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Geophysical Investigation of the
Potomac-Raritan-Magothy Aquifer System

and Underlying Bedrock
in Parts of Middlesex and Mercer Counties, New Jersey

ABSTRACT

Surface geophysical techniques were used in conjunction with geophysical and lithologic well logs to
map the Potomac-Raritan-Magothy aquifer system and bedrock lithology in an area extending from
Plainsboro to Perth Amboy in central New Jersey. The surface geophysical techrtiques included seismic re-
flection and refraction, electrical resistivity, induced polarization, gravity, and magnetics.

Geophysical data allowed the delineation of (1) an aquifer pinch-out coincident with a bedrock high
due east of Sayreville, (2) termination of the Woodbridge clay conf'ming unit within the Hightstown quad-
ran#e, probably due to a facies change from clayey silt to sand, (3) the boundary between crystalline base-
ment and Newark Supergroup sedimentary bedrock, (4) the subsurface extension of the Palisades diahase
sill, and (5) a previously unknown dense rock body with high magnetic susceptibility within the crystalline
bedrock.

INTRODUCTION

In the Atlantic Coastal Plain of New Jersey, ground aquifer, (3) refinement of the delineation of the

water is the major source of water supply. Due to increased boundaries of the Palisades sill subcrop beneath the
withdrawals of ground water in recent years, significant Coastal Plain sediments, and (4) an improved

regional cones of depression have developed. Declining knowledge of bedrock structure.
water levels have caused saltwater intrusion in the middle

aquifer of the Potomac-Raritan-Magothy aquifer system in All data in this study were interpreted by computer
Sayrevill¢ Borough and South Amboy City (Schaefer, modeling methods which simulate geologic relationshipsso as to be consistent with geophysical measurements.

1983, p. 11) and in other aquifers elsewhere along the New The results are shown in 12 interpretative cross sections
Jersey coast, and 2 bedrock topography maps (pls. 1-3).

TO evaluate the potential for serious damage to
Coastal Plain water resources, regional investigations Location and extent of study area

The study area (fig. 1) lies within Mercer andhave been undertaken in the Atlantic City, Camden, and

South River areas (Leaby and others. 1987). This report
is one of a series of products originating from the South

River regional ground-water investigation, a cooperative
effort between the New Jersey Geological Survey

(NJGS) and the U.S. Geological Survey - Water i :=sruova_-A
Resources Division. It was funded by the New Jersey a,
Water Bond Issue of 1981, The Potomac-Raritan-

Magolhy aquifer system is the most productive source >
of potable water in the area and is, therefore, the main
focus of the South River regional study.

This portion of the study provides results of a sur-

face geophysical investigation designed to improve
understanding of the hydrogeologic framework in the *'1¢
South River area. Specific contribution_ were (1) evalu-
ation of the continuity of the confining unit separating

the upper and middle aquifers of the Potomac-Raritan-

Magothy aquifer system, (2) discovery of the effect of Figure I. Location of study areaand fall line.
bedrock topography on the thickness of the middle



Middlesex Counties and consists of the Hightstown, The fast two digits of the well number are the county
New Brunswick, South Amboy, and partsof the Perth code; in this report well numbers for Mercer County
Amboy, and Jamesburg U.S. Geological Survey begin with 21, those for Middlesex County with 23.
7.5-minute quadrangles. The area straddles the Fall The numbers were assigned sequentially as the wells
Line, which separates beckock of the Piedmont were enteredinto the GWSI system.
Physiographic Province from unconsolidatedsediments
of the AtlanticCoastalPlain. Table 6 cross-references New Jersey Bureau of

Water Allocation well permit numbersand GWSI well
WeB-numbering system numbers used in this report. A compilationof borehole

The method used for well-numberingin this report geophysical and drillers' logs for wells used in this
is based on a system used by the U. S. Geological studycun be foundin Gronbergandothers (1989).
Survey for its Ground-WaterSite Inventory(GWSI).
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GEOLOGIC SETTING

Cryslaninebedrock, the oldest rock in the study area, wide variety of condilions in a subaerial deltaic plain
includes Proterozoic gneiss, Wissahickon schist (Owens and Sohl, 1969, p. 239). Unconformably
(of controversial, but probably late Proterozoic to overlying the Raritan Formation is the Magothy
Early Paleozoic age), granitic and gabbroic intrusives, Formation, which consists largely of coarse beach
undpossibly, altereddiabnse(Ghatgeandothers, 1989). sand and associated marine and lagoonal sedi-

ments (Gronberg and others, 1991).
Unconformably overlying the crystalline bedrock

are sedimentary and igneous rocks of the Newark The Potomac-Raritan-Magothy aquifer system is
Supergroup. The sedimentary rock consists of sandstone divided into lower, middle, and upper aquifers. Only the
of the Stockton Formation, argitlite of the Lockatong middle and upper aquifers occur within the study area
Formation, and shale of the Passaic Formation, all of (Gronberg and others, 1991). The middle aquifer is pri-

Triassic age. The igneous bedrock consists of the marily composed of the Farrington Sand of the Raritan
subcrop extension of the Palisades diabase sill of Formation. The confining unit between the middle and
Jurassic age. upper aquifers consists primarily of the Woodbridge

Clay Memberof the Raritan Formation. The upperaqui-
Unconformablyoverlyingthe NewarkSupergroupare fer consists primarilyof the Old Bridge Sand member of

unc0nsolictatedCretaceous, Paleocene, Eocene, Miocene, the MagothyFormation(tables I and 2).
and Pleistocene sediments (tables I and 2). Within the

Plain sediments, the PotomacGroup and the Rari- Unconformably overlying the Magothy is the
tan and Magothy Formations compose the Potomac- Merchantville Formation. This marine deposit consists
Raritan-Magothy aquifer system. The Potomac Group of massive, thick glaueohite sands and thin beds of very
consists of alternatingclay,silt, sand,and graveldeposited micaceous, carbonaceous clayey silt. Conformably
under continental conditions by meandering streams overlying the Merchantville is the Woodbury
(Owens and Gohn, 1985, p. 41). In this report,individual Formation, a thick, massive clayey silt deposited in a
formationswere not tracedwithin the Potomac Group in marine environment. Together they make up the Mer-
New Jersey, and the sediments are considered a single chuntville-Woodbury confining layer (Owens and Sohl,
unit (Owens and others, 1977). Unconformably over- 1969, p. 242).

lying the Potomac Group is the Raritan Formation, Upper Cretaceous, Paleocene, Eocene, and Mio-
which consists of clays and sands deposited under a cene sediments overlie the Merchantville-Woodbury



TabE 1. Geolo [ic and hydrogeologic units in theCoastal Plain of New Jersey(adapted from New JerseyGeological Survey, 1990)
SYSTEM SEIIIF_ GEOLOGIC UNIT LITHOLOGY HYDROGEOLOGIC UNIT HYDROGEOLOGIC CHARACTERISTICS

alluvial deposits $anc_ silt_ and black mud Sm'lialal material, commordy hytha_ically

Quaternary Holocene bc_ch sand and gravel tend, quatxz, light odored, medium to omse tmdiffe nmtinted connected to underlying aqtliftas. Locally some
_ralned, pt_ldy _ may act Its confining units, Thicker lutnds

Pleistocene Cape May Fonmilcr t sand, ¢pmttz, liglt colored, het_lt_.,=ous , are capable of yielding large qtmnlltie* of ware1
Pemauken Fonmtion clayey, pebbly

Brid_eton Formation A major aqtdfer system. Ground water occuB

Beacon Hill Gravel Rravell quartz I lil_htcolot'ed rsanll_ Kifltwood-Colmnsey aquifer system generally trader water-table conditions. In CapeMay County, the Cotmnsey Sand is under

Cohtnsey Sand sand, quartz, light c_in red, medium to o_t_e ar_sian conditions
Miocene _ntined I cla_'c_'r_bl_' r local cls_ beds

cort fe_t_ ur_t Thick diarists aceous clay bed OCCUrsalong coast

sand, quartz, gnty and Urn. very fine to me, urn Rin Grande water-t_'atin_ zone and for a short distance inland. A thin
Kidiwood Fom_tion grained, mlc_e_s, and dadi c_ol_d water-bearing sand is present in the mldcUe of

Tertiary diatomaceoJs clay confidiAg unit _ this unit

Atlantic Cit)' 800-foot sand A rmior aqtfifer alun_ the truest

poody permeable sediments

Oligocene unnamed sand, qmrtz and glaucodite, f'me- to Piney Point aquifer Confined Klulfer. Thin with limited o'.x'ral]
Cremation cmrse-g mined potemial; brackish _wudip

Sha_ River Founatinn poolly permeable sediments
Eocene

_tt Fomlatinn clay, silty and sandy, ginuconitic, green, gray,
and browr b line _rained quartz taed

sand, qua e.z, gray and green, t-me to omnm Composite confiding trait Vincentown aquifer Mockrate to snudl yields in and near outclvp tram
Vincentown Formation grained, fJauconitic; gisuconitz, brown, clayey,

Pala_¢ne very fo_iliferotts; quartz calcarerdte

Hom©mtown Sand sand, clayey, glaucoditic, dadt green, t-me to
¢c_mte i_ntined poody permealde sediments

Tinton Send rand, quartz and glauconit¢, brown and gray, line

Red Bank Sand to cearse groined, clayey, micac¢o us _ Red Bank Sand Moderate to small :delds in and near outcrop enms

Nav_ink Founation mind. clayey, silty, gl_ctttitic, green and black
medium to oc_rae ilmined poorly permeabla sediments

Mourn Laurel Sand sand, qua rtz, bi_wn lind gray, freetocclt_e
g rainedr sli_hily [Jauconillc Wenonah - Meunt Laurel aquifer A major aquifer

Wenonah Fo_natinn sand. very f'me to free grained, grayand brown,
Upper silty, slightly &isuconlilc Mamhantmvn - Wenonah

Cretaceous confining unit A leaky comq ning trait
C_taceous Marshalitown Formation dayr sdiy, dudt _aish _ra_ smdr(itmt_ ._isuconlllc

En#lahtown Foamttinn umd, quartz, tan and gray, f'me to medium A majer aquifer, Two sand units in Monmouth
8ndnedl I_l clay beds Englishtown aquifer system and Ocean Counties

Woo_,twy CIS_" clay_ gray and black I mic_eotm silt M_._.i_._t. ;Ile-Woddho ry A major confiding unit. Locally, the

Merdumtviile Fermatlon clay, glaucenitic, gray and black; localiy _d, confiding tmlt Merdmntville Formation may c_mtain a thin
qua_z and _lauconile. very line [_mlned water-beailng sand.

Magothy Fomatlm sand, quaitz, light i_y, free to cc_rse gddned; upper aquifer A majc_ aquifer systen_. In the hot,hem Coasted

local clay beds. dark gray. lign_lic confidin I unit F1ain. the upper aquifer is eqdivalunt to the Old
Bridge aquifer and the middle aquifer is

sand,quartz, light gray. fine to coarse grained, ?ctomac-Ralltan -Ms gothy midge aqt_ far equivalent to the Fan_ngton a_ifer. In theRailtan Fomuttion pebbly I adsc*luI red? white; cisy I variesated aqtdfer system
D¢isware River valley, three aquifem an:

Lower conlidinlt unit recognized. In the deeper subsur_ce, units _]ow
Cretaceous Potomac Onmp clay, sill sand, and gravel, altemallng

lowe_ aquifer the upper aquifer are tmdiffenmllated.

Triassic umd._tone, shale,andJurassic bas_t;

Pte-Cretaceous hothock Lower Paleozmc and Precarr_ dan cWsttillne bethock cc_flnlng unit No wells obtain water from these cortselldeted
rocks (sci_t add _nelm) rocks except along the Fall Line.
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confining layer along the southeastern margin of the Geologist (Woolman, 1889-1902; Knapp, 1904; Kummel

studyarea.Quatemary sedimentsaredistributeddiscon- and Poland, 1910). Epstein (1986) has outlined this early
tinuously at the land surface throughout the study area. work chronologically.
These sediments were not investigated in this

Subsequent ground-water studies of the Coastal Plain

study, in the vicinity of the South River area include framework
Previous Hydrogeologic Studies studies by Barksdale (1937), and Barksdale and others

The hydrogeology of the South River area has prob- (1943). Appel (1962) investigated saltwater intrusion into
ably been studied more thoroughly than anywhere else the middle and upper aquifers of the Potomac-Raritan-
in the state. For this reason, only a partial tabulation of Magothy aquifer system (the Farrington and Old Bridge

hydrogeologic studies is given here. A more detailed Sands). Ground-water flow and the regional hydrogeelogic
compilation is in Gronberg and others (1991). framework were investigated by Farlekas (1979) and

Zapecza (1989). Water quality studies include Barton and
The earliest hydrogeologic work on the northero others (1987), and Han-iman and others (1989). An analy-

Coastal Plain was done by the New Jersey Geological sis of hydraulic properties of the upper, middle and lower

Survey and published in annual reports of the State aquifers was done by Pucci and others (1989).

Table 2. Lithologic subdivisions of the Raritan and Magothy Formations and hydrogeologic units in and near the

outcrop (adapted from Gronberg and others, 1991, table 2
SYSTEM GEOLOGIC UNIT LITHOLOGY HYDROGEOLOGIC UNIT

Cliffwood beds sand, quallz_

Morgan beds light-gray, l'me to confining unit
Magothy Formation Amboy Stoneware coarse grained, local

Clay Member beds of dark gray

Old Bridge Sand lignitic clay upper aquifer t
Member Potomac-Rafitan-

Cretaceous South Amboy Fire Magothy
Clay Member sand. quartz, light aquifer system

Soy reville Sand gray, free to coarse confuting unit
Member grained, pebbly,

Raritan Formation Woodbridge Clay arkosic: clay. red,
Member white, vatlegated;

saprolitic clay on

Farrington Sand bedrock middle aquifer
Member

Raritan Fire Clay confining unit
Triassic sandstone,
shale, and Jurassic

basalt; Lower

pre-Cretaceous bedrock bedrock Paleozoic and bedrock confining unit
Pnmambrian

crystalline rocks
(schist and _neiss)

1Locally, the upper aquifer can include the Sayreville Sand Member where the South Amboy Fire Clay Member is thin or absenL

PREVIOUS GEOPHYSICAL INVESTIGATIONS

Many geophysical investigations have been con- magnetic anomalies and differential cooling units within
ducted within the study area. Ewing and others (1939) the diabase.
discussed the "Plainsbore fault block," based on seismic

refraction and supported by borehole information and Meier (1949) built upon Woollard's network, estab-
lishing more than 200 new gravity and magnetic stations

magnetic field intensity measurements, in the area. He noticed that the pattern of gravity values

Woollard (1941), using magnetic vertical-field- parallels the strike of regional tectonic structures. An
intensity contours and seismic refraction, traced the offset in gravity values was interpreted as a
Palisades diabase subcrop beneath Coastal Plain displacement in the basement rocks caused by unequal
sediments. He also showed the correlation between thrusting and development of a tear fault.

4



Hickok (1954)interpreted seismic refraction results Dudley (1960) did the first significant electrical
to producea bedrock contour map of the pre-Cretaceous geophysical work in the urea. collecting 21 Wenner
rock surface in an area near Lake Carnegie. Van-in array resistivity soundings. He built upon Fiske's (1955)

(1957) and Carruthers (1959) examined pre-Cretaceous work and attempted to locate the Newark Supergrotip
drainage patterns using seismic data to supplement well feather edge using the resistivity method.
information from the area.

Runyan (1961) also built upon Fiske's 1955 work,

F'tske (1955) collected data from 93 gravity stations, collecting another 16 seismic refraction profiles. Runyan
179 magnetic stations, and 15 seismic refraction loca- reinterpreted and incorporated data from the previous
tions. Using this new information, he refuted the Princeton University seismic investigations (Carruthers,
Plainsboro fault block interpretation of Ewing and 1959; Dudley, 1960; Van'in, 1957; Fiske, 1955; and

others (1939). Fiske interpreted an erosional feather Hickok. 1954) and generated a bedrock contour map of
edge of the Newark Supergroup sediments to explain the Kingston-Plainsboro-Monmouth Junction area.
the offset in Ewing's seismic refraction time-distance

curve. He also dismissed the tear fault postulated by Methodology, preliminary findings, and selected
data from the present study were published by Sandberg

Meier (1949). and Hall (1990).

GEOPHYSICAL METHODS

Seismic RefractionandReflection lengths used. Seismic velocities were always much
Seismic data were collected to delineate the bed- higher in bedrock than in overlying unconsolidated

rock surface and lithologic units within the Coastal sediments.
Plain sediments. Data were collected at 40 locations

At many locations -- mostly in the northern part of(pls. 1, 3; tables 3, 4). Seismic refraction was used at
most locations; however, seismic reflection was substi- the study urea -- urbanization precluded line lengths

tuted where cultural development precluded adequate sufficient for refraction investigation. Reflection lines
line length for the refraction method (fig. 2). were shot in these ureas, generally in small parks or

school yards. The data were collected using the wide-
Geologic conditions in the study area were favorable angle method as shown by Hunter and others, 1984. The

for use of seismic methods. The Coastal Plain sediments reflection lines in the Hightstown quadrangle
are essentially flat-lying, dipping very gently to the south- showed particularly good results.
east at 10 to 60 ft/mi ('Zapec_ 1989, p. B5). Conse-
quently, errors related to regional dip are small or All seismic datawerecollected using aBison 8012-A,

12-channel engineering seismograph. During thenegligible for the 220- to 550-fcot geophone spread
early part of the project, 8-hertz or 100-hertz geo-
phones were used us detectors. Later, Terra Cable

s.or stn_,oa.._*._ ADR 711 accelerometers served this function. Differ-PO

a_'_ .,"-'=;;-'-_r-'_"--;:z'--_7-..-'_'F_,3_,_ ent seismic sources were used depending upon the na-

st_r-Ac_ X'_,/_ ,// e/ f""//_'N_/////_/°°rv lure of the background noise. These included aA v 12-pound sledge hammer, explosives, a 12-gauge
_tocara "Buffalo Gun," and a vacuum-actuated weightdrop

.... -_s_,_,_sa,,,,. (EG&G Dynusource). A summary of the signal-to-
rpor ] noise capabilities of these sources is given in Miller
I iRrr t ----

,_-a*,_,_/-"._--_r-:J'°Y '_7£-"_--'_ N. aRoo,,_ and others (1986). ADR 711 accelerometers' were

___''""_N _ _ A / / / ..¢vm_nv_ used for most of the survey because of their ability

to amplify with minimal signal distortion, their sen-

, sitivity to frequencies greater than 5 hertz, and their

"_)_" "_.,._'/ _oc,n._ suppression of electrical line noise.
1$ '¢ "¢ ,,F_ocm._ The seismic data were field-recorded on cassette

tape and subsequently downloaded onto floppy
diskettes. The data reduction utilized the

Figure 2. Seismic-wave-propagation schematics showing computer program HRASSD (Hoffman and Wald-
(A) seismic refraction, and (B) seismic reflection.

ner, 1986) to pick time breaks and to calculate layer

5
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velocities. The data were modeled using the SIPT The assumption of electrical isotropy is not entirely

program of Haeni and others (1987). valid for clay layers that exhibit depositionally derived or
other types of large-scale texture. These textures can

Electrical Resistivity and Induced Polarization (IP) produce different electrical properties parallel with or per-

Surface electrical resistivity methods were used to pendicularto the bedding plane. Interpretational inaccuracy
delineate hydrogeologic units overlying the bedrock in such eases results in thickness changes in the clay layer
surface. The interpreted resistivity values were used to rather than the position of its upper boundary.
extend drill hole information laterally and to determine

the hydrogeologic structure where no other information Eighteen electrical resistivity soundings were collected
was available. Conditions for use of the technique were for this study; at 10 of these sites, IP soundings
favorable because differences in resistivity between were also taken (pls. 1, 3). All resistivity and IP data

confining layers and aquifers are substantial. The silts were taken in the Sehlumberger array using 10 current
and clays forming confining layers are fairly conductive electrode spacings per decade (fig. 3). Maximum current
(resistivity values of 10 to 200 ohm-m). The aquifers, electrode spacings ranged from 1,312 to 2,073 feet. All

with their sparse clay and fresh water content, have a IP soundings, except VES21, were collected with a
much higher resistivity (100 to 2,000 ohm-m). 20-ms delay after transmitter shut-off and were

based on the sum of average voltages at each of I0
Induced polarization was used in conjunction with consecutive time windows of 20-ms width. VES 21

resistivity to distinguish between layers with differ- was collected with a 100-ms delay and gate windows
ent clay content. The polarizing effect responsible for of 100 ms each. In addition, data from 4 Wenner

producing the IP response is related to the ion ex- soundings by Dudley (1960) were reinterpreted for
change capacity of the minerals present, especially the inclusion in this report (pl. 3).
clay minerals. Increasing the concentration of clay (up
to a critical point) and the presence of clays with high A Huntec M4 IP system'with a 2.5-kilowatt trans-
cation exchange capacities produces an increased IP ef- mitter-motor generator, steel current electrodes, and
fect (see Keller and Fdschknecht, 1966, p. 449); thus, copper-copper sulfate porous-pot potential electrodes

combining the resistivity and IP methods can help to was used. Resistivity-only data were collected with the
distinguish between massive clays and siltier units. ABEM Terrameter SAS battery-powered system using

steel electrodes.
Resistivity and induced-polarization data interpreta-

tion assume that the earth beneath a sounding consists of Schlumberger resistivity and IP data were reduced

flat-lying layers, each of which is homogeneous and to apparent resistivity and chargeability, and plotted
isotropic with respect to electrical current flow. The dip versus the half-current electrode separation (AB/2) on a
of the Coastal Plain units is so slight that the assumption log-log graph. Apparent resistivity calculations were
of flat-lying layers on the scale of the measurements is made using the relation:

appropriate. Electrical homogeneity of the layers is also

a valid assumption for these shullow unconsolidated ='_"'_ r:A":_'_

sediments. Pet- 1 Lt,MN) fJ
_0_ _1001_£

e'c'_l _ _r*,m_pom, r_ ,mF_,r where MN is the distance between potential electrodes,

o_ AB is the current electrode separation, V is the voltage

_ observed between potential electrodes, and 1 is the

///_ current transmitted. Apparent chargeability is the/It, instrument output (which consists of the sum of the

{r p_,p2 integrated voltages at the 10 time windows) divided by

\ \ the received voltage during the current "on"time. The
_ssrn_.p= delay time and window width are specified for each

sounding in order to relate one sounding to another.

The resistivity and IP data were modeled on a

microcomputer using three different algorithms.
Figure3. Schkunbergerresistivity-maygeomet_showing Resistivity data were modeled using the program

lines of current flow in a two-layered earth with higher SLUMB (Sandberg, 1979). Resistivity-IP data were
conductivity in deeper level, originally modeled simultaneously using the computer



program CIPINV developed by NJGS. Later revi- Horizontal control was determined by surveying tape
sions were made using EINVRT4 (Sandberg, 1990). and 7.5-minute quadrangles.
Each of the computer programs uses a Marquardt-type
nonlinear least squares algorithm in log space for Gravity ct,_tnwere reduced by microcomputerusing a
adjusting layer resistivities and thicknesses where the program, developed by Suhas Ghatge (NJGS), which
squared error is minimized. The CIPINV and EINVRT4 includes corrections for instrument drift, the tidal ef-
programs improve resolution of layer thicknesses by fects, latitudevariation,and both the free-airand Bouguet
taking advantage of the addition of the IP data set to the slab for elevation.The reducedd_mwere inter_ usinga
resistivity information. Appendix 1 contains resistivity- computermodelingprogramdevelopedby NJGS. This is
and IP-sounding interpretations showing data fit and a 2-dimensional Talwani forward algorithm coupled

with a nonlinear least squares Marquardt-typeinversionlayer parameters. The RCSQ parametershown on these
interpretations is the sam of squared residuals normal- algorithm. Regional gravity was inverted to fit a linear
ized by the number of data points minus the number of gravitygradient.

layered-earth parameters. The LI norm parameteris the Assumptions in the interpretation of the gravity
sum of absolute value residuals normalized by the hum- data include a linear regional gravity gradient along
bet of data points, each profile and homogeneous densities within modeled

Resistivityand IP &amwere modeled using a forward bodies (prisms). These assumptions are probably valid
routinewhichcalculatesthe potentialdueto a layeredearth for the scale of the interpretations presented.

about a singlepoint electrode.The standard Schhimberger Problems associated with short line lengths in the
approximation,requiring that the potentialelectrode spac- gravity data are not deemed significant because the mod-
ing be much smaller than the current electrode spacing, eled regionalslopeonly changesfrom 0.810 mGal/l,0ff) ft
was not necessaryeither in the field or in modeling.This on line D-D' in the southwest, to 0.797 reGal/l,000 ft
algorithm allowed interpretationof the Weaner away data on line E-E', 0.751 reGal/l,000 ft on line G-G', and
of Dudley (1960) and the so-called"clutches"in Schlam- 0.647 mGal/l,000 ft on line L-L ' in the northeast. Re-

berger anay data (in which the current electrode spacing gional gradients from a state gravity map (Bonini. 1965)
remained constant and the potential electrode spacing and a newer compilation (D. L. Jagel, formerly of the
increased). NJGS, written communication, 1990) are consistent

Resistivity and IP modeling used the minimal num- with the values determined in this study. Both eompila-
bet of layers needed to fit the data. Attention was given tions show that a linear regional gradient is a good ap-
to thin conductive and high resistivity layers as both are proximation for the relatively short line lengths used.

known to yield non-unique results due to the inability of The densities were assigned using the modeled den-
the resistivity method to independently resolve both sity contrasts relative to 2.67 g/cm3. The Cretaceousand
thickness and resistivity. In some cases the incorporation younger unconsolidated sediments are assumed to have

of IP data allowed the thickness-resistivity parametersto a density of 1.9 g/cma. This is consistent with density
decouple and thereby improve resolution, values tabulated by Telford and others (1976, p. 25) for

Gravity wet sands, clays, and gravels; these ranged from 1.7 to
The gravity geophysical method was used to 2.5 g/cm3 and averaged2.1 g/cm3.

determine bedrock topography and to delineate bedrock Triassicsedimentaryracks of the Newark Basinwere
contacts beneath the Coastal Plain cover. Geologic assignedadensityof2.57g/cm3,similartovaluesof2.3to
conditions were appropriate for the gravity method 2.65 g/cm3ased by Sugarman(1981) andWoollard (1941)
because there are significant density contrasts among for the same units. Kodama (1983) obtained an average
units, density of 2.65 g/cm3 from six samples of sedimentaa3t

rock from the Newark Supergroup. Densities of a wideGravity data were obtained along four traverses
(D-D ', E-E', G-G ', and L-L ' ). Stations were clesely 'variety of samples from Telford and others (1976, p. 25)
spaced in order to obtain the best possible interpretation range, for sandstone, from 1.61 to 2.76 g/cm3, averagint,
of bedrock composition and structure. A LaCoste & 2.35 g/cm 3 and, for shale, from 1.77 to 3.2 g/cm_
Romberg model G gravimeter having an accuracy of averaging 2.40 g/cm3. Densitiesof diabase and crystalline
0.01 regal was used to collect data. Surveying by rock weredeterminedby modeling.

rod-and-transit provided elevation control except on Traverse directions were approximately per-
Line D-D ' where it was obtained from U.S. Geological pendicular to geologic strike. Gravity was modeled
Survey 7.5-minute topographic quadrangle maps. using a 2-dimensional modeling computer program



wherein all gravity prisms extend infinitely along earth's magnetic field in a similar manner and are
strike (perpendicular to the traverse direction). This is considered to yield equivalent measurements.
a validassumptionbecauseedgeeffects caused by distant
changes along strike are commonly minor. Measurements were made along several traverses

of profiles B-B', E-E', and F-F'. Station spacings
Magnetics ranged from 25 to 500 feet. Station values consisted

The magnetic geophysical method was used in of the averages of several readings taken in a closely
conjunction with gravity interpretation, seismic re- spaced pattern. Corrections were made for diurnal
fraction, and borings to delineate buried contacts drift by linear interpolation from base station read-
between the sedimentary and igneous rocks. To do ings repeated within 2-hour intervals (for profiles E-
this, the earth's total magnetic field intensity was E' and F-F' ) or from concurrent readings at a base
measured at discrete points along individual traverses, station with a second magnetometer (for profile B-

B ' ). Values were then filtered using a 3-point run-
ning average to dampen high frequency noise.

The principal assumption used in the magnetic Diurnally-corrected magnetic field data for tray-
interpretation is that the contribution to the anom- erses along sections B-B ', E-E' and F-F' are
aly resulting from susceptibility contrasts is larger shown on plates 2 and 3. For magnetic lines 3, 9, 10,
than any anomaly contribution due t° remanent mag- and 11 (pl. 1), these data are found in Appendix 2.
netization. Any errors arising from disregarding rema-
hence are likely to affect modeled magnetic Data modeling was done using a 2.5-dimensional
susceptibility rather than orientation of geologic inverse modeling computer program developed for
structures. The geologic conditions in the study area this study. As used here, the 2.5-dimensional model
were appropriate for use of the magnetic geophysical refers to the assumption of a specified strike length of
method because the mafic igneous rocks tend to magnetically susceptible bodies and the assumption
have a much higher magnetic susceptibility than do that the traverse is across the mid-points of the Ix)d-
the sedimentary rocks, ies. If the model does not restrict the traverse to mid-

points, it is referred to as 3-dimensional. The
The most serious limitation of the magnetic inversion scheme follows a least squares Marquardt-

method is vulnerability to cultural interference. It is type procedure.
difficult to obtain accurate data in urban areas due

to power lines, fences, and other iron or steel ob- Magnetic susceptibilities were assigned relative
jects. Therefore, magnetic data were collected on a to a background assumed to be zero. A background
limited basis, susceptibility is possible, but this cannot be deter-

mined directly from the magnetic data. Magnetic sas-
Two different proton-precession magnetometers ceptibilities of zero were assigned for Coastal Plain

were used: an EG&G Geometrics model G-856 mag- sediments, sedimentary rocks of the Newark Super-
netometer (profiles E-E' and F-F'), and an EDA group, and crystalline basement. Susceptibility of the
Omni IV Tie-Line magnetometer (profile B-B' ). Palisades diabase and an anomalous body within the
Both instriJments measure the total intensity of the basement were modeled.

GEOPHYSICAL INTERPRETATIONS

Seismic Refraction and Reflection Other layeringwas interpretedfrom the wide-angle
In most cases, three-layer models were sufficient to reflectiondata.Withinthe _, unconsolidatedsedi-

fit the refraction data. Layer one, representing the ments,sandlayershadvelocitiesof 5,000to6,259 IVs.Clay
unsaturatedzone, generally had a velocity of 925 to layers were slightly lower in velocity, ranging from
2,000 ft/s (feet persecond).Layertwo, saturated,uncon- 3,500 to 4,500 ft/s. For comparison,Worzel and Drake
solidated sediments, had velocities ranging from 3,500 (1959) used 5,050 ft/s for unconsolidated sediments
to 6,359 ft/s. Layer three is eitherdiabase, at 17,000 ft/s, overlyingTriassic bedrocknearNyack, New York.
or sedimentary rocks of the Newark Supergroup,
ranging from 7,288 to 15,210 ft/s. Where sedimentary Like refraction, seismic reflection shows lower
rock of the Newark Supergroup overlies diabase, a velocities in confining units than in aquifers. For
four-layermodel is necessary, example, SSR40 on cross section K-K ', 2 miles east of

Sayreville, shows a thin upper aquifer and confining



unit with a composite velocity of 5,013 fits overlying Gravity
the middle aquifer, which has a slightly higher velocity Densities of Jurassic diabase obtained by corn-
of 5,477 ft/s. Another example is $8R23, found on pater modeling of gravity data were 2.98, 3.07, and
cross section B-B '. Here the confining unit has a 2.98 g/cm 3 from cross sections E-E', G--G', and
4,075-fl/s velocity, comparedto the 4,366- and6,198-ft/s L- L' , respectively. Values of 2.7 to 3. I g/cm3 were
velocities of the upper and middle aquifers, used in modeling by Woollard (1941). Yersak (1977)

used 2.95 to 2.97 g/cm3, and Kodama (1983, p. 154)
Seismic velocities that range from 7,288 to obtained an average of 2.92 g/cm3 from measure-

15,210 ft/s were determinedfor sedimentary rocks of ments on six samples. Densities tabulated for diabase
the Newark Supergroup using refraction analysis.

by Telford and others (1976, p. 26) ranged from 2.50
This is consistent with an average velocity of to 3.20 g/cm3 and averaged 2.91 g/cm3. The density
10,000 ft/s derived for the Newark Supergroup be- values obtained by computer modeling in the present
neath the Hudson River at Nyack, New York (Worzel study are only slightly higher than those measured by
and Drake, 1959). Significant differences in velocity Kodama (1983).
were not discernible among the shale, homfels, argil-
lite, and sandstone units. C_stalline rock was assigned a density of 2.80

g/cm3 in cross section D-D' and 2.90 g/cm3 in
Seismic velocities for the Palisades diabase subcrop cross section E-E '. Modeling results on cross

ranged from 11,930 to 20,309 ft/s, but were generally section G-G ' resulted in a value of 2.697 g/cm3, but
determined to be about 17,000fits. Alteration or weath- the gravity line was not long enough to obtain a very
ering at the top of the diabase is thought to account accurate value. Sugarman (1981) used 2.67 g/cm3 in
for the lower velocities observed on some lines, his modeling; Telford and others (1976, p. 26) shows

Seismic velocities of the crystalline basement a ran3geof 2.59 to 3.0 g/cm3 and an average of 2.80
rocks ranged from 9,373 to 20,128 ft/s. Like those g/cm for gneisses and a range of 2.39 to 2.9 g/cm
determined for the diabase, velocities in the crystal- and an average of 2.64 g/cm3 for schists.

line bedrock commonly were close to 17,000 fits, Magnetics
substantially higher than those observed in sedi- Composite magnetic susceptibilities determined
merits and sedimentary bedrock in this study, for diabase by computer modeling were variable,
Electrical Resistivity and Induced Polarization (IP) ranging from 0.00122 cgs in cross section F-F ' to

Resistivity was effective in distinguishing 0.0036 cgs in cross section E-E'. Telford and others
between aquifers and confining units in the (1976, p. 121) reported an average susceptibility of
Coastal Plain sediments. For example, sounding 0.0045 cgs for diabase samples. Grant and West
VES2 on cross section A-A' shows a low resis- (1965, p. 366) reported 0.00259 cgs as the average
tivity, 114 ohm-m layer, representing the confining susceptibility of 19 diabase samples from Minnesota.
unit between the higher resistivity upper and mid- Kodama (1983, p. 153) showed that the mean suscep-
die aquifers, tibility of the diabase at the basal contact of the Pali-

sades sill was 0.00235 cgs, based upon six samples,
Resistivity, together with IP, was effective and determined to be 0.00202 cgs at the upper

in distinguishing between silty, clayey confining contact, based upon five samples. Generally, the
units and massive clay confining units. To illus- composite susceptibilities derived from modeling
trate this, sounding VES 10, on cross section cannot be directly compared to tabulated values
E-E', can be compared with sounding VES 15, on because no account was taken of remanent natural
section C-C'. On sounding VES10, a bottom layer magnetism. However, modeled magnetic suseepti-
with a resistivity of 123 ohm-m and a chargcability of bilities are within a factor of two of these tabulated
4.52 ms, contrasts with an overlying aquifer which values.
has a resistivity of 2,300 ohm-m and a chargeability
of 2.30 ms. The lower resistivity and higher char- Simultaneous modeling of magnetic and gravity data
geability of the bottom layer indicates a silty, Simultaneous modeling of magnetic and gravity
clayey confining unit. By contrast, the modeled con- data was possible for line E-E'. A fit to both data
fining unit shown on sounding VES15 is interpreted sets with a single body geometry is thought to
with more validity as a more massive clay because decrease the ambiguity of either method taken
of its very low resistivity (15 ohm-m) and low alone, and hence improves resolution.
chargeability (0.1 ms).
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GEOLOGIC INTERPRETATION

Bedrock Topography and K-K ', pl. 2). This thinningof the aquifer is attrib-
Topographyof the bedrocksurface was contoured uted to bedrockconstraints.At this location, the Coastal

from (I) well information from Gronberg and others Plain sediments overlap a bedrock high delineated by
(1989). (2) the seismic work described above, and (3) a seismic refraction lines SSR15, SSR28, and SSR31, and
compilation of Princeton Univemity thesis work in lithologic logs of wells 231025, 231033, 231034,
Runyan, (1961). Plate 1 shows bedrock topographyfor 230842, and 230836. The same thinning of the middle
portiom of the study area on the New Bnmswick, South aquifer against bedrock is shown in nearbycross section
Ambey, andPerthAmboy q,L-drangles;plate 3 showsbed- I-I ' (pl. 2), based on seismic refraction line SSR35 and
rock topography for portions of the Hightstown and well 230397 in the Sayreville area. At some locations,
Jamesborgq_mdrangles, the middle aquifer does not rest directly on bedrock, but

instead on the RaritanFire Clay (a saprolitedeveloped on
The interpreted bedrock topography appears as two the PassaicFormation).

separate surfaces on cross sections D-D', E-E', G-G',
and L-L '. One surface represents the trace of the bed- 2) Identification of the termination of the confining
rock surface from plates 2 and 3 (interpretation from unit separatingthe upperand middle aquifers of the Poto-
well and seismic data), and the other surface represents mac-Raritan-Magothy aquifer system as the result of a
the model generated from the gravity prism boundaries facies change.As shown in crosssectionsA-A ' and B-B'
generated from the modeling of lithologic and density (pl. 3), the confining unit changes in an interval extend-
changes within the bedrock. It should be noted that the ing at least four miles northwestward from Hightstown
bedrock surfaces derived from the gravity modeling are
less accurate than those generated from the well and ....-,.

seismic dam. MIDOLESF-X_.¢__
_O

Geology and hydrogeology t._oF ,_ ,

Bedrock lithologic information in cross sections _rA_L I/, o4_d_ >
(pls. 2, 3) is from drillers' logs, seismic velocities, .,#',,,.7"w,,,.v !
density values from gravity modeling, and magnetic

o

susceptibility values from magnetic modeling. In addi- 1/4_#0

tion, subdivision of the Potomac-Raritan-Magothy
aquifer system is based on (1) lithologic logs, (2) down-
hole geophysical logs, (3) resistivity/IP modeling,
and (4) seismic refraction.

Five groups of geologic units are delineated ,_'ae
'from these data: 1) unconsolidated sediments of
Cretaceous and younger age, 2) Triassic sedimentary
rocks of the Newark Basin, 3) Jurassic diabaseof the
Palisadessill, 4) crystalline basement rocks, and 5) a
previously unknown body believed to be pan of the
crystalline basement but with anomalous magnetic sus-
ceptibilityand density. The Cretaceous and younger un-
consolidated sediments were subdivided into the middle

and upper aquifersof the Potomac-Raritan-Magothyaqui-
fer system,the confining layerselxamtingtheaquifers,and,
on some sections,overlyingsediments.

This study constrains and refines the boundaries
between the crystalline bedrock and Newark Supergroup
sedimenta3, bedrock and between the Palisadesdiabase
and its enclosing rocks. Other contributions are:

1) Identification of a near pinch-out of the middle
Figure 4. Aeromagnetic map of study area. Contour interval

aquifer of the Potomac-Raritan-Magothy aquifer system 100gammas.
aboutthreemiles east-norlhe_ of Sayreville(sectionsJ-J'
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from largely clayey, with distinct boundaries downdip, and-gravel-fdled channel. This channel is recorded in
to a sand, which is less distinctly set off from adjacent the collection of permanentgeologic notes at the New
aquifers updip. On cross section B-B ', well 210085 Jersey Geological Survey.
(near Hightstown) shows distinct upper and middle
aquifers separated by a well-defined confining unit, as 3) Finding of a previously unknown unit believed to
descn'bedin several studiesof this area (Pucci and others, be part of the crystallinebasement. It was identifiedusing

a combination of gravity and magnetic data. This unit1989; Gronberg, 1991; Pucci and o_ers, 1994). Ulxlip,
about two to three miles to the northwest, resistivity appears on the aeromagneticmap (fig. 4) usa highly mag-
soundings VES20 and VES4, extending lithologies netic body extendingsouthwestwardfrom the New Brons-
from wells 230013, 230778, and 230008, show thicken- wick quadrangle across the Jamesburg and onto the

ing of the upper aquifer at the expense of the confining Hightstown quadrangle. Gravity modeling (crosssections
unit. Still farther updip, generally higher resistivilies D-D ' and E-E ' ) gavedensitiesof 2.881 and 2.701g/cm3,
(greater than 100 ohm-m), modeled from resistivity respecfively,for this uniLlt shoald be notedthat its deusity
soundin_ VES7, VESD5, and VESDI0, indicate is notwell resolvedonE-E ' , owing to the lack of gmvity
that the confining unit in the southeast has passed data on the southeast end of the line. Magnetic modeling
laterally into a fine sand or sand with thin clay from lines E-E' and F-F' produced composite suscep-
layers. A hydraulic interconnection among all aquifers tibilities of 0.0067, 0.0024, and 0.00287 cgs, respec-
in this updippart is almost certain, tively. These values are nearly double the modeled

diabase susceptibilities on each line and indicate that
In an alternative inteqxetation (Richard Dalton, the rock body is not Mesozoic diabase despite its

NJGS, written communication, 1991), the teanination of similarity to the Palisadessillon theaeromagneticmap.
the confining unit is attributedto a post-Cretaceous,sand-

SUMMARY

A variety of surface and borehole geophysical aquifer system northeast of Hightstown. This interpre-
methods has been used in conjunction with lithologic tation is basedon well logs, electricalresistivity, and IP
and well drillers' logs to delineate the upperand middle soundings. In an alternative interpretation, this
aquifers of the Potomac-Raritan-Magothy aquifer termination is believed to be due to a previously
system and underlying bedrock in an area extending mappedpost-Cretaceouschannel.
from Plaiusboro to Perth Amboy in centralNew Jersey.
The surface geophysical methods included electrical 3. The boundarybetween the crystallinebasement
resistivity, IP, seismic reflectionand refraction,magnetics, and Newark Supergroup sedimentary bedrock, deline-

ated using gravity modeling, magnetics, and seismicand gravity. Twelve interpretive cross sections and two
bedrock contour maps show the following: velocities.

1. The bedrock surface, along with associated 4. The subsurface extension of the Palisades sill
saprolitic clay, defines the lowerboundary of the middle was delineated more precisely than on previously
aquifer and controls its thickness. A bedrock high in the published maps. This was accomplished by interpreting
South Amboy quadrangle, directly south of the Ruritan aeromagnetic information and computer modeling
River three miles northeast of Sayrevine, correlateswith of magnetic and gravity data.

a pinchout of the middle aquifer. 5. A previously unknown body, believed to be a

2. A lateral facies change from clay to fine sand part of the crystalline bedrock with anomalously high
terminates the confining unit separating the upper and density and magnetic susceptibility was delineated using
middle aquifers of the Potomac-Raritan-Magothy gravity and magnetic modeling.
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Table 3. Seismic line locations and field parameters (--, seismic line not used in cross section)

Line Location Cross Geo- Shot point Line Location Cross Geo- Shot point
number Lat.fl_.ong. Section(s) phone locations number Lat./Long. Section(s) phone locations

(deg.,min., plate spacing (ft. from geo- (deg., min., plate spacing (ft. from geo-
see.) number (feet) phone G 1) sec.) number (feet) phone G1)

SSRI 40 1704 A-A' 50 1 -550 SSRI2 402634 G-G' 20 1 -300
t 743624 3 2 -225 742444 2 2 -150

3 25 3 10
4 275 4 110
5 525 5 210
6 775 6 370
7 1100 7 520

SSR2 40 1621 A-A' 50 1 -550 SSR13 402800 -- 20 1 -200
74 36 17 3 2 25 74 22 15 1 2 -100

3 525 3 10
4 1100 4 110

5 210
SSR3 40 1904 -- 50 1 -550 6 310

74 33 44 3 2 -275
3 25 SSR15 40 28 48 K-K' 20 1 -250
4 275 74 1844 2 2 -100
5 525 3 10
6 825 4 110
7 1100 5 210

6 310
SSR5 40 1938 B-B' 20 1 -100 7 420

74 35 52 3 2 -50
SSRI6 4030 12 J-J' 20 1 -200

SSR6 40 19 38 -- 50 1 -275 74 19 20 2 2 -100
74 35 53 3 2 25 3 10

3 275 4 110
4 525 5 210
5 825 6 310

7 410
SSR7 40 1904 B-B' 50 1 -550

74 34 57 3 2 -275 SSRI7 40 29 18 -- 20 1 -200
3 25 742106 1 2 -100
4 275 3 10
5 525 4 110
6 825 5 210
7 1084 6 310

SSR8 40 16 53 B-B' 50 1 -275 SSR20 40 29 18 E-E' 20 1. -300
74 32 22 3 2 25 74 21 06 2 2 -150

3 275 3 10
4 525 4 110
5 825 5 210
6 1100 6 370

7 520
SSR8A 40 1653 B-B' 20 . 1 370

74 32 22 3 2 420 SSR21 40 20 22 C-C' 50 1 -550
74 32 30 3 2 -275

SSR9A 40 24 03 F_,-E' 50 1 -550 3 25
74 26 18 2 2 -275 4 275

3 25 5 525
• 4 525 6 825

5 825
6 1100 SSR22 4021 13 C-C' 50 1 -275

74 33 15 D-D' 2 25
SSR10 40 23 06 E-E' 50 1 -275 3 3 275

74 25 55 2 2 25 4 525
3 275
4 525 SSR23 40 17 36 B-B i 20 1 -90
5 825 74 32 45 3 2 -50
6 I100 3 446
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Table 3 - continued. Seismic line locations and field parameters

Line Ltr_ion Cross Geo- Shot point Line Location Cross Geo- Shot point
number LatJLong. Section(s) phone locations number Lat./Long. Section(s) phone locations

(deg.,min., plate spacing (ft. from geo- (deg.,min., plate spacing (ft. from geo-
see.) number (fee0 phone G1) sec.) number (feet) phone G1)

SSR24 40 18 47 C-C' 20 1 -100 SSR35 40 28 13 I-I' 50 1 -300 ,
743020 3 2 -50 742145 2 2 25

3 525
SSR25 40 25 17 E-E' 50 1 -500 4 750 "-

74 26 50 2 2 -275
3 25 SSR36 40 18 13 A-A' 50 1 -200
4 525 74 37 22 3 2 25
5 825 3 275

4 525
SSR26A 40 20 02 B-B' 20 1 -60 5 750

74 36 19 3
SSR38 40 19 53 C-C' 50 1 -140

SSR27 40 27 45 I-I' 50 1 -150 74 31 43 3 2 275
74 21 12 2 2 25 3 690

3 525
4 700 SSR39 40 20 42 D-D ' 50 1 -150

74 31 36 3 2 275
SSR28 40 29 13 J-J' 50 1 -150 3 700

741821 K-K' 2 25
2 3 525 SSR40 40 27 51 K-K' 20 1 420

4 700 74 19 10 2

SSR29 40 19 25 B-B' 50 1 -275 SSR41 40 26 42 H-H' 20 1 -400
74 35 06 3 2 25 74 22 02 2 2 -200

3 525 3 110
4 825 4 420

5 520
SSR30 402608 H-H' 50 1 -550 6 620

74 21 08 2 2 -350 7 720
3 25
4 525 SSR43A 40 26 03 G--G' 50 1 -300
5 1100 74 23 40 2 2 -200

3 275
SSR31 40 29 20 J-J ' 50 1 -550 4 755

74 18 21 K-K' 2 25 5 850
2 3 525 6 950

4 1100

SSR45 4026 13 F-F' 6 1 -100
SSR32 4025 53 K-K' 50 1 -550 74 2543 2

74 1959 2 2 25
3 525 SSR47 403143 L-L' 20 1 -200
4 1100 74 1700 2 2 10

3 206
SSR33 40 25 50 H-H ' 50 1 -450 4 320

74 20 35 2 2 25
3 525 SSR48 40 31 20 L-L' 6 1 -100
4 1000 74 17 30 2

SSR34 40 27 10 H-H' 50 1 -330
74 21 33 2 2 86

3 525
4 850
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Table 4. Interpreted depths and velocities to seismic interfaces

Line Elevation Layer Depth (feet to top, Layer .Depth (feet to top,under geophone) Line Elevation under geophone)

velocity GI G6 G12 number (ft.) velocity
number fit.) no. (flJsec) no. (ftJsec) G1 G6 G12

SSR1 100 1 1775 SSRI5 50 1 3132.

2 5429 35 30 29 2 5698 19 20 22

3 17363 155 168 152 3 17119 103 142 160

SSR2 90 3022 SSR16 5 1 1425

2 5535 39 28 16 2 5521 18 21 14

3 17293 161 185 195 3 15210 71 65 77

SSR3 90 1621 SSRI7 5 1 1639

2 5235 16 20 19 2 7816 10 12 16
3 17717 183 167 159 3 12545 68 38 16

SSR5 75 4334 SSR20 110 1 1420

(reflection) 2 8801 97 2 5397 11 10 5

3 470 3 11534 44 58 71

4 20309 113 126 155
SSR6 70 1491

2 3624 10 20 2 SSR21 100 1 2058

3 11093 91 76 86 2 5303 27 19 21

3 11007 164 174 177
SSR7 80 1681

2 5064 19 23 24 8SR22 100 1 1995

3 17714 214 188 184 2 6259 26 28 27

3 16452 120 172 188
SSR8 1(30 1567

2 5674 20 19 17 SSR23 85 1 4366

(reflection) 2 4074 120

SSRSA 100 1 4471 3 6198 191

(reflection) 2 8435 192 4 293
3 7632 252

4 14623 360 8SR24 90 1 5508

(reflection) 2 6315 95

SSR9A 120 1 1592 3 6722 119
2 5420 41 43 50 4 7842 142

"_ 3 14974 241 252 227 5 4874 185

,. _. 6 6499 248
SSR10 58 1 1646 7 338

2 5627 28 21 17

SSR25 90 1 4381

SSR12 100 1 1310 2 19995 82 85 88
2 5399 11 12 16

3 11930 138 133 131 SSR26A 65 1 10153 outcrop
SSR13 5 1 1140 (rdlecfon,

2 5855 21 19 19 on otac_)
3 14547 91 93 94
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Table 4 - continued. Interpreted depths and velocities to seismic interfaces

Line Elevation Layer Depth (feet to top, Depth (feet to top,undergeophone) Line Elevation Layer under geophone)
velocity number (ft.) velocity

number (ft.) no. (ft./sec) GI G6 G12 no. (ft./sec) G1 G6 GI2

SSR27 70 1 3867 SSR36 100 1 1987

2 17375 153 159 178 2 16054 27 25 21
SSR38 90 1 4648

SSR28 30 1 3429 2 14706 177 193 206
2 17090 104 97 78

SSR39 100 1 3771

$8R29 80 1 1458 2 20128 137 141 152
2 4641 20 30 28

3 17184 118 122 122 SSR40 35 1 5013

(reflection) 2 5477 119
SSR30 10 1 925 3 197

2 5527 13 13 12

3 9373 298 255 232 SSR41 10 1 1923

2 5400 8 8 7

SSR31 100 1 1215 3 13604 171 166 157
2 5529 12 14 4

3 12704 189 191 216 SSR43A 120 1 1950

2 5520 43 36 35

SSR32 20 1 3375 3 11136 173 180 175
2 5554 85 90 68

3 16665 313 325 329 SSR45 120 1 3302

(reflection) 2 101
SSR33 10 1 1513

2 5492 16 15 15 $8R47 120 1 2182

3 12037 242 223 175 2 4830 15 24 19

3 7288 90 ,87 70
SSR34 50 1 3570

2 5181 40 39 3 SSR48 90 1 1782

3 11760 207 166 164 (reflection) 2 2174 25
3 52

SSR35 10 1 2437

2 14311 57 54 53
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Table 5. Electricalresistivity and induced polarization(IP) sounding locations,elevations, and data-fit errors
(--, sounding locationnot used in cross section)

Line Location Cross Eleva- Data fit Line Location Cross Eleva- Data fit

number Lat./Long. section tion (RCSQ) number Lat./Long. section tion (RCSQ)
(deg.. rain, (ft.) (deg., min, (fL)
see.) sec.)

VESI 40 i7 04 A-A' I00 0.00009 VES13 40 30 36 J-J' 10 0.00067

74 36 24 (res) 74 1903 (res)
0.10357

VES2 40 16 22 A-A' 90 0.00047 (IP)
74 36 18 (res)

VES16 40 1852 C-C' 95 0.00071

VES3 40 19 06 -- 85 0.00081 74 31 48 (res)
74 3344 (res) 0.01687

VES4 40 17 49 B-B ' 90 0.00066 (IP)

74 33 16 (res) VESI7 40 1707 A-A' 100 0.00047
74 36 30 (res)VES5 40 1938 B-B' 60 0.00029

74 35 52 (re,s) 0.01407
(IP)

VES6 40 1932 -- 80 0.00094
VES18 40 18 35 -- 85 0.00097

74 35 53 (res) 74 35 30 (re,s)

VES7 40 1904 B-B' 85 0.00011 0.07748

74 34 57 (res) (IP)

VES8 40 1653 B-B' 100 0.00026 VES20 40 18 15 B-B' 80 0.00010

74 32 22 (res) 74 34 18 (res)
0.04021

VES10 40 24 05 E-E' 120 0.00077 (IP)
74 26 11 (res)

0.02045 VES21 40 27 54 K-K ' 50 0.00049

(IP) 74 19 22 (res)
0.05040

VES 11 402526 E-E' I00 0.00376 (IP)
742735 (res)

0.06641 VESD3 40 1740 -- 90 0.00018

(IP) 743450 (res)

VES 12 402616 -- 90 0.00049 VESD5 401850 B-B' 80 0.00018

742714 (res) 743428 (res)
0.08443

VESDI0 40 18 37 B-B' 80 0.00016

(IP) 74 34 30 (res)

VESDI4 40 1604 A-A' 80 0.00024

74 35 58 (res)
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Table 6. U. S. Geological Survey GroundWaterSite Inventory(GWSI) numbersof wells used in this report,and
concsT_nding New Jersey Bureauof WaterAllocationpermitnumbers (--, no correspondingnumber)

GWSI Permit GW8I Permit GWSI Permit GWSI Permit
number number number number number number number number

210001 -- 230133 230410 230622 48-00093
210013 28436864 230135 29-(_998 230411 46-4_144 230623 48-00090

• 210017 28-01274 230146 -- 230421 -- 230624 48-00091
210019 28-05897 230147 -- 230424 -- 230625 48-00092
210022 28-05440 230154 -- 230425 -- 230626 48-00095
210024 28-05053 230156 -- 230430
210025 -- 230170 -- 230438 28-_722 230762 28-13649
210081 -- 230171 230439 230764 29-10831
210084 -- 230172 -- 230442 284_828 230766 28-08774
210085 28-09493 230176 -- 230443 -- 230769 28-12772
210086 28-09494 230179 -- 230445 -- 230770 28-12877

230191 -- 230446 -- 230772 28-01994
210130 28-03045 230194 -- 230447 28-02172 230774 28-12288
210143 - 230197 -- 230448 28-02173 230778 28-13514
210145 - 230453 -- 230779 28-08750
210152 -- 230201 -- 230462 -- 230781 28-11788

230202 -- 230479 -- 230783 29-12817
210241 28-15613 230206 -- 230784 28-13023

230219 -- 230501 -- 230787 23-12434
230008 28-01176 230230 -- 230504 -- 230790 28-15614
230010 NA 230231 -- 230505 -- 230791 28-15615
230011 28-02321 230232 28-04106 230506
230012 -- 230238 28-05123 230510 28-1"0269 230816 --
230013 -- 230241 -- 230522 -- 230817 --
230014 -- 230255 -- 230527 28-00222 230818 --
230017 -- 230260 -- 230538 -- 230827 --
230020 28-06292 230265 -- 230541 -- 230836 --
230025 28-05007 230273 -- 230551 28-11524 230842 --
230030 -- 230291 -- 230553 -- 230848 --
230034 -- 230292 230573 26-03264 230850 --
230039 -- 230293 -- 230574 26-04398 230859 --
230040 -- 230297 -- 230575 26-04635
230042 -- 230576 26-04710 230925 --
230044 -- 230300 -- 230577 26-05321 230944 --
230046 -- 230302 -- 230578 26-05324 230963 --
230047 -- 230315 -- 230580 28-01524 230969 --
230048 -- 230319 -- 230581 28-08423 230971 --
230050 28-04657 230322 -- 230582 28-10495 230995 --
230057 -- 230327 -- 230584 28-10626
230058 -- 230328 -- 230585 28-11899 231000 --
230059 -- 230330 -- 230587 28-12534 231002 --
230061 -- 230332 28-03140 230590 29-01391 231004 --
230065 -- 230352 -- 230591 29-01390 231005 --
230066 -- 230365 -- 230592 29-01593 231007 --
230067 28-03548 230369 -- 230595 29-11118 231011 --
230068 -- 230370 -- 230598 28-08814 231012 --
230071 -- 230371 -- 231013 --
230072 -- 230376 -- 230600 49-00027 231016 --
230073 -- 230377 -- 230601 49-00026 231017 --
230075 -- 230379 -- 230603 49-00025 231021 --
230077 -- 230380 -- 230608 48-00077 231024 --
230079 -- 230384 - 230609 48-00078 231025 --
230082 - 230386 -- 230610 48-00079 231027 --
230094 -- 230390 -- 230611 48-00080 231029 --
230097 - 230391 -- 230612 48-00081 231031 --

230395 -- 230613 48-00082 231033 --
230100 28-01612 230396 -- 230614 48-00083 231034
230101 -- 230397 -- 230615 48-00084 231037 26-(_125
230107 -- 230398 -- 230616 48-00085 231038 26-00126
230114 -- 230399 -- 230617 48-00086 231039 26-00123
230119 -- 230618 48-00087 231058 28-17742-5
230127 -- 230404 -- 230619 48-00088
230131 -- 230408 -- 230620 48-00089 -- 28-13082
230132 -- 230409 -- 230621 48-00094
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Table 7. Principal facts of gravity stations

[d¢nsity=2.670 g/crn3;TheoreticalSca-I.,evclGravity,TSLGV,based on 1930InternationalGravity Formula;
principalgravitybase stationatPrinc¢toaUnivtxsity(BoniniandWoollarcL1957);obscsvodgravity= 980177.6
reGal;meter = Lacostc-Romberg#G77]

Location Gravity (mGal)
(lat./long.,

Station deg, decimal Elevation Observed Theoretical Simple Bouguer
number rain.) Sea-level Anomaly

Cross-section D-D '
1 4021.17 102.0 980194.583 980211.857 -11.157

74 3338

2 4021.10 101.0 980195.870 980211.753 -9.827
74 33.05

3 4021.02 103.0 980196.835 980211.634 -8.623
74 32.65

4 4020.85 103.0 980198.749 980211.382 -6.456
74 32.10

5 4020.70 98.0 980200.553 980211.160 -.4.730
74 31.63

6 4020.60 96.0 980202.955 980211.011 -2300
74 31.17

7 40 2030 104.0 980207.253 980210.566 2.924
74 30.15

8 40 19.93 108.0 980209.562 980210.017 6.021
74 29.50

9 40 19.62 110.0 980210.058 980209.557 7.097
74 2930

10 40 19.60 110.0 980210.385 980209.528 7.453
74 28.92

11 40 19.45 124.0 980210.612 980209.305 8.743
74 28.25

12 40 19.25 152.0 980209.928 980209.008 10.034
74 27.15

13 40 19.00 157.0 980211.330 980208.638 12.107
74 2632

14 402035 106.0 980205.843 980210.640 1.559
74 30.53

15 40 19.52 116.0 980211.354 980209.409 8.901
74 28.58

16 40 19.42 130.0 980209.604 980209.261 8.139
74 27.93

17 40 1930 142.0 980209.488 980209.083 8.920
74 27.62

18 40 19.18 156.0 980211.327 980208.905 11.777
74 26.70

Cross-section E-E '
I 40 22.93 46.0 980220.201 980214.463 8.497

74 2537

2 40 23.01 40.0 980219.957 980214.587 7.769
74 25.45

3 40 23.08 45.0 980219.055 980214.694 7.059
74 25.55

4 4023.14 48.0 980218.020 980214.786 6.112
74 25.68

5 40 23.19 70.0 980215.817 980214.848 5.166
74 25.80

6 40 23.27 90.0 980213.347 980214.975 3.769
74 25.90
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Table 7 -- continued. Principal facts of gravity stations

[density= 2.670 g/cm3; TheoreticalSea-LevelGravity,TSLGV, basedon 1930InternationalGravityFormula;
principalgravitybasestationatPrincetonUniversity(BoniniandWoollard,1957);observedgravity=980177.6 reGal;
meter =Lacoste-Romberg#G77]

Location Gravity (mGal)
(lat./long.,

Station deg, decimal Elevation Observed Theoretical Simple Bouguer
number min.) Sea-level Anomaly

Cross-section E-E ' --continued

7 40 2334 108.0 980211.395 980215.080 2.792
74 25.99

8 4023.42 118.0 980210.153 980215.196 2.033
74 26.09

9 402351 145.0 980207.216 980215.322 589
74 26.20

10 4023.59 140.0 980207.121 980215.447 .070
74 26.28

11 4023.67 125.0 980207.487 980215.573 -.590
74 2634

12 4023.78 115.0 980207.626 980215.727 -1.205
74 26.41

13 40 23.88 100.0 980207.794 980215.881 -2.091
74 26.46

14 4023.97 108.0 980207.519 980216.016 -2.021
74 2653

15 4024.06 105.0 980206.658 980216.147 -3.193
74 26.60

16 4024.17 100.0 980206.641 980216.315 -3.678
74 26.67

17 40 24.27 95.0 980206.888 980216,460 -3.876
74 26.74

18 40 24.23 85.0 980206.886 980216.402 -4.419
74 26.80

19 40 24.47 90.0 980205.860 980216.759 -5501
74 26.85

20 4024.62 105.0 980204.898 980216.981 -5.786
74 26.89

21 4024,65 105.0 980205.045 980217.020 -5.679
74 27.02

22 40 24.68 98.0 980205.298 980217.058 -5.884
74 27.16

23 40 24.70 88.0 980206.231 980217.097 -5589
74 2731

24 40 24.78 85.0 980207A94 980217.213 -4.621
74 27.40

25 40 24.82 92.0 980207.138 980217.266 -4.612
74 2753

26 4024.84 95.0 980207.119 980217.309 -4.494
74 27.67

27 4024.88 92.0 980206.971 980217.363 -4.875
74 27.81

28 4024.91 90.0 980206.897 980217.406 -5.112
74 27.94

29 40 24.97 85.0 980207.328 980217.502 -5.077
74 28.08

30 4025.04 85.0 980207.077 980217.599 -5.425
74 28.20

31 4025.10 82.0 980206.203 980217.695 -6,575
7428.31

32 40 25.17 90.0 980205.974 980217.792 -6.421
74 28.41
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Table 7 -- continued. Principal facts of gravity stations

[density=2.670 g/cm3; TheoreticalSea-LevelGravity,TSLGV.basedon 1930InternationalGravityFormula;
principalgravitybase stationat PrincetonUr_vc_'sity(Bonin]andWool]aid,1957);observedgravity= 980177.6
reGal;meter= Lacoste-Romberg#(377]

Location Gravity (mGal)
(lat,/lon8.,

Station deg, decimal Elevation Observed Theoretical Simple Bouguer
number min.) Sea-level Anomal v

Cr_s-section E-E' --continued
33 40 25.25 93.0 980205.196 980217.907 -7.135

74 28.53
34 40 25.22 67.0 980206.375 980217.869 -7.476

74 28.59

35 4025.44 55.0 980207.590 980218.197 -7309
74 28.63

36 4025.48 60.0 980207.138 980218.255 -7.519
74 28.77

Cross-section G-G '
1 4024.85 1836 980225.094 980217.318 8.877

74 20.024
2 40 24.99 54.22 980222.165 980217.521 7.895

74 22.109
3 4025.12 124.55 980217.084 980217.714 6.839

74 22.211
4 4025.25 163.88 980214.251 980217.906 6.172

7,42233
5 402539 160.24 980214.213 980218.118 5.703

74 22.466
6 4025.56 15937 980213.579 980218.367 4.768

74 22.755
7 4025.70 158.97 980212.779 980218.579 3.733

74 22.755
8 4025.86 152.48 980212.492 980218.810 2.825

74 22.891
9 4025.98 154.80 980211.618 980218.992 1.908

74 23.01

10 4026.11 142.52 980211.972 980219.194 1323
74 23.146

11 4026.26 140.61 980211.287 980219.406 313
74 23.282

12 402637 12734 980211.836 980219.570 -.098
74 23384

13 40 26.52 113.90 980213.077 980219.790 .117
74 23.52

14 40 26.65 109.81 980213.594 980219.983 .196
74 23.623

15 4026.76 110.29 980213.422 980220.146 -.110
74 23.708

16 40 26.90 96.90 980214.531 980220.358 -.017
74 23.742

17 40 26.99 93.45 980214.849 980220.492 -.040
74 23.869

18 40 27.13 94.99 980214.559 980220.704 -.449
74 23.946

19 40 27.29 88.14 980214.693 980220.934 -.956
74 24.031

20 4027.44 88.09 980214.363 980221.155 -1.510
74 24.099
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Table 7 -- continued. Principal facts of gravity stations

[density= 2.670 g/cm3;TheoreticalSea-LevelGravity,TSLGV,basedon 1930InternatkmalGravityFormula;
principalgravitybasestationatPrincetonUniversity(Boalni andWoollard,1957);observedg_'avity= 980177.6
regal; meter= Lacoste-Romberg#(377]

Location Gravity (reGal)
(lat,/long.,

Station deg, decimal Elevation Observed Theoretical Simple Bouguer
number rain.) Sea-level Anomaly

Cross-seedon G-G ' --continued
21 4027.64 105.14 980213.208 980221.464 -1.952

74 24.235
22 4027.80 92.78 980214.058 980221.694 -2.073

74 24.252

23 40 27.94 8434 980214.308 980221.905 -2.540
74 24379

24 40 28.04 72.94 980214.578 980222.060 -3.108
74 24.446

25 40 28.21 74.92 980213.972 980222.309 -3.84
74 24.541

Cross-section L-L '
1 40 30.53 7.8 980234.051 980225.745 8.775

74 15.707
2 40 30.65 42.6 980230.713 980225.926 7338

74 16.138
3 40 30.83 56.6 980229.158 980226.195 6360

74 16.414
4 4030.91 64.7 980228.825 980226.314 6394

74 16.56
5 40 31.02 76.9 980228.416 980226.478 6.549

74 16.724
6 4031.17 1043 980226.623 980226.700 6.174

74 16.983
7 40 3130 82.2 980228.028 980226.893 6.070

74 17.241
8 40 31.43 78.6 980226.893 980227.086 4.523

74 17.793
9 4031.57 126.8 980221.593 980227.297 1.898

74 18376
10 4031.74 116.2 980220.643 980227.548 0.059

74 19.043
11 40 31.81 111.7 980220.258 980227.'64,4 -.688

74 19303
12 4031.86 109.4 980219.802 980227.732 -1370

74 19.634
13 4031.92 111.1 980218.872 980227.819 -2.288

74 19.813
14 4032.03 107.7 980218.402 980227.972 -3.111

74 20.068
15 40 32.10 105.8 980217.678 980228.089 -4.069

74 2034
16 4032.17 102.5 980216.925 980228.185 -5.116

74 20.663
17 4032.21 94.8 980216.275 980228.252 -6.291

7421.191
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APPENDIXES 1 - 2

Resistivity and InducedPolarization (IP)sounding interpretationsshowing data fit

and layer parameters, and diurnallycorrected magnetic data.
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APPENDIX 1

Resistivity and inducedpolarization(IP) soundingintcrpre,tations showingdata-fitandlayer parameters.
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APPENDIX 1-- continued

ResistivityandinducedpolarizationliP) soundinginterpretationsshowingdata-fitandlayerparameters.
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APPENDIX 1-- continued

ResistivityandinducedpolarizationOP)soundinginterpretationsshowingdata-fitandlayerparameters.
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APPENDIX 1-- continued

Resistivityandinducedpolarization0P) soundinginterpretationsshowingdata-fitandlayerparameters.
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APPENDIX 1-- continued

Resistivityandinducedpolarization(IP)soundinginterpretationsshowingd_t_-fitandlayerparameters.
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APPENDIX 1-- continued

Wenncrresistivitysoundinginterpretationsshowingdata-fitandlayerparameters.
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APPENDIX 2

Diurnallycorrectednm_neticd_!_

4, 4" .I.

_ 4, ,i.g,,. : _£.;

/ _'." I._._no',_E*l IM._N_r,o',.E.I •

_III:_¢E/¢Ot_ I"ROFI_ _ 0181_t¢I N.J01_ Pf_RI.E {_l)

m

m m
4.

,4,

M m

m m

+ .I.

I I 1 I I I _ I I I I

33



GLOSSARY

Aceelerometer - see geephone with the objective of locating concentrations of mag-
netic materials.

Apparent chargeability - A measured value of

the time domain (IP) effect from field equipment. Magnetic susceptibility - A measure of the degree
to which a substance may be magnetized. The common

Apparent resistivity - The ground resistivity based
unit is measured in the cgs system and is dimensionless.

• on a known current and a geometric factor derived from
the assumption that the ground is homogeneous and Millisecond (ms) - 1/I000 of a second; time unit
isotropic, used in seismic methods.

Centimeter-gram-second (cgs) - Units of meus- Ohm-meter (ohm-m) - resistivity unit of meas-
urement used for some geophysical work (us opposed to urement which includes cross sectional area as well

the St or IV[KS system of units); cgs units are mostly as electrical resistance.
found in the older literature.

Resistivity - The capacity of a material to resist the
Chargeability - Unit of measurement for induced flow of electrical current. The ratio of electric-field

polarization (IP). The ratio of initial decay voltage to intensity to current density. The standard unit of meas-
prirhaly voltage in the time domain, urement is the ohm-meter (ohm-m).

Geoph0ne - An instrument used to transform seis- Resistivity method - A geophysical method based
mic energy into an electrical voltage. Most land on observations of electric fields caused by current
geophones are of the moving-coil type. A geeph0ne introduced into the ground.
whose output is proportional to acceleration is called an
aceelerometer. Schlumberger electrode array - Electrode

arrangement used in resistivity surveying. It consists of

Gravity method - A geophysical technique based four collinear electrodes where the outer two serve as
on measurements of the earth's gravitational field. The current sources and the inner two, closely spaced about
objective in exploration work is to associate variations the midpoint of the outer pair, serve as potential meusur-
in gravity with differences in the distribution of densi- ing points.
ties, and hence of rock types.

Seismic reflection method - A geophysical method
Ground-Water site Inventory (GWSI) - A U.S. based on measurement of acoustic waves reflected back

Geological Survey system of numbering wells. The first to the surface from a subsurface point. The subsurface
two digits are the county code; numbers are assigned reflection point is generally located on an interface

sequentially as wells are entered into the GWSI system, between two media of differing acoustic velocity and/or
density. Velocities and thickn_ of the various media

Induced polarization (IP) - An exploration
are determined from field measurements, and geologic

method involving measurement of the slow decay of interpretations are based on them.
voltage in the ground following the cessation of an

excitation current pulse. In this report, the term refers Seismic refraction method A geophysical
particularly to membrane polarization of the earth. The method l_ased on measurement of acoustic waves

unit of measurement in this study is the millisecond refracted from a geologic interface back up to the
(ms), equivalent to the millivolt-second/volt (mV's/V) surface. Velocities and thicknesses of the various media

used in some of the older literature, are determined from field measurements, and geologic
interpretations are based on them.

Magnetic method - A geophysical technique based
on measurements of the earth's magnetic field, usually Subcrop - A buried bedrock surface beneath an

unconformity.
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