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DEPARTMENT OF ENVIRONMENTAL PROTECTION

SURFICIAL GEOLOGY
DIVISION OF SCIENCE, RESEARCH AND TECHNOLOGY L QFRN FILE MAF OFM 27
NEW JERSEY GEOLOGICAL SURVEY =l ] ' TR Qwt at/Qal SHEET 1 OF 2
| c : L -\L
04,2,
INTRODUCTION The warming climate allowed vegetation to become reestablished. Kc CRETACEOUS CLAY--Gray, brown, and olive clay and
Slopes were stabilized and streams no longer carried large amounts of silt, minor sand. Nonstratified to moderately stratified, well
sediment. They thus incised into the outwash plains and stream terrac- sorted. This unit marks outcrop areas of predominantly
es. After incision, larger streams deposited floodplain and channel clayey and silty Coastal Plain formations, which are as much
Surficial materials are the sediments and weathering products that sediment (unit Qal). Organic-rich deposits (unit Qs) accumulated in as 120 feet thick. Overlain by thin, discontinuous alluyium,
overlie bedrock and Coastal Plain formations, and that are the parent poorly drained areas. These areas include 1) small basins formed eolian sediment, and sand and gravel colluvium that are
material in which soils are developed. In Middlesex County they under permafrost conditions, 2) hummocky glacial topography, 3) generally less than 3 feet thick.
include fluvial, glacial, eolian, colluvial, swamp, beach, and estuarine larger areas on former glacial lake bottoms, 4) former stream valleys
deposits; weathered mudstone, sandstone, and diabase material; and abandoned during drainage changes, and 5) low-lying areas dammed WEATHERED DIABASE (CHIEFLY OF CRETACEOUS
man-made fill. They are as much as 140 feet thick but are commonly by glacial, eolian, or terrace deposits. AND EARLIER AGE)--White, red, gray, olive, and brown =
less than 50 feet thick, and are thin or absent throughout much of the diamicton composed of clay, silt, sand, and some diabase Ky st
county. The texture, bedding, and composition of these materials vary The most recent deposits and landforms have been the result of human fragments. Nonstratified. poorly sorted. As much as 20 feet : ‘3;:-&» LE-{\ 0% "f# ] AR RITI
widely. This leads to significant differences in the ability of the activity, including mining of clay and sand, dredging of ship channels, thick. In subsurface only, beneath Coastal Plain formations l? : qﬂ,f*}}z:;ﬂ S WA ‘3-:-;5
materials to convey ground water into aquifers, to support structures, and landfilling (units af, aft). These began on a large scale in the (see cross sections AA', CC', DD'). Generally more clayey '.'-“-"w-; /] *f-‘,?"ffm SR RPN Dy :
and to supply extractable resources. The purpose of this map is to latter half of the nineteenth century. They have significantly altered and of more variable color than unit Qdw. ~ IR M‘""’ B e 5
provide information about these materials and their physical the landforms and the distribution of surficial materials in parts of the 17/; o e WA\ 2 e
characteristics as an aid to land-use planning, ground-water studies, county, particularly in the South River, lower Raritan River, and Ksw  WEATHERED SHALE, MUDSTONE, AND SANDSTONE My ‘»i ks \ ‘—-;""‘1‘_- i
and engineering projects. The information presented here can be used Arthur Kill valleys. (CHIEFLY OF CRETACEOUS AND EARLIER + {_‘ f ‘-:N_.. o
as a preliminary guide to conditions likely to be present at a particular AGE)--Red, reddish-brown, light gray, and olive diamicton - . RS o
location, but the map should not be used as a substitute for the detailed composed of silty clay to sandy clay with some éhale, mud- L

study needed for site-specific projects. This map is based on field
work, interpretation of aerial photographs, and compilation of well and
test boring logs conducted by the author between 1986 and 1994.
Detailed 1:24,000-scale surficial geologic maps, with complete listings
of well and test-boring logs, are published for several 7.5-minute
quadrangles (Stanford, 1992, 1995, in press; Stanford and others, in
press). The other quadrangles are on file at the N. J. Geological Survey.
Information about the soils developed on the surficial materials is
provided in Powley (1987). Greater detail on the engineering properties
of the surficial materials and associated soils is provided by Holman
and Jumikis (1953). Bedrock geology is provided by Parker (1993),
Owens and others (1995), and Drake and others (1996) ; Coastal Plain
formations are mapped by Owens and others (1995).

The map and cross sections on sheet 1 show the extent and thickness of
the surficial materials. Descriptions of the materials are provided in the
"Description of Map Units" section, and the units are correlated on the
"Geologic Age and Correlation of Map Units". A synopsis of the
geologic history is provided below. On sheet 2, the hydrogeologic,
engineering, and resource characteristics of the surficial materials are
described in table 1. Table 2 provides records of selected wells and test
borings to illustrate the subsurface distribution of the units and their
water-bearing potential. Figures | through 7 show aspects of the
surficial materials that are important for land-use planning, ground-
water-resource management, and economic-resource assessment. The

DESCRIPTION OF MAP UNITS

af ARTIFICIAL FILL--Gray, brown, white, yellow sand, silt,
gravel, clay, and man-made material (concrete, brick,
asphalt, cinders, ash, slag, and other construction or indus-
trial materials). May contain wood, organic material, and
trash. As much as 20 feet thick. Only large areas of fill are
shown. Urban and suburban areas generally have a thin layer
(generally less than 5 feet thick) of fill or mixed fill and
natural material overlying the mapped surficial material.

aft TRASH FILL--Solid waste and other artificial materials
mixed and covered with sand, gravel, silt, and clay. As much
as 100 feet thick.

Qb BEACH DEPOSITS--Very pale brown to yellow sand and
pebble gravel. Sand is chiefly quartz, with some glauconite,
heavy minerals, mica, and rock fragments. Gravel is chiefly
quartz, quartzite, chert, shells, and man-made materials, with
some mudstone and sandstone. Well sorted and stratified. As
much as 15 feet thick.

Qal ALLUVIUM--Gray, brown, reddish-brown, and yellowish-
brown sand and silt, some pebble-to-cobble gravel and clay,

stone, or sandstone fragments. Nonstratified to moderately
stratified (may retain original bedding), well to poorly sort-
ed. As much as 50 feet thick. Chiefly in subsurface, beneath
Coastal Plain formations (see cross sections AA', CC', DD’,
EE'). Generally thicker, more clayey, and of more variable
texture than unit Qsw.

MAP SYMBOLS

Contact--Dashed where based on base-map topography that

- has been extensively modified by excavation since the date of

the topographic survey. Dotted where concealed by fill.

Large excavated area--Line shows limit; tick marks in area.
Solid contacts within these areas show the approximate extent
of materials in the excavation at the time of mapping. Dashed
contacts show the inferred former extent of materials at the
time the base-map topography was surveyed. In many places
this topography has been substantially altered by excavation.
Thickness values in these areas reflect pre-excavation condi-
tions.
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fi include maps showing thickness, sand-and-gravel re - with va:_‘igblc amounts of organic matter. Sand and gravel . o . Casrisienn | 7
;g::;ﬁsi;{l c;y-an;d?:eitorzzfmelpo'::ifi:iazs:ia;mﬁa pem:e:(;lillriiy o composition reflects that of surficial materials, bedrock, and 2% Sand, gravel, clay pit--Active in 1994, o g AR XX oY ff.-!:m""f“‘“_
B . s " ¥ i 3 [ . 3 PO AT A kol 1
aquifer-recharge potential of the surficial materials; landforms and- Coastal Plain formations in the drainage basin. Nonstratified Sand, gravel. dlay it Hisctvein 1964 o G L AN A AN ML
areas of potential slope instability in the county; and the general 1o mo@erately stratified, moderately sorted. As much as 15 '8 »clay p ¢ ’ 7 T AR T ] s
distribution of the underlying bedrock and Coastal Plain deposits. feet thick. S8 ARy TREVE B 904: 72 AR Tivaer
Figures 8 and 9 depict the grain-size distribution of till and the major ENV'RONMENTAL GEOLOGY
sand and gravel deposits. A list of references is also provided on sheet Qca  ALLUVIUM AND COLLUVIUM, UNDIVIDED--Gray, N wiilt $6 160 of slash ovesil it to right--Symbol
2. brown, and yellowish-brown sand and silt, some gravel and oy o TR WD DRI <O yIme OF MIDDLESEX COUNTY. NEW J ERSEY:
organic matter. Sand and gravel composition, stratification, Sh‘l’_ws e:(;fant o{ E‘gl;ra]ls ":a“:“‘? be::eatal; ﬁb" (aﬂlh"“‘f‘_‘i]ﬂ_’m ’
and sorting as in units Qal and n. €0l1an sedimen €). eXient oI materials benea 1l 18
GEOLOGIC HISTORY € ¢ b based, in part, on mapping by Salisbury (1895), Merrill and SURFICIAL GEOLOGY
Qm  ESTUARINE DEPOSITS--Gray, brown, and black peat and t‘illh"“ (1 9‘;]2}' and on manuscript maps by G. N. Knapp on
The surficial deposits and landforms of Middlesex County are the organic-rich clay and silt, minor white to gray sand and shell leisutheN.. . Seclogicll Sty
result of geologic events that occurred primarily within the past 5 hash. N;:nstratiﬁed mhl?olg rly stratified, moderately sorted. Gravel lag--Numerous pebbles and cobbles derived from unit
million years. They represent alternating periods of erosion and As much as 100 feet thick. in parenthese: ting on unit
deposition that occurred in response to fall and rise of sea level, gla- (in p s), resting Qsw. .,
ciation, and climate change. A brief discussion of these events fol- Qs FRESHWATER SWAMP AND MARSH DEPOSITS--Gray, Thickness of surficial material in selected well, boring, Scott D. Stanford
lows. More complete discussions of the surficial deposits and the brown, and black peat and organic-rich silt, sand, and clay. X ;
. ; _ . : hand-auger hole, or temporary excavation--Number is 1999
events they represent are provided by Davis and Wood (1890), Salis- Nonstratified, moderately sorted. As much as 10 feet thick, thickness, in feet, "Greater than” sign (>) indicates thick-
bury (1902), Salisbury and Knapp (1917), Johnson (1931), Campbell Sk perieraily Tesi-hian 5 Togs 0uck, ness is gr:ea[er than the reported valie On sections, these
and Bascom (1933), MacClintock and Richards (1936), Wolfe (1953), . o ; a1 15
Bowman (1966), Walters (1978), Owens and Minard (1979), Martino Qi LOWER STREAM TERRACE DEPOSITS--Yellow, yellow- :1"'“’”5 a:“‘t‘}’l"rl‘“isl i ':d‘ca“"' bgd ““‘;;atl’lf"“"'ii ‘:“?‘"-al lines
(1981), Psuty (1986), Stanford and Harper (1991), and Stanford ish-brown, reddish-yellow and reddish-brown sand, silt, and e ;’ °d ‘f" ept E:“"“‘;‘ - WL Anc-Doring data
(1993). pebble gravel, minor cobble gravel. Sand is chiefly quartz, were selected from records on file at the N. J. Department of
with glauconite and mica in the Millstone and South River Environmental Protection, Bureau of Water Allocation; from SCALE 1:48000
The landscape of Middlesex County began to form in the late Miocene basins, and feldspar and rock fragments in other deposits. gl;?,;f t]l_llzvb:' :ce(gﬁg)ﬁc):alerl;?;; ; a;;idf:::; r?fg;;;s ,(,,L . B & 5rilb
(about 10 million years ago), when an extensive period of erosion Gravel is chiefly quartz, quartzite, and ironstone in the Mill- Stanford ( 199g2 1995, in ’ress) Staifor d and others G ! = e ]
began in response to worldwide lowering of sea level. By the Pliocene stone and South River basins, and mudstone, sandstone, b p 10, T Press), o i 1000 0 1000 3000 5000 7000 feet
(about 5 to 2 million years ago) a large southwesterly-flowing river (the quartz, and quartzite elsewhere. Moderately to well stratified X = 1 o < dometer
"Pensauken River"), which likely received drainage from both the (i AR ST eCE IR Sk Belerall ISR el VWell o Bowiiias with Tog i éabled-Naibier i fiaics is well ) . T
Hudson River basin and from southwestern New England, had eroded 20 feet thick. i il o o i
a broad valley across all but the southeastern parts of the county. The _ 4
erosion surface at the bottom of this valley is shown by contours on the Qwl  GLACIAL LAKE-BOTTOM DEPOSITS--Gray to reddish- Elevation of sarface on bedivick or Coastil Platn: foriias _'
geologic map. It includes a deep trough that extends from the vicinity brown silt, fine sand, and clay. Well stratified and sorted. As tlons=-Conton inteivil 20 fest it Hise of POkiikeiF
of Milltown to the Plainsboro area. This trough includes fluvial scour much as 20 feet thick. Occurs in places beneath unit Qm in T o.ur = o I
features that extend below modern sea level, indicating that the valley the Rahway River, Arthur Kill, and Woodbridge Creek g, Lo N ——— o & glac:a! Mk cSthatiig depos-
may have been cut during a time of low sea level in the Pliocene. marshes. ::ls énsgg ‘;;to:;:i: h(i;l: sil-(l:l;?(::l:l(gm;iiesﬁ:?:éﬂéini;ﬁwr
Tributaries to this main valley flowed northwesterly from the Coastal . Mol ;
Plain highlands to join the miin valley in the area of Jamesburg and Qwd  GLACIAL DELTA DEPOSITS--Reddish-yellow to reddish- Coastal Plain formations i based, in part, on data from
Cheesequake. Fluvial sediments were deposited in the main and brown sand and gravel, minor silt. Sand is chiefly quartz, Saberg and ahes (1990).
tributary valleys and gradually aggraded to form a broad plain over feldspar, and rock fragments. Gravel is chiefly mudstone,
most of the county. This aggradation may have occurred during one or sandstone, quartz, quarizite, conglomerate, and gneiss. Well
more periods of high sea level in the Pliocene. These deposits comprise stratified and sorted. As much as 30 feet thick.
the Pensauken Formation (Salisbury and Knapp, 1917).
e ( v o Qwi  GLACIAL ICE-CONTACT DEPOSITS--Reddish-brown
sand and gravel, minor diamicton. Sand and gravel composi-
Gravel in the Pensauken consists of well-rounded quartz, quartzite, tion ;s instan;l Q\:lc}.kModerately stratified and sorted. As AGE AND CORRELATION OF GEOLOGIC UNITS
chert, and ironstone, chiefly derived from recycled late Miocene much as S0 feet thick.
deposits. In the main valley the Pensauken contains much feldspar in ) sge:rgﬁ HI:I‘zlo i':m\.lﬁ:'llellam:l, W::dﬂ‘gfr:g g::l:gck
the sand fraction, and some sandstone, mudstone, gneiss, and schist in Qwf  GLACIAL STREAM DEPOSITS--Reddish-brown to red- _ Serttﬂcig; ach, S o own Glaciat Dupcilte Daposis Epoch Period
the gravel fraction, indicating that it was eroded from sedimentary and dish-yellow sand and gravel, minor silt. Sand and gravel o Plos 3 . N
metamorphic bedrock to the northeast. This phase of the Pensauken is composition as in unit Qwd. Well stratified and sorted. As 7 —\ c-.u."/ _ r Y Y N N
mapped as unit Tp. In the tributary valleys the Pensauken contains much as 100 feet thick. ": R f_/_ﬁ\.{ Ko f ¥ 1 at | an ab ——
much glauconite in the sand fraction, which was eroded from ) N . . e e ¢ Tﬁ J;: BRSO _ . e\ ]2 K Ko _ & Qal Qs | am
glauconitic Coastal Plain formations to the southeast. This phase is Qwt  TILL--Reddish-brown diamicton composed of a silty sand to / PR O ;{‘\l SR S & e L AT N ) S — d
mapped as unit Tpg. The two phases mix and interfinger along the sandy silt (refer to fig. 8, sheet 2, for grain-size distribution ' — AN g/ R o s5 Qg il 2 FMEN g o asw | g - Quaternary
southeastern edge of the main valley. of matrix material), with some to many pebb_les and cobbles, \ 7S G Ty S 80 Jsfb >=hn =~ AL NGe = “ﬁ} " atl Qcs | Qen Qe Qwd | Qwl w v awt [ w
and few boulders. Sand and gravel composition as in unit \ Ksf N T . — < T ’1}@  Bicisioceiio
In the late Pliocene or early Pleistocene the Pensauken River was Qwd. Boulders are chiefly conglomerate and gneiss. Non- _ ; {rat, - S \#3 Qe Y &) |
diverted southeastward in the vicinity of New York City. This prob- stratified, poorly-sorted. As much as 60 feet thick. S = * Qtu
ably occurred during the pre-Illinoian glaciation, which covered much . o L b )
of northern New Jersey. After this diversion a new drainage system Qwtm  TILL OF THE TERMINAL MORAINE--Till as above, === Pliocene-
was established on the now-abandoned Pensauken plain. The former forming ridge-and-swale moraine topography. Includes some To | 7ea | Tee |10 Flate Miocene? | Tertiary
tributaries to the Pensauken in the Jamesburg and Cheesequake areas sand and gravel. As much as 130 feet thick. .
formed the upper Millstone and South Rivers, respectively. The : v *
Raritan River established an eastward course across the northern edge Qe EOLIAN DEPO'SITS_“V“Y pale b‘:"h“’“ to rc(lidlsh-)fellpwm ¥y /™ 1y by Ks | Ke | Ciaticocin
of the county. During the early and middle Pleistocene (1.6 million to fine san(.l. Sand 1 chiefly quartz with some glauconite in the S0 T\ Y {L. e o~ P =
about 200,000 years ago) these rivers cut valleys as much as 100 feet South River basin a:lzd some feldspar and ro:.:k fragments ) s N Ksw | Kdw ]
deep into the Pensauken deposits and underlying bedrock and Coastal elsewhere. Nonstratified to moderately stratified, well sorted. (it Jadw/ ﬁ
Plain formations. Much of the Pensauken deposit was eroded, particu- As much as 20 feet thick in dunes but generally less than 10 Ry, 7 = A -
larly at the margins of the plain, where it was thin, and where it was feet thick. &R AN S E
underlain by shale or clay. Fluvial deposits along these streams (unit , r AT TP N - 4a
Qtu) are preserved today as isolated high terrace remnants in down- Quu UPPER STREAM TERRA_CE DEPOSITS“RE‘ild‘;h‘?HO: A d/ ) g . ::.3 . R § &
stream areas where erosion has removed most of the deposits, or as to brownish-yellow sand, silt, and pebble gravel. Sand an 1 - / ' S X & - zS
broader, more continuous terraces in upstream areas where erosion gravel-composition as in unit'Qtl Nonstratified to moderately e : N & S x 2 3 - 200
has been slight. They are composed of material eroded from the stratified, moderately sorted. As much as 20 feet thick. Nat7 T PR s j= E S @ . w
Pensauken Formation and from underlying or adjacent Coastal Plain ) Ay 2 4 ) £ ¢ 90 T s . =
P PR Qes  SHALE COLLUVIUM--Reddish-brown diamicton composed -l ) SN & = ol B 2 - cal  § -
' of a clayey silt to sandy silt with some to many shale chips A .“"*’I T2 QR 8 _ 8 dit 2 ,_,,"-_’\/‘\__J__/——‘—"'ﬂ
During the middle and late Pleistocene, two glaciers entered northern and flagstones and some quartz and quartzite pe_:bbles. Noi- E W N KPS (o A= J 3 E-L:/f.__o;t_ L
New Jersey. The most recent, the late Wisconsinan, reached its stratified, poorly sorted. As much as 10 feet thick. 7 1 DO 72— 2N Bt ] - 0
terminal position slightly before 20,000 years ago and had retreated _ b s L)) s
north of New Jersey by about 17,000 years ago. It covered the north- Qen  SAND AND GRAVEL COLLUVIUM--White, yellow, = 7 S ~-;'5;-:;ﬂ /)’ o
eastern corner of Middlesex County. At its farthest advance it depos- brown, gray diamicton composed of sand a(r;d peﬁb: gravel, TS - fzﬁ- . ey shale L 100
ited till in the form of a prominent moraine (unit Qwtm). This feature some silt and organic matter in places. Sand is chiefly quartz aw ' ﬁ\ T A,
is marked along much of its length by a frontal ridge or scarp as much with some feldspar and mica, ;’ildﬂw“h glauconite in the 4 [ Y- N A S o R ) o)
as 120 feet tall, with a belt of gentle ridge, knoll, and swale topogra- _South RayEs bosin: Geavel fls g !h‘? g GUANTy QUAREZIS; a8 XN EAS A 7 i L /T Nt (: 7 ek .200 -200
phy extending back from the frontal ridge as much as 2 miles. North- iromstone. s much a8 10'feet thick. Z4iA f; r e el N <~ wa Kol VERTICAL EXAGGERATION X 20
east of the moraine the glacier eroded the surface of bedrock and 2 NE|ognsere 2 N s S Cxs il 2
Coastal Plain formations into streamlined forms (refer to the bedrock- Qsw WEATHE‘;{S? S?JQ%ERLJEI?‘{SE%ZE RAT;? iAbNDSTgNE 7 s y DY 1) a2 AY el .
surface contours on the geologic map) and deposited a nearly continu- (CHIEF;‘ X Q ed of sil 1)" te lls ) rolwn d z E w zE .
ous layer of till (unit Qwt) on the streamlined surface. The till is a yell;:)w yascton mr:]lslos od sitye a’; 0.€ dayey S'fty s " C g Gu.. % § 5 %E -5‘ % 8 " c'
reddish-brown silty sand to sandy clayey silt with many pebbles and wl; fsome to.many shale, :jnu Sione, anb;lan stc:lne ;;lgmen s o060 38 ég Wo 3 o 38 & Sy 200
cobbles and few boulders. The composition of the till reflects glacial aAn ewhlo sgg’? quadTizl?::J ‘quarm:lzlpi 5 i;an 1(‘;0f tcs. a :v- < S 2 E x e 33 -
erosion of the local red shale and mudstone, and Coastal Plain and th§ I;mc - et blck DU graikrally. Jess than 20 1ee T 2 w @ Bk 3 Qal g 5&:‘
Pensauken sediments, as well as metamorphic and sedimentary bed- 1eR . W I 00
rock to the north. The sand, in contrast to the older surficial deposits, = 5 Qs Gl
includes many rock fragments in addition to quartz, feldspar, and Qdw WEATI?{ERE’D DIA,BASEI I(CHIEFLY OF QUATI,ERNARY i
mica. The gravel is dominantly shale, mudstone, conglomerate, and AGE)--Yellow, redd1§h-ye ow, gray, and brown dlflmicton Mo {5 | 5 5 6
gneiss, with lesser quartz and quartzite from the Pensauken Forma- composed of sandy silty clay with some to many diabase el B0
tion fragments and few to some quartz and quartzite pebbles and % | s
' cobbles. As much as 10 feet thick. QU Qi o i et
; . F g an i ot | -100 - = -100
Meltwater from the glacier deposited sand and gravel (unit Qwf) in ) mudstone, - —~<
LIRS CRlERL i ns In onkof She. e el sy, © e Taeaest ot . et ATIQN~'R§ddISh-}‘€110W tf} ot . Note on sections: Units Ks and Kc delineate the approximate sandztone' ey
these is the Plainfield outwash along the northwestern border of the sand and pebble gravel, slightly silty and clayey; cobble extent of predominantly silty-clayey and predominantly sandy
county. This deposit, and part of the terminal moraine, filled the EavEl. st . drctk-cameniten axl places, pavticil aidyiag base, o §C i \ al Plain units, respectively. Their boundaries may not VERTICAL EXAGGERATION X 20 -
former Raritan valley with as much as 120 feet of glacial sediment Sand is chiefly quartz and feldspar, with some glauconite and AN KX XS Coast ain units, respectively. {
and diverted the Raritan to a new southeasterly route. The Raritan mica. See Bowman (1966) and Owens and Minard (1979) for /.l '-‘j\-“.""‘“- 3 correspond to'actual formation contacts.
thereupon eroded a narrow, gorge-like valley into shale bedrock from detailed descriptions of the sand and clay mineralogy of the L A il
Middlesex to New Brunswick along this new route. East of New Pensauken. Gravel is chiefly quartz and quartzite with some s i m - zZ X
Brunswick it entered and deepened the existing valleys of Lawrence chert and ironstone, and minor weathered mudstone, sand- o [ &l S¥ W op S > .
Brook and South River. stone, gneiss, diabase, and schist, particularly at base. Well B D Y E Eg 3 z0 & gg 2 E
stratified and well sorted. The upper 5 to 10 feet is generally TEDACE e E 200 5@ g el @ ? > Eng: o = & 200
While meltwater deposited the outwash, nonglacial streams in the nonstratified to poorly stratified, with more clay and silt than 4% i & T 3 s s = xaQ . : 3;
Millstone River, Lawrence Brook, Ambrose Brook, and South River at depth, and is commonly cryoturbated. As much as 140 feet ik 5 Q 3 @ . . . s
basins, deposited stream terraces (unit Qtl). These deposits reflect thick. ¢ = 100- Z af o 100- Qal Qal Qtl Qal 100
increased slope erosion and sediment supply in the cold, tundra-like 8 === s
conditions prevailing during glaciation. In this environment there was Tpg ~ PENSAUKEN FORMATION, GLAUCONITIC A ol N INA e ) = =
; ; ili : ; PHASE--Reddish-yellow to yellowish-brown sand, pebble 2. RN % e T T T T T S hQea A o 5 Lo
little vegetation to stabilize slopes. During thaws, soils became water- : JOuoW -y - » P J 2 e L N~ "N N T T o S ERUTRNEA) = 0+ E 01
logged and flowed easily down gentle slopes when subsurface drain- gravel, and silt. Sand is chiefly quartz, with some glauconite NS W atl A NPT AN < Qal <
. s P d mica. Gravel is chiefly quartz, quartzite, with some ——— K . ' T ..
age was impeded by permafrost. In addition to alluviation along an : G =T\ senset Hil
streams, colluvial material accumulated at the base of steep hillslopes ironstone. As much as 40 feet thick. = o shale, mudstone 100+ shveonemucens g} TR = —t-100
(units Qcs, Qcn, Qca). Westerly winds blowing across newly-deposit- ALY schist, gneiss
ed alluvial and outwash plains, and, locally, unvegetated outcrops of Tpe P,ENSAUKEN FOEM ATION, CLAY PHASE“P ark gray Base from U. S. Geological Survey Arthur Kill, Bound Brook, Frechold, Hightstown, ! schist, gneiss
Cretaceous sand, moved sand downwind from the terraces and out- silty clay. Nonstratified, well sorted. May contain some Jamesburg, Keyport, Monmouth Junction, New Brunswick, Perth Amboy, Plainfield, 1axe(Hat 2| R, 200 -200 : -200
crops, forming dunes and sand sheets (unit Qe) organic matter. As much as 15 feet thick (estimated). Princeton, and South Amboy quadrangles, photorevised 1970-81. 7 7 Sy oa— \rjohr SIS . - '-’q%— ety — aay VERTICAL EXAGGERATION X 20 VERTICAL EXAGGERATION X 20
| | ~ ﬁl— . /= e L . \ Y ""'. A0 \il\l' / L K_c N ) ' 7 (
As the glacier margin retreated from the terminal moraine, lakes Tug UPLAND GRAVEL--Reddish yel]‘ow to yellow sa_nd, s:ilt, ‘S‘Z‘J <<~/ ) 4'“ R j 4 N w.a'_.-' N8 g /#.isf' :‘-‘-\ —= ‘_ - = 5
occupied basins formed between the ice front and the moraine. and pebble gravel. Iron-cemented "; Plaocls.ﬂSa.nd 5 chw(flly A\ _ 1 gt W07 B L T X S A & = of A
Meltwater deposited sand and gravel in deltas in the lakes (unit Qwd) quartz with some glauconite, Gravel is chiefly quartz an | T4/ & IeR v f“’ y ZeQ @
and silt, clay, and fine sand (unit Qwl) on the bottoms of the lakes. In quartzite with some ironstone and “"‘-‘;‘l‘h"mg fh""i],le“' VA Ve o 6+ S ® o 5 ~300
two places, sand, gravel, and diamicton were deposited in small stratified, moderately sorted. As much as 10 feet thick. 7 . S M g B } g ﬁ
i by glacial ice (unit Qwi). ) ] i 0 = = =
i i Ks  CRETACEOUS SAND--White, pink, yellow, and gray sand; £ 200 w 2 3% g £ 3 y 200
Sea level slowly rose as the late Wisconsinan glaciers melted. The r{lin?r silt‘iaqd cllay : Santl:l is ch?eﬂy qdu:sz with :]omel mli_‘?éd o "._ / g Qwtm ..Tr—| E 8 @ o g
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Table 1.--Hydrogeologic, Engineering, and Resource Characteristics of Surficial Materials in Middlesex County

Material Resources

Associated Agronomic Soils’

Map Unit Symbol Hydrogeologic Properties' Engineering Properties’
i j terial and degree of Fill containing wood, organic debris, or trash, is subject to local Dredge spoils and highway and railroaq fills may be a'source of Psamments
ARIRCILELL “ ;ﬁ;i%i??ﬁgi;ﬁ;ﬁ: t:noderalf:ly %o highly permeable. collapse as the fill material decays. Steep sl_opes alopg edgeg of sand and gravel. Some demolition debris may be reclaimable. Urban Land
Some fill may contain ground-water contaminants. fill areas are subject to slump or gully erosion, p'amcularly if
water drains from the slope or if the slope is subject to stream or
wave erosion. The variability of the material and emplacement
method in fill result in widely variable strength properties. Fill
that overlies estuarine, swamp, and alluvial deposits may be
unstable due to low strength of underlying material.

TRASH FILL aft Material within trash fill is generally highly permeable, but Trash fill is subject to local collapse as fill matcrial_decays. Potential source of methane gas and recyclable materials. Psamments
surface cover material is of low permeability. Potential source of Steep slopes are subject to slumping and gully erosion. §trenglh
ground-water contamination. of material is variable but generally low. Generally unsuitable

for permanent structures.
ility i i Subject to frequent wave and storm erosion and deposition. High Potential source of sand and gravel. Psamments

BEACH DEPOSITS Qb Permeabitiy 18 vesy-Hgh. watir table. Unsuitable for permanent structures.

ALLUVIUM Qal Permeability is variable. Sand and gravel channel deposits are Subject to regular flooding and bank and channel erosion. High Potential minor source of sand, gravel, and peat in some places. Humaquepts Woodstown
moderately to highly permeable; silt, sand, and clay floodplain water table; generally saturated to within 1 to 2 feet of the sur- Hammonton Parsippany
deposits are of moderate to low permeability. Subsoil permeability face. Unsuitable for permanent structures or septic systems. Fallsington  Elkton
ranges from 0.2 to 6.0 _im'hr for fine-grained alluvium and from 6 to  Three samples yielded liquid limits of 29, 32, and 30%, and Manahawkin Keyport
20 mf_'hr for coz_arse-gramed or peat-rich alluvium. Fine-grained plasticity indices of 11, 11, and 3%. Rowland
alluvium may impede interchange of water between streams and Atsion
underlying formations; coarse-grained alluvium and peat readily
transmit water.

ALLUVIUM AND Qca Permeability is variable. Where unit overlies or occurs down- Generally high water table. Subject to local bz_mk and gully _ Potential minor source of sand and gravel. Eilli:llon t

COLLUVIUM, UNDIVIDED stream from units Ks or Tp the deposits are sandy and perme- erosion and flooding. Spring seepage present in places, causing singion
' ability is moderate to high; elsewhere the deposits are of low to soil instability. Generally unsuitable for permanent structures Hammonton
moderate permeability. Subsoil permeability ranges from 0.2 to and septic systems. Holmdel
20 in/hr. Humaquepts
ESTUARINE DEPOSITS Qm Permeability is generally low to moderate, although sand, shell Subject to daily flooding. Saturat_ed to surface. Material is un- Potential minor source of peat and clay. Manahawkin
hash, and peat layers are moderately to highly permeable. Sub- stable because of abundant organic matter, water content, and 5u1faque‘ms
soil permeability ranges from 2 to 20 in/hr. Generally impedes lack of compaction. Unsuitable for permanent structures and Sulfhemists
interchange of water between the surface and underlying forma- septic systems.
tions. Excavation and dredging of the deposits may facilitate
saltwater intrusion into the underlying formations.
FRESHWATER SWAMP Qs Permeability is generally low although sand and clean peat are Subject to flooding. High water table; jgen?rally saturated to Potential source of peat. Generally, peat is too thin and impure ;Aafllfls‘r:l;:a:;m
AND MARSH DEPOSITS moderately permeable. Subsoil permeabilities range from 0.06 to within 1 to 2 feet of the surface. Material is unstable because of for commercial exploitation. e g
2.0 in/hr. Generally impedes interchange of water between the abundant organic matter, high water content, and lack of com- 5 ANca
surface and underlying formations. paction. Unsuitable for permanent structures or septic systems. arsippany
Estimated liquid limits range from 18 to 41 %, plasticity index
ranges from non-plastic to 20%.
Qu Permeability is moderate to very high. Subsoil permeability May be subject to rare flooding and high water table in places. Minor source of sand and gravel. Sand may require washing to Klej
LOWER ranges from 0.06 to 20 in/hr. Barksdale and others (1943, p. 40) Generally suitable for structures. Locally high water table may remove silt and glauconite. Evesboro
STREAM TERRACE report hydraulic conductivity measurements (determined using limit use of septic systems. Tests on 16 samples showed that 8 Hammonton

DEPOSITS laboratory methods) on 24 samples from unit Qtl in the Old were non-plastic and had non-determinable liquid limits. The Keyport
Bridge-Runyon area. They range from 27 to 138 ft/d and aver- other 8 showed liquid limits ranging from 20 to 46%, with an Dunellen
age 54 ft/d (converted from coefficient of permeability values). average of 30%. Plasticity indices ranged from 3 to 18%, with Lansdowne
Readily transmits water to underlying formations. Thin beds of an average of 8%.
gravel are generally more abundant near the base of the unit;
these may be zones of lateral ground-water movement if the
underlying material is of low permeability.

GLACIAL Qwl Low to very low permeability. Measured hydraulic conductivity Occurs in low areas, so subject to peri"dif’ inundation. Hig:ll Potential minor source of clay. Haledon, silt loam variant
LAKE-BOTTOM for similar material elsewhere in New Jersey is on the order of water table. Generally ‘Eﬂsfmabéz E_UT S_ZPI‘_‘C Sysicams; st::ffm 3’0
DEPOSITS 10” ft/d (Vecchioli and others, 1962). Impedes movement of suitable for structures. Estimated liquid limit ranges fr
ground water into underlying formations. 30%; plasticity index ranges from 5 to 15%.
GLACIAL DELTA  Qwd, Very high to high permeability. Measured hydraulic conductivi- Low-lying areas of the fieposits @jacent to units Qal and Qs may Potential source of sand and gravel. g;‘;‘:ﬂiﬂ
DEPOSITS, Qwf ties for similar material elsewhere in New Jersey are on the be subject to rare flooding f'md high water table. (.}enerally 5“}‘_’ Nikon
GLACIAL STREAM order of 10 to 107 ft/d (Stanford and Witte, in press). Subsoil able for structures and septic systems. Areas of high permeabili- Booitsi
DEPOSITS permeability ranges from 0.06 to > 6 in/hr. Readily transmit ty may not be able to ‘sufﬁmemly attenuate effluent and so may
water into underlying formations. Where these materials exceed be unsuitable for septic systems. Of 1? s«'fml_)les, 9 were non-
50 feet in thickness they may provide domestic and community plastic and had non-determinable liquid ’llf’ml.S; 4 showed liquid
water supplies. A community- supply well yielding 1600 gpm limits of 27, 22, 19, and 26% and plasticity indices of 10, 4, 2,
(well 56, table 2) was completed in unit Qwf. Wells in bedrock and 3%.
aquifers overlain by these materials are generally more produc-
tive than wells drawing from uncovered bedrock (Barksdale and
others, 1943, p. 54). This relationship indicates that Qwd and
Qwf store and release water into the underlying bedrock under
pumping conditions.
GLACIAL Qwi Moderate to high permeability. Transmits water readily to under- Suitable for structures and septic systems. One sample showed a Potential minor source of sand and gravel. Boonton
ICE-CONTACT DEPOSITS lying formations. liquid limit of 32% and plasticity index of 6%.
TILL, Qwt, Moderate to low permeability. Small inclusions or lenses of sand Fine-grained and 1;“]’;"1?’1“3 pat:s Of:g?::z?ﬁf g:r);mh?:airht:gh Little to no resource potential. g(;loer:ilgﬁ
TILL OF THE Qwtm and gravel may be of moderate to high permeability but they water tables. Small basins on ; W ¢ borilders inay Winder
TERMINAL MORAINE generally are not continuous or connected. Subsoil permeability subject to periodic inundation. resgncl; Of el
ranges from 0.06 to 0.6 in/hr. Slows infiltration of water to excavation. 01hel_'\#1§c, gel:lcrally suitable for s
underlying formations. septic systems. Liquid limits dclenmned‘ on 3_2 ssf\mples range
from 16 to 36% and average 26%. Plasticity indices for the
same samples range from O to 19% and average 7%.
. - . o Low-lying parts of the deposits adjacent to units Qal and Qs may Minor source of sand. May require washing to remove silt and Du_nellen
HOELAN DEPORITS s ;d;dgaaii ,lgr‘h;f:agﬁ;ﬁfﬁms ?;Ziliopiﬂ:?:;il;g {:Eﬁzfi;ﬁ'_" be subject to rare flooding and hgve high water tables. Areas of glauconite. Formerly, fine-grained parts of the unit provided Ilillh_ngton
Where Qe is thick and overlies material of low permeability, high pcnneal?ility may nol‘sufﬁcwnlly attenuate efﬂuent anq S0 molding sand. ej
ground water may travel laterally along the basal contact. may be unsuitable for sept_lc system's. Wpere deposits are thin Har_mnomon
and overlie low-permeability material, high water tables may be Atsion
present, and septic systems may be unsuitable. Otherwise,
generally suitable for structures and septic systems. Of four
samples, two were nonplastic and had non-determinable liquid
limits, two had liquid limits of 21 and 19%, and plasticity indic-
esof 7and 2%.
UPPER Qtu Moderate to high permeability. Subsoil permeability ranges from Where deposits are in low-lying areas and where_ they are thin Potential minor source of s_and and gravel. May require washing Woodstown
STREAM TERRACE 0.06 to 20 in/hr. Transmits water to underlying formations. and overlie impermeable material (for example, in the southern- to remove glauconite and silt. Shrewsbury
DEPOSITS Where Qtu overlies material of low permeability, water may most part of the county around Bergen Mlllls). they may have Fallsington
move laterally along the basal contact. high water tables and be unsuitable for septic systems. Other- D9wner
wise, generally suitable for structures and septic systems. of 6 Nixon
samples tested, three were non-plastic and had non-determinable
liquid limits, and 3 showed liquid limits of 33, 33, and 46% and
plasticity indices of 12, 8, and 18%.
25 . i ; ubject to gully and bank Little to no resource potential. Klinesville
SHALE COLLUVIUM  Qcs Low permeability. Subsoil permeability ranges from 2 10 6 in/hr. Ez:lﬁzvg;égl“‘g‘:’:é;;;:b;":es?riyl:;fm‘ys caus%ﬂg e el P
Impedes movement of water into underlying formations. and limiting suitability for structures. Generally unsuitable for
septic systems. No measured liquid limits or plasticity indices,
but likely similar to unit Qsw.
; e : : May have high water table, limiting suitability for septic‘ systems Potential minor source of sand and gravel. May require washing Woodstown

PHCOLLOVIOM " 061020 it Tansmits wate o underying ormations, 0 Paces. Sping secpage present n placs, causing soi insabili- (0 remove lauconite and weatered fedspar. Maapeske
Where Qcn overlies material of low permeability water may ty and limiting su:(abl.luy for structures. E,.stzmaled liquid limits 5 ullica
move laterally along the basal contact. are less than 20%; estimated plasticity indices range from non- ammonton

plastic to 13%.
WEATHERED SHALE, Qsw, Low to moderate permeability. Permeability is low on shale Where material is of low permeability septic systems may be Unit Qsw is a potential minor source of clay where it is formed Klinesville

MUDSTONE, AND Ksw and mudstone bedrock and moderate on sandstone bedrock. unsuitable. Generally suitable for structures. Of 14 samples from shale bedrock, although it gepcrally contains _sha]e frag- Rea.wille

SANDSTONE Subsoil permeability ranges from 0.06 to 6.0 in/hr. Generally tested, one was non-plastic and had a non-determinable liquid ments, pebbles, silt, and sand. Unit Ksw (the "Raritan fire and Ellington
impede flow of water into underlying formations. limit; the others had liquid limits ranging from 19 to 51% and potters' clay" of Cook, 1878, and Ries and others, l90ft} was Lansdowne
averaging 31% and plasticity indices ranging from 2 to 19% and formerly an important source of clay for pottery and brickmak- Elkton
averaging 10%. ing. It is still a potential source of high-quality clay.
s ; - ; i ms may be unsuitable due to low permeability. Unit Qdw is a potential minor source of clay, although it gener- Mount Lucas
WEATHERED DIABASE ggw i.,ow permeablllty: Subsoil Permeapllllydfofq unit t(‘de ranges (s‘_g:;(;ai{;l:ui:able);or srvicdiirss. Matesal mal;e siitiide l:rge ally contains diabase fragments, pebbles, silt, and sand. Unit Watchung
w Forn. 0.06/t 6,0 ivbr. Generally mpede Howrat water info boulders, or may be thin over unfractured, massive diabase Kdw occurs in the subsurface only and has little to no resource Keyport
e ing fonmasine. bedrock, possibly requiring explosives for excavation. Three potential. Woodstown
samples showed liquid limits of 34, 41, and 40% and plasticity
indices of 14, 14, and 21%.
PENSAUKEN Tp Moderately to highly permeable. The uppermost 5 to 10 feet of Generally suitable for structures and septic systems. In low-lying An importgnt source of sand and pebble gravel_. Sanc‘l may re- Sassafras
FORMATION the deposit over much of the outcrop area is significantly less areas adjacent to units Qs and Qal, or where the unit is thin over qu1re.wa.sh1ng to remove weathered f;ldspar. disseminated clay Downer
permeable than at depth because of accumulation of silt and clay low-permeability material, high water tables may limit use of and silt, and glauconite. Gravel may include a trace to 1 or 2% Woodstown
in the soil zone. The basal 5 to 15 feet of the deposits, particu- septic systems. Small basins on the surface of this deposit may of decomposed to partially decomposed mudstone, sandstone, Nixon
larly where it is thickest, is generally a coarse gravel and so is is be subject to periodic inundation. Of 36 tested samples, 6 were gneiss, or schist clasts, which may need to be separated. Sand Fallsington
more permeable than the overlying material. In places, however, non-plastic and had non-determinable liquid limits; in the others, and gravel may be cemented with iron compounds. Fort Mott
this zone is cemented with iron oxide compounds, forming iron- liquid limit ranged from 17 to 36% and averaged 23%. Plasticity
stone masses as much as 3 to 4 feet thick and 10 feet in diamet- indices ranged from 2 to 18% and averaged 6%.
er. These masses will impede water movement. Once water
moves past the upper soil zone it is readily transmitted to under-
lying formations. If the underlying material is of low permeabili-
ty water may move laterally along the basal contact. Subsoil
permeability ranges from 0.6 to 20 in/hr. Three samples from
the Old Bridge-Sayreville area yielded laboratory-determined
hydraulic conductivity values of 18, 29, and 29 ft/d (Barksdale
and others, 1943, p. 41). The Pensauken is a domestic aquifer in
the southern part of the county where it exceeds 50 feet in thick-
ness (fig. 5). Driller's records of 15 domestic wells here, most
of which are screened in the gravelly, lowermost 10 feet of the
deposit, have yields ranging from 10 to 150 gpm and averaging
51 gpm (see table 2),
PENSAUKEN Tpg Moderately to highly permeable. Subsoil permeability ranges Generally suitable for structures and septic systems. In low-lying Minor source of sand and pf:bble_ gravel. Sand may require Sassafras
FORMATION, from 0.6 to 20 in/hr. Will transmit water to underlying forma- areas adjacent to units Qs and Qal, or where the unit is thin over washing to remove glauconite, silt, and minor weathered felds- Woodstown
GLAUCONITIC PHASE tions. low-permeability material, high water tables may limit use of par. Klej
septic systems. Of 10 tested samples, 3 were non-plastic and had
non-determinable liquid limits; in the others, liquid limit ranged
from 21 to 46% and averaged 32 %, plasticity indices ranged
from 0 to 15% and averaged 9%. .
PENSAUKEN Tpc Low to very low permeability. Impedes flow of water to under- . : i Minor source of clay. Clay may contain organic matter, sand, Sassafras
FORMATION, lying formations. Interbedded with unit Tp northeast of Plains- 21111??;1]?; l;’zil;lt[:f:fuf; Scptio:gysioma dne to:Jow permeailing and silt. s ) Woodstown
CLAY PHASE boro. May occur elsewhere within Tp in the subsurface, '
although it is not widely reported in records of wells and bor-
ings.
UPLAND GRAVEL  Tug Highly permeable. Subsoil permeability ranges from 6.0 to 20 Generally suitable for structures and septic systems. Areas of Minor source of sand and gravel. May be cemented with iron Evesboro
in/hr. Readily transmits water into underlying formations. May high permeability, where Tug overlies high permeability Creta- compounds.
be locally cemented into ironstone, which may reduce permeabil- ceous sand, may not be able to sufficiently attenuate effluent and
ity. so may be unsuitable for septic systems.

CRETACEOUS SAND Ks Very high to high permeability. Subsoil permeability is 0.6 to 20 Generally suitable for structures and septic systems. Areas of Major source of sand. May require washing to remove lignite, Atsion
in/hr. Readily transmits water into underlying formations. Local- high permeability may not be able to sufficiently attenuate efflu- mica, clay, and glauconite. Evesboro
ly, interbedded silt and clay may produce perched water tables ent and so may be unsuitable for septic systems. In low-lying Lakehurst
and impede vertical flow. Map unit marks outcrop area of the areas adjacent to units Qal and Qs, may have high water table Fort Mott
Farrington Sand member of the Raritan Formation, and sand of and be unsuitable for septic systems and structures. Old pit walls Lakewood
the Magothy, Englishtown, and Wenonah Formations. Where and steep natural slopes are subject to gully erosion, particularly Phalanx
thick enough, these units are aquifers. Hydraulic conductivities where water discharges atop clay beds. Five tested samples were
of these aquifers, as determined from 27 aquifer tests, range non-plastic and had non-detectible liquid limits.
from 35 to 250 ft/d and average 112 ft/d (Pucci and others,

1989). Hydraulic conductivities determined using laboratory
methods on 33 samples from the Farrington, Magothy, and
Englishtown sands range from 0.075 to 527 ft/d and average 112
ft/d (Barksdale and others, 1943). For a detailed discussion of
these aquifers, see Pucci and others (1994).

CRETACEOUS CLAY Kc Low to very low permeability. Subsoil permeability less than 2 Low permeability and high water table severely restricts use of M_ajor sm_lrce‘of clay. \\{as formerly mined for pottery and Elkton
in/hr. Impedes movement of water into underlying formations, septic systems. Old pit walls, steep slopes, and streambanks are brickmaking in Woodbridge, Perth Amboy, Edison, East Keyport

Brunswick, South River, Sayreville, South Amboy, and Old Klej

Locally, interbedded sand may increase permeability and permit
horizontal flow. Jointing within clay units may also increase
permeability and increase vertical water flow. Map unit marks
outcrop area of the Woodbridge Clay member of the Raritan
Formation and clay and silt of the Magothy, Cheesequake,
Merchantville, and Woodbury Formations. These are all semi-
confining units. The vertical hydraulic conductivity of these
units, as estimated by hydrogeologic model results and labora-
tory tests on core samples, range from 4. 1x10° 10 0.47 ft/d, but
are more generally in the 107 to 10 ft/d range (Nichols, 1977;
Pucci and others, 1994). For a detailed discussion of these units,
see Pucci and others (1994).

subject to slump failure, gully erosion, and water seepage.
Generally suitable for structures away from the above locations.
12 samples yielded liquid limits ranging from 22 to 64 % and
averaging 39%, and plasticity indices ranging from 3 to 31%
and averaging 13%.

Bridge. Includes the Woodbridge Clay, South Amboy Fire Clay,

and Amboy Stoneware Clay of Cook (1878) and Ries and others

(1904). Presently mined for landfill and waste-site cover. May
require processing to remove lignite, pyrite, iron concretions,
mica, sand, and glauconite.

Footnotes for Table 1:

'Permeability is a property of a material, and describes the abili-
ty of that material to transmit any fluid (gas or liquid). It is units
of length? (here in ft?). Hydraulic conductivity describes the
ability of a material to transmit water, and is more commonly
used in hydrogeologic research. It is units of length/time (here,
in ft/d). The terms "very high, high, moderate, low, very low"
refer to the following estimated permeability ranges for materials
beneath the soil zone:

very high=k>10" ft’
high=10">k>10"" ft*
moderate=10"">k>10" ft’
low=10"">k>10"* fi?
very low=k<10"* ft’

These estimates are based on comparison of known textural
properties of the materials to published permeability values of
similar materials (Davis, 1969; Freeze and Cherry, 1979).

The term "subsoil permeability" refers to the estimated field
permeability values in the lower soil zone (generally at depths of
20 to 60 inches) reported by Powley (1987) for the agronomic
soils associated with the surfical geologic materil unit. These
values are reported in inches per hour (in/hr), and represent the
number of inches per hour that water moves downward through
saturated soil. For sand and gravel materials, soil formation
generally lowers permeability. Thus, these materials will gener-
ally have greater permeability below the soil zone. For clay and
silt materials, soil formation generally increases permeability.
Thus, these materials will generally have lower permeability
below the soil zone.

?Determinations of soil stability, septic suitability, flood suscep-
tibility, and extent of wetlands, must be done on a site-specific
basis. The descriptions here provide a preliminary assessment of
conditions that may be encountered. Values for liquid limit and
plasticity index are from Holman and Jumikis (1953). Estimated
ranges for liquid limit and plasticity index are for associated
agronomic soils and are from Powley (1987). The liquid limit of
a soil is the lowest water content, expressed as a weight percent-
age, at which the soil behaves as a liquid. The plasticity index is
the difference between the liquid limit and the plastic limit (the
plastic limit is the lowest water content, expressed as a weight
percentage, at which a soil behaves as a plastic material).

3These associations were determined by comparing the mapped
extent of the soils in Powley (1987) with the mapped extent of
the surficial materials on sheet 1. Some minor associated soils
are not listed.

Table 2.--Selected well and boring logs

Well Identifier' Driller's Log:
No.

Depth (feet) Description

1 25-27396  0-60 sand and gravel (Qwf)

60-200  shale
2 25-8170 0-80 sand (Qwf)
80-125  shale

3 2523756 070  sand and gravel (Qwf)
70-75 clay (Qwl or Qsw)
75-250  red rock

4 25-6839 0-109 red clay and stones (Qwtm)
109-600 red shale rock

5 26-203 log by M. E. Johnson, N. J. Geological Survey,
abbreviated here
0-75 red clayey sand and gravel (Qwtm)
75-100  yellow brown arkosic clayey sand and
gravel (Tp)
100-160  white, gray, buff clay and sand (Kc)
160-235 red shale

6 26-5316 abbreviated log

0-14 fill (af)

14-18 brown peat (Qm) )

18-55 very dense red brown sand, trace silt,
some gravel and cobbles (Qwt)

55-73 very dense light gray medium-to-fine
sand, trace fine gravel (Ks)

73-96 hard gray to green clay, trace
weathered diabase (Kdw)

7 NIGS files 0-48 silt (Qm)
48-60 gray sand (Qm)
60-65 coarse sand (Qwf)
65-90 coarse brown sand (Qwf)
90-95 clay, sand (Qwtm)
95-105  hardpan (Qwtm)
105-110 brown sand (Ks)
110-111 fine gray sand and clay (Ks)
111-117  coarse and fine sand (Ks)
117-119 beach sand and clay (Ks)

8 N 26-41-275 0-69 silt (Qm)
69-92 sand, rock or boulder at base (Qwf)
92-100  clay (Kc)
100-106  sand (Ks)
106-125 mixed clay (Kc or Kdw)
at 125 trap rock (diabase)

9 NIGS files 04 water
4-39 organic silt with shells (Qm)
39-49 gray sand, some silt and gravel (Qwf)
49-56 decomposed rock (Kdw)
56-66 rock (diabase)

10 26-320 0-12 red sandy clay and gravel (Qwt)
12-22 red hardpan (Qwt)
22-42 hard red clay with streaks of white
clay (Qsw)
42-102  red sand rock

11 26-1040 log by F. J. Markewicz, N. 1. Geological

Survey, abbreviated here

0-60 reddish clayey sand and gravel (Qwim)

60-96 yellowish brown arkosic sand (Tp)

96-157  gray lignitic micaceous clay, some
sand (Kc)

157-170  red clay (Ksw)

170-302  red shale

12 N 26-32-411 0-6 gray clay and roots, medium-grained

red sand (Qm)

6-13 tough red silty clay (Qwt)

13-19 fine-grained rusty red sand with shale
pebbles (Qwt)

19-21 slightly sandy and micaceous red shale

13 26-2082 log by Russell Mayer, N. 1. Geological Survey,

abbreviated here

0-40 reddish brown clay with rounded to
subangular quartz grains and pebbles,
also shale and sandstone pebbles (Qwt)

40-60 pale yellow fine sand and silt (Ks)

60-80 light gray clayey sandy silt (Kc)

80-100  dark gray lignitc sand and silt (Ks)

100-140  light gray fine-to-medium sand (Ks)

14 boringon  0-20 water
figure 12 in 20-35 organic silt and shells (Qm)
Lovegreen 35-47 brown and gray sand (Qwf or Qal)
(1979) 47-52 gray laminated silt and clay with
lignite (Kc)
52-60 green, gray, vellow mottled desiccated
clay (Kdw)
at 60 diabase

15 N 25-44-539 0-8 water
8-14 sand, broken shale (Qm and Qal)
at 14 shale

16 25-11774  log by H. F. Kasabach, N. J. Geological Survey

0-5 fill

5-30 brown to gray silty clay with wood and
lignite (Qm)

30-40 brownish gray silty fine-to-medium sand
with subrounded to subangular grains
(Qu)

40-54 light gray fine-to-very coarse sand,
rose quartz and a few chert grains (Ks)

54-68 white to green clay (Kdw)

68-74 diabase

17 SC--12H 0-30 yellow to light gray fine-to-coarse
sand and gravel (Tp)
30-102  white to light gray fine-to-coarse
sand (Ks)
102-109 compact gray to black clay (Ksw)
109-126  hard, gray baked shale

18 SC--54 0-4 black to brown peaty clay (Qal)
4-15 yellow clayey sand and small pebbles
Qu)

(
15-74 yellow to light gray fine-to-medium
sand, a little lignite and clay (Ks)

19 well 23-131, 0-15 yellow and brown sand and gravel (Qtl)
Gronberg  15-80 white fine-to-coarse sand, some
and others interbedded white and gray clay (Ks)

(1989) 80-87 blue tough clay (Kc)

20 SC--E17 0-18 brownish gray clay (Qm)
18-29 yellowish brown clayey sand and gravel
(Qu)
29-59 yellow to light gray arkosic fine-to-
coarse sand (Ks)

21 SC--25E 0-20 soft gray clay and plant roots (Qm)

20-32 medium sand, gray clay, and plant
roots (Qm)

3241 brown fine-to-medium sand (Qtl)

41-50 gray and brown slightly clayey medium
sand (Qtl)

50-54 disintegrated trap (Kdw)

54-56 coarse-grained trap (diabase)

22 25-29613  0-8 sand and silt fill
8-37 brown, red-brown, light gray sand, some
gravel; gravel includes subrounded
quartz, shale, and argillaceous rock
fragments (Qtl)

23 well 23-848, 0-12 black organic silt, trace gravel
Gronberg (af over Qm)

and others  12-18 gray fine-to-medium sand. trace silt
(1989) and gravel (af over Qm)
18-50 dark gray organic silt, trace sand and
shells (Qm)
50-60 dgﬂk gray sand, trace gravel and silt
(Qd)

60-62 gray and white sand, some clay--
weathered rock (Kdw)
62-67 gray and white bedrock--diabase, gabbro

24 NIGS files 0-3 gray brown silty clay (Qm)
3-13 gray silty clay (Qm)
13-20 peat (Qm)
20-24  brown fine silty sand (Qtl)
24-29 gae;n brown medium-to-fine silty sand
(Qul)
29-41 gray silty clay (Kc)

25 SC--29 0-24 rusty brown sand and gravel (Qu)
24-64 white-to-yellow fine sand (Ks)

26 NIGS files 09 water
9-29 black silt (Qm)
29-70 soft gray clay (Qm)
70-99 soft gray clay, some peat (Qm)
99-100  gray very fine sand and dry black
clay (Kc)

27 NIGS files 0-7 meadow bog and soft blue clay (Qm)
7-70 medium soft blue clay (Qm)
70-94 gray fine sand, little gravel (Ks)

28 SC--180 0-19 brown to gray clay and plant roots (Qm)
19-43 soft gray clay with one or two shells
(Qm)
43-56 fine gray sand (Ks)

29 28-10261  abbreviated log
0-64 orange brown silty sand and gravel (Tp)
64-78 yellow brown to dark gray silty clay

(Ke)

78-95 gray silty and clayey sand (Ks)
95-103  yellow-red-brown sand (Ks)
103-107  saprolite (Ksw)
107-112  green shale

30 28-2404 0-12 sand and gravel (Tp)

12-25 muddy sand and gravel (Tp)

25-50 sand and gravel (Tp)

screened 45-48, yield 25 gpm

31 28-5603 0-60 yellow sand and gravel (Tp)
screened 57-60, yield 25 gpm

32 28-2414 0-6 brown clay and gravel (soil in Tp)
6-54 brown to yellow sand and gravel (Tp)
screened 45-48, yield 10 gpm

33 N 28-2-887 abbreviated log
0-16 yellow clay and gravel (Qwf)

16-25 blue muddy clay (Qwf)

2543 yellow to gray clayey sand and gravel
(Qwf)

43-150  gray to red shale

34 28-927 0-74 sand (Tp)

74-120  argillite

120-145 black rock

35 NIGS files 0-10 gray silty to sandy clay (Tp)

10-65 sand, generally orange-tan, mostly
coarse-grained, contains gravel,
pebbles, cobbles; silty to clayey (Tp)

65-100  bluish gray sandy silty clay to
clayey sand (Kc)

36 NIGS files 0-14 brownish gray sandy silt-clay (soil

in Tp)

14-79 orange-brown fine-to-medium sand,
silty to clayey, contains a little
gravel (Tp)

79-81 dark dull red clay, very hard (Kc)

37 28-7792 0-5 brown silty sandy clay and gravel (Tp)
5-77 brown coarse-to-medium fine sand (Tp)
screened 55-60, yield 60 gpm

38 28-1015 log by F. J. Markewicz, N. J. Geological
Survey, abbreviated here
0-68 yellowish brown fine-to-coarse sand,

slightly micaceous and glauconitic, and
pebble gravel. Pebbles are mainly
subangular to rounded quartz and chert,
some shale (Tp)

screened 58-68, yield 75 gpm

39 28-6143 0-93 yellow sand and gravel (Tp)

93-101  brown and blue clay (Kc or Qsw)

101-140 red, gray, green sandstone and shale

40 SC--102 abbreviated log
0-14 (_:_Ilgy)ey yellow-brown sand and gravel

(Tp

14-90 fine-to-coarse brown sand with a little
gravel (Tp)

90-143  micaceous, lignitic gray clay (Kc)

41 28-6056 0-71 ellow sand and gravel (Tp)
screened 68-71, yield 40 gpm

42 28-18561  abbreviated log
0-100 brown, light brown, gray medium-to-

coarse sand (Tp)

screened 60-90, yield 150 gpm

43 28-9289 abbreviated log
0-4 brown clay and gravel (Tp)

4-60 brown medium-to-coarse sand, some
gravel (Tp)

screened 50-55, yield 60 gpm

44 28-2440 abbreviated log
0-25 hard packed sand and gravel (Tp)
25-58 muddy sand and gravel (Tp)

58-65 sand and gravel (Tp)

screened 54-57, yield 12 gpm

45 SC--82 abbreviated log
0-10 light gray to yellow clayey sand and

gravel (Tp)

10-53 yellow micaceous clayey sand and

ravel (Tp)

53-95 rownish gray clay (Kc)

95-155  brown and gray micaceous very fine
clayey sand (Ks)

46 28-4589 log by Ian Walker, N. J. Geological Survey,
abbreviated here
0-50 yellow sand (Tp)

50-140  light tan 1o light yellow fine-to-
coarse sand, a little lignite (Ks)

140-223  gray to white clay, some siderite and
pyrite (Kc)

223-315 gray to yellow coarse sand with chert
and quartz granules (Ks)

at 315 weathered schist

47 SC--3A abbreviated log
0-40 brown arkosic sand and gravel (Tp)
40-49 brown sand and gravel (Tp)

49-187  fine light gray micaceous sand to
clayey sand (Ks)

48 28-8348 0-7 brown silty sandy gray clay (soil in

Tp)

7-20 red brown silty fine sand with some
gravel (Tp)

20-32 brown coarse-to-medium fine sand (Tp)

32-60 decomposed rock (Qsw)

60-65 blue hard rock

49 28-13976  abbreviated log
0-6 orange medium sand with some clay (soil

in Tp)

6-88 yellow brown, orange brown, red
medium-to-coarse sand with some
ironstone (Tp)

88-90 gray and light brown silty clay with
some sand (Kc)

screened 80-90, yield 60 gpm

50 SC--100 abbreviated log
0-21 brown fine sand and gravel (Qtl)
21-82 yellow brown clayey arkosic medium

sand and gravel (Tp)

82-128  gray clay (Kc)

51 28-15572 03 brown clay (soil in Tp)

3-22 b{_uwn medium-to-fine sand with gravel
(Tp)

2243 reddish brown medium-to-fine sand (Tp)

43-55 brown clay with sand (Tp)

55-78 brown coarse, medium, fine sand (Tp)

at 78 ray clay (Ke)

screened 70-78, yield 45 gpm

52 28-15267 0-2 topsoil
2-15 brown sand with gravel (Tp)

15-51 reddish brown medium-to-fine sand (Tp)

51-57 reddish brown coarse, medium, fine
sand (Tp)

57-60 gray clay (Kc)

screened 51-57, yield 25 gpm

53 28-6950 0-77 yellow sand and gravel (Tp)
at 77 brown clay (Kc)
screened 70-75, yield 30 gpm

54 28-13037  abbreviated log
0-4 brown sandy clay (soil in Tp)

4-91 fine, medium, and coarse orange brown
to red brown sand (Tp)

91-95 medium to coarse orange brown sand with
red shale and trace of mica schists
(Tp. possibly over shale bedrock)

screened 82—&). yield 75 gpm

55 28-13073 04 brown sandy clay (soil in Tp)

4-7 fine-to-medium brown sand with some
clay and gravel (Tp)

7-12 orange clay with fine brown sand (Tp)

12-30 fine, medium, coarse brown sand and
some pieces of fracured rock and
gravel (Tp)

30-60 fine, medium, coarse light brown sand
and white sand (Tp)

60-75 medium-to-coarse brown sand with red
shale fragments and gray clay (Tp
over Kc)

screened 65-75, yield 75 gpm

56 25-9603

abbreviated log
0-18

18-38
38-40
40-42
4249
49-70

70-99
99-100
screened

sandy hardpan with rocks (Qwf)
fine sand (Qwf)
silty clay (Qwf)
fine sand (Qwf)
silty clay (Qwf)
sandy clay with stones, some sand
layers (Qwtm?)
fine-to-coarse sand and gravel (Qwf)
shale

80-100, yield 1600 gpm

'Numbers of the form xx-xxxx are well permit numbers issued by
the N. J. Department of Environmental Protection, Bureau of

Water Allocation.

Numbers of the form N xx-xx-xxx are N. J. Atlas Sheet grid
locations of entries in the N. J. Geological Survey permanent

note collection.

Numbers of the form SC--xxx are borings made for a proposed
ship canal in the 1930s. They are on file at the N. J. Geological

Survey.

The notation "NJGS files” indicates borings or wells that are on
file at the N. J. Geological Survey but that are not entered in the
permanent note collection. Most of these borings were made for
various construction or dredging projects.

Notations of the form "well 23-131, Gronberg and others (1989)"
refer to logs provided in the cited publication.

*Inferred map units and comments in parentheses. Unless identi-
fied as "abbreviated" the descriptions are as they appear in the

original source, except for minor format, spelling, and punctua-
tion changes. Abbreviated logs have been condensed for brevity.
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Figure 1.—-Thickness of surficial material in Middlesex County.
Contour interval 25 feet. Does not include thickness of Coastal Plain
deposits (units Ks and Kc).

Figure 4.—-Landforms and areas of potential slope instability in
Middlesex County. Landform abbreviations are: pp=Pensauken

fluvial plain; c=gentle to steep slopes eroded in Coastal Plain forma-
tions; d=glacial-lake delta; e=eolian landforms, including dunes and
windblown sand sheets; fp=floodplains (Many floodplains cannot be

shown at this scale. Most areas mapped as Qal on sheet 1 are flood-
plains. These show the extent of floodplain sediment as marked by

natural floodplain landforms but do not necessarily correspond to the

flood zones recognized by the Federal Emergency Management

Agency or the New Jersey Department of Environmental Protection.);
m=salt marsh, beach, and estuary; mr=moraine; rf=flat to moderate

slopes eroded in bedrock; rs=moderate to steep slopes eroded in

bedrock; ow =outwash plain; s=freshwater swamp and marsh (Many
swamps cannot be shown at this scale. Refer to unit Qs on sheet 1 for

additional swamps.); t=stream terraces; tr=till on glacially eroded

bedrock; tc=till on glacially eroded Coastal Plain formations. Ruling

shows extent of mand-made fill in salt marshes and estuaries. The
symbol "VVVVV" indicates steep slopes with areas of groundwater
seepage or potential wave or stream undercutting. These slopes are
subject to slump failures and gullying. Dot and dash lines (—-—)
indicate streams that are deeply incised into clay and silt deposits.

Banks along these streams are especially prone to slumping and gully-

ing.

Figure 7.--General distribution of bedrock and Coastal Plain
sediment beneath surficial material. Abbreviations are: Ks=Creta-
ceous deposits, chiefly sand; Ke=Cretaceous deposits, chiefly silt and
clay; sh=shale and mudstone; ss=sandstone and mudstone;
db=diabase. Contacts are approximate and are based on outcrops and
logs of wells and test borings on file at the N. J. Geological Survey.

Figure 2.--Sand and gravel resources of Middlesex County. The
alphanumeric symbol indicates the texture and composition of the
material. Numbers indicate texture and associated information, as
follows: 1=sand and pebble gravel; 2=sand; 3 =sand, less than 6 feet

thick; 4=sand and pebble gravel beneath swamp or estuarine depos-
its; 5=pebble-to-cobble gravel and sand; 6=sand, with some inter-

bedded silt and clay, of Cretaceous age. First letter indicates the

predominant sand

mineralogy: f=quartz and feldspar; g=quartz,

glauconite, and minor mica; q=quartz, minor mica and, in Creta-
ceous sand, lignite; r=quartz, shale, sandstone, and other rock
fragments. Second letter indicates the predominant gravel lithology:
q=quartz, quartzite, minor chert and ironstone; s=quartz, quartzite,
shale, sandstone, gneiss. The letter "x" indicates areas without signif-
icant sand and gravel. Ruling indicates areas where sand and gravel
deposits (excluding Cretaceous sand) are greater than 25 feet thick.

4--low

a Figure 5.—-Estimated permeability (k) and hydraulic conductivity (K)
of surficial materials in Middlesex County, and extent of significant

aquifers in surficial material. Numbers indicate the estimated
permeability range of the surficial material:
1--very high: k>10" ft*; K>100 fi/d
2--high: 10°>k>10"" ft%; 100>K>1 f/d
3--moderate: 10"'>k>10" fi%; 1>K>107? fi/d
D 10>k>10" fi2; 102>K>10 fi/d

S--very low: k<10 ft*; K<10* fvd

Numbers separated by a slash indicate that material to the left of the slash
overlies material to the right of the slash. The ranges were estimated by
comparing the known textural properties of the surficial materials to
published permeability and hydraulic conductivity values for similar

materials (Davis, 1969; Freeze and Cherry, 1979). Hydraulic

con.duc(ivities determined by aquifer testing and laboratory methods were
available for a few of the surficial materials (see table 1). Other than
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Figure 3.--Clay and peat resources of Middlesex County. The
extent of clay deposits at or within 20 feet of the land surface is
shown. The deposits are classed from 1 to 6, as follows:

1 =Cretaceous clay--Dark gray to white, red, yellow, and pink clay
with minor lignite, mica, pyrite, and fine quartz sand. Contains iron
concretions, masses and crusts in places. As much as 100 feet thick.
2=Glacial lake-bottom clay--Gray to reddish-brown clay and silt,
some fine sand. As much as 15 feet thick.

3=Deeply-weathered shale--Reddish-brown to gray silty clay. As
much as 30 feet thick.

4=Clay within the Pensauken Formation--Dark gray to black silty
clay with some organic matter. As much as 15 feet thick.
5=Cretaceous clay and silt--Olive brown, brown, and gray clay and
silt with, in places, some glauconite, lignite, pyrite, and minor sand.
Contains iron concretions forming masses and crusts. As much as 50
feet thick.

6=Weathered shale--Reddish-brown to gray clayey silt with shale and
mudstone fragments and some quartz and quartzite pebbles. Generally
less than 10 feet thick.

7=Weathered diabase--Reddish-yellow, yellow, and brown silty clay
to clayey sandy silt with diabase fragments and some quartz and
quartzite pebbles. Generally less than 10 feet thick.

Ruling shows areas where clay is covered by surficial materials less
than 20 feet thick. Outcropping clay is unruled. The letter "p" indi-
cates potential sources of peat. Many small peat deposits cannot be
shown at this scale. Some of these small deposits are indicated by unit
Qs on the geologic map (sheet 1). Peat is generally less than 5 feet
thick, and may include organic-rich silt, sand, and clay. The letter "x"
indicates areas without significant clay or peat resources.

!hes_;e. no direct field or laboratory measurements were made. Ruling
mdl?ales approximate extent of aquifers in the Pensauken Formation and
glacial deposits capable of supplying domestic wells.
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Figure 8.--Grain-size distribution of matrix sediment in till in
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Middlesex County (units Qwt and Qwtm). Data from Holman and

Jumikis (1953). Samples are from depths ranging from 19 to 144
inches below the land surface.
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Figure 9.--Grain-size distribution of material finer than 4.75 mm
(fine pebble gravel) for principal sand and gravel deposits in
Middlesex County (units Qwd, Qwf, Tp, Tpg, Qtl, and Qtu). Data
from Holman and Jumikis (1953). Samples are from depths ranging
from 24 to 130 inches below the land surface. For units Tp and Tpg
these samples are within surface soil horizons that are finer-grained
than less-weathered parts of the deposits at greater depth. Note the
general absence of silt and clay in the younger surficial materials
(units Qwd, Qwf, Qtl, Qtu) due to the absence of deep weathering in
those units.
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Figure 6.—Hydrogeologic vertical-sequence map of Middlesex
County. This map depicts the vertical stacking of surficial materials
over bedrock and Coastal Plain formations, and the resulting potential
of the surficial materials to transmit ground water to the underlying
formations. It was constructed by overlaying figure 5 on figure 7.
Numbers indicate the vertical stacking as follows:

1--High permeability (k>10""" ft?) surficial material over high-yielding
aquifer.

2--Moderate permeability (10"'>k>10" ft?) surficial material over
high-yielding aquifer.

3--Low permeability (k<10 ft*) surficial material over high-yielding
aquifer.

4--High permeability surficial material over low-yielding formation.
5--Moderate permeability surficial material over low-yielding
formation.

6--Low permeability surficial material over low-yielding formation.
7--High-yielding aquifer at or within 10 feet of surface.
8--Low-yielding formation at or within 10 feet of surface.
High-yielding aquifers include Coastal Plain formations that are
dominantly sand (Farrington Sand member of the Raritan Formation,
Magothy Formation, Englishtown Formation, Marshalltown Formation,
and the Mount Laurel-Wenonah Formations) and shale, mudstone, and
sandstone bedrock (Passaic and Stockton Formations, part of the
Lockatong Formation). Low-yielding formations include Coastal Plain
formations that are dominantly clay and silt (Woodbridge Clay member
of the Raritan Formation, Cheesequake Formation, Merchantville
Formation, and the Woodbury Formation) and diabase and hornfels
bedrock (including part of the Lockatong Formation).

The units shown on this figure can provide a general indication of the
geologic control on recharge potential. The recharge potential of any
specific area depends not only on the distribution of geologic materials
beneath that area, but also on the land use, vegetation, soil type,
meteorological conditions, and ground-water flow system. Charles and
others (1993) provide a method for estimating the effects of the first
four factors on recharge, and French (1996) provides a ground-water
recharge map of Middlesex County based on this method. Ground-
water flow systems in parts of Middlesex County are described in
Barksdale (1937), Barksdale and others (1943), Appel (1962),
Anderson (1968), Hasan and others (1969), Nichols (1977), Farlekas
(1979), Luzier (1980), and Pucci and others (1994). Elsewhere, they
must be determined on a site-specific basis.
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