecupy narrow, tortu­
ous channels. Tn the wllthem extension of t.he Plateau the 
fall line gradually TIses, until in the Carolinas and Georgia­
although falls 311(1 rapids still mark its loeation and furnish 
power for fac1ories-it lies eOll8iderably above the tide limit. 

The position of this fall line at the head of navigation and 
at t.he source of water power has been a dominant factor in 
determining the loeation of t.he large eit.ies of t.he Atlantic 
Htat.es. A line passing through New York, Trenton, Phila­
delphia, "\Vilmington, Baltimore, "\Vashington, Fredericksburg, 
Richmond, Pet('rsburg, Raleigh, Collimbiu, AugusLa, and 
1Iacon marks in a general way the pas~age from Plateau to 
Plain. 

\Vhi1e the Plateau exhibits diversity of S('f'nery, there are 
eertain generul features eommon to the entire region which 
make it a topographic unit. The province iR, ill briet~ u sloping 
uplawl of mo(lerate elevation, dissC(·ted by relutively sha.llow 
open vulleys that, usually become more rugged and narrow Oll 

the f'astern border, aTHI di verf'li(ied hy i"olated eminences that 
rise ahO\'e the general level. The valleys have been formed 
by reeent i:ltream cutting since the Plateau pencplain was 
carved. If they were filled in, the upland would be converted 
into ali clevatc(l plain, 01' plateau, sloping; e:lst and Boutheast, 
toward the A tJantic, or Routh toward the Gulf of 1\Iexieo. The 
isolated eminences are remnants left unreduced bv the erosion 
which produced the peneplain, now a plateau. ~ 

On the New England Plat.Pltu l\Iollnt. Monadllock, a typical 
residual promin('ncc, has furnished to physiographic literature 
the terIll Illona.dnock, by which similar residltal hills Dre 
designated. In New ,Jersey the upland has a relief 011 its 
wC\3tern edge of ahout 800 feet, with a few lllonadnoeks rising 
a litHe ahove that height, and on its ellstern margin a range 
from sea level to an altitude of about GO feet. The Pen nsyl­
va.nia u'pland deseends from an altitude of 900 feet to an 
average elevll:tio.n of 200 feet in the neighborhood of Philadel­
phia, the monadnocks, Long Hill, Gibraltar Hill, and other 
similar prominences, rising 100 to 200 feet 1iLove the surface. 
In ]Haryland the weKtcrn edge of t.he uplan'd reaches an 
altitude of 700 feet and slopes lo an easteru margin :300 
feet above t.ide level, in the vieinity of Balt.imore; Hocky 
Ridge and State Ridge He monadnocks on this upland. In 
Virginia, North and South Carolina, and Geor~ia, the Plateau 
slopes southeastward and southward from Bumr;lits [i00 to HiOO 
feeL in heip;ht along its wetitern horder to a.n pastern margin 
having an altitude of :300 to [iOO feet. Southwest, Brushy, 
Routh, and many other mountains rise as monadnockR. 

The plane surface which, sloping gradually from western 
border to e£lRtern margin, forms the Platenu, docs not owe its 
e\'en contour to the underlying rock fi1l'Ilwt.ions, for they 

highly complex st.ructUTes. The larger streams, "\vhieh 
cut into the plateau, eonvel'ting it into a divel'l3ifled 

upland, maintain eour.'3('S which are quite independent of the 
strue1urc and character of the rock fioor. The tributary or 

subsequent streams, on the other hand, show adjustment t.o the 
('onstit.ut.ion of the roek floor nnd by means of them the 
heterogeneity of rock eharacter and complexity of rock struc­
ture are finding expression. The general trend of the high­
lands, which is northeast and southwest. in harmony with the 
strike of the underlying; rocks, does not accord with the main 
drainage lines of the rlateau, but with t.he courses of the sllb­
st'qnent streams. The main streams of' t.he Plateau, rising 
either in the Appa.lachian .:\Tollntains or on the inland border 
of the Piedmont. district, pursue courses consequent upon.the 
slope of the upland, t.hat is, to the east, southeast, and south, 
and either empt.y into estunries heading at the e:1Htern margin 
of the Plateau, 01', crossing the Coastal Plain, empt.y directly 
into the Atlantic 01' into the Gnlf of' Mexico. The Delaware, 
Husquehanna, and Potomac are examples of such master streums 
which have caned rugged valleys in t.he Plateau transverse to 
the strike of the rock formations. 

South of an eaRt aud west line drawn just north of New 
BrunswiCK, N .• r., t.he interstream urea" are covered hy a mantle 
of residual Roil tlnd flre eharHcterized b\T lin absence of rock 
ledges. North of this line the rock ma~'tle is g1acial drift, the 
depth of which varies where it iR present from a fradioH of an 
inch t.o 200 feet. Hock ledges become nn increasingly promi­
nent feature toward t.he north, and eontours are controlled not 
by stream WOrK alone, but hy iee erosion Hnd deposition. 

The diseordun~e of underground structure with the level 
contour of t.hc Plateau, the presence of t'f'sidual eminences, the 
flatly convex valleys, the nonadjnstmeut of' thc mastcr streams 
t() the rock formations, the deep rock mantlc and flbsenee of 
rock ledgef!, all have their explanation in tbc history of the 
Plateau, which will be outlined uutler the heading" Physio­
graphic record," page 20. 

The rocks of t.he Piedmont Plateau include hoth highly 
metamorphosed crystalline materia.l and unmctaruorphosed 
fragmental material. The oldest formation is preRuntahly of 
iglleouR crrigin; that is, it consoli(lated from a molten condition. 
Sinec consolidation it lws been subjeet.ed to preSf'lLlre a1l(1 meta­
morphism, which haye given it a banded structure. ~uch rocks 
are compo"ed chiefly of quartz an (I fpldspal' Hno arc known as 

In the Pennsyhania Picdmont this material is part 
composite formation known as the Balt.imore gneiss. 

The later formation,,:; are chiefly of Hedimentary origin; that 
is, the materials of which they arc ('orupospd were aeclllllulated 
beneath the sea, consolidaled by pressure and mute­
rials, Hnd suhsequently uplifted with or without foltlin!!;. 
faetA are indicated by their eonstitution, t.heir Htrncturc, and 
their mutual relations. They inrlude some of the ol(lest mtlt('­
rinls known to haye thus fl<~cumulated and some of tbe mos.t 
reeent.. 

The fi1'"t :3ediments that werc deposited in this Athmt.ie lwlt 
were of al'kosie an<l argillaceous character, and their (lepo"ition 
took place in pre-Paleozoie time. The subsequent 
and folding to which the arkose and argilliteA were 
developed from them a hard, crystalline, finely bande(l gueisH 
composed largely of qllal'tz all(l feldspar, and a mica with 
interbedded mica. schist ,tilcies. The8(~ g;neisBeR hero 
differently named in dIfferent partB of the. Plateau. In the 
Penn"ylvania Piedmont the quartz-feldspal' gneiss is intimately 
assoeiated with a massive gneiss and fo1'lus with it t.he Baltim01'e 
gneiss; the mica gneiss is known as the \Viss!lhickon. 

The pn~Ctlmbrian et'ustal movements whieh metamorph(Hed 
ihese formations were aceornpnnie(l by the intl'u~:on of bo;';scs; 
irregular masses, sills, and diln-'s of molten material, which 
further altered the squeezed sediments and whieh couf;olidated 
as granite, gabbro, pyroxenite, Hnd peridotite. 

'Vith the opening of Paleozoic time HrenneeOUB, arcna{'eOl1S­
argillaceous, ealcan'olls, and argillaeeolls sedilHent~ werp suc­
cpssively deposited upon thf'se gneiss(-'~. Thi>1 deposit.ion, 
taking place in Cambrian and Ordoviciall time, extended over 
H eousiderab.le part but not all of t.he Piedmont region. 

The intense folding, faulting, and metamor-
phism to which these sedim('llts were t.hc {'JoRe 
of Paleozoic time converted the arenaceOllS materials in:o 
quartzite, the arenaceouA-argillaceolis sediments inlo interbeddt>d 
qnart.zites and miea schists, the caleareous material into"marble 
and eakareoLls sehists, :.lll(l the argillaceous mn1erial illlo Rlates 
and mieaceous schists. Thesp formations, which are willespreacl 
though not cont.iHllOllf'l tbcoughout the Piedmont belt, aT(' 
respectively designated in the Pennsylvania Piedmont tlu,," 
Chiekies quartzite, the Shenandoah limestone, aud the Odora1'O 



~ist. These crystallized sediments and the associated igneous 
intrusions constitute the foundation of the Piedmont Plateau, 
but are uncovered only in detached belts trending northeast 
and south west. They have been folded in synclinoria and 
anticlinoria made up of compressed anticlines and synclines 
with dominant isoclinal southeast dips and a steep southeast 
cleavage dip, and have further suffered thrust faulting. These 
geologic formations and structures are not confined to the 
Plateau, but also appear in the Appalachian Mountains, into 
which the Plateau merges on the west without geologic change, 
the Mountains and Plateau forming a geologic unit. 

Upon the central and northeastern portions of this eroded 
crystalline floor there accumulated, in a shallow inland estuary, 
coarse and fine ripple-marked sands and sun~racked mud 
which in places shows the tracks of animals or is locally rich 
in vegetable matter. Contemporaneously with this deposition, 
which took place in the Triassic period, igneous material was 

• intruded between the beds of sediment, or traversed them in 
the form of dikes, or was poured out in lava flows. The 
consolidation and uplifting of these sediments took place 
without metamorphism. The uplift was accompanied by 
abundant normal faulting and tilting sufficient only to produce 
gentle northwest dips. These formations, wherever they occur 
on the Piedmont Plateau, possess a very uniform constitution 
and character and are known in Pennsylvania and New Jersey, 
where they cover a large part of the Plateau, as the Stockton 
and Lockatong formations and the Brunswick shale. The 
contemporaneous igneous material, occurriug in the form of 
lava flows, sills, and dikes, is diabase and basalt. This rock 
resists erosion and forms bold ridges whose level tops are 
a part of the Piedmont slope or whose summits rise as monad­
nocks above the plain. Such eminences are the Palisades in 
New York and New Jersey, First, Second, and Sourland 
mountains in New Jersey, and Haycock Mountain, Rock, Long, 
Gibraltar, and many other lesser hills in Pennsylvania. 

On the extreme eastern border of the Piedmont Plateau and 
in adjacent outlying areas the crystalline floor is concealed 
beneath unconsolidated gravel, sand, and clay, which were 
deposited in a marine estuary and along a former coast line 
during Cretaceous time. These are the Patapsco and Raritan 
formations of the Lower Cretaceous and the Magothy forma­
tion and Matawan, Monmouth, and Rancocas groups of the 
Upper Cretaceous. Overlapping these formations and left by 
erosion in scattered areas are thin coverings of sand and gravel 
belonging to the Tertiary and Quaternary periods. These 
show that the eastern border of the Plateau was intermittently 
submerged beneath estuarine waters during these periods. 
They are the Cohansey ~and and the Lafayette formation of 
the Tertiary and the Bridgeton, Pensauken, and Cape May 
gravels and sands of the Pleistocene. 

COASTAL PROVINOE. 

ByF. Ro.8coIl and B.L. MILLKR. 

The Coastal Province .forms the eastern margin of the North 
American continental plateau and is, in geologic and geo­
graphic features, essentially unlike the Piedmont Plateau. Its 
western limit coincides with the eastern boundary of the 
Piedmont Plateau and has already been characterized as the 
"fall line." Eastward its limits are defined by the steep slopes 
at the margin of the continental shelf, which form an escarp­
ment varying in height from 6000 to 10,000 or more feet. 
This declivity generally begins at a depth of 450 to 600 feet 
below sea level, but in common practice the 100-fathom line 
is regarded as the boundary of the continental shelf. The 
descent from that line to greater ocean depths is very rapid; 
off Cape Hatteras the bottom falls away to 9000 feet within 
13 miles, a grade as steep as that found on the flanks of the 
greater mountain systems. In striking contrast to this is the 
cO"llpar'dtively flat ocean bottom stretching away to the east 
with but few and slight irregularities. 
- Seen from its base the escarpment forming the edge of the 
eontinental shelf would have the appearance of a high moun­
tain range with an even sky line, broken here and there by 
notches produced by streams which at some time flowed across 
the shelf. 

The Atlantic Coastal Province is divided into two parts by 
the present shore line--(lJ a submarine portion known as 
the continental shelf and (2) a subaerial portion known as the 
Coastal Plain. In some places the dividing line is marked by 
a low sea cliff, but more commonly the two districts grade into 
each other without perceptible topographic change, separated 
only by the shore line. Their relative areas,have been fre­
quently altered in past· geologic time by a shifting of the 
shore line eastward or westward,'owing to local or to general 
depressions or uplifts. Such changes are still in progress. 

That at some period the entire width of the continental shelf 
was above water is shown by the fact that old river valleys, 
the continuation of valleys of existing streams, have been 
traced entirely across the shelf, in which they have cut deep 
gorges. The channel of Hudson River is well defined, extend­
ing uninterruptedly to the edge of the shelf, over 100 miles east 

of the present mouth of the rive~. The same facts have been 
observed for Chesapeake Bay, the continuation of the Susque­
hanna channel. 

The combined width of the submarine and subaerial portions 
of the Coastal Province is uniform along the entire eastern 
border of the continent and is approximately 250 miles. In 
the south the subaerial portion expands to 150 miles, while the 
submarine portion dwindles in width and along the eastern 
border of Florida almost disappears. Northward the sub~ 

marine portion increases in width, while the subaerial portion 
diminishes. disappearing north of Massachusetts through the 
submergence of the entire Coastal Plain Province. Off New­
foundland this submarine province is about 300 miles in width. 

From the fall line the Coastal Plain, or subaerial portion, 
has a gentle slope to the southeast, generally not over 6 feet 
to the mile, except in the vicinity of the Piedmont Plateau, 
where the slope is locally as great as 10 to 16 feet to the 
mile. The submarine portion, or continental shelf, is even 
more monotonously flat, as marine erosion and submarine 
deposition have smoothed out the irregularities due to earlier 
subaerial erosion. The continental shelf bears the sand bars 
which fringe the Atlantic coast and the sand flats and marshes 
which almost unite the bars to the Coastal Plain. 

The moderate elevation of the Coastal Plain, which in few 
places reaches 400 feet and is as a rule less than half that 
amount, has prevented the streams from cutting valleys of any 
considerable depth. Throughout the greater portion of the 
plain, therefore, the relief is inconsiderable. the streams flowing 
in open valleys which lie at only slightly lower levels than the 
broad, flat divides. The drainage is largely simple, most of the 
streams being consequent on the uplift of the plain from 
the sea and lying wholly within the Coastal Plain. The master 
streams may be the extension of streams which rise in the 
Piedmont or Appalachian districts and are therefore complex. 

Conspicuous features of the plain are its numerous bays and 
estuaries and the marshes bordering the stream courses. All 
of these features represent submerged valleys carved during a 
time when the province stood at a higher level than the present. 
Chesapeake Bay, the old valley of the Susquehanna, and Dela­
ware Bay, the extended valley of the Delaware. top;ether with 
such tributary streams as Patuxent, Potomac, York, and James 
rivers, are chief among similar bays and estuaries. Some of 
the streams which have their sources in the Appalachian or 
Piedmont provinces are turned at the fall line in a direction 
roughly parallel to the strike of the formation or the old coast 
line. The Delaware is a conspicuous illustration of such a 
deviation. Otherwise the structure of the geologic formations 
and the character of the materials have had but slight effect 
upon stream development except locally. 

The structure of the Coastal Plain is extremely simple. 
Upon a floor of crystalline and fragmental rocks, the continua­
tion of the Piedmont Plateau, rest overlapping beds possessing 
a southeast dip of a few feet to the mile, uniform with the slope 
of the rock floor. The materials of these beds are bowlders, 
pebbles, sand, clay, and marl, for the most part unconsolidated, 
though locally indurated. Their total thickness varies from a 
maximum of 50 fee~ .in the neighborhood of the fall line to 
2246 feet at the coast line (at Fort Monroe, Va.). 

In age the formations range from Jurassic to Recent. Since 
the deposition of the oldest formation there have been many 
periods of deposition \ alternating with erosion intervals. The 
sea. advanced and retreated differently in different parts of the 
province so that few formations can be continuously traced 
through the entire Coastal Plain. Unlike conditions thus 
prevailed synchronously in distinet portions of the district and 
produced great diversity in the character and thickness of the 
deposits of a single period. A full representation of the sue­
cessi ve stages may be found within the Coastal Plain, but may 
not be seen in anyone section. Their general character and 
the distinctive terms applied to them have been given in the 
discussion of the geology of the Piedmont Plateau. 

TOPOGRAPHY. 

RELIEF. 

The Trenton quadrangle lies about equally in the Piedmont 
.plateau and the Coastal Plain. The eastern margin of the 
Piedmont Plateau is characterized by a low escarpment, the 
base of which is marked by the 20-foot contour line. The 
Pennsylvania Railroad traeks follow tolerably close to the base 
of this escarpment, departing from it only in the neighborhood 
of Bristol. The top of the escarpment is the level of the 6()..foot 
contour. Between this and the 80-foot contour line there is a 
second faint escarpment that extends nearly parallel to the 
first scarp, from which it is separated by a terrace in general 
not more than half a mile in width. To the northwest the 
level of the second terrace is maintained with a slight upward 
slope until the base ofa third and steeper escarpment is reached 
some 3t miles northwest of the first terrace. This escarpment, 
like the first, is the continuation of one at the same level which 

crosses the adjacent portion of the Germantown quadrangle. 
Its base is defined by the 120-foot contour and its summit by 
the 200-foot contour line. It is a well-marked and persistent 
topographic feature from the western edge of the quadrangle to 
Langhorne, which is located upon its summit and overlooks 
the low and smooth plain separating it from the Delaware 
basin. East of Langhorne the scarp is more or less broken by 
the tributaries of the Neshaminy and it~ summit is reduced to 
180 feet. At 2~ miles west of Trenton it turns abruptly north 
and reaches the Delaware at Yardley. A still higher terrace, 
the dissected remnants of which extend several miles to the 
south and southeast, is defined by the 180-foot contour line in 
the vicinity of Newtown. This terrare is apparently to be 
correlated with the high terrace extending southwestward from 
Somerton to Swarthmore in the Philadelphia district. 

North of these escarpments the plateau gradually ascends to 
a height of 540 feet. This slope is interrupted by eminences 
trending northeast and southwest which rise above the general 
level of the plateau. Such eminences are Rocky Hill, Mount 
Rose, Sourland and Jericho mountains, and Goat Hill. All 
these monadnocks are composed of more resistant material than 
that which characterizes the plateau. 

In contrast with the Piedmont Plateau, that portion of the 
Coastal Plain included within the Trenton quadrangle is a 
region of low relief. The highest altitudes reached are 230 feet 
at Arney Mount, on the southern border of the quadrangle, 234 
feet at Stony Hill, and 248 feet near Imlaystown, on the eastern 
border of the quadrangle. These heights represent isolated 
eminences rising abruptly above the general level of a plain 
which does not exceed 100 feet in altitude. 

The surface inclination of the Coastal Plain of the Trenton 
district is toward Delaware River, into which the drainage of 
the plain empties in the southern half of the district, and 
toward Millstone Ri \Ter and Lawrence Brook in the northern 
half. In the southern half the plain rises from 10 feet at the 
Delaware to 160 and 160 feet in the extreme east. To the 
north it rises from 80 to 90 feet at the fall line to a little over 
100 feet in the east. 

Bordering the Delaware below Trenton there is in general a 
terrace rising from the river to a maximum height of 60 feet. 
Between Kinkora and Bordentown the river has so encroached 
upon this terrace as to produce a steep bluff rising from the 
water's edge. Above Bordentown this bluff recedes a mile 
from the river and is bordered by a lower terrace-the modern 
flood plain. The inner margin of the 6O-foot terrace is in 
general marked by a gentle and obscure escarpment, beyond 
which a gently undulating plain with elevations ranging from 
80 to 120 feet stretches e3iltward for several miles. It is termi .. 
nated by a second escarpment, irregular in outline but more 
distinctly marked than the first. ( 

This second escarpment forms an irregular lidge or series of 
hills ranging from 190 to 248 feet in elevation and extending 
northeastward from Fountain Green to Imlaystown. It was 
formerly continuous with the higher land still farther east, 
beyond this quadrangle, which forms the divide between the 
Atlantic and the Delaware drainage. In the southeast corner 
of the quadrangle it has been dissected and reduced to a roll­
ing plain by the headwater erosion of the tributaries of Cross­
wicks Creek. Mount Holly, Arney Mount, Juliustown Mount, 
and a hill 2 miles north of Juliustown are island-like outliers 
of this higher land that rise sharply above, the level of the 100. 
to 120 foot plain. 

Undercutting is going on locally on the margin of the first 
terrace; the underlying beds. containing little if -any of the 
iron stone conglomerate of the overlying gravels, are more 
readily worn away, and this terrace is therefore being slowly 
cut back. 

A characteristic feature of the dissection of the Coastal Plain 
is the relatively greater steepness of the slopes on the southern 
banks of the streams compared with that of the northern banks. 
This feature may be seen wherever erosion has been deep 
enough to produce well-defined valleys, as on Doctors Creek, 
Crosswicks Creek, Blacks Creek, and Bacons Run. An expla­
nation of this phenomenon is not to be found in the dip of the 
underlying forma~ons, for this is not transverse to the streams; 
nor in deflection due to rotation of the earth. for deflection from 
this cause would, by turning the stream against the right bank, 
tend to steepen the southwest slopes. The conditions may be 
due to the fact that weathering is stimulated on the southwest 
slopes, which are more exposed to the action of the sun than 
are the northeast slopes. The rapid melting of frost and snow 
and the consequent alternate freezing and thawing which take 
place wear down the easily eroded Cretaceous material more 
rapidly on the northern bank with its southern exposure than 
on the southern bank, where the materials may remain contin~ 
uously frozen during the greater part of the winter seaBon. 
This differential weathering would be effective in producing 
observable results only in such easily transported materials as 
the unconsolidated sands and marls of .the Cret.aceous, and 
would not be operative to anything like the same degree in 
the crystalline formations of the Piedmont PlateaUj the valley 
slopes of the plateau, consequently, show no similar disparity. 



nRAINAG-E. 

Delawflre and Hal'itan rivers receive an the drainage of the 
Trenton quaurangle. ~eshaJlic and Millstone rivers, draining 
t.he northeflstern portion of the tllHldrangle, are tribut.ary to 
the Raritan, which lies north of t.he district and ernptips int.o 
Uaritan 11ay at Perth. Keshunic HiveI' with its trihutary Back 
Brook drains about. ,)5 square miles of the Trent.oll quadrangle. 
This area lies between Bourland l\fountain and the highlands 
in the northern portion of the quadrangle, and a uis­
tinctly ba::3in-like character with low, flat. 
per cent of it is fot'l'sted. 

East of the ~cslJanic basin is the draiIHlge area of ~lillstone 

River. This river, which drain? the nOlthea::3tem third of the 
quadrangle, gathering t.ributaries from both COHi'ltal Plain and 
Piedmont Plat.eau, i:::; one of the important. tribubll'ies of the 
Raritan. Its basin embraces 285.7 square miles, of which only 
9 per cent is forested. The nHlill stream is [)[) miles 101l14, and 
the sources of tlw east and west tributaries H,re 30 miles apart. 
Its fall from t.he jUllct.ion of Btony .Drook to its mout.h, 17 
miles, iR onlv a little more than ~O feet. It carries therefore 
only fine sec1iment, whiC'11 it ,"pl'eads ILpon a narrow flood plain. 

The t.ributarips of the l\lillstone from the Coastal Plain 
exhibit shallow, open valleys of low gradient, part.ly filled with 
marsh land nt.ilize-::l for the culture of cranberries, and low, flat 
divide::;, both of which aI'(' the characteristic features of Coast.al 
Plain streams. St.OllV .Drook, the ehief tribublrY from the 
Pie(lrnollt Plateau, with a (lrainage area of G4.8 sql;are mileB, is 
of a verv different dwraeter. From its source neal' Buttonwood 
Comers" in ~ollrland 1Iountain to its junction with the 
Millstone, a distam'p of approximately 22 miles, it has a fall of 
445 feet. Through a large portion of this distll.llCe it flows in 
a gorge 100 to HiO feet in depth, and the divides between it 
and Beden Brook, a similar t.rihutary to Lhe Mill8tone, possess 
altitudes of 400, 4;:;0, and 500 feet. For the greater part. 
of its course it pursues a southerly direction, just opposite to 
that. f:..:'1hn by t.he Millstone, hut 4 miles sOllt.h of the Millstone 
it makes an abrupt turn and flows northeastward into that 
stream. This peculiar course is due t.o stream piracy. At. one 
time Stony Brook, as a t.ributary to Assanpink Creek, emptied 
into the Delaware. The ohl valley onee occupied by Stony 
Rrook now forms a low divide between Stony Brook and 
Shipetaukin Creek. A tributary to l\IillRtone i{iYer working 
SOUtllCHst to Port McreeI' captured Stony Brook at that. point awl 
turned its "Yaters into the ~Tillstolle. This tl'ibutHrY must owe 
its ahility t.o cut below the level of Stony Brook at i>ort Mercer 
to the fact that its channel lies in consolidated mat.erial which 
it is able to corrade, keeping a clear channel and carrying tools 
for corrasion supplied to it by the bed rock. TIle Assanpink, 
on the ot.her hand, flowing over unconsolidated materials, it'! 
choked by sand and ullable to corrade, as its shallow, fiat 
channel testifiei::i. Only S per cent of the Stony J{rook basin 
is forested. (~ew .rers~y CeoI. Suney, vol. :3, PI;. 51-fi8.) 

Delavl'are RiYer, which receive::3 two-thirds of the drainage of 
the district, hilS a total length of 410 mileR, of whidl only 
about 44 miles is included in the Trenton dist.rict. It i's 
nayigable by ocean steamers to Philadelphia, and other 
eraft to Trenton, where it has a me~n low--.,vater depth feet; 
it is tidal to this point, lao miles above the Delaware eapes. 
The area drained hy the Delaware and its tributaries is 12,012 
square miles; it is ~stilllated hy the :New Jersey Survey that 45 
per cent of the whole Htate is eontained in the Delaware basin. 
As a source of water supply aud water power t.he Delawa.re is 
therefore of great. importance to Sew Jersey. 

On the Piedmont. Plateau the J)elaware pllrsues the usual 
sout.hwest.erly course cOllsequent upon t.he slope of dle plat.eau 
and independent of the character of the underlying formations. 
On the Coastal Plain it makes a bend remarkable for its 
ahruptness and flows at a right angle to its former course, 
parallel to the strike of the CWlstal Plain fOl'matiolls and in a 
former estuarine bflsin. 

The tribut.aries of t.he Delaware in the Trenton distriet on 
the New .Jersey side arc 'Vickeeheoke, Alexauken, l\loore, 
Fiddler, Jacobs, Assallpillk, Crosswicks, Blacks, Assiscunk, awl 
Uancocas creeks. Of these the more important are t.he \Vicke­
cheoke, Assanpink, Crosswicks, Assiscuuk, and Rallcocas. 

vVickeeheoke Creek, in t.he nortlmest. eomer of the quudnm­
~le, has a drainage area of 269 square miles, with headwaters 
draining a comparatively wooded disirid. It has a fall of 500 
feet from source ta..montll, and has cut gorgplike valleys in the 
hard sandstolle of the L()l'ka.loll~ formation. Its high, fiat, a-nd 
badly drained divides, locally known as "t.he swamp," form 
the plat.eauland of Huntenlon County. 

Assanpink Creek, rising 17 milf's to the east, in }Ionmouth 
County and emptying into the Deln\vlu'e at Trenton, has a 
(lminage area of 89Ji square miles, di::3tributed between t.he 
Coastal Pluin (62.G), where the stream and its tributaries flow 
over uneonsoli(lated materials, and t.he Piedmont Plateau ('27), 
where its h'ibutaries fiow over sawlstones. The '70 pel' eellt 
contained in the Coastal Plaiu ,is low and is charaeterizea by 
('ollsiderahle marsll areas, -while the valleys fHe 0Jlen and shallow 
and the streams muddy. 
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The headwaters of Crosswicks Creek are not more t.han 10 
miles sout.heast of its mouth at Rordentown, but the stream 
first. flows to t.he sotlth Hnd east. away from the Delaware, 
draining a large area (139.2 square miles), whieh is entirely 
included in the COflst.a1 Plain. The headwaters of its tribu­
taries are in Hat, marshy country, but for the lust 12 miles of its 
course the Crosswicks flows in a valley 40 to GO feet. deep and 
in places not more t.han one-fourth mile wide. It is navigable 
to Groyeville and might be marIe a valuable source of water 
supply and water power. 

Assiscunk Creek, which empties into t.he Delaware At Bur­
lington, drains a lllu('h smaller area. Tts basin, which is 
almost entirely ineluded within the marl region, is low, flat, 
and ba(lly drained; its waters arc muddy, as the name signifies; 
and it is not valuable as a source of wat.er supply, though it 
PO:3S('SSCS mueh undeyeloppd '.va.ter power. 

Uancocas C1'eek is the chief trihlltnry to t.he Delaware in t.his 
district, but. of its total drainage areu, BOl.4 milcs, only a 
Rma.ll fraction iR embraced in the quadrangle. It is tidal to 
Mount lIolly on dIe Nort.h Bnmeh and to Lumberton on t.he 
South Branch, about 1.01- miles from its mouth, awl is naviga­
ble to Centerton, where the North and South branches unite, 
6~ miles from the J)ebware. Tts headwaters (hain eedar 
swamps, which impart. to them a brmvn tint fmd an aromatiC' 
flaTor. Its lower courses are bordered tide-watpr mar:::;}ws, 
from which eonsiderable areas have rerlaimed and 
cult.ivated. 

The tributaries to the Delaware in t.he Trenton district on 
t.he PennsylYania or west side nrc Pidcock, Brock, Common, 
Xfill, ~esiutminy, and Poquessing creeks. Of these the 
Neshaminy is the chief, possc£sing a drainnge area, of a little 
more than 13H.B square mileR, a length of 27 miles, and a fall 
of (-)00 feet frOtH souree to mouth. This gradient gives the 
stream good eorrasi ve power and it has cut a valley in the 
Imnl roeks of the plateau 160 feet deep, with a width of not 
more than three-eight.hs of a mile. 

Beeause of the ~eJuetion of ground stonlge eOllBcquent on 
tllC sacrifiee of forests to agri('ultural interests, the Neshaminy 
is to seasonal freshets, when its volume and velocity 
may incrensed nwny times. 'Voods now exist in the drain-
age area;;; of the :Neshaminy and other creeks only on steep 
slopes and hottom lands bordering the streams. The propor­
tion of woodland and cultivated lan(l on the Neshaminy has 
heell estilllated bv John E. Codman to be as follows: \Voodland, 
G pel' cent; cultivated land, 92 pel' eent; ro)-[(ls, 2 pel' cent; 
flats, one-half of 1 pel' eellt. Under such eonditioll::3 ~pl'ing 

raiufl1ll ill not retained by grounrl storage. The run-off is rela-
large, a great amount of surfllce soil with it, 

and torrential and transports a he.avy 
The yellow eolor of the water after 

heavy raini::i, duo to t.he a'mount. of finely dividcd material 
ill suspension, is a feature of strcams of this area. 

The con(1itioll~ which diminish g-l'Ound storage also ae(:el­
erate evaporatioll during the SUIllIllPr months nnd thus in 
anot.her :lLlgment seasonal fluctuation in stream flow. Tile 
soil to the sun is paI'(~hed lind cra('ked by evaporat.ion, 
an(l le\-el of ground water fh Us below the surface springs 
and the upper eourst'S of t.he trihntaril'i::l. The springs dry 
np and the Rtreams are rcduced. 

For t.hese re,lSOI1S and because of' plant. absorption' in the 
Sllllllllel' mDnths. stream flmv on the )J"cshmniny a.nd other 
streams in this - area most nearly the l'1~infall 011 its 
hasin from Deu'lllber to 1\1ay, and in proport.ion to 
l'uinfall frOlfl .June to Octohe;. 

DE~CRIPTTVE GEOLOGY. 

PIEmfOK'r PL.\TEAIl ARK\. 

Plt.E-TRBSSIC :m __ "TA1\IOIU'UIC !tOCKS. 

By F, H.!.f<C'''' 

The crysta lline format.ions of the Piedmont Platean through­
Ollt, most of' the Trenton <]uadranglr are concealed beue.ath a 
cover on the sout.lleast of Cretaceous, Terliary, and Quatermiry 
days, marlfO, sands, and and on the northwest. of 
Triassic sundstone and 
ranging from 4 Illiles to 1 mile in ;yidth and t'xtcnding from 
the southwestern edge of the quadrangle nort,hellsL to Trenton. 
On the northeasteI'll olttRkirts of this cit)' the crystalline? (lis­
appeal' beneath the Triassic and Quatpl'llary formations, and 
are llOt al!:Hin exposed wit.hin the Trenton qua(h'angle, except 
at a point 2 milps northwest of New Hope on Dclaware Rivt>r, 
vdlCre a fault movement has brought them up and erosion of 
t.he Triast'!ic rocks has It'ft t.hem exposed in a triallgular arpa. 

The crystallines of the Trenton quadrangle al'(' a continuat.ion 
of the Philadelphia belt of crystalline!;; that extends southwest 
into :\larylantl, the District of Columbiu, and Virginia. The 
formations of t.his belt ma\T he ('ol'1'elated wit.h those which haw: 
heen aeseribed in New E~gland and New York, alt.hough not 
stratigraphieally contlunolls at t.he surface wiLh these format.ions. 

Tn south western l\~ ew England t.he sedimcntary series has 
been determined as follows: 

Ordovieian __ _ __ Berkshire sehist 
CaUlb!'o-Orduvieian__ _i::ltockhridge limestone, 
Cambrian__ _ _________ Che~hir() quartzite. 
Pre,Cambrian __________ StaUlford. Be"ket, and other gnei!;ses. 

The New York belt. furnishes the following sllceession: 

Ordovician ____________ Hud~on schist, 
Caml)ro_Ordovieian _____ :::!tockbridge limestone 
CUmhl'ia!L_ 
Pl'e--(Jalubriau __ 

In Penm~ylvania t.he seditllCntary succession has been 
def'eribed as f()llows: 

OrdovicillIL_ _OctOl'aro schist. 
Cambro--Ordovician _Hhena.ndoah limestone, 
CaUibrialL_ 
Pre--Cambrian 

Balt.imore gneiso:l. 

III :J.Tarvland the following series has been P!'ovlsionally 
determine(] : 

Ordovieiau __ _ ____ ,Peaeh BottoIll slate. 

III the Dist.rict of Columhia the limestone und quartzite do 
not appear. The pre-Cambrian mien. sehist and mica gneiss 
have been combined under t.he term Carolina gneiss. 

Thc metamorphic sedimentary formations of the Trenton 
district are as follows: 

Cambro-Ordovician _____ Shcnandoab limestone, 
Cambrian 
Pre· Cambrian 

-"lli8sa.liiekon mica gneiss. 
Baltimore gneiEs. 

Into the pre-Cambrian members of this series have been 
injected great masses, sheets, and smaller bodies of igneous 
material-granit.e, gabbro, pyroxenite, and peridotit.e. 

The trend of both sedimentary and igneous formations is 
northeast and sout.hwest. 

SEDIMENTARY ROCKS. 

Dl:l3tri/J/ltion.-The Baltimore appears in a belt extend-
ing from t.he westem bonIer of quadrangle to Trenton a,na 
lyin~ northwest of t.he \Vissahiekon miea gneiss, from which it 
is separated by a na.rrow belt of' qllartzite. rossessing in the 
sout.h\vest a width of 2 miles, the gneiss narrows at Trenton t.o 
less tha.n half t.hat. widt.h. It is injected by an intrusiye g'llbbro 
and pnsses to the northwest. under a Triassic cover, and to the 
northea.st. is partly eoncealed by Quaternary deposits. 

Clwmete1' and l'dab>ml3.-The Ra lUmorc gneiss 
is a me(tiuIll-graincd, crystallille aggregate of quartz, 
feldspar, allJ biotite, and may either quite maRslve or char-
acterized by pronollncea bun ding. \Vithin the TrenLon quad-
rangle the type is relatively more important. The 
finely charader of the l'oek is due to the alternation of 
layers or quartz feldspar. Biotite oecnrs 
in minute plutes, but nowhere d~vc1oped in such dimen-
sions or in such excess at3 to render the fOl'lnntion schistose. 
Associated wilh the biotitie layers are hornblende, epidote, 

a.nd zircon The 
aud acidic of 

more or complet.ely 
ocelLl'S, dist3cll)lnated in 

pegmatitie material and ill parallel to the gneissic .':ltrue­
t.ure, and has heen mined in several localities in the Trenton 
quadrangle. One abHndoned graphite mine exiAts aL Treyose, 
aIHI another lies three-fourth::; lIlile eai::lt of Langhorne 011 prop­
erty belonging to 1\11'. Gro8s, where three genemtions ago an 
attempt. was made to mine graphite. One-half mile north of 
T,anghorne, where t,he Pennsylvania Railroad tracks cut through 
the gneiss, grllpllite oecms disseminated in minute plates. In 
Chester Countj', southe.ast of Phoenixyille, h,l'fHphite in this 
formation has been mine(l to a eOllsidernble extent. 

The more granit.ic f~cies is only sporadically exposed. 
\Vhere the Trenton bnll1eh of the Pennsylvania Railroad cuts 
thrQugh the rock formation, 3 lllilcs west of Langhorne, this 
type is shown in contact with gHbbro which is intrusi\'e- in it. 
It is medinm gra.ined and granular in texture. Quartz and 
feldspar are present in abollt equal with biot.ite, 
apatite, and zircon as accessory zoisite Hnd 
epidot.e HS secondary products. The ff'ldspar is chiefly ortbo­
clase, elouued by zoisitization. Other ocellrrences of 11 similar 
granitic character arc on the we.':lt bank of Deb ware Ri vel', 
one-third mile nort.h, and 1 mile north of Calhoun St.reet 
Bri(lge. The rock of t.he::3e 10calitieA contains eonsiderable 
hornblell(le as well 1tR biotit,e. On the river south of Calhoun 
Street Bridge o('cu1'8 a micaceous granitic roek containing no 
hornblende; and :31- miles south west. of Clarksville on the 
Brullswiek rOlld, a ga.rnetifel'ous, rather coarse grained, 
granitiC', pegmatitic rock is exposed. 

The Raltimore gneiss i8 not well exposed in the Trenton 
quadrangle and no condusions can be dl"dwn relat.ive t,o its 



origin from the exposures within this flrC'!!. Extended areas of 
the formation in northwestern Chester County exhibit a 
genuinely f!;ranitie aspect indicating that. much of the forma­
tion outside the Trenton qua(lnmglp is of igneous origin. 
This is borne out by the following dlCmical flnalyses: 
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correlation, and nmne.-There js no means of e"ti­
mating the of t,his formation-thp flOOT upon which 
the otllel" memhers of the sedimentary were laid down. 
Thi:::; gnelS8 llllderlips material known to of Cambrian age 
and preRliltlahly GpO/·ginn. It is therefore pre-Cambrian and 
iR eOlTelakd with the pre-CarnbriHn Htamford ani] Beeket 

of western )Jew England, with t,he Fordham gneistl of 
York Htate, with tIle Baltilllore gnci~B of )-laryland, and 

with tlw Carolina f!:llt'iss of t.he DiBtrid of Columbia allli Vir­
ginia. 'Vhile the pre-Cambrian gneiss of PennRyivanin is llOt. 
~triltig-raphie<llly cOlltinllous with the Ba1tilllore of }IHry-
lund, similar relations, like eharaeter, 
and proximity two formations have found recogllitioll ill 
a ('OllllIlon naille. The pre-Cambrian gnei8s of )..faryland has 
been ealled the Baltimore gneisB beenu:::;e of a fine cxposllre of it 
in ,lone:". FalL, CW~f'k in the eit.y of Baltimore. Tile Baltimore 
f!:lleiss iueludes II. n.Rogcrs's Primal Lower slate and n part of 
hil'l northern or Third glwisR bt'lt. The'major part of the Third 
glleisH Iwit i:::; Doth the Baltimore and the 
gabbro are by tlH~ Second 
Hyh'aniu under the terlll Lnurentiall 

of Ppnu-

extends from 
the western border of t.he ... Trenton llort.l!eHst to 
l\IoITip.\·ille. \Vith a widtll of H the gneiss is expoi::1ed 
along the trihut.aries of the l)plaware nearly to that river, but 
is cOTlef'ule(l all the divides hy 1'lpi8tocene graveli:i. It is 
illjcded by igneous material whieh outcrops il'1'egularly within 
this area.. 

Clwrarif'l". - \Vhile showing (;olli:iidcrablc varintion, the 
'V~sRahid:on is typ:.cally a medium to coarse graine<l gneiss 
dwraeteri7,ed by an eXCPRS of mica. The ehief constituents arc 
qnartz, fpld:"pa~' (both ort.hodase and plagioclase), green or 

4 

brown hiotitc, and nllmcovite. Mag1letite, a.patite, zireon, tour-
maline, :mdalusite, sillimanite, and zoisite are accessory 
constituent", bcds contain a.bundant ortho-
elase and 
oligodase andeRine (Ab.1An l ), but, i:" locally as baBie fI:::; 

lahradorite (AbIAn 1 ). The.:t;"ock is perfectly crystalline, and 
the constituents nrc relatively fre~h with sharply deIineu 
boundaries. The f'rei:ihness of the crystallization and tllC 
a.bsence of pre8sure effects on the conRtitu~nts indicate a recrys­
tallized sediment. 

The roek possesses Ii chemi('al composition whieh, while it 
l'esPIllbles that of a shale and bears out the field and petro­
graphic determination of the formation ap. of' sedimentary 
origin, is st.ill not concluE'iyc. The high alumina and low 
alkali perC'eutages antI the of magnesia over 
lime sho\''l11 by the following are all characteristie of 
siliceous a.rgillites; in aU feld8pflr-beuring rocks of igneous 
orisrin, on the other hand, lime dominat.c8 the magnesia. 

Analyses of WIssaliic/':r)fl Jniw f}1I.r:iS8. 
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1. }lica gneiH~, Neshuminy Creek 
2. )liea gneiss; anaJysis HlHdc f)'OIll wmrposite 8anrple representing [Olll' 

i()('ulities 
helow2 . 

Genth, jr., \-olmno (j 6, Seeond Geol. 

The Le(h, show minute crumpling (]Tui hoth gentle and steep 
foldillg. In the latter case cleaxage, fissility, and bedding 
are p:uallel stmeturps awl are inclined (-KP t,o 70° ~E. The 
~trike iH~. GO° to 80" E., with a pitdl of':;" to 25" KE. 

Tliidcnu;.~ . .:.-1t is not pos8ible to detel'llline with exactness 
the thickness of the mica The isoclinal folding and 
constant vaJ'iaLioll in hed:,:; a fal",e itlea of it:::; thickness, 
which is probably bet-wepTl alld 2000 feet. 

Citra/h.W"""" rdations.-The (ll,ttmniTlation of the age of'the 
mie:l rests wholly on the strat.if,'Taphic relation~ wllich 
ihe formation sustains with fo:::;sil-bearing Redimpnts. The mica 
gneiss eOlltains within itself no due to its age. 
- In nort.hC'J'll Delav·mre nnd in the ):lOutlnvestern of 
CIll'stl'r County, Pa., the formation is found in wit-h 
crystalline ~ and q lIal"tzite. \-Vhile most of the lime­

of the mnill ma"s of'Shennlldonh limestone, 
resemble;;; t.hat formation and one !:lE'ries of 

with its strike. The quartzite assoei-
with linle8tolle resemble:,,; the thin-bedded sandy 

mat~ria I of the Chickies and like it {'ontalns broken 
tourmaline Ko have been found in either for-
llmtioll, hilt. of their lit.holof!:ie resemblanee t.o recog-
llized Paleozoic rocks awi their similar stratigraphie relations, 
t.heyare pretmmptivelyeonsidere(l t.o repreBent Cllmbrian and 
Cambro-Onloviciall sedimcnts. 

In the exposures where the limestolle a.wl mica glJ€iss are 
",'(-m in coniact, tIlt, lnt.tpr format.ion twerlies the forlller. The 

is here and there :,,;epnrated fl'om the lime:,,;tone by thin 
of quartzite, hnt i~ in pla.ees in immediate eont-aet with the 

limestone. Tf this 8llperpo.'lition of the its 
stratignlphie posit.ion, the \Vissahickon gneiss of Ordo-
vician age. Thcre is some evidence, however, which furnii:ihes 
H pre!:lumption in fa.vor of an invertcd 

(1) 'Vest of' t.he Philadelphia district \Vissahickon miea 
, gnei8p. allll recognized ()rdovi(~ian mica schi,'lts are adjacent fOJ' 

long; distances. A lthough in proximity to the boundary 
hetween the hvo fonnations the mica gneil:l8 sLows a close 
resemblance to t.he mi(~n schist, making it a difficult and 8011le­
times an arbitrary matter to p.eparate the two format.ions, yet a 
separation can be mfldp and is made on the basis of the greater 
metamorpllism of the mica gllei:::;:,,; as exhibited in a more 
eoan;ely crystalline texture. It is true t.hat crystallinity 
increases eastward in all the forma't.ions~ hilt this change in 

grain of crystallization seems sufIiciently abrupt to indicate a 
different llnd older or pre-Ordovician formation. 

(:!) The strnctnre of the limestone exposures permits the 
inf.el'pretation that they are overturned and in some cases fan-
8haped synclines, in the troughs of which limestone is left by 
erosion. This struetllre puts t.he gneiss below t.he Jimestone. 

(3) The presenre of tourmaline-hearing quartzite between 
the limestone antI mica gneiss alRo suggests an inverted series. 

(4) Lenses of quartzit.e which OCCllI" iu the mica gneiss haye 
II similar significance. 

(ti) _A garlH-otiferolls miea gneiss interbedded with recognized 
Cambrian mnterial i!3 seen in a seetio]J through Camhrian sedi­
menip. made b.v the Ilennsylvania Hailroad near At.glen, Pa. 
Here a miea is exposed hetween dIe quartzite and lime-
stone antI i,'! interbedded with the quartzite. 

(G) 1\'0 formation resembling the 'Yis8uhickon mica gneiss 
has been found aSRoeiHted -with the Paleozoic series north west 
of the Balt.imore axis . 

(7) Intrllsi\"e material oeeurs abundantly in the 
'Vissahickon mien gneiss and in the Baltimore gneiss, hut with 
exeept.iom to be melltioIled it iR significantly absent from 
reeognized Paleozoies. TIw exeeptiolls ure a single OCC\ll'relICe 
of Bt'l'}:lCnt.ine in tilC Ordoyieian mica schist, and the indiscrim-

of from the'Vis8ahiekon mica gneiss 
may be st.ated, howevcr, that in the first 

expo!3urc shows no ('ont.act. relations with 
tll{:' Illica and the sel'pentine may be older than the 
lutter forlllat.ion; nna that in the second ease pegmatization 
dot'S not. yigorOllti igneous aetiyity, but is rather the 
l'{'sllil of igneouR force. The igneous activity, whose 
\'igoro11s resnltptI in the lmsie intmsions which arc 
set'mingly eon fined to pre-Carnln'iHTl time, may have its expir­
ing forec ill pegm::ltizat,ioll, which cOlltinued through Cambrian 
and Ordovician time. It is al80 coneeivable that pegmatization 
oecmTe(1 in connect.ioll wid! the intrusion of the l)evonian and 
Carbollifcrolls granites found in'the Appalllehian ~fountains . 

TheRe st.ratigrHphie relat.ions and igneous assoeintion8 seem 
to indicat.e t.hat the 'Vi8sahickoTl mica gneiss is in part at least 
older than t.he Chiekies quartzite, and that to t.he sout.heast it 
often supplants t.he lnttm'. That there WllS some micaceous­
argillaceous sedimentation during Cambrian time is plainly 
f3hown in the Atgkn section, in the gradation of mica gneiss 
into quartzite plRewhere, and in the passage of quartzite into 
mica gneiss parnllel h) the sLrike in still other localities, Yet 
both north and south of Pennsylvania sedimentation in earlier 
Cambrian time was dotninantl): arenaceous. In consideration 
of this fud, the \Vissahiekon mica gneisR, probably representing 
originally many thousand feet of scantily arenaceous sedi­
ments, is Itssiglled to pre-Cambrian time. Subaerial erosion 
of the miea gnpiRs 8ub8cquent to the deposit of sand in an 
eneroaching sea will explain the apparent gradation of t1~e 

mica gneiss into the quartzite, 'while the thin and lenticular 
{'haraekr of lower Cam brian i:iedimeutation toward the east will 
explain the apparent passage of quartzite into gneiss along the 
strike. 

The a bscnee of' the '\VissahickoTl mica gneiss in the north­
west, where the Paleozoic seli.es immt'diately overlies the Balti­
more gneiRs, compels one of two a8sumptiolls. Either there 
wn8 land dnring 'Vi8sa.hiekon time in the west while the 
'Yissalliekon neeuTlllllaLed in an eastern sea, or there was a 
subsequent abruptly defined uplift in the west which permitted 
pre-Camhrinn erosion to {'ut deeply into t.he mica gneiss, 
remOvillf!; it eomplctcly on the northwest, so that Cambrian 
sand was !aitl down at first dirL'{~t1y upon the Baltimore gneiss 
and later, the sea encroaehed upon the land, upon super-
ficially \Vissahi{'kon Illica gneiss. This t1eposition 
took pInel' hays or estuaries; later the Cambro-Ordovician 
limestone aceumulated in pnlarging bays or estuaries. This 
material, both pre-Camhrian and later sediments, was subse­
quently folded, metflTllorphosed, faulted, and thrust upon the 
western Paleozoies. In t.he Trenton quadrangle the Cambro­
Ordovician material overlying the 'Vissahickon mica b>11eiss 
has been completely removed hy erosion. The folded, meta­
morpho!3l~d, and faulted '\Vissahiekon mica gneiss alone remains. 

III the Philadel phia distriet the 'Vissahiekoll mica gneiss is 
f{lUnd at, a sinf!;le locality, lying dircctly against the Baltimore 
gneiss and between it and the Chic,kies quartzite, The Balti­
more g-lleiss is t.lwrefore considered the older formntion. 

Name and cOTI·elation.-\Vissahickon Creek in the neighbor­
hood of Phi'ladelphia. affords an excellent seetion across the 
strike of the format,iOlI. Because the mica gneiss is so finely 
expose(l in t.he gorge of this sh'ertm it is called the 'Wissahickon 
mica gllei88. The mica f!;ueiss, together with intl'llsive gl'anite 
gneiss, comprisl's H. D. Rogeffi's First and Second gneiss belts 
and t1le "Chestnut. Hill," "~lallayunk," aod" Philadelphia" 
mica schists and gneit:l8es, considered by the Second Geological 
8urvey of Pennsyh'nnia to be pre-Cambrian in age. It is to be 
eorrelaied with the Carolina gneiss of Virginia. 

IJi8iribntion.-Oue mile southeast of Holland and three­
fourths mile -west of )Jeshaminy HiveI' there is a very small 



area of limestone, which, heeause of its charaeter and associa­
tions, is assigned to a pre-Cambrian horizon. 

Thf' linwstone is cxposcd only in the walls of an abandoned 
guarry, known as the Vanartgualen quarry, which was opened 
about fifty year~ ago anu was opcratell for thirty years. Sinh::: 
holes in line ·with the strike of thf' litue~tollt:' ill<lirate that the 
I'oek ulldt:'rlies ahout 10 acrc~. Limestone i:::; reported in the 
bed of the ~(,t;lHlmin.v, wherc thc new bridgc for the Pcnn­
~ylvania Hailroad crosses that creek; thi'llocation is continuous 
with thf' strike of the quarry rock. 

TIle quarry roek iM a ('oarsely Cl·ystaUine marble, white ·when 
pure bnt usually darkened h.Y the pr~senre of graphite and 
silieate mineral"l. Thirty lllin~ral spceies han? heen llttributed 
to thi" loeality. The Blost abundant of the silicates are the 
feldsparR (orthoc1Hsc, 01igorla8e, and scapolite, 
titanite, nnd phlof!;opit~; apatite and are al:::;o common. 
The nwrhle is sUlTounded by and tllOroughly injeded. ,vith 

To this assoeiation t.he rod~ prohahly O\ves its high 
of' (;1·ystallinity. Along the contlld zone flugite :md 

hOl'llhlentle aI'(, ahuudantly in the culcnreous roch:::, 
while calcite ycins and inclusions t.he igneous rock. 

"".,'","""".,,,,. 'I·c/ation.'!.-The limestone of the Yanartsdalen 
qnHl"l''y no :::;tratigraphi(~ n->1ations with any formation, 
und it is therefore impos6ible to determine with preeision the 
horizon to i\ bieh it belon.gs. That it is presumably pre-Cam­
brian is indicated by the iutrusion in i.t of igneous material 
whieb f'lsewhf'rc is eon fined to pre-Cambrian formatiolls. 

I tl eolor, of ('ry:::;tallization, and the of 
,graphite silicait' mincrals, the rock the pre-
Cambrian Fnmklin limestone which outel'ops 70 milefl to the 
northeast in ~ew .Jersey, and it not improbahly represents a 
remnant. of'that f()J'lllation lcft by erosion. 

In the northwestern part. of Chester Connty oeCllI' other 
isolat(;cl areas of white crystalline limestone in whieh ,gl'aphite 
i8 richly devdoped and. whieh is assoeiated ouly ·with pre­
Cambrian fOl'matiOlls. 

The Cambrian system is represf'nte(l in t.he Trenton C]uad­
rangle by arenaceous and calcareous sedimentR ivhich are 
t1lOroughly metamorphosed flnd now appeal' as quartzite and a 
crystalline limestDne. Tlw'1e formations arc oevoid of igneous 
intrusiolls and represent cont.inlLolls deposition during- early, 
middle, and late Camhrian tilllC'. They ext.end for ma.ny mileR 
toward the southwC'st. 

UHWKJRS QIJARTZITR. 

Di.~tribut'iou.-The hard, resistant Chickif's quart.zite ronsti­
tutcs a belt three-eighths mile wide, striking northeast flCl'OSS the 
quadrangle from Treyose on the western edgt' to Trenton, 
where it passes uncler a ('over of latel' materhll. From Lang­
home to a point 2 milt:'f'~ nOl"theast of Edge Hill it. forms part 
of tJlC second eseal'pnwnt, and its prcsenee i" always marked 
by hi~h land. 

Charucier.-Outsi<le the Trenton qnadrangle the quartzite 
shows a conglomerat.ic lower member, largely ('ornpof:led of 
elongated pebbles of the blue quartz which charadel'izes dle 
ilaltimore gneiss, 1mt in tIlt' Trenton qltadnmgle it is typically 
a pale-green schistose quartzite, in which the eolor and sehis­
tosity are due to the presence of serieitf'. 

Ghemital analyses of Cllir;kies quartzite. 

SiO. 87.87 S!.59 

AI,Oo 6.61 

Fe.O, 2.39 

MgO __ Tracc 

CaO .24 

Na,O __ .HI .Hl 

K,O_ 1.n, 2.79 

IIo.'"llitioli _ 1.20 1.66 

TiD. .ilS 

P,O, .00 

MnO .13 

Li.O 

"Partial analysis. 

1. "ltacolUTllit.e" 1, miles southeast of Vann,rtsda.lCIl·1\ m'ar Nesl!aminy 
Crepl •. 

(Jeo!. Survey Penn~yl. 

The sericitir quartz schist is exposed in quarries at. Trevose, 
at Neshaminy Falls on t.he east side of t.he creek, at Edge lIill, 
and on Delaware J{iver. It is a thin-hedded format.ion wit.h 
bedding awl eleavage u:::;ually coinciding and dipping stccply 
southeast.. The quartz schist is in places light buff to \vhitc 
in color and contains feldspar. The feldspar is for the 
most. pnrt more rarely miet'oeiine, and i~ u:::;uaUy 
more or less kaolinized. Tout'!naline, apatite, zircon, 
ite, aud staurolite an, acee13sory const.it.uents. or 
broken tourmalines are very characteri"tic of the formation 
elsewhere. The schist readily e1eaves into slnbs and, by 

Trenton. 

5 

means of fissility developed in shear 
rhombohedrons. J\ chemical annly::,:is 

into flattene(l 
the 1'0('1,:: to be 

highly 8ilieeous, ·with sufficient alumina and potassfl. for sericite 
and feldspar. 

Strat;'I""""''';c 1't:latiolls.-8out.lnvest of the Trenton qund­
rangle C]IUl1'tzite lies in an overt.urned syncline on 
the north·west flnnk of the Baltilllore gneiss anticline. It 
immediately o,'e1'lies t.he Baltimore gneiss, with a (,onglomerate 
a.t the base. The belt. of quartzite exposed ill the Trenton 
quadrangle is t.he southeast limb of the same antielinc of which 
the northwest limb is concealed beneath the Tria::,:sic cover. 

ThidclIess.-The thieknes:::; of' the format.ion dot'S not. ex('ced 
and may be less than 1800 feet, although isoelinal folding 
the appearance of' much thickness. Overturned 
with stratification and dips to thc southeast are the 

strudurcs. The arerage st.rike is ~. (lOO to 7;")° E. 
75° to R5° SE. 

and name.~The lHtllle of the formation is taken 
from the locality of its finest and greate8L thicklleR:::; 
on Busqllehannll H.iwr north Columhia. JLt this locality 
ScoLithus h:neaTis has been found, as also in the )Jol'th YaUf'" 
Hills, alld the qlUutzite underlies quartzite in whieh Ol.ei/r'lh;-s 
fraf.,'111ents 1ll1ve heen found by Mr. \Yalcott, thus fixing its age 
as Georgian (Lo.ver Cambrian). 

The quartzite of the Trenton quadrangle WHf'l depo~ited 

farther to the east tban this t.ypical exposure of Georgian 
quartzite on Susquehanna Hiver, awl may havc heen laid down 
in nIl encroaching sea, thus reprebenting a slightly later horizon 
in the Cambl'ian than the Georgian. ~o forms of life saye 
8eolilhll8 lineari,~ have been found in it, hencc it can not he 
positively "tated to be of' Georgian It can he safely 
affirmed to be Cambrian and is to correlated with the 
Cheshire quartzite of New England and the Poughquag quartz­
ite of Kew York. It. is the Primal sandstone of H.D. Rogers, 
and Formation No.1, the Chicques or Potsuam sandstone of 
the Recond Geological SUITey of Pennsylvania. 

Di.'!fributioll.-Korth and west of :New Hope t.here is a tri­
angular area of limestone extending from the west~rn border of 
the quadrangle, where it has a width of 2 milt's, to the webt 
hank of the Delaware opposite Rrookville. 

(}lIaracler.-The roek is a pale-bluf', linely crystalline lime­
stone, in many placcs nl'gilla('eolls or ~iliceous, interbedded with 
('ompact dark-blue noncrystalline limestone und sInk. and 
locally o\'erlain by a few feet of handed red slate whieh haR 
stained the nnderlying litllestone. Ripple marks are preserved 
in the morc al'g-illaceolls lime13tone beds. Tbis formation i:::; 
well f'xposed in qual'l'ies 21 milt:'s north of New Hope aL 
Limeport aIHl in scnt.tered qnalTics southwt:'8t. of Limepol't. 
.\n analY8is of' the rock frolll a locality 1;'5 miles west. follows. 

AnalYbis of Shf!1/1!lIdoah lilltes/one. 

• \nfllysjH by F. A. Gcnt.h. 
pp. 126. [27. Mil.terial froTli 
alld Conshohocke-n. 

40.27 
31.24 
242:\ 

1.12 
.11 
.ilii 

IOO.OO 

This !lnalYKiA f'lhoWI:l that the lim('stone is hoth "ilieeous atHl 
magnesian, though the perceIlt.age of the magnesian carLonatt:' 
is scarcely enough to warrHnt enlling the rock a (lolomite. 

1·dation8. - The Jinl('l:ltonc is ovel'laill i~y 

'Vhile it :::;hows no other strHtigraphiC' 
relations within the Tn'uton guadrang-le, in the adjacent 
Doylebtown quadrangle on the west it oYel'lies a quartzite 
similar in lithologie ('haraeier to t.he Chiekies quartzite, of 
Cmnbrian The two fortllation~ possesfl the eharw·ter and 
the strike the Camhrian quartzite and the Camhro-Ordovi-
dan limestonc respectivt'ly, whieh are expo8cd llort.h and 
south of thf' Triassic cover awl whieh presumably underlie t1w 
Trillssic formations throughout this portion of the plateau. 

These nndCl'lying Paleozoic formations have dearly heen 
brought to the surface by a normal fhult either vert.ieal or had­
ing l-1t€eply :,.;outh-east (fig. 21. The Btoekton formation imme­
diately overlies tllt' limestone on the north. .\djaeent to the 
lillle"ton~ on the south are the Lorkatong hard blue metamor-
phosed and n'd shales. The argillites lire indurclted 
and jointed with slickensideu surfhces, f'vidently 
affectcd by proximit.y to a faull. Becausc of their hardness 
t.hey form high land wherever tht,y occur. 

Til ielcnc.~8.-The thickne13s of tIw tonnntion has bet'll estimated 
from its strueturnl relations in Chester Valley t.o be approx­
imately 1U()O fcet. 

Uor~'e1(Jtiofi and /lame.-Fossils of Chazy, Beekmantown, 
Hnd TI'mtoll ag-es haye been found west of (]wstf'r Valle.y ill 
limcstone stratigmphically continllous with tIle f4henandonh 
limest-one of' that YHlley. F08~ils haye also oeen found in 
81ester Valley in 80mewhllt ambiguous l11att'rial. This mate­
rial js geocliterOllS drus)' quartzite, whieh is fOUllU in plBce 

south of Bridgeport, Ileal' the Trenton branch of the Pennsyl­
YBnia Railroad. It is interprete<l as H repbcement of the 
uppermost calcareous Leds of the Shenandoah limestone. 

At Henderson station loose material of the same character 
lies on top of the limestone, and in this mah:"rittl have been 
found gasteropod and cephalopod fossils, from which t.he 
following dett:'l'lninatioml were made by .E. O. L:lrirh: Bapll­

JIacluJ'(:a, /'itwiLes, and 
aIHI indicate a hOl'izo!l in 

por\ion. In Olle of the abandO!wtl quarries at. Limeport, ncar 
DeInwure River :md sontlH'asl of ilrookville, and in another 1 ~ 
miles soutll\W>lt of Limeport trilobite and brachiopod fossils 
have been fOllll(l, and hare been detcrmined E, O. L'lrieh as 
SlIleJlopleu!'(J ('Yeller) and acnminQta. 
(Conrad), The:,.;e form~, so as known, are 
coufined to Saratogan (Cppm' Cambrian) Hnd an: consid-
ered to bt, older than \Valcoti's Saratogan l~mna lmt. younger 
than the late8t Aeadian, and helH~e are early Saratogan. This 
corref:lpowls in time to Rome of the COl1ococheague forma-
tion of t.ile Chflmhersburg Pennsylvania. 

These fossils and the rdations whieh the 
limestollP hears to Geor.a;ian show it to be Cambro-
Ordoyician in age. It iH correlated wit.h tbe Stoek-

limestone of Kew England and New York, and with 
the lim2stone of Pennsylvania and. Yirginia. 

It is part of the Auroral limestone of H. D. Rogers, and of 
Formation .No. :! 0f dw Heeond Geologieal Sllney of Penn:::;yl­
vnnia. To the Camhro-Ordovieian limestone of PennsylYanin 
the name Rhenandoah has been gi ven becnuse the greatest 
exposure of limestone of thiR age is in the Shcnandoah Valley 
of :\lnryland and Virg~nia. 

IGNEOUS ROCKS. 

Assoeilltcd with the pre-Camhrian crystalline I:l~uimentary 

formations of the TrPllton quath':mgle arc igneous bodies, 
intrusi\'e in geologic oceurrenee and grdniti(' and gabbroit.ic 
in lithologie character. This igneOll::i material with varying 
petrographic facic~ in\'ades the .\tlantic belt of cryl:lt.:lllines 
from "Virginia to 1\'"ew York. It constitlltes important. forma­
tions ill North Carolina, Virginia, Maryland, Delaware, alld 
l-1outheHstel'n Pellnsylvania. In the TrPIltotl quadrangle t.hc 

are not exten::iive; are confine(l lwre as else-
in the Plateau to rock13, which in this 

assigned a pre-Cambrian age. 

the "lissnhi('koll miea 
intrusives are therefore 

Di.'!ll'il.udioll.-The maximum de\'elopmf'nt of this igneous 
typc in the Pennsylvania Piedmont il:l in t.h~ .':lOnthwt:'.'-lt. 

FrotH Susquehanna'Ri\er and irom thc region about. 
'Yilmington, Del., a great hody of gabhro extcnds northellst, 
forming -the main nw'li'l of Buek Ridgi:', west of the Trenton 
quadrnllgle, and eorltinlLes northenf:lt into the Trenton quad­

\\hieh it shows itself in ex('e~ding·ly irregular weas. 
the BaltinJOl'e gnt'is:'\ and ,·nssahiekon 
of the intirrwtp cOlllluiug-ling: of ignt'ollR 

an.l sedimentnry rock::,: and the ubsencc of BXpO;:lures tIl{' 
houndaricH ('an Bot bi:' dra\\n with a(,l'uraey . 

C/Wl'IfcitT.-'l'he i::; a medium-grained mm,l:live roek, 
eit.her a bronzy-gl'a)' 01' a g-reenish-gray color, 

upon the eharacter awl freshm,::,:s of tlw fpl"l'omag­
eonstituf'nts. It. ,\eathers in clark-colored bowldeJ'l::) with 

ru:,.;t\· cxtt:'rioni whieh ",tre\\' the fit:'lcls and afford almo:::;t the 
. indication of the chllractpl' of the u!l(lt:'l'iying r(wk. These 

hlende 01' mica. 

tough unlesl:l the rock has lwen 
through t.he dcyeiopment of hol'!l-

Typically, the gahbro is a hYflPrsthene-augite-plagioc:iase 
ro('k, with llCrf'Ssory quartz, biotite, hornblende, 
apatite, t.ib.lllite, pyrite, pyrrhotite, gamet, ancI 
Exeiu.'live1y decomposition minerals are aet.inolite, chlorite, awl 
scqwutine. (..lundz iM variable in aHlount, \vhure pres-
ent from a trace to :30 per The constituent 
may be t:'xl'lns1.vely "VlJC"'Wl"H'. 

frl'quf'ntly ehictly 
eonstitutes from 
spathie eonAtituPlll is or labradol'ite-bytownitt', and 
varies from ;) t.o GO pf'l' ecnt of the roc·k. Betwe~ll the pyrox­
BIle, whether hyper,;tll~ne or Hugite, and the lahrndoritt:' thel'f' 
oceur rt'aetionary pCl'iphel'a1 zone13 of Associat.cd witb 
tlw gal'!li:'t th(,l'i:' may be hornbl~nde. 
the ~~lOSt. . featul'e of the 

"There vel' bec11 
the periphery of the intrll:'li\'e maS8, pyroxene 

grePll h01'llblendt' and :::;ubol'ilillatdy by 
more 01' schi:::;toHe slruet.llre was produce(l hy the develop­
Hlent of thebe two minerals. ."JfoJ:lt of the gHbbro of the Trenton 
qtuHirallgle i13 hornbll'udic and sehist.or:!e in ehal'llder. 

An of the gabbro rnacl~ by 'V. F. lIilleill',\l}(1 from 
Kpeeimen repl'tSent.illg three localiti(·~ gi vt's the 

oxide percentages: 



Analy,is of U'11Ji!I'O from the neiyhllfJr/u)ild of Radn()T and of Bryn J[awT, 

7il'O 

1'. 

54,03 
16.7J 

1.:17 
7.70 
5.66 
8.84 
2.99 
.67 
,51\ 

.14 

.84 
~otf'l!tiwated. 

.4.0 

.13 
.. _. ___ 1'\oteoltimated 

. __ . .:'lot estimated 
.00 

__ . ___ ._ .... _ ... ____ Tnt.;p 

._. ___ Trnce . 
. 18 

.. ___ Traec('!) 
_ E'aint trace. 

100.23 

The norm according to the quaniitntiyedassification ·would be: 

Albite. 
Anol'thite_ 
Hyper~thelle _ 
niopside._ 
Apatlte_ 
IlTIlt'Illte_. 

4.56 
3.8!) 

25.68 
30.30 
20.67 
10.32 

.81 
1.52 
2.09 
.24 
.67 
.40 

100.88 

ThE' rock therefore fall~ into Clas~ II. 01'der G, rang 4. subrang 3 and iR 11 
lws6o~c. 

This Uleans that the "alic con~tituel1TS 

grallohessose. 

Agc.-Tllf' YOllllgest lUflterial into whi('h the ?,"abhl'o intrudps, 
aisregarding the Franklin lilllf8tone, so fill' 118 our present 
knowlf'dgc justifies a r-;tatetlwnt, i~ the pre-ennbriun 'Yi8su­
hi('kon mica gneiss. The gabbro i::o therefore, pmmmahly, pre­
Cambrian in agf'. By thp previous it was not Sepfll'i:.lte({ 
from dIe Baltimore (" Laul'l'ntiun") 

MEl.'APYnOxE~"I'l'F. A::."'n .ltlETAPEltlDOTITE. 

Throughout the ~\.tlnntie belt gahbro is Hssoeiated with, or 
through (leel'pase in fcldspar grade.'l il1to, pyroxenite~, or witll 
thf' addition of olivine into peridotites. These pyroxenites and 
peridotites are IlRually altered by hydratioll and eal'bonation to 
serpentines and rpl:ited rocks, Herpf'lltinC'S of ,mell origin are 
found in tllP Piedmont belt of North Curolina, Virginia, ]\.fary­
lan({, VelnwHre, Pennsylvanin, Hnd ~e\v York, 

'Vhile to the sOllthwtst there arc exten::oive !i1'<,<.lS of SCI' pen tine 
in the PenBSyln1llin Piedmont, t.he Rel'pentine of the Trenton 
quadrangle i~ conn ned to two eX}J0Kures. Two miles south of 
HullllPville, at Ford, fl dike of "uch material occur:,:; in the 'Yis-
dahickon mica gneis::o (mel is for about one-fonrth mile. 
The rock il:' mottled green gray and is now cornpol:'ed of 
trcll'101ite, Rerpelltine, and steatitf', Calcite and magnetite are 
accessory constituents and hy-pl'()(luets in the alteration of the 
OI'iginal eonstitnent" to ::oprpl'ntine and tale. Serpentine is thf' 
('hief e()!18tituent awl if,; plainly to the tr<'molite, 
though it is impoM::oible 10 :,IH)' whetlwl' nil the berpentinf' is 
of this origin. Steatite ",epttl,;; to be hoth to thc 
trf'molite :md to the Rel'(wntine, Tremolite has appearanee 
of' a pl'illHlry rOllKtitllPut, but il'l probably secon(lal',Y to dio])sidp, 
or olivine, Of thebe constitu<'llts, hO\\t'ver, no tnl('e rE'lllain8, 

A dike of Homl'what SImilar ('oll:ltitntion rOmes to the Rllriiwe 
for H ,.;hort distance on tllt' west 8ide of the ~E'RhalllillY Olle­
half milt' southwest of Parkland, The rock eOIJl:lil:lt8 ehieily of 
radiating erystals of yellowish-brown Hltthophyllite. In addi­
tion to this mineral OCClII' eakite alltl steatite, 

D1'stn'butillll,-ln the 'Vissahiekon mira gneiss t.here m'e 
j,.;olated ontcrops of a eoarsely rrystalline hornblendc 
The l'oC'k is f'xposed on Poqlle8sinf!,' Crpt'k at the 
the Pennsylvaltia RHilroad near Ton'l'8dale, in the :lollth\\eHt. 
corner of the quadranglp, A ('onsiderable arca of it. occurs 1 
mile northwf'st of Cold Spring, also 1 ~ ll~ill's northwest and :20 
milps north of tht' ,;;nmE' plare, 

The rhief constituents of the are hornblewle, quartz, 
and feldspar, ('omposinf!," aboui :m, and 2~) CE'nt 
tiwly of the l'oek. A'ugite iR S('311tily wilh 
hOl'Ohlende, and apatite iH lin The 
feldRpar is orthoda::oe and uu aeidie 
8peeif's predomillating'. 

Tn the laek of a dwmieal analysis of the rock, its pctro­
gnlphie position {'all Ilot be detel'lllitlf'd wit.h ae('ul'fl.('v, It is 
considel'(,({ all altered basie grrl.l1ite. ~ 

{j 

TEl ASSIC 8YSTE\r, 

By~. H. DilRTON and H. n KIJMMET. 

NEWARK GROUP IN GENERAL, 

Exlent, con13titution, and stl'1wLure,-The Triassie area 
described i.n this folio i::o a repre8entati\'e portion of an oecUJ'­
renee of the ~e\vark group whidl ext.ew{s from Hudson RiYer 
80uthward through Kew Jersey, PennRyh"anin, and ~Iar,vland 

into Virginia. Other demehrd arru::o are found in ~ova 
Scotia, Massachusetts, Conneeticut, Yirginia, and Korth Cnro­
lina. The belt of orcurrenees is thw'l over 1000 miles long, 
blLt the nreas are now widely separated and lllay never lun'e 
bet'll directl v connected . 

The Ne\;ark rocks in general are remarkably uniform in 
rhameter. They comprise gl't'flt thieknesses of alternating 
sandstones and shales, in larger part. of reddish-brown color, 
with intercalat.ed sheets and dikes of' iglll,ou8 rocks. Muny of 
these sheets are intrusive, but others are nnmistllkably outflows 
of laya upon the Rediments, The structure is monoclinal over 
wide areas, with faults having til(' down throw mainly on the 
side from \\hich the strata dip, li'rolll ~ew .Jerscy southward 
this lllonodine ill greater part slopes west at ang-le8 of 10° to 
15°, while in Kew England and Nova Scotia, (jnrI at some of 
the eHstel'l1Jllost outcrops in Virginia and North Caroliwl, the 
inclination is in the opposite direction, The thirkness of the 
sedimentR i8 great but as yet has been df'termined only flpprox­
imately and only in port.ions of the belt, The great width of 
tel'l'itory in whieh there Hre monodinal dips would indicate a 
vast RlLecession of sediments, hnt this is only apparcnt, sinee 
many 10llgitudillal filUltS l'epeat the outcrops of t.he seriefl.. 

The age of the Newark group is believed to be late Triassic 
and pE'rhap::o also early JUl'allsic, but its precise equivalence is 
not e8tablished. Fossil plants, erustaeealls, and vertehrates 
huye been eolleet.ed and eomplll'ed \vith similar forms from 
ElLl'Opeall depositR of' those uge8, and they correspond within 
general limits, hut eon'elation of l'xact horizonc i8 not praeti­
eable. The New:ll'k strata did not share in t.he folding ,vhich 
orcul're(l at. the close of Carhoniferous time, and therefore 
mllst, be of later- date, and they are clearly older than the 
lowest Cretaceous formations, which overlap thf'm uneonform­
ahly. 'fhey llre t.hus separate(1 frottl earlier Hnd later depm~its 
by intervals of upheaval und erosion of' unknown duration, 
hut their po::oition in geologi(, history enn BOt. be determined 
more closely than by the geueral correlation of fossils ahoY€' 
indieated. 

The ~ewark group in the )few Jersey region orcupies a 
brond belt. extending aeross the north-central portion of the 
Stat.e from Delaware Riwr to Hudson River. It is :12 miles 
wiae on the Ve\:nnne, and about half this width on the ~ew 
York state line. To the northwest rise the Highlands, con­
sisting of old granites and gneisses; to the northe3llt are 
Hlld::OOll Ri\'er and the serpentine hills of Staten Island, and 
to the southem~t arf' low plain,;; composed of' formations of the 
Cretaceous and Tertiary periods, Over wide m·cas til(' dips of 
the ,;;truta at'P to the west and northwest, but in the cent.ral­
western portion, about the ,"Yatehung :JIollntains, then' is a 
low svnrlille with various minor flexures, There arc extensiw 
f:lUlt~' tl'nn:1'b'ing the roekR, mostly along their strike, with 
do\\nthrmv on the east sidE', The abrupt. margin on the north­
Wl'clt ii'l defined by a fault on which the generally weRtward­
dipping Rtrata ,ahut against t.he old erysLaliine ro('kR, whiell 
uSlwlly rise in high slopes. The northeastel'n houndHry may 
:llso be defilll~d by a fault passing alollg Hudson HiveI', but of 
this. there is lesR definite inaicntion. From thp southern part 
of Staten Islaud sOIlt.hw~ml to Trenton there is unconformable 
overlap the Hm'itan formation, of' Cretaceous age, which for 
s.ome lie:; across the lower beds of the N (:wark group. 

Sul)divi8iom,-In the rocks of t.llE' l\~ewark group of the New 
l'egion tbe typical red-brown sandstone and Rhale prL'-

The igneolls rocks oecur in extrusive flows and in­
t,rup,i ve sheC't~ flIlll dikes. It has heen found tlwt the sediment.ary 
t'Ol'h ean he classified ilt three fonnutiotls-tlle fitoekt.on, Lock­
atong, and Brunswiek-the last-named beinf!," the yOllllgest. 
These subdivision are disiinet along Delawa.re RiYer and north­
ward beyond Raritall RivCl', but they a.re less easily traceable 
aeross the northeastern part of the State, for the suriaC'l' is 
extensively covered by glacial drift an(I the t.wo upper forma­
tions lose theil' distincti ve eharaeters, 

Tbe Stockton formation comprises arkosic sandstone Wit11 
80llte red-brown ::oandRtone and red shule, in no rE'guiHrsuccession 
ao(l pres<'nting many loeal variations in strntigrflph)', Tt lieR 
on at Trenton, and is brought up again by fhu1ts in zones 

west of Hopewell :;tnd about St.ockton, To the 
lies along both sides, of the diabase of thf' Palisndes. 

The sftlldstones are in places cross-bedded, and flu .. ' nner­
.q;ralncd rocks exhibit ripple marks, mud cracks, and raindrop 
imprcssions, which indieate shal1ow-watel: cOllditions during 
depo:,lition, The arkoRe, a sandstone eont,')ini.ng more or less 
fi:>blspar or kaolin derived from granite or gnei::os, indicates 
proximity to a shore of the ancient metamorphic rocks. 

The Lockatong fortllation nlon,$!; Delaware HiveI' alld for 
,':lome distanec north eOllsists mostly ~f dark-colored, fine-grained 
roeks of argillnceous nature but hard and compact. Bome beds 

are massi ve and othe1's a1'e Baggy. They show mud cracks and 
othf.'l' evidences of shallow-water deposition, but all their materi­
als are clay and very fine sand. The Lockatong formation sue­
ceeds the Atoekton formation some distance above Trenton and 
we8t of Princeton, and is brought up faults along the 
southeast side of Soltl'land Mountain and Stoekton. In 
n01'theastern New Jersey the Lockatong appears to hE' thinner 
and iR less charaetl'riRtii', apparent.ly being represented by a red 
shale helt extending- along the YHlley west. of the Palisade ridge, 

Tn its typieal development the Brunswick format.ion C011-

sists mainly of it grcnt thickness of soft red shale with loeal 
thin sandstone layer,.;. To the north the sandstone increasE's in 
nmount. awl eoarseness. 

NEWARK GROUP IN, THE TRENTON QUADRANGLE. 

In the Trenton quadrangle the rocks of the ~ewllrk ?,TOltp 
ultllerlie most of the area north of a line from Trent()n to 
.:.\lonmollth Junet.ion. They arc best exhibited in the Rertioll 

along Delaware RiYl'r from Trenton northward, 
sedimentary rock8 in thill region arc eompamtively soft 

Randstones and shales which are worn to a low level, forming 
valleys. The igneou8 rocks oceur mainly in thiek slleetR, and 
owing to their hardne8s they give l'i;;:e to high ridges, of' whieh 
80urland, Bal(lpatf', Jerieho, Solebury, and Pennington mOUIl­

tains and Hocky Hill arc the most l'onspiruous, Thesc arp 
ele\'ated seyeml hUIld1'ed feet abO\'e the plains or rolling low­
lall(b of' ,;;ofter 8edimentar,Y heds, and in places pre:;ent high 
('lift's to t.he eflst flnd gelltlCl' slopes to the west, the course of' 
most, of the ri(lge:l beinp; northeast Hnd Routhwest. The sections 
on the "trueture-seetion 8heet illustratp the generHI structural 
relations of the I'ledimcntary and igneous rocks, These 
seetiol1:'l shO\\ the genent I dip to til(' WE'st and the order of 
sueees,;;ion lind relationR of tIlt' largel' igneons mas::oes and illus­
trate the origin of the more promiIlfnt topog1·ltphil' features, 
Most of the igneous ro('ks Cr08f".ea b:' the seetion are intruded 
sheets of diabase which were. foreed between the lavers of Rand­
stone and shH lc, On Sand Creek, however, there is 1a \'a 
similar to that of the "\Vatrhllng Mountains, which was poured 
out during the nceUllllllation of the sedimentary deposits. 

1'ht' Newark strata lie on gneisses and other erystalline rocks 
of the serips whieh rises to the suriaee on the cnst side of 
Hudson River and in the east.ern portions of' Hoboken, .TerSBY 
City, on Staten Island, alld from Trenton southward. I~ 
the region f'(ollthwest of Lambert.ville thev lie on Cambrian 
limestone bl'onght up by the great fault j~ the middle of the 
Newark area. 

SEDIME~'I'ARY ROCK",. 

STOUKTON FORl.t:ATION, 

Ch(ftacler,-The rocks of the Storkton formation consist of 
roarse, more or less diRintegrated arkosic eonglomerate, yellow 
micareous fc1dspathie sandstone, brown-red sandstone or f'ree­
stouP, and soft red argillaceous shale. These are interbedded 
in no regular order und are lllany times repeated, a faet that 
indi('ates rapidly changing and rerUl'l'ent conditions of sedi­
mentation. Although th(,re are many. layers of red shale in the 
formation the ehamct.eristic roeks are the arkosic conglomerate 
and sand::otolle, t.he lat.ter of whieh affords valuable building 
stone. 

In addit.ion to the eross-bedded strueture which pre\"aiIR in 
mueh of the sandstone, ripple marks, mud cracks, and impres­
sions of raindrops oemI'. TIlt' rapid alternation from conglom­
erates to shales and vice \'('rsa, the (,hanges in eomposition in 
individual beds, ami the cross-bedding and ripple marks aU 
indicMe very df'arly that the::oe bedR we1'e deposited in shallow 
wat.er in dose proximity to the sho1'e. The bulk of the mate­
rial of which they are composed ,vas derived from the crystal­
line rocks on the south and southwest .. 

Arkosic conglomeratE' amr yellow sandstol1e pl'enlil near the 
hottom of the Stockton formation and browll-red sandstones 
neal' the top; hut the lowel' beds are not all coarse grained, for 
at some localitips red Rhale and fine sandstonf's arc interbedded 
with the conglomera.te, Layers of soft, nrgillaceous red shale 
are also fOlln(1 separating the brownstone beds near the top of 
the formation. Here and there thin layers of green, purple, and 
hlaek shnle 0('('111' at va dons horizons but they a.re ineonspicn­
OilS, The i'()ll1!:lornerate consists chiefly of quart:;>; pebbles up to 
3 or 4 iIH'hes in diameter and fragments of' feldspar crystals, 
sonw of whieh measure an ini'h 01' more across. The deavage 
faces of tllC lat.ter generally show but little effect of weathering, 
Home mica is present and a few pebbles of sandRtone and slate 
tially the Sflme materials as the conglomerate but are finer awl 
occur. The yellow and f!,"ray sandstones are composed of essen­
contain Rome micn in a.ddition to the qual'tz and fC'ltlspar that 
are the chief constituents. Minute rust-colol'ed specks usually 
appear in the san(lstone, probably due to some disintegrated 
ferromagnesian mineral, and it io; not Ullcommon to nnd pebbles 
of various kindl'l sparsely srattered through it. Thf'se lflst are 
1ll0Stly quartz, but indude fi'llgmenLs of rf'd shale, somewhat 
irregular in SIl<lpe, whieh seem more like masses of day 
deposited with t.he sand and aftenvard hardened than water-



worn pebbles of sha.le. Cross-bedding in the sandstonc is very 
common. The !lIlale is composed of fine red mud, conta.ining 
more or less minute flukes of mica. In some places it occurs in 
thick beds, which, when seen in a freshly exposed wall in a 
quarry, appear firm and massiye. Howeyer, it splits readily 
on exposure t.o tile \veaLher. Harely, a t.hin bed of green or 
black shnle occurs 'with the red. 

l'hicknedd.-The thicknesl:l of the Rtoekton formation is 
estimated to range from 2300 to 3100 feet, allowance being 
made for repetition of heds by faulting, hut owing to the 
monotonous character of the beds and the pop,sibility of undis­
eo\'ered faults there is much Ullcertainty ns to tlle precise 
amount. 

DiBb'1:butiorlo-Owing to tilting and faulti11g, the Stockton 
beds outcrop in sevel'lll belts within tbis quadrangle. These 
arc (a) the 'l'renton area, which extends northem;tward to 
Princet.on, beyond which the f{ll'Ination is mostly buried by 
Cretaceous and Quaternary (6) the Hopewell area, 
along the sOllt.hefl;::;tern slope the SOUl·land plateau, where 
the upper pfll't of the fornwtion }n;s been brought to the surface 
by a fault.; (e) the Sto('kton area, where the beds are exposed 
in numerous quarries near t.he village of Stockton. 

The first belt begins in the webtern part. of Trenton and 
extendb along the Delaware to a point about three-fourths mile 
above'Vilhurtha st.atioll. At Trenton the formation rests on 
the old rocks, whieh hl-we contribLlted largely to the 
arkose but the rontaet is not exposed. The basa.l beds 
oukrop for only a short. distance, bel~'lIlSe a few miles northeast 
of Trent.on they arc overlnppcd by C1'etaeeons days. The 
upper limit. of the formation extends from Delaware .River 
above 'Vilbu1,thu, tJll'ough Ewingville, Lawrenceville, and 
Princcton. ~'\t thl' latter place it crosses t.he college campus, 
and exea vat-ions made for the f{umdations of the college 
libmry re"f'aled the upper beds. Along Millstone 1:'i1'er the 
line of separation between the St.oekton formation and the 
overiying Loekatong formation is plainly f'xposed in t.he line 
of quarries along the eanai, the southcrn quarries being in the 
Stockton. Rast of Millstone R.iYer the boundary has not been 
determined, owing to thick Q.uaternary deposits whieh mantle 
thc surface. Korthwcst of Trenton thi,':! belt has a width of' 
about 3 miles, but to the northeal:lt it rapidly nnl'l'OWS, owing 
to the overlap of CretaeeoHs and later formations. 

The beeond area in which the Stoekton formation outcrops 
is near Hopl;well, where it com;titutcs the southeastern faee of 
the Sourland plateau in a bclt three-fourths mile wide cxtend­
ing from Harbourton nearly to Hkillman, n distance of ahout 10 
miles. Its upper limit lies 11 little ,,'est of t.he crest of the 
cast. side of t.he plllteau. The bedb exposed in this zone are the 
upper part of the formation brought to the suria.ee by a grent 
fault. loeat.ed along the foot, of the escarpment. 

A second great fHUlt 7 miles fart.her northwest brings the 
St.oekton formation to the smface ill a zone which erosses 
the Delaware from Bl'ookyilie to a point a little beyond R.avcn 
Rock, with a maximum wi<lth of about 8 miles. Its north­
western margin extends alon,g thc crest of the eastern 
of the lIullterdon plateau, the slope being i(mned 
the upper beds of the formation, predominantly 
shale wit.h a few sandy layers. The southeastern margin of 
tltis area is det.ermined by the fa.ult, and ns this erossetl 
the strike obliquely the out.crop beeoJnes narrower to the 
northeast and finally ends near the northern mnl'gin of the 
quadrangle. 

Local jeatI11·es.-The most extensive exposures of the Stock­
t.on formation are ill the quarries ncar \Vilburtha, 5 milcs 
above Trenton, and in tJle quarries neal' Stoekton. It is from 
the latt.er place that. the formation was named. Tn nll thcse 
quarries the rapid alternation from shale to freestone and to 
arkosic conglomcratc is shown. Not uncolllIIlonly a well­
marked bed thins out. l'fipidly within the limits of a quarry, or 
eyen disappears entirely, its place being t.aken hy a layer of 
different charadcr. Tn other placc..s a bed, although retaining its 
identity as a distinct layer, changes so in texture or colm' that 
it would not be reeognized as the same bed were the outcrop 
not continuous. The individual heas arc in thin lenses whirh 
overlap at their edges where they thin out. 

In t.he ravine at t.he westem edge of Cadwalader Park, 
Trenton, there are heavy beds of arkosic wnglomerate, with 
pebbles of quartz several inches in diameter and good-sized' 
feldspar el·ystal':l. The rock here is firm and might be used for 
l'ough masonry. Neal' the canal bridg-e, a quarter of a mile 
southeast of the Asylum st.ation, the rock is so completely 
(lecomposed that it. is spaded out ana used for road material 
and snnd. In addition to tile constituents deriyed from the 
undcrlying gneissic rocks, there (lrc pehbleH of quart.zit-e and 
sandstone, prohably deri\'ed from the southwest in Pennsyl­
vania, where the formation lif's on Cambrian sa.ndstones. 

In the Hopewell area the rocks of the Stockton for1llation 
arc generally kU'der than Ileal' Trenton and 'ViI bn.rtha. They 
are mainly varicolored sandstones, red-brown, gray, and sted­
blue predominat.ing, nlthough the weathered fragments are 
mostly yellowish. The sand~tOllCs are quartzose alld fehl­
spathic, and, in general, not so free-split.ting as t.hose in t.he 

Trenton. 
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",Vilburtha quarries. Some beds of heayy arkosic conglomerate 
occur, the most marked locality being half a miie west of 
Marshalls ComeT. A orilled well 106 feet deep, on the 
Edgerly place, Hopewell, passed through alt.ernatin!1; beds of 
red shale, hard gray qnartzitie sandstone, brownstone, nno 
arkose sandstone. When the rapia changes noticed in indi­
vidual beds in the 'Vilburtha and Stockton quarries are 
considered it is not. sl1l'prising tlJat the beds in them are some­
what different from those in other localities. There can, how­
ever, be no reasonable doubt that. t.hese sandstones belong to the 
Swekton format.ion. There arc no quarrics along t.his belt., 
and t.he principal exposurcb are along the small streams which 
cross t.he outcrop zone. At. other places the surf~lce is sandy 
and generally strevm \vith angular weathered slabs of the 
harder layers. 

In the nort.hern area the quanies near Stockton afford 
excellent opportunity for 8tlldying the composition, texture, 
and succession of the beds. The rocks here arc chiefly free­
splitting sandstones of various tints of gray, yellow, and red­
brown, very simibr to those at '\Vilburtha. Reds of red shale 
and also conglomerate are interbedded wit.h the sandstones. 
In t.he bluff between Stockton and Brookville thick heds of 
yery coarse conglomeratc ocem', the lower beds in this locality 
being much more consolidated than those near Trenton. 
Except for exposures in the quarries and 11. few unimportant 
outcrops along t.he streams, t.he rocks are rarely seen. The soil, 
however, is clearly indicatiye of the formation beneath, being 
rather loose, sandy, and locally pebbly and having abundant 
scattered slabs of' sandstone and conglomerate. Owing to the 
gray eolor alld sandy texture the soil is in marked contrast. 
wit.h t1wt of the adjoining regions. vdtich is a red or yellow clay. 
The topography in the area nort.h of' Stockton presents some 
peculiarities. There arc three broad, low l'i(lg{:'s, trending 
nort.heast and southwest pa.rallel to t.he strikl' and due to the 
harder and coarscr eonglomerates. These ridges are separated 
by -..vi11e, shallow "alleys on the outcrop of bodies of softcI' sand­
stoncs and shales. The ridges rise 150 to 200 feet higher t.han 
in the red-shale region on the southellst side of the fault. Each 
ridge is cut off to t.he northeast as the great fault erosses the 
st.rike obliquely in its extension to the nort.h. 

General chanll:fer.-Above the Stockton formllt.ion is tlw 
succession of hard dal'k-colore(1 shalf'S and flngstones constit.ut­
ing the Locknt.ollg formation. They eOIlsist of dark, gray to 
black shales, which p,plit. readily along the bedding planes into 
t.hin laycn:i, but haH'; no slat.y dea\'age; hard, massiYe, black 
and bluish-purple argillite; dark-gl'fly and green flagstone; 
dark-red shale resemblitJg ilagstone; and some thin of 
highly calc,'lreOWl shnh;. There are all gradations 
these types, so that. the yarieties of' indiyidual beds al'(-' a.lmost. 
countless. Some of the arc Bpecked wit.h minut.e 
cryetals of calcite and many of joint pllmes and eavities 
are coyered with deposits of t.he same mineral. )Iinute erystals 
of' iron pyrites occnr abunchmtly ill sorne layf'I's, but l)f'P,idt's 
thesc and die caleite there Hre no seeondarv minC'rals. It. Will:; 
formerly snpposell t.hat the dark Lo(:knto;lg heds owed their 
hardness and dark color to baking by the igneous rocks. The 
h11l1sition between tll(' Sroekton and Lockatong beds is thl'ough 
a series of intermediate beds a fe\v hunured feet in tJiiekness 
which might he ~iassed with either f()TmatioIl. 

Bot.h ripple marks and mud cracks oceur at all horizons in 
the Loekatong beds, s110wing that. shallow-\vater conditions 
prevailed throughout. the time of tlwlr deposition. On the 
other haw1, the absence of strong currents is inllicat.ed hy the 
extremc fineness of t.he material. 

D1·8t,.ibution and local fi,aturcs.-Owing to fault.ing, the 
Lockatong heds occllr in several areAS. The iir::>t helt, eom­
mew·ing three-fourths mile above \Vilburtha, hal:; a width of 
about li- mile!l along t.he Delaware. The lower beds nrc 
exposed at Savage's quarry fllong the canal, and upper IHyers 
are shown at Ayres's quarry, Somerset, nnd neal' the mouth of 
Jaeobs Creek. Small exposures OCCLlr along the callal between 
t.hese points, bnt t.here are extensive exposmes in the high 
banks and quarries on tIle Pcnnsylvania si<le of the river. The 
sout.heasterll margin extends nortlwast.wanl through Scudders 
Falll:;, Ewing-ville, Lawrenceville, and PriuceLoll. The upper 
limit is approximately parallel to the 100ycr, the llVenlge width 
of the belt as far east as RO!ledale and west t.o ~eshnminY Creek 
being about 2 miles. North of Princeton the beds wl;ich elln 

he referred without. an)' doubL to the Lockatong form a helt less 
than a mile in width. As this narrowing is not dut' to dimi­
nution of' dip it appears to indieate less thic·kness thall in oLher 
districts. Between the upper limit of di"tinctive Lockatong 
beds in this aren lmd the dial)f\",e of' t.he Rocky Hill ridge, 
three-fourths of a mile distant, there a.re some green and blaek 
shales, whieh might well he to the formation ifit were 
not. that most of the intervening soft, crumbly red shale 
of characteristic Brunswick aud no such 1hieknCSI:; of 
this materinl has heen found the Lockatong fOf'lllation in 
other areas. NeHr the diabHse t.here are pale blue-gray and 
purplish-red shalel:l, containing amygdules with secondary 

minerals, the result of metamorphism by the igneous rock. 
Unfortunately, exposmes Hre beking- at. many critical points, 
so that. it. was not possible to det.ermine (a) whethel' t.he Lock­
atong heds rapidly diminish in thiekncRs east of Rosedale 
and north of Prine.eton to less material ha.ving been 
deposited; (0) whether the change lithologically along 
the strike, so that t.he red shales het.ween Princeton and the 
diahase rHlge nre at t.he same horizon as the upper heds of this 
formation farther west.; or (e) whether the upper part of the 
Lockatong has been eut out l~lUlting. A lew cases of 
crushed and contoJ'ted beds and are in favor of the 
last suppo"ition. 

There are good exposures of t,he heavy-bedded black and 
da.rk-green al'gillit.e:3 at. Heveral points along HtorlY Brook below 
Rosedale, and at the quarries of J. K. Brown and Stephen A. 
Margerum, Princeton. Quarries ulong l\Hllstone H.iver south 
of King8ton alllo show nlrious horizons. East of the l\.fillstone 
the limits of' t.he Lockatong formation ean llot be det.ermined 
with aceuraey, owing to the more recent deposits whieh conceal 
all outerops saye along a few streams. Hard black shale, inter­
hedded with l'{:'d flag",toIles, is exposed in a small quarry along 
the railroad 1 ~ miles due east of Kingston. 1110ng Lawrence 
Brook below Davidson's mills, 2 miles east of Deans, there are 
also a. number of exposureb of' the dense blaek argillit.e. An 
outerop of argillite on the Brunswick turnpikc southeast of 
Franklin Park is probably near t.he upper limits of the Locka­
tong beds in this vicinity, af:) the region to the north is under­
lain by soft. red shale. 

The Lockatong formation out.crops along the southeastern 
si(le of the 80urland plateau, resting UpOll the narrow strip of 
St.ockton sandstone from Harbourton nearly to 8killman. The 
out.crop zone is about 1~ miles "'ide, t.he dip being from 150 to 
20° N\V. It is bordered on the nort.hwest by the wide out­
crop of diabase \",hich cOllst.itut.el:l thc baekuon~ of t.he plateau, 
except from Delaware Riycr t.o Snydertown, \",here an interval 
is occupit'd by the softer red shale of the Brunswick forma­
tion. The latter shale is somewhat metamorphosed near the 
igneous rock, so t.hat in it rescmhleb t.he Lockatong beds. 
Ncar tlnydertowll the cuts dOWII nearly at right angles 
aeross the Brunswick and npper Loekatong beds, so that in the 

to the northeast the plane of' intrllsion is ubout 1760 feet 
t.he upper limit of the Lockatong format.ioll. Northeast 

from 8llytJel'town, therefore, the upper limit of the Lockatong 
formation i1:3 f{)Und on the northwestf'l'Il side of the diabnse sheet 
and a.bout three-fourths mile from it. 

N nmcrous of tile various beds of the lormation 
orcur a.long all brooks which How from the sout.heast side 
ofSourlawlMonntain. No contillUons seetions are found, but 
t.he outl'rops are so numerous that thc succession of heds can 
be as('el'hlilled by cornhininp; the ohsenaiions 011 sever!:ll 
f:)h'{:,,(ltlls. As in the ease of the 8t.oekton formation the individ-
ual beds i:3olllf'wllfit along t.hc strike, bot.h in eolor lIIld 

texture. through \\Toodsvillc flnd sOllthwest. of that 
shmv a considerable thirknes.s of hard red shale Hpproaeh­

ilagstone, int.erbedded with layers of' blnek and 
Thpse red stmta into blal:k and green and 

region to the 

the ",trike, so that in n sectioll 
ent.irelv of the latter chal'­
Stiil fa;'thel' northeast hard 

A small area of Lockatong formation lies between Delaware 
River and Dilt"l Comcr, hounded hy two laults which have 
brought it to the surtlwe. A:::; the area ('ontains severnl igneous 
masses, it seemed possihle that these roeks I\'ere nwtflmorphosed 
Brunswick shale, but. arc unlike t.he altered bedb nenr 
igneous rock in other and t.heir f'xtf'nt is in :l Tlleaf:\ure 
independent. of' the diabast~. They al::;o grade downward into 
the :lrkos(~ sandstones of t.he Stockton formation. 

The Lockatong formation outcrops cxtensively on the lllln­
terdon' plateau, in the l'egiolJ- known as the "Swamp." 1'11e 
conditions ,,,,hieh ga.ve rise to this name are due largely to the 
close tHx.t.ure of t.he rock and the heavy cluy soil resl1lting from 
its decOlllposition. Rapids and li.llls, which abound Illong 
Loekatollg and \Vickeellteoke ereeks, ha\'p (leeply incised the 
margin of t.his plateau. Hard dark-l'e(l Hags are interbedded 
with the hlaek argillite mId some of the morc prominent heds 
can be t.raced £01' sevcral mile:::; :1 long the strike. This 
hus oeen in so many caseR at different horizons al:; to 
render it. almost eertain that thib helL is not tl'l1versed hy 

faults of any 

areas, if tbaL reg-ioll is not tra \'e1'l3ed by Dmlts. 
The neal' Ewing\-ille nlld Princeton is nppareutly 
only IROn feet t.hiek if thc beds of predominantly dark mate­
rial are alone ineluded. 

Soil.-The Lockatong heds give 1'1,,,12 to a l'llt.her heavy, wet, 
day soil. The sllriuee is thickly st,reWll wit.h Blab::; of Hl'f,rillite 
and roeky on Except iu 

to the depth of 
tile boil il:l gcnerally leFis t.han 5 or () feet. 



Cllftracu,)'.-The Brnnswick ('onsists of soft I::lhnles with loeal 
sandstone TIl<:' rocks are predominantly red in color, 
altllOugb a pmple, green, yellow, and black occur. 

there is H monotonous of soft 
rcd which crumhle readily to minute frag-

ments, or !::iplit. into thin flakE's awl gi\'e rise to a red clayey soil 
of \"arying samline.,;;.,;;. l\luch of the shale is porous, many of 
the minnte, irreglllar-simped cavities being partly filll'd with a 
cakareous powder. Caleit.e \'eins alld crystals are COlldllon in 
some bycrs. Lcnticular llWSBes of f!,Teen shale orClLf locally, 
ranging in size Hp to a foot or hvo ill diameter and yarying ill 
shape from nearly spherical bodies to thin layeh:l. Much of 
t.he slwle is lllieact'oH8 and ·where mica is 1)T('bent in notable 
amount the layerB beparate evenl.v along bedding planes. More 
('ommonly, however, the rock Lreaks up into small, more or less 
reculllglllar fragments. Although the greater part of this for­
mation is soft red :-hale, there are some hard lnyers, chiefly near 
the hase, consisting of hed~ of fine-grained sandstone and flag­
stones. 

,\bundant ripple marks, mud cracks, and raindrop impres­
sions nt lIlany horizotls indieatf' that the materials WE,>l'e deposited 
in shallow water or ure subaerial ueclIlllulations. Tn some 

imprintR of leaves and of tree st€ms, or the stems 
aJ'e frt:'qnently found. The numerons reptile tracks 

which. kJ\Te made the Newark group fumollR oceur chiefly in 
this formation. 

As compared with the adjoining formations the Rrunswick 
shale is soft and easily eroded, so that die region which it 
underlies is di~,tinctJy lower awl more nearly level than that of 
the other formations. 

DI:""tribulion.-",Vithin the Trenton qua(h'angle the Hruns­
\yi('k shale oecupies t"o broad helts, one crossing the Delaware 
11ellr Lambertville and the otlH'r near \Vashington Crossing. 
Both extend northeast.wanl with int'l'easing ·width and at the 
northern end of Hourland Mountain, just at the northern edge 
of the CIuadrangle, they unite to form the broad undulnting 
plain drnined by H,uritan Rivpr. 

On the Vela ware the exposures of tIle formation begin a 
short (listanee above the mouth of .Jacobs {;reek and extcnd 
almost (·ontinuously along the eallal to \Vashington Cmssillg, 
I} miles abow. Beds to the thickness of 1700 feet are sho\vn 
ill this Rection, indlHling some harder red shaleR with black 
layers ju~t abO\Te the LoC'katollg formation. They extelld 
along t.he river nearly to l\fool'e, where they arc interrupted by 
the diabase of Baldpate ~Iountaiu. Their northwestern limit is 
the fiiUlt which brings up first the Lockatong and then the 
8tockton hedH, forming the southenstl'rn part of tile 80urland 
plateau. The wi(lth of olltcrop near the Delaware and for 
SOBle diRtancl' nOlfh i:::; about 4 Illilp:,;, hilt the area widens north 
of Hoeky lIillllnd occupics the exten:,.;ive rolling ('oulltry from 
Hopewell to ~ew Brunswick and bC',YOlld. 

.\ Bee-and helt on the Delaware just below Lambert-
ville, wherc dll' next the (liabase has been mueh alt€red 
and indurated. Hs nortlmest.ern limit iB at the Routh end of 
the stllall diahuRe hill, Mount UilboH, above Lambertville. Tt 
extends north by eHst through central Hunterdon County, fol­
lowing the timlt \vhich has brought up the Stockton and Lock­
atong beds of the IIunhmlon plateau. The lower or sout,hern 
limit of this belt f()llows the 80mbnd platean, the lower beds 
forming the northwe:::;t of that highland. 

l'hidfll('ss.-The of the Brunswick shale is 
UIWE'l'tHln. Ouly a portiOll of tlw formation o('('urs in 
quadraugle, f()r ill eath belt the upper portion is eut out by a 
great fhn1t. 80me e\'iclem'p as to thf' thiekuess is afforded' by 
the narrow dillb:iSe dike which extends continuously frOl;l 
Bourland Mountain, neHr ROt·ktown, to Copper Hill, a :iistanee 
of i) lIIiles. The dike crossE'S the :::;t11ke at an angle of 45 G 

and th~ thickness of tIlt' shale thus tra\'el'sed is between nooo 
and 1000 feet. .\s qll' dike was intruded befiwe the tilting 
and fimltillf!," it~ continuity is proof that tht' shnk travel'Red hy 
it it3 Hot cut bv faults along the strike. These bed:::; are only a 

of the wl101e forlllatio~l, allll it is probable thnt the entire 
of the Brunt3wick beds is neal' 12,000 feet. 

The igneous rock~ ineluded in the Newark ~roup cotnpribe 
illtrup,iv€ sht'ets and dikes of rtiHba.':lE' and extrusive sheets of 
basult. Ll. few dikes of diahw.:;e Hnd other rocks also o(~eur. The 
principal if!;neolls llH:l~SCS nre in extensive sheets. The bnsalt 
sheets are coniormablu to the inclosin§!; strata, hilt the diabase' 
intrnsiws, though approximately conformable for greater or 
le"s distmwes, cut across the StTHtH locally. The sh(,t:'t,':l var.Y in 
thidmeRB frolll a few inches to over a thowl<llld feet. The 
dikes are of VHl'ious widths and most of them appear to 1e 
COl1tlE'cted with the intrnsin' !::iheets. 

The extrul::1iYe bmmlts are contemporaneous in age with strata 
ill whioh al'~ in('loRe(l. Tbe intrusiye r~wks ure youn§!;er 
than the which they penetrate, but they may have beeu 
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intruded deep underground at the same time that. t.he hasnlts 
were ejected on thE'Sllrii:we. As the intrusive ro('kR are over­
lappe(l hy the Raritan formation they arE' pre-Crefaceom; in 

amI til<:' inclosinp: strata were deeply eroded 1pfore the 
of Raribm deposition. 

Gf'neral featur('.~,~The se~'eral large irregular sheets of 
(lialmse HS wt'll as the dikes of the t3allle rock in the Trenton 
quadrangle appear to he partR of one gen~ral intrnsion into the 
sedimentary rocks and COlltillllOllR ,\ith that of the Palisades. 
Tn the northeastern portion of the lli'('a the horizon of intrusion 
is 10\v ill the Kewark group, but at inten'als to 1he south and 
west it rises and finally reachcR the medial portion of the 
Rrunswick shale. Owing to the fanlts and the failure of the 
diabnst:' to reach the surface in the il1ten'ais betwepn outcrops 
it is not possible fully to ascertain the Rtrnctural relHtion:,; f)f 
the variolls diabase masses. Doubtles:,; tllP.Y wert:' feel hy 
dikes, but no signs of sueh feeders appear at the 
Except when changing horizon loeally the lar.e:er lWISSf'S ha\'e 
a gelleral trend parallel to the strike of the :::;etliHientary rocks, 
but their intrusion appears to be entirely independent of. lint's 
of frarlure or zones of flexnre. 

The btrata adjoining tl.le large diahuse intru~ions arc exten­
':lively altered, especially where they consist of shales, as they 
generally do ill this region. 

Rocky H1:11.-The sllCet of diabase whieh hns usually been 
known hy the naille of ".Hoek.\' Hill trap" extends from the, 
\'ieinity of Hopewt'll eastward to Lawrence Rl'ook, nossing 
Millstone RiYer at. Hocky Hill. For the greater part of its 
eourse it gi YE'S rise to a prominent ridge rising from 100 to 200 
feet above t.hc adjacent plains of red shale and presenting a 
Rteep fact' toward the south. At Hocky Hill and for several 
miles west it hns an llV('rage width of a mile, but from Mount 
RORe to its western termination it is yery muell nalTower. It 
ends about::t mile south weRt of Hopewell, at the iimlt a short 
distance west of the Philadelphia and Reading Railrond. East 
of l\ocky Hill it bifurcates; one brnneh extending northeast­
ward to the vieinitv of Fr:lnklin Park dwindles into a dike and 

and th~ otoer, passing ullfler ale Routhern side of 
the Hills, crosRes the Pennsy I \'ania Railroad at DeanR, 
east of which it soon passes l1ndt'r Quaternary :llld doubtless 
also Cretaceous depoRits. Borings indicate beyond much ques­
tion that it. is ('ontinl1ous undergrountl wit.h the diabase of the 
l'alisadcR. 

The diahase, a thiek sheet intruded between the sedimentary 
roek~, repeatedly crosses the hedR, so that ·while at its west­
ern end it is at a horizon lligh in the Bruns\vick :::;hflle, at 
Hoeky Hill it is neal' the base, alld on Lawrence Brook it is 
ill thp Stockton Leds. For SOllle distance-, in the region north 
of Pl'inceton, it appears to he nearly conformable to the indos­
in§!; beds, wliieh dip g'entl~y to tJw northwest. The thickness of 
the diabase in this vicinity and to and beyond ).Iillstone H.iyer 
is ll10ut 1000 feet, whieh is the maximum amount. 

The !::iE'dime-ntary rocks Hdjaeent to the igneous mHSS are 
everywherc extellsivel\' altered, the Hlteraiion consist.ing of the 
hard~ening and JarkeJ:ing of the beds :md the develop'ulent of 
variou" secondary mil1erah:l. No exposures of contact were 
ohsened, but the altered sedilllentary rocks appear at many 
points ill the immediate vicinity of tll(' diabase, notably at 
Rocky Hill, in the railroad cuts e:outhwcp-t of Hopewell, and jn 
the old copper mine south of Griggstown. ...\..t the- last place 
t.he excavated material consist;::; large-ly of altel'ed shnles eon­
taining chlorite nodules (probably pseudomorphs after C'ordier-

feldspar, tourmaline, hematite, and small amounts of 
copper Illilwrills. Home of the tourmaline and feld:::;par 

o('('ur in slllall Will'l in the altcred shales. 
.\t Hoeky Hill village there are excellent exposures of the 

altered shale:::; which overlie the diahase sheet, They are best 
seen nlon.e: the canal, north from the tollhouse. .J ~st ellst of 
the railroad station the fine-grained, dense upper surface of the 
diabase is exposed, dipping 1,so 1\., conformably to the shale 
and sandstone in this vicinity. Ahout a f()ot above the con­
tact j!::i a line-grained sandstone which ha~ llOt. been so lllllCh 

altered a:::; the- overlying shale. The next exposures are some 
distanee higher, ·where some layers are drab or green in color, 
are not. very hard, ami contain numerous small hlaek nodules­
perhaps tonrmaline. Beds still ffirther from t.he diabaRe are an 
extremely hHr<1 black argillite, charaderizecl hy more 01' less 
distiJl(,t nodules of an oilY-Hppenring green mineral, which jn 
places i:::; HO abundant as to form thin sheets, the rock appearing 
to be mnde up of hlad:. and green lamina'. fStill higher in t.he 
serit's occur shaly Bands tonE'S and black, blue-gray, awl 
ttHrk-re(l some yery hard, containing black nOllules of 
radiate!::itl'lleturl', awl otherR containing green notlules of epidote. 

On the :'luppositinn that here the (liahase sheet conforms in tlip 
with the ovcrlyin§!; shale, the latter has been greatly changed 
through a thickness of 600 feet and traces of altel'utioll m'C 

found for over 200 fE,>et higher. There is gootl opporlltnity for 
studying the altered shale along the rO:ld from Rocky Hill to 
Hope·well. Traced \\'estwanl the thickness of altert'd shale 
aho\e the igneous rock (lecreases Ht about the same rMe that 

the thickness of the diabase sheet diminishes. North of Cedar 
Grove the highly altered heds are about 400 feet thick, and the 
change in color can be detected for ahout 200 feet Dlrther. 
Routh of Hopewell their thickness is probably not more than 
200 feet fit most. The shales beneath the diabase have also 
been altered in mnch the satHe way as those above, bnt the 
altered beds are not 80 well exposed nnd appfirently are not so 
thick. 

JfclImfain.-Penuington Mountain is II rocky 
ridge rises about 2.')0 feet above die plains, 2 miles 
northwest of Pellnington. It ('onsists of fin irreglllnr sheet 01 
diabase ubont 400 fe('t thick and 1~ lIIilps long, intrude(l in tIlt' 
Brunswick shale. It euts Hcross the strabl for at least a por­
tioll of itd coume and is terminatE'd on the \Vest by the great 
f:wlt whieh brings up the :,;andstone of the Htockton formation. 
)Io contacts of the sedimenta,'y and igneous rocks m'e exposed, 
hut the former appear at various points in proximity to the­
contact, showing extemi\'e alteration. 

Haldpafe.-llaldpate l\fountaill is a high ridge wllich rises 
on the banks of Delaware l\iYer, at l\Ioort', awl extends for ;~ 

miles to the eaM. Tts top and north slope consist of iglleous 
rock whieh lies on llrUllswick shale nt approximately the same 
horizon as the diabase of Pennington :Mount}lin. It is possible 
thnt the t,wo masseH are cOllnected 1IIldcrgroul1(1, but at the sur-
face they are hy outcrops of unaltered red shale. 
On the north of Baldpute Mountain the diabase 
heneatll RrunHwi('k shale ,vbich is in large part to a 
har(l, dark-('olored rock. The conblct is not exposed but it is 
a very irregular 011(', eroR:::Iing the bedding l'epeatedly, so tlwt 
in the nOlthern portion of the m'en a thick maRS of the igneous 
roek extends nearly to ::\1oore Creek. Here it is cut oIT by a 
fimlt, ,vhich probal~ly also eltts oIT tbe diabase at its west~rn 
extremity. The exposures nrp, however, too indistinct for the 
latter to be ascertained. 

JNicho .1Jfoll11tahl,.--.Jerieho ~lountaill is a ridge riHillf!; from 
200 to 300 feet above tlle red-shnk luea south and west of 
Buekmanvil1e, Pa. Its erest and north slope eonsie:t. of a sheet 
of diabase intruded in the medial portion of the Brutls"iek 
Rhale. This sheet lllay eross the strata for some distane(' loeally, 
hut in the main it is conformable and its tuned eonrse ·west of 
Brownsburg is du(' mainly to the flexed structure of the inclos­
ing Rhales. At its north end it appears to he cut off by the 
fault passing just Routll of Bowmap HilL The diabase sheet 
iR probably thiekest west of Brownsbur,e:, where it is not far 
from 200 feet thick. On the road southwest of Buckmanville 
it is only II few yar(ls t.hiek"and, althongh thicker on the ridge 
next west, it soon terminates in the shale slopes 11 miles south­
·wcst of Huekmall\'ille, apparently hy thinning out. It is 
probablt' that this sheet i:::; the extension of the diabase of 
Baldpate Mountain, the break in out{'rop beillg: due mainly to 
theiilult. 

The contact relations with the sedimentarv roeks are not 
exposed, but shale outcropping in the vicinit; of the igneous 
roek is greatly altered. 

Bowman H£{{-Belle JIounia'ill.-Belle Mountain in New 
.Jerscy and Bowman Hill in Pennsylvania are two isolated 
ridges due t.o the outcrop of a sheet of diabase ·which crosses 
Delaware River ahove Moore. The plane of intrusion is in 
the upper portion of the Lockatong formation in New Jersey, 
hut 10 the west it riscs a short distallee into the Brunsv"'ick 
shale. The east end of' the igneous rock is not well exposed, 
but to the we!::it it thins out rapidly at about 1 mile northeast 
of Bueknulllville. The mllximum thickness mar be 250 feet, 
but owing to the lack of decisive exposures no aCCl~rate measure­
ment could be made. The ndjoining straiR are mueh altered 
for a short distance on both sides of the tl;ticker portion of the 
sheet, a feature particularly well exposed along Pidcoek Creek, 
m,ar its mouth. On the cast Bide of Belle .Mountain dark 
Rhale is exposed, but apparently it belongs in the Lockatong 
formation, a1l(1 hut little of its color is due to alteration exeept 
in the immedia.te vieinity of t.he diabase. Tn the quany in 
Belle Mountain a long fragment of gray sandstone is included 
in the diabnse. It lins an ayerage thickness of about a foot 
find f'vidently has 'been torn from the beds adjoining the 
intrusi\'e rock. 

Sourlnnd lJ£ounta£n.-The prominent flat-topped ridge known 
:1S 80urland -:\lountain consists of a thick sheet of diabase and 
flanking masses of altered strata. The diabase erosses Delaware 
H..iver a JIlile below Lambertyille, and in Pennsylvania gives 
ri:::1e to Solebury l\Iount:lin, whieh extends to the great fault a 
short disumee ·west of t.he Trenton quadrangle. Throughont 
its course the ridge rises steeply about 200. feet aho"e the 
adja,cent plains, and in Houdand Mountain it ·wIdens into a 
platean ayeraging nearly 4 miles across, with both slopes 
npproximately the same. The diabase outcrop oc-cupies thc 
eenter of this plateau with nIl averag(, width of slightly more 
than a mile. \YeRt of the Delaware the ridge il3 considerably 
narrmver and the igneous rock cOllstitutes the summit. The 
diabase is a sheet, prohll,hly 800 to 900 feet thick in its maxi­
mum development, which has been intruded in the shale and 
sandstone. Adjoining Delaware H.iver and for some distam'e 
eastward it is in the lower portion of the Brunswick shale, hut 



near Rocktown it rises to a slightly higher horizon and then, 
euning around to the north and east, descends several hundred 
feet into the Lockatong nmllation, a total ehallgt' in horizon of 
about 800 feet. vVith the exception of t.1Ii8 curions crescentic 
offset neal' Roektown, it preserves relati \ e] y uniform conformity 
1.0 the inclosing sedimentary although doubtles8 it erosses 
them to some extent locally. iti'! north end it appears to 
terlllinate by rapidly thinning. 

The "trata inclosing the sueeL dip to 1he northeast at angles 
generally bet,veen 12' flnd U~O. The pl'ineipal variations are 
near the northeaot end of the ridge, 'where the (lip is only about 
6°, causing considerable ,videnil!g of the outnop, flfHl along the 
Dela\vare, where the amount. is aGout 2:2°. A not.able featme 
in the strueinre of part of the Sourland igneous sheet is a com­
paratively greater inelinat,iC'n of thf' strata on its llorilnvestern 
flanks than that of the underlying beds and of those in the 
pla.ins to the north. This structure is most apparent between 
the deflection near Roektowll and the northern termination of 
the mountain. East of l~ingoes t.he dips are at first 10° to 12°, 
but southeastward up the slope of the ridge they progressively 
increase to ~5°. On the castern side of the l'idge the dip is 
about 12° throughout. Ii. seems prohable that the increase in 

_ dip indicates a wed~e-dlaped intrusion, flS show.n in structure 
seet.ion A-A, but it is possible that it is due t.o a longitudinal 
flexure. 

The thiekness of the 80urland Mountain diabai'le appears to 
be generally near 700 to 800 feet, bllt along the Delaware the 
amount is ileaI'I y 1500 feet, if the sheet. is not t.ra versed by 
faults. Its nortbern lerrnination neal' ~ eshanic is due to thin­
ning out, but the ml'llIlS by"which it inereases ill thiekness 
south\vard is not known; t.he illerease may he due either t.o 
wider separation of the inclosing beds or to rise of the plane 
of intrusion across the overlying st,ratn. 

Contllets of the diabase with the inclosing stl'll.ta were not 
found o\ving to tHlus and wash on tile slopes. The great 
increase in hardness and darkening in color of the shales form 
one of the most eharaeteristic feat.ures of' the ridge, and it is 
owing to their hardness t.hat. the altered beds constitute so con­
siderable a portion of its flanks. This alteration extends at least 
200 feet vertically above and 30 to 40 feet below the diabase, 
and generally prevails in both direetions for [)OO to GOO feet. At 
Lambertville and on the opposite side of' tIlt:' river, ns dCBcribed 
by Rogers, and ncar ROL'kto\Vll, 80utheatlt of Ringoes, nodular 
alteration produets are conspicuous in considerable variety. 
The exposures at Lambertville are repreoent.ati\"e. The sLtata 
in contae! with the diabase arc sandbtones, durk gray in color 
and moderately coarse grained, specked wilh numerous well­
developed tourmalines, some of which are one-half inch in 
diameter. A few hundred feet higher are shales whieh ure 
eompa('t and of dull purpliRlI-gray ('0101'. They contain 
numbers of' black to blue Bpherieal nodules varying in 
from minute grains to those one-half inch in diameter arul con­
sisting of' some imperfeetly formed material, apparently tour­
maline, in a semicrystallille state, loeally surrounded by a crust 
of' nearly w11ite mat.erial. Thesc st.rata merg-e upward into rea 
sandy shale and sandstone slightly darker t.han normal and 
containing numerous large spheroidal nodules of green epidote 
up to an ineh in diameter. They oeeur inegular]y, but appear 
t.o lie rudely parallel to the st.ratification. 

BJ'anches from SUllrlllnd J.J1omdain sheei.-Three dikes rise 
from the upper surface of tile din base sheet of Bourland I\.foun­
tain and extend for several miles through the overlying shale. 
The first starts 1 b milei:i frolll Delaware Hiver, ascends ahollt 
250 feet, and then extelllis parallel to the main sheet. It ean 
be traeed by a line of Imv ridges and weathered fragments. 
For much of the distance its width is not more than 20 feet, 
but it is wider near the junction witb the main diabase sheet to 
the southwest. It unites again with the mnin sheet at the 
horseshoe curve, over a mile;,; from the sta.rting point. The 
intervening shales outcrop at a number of places. The seeond 
offshoot sta.rts at, the bend of the diabase southwest of noektown 
and extends continuously for 2 miles to .Mount Airy. It 
appean; plainly in the road just sOllth of that yillage. At the 
point. where it crosses t.be ereek half a mile east of' Mount Airy 
it is hardly more than 18 feet in widt.h and apparently vertical, 
although the contact Witil the sLale is not shown. The adjoin-
ing shale is very hard and is ash y 01' pale greell in color; 
some layers are marke(l by of epidote. Ot.her beds 
are thickly specked with of iron pyrites. Nearer the 
main sheet t.he dike inereW::les in width, arHl to judge hy the 
amount and distribution of the its \vidth apparently is 
between [)() and f)() feet. For much the distanee its COUl13e 
is marked by H line of treeR or bllshes and uncultivated ground. 
The third and longest dike starts from the main sheet three­
fourths mile northe~st of J.{ocktown and can be traced continu­
ously to u point nearly a mile north of Copper Hill, a distance 
in a straight line of ti miles. The slightly sinuous eourse of 
t.he dike increases itR length about half a Illile. N orlh of Cop­
per Hill station it i8 interrupted and off"et n quarter of a mile 
to the west, probably by a fanH. Thence it continueR, more or 
less intel'Dlptedly, to Flemingtoll, 2 miles distant. The copper 
deposits found years ago uear' Flt'Illington and Copper Hill 
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occurred in the shale along t.his dike, and the explorations 
then made indicate that the dike, eyen where interrupted on 
the sUlface, is probably continHous helow. Its width varies 
cOllsiderably, but for the greater part. of t.he distance it is prob­
ably hetween 50 and' HO feet. Neal' the village of Union it 
widens suddenly, and from this wider portion another nanow 
dike extends a short distance tmvard Union. The dike ('an be 
readily traced by a slight rise of' ground, a zone of disinte­
grated material, seattered large bowlders, and II linc of trees 
which have grown where the bowlders are thickest. 

Dilts Corne1'.-A wide dike of' fine-grained diabase extends 
from Dilts Corner northward for nearly half a mile. It forms 
a slight elevation and the ground is strewn with residuary frag­
ments in a :lone which indieates thnt the maximum widt.h of 
the dike is about 200 feet. A slllall detached area of diabase 
oecms a few rods west of Dilts Corner and a narrow dike is 
exposed in the hed of a stream one-third mile CflSt of that 
place. West and sOlltlrwest of'Dilts Corner a line of nurrow 
dikes lies parallel to t.he maiH }Iount Gilboa mass but seveml 
hundred feet caRt.. 

Lamoertville.-On the top of the hill overlooking the ball 
park at Lambertville there is a zone of 'wenthered masses 
of diabase ahout 80 vards wide and nearly one-half mile in 
length, and It mile to the northeast there is a" similar zone which 
has a length of one-third mile and a width of about 100 yards. 
Both arc of eoarse-grained diabase similar t.o that of Sourland 
Mountain, and possibly are underground off."hoots from it. 
The surrounding shale is so much contorted, altered, and 
apparently faulted that the precise st.ructural relat.iolls could 
not be aoeertailled. 

Glenrnoorl:.-Near the barite mines, half a mile north of 
Glenmoore, residuary soil of igneous rock oeelll'S over a eonsid­
erable area and obscnre exposures of disintegrated diabase occur 
along the highwa.ys at several points. 'Vhether there is here a 
eoltlplex of dikes 01' a boss of igneous rock is difficult to deter­
mine. The barite oewrs in veins t.raversing the decomposed 
and fractured (liabase and some of the fragments of it from the 
dump piles resemhle friction breccias. This diabase is ncar 
the great Hopewell fault, a branch of which may have caused 
the sha.ttel'ed condition of the roek and its eonsequent deep 
dl'composition. 

jll/'{J,nklin Pr/l·k.-A mile nortIleast, of Franklin Park t.he 
presenee of :1 nanow (like is indicated by the surfacc debris 
aIld by a slight ridge miles long. It is t.wice interrupted, 
and each time slightly as if fim1t.ed, bILt no other evidence 
of a fault could be fouml. ~ear its northeflstern end, where it 
crosses the l'oad leading northwest. from Franklin Park tltation, 
its width is less thun :20 feet. Three-fourths mile W('8t by 
south of that. place it crOSBes n Blllall strelnn, and is exposed i~ 
ledgeR of fine-graine(l dense and luml blue-black diahnse. 
Farther in t.he timher, the rid?:e is espeeially distinct. 
and t.he of the dike is nearly 150 fel't.. ~earer Franklin 
Park its li.mits are indefinite. Its' posit.ion suggests that it is an 
eastward continuation of the prong of the Rocky Hill shel,t, 
whieh curves north flnd then east. past Griggstown, a.lmost to 
Fnillklin Park. 

Ori9Hsfo-wn.-Three-follrths mile south of Griggstown there 
are three. somewhat widely 8eparated intrusive maBses whi(~h are 
probably underground offshoots of the Rocky Hill sheet.. Indu­
rated shale is foulld near the largest.. A 10urth lllass oceurs in 
a f:lnwll grove 1 ~ llliles east of Griggstown. The rock iR medium 
g-rained and has altercd the adjoilling shales slightly. 

.lYeIt' Hope.-Two (likes oceur in Pennsylvania on t.he west 
side of the fault. south of Brookville. One, appearing in the 
road in the limest.mle It miles ::3outh of the village, is short and 
deeply di8integrated. Another larger dike intel'Seets the arkose 
and underlying limestone ;1 miles northwest of New Hope, 
bCf!,'inning at or np--fll' tilt:' great fault. 

BuclMnanville.-ln the old haryta pit southweAt. of' Bllckman­
ville a breccia occurs" e(!nsisting of fragments of decomposed 
diabase in a. matrix of quartz and baryta. similar to the breeeia 
north of Glenmoore. No sLruetural rf'lations flre exposed, but 
a.pparently the lO'Cnlit.y is' on the line of t.he Hopewell fault, 

Yardley.-The fault plane expo:;;cd in the railroad cut west 
of Yardley station is occupied by a nearly yerLical dike 5~ feet 
·wide. The Tock is completely decomposed in a yellowish 
residual earth and could not be traeed along the surface. 

Monnt Gilboa eonsists of an intrusion of gabbro which 
extends from t.he hank of the Delawm'e, 2 mileB above Lambert­
ville, to the g-reat fault north of IirookvilIe. IL is inclosed in 
the 'Lockatong formation as an irregular- sheet ,:o;()O feet or more 
in thicknesB which probflhly cub, w:ross the strat.a to a consider­
able extent.. .Along its enstern 8idc there are several offshoot­
ing masses and a dike whicll lies at a shorl distance from the 
main mass. Although the shales which adjoin the intrusion 
are the dnrk-eolore(l Lockatong they m;e eonsiderably 
ailercd, as is shown hy increased and by the devel-
opment of secondary minerals in the vicinity of t.he ('ontact. 
The precise contact was not obsen'ed, except in some indistinct 
exposurE's on the road three-fourths mile northeaf'lt of Brookville. 

Occurrerwe.-In t.he midst of the gahbro of Mount Gilboa 
oecur several small tlHISSf'f< of dissimilar ro('ks which Mr. R~l11-
SOtIle has found to be nepheline, hornblende, and mica syenites. 
The nepheline syenite appears on the nort.hwest edge of the 
main igneous body, just below tilC forks of a little brook which 
flows into t.he Delaware about. one-fourt.h mile south of lirook­
ville. The exposure is not more than a few square yards in 
extent and the eont.aet ,,,,ith the ordinary tine-grained gabbro 
which surrounds the nepheline syenite on at Ie list three sides 
was nowhere seen. Closely associated wit.h t.he nepheline 
syenite is a micaceons syenite, exposed in the bed of the little 
brook above mentioned, just. at the forks. Like the nepheline 
syenite, this rock is apparently limit.ed in its occurrence to a. 
small mass, the exact relations of which to the adjacent rocks 
were not rlii:icovcrable in the field. Near the SOUtIl end of the 
~Jount Gilbon igneous area, nearly one-half mile south of the 
loeality above described, there is a quarry in which a small 
mass of hornblendie syenite and hornblende granite is inclosed 
in the gabbro. 

Relations.-Ko evidf'nce was detected, either in the field or 
through microscopie investigation, which in any wa.y supports 
the hypothesis that syenit.es are variations of, or immediately 
derived from, the magma which cooled as gabbro. The syenites 
are distinetly different from the gabbro which surrounds t.hem, 
and transitional facies appear to be wholly laeking. The 
gabbro as a whole shows rather st.riking uniformity, and none of 
the specimens afford suggestion of such extreme differentintion 
as 'Nould be necessary for the production of rocks so rich in 
alkali as nephcline syenite, mica syenite, or hornblende ~ranite. 
The syenitic masses, therefore, are either small dikelike intIu­
sions in the gabbro, or else they arc inclusions 1Il that rock, 
brought up bodily by the gabbro from some unknown terrane 
below. The exposures were not sufiieiently good to determine 
which of lhese hypothef'lei:i is the true one, but on the whole 
it seems TUOSt likely that the mnSl:les are included fragments, 
brought up in the gabbro magma at. the time of its intrusion. 

Flow8.--Near the western margin of t.he Brunswick shale 
area, southwest. of' Sand Brook village, there are several masses 
of igneous rock which are t.he remains of surf:we flows contem­
poraneous with the inclosing shall'S. There is a horseshoe­
sha.ped area of hasalt and an outlying area, t.he form of ollterop 
being due toa syncline which pitehes nort.hwest. The northwest 
part of the horseshoe is cut off by the great fault whieh extends 
north of Brookyille. The dips of .the slurounding beds vary 
from 10° to 40°. The basalL sheet in the etlrve(l ridge has a 
thickness of about 450 feet, hut the configuration of iL"! upper 
surf:we is somewhat uneven awl it appeal" to thin out llenl'its 
southwestem end. The outlying knob of basalt probably rep­
resents a. spconcl Java Bow, although its structural relations a.re 
not well exposed. 

There is a.mple evidenee that the basalt is extrutlive, fi)r it is 
conformable to the strata. and its upper surface is everyv"here 
extremely \-esienlar. The lower portion is dense awl tine 
grained. At two places the overlying shale was found less than 
:3 feet. and 1 foot above the basalt, presenting ab~oJutely no 
indieation of induratioll, change of eolor, or developmeIlt. of 
new minerals such as appear in tltratH adjoining the intrusive 
sheets. OIlf' of these localities is along the road whieh crosseR 
the end of the southern extremity of t.he curved ridge an(l the 
other is near the road tlle northern extrelllity. At 
hoth places red shale fill:;; in vesicular basalt, and at 
the la.tt~r place die shale is underbin by a thin layt'l' of mixed 
tin ely eomminuted basalt, voleitnic glass, and re(l mud. The 
shale underlying the baoalt is expoRed at a few points near the 
contact and prescnts no signs of alterfltion. The basalt, where 
not vesicular and is dark colored, dense, and fine 
gTained in texture, unlike t.he of the intrnsive sheets. 

Dilcc.~.-.\ long hut. narrow dike of basalt. extends on an 
eaMerly and northeasterly eourse from a point south of Hills­
boro t.o a point 2 mileB BOllthca8t of East IHillstone, a distance of 
about 4 miles. It crosses }lillstone HiveI' half a mile north 
of Blaekwells Mills, where it is finely exposed in the t'-l:lst bank 
of the stream. Its ·widt.l; here is from 10 to I~ feet, and it, 
bre~ks ncrORS the shale at H oteep angle. The contacts are sharp, 
the one on the south side being nearly smooth and the one on 
the north side somewhat irregular. The igneous rock is fine 
grained and is traversed by eleavuge planes rudely parallel to 
t.he conlaets. The shale is altered for sm'eral feet on either 
side, the alteration consisting; mainly of darkening to black, 
gray, and dark red, in part in irregular hlotches. A mHSS of 
altered shale [) feet long and from 1 to 2 feet thick is included 
in the igneous roek. The dike gi \'es rise to a faint. ridge with 
yellowish soil and numerous rounded masses of bnsalt, features 
by which it is traeeable to its t.erminations. A t its cast end it 
bifurcates for a short distance. 

Another long, narrow dike of' hasalt extends fm' ;) miles 
along the red-shale I::dopes northwest of Rourland .Mountain. It 
has a northeast-south west. course parallel to that. ridge and 



passes a short. distance west of , Verts ville. On the road just 
south oCWertsville sehoolhouRe its thickness is about 2~ feet. 
Here it, is conforma.ble to t.he shale for a few feet, but it also 
cuts across the bedding. The dike is traceable by scaUered 
fragments and red soil for some distance to the north and 
south, Lut may not. be cont.inuous throughout the course shown 
on t.he map. South and 'vest of 'Verts ville the dike is thicker 
and gives rise to a Blight ridge. It appears plainly in the bank 
of the hrook a mile south'west of Vanlieu Corners, where its 
width is 35 fcet. A short distance farther southwest it appears 
in anot,hcr brook, where it is well exposed with a width of 18 
fpet.. It here cuts the shales vertic!.lllv and has caused their 
alteration to a slight extent. for 1 to 3 f~f't on either side of the 
dike. North of'VertRville the igneous rock thins to about. 1 
foot, and it disappears one-half mile west of the Domerset­
Hunterdon county line. 

Thc igneous rOt'h of the ~e\'olark i:,rroup in the Trenton 
flnadrangle are similnl' to those elsewhcre characteristic of the 
group, the intrllsi ve shccts ('onsistilJg mainly of diabase (dolerite) 
witll gahbroitic f~1CieR and the effusive sheets of bHsalt.. Dikes 
are mostly diabase, hut a fe\y are basalt. and thcre are some 
syenitic mass('s. Thp subjoined pet.rographic descriptions have 
becn furnished by F. L. R.ansome. 

The diahase of the Ln'ger intruRiYe masses is in greater part 
a llloderately coarse-grained rock of light-gray color. ~eHr the 
eontactB ,,,ith t.he ineiosing Redimeutul',)' beds, however, the 
text.ure becomes llearly Hplwnitie and the dikes are entirely nne 
grained. The texture flS seen Hnder the microscope is generally 
ophitic. The principal constituent materials arc labradorite 
and angite, with accessory biotite, mngnetite, apatite, in some 
caReR quart.z, orthoc1Hse, and olivine. The last occurs sparingly 
nenr the and bottom contacts of the sheets. The rocks arc 
in mlmy somewhat decomposed, the augite being altered 
t.o ul'alite and chlorite nnd the plngioclase to calcite. 

A representative specinwll of diabase from a quarry Ht .Roeky 
Hill showl'; a typical ophitic nggregate of labradorite and pink­
ish allgite with a little biotite, TIlther abundant lllap;netite, and 
some apatite. A specimeu fi'om the quarry south of Hopewell 
is similar in ehal'aeter hut cOllsiderahly It. appears 
to have cout.ailled SOHle original gunrtz. A tlescription 
of the pet:ography of the diabase near Rocky Hill is given by 
Prof. A. H. Phillips (Am. Jour. Dci., 4th ser., vol. 8, 1899, pp. 
i()7-~8[,)). l\ccordillg to him, the Liotitc in this rock is ent.irely 
seeondary. 

The following are quoted from Dr. Phillips's paper. 
~o. ll'eprcsents !lbollt 420 feet from thc upper contad, 
~0.:2 is from roek near the llliddle of the mass, and No.3 iR of 
a specimen from the lower cont.act. hand. 

AnalYiSes of diaboseji'om Rocky lIUl, N J. 
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III till' Penningtoll l\Ionntain and JpridlO ~lountniJl roeks 
the quartz, like the Imgite, o('('upies tbe angular ::'lpnces between 
the partiy iJiOlllorphic lahradoritf', in plat'es poikilitically 
ine10siilg erysbJls of the latter miueraL Slender prisllls of 
apntite pass t.hrough both quart.z and feldspar, and the quartz 
is undoubtedly a primary minerlll. Accordingly these rocks 
ShOll}(l he dassed as quartz-Learing diabllse. There is consid­
erable de('ompo.':;it.ion in places, with (leYe1opment of sericite, 
amphibole, alld ehlorit.e ns HPcondary lllinerals. 

In the rock of Baldpate :iTHI Belle moulltains the qua.rtz nnd 
orthoclll6e O('i~ur as mi('roppgmatit.e in little angular 

between the liS in the well-known quart:.!: 
of Hlnvdoll, Q.uebec. Thc augite is partly cliange(l t.o 

uralite and ehlorite, amI the feltl8pars contaiu some sericite. 
A sCllllple of rock from Goat Hill, of the Bour-

]awl l\-fountain nUlSS, contains 
aeCC'HROn' biotitp, and 
a.phanitic rock near the 
HouriHTHl ]\.-fountain is holocl'YstaHine aud between intemertal 
aBd ophitie in textmc. It is" composed of labradorite, aUf.,rite, 
llnd olivilw wit.h a little biot.it.e and lllagrretite. The olivine is 
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partly changed to serpentine. This rock is an olivine diabase 
very neal' an olivine bas!.llt. An analYBis of the rock from 
Goat Hill giyen in the Geology of Kcw .Jersey, 18GB, is ~lS 

follows: 

AUlIly.vtt; of tUabat;tfro!n anlll Hill. -Ileal' Llltnbert'Citle, N. J. 

Rilicfl __ ;';1,4 

lrUll (PeO) __ J2.:3 
Almnina .. _ 18.3 
:ilTagnORia 5.3 
Limo 8.0 
Soda_ 1.1 
Potash __ .9 
Wat-er_ 19 

9I:l.2 
Specific gravity 2,tlJ. 

The dike near Mount Airy is a dHrk greenish-black aphanitic 
rock. The microscope shows that it. iB obscurely opLitie in tex­
ture and consists of approximately equal q1Lantit.ies of augite ana 
plagioclase with much less magnetite. The dike nea.r Union is 
typicnlly ophitic; the labradorit.e is slightly ill ex('Pss of the 
augite and tIle proportion of magnetite is small. 

The dike in the basal arkose and limestone R llliles northwest 
of ~ew Hope is a bluish-black aphanit.ie diabase showing only 
scattered dark crysbtls in a nne gToundmass. The minerals 
are augit.e, plat,rioclase, a.nd magnetite. '1'he texture is ophitie, 
hut dIe augite instead of being optically continuous occllrs 
in granular aggregates which fiU the intersti('es bet.ween the 
plagioclase laths. The augite and plagioclase are aLout eq ual 
in quant.ity and there iR yery rnueh less tlHlgnetit.e. 

The dikes w('st and southwest of Dilts COf'ller consist of a 
dark greenish-black aphanitic diabase composcd of augite, 
plagioclase, and llla~net.ite. 'I'1Ie augite is slightly greatel' in 
amount than the labradorite, and the magnet.ite is in smH 11 
proportion. The texture is typically ophitie. 

The roek of .Mount. Gilboa is commonly dark gray in 
of finc t.o medium grain, nno. of granular structure. A 
specimen collected neal' the center of the area shows under 
thc mieroRcope a hypidiolllorphic-granlllar strudure and is a 
fairly fresh af!:grcgate of labradorit~, augite) hyperstllCne, quart.z, 
hiotite, and iron Ol'P. It is a fine-.!!;rained gabbro in ,yhich a 
brown diallagic :mgite is intcrgrown with smaller qnantities 
of hypersthene :Illd hiotite. The quartz was t.llC laBt mineral to 
crystallize, and is Vf'ry suhonlinate in amount. It is iu 
micropegmut.itieally i;ltergrowll with a small !.lmount of a 
alkali feldspar, probably orthoclase. The hype1'st.Jwne is not 
always present., and its place is locally taken by hornblende. 
As the texture on t.he whole is granular rather t.han ophit.ic, 
t.he name gahbro is an a.ppropriate designat.ion for the rock. 
Tt differs frolll the diabase of the neighboring igneow-l Illasses 
only in its granular structure. 

The nepheline syenite in the small are~l southeast of Brook­
ville is a light-gray granular rock of medium grain. l~nd('r 

t.he microscopc it exhibits a hypidiolllorphic granular structure 
and consistR of alkali feldspar, nepheline (including its alteration 
products), amphibole, biotite, canerinite, soda-lime feldspar, 
Illuseovite, ret,ri1'ine-augite, apat.ite, titanite, and fluorite. A fcw 
grains of magnetite are included in t.he amphiboles. Aualcite, 
usuHl~y filling triangular spaces between the feldspars, is rather 
Hbundfmt in sOllie scetions. It is probably wholly sccomlaJ·Y. 
Sericite is present as !.l decomposition product of the feldspars 
and ealcite occllrs rather irregularly, usunlly associated with 
t.he analcite. The latter is also accompanied Ly a small quan­
tity of a fibrous minernl which is probably natrolite. 

,\'11 the feldsparR show n .h'-ray tut'bidity silllilar t.o that. which 
is so common n feature of Rycnitit' rocks. The nepheline 
originally oceupied arcas hetween the feldRpars, in p:nt of t.rian­
gular form, hut ,it is almost wholly decomposed and replaced by 
fine of secowhuy produets or by tra.nsparent areaR 
of The amphibole, which is black in t,he hand 
specimells, agrees in it.s optical dwracter with illf' hornblende 
common in many nepheline syenitcs. Much of it is intergrown 
with biotitc, the latter cominonly forming an outeJ' fringe or 
horder to the flmphihole. :\lo1'e ra1'ely it is intergrown with a 
pyroxene which is apparently an x?:irine-augiLe; but the 
latter mineral is nowhere abundant a.nd is wholly lacking in 
some thin 1:ledion::'l. The biotitc posscsses no features of 
special interest. beyolld a tendency towflf(l poikilitic structure 
and numerous inter[!,Towths with amphibole. Cancrinitc, which 
is a rather conspicuous constituent in some thin sections, is 
deal' and colorlpss, and it oecurs in irregular a.reas or ill forIlls 
partly idiomorphic in the prism zone. J\.IuHcovit.e (including 
sericite), f01' the most part plain ly secondary, forllls a consider­
ahle part. of the fine-graine(l ag!!:regat.es whiell no\y represent 
the Jlepheline. Apatite is a moderately abundant accessory in 
Hlellder prisms up to a millimctcr in length. Titanit.e oecurs 
in smlJ11 l'1'ystals and grains but is 110t abundant. Fluorite 
occurs sporadically in nests with calcite and analcite and is 
without. mllch doubt secondary. A chemical analysis of the 
nepheline syenite follows: 

Anctlysis of nepheline syenite ITln" Brookville. N. J. 

Water at 100" C _ 
TiO. _ 

[Uenrgel:\teige.r,au.'llyst.] 

2.22 
2.()O 
1.2.1 
2.8(1 
7.03 
4.5t:\ 

1.88 
.2,] 
.7!J 

Kone 

NOllC 

'fr:w(l. 
.05 

.07 

\)\).81 
.0;) 

99.72 

The mica sycnite from the small area southeast. of Brook­
ville is a gl·,:1.Y medium-granula.r rock which in haud specimens 
show.':! abundnnt. biotite, flpparently some amphibole or pyr­
OXf'ne, lmd both white and pinkish feklspars. The pinkish 
f(~hlspar is unevenly distrihuted Hnd ShOWB n tendency to ,gather 
in small, ill-defined, veinlike or streHks. -

Under the dli .. ' exhibits a hypi(lioillorpliic-
gl'anuiaT 1:llructnre seen to consist of alkali fdd8paJ', bio-
titc, pale-gn'en (ljopside-like wit.h 
and ir01l ore, awl ('hlorite, and 
sericite. The fc1d",pars are generally and parlly (leeom-
posed to serieitic The biotite i8 ill the main fairly 
fresh, but. some partly ehloritizeu. TllC pyroxcne is 
largely altered to calcite alld ('hlorit.e. In sOllle speeimens no 
pyroxenc is recognizable; in ot11('rl'; tlwre is a. g-rcen amphibole 
..,,,hich may he morc nhlllldant than the pyroxene. 

The hornblende syenite o('curring ill the p;nbbro masl'l of 
~lount. Gil boa i::l a coarse-grained and sliglltly micl'olit.ic 

of fiesll-colol'cd feldspars and rather hleaeheu-looking 
green amphibole. The feldspar and alllpllibok both 

show H tentieney toward pr'ismatic development, and some 
cleavage faces of the furtl1er are seen nnder the leW', to be 
finely striated. 

Tile microscope rewaif, a hypidiolllorphie-gl'anulal' 
of alkali feldspar, amphihole, and)l littlc quart.z. 

is turbid with the usual brown dllst-likc 
full of wisps of Becondary H01Ilt, 

may possibly be prf'_'lent, 
is proha bly all a lkali feldspar 

identical with or closely to anorthoclase. The amphi­
bole is pale yellowish green and xellomorphic. Dome of it is 
eompnct, hut us a rule it i8 fihrolls. Quart.z is subordinate liS 

irregular clear grains hetwecn the feldspars. Apatit.e in st.out 
eolorles:'l prisms is H fairly abundant accessory C'onstitnent. 
Titanite occurs generally as rouu(led or irregular ~rHins alld 
there is a lit.t.le magnetit,e, nssoeiated with the amphibole. 

The small mass of hornblende granite ine1uded in the gabbro 
of Mount CWhoa is a medium-granular dnrk-gray I'ock, in 
which the fcldHpars are bl'ownillh in color and ",ho\v a tendency 
toward prismatic development. The dark constituent, appar­
ently da.rk-green hornblende, is f~lirly ahundant in rat.her 
irreg;ular pril'lnl::'l. A lit.tle dark miea is also visible ill the 
hand speeimen. 

Under the microscope part.ly idiomorphie sections of decom­
posed feldi:3pfL1' and irregular plates of a~llphibole are seen to lie 
in a sort of groundmass ('om posed of quartz and feldspar 
mieropegmatitiea.lly intergTowll. . The idiomorphie feldspa.r 
appears to be in at least an aei(lic while that in 
the p;l'oundnwss doubtless an alkali dosely related 
to soda orthoelllse or to anorthoclase, althougll it may be ill 
part ordinary ol'thoebRe. Thc quen'LZ is all more or less inter­
gJ'own with feldspar but. shows some homogeneous patcheJl of 
considerable size. 

The basalt oj' the flow ~ontheast of Sand Brook is and 
com pad, ;,;howing millllte fel(1spar laths and augite on 
freshly fractured sUI'faecs. Tn thin sediollR the component 
minerals are seen to be lahradorite, aUf!;it.e, Illagnetite, apatite, 
a.nd The texture is almost typically intersertal fwd t.he 

a common hasalt. l\-ful'h of it. is vcsicular Ilnd nea.r the 
surface is deepl y decom posed. 

The roek of the Blaekwells 1\1ills dike is compaeL, dark gray, 
and nearly flphallitie. Specimens from three loealities showed 
under the microscope an intel'sel't.al aggregate of h1.Lradorite, 

magnetite, apatite, ,md The magnctite fi:.HIllR 
ske1et.ou ('ryRta Is in t.he bflse. The roek orig-

inally containcd slllall phenocrysts olivine which arc now 
altered t.o a yellow serpentine. It may tllerefore he eaIled 



an olivine hasalt, althoug-h the oliYinp is not ahunda.nt. An 
analysis of t.his rock given in the Geology of 1\'ew Jersey, 
] 868, is as follows: 

Analysi8 of ba8altj1'01n dike a/Blackwells Mills, 

Silica __ 
Tron oxide (F'e()) __ 
,·ilumina __ 
Magnesia __ 
Lime _ 
Soda. __ 
Potash __ 
'Vater _ 

Specific gravity 2.90. 

50,4 
12. !I 
li>.tl 
6.0 

1\.2 
1.1 
.7 

2.7 

1110.4 

The'Vest,yille dike ('on;';lsts of H. nearly hlfl{,k llplwnitie rock, 
'which under the is found to hp a hQsalt, Tt ron-

prisms of angite. 

llotewo!"thv fentll!"<:' is the rat.her 
latlul are intergrO\vn with 

COASTAl, PLHN ARFlA. 

By W.,. "Rl·J.LOCKC'w.RK.ll. B. KtlIDfEL. "",lll I •• :l:lILLER 

GE)fF.llAL ~l.'Al'E~i.EXT. 

The geologie fOnl18tions of the Coa;,;tal Plain area represent 
a nearly eompletp from Cretaceous to Heeent. They 
form a serieR of thin which are incline<1 slightly toward 
the southeflst, so that. sneeest'-ively later formations ~re generally 

the di:::;trid from t.he inland bor(ler of the region 
in the angle and direet.ion of t.ilting, 

as wdl as btcr denlldatioll, lwye occasione<l in some 
m:nked di\'erg-e!lce8 from these normal conditions. 
'variations, however, are most pronounced along the weRtern 
margin of the belt, where, as the result of transgression, it is not 
uncommon to find olle or more formations laekinp; in a givcn 
diRtrid. As the result. of deIllulation, detached outcropR like­
wise appcar along the wet'-tel'll margin of the several formations, 
at timeR far removed from the main body of the deposits, 
Tllf'RP \"ill·ious fhctors mlLst of eonrse be worked out for each 
individual district a.nd t.heir relations in the Trenton region 
will be diReuRseu later. 

GENERAL STATEMENT. 

The Creta-ceom; deposits of the Trenton reg-ion represent por­
tion:" of both the Lower and r pper Cretaceous. Beyond this 
district st.ill older Creraeeous deposits lIa ve heen reeo,Q;nized 
southward in l\.farylnnd and Virgiuia. In g-ellernl the Upper 
Crerlweous formations are be::;t aevelolml in New J erse), and 
the Lower Cretae(,0118 ill .JIarybnd and Vir,Q;itlia. 

The Lowcr CretaceolLs deposits of estuarine origin were 
described by .MeGee ai; the POlomae formation, but they are 
now known to represent several .As the 
type of deposit.ion was tllueh the Rame the entire 
succession of depoRits, t.he nAme Potomac g;roup retained t.o 
designate them llS 11 whok Of the fOllr forlllations into which 
the Potomac ,Q;roup is divided 01l1y one, the Raritan formation, 
is known with certaint.\" to occur within the contines of the 
Trenton quadl'augle. Ow-dying tile llaritml formation are 
transitional beds that from thei l' fossilrt.'Hlnins at more northert! 
localities have heen referred to t.he base of the L'pper Creta-
ceous. The themRelves conlain materials t.ha.t ally 
them in part the ovedyillg and in part wit.h the underly-
ing formations. Thev were <:,\'ident.lv mllrine in the "icinit.v of 
Raritan Bay, but no l;larine f08sils \u;vc been observcd south of 
Bu.rlin,Q;ton- Count)' aJl(1 it. is cyident that. tll('Y were estuarine 
from t.hat rCf:,rion ~outhward into l\f:nylalld. "They have been 
designated the Magothy fonlla.t.ion. - " 

The Upper Cretaceous of strictly marine origin were 
referre<l to hy the older as the Clay marls and the 
Cireensand marls, the mineral glauconite occurring in greatcr or 
less amounts in all of the formations. The lithologie features 
of elwh formation are ill general su.ITiciently distinet.ive nnd per­
sistent to render the determination of the several horizons, even 
in the absence 'of fossils, a relatively easy tHsk. Foul' nllljor 
subdivisiollR, the .Matawan, ]\[ollmouth, and .Rancocas groups 
and t.he .J.IallflJ:3quall formation, al'e reeognizcd in thc Trenton 
quadrangle. 

LOWER CRETACEOUS SERIES. 

POTO::-'lA() GROTTP. 

The Potomae group of t.he Coastal Plain consists of highly 
colored p;ravels, sands, and days which outcrop along a SlnLlOlll:l 
line extending from ~C\Y '~(ork to Richmond and passing 
ncar the eitieR of Phillldelphia, '\Vilmillgton, Jktltimol"l', and 
"\Vashin,Q;ton. ]n Maryland, where thc Potomae deposits are 
best deye1oped, fOllr formations have been differentiated, viz, 
from below upward the Patuxent, Al'lilldel, l)atapsL'o, a.nd 
Raritan. The hvo older formations, of qnestionable .furassie 
affinities, a.nd t.he Patapseo are not known to oecur in t.he 
Trenton area. 

ltARI'l"A.N FORlI1ATION. 

Areal disLribui'iIJ1I.--;"outh of Trenton the Raritan fOl'matioll 
occupies a belt. along the valley of Delaware River, hut for the 

Trenton, 
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most part it nnderlies the river or is covered by Pleistocene 
deposits on the New Jersey side of that stream. Northeast of 
Trent.on it extends t.oward New Brunswick in a belt bordel~lIg 
the Triassic rocks, but it is almost entirely covered hy t.he 
Pleistocene sand and gr~wel. North of Monmouth Junction 
two outliers rest upon the Triassic shale and diabase at eleYtl­
tions ranging from 160 to 300 feet. The best exposureR are 
those at the base of the hluff at Florence on Delaware River, in 
the clay pits southeast of Trenton, and in the rm.ld cuts crossing 
the Sand Hills outlier. 

The Ra.ritan formation continues beyond t.ho limits of the 
qnadrangle northeastward to Woodbridge and Perth Amboy, on 
the shores of Haritan Bay and beyond. Sout.hwest.ward it 
extends along Delawa.1'e R.iver, across Delaware to the head­
waters of ChesapcItke Day in Maryland, and thence southward 
to the Potomac HiveI' valley, where it finally disappears beneat.h 
tile coYer of later deposits. 

The outcrops of the format.ion are more extensive in 
New Jersey than toward t.he south, where the late Cretaeeous 
and Eocen"e deposits gradually trallsgress the upper beds until 
they come t.o rest directly upon the Patapsco f(H'mation in 
Routhem Maryland and Vir6>i.nia. 

(:hamcter.-The Ral'itHn formation is somewhat 
va.riahle charadeI', consistinp: chiefly of light-colored sands 
and clays, the former in places highly ferJ'Ub>i.nous and locally 
forming a firm ironstone. In gencral t.he deposits are not. so 
highly colored or variegat.ed as those of the Patapseo formation, 
though they not. uncommonly contain beds of red-mottled elay, 
In eomposition, they are ext.remely variable, the sandy layers 
beinJ!: in many localities replaced within short distanees by beds 
of clay. Cross-bedding is eommon in the sauds and no section 
ean be considered as typical except within very narrow limits, 
In thc vicinity of Haritan Hiver, where the moi'tt eornplete sec­
tion of the beds has heen fouud, tllCre is an evident. preponder­
anee of clay in the lower half a.nd of sand in the upper half of 
the series. Tn t.he Sand Hills ,,,hite and mottled clays OCellI' at 
the hase, overlain hy 80 feet or more of ('oarse, highly eolored 
quartz sand not uncommonly cemented to a firm ironstone. At 
Haedriek's pit-'l, neal' Florence, 40 to 45 feet of bluish and 
reddish cla,V (Raritan) are exposed heneath 'white and yellow 
sands and laminated blaek a.nd brown claYR (:.\fagothy). 

Paleontolog£c chamder.--Thc fossils of the Rarit.an formation 
consist largely of plant remains whieh haye been recognized in 
many different lo('alities in !'oIew Jersey. The known flora 
of tllC formation includes ahout 170 species, ineluding olle 
thallophyt.e, t.en fernR, six eyeads, eighteen conifers, and one 
monoeotyledoll, the remainder heing dicotyledons distributed 
among lIlany genera, some of whieh still exist. No fossil 
plant~ of R.a.ritan age are known Vt'ithin the area of the Trenton 
quadrangle. T11e known fauna is very scanty, eOl1sisting of a 
few lIloliusks, some of' whieh are braekish-water t.ypcs and 
t.wo of whieh are typically marine, a plesiosauriull LOlle, aud 
possibly an insect, 

1'IM:clme,~,~.-The thickness of the deposits is somewhat vari­
able, owing to the irregular surhlce upon w11i('h they al'c laid 
down. At the outerop the formation is evidently from 200 to 
2,~O feet t.hiek, but it thickells t.oward the southeast bencath 
the later formations and in pla~es haR becn penet.rated in well 
borings to a depth of more than [)(X) fect, alt.hough part of the 
laHer, may represent. the Patapseo and possibly even the Pa.tux­
ent. format.ion. Owing to the ('oYcr of Pleistoeene materials 
only a small part of the Raritan is reprf'Aent.cd by outcropping 
strata in the Trenton area. 

JYatne and e(n-relation.-The Raritan formation was so ca.lled 
by Clark from thc typic,al development of' t.he deposits in the 
valley of Uaritan Hiver. The flora of the Ha.ritan is highly 
charaet.eristic, with its large proportion of dicot.yledonous forms, 
and affords the basis for II eorrelation of the depositi'l on pale­
ontologi.c grounds, 'Vanl considers that the llar.itan :flora 
represents for the most pal't the late Lower Creta.ccous alltl is 
t.herefore approximat.ely equivalent to the Gault of England. 
BelTY, on the other hand, suggests t.he probability of the flora 
being Cenomanian a.nd thus Upper Cretaceous. 

Straliyraph'ic j'elaf..ions.-'Vithin the area of the quadrangle 
t.he .Rarit.an rests unconformahly upon the floor of' alleient 
erystallim> roeks which outcrop along Delaware HiveI' as far as 
Trent.on and tllCl1ee at intervals nort.heast to I)rinceton .Junc­
tion; upon the later roeks of the Triassic from Princeton 
1l0I'theastwm'd; anu perhaps to the ::3outheast (down the dip) at 
undetermincd poillts npon Patapsco depol:lits, That the forma­
til!n onee extended farther to the northwest. all<l considerably 
o'verlapped the Triassic is shown by the outliers north of Mon­
mout.h .Jundioll, 

The Raritan format.ion is unconformably overlain by the 
IHagothy formation and, where ouierops at the cOllwet are 
found, the line is for the most part sllllrply de1ined, although 
an exception to this occurs where dark-eolored earhonaeeous 
beds are present. at the top of the Haritan. 

The deposits strike from northeast to southwest. They 
dip to the southeast at an average rate of 40 to 50 feet per 
mile, the inclination of the basal beds heing steeper than t.hat 
of the upper. 

UPPER CRETACEOUS SERIES. 

Areal dist'l'ibuf..iun.-The l\Iagothy formation oeenrs as a 
narrow belt east of the RnritHn formation but appea.rs at the 
surface only in small detached outcrops wlw1'e the Quaternary 
covel' has been removed. The best cxposure is found at Flor­
enee, where a thickness of 25 feet is shown between the Raritfln 
clay below and a thin cap of Merchant.ville st.rata above. 
It is also well exposed at t.he brickyards between Kinkora and 
Bordentown, and at various points in the blufis along Delaware 
River and Crosswicks Creck. 

Beyond the limits of the quadrangle it has beell identified 
from the shores of Raritan Bay to t.he District of Columbia, 
where it. finally disappears beneath the Coyer of later dep0l:liis. 

characicl'.-The .Magothy deposits are very varia­
hIe, of alternatiug hcel." of dark clay and light sand, 
the lat.ter locally reddish or brownish. The clays are for the 
most part strongly laminated and eOlllmonly lignitie; near 
Raritan 13ay, where they earry a large marine fauna, they are 
in plaees slightly glnuconitic. The earbonaeeoLLs days are 
locally filled witil minut.e partides of lignite that give t.hem 
a somewhat. spotted appearance. They are in pl~es micaceous 
and are then not unlike some of the overlying .:\fat.flwan beds, 
but. are usually I'cadily distillguished from the hi,Q;her beds 
by t.hin seams of white Baud which separate the clay layers. 

Segregation of' the ferruginolls matter, usually somewhat 
evenly distributed through the sand, has oeclLrretl in several 
places, producing irregular iron crustJ:l in Illany fantastie shapes. 

Paleontologic ehamc!€/".-In this quadrangle the only organic 
remains thus far reeognizcd in the Magothy are leaf impressions 
in t.he thin lamina~ of drah days that alternate with layers of 
sand. The impl'esslol1s are mostly fmgmellt.ary, hut at Kinkora 
Berry colleeted the follmving speties just below t.he :J.fat.awan 
contact Survey ~ew Jersey for lfl05, p. 1:1H): Garee 

the eones of Sequoia 
of t.hese are forllls 

Point., on the sout.h side of Raritan Bay, New 
.Tersey, heds of this formation have yielded a considerable 
flora a.11<1 a marine fhuna. The animal remains deseribed uy 
'\Vellcr (GeoL Survey New .Tersey, Paleontology, \'01. 4, pp. 
;);)-4:2) were found mainly in smooth concretionary nodules in 
a day bed or lyin~ loose on the beaeh, where they were left by 
the ero:::;ion of the heds that originally cOIlt.ained t.hem. 
The fauna is by the presence of grellt numbers of 
erlli:lblCean remains. bome portion of a era.h seems to hare been 
the llucleus about .vbich almost all the nodules ,,,<:,l'e formed. 

The 

lin/ea, llnd 
1elmC<lrClllU.< .~lJbql/,({d}'({t(llJ. impor­
tance, Rince they are t.he earlieHt marine f08sils found in the 
deposits of' the AtlantiC' Coastal Pblin, if the Hlnl"inc forms from 
the I{aritan be exeepted, Wcller states that t.he of 
forllls ('onstitutes a distinct ..fimnule of 4X .'lperies, of 14 
do not o<;<:ur in othet· formation:::> ill Kew Jersey, Of the 
remaining :W forlils whi('h have H widcr range, H hn~ger number 
occul'in the \Voudbun' Hnd 'Yenona.h formations than in tbe 
}lerchant.yille, whieh i;nrncdiatcly overlies the Magothy. 

The flora of the l\.la.gothy formation (formerly kuown as tIle. 
"CliITwood day") stlldied by Berry at Cliffwood Point" i:::> 
notably varied, ovcr hHying been described. .l\1<111.Y 
of the speeies occur al;,;o thc H.aritan 101'1uatioll, but most 
of' them a.re new or are dmraeieristic of later formntions e18e­

of that locality are 
:JJYlcifli,J/Jl, Uther 

,~qll(JJJlI)8/1.8, Dammm'a 
n;, .. /"",'//O"II; Herry aud Hollick 
beds show Cenomanian dlllrncier­

ist.i(',." while 'VelIeI' has pointed out that. the 1huna if:; more like 
the Senonian. 

Tkickness.-1'he thieknes8 of the .J[agothy format-iolt in this 
region is about :~() feet, hut it illerenses to the north, wlwre it 
reaehe . ., abOitl 1.50 to li5 feet on the shores of Raritan ElIY. 
Tn southern l\Ia.ryla.nd it is not more than 20 to 30 feet. • 

.Nllrne w.d COI',elllt/:O/l,-Thc l\lagothy formatioll, so named 
uy Darton from t.he typical development. of the in t.he 
valley of l\IfJgothy Hiver, .Maryland, <.:Jill be almost con-
tinuously ex(~ept for the ('over of Plei",tocene matf'1"iat" from the 
valley of Raritall River southward to the western shore of 
Che~apeake EllY, It ehanges somewhat ill cllm·acter sonthward, 
and the HUlrille fossils of the norlh ha\"e not tim:,; fhr heen 
observed t.o the south of Burlington County, ~. J., although 
the IIlternating days aIU1" sands with their li,Q;l1itic beds perRisL 
A more 01' less eon8tant chanlef.cristic of the days is the pres­
ence of iron nodules, many of which are fossiliferous. Most of' 
the beds here dassed as ·Magothy were formerly included in 
the Haritan. 

.1\0.9. pp. 4.',-103; BulL Torrey Bot. 



The flora of the :J.fagothy presents a much more recent a.,;;pect 
than that of the Raritan. Only;W per cent of' Raritan forms 
have been deserihed from the J\fagothy formation flnd these lIOt 
of tlw ol(kst and most charaeteristic typcs. :J.1:my latcr forms 
appear, und tlH' Hora as a wholE' i" regarded by paleobohmists 
who Jwve examined and described the specimens as showing 
Cenomanian affinities. 

The fauna consists mainly of marine molluscan shells, crab 
cla·ws, and shark teet.h. It is the lowest appearance of a fauna 
,yhich recurs in the \Yoo(lbnry, 'Yenonah, and Redbank forma­
tions. 'Yeller considers that it possesses dose affinit.it',s to that 
of the Ripley beds of the south, and that it is thus allied to the 
Senonian of Europe. 

The strata included in the Mata \Yan group were regarded by 
Ulark as constituting a single formation (comp08ed of t,yO 
membem-the "Crosswicks days" and the "Hazlet sands") to 
which he applied the name Matawan because of its typical 
development along Matawan Creek in Monmouth County, N. ,r. 
The geologists of the ~ew Jersey State SHl'\~ey, howcyer, havc 
subdivided it into five Illcmbers, which are regarded as distinct 
formations for this area. The fifth formution, the 'Yenonah, 
while paleontologirally distinct from the overlying Mount 
Lamel, is not sharply so lithologically, and it is, therefore, com­
bined wit.h that formation in the Trenton region for mapping 
purposes and will be discussed in cOllnPction ,,,,ith the Mon­
mouth group. To the south these divisions gradually disappear 
awl the .JIatawan strata in Maryland ronstitute a single unit 
of ycry const:lIlt lithologic charact.er. 

Thc tiYe formMions in New.Jersev wat arc believed to be 
the correlatiye of the single ~IataW!'l~l formation of Mnryland 
are the .:\Ierchantyille and "\Yoodhury the Englishtown 
sand, the .J[arslwlltown formation, and "\Venonah 8:md. 
All of them olltcrop in the Trenton quadrangle, the first four 
being separatel,Y represented on the maps. -

A1'('al dislributio7t.-Outcrops of the l\lerehantville clay occur 
in a northeast-southwest belt fi'om onc-half mile to :2 miles in 
width. In the yiC'inity of Bordentown t.his belt lies close to 
Delaware Hiver, but abovc and below that place it lies some 
distancc away bccause of the challged conrse of the riYel'. 
Exposures are most ('ommonl), fOLlnd along thc slopes of 
the tributnry strf'am,,;. The formation is well ill whole 
or in part., at the brickyards at Kinkora, (only the 
basal layers), at Bordentown, and in the ballks of Blacks 
Creek, Crosswicks Creek, Doctors Creek, awl .'\ssanpink Creek. 
On the south hank of Blacks Creek and three-fourths mile cast 
of Fieldsboro the ent.ire form!'ltion is i::Ihown with hoth bnsa land 
upper contacts exposed. Its contact with the ).Iagothy is also 
se~n at the Kinkora and Fif'ldsboro briekyardtl and in the bluff 
at Florence. 

Litholog1:c charrwi-er.-'l'he )Ierehantville elay, tIle lowest 
memher of the Matawan group, is II black, glauconitic and 
micaceous which is usually f!:reasy in appearance and 
commonly in structurc, partieularly in the lower por-
tion; the upper part is more sandy and is in places dis­
tinctly laminated, The upper and the basal portions of this 
bed are commonly much more glauconitic than the middle part, 
and have at times been dug f()r marl, lllthough their use for t.his 
purpose has not Let'n extensive. The glauconitE' is uncvenlv 
distributed, oceurring commonly in patch~s rathel' than 1;13 
disseminated grain:'!. It is entirely absent at some horizon:;. 
Locally small pebbles oecur very sparingly in the bw:ml portion. 

The weathered portions of this forlllation are very chamdcr­
istic. "~here marly, they form an indurat.ed cinnamon-brown 
earth, ill ,vhich the sllJall hlaek unwcathered grains of lllarl are 
conspicuous. 'Yhcre mol'C sandy, the weath('~'ed portion has a 
peculiar" pepper and sa It'' aspect. The weathered part of t.he 
noumarly portion is less ('haracteristic amI is in SOUle places II 

light choeolate-color€'d day, re.,;;embling the weHthered part of 
the next higher formation. 

The hase of the )-1erchantville clay is a slJarply marked 
stratigraphiC' line, read.ily l'ecog-nized wher(-'ver exposed and 
easily traceable tltroughout thc area ill which it outCrop8. 
The ulltlerlying :J.Iagothy st,rata cOllsist mainly of loose coarse 
lignite-hellrill~ sand or finely imerittminateu sand and elay, 
with the IIppt'r sandy Inycrs not UnCOlllTIlOnly cemented to form 
an ironstone. The contrast betwecn these lIlaterials and tle 
overlying Merchantville bla('k marly day or its weathered 
equintlent is a striking Olle. The upper contaet. of the ::\fer­
dwntville formation is mucll less (listillet, but. the transition to 
t.he oH'rlyin1!: "'"oodblll'y day is generally a('complished wit11in 
1 to ;3 feet, and where exposures are freRh there is rarely any 
question as to where t.hc division between t.he 1\'0 formations 
should be made. 

Paf<:ontolo,qic clwT(wter.-Tlw Merchantvillc fauna is If, largc 
and varied one (102 and 11:> chal'llcterized the 
abnndance of A.riJU'({' Cue ulima antrosa, 
fPrIIJit.fl'ialuHI, 1'IIrritdLa merchantm'llelll3il3, awl Punl)pea d('eisa, 
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specieR which are conspicuous for tlleir absence or great rarity 
hoth in thf' undcrlying beds of the Magothy and in the super­
jacent formHtion, but whieh recur more or l€'ss commonly in 
the Marshalltown alld Navesink formations aboYe. 

l'hlckness.-The greatest observed thickness of the l\ierchant­
.. ille day is about ()() feet, the ent.ire bed being exposed three­
fourths mile east of Fieldsboro, along the road crossing Blacks 
Creek. 

1-Yame alld corrclation.-'l'he formation reef'iyf's its name from 
the town of ~rerchantville, in Camden County, .:"l'". J., \\hich is 
underlain by beds of this age. It represents the lower part of 
the" Crosswicks clays," the lower of the t.wo memhers of the 
Mat.awan as described by Clark ill the reports of t.he K ew Jersey 
Geological Survey, and forms the base of the Clay-marl series 
of Cook. 

Stnd1:graphic 1'elations,-The }lerC'hant:ville day rests upon 
t.he Magothy formation aIJd is overlain hy thc "~oodhur.r day, 
with which it is conformable. The contact of the Merchant­
ville and .Magothy formations is exposed on the south bank of 
Blacks Creek due south of the center of Bordentown, in the 
hrlekyards at Kinkora, and at Hacdriek's pit, Florence. 

In the region of out('rop the Merchantville is throughout 
much of the area unconformably overlain hy depoRits of 
Pleistocene age. 

A real dl.~tribut£on.-The 1N oodbury clny ouh:rops in a nalTOW 
helt lying just sOlllheast of the Merchantville line of outcrop. 
There are good exposures near Three Tuns, along Blaeks Creek 
!'Ibovc Dunna :\Iills, along Crosswicks Creek and its tributaries 
ahove Crosswicks and at Bl"d.islin's briekyard, and along Rocky 
Brook near Hightstown. NOl,thwest of Raucoca.s an extensive 
aren of the 'Voodhury clay is slightly coYel'(:!d by wash from 
later deposits. .\t an aba.ndoned hriekyard a mile west of 
Raneoca8 the day contains large masses of limonite, whieh 
trayerse it in all directions. Beyond thc Trenton area the 
V{oodbury clay has been difierentiated entirely across Ke\" 
J erAey with no striking change in lithologie character, fauna, 
or thickness. 

Dithologic ('h(,{racter.~The "\Voodbury formation is composed 
primarily of a thick bed of clay. It is somewhat mieaceous, 
blnck in eolor, not sandy in the lower portion hut slightly so in 
the upper part, where it. is distinctly laminatcd. It does not 
contain glnuconite perhaps at the very bmw and locally 
to:1 slight amount in extreme upper portion, awl, in this 
respect, it is to be distinguished from the }Jerchant\-illc clay. 
It weathers to a light-ehoeolate color, and ·whcn dry hreaks 
into innumerable blocks, large and small, frequently ,yitll a 
eonchoidal fi'acturf'. In itR lower portion it is penetrnted by 
numerous jointB, which, in some localities, are smoothed and 
polished. Many of the joints are filled with erusts of limonite, 
which locally form large 10nt:'.p·ombed Illasses many feet in 
diameter and tons in weight. Tn faet, all gradations can be 
found between thesf' large masses and films of limonite coating 
joint fiwes: 

Lithologically the "\Voodbury is readily different.iatcd from 
the Merchantville by its light~brown color where weathered, 
its usual laek of glauconite, awl its numerous joints. The 
t,rnnsition to the overlying Englishtowll sand is comparatively 
abrupt, throllgh brds rarely more than 2 or 3 feet thiC'k. 

Paleontologic chamder.-Tl18 'Yoodbury clay contains an 
abundant fauna, 95 speeies having been recognized by'Veller. 
Lingu.la 8ubRP(Jtlll(Jt({, Yol&ia louY'ifrofls, Llfc'ina cretaeea, and 
C!fpJ'hneria cretacea are the 1ll0st dwracteristic forms. The 
facts that not one of these forms has been seen in the l\ferchant­
yille formation and that the several abundant forms of the 
Merchantville are exceedingly )'llI'e in the 'Voodbury show It 

f<lUlwl ns well as a lithologic differem'e bet.ween these forma,.. 
tions, Thc'Voodbmy fauna has more in COIllmon with that 
of the Magothy and 'Venonah thnn it has with the Merchant­
ville fauna below or the :\rarshalltown above. 

:77.ickness.-The thickness of the \Voodbury clay is about 
50 feet. 

.Name aJ/d ('uTrelat'ioll.-The formation r€(,f'ives its name 
from the town of "Toodbury in GloucestE'r County, N. J. Tt 
was so designHted because of the g'ood sections formerly exposed 
in the railroad cut at that place. It represent:,! the upper part 
of the Cros:,:;wicks clays of Clark, deserihed in the reports of the 
New .Jersey t-ieological Suney, and forms palt of the 01ay­
marl series of Cook. 

Stmli;qraphic 1-elalioJls.-;-The 'Voodbury formation rests 
lIpon thc Merl'hantville and is overlain by the Englishtown, 
with bot.h of which it is conformable. Silllilar to the other 
Cretn('eolls formations of the region, the Woodbury in the 
region of its outcrop is in many place:,:; unconformably over­
lain by Pleistoeene deposits. 

Arml dist·r·ibution.-'Vithin the Trcnton quadrangle the 
Englishtown sand appears as a series of ouu'rops from Haneocas 
to Allens. In its wider diRtribution it has becn recognized 
from Atlantic Highlands to Salem County. Owing to the 

generally loose, incoherent char~ter of the rnaterinls composing 
the formation, fresh exposures !'Ire speedily washed down nnd 
obscurcd. It covers considerable areas near Mansfield, Colum­
bus, and southwestward, but. deep exposures arc not common. 
Ht€ep stream banks and fresh-cut gullies usually atlord t,he 
best chanccR for ohsenation, but these often ehange from year 
to year. Good opportunities for studying the formation can 
usually be found along Crosswicks Creek and its tributaries 
nCll!' Extonville and on Assanpink Creek neal' New RIllll'On. 

Lithologic cha-racf.er.-Thi.,;; Cretaceou8 formatiOlI is a con­
spicuous bed of white or yellow quartz sand, slightly mica­
ceous and with minute amounts of glauconite. It is in some 
places marked by delieate lines of red, giving it a hi~}tly 

yariegated appearance, while locally the percentage of iron 
present is much greater and the sand has been cemented to 
form rather massive bcds of sandstone. Although {or the 
most part the formation is composed of loose quart.z s:md, 
in places (,losely resembling the sand of the present beaches, yet 
not uncommonly it contains thin laminfC of fine hrittle clay 
whieh stand in sharp contrast to the adjoining sand, without 
any gradation between them. Towar(l the upper portion of' 
the formation there is a horizon at whieh a bed of day, a few 
feet thick, occurs locally. It is apparently not co~tinuous 
though it has been seen at a number of widely separated points. 

Paleontolog1'c chamcter.---Bo far as known the Englishtown 
sand contains no fossils. 

ThidclleR,~,-The thickness of thc Englishtmm sand ranges 
from 20 fcpt Ilellr Swedesboro to nearly flO feet on Crosswicks 
Ureek and to about 100 fed still fal'tl{er north in Monmouth 
County. 

Na.rru: and corrclatioJl.-The formation receives its name fl.'om 
Englishtown, Monmouth County, where it is well (leydoped. 
It represents the lower part of the" Hazlet sauds," the upper 
formation of the Matawan as described in se,'eml al'tides by 
Clark, and forms a part of Cook's Clay-marl serieR. Tt is the 
formation formedy called Columbus sand in reports of thp 
New Jersey State Suney. 

Stl'(JIigmpltic relations.-The formation is conformable with 
hoth the underlying 'Voodbury and the overlying Mamhalltown 
formations. Throughout considerable areas the Englishtown 
sand is covered by unconformable Pleistocene strata. 

A1'eal distribuliofi.-The outcrops of the MaTshalltown for­
mation border those of the Eng1ishtovm sand on the southeast 
and form a belt extending diagonally across £lIe region in a 
southwest-northeast direction from }Iotlnt Holly to "ralnford 
and beyond. The formation is exposed at few places exeept 
along stream valleys, althoug-h some larger interstream areas :lre 
so thinlv coyered with the lat.er formations that shallow exca­
yations ~how its weathercd phases. The formation cnIJ be hest 
seen below the millpond 1 mile southeast of Chesterfield, in a 
rayine one-half mile north of Ellisda1e, and along Crosswieks 
Creek near "\Yalnford. 

Lithologic clwmcter.--The formation ranges from a black 
sandy clay to an argillaceous marl. Within the area LInder 
diseussion both phases occur, but farther northeast it is chiefly 
a black laminated micaceous clay with thin seams of sand and 
only scattered marl beds, while to the southwest t}lC marly 
phase predominates. Loeally, the glau('onite forms so large a 
constituent of the mass that the bed has been exploited as a 
"marl bed" and, indeed, by several earlier geologists it was 
correlated \yith the I'Lower marl" (Nayesink) of Monmouth 
County. 

Paleontologic chamcleJ'.--The Marshalltown formation, ill its 
southern extent, is abundantly fossiliferous (43 species). Xear 
Swedesboro, Salcm County, in particular, a ('onsiderablc dis­
tam~e south of the Tren'ton quadrangle, the fossils occur in a 
remarkably perfect st'lte of preservation and in numbers. 
OllculLwa tippnna, .Neithea qllinquecostata, and telllli-

striatum Rre prominent species which are recurrent from the 
~Ierchantyille, but the most conspieuolls element appears for 
the first time and persists in the recurrent fauna of the late 
.Mount Laurel and Navesink formations. "This element js 
represented most eonspieuously by the ponderous species of 
B'.cogyra and by the little O. falCUla, which is 
of the type of and by vomer. Besides 
these oyster-lih forms which so strongly charaeierize the 
Marshalltown and the K a "esink, some other species should 
probably he included in the same faunal element, among which 
are the following ,yhich are as known only from 
these two faunas: erecta, umbonatll1n, 
and OdontofusW3 

ThickneBs.-Along its outcrop tile thicknes8 of the Marshall­
town formation is about 30 to :3i5 feet, but this increases to t.he 
southeast to at least fiO feet, Il.'l shown by a well boring at 
Grenloch, Camdcn County. 

Name and c01'l'ciat'ton.--l\farshalltown, Salem County, N. J., 
Ileal' which strata helonging to this division were onc~ extcn­
sively wOl'ked for marl, has furnished the name for the forma­
tion. Tn ).Iomnouth County these beds are a part of the 
" Laminated sands," wbich formed the upper portion of the 



Clay-marl series of Cook, but in their extension southwest of 
Burlington County they were correlated with the "Lower marl" 
(Navesink) and so mapped by him. They were included in 
the Hazlet (upper Matawan) aands of Clark. 

Stratigraphic relatiom. - No unconformities have been 
observed between the Marshalltown formation and the under­
lying Englishtown sand nor between the Marshalltown and the 
overlying Wenonah strata. Locally the Marshalltown forma­
tion is overlain unconformably by Pleistocene deposits. 

The Wenonah sand, although included in the group of for­
mations known as Matawan, has not been mapped separately 
from the Mount Laurel in this region and is therefore discussed 
below in connection with that formation. 

MONMOUTH GROUP. 

The Monmouth group, uamed by Olark from Monmouth 
County, N. J.,. where the deposits are typically developed, 
was divided by him into the Mount Laurel sand, the Navesink 
maJ.'l, and the Redbank sand. All three of these formations 
are present in the eastern part of the Trenton quadrangle, but 
in the vicinity of Sykesville the Redbank thins out and dis­
appears, while in Maryland no differentiation of the beds into 
formations has been found possible. The disappearance of the 
Redbank sand southward brings the Navesink marl into imme-­
diate contact with the overlying Hornerstown marl of the 
Rancocas group, from which it can not be readily distin­
tinguished lithologically, although a more or less arbitrary line 
has been drawn on the map to mark the supposed boundary. 
Paleontologically, the two formations are readily separable, but 
as fossils are in many places absent, the differentiation may 
become a matter of considerable difficulty. 

WENONAH AND MOUNT LAUREL SANDS. 

'l'here has been some difference of opinion regarding the 
classification and nomenclature of the Wenonah and Mount 
Laurel sands, the terms Mount Laurel and V\T enonah having 
both been used for them in part;. There are somewhat definite 
lithologic differences between them, although not always to the 
same degree, thus rendering it difficult to separate them in 
many places. Paleontologically they are, however, distinct, 
the fauna of the lower portion (Wenonah) containing many 
species recurrent from the Woodbury and a much less number 
common either to the Marshalltown immediately below or to the 
Mount Laurel and Navesink above; this fauna is furthermore 
closely allied to that of the Redbank. The fauna of the upper 
portion (Mount Laurel), on the contrary, is identical with that 
of the Navesink marl and is closely allied with that of the 
Marshalltown on the one hand and that of the Tinton sand, or 
uppermost member of the Redbank, on the other. It therefore 
seems best to recognize both subdivisions in the stratigraphic 
column, restricting the term Wenonah to the lower and Mount 
Laurel to the upper subdivision. For representation on the 
map of the Trenton region, where the Mount Laurel sand is for 
the ruost part thin and with difficulty separated from the under­
lying Wenonah, it seems best to combine them as a single unit. 

Areal distribution.-These formations outcrop along a belt 
from 11 to 3 miles wide, extending from Mount Holly to 
W rightaville. In the railroad cut near the fair grounds at 
Mount Holly 15 feet of fine micaceous sand (Wenonah) is 
shown, while on the side of the hill back of the town the 
Mount Laurel sand outcrops under the marl bed. Both type£! 
of sand are shown along the east-west road 2t miles northeast of 
Jobstown, while the Mount Laurel type outcrops just south of 
Georgetown. The contact of the Wenonah and the underlying 
Marshalltown is shown in a roadside gully 1 mile southeast of 
Chesterfield. Good exposures of both the Wenonah and the 
Mount Laurel sands are found along a tributary of Crosswicks 
Creek 11 miles east of Walnford, and also along similar tribu­
taries for several miles upstream from that place. Both types 
of' sand are also exposed one-third mile west of Cream Ridge 
station, while at Imlaystown the Wenonah sand is exposed 
about 15 feet below the base of the marl bed, the interval being 
referable in part at least to the Mount Laurel. 

Lithologic character.-In Monmouth County the deposits of 
this horizon consist mainly of a fine varicolored quartz sand 
with considerable mica and some clay laminre (Wenonah), over­
lain by coarse quartz sand containing considerable glauconite, 
many of the grains of quartz being one-eighth to one--quarter . 
inch in diameter (Mount Laurel). Southwestward the lower 
sands are less micaceous, and in Salem County the deposits 
consist essentially of coarse reddish quartz sand, glauconitic 
through its entire thickness and strongly impregnated with 
iron which forms crusts of all imaginable _ shapes and which 

• locally has cemented the sand into firm beds of sandstone. In 
the absence of fossils it is impossible to determine how much 
belongs to the Wenonah and how much to the Mount Laurel. 
Within the Trenton quadrangle both types have been recog­
nized, but the lithologic differences are not so marked as farther 

"Weller, Paleontology of New Jersey, vol. 4, 1907, pp. 88-b9. 
Trenton. 

13 

to the northeast, in which direction a gradual increase in coarse­
ness in the lower member takes place. 

Paleontologic character.-;-Weller has shown that while the 
Wenonah fauna (80 speci~) contains an equal number of 
Merchantville and Woodbury species, yet characteristic forms 
of the Merchantville are absent or very rare, while its affilia­
tions with the Woodbury fauna are close. The ponderous 
Gryphrea and Exogyra of the Marshalltown fauna are absent 
in the Wenonah, but Ostrea plumosa is very numerous in 
places. The fauna of the Mount Laurel sand, on the other 
hand, is marked by the introduction of species entirely foreign 
to the earlier faunas of the region, the most characteristic being 
the cephalopod Belerwnitella americana and the brachiopod 
Terebratella plicata, both of which are also especially abundant 
in and characteristic of the overlying Navesink marl. The 
paleontologic data indicate that the line between the Mount 
!Amrel and Wenonah sands marked by the introduction of the 
Bele1fllnilella fauna is of greater significance than the relatively 
slight difference in the character of the sediments would imply. 

Thickness.-The combined thickness of the Wenonah and 
Mount Laurel strata in the Trenton area ranges from 40 to 60 
feet, of which 15 to 20 feet belongs to the Mount Laurel. 

Name and correlation.-The town of Wenonah, in Gloucester 
County, N. J., and the hill known as Mount Laurel, in 
Camden County, furnish the names to these formations. As 
already stated, the Wenonah constitutes the uppermost forma­
tion of the Matawan group and the Mount Laurel is the 
basal formation of the Monmouth group. 

Stratigraphic relations.-Beneath the Wenonah is the Mar­
shall town. formation, with no stratigraphic unconformity 
separating them, and the same condition exists between the 
Mount Laurel sand and the overlying Navesink marl. 

Areal distribution.-The Navesink marl outcrops in an almost 
continuous line of exposures from the vicinity of Imlaystown 
southwestward nearly to Arney Mount, and a sD;lall outlier is 
found on the hill north of Mount Holly. For two-thirds of its 
outcrop in this quadrangle and northeastward to Atlantic 
Highlands it is separated from the overlying Hornerstown marl 
by the Redbank sand, but owing to the abrupt disappearance of 
the latter near Sykesville the two marl beds coalesce to the south­
west and although they have been separately mapped to the 
southern mar~in of this area, the separation is more or less 
arbitrary. Owing to the extensive use, in former days, of the 
greensand as a fertilizer, the outcrop is marked by numerous 
pits which, where not too long abandoned, give good exposures. 
These are most numerous along Crosswicks Creek above 
Walnford. 

Lithologic characler.-'l~he Navesink marl consists of green­
sand (glauconite) mixed with varying amounts of quartz sand 
and fine earth, the latter containing much carbonate of lime in 
a powdery state. The following table (Cook, Ann. Rept. Btate 
Geologist New Jersey, 1886, p. 184) shows the composition of 
four samples of the Navesink marl: 

.Analysts of Na1)tsink marl. 

--;r;:;;'~----- -I ;,..I---;;! :.0 ~;-I 
Clay, etc 88 6 25 0 Sl (} 28 8 

Quartz sand_ 66 _ 2 {i 187 I 

~:1s';"m;:_·:·I_· -,00-:-: I·;;;;~:,;; I 
--~~--------.---.-

Where purest, the marl has a dark-green or bluish-black 
color. In its upper part the blue marl passes gradually into a 
layer 10 to 11 feet thick, which contains progressively less 
greensand and more and' more mica and sandy clays. Not 
uncommonly the marl has a very astringent taste due to 
the presence of sulphate of iron. Within the Trenton quad­
rangle the base of the Navesink is almost everywhere lliarked 
by a shell bed several feet thick, which is best seen in the bed 
of the brook 21 miles south of Walnford and 1 mile northeast 
of hneytown. To the northeast this shell bed occurs not at 
the base but within the marl, indicating that conditions favor­
ing the deposition of the marl began earlier in the northeast 
than they did farther south. 

Paleontologic character.-The Navesink marl (with the 
Mount Laurel sand) has yielded a large fauna of 121 species 
(Weller), of which Belemnitella americana and Terebratella 
plicata are the most characteristic, neither occurring in any 
other formation in New Jersey. A second conspicuous element 
is the Exogyra and Gryphwa group of forms, which were first 
present in the Marshalltown, although E. ponderosa has been 
succeeded by E. costata. A third conspicuous element, distinct 
from the European Belemniiella ~lement and from the southern 
Exogyra element, is the oueutltea fauna recurrent from the 
Merchantville and Marshalltown, of which Axinea subausflralis 
and Cucullrea antrosa are examples. The characteristic mem­
bers of the Lucirw, cretacea fauna of the Woodbury clay are 
entirely absent. 

Thickness.-In Monmouth County the Navesink marl baa a 
maximum thickness of nearly 40 feet, which decreases south~ 
westward to 25 feet or less. Probably the average thickness 
within this quadrangle is about 30 feet. 

Name and c01·relation.-The Navesink Hills near Sandy 
Hook, where it is well exposed in the bluffs from Atlantic 
Highlands eastward, give the name to this formation. It cor­
responds to Cook's Lower marl, except that his Sand marl is now 
regarded as Mount Laurel, and locally some of the black sandy 
clay which he included in the "Lower marl" is in the later 
classification regarded as Redbank. 

Stratigraphic relatiom.-The Navesink marl rests conform­
ably upon the Mount Laurel sand, with which it is shown by 
identity of faunas to be very closely related. It grades upward 
into the Redbank sand, the line of separation not being litho­
logically a sharp one. Southwest of Sykesville and George­
town the Redbank is absent and the Navesink is overlain by 
the Hornerstown marl. 

Areal distribution.-The Redbank sand extends from the 
vicinity of Sykesville northeastward. Beyond this quadran­
gle it forms a conspicuous bed in Monmouth County, but does 
not occur anywhere in the State southwest of this quadrangle. 
It forms the surface over a wide area of high land north of 
Arney town and appears on the slopes of the hills northeast of 
G'Team Ridge. Good exposures are common in road cuts on 
the steeper slopes, particularly 1 mile south of Ellisdale, near 
Arney town, and south of Imlaystown. 

Lithologic characler.-The Redbank sand is, for the most 
part, a fairly coarse ferruginous quartz sand, with the character­
istic yellow and reddish-brown color due to iron staining. 
Locally the beds have been cemented to a firm stone by the 
infiltration of iron; and iron crusts and concretions are a char­
acteristic feature of many exposures. The lower portion of the 
formation (10 to 20 feet) is very commonly a black, somewhat 
micaceous and clayey sand which at first sight seems referable 
to another formation. Locally, however, the black sand occurs 
at other horizons from base to top, so that is impracticable to 
subdivide the formation on this basis. According to Cook, 
the coloring matter in the black sands is protoxide of iron and 
that in the red-brown sands is the peroxide, so that the color 
depends merely on the degree of oxidation of the iron. 
While this is true, differences in texture as aiding or retarding 
these changes have been of importance in this connection, the 
black sands being somewhat more clayey than those which are 
most highly oxidized. 

Paleontologic character.-The fauna of the Redbank is known 
chiefly from fossils in the lower, more clayey layers of the for­
mation, those from the uppl3r and more sandy beds being 
poorly preserved and few in number. The fauna observed in. 
this area constitutes an assemblage of forms quite different in 
character from the Mount Laurel and Navesink fauna, being 
in its essential features a recurrence of the Lucina cretacea fauna 
of the Magothy, Woodbury, and Wenonah formations, with a 
smaller element holding over from the Navesink marl. None 
of the characteristic species of the foreign element of the Nave-­
sink, such as Belemnitella americana and Terebratella plicata, 
are present. Lueina cretacea, Pleria navicula, Cardium dumo­
sum, and Feronnreoderma georgiana are members of the fauna 
which have not been observed elsewhere except in the Wood­
bury (Weller). Farther to the northeast the Tinton sand 
member, which is poorly developed in this area, contains a fauna 
possessing many points in common with the Mount Laurel and­
Navesink fauna. 

Thickness.-The Redbank sand· has a maximum thickness 
of about 1UO feet in Monmouth County and gradually thins 
until it disappears near Sykesville. At Stony Hill, south of 
Ellisdale, its thickness is about 50 feet. 

Name and correlation.-The formation derives its name from 
the city of Redbank in Monmouth County, N. J., near whic!:t it 
is extensively developed. I~ is the Red sand of Cook and 
earlier writers, but" does not include the sand which in the 
southern portion of the State Cook correlated with the 
"Red sand'.' of Monmouth Younty. The latter is in reality 
older and is now classed as the Weuonah and Mount Laurel 
sands. ,.The Redbank sand farther north is made to include a 
bed of green indurated clayey and marly sand (Cook's indur­
ated green earth), which has a thickness varying from 10 to 25 
feet and is known as the Tinton sand member. 

Stratigraphic relations.-The Redbank rests conformably 
upon the Navesink marl, grading into the highly glauconitic 
beds of the latter through black clayey sanns which become 
increasi~gly marly. It is conformably overlain in the Trenton 
quadrangle by the Hornerstown marl, from which it is sharply 
distinct. Farther northeast there is an intervening bed of 
indurated greenish earth, regarded by the United States Geo­
logical Survey as a part of the Redbank but by recent workers 
of the State Survey as a separate formation, the Tinton, both 
on lithologic and paleontologic grounds. Along its line of 
outcrop the Redbank is in places overlain unconfonnably by 
Pleistocene sand and gravel. 0 



COI'Tdrdion of beds from to Redban1c, inclndl:nil the 
T£nlon.-The assemblages of making up the faunas of 
the beds ii'om the Magothy to the Tinton inclusive constitute a. 
larger filullal unit mueh more sharply separated from t.he filunfls 
above Hnd below tha.n are any of its constituent faunules from 
ont:' another. \Veller has shown that thiR larger fhunal unit is 
mude lip of two or more distind faeif'f(, one of whieh, the 
Cucul1cc(J fauna, is characteristic of the more glauconitic beds, 
t.he l\1erehantville, Marshalltown, Nayesink, and Tinton; the 
seGond, charadm'ized by hl-wiluf creta CUI or its associates, occurs 
in the clays or c1ay~y sands of the l\Iagothy, 'Yoodbury, 
\Venonah, and Redbank formatiolls. The two facies of t.he 
fauna existed contemporaneonsly and migrated baekward and 
forward neross tlw present outcrop of the Crf'taceous beds ill 
~ ew Jersey as deeper or shallower water ('ollilitions 

The introduction of Belcmnitef/a amel'icann, 
and other forms in the Mount Laurel sand nt the base 

the Monmonth marks a fimnal change that has been rC{~og­
nizcd throughout the Atlantic Coastal area and apparently in 
the eastern Gulf rf'gion. In ~e,v JerRey these. forms range 
through the Mount Laurel sand and Navei::link marl, but do 
not oecur in the l{edbank sand, Ule fimna of whieh is eRseIl­
tiallya recurrence oft-he Lucl:na cntacea fauna of the \Voodhury 
day, or in the Tinton member. Farther south, however, the 
introduetion of Belemnitd1a flllteriu({/I(( and aS80eiat.ed forms at 
the base ofthe :J.Ionmouth apparently lllarks a permallent faunal 
change, no return to the earlier fauf-mles havin~ been obsernod. 
This older fauna occurs in the Mahnyun formation in lHary­
land and in the Bladen format.ion ill North Carolina, while the 
Eut.awand ceI·t)1in beds l'egarded as lower Hipley in the e:lst-
ern Gulf arc evidently synehronouf( deposits. The 
upper or fa.una, on the other hand, occurs in the 
Monmouth formation in Ma.ryland and h3s been traeed from 
North CarolinH to the Gulf, where it is found in unquestioned 
Ripley strata. 

The larger faunal unit eharacteristic of t.he beds in New Jer­
sey from ),'lBgothy to Tintoll is reprf'sented by t.he Hipley a.nd 
aSJ:loeiated formations in Alnballla., \,fississippi, awl Texml. The 
community of species between this southern region and New 
JerRey is so marketl t.hat the essential time equivalence of the 
formations and fiwnas seems heyond question. Clark has cor­
related the beds of the ::\Tat.awan and l\follmouth groups 
(Merchant.ville to Re(lhank inclusive) with the Senonian of 
Ellrope, and, although reeog-nizing its dose faunal assoC'iation, 
has regarded the Maf!:ot.hy, primarily OIl -Aoral evidence, as 
Cenoma.nian. 'V eller's lat.er studies of the faunas lead him to 
believe that the l\fagothy faunulc is also a part of a larger 
Ripley fauna, whieh seems to be most dosely allied to that of 
the Aachen beds. He therefore regards all t.he (leposits from 
the Magothy to the Itedbank as Scnonian. 

The formations eompofl.ing the Ralleocas grollp are two in 
number Hnd ,,>'('re earlier described by Clm·k HS the Sewell mal·l 
and the Vincentown lime sand. Later t.he nallle Hornerstown 
was subst.ituted for Sewell, the lal.t.f'r name having been 
elsewhere employed. The format.ions of the group w~'e first 
classed as members of a single formation, to which the name 
RancoeHs was applied beea.use of its typical development in the 
valley of Haneocas Creek, Burlingt.on County, N. J. More 
recent fl.ludief( by members of t.he ~ew .Jersey State Survey 
indicate that there arc good paleontologie rem;ons for uniting t.he 
Hornt'l':4owll, Yineelltown, awl Mamlsquan in a single group, 
although their lithologie likeness to each other is no greater 
than to the subjacent fimnations of the Upper Crehlceous. 

Greater faunal changes oeeurred between the Hedbank 
(including the Tinton) and the 110rnerst.own than between any 
previolls forlllations, and on paleontologic grounds the most 
important division of the Upper Cretaceous of Kew .Tersey 
occurs at the base of the Hornerstown marL 

Areal dii3trilndion.-The Horner.':ltowll marl out.erops as a 
distind and separ}Jte m~ll'l bed from .Atlantic Highlands sout.h­
westward to Hykesville. Farther southwest it is with difficulty 
separated frolll the ~aH'sink rnnrl, owing to the disappeamnC'>e 
of the Hedb:mk. ,\Vit.llin the Trentoll quadrangle the line' of 
outcrop extends from lIol'llerst.()\Yn to Arney ~Iount, witli slllall 
outliers at Stony Hill, Al'llf'ytown, and Imlayst.own. The hest 
exposul'f'JJ are at the marl pits neHr Hornerstown awl along 
Crosswicks Creek Borth of ~ ew Egypt 

Lithologie character.-The llornerst-own marl is H bed of 
glauconite with clay and santlnot diffel'ing materially in appenr­
a11('e from the ~avesink, althou~h in color, where unweatlwrC'd, 
it may have a slightly greener tinge. Chemieal analyse,., by 
Cook s11O\v t.hat it contains on the average less calcium car­
bonate tllall does the Kavesink, and a series of meelwnical 
analyses by him shmvs that the percentage of ~lnllconite is 
higher, ranging in the samples tested from 7] to 91 per eent.. 
The upper 4 to 7 feet of the formation is commonly a tllaJ:lS of 
shells in n. matrix of sand and marl, constituting a shell bed 

14 

'which rivals in extent and prominence the shell bed in the 
~ayesink t:llarl, but tlw species are not t.he :::;ame. 

fn,'confuh"1'" tharoda.-The fauna of the Homerstown marl 
is small aparl from the shell bed at the top of the forma­
t.ion, has not yidded niHny fossils, but it is totnlly (lifferent in 
it.s essentinl eliaracteristies from the faunas of all the underly-

formations. l'ereorafu1a harlam', Ou('ulhm ntlgatis, and 
d·iss,·ni·i1rr-ris are charaderiHtic forms. The shell bed 

at. top of the marl contains a fauna so doscly allied to 
that of the Vincentown sand that it is a. question whether it 
ought not to be regarded as the haRe of that formation, rather 
than thc top of t.he mar1. 

l'h£cknei3l1. - The Hornerstown lllarl nowhere 
exceed8 gO feet in thickness and 

\Ve]J borings show 
inereases in thiekneRS to the southeast, as (10 most. of the other 
formations. 

lVarne and cO'l'relation.-The namc is taken from the village 
of Hornerstown, near which there were extenJ:live marl pits. 
The format.ion is the lower half of the Middle mnrl of Cook. 

Strati.gmpkic 1'elat£r)'{l.,s.-In Monmouth County the forma­
tion rests to all appearances conformably upon the Redbank 
sand and upon the Tinton sand member, ,,,here that is present. 
Southwest of Sykesville the Hornerstown merges downward 
into the Nayesink marl It is overlain conformably by the 
Vincentown Rand, its top being marked by a thiek and persist­
ent 8hell bed. Locally the Vincentown and higher Cretaceous 
beds are overlapped by the Miocene formations, 'which t.hen rest 
unconformably upon t,he IIornerstown, as at Arney J\Jount, 
Stony Hill, Arney town, and near Imlaystown. Tt is also in 
places covered uneonformably by Pleistoeene bedJ:l. 

Areal d'istrilJlJtion.-The Vincentown sand outcrops along a 
be1t from Long Brandl, in Monmouth County, K. J., to Salem, 
neal' Debwal'e Bay. Even if the comparatively rt:'cent Pleisto­
eene eover of gravel an<l sand be disregarded, the Vineentown 
does not ontcrop eontinuously, owing to the repeated but 
irregular overlap of the :J.liocene formations. \Vithin the 
Trenton quadrangle it occurs at intervals from Hornerstown 
to .Tuliusto·wn, the hU'gesL aren being near ~ew Egypt. Good 
exposures are fOlmd along Crosswicks Creek and tribuhuies at 
varions points near Cookstown and New Egypt, particularly at 
a quarry 1 mile north of the latter plaee and along the eounty 
road erosslllg the creek. 

Litholo.rrir: chaTfwler.-The Vineentown s:-lnd presents, both 
lithologieally and paleontologically, two somewhat distinct 
phases, a lime-sand and a qnartz-sand phase. Both phases are 
well developed within the Trelltoll qlladrangle. Beds of indur­
ated lime sand occur along Crosswicks Creek north of New 
Egypt and along a lit.tle run north of Cookstown, while the 
quartz-sand phase is beRt seen neal' the bridge over Crosswicks 
Creek 11- miles north of New Egypt. 

,\Vhere most typically de'Teloped, particularly in the southern 
counties of New .Jersey, the lime sand eonsists of a mass of 
broken bryozoan, eehinoid, cora.l, and other calcareous remain"" 
with some" q'uartz sand aTHl gbueonite. These more l'alCareOllS 
layers fOrtll numerous beds of limestone inlel'ealated 'with softer 
layers which are locally a. lime sand but more commonly a 
glaueonitic ql)artz sand. The alternating hard and soft layerR 
range from 4 inches to 2 feet in thiekness, the indurated beds 
being, on an average, only about one-half as thick as the inco­
herent layers, so that eyen where the ealeart:'ous phase is best 
developed a large part .of the format,ion is a quartz sand. 
Traced northeaBtwllrd the lime-sand phasc bccomes less marked, 
partieularly in the upper portion, until in Monmouth County 
the whole fi.)rmation is essentially a yellow qua.rtz sand carrying 
yarying amounts of glauconite with some broken shells; it was 
described Cook as the Yellow sand. 

fa,ieo,!/o/,oaw chamd-u.-The calcareous phase of t.he Vin­
centown made up of t.he remains of bryozoans, 
while fonl.lllinifers and echinoids are very abundant, forming 
a fauna quite different in these respects from that. occurring in 
the Hornerstown marl. Rut where the phase is 
developcd lb'ebra{ula har1ani, a Hlld other pele-
cypods belonging to the same g<;nera as occurring in 
the HornerstO\vn shell hed are found in association with forms 
charaeteristie of the calcareous pllflse of the formation, thus 
furnishing a suffieient reason for placing tlle Hornerstown nnd 
Vincentown in one paleontolo?:ic group ill whieh lllight 3lso be 
inclllded dIe overlying l\lanasquan. 

Tlu·ckn6i3i3.-The thickness of the Vincentown sand in the 
vieinit.y of Ncw Egypt iJ:l probably not. more than 00 to 70 feet. 
Farther southwf','lt. its t.hickness is rarely more than 25 feet 
along the line of outeI'op, although in some plaeeJ:l it has becn 
been penetrat.ed in wells to a depth of more than 1(X) feet at 
pointf'! not far down the 

Nrlllw and Vincentown sand reeeived its 
name from Vincentown, N .• J., near whieh the calcareous phase 
if'! t.ypically developed. It was included by Cook as a part of 
his Middle marL 

StraUgrapkie ·relal-£olls.-The Vincentown sand rests con­
formably upon the shell bed at t.he top of tlle Hornerstown 
marl, anti where the Cretaceous beds are a.ll present in outcrop 
it is overlain eonformahly by the :J.lanasquan formation. The 
]\fiocene beds, however, in many places overlap the Eoecne and 
the higher Cretaceous formations flnd rest unconformably upon 
t.he Vincentown, or even overlap it also. It is a.lso covered in 
places by t.he Pleistocene formations. 

J,I.\:'I/.\I-lQU.\'·" Iron~iATIO"N. 

Areal didribuLion.-Thc 1thnasguan format.ion occurs along 
the south br)1nc1l of Crosswicks Creek and tributaries 2 miles 
south of Ncw .Egypt, where a number of ahandolled ma.rl 
pits afford somewhat. meager opportunit.y for it.s examination. 
Be.yond the limitf'. of the Trenton quadrangle it has been 
observed near Long Branch, Farmingdale, Pembert.on to Vin­
centown, "JIedford, Clenwnhl11, and fartheRt. south·west. along 
Swedes Run ill :J.Tannington Township, Salem County. These 
widely separated outcrops indicate its eont.inuous extent aeross 
New .Tersey beneath the overlapping Mioeene beds. 

Lillwlog1:r: f:/wJ'octer.-In its lower part (1:3 to 17 feet) the for­
mat.ion is, like the Knvesink and Hornerstown marls, eomposed 
chiefly of glaueonite, dark green in color and mixed with more 
or less clay and sand, Tts upper portion (8 to 12 feet), how­
('vel', is made up of w::ry fine sand mixed with greenish-white 
clay, flaky in structure and eontHlning little or no glauconite. 
Piles of this marl look Illueh like heaps of asllCs, hence the 
local name ash marL 

Paleontologic clwraclt'J'.-The fossils oft.he )Ianasquan are not 
abundant., and are in poody preserved. Small, simple 
horn eorals are element:::; in the fauna, the com-
monest of mor{rmi, is also present in the 
HornerstowIl. atlanfica and Ca1'y(Jti~ veia are 
two other forms which recur from the HomerstowJl, while the 
latter is also prescnt in the Vincentown, according to \Veller. 

l1hickness.-The thickneRs of the Manasquan formation was 
given hy Cook as 13 to 17 feet for the lower green marl aud 8 
to 12 feet for the ash marl, and these figures are undoubtedly 
correct, as his observations were made when the bed was 
exposed at mflny pits. Present exposures do not permit 
accurate measurement. of its t.hickness. 

Name alld correlat£on.-The formation, first separated by 
Clark, derives its name from Manasquan River in Monmouth 
County, N .• T., along which it was formerly extensively dug. 
It corresponds to the green anti ash marls of Cook's Upper 
marl and is the youngest of the Cretaceous formations exposed 
in New .Tersey. 

Stratigraphic Tel((tions.-The Manasqnan formation probably 
rests conformably upon t.he Vineentown, although this relation­
ship can 1I0where now be seen. At some pitJ:l it. was seen to be 
overlain without apparent unconformity by a bluish marl of 
Eocene age, but at most exposures it is unconformably suc-
ceeded 1'vfioeene or Pleistocene deposits. 

of the Honwrdowfl, Vincentown, and lJ[ana8-
qnan.-The faunas of the Hornerstown. Vincentown, and 
l\Tanasquan are cloBely related in their important. elements, 
although a large foraminiferal and hryozoan element is limited 
to the lime-sam] phase of the Vincentown; and they form a. 
larg-er fauna. slmrply Reparated from the fauna of the other 
Cretaccous heds beneath. This fauna appe,ars to have its 
typical development in New ,T.ersey and has not been reeog­
nized south of :\.faryla.nd. As waB pointed out earlier by 
Clark, it Rhows ceitain affinities with the lower or Maestrieht 
di "i"ion of the Danian series of western Europe. In par­
ticular, the bryozoan fauna of the Vincentown shows a 
remarkably dose relationship to the bryozoan faunas of typical 
Maestrieht beds. 

TE1{TIAllY SYSTEM. 

The :JlioC'ene is t.he only division of the Tertiary certainly 
known t.o be represented by depoRits wit.hin the Trentoll 
quadrangle. The Eoeene, 'which is shown at a few points 
to t.he northeast, dm's not oceur in the quadrangle and beds 
referable without question t.o the Pliocene are also absent. 
In the southeastern part" however, there are outliers of a 
.... "idespread formation, the Cohausey, which in the absence of 
fossils can not be referred positively to either the JIiocene or 
the Pliocene. 

The kI\own Miocene deposits of the quadrangle comprise a 
part only of the extensive Belies of be(ls so eharacteristically 
developcd along Chesapenke Ray and its tributarieJ:l and known 
as the Chesapeake group. In that region they are divided 
into three formations, which are, from helow upward, the 
Calvert formation, the Choptank forIllation, and the St. l\hrys 
formation. \Vithin the area of the Trenton quadrangle two 
divisions have been made of the Tert.iary beds, the Kirkwood 
and the Cohansey, the former eertainly of Miocene age, 
corresponding in part at least to the Calvert formation of 
Maryland and Virginia. 

The Cohansey is unconformable wit.h the Kirkwood and may 
represent a horizon higher than the St. Marys, as beds of sim-



ilar lithologic character are found to the southeast in Ne\v 
,J ersey above strata carrying fossils recognized only in beds of 
tit. :Marys age farther south. On the other hand, in l\laryland 
the Choptank formation presents lithologic charact.ers not 
unlike those of the Co}wnscy and rests unconformably on the 
Calvert. Tn the absence of fossils, however, it is not possible 
to determine positively between these two possible assignments. 

A'real distribution.-In the Trenton quadrangle dw Kirk­
wood format.ion occurs in a number of' isolated outliers on the 
crcsts of' upper slopes of' hills, HS a nalTOW band along the 
flank of the high ridge from Lewistmvn to tlykesyille and 
Jacobstown, and along stl'cams. Arney Mount, the hill near 
~Julinstown, and t.hat southeast of Imlaystmyn are the most 
important outliers. Iu adjoining quadrangles thc Kirkwood 
extends in a belt of variable width from Ashury Park and the 
head of Barnegat Ray at the northeast to the shores of 
Delaware Ba.y. 

Lifholog'ie cltataeler.-The Kirkwood of the Trenton quad­
rangle is principally a fine quartz sand usually somewhat 
micaceous and in placcs dplicatrly banded in shades of'salmon 
pink and Blaek liguitie claYFl are abundant at or 
neal' the and some yellow dayey layers occur at other 
horizons. Loeally, thin beds of coarse sand or even fine gravel 
occur immediately at the bmw. In the region south·wcst of this 
quadrangle the lower sand has ill some places been converted 
to nodular mfl8ses of' (lwutzite by the infiltration of silica. The 
bull's head bowlders of quartzitf' which occur on tlle surfHee 
from which the Kirbvood has been eroded are helieved to 
hHve been deri\'ed from this formation. 

Farther soudnvest, in Salem Count.y, K. J., the Kirkwood 
chan,ges considerably in character. A finc, loose, somewhat 
glauconitic sand occurs near the base, above which there arc 
several feet. of very soft micaeeous sand awl clay, with a soapy 
talclike fecling; it is snow \vhite where pure, but is not, uncom­
monly stained with iron. Above this sand there is an 80 to 
90 foot bed of clay, chocolate 'to drab and locally black in 
color. It is cut by many joint planes into small cubes, many 
of the joint faces heing cOVl'red with thin crusts of iron oxide. 
Borings sho\v logs of lignite, leaf beds, and considerahle lenseR 
of sand occuring ,vithilL the elay, although no sand layers are 
recognized within its area of outerop. Loeally it is fossiliferous, 
but fossils are not common. Ahoye the clay thcre is a bed of 
brown clay aud tille, gray sand containing great nllm­
bers of'shells. The latter known only from openings along 
the headwaters of'Stmve Creek and its tributflries, and has been 
oft.en described by earlier writers as the Shiloh marl. It forms 
the upper memh;r of the Kirkwood formation in the region in 
\\' hich it occurs. 

PaleONtologic chaTadcr.-The Kirkwood formation is not 
markedly fossiliferous, except. t1lat part known as the Shiloh 
marl membm', from which a large fauna of oYer one hundred 

has heen deseribed ('Vhit,fleld, Mon. U. H. Geol. Hurvey, 
24). It contains the characteristic nmna of the Calvert 

formation of Maryland and Virginia. 
Thidmn,~.-The thickness of the formation within this area 

varies from a few feet up to 100 feet or more. To tIle southwc.st, 
the thick clay bed about'Voodstown a.nd Alloway is at least 
80 feet thick, while locully the ,Shiloh marl memher has been 
penetrat,ed for 80 feet and the taldike :::;and reaches 10 feet. 

.Name and G01Telarion.-The llame Kirkwood is tHken from 
the small yillage of Kirkwood, Camden Count.y. The forma­
tion is proLahly t.o he eondated with the Calvert formation 
of }laryland, the fauna of the Shiloh marl Leing c10sely related 
to that of the Plum Poillt marl of MHryland and t.he lower 
fine mieaeeous sand probably corresponding dosely to the 
Fairha.ven diatomaceous eart,h of that Tegion, although no 
diatoms have yet been found in it. . 

Stra{igrapltic 'relations.-'l'he Kirkwood format.ion rests 
unconformably upon t.he variolls Cretaceous beds, chiefly the 
Vincentown and HorIlCl):)town, hut in some outliers it covers 
even lower members, while farther .northeast the Eocene 
appeHl'S beneath it. 

Ko evidence of' unconformity betwecn the Cohansey sand 
and t.he Kirkwood formation can be detected in exposures 
where both are shown, and in man)' respects they appear to 
grade into each other, but, when their larger relations are 
considered, the Kirkwood. appears to· be overlllpped by the 
Cohansey. Similar relations exist in :\br.vland between the 
Calvert and the Choptank. 

Areal disfritmfio1l.-The Cohansey sand appears in the south­
eaRtern part of t.he Trenton quadrangle as a series of outliers 
capping several isolat.ed hills and a long curving ridge neal' 
Sykesville. tloutheastward it ontcrops in 'a broad belt and, 
except for discontinuous areas of Pleistocene gntyels, forms the 
surface over a wide area of the Coastal Plain. 

Litholog1:c dwnu:fu.-The Cohansey is primarily a sawl 
formation, hut it contains some gravel and locally considerable 
beds of day, none of the latter, however, occurring within the 
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Trenton area. The sand is predominantly coarser than that of 
the Kirkwood, and tllC grains are in places so coated with day 
that when moiRt it readily compacts; other beds are so clean 
that they are extensively utilized as glass sand. The fine, 
micaceous, mealy sand wit.h delieate pink and buff mottlings com­
mon in the Kirkwood is rarely or never found in the Cohan­
sey. The gravel of the Collflllsey consists of pebhles of quartz, 
chert, and quartzose sandstone ranging from one-fourth ineh 
to It inches in diameter, with angular to subangular forms. 

Paleontologic cltaractpl'.-No fossils have been found in the 
Cohansey in t.he Trenton quadrangle, but Hollick (~C'w Jersey 
Geo1. Survey, yol. G, pp. 188-189) reports 50 spe<:ies of pbnt 
remnins in collections obtained neal' Bridgeton, representing 
a flora compamble with that of certain European upper l\.fio­
cene loealit.ies; and he regards the sand as eiiher late Miocene 
or Pliocene. Obscure caRts of molluscnn shells h:lve been 
found in it Ilear }Tillville. 

.Thickness.-ln the outliers within this area the formation 
probably does not exceed 40 to ,-')0 feet in dlicklless, but tllis is 
only a f'radion of its original thickness, which WHS certainly 
more than 200 feet. 

.LYame and corrclaf1"on.-The formation takes its name from 
Cohan.yey Creek, Cumberland County, N. J., along whi.eh it is 
well developed. It cOl'responds to the sand memher of the 
lleaconHill format.ion, HS formerly described in the New Jersey 
reports. Data regarding its age are indefinit.e and in a measure 
contradictory. Pa.leobotanic evidence fayors its reference to 
the late Miocene or Pliocene, ·while the scanty paleozoologie 
data are inde<:isive. At its outcrop it rests on the Kirkwood 
without appnrent ullconformity, hut farther sout.heast beds of 
similar lithologic character overlie strata hearing a St. ::\farys 
fauna, awl it is, therefore, apparently unconformable with the 
Kirkwood. 

8tratigraph1:(; mlatiom.-The Cohansey is overlain uncon­
formably by the Quaternary formations, while its relations to 
the Kirkwood are slightly in doubt, although it is apparently 
unconformablc. Its dip is to t.he southeast., its haRe declining 
from 100 feet above sea level at Grenloch, southwest of this 
quadrangle, to about ;-{90 feet helow sea. level at A tla.ntic City­
a des('ent of 4BO fcet in 45 miles, or 11 feet per mile. 

The st.rike of the beds conforms in a general way to that of 
the underlying Cretaeeous formations, northeast to southwest, 
although northeastward aeross New ,Jersey higher members of 
the Creta{:eons and finally Eocene beaR appear irom beneath the 
Kirkwood, showing that the strike of the Tertiary forma.tions 
is a little more to the east than that of the Cretaceous beds. 

(i(;ATEltNARY SYSTEM. 

By ROLL'N n. SA.LlBBURY. 

The Quaternary system of the Trenton region contains the 
record of twp dominant proees.."les-namely, erosion and deposi­
tion. "\Vhile'these t.wo processes were probably eonternponme­
ous in the region at aU stages of the period, there ,vere times 
when erosion predominat.ed and sedimentation was 8ubordinate, 
and times ·when depositi~n predominated and erosion was sub­
ordinah:~. The stages when deposition was dominant are at 
least three in number, and they were and each was 
followed by stages when erosion sedimentation. 

This alternation was the result of two general eonditions­
namelv, yariations in clima.te and variations in thc altitude :lnd 
attitu(le of' the sUl'fa,ce here and in adjacent regions. The 
variatiolls in climate wel'e connected with t.he development and 
(ti8so1ution of the seycral ice sheets which affe<:ted the northern 
part of the continent, for though these iee sheets did not reach 
the Trent.on area they approached its northern border closely at 
more than one stage of the glaeial epoch, and the melting of' 
the ice increased the amount of water whieh flowed through t.he 
region. Furthermore, the cold of the glacial epochs doubtless 
redm'e(l greatly the amount of vegetat.ion for some distance 
from the horder of the ice, so that the run-off was more than 
usually cffeetive in eroding the surfaee of the land which was 
above grade. Under t.hese conditions t.he slopes :lnd the 
uplands, as well as the ice to the north, furnishe(l the streams 
with a Luwhmt debris, which they hrought down through valleys 
of low gradient, leaving lllueh of' it aIHI developing wide alluvial 
plains comparable to those now being formed along the 10w­
graaient courses of' ma.ny streams which carry the waters of 
Inching glaciers or abundant. se({iment. from other sources. 

It is probable that there were slight changes in the altitude 
of the land as the period progressed. These changes seem to 
have been sneh as to decrease the 'gradients of the streams as 
they approached the sea, and perhaps snch as to stimulate ero­
sion in their upper courseR at the same time. It if'( probable 
that at one time and another during the Quaternary period 
portions of' the larger yalleys were drowned, aut! that the sea 
crept up on the low borders of the land to a slight extent; but 
within the area of' the existing land marine deposits seem to 
haye hepn subordinate to those of terrestrial formation, so far as 
prcsent evidence showR. 

Three formations are recognized in thiR area, representing 
the three stages when deposition predomiI!ated. The oldest of 

t.he three, the Bridgeton formation, is represented by remnunts 
so meager that their ('or1'elation would not he clear if this Hrea 
were considered by itself The second, the Pensauken forma­
tion, is more 'widespread, IlllTing suffered less erosion. The 
youngest, the Cape .JIay formation, is of late ("Wisconsin) 
glacial nge. 

It is to be distinctly borne in mind that in the erosion interval 
between the Bridget~n and the Pensauken there was more or 
less deposition, UlHl that the valley and slope accumulations of 
this time are not readily scpanHl'd from the main body of the 
Pensauken. Under the heading of unclassified deposits on the 
HHlp8 i", ineluded sllr11(~ial material that can not be assigne(l to 
nny one of thc aboyC' formntioni::i, having been in part worked 
O\'er by water or wind. It is nswllly thin a.nd discontinuous. 
Rilllilarly, there was more or less deposition during the post­
Pensanken stage, when cl'osion was the dominant process of 
the region; and the valley fillings and basal slope accumula­
t,ions of t.his stHge are not readily separat.ed, in all cases, fi'om 
t.he Cape }fay formation on t.he one hand or from the Pen­
SllUken on the other. 

Depo.gition.-The meager remnants of the Bridgeton forma­
tion in this portion of New .Jersey appeal' chieUy in the south­
eastern part. of dle area under discussion. They arc thought 
to be all that remains of a stratuill of gravel and sand which 
once oversprea.d most of the qua.drangle eaSJt of Delaware 
River. Besides these remnants a hill 2 miles northeast of' 
Lawrenceville, which has an elevation of 201 feet, is capped 
with gravel that. is probably a remnant of the same forma­
tion, though its constitution would seem to ally it with the 
Lafayett€ formation, rather than wit.h the Bridget.on, if the two 
are not t.he same. As the remnant is very meager and the 
exposures poor, it is impossible to make certain correlation. 

In const.itution the Bridgeton formation is essentially like 
the rensauken, and a:::; t.he latter iy much better developed, 
this point will he discussed in connection with that formation. 
In spite of its likenESS to the Pensauken, the t.opographic posi­
tion and relations of the Bridgeton format.ion indicaie that a 
long period of ero8ion followed its depo8itioll before the Pen­
sauken fonnatioll was lai(l down. lts separation from the 
Pensauken is tberefore primarily topographic. 

Quartzite bowlders, even 3 or 4 feet in diameter, oecur on 
the surface at yat·ious points south of Pennington, up to eleva­
tions of 200 feet or so. These howlders are 110t unlike tllOse in 
the base of the l}ensltuken and Bridgeton formations, and it is 
probable that they belonged to t.he latter and that they are the 
only parts not removed hy erosion. Near the northern border 
of the quadrangle, in t.he valley of' the Delaware, between Ra.ven 
Rock and Byram, howlders of similar eharaeter and in similar 
topographic positions have been fonnd, bearing glacial strife. 
This fact, together with the size of some of the Qowlders in the 
Bridgeton formation far to the'south, has led to the helief that 
floating iec derived f!"Om glaciers affected the region when the 
Bridgeton formation ,vas deposited. If tJlis conclusion is 
correct, the ice was probahly the earliei:it of the several Pleisto­
cene ice sheets of' which there is record. 

L''/·osion.-A fter' the (leposition of ihe llridgeton formation 
either the area where it had heen laid down stood somewhat 
higher tha.n before or the st.reams carricd les>3 load, or bot.h, and 
an interval of erosion ensucd. This interval was long, for easi 
of t,lie Delaware wit.hin this quadrangle the Bridgeton forma­
tion was mostly removed and broad, shallow va.lleys were 
deyelopcd in the Cretaceous formations beneadl. [t is true 
t.hat both tbe Bl'idgeton formation and the Cret.aeeous beneath 
were relatively weak and that valleys may have developed in 
them rapidly, hut. even so the time necessary for the results 
aecomplished was long. 

An epoch followed when the sireams flowing through these 
wide valleys carried heavy loads of d0hris, mueh of which was 
deposited, and the materials then laid down constitute the 
Pensauken f(mnation. 

The wi(lespread Pensauken formation consists, for the most 
part., of uIlconsolidated gravel and sand, most of whi.eh in this 
region is below t.he level of 1;)0 feet., thollgh here and there it 
rises to J 50 feet or even a little more. It probably onee 
eovered almost t.he whole of the arca 80uth of the outerop of 
the ~ewark group, and it o,'erlapped t.he southeastern border 
of that group up to the present alt.itude of 1:10 feet or more. 
The dissevered condition of the fOl'mation i):l the result of' 
eroRion, whieh has removed it. from a large part of the area 
that it once eo\'ere(l. 

C(Jrk~li.lution.-tland predominates over material of' larger 
size in the Pens!luken, but gravel is common an(l bowlders ean 
hardly be said to be rilre, especially at tlle hnse. At thc top the 
material is in places loamy, the loam being due part.ly to the 
original COl1stit.ulion of t.he uppermost part of the formation, 
partly to weathering, and partly to subsequent deposition. 

The Pensauken formation has two somewhat distinct phases 
with int.ermediate At the llort.hwcst. it. is somewhat 
arkose and 



Paleozoic and Paleozoic rocks to the north and some from the 
Newark group, doser at hand. vVit.h these materirtls whose 
plaee of origin is detel'lllinable there is much finer sediment of 
unkno\vn origin and some which comes from the Cretaceous 
system. 1'0 the sout.beast tile materials of nort.hern orihrin 
tliminish and finally disappear Hnd nmterilils derived from the 
Cretaceous and Tertiary deposits are the only ones which can 
be identified. The line ,vhieh separates the two phflses of the 
formation runs fi'om a. point nhout:>' miles southeast of Hights­
town through Extonville, JIlll1sfieltl, and Jacksonyille to 
Centertown (1 mile south of Hancocas). The materinl of the 
formation may therefore be said to hnve cOl11e fi'orn two principal 

. sources: (1) Froln the north,fi'om the ~ewark group and Ji'om 
formations still farther north, and (2) frOIl! the south and east, 
from the Cretaceous and Tertiary formations. 

Coarse material is more common in the arkose thfln in the 
nonarkose phase of the formation and i~ confined essentially to 
its base. The coarse material from points north of the Coustal 
Plain is in many places confined to the 10Wel'lllOst foot of the 
formation. In general, it is proba.bly safe to that nille-
tenths of' such material is ill the lowermost 5 Hhale 
and sandstone from the Newark gTOUp are so widespread as to 
be characteristic. In general, materild fi'om this source is more 
abundant near the outcrops of the }," ewal'k gronp, though this 
rule is not ·without exception. Thus near Allentown, about 9 
miles from the nearest onterop of the Brun8wiek shale, there is 
as much of' this material in the gravel as at Clarksville, where 
the forma.tion lies directly on the Newark. 

In general, all the mat~rials of the formation are decomposed 
so far as is possible under the influence of atmosphere and wutel'. 
Soluble constituents, sueh as earoonates, are lacking, and all 
ingredients Hppear to be oxidized and hydrated to the fullest 
extent. The original feldspur of the sand and gravel of t.he 
at'kose phase has, as a rule, been completely kaolinized Peb­
bles and bowlders of crystalline roek (sehist, gneiss, gl'llllite), 
unless of large size or largely of quartz, arc almost always 
decayed to t.he core. The same is true for small lllasses of 
diabase ("trap") from the Kewark group. 

Another characteristic constit.uent of the gravel in some 
places, e8pecially toward the east nnd southcast., is ferruginous 
sandstone derived from the cemented layers of the Cretaceous 
or later forllJations of the Coastal Plain. Chert is another 
common eon8tituent of t.he grave], antI it is generally soft. 
Vein quartz abounds and generally retuins its hardnes~. 

Pebbles, cobbles, and even bowlders of quart.zite m'e found 
throughout the area and arc the hardest and most resistanc 
of the course materials entering into the formation. Owing to 
the deeayed condition of nlHny of the peubles and stones of tile 
coarser parts of the formation, it makes good road material, and 
numerous gravel pits oc('ur at I:lhort. interyals throughout. its 
area, especially norcinwst of the line separating its t.wo phases. 

Base oj the jonnatioJt.-The formation, so fur as this area is 
concerned, appears to ha\e been laid down on a hroad plHin of 
erosion, most of which now stands at an tlltitude of 80 to 100 
feet. The surface, however, WtlS not wit.hout relief. It declined 
toward the·Delaware, and it also declined toward an axis I'UU­

ning northenstwHr(i frOtH Trenton through llaker Basin to Port 
1\1erce1' and beyond. 

To judge from the configuration of the base of thc formation, 
the Dela\vare seems to have been the master strellllJ in pre­
PCIlsauken time, as now. The suriace was within 20 feet or so 
of present sea level at Trenton when the Pensauken formation 
was deposited, and the yalley northeast from Trenton to and 
beyond Bakel' Bal:lin was nearly as deep. Its axis was a little 
to the southeast of the contact. of t.he Ne\vark and Cretaceous 
deposits. Its old bottom is now less than 50 feet, and pcrlmps 
as low as 30 feet., above sea as fur northeast as Port Mercer. 
This seems to make it clem' that it large stream followed this 
course in pre-Pensauken time. 

The tributaries of t.he Dela ware and those of the northeast­
southwest. valley aboye Tn'nton followed, ill n general ·way, the 
directions of the present streams; that is, the.',' flowed ±'r.om 
southeast. to northwest.. The tributary valleys were less deep 
than the main ones, as was appropriate. The plain of erosion 
on which the Pensauken deposits were laid down and from 
which the Bridgeton formation hHd been remoyed had a relief 
of 60 to 80 feet. 

The southeastern border of the well-defined body of the 
formation was a fCH'lller low StHrp which extended from 
Swedesboro, sout.hwest of t.his quadrangle, through ,Jackson­
ville and Allentown and beyond; but dep08itioll took place 
to some extent in the valleys leading down from t.he lligher 
lands to the i:loutheast.. 

Isolated Temnants.-A remarkable remnant of the Pcnsauken 
formation is found at Kingston, just south of the narrows, 
·whcre Millstonc River cuts through a diabase ridge, flowing 
north. The materiul of the Pcnsauken formation at. this place 
is very much coarser t.han at any ot.her point within the ar~a, 
It consists of COfll'se gravel, in whicll there are bowlders up t.o 
1~ feet in diameter. The gravel is remarkable for its 
ness and coherence, vertical fitces 40 feet high having for 
years with hut little accumulation of talus at their bases. The 
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proportion or erystalli ltG-rock material is: larger than elsewhere 
and nearly all the cob hies are decomposed to the so 
that the yertical fflCC of the formation shows the broken 
of hundreds of cobbles Hnd small bowlders. It is, indeed, 
rather UnCOTlllllon to li.nd a piece of crystalline rock which docs 
not crumhle readily under the hammer, or even in the hand. 

This material came from t.he north and was apparently 
deposited by a stream flowing south. Escaping t.he narrow 
valley through Rocky llill, this stream left its load of grave], 
etc., ,vhere it entered its broader valley with lower grndient, 
south of the hard ridge. The precise course of the stream 
sOllth of Kingston is not certainly kllO\vn. It may ha.ve heen 
southward to Princeton Junetion and thence oYer to Fort 
Mercer, or, less proba.bly, up the eourse of the present Stony 
Brook to Port Mercer. 

1\. few remnants of the forlIlation exist in the Delaware Val­
ley above Trenton, as at ·Washington Crossing, Titusvillc, and 
Raven Rock. In these localities the n~TIlJlantR constitute or 
cap rude terraces well above the more modern deposits to be 
noted later. At several other points traces of the formation 
are found in similar situations, suggesting that it was once 
somewha.t generally present along the Delaware Valley. 

There are variolls isolated patches of the Pensanken forma­
tion ea8t of the Delawa.re VaHey, on the Brunswick shale, 
severa 1 miles nOTth of Kingston. The correlation of most of 
these remnants is not beyond question, and it is possible that 
some of them may be older tha.n Pensauken. The same may 
be said of some of the small areas ilia pped as Pensauken at 
high levels in the southeastern part of tile quadrangle. They 
are higher thau t.he main body of the f()l'mation, and they lIIay 
be of Bridgeton age or, more probably, they may represent local 
acculllula.tions of debris in the post-Bridgeton erodion iut.erval. 
It would be expected, howeyer, that the streaIlls descending 
from the higher lands to the southeast. in rensauken time 
would. if making deposits at all, leave grnwl and sands at 
levels considerably higher than those where similar deposits 
were made in the main yalleys. 

Thickrwss.-The present thickness of the formation varies 
from ahout ;30 feet in the arca between Allentown and New­
town, to practically not.hing, and t,he original variat.ion was prob­
ahly about the same. The slight thicknesses are due in some 
plHces to subsequent erosion and in others to unequal deposi­
tion, especially where the formation bur.ied the low hills which 
rose above the general level of its base. 'Vhen t.he deposition 
of the formation was completed, most of thc surface which it 
covered appears to hare been built up t.o planeness, or nearly 
:::;0, and this plain, had it not been degmded, would. BOW ha.vc 
lain between the present. leyels of 130 and 150 feeL The for­
mation extended up the valleys to somewhat greater heights. 

On'gin.-The Pensauken formation is believed to be in large 
part of subaerial (fluvial and pluvial) origin. So fur as this 
area is coneernecl, the Delawa.re and its tributaries may be said 
to have bee~ the principal agents of deposition, aud the trib­
utary frotH the north by way of Kingston was perhaps but 
litlle less important than the Delaware itself The sourecs 
of this strcam were probahly in the upper drainage basin of 
the ltaritan. Both the Delaware and the drainage from t.he 
H,aritan basin came from the area affected by glacier ice, and 
the eoarse material of the formation leads to tIle conclusion 
that floating ice and' swollen streams were concerned in its 
transportation. 

While this material was being brought down from the north 
and deposited in 1he valleys of the larger streams, the drainage 

the southem;t was bringing' in sand, grayel, etc., from t.he 
and Tertiary sands and marls. The aggradation of 

the main valleys obstruct.ed the tributaries and stimulated 
aggradation in them. It. is possible, perhaps probable, that the 
area where the Pensauken sediments accumulated was a little 
lower than no\y, relative to sea level, when the deposition took 
place. It is even possible, so far as now kUOWll, that the lower 
pal'l8 of t.he region may have been partly submerged at some 
time dlll'ing t.he acculllulation of the formation; but in tlle 
absence of distinct paleontologic evidence this eonclusion is 
uncertain, and there are other reasons for thinking that the 
ma~n part of the deposit, at-least, is of fluviatile origin. Not 
map)' milcs below the southern border of this area fresh-vmter 
fos~ils are found in the Pensauken down nenrIy to sea level. 

EI'os-iIJlI.-After the deposition of t,he Pensauken formation 
conditions .':l0 changed as to bring about an epoeh of erosion. 
It is not knowll how far this was the resliit of change of altitude 
of ~he land and ho'w far the result of' decreased load of the 
streams, illeident to climatie changes and the disappeal"J.nee of 
the ice. \Vhatever the eause, the erosion cont.inued long 
endugh to allow the streflms to deepen their valleys somewhat 
below their present levels and to widen the val1eys of the 
larger streams. The Pensauken material deposited in the pre­
Pe~lsauken valleys, was not, howeyer, all removed. Some of it 
still remained in the Delaware Valley and in the lower pnrts 
of some of it:::; tributaries at the close of this erosion interval. 

After this very considerable erosion had t.aken place, another 
period of sedimenta.tion ensued, and the deposits made consti­
tute the Cape May formation. 

Distribni'ion.-'l'he Cape May formation is confined largely 
to the valleys of' the present st.reams. During its deposition 
the valleys were aggraded, tile larger ones as much as RO to 40 
fect. Aggradation was greatest where erosion had been great­
est-namely, in the va.lley!:! of the larger streams, such as the 
Dela,varc. 

This period of aggradation was in part at. least contempora­
Ileous with the ice of' t.he last. ghwial epoch. The Delaware was 
bringing down quantities of p;ra.\'el and sand from the moraine 
at Belyidere, and JIlllch of it reached the latitude of Trenton. 
Here, where the yalley of the DelawHre was wide, the heavier 
part of the load of the stream was spread widely over the low 
plain at thcjulldion of the Dela'ware with t.he valley from the 
northeast.. The result wus that a wide area ·was overspread 
with gravels of late glacial age brought down from the edge of 
the ice. Little glacial gravel was carried fa.r below Trenton, 
though traces of it arc found to the southem limit of the quad­
rangle and even beyond. This gravel has long been known as 
the "Trenton gr:l\'el." 'Vheu it.s deposition was t'omplcted 
glacial grave] filled the valley of the Delaware up to a level 
now 120 feet abo\'e the sea at the nort,hern horder of t.he quad­
rangle. .From this maximum height the gra vel now slopes to 
100 feet at Lambertville, no feet at Trent.on, and a.bout ;~O feet 
at Burlington. This slope if continued ·would reach sea len~l 
at a.bout thc 80uthwest comer of the qlladmngle and the Cape 
May f{)l'mation would occupy the position of a delta. 

One of tl)e remarkable features of the distribution of tilis 
gravel is t.hat it was spread widely and abundantly east and 
northeast of Trent.on to Baker Basin and beyond. The condi­
tions of drainage which made this distributi~n possible are not 
altogether clear. It seems probable that. at some time during 
this stage of deposition drainage came down from the north, up 
the present vallcy of tllC Millstone, bringing with it a little 
grayel of late glacial age, for traceR of such gravel are found 
along this yalley at several points between tile junction of' the 
Raritan and the )Iillstone, :3 miles north of this quadrangle, 
and Penns Neck, neal' Prineeton. This suggests that some of 
the gTavel of the Baker Basin region came in by this route; 
but the meager traces of gravel along this valley are hardly 
consistent. with this hypothesis. The trHces of late glacial 
gra vel along this valley are~ however, of interest as indicatinp; 
a former course of drainage. It is not t.hought that this old 
course, apparently followed by a stream in Pensauken time, 
was followed by a river continuously up to the close of the 
Cape May epoch, but rather that the drainage from the upper 
hasin of the Raritan was toward Raritan Bay in post-Pensauken 
time and was temporarily t.urned hack to its older course in 
late glacial time, after deposits from the ice had aggraded the 
valley of the Raritan in the vicinity of' Bound Brook. 

About Trenton and at some other points in the lower courses 
of the tributaries below Trent.on the Cape May deposits rest 
on remnants of the Pensauken formation which had not been 
entirely removed from the valleys when the deposition of the 
Cape May began. The superposit.ion of this gravel on the 
}"lensauken formation has been seen at Trenton, for example, 
ill several temporary excavations, where the relatiolls were 
unequivocal. The same relat.ions have been seen in the Dela­
\yare Valley ±luther south, on both sides of the stream. These 
sections show the impossibility of defining this format.ion by 
topography alone. 

\Vhile the valley of the Dcla ware was being filled with glacial 
gra \'el from the north, the aggradation tended to obstruct the 
tributary vallevs. At tIle same tiille it is assumed that the 
cliIllatic~ condit.ions favored ready erosioll, especially by effect­
ing a reduct.ion in the amount of tiw vegetation. The result 
appears to have been that the tributary streams gathered sedi­
ment readily in their upper courses, but found themselves 
unable to carry it through their lower courses. Aggradation 
of the side valleys was the result, and this aggradation appears 
to ha,ye kept pace, essentially, wit.h the upbuilding of the bottom 
of the main valley. The sediments of the side valleys were, 
however, unlike t.hose of the main valley. The latter were 
derived partly from the north, from the Newark and older 
rocks, while t.he former were contributed by streams flowing 
through the Cretaceous and Tertiary sands, marls, and days 
a.nd the Bridgeton and Pensauken sands and gTavels. 

In the Cape .i\.fay formation, therefore, we have a twofold 
subdivision, comparable to that of the Pensauken. In this 
case, however, the phase derived fi'om the north was much 
more narrowly restrieted than the corresponding phase of the 
Pensauken formation. Furthermore, the deposition of the 
Cape }lay formation is so recent that the perishable constitu- ' 
ents have not yet decayed to any great extent, nnd the two 
formations arc in sharp eont.rast, so far ns tlleir physica.l condi­
tion is concerned. 

The Cape May sediments in the side valleys are \Tery like the 
Pensauken sediments of the same region. They have, however, 
a fresher look, have been less ferruginated, fire less commonly 
cemented by iron oxide, and contnin more fragments of ferru­
ginous sandstone fi'otll cemented layen;; of the Cretaceous, 
Tertiary, or early Quaternary deposits of the region. 



The Cape May deposit'! in the tributary valleys rise upstream, 
like the deposits of Pensauken age, previously outline<i, and 
all other ~tream deposits. In the upper courl::lCc of the tribu­
taries they may rise to an eleyation equal to that of the 
Pensauken. In such places the separation of t1e two may be 
difficult, especially in the ahsence of good exposures, but as 
a rule tile topographic relations make the cOlTclations clear. 

It seems possible that the'surface may have been a little 
lower than now at some stages of the Cape l\Iay epoch. If so, 
this ehecked the strea.ms in their lower COlUses and favored 
dpposition therC'. Decisive marine fossils have not been found 
at any point in this area, bllt they have been found farther 
south in New Jersey, up to elevat.ions of 10 feet or so above 
the sea, showing that the sell 'water stood a little higher than 
noy,' during some part of the epoch, at. least in the southern 
part of t.he State. Topographic features at va.rious points about 
the shore of ~ew ,Tersey suggest that the land may ha\'e heen 
(lepressed as milch as 30 01' possibly 40 feet dnring this epoch. 

A few miles south of this quadrangle fossil ltlllrine diatoms 
have been found in the loam overlying or constituting the top 
of the Cape }Iay fortllation, up to elevations of about 60 feet.. 
They are, however, not regarded as decisive of submergence, 
for they are easily hlo\Yn about and might be carrie(l fhr 
inland and 'well above the sea bv the wind. 

Erosi()u.-After the depositi~n of the Cllpe May formation 
renewed aetivity of the streams resulted in t.he partial remoml 
of the newly deposited gravels and sands. Thp remnants of 
the old plain.., of aggradation now remain as telTaees, locally 
ill defined. TcrraeeR below the original Cape ).lay level have 
been developed in some places, especially in the Dela ware above 
Trenton, and lie above the present flood plains. Above 
Trenton little of the original plain of deposition rcmains, but 
in the vieinity of Trenton the wide plain of the Cape }Iay 
formation is near the level at whieh it was laid down. 

Considerable areas of the quadrangle are shown on the 
geologic maps as having a covering of surfaee sediment, the 
classification of which is not evident. The material so marked 
on the mHp is sand and grayel, not notHbly unlike t.hat of the 
other formations, or in some localities not very unlike the 
weathered part of the underlying telTllne. :MueL of this uwJas-
sified gTUVel and sand is thin, and in it docs not 
wholly conceal the Cretaceous or ::\Iiocene beneath. It is 
of various ages. Some of it probahly represents local aceu­
mulations during the post-Bridgeton erosion interval and 
some of it is to he referred probahly to the post-Pensauken 
epoch, 'while in other places remnants of Bridgeton, Pen­
sanken, or Cape :\Jay, whose relations are not clear, may be 
included. 

Included in this division is SOHle peculiar sand south of 
Doctors Creek hetween Imlaystown a.nd Allentown, east of 
Crosswieks Creek between l'ie,y Egypt and \V111nford, south 
of the same creek lor llbout. ::; milef:> west of 'Valnford, and 
along Blaeks Creek hetween Jaeohstown and Chesterfield. It 
lws some\vhat the disposition of dune i:iano, and its surface has 
heen much modified by the wind, but 1lr. G. N. lZnapp thinks 
it is not prinwrily of eolian origin. 

In recent times the wind has blown sand and loam about 10 
some appreciable extent. Dunes are nowhere conspicuous, but 
there is some wind-hlown sand at many points, as north of 
Bordentuwn, in t.he vicinity of Stevens, about Burlington, 
Sykesville, and elsewhere. 

In many places there is a little eolian sand and loam on the 
bluffs bordering the Delaware. Such aeposit.s occur at yariolls 
points ahout Trentoll. They arc rarely more than 2 to 4 feet 
deep, but are in places sufficient to make a little ridge or swell 
along the edge of the bluff, high enough to he readily detected 
in this region of slight relief. 

In other places eolian sand and loam arc found on slopes, 
as at various points above Trenton. In most such situations 
the eolian material has a disposition comparable to t.hat of the 
loess in the valleys of the interior. The material is, however, 
not Ioesslike. )'10st of it appears 10 have been hlown up hom 
the modern flood plains, or from the edges of the Cape }Iay 
telTaces, in the course of the degradat.ion whieh gave rise to 
them. 

At numerous points in the area there is a loam which 
constitutes the latest phase of deposition. Tt lies OIl the Cape 
May terraees and on the Penf:>auken at variOIlS levels and is 
distinct and conspicuous at some points on the Brunswick 
shale, especially along the Delaware and between Trenton 
Junction and Pennington. Locally, as near Pennin.gton, it is 
used for brick clay. The origin of the loam is notcle~lr. It is 
not altogether the product of decay of the underlying forma­
tion. It is possibly wind blown, but locally it has a structure 
,vhieh seems to precludc thi~ as the comple1e explanation. 

Trenton. 
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The vie\v has been entertnined that it might represent a tem­
porary submergence of the region subsequent to t.he Cape May 
epoch or a.t it.s close, but the evidenec supporting this view is 
not convincing. So far as now known, the loam may have 
originated in various ways and at various times, in spite of its 
appearance of unity. 

STHUCTURAL GEOLOGY. 

rJRmIO~T PI,ATEAU AREA. 

STRUCTURE IN TIlE PRE-TlUASSlC ROCKS. 

By If. 1).<SOOM. 

The prevailing structmal fellturcs of the Piedmont Plateau 
arc major folding of the Appalachian type, forming anticlinoria 
and synclinoria which extend for long distances northeast a.nd 
southwest and a.re roughly parallel; gentle minor folding at 
right angles 10 the major folds; normal and t.hrust. faulting of 
varying magllitude; awl a very complete metamorphism of the 
formations, associated v,·ith t.he produetion of' cleavage and 
fissility. 

A small portion of the Illateau is covered with Triassic 
sediments and with outliers of the Coastal PlaiJ; deposits, 
whose freedom from llletamorphism and structuml simplicit.y 
are in striking contrast to t.he complexity of t.he crystalline 
fioor upon which they rest. 

The stmct.ures of the eryst.alline formations are due to com­
pre:::;sive force acting in a l~orthwest-southeast direction normal 
t.o the strike of the major folds; and the gentle trdl1SyerSe fold­
ing is dlle to 1\ minor force acting at right angles to this nwjor 
fOTCe. 

'Vhile much remains t.o be accomplished in the mapping of 
these major anticlines and synclinc'S in their extension through­
out the Piedmont Plateau, some ,veIl-den ned folds have been 
recognized. One antieline extends from the neighborhood of 
Cabill .lohn, on the west of the 'Vashington quadrangle, where 
it. has been traced by Keith, northeastward through Maryland, 
where it haR been mapped by Mathews, int.o Pennsyh'ania, 
where it shows it'!elf in the Duck Ridge anticline. Ea.st of this 
ant.idine two synclines and an anticline have heen partly 
traced in l\Iaryland a.nd t.he District of Collllnbin; they are not. 
well defined ill the Trenton district. 'Vest of the Cabin John­
Ruek Ridge antidine is a Ayne1inal basin whieh is clearly 
markeu in Pennsylvanill and }Iaryland. In Pennsylvania it 
is the Chester VaHey Ayncline. It passes t.hrough }faryland 
in the neighborhood of Cardiff and was recognized hy Keith in 
the 'Yllshingt.on Hrea just west of Great Falls. 

The Camhro-Ordovicilln sediments of the whole width of the 
PiedmonC Plat.eau, t.he Triassic formations which coneeal a 
broad cent.ral area being ignored, apparently form an anti­
dinorinm, \vhieh has brought to the sUl'nl.ee pre-Carnbriam 
gneiss along a re.ntral axis flanked by Cambrian quartzite, 
Cambro-Ordovician limest.one, and Ordovician miea schist. 
The surface outcrop of these formations is illterrupted parallel 
to the strike and is controlled in width by the minor folding 
whieh, alternately berHling the axis of the anticlinorium in a 
low trough or raising it ill a low arch, hrings successively 
younger or successively older formations to the surface. There 
is, then, an anticlinorium eompounded of anticlines and syn­
dines of the first order, which are in turn composed of 
seeondary and t.ertiary anticlines and synelines. 

The secondary folds in the limestone and quartzite of the 
eastern portion of the Plateau are isoclinal in charaeter and are 
uniformly overturned to the northwest, while in the gneisses 
and schists they arc more varied, ranging from open and nearly 
symmetrical t.o inclined, overturned, or isoclinal folds. The 
f~lds a.re for the most part overturned to the north weRt. 

Normal awl thrust fhults are both found in the Piedmont 
district.. The Trillssic 8ediments, which were rllised without 
folding or with slight folding and wir-h a very gentle northwest 
tilt, fin' the most part show normal faults so numerous tlwt. 
t.hey may he seen in every extensive exposure of the Triassie. 
It. if:> impo8sible to aseertain their tot.al number or the amount 
of di8plaeement., which i)3 locally very slight. They were 
developed in COllnf'l~tion with the crnstll movement whieh 
resulted in the uplift of the Triassi(~ Aediments and presumably 
are not confined to the Tria)3sie, but. o(,cur also in the 
adjacent erystal1illt.'s. It very diffieult to tra{'e such fanlts in 
the latter roeks, however, in thp absence of well-defined beds. 

Thrust falllting iA the rule in the Appalachian structure and 
many important faults of the Piedmont Platenu are of this 
nature. Those t.hat. haw beell traced in the southern Piedmont 
arefl lie nearly pllrnllel to the plane of schistosity of the forma­
tions; that is, they dip at a high angle. Adjustment hy means 
of innumerahle mirrol::lropie disloentions has also taken place 
along pia lief:> of schistosity, which nrc t.hus converted into 
plnnes of nssilit.y. 

STRUCTURE IN THE TRENTON "QUADRANGLE. 

The structure of the formations of the Trent.on area is shown 
in three strueiure seetions which are given on t.he strueture­
section sheet. The vertical and horizontal scales are the same, 

Hnd the actual dips of t.he strata as they appear at the surface 
are ineorporated in the sections. Of course, on the seale of the 
map the more detailed structures can not be shown, and all 
tertiary folds are omitt.ed from the sect.ions. Faults are repre­
sented on the map by heavy solid lines and in the seet.ions by 
a solid line whose inclination shows the probable dip of the 
fault. The relati ve direction of the movement of the strata on 
either side of the fault plane is indicated by arrows. 

The Baltimore gneiss and Chickies quartzite of the TrentoD 
quadrangle are part of the Cabin John-Duck Hidge anticline 
of t.he first order on the southeast flank of the great. anti­
clinorium of the Plateau. Of this primary anticline t.he 
quartzite is the southeast limb and is itself fblded in a 
compressed secondary syncline. (See section C-C.) The 
north west limb of the primary anticline is concealed beneath 
the Triassie covel'. Upon the southeast flank of this antidine 
the'Vissahickon mica gneiss has been thrust with a steep dip 
to t.he southeast.. The e,,ridence for the existence of such a 
fault consists in the absence on t.he sout.heast limb of the anti­
cline of the sequence of sediments found on the northwest limb 
where that is exposed. Both the Cambro-Ordovician limestone 
and the Ordovician schist are mi8sing, a.nd the Wissahickon 
miea gneiss can only overlie the Chickies quartzite by means 
of n thrust fault. The mica gneiss is folded into crumpled and 
overturned anticlines and synelines whieh are parts of a 
primary ant.ieline. 

In the Trenton quadrangle the igneous material has intruded 
it~lClf in irregular masses or ehonoliths parallel to the strike of 
the axis of the major folas and is confined to the gneisses and 
the Franklin limestone. Minor folding transverse to the major 
folds is not apparent.. In the 'Vissahickon mica gneiss there 
is usually a well-defined cleavage dipping steeply southeast, 
while the bedding planes may dip either southeast or north­
west or may remain nearly horizontal. In the quartzite cleay­
age and bedding planes both dip steeply southeast. The 
average dip is 85° and the strike ~. 75° E. The dip of the 
structure planes of 1he Baltimore gneiss adjaeent to the quartz­
ite is also steeply southeast, and the average strike is like that 
of the quartzite. 

The Shenandoah limest.one nort.h of Kew Hope has heen 
brought to the sllrfaee by norma.l faulting, as illustrated in 
section .E of figure :2. 

S'I'RrCT!:ltE IK THE TRIAS-'HC ROCKS. 

lly :'-f. H. DAnTON ... nel R. B. Ke""EL. 

GENERAL STATElIENT. 

The Newark rocks in ~ew Jersey present an extensive 
mOlloelinal Rtructure with low dips to the north west. The 
monocline gi ves plaee to lo"cal flexlll"e:::; ill some portions of the 
region, especially -ill t.he Passaic Valley west of the vVatchung 
:\fountains and -fiuther south in the vicinity of the western 
mllJ"l:->1.n of the group. The monocline is also tra versed by 
faults with throw of several thousand feet and Ulally minor 
dislocations. The in1rusion of the diabase has caused many 
Ioeal dii,iturhances of the ctmta, partly by fiexureA aud partly 
by dislocation, espeeially where the igneous rock increases in 
thickness 01' (,hanges from one horizon to another. In the 
Trenton q lladrangle the monoclinal struet.ure il'l general oyer a 
wide area in which the strike ic N. 80~ .Eo and the dips mostly 
from 12° to H;~. 

The beds of the Stoekton and Lockatong formations are 
mos1 eonst.ant in dip and strike, so that t.he monoclinal struc­
ture is mOAt mllrked in t.heir areas. The Brunswick shale 
region is t.raveri:led by shallow folds, some eovering an area of 
seveml square miles .. One of these oceupies an area of moderate 
size sout.h, eHst, and northenst of the Sand Brook sheet of 
basalt, where therc is a shallow syncline prominently ma.rked 
by the curved outcrop of the hasalt. Several exa.mple8 of 
sharp fold~ occur near Glenmoore and southw€l:lt of Hopewell, 
not filr from the end of tllC Rocky Hill ridge. 

Two great faults traverse the monocline; one of them west 
of K ew lIope is of such throw that it hrings to the surfaee the 
Paleozoic floor. In places along the faults there is considerable 
local flexing of the st.rata. 

STRUCTURE OF TRIASSIC ROCKS IN THE TRENTON QUADRANGLE. 

nIl'S A:'>l) FLEXOR.HS. 

Along the Delaware, between Trenton and Tit.usville, the 
)3hales and sandstones ha.\"e an average dip of 12°, but the din'c­
tion ynries from N. 3;)° 'V. to ~. rjO W. Kenr the diabase of 
Baldpate Mountain, north of Titusville, the dip inereases to 
~O·. East from the river, towar(l Pennington ~lllcl Lawrenee­
ville, the dip varies from 10° to ~2°, with ~n average of l~)o or 
lGo, a.nd has a general direetion of ~. 3GO 'Y., with mallY local 
variations. South of Rose(lale the dip ii:i HS high as 400 , find 
thenee eastward. to .Millstone River averages ahout. 20°, with 
direction varying from N. 100 'V. to due north. 

Along Stony Brook, ahove and below tllf' Lawrenceville 
pike, Hnd along the pike itself there ure great and abrupt 
changes of dip and strike within narrow limits, but. good expo­
sures are not. sufficiently numerous to throw light on the 
structure. The sll'ikes range from K. 300 'V. to N. 700 E. 
and the dips from 100 to .50°. 



~orth of Baldpate }fountain the dip of the shale varies 
both in amount :md direction. Tn some places the strike is 
parAllel to the outline of the igneous sheet, in others at right 
angles to it. III some exposures the heds dip toward the 
diabase and in others away from it. 

Tn .the brook just west of thc south end of Pennington 
Mountain the shale is scen at interya.ls for half a mile dipping 
southward at an angle of about. 20". The dip then dwnges to 
northwartl, with all average amount of 10". At one point 
akmg the strellm the metamol'phosed and crushed shale near 
the diflbase forms a small indistinct anticline. 

Between Pennington and Glenmoore the outcroppillg cdges 
of' the shale make a sharp S curve. A mile north of Peuning­
ton the strike is east and west and the dip 1()" N.; half a mile 
south of Marshalls Corner the strike is N. 40 0 'V. and the 
dip 37" S'\V; just north of Alnrshalls Corner the strike is 
N. 25° E. and the dip aoo :~nv.; at Glenmoore the strike 
is ~. 65 0 'V., changing gradually to ~. 35" 'V" and the dip 
no" NE.; northellst of Glenmoore the strike gradually shifts 
again to 1\T, a5° E" 'with n dip of 12" ~'V. 

Another small fold in the shale occurs 1 ~ miles south cast of 
Glenmoore. forming a shallow syncline, ~with axis inclined 
northward. The diabase of Rocky Hill, 1 mile north, cuts 
squarely across the strike of the beds in this fold. 

General feature,~.-The Kewark group in the Trenton area 
is traversed by two great faults "with throws of several thousand 
feet and by numerOllS minor dislocations. These fhults nrc not 
connected' with 11fL~ures and are later t,han the igneous intru­
sions or 11O\vs. They trend northeaRt and southwest, partly 
parallel with the strike of the strata, but the larger ones eross 
the strike at small angles for pnrt of tlleir course. Except in a 
few minor faults the down throw is on the southeast side. 
The direct,ion a.nd amount of hade are not known except for 
one sma II fault llenr HarLollrtoll. In general the dislocationl:l 
appear to be along a single pl:lI1e, but locally there is a HalTOIV 
zone of s.hattered roek. In plaees the strata are crumpled 
and upturned along the fault. Exposures of the faults are 
exceedingly rare, especially any which show the details of 
the dislocation. 

Brookvillf:-Flnninglon fault.-The great dislocation known 
as the Brookville-Flemington fault. t.raverses the center of the 
Newark group along a general northeast-soutlHvest course. Its 
principal features are sllOwn in figure 2. A short distance 
west of Lambertville it brings to the surface the Paleozoic 
limestone floor in contact wit-h beds high in the Brunswick 
shale. Here its maximum throw is probabl ') .. not less than 
11,000 feet, for it cuts oft· the entire thickne~s (nOOO feet) of 
the Stockton and Lockalong format.iolli:l and ,)()OO feet or 
more of the Brunswick shale. The limestone extends to 
Delaware Hiver, where it passes beneat.h the bnsol conglom­
ernte of the Htockton, and the fault" after crossing the ri yer 
a few hundred yards south of Brookdlle, separates be(ls high 
in t.he Lockatonp: from basal Stockton beds. The fault. 
branches a short -distanee west, of t.he river and the branch 
dislocation passes southeast of Mount Gilbofl, joining the main 
fault again a short distance south of Headquarters. By this 
menns a long ond block is cut oft: consisting on the surf~tce 
mostly of Lockatong beds; it includes the MOllnt Gilboa 
intrusin\ mass and north of Dilts Corners overlies a slllflll 
wedge-shape(l lUass of' upper Hto(~kton heds. Kear Headquar­
ters llnd Sand Brook the fimlt is singlt' and has n diRplaeettlent 
of about 8;)UO feet, bringing about 2600 feet of Brunswick 
shale into contllct ,vith lower Stoekton bcds. It cuts off the 
basalt of Hand Brook east of SantI Brook post-olliee. A short 
distance farlher north the fault again bmnches um} bdngs up 
an area of Lod::atong shalt', IlS ShOWll in the upper sectioll of 
figul'e 2. The strata in the middle block are considerablY 
disturbed. For much of its course, t.he llrookville-Flemington 
fhult. extt'nds along the foot of the Hunterdon Plateau escarp­
ment.. It is not dearly exposed nt any point, hut in its illlme­
diate vicinity the sandstolle and shall' are crtLshed, slickensided, 
and loeally' contorted. 

In the nort.h bank of Dclav'/Hre HiveI' the fault is indieated 
by a slight. notch in the bluff a fcvv hUlldred yards south of 
Brookville. A few yardR nortJl is a ledge of eoarse arkose; 
}Ind ;,)0 ,Ylln]s south a slllall quarry in crushed and crumpletl 
black shale show,;; mnny slickensided surf-hees nnd in 
resembles n fault breceia. To tIle north the exposures of 
near the falilt are poor and seattered, Lut on the west side rises 
a ridge of hard sandstone and eonglomerate of the Stockton 
formation, which is cut off by the fa,lIlt b'Outh of Headquarters. 
A s8t:ond low ridge of harder sandstoIle is cut off by the fhult 
eW:lt of Sergeantsville and a third oue is terminated in the f:;ame 
manner northeast of Sand Brook. Northeast of Sand Brook, 
whcl'c the fault has brought the Lockatong argillites against 
the softer Hrunswiek 81mle, there is more marked eontrast in 
topography than where the HtoC'kton sandstone abuts against 
the shale. 

En8t of Sand Brook the fau It cuts off the west side of t.he 
shallow syncline of the Brunswick formation, proba.bly causing 
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the nort.hwestern termination of the small sheet. of extl"llsive 
basalt included in the Rhale in this flexllre. Local disttlrhanees 
in strflta near the fault nrc exhibited nt variolls points in this 
yicinity, notahly in a ledge of 1'(-'(1 shale below the mill pond at 
Sand Brook, wlwre thc dip is to the south at, an angle of 4:3°, 
probably indicating downward drag toward t.he fhult, which is 
supposed to pass a short distance south of the expo::;ure. A 
mile northeast. of this localitv. in the bed of a hrook near 
Thomas Dalrymple's, there is~; ledge of (:J'ushed and hent blaek 
argillite tmversed by many joints with sliekensided RuriaCeS. 
The falllt is believed to pass nenr by. 

FntllllH 2 -:"€ctiOD!! a(lr()~H the Brookville-Flemington f:l1llt: A, .'Iorth\\"eHt 
01' Cupper Hill; B, on Sand north of Dilts Cornors; 
north side 01' Delaware southw('~t of Delaware 
Scale, approximately 1 

CO, Shenandoah lim"~to"e: "Ii" [;I,,"](t"'" [ormation: Ri, U>clmtong formatlOn: Rb 
~""l,,: "liD" l"""lt flow, Hacle of f"lJl!," ,,,)t ilt"terminHi. hnt pcnbabJy 8te~1' 

Hopcwcll fmdt.-The Hopewell fault extends in fl. sinllOlH3 
conrse fi'oill Buckingham Towl)ship, Pennsylvania, heyolld 
the north end of Bourland Mountain. It erosst's thc Delaware 
Ileal' :J-foore and extends through Harbourton, west of Hope-
,Yc:ll, and thence ulon~ the foot of the east of the 80urland 
plateau. In New rTersey the fault traverses ohliquely, 
and. fi'om Harbourton to Skilhnan the upper sandstones of 
the Stockton formation ahut agaim;t t.hc middle port.ion of 
the Brunswiek shale with a maximum displacement of not less 
than 6000 feet in the yicinity of Hope"well and Glenmoore. 
The height. and prominenee of the Sourland plateau llorth of 
Skillman is due to the contrast. in hardneRs bet.ween the Locka­
tong and Brunswiek beds !)l'oup;Jtt together by the dislocation, 
and quickly disappears as the fault erosses the strike and with 
diminishing throw passcs out into Brunswick shale to the 
north. In P~nnsylva.nia, where the fault is in Brunswick shale 
and of diminished amount, it. 1S difficult to trace. It is believed 
to cut off t.he diabase in .Terieho l\Iouut,ain and to paSfl t.hrough 
the old baryta mine. The fault plane is llowhere exposed and 
in many placeS' its location ean not be detcI'mined within 50 
feet. In the beds of streams evidelleel5 of the fmctures are usu-

fouwl in the erushed and slichllsided ('ondition of the 
a.nd in a fev\,' loealities the stmtH are bent. Such 

features appear along the stream 1 ~ miles ,vest IIarboul't.on, 
ncar the end of the diabflse ridge. Tn the bed of t.he first brook 
cast of Hopewell, about 400 ynrds north of t.he railroad, a 
of cnl!3hed and Rlickensided shale and s:mdstone is 
which 15° H. 1\v/:,ut.y yards fin"ther upJ:ltream the 
Htoekton in the up-thrown blo('k show the Honnal nortll-

dip, and downstream the Brunswick shale hu.::> a strike 
of l\~. E. and a (lip of :lO° W,.. The nmlt passcs a few 
yards south of the crushed beds. Himilar phenomena oceur in 
the bed of the lwxt brook cast, Bear t.he foot of the escarpment, 
not fin' from t.he house of Dayid La-haw. Here t.he Stoekton 
formation in the uplifted block has becn dragged down at. 
t.he fault line so that. it dips 72° H. Along tllC Bourland 
l\Iollntain road 2 miles sout.hwest of Plainyille, where t.he 
soft red Brunswiek shale has been brought down against. the 
hard dark-green Lockatong bcds, t.here i;:;; striking contrast in 
eolor of the surlhce in the neighhoring fields. Kear the fault 
both rocks have been !:iO cOlllpletely crushed and afterward 
disintegrated that nearly all trHecs of the bedding planes are 
destroyed. Outerops in the bed of Hoaring Brook, southwest 
of rlaillyille, show the Sllrrw kind of di::;turballC'e. EasL of the 
fault linc in this vicinity t.hc normal strike of the rc(l shales is 
~. ;)5" 'V. and the dil; 15° KE., while west of the fault. t.he 
Btrikeoftlw Lockatong betls is~. 75° E. and the dip 15" ~'V. 
I"iye-eight.Ls of a milt' west of the Plainyille-Hkillmau road the 
black Blw1c dips southeHst at all angle.of 45" and is eonsideJ":l.bly 
erushed. For 200 yards up the brook exposures of eontorted 

beds, with slickensided surnlCes para llel to the great fault, show 
that the beds have been mnch disturbed. The diabase in the 
quarries at the end of the Rocky Hill ridge sout.h of Hopewell 
is tmveh:led by Illany joints, which tHe in general parallel t.o the 
fault t.hat passes just to the west. 

In ma.ny localities the different layers terminate abruptly 
where the fault crosses their strike, a feature which is promi­
nent in some of the ridg'es f?l'lned hy hard beds. An inRtance 
of t,his occurs just east of Harbourton, where a ridge of hard 
sandstone begins in the Ilpthrown block and extends northeal5t, 
the fhult here trending more to the C~tst than t.he ,,,trike of' the 
strata. Another instance is southwest of Hopcwell, where 
the diabasc of Hocky Hill is t.erminated by the fHult in the gnp 
t,lJrough which the railroad passes. \Vest of Hkillmun the 
fault t.rends more nearly north than th!:' strike of the strata 
and, the sandfltoneR of the Stockton obliquely, soon 
passes into argillites of the Lockatong'. 

~orth from Hkillman the fault is oblique to t,he ('ourse of 
the ar~illite, whieh, wit.h the diahase, forms the 80urland 
plnteau, and, as a cOllseguellee, the highland soon comes to an 
abrupt termination. It wns at first sllpposed that the diabilse 
sheet wonia be found to be eut off in turn Ly the fault, but 
this docs not seem to be the ea8e. It thins out. and terminates 
short.!y before rt'aching the fault. 

Hout.h of Plainyille the strike of the red-shale heds trends at 
right anglcs to the f:wlt line, and for some distance the strata 
abut squarely IIp:'ainst it. Owin~, howeyer, to their uniform 
SOftlJeflS t.hey do not form ridges and the evidence fl'om topo­
grHphy is laeking; th~ diverse st.ructure on either side of the 
nmlt is, however, strongly marked. 

JIiuo,' fault,~.-It is extremeh dif1leult to detect faults which 
are entir~ly in the Redimentarj: rocks, unless they are of sufii­
cient magnitude to repeat some of t,he formations, or unless 
the limIt. plane itself is This is duc to the ah;;ence of 
individuality in the heds formation. Even when fuult& 
are deteded it is difficult t.o est.imat.e the amount of dislocation. 
Some of the faults described below are well exhibited, but the 
preseJlt'e of some others is only inferred. In nearly all the 
amount of' dislocation is probahly snlllll, but in a few it may 
be \'ery mneh gl"eater than has heen supposed. 

Reyt'rnl very slight faults oecur in the Trenton Brownstone 
Company's qunnies in the sandstones of the Stockton format.ion 
at 'Vilburtha. Faulting in a nearly horizontal direetion is 
exhibited in the quarry of Dennis Hoe at the same place. 

A fault. was found in the bed of the creek almost directly 
south of the 80uthwest terminat.ion of the diabase mass 2 miles 
northwest of Pennington. The fault. plane trends)f. 22" E., 
nearly parallel to the strike of the adjoining shale, and it dips 
2'j" ~'V. Continued north \vard, it passes along the western 
margin of' the diabas.e, the termination of which may be due to 
the fault. lIard green argillaceous sandstone outcrops on 
the west side of the fanlt and red-brown shale Oll the east side, 
both belonging to thc Brunswick formation. No fault breccia 
is present. To judge by the slickensided surfaces, the uplift 
hllS heen on the westward or dip side, forming a reverse fault. 
Tht' a.mount of dislocation cnn not Le determined at this 
exposure. This nmlt was also obserYed in t.he bed of a brook 
one-half mile farther sout.h, but no traces of it could be found 
beyolld t.hat point. 

In the bed of' a hrook 1 ~ milel:l west of Ha.rbourton, near the 
Hopewell f~lUlt, a fault is exposed along which heavy nrf..,rillite 
abuts against rcd flagstone" of t.he Loekatong formation. The 
fault plane strikes K. 65" W. and its dip is 40~ S\V. The 
slickensided surfhces indieate that the mot.ion was nearly hori­
zontal and t.he Yeltical component was slllall, but the amount i8 
indeterminable. 

In the bed of a small ravine midway bet.ween :Moore and 
Lalllbertville a \-erticlli slickensided face of dark-red shale of 
the Lockatong indicates a horizontal motion in a directioIl 
N. 40° E. The amount of dislocation is unknown. The 
a.djoining roeks are considerably crushed. 

North of Lambertville a ·fault. is shown ill the bed of the 
seeond tributary to Alexauken Creek, where green-black shale 
abuts against red shale Rnd both rocks a.re somewhat Rhattered. 
The fault plane t.rewls K. 12° E. but could not be traeed beyond 
this exposure. 

An ob::3cure fimlt along which t.he rocks are much crushed 
is exposed in a ravine one-half Illile west of Mount Airy. All 
along this ravint' the dips are irregular and the rock shows 
repeated iwlieations of dislocation and shearing. These beds 
nrc not far from one of the smaller diabnse uwsses and t.heir 
disturbed condit.ion Illay be due in part to its int.rusion. 

A fault is seen in a high ledge of shale exposed along t.he 
bank of a brook 1 ~ miles south of Bowne, on the l,'lemington 
uraneh ol'the Pennsvl vania Railroad. The throw is onl v 3 feet, 
bllt t.he fimlt is of iuterest because it is one of the v~ry few 
where the down throw is Oil the west or dip side. 

A fllult of unknown throw is exposed in the cut of the 
Philadelphia and Reading Railroad a few hundred yartIs west of 
Yardley station. The best exposure is on the north side. The 
fault trends nort.lmest. and southeast and is iIl strata dipping 
gently to the north-northwest.. On the east side are conglom-



eratic beds and on the opposite side red shale. The fault plane 
is occupied by a dike 5t feet wide, standing nearly vertical. A 
portion of the shale is somewhat uptnrned along the contact. 
From this it is believed that the down throw is on the west side, 
but its amount could not be ascertained. 

CuASTAI, PLAIN AREA. 

ByW. B. CLARX, 

The Coastal Plain has not the simple structure which was 
earlier assigned to it. From the beginning of Cretaceous time 
onward the angle and direction of tilting constantly changed, 
and although the angle of dip is to-day slight and its direction 
is prevailingly eRsterly or southeasterly, it differs in neRrIy all 
the formations. As a result of uplifts and depressions the 
landward margins of the formations particularly show much 
complexity, with a marked change in the sequence of deposits 
from point to point. At times transgression has buried the 
landward outcrop over wide areas, though the formation may be 
found in sections farther east. These differential movements 
have in parts of the Coastal Plain even brought about the total 
disappearance above sea level of entire groups of formations, 
although they may be found far from the region of surface 
outcrops in some deep-well borings. The sequence and general 
eRst ward inclination of the strata are shown in figure 3. 

The older formations of the Potomac group exposed in 
Delaware and Maryland have been in this way gradually 
transgressed toward the north in New Jersey and Pennsylvania 
by the Raritan, while toward the south the Raritan is itself 
gradually transgressed by Upper Cretaceous formations until 
it finally disappears in southern Maryland, the Matawan 
deposits resting directly on the Patapsco. 

The Upper Cretaceous formations from the Magothy to the 
Manasquan, as well as the Eocene Shark River beds, are simi­
larly transgressed from New Jersey southward by the Aquia 
formation, of late Eocene age, although the probable northward 
ext.ension of the Aquia -is again buried by transgressions of 
Miocene strata, with the result that the Shark River and Aquia 
formations nowhere come into actual contact so far as known. 
Although the lowest beds of the Matawan still outcrop as far 
south as southern Maryland, they disappear in Virginia below 
the Aquia formation, being represented in that State only in 
deep-well borings near the seaward edge of the Coastal Plain. 
Tl"d.nsgression likewise OCCUl'S _ within the series of Miocene 
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the Matawan. The later Upper Cretaceous formations are 
evidently conformable to the Matawan, but a pronounced 
unconformity occurs between them and the overlying Miocene 
Kirkwood formation. The latter is overlain unconformably 
by the Cohansey sand, of later Miocene age, and the Pleistocene 
formations rest everywhere unconformably upon the underly­
ing deposits. 

An epitome of the oscillations of the Coastal Plain in this 
area is as follows: 

Subsidence and deposition of the Patapsoo formation. 
Uplift and erosion. 
Subsidence and deposition of the Raritan formation with northerly 

tilting. 
Uplift and erosion. 
Subsidence aDd deposition of the Magothy formation with southerly 

tilting. 
Uplift and erosiop. 
Subsidence aud deposition of the conformable sequence of Mata.wan, 

Monmouth, and RancOOa$ groups aDd ManaBquan formation with 
southerly tilting. 

Uplift and erOl'ion. 
Subsidence and deposition of the Kirkwood forwation with northerly 

tilting accompanied hy extensive transgression over the latest Creta­
ceous and Eocene formations. 

Uplift and erosion. 
Subsidence aDd deposition of the Cohansey sand with northerly 

tilting, 
Uplift and erosion producing main drainage lines. 
Subsidence and deposition of the Pleistocene formations at dilferent 

levels during the successive oscillations. 

HISTORICAL GEOLOGY. 
PlEDMONT PLATEAlI AREA. 

ByF. B.!.SOOll. 

SEDIMENTARY AND IGNEOUS RECORD. 

While the Atlantic basin and the North American conti­
nental plateau are very ancient, the North American continent 
In its present form is much younger. 

At the time when geologic history began in the Trenton 
quadrangle the present continent had not come into existence, 
and only isolated and limited portions of the continental plateau 
were above the sea. Along the Atlantic border there existed a 
comparatively small land mass, which has, been ('alIed Appa­
lachia. Appalachia extended east of the present shore line, but 
probably not beyond the present continental plateau. West of 
it was the Appalachian sea, in ~hich sediments were accumu­
lating. The western border of Appalachia, which would 
include the Trenton district, was submerged during the early 
history of this region. During this submergence, which began 
in pre-Cambrian time and continued with a considerable inter-

Beginning perhaps at the close of Devonian time and 
continuing until the close of Paleozoic time there were earth 
mo\'ements along the Atlantic border which resulted in the 
uplifting, folding, and recrystallization of these sediments. 
The eroded pre-Cambrian crystallines were further deformed 
and faulted. The beach deposits of Cambrian time were altered 
to quartz conglomerate, quartzite, and quartz schist. The cal­
careous sediments were metamorphosed into calcareous schist 
and crystalline limestone. The sandy-clay deposits were con­
solidated and crystallized into a schist. 

The uplifting of these sediments above the sea was probably 
not continuous but intermittent, and while erosion did not 
keep pace with the upward movement, Paleozoic topography 
undoubtedly never exhibited perfect constructional forms; that 
is, the arches and troughs of the folded crystallines never 
existed unmodified by erosion, and before the beginning of the 
next period of sedimentation of which there is record, they had 
been eroded to a relatively even surface. 

This period, known as the Triassic, is separated by a long 
interval of time from Ordovician sedimentation. There was 
time enough in this interval for the formation by uplift and 
removal by erosion of mountain ranges, and finally for the 
development of great tidal estuaries or inland basins embracing 
all the areas now covered by Triassic formations. 

These basins were long, narrow troughs roughly parallel to 
the coast and extending from Hudson River through New 
Jersey and Pennsylvania into Virginia and North Carolina. 
They were probably due not to erosion, but to warping or 
faulting, and early in their history possessed shores steep 
enongh, on the west at least, to supply to the basins calcareous 
cliff debris and quartzose gravel. A limestone breccia, which 
has considerable local development on the western border, and 
a quartzite conglomerate are evidence of this configuration. 
The character of some of the other formations, consisting of 
cross-bedded and ripple-marked sandstones, or of sun-dried and 
cracked sandy shales, or of shales rich in carbon, shows that 
the basin or basills in which they accumulated were shallow, 
were bordered by low shores, and were associated with mud 
flats, or, occasionally, with marshes in which vegetation thrived 
and decayed. Huge reptiles, now extinct, and other verte­
brate animals wandered over these mud flats, and their tracks, 
impressed on the soft mud, are now preserved in the indurated 
mudstone or shale. 

FIGURE S.-Generalized cross section of the Cretaceous and Tertiary deposits southeast of Trenton Horiwntal scale, same as map; vertiea.! seale. 10 times the horizontal. 

gn. Pre-Triassic crystalline rocks; K •• Raritan fOl'lnstion. probably undel'la.ln by older CretaceOUB deposits in the deeper part of the section; Km. Mllgothy formation: Kmv. Mercllsntville clay; Kwb. Wooabury clay: Ke. English­
town sand; Kmt.MBrIIhalloown formation; Kmi'Kw,Mount Laurel and Wenonah sands; Kns. Navesink marl; Krb. Redbrmk sand: Kh. Hornerstown marl: Kv. Vincentown "snd: KmQ. Manasqnan formation; Tk. Kirkwood 
formation; Tc.CohaDseysRnd. 

formations, the Choptank formation of Maryland and it possi­
ble equivalent in New Jersey, the Cohansey sand, gradually 
overlapping the older beds. 

The marked changes in the sequence of strata from one part 
of the Coastal Plain to another prqduced by these transgres­
sions are reflected in the angle and direction of dip of the beds. 
In general the dip is slight, ranging from 40 to 50 feet to the 
mile in the earlier Cretaceous formations to 10 to 15 feet to 
the mile in the later Tertiary deposits. The .direction of the 
dip, although in general eRsterly, is somewhat more northerly 
in the Lower Cretaceous formations than in the Upper Creta­
ceous and Eocene formations, where it becomes progressively 
more southerly. In the Miocene beds, however, the direction 
of dip swings gradually back toward the north and reaches its 
climax in this direction again in the upper Miocene. From the 
gradual disappearance northward of the marine Pliocene beds 
of the Carolinas, the direction of dip evidently changes again 
to the south before -the end of the Tertiary is reached. 

The mantle of Pleistocene formations everywhere slopes 
gradually seaward and locally toward the channels of the 
various estuaries. These formations occur as a veneer over 
the older deposits. 

In the region of the Trenton quadrangle, as elsew here in the 
Coastal Plain, the Lower Cretaceous formations dip eastward 
at greater angles than any other of' the Coastal Plain formations, 
about 40 to 50 feet to the mile, while the uncon,formably over­
lying Upper Cretaceous formations have a slightly smaller dip, 
about 35 feet to the mile, but in a more southerly direction. 
The Miocene formations, which unconformably overlie the 
Upper Cretaceous deposits in this area, the Eocene being 
absent, dip at a still less angle, about 15 feet to the mile, but 
in a more northerly direction, which becomes progressively 
more marked in the higher beds, this being shown by the 
general overlap of the lower Miocene beds by the higher, 
toward the north. The overlying mantle of Pleistocene forma­
tions has in general the same characteristics as in adjacent 
areas, as already described for the whole Coastal Plain district. 

Numerous unconformities appear in the series of Coastal 
Plain formations. Exclusive of the formations not represented 
in this district, the first appears between the Raritan and 
Magothy formations, and another between the Magothy and 

Trenton. 

ruption through Cambrian and Ordovician time, there was 
deposited in the Trenton district a littoral belt of micaceous 
feldspathic sand, gl"dding seaward into arkosic sand. These 
sediments ac(~umulated upon an uneven gneiss floor and in an 
encroaching sea which permitted the argillaceous material to 
collect to the east of the earlier arkosic deposits. In this way 
'the arkosic sand was overlain by argillaceous mud Qr-on the 
east-was altogether supplanted by it. This mechanical sedi­
mentation was succeeded, in the north at least, by an organic 
ap.d chemical deposit of calcareous material. 

The sediments grew to a thickness undetermined and in a 
period not definitely known, but presumably long enough 
before Cambrian time to permit not alone their accumulation, 
but also their consolidation, metamorphism, and uplift to a 
land surface. This uplift was accompanied by the intrusion of 
great igneous masses, represented in the Trenton quadrangle 
by gabbro and serpentine. 

When the sea again encroached upon the land it probably 
did not reach the eastern edge of the Trenton areR. In this 
sea a pebbly beach deposit was formed, derived from the newly 
elevated sediments. This deposit was thin and was succeeded 
immediately by a clean beach sand. The land mass to the 
east did not, even at first, stand at a sufficiently high level to 
give its streams the velocity necessary for the transpo.rtation of 
coarse material, and soon, with the lowering of the land by 
denudation, only the 'finest material was brought down by the 
streams. With a slight deepening and consequent clearing of 
the sea, calcareous sediment accumulated. This continued into 
Ordovician time, when the sea shoaled again and received from 
the land a sandy clay deposit. 

The Trenton quadrangle shows no record of further sedi­
mentation during Paleozoic time. It is not probable, however, 
that the subsequent movements of uplift followed immediately 
on the depositiofi of the sandy clay and that sedimentation in 
this region ceased. The amount of material deposited in Paleo­
zoic time which has disappeared through subsequent erosion 
is not known but was presumably considera.ble. On the 
New Jel'Sey Piedmont Plateau a partial record is left of 
overlapping sedimentation during Silurian and Devonian time, 
succeeded by an uplift which was characterized by open fold­
ing, faulting, and little or no metamorphism. 

Before the clos!') of this period of Triassic sedimentation 
igneous material was intruded between the beds or traversed 
them in the form of dikes or flowed out at'the surface. Fol­
lowing the consolidation and accompanying the uplifting and 
gentle tilting of these sediments, titanic crustal movements 
occurred, dislocating the sandstones and shales and associated 
igneous rocks, and rUl?turing and displacing the formations 
along planes of fracture. 

There is little if any record in the Trenton quadrangle of the 
events of the follQwing period, the Jurassic. Erosion ratl;1er 
than sedimentation marks this period. Toward the close of 
Jurassic time, however, and at the opening of the succeeding 
Cretaceous period estuarine conditions prevailed. 

The most inland estuarine basin was located on the eastern 
borders of'the former Triassic estuary and included in itS floor 
the adjacent crystallines on the east, where, alone, remnants of 
the estuarine deposits have escaped erosion. Another estuarine 
basin exists to the eRst in the Delaware basin, embracing con­
siderable areas in the Coastal Plain. Deposits of both these 
estuaries appear in the Trenton quadrangle. Those of the 
inland one occur in scattered outlying areas on the plateau, 
while those of' the Delaware are represented by more or less 
continuous remains in the basin of that stream and on the 
adjacent Coastal Plain. 

About the middle of Cretaceous time the barrier between the 
Delaware estuary and SeR disappeared, and the Paleozoic crys­
tallines with their cover of early Cretaceous deposits were 
submerged beneath the Atlantic. This submergence, which 
scarcely reached west of the Delaware, was gradual, and was 
accompanied by seaward tilting and landward uplift. Erosion 
on the plateau was renewed and supplied materials for thick 
beds of sand and clay. 

While, on the whole, during later ('''retaceous time depressions 
of the sea floor increased at the same time that erosion, lowering 
the surface of the land, decreased the activity of the strealtlS, 
which consequently liIupplied a d~minished amount of mechan­
ical sedimentS, there must also have been oscillation of the level 
of sea floor and land surface, accompanied by variations in the 
angle and direction of tilting. The interbedding of sand, 
gravel, and clay, which characterizes the deposits of this period, 
indicates te~porary changes in the activity of the streams, 



whil€ the differ€nces in direct.ion and amount of dip of these 
formations illdicat€ warping of the sea floor. 

The deposits of Upper Cretaceous tilll€ lta\'e sufTered little if 
any alteration since theil' dep08ition. 

The periods following the Cretaceous~the Tertiary and 
QUHternary~·were marked by H chnnging shore linE", by renewed 
uplift of' the Appalaehi:m Province entailing the doming of t.he 
riedmont Plateau, and the glaciation of northern ~orth 
America. The rivers, supplied from the iee sheet 
and the Plateau, furnisllea ahundHnt sand and gravel for the 
thick deposits of these periods. ThesE" deposits,- while in t.he 
main spread upon t.he Coastal Plain, also accumulated in estu­
arine waters bonh:ring the Piedmont Platenu, :md arc now 
represented by gravels covering t.he eastern margin of the 
Trenton plat.eau region. 

.A t the dose of Pleistocene time elevation caused the dis­
appearance of t.he estuary, the COflst line flssllmed its presE"nt 
posit.ion, awl the physical geography of tile distriet approached 
that of to-day. 

rUYSLOGRAl'IIlC RE()ORD. 

It W:iS stated under "Introduction" tLflt the present fOl'm of 
the plat.eau is not a constructional form; that the rock struc­
ture i" discordant witL the suria.re configurMion. If the com­
paratively slight dE"pressions made by the present l:ltl'eams were 
filled in, a perfectly even plain sloping seaward would result. 
If, on the other hand, the arches and troughs of the original 
anticlines and synclines of the underlying rock ,vere restored, 
a region of lofty mountains and deep vaUeYI::l ·would be de\'el­
oped. These two strikingly unlike topogn-tpIlies are separnted 
by H long and more or leAS complex erosional hil::ltory. 'Vhile 
the prompt action of erosive forces makes it impossihle for the 
perfect constructional form to have ever existed, yet a. much 
greater height of land thfln the present mllRt haveehm'acterized 
this region during some portion of Paleozoic t.ime. This 
height. of land ,vas so far reduced nt the opening of Triassie 
time that it was upon a comparM,iYely level and deeply e1'o<1e(l 
floor that the materials of the Triassic were laid do".-o .• 

The la.ter st:'diments of the Paleozoic serif'S of the A ppalHehian 
region must, in a large measnre, represent material remoyed 
from this belt of lligh land ,vhen, as is in<li('ate<l hy independent 
proof, the maiu drainage basins disC'hflrged into the western sea. 

During Triassic time the portion of the Plateau east of 
the Triassic estuary drained northwestward into this estlmry 
and furnished ma.terials to the swliIllents Hceumulating ther;. 
The redudion of t.llC surface of the presellt plateau must haye 
continued during ,Turassie and early Cretaeeoull t.inw. It '\'W'l 

dming this time that a. nearly fE"utureless plain sloping seaward 
was formed. Such a plain, ean'ed by subaerial erosion, the 
work of the lltrnosphere and of runllillg water, is called a 
peneplaill. Only peneplanat.ioll can explain the evelt sky line~ 
of the hills and ridgE"s aud the discordance between surfaee 
eonfiglll'aLion and undE"rground stl'udure. 

The time of the penephm:ltioll is estahlishe(i by the age of 
the deposits borne upon its surface. A peneplain of so vast a 
seope as that of which the Trenton qundl'angle is fin insignifi­
eant part is necessarily not of the same age throughout its 
ext.ent. Pen eplanation , begun alollg the main drainage lines, 
spreads with incredible slownf'ss fnvay from these lines. TIllIS 
t.he {'"Istern border at' the Piedmont rPb>1011 may have heen 
reduced to a peneplain and even submerged while peneplana­
tion WflS still progressing on the western margin. 

The oldest. deposits upon t.his peneplain are the Pfltapsco and 
the RaritHn formations, indisputably laid down in Lo,,"'er Cre­
taceous time. The peneplain also canies deposits of "Cpper 
Cretaee0us, Tertiary, lllHi Quflternary time. The presence of 
these deposits and t.heir character indieate that. submergence 
terminated ,Jurassic peneplanation, aO(l that tIl is submergence 
was not due to a single crustal lliDveIlJ('nt. but to an interrupted 
and eomplex serie~ of moveillents. 

li'irsl, there wns subsidence with tilting, which produced 
estuarief". bordering the SE"a. and extending inland roughly 
parallel to tIle present sea border. In t.hf'se estuaries were 
deposited t.he clays and gTa'i'els of the PatnpRC'o fOTllwtion. 
Uplift. followt:'d, hringing the Piedmont distriei above the 8ea, 
and erosion rellloYl'd (he PHtapSl'O depositll except from t.he 
deepest portion of the inland f'stuary. 

Following the erosion interval (,Hme a seeond fmhsidenee 
and the renewal of estllm'ics in which Uaritnn deposits were 
laid down. The uplift t.hat. fol1owe<l was more marke<l than 
t.hc preceding', and the region remainetl abo\'e water for a 
long period, during whieh extensiye erosioll took plaee. The 
third suhsidellee, which iollowed t,his erosion interval, lasted 
during all of upper Cretaceous time, was more E"xtended than 
any of the preceding, and was oscillatory iu chnracter. The 
adjoining law] must. have heen low, for the strealllS fur­
nished only fine sHlH1 dE"posits. Cretaeeolls time was followed 
hyan uplift and an eroRion interval oflong durat.ion. During 
thi.s period portions of the Coastal Plain were intermittently 
beneat.h and above water, but. the present platenu resrioll 
remained above wat.er contiuuously until Laf:xvette time, 
when all the Coastal Plain and part." of the Piedm~nt PlatE"fiu 
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were hrought beneath the sea by tilting whiC'h raised th€ 
northern }wlf of the dist.riet. Stream vclocit.v was accelerated 
RO that the streams were able to carn'to the se~a coarse as well as 
finE" g;ra yel. This waR true fiJI' tIll' fir~t time since carl r in the 
Cretaceous. The uplift whieh followed t.his tilting an~l whieh 
hrought the continent.al shelf as well liS t.he Constal Plain abo>C' 
water produced a draillnge system that could not have been 
very unlike the present.. The lower ('ourses of the Schuylkill 
and the DE"lnware hecame E"5lblblished alollg the present lines 
and the deyeloplnent. of the present topography began. It 
,"vas during this erosion intel'Ynl that the mast.er streams cut. 
dleir gorges on the continenlal shelf. 

After t.his uplift. and erosional activity the eastern lllargin 
of' t.he riedmont district suhsided. The highest terrace and 
escarpment so well developed along the castern margin of 
the Piedmont Platean find thc corresponding less well defined 
terrnce Oll the Coastal Plain lJase been interpreted by some 
geologists as mHrk-inp; the shore of a. great. est miry. Accord­
ing to t.his interpretation the successively lower telTHeeS mark 
the stationary positions of the shore lillE" of a contracting 
estuary. Othcr geologists Lave rega.rded t.hese features as due 
in part t.o lateral corrHsion and ill part to aggradation by a 
meandering stream. In this view these tel'1'aees repl'E"sent 
suceessi ve stages in the degradat.ion of the region by the 
ancient Delaware. These "iews are not wholly exclusive of 
each other, for river terrnees of the normal type may merge 
into estuarine terraces primarily of waye-cut origin, and it 
may not always be possible to differentiate the two t.ypes after 
t-heir eharacterist.ic features have been ohseured by subsequent 
erosion and ·warping. 

The close of' Pleistocene time was marked by the assumption 
by Delaware HiveI' of' its present ('ourse below Trenton in the 
former estwl.l'ine depression. The ,TUl'assic peneplain was ele­
vated to its present height, which is sufficient for the estab­
lishment of' a drainage actively eroding its surface. 

The cover of Cret.aceous, Tertiary, Hml Quaternary formations 
has heen removE"d in the stream valleys Hnd ill the northwest 
from the interstrcam areas, and the Trias~ic and Paleozoic 
formatiOlls are not. only exposed but haye been eroded. The 
peneplnin thus through elevation became a plateau, and now 
hy tlll' renewnl of erosion it is losing itt'! distindively plat.eau 
charneter and is hecominp; a disseeted upland. . 

Post-.Tlll'assic pelleplanation il'l reeorded on the western 
margiu of the Piedmont Plat.em~ in traces of' three peneplains, 
which on t.he eaRtern marg;in, embracing the Trent.on quad­
rangle, ean not he discriminated from the older peneplain. 

As a result of the northwestward tilt.ing of dIe Triassic 
sedimehts, it is assumed t.hat the mas leI' streams of the l">ied­
mont Plat.eau had northwest conrse~. These would seem to 
have been reVE"rsed in early Cretaceous time by the tilting 
which depressed tlw sea ward margin of t.he Jurassic peneplain. 
'Vith the final ·ele'vation of thi" regioll their lower courses 
became too well estn blisLed in directions determined by the 
general slo}w of the uplifted peneplain or of the Cret.aeeous 
sediments on its seaward margin to permit suhsequent adjust­
ment to the underlying crystalline formutions. For this reason 
they now punme course", independent of the variations in the 
underlying rock. The secondary streams of the Trenton 
quadrangle, on the other hnnd, because subsequent to the 

·estflbli.slllnent of t.he greater drainage b:Jsins, huye not been 
eontl'olled in their eourses by the general slope of the plateau 
and ",how a nice adjustment to the underlying formations. 

COA~'l'AL PLAB AREA. 

JlyW. B. CLAf\I(. 

OI<::NKRAl, STAT.EJ\lENT. 

The later geologic formations along the Atlantic border form 
n low plain of yarying width extending from tllC New Engbnd 
coast to the Cllllt: The dt'posits consist of a succession of 
gravels, sands, clHys, and marls, wit.h a gentle dip toward the 
southeast. Uepr€sentatiYes of nearly every epoch from the 
Uppcr Jurassic or the Lower Cretaceous to the Rf'Cent are 
recognized, the oldest format.ions ill general heing found along 
the west si<le of t.he Coastal Plain and the younger forma­
tions suecessively fhrther east.. 

A detailed study of the eharader awl uistl'ihutlOll of the 
several formation; shows that the angle and direct.ion of 
the tilting were not. const.ant from Cretaceous time onward. 
The oscilla.tions resulted in t.ransgressions of the ,vaters with 
their :lccompallying sediments, so t.hat at seyeral periods they 
loeally entirely overlapped the earlier forma.tions, burying 
from view t.heir landward exposul'es and hringing about in 
places the deposit.ion of some of' the later formations far to the 
wE"st. of any outcrops of the earlier deposits. 

Denudation at n1rious periods down to the present lIas left 
remnants of nIl formations scat.tered as outlicrs along the 'Nest­
E"l'll margin of the main bodies of the deposits. 'Villi the 
exception of the Pliocene alld Pleistocene formations, however, 
tIll' ehief outcrops of the seyeral formations in the Trenton 
district arc encountered in crossing the Coastal 
Plain from t.o southeast. Farther south the normal 

succession of most of these formations also is shm'l-'n, although 
the relations of the Pleistocene deposits t.o the othet'" members 
of the series are complicated because of the extensive erosion 
that took place at t.he dose of the Tertiary period and the 'con­
sequent submergence of' tIle valleys throughout the coastal area. 

POTmrAC HISTORY. 

A 6'Teat variety of conditions clmracterize the deposition of 
the Coastal Plain sediments. During the earlier periods of this 
history estuarine conditions prevailed throughout t.he re6>1on. 
A great estuary, the extent of which can no longer be deter­
mined, oceupied a depression in the Piedmont surfilce and 
followed in general the main structure lines of the AppalaeLilln 
uplift. Just when this lat€r estuary was formed can not he 
definitely detemlined, but t.he dinosaur remains which have 
been fo~nd in one of the lower formnt.lons have led some 
eminent vertebrate paleontolog·ists to regHrd the age as late 
JUl'assic. The plant forms found in these earlier beds likewise 
show certain .Turassic affinit.ies, but. primitive dicotyledonous 
types also occur, which on t.he whole haye led paleobotanists 
t.o rega.rd even the oldest beds as early Crel.:'1ceous. 

The estuarine deposits, during whose formation uplifts and 
depressions took place, are collectively known as t,he Potomac 
group, and haye been diyioed in 1IHryland, where the most 
complete sequence occurs, into the Patuxent, the Arundel, 
the Patapsco, and the Raritan formations. Of' these, t.he two 
lower have been douht.fully referred t.o the Jurassic because 
of the vertebrate remains, a~ above mentioned, in the Arundel 
heds. As far as known, neit.her the Patuxent, the Arunuel, 
nor the Patapseo formation appears at t.he tlurface in t.he Tren­
ton quadrangle, the only Potomac beds therein being referahle 
to the Raritan, of whose CretHeeous affinities there can be no 
doubt. The Raritan deposits are coarser than those of the 
preceding Patapsco, ana it would seem t.Lat cOllAidcrable defor­
mation of tIle shores of the aneient E"st.uarv must ha'll, been in 
progress, later culminating in the breaking down of the eastern 
barrier and the entrance of the open waters of the Atlantic. 

MAGOTHY HISTORY. 

The date of the change just mentioned was evidently not. 
earlier than tLe close of the Lower Cretaceous. At first the 
marine faunas, which apparently entered the basin of deposition 
in the Raritan Bay region, did not extend far southward, for 
the Magothy deposits in the Trenton quadrangle ana toward 
the south La ve not. as yet afforded marine fossils. It seems 
probable that the eneroaching sea merged into an extensive 
estuary that extended southward along th€ old line of Potomac 
sedimentation across Delaware to the western shore of' Chesa­
peake Bay. TIll' same is probably true in a measure to the 
north, although the exact limits of the so-called "Island series," 
on which this generalization must be based, are not fully com­
prehended. The flora of the Magothy st.rata suggests that this 
change was not consummated until late Cenomanian time, and 
the fa.una points even to the Senonian. Magothy time appar­
ently represents a transitional period bet.ween th€ estuarine 
conditions of Potomac t.ime and the distinctly marine eonditions 
that charaeterize the ,remainder of the Cretaceous. 

MATAWAN 1IISTOUY. 

The materials composing the marine sediments are mainly 
sand and clay, which from the base of the group upward contain 
greater or less amounts of gla.uconite, showing that during 
mllch of the time land-derived mat.erials must have reached the 
area of deposition in small amounts. It is probable that the 
region was not far removed from the shore line of the period, 
and that the land had heen gradually redueed until a great 
peneplain had been deyeloped, ext€llding westward at least 
into the Appfllachian district. The e\Cidence for tllis is found 
not. only ill the glauconitic character of the sediments t.hrough­
out late Cretaceous and early Tertiary time hut 1dso in the 
even-topped ridges throughout the Atlantic horder distriet as 
far back as the Allegheny Plateau. A, marked similarity in 
composition c1ml'acterizes these late Cretaceous sedimellts, from 
the Mat.awan to the Manasquan, as a whole, although they 
vary sufficiently over considerable areas to make it possible to 
separate tLem on. litIlOlogic grounds into several formatiolls. 
Glauconite in greater or less amounts appears, as above stat€d, 
at nearly all horizons, in pl~E's constituting the main hody of 
t.he deposits, while in other it is sparsely dist.ributed aud 
may be limit.ed to definite or may occur as small lenses or 
patches inclosed in OdIeI' material. In general the beds 
become gradually more glauconitic in passing upward in the 
series, the highest beds consisting in places almost entirely of 
glauconite. 

The opening period of this later division of the Cretaceous, 
known as the Matawan, was marked at the outset by extcnsi ,,~€ 
deposits of' clays and sands. The sea encroached over a more 
or less even fioor, producing sediments that had their origin 
in the still unconsolidated materials of the earlier Cr€taceous 
as well as in the older rocks t.o the 'vest. Marine life was 
abundant. and varied, an extensiye fhuna of cephalopods, 
gasteropods, and pelecypods characterizing the period. The 



conditions of sedimentation changed during this time, especially 
in the north, where a clearly defined different.iation in the 
materials oecurs. Southward this feature is l{,ss pronounced 
and the deposits gradually become more homogeneous, the dis­
tinctions being entirely lost in Maryland. 

~10)[MOUTl1 HISTORY. 

The advent of 1fonmouth time WHS not marked by any 
pronounced change, sedimentation having continued without 
interrnption. As the period advanced, however, thick-bedded 
glauconitic deposits were laid down, and the greensand of the 
Monmouth is very unlike anything which had preceded it. 
The middle formation of the Monmouth, known as the K avesink 
marl, is a eh:lracterisric greensand marl, awl in its numerous 
fossils shows the extenst ve marine fauna that existed at this 
period. ~Iany of the are different from those of earlier 
time, although many are found com mOll to one of' the 
zones of the earlier l\Jatawan and to the later lledbank. The 
red sands found both above and below the greensand marl are 
quite unknown at later horizons, except. in the northern phase 
of the l:lter l{ancocas. Locally the beds are highly calcareolls 
on account of' the 6rreat number of molluscan remains entombed 
in the deposits. 

RANCOCAS HISTORY. 

'Vith the close of Monmouth sedimentation came a time of 
pronounced ~la.uconitic accumulation. The greensands of the 
IIorncrsto,yn constitute the most significa,nt beds of glauconit.ic 
materials in the entire Cretaceous system. Thcy represent quiet 
seas, in which the accumulation of materials must have been 
extremely slow. The land area to the west by this time had 
become reduced to a featureless peneplain, while the sea floor 
itsclf lIlay have been still further depressed, carrying the area of 
sedimC'ntation farther landward. Conditions must in any event. 
have remained uniform through a considerable period, for the 
thick deposits of nearly homogeneous greensand extend 
throughout the district from Raritan River SO\Lt.!l\vurd to the 
point. of their final disappearance neal' the ).faryland border. 
The R.ancocas dosed with an extensive acclllllulation of quartz 
deposits, known as the Vincent.own sand, whieh are in places 
largely made up of the rcmains of Bryozoa and Foraminifera, 
forming a lime sand, and are in 'other places decidedly gbllCO­
nitic. These deposits where ealeareous are among the rn08t 
striking in the entire Cretaceous system of the north Atlantie 
Coastal Plain, and indicate a great profusion of life in the seas 
of the time. 

LATE CRETACEOUS AND EOCENE HISTORY. 

Aftei' t.he deposition of the Manasquan formation, which 
closed Cretaceolls sedimentation, a long period of time passed 
before the next younger sediments of (he Trenton quadrangle 
were deposited. The record of these times is represented in the 
Shark HiveI' marl, of early Eocene age, develope<l mninly 
toward the north, and in the Aquia and Nanjemoy formations, 
of middle Eocene age, developed mainly t.oward the south in 
Delaware and :Maryland. 

MIOCENE HISTOHY. 

So i:lr as can be judged from the deposits farther south, 
eonditions along the Atlantic border were little ehanged unt.il 
:Mioeenc time. The (leposits of the earliest epoch are for the 
mOllt part clays and fine sands, although in the extreme south­
ern part of Ncw .fersey occur Illarl beds which by their 
numerous fossils show the existence of an extensi 'le molluscan 
fauna. To the south, however, ext~msive diatomaceous beds 
giye evidence of the existence of vast numbers of diatoms in the 
seas of early ).fiocene' timc. 

Unlike the early J\.liocene sediments of this district, the later 
Cohansey deposits consist of coarser sands and fine 
which show that the land areas toward the west had 
extcnsively elevated as the Tertiary period advanced, causing the 
streams to transport large amounts of coarser material down 
their courses to the sea. A great thickness of' highly character­
istic ::landy deposits v,'as laid down, which farther off shore 01' 

in regions remote fi'om the mouths of streams beeame finer, 
·with bcds of clay bearing an extensive molluscan fauna. 
Toward the south in }Iarylund, where these arc most 
charact.eristically developed, a great number species haye 
been recognized. 

Thc lat.cst portion of l\fioceiw time is represented east of the 
Trenton quadrangle by dcposi.ts of' salld and elay which um 
now bnried heneath a cover of Pleistocene matcrials. In the 
deeper well horings along t.he coast and t.oward the south in 
Maryland these deposits afford sands and clftys that lithologic­
ally arc not unlike t.hose of the carliest epoehs in many 
altJlOugh generally finer, indicating in all probability the 
ing volume of sedimentation. 

PJ,IOCEN"F. Jlli'iTORY. 

The dose of t.he Tertiary along' the Atlant.ie and Gulf bor­
ders is marked by the deposition of a cover of gravels and sands. 
That this was brought about by landward uplift accompanied 
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by a depression of the shore line is shown by the faet that the 
deposits of t.he Lafayette formation, which has been thollght t.o 
rcpresent the Pliocene, arc distributed widely above the Miocene 
st.rata as well as above thosc of earlier time, reaching- the crystal­
line rocks of the Piedmont area. The Lafayette is not knowil 
to occur in the Trenton quadrangle. The period of time reprc .... 
sented by the Lafayette must have been short and was tennin­
ated by extensive uplift of the sea floor, during 'shieh the present 
drainage lines of the Coastal Plain were largely developcd. 

.I:'LElSTOCEN E HISTORY. 

Tn the aneient channels described and on adjoining lowlands 
the deposits ofthe Pleistocene epoch were laid down. The mate­
rials consist of gravels, sands, and days derived to a considerable 
extent. from the earlier Cow~tal Plain strata, although streams 
110wing from the Piedmont Plateau added their quota. The 
life of the Pleistoeene approached more nearly that of' the 
Recent, aWlOugh relatively few localities are known in the north 
Atlantic coastal region in ,vbich any considerable assemblage 
of' Pleistocene species oecurs. 

The blocking of the minor post-Lafayette channels in later 
Pleistocene time produced ponded areas in which were laid 
down the thick deposits of black clay so typically developed 
at numerous points in southern New Jersey, Delaware, and 
Maryland. 

ECONOMIC GEOLOGY. 

MlNBRAL RESOUROb'S. 

pmmW:'\'l' PLA ,[K'I. V AREA. 

By ~'. BASCOM. 

In that portion of tile IJiedmont I)lateau contained in the 
Trenton quadrangle the chief mineral producb-l of' economic 
importance are building stolle nnd road metal. Minor products 
are graphite, copper, and barytes. 

BUnnING STONR 

The supply of building st.one in the Trenton quadrangle is 
inconsiderable and is furnished chiefly by the Triassic forma­
tions. The Baltimore gneiss does not furnish it in large 
amount nor in superior quality. Jesse Darrah's qua.rry near 
Langhornc and Charles T. Eastburn's quarry on the ~esha­
miny nl?Jtr )reshaminy Falls haye produced stont for building 
purpoBes, though the output of these quarries has been ut.ilized 
chiefly for railroad ballast and roa(\ metal. 

The Chiekics quartzit.e lws been used only locally for 
building; schoolhouscs and a few (hvelling houses near Lang­
horne ha.ve heen built of this material. The stone is quarried 
in thin slabs cut parallel to steeply dipping cleavage and 
bed(ling planes. 

COIH:;iderahle quarries were at one t.ime opcrated in the 
Shenandoah limestone at Limeport. The stone was hUrJlt 
chie11y for lime, which was used flS a fertilizer. The quarries 
have been inactive for many years. 

The Stockton formation yields gray and brown saudst.one:-;, 
slIitable both for rough work such as fouwlatiOlIS, bridge 
abutments, and culverts, awl for Hner \vork such as brown­
stone fronts. The largest quarries are located at 'Vilbllrt.ha 
and Stockton, whcre the canal and railroad afford good ship­
pil~g faeilit.ies. Flagstones and fOHndation stones are also 
obtained from the Lockatong fOl'lllUt.ion, in \vhieh there an, 
several small quarTIes at Prineeton. The Brunswick shale 
within this. (!l~adrangle is in genernl so soft th:1t attempts to 
use it for building have been unsuccessful. 

ltOAD 3fE'l'c\'L. 

A mple awl excellent Ilwterial for road building is furnished 
·within the Trenton quadrangle by the rocks of the Plateau, 
both pre-Triassic and Triassic. The physical qualities rcquisite 
for such use are toughness, 01' capacit.y to resiRt. frdcturc or 
impact.; hardness, or resistance t.o abrasion; and cementing 
powey, or eapacity of dIe rock powder to recement. larger 
fi'agments of the l'oek. 

Tn toughness and hardness the Ball-.imore gneiss, t.he'Vis-
sahickon mica the Chiekies qnartzite, tlw gahbro, and 
the diabase In binding power t.hc quartzite is deficient, 
but the has fair binding though less than that 

limestone. The arc slightly superior to 
gabbro in quality but do Bot wC:Jr so well. Diabase is 
superior to all the other formations in toughness, hardness, 
alId binding power, 

The Balt.illl?re gneiss is quarried mainly for road metal. 
.Tosepll Finney's quarry at Holland, Darrah's quarry in Lang­
horne, and Eastburn's quarry a.t Neshmuiny Falls are the 
more important openings for this purpose. 

The 'Vissahickon mica gneisB, while not quarried within the 
Trenton quadrangle for iJuilding stone exeept in a very small 
.vay for local use, is eXLensively worked for road metal, of 
'.vhich it furnishes an excellent quality. ~\ppleton's qual'l'Y, 
1. mile north of Byberry, 'Vood's quarry, worked by 
':\lcl\fenomy 11· miles north \vest of .Ford, and Folkcold's quarry, 
1 mile sout.h of Byberry, are aetively engaged in supplying 
macadam material. 

The Chickies quartzitc has reeently heen utilized consider~ 
ably for marndHm. Quarries in this formation at Neshaminy 
Falls (Eclsthurn's), one-half mile northenst of Janney (McMen­
OlIlY'S), and between Glenlake and Oxford Valley (Thompson's) 
furnisll road met.al. 

The pre-Cnmbrian gabbro, though capable of fumishing a 
::luperior quality of road mewl, has not been quarried for that 
purpose. 

Thc Triassic diabase or" trap rock" is ext.ensively crushed 
for road metal and concrete, the largest and most active 
quarries being at Lambertville, Moore, and Rocky Hill. This 
rock is also quarried ncar Brookville, Marshalls Corner, and 
Mount Rose. 

l'hysiuat properties of Toad-buUding stones. 

Biot.ite gneis~ __ 

Granite gneiss __ 
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49 :tOO 
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Large numbers of Belgian blocks have been made from the 
trap rock, but this style of pavement is deerea::ling in popularit.y 
and the industry has greatly fallen off. The blocks arc made 
chiefly from huge trap bowlders and the industry is not 
localized at a few quarries but is distributed along Sourland 
Mountain and to a less extent along Hocky Hill. 

GRAPHITE. 

Graphite o(~eurs sparingly in the Baltimore gneiss. It was 
onee mined at Trevose and a mine vms opened and early 
abandoned on the Gross f'state cast of Langhorne, nea.r Glen­
lake. In tile Trenton quadrangle gl'apilite does not occur in 
such abundanee as to pay the expense of separating it from 
the assoeiat.ed e01l8tituents of the gneiss. 

COPPER. 

Copper not. uncommonly occurs in the shale in close prox­
imity t.o the trap, but not ordinarily in commercial quantit.ie::;;. 
Somewhat. extensiye openings have been made, however, neal' 
Gl'iggstown, Copper Hill, and Flemington (just nord] of the 
quadrangle) and a generation or lllore ago these minf's were 
aetively worked. The ore was chiefly in the form of 
carbonates. 

FlAltYT.ES. 

Barytes, 01' heavy spar, ,vas at one time dug a mile Ilorth of 
Glenmoore, where of this mnterial oecHI' in disinte-
grated diabnse, but mines have long been abandoned. 
Another deposit W:lS also worked t.o some ext€nt scveral years 

one-half mile west of Buckmanville in Pennsylvania. It 
in a quart.zose breecia of harytes aud deeomposed diabase, 

possibly conl1cetcd wit.h ap igneou~ intrusion ·which lies bencath 
the surface. 

801LS. 

The soils of the sout.hern Piedmont Plateau are the residual 
prod nets of'the weat.he,·ing of the roeks immedi:ltely underlying 
them, except ,,,here covered by soils of the Coastal Plairl 
deposits. Long-continued decay llfls supplied a mantle of 
productive boils comparatively frcc from stones and possessing 
considerable dept.h. The soil derived from the disintt'gration 
of the ViTissahickoll mica gneiss is a hrownish-buff micaceolls 
clay loam. The cby derived fl'om the deeay of the feldspar is 
filled ·with small fragments of mica and stained by the 
hydroxide of iI·on. Larger fragments of vein quartz nnd of 
t.he miea gneiss also characterize the soil. It is a mellow, fertile 
soil, gra(~ing imperceptibly into solid unweathered rock through 
a eonsidcrable depth of deeayed rock. It eorrcsponds to soil 
which in adjacent regions has been designatcd the Cecil miea 
10aUl by the Bureau of tloils of' the Department of' Agriculture. 

Lowar(l thc Del:l ware this mica loam is overlain on the inter­
stream areas, and completely covered in the immediate vicinit.y 
of the riYcr, by the Coastal Plain soils, called by the Bureau of 
Soils the Norfolk $llld and the .Meadow soil. 

The Chiekia'l quart7.ite disintegrates into a ::landy soil which 
f'ontains n little day and minute scaleH of sericite. This soil is 
thin and imrnetlia;ely overlies hard rock. It corresponds to 
the Edgemont stony loam of area,,; to the west, shown on the 
maps of the HureHu of 80i1H. 

The Baltimore gneiss deeays into a sa.ndy day soil charader­
ized by a vellow eolor and freedom from micH, antl studded 
with fl;if, fl':gments of t.he ~neiss. 

The gabbro, which oceupies nearly as large an arca. :lS the 
Baltimore gueiss, gives rise to a red clay soil set with tough 
bowlders of gabbro. The soil ic not. so deep as t.hat of the 

and givei:l place somewhat. ahruptly to solid rode It has 
callcd the Cecil clay by the Bureau of Soils. 

The soil del'ived from the disint.egration of the Triassic shales 
and sandstonCB coverS:l larger area than any other single t.ype 



in the Trenton quadrangle. It is a sandy clay loam character­
ized by an Indian red or brownish-red color. Confined to 
gently rolling -country and comparatively free from stones, it is 
tillable and productive. This soil is the Penn loam of the 
Bureau of Soils. 

The diabase contributes to the Triassic areas a soil similar to 
that supplied by the gabbro. 

The soils of the Piedmont of this quadrangle are not so dis­
similar in character as to be characterized by a peculiar flora. 
They are alike productive and, along the Delaware and its 
tributaries, support a great variety of forest trees and shrubs. 
Among these are several varieties of the maple (the swamp, the 
sugar, and the silver maple), linden, ash, hickory, walnut, 
butternut, red birch, white oak, ironwood, poplar, willow, 
hemlock, spruce, tamarack, sumach, laurel, and azalea. 

COASTAL PLAIN ilEA. 

By H. B. Kmomr.. 

The mineral resources of the Coastal Plain portion of this 
area consist chiefly of clay, sand, gravel, and marl. 

CLAY. 

Clays of varying economic importance and of widely different 
geologic age occur within the Trenton quadrangle and are 
more or le88 extensively worked. The Raritan, Magothy, 
Merchantville, Woodbury, and Pleistocene formations all afford 
excellent deposits of different grades. , 

Raritan clays.-Raritan clays are dug at Bridgeboro, Flor­
ence, Trenton, and Sand Hills for foundry uses, terra-cotta, 
and sagger manufacture. These clays, while they do not 
possess the refractoriness of the best fire clay, resist tempera­
tures in some cases of 31000 F. (cones 28-29) before fusing 
and can be used in connection with more refractory clay for 
fire brick. Considerable quantities are used in the potteries 
of Trenton for saggers, but, contrary to popular belief, the 
extensive pottery industry at Trenton is not dependent on 
local clay; in fact, except for saggers, etc., little or no local clay 
is used in this industry. 

At Bridgeboro a series of pits has been opened along the 
south bank of Rancocas Creek, where a red-mottled semi­
refractory clay is found under 8 or 10 feet of pebbly sand of 
Cape May age. It is reported to be 14 feet thick and to be 
underlain by a white water-bearing sand. The character of 
the clay varies in different pita, some of it being of a white or 
light-blue color, burning buff, while other beds burn red. In 
the easterly pits a 6-inch layer of' lignite occurs in the upper 
portion of the clay, which gradually passes horizontally into 
a lignitic sand. The creek is navigable at this point and 
the clay is shipped to Philadelphia, mostly for foundry and 
terra-cotta purposes. The red-mottled clay, which represents 
the run of the bank, is fairly plastic, although it contains "some 
CORrse grit. It has the following physical properties: Water 
for tempering, 22 per cent; air shrinkage, 5.3 per cent; average 
tensile strength, 104 pounds per square inch. When burned 
to Seger cone 3 (21740 F.) it has a fire shrinkage of 4.7 per 
cent, and an absorption of 9.88 per cent, is of light-red color, 
and is steel hard. The whitish sandy clay is less coherent and 
slakes rapidly. It requires more water for tempering (30.8 
per cent), but its air shrinkage is less, being but 4.3 per cent. 
The tensile strength is 119 pounds per square inch. It has a 
low fire shrinkage, at cone 10 (24260 F.) only 2.7 per cent and 
at cone 15 only 3 per cent. It burns to a gray color with brown 
specks. Owing to its low shrinkage it can be used to advantage 
in mixtures with other clays which have too high a shrinkage. 

At Florence the river is bordered for 2 miles or more by a 
bluff, in the steep slopes of which red and blue clay occurs at 
several points and has been extensively utilized. The follow­
ing analysis of clay from pits of J. Eayre was published· by 
Cook: 

Analysis of clay from Eay'J'e'~ pit, Florence. 

Sand __ _ ____________ 40.50 
Silica (SiO.) _____________________________________________ 26.57 

~::~~~:i(~ib.-)-=--- -----=============~=========== ===} 21. 06 
Ferrio oxide (Fe.O.) 1. 98 
Lime (CaO) ______ _ 
Magnesia (MgO) ____ .60 
Potash (K.Ol_____ 2,4,7 
Soda (NatO) .21 
Water (HsO)-- 5,80 
Moisture____ .80 

99.99 

Semirefractory blue and red mottled clay is now dug in the 
lower half of Haedrick's pits at Florence and sold chiefly for 
foundry purposes. As the pits are located along the Delaware 
the clay can be directly and cheaply loaded onto vessels. 

Two miles east of Trenton a clay of Raritan age is dug in a 
number of pits along Pond Run. The overlying material, 
chiefly Pensauken gravel, varies from 5 to 15 feet in thickness. 
The clay is commonly red or red spotted, grading into a blue 
at the bottom of the pits. In some places the upper layer is 
white clay, and locally a black lignitic clay occurs beneath the 
blue clay. Elsewhere a bed of sand underlies the day. These 
beds vary from 10 to 32 feet in thickness. ,+he general section 
at one of the largest pits is as follows: 
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EJection at pits of J, J. Moon, near Trenton. 

F~C 

Stripping, chiefly gravel __________________________________ 5-12 
White clay (where stripping is thin)- ___________________ ._ 2- B 
Red clay, grading down into a red· spotted and thence into 

a blue clay _____________________________________________ 14-28 
Sand ______________________________________________________ B- 4, 

Hard tough blue cla.y, oalled "hardpan" _________________ B-- 4, 
Loose white sand, more than _____________________________ 8 

The clay is used chiefly for saggers and wad and is hauled 
by wagon to the Trenton potteries. The following series of. 
tests, made by Ries, fairly represent the properties of these 
Raritan clays in the vicinity of Trenton: 

Physical tests of Raritan clays nea1' Trenton. 

Water required (per cent) 18 
Air shrinkage (per cent) __ _ 5.S 

Average telUlile strength, lba, per sq. in_ 85 

Cone 05: 
Fire shrinkage (per cent) ______________________ _ 

Absorption (per oent) _______________ _ 

28.5 

4.6 

90 

1.4 
19.82 

Color_ 
Condition ______________ _ 

Pinkish red, 
______ Notsteel hard. 

Cone 03: 

Fire shrinkage (per cent) 
Absorption (per cent)-
Color ____________ _ 

20 
Pinkillhred. 

Cone 8: 
Fire shrinkage (per oont) _ 
Ab80rption (per cent) 

7.S 

13 13.63 

Color ___ Creamy white. Pinkish red. 

Condition Steel hard. Nohteelhard 
Cone 5: 

Fire shrinkage (per cent) 
Absorptio~ (per centl __ _ 
Color ___ _ 

Condition __ 

Cone8: 
Fire shriukage (per cent) _ 8.7 
Absorption (per eent)__ 8,64 _ 
Color _________ Crea.m white. ___ _ 

7.' 
8.26 

Light red. 
Steel hard. 

9.4 

- Water req-,"-,-d -(p,-,,-en~~ - -'·---s-8 .• -I~- ' 
Air shrinkage (per cent) __ 

Average tensile strength, lb£;. per sq in_ 72 
Cone 1: 

Fire shrinkage (per cent) 
Absorption (per centl ___ _ 
Color ____ _ 

Condition __ 

ConeS: ' 

15.89 
Gray, 

Steelha.rd. 

9.S __ _ 

15.08 

Fire shrinkage (per cent)-­
Absorption (per cent) 
Color __ , 

11,7S ________________ _ 

Condition' ________________ _ 

Cone 5: 
Fire shrinkage (per cent) 

Absorption (per cent)---
Color _____ _ 

Condition _ 

Cone8: 
Fire shrinkage (per cent) 
AbllOrption (per cent) __ 
Color _________________________ _ 

Gra.y. 

10 
11,33 _ 

Gray. 

11.6 
B.71 

Gray. 

1. No.1 blue clay, whltmh color, with some fine grit, from J. J. Moon's 
pitl!. It slaked moderately fast a.nd had tiny limonite specks. 

2. No. lsagger clay. J. J. Moon. 
8. Tough red wad clay with very little grit. J. J. Moon. 
4. No, 2 sagger clay. 

At cone 15 No.1 had a fire shrinkage of 11.7 per cent; 
absorption, 1.21 per cent; it vitrified at cone 27. No.2 
vitrified at cone 10; No.3 was viscous at cone 30. 

At numerous points in the Sand Hills north of Monmouth 
Junction white aud red mottled clay ~a8 been dug in small 
pits, many of which are now filled with debris or water. The 
clay was apparently similar in general appearance and character 
to that found near TrentoJ?-. It has been largely carted to 
Rocky Hill a few miles distant for use in the terra-cotta factory 
at that point. 

Magothy clays.-The Magothy clays so far as mined are all 
red burning and are used only for common brick. At the 
brickyard 1 mile south of Fieldsboro the upper portion of 
the Magothy is dug to a depth of 16 feet. The clay is blacl<, 
slightly micaceous and strongly laminated, the layers ranging 
from one-half to 1 inch in thickness and being parted by films 
of fine white sand, along which they readily separate. In the 
higher part of the bank oecur the lower layers of the Merchant­
ville day, which are mixed with the Magothy clay for use. 
Pyrite concretions are very abundant. Owing to the large 
amount of carbonaceous matter, care has to be exercised in the 
early stages of burning not to push the firing too rapidly, lest 
the bricks swell and crack. In manufacture, a certain amount 
of surface loom of Pleistocene age is added to the clay. The 
addition of the loam improves its color-burning properties and 
renders it more porous. 

The black clay, according to Ries, has the following physical 
characteristics: ' 

PhyBical tests of Hagothy clays. 

I 
I_-

Fire shrinkage (per cent) 

Absorption (per cent)----

~:~ . I 

I 
Color ---­
Condition 

Water needed for tempering, 27.8 per cent; air shrinkage, 7 per cent; 
a.verage tensile strength, 168 pounds per square inch. 

The material burns to a red brick of moderate absorption 
but is too coarse grained to make a smooth pressed brick of the 
best grade. 

At the Kinkora brickyard a similar laminated black clay 
is dug, but the bulk of the material used belongs to the 
Merchantville formation. According to Cook, the chemical 
composition of this clay is as follows: 

i!nalysi8 of Magothy clay from Kinko'J'a. 
Sand ___________________________ ~_ 81.80 
Combined silica. (SiO.)----------- _____________ . __________ 25,50 
Alumina (AlsO.) _ 17,70 
Ferric o:rlde (FeeO.)__ 6.40 
Lime (OaO)----- .16 
Magnesia, (MgO) .65 
Potash (K.O)_ 1. 54 
Soda, (Na.O ____________________________________________ _ 

Titanic o:xide (TiO I )__ .90 
Water{H.O) _____________________________________________ 11.80 
Moisture ___________________________ 3.50 

89,95 

Merchantville clays.-The Merchantville clays are utilized 
for the manufacture of common brick at Bordentown, Fields­
boro, Kinkora, and Hightstown. At Bordentown the clay 
bed utilized is 8 to 10 feet thick; it rests on white sand 
(Magothy) and is overlain by 6 to 9 feet of Pensauken gravel 
and loam. In color it is black to greenish black, the green 
color being due to the presence of considerable glauconite. 
The upper portion for a foot or two is weathered yellow. 
The black clay has a high shrinkage and can not be used alone, 
hence a clay loam is added to it. It takes 23.4 per cent water 
to temper it, and it shrinks 8.8 per cent in drying, which is 
somewhat high.. Its average tensile strength is 251 pounds 
per square inch. When burned, it gives the following results: 

Burning testll of MerchantDill,e clay, Bordentown Brick Oompanll. 

I 
00_ I 

_ _______ , __ "'_. ___ ot. ____ '_. ____ ., __ 

FireShriUkage(Percent)_1 8.3 11.8 11.8 11.8 

~:l:r=_~:~_~~~_~:~~~~~~ Deep1::~ 5.8B 4.01_ 

Condition _______________ Not steel Softened _ Beyond 
hard. somewhat. vitrification. 

On account of the low cone number at which the clay 
softens care has to be used in burning, so that the bricks do 
not crush out of shape. This clay shows a very high fire 
shrinkage and therefore can not be used alone but is mixed 
with considerable surface loam. The latter burns to a porous 
body of low shrinkage, and thus counteracts the undesirable 
properties of the clay. Bricks manufactured from this clay 
have given good results when subjected to crushing and break­
ing tests. 

At Kinkora similar chiy, 12 to 14 feet thick in the bank, is 
us~~" for brick in connection with some clay from the Magothy 
below and a Pleistocene loam above; and at Fieldsboro, as 
already stated, a thin layer of greenish-black clay of Merchant­
ville age occurs at the top of the bank and is mined with the 
laminated Magothy clay below. At Hightstown small amounts 
of marly clay are dug and mixed with other clays in the 
manufacture of common red brick. The mixed clay molds 
well on a stiff-mud machine and' is used also to some extent 
for making drain tile. 

The physical properties of a sample from this locality taken 
at the contact of the Merchantville and Woodbury clays are 
given by Ries as follows: Clay, tough and fairly plastic, work­
ing up with 34 per cent of water; air shrinkage, 6.6 per cent. 
The fire tests were 85 follows: 

BUNting testll of Ree~ &: Brother's black clay, Hightstown. 

FireShrlnkage(percent)-1 '3,4 fi,4 5.4 6,4 

~:;~ct~~~~~_::~~~~~~ Pale1~~~ ~: Red. 

I 
Condition ----7---------- "~!'l °h:'d. Steel hard. - ------ Few small 

""'" ..... fused specks. 

A dry-press tile made from this clay and burned at cone 5 
had a fire shrinkage of 5.2 per cent and was slightly mottled 
in color. 

Woodbury clay.-The Woodbury, although well developed 
in this region, is utilized only at Crosswicks and at Hights­
town. At the former place 25 feet of black jointed clay is 
exposed in the bank, overlain by 6 to 12 feet of Pensauken 



gravel. Where the overburden is thinnest the clay is more or 
less weatlJered to a brownish eolor in its upper portion. It is red 
burning at a comparatively low temperature, is probably of Imv 
fusibility, and is used for making hollow bricks and drain tile. 
In the bottom ofthe pit the upper beds of the Mel'ehant.ville clay 
occur, but are not utilized. At Hightstown, as noted above, the 
lower beds of the Woodbury are used for common hrick in con­
nection wit.h days from the IUf'rchantville and a surface loam. 

The 'Voodbur}T clay WIIS formerly ut.ilized t.hree-fourths mile 
southwest of .Rancorlls. An extensive plant was ereded wit,h­
out a previous· thorough cxamination of' the day, which vms 
afterward found to be of little value OWillP; to the formation 
in it. of a network of' iron-oxide ('rusts, i~nd the plant was 
abandoned. 

South of' Bordentown along Blacks Creek there are lUllner­
ous p~ints where good banks of the vVoodbur)' cla.y could be 
opened. Half a lllile west of Colulllbus a blaek mieaeeous clay 
is exposed to a depth of 6 feet, its weathcred portion, however, 
being yellowish in color. A sample burned at cone 05 had an 
ail' and fire shrinkage of ().6 pel' cent and an absorption of 
30.47 per cent, Rhowing- that t.he brick ,vas very porous. A 
mile farthel' west a smooth, plastic, chocolate-colored clay is 
exposed along the road to a depth of 4 feet.; no tests have been 
made upon this deposit. 

Ple'istocenc clays.-The most extensive utilization of the Pleis­
tocene clays has been in the neighborhood of Trenton, where 
for many veal'S a clavey loam which mantles the Pensauken 
gravel 0;1 tIle fiat-toppc·d hills north of the city has heel] used 
fn the manufacture of red brick, both common and preRsed. 
The deposit is very shallow and consequently large arens have 
heen worked over. In fact, the available supply ncar the yards 
has been neurly exhausted, and clay is now brought in froll1 
points llear Trellton ,T unet.ion and Ewillg. These loamy days 
fll'ound Trellton are rarely more than ;'j or 6 feet thiek and, 
moreover, may be pocketyor basin shaped in their dJHl'actel'. 
On account of the large number of stones ·which they contain, 
many of' them havc to be sCl'eened before use or put through 
rolls to crush the pebbles. 'Yhen burned they pToduce a brick 
of excellent red color. 

In the earlier years of the hriek industry around Trenton, 
most of t.he brick were made by the hand pl'Oeess, and those 
which were sold fol' front brick were re-pressed in hand-po·wer 
maehines. At present, though hand molding is still used it)r 
brick that are to be rc-pressed, common brick are often molded 
in steam-power stiff-mud machines. 

A thick black day on the flood plain of Dela.ware Hiver 
near the mouth of Crosswieks Cl'eek is also utilized for brick 
making. As there is but little st.ripping and the clay is dug 
with 11 steam shovel to a. depth of' 12 or 15 feet, the expense of' 
mining is very sli~ht. 

Near H.oehling a f'.oft, hInck, sticky, sandy clay in the Cape 
May tenace, overlaill by several feet of wind-blo'wn sand, is 
utilized for bl~Ck. It is slightly micaceous and contains Blueh 
carbonaceous matter in t.he sllHpe of rootlets. It il:l apparently 
only a loeal (leposit and probably represents a S'YaIHP clay of 
Cape l\fay age. When used it is mixed with other days, 
chiefly a surface loam and a light-colored Raritan clay that is 
dug close by at. a lower level. This produces a mixture whose 
air shrinkage is 4.3 pel' cpnt and fire shrinkage 4.4 pel' 
cent.. '1'he clays burn to a red brick with the exception of 
t.he light sandy Haritan mntel'ial, whieh burns "dlitish and 
shows as spots in the brick. 

North 01' Rancocas a surface day loam has been used for the 
manufacture of brick and drain tile. The deposit is dug t{) 11 

depth of 3 or 4 feet. only, but. is reported to be much deeper. 
At Edgewah~r Park a bluish-black. clay covered by 1 to :i 

feet of loam, which in turn is overlain by 2 to 6 feet of wind­
blown sand, lIas been utilized. The clay is 8 feet in thickness, 
eontains much organic Blatter, and is rather sandy. In ,york­
ing, about one-third loam was mixed with the clay. It is a 
red-burning clay, becoming st.eel hard at cone 1, with a fire 
shrinkage of :Jt per cent and an ahsorption of 11.97 per eent. 
The brickyard has recently heen abandoned. 

SAND. 

The Cretaceous, Miocene, and Pleistocene l;eds afiord valua­
ble deposits of sand for molding, filtration beds, and building 
purposes of all kinds. Those which ha ve heretofore been most 
extensively utilized have been confined to th~ Magothy, Pen­
sauken, und Cape May formations, alt.hough loeally small 
an{ounts ha ve been dug from other horizons. 

In the RaTitan sands of the Sand Hills there are thick 
deposits of' it coarse quartz sand, which, however, are but litile 
utilized owing to thcir Temoteness from transportation. 

The .Magothy format.ion furnishes clean quartz sand, both 
fine and coarse, some grades of which are in high dema.nd for 
use in stcel molding and foundry use. It is mined extensively 
near Florenee, where the location of the pits in the face of a 
high bluff overlooking J)e1aware River gives exceptional ship­
ping facilities. 

The Bnglishtown, 'YenonaJl, and .Mouut Laurel sands are 
for t.he most part seldom utilized. Many seams of clay OCCUI' 

Trenton, 
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in the Englisht.own, destroying in a measure its avtlilabilit.y, 
while the 'Wenonah and l\lount Laurel either do not in general 
outcrop in loealities dose t.o tram,portation faeiiitieR or favomhle 
to the development of'large pits, or they lire too impure for use. 

The Kirkwood and Cohansey s::lIlds are used in some por­
tions of t.he Stat.e, the latter particularly furnishing goo(l glass 
sands, but they are not mined to any extent in this rcgion. 

Coarse a.rkosic sand of Pensauken age is dug in nlLmerous 
small pits and most of it hauled by wagon to the pipe found­
ries at Burlington, Hainespol't, and FloreucE', where it is nSf'd 
in making the cores for cast-iron pipe. 

Certain loamy surf,'we sands, chiefly Cape ::\hy in age, are 
widespread and are dug at. numerous points i()r molding sand. 
They oceur extensively along HanC'ocas Creek and its branches, 
particularly on the southern side. 'Yhile the chief workings 
a.n~ neal' Mount Holly and Lumbert.on, just south of t.hc limits 
of this quadrangle, the sands arc also dup; at Tlillytown, Pa., on 
Burlingtoll Island, near Florence, N . .T., and perhaps at. other 
points. 

The deanly washed Cape May sands, pal'tieularly those along 
Rancocas Crcek ncar Borton Landing, and farthcr npst.ream 
at Hainesport and Birmingham, just beyond dlC' limits of this 
quadrangle, are extensively used in filter and construction work 
and the exca vations cover Illany acres. 

GRAV.EI .• 

In . the TTenton quadrang'le the Pensauken is the most 
important source of' gravel; there is hardly a hilltop or divide 
rapped by this formation which hag not been pittt:'d to obtain 
it. The chief use of the gravel has been iOT Toad material. 
The DelawllT8 Hivf'I' phase of the Pensanken is best for this 
purpose, bee-ause its deC(:Hllposed nrkosic content. ads as a binder 
when used on the roads. ~.files of improved roads have been 
COllRtruct.ed wholly or in part of it. It has been dug lor this 
purpose southeast of Burlington, lit Deacons, a aekSOIlyiiie, 
Bllstleton, l\lansfield, Mansfield Square, Kingst.on, aud other 
places Loo numerous to mention. 

The finer Pensauken gravel or coarse sand is use(l exten­
sively at the pipe foundrit:'"'3 at Burlington, Florellee, and else­
where as core sand. It. compacts readily, but nevertheless is 
sufficiently perweahle to permit the ready escape of' 8team and 

, otheI' gases ill casting. The Bridgeton formation also furnishes 
good road gravel, but its importancc in this area is milch less 
owing to ils lack of development. The Cape ::\lay formation 
cont:lins much gravel and is used 80mewhat. upon the rOiuls, 
bllt with less happy I'esults owing to its laek of a sLlitable 
binder. 

ClL.\ UC'O::oi"ITE 31.\ RIo, 

Glaueonit.e is widely dif:1selllinat~d in the Cretaceous 
and at. some 101~zonR fOt'ms so h-lrge a percentage of t,he 
that. t1e materia 1 has long been known as marl or 
simply marl. In timel:l t,hesc bed;,; have largely used 
as fertilizer, their yaluc t,his purpose lying in 1.heir eon tent 
of phosphoric add .and carbonate of lime. The }lerehantvilie, 
1farshlliltown, ::-il'"avesink, HorTl('rstowIl, and ?llawls411an f01'ma­
tions haTe each beCli utilizt:'d to a greater or lesl::l extent in this 
way, altholll!:h the Navesink and Hornerst.owIl have heen the 
lllOst important and' in this quadrangle are the only SOlLl'Ct:'I::l. 
The oecnrrenee of the marl at these different horizoll8, out­
cropping more or les..'l eontinuously ael'OSS the State, made it 
readily aceel:lsiblc, awl whert:' these format.ions are Ileilr the sur­
fuee there is hardly a ffl1'111 ,~'hi'ch did not hnve its marl 
while lal'ge quantities were hauled mileR 
nl.yored loealitie8, or shipped from large 
railroads. Tn 1881 the production of largt:'r pits was 
abollt 74,000 ton"" but t11e::3e figures did not. include thc numer­
OtlS small pitE and were fill' -short of representing the totJlI 
a.mount dug:. In t.his quudnll1g'le the chief pits ,vere located at 
HOl'llel'stown and along Crosswirks Creek north of ~ ew Egypt. 

8amples of cOllllnercial marl analyze(l hy C;ook eOlltained 
from 50 to 90 per cent of glauconite alld :13 to "7 pel' cent of 
clay. An average spL'Cimen from the marl bed at lIorners­
town showed the f()llowing chemi('al composition. 

Ohemical composition of a maTlfJ'om Hm'nrJTo'fown (Cu()k) 

PlwsphOl'ic acid __ 
Sulphuric a.cid 
Silicic add and ~and __ 
PotasiJ _ 
Lime _ 
Magne~ia 

AlullIilllL_ 
Oxide of iron 
Water __ 

1.BB 
.00 

4G.O:1 
5.6'1 
2.01 
8.47 
7.8ti 

25.2:1 
~. ·iO 

100.00 

\Vith the introduetion of manufactured fertilizers the usc of 
tllCse marls has allllost ceased. Here and there i~U'Jners with 
ensily aceessible deposiLI:l :l little for their own lise. Only 
at Sewell, in Gloucester art:' t.Jley still dug in New 
Jersey in commercial qUimtities. 

The soils of the Coastal Plaill portion arc for the most 
part directly dependent. on the variolls Pleistocene fOl'mations 

wllich over most of the region coneeal the Cretaceous alld 
Tert.iary lwds. EYen o\·er those areas ii'om which clearly 
defirwd Pleistocene deposits have been reOlowd by erosion, 
mnch of ale soil is due to their rernnantl:l 01' to wash from 
higher slopes, although under these eircllInstallces the under­
lying formations have >:ltrougly influenced t.hem. The region 
has for so long a titHe been subjected to alternating stages 
of degrndat.ion and aggradation and there has been so much 
mixing and shifting of materials upon the Sl1l'filCe hy streams, 
rain, wind, and gravity that the various geologic forma-
tiollf"- art:' Bot always marked definite soil typeil. The 
following notes regarding the may be summarized from 
t.he published results of the work of Salisbury and Knapp 
(Ann. Rept. Sta.te Geologist ~e,v Jersey, 1898). 

Near Trcnton the broad Cape 1\lay pluin is in general 
covered with a fertile loam, hut along its eastern margin, It to 
3 miles baek from the Delaware, dIe soil is morc sandy and in 

so loose as to be readily blown by the wind. The subsoil 
here generally hrown loam, retentive of moisture, while the 

loose gravcl ilnd sand beneath insure ready drainage. Along 
Crosswicks and Doet.ors creeks t.he low sandy Cape May terraces 
are eovered with 1 to B feet of loam which in the lower part 
of the valleys, where the terraces are nearly as high as the 
interstream areas, spreads over the low divides, mantling other 
formations. Locally, ns at Kinkora, Fieldsboro, and else­
where, this loam beeomes so clayey as to be used for brick. 
For many miles south of Florenee the elayey loam whieh 
originally formed the soil hilS been eovcred with a coarser, 
looser, wiJul-hlown sand that extends up the slopes above the 
terrace and mantles the Cl'etaeeous formations or even t.he 
Pensaukt:'ll gTavel which eaps the hills. 

The soils of the Pcns:mken formatioll are gTayelly to clayey 
loams. In nmIlV localities :l bed of silt from 1 to 3 feet thiek 
covers lhe typleal gravel and sand of this formation. This 
loam has a greater development in :Mel'(~er and Middlesex 
counties and ill the Ilorthwestern cornel' of Burlington County 
near Bordentown than e1l:1ewl1<:'re. Jts presenee generally 
results in a better soil. 

The Bridgeton soils are for the most. part like the Pensanken, 
hut nre not of grpat importancf' in this area. 

The soil of the Coh:Jllsey sand usually ('onsist.::; of a eoarse, 
loose white sund wllieh seems extremelv unHtvorahle to any 
growth. At a slight distance bclow th~ surfaee, however, the 
whitenes>:l disa.ppears and t.he loam increases. The soils of the 
10wt:'r part, of the formation are on the whole hetter than those at 
higher hOl'izolls, but nowhere (io t.hey approach the fertility of 
the ot.her soils of the Coastal Plain, and the greater part of the 
region lmderlain by them is better suited for i()I'est than for 
ordinary fOTms of' agriculture. 

The Kirkwood tends to g-iYe riRe to a fine sandy or loamy 
soil, but in this region it. is for the most. part ma.ntled with 11 

sandy soil dcriyed in large purt fTOlll adjacent and topograph­
ieaHy higher f'ol'1lwtions amI not, partieulllrly characteristic 
of the formation itself. This soil beeomes decidedly clayey 
with eorrespolHlillg variations in the Kirkwood. Much of the 
Kirkwood is undcr cultivation an(l ill tlii.':l respect stnuds ill 
strong contrast to t.he Cohansey. . 

The vnrious formatiollH of the Cr~taceous do 1I0t, on the 
whole, rise if) sharply marked soU typc,:; oyer broad areas. 
The of' the Vincentown, Redbank (in part,), ]\Iount Laurel, 
\VelloJlllh, Englisht.own, and Magothyare naturally loose and 
sandy Hnt! are typically developer! ehiefly on slopes. Home of 
them eontain more 01' less glauconite ami iron ('rllsts. The 
HOl'uerRtowll alld ~avt:'l:"-ink maris, where not eovered by soils 
derived in large part from the Pleil::lto('ene cover, give I'i~e to a 
hlack glaueonitic loam, whieh, when properly tilled, -is one of 
the mo"t. productive in the Htate, although liable to bake or 
"burn out.." }Iuch of the soil Qn the marl belts is a mixture 
of marl :llld Rand ,yashed from higher slopes, and in some 
respects tl](~se :"oil>i are hetter thun those derived from lhe Illarl 
alone. The 'Voodbury and Merchantville clays give rise to a 
lip;ht-eolort:'rl stiff cluy soil and a brown fermginolls loam 
rl'1:lpectiwly. For the most part, however, tllCse forlllations a!e 
mantled, in many very thinly, with a soil of displaced 
material; under eircumstrmces the adaptability of t.he 
soil is markedly af1eded by the impervious subsoil of clay. 

T1'llck farming and the r!-Jising of fmit-berries, pears, and 
apples-are e-al'ried Oil extensively on the loose sandy soils in 
the sout.hern part of tht, area. Fal'ther north such standard 
e1'ops as eOI'll, oats, and potatoe1:3 nrc raised abundantly, and in 
the southetlst there are cxtenl:live and productive cranberry 
bogs. Comparatively little of t.he region is still in forest, what 
there iR being ehietly southeast of New Egypt, which is at the 
edge of the great pine Lan·ens. 

WATRH HJ<J80URCES. 

By F. RASC"", 

SUKFICIAT, 'VATER. 

Delnware HiveI' awl its tributaries furnish most of the water 
pov{cr of t.he Trenton quadrangle. The only remaining streams 
of the quadrangle, the ~eshanie and the Millstone, -.,yhich drain' 
nOl'thenl:"-tward into the Raritan, are relatively unimportant 



ItAlUTAN DItATNAGE. 

At Clover Hill, on the Neshani.e, a fall of n feet furnishes a 
grist mill with no horsepovver (gross). 

The wnter pmver of Millstone River is considerable awl 
remains to be fully developed. The upper Jfillstone, or· that 
portion whieh is above the junct,ion of Stony Brook and drains 
the (Joastal Plain sands, possesses fair ground storage. C. C. 
Vermeule, consulting engineer of the ~ew Jersey Suney, who 
furnished the estimates of water supply and water power quoted 
here for the ~ew Jersey streams of the Trenton quadrangle 
(vol. 3, New .Tersey Survey), estimates that 'with 4.9] inches 
storage tllC upper Millstone will furnish 34,400,000 gallons 
daily, or ilR rubie feet per serond; and that, together with 
-Stony Brook (with 7.25 inches storage), it would supply 144 
cubic feet per second. The least monthly How of the :Millstonc 
aboye Millstone village i!:l estimated at 29,()OO,000 gallons daily. 
\Vhile because of tlle presence of mechanical detritus the water 
of the river could not be used ·without settlement or filtration, 
an analysis of it published by the State Survey shows it to be 
fair potable water. 

DEJ,AWARE DRAJNAG.E. 

Of the tributaries of the Delaware, which with the Delaware 
drain the remaining and larg-er portion of t.he quadrangle, the 
following oIlly are of importance. 
~eshaminy Creek possesses an a\'erage daily flow, as 

estimated by John E. Codmon, of 157,600,000 grtllons. 
The maxilllum flow has been :~,700,000,OOO gallons per day 
and the minimum flow 2,800,000 gallons pel' day. As a 
source of water power and water supply it remains largely t.o 
be developed. 

\Viekeeheoke Creek, the most northerly within the Trenton 
quadrangle of die trihutaries to the Dehrware on the Kew Jer­
sey side, has an available horsepower of 0.75 per foot fitll at its 
mouth. 

On Alexauken Creek at .Mount Airy a grist. mill utilizes ;)0 
horsepower (gross) with a fall of 11 feet. 

Assallpink Creek, though draining a cOllsiderable area, is not 
desirable ns n souree of ,,;,<ner supply because of its muddiness 
nor important as a wat.er power because of its low grndient .. 
Its available power ha", been estimated at its nlOlltll as G.75 
horsepower pel' foot fall. 

Crosswicks Creek possesses considerable import.anee as a 
source of water rmpply. The eapaeity of the stream without 
storage has heen estimated at 2;-),GOO,000 gallons daily at its 
mouth; 01' with storage nt 51,000,000 gallons daily. The 
stream is capahle of furnishing considerable storage. It is 
navigable by eanal boats to Grove\'ille. At this loeality the 
wat.er power is est.imated at· 8.1 hon;epower pel' foot fall, whieh 
is about the amount being utilized at present. 

J{laeks Creek is not suiLable for water suppl),. At the 
lowest mill the water powel' has heen estimated at 1.0 horse­
power per foot. fall. Thi", may be doubled by pOlHlage. 

Assiseunk Creek, like Blaeks Creek, is unfit as a ,vatf'l"-supply 
source. At present, above Burlington, 3 horsepower per foot. 
nlll is available for nine months; with improveIllent of a 20-
foot fall, 60 horsepower could be secured. 

Uaneocas Creek is one of the two la.rgest tributaries to the 
Delaware from the Stllte of New Jersey. The headwaters of 
the R<lIIeoeas drain wooded uucultivat.ed hllld and the water 
which l'eaches t.he streams is filtered through sand. Tlle sup­
plying eapaeity of Xorth Branch at Mount Holly ,,,it.hout 
storage is estimate(} t.o be 22,HOO,000 ~allons daily. HouLh 
Branch above Vilwentown will supply 9,000,000 gallons daily 
without storage. 

Above tide water at l\fount Holly the water power of North 
Braneh is estimated at 10.20 horscpower per foot. fhll for nine 
months of the year. At Vincentown South Branch has all 
a vailable water power of 4 horsepower pel' foot fall. 

The value of Delaware HiveI' as a source of water supply and 
water power is very great. This ri\"er already supplies 1.50,000 
inhabit.ants of ~e\y Jersey with wat.er. At Trenton the supply 
is estimated at GOl,HOO,OOO gallons daily without storage. The 
natural flow of the river at Trenton amounts to 880,000,000 
gallons daily. 

As a source of water power the Delaware has been little 
utilized. There is no doubt that a much larger amount of 
water power could be proiitB,bly developed. At Trenton 447 
horsepmver per foot fall is available during nine months of the 
year in addition to the amount now in use. 

The Trenton quadrangle, lying sout.h of the line of glacinl 
depo;::;its, is without natural pond . .,. 

U,'UlEltGIWUXl) WATBR. 

SPl{.JNGH. 

The formations of' the Trenton quadrangle, stratified and 
gently dipping, fUl'Oish conditions favomble for springs, which 
are both abundant Hnd copious and which supply the l'Ural 

_ districts wit.h water. 

24 

WELLS. 

The eryst.alline formations exposed tJlTOug]l a very small 
portion of the Plateau district Hre penet.rated a.bundantly a.nd 
deepl.Y by joint planes which afford passage for underground 
wfiter. For this reH~on water may he obtaine(l by boring, Hnd 
flrtcsiall wells have been sllcces3fullv drilled elsewhere in the 
same formations. No arteolia.n wclls' are known to have been 
drilled wit.hin the Trenton quadrangle. 

The Piedmont Plateau of t.he Trenton quadrangle is in 
Pennsylvania largely and in ~ew .Jersey -exclusively <m area of 
'rriasf'rlc formations. Of these formations t.he sandstone, arkose, 
and conglomerate of the Stockton furnish the series most per­
meable to water. The flagstones and shales of the Lockatong 
are rdati\-ely impervious. The Brunswick formation, consist.­
ing chiefly of shale but including many beds of sandstone, 
while more permeable than the Lockatong, is less permeable 
than the Stockton. 

The faulting which has displaced the Triassic formations 
affects the water horizon botll advantageously aud disadvan­
tageously. ",Vhile the Stockt.on formation is in some plaees 
ma<1e more available than it otherwise would be, in other local­
ities it may be abruptly cut off, together with its wat,er supply. 
'Vater may always be obtained when the Stockton can be 
reached. 'Vater reaches the permeable beds of the Stockt.on 
not alone along outcropping strata, but by means of vertical or 
nearly ve1'tieal joint planes which thorollghly interscet and 
deeply penctrat.e the Triassic format-jons. 

In general within tiw Piedmont area of the Trenton quad­
rangle water iR found in rocks which may be drilled with 
comparative ease, and the C'hances of obtaining a supply can be 
fOl'etohl with eonsiderable aecmac,Y. 

Of t.he COHstal Plain formations the Raritan, at the base, 
eontains important water-carrying beds. 

The MatBwan may be (livided into five formations, the lower 
two of which fire impervious marl and day and serve as a cover 
t.o the water-bearing' sanJ~ at the top of the Ital~tan. The third 
formation from t.he bottom of the l\fatawHll is, in the Tmnton 
quadrangle, an important water-bearing stratum, a Rand hed 
about 100 feet thiek. This is ('overed by impervious marl and 
clay above ,>yhich io another sand bed 100 feet. in thickness, 
constituting a second imporhlllt water carrier. 

The red sand which separates t.he Rancoeas ma.rl beds from 
the underlying }fOJlIllOUth marl beds contains wa1er and is in 
the northeast about 100 feet thick. The yellow sand whieh 
separates the lVlanasqunn from the Rancocas is also an impor­
tant. \yater bearer. The Manasquan forms an impervious cover 
to this Led. 

The Tertiary formations of the Coastal Plain arc impor­
tant water bearers along t.he shore, but. do not lie at sufficient 
depths in thi;; quadrangle to Sel~ye as· sources of water supply. 

Summary of we liN on the Coastall'lain within the Trenton quadra.ngle." 

---

I-~o:::- I R~;~,~ m ~"~::r~,~ I _I 
1 ~30rdcnt:\:-llt9'~:95 \-- -- Rar::-b~Bal Raritall. 

TIurlmgton 135 2,)3 0 25 Rantan 

I Hle;htstown '301 50Q 12 7() Matawrtn; Raritan; basal 

Millville_ 
RarItan 

Raritan. 

Ral'it,un. 

"Darton. )1". H .. Al'tesian-well in the Atlantic Coastal Plain: 
Bull. F. S. GeoL SUl'voy Xu. 138, pp.42--48. 

PUHLlC WAr['J~I{, S[l'T'LU:S. 

TLe towns of t.he Trenton area are inconsiderable iu size. 
;';:'pl'in~s arc numerous throughout the riedrnont district. and 
dug and driven wells in bodl the Piedmont and Coastal Plaill 
districts fUl'llish an abundant stIpply of water. For these 
reaRons the number of water-supply companies is unusually 
small. i>ublie water sup.plies are obtained chiefly from 
Delaware River and are furnished t·o the following t.owns in 
Penm'jylvania and Nmv Jersey. I 

l'bN1>SYLVANIA. 

il1(n"ri.s'v'ille. -l\forrisville i;::; supplil,'{l with water by the 
Borough 'Vaterworks, owned, hy the borough of .Morrisville. 
The corporation obtains its water from Delaware River by 
pumps possessing a capacity of 1,000,000 gallons per 24 hours, 
and distributes it. to the borough without filtration. 

Bi'istot.-The Bristol 'Vater Company, established in 1874, 
supplies the town of'BrisLol with water. The water is obtained 
from Delaware Ri ,'er by mellns of a pla.nt with a capacity of 
aoo,ooo gallons daily and is distributed unfiltel'ed to the town. 

Langhof''IIe.-An excellent quality of water is obtained 
by the Langhol'lle Spring 'Vater Company from copious 
springs in the Chiekies quartzite. The water flows into a 

3,OOO,OOO-gallon reservoir, whence it is pumped to a 40,000-
gallon tank placed on a stone tower 35 feet above the level of 
the town. The pumps have It capaeity of 800,000 gallons in 
24 hours. Privatc wells are also in use in Langhorne. 

Newtown.-The Newtown Artesian 'Yater Company supplies 
a populated area of about 800 acres fi'om foul' arif;sian wells, 
pumping about. 100,000 gallons daily into a reservoir from 
which the water is dist.ributed \vithout filtration. 

Other places.-Thc'Se arc the only water companies supplying 
water to towns ill the Pennsylva.nia portion of the Trenton 
quadrangle. The supply of the smaller ,Tillages is dedved 
ehiefiy from private wells or springs, and oecasionally is col­
lected in cist.erns. The wells are from 15 to 2;') feet deep and 
the water is described as hard. 

NE\V JEllSlo;Y. 

Tnmton.-The city of Trenton, indwling Milham and 
Chambersburg, is supplied by the Trenton 'Vaterworks, nuder 
municipal ownership. The sourcc of t.he water is Delaware 
Ui vel', fl'om which water is pumped to a storage l'esenoir with 
a eapaeity of 112,000,000 gallons. The daily consumption of 
water is 11,000,000 g'.lllons. 

Bordentown.-Bordentown was forlllerly supplied by a pri­
vate company, the Bordentown Reservoir Hnd 'Yater Company, 
from Crosswicks Greek, the water heillg tluhject.cd t.o natuml 
filter pressure and coagulat.ed wit.h alum. In 1I:)OG a new 
supply under municipal ownership was obtained from springs 
at the foot of' the bluff along Crosswieh Creek, neal' 'Vhite 
Horse, the water being collectBd in a scries of horizontal gal­
leries and led to a large' collecting well. The average daily 
consllmption is about 300,000 ga Hons, and the populatiotl of 
the eit.y is ahout 4200. 

Fieldsbol'o.-Fieldsboro is supplied wit.h water chiefly from 
private wells and eist.el'lls. The only public supply is that 
furnished to a few families by eourtesy of the Union Steam 
Forge, which obt.ains the water from the Delaware. 

Burlington.-The city of BUl'lington is supplied with ,vater 
by waterworks owned and operated by the city. The water is 
obtaine{] from Delaware River and delivered direct without. 
filtration, and the plant has a capaeity of 2,000,000 gallons in 
24 hours. Owing to the unsatisfaetory nature of the water a 
new supply is being sought.. 

BC'verly.-The Delawnre River 'Vater Company,obtainin,e: 
its watel' from Delaware Uiver and from wells, supplies an area 
which embraces the eity of Beverly, South Beverly, Edgewat.er 
Park, Delanco, and Itiverside. The plant. has a capacity of 
1,500,000 gallons in 24 hours. Delaneo, Edgewater Park, and 
South Beverly are also supplied from private wells. 

Mount Holly.-!lount Holly, a town of over 5000 inhab­
itants, is supplied with wat.er by the Mount Holly 'Vater COllI­
pany, incorporated in 184.5. The water is taken from North 
Braneh of Uaneocas Creek aud fil'st Hows into a supply ,veIl, 
where a solution of aluminum sulphate is ad(led. Thence it is 
pumped to sedimentation tanks, whence it flows by gravity to 
the filter tanks, which have a capncity of 1,500,000 gallons per 
24 hours and are of the New York Continental Jewell type. 
From the filter tanks the water descends t.o the filtered-water 
reservoir and is pumped thenee'to a 1,500,000-gallon reservoir 
on }loullt. Holly 100 feet above the pumping station and 180 
feet above sea level. The pumping capacity of the plant is 
60,000 gallons an hour, with a duplicate plant for emergencie.s. 
The average eonsumption of water is 450,000 gallons per day. 
An analysis shows it to be good drinking water. 

W1'ightstown.-The Wrightstown ,"Vater, Electric Light,.and 
Sewer Company.supplies ,"Vrightstown, a village of 200 inhab­
itants, with wat.er from nn artesian well having a capacity of 
10,000 gallons per 24 hours. The water is not filtered. 

New Egypl.-'"5few Egypt is supplied by the New· Egypt 
'Vater Company from an artesian well with a eapaeity of 
10,odo gallons per 24 houl's. The water is not filtered. 

H'ightstown.-Thc Hightstown ,"Vaterworks, owned and 
operated by the borough, furnishes Hightstown with water. 
The borough owns foul' artesian wells, of which the three in 
use possess a capacity of 150,000 gallons pel' 24 hours. The 
water is broken up by means of air pumps and a small strenm 
of lime water is introduced. The water is then filtered through 
sand. 

Lambertville.-Lambertville is· supplied by water obtained 
from spt'ings having a eapacity of 38,000,000 gallons. The 
wa~er is passed through sand filters and is handled by the 
Lambert.ville 'Vater Company. 

Hopewelt.-Hopewell, a town of about 1200 inhabitrmts, is 
supplied with water by the Hopewell Water Company, which 
obtains. the water from Spl'illgS nnd an artesian well. The 
water is not filtered. 

Other townE.-All other Wwns on the Coastal Plain arc 
supplied from private wells, chielly dug wells. All other towns 
on the Piedmo"nt Plateau are supplied with water from dug 
wells, cisterns, or springs, alit! a few froJl~ driven wells. East 
Millstone is largely supplied by means of driven wells. 

April, 1908. 
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GENERALIZED SECTION OF THE PRE-CRETACEOUS ROCKS OF THE TRENTON DISTRICT. 
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Livingston . 
Ringgold. 
Placerville 
Kingston 
Sacramento 
Chattanooga 
Pikes Peak 
Sewanee. 
Anthracite-Crested Butte 
Harpers Ferry 
Jackson 
Estillville 
Fredericksburg 
Staunton. 
Lassen Peak 
Knoxville 
Marysville. 
Smartsville 
Stevenson 
Cleveland 
Pikeville. 
McMinnville 
Nomini. 
Three Forks 
Loudon. 
Pocahontas 
Morristown 
Piedmont 
Nevada City Special 
Yellowstone National Park 
Pyramid Peak 
Franklin. 

55 Briceville 
54 Buckhannon 
55 Gadsden. 
56 Pueblo 
3? Downieville· 
58 Butte Special 
59 Truckee 
40 Wartburg. 
41 Sonora. 
42 Nueces. 
43 Bidwell Bar 
44 Tazewell. 
45 Boise. 
46 Richmond. 
4'"[ I London. 
48 Tenmile District Special. 
49 Roseburg 
50 Holyoke 
51 Big Trees 
52 Absaroka. 
55 Standingstone 
54 Tacoma 
55 Fort Benton 
56 LIttle Belt Mountains 
5'l Telluride. 
58 Elmora. 
59 Bristol 
60 La Plata 
61 Monterey 

1 62 Menominee Special 
65 Mother Lode District 
64 
65 
66 Colfax 
67 Danville 
68 Walsenburg 
69 Huntington 
70 Washington 
71 Spanish Peaks 
2'"2 Charleston 
75 Coos Bay 

I 74 Coalgate. 

I 
2'"5 May~ardville 
2'"6 Austm 

I
n Raleigh 
2'"8 Rome 
2'"9 Atoka 

I
i 80 I Norfolk 
I 81 I Chicago 
: 82 Masontown-Umontown 
I 83 I ::!:w York CIty 
84~ey 

"·Orderbynumber. 

PUBLISHED GEOLOGIC FOLIOS 
State. 

Montana. 
Georgia-Tennessee. 
California 
Tennessee 
California 
Tennessee 
Colorado. 
Tennessee 
Colorado. 
Va.-Md.-W.Va. 
California 
Ky.-Va.-Tenn. 
Virginia-Maryland 
Virginia- West Virginia 
California 
Tennessee-North Carolina 
California 
California 
Ala.-Ga.-Tenn. 
Tennessee 
Tennessee 
Tennessee 
Maryland-Virginia 
Montana. 
Tennessee 
Virginia-West Virginia 
Tennessee 
West Virginia-Maryland . 
California 
Wyoming 
California 
Wesi Virginia-Virginia. 
Tennessee 
West Virginia 
Alabama. 
Colorado. 
California 
Montana. 
California 
Tennessee. 
California 
Texas 
California 
Virginia-West Virginia. 
Idaho. 
Kentucky 
Kentucky 
Colorado. 
Oregon. \ 
Massachusetts-Connecticut. 
California 
Wyoming. 
Tennessee 
WashingtoIl 
Montana. 
Montana 
Colorado 
Colorado 
Virginia-Tennessee 
Colorado. 
Virginia-West Virginia 
Mkhigan 
California 
Texas 
Utah 
California 
lllinois--Indiana 
Colorado .. 
West Virginia-Ohio 
D. C.-Va.-Md .. 
Colorado 
West Virginia 
Oregon 
Indian Territory 
Tennessee 
Texas 
West 

Indian 

Pennsylvania 
New York-New Jersey 

I Indiana. 
L 

II 
Price.t Name of folio. State. Price.t II No.* 

1~-r-------------+-------------~---11 
Gents. 

25 
25 
25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
25 
25 

85 
86 
8, 
88 
89 
90 
91 
92 
95 
94 
95 
96 
9, 
98 
99 

100 

101 I 

~g~ I 
104 I 
105 
106 
10, , 

108 I 
109 I 

110 I 
111 ' 
112 
115 
114 
115 
116 
11, 
118 
119 
120 

:~~ I' 

t 124 
: 125 I 

126 
12, 
128 
129 
150 
151 
152 
155 
154 
155 
156 
15, 
158 
159 
140 
141 
142 
145 
144 
145 
146 
147 
148 

Oelrichs 
Ellensburg. 
Camp Clarke. 
Scotts Bluff 
Port Orford 
Cranberry 
Hartville. 
Gaines 
Elkland-Tioga 
Brownsville-Connellsville 
Columbia 
Olivet. 
Parker 
Tishomingo 
Mitchell 
Alexandria 
San Luis. 
Indiana. 
Nampa. 
Silver City . 
Patoka. 
Mount Stuart 
Newcastle 
Edgemont. 
Cottonwood Falls. 
Latrobe 
Globe 
Bisbee 
Huron 
De Smet 
Kittanning 
Asheville. 
Casselton-Fargo 
Greeneville 
Fayetteville 
Silverton 
Waynesburg '. 
Tahlequah . 
Elders Ridge 
Mount Mitchell . 
Rural Valley 
Bradshaw Mountains. 
Sundance 
Aladdin. 
Clifton 
Rico 
Needle Mountains 
Muscogee 
Ebensburg. 
Beaver 
Nepesta 
St. Marys 
Dover 
Redding 
Snoqualmie 
Milwaukee Special 
Bald Mountain-Dayton 
Cloud Peak-Fort McKinney 
Nantahala 
Amity 
Lancaster-Mineral Point 
Rogersville 
Pisgah. 
Joplin District 

149 Penobscot Bay 
25 I 150 Devils Tower 
25 I II! 151 Roan Mountain 

~~ I' II' :155:~5 ~;~:r:~t 
25 Ann Arbor 
25 '1156 Elk Point 

~; I 'I ~~~, ::~~~~:d 
25 1 I 159 Independence. 
25 I 160: Accident~Grantsvilie 
25 j161 i Franklin Furnace. 
25 162 I Philadelphia. 

I 164: Belle Fourche 

25 I 166 I EI Paso . . . .. . 

South Dakota-Nebraska ... I 
Washington 
Nebraska 
Nebraska 
Oregon. 
North Carolina-Tennessee 
Wyoming. 
Pennsylvania-New York. 
Pennsylvania 
Pennsylvania 
Tennessee. 
South Dakota . 
South Dakota . 
Indian Territory 
South Dakota . 
South Dakota 
California 
Pennsylvania 
Idaho-Oregon . 
Idaho' 
Indiana-Illinois 
Washington 
Wyoming-South-Dakota . 
South Dakota~Nebraska . 
Kansas. 
Pennsylvania 
Arizona. 
Arizona. 
South Dakota 
South Dakota. 
Pennsylvania . 
North Carolina-Tennessee 
North Dakota-Minnesota 
Tennessee-North Carolina .. 
Arkansas-Missouri 
Colorado. 
Pennsylvania 
Indian Territory-Arkansas. 
Pennsylvania 
North Carolina-Tennessee. 
Pennsylvania 
Arizona. 
Wyoming-South Dakota 
Wyo.-S. Dak.-Mont. 
Arizona. 
Colorado 
Colorado 
Indian Terntory 
Pennsylvania 
Pennsylvania 
Colorado. 
Maryland-Virginia 
Del.-Md.-N. J .. 
California 
Washington 
Wisconsin 
Wyoming. 
Wyoming. 
North Carolina-Tennessee 
Pennsylvania . 
Wisconsin-Iowa-Illinois 
Pennsylvania 
N. Carolina-So Carolina 
Missouri-Kansas 
Maine 
Wyoming 
Tennessee-North Carolina 
Md.-D. C. 
Colorado. 
Arkansas-Indian Territory 
Michigan. 
S. Dak.-Nebr.-Iowa 
New Jersey-New York 
Maine 
Kansas 
Md.-Pa.-W. Va. 
New Jersey. 
Pa.-N. J.-Del. . 
California 
South Dakota 
South Dakota 
Texas 

22!5 I ! 1615! 5anta Cruz 

50 ·E' 165 Aberdeen-Redfield 

;~ 1:L~:::_on ______ . _. ______ '---N_a_W_Jers~y-p_a_nn_S_YIV_a~~_. 

Gents. 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
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25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
Z5 
25 
25 
2.5 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 

t Payment must be made by money order or in cash 
j: These folios are out of stoGk. 

--_._-

on'application to the Director. 
the above folios. as well as infonnation conoerning topographic maps and other publications of the Geological Sllrvey. may be had 

D.C. 




