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introduction

As par'l Dllhe FederaJ-5tale Cooperative Program.1he
U.S. Geological &Jtvey and the Mjs'iss'PP
Department of Envm;lfwnental QualitY. Otrloe of Land
and Water Resources. began a slLIdy in 1987 of !he
Cockfield and Sparta aquifers In Hlncls, MadIson, and
Rankin Counties in wesi-central Mississippi (fig. 1).
The purpose oJ the cooperativ9 study IS to provide
Stale and local officials with !he t.ydrogeologic
lntormation concerning the Cock11eld and Sparta
aquifers needed 10 manage the ground-water
resources of the Ihfs8-a)unty area An lmponanl part
or this study Is the development of a digital
ground-water flow model 01 the Cocldield and Sparta
aquilers 10f use as a tool 10 galn a bener
understanding of the flow dynamics and optimum
water yielding capal:Nlity 01 the two aquifers In the
area this paper presents a brief OV6fVl8W of the
Cockfield and Sparta aquifers in the st1Jdy atea and is
based laJgely on information assembled to develop the
digital flow model of the two aquifers.

The lhretHXlUnty sl1ldy area oocupies 2.428 square
miles (Spiefs and DaIsIn 1979) and nas a population
of about 400.000 people. Ground water supplies
about 50 percenl: of the total wa1flf demand in the
Ihr&e<ounty area. The principal SOWt:8S of ~nd
waler in the area tor munICIpal and industrial demands
are Ihe Cockfield and Sperta aquifers. These two
aquifers supply IT\O(8 than 95 percent of the ground
water pumped in the area. The Pearl Rivet. which
IIows through the study area. supplies most of the
surface waler used in Hinds. Madison, and Rankin
Counties.

The first large-capacity well in the study area was
dritred In Jackson In 1896 (HaNey. Callahan, and
Wasson 1961). Since that lime, ground water
withdrawals from the Cockfield and Sparta aqu~ers

have steadily Increased with the greatest rate 01
Increase occurring after 1950. As a result of these
Increased withdrawals. water levels have declined
substantially In both aquifers from predevelopment
levels.

OeacrIptfon of StlXfy AtN

The thrltlK:ClUtlfy study area is in the Mlssl$$ippi
embayment subdivision of the Gull CoastaJ Plain
~ province near the &OUthem border of
ltIe Mississippi embayment. ~-surfac8 altitudes In
lhe area range fn:lm about 100 leet above sea level In
southwes!am Hinds County to about 500 feet above
sea level In southeastern Rankin County. Geologic
units that ctop out In the study area range In age lrom
Quaternary 10 Tertiary. Southweslern Madison and
western Hinds Counties are underlaIn by as much as
20 1get of OtJatemary loess deposits that form the
lo9n Hills (fig. 1; Harvey, Callahan,and Wasson
1964). Miocene deposits, which consist moslly 01
sand, shalt, and sandstone. u~r1itt the southern hall
of Hinds and Rankin Counties. In the central part 01
Hinds and Ranldn Counties, the Oligocene VIcksburg
Group crops 0IJl The VIcksburg Group consists
predominantly of clay, marl, limestone, and sand. In
the central pan of the study area WI northern Hinds,
&OUltIem MadIson. and I1CH'tMm Rankin Countles, the
Eocene yazoo Clay (upper unit in Ihe Jac:Qon GItlup)•
• masaive mame clay unit, Is exposed. The Cockfield
Formation crops out In northern Madlson County. The
Eocene CoddieId Formation (upper urut in !he
Claiborne Group) consists mostly of sand. day,and
shale (Spiers 1977). The Eocene Cook Mountain
Formation. the oldest exposed stratigraphic: unit in !he
stOOy area. ctq)S out in llXlfeme northeastern Madison
"""my.
The Hlnds, MadisM, and Rankin Counties area lies
within the Missjssippi embayment syncline and is
underlain by sadimentalY deposits consisting oJ clay.
ailt, sand, gravel, marl, and limestone to a depth 01
more than 10,000 leet (Spiers and DaIs!n 1979). The
Cod<field Formation and Eocene Sparta Sand
(Clalbome GrouP), whICh contain the CocklIeld and
Sparta aquifers, respectively, are In the middle pan 01
the Tertiary sedimentary deposits. The deepest
Tertiary deposits are the Wilcox and Midway Groups.
The Tertiary deposits usually dip abou115 tel 25leet
per mile In a southwitslerty diredion (Harvey,
CaDehan. and Wasson 1964). A hydrogeologic
section elCl9nding from southwest 01 the study area 10
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northeast 01 the study area approximately up the dip
01 the units is shown In ngure 2. The lirle of the
hydrogeologic sectlon Is shown In ligure 1. In the
Jacluon area, the regional dip 01 the units is
interrupted by the JacksOn Dome. The stratigraphic
units over the Ctest 01 the Jackson Dome are arched
as much as 800 leet from a correspOnding position not
inftuenoed by the dome. Because 01 the regional dip
of stratigraphic units to the southwest, the older beds
are at land surface in the northeastern part of the
study area and dip beneath the surface toward the
southweSL Progressivltly younger lonnalions are at
ItMI surface lOWard the southwest.

The Hind.. Madison. and Rankin Counties area has
an abundant supply 01 surface water ao:;I ground
warer as a rHuIl 01 an average annual Pf8dpitation 01
about 54 Inches (Southard 1989). About one-thin:I 01
the I'8lnlaJIln !he area moves overland irno the Pearl
and Big BIadl. Rivers (fig. 1). Most 01 the reman::ter
of the nunlal Is eittlel' evaporated or traJ1SPired by
lnMts and other veg&:\dbOI'I. The smal amount
remalrwlg percolates Into the ground and becomes
ground waler.

FIV8 of the ma;or aqullers in MIssissippi exist in the
study area. They are. from youngest to oldest: (1)
Miooene aquilef system, (2) Oligocen& aquif81 system,
(3) CodcfI8ld. (.) Spatta. and (5)~
Wilcox. Only the Cockfield and Sparta aquifers are
pt8S8nt thf'CMJgtnJt the mree-county area and contain
lTeshwat8f throughout the mr&lKlDUnlY area The
Meridian-upper Wilcox Is present tlvoughout the area
but contasns IIeshwater only in northem Madison and
Rar*Jn CountIes. The Miocene and Oligocene
aquif8fS are present only in the southam ha/l of Hlnds
and Rankin Counties and contain lTeshWater where
they occur.

Cockfield Aquifer

The Cockfield aquifer, In the Coc:kfIeId Formation, is
located In the upper part 01 the ClaIbome Groop. The
CockIleld Formation is overlain by the Jackson Group
and underlain by the Cook Mountain Formation 01 the
Claiborne Group (Iig. 2). The CockIield Formatlon is
at the surface or In the SUbsurface throughout the
three-eounlY area except In an extremely small area
along the Madlson-Anala County boundary wnarathe
Cook Mountain Formation crops out at land surface.
The Coddleld FtIrmation crops OUI over an extef1$ive
area In northern Madison County and In a very small
area along the Peart River oller the JacksOn Dome
(fig. 1). The lOP 01 the CocIdil!lld Formation Is about
360 leel above sea level In northern Madison County

where it crops out and dip' to about 800 Ilt8t below
$8a level In southwestern Hinds County. As a result
01 the effect of the JacKson Dome. the lOP 01 the
Cockfiald Formation Is arland surface (about 250 leel
above sea level) along the Pearl River In Jac:ltson.
The dip 01 the Coc::ldleld Formation averaoes abour 20
feet per mile to the southwest across the area but is
as great as 130 leet per mile on the southweslem
nank 01 the Jackson Dome. In southwestern Hinds
County, the top of the Coddil!lld Formation Is as much
as 1.000 leet below land surface (SpIers 1977).

Southwest of the outcroP area of the Coddiekl aquifer,
the aquifer 1& confined by 1M Jackson Group. The
yazoo Clay, a tIghl marine day, II the princ:ipall.ri: In
the Jad<son Gn:lup. The yazoo Clay aops out in
SClIIllwn MadIson and I'lClItt1em Hinds and RanIdn
Cooolies. In the outetoP area. ttw thickness of the
Yazoo Clay Is as nu::h as 400 feet. In the subsurface
II reaches a IhIc:kneu of 500 IHt In sout:hWestsm
Hinds County. Down dip of the outcroP iII1Ia of the
Coddle'Cl Formation, the Yazoo Clay torms an
excellent c:onllning unit and lIola1H the CockfiekI
aquifer from the overtylng unIts..

The~ MountakI Formation. wt1ic:h existlI in lhe
subsurface throughout the dvelHX)Unty area. lies
ben8a!h the CoddIeId Formation and separateS the
Coc:kfieIcl from the deeper Sparta sand. The Cook
Mountain Formation c:onsIst:a 01 sh8l8. clay, ItWnbeds
of sand. and IknestoM. ThIs fom1ation does not
Illadlly yield Walar and Is the lower confining unit lor
!he CockfI8ld aquil'er, even though It is not as thick.
and resistant to Y«lIcaI now as the Yazoo Clay. In
the study area. the Cook Mountak1 Formation
averages about 150 feet In thldu1ess, except over the
Jackson Dome where it thlna 10 about 110 leeL

The Codltleld Formation con&lsts of beds of
fine·lO·medium~ralned sand. carbonaceous day, and
thin blldI of Ugnlt8. The sand beds In the Cockfield
Formation torm the Cockfield aquifer. Total thickness
01 the sand blldI In the Cockflllld Formation ranges
from leu than 100 le8t In outcrop areas and over the
Jackson Dome to more than 400 flt8t in southwestern
Hinds County (fig. 3). In most of the three-coumy
area, total sand thickness ranges from 100 to 200
leet. Generally,the sand beds become thinner to the
east and northeast In Rankin and Madison Counties
and thicker to the west and southWest In Madison and
Hinds Counlles.

Most of the water supplied to the CocIdlald aquifer Is
from precipitation on or near the outcrop area of the
aquller. From the outcrop area In northern Madison
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County and in a small area Ollar the Jackson Dome,
water move. downdip ta Itte southwast Into the
amfined pan of Itte aquifer, The Jackson Dome
causes • distortion In Itte potentiometric surlace ofltte
Cockfield aquifer III the Jackson aI9a. The uplift ofltl&
geologic units Oller Itte dome results in Itte Coddi9ld
Formation being unconfinad locally. Over the dome,
the 8qwfer IS under wateHable CCIl'lCfitions, and the
aquifer rec::elves rechatgafrom SOIJIC85 a! land surface.
As a ~sult of the surface~. the pcMentiometric
surtac. cI the Cockfield is higher 0V8f the dome than it
woukl be if 1M dome were not present.

Of the 27 million gaIIoos per day 01 freshwater
withdntwn from 1M Cockfield and Sparta aquifers r. the
ttnHounty aru In 1i90 (!\g, 4). about B.4 n..-on
gaIons per day was from the Coddi8ld aqWflll'.
Wilhdrawals from the Cockfield ~er averaged less
than 2.0 IT'IIton gaIons per day nthe 1tnKH::cUttt)' area
poor 10 1970 but Increased steedily between 1970 and
1990

Waler IeY* have declined as rroch as 60 1881 in the
Iul; 30 )'MB in !he Coc:Idield aquifet in the Jackson
aru (fig.. 5). SInce 1965. wa18r IaYeII have dac:ined 8lI
R1d1 as 2 to 3 feet per year in areas 01 inc:reased
PUIrlP'r'Q. Near outaop areas and in ar8iIS aI less
pun1pIr'lg. water-level dec:ines have no( been as larpe.

Gener'aly. the Coc::kfieId aquifer c:on1ains wal:er of
suitable quality lor mos1 1JS8S. The CodctieId aquifer
c::ontalns freahwater Ihrooghout the three-county area,
al1hough IOtal rYWleraJizalion Increases in a downdip
dirKlion. HIgh color valuel and high tissoIved iron
~ are common In wmar from the Cockfield
~8f In partS of the thr~rny area. Water !rom
the Cockfield aquifer has a color of mont than 50
!MtirTl,lrTHXlba/1 units In southern Hinds and Rankin
Counties and In the upper Ross Barnett ResecvoIr area.
Walar !rom the Cockfield aquifer has iron
concentrations of more than 0.3 milligram per liter In
most of Madison County, in northeastern and In
tooIhwastem Rankin County. and in southeastern
Hinds County. The Iar9Mt Iron concentrations in water
from this aquifer generally Wit in or I1Qlll" tile outcrop......
Sparta Aquifer

The Sparta aquifer II In the Sparta sand, which is in
the upper middl. pan of th. Claiborne Group. The
Sparta sand II o....rlaln by the Cook Mountain
Formation. whim sepanlles the Sparta 5and from the
Coddield Formation (fig. 2). The Zilpha Clay underlies
the Sparta Sand and hydraulically separates the Sparta
aquifer from deeper geologic units. The lhicMess of

the Zilpha Clay ranges from about 100 feet in
nonheaslem Madison County to more than 300 'eet In
SOUIhW8Slem Hindi County. The Ihlckness of the
Zilpha Clay over the It\(ee-ahlnty area a...erages about
200 leel

The Sparta Sand does not crop out In the tl'U"e&-¢Junty
arM but is present In the subsurface throughout the
IIT8a. The lOp of Ihe formatlon dips to the southwest
Irom about 100 feel above sea level In normeastem
Madison County 10 more than 1,400 1881 below sea
level in lIOUtttwestem Hinds County. The regIOnal dip
averaoes about 24 I.t per mile, but r. the Jackson
area {hi JacklIon Dome lntert'\lpb the~ trend
and cispllcM the lormaIion \4)Ward about BOO teet rwet
the crest of the dome. On the southwestern I'Iank of
the dome b8rween JKkIon and Rqnond in Hinds
Coooty the Iormalion cip~ 140 teet per mie
(Spiers and Datson 1979).

The Spana sand 00l1SIStS 01 beds of &and. day, ligrite.
and sandy aheM. The aandgraln Iiz.e ranges from fine
to medium 'ff'ith tar uritort't"it). sand In the 5;)ar:a
acpJiIer b CX)ln« and more permeable than the 58nd
in the Coc:kfieId .k.
Total Wctl.ness of sand beda in the Sparta 5and is
I't'lCn than 500 I. in aouthweatem MadIson and
western tinds Counties (llg. S). Total un::IlI'Kkness
of the Sparta ranges from 200 ID 400 fNt thtougholJl
most of the~ 8t8lL Generdy,!he total
sand tNc:knesIls smellelt in I'lOl'lhu.stem Madison and
eastern Rankin Counties and grNCBSt in southwestern
and western Hinds County. The Jadtson Dome
int8mlptt; this trend and causes unlll to be thnner over
the aest of the dOme. The total aand thickness
generally Is 100 ID 200 f881\V8B!er lor the Sparta 5ancI
than lor the Cockfield FOnT\lllion.

Th. Sparta aquifer Is rwdWged with water !rom rainlaJl
on the outcrop area northeUI of the three-county area
(In Allala and Leak.e Coun1ln). Water levels in the
Sparta aquifer arelighet In the outcn:lp AlBa where the
aquiler Is under water·tabIe conditions. Row In the
confined pan of the aquilef Is downdIp to the southwest
and toward areas of large ground water withdrawals
from the aquifer.

The $pa1t8 aquifer II Itte moat lntenllvely de....e1oped
source of ground water In the study aree end Is the
source of walk for molt olttle larve-capadty wellS in
the Ittree-county area. In 1990, an estimated 18.5
million gallons per day was pumped from the Sparta
aquifer, mora than twice Itt. amount pumped from the
Cockfield aquifer (fig. 4). Wl!hdnlwaJs lrom the Sparta
aqutf8f increased SlJbstantlaIly between 1965 and 1980
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- from about 7.1 million gallons per day to 18.6 million
IJlIlIons pet day. Withdrawals from tha Sparta aquifer
have remained fairly stable since 1980.

Pumping from the Sparta aquifer In the Jackson area
has cauMd WIIter lewis in this aquifer to decline
sleadily since 1945 (fig. 6). Water levels In obsefvation
well G125 completed in the Sparta aquifer haw
dedined as much as 120 feet SInCe the trid 194O·s.
Prior to 1982, the rate 01 watet..fevel decline in this wei
WlUI from 2-1/2 10 3 feel pet y8lU. but the rate of
decline has citTinishecI since 198210 abooIl-112 feel
pet year. The reduced rate 01 dedine 01 water levels in
the Sparta lIQUifer In the Jackson area probably is a
rMUh 01 the incrllllHd use of surface WlIt8t in Jackson
and of the expansion 01 grcun:l water pubic:~ to
oudying areas. In most locatIOnS, the SpaI1a aqOO'8f is
an excalenl SOUtat a Iatge arTlOOl"lts 01 freshwater lot
the thr~nryatea..

Wat8r from !he Spalu ~er in the study atea
~ .. lUltlIbIe lot mosI uses. The aqurter
contains freshwater thtoughout the SllJdy area even
though the nllMlalization increases in a downdip
direction. Water With CiOi ..... 'llatiolls 01 iron a more
than 0.3 triIigrams per liter OOCUIS in !his aquifer in aI
01 Madison Coonry and In northeast8m and
southeastern Rankin Coun1y. GenefaIIy, iron
c:oncenvations In waler ltorn the Sparta aquIf_
deaMH downdip from the ClUtCfOp arva. W&!er with
excessive coklt (mont than 50 pWimum-c:obalt urns)
oocurs In the southern hall 01 Hinds County, !he
southwestern part 01 Rankin Coonty. and In the area of
the upper Ross Barnett R8$EII"IOir In norltIem Rankin
and northeastern Madison Counties..

Summery

The CoddIeId and Sparta aquif8B are the mosl widely
used sources ol ground water In Hinds, Madison, and
Rankin Counties. whicI1 constitute the Jackson
rnelropOlitan area of Mississippi. The Cockfielcl and
Sparta are the only aquitets In the three-counry area
that elClend throughout the area and contain freshwater
81 alilocationa. Both aquifers are In the upper part at
the Eocene Claiborne Group. The Cook Mountain
Formation separates the overlying Cockfield Formation
from the underlying Sparta sand. The Eocena Jackson
Group overties the CockfIeld Formation ancl the Zilpha
Clay underlies !he Spana Sand. The Jackson Dome,
which underlies the Jackson area. causes all
subsurlace unilB in the 8roe influenced by the dome to
be arched upward.

The CockIleld Formation crops out within the
Ihtee-county area in nonheastem Madison County and

In a small area along the Peart Riwr 81 Jackson. The
lop of the Cockfield Formation dips about 20 feet per
mite to the southwest across the sttJdy area. The lop
at the formation rang8llfrorn land surface in the oulctop
area In nonheastern Madison County 10 abolSl 1,000
ffNIl~w land IUrtac. in southwestern Hinds Coonty.
The top at the lormatlon Is at or ne8l1and sutlace over
the cresl of the Jackson Dome. Total sand Ihlckness
at the Coc:kfie6d FormalJon ranges In:Jm less then 100
feel in northlNIsUIm Madison Coomy 10 more than AOO
feel in aouthwesIem HInC& County. Over ITI06I 01 the
area, sand d'Iid\nesI ranges tram 100 tD 200 feel In
1990, 1Ibou18.4 IriIIon gaIons of water pet day were
ptJIT1)8d !rom lhe Coddi8Id 8QUifer In th8 study area.
Wllhdtawals from the CocldieId aquifer acc:w nt for
about 30 pen:ent d the ground water withdrawals in th8
study area In 1990.

l.arQe withdrawals In:lm !til Codd'ieId aquif_ !'lave
caused water levels In observation wells In 1he aquifer
tD dedinlI as much u 60 f..11n 30 years. Watet levels
I14NIt out-aop arMS and in arMS WIth less plJn'lpIl'lg
hln'e declr;ed kiss. The CodC".eId a.qui:w~
oonlaInI waI8t suttabIe lot most uses. High c:oIot In
watet ltorn Ihs aquder is c:ornmon In southern Hinds
and Rankin Counties and in 1he area d 1he upper Ross
aam.tt Reservoir. larVI' iron concentralions In water
from !he CoddIeId *IUd8\' are COfM1Otl In aI of
Madison County, In northeastern and In southwestern
AanIdn County, and in 30lltheastern Hinds County.

The Sparta Sand aops out to the northeast of It1e
t1Yee-oounty area in adjacent Attala and Leake
Counties. The regional dip of the Sparta sand Is about
24 feel pet rrila from I"IOI'1tleaSt kl southweSl. The
Jackson Dome e:autn • much II8fIpM dip of the
Sp8rta Sand on the southwest8m ftank a the dome
between Jackson and Raymond In Hinds Coonty. Over
the crest ol the dome, the top of the formation is about
800 feel nearer land surface than the top wouk:l be if
the dome were not present.

Total sand thIckn8lll of the Sparta sand Is more than
500 feet in southwestern Madison and Wes18m Hinds
Counties. Total sand thlckneu deaeases 8aS1Ward
and nonhaastward. The total sand thickness of the
Sparta Sand generally I. about 100 10 200 feel gr88tet
than the total sand thickness In the Cockfield
Formation.

The Sparta aquifer is the major source 01 ground water
In the study &roe and supplied &bout 16.5 million
gallons per day In 1990. Since 1980, withdrawals from
tha Sparta aqulillf have been fairly SI8bIe. Prior to
1982, water·l....el declines In the Sparta aquifer In
heavily pumped areu wera as much as 2·1/210 3 feet
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per year. but since 1982 declines have averaged aboul
1-112 leet pet year.

The quality Dl water in the Sparta aquiler generally is
sui1abIe lor most uses. Objectlonable color OCClJrs in
water !rom the Sparta aquJl8f in the southern hall al
Hinds County. the southWestern paJ't of Rankin County,
and In the area of the upper Ross Barnett Res&1VOir. In
northern Rankin. and northeastem Madison Counties.
Large concentrations of Iron are common in water from
the Sparta aqui18f ttvoughout MadIson County an:! in
northeas1em and southeastern Rankin County.
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Figure l.--locatfon of study area, generalized geology, line of hydrogeologic
section, and location of wells for which hydrogrllphs are shown.
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Figure 3.--Genera11zed total sand thickness of the Cockfield Formation.
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Figure 4,·-Pumpage from the Cockfield and Sparta aquifers
in Hinds. Madison, and Rankin Counties.
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Figure 5.--Water levels in observation wells in the Cockfield and Sparta aquifers.
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