Texas Water Development Board Report ###
Final

Hydrostratigraphy of the Gulf Coast Aquifer from the
Brazos River to the Rio Grande

by

Steven C Young, Ph.D,, P.E., P.G.
Trevor Budge, Ph.D

URS Corporation

Paul R. Knox, P.G.

Robert Kalbouss

Baer Engineering and Environmental Consulting, Incorporated
Ernie Baker, P. G.

Scott Hamlin, Ph.D., P.G.

Bill Galloway, Ph.D., P.G.,

Neil Deeds, Ph.D, P.E.
INTERA, Incorporated

February 2010



Final

Hydrostratigraphy of the Gulf Coast Aquifer from the

Brazos River to the Rio Grande

]—L\_\‘ B | -im Hagg | Srooks | Kenady
s 2
T 1 3 =
" o 7
\r\? / Ny N S - 8.9 wmq 2 13 u
" - 5t 1
g | N —
: // \ 3 Aquiter
/ / o - — = |
) e
AN ||
p K 5
. ' 5 4
B ;// //// \\\ \\ Evangelinc
LN N N
a / / . Z e [l Geologic Unit [ ] s
2 7 / / ° 1 - Beaurnonl \
= * - lissin [
" Pﬁ/ p( s - 3. Wilis v
w1 | '{_ f * L 4. Umper Goliag o S
e : 1} b e - Lower Goliad \\ Bumkerilla
. 11 I| t ¥ Pr— G- Upper Lagatto 8 IConihing UR
'| | | 5._'| = T - Wlddle Lagarta
» l i " '-.",l : &- Lower Lagarto =]
= ll ] ]l = 1 9 Ocwile Jaspet
L " | | ]'1 - A7 - catahniila \ Aquifior
e — ) m Locat on of Logs (Approximate Depth and Location) =
C 20 40 60 aC 100 120
Down dip Distance [miles)
Report ###

by

Steven C. Young, Ph.D., P.E., P.G.
Paul R. Knox, P.G

Ernie Baker, P.G.

Trevor Budge, Ph.D.

Scott Hamlin. Ph.D, P.G.

Bill Galloway, Ph.D., P.G.

Rob Kalbouss

Neil Deeds, Ph.D, P.E.

Texas Water Development Board
P.O. Box 13231, Capitol Station, Austin, TX 78711-3231

February 2010



Texas Water Development Board Report ###
Final

Hydrostratigraphy of the Gulf Coast Aquifer from the
Brazos River to the Rio Grande

by

Steven C Young, Ph.D., P.E., P.G.
Trevor Budge, Ph.D

URS Corporation

Paul R. Knox, P.G.

Robert Kalbouss

Baer Engineering and Environmental Consulting, Incorporated
Ernie Baker, P. G.

Scott Hamlin, Ph.D., P.G.

Bill Galloway, Ph.D., P.G.,

Neil Deeds, Ph.D, P.E.
INTERA, Incorporated

February 2010



Geoscientist seal

This report documents the work of the following Licensed Geoscientists:

>
/ (‘ \\
Steve C. Young, P.G: / /é/é ( 6)(/// WQ

(/
Dr. Young was the Project Manager for the \5 and w ;z’ "5’%
responsible for oversight on the project and the final Z [ DI r—
interpretation of the lithologic and water quality analysis of the
geophysical logs.

Paul R. Knox, P.G.

Mr. Knox was primarily responsible for developing the
chronostratigraphy of the Gulf Coast Aquifer and mapping the
depositional facies.

PAUL R. KNOX
GEOLOGY

i



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

Table of Contents

1

2

EXCCULIVE SUMIMATY ...cuiiiiiiiiieiieeeiie ettt et ettt e et e e st e e e te e e s beeessbeeessseeennseeenseesnsaeennnes 1
INETOAUCTION ...ttt ettt e et e et e e et e e eseeeesbaeessseeessseeensseeensseesnseeennnes 3
2.1 Approach for defining stratigraphy .........ccccceeviieiiieriieiieieeieeee et 3
2.2 Approach for defining lithology and generating sand maps ........ccccceeeeeriiereenieeneeninnns 4
Gulf Coast Aquifer ZE0IOZIC SELLING .....ccueiiiieiieeieeiiieeie et et eteeiee et e seeeebeesaaeebeessaeensaens 7
3.1 OVETVICW oeieeiieeiiiie ettt ettt e e e e e e et e e et e e e taeeetbeeesssaeassseeessseeassaeesssaeesssaeeasseeensseeennnes 7
3.2 SruCtural fEATUIES . ... eeiuiiiiiieiieiiie ettt sttt 9
3.3 DepOoSItIONAl SYSTEIMS ...euviiiiiiiiiiieeiiieeeieeeeiee et e e eieeesteeesabeeessaeeesaeeeaseesssaeessseesneeenns 10
3.4 DepoSitional NISTOTY......ccviieiiiiiieiieeie ettt ettt et esaae s e e saeeneeas 11
Stratigraphic and hydrogeologic framework ............ccccociiiiiiieriiiiiie e 17
4.1 Previous STUAICS .....eieiruieieeiierteeteeitest ettt ettt sttt ettt sbe ettt be s 17
4.2 Fleming Group: Oakville and Lagarto FOrmations ...........ccccceevveeeeiiencieesiieeeeeeeen, 19
4.3 Goliad FOrmMAation......cccueiiiiiiiiiiiieriieiteeeet ettt st st 22
4.4 WIS FOrMAtION ..ottt ettt et et 25
4.5 LiSS1€ FOIMAION ....cuuiiiiiiiiitieieeitesteet ettt sttt ettt et nbe e 25
4.6 Beaumont FOrMAation ..........cooiiiiiiiiiiiieiteeie ettt et 26
4.7 HOLOCENE AEPOSIES...uveeeerieiieeiieiieetieeite ettt et et et eeste et e e be e seesnbeeseeenbeensaeenseenaneenne 27
INFOTMALION SOUICES ....ueeiiiiiiieiiiee ettt ettt et e bt et e sae e ebeesaeeenbeeeeee 37
5.1 GEOPIYSICAL IOZS ..ocuvieiiiiiiieiieeiiece ettt ettt ettt et eateebe e saeeneeas 37
5.2 Approach for obtaining geophysical 10€S.........cccveriiiiriiiiiiiiieiie e 40
5.3 LATETALUIE TEVIEW ..c.veeutiruiiriieiieiteetienteetesttesteetteeteeste et e sbee st eabeebeenbeeatesaee bt eseesbeenbeennenaeens 42
5.4 GeologICal fAUILS......c.viiiiiie e e 43
5.5 Paleontology data ........c.ccciiiiieiieiiieeeee ettt e neas 43

i1



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

10

11

12

13

14

15

Approach for stratigraphic INtETPretation........cc.eeecueerieeiiieriieeiieiie et eree et eve e eae e 47
6.1 Chronostratigraphic conceptual framework ............cccoeeviieriiiiniiiice e 47
6.2 MeEthOAOLOZY .. .coiuiieiiieiiieiie ettt ettt e st e et essbeebeesabeenbeesnneenseas 49
Gulf Coast AQUITET Srati@IaPNY......ccccuieeiiieeiiie et e e ete e eee e etee e sbeeesbeeesreeesareeesnseeesaseeens 54
7.1 Chronostratigraphic surfaces and aquifer boundaries ............cccoeceeveriinieneniinieneenns 54
7.2 Structural configuration of SUITACES ........ccccuieeiiiieiiieeiee e 55
Approach for 1ithologic INTETPIETAtION .......eeviereiieiieeieeiieeie et 81
8.1 Lithology ClassifiCatiON .........cccuiiiiuiieiiiieeiie et et re e et eree e e e eeveeeeens 81
8.2 Depositional facies classifiCation ...........cccuierieeiierieniiiiie ettt 82
Gulf Coast AQUITET [IThOLOZY ....eeoviiieiiieeiie e e e eaaeeees 89
9.1 Sand thickness and PETCENL...........ccueeriiriiieriiiiiieiie ettt ettt et e ae s 89
0.2 DepOoSItIONAl TACIES .....eevcviieiiiieciie ettt ettt e e e et e e etaeessaeeessbeeessseeennseeenes 91
Gulf Coast Water QUALILY ....cceeeiiiiiiiieiieie ettt ettt ettt et e e et eeebeenseeens 117
TO.1 TEIMINOIOZY ..vveeevieeiiieeeiiieetee ettt e et e et e e e e e et e e sateeessseeessaeeessseeeesseeesseeensseesnneens 117
10.2 Analysis of @EOPhYSICAL 10ZS ......ueiviiiiiiiiieiieiieeie et 118
10.3 Analysis of water well MeasuremMents .........c.ceeccveeeriieerieeeiiee e 120
RETETEICES ...ttt ettt ettt bbb 128
Appendix A Geophysical logs listing, including location and use...........ccceeeevveevcieercnneennee. 139
Appendix B Listing of geophysical logs stratigraphic contacts............c.cceceeveeererieneenennen. 167
Appendix C Estimated total sand thickness (ft) at each geophysical log location ............... 181
Appendix D TWDB comments on draft hydrostratigraphy report and responses................ 197
15.1 General COMMENLES .....cccuuiitieiiieiieiie ettt ettt et ettt ettt e site e bt e sateenbeesaeeens 197
15.2 SPecific COMMENES. ....cc.eiiiiieiiieiieeiieetteeie ettt et e sttt e st e esbeessbeebeesaaeesbeessseenseeensaens 198

v



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

List of Figures

Figure 2-1.
Figure 3-1.

Figure 3-2.

Figure 3-3.

Figure 3-4.

Figure 3-5.

Figure 3-6.

Figure 3-7.

Figure 4-1.

Figure 4-2.

Figure 4-3.

Figure 4-4.

Figure 4-5.

Figure 4-6.

Figure 4-7.

Figure 4-8.
Figure 4-9.

Figure 4-10.

Figure 4-11.

Map of the study area showing the locations of the dip-oriented and strike-
oriented cross-sections used to develop the stratigraphic surfaces............c............ 6
Map of the Gulf of Mexico basin showing major structural elements and
stratigraphic provinces. Modified from Ewing (1991). ......ccccooviininiinicniininnns 13
Regional dip-oriented cross section of Cenozoic strata on the northwestern
margin of the Gulf of Mexico basin. Modified from Galloway et al. (1991)

and Sharp €t al. (1991). .coueeiieieeeeee e e e ree e 13
Map showing major growth fault zones and shallow salt domes in the

onshore part of the Texas coastal zone. Modified from Ewing (1990) and

Hamlin (20006). ......cuuiiieieeeiie ettt e e e e e ae e e eaee e sveeeeanee s 14
Schematic diagram showing a fluvial depositional system with its component
depositional environments and resulting genetic facies. Modified from

Galloway €t al. (1979)...ccceiiieiieeeee ettt e e e aaee e 14
Schematic drawing of Quaternary depositional systems of the Texas Coastal
Plain. Modified from Winker (1979) and Galloway et al. (1986). ...................... 15
Positions of principal fluvial-deltaic depocenters and interdeltaic shorelines

for selected depositional episodes, northwest GOM. Modified from Galloway
(1989b) and Galloway et al. (2000). .....c.ceveueeriiiriieiieeieee et 15
Chronostratigraphic chart of Miocene to Holocene depositional episodes,
NOTTRWESt GOM. ...ttt 16
Geologic map of the Texas Coastal Plain. Source: Barnes (1992)..................... 28
Schematic dip cross section showing relationships between outcropping
formations and subsurface stratigraphy, central coastal plain, Texas.

Modified from Doering (1956). .....ceoeuiieiiiiiiieiieie ettt 29
Schematic cross section of lower Miocene stratigraphy showing depositional
sequences and lithostratigraphic and biostratigraphic boundaries. Source:
Galloway et al. (1986)....cc.uuiieiiieeiieeeiee ettt e e e e e saaee e 29
Net-sandstone isopach map of the Oakville Formation also showing

depositional systems. Red dotted line separates updip fluvial systems from
downdip delta and shore-zone systems. Modified from Galloway et al. (1986). 30
Net-sandstone isopach map of the Lagarto Formation also showing

depositional systems. Red dotted line separates updip fluvial systems from
downdip delta and shore-zone systems. Modified from Galloway et al. (1986). 30
Schematic cross section of middle-upper Miocene stratigraphy showing
depositional sequences and lithostratigraphic and biostratigraphic boundaries.
From Morton et al. (1988). ...ccuiiieeiieeeeeeeeee e e 31
Percent sandstone maps of Goliad and equivalent middle-upper Miocene
sequences. From Hoel (1982) and Morton et al. (1988).......ccccvvvviieriieiiennnenen. 32
Sand content map of the Willis Formation, central coastal plain, Texas.............. 33
Sand content map of the Lissie Formation, central coastal plain, Texas.............. 34
Simplified environmental geologic map of the Port Lavaca, Texas area,

showing Pleistocene and Holocene depositional surfaces. From McGowen

CL AL (1970). ettt ettt e neas 35
Sand content map of the Beaumont Formation, central coastal plain, Texas. ...... 36



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

Figure 5-1.

Figure 5-2.
Figure 5-3.
Figure 5-4.
Figure 6-1.
Figure 6-2.
Figure 6-3.
Figure 7-1.
Figure 7-2.
Figure 7-3.
Figure 7-4.
Figure 7-5.
Figure 7-6.
Figure 7-7.

Figure 7-8.
Figure 7-9.

Figure 7-10.

Figure 7-11.
Figure 7-12.

Figure 7-13.
Figure 7-14.
Figure 7-15.
Figure 7-16.
Figure 7-17.
Figure 7-18.

Figure 7-19.

Idealized SP and resistivity curve showing the responses corresponding to
alternating sand and clay strata that are saturated with groundwater that has
significant increases in total dissolved concentrations with depth. Modified

from DIISCOIL (1986). ...eiieiiieeieeeee ettt e e 44
Schematic showing the location of the Kelly Bushing relative to the ground

level and the 011 TIZ. .ocvviiieiiieii et e saee e 45
Example of a geophysical well log that uses the American Petroleum

INSHEULE TOTMAL. ...oviiiiiiiiiieie et 45
Location of the 915 logs used to characterize the stratigraphy and lithology

of the Gulf Coast Aquifer from the Brazos to the Rio Grande. ............cceeeneeee 46

Schematic cross section showing small-scale depositional cycles
(parasequences) and larger-scale sequence bounded by maximum flooding

SUTTACES. ..ottt b et st sae ettt e sbtebe et saeens 52
Schematic cross section showing correlation strategies. .........cocvveerveeerieeernneenne. 52
Schematic cross section comparing (a) chronostratigraphic correlation to

(b) lithostratigraphic COTTelation. ...........ccccueeeiuiieeiiieeiie e 53
Stratigraphic column showing correlations among age, geologic formations,
hydrogeologic units, paleomarkers, and relative change of coastal onlap............ 59
Contours for the Oakville geologic unit showing: (a) base elevation and (b)
PRICKIIESS. .t st 60

Vertical cross-section of the geological units near dip section 9 in Figure 2-1.... 61
Vertical cross-section of the geological units near dip section 13 in Figure 2-1.. 62
Vertical cross-section of the geological units near dip section 16 in Figure 2-1.. 63
Vertical cross-section of the geological units near dip section 21 in Figure 2-1.. 64
Vertical cross-section of the geological units near dip section 26 in Figure 2-1.. 65
Vertical cross-section of the geological units near dip section 29 in Figure 2-1.. 66

Vertical cross-section of the geological units near strike section E-E'-E"-E"'..... 67
Contours for the upper Lagarto geologic unit showing: (a) base elevation
ANd (D) thICKNESS. ...veiiiiiieiiieciee ettt e e e e e e eeeaaeeeaseeens 68

Contours for the Jasper Aquifer showing: (a) base elevation and (b) thickness.. 69
Contours for the Burkeville Confining Unit and the middle Lagarto

Formation showing: (a) base elevation and (b) thickness............cccccevvverrrennnnnne. 70
Contours for the upper Lagarto geologic unit showing: (a) base elevation

ANA (D) thICKNESS. ....veiieiieiieeiieite ettt ettt e eesaaeebeenenas 71
Contours for the lower Goliad geologic unit showing: (a) base elevation

ANA (D) thICKNESS. ...viiieiieiieeieeiie et et et e e s e esbeenenes 72
Contours for the upper Goliad geologic unit showing: (a) base elevation

ANd (D) thICKNESS. ....viiieiieiieeieeiee ettt et be e e enbeenenes 73
Contours for the Evangeline Aquifer showing: (a) base elevation and (b)
PHICKIIESS. ...ttt sttt 74
Contours for the Willis geologic unit showing: (a) base elevation and (b)
PHICKIIESS. ...ttt 75
Contours for the Lissie geologic unit showing: (a) base elevation and (b)
PHICKIIESS. ...ttt 76
Contours for the Beaumont geologic unit showing: (a) base elevation and

(D) ThICKNESS. .veeeiieiiieciie ettt ettt ettt et e st ebeessbeenbeesraeenseessneensees 77

vi



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

Figure 7-20.
Figure 7-21.

Figure 7-22.
Figure 8-1.
Figure 8-2.
Figure 8-3.
Figure 8-4.

Figure 9-1.
Figure 9-2.

Figure 9-3.
Figure 9-4.

Figure 9-5.
Figure 9-6.

Figure 9-7.
Figure 9-8.
Figure 9-9.

Figure 9-10.
Figure 9-11.

Figure 9-12.
Figure 9-13.

Figure 9-14.
Figure 9-15.

Figure 9-16.

Figure 9-17.
Figure 9-18.

Figure 9-19.
Figure 9-20.

Figure 9-21.
Figure 10-1.

Contours for the Chicot Aquifer showing: (a) base elevation and (b) thickness. 78
Schematic showing outcrop and subcrop locations of geologic units in a three-

dimensional block (a) and in @ map VIeW (b)......ccceecerevieniieriiiniiciieeiceeeeeeeeen 79
Surface geology map from Barnes (1992) showing the estimated locations

of the subcrop of selected ge0logic UNILS. .........eeeveeriieriieriieiieeieee e 80
Example calculation of net and percent sand from a spontaneous potential

(SP) LIOZ CUIVE. .ottt ettt et ettt e st eebeeseaeenseas 85
Example analysis of a geophysical log showing a binary and four-phase
classification of lithology (taken from Young and Kelley, 2006). ....................... 86
Example analysis of a geophysical log showing a binary and four-phase
classification of lithology (taken from Young and Kelley, 2006). ....................... 87
Example analysis of a geophysical log showing a binary and four-phase
classification of lithology (taken from Young and Kelley, 2006). ....................... 88
Map of the Chicot Aquifer showing total sand thickness. ..........c.cccevevieriveennneen. 96
Map of the Beaumont geologic unit showing: (a) percentage sand coverage

and (b) depositional faCIES. ........cccueieeiiiieiiie et 97
Map of the Beaumont geologic unit showing total sand thickness....................... 98
Map of the Lissie geologic unit showing: (a) percentage sand coverage and

(D) depoSitional fACIES. ...c.eervieriieeiieiieeie ettt ettt e 99
Map of the Lissie geologic unit showing total sand thickness............c..cc.......... 100
Map of the Willis geologic unit showing: (a) percentage sand coverage and

(b) depositional fACIES. .....cuveeeruiieeiiieeiie et e e 101
Map of the Willis geologic unit showing total sand thickness. ...........ccccccueneee. 102
Map of the Evangeline Aquifer showing total sand thickness.............c.ccc.......... 103
Map of the upper Goliad geologic unit showing: (a) percentage sand

coverage and (b) depositional facies. .........cccecvieeiiieerciiieriie e 104
Map of the upper Goliad geologic unit showing total sand thickness. ............... 105
Map of the lower Goliad geologic unit showing: (a) percentage sand

coverage and (b) depositional facies. .........ccevuiiiiiiiiiiiiiniieee e 106
Map of the lower Goliad geologic unit showing total sand thickness. ............... 107
Map of the upper Lagarto geologic unit showing: (a) percentage sand

coverage and (b) depositional facies. .........cceevvieriieriieiiiiiieceee e 108
Map of the upper Lagarto geologic unit showing total sand thickness............... 109
Map of the Burkeville Confining Unit (middle Lagarto geologic unit)

showing: (a) percentage sand coverage and (b) depositional facies. ................. 110
Map of the Burkeville Confining Unit (middle Lagarto geologic unit)

showing total sand thickness............cccooviiiiiiiiiiiiiie e 111
Map of the Jasper Aquifer showing total sand thickness.............cccccvervieniiennnn. 112
Map of the lower Lagarto geologic unit showing: (a) percentage sand

coverage and (b) depositional facies. .........cceevvieviieriieiiieiiieieeee e 113
Map of the lower Lagarto showing total sand thickness...........c.cccceceeriieeniennn. 114
Map of the Oakville geologic unit showing: (a) percentage sand coverage

and (b) depositional facies. ........cccveriieiieiiiiiieeee e 115
Map of the Oakville geologic unit showing total sand thickness. ..................... 116
Specific conductivity of salt solutions (modified from Moore, 1966)................ 122

vil



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

Figure 10-2.  Fraction of the Chicot Aquifer estimated to be fresh water with a TDS

concentration less than 1,000 ppm, as determined by the analysis of

EOPRYSICAL 10ZS. ..eeiiiiiiiiiieiie e 123
Figure 10-3. Fraction of the Evangeline Aquifer estimated to be fresh water with a TDS

concentration less than 1,000 ppm, as determined by the analysis of

ECOPNYSICAL LOZS...uuviieiiiieiie ettt e e e e e e aree e 124
Figure 10-4.  Fraction of the Burkeville Confining Unit estimated to be fresh water with a

TDS concentration less than 1,000 ppm, as determined by the analysis of

EOPRYSICAL 10ZS. ..ceiiiiiiieiiieiiece e 125
Figure 10-5. Fraction of the Jasper Aquifer estimated to be fresh water with a TDS

concentration less than 1,000 ppm, as determined by the analysis of

ECOPNYSICAL LOZS...uviiieiiiieiiie et e e e e e e e 126
Figure 10-6. Map of water well locations with at least one measurement of TDS

CONCENITALIONS. 1...eutieiieeutiestteeteesite et eesteeebeesseeeabeesbeeeabeeabeeeabeanbeeeabeenbeesaeeenbeeenne 127
List of Tables
Table 3-1. Simplified stratigraphic and hydrogeologic chart of the northwestern Gulf of

Mexico basin, Texas coastal zone (Galloway et al., 1991; Sharp et al., 1991). ..... 8
Table 4-1. Fleming Group depositional facies (Galloway et al., 1982, 1986). ...................... 20
Table 4-2. Fleming Group depositional systems (Spradlin, 1980; Galloway, et al., 1982,

LOBO0). ettt ettt ettt et e en e e eaeete e e nteenneeneens 21
Table 4-3. Goliad Formation depositional facies (Hoel, 1982)........cccceecvieviivciiiniiciieieenen. 23
Table 4-4. The Goliad Formation fluvial depositional systems (Hoel, 1982; Morton

€t AL, 1O88). i 24
Table 5-1. Types of log header data............ccccveeeiiiieiiiececeeee e 39
Table 5-2. Selected tables and fields from the Microsoft Access database used to

manage information on the 892 well logs used for the study. ..........cccevvvureennneen. 42
Table 8-1. Description of the four textural classes used to characterize the lithology

OF the LSWP WEILS ..o 82
Table 8-2. Depositional Facies Definition and Predicted Flow Characteristics [modified

from Table 3.1.3 in Young and Kelley (2006)] ......ccccveeriieeeiieeiieeiieeiee e 83
Table 10-1.  Groundwater classifications based on TDS (from Collier, 1993)..........c............ 117
Table 10-2.  Relationship among TDS, specific conductivity, and resistivity (from

COIET, 1993). .ottt 119
Table 10-3.  General criteria used by Mr. Baker to estimate the TDS from the geophysical

O S, ettt et ettt et e et e et e e bt e nbeebeeeaeeenbeennes 119
Table 10-4.  Aquifer codes used in Gulf Coast QUETY ......cccueeeriieerieeeriie et 121

viil



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

1 Executive summary

This report documents the development of the structure, lithology, and depositional framework
for the Gulf Coast Aquifer system from the Brazos River to the Rio Grande. The project is part
of a long-term plan to update the Groundwater Availability Models (GAMs) for the central and
southern parts of the Gulf Coast Aquifer.

The structure of the Gulf Coast Aquifer system is comprised of, from shallowest to deepest, the
Chicot Aquifer, the Evangeline Aquifer, the Burkeville Confining Unit, and the Jasper Aquifer,
with parts of the Catahoula Formation acting as the Catahoula Confining System. In this study,
aquifer units have been subdivided on the basis of chronostratigraphic correlation to yield
subaquifer layers. The boundaries for the geologic units were traced from outcrop formation
boundaries to identifiable flooding surfaces in the deeper subsurface, where paleontological
control constrained geologic ages of surfaces at nearshore and offshore geophysical log
locations.

The Chicot Aquifer subaquifer layers include, from the shallowest to deepest, the Beaumont and
Lissie Formations of Pleistocene age and the Pliocene-age Willis Formation. The Evangeline
Aquifer subaquifer layers include the upper Goliad Formation of earliest Pliocene and late
Miocene age, the lower Goliad Formation of middle Miocene age, and the upper unit of the
Lagarto Formation (a member of the Fleming Group) of middle Miocene age. The Burkeville
Confining Unit is defined as the middle unit of the Lagarto Formation of middle and early
Miocene age, which is the chronostratigraphic layer with the most widespread clayey interval
between the Evangeline and Jasper Aquifers. For this study, the Jasper Aquifer includes the
lower Lagarto unit of early Miocene age, the early Miocene Oakville sandstone member of the
Fleming Group, and the sandy intervals of the Oligocene-age Catahoula Formation. Elevations
from the established base Jasper surface in the Source Water Assessment Program dataset were
used close to the outcrop and were merged with the chronostratigraphic base of the Oakville
Sandstone defined in this study.

More than 900 geophysical logs were analyzed to define the structure and/or lithology of the
Gulf Coast Aquifer system. Four hundred and fifty-seven of the logs were used in the
chronostratigraphic correlations to define the surfaces for 10 of the geologic units previously
listed. An appendix provides the surfaces for these geologic units along 23 dip-oriented cross-
sections and 4 strike-oriented cross-sections.

With 706 geophysical logs, a continual profile of lithology was generated through the
stratigraphic column for the Gulf Coast Aquifer system using a four-class system consisting of:
1) sand; 2) clay; 3) sand-with-clay; and 4) clay-with-sand. The four-class system provides more
specificity than the commonly used "binary" system, which aggregates deposits into an
alternating series of clay beds and sand beds. Based on the lithology, maps of sand percentages
and total sand thickness maps were constructed for the Chicot, Evangeline, and Jasper Aquifers
and their respective subaquifer layers.

To assist in the development of hydraulic conductivity distributions for each geologic unit,
depositional facies maps were developed. The deposition facies provide information on factors
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that affect groundwater flow such as the sorting, arrangement, and sizes of the particles in a
deposit and how the deposit is or is not interconnected to similar and different deposits.

For each of the 706 geophysical logs used for the lithologic interpretation, an estimate of the
water quality was made for each interval assigned a lithology classification. For each of these
intervals, the water quality was classified as fresh, slightly saline, or moderately saline. These
classifications are based on the concentration of Total Dissolved Solids (TDS). Fresh water is
defined as having a TDS concentration less than 1,000 ppm. Slightly saline water has a TDS
between 1,000 and 3,000 ppm, and moderately saline water has a TDS between 3,000 and 10,000
ppm.



TWDB Report ## Final — Hydrostratigraphy of the Gulf Coast Aquifer from the Brazos River to the Rio Grande

2 Introduction

The current groundwater availability models (GAMs) for the northern region (Kasmarek and
Robinson, 2004), the central region (Chowdhury and others, 2004), and the southern region
(Chowdhury and Mace, 2007) of the Gulf Coast Aquifer are based on stratigraphy developed
from the Source Water Assessment and Protection (SWAP) Program. For these GAMs, the Gulf
Coast Aquifer includes the Chicot Aquifer, the Evangeline Aquifer, the Burkeville Confining
System, and the Jasper Aquifer. One of the obstacles to improving the GAMs predictive
accuracy is that the SWAP database contains limited stratigraphic and lithologic information at
the scale of the geologic formations that comprise the aquifers. In a continual effort to improve
the GAMs, the Texas Water Development Board (TWDB) has determined that additional
stratigraphic and lithologic information beyond what is available from the SWAP data would be
beneficial for improving the predictive accuracy of future GAMs.

The primary objective of this study is to provide the stratigraphic surfaces and sand thickness
maps of the geological formations that compose the Gulf Coast Aquifer system from the Brazos
River to the Rio Grande. For this study, the Chicot Aquifer includes, from the shallowest to
deepest, the Beaumont and Lissie Formations of Pleistocene age and the Pliocene-age Willis
Formation. The Evangeline Aquifer includes the upper Goliad Formation of earliest Pliocene
and late Miocene age, the lower Goliad Formation of middle Miocene age, and the upper unit of
the Lagarto Formation (a member of the Fleming Group) of middle Miocene age. The
Burkeville Confining Unit is defined as the middle unit of the Lagarto Formation of middle and
early Miocene age, which is the chronostratigraphic layer with the most widespread clayey
interval between the Evangeline and Jasper Aquifers. The Jasper Aquifer includes the lower
Lagarto unit of early Miocene age, the early Miocene Oakville sandstone member of the Fleming
Group, and the sandy intervals of the Oligocene-age Catahoula Formation.

2.1 Approach for defining stratigraphy

Investigations of the Gulf Coast Aquifer began in the late 1880's. Since that time, numerous
studies have contributed toward our understanding of the formations in that aquifer. Central to
our approach are the selected studies that provide an overarching stratigraphic framework.

With regard to naming conventions, we rely on the founding work of Doering (1935), who was
perhaps the first to use the nomenclature most commonly used today (from the surface
downward), the Beaumont, Lissie, Willis, Goliad, Lagarto, and Oakville. With regard to
nomenclature, we also reference Baker (1979). He was among the first to establish an accurate
stratigraphic framework using a lithostratigraphic correlation of the Gulf Coast Aquifer that
relied on good understanding of geologic processes.

With regard to defining the stratigraphy surfaces, our analysis is based on chronostratigraphic
rather than lithostratigraphic correlation techniques. Lithostratigraphic correlations rely on the
interpretation from well logs of formation lithologies and boundaries between different
lithologies (e.g., mud on sand) and then correlating those boundaries between wells. Prior to the
1980s, lithofacies correlations were the most common technique to define stratigraphy. Since
the 1980's, an improved understanding of depositional processes has shown that
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lithostratigraphic correlations are more suspect for mischaracterizing the continuity and size of a
formation than are chronostratigraphic correlations. Chronostratigraphic correlations focus on
identifying clay-dominated flooding surfaces of the same age that form the boundaries of
episodes that deposit the coarse sediment of an aquifer. As part of our approach, we used
depositional facies modeling, including an analysis of depositional cyclicity, to better construct a
regional framework for the flooding surfaces and the spatial variation of the aquifer-matrix
properties.

Where appropriate, our sequence stratigraphy and chronostratigraphic correlations are based on
the concepts and methods used by the Gulf Basin Depositional Synthesis Project (GBDS) and the
LCRA-SAWS Water Project (LSWP). The GBDS project, whose principal investigator is Dr.
Bill Galloway, is funded by a consortium of petroleum companies to characterize the Cenozoic
depositional history of the Gulf of Mexico Basin. Among the key papers that explains some of
these concepts and methods are Galloway (1989b), Galloway and others (2000), and Galloway
(2005). The LSWP project included a chronostratigraphic analysis of the Chicot and Evangeline
Aquifers across a 10-county region intersected by the Colorado River. Among the key papers
that provide the results of the LSWP are Knox and others (2006) and Young and Kelley (2006).

Mr. Paul Knox is the geologist primarily responsible for developing the stratigraphic surfaces.
He constructed the surfaces using a total of 457 logs that were arranged in 23 dip-oriented and
three strike-oriented cross sections, which are shown in Figure 2-1. To establish the base of the
Miocene-age deposits, Mr. Knox used the cross sections and data developed by Dodge and Posey
(1981). Where available, biostratigraphic markers were used to check the age of correlations.
Throughout the project, Mr. Knox consulted with Dr. Bill Galloway to resolve potential
problems regarding the interpretation of the geophysical logs and the depositional history of the
formations.

2.2 Approach for defining lithology and generating sand maps

Lithologic analyses were performed independently of the stratigraphic correlations. A total of
706 geophysical logs were analyzed using four textural classes instead of the traditional "binary"
system of classifying lithology from geophysical logs. The "binary" system classifies lithology
into either sand beds or clays beds based on the "kicks" provided by the spontaneous potential
log or the resistivity log. The four textual classes used are (1) sand, basically; (2) clay, basically;
(3) sand and clay but basically sand; and, (4) clay and sand but basically clay. This classification
scheme is used to provide a more accurate representation of the lithology for vertical intervals
where sands and clays are alternating and have individual bed thicknesses of less than 20 feet.

Our textural classes are the same as those used by Young and Kelley (2006) to characterize the
Evangeline and Chicot Aquifers for a 10-county area that encompasses the lower Colorado
River. In fact, the lithologic profiles from Young and Kelley (2006) are included in our analysis.
To ensure consistency among all of the lithologic analyses, Mr. Ernie Baker performed all of
lithologic analyses for this study. Also, Mr. Baker is the geologist who made all of the lithologic
picks used by Young and Kelley (2006).
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The boundaries between the four textural classes are based on the "kicks" in the resistivity logs
and are supplemented by "kicks" in the spontaneous potential logs. Resistivity logs record an
apparent electrical resistance in and within the vicinity of the borehole at different depths.
Spontaneous potential (SP) logs record naturally occurring electrical potentials (voltages) that
occur in the borehole at different depths.

The sand maps generated by this study are based on a continuous lithology profile for 706 logs.
These maps were generated for selected lithostratigraphic units based on interpolation of the total
sand thickness generated at each geophysical log. Interpolation of the sand thickness values was
performed using ordinary kriging. Where appropriate, the generated contours were adjusted
based on our interpretation of the depositional history and environments responsible for the sand
distributions.
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Figure 2-1. Map of the study area showing the locations of the dip-oriented and strike-oriented cross-
sections used to develop the stratigraphic surfaces
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3 Gulf Coast Aquifer geologic setting

3.1 Overview

The Gulf of Mexico (GOM) is a small semi-enclosed ocean basin surrounded by continental
shelves and coastal plains (Bryant et al., 1991). The GOM is a circular structural basin, 940
miles in diameter, and filled with O to 9.4 miles of sediments ranging from Triassic to Holocene
in age (Salvador, 1991) (Figure 3-1). The GOM basin probably originated in the Triassic time
from rifting within the North American plate as it was drifting away from the African and South
American plates (Salvador, 1991). Intermittent marine flooding of the proto-GOM rift valley
formed extensive evaporite deposits (mainly salt) during the Jurassic period. Early Cretaceous
carbonate platforms and shelf margins rimmed the GOM and provided a foundation for
subsequent terrigenous clastic sedimentation during the Cenozoic period (Winker and Buffler,
1988). In the north and west parts of the GOM, Cenozoic sediments form thick sequences of
sandstones and mudstones that overlie Cretaceous carbonates and extend basinward to the base
of the modern continental slope (Figure 3-2). GOM stratigraphy is generalized in Table 3-1.

Three major stratigraphic-structural margins surround the deep ocean basin that forms the center
of the GOM: 1) northern and northwestern margin of terrigenous clastic sedimentation;

2) western and southwestern structurally modified margin; and 3) eastern and southeastern
carbonate-evaporite margin (Ewing, 1991; Galloway et al., 1991) (Figure 3-1). The eastern
carbonate margin includes the Florida and Yucatan platforms and is characterized by low
subsidence and limited clastic sediment input. The Floridian carbonate aquifer system is the
main groundwater resource in the U.S. part of the eastern carbonate province (Miller, 1986).
The western structurally modified margin of the Gulf Coast in Mexico includes a relatively
narrow clastic coastal plain and continental shelf that have been affected by Laramide (early
Cenozoic) compressional deformation. Sandy coastal aquifer systems similar to those in Texas
are not well developed in Mexico (Sharp et al., 1991). The northern and northwestern clastic
margin (northwest GOM) spans coastal Texas, coastal Louisiana, and adjacent offshore areas
(Figure 3-1). The northwest GOM includes the major sand and sandstone aquifer systems of the
Gulf Coast (Weiss, 1992; Chowdhury and Turco, 2006) of which one, the Gulf Coast Aquifer, is
the focus of this report.

The northwest GOM includes two broad zones that parallel the basin margins: the interior zone
and the coastal zone (Ewing, 1991). The interior zone defines the updip margin of the basin and
extends downdip to the relict Early Cretaceous shelf margin (Figure 3-1). The interior zone is
dominated by Cretaceous carbonates and Paleogene terrigenous clastics (Figure 3-2). The
Edwards (Balcones Fault Zone), Carrizo-Wilcox, Queen City-Sparta, and Yegua-Jackson
Aquifers occur in the northwest GOM interior zone (Table 3-1). The coastal zone extends from
the Early Cretaceous she