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The Gulf C‘:’a‘“ Regional Aquifer-Sy‘stcm Analysis (qu Coast RASA) 1; a study of regional aqu'ife.rs The water chemistry of the middle Wilcox aquifer, which is part of the Mississippi embayment aquifer
composed of sediments of mostly Flenoz?lc age that undcdl‘e ?bt‘)ut .230,'000 mi of the Gulf Coastal Plain in MISSOURI system and the Texas coastal uplands aquifer system, is presented by a series of maps. These maps show the
parts .of Alabama, Arkansas, Flonqa, Illinois, Kentucky, M.I%SISSlppl, M1s§om, Tennessee, Texas, and all of arcal distribution of (1) the concentration of dissolved solids and temperature, (2) the primary water types
Louisiana (fig. 1). The study also includes about 60,000 mi® of the Continental Shelf (Grubb, 1984). These and pH, (3) the concentrations of major ions and silica, and (4) the milliequivalent ratios of selected ions.
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INTRODUCTION SUMMARY AND CONCLUSIONS

regional aquifer.sf, named the guqqu coast aczlifer 1sys(tjzms, afre part of thr:ehaquife:al sy;ste;ns:ds the %\fdississippi Dissolved constituents, pH, temperature, and ratios are based on the median values of all samples in each 100
embayment aquifer system, the Texas coastal uplands aquifer system, and the coastal lowlands aquifer system square-ile 516

(fig. 2). The gulf coast aquifer systems have been divided into 10 water-yielding units based on geohydrologic
and hydraulic factors (Weiss and Williamson, 1985; Pettijohn and others, 1988; Hosman and Weiss, 1991;
Weiss, 1992).

The concentration of dissolved solids in water from the middle Wilcox aquifer, based on the median
values in each 100-square-mile area, ranges from 26 mg/L in the northern part of the Mississippi embayment
aquifer system area to 125,500 mg/L in a downdip area in southeastern Texas. About one-third of the aquifer
area has concentrations of dissolved solids that are less than 500 mg/L. The increase in concentration of
dissolved solids in a downdip direction is attributed to mineral-water interaction such as dissolution of
silicates in outcrop areas and dissolution of evaporites comprising salt domes downdip in the deeper parts of
the aquifer. The temperature, based on median values per each 100-square-mile area, ranges from 15 degrees
ALABAMA Celsius in the outcrop in the northern part of the Mississippi embayment aquifer system area to 117 degrees
Celsius in a downdip area in southern Texas.

The middle Wilcox aquifer is in sediments of Eocene age and is part of both the Mississippi embayment
and the Texas coastal uplands aquifer systems. Relation of the aquifer to overlying and underlying units is
shown in figure 3. The middle Wilcox is composed chiefly of interbedded sand, silt, and clay. Sand content is
greater than 40 percent throughout most of Texas and in several isolated areas in the Mississippi embayment.
Sand content is less than 20 percent in several isolated areas of northern, east-central, and southeastern
Mississippi. The areas with less than 20 percent sand also extend into adjacent parts of Tennessee, Louisiana,
and Alabama (Hosman and Weiss, 1991). The average thickness of the aquifer is about 1,200 ft. It dips from
the outcrop in southern Illinois along the Mississippi River to southwestern Mississippi at about 40 to 50
ft/mi. It dips at about 110 to 150 ft/mi from southeastern Mississippi to the southern edge of the aquifer in
Louisiana and from updip to downdip in southern Texas. Ground-water pumpage from the middle Wilcox
aquifer during 1985 was about 120 Mgal/d (Mesko and others, 1990).

The primary water types in the middle Wilcox aquifer, which are based on the most frequently observed
type (mode) in each 100-square-mile area, are calcium bicarbonate in the outcrop in Missouri, Kentucky,
Mississippi, and southern Texas; sodium bicarbonate in the remaining outcrop areas and all areas from
outcrop to middip; and sodium chloride in all downdip areas. The pH, based on median values per each 100-

; . . ’ a square-mile area, ranges from 4.8 in the outcrop area of south-central Arkansas to 9.0 in eastern Texas.
The Gulf Coast RASA is part of the U.S. Geological Survey’s Regional Aquifer-System Analysis program.

The program began in 1978 and is designed to provide an understanding and assessment of the Nation’s
ground-water resources on a regional basis (Bennett, 1979). A summary of progress in the RASA program
through 1984 was given by Sun (1986), and progress on the Gulf Coast RASA was reported by Grubb (1987)
and Williamson and others (1990).

The concentrations of major ions in water from the middle Wilcox aquifer, based on median values of all
samples in each 100-square-mile area, generally increase from the outcrop area to the downdip limit of the
data. The concentration of dissolved calcium ranges from 0.4 mg/L in central Mississippi to 12,000 mg/L in
south-central Arkansas. The concentration of dissolved magnesium ranges from 0.1 mg/L in central
Mississippi to 1,490 mg/L in a downdip area in southeastern Texas. The concentration of dissolved sodium
ranges from 0.8 mg/L in western Tennessee to 76,000 mg/L in a downdip area in southeastern Mississippi.

Purpose and Scope ] The concentration of dissolved potassium ranges from 0.1 in western Kentucky, western Tennessee, and
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: : : ’ s sy northern Mississippi to 10,200 mg/L in a downdip area in southeastern Texas. The concentration of dissolved

This report describes the water chemistry of the middle Wilcox aquifer. Maps in this report show the / bicarbonate ranges from 3 mg/L in the outcrop in central Arkansas to 2,960 mg/L in a downdip area in
areal distribution of the concentration of dissolved solids, temperature, the primary water types, pH, and the southern Texas. The concentration of dissolved sulfate ranges from 0.1 in several parts of the Mississippi
concentrations of calcium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride, and silica. Also 0 2 = embayment aquifer system area to 39,700 mg/L in a downdip area in southern Texas. The concentration of

included are five maps showing milliequivalent ratios of (1) magnesium to calcium, (2) magnesium plus
calcium to bicarbonate, (3) magnesium plus calcium to sodium plus potassium, (4) bicarbonate to sulfate, . .
and (5) bicarbonate to chloride. The maps of constituent ratios are included for comparing with the same Flgure 1.--Location of StUdy area.
constituent ratios commonly reported for sea water and for water used for specific purposes such as industry EXPLANATION

and public supply. The ratios also have been wsed to show trends that may indicate major controls on the
chemistry of the ground water.

dissolved chloride ranges from 0.1 in northern Mississippi and western Tennessee to 119,000 mg/L in a
downdip area in southeastern Mississippi. The concentration of silica ranges from 1 to 100 mg/L and there
appears to be no areal trend in concentration across the aquifer.

The milliequivalent ratio maps of selected ions in water from the middle Wilcox aquifer, constructed from
the median milliequivalent ratio for each 100-square-mile area, indicate some trends. The milliequivalent
COASTAL LOWLANDS AQUIFER SYSTEM ratio of magnesium to calcium ranges from 0.03 to 12.8 and shows no areal trend. The milliequivalent ratio of
magnesium plus calcium to bicarbonate ranges from less than 0.01 to 158 and generally decreases from
outcrop to middip and increases from middip to the downdip limit of the data. The milliequivalent ratio of
magnesium plus calcium to sodium plus potassium ranges from less than 0.01 to 16.2 and generally decreases
from the outcrop area to the downdip limit of the data. The milliequivalent ratio of bicarbonate to sulfate
ranges from 0.03 to 9,520 and there appears to be no areal trend across the aquifer area. The milliequivalent
ratio of bicarbonate to chloride ranges from less than 0.01 to 135, generally increases from the outcrop to
middip and decreases from middip to the downdip limit of the data in the area from the Sabine uplift

Compilation of Maps

VICKSBURG-JACKSON CONFINING UNIT

The maps in this report are based primarily on data from the US. Geological Survey’s National Water
Data Storage and Retrieval System (WATSTORE) and data from the Texas Department of Water Resources
(Pettijohn, 1988). The data were screened as explained by Pettijohn (1986) and values were posted on maps in
each 100-square-mile area where data exist. The 100-square-mile areas are the same as those illustrated by
Grubb (1987, p. 115) and used for simulation of ground-water flow by Williamson (1987) and Williamson and

MISSISSIPPI EMBAYMENT AQUIFER SYSTEM

others (1990). TEXAS COASTAL UPLANDS AQUIFER SYSTEM 3" 4 NORTHWEST SOUTHEAST southwestward to the Rio Grande. From the Sabine uplift eastward to southwestern Alabama the ratio of
. i i . L ) ] o bicarbonate to chloride generally decreases from outcrop to downdip in the area west of the Mississippi River
These maps show regional trends in chemical properties. The concentrations of dissolved solids and - OUTCROP OF THE MIDDLE WILCOX AQUIFER ¥ FEET COASTAL UPLANDS COASTAL LOWLANDS AQUIFER SYSTEM and shows localized trends east of the Mississippi River.
major ions, pH, and temperature vary with depth within the aquifer. Point values can be smaller or larger e 2000 — AQUIFER SYSTEM =
than the values shown on the map, depending on whether the point is at the top or bottom of the aquifer. g}
Because there are clusters of sampling sites at some locations, the median value of a property or constituent MIDWAY CONFINING UNIT = SEA EDGE/OFICONTINENTAL SHELF
in each 100-square-mile area was selected for constructing maps. The density of sampling sites in each 100- i-::"g'% LEVEE
square-mile area is shown as an inset on each of the maps of the respective property or constituent. The T'_,_i. |
number of sampling sites per interval is indicated on the bar graph included with each map. The number of MBI RaeATCHRE IR RN o i
100-square-mile areas and a summary of median values for each constituent, property, and ratio are shown in "-=“
table 1. = S B
The maximum values in table 1 are usually llarger than the maximum line of equal concentration shown on 6000 — I
the corresponding maps. In some instances the maximum value in the table is much larger than the maximum
line shown on the map because the values in the table are for only one 100-square-mile area and there are not 8000 — = SELECTED REFERENCES
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TABLE 1.--Summary of median values in 100-square-mile areas for selected
properties and chemical constituents in ground water from
the middle Wilcox aquifer

N

T
1/ £ VTS
S 07 l..‘rl
B ’ /
- /)% (c as s N v
r f SN 3
{ Dalngé«field LERN
> i~/ o Linden s S e
g Al N \L; | X = f t 2
ACt Y ) Ly
ast Texas -
\ \ > \_Jefferson L4/

“
7 £ -\J\
(Quitrvan } o N Ry
L, Salt:Basin
NG S / i

€ MAD!So("a\‘j‘f \“ : + 'er.j“i’l‘:_“
° U Salt Basin-

[All dissolved ion concentrations are in milligrams per liter. All dissolved ion concentrations

of i 1L 3 , - used to calculate ratios, for eample Ca:Mg, are in milliequivalents per liter. Temperatures
. a0 RANKIN | &My TH | LN ! Y N o g . S , A . st
{R 7 ‘ %%&V” s | QB;’(R g [pooaT & Z 2 are in degrees Celsius. pH is in standard units. Chemical symbols: Ca, calcium;
&g ) y /> S AV A grePERE o () \ i 5 . i . i Q i o 2
Z <= Bk g L Haow “M;ww“ % e | =< /\ At QKB‘\ AM A Mg, magnesjum; Na, sodium; K, potassium; HCO3, bicarbonate; SOy, sulfate;
(&% ; é‘ ) : \Auﬁj\:N ) t T (M P'SONYL N\ SO TR X \ f““;é’% N Cl, chloride; <, less than]
E @STONT (“'HVEROKEE L= 4"é G ’,q W .."Q‘(:d- 4 vvape\/si( g { ¥/ A-—==1 Al B ll Y I LARKE
. y Yo . [k a8 Al @ Sk @ o QeS| [Wayneed |
\u ( Rusk T ACOC S 7 vy g——b = ”,l?p% | Y A8 (P ST R )
Bl 1 \;(:2;& p salLel/ i, . ¢ ! | A 5 y ¢
{%%1 f =g ,x;,//ﬁ;: 29 TaoAmS T abide A1 SREOLN [Lwee “Al’f“"‘vi“"’f_"i o e T / ’
offax | ) D' P Imeadyitiep_, { oy L Y Nl L /\ [ — :
e\ -7/ ¢ f" éri: J FRARKLIN | ‘_L;\\.Q_Lf-w = e 52 {g‘f;—.\\%\ i\ “ . ‘ r«"J Statistics for median values of Number of
3 (A Vo N NI i iy i3 . ® 7L pNpw Mg e J N
MTA "' 5 ‘ b )| o® R IF% ;*—/\r'f&i\f m# e ;“: { Property or 100-square-mile areas 100-square—
o N [ RIKE y iso \CPRES | { L nel-A7 | S S — = i
D0 JWILKINSON »"“M;‘ TW‘ ‘I’WJ’NJ"‘} f %!/i Pe@ | {osdy t“ v tﬁaﬁ" constituent Median Minimum Maximum mile areas
/ S dON” Whodville it Vi |\ = ‘\"(‘1'1?7 dajed ] By Mine! “DA\ ‘
‘V’/’.J_“ veton 7 ¢ N \IFZLL-Esf T: ;i"f‘w—s?r_ _l+—r v+— A e T"J_;:‘l:r‘_\'ém ;HR/)G,E/: Moef\,i %* X <\‘\‘“o\
. e [ 3 L | ) Y | s raRELICIAN e ) PR . e RS B10.CRYEK 74 % K
7 N N G B e N T o »-AL~L;°' Sy ;v el Ao e \ S|\ STONE T '% ngls L\ ~3 H 7.6 4.8 9.0 528
4 5 A1 ¢ ?’7/,&: | POLK \§L~Tﬁh‘. ==t = = -—_‘T—‘ R A j st ghaddoia] -} kbl (mite (@) =) | fm - y 4/ Mobile("| \BAL che il P :
Y | e B Pt ) ) | N L Swobvite T Y “evwfamsl» R syt PihAt :o"{‘” AN RN { Ll Temperature 29.6 15.0 117 693
v’/'/ A.\\‘l%,%m Mfseu‘lf pc‘oés! ww‘..wr“w‘f \ | 1 BEAU“REG’A‘R?—_‘]L,’A L LE Nr'z“/y\"j,‘jp («'uxf&){ ST:LANQF?Y{%: ot gg“gﬁ\’\ \ W‘l ! \gf ?\ covkdstor N - o(j’ D N )){M | ?\({ Dissolved—-gol ids 625 26.0 125,500 675
L Cngell Y iAo adspring AL NN\ ( / e i R S s YL | : ‘ (TR 05 FEammanY Tl By i 0.4 12,000 509
- .= \! y e T g Pisa (e "~ RBATON (ROW 1, | SETAMMANY Cs o & 0.t By y Calcium 10.0 5 ’
(\urlesopy, @O r,m..,Sa*Ixt&asmf% VT SR e RS b T Y o s
s I S 2N S B N \ A N s S s 3 Bay = £ = b ) Mobile Point .
| Nt .,1.,7‘,,(7,/\‘: wontdomery 27 (| @ \ LK ; aqui fer | &m&,}ﬁi% axA \ Lo 8 P . A
) l 451 F- /:7\;\/: H’\":’Gl’) :‘[ J,, "“f‘ \oonge ! - j’s\g&fiv“‘g 2 S};NSION\)IN‘ /’]/’“NY‘[{Q}H‘;R 2 2’{ ""':7\‘7“‘- ee o" Magres ium =<0 g-4 La0 01
e o ¥l ST B ST : : P, Rt BT B & # - L, 30° .° Sodium 99 0.8 76,000 509
g . TRl (| Hempbtead| >\ ) 4 M D 7 B i [ P, Yy PeR s SpAeed o ‘] o g 3
\B- & XY A\.)s”: ,\.2\ J, ‘;Vs;‘ 1 - hge YR, / \HL \ A 1 L}{,harwdeleur‘“$ Potassium 2.4 0.1 10’200 378
/T ta Grange ﬂ ey é E ® = A'.’: I o, .LI:,‘)(’handoleur East Bicarbonate 250 3.0 2,960 532
A Epretre SIS 74 R—RA e
N | W ’ | 9/\!—10@7/0,\1 5 L | Ty
N /,/ ‘”“*\‘f{“ b %’f LK E N H;;E\[W /;1‘ “ L Sulfate 20.0 0.1 39,700 492
',) T < iz uno“x\_u)oﬁ ,’;“ N = SOUND »“—! ‘N;ii: f:f‘; South ~1_1 Chloride 29.0 0.1 119,000 545
Z Iehgsville) -\ ol one Lo ———} nd Eas T el e
/f TEIEN \\ ‘f& < [ForT EEND;L,/ MatgEsay. ) p J/ Silica 16.0 1. 100 462
4 3 f A K ~ | f R |
Wf} ' At ; il BT Ratio Mg:Ca 0.47 0.03 12.8 500
£ T\ wharterf | N\~~~ P st t LY B ey ‘90° | RS | L L
1000 4 LSPN X "W H AR TO|NANB RAZ O R I\A:/\/V s ke | i TN AN | ! Sl J‘J/
>_7 . f‘ “y“i“ 7;‘%74 \/\\ g i B \ “’("/, N 4 PAnkiitony 1 & ‘1 L — A = L;’L%)um Pass East Ratio M8+C$:HCO3 0.50 <0.01 158 491
7 R S\ (¢ DEAWTTR B2 R SN 2 . ‘ e e [South Pass! i :Na+K 0.44 <0.01 16.2 372
(=scr | -South Texag i - % TS JREE 3 | ! H [ |, oo Jous pers e
AN ¢ I~ rlr [RTAS 60 3% S Tomed \\// ¥ [ Y )5 ctr=iy % ‘ , il | | Pelto] |Grand ',wE~~ Lo Ratio Hc03;SO4 7.9 0.03 9,520 487
AtS \ | s N\ [iCly "2 = L | ; Ly Sl | | lo e . !
ot iy ] ' Salt Basin . o 2 0 ) 1 ! ; f \»\w Loy sl | | bT-Rena Southl Ko flh pase Ratio HCO4:Cl 4.2 <0.01 135 531
Tr——ba o\ 0 ) p.% e\l | Cameron £ | Marsh | r Lo =24 i
s ! SR e i e ! \ ‘ I | Thigh West *LJUECM rom | ermin, leisnd ) ‘ ' i e joswm
K H’\YD" ' f / \ [ \ 0\!’ LA ,,D ;fx | | | | I Island \ = ‘L”BTL*WJ-J _7—~—r4 | 1 ! | i | l(‘
DI M1 oo / h"’“’l\ | N S I i letenc R Bt ! e e pEugane ‘“““4‘ o I 15 o
: T ! ; M“ /'rMs MULL “ ;"iww "‘\: - Beekie™ ”,{: % | ! J —T:ri;‘\ l ! ii 1 SR (7--44-‘\7# | l\ t\
“‘ |t SAL}% I F | Wend | 7 REFYG ! |(‘.a}vuql0ﬂ : ! \ ‘ ! 1O |\ \ | iy - I - Gyand Isle
———-—-— | Ly ) | I | ! | \ | | ! | | Timbalier South_}.J South
| j / ;’ i J | ;7 ol ¥Ai’ } I = ! ‘lScu\“h ‘lE gene l\ Ship | ‘\ rJ—‘lr/ i
28° L,i/,/f,jﬁ;,‘?;i\; : b 4{‘/ = 3 {‘H‘m/o | 1 ‘| ; adh | E‘(?S:‘e - il et ‘Mar‘;n | Island South ri =hoal S‘Du'.h——i———‘: / EXPLANAT‘ON
o D = e [ sSinton ¢ Fe————— et | [—— i R S NI T S S T
L // 2 . 2 /g\sf*” PATRITIO f o i TG RTEEn Seu |HEg:s\\ Is{:adm '\\bimr:”* L i e e _sbun] 4'_J S
) /é ) Y Co R : Matagorda Island | ‘luawcsnm South | ‘ ey | S _/‘\IT—NAL
w E / San Diego, | o 7 ; - ——————___|Brazos § ~————dL T T -:}/ —_— NE SH~
\ ] (5 ; o l — i — NTV ELF 7
, R = I tDGE OF C© /] OUTCROP OR SUBCROP AREA--Boundary
e | Mustang | L dashed at subcrop or where inferred
I Island East_J

|
g ICO
= ——— APPROXIMATE BOUNDARY OF SALT DOME
5 // GULF O F MEX BASINS UNDERLYING AQUIFER

1 e  SALT DOMES
1\

Mustang Island
Iigespia

|

1
th Padre
}slmvﬁIN(”K‘:' "J éqry{
RS MGl L et

|
|1
Tt
|
|
|

| North
Padre | |

HioAradd | | 1 Figure 4.--Location of salt domes that penetrate the
'\ base of the middle Wilcox aquifer (modified

T R from Beckman and Williamson, 1990).

p b
GO}SKTGJ, _lIsland East |

|

|

|

] | |
| Edinbyrg

), Pty !

|

Base from U.S. Geological Survey )
1:2,500,000 o

PROPERTIES AND CHEMICAL CONSTITUENTS IN GROUND WATER FROM THE MIDDLE WILCOX AQUIFER,
GULF COAST REGIONAL AQUIFER SYSTEMS, SOUTH-CENTRAL UNITED STATES

by
ROBERT A. PETTIJOHN, JOHN F. BUSBY, AND JEFFERY D. BECKMAN
1993




