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The Gulf Coast Regional Aquifer-System Analysis (Gulf Coast RASA) is a study of regional aquifers The water chemistry of permeable zone C (lower Pliocene-upper Miocene deposits), which is part of the
composed of sediments of mostly Cenozoic age that underlic about 230,000 miZ of the Gulf Coastal Plain in MISSOURI coastal lowlands aquifer system, is presented by a series of maps. These maps show the areal distribution of

parts of Alabama, Arkansas, Florida, Illinois, Kentucky, Mississippi, Missouri, Tennessee, Texas, and all of
Louisiana (fig. 1). It also includes about 60,000 miZ of the Continental Shelf (Grubb, 1984). These regional
aquifers, named the gulf coast aquifer systems, are part of three aquifer systems; the Mississippi embayment
aquifer system, the Texas coastal uplands aquifer system, and the coastal lowlands aquifer system (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, 1990).

Permeable zone C is part of the coastal lowlands aquifer system and is composed mostly of lower Pliocene
and upper Miocene deposits. These deposits consist of interbedded clays, silts and sands. Sand content is
greater than 60 percent in parts of the outcrop area of Texas, Louisiana, and Mississippi and extends gulfward
for several ten’s of miles as isolated lobes. Sand content is also greater than 50 percent in a narrow elongate
area extending from southwestern Louisiana into southwestern Mississippi. Sand content generally decreases
from outcrop areas toward the downdip limit of the permeable zone and is less than 20 percent throughout a
broad area adjacent to the downdip limit of permeable zone C. Permeable zone C has an average thickness of
about 2,000 ft, a maximum thickness of about 6,300 ft and generally dips from the outcrop area toward the
Gulf of Mexico at about 25 to 45 ft/mi (Weiss, 1990). The relation to overlying and underlying units is shown
in figure 3. Ground-water pumpage from permeable zone C was about 350 Mgal/d during 1985 (Mesko and
others, 1990).

The Gulf Coast RASA is a part of the US. 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

(1) the concentration of dissolved solids and temperature, (2) the primary water types and pH, (3) the
concentrations of major ions and silica, and (4) the millicquivalent ratios of selected ions. Dissolved
constituents, pH, temperature, and ratios are based on the median values of all samples in each 100-square-
mile area.

The concentration of dissolved solids ranges from 18 to 3,000 mg/L along the outcrop, 500 to 35,000 mg/L
near middip, and 35,000 to 265,000 mg/L in downdip areas. The increase in concentration of dissolved solids
in a downdip direction is attributed to mineral-water interaction and specifically to the dissolution of
evaporites comprising salt domes in the deeper parts of the permeable zone. The temperature ranges from 13
degrees Celsius in the outcrop area to 98 degrees Celsius in the Continental Shelf area.

The primary water types in permeable zone C, which are based on the most frequently observed type
(mode) in each 100-square-mile area, are calcium and sodium bicarbonate in the outcrop and middip areas
east of the San Marcos arch and sodium chloride in downdip areas and in the area southwest of the San
Marcos arch. The pH ranges from 4.9 in the outcrop area east of the Mississippi River to 9.4 in areas near
middip in southeastern Louisiana.

The concentrations of major ions generally increase from the outcrop to the downdip limit of the data.
The concentration of dissolved calcium ranges from 0.2 mg/L at the outcrop to 26,300 mg/L in the
Continental Shelf area. The concentration of dissolved magnesium ranges from 0.1 mg/L in outcrop and
middip areas to 1,420 mg/L in a downdip area east of the San Marcos arch. The concentration of dissolved
sodium ranges from 1.9 mg/L in outcrop areas east of the Sabine arch to 100,000 mg/L in the Continental

program through 1984 was given by Sun (1986), and progress on the Gulf Coast RASA was reported by Shelf area. The concentration of dissolved potassium ranges from 0.1 mg/L along the outcrop area east of the

Grubb (1987) and Williamson and others (1990). Mississippi River to about 995 mg/L in a downdip area of southern Louisiana. The concentration of dissolved

bicarbonate ranges from 2 mg/L along the outcrop in south-central Mississippi to 2,000 mg/L in an area near

Purpose and Scope the coastline of southeastern Louisiana, The concentration of dissolved sulfate ranges from 0.2 mg/L in the

: \ - outcrop area east of the Mississippi River to 2,950 mg/L along the coastline in southern Texas. The

This report describes the water chemistry of permeable zone C (lower Pliocene-upper Miocene deposits). ( OF MEXICO ) concentration of dissolved chloride ranges from 0.5 mg/L in outcrop and middip areas east of the Mississippi

Maps in the report show the areal distribution of the concentration of dissolved solids, temperature, the \ ; River to 161,000 mg/L in a downdip area east of the Sabine arch. The concentration of silica ranges from 1.5

primary water types, pH, and the concentrations of dissolved calcium, magnesium, sodium, potassium, —~ 4 mg/L in the outcrop area in southern Mississippi to 8 mg/L in the outcrop area southwest of the San Marcos
bicarbonate, sulfate, chioride, and silica. Also included are five maps showing the milliequivalent ratios of - arch. However, in most areas of the permeable zone the concentration of silica is near 20 mg/L.

(1) magnesium to calcium, (2) magnesium plus calcium to bicarbonate, (3) magnesium plus calcium to ” o 2

sodium plus potassium, (4) bicarbonate to sulfate, and (5) bicarbonate to chloride. The maps of constituent
ratios are included for comparing with the same constituent ratios commonly reported for sea water and for
water used for specific purposes such as industry and public supply. The ratios also have been used to show
trends that may indicate major controls on the chemistry of the ground water. EXPLANATION

The milliequivalent ratio maps of constituents in water from permeable zone C show areal distributions
and any trends in ratios from updip to the downdip limit of the data. The milliequivalent ratio of magnesium
to calcium ranges from 0.02 near middip to 3.8 along the outcrop and the map shows no areal trend. The
milliequivalent ratio of magnesium plus calcium to bicarbonate ranges from about 0.01 to 353 and generally
decreases from the outcrop to middip areas and then increases from middip areas to the downdip limit of the
Compilation of Maps data. The milliequivalent ratio of magnesium plus calcium to sodium plus potassium ranges from less than
COASTAL LOWLANDS AQUIFER SYSTEM ‘ 0.01 to 12.5 and generally decreases from the outcrop to the downdip limit of the data.

Figure 1.--Location of sﬁudy area.

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 - T The milliequivalent ratio of bicarbonate to sulfate ranges from 0.05 at the coastline in southern Texas to

(Pettijohn, 1988). The data were screened as explained by Pettijohn (1986) and values were posted on maps in 3,940 in the outcrop area of south-central Louisiana and the map shows no specific trend. The milliequivalent

each 100-square-mile area where da}ta cxift. The 100-square-mile areas are the same as those ill.ustratcd by ratio of bicarbonate to chloride (HCO3:Cl) ranges from less than 0.01 along the downdip limit of the data to
Grubb (1987, p. 115) and used for simulation of ground-water flow by Williamson (1987) and Williamson and | 342 in middip area of southern Louisiana. The HCO3:Cl ratio generally increases from the outcrop to middip

others (1990). ‘ and decreases from middip to the downdip limit of the data in the area east of the Sabine arch.
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CHEMICAL AND PHYSICAL PROPERTIES

The areal distribution of dissolved-solids concentrations,

temperature, primary water type, and pH are shown on maps and EXPLANATION
discussed in the following sections. The dissolved-solids
concentrations and temperature are shown to the downdip limit 7 NUMBER OF SAMPLING SITES
of the permeable zone. The abundance of geophysical well logs o4
(Grubb, 1986, and Wilson and Hosman, 1983), both onshore and 5-8
offshore, make it possible to estimate both dissolved-solids B s
concentrations and temperature throughout a large area where a 26-35 ° h.s o
data from water samples is not available. Primary water type and | 36-99 ¥ .
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noted above indicates that the concentration of dissolved solids
increases in a downdip direction. The largest increase downdip,
500 to 10,000 mg/L, occurs in about 15 mi east of the Mississippi
River (fig. 5).

From the Colorado River eastward to near the western edge
of Florida the concentration of dissolved solids in the outcrop
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and updip areas ranges from about 18 to 500 mg/L. An 3 %L_ _
exception is an area west of the Mississippi River where the T = C'T < r—
concentration ranges from 500 to 1,000 mg/L. The concentration " 0 100 200 MILES “l* - ’ffe" o - i S Y §- /\ LIA:kevﬂ" 25 .-t— =
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middip the concentration increases to about 10,000 mg/L and e 12 NT - A
from middip to the coastline of Texas the concentration increases : -
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The temperature of water from permeable zone C, based on
combined depth-averaged values and median values of all
samples in each 100-square-mile area, ranges from 13 degrees
Celsius in the outcrop area in southern Mississippi to 98 degrees
Celsius in the Continental Shelf area (table 1). Generally where
the concentration of dissolved solids is less than 3,000 mg/L the
temperature is generally less than 30 degrees Celsius (fig. 5). In
areas where the concentration of dissolved solids increases from - S
3,000 to as much as 265,000 mg/L the temperature of the ground 1 2 3 4 5 6 71 8
water increases from 30 to 98 degrees Celsius. About one-half of
the onshore area of permeable zone C contains water with a INTERVAL NUMBER
temperature of less than 30 degrees Celsius.
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The primary water types in permeable zone C, which is based
on the most frequently observed type (mode) in each 100-square-
mile area, are calcium bicarbonate and sodium bicarbonate in e RS TERR
outcrop and middip areas east of the San Marcos arch and ool M\ @ P L[ ey N otemmnth Ll N\ AT VW ) (o r e Sy [+ Vv 5 1 1 v @l Fg | e
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values of all samples in each 100-square-mile area, ranges from EDGE OF MILLIGRAMS PER LITER @ . S/ , ~EDGE OF -
4.9 in the outcrop area east of the Mississippi River to 9.4 in :] 0-500 Mosang_ //J OUTCROP OR SUBCROP AREA--Boundary
areas near middip in southeastern Louisiana (table 1). The trend ! / dashed at subcrop or where inferred
from the Sabine arch eastward to the western edge of Florida is MEX ICO B2 501-1,000 OF MEX ICO
one of increasing pH from outcrop to middip and one of G U L F O F =l 1,001-3,000 G U L F PRIMARY WATER TYPE
decreasing pH from middip to the downdip limit of the data (fig. = 3.001-10.000 & Calcium bicarbonat
9). There appears to be no trend from the Sabine arch ’ ’ ST o e i
P s iy B 1000135000 : @ Calcium chloride
= 35,001-70,000 : Magnesium bicarbonate
From the Mississippi River eastward to the western edge of Ea 70.001-150.,000 €2, pe E Sodium bicarbonate
Pl 7 i‘(;‘;i’;"::: i S M Eou Figure 5.--Concentra_ution of dissolved solids anq temperature ] 150,001-250,000 » SRS Figure 6.--Primary water type based on mode value : Sodium sulfate
coastline. From the Mississippi River westward to the Sabine based on medlan Value er 1 OO'S uare-mlle area , per 1 OO-square-mlle area. Sodium chloride
arch the pH increases from about 7.0 along the outcrop to about (modified from Pettijohn and others, 1988). —30— LINE OF EQUAL WATER TEMPERATURE P! ‘
8.0 in middip areas and then decreases to 7.0 or less in downdip Base_from U.S. Geological Survey Interval 10 degrees Celsius Base from U.S. Geological Survey Jprend > lana East ]
areas. From the Sabine arch southwestward to the Rio Grande L2305 v Lo ;
the pH ranges from 7.0 to 8.0 with no consistent areal pattern.
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The areal distribution of eight constituents in ground water Sty Rkl ‘
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are shown on maps and discussed below. The constituents N — 3 A \ [QALLOWAY
mapped are the major chemical components in ground water EXPLANATION a4 P \L * Sl s EXPLANATION
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Magnesium

The concentration of dissolved magnesium in water of

permeable zone C, based on median values of all samples in each EXPLANATION
100-square-mile area, ranges from 0.1 mg/L in outcrop and
middip areas east of the Mississippi River to 1,420 mg/L in a
downdip area east of the San Marcos arch (table 1). The trend is
generally increasing concentration of dissolved magnesium from
outcrop to downdip limit of the data except in the area from
about 140 mi east of the San Marcos southwestward to the Rio % < gg e

Grande (fig. 9). S
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From the Mississippi River eastward to the western edge of |\?\\‘\r
Florida the concentration of dissolved magnesium is about 1 o ) %i\ ;
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mg/L from the outcrop southward to middip. At middip it
increases sharply to 500 mg/L and remains greater than 500 N e \X
mg/L to the coastline. From the Mississippi River westward to 7 i 3
about 40 mi east of the San Marcos arch the concentration y A 3
generally is 10 mg/L from the outcrop southward to middip. At il
middip the concentration increases to 500 mg/L and remains

between 500 and 1,000 mg/L to the downdip limit of the data. Xt
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westward to the Rio Grande the concentration of dissolved 2 S e W “N' };\vf/
magnesium generally ranges from 10 to 50 mg/L in outcrop and : | : (3

middip areas to 100 mg/L in areas near the downdip limit of the

data. An exception is an area in southwestern Texas where the
concentration decreases to less than 10 mg/L. The concentration
patterns of dissolved magnesium are similar to those of dissolved
calcium.
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The concentration of dissolved sodium in water of permeable 26 “”!\ ('Jl
zone C, based on median values of all samples in each
100-square-mile area, ranges from 1.9 mg/L in outcrop areas east
of the Sabine Arch to 100,000 mg/L in the Continental Shelf area -

(table 1). The concentration generally increases from outcrop to AN A ; gm0\ Rt
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From the Sabine arch eastward to the western edgeof | P N ] 2= | Nl #\,M el
Florida the concentration of dissolved sodium ranges from about 600 ¢ - < Kb\
10 mg/L along the outcrop to 500 mg/L at middip except for a interval in milligrams per liter -
large area west of the Mississippi River in Louisiana where the 534 iterva
concentration ranges from about 100 mg/L along the outcrop to nuriber
500 mg/L at middip. Whereas from middip to the downdip limit
of the data the concentration in all of the area east of the Sabine
arch increases sharply to 10,000 mg/L and to as much as 50,000
mg/L in areas along the coastline of Louisiana and on the
Continental Sheif.
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From the Sabine arch southwestward to about 40 mi east of
the San Marcos arch the concentration of dissolved sodium
ranges from about 50 to 100 mg/L along the outcrop and
increases in a downdip direction to more than 10,000 mg/L at the
downdip limit of the data. An exception is an area near middip
along the western part of this area that has concentrations
greater than 10,000 mg/L. From about 40 mi east of the San
Marcos arch southwestward to the Rio Grande the concentration g
generally ranges from 100 to 500 mg/L in outcrop and middip 1 2 3 4 5 6
areas to more than 10,060 mg/L along the downdip limit of the
data. A concentration greater than 1,000 mg/L occurs locally INTERVAL NUMBER
along the outcrop in the western part of this area. Some of the
areas having the largest concentration of dissolved sodium appear Number of sampling sites per interval g,
to be localized whereas others appear to be coincident with the ’
deeper part of the permeable zone and with the location of salt
domes (fig. 4).
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The concentration of dissolved potassium in water of
permeable zone C, based on median values of all samples in each
100-square-mile area, ranges from 0.1 mg/L along the outcrop iz | ,
area east of the Mississippi River to 995 mg/L in the downdip \ DY:WM 1T ecouia | >
area of southern Louisiana (table 1). Concentrations generally \ =5 e -
increase from outcrop areas to the downdip limit of the data (fig. PR P i’\\L}
11).
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From the Sabine arch eastward to the western edge of
Florida the concentration of dissolved potassium is about 1 mg/L
from the outcrop southward to about middip. From about
middip to the downdip limit of the data the concentration -
increases to more than 100 mg/L. The area of greatest AR St . /
concentration of dissolved potassium generally'ls comcnden.t with R s A &, % [Muslm — ) / F M E X l C O
the deeper part of the permeable zone and with the location of Al Fr—— G U L F O —50— LINE OF EQUAL DISSOLVED MAGNESIUM
salt domes (fig. 4). : S ) : / CONCENTRATION--Interval, in|milligrams per
r liter, is variable
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the concentration of dissolved potassium generally ranges from 1 Norih Padre }\
Island Easte

to 10 mg/L except in southeastern Texas where it exceeds 10 o: y e Al e
mg/L. Whereas from the San Marcos arch southwestward to the 3

Figure 9.--Concentration of dissolved magnesium based

Rio Grande the concentration generally increases from 1 to 10 ! d l 1 O 0 _ .]
mg/L in the outcrop area and to about 100 mg/L in an area near { on median value per -square-mile area.

the downdip limit of the data. e | soufe :so T
Base from U.S. Geological Survey " 7 ipiana 159
Bicarbonate

\ Figure 10.--Concentration of dissolved sodium based
1\ on median value per 100-square-mile area.
South l*'
South Padre |

Psfive

1
i Tl island Easi

e ]

Base2 from U.S. Geological Survey

1:2,500,000 ece fent 1:2,500,000

The concentration of dissolved bicarbonate in water of
permeable zone C, based on median values of all samples in each

100-square-mile area, ranges from 2 mg/L along the outcrop area ~ =
in south-central Mississippi to 2,000 mg/L in an area near the ILLINO! gl
coastline of southeastern Louisiana (table 1). The concentration X

of dissolved bicarbonate generally increases from the outcrop to
the downdip limit of the data (fig. 12).

From the Sabine arch eastward to the western edge of / :
Florida the concentration of dissolved bicarbonate in the outcrop EXPLANATION ¢ d EXPLANATION ,{“"TL -=
area ranges from about 10 mg/L in southern Mississippi to 100 e - e

2 WEAKLEY o
mg/L elsewhere. An exception is an area either side of the NUMBER OF SAMPLING SITES /) r’C/J b = ’ 7 NUMBER OF SAMPLING SITES ® [ B
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Mississippi River to 130 mi west of the Mississippi River which ; h e f‘/;, ST Nl ; ‘ 5 L NS ’_j(.i_, )
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specific trend except in southern Texas near the downdip limit of
the data where it decreases to about 100 mg/L.

\ LAFAYETTE L0101

&hewie | 1
’ ‘l ! ‘/\moTV"‘

b sy F———"
ater Valley! ;j

OBUSHAL okt

L

\ i ) _
W & 3 HOMAR Tz ] {;:T _Tvo T
p : (S &) Clagi ?@;\g T T water Vglleyll b ]
N y ! P 5 ir %lr‘\ Chasleston OBUSHA é i 34

: : G SN g |
< GRiso! — ENVADA CALHOU
cRison O ac
CLEVELANDY Star G ;,\ i y 1 TAL \y C_H‘ M‘t‘: e ‘J

oRosedale [ 4 =
o H B w:e ‘;"6. e ;Q\G’“;a:a_"._——'——“';;‘\
i t:’é? Clevklan S al S e WEBSTER 1§

1 (34°
~

&)
lie G
X ) i 3 Kotteevitied =0 0.0y
@Rison © - k e LARSF—— 7.
CLEVELANDY Star cﬁ ) W I"’E
» Grenada |~ }-—

} CONTINENTAL RENKEE-] weBSTER i JONTESE o )
d ) o, | waiied /- o = i % ‘,il oRes = Y EFLORE ) | wanvan /A
T Hg:/‘/EV‘Alo ACHTA cALHO\’N Y 1 : Qae Hgoli EVARAY| O 63"% ! - "; —k:ro% L'(\ 5 Leceensi le "‘gmn! ° O% ||_w '1\\—{*
" dfeqoray ! > i 3 ) frona Q=
LY = L = it 2° 58 S L suocmaw by ey A ] oz " © ) A - LA A el |
& 0 100 200 MILES Lewishinf | b i A B 0 100 200 MILES A7 Boxono P ewsbin 7 T RNa————— Whate <P, Pl mdero /) e
L5 L — 1 ] ° Y —_ e i * B w ] © 4 < @C = [
= I= T T agnotia — T T - pecys e o aanolia |} Mamelra |; S PATTALKL TXrfdewe |
1 i e [ getiei y 0 4 Qg - orERs A fiihag 1% P A Mgatumain | N, o Als w f Yl‘[‘é‘gr‘gT i iy g g L wikisToN Il
Ol ¥ B i e erfion i e & " Lexinglon )
» ) N o N - Z71 ale 2] / 'L N | u N\I o N \ 7 §¢ 2 i S
Supnur A< 1} i | S| Suiphur A€ Nt F o LC *is\ 1 N \ i = _p—
Springs | L - — ~ - — dngesfield e ; W - e e S = g — 1
£ s el STNRRELY A 6 S » o4 e L SRS
” - . 2 . == Nz ) ~ ‘ 9\1\\0 N ‘" i v & o/ (] Tmgeiopts : : : : : N oN § }os e T S 1 1 wfagelohia | s
Density of sampling sites in each 100-square-mile area %.”\_r e e és SERTAT M s oW SR BEE nesronn) Density of sampling sites in each 100-square-mile area oo NNON e B O:E‘H%is (st /1S Yangm ol €28 nesronn) ﬁ:}i
= as! Profig B " o/ \ H R as! Pri st 1 o £
OV A 3 3 anton __X'__r I 2P s Iy ;- ofanton N bt T I =
/ _mr : | ‘._M :‘ pDis ggﬁ}fymkmgv g i i co 258"): :;;),;' | ) :m -2 3 L;M ; pisdN m#&wmﬁ-r ; erl) | Liyoemonse I ?8
di I_ | ~, S : 0 A 4~ \Bic W . ) _3___1 s AN/ S scOO NEWTOR Y 2 "{a" = z
o QURBETY, ) gt aruos ghckson L test l 5l L A ] S = o 1 1 ARENGO |
‘‘‘‘‘ ) JAGK: T ] v edsles I%X_— = [ f . B | )uAqKSON,  __od N = Butler r
600 X | : \R_Afﬁm /.[\gp};;ﬁ“hl/ Paumg; R ) X 32 1'000 A0 O nests H kR i 3 | g.;( unf ﬂﬁi |‘ {32
Interval in miligrams per liter % '—76:7 A A tnterval in milligrams per ter g4 = __%_\_ o S S S AJ%“‘:,‘i, 2 Si} A MAL
Lmrg:lr Interval V 32 ; = 5 x . T 5 ;é//L g _&'ET(GID\T \E\q‘)‘:zm‘ ] s i
@ S 8w g e e g it fSsisat s T e
E 425 3 11-100 Fautield = Faurfield sk ~ A Al T gy \ 5
(7] 400 — 4 101-200 \ \\ \FREESTO) FouEso A (2] \\ [FREESTO| FRBLT L rE 5 Fé = 2 ‘ 7/ 7 / ) &hm{/—\
(4] N . o Manvs L] LR . - . 17 275 ZU\VASHINGTONE |
= o\ Y ¥ < & > \k & P ifax ABAY L R / 5 ; ‘é‘g o~ 2,
- Grobspec '3 = =) A - = L -8 (b x R
= L\K Ky oo : A= % / Ly J - = 600 R //'T N . - » ] / / 4 0\ X Y
o = - 7L A c/‘p ; , R s o - =7 < : S ¢ : ENE 1 = :
. £ | | 7, r AL 2. ¢ . = LEjON / . g 1 J § GREEN ==
<=t / /’;’pé"’*/ P vangon| | o Ty TS (/% / )y 8 <=t e ‘i"f’jll ) éTj ‘Q'KE ¢ . e, “f“"el S !
:’L, W S --L / * e 1) (O Whodville 1 £ g / (R ) i \/] 9 e | ‘\\ Lbel/" |' i RS s 7 y'/ L / > T N
(<) AN S e e G 2 riustno o & “whsHinsTeY AT S mal
o0 4 s T e ; XA Ard {7’ = 5] ¢ rFELICIAT E oAl ! G tP ) anblintgn ?" . > %
] B A "“ i T L gy o\ 1 NS 4% /
m "‘l. L oD} Ridd @ N A Rath aiis:, = ,]lj mite (}‘ [ ) ) %\ ; ,“b‘., P s
= . § / N 4 & o ) A Va0 ; 3
=) Z 3L ® EGARD g 200 ! \ GIE “g y TNlJ / 00—_ & \“’%{:,r]i«jd— 5;% ©
= vk , = . P LS bl § (L@l SE et NI ol Lt
w Fagdury =iy o \gx "yien JBATE m{‘ .“[a\l TAMMENY Iy N st A\ ROF S 5
| = Rl AN e S ¢ o O BT e
/” >\K'q“;}é; =V LAXE 88° 3 £ LoD T [ CENSIOf h > LAK] '—":ﬁ‘ ’__, 88°
Y | Gédings /~ WASHING 787 U 1 ‘ 2 3 4 5 6 7 e \ L ’V‘E‘ & PONTCH. \ o dﬁ%‘ X1 300 200
v, ! ‘\9 /. o - N e : R . LB S I: 1 &
B,\gt‘("’ln i -\ -Chandeleur w4 5 3\ \ / A0s l‘;: ) A aL|beN»/\\__ : - 3 'RE_/ ffn I 3 el e 3 3’:2;;: Q—:{I L}ﬁ)hande!eur
; : | : > = INTERVAL NUMBER 3 A T N iy ot S5 Thes
: A > % ; } . wr : 3 , g L S ChinNel ’ e o & = A;E— ; i(f’ . el ’ o). “;t v’ . SRR Q". g L Ly-Chandel A4l
2 R ) / B kCR & WE B ! : . : o / et / i 4 e i : Do) ‘ . ST A C o e e
1 : ; ’ ¥ ‘ A Lot : ‘ ; 2 - TR /s \Q 12 3L 2 Preasgecty | A e - Ty : g
N e o . , ~ e SN . Number of sampling sites per interval Y /7 @T SR potis| | AT = i, BREYOL o Sl el o
h iy 3 3 4 3 A N ) - <F —alM o - gt Ny B i a u L
D g e I T o
: {o”@j : | | 3 ST A ; 4 - SAN A }’6&7% \t :\&3\ 1 = . W(I'é'&: ‘RFOEHERD‘ ! \ Toy’/u‘( r\ L | CBﬂ:laéf\ e Q'ﬁ‘ %M ) E"_ss Pl ;J/
- 2 : | ‘ R % 4 ) N s} K/\r ~ A0 \'\ 4 | ] T 1 N e 2
< 2 5 . i 5 # 4 s , 1 ) N -
”‘\1_\/\( : ‘Madn . ; .‘ L ol ;:!:,q ) s o \ GV ! / (S{Hh‘:o 1 2 /}/76'2?;‘: = «'Galveston: } \ L.,I \‘ : - TS ‘b 1 v 32T f 4 i
1 ’ | 'stapd F 2 s — -l i __" ' L el NS ¥ H\ Loy Y o ’ I | =1 | kY s
I #5outh Pass Easl | 2 VL == b i oL | (R W | - . < Soulh Pass Easl
J L ! / o ass \ ?\*‘———H SN 5 \\m,k L \‘ - [ \ ‘\ ll(‘:amemmv_’_:r/’l:g%__l_g‘ .4[‘*_‘? l Daus 0. Soul
oPetrsgi N\ o\ odoultantdh i —t - e . s P . odoulen % 4 - ”‘ Tl +—4 o 1 = 5 s
v ’PPwl "lﬁ"s‘dwé"‘ |l Mest TAQAL‘ ! “l ,\Av\ksﬁoé’;\ % {B \\g{ |' i \I‘ L‘n : } d : s ! e
' SR | e Erdlat G 1 T ! West A | |South i N
aja | Cameron 1L . ';';‘:l:“s A i Iily—-Llff__ s *L,/’,/> i AT of ; |I ! Cameron 11 East ! e L | & g ?::«:Bss
: 1 T + &) | 1 | !
I jHigh \ West_ i Gameron | Vermilon oo | l' ey ) —'MV : 4 I I jHioh | West___ ——11 Cgmeron_: Vermition r'_s'.i’i"_ i S—
iigh tatana | 110 Y T =" | Eugene sta DIS::w;:?lT\/i"\ng ’u< mcj‘/yz,L | g onr%eo } {_Hluh island _'I 's':'::‘ ] r _____ 1] | Eugene tsien nip Shdal  Isoutn Timb g #%9
______ A = | , 7 RCotulla N Eegs - I e e e 2 e —— —— —_——T—T T T T = a e
| i N i Lt i | | | \ ] i i S g H x
I | é “gre sle i | | Wag l | | | ! : g ®uih wfF %
——————— :_Gi“_ss_lo_r______’l : ,.--4""!"-:-:-- (3t ""-*:’i A 7 S::ll’:‘ "‘-*--—;,i - E !._Gihfs_w_r______: 1[ \ |I ----!:--1'J:"':-:- e . "."--.‘Ti"w eﬁf’_”-ﬂ—lr }s::\rl‘sm
; | " Downdipimit of permeable <" ~~ T | ! ! ; w | ¢ powngipdimit of permeable ~ -~
meron v ™ i a 2 el nﬂ: uin i 5 _r‘_‘ S~ S ] (O |Brazos - - 4 -”"i B '—OU _J'__ L ]
1230‘7 l| - \\;v:'sr:nmn cameraf l - H/?‘_j';‘_-r-\_/ — 3 T a 4'__ ______ 2 e I| | T isial ‘\:M:“M cameran = :1‘*‘1’?—11'“‘5::,"?"' —f‘ﬁiftm/v
g an uth | Eas u r—— ; e i sian u ast Sou ——— e e oy Yy
_;a-__-iH,.E‘,\ a e | EEx‘tasnos,i;r‘Ll soul_h.; ;—'—"b"‘EN.-rAL’ S"FT_/ / EXPLANATION = s L L4 l Malagorda Island { .0. ?G:lveslo E:)_U'l_h_ _ﬁ[_H:_g:: g mL('L EE):\asns}:“‘_‘ snum;;-‘l—-‘—\—NENT'AL SI_I\:L EXPLANATION
R Sk W B ELF w elg /8 ol | N e .- ————— B = e P e W NT ELF
~— ! CONT . ? N | E] — S O
T ! ! E F
EDGE OF o | , EDG ,
/] OUTCROP OR SUBCROP AREA--Boundary dashed o N sns L5 /] OUTCROP OR SUBCROP AREA--Boundary dashed
A ) \ siand Easi_j H
l C O at subcrop or where inferred - - i ! v, D at subcrop or where inferred
o 0 —_ | ) ‘
L F O F M E X P “.“’#‘ﬁﬁ%%—l \ A ustang Isiand | ,_,'/ F M E X '
U —10— LINE OF EQUAL DISSOLVED POTASSIUM ! G N O —100— LINE OF EQUAL DISSOLVED BICARBONATE
T = o ’
CONCENTRATION--Interval, in milligrams per ' — Terooxgl " .' \ﬁr CONCENTRATION--Interval, in milligrams per liter,
liter, is variable TF / is variable

{ gt i
'é‘,:%. North : |
< 1
|

iy
North Padre |

LI 4 S teteng Easty
. . . ite ! . . . . .
,' Figure 11.--Concentration of dissolved potassium based .. | | 1\ Figure 12.--Concentration of dissolved bicarbonate based
! 1\ on median value per 100-square-mile area. A {if ! Ix\ on median value per 100-square-mile area.
Soufh I e = ' South 1 5
. </ v | Patre 'Scuth Padre ! (‘: = ”)t}:“" N pafire | outh Pad-e '
Base from U.S. Geologlcal Survey 2 26°I tand ! isiand Eale ??25'25(?0(:[610(‘,)5. GW‘OQ‘C&] Survey 98° 2 B ‘ 3 26,“'"’0 1 Island EnsIL,

1:2,500,000

SCALE 1:3 500 000
50 o 50 100 150 200 250 MILES

50 0 50 100 150 i 200 250 KILOMETERS

PROPERTIES AND CHEMICAL CONSTITUENTS IN GROUND WATER FROM PERMEABLE ZONE C (LOWER PLIOCENE-
UPPER MIOCENE DEPOSITS), COASTAL LOWLANDS AQUIFER SYSTEM, SOUTH-CENTRAL UNITED STATES

by
ROBERT A. PETTIJOHN, JOHN F. BUSBY, AND MICHAEL A. CERVANTES
1993




U.S. DEPARTMENT OF THE INTERIOR WATER-RESOURCES INVESTIGATIONS REPORT 91-4151
SHEET 4 OF 5

U.S. GEOLOGICAL SURVEY

Sulfate

o
1| NESHO

The concentration of dissolved sulfate in water of permeable AT EXPLANATION
zone C, based on median values of all samples in each EXF
100-square-mile area, ranges from 02 mg/L in the outcrop area
G NUMBER OF SAMPLING SITES
east of the Mississippi River to 2,950 mg/L along the coastline in o NU:‘BEH OF SAMPLING SITES o
southern Texas (table 1). East of the Mississippi River the 5 §:g ~- Ny ‘
concentration generally increases from outcrop area to the g-% 3.15 > %n
downdip limit of the data (fig. 13). Whereas from the Mississippi -t 6.2 'S, Elbaraf
River southwestward to the Rio Grande the concentration tends m 26-35 e : 232 ¥ gg ver” | 4 s G ALy
to increase to large values in localized areas. N 6% e 1 =Lie \ .2 B Bton ] mromdae TTHER"_ (Lt
i I i [ H 5 3 /i ) ‘o . - Ngs > . E VCOODl [maoiSBN TN
i L {0 & 1A =T : ¥\ Covington N\ P N\ Covington NHAYY ol -
From the Mississippi River eastward to the western edge of f\_&*ﬁ Pt e : \ L4 e ) I ; TiFTon | s A —TEgesTer
. . o i { . IR 1 | : L At 3 A= 3
Florida the concentration of dissolved sulfate ranges from about Nl A= )L{ 4 el ‘ . Y e - _1‘ i a7 WW”LP( /
. . . . 1 s 4 BmerV s olvarf y g e otmier V! S tivaryy
1to 10 mg!L a!ong the outcrop to middip an_d increases in a Py _ S ol A et A0 o L% \ ro B Hhnndeh
downdip direction to 100 mg/L at the coastline of southern Oy L\x\“\ [ 7 2 SL g By g% i oy by X &:;‘;l’;& RS Sl s
Louisiana. Whereas in the area from the Mississippi River ST \ {&f G }-3_» 1 : g ‘?}:{‘ 7Pl r S [ __,,J_.--“T-“-J--* . ; \":‘Ij’m‘!ﬁ" B ' & T !
. . . ¢ i o (O . 0 PN SR IS ) § KT R ot § .
westward to the Sabine arch the concentration of dissolved N b 1‘.3 ol g.’.’,z,-,.“s:‘q’, & ;," ! e,:"“’ﬂ‘;‘l: O f \) ) /N?::Z?;a pA:bV o e { .ﬁ,‘g’}%‘" ;} 5 : pes A P a‘::TO;H o
sulfate is genemlly less than 10 mg/L except in southwestern ’ 0’»4.‘.’,],‘.‘!:':;.;1015«";‘4;1 ,«"‘,‘ N g XD 1” P OO, QD o #}W‘ b A frosidop, &7 o 12 .’!&\;: i Aﬂ»‘l»: 0t i \ LY T nitmaen, dngso | s
h N i /> DI RPN NORDG S e SERIRBBOGR U D I et p oL Al | MARSHALL T st i PO Boundary of study are hohoke e Vallsd o o 1 MARSHALL Rip
Lovisiana ncar the consline wherethe conenration nercases i L GIRGT o o o o ST g ST G, O g ) ' 2 R e w1 £ OV Uit e/
i o SO | Y G N % NS e D B ~_\|oSenatotiay unj 2 e I T R Y T
st nces o Ssie SO0 g 1. '3& ‘x/‘.\ '”'!;l:ﬁl”b""“"m" Tl 7‘1 ) 5 L ?ﬂ’ > o ‘?‘\JMIKP Lf;‘e ', i ) I‘ij g R Sl A e 'l Hetera P X7 V a:mms el
7 S ; S5 QL 2\ 1‘5 A \*4 DG §  gOxord 't-—-‘—‘ 100 £ jo ey . PHILLIPS s /ér e "‘ LAKEG, tore II""""
From the Sabine arch southwestward to the San Marcos arch R N N P N R : g | | LAPAYETTE jponat e LB Rl ,. ?\‘ P e | LAF/A"EIE\\"z:nmw
the concentration of dissolved sulfate ranges from about 10 to o )! PERSON L L2 Do b Sopromalfans) X | {1___?1*0? . i ] \( : N\L B2 bewyu bt ¢ Wi Hca e > e e A 3
. 2 alieyl A - L N : 3 “Water Valle v -
about 500 mg/L. The conccntmnon_ of. al?out 10 mg/L occurs (I e o) C ‘ «;:s'; ;ll -~ _‘ﬁ a0 ] ’*\L_L\“L, - ey @ il fia s;l =Gy (Ve
along the outcrop and near the downdip limit of the data whereas , N NS PP AT carbewied 00 "U R o ; \ il I m»; T~ AT T e 91")}
the concentration of 100 mg/L occurs between the two areas near 35 4\ B 4 0By y G\ Jrracpafentel R Fiver—] l sk =D Y T 58 O }\& (I Kfen M; Rive J:\
o ke VO Grenada | _ t 3 ! : o 2 = o e e
middip. CONTINENTAL /. v T . R ! wsesm;‘t’ \“‘ : b | CONTINENTAL e e EPTe) TY [fee— " o RE NG —ll—_ wEBsTER_HY
= | wanran /4 de X 4‘ | ¢ } 1perigRe] | o waithal /-
From the San Marcos arch southwestward to the Rio Grande evagaPoyaciiral Canol e ':f%'gml'vv L ] ‘: -y v o i) P el ‘xiiﬁgn T |
amden v g PIBY ¢ g reu
the concentration of dissolved sulfate generally ranges from 50 to B { 7R Hampler _ -3 TW?R"&: = L‘-ﬁﬂ?ﬁa’é‘“}_ \‘{% RN ; 1 YS \L?\L R:;““:J_ %S%WL
i i - g P s A A B i . A 0 100 200 MILES AR A
500 mg/L. Two areas having concentrations of less than 50 mg/L \ o 100 200 MILES (o g 1 g 5 : 8 | . < i S
occur 40 and 60 mi west of the San Marcos arch. One is along o 5 “ovs KILONETERS £ HoTMES S . 0 100 200 KILOMETERS - Tghe by ;
the outcrop and the other is near middip. A third area which \" . g LI ° . ¢ Tonngton : 2 < p ok s(«l{\ ’ 3
occurs along the coast in southern Texas has a concentration of e e _f{‘gﬁ;/ A \«;,L\k 4 séj :'r':‘ﬁ g gm&,,e.d pe NN
than b e = ; rageiope [\ gk . . . . 4 W~ A iwiE
e S gL i O Density of sampling sites in each 100-square-mile area ! w%\ i L M S; .
\ BPS!

AT
IR N

The concentration of dissolved chloride in water of . [ : ) ’ : " Y = L
permeable zone C, based on median values of all samples in each = A ¥ onas / PN 55 ; v %Jt—
100-square-mile area, ranges from 0.5 mg/L in outcrop and 772 & \ d /o R ] ;@?:"”
middip areas east of the Mississippi River to 161,000 mg/L in a 1
downdip area east of the Sabine arch (table 1). The
concentration increases from the outcrop southward to the
downdip limit of the data with the largest increase generally
occurring near midip (fig. 14).

Ve N ok | L RmARLeR
e ! e etferson I
) | .

4 o )
[ ones
LakE -

Chloride ™\ se°

Decatur |} LAYDERDALE
2 \ = o Marshall |

) 7 Ycknton

{
\ le P -
) dian - TN
W Mend \wmso |
¢ L
Butter {1} ‘|
3

'Y”l*‘f :

s NEWTO!

i)

PTH Y

Raighl/ Paulding

8 ()
5O

32° 1,000

Pauldg‘;ﬂ 1

Interval in milligrams per liter

PN o

e

H
Vo q
Al

-

Interval in milligrams per liter

interval =T N, B .
‘number Interval . ! \ N N

\ s

\

i

Faitfield

REESTO)| AN

600

From the Mississippi River eastward to the western edge of
Florida the concentration of dissolved chloride is about 10 mg/L
in the area from the outcrop to middip. At about middip the
concentration increases to 50,000 mg/L in less than 50 mi in the
downdip direction. From the Mississippi River westward to the
Sabine arch there are two distinct areas of dissolved chloride
concentration extending from the outcrop to middip. One area,
which is about 35-mi wide, is adjacent to the Mississippi River
and has a concentration of about 100 mg/L. The other area,
which is east and adjacent to the Sabine arch, has a concentration
of about 50 mg/L in the outcrop and decreases to about 10 mg/L
in the area between the outcrop and middip. From middip to the 1 2 3 4 5 6
downdip limit of the data the concentration increases to 50,000
mg/L for both areas. The increase in concentration in the
downdip direction from about 100 mg/L at middip to 50,000
mg/L occurs over a distance of 30 to 60 mi. Number of sampling sites per interval

y o
AMIT
400 ql;)er}y/

= T

200

NUMBER OF SAMPLING SITES

NUMBER OF SAMPLING SITES

~ /,/‘/ SR~ 3
- ({_ WALf_Eu 7 ¢
Y N Huntsw! ' LY
el T A8
i~ K&*/W&W’

< 455 Wﬂ}’ﬂll \
. 1(,’ 1 ,ag,ngs l/“WASHlncv
S, %oy 1
30" JE@&E?”; i
INTERVAL NUMBER <. 7
N, / Fateris
ALDWELL 5§
e
}_

| R 9 L
e : :
%R‘LESO: N
\K I -
¥, /

From the Sabine arch southwestward to the San Marcos arch P = Ay V.77, & o /e _ oy =
the concentration of dissolved chloride in the outcrop area ranges ol 83y iy ; ‘ ‘
from about 50 to about 100 mg/L. From the outcrop southward 7
to the downdip limit of the data the concentration increases to i
about 10,000 mg/L. The increase in concentration from 100 to
10,000 mg/L generally occurs over a short distance in the
downdip direction.
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From the San Marcos arch southwestward to the Rio Grande
the concentration of dissolved chloride in the outcrop area ranges
from about 500 to about 1,000 mg/L. From the outcrop to the
downdip limit the concentration increases to 10,000 mg/L. The
location of areas of large concentrations of chloride are generally ; o JRR Ligh 1stend_\ gamoron | —south—-bewin———gLl /2 ;:- ' 7 . |
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Silica

The concentration of dissolved silica in water of permeable
zone C, based on median values of all samples in each
100-square-mile area, ranges from about 1.5 mg/L in the outcrop
area in southern Mississippi to 82 mg/L in the outcrop area
southwest of the San Marcos arch (table 1). However the |
concentration is generally near 20 mg/L in most areas of » Norwh Padre '\ ( ‘ - Y P59 [ Inortn Pacre i\
permeable zone C (fig. 15). There appears to be no areal trend : s s s L _pIEand Best \ ¢ ’ : ) F

in silica concentration in permeable zone C except west of the .\ Fi gure 1 3 .__C oncentration Of diSS olve d sulfat e b as ed

San Marcos arch where the concentration decreases from outcrop 2 .
o the downdip limit of the data. on median value per 100-square-mile area.
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,' h Figure 14.--Concentration of dissolved chloridé based
, E \ on median value per 100-square-mile area.
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Base from U.S. Geological Survey

From the Mississippi River eastward to the western edge of Base from U.S. Geological Survey Base ol

Florida the concentration of dissolved silica ranges from about 10 1:2,500,000
mg/L in parts of the outcrop area to about 50 mg/L at one
specific middip area. From middip to the downdip limit of the
data the concentration generally ranges from 20 to 50 mg/L.

7 !t pmssac

From the Mississippi River southwestward to the San Marcos ! ILLINOIS ILLINOIS /7 70 sach)
arch the concentration of dissolved silica ranges from 10 to 20 .
mg/L in most of the area below middip except in the Atchafalaya FiEial |
Bay area off the coastline of Louisiana where it is 50 mg/L. In o f-SfAL r T
the area between outcrop and middip the concentration ranges :
from 20 to about 50 mg/L. From the San Marcos arch south-
westward to the Rio Grande the concentration of dissolved silica
ranges from 50 mg/L in some outcrop areas to about 10 mg/L
near the coastline in southern Texas.

EXPLANATION

NUMBER OF SAMPLING SITES 5 » o
1 .
2-4 \ S
5-8 7 « v ol
9-15 pm) Vb NG -
16-25 ; i =141 % UL
26-35 . RN L i i
36-99 oe,

CROGKETT
5 g.p}ev >\ Alarmg

;-. >

v

BENNSQE

1
H
cson (¢ Lextneght

IONIC RATIOS

Loz Brownsylle |
%
> oop| MADISOY

1

{23 Covington'N\A
mirTon |

-

N \cg_;ﬁmmn H i
TipToN |

4 A=

P at

s

(C!

updip to downdip limit of the data. A characteristic of ionic s /5 Fe.
ratios is that they are not affected by dilution, assuming that all 22 S
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upward leakage of brine into a freshwater aquifer would not
mask the signature of the brine. For example if the brine was sea
water trapped in deep sediments, the jonic ratio would remain
that of sea water. Whereas if the ionic ratio is different from sea
water and the concentrations of sodium and chloride are larger
than for sea water, the brine could be the product of dissolution
of evaporites composing salt domes. 100"
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Mapped ionic ratios can be used to show trends that may ! 2 &
indicate processes or mechanisms that have major control on the B
water chemistry from updip to the downdip limit of the data. For .
example, an ionic ratio of magnesium plus calcium to I
bicarbonate that is equal to 1 in outcrop areas indicates the \
dissolution of dolomite or calcite. Whereas downdip of the e
outcrop this same ionic ratio greater than 1 indicates an :
additional source of calcium or magnesium ions such as would ¥
result from the dissolution of gypsum or if the downdip area is in N
a salt dome basin, it could be dissolution of evaporites. However
if this same ratio was less than 1 it would indicate an increase in S
bicarbonate ions due to a process such as the alteration of
silicates. The median ion concentration for each 100-square-mile Density of sampling sites in each 100-square-mile area 5
area, expressed as milliequivalents per liter, was used to calculate B, g SR A %

an ionic ratio. : e et
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The areal distribution of the milliequivalent ratio of 600
magnesium to calcium (Mg:Ca) in water of permeable zone C interval in milligrams
ranges from 0.02 near middip in southeastern Louisiana to 3.8 Ntgod e
along the outcrop in southeastern Mississippi (table 1). For most pumberlintorvel
of the area the ratio is near 0.5 (fig. 16). The map shows no areal

trend in the Mg:Ca ratio.
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From the Mississippi River eastward to the western edge of
Florida the Mg:Ca ratio ranges from 0.5 to 1 in the outcrop area
and 0.1 to 0.5 in the middip area. The ratio in the downdip area
is about 0.5. From the Mississippi River westward to the San
Marcos arch the Mg:Ca ratio ranges from 0.1 to 1 along the
outcrop and is about 0.5 in the area from outcrop to the downdip
limit of the data. From the San Marcos arch southwestward to
the Rio Grande the Mg:Ca ratio is about 0.5 in most of the area
from outcrop to the downdip limit of the data. An exception is a
small area along the coast in southern Texas where the Mg:Ca .
ratio exceeds 1. 1 2 3 4
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esium Calcium to Bicarbonate

The areal distribution of the milliequivalent ratio of
magnesium plus calcium to bicarbonate (MgCa:HCO3) in water
of permeable zone C ranges from less than 0.01 in the middip
area between the Sabine arch and southeastern Mississippi to 353
in a downdip area of southeastern Louisiana (table 1). The
MgCa:HCOj3 ratio generally decreases from the outcrop to
middip areas and then increases from middip to the downdip
limit of the data (fig. 17).
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From the Sabine arch eastward to the western edge of

Florida the MgCa:HCOj ratio ranges from about 05 to 1 in the e
outcrop area, 0.1 to 0.5 in the middip area, and 0.5 to about 10 in e \‘ %
downdip areas. From the Sabine arch southwestward to the San ormis ~pnar” 1
Marcos arch this ratio ranges from 0.5 to 1 in both the outcrop ELv. FAYETTE r* _
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and middip areas and increases to about 10 in downdip areas.
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esium plus Calclum to Sodium Potassium

The areal distribution of the milliequivalent ratio of
magnesium plus calcium to sodium plus potassium (MgCa:NaK)
in water of permeable zone C ranges from less than 0.01 in
middip areas of southern Louisiana to 125 in an area near the
coastline of Alabama (table 1). The MgCa:NaK ratio generally . ’ X ! \ e
decreases from the outcrop to the downdip limit except in the s ATY N\ i [k ;c.ev ot enaDA
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middip area across Louisiana where the ratio is smaller than at g
the downdip limit of the data (fig. 18). . ! ks
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outcrop, from 050 to 1 from outcrop to middip, 0.10 to 0.50 I\
across the middip area, and is about 0.10 in downdip areas. From | “ﬁ*@g\_
the Sabine arch southwestward to the Rio Grande the MgCa:NaK S

ratio ranges from 1 to 2 along the outcrop, 0.5 to 1 from outcrop
to middip, and 0.10 to 0.50 from middip to the downdip limit of
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HCO3:S0y ratio appears to have no specific trend but varies
randomly across permeable zone C (fig. 19).
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From the Sabine arch eastward to the western edge of
Florida, the HCO3:804 ratio ranges from 10 to 100 along the
outcrop, from § to about 50 at middip, and from 10 to 20 along
the downdip limit of the data. From the Sabine arch westward to
the San Marcos arch the HCO3:S0 ratio ranges from about 10
to about 20 in the outcrop area, from § to 20 at middip, and is
about 100 near the downdip limit of the data. From the San
Marcos arch southwestward to the Rio Grande the HCO3:S0,4
ratio ranges from 0.10 to 10 along the outcrop, from 1 to 20 at
middip, and 0.10 to 20 along the downdip limit of the data.
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southwestward to the Rio Grande the HCO3:Cl ratio ranges
from 0.10 to about 2 in the outcrop area, from 0.50 to 1 in the
middip area, and from 0.05 to about 0.50 in the downdip area.
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Figure 18.--Ratio of magnesium plus calcium to
sodium plus potassium based on median ion
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