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Chloride contents of ground water proWced !Tom the
Paleozoic ~ifer in Alcorn County, Missi~, are
significantly higher than in ground waters lrom the
overfying and hydraulcally-comected Cretaceous
aquifer system. Al:hough the chloride content 01 the
Paleozoic alJIiler, typically greater than 100 mgII, is
not a problem lrom the standpoint of water q,Jaity,1ts
~ Is problematic. Chloride content at this level
generally comes from the "flushing out" ol trapped
comate wat&!" or the dSSOUtiOn 01 evaporite minerals
present In the acpfer (Feth 1981; Hem 1985). The
Paleozoic aqurler was deposned rTIOfe than 300 milian
years ago, and the present fresh ground-water system
has probably existed for alleast 10 mllon years. In
this situation. one would expect easily extractable
chloride sources to have been removed long ago. FOl
example, mlJCh younger carbonate formalions. such
as the Tertiary timestones that comprise the Floridian
aquifer of Georgia. Alabama. and Florida. generaDy
have CI contents less than 20 mgII (Back and
Hanshaw 1970).

Chloride is the most conservative major ions in
solullon: It does not enter Into redox reactions. does
notlorm complexes with other Ions unless p!"esent at
elevated levels, Is not easily adsorbed on mineral
surfaces, and does not torm salts of low sohJbitity
(Hem 1985). Because 01 lhese properties. ancl
assuming no human·derlved sources (e.g.. road salt).
the Chloride content of the ground waters in the
Paleozoic aquiler in A1com County is not easily
explained. For example, Feth (1981) stales: "The
contlnulng release 01 CI at rates that cause modest
and v1l1ually constant concentrations In some natural
waters pose problems Of supply mechanism thaI
remain unanswered-indeed largely unexplored.·
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Alcorn County is within the outcrop bells of the late
Cretaceous Eutaw Group, CotIee sand, Demopols
Chait, and Ripley Fotmation (FilJlre 1). The
Cretaceous section con5lSlS predOmlnalely 01 sand.
clay, and chal< with subordinate amounts ollmeSlone.
The relatively unconsolidated CrelaC80US sedmenls
rest unconformably on an eroded surlace consisting of
consolidated sedmenlS of Paleozoic age.

The Paleozoic section crops out in the eastem
extreme 01 the adjoining T!ShOlTlngo County and was
described by Morse (19291 and more recently by
Merrill and othe($ (1988). The OUlcropplng Paleozoic
section was assigned to vanous Devonan ar.:l
Mlsslsslppian units by Merrill and others (19881. The
oldest exposed Ufll Is !he Devonan Ross Formation
and the youngest exposed Paleozoic Ul'lll is lhe
Hartselle Formation.

Examination of well cuttings from the Alcorn Oil
Company's Matthews No. 1welt demonstrated thallhe
Paleozoic sectiOn in the AlCOrn County area consisls
almost exclusively 01 Iimeslones, dolostones, and
chen. In AlCOrn County, the lithology typically
encountered at the top 01 Ihe PaleozoIC section is a
fractured, sparsely fosslliferous. light gray to black.
chen. Most authors to date have reframed from
assigning !hIs chen to a stratigraphic unit and refer 10
them only as the 'Paleozolc chen" or "PaleozoIC
undiflerentJated." Exceptions are Boswell (1963) who
suggested a Devonian age and Madlinger (1962) who
assigned the unit to the luka Formation which Is
approximalely equivalenl to the MIssissippian Fort
Payne Formation. lithostratIgraphic correlations
suggest the chert 15 equivalent to the MissiSSippian
section croppmg aul in TIshommgo County. The
contact WIth the overlyIng Cretaceous sediments



appIllI'$ Shasp. typIcaly Wlttl a di5COl'tJ~ous dartl- to
medum-gray day dlrEldty above the COl'tacl..

The Cretaceous section crops out In Alcom County
Wlltl the Eutaw~ In the extreme eastern pottion
olltle oounty, lhe CotIee Sand and ttle chalks ol the
selma Group in the center, and the sands and clays
of Ihe Ripley Formation (Selma Group) In the west
(Figure 1). The Tuscaloosa group Is locally present In
the subsurface 01 Alcorn County and consists 0' a
gravelly unit with nne- to coarse-grained sand as a
matnx.

In the subsurface, the Eutaw Group [s typically a line­
to mediiu~raIned sand with thin. carboniferous. clay
beds. Some sand beds contain sIgndlcal1l amounts of
flO8iViJined glaucofile. Where the Tuscaloosa is not
present,ltle Eulaw rests on the Paleozoic seaion. In
Tennessee. Russen and Parlts (1975) assign Ihe
Eutaw 10rmaUonai ranking and dvlde it into tvto
members. Both upper and lOwer contacts 01 the
Eutaw are considered by Merrill and others (1988) to
be uncon'ormable In Tlshomngo County, and they ~st

the maximum thickness as 200 feel.

The CoHee Sand crops out throughout eaSlem AJcorn
County and typically consists 01 line- 10 medum­
grained sands WIth beds r1d'1 in glal.Jcori1e, In lhe
SUbSurface. lhe Coffee Sand has lewer clay beds and
a more urnorm sand sedIon than does the Eutaw.
Merril and oUlers (1988) note the Coffee Sand Is as
much as 150 feet In thickness Ifl Tlshomngo County
and Is approxim81ely 230 leetlhick 81 Connth.

The Demopoh Formation overlies the CoHee Sand
and consists of a thick argillaceous chalk with
SUbordinate limestones. Russell and Parks (1975)
consider the lower DemopoDs contact as contormable
In Tel'V18SSee. The upper section of Demopois
becomes sandy and argillaceous, This zone Is often
referred to as me 'r3nSlllonaJ zone- and Is Inc:Llded In
lhe Ripley FormatlOf\,

The Ripley Formation of M1ss1ulppl COOSists ol a
I"lJl'Ttler at mel'Ttlers whid'l are assigned formational
ranklng In Tennessee. The basal Coon Creek and
McNairy sand members are both represented In
Alcorn County. The 'ransitlonal zone" is usually
Included In the Coon Creek Member; however, others
would assign lhe zone to the DemopoMs and relaln
only the well sorted, fine-gramed. marine sands in the
Coon Creek. The MCN3Jry Sand is composed 0' fine·
to coarse-grained. typically CtOssbedded, sand With
subon:linate clay beds. The McN3Jry Sand can be
dVided into a lower sand sealon, a rr.sdle
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interbedded sand and day secdon. and an upper sand
section. Only !he lower and niddIe sections 8f8 wei
exposed in AIcom Courty, Ruuel and Parks (1975)
note that the lower sand is liner grained Ulan Ihe
upper sand section. They also note an u~sually thldl
development 01 the !riddle sealon lfI western Alcorn
County where more than 30 leel ol the rnodle unt are
exposed,

Hydrogeologic Setting

Seldom do strallgraphic units and hydrogeologH; unts
match. SUCh is !he case In the Alcorn County area.
The PaleoZOIC section. unlke Kemodle's investigation
In Lee County, does not luncllon as a COnfining unl
but as an <KJ.IIler The lower Paleozoic confinng unt
In me Alcom Courty area is V1J1Ualy ut*nown, MOSl
inveSligators attnbute the water producing capabiityof
the Paleozoic ~ller to secondary permeability
developed In lhe brittle chert. Assuming this
hypothesis Is correct, the base 01 the Paleozoic
aquifer may correspond to the base 0' tile highly
!racMed chert zone. Examination 01 cuttings 'rom the
Alcom Oil Company's Matthews No. 1 well !rom
Corinth reveals 11I1e evidence for primary permeability
below the upper chert~. Within the Tuscumbia
and Fort Payne outcrop bells in Lauderdale (Harris
and others 1963a) and CoIlert (Harris and others
1963b) Courties. Alabama. water prodJclion is
altribuled to traC\Ure permeabilly and openngs
resulting from dssolution. Mernl and others (1988)
reporttranslriS$lVlty values hom800 to 52.000 gallons
per day per fOOl (gpdlfl.) and yields from weDs In
excess Of 800 gallons per mir1Jle (gpm) in Tlshomngo
County 'rom the Paleozoic aquilar.

The Paleozoic·Mesozoic contact Is of special interest
In that extensive regoith development along the
unconformi1y, such as described by Mellen (1937) In
TIShorn.ngo County, ooukl IltlClivety separate Ihe
Paleozoic 3(Jlller hom the overtying Crelaceous
a(JJifers (e.g. Wasson and Tharpe 1975).
Ex8lT'ination of wei wrongs lrom lhe Corir1:h area
supportS the hypothesis that hydraulic oomec1ions
exist. No tvidence of oxidation was noled in wei
CJ1ting from Corinth as fright be expected 'rom
regoith development as described by MeDen (1937),
The Cor1n!h cuttings and well togs did Indicate a
discontinuous clay bed overlying the Mississippian
erosional surface. This bed Is considered a unit 01 the
overlying Eutaw Group and not a wealhering product.
The basal clay Is typically dark- to mediulTI-gray and
contains sparse. green, glaucofile grains and
carboniZed plant material We suggest thai any
regoith developmenl as described by Mellen (1937)



was largely removed by the Cretaceous transgression.
Since the basal Eutaw clay bed Is discontinuous, Wll
support the conclusions of several previous autho~

that there are hydrauic connections between the
PaleozOiC aquifer and the overlying Eutaw. These
hydraulc COMectlons may allow the Paleozoic a<JJifer
to be r&charged not only ltom the unil's recharge area
In outcrop but also lrom the Cretaceous aqui/Ilrs.

The Eutaw and Colfee Sand are dstinguished by the
h1gtwlr percentage of clay beds wilhin the Eutaw which
are hydraulcal1y connected. Newcome and Callahan
(1964) Slate that the Eutaw wi. yield water sufficient
only lor domeslJc supplies. Wasson and Tharpe
(1975) acknowIe<lge hydrauic col'lllllQions between
the Eutaw and Coffee Sand except where the
Moorevitle Cha. is present to the souIh. A
transmlSSittity of 8,000 ~ was noted by
Newcome and CaDahan (1964) lor !he Coffee 5and in
westllm AIcom County. Gard (1982) reports Coffee
Sand transmssivrtJes trom 930 10 1,200~ and
states aquifer rechatQe is trom precipitation within the
recharge area. GaR:lI also suggests leakage OCQJ~

between the Coffee Sand and the Eutaw.

The Demopolis Chalk lom1s an elleclfve conliring uril
aboVe the CoIlee Sand due to lis low hydrauic
condUClMty For example, Kernoclle (1981 ) estimated
a hydrauk: conductJVlty value of 4.0 X 10-10 teet per
second in his hydrauic n'Odeling in Lee County.
Keady (1962) reports a c:oeltlcient of pefTl'leability of
4.48 x 10" centimeters per second (cm'sec.) and a
pcitoSity 01 30 percent. F"lQUre 2 is an ilklSlratiOn of
the aquifer system in lfle AIcom County area.

Water Quality And Geochemical Modeling

Ground waters ltom the Coffee sand and Eutaw
Group typically have total dissolved solid (IDS)
conlenls 01 less than 300 mg.r1 jWasson and Tharpe
1975, ancl Table 1) WIth Ca and bicarbonate as the
ma;or Ions and only minor amounfs of Na and CI. Iron
contents In the 1-' 0 mgli range are comlTkln, which is
true of calcium-bicarbonate ground waters ftom othet
Coastal Plain aquifers (e.g., Lee 1985; Lee and
Strickland 1968). In contras!. ground water from tfle
Paleozoie aquller lypically conlalns >300 mgI1 TDS,
tYPically has lton contents In the O.X mgII range. and
Is also a calcium·bicarbonate type (Table 1). In
addition, sodium and chloride are also present In
appreciable alTklun1s.

Many Coastal Plain ground walers have elevated Na
contenlS due 10 a calIOn exchange process where
clays (and zeo&tes?) e:.:change adSOrbed Na lor Ca in
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solution (lee 1985: Lee and Stricldand 1988) as In the
following reaction:

Ca~" + 2N3ad _.> 2Na" + Caad

However. In these Coastal Plain ground waters,
cflloride is only prMlent in minor arrounts, typically <5
mg.r1. In contrast, Chloride contents 01 ,.100 mgIt are
common in the Paleozoic 8qUller in Ak:om County. A
plot of Na vs. Cl cotttent lOt ground waters from the
Paleozoic aquifer Irdcates that there is a general
trend oflr'lereaSing Chloride paralleling sodurn content
(FlQUre 3). ThIs general tf&fld roughly apptoximates
the seawater dilution line (F9J"re 3) which represents
the Na:CII<ltIO 01 seawafer thal has been diWed with
l:J,IAJ water 10 the saliruty range of ground waters from
lhe Paleozoic aquiler. Also shown is a slghlly
dillerefC trend of Na:Cl ratios also rftlJftJng lrom Ute
progressIVe c1issokrtJon of haite (Nac/) by l:J,Ire water.
On the other hand, a pIol of sulale vs. cIlloride
(F9Jre 4) lnclcates that the PaleozOiC aquiler ground
warers are generally depleted in sulate compared to
dkJIed seawater

The parallellncreasa In SOdium and Chloride in groond
waters lrom the Paleozoic aquifer Indicates that both
were conIributed by a Single process Ot source.
Coastal Plain aq,Iifers In Mississippi convnonly contain
saline waters 10 thQlr down-dp ex1el'lSlons. and Lee
(1985) proposed that local elevaled Na and CI
contenls In these aquriers are due to mbdng. On a
lTklre local scale, Wasson and Tharpe (1975)
interpreted the high CIlIOnde content 01 ground waler
lrom the Paleozoic ~.nl8f in Ak::om County 10 be the
resuh 01 pufl1)ing.lnduced leakage 01 saline waters
lrom deeper leveiS. CutTemly, fhere are no available
data on the cherrical cofTl)Osltlon of oround wafers
below the Paleozoic aquifer Of the nalure 01 Ihe basal
conliring layer In Alcom Coumy, all 01 which would be
required to evaluatl Wasson and Tharpe's hypotheSIS.
However, fhe close proxirrily 01 the Paleozoic
lormallons In Alcorn County to their outcrop area in
adjacent Tlshornngo County (Figure 1) suggests that
these lormations Should contain low chloride waler.

In order to evaluate possible waler-aquUet chemical
reactions that may have played a role in the observed
ma;or Ion concentrations In Alcorn Counfy gtound
walers, the compuler program SOLMINEO.88
(Kharaka and others 1968) was employed.
SOLMINEQ.88 Is a solution chemical model that
calculales activitles of dissolved species from the !nput
analytical concenlrallons. The actMlles are then used
10 calculate saturation Indices (51) lor various minerals
of possible geocflemlcallmportance uSing established



thennodynarric stability data for tnose IrineraJs. TtHl
Sl is defined as log (IAPlKt). where lAP is the Ion
aetMty proO..ICl (cak:lJ1a1ed lrom the if1lU\ waler
analysis) and Kl is lhe rrineral stabilly oonstanl ill the
Input ~ion temperature. A solIlion thal Is
theorelJcaJly saturated with respect to a given rrineraJ
wil have a Sl of 0, whereas a negatIVe SI vak.le
Indicates underuturatlon, and a positIVe vak.le
indicates QJpersaturation.

SI valUes lor the minerals calcite, dOlomite, and haUte
are listed lor the 6 representative water analyses in
Table 1. Analyses 012 and 003 lrom Cretaceous
formations are greatly undersaturated WIth respect to
calcite and dolomte. although J7S is approximately
saturated with respect 10 txllh mnerals. as are !he 3
analyses from the Paleozoic alJIder (Table 1). In
addition. the hlgher Na-el amlents of ground water
lrom the Pateozolc a<JJi'er is refleded in SI vwes for
haile that afe 2-3 orders 01 magnitude greater than In
ground water lrom the CretaceolJS lormatlons. Similar
Ol:lseNatlons are apparenl when considering the larger
data base of ground waler analyses lor Alcorn County.
Figure 5 Is a plot of calcile SI 'Is. chloride content
which shows Ihat the low·CI waters lrom the
Cretaceous lormations are generally undersaturated
with respeCi to calcile. whereas the Paleozoic aquller
waters alll typlcaDy saturated 10 supersaturated WIth
respea to calcrte. Local calcile saturati()(l within tile
Cretaceous lormalions Is probably clJe to~
WIth calcalllOUS Iossils. wheleas calcite saturation in
the Paleozoic aquder is probably clJe 10 lmes10ne
dissolution at the base of the chen.

The hydraulic connection between the Cretaceous
lormations, which typically conlain calcite­
undersaluralecl waters. and the Paleozoic aquiler with
lIS calcite-saturated ground waler, suggests a possible
groond water chemiCal evolUtion proce$$. Downward
roovement 01 grcund waler into the Paleozoic aq.Jller
would cause calcite dissolution along the top of the
IimeSlone at the base of the chert. This pnxess can
be rraleDed USIng SOLMINEO.88, whICh can caJcu!ate
Ihe lesult of mneral dissokltion or precipitation on lhe
input chemieal analysis. For ex~e, the proposed
calcite-dssolution process can be modened by using
a representabve water analysis lrom the Crelaceous
aquller such as 01201 Table 1. SOlMINEQ.88 can
be used to calctJlate a lheorelical Chemical analysis
alter 012 clIssolves calcite to equilibrium. Rew~s

Indicate that the pH jumps to 7.8. Ca content
increases lrom 15 to 33 mg1I, and bicarbonate
increases Irom 63 to 120 mgIt. These trends are
COOSlstent with observed chemcal dilferences
between the Cretaceous and Paleozoic gf'OlJnd waters.

5.

The cnemical modeling, along With the geologiC am
hydrngeologic reLalionsfjps. g.ve support to the Idea
th81 the caJcitlHlndersa!uratec:l waters are recharong
the Paleozoic aquiler causing calcite diSSOlution. In
lae:t, !he data points shown in F9Jre 5 may be
defining a rTilling line between 1oW-e1 waters with
calcite 51 of about -1 and hlgh.r Cl waters closer to
saturation With respect to calelle.

II calcite dissolullon is occurring along the base ollhe
Paleozoic aquilef, then the process can also explain
lhe source 01 chloride in the water seawater trapped
as lluid indislons or along grain boundaries in the
ImeslOll8 would slowly be released as calcile 1$

dissolved, causing Na and Clio Increase In the
ground water by amounts related 10 the Na:C1 molar
ratio in seawaler. This ptOCe51 offers a plausible
explanation to Felh's (1981) questiOns about constant
and contin.nng sources of CI In some nalural waters.

Discussion

The role 01 sa~ne ltuid inclusions in the chemical
evolution 01 ground waters has been recenlly
documented by Nordstrom and others (1989) lor
ground water In crystalline rocks at Strips, Swecl&n.
In this case, fkJid IrclJsions Wllh up to 25 WI % NaCI
have been released to the sJow-movlng ground waters
we to water-rock reactions and Iocaly cause ChIorlde
(Xlnlerts In excess of 1000 mgII. By (X)ITll8rison. II
would seem thai even smal amounts of IIuid
inclusions 01 seawaler (NaCI contem of 3.5 WI. %)In
a much roore soluble host ~neral (calcite) would be
roore than capable 01 releaSIng Na and Cl levels
obseNed In ground water lrom the Paleozoic aquilar.

Additional evidence 01 the role 01 seawater comes
lrom the sulhJr balance. As discussed previoUSly, the
sulfate content of walers lrom the PaleozOIC aquiler
are depleted with respect to seawater A poSSible
explanation lor Ihe depletion (assumng that seawater
was the source of sulhJr) Is lhat seawater-sullate sulfur
has been incorporated Into Ihe abunclanl aulhigenc
pynle and marcasite that are present along lractures
in the chert. Two samples of the Iron sulfide lriflflfals
were ana~ed lor their sulfur Isotopic contenl
Results l~ S COnlents ol +17.3 and +18.6 per mil
COT, respectively) COf1l)3f9 lavorably to MissiSSippian
seawater sullate with a lj3-tS value 01 approximately
+18 per rril (Holser and Kaplan 1966). Significant
reduction 01 sullate 10 sulfide attemperalures <50Ge
can only be accomplished by sullate re<lJclng bacteria
(Ohrooto and Rye 1979). For thIS senlng the lolowlng
reaction approximates the process



2CH20(rog.....l + SO.2. __> HS" + W + 2HC03•

where the suHata-raducing bacteria use tne organic
matter as a nutrlent source. Because 01 tne graciJaJ
release 01 sullate due to calcite cissolutlon, reduction
would take place under conditions that are closed WIth
respect 10 suI/ate. meaning tnat the rate 01 suI/ate
redUction is laster than the rate at which sulfate is
suppied (OhmolO and Rye 1979). On the other hand,
tM system 1$ 2.I2!!l to HzS because any available
sulfide sulfur would be rapidly precipitated as pyrile
elle to the high Imn content of Itle water In the
Paleozoic aqUiler. Under these concIlIons,the results
ot baCterial sulfate reduction can produce reBJced
sulur WIth cbs8 10 the same Isotopic COl'J1Xlsition as
the seawater $Ullate (Otlmolo and Rye 1979). Ugme
and wood lragments. commonly replaced by pyrite,
are very atundanl In the Cretaceous Jormatlons and
~ aclditJonal eviderce lor the general pn::ICeS$ In

this setbng However, the source 01 the Ol'ganic
maUllf rflCJJlred tor $Ulate reQ.ldion in the chert is
problematIC. Perhaps dssoIved 0I'gaf1ic carbon lrom
the igRle ciagenesis process is carried downwam
WIth the lTlOYIIlO ground water; or allematively,
pemaps there is a source ot reactive orgaric catbon
In the dssoMng Jme5!0ne. N, any rate. there can be
UnJe doublthat the source ot sultJr in the auttligeric
pyrlle was lrom seawater sulate which further
ifTlllcates Mississippian seawater as the source 01
chloride In the Paleozolc aqJrler.

Conclusions

The processes responSible lor conlroling the chel1llC31
evolution of grour-' water In tile Paleozoic aquiler
appear \0 be somewhat unique, with chenical
constItuents belng added lrom above and below a
major geologic unconlomity. Mixing 01 these
consllluents appears to control the chloride content 01
ground water 110m the Paleozoic aquifer. Major
components 01 the proposed mixing modellnckJde:

Downward movement 01 calcite-undersaltJrated
recharging waterlrom the Cretaceouslormations
Into tne MiSSissippian chert sedion;

2. Dissolulion 01 catelte In MisSissippian limestone at
the base 01 the chert;

3. Release 01 Mississippian seawater trapped along
grain boundaries or In fluid inclusions 'rom tile
diSSOlving calcita;

4. Reduction 01 seawater suNate causing adepletion
In dissotved sulfate and pyrite precipitation.

There/ore, the compos/tlon 01 waler lrom the
Paleozoic aqulter In A1com County. MiSSissippi.
appears 10 be beSI explalned as the consequence 01
natural water·mlneral readlons as opposed 10 recant
pun-page-lnduced leakage.
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Table 1
Groundwater Geochemistry, Corinth Area, MissIssippi

WELL D12 D03 J75 COR17 COR16 COR13

Unil Coffee Eutaw Coffee Paleoloic Paleololc Paleozoic
Depth (m) 44 107 166 173 151 152
pH 6.7 6.1 7.4 79 8.1 8.1
C. 15 8.0 48 43.2 31.2 25.6
Mg 3.1 1.9 9.0 11.2 10.7 15
N. 3.9 3.9 3.3 60.7 61.7 31.1
K 2.0 1.8 4.2 8A SA 4.6
Fe (tot) 5.5 2.5 0.56 0.25 0.16 0.27
M' ND ND 0.13 0.052 0.127 0.168
CI 1.5 3.6 2.6 110 98 58
F 0.1 0.1 0.1 0.3 0.45 0.17
50, 5.0 7.6 7.8 9.2 8.6 15.1
HC03 63 32 196 148 138 "6
SiO~ 17 20 22 ND ND ND
TD 116 61 293 390 353 296

5'.. -1.73 -2.87 -0.05 0.25 0.17 0.16

5'"" -2.83 -5.05 0.45 1.24 1.15 1.41

5'"" ·9.78 ·9.39 -9.63 ·6.76 ·6.78 -7.32

Note: Analyses J75, 012, and 003 are reported in Wasson and Tharpe (1975), lor Alcorn County. Mississippi.
Analyses COR13, COR16. and COA17 ate Itom Corinth rnJniCipal supply wells and were provided by the
Corinlh Gas and Water Department. Analyses were conducted by the MiSSissippi Slate Department of Health.

Abbreviations: NO.. not determined; 51. saturation Index (log(IAPIKI)): cal. calcite: dol. dolomite: hal. halite.
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