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NATURAL GROUND-WATER QUALITY IN

BEDROCK OF THE NEWARK BASIN, NEW JERSEY

ABSTRACT

Chemical analyses of 169 water samples from 150 wells in thebedrock of the Newark Basin show water to

be generally fresh, somewhat oxidizing, slightly alkali_le, non-corrosive, and hard. They are predominantly
calcinm-magnesium-sodium bicarbonate type waters of good natmal quality, but locally they may require treat-
merit for undesirable characteristics and constituents. _ mosl common problems are with the sg_e-rccom- _
mended secondm3, drinking water standards. For the sedimentary foalnation_ the standsxds exceeded are

manganese (26.9 percunt of samples exceeded the stand,_d), maximum hardness (20.8 percent exceeded the
standard), c_,_ivity (31.2 percent me corresive), total dissolved solids (13.6 percent exceeded the standard).

iron (14.5 percent exceeded the standard), sodium (8.5 percent exceeded the standard), a_l sldfat_ (8.2 percent

exceeded the standard). A few samples exceeded the slate 13rimary.drinking water standards for gross alpha l_ti-
cle activity (6.5 percent exceeded the standacd),radium (only Ra measured, 3 perce_t exceeded the standard),
and lead (only one sample, or 0.7 percent, exceeded the stand,Yd).

INTRODUCTION

The p_ of this report is to summarize data on Undesirable constituents in ground water are not al-

na_nal ground-water quality in sedimentary bedrocl_ for- ways anthropogenic in origin, and the federal and state

matloas of the Newark Basin in New Jersey (fig. 1). This primary and secondary drinking water standards are
infommtion will provide nann'al ranges of many water- often exceeded under natural conditions. Defining natu-
quality l_a'ametem. Uses for this data include (1) estab- ral ground-water quality, however, can be difficult.

fishing baselines for assessing ground-water pollution and Many of the dissolved constituents in ground water,
(2) assisting local governments, water companies, drillers such as sodium and chloride from road salting,' can
and private well owners in recogni_ng the potential for come from widely distxibuted point sources as well as
nann-alwater-qualityproblems, from natural sources. For constituents with multiple

sources, the contribution from anthropogenic activities

Ground water is an extremely important resource may not be distinguishable from oatual background con-
for New Jersey. It provides approximately 50 percent centrafion. In the Newark Basin, however, manganese.
of the state's potable water (NJDEP, 1987); of this, 80
percent is from pubfic suppfies and 20 percent from do-
mestic wells. In addition, ground water provides base

flow to streams and is intimately associated with the
ecology of the state's wetlands. Within the Newark Ba-

sin, home to most of New Jersey's population, about 59
percent of the purveyor-supplied water is ground water
(N.1DEP. 1985). In addition, more than 71,000 domestic

wells supply approximately 9 percent of the inhabitants
with water. Figure 1. Physiog-

raphic regions of

With ground water, as with surface water, quality is New Jersey.
an important concern. Ground-water quality is a func-
tion of (1) the composition of precipitation, (2) the con-

ditions precipitation encounters at the land surface, (3)
the residence time in the ground-water reservoir, and
(4), most important, the composition and mineralogy of
subsurface materials.



hardness,c_rodvliy,to_ dissolvedsolids,iron,s,]lr_, so- gmnad-watersitesgeo_pldcally distributedthroughout
dian%and chloridein excess of secondarydrinkingwat_ thebasin. One hundredandtwenty-fivesampleswerean&
stendardshave leng beenrecognized,at some locations,as lyzed formajor ions,tracemetals,radioactiveconstituents,
natural(forexampleKmahach, 1966;Nichols, 1968).More and fieldparameterssuch as pH, specificconductanceand
recently,_ ocenrnngradiounclidesexceedingthepri- dissolved oxygen. The analysespresentedhere from the
marydrinkingwaterstandardshavebeenrecognizedandin- DEP/USGSstudyof radiounclidesin groundwaterwere
vestigated_and Szabo,1987). collectedhetwom 1985and 1987.

Elsewhere, it is clear that human activities have F_ both the ambient networkand the study of ra-
degraded ground-water quality. Previous studies in diounclides, wells near known pollution sites were
Newark, New Jersey, and the adjacenturban area to the avoided. Also, all wells from theambient networkfound
east and northeastshow both natumlly-oecurringand in- to contain volatile organic compounds were eliminated
duced poor ground-waterquality in the fracturedrocks fzomthed_t_haseusedhere. All analysesweredone at the
of the Brunswick Group. Localized saltwater intrusion U.S. GeologicalSurveyNationalLalxraory using staud-
due to overpumping has degraded waterquality, result- ardmethodspresentedin FisltmanandFriedman(1985).
ing in cMoride concentrations as high as 1900 milli-
gramsper liter in the areaaround NewarkBay (Nichols, In total, 169 acceptable analyses were available

from 150 wells; 167 samples were collected from 1481968). Deep, slow moving ground watea"in this area
commonly requirestreatmentfor natorailyhigh levels of wells in sedimentary bedrock and 2 samples were col-
dissolved solids, hardness, iron and sulfate (Carswell, lected from 2 wells in basaltic igneous rocks. Statistical
1976). Ubiquitous ground-waterpollution in this area is summary tables in this report are based on the samples
related to extensive industrializationand urbanization, from sedimentarybedrock. Nineteen of the wells were

sampled twice. Before calodallng summal T statigtics,

The water quality dataused in this report were ob- the analyticalresults from wells with two sampleswere
tained from two sources: (1) The Ambient Ground averaged into one value. This was to avoid statistical
Water Quality Network and (2) a NJ. Departmentof bias fromoverrepresentationof sites sampledmore than
EnvironmentalProtection(NJDEP)and U.S. Geological once.
Survey (USGS) study of radionuclides in groundwater
of theNewarkbasin. The AmbientGround-WaterQual- Acknowledgments
ity Network was establishedby the NJDEP and USGS The Ambient Gronnd-WaterQuality Network is
to monitor the environmentalquality of groundwaterin supportedby a grant from the USEPA and by Depart-
New Jersey. Its present focus is to determinenatural ment of EnvironmentalProtectionpermit fees. The De-
ground-waterquality throughoutthe state and examine partmentof EnvironmentalProtection and the USGS
how geologic conditions influence waterquality. Each supportedthe study of radionuclides in ground water.
year,22 to 26 wells areselected and sampled. In each Appreciationis extended to all involved in establishing
of the state's fourphysiographicregions (fig. 1)samples the ambient network, particularlymy predecessors in
are takenover a two-yearperiod. Wells aresampledfor the NJGS, Gall Certer, who standardized the sample
majorions, nutrients,traceconstituents,gross alphaac- collection process, and George Blyslmn, project chief
tivity and volatile organic compounds. The analyses duringmuchof the samplecollection in the NewarkBa-
presentedhere fromthe AmbientGroundWaterQuality sin. I wouldalso like to thank the samplers(Rich Fen-
Networkwere collected during 1987and 1988. too from the Bureauof WaterMonitoring and all those

from the USGS) for theirdedication to this project.Spe-
The DEP-USGS study of mdionuelides was under- ciai thanksgo to Zoltau Szabo of the USGS forprovid-

taken to determine the occuneoce and distributionof ing clarahe collected for the study of radionuclidesin
naturally occm'ringradionuclides in the NewarkBasin the NewarkBasin andfor reviewing the manuscript.
in New Jersey. Water sampleswere collected from 260

HYDROGEOLOGY

The Newark Basin (fig. 1) is a regional geologic tween 230 and 187 million years ago. The sediments
troughbounded onthenorthwest by a fault. The basin were subsequently lithified. Togethe* with rocks in
was formed, filled with sUeam- and lake-deposited sedi- similarbasins between South Carolinaand Nova Scotia,
ments,and intrudedandoverlainby basalticmagma be- they makeup theNewarkSupergroup.Rock units in the

2



Table 1. Geologic units of the New Jerseyportionof theNewarkBasin
Era System Series Stratlgraphlc unit Predom Inant lithology

Boonton Formation i _ndttnn_ lilt_hw_ shale. ¢_Dl_lampnatP
._ o_ Hook Mountain Basalt basalt

_ Lower sandstone, siltstone, shale, con21omemt¢
Jurassic Bmmwick Towaco Formation

_, Group Preakness Basalt ba_dL intercalsdted Iledlmpntnt_ lock
Feltville Formation _mdstone. *iht*nne_ shale_ conglomerate, limeslotte

_ Oranec Mmlntain Basalt diabase intmsiv_ basalt diabele

Pa/I laic FO nBation mnnclttnIIC, lilt _. shale, eon2lomfl_
"_ _ Lockatone Formation siltstone, mudstone, sandstone, shale

Trumic Stockton Formatio_ aJ_osic sandstone, siltstone, shale, conglomerate

Newark Basin _ listed in table 1 and shown geo_aphi- arkosic matrix.The mu_ne contains much illite, m_-
cnlly in figure :_.They are gently folded and generally covite and feldspar. Sedic feldspar I_xlominates over
dip at 5 to 15 degrees to the northwest. From older to potnssic feldspar.
younger, they axe the Stockton Formation, the I._ka-
tong Formation,and the BrunswickGroup. The Bruns- The LockatongFormation consists of cyclically de-
wick Group includes four sedimentary formations posited sediments recording repeated expansion and
dominated by red mudstone, three igneous formations waningof an extensivelake.Someof thecycles arerepre-
consisting of basalt, and diabase inmlsives (Olsun, sentedby rocksdeposited,in part,by chemicalprecipita-
1980). One of the Brunswick Groupsedimentaryfor- tion.These includegrayto blzek dolomiticmudstoneand
matiuns, the Passaic, is the most extensive formation mmtstcoe,carbonate-richa_illite consisting of analcime
within the basin. Because the Stockton,Lockateng,and (35-40 percent)with albite,dolomite,calcite, illite, chlo-
PassaicFotmatiunsunderliemostof the basin,theyme the rite, and localizedlenses of crystalline calcite and pyrite.
predominantaquifer, yielding95 percentof the waterdrawn The recks depositeddiningothercycles arepredominantly
fromthebe&eck(NJDEP, 1987). dental and include black pyritic shale, _-rich

mudstone and calc,_enns argillite.Mineralogically these
Most ground waterin the bedrock of the Newerk Ba- delfital rocks consist mostly of sodic feldspar, potnssic

sin flows through a network of interconnectedfractures, feldspar,illite,muscovite, chlorite,calciteand quartz. The
beddingplanepartings,andotheropenings. The size and pyriticshale can have organiccarbonconcentrationsas
abundanceof hydraulicallyconnected fiactores decreases highas 5 percent(Tmaler-Petea'son,1980).
withdepth;Ka_ahach(1966) notedthatmostgroundwat_
in the Stockton and Passaic Ferma_ns in Huntea'den The Brunswick Group sediments consist mostly of
Countyis reslrictedto the uppermost500 feet. reddish-brown feldspathic mudstoneand mic_eons silt-

stone with some claystone and free-grained sandstone.
The chemical quality of ground water is strongly af- The percentage of quartz ranges from 10 to 30 percent

focted by the minerals the water contacts as it moves in themudstone to 50 to 75 percent in the siltstone: For
through the aquifer. The sedimentary formations of the both mudstone and siltstone, the total of feldspar, illite,
Newark Basin consist of mud.stone, siltstone, and sand- subordinate chlorite, and hematite coatings on grains is
stone, with minor conglomerate. The following petro- less than 15 percent.Molds of dissolved glanberite, now
logic and mineralogic descriptions of those formations filled with calcite and barite, are common. Beds of gyp-
are shortened from Van Houten (1969). sum are locally present in the subsurface.

The Stockton Formation consists mainly of well- In addition to small bodies of conglomerate,which
sorted arkoso with subordinate, poorly sorted cenglom- occur in all of the Newark Basin sedimentaryformations,
crate and mudstone. The arkose and conglomerate are substantialbodies of conglomeratelie along the western
cemented with silica and calcite and consist of quartz marginof the basin. These reach widthsof as much as 3
(50 to 70 percen0, feldspar (15 to 40 percent), subordi- miles in HunteTdunCounty. The clasts arepredominantly
hate muscovite, chert, and metamorphicrock fragments, roundedPaleozoicquartzitepebbles,but angularPalenzoic
minor biotite and chlorite, and hematite with magnetite limestuneclastspredominatelocally.Clasts of Protemzoic
cores. The conglomerate consists of quartz, feldspar, gneisspredominatein onlya veryfew patches.
metamorphic rock, and shale clasts in a poorly sorted
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Figure 3. Piper diagrams showing the chemical types of water in the Brunswick Group sedimentary rocks and the
Lockatong and Stockton Formations. Diagram in upper left shows domains of dominant water types. Dominant cat-

ions and anions in the water are plotted as the percentage of total equivalents per liter. Triangles in lower left and fight
show cation and anion plots respectively. Lines extrapolated from points in the triangles plot as a point in the dia-
mond representing the ionic composition of the water as depicted. Dashed lines bound areas with the highest concen-
tration of points for individual formations.
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GROUND-WATER CHEMISTRY

The chemistry of precipitation at Washington Cross- wick Group separately, are in tables 3 and 4. Location

ing State _ (table 2) is presented here for illnslration and construction information on wells is in table 6 (at
p_, and is probably representative of precipitation end of report) and figure 2. Chemical analyses of water
elsewhere in the New'z_ Basin. Precipitation at the park, from each well are in table 7 (at end of report).
like most precipitation, is a dilute, acidic, oxidizing solu-

tion. The chemistry of precipitation is controlled by dis- In general terms, ground waters in sedimentary bed-
solved alanospherie gases (such as oxygen and carbon rock of the Newark Basin are somewhat oxidizing,
dioxide), natural and anthropogenic airborne particulates, slightly alkaline, flesh Oess than 1000 mg/L total dis-
and other natural and anlhropogenie inputs. Although spe- solved solids), noncorrosive, and hard. In order of de-
citic conductances gr,___t_than 100 micrnsiemens por cen- creasing median abundance, the measurable cations are
timen_" (laS/eth) have benn reperted in urban areas, values (1) calcium, (2) sodium, (3) magnesium, (4) potassium,
less than 50 I.tS/cm are more ncmnal (Hem, 1985). Alines- (5) strontium, (6) barium, (7) zinc, (8) lithium, (9)iron,
pheric carbon dioxide produces a pH of about 5.7 in rain- (10) manganese, and (11) arsenic. The anions are (1) bi-
watar. Human activites have increased the acidity of carbonate, (2) sulfate, (3) chloride, (4) nitrate plus hi-
precipitation in New Jersey. trite, (5) fluoride, (6) orthophosphate. .,

Piper disomams (fig. 3) were used to classify the wa-
Table 2. Water quality characteristics of precipit_tio_a at Washington ters of the Stockton, Lockatong, and Brunswick in terms
Crossing State Park, Mercer County, New Jersey. of their major and minor cations and anions. In all three(_/cu_ mJcrm_emem per cmt _wter, bued _ _unWles_l_rted weelc__reu_

lMlt(Nn_eml Atmc_lwrk: _'l_dlma ]Prctram, 19tl)1 formations calcium-magnesium-sodium bicarbonate!

pH _ S,_=c**,==,_* type waters dominate; calcium sulfate type waters are
c,_,_ _ I_=,r=_,l subordinate. Calcium sulfate type waters are associated

_'_ a _ x n, sm n_ a so, with high dissolved solids in the Brunswick Group for-
M_*ffi 3.S6 5._ 0.01 0.O05O.OO30.014 O.030.21 O.O6O.45 mations (fig. 4). Some sodium chloride type waters

4.32 26.1 0.09 0.032 0.016 0.123 0.28 1.75 0.27 2.16 Werg also present in the Brunswick Group and Stockton
Maximm 6.44 84,6 0.55 0341 0,135 Z290 LII 7.96 3.74 7.14 Formation. A few samples from the Loekatong F0rma-

tion were sodium bicarbonate type water.
As water from precipitation percolates from the land

surface through the unsaturated zone and flows throughthe The differences in groand-water quality among for-

gruund-wale_ system, it generally becomes more alkaliqe, malions (tables 3, 4, 7; fig. 5) _e related mainly to differ-

mineralized, and reducing by chemical intea'anlionwith the ences in their rock and mineral compositions. Some Of the
materials it contacts. The median values of alk_lirtity, _ more obvious differences based on median eoncenlrations
title conductance and dissolved oxygen for ground waters are: (1) Watea_ from the Brunswick Group sedimentary

of the sedimentmT units in the Newark basin (tables 3, 4, rocks are h,_lest and highest in calcium, magnesium, chlo-
and 7) are consistent with this. The median pH for precipi-
tation is 4.32, equivalent to no or zero alkalinity. In the

BrunswickGroup
ground water the median alkalinity is 134 milligrams per 140o
liter. The specific conductance (tLtS/em)is an indicator of r=._ [ ,
the amount of dissolved material. It increased from a me- 12_ - .

dian value of 26.1 pS/em in the precipitation to 417 p.S/em _ looo-

in the ground water. Rain water in direct contact with the _ eoo - *
atmosphere has a dissolved oxygen concentration which *
varies from approximately 14 milligr_ens por liter at 00c _= _o ****
to 8.5 milligrams per liter at 25 °C (American Water ,o _oo ,

Works Association, 1975). For the Newark Basin 2oo *'** *

ground water samples, the mean concenUation of dis-
solved oxygen is 2.7 milligrams per liter; it is thus less o :'-__ _ _500 1000 1500 2000 2500

oxidizing (more reducing) than rainwater. Conductivity(uSh:m)

Water-quality characteristics of all the Newark Figure 4. Scatterdiagram showing dissolved sulfateand
Supergroup samples collectively, and for wells in the conductivity for ground water samples from the sedirnen-
Stockton Formation, Lockatnag Formation, and Brans- tary rocks of the Brunswick Group, New Jersey.



Table 3. Statistical summaryof water quality characteristics forwells in the Newark Supergroupsedimentary rocks

New Jerseyl
[p, pr_ary drtnkteg water standard; s, second ary drlnk_g water standard; ps/ccn, mlcrosinmens per centimeter, n_L; m mlgrams per

liter;, _ micrograms per liter;, --, no data avallalde]

Number Maximum co_taminar_ level
I I 251h I I 75th I I (slandard_)

Clmracterlsticorco_tituent of IMinimuml • I Median I IMaximuml . , t
- . [ ..... [percentile[ .... [percentile[ - [ p_nma_/[ percent
_amples s .tecondai_JL exceeoed

Characterlstk_

Tempexamre (C) 147 19.5 122.5 13 13.5 120_ _ -
14.7

Specific Collductance (uslcm) 147 <_A 0_I 4177 550.0 339.3147 1_:6 .d' 61<6Q,.,.5
pH (stendard unitz) 148 In 14__101" 3_23 41605 154_104 500(I) 13.6

Field Alkalinity (mg/L asCaCO3) 147
Solids2,dizsolvod (rag/L) 147 259

Corrmivity (pH unitl)3 142 _3.86 .68 *1 to i(s) 31.2 <-1, 0 >1I_lo_tt, (mg/L u _1_)) 147 .. tS0" '2_.,0' It00" 50-750(8) [ 3.4 <50, _0.8 >250
Major and MI-or Dissolved Co_d_enta (rag/L)

Calcimn 147 2.5 35 45 62 365 -

potaszittmSodiumMagnelium 147147147 0:40'127 _! I!-3 21! 270669. '_,) 8_J-

25_s) 0Chloride 147 1.7 10 28 3,_

Sulfate 147 1.1 22 1 _ 6421
250@) 8.2

,, .0Ol o. .L. 0Silica 147 19" 26" -
Nu trl_ts, Dissolved (mg/L)

Nitrogen, NH3, (as N) 54 0.01 0.01 0.01 0.02 0.28
Nitrogen, NO2, (u N) 35 0.01 0.01 0.01 0.01 0.02 l(p)
Nitrogen, N}t3 + Organic, (u N) 54 0.2 0.2 0,3 0.5 I, 1 -- -
Nitrogen, NO2+NO3, (az N) 55 0.1 0.29 1,5 3.0 7.6 10(p) 0
Nitrate, [NO2+NO3]-[NO2I, (as N) 53 0.1 0.33 1.6 3.0 7.4 10(13) 0
Pbosphorom Oltbo, (eJ P) 49 0.01 0.01 0.02 0.05 0.16 ....
Phosphorous, (as P) 40 0.01 0.02 0.04 0.06 0.3 -

Trace and Minor Dissolved Constituents (p_)
Aluminum 57 <10 <10 <10 8.5 30 50 - 200(s) 0
Arsenic 43 <1 <1 2 3 19 50(p) 0
Barium 119 <2 34.5 1I0 200 1200 2000(1>) 0

_11_ 119 <0.: <0.5 <0.5 <0.5 1 -147 <1 <1 <1 <1 3 5(.o)v*_ ttln

C_aromium 43 <1 <I <1 <1 5 100(jp) 0
Cobalt 119 <3 <3 <3 <3 <3 - -
Cop_r 147 <10 <10 <10 <10 200 13_O(p)
Iron 147 <3 <3 7 24 10(30 300(s) 1_.5
Lead 147 <10 <10 <10 <10 16 15(I)) 0.7
Lithium 121 <4 9 20 29 100 -
Manganese 147 <1 <I 5 55 1600 50@) 27
Mercury 43 O, 0.1 0.I 0.1 0.3 2(]>) 0
Molybdenum 119 <I0 <I0 <I0 <10 170 - --
Strontium 119 50 227.5 430 712.5 I000 - --
Vanadium 121 <6 <6 <6 <6 25 -
Zinc 148 <3 9 22 54 II(X) 5000(s)

Organk Coustltueuts

431<°.3,;71°'1 - IPhenols Total, (ps/L) 38

1 Analyses from welh sampled twice were avcrased into one value and are counted here as one sample,
2 product of constant derived using linear regression analysis and specific conductance
3 pH unit below or above CaCO3 Mtazratien ddined as zero using the La_gelier Index (American Water Works Association, 1975).
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Table 4. Statislicalsununmyof waterquality_cs forwellsintheBnmswickGp.,LockatongandStocktonFn_. 1
[_ _ dr_k_ wa_ mndan_ ps'en_mlazelm.mperceathzeter,mg/L;mm_rm_p_ U_, ra_I+_ _ _ _ m _ a_._]

I I Drinking water standards
Characteristic or constituent Numbe_ . . [ 25th Median 75111 Maxim [ (maximum contaminant level)

_San_ Minimum percenfi • percentile urn p.vl_mary percent
/ s:$econda_ pT_.+.dp,q

BRUNSWICK GROUP SEDIMENTARY ROCKS
Characterist_

Temperamte (C) 9419-_5<_5.1 125 13 13.5204014_ " 3.1< 6.5.2.1>
Spec]fic Conductance (us/cm) 94 374.70 4509 632D,sso[ved Oxygen (rag/L) 94 14.7
pH (stendard uniu) 95

Field Alkalindy (mg/L as CaCO3) 95 26 1127.4 13_.6 167.8 i 135_.3 6.5-8".5(s)

8.5

Solids2, dissolved _npc/L) 94 I!7 09 ]283.51 2_'19 4_(_.02 500(_l_s) . 19.1
Cormsivity (pH umts)3 93 ' -Itol s 22.5 <.1,O> 1
Ba_,s_m_L.C_CC_) 94 13" 2so luo_"°4 50_ [1.1<50.26.6>2s0

M_or and Minor Dissolved Constituents (mg/L_.
t.alcium 94

L34 40 50 73 365
Magnesium 94 12 16 21 69

Sodium 94 12 153279 2706 50_s) 7-4PoUusium 94 0.4 . -
_]oride 94 2.8 12 32'

11.7
29 _ I11.1Silica 94 19 22 45 --

Trace and Mteor Dtssolved Constituents (p4g/L)71 [

Barium <2 27 79.5 205 11100 2000_) 09
lxon 94 <3 <3 60 22 11000 .,_,_,_ 1"3
Lithium 71 <4 18 24 33 lOO
Manganese 94 <1 <1 2 46 1600 5_s)
Strontium 71 50 225 530 925 11000
Zinc 94 %3 6 18 $0 740 I $00_s) I

LOCKATONG FORMATION
Charactertstial

I_,solvedSpecificTemperature(C)C_rductance(ps/.)Oxygen (mpOL) 222222 2_i0_<_.l 3162_ 1_.55152 _ 9_ 8 - 0 <6.5,9.1,8.5-pH (standard units) 22 9]:2 157.6 22_"7 7.5Field Alkalinity (mg/L as C-.aCO3) 21 61" 32£.8 6.5-8.5(s)

Solids2, dissolved (rag/L) 22 16174 3382 442(] 6 68054 .500_S/s )Corrosivity (pH units)3 20 _4.477 4"_531.8<-1,0>1
Hardness mg/LasCaCO3 22 12" 155" 9 220' 350" 50-250(019.1<50, 13.6>250

M_or_d_,o_ D_ol_ Co_tu_t.__ 13o
_._ucitm_ 2+_
Ma esium 22 1._ 3708 _1 55 79

S_,Z 2272712"5 2i. 7 13i6 5_,) 13.6Potassium 22 0.8 I 2.7 --

SilicaSulfateChloride 222223 1311"7 20161226 4111.5 362_42 1354270' _25_:/ 00

Tra_ and Minor Dh_olved ConstltueatS (I._)21

IronBarium 22 _ 33 7319 _153 _9_9_06 3_) 190
260 5_,) iiManganese 22 _ 790

Strccxtium 20
z_ 22 17o 11oo 5oo_s)

STOCKTON FORMATION
Characteristics

T. o+ o 2,1,!51°3+'!,i05SpecificConductanceftu/crn) 29 808 ..
DissolvedOxygen (rag/L) 29 5.1 7.7

pH (standard units) 29 253 856:6 6.5-_5(s) 13.7< 6.5,3.4> 8.5Field AlkalL_ty (mg/L as CaCO_) 29 17. .6

Solids2,dissolved (m_L) " 29 1.0_86 21173 618808 500(s) 33
CorrosiviU/(pH umts)3 29 1_.06_. -0.29 50.251_._,_., 69 <-1, 0 >1Hardnesstm_/LasCaCO3) 29 21" 17.0' 170 200" -Itol s 6.9<50,0 >250

Major and Mlhor DissolvedConstltueuts(mWL)
Calcium 29

7.82710.1 36 43 - -
S_nm_Ma esium 2729 0.277.8 _}3 _7 _1512 3-,Potassium 29 0.8 -

2i 13o ;Ch.. 13.3II g 9, oSulfate 29 15.1 18 29Silica 29 19 23 - --

Trace and Mte °r Dlss°lved C°nsfltuento (Pg/L) 25 ]Barium I_ 16_ 1_9 1_0 0

Iron 29 _ _s_ ) ILl

Manganese 29 424_3
Strootimn 25 168 4
Zinc 29 _ 11 2_1 58014o 50_,_

I Analyses from wells sampled twice were aventged into ene value and are counted here as one sample.
2 Product of constant derived uJing linear regressten analysis md spe_fi.'_cconductance . .
3 pH unit below or above CaC(_ satmafiott defined as zero tulng the Langnlicr Index (American Water Works Assoc,atto_ 1975).
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Figure $. ConcenWation distributions in ground-water fzom sedimentary bedrock of the Newark Supergroupand con-
stituent units.

10



Magnesium Sodium
8O 100(

_'147

11-147 rim04

J: i '
n-_ 10:

0

Potassium Chloride
1ooo

t=147 n.,_4 i*_

rb-147 n=e4 n-29

Sulfate Silica
1OOOO

r_147 _ 54: 1_147

¢

NS - NewarkSupergroup LF - LockatongFormation

BG - BrunswickGroup SF - StocktonFormation

Figure 5. (cont.) Concentrationdistributionsin ground-waterfrom sedimentarybedrockof the Newark Sup_group
andconstituentunits.

11



Barium Iron
1_ 100000

r_146 rt_4
r_11! rD?l 10_00

Lithium Manganese
1_ 10000

r,.-119 n=71 n,.21 rt-145 n_4
10¢ 11,,22

1000 n-29

Z 1

( .

.s _ _ _= °'_ '

S_'ontium 7inc
Le'X___ 1000_

_119 rm71 _146

NS - NewarkSupergroup LF - LockatongFormation

BG- BrunswickGroup SF- StocldonFormation

Figure 5. (coat.)Concenlz'afiondistributionsinground-wate¢firomscclimcntm'ybe(hockof theNewarkSupergroup
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lithium,and _,iium. They havehigherexlreme
dissolvedsolid,s.tf_ andh-o.vaines.(2) Watersfrom
theLockatongFommfionm'ehighestin potassium,so- Brunswi_GroupSedimentaryUnits

dium, silica, irrsl, arid llla_gaJles¢, arid lowest in d_ 2500 ir=.i7solved o_ygon m'Kl chloddc. (3) Waicrs from the
StocktonFormation=re.highestin baium andlowestin "_20oo *

pl..l,dissolved solids, l.._mgclierIndex (most corrosive), _ '*soo-
sodiumand lithium. The highestberiumconcentration, *

hownver, is &_,,, a sample from the Lodmtong. Also, _ *
the intexqumlileranges(25th to 75th l_Cantile) of most -.elooo- * * ** ,
constituentsand total .d_solvcd solids me generally _ _ tt . t,._ ,t,

muchlower in the Stocktonthanin the other formatioas, f_o- ,A. _J_*_t**_** ,

In a formalion with nem'ly homogeneoushyd_.lie_ o * l l l l I
mine_ogic, andchemical_,walvrwouldappreach loo 2oo 30o 4oo soo soo ;, 7oo
an equih'hium composition. Most fo_nafions, including We, de_ (reef)
thoseof tbeNewmkBasin,me nothomogeneous,however,
andacharactvr_'crangeof composilionsis thenorm.

High concentrationsof certaingmond-waterconsi-

toantsor characteristicsaresometimesaerially clustered, t._mto_ Formmion

This is becausehy&ogeologicconditionsassociatedwith looo [r=.22the high concanlratiunsmay be of a limitedaerialextent. 9oo- *
As an example,wells 58 through65 in North Brunswick _. coo.
Township(table6. atbackof report)fo_n aclusterof high _ 7oo-

i"iron and manganese concentrationsin the Bnmswick _ soo- . . * • .

Czroupsedimentmyrocks(tahie7.at backor report).This _ ,_ .. .
obsorvafionindicatesthathigh ironandmanganesem'e 4°°" ** * * .
probablycommon in this township, o 3oo- * * •

20_ * *

Previouswot,kersbarenotedan increasein totaldis- loo-
solvedsolidsandadeclineinwaterqualitywithwelldepth
intheNewarkBasin_h, 1966;Anderson,1968), so 100 1,_0 200 250 _0 350 400 4_ f_O E

but this is not appmentborn relationshipsbetweenweU weudepth(feet)
depth and conductivity(fig. 6). Conductivityreflectsthe
concentrationof numerousdissolvedions such as sulfate.
sodium and chi_ide, The expectedrelationshipbetween
well deplhand conductivityin the Bnmswicksediments StocktonFormation
andLocka_g Formationis weak o_nonexistenLForall 0o0

wellsin the StocktonFormation,_ is a significantposi- _ tiO0_,r=.011 ,
tire cozrelationo0ettieient of r = 0.61; however, if the _ 700-
deepestwellisnotconsidered,r becomes0.02,whichindi- =
camsan insignificantconelation. _ eo0-

_" 500-

One possible_foa" the lack of c_¢relalionbe- _ 400- ** _1_. 1_*
tweenwelldep_andconductivitymightbeaiowc_=da- • 300- _** . 'It'

tionbetweonwelldepthanddepthtothehighcstyieldingr_2O0- . I *
fractures.Wells in New'arkBasin bedrock_e generally 100- * *
cased through the unconsolldaledoverbmden and draw o
waterfxoman openIx_ehole in bedrock.The botebule 0 20o 4oo 0oo eo0 -10O0 '12o0
thusactsasa mixing ch=nberfor watersdrawn into it Well depth (feet)
from v=iousdepths.Thequalityof wateris thereforea
functionof thequalityandqountityof waterbeingdrawn Figure 6. Scatterdiagramsshowingconductivityand
fromdifferentdepths.Onlywherethe highestyielding well depthfor ground-watersamplesfrom theNewark
fractm'esm'eknownto benearthebottomsof thewells Basinsedimentaryunitsin NewJersey.
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can well depth be used to investigate the relationbe- Nineteenof the wells used in Otissurvey were sam-
tween depth and conductivity or dissolved solids con- pied twice. Analytical values vwied with time through a
centration, considerablerange.Forexample, for totaldissolved solids

In an alternativeinterpretation, the relationship be- 12of the samplepairs variedby less than 10 percent,3 by
more than 10 bet less than 20 percent,and 3 by grpa!_

twecn well depth and dissolved solids may be shown than 20 percent. If all the variablesthat can affectwatea-
more clearly in the local studiesof Kasabach (1966) and quality remain the same, the analyticalresults should be
Anderson (1968) than in this regional study because the similar. Withoutreviewing specific informationsuch as
overall relationship is marked by regional variability in pumpingrates,rainfall,andseasonality,it is difficultto de-
the depthof majorwater-producingfractures, terminewhy resultsarenot alwayssimile.

DRINKING WATER STANDARDS

C_aotamLwaterqualityin the sedimentaryformationsof Barium
theNewarkSupetgroupinNew lerseyis generallygoud,bet Bminmleveisgresterthan1mg/L me reportedinSzabe
locally mayreqtfiretreatmentforundesirablec_ and _ (1980, but none exceed the presentpdm_
and constituents.Stam-reoummeededsecondarydrinking drinkingwaters_mdardor maximumallowableconeeatratiou
waterstandards_e exceededfro"moreoften thanthe health- level of 2.0 mg/L A reportedbaritancementrafionof 2.13
based _ stand,_is (NJ.A.C. 7:10-1.1 through7.3). mg/L in HunteadouCountywas investiga!_lby the DEPin
An excellentsumm_ of federal and statedfialdng water 1988. Barite(Ba_4) _liTnfioo Ocel_ locally through-

standards,watertesting,and watertreatmentis in Shelton out the NewarkBasin (Dombe3ski,1980),and lm_somably
(1991). Much of the infommlionoft standards(below) is accountsfor mostof theb,_xiumin groundwater.However,
f_m thatreference, anthropogenicsotaxxsm'ealsoixr,m'ble.

PRIMARY DRINKING WATER STANDARDS Lead

Primary drinking water standards target contumi- The highest lead concentrationin this study is 16
nants that, in the judgement of the Commissioner, may parts per billion from a well in the Bnmswick Group. It
have an adverse affect on the health of persons. _ barelyexceeded the prima_ydrinkingwateractionlevel of
standards,at a minimum,apply to publicwater supplies. 15partsperbillion.

Radionuclides SECONDARY DRINKING WATER STANDARDS
Naturally occming radionuclides exceed lxirmey Secondarydrinkingwaterstandardsarerecommended

drinkingwater standardsin a small percentageof the sam- standardsthatprelect the public from charac'lerisliesand
pies.A studyof naturalradioactivityin the groundwaterof constituentsthat affect the aesthetic qualityof the water
theNewmkBasinby SzaboandT_,'gecza(1987)showedthat (for example, its appearance, taste or odor). Undesirable
twaniumenrichment¢¢tawsinblackm_ ne_ thecon- chmacte_tics and constituentsin waterm'etreatedin pub-
tactbetweentheLockatongand Pa_qnicFommtioas,andthat lie and private water Supplies using various systems.
complex hydregeochemical relationships control the m- Analyses exceeding the secondarydrinking water stand-
dienuclidecontent of groundwatea'.Camsall_..l_icle ac- ards, compiledflora lanes 3 and 4, are in table 5.
tivityand 226radiumconcentrationsin watea"me ultimalely
rdatedtouraninmdecaywithinthewalerandwithinthesur. Corrosivity
roundingsed_ent, respeOivdy. The peax:entageof analyses Conosivity and scaling potential are measured ns-
exceedingactual and recommendedradi0ectivitystandi_s ing the Langelier Index, a calculation thatuses pH, alka-
in the New'ak Sulka_oup sediments(modifiedflomSzaho linity, calcium concentration,total dissolved solids, and
andZapecza, 1987) in New Jersey me: water temperature to determine if calcium carbonate

will dissolve or precipitate (American Water Works As.
sociation, 1975). Normally acceptable corrosivity ranges

Standard Percent between slightlycom3sive(- 1pHunit)and slightlyenc131st-Characteristic Number of (picocufie$ exceedin
or constituent sampl_ per liter) ttanda_ g ing (+1 pH unit). If 1i_ wat_ is too COtreSiVC (<-1), it can

Grossalpha 259 15 5.8 COIrO_plumbingsystems,release h,mnfifl melals such as
226Ra 177 5t 3.9 lead and coppor,and shorten thelife of water systems.If the
Uranium 60 302 3.3 water is slightly scaling (0 to +1), calcium carbonatewill
_Stanoa_for_Ra + Z_Ra 2Rec,_amma*daan0ara precipitateOutand encrust the insides ofplumbing sys-

tems witha protectivecooling.Ifthe Langelles Index is
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Table 5. Percentagesof samplesexceeding secondarydrinkingwater standards.

ling/L, m flllllrams per liter; LI, Langeller Indexl

Seco_daly ]_ ! _ek_tnna _nrm_ti_ Smcktnn _Ati_
O_antctefistie drinking water Number Percent Ntanber Percent Ntwnbcr Percent Number Percent

orcomtitvent sla_(mg/L) s_O_es stlmda_dg standardexta_l _ of exceedln of exceeding of exceed"samples samples samples stan_
Corrosivity (LI) -1 to 1 93 22.5<-1, (_1 22 3118<-1, 0>1 29 69<1, 0>1 144 31.2<-1,0>12
Hardness 501o250 94 1.1<50,26.6>250 22 9.1<50, 13.6>250 29 6.9<50,0>250 147 3.4<50, 20.8>.150

Iron 0.300 94 13 22 19 29 11.1 147 14.5

Manganese 0._ 94 .TA 22 43 29 18.5 147 26.9

pHI 6.5 to 8.5 95 3.1<6.5, 2.1>8.5 22 <6.5, 9.1>8.5 29 13.7<6._,3,4>&5 148 6.1<6.5, 3.4>8.5
Sodium 50 94 7.4 22 13.6 29 3.4 147 8.5

Solids, dissolved 500 94 19.1 22 14.5 29 3.4 147 13.6

Sulfate 250 94 1117 22 0 29 0 147 8,2

1 See glmla_

greater than1,toomuchscalecanbuildug Thiswillimpede Sodium
theflowofw'aer anddegrade_e he_corducling_ of Sodium occursin many _, fro"example halite
Ix_em andwa_ he-._te,_.The StocktenFonnaeienhas the (NaCl) and the plagioclaso feldspars (sodium-calcium-
highest_umtsg_ofwetlwa_s_aaplesceesideredtenceno- aluminosilicates). High sodium can have an adverse
siw(69petcent<-l).Incomparis_theBnmsw_Cm3_ has health impact on people with high blood pressureand
22.5 percent<-1 and the LockatongFormation31.8 per- other sodium-sensitiveailments.The LockatongForma-
cent<-l. Noneof thesampleswere tooenaxtsting, tion has the greatestpercentage of wells with values

above the drinkingwater standard(13.6 percent), fol-
Hardness lowed by the BrunswickGroup(7A percent)and Stock-

Hardnessis mainlytheresultof calciumand magne- tonFormation(3A percent).
sinm dissolvedin water. High hardnessaffectslatherfor-
marionin soapsand canindicatea petenth] scaleproblem Total Dissolved Solids
in hotwa_ hentexSandboilers.Calcite(CaCO3)anddolo- Total dissolvedsolids is a measureof the amountof
mite ([Ca,Mg]CO3)arecommon mineralsthatcontribute dissolved material in the water. The concentrationof
calciumandmagnesiumto wateras theydissolve. In this dissolved solids can be measureddirectly or estimated
study 26.6 percent of the wells in the BnmswickGroup, from the conductivityvalue. It is a generalIndieat_ of
13.6 percentof the wells in the LnekatongFonnalinn,and the overall qualityof the water,and high levels can re-
6.9 percentof the wells in the StocktonFormationwere duee the life of hot waterheaters. The total dissolved

foundtohavehigh _ (>250mg/L), solidcontentof groundwateris mainlya functionof the
ease with which the minerals in the aquifercan be dis-

Iron and Manganese solved and the residence lime of the groundwater. The
Ironend manganesegenerallyoccurtogetherbecause percentage of wells drawing water from the Brunswick

they have _ chemical pa_x_'ties.Some manganese Group, Lockatong Formationand Stockton Formation
generallysubstitutesfor iron in iren-hemingminerals. For thatexceeded the drinking-waterstandardare 19.1, 4.5,
example,pyrite(FeS),biotite (hydrousiron aluminosilicate), and 3.4 respectively. In the Brunswick Group, the total
and some pyroxenasand amphibolesall containiron with dissolved solid concentrations are related to high sul-
somem,anganese._y, the towerIhecoocentrafianof fates(fig. 4).
dissolvedoxygen in water,the highesttheconcentrationof
dissolvedironandmanganese.Whenironandmanganesein Sulfates
watelrcome into contectwithoxygen, they pn_2ipitateand Salfin'-beafingmineralssuchasgypsum(C._O4.2H=,O)
mayleaveredaad blackstainson lanadryandplumbingfix- and pyrite (FeS) _ increase the ._dfme_ oofloellU'afion ill

tm_s. High ironandmanganeselevelsaffectthe tasteof the grot_ waterwhen theyme dissolved.High sulfate levels
water.WellwarnfromtheIar.katongF-'_na_mhasthe inwaterlead to scale formationin boilers end heat ex-
lowestoveralldissolvedoxygencontentandthehighestper- changers, affect the water's taste, and can have a laxa-
centege of wells exceedingthe ironstandard(19 percent) tire effect. In this study,only weUsdrawingwaterfrom
and manganesestandard(43 percent). Excessiveironand the BrunswickGroup (11.7 percent) have sulfate con-
manganese are also encountered in the Brunswick and centrations exceeding the secondary standard. The
Stockton Foa'mations. Brunswick Group rocks have localized deposits of gyp-

sum, a sulfate mineral.
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Table 6. Records of bedrock wells in Newark Basin, New Jersey for which water analyses are available.

[Well number corresponds to wells located on figure 2 and cited elsewhere in report; altitude of land surface, above sea level; depth of well, below hind surface;
top of open interval, depth below land sudace; bottom of open interval, depth below land surface; primary me of water, C= commercial, F = fire, H = domestic,

= irrigation, N = industrial, p = public supply, R = _cw.atiov_ S = stoak, T = imtitotional, U = unused; - data not available]

Wen Water GW$1 County Mamicipali|y Lati_de Loegimde Land Depth Open interwd [_inmry
number Allocation number (degrec_) (deg_) itu_ce (ft.) Top (ft.) Bottom of wirer

penmt # altitude(ft.) (_)
BRUNSWICK GROUP SEDIMENTARY ROCKS

1 23-02273 30234 Bergen C_mkillBoro 405621 735748 40 279 72 279 N
2 23-04135 30221 Bergen EmersonBoro 405827 740104 35 478 76.6 478 P
3 26-00791 30225 Bergen EnglewoodCity 405316 735904 5 354 135 354 N
4 30226 Bergm NorwoodBorn 405940 735624 30 300 41 300 1
5 23-_2599 30231 Bergen 405934 735609 50 153 64 153 1
6 43-00032 30232 Berien PmunusBorn 405646 740438 70 306 54 306 C
7 23-04818 30034 Bergen RamseyBorn 410426 740835 345 600 104 600 p
8 46-00174 30216 Be_en ScmthlJackensa_Twp 405213 740302 10 230 160 230 N
9 30222 Bergen TeaneckTwp 405407 740143 10 363 116 363 I

10 43-0_2 30230 Bergen Wyd_offTwp 410022 741052 3f_ 352 443, 352 p
11 26-04269 130090 Essex Fain_eldBorn 405315 741739 170 290 _ 200 p
12 25-12755 130052 Eu_ex LivingstonTwp 404757 742135 180 301 69.8 301 p
13 26-04743 130082 Essex Ra/tehmdBoro 404948 741833 210 450 p
14 24-07347 1_039 Huntenien AlexandriaTwp 403455 7459/35 460 192 42 1"92 S
15 27-06454 190045 Hunt_den EastAmwell Twp 402530 744909 290 160 50 160 H

16 27-07104 190050 Htmte_don 402633 744711 310 350 50 350 H
17 27-02828 190046 Htmte_don " 402543 743150 200 147 20 147 T
18 24-15044 190030 Htmtc_on Flemi,_,,tc_Born 403014 745157 180 510 82.5 510 P
19 24"09411 190042 Hunte_don 402951 745104 180 400 50 4_) p
20 24-06082 190016 HunteTdoa FnmchtownBorn 403112 750343 130 688 300 688 p

21 - 190005 Htmte_on 403140 750335 140 286 45 286 p
22 24-14333 190017 Htmte_cn KingwoodTwp 402909 750032 480 450 50 450 H
23 7_-12391 190025 Htmte_don " 403157 745834 530 467 50 467 H
24 24-16019 190061 H_mteldon " 402812 750259 460 400 50 400 H
25 19_009 Htmterdon Le_mon Born 403837 745004 240 222 93 222 p

26 44-00025 190012 Htmtevdan IV_lfordBorn 403424 750548 100 100 p
27 24-054_1 190043 Htmte_on BeduinTv,p 402756 745150 i'45 300 40 300 I
28 190032 Htmtev_on " 403215 745024 120 502 44 502 N
29 _2OI 19_041 Hunterdon " 402917 745212 180 400 52 400 N
30 25-18075 19_65 Huntenlon Beadi_gta_Twp 403304 744733 180 190 67 190 H

31 24"03131 19(_064 Htmter&n 403730 744533 100 193 23 1193 N
32 24-11326 190018 Htmten_n 403430 74502/) 360 190 60 190 H
33 24-12071 190019 Huntw_n 403541 744824 330 150 67 150 H
34 25-17491 19C_$3 Htmterdon Tewksbu_yTwp 404019 7__ _ 200 230 107 230 T
35 - 190085 Htmterdon W¢_ Amwell Twp 402143 745359 450 388 50 388 H
36 27-06336 190051 IJtmterdon 402128 745434 400 200 40 200 H
37 27-06112 19_)58 Hunterdon 402130 745414 400 400 40 400 H
38 27-06721 190056 Huntevdon 402239 745424 430 345 50.5 345 H
39 27_6916 194)054 Htmterdon 402131 745419 400 322 50 322 H
40 27-06760 19(3055 Hunmdon 402/)55 745526 390 430 52 430 H
41 27-00171 190074 Htmterdon 402341 745436 290 107 30.3 107 C
42 27-04956 190052 Htmterdon 402146 745357 450 290 30 290 H
43 27-07097 190057 IJxmmdon 402134 745421 410 350 50 350 H
44 27-05579 190053 Htmten_n 402146 745337 360 193 42 193 H
45 27-04973 210277 Mercer Hop_vdl Born 402314 744611 7J]0 380 50 380 p

46 - 210282 IVk'n:er 402314 744622 230 (30 10 60 H
47 28-10058 210263 Mercer HopewellT.wp 402406 744415 200 120 51 120 H
48 28-03764 210267 Meter 402140 744340 214 400 37.5 400 C
49 210088 Mercer 402128 744613 179 150 20 150 U
50 27-_942 210242 Mercer 402040 744635 1_0 600 50 600 N

51 27-04615 210244 Melter 401846 745046 210 235 105 235 p
52 27-ff70_8 210253 Mercer 40202_ 745103 290 250 63 250 H
53 - 210289 Mercer " 401753 744835 220 300 12 300 U

54 27-02563 210269 Men_ l_mningtanBorn 401947 744750 200 272 43.3 272 p
55 27-04196 210275 Mercer 401905 744736 200 300 81.2 , 300 P

56 25-03970 231072 IVfiddle_ex EdlsonTwp 403536 742228 80 560 74 560 p57 25-04516 231055 Middlesex 403527 742223 80 532 40.2 532 P
58 28-04791 231050 M3ddle_ex NorthBrtmswickTwp 402721 743031 100 234 26 234 I
59 25-17373 231051 l_ddle_ex " 402804 742539 50 160 53 160 H
60 28-11860 231049 IVl]ddle_ex 402824 742751 II0 175 50 175 I

61 - 231083 MidW_x 402630 742959 I10 409 20 409 U
62 28-_2O9 231119 l_ddleuex 402621 743009 110 65 23.5 65 F
63 28-050@4 231048 ]V_dd_e_ex " _02703 742928 120 74 25 74 H
64 28-12317 231047 I_dd]¢_ex ** 402602 742910 110 85 50 85 I
65 29-16276 231076 lV_dd]_ex 402630 742959 110 68 12 68 U

_6 25-21440 231053 I_dd]e_ex Pisc_way Twp 403110 742812 60 300 55 300 I
67 28-01429 231075 I_ddiescx SouthBnms.wlckTwp 402543 743107 110 251 31.2 251 U
68 230531 _dd]e_ex 402526 743129 130 257 42 257 N
69 28-_766 231044 _ddl_ex 402630 74320_ 130 185 50 185 C
70 48-000_4 231117 I_ddJe_ex 402206 743711 60 280 40 280 P

71 25-12130 230340 _ddle_ex SouthPhinfield Born 403555 742429 75 500 97.8 5{]0 ' p
72 26-04831 231054 I_ddl¢_ex WoodbfidgeTwp 403503 741542 20 300 50 300 C
73 25-14520 270153 Morris Men'town Twp _4707 742839 300 265 67,8 265 P
74 25-04545 270979 Mon_ PassaicTwp 404038 742946 250 500 40 500 P
75 26-04613 310033 Passaic C_flonCity 405247 740820 80 408 50 4_ N
76 26-04825 310034 Prosaic 405047 741015 180 300 50 300 I
77 25-20242 350017 Sementet BnmchburgTwp 403530 744059 80 200 61 200 T
78 _282 350009 Seme_uet BridgewaterTwp 403437 743337 100 556 39 556 N79 25-_926 350020 Scenenet 403456 743815 140 506 34 506 I
80 350036 Se_¢ntet 403652 743722 190 120 2O 120 H
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Table 6. (cont.) Records of bedrock wells in Newark Basin, New Jersey for which water analyses are available.

[Well number cortesponde to wells located on figure 2 and cited elsewhere in report; altitude of land surface, above |ca level; depth of well, below land surface;
top of open interval, del_h below land surface; bottofa of open interval, depth below land surface; pfimaly use of water, C= commercial, F -- flue, H = domestic,

= irrigation, N = industrial, P = peblic supply, R = recleafion, S = stock, T = instimticalal, U = unused; - data not available]

Well Water GWSI County MaminipaIity Latitude Lzcgimde Land Depth Open interval Prlmat3,use
number AUocatien number (degrees) (degree) sm-fitce (ft.) Top (t_) Bot_m of water

permit # altitude (t_) (it.)
BRUNSWICK GROUP SEDIMENTARY ROCKS (ce_.)

81 2.%12785 350018 Somenet B_dsewaterTv,T 403304 743527 30 280 50 280 P
82 25-17490 350021 Somerset FranklinTwp 403001 743058 110 330 50 330 I
83 2.%21995 350023 Sccnentet " 4_2852 743004 110 300 50 300 N
84 25-14233 350011 Somerset HiUs_rough Twp 403021 744343 83 480 60 480 H
85 25-22435 350024 Somerset -"--' 403239 744147 60 150 60 150 H

86 28*14495 350026 Somerset Mzntlgome_ Twp 402438 744314 160 200 50 200 H
87 28*04605 350016 Some:_t " 402509 744142 110 300 41.6 300 U
88 28-0972.5 350019 Some_et 402630 743749 100 250 50 250 I
89 25-12669 350034 Some_et WarrenTwp 403655 742941 280 130 50 130 I
90 390133 Union Lindea City 403726 741623 40 223 32 223 U
91 390102 UpJon Kenilwoah Born 404027 741644 85 7-51 49 251 U
92 - 390119 Union 404106 741719 70 290 -- 290 U
93 25-09083 390168 Union MountninsldeBore 404046 742104 140 300 43 300 P
94 26-02302 390251 Union Rmelle Born 403854 741603 60 350 26 350 P
95 45-00268 390385 Union SmnnfitCity 404501 742136 295 371 97.8 371 P

LOCKATONG FORMATION
96 26-04217 30218 Bergen F_glcwoodCity 405419 735809 60 230 53.2 230 T
97 26-04227 30219 Bergen LeoniaBoro 405221 735920 10 350 58 350 I
98 26-03836 30217 Bergen 405125 735955 10 200 39 200 R
99 26-04331 30220 Bergen PallsadesParkBero 405048 740024 5 ._g0 70 280 R

100 24-14494 190036 Hunterdon De]awareTwp 402929 745621 470 480 50 480 H

101 27-06869 190023 Hunterdon Kinswood Twp 402731 750033 530 500 50 500 H
102 24-10527 190035 Hunterdon " 402756 750032 500 175 50 175 H
103 24-07700 190024 Htmte_on Rattan Twp 403006 745402 450 500 50 500 T
104 -- 190080 HunUn'don WereAmwell Twp 402153 745204 370 200 50 200 H
105 27-04488 1000_0 Is_terdon "--' 402148 745220 390 405 30 4_ 1

106 27-04512 190059 Hunterdon '* 402150 745218 390 200 21 200 I
107 27-04214 210028 Mercer Ewin8 Twp 401553 745012 123 300 33 300 U
108 28-09577 210261 Mercer Hopewnil Twp 402406 744548 410 277 47 277 H
109 27-07262 210260 Mercer " 402355 744726 360 500 50 500 H
110 2%06992 210266 Mercer 402217 745050 340 100 31 100 T
Ill 27-07969 210281 Mercer 405042 745200 210 425 50 425 H
iI2 48-00030 231081 Iv_ddle_ex SouthB mr_wickTwp 402300 743330 70 221 25 221 N
113 -- 231118 I_ddJeaex '- 402312 743304 90 100 42 100 H
114 28-04388 231065 IVfiddl_cx 402150 743601 100 325 72 325 C
115 28-00247 230936 IVfiddletex 402258 743340 80 305 7.6.5 305 N

116 28-04393 230526 I_dd_esex " 402218 743512 80 505 37 505 U
117 28-06846 231046 _fiddk_ex " 402301 743350 80 342 67 342 N
STOCKTON FORMATION
118 26-04992 170005 Hudson NorthBergen Twp 404800 740045 250 1155 50 1155 N
119 - 190015 Hunte_on DelawareTwp 402502 750124 2fi0 250 26 250 H
150 24-14404 190037 H_te_don " 402829 745456 450 280 53 280 H

121 27-04579 190070 Himterdon 402545 745916 310 400 500 400 P
122 47-00008 190077 Htmterdon Stockton Born 402425 745830 200 278 4L4 278 P
123 28-06196 210137 Mercer We_ WindgorTwp 401945 743733 60 300 125 300 N
124 27-00471 210243 Mercer Ewing Twp 401628 744643 120 67 42 67 H
125 28-05619 210087 Mercer Hopewdl Boro 402335 744547 200 237 60.3 237 P
1_5 27-05819 210264 Mercer HopewellTwp 402243 744758 240 285 51 285 H
127 28-11785 210265 Mercer " 402418 744550 360 275 50 275 H
128 28-02507 210262 Mercer " 402358 744550 400 135 22 135 H

129 48-00016 210189 Mercer I-Icl_'wellT,wp 402340 744553 220 2.50 - -. P130 27-0_890 210268 Mercer ' 402135 744940 400 150 50 DO H

151 - 210248 Mercer Lawn_c¢ Twp 401642 744324 80 408 32 408 1
132 28-08874 2101445 I_k'rcer " 401721 744410 125 500 50 500 U
133 28-00401 210188 Mercer 401742 744410 120 286 23.5 154 P
134 210194 Mercer 401740 744407 120 110 - - P
135 210198 Mer_r Pmtce_n Twp 401927 743927 60 301 301 P

136 48-00_18 210286 Mercer WestWindu_rTwp 401949 743728 60 400 56 400 C
137 48-00019 210287 Mercer " 401945 743732 60 205 43 205 C
138 28-07735 210271 Mercer 402008 743740 60 300 60 300 C
139 48-00005 210205 Mercer 405029 743816 60 503 35 503 P
140 28-01886 210247 Mercer 405022 743758 60 335 38.6 335 P

141 -- 231115 _Vfidal¢_tex PlalnsboroTwp 402043 743650 115 297 - _. U142 28-16112 230792 Nfidnie_ex 405059 743601 97.6 60 31 00 U
143 28-01854 231063 IVfidd]_ex PhthutboroTv_ 402026 743730 96 443 422 443 N
144 28-16251 500801 _gfiddle_ex " 402100 743601 97.1 125 100 125 U
145 28-03175 231114 I_fiddle_x 405053 743619 100,8 250 45.5 250 F
146 28-00689 231116 IVfiddl_ex 402045 743648 150 406 U
CONGLOM_ ATE
147 24-06788 190028 Hmte_on Clinlzn Town 403737 745440 180 475 76 475 P
148 24-01207 190069 Hunterdon UninnTwp 403750 745811 380 148 61.5 148 T
DIABAS_ BASALT
149 25-13895 270196 Me_er I_ell Twp 405319 742109 300 293 19 293 P
WATCHUNG BASALT
150 27-07162 210258 Menis MontvilleTwp 402244 744642 2S0 350 42 350 H
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Table 7a. Chemical analyses of water samples from wells in sedimenlaD, bedrock of the Newm'k Basin in New Jersey - major conslituents

[Wall numb_ as an figure 2; (re.S/era), mlcra_mens per centimeter;, -, no data]

Well GWSI Date Temp- Specific _ pH Alka- Solids, Total Hatdne_ t_h._ml Magne- Sodium PoUts- Chloride Sulfme Fluoride Silica Nitrogen Phosphorus
nmn- num- eratu/e conduc, d_olvedstandsrd linity (re_/due,_e.,4_led total ,t;_tved sium dis3ol- sitlm diss_- dissel- dissol- dissol-
beg b_ water taxtce (rag/L) units field at _lidJ (mg/L (mg/L dis_31- red di_- ved ved red ved _ Nitnge Amman- NO2+ Diuol- Ortho,

(eL-') 0kS/ore) field (nng/L_ 180eC), (cni_a- as u red (mlCL red (mg/L (mg/L (mg/L (mg/L ia (rag/L) ia+ NO3 red diJsol-
CaCOa)d/u_- lined) CaCOs)CaCOs) (mg/L ulqa) (mg/L asCl) asSO4) mF) asSiOD (rag/L) organic (me_) (rag/L) veal

red as Mg) as K) (mg/1L) (rag/L)

BRUNSWICK GROUP SEDIMENTARY ROCKS
1 30234 03-05-86 13.5 400 3.8 7.8 125 302 160 52 8.2 17 1.3 19 30 - 20 - - -
2 30221 03-05-86 12 404 1 7,9 113 3{_ 170 49 I1 15 1.3 29 37 - 18 - - -
3 30225 03-07-86 13.5 232 5.2 8.3 75 175 78 26 3,1 16 0.9 8.4 23 - 23 ....
4 30226 03-05-86 11.5 365 6.4 7.9 101 - 276 150 45 10 10 1.3 22 26 - 22 ....

07-24-87 13.5 343 5.6 7.7 98 217 259 140 47 5.6 14 1 12 33 0.1 19 <0.01 <O.01 0.6 4.7 0.02 0.02
5 30231 03-05-86 9.5 350 5.5 8.1 I01 265 150 50 6.2 12 1 14 36 - 20 - -

6 30232 09-12-88 12 436 3.9 7.3 141 256 330 210 56 17 10 0.9 17 35 <O.10 18 <0.010 <0.010 0.3 3,7 0.04 0.03
7 30034 03-11-86 11.5 458 3.8 7.7 129 -- 346 180 40 20 22 0.8 41 38 - 21 ......

03-02-88 11.5 493 3.3 7.4 124 272 373 190 43 21 23 1 48 34 0.3 21 0.03 <0.010 0.2 1.7 0.02 0.01
8 30216 03-07.86 12.5 1200 2 7.8 87 907 400 130 17 62 0.9 110 290 25 -
9 30222 03-20-86 11.5 400 8.2 8.2 II1 - 302 110 20 15 39 I 19 56 - 14 .......

09-10-87 15 440 4.3 7.9 112 240 333 140 30 16 36 1 25 56 0.2 15 0.01 <0.01 <0.2 1,9 0.06 0.05
10 3021230 03-06-86 11.5 550 5.5 7.6 169 - 416 250 44 33 16 1,2 49 27 19

11 130_90 03-12-86 12 1200 0.4 7,8 101 - 907 500 130 42 48 1.4 12 490 - 23 ........
12 130_2 05-11-87 11.5 432 3 7.5 110 234 327 170 38 18 13 0.7 36 29 0.1 24 <0.01 <0.01 0.3 1.1 0.09 0.08
13 130082 08-12-87 12.5 451 5 8.1 97 - 341 210 49 22 11 0,9 49 52 - 25 <0.010 <0.010 0.6 3.1 -- 0.02
14 190{D9 07-21-87 12.5 155 7.8 6.1 31 106 117 55 14 4.8 8.5 0.5 7.2 19 0,1 22 <0.01 <0.01 0.5 3 0.06 0.02
15 190045 01-30-86 11 510 3.1 7.4 177 - 386 240 76 13 21 3.9 17 77 17 - -

16 190_0 08-i7-88 14.5 362 3.9 7.6 148 230 274 150 46 7.9 25 1.5 12 25 0,7 22 <0,010 <0,010 0.2 1.3 0,02 0.01
17 190046 02-04-86 13 355 5 7.8 115 - 268 160 46 12 8.9 0.7 32 12 21 -- -
18 190030 07-09-85 13 419 1.8 7.9 146 -- 317 200 40 25 12 1.1 13 59 21 ....
19 190042 07-09-85 13.5 635 3.1 7.6 175 -- 480 330 73 36 15 1.1 34 130 21 .......
20 190016 07-23-85 13.5 640 2.7 7,8 119 - 484 210 51 19 49 1.3 22 160 16 ......

21 190005 07-23-85 13.5 353 0.2 8 108 - 267 140 34 12 15 1.1 10 36 -- 12 .......

22 190017 01-29-86 12 610 0.2 9.1 321 - 461 i7 3.7 1.8 150 1.5 18 1.6 -- 11
03-08-88 12 689 0.2 9.4 330 4_ 521 8 1.8 0.91 160 1.8 18 0,6 1.4 10 <0.010 <0.010 <0.20 <0.100 0.04 0.01

23 190_5 02-12-86 13 478 1.2 9.3 211 -- 361 67 14 7.5 74 0,7 3,5 42 - 17 ........
24 190061 01-28-86 10,5 400 2.7 7,7 163 -- 302 190 47 16 21 2.2 7.7 73 - 15 .........

25 190009 07-18-85 11.5 374 8 7,7 140 - 283 180 40 19 7.2 1.1 13 22 - 18 ........

26 190012 04-30-87 12 614 5.2 7.5 108 328 464 200 54 17 32 1.7 60 78 <0.1 15 <0,01 <0.01 0.3 2 0.02 0.01
27 190043 07-22-87 13 1120 0.1 7.7 120 898 847 600 180 37 27 1.2 6.6 520 0.2 23 0.05 <0.01 0.4 <0.1 0.02 <0.01
28 190(132 07-29-87 13.5 834 1.9 7.5 121 619 631 430 140 19 21 0.8 11 300 0.2 18 <0.01 <0.01 0.5 0.85 0.03 0.02
29 190041 07-26-85 13 1780 0.4 7.3 156 1346 910 250 69 38 1.6 16 850 -- 20 - -

30 190065 01.31-86 11 325 6.4 7.8 159 246 160 36 16 9.3 0.7 5.8 15 - 19 - -

31 190064 01-06-86 12.5 665 4.8 %6 114 503 350 94 28 19 1.4 24 230 - 21 -- -
32 190018 01-07-86 12.5 340 0.5 7,7 119 257 150 35 15 14 LI 12 30 -- 23 -- -
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Table 7a, Chemical analyses of water samples from wells in sedimentary bedrock of the Newark Basin in New Jersey - major constituents (conL)

[W_l number men figure 2; (mS/cm), mlcrestemens per centimeter, --, no data]

Well GWSI Date Temp- Spedfic Oxygen pH Alka- Solids, Total Hatdr_u _l_m_ Magne- Sodium Potas- Chlmids Sulfa/e Fire,de Silica Nitrogen Phosphorus
ram- nmn- eratm_ ¢ondu¢-_olvedstandard llnlty (re_idue,i,,ak_d total _ sium diaol- sium disscl- disud- di_- distal-

beg water trance (rag/L) units field at solids . (mg/L (mgJL disgot- . red di_.., red red - red red Ammm_- Nitrate Ammon- NO2 + Diuol-. O_ho,
ia (ms/L) is + NO3 veal diml-

(°C) (pS/an) field (m8/Lm 180OC), (¢aku- as as ved (mg/L ved (n_ (mg/L (m_L (m_ • _n_
CaCO3) diu_- lied) CaCO3) CaCO3) (mg/L asNa) (mgL asCl) asSO4) a_F) esSiOD ''_" orpvic (ms/L) (ms/L) red

red as Mg) as K) (ms/L) (I_JL)

BItUNSWICK GROUP SEDIMENTARY ROCKS (cont.)
33 190019 06-07-88 12 199 6 6.4 45 143 150 77 19 7.1 7.4 0.4 6 31 0.3 40 <0.010 <0.010 1.1 1.3 0.06 0.02
34 190063 05-27-87 12.5 462 1.2 7.4 206 326 349 290 66 31 11 I.I 39 32 <.1 16 0.02 <0.01 0.4 2.7 0.01 <0.01
35 190_5 08-07-87 14.5 413 1.9 8.2 126 - 312 210 67 9.2 14 6.6 10 98 - 19 0.17 <0.010 0.5 <10.100 -- <0.010

36 190(_ 1 07-09-86 15 471 0.6 7.1 149 356 210 60 14 15 4.7 28 43 - 35 ....
37 190(_8 06-26-86 14 632 I.I 7.5 160 478 270 90 11 17 4.2 68 52 - 24 ....

38 190_6 07-0_-86 13.5 505 0.2 7.9 160 382 250 67 19 12 1.8 21 73 - 40 ....
39 190054 01.29-86 10.5 460 4.8 7.9 183 348 210 60 14 27 2.9 26 57 - 31 ....
40 190055 01.29-86 12.5 360 0.2 7.7 141 - 272 160 46 11 12 3.4 4.5 47 - 24 ....

06-09-88 13 395 0.1 8 157 230 299 170 50 II 13 3.5 3.9 42 0.7 24 0.07 <0.010 0.3 <0.100 <0.010 <0.010

41 190074 02-13-86 13 595 2.1 7.5 173 - 450 310 92 20 12 1.9 65 65 - 25 ....

03-09-88 13.5 610 4.1 6.5 167 357 461 270 80 18 I1 1.9 39 52 0.1 26 <0.010 <0.010 <0.20 3.1 0.02 <0.010
42 190052 06-26-86 13.5 419 0.6 7.4 92 317 170 49 11 14 5.6 37 51 - 35 ....
43 190057 06-27-86 13.5 543 1.2 7.7 146 411 240 69 16 17 5.2 42 64 - 30 ....
44 190/_3 01-31-86 12.5 460 0.4 7.6 133 348 200 62 12 18 5 24 76 - 32 ......
45 210277 07-31-85 13.5 430 3.1 7.6 152 -- 325 190 56 13 13 1.1 21 18 - 23 ....

03-01-88 13 462 4.1 7.6 149 258 349 59 13 13 1.1 23 30 0.1 22 0.02 <0.010 <0.20 4.8 0.06 0.05

46 210282 07-10-86 13 252 6.1 6 21 191 81 20 7.4 14 1.1 24 32 - 24 ....
47 210263 07-08-86 13 430 6.7 7.8 161 325 220 43 26 9.2 1.3 12 26 - 19 ....
48 210267 08-23-85 13.5 544 3.9 7.2 120 411 210 58 15 29 2.4 61 59 - 34 ....
49 210088 08-22-85 12 -- 2.7 7.7 182 -- - 200 44 22 2.1 1.3 2.8 14 - 12 <0.010 <0.010 - 0.11
50 210242 07-11-85 12.5 445 1.6 7.8 181 - 336 190 46 19 22 1.1 22 33 - 20 - - -

51 210244 08-15-88 13 449 2.9 7.6 152 262 339 200 50 18 13 0.9 13 33 0.1 20 <0.010 <0.010 0.2 2.2 -- 0.03
52 210253 01-14-86 13 382 0.3 7.9 139 - 289 170 49 12 17 1.3 8.7 64 - 18 - -
53 210289 06-19-85 12 365 3.6 7.8 128 - 276 180 44 16 11 1.2 13 17 - 24 - -
54 210269 07-10-85 13.5 367 5 7.7 142 .- 277 ...........

55 210275 07-10-85 13 372 3.6 7.8 142 -- 281 170 42 16 12 1.1 17 28 - 21 - -*

56 231072 09-10-85 13.0 1150 2.9 7.5 144 -- 779 680 230 25 26 1.9 16 580 - 21 ......
09-23-88 12.5 2000 0.1 7.4 121 1840 1512 1200 410 43 40 2.6 17 1200 0.1 19 0.13 <0.010 0.4 1.1 <0.010 0.01

57 231055 09-10.85 12.5 5(_0 6.5 7.8 142 - 423 280 68 26 15 1.8 14 160 - 22 - -
58 231050 06-25-86 13.5 1740 1.2 7.9 113 - 1315 310 73 29 270 2.5 31 760 *- 13 ......
59 231051 07-23-87 13 263 0.1 7.7 94 170 199 94 23 9 15 3.5 16 14 0.1 33 0.21 <.01 0.8 <.1 0.03 0.02
60 231049 06-26-86 13 407 0.2 7 143 -- 308 190 37 23 12 1.3 12 49 - 37 -- --

61 231063 12-23-85 12.5 595 0.1 6.9 228 -- 450 280 87. 16 25 1.5 47 53 -- 32 .......

09-15-88 12.5 732 <0.1 7.1 215 434 553 330 99 19 28 1.5 79 47 0.2 31 0.28 <0.010 0.4 <0.100 0.15 0.09
62 231119 07-28-86 15 692 0.3 6.8 199 - 523 300 91 18 22 1.7 54 63 32 - -
63 231048 06-25-86 15 340 0.7 6.9 152 - 257 140 33 14 14 1.8 9.2 18 40 - -
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Table 7a. Chemical analyses of water samples from wells in sedimentary bedrock of the Newark Basin in New Jersey - major constituents (cont.)

[Well number as oo figure 2; (mS/era), mlcrmtemens per centimeter;, --, no data]

Well GWSI Date Temp- Specific Oxygen pH Alka. Solids, Total HazinessCalciumMagne- So¢_mn PoUts- Chlodde Sulfate Fluoride Silica Nitrogen Phosphorus
man- hum- e_turc conduc-d_solvedstandard linity (miduedissolved total dissolved slum dissol- sium dissol- dissol, dissol- dissol-
be: bet water tance (rag/L) units field al solids (mg/L (mg/L dissd* red disH- ved ved ved red /tmma_ Nitric Ammon- NO2+ Dissol- Ortho,

(eC) (pS/cm) field (_as 180°C), (,_h,. as at red (mg/L red (mg/L (mg/L (mg/L (mg/L ia (rag/L) ia+ NO3 red dissol-
CaCO3) disssol- la_ed) CaCO3) CaCO3) (mg/L asNa) (mg/L asCl) asSOt) asF) amSiO2) (rag/L) organic (mwL) (rag/L) ved

ved as Mg) asK) (rag/L) (mgfL)

BRUNSWICK GROUP SEDIMENTARy ROCKS (conL)
64 231047 06-25-86 13 304 0.8 6.5 79 230 94 22 9.4 12 4 34 17 - 45 .....
65 2310/6 05-23-86 13.5 748 0.2 7.2 217 565 310 94 18 28 2 71 51 - 28 .......

66 231053 02-11-86 12.5 1750 0.3 7.5 119 - 1323 1100 360 42 69 4 12 I100 - 22 .......
08-17-88 13 2330 <0.1 7.3 II1 2020 1761 I100 370 45 79 4.1 13 1300 0.1 22 0.26 <0.010 0.6 <0.100 0.01 <0.010

67 231075 07-24-86 13 504 0.3 7.1 161 381 190 62 9.2 28 2.3 36 32 - 32 ....
68 230531 10-03-85 -- 550 -- 7 188 416 230 77 8.5 35 4.4 47 43 -- 30 .....

69 231044 01-08-86 12.5 435 0.2 7.6 213 329 180 47 15 35 2 14 33 - 22 - - -
70 231117 08-13-85 13.5 359 O.ll 7.6 64 271 140 35 13 15 2 15 65 - 17 - - -

71 230340 09-10-85 13.5 589 5.2 7.6 170 -- 445 280 82 18 17 1.4 26 110 - 21 - - -
04-29-87 13 679 5 7.6 164 396 513 290 85 19 19 1.4 36 I10 <.1 22 0.02 <0.01 0.8 3.5 0.05 0.04

72 231034 02-05-86 12.5 515 0.2 7.5 237 -- 389 200 54 16 52 3.2 8.2 67 - 25 ....

73 270153 04-21-87 11.5 398 6.6 7.3 142 227 301 190 42 21 II 1.3 23 28 <.1 15 0.01 <0.01 0.3 2.8 0.02 <0.01
74 270979 09-01-87 13.5 499 0.1 &l 169 377 140 26 17 68 0.7 15 88 - 20 <0.010 <0.010- 0.4 1.6 - 0.01
75 310_3 08-19-88 14 634 10.8 7.5 128 407 479 290 63 33 23 1.2 60 90 <0.10 19 <0.010 <0.010 0.2 5.5 0.03 0.02

76 310_4 08-19-88 12.5 477 14.7 6,9 107 314 361 200 54 16 14 0.8 56 32 <0.10 22 <0.010 <0.010 <0.20 5.1 0.06 0.05
77 350017 01-09-86 13.0 465 2,6 7.8 131 340 220 50 24 13 1.1 7.2 I10 - 22 - -
78 350009 07-24-85 14 735 3.8 7.2 200 -- 556 300 79 25 34 1.2 27 130 - 30 - -
79 350_0 09-09-85 13.5 1300 1.9 7.6 104 -- 983 730 230 36 44 1.3 19 710 - 19 - - -
80 350_6 06-06-88 14 328 3.5 6.5 99 219 248 130 34 12 14 I 25 20 0.3 23 <0.010 <0.010 0.2 0.73

81 350018 07-30-85 13 1020 2.2 7,4 130 - 771 500 130 41 35 1.7 25 400 - 21 - - -
82 350_1 02-12-86 12.5 3(_ 3.7 7.8 141 -- 231 150 35 14 I1 1.8 7.8 7.9 24 - -
83 350_3 07-24-86 12.5 360 3.9 7.9 109 -- 272 150 39 13 14 1.4 9.3 55 - 26 ....

84 350011 07o21-87 13.5 400 0.1 7.7 158 241 3_ 190 45 19 13 0.7 15 32 0.1 22 <0.01 <0.01 0.3 0.33 0.3 <0.01
85 350_4 01-10-86 12 375 2.6 7.7 133 -- 284 160 39 16 11 0.9 13 21 - 17 ......

07-22-87 13.5 379 2.4 7.8 132 225 287 180 43 17 12 1 13 19 0.1 16 <0.01 <0.01 0.7 5.3 0.03 0.03

86 350_6 07-08-86 13 327 2.8 7.8 127 - 247 150 33 15 9 1.2 8.8 18 18 - -- ,
87 350016 09-18-85 13 396 7.1 7.7 160 - 299 190 44 19 10 1.3 8.4 27 18 - -
88 350019 01-15-86 12.5 665 2 7.8 139 - 503 360 97 28 20 2.1 7.4 240 - 25 .....

08-17-88 13 725 3.5 7,4 142 507 548 340 91 28 19 1.9 9.9 220 0.1 24 <0.010 <0.010 0.6 4.7 0.02 <0.010
89 350034 05-07-87 10.5 380 8.9 7.2 47 199 287 120 30 I0 25 1.8 50 29 <0.1 13 0.08 0.02 0.7 0.77 0.01 0.01
90 390133 07-02-85 13 452 6.5 7.6 174 -- 342 210 60 14 9.6 0.7 18 36 22 0.02 <0.010 0.3 1.9

91 390102 07-03-85 15 735 5.4 7.4 338 - 556 350 120 13 13 I 32 31 18 <0.010 <0.010 0.3 <0.100
92 390119 07-02-85 12.5 585 4.6 7.8 104 - 442 250 72 17 18 I 13 170 19 <10.010 <0.010 0.2 3.1
,93 390168 I 1-21-85 13 .40_ 6.2 7.1 170 -- 304 210 64 13 11 1.2 21 45 24 - -

94 390251 11-21-85 13 990 3.4 7.5 142 -- 748 630 180 43 31 1.6 34 520 - 28 .....
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Table 7a. Chemical mmlysesof watersamples fromwells in sedimenta_ bedrockof the NewmtcBasin in New Jersey - majorconstituents(cont.)

{Well number as an figure 2; (mS/em), mlcroslemens per centimeter; --, no data]

Well GWSI Date Temt_ Specific Oxygen pH AIka- Solids, Total HardnessCalcium Magne- So,urn Pouts- Chlodde Snifa_e Fluoride Silica Nitrogen Phosphorus
hum- hum- eraturc conduc-dissolvedstandant linity (rcsidue dismlved total dissolved sire _ssol- slum dlssol- dissol- dissol- dissol-
hcf bet water tance (mglL) units field at iolids (mg/L (mg/L disso_- red dissol- ved ved red ved Anmmn-Nitrate Ammoc- NO2+ Di_ol- Ortho,

ia (ms/L) ia + NO3 red dissol-(°C0 (pS/crn) field (mg/Las 180°C), (_k:c- _ _ red (mg/L red (mg/L (mg/L (ms/l, (mg/L
CaCO3) disssol- lated) CaCO3) CaCO3) (mg/L as Na) (mg/L as CI) as SO4) as F) as SIO2) (rag/L) organic (rag/L) (ms/L) ved

red as Mg) as K) (rag/L) (rag/L)

BRUNSWICK GROUP SEDIMENTARY ROCKS (cont.)
95 390385 07-29-87 11 297 6 6.7 79 2(]8 225 120 37 7.8 10 0.8 27 18 0.1 30 <0.01 <0.01 0.5 0.34 0.09 0.06

LOCKATONG FORMATION
96 30218 07-18-86 13.5 421 5.8 6.6 61 - 318 150 39 12 27 1.6 63 42 25 - -
97 30_19 07-16-86 12.5 213 6.8 7.8 69 - 161 85 25 5.4 12 1.1 11 17 55 ........

0%24-87 12.5 247 6.5 7.6 68 140 187 81 24 5.1 11 I 12 17 1 27 <0.01 <0.01 0.4 3 0.03 0.02
98 30217 07-14-86 13 374 5.2 7 79 -- 283 150 45 9.9 12 1.5 28 43 24 ....
99 30220 07-15-86 13.5 569 7.5 6.9 93 - 430 200 55 15 41 2-6 89 52 28 - --

100 190086 01-3 l-ll6 12 550 0.2 8.8 321 -- 416 47 9.9 5.4 130 1.7 3.9 11 18 - -

101 190023 12-18-85 11.5 470 0.9 7.6 262 -- 355 190 62 9.1 34 3.5 4.8 21 36 ....
102 190035 12-19-85 10.5 426 0.4 7.3 220 - 322 190 63 8.7 26 5.4 6.2 40 26 .....
103 190Q24 12-18-85 13.5 585 0.6 8.8 306 - 442 12 2.5 1.2 140 I 5.3 11 13 .....

104 1900_0 07-09-86 14.5 900 0.8 7.7 273 - 680 350 79 37 59 3.7 70 96 26 ....
105 190060 06-25-86 13 612 0.1 7.6 215 - 463 280 67 28 29 4.5 24 77 23 ......

106 190059 06-25*86 13 652 0.1 7.4 234 - 493 270 62 27 30 2.8 22 84 23 .....
107 210(128 07-05-83 13 470 0.1 7.1 -- - 355 220 54 21 12 LI 26 62 15 - 0.02 <0.05 7.6
108 210261 06-27-86 13.5 464 0.4 7.6 159 -- 351 220 47 25 7 I.I 26 40 16 .....
109 210260 07-01-86 13.5 356 0.1 7.7 151 - 269 140 45 7.8 18 6.3 3.6 31 27 .....

110 210266 06-27-86 17 653 3.1 7.6 167 - 494 7/10 54 26 40 3 67 54 - 41 ....

I11 210281 07-30-86 14.5 298 0.5 7.9 151 -- 225 130 30 14 12 0,8 1.7 10 -- 29 ....
112 231081 08-27-85 13 336 0.5 7.2 110 -- 254 130 34 9.9 20 4.7 8.2 51 - 30 ......
113 231118 02-14-86 12 332 0.3 7.5 175 -- 251 150 38 12 15 6.6 11 13 - 41 - --
114 231065 07-23-86 13 221 0.9 8 83 -- 167 80 20 7.3 12 1.6 7.6 19 - 17 -- --
115 230936 08-22-85 12.5 572 0 6.8 126 - 432 200 53 17 37 6.2 II 150 - 34 ....

06-22-88 12.5 618 0.1 7 118 336 467 180 48 15 33 5.9 14 120 0.3 34 0.09 <0.010 <0.20 <0.100 <0.010 0.02

116 230526 07.03-86 14 242 7,5 8.1 93 -- 183 59 14 5.9 28 1.8 6.2 17 - 20 - --
117 231046 07-02-86 12.5 429 0.5 7.5 144 324 160 47 10 25 5.3 9.5 68 - 34 - --

STOCKTON FORMATION
118 170005 03-20-86 16 800 .2 8.6 101 - -- 22 8.4 0.25 150 0.9 130 95 - I0 ....

08-04-87 16.5 817 0.1 8.6 95 454 618 21 8 0.29 160 0,7 130 92 1 12 <0.01 <0.01 0.5 <0.1 0.06 <O.lil
119 190015 07-23-87 11.5 140 7.2 6.7 63 101 106 61 15 5.8 8.5 0.8 3.3 13 0.1 27 <0.01 <0.01 0.4 0.49 0.14 0.12
120 190(]87 01-28-86 12 325 6.4 7.7 119 -- 246 150 35 16 8.8 I 10 26 19 .....

07-21-87 12.5 342 6.6 7.8 123 2Q2 259 160 37 17 9.2 I II 27 0.1 19 <0.01 <0.01 0.3 1.9 0.06 0.04

121 190070 08-16-85 12.5 418 2.8 7.8 160 316 200 39 25 13 1.3 21 24 - 23 - -
122 190077 08-16-85 13 411 5.6 7.1 126 - 311 180 55 11 14 1.3 17 63 - 25 ....

04-22-87 12.5 209 9.8 6.7 127 140 158 81 23 5.8 10 1.2 4.9 32 <0.1 26 0.01 <0.01 0.3 1.5 0.06 0.05
123 210137 07-09-86 12.5 362 2.5 7 103 274 140 36 13 18 1.3 16 34 - 20 - -- --
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Table 7a. Chemical analysesof water samples fromwells in sedimenta_ bedrockof the NewarkBasin inNew Jersey - majorconstituents(cont.)

[Well number as oa figure 2; (mS/era), microstemens per centimeter; .., no data]

Well GWSI Date Temp- Specific Oxygen pH Alka- Solids, Total _ Cak_um Magne- Sodium Potas- Chloride Sulfate Fluoride Silica Nitrogen Phospho_
num* num. eratutc ccn6_c-dissolvalatandard liulty (rcsiduecGssulvcd total dissolved sium dinul* sium diss_- diss_- dissul- dissol-
bet box water tancc (mUL) units field at solids (mg/L (mUL dis_i- veal dissol* red ved ved vcd _ Nitrate Ammo_ NO2+ Diuol- Ortho,

(°C) (t_S/cm) field (mg/Las 180OC). (caku- _ as red (mg/L ved (mg/L (mg/L (mg/L (mg/L ia (rag/L) ia+ NO3 red ditttol-
CaCO3) diusul- laud) CaCO3) CaCO3) (mg/L uNa) (mg/L asCI) asSO,,) _F) MSiO2) (mg/L) organic (mS/L) (mg/L) ved

ved as Mg) as K) (rag/L) (rag/L)

STOCKTON FORMATION (cont.)
124 210243 06-17-85 14 334 4.9 7.5 104 253 150 36 14 9.1 0.9 14 18 - 26 ....
125 210087 07-31-85 12.5 417 1.1 7.6 144 315 190 45 18 14 1 22 36 - 19 .....

126 210264 07-02-86 13.5 346 <0.1 7.9 161 - 262 160 38 16 8.1 I 5.6 17 - 19 ....
127 210265 07-08-86 13 362 0.5 7.9 177 274 190 43 19 8 0.9 3.6 21 - 22 ....
128 210262 06-27-86 14 282 4.4 7.3 78 213 120 27 12 9.5 0.8 I1 25 - 20 .....
129 210189 07-31-85 13.5 404 1.3 7.8 152 3_; 200 45 20 13 0.8 12 54 - 19 ....
130 210268 01-14-86 12.5 398 1.6 7.8 171 301 200 47 19 8.7 1.4 11 31 - I1 ....

131 210248 09-03-87 13 229 4,6 6.6 72 145 173 120 22 7,4 14 1.1 8.5 20 0.1 28 0.06 <0,01 0.6 3 0.1 0.09
132 210146 04-22-87 12 265 5.6 6.6 94 163 200 120 30 II 8.9 1.3 I1 23 <0.1 24 <0.01 <0.01 0.5 1.6 0.06 0.05
133 210188 07-17-85 13 370 4.1 7 138 280 160 37 17 13 1.1 17 18 - 26 - - -
134 210194 07-17-85 13 310 6.9 6.9 100 - 234 120 27 13 II 0.9 20 16 - 29 ....
135 210198 09-09-87 12 394 3.5 6.5 131 236 298 170 44 15 14 1.4 13 28 0.2 24 0.01 <0.01 <0.2 0.74 0.11 0.07

136 210286 07-09-86 13 450 2.9 7.3 169 340 150 37 14 40 . 3.2 23 46 -- 19 ......
137 210287 08-27-85 13 288 6.7 6.5 84 218 110 26 II 14 1.3 15 19 -- 22 - -- -
138 210271 08-27-85 13 416 0.8 6.9 126 314 170 46 14 15 1.9 23 43 -- 20 ....
139 210205 08-13-85 13 324 1 6.3 86 245 130 31 12 17 2 16 38 -- 17 .....
140 210247 08-13-85 13.5 343 1.6 6.6 94 259 130 35 11 16 1.7 25 16 - 20 ....

141 231115 07-16-85 16.5 154 -- 5.5 21 116 32 7.8 2.9 11 2.8 12 5.1 -- 29 0.04 <0.010 0.4 4.1 <0.010
142 230"/92 04-24-86 12.5 370 0.3 7.5 145 280 170 46 14 10 1.6 12 18 -- 28 0.01 <0.010 0.2 0.15 0.02
143 231053 07-23-86 13.5 459 3.2 6.4 85 347 140 36 12 33 2,3 59 38 - 23 ....
144 230801 04-24-86 12.5 350 0.3 7.6 145 265 160 45 12 9.7 1.7 11 15 -- 27 0,05 <0.010 0.2 <0.100 0.02
145 231114 07-16-85 13.5 214 -- 6.5 70 162 78 18 7.9 7.8 1.3 5.5 9 -- 25 0.13 <0.010 0.3 1.1 0.13

146 231116 07-16-85 13 251 3.6 6.2 54 -- 1_0 77 19 7.2 14 1.8 26 17 - 27 <0.010 <0.010 0.2 1.8 -- 0.14
04-28-87 11.5 272 6.6 5.8 23 155 2(]6 64 15 6.4 21 2 41 20 <.1 24 ¢.01 <.01 0.9 1.6 0.08 0.07

CONGLOMERATE
147 190028 05-13-88 12.5 342 2.7 8 138 205 259 160 35 18 17 0.7 17 22 0.3 17 ........
148 190069 03-03-88 12.5 342 5.2 7 93 195 259 150 39 12 8.2 0.8 33 16 0.2 23 0.02 <0.010 <0.20 1 0.16 0.16

DIABASE
149 270196 05-05-88 12 484 3 7.4 149 303 366 220 55 20 7.7 6.7 39 35 0.1 27 <0.010 <0.010 <0.20 2.1 0.02 <0.010

BASALT
150 210258 07-01-86 13 276 8.2 7.1 87 209 130 35 9.6 5.9 0.7 16 22 -- 37
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Table 7b. Chemical analyses of water samples from wells in sedimentary bedrock of the Newark Basin in New Jersey - minor constituents

[Wdl number as on figure 2; (nag/L, milligrams per liter; mg/L, micrograms per liter; --, no data]

Well Date Alumi- Arsenic Barium Beryl- Cadmimn Chro- Cobalt Copper lion Lead Litldum Manga- Mercmy Mo_yb- Stmn- Vma. Zinc Uranium Carbon Phenols
nm_ nun _s- dis- dis- _ dis- mium dis- dis- _ _ dis- nese dis- denu_ tiu_ dium dis-- na_m'al orgamc to(ad
bar solved solved solved _ solved dis- solved soavcd solved solved solved dis- solved dis- dis- dis- solved dis- dis- (pg/L)

(pg/L_ (pg/Las (pg/Las solved (pg/Las solved (pg/Las (pg/Las (p_Las (pg/Lu (pg/Las solved (pg/Las solved solved solved (pg/Las solved solved
AI) As) Ba) (pg/LM Co') (pg_as Co) Cu) Fe) 1_) L0 (pg/Las Hg) (pg/Las (pg/La_ (pg/Las Zu) (pg/Lu (mg/L

_e) cr) Mn) Mo) st) v_ V) as C3

BRUNSWICK GROUP SEDIMENTARY ROCKS
1 03-05-86 -- 140 <0.5 <1.0 -- <3 10 <3 <10 11 1 -- <10 I10 <6 6 16 -
2 03-05-86 - 220 <aS <1.0 - <3 <10 <3 <10 17 <l - <10 710 11 3 4.4 -
3 03-07- 86 - 150 <0.5 <l.O - <3 <lO 6 <10 18 2 - <10 480 <6 6 25 _-
4 03-05-86 - - 130 <0.5 <1.0 - <3 20 11 <10 I0 3 - <10 280 <6 150 4.2 -- -

07.24-87 <10 3 .... <1 <1 .- 3 3 <5 - 1 <0.1 - - - <3 - 1.5 2
5 03-05-86 - - 110 <0.5 <1.0 - <3 <10 5 <10 11 I - <10 160 <6 12 3.6

6 09-12-88 <10 2 -- - <LO <1 - <1 4 <5 - <1 <0.1 - - - 4 - 0.7 <1
7 03-11-86 - -- I10 <0.5 <l.O - <3 <10 <3 <10 9 <1 - <10 170 <6 <3 7_7 - -

03-02-88 <lO I0 -- -- <1.0 I - I 30 <5 - 7 <0.1 .... 8 -- 0.7 2
8 03-07-86 .... 21 <0.5 <1.0 - <3 <lO 7 <10 28 2 - <10 2700 25 4 9.4 - -
9 09-10-87 <10 3 - - <l <1 - 2 <3 <5 - <l <0.1 - - - 24 - 1 4

03-20-86 -- - Ico <0.5 <1.0 - <3 <lO 9 <10 19 1 - 10 650 <6 21 2.9 ....
10 03-06-86 .... 300 <0.5 <l.0 -- <3 <10 <3 <10 12 <l - <10 380 <6 <3 1.2 - -

II 03-12-86 -- -- 45 <0.5 <1.0 -- <3 60 <3 <10 29 46 -- <10 2000 8 3 1.3 -- --
12 05-11-87 1 <l .... <l <1 -- 2 5 <5 - <I <0.1 .... 22 - 0.8 <1
13 08-17-87 <10 -- 200 <0.5 <l.O - <3 <lO <3 I0 6 <l - <10 500 <5 <3 ....
14 07-21-87 <10 <1 - -- <1 <1 - 13 <3 <5 - I 0.3 - - - 7 - 1.2 3
15 01-30-86 - 18 <0-5 <1.0 <3 20 4 <10 23 5 <10 890 <6 22 22 -- -

16 08-17-88 <10 3 - -- <l.O <1 -- 3 4 <5 - 6 <0.1 - - - 270 - 0.5 -
17 02-04-86 - 600 <0.5 <l.O <3 <10 5 <10 22 <1 <10 150 <6 260 0.7 - --
18 07-09-85 7 300 <0.5 <l.O <3 <lO <3 <lO 30 <1 <10 690 10 20 5.2 -
19 07-09-85 - I10 <0.5 <1.0 <3 <10 4 <10 49 9 <lO 680 <6 11 - -
20 07-23-85 - 74 <0.5 <1.0 <3 <10 10 <10 60 7 70 5100 <6 13 I0 --

21 07-23-85 44 <0.5 <LO <3 <10 <3 <10 20 19 170 1700 <6 23 - -
22 01-29-86 - -- 19 <0.5 <l.O - <3 <10 8 <10 29 <l -- <lO 87 <6 <3 0.4 - --

03-08-88 <lO <1 -- -- 3 <1 -- <1 3 <5 - l <0.1 - - - <3 - 0.4 2
23 07-12-86 - 70 <0-5 <1.0 <3 <10 <3 <10 <4 <1 <10 910 <6 61 I --
24 01-28-86 -- 72 <0.5 <l.O <3 <10 3 I0 22 14 10 44(30 <6 600 16
25 07o18-85 -- 89 <0.5 <1.0 - <3 <lO <3 <10 5 <1 <10 85 <6 <3 0.4

26 04-30-87 6 4 -- <1 <1 -- 2 4 <5 <1 <O.l - 14 - 0.8 3
27 07-22-87 <10 16 -- <1 <1 - <l 280 <5 190 <0.1 - 5 - 1.3 --
28 07-29-87 <10 2 -- -- <1 <1 -- <l <3 <5 .... 65 0.2 - <3 - 1.9 3
29 07-26-85 -- 20 <0.5 <1.0 - <3 <lO 6 <lO 77 64 -- I0 3700 <6 26 6.6 --
30 01-31-86 -- 460 <0.5 <1.0 -- <3 20 <3 <10 14 <l -- <10 340 <6 270 2.8 -

31 01-06-86 - - 110 <0.5 <l.O -- <3 <10 8 <10 46 <1 - <10 2000 6 <3 3.2
32 01-07-86 - - 16 <0.5 <1.0 -- <3 <10 <3 <10 29 I0 -- <10 50 <6 77 3.1 ....
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Table 7b. Chemical analyses of water samples from wells in sedimentary bedrock of the Newm'k Basin in New Jersey - minor constituents (Cont.)

[Wellnumt_rason l_,ure2;(rag/L,milligramsper liter;mg/L,microgramsperliter; --, nodatal

Well Date Ahuni- Arsenic Baxium Beryl- Cadmimn Chro- Cobalt Copper Iron Lead Lithium Manga- Meremy Molyb- Stron- Vma. Zinc Uranimn Cation Phenols

men- num dis- dis- lium dis- mium dis- dis- dis- _ dis- nese dis- dentm_ fittm dium dis- nzaura] organic total
bet dissolved solved snived dis- solved dis- solved solved solved solved solved di_- solved dis- dis- dis- solved dis- dis- (Jag/L)

(pg/Las (ttg/Las Otg/Las solved (pg/Las solved (pg/Las (ptg/Las (pg/Las (p_as (pg/Lxs solved (/ag/Las solved solved so/red (_t_g/Las solved solved
AI) As) Ba) (p_Is Ca') (pWL_ Co) Cu) Fe) Pb) Li) (._as HK) (pg/Las (_u (p_Las Zn) Q_,/Las (mg/L

Be) co Mn) Mo) SO V) U) asC)

BRUNSWICK GROUP SEDIMENTARY ROCKS (_nt.)

33 06-07-88 -- <1 -- <1,0 2 -- 51 <3 <5 - <1 <0.1 -- - 120 - 1.4 <1
34 05-27-87 4 <1 - -- <1 <1 - 1 <3 <5 -- <1 <0.1 -- - - 10 - 1.2 3
35 08-0%87 .... 16 <0.5 <1.0 -- <3 <10 1500 <10 23 220 -- 30 240 <6 140 ....

36 07-0%86 .... 17 <0.5 <L0 -. <3 20 6 <10 40 10 -- <10 160 <6 100 7,2 ....
37 06-26-86 .... 14 <0.5 <1.0 -- <3 <10 9 <10 47 15 - <10 250 <6 740 2.4
38 07-08-86 - -- 7 <0.5 1 -- <3 <10 8 <10 24 99 -- <10 150 <6 400 0.8 --
39 01-2%86 .... 18 <0.5 <1.0 -- <3 <10 1700 <10 41 45 -- 10 620 <6 590 3.2
40 01-2%86 - -- 3 <0.5 <1.0 -- <3 <10 10 <10 33 64 -- <10 190 <6 220 2.4 --

06-09-88 10 2 - -- <1.0 5 -- 3 37 <5 -- 68 <O.1 -- - 220 -- 0_ 3

41 02-13-86 .... 53 <0.5 <1.0 -- <3 <30 <3 <10 15 5 -- <10 390 <6 22 2.4 -- --
03-09-88 <10 9 - - 2 1 - 3 <3 <5 -- 2 <0.1 .... 23 -. 0.7 2

42 06-26-86 .... 24 <0.5 <1.0 -- <3 <10 1800 <10 34 250 -- 20 140 <6 740 1.1

43 06-27-86 -- 5 <0.5 <1.0 -- <3 <10 11 <10 50 5 -- <10 160 <6 49 16 -
44 01-31-86 "7 11 <0.5 <1.0 -- <3 <10 250 <10 40 98 -- 10 220 <6 69 11
45 07-31-85 .... 250 <0.5 <1.0 -- <3 <10 <3 <10 25 <1 o- <10 360 <6 58 2.9 - -

03-01-88 <10 1 - <1.0 <1 4 6 <5 <1 <0.1 -- -- 16 0.8 1

46 07-10-86 -- 95 <0.5 <1.0 -- <3 200 18 <10 6 2 <10 88 <6 82 <0.40 --
47 07-08-86 -- 410 <0.5 <1.0 .- <3 <10 <3 10 25 1 <10 420 <6 55 4.8 --
48 08-23-85 - - 13 <0.5 <1.0 <3 <10 8 <10 22 2 <10 370 6 18 6.4 -
49 08-22-85 10 -- - ..... 2 -- 42 24 16 1 - -- 31 -
50 0%11-85 30 -- 210 <0.5 <1.0 <3 <10 4 <10 20 2 <10 880 <6 26 -

51 08-15-88 10 4 220 <0.5 1 <5 <3 <10 3 <10 15 1 <0.1 20 470 <6 26 - 0.6 7
52 01-14-86 -- 140 <0.5 <1.0 <3 <10 29 <10 24 32 <10 760 <6 I0 1.9 -
53 06-1%85 -- 120 <0.5 <1.0 <3 <10 3 <10 19 10 <10 340 <6 37 1.5 -
54 07-10.85 .................... 3 -- - --
55 07-10-85 -- 230 <0.5 1 <3 <10 3 <10 18 <1 10 310 <6 9 ....

56 0%10-85 .... 30 <0.5 I -- <3 <10 9 <10 53 <1 -- I0 4600 <6 14 ......

0%23-88 <10 2 .... <1.0 3 -- 1 240 <5 -- 15 <0.1 .... 20 -- 0.4 <1
57 09-10-85 -- 61 <0.5 <1.0 <3 <10 8 <10 31 <1 - <10 5200 19 24 ....

58 06-25-86 .... 16 <0.5 <1.0 -- <3 <10 42 <10 100 26 -* <10 45(}0 <6 18 <0.40 - -
59 07-23-87 <10 <1 - <1 <I -- <1 360 <5 -- 75 <0.1 - 3 1.4 3
60 06-26-86 -- 210 <0.5 <1.0 <3 <10 2200 <10 13 160 -- <10 170 <6 50 -- -

61 12-23-85 20 -_ 1100 <0.5 <1.0 -- <3 <10 3100 <10 30 6GO -- <10 530 <6 5 <0.40 -- --
0%15-88 <10 <1 -- <LO <1 -_ 2 3600 <5 - 710 <0.1 -- - - <3 -- 1.9 I

62 07-28-86 20 ** 550 <0.5 <1.0 <3 <10 3600 <10 24 IlO0 -- <10 530 <6 9 0.9 -
63 06-25-86 -- 280 <0.5 <LO -- <3 <10 2200 <10 28 520 -- <10 270 <6 4 <0.40 --
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Table 7b. Chemical analyses of wa_r samples from wells in sedimentmy bedxodc of the Newark Basin in New Jo'sey - minor constituents (conL)

[Well number as on figure 2; (mg/l_ milllgrmns per liter; rag/L, mlcregrmns per tim-; .-, no datal

Well Date Almni- Arsenic Barimn Bezyl- Cadmium Chxo- Cobalt Copper h_ Lead Lithium Manga- Mercu_ Molyb- Stmn- V*ma- Zinc Uranium Carbon Phenols
num- num dis- dis- [him dis- mium dis- dis- ¢[_ _ dis- nese dis- denum titre1 dium dis* n_Sural organic total
be-r dissolved solved .s_ved _ solved dis- solved solved solved solved solved dis- solved dis- dis- dis- solved dis- dis- (/xg/L)

(Jxg/Las ([_g/L_ (jxg/L_ solved Oxg/Las scgvcd (pg/Las (pg/Les (tt_es Otg/Las QJLg/Las solved Oxg/Les solved solved solved Qxg/Las salved solved
At) As) Eta) (_es Ca') O_as Co) Cu) Fe) Pb) Li) (J_g/Lu Hg) (_Las QJtg/Las (_fJL_ Zn) Otg/Las (mg/L

Be) Cr) Mn) Mo) Sr) V) U) u C)

BRUNSWICK GROUP SEDIMENTARY ROCKS (met.)
64 06-25-86 - - 270 <_5 2 -- <3 <10 11000 <10 21 1600 -- <10 210 <6 45 <0.40 -*
65 05-23-86 20 -- 1100 <0.5 <1.0 - <3 <10 1300 <10 33 660 - <10 590 <6 9 1.5 -

66 02-11-86 .... 8 <0.5 1 -- <3 <10 240 <10 100 300 - 10 I10G0 <6 110 2.2 - -
08-17-88 20 6 -- - <1.0 2 -- <1 170 <5 -- 320 <0.1 .... 16 - 0.3 --

67 07-24-86 .... 300 <0.5 <1.0 - <3 <10 I100 <10 22 610 - <10 320 <6 14 <0.40 - -
68 10-03-85 - -- 23 <0.5 <1.0 <3 <10 22 <10 21 65 - <10 380 <6 45 ......
69 01-08-86 - .* <2 <0.5 <L0 <3 <10 <3 <10 27 100 - <10 850 <6 100 4.8 - --
70 08-13-85 - - 73 <0.5 1 <3 <10 41 <10 13 180 - 20 370 <6 <3 <0.40 ....

71 09-10-85 - -- 85 <0.5 <1.0 -- <3 <10 5 <10 26 <1 - <10 820 7 4 2.6 - --
04-29-87 <10 2 ...... <1 <l -- 4 5 <5 - 2 <0.1 - 10 - 0.9 3

72 02-05-86 - - 55 <0.5 <1.0 - <3 <10 750 10 38 200 - <10 610 <6 7 3.4 - --
73 04-21-87 <10 <I .... 1 <1 - <1 4 <5 - <1 <0.1 -- 6 - 0.6 2
74 09-01-87 <10 ..... 55 <0.5 <L0 <3 10 "/7 <10 21 I1 <10 540 <6 7 - - -
75 08-19-88 <10 4 <L0 4 -- <1 24 <5 -- <1 <0.1 -- - <3 - 0.8 -

76 08-19-88 - <1 .... <1.0 <1 -- <1 14 <5 - <1 <0.1 .... 33 - 0.7 1

77 01-09-86 - 89 <0.5 <1.0 <3 <10 <3 <10 32 <1 <10 930 <6 160 3.9 -
78 07-24-85 -- 85 <0.5 <1.0 <3 <10 4 <10 33 <1 <10 770 9 12 *- -
79 09.09-85 - -- 37 <0.5 <1.0 - <3 <10 7 <10 84 5 - 20 3700 9 26 7.1 - -
80 06-06-88 <10 <1 -- <L0 <1 -- 39 <3 <5 -- <1 <0.1 -- - 9 - 1.2 2

81 07-30-85 65 <0.5 <1.0 -- <3 <10 22 <10 77 <1 <10 2500 15 18 - --
82 02-12-86 -- 190 <0.5 <1.0 - <3 <10 <3 <10 33 <1 <10 1100 10 44 5.8 --
83 07-24-86 - -- 200 <0.5 <1.0 -- <3 <10 <3 <10 25 2 -- <10 1100 10 16 2.3 -- -
84 07-21-87 <10 19 - <I <1 -- <1 <3 <5 - <1 0.3 - - - 21 - 1.5 2
85 01-10-86 -- 220 <0.5 <1.0 -- <3 <10 <3 <10 21 <1 <10 730 <6 28 --

07-22-87 <10 3 -- <1 <1 - 6 <3 <5 - <1 0.3 - - 16 - 1.4 2

86 07-08-86 -- 450 <0.5 <1.0 -- <3 <10 <3 <10 20 3 40 720 <6 <3 3.2 -
87 09-18-85 -- 260 0.9 <1.0 - <3 <10 14 <10 38 I -- 20 1600 <6 13 4.5 -
88 01-15-86 - -- 33 <0.5 1 -* <3 <10 <3 <10 48 4 - <10 3800 <6 71 4.1 - -

08-17-88 7 8 - <1.0 <1 -- 3 <3 <5 3 <0.1 -- - 30 -- 0.5 -*
89 05-07-87 4 <1 -- <1 <1 -- 6 34 <5 380 <0.1 -- - 150 - 3.1 2
90 07-02-85 10 -- - <1.0 -- - 3 7 5 <1 .... 20 ....

91 07-03-85 <10 - - <1.0 .... 4 11 7 1200 ..... 12 -- -

92 07-02-85 <10 ...... <1.0 --. -- 1 I1 5 -- 2 .... 9 3 --
93 I 1-21-85 -- -- 150 <0.5 <1.0 -- <3 <10 7 <10 18 1 -- <10 430 <6 11 2.1 --
94 11-21-85 -- -- 110 <0.5 <1.0 -- <3 <10 14 <10 26 <1 -- <10 4300 13 12 4.7 - --
95 07-29-87 <10 <1 - <1 <1 3 <3 <5 <1 0.3 -- - 8 2.1 <1
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Table 7b. Chemical analyses of water samples from we,sin sedimentm3, rocks of the Newark Basin in New Jea'sey- minor constituents (cont.)

[Well number as on figure 2; (rag/L, milligrams p_" Ilta'; mg/L, mlcrogr nms per liter; -., no data]

Well Date AImni- Arsenic Barium Beayl- Cadmiuan Chro- Cobalt Copper hen _ Lithium Manga- Mercmy Molyb- Stron- Vma- Zinc Unmimn Carbon Ph_ols
man- hum dis- dis- Ihan dis- mium dis- dis- dis- d_- dis- nese dis- dentan titan dium dis- natural organic total
her dissolved solved solved (is- solved dis- solved solved solved solved solved dis- solved dis- dis- dis- solved dis- dis- 0tg/L)

(jxg/Las(/_g/Lns_g/Lns s_ved (_g/L_ solved (yg/Las (Fg/Lns _g_ (J.L_ (pg/Las solved (jxg/Las solved solved solved (J_/L_ solved solved
AI) As) Ba) (pg/L_ Cd) (pg/L_ Co) Cu) Fe) Pb) Li) (pg/Las Hg) (pg/Lu 01g/L_ (pg/Las Zn) (pg/L_ (mg/L

Be) C0 IVIn) Mo) Sr) V) U) asC)

LOCKATONG FORMATION

96 0%18-86 - -- 170 <0.5 <1.0 .- <3 <10 <3 <10 9 <1 - <10 200 <6 25 1 -- -
97 07-24-87 <10 <1 .... <1 <1 -- <1 9 <5 -- 1 <0.1 .... 50 -. 0.5 2

07-16-86 -- - 290 <0.5 <10 -- <3 <10 9 <10 8 3 <10 450 <6 <3 8.8 -
98 07-14-86 - -- 160 <0.5 <l.0 - <3 <10 <3 <10 7 <1 <10 250 <6 180 5.7 --
99 07-15-86 - - 92 <0.5 <1.0 -- <3 <10 14 <10 16 42 <10 530 <6 100 14 -

100 01-31-86 - -- 10 <0.5 <1.0 -- <3 <10 9 <10 48 11 <10 78 <6 54 0.5

101 12-18-85 - -- 18 <0.5 <1.0 -- <3 <10 100 <10 15 48 <10 310 <6 840 -- -
102 12-19-85 - - 73 <0.5 <1.0 -- <3 <10 370 <10 16 260 <10 480 <6 34 --- -
103 12-18-85 .... 1200 <0.5 <1.0 -- <3 <10 7 <10 96 2 <10 140 <6 12 <0.40 --
104 07-09-86 - -- 46 <0.5 <L0 -- <3 <10 7 <10 25 26 <10 730 <6 44 6.8 --
105 06.25-86 - - 33 <0.5 <1.0 -- <3 <10 440 <10 29 330 <10 580 <6 28 4.1 - --

106 06-25-86 - - 35 <0.5 <1.0 -- <3 <10 260 <10 21 220 <10 470 <6 31 2.9 --
107 0%05-83 <10 .... <1.0 -- - 1 6 2 -- 15 .... 7 .- -
108 06-2%86 - -- 43 <0.5 <1.0 -- <3 <10 18 <10 6 21 -- <10 450 <6 170 1.4 --
109 07-01-86 -- - 23 <0.5 <1.0 -- <3 <10 140 <10 17 220 " - 20 330 <6 1100 0.9 -
I10 06-2%86 -- - 33 <0.5 <1.0 - <3 30 16 <10 12 2 - <10 470 <6 580 1.2 -

III 07-30-86 -- - 150 <0.5 <l.O - <3 <10 35 <10 11 12 - <10 350 <6 26 <0.40 -
112 08-22-85 -- -- 140 0.6 <1.0 -- <3 <10 270 <10 20 300 -- <10 510 <6 230 <0.40 --
113 02-14-86 10 -- 250 <0.5 <1.0 - <3 <10 2900 <10 26 290 -- <10 470 <6 11 <0.40 --
114 0%23-86 -- -- 81 • <0.5 <1.0 -- <3 <10 <3 <10 6 25 -- 20 230 <6 11 0.5 - --
115 06-22-88 -- 3 - -- <1.0 <1 -- <1 1400 <5 -- 790 <0.1 - -- - 19 -- 2 4

08-22-85 <10 - 53 <0.5 <1.0 - <3 <10 1900 <10 33 970 -- <10 540 <6 15 <0.40 -

116 0%03-86 -- - 29 <0.5 <1.0 - <3 <10 19 <I0 9 16 - 10 140 <6 7 0.9 -
117 0%02-86 - - 150 <0.5 <1.0 - <3 <10 21 <10 25 280 -- <10 590 <6 7 <0.40 -

STOCKTON FORMATION
118 03-20-86 - - 26 <0.5 <1.0 -- <3 <10 9 <10 47 <1 - <10 220 <6 25 - -

08-04-87 <10 <1 - _ <1 <1 -- <1 4 <5 -- <1 <0.1 -- 18 -- 2 <1
119 07-23-87 <10 <1 .... <1 <1 -- 4 4 <5 -- <1 <0.1 ..... 32 - 1.7 3
120 01-28-86 - - 170 <0.5 <1.0 - <3 <10 <3 <10 6 <1 -- <10 130 <6 150 12 - --

0%21-87 <10 1 .... <1 <1 -- <1 <3 <5 -- <l <0-1 ...... 73 -- 1.4 4
121 08-16-85 - -- 200 <0.5 <1.0 -- <3 <10 3 <10 12 <1 - <10 230 <6 42 7 -
122 08-16-85 - - 120 <0.5 <1.0 -- <3 <10 9 <10 7 <1 -- <10 510 <6 93 0.4 -- --

04-22,-87 <10 2 -- <1 <1 -- <1 25 <5 1 <0.1 -- 16 -- 0.6 5

123 07-09-86 20 -- 160 <0.5 <1.0 - <3 <10 <3 <10 8 6 - <10 430 <6 38 6.5 - -
124 06-17-85 -- -- 250 <0.5 <1.0 -- <3 <10 6 <10 5 <1 -- <10 170 <6 12 4.4 -- --
125 07-31-85 -- -- 120 <0.5 <LO -= <3 <10 17 <10 8 <1 - 10 230 <6 74 - - --
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Table 7b. Chemical analysesof watersamples fromwells in sedimentarybedrockof the NewarkB_in in New Jersey- minorconstituents(cont.)

[Wall number as on figure 2; (rag/L, milligrams per liter; mg/L, micrograms per IRa-; -, no datal

Well Date Altmai. Arsenic Baximn BeWI- Cadmium Owo* Cobalt Copper I_n l..,,d Lithium Manga- Mercury Molyb- Stmn- Vans- Zinc Uranimn Carton Pheaols
rtwa- hum dis- dis- lium dis- mi_m dis- dis. d_ _ dis- nese dis- denum tJum diem dis- nmmtl organic total
bet disselvedsolved solved d/s- solved dis- solved solved solved solved solved dis- solved dis- dis- dis- solved dis- dis- (pig/L)

(ps/Las (Itg/Lu (pg/Lu solved Otg/Las salved (pg/Las _g/Las O_g_as (ttg/Las(pg/Las solved (pg/Las selved solved solved (p4_as so_ved solved
AI) As) Eta) (pg/Las Co') (p_as Co) C_u) Fe) Pb) Li) (pg/I. as Hg) (!ag/Las 01ff/Las (pg/Las Zn) (p4g/Lu (mg/L

Be) cr) Mn) Mo) SO V) U) u C)

STOCKTON FORMATION (c_t.)
126 0%02-86 - 290 <0.5 <30 - <3 <I0 <3 <10 8 140 <10 290 <6 81 LI - -
127 0%08-86 20 91 <0.5 <LO -- <3 <10 Illl <10 8 40 <10 450 <6 64 ¢:0.40 - -

128 06-27.86 -- 20 <0.5 <1.0 - <3 <10 <3 <10 5 <1 <10 210 <6 79 0.9 -
129 07-31-85 -- 88 <0.5 <1.0 - <3 <10 <3 <10 5 <1 40 510 <6 47 -- -
130 01-14-86 - 210 <0.5 <1.0 -- <3 <10 140 <10 19 48 <10 370 <6 21 1.3 -

131 09-03-87 <Ill <1 -- <1 2 3 8 <5 -- <1 <0.1 -- - 11 0.8 I
132 04-22-87 <10 <1 -- -- I <1 - <1 Ill <5 - 4 <0.1 - -- - 3 0.7 7
133 0%1%85 -- 200 </).5 I -- <3 I0 <3 <10 7 8 <10 400 <6 30 - -

134 07-17-85 - 160 <0.5 <3.0 <3 <10 <3 <10 7 <1 <Ill 160 <6 3 1.1 -
135 09-09-87 <10 <1 -- <1 1 12 <3 <5 -- <1 <0.1 - - II 1.1 2

136 07-09-86 20 120 <0.5 <1.0 <3 <10 7 <10 II 91 - 20 580 <6 21 49 -
137 08-27-85 -- 150 <0.5 <L0 <3 <10 3 <10 4 16 - <10 130 <6 140 &l -
138 08-27-85 -- 160 <0.5 <l.ll <3 <Ill 8 <10 7 3 - <10 490 <6 21 -

139 08-13-85 -- 140 <0.5 <1.0 <3 20 8 <10 5 22 - <10 270 <6 39 -- --
140 08-13-85 -- 190 <0.5 <3.0 <3 <Ill <3 <10 5 260 - <10 250 <6 12 -- --

141 07-16-85 250 0.6 <1.0 <3 10 840 <10 9 40 - <10 71 <6 82 - -
142 04-24-86 - 360 1 <1.0 <3 <30 120 <10 6 120 - <30 380 <6 11 - -
143 07-23-86 - 160 <0.5 <L0 <3 <10 5 <10 8 7 - <10 420 <6 10 3.5 - --

144 04-24-86 - 390 <0.5 <l.ll <3 <10 370 <lll 7 2_0 - <10 410 <6 <3 <0.40 -:- --
145 07-16-85 - 150 <0.5 I -- <3 20 1200 <10 9 500 - <10 120 <6 24 - -- --

146 0%16-85 - -- 160 I <1.0 7" <3 <10 170 10 10 10 - <10 140 <6 7 I.I - -
04-28-87 10 <1 - <1 <1 - 7 I10 <5 30 <0.1 - t0 - 0.8 <1

CONGLOMERATE
147 05-13-88 10 9 - <L0 <1 - 1 <3 <5 <1 <0.1 - 4 -- 0.7 2
148 03-03-88 <10 3 - <L0 <1 - 3 35 <5 3 0.2 - 16 - 0.4 2

DIABASE
149 05-05-88 <10 2 - <1.0 <1 - <10 3 <10 <1 <0.1 - 46 - 0.8 2

BASALT
150 07-01-86 - 5 <0.5 <1.0 - <3 10 5 <10 7 <1 - <10 66 <6 49 <0.40 --
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