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Natural Sources of Mercury in the Kirkwood-Cohansey Aquifer System
of the New Jersey Coastal Plain

ABSTRACT

Mercury(Hg)depositsare formedby low mmpa'atmeand low pressurehydrothermalprocesses
intectonicallyactiveareas.Sandstoneand limestonehost manyof the largerdeposits.Thelargeionic
radius of mercury pt'ecludesits incorporationinto the crystal lattice of most common minerals.
Glaaconite,whichis virtuallyabsentfromtheKiA'wood-Cohanseyaquifersystem, is theonlyminerat
known to contain mercury in the New Jersey Coastal Plain. Heavy minerals of the Kirkwood-
Cohensey aquifersystemmaycontaintracesof naturalmercmy,although no site-specific, quantita-
tive dataareavailable.Partiald_t_on the mercuryconcentrationinrocks whichwere a sourceof the
Kizkwond-Cobanseysediments andin soils overlying the Cohansey Sand suggest that the natmal
backgroundconcentrationis approximately10 nanogramsHg/g (rigHg/g).

The naturalbackgroundec_cen_on of_ue..ousmercuryin New Jersey ground watel_hasnot
been determined.The standardcold-vaporatomic-absorption-spectrometryprotocol is not suffi-
cientlysensitive tomeasureaqueousmercuryconcentrationsbelow themethoddetectionlimitof 0.I
microgramper liter (ug/L). Pristinesm't'acewatersanalyzed with more sensitive techniques have
approximatelyI to 5 ng Hg/L. The low mercuryconcenWationsin the sediments of the Kixkwood-
Cohansey aquifer system, togetherwith the low solubility and high Ix_ficle reactivity of mercury,
indicatethatgroundwater in theaquifersystem exceeding 10ng Hg/Lis probablycontaminated.

INTRODUCTION

The heavy metal mercury (Hg). like many thropogenic(man-made)inputs has a significant
otherheavymetals,is di_ invariouscompo- bearingon the courseof action to be implemented
nentsof theenvironmentindifferentchemical and by the Stale.

physical forms.Itspropertiesand interactionswith Geochemicalandiithologic factorsaffecting
its sm'roundingsdetermineits trans'Ix_,Iransfor- aqueous mercury concentrationsin the surficial
mafions, removal mechanisms, and volatility. Kirkwood-Cohanseyaquifer system _re briefly
Mercury is introducedinto the environmentby a discussedherein. Owingto the complexity of nat-
variety of complex natural processes and by ural systems and scientific and technical con-human activities.

straints,a complete description of the mercury
Mercury. exceeding the 2-microgram-per- chemistryinthenaturalenvironmentisnotfeasible

liter (ug/L) maximumcontaminantlevel (MCL) atthis time.
set by State and Federalpotablewaterstandards,
has beendetectedin water samplesobtainedfrom Acknowledgments
domestic weftsin many municipalitiesthroughout I thankDrs. GaryE. Glass CU.S.EPA), John
southernand southeasternNew Jersey. The wide- Sorensenand GeorgeR, Rapp,Jr. (Univ. of Min-
spread geographic distributionof this aqueous nesota).JayH.Lehr(AssociationofGroundWater
mercury in the Cobansey Sand of the New Je_ey Scientists and Engineers),GaryA. Gill (Univ. of
CoastalPlain (fig. 1) and the lack of well-defined Calif., SantaCruz),RobertP. GambrellCt,ouisiana
point sources has led some in the New Jersey StateUniv.), andJuliaBarringer(U.S. Geological
Departmentof EnvironmentalProtectionand En- Survey)for theft thorough and very constructive
ergy (Steve Spayd,writtencommunication,1990;, review of the initial manuscript.I. G. (Butch)
Robert Richards. oral communication. 1990) to Gmssman(NJ. Geological Survey,NJGS) made,t

conclude that this represents a naturallithogenic editorial improvements.Appreciation is extended
contaminant source. Determining whether mer- toDoreenHogan(NJGS)forformatlingthetables.
cury in the Kirkwond-Cohansey aquifer system Dr. KarlW. Muessig (NJGS)encouragedandsu-
principallyresultsfrom lithogenic (natural)_ an- pervised this study.



l_gure I. - Locationof the New Je_ey Coas_ Plain, outcropareaof the Kirkwood-CohanseyaquifeTsystem,and
soil-samplesites.
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GEOLOGY AND MINERALOGY OF MERCURY

Geuehemically, mercuryis a chalcophileele- pies and anthsopogenicmercurytypicallyare not
ment: that is, it tends to concentrate in sulfide differentiated from fithogenic mercury.Further-
mineralsandores (table 1). It is generallyassoci- more, elevatedmercuryconcentrationis an explo-
ated with syngenetic and epigenefic base-metal rationtool for ore mineraliT_tion(Vurekampand
(for example load zinc, copper) sulfide/sulfosalt Bnseck, 1983, 1984) and reporting of elevated
and noble metal (for example silver, gold, plafi- concentrations found in exploration inflates rc-
num)epithennal deposits.Epithermaldepositsare portedvalues forcertainrock typesand minerals.
hy&'othermalmineraldeposits formedin the tem-
peratare rangeof 500-200° C near(that is within Worldwide. sedimentaryand metasediment-
-1 km o0 the Earth's surface (Park and ury rocks not mineralized with mercury-bearing
MacDiarmid, 1975, p. 215). Epigenetic deposits fluids typically contain less than 100 ng Hg/g
areemplaced duringactive tectonicevents as late- (table 2). Sandstones, which consist mainly of
phaseproductsof igneous or metamorphicactivi- quartz,and limestones, which consist principally
ties (Parkand MacDiarmid,1975; Varekampand of calcite, have mean mercury concentrationsof
Bnseck, 1984). Hydrothernml systems currently 2.5 to 110ng/g (Mitra,1986;Wedepohl, 1991)and
depositing epithermal mercuryare the Sulphur 6 to 40 ng/g (Mitr& 1986: Joansson and Boyle,
Bank deposits in the Coast Ranges of northern 1972),respectively. "Normalrange"men:my con-
California (White, 1981) and the Morgan Hot centrationsofquartzandcalcitearel0to2,000and
Springs,California(VarekampandBaseck. 1983). 10 to20,000 ng/g,respectively(table1).Evidently
Deposition of mercury ores from a hydrothennal theinwermercuryconcentrationsin the quartzand
system requiresa) a source rockrich in mercury, calcite in table 1 typify normal background
b)highmercurysolubilitythroughoutawiderange concentrations for sandstones and fimestones
of temperaturesandfluidcompositions,andc) low (table2) in regionsnot mineralizedwith mercury.
mercurysolubilitywithina restrictedrangeof con- Presenceof mineralswith mercuryconcentrations
ditions (Vurekampand Buseck, 1984). exceeding approximately100 ng/g demonstrates

directinfluenceby mercury-bearingfluids. Exam-
Althoughmercurydepositsoccur in all types pies include the aforementioned sandstone- and

of rocks, the geologic environmentsthattypically limestone-hnstedmercurydepositsand the associ-
host mercurydeposits me totally unlike those in atedrock-alterationzones in these host rocks.
theNew JerseyCoastalPlain. Sedimentaryrocks,
particularlysandstoneand limestoneof Palnozoic The NewJersey Coastal Plain (fig. 1)consists
to Recent age, host manyof the largereconomic of a wedge of Cretaceous to Quaternary silici-
deposits (Jonasson and Boyle, 1972). Ninety-five clastic sedimentsdepositedon a passive continen-

lal marginafterthe Triassicriftingof the Atlantic
j.I_ent of the sedimentmT-hostedmercurydepos- Ocean. Althoughbasalticvolcanics are found inare between Mesozoic and Recent in age
(Moiseyev, 1971).Mostmercmydeposits occur in theunderlyingriftzone. no volcanism is known in"
zones marked by deep faulting and shearing theCoastalPlainsedimentarywedge.With regard
(Jonassonand Boyle. 1972).These active tectonic to therifting, Jonassonand Boyle (1972) pointed
regimes me commonly distinguishedby volcanic outthatafter"avery thoroughsearchof the fitera-
or geothermalactivity.Additionally,becausemer- ture... there simply is no published_t, available
cury deposits are largely confinod to subdoction formercuryin geologicalmaterialsfromanywhere
and volcaniczones nearconvergentplate margins, in the Rift zones." No published data show ele-
some mercmy mineraliT_!_onoccurs in or near vatedmercoryintheTriassic-Jurassicriftbasinsof

the Middle Atlantic States or in the basalt and
serpentinitesassociated with ophiolites (Hender-
son, 1969;Barnesand others,1973). diabaseof this riftsystem(table3).The worldwide

meanforbasic inmlsive rocks (suchas diahaso) is
Extremecareshouldbeexercised wheninter- 28 ng Hg/g.The rangeis fi'om5 to 84 ng Hg/g.For

, preting mercury abundance d2t_ for geologic basic extrusiverocks (suchas basalt) the mean is
media.In additionto anthropogenicinputsof mer- 20 ng Hg/g, and the range from 5 to 40 ng Hg/g
cury, sampling, samplepreservationandprepara- (table 2, Jonassonand Boyle, 1972).
tion. artifacts of sample analyses, and inherent
limitations of the analyticalinstrumentationbias Mineralogically, most mercury deposits are
much of the data reported in the literatureto the simple. They consist of cinnabaror metacinnabar

(both HgS) or both,alongwith oneor mon: of the
highside, becausemercurycontaminationof sam- following: native mercury,pyrite, stibnite, real-



Table L - MercuryConcenU-ationof,Some Common Ore and
Gangue Minerals in the World

Mineral Composition *Normal ]_n_ ' **Highest Reported(ppm) |JmiLg Content (%)

tela'ahcdrite CuI2SbaSD 10 -1,000 17.6;21
grey copper ores (Cu,As,Sb)xSy 5.0 - 500 14
sphalerite 7_n_ 0.1 - 200 1
wurl:_tc 7___ . 0.1 -200 0.03
stltmitc Sb2S3 0.1 - 150 13
realist AsS 0.2 - 150 2.2
pyrite FeS2 0.1 - 100 2
galena PbS 0.04 - 70 0.02
chalcopyrite CuFcS2 0.1 - 40 --
bornitc Cu5FcS4 0.1 - 30 --
bournonitc PbCuSbS3 0.1 - 25 --
chalcocltc Cu2S 0.1 - 25 --
marcasite FcS2 0.1 - 20 0.07
pyrrhotitc FCl.xS 0.1 - 5 --
molybdenite MoS2 0.1 - 5 n
arsenopyrite Fc._sS 0.1 - 3 --
oroiment As2S3 0.1 - 3
native gold Au 1.0 - 100 60
native silver Ag 1.0 - 100 30
barite BaSO4 0.2 - 200 0.5
certt_i!e PbCO3 0.1 - 200 0.1
dolomite C.aMg(CO3)2 0.1 - 50
fluorite CaF2 0.01 - 50 0.01
calcite CaCO3 "0.01- 20 0._
aragonite CaCO3 0.01 - 20 3.7
siderite FcCO3 0.01 - 10 0.01
chalcedony and oi:mline SiO2.nH20 0.01 - 10

silicas
quartz SiO2 0,01 - 2 --
pyrolusite MnO2 1.0 - 1,000 2
hy_. ated iron Fe203._O 0.10 - 500 0.2
rmoes

graphite carbon 0.5 - 10 0.01
coal _ 0-05 - I0 2

t,vnsum CaS042H20 0.01 - 4

*. fNonl_ _ of tL'lq_ly tooteaf' fttCOi_J_ i_ _1i$ ¢_umn k,tt bctm sf_t.____ afl_ M_at_Dt _ _ _ d

_ttute tad _v._.eats the m¢_ _ ._t..d.cd data for mc_-my ooatcnt of ttmsc minerals from dctx_ts offall

_;_teUym_p_ .___ -- ].orpn _ su_tutloe .mot" SOlOr_utme format.s, but. flie higlicst_0gurc reported
• . __ .aya_...ore.m .me 8umorr_. m 8eneau, me*e leve.k arc 9tfly achtew:d when the mmcnd _ q_ _

m • c,_v._Lmm em,_amtr,_-t*_,,,-_mtr or other mercury mineizk. High_t ;_,, "u:dttmtenm ifflessthan
0.01 pettmat are not recorded.

Jonss_nandBoytc,19"72)



Table 2. - Mercury in rocks of the world in ng/g (ppb).
Jc_nsuu (1971), Jceamoe and Boyle ( 1972)_and McNeal and Rou: 0974) exp_ dataas arithmetic means; Coanor and Shacklettc (1975)
use geo_trlc me.arts;National Amdcm_ m Sclences (1978)_Mitra (|986_ and W_l_[)ohl.(1991)_ sv_rgge_. Mitts (1986) citez data cm
mercu_ in n3cksfrom Sweden listed in Fenmand Laruon (1973). _ reference (in Ym_dish)wit unsvai/able for this _.

Mean or
Fades Average Itan_e Reference

IGNEOUS
UltmmJFtc (Idmberiite&dunlte) --:' 5-20a U.S. Geological Survey, 1970Jo uo.d 1972

I0o- 4-500 National A_demy of Science_T1978
Mafic (basaltic, gabbl_olc) 28/20¢ .%84 Jomu_on and _yic, 1072

50 2-500 National Acndemy of Science& 1978

20369 0.2-17.7 Mitre, 1986-- Wndcpob)T1991
lntem_edlatc (ande_te, diorite) 38/_ 13-200 J_ and _ 1072

5.0 0,4-19.7 Mit_ T1986
1-5-100e U.S. Geological SulveyL1970

Granitic, rhyolitic _ 2-200 Jomas_o and Ik3_de,1072
14 < 10-740 Co.nor and Shac_lette, 1975
60 5-400 National .A_--e_emyof Sc_,_ 1978
3.5 1.4-281 Mitra, 1986

30 -- Wedepohl 11991
Alkali-rich rocks 450 40-1400 Jonur, on 8ridBoylet 1072

METAMORPHIC
Granulit_ 20e _ Wedepohl11991
Amphibolitcs 50 30-90 J_ and Bo_c t1072
Ouar_te 53 10-100 Jonasson and Bo_cT1072

20-200c U.S. Geological Survey,1970

Gneissm _ 2_2._3/ Jonar_n and Boyle, 19"/2McNcal 8nd Rcr_ 1974
Schis:s 100 10-1000 J_ and Bo_4et 1972
Hornfeh; 225 35-400 J_n and Bo_e_ 1972
Marble/dolomite SO 10-100 Jona_on and Boyicr 1072

SEDIMENTARY
100.1000s U.S. GeologicalSurv_/L1970

Shales _ 5-300 Jonesma and Boyle, 1972
23 0.4-53 McNeal and Ro_, 1974
45 < 10-190 ConnorandShacklettc, 1975
90 5-510 NatinoaJ_8dc.my ot Sc&e_ 1978

45_v 0.9-3&.5 Mitre, 1_6W_I T1991
l_tck shale 437 100-3250 Jooassoa and Boyle,1072

340 <40-1500 _nor and Shac'kk:tte,1975
.500 30-2800 NatioealAcademyM"Scieoce_1978
234 31.9-340 Mitra_1986

_, _ _ 20.75 .u.s._ Su_.-_:m< 10-300 Jmamoe andBoyle, 1972
7 0.7-18 McNeal and Ror_, 1974

16 < 10-150 Connor and Shacklcttc, 1975
50 1-300 Natloml .,_adcmyofScle_. 1978

2.5 0.8-6.0 Mitra, 1_
II0 -- Wedepohl11991

< 10-220 Joea_oe and Boyle:_!_l_2
9 4-14 , McNealand R_f_, 1974

28 <10-170 CoanorandS_tck.icttc,1975
40 10-220 NatinMl/_.,_emy or"$,._-_'_,_c_ 19"/8
6.0 0.8-31.2 Mitra, 1986

_0 - w_-poh__9_
_tu_ _ Jcm_oe andlk,/k, 1072

SO 1._0 National A_ademy o( Sciences_1978
Evapo_tes 23', <10-60 Jonasson and Boy/c, 1072

_-200 _ andBo,_ 10"72
t",-_ -- 10-1000 U_ Geo_eical Survcy, 1970

10-3000

33_ 1_300_00k Joemu, 1971-- Ruth and others, 1971

3_ ._._ Jomu_ lind lk_fle, 1972National Academy of Sclenees_1978

L lncha_etbaadt_ f. Valuca.,.¥,,.,u.atamdtcof23ump_o( i. Aah.,_h_msad_.m_
b.P.,tl_nated. Precambmmgnei_e_andsehists j. Halit©,tylviw.ctc.
c. FustnumbcrrclnesentsintmsJv_,thc fromtheReadingPmeg(Pa.).Valuc_ k. 300,O00ppbmc_zyi_cmlf_m

___.___d, _t, _ in table 2 are estimated from f_,ene3, mct_'urffcromzoae.
,4 I._,,,t_lmd_tc. pageI77SinMcNe_lmdRme, 1974. L Ar,b.
e. Merc_ryinmetamorphicmckslms g. I_resumndtoindt_lebinckf, hak_

wh_e. h. Comlx_ite utmplca.



Table 3. - Geologic and
hyd_geologicunits of TH-

_ Series Stratlgraphlcunit PredominantIlthology Aquifernameor
asdc to Quatama_ agein m hydrogeologlccharacteristics

New Jersey (hem New _ 0u_,... ,e_,_.oo.,_,,..,,_.,,,_,,,,o_e_. .,,o.e,_,d.,_,._.,Nl_. U,_.,,,,t,.._:---_'--,:,,m_L--*--
]egsey Geological Sm_,ey, E _'_'_'_'_ "-"".'_'_"_','_'_

Wl_on_n _/_,n. CWe Wlscondnanw_l pee-W_sco_1990), e
P.IIIfO¢ICw : MayFo_1_llllon.o_ Ilmm Idll.M_.aOIItNiSI._ IIIt_.OmvM.Ill.clay(smlml_le)._lmdm4koo*l_osfll IndUd_ll/_,_._budl¢l-v_eynqullrlwKIC_

CI Im:m_e.endmilanO_awts _n N_ J_slrf) May_t_f _ Bmo_mfw

Po_aukm F0ma_n

Br_dgetongmmsdon sand.day_/sih Underwatm.t_e _ mmo_ _,_.4

Bmo_ HJ Gnt_¢ Wa_, _0

o
o c_r_ uNt

•_" _ Fon_a_ m_J.gnr,_. ,_,., m co_a_,gu_T

Oqtgocene ACeSb4wunit
i,/_ !._,j..i, u_ m_l. _'_ ' ll_i'x='_ _r'(l _ I Pin_YP°_ _l"

HomegrownFrom,ton glauco_idcsand ._

Red_ S_d frond,c_ll_ dL ioen,i_ic_nlll ii. d _ i r_ _Sa, d
Ngoedr_F_'r,xdon _auco_teeend
Iq_ml Lau_ Saml sand W.._ .._ MournLxu_ amlfw

Cr_¢_c_mJ_ E_h_.m Fcm_<m m_l, eJa!my_ Engtlsh_me_fw s_mm

urd. dayeydl c_n_g unit
_o

0 co_ u_
LU Cr_

Ho_ Mourmm_ basll

Jumuk: I Onme_ tow_oFormwi0n und_lonl, llrlllmo._._ale,conBIoml_.atO

13em_p Pr_kn_s _ bas_, k_fmcaJated_4_nenta_rock Gnaed_ ocox__len0 _ m_rf_,=

O_x_Moumi_m_ I_,,ir._u_ _. i_ebas® ,-.--,v.e
•_ i Passak:Formal/on sand_¢ono,sll_stone,shale,con_k_merale

._-- UpperTri_sic z Lockat_ngForm4_n sltSlOne,mud_one,sandsfone,shoe



gar, native sults, quartz,fluorite, and carbonates tics of the mercurous (Hg ~�andmercuric (Hg N�À�(Ozerova, 1962; Moiseyev, 1971).The mercmy- ioas. Electronegativity (which affects bonding

mineralized zones are invariably veins, character),valence, and the large ionic radius of
• stockworks, impregnations o¢ replacement lodes the mercurous and mercuric ions contribute to

(Jonassno and Boyle, 1972). meremy's incompatibility with common mineral

Mercury is seldom incorporated into thecrys- lattices. Mercury, like berylfium, copper, and ura-
tal lattice of most common minerals. Theoreti- nium, is capable neither of forming its own high-
cally, txace quantitiescan be incorporatedinto the temperature minerals nor of substituting
crystalslructuresof the common minerals, either appreciablyfez commonelements andmanyother
by isomorphons replacement(ionic substitution) Waceelements in silicate slructures.Instead it is
ofmajor(abandant)elements, orbyrandominclu- concentratedin residual solutions that generate
sion in the voids of a crystal lattice (Kranskopfo pegmatitesandsulfideveins (Krauskopf,1967).A
1967). The amountof mexcuryaccommod_!_ in detaileddiscussionof the disOibutionof elements
mineralsa'ucturesdependson atomic characteris- in minerals is in Krauskopf(1967, p. 575-597).

LITHOGENIC (NATURAL) OCCURRENCE OF MERCURY

The Kirkwnod-Cobansey aquifer system of lattice-boundor incorporatedmercuryarepres-
(table3), from whichelevatedmercoryconcealra- eat, they would not likely have beenreleased into
tions have been repotted (NJDEP, 1989), is a the environment.Carter (1972, p. 160) observed
water-tableandsemi-confinedaquifersystemwith thatthe heavy minerals of the KirkwoodForma-
an extremely low acid-bufferingcapacity.Qum'tz tion and Cohansey Sand "appearvery fresh and
sand makes up more than 95 percent of the unaltered,without comadedborders _ ragged, ir-
Cohansey Sand; muscovite, plagieclase, potash regularends"andthatmostofthealominosilieates
feldspar,perthite, and chert total another 1 to 2 (that is sillimaniteand kyanite)are unalteredby
percent.Ave_ryfinetofinesand-sizesuiteofheavy chemical weathering. There is no preferential
mineralsconsisting of abundantaluminosilieales leachingor incongnsentdissolution which would
(siilimanite, kyanite, andalusite, stanrolite) and release covalentlybonded, lattice-bouod mercury
ilmenite along with lesser amountsof zircon, ru- ormercuryinfluidinclusions,exsolmionlamellae,
tile,lencoxene, magnetiteand tourmalinemakeup or lattice intperfectiuns from these resiState_
another 1 to 2 percent(Markewicz, 1969; Carter, These observations,confmnod by ongoingstudies
1972; Owensand others,1988). Localconceatra- of theNew JerseyGeological Survey,suggest that
fions of these beavy mineralsmay be ashighas50 thebeavy minerulsaxenota potentialsuurceof the
percent (Carter, 1972). Table 4 lists the heavy mercury.
minerals and associated trace minerals in the

Cobunsey Sand, theirgeneral chemical composi- The only mineralreportedto containmercury
tion,and the minorand traceelements commonly in the New Jersey Coastal Plain is glauconite, a
associated with them. hydtpus aluminosilieate containing ferric iron

(Fe+_)andpotassium(table4). Glauconite is vir-
The various minerals that constitute the ttmll_abseot from the Kirkwnod-Cohanseyaqui-

Cobunsey Sandarenotknown m containsubstan- fer system, but abundant in several underlying
tial quantitiesof mercury.Although certainheavy formations (table 3). Trace-elementanalyses of
minerals may contain trace amounts, crystal lab glauconite(commonlycalled greensand)from the
tices of the minerals in table 4 do not easily NavesinkandHomerstownFormationsshowmer.
accommodatemercuryions. Mercury in minerals cuD' concentrationsof 0.02 ppm (Navesink For-
with laaice structuresthat are incompatible with marion)and 0.05 ppm (Homerstown Formation)

• substitutionmay be surticiallycomplexed, occupy (analyzed in 1984 by Skyline Labs, Inc.; written
fluidinchisions, occupyexsolutionlamellae, orbe communication, Inversand Company, Clayton,
incoqaomtedinto imperfections in the lattice by New Jersey, 1985). The absenceof glauconite in
diffusionorprecipitation.Therefore,if the miner- the sedimentsof the Kirkwood-Cohanseyaquifer
als of the Kirkwood-Cobanseyaquifersystemcon- system is largelya resultof thedepositionof these
tain lattice-boundmercury, it would be expected sedimentsinaparalictomarginalmarinesedimen-
only in ultra-traceto trace amounts. Even if traces tary environmentwhich differs from the marine



Table 4. - Heavy mineralsin the sand/silt fi'acdonof the Coh_,,_y Sand.

0Vlarkewicz,1969,Carter, 1972;_ sad oth©_ 1_8; Uptegl_ve and other, 1991;FJ.=Muller,New J¢l'r,cy Geological Sun,e/,
oral communication, 1991). Mineral formulamand asr,odatcd traceelements listed forglaUccmit¢arefrom Deer and othcrr,,1979.
Trace elements Ibled for B/aocon/tean: fromanalyr_ of glaucon/u_ _'r,_uthe NcwJ¢_ _ _ _ _ _ _d.
Company(written communication, 1_5).
Mineral Formula Trace IgemenW

Actinolite Caz(Mg,Fe*Z)s[SisO=I(OH,F)z

An0alusit_ A_o|siO_] T_,_,_ _ ca,Na

C_onteGmup (Mg,At,Fe)xz[(Si,_)sOz0](OH)_, Ma,Cr,Nk"1_

Diopside Ca,MzISizO6] T_A_o,N'J,Za

Emstatite ]F¢,Mo_SIC_) AI, Ca,_ Fe �h�¨�~�Cr,Ni

EpiOote XzY_Z,_O,OH,F)u . . . l'b,St,Cr
4"J _'2 B�'l'}

Omup -_,_ X =Ca.Ce .La,Y.TI_F_ ,Mn. ,Mn
y - AI,l_+_,IVlu+_I_+',Mn+_,'ri
Z - Si,Be

Gang= (C_M_M_ Fe+Z)_At,CrIFe+_,_])zSoO_z Y,_,K, Sc
_om_ _ (Ca,Na,K)-_ _c+z,F_+_,A_)s[si_sl._)'zo_](o_t,P_z T_O

Um_nit¢ (Fe �„�MK,Mn)'I_O3 Car,Ni, U

Kyanitc A_O[SiO4] T_ Fe, Mn,Mg. C¢ Na. Cr

Magnctim F©+_+_zO_ T_,A_,_ Ca,Mn, N'x,Co.2m

Monazit¢ (C.¢,LI, Th)PO4 U, AI, F¢,_l_J_"('Nd), F'o,Zr, Be,
C_M&Mu

Rutile '_O?. No,Ta, F¢+_,C¢,U

_,imanit¢ A_O[SiO,] T_Mg.Ca,Fe
Sphcne Ca'l'_Os I_ _l', AI,N'o,F,Cr,,_, Z,r,Fo,St,

U,¢_. Om.l"a.!_ Mn.Mg
Staurolit¢ (]F¢+z,Mg)z(AI, i_ +_SiO4]_(O,Oi_z _n, Co,Ni

Tou_ime C_mroupNa,(M& Fe,M_ LL AI)_d_i[Si/Ots](BO_)_(OH,F_ Cr,Tx,U

U,l_, Sr,B,Pb

Associated Minerals in the Cohansey Saud
Chert ,_Oz Li,I_

Fe_p_r_ N_,KImSi._l.¢.al,_.Si_ ] T_ F¢+_,F¢+z,Mn, M& Ba,St

Mus_= KzA_S_zO_0I(OHJ_ N__, _,C__,X_,Fe+z,_ +',
_IAO, T_U

• _ = nu_e_trthe_=meots0antl=mi_=r_s)

environment in which the Navesink and_- Spoljaricand Craw'ford(1978; 1979) filtered a
townF_malions wen__ted. sampleof PigeonPoint landfillleachate(pH7.65)

Where glauconiteoccursin the CoastalPlain containing8.7 ug l-lg/Lto achieve a reductionto
sediments, it could dingily affect their aqueous below the 0.04 ug Hg/L me_m<ldetection limit
mercuryconumt.Inaninvc=igafionofthecon- (MDL).Many otheraqueousheavy metalswere
taminant-removing capabilities of glauconite, removed as well. The effectiveaess of glauconite

inremovingaqueousheavymeUdcationsSuggests



that glanconlte strongly and effectively adsorbs po'inr side of MinnesotaPoint, Minnesota(Glass
ionic mercuryspecies throughouta wide rangein and others, 1990). It is highly probable that the
pH from 3.0 to 10.5 (Spoljaric and Crawford, naturalbackground(minerulogie)concenWationof
1978; 1979).Thereforesl:_,coniteshouldactas a mercuryin the Cohansey Sand averagesless than

• sinkformercuryandother heavymetals,maintain- 10ng/8.
ing the nalurally low levels of mercury in the
8lauconite-richaqulfersnadedyingtheKirkwcod- Fields and others (1991), reporting on se-leetod soil cun_tuents and cun_inants at more
Cohanseyaquifersystem, than 2 dozen sites in cenWaland southern New

A hydrogenlogic investigation of aqueous |ersey(fig. l)providedatathatsupporttheconcin-
mercurycontaminationin the PleasantWood sec- sion thatthe naturalmercuryconcentrationin the
tion of Egg HarborTownship, Atlantic County New Jersey CoastalPlain is very low. Of 17 bo-
(fig. 1) revealed 69 n8 Hg/8 in clay from a lens mogenized 12-inchcoresamplesofsoilsov_lying
occurring 76 to 78 feet below land surface theKirkwood-Cohanseyaquifersystemorderived
(NJDEP.1989, p. 6). Thisconcentrationis excop- from the Kirkwond Formation and Cohansey
tional; 11 other sediment samples from various Sand, 12 had less than 10 ng Hg/g (the method
depthsin five monitor wells werereportedas "non detection limit). The remaining 5 soil samples
detect"(NJDEP,1989,Table 1).No methoddetec- rangedfrom 100to 130ng/g totalmercury(fig. 1).
tion limit(MDL),analyticalmethodologyandpro- Twoof the5 soil samples,thatis, the I10 n8 Hg/g
tecol, and quality asstrance/quality control loamysand fromnorthe_mOceanCounty andthe
(QA/QC) dataare describedin the report so that 130 ng Hg/8 loamy sand from Atlantic City in
these datacannotbe adequatelyevaluated.Table Atlantic County me:"distmbedsoil" (Fields and
2 shows thatthe 69 ng Hg/g in the clay is close to others, 1991). They define disturbedsoft as one
the arithmeticmeanof 67 ng Hg/gfor shales,falls that"indicatesthatthe native soil profile was not
withinthe rangeof<10 to 190n8 Hg/g for United present"and "... does not necessarily imply that
Statesshales, and is high comparedto thearithme- contamination has occurred." Linesx regression
tic mean of 23 ng Hg/8 and range of 0.4 to 53 n8 analysis for the 5 soils with measurablemercury
Hg/g for Pennsylvania shales. The 69 ng Hg/8 concenlration versus moisture, percent organic
from Ple_nt Woods may representa glauconite carbon,soil pH,cation exchange capacity (CEC),
grainthatcontainsboth natural,lattice-houndand and sand/silt/claycontentonly yields a strongcox-
anthropogenic(complexed)mercury, relation(r= 0.79 and rz = 0.61) with soil pH.No

sigulftcant c_,e_dion between soil mercury and
The mineralogy of the Cohansey sediments soil pH was found when all 17 soil samples were

suggests thatthe sediments of the Coastal Plain usedin thecalculation.
were derived fromdeeply weatheredigneous and
metamorphicrocks of graniticcomposition. The Why are these 5 soils enriched in mercury
ance-_WalDelaware and SchuylkillRiverseroded relativetothe other 12soils7The daminFields and
crystalline rocks of the Piedmont, igneous and others(1991) a_e inadeqLmte to answer this ques-
metamorphicrocks of the New Je_ey Highlands, tion. Mercmy in selected soils from New Jersey
Triassicand Jum_ic redbeds. diabaseand basalt, (Fieldsandothers, 1991) was analyzedemploying
and sedimentaryrocks of the Appalachians.The an aqua regia O volumes of 12M HCI and 1
resultingsediments were subsequentlydeposited volume of 16M HNO3) extraction/cold.vapor
as the Cohansey Sand(Markewicz, 1969). C.zat_ atomic-absmption-spectromelry(CVAAS) pinto-
(1972) inesonts strongevidence thatthe ancestral col (U.S. EPA, 1979). Dr. Wen Yuan,analytical
Hudson River was a principal source of the chemist at Rutgers University, who made the
Cohanseysediments, analyses, reportedthat very poor and variable

Unfoaunately, no site-specific dat_ on the recoveryofme_rcuryspikes,and unspecified inter-
ferentsadverselyaffected dataquality(oral corn-

mercury content of the Cohansey minerals are mun., 1991). Interferences from some volatile
known.A studyof the geochemistryof mercuryin organics, chlorine, and sulfur compoundsare an

' sedimentaryrocks of Pennsylvania(McNeul and inherentlimitationof the standardCVAAS proce-
Rose, 1974) showed that the mean mercurycon- dere. Therefore the 110 ng Hg/g average for the
centrationsof 11 sandstone samplesand 10 shale five soil samplesfromtheCoastalPlain(Fields and
sampleswere7 ng/8and23ng/g,respectively.The olhers, 1991) maybe due in partto errvrsassoci-
7 ng Hg/g is close to the 5 ng Hg/g for sandy ated with the analytical methodology and
(presumablyquartz)sedimentsfrom the l_ke Su- mineralogical differences which affect the effi-



Table S. - Mercuryconcemrafion in soils of the world in ng/g (ppb)

Jo_.on and Boyle (1972), WorldHealth Org_niT_tlon(1976), Frank and others (1979), McKeague and
Wolynel2 (1980),-andPhelps and Buseck (1980) express data as arithmeticmeans WhereasConnor and
Shacklette (1975), Ebens and Shacklette (1982), and Shacldette and Boerngen (1984) report geometric means.
Fields and others (1991) use arithmetic and geometric means.
Soft Mean Range Reference

Backgroundsurface soils 70 20-150 Jon_on and Boyle, 1972
60 10-700 Frank and ethers, 1979

2_ 5-100 McKea8_.- and Wolynetz, 1980Phelps _mdBuseck, 1980

< 10-4600 Shackl_e and Boerngen, 1984
< 10-260. Fields and others, 1991
< 10-2710z Fields and others, 1991180•

Tills, glacial clays and sand 50 20-100 Jonassonand Boyle, 1972
BACKGROUND SOIL HORIZONS

A horizon 161g 60-200 Jonassonand Boyle, 1972
21.h 10-70 Ebens and Shacklette, 1982
2{Y 1060 Ebcns and ShacJdette,1982

B horizon 89g 30-140 Jonassoa and Boyle, 1972

_22_5_ < 104600 Counor and Shacklette, 1975< 10-90 Ebeas and Shacklctte,1982

C horizon _ 25-150 Jonasson and Boyle, 1972
10-160 Ebeas and Shaddette, 1982

_y < 10-60 Ebens and Shacldette, 1982
SOIL HORIZONS NEAR MERCURY DEPOSITS

A horizon 480 200-1860 JonA_Onkad Boyle, 1972
-- < 1-> 1O000 Phelps and Busod_ 1980

B horizon 275 140605 Jona_-umand Boyle, 1972
C horizon 262 _554 Jonn_-nn llnd Boyle, 1972

SOILS IN MUNICIPALrrlES

Pittsburgh,pa
urban 640 110-2100 World Health Organh,_tion, 1976
rural . 90 0*740 World Health Organ_Jttion, 1976

W_h;-_on_ D.C.
moan ,, 480 70-7800 World Health Organization, 1976
rural 160 30-1100 World Health Organization, 1976

Pittsfield,Ma,
urban 330 110-2500 World Health Orgam_zation, 1976
rural 170 70-270 World Health Orgamzation, 1976

• Whcte4dlpm_t,'Jfort._._smdm_dymilsdCamde- L 21"?0ppbmetx'urykfmma'dismd_Iml]'whiehFteklsand
b. Meu bsc_d me_entrafion o( melt'my _ than others (1991) state "does not m_ee_ ;...1_ that cOatamlMtiOn

• t .....

I kmfrom knownthermal feam_ inYellcwstcme hm acc_nv.d." "Dmtu_ soil* indicates that the nauve rail pmt'de
NafioMI Park, Wyoming. war not lm:aeat (l_=tddt_ Othe_ 1991).

r. Ftmv_lueisthegeomeu.icmean,the,_,._.,_lisan & EmmplmhomCb_cFod_a_.a,Ontm_,Camda.
intimated anthmctlc mean for 1267rail gampleg from h. Powder RiverBar_ W.y_m_ and Moatamt (n- 64),
the cne_:_ United State.& L ,Y_nJmm Bar_ New M_ (n - 47),

d. Fmnvalue k the geometrk mean, the tecoed k the j. Ftmvalueisthe_meam(n-420)fortheea_ernUnhed
ar/thmetkmeauforsuburban(n-20) _ndrmal f,_teg the_ forthe_ UnitedSmt_(n-492).
(e - 33)_ thr_Sho_tNewJemy.

e.. Atithmetlc mean for f,o/Irumples (tt - 72) from top 12
indus o( sails in Ne_ J¢racy.
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ciencies oftbe aquaregia extractions(Belzile and materialhasbeen digestedby a method(usu-
others,1989). The aquaregiaextractablemercury ally using an acid or mixtureof acids) that
maybeanthropogenicallyenricheddue tosorption results in dissolution of r_dily soluble sub-

, and laecipitation phenomenaratherthannatural, stances.Completedigestion of all bottomma-
terial is not achieved by the digestion

Table5 is a compilaliceof meansandrangesof treatment.
mommyconcentrationsin soils of the world.Note
thatthemeanconcentrationsaxe2 to7 timeshigher 3. dissolved refersto thatmaterialin a representa-
in moan meas than in nnal rues, lllusWa_g the five water sample which passes through a
significanteffectsofanthropogenicinputs.Compus- 0.45-urnmemtrane fdter. Determinationsof
ite soil sompt_farm.55mratandsubu_n sitesin "dissolved"constituentsavemade onsubsam-
NewJerseyyield a20 ng Hg/gge_mel_ meanand pies of the fdirate.
a 70 ng Hg/g mithraelicmean (Fields and others, Forthat partof die New JerseyCoastal Plain
1991), consistent with mercmy concentrationsin occupiedby the Kirkwood-Cohansoyaquifersys-
backgroundstafacesoilw,pot'tedby olbers, tern.the totalrecoverablemercuryfromwater-sus-

The United States Geological Surveymain- pendedsedimentsranges fi'om<0.1 to 0.2 rig/g.In
rainsa surface-watermonitoringnetworkfor New fact. themercuryconcentrationsof the suspended
Jerseywhich providesrecordsof variousStLrface- sediments in 3 of 5 riversystems of the Coastal
water and stream-sedimentcharacteristics.Met- Plainarebelow the 0.1 ng Hg/g MDL.Water-sus-
CUlTd_tt_tfor suspendedandbottomsedimentsare pended sediments in the other2 fiver systems, the
reported as "totalrecoverable"and "recoverable Cohansey Riverat Seuly and the SharkRiverne.a_
frombottom matefial,"respectively, and as "dis- NeptuneCiW,contain0.l and0.2 ng Hg/g, rcspec-
solved" in water (Bauersfeidand others, 1990a; lively. Mercuryconcenwationsfrom the "recover-
1990b).Banersfeidandothers(1990a)definethese able frombottommaterial"fractionare20 ng/g for
termsas: MarshBog Brook at Squankumand GreatEgg

HarborRiver ne_ Blue Anchor, and 40 ng/g for
1. total recoverable is the amountof a given HammontonCreek at Wescoatville. The corm-

constituentthatis insolution aftera represem sponding concentrationin water-suspendedsedi-
lative water-mmpendedsediment sample has ments for these pm_icularfiversystems is less than
been digested by a method (usually using a the 0.1 ng Hg/g MDL. The dissolved meremy
diluteacid soh._on) thatresultsin dissolution concentrationsin threeriv_ sys_ms of the New
of only rcadily soluble substances.Complete JerseyCna._al Plaintypically m'eless thanthe 0.1
dissolution of all particulate matter is not ug Hg/L MDL. A L0 ug Hg/L maximumfor the
achieved by the digestion lre,alment, end thus fiversystemssampledwasreportedfor Toms River
the determinationrcpresents something less _ TomsRiver_eld andothers,1990b).
than the "total"amount (that is, less than 95
percenOof the constituentpresentin the dis- These data on mineralogy,soil,and stream
solved and suspendedphases of the sample, sedimentsupportthe intetwetation thattithologic

2. recoverable from bottom material is the (natoral) sources in the Coastal Plain contribute

amountof a given constituentthatis in sole- insignificant quantities of mercm7 to the Kirk-
lion after a representativesample of bottom wood-Cohanseyaquifersystem.

MERCURY CONCENTRATION IN GROUND WATER

Natural fresh water generally contains only laboratorytap waterfroman no-site deep well in
ultra-Wo£elevels of mercury(table 6). Recentco- Washington State contains an extremelylow and
vironmentalstudies,employing improvedin aria- constantconcentrationof 0.3 ng/L total mercury.
lylical techniques and sample-collectionmethod- Empificallypristine,freshgroundwaterlikely has
ologies, demonstrate that backgmand mercm,j mercory c,once,ntrationslower thanthat of unpol-

• concentrationsin unpolluted, natural,flesh, sur- luted surface water in streams, rivers and lakes.
face wateraxe in the rangeof I to 5 ng Hg/L, that This is due,inpart,to thehigh solid-to-liquidratio
is, 1-5 parts per trillion (ppt) (Fitz8erald and in aquifers(Mills and others, 1985).

Walras, 1989;Gill and Brniand, 1990; Glass and Elemental mer¢ory and its mercurous and
others, 1990). Accurate quantitative dat_on the mercuricspecies arehydrophobic;in otherwords,
background mercttryconcentrations of pristine mercoryisveryparticle-renctive.Factorsinfluenc-
groundwatermescarce.Bloom(1989) reportsthat
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Table 6. - Mercuryconcentrationin aquatic systemsof the worldin ng/L (ppt)

Water type Mean Range Reference

Fresh water (lakes, 30 10-100 Jon_,_-_nand Boyle, 1972
stream_ riven) _ 1-6 Lindqvist andRodhc, 1985

8.2a 5.6-15.6 Robenson and others, 1987
6.79b 3.3-8.8 Lee and others, 1989
1.45c 1.15-1.73 Haraldsson and others, 1989
2.72d 2.34-3.08 Haraldssoa and others, 1989

-- 1-3 World Health Ol_grtiT-qtioD 1 1989
-- O.5-10qe Gill and B,,l_,d, 1990
-_ 0.9-3.6' Gill and Bruland, 1990

Groundwater -- 10-100 Jonasson and Boyle, 1972
< 100g -- U.S. EnvironmentalProtection Agency, 1980

03h' _ Bloom, 1989

Hydrothermal 200_ _ White and others, 1970
-- < 100.30000 Ohta and Tera_,1971

LS00k Barnesand others, 1973
--- 26000-2800_ Davey and Van Moort, 1974
-- < 10-26000m Naka_twa, 1974

2600n -- Weissberg, 1975
An dataeg_emed u e mum me anafithme_ meal g. 100ng metx'u_/L is the method detextio¢ limlt (MDL) for the
IL Onondaga Lake, New York. eoMvaporatomk abe,methodology w,ed in the study.
b. VerticalpmfiicofLakeSoyang,Soyang,Km_a 11.Vsluelewesentssnum_nttmbercfmeremy

withsevendeptl_sampledandamdyscape:foem_ deter_;_tlam
induplicate, oe tapwaterhornance_te deepwellinSequin,W_h!-_oo..

c. LakeVanem,Sweden(n=6). i. A.me,___eeSp_idaho.
d. Lidan(n.=2)andKlacalven(n,.2)Rive_in j. _nmevukano, OunmaPrefectme,Japaninl0 hotgn_ngs.

Swedea. k Sulfur_,,_,tad W'dber_ California.
e. GillandgralandstudiedCalifonfiafeeahwater L Ngawha,NewZealand.

gystemsranlpngfrome pnstinealpthelaketoa m. $5Jalumeu:hotqnings.

f. Great

ing the adsorption of metals me pH, the species Lime informationhas been published on Ka
(anionic/cafiooic_utral) endconcentratkmof ad- values f_ mercury.The publishedKdvaluesrange
mrbent (for example ;.,_dmanganese/alumiunm over 7 Orden e_ magnitude.Studies on mercury
oxides andc0_yhydroxides)andcompetingadsof dislfibulioncoefficients forvarioussoft-watersys-
bates, onncentrationof complexing ligands, e_l ternslisl Kdrangesof 10.2 to 115.3 (Buchterand
theconcentrationandtypeoforganicv_tt_-asso- others, 1989) and 0.41 to 408 (Rai and 7_-hara,
oiatedwiththesolidandaqanomplmses(Millsand 1984). Moore and Ramamoorthy(1984, p. 131)
others,1985).The conceptof pmliclereactivityof n:lx_ thatKdvalues for mer_ry inrmhwalwater.
a solute is describedin tsams of the distribution sttspandedsofids (<20 Inn- 0.45 urn)systemsare
coefficient 0G) _ l_lifiming coefficient (Kp). 1.34 x 10° to 1.88 x 105.Calc.lttion of a regional
The d/slxibuboncoefficient(Kd)isdefinedasthe Kd for mer,.nn'ybasedoo datafor mercoryin solu.
ratioof themass of the Solutespecies adsorbedor tim and suspended solids (fable 2 of Glass and
precipitatedon solidsperanit bulk d_rymass(S) to others, 1990) yields 1.18 x 10s (r2= 0.82). Simi.
the solute concmtratinn in solution (C)(Freeze lady, Robinson and Shuman (1989) provide_t_
andC_, 1979, p. 403).Therefoee: on dissolved mercuryand pmlk.L_to_ssociated

Kd = S/C mercuryin six slreamsandrive_sin contralNorth
Carolinawhich yieldKdvaluesof 8.68 x 104and

representsfilepartitioningof thesolu_ (mercury) 1.13 x 10° for pollutedand backgroundlevels of
betweenthe sofidandsolutionphasesandis appli- men:my, respectively. Diamond and othe_
cable to _ reactions, such as ion ex- (1990), _m_ying the movement of radioisotopes
change.A detaileddiscussionoftheconstraintson, _,_,_ to lakeenclosures, reportmean Kp values
and deficienoie_of, the Kdis beyondthe scope of for H82_ of 3.6 x 105and1.3 x 105 for suspended
this paper, particlesandsedimenttrap,respectively.Pmlition-

in8 coefficieats (Kp)formercuryas a function of
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susvendedsolids concentrationsin streamsm'e3 x tion, nllcaliqityand mineralogythan thosein water
10_and 2 x 105 for 1 and 10 mg/L suspended of theKiA'wood-Cohansey aqnifer system.

solids, respectively(Millsandothers,1985, port1, SilverLake,apristinehigh-alpinelake in Cal-
• p. 537). ifomia, contains0.6-ng/L total mercury(Gill and

Apparentlythe rangeof mercuryKdvainesfor Bruland,1990),presumablybecause it occupiesa
soil-watersystems, Kd-0A1-408,differssignif- geologic environment low in mercury. Davis

, icantly fromthat for water-suspendedsolids sys- Creek, which flows througha mineralized area in
terns,Kd -105. William Fitzgerald(Universityof Califomiahigh incinnabarandmeta_innabar,con-
Connecticut. oral communication. 1990) states tsins 2.8-ng/L total mercuryupstreamof a mine
thatthe Kdfor mercm'yprobablyis closer to 106, and34-ng/L total mercurydownstreamof it. The
based on problemsassociatedwith the quantitica- highesttotsl mercuryconcanUationin the freshwa-
tionof mercuryin variousmedia.To a lm'geextent mrsystemsstudiedinCaliforniais 104ng/L,which
the physicocbemical state in the quartz of the results from the _sion of mercury-laden
Cohansey Sand is analogous to the water-sos- bottom sediments.Gill and Bruland(1990) state,
pended-sqlidssystems in which the mercuryKdis "thesourceof Hgin these sediments is most likely
~ 105- 10_.Thechisesimilarliyinqualitybetweeo Hg-contaminatedmine failings from the Sulfur
groundwaterof the Cohansey Sand and surface Bankmine."Basedon physicochemicalconsider-
waterof the Coastal Plain in such characteristics ationsof theenvironmentalchemistryof mercury,
as totaldissolved solids, pI-Lspecific conductance, aqueous mercury contamination resulting from
and some majorions supportsthisview. chemical weatheringof mercmy-benringminerals

Review of the literatureon distributioncoef- or_areasofsubstantiulmercurymineralizationdoes

ficicots shows inconsistency in the expected val- notexceed the 2 ug-Hg/L MCL.
ues of Ka formercury in the naturalenvironment. A study by Buller (1972) of the hires and
The use of distribution coefficients to describe streams of the Adirondackregion of New York
mercurybehaviorin the environmenthasnotbeen Stateindicatesthatthenaturalbackgroundconcen-
particularlysuccessful owing to the ease andrate Irationof totalmercury(dissolved andadsorbedon
at whichmercuryinterconvensbetweendifferent suspendedsediments) is less thanthe method de-
chemical forms (Gary Glass, USEPA, written tectioo limit of 0.5 ug/L. Based on these dntn
commupicJ_tieo,1991).Basedonthefactthatmer- Buller (1972) concluded that "concentrations
clay speciates and each species exhibits different higher than 0.5 ug/L couldbe consideredan indi-
adsoiption behavior, errors associated with the cation of pollution."Furthermore,water samples
predictoddistfibufioncoefficieotsmepossible, se- from streams drainingthe Balmat-Edwardszinc
verely limiting predictiveability. The large vari- district have total mercuryconcentrations of less
ability in distributioncoefficients emphasizesthe than0.5 ug/L (Buller, 1972).The sulfide minerals
need to use site-specific Kdvalues, of this miningdistrictcontain enoughmercury to

AmercoryKdof105andameunof10ugHg/L make its recovery profitable (Richard Dalton,NJGS,oralcommunication,1991).
detectedin waterfromthe Cohansey Sand suggest
that the Kirkwood-Cohansey sediments should The ShawangunkMountainsof southeastern
contain approximately1 mg Hg/g (partper thou- New York, immediately north of the New Jer-
sand mercury). Actual mercury levels for the sey/New York border(fig. 1), contain veins of
Coastal Plain for New Jersey, easternPeonsylva- zinc, lead, and copper sulfides. Sphalerite (ZnS)
nia and southernblew Yoekare severalordersof from these veins has exceptionally high mercury
magnitude lower. Alternatively,a meanof 10ng/g cotxceoUatinns(48-240 ug/g) (Wilburand others,
totalmercuryfor the sedimentsof the Kirkwood- 1990).Ranges of mercuryconcentrations in other
Cohansey aquifersystem shouldyield an aqueous sulfidemineralsassociatedwith the sphaleriteare:
mercuryccocenWationof 0.1 ng Hg/L.whichis not 0.12-15.0 ug/g in galena (PbS). 1.00-3.30 ug/g in
unrealistic.The study by Gill and Bruland(1990) chalcopyrite(CuFeS2),and 0.035-1.40 ug/g in py-

4

of the speciationof mercuryin surface freshwater rite(FeS) (Wilburand others,1990).Mercurycon-
systems illustrates this. They studied freshwater cenwations in nearbystreams,RondoutCreekand
systems with more widely vmying geochemical Wnllkill River, apparentlyare lower than the 0.4
and gcological characteristics, such as pH, dis- ug/LMDL(Rohmannandothers, 1957,p.62-63).
solved organiccarbon concentrationandcomposi- Also mercuryin the streamsediments is not exces-

sively high. Although mercury data in Rohmann
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andothers(1987)arenotclenrextoughtoderivean papercompany in Atlantic County, presumably
unequivocalinterpretation,all these datafromthe reflecting past or currentuses of mercurialbio-
Shawangunk Mountains demonstrate that low cides.The 0il-ug Hg/L MDL for cold-vapor
aquenusmercmyconcenlrationsoccusevenwhere atomic-absorptien spectroscopy (CVAAS), the •
themineralsmeenrichedin mercury, standardprotocolusedfor mercmydctermina-

lions,does not providea suitablemeasureofthe
TheWaterResourcesDivisionoftheUnited backgroundaqueousmercuryconcenWationin

States Geological Survey generously provided most natural ground water. Therefore the only
mercury data for water from the Kirk-wood- valid conclusion regarding unUwal background
Cohansey aquifersystem fromapproximately100 aqueousmercuryconcentrationsin theNew Jersey
webs fromastudyofthe relationshipbetweenland Coastal Plainis thatthe groundwaterof the Kirk-
use and contamination (Ezic Vowinkel. USGS, wcod-Cohansey aquifersystem typically contains
wrilteocommunication, 1991).Mercmy datewere less than 1O0ng/Laqueousmercury. A 100-Og/L
expressed as "dissolved"mercuryin ug/L. The backgroundaqueous mercm7 concentrationis 20
dissolvedmexcteyconcentrationrangesfrom < 0.1, times less than the current2-ug Hg/L MCL, 400
theMDL,to 0.5 ug/L;mustvalues axereportedas times less than the values in some Coastal Plain
< 0.1 ug/L. The highest aqueous mercm3, values domestic wells, and approximately 10 times
(0.6and 1.0 ug/L)were fromawell usedby a large greaterthanthepristinebackground.

CONCLUSION

The preponderanceof evidence suggeststhat mercu_ concanWalionsin gToundwater of the
geologic sources in the New JerseyCoastalPlain New Jersey CoastalPlainarepresumablyaltribut-
contributeonly minoramountsof mercmV(Im3b- able to multiple past and eta'rentanthropogonic
ably less than10ug/L) to theKirkwond-Cohansey inputs of mercuryinto the poorly ecid-buffered
aquifer system, The locally elevated (>10 ng/L) Kirkwund-Cohanseyaquifersystem.
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GLOSSARY

Definitionsof technicalandscientific termsin this reportcooform to those in Bates andJackson (1987).

I Crystal lattice - The _ensionai tegu- Ionic substitution - The replacementof one of
larlyrel_-a!ingset of pointsthatrepresentthe morekindsof ions in a crystalstructureby other
translationalperiodicityof acrystal su'uctm'e, kindsof generallysimilarsize andcharge.

Epigenetic - Said of a mineraldeposit of origin Paralic - By the sea.but nonmafine;especially
latex titanthatof theenclosing rocks, pertainingto intertonguedmarineand continen-

taldepositslaid down on thelandwardside of a
Facies - The aspect,appearance,andcharactexis- coast or in shallow watersubjectto magineinva-
tics of arock unit,usuallyreflectingthe condi- sion, andto the environments(suchas lagoonal
tions of its origin;especiallyas diffea'eatiating or littoral)of the marineborders.Also said of ba-
the unitfromadjacentor associatedunits.Rocks sins, plalfon_s, marshes,swamps, andotherfea-
of any originformedwithincertainpressure-tern- ttres markedby thick terrigeuousdeposits
pe_atureconditions, intimatelyassoci_!_ with estuadneand conti-.
Gaugue - The valueleas rockor mineralaggve- nentaldeposits, such as deltasformedon the
gates in an ore;thatpartof an o_ thatisnoteco- heavily alluviatedcoutinenlalshelves.

nomicallydesirablebutcannotbe avoidedin Pegmatite - An exceptionallycoarse-grainedig-
mining, neous rock.with interlockingctTstals,usually
Heavy mineral - A detritalmineralfromasedi- foundas irregulardikes, lenses, Orveins, espe-
mentaryrock,havinga specific gravityhigher cially at marginsof batholiths.Althoughpegma-
thana standard(usually2.85), and commonly riteshaving grosscompositionssimilarto other
formingas aminor constituentoraccessorymin- rocktypes m'eknown,their compositionis gener-
eral of the rock(less thanone percentin most ally thatof granite;the compositionmay be sire-
sands);forexample magnetite, ilmeuite, zircon, pieor complex andmay include raremin,_rais
mille, kyauite, gm_et, tourmaline,sphene, apa- richin suchelements as lithium,boron,flumine,
rite,biotite, niobium,tantalum,uranium,and rareearths.Peg-

Hydrothermal deposit - A mineraldeposit matitesrepresentthe last andmost hydrouspor-tion of a magmato crystallizeandhence contain
formedby precipitationof oreandgangue miner-
Msin fractures,faults,bww.ciaopenings,or other high concentrationsof mineralspresentonly in
spaces, by replacememoropen-spacefilling, traceamountsin graniticrocks.
fromwateryfluids rangingin temperaturefrom Reslstates - Sedimentscomposed of chemically
50° to 700°C but generallybelow 4O0°C,and resistantminerals,enrichedin weatheringresi-
rangingin Ixe.ssurehum 1 to 3 kilobars.The fl_ dues;thus highly quartzosesedimentschaf_ter-
idsareof diverseorigin.Alterationof hostrocks istically rich alsoin zixcon, ilmenite,ruffle,and,
is common, morerarely,cassiterite, monazite,and gold.

Incongruent solution - Dissolutionaccompa- Stockwork - A mineraldepositconsistingof a
niedby decompositionor by reactionwith the three-dimensionalnetworkof planarto irregular
liquidso thatone solid phaseis convertedinto vemiets closely enough spacedthatthe whole
another,dissolution to give dissolvedmaU_6alin mass canbe mined.

differentproportionsfrom those in theoriginal Syngeaetic - Saidof a mineraldeposit formed
solid, contemporaneouslywith, andby essentiallythe

same processesas, the enclosing rocks.
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