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INTRODUCTION

The Gulf Coast Regional Aquifer-System Analysis (Guif Coast RASA) is a study of regional aquifers
composed of sediments of mostly Cenozoic age that underlie about 230,000 square miles of the Gulf Coastal
Plain in parts of Alabama, Arkansas, Florida, Illinois, Kentucky, Mississippi, Missouri, Tennessee, Texas, and
all of Louisiana (fig. 1). The study also includes about 60,000 miZ of the Continental Shelf {Grubb, 1984).
These regional aquifers, named the guif coast aquifer systems, are part of three aquifer gystems; the
Mississippi embayment aquifer system, the Toms coastal uplands aquifer system, and the coastal lowlands
aquifer system (fig. 2). The guif coast aquifer systems have been divided into 10 water-yielding units based on
geohydrotogic and hydraulic factors (Weiss and Williamson, 1985; Pettijohn and others, 1988; Hosman and
Weiss, 1991; Weiss, 1990).

Permeable zone B is part of the coastal lowlands aquifer system and is composed mostly of lower
Pleistocene and upper Pliocene desposits. These deposits consist of interbedded clays, silts, and sands. Sand
content is greater than 60 percent in most of the outcrop area of Toms and adjacent Louisiana and in two
small isolated areas of Mississippi and southern Louisiana. Areas of sand percentage greater than 60 percent
extend from the outcrop of Toxms in several large lobes toward the coast. Sand content generally decreases
from outcrop toward the edge of the Continental Shelf and sand percentage is less than 20 percent throughout
large areas adjacent to the edge of the shelf. Permeable zone B has an average thickness of abour 1,900 ft, a
maximum thickness of sbout 5,600 ft, and generally dips from the outcrop area toward the Gulf of Mexico at
about 6 to 8 ft/mi (Weiss, 1990). The relation to overlying and underlying units is shown in figure 3. Ground-
water pumpage from permeable zone B was about 420 Mgal/d during 1985 (Mesko and others, 1990).

The Gulf Coast RASA is 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 on the RASA program
through 1984 was given by Sun (1986), and progress on the Guif Coast RASA was reported by Grubb (1987)
and Williamson and others (1990).

Purpose and Scope

This report describes the water chemistry of permeable zone B (lower Pleistocene-upper Pliocene
deposits). Maps in the report show the areal distribution of the concentration of dissolved solids,
temperature, the primary water types, pH, and the concentrations of dissolved calcium, magnesium, sodium,
potassium, bicarbonate, suifate, chloride, and silica. Also included are five maps showing the miiliequivalent
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 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.

flation of Ma

The maps in this report arc based primarily on data from the US. Geological Survey’s National Water
Data and Retrievai 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 arcas 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
others (1950).

These maps show regional trends in chemical properties. The concentrations of dissolved solids and
major ions, pH, and temperature vary with depth within permeable zone B. Point values can he smaller or
larger than the values shown on the maps, depending on whether the point is at the top or bottom of the
aquifer. Because there are clusters of sampling sites at some locations, the median value of a property or
constituent ih each 100-square-mile area was selected for constructing maps. The density of sampling sites in
each 100-square-mile area is shown &s an inset on each of the maps of the respective property or constituent.
The number of sampling sites per interval is indicated on the bar graph included with each map. The number
of 100-square-mile areas and a summary of median values for each constituent, property, and ratio are shown
in table 1.

The maxdmum values in table 1 are usually larger than the maxdmum line of equal concentration shown on
the corresponding maps. In some instances the maximum value in the table is much larger than the madmum
line shown on the map because the value in the table is for only one 100-square-mile area and there is not
enough data of equal magnitude to justify adding additional intervals.

The concentrations of major ions and pH are based on median values of all samples within each 100-
square-mile area. The dissolved-solids concentrations greater than 10,000 mg/L and temperature are based
on depth-averaged values from geophysical well logs (Pettijohn and others, 1988). The water type was
computed from the cation and the anion that composed the largest percentage of milliequivalents per liter of
the dissolved solids in & ground-water sample. Although water type was computed for each sampling site, only
the most frequently observed water type (mode) in each 100-square-mile area is shown on the map. More
detailed discussions of how the data were analyzed, processed, and mapped arc given by Pettijohn (1986,
1988), Weiss {1987), and Pettijohn and others (1988).

Superimposed on sclected maps are locations of geologic structures that are used as reference points in
describing the chemistry of the ground water from east to west. Updip, middip, and downdip are used as
reference arcas in describing the chemistry of the ground water from north to south. Updip areas include the
areas adjacent to the updip limit of permeable zone B; middip refers to areas about midway between the
updip limit and the downdip iimit of permeable zone B; and downdip refers to areas adjacent to the downdip
limit of the data or the downdip limit of permeable zone B. A map showing the location of salt domes
(Beckman and Williamson, 1990) and boundary of salt dome basins (fig. 4) is included for the purpose of
relating salt structures to constituent coneentrations.

CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED
WATER-QUALITY UNITS

Mylviply By o obtain
foor (ft) 0.3048 meter
foot per mile (ft/mi) 0.18%94 meter per kilometer
mile {mi) 1.8609 kilometer
miilion gallons cubic meters per
per day (Mgal/d) D.04381 second
square mile (mi2) 2.590 square kilometer

Sea level: In this report, “sea level” refers to the National Geodetic Veertical Datum of 1929--a geodetic datum
derived from a genersal adjustment of the first order level nets of the United States and Canada, formerly
called Sea Level Datum of 1929.

Chemical concentrations and water temperature arc given in metric units. Chemical concentration is
given in milligrams per liter (mg/L). Water temperature is given in degrees Celsius ( C), which can he
converted to degrees Fahrenheit ( F) by the following equation:

F=18(C) + 32

Figure 2.--Generalized outcrop of major aquifer systems and confinin? units in the Figure 3.--Diagrammatic geohydrologic section Mesko, T.O., Williams, T.A., Ackerman, DJ., and
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The water chemistry of permeable zone B (lower Pleistocene-upper Pliocene deposits), which is part of
MISSOURI the coastal lowlands aquifer system, is presented by a series of maps. These maps show the areal distribution
of (1) the concentration of dissolved solids and temperature, (2) the primary wazer 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 vahses of all samples in each 100-square-

The concentration of dissolved solids ranges from 15 to 3,000 mg/L in the ouicrop, 10,000 to 35,000 mg/L
in the area along the coastline, and 35,000 to 230,400 mg/L in the area of the Continental Shelf. The arcas
having the greatest concentration of dissolved solids are generally coincident with the deeper part of the
permeable zone and with the location of salt domes and salt dome basins. Temperature ranges from 11.6
degrees Celsius in the outcrop area to about 59.9 degrees Celsius in the Continental Shelf area.

The primary water types in permeable zone B, which are based on the most frequently observed type
{mode) in each 100-square-mile area, generally are calcium or sodium bicarbonate in the ouvtcrop and middip
arcas east of the San Marcos arch and sedium chloride in areas southwest of the San Marcos arch and
downdip along the coastline. The pH ranges from 4.8 in the outcrop area of southwestern Mississippi to 92 in

The concentrations of dissolved ions, except for silica, generally increase from the outcrop to the downdip
limit of the data. The concentration of dissolved calcium ranges from 0.2 mg/L along the outcrop to 3,870
mg/L downdip along the coast of Louisiana. The concentration of dissolved magnesium ranges from 0.1 mg/L
at the outerop to 1,530 mg/L near the coastline in southeastern Louisiana. The concentration of dissolved
sodium ranges from about 1.9 mg/L in outcrop areas east of the Sabine arch to 92,300 mg/L in downdip areas
in southeastern Louisiana. The concentration of dissolved potassium ranges from about 0.2 mg/L in the
outcrop area to 272 mg/L in scutheastern Louisiana. The concentration of dissolved bicarbonate ranges from
2 mg/L in the outcrop arca of southwestern Mississippi to 1,270 mg/L in the area of the Continental Shelf.
The concentration of dissolved suifate ranges from about 0.2 mg/L in the outcrop area to 2,340 mg/L in a
downdip area of southern Texas. The concentration of dissolved chloride ranges from 1.8 mg/L in the
outerop area east of the Sabine arch to 150,200 mg/L in the Continental Shelf area south of the Louisiana
coastline. The concentration of dissolved silica ranges from 2 mg/L in the Continental Shelf area south of the
Louisiana coastline to 90 mg/L in the outcrop area of southern Texas. However, the concentration of silica
generally is near 20 mg/L for most of the permeable zone.

The milliequivalent ratio maps of constituents in water from permeable zone B show arcal trends from

Fiqure 1 —Location o f stu dv area. updip to the downdip limit- of the data. The ratio of magnesium to calcium ranges from 0.04 to 6.8 and shows
q y no specific trend. The ratio of magnesium plus caleium to bicarbonate decreases from about 1 in the outcrop
area to as low as 0.05 between the outcrop and middip and then increases to 198 in an area south of the
Louisiana coastline, The ratio of magnesium plus calcium to sodium plus potassium ranges from less than

in southern Texas to 1,650 in south-central Louisiana. The ratio of bicarbonate to chloride ranges from about
0.01 in the downdip area near the coastline of Louisiana to 48.2 in the middip area of south-central Louisiana.

wll f ﬁ{ié et v TABLE 1.--Summa1y_of median vcflues in 100-square-mde areas for selected
= Jr PET ke aed properties and chemical constituents in ground water, fmn_t
3 700 i Pt permeable zone B (lower Pleistocene-upper Pliocene deposits)

Mg, magnesium; Na, sodium; K, potassium; HCO3, bicarbonate; SOy, sulfate;
Cl, chloride; <, less than]

areas. The ratio of bicarbonate to sulfate ranges from 0.02

of thick sedimentary units into layers for
simulation of ground-water flow: Ground Water,
v. 23, no. 6, p. 767-774.
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Vecchioli, John, and Johnson, A.lL, eds.,
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Monograph 9, p. 119-137.

Williamson, A K., Grubb, H.F., and Weiss, IS., 1950,
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124 p.
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logical Survey Open-File Report 87-677, 213 p.
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The areal distribution of dissolved-solids concentrations,
temperature, primary water type, and pH are shown on maps and
discussed in the following sections. The dissolved-sollds
concentrations and temperature are shown to the downdip limit
of the permeable zone. The abundance of geophysical well logs
(Grubb, 1986, and Wiison and Hosman, 1988), both onshore and
offshore, make it possible to estimate both dissolved-solids
concentrations and temperature throughout a large area where
data from water samples arc not available. Primary water type
and pH generally are not shown offshore because of a lack of
data.

EXPLANATION
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The concentration of dissolved solids in water from
permeable zone B, based on median values of all samples in each
100-square-mile area, ranges from 15 mg/L in the outcrop area 1o
230,400 mg/L in the Continental Shelf area (table 1). .
Concentrations larger than 10,000 mg/L are depth-averaged e
values as described by Pettljohn and others (1988). The trend . “rt G
noted above indicates that the concentration of dissolved solids 10a o D
increases in a downdip direction. The largest increase, 500 to } d N L e
10,000 mg/L, occurs in about 40 mi in the area extending from !
the Sabine arch eastward to near the southwestern corner of .
Alabama. o8
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From the Sabine arch eastward to near tbe southwestern \\
comner of Alabama the concentration of dissotved solids in the
outcrop and the area 10 to 30 mi south of the outcrop ranges i My
from 1510 500 mg/L. An exception are two areas, one in south- O T L
central Lovisiana and the other &t the Mississlppl-Alabama T " Q&
border, where the concentration ranges from 500 1o 1,000 mg/L. L e W
Most of permeable zone B located onshore in Mississippi and
Alabama as well as one-third of Louisiana contains water with
less than 1,000 mg/L concentration of dissolved solids. However
concentrations increase quickly in the downdip direction and
reach about 35,000 mg/L at the coastline and 35,000 to 230,400
mg/L on the Continental Shelf. The arcas having the greatest
concentration of dissolved solids are generally coincident with the
deeper parts of the permeable zone and with the location of salt B00
domes and salt dome basins (fig. 4). g Tréerua I amoMigrim pasiter
g e Interval

From the Sabine arch southwestward to about 50 mi east of T e
the San Marcos arch the concentration of dissotved solids in the ool ng}:;:gg
outcrop is between 15 and 500 mg/L. Downdip from the outcrop Joo1-10000
the concentration increases to about 10,000 mg/L at the coastline 35.001-70,000
and to 35,000 mg/L or more on the Continental Shelf. From 70,001-150.000
about 50 mi east of the San Marcos arch southwestward 1o the
Rio Grande the concentration increases to about 1,000 mg/L
along the outcrop. Downdip from the outcrop the concentration
increases to about 35,000 mg/L at the coastline and to more than
35,000 mg/L on the Continental Shelf.
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The temperature of water from permeable zone B, based on
coinbined depth-averaged values and the median values of all e
samples in each 100-square-mile area, ranges from 11.6 degrees 1 2 3
Celsius in the outcrop area to 59.9 degrees Celsius in the INTERVAL NUMBER
Continental Shelf arca (table 1). In areas where the
concentration of dissolved solids is about 10,000 mg/L the . 2 .
temperature is sbout 30 degrees Celshus (fig, 5). In areas where Number of sampling sites per interval .
the concentration of dissolved solids increases from 10,000 to ==
139,000 mg/L the temperature of the ground water increases
from 30 degrees 10 about 60 degrees Celstus,
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The primary water types in permeable zone B, which are Y f s U
based on the most frequently observed type (mode) in each 100- B o S L
squarc-mile area, are generally calcium or sodium bicarbonate in »l o |
the outcrop and middip areas east of the San Marcos arch and OpMmMIT ]
sodium chloride in areas southwest of the San Marcos arch and I
downdip along the coastline (fig. 6). Calcium bicarbonate water
is most prevalent between the Sabine arch and the San Marcos
arch in outcrop and updip areas. Elsewhere east of the San
Marcos arch the water type is generally sodium bicarbonate in
outcrop, updip, and middip areas.
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The pH of water from permeable zone B, based on median
values of all samples in each 100-square-mile area, ranges from
4.8 in the outcrop area in southwestern Mississippi 10 92 in the
middip area in southecastern Louisiana (table 1). From the
Sabine arch eastward to the southwestern corner of Alabama the
PH increases from about 5.0 in the outcrop area to about 8.0 at
middip and then decreases 1o about 7.0 downdip and southward
10 the Louisiana coastline (fig. 7). West of the Sabine arch in
southeastern Texas the pH generally increases in the downdip
direcrion from about 6.0 in the outcrop arta to 8.0 along the
coastline. From southeastern Texas 1o southwestern Texas the
pPH ranges from 7.0 to 8.0 in outcrop and middip areas and lliazles 5133051.5. Geological Survey
slightly more than 8.0 in areas from middip to the downdip limit T
of the data.
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Figure 5.--Concentration of dissolved solids and temperature PRI R0
based on median value per 100-square-mile area —30— LINE OF EQUAL WATER TEMPERATURE
(modified from Pettijohn and others, 1988). Interval 10 degrees Celsius

Figure 6.--Primary water type based on mode value
per 100-square-mile area.
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CHEMICAL CONSTITUENTS
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The arcal distribution of eight constituents in ground water is
shown on maps and discussed below. The constituents mapped
are the major chemical components in ground water of the Gulf
Coastal Plain. Lines of equal concentration of constituents are
Eenerally limited to onshore areas of permeable zone B because
chemical data generally are not available for the Continental EXPLANATION
Shelf area.
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The concentration of dissolved caicium in water from
permeable zone B, based on median values of all samples in each
100-square-mile area, ranges from 0.2 mg/L along the outcrop 1o
3,870 mg/L downdip slong the coast of Louisiana (table 1).
Concentration increases in a downdip direction in all arcas except
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west of the San Marcos arch in southern Texas where it decreases | :l, !
in 8 downdip direction (fig. 8). : \l i
A4
Gt
From the Sabine arch eastward to the southwestern corner of o );;
Alabama the concentration of dissotved calcium generally ranges . Vb
from about 1 to 10 mg/L from the outcrop to about middip 1 et ‘:’ ,,'.liﬂ’, SO J :
except near the Mississippi River where concentrations are about Do 8 A :‘iﬁ”p %y ﬁf’g ;lf,f SDOP )
50 mg/L. From middip southward 1o the coastline of Louisiana Boundary of study area I ! "ia'fi!",’,iﬁ"-':'i'{i:'ﬁf,';iﬁ 3 G > ;} o AR Boundary of study area
30 > Jl 7 =
& ; ,

the concentration of dissolved calcium increases to more than
2/000 mg/L. Areasin Louisiana with the largest concentration of
dissoived calcium are coincident with the deeper part of
permesble zone B and with the iocation of salt domes (fig. 4).

From the Sabine arch southwestward to the Rio Grande the

concentration of dissolved caleium generally increases along the zo‘\ “ﬁ?‘\"
outcrop area from 10 mg/L in Montgomery County, Texas, 10 100 ONTENTAL .\“ O ¥ _
mg/L in the outcrop area southwest of the San Marcos arch. . G
Concentration from the outcrop to downdip mreas near the 1 i AT “L;:ﬁ“"
coastline ranges from 10 to 100 mg/L. There appears to be no \g f gl
trend in concentration of dissolved calclum in the downdip o 100 200 MILES p 0 100 200 MILES - T
direction between the Sabine arch and the San Marcos arch. 0 100 200 KILOMETERS \\\- B 100 200 KILOMETERS . L‘»
However, from the San Marcos arch southwestward to the Rio
Grande the concentration decreases in & downdip direction from
“b“':,lm 'f“:?rﬂ'““" the outcrop to about 50 mg/L or less at the Density of sampling sites in each 100-square-mile area Density of sampling sites in each 100-square-mile area S
<oastline Oof 1exas.
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The concentration of dissolved magnesium in water from
permeable zone B. based on median values of all samples in each EXPLANATION
100-square-mile area, ranges from (.1 mg/L at the outcrop 1o
1,530 mg/L near the coastline in southeastern Louisiana (table NUMBER OF SAMPLING SITES
1). Concentrations increase in a downdip direction in an area ; A
that extends from near Houston, Texas, eastward to the 5-8
southwestern corner of Alabama (fig. 9). From the Houston area ?5' _135
southwestward to the Rio Grande, concentrations tend to 26-35 o
decrease in a downdip direction. The areal distribution of the 36 -99 4
concentration of dissolved magnesium is similar to that of E
disselved calcium.
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In the area that extends from near Houston, Texas, eastward o

to the southwestern corner of Alabama the concentration of
dissotved magnesium is generally about S mg/L from the outcrop
to near middip except in the eastern part of Louisiana where the
concentration is about 20 mg/L. From middip southward to the
coastline and on to the Continental Shelf the concentration
increases to more than 1,000 mg/L.
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From an area ncar Houston, Texas, southwestward to the -

Rio Grande the concentration of dissolved magnesium in the

outcrop generally increases from 5 mg/L east of the San Marcos

arch to 20 mg/L west of the San Marcos arch. From the outcrop

southward to the coastline of Tesms the concentration generally

decreases from 20 to 5 mg/L.
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Sodium

The concentration of dissolved sodium in water from
permeable zone B, based on median values of all samples in each . .
100-square-mile area, ranges from 1.9 mg/L in outcrop areas east T
of the Sabine arch to 92,300 mg/L in downdip areas in
southeastern Louisigng (table 1). The trend is increasing
concentration from the outcrop to the downdip limit of the data
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From gbout the Colorado River eastward to the
southwestern corner of Alabama the concentration of dissolved
sodium generally ranges from 10 to 100 mg/L in the area from
the outcrop to about middip. In the outcrop area concentrations €00
of less than 10 mg/L occur in west-central Louisiana and 727
southern Mississippi. From near middip southward to the -
coastline the concentration increases to 10,000 mg/L in
southwestern Louisiang, to 35,000 mg/L in south-central
Louisiang, and to more than 50,000 mg/L in southeastern
Louisiana. The largest increase in dissolved sodium, 100 to
50,000 mg/L, occurs in about 20 mi, hetween the Atchafalaya
River and the Mississippi River. These areas in southern
Loulsiana having large concentrations of dissolved sodium are
coincident with the deeper parts of permeable zone B and with
the location of salt domes (fig- 4). From the Sabine arch
westward to the Colorado River the concentration increases from
sbout 100 mg/L at middip to 1,000 mg/L near the coastline of
southeastern Teas. .
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From about the Colorado River southwestward to the Rio :
Grande the concentration of dissolved sodium in outcrop areas 1
increases from about 100 mg/L at the Colorado River to about
500 mg/L at the Rio Grande. The concentration at middip in this INTERVAL NUMBER
area is about 500 mg/L and generally increases to about 1,000

mg/L at the coastline. Number of sampling sites per interval
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The concentration of dissolved potassium in water from 100~ =
permeable zone B, based on median values of all samples in each < ,:h q_—_'ghw* “frr—
100-square-mile area, ranges from 0.2 mg/L in the outcrop area (S b a g N,

10 272 mg/L in southeastern Louisiana (table 1). However, in ' { )
most of the area mapped, the concentration is less than 5 mg/L X ] Gty

(fig. 11). The concentration increases in a downdip direction o
from about § mg/L in downdip areas of eastern Texas and
southern Louisiana to more than 200 mg/L near the coastline in bt
southeastern Louisiana. Southwest of the San Marcos arch the e
concentration appears to decrease in a downdip direction.

{ >
! F ot SEAE
= y iJ
I hygar Dentn lsouin n,./
1 =

Touth Pamn Essl
b, Camaran

=

 crotetd i
i RTASEOdA

: 1 -

RN

\ _-i‘ i ’/-')’"!_ el
Tt "‘VL.\ ‘%I

DIMMIT "ot T,
i
|
|

(108, WL
161408 1oy gmt H
i 'k 1Dek= Southp i

¥ e \/’ﬁu h Pass
] =
e — South

ALA| [ e b Saviantlh, -'léEhﬁ'q:\‘
; ( RTAR&OSA <\ Wi i 1
n 3

| 1
y i |
Weal 11 \ {Sout [
\ Comeron "lEﬁi\ ] | Margh |
wigh V weat_ | ] | ioshs 1

i Iland | e 3
i [ e |

pion. fakad _! f Eaat
- _\
]
I
|

)
== E
]
1
|
I

I
i

High % Wwesy _ _ Cameror i Varmillo

3

Isleng 3 S __i

A,
+
[
H o
B 3
i
|
|
|
).
14

EUQEN } Shdel lsoun Twwr
Eugene igiand 7 Ship Shae e

| Eugens wionag H Ship Siwclai 3
..... s ——— -

L |
1 Soulh

I
]
i
UL'::D_‘.'_M_.‘"_(?, - _ _:_ _Eam \
i ] D,
: ! ‘1. l l H { Timoalier Fl::_ml- =
. ISR I sau | Eugene joe i
:-'-'uiwb : r J—E \“" | Ei'jf“ f :l_:;h 'fiam ovm Sreal A : ==
Fl————— 1 I lengh 1e o _| iy | wdng L — | w e?
Bl h b L TN BRTE . ACame:on —Sau . gl # 100°
From the Sabine arch eastward to the southwest corner of 1 ; . m— [ B R e i i I = -—“_’i_"“\ —_—— /ﬂ/ EXPLANATION &
Albama the concentration of dissolved potassium ranges from w y ¢ Sy s ~ q——————(Ssgon Sauth P ' = (;ON'“NEN AL SHELF
w. ! i -

about 1 mg/L at the outcrop to 5 mg/L near middip. From near i e EDGE
middip to the coastline the concentration of dissolved potassium |
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From the Sabine arch southwestward to the San Marcos arch . ,:
the concentration of dissolved potassium generally ranges from i F
about 1 to 5 mg/L in the area from the outcrop southward to I
near the coastline where it increases to about 10 mg/L. Whereas i
from the San Marcos arch southwestward to the Rio Grande the i
concentration generally decreases from about 10 mg/L in a large iwm oy \
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Figure 9.--Concentration of dissolved magnesium based
on median value per 100-square-mile area.
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\ Figure 10.--Concentration of dissolved sodium based
L‘\ on median value per 100-square-mile area.

Bicarbonate

The concentration of dissolved bicarbonate in water from
permeable zone B, based on median values of all samples in each 80° K
100-square-mile area, ranges from 2 mg/L in the outcrop area of I3
southwestern Mississippi to 1,270 mg/L in the area of the
Continental Shelf (table 1). The general trend east of the Sabine
arch is increasing concentrations from outcrop to middip and
decreasing concentrations from the middip to the downdip limit
of the data (fig. 12). The general trend from the Sabine arch to
the San Marcos arch is an increasing concentration from outcrop
to downdip limit of the data whereas southwest of the San
Marcos arch there appears to be decreasing concentration from NUMBER OF SAMPLING SITES
outerop to the downdip limit of the data. Soa
5t
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From the Mississippi River eastward to the southwestern
corner of Alabama, the concentration of dissolved bicarbenate
generally increases from about 20 mg/L in & large part of the
outcrop to 300 mg/L at middip and then decreases to about 100
mg/L near the downdip limit of the data. From the Mississippi
River westward to the Sabine arch the concentration of dissclved
bicarbonate gencrally increases from about 20 mg/L at the
outcrop to 300 mg/L downdip. An exception is & S0-mi wide area
west of the Mississippi River from the outcrop to the downdip
limit of data that has concentrations of about 500 mg/L.
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From the Sabine arch southwestward to the San Marcos arch . S

the concentration of dissolved bicarbonate increases from about k]
100 mg/L along the outcrop to 500 mg/L at the downdip limit of .
the data. Whereas from the San Marcos arch southwestward to 1o
the Rio Grande the concentration generally decreases from about }
300 mg/L at the outcrop to about 200 mg/L at the downdip limit {

ofthe data.
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Sulfate

The concentration of dissolved sulfate in water from

permeable zone B, based on median values of all samples in each EXPLANATION EXPLANATION
100-square-mile area, ranges from 02 mg/L in the outcrop area : &
to 2,840 mg/L in a downdip area of southern Texas (table 1). = NUMBER OF SAMPLING SITES . NUMBER OF SAMPLING SITES | \.i?l(;;::: 13
The general trend is increasing concentration from outerop to the é e ; % Az & Se fii"f;
L f -1 \ 7 3 v f 5.8 : = i
downdip limit of the data (fig. 13) 5-8 s X S8 e L@% -
B 186-25 f B 18-25 FENLNIE 5'S E'fpepndif
From the Sabine arch southeastward to the southwestern E 26-35 = SRy B 2.3 EFNE 3 Qi >
corner of Alabama the concentration of dissolved sulfate B 36-99 e e i o B 36-98 s S o '

generally increases from about 5 mg/L along the outcrop and
middip areas to sbout 200 mg/L in downdip areas in
southeastern Louisiana. An exception is an area along the
cutcrop in eastcentral Louvisiana where the concentration is as

large as 50 mg/L.
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From the Sabine arch southwestward to the San Marcos arch . “ | l»«l‘-"i" i & ? 17
the concentration of dissolved sulfate generally is less than 50 Oty ’ ﬁj&’@ ke ..:")
mg/L and no trend is indicated. However southwest of the San X 'ﬂlliﬂ"i’gl"lﬂﬁr':-&!‘iiv ) ﬂ:’!'h,"::? Boundary of study area Boundary of study area b o
Marcos arch and west of the Nueces River the concentration '...i’ e : 'ﬁ:ﬁ,"h}:ﬁw " w.l.' (i /
increases from about 100 mg/L in the outerop to more than 500 . o '.bﬂﬂ"'.’.!‘.'.i‘. [ T, e o]
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The concentration of dissolved chloride in water from o .j
permeable zone B, based on median values of all samples in each
100-square-mile area, ranges from 1.8 mg/L in the outcrop area

east of the Sabine Arch to 150,200 mg/L in the Continental Shelf
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area south of the Louisiana coastline (table 1). The general trend | Gimaunt o : '
is increasing concentration of dissolved chloride from the ouicrop (1} 100 zga MILES . 100 200 MILES iz _ﬂ -._:.;du —f-
to the downdip limit of data from about the Colorado River k T 1LY A
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eastward to the soutiwestern comer of Alabama (fig. 14). West ! 2 ' Sy 1 44
of the Colorado River there is no areal trend indicated. The !

concentration pattern of dissolved chloride is very similar to the
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than 10 mg/L from the outcrop to near middip. However, i \‘ “daardeny )i'""“‘l.‘;\' o 0 I T
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dissotved chioride increases to 70,000 mg/L. A similar pattern i wf -4 AR i e S =2
occurs between the Sabine arch and the Mississippi River with e romtat el Ea g HE 0 492 : hos
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The concentration of dissolved silica in water from
permeable zone B, based on median values of all samples in each
100-square-mile area, ranges from 2 mg/L in the Continental
Shelf area south of the Louisiana coastiine to 90 mg/L in the 100,
outcrop area of southern Texas (table 1). The general trends in SN
concentrations are (1) increasing concentrations from outcrop 1o !
middip and decreasing concentrations from middip to the
coastline in the area east of the Sabine arch, (2) no noticeable
change in concentration between the Sabine arch and the San
Marcos arch, and (3) decreasing concentrations from outcrop to
the coastline in the area west of the San Marcos arch (fig. 15).
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From the Sabine arch eastward to the southwestern corner of
Alabama the concentration of dissolved silica is generally 10 to 20
mg/L. in the outcrop area, 40 mg/L between the outcrop area and
middip, and 10 to 20 mg/1. berween middip and the coastline.
From the Sabine arch southwestward to the San Martos arch the
concentration of dissotved silica is about 20 mg/L. From the San
Marcos arch souttwestward to the Rip Grande the concentration
decreases from about 40 mg/L along the outcrop area to about
20 mg/L in downdip areas along the coastline of Texas.
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MEXICO
—50— LINE OF EQUAL DISSOLVED SULFATE F 0 F —20— LINE OF EQUAL DISSOLVED CHLORIDE

CONCENTRATION--Interval, in milligrams per

| south

i \ CONCENTRATION--interval, in milligrams per I :
"ol 1 ! liter, is variable 1 { fiter, is variable
IONIC RATIOS ¥ w J" ﬁ \
Padra | onn Pagre kel b Padr ol
titaak e : » datarry Ncrf l‘t ‘.« r
Selecied ionic ratios were mapped to show any trends from gt ST e ; . 3 i agend i T"L T J'\ . : : =
updip tothe downdip limit of the dara. A characteristic of ionic ST i Figure 13.-Concentration of dissolved sulfate based o O B | . Figure 14.—-Concentration of dissolved chloride based
ratios is that they are not affected by dilution, assuming that all T ‘,L ; ] on median value per 1 Oo-square-mﬂe area w-mefaf L [ 1 on median valu'e per 1 00-square—mile area
constituents are diluted 1o the same degree. Consequently, 1 ! ) : il . )

ard leakage of brine into a fresh-water aquifer would not 5 L L \ i Fhs .;:F.. o ! \
;F:-:k the sigk:;urc of the brine. For example if(:hc brine was sea ?agsfsg'aglog IR L 98° - -'I'L“ﬂ“_:‘fﬁb ?fzusg{)‘f'a’og-s' Geological Survey ' o Bo'i'iﬂé?&j
water trapped in deep sediments, the ionic ratios would remain ' =
that of sea water. Whereas if the ionic ratios are different from
sea water and the concentrations of sodivm and chloride are
larger than for sea water, the brine could be the product of
dissolution of evaporites composing salt domes.
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Mapped ionic ratios can be used to show trenda that may
indicate processes or mechanisms that have major contro! on the
water chemistry from updip to the downdip limits of the data,
For example an ionic ratio of magnesivm plus calcium to
bicarbonate that is equal to 1 in outcrop arcas may indicate the EXPLANATION
dissolution of dolomite or calcite. Whereas downdip of the
outcrop this same ipnic ratio greater than 1 indicates an NUMBER OF SAMPLING SITES
additional source of calcium or magnesium ions such as would 1
result from the dissolution of gypsum. If the downdip areaisin a 2-4 o
salt dome basin, it could be the dissolution of evaporites. 3:?5 w ,\‘ =i
However if this same ratio was less than 1, it would indicate an 18-25 B
increase in bicarbonate ions due to a process such as the %:gg TV et ]
alteration of silicates. The median ion concentration for each ; T
100-square-mile area, expressed as milliequivalents per liter, was
used to calculate an jonic ratio.
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Magnesium to Calclum

The areai distribution of the millieguivalent ratio of
magnesium to calcium (Mg:Ca) in water from permeable zone B
ranges from 0.04 to 6.8 (1able 1). There is no general trend in the
ratio (fig. 16).
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From the Sabine arch eastward to the southwestern corner of
Alabama the Mg:Ca ratio is generally about 0.5 in the outerop e ,
area and in most of the area between the outcrop and middip. b X
Between middip and the coastline the ratio generally ranges from
102, o
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et
e
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From the Sabine arch southwestward 1o the San Marcos arch 5
the Mg:Ca ratio is about 0.2 in the outcrop and between the
outcrop and middip except for a part of Montgomery County, \}i

CONTINENTAL

Texas, where it is 1 in the outcrop. Between middip and the
coastline the Mg:Ca ratio is about 0.5, exept at the coastline in
Matagorda County, Texas, where it is about 1. From the San
Marcos arch southwestward to the Rio Grande the Mg:Ca ratio is
generally 0.5 with several small areas of about 1.
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Magnesium plus Calcium to Bicarbonate

The areal distribution of the milliequivalent ratio of
magnesium plus calcium to bicarbonate (MgCa:HCO3) in water
from permeable zone B ranges from less than 0.01 at middip in
Louisiana to 198 in an area south of the Louisiana coastline
(table 1). East of the Sabine arch the MgCa:HCOj3 ratio
generally decreases from outcrop to middip and then increases
from middip to the downdip limit of the data. Southwest of the
Sabine arch no trend is apparent.
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From the Sabine arch eastward to the southwestern corner of
Alabama the MgCa:HCO3 ratio decreases from about 1 in the
outcrop area 10 as low as 0.05 between the outcrop and middip.
From middip to the downdip limit of data the ratio increases to
50 over short distances downdip reaching values of 100 at the
coastline in southeastern Louisiana. From the Sabine arch
southwestward to the Rio Grande the MgCa:HCOj3 ratio
generally decreases from about 1 at the outcrop to 0.5 at middip. . /
Further downdip this ratio decreases to about 0.2 and then Boundary of study area Pk, bevaie
increases to 0.5 and 1 near the downdip limit of the data. X o
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Magnesium plus Calcium to Sedium plus Potassium
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middip and downdip areas to 6.1 in outcrop areas (table 1). The
ratio generally decreases from outcrop to the downdip limit of
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From the Sabine arch eastward to the southwestern corner of
Alabama the HCO3:Cl ratio increases from about 1 in the
outcrop to about 10 at middip and then decreases in the downdip | ]
direction to 0.1 at the coastlice. From the Sabine arch south- _ Z e yiNorth Padre L;\
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0.5 at the downdip limit of data. From the San Marcos arch 2 . . .
southwestward to the Rio Grande the HCO3:Cl ratio ranges bicarbonate basric(l) Oon medlar_ll ion concentration
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Figure 18.--Ratio of magnesium plus calcium to
sodium plus potassium based on median ion
concentration per 100-square-mile area.
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