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Tight Gas Sands Objectives.”

S. E. Laubach

November 1982-March 1996
Topical Report

To enhance the application of research results by industry, this report
provides a guide to results of research carried out by the Bureau of Economic
Geology in the Geological Analysis of Primary and Secondary Tight Gas
Sands Objectives Project as part of the Gas Research Institute (GRI) Tight.
Gas Sands Research Program in the period 1982-1996.

The Gas Research Institute (GRI) has supported geological investigations
designed to develop the knowledge necessary to produce gas from low-
permeability sandstones efficiently. As part of that program, the Bureau of
Economic Geology has conducted in-depth research on most of the important
low-permeability sandstones in the lower 48. Another objective was to
develop advanced technologies, verified in the field, which are necessary for
continued cost-competitive production from low-permeability reservoirs.

An extensive body of knowledge about many aspects of the geology and
engineering attributes of low-permeability sandstones has been developed.

We review some of the key findings of the geologic studies published in GRI
topical reports and Bureau of Economic Geology monographs, refereed
journal papers, contributions to other GRI reports, and papers and abstracts
in meeting transaction volumes.

The importance of new geological analysis methods and detailed resource
characterizations in low-permeability gas sandstone formations has been
realized for many years by GRI. Through GRI-funded research, the
understanding of the geologic processes affecting the source, distribution,

‘and recovery of gas from these reservoirs has been greatly enhanced.
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This report provides a final report on studies
completed at the Bureau of Economic Geology under
the Gas Research Institute contract Geological Analysis
of anary and Secondary Tight Gas Sands Objectives
durmg‘ the period 1982 through 1996. We review
some of the key findings of the geologic studies
pubhshed in 29 GRI topical reports and 102 Bureau
of Eo'o‘nomlc Geology monographs, refereed journal
papers‘ contributions to other GRI reports, and papers
and abstracts in meeting transaction volumes. This
repo is intended to be a directory to this literature
and to enhance the application of research results by
industry. Research results cover a broad range of
regions, formations, and geologic and engineering
topics, and have been published in both geologic and
engineering journals, as well as in GRI topical reports.

The first section, Evolution of Geologic Investiga-
tions, |traces the history of the project. In the following

Since 1982 the Gas Research Institute (GRI) Tight
Gas Sands Program has supported geological inves-
tlgatl:c)hs designed to develop the knowledge neces-
sary t fo produce gas from low-permeability sandstones
efﬁc1|e‘ntly As part of that program, the Bureau of
Economlc Geology has conducted in-depth research
on low-permeablhty sandstone in the Lower Cre-
taceo‘us Travis Peak and Jurassic Cotton Valley
Formations of East Texas, the Upper Cretaceous
Corcoran and Cozzette sandstones of Colorado, the
Uppe'r[ Cretaceous Frontier Formation of Wyoming,
the Pennsylvaman Sonora and Ozona Canyon and
Davis  Sandstones of Texas, the Pennsylvanian
Cleveland Formation of Texas and Oklahoma, and
the Paleocene Wilcox Lobo Formation of South
Texas,‘ as well as conducting topical studies of other
low-permeablhty sandstones and compiling two major
natlonal summaries of low-permeability sandstone
reseryoir attributes. A goal of the research was to
develop advanced methods for analysis and improved
understanding of the formations studied in depth and
to apply methods and results to other formations to
enable greater recovery of gas in place in low-

' permeablhty reservoirs.

Geologic analysis of low-permeability sandstones
by the ' Bureau of Economic Geology began in 1982
with|a national assessment of low-permeability
reseryoirs suitable for an extensive research program.

Objective of This Report

section, Research Approaches, we summarize some
of the main elements of reservoir characterization
and geological analysis that are incorporated into
many of the reports developed in this project.
This summary section could not be comprehensive
without repeating the reports themselves, so it should
be regarded as a broad overview of methods
rather than a complete listing of topics. In the section
Review of Technology Transfer Success two measures
of the dissemination and influence of this
research on industry and the geological and
engineering community at large are described. The
final section, An Annotated Summary of Project
Publications, is a list of the major topical reports and
monographs, with brief summaries of their contents,
and a list of other publications that stem directly
from the project.

Evolution of Geologic Investigations

The next phase of study involved detailed evaluation
of six tight gas sandstones and the selection of two
of these units for comprehensive geologic, engineer-
ing, and petrophysical assessment: the Lower Cre-
taceous Travis Peak Formation in East Texas and
northern Louisiana and the Upper Cretaceous
Corcoran and Cozzette Sandstone Members of the
Price River Formation (Mesaverde Group) in the
Piceance Basin of Colorado. Because of limited
development of the Corcoran and Cozzette at that
time, detailed study of the genetic stratigraphy focused
on three contiguous fields that contained most of the
Corcoran—Cozzette production. In contrast, evaluation
of the Travis Peak emphasized the establishment of a
basinwide stratigraphic and structural framework
across East Texas and North Louisiana.

In the subsequent phase of study, which required
operator activity and cooperation, core and production
data were collected extensively from cooperative
wells drilled in the Travis Peak Formation. A total of
1,280 ft of Travis Peak core was drilled by GRI in
seven cooperative wells, from which operating
companies allowed GRI contractors to collect data,
and an additional 1,440 ft of existing core was loaned
or donated by operators. Research on the Corcoran
and Cozzette Sandstones received lower priority
during this phase of the project because operator
activity in the Piceance Basin declined as a result of



market |conditions. However, one cooperative well
was drilled through the Corcoran—Cozzette Sand-
Stoneslnto the underlying Sego Sandstone, and a total
of 270| ft of core was recovered.

’I'he| first phase of geologic, engineering, and petro-
physwlall assessment of the Travis Peak lasted from
1983 through 1986. Information gained from the
cooperative wells, combined with detailed character-
1zatlo@ of two regionally productive trends, or

fairwa ‘E, within the Travis Peak study area, led to

drillinh by GRI of three Staged Field Experiment
(SFE)|wells in the second phase of the Travis Peak
study. The SFE wells were drilled and completed by
GRI spec1ﬁcally for research on low-permeab111ty gas
- reservoirs. SFE No. 1 was drilled in Waskom field,
Harnshn County, Texas, in August 1986, and SFE
~ No. 2 was drilled in North Appleby field in September
1987. Research on these two wells focused on
produ five sandstones near the top and base of the
Travis ‘Peak Formation. Research on SFE No. 3,
drilled in September 1988 in Waskom field, focused
on the|low-permeability Taylor Sandstone in the lower
Cotton‘Valley Formation. The purpose of drilling
this well was to test the transfer of technologies,

techniq;ues, and models developed during study of

the Travis Peak Formation to another formation, the
Cotton | Valley, that has a similar stratigraphic and
tecton'xc setting. A total of 1,050 ft of core was taken
from the three SFE wells.

The ‘next phase of the project was to extend and
apply,l in a new area, techniques for the geological,
geophysical, and engmeenng characterization of low-
permeablhty reservoirs that were developed during
work lon SFE wells 1 through 3. This work would
eventually involve drilling several cooperative wells
and the SFE No. 4 well in a formation and basin
hav1ng‘ a set of geologic and engineering attributes
substantlally different from the Lower Cretaceous
formations of East Texas. Part of the motivation
for slelectmg another basin was that geologic
var1ab1l1ty has a vital effect on the success of
engineering assessments and operations, and that in
orderJ to be robust, technical engineering solutions
require testing in contrasting geologic settings. The
proceLs of selecting a site for SFE No. 4 began

with an appraisal of 183 low-permeability formations

in alll lmajor low-permeability gas producing areas
across the country. From a group of four candidate
formations that were reviewed in detail by the
Bureau, the Upper Cretaceous Frontier Formation in
the Gr‘een River Basin of southwestern Wyoming
was selected as the site of SFE No. 4 on the basis of
the scientific challenges and lessons that it provided,
high |incremental resource potential, and strong
operator activity.

Information gained from three successful Frontier
cooperative wells (including 520 ft of core), combined
with geologic characterization of the Frontier through-
out a study area that encompassed the area of greatest
operator activity, led to GRI’s drilling of SFE No. 4
in 1990. Specifically targeted was the Second Bench
of the Second Frontier, which extends the length of
the Moxa Arch and contains the most prolific Frontier

_gas reservoirs in the western Green River Basin. The

SFE No. 4 well was drilled in Chimney Butte field,
Sublette County, through the Frontier Formation
to a depth of 8,100 ft. A total of 323 ft of core
was recovered.

Research was extended in 1990 to include the
Pennsylvanian Canyon Sandstone in southwest Texas,
where the efficiency of burgeoning operator activity
was being impeded by lack of information on regional -
and reservoir geology. Regional geology of the
Canyon was investigated in a five-county (Schleicher,
Sutton, Edwards, Val Verde, and Crockett) study area
in the Val Verde Basin and Ozona Arch—mapping
of structure and sandstone geometry, construction of
detailed stratigraphic cross sections, and description
and 1nterpretat10n of core from Sawyer and Sonora
fields in Sutton County.

The Pennsylvanian Cleveland Formation had been
considered as a candidate for the SFE No. 4 well
and, due to continued operator interest in geologic
framework studies, a stratigraphic study of the
formation was undertaken in a seven-county
(Hansford, Ochiltree, Lipscomb, Hutchinson, Roberts,
Hemphill, and Wheeler) area of the Anadarko Basin.
Mapping of structure, formation thickness, and
sandstone thickness was used to delineate reservoir
distribution of this progradational clastic system,
interpret depositional history, and characterlze
component facies.

In 1990 a screening process was initiated for
choosing an appropriate low-permeability formation
for the proposed GRI hydraulic fracture test site
facility. A national screening of low-permeability
formations was conducted by the Bureau to identify
units that met the criteria for the test site. In the
course of this work data from cooperative wells and
a GRI research well were collected and analyzed.

By 1991, simultaneous studies were under way in
the Frontier, Canyon, Davis, and Cleveland sand-
stones, and limited studies or reviews of other
formations were in progress in support of proposed
engineering experiments. These wide-ranging studies,
together with previous work on the Travis Peak,
Corcoran—Cozzette, and Cotton Valley set the stage
for preparing a national survey of the depositional
history, reservoir distribution, diagenesis, structure,
in situ stress, engineering attributes, and production



of 24 [leading low-permeability sandstone reservoirs.
This work was summarized in Bureau of Economic
Geology Report of Investigations No. 211.
e final phase of research on this project focused
v

on development and validation of new concepts that

allow| accurate prediction of the location of open,

A multidisciplinary approach to formation evalua-

tion iftthe most accurate for assessing reservoir
properties. This section summarizes some of the
elements that have been found to be critical in
charact‘erizing low-permeability sandstone reservoirs.

Our geologic studies can be divided into (1) stratig-
raphy| | and depositional systems, (2) reservoir
comp T;ition and diagenesis, and (3) structural history,

structural geometry, natural fractures, and stress

attriblilt‘es. Information on each of these topics is
necessary to completely characterize any tight forma-
tion g'e'ologically, yet it is important to recognize that
the obl ‘ects of these studies are commonly interrelated.
InfonPatlon from one area often provides important
ms1g t/into solutions to seemingly unrelated problems
in other areas, as illustrated by the use of diagenetic
information to improve understanding of natural
fractures (topical report GRI-94/0455).

Str‘a‘tlgraphm information explains the physical
framework in which the gas resource exists. Deposi-
tional history determines the regional distribution,
geometry, and texture of the reservoir sandstones, as
well as the characteristics of the nonreservoir facies
that may act as barriers to vertical growth of hydraulic
fractures resulting from high in situ stress. Production

characteristics of tight gas reservoirs are partly

controlled by diagenetic modifications to the reser-:

voirs] extensive cementation is commonly why
permeability is low. Finally, studies of structural
histor’y and geometry, natural fractures, and stress
~attributes are important to the understanding of tight
gas resources because hydraulic fracture treatments
are commonly carried out to achieve economic flow
rates.| Horizontal drilling is a promising method for
developing low-permeability gas reservoirs. Deter-
mining the present stress state in reservoir rocks and
adjac 3#1t strata helps the direction of hydraulic fracture
propagation to be predicted and fractures to be
contained more effectively. In addition to potentially
provi ling conduits for fluid flow to the wellbore, the
abundance and orientation of natural fractures may
affect the orientation and shape of hydraulic fractures
and influence fluid leakoff characteristics.

‘component genetic facies,
~ dimensional rock bodies characterized by specific

potentially conductive natural fractures within sedi-
mentary basins and new methods to measure key
geologic variables influencing production in strati-
graphically and diagenetically complex reservoirs.
Some preliminary results of this work have been
transferred to industry.

Research Approaches

Stratigraphy and Depositional
Systems

A depositional system is a group of lithogenetic
facies linked by depositional environment and
associated processes. In other words, it is a group of
rock strata that were deposited in closely associated
sedimentary environments. Depositional systems are
the stratigraphic equivalent of major physical
geomorphic units, such as modern rivers or deltas.
The depositional system can be divided into its
which are three-

sand-body geometries, lithologies, sedimentary
structures, and initial porosity and permeability.
Understanding at the facies level is a goal of

‘stratigraphic analysis because commonly at the facies

scale the basin’s fluid migration pathways, including
those of gases and connate waters, are established. A
particular facies will have similar characteristics no
matter where it has been deposited as long as energy
conditions, processes, available sediment supply, and
accommodation space were relatively uniform. Thus, -
classifying tight gas sandstones by their depositional
systems and component facies establishes a frame-
work for comparison among stratigraphic units of
different ages in different sedimentary basins. Unlike
details of a stratigraphic sequence, which may vary
between and within basins, characteristics of genetic
facies tend to remain constant within a range deter-
mined by conditions of deposition. This classification
helps provide a basis for determining the extent to
which geologic and engineering knowledge gained
in the study of one formation can be applied to the
study of another.

Nine principal clastic depositional systems can be
classified into continental, shoreline (marginal
marine), and marine environments, and the nine
systems can be subdivided further. For example, the
fluvial system can be divided into braided streams,
fine-grained meanderbelts, coarse-grained meander-
belts, and stabilized distributary channels. Each of



these subclasses has distinctive sand-body geometry,
texture, and distribution of internal sed1mentary
structures. Similarly, deltas can be divided into river-
dominated types that have digitate to lobate geom-
etries a:nd into wave-dominated types that have
cuspate geometries.

The thlckness of a sandstone depends on sediment
supply} |water depth, and rate of basin subsidence.
Thick sandstones generally form when the products
of repetltlve depositional events stack vertically,
which 1ntroduces layering that can be detrimental to
hydrauhc -fracture stimulation. The amount of sedi-
ment mput basin subsidence, and sea-level changes
are the main factors that control the vertical sequence
of deposits. Clean (low clay content) sandstones,
which generally make the best reservoirs, are
deposi ted in environments where physical processes
cause segregatlon of the bed-load (sand and gravel)
and su spended-load (silt and clay) components of
the sediment dispersal system. The high energy of
the rivejr channel or marine shoreface (the narrow
zone affected by wave action) efficiently segregates
the coarse and fine sediment fractions. Processes at
the dlstpbutary mouth bar of delta systems are also
efficient sediment sorters. The cleanest shales (having
the loxgvest sand and silt content), which are the best
bamers} to hydraulic-fracture growth, form in quiet,
low- energy environments, such as a lagoon or deep-
marine basin. Transitional environments are common
between the zones of highest and lowest energy, in
whlch]muddy sandstones and sandy mudstones are
deposited. Only in special cases (during marine
transgression, for example) are the clean sandstones
that make the best reservoirs bounded by thick shale
depos1'ts that make the best barriers to fracture growth.
The stress contrast between reservoir sandstones and
the o‘yerlymg and underlying beds is critical to
hydraullc -fracture design, and rock mechanical
propertles of these beds can vary as a result of subtle
contratsts in rock composition and texture.

\
Reservmr Composition

and \Dlagene5|s
I

Onkmal porosity and permeability of sandstones
are determined by their depositional environment, but
dlageﬁesm can significantly alter reservoir character-
istics after deposition. Most tight gas reservoir sand-
stones‘ had moderate to high porosity and permeability
at the' time of deposition, but compaction and pre-
<:1p1tat10n of authigenic mineral cements from aqueous
pore Qdes during burial have destroyed much of the
or1g1na1 intergranular (primary) porosity. Older and

deeper ;sandstones typically have lower porosity than

do younger or shallower sandstones because they have
undergone more extensive compaction and cementa-
tion. The importance of time for these porosity-
reducing reactions to occur is evident from the age
of most of the tight gas sandstones in the United
States, which are Paleozoic (570 to 245 Ma) or
Mesozoic (245 to 66 Ma). The only major Tertiary
(66 to 1.6 Ma) tight gas sandstones are the Wilcox
and Vicksburg of the Texas Gulf Coast, which have
been deeply buried.

In addition to providing information on porosity
and permeability distribution, study of the mineral
composition of tight gas reservoirs is necessary for
calibrating the log response of the reservoir and
adjacent nonreservoir rocks in the formation.
Composition and volume of detrital grains, clay
matrix, and authigenic cements, as well as the type
of pores, size of pore throats, and distribution of
clays are correlated to log response and petrophysical
properties such as permeability, porosity, pore-throat
diameter, water saturation, and rock strength.

‘Information on the composition and distribution
of minerals and pores in tight gas sandstones is
derived primarily from thin-section point counts,
X-ray diffraction analysis, and scanning electron
microscopy (SEM). Framework-grain composition of
a sandstone is typically expressed as the ratio of
quartz:feldspar:rock fragments (QFR), which are the
“essential grains” that are used to classify a sandstone.
Quartz is the most abundant detrital mineral in most
sandstones. If other minerals, such as feldspars or
metamorphic rock fragments composed dominantly
of mica, are unusually abundant, log analysts take
this into account by using a different grain density.
An abundance of feldspar grains, many of which are
unstable and dissolve in the burial environment, may
indicate that secondary porosity affects the porosity
network. Abundant rock fragments, particularly
metamorphic and sedimentary rock fragments, may
indicate that the sandstone has undergone loss of
porosity by ductile grain deformation.

Petrographic analyses of framework mineralogy,
porosity, clay content, and clay distribution reveal
compositional controls on rock strength. This infor-
mation can then be combined with well-log analyses
to yield fairly accurate predictions of rock strength
and mechanical properties in treatment intervals and
potential fracture barriers.

Fluid and gas in a sandstone flow most readily
through well-connected, intergranular pores. In most
tight gas sandstones, the intergranular pore network
has been almost completely occluded by precipitation
of authigenic cements. The result is that narrow, slot-
like apertures between pores provide the major
connectivity for fluid flow, and these narrow slots
are closed easily by increasing pressure (effective



stress)| Thus, to measure permeability in tight gas
sandstones accurately, one must analyze core under
net overburden pressure conditions (stressed perme-
- ability), not at ambient surface pressure (unstressed
permeability).

'In many tight gas sandstones, the most abundant
macroo}ores (pores having pore-aperture radii of
>0.5 mn) are secondary pores formed by dissolution
of detntal grains, particularly feldspars. Secondary
pores prov1de pore volume for gas storage, but they
generally are connected only by the remaining narrow,
intergra ‘ anular pores. Therefore, permeability in tight
gas sandstones containing mostly secondary pores is
still cq ntrolled by the highly occluded intergranular
pore network. Micropores (pore-aperture radii of
>0.5 p.frn) are common in some tight gas sandstones,
such as\ the Frontier Formation in the Green River
Basin,|but microporosity contributes little to perme-
ability Formatxons that have abundant microporosity
may be d from logs as having high porosity,
but they have low permeability.

Tig 1t sandstones can be divided on the basis of
pore geometry into (1) sandstones that have open
_ mtergranular pores whose pore throats are plugged
by authigenic clay minerals, (2) sandstones that have
mtergrianular pores that have been largely occluded
by authigenic cements (mainly quartz and calcite)
and re':duced to narrow slots that connect large
'secondary pores formed by grain dissolution, and
3) muddy sandstones that have intergranular volumes
filled b‘y detrital clay matrix and porosities that are
mainly microporosities. According to recent surveys,
- Type | 2‘ sandstones are the most common tight gas
reservoirs, and most of the 24 sandstones in the 1993

atlas a.lre Type 2 [29]. Sandstones that are exclusively

Type 1 are rare, but many of the formations discussed
in this atlas are Type 2 sandstones that also contain

authigenic clays plugging pore throats. The poorest

reserv ohs in many low-permeability formations are

Type 3 sandstones, and they probably do not
contribute significantly to total gas production. The
low- pe‘rmeablhty, downdip part of the Olmos
Forma t‘lon is an example of a Type 3 sandstone. Type
3 sandstones are poor reservoirs because they have
low pdrosny and permeability from the time of
- deposition as a result of an abundance of detrital
clay that was either deposited with the sand or mixed
in shortly after deposition by burrowing. Compaction
furthenreduces porosity, so that Type 3 sandstones
. "typlcally have no visible macroporosity. Although
- log-measured porosity may be as high as 10 percent,
the pcfn"osuy is all microporosity, and the sandstone
has vélly low permeablhty
Diagenetic complex1ty in Type 2 low-permeability
.sandstones varies considerably; the Travis Peak

-prov1des an example of a relatively simple system.
1

There, although sandstones contain many different
authigenic minerals, quartz is the most abundant
porosity-occluding cement. As the volume of quartz
cement increases with increasing burial depth, the
volume of intergranular primary porosity decreases
and permeability also decreases. Average porosity
and permeability can be predicted by depth in this
formation. The Frontier Formation in the Green River
Basin is a more complicated system. Quartz cement
is the main control on porosity in some areas along
the Moxa Arch, but in other areas calcite cement
dominates. As a result, no trend emerges in either
porosity or permeability with burial depth.
Authigenic clay minerals have an effect on the
producibility of tight gas sandstones beyond simple
porosity reduction. Because of their high surface-to-
volume ratio, clays increase water saturation, which
decreases relative permeability to gas. The relative
influence on permeability of the main types of clay
minerals varies in tight gas sandstones. Kaolinite
generally occurs in compact clusters inside secondary
pores, so it has the least effect on permeability.
Chlorite flakes commonly line primary pores and thus

“have an influence greater than kaolinite of decreasing

permeability. Illite and mixed-layer illite-smectite
occur as fibers that have high surface areas and thus
the greatest effect in reducing permeability. The
presence of fibrous illite in a sample can jeopardize
accurate permeability measurements from core plugs.
Conventional core analysis of illite-bearing sandstones
can indicate unrealistically high permeabilities caused
by the collapse of illite fibers during drying.

Clay minerals in sandstones can also cause pro-
duction problems because they are sensitive to com-
pletion fluids. Iron-rich chlorite will react with acid
and form iron hydroxides that reduce permeability if
the treatment liquids are not properly chelated.
Swelling clays, such as smectite or mixed-layer illite-

- smectite with a high percentage of smectite layers,

are sensitive to fresh water. Many of the 24 for-
mations reviewed by Dutton and others in RI 211
have a high percentage of illite layers, and thus they
are not very sensitive to fresh water. A more difficult
problem is reducing the permeability that results when
water saturation increases as a result of drilling or
stimulating a low-permeability formation.

Natural Fractures and
Structure

Most roéks near the earth’s surface (<3 to 6 mi

“deep) are brittle materials. Under the influence of

extension, compression, flexure, uphft cooling, and
fluid migration, many rocks acquire networks of



fractures of various types and sizes. Reservoir rocks
may coptain both opening-mode fractures and faults

that range from microfractures normally only visible

under the microscope to large fractures and faults
thousands of feet in size.

Natural fractures are commonly observed in core
from low-permeability-sandstone reservoir rocks,
although many of these fractures are nearly vertical
and thmlefore scarcely prone to intersection by vertical
borehc les Fractures are thus locally abundant in the
subsurface, even in areas distant from structural
perturbations such as folds and faults. In many cases,
these f lSé'actures have been open or partly open in the
subsurface, and locally they are associated with abrupt
inflows| of gas into the wellbore. Fractures in several
of low-permeability reservoirs have become targets
for horizontal drilling.
~ Knc V{Vledge of fracture occurrence, orientation, and
pattern |is important for engineering evaluation and
development of reservoirs having low matrix perme-
ability and for correct placement of horizontal wells
designed to cross fractures. Natural fractures likely
play a key role in production from parts of most, if
not all 1low-permeablhty-sandstone reservoirs based
on the dlspanty observed in some reservoirs between
permeablllty measured on core samples and that
imphed by production histories. Fractures having
marked effects on reservoir performance have been
described from the Cotton Valley sandstone in the

East Texas and North Louisiana basins, the

Mesaverde in the Piceance Basin, the Frontier

Format‘lon in the Green River Basin, and the Davis
Sands one in the Fort Worth Basin, among others.

In [addition to prov1d1ng pathways for fluid
movem‘ent locally, engineering analyses have also
onfmned geologic predictions that natural fractures

can ptofoundly affect the way induced hydraulic
fractures grow. The growth of multiple fracture

strands in naturally fractured intervals has been

postulated to reflect pressure anomalies detected
during hydrauhc fracture treatments.

Although regional fractures commonly occur in

subparallel sets, sets generally show variable spacing
and patterns may change gradually or abruptly on
both regional and local (field, interwell) scales.
Fracty res are arranged in networks that reflect the
reserv01r structure, the history of burial and tectonic
loads that caused fracture propagation, and the
evolving physical properties of the rock. Fracture-
network interconnectivity and patterns of mineral fill
within |fracture networks control the size and shape
of the [rock volume contacted by a given borehole
intersecting the network.

Faults are common geologic features that are a
type of f reservoir heterogeneity occurrmg in tight gas
sandstones in a wide spectrum of sizes. Whereas large

faults can compartmentalize reservoirs by juxtaposing
reservoir and nonreservoir rocks, small faults may
also be barriers to fluid flow as a result of grain
breakage and porosity reduction, even where faults
produce sandstone-on-sandstone contacts. Normal
faults are common features of many Gulf Basin
reservoirs such as the Lobo Wilcox and Vicksburg,
and reverse and strike-slip faults are present in other
plays. Data on faults in a given reservoir are com-
monly incomplete and affected by sampling bias.
Faults with substantial throw are generally invisible
on seismic lines, but data from infill wells, where
available, is seldom adequate to illuminate fault
patterns in areas distant from these wells.

Natural fracture analysis, too, is hindered by
obstacles to fracture sampling. Even simple fracture
network patterns are difficult to impossible to docu-
ment using conventional methods in vertical bore-
holes: fractures commonly escape detection on logs
or in core. Detailed information on fracture density,
connectivity, and orientation patterns currently can
be obtained only from outcrop studies of reservoir
analogs (exposed reservoir-facies rocks having
structural histories similar to target horizons). Well
tests and other engineering tests have provided little
insight into natural fracture systems; commonly over-
simplified representations of fracture networks are
used to interpret such tests, often obscuring the effects
of natural fractures on well tests and long-term
reservoir behavior.

The effect of fractures on production depends on,
among other factors, the relative permeability, poros-
ity, and interconnectivity of the fracture network
compared with that of the matrix rock. The cumulative
effect of long exposure to fracturing processes
associated with tectonism, burial, uplift, and migrating
fluids should work to produce an interconnected,
conductive fracture network in older rocks. However,
diagenetic processes of mineral precipitation tend to
fill and close fractures. The intense faulting that char-
acterizes the Tertiary (Eocene) Lobo Wilcox trend
shows that such generalized models are no substitute
for direct measurement of fractures and formation-

 specific predictive models.

As part of this project, new methods have been
introduced that allow site-specific information on frac-
ture properties to be obtained from rock samples, even
where visible fractures are not present. This work is
partly described in topical report GRI-94/0455.

Stress

Stress directions and stress contrasts in low-
permeability sandstone reservoirs are 1mportant

to the design of engineering operations in these



rocks| Because under typical reservoir conditions the
growth direction of hydraulic fractures tends to
. parallel maximum horizontal stress (SHmax),
knowledge of principal stress directions is necessary
for effective placement and stimulation of wells.
This 1nformat1on is also important where open
natural fractures contribute to production because
open fractures may be preferentially aligned parallel
to SHmax.

The| contrast in the magnitude of the minimum
pnnc1pa1 stress between different beds is one of the
key factors governing the vertical growth of a
hydrauhc fracture. If hydraulically created fractures
grow ls1gn1flcantly taller in the vertical direction than
spec1ﬁed in treatment design, then fracture width and
length will be less than anticipated, and strata above
and below the treatment interval may be inadvertently
1nters?c‘ted by treatment fractures, which may damage
the well.

In add1t1on to developing general principles that
apply to many formations, this project has produced
specrfac, in-depth geological and reservoir-property
analyses of several important low-permeability
reservou formations.

East Texas Studies:
TraV|s Peak Formation

The main goal of the geologic studies of the Tight
Gas Sands Program in East Texas was to document
the geologlc framework of the Travis Peak Formation.
Insigh its gained from this multifaceted study increased
understanding of the geologic controls on distribution
and behavior of Travis Peak tight gas reservoirs.
Geologic studies in East Texas thoroughly character-
ized low permeability gas reservoirs by determmmg
) the size, orientation, and distribution of reservoir
sand bod1es, (2) the mineral composition of reservoirs
and therr response to geophysical logs, (3) the
vanabllrty in porosity and permeability with depth,
4) natural fracture occurrence and orientation, and
5 the direction of in situ stress, which controls
hydralulrc fracture propagation. In addition to reaching
specrfrc conclusions about the Travis Peak, this study
also prov1ded a methodology for future geologic
studles of other low-permeability, gas-bearing sand-
stones‘ Stratigraphic, petrographtc, and structural
stud1§es formed the three main areas of geologic
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Worldwide, most intraplate stresses are compres-
sional, but a complex extensional stress province
exists in the western United States: the Cordilleran
extensional province. Such provinces commonly have
elevated topography and heat flow. The Cordilleran
province also comprises several domains having
contrasting directions of maximum horizontal stress.
This variability in stress orientation and the limited
resolution of regional stress-direction maps that arises
from sparse well data make stress directions in some
western basins challenging to predict. For example,
evidence conflicts about stress directions from
the Frontier Formation in the Green River Basin.
Stress directions in the formations studied in this
project have been determined using several methods.
One of our roles has been to synthesize and interpret
test results in their geologic and tectonic context
and according to the rock’s composition and
microstructure.

Synopsis of Research Results

investigation that were needed to characterize this
tight gas sandstone. The annotated bibliography lists
reports that describe these results in detail.

Green River Basin: Frontier
Formation

The main goal of the geologic studies of the
program in the Green River Basin, Wyoming, was to
document the geologic framework of the Frontier
Formation. Insights gained from this multifaceted
study increased the understanding of geologic controls
on the distribution and behavior of the Frontier tight
gas reservoir. The annotated bibliography lists reports
that describe these results in detail.

Val Verde Basin:
Canyon Sandstone

The objective of the geologic study of the Canyon
Sandstone formation was to develop a comprehensive
description of the physical characteristics of the
reservoir sandstones and new methods to map strati-
graphically complex outer shelf sandstones. To
accomplish this task, it was necessary to (1) map
regional and field-scale Canyon sandstone distribu-
tion, (2) interpret and characterize depositional



systems and facies, (3) investigate how the diagenetic
h1story of the sandstones has modified reservoir
porosity and permeability, and (4) summarize obser-

vatlon!s of natural fractures in Canyon core. Results

are dc-scrlbed in several reports and papers (see

annota ted bibliography).

1
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,‘Nort‘h Texas/Oklahoma:
Cleveland Formation
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Low} permeabxhty sandstones of the Upper
Pennsylvanian (lower Missourian) Cleveland Forma-
tion compose major gas-producing reservoirs in the
~western Anadarko Basin of the northeastern Texas
Panhandle Although Cleveland reservoirs had pro-
“duced ?435 Bcf of natural gas as of January 1991
(according to Railroad Commission of Texas reports)
and have an estimated 38 Tcf of gas in place, little
pubhsped information is available on even the basic
geology of the unit. The topical report on the Bureau’s
_,Cleveland study, which was distributed to GRI in
November 1992, and other publications offer a firm
geolo ic basis for other subregional and field-specific

studie$ of the Cleveland. The annotated bibliography -

lists these reports.
i ,

|

| Rio Grande Embayment:
,W|I¢~ox Lobo Formation

1

The IOb_]eCthC of the geologic study of the Wilcox
Lobo Formatlon was to develop a comprehensive
descrliptlon of the physical characteristics of the
reservo1r sandstones. The results of studies completed
at thls time are summarized in the annotated
biblio raphy

‘Ne Methods to Evaluate
Natural Fractures

The aim of the project is to provide unique
information about subsurface fracture properties in
sandstone at low cost. New methods can identify
fractured zones, measure fracture orientation, and

determine if fractures can conduct fluids-based on .

analy Lis of microfractures in conventional whole core

or drilled (rotary) sidewall core samples. Using
wireline sampling (sidewall cores) can greatly reduce
costs. The methods are simple to use and can produce
analytic results in a few days. Results can be used to
identify zones with conductive fractures (thief zones,
sweetspots) and to design horizontal wells to con-
tact or avoid fractured areas, and thus the methods

have applications to exploration, development, and

reservoir management. These methods are a break-
through over conventional techniques for the
following reasons.

Despite improvements in detection and character-
ization of large fractures with geophysical logging
tools and seismic methods, subsurface fracture
properties are often conjectural because large fractures
rarely intersect wellbores where they can be observed.
In shallowly dipping petroleum reservoirs and hy-
drocarbon storage facilities, the lack of adequate
sampling results from the vertical attitude of most
wells and fractures and the wide (>1 m) spacing of
large fractures. Consequently, it is common that
many fracture attributes that critically affect hydraulic
and mechanical properties: of subsurface rocks
are unknown.

In many sandstones, mlcrofractures, with sizes of

‘microns to millimeters, are more common than large

fractures and can be sampled effectively even in small
volumes of rock. However, the types of microfractures
that reliably provide information about large fractures
are nearly invisible using conventional analysis
methods. Our approach images these microfractures
using high-resolution photomultiplier-based electron-
beam-induced cathodoluminescence (scanned CL).
Yet imaging microfractures is only one step in the
process of using microfractures to diagnose the
properties of large fractures. We are using imaging
together with new fracture classification schemes,
novel applications of conventional petrogenetic
analysis, and advanced mathematical scaling methods
to obtain high resolution (bed-by-bed) information
on fracture orientation, conductivity, and other frac-.
ture properties. The key advantage is that the approach
works without measuring elusive large, difficult-to-
sample macrofractures. ’

Many technical issues have now been-identified
but remain to be resolved before the technique can
be recommended for commercial deployment. Among
these the following are crucial. How does rock
composition, burial history, proximity to large
fractures, and variable microfracture abundance affect
accuracy, reliability, and cost of analysis? Are there
rock types and areas where the method should not be
deployed or where special sampling approaches are
needed? What sampling density, laboratory tech-
niques, and analytical methods give the most reliable



and cost-effective results? What are costs and turn-

around times for the procedure? What additional
information about macrofractures can be learned? Can
macro fracture conductivity be quantified and accu-
rately mapped‘? Can multiple fracture sets and con-
nectlvrty be diagnosed?

Ini 1al results are very promising. Our plans
called (for completmg six case studies to address
these |technical issues and to document the power
and cost effectiveness of the approach for measuring
fracture orientations, if we receive support from
indust ry to continue the work. We believe this
appro ach can have direct and immediate benefits for
operators by allowing economic characterization of
fractured sandstones that cannot be achieved in any
other v&l"ay.
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Measuring the success of the dissemination of

information is challenging. How and to what extent
ideas, |concepts, models, and specific facts about
forma|tions and reservoirs are acquired by the producer
commﬁnity, how they are perceived, and how they
are used, are often difficult to judge quantitatively.
Although improving methods to assess technology
transfejr success is a worthwhile goal (because it can
lead tq enhanced utilization of research results), it is
beyond the scope of this report. However, we do
present a few readily available measures of
inform!atlon transfer success showing that the results
of our studies have been made available to the public.

Oy er the course of the project, topical reports, the
Buredu of Economic Geology publications series,
publi ,hed papers, oral presentations, and workshops
have b‘een used to communicate research results to
industry and the general scientific community: 29
Gas Research Institute topical reports and more than
102 cther published works. Nine Bureau Reports of
Invesngauons and one Geological Circular have been
publmhed by the Bureau of Economic Geology. These
reports and papers describe preliminary findings,
summarize specific experiments and studies, and
present final results of completed studies. In addition
to these publications and for the purpose of facilitating
engineering research activity, the Bureau also pro-

duced numerous written documents that are not formal-

publications, including preliminary geologic descrip-
tion reports and other documents describing core and

other| data collected in SFE and cooperative wells. .

National Surveys

The Bureau Report of Investigations No. 211 sum-
marizes geologic, engineering, and production infor-
mation for 24 low-permeability, natural gas-bearing
sandstone reservoirs in 13 basins in the United States.
The 24 low-permeability formations in the report were
selected either because they contain abundant natural
gas reserves and resources or because the geologic
and engineering data available for their characteriza-
tion could apply to other, similar gas-bearing forma-
tions. This report updates an earlier summary of low-
permeability sandstones by Finley titled Geology and
Engineering Characteristics of Selected Low-
Permeability Gas Sandstones: A National Survey.

Review of Technolcgy Transfer Success

Shortly after data collection, these reports were issued
to other GRI contractors and to companies and
operators involved in cooperative wells.

Topical reports communicate results efficiently
because they are distributed directly to industry users,
appear as part of a set of GRI project publications,
and are made available through GRI’s publication
distribution system. The Bureau has contributed to
GRI reports on SFE wells, which describe integrated
reservoir characterization and engineering case studies
in experimental wells.

The publication series of the Bureau of Economic
Geology is advertised nationally to a mailing list of
about 7,500 subscribers. More than 145 libraries and
other geological surveys receive Bureau publications
in cooperative exchange-of-publications agreements.
Bureau publications are also distributed through over-
the-counter sales. Over-the-counter sales of publica-
tions developed in the Tight Gas Sands Project have
been steady. By 1996, more than 1,500 project-related
BEG publications had been sold.

~ Another important medium for information transfer
is peer-reviewed journals. These publications reach a
wide international audience that includes not only
other researchers but also key management personnel
in industry who directly influence the resource
development strategies and field operations that are
used in their companies. Bureau workers have
published 18 articles in peer-reviewed journals on
topics directly related to work conducted on the tight
gas project. On the basis of a conservative circulation
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estimate of 10,000 for each of these journals (for
examp le, AAPG Bulletin circulation is 33,500), we

estima te that these articles have reached a substantial

part ot" the scientific community.

~ More than 67 professional presentations, of which

papers or abstracts would be published, were given

concet'mng the Bureau’s project research. Many of

these Y/ere presented at large national or international

conventlons, where audiences can be substantial. We

estlmate that these presentations reached an audience
of 6, 0)0 engineers, geologists, and managers.

A total of 83 presentations that had no published
papers or abstracts were made on various aspects of
the Bureau s tight gas sandstone research. Many of
these ‘ere given at local geological societies whose
memb‘ers actively explore and produce tight gas
sandst’o‘nes and thus can immediately apply informa-
tion and technology developed through the GRI
program. An additional 23 talks were presented in
GRI and other workshops. We estimate that these
talks and workshops of GRI-sponsored Tight Gas
Sands| research reached an audience of 4,000 geol-
ogists and engineers.

Du,ct discussions with industry workers, although

informal can convey a quantity of information
developed in the project. Although fewer people are
reached directly by these means than by publication
and formal presentation, interpersonal communication

commonly solves specific geologic and engineer-

ing problems.

Adiimonally, because of continuing research on
this tOplC at the Bureau and the steady distribution of
resear&\h results, the Bureau is perceived as a source
of t1g t gas sand geologic information. Through
telepho‘ne conversations, letters, visits, and informal
meetlﬁgs the Bureau receives inquiries concerning
spec1f1c tight gas reservoirs, fields, or wells, regional

inwide geologic frameworks, and analytical
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Gas Research Institute Topi'cal
Re orts

Eas Texas Studles

' Geology of the Lower Cretaceous Travis Peak
Formation, East Texas—depositional history,
diage‘l;lesis, structure, and reservoir engineering
implications: by Dutton, S. P., Laubach, S. E., Tye,

R.S,, Baumgardner, R. W., Ir., and Herrington, K. L.,
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techniques for characterizing tight gas sands. On
average, Bureau workers involved in tight gas sands
research receive three to five telephone or letter
inquiries per month. Many of these inquiries lead to
office visits during which research results are
reviewed and discussed in depth. Because the project
typically involves about four Bureau scientists,

‘informal industry contacts average 200 to 250 per

year.

The project has been singled out for several
professional and technical awards. The paper
Petrography and Diagenesis of Lower Cretaceous
Travis Peak (Hosston) Formation, East Texas, which
was presented at the 1986 annual meeting of the
Gulf Coast Association of Geological Societies
received the First Place Best Paper award and the A.
I. Levorsen Memorial Award for excellence in
presentation. The paper Organic Geochemistry of the
Lower Cretaceous Travis Peak Formation, East Texas
Basin, which was presented at the 1987 annual
meeting of the Gulf Coast Association of Geological
Societies, also received the First Place Best Paper
award and the A. I. Levorsen Memorial Award. A
paper titled Fracture Trace Maps of Upper
Cretaceous Pictured Cliffs Sandstone Pavements,
which describes fracture studies of tight gas
sandstones, and which was presented at the American
Association of Geologists Annual Meeting, was
awarded the AAPG Energy Minerals Division
President’s Certificate for Excellence in Presentation.
Finally, a paper titled Fracture Detection in Low-
Permeability Reservoir Sandstone: A Comparison of
BHTV and FMS Logs to Core, presented at the 1988
Society of Petroleum Engineers Annual Technical
Conference in Houston, October 2-5, 1988, was
chosen for presentation in the Best of SPE for AAPG
session at the 1989 Annual Meeting of the American
Association of Petroleum Geologists.

An Annotated Summary of Project Publications

1990, The University of Texas at Austin, Bureau of
Economic Geology, topical report no. GRI-90/0090
prepared for the Gas Research Institute under contract
no. 5082-211-0708, 170 p.

This report summarizes stratigraphic, petrographic,
and structural studies of the Lower Cretaceous Travis
Peak Formation, a low-permeability gas sandstone in
East Texas, and presents reservoir engineering
implications. Depositional systems in this region were
interpreted -from logs and cores and include (1) a



braided- to meandering-fluvial system that forms the
majo 'ﬂty of the Travis Peak section, (2) deltaic
deposits interbedded with the distal part of the fluvial
system, (3) paralic deposits that overlie and interfinger
with the deltaic and fluvial deposits near the top of
the T%évis Peak, and (4) shelf deposits present at the
down'dip extent of the formation. Petrographic studies
indicate that the sandstones are quartzarenites and
subarkoses. Cementation by quartz, dolomite, anker-
ite, iliite, chlorite, and reservoir bitumen has reduced
porosiity to <8 percent and permeability to <0.1 md
throughout most of the formation. Structurally deeper
sands’tc}mes are more intensely quartz cemented than
are shallower sandstones and contain abundant, open

naturaglll fractures. Borehole breakouts and drilling-

induced fractures in core can be used to predict -

horiz%zlhtal stress directions and the direction of

hydra!w lic fracture propagation. Hydraulic fractures
propagate in directions subparallel to the east-

north{e?st strike of the natural fractures; thus, hy--
draulically induced fractures may not intersect many

natural fractures.

Analy{sis of natural fractures and borehole
ellipt:i$ity, Travis Peak Formation, East Texas: by
Laubach, S. E., Baumgardner, R. W., Jr., and Meador,
Karergl,l 1987, The University of Texas at Austin,
Bureau of Economic Geology, topical report no. GRI-
87/0ﬁ1;1 prepared for the Gas Research Institute under
contract no. 5082-211-0708, 128 p.

Th’i!s report summarizes petrographic studies of
natural and coring-induced fractures in 7 cores from
the Travis Peak Formation, a low-permeability gas
sands%ci)ne in East Texas, and also presents an analysis
of fracturing and wellbore elongation based on
boreho‘le televiewer, Formation Microscanner, and
ellipt clity logs from 12 Travis Peak wells. Natural
verticaﬂ extension fractures in sandstone are open or
only ppartly mineral filled in the cored depth range
(~=5,000 to —10,000 ft), and they are therefore
potential gas reservoirs as well as a potentially
important influence on commercial hydraulic fracture
treatment. Crack-seal structure in fracture-filling
quartz‘l shows that fracturing and quartz cementation
were cbntemporary; this result, together with evidence
of tim‘ing of fracturing and the large water volumes
that are inferred to have passed through the Travis
Peak/ suggests that elevated pore-fluid pressures
enhar,u‘;:ed fracture development. Healed transgranular
microfractures that occur in sandstone can be used to
ascenqin natural fracture trends in core that lacks
macrofractures, and coring-induced petal-centerline
fracttiries can be used to infer stress orientations. Frac-
tures trend east-northeast to east. In the upper Travis

Peak,; Tborehole ellipticity trends east-northeast, par-
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allel to fracture trends, and in the lower Travis Peak
ellipticity trends north-northwest, parallel to the
direction of least horizontal stress. This preliminary
report presents initial data and conclusions that were
developed in subsequent work and reported in Bureau
Report of Investigations No. 185 and various journal
publications. :

Application of borehole-imaging logs to geologic
analysis, Cotton Valley Group and Travis Peak
Formation, GRI Staged Field Experiment wells,
East Texas: by Laubach, S. E., Hamlin, H. S,
Buehring, Robert, Baumgardner, R. W., Jr., and
Monson, E. R., 1990, The University of Texas at
Austin, Bureau of Economic Geology, topical report
no. GRI-90/0222 prepared for the Gas Research
Institute - under contract no. 5082-211-0708,
115 p.

‘This report summarizes studies of two geophysical
logging tools, the borehole televiewer and the Forma-
tion Microscanner, that were used in GRI’s three
Staged Field Experiment wells and in a cooperative
well in East Texas. These tools can detect natural
fractures and induced fractures that reflect in situ
stress conditions, as well as lithologic features- that
can be important for geologic interpretation. Improve-
ment in borehole televiewer and Formation Micro-
scanner technology has been rapid in the past several
years, but calibration of the logs with core is needed
to ensure accurate interpretations of the logs. Our
study compares borehole televiewer and Formation
Microscanner logs with core from wells in low-
permeability gas reservoir sandstone. Vertical frac-
tures in Travis Peak and Cotton Valley sandstone
usually are visible on borehole televiewer and
Formation Microscanner logs, but some fractures were
missed or are indistinct. Aspects of fracture shape
can be determined and fractures can generally be
separated from borehole breakouts, but natural
fractures are difficult to distinguish from some types
of drilling-induced fractures on either log. Fracture
orientation is readily obtained for inclined fractures
from either borehole televiewer or Formation
Microscanner logs, but the orientation of vertical
fractures, the common fracture type in East Texas
reservoirs, can be ambiguous locally on both logs.
Formation Microscanner images can be used to help
document and interpret depositional environment, and
they provide images of sedimentary structures and
thin beds.

The Travis Peak (Hosston) Formation: geologic
framework, core studies, and engineering field
analysis: by Finley, R. J., Dutton, S. P, Lin, Z. S,
and Saucier, A. E., 1985, The University of Texas at



Austin, Bureau of Economic Geology, topical report
no. GRI-85/0044 prepared for the Gas Research
Institute under contract no. 5082-211-0708, 233 p.

Because this was the first Bureau topical report on
the Travis Peak Formation, much of the information
in it was updated and superseded in subsequent
reports, particularly the regional stratigraphic interpre-
tations (see GRI-88/0325 and GRI-90/0090).

The "I‘ravis Peak (Hosston) Formation constitutes
a 1,000- to 5,000-ft-thick clastic wedge that formed
two mahor depocenters along the north flank of the
Gulf Coast Basin. The depocenters were dominated
by fluvial-deltaic facies. A delta-fringe facies, includ-
ing tidal flat and nearshore shallow-marine shelf
facies,
wedge. These marginal-marine deposits within the
upper [Travis Peak are the most productive facies of
the formation within a nine-county area in East Texas.

Sandstones in the Travis Peak are mineralogically
matureﬂ Low permeability and occlusion of porosity
is primarily due to quartz overgrowths, authigenic
clay, |ankerite, and reservoir bitumen, a high-
molecular-weight hydrocarbon residue. Within six
Travis Peak gas fields in East Texas, porosity ranges
from 8 to 11 percent and water saturation ranges
from 28 to 44 percent within intervals of net pay.
The permeability-thickness product is low in the south
part of the study area and increases toward the north.
Upper| limits of permeability range from 0.074 md
(median value) to 0.084 md (thickness-weighted
average), on the basis of well tests that postdate frac-
ture tr ?tment. Within Chapel Hill field, three reser-
voir s ‘dstone types were defined; sandstones with
greatest lateral continuity were deposited as sandy
tidal ﬁflz‘lts, including associated channel sandstones
that trend northwest. Lower energy tidal-flat depo-
sition li“s characterized by increased mud content of
sandstdnes, and local marine transgression resulted
in dep'o‘sition of mudstone and muddy limestone.

I

Diagenesis and burial history of the Lower

Cretakéous Travis Peak Formation, East Texas:

controls on permeability in a tight gas sandstone:
by Dutton, S. P., 1987, The University of Texas at
Austin, Bureau of Economic Geology, topical report
no. 31—87/0079 prepared for the Gas Research
Institute under contract no. 5082-211-0708,
158 p! |

Petgégraphic and geochemical studies were used
to determine the diagenetic and burial history of
Travis Peak sandstones in East Texas and to relate
the diFagenesis to permeability variations within the
formation. Permeability in much of the formation
has been reduced to less than 0.1 md by compaction,
cementation, and minor pressure solution.

fformed around the margins of the clastic
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Travis Peak sandstone is quartzarenite and sub-
arkose, having an average composition of QgsF,R;.
The first authigenic cements to precipitate were illite,
which coated detrital grains with tangentially oriented
crystals, and dolomite. Next, extensive quartz cement,
averaging 17 percent of the rock volume in well-
sorted sandstone, occluded much of the primary
porosity. Quartz is most abundant in the lower Travis
Peak, in well-connected sandstone beds that were
deposited in braided streams. Dissolution of
orthoclase and albitization of plagioclase followed
quartz cementation and occurred prior to mid-
Cretaceous movement of the Sabine Uplift. Illite,
chlorite, and ankerite precipitated after feldspar
diagenesis. Oil migrated into Travis Peak reservoirs
in the Late Cretaceous from Jurassic source rocks.
Later deasphalting of the oil filled much of the
remaining porosity in some zones near the top of the
formation with reservoir bitumen.

Petrography and diagenesis of the Travis Peak
(Hosston) Formation, East Texas: by Dutton,
S. P., 1985, The University of Texas at Austin, Bureau
of Economic Geology, topical report no. GRI-85/
0220 prepared for the Gas Research Institute under
contract no. 5082-211-0708, 71 p.

This preliminary report on the diagenesis of the
Travis Peak Formation presents: the results of
petrographic studies based on data from 10 cores.
The petrographic results are used to interpret the
diagenetic history of Travis Peak sandstones and to
relate the diagenetic history to permeability variations
within the formation. Tables of petrographic data for
187 thin sections are included in the report, as are
plates of photomicrographs that display characteristic
features of Travis Peak sandstones. Many of the
conclusions in this report are preliminary and were
modified and documented more thoroughly in the
later topical report GRI-87/0079 (following).

Comparative engineering field studies and gas
resources of the Travis Peak Formation, East
Texas Basin: by Lin, Z. S., and Finley, R. J., 1986,
The University of Texas at Austin, Bureau of
Economic Geology, topical report no. GRI-86/0016
prepared for the Gas Research Institute under contract
no. 5082-211-0708, 96 p.

Data from eight fields producing from the Travis
Peak Formation in the eastern East Texas Basin were
used to define key engineering parameters for each
field and to develop resource-reserve estimates. Field-
average porosities range from 8 to 11 percent, and
the median permeability for 191 wells is 0.088 md;
field-average permeability ranges from 0.006 to
0.1 md. Gas productivity generally increases from



)

to north across the area studied with changes
reservoir drive mechanism. Gas in place in the
Peak of the East Texas Basin is estimated to
5 Tecf, assuming 12 percent of the area of the
is ultimately productive.

Stratigraphy and depositional systems of the
Lower] Cretaceous Travis Peak Formation, East
Texas Basin: by Tye, R. S., 1989, The University of
Texas at Austin, Bureau of Economic Geology,
topica'l report no. GRI-88/0325 prepared for the Gas
Resea%rch Institute under contract no. 5082-211-0708,
80 p.

south
in the
Travis
be 19
basin

The Travis Peak Formation of the East Texas Basin
was |djivided into five lithostratigraphic units.
Formzilt‘iion of a fluvial-deltaic-paralic-shelf deposition-
al systems tract was interpreted from analyses of
stratigfaphic and sedimentologic data that were
acquired for each lithostratigraphic unit from well
logs and cores. During early Travis Peak develop-
ment,| braided streams deposited channelbelt, flood-
plain, z%md overbank sediments in most of the study
area. [Downdip of the braided streams, deltas pro-
graded to the south and southeast over a shallow,
stable |shelf. As braided streams migrated and
enlarged, the site of deltaic deposition advanced
southward and expanded to the northeast. Estuaries
develEped in relatively sediment-starved, embayed
portio 15 of the shoreline between centers of deltaic
deposition. Seaward of the deltas, shelf sandstones
accumulated through sediment-gravity processes
trigge?réd by high sediment loads and rapid deposition
in the|deltas.

Shoreline transgression and development of
coastziﬁ-plain and paralic environments characterize
late Travis Peak evolution. Fluvial systems trans-
porteél[ a mud-rich sediment load and assumed a
sinuous-braided to meandering form. Channelbelts
coursed across a coastal plain with expansive flood-
plains and lakes and fed a few small retrogradational
deltas. Estuaries enlarged and became a dominant
coastal feature as submergence of the coastal
plain| progressed. With continued transgression,
marine limestone of the Sligo Formation onlapped

the Travis Peak.

Relationship between radar lineaments, geologic
structure, and in situ stress in East Texas: by
Baumgardner, R. W., Jr., 1988, The University of
Texas at Austin, Bureau of Economic Geology,
topicél‘ report no. GRI-88/0094 prepared for the Gas
Research Institute under contract no. 5082-211-0708,
43 p.

Radar-based lineaments in East Texas and
northwest Louisiana were studied to determine their
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relationship to surficial and subsurface geologic
structure and to in situ stress. For all lineament data,
two significant azimuths of vector sums were defined:
325° and 37°. The northwest trend has the same
orientation as the mean direction of wellbore elonga-
tions in the Schuler Formation throughout the East
Texas Basin. However, this trend is significantly
different from the 344° orientation of wellbore
elongation in the overlying Travis Peak Formation.
These results suggest a complex relationship between
subsurface stress and the northwest lineament trend.
The northeast lineament trend does not coincide with
the orientation of any known stress or regional
structure and may be an artifact of radar illumination
direction. Unlike a previous regional study based on
smaller-scale Landsat data, no consistent correlation
between surficial or subsurface structure and linea-
ment density was discovered. However, high values
of lineament density occur preferentially on outcrops
of the Sparta and Weches Formations. These results
suggest that either (1) most radar lineaments smaller
than Landsat lineaments are manifestations of un-
mapped subregional or local structures or (2) most
radar lineaments are surficial phenomena, unrelated
either to subsurface geologic structure or to stress.

Landsat-based lineament analysis, East Texas
Basin, and structural history of the Sabine Uplift
area, East Texas and North Louisiana: by
Baumgardner, R. W, Jr., and Jackson, M. L. W,
1987, The University of Texas at Austin, Bureau of
Economic Geology, topical report no. GRI-87/0077
prepared for the Gas Research Institute under contract
no. 5082-211-0708, 117 p. ‘

The first half of this report documents the relation-
ship between subsurface structure and lineaments in
East Texas. More than 2,200 lineaments were mapped
from 1:250,000-scale Landsat images. Vector sums
of greater-than-average values of length-weighted
frequency define significant peaks of lineament
orientation. For all lineaments, significant peaks occur
at 325° and 21°. The northwest peak parallels mean
azimuth of borehole elongations in Cotton Valley
sandstone wells throughout East Texas. Within the
salt structure province of the East Texas Basin,
lineament azimuth is not significantly different from
salt structure azimuth. Lineament density delineates
major fault zones.

The second part of this report describes new
mapping of the stratigraphy and structure of East
Texas and identifies the timing, extent, and orientation
of arching episodes in the Sabine Uplift area, which
is important in developing a structural history of the
area. Estimation of movement on the Sabine Uplift
was made from isopach maps of five Lower



Cretaceous units. The isopach maps show that the
Sabine Uplift was not a horst during the Late Jurassic
and Early Cretaceous but part of a large basinal area.
Timing and magnitude of arching episodes on the
uplift [in the Mid-Cretaceous and early Tertiary
indic i that the Sabine Uplift may have been
~ produced by northeast-directed tectonic events in the
Mexican Cordillera.

GeoloLical analysis of the Travis Peak Formation:
by Dutton, S. P., Fracasso, M. A., Laubach, S. E.,
Baumgardner, R. W., Jr., and Finley, R. I., 1988, in
CER (Elorporation and S. A. Holditch & Associates,
compilers and eds., Advancements in Travis Peak
Formation evaluation and hydraulic fracture
technoilogy: Staged Field Experiment No. 1, Waskom
field, ﬁ{}arrison County, Texas, topical report no. GRI-
88/0077, prepared for the Gas Research Institute, p.
35-62!

Geological analyses of the Travis Peak Formation:
by Laubach, S. E., Tye, R. S., Dutton, S. P., and
Herrinlglton, K. L., 1989, in Staged Field Experiment
No. 2 ‘application of advanced geological, petro-
physical, and engineering technologies to evaluate
and improve gas recovery from low permeability
sandstone reservoirs, Travis Peak Formation, North
Apple 3‘y field, Nacogdoches County, Texas: CER
Corpore}ﬁion and S. A. Holditch and Associates, Inc.,
report no. GRI-89/0140 prepared for Gas Research
Instituté, p- 42-90.

Geological analysis of the Travis Peak Formation
and C(})tton Valley Sandstone: by Dutton, S. P,
Laubach, S. E., Tye, R. S., Herrington, K. L, and
Diggs, T. N., 1991, in Staged Field Experiment No.
3: application of advanced technologies in tight gas
sandstones—Travis Peak and Cotton Valley Forma-

tions, Waskom field, Harrison County, Texas: CER

Corporation and S. A. Holditch & Associates, Inc., -

topical lreport no. GRI-91/0048 prepared for the Gas
Research Institute under contract no. 5090-211-1940,

p. 27~q%.

Fro rltier Formation

Geologic controls on reservoir properties of low-
permeability sandstone, Frontier Formation, Moxa
Arch, ‘southwest Wyoming: by Dutton, S. P,
Hamliq, H. S., and Laubach, S. E,, 1992, The
Unive}i"sity of Texas at Austin, Bureau of Economic
Geolo'giy, topical contract report no. GRI-92/0127
preparieh for the Gas Research Institute under contract

no. 5082-211-0708, 199 p.

This report examines the influence of stratigraphy,
diagenesis, natural fractures, and in situ stress on
low-permeability, gas-bearing sandstone reservoirs of
the Upper Cretaceous Frontier Formation along the
Moxa Arch in the Green River Basin, southwestern
Wyoming. The main stratigraphic controls on distribu-
tion and quality of Frontier reservoirs are sandstone
continuity and detrital clay content. The Frontier was
deposited in a fluvial-deltaic system, in which most
reservoirs lie in marine upper shoreface and fluvial
channel-fill sandstone facies. The major causes of
porosity loss in Frontier sandstones during burial
diagenesis were mechanical and chemical compaction
and cementation by calcite, quartz, and authigenic
clays. Despite extensive diagenetic modification,
reservoir quality is best in facies that had the highest

- _porosity and permeability at the time of deposition.

Natural fractures are sparse in Frontier core, but
outcrop studies show that fractures commonly are in
discrete, irregularly spaced swarms separated by
domains having few fractures. Natural fracture
swarms are potential high-permeability “sweet spots.”
Stress-direction indicators give highly scattered
estimates of maximum horizontal compression
direction ranging from north to east or northeast. The
scatter may reflect interference of natural fractures
with measurements of stress directions, as well as
spatially variable stress directions and low horizontal
stress anisotropy.

Geological analysis of the Frontier Formation: by
Laubach, S. E., Dutton, S. P., and Hamlin, H. S,,
1992, in CER Corporation, ed., Staged Field Experi-
ment No. 4: application of advanced technologies in
tight gas sandstones—Frontier Formation, Chimney
Butte field, Sublette County, Wyoming: CER Corpo-
ration, topical report no. GRI-92/0394 prepared for
the Gas Research Institute under contract no. 5091-
221-2130, p. 25-90.

Stratigraphy and depositional systems of the
Frontier Formation and their controls on reservoir
development, Moxa Arch, southwest Wyoming:
by Hamlin, H. S., 1991, The University of Texas at
Austin, Bureau of Economic Geology, topical report
no. GRI-91/0128 prepared for the Gas Research
Institute under contract no. 5082-211-0708; 45 p.

By controlling sandstone continuity and detrital
clay content, depositional systems influence reservoir
development in low-permeability gas-bearing sand-
stones of the Upper Cretaceous Frontier Formation
along the Moxa Arch in the Green River Basin,
southwest Wyoming. Original depositional porosity
and permeability are highest in clean Frontier
sandstones, which even after diagenetic modification



comprise the most prolific reservoirs. The Frontier
was deposited in a fluvial-deltaic system, in which
most qésewoirs lie in fluvial channel-fill and marine
shoreface sandstone facies. The fluvial channel-fill
sandsto;nes form southeast-trending belts, which are
a few| miles wide, several tens of feet thick, and
separated by interchannel shale and sandy shale.

Withim“the channel belts, clean sandstone occurs as

discon!t;inuous lenses as much as 20 ft thick that are

interlzf)l‘ered and laterally gradational with mud-clast-
rich shaly sandstone. The marine shoreface facies
forms| a continuous northeast-thinning sheet of
sandstone, 40 to 120 ft thick. Clean sandstone is best
developed near the top of the shoreface facies in
northeast-thinning trends 5 to 40 ft thick.

Diage nFﬁc controls on reservoir properties of low-
permeability sandstone, Frontier Formation, Moxa

Arch, s‘outh_west Wyoming: by Dutton, S. P., 1991,

The U[niversity of Texas at Austin, Bureau of
Economic Geology, topical report no. GRI-91/0057

prepa;rie‘d for the Gas Research Institute under contract
no. 5082-211-0708, 48 p.

,Thi,s report presents preliminary data and
concll.}jions about the relationship of diagenesis to

permeability in Frontier sandstones. (A later, more

|

complete synthesis is found in topical report GRI-

92/01&5.) Diagenetic history influences reservoir

quality in low-permeability gas-bearing sandstones

of the Upper Cretaceous Frontier Formation along
the Mt)i a Arch in the Green River Basin, southwest
Wyoming. Frontier Formation sandstones are
lithareTﬁites and sublitharenites. Clean sandstones
contain‘ an average of 1.6 percent primary porosity
and 4!4 percent secondary porosity. Calcite, quartz,
mixed-layer illite-smectite (MLIS), and illite are the
mostnlébundant cements. The relative order of
occurrence of diagenetic events was (1) mechanical
compaction, (2) formation of illite and MLIS rims,
3 pr:e:cipitation of quartz overgrowths, (4) calcite
cementation, (5) generation of secondary porosity,
and (6) intergranular pressure solution and
stylolifization. Low permeability in Frontier
sandsﬂo‘nes is caused by (1) loss of porosity due to
compji:tion, (2) occlusion of primary pores by
ceme! ltE, particularly calcite and quartz, and (3) lining
of prillrnary pores by fibrous illite and MLIS.
Unstrefs:sed permeability to air averages 0.21 md in
upperishoreface, 0.14 md in fluvial channel-fill, and

0.08 md in lower-shoreface sandstones.

Analysis of hydraulic fracture azimuth and height:
Staged Field Experiment No. 4: by Laubach, S. E.,
Fix, J|, Kalik, A., Warpinski, N., and Hill, R., 1992,
in Application of advanced technologies in tight gas

sandstones—Frontier Formation, Chimney Butte field,
Sublette County, Wyoming: CER Corporation, report
no. GRI-92/0394 prepared for Gas Research Institute,
p- 115-132.

Description and interpretation of natural fracture
patterns in sandstones of the Frontier Formation
along the Hogsback, southwestern Wyoming: by

" Lorenz, J. C., and Laubach, S. E., 1994, The
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University of Texas at Austin, Bureau of Economic
Geology, topical report prepared for Gas Research
Institute under contract no. 5089-211-2059, SAND94-
0153, 89 p. ’

Other Formations

Regional geology of the low-permeability, gas-
bearing Cleveland Formation, western Anadarko
Basin, Texas Panhandle: lithologic and depo-
sitional facies, structure, and sequence stratig-
raphy: by Hentz, T. F., 1992, The University of
Texas at Austin, Bureau of Economic Geology,
topical report no. GRI-92/0459 prepared for the Gas
Research Institute under contract no. 5082-211-0708,
135 p.

The Upper Pennsylvanian (lower Missourian)
Cleveland Formation produces gas from low-
permeability (“tight”) sandstone reservoirs in the
western Anadarko Basin of the northeastern Texas
Panhandle. In this six-county region, these reservoirs
had produced >412 Bcf of natural gas through
December 31, 1989. Because of their typically low
permeability, the Cleveland sandstones require
acidizing and hydraulic fracture treatment to produce
gas at economic rates.

This report summarizes findings on the regional
geology, depositional setting, sequence stratigraphy,
and petrology of the Cleveland Formation. Investiga-
tion of this sandstone involved drilling cooperative
wells. The Cleveland Formation contains an estimated
38 Tcf of gas in place.

Geologic challenges and opportunities of the
Cherokee Group play (Pennsylvanian): Anadarko
Basin, Oklahoma: by Hentz, T. F., 1993, The
University of Texas at Austin, Bureau of Economic
Geology, topical report prepared for the Gas Research
Institute under contract no. 5082-211-0708, 29 p.

This report has three objectives: (1) to summarize
both the geologic characteristics of the Cherokee
Group and its production highlights; (2) to summarize
what current Cherokee producing companies perceive
to be the primary geologic challenges they face in



developing the Cherokee play; and (3) to suggest
geologlc strategies to help respond to these challenges.
To 1ncrease the understandmg and utilization of
natural gas resources in the Cherokee Group of
west-central Oklahoma and to help assess future
geological and technological needs for efficient
development of this resource, this report highlights
current geological knowledge of the Cherokee play.

Review of the Rose Run Sandstone Play of
Ohio:
Production Techniques, Challenges, and Oppor-
tunit es: by Mark J. Burn, The University of Texas
at Austm Bureau of Economic Geology, topical
report no. GRI-93/0333 prepared for the Gas Research
Institute under contract no. 5082-211-0708, 14 p.

Geology of a stratigraphically complex natural gas
play"Canyon sandstones, Val Verde Basin,
southwest Texas: by Laubach, S. E., Clift, S. J,,

Hamlin, H. S., Dutton, S. P., Hentz, T. F., Baek
Hwanj‘o and Mann B. A, 1994 The Umver51ty of
Texa's at Austin, Bureau of Economic Geology,
toplcal report no. GRI-94/0167 prepared for the Gas
Research Institute under contract no. 5082-211-0708,
135

p

Tt{ e primary objective of this report is increased
unde[s[tandmg of a key complex gas reservoir
system——the Canyon sandstones of the Val Verde
Basm, Texas. A secondary objective is to describe
new stratlgraphlc diagenetic, and structural geologic
toolsl ‘that will be widely applicable to other
geologlcally complex reservoirs. This study aims to
develop a model of the Canyon’s physical geologic
framework, which is necessary to understand the
dxstrlb‘ﬁtlon and reservoir behavior of the gas resource.
Usmé this geologic framework, Canyon operators can
target |areas where new wells, recompletions, or
additional analyses will be most beneficial, thus
reducll‘ng risk and costs while increasing the success
of their exploratlon and development programs. Such
knovx)‘ledge is also necessary for effective, efficient
appl;Elatxon of new technologies for resource

extra *ion.

Canyon sandstones have yielded almost 2.2 trillion
cubié Lf\'eet (Tef) of gas and—in existing wells—
conti estimated additional reserves of 2 Tcf.
Operator interest and activity are at an all-time high,
and continued drilling will undoubtedly lead to
signiﬁ‘cant reserve. growth. Average recovery per

completion is a modest 0.7 billion cubic ft (Bcf), but

the raxtlge is broad (up to 5 Bcf/well), and average
drilling density is still relatxvely low. Low well density
and the geologic complexity in the play documented

by our study and recogmzed by operators suggest
that opportunities exist for increasing Canyon pro-
ductivity by taking advantage of better understanding
of reservoir attributes.

Geological heterogeneity is the main cause of low
productivity from Canyon sandstones. Most Canyon
reservoirs occur within a crosscutting mosaic of
lenticular channel and lobe facies of submarine-fan
depositional systems. In the pervasively gas-saturated
Canyon trends, the challenge for geologists is to
understand and predict the distribution of high-
deliverability compartments within the reservoir
mosaic. Our study shows that the occurrence and
nature of Canyon sweet spots are controlled by
(1) depositional processes that control sandstone
distribution and initial reservoir properties, (2) post-
depositional diagenetic modifications that preserve
or destroy reservoir quality, and (3) structural activity
leading to the development of natural fractures and
permeable pathways.

Regional domains of the Wilcox Lobo natural gas
trend, South Texas: by Dickerson, P. W., Hamlin,
H. S., Hentz, T. F., and Laubach, S. E., The University
of Texas at Austin, Bureau of Economic Geology,
topical report no. GRI 95/0027 prepared for the Gas
Research Institute under contract no. 5082-211-0708,
49 p.

To increase understanding and utilization of gas
resources in the Wilcox Lobo play of South Texas,
this report describes regional geologic domains within
the play. Recognition of domains provides a frame-
work for subdividing the play, documenting and
comparing reservoir properties, and predicting sand-
stone and reservoir compartment geometry and
compositional patterns that have a bearing on
reservoir quality.

This report is based on regional structural, strati-
graphic, diagenetic, and production-pattern studies,
information obtained from Railroad Commission of
Texas files, and consultations with Wilcox Lobo
operators. The Wilcox Lobo trend of Webb and
Zapata Counties in South Texas contains the most
prolific tight gas sandstones in the Texas Gulf Coast,
yet it is also one of the most geologically complex.
To date, published Lobo accounts have only partly
answered important questions regarding depositional
and structural framework, controls on production, and
engineering characteristics of the play.

The Wilcox Lobo trend is the major low-
permeability natural gas producer of the Texas Gulf
Coast, having yielded almost 4 Tcf of gas. In recent
years Lobo sandstones - have accounted for a
significant part of domestic tight-gas production:
about 13 percent in 1991, the last year for which



figures| are available. Development activities are
growing, marked by rising production rates, producing
wells,|and active rigs. The Lobo play is recognized
to be among the most structurally complex plays in
the Gulf Basin. As a result of submarine slumping
and widespread normal faulting, sandstone correlation
is harr..ﬁered, nearly completely obscuring play-wide
sandstq e patterns. Consequently, although success
rates aﬂe high, in part owing to deployment of 3-D
seismic
recognize opportunities for further increases in
success rates and cost reductions if regional sandstone
patterns and other regional geologic variables could
be diagnosed.

Geology of the Davis Sandstone: by Collins, E. W.,

Laubach, S. E., and Dutton, S. P., 1992, in Investiga-
tion oﬁ' {he Davis Sandstone (Fort Worth Basin, Texas)
as a suitable formation for the GRI hydraulic fracture
test sihc: CER Corporation, topical report no. GRI-
92/0194‘1 prepared for the Gas Research Institute under
contract no. 5091-211-2130, p. 4-12.

Reservoir Survey Reports

Geologic analysis of primary and secondary tight
gas szixjd objectives, phase A—selective investiga-
tion of six stratigraphic units; phase B—initial
studies: by Finley, R. J., Garrett, C. M., Jr., Han,
J. H.,Lpin, Z. S., Seni, S. J., Saucier, A. E., and
Tyler, Noel, 1983, The University of Texas at Austin,
Bureau of Economic Geology, annual report no. GRI-
84/0026 prepared for the Gas Research Institute under
contract no. 5082-211-0708, 334 p.

The objective was to expand and verify interpre-
tation|of the depositional systems and other geologic
and ﬁgineering characteristics of six blanket-
geom téry tight gas sandstones, to recommend two
formations for research emphasis, and to begin initial
geologic framework studies of these two formations.
After }nvestigating the geology and engineering
characteristics of >30 blanket-geometry tight gas
sandstones in a survey of 16 sedimentary basins,
definﬁg clastic depositional systems and using
constituent facies as a method of evaluating the
common features of stratigraphic units of different
ages in diverse sedimentary and structural settings
were emphasized. Blanket-geometry tight gas sand-
stones considered suitable for future research by the
" Gas Research Institute were found primarily within

deltaic and barrier-strandplain depositional systems.
Expected transferability of research results (extrapola-
otential) between stratigraphic units was

-

tion
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methods, operators surveyed in this study

assessed, and more detailed study of six formations
was recommended.

Of the six formations, the Frontier and the upper
Almond Formations of the Greater Green River Basin,
the Olmos Formation of the Maverick Basin, and the
Mancos “B” Sandstone of the Piceance Basin were
not recommended for further research at that time

- but should be researched to test barrier, offshore bar,

and deltaic facies. The Corcoran and Cozzette

.Sandstones of the Piceance Creek Basin and the

Travis Peak Formation of the East Texas Basin and
North Louisiana Salt Basin were recommended for
further research, and initial studies indicate that the
Corcoran and Cozzette represent a barrier-strandplain
system and contain barrier, offshore bar, and asso-
ciated marginal-marine facies. Detailed studies of the
Corcoran—Cozzette in Shire Gulch and Plateau fields
show shoreface sequences common to the lower parts
of both units and bay-lagoon and deltaic facies
occurring in the upper parts. The Travis Peak
Formation represents a deltaic system, having a lower
subdivision of progradational deltaic facies, a thick
middle subdivision of braided alluvial deposits, and
an upper subdivision of marginal marine deposits
influenced by marine transgression. Sandstones
>50 ft thick are prominent in the middle subdivision

. in areas on the west flank of the Sabine Uplift. The
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estimated gas resources associated with the Corcoran—
Cozzette and the Travis Peak in Texas are 3.7 and
17.3 Tcf, respectively.

Base maps and a selected number of well logs
were acquired to prepare new cross sections and maps
illustrating the stratigraphic characteristics of the
Corcoran—Cozzette and Travis Peak Formations.
Depositional systems and constituent facies were
defined from cross sections and maps in conjunction
with published and unpublished information compiled
earlier. No major differences were noted between

‘results reported here and the previous GRI data

compilation, but a better understanding of the genetic
stratigraphy of each unit was gained. For formations
included in previous studies of tight gas resources,
new resource estimates for particular formations were
made by separating published data that had been
combined for multiple formations. A completely new
resource estimate was prepared for the Travis Peak
Formation. Opportunities for cooperative coring and
logging with operators were evaluated within the
Corcoran—Cozzette producing trend. Within the East
Texas Basin, study of a six-county area of high
operator activity was emphasized.

Site Selection for GRI cooperative tight gas field
research, volume II: geologic characteristics of
selected low-permeability gas sandstones: by
Baumgardner, R. W., Jr., Tye, R. S., Laubach, S. E.,



Diggs, T. N., Herrington, K. L., and Dutton, S. P,
1988, "l"’he University of Texas at Austin, Bureau of
Economic Geology, topical report no. GRI-88/0180
prepane‘d for the Gas Research Institute under contract

no. 508‘2 -211-0708, 225 p.

Ge&loglc engineering, and economic data on
selecte d formations were compiled to provide a basis
for sitir g the fourth Staged Field Experiment (SFE)
for the Tight Gas Sands Research Program. The
geolo ic units chosen are the Abo, Cleveland, and
Frontier Formations, and the Mesaverde Group.
Extrapolation potential is good for all formations

excep$ ‘the Cleveland, whose thin deltaic package has

no good analogy in other low-permeability sand- -

stones’ The Abo and Frontier have the best potential
for extrapolation to other low-permeability forma-
tions. )‘\verage thickness of reservoirs is ~250 ft in
the M saverde and Abo, ~160 ft in the Frontier, and
~120 ft in the Cleveland. Deepest production depth
vanes from 4,750 ft (Abo) to 12,198 ft (Second
Frontier sandstone). Estimated resource base ranges
from P Tcf (Abo) to 86 Tcf (Mesaverde). Pre-
stimulation production ranges from too small to
measure (Cleveland, Frontier, and Mesaverde) to 314
Mcf/d (Frontier). Post- stimulation production ranges
from | 3 Mcf/d (Mesaverde) to 12,250 Mcf/d
(Clevel‘and) Permeability ranges from <0.0001 md
(Fronmer) to 1.3 md (Frontier). Natural fractures have
been shown to be significant locally in the Mesaverde,
but their contribution to reservoir permeability in the
other formations is not well documented.

Incre; lsing development efficiency in low-
permeability gas reservoirs: a synopsis of Tight
Gas Sands Project research: by Laubach, S. E,,

19934The University of Texas at Austin, Bureau of
Econ mic Geology, topical report no. GRI-93/0045
prepared for the Gas Research Institute under contract
no. 502%2—211-0708 71 p.

To|enhance the application of research results by
industry, this report provides a guide to the literature
devel ]ped at the Bureau of Economic Geology in the
Geologrlcal Analysis of Primary and Secondary Tight
Gas Sands Objectives Project as part of the Gas
Research Institute (GRI) Tight Gas Sands Research
Program in the period 1982-1992.

Using diagenesis information to augment fracture
analysis: by Laubach, S. E., Hentz, T. F., Johns,
M. K., Baek, Hwanjo, and Clift, S. J., 1995, The
University of Texas at Austin, Bureau of Economic
Geolc'aéy, topical report no. GRI-94/0455 prepared
for G[a% Research Institute under contract no. 5082-

211-0708, 189 p.
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The primary objective of this report is to obtain
increased understanding of key reservoir elements—
natural fractures—that exist in low-matrix-
permeability natural gas reservoir sandstones. The
study aims to describe relationships between natural
fractures and diagenesis that can be used to help
identify natural fracture-prone beds, controls on
residual fracture porosity, and methods to infer
fracture strike. Practical indirect methods to measure
the likelihood of open fracture porosity and to map
fracture strike are key results.

To efficiently and fully develop geologically
complex natural gas reservoirs, attributes of natural
fractures must be better understood than has hitherto
been the case. Among other effects, natural fractures
can enhance or inhibit formation permeability and
affect success of well stimulation. Increasingly,
natural fractures are viewed as targets for technologi-
cally advanced directional drilling. Natural fractures
are widespread in subsurface sandstones, yet they
are commonly an unknown quantity in formation
evaluation and reservoir modeling because fractures
typically do not intersect the wellbore where they
can be detected and characterized. Methods are
needed to provide information on key fracture-system

- properties such as fracture porosity and orientation

and the location of fracture-prone areas or beds. These
methods must overcome inherent and unavoidable
sampling bias.

A better understanding of the relationship between
fracturing and diagenesis can enhance prediction or
diagnosis of fracture attributes. Diagenesis is the
process involving physical and chemical changes in
sediment after deposition that converts it to con-
solidated rock. In sandstones, diagenesis involves
compaction, cementation, recrystallization, dissolut-
ion, and replacement of grains and cements. Because
diagenetic changes occur under circumstances of
tectonic and burial loading and fluid flow, fracture
on a range of scales can also be an integral part of
diagenesis. Diagenetic information can be obtained
from proven petrographic approaches applied to full-
diameter or sidewall core and, with calibration, from
geophysical well-logging devices. Recognition
of genetic links between diagenesis and fracture
is the basis for seeking to identify diagenetic
features that can be used to infer important correlated
fracture attributes.

The aim of this study was to describe fracture and
diagenetic relations in four low-matrix-permeability
sandstone natural gas formations and to use that
information to learn how diagenetic information can
be applied to better predict fracture attributes. Three
fracture-characterization issues were identified as
being critical to effective reservoir development and
modeling. These are recognition of fractured and



fracture-prone layers, identification of controls on
fracture porosity, and evaluation of fracture strike.

Atlas o‘f Major Low-Permeability Sandstone Gas
" Reseryoirs in the Continental United States: by
DuttoI, S. P., Clift, S. J., Hamilton, D. S., Hamlin,

H. S.,|Hentz, T. F., Howard, W. E., Akhter, M. S.,
~ and Laubach, S. E., 1993, The University of Texas at
Austin,| Bureau of Economic Geology, topical report
preparied for the Gas Research Institute under contract
no. 50182-21 1-0708. |

Thiss‘] report reviews 24 formations that, either
becauléé of the large volumes of natural gas reserves
contaiﬂed within them, or because of the data
available for their characterization, are the most
important tight gas sandstones in the United States.
Assessment of these sandstone reservoirs indicates
that g@ological controls play a critical role in gas
produéibility and that these reservoirs share a number
of key|geological attributes. Most of the tight gas
reservoirs in this atlas are not mineralogically
immaHre, muddy sandstones with large volumes of
diageﬁétically reactive detrital clay matrix, but rather
are clean sandstones deposited in high energy
depos?n‘ional settings whose intergranular pores have

been lalrgely occluded by authigenic cements (mainly

quarti and calcite).

Reservoir genesis in tight gas reservoirs, just as in
convintional oil and gas fields, clearly influences
~ gas accumulation and recovery. The major tight gas
sandslci)ne reservoirs surveyed herein were deposited
most commonly in barrier/strandplain (10) and deltaic
(8) delﬂositional systems. Fluvial (2), shelf (2), slope
and b&a‘gin (2), and fan-delta (1) depositional systems
make (up the remainder. Depositional systems govern
the physical processes under which sediment is
deposited and thus influence sediment sorting,
packing, and separation of fines, and these parameters
determine the original porosity and permeability.
How \1fer, production characteristics of low-
permeability gas reservoirs are in large part controlled
by thk’ diagenesis that the sediment has undergone
after deposition.

Sediment composition, depth of burial, and age of
the r %ervoir are important parameters that affect
diagenetic alteration. Quartz is the most abundant

ceme It in low-permeability sandstones; it occludes
{

intergranular pores and thus has a strong effect on
reduc,iLg permeability. Quartz cement volume in most
formations increases with increasing burial depth.
Calcite cement can also fill intergranular pores, but
its distribution is not as uniform as quartz. Therefore,
altho{l‘gh calcite cement may destroy porosity and
permeability in some beds or layers, its effect on
permeability of a formation is not as widespread as
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that of quartz cement. Clay minerals occur in most
low-permeability sandstones, and they lower
permeability the most where they occur in
intergranular pores. Because of their high surface-to-
volume ratio, clays increase water saturation, which
decreases relative permeability to gas.

Our survey shows that natural fractures are
widespread features of tight gas sandstones. Because
they are commonly vertical extension fractures that
are easily missed by vertical core, detailed information
on natural fracture attributes is rarely available.
Fractures can enhance . production, and in some
formations they need to be taken into account in
drilling, completion, and stimulation design.

The low-permeability formations covered in this
volume have produced 22.3 Tcf of gas through 1988,
and this figure does not include production from the
“Clinton”-Medina and Berea Sandstones in the
Appalachian Basin or the Davis Sandstone in the
Fort Worth Basin. Estimated ultimate recovery from
existing wells in the 21 formations for which
production data are available is 47.1 Tcf.
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Texas Basin: by Tye, R. S., Laubach, S. E., Dutton,
S. P., land Herrington, K. L., 1989, Proceedmgs,

Socie j of Petroleum Engineers 1989 Joint Rocky
- Mou {nn Regional Meeting and Low-Permeability
Reservoir Symposium, Denver, Colorado, Paper SPE
18964, p. 355-365. Paper presented by R. S. Tye at
1989 Joint Rocky Mountain Regional Meeting and
Low |Permeability Reservoir Symposium, Denver,
Colonpdo, March 5-7, 1989.

In Sit‘L.l stresses: a comparison between log-derived
values and actual field-measured values in the
Travis Peak Formation of East Texas: by
Whitehead, W. S., Hunt, E. R., Finley, R. J.,, and
Holdf h, S. A, 1986 Proceedmgs, 1986 Society of
Petro eum Engineers DOE/GRI Joint Symposium on
Uncanventional Gas Technology, Louisville,
Kentﬁcky, Paper SPE 15209, p. 19-34.

Conference Proceedings
Publications

Ana]Jsis of subsurface structure via lineament
study | East Texas and northwest Louisiana (abs.):
by Baumgardner, R. W., Jr., 1986, Geological Society
of Amenca, Abstracts w1th Programs, v. 18, no. 6,
p. 536 Talk presented at annual meeting of Geo-
loglcal Society of America in San Antonio, Texas,
Novérber 10-13, 1986.

!

R. J., and Dutton, S. P., 1985, Proceedings,

Wellbore ellipticity in East Texas: in situ stress or
fracture-related spalling? (abs.): by Baumgardner,
R. 'W., Jr., and Laubach, S. E., 1987, Eos,
Transactions of the American Geophysical Union,
v. 68, no. 44, p. 1460. Talk presented by R. W.

_ Baumgardner, Jr., at annual fall meeting of American
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Geophysical Union in San Francisco, California,
December 7-11, 1987.

Stratigraphic analysis of fluvial and marine
sandstone with borehole-imaging geophysical logs
and core (abs.): by Buehring, R., Laubach, S. E., and
Hamlin, H. S., 1990, Geological Society of America
Abstracts with Programs, v. 22, no. 7, p. A47. Poster
presented by S. E. Laubach and R. W. Buehring at
annual meeting of Geological Society of America in
Dallas, Texas, November 10—13, 1990.

Pore characterization by scanning electron
microscope of low-permeability gas sandstones,
Travis Peak Formation, East Texas (abs.): by
Dutton, S. P., 1986, American Association of
Petroleum Geologists Bulletin, v. 70, no. S, p. 585.
Talk presented at annual meeting of American
Association of Petroleum Geologists in Atlanta,
Georgia, June 15-18, 1986.

Diagenesis and burial history of Lower Cretaceous
Travis Peak sandstone, East Texas (abs.): by
Dutton, S. P., 1987, American Association of
Petroleum Geologists Bulletin, v. 71, no. 5, p. 551.
Talk presented at annual meeting of American
Association of Petroleum Geologists in Los Angeles,
California, June 7-10, 1987.

Regional diagenetic studies: an approach to
paleohydrology and basin evolution (abs.): by
Dutton, S. P., 1988, Colorado School of Mines,
Workshop on Quantitative Dynamic Stratigraphy
(QDS), p. 5-6. Talk presented at Workshop on
Quantitative Dynamic Stratigraphy in Deckers,
Colorado, February 14-18, 1988.

Variations in diagenesis and reservoir quality in
the Frontier Formation along the Moxa Arch,
Green River Basin, Wyoming (abs.): by Dutton,
S. P., 1990, American Association of Petroleum
Geologists Bulletin, v. 74, no. 8, p. 1321-1322. Talk
presented at Rocky Mountain Section AAPG Annual
Meeting in Denver, Colorado, September 16-19,
1990.

Late-stage diagenesis and development of sec-
ondary porosity in Frontier Formation low-
permeability sandstones, Green River Basin,
Wyoming, USA (abs.): by Dutton, S.P., 1992,



i |
Amerlc‘:an Association of Petroleum Geologlsts 1992
Annual Convention Official Program, P 34. Talk
presehted at AAPG Annual Meeting in Calgary,
Canada June 21-24, 1992.

Porosiliy preservation by early siderite cementation
in Son‘ora Canyon sandstones, Val Verde Basin,
south\yest Texas (abs.): by Dutton, S. P, Clift, S. J,,
Folk, I‘{ L., Hamlin, H. S., and Marin, B A., 1993,
American Association of Petroleum Geologlsts 1993
Annual Convention Official Program, p. 95. Talk
prese Kﬁed at AAPG Annual Meeting in New Orleans,

Louisiana, April 25-28, 1993.

Stratigraphic and depth variations in authigenic
cement distribution, Lower Cretaceous Travis
Peakgormation, East Texas (abs.): by Dutton, S. P.,
and iggs, T. N., 1988, Geological Society of
Amenca Abstracts with Programs, v. 20, no. 7,
p- A375. Talk presented by S. P. Dutton at GSA
Annu Meeting in Denver, Colorado, October 31—
November 3, 1988.

Contr91s on permeability distribution in Lower
Cretaceous Travis Peak Formation, East Texas
:/ by Dutton, S. P., and Diggs, T. N., 1989,
American Association of Petroleum Geologists
Bulletin, v. 73, no. 3, p. 352. Talk presented by S. P.
Dutton at annual meetmg of American Association

of Petroleum Geologists in San Antonio, Texas, April

23—2E 1989.
Geol Ly of major low-permeability sandstone gas
reservoirs in the continental United States (abs.):
by D ﬁon S. P., and Laubach, S. E., 1993, Geological
Somety of America, Abstracts w1th Programs, v. 25,
Jp A-300. Talk presented by S. P. Dutton at
annual meeting of Geological Society of America in
Bost ﬁ Massachusetts, October 25-28, 1993.
Comuanson of depositional systems and reservoir
charalcterlstlcs of selected blanket-geometry tight
gas andstones (abs.): by Finley, R. J., 1984,
American Association of Petroleum Geologlsts
Bulleﬂn, v. 67, no. 3, p. 460461. Talk presented by
R. Finley at annual meetmg of American
Associatlon of Petroleum Geologists in Dallas, Texas,
April 17-20, 1983.

Geology and reservoir characterlstlcs of tight gas
sandstones in the Travis Peak Formation, Chapel
Hill field, East Texas (abs.): by Finley, R. J., and
Duttoln S. P., 1987, American Association of
Petro]’eum Geologlsts Bulletin, v. 71, no. 5, p. 556.
Talk|presented by R. J. Finley at 1987 annual meeting
of Almerican Association of Petroleum Geologists in
Los Angeles, California, June 7-10, 1987.
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Depositional systems of a tight gas-productive
barrier-strandplain sequence: Corcoran and
Cozzette Sandstones, northwest Colorado (abs.):
by Finley, R. J., and Ladwig, L. R., 1985, American
Association of Petroleum Geologists Bulletin, v. 69,
no. 2, p. 255. Talk presented by R. J. Finley at annual
meeting of the American Association of Petroleum
Geologists in New Orleans, Louisiana, March 24—
27, 1985.

Depositional systems and productive character-
istics of major low-permeability gas sandstones in
Texas (abs.): by Finley, R. J., Seni, S. J., Tyler,
Noel, and Lin, Z. S., 1984, American Association of
Petroleum Geologists Bulletin, v. 68, no. 4, p. 476.
Talk presented by R. J. Finley at annual meeting of
American Association of Petroleum Geologists in San
Antonio, Texas, May 20-23, 1984.

Geology of natural gas reservoir: upper Travis
Peak Formation, western flank of Sabine Uplift,
East Texas (abs.): by Fracasso, M. A., 1986,
American Association of Petroleum Geologists

‘Bulletin, v. 70, no. 5, p. 591. Talk presented at annual

meeting of American Association of Petroleum
Geologists in Atlanta, Georgia, June 15-18, 1986.

Fluvio-deltaic deposition of reservoir sandstones
in the upper Travis Peak Formation (Lower
Cretaceous), Waskom field, East Texas Basin
(abs.): by Fracasso, M. A., 1987, Society of Economic
Paleontologists and Mineralogists, Annual Midyear
Meeting, Abstracts Volume IV, p. 27-28. Talk
presented at annual midyear meeting of the Society
of Economic Paleontologists and Mineralogists in
Austin, Texas, August 20-23, 1987.

Facies-related permeability trends in the Frontier
Formation along the Moxa Arch, Green River
Basin, Wyoming (abs.): by Hamlin, H. S., and
Buehring, R. L., 1990, American Association of
Petroleum Geologists Bulletin, v. 74, no. 8, p. 1325.
Poster session presented by H. S. Hamlin at Rocky
Mountain Section AAPG Annual Meeting in Denver,
Colorado, September 16-19, 1990.

Geologically complex gas reservoirs in slope and
basin facies, Canyon sandstones, Val Verde Basin,
southwest Texas (abs.): by Hamlin, H. S., Clift,
S. I., Dutton, S. P., Hentz, T. F., and Laubach, S. E.,
1994, Houston Geological Society Bulletin, v. 37,
no. 1, p. 11. Oral presentation given to Houston
Geological Society in Houston, Texas.

Paleotectonic controls on sandstone trends and
depositional facies distribution of the low-



perm eability, gas-bearing Cleveland formation
(Upp r Pennsylvanian), Texas Panhandle (abs.):
by Helntz T. F., 1992, American Association of
Petroleum Geologlsts Bulletin, v. 76, no. 4, p. 576.
- Oral| presentation given to annual meeting of
Southwest Section of the American Association of
Petroleum Geologists in Midland, Texas, April 21—
24, 1992.

Reservonr framework and exploration potential of
the Cleveland formation (western Anadarko Basin)
a sequence-stratigraphic model (abs.): by
Hentz, T. F., 1993, American Association of
Petro]leum Geologlsts Bulletin, v. 77, no. 9, p. 1573—
1574; Oral presentation given to annual meeting of
Mid-Continent Section of the American Association
of P troleum Geologists in Amarillo, Texas, October
10-1 [ 1993.

Seq ence—stratlgraphlc context of Pennsylvanian

(Desmomesmn-Mlssourlan) siliciclastics: Cleveland
formation and Marmaton Group, western
Anadarko Basin, Texas Panhandle (abs.): by Hentz,
T. Fl,| 1993, Geological Society of America, South-
Central Section, Abstracts with Programs, v. 25,
no. 1, p. 13. Oral presentation given to annual meet-
ing of South-Central Section of the Geologicai Society

of AInerica in Fort Worth, Texas, March 14-16, 1993.
q

Sequence stratigraphy of coastal plain to shelf-
slope facies tracts: Middle to Upper Pennsylvanian
Cleveland and Marmaton siliciclastics, western
Anadarko Basin, Texas Panhandle (abs.): by Hentz,
- T. F1 1993, American Association of Petroleum
Geologists 1993 Annual Convention Program, p. 117.
Pos er session presented at annual meeting of
Am v‘)ncan Association of Petroleum Geologists in
Ne

rleans, Louisiana, April 25-28, 1993.

Evi({ nce for Sevier and Laramide deformation
in the Gulf of Mexico basin (abs.): by Jackson,
M. l. W., and Laubach, S. E., 1987, Geological
Society of America Abstracts with Programs, v. 19,
no. S, p. 285. Poster session presented at annual
meeting of the Rocky Mountain Section of the
Geological Society of America in Boulder, Colorado,
May 2-4, 1987.

Malpmg subsurface fracture trends (abs.): by
Laubach S. E., 1987, Eos, Transactions of the
erican Geophy51cal Union, v. 68, no. 16, p. 299.
Invz ld presentation at annual spring meeting of the
Ametican Geophysical Union in Baltimore, Maryland
May |18-22, 1987, as part of a special session on
Field Approaches and Measurement Techniques for
Quantifying Spatial Variability in Porous Media.
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Brittle microstructure of folded quartzite (abs.):
by Laubach, S. E., 1988, Eos, Transactions of the
American Geophysical Union, v. 69, no. 16, p. 472.

Origin of natural fractures in sandstone from a
passive margin basin (abs.): by Laubach, S. E., 1988,
Eos, Transactions of the American Geophysical
Union, v. 69, no. 44, p. 1433. Talk presented at 1988
fall meeting of the American Geophysical Union,
San Francisco, California, December 7, 1988. Talk
also presented at conference ‘“Deformation Mech-
anisms, Rheology, and Tectonics,” The Umver51ty,
Leeds, England, March 2730, 1989.

Significance of natural and coring-induced
fractures in the Travis Peak Formation for
reservoir stimulation (extended abs.): by Laubach,
S. E., 1988, Transactions, Gulf Coast Association of
Geological Societies, v. 38, p. 591. Abstract also in
1987 American Association of Petroleum Geologists
Bulletin, v. 72, no. 9, p. 1115. Paper presented by
S. E. Laubach at 1988 annual meeting of Gulf Coast
Association of Geological Societies in New Orleans,
October 1921, 1988. :

Fracture swarms in low-permeability-sandstone
gas reservoir rocks in New Mexico, Colorado, and
Wyoming: implications for exploration and
development (abs.): by Laubach, S. E., 1991,
American Association of Petroleum Geologists
Bulletin, v. 75, no. 6, p. 1130-1131. Talk presented
at Rocky Mountain Section AAPG Annual Meeting
in Billings, Montana, July 2831, 1991.

Multiple generations of fluid inclusions in
Cretaceous quartz veins from the Gulf of Mexico
basin (abs.): by Laubach, S. E., and Boardman, S.,
1989, Geological Society of Amenca Abstracts w1th
Programs, v. 21, no. 6, p. A64. Talk presented at
Geological Society of America annual meeting, St.
Louis, Missouri, 1989.

Using indentation (axial point-load) tests to
evaluate strength anisotropy and stress directions
in low-permeability gas reservoir sandstones (abs.):
by Laubach, S. E., Clift, S. J., and Holder, J.,1992,
American Association of Petroleum Geologists
Bulletin, v. 76, no. 8, p. 1262. Talk presented by
S. E. Laubach at annual meeting of Rocky Mountain
Section AAPG in Casper, Wyoming, September 13—
16, 1992.

Coevolution of fracture pattern, rock mechanical
properties, and diagenesis in a low-permeability
gas reservoir sandstone, East Texas (abs.): by
Laubach, S. E., Hoak, T. E., Dutton, S. P., and Diggs,



1989 Geological Society of America, Abstracts
with Prpgrams, v. 21, no. 1, p. 16. Talk presented by
S. E. lLaubach at Geological Society of America
South-Central Section Annual Meeting in Arlington,
Texas, March 12—14 1989.

T.N.,

Oppolr unities for horizontal drilling in fractured
low-pel‘meablllty sandstones (abs.): by Laubach,
S.E, Q%Pd Marin, B. A., 1992, Proceedings, Horizontal
Drilling Symposium, domest1c and international case
studies, Rocky Mountain Association of Geologists,
Denvér Colorado, October.18-21, 1992, unpaginated.
Talk presented at RMAG Horizontal Drilling
Symp(?smm 1992.

Charlxcterlstlcs of subsurface natural fractures in
East Ilexas (abs.): by Laubach, S. E., and Monson,
Eric, |1987, Eos, Transactions of the American
Geophysical Union, v. 68, no. 16, p. 428. Talk
presented by S. E. Laubach at annual spring meeting
of American Geophysical Union in Baltimore,
Maryland, May 18-22, 1987.

Fracture-trace maps of upper Pictured Cliffs
Sandstone pavements, San Juan Basin, Colorado
(abs.) lby Laubach, S. E., Tremain, C. M., Whitehead,
N. H,, III, and Baumgardner, R. W., Jr., 1990,
Geologwal ‘Society of America Abstracts with
Programs, v. 22, no. 7, p. A202. Talk presented by
S. E{ Laubach at GSA national meeting, Dallas,
Texas,| 1990.

Fluvial sandstone reservoirs of the Travis Peak
(Hosétlon) Formation, East Texas Basin (abs.): by
Tye, l S., 1989, American Association of Petroleum
Geologists Bulletin, v. 73, no. 3, P. 421. Talk pre-
senteli at AAPG annual meeting in San Antonio,
TexaT April 23-26, 1989.

Orll Presentations—No
Published Paper or Abstract
Listed Alphabetically by
Pr%senter

R. W| Baumgardner, Jr.

“Lineament analysis, a supplement to subsurface
fracn[ne studies: Landsat and radar study of East Texas
and Mldland Basin”: presented to visiting geologists
mvolved in a project to drill and fracture horizontal
wells lm tight gas sandstone, Bureau of Economic
Geology, Austin, Texas, 1987.
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“Lineament analysis, a supplement to subsurface
fracture studies: Landsat and radar study of East
Texas”: presented to the Geographic Information
Systems and Remote Sensing Symposium, Texas
Natural Resources Information System, Austin, Texas,
1987.

S. J. Clift

“Advancements in sandstone analysis through axial
point-load testing”: presentéed to the Bureau of
Economic Geology Seminar, Austin, Texas, 1992.

“Ozona Canyon Sandstones: Val Verde Basin™:
presented to the Bureau of Economic Geology
Seminar, Austin, Texas, 1993.

S. P. Dutton

“Diagenesis of Travis Peak sandstones”: presented
to the Bureau of Economic Geology Seminar, Austin,
Texas, 1985.

-Core and poster display on Tight Gas Sandstone
Project: presented to the Society of Petroleum
Engineers, East Texas regional meeting, Tyler, Texas,
1986.

“Diagenesis and burial history of the Lower
Cretaceous Travis Peak Formation, East Texas”:
presented to the Department of Geological Sciences,
technical sessions, The University of Texas at Austin,
1986.

“Diagenesis and burial history of Travis Peak
sandstones”: presented to the Bureau of Economic
Geology Seminar, Austin, Texas, 1986.

Results of GRI-sponsored sandstone diagenesis
research presented to a delegation of scientists from
the Beijing Graduate School, East China Petroleum
Institute, Beijing, China PRC, at the Bureau of
Economic Geology, Austin, Texas, 1986.

“Petrography and diagenesis of the Lower
Cretaceous Travis Peak (Hosston) Formation, East
Texas”: presented to the East Texas Geological
Society, Tyler, Texas, 1987.

“Petrography and diagenesis of the Lower
Cretaceous Travis Peak (Hosston) Formation, East
Texas”: presented to Friends of the Mesozmc
Houston, Texas, 1987.

“Petrography and diagenesis of the Lower
Cretaceous Travis Peak (Hosston) Formation, East
Texas”: presented to the Shreveport Geological
Society, Shreveport, Louisiana, 1987.

“Control on permeability distribution in the Lower
Cretaceous Travis Peak Formation, East Texas”:
presented to the Bureau of Economic Geology
Seminar, Austin, Texas, 1988.



“Depositional and diagenetic controls on perme-
abilit}‘v\distﬁbution in the Lower Cretaceous Travis
Peak Formation, East Texas”: presented to the Depart-
ment qu Geological Sciences Soft Rock Seminar, The
Unive?:qsity of Texas at Austin, Austin, Texas, 1988.

“Diiagenesis of the Travis Peak Formation, East

Texas’]: presented to the Shell Oil Company Research
Lab, BL&llaire, Texas, 1988.
“Cementation and burial history ‘of a low-
permégbility quartzarenite, Lower Cretaceous Travis
Peak| Formation, BEast Texas”: presented to the
Depanment of Geology, University of New Orleans,
New Orleans, Louisiana, 1989.

“D‘épositional and diagenetic controls on perme-
ability, distribution in the Lower Cretaceous Travis
Peakr ormation, East Texas”: presented to the
Shrexm:port Chapter, Society of Professional Well Log
Analysts, Shreveport, Louisiana, 1989.

“Diagenesis of Frontier tight gas sandstones”:
presented to the Bureau of Economic Geology
Seminar, Austin, Texas, 1990.

“Iiltegrated geological characterization - of
low-%biérmeability (“tight gas’) sandstone reservoirs”:
presented to the Forum on Improved Oil & Gas
Rec%’ery sponsored by TIPRO and the Bureau of
Economic Geology, Amarillo, Texas, 1991.

“Natural gas reserves, supply, and demand: an
assessment of the natural gas resource base of the
United States”: presented to the Commercial and
Industrial Space Conditioning Alternatives Seminar,
Aust; ﬁ, Texas, 1991. : ,

“Influence of provenance and burial history on
diagel:nesis of the Frontier Formation, Green River
Basir\, Wyoming”: presented to the Bureau of

Economic Geology Seminar, Austin, Texas, 1992.

“é}’eologic controls on reservoir properties of low-

perrx%léiability sandstone, Travis Peak Formation, East
Texas”: presented to the Shreveport Geological
Soci Fy, Shreveport, Louisiana, 1992.

“Porosity preservation by early siderite cementation
in C ‘ yon sandstones, Val Verde Basin, West Texas”:
presented to Department of Geology, Baylor
University, Waco, Texas, 1993. '

“P#trography and diagenesis of the Sonora Canyon
San ‘?tone”: presented to Conoco, Inc., Austin, Texas,
1994, :

“Influence of early siderite cementation on

reseryoir quality in Sonora Canyon sandstones, Val

Verde Basin, southwest Texas™”: presented to the
Bure Jcilu of Economic Geology Seminar, Austin, Texas,
1994, '

“'Early, methanic-zone precipitation of siderite
cerrlle%nt in submarine-fan sandstones, Val Verde
Basin, Texas”: presented to The University of Texas
at Austin, Department of Geological Sciences,
Technical Sessions, Austin, Texas, 1994.
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“Diagenesis of Lower Cretaceous Travis Peak
Formation, East Texas Basin”: presented to The
University of Texas at Austin, Department of
Geological Sciences, Gulf of Mexico Sedimentary
Basin Seminar (Geology 391), Austin, Texas, 1994.

R. J. Finley

“Depositional framework, reservoir character, and
rock properties of the Travis Peak (Hosston)
Formation, East Texas Basin”: presented to the East
Texas Geological Society, Tyler, Texas, 1985.

“Depositional framework, reservoir character, and .
rock properties of the Travis Peak (Hosston)
Formation, East Texas Basin”: presented to the Dallas
Geological Society, Dallas, Texas, 1985.

“Depositional framework, reservoir character, and
rock properties of the Travis Peak (Hosston)
Formation, East Texas Basin”: presented to Friends
of the Mesozoic, Houston, Texas, 1985.

“Depositional framework, reservoir character, and
rock properties of the Travis Peak (Hosston)
Formation, East Texas Basin”: presented to the
Shreveport Geological Society, Shreveport, Louisiana,
1985.

“Geology and reservoir characteristics of tight gas
sandstones in the Travis Peak Formation, Chapel Hill
field, East Texas”: presented to the Houston
Geological Society, Houston, Texas, 1988.

“Tight gas sandstones”: presented to the School
on Fundamentals of Petroleum Engineering for
employees of Schlumberger, sponsored by the
Department of Petroleum Engineering, The University
of Texas at Austin, 1986.

Results of GRI-sponsored research on depositional
framework of the Travis Peak presented to visiting
geologists involved in a project to drill and fracture
horizontal wells in tight gas sandstone, Bureau of
Economic Geology, Austin, Texas, 1987.

M. A. Fracasso

Results of GRI-sponsored stratigraphic research

- presented to a delegation of scientists from the Beijing

Graduate School, East China Petroleum Institute,
Beijing, China PRC, Bureau of Economic Geology,
Austin, Texas, 1986.

H. S. Hamlin

“Frontier Formation stratigraphy and sandstone
geometry, Green River Basin, Wyoming”: presented
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to the' Bureau of Economic Geology Seminar, Austin,
Texas, 1990. |

“Stratigraphy of Canyon Sandstone, Val Verde
BasinE”: presented to the Bureau of Economic Geology
Semip}ar, Austin, Texas, 1993. :

“Tight gas case studies: lessons from Frontier
strati&raphic‘ studies”: presented to Gas Strategy
Team, Chevron U.S.A., Austin, Texas, 1993.

“Stratigraphy of Canyon sandstones, Val Verde

Basin’ and “Ozona Canyon sandstones: Val Verde
Basin'!: presented to the Bureau of Economic Geology
Seminar, Austin, Texas, 1993.

“Geology of Canyon sands tight-gas reservoirs,
Val L\)’erde Basin”: presented to the North Texas
Geological Society, Wichita Falls, Texas, 1994.

“ljegional stratigraphic mapping issues and log
- character and correlations, Wilcox Lobo trend, South
Texas” and “Production statistics and controls on
prodﬁ ctivity, Wilcox Lobo sandstones, South Texas”:
pres 1‘nted to Wilcox Lobo operators, Houston, Texas,
1994,
“émyon sandstone: key research issues”; presented

|

at Céqyon Play Management of Technology meeting,

sponk‘ored by the Texas Independent Producers and
Royaill’ty Owners Association and the Gas Research
Institute, Midland, Texas, 1994.

“(g}‘eologically complex gas reservoirs in slope and

basixH facies, Canyon sandstones, Val Verde Basin,

southwest Texas”: presented to the Society of
Indeip‘endent Professional Earth Scientists, Austin,
Texas, 1994. ‘

“Geologically complex gas reservoirs in slope and
basinb’acies, Canyon sandstones, Val Verde Basin,
southwest Texas”: presented to the American Institute
of Professional Geologists and the Oklahoma
Geollogical Survey, Norman, Oklahoma, 1995.

“Wolfcamp sandstones in Pakenham field, Terrell
County: resource technologies”: presented to Chevron
U.S|A. Production Company, Midland, Texas, 1995.

“Liobo sandstone study: challenges and goals”:
presi;nted to Wilcox Lobo operators, Houston, Texas,
1995. ‘

“Review of previous Canyon sandstone research
and| presentation of new research plan”: presented to
Canyon and Wolfcamp sandstones operators,
Midland, Texas, 1995.

T. F. Hentz

‘:‘iEvidence for eustatic and tectonic ‘control on the
sequence stratigraphy of the Upper Pennsylvanian
Clé\Leland Formation, western Anadarko Basin”:
pre'ﬁ‘ented to the Bureau of Economic Geology

Ser‘Lmnar, Austin, Texas, 1992.

|
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“Evidence for eustatic and tectonic control on the
sequence stratigraphy of the Cleveland Formation, a
tight gas sandstone in the western Anadarko Basin”:
presented to the North Texas Geological Society,
Wichita Falls, Texas, 1993.

“Sequence stratigraphy of the Middle to Upper
Pennsylvanian Cleveland and Marmaton siliciclastics,
western Anadarko Basin, Texas Panhandle”:
presented to the North Texas Geological Society,
Wichita Falls, Texas, 1993.

“Regional diagenesis, reservoir hydrodynamics,
and  hydrochemical-facies and gas-composition
mapping of the Wilcox Lobo trend, South Texas”:
presented to Wilcox Lobo operators, Houston, Texas,
1994.

“Key-well concept and other aspects of strati-
graphic analysis of the Wilcox Lobo play”: presented
to Wilcox Lobo operators, Houston, Texas, 1995.

“Regional overview of the structure and depo-
sitional facies of the Cleveland Formation”: presented
to the Cleveland Development Forum, sponsored by
the Society of Petroleum Engineers, Society of
Professional Well Log Analysts, Panhandle
Geological Society, and Amarillo Geophysical
Society, Amarillo, Texas, 1995.

M. L. W. Jackson

Structural  history of the Sabine Arch and its
relation to hydrocarbon traps”: presented to the East
Texas Geological Society, Tyler, Texas, 1992.

Structural history of the Sabine Arch and its
relation to hydrocarbon traps”: presented to the
Shreveport Geological Society, Shreveport, Louisiana,
1993.

'S. E. Laubach

Presentations and participation in roundtable
discussions at the DOSECC-Project GUIDE work-
shop for a proposed ultradeep continental borehole
at the Balcones Research Center, The University of
Texas at Austin. This meeting attracted an inter-
national audience. Talks based on GRI-sponsored
research presented at this workshop were titled
“Measurement of loading-induced strain in sedi-
mentary basins” and “A suggested origin for Late
Cretaceous—early Tertiary arches of the Gulf of
Mexico,” 1986.

Results of GRI-sponsored structural geology
research presented to a delegation of scientists from
the Beijing Graduate School, East China Petroleum
Institute, Beijing, China PRC, at the Bureau of
Economic Geology, Austin, Texas, 1986.



f
|
| |

Results of GRI sponsored structural geology
researcﬁh presented to visiting geologists involved in
a prOJeFt to drill and fracture horizontal wells in tight
gas sandstone, Bureau of Economic Geology, Austin,
Texas, 1987.

“F d‘ctured reservoirs: lessons from the Travis Peak
Form ‘tion”: presented as a series of lectures to
graduate class in reservoir analysis, Department of
Geological Sciences, The University of Texas at
Austin] 1988.

“N}a ral fracture history of the Travis Peak Forma-
tion”; presented to the Center for Tectonophysics,
Texas &M University, 1988.

Analys1s of fractures and in situ stress in reservoir
rocks” Department of Geological Sciences, The
Univlrsﬁy of Texas at Austin, 1989. =

(3

A’ﬁphcanon of borehole-imaging logs to fracture
evalu 1on in low-permeability gas reservoirs” and
“Orlgm, distribution, and effect on production of
natural fractures in a low-permeabrhty gas reservoir
with extensrve quartz cement”: presented to the
Soc1eny of Petroleum Engineers, Naturally Fractured
Rese v01r Forum, Crested Butte, Colorado, 1989.

“A pects of geologlc and geophysical evaluation
of subsurface fractures”: presented to Norsk Hydro
as. Research Bergen, Norway, 1989.

Turrent research on prediction of fractures”:
presénted to the Exxon Production Research
Company, Houston, Texas, 1989.

“Analys1s of in situ stress and fractures in reservoir
rocks!: presented to graduate reservoir geology
semmar Department of Geological Sciences, The
Uqursuy of Texas at Austin, 1990.

~ “Current views of fracture development in rock”:
presfe‘nted to the Bureau of Economic Geology
Sermﬁar Austin, Texas, 1991.

“Ge eologic aspects of fractured reservoir character-
ization”: presented to the Forum on Improved Oil &
Gas [Recovery sponsored by TIPRO and the Bureau
of Economic Geology, San Antonio and Longview,
Texas, 1991.

“Pitfalls of fracture interpretation using borehole-
1maérng logs”: presented to the Houston Westside
Sociéty of Professional Well Log Analysts, Houston,
Texas, 1991.

Facture patterns in reservoir rocks”: presented
Fort Worth Geological Society, Fort Worth,

to t
Texas, 1992.

“%nravelmg the relationship between fractures
and|diagenesis”: presented to the Lawrence Berkeley
Nat onal Laboratory Earth Sc1ence Division,
Berl eley, California, 1992.

“Opportumtres for horizontal drilling in fractured
lo w-permeab1hty sandstones, United' States:” pre-
sen ed to the Horizontal Drilling Symposium, Denver,
Colorado, 1992.
‘‘Challenge:
attributes in reservoir rocks”:

improved prediction of fracture
presented to the Gas
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Research Institute Fracture Research Workshop,
Austin, Texas, 1992.

“Summary of issues pertaining to detection and
characterization of fractures in the subsurface”:
presented to the Gas Research Institute—Bureau of
Economic Geology Natural Fracture Workshop,
Austin, Texas, 1993.

“A new national report on geology and engineering
aspects of tight gas sandstones”: presented to the
Gas Research Institute Project Advisors Group
meeting, Oklahoma City, Oklahoma, 1993.

“Natural fractures in Sonora Canyon sand-
stones, Sonora and Sawyer fields, Sutton County,
Texas”: presented to the 1993 Society of Petroleum
Engineers Rocky Mountain Regional and Low-
Permeability Reservoir Symposium, Denver,
Colorado, 1993.

“Complex natural gas reservoirs”: presented at Gas
Research Institute Project Advisors Group meeting,
Golden, Colorado, 1994.

“Fracture, fault, and stress-pattern issues of the

‘Wilcox Lobo trend, South Texas”: presented to

Wilcox Lobo operators, Houston, Texas, 1994.

“Improved resource characterization technology
using new structural methods”: presented to the Gas
Research Institute Project Advisors Group meeting,
Grand Junction, Colorado, 1995.

“Improved resource characterization technology:
overview of project”: presented to the Gas Research
Institute Project Advisors Group meeting, Chicago,
Illinois, 1995.

“Fracture and diagenesis analyses applicable to
Canyon Sandstone”: presented to Canyon and
Wolfcamp sandstones operators, Midland, Texas.

“Introduction to new research project in Wilcox
Lobo play”: presented to Wilcox Lobo operators,
Houston, Texas, 1995.

“Introduction and concept for new fracture analysis
approach” and “Using a new classification of
diagenesis to predict fracture conductivity”: presented
at Fracture Quantification working group meeting,
Fort Worth, Texas, 1995.

“Geology of the Wilcox Lobo natural gas trend,
South Texas” presented to the Texas Railroad
Commission, Austin, Texas, 1995.

“Using diagenesis information to improve inter-
pretation of natural fractures”: presented to The
University of Texas at Austin, Department of
Geological Sciences Soft Rock Seminar, Austin,
Texas, 1995.

“Natural gas fracture detection using catho-
doluminescence”: presented at the Gas Research
Institute Geology Technical Advisory Group meeting,
Austin, Texas, 1995.

“Gas research program overview”: presented at
the Siberian oil and gas managers’ training program,
Austin, Texas, 1995.
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e Bureau of Economic Geology hosted a
Fracture Research Workshop in 1987, in Austin,
Texas,| Bureau researchers and other contractors
workng on the characterization and design of
fractures presented preliminary research results to an

f

audien‘ce that included industry representatives.

Dutton, S. P., and Finley, R. J., presented “Core
Work,s’hop: Travis Peak (Hosston) Formation, East
Texas” to the School on Fundamentals of Petroleum
Engineering for employees of Schlumberger, spon-
sored Py the Department of Petroleum Engineering,
The University of Texas at Austin, 1986.

Du{ltton, S. P., and Hamlin, H. S., presented
“Geofl‘ gy of the Frontier Formation” to the Gas Re-
search Institute, Tight Gas Sands Program—Frontier
Fo lation Workshop, Denver, Colorado, 1990.
Duiton, S. P., presented “Geology of the Travis
Peak Formation and Cotton Valley Group, East Texas”
to thé [pas Research Institute, East Texas Cotton Valley
and Travis Peak Formations Workshops, Tyler and
Houist[‘on, Texas, 1990.

Finley, R. J., and Dutton, S. P., presented two
sections of “Core workshop: Travis Peak (Hosston)
Formation, East Texas” to the Shreveport Geological
Society, Shreveport, Louisiana, 1985.

Hamlin, H. S., presented “Geologic overview of
the Enron South Hogsback cooperative well” to the
Gas Research Institute Workshop, A Case Study of a
Cooperative Well Project in the Frontier Formation,
Moxa Arch, Green River Basin, Wyoming, Denver,
Colorado, 1991.

Ha{tmlin, H. S., presented “Geology of the Canyon
Sands tight gas reservoirs” to the Gas Research
Institute/Society of Petroleum Engineers Workshop,
Results of Applied Research in the Canyon Sands,
Midland, Texas, 1992.

{amlin, H. S., and Laubach, S. E., presented
“Frontier Formation stratigraphy, diagenesis and
natural fracturing” to the Gas Research Institute/
Society of Petroleum Engineers Workshop, Conclu-
sions of GRI Research in the Frontier Formation,
Casper, Wyoming, 1992. ‘

Laubach, S. E., and Hamlin, H. S., presented a field
trip %vorkshop “Fractures in the Frontier Formation”
to the Rocky Mountain Sectional Meeting, American
Asséciation of Petroleum Geologists, 1992.
Laubach, S. E., presented “Structural geology of the
Trdvis Peak Formation” to the Gas Research Institute,
Fo *‘L:lm on Staged Field Experiment No. 1, 1987.

|
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~ Workshops

Laubach, S. E., presented “Geological overview of
Staged Field Experiment No. 2” to the Forum on the |
Relationship between Rock Mechanical Properties
and Acoustic Well Log Data, Lakeway, Texas, May
1988.

Laubach, S. E., presented “Stratigraphy, diagenesis,
and structure of the Travis Peak Formation and their
effects on reservoir quality” to the Gas Research Insti-
tute, SFE No. 2 Workshop: Techniques of Compre-
hensive Evaluation and Completion of Tight Gas
Sands, in association with the Gas Technology
Symposium, Society of Petroleum Engineers, Dallas,
Texas, 1989. :

Laubach, S. E., presented “Fracture studies of
sandstone, chalk, and coal” during a short course
titled Identifying and Interpreting Fractures,
sponsored by the Houston Geological Society for the
Gulf Coast Association of Geological Societies
Conference, Houston, Texas, 1991.

Laubach, S. E., presented “Core and outcrop obser-
vations of fracture attributes” to the Society of Explo-
ration Geophysicists Workshop, Geophysical Methods
of Fracture Detection, Houston, Texas, 1991.

Laubach, S. E., presented “Regional state of stress
and hydraulic fracture azimuth in the western Green
River Basin” to the Gas Research Institute/Society -
of Petroleum Engineers Workshop, Conclusions of
GRI Research in the Frontier Formation, Casper,
Wyoming, 1992.

The Bureau of Economic Geology hosted a GRI
Natural Fracture Research Workshop in 1992, in
Austin, Texas. Panels of experts on natural fracture
research discussed current and future natural fracture
research before an audience of about 70 industry
representatives.

The Bureau of Economic Geology, Gas Research
Institute, and West Texas Geological Society co-
sponsored a workshop “Geology and production
aspects of a stratigraphically complex natural gas play:
Canyon Sandstone, Val Verde Basin, Texas,” held in
1994 in Midland, Texas. Bureau researchers presented
research results to an audience of more than 350
industry representatives.

The Bureau of Economic Geology hosted a
symposium and workshop on new methods to
characterize natural fractures in 1996 in Austin,
Texas. In addition, five separate workshops were
held for industry participants in project research
during 1995-1996. In all, more than 300 participated.
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