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SUMMARY

Consideration of guidelines from the Nuclear Waste Policy Act of 1982 indicates that Oakwood
Salt Dome has 23 favorable factors, 15 potentially adverse factors, and three disqualifying
factors. Based on our survey of domes in East Texas, we find no factor generic to salt domes
that precludes their use as a repository of nuclear waste.

This report summarizes results of the East Texas Waste Isolation program from January I,
1978, to March 30, 1983. Using an extensive data base, the study comprised 33 different lines
of research by 67 scientists and research assistants. The program covered both basin-wide and
site-specific (mainly around Oakwood Dome) studies using surface and subsurface data. A wide

range of pertinent geologic and economic data for all 15 shallow salt domes is summarized in
Appendix 2. .

Mesozoic opening of the Gulf of Mexico accompanied thermal processes that controlled
sedimentation during filling of the East Texas Basin. Tl“pe basin contains up to 7,000 m of
shallow-marine and continental sediments overlying the LoLann Salt. Deformation in the basin
resulted from subsidence of its floor and gravitational flow of salt.

The East Texas Basin is divided into four provinces based on the shape of salt structures.
Five forces make salt flow; they operate from near surface to the deepest parts of the basin.
Salt flow began in pre-Gilmer (Late Jurassic) time with the growth of salt pillows. Three
groups of diapirs can be differentiated on the basis of agez and distribution. The growing salt
structures affected topography, thereby influencing depdsitional facies. Low-permeability
facies generally surround the salt stocks. Two types of structural inversion affected the
structure of strata during diapirism. Geomorphic evidence does not preclude Quaternary uplift
over Oakwood Dome, but its southern flank may have sut‘psided. The rates of dome growth
declined exponentially with time to rates less than 0.6 m p ‘r 104 yr. All regional fault systems
in the basin appear to be related to slow gravitational creep |of salt. Nevertheless at least eight
probable earthquakes were recorded near the southern margin of the basin in 1981 and 1982, and

their probable focus - the Mount Enterprise fault - is poorly understood.
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The following conclusions were drawn from geologic study of a core into Oakwood Dome.
Salt core from the dome is greater than 98 percent pure halite, (anhydrite is the only other
mineral) and displays evidence for two distinct periods of irecrystallization. Geometric analysis
and strain analysis suggest that the crest of the dome was truncated, probably by ground-water
dissolution, during the formation of anhydrite cap rock. ' Diapiric rise of salt formed a tight
contact between salt and cap rock. The cap rock forméd in a deep saline environment and
appears to be a low-permeability barrier to dome dissolutiQn.

Two major aquifer systems lie above and below tt’}e hypotheticai repository ‘level in a
dome: the Wilcox-Carrizo fresh-brackish aquifer system and the Woodbine saline aquifer. Only
the five shallowest domes have surface salines aﬁd are poor sites fcr potential repositories.
False cap rock over two of these domes suggest that thei:;r salines may originate from upward
discharge of deep-basin brines. i

Of the domes that penetrate the Wilcox-Carrizo aquifer system, only Oakwood Dome has
a slightly brackish plume, possibly caused by salt dissoluﬁion. None of the salt domes show
evidence of large exposure to circulating ground water. The salt domes .:-e generally isolated
by low-permeability cap rock and mud-rich facies.

Regional circulation in the Wilcox-Carrizo aquifer sy#tem correlates closely with topogra-
phy and geologic structure. A potential for downward ﬂoW prevails except beneath the Trinity
and Sabine River drainage systems, especially beneath the Trinity River flood plain. Potential
for downward flow between the Wilcox-Carrizo and the Woodbine is due to large basinwide
pressure declines in the Woodbine caused by oil and gas procfuction.

Wilcox-Carrizo ground-water chemistry evolves frpm an acidic, oxidizing, Ca-Mg-
HCO3-SOy4 water to a basic, reduced, Na-HCO3 water. lac dating of the ground water
indicates ages of 103 yr in recharge areas to 1.5 x 10% yr in %the artesian section.

Three-dimensional modeling of ground-water flow "n the Wilcox-Carrizo aquifer near

Oakwood Dome shows that the stratified sand-mud fabric|causes poor vertical connection of

sand bodies and very low (=10-3 to 10-%) ratios of vertical to horizontal hydraulic conductivity.
|



Rates of vertical ground-water flow are only 11 m/10% yr. Ground-water travel times from
Oakwood Dome to potential discharge areas are appr ‘ximately 104 yr in well-connected,
channel-fill sand bodies and 105 to 106 yr in poorly connected interchannel facies. These
interchannel facies constitute large potential aquitards. Realistic modeling of flow rates in the
Wilcox or in similar aquifers is invalid without incorporéting sand-body geometry and inter-
connection.

The shallower of the two deep saline aquifer systems surrounds salt domes immediately

below hypothetical repository level. Mixing of deep saline waters with the overlying

fresh-water system is limited.



0.0 EVALUATION

Qakwood Dome is evaluated as a potential repository for high-level nuclear waste.

Consideration of guidelines from the Nuclear Waste Policy Act of 1982 indicates that Oakwood
Salt Dome has 23 favorable factors, 15 potentially adverse factors, and three disqualifying

factors. We find no factor generic to salt domes that precludes their use as a repository of
nuclear waste.

The East Texas Waste Isolation project is one of three subprograms studying interior salt
basins in the Gulf Coast area. These subprograms cojstitute part of the National Waste
Terminal Storage program, which is designed to assess thé sﬁitability of dome salt, bedded salt,
basalt, tuff, and crystalline rock as host media for deep underground containment of high-level
nuclear waste. In common with other projects, the goal of the East Texas project was a
progressive screening in which the best site (in this case, a 1sal't stock in the core of a salt dome)
could be selected by eliminating less favorable sites. |

All 15 shallow salt domes in the East Texas Basin were examined. These were then
narrowed down to three domes: Keechi, Oakwood, and Paiestine. By 1980 Palestine Dome had
been eliminated because of ongoing collapse of strata above the dome induced by earlier brining
operations. By 1981 further screening had eliminated Keechi Dome because it was too small
and too shallow (ONWI-109 Technical Report). From this pbint, therefore, research in the ETWI
program was directed to (1) a better understanding of dakwood Dome and vicinity, and (2)
supplying information generic to salt domes in general, which could be applied to the other
three candidate domes in the North Louisiana and Mississippi interior salt basins.

In accordance with the requirements of the Nuclear Waste Policy Act of 1982, the
Department of Energy has proposed "General Guidelines for Recommendation of Sites for
Nuclear Waste Repositories," which appear in the Federal Register, Part II, of February 7, 1983.
Based on these guidelines, the Oakwood Dome area is evaluated in table 0.0-1. Wi'th‘ regard to
its suitability as a repository for high-level nuclear waste, Oakwood Dome has 23 favorable

factors, |5 potentially adverse factors, and three disqualifying factors. These three




disqualifying factors are related to petroleum exploration and are specific to Oakwood Dome.
Based on our survey of the East Texas Basin, we find no factor generic to salt domes that

preciudes their use as a repository for nuclear waste.



Table 0.0-1. Evaluation of Oakwood Dome as potential repository
in terms of guidelines set by Nuclear Waste Policy Act of 1982

Geologic and Hydrologic Factors

SITE GEOMETRY (OAKWOOD)

Potential repository depth >300 m
Erosional denudation in 104 yr = 1-2m

Thickness and lateral extent

HYDROGEQOLOGY (OAKWOOD AND REGIONAL)-

Predominantly downward vertical hydraulic gradient basinide
Local recharge over Oakwood Dome to shallow (Carrizo)
aquifer i

i
No evidence for interaction between saline and fresh
aquifers around Oakwood

Upward discharge of deep-basin fluids
at Butler Dome

Saline plume at Oakwood Dome
Travel time of ground water to discharge areas:
Modeling: connected Wilcox sands = 103-10% yr
disconnected Wilcox sands = 107-106 yr
14C dating: Wilcox = 1.6 x 10% yr
Oakwood area modeled with reasonabie accuracy

Low-permeability Wilcox facies around dome

Low-permeability cap rock above, and partly
flanking dome

Favorable

Potentially
Adverse



Table 0.0-! (cont.)

Tight seal in core between rock salt and cap rock
Vertical extension fractures in anhydrite cap rock

Possible subsidence over southern part of Oakwood
salt stock

Inferred escape of brines from former dissolution
cavity below caprock (inferred to be >3 Ma ago)

Structural evidence for truncation of dome crest
(mainly in Cretaceous)

62 boreholes through salt overhang probably connect
shallow, fresh-water aquifer and deep, saline

aquifer, possibly allowing rap1d sait dissolution
by fresh water

———

ROCK CHARACTERISTICS (QAKWQOOD)

Evidence for self sealing in anhydrite cap rock
during strain

Rock-salt mineral assemblage unchanged during
thermal loading

Reérystallization of uppermost 2 m of rock salt

probably caused by entry of water from cap-rock
base (inferred to be >3 Ma ago)

In-place concentration of intracrystalline fluid
in foliated (R-1) rock salt at leve{ of hypothetical

repository is unknown because of artificial introduc-
tion of water into core

Preferred migration paths of intercrystalline fluids \C

are partly predictable from strain analysis and geometri
analysis of rock salt

Structure of rock salt reasonably understood |
where intersected by borehole \

Favorable

*

Potentially
Adverse

Disqualifying



Table 0.0-1 (cont.

TECTONIC ENVIRONMENT (MAINLY REGIONAL)

Uplift rates over fastest domes, estimated by extrapolanqm
of growth rates from 112 Ma to 48 Ma, is <0.6 m/10% yr.

Geomorphic evidence does not preciude current dlszerentxal
uplift over most of Oakwood Dome

Geomorphic evidence suggests subsidence of the southern part
of Oakwood Dome

No evidence for rapid regional uplift or subsidence

Most regional fault systems are reasonably understood and‘

apparently aseismic |

No regional faults within 10 km of dome
Small Quaternary faults at surface 18*km from Oakwood Dome

Vertical extent of small, post-Queen City surface faults
over Oakwood Dome is unknown

Historical earthquakes, if repeated, would not’signiﬁcantij
affect OQakwood site

Seismicity probably due to movement on Mt. Enterprise fauit,
but because cause of faulting is not yet understood,
seismic risk cannot be reliably assessed

No Quaternary igneous activity

HUMAN INTRUSION (OAKWOOD)

Petroleum reserves below overhang and 4 km to SE
Intensive exploratory and production drilling through

salt overhang, partly to level of hypothetical repository;
sites of 3 holes have not been located

SURFACE CHARACTERISTICS (QAKWOOD)

Gently rolling terrain

Dikes possibly required for flood protection

Favorable

Potentially
Adverse

Disqualifying



1.0 INTRODUCTION TO THE EAST TEXAS BASIN

1.1 THE EAST TEXAS WASTE ISOLATION PROGRAM

This report summarizes results of the East Texas Waste Isolation program from January [, 1978
to March 39, 1983. ?

The East Texas Waste Isolation program began on January 1, 1978 and ceased on March 30,
1983. The program goals were to assist in the selection of a suitable salt dome in the East
Texas Basin through geologic and hydrogeologic characterization of the domes and surrounding
strata and to provide generic information applicable to other salt dome basins.

This report, in STOP format (Carte and Landers, 19175), summarizes results of the East
Texas Waste Isolation program from January 1, 1978 to March 30, 1983. As part of the Area
Characterization Phase of evaluating U.S. Gulf Coast salt-dome basins, the East Texas program
was designec to characterize the geology and geohydrology} of salt domes and surrounding strata
in the East Texas Basin and to provide generic information tLpplicable to other salt-dome basins.

The data base for this program is extensive because the basin is a mature petroleum province

and contains major fresh-water aquifers (table l.1-1). Table 1.1-2 lists the 32 principal lines
of geologic rez=arch, the scale of examination, and the peréinent sections of the report covering
these aspects. Most of these lines of research have generic application to other salt-dome
basins as well, and some are exclusively generic. The mosﬁ important generic studies are listed
in column | of table l.1-2. Selected References show 'che3 principal references for individual
sections of this report. A more complete list is given under? References.

In addition to M.P.A. Jackson and S. J. Seni, the following geologists coauthored reports
summarized in this paper (see bibliography for details): C.'W. Kreitler (project director), O. K.
Agagu, J. M. Basciano, B. Brackén, E. W. Collins, R. D. Conti, E. D. Davidson, Jr., O. R. Dix,
G. A. Donaldson, S. P. Dutton, G. E. Fogg, A. B. Giles, E. H. Guevara, D. W. Harris, D. K.

Hobday, C. M. Lopez, M. K. McGowen, W. R. Muehlberger, D. Pass, W. D. Pennington,




B. Wilson, D. H. Wood, and H. V. Wuerch. Research assistants who compiled and processed
data include F. Boyd, E. Bramson, R. Burks, S. Carlson, d: Chomicky, R. Cobb, S. Cumella, D.
Dann, R. Debus, E. Duncan, S. Ghazi, S. Hovorka, J. Hultman, J. Karabaic, D. Legett, E.
Lindgren, S. Lovell, J. Lundelius, D. Magouirk, S. Mann, J. McIntyre, G. Meyer, D. Miser, J.
O'Neal, L. Orr, E. Pisasale, K. Pollman, D. Prouty, K. Rader, B. Richter, V. Riggert, J. Rogers,
L. Ruiz, R. Senger, R. Sherrill, T. Simmons, J. Smith, J. §ugmann, P. Talamas, D. Wiggins, D.

Worrell, and D. Young.

10



Table 1.1-1. Data base for the East Texas Waste [solation program

Surface

Geologic Atlas of Texas map sheets 1:250,000

Geologic maps from unpublished theses

Topographic maps 1:62,500 and 1:24,000

Texas General Highway Maps 1:63,360 and 1:253,440

Aerial photographs 1:12,000 to 1:25,500

Landsat imagery 1:250,000, band-5

Re-leveling profile of 28 stations across Mount Enterprise fault zone.

Microseismic monitoring data from 1-3 seismograph stations near Mount Enterprise.

Subsurface

Geophysical logs from ~4,600 wells

Water-level data from >2,000 water wells

Water-chemistry data from ~ 1,500 water wells

29 shallow borings to depths of 7-120 m (20-400 ft) over\ Oakwood Dome, 9 of which were
monitored for water levels.

Hydrologic test data from 5 production wells, one of which was cored.

TOG-1 412 m (1,352 ft) core through Oakwood Dome salt, cap rock, and overburden; TOH-2A0
563 m (1,847 ft) core through Wilcox Group near Oakwoodi Dome.

13 cores borrowed from Well Sample Library and oil companies.

475 km of 6-fold C.D.P. reflection seismic line.

Residual gravity map 1:96,000

11
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Table 1.1-2 Studies in the East Texas Waste Isolation program

)
q
2 B
52
wy
o<
0 [2%)
SITE GEOMETRY = o
Measurement of size and shape of salt domes: to determine if criteria of minimum
thickness and lateral extent are met. Based on analysis of
structure-contour maps from gravity, seismic, and well data.
Measurement of depth to salt and cap rock: to determine if minimum-depth criterion
is met. Based on interpretation of well logs and seismic profiles.
SURFACE GEOLOGY
Calculation of denudation rates by surveys of suspended-sediment loads and reservoir 2.7
sedimentation: to assess risk of erosional breaching of dome. -
Measurement of stream and terrace profiles: to determine the effects of possible 2.7
dome uplift or collapse. B S
Shallow drilling of Quaternary valley fill over Oakwood Dome: to determine the
effects of possible dome uplift or collapse.
Analysis of slopes above domes: to recognize possible dome uplift or collapse.
Analysis of link-lengths of drainage networks: to determine the existence of
of possible dome uplift or collapse.
Stratigraphic and structural mapping, including fault zones, over domes:
to determine the effects of possible dome uplift or collapse.
Lineament analysis of aerial photographs and Landsat imagery: to study 2.7

regional and over-dome fracture patterns.

Releveling over Mount Enterprise fault zone: to measure elevation changes
from faulting in the past 30 years.

3. ALL 15 DOMES

1.6

1.6

BUTLER l

PALESTINE,

4. OAKWOOD, KEECHI
DOMES

2.7

2.7

2.7 .

NN
N N

5. LOCAL NON-DOME l

2.7

2.7
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Studies in the East Texas Waste Isolation program (continued)

Microseismic monitoring of the Mount Enterprise fault zone: to determine magni-
tudes and locations of earthquakes.

SUBSURFACE GEOLOGY

Interpretation of geophysical logs to elucidate lithology, depositional systems,
structure, tectonic evolution, and geometry of sedimentary units in the
basin.

Construction of 49 stratigraphic and structural regional cross sections:
to carry out basin analysis.

Construction of structural cross sections around 15 domes: to determine geametry

of near-dome stratigraphic units.
|

Interpretation-of reflection seismic data and-time-to-depth conversjon of events:
to examine seismic stratigraphy, especially of units below depth of abundant
well control.

Interpretation of residual gravity: to define salt-related structures.

Analysis of regional fault systems: to examine distribution, geometry,
displacement history, and origin, especially with regard to seismic
potential.

Examination of subsurface data around 15 salt domes: to infer times and patterns
of salt movement over 64 Ma.
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Studies in the East Texas Waste Isolation program (continued)
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Measurerment of thickness changes around 15 salt domes; to quantify rates 2.8
of dome growth over 64 Ma to predict future dome growth.
Oakwood salt-core studies of lithology, geochemistry, fluid inclusions, 4.1
structure, and strain: to evaluate host-rock characteristics. 4.2
4.3
4.4
Oakwood cap-rock studies of lithology, geochemistry, isotopic chemistry, 4.4
. structure, and origin: to evaluate the effects of geologic sealing 4.5
aal by cap rock.
Literature review of internal structure of salt glaciers and diapirs ) *
generally: to evaluate host-rock characteristics.
—Review of mechanisms for initiating salt flow generally: to understand 2.2 2.2
structural evolution of host rock.
Synthesis of petroleum potential of salt domes: to evaluate 1.6
probability of future exploration for resources.
Documentation of petroleum storage in salt domes: to eliminate domes
with prior economic use.
Documentation of hydrocarbon accumulation patterns . 2.11 2.11
GEOHYDROLOGY
Documentation of surface salines: to determine their relation to 3.5

shallow salt domes.

Monitoring ground-water levels: to deduce ground-water flow paths.
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Studies in the East Texas Waste Isolation program (continued)
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Pumping tests of producing wells around Oakwood Dome: to determine
hydrologic properties of fresh-water aquifers.
Analysis of water and existing water-chemistry data: to determine 3.2 1.5
geochemical evolution of fresh and saline aquifers. 3.6 3.2
3.6
Isotopic analysis of ground water: to determine age, residence time 3.4
and source.
o Construction of hydrodynamic models around Oakwood Dome: to evaluate 3.3
the effects of changing several hydrologic variables on flow patterns 5.2
around the dome. . 5.3

Examination of petrography, isotopes, and stratigraphic relations of Butler
——Dome false cap rock: to determine origin and age of alteration. - -

*See separate contract report.
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1.2 TECTONIC EVOLUTION INTRODUCTION

Mesozoic opening of the Gulf of Mexico accompanied thermal processes that controlled

sedimentation during filling of the East Texas Basin.

The character of Mesozoic sedimentary fill in the East Téxas Basin closely reflects underlying
thermally induced tectonic processes characteristic of initial uplift, rifting, and thinning of
Paleozoic continental crust. The subsequent tectonic subsidence allowed restricted~marine
incursions accompanied by rift volcanism. Further subsidénce resulted in the accumulation of
open shallow-marine deposits followed by progradation of the continental margin by delta-
dominated systems toward an oceanic spreading center in the Gulf of Mexico.

The East Texas Basin originated as a Jurassic failed rift north of the principal rift zone
that ultimately formed the Gulf of Mexico (fig. 1.2-1). During the pre-rift stage, lithospheric
expansion and uplift exposed the Paleozoic Ouachita Fold‘y Belt to erosion. With the onset of
rifting, diverging zones of maximum uplift (upwaré arrows in fig. 1.2-1) migrated outward from
the rift axés as the lithosphere rose and stretched, probably as a result of an underlying thermal
anomaly. These zones of uplift were followed by diverging zones of collapse (downward
arrows). Upper Triassic red beds were deposited uncon#ormably as continental rift fill on
eroded basement. Widespread erosion formed the sub-salt 1\arlugular unconformity across Triassic
rift fill and Paleozoic basement.

By mid-Jurassic the basin had subsided sufficiently to allow marine incursions along the
linear trough and its flanks, forming the Louann Salt. Rifté volcanism is recorded by lava flows
and ash falls immediately above and below the salt.

In the late Jurassic, open shallow-marine deposits accumulated on the subsiding con-
tinental shelf in the basin during continental breakup. The paucity of terrigenous sediment on
this shelf suggests that the rift margin was still sufficiently elevated to divert rivers elsewhere.
Continued, cooling-induced subsidence of the divergent coJmtinentai margin eventually allowed
massive progradation of terrigenous clastics in the Late Jurassic and Early Cretaceous at which

time the Gulf of Mexico had completely formed. Throughout the Cretaceous, rates of basin

subsidence and sediment accumulation declined and virtually ceased by the Early Tertiary.
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1.3 STRUCTURAL FRAMEWORK INTRODUCTION

Deformation in the basin resulted from basin subsidence and gravitational flow of salt.

The East Texas Basin has been distorted by second-order anticlines, including salt pillows, salt
diapirs, and turtle structures, formed directly by gravity creep of salt. The basin is bounded by
the Mexia-Talco fault zone in the north and west, by the Sabine Arch in the east, and the
Angelina Flexure in the south.

The western and northern margins of the East Texas Basin coincide with other geologic
structures varying from Pennsylvanian to Tertiary age (fig. 1.3-1): (1) the Pennsylvanian
Ouachita fold and thrust belt beneath Mesozoic cover; and (2) Triassic rift grabens and half
grabens parallel to the Ouachita trends. This part of the basin margin is defined by the Mexia-
Talco Fault Zone, a Jurassic to Eocene peripheral graben system that coincides with the gpdip
limit of the Louann Salt. .

The Sabine Arch forms the eastern margin of the basin (fig. 1.3-2). The southern margin
of the basin is defined by the Angelina Flexure, a hinge lim?e that is generally monoclinal at its
ends and anticlinal in the middle. The Elkhart-Mount Enterprise fault zone extends from just
north of the western end of the Angelina Flexure to the center of the Sabine Arch (fig. 1.3-1).

The gross structure of the East Texas Basin consists of regular basinward dips in the east,
west, and north and a low rim in the south along the Angelﬂna Flexure. Deformation within the
basin appears to be related solely to large-scale, gravitationally induced creep of salt
(halokinesis). The synclinal East Texas Basin has been distorted by three types of second-order,
salt-related anticlines: (1) salt pillows--large, low-amplitude upwarps cored by salt; (2) salt
diapirs--subvertical, cylindrical salt stocks that have pierced the adjacent strata; and (3) turtle

structures--salt-free growth anticlines formed by subsidence of their flanks due to collapse of

underlying salt pillows during salt diapirism.
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1.4 STRATIGRAPHIC FRAMEWORK INTRODUCTION

The basin contains up to 7,000 m of shallow marine and continental sediments overlying the

Louann Salt.

The East Texas Basin contains 5,500-7,000 m (18,000-23,000 ft) of Mesozoic and Cenozoic
evaporites, fluviodeltaic sandstones, shales, and shelf carbonates. Apart from certain Upper
Jurassic shales, deep-water (>300 m;>1,000 ft) facies are absent.

The basin fill in East Texas followed a typical path from purely continental (Late Triassic)
through restricted marine (Early Jurassic) to open shallow marine (Late Jurassic). This was
succeeded by episodes of terrigenous clastic and carbonafe accumulation (Cretaceous), ter-
minating with largely fluvial deposition (Tertiary) (figs. 1.4-1, 1.4-2, Appendix 1). During the
Late Triassic rift stage, Eagle Mills red beds were deposited unconformably on eroded
basement. Mid-Jurassic marine incursions along ‘the rifts deposited the Werner Formation,
consisting of red beds and evaporites, and the evaporitic LoJ;ann Salt.

Open shallow-marine deposits in the Upper Jurassic Smackover, Buckner, Gilmer, and
Bossier Formations represent breakup accumulations on the subsiding continental shelf. Sand-
rich Schuler-Hosston deltas prograded across the divergent continental shelf during the Late
Jurassic and Early Cretaceous. A rapid marine transgressiQn allowed the accumulation of Glen
Rose carbonates, minor evaporites and shale. In the Midj- and Late Cretaceous, deltaic and
fluvial sequences like the Woodbine and Eagle Ford repeatedly prograded and built out the
continental shelf. By the Early Tertiary-the basin was essentially full and fluvial systems
prograded over the southern rim of the basin into the Gulf of Mexico. Net erosion

characterized the last 40 Ma (million years) of geologic time.
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1.5 REGIONAL HYDROGEOLOGY INTRODUCTION

The Wilcox-Carrizo is the most important fresh-water aquifer system in the East Texas Basin.

The Wilcox-Carrizo fresh-water aquifer system is separated from deeper saline aquifers by
600-1,200 m (2,000-4,000 ft) of aquitards and aquicludes. ' A salt-dome repository would lie at
the depth of aquitards and aquicludes between the fresh Wilcox-Carrizo and saline Woodbine
systems.

Major fresh-water aquifers are (youngest to oldest):the Queen City Formation, Carrizo
Formation, and Wilcox Group. The Queen City is a wateri-table (unconfined) system in which
topographic effects create a series of local ground-water basins. Immediately below is the
leaky Reklaw aquitard which causes artesian conditions in parts of the underlying Wilcox-
Carrizo aquifer system. The Wilcox-Carrizo aquifer system includes (1) an artesian (confined)
section overlain by the Reklaw aquitard, and (2) a« water-table (unconfined) system where the
Wilcox-Carrizo crops out along the west, north, and east margins of the basin. The fresh-
brackish water interface (1,000 mg/L) generally lies from 90 to 150 m (300 to 500 ft) above the
base of the Wilcox. The major saline aquifer is the Woodbine Group, separated from the fresh-
water systems by (600-1,200 m) (2,000-4,000 ft) of aquitards and aquicludes. Deeper saline
aquifers include the Paluxy Formation and Glen Rose Subgroup and Hosston Formation (section
4.6). A repository at a depth of 600-900 m (2,000-3,000 fF) would be situated at the depth of
the 600-1,200 m (2,000-4,000 ft) interval between the Wilcoix and Woodbine aquﬁers.

Regional ground-water flow patterns in the Wilcox-Carrizo system are shown in figure
1.5-1. Owing to;a shallow water table (depth =12 m, 40 ft), flow in ;che large outcrop areas
along the west and east margins of the basin correlates closely with topography. Ground-water
flow lines in outcrops emanate from large recharge areas at watershed divides and either
converge on streams or veer downdip. Topographic control on flow is also evident in the

confined (artesian) section of the basin where flow lines| tend to veer away from watershed
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divides and generally converge toward the Trinity, Neches, and Sabine Rivers. This indicates

that the Reklaw aquitard leaks in some areas, and that the Wilcox-Carrizo aquifer may
discharge upward through it to streams. Both Oakwood and Keechi domes are located within
the artesian section. Pressure-depth relations (section 3.1) indicate that upward leakage is

confined to the area around the lower Trinity River.
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1.6 INVENTORY OF EAST TEXAS SALT DOMES INTRODUCTION

Pertinent data for all |5 shallow salt domes are provided in Appendix 2.

A wide range of pertinent geologic and economic datb for all 15 shallow salt domes is
summarized. Salt stock morphology provides a guide to structural maturity.

The primary purpose of this program was to examine the feasibility of isolating nuclear
waste in East Texas salt domes. Appendix 2 presents pertinent geologic and economic data for
all 15 shallow domes: location, residual-gravity expression, depths to cap rock and salt,
orientation and lateral dimensions, shape, cap-rock thickness and composition, geometry of
adjacent strata, faulting around dome, growth history, evidence for collapse, topographic
expression, surface salines, resources, and uses of the domes. Graphics for each dome include
structure contours of the salt stock on a topograph}c base, isometric block diagram of the salt
stock, cross sections showing salt-stock shape along major| and minor axes, and a cross section

through the dome showing adjacent strata.

The orientation of precursor Jurassic-Lower Cretaceous salt ridges controlled the
following aspects of the diapirs that evolved from them: major-axis orientation, diapir-family
orientation, and overhang directions (figs. [.6-1, 1.6-2). | The following variables generally
correlate with increasing structural maturity in salt stocks;L: decreasing axial ratio, increasing
percentage overhang, increasing planar crest area. The best variables for indicating structural

maturity in salt stocks are axial ratio and percentage overhang (fig. 1.6-3). But no one variable

is totally reliable and this approach should be treated with caution.
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. 2.0 REGIONAL GEOLOGIC STUDIES

2.1 PRESENT DISTRIBUTION AND GEOMETRY OF SALT|STRUCTURES

The East Texas Basin is divided into four provinces based on the shape of salt structures.

A central province of salt diapirs is surrounded by three other provinces: intermediate-
amplitude salt pillows (innerj, low-amplitude salt pillows, and a salt wedge (outer). These

provinces reflect increasing thicknesses of the original salt-source layer toward the basin
center.

The present distribution and morphology of salt structures in the East Texas Basin are
portrayed in figure 2.1-1. Undeformed salt, 2.7-4.6 km (8,800-15,000 ft) deep and 225 km (135
mi) long, encircles an array of salt structures. In much of the basin center the Louann Salt is
apparently absent. Salit structures (fig. 2.1-2) are classified into provinces.

(1) An outermost salt wedge consists of apparently undef&rmed salt fromlo to 340-640 m (0 to
1,115-2,100 £t) thick. Its updip pinchout coincides with the Mexia-Talco Fault Zone.

(2) Periclinal salt structures with low amplitude/wavelength ratios are called low-amplitude
salt pillows. These pillows 'al'*e flanked by synclines of Louann Salt. The Louann Salt was
originally at least 550-625 m (1,800-2,050 ft) thick beforei deformation. Overburden thickness
was about 500 m (1,640 ft) throughout provinces | through 3 at the start of salt movement. -

(3) Intermediate-amplitude salt pillows are commonly separated by synclines evacuated of salt

and are larger than pillows of province 2. Original thickness of the salt source layer here is
estimated as 550 - >760 m (1,800 - >2,500 ft).

(4) The salt diapirs of the diapir province in the basin center are the most mature salt
structures. They have all partially "pierced" their overburden and have risen to within 23 m

(75 £t) (Steen Dome) to about 2,000 m (6,560 ft) (Girlie Caldwell Dome) of the present surface.
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2.1-2 Map of salt provinces and salt-structure con‘coursﬂ East Texas Basin (from Seni

Jackson, 1983).
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2.2 MECHANISMS INITIATING SALT FLOW REGIONAL GEOLOGY

Five forces make salt flow; they operate from near surfacegto the deepest parts of the basin.
Salt pillows formed by: (1) differential loading by deltd fronts where salt was shallo{v; (2)
passive rise of salt into gravity-glide anticlines; (3) buoyancy at depths <700 m 2,300 ft), where
salt was loaded by dense carbonates; (4) buoyancy at depths>700 m (>2,300 ft), where salt was
loaded by compacted terrigenous clastics and most other sediments; and (5) thermal convection
may operate in thick salt masses>1,000 m (>3,280 ft) deep.

For salt to undergo steady-state creep (rheid flow) several conditions must be present
although many combinations of factors permit this ductile behavior. Increasing water content,
high temperatures, and low strain rates encourage ductile behavior. Differential stress
(equivalent to hydraulic gradient in fluids) must exceed the elastic limit of the salt for plastic
flow. Numerous geologic variations in thickness, density, viscosity, or temperature (such as
folds, faults, facies changes) provide differential stresses and trigger salt flow.

In the case of a dipping'salt layer of uniform thicknesS overlain by paralle! layers of
uniform thickness, salt will flow downhill, regardless of -the overburden density. This causes
updip thinning and downdip thickening of the salt; cover e)étends updip and shortens downdip by
gravity-glide buckling. Where a dipping layer of uniformly thick salt is overlain by pro-
gressively thicker, denser cover downdip, updip salt flows downhill and downdip salt flows uphill
converging to a point where the gravity head is balanced by the pressure head (P in fig. 2.2-1),
possibly nucleating salt pillows.

East Texas salt pillows initially grew by buoyancy bec;;use a density inversion was induced
by dense Upper Jurassic carbonates overlying less dense saliT (fig. 2.2-2). Salt rise was probably
augmented by folding of the carbonates as they glided intd the basin over the salt detachment
zone. Younger, larger pillows grew from salt ridges formed by intense differential loading at
the leading edge of prograding sandy deltas (fig. 2.2-3). ' In at least one dome (Hainesville)
diapirism was triggered by erosional breaching of a pillow, After deep burial had c&mpacted

terrigenous sediménts, diapir buoyancy was driven by density inversion. Salt may be thermally

convecting in the deepest parts of salt stocks.
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2.2-1 Salt-flow directions with dipping source layer and uniform, onlapping overburden (after
Kehle, in press) ‘
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or 2 X103 g (pg:275)

2.2-2 Fluid gradient in salt pillow (black) below denser cover (after Kehle, in press).
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‘ .
2.2-3 Fluid gradient in tabular salt below P3 and Py, induced by differential loading by dense
sand-rich delta (after Kehle, in press).
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2.3 INITIATION OF SALT FLOW REGIONAL GEOLOGY

Salt flow first formed pillows in pre-Gilmer (Late Jurassic) time.

Seismic data indicate that the oldest salt structures were low-amplitude pillows. The pillows
grew beneath the Smackover-Gilmer carbonate platform. Subsequently Schuler-Hosston deltas
prograded across the platform and formed more-distal salt anticlines.

The earliest record of movement in the Louann Salt is in the overlying shallow-marine
interval below the top of the Upper'Jurassic Gilmer Limestone. This seismic unit thins over
salt anticlines of province 2, and overlying units onlap these anticlines. Low-amplitude salt
pillows therefore grew in pre-Gilmer time. Pillows grew along the westérn margin of the basin
in the pillow provinces 2 and 3 (section 2.1). Oakwood Dome, and possibly Grand Saline Dome,
on the western fringe of the diapiric province 4 also began to grow as pillows in pre-Gilmer
time. -«

The overlying Upper Jurassic marine strata forméd an aggrading, slowly prograding,
carbonate wedge‘t-ﬁ;t loaded the salt fairly uniformly. The evaporitic Buckner Anhydrite
pinches out seaward in the pillow provinces 2 and 3 (fig. 2.3-1A), possibly becausé topographic
swells over pillows restricted circulation of seawate}. The carbonate shelf break is inferred
from abrupt thickening of overlying terrigenous clastics 1along this line. In Gilmer time the
basin was still starved and the slope sediments were thin (fig. 2.3-1A). This accounts for the
lack of contemporaneous halokinesis in the central basin; despite the great thickness of salt
there.

In the Late Jurassic and Early Cretaceous the Schuler-Hosston clastics prograded rapidly
across the carbonate platform as coalescing sand-rich deltas. Progradation slowed on crossing
the shelf break, but the thick deltas continued to advance as a linear front into the previously

starved basin (fig. 2.3-1B). Subsurface mapping delineatesj strike-parallel thicks in provinces 3

and 4, indicating the existence of parallel ridges and troughs. Loading of the pre-Schuler
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substrate by the advancing linear depocenters would have squeezed salt ahead as a frontal bulge

to form salt anticlines (fig. 2.3-1B). Increase in sediment|supply or progradational rate would
have buried the frontal anticline, thereby initiating a parallel, but more distal, salt anticline.

These anticlines were ridges of salt from which the salt diaiairs grew by budding upward.
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2.4 DIAPIRISM REGIONAL GEOLOGY

Three groups of diapirs can be differentiated on the basis of |age and distribution.

Group 1 diapirs grew along the margins of the diapir province in Late Jurassic-Early Cretaceous
time. Group 2 diapirs grew along the basin axis in mid Cretaceous. Group 3 diapirs grew along
the northwestern margins of the diapir province in Late Cretaceous.

By Glen Rose time (mid-Early Cretaceous) salt diapirs were growing in three areas around
the periphery of the diapir province, (fig. 2.4-1), starting a%: about 130 Ma. At least two areas
coincide with known Sch_uler-Hosston clastic depocenters described above. These group |
diapirs thus appear to have been localized by loading on the salt-cored anticlines in front of the
prograding Schuler-Hosston deltas.

By mid-Cretaceous when maximum sedimentation was taking place in the basin center, a
second generation of diapirs evolved, via a pillow sf;ge, from the thick salt (fig. 2.4-2). Sites of
group 2 diapir initiation migratéd from the basin center northward along the basin axis.

The group 3 diapirs on the northern and western margin of the diapir province had
different origin. In the Late Cretaceous subsidence of the East Texas Basin had declined
exponentially to relatively low rates. Tilting of the basin margins by loading of the basin center
would have encouraged basin-edge erosion. Local unconformities exist over Hainesville Dome
and 150-200 km3 (37-49 mi3) of salt are calculated to be migsing. The precursor salt pillow was
breached by erosion; salt withdrawal through extrusion formed the largest secondary peripheral

sink in the East Texas Basin. Erosional breaching of the faulted crests of salt pillows might also

have initiated diapirism of the first and second generations of diapirs.
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REGIONAL GEOLOGY
2.5 EFFECTS OF DOME GROWTH ON FACIES IN ENCLOSING STRATA

Growing salt structures affected topography, thereby inﬂuencing depositional facies.

Studies of paleoenvironments of the East Texas Basin and of modern environments elsewhere
show that growing salt structures formed topographic mounds and depressions. The topographic
influence on sedimentation patterns is characteristic for different dome-growth stages and
Ssedimentary environments.

Syndepositional lithostratigraphic variations in resanse to salt flow highlight the inter-
dependence between sediment accumulation and dome evolution (Appendix 3). These litho-
stratigraphic variations were primarily controlled by paleo;topography. Salt uplift formed broad
swells and small mounds over salt pillows and diapirs, respectively. Concurrently, topographic
and structural basins formed over zones of salt withdrawal, leaving saddles with residual
elevation between the basins (fig. 2.5-1). This salt-related topography influenced sedimentation
patterns, which, in turn, enhanced continued sait flow becahse of increased loading by vertically
stacked facies in the peripheral' sink.

In the East Texas Basin, growth of salt pillows was responsible for uplift and thinning over
broad areas, whereas diapir growth caused uplift and thinning over smaller areas (Appendix 3).
During diapirism the effect of the topographic depression|in the large peripheral sink is much
greater than the effect of the diapir mound. Continued domal "piercement" commonly
destroyed the uplifted strata by erosion or by shoving the uplifted units aside. In contrast,
much of the broad, thinned zone over pillow crests was preserved after pillow collapse when
diapirism buried the thinned region deep below secondary and tertiary peripheral sinks. The
locations of sinks are related to evolutionary stage and rjégional dip. Axial traces of primary
peripheral sinks tend to be updip of the salt pillow. In contrast, secondary and tertiary
peripheral sinks commonly encircle the diapir. This change in position results from the
transition from predominantly downdip lateral flow in the pillow stage to a combination of
centripetal and upward flow in the diapir stage. |

In fluvial and deltaic environments the sedimentary response to salt-influenced topog-

raphy was quite different. Fluvial systems bypassed tqpographic mounds above domes and
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pillows (fig. 2.5-2). Uplifted areas, therefore, tend to be thin and sand poor (fig. 2.5-3).
Subsidence of the peripheral sinks promoted aggradation }f sand-rich fluvial-channel facies.

In terrigenous shelf and shallow-marine carbonate énvironments sand can accumulate by
winnowing on bathymetric shoals, so that salt domes with sufficient surface expression, such as
those in the modern Persian Gulf, are overlain by sand-rich sediments. Lower Cretaceous reefs
have been found in East Texas on saddles with res.ldual elevation between salt-withdrawal basins
(fig. 2.5-1). Dome-crest reefs have been recognized in Qligocene sediments of the Texas Guif
Coast, in Holocene strata in the northwestern Gulf of Mexico, and in the modern Persian Gulf.

This type of reef has not been recognized in East Texas.
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REGIONAL GEOLOGY
2.6 THE EFFECTS OF DOME GROWTH ON STRUCTURE OF ENCLOSING STRATA

Two types of structural inversion affect the structure of strata during diapirism.

Strata immediately adjac¢ent to diapirs invert from anticlinal to synclinal, whereas interdomal
strata invert from synclinal to anticlinal creating a turtle-structure anticline.

During pillow stage of growth strata over the pillow crest and flanks are anticlinal while
strata in the primary peripheral sink over the area of salt withdrawal are synclinal (fig. 2.6-1).
Sediments over the pillow crests undergo extension, commonly with antithetic faults and
central grabens, drape compaction, and differential compaction. But most thinning of strata
above pillows is syndepositional and caused by salt flow.

During the subsequent diapir stage the flzfnks of the pillow deflate because of salt
withdrawal into the central growing diapir. PillowA deflation results in collapse of the originally
anticlinal strata forming a synclinal secondary peripheral sink (e.g. Bethel and Hainesville
Domes, fig. 2.6-1). The core of the primary pe:‘ibheral sink remains unaffected by collapse.
But the flanks of the sink, which overlie the pillow flanks, collapse during diapirism, thereby
forming a turtle-structure anticline. Thickening in secondary peripheral sinks is mainly due to
syndepositional salt flow rather than post-depositional distortion by folding. Diapiric pierce-
ment is commonly assisted by erosional breaching of a salt pillow, as evidenced by angular
unconformities centered around diapirs like Hainesville Dorne.

Salt stocks with upward converging sides (e.g., Palestine and Boggy Creek Domes) drag up

adjacent strata. In contrast, stocks with upward diverging or vertical sides (e.g., Bethel and

Grand Saline Domes) have negligible effect on adjacent strata; this suggests that friction along

the salt contact has only a local effect. All salt stocks examined are bounded by ring faults
along their sides. Antithetic fauits are more abundant ‘qZhan homothetic faults over diapirs.

Thus the effects of lateral extension and collapse predomingte over uplift.
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2.7 EFFECTS OF DOME GROWTH ON SURFACE PROCESSES REGIONAL GEOLOGY

Geomorphic evidence does not preclude Quaternary uplift over Oakwood Dome, but its southern
I

flank may have subsided.

Anomalous geomorphic features over Oakwood Dome include a drainage system that is less
mature and erosional slopes that are steeper than over Keechi and Palestine Domes. These
features are equivocal and do not preclude Quaternary uplift. Scattered depositional terraces
show no evidence of dome-related uplift. On the contrary, the southern part of Oakwood Dome
may have subsided in Quaternary time.

Fracturing induced by dome growth is apparently recorded in the pattern of lineaments
above salt domes. Shallower domes have lineament distributions with lower degrees of
preferred orientation than do deeper domes (fig. 2.7-1). Southern domes (Bethel, Boggy Creek,
Butler, Keechi,'Oakwood, and Pziestine) tend to have lower degrees of lineament preferred
orientation than do northern domes of the same Jepth. The lower preferred orientations are
ascribed to a higher proportion of radial and concentric fractures induced by dome growth.
Southern domes have a significantly higher lineament density than do the northern domes.

Channels over the central par: of Oakwood Dome are incised up to 4 m, unlike the dome
flanks. Some creek channels have migrated away from the dome, leaving cutoff channels
possibly caused by dome uplift. Link-length-distribution analysis of. East Texas drainage
networks over various salt domes indicates that Oakwood Dome has a less mature drainage
system than do other domes.

Morphologic maps of Palestine, Keechi, and Oakwood Domes distinguish between slopes
formed by erosional processes and slopes formed by depositional processes. Hillside e.rosional
slo'pes at Oakwood are considerably steeper than at the other two domes. Erosional slopes

above Oakwood and Palestine Domes are steeper than slopes near each dome. All three domes

display depositional slopes, commonly in a central depression. Above Palestine Dome a man-
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made lake is surrounded by a ring of hills. In the south-central part of Oakwood Dome, a
relatively large floodplain has filled with alluvium twice as thick as in adjacent downstream
areas (fig. 2.7-2). Topographic lows suggest subsidence aver domes, possibly due to dissolution
of cap rock or salt by ground water.

Palestine, Keechi, and Oakwood Domes are located in the Trinity River drainage basin
where four Quaternary terrace levels have been identified. The regional gradient of these
terraces shows no significant domal uplift. On a local scale outcrop and borehole data from
Quaternary terrace deposits at Oakwood and Palestine Domes show no indication of warping due
to dome uplift. However these deposits are too ‘patchy to be sure.

Average denudation rates computed from suspended-sediment-load data (Trinity, Neches,
and Sabine River Basins) and sedimentation resurvéy data from four reservoirs are 0.9 m/10% yr
(3 £t/10% yr) and 1.7 m/10% yr (5.6 ft/10% yr), respectively. These rates are slightly higher than

the estimated maximum rates of dome uplift (see section 2.8).
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2.8 RATES OF DOME GROWTH REGIONAL GEOLOGY

Rates of dome growth declined exponentially with time.

Three different techniques of calculating dome-growth rates show that growth declined
exponentially from 112 Ma to 48 Ma. Extrapolation indicates that none of the East Texas sait
domes are likely to rise more than 0.6 m (2 ft) in the next 104 yr.

Syndepositional thickness variations in surrounding strata allow measu;ement of the
volumes and rates of salt flow.

The concept of gross rate of growth versus net rate of growth is of fundamental
importance (Appendix 4). Gross rates are a function of the volume of salt evacuated from the
withdrawal basin and mobilized up the diapir. Net rates are a function of this process, and all
other processes that affect diapir height and growth rate, such as salt dissolution, extrusion,
and lateral intrusion. Thus gross rates of growth approximate the true rate of salt flow
regardless of the independent motion of the diapir crest. On the other hand, net rates of
growth approximate the actual movement of the diapir crest.

Average growth rates we;e calculated for 16 salt domes for successive periods of 1-17 Ma
and combined to yield curves of long-term growth over 64 Ma (fig. 2.8-1). Maximum gross rates
of dome growth (400-530 m/Ma; 1,310-1,740 ft/Ma) coincided with maximum regional rates of
deposition in the Early Cretaceous from 112 to 104 Ma. Rapid gross rates of dome growth (180-
460 m/Ma gross; 590-1,510 ft/Ma) recurred along the northern and western margins of the diapir
province in the Late Cretaceous from 86 to 56 Ma with growth of Hainesville and Bethel
Domes.

All three growth-rate curves show the same trend of exponential decline with time,
regardless of whether they are based on compacted or "decompacted" sediment thicknesses.
Extrapolation of the most recent well-documented episode of dome growth 65 Ma ago indicates
that none of the East Texas domes are likely to rise by more than 0.6 m (2 ft) in the next

104 yr.
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2.9 FAULT TECTONICS REGIONAL GEOLOGY

All regional fault systems appear to be related to slow gravitational creep of salt.

All the regional faults studied (1) are normal, (2) moved steadily during the Mesozoic and Early
Tertiary, and (3) appear to be related to salt mobilization.

All the regional fault systems were examined in terms of their distribution, geometry,
displacement history, and possible origins. Their relationli to salt structures is shown in figure
2.9-1.

The Mexia-Talco fault zone is a graben between salt-free strata énd strata underiain by
mobile salt that allowed overburden creep into the East Texas Basin. The Elkhart Graben and
the central-basin faults formed by crestal stretching and collapse of strata above salt pillows
and turtle structures (fig. 2.9-2). At least one western fault in the Mount Enterprise fault zone
is a long-active listrié-normal growth fault, downthrown to the north and based in the Louann
Salt. Once initiated, its growth would have been perpetuated by loading induced by sediments
trapped on the downthrown side and by the tensile stress regime near the basin margins.

Faulting ceased before the Quaternary except for a wéstward extension of the north flank

of the Elkhart Graben and small faults south of the Mount !ﬂnterprise fault zone.
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2.10 SEISMICITY REGIONAL GEOLOGY

At least 8 probable earthquakes were recorded near the Mount Enterprise fauit zone in 1981 and

1982.

At least 8 probable earthquakes were recorded by microseismic stations in the Mount Enterprise
fault zone, East Texas, during June 1981 to August 1982. The Jacksonville main shock on
11/6/81 registered 3.0-3.2 mp[ g4, Richter magnitude 3.5-4.0, Mercalli intensity III-V, and was
felt over 500 km2. It is ascribeg to normal faulting in the Mount Enterprise fault zone.

The East Texas Basin is generally considered an area of low seismic risk. However,
historic evidence of apparent earthquakes in 1891 (near Rusk), in 1932 (near Wortham), in 1957
(near Mount Enterprise), and in 1964 (near Hemphill) suggested that seismic monitoriné should
be carried out if the area was a potential site for nuclear-waste storage. The first stage of
monitoring consisted of a single-channel, smoked-'-‘paper seismograph from 2/80 to 5/8l. The
second stage comprised a three-station, telemetered netwoih'k from 6/81 to 8/82.

The following four earthquakes were recorded and located: (1) 3.0 MbLg (approximates
Richter magnitude [myp ] by using high-mode Love waves j[Lg 1), Center, Texas, 6/9/81 U.T.C.
(Universal Corrected Time); (2) 3.2 mpLg, Jacksonville, Texas, 11/6/81 U.T.Cy (3)
1.7 Mcodal = mbLg) aftershock, Jacksonville, Texas, 11/9/81 U.T.C.; and (4) 1.8 Mcoda, Mount
Enterprise; Texas, 12/11/81 U.T.C. The following four earthquakes were recorded but not
precisely located: (1) 2.1 Mcoda, probable aftershock of Jacksonville, Texas, 11/6/81 U.T.Cy
(2) 1.6 Mcoda, possible aftershock of Jacksonville, Texas, 1/5/82 U.T.C.; (3) 2.3 Mcoda and 1.9
Mcoda, 5/13/82 U.T.C.

The Jacksonville m'ain shock was felt over 500 kmZ2 (200 mi2) and the aftershock over

75km?2 (30 mi) (fig. 2.10-1). This event is ascribed to normal faulting along the Mount

Enterprise fault zone, which surrounds the epicenter. The Mount Enterprise Fault Zone is the
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least understood zone in East Texas because of poor subsurface information. Nevertheless, at

least one seismic profile (fig. 2.10-2) indicates that, like the Mexia-Talco Fault Zone, it is based
in the Louann Salt, which suggests that the Mount Enterprise fault zone is also related to salt
creep, indicating a low seismic potential. A releveling profile across the Mount Enterprise fault

zone indicates approximately 14 cm displacement in the past 30 yr.
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2.11 PETROLEUM POTENTIAL OF DOMES ‘ REGIONAL GEOLOGY

Relatively small petroleum reserves have been discovered around East Texas diapirs.

In the central part of the East Texas Basin most oil and gas has been produced from anticlines
over salt pillows because of their large structural closure. In contrast, little oil and gas has
been produced near. salt diapirs because of their much smaller traps.

Petroleum in the East Texas Basin is produced from three types of salt-related anticlines,
listed in order of production: salt pillows, turtle-structure anticlines, and salt diapirs
(figs. 2.11-1). Production statistics from the central part of the basin are shown in figure
2.11-2. Salt pillows have trapped more hydrocarbons than have turtle-structure anticlines
because pillows formed earlier and uplifted thicker sections, thereby creating multiple-zoned
fields.

Only relatively small <107 bbls) hydrocarb:m reservoirs have been discovered at the
shallow salt diapiré, despite intense exploration drilling? for traps similar to those around
productive shallow salt domes in the Gulf Coast Basin. ‘I'hé paucity of hydroéarbons is probably
due to the relativaly small structural closure characteristic of mature East Texas diapirs.
Boggy Creek Dome, a large, immature, ridgelike diapir, uplifts a large stratigraphic section and
contains the largest known accumulation of oil associated with an East Texas Dome. Additional
hydrocarbon reserves might be discovered by deep drilling% of dome flanks below the Woodbine
Group. Thus the present apparent scarcity of petroleum around salt domes does not necessarily

preclude future drilling close to domes or through dome overhangs.
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3.0 REGIONAL HYDROGEOLOGIC STUDIES
3.1 GROUND-WATER HYDRAULICS

Three-dimensional analysis of hydraulic-head data reveals a correlation of ground-water

circulation with topography and geologic structure.

Regional ground-water circulation in the Wilcox-Carrizo aquifer system correlates closely with
topography and geologic structure. A potential for downward vertical flow prevails except
beneath the major streams and their tributaries. Potential for upward flow is greatest beneath
the Trinity River floodplain.

Regional potentiometric surfaces in Eocene aquifers are controlled primarily by topo-
graphy and structure. Outcrop flow patterns closely follow topography as water moves away
from high recharge areas to low discharge areas (fig. 3.1-1). Thus the Queen City does not
form a regionally coherent flow system but, instead, a series of smaller flow cells of closely
spaced recharge and discharge areas. In the confined V{ilcox—Carrizo system, flow approxi-
mately follows the structural dip as ground water moves Lastward in the northern half of the
basin and southward in the southern half. The ground-water divide lies in sou¥hern Smith
County.

Topography affects flow in the confined Wilcox-Carrizo indirectly through leakage
between the Queen City and Wilcox-Carrizo. The leakage? is indicated by a subtle correlation
between the Wilcox-Carrizo potentiometric surface and topography (fig. 3.1-2). Analyses of
vertical head differentials and the distribution of flowing wells confirm the occurrence of
leakage and show its direction. The leakage is predominantly downward, except beneath the

Trinity and Sabine Rivers, which appear to be discharge areas for the confined section

(fig. 3.1-2). In comparison, the Neches River is not a discharge area because it does not incise

Fluid-pressure versus depth (P-D) relations in the

deeply enough to intersect the Wilcox-Carrizo potentiometric surface.
ilcox-Carrizo aquifers (fig. 3.1-3),

measured by well-screen depths and depths to water levelsl help locate areas where there is a

hydraulic potential for vertical flow. Almost all the 59

points plot below the hydrostatic
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pressure line (slope <1.0) indicating that, on the whole, vertical flow is downward (fig. 3.1-3). A
high correlation coefficient shows that the P-D relationship is pt;edictable. This hydraulic
potential for downward flow increases toward higher elevations and from the artesian section to

the outcrops.




3.1-1 Map of regional potentiometric surface of Wilcox-Caii'rizo aquifer in E
Fogg and Kreitler, 1982). ‘ ,

3.1-2 Elevations of Wilcox-Carrizo water levels and maj
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Kreitler, 1982). ‘
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3.2 GROUND-WATER CHEMISTRY REGIONAL HYDROGEOLOGY

Ground-water chemistry indicates recharge over Qakwood Dome.

Ground water in the Wilcox-Carrizo aquifer around most domes in the basin is fresh. Carrizo
water indicates recharge over Oakwood and Keechi Domes.

As ground water flows from recharge areas to discharge areas in the Wilcox-Carrizo
aquifer it generally alters from an acidic, oxidized caﬂcium-magnesium—bicarbonate-sulfate

type to a basic, reduced, sodium-bicarbonate water (fig. 3.2-1). This change in the water

- chemistry is controlled predominantly by calcite dissolution and cation exchange with mont-

morillonitic clays. Water that departs from regional chemical patterns indicates anomalous
hydrologic conditions such as possible dissolution of salt domes or relatively high rates of
recharge to the artesian portion of the Wilcox-Carrjzo.

Water from the Carrizo aquifer at Oakwood Dome characteristically displays lvow pH and
low anion and cation concentrations indicative of a recharge zone. This is supported by light
§13C values (derived from soil carbon dioxide) from the same waters. Carrizo water at Keechi
Dome has similar anomalous chemistry, indicating shallow Eecharge. Water from deeper W:lcox
wells near the dome does not indicate recharge or vertical mixing with overlying Carrizo '
waters. The continuous rise of pH with depth indicates fhe existence of a closed carbonate
system. Deep Wilcox artesian waters are strongly reducing, probably from coalification of
organic material. The high exchange capacity of the montmorillonite and overall reducing
nature of the Wilcox probably would inhibit migration of radionuclides if they were accidentally
released into the aquifer.

The Wilcox Group is pierced By Qakwood Dome, but its ground water around the dome is
primarily fresh 1,000 mg/L total dissolved solids, TDS). The same is also true of most other
domes in the basin, suggesting that the domes are ger‘erally isolated from ground-water

circulation in the Wilcox by cap rocks or muddy facies around the domes.
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3.2-1 Piper diagrams of Wilcox-Carrizo water chemistry (from Fogg and Kreitler, 1982).
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3.3 SUBSURFACE SALINITY NEAR SALT DOMES REGIONAL HYDROGEOLOGY

Three sources of salinity in the Wilcox Group include a possible saline plume by Oakwood Dome.

Estimates of the salinities of formation water in thle Woodbine, Nacatoch, and Wilcox
stratigraphic units have been accomplished using electric-log interpretation (SP and resistivity).
Three sources of salinity affect the Wilcox Group: (1) upward leakage of deep saline waters
along faults, (2) incomplete flushing of saline water in muddy areas of the Wilcox Group, and (3)
salt-dome dissolution. A high TDS plume in the Wilcox northeast of Oakwood Dome may
represent sodium-chloride waters formed by dome dissolution.

Maximum salinity in sands of the Woodbine Formation was mapped from SP logs using
methods outlined by Keys and MacCary (1971). Maximum salinity values range frorr:n 30,000 to
300,000 ppm. Salinities in the Woodbine do not characteristically increase toward salt domes.
Sodium chloride in the Woodbine waters probably originates from dissolution of salt stocks. But
there is no evidence for ongoing solution. The Nacatoch Formation is either missing, very thin,
or tightly cemented everywhere except in the northern pért of the basin. The thin Nacatoch
aquifer poses a negligible threat to the stability of Oakwood and Keechi Domes.

Salinity of the Wilcox Group was estimated by an empirical relationship between electric-
log resistivity and total dissolved solids (TDS). A map of percentage thickness of fresh water
(TDS less than 1,000 mg/L) in the Wilcox aquifer (fig. 3.3-1) indicates three sources of salinity:
(1) upward leakage of deep, saline water along faults, (2) incomplete flushing of saline water in
muddy areas of the Wilcox Group, and (3) salt-dome dissolution. Faults may allow upward
leakage in the Mount Enterprise-Elkhart Graben in southern Anderson and Cherokee and
northern Houston Counties, where salinities increase abruptly. High salinities from salt-dome
dissolution could be confused with high salinities resulting from upward flow along numerous
faults associated with the domes. The lack of high salinit;iies around domes depicted in figure
3.3-1, however, suggests that the domes are neither dissolviing significantly nor inducing upward

leakage.
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Incomplete flushing of saline water in muddy areas of the Wilcox Group is suggested by a

good correlation between saline zones and muddy zones on the sand-percentage map in Upshur
County, southeast of Mount Sylvan Dome and east of Whitehouse and Bullard Domes. The saline
intervals near the three domes are not caused solely by ‘dome dissolution, because salinities
decrease and fresh-water thicknesses increase toward the domes. The saline water in the
muddy sediments may be derived from salt-dome dissolution during the geologic past or from
seas that submerged the Wilcox at least twice since deposition 40 million years ago. The
persistence of saline water in muddy facies is possibly enhanced by ground-water velocities that
are probably as low as 0.0015 to 0.9150 m/10% yr (0.0049 to 3.0020 £t/10% yr). Maximum TDS in
the Wilcox was invariably found in muddy sands near the base of the aquifer. In nearly every
case these concentrations are around 5,000 ppm'zt 1,000 ppm), and in a few isolated areas
appear to reach 10,000 ppm. |

Of all the domes, only Oakwood is associated with a ground-water plume of anomal.ously
high TDS (fig. 3.3-2). The plume has not been verified by water sampling, but it is assumed to
be saline and caused by dome dissolution, because it ﬂan‘ks the dome and is consistent with
ground-water modeling (section 5.3). Modeling indicates that the northeast orientation of the
plume is caused by sand-body distribution and interconnection. If salt was dissolved from the
entire surface of OQakwood Dome, the dissolution rate would be ~10 m/lO‘* yr; with localized

dissolution over 104mZ2 the salt would dissolve at 2,000 m/ JJO“ yr. The relatively muddy Wilcox
strata surrounding Oakwood Dome provides a barrier, in addition to salt-dome cap rock, that
may isolate the dome from the high-permeability, channel-fill sand bodies, except perhaps near

the brackish water plume.
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3.4 GROUND-WATER AGE REGIONAL HYDROGEOLOGY

Youngest 14C ages are found closest to the recharge area over Oakwood Dome, and ages

decrease with depth and distance from the dome.

- 14C ages of ground waters (1,000-15,000 yr) near Qakwood Dome increase down the hydraulic

gradient from the outcrop recharge area toward the Trinity River. 14¢ qges also increase as
the water chemistry evolves. Waters in the shallow Carrizo are younger than waters in the
deeper Wilcox Aquifer.

lic ages of bicarbonate in ground water at the Oakwood Dome help confirm directions
and rates of ground-water flow, previously determined by hydraulic head data, and rates for the
chemical evolution of the ground water. Ages were corrected for dissolution of carbonates.
§13C values, and 14C ages of ground water in the Wilcox, Carrizo., and Queen City aquifers
near Oakwood Dome indicate that ground water flows from outcrop toward the Trinity River,
possibly discharging into Upper Keechi Creek, a tributary of the Trinity River (fig. 3.4-1).
Ground-water ages increase from approximately 1,000 td 4,000 years in the Carrizo aquifer
over QOakwood Dome to 7,000 to 8,000 years in the deeper Carrizo Wilcox aquifers to -
approximately 15,000 years near Upper Keechi Creek. Thus, the youngest ages are closest to
the recharge area over the dome, and ages generally increase with depth and distance away
from the dome (compare section 5.2).

Evolution of the ground-water chemistry. (section: 3.2) from a Ca-Mg-Cl-SOy water
(recharge water) to a Na-HCO3 water coincides with increased 14C age of the san;ples (table

3.4-1).
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3.4-1 14C ages of ground water in Wilcox-Carrizo aquifer near Oakwood Dome (from Kreitler
and Wuerch, 1981).
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3.5 SURFACE SALINES REGIONAL HYDROGEOLOGY

The shallowest salt domes are poor, leaky sites for potentjal repositories.

The shallowest salt domes in the basin ail have surface saline features above them, most of
which are located in depressions. Not only are such areas hydrologically unstable, but they also
make obvious targets for salt mining in the future. ‘

The five shallowest salt domes in the East Texas Basin have overlying surface saline
features (fig. 3.5-1). With the possible exception of Butler, these features occur within or
below well-defined depressions, suggestive of dissolution-induced collapse (fig. 3.5-2). The
shallower domes (1) tended to be discovered earlier, (2) are the most hydrologically unstable,
and (3) are most likely to be breached by future exploration for salt resources. Accordingly
shallow domes (<125 m, <400 ft, depth to salt) are much less favorable as waste repositories
than deeper domes. In the deeper flow systems; ‘the presence of cap rock and muddy facies
around a dome and generally lower flow velocities may be sufficient to reduce dissolution rates

to negligible values.
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3.6 SALINE AQUIFERS REGIONAL HYDROGEOLOGY

The shallower of two deep saline aquifer systems surrounds salt stocks immediately below

hypothetical repository level.

Hydrodynamic and geochemical data reveal two deep, saline aquifer systems: (1) generally
normally pressured, slowly circulating, meteoric sodium-chloride waters in Upper Cretaceous
sands less than 6,000 ft deep; and (2) slightly overpressured, slowly circulating, underlying
meteoric sodium-calcium-chloride waters. The only known example of mixing between these
saline systems and the fresh-water system is at Butler Dome, where pre-Pleistocene false cap
rock formed by near-surface discharge of deep-basin brines.

Given a repository depth of 3,000 ft, which is below the base of fresh ground water, we
need to know whether potential release of radionuciides could enter deep saline aquifers below

the Wilcox Group.

Pressure data from the deep saline aquiférs suggest that there are two hydrologic
systems: (1) the generally normally pressured, circulating, Upper Cretaceous aquifers
<1,800 m 6,000 ft) deep and (2) the partly overpressured, slow circulating, Lower Cretaceous
and Upper Jurassic aquifers >1,800 m (>6,000 ft) deep (fig. 3.6-1). Basin-wide pressures in the
extensive, hydrologically continuous Woodbine sands have dropped significantly because of oil
production in East Texas since the 1930's. Hydraulic potential is presently inadequate to drive
fluids from the Woodbine into overlying meteoric aquifers. Pressure may never recover.

Saline waters in the Upper Cretaceous aquifers are predominantly sodium-chloride type
(fig. 3.6-2). The deeper waters are mainly sodium-calcium-chloride type with much higher
total dissoived solids due to clay reactions, albitization, and other chemical reactions in an
older, more closed system than the shailower sodium-chloride waters surrounding a repository.
Based on §2H and § 130 isotopic composition of the water (fig. 3.6-3), both saline systems have
been flushed of their original connate waters and recharg‘ed by continental meteoric waters.
The presence of meteoric water, rather than connate seawater, implies that both systems are
hydrodynamically active rather than stagnant. The sodium and chlorine in both systems is the

result of dissolution of salt in pillows and diapirs.
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Deep basinal waters have discharged up the flanks of Butler Dome, or a radial fault

associated with it, and possibly Palestine Dome. A false|cap rock of calcite-cemented Carrizo
sandstone has resulted. The §13C and 6180 values of the calcite suggest the waters originated
from the deep basin. Butler Dome is located where the potentiometric surface is depressed and
the Wilcox aquifer is discharging. Lowering of the hydraulic head in the shallow aquifers may
have permitted discharge of deep basin saline waters. In general salt domes in discharge zones
of meteoric aquifers have the greatest potential for migration of deep-basin fluids up the flanks

of diapirs ahd diapir-associated fauits.
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4.0 CORE STUDIES OF OAKWOOD DOME, EAST TEXAS

4.1 SALT-CORE LITHOLOGY

Salt core from Oakwood Dome is greater than 98 percent pure, and displays evidence of two

distinct periods of recrystallization.

Salt core from Oakwood Dome is greater than 98 percent“ pure halite, and displays evidence of
two distinct periods of recrystallization. Deformation and recrystallization during diapir
growth produced a penetrative schistosity. Later recrystallization of the upper 2 m of salt in
the presence of ground water under conditions of low differential stress produced a granoblastic
fabric.

A vertical drill core, LETCO TOG-1, was obtained just north of the axis of the Oakwood
Dome salt stock, Freestone County, East Texas (fig. 4.1-1). It intersects rock salt at
354.5m (1,163 £1) and ends at a depth of 411.8 m (1,351 ft), yielding 57.3 m (188 ft) of rock-salt
core (fig. 4.1-2, Appendix 5). The rock-salt coré contains an average of 1.3 * 0.7 percent
anhydrite. If all the cap rock was derived by residual accumulation of such lo.w concentrations
of anhydrite, dissolution of a column of rock salt more than 6 km high would be required.

The lower 55.4 m (18_1.5 ft) of rock salt, the R-l zone, displays a strong schistosity
induced by diapiric flow of salt (fig. 4.1-2). Recrystallization of previously foliated rock salt
produced a granoblastic polygonal texture of the upper 2 m (6.5 ft) of salt core. Consideration
of homologous temperatures, geothermal gradients and present erosion rates suggest that this
recrystallization occurred at least 3 Ma ago at a minimum depth of 760 m (2,493 f1).
Microstructure, fluid inclusions, and bromine concentrations in halite suggest that recrystalli-
zation of the R-1 and R-2 zones was promoted by downward movement of intercrystalline brine
from the lower contact of the anhydrite cap rock. Bromine concentrations in halite suggest
that rock salt of the recrysfallized R-3 zone has been chemically recycled by limited re-
solution to a greater degree than has the remainder of the rock salt. Intracrystalline fluid

inclusions are confined to the R-3 zone (fig. 4.1-3). Their volume increases upward from 0.0005

percent 60 cm (2 ft) below the cap rock to 0.05 percent at the cap-rock contact.
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4.1-1 Oakwood Dome cross section showing location of TOG-! well (after Giles and Wocd,
1983). '
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4,1-2 Profile of TOG-1 rock-salt core showing R-1, R-2, and R-3 zones, dip of foliation in R-1
zone (dashed line), and disseminated-anhydrite layers (stippled) (from Dix and Jackson, 1982).
See also Appendix J.
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4.1-3 Photomicrograpn of brine inclusions within halite in R-3 zone at depth of 354.7 m
(1163.7 ft) (from Dix and Jackson, 1982).
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4.2 SALT-CORE STRUCTURE OAKWOOD CORE

Geometric analysis suggests that the crest of Oakwood salt stock has been truncated.

Geometric analysis of the megascopic structure in the Oqikwood salt core suggests that the core
has penetrated the hinge zone and lower part of a large inclined overthrust antiform
representing one of the highest and youngest of a series of sait tongues that fed the spreading
diapir cap. The fold geometry also suggests that tens or hundreds of meters of overlying sait
have been truncated from the top of the diapir, most proéably by ground-water dissolution.

Geometric syhthesis of mesoscopic structures in the Oakwood salt core has determined
the form and orientation of the macroscopic structures intersected by the vertical drill core,
TOG-1. Nongraded layering, defined by disseminated anhydrite grains in halite, and' a tectonite
fabric constitute the basic structural elements (fig. 4.2-1). The fabric has a strong schistosity,
défined by the preferred orientation of disc-like halite grains, and a weak mineral lineation.

The structures have been extrapolated to zones adjacent to the core by assuming similar-
type shear folding. The schistosity is axial planar to a series of younger major folds that jointly
‘c—i‘e.f.ine the lower part of a large inclined anticlinorium. The younger major folds refold older
minor isoclines, which are transected by the fabric (fig. 4.5—2).

The core has penetrated the hinge zone and lower limb of an inclined, overturned
antiform. This is inferred to represent one of several salt tongues that have fed the diapir,
rising upward and outward, and changing in orientation from steeply plunging folds to
recumbent, overthrust folds (fig. 4.2-3). Fold structures ;ariginally situated deep in the diapir

have been bared by ground-water dissolution and are now juxtaposed against the base of the cap |,

rock.
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4.2-1 Schistosity
1982).

and anhydrite-rich layers in
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TOG-1 roﬁk-salt core (from Dix and Jackson,



4.3 SALT-CORE STRAIN OAKWOOD CORE

Strain analysis of halite provides further evidence for past truncation of the Oakwood salt

stock.

Strain analysis of 2,400 halite grains in the TOG-1 core indicates that flattening strains
predominate, the ratio of flattening to constriction increases upward, whereas strain intensity

decreases upward. These results provide further evidence for truncation of the crest of the sait
stock in the past.

Measurement of the orientations and axial ratios of 2,400 halite grains at eight sample
sites along the TOG-1 core has allowed the minimum finite strains to be determined by three
different methods: the Harmonic Mean Method, the Theta Curve Method, and the Shape Factor
Grid Method. All the strains recorded (fig. 4.3-1) are of the flatrtening type (0.544 > k> 0.000)
and the ratio of flattening to constriction increases upward. The strain intensity decreases
upward through the foliated salt from 52 to 37 percent shortening (fig. 4.3-2); the unfoliated
R-2 salt underwent about 15 percent shortening. This upward decrease in strain intensity may
mark the trend toward a "neutral" zone of low strain (present in some model diapirs), since
removed by dissolution during diapir truncation.

The or'ientations of maximum extehsion directions sz-lry widely even though the foliation
plane, which contains these directions, dips uniformly. Thus the preferred directions of salt

creep or intergranular fluid flow are also likely to vary within the foliation plane.
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4.4 CAP-ROCK - ROCK-SALT INTERFACE OAKWOOD CORE

Diapiric rise of salt formed a tight contact with the Qakwood cap rock.

Dissolution of halite at the crest of the salt stock released disseminated anhydrite that
accunulated as loose sand on the floor of the dissolutidn cavity. Renewed rise of the salt
tightly closed the cavity and accreted the anhydrite sand against the base of the cap rock.

Intracrystalline fluid inclusions in the R-3 rock salt are most concentrated directly below
the cap-rock contact (section 4.1). This implies that fluids moved down from the base of the
cap rock. The absence of a cavity between rock salt and cap rock (fig. 4.4-1) indicates that the
salt stock is not being dissolved where intersected by the borehole.

The presence of an anhydrite-rich lamina across halite-filled extension fractures at the
base of the cap rock indicates that anhydrite lamina have accreted agaihst the base of the cap
rock as residual sand released by halite dissalution (fig. 4.4-2). Horizontal lamination
throughout the anhydrite cap rock is thought to reflect this process.

Upward force from the rising salt stock probably induced the observed vertical shortening
in the cap rock just above the contact. This strain resulted in horizontal, spaced, stylolitic
cleavage formed by pressure solution and mass transfer of anhydrite. The stylolitic cleavage,
which is marked by a dark, insoluble pyritic residue, transects the older lamination. Further
lateral extension and vertical shortening in the base of the cap rock resulted in halite-filled
vertical extension fractures and ivnclined shear fractures (fi}g. 4.4-2).

Ingress of water resulted in dissolution of the salt stock, formation of cap rock and
addition of sodium chioride to the ground water. These processes are both detrimental and
favorable to waste isolation (tables 4.4-1 and 4.4-2). Despite the strong evidence for repeated
attrition and uplift of the salt stock, the geologic system of rock salt and cap rock has the

ability to offset, at least partially, these negative processes by self-sealing and recovery.
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Table 4.4-1. Inferred processes at the cap-rock - rock-salt contact
of Oakwood Dome that are favorable for storage of nuclear wastes.

OBSERVATION

Tight seal between rock salt and
anhydrite cap rock. Extension
fractures and spaced cleavage in
anhydrite cap rock.

Halite-filled extension fractures
in anhydrite cap rock.

Horizontal, stylolitic spaced cleavage
in anhydrite cap rock.

4
R

FAK’ORABLE SIGNIFICANCE

Ability of sait flow driven by diapirism
to close cavities and apply upward pressure
on cap rock to keep cavity closed.

Abill‘{y of halite to grow in opening frac-
tures, thereby sealing them.

Ability of anhydrite aggregates to respond
to stresses by migrating in solution to
nearby pressure shadows and pore spaces,
thereby reducing porosity and enhancing
sealing properties of the cap rock.




Table 4.4-2. Inferred processes at the cap-rock - rack-salt contact of Oakwood
Dome that are unfavorable to storage of nuclear wastes.

PROCESS OR OBSERVATION

l.

2.

Structural truncation of diapiric crest.
Water-induced recrystallization

of uppermost 2 m of rock salt.

Greater abundance of fluid inclusions in

rock salt close to cap-rock contact.

Accretion of anhydrite lamina against base
of cap rock.

Similar appearance of lamination throughout
anhydrite cap rock.

Tight seal between rock salt and anhydrite
cap rock.

Vertical extension fractures in anhydrite
cap rock.

Low bromine content of halite in lens of
rock salt in anhydrite cap rock.

33

DETRIMENTAL SIGNIFICANCE
Considerable diapiric uplift.

Introduction of water to diapiric crest
and destruction of up to 6 km of rock
salt by repeated episodes of dissolution.

Renewed uplift of salt diapir after most
recent episode of dissolution.

Fracturing and dilation of cap rock because
of rise of salt stock, creating further
avenues for ground water to enter and

wvastes to escape.

Passage of brines through fractures in cap
rock, precipitation of halite in cavities,
and possible escape of brines from cap rock
into surrounding strata.
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4.4~ ; .
%.4-1 Photograph of tight contact between salt and overlying caprock (from Dix and Jackson

1982).
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4.5 CAP ROCK v OAKWOOD CORE

Oakwood Dome cap rock formed in a deep saline environment and appears to be a low-

permeability barrier to dome dissolution.

Cap rock at Oakwood Dome consists of low-permeability anhydrite resting in sharp contact on
the underlying rock salt. A more porous calcite section civerlies the anhydrite. The cap rock
appears to be an effective barrier that inhibits dome dissolution.

Salt-dome cap rock in general may or may not be an effective low-permeability barrier to
future dissolution of salt stocks. Some cap rock, such as that on Gyp Hill Dome, is presently
forming by salt dissolution. Other cap rock such as that on Oakwood Dome, formed in the
geologic past and appears to be an effective low-impermeability seal. Cap rock on top of
Oakwood Salt Dome is 137 m (450 ft) thick in the TOG-1 well (Appendix 6). Above a tight

contact with salt (section 4.4) the following zones are present:

(1) Anhydrite zone, 354 - 277 m (1,163-908 ft), contéinlng low-permeability, low-porosity

granoblastic anhydrite devoid of gypsum (table 4.5-1). The rock is horizontally laminated on
millimeter scale by primary variations in organic content and by stylolitic pressure stripes
induced by diapiric rise of the underlying salt (fig. 4.5-1).

(2) Transitional zone, 277 - 275 m (908-902 ft), containing anhydrite partly altered to

calcite and gypsum.

(3) Calcite zone, 275- 217 m (902-713 ft), consisting of -high-porosity (table 4.5-1),
alternating layers of dark-grey, fine-grained calcite and younger, white, coarse-grained calcite
replacing fractures and occluding porosity. |

The anhydrite zone is postulated to have formed by dissolution of 6 km of rock salt over
100 Ma ago in a relatively deep, hot, saline environment. The calcite zone, characterized by
extremely depleted §13C calcite and traces of biodegraded hydrocarbons, formed in a similar
environment by reduction of anhydrite and oxidation of arganics introduced by groundwater.

Vacherie Dome cap rock, Louisiana, has a similar diagenetic history.
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In contrast the anhydrite cap rock of Gyp Hill, South Texas, is statistically more porous

(table 4.5-1). Textural evidence, chiefly gypsum-cemented anhydrite, indicates that it
formed--and probably still is forming--in a shallower, cooler, and less saline environment, as is

the case for Rayburn's Dome, Louisiana.
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Table 4.5-1. Comparison of porosities and permeabilities of
cap rock from QOakwood and Gyp Hill Salt Domes (from Kreitler and Dutton, 1982).

OAKWOOD CAP ROCK

Caprock Depth Permeability Porosity
Zones - (ft) (millidarcys) (percent)
CALCITE 720 <0.0! 1.3
' 740 <0.01 2.2
760 0.04 3.1
780 - 0.02 3.8
800 43.0 9.1
820 16.0 6.2
820 0.01 4.0
840 _ . <0.0l 13.0
330 ’ <0.01 5.1
TRANSITION 904 0.05 5.7
- 907 <0.01 2.3
907 0.29 8.3
ANHYDRITE 920 " <0.01 0.7
940 <0.01 0.7
960 <0.01 0.8
1,040 <0.01 0.9
1,060 <0.01 0.8
1,080 <0.01 0.8
1,100 <0.01 0.9
1,100 <0.01 1.0
1,120 <0.01 1.3
1,138 0.02 3.3
1,162 <0.01 1.1
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GYP HILL CAP ROCK

Caprock Depth Permeability Porosity
Zones (f1) (millidarcys) (percent)
Gypsum 50 <0.01 L.6
123 <0.01 . 3.0
152 <0.01 | 1.4
171 <0.01 2.0
230 <0.01 2.5
272 <0.01 1.2
284 <0.01 3.4
Anhydrite 310 <0.0! 1.3
340 <0.01 1.5
370 <0.01 | 1.3
400 <0.01 | 2.6
428 <0.01 l.6
500 ¢ <0.01 5.1
600 <0.01 2.6
690 <0.01 3.1
740 <0.01 3.3
794 <0.01 L.6
815 <0.01 2.2
835 <0.01 | 1.6
855 <0.01 | 3.6
875 <0.01 4.4
890 45 20.0
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4.5-1 Photograph of | mm-wide stylolitic laminae in anhydrite cap-rock from TOG-1 (from
Dix and Jackson, 1982). |
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5.0 HYDROGEOLOGIC STUDIES OF OAKWOOD DOME AND VICINITY

5.1 HYDROGEOLOGIC MONITORING AND TESTING

The area over Oakwood Dome is a recharge zone and boreholes through the overhang could

permit flow of fresh water into the salt stock.

Results of pumping tests conducted around Oakwood Dome have been used to calculate
transmissivity, hydraulic conductivity, and storativity. distribution of water levels in wells
directly over the dome delineates a recharge area in the vicinity of the Carrizo outcrop and
correlates with water-chemistry data from the same wells. Unplugged drillholes through the
Oakwood salt overhang could initiate rapid salt dissolution by descending fresh water.

Data collected from monitoring help to detect magnitudes and effects of recharging over

Oakwood Dome. Water levels in all wells were monitored }veekly and biweekly from July 1979
to October 1931. .

The water levels of the Carrizo aquifer were measured on May 15, 1980 (fig. 5.1-1).
Contours clearly indicate a recharge area near the Carrizo and Reklaw outcrops, which is
consistent with the water-chemistry data for Oakwood Dome (see section 3.2). Faults in the
east apparently impede flow, causing the steeper hydraulic gradients. Short-term water-level
fluctuations in all the wells reflect barometric pressure changes and artesian conditions.

In 1979 and 1980, pumping tests were conducted in 14 wells around Oakwood Salt Dome.
Most wells were screened in the Carrizo Formation and the Wilcox Group. Each pumping test
lasted 8 to 24 hours. Values of transmissivity (T), hydraulic conductivity (K), and storativity
obtained from analysis of test data from production wells are shown in table 5.1-1. Lab-derived
K values from depths greater than 1,000 ft (305 m) and the field-derived K values are related to
electric-log resistivity values in the Wilcox Group (fig. 5.1-2). The distributions barely overlap
and their median values differ by a factor of about 103. Awl the field-derived K values (except
from well TOH-2A) are apparently from thick, channellpﬁll sand bodies that consistently
register high electric-log resistivities (Ro). The lab-derivegi values, however, are from thinner

interchannel sand bodies that consistently register low resistivities.
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Several boreholes through the salt overhang of Oakwood Dome represent a potential

hazard. The boreholes may connect the shallow, fresh-water aquifer with the deep, saline
aquifer. The holes could allow rapid salt dissolution by descending fresh water with greater

hydraulic head than the saline water. The problem is increased because some of these boreholes

remain unlocated.
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5.1-2 Electric-log resistivity values in the Wilcox Group compared with lab-derived K values.
98

1982).



66

5.1-1 Test data from monitoring wells around Oakwood Dome (from Fogg, 1981).

Unit, Aquiler interval,

Transinissivity
(m2/d)

Itydraulic
conductivity

(m/d) Storativity

Wwell screencd interval thickness Cooper/lacobC Theisd Cooper/lacobC Theisd  Cooper/JacobC Theisd Remarks
(in) () drawdown/  drawdown drawdown/ drawdown/ drawdown/ drawdown/
recovery recovery recovery recovery recovery recovery
1OG-1WS Carrizo 23.8-51.5 76.0 75. 2.7 2.7 -- -= I. Barrier boundary detected.
30.8-49.4 27.7 20.0 75. 2.9 2.7 - - 2. Head in 1WS dropped below
-5 bottom of upper aquitard
Obs. well Carrizo 27.4-48.8 --a 32.2 --a 1.5? --a 8.2x10°? during test.
OK- 102 42.1-45.1 214 - - -- -- -
TOH-5D Carrizo 142.3-154.5, 270.0 220. 7.0 5.7 -- -- I. The observation well re-
157.0-183.5 sults are  questionable
144.5-150.6, : owing to their great dist-
158.2-182.6 38.7 270.0 240.0 7.0 6.2 -- - ances from TOHM-50, small
Obs. well Carrizo 60.4-79.9 --a 440.7 --a 23.7 --a 1.4 x IO_I‘? drawdown - responses, and
-4 sparsity of measurements.
OK-103 70.1-73.2 19.5 - 440.7 - 23.7 - 1.2x 10 "7 2, Observation well data was
Obs. well Carrizo 39.6-57.9 --a 680.7 --a 37.2 -a 33x10™% Corrected for barometric
OK-104 51.8-54.9 18.3 -- --b -- =b -- --b
TOH-2D2 Carrizo 155.8-176.2 170.0 200.0 8.3 9.8 - -- I. Values of T and K from
2DO are lower because of
- 4 — .
157.3-175.9 20.4 160.0 150.0 7.8 74 » " __poor cos R ier
. Obs. well — Carrizo 155.8-t76.2 140.0 T40.0 6.5 6.9 1.1 x 10 1.3 x 10 2. During pumping, water lev-
. -4 -3 els rose 6.7 cm in
TO11-2DO 158.2-176.8 20.4 140.0 140.0 6.9 6.9 2.2x 10 1.7 x 10 TOH-2A0 and 45.7 cm in
TOH-2A.
TOH-2A Wilcox 579.0-586.0 R 1.4 0.21 0.21 -- -- 1. Incomplete recovery.
579.0-585.0 6.7 1.8 1.6 0.27 0.24 -- --
TOH-2A0 Wilcox 253.9-285 190.0 170.0 6.1 5.5 -- -- 1. Early data used.
2. DBarrier boundary detected.
311 195.0 200.0 6.3 6.4 -- -- 3. During pumping, water
level rose 345.0 cin in
TOH-2A.
4)acob method of analysis inappropriate because u too large. I

b

Recovery measureinents were too sparse (o use.
Oy ~

'rom Cooper and Jacob (1946)

dl:rnln Theas (1935)



5.2 GROUND-WATER MODELING: WILCOX MULTIPLE+ :
AQUIFER SYSTEM OAKWOOD HYDROGEOLOGY

A three dimensional steady-state ground-water flow model has been constructed for the Wilcox

around Qakwood Dome.

A three-dimensional steady-state ground-water flow model has been constructed with an
integrated finite-difference mesh for the Oakwood Dome vicinity (fig. 5.2-1). The model
includes: (1) regional ground-water circulation patterns (fig. 5.2-2), (2) vertical leakage across
the Reklaw aquitard, (3) recharge over Oakwood Dome, and (4) large-scale heterogeneity and
anisotropy of the Wilcox-Carrizo aquifer system. Heterogeneity is a volume-averaged
distribution of horizontal hydraulic conductivity (Kp'). Anisotropy was introduced by lowering
the ratio of vertical to horizontal (K,//Kp') until the model simulated observed pressure-depth
trends. Sensitivity of the model to vertical and horizontal and sand-body interconnection was
tested by simulating different distributions of Ky' and Ky 1/Kp'.

The Wilcox multiple aquifer system contains channel-fill sand bodies complexly dis-
tributed in a less permeable matrix of interchannel sands, Jsilts, and clays. Key uncertainties in
the model are the degree of connection between channel-fill sands and the hydraulic
conductivity (K) of interchannel sands. It appears, however, that channel-fill sands are laterally
disconnected in low-sand-percentage areas and laterally interconnected in high-sand-pércentage
areas, resulting in considerable variations in values of KH’ and ground-water flux. Sand-body
vertical interconnection is generally poor, resulting in an anisotropy ratio (Ky'/Kp") of at most
10-% to 10-3. Vertical flow may be locally large where relatively permeable avenues are
vertical. Qakwood Dome apparently lies in a transition zone where the hydraulic potential for
vertical flow in the Wilcox-Carrizo is relatively small.

The northeast orientation of the brackish plume associated with Oakwood Dome can be
modeled by flow resulting from variable sand-body distribution and interconnection. The
relatively muddy Wilcox strata surrounding Oakwood Dome provide a barrier, in addition to

salt-dome caprock, that may isolate the dome from the high-permeability, channel-fill sand

bodies, except perhaps near the brackish water plume.
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5.2-1 View of upper surface (top of Wilcox-Carrizo aquifier) cf finite-difference model of

ground-water flow, Oakwood Dome area (after Fogg, 1981).

5.2-2 Regional ground-water flow lines in Wilcox-Carrizo ac
Fogg, 1981).
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5.3 GROUND-WATER MODELING: FLOW RATES AND
TRAVEL TIMES OAKWOOD HYDROGEOLOGY

Mode!l hydraulic-head contours and velocity vectors demonstrate that local fluxes can differ

significantly from regional hydraulic gradients.

Computed flow rates are 11 m/104 yr (36 ft/104 yr) in the fine-grained Wilcox facies enclosing
the dome and 1,113 m/104 yr (3,6 52 ft/104 yr) in sandy facies near the dome.

Model hydraulic-head contours and velocity vectors demonstrate that local fluxes can
differ significantly from regional hydraulic gradients. Ground-water flow rates computed from
the model are 11 m/10%4 yr (36 £t/10% yr) in the fine-grained facies in the Wilcox around the
dome and 1,113 m/10% yr (3,652 £t/10% yr) in the high-percentage sand facies near Oakwood
Dome (fig. 5.3-1). These flow rates may decrease Ey as much as 102 from top to bottom of the
Wilcox-Carrizo aquifer system. Thus the model predicts a residence time of 105-106 yr in the
fine-grained facies and 103-10% yr in high-percentage sénd facies.

Because QOakwood Dome is practically ‘surrounded by interchannel facies as a result of
syndepositional dome growth, the dome may be virtually isolated from circulating Wilcox
ground water. A possible exception is where channel-fill sandy facies abut against the
northeast flank, coinciding with a brackish plume that apparently results from dissolution of
salt or cap rock (section 3.3).

Recharge over Oakwood Dome probably is very sr;hall and affects only shallow ground-
water conditions directly over the dome. Almost all the recharge water is discharged in the
outcrbp area. Ground-water flow rates in the artesié.n section are consequently sluggish

compared with the outcrop section.
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5.3-1 Ground-water velocity vectors computed in model simulation A (from Fogg and others,

1982).
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Appendix 1.

Basin (from Wood and Guevara, 1981).

Lithologic descriptions, correlation notes, and selected references, East Texas

STRATIGRAPHIC UNITS

LITHOLOGY, FAC!ES%ELAT!ONSHIPS,'
AND STRATIGRAPHIC NOTES

SELECTED REFERENCESt

GROUP FORMATION *Lithic composition is from Sellards and others (1932), Bailey and others (1945), Barrow (1953)
Waters and others (1955), Nichgls and others (1968), and Forgotson and Forgotson (1976).
Wi tThe following references describe the entire stratigraphic column in the East Texas Basin:
; z Seilards and others (1932), Waters and others (1955), Eaton (1956), Nichols and others (1968),
> W Agagu and others (1980a). Othgr referances listed below discuss the specific units and refer
©»nin specifically to basin strata. See fext for further references cn adjacent areas.
CLAIBORNE Yegua Fm. Sand. sandy clay. and compact clay: contains minor ben- | Barnes (1965, 1966, 1967b, 1970),
Shallow marine to tonite and iignite. Guevara and Garcia (1972),
ronmarine clastic ™ — - H .
strata. Weches Cook Mountain Clay and shale that are brown, iglauconitic, fossiliferous:; obday and others (1580)
Queen City ar;d Fm. contains some sandy shale, sgme limestone. Formerly
Rekiaw som'etimes known as “Crockett Member” ot Cook Mountain Formation.
have been com- Sparta Fm. Gray to bu!ff sand with erratic sanby shale or clays: contains
bined to form some glauconitic sand, limonite, dnd lignite. Formerly mem-
Mount Seiman ber of Cook Mountain Formation.
Formation. Con- - - -
u | tacts between for- Weches Fm. Glauconite that is sand sized, dark green to black, fossilifer-
Z | mations are typi- ous. bedded: contains significant glauconitic clay and gtau-
& | cally difficuit to conitic sand. ‘
Q ?9;“;‘“:" by elec- | Queen City Fm. Sand and sandy clay that are thin bedded, white and red.
ric logs. ’
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é WILCOX Unditferentiated Nonmarine clastic strata. Poorly consohdated silt to coarse- | Barnes (1965, 1966, 1967b. 1970,
by grained sandstone; interbedded with medium-brown-gray, | 1972), Fisher and McGowen
[ very carbonaceous, micaceous, pyritic, softand flaky shaie; | (1967), Kaiser (1978).
contains lignite, siderite, clay ironstone, and bentonite
stringers. Wilcox iocally is very calcareous. In outcrop Wilcox
civides into Caivert Bluff, Simsborg, and Hooper formations.
— Wilcox in outcrop was formerly cailed “Rockdate Formation.”
Some workers place Wilcox entirely witnin the Eocene; others
(including this paper) contend that it includes upper Paieo-
w cene strata.
zZ 1 - -
w | MIDWAY Undifferentiated Marine shale that (s medium gray tp brown gray, micaceous, | Barnes (1965, 1966, 1967b, 1970,
Q calcareous {0 noncalcareous; coptains thin beds of fine- | 1972).
8 grained sandstone and siderite near top, thin beds of glau-
- conitic quartz sandstone toward; base, biack phosphatic
é nodules at base. Upper contact with Wiicox Group is grada-
tionai: this report places top cf Mibway at base of last sand
greater than 10 ft thick. In outcropg Midway subdivides into
Wills Point and Kincaid Formations.
NAVARRO Upper Navarro Microtossiliferous ana micaceous|clay and shale. Unit has | Barrow (1953), Granata {1963),
Upper contact is Clay been inciudea with Upper Mavarrd Marl and called "Kemp | Barnes {1966, 19670, 1972), Stehli
an unconformity Clay.” i and others (1972), Mc Gowen and
i icut — Lopez (in press).
Ejnean‘n:a?‘e”i.r?ls:u;? Upper Navarro Mart; occurs throughout basin. pez (in p )
surface without Mari ‘
paleontological Nacatoch Sand Sandstone that s fine grained, well sorted, somewhat cai-
data. Localiy. careous. Thins and pinches out 13 the south.
lack phospbhatic - - +
o :::m:s at gase of | Lower Navarro Shale that is microfossiliferous. micaceous, and fiaky. Has
3 Micway Group Fm. been called “Neylandviite Marl.
Q % have been used as
8 el contact.
5 5‘ TAYLOR Upper Tayior Mari and shale. Marl is gray. microfossiliferous. Shale is | Eltisor and Teagis (1934),
w | (7| Upper contact Fm. brown gray, Haky, stightly calcargous. A iimy shale, the | Stephenson (1937), Barrow
8 with Navarro Saratoga, occurs at base of unit af eastern edge ¢! basin. | (1953), Granata (1963), Stehtiand
s difficul X - . y
Group is difficult Pecan Gap Chatk Light-gray, microfossiliferous cnatk throughout most of others (1972). Thompson and
1o determine with- basin. Thickens and is transitionai t twith Annona Chaik others (1978).
out paleontologi- . a itionai to|east nnona Chaik.
cai data. Woife City Sand Sandstone that is very fine grainei, thiniy bedded. argitla-
ceous, and glauconitic. in the western part of the basin,
locally porous and thick. i
Lower Tayior Shate that is medium gray, fissile, madaceous. glauconitic, and
Fm. calcargous to noncalcarecus. Transitional to east with
Annona Chalk and Ozan Chatk. |
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Appendix | (cont.)

STRATIGRAPHIC UNITS

LITHOLOGY, FACIES RELATIONSHIPS,

AND STRATIGRAPHI

C NOTES

SELECTED REFERENCES

SYSTEM
SERIES

GROUP

FORMATICN

CRETACEOUS

GULFIAN

AUSTIN

No definitive strati~
graphic study of
group has been
accomplished for
basin. Thus, major
ditferences are
cited in the
iiterature for
stratigraphic and
facies relation-
ships, as well as
nomenciature.

Gober Chaik

Chalk that occurs throughout most o

basin, but may be dis-

continuous. "Gober" has been appiied to any chalk in this
stratigraphic position. Top of Gober conventionally has been

called "top of Austin Group,” but lith
grade into Ozan Chaik (Taylor Grou

ologic unit appears to
p) to east.

Brownstown
Fm.

Clay or shale. Where underlying Bidssom Sand is absent,
Brownstown is indistinguishable on electric logs from
Bonham Clay.

Blossom Sand

Sand. discontinuous. Most sands in this stratigraphic pnsi-
tion have been cailed “Blossom."

Bonham Clay

Clay or shaie. ;

Austin Chalk

1

Limestone that is light gray, argitlacepus. fossiliferous. and
chalky; interbedded with thin snale beds. Top 1s marked by
“glauconitic chalk stringer” across much of basin. Discon-
tinuous sand below glauconitic chalk stringer is sometimes
known as "Second Blossom.” At basa of Austin Chalk there
is a distinctive member, Ector Chaik, which is white to dark
gray and brown, and massive. Austin Group becomes sandier
to east and grades into Tokio Formation. Due to uplift and
erosion of Sabine Uplift, base of Austin Chaik is marked by
unconformity that truncates Eagle Ford, Woodbine, and part
of Washita along eastern margin of gtudy area.

Barrow (1953}, Forgotson (1958),
Granata (1963), Nichois {1964),
Stehli and others (1972),
Thompson and others (1978).

EAGLE FORD

Undifferentiated

Shale with sand members. Shaie is ve ‘ fine grained, medium
gray, platy, and micaceods; becomes sandy, particularly to
north. Sand members, Subclarksvitle, Coker, and Harris
Sands, are fine grained, glauconitic, micaceous, and locally
porous. “Subclarksville Sand” has cdme to mean youngest
sand beneath unconformity at base of Austin Chalk and
commonly has been apphied to sands that correlate with
other sand members. Notations such ds "first,” "second,” and
“thir@” Subclarksville Sand are also common. Harris Sand
may consist of reworked Woodbine| sands. Eagle Ford is
missing in eastern part of basin because of overlying
unconformity.

Barrow (1953), Forgotson (1958),
Granata (1963), Nichols (1964),
Stenli and others (1972).

WOODBINE

Undifferentiated

Sand that is very fine to medium graingd, well sorted, friable.
calcareous to noncalcareous; interbedded with multicolored

and waxen shales; conglomeratic; contain ng abundant ben-
tonitic volcanic ash. There are two members: Lewisviile is

shelf-strandplain facies and under!

ing Dexter is fluvial

facies. Woodbine is overtain by Austin Chalk along eastern
part of basin where Eagile Ford has heen removed. Farther
east, Woodbine is also truncated by unconformity. Some
workers indicate a significant pre-Wgodbine unconformity
in basin; this report shows an unconfoymity betow Woodbine

only where Maness Shale is missing

Bailey and others (1945), Barrow
(1953), Forgotson (1958), Granata
(1963), Nichols (1964), Oliver

{1971), Stehli and cthers (1972).

COMANCHEAN

WASHITA

Maness Shale

Shale that is dark gray, faintly iamin
copper or bronze color, and concho
tional between Washita Group and

sometimes has been included in Wo

ated. distinguished by
dat fractures. Transi-
Woodbine Group and
odbine Group.

Suda Limestone

Limestone thatis white, dense; marty niear top. siightly porous

to southwest.

Grayson-Det Rio
Fm

Gray, calcareous shale; contains interbedded limestone that
is brown gray, microcrystaiiine, densa, stightly argillaceous.

Mainstreet
Limestone

Limestone that is gray or white, fossili

ferous; marty to south.

weno-
Paw Paw
Limestone

Gray limestone; interbedded with shales. Paw Paw is sandy

and shaly factes in outcrop and in ext
basin.

eme northwest part of

Denton Shale

Gray shate and marl in northwest part of basin. Thins and

inctudes limestone beds in southeast.

Fort Wortnh
Limestone

Limestone that is white to lightgray, h
some marty streaks; becomes shaly t
north and west: porous eisewhere.

ard. dense; containing
o north. Nonporous in

Duck Creek
Shale

Oark-gray mari;
nodular limestone.

interbedded with gray,

fossiliterous.

GEORGETOWN SUBGROUP

Duck Creek
Limestone

Gray limestone; contains some marl.

Commoniy combined

with overlying shale and named Duck Creek Formation.

Baiiey and others (1945), Eaton
and Reynolds (1951), Barrow
(1953), Granata (1963), Nichols
(1964), Mosteiler (1970), Scott
and others (1978).
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Appendix ! (cont.)

STRATIGRAPHIC UNITS

LITHOLOGY, FACIES RELATIONSHIPS,
AND STRATIGRAPHIC NOTES

SELECTED REFERENCES

SYSTEM
SERIES

CRETACEOUS
COMANCHEAN

Biack, laminated shale; contains thin beds of fossiliferous
limestone: becomes porous to southeast. Interfingers with
limestones of overlying Washita Gr¢up: in this report upper
boundary is base of last Washita Ii(nestone.

Limestone that is white to light grayish-brown, dense; con-
tains catcite veins. Grades into porous Edwards Limestone
at southeastern extremity of basin |

Bailey and others (1945), Eaton
angd Reynolds (1951), Barrow
(1953), Granata (1963), Nichols
(1964), Mostetier (1970}, Scott
and others (1978).

Very fine to medium-grained sandgtone: interbedded with
varicolored, waxen shale, and with mudstone; contains thin
carbonaceous laminae, and thin. lenses of congiomerate.
Grades southward into shale that is dark gray. pyritic, sider-
itic, fissite, and interbeuded limestone. Shale and limestone
facies in southern third of the basin is Wainut Formation and
is difficuit to distinguish from overlying Goodiand Limestone.
Paluxy grades into Antlers Sandstone in northern extremities
of basin. Walnut is considered to be of Fredericksburg age,
but Paluxy is normally grouped with Trinity Group because
it is gifficult to distinguish from clastic facies of underlying
Upper Glen Rose in northern part ot basin. in Louisiana,
"Paluxy” has come to include clastic facies of underlying
Upper Glen Rose. In this report. Walnut is undistinguished
from Paluxy. |

Bailey and others (1945). Barrow
(1953), Granata (1963), Nichols
{1964), Mostetler (1970), Caughey
(1977).

Limestone that is light to medium brawn-gray, dense, locally
porous:. interbedded with medium- todark-gray, fissile shale.
Anhydrite zones in lowexpart of formiation are cailed “stray,”
“first,” “second,” and “third" anhydrite stringers and can be
correlated over large areas. Toward northeast uppermost
Glen Rose becomes Paluxy-iike clastic facies, and limestone
occurs only at base of formation. Upper Glen Rosein Texas
is equivatent to Rusk Formation in Louisiana, where term
“Glen Rose"” excludes Paluxy-like clastic facies mentioned
above.

Barrow (1953), Forgotson (1956,
1957), Nichols (1964)

White, saccharoidai anhydrite: intergedded with red to gray
shale, light- to medium-gray, dense, pelletal limestone, and
some dotomite. Anhydrite has momedﬁ chicken-wire texture.
Ferry Lake Anhydrite of Louisiana is equivalent to Massive
Anhydrite of Texas. "Mooringsport Fofmation” has been used
tor interval from top of anhydrite stringer in the Upper Glen
Rose to base of Massive Anhydrite. 8acon Limeis local lime-
stone, porous. pelletal, oolitic, at base of Massive Anhydrite.
Top of Massive Anhvdrite is gifficult {0 correlate but base is
good marker. !

Jones (1945), Barrow (1953),
Forgotson (1956, 1957), Granata
(1963), Nichols (1964}, Bushaw
(1968).

GROUP FORMATION
Fredericks- Kiamichi Shaie
burg
Goodland
Limestone
TRINITY Paluxy Fm.
Upper
Glen Rose
Fm.
Massive
Anhydrite
a
2
Q
«
]
jas]
8 Lower
w | Glen Rose
n Fm.
Q
s
P4
w
-
Q

Composed of the Rodessa Memberf (interbedded shale,
anhydrite, limestone. and sandstone), James Limestone
Member (limestone is gray. dense, nofiporous, locaily oolitic
and coquinoidal; contains shaie), Pine island Shale Member
(dark shale with some interbedded hm$stone and sandstone),
and Pettet (Sligo) Member (mediumr to dark-brown-gray,
dense limestone. interbedded with dark-gray shale). Pettet
is fossiliferous, pelletal, and colitic to narth and west; it is
transitional with undertying Travis Peak (Hosston) and is
commonly considered a member of Travis Peak. Thisreport
includes Pettet with Lower Glen Rose primarily because of
lithology; sands of Travis Peak are easity identified, but top
of Pettet is difficult to identify in northern part of basin. All
members of Lower Glen Rose become more terrigenous in
northern part of basin: James Limestdne becomes indistin-
guishable, and a sandy unit called "Piftsburg” appears near
base. Rodessa includes local porous. groductive zones such
as Hill, Neugent, and Henderson sandy zones, and Gloyd,
Dees, and Young limestones. Shaie getween Rodessa and
James is normally cailed "Bexar Shale”; in this report it is
inctuded with Rodessa. “Pettet” 1s commonty used in East
Texas; however, in Louisiana and South Texas. same unit is
called “Sligo.” In Louisiana, “Pettet” refers only to porous
limestone facies of Sligo.

Barrow (1953), Forgotson (1956,
1957). Granata (1963), Nichois
(1964), Bushaw {1968).
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Appendix | (cont.

STRATIGRAPHIC UNITS

LITHOLOGY, FACIES RELATIONSHIPS,
AND STRATIGRAPHIC NOTES

SELECTED REFERENCES

SYSTEM

SERIES

CRETACEOUS
COMANCHEAN

Predominantly fine- to medium-graingd sandstone andinter-
bedded dull-red and gray-green, argnaceous shale. Pale-
green, carbonaceous siitstone found in upper part of unit;
lenticular chert and quartz pebbie conglomerate beds found
throughout. “Hosston,” commonly ysed in Louisiana and

Arkansas, is generaily favored over 1
“Travis Peak " has been retained withi

[ravis Peak ' however,
n East Texas Basin by

common usage. Confusion persists bdcause subsurface unit

is not equivalent to Travis Peak in outcrop in Central Texas;
Travis Peak at outcrop is equivalent to part of Lower Glen
Rose. Base of unit is unconformabie gxceptin southern part
ot basin, but it s rarely distinguishabig on electriclogs due to
similar composition of Travis Peak and underlying Schuler.

Barrow (1953), Forgotson (1957),
Granata (1963), Bushaw (1968).

JURASSIC

Fine- to medium-grained sandstone interbedded with vari-
colored, waxen shale. Locally congigmeratic. Fossiliferous
limestones occur in the iower portion.

Shale that is gray, micaceous. and noncaicareous; inter-
bedded with microcrystatline limestone.

Imiay (1943), Swain (1944, 1949),
Barrow (1953), Forgotson
(19544, b), Eaton (1961), Nichols
(1964), Todd and Mitchum (1977},
Coilins (1980).

UPPER

Limestone that is gray to brown, dense. micritic; sometimes
oolitic and pseudo-oolitic, or sometimes argitiaceous; inter-
bedded with thin beds of dark-gray shale. Unit occurs over
most of study area and becomes increasingly shaly to south-

east. Gilmer previously has been inforrhaily known as “Cotton

Valley Limestone.” “‘Lower Cotto
“HMaynesville.” However, unit is not
Group, and it is lithically different

n Valley time” or
part of Cotton Vailey
rom, but does grade

laterally into. terrigenous Haynesville Formation of Louisiana.

Forgotson {1954a, b), Forgotson
and Forgotson (1976), Todd and
Mitchum (1977), Collins (1980).

Pink to white anhiydrite and halite, red shaie, and pink doio-
mite. Evaporites occur primarily in northeast. Buckner grades

into Smackover Formation 1o southeast.

Imiay (1943}, Swain {1949), Sarrow
(1933). Forgotson (1954a. b),
Todd and Mitchum (1977).

Limestone that is brownish gray, denJe. microcrystaiiine. At
north and west parts of basin are some moderately fossilif-
erous oolitic limestones and some tani, porous to nonporous
dolomite. !

Eaton (1961), Coltins (1980).

TRIASSIC

UPPER LOWER] MIDDLE

Red beds consisting of very fine grained, well-sorted, slightly
calcareous sandstone. interbedded w{nn siltstone and smait
amounts of red to maroon, plastic shale; some halite at base:
some thin dolomites, anhydrites, and conglomerates through-
out. Unit becomes more fine grained to south.

Halite that is white to pale gray or pale biue. Gradationat with
overlying Norphiet and underlying Werner Formations.

Anhydrite containing local sandstone and conglomerate at
base. | :

Red shale, some fine-grained red to p"nk sandstone, andred
10 brown, dense limestone. May no(‘extend into center of
basin. :

Barrow (1953), Eaton (1961),
Nichols (1964), Todd and Mitchum
(1977).

PALEOZOIC

GROUP FORMATION
TRINITY Travis Peak
{con.) Fm.

COTTON VALLEY | Schuler Fm.
gossier Fm.

LOUARK Gilmer
Limestone
Buckner Fm.
Smackover Fm.

LOUARNN Norphlet Fm,
Louann Sait
Werner Fm.
Eagle Mills Fm.

PRE-EAGLE

MILLS

Pennsyivamian and otder, partialty matamoephosed shales.

Swain (1949), Nichols {19€4).
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1.0

1.1

1.2

1.3

1.4

Appendix 2. Dome catalog.

DOME NAME:

LOCATION: N - north

E - east
S - south
W - west

RESIDUAL GRAVITY EXPRESSION: Based on data from Exploration Techniques (1979)
and a basinwide residual gravity map from
Exploration Techniques (1979).
GU: gravity units (0.1 milligal)

DEPTH: Depths in ft (m) below topographic surface.
Contour elevations in ft (m) below sea level.’

ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT
STOCK: Modified from structure-contour maps of top] of salt from Netheriand,
Sewell, and Associates (1976).

Qrientation=Y

Center of diapir
(diapir axis)
Orientation: Map view

Minor axis

Crestal area - Ac

Structure-contour map Maximum area megsured by

planimetry - Am

; Ac
Percentage [pianar crest - am x 100%
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1.5 SHAPE OF SALT STOCK:

Modified from structure-gontour maps of top of salt
from Netherland, Sewell,

and Associates (1976).

major axis

Axial ratio R = -
at ratio minor axis

Cross section

+
ty

diopir axis +

Ellipticai R=1.1-2.5
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minor axis

|
E major axis

Verticat axis = 90°

a = axial piunqe
B :=axiat tilt

= tilt orientation

TO =tilt distance

: axial plunge
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Crest shape

Planar -~ convex

[+ + +.\
+ 4+ + +

Planar
+ + + +
+ + o+
Ptanar- conicat
+ o+ 4+
+ + + +
Conical
A @-
ni¢col ~con
A\ Co convex
+ o+ o+ ++*
+ o+

Sides
Upward converging
Upward diverging
Parallel

Overhang

=direction of
maximum overhang

overhang

Contouyrs in feet beiow seq levei
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Convex
+ o+

+ + + +

Cross section

Aq :overhang area
Ap=neck areg

I
1 0D :=overhang distance

—:—2 x 100 = overhang percentage
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1.7 GEOMETRY OF ADJOINING STRATA:

P

Lateral extent of rim anticline measured -

from trough point to trough point and
rim syncline measured from crest point
to crest point on dome cross sections.

Vertical variation in limb dip measured
from dome cross sections.

§ = Dihedral angle between strata and
dome flank.

A = Dip of strata at flank of salt stock.
Note sign convention.

A>Q Strata dip away from dome.

A=0 Strata are horizontal.

A<Q Strata dip toward dome.

1.8 FAULTING OF ADJACENT STRATA:

crast point crest point

——————— p——

— e — e — —

|- e ——

trough
point

trough
point

\—rim synciine—/_)‘

3 piane +

Usage after Cloos (1928) and Dennis and Ketley (1980),

antithetic

antithetic
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2.0 GROWTH HISTORY:

After Jackson and Seni (1983) and Seni and Jackson (in press).
One million years equals | Ma.

2.7 EVIDENCE FOR COLLAPSE:

Drainage system

| Central Centrifugat

Type | - Centrifugal -- radial drainage away from dome.

CENTRAL
dome MOUNO
///’-ouane
_4_7ﬁ"<%«r—;/
¢ }_4, CENTRAL DEPRESSION
}{ Vi
-
2 3 4
Centripetal Subcentripatal Transverse

Type 2 - Centripetal -- radial drainage toward center of dome.

TN
/ ' 7\
'7‘7*{**
/ |
~=7 i

Type 3 - Subcentripetal -- partial drainage toward center of dome.

YD
{ {
\

\“/

Type 4 - Transverse -~ drainage across dome.

o~
-
<
]
/
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1.0 DOME NAME: BETHEL

1.1 LOCATION: NW Anderson Co.
31° 53' 23" N; 96° 54' 54" W

1.2 RESIDUAL GRAVITY EXPRESSION: -88 GU
1.3 DEPTH: Depth to Cap Rock: 1,440 ft (439 m)

Depth to Salt Stock: 1,600 ft (488 m)

Depth to Top of Louann Salt (approximate): 20,000 ft (6,100 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 2.3 mi (3.7 km)
Orientation: 015°

Minor Axis: Length: 1.9 mi (3.0 km)

Area: 3.4 mi2 (8.7 km?)

Area of Planar Crest: 2.8 mi< (7.2 km?2)

Percentage Planar Crest: 32% -

1.5 SHAPE OF SALT STOCK:

General: Piercement stock

Plan: Elliptical (axial ratio: 1.2)

Cross Section:
Axis: Vertical, axial plunge 90°
Approximate Overall Symmetry: Orthorhombic }
Crest: Planar-conical }
Sides:  Upward diverging from -2,500 ft to -5,000 ft (-762 m to -1,524 m);

upward converging above -2,500 ft (-762 m); deepest data -5,000 ft (-1,52¢4
m) ‘ '
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BETHEL

Overhang: Well developed, circum-domal, symmetrical, elevation -2,500 ft
(-762 m); maximum lateral overhang 2,100 ft (640 m) on S flank;
percentage overhang 63%

1.6 CAP ROCK:

Maximum Stratigraphic Thickness: 493 ft (150 m) in center, thins toward flanks of
dome

Minimum Stratigraphic Thickness: 62 ft (19 m)
Composition: Calcite, anhydrite
1.7 GEOMETRY OF ADJACENT STRATA:
Lateral Extent of Rim Syncline: 48,000 ft (14,600 m)
Lateral Extent of Rim Anticline: 12,000 ft (3,650 m)
Vertical Yariation in Maximum Limb Dip: A = -2 to -6° from elevation -1,650 ft to
-10,000 £t (-500 to -3,000 m)
A = 0°at -1,000 ft (-300 m)
A = +8 above -1,000 ft (-300 m)

§ Angle Between Salt and Surrounding Strata:

$ = 90° at -9,300 ft (-2,800 m) to - 1,650 ft (-500 m),
$ =  20° at -1,300 ft (-400 m), declines to
§ =

0° at -650 ft (-200 m); ring fault below -200 m
Oldest Planar Overburden: Claiborne Group |
1.8 FAULTING OF ADJACENT STRATA:

: i
Faults at Flanks: On both sides, single offset, normal, antithetic, down-to-dome faults
NW side, Woodbine and Eagle Ford age (growth). SE side, Paluxy age.

Crestal Faults:  Single offset, normal, antithetic, down-to-dome fault on NW side.
Youngest Faulted Strata: Claiborne Group

Oldest Strata Brought to Surface: Claiborne Group |
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BETHEL

2.0 GROWTH HISTORY:

2.1 PRIMARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: 86 Ma
Duration of Growth: At least 26 Ma
Distance of Axial Trace from Center of Dome: 6 mi (10 km)
2.2 SECONDARY PERIPHERAL SINK:
Age of Initiation: 86 Ma
Age of Cessation: 50 Ma
2.3 TERTIARY PERIPr =RAL SINK:
Age of Initiation: 50 Ma
Age of Cessation: Post-48 Ma
2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 73 Ma

2.5 DOME-RELATED UNCONFORMITIES: None recognized, but timing of diapirism is
similar to that of Halnesyille Dome

Evidence for Extrusion and Erosion of Salt: None recognized, but timing of diapirism is
similar to that of Hainesville Dome.

2.6 YOUNGEST DEFORMATION: Fault in Wilcox Group

2.7 EVIDENCE FOR COLLAPSE:
Configuration of Overburden Strata: Flat-lying Claiborne Group
Drainage System: Type 4, supradomal depression, transverse drainage
Sinkholes: None
Surface Salines: None

3.0 RESOURCES AND USES:
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BETHEL

3.1 HYDROCARBONS: 2 fields: Bethel, East Bethel Dome
Number of Producing Wells: Current ?
Total ?
Production: = Current
see chart below

Total

Stratigraphic Reservoir:  Woodbine, Rodessa, Pettet (Bethel Field)
. Rodessa, Pettet (East dethel Dome Field)

Traps: Beneath overhang (Woodbine-Bethel Field); Flank fault downthrown toward
dome (Rodessa, Pettet-East Bethel Field)

3.2 BRINE: None
3.3 SULFUR: None -«
3.4 GAS STORAGE: 3 wells

Current Qil Current Gas Total Qil Total Gas’
Production Production Production Production
Bethel Field: (bbls) (mct) (bbls) (mcf)
Woodbine 0 10,354 ‘ 1,107,513 2,285,173
Rodessa 0 908,437 1 0 59,118,816
Pettet 0 639,525 3 0 8,796,370

East Bethel Dome Field:

Rodessa 0 357,761 } 45,740 35,781,825
Pettet 10,957 0 80,062 4,564,377
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1.0 DOME NAME: BOGGY CREEK

1.1 LOCATION: NE Anderson Co., NW Cherokee Co.
31° 58 07" N; 95° 26" 26" W

1.2 RESIDUAL GRAVITY EXPRESSION: -108 GU
1.3 DEPTH: Depth to Cap Rock: 1,692 ft (516 m)

Depth to Salt Stock: 1,829 ft (557 m)

Depth to Top of Louann Salt (approximate): 22,000 ft (6,700 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: > 9 mi (> [4 km)
Orientation: 035°

Minor Axis: Length: > 2.5 mi (4.0 km)

Area: > 19.5 mi2 (50 km?2)

Area of Planar Crest: 2.3 miZ (5.9 km2)

Percentage Planar Crest: 12%

1.5 SHAPE OF SALT STOCK:

General: Elongated piercement stock

Plan: Highly elliptical (axial ratio 3.5), slightly sinuous

Cross Section:
Axis: Axial plunge 83° tilt direction 013°% tilt distance 1,056 ft (322 m)
Approximate Overall Symmetry: Triclinic
Crest: Convex-planar, crestline depression near S end

Sides: Upward converging above -10,000 ft (-3,048 m); deepest data -10,000 ft
' (~3,048 m)

Overhang: None recognized above -10,000 ft (-3,048 m)
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BOGGY CREEK

1.6 CAP ROCK:

Maximum Stratigraphic Thickness: 123 ft (37 m) on upper flanks of dome, absent on
dome crest

Minimum Stratigraphic Thickness: 14 ft (4 m)

Composition: Anhydrite, calcite

1.7 GEOMETRY OF ADJACENT STRATA:

1.8

2.0

2.1

2.2

Lateral Extent of Rim Anticline: 15,000 ft (4,570 m)

Vertical Variation in Maximum Limb Dip: A
A
A

0° at -10,000 ft (-3,100 m) (Glen Rose)
+48 at -5,000 ft (- 1,500 m) (Woodbine)
+15 at -1,500 £t (~500 m) (Wilcox)

Angle Between Salt and Surrounding Strata:. § = 60° extends upward to Washita at
-2,000'm (-6,500 m)

Oldest Planar ngrburden: Quaternary
FAULTING OF ADJACENT STRATA:
Faults at Flanks: Graben to SE, faulted in Taylor time
Crestal Faults: Antithetic, normal, down-to-dome, simple offset in Navarro time
Youngest Faulted Strata: Navarro Group
Oldest Strata Brought to Surface: Wilcox Group
GROWTH HISTORY::
PRIMARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: Pre-112 Ma
Duration of Growth: Unknown
Distance of Axial Trace from Center of Dome: 4-6mi (7-10 km)
SECONDARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma

Age of Cessation: 105 Ma
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BOGGY CREEK

2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 105 Ma
Age of Cessation: 43 Ma

2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: Sink has not migrated to
salt stock

2.5 DOME-RELATED UNCONFORMITIES:
Evidence for Extrusion and Erosion of Salt: None recognized
2.6 YOUNGEST DEFORMATION: Fault in upper Navarro Marl

2.7 EVIDENCE FOR COLLAPSE:

Configuration of Overburden Strata: Claiborne strata not present over dome
crest, Quaternary alluvium present over
dome crest

Drainage System: Type 4, central supradomal depréssion, transverse drainage
Sinkholes: None
Surface Salines: None

3.0 RESOURCES AND USES:

3.1 HYDROCARBONS:

Number of Producing Wells: Current: ?

Total: ? |
Production:  Current: 12,877 bbis - Woodbine; 222 bbls - Wilcox
Total: 6,751,841 bbls - Woodbine; 8,883 bbls - W1lcox 292,718
mct (cumulatlve t0!1980) - Woodbme
Stratigraphic Reservoir: Woodbine Group; Wilcox Group
Traps: Truncation by side of salt stock; supradomal fault

or anticline (Wilcox)
3.2 BRINE: None
3.3 SULFUR: None

3.4 GAS STORAGE: None
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1.0 DOME NAME: BROOKS

.1 LOCATION: SW Smith Co.
32° 09" 42" N; 95° 26' 38" W

1.2 RESIDUAL GRAVITY EXPRESSION: -134 G.U.
1.3 DEPTH: Depth to Cap Rock: 195 ft (59 m)

Depth to Salt Stock: 220 ft (67 m)

Depth to Top of Louann Salt (approximate)j: 21,000 £t (6,400 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 3.5 mi (5.6 km)
Orientation: 042°

Minor Axis: Length: 3.3 mi (5.3 km)
Area: 8.8 mi2 (23 km?2) -
‘Area of Planar Crest: 2.7 mi2 (6.9 km2)
Percentage Planar Crest: 31%
1.5 SHAPE OF SALT STOCK:
General: Piercement stock
Plan: Circular (axial ratio = 1.06)
Cross Section:
Axis: Vertical, axial plunge 90°

Approximate Overall Symmetry: Axial

Crest: Planar, conical ?

Sides: Upward diverging from -5,500 ft to -7,00d ft (-1,676 m to -2,134 m);
upward converging above -5,500 ft (-1,676 m); deepest data -7,000 ft (-2,134 m)
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Overhang: Well-developed, circum-domal, symmetrical, elevation
-5,500 ft (- 1,676 m); maximum lateral overhang 600 ft (183 m) on N and
S flanks; percentage overhang 18%.

1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 268 ft (82 m)
Minimum Stratigraphic Thickness: 20 ft (6 m)
Composition: Calcite, anhydrite, gypsum
1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncline: 42,000 ft (12,800 m)
Lateral Extent of Rim Anticline: 18,000 ft (5,500 m)
Vertical Variation in Maximum Limb Dip: = A =-10°at -10,000 £t (3,000 m) Glen Rose
A = 0% at -6,000 ft (-1,800 m) U. Washita

A = +50° at -3,000 ft (-1,000 m) Austin
A = +10% at 0 ft (0 m) Claiborne

1)

Angle Between Salt and Surrounding Strata: & = 130°, extends upward
to -1,300 m (-4,300 ft)(Woodbine)

Oldest Planar Overburden: None
1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: No faults in section
Crestal Faults: None
Youngest Faulted Strata: None
Oldest Strata Brought to Surface: Austin Group
2.0 GROWTH HISTORY:
.2.1 PRIMARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: Pre-112 Ma
Duration of Growth: Unknown

Distance of Axial Trace from Center of Dome: 7 mi (12 km)
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2.2 SECONDARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: 92 Ma
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 92 Ma
Age of Cessation: Post-50 Ma
2.4  AGE OF MIGRATION OF 3INK TO SALl:-STOCK CONTACT: 106 Ma
2.5 DOME-RELATED UNCONFORMITIES: None recogniied
Evicience for Extrusion and Erosion of Salt: None recognized
2.6 YOUNGEST DEFORMATION: Unknown °
2.7° EVIDENCE FOR COLLAPSE:
Configuration of Overburden Strata: Claiborne and Wilcox strata absent over dome
Drainage System: Type 3, supradomal depression, subcentripetal drainage
Sinkholes: Man-made lake >rer dome crest
Surface Salines: Present
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:
- Number of Producing Wells: Current: 0
Total: |
Production:  Current: 0
Total: 1,199 bbls
Stratigraphic Reservoir: Paluxy Formation

Traps: Beneath overhang
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3.2 BRINE: Yes
3.3 SULFUR: None

3.4 GAS STORAGE: None
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1.0 DOME NAME: BRUSHY CREEK

1.1 LOCATION: NE Anderson Co.
31° 55 27" Nj 95° 35 50" W

1.Z RESIDUAL GRAVITY EXPRESSION: -36 G.U.
1.3 DEPTH: Depth to Cap Rock: 3,522 ft (1,074 m)

Depth to Salt Stock: 3,570 ft (1,038 m)

Depth to Top of Louann Salt (approximate): 22,000 ft (6,700 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: >1.6 mi (>2.6 km)
Orientation: None, circular

Minor Axis: Length: >1.56 mi (>2.5 km)
Area: >1.9 mi2 (>4.9 km?2)
Area of Planar Crest: 0.5 mi2 (1.3 km?2)
Percentage Planar Crest: 26%

1.5 SHAPE OF SALT STOCK:

General: Probably piercement stock (configuration below -4,000 ft [-1,219 m]
unknown)

Plan: Circular (axial ratio = 1.03)
~ Cross Section:
Axis: Insufficient deep data
Approximate Overall Symmetry: Unknown
Crest: Convex-conical

Sides: Upward converging above -4,000 ft (-1,219 m); deepest data -4,000 ft
(-1,219 m)
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Overhang: None recognized above -4,000 ft (-1,219 m)

1.6 CAP ROCK:

Maximum Stratigraphic Thickness: 187 ft (57 m) on upper flanks of dome, absent on
. dome crest

Minimum Stratigraphic Thickness: 81 ft (25 m)
Composition: Calcite, anhydrite, minor celestite
1.7 GEOMETRY OF ADIJOINING STRATA:
Lateral Extent of Rim Syncline: 25,500 ft (7,800 m)
Lateral Extent of Rim Anticline: 15,000 ft (4,570 m)
Vertical Variation in Maximum Limb Dip: A =-3°at -11,000 ft (3,350 m) Hosston
A = (° from -7,000 ft (-2,100 m) Paluxy
< to ~4,500 £t (1,370 m) Austin
A decreases from +15° at 3,000 ft (-900 m)
to #5° at 0 ft (0 m)

Angle Between Salt and Surrounding Strata: § ~ 9¢° at -11,500 ft (-3,500 m)
declining to

§ = 40° at -4,000 £t (-1,200 m) and
§ = 0°at-3,300ft (-1,000 m)
Oldest Planar Overburden: None
1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: SW side: multiple offset, normal, down-to-dome, antithetic

(m. Glen Rose); multiple offset, normal, up-to-dome, antithetic
(Paluxy); normal, down-to-dome (Austin)

Crestal Faults: Central graben, antithetic pair, in domal crest
Youngest Faulted Strata: Claiborne Group
Oldest Strata Brought to Surface: Claiborne Group
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma
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Age of Cessation: Pre-1]12 Ma

Duration of Growth: Unknown

Distance of Axial Tréce from Center of Dome: 5-3 mi (8-13 km)
2.2 SECONDARY PERIPHERAL SINK:

Age of Initiation: I;’re-l 12 Ma

Age of Cessation: 105 Ma
2.3 TERTIARY PERIPHERAL SINK:

Age of Initiation: 105 Ma

Age of Cessation: Post-48 Ma ‘

2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: Sink has not migrated to
salt stock

2.5 DOME-RELATED UNCONFORMITIES: None recognized
Evidence for Extrusion and Erosion of Salt: None recognized

2.6 YOUNGEST DEFORMATION: Fault in Claiborne Group

2.7 EVIDENCE FOR COLLAPSE: Central graben over dome crest
Configuration of Overburden Strata: Central graben over dome crest
Drainage System: Type 4, transverse drainage
Sinkholes: None
Surface Salines: None

3.0 RESOURCES AND USES:

3.1 HYDROCARBONS: 2 Fields; Purt (Woodbine) & West Purt (Rodessa)
Number of Producing Wells: Current: 2 (West Purt; Purt)

Total: 6 (1 Rodessa; 5 Woodbine)

Production:  Current: 3,866 bbis (Purt)
2,087 bbls (West Purt)

Total: 137,976 bbls (Purt)
35,992 bbls (West Purt)
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Stratigraphic Reservoir: Woodbine Group (Purt); Rodessa Member (West Purt)

Traps: Supradomal faults and anticline (Purt); flank fault (West Purt)
3.2 BRINE: None
3.3 SULFUR: None

3.4 GAS STORAGE: None

139



1.0 DOME NAME: BULLARD

1.1 LOCATION: S central Smith Co.
32209 20" N; 95° 17 38" W

1.2 RESIDUAL GRAVITY EXPRESSION: -48 G.U.
1.3 DEPTH: Depth to Cap Rock: 375 ft (114 m)
Depth to Salt Stock: 527 ft (161 m)
Depth to Top of Louann Salt (approximatei): 22,000 ft (6,700 m)

1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: | mi (1.6 km) Major axis: Length: 2.6 mi (4.2 km)
at -4,000 ft at -10,000 ft
Orientation: 095° - Orientation: 058°

Minor Axis: Length: 0.5 miZ (1.3 km2) Minor axis: Length: 2.5 mi (4.0 km)
Area: 0.5miZ (1.3 km2) Area: §.o mi 2 (12.8 km?2)
Area of Planar Crest: 0.1 mi2 (0.26 km?2)
Percentage Planar Crest: 20%
1.5 SHAPE OF SALT STOCK:

General: Piercement stock

Plan: Irregular; circular (axial ratio = 1.07) at -6,000 ft to -10,000 ft (-1,828 m to
-3,048 m); elliptical (axial ratio = 1.3) above -6,000 ft (-1,828 m)

Cross Section:
Axis: Axial plunge 75°% tilt direction 213% tilt distance 2,112 ft (644 .m)
Approximate Overall Symmetry: Triclinic
Crest: Convex upward

Sides: Irregularly upward converging above -10,000 ft (-3,048 m); deepest data
- 10,000 £t (-3,048 m)

Overhang: Minor overhang on W flank, elevation -4,000 ft (1,219 m); maximum
lateral overhang 500 ft (152 m)
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1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 152 ft (46 m)
Minimum Stratigraphic Thickness: 145 ft (44 m)
Composition: Anhydrite, calcite

1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncline: 24,000 ft (7,300 m)
Lateral Extent of Rim Anticline: 9,000 ft (2,740 m)

Vertical Variation in Maximum Limb Dip: A = 2° at 4,900 £t (- 1,500 m) Woodbine
A = at -4,500 £t (1,370 m) Austin Chalk

A = +35° at 3,000 ft (914 m) Pecan Gap

decreases to +5° at 0 ft Claiborne

Angle Between Salt and Surrounding Stratai ‘ §> 30";;, extends upward to 0 ft (Claiborne)
Oldest Planar Overburden: None
1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: No faults in section
Crestal Faults: No faults in section
Youngest Faulted Strata: None faulted
Oldest Strata Brought to Surface: Queen City Formation
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: Pre-112 Ma
Duration of Growth: Unknown

Distance of Axial Trace from Center of Dome: 5-6 mi (8-10 km)
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2.2 SECONDARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma
Age of Cessation: Pre-112 Ma
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: Post-43 Ma
2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: Unknown
2.5 DOME-RELATED UNCONFORMITIES: None recognized
Evidence for Extrusion and Erosion of Salt: None recognized
2.6 YOUNGEST DEFORMATION: Wilcox strata arch over dome crest
2.7 EVIDENCE FOR COLLAPSE:
Configuration of Overburden Strata: Claiborne strajTa flat lying over crest of dome
Drainage System: Type 3, subcentripetal drainage
Sinkholes: None
Surface Salines: None
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:
Number of Producing Wells: Current: 0
| Total: 0
Production:  Current: 0
Total: 0
Stratigraphic Reservoir: None
Traps: None
3.2 BRINE: None
3.3 SULFUR: None

3.4 GAS STORAGE: None

142



1.0 DOME NAME: BUTLER

1.1 LOCATION: SE Freestone Co.
31° 40" 07" N; 95° 51' 52" W

1.2 RESIDUAL GRAVITY EXPRESSION: -80 G.U.
1.3 DEPTH: Depth to Cap Rock: No caprock

Depth to Salt Stock: 312 ft (95 m)

Depth to Top of Louann Salt (approximate): 21,000 ft (6,400 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 2.5 mi (4.0 km)
Orientation: 055°

Minor Axis: Length: 2.2 mi (3.6 km)
Area: 4.4 miZ2 (11.3 kmZ2) ' «
Area of Planar Crest: 0.5 mi2 (1.3 km?2)
Percentage Planar Crest: 11%
1.5 SHAPE OF SALT STOCK:
General: Piercement stéck
Plan: Slightly elliptical (axial ratio = 1.1)
Cross Section:
Axis: Vertical, axial plunge 90°
Approximate Overall Symmetry: Orthorhombic
Crest: Conical-planar
Sides: Upward diverging from -5,000 ft to -S,OOO ft (-1,524 m to -2,438 m);
upward converging above -5,000 ft (- 1,524 m); deepest data
-8,000 ft (-2,438 m)
Overhang: Moderate, circum-domal, symmetrical, elevation -5,000 ft (-1,524 m),

maximum lateral overhang 1,200 ft (366 m) on N flank; percentage
overhang 24% - ‘
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1.6 CAP ROCK:

Maximum Stratigraphic Thickness: Cap rock absent

Minimum Stratigraphic Thickness: Cap rock absent

Unusual calcite-cemented Carrizo Formation (false cap rock) overlies NW flank of dome
1.7 GEOMETRY OF ADJOINING STRATA:

Lateral Extent of Rim Syncline: 32,800 ft (7,500 m)

Lateral Extent of Rim Anticline: 16,400 ft (3,750 m)

Vertical Variation in Maximum Limb Dip: -1 at -9,000 ft (2,750 m)

¢° at -5,600 ft (-1,700 m)

A
A
A = +30° at - 1,600 ft (-500 m)

H

Angle Between Salt and Surrounding Strata:« § = 1!5°, extends upwards to U. Taylor Group
Oldest Planar Overburden: None
1.8 FAULTING OF ADJACENT STRATA:

Faults at Flanks: None

Crestal Faults: One in SW, normal, homothetic, up-to-dome, simple offset, central
half-horst of trapdoor type (L. Austin Group to surface)

Youngest Faulted Strata: Claiborne Group
Oldest Strata Brought to Surface: Navarro Group
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:
Age of [nitiation: 150 Ma
Age of Cessation: 135 Ma
Duration of Growth: 15 Ma

Distance of Axial Trace from Center of Dome: 5-7 mi (8-11 km)
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2.2 SECONDARY PERIPHERAL SINK:
Age of Initiation: [35 Ma
Age of Cessation: 125 Ma
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 125 Ma
Age of Cessation: Post-48 Ma
2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 112 Ma
2.5 DOME-RELATED UNCONFORMITIES: Common in Cléiborne strata above salt stock.
Evidence for Extrusion and Erosion of Salt: None reéognized
2.6 YOUNGEST DEFORMATION: Fault in Claiborhe GrouP
2.7 EVIDENCE FOR COLLAPSE: |
Configuration of Overburden Strata: Anticlinal

Drainage System: Type 2, supradomal depression, central centripetal drainage
Man-made lake over NE flank.

Sinkholes: Common
Surface Salines: Present
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:
Number of Producing Wells: Current: 0
Total: 1
Production:  Current: 0
Total: 763 bbls
Stratigraphic Reservoir: Woodbine Group
Traps: Truncation by side of salt stock
3.2 BRINE: None

3.3 SULFUR: None

3.4 GAS STORAGE: 3 wells for ethane storage |
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1.0 DOME NAME: EAST TYLER

1.1 LOCATION: Central Smith Co.
32° 22" 30" N; 95° 15" 45" W

1.2 RESIDUAL GRAVITY EXPRESSION: -84 G.U.
1.3 DEPTH: Depth to Cap Rock: 800 ft (244 m)

Depth to Salt Stock: 890 ft (271 m)

Depth to Top of Louann Sait (approximate): 21,000 £t (6,400 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 3.3 mi (5.2 km)
Orientation: 080°

Minor Axis: Length: 2.9 mi (4.6 km)

Area: 7.4 mi2 (19 km2) - B

Area of Planar Crest: 0.7 miZ (1.8 km2)

Percentage Planar Crest: 9%

1.5 SHAPE OF SALT STOCK:

General: Piercement stock

Plan: Slightly elliptical (axial ratio = 1.1)

Cross Section:
Axis: Axial plunge 83°% tilt direction 305°% tilt distance 520 ft (158 m)
Approximate Overall Symmetry: Monoclinic
Crest: Convex-planar, small trough in SE flank
Sides: Upward diverging from -5,000 ft to -6,000 ft (-1,524 m to -1,829 m)

along NE flank; upward converging above -5,000 ft (-1,524 m);
deepest data -6,000 ft (-1,829 m) on NE flank, -5,000 ft (- 1,524 m) elsewhere
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Overhang: Moderate overhang on NE flank onlé, insufficient data elsewhere; maximum
lateral overhang (on NE flank) 600 ft (183 m); percentage overhang 5%
(assuming symmetrical shape)
1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 277 ft (84 m)
Minimum Stratigraphic Thickness: 90 ft (27 m)
Composition: Anhydrite, calcite
1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncline: 28.500 ft (8,687 m)
Lateral Extent of Rim Anticline: 13,5.9 ft (4,115 m)
Vertical Variation in Maximum Limb Dip: A = 5° at -4,600 ft (-1,500 m) Woodbine
A = 0° at -2,500 ft (760 m) U. Navarro Marl
A = +15° at - 1,640 ft (500 m) Wilcox

Angle Between Sait and Surrounding Strata: 50° at -6,000 ft (-1,829 m)
0° at -4,600 ft (-1,500 m)

$
S
§ = +20° at -1,640 ft (-500 m)

Oldest Planar Overburden: Claiborne Group
1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: None
Crestal Faults: Homothetic, normai, up-to-dome on S flank
Youngest Faulted Strata: Wilcox Group
Oldest Strata Brought to Surface: Sparta Formation
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma

Age of Cessation: Pre-112 Ma

Duration of Growth: Unknown
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Distance of Axial Trace from Center of Dome: 3-3

2.2 SECONDARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma
Age of Cessation: 92 Ma

2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 92 Ma

Age of Cessation: Post-48

 mi (5-8 km)

2.4 - AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 112 Ma

2.5 DOME-RELATED UNCONFORMITIES: None recognized

Evidence for Extrusion and Erosion of Salt: «None recognized

2.6 YOUNGEST DEFORMATION: Fault in Wilcox Group

2.7 EVIDENCE FOR COLLAPSE:

Configuration of Overburden Strata: Claiborne strata arch over dome crest

Drainage System: Type 2, central supradomal depression, central centripetal drainage

Sinkholes: None

Surface Salines: None
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:

Number of Producing Wells:

Total:

Production:  Current: 0
Total: O
Stratigraphic Reservoir: None

Traps: None

Current:
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3.2 BRINE: None
3.3 SULFUR: None

3.4 GAS STORAGE: 9 wells
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1.0 DOME NAME: GRAND SALINE

1.1 LOCATION: NE Van Zandt Co.
32° 39" 58" Nj; 95° 42" 34" W

1.2 RESIDUAL GRAVITY EXPRESSION: -56 G.U.
1.3 DEPTH: Depth to Cap Rock: 171 ft (52 m)

Depth to Salt Stock: 213 ft (65 m)

Depth to Top of Louann Salt (approximate): 20,000 ft (6,100 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 1.6 mi (2.6 km)
Orientation: 050°

Minor Axis: Length: 1.5 mi (2.4 km)
Area: 2.1 mi2 (5.4 km?2)
Area of Planar Crest: 1.8 miZ (4.6 km?2)
Percentage Planar Crest: 36%

1.5 SHAPE OF SALT STOCK:
General: Piercement stock

Plan:  Circular (axial ratio 1.07) at -100 ft (-30 m); elliptical (axial ratio 1.3)
at -3,000 ft (-914 m)

Cross Section:
Axis: Axial plunge 74°% tilt direction 339°%; tilt diistance 2,112 ft (644 m)
Approximate Overall Symmetry: Monoclinic
Crest: Planar

Sides: Paralle! above -7,500 ft (-2,286 m);
deepest data -7,500 ft (-2,286 m)

Overhang: Minor overhang on SE flank, elevation -6,500 ft (-1,981 m);
Maximum lateral overhang 500 ft (152 m); percentage overhang 10%;
axial tilt produces apparent overhang|on NW flank of 2,640 ft (805 m).

E
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1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 61 ft (19 m)
Minimum Stratigraphic Thickness: 5 ft (2 m)
Composition: Anhydrite, gypsum , calcite
1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncﬁne': None above -7,500 ft (-2,286 m)
Lateral Extent of Rim Anticline: 21,000 ft (6,400 m)

Vertical Variation in Maximum Limb Dip: +5° at -6,000 ft (-1,800 m) Washita

A=
A = +5°at 0 ft Wilcox
Angle Between Salt and Surrounding Strata: & = 85°, extends from 2,600 m (8,600 ft)

.« mid. q1en Rose) to § = 30° at O m (Wilcox)
at crest :

Oldest Planar Overburden: Wilcox Group
1.8 FAULTING OF ADJACENT STRATA:

Faults at Flanks: Small graben on NE flank

Crestal Faults: None

Youngest Faulted Strata: Woodbine Group

Oldest Strata Brought to Surface: Wilcox Group
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma

Age of Cessation: Pre-llz Ma

Duration of Growth: Unknown

Distance of Axial Trace from Center of Dome: 3-5 mi (5-8 km)
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2.2 SECONDARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma
Age of Cessation: Unknown
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: Post-48 Ma
2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 98 Ma
2.5 DOME-RELATED UNCONFORMITIES: None recogniéed
Evidence for Extrusion and Erosion of Salt: None récognized
2.6 YOUNGEST DEFORMATION: Unknown <
2.7 EVIDENCE FOR COLLAPSE:
| Eéhfiguration of Overburden Strata: Wilcox strata ?ﬁat lying over dome
Drainage System: Type 2 central supradomal depression, central centripetal drainage
Sinkholes: Common, central marshy area
Surface Salines: Present
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:
Number of Producing Wells: Current: |
Total: 1
Production:  Current: 3,854 bbls
Total: 34,463 bbls
Stratigraphic Reservoir: Paluxy Formation

Traps: Flank fault
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3.2 BRINE: Yes
3.3 SULFUR: None
3.4 GAS STORAGE: None
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1.0 DOME NAME: HAINESVILLE

1.1  LOCATION: S central Wood Co.;
32° 41' 40" N; 95° 22 20" W

1.2 RESIDUAL GRAVITY EXPRESSION: -110 GU
1.3 DEPTH: Depth to Cap Rock: 1,100 ft (335 m)

Depth to Salt Stock: 1,200 ft (366 m)

Depth to Top of Louann Salt (approximate): 20,000 ft (6,100 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 4.3 mi (6.9 km)
Orientation: 040°

Minor Axis: Length: 3.2 mi (5.1 km)
Area: 8.9 miZ (22.9 km?) |
Area of Planar Crest: 4.8 mi2 (12.2 km?2) ;
Percentage Planar Crest: 54%
1.5 SHAPE OF SALT STOCK:
General: Piercement stock
Plan: Elliptical (axial ratio = [.3), small lobes on NE and SW flanks
Cross Section:
Axis: Vertical, axial plunge 90°
Approximate Overall Symmetry: Monoclinic
Crest: Planar-convex
Sides: Upward converging from -10,000 ft to -15,000 ft (-3,048 m to -4,572 m);

upward diverging from -4,000 ft to -l0,000 ft (1,219 m to -3,048 m);
upward converging above -4,000 ft (-1,219 m)
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maximum lateral overhang 8,400 ft (2,560 m) on NE flank;
percentage overhang 226%.

Overhang: Broad, circum-domal, symmetrical, ele\iation -3,000 £t (<914 m);
1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 105 ft (32 m)
Minimum Stratigraphic Thickness: 43 ft (13 m)
Composition: Anhydrite
1.7 GEOMETRY OF | ADJOINING STRATA:
Lateral Extent of Rim Syncline: 54,000 ft (16,450 rﬁ)
Lateral Extent of Rim Anticline: 21,000 ft (6,400 m)
Vertical Variation in Maximum Limb Dip: A=-7 at -8,000 ft (-2,450 m) Woodbine

A = 0°at -1,500 ft (450 m) Wilcox
A = +30% at - 1,200 ft (365 m) Wilcox

Angle Between Salt and Surrounding Strata: 10" at -7,500 ft (2,300 m) Austin
1

O° at -4,000 ft (- 1,200 m) Pecan Gap
0° at -1,000 £t (300 m) Wilcox

§ =
§ =
§ =

Oldest Planar Overburden: Claiborne Group
1.8 FAULTING OF ADJACENT STRATA:

Faults at Flanks: None

Crestal Faults: None

Evidence for Growth Faulting: None

Youngest Faulted Strata: Wilcox Group

Oldest Strata Brought to Surface: Wilcox Group
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma

Age of Cessation: 86 Ma
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2.2

2.3

2.4

2.5

2.6

2.7

3.0
3.1

Duration of Growth: At least 26 Ma
Distance of Axial Trace from Center of Dome: 5-7 mi (8-12 km)
SECONDARY PERIPHERAL SINK:
Age of Initiation: 86 Ma
Age of Cessation: 60 Ma
TERTIARY PERIPHERAL SINK:
Age of Initiation: 60 Ma
Age of Cessation: Post-48 Ma
AGE OF MIGRATION OF SINK TO SALT-STOCK CON‘I’ACT: 73 Ma
DOME-RELATED UNCONFORMITIES: Common in Lower and Upper Cretaceous
Evidence for Extrusion and Erosion of Salt: Unconfoimities , large volume of salt

withdrawn, small volume of salt dissolved
to form cap rock.

YOUNGEST DEFORMATION: Faults in Wilcox strata

EVIDENCE FOR COLLAPSE: |
Configuration of Overburden Strata: Wilcox strata dpwnfaulted over crest of dome
Drainage System: Type 4, central supradomal depression, transverse drainage
Sinkholes: Common
Surface Salines: None

RESOURCES AND USES:

HYDROCARBONS: 3 Fields: Hainesville, Hainesville Dome, Neuhoff

Number of Producing Wells: Current: 0 (Hainesville Field);
I (Hainesville Dome Field); ? (Neuhoff Field)

Total: 1 (Hainesyille Field);
2 (Hainesyville Dome Field); ?(Neuhoff Field)
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Production: Current
see chart below

Total
Stratigraphic Reservoir: Woodbine Group, Paluxy Formation (Neuhoff); Hosston For-
mation (Hainesville Dome); Sub-Clarksville Member (Haines-

ville)

Traps: Hosston Formation, all production beneath overhang, associated with possible
angular unconformity

3.2 BRINE: None -
3.3 SULFUR: None

3.4 GAS STORAGE: Yes
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Current Total Current Total
Qil Production Oil Production | Gas Production Gas Production

Hainesville Field: (bbls) (bbls) (mcf) (mct)

Sub-Clarksville 0 0 0 3,882,866
Hainesville Dome Field:

Hosston 1,038 37,443 0 0
Neuhoff Field:

Woodbine 311,104 364,440

Paluxy 4,575 4,575
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1.0 DOME NAME: KEECHI

1.l LOCATION: Central Anderson
31° 50" 19" N; 95° 42 20" W

1.2 RESIDUAL GRAVITY EXPRESSION: -128 GU
1.3 DEPTH: Depth to Cap Rock: 250 ft (76 m)

Depth to Salt Stock: 300 ft (91 m)

Depth to Top of Louann Sait (approximate): 21,000 ft (6,400 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: >4.6 mi (>7.4 km 2)
Orientation: 015°

Minor Axis: Length: >1.7 mi (>2.7 km)
Area: >5.9 mi (>15 km?2) : “«
Area of Planar Crest: 0.2 mi2 (0.5 km?2)
Percentage Planar Crest: 3%
1.5 SHAPE OF SALT STOCK:
General: Elongate piercement stock
Plan: Highly elliptical (axial ratio = 2.7)
Cross Section: |
Axis: Axial plunge 8% tilt direction O59°; tilt distance 686 ft (209 m)
Approximate Overall Symmetry: Monoclinic
Crest: Convex-planar

Sides: Upward converging above -20,000 ft (-6,096 m)
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Overhang: Minor overhang on SSE flank, elevation -2,000 ft (610 m);
maximum lateral overhang 500 ft (152 m); percentage overhang = ]%.

1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 300 ft (91 m)
Minimum Stratigraphic Thickness: Zero
Composition: Anhydrite
1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncline: None present above 20,000 ft (6,096 m)
Lateral Extent of Rim Anticline: 30,000 ft (9,144 m)

Vertical Variation in Maximum Limb Dip: A = +20° at -4,900 ft (-7,500 m) Woodbine
A =+10°at -1,000 ft (300 m) Wilcox

Angle Between Salt and Surrounding Strata: 68° at 2,250 ft (-685 m)
2

) ® at -500 ft (-150 m)
Oldest Planar Overburden: Claiborne Group

1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: None
Crestal Faults: Simple graben on N flank, antithetic pair
Youngest Faulted Strata: Claiborne Group
Oldest Strata Brought to Surface Group: Taylor Grohp

2.0 GROWTH HISTORY:

2.1 PRIMARY PERIPHERAL SINK:
Age of Initiation: 150 Ma
Age of Cessation: 135 Ma

Duration of Growth: 15 Ma

Distance of Axial Trace from Center of Dome: 7-8 mi (11-13 km)
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2.2 SECONDARY PERIPHERAL SINK:
Age of Initiation: 135 Ma
Age of Cessation: 125 Ma
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 125 Ma
Age of Cessation: Post-48 Ma
2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 105 Ma
2.5 DOME-RELATED UNCONFORMITIES: None recognized
Evidence for Extrusion and Erosion of Salt: None recognized
2.6 YOUNGEST DEFORMATION: Faults through Wilcox iGroup to surface
2.7 EVIDENCE FOR COLLAPSE:
Configuration of Overburden Strata: Crestal grab#ns over dome
Drainage System: Type 4, supradomal depression, fransverse drainage
Sinkholes: None reported
Surface Salines: Present
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:
Number of Producing Wells: Current: 0
Total: 0
Production:  Current: 0
Total: O
Stratigraphic Reservoir: None

Traps: None
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3.2 BRINE: None
3.3 SULFUR: None

3.4 GAS STORAGE: None
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1.0 DOME NAME: MOUNT SYLVAN

1.1 LOCATION: W. Central Smith Co.
32° 23' 09" N; 95° 26" 55" W

1.2 RESIDUAL GRAVITY EXPRESSION: -104 GU
1.3 DEPTH: Depth to Cap Rock: 550 ft (168 m)
Depth to Salt Stock: 613 ft (187 m)
Depth to Top of Louann Salt (approximate): 20,000 ft (6,100 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:
Major Axis: Length: 2.3 mi (3.7 km) Major Axis: Length: 2.7 mi (4.4 km)
at 2,000 ft 3 at -18,000 ft (5,486 m)
Orientation: 045° Orientation: None (circular)
Minor Axis: Length: 1.5 mi (2.4 km) Minor Aﬁs: Length: 2.7 mi (4.4 km)
Area: 2.5 mi2 (6.5 km?2) Area: 5.9 mi2 (15.1 km?2)
Area of Planar Crest: 0.3 miZ (0.8 km?)
Percentage Planar Crest: 12%
1.5 SHAPE OF SALT STOCK:

General: Piercement stock

Plan: Irregular; circular (axial ratio 1.0) at -18,000 ft (- 5,486 m); irregular elliptical
(axial ratio 1.53) at -2,000 ft (-610 m)

Cross Section:
Axis: Axial plunge 61°; tilt direction 211°; tilt distance 10,000 ft (3,048 m)
Approximate Overall Symmetry: Triclinic
Crest: Convex
Sides: Upward converging from -10,000 ft to 18,000 ft (-3,048 m to -5,486 m);

upward diverging from -6,000 ft to - 10,000 ft (-1,829 m to -3,048 m);
upward converging above -6,000 ft (-1,829 m)
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Overhang: Multiple overhangs; major, circum-domal, near symmetrical, elevation
-6,000 ft (- 1,829 m), maximum lateral overhang 3,300 ft (1,006 m) on NE
flank, percentage overhang 64%; minor, asymmetrical, SW flank only,
elevation -2,000 ft (-610 m), maximum lateral overhang 2,000 ft (610 m),
percentage overhang 12%; axial tilt produces apparent overhang on SW
flank of 10,000 ft (3,048 m)

1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 112 ft (34 m)
Minimum Stratigraphic Thickness: 60 ft (18 m)
Composition: Calcite, anhydrite

1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncline: 25,560 ft '(‘7,770 m)
Lateral Extent of Rim Anticline: 13,500 ft (4,100 n%)

Vertical Variation in Maximum Limb Dip: A = -7° at -7,500 ft (-2,300 m) Paluxy

A = 0°at -1,500 ft (-450 m) Wilcox
A = +20° at -1,000 ft (-300 m) Wilcox
Angle Between Salt and Surrounding Strata: ¢§ = 135° at -7,500 ft (-2,300 m) Paluxy
§ = 45 at -4,000 ft (-1,200 m) Austin

halk
§= 2at0ft (0 m) Wilcox

Oldest Planar Overburden: Quaternary strata
1.8  FAULTING OF ADJACENT STRATA:

Faults at Flanks: SE flank, normal, antithetic faults, multiple offset, down-to-dome

Crestal Faults: None

Evidence for Growth Faulting: None

Youngest Faulted Strata: Wilcox Group

Oldest Strata Brought to Surface: Queen City Formation
2.0 GROWTH HISTORY:

2.1 PRIMARY PERIPHERAL SINK:
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2.2

2.3

2.4

- 2.5

2.6

2.7

3.0

3.1

Age of Initiation: 150 Ma
Age of Cessation: 135 Ma
Duration of Growth: 1[5 Ma
Distance of Axial Trace from Center of Dome: 4—5 mi (7-8 km)
SECONDARY PERIPHERAL SINK:
Age of Initiation: 135 Ma
Age of Cessation: 73 Mai
TERTIARY PERIPHERAL SINK:
Age of Initiation: 73 Ma
Age of Cessation: Post-48 Ma
AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 112 Ma
DOME-RELATED UNCONFORMITIES: None recogni#ed
Evidence for Extrusion and Erosion of Salt: None rq:cognlzed
YOUNGEST DEFORMATION: Faults in Wilcox Groupi
EVIDENCE FOR COLLAPSE: Half grabens over SE flank
Configuration of Overburden Strata: Wilcox strata arch over dome
Drainage System: Type 4, transverse drainage
Sinkholes: None
Surface Salines: None
RESOURCES AND USES:
HYDROCARBONS:
Number of Producing Wells: Current: 0

Total: 0
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Production:  Current: 0
Total: 0
Stratigraphic Reservoir: None
Traps: None
3.2 BRINE: None
3.3 SULFUR: None
3.4 GAS STORAGE: None
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1.0 DOME NAME: OAKWOOD

1.1 LOCATION: SE Freestone Co., N-Central Leon Co.;
31° 32 10" N; 95° 58" 13" W

1.2 RESIDUAL GRAVITY EXPRESSION: -48 GU
1.3 DEPTH: Depth to Cap Rock: 703 ft (214 m)

Depth to Salt Stock: 800 ft (244 m)

Depth to Top of Louann Salt (approximate): 20,000 ft (6,100 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 2.5 mi (3.9 km)
Orientation: 120°

Minor Axis: Length: 2.0 mi (3.2 km)
Area: 3.8 miZ (9.7 km?2) <
Area of Planar Crest: 2.8 mi2 (7.2 km?2)
Percentage Planar Crest: 74%
1.5 SHAPE OF SALT STOCK:
General: Piercement stock
Plan: Irregular elliptical (axial ratio = 1.24)
Cross Section:
Axis: Vertical, axial plunge 90°
Approximate Overall Symmetry: Monoclinic
Crest: Planar-conical
Sides: Parallel from -10,000 ft to -18,000 ft (-3,048 m to -5,486 m);

upward diverging from -2,000 ft to -10,000 ft (-610 m to -3,048 m);
upward converging above -2,000 ft (-610 m)
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Overhang: Well-developed, circum-domal, symmetrical, elevation -2,000 ft (-610 m);
maximum lateral overhang 3,600 ft (1,097 m) on NW flank; percentage
overhang 102%.

1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 533 ft (162 m), thickest at center of dome crest
Minimum Stratigraphic Thickness: 50 ft (15 m)
Composition: Anhydrite, calcite
1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncline: 22,500 ft (6,250 m)
Lateral Extent of Rim Anticline: 13,500 (4,100 m)

Vertical Variation in Maximum Limb Dip: « A4 = 3* at -5,600 ft (-1,700 m) Woodbine

A = (P at -1,500 ft (-450 m) Wilcox
A = +25° at -1,300 ft (-400 m) Wilcox
A = +6° at -250 ft (-75 m) Claiborne

Angle Between Sait and Surrounding Strata: § = 90° at -5,000 m (- 16,500 ft) to crest
Oldest Planar Overburden: _Quaternary strata \
1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: Normal, single offset
Crestal Faults: Small, central graben, antithetic
Youngest Faulted Strata: Queen City Formation
Oldest Strata Brought to Surface: Carrizo Formatic;n
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:

Age of Initiation: 150 Ma
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Age of Cessation: 135 Ma

Duration of Growth: 15 Ma

Distance of Axial Trace from Center of Dome: 7 mi (11 km)
2.2 SECONDARY PERIPHERAL SINK:
Age of Initiation: 135 Ma
Age of Cessation: 125 Ma
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 125 Ma
Age of Cessation: Post-48 Ma
2.4  AGE OF MIGRATION OF SINK TO SALT-STOCK CONTAC‘I’: 104 Ma
2.5 DOME-RELATED UNCONFORMITIES: None recogni%ed
Evidence for Extrusion and Erosion of Salt: None r ‘cognized
2.6 YOUNGEST DEFORMATION: Fault in Claiborne Group
2.7 EVIDENCE FOR COLLAPSE:
Configuration of Overburden Strata: Claiborne strata arched over dome
Drainage System: Type 3, supradomal depression, s‘i bcentripetal drainage
Sinkholes: None T
Surface Salines: None
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:
Number of Producing Wells: Current: 2
Total: 24
Production:  Current: 5,004 bbls
Total: 2,120,719 bbls

Stratigraphic Reservoir: Woodbine Group
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Trap: Beneath overhang
3.2 BRINE: None
3.3 SULFUR: None

3.4 GAS STORAGE: None
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1.0 DOME NAME: PALESTINE

1.1 LOCATION: SW Anderson Co.,
35° 44" 33" N; 95° 43 41" W

1.2 RESIDUAL GRAVITY EXPRESSION: llq GU
1.3 DEPTH: Depth to Cap Rock: 120 ft (36 m)

Depth to Salt Stock: 122 ft (37 m)

Depth to Top of Louann Salt (approximate): 22,000 ft (6,700 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 3.4 mi (5.4 km) at 20,000 ft
Orientation: 170°

Minor Axis: Length: 2.7 mi (4.3 km)
Area: 7.0 mi2 (17.9 km?2) «
Area of Planar Crest: 0.7 miZ (1.8 km?2)
Percentage Planar Crest: 11%

1.5 SHAPE OF SALT STOCK:
General: Piercement stock
Plan: Elliptical (axial ratio 1.3)
Cross Section:

Axis: Axial plunge 82° tilt direction 094% tiit distance 1,584 ft (483 m)

Approximate Overall Symmetry: Monoclinic

Crest: Conical-planar

Sides: Nearly parallel from -7,000 ft to -15,000 ft (-2,134 m to -4,572 m);
upward converging above -7,000 ft (-2,134 m)

Overhang: Well-developed, E flank only, elevatipn -6,000 ft (- 1,829 m),
maximum lateral overhang 2,640 ft (805 m), percentage overhang 11%
|
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1.6 CAP ROCK:

Maximum Stratigraphic Thickness: 32 ft (10 m)

Minimum Stratigraphic Thickness: 9 ft (3 m)
Composition: Calcite, calcite-cemented Carrizo Formation as false cap rock.
1.7 GEOMETRY OF ADJOINING STRATA:

Lateral Extent of Rim Syncline: 32,000 ft (9,140 m)

Lateral Extent of Rim Anticline: 16,200 (4,900 m)%

Vertical Variation in Maximum Limb Dip: A = 72°at -10,800 ft (-3,300 m) Hosston
A = 0° at -6,000 ft (-1,800 m) Washita
A = 40° at -4,500 ft (1,370 m) Austin
A = 20°'at -1,800 ft (550 m) Wilcox

Angle Between Salt and Surrounding Strata: § = 9¢° from -11,000 £t to -7,500 ft
(-3,350 to -2,300 m) Hosston to
Washita
§ = 20/to 30° at -2,500 ft
(760 m) Navarro Marl
Oldest Planar Overburden: Quaternary strata
1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: None ‘
Crestal Faults: Horst and graben, normal, homothe%tié, up-to-dome
Youngest Faulted Strata: Claiborne Group
Oldest Strata Brought to Surface: Buda Limestone |
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:
Age of Initiation: 150 Ma
Age of Cessation: 135 Ma
Duration of Growth: 15 Ma

Distance of Axial Trace from Center of Dome: 5- 7} mi (8-12 km)
|

\
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2.2 SECONDARY PERIPHERAL SINK:
Age of Initiation: [35 Ma
Age of Cessation: 125 Ma
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 125 Ma
Age of Cessation: Post-48 Ma
2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 104 to 112 Ma
2.5 DOME-RELATED UNCONFORMITIES: None recognized
Evidence for Extrusion and Erosion of Sait: None recognized
2.6 YOUNGEST DEFORMATION: Faults in Wilcox Groupf‘to surface
2.7 EVIDENCE FOR COLLAPSE: Grabens over dome crest
Configuration of Overburden Strata: Wilcox, Claiborne strata arch over dome

Dramage System: Type 2, central, supradomal depressmn central centripetal
drainage, man-made lake over center of dome

Sinkholes: Common ‘
Surface Saline: Present ‘
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:
Number of Producing Wells: Current: 0
Total: O } '
Production:  Current: 0
Total: 0
Stratigraphic Reservoir: None

Traps: None
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3.2 BRINE: Yes
3.3 SULFUR: None

3.4 GAS STORAGE: None
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1.0 DOME NAME: STEEN

1.1 LOCATION: N Central Smith Co.;
322 31" 0" N; 95° 19' 30" W

1.2 RESIDUAL GRAVITY EXPRESSION: -54 GU
1.3 DEPTH: Depth to Cap Rock: 75 ft (23 m)

Depth to Salt Stock: 300 ft (91 m)

Depth to Top of Louann Salt (approximate): 21,000 ft (6,400 m)
I.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 2.2 mi (3.6 km)
Orientation: 045°

Minor Axis: Length: 2.1 mi (3.4 km)

Area: 3.7 mi2 (9.6 km?)

Area of Planar Crest: 0.5 miZ (1.3 km)2

Percentage Planar Crest: 14% ' —

1.5 SHAPE OF SALT STOCK:

General: Piercement stock

Plan: Circular (axial ratio = 1.05)

Cross Section:
Axis: Vertical, axial plunge 90°
Approximate Overall Symmetry: Axial
Crest: Conical-planar
Sides: Upward diverging from -6,000 ft to -8,000 ft (-1,829 m to -2,438 m);

upward converging above -6,000 ft (- 1,829 m); deepest data -8,000 ft
(-2,438 m)
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Overhang: Moderate, circum-domal, symmetrical, elevation -6,000 ft (-1,829 m);
maximum lateral overhang 1,000 ft (305 m)
on S flank; percentage overhang 14%.

1.6 CAP ROCK: ’
Maximum Stratigraphic Thickness: 200 ft (61 m)
Minimum Stratigraphic Thickness: 9 ft (3 m)
Composition: Calicite, anhydrite

1.7 GEOMETRY OF ADJOINING STRATA:

Lateral Extent of Rim Syncline: 27,750 ft (8,450 rﬁ)
Lateral Extent of Rim Anticline: 12,000 ft (3,650 m)
Vertical Variation in Maximum Limb Dip: A

A
A

-15° at -8,200 ft (-2,500 m) Glen Rose
0° at -3,000 ft (914 m) Pecan Gap
+30° at -4,000 ft (- 1,200 m) Eagle Ford

Angle Between Salt and Surrounding Strata: § = 90° -10,000 ft (-3,000 m) (l. Glen
’ Rose) to -4,600 ft (-1,400 m) (Eagle

Ford)
Oldest Planar Overburden: Claiborne Group
1.8 FAULTING OF ADJACENT STRATA:
Faults at Flanks: E side: normal, up-to-dome, antithetic, multiple-offset graben

system on crest of broad anticline; growth faulting from Paluxy
to Woodbine. W. side: normal, down-to-dome, homothetic
fault (?Woodbine in age)
Crestal Faults: None
Youngest Faulted Strata: Woodbine Group
Oldest Strata Brought to Surface: Wilcox Group
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma

Age of Cessation: Pre-112 Ma
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Duration of Growth: Unknown
Distance of Axial Trace from Center of Dome: 3-4 mi (5-7 km)
2.2 SECONDARY PERIPHERAL SINK:
Age of Initiation: Pre-112 Ma
Age of Cessation: 73 Ma
2.3 TERTIARY PERIPHERAL SINK:
Age of Initiation: 73 Ma
Age of Cessation: Post-48 Ma
2.4 ACE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: 104 Ma
2.5 DOME-RELATED UNCONFORMITIES: None recognized
Evidence for Extrusion and Erosion of Salt: None recognized
2.6 YOUNGEST DEFORMATION: Claiborne strata arch over dome
2.7 EVIDENCE FOR COLLAPSE:
Configuration of Overbiirden Strata: Claiborne strata arch over dome
Drainage Systém: Type 3, central supradomal depression, subcentripetal drainage
Sinkholes: None
Surface Salines: Present
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS: Fender field
Number of Producing Wells: Current: O
Total: 3
Production: = Current: 11,790 bbls; 0 mct
Total: 187,022 bbls; G mcf
Stratigraphic Reservoir: Rode;sa Member

Traps: Beneath overhang
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3.2 BRINE:
3.3 SULFUR: None
3.4 GAS STORAGE: None

B
i
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1.0 DOME NAME: WHITEHOUSE

l.1 LOCATION: S-Central Smith Co.;
32213 27" N; 95° 17 03" W;

1.2 RESIDUAL GRAVITY EXPRESSION: -76 GU
1.3 DEPTH: Depth to Cap Rock: 485 ft (148 m)

Depth to Salt Stock: 535 ft (163 m)

Depth to Top of Louann Salt (approximate): 22,000 ft (6,700 m)
1.4 ORIENTATION AND MAXIMUM LATERAL DIMENSIONS OF SALT STOCK:

Major Axis: Length: 2.6 mi (4.2 km) Major Axis: Length: >3.0 mi (>5.0 km)
at -6,000 ft at -10,000 ft

Orientation: 015° grientaﬁon: 007°
Minor Axis: Length: 1.3 mi (2.1 km) Minor Axis: Length: >2.1 mi (>3.8 km)
Area: 2.6 mi2 (6.7 km?2) Area: >5.3 mi2 (>13.6 km?2)
Area of Planar Crest: 0.2 miZ (0.5 km2)
Percentage Planar Crest: 8%
1.5 SHAPE OF SALT STOCK:
General: Piercement stock

Plan: Irregular lobate-elliptical (axial ratio = 1.3) at -15,000 ft (-4,572 m);
elliptical (axial ratio = 2.0) at -6,000 ft (-1,829 m)

Cross Section:

Axis: Axial plunge 84°; tilt direction 095°% tilt distance 1,584 ft (483 m)

Approximate Overall Symmetry: Triclinic

Crest: Conical-planar |

Sides: Upward converging from -8,000 ft to -15,000 ft (-2,438 m to -4,572 m);
upward diverging from -6,000 ft to -8,000 ft (-1,829 m to -2,438 m);
upward converging above -6,000 ft (-1,829 m); deepest data
-15,000 ft (-4,572 m)

Overhang: Irregular, maximum development on NNE flank, elevation

-6,000 ft (- 1,829 m); maximum lateral overhang
4,910 £t (1,447 m) on NNE flank; percentage overhang 53%

179



WHITEHOUSE

1.6 CAP ROCK:
Maximum Stratigraphic Thickness: 70 ft (21 m)
Minimum Stratigraphic Thickness: 50 ft (15 m)
Composition: Anhydrite, calcite
1.7 GEOMETRY OF ADJOINING STRATA:
Lateral Extent of Rim Syncline: 21,750 ft (6,650 m)
Lateral Extent of Rim Anticline: 17,250 ft (5,250 m)
Vertical Variation in Maximum Limb Dip: A = -1° at -4,500 ft (1,500 m) Washita
A = O° at -4,000 ft (1,200 m) Eagle Ford
A = 10% at -2,600 ft (-800 m) Pecan Gap
A = 30° at -800 ft (-250 m) Claiborne

Angle Between Salt and Surrounding Strata:

oo ©

= 20° at - 1,800 m (- 6,000 ft),
= 50 at -500 m (-1,700 ft) to crest at
0Om

Oldest Planar Overburden: Quaternary strata
Dome-Related Unconformity: N Side: Woodbine Group (overlapped by Eagle Ford and

Austin) pinches out domeward over
unconformity on top of Washita Group

1.8 FAULTING OF ADJACENT STRATA:

Faults at Flanks: N Side:  Normal, up-to-dome, multiple offset, antithetic
(Fredericksburg age)

Crestal Faults: None
Youngest Faulted Strata: Fredericksburg Group
Oldest Strata Brought to Surface: Claiborne Group
2.0 GROWTH HISTORY:
2.1 PRIMARY PERIPHERAL SINK: i
Age of Initiation: Pre-112 Ma

Age of Cessation: Pre-112 Ma
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Duration of Growth: Unknown

Distance of Axial Trace from Center of Dome: 4-5 mi (7-8 km)

2.2 SECONDARY PERIPHERAL SINK:
4 Age of Initiation: Pre-112 Ma

Age of Cessation: Pre-112 Ma
2.3 TERTIARY PERIPHERAL SINK:

Age of Initiation: Pre-112 Ma

Age of Cessation: Post-48 Ma
2.4 AGE OF MIGRATION OF SINK TO SALT-STOCK CONTACT: Unknown
2.5 DOME-RELATED UNCONFORMITIES: None recognized

Evidence for Extrusion and Erosion of Salt: None recognized
2.6 YOUNGEST DEFORMATION: Wilcox strata arch over dome
2.7 EVIDENCE FOR COLLAPSE:

Configuration of Overburden Strata: Claiborne strata flat lying

Drainage System: Type 3, subcentripetal drainage

Sinkholes: None

Surface Salines: None
3.0 RESOURCES AND USES:
3.1 HYDROCARBONS:

Number of Producing Wells: Current: O

Total: 0
Production: Cﬁrrent: 0

Total: 0]
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Stratigraphic Reservoir: None
Traps: None

3.2 BRINE: None

3.3 SULFUR: None

3.4 GAS STORAGE: None
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Appendix 3.

Schematic stages of dome growth showing typical lithologic and thickness

variations in strata around domes (from $eni and Jackson, 1983).
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Uplifted area

Sediments above pillow are thin
over broad, egquidimensional to
elongate area. Maximum thinning

over crest. Area extends [00-400
km2 (40-150 mi2), depending on
size of pillow. Percentage
thinning, 10-100%.

Facies

Thin, sand-poor, fluvial-deltaic de-
posits over crest of pillow jinclude
interchannel and interdeltaic fa-
cies. Erosion common. Carbonate
deposits on crest would !include
reef, reef-associated, and high-
energy facies.

Uplifted area

Strata largely absent above dome.
An 8-50 km2 (3-20 mi2) | area
around diapir is thinned, depending
on size and dip on flanks of dome.

Facies

Facies immediately over dome
crest not preserved because of
piercing by diapir of all but the
youngest strata. Sand bodiés com-
monly pinch out agamst dome
flanks.

Uplifted area

Strata_thin or absent in small !0
S0 km2 area over crest and
adjacent to dome; area depends on
size of dome and dip of flanks.

Facies

Facies and strata over crest of
dome not preserved in cases of
complete piercement. Modern
analogs have interchannel and
interdeltaic facies in uplifted area.
Mounds above dome inclugde thin
sands. Carbonate strata would
inciude reef or high-energy
deposits; erosion common.
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Withdrawal basin

Sediments are overthickened in
broad to elongate primary peripn-

eral sink, generally located on up-
dip side of salt pillow. Axial trace
of sink paralleis axial trace of
elongate uplift, generally sepa-
rated by 10-20 km “6-12 mi). Sink
attains 300 km2 (120 mi2) in
extent, depending on size of pillow.
Percentage thickening, 10-30%.
Recognition of primary peripheral
sink may be hindered by
interference of nearby  salt
structures.

Facies

Thick, sand-rich fluviai-deitaic de-
posits in primary peripheral sink
include channel axes and deitaic
depocenters. Aggradation common
in topographicaily low area of sink.
Carbonate deposits in sink would
inciude low-energy facies caused
by increase in water depth.

Withdrawal basin

Sediments are thickened up to
215% in secondary peripheral sink.
Sinks up to 1000 km2 (390 mi2) in
extent are equidimensional to
elongate and preferentially
surround single or muitipie domes;
several sinks flank domes;
percentage thickening ranges from
50-215%.

Facies

Expanded section of marine facies
dominate, including limestones,
chalks, and mudstones; generally
sink is filled with deeper-water
low-energy facies caused by
increased water depth. Elevated
saddles between withdrawal basins
are favored sites of reef growth

and accumulated high-energy
carbonate deposits.

Withdrawal basin

Sediments within 20-200 km2

(8-80 mi2) tertiary peripheral sink
are thickened 0-40%, commonly by
>30m (100£t), Axial trace of
elongate to equidimensional sink
surrounds or flanks a single dome,
or connects a series of domes.

Facies

Modern analogs have channel axes
in sink. Aggradation of thick sands
common in subsiding  sink.
Carbonate strata would include
low-energy facies.



Appendix 4.

Methods for calculating net and gross rate

assumptions, restrictions and advantages (

Method

A. Net growth by sediment thinning

Not to scale
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‘
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P E R R R R R R R
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M I v
T

i,

=2
O
"

o ot
w
0

n

j=n
w
3

1

0
Eo)
it

= hgr - hsc

hp
)
t

Height of pillow

Regional mean sediment
thickness

Minimum sediment thick-
ness over crest of struc-
ture

Maximum sediment thick-
ness in salt-withdrawal
basin

Net growth of pillow

Net growth rate of pillow

Duration of stratigraphic
interval (i)

Net growth calculated by sediment

thinning will equal net growth cal-
culated by sediment thickening
only when

hse = 0
and hgy <= hgr

Gn = hgr - hsc = hsw

Application, As!

Application:

Assumptions:

Restriction:

Advantages:
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s of diapir growth with applications,
from Seni and Jackson, 1983).

sumptions, Restriction, Advantages

Pillow stage, post-diapir stage
(only for non-pierced strata)

(1) Sediment thinning is syn-
depositional

(2) Sediment thinning is due to
uplift of crest of structure

Only records extension
greater than shortening
caused by extrusion or
dissolution

(1) Simple quantitative meth-
odology

(2) Can be measured from
single cross section

(3) Applicable to youngest
strata not pierced by
diapir, thus provides rates
of most recent growth




Method

B. Net growth by sediment thickening

Not to scale

PR IR I R R R R A R Ak b I IR AR
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R R R N RN R R R R N R R R R R RN RN

én = l’ﬁ
tj

hdi = height of diapir

Maximum thickness of
stratigraphic interval
measured in salt-
withdrawal basin

-
"
£ 3
1

Gpn = Net growth of diapir

e
oo
"

Net growth rate of diapir

ti = Duration of stratigraphic
interval (i)

Appendix 4 (cont.)

Application, Assumptions, Restriction, Advantages

Application:

Assumptions:

Restriction:

Y

Advantages:

227

Pillow stage, diapir stage, post-
diapir stage

(1

(2)

(2)

Diapir remains near sedi-
ment surface during depo-
sition

Rate of deposition controls
or is controlled by diapir
growth

Only records net extension
greater than shortening
caused by diapir extrusion
or dissolution

Simple quantitative meth-
odology

Can be measured from
single cross section



Appendix 4 (cont.)

Method Application, Assumptions, Restrictions, Advantage
p Sf 4

C. Gross diapir growth

Not to scale Application: Diapir stage only

Assumptions: (1) Present cross-sectional
area of diapir equals cross-
sectional area of diapir
during filling of withdrawal
basin

(2) Volume of withdrawal
basin equals volume of salt
mobilized during filling of

+ + +

PR FTr e+t rrH withdrawal basin
Vsw = Vd
v (3) All salt mobilized during
Gg = ¥ -« filling of withdrawal basin
Ad ‘ migrated into diapir
Gg = Vsw/Ad
t Restrictions: . (1) Requires measuring volume

of withdrawal basin and
area of diapir, which
requires close well spacing
for map construction

Vsw = Volume of sediments in
salt-withdrawal basin

<l
(o
H

Volume of diapir (2) Growth by tear-drop

detachment of diapir base
is not measurable

I
a
"

Maximum cross-sectional
area of diapir

Gg = Gross growth of diapir

Advantage: Records total extension in-
: N dependent of possible dis-
Gg = Gross growth rate of diapir solution or extrusion
ti = Duration of stratigraphic
interval (i)
%
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Appendix 5. Log of Qakwood Dome salt core (from Dix and Jackson, 1982).

APPENDIX |

Oakwood Sait-Core Log

Project name: GCSD-Texas

Project number: :4V9620.20

Location: Qakwood Dome, Freestone-LeoJ‘\ County
Well number: TOG-1

Date commenced: 9-27-79 .

Date compieted: 11-7-79

Total well depth: 411.8 m (1351 ft)

Net thickness of rock sait: 57.3 m (188 ft)

Expianation
|

Detaled description in féxt

Location and number of thin section: (< 1 mm thick)
Location and number of thick section (1-10 mm thick)

Location and number of sample used for geochemical
analysis; oxact location and orientation of sample shown
1.2%A on care profile; percentage anhydrite given beiow triangle

Location and number of sampie for strain anaiysis

Location and number of plugs for magnetic anisotropy
measurements !

Missing core intervat

&t epo Y4 96

—

»30°
///r Dip of fotiation ' s

Dip of contact, anhydrite layer or disseminated

w
[e]
0

anhydrite :
=50 Numbper of grains Measuica (vt gramn-size determination (using
n=3 onty grains clearly visibie to the naked eye)
n=200 Number of grains measured for grain-size determination from
strain analysis data {x 10 magnificaticn)
mgs Mean grain size
Lem
10 Ocr
Verucal and horizontal scale: l_ ; 20em
Hante grain sizes. hine grained < 6 mm

medium grained | 620 mm
coarse grained |21-50 mm

Pure rock salt contains < 1 percent impurities
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1159 ft

39
<0.1%

>

- 650
+259
Xy L355m
N
| V-850
165 ft

Anhydrite Cap Rock

Anhydrite, isolated dark-gray
zone with no mesoscogic internat
structure.

Anhydrite, horizontal (0° to 10°
dip) olanar layers and contorted
layering; both types of laminae
present throughout this 1-2 m
section of cap rock.

Anhydrite mgs <. 0.5 mm for this
1-2 m section.

Near-vertical, hatite-filled
extension fractures.

Near-verticat, halite-filled
extension fractures.

Untotiated Rcck Sait
(R-3 Zone)

Sharp but irreguiar contact
between rock salt and cap rock.

Halite, coarse-grained (up to
50 mm in diameter). equant
containing <20/cm® intracrystal-
line cuboid brine inclusions:; 0.2
percent anhydrite (catculated by
weighing and dissolution
method).

Anhydrite mgs I 2.5 mm
throughout the entire salt core.

Halite, medium- to coarse-
grained, equant, =2/cm’
intracrystattine cuboid brine
inclusions; 5 percent anhydrite
(caiculated by weighing and
dissolution method).

Oisseminated-anhydrite layer
comprising elongate concentra-
tions oblique to the layer
boundary: 5-10 gercent
anhydrite.

272N

1165 f1 —
N
% -65°
-
0.3°/:>A

168 1] 1356m

12,18

Contact oetween R-2 and R-3
Zones, with dip of -30°.

Unioliated Rock Sait
(R-2 Zone)

Disseminated-anhydrite
=2 percent anhydrite.

layer;

Halite, equant, medium-grained.

e —

Haiite mgs 11 x 8 x 6 mm (n =200},

Transposed anhydrite-bearing
layer composed of asymmetrical

1soclinal folds: 5-10 percent
anhyarite.
Halite, equant, 5-10 mm in
diameter.

Foliated Rock Sait
(R-1 Zone)

Abrupt upward change from
foliated to unfoliated rock sait
over a distance of 2 cm; dip of
contact +20° to +25°.

Halite mgs =~20 x 7 mm (XZ
principal piane of strain, n =50).



171t

+25°.-T

174 1]

0.8% A

+40°

177 ft

L 357m

-85°

-65°

L 358m

Disseminated-anhydrite layer:
2-5 percent anhydrite; dark
concentrations along halite grain
boundaries due to some
preferred location of anhydrite.

Halite mgs =20 x 7 mm (XZ
plane).

Disseminated-annyadrite layer
(2-5 percent).

Disseminated anhydrite (=2
percent); orientation not evident.

5 cm of core missing.

2721

Nn77¢

»
+ 30077

H80 ft]

+30‘1/"

183 ft

-75°
L360m
‘ -75°
P
Pk

Cisseminated anhydrite (5-10
percent); orientation not evident.”

Indistinct, disseminated
anhydrite (=2 percent); halite
mgs =15 x 6 mm (XZ piane).

Indistinct, disseminated-
anhydrite layer, ==2 percent
anhycdrite.

Disseminated-anhydrite layer
with mesoscopic foids; 5-10
percent anhydrite.

Dip of layer steepens to near
vertical.



g3 ft
v300 T
A36im
-75°
4 .)
s
//
+35°/
[+X] ;/cA
“86 f?‘ -78°
A
s
e
rd
e
+389°7
Eh362m

1189 ft

-70°

Indistinct, disseminated-
anhydrite iayer, =2 percent
anhydrite.
Indistin¢ct, disseminated-
anhydrite l!ayer; =2 percent
anhydrite.

Disseminated-anhydrite layer
with mesoscopic foids; 5-10
percent anhydrite.

1189 ft

Y
-70°
//
™ ’
Ve
4,( L363m
+40°/ ‘
.4 |
0.5%A —
1192 ft
L
e
L
+30°//‘
- 550
"l 364m
—550
1195 ft

Disseminated-anhydrite layer
with mesoscopic folds: 5-10
percent anhydrite: halite mgs
==25 x 9 mm in pure rock sait (X2
plane), =18 x 7 mm adjacent {0
the layer, and =14 x 5 mm within
the layering (n = 50 for each
calculation).

Pure rock sait.

Indistinct, disseminated-
anhydrite layer, =2 percent
anhydrite.

2-5 percent anhydrite.

>Dis-;-e'mmat'e&-anhydfite layer;



(195 ft ) 1201 f4

Disseminated-annydrite layer:

Pure rock salt. 2-5 percent anhydrite.

-50°
v = ~
rd
e
//
+359.7]
4 4 s Pure ~ock sait.
e
7
e
//
+350.7}
| 365m
Disseminated-anhydrite layer:
5-10 percent anhydrite. :
1198 fw -50° 1204 f1]
' ‘ A367m
s
e
Id
Ve
rd

01% A ‘ Lo
?400/1‘

47 Indistinct. disseminated-

anhydrite layer; =2 percent
SR anhydrite.

Disseminated-anhydrite layer;

- 500 2-5 percent anhydrite.

Halite crystals up t0 55 x 15 mm

(XZ plane).

V2% A

Disseminated-anhydrite layer; /
5-10 percent anhydrite; halite s
mgs in pure rock salt =20 x 9 mm /

(XZ plane. n = 50), and =13 x 6 +40°
mm in the anhydrite layer. dip
azimuth of layer is 180° to-dip i
azimuth of fohiation. 1207 ft L
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[
£
[
k
[
|
4
E
i
i
i
I
£
i
[
[

1207 f4
368m Pure rock sait.
s
Ve
-
e
b % 7
+350,7]
Two disseminated-anhydrite
layers; 10-15 percent anhydrite.
-48°
X Four disseminated-anhydrite
1210 ft R layers; 2-5 percent anhydrite; dip
1 azimuth of anhydrite layers 140°-
. 459 150° ciockwise from dip azimuth
of foliation.
+40°// s
369m
/‘F’
Sox ///////A
Two ingisttnct disseminated-
~30° anhydrnite layers; =2 percent
» anhydrite.
Dissemmaled-anhydme layer;
> -3¢° 5-10 percent anhydrite.
P
s
s
4 4
+40°/M
Disseminated-anbydrite layer:
5-10 percent anhydrite.
-30°
Sl Three indistinct. disseminated-
B anhydrite layers: =2 percent
1213 ft - \_300 anhyarite.

22

1213 ft

+ 359

+40°/

040"/

0.2%a4A

L~
+30°.~1

1219 ft

Disseminated anhydrite; 2-5
percent anhydrite; dark
coloratton along halite grain
boundaries preminent.

-50°

1L370m

Oisseminated-anhydrite layer;

2-5 percent anhydrite.

Disseminated-anhydrite layer;
5-10 percent anhydrite. :

-60°

Disseminated anhydrite (5-10
percent}; orientation not evident;
dark coloration along halite gramn
boundaries.




1219 ft
4
//_372m
s
//
+35°/
12%A /
1222 f1t]
A
v
Ve
e
L
+359,7
373m
| ’750
1225 £t 4

Indistinct, disseminated-
anhydrite layer parailel to
foliation; =2 percent anhydrite.

Indistinct, disseminated-
anhydrite layer parailel to
foliation; =2 percent anhydrite.

Indistinct, disseminated-
anhydrite layer parallel to
fofiation: =2 percent anhydrite.

Two indistinct, disseminated-
annhydrite layers parallel to
foliation; =2 percent anhydrite.

Disseminated anhydrite (5-10
percent); dark coloration along
halite grain boundaries.

S cm of core missing.

1225 ft

1228 f1]

0.2%a

+35°

F374m

L375m

1231 ft

'\\-65°

235

Disseminated anhydrite (=2
percant); orientation not evident.

Pure rock sait.

Disseminated-anhydrite tayer
(5-10 percent).



1231 f1

1.6% A

L
+309 .

\
-50°

-50°
<z:%f* i 376m
1234 ft] y
~
v
e
+359,7
-40°
L
7
Ve
//
735°,//
iISE /
0.2%A4 P”/////
L377m

237 01|

Disseminated anhydrite (=2
percent); orientation not evident.

Disseminated-anhydrite tayer;
5-10 percent anhydrite; dark
biebs, and dark coloration along
halite grain boundaries; halite
mgs adjacent to layer =15 x 6 mm
(XZ plane).

Disseminated-anhydrite layers;
5-10 percent anhydrite.

Indistinct, disseminated-
anhydrite layers: =2 percent
anhydrite.

Disseminated anhydrite (=2
percent); orientation not evident;
dark coloration along halite grain
boundaries.
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(237 ft

-50°
‘ //\_500
s s
i
Il
+ 3507
1240 ft
| 378m

06% 4

+ 3597

1243 ft

Pure rock sait.

Two dissaminated-anhydrite
layers: 5-10 percent anhydrite;
dip azimuth of layering at 180° to
dip azimuth of foliation: dark
coloration aiong halite grain
boundaries.

Pure rock sait.

Disseminated anhydrite (=2
percent), orientation not avident.



1243ft

i

L,

i

+35°/ -

\

| 379m

y

7
s

Ve

T

/\

(0.1% A

~
]
o~
1 4

i

%

50
0.7%A
-45°
~
P
//

+30°/ r

1249 ft oase

Disseminated anhydgrite

Pure rock sait.

(=2
percent); arientation not evident.

Disseminated-anhydrite tayer,
5-10 percent anhydrite, dark
blebs, and dark coloration along
halite grain boundaries; dip
azimuth of layering 195°
clockwise from dip azimuth of
foliation.

Disseminated-anhydrite l!ayer:
=2 percent anhydrite.
Disseminated anhydrite (=2

percent), dark coioration aiong
halite grain boundaries.

237

1249 ft__

03%aA

-1»35°/r

1252 ft.

+ 3807

1255 ft

.38Im

L 382m

R

Pure rock sait.

Indistinct, disseminated
anhydrite (=2 percent); may
represent a foided layer.

Disseminated-anhyd:ite layer,
5-10 percent anhydrite; dark
coloration along halite grain
houndaries; dip azimuth of iayer
165° clockwise from dip azimuth
of fotiation.



1255 ft 1261 ft___
Disseminated-a—n_hydrite layer;
~2 percent anhydrite.

o‘_,%,, /
+35° .7
E -70°
Disseminated-anhydrite layer;
; 510 percent anhydrite; dark
coloration along halite grain
boundaries; dip azimuth of layer
180° to dip azimuth of foliation
A < : . 385m
/ "
e
+35°/
. Pure rock sait.
1258 ft | » 1264 f1
l -
l Indistinct, disseminated-
anhydrite layer; =2 percent
anhydrite; dark coloration along
halite grain boundaries. N
-45°
l p
-~
rd
//
+3097] -
~
/
+130°.7
L1384 m
I ) 4
21 /§
Q, —l
0.2%A
l _|-386m
Disseminated anhydrite /5-10 //
perceant) //
E +350.7]
i B AT
t "l 1267 ft
D20




1267 ft 1273 ft

e
P
e
’ 3°°/V Purerocksalt. L o
Disseminated-annhvdrite layer
] with poorty defined, irregular
r boundaries; 2-5 pergent
anhydrite.
Indistinct, disseminated
anhydrite (2-5 percent).
oS Disseminated-annydrite layer:
(27s) ! tnated- :
-— 2-5 percent anhydrite; halite
mgs within layer =13 x § mm
+300, (XZ piane).
l.387m . +3009
—4 . - —
L Disseminated anhydrite (=2
1270 ft 1276 ft | - oL percent): orientation.not evident.
23
1% A : 1.389m

|
= ¢\_450
1.2%A
7~
P
Ly -
- P
Q
A Three indistinct, disseminated- +30°~ L
Pl anhydrite layers; =2 percent
// _450 anhydrite. 7
+359,]
Pure rock sait.
-45°
12731 -388m 1279 ft
’ “20




£

1279 ft_

+35°.7

<0.1%4A

+35°

1285 ft

L 3SO0m

Pure rock salt.

Halite mgs =25 x 10 mm (XZ
plane), with amaximum in excess
of 50 x 20 mm.

Oisseminatec-anhydrite layers
(=2 percent) paralte! to fohation.

Pure rock sait.

un

1285 f1_

0.i%A

1288 ft |

1291 ft

1392m

\

| 393m

!

Pure rock sait.

Disseminated anhydrite (=2
percent) from 392.20 m to 392.75
m; orientation not avident.

Pure rock salt.

Disseminated anhydrite (=2
percent) from 393.25 m to 393.50
m, orientation not evident.
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0.8%A

1294 ft]

L
+35°.7

1297 ft

L394m

1297 ft

0.5%4A
4
Core from 393.85 m t0 394.05 m A
missing. *38°7
4
Pure rock salt.
1300 ft]

O.I_%A

+35° 1

Disseminatead anhydrite {5-10
percent); irrequiarly folded: core
darkin refiected light from 394 85
m to 395.35 m due to =2 percent
disseminated anhydrite.

1303 ft

&\\ B

7

|396m

201

155}
T

Thin zones of disseminated
anhydrite (=2 percent) parailel to
foliation.

Pure rock sait.

Zone of microfoided. anhydrite-
rich layering (50-70 percent
anhydrite): btack line represents
finely disseminated intercrystai-
lineg organic matter.

h Refolded anhydrite-rich layers.



+350° 7

1309 ft

+65°

Refolded anhydrite-rich layers.

Lower limit of zone containing
anhydrite-rich layers.

Disseminated-anhydrite layer;
10-15 percent anhydrite; halite
mgs =11 x 4 mm (XZ plane. n =
200).

Pure rock salt

Disseminated-anhydrite fayer;
10-15 percent anhydrite; dip
azimuth of layer 35° clockwise
from dip azimuth of foliation

el ike]

1309 ft

+60°/,,~

+80°/

1312 ft

L’
+359

1 400m

1315 ft

\- 55°

More than six disseminated- .
anhydrite layers. 5-10 percent
anhydrite; some layers are
discontinuous, others coaiesce.

Pure rock salt.

Disseminated-annydrite layer;
5-10 percent anhydrite: dip
azimuth of layer 190° clockwise
from dip azimuth of foliation.



1315 ft

1318 1.

™ 250
A
~
s
P
+35°,7 L 402m
E
A
V'
-
+359.7
1321t

Two irregular disseminated-
anhydrite layers; 10-15 percent
anhydrite; halitemgs =12 x 4mm
(XZ plane, n = 200).

Pure rock sait.

Disseminated-anhydrite layer;
5-10 percent anhydrite.

Pure rock salt.

1321 ft

1.7%A
+35°

4
43597

1324 1]

*35",4

i .

a
ra

/
/33
5.3%4

1327 ft

e |

L403m

1L 404m

-30°

Indistinct, disseminated-
anhydrite layer paratlel to the
foliation; =2 percent anhydrite.

Pure rock salit.

Pure rock salt.

Disseminated-anhydrite l|ayer:
5-10 percent anhydnte.
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Pure rock sait.
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//
035‘4
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/34
0.4%4
. Disseminated anhydrite (=2
o L percent).
A
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s
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//
3597
J L 406m
1333 ft
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1333 ft

1

1

1339 fri

//T

L 407m

[5]

AENER
L408m
[T=]

Pure rock sait.

Oisseminated-anhydrite
5-10 percent anhydrite;
coloration aiong halite
boundaries.

layer;
dark
grain

Pure rock sait.

Halite mgs in purerock salt =19x
6 mm (XZ plane. n = 100).

Disseminated-annydrite layer;
5-10 percent anhydrite; layer
thins to the left, the thinnest point
representing the hinge of a fold;
dark coloration along halite grain
boundaries; halite mgs =11 x 14
mm (XZ plane. n = 100},



1339 ft

. 1409m

.

+350, ]

1345 ft__;J

Indistinct, irreguiar, disseminated-
anhydrite layer, 2-5 percent
anhydrite.

Disseminated anhydrite (=2
percent) throughout core from
408.10 m to 409.05 m.

Indistinct.  disseminated anhy-
drite (=2 percent), in layers
parallel to foliation. from 409.20
m to 409.50 m.

Disseminated anhydrite { -2
percent); orientation not evident

21 ]

1345 f1_

1.3%A

*35°/:(_ S

N

A

1 0%
1348 ft] -
.
i
'
///
1351 ft

“Lalm

| 410m

Dissaminated anhydrite (2
percent) from 408.95 m to
410.25 m.

Disseminated anhydrite (=2
percent); orientation not evident.

Disseminated-anhydrite layer;
5-10 percent anhydrite.

Disseminated anhydrite (=2
percent) from 410.80 m to 411.10
m: orientation not evident; dark
coloration along halite grain
boundaries.

Disseminated anhydrite (=2
percent) from 411.25 m to 411.55
m; orientation not evident. dark
coloration along halite grain
boundaries.

§ ¢m of core missing.

End of hole.



Appendix 6.

Log of Oakwood Dome cap rock

rom Kreitler and Dutton, 1983).

EXPLANATION - CAKWOOD CORE LOG

Lithology_
Sandstone
T 11
il  Colcite
T 1
ANAN Gypsum
AN yps
V / Anhydrite
Hatite
Structure

S

Slightly Strongiy
bonded handed
colcite coicite

Mottied
anhydrite enhydnte
/Y o O °
Froctures Calcite zone

within anhydrite

C Celestite
0 Dolomite
_ Porosity

Faintly bonded to
massive onhydrite

alite zone
ithin onhydrite

Brecciated
caicite

Slickenside

%

Anhydrite zone
within haolite
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