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Foreword

The Bureau of Economic Geology, established in
1909 as the successor to the Texas Geological
Survey and the Texas Mineral Survey, is a research
entity of The University of Texas at Austin. It also
functions as the State Geological Survey, a quasi-State
agency, and the Bureau Director represents Texas in
the Association of American State Geologists.

Extensive advisory, technical, and informational
services relating to the resources and geology of
Texas are provided by the Bureau. In addition, the
Bureau conducts basic and applied research projects
in energy resources, mineral resources and statistics,
coastal and environmental studies, land resources,
geologic mapping, and a variety of other research
programs in areas such as hydrogeology, basin
analysis, and geochemistry. Some projects are
conducted jointly with other units of the University as
well as with State, Federal, and local agencies. The
Texas Mining and Mineral Resources Research
Institute is an administrative unit of the Bureau.

The Bureau provides ongoing services to
governmental agencies including reviews of

(1) environmental impact statements that are submit-
ted to the Office of the Govemor of Texas and
(2) permit applications that are submitted to the
Surface Mining and Reclamation Division of the
Railroad Commission of Texas and to the Environ-
mental and Consumer Health Protection Division of
the Texas Department of Health.

Major reports of the Bureau are published in The
University of Texas Publication series; its own
series include Reports of Investigations, Geologic
Quadrangle Maps, Geologic Atlas Sheets, Environ-
mental Geological Atlases, Guidebooks, Handbooks,
Geological Circulars, Mineral Resource Circulars,
and Special Publications. Publications are sold for a
nominal price to recover printing costs. A complete
list of publications is available on request.

The Annual Report of the Bureau of Economic
Geology outlines the scope and status of current
research projects, publications, personnel activities,
and services in the area of Texas resources and
geology that are available to governmental agencies,
industry, and the public.
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depicting the distribution of coastal wetlands and asso-
ciated environments as well as the distribution of benthic
macroinvertebrate assemblages and species diversity
in submerged lands.

In the study of sediment texture and geochemistry,
the use of standardized analytical methods for differ-
ent areas of the coast has allowed a comparison of
parameters such as textural properties and trace-metal
concentrations from one bay or shelf area to anocther.
In addition, normalization of elemental concentrations
using percent mud has proved to be an effective method
for characterizing and defining bay and shelf sediment
trace-metal content, Anomalous occurrences of trace
metals have been identified in several areas along the
Texas coast; high concentrations in some sediments
are apparently related to anthropogenic contributions
of trace metals to the system.

Benthic macreinvertebrates found in bay-estuary-
lagoon and inner shelf sediments are primarily poly-
chaetes, bivalves, gastropods, and crustaceans.
Polychaetes are dominant in most sediments. On the
inner shelf, stations having higher percentages of sand
generally have more benthic species. This positive
correlation between percent sand and number of spe-
cies is lower in the bays than on the inner shelf. Diver-
sity on the inner shelf is generally high to very high.
Cluster analysis was used to delineate benthic com-
munities in all bays and on the inner shelf. Cluster
analysis of data from stations in the bay-estuary-lagoon
system generally yielded less-defined station groupings
and assemblages than that of data from stations on
the inner shelf. This was expected because of greater
hydrographic and sediment variability in the bays.

One objective of the study was to produce updated
regional full-color maps of wetlands; units are pattemned
after the Bureau's Environmental Geologic Atlas of
the Texas Coastal Zone series. Comparisons of the
distribution of wetlands mapped on photographs
taken primarily in 1979 as part of the submerged
lands project with wetlands mapped on mid-1950’s
photegraphs as part of the Environmental Geologic
Atlas project reveal wetland changes in many areas
along the Texas coast. The most extersive changes
were found in the Galveston-Houston and
Beaumont—Port Arthur areas. Many changes, which
include the replacement of marshes by open water, are
related to land-surface subsidence and surface faulting.

The Submerged Lands of Texas project has spanned
many years and research phases and involved many
participants, Numercus Bureau staff members have
provided the dedicated support required to complete
such a comprehensive, multiphased investigation cul-
minating in the publication of seven atlases, each com-
posed of detailed narrative reports, appendices, and
maps. The authors are indebted to these individuals.
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Sedimentation in Fluvial-Deltaic
Wetlands and Estuarine Areas,
Texas Gulf Coast

William A. White and Thomas R. Calnan, principal
investigators; Richard D, Edson, Jr., Steven W.
Tweedy, George T. Bush, and Richard Goldsmith

Funding for this project was provided through inter-
agency cooperation agreements with the Texas Parks
and Wildlife Department with funds made available by
the Texas Water Development Board through the
Board’'s Water Reseach and Planning Fund. This proj-
ect addresses fluvial-deltaic wetland and estuarine sedi-
mentation and associated interactive processes along
the Texas Gulf coast through (1) a literature review and
synthesis, (2) field investigations, and (3) historical
analyses of wetland changes in fluvial-deltaic areas. This
investigation was conducted from Decernber 1987 to
August 31, 1989.

Published and unpublished data were reviewed and
analyzed to determine the present and historical role of
fluvial sediments in developing and maintaining habitats
in estuarine and marine areas along the Texas coast.
Emphasis was placed on wetlands, marine grassflats,
and benthic communities. Among the interactive pro-
cesses that were analyzed are riverine discharge and
associated sediment loads, subsidence and relative sea-
level rise, deltaic and estuarine sedimentation rates,
marsh aggradation rates, biodeposition, and human
activities.

In the field investigation, salt-water marshes on the
Colorado River delta and brackish-water marshes on
the Trinity River delta were monitored over a period of
15 to 24 months to document sediment accumulation
rates. Vegetation types, vegetation heights, elevations,

Bureau researcher conducting an elevation survey of a
brackish-water marsh on the Trinity River delia, Chambers
County, Texas. This data-gathering is designed to help
determine historical land loss or gain, sedimentation raies,
and changes in emergent vegetation in major fluvial-deltaic
areas along the Texas Guif Coast.



and sediment composition were among the other types
of information collected during periodic surveys. Short-
term marsh sedimentation rates were determined
primarily by using artificial-marker horizons established
at selected sifes along marsh transects. Initiatly, eleven
markers were placed in wetlands in the Trinity River
delta study area, and nine in the Colorado River delta
study area. Longer-tern sedimentation rates were
determined by radiochemically dating sediments {using
210Ph) in cores taken from marsh substrates.

The principal focus of the historical investigation
was to document changes in emergent vegetation in
fluvial-deltaic wetlands to determine the extent to which
the vegetated areas are being replaced by open water
or barren flats. Seven rivers were selected for the
historical analysis: Colorado, Guadalupe, Lavaca,
Neches, Nueces, San Jacinto, and Trinity. Vegetated
wetlands and water/barren flats were mapped on
sequential aerial photographs dating from the 1930's
to the late 1970's or 1980's. Units delineated on aerial
photographs were digitized, plotted on maps, and their
areal distribution computed and graphed to determine
trends and magnitudes of historical changes.

Marsh aggradation rates in the Colorado River delta
are similar to those in salt marshes reported for other
areas of the Gulf Coast. The highest rates (9 to about
than 12 mm/yr) in the Colorado River delta occur in
Spartina alterniflora marshes, The location of these
marshes in the intertidal zone contributed to the higher
aggradation rate by increasing the frequency of inun-
dations and the period of time during which deposition
could occur. During the first year of investigation, sedi-
ment depositionn on higher levee marshes was insig-
nificant {<1 mm/yr) because no fioods sufficient to
inundate these marshes had occurred. However, land-
fall of Hurricane Gilbert in September 1988 shifted
depositional patterns and accounted for as much as
80 percent of the total sediment accumulation at one
levee site and an average of about 60 percent of the
total at other sites for the monitoring period. Rates of
marsh aggradation in the Trinity River delta were more
variable and less predictable than those of the Colorado
River delta. Quer the first year of study, shortterm
rates varied from O {erosion) to more than 12 mm/yr,
with one anomalous site of 39 mm/yr. During the
second year, near-record flooding along the Trinity River
had a significant effect on wetland sedimentation, as
exemplified in a levee site along the river where more
than 50 mm of deposition occurred, apparently during
the major flood event.

Deposition and erosion patterns in both the Colorado
and Trinity River deltas indicated seasonal variations.
Maximum deposition occurred from spring to fall, when
marsh aggradation was punctuated by hurricanes and/
or river flood events. Minimal deposition, and locally
erosion, occurred during winter months, when storms
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affected marsh environments, particularly in delta-front
areas. Long-term sedimentation rates determined from
210Ph analyses of cores collected in backmarsh areas
show that rates are higher in the Colorade River delta,
where the average rate is 7.5 mm/yr, than in the Trinity
River delia, where the average is 5.4 mm/yr. These
differences are supported by historical analyses that
show marsh deterioration and loss (overall) in the Trinity
delta and gains in marsh area in the Colorado delta
since the mid-1950's.

In the Colorado River deita study area, both inter-
tidal and higher marshes located near sand-rich
Matagorda Peninsula were predictably high in sand
(concentrations near 80 percent). In the Trinity delta
study area, marsh sediments near the bay margins
and levees were rich in sand and/or silt. Clay was
most abundant in low-energy backmarsh environ-
ments. Organics were a more significant component
of the marsh sediments in the brackish-water marshes
of the Trinity River delta than in the salt-water marshes
of the Colorado River delta. A seasonal change in
vegetation type and cover is a significant process in
some brackish marsh areas in the Trinity River delta
and can affect organic and inorganic erosion,
transportation, and deposition.

Results of historical analyses of wetlands in fluvial-
deltaic and associated alluvial valley regions indicate
that emergent vegetation is being replaced by water
and barren flats. Magnitude of replacement in the
different regions varies from less than 5 percent to
about 50 percent of the mapped areas for the period
of analysis {generally from the mid 1930's to 1979 or
later). The Colorado River delta, although losing emer-
gent vegetation in parts of the delta, is the only one of
the seven areas analyzed that, as a whole, has increased
in total vegetated area since the mid-1950’s. In cther
fluvial-deltaic areas, there is little evidence to suggest
a reversal in loss of vegetated wetlands.

Historical Shoreline Changes in
Copano, Aransas, and Redfish Bays,
Texas Gulf Coast

Robert A. Morton, principal investigator;
Jeffrey . Paine

As more people and industries migrate to the Texas
Coastal Zone, both the human and the economic
impacts of pervasive coastal erosion become more acute,
This erosion, whether caused in a moment by hurri-
canes or over the years by everyday waves, is common
to Texas gqulf and bay shorelines. After a report on
recent gulf shoreline and vegetation-line movement
was completed early in 1989, historical monitoring
efforts tumed to the Copano Bay system, including
Copano, Aransas, and Redfish Bays.



Common shoreline types in the Copano Bay system
include low deltaic and bay-margin marshes, sandy
slopes of a late Pleistocene strandline, clay bluffs formed
by upper Pleistocene fluvial and deltaic sediments, and
made land. Movement along bay shorelines, deter-
mined from aerial photographs dating from the early
1930's, the late 1950's, and the 1980's, is generally
slower than movement along gulf shorelines because
wave energy is lower, the tide range is less, and less
sediment is transported by the littoral systemn. Never-
theless, significant shoreline movement has occurred
in the past and continues today. Investigations of shore-
line movement in the Copano Bay system were com-
pleted in late 1989. A report summarizing these changes
will follow the same format as that in published Bureau
studies of the Galveston, Matagorda, San Antonio, and
Corpus Christi Bay systems.

Assessment of the Sand Resources
of Heald and Sabine Banks,
Texas Exclusive Economic Zone

Jules R. DuBar, principal investigator;
Jeffrey G. Paine

A recent assessment of nonfuel minerals on the Texas
continental shelf demonstrated that insufficient geologi-
cal and geophysical data exist to locate and quantitatively
characterize many of the potentially economic deposits.
These deposits, including sand, gravel, and heavy mineral
placers, will probably not be economic in the near future,
but specific deposits may become economic at any
time. Most promising are offshore sands suitable for
beach nourishment because sand size requirements for
these projects are strict, on-land sources are limited,
and expensive overland transport can be avoided.
Demand for compatible sand for public and private
beach nourishment along the Texas coast is increasing
as the combined effects of rising sea level, land subsi-
dence, decreasing river sediment, and coastal compart-
mentalization are reflected in widespread beach ero-
sion. Consequently, there is interest in finding sand
deposits that are (1) located in the Texas Exclusive
Econcmic Zone, (2} relatively close to potential markets
in Texas and Louisiana, and {3} suitable for beach
nourishment. Heald and Sabine Banks, interpreted as
submerged shoreline or shallow marine sands, meet
these criteria.

The purpose of the three-year project, funded by
the U.S. Bureau of Mines through the Marine Minerals
Technology Center, is to assess the volume and quality
of Heald and Sabine Bank sediments for use in beach
nourishment projects such as those considered for the
eastern Texas and westemn Louisiana coasts. To accom-
plish this, a part of the banks wili be surveyed with
high-resolution seismic equipment and cored to obtain
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samples for textural, chemical, and palecenvironmental
analyses. First-year work, which began in October 1989,
includes collection of available core and geophysical
data and completion of a high-resolution seismic survey
of the banks.

Monitoring the Beach and Vegetation
Line on Galveston Island

Robert A. Morton, principal investigator;
deffrey G. Paine

In August 1983 Hurricane Alicia crossed the Texas
coast, causing substantal beach erosion and extensive
damage to houses near the shoreline. Scouring action
by storm waves and currents undermined many
homes, destroyed bulkheads, and caused landward
retreat of natural vegetation. The purpose of this study,
supported in part by the Office of the Texas Attomey
General, is to provide current information conceming
magnitudes and rates of recovery of the beach and
vegetation line after a major storm. Also under study is
the influence of human activities on recovery pro-
cesses. This information should prove useful to owners
of coastal property that is subject to storm damage and
to public officials responsible for reviewing and permit-
ting activities in the Coastal Zone. The study involves
examining recent aerial photographs and measuring
the beach profile at selected sites in undeveloped areas
of West Beach, Galveston Island, and Follets Island.

Results of the field work more than 6 vears after
Hurricane Alicia show that dunes are reforming in
undeveloped areas but not in developed areas;
furthermore, the backbeach elevation of West Beach is
still lower than it was before the storm. Significant dune
construction, backbeach aggradation, and shoreline
stabilization on northeastern Follets Island indicate that
most of the sand permanently removed from Galveston
Island by Hurricane Alicia was transported southwest-
ward by strong nearshore currents.

Coastal Mapping and Shoreline
Monitoring Projects

Robert A. Morton, principal investigator;
Jeffrey G. Paine

During 1989, the Bureau conducted three minor
studies of coastal beaches and barrier islands. One
study, funded by the South Texas Barrier Island Task
Force, analyzed the flooding and washover potential of
Mustang Island and North Padre Island. The objective
was to identify historical storm washover channels and
to evaluate the potential for dune erosion during major
hurricanes. These hurricane hazard zones are assigned
high risks on flood-potential maps because they represent
areas subjected to abnormally high waves and current



velocities. Maps of the hurricane hazard zones were
prepared after examining recent post-storm aerial
photographs, topographic maps, and ground surveys.
A second study, designed to assist the Coastal Divi-
sion of the Texas General Land Office, also involved
the Mustang-North Padre Island area. This study
investigated the possible physical effects of reopening
a former tidal inlet {Packery Channel} that connected
Laguna Madre and the Gulf of Mexico. Of particular
interest is the potential for increased flooding of nearby
areas due to severe hurricanes, erosion of adjacent
beaches, siltation within the dredged channel, and
circulation changes within Laguna Madre and Corpus
Christi Bay. A report on possible impacts was prepared.
The third study was conducted in cooperation with
the Galveston District Corps of Engineers. It focused
on the rapidly accelerating erosion of the Gulf shoreline
near Sargent Beach, Texas. The primary purpose of
the work was to predict the position of the Gulf shore-
line in the years 2000 and 2050, This was accomplished
by mapping shoreline position on aerial photographs
and analyzing the historical rates of erosion and
volumetric land losses for several periods between 1853
and 1987. Plots of cumulative erosion versus time and
volumetric losses versus time were used to project the
most recent erosion trends. These erosion rates, derived
from aerial photographs, were comparable to those
derived from ground surveys between 1970 and 1989.

Decline of Submerged Vegetation in the
Galveston Bay System: Chronology and
Relationships to Physical Processes

William A, White and Warren M. Pulich
(Texas Parks and Wildlife Department),
principal investigators

This study was funded through interagency agree-
ments with the Texas Parks and Wildlife Department
{TPWD) and Texas Water Development Board, The
objective of the project was to examine the potential
causes of extensive losses of submerged vegetation in
the Galveston-Trinity Bay systern during the past
30 yr. The disappearance of this valuable subtidal habi-
tat has received widespread attention with the recent
designation of Galveston Bay as a national estuary by
the EPA National Estuary Program. Historical review of
the chronological sequence of submerged-vegetation
habitat loss has been especially recommended to help
determine critical factors threatening estuarine plants
and to properly design management solutions aimed at
restoring impacted submerged-vegetation habitat.

Major regions of the Galveston Bay system where
submerged vegetation has declined since the 1950's
were compared with the few nearby remaining sites
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where vegetation stilt persists. This approach involved
compilation and analysis of active processes and
hydrological data, which could affect distribution and
abundance of rooted estuarine plants, Distribution of
submerged vegetation during different time petiods
was mapped, and physical/hydrological factors were
correlated with vegetation changes in an attempt to
establish the processes coniributing to impacts on
these productive habitats.

Current locations of submerged vegetation were
determined from November 1987 NASA‘Ames color-
infrared aerial photographs and corroborated by field
investigations in 1988-89. This survey delineated sub-
merged vegetation in two general regions of the bay:
(1} along the northemn and eastern shores of the upper
bay (Trinity Bay} and {2} in the Christmas-Drum Bay
area of the lower (West Bay} systern, This late 1980°s
distribution was contrasted with historical distribution
of adjacent or nearby locations in the upper bay along
the Clear Lake-Seabrook shoreline, and in lower West
Bay along the Galveston Island shoreline. Occurrence
of submerged vegetation in these areas formerly was
established from project reports of TPWD biologists,
conversations with knowledgeable field biologists and
fishermen, and review of archived aerial photographs.
From this investigation, the chronology of submerged
vegetation decline and disappearance could be docu-
mented from the late 1950's.

Submerged vegetation acreage was mapped at a scale
of 1:24,000 on USGS quadrangle sheets. Changes in
acreage were calculated from 1:24,000 base map over-
lays for the years 1956 and 1962 for Seabrook in
upper (Trinity} bay and for the years 1956, 1965, 1975,
and 1987 in the lower bay area. Disturbance features
{residential developments, dredged channels, boat
marinas) were also mapped in portions of West Bay.

For these defined submerged vegetation sites, his-
torical data on various physical/hydrological processes
affecting the bay environment were compiled and
reviewed. These included the following factors known
to' affect growth of submerged vegetation: shoreline
erosion and relative sea-level rise associated with
compactional subsidence; hurricane and other climatic
events; physical alterations related to channel dredging
and residential developments; and degradation in selected
water quality conditions. A number of state agency data
bases were examined for this study: Bureau of Economic
Geology Environmental Geologic Atlas and shoreline
erosion data; TPWD Coastal Resource Monitoring
Program water quality data; Texas Water Commission
wastewater discharge permits records; and TPWD fish
kill/pollution monitoring reports. Results of the study
were presented at the 10th Biennial Intemnational
Estuarine Research Federation Conference in Baltimore,
Maryland.









Mapping Investigations

Geologic Atlas of Texas
Virgil E. Barnes, principal investigator

Revision of out-of-print maps continued in 1988.
The Beaumont, Sherman, and Abilene Sheets are in
cartographic preparation. The Palestine {out of print)
and the Tyler and Waco Sheets {estimated to go out of
print in 1990) have been revised and are ready for
processing.

Geologic Map of Texas

Virgil E. Barnes, principal investigator;
Dan F, Scranton, Barberae M. Hartmann,
cartographers

A new 1:500,000-scale geologic map of Texas is
being prepared to replace the U.S. Geological Sur-
vey's “Geologic Map of Texas,” which was published
in 1937 and has been out of print for many years.
The new map, which will be printed in quadrants, is
ready for color separation. The major change from the
earlier map is much more detail (a total of approxi-
mately 350 units) in the new map.

Tectonic Map of Texas

Thomas E. Ewing {consultant, San Antonio, Texas),
principal investigator; Martin P. A. Jackson,
Christopher D. Henry, Roy T. Budnik (consultant,
Poughkeepsie, New York), Stephen C. Ruppel,
Charles M. Woodruff, Jr. (consultant,

Austin, Texas), William R. Muehlberger

(The University of Texas at Austin, Department of
Geological Sciences), James R. Garrison {consultant,
Arlington, Texas), Richard L. Nicholas (Skell Oil
Company, Houston, Texas), and

Arthur G. Goldstein (Colgate University,
Department of Geology); John T. Ames,
cartographer

This project will produce a full-color 1:750,000-scale
tectonic map of Texas, incorporating extensive surface
and subsurface data from Texas and adjoining states.
Lithotectonic units are shown in areas of basement
exposures, such as the Liano region in Central Texas
and the Van Hom area of Trans-Pecos Texas. The
structure of selected subsurface stratigraphic horizons
is shown between the basement exposures. Contours
and faults illustrate the structural complexity of major
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oil- and gas-producing sedimentary basins in the
state, Small-scale inset maps show statewide gravity
and magnetic data and lithologic and isotopic age data
on basement terranes. The map will be printed in
quadrants; color separation is complete on the southwest
quadrant.

Geologic Mapping in the Davis
Mountains, Trans-Pecos Texas

Christopher D. Henry, principal investigator;
Jeffrey N. Rubin, and Heng Tsai; Mick Kunk
and John Sutter (U.S. Geological Survey,
Reston, Virginia)

Geologic mapping of the volcanic rocks of the Davis
Mountains began in 1987 as a multiyear project, funded
by the U.S. Geological Survey’s Cooperative Geologic
Mapping Program (COGEOMAP). The first phase of
the COGEOMAP project, mapping in the Christmas
and Hen Egg Mountains, was completed in 1988, cul-
minating in a report and a full-color 1:24,000-scale
geologic map published in 1989 (Report of Investigations
No. 183).

The Davis Mountains constitute a major part of the
Trans-Pecos volcanic field. Nevertheless, because of the
volcanic and stratigraphic complexity, the area remains
the most poorly mapped and least understood part of
the field. Mapping for this project began in the eastem
and southeastern parts of the Davis Mountains and
has progressed toward the southwest. Mapping involved
extensive field work, analysis of 1:24.000 color and
black-and-white aerial photographs, geochemical anal-
ysis, and isotopic dating by the ®Ar/*Ar method. The
work to date has substantially revised previous inter-
pretations. Several previously unrecognized volcanic
units have been identified. Additionally, many existing
formations that included a wide range of unrelated
volcanic rocks have been subdivided into genetically
related packages. The mapping has identified several
unusual types of volcanic rocks, particularly large-volume,
extensive silicic rocks that have the outcrop character-
istics of lavas but the areal extents of ash-flow tuffs.
Some of these are rheomorphic ash-flow tuffs, which
underwent secondary laminar viscous flow following
tuffaceous deposition. Others are true silicic lavas that
are far more extensive than any previously recognized.
High-precision isotopic dating reveals that volcanic
activity in the Davis Mountains studied so far occurred
between 36.8 and 35.3 Ma in five distinct intervals.






Clay Diagenesis in
Evaporite Environments,
Texas Panhandle

R. Stephen Fisher, principal investigator

The Texas Higher Education Coordinating Board
funded this two-year investigation of the type and extent
of day diagenesis that occurs in hypersaline marine
evaporite brines. Major goals of the research are (1} to
determine the primary and diagenetic composition of
detrital silicate minerals from strata below, within, and
above thick-bedded Permian evaporites of the Palo
Duro Basin, Texas Panhandle, (2) to evaluate the use-
fulness of clay minerals as indicators of former geo-
chemical conditions, {3) to investigate the mechanisms
of clay alteration through laboratory simulation of natural
diagenetic reactions between clay minerals and seawater
or brine solutions, and (4} to use geochemical modeling
methods to establish the thermodynamic properties of
authigenic clay minerals and the chemical conditions
required for clay alteration in brines of high ionic
strength.

During the first year of the study, clay minerals
from Pennsylvanian to Permian host rocks were
separated and analyzed to establish mineralogic changes
as environmental conditions progressed from normal

marine to marine evaporite. X-ray diffraction analysis
of clays from bedded halite and stratigraphically equiv-
alent salt dissolution zones confirmed that clay minerals
can be useful records of paleoenvironmental conditions.
Electron microprobe analyses show that plagioclase
feldspars become less abundant, and potassium feldspars
become more nearly stoichiometric, as geochemical
conditions become more saline. Also during the first
year of the study, reference clay materials were obtained
for the laboratory experiments. These clays were struc-
turally and chemically characterized, and several trial
runs of the experiment were conducted io refine
laboratory procedures and to standardize analytical
methods.

Laboratory experiments now in progress will be
completed in early 1990, the second year of the study.
The mineralogy of reference clay minerals and altered
clay products, the chemical composition of the solutions
used in the experiments, and analyses of natural marine
evaporite brines and associated clay minerals will be
used to constrain thermodynamic parameters input to
the geochemical models. Anticipated results of this
work include a better understanding of the behavior of
clay minerals in natural environments and an improved
ability to predict the type of clay mineral present in
sandstone reservoirs or aquifers.

Contract and Grant Reports

A variety of reports are prepared annually under terms of
grants and contracts with sponsoring entities. Some of these
reports are eventually published by the Bureau as part of its
own series, Contract reports are kept on open file at the
Bureau and may be consulted by interested persons. The
following reports were prepared during the year:

Ayers, W, B., Jr., Kaiser, W. R., Ambrose, W. A,,
Swartz, T. E., Laubach, S. E., Tremain, C. M., and
Whitehead, N. H., I, 1989, Geologic evaluation of
critical production parameters for coalbed methane
resources: San Juan Basin: The University of Texas at
Austin, Bureau of Economic Geology, final report
prepared for the Gas Research Institute, under contract
no. 5087-214-1544, 171 p.

Brashear, J., Bekker, A., Ambrose, W. A., Holz, M., and
Tyler, N., 1989, Production potential of unrecovered
mobile oil through infiekd development: integrated
geologic and engineering studies — overview: ICF
Resources, Incorporated, and The University of Texas
at Austin, Bureau of Economic Geology, contract report
prepared for the U.S. Department of Energy, Office of
Fossil Energy, 73 p., plus appendices.
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Brashear, J., Bekker, A., Holtz, M., and Tyler, N., 1589,
Producing unrecovered mobike oil: evaluation of potential
economically recoverable reserves in Texas, Oklahoma,
and New Mexico: ICF Resources, Incorporated, and
The University of Texas at Austin, Bureau of Economic
Geology, contract report prepared for the U.S,
Department of Energy, Office of Fossil Energy and
Bartlesville Project Office, 78 p., plus appendices.

Brashear, J., Godec, A., Bekker, A., Ambrose, W. A_, and
Tyler, N., 1989, An assessment of the reserve growth
potential of the Frio Barrier-Strandplain play in Texas:
ICF-Lewin Energy Division, ICF, Incorporated, and The
University of Texas at Austin, Bureau of Economic
Geology, contract report prepared for the U.S.
Department of Energy, Office of Fossil Energy, 128 p.

Capuano, R. M., and Kreitler, C. W., 1989, Deep well
injection: chemical wastes disposed and their subsurface
reactions: The University of Texas at Austin, Bureau of
Economic Geology, report prepared for U.S.
Environmental Protection Agency, Office of Drinking
Water, under cooperative agreement no. CR-814056-
01-0, 169 p.



Capuano, R. M., and Kreitler, C. W., 1989, Deep well
injeclion: chemical wastes disposed and their subsurface
reactions: The University of Texas at Austin, Bureau of
Economic Geology, project summary prepared for U.S.
Environmental Protection Agency, Office of Drinking
Water, under cooperative agreement no. CR-814056-
01-0, 18 p.

Garner, L. E., and DuBar, J. R., 1989, Paleontologic
survey of the Superconducting Super Collider site: The
University of Texas at Austin, Bureau of Economic
Geology, prepared for Texas National Research
Laboratory Commission under contract no. IAC (90-
91)-0381, 172 p.

Henry, C. D., 1989, Volcanic geology of the Davis
Mountains, Trans-Pecos Texas: second-year report: The
University of Texas at Austin, Bureau of Economic
Geoloqy, report prepared for the U.S. Geological Survey
under cooperative agreement no. 14-08-0001-A0538,
40 p.

Henry, C. D., Raney, d. A., Rubin, J. N., and Standen,
A. R., 1989, Mineral resource assessment, Big Bend
Ranch State Natural Area, Presidic and Brewster
Counties, Texas: The University of Texas at Austin,
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Three types of systems tracts were identified within these discussed. Results of this study can be applied to

sequences: highstand lacustrine and deltaic, lowstand depositional and stratigraphic studies of Triassic rocks in
continental, and lowstand valley-fill and retrogradational the Pale Duro and Midland Basins and toward evaluation
deltaic systems, Three lithofacies are identified on well of water resources in the Dockum and-the overlying
logs, and their vertical and lateral distribution and changes QOgallala and underlying Cretaceous aquifers.

in distribution patterns and depaositional implications are

RI 183. Geology and Tertiary Igneous Activity of
the Hen Egg Mountain and Christmas Mountains
Quadrangles, Big Bend Region,

Trans-Pecos Texas

by C. D. Henry, J. G. Price, and D. E. Miser. 105 p., 35 figs., 5 tables, 1 appendix,
2-sheet fufl-color map and explanation {$12.50)

Stratigraphic, structural, and mineralogical study of Tertiary volcanic and volcaniclastic
rocks in the Christmas Mountains area near Big Bend National Park

This report details the volcanic and volcaniclastic exemplified in the Christmas Mountains by a caldera
stratigraphy and evaluates the potentia! for ore deposits complex associated with an unusual eruptive laccolith, a
within the Hen Egg Mountain and Christmas Mountains caldera type not previously recognized. The complex
quadrangles. Detailed (1:24,000-scale) geologic mapping. produced an extensive series of rhyolitic to quartz trachytic
presented as a full-color map with the report, provides tuffs, silicic lavas and domes, and debris-avalanche deposits,
the basic geologic framework for this study of the origin all of which are divided into five stratigraphic sequences.
and evolution of the igneous rocks of the area. Magmatism Survey of the economic minerals and numerous prospects
in the two-quadrangle area spans the entire time of associated with intusive rocks within the study area indicates
magmatism in the Trans-Pecos valcanic province (Eocene that the potential is moderate to high for the discovery of
to Miocene) and composes the major part of the earliest fluorspar, beryllium, mercury, molybdenum, silver, and
activity in the province. The intrusions vary widely i in size, some specialty metals. Funding was provided by the U.5.
form, composition, and origin; both silica-undersaturated Geological Survey and by the Texas Mining and Mineral
and silica-oversaturated rocks are well represented. Silicic Resources Research Institute.

volcanism accompanied late Eocene intrusion and is best

Rl 184. Geologic Occurrence and Regional Assessment
of Evaporite-Hosted Native Sulfur,

Trans-Pecos Texas

by T. F. Hentz, J. G. Price, and G. N. Gutierrez. 70 p., 51 figs., 7 tables, 1 plate
($6.00)

Analysis of sulfur occurrence and production in West Texas

In Trans-Pecos Texas, native sulfur is concentrated in two the U.S5., Bureau of Mines, this study examines the
areas, the Rustler Springs and Fort Stockton districts. structure, stratigraphy, and sulfur potential of the Rustler
Sulfur was first observed in the Rustler Springs area in Springs and Fort Stockton areas. Data were gathered
1854 and first mined in the early 1900's. Today, from GLO prospect permit files, including data from 1,450
Pennzoil's Culberson mine, having a cumulative exploratory sulfur wells in Culberson, Reeves, and Pecos
{1969-1985) production of more than 28 million long Counties. Borehole data were used in constructing contour
tons of sulfur, is the largest producing mine in the Western maps of depth to sulfur and net and gross thickness of
Hemisphere. After oil and gas, sulfur is the second most sulfur. Two IBM-compatible diskettes containing borehole
economically valuable mineral commodity in the state; (formation tops, sulfur-bearing zones) and tract-assessment
revenues generated from royalties, permits; and lease and data from the Rustler Springs and Fort Stockton sulfur

land sales significantly affect the State's economy. Funded districts are available separately ($3.70).
jointly by the General Land Office of Texas {GLO} and
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RI 185. Fracture Analysis of the Travis Peak Formation,
Western Flank of the Sabine Arch, East Texas

by S. E. Laubach. 55 p., 41 figs., 6 tables {54.00)

Study of types of fractures in the Travis Peak and their significance to oil and gas

production

Funded by the Gas Research Institute, this project is part
of an extensive regional coring program in the Lower
Cretaceous Travis Peak Formation in the East Texas Basin
designed to improve gas production from iow-permeabiity
gas sandstones. Fracture analysis is important both because
fractures are hydrocarbon reservoirs and conduits to other
reservoirs and because they affect the success of production
techniques such as hydraulic fracture treatment. In this
study the author used descriptions of 565 fractures from
more than 2,100 ft of 4-inch-diameter core from 8 Travis
Peak wells. Petrographic studies focused on Waskom field
in Harrison County, eastern and western Panola County,

and northern Nacogdoches County. Both borehole
televiewer and formation microscanner logs were used, as
were analyses made using a scanning electron microscope
and a petrographic microscope. Natural fractures were
most prevalent in Travis Peak areas that have highly
cemented sandstone; unless compensated for, natural
fractures could adversely affect hydraulic fractures by
creating multiple, curved fracture strands and by promoting
leakoff of fracturing fluid. Thus, natural fractures need to
be considered in hydraulic fracture treatment design and
in evaluations of hydraulic treatment results and
postiracture proeduction and pressure buildup data,

Rl 186. Karst-Controlled Reservoir Heterogeneity
and an Example from the Ellenburger Group

(Lower Ordovician) of West Texas
by Charles Kerans. 40 p., 25 figs. {52.50)

Subsurface study of the Ellenburger Group

Reservoir characterization of the Ellenburger Group
carbonate-platform facies was conducted as part of a larger,
ongoing study funded by The University of Texas System
of oil-bearing strata of the Permian Basin beneath
University Lands. The Ellenburger had produced more
than 1.4 billion barrels of il through 1985, making it
one of the major reservoir intervals in the Permian
Basin. However, complex lithologic heterogeneity of the
reservoirs allows only moderate recovery efficiency.
Compartmentalization in the Ellenburger was produced
by prolonged subaerial exposure and karstification of the
carbonate platform during a eustatic lowstand prior to

transgression of the overlying Simpson Group. In the
study area (Central Basin Platform and Midland Basin)},
karst modification occurs as the pervasive development of
carbonate breccias, which compose cave-roof and cave-
floor facies. An intervening cave-fill facies, consisting of
resedimented, clay-rich clastics of the Simpson Group,
acts as an effective vertical flow barrier between the oil-
bearing karst breccias. Lateral reservoir heterogeneities
formed by localized collapse structures in the Ellenburger
cave system. Fieid-scale analyses indicate that secondary
and tertiary recovery programs can be improved by the
integration of these karst-model concepts.

Rl 187. Tectonic Siructures of the Palo Duro Basin,

Texas Panhandle
by R. T. Budnik. 43 p., 31 figs., 1 table {$3.00)

Description of tectonic features in and adjacent to the Palo Duro Basin

As part of an extensive basin analysis program conducted
by the Bureau for the U.S. Department of Energy, this
research summarizes the structural geology of the Palo
Duro Basin. Surface and subsurface study, including exam-
inations of outcrop, well log, and seismic reflection data,
indicate that the structures within and adjoining the Palo
Duro Basin consist primarily of isolated, fault-bounded,
basement highs and poorly defined subbasins. Qverall
structural configuration of these features was produced
during the Pennsylvanian Ancestral Rocky Mountain
Orogeny and medified by subsidence during the Permian
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and Triassic Perieds, although some structures formed
before the late Paleozoic and were later reactivated.
Recognized structures in the Palo Duro Basin include the
Arney positive in Castro, Randall, and Swisher Counties,
the central Randall High in Randall County, and the
Littlefield-lllusion Lake structure in Lamb County. Structures
marginal to the Palo Duro Basin include the Amarillo
Uplift, Whittenburg Trough, Oldham-Harmon trend, and
the Matador Arch; in this report the author delineates
these and other structures in detail.































































































