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Abstract

Reservoir Characterization of the Upper Cretaceous Woodbine Group
in Northeast East Texas Field, Texas
Merve Dokur, MSGeoSci
The University of Texas at Austin, 2012

Supervisor: William L. Fisher
Co-Supervisor: Tucker F. Hentz

East Texas field, a giant U.S. oil-field, produced 5.42 billion stock-tank barrels
from discovery in 1930 through mid-2007. The lower part of the siliciclastic Upper
Cretaceous Woodbine Group is reservoir rock, and almost all production comes from the
upper unit, the operator-termed Main sand. The field could produce 70 million stock-tank
barrels (MMSTB) using current strategies, whereas 410 MMSTB of remaining reserves
from the Stringer zone (lower unit), along with bypassed pay in both units and unswept
oil, is possible. These favorable statistics have increased interest in reservoir
characterization of the Woodbine, especially the Stringer zone. This study delineates
sandstone geometry and interprets reservoir facies and heterogeneity of the Stringer zone
and Main sand in northeast East Texas field. Additional objectives are to define key
chronostratigraphic surfaces, such as flooding surfaces and unconformities, and to
establish a realistic depositional model for the reservoir succession. To achieve these
objectives, well log analysis, core description, and net-sandstone mapping of the Stringer
vi

zone and Main sand were conducted. According to sequence-stratigraphic and
depositional-system analysis, the Woodbine Group is divided into two genetically
unrelated units: (1) the highstand deltaic Stringer zone and (2) the lowstand incisedvalley-fill Main sand. Principal reservoir units are Stringer 1 and Stringer 2 sands within
the Stringer zone and the Main sand. Stringer 2, best developed in the southwest study
area, is the most promising reservoir unit for new production. Well deepening and waterflooding in this more continuous and thicker sand are proposed to increase production in
East Texas field.
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Chapter 1: Introduction and Geologic Background
INTRODUCTION
East Texas field is the second largest and most prolific oil field in the United States
(Ambrose et al., 2009). It encompasses about 542 km2 (210 mi2) that includes central Gregg,
southern Upshur, southeastern Smith, northeastern Cherokee, and western Rusk counties, Texas
(Figure 1). The discovery of oil from the Upper Cretaceous Woodbine Group sandstone reservoir
in East Texas field in 1930 was one of the great events that had a global impact on the petroleum
industry (Halbouty and Halbouty, 1982). East Texas field has produced 5.42 billion stock-tank
barrels (BSTB) of oil from its discovery to 2007 (Wang, 2010).
Although East Texas field is in the mature stages of production, it has generated
considerable renewed interest among operators over the past decade for infield-drilling,
recompletion, and well-deepening opportunities (Wang, 2010) primarily because of the field’s
tremendous size and excellent reservoir quality, as well as favorable oil prices. The field is
characterized by a well-defined combination (stratigraphic and structural) trap, and the primary
reservoir has an average porosity and permeability of 20.9 percent and 1,383 md, respectively,
with a recovery efficiency of about 77 percent (Loucks, 2010; Wang, 2010).
In spite of great interest in the field among oil companies since its discovery, only a small
number of published studies about the Woodbine Group both within and outside East Texas field
exist. Early studies were more descriptive and focused on rock-facies distribution, the general
nature of production practices, and nomenclature of the Woodbine Group (Adkins, 1932; Minor
and Hanna, 1933; Minor and Hanna, 1941; Barrow, 1953; Granata, 1963 Dodge, 1969). Oliver
(1971) conducted the first detailed regional study of depositional environments and facies
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relationships within the Woodbine Group in the East Texas Basin although his study area did not
include East Texas field and he did not utilize core data. Other studies were subsequently
performed using an approach similar to that of Oliver (1971) (Foss, 1979; Bell, 1980; Siemers,
1981; Turner and Conger, 1981; Froussard, 1982; Halbouty and Halbouty, 1982; Leetham; 1984;
Berg and Leetham (1985); Calavan, 1985; Leuty, 1987; Wagner, 1987). The period between the
late 1980s through 2009 saw a hiatus in significant research of the Woodbine Group’s
depositional history and a specific reservoir attributes of East Texas field. Recently, however,
Ambrose et al. (2009), Ambrose and Hentz (2010), and Hentz (2010) carried out a
comprehensive study of chronostratigraphic framework, depositional setting, and reservoir
characteristics of the Woodbine Group reservoir zone based on log examination and core
description.
In the traditional terminology of field operators, the Woodbine Group reservoir section
comprises two parts: the older “Stringer sands” and the younger “Main sand.” The division is
based primarily on the pronounced difference between the basic well log characteristics (gamma
ray and spontaneous potential) of the units and on the contrast in the overall lithologies of the
two units. The Stringer sands feature multiple, sub-regionally discontinues, and generally thin (5
– 30 ft) sandstones interbedded with calcareous mud-rock in the lower part of the Woodbine
Group field succession. The overlaying Main sand is characterized by a generally single,
massive, thick unit (as much as 110 ft) that consists of mostly conglomerate and sandstone with
minor thin mud-rock lenses. Historically, almost all oil production from East Texas field has
come from the Main sand.
After more than 75 years of production from East Texas field, 70 million stock-tank
barrels (MMSTB) of oil probably remain that can be produced by current technology and
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strategies. On the other hand, recent evaluations indicate that approximately 410 MMSTB oil
reserves remain in as bypassed pay in the Main sand, deeper pay in the Stringer sand, and poorly
swept oil (Wang, 2010). Because East Texas field is an old field and production has been in
decline for several decades, new reservoir-characterization strategies need to be developed to
help extract these remaining reserves. Current research, including that of this thesis, is focused
on these strategies.
The surveys of Ambrose et al. (2009) and Hentz (2010) served as guides to select the
study area for my research. These researchers studied East Texas field in three areas that they
termed the north, central, and south pilot areas. I chose an area from the northeastern part of East
Texas field that partially overlaps the north pilot area (Figure 2). The reservoir character and
distribution in this study area have not been previously examined, even though this area is
currently a region of focused infield exploration by several energy companies (James Barton,
Basa Resources, Inc., personal communication, 2011).
Drilling History and Evolution of East Texas Field
East Texas field is the largest oil field in the East Texas Basin (130,444 acres). The field
experienced rapid development after its discovery in 1930. For instance, in 1931, there were
3,612 completed wells. After that, the number of well reached to 9,372 in a subsequent year.
According to well statistics of January 2008, total well number, including producing wells, offproduction wells, plugged wells, and dry holes, is 31,243. East Texas field is one of the densely
drilled fields, with an average well spacing of only 4.2 acres (Wang, 2010).
The Upper Cretaceous Woodbine Group sandstones locally produce oil and gas within
the East Texas Basin, most commonly near salt structure in the basin (Jackson and Seni, 1984;
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Leethem, 1984). In contrast, East Texas field is located on the western flank of the Sabine Uplift
which affected both structural and stratigraphic configuration of the Woodbine reservoir
sandstones (Figure 3). Wedge-shaped, eastwardly thinning lowermost Woodbine strata are
unconformably overlain by impermeable Austin Chalk. Oil is contained in the reservoir rock by
a combination trap (both stratigraphic and structural) in the field. On the other hand, in downdip,
outer-shelf facies of the unit in Polk and Tyler Counties, Woodbine reservoir sandstones do not
appear to be trapped by the impermeable Austin Chalk. Stratigraphic heterogeneity and pinchout
is interpreted to be the dominant trapping mechanism of oil and gas outside of East Texas field
(Foss, 1979).
Woodbine reservoir facies are deltaic and fluvial in origin and have notably high-quality
reservoir properties, such as average porosity and permeability of 20.9 percent and 1,383 md,
respectively (Loucks, 2010; Wang, 2010). Specific reservoir parameters of the field are given in
detail in Table 1.
According to East Texas Engineering Association data from 2008, the total produced oil
in East Texas field was 5,422 MMSBT. Almost all of this production has been from the Main
sand of the Woodbine Group. Current engineering reservoir study of Wang (2010) reveals that
remaining oil reserves are 70 MMST under current production strategies. However, it is
emphasized that Wang (2010) also estimated that there is 410 MMSBT of mobile oil remaining
in the field (Figure 4). In addition to these results, other values from previous studies are shown
in Table 2. It is inferred that East Texas field still contains significant quantities of producible
oil.
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In order to produce the remaining oil in East Texas field, the deeper part of the reservoir
succession, the Stringer sands, have been a target for recent drilling. Recently drilled wells have
indicated production from the Stringer sands. For instance, two wells in John Spurrier lease in
the northern part of the field were deepened in 1997 to the Stringer sands and resulted in a threefold increase in production. Another deepened well penetrating Stringer sands in the north part of
the field produced 125 barrel oil per day in 2006 (Wang, 2010).
Previous Studies
Starting soon after the discovery of East Texas field in 1930, the Woodbine Group and
East Texas field were the subject of several studies documenting the basic geology, depositional
facies, and reservoir characteristics. Early studies were more descriptive, such as the
establishment of a lithostratigraphic nomenclature of the Woodbine Group. After that, the studies
became more interpretive, such as interpretation of the depositional systems of the Woodbine
Group.
Adkins (1932) summarized the lithostratigraphy of the Woodbine Group. Early
development of, and production from East Texas field were documented by Minor and Hanna
(1933 and 1941, respectively). Detailed study of both the stratigraphy and structural history was
carried out by Barrow (1953). The structural and stratigraphic relationship between the Sabine
Uplift and the Woodbine Group in the field area was presented in detail by Granta (1963). Based
on outcrop data, the stratigraphic nomenclature of the Woodbine Group was reviewed by Dodge
(1969).
The first detailed study of the depositional systems of the Woodbine Group in northeast
Texas was conducted by Oliver (1971) based on integration of outcrop observation with
interpretation of depositional facies from well log data. He described three main depositional
5

systems: (1) a fluvial system the Dexter fluvial system, (2) a high-destructive delta system the
Freestone delta system, and (3) a shelf-strandplain system extending from the north to south over
much of the basin. The Dexter fluvial system includes tributary facies, channel/overbank and
meanderbelt facies, as well as the Freestone delta system, which comprises channel-mouth bar
facies, coastal-barrier facies, and prodelta and shelf facies (Figure 5). Genetic linkage between
deposits of inferred depositional systems and associated facies was delineated according to the
Oliver’s depositional model (1971).
Depositional processes and environments of the undifferentiated Woodbine and Eagle
Ford Groups, south of the Angelina-Caldwell Flexure at the unit’s downdip, shelf-edge extent in
Polk and Tyler Counties, Texas, were discussed by Foss (1979) and Siemers (1981) (Figure 3).
The studies of Bell (1980), Turner and Conger (1981), Leethem (1984), and Berg and Leethem
(1985) focused on the depositional nature of the Woodbine-Eagle Ford shelf-bar sandstones of
the Kurten field, Brazos County, Texas.
After Oliver (1971), more detailed study on depositional environment and basinal setting
of the Cretaceous Woodbine Group’s sandstone in northeast Texas was carried out by Calavan
(1985). Leuty (1987) reviewed the depositional history and principal depositional systems of the
Woodbine Group in the southern part of the East Texas Basin. Wagner (1987) conducted
detailed reservoir characterization of the Woodbine Group’s sandstones in the northern East
Texas Basin.
Unlike early studies, Hamman (2001) utilized sequence-stratigraphic principals as a tool
to study the Woodbine Group. He documented a high resolution sequence-stratigraphic
framework of the Woodbine Group in Henderson and Navarro Counties, Texas.
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Recently, Ambrose et al. (2009) and Hentz (2010) conducted the first comprehensive
regional study of the sequence stratigraphy, depositional facies, and reservoir attributes of the
Woodbine Group in East Texas field. They developed an alternative depositional model to that
of Oliver (1971) based on the analysis of well logs and description of cores from the field. As
mentioned above, Oliver (1971) inferred that meandering-channel sandstones were flanked by
coeval floodplain mud-rocks and are genetically linked. In contrast to this model, Ambrose et al.
(2009) and Hentz and Bonnaffé (2010) interpreted that lowstand-incised-valley systems eroded
highstand deltaic deposits; thus, there is no genetic linkage with many of the fluvial and deltaic
deposits of the Woodbine Group (Figure 6).
Purpose of the Study
The main purpose of this reservoir-characterization study is to more precisely define
sandstone trends and variation in sandstone-body geometry, and interpret reservoir facies and
reservoir heterogeneity in the Stringer sands and the Main sand reservoir zones. Furthermore, I
define and interpret prominent chronostratigraphic surfaces; namely, flooding surfaces and
unconformities, in order to construct a feasible depositional model for the Woodbine Group in
East Texas field. Tasks that achieved these objectives include (1) analysis of well logs to
construct a chronostratigraphic framework of the two reservoir units, (2) mapping of gross
sandstone of the Stringer sands zone and the Main sand based on this framework, and (3)
description and depositional-facies of analysis the two reservoir units in three cores near the
study area.

7

Significance of the Study
Although East Texas field is a mature field, new production data and strategies presented
in recent geological studies indicate that remaining oil exists in the deeper part of the Woodbine
succession (Stringer sand zone) in the field. The Stringer sand zone is currently a primary welldeepening and completion target and it is anticipated that this research will provide
documentation on the reservoir characteristics of this zone in the northeastern part of East Texas
field as well as serve as a basis to support further investigations in the field.
GEOLOGICAL SETTING
Basin History
The East Texas Basin was initiated as a pull-apart rhombic basin by northeast trending
strike-slip motion according to Pindell and Dewey’s (1982) plate reconstruction. The formation
of the East Texas Basin began with a Mesozoic rifting event on Paleozoic terrain involving
grabens containing Triassic Eagle Mills Formation rift siliciclastics and half-grabens parallel to
the Quachita fold and thrust belt trend (Jackson, 1982).

The evolution of the basin was

characterized by periodic periods of subsidence from the Early Jurassic to the Late Cretaceous.
Lithospheric thinning and cooling as well as overburden pressure resulting from additional
sediment and water increased subsidence (Hamman, 2001). The rate of the subsidence in the East
Texas Basin was episodic, as revealed by the existence of variable thickness of strata (Calavan,
1985). Rifting of the Paleozoic terrain led to the first period of subsidence that created
accommodation in the basin. The accommodation was filled with continental Triassic deposits,
red beds of the Eagle Mills Formation (Jackson, 1983). Additional periods of subsidence resulted
in marine inundation, in the Middle Jurassic, continuing through the Cretaceous. Decrease in
8

subsidence rate allowed the occurrence of the regressive events, and then progradational
siliciclastic accumulation was seen by the Middle Cretaceous (Hamman, 2001). Deposition of
the Cenomanian Woodbine Group took placed during one of these regressive events.
Structural Geology
The principal structural elements around and within the East Texas Basin consist of the
Sabine Uplift, the Quachita Mountains, the Mexia-Talco fault zone, the Angelina-Caldwell
Flexure, the Mt. Enterprise fault zone, and the East Texas salt province (Figure 3).
To the east, the East Texas Basin is bounded by the Sabine Uplift whose western flank
encompasses East Texas field. Growth of the Sabine Uplift is attributed to several periods of
uplifts and concurrent deposition of the Woodbine Group is associated with two such periods
(Halbouty and Halbouty, 1982). After deposition of Buda Limestone (Figure 7), the major rise of
the Sabine Uplift occurred. Subsequent rise took place when the upper Woodbine Group was
deposited. Timing of deposition of the lower Woodbine Group and Eagle Ford Group coincides
with the second rise of the Sabine Uplift. Unlike Halbouty and Halbouty 1982, Ambrose et al.
(2009) interpret that development of the Sabine Uplift is characterized by a gradual and
continuous process based on sequence-stratigraphic analysis.
Formation of the Sabine Uplift played a critical role in oil migration and accumulation in
the field. Rise of the Sabine Uplift produced westward-dipping Woodbine Group strata along the
structure’s west flank. Subsequent erosion of these strata due to the uplift reduced stratal
thickness toward the eastern part of the field, producing an eastward-thinning, wedge-shaped
hydrocarbon trap of lowermost Woodbine strata against the uplift. Moreover, erosion of the
uplift recorded by the angular unconformity at the base of the Austin Chalk resulted in the
erosion of the Eagle Ford Group deposits; thereby, the Austin Chalk unconformably directly
9

overlies the Woodbine Group in East Texas field (Halbouty and Halbouty, 1982; Ambrose et al.,
2009). This thinning of inclined Woodbine sandstones below an impermeable Austin Chalk seal
enabled updip migration of the hydrocarbons into the trap. Therefore, hydrocarbon accumulation
within the Woodbine Group sandstones involves both stratigraphic and structural trapping
elements (Halbouty and Halbouty, 1982).
To the north, the basin is confined by the Quachita Mountains in southeastern Oklahoma
and southern Arkansans. Sediments of the Woodbine Group were sourced mainly from the
Quachita Mountains (Oliver, 1971).
To the west and northwest, the basin is bordered by the Mexia-Talco fault zone. Triassic
grabens underlie the Mexia-Talco fault zone. Furthermore, this fault zone includes symmetrical
grabens contacting with the Jurassic Lounan Salt. Thereby, both basement rifting and salt
mobilization formed the Mexia-Talco fault zone (Hamman, 2001). During the deposition of the
Woodbine Group, the Mexia-Talco fault zone was active, and it produced growth faulting
(Oliver, 1971). The trend of this fault zone is nearly parallel to the outcrop of the Woodbine
Group (Figure 3).
To the south, the East Texas Basin is bounded by the Angelina-Caldwell Flexure, which
approximately coincides with the Late Cretaceous shelf margin (Figure 3). Therefore, the flexure
separates the East Texas Basin from the deeper marine portion of the Late Cretaceous Gulf of
Mexico (Stehli, 1972).
The Mt. Enterprise fault zone is present in the south-central part of the basin (Figure 3). It
was active during the deposition of the Woodbine Group. It consists of lystric, normal, and enechelon faults. In spite of its location near and on the Sabine Uplift, there is no direct genetic
relationship between the faults and the uplift (Leuty, 1987).
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The East Texas salt province, which coincides with most of the basin, is characterized by
about 30 salt diapirs and salt pillows (Jackson and Seni, 1984). Formation of the domes and
pillows was directly related to a period of high sedimentation rate. Salt growth and related
structural modification of strata in the basin likely occurred during Aptian, Albian, and
Cenomanian Stages, when high rates of sedimentation occurred (Wood, 1981). As a result,
sedimentation of the Woodbine Group was affected, although not in the eastern part of the basin
and East Texas field.
Stratigraphy
The East Texas Basin consists of deposits ranging in age from Late Jurassic to Eocene.
The maximum total thickness of the strata in the basin is recorded as about 22,000 ft (6706 m)
(Halbouty, 1991).
The Cenomanian Woodbine Group was deposited at a high sedimentation rate of about
600 feet per million years (Ambrose et al., 2009). Maximum thickness of the Woodbine Group is
approximately 890 ft (270 m) in the central, axial portion of the East Texas Basin. The strata of
the Woodbine Group are gradually thinner toward the eastern part of the basin as well as toward
the Sabine Uplift. Maximum thickness of the Woodbine Group at the west edge of East Texas
field is approximately 250 ft (76 m) (Hentz and Bonnaffé, 2010). Sedimentary and igneous rocks
of the Quachita Mountains to the north and the Arbuckle Mountains to the west are potential
sources for the Woodbine Group (Oliver, 1971; Hamman, 2001).
The lithostratigraphic framework of the Woodbine Group in East Texas field is illustrated
in Figure 7. The Woodbine Group overlies the lower Cretaceous Washita Group, which in part
consists of the Maness Shale and the Buda Limestone. Both of these formations are present in
East Texas field and are discussed later in this thesis. It is difficult to distinguish the lower
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Woodbine Group shale from the Maness Shale. Therefore, the base of the Woodbine Group is
generally accepted as the top of the Buda Limestone (Dedominic, 1988).
The Buda Limestone is composed of shelf limestones and minor marine shales. After
deposition of the Buda Limestone, eustatic fall occurred and affected the entire Gulf of Mexico
Basin (Mancini and Puckett, 2005). Shelves and platforms around the basin were exposed due to
related relative sea level fall; however, embayments such as East Texas Basin remained
submerged (Salvador, 1991). Subsequently, fine-grained marine deposits of the Maness Shale
were deposited on the Buda Limestone. The unconformity between these two rock units is
defined in Haq and others (1988) as developing about 94.0 Ma ago.
The Woodbine Group is subdivided into two formations: the Dexter Sand and Lewisville
Formation. However, the Woodbine Group is generally left undivided by most workers because
it is difficult to consistently differentiate these two units across the basin (Leuty, 1987). The
Dexter Sand is defined as a sandstone-rich unit which was deposited in fluvial depositional
system. The younger and shale-rich Lewisville Formation is composed of calcareous sandstones
of a shallow siliciclastic shelf system (Oliver, 1971).

East Texas field includes only the

lowermost Dexter Sand deposits.
To the north, the Woodbine Group is characterized by dominantly non-marine deposits;
to the south, an increase in marine influence is evident. The Woodbine Group strata grade into
pro-delta deposits, the Pepper Shale, which is considered stratigraphically equivalent to the
Woodbine Group sandstones, with isolated sandstones in the southern part of the East Texas
Basin (Adkins, 1932; Oliver, 1971).
Oliver (1971) also reveals that stacked meanderbelt sandstones of the Woodbine Group in
the north part of the East Texas Basin grade into coeval sandstones of wave-dominated deltaic
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and shelf-strandplain systems in the southern part of the basin. In contrast, Hentz and Bonnaffé
(2010) inferred that these stacked sandstones mostly represent incised-valley river deposits that
have no genetic relationship to laterally adjacent, older river-dominated fluvial and floodplain
facies.
The Woodbine Group is overlain by the Eagle Ford Group in most of the East Texas
Basin. However, the Austin Chalk directly overlies strata of the Woodbine Group in East Texas
field because the entire Eagle Ford Group and all of the upper and most of the lower Woodbine
Group were eroded due to contemporaneous rise of the Sabine Uplift. The Austin Chalk in turn
unconformably overlies lowermost Woodbine Group sandstones in East Texas field. The Austin
Chalk serves as the primary seal for oil in reservoir sandstones of the Woodbine Group in the
field (Halbouty, 1982).
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Chapter 2: Data and Methods
The study area is located at approximately 94oN latitude and 32oE longitude in Gregg
County, Texas (Figures 1 and 8). It covers about 55 km2 (21 mi2).
East Texas field had a long production life of more than 75 years, and hence it includes a
great number of wells, more than 31,000 (Ambrose et al., 2009). However, depth and quality of
the associated well logs limit utilization of these data. For instance, because of the high porosity
and permeability of the Main sand, most wells in the field penetrate to only the upper part of the
Main sand; thus, they do not allow observation of the older Stringer sands. Therefore, my
analysis was restricted only to those wells that penetrate most of or all of the Stringer sands.
The data for the study area consists of 500 well logs within and immediately surrounding
the study area (Figure 8). Well spacing is uneven, with a range between 0.04 mi (60 m) and 0.80
mi (1300 m). Primary well logs used are gamma ray (GR), spontaneous potential (SP), shallow
resistivity (Rs) and deep resistivity (Rd). All well logs were obtained from the East Texas
Engineering Association, an organization in Kilgore, Texas, that maintains an archive of logs of
most wells drilled over the history of the field. Most of these logs are not publically available.
The GR logs were utilized for stratal correlation, determination of lithology, and
identification of grain-size trend to interpret depositional facies. GR logs measure natural
radiation from trace amounts of potassium, thorium, and uranium in the rock. Such radioactive
elements exist in clay minerals and in shale; thus, higher gamma ray values indicate the presence
of a higher percentage of clay and shale (Selley, 1998).
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The SP logs were also used for correlation and determination of lithology and facies. Left
deflection of the SP log (decreasing SP response) documents permeable units, such as sandstone.
The SP logs have less vertical resolution than GR logs (Rider, 1996). Therefore, GR logs are
more useful for correlation of the Stringer sands, which consist of thin beds of sandstone and
shale. However, GR logs are limited to most modern (post-1970) well logs.
The resistivity logs give information about fluid content in the reservoir as well as
enabling calculation of hydrocarbon saturation (Selley, 1998). They are helpful identifying of
limestone units (extremely high values). However, analysis of resistivity logs is not a consistent
method of identifying of sandstone bodies in the field. Different resistivity log patterns are
observed in sandstones in nearby wells of different ages in East Texas field partly because of oil
extraction. Moreover, fluid-saturation calculation is not an object of this study, and resistivity
logs were not used for this purpose.
Based on stratal stacking patterns interpreted from well log motifs, I first divided the
Woodbine Group into primary two units (Figure 9): (1) upward-coarsening (progradational)
lower part (Stringer zone) and (2) blocky (aggradational) upper part (Main sand). The lower part
was further subdivided into two sub-units identified as Stringer 1 and Stringer 2 separated by
marker beds characterized by high gamma-ray signatures that are continuous throughout the
study area. Each sub-unit is inferred to be a depositional cycle comprising an upward-coarsening
interval overlain by a generally thinner upward-fining succession. On the basis of these stackingpattern criteria, the well logs were correlated to analyze and map genetically associated
sandstone-bearing reservoir zones.
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Prominent, inferred chronostratigraphic surfaces, such as unconformities and flooding
surfaces and their stratigraphic relationships were delineated by analyzing cross sections from
the well logs.
After the correlation of the well logs, I calculated gross-sandstone thickness for each
defined reservoir unit: Stringer 1, Stringer 2, and Main sand. Either the GR or SP curve was
used to calculate gross-sandstone values within each well log. However, horizontal GR and SP
scales used to determine cut-off values for sandstone vs. shale are absent in most well logs. The
database comprises logs of different ages, ranging from the 1930’s to about 1990, and many well
logs, especially old ones, were not submitted to the East Texas Engineering Association with
scales. Therefore, I consistently applied a cut-off line on both the GR and SP curves one-third
(33%) the distance from the maximum shale line to the maximum sandstone line. This method
was applied to each well log to furnish consistency in gross-sandstone-thickness calculation.
For three sand units (Stringer 1, Stringer 2, and Main sand), gross-sandstone thickness
maps were prepared to determine the distribution of major depositional trends of each reservoirsandstone unit of the Woodbine Group based on the correlation and the gross sandstone
thickness calculation. They were used to delineate the areal and temporal distribution of primary
sandstone accumulations and thus of potentially prospective intervals and areas.
In addition to well logs, three cores (Shell No. 55 Watson, ARCO No. B142 King, and
Cities Service No. B2 Killingsworth) were utilized to support interpretation of lithologies, nature
of major stratal surfaces, and range of depositional facies inferred from the well logs. The cores
are from these wells on the margin and outside the study area (Figure 2). Shell No. 55 Watson is
6.2 mi (10 km) from southwestern boundary, the ARCO No. B-142 King occurs on the southern
boundary of the study area, and the Cities Service No. B2 Killingsworth is located 4.0 mi (6.5
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km) from the northeastern boundary of the study area (Figure 2). The cores, totaling 87 ft (26 m),
30 ft (9 m), and 35 ft (11 m) thick, respectively, were described by concentrating on lithology,
grain-size trends, and sedimentary structures. They were integrated with correlated well logs.
In summary, this study was conducted with some limitations that are addressed here. (1)
The majority of all available well logs within the study are too shallow to have recorded the
Stringer sand zones. (2) Few of the logs used in this study contain GR curves. Those that are
used are superior to SP curves by providing better vertical resolution of thin beds and clay
content to identify grain-size trends within the units. (3) The SP curve does not permit
differentiation of the Stringer sands from the Main sand where the Main sand directly overlies
sandstone beds of the Stringer zone.(4) Cores located within the study area were not available for
this study. Therefore this research should be evaluated by considering these limitations.
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Chapter 3: Sequence-Stratigraphic Framework
REGIONAL CHRONOSTRATIGRAPHY
The reservoir-bearing interval in East Texas field is bounded by two prominent
chronostratigraphic surfaces, namely the top of the Buda Limestone (at the bottom) and the base
of the Austin Chalk (at the top). Additionally, inferred flooding surfaces and an unconformity at
the base of the Main sand are significant chronostratigraphic surfaces within the stratigraphic
interval (Figure 9). Each surface will be discussed in detail in the following sections.
Top of Buda Limestone
Top of the Buda Limestone corresponds to a Gulf-wide middle Cenomanian
unconformity and hiatus (Mancini and Puckett, 2005). The lithostratigraphic top of the Buda
Limestone is typically about 20 ft higher than the unconformity in the East Texas Basin (Hentz
and Bonnaffé, 2010). After the deposition of the Buda Limestone, a substantial sea level fall
took place within the Gulf Coast Basin. Subaerial exposure occurred on shelves and platforms
rimming the basin except in embayments, such as the East Texas Basin (Salvador, 1991). At this
time, the middle Cenomanian unconformity developed near the top of the Buda Limestone
(Salvador, 1991). The unconformity can be dated at ~ 94 Ma using Haq (1988); the date is
approximately consistent with that determined by stratigraphic analysis based on transgressive –
regressive cyclicity of Mancini and Puckett (2005) and chronostratigraphic correlation of Hentz
and Bonnaffé (2010). Furthermore, micropaleontological data from the Maness Shale and the
lower Eagle Ford Group support this age (Hentz and Bonnaffé, 2010).
The Buda Limestone is expressed as a prominent log response on both gamma ray and
resistivity curves. Therefore, it is easy to follow the lateral continuity of the top of the unit. The
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top of the Buda Limestone occurs where sharp left deflection (decrease in GR) is observed on
GR curves. Resistivity response to limestone beds is generally characterized by a sharp right
deflection (increase in resistivity). Such log responses on the resistivity log is a result of a lowpermeability carbonate,

such

as

the

Buda

Limestone.

As

mentioned

above,

the

chronostratigraphic top of the Buda Limestone is not always same as the lithostratigraphic one.
A consistently occurring upward-fining grain-size trend on the GR log in the uppermost part of
the Buda Limestone is inferred to have formed by transgression. The mid-Cenomanian
unconformity is interpreted to occur at the base of this upward-fining trend; specific discussion
follows later in this thesis. There are few available wells that are deep enough to see the
complete upward-fining trend so lithostratigraphic top of the unit is identified on most well logs
used in this study (Figure 9).
Core data from the Shell No. 55 Watson well allows lithological observation of contact
between the Buda Limestone and the Stringer zone at 3731.5 ft (Figure 10). It shows that there is
a lithological change from carbonates to siliciclastics at the contact. Below this contact, the Buda
Limestone comprises gray wackestone and dark gray mudstone with shell fragments. Ambrose
and Hentz (2010) documents that these shell fragments are shallow-marine fossils, Planolites
and Arenicolites. The core is not deep enough to capture the upward-fining grain size succession.
Therefore, no unconformable surface is recognized within the cored Buda interval.
Flooding Surfaces
Flooding surfaces within East Texas field’s Woodbine succession occur at thin (<5 ft [1.5
m]) high-gamma-ray beds above upward-fining, shale-dominated successions that are correlative
across the study area and the field (Hentz and Bonnaffé, 2010). These laterally persistent beds
are generally zones with the highest clay-mineral content, and they record periods of non19

deposition or exceptionally slow sedimentation rates (Galloway, 1989). High-gamma-ray log
signatures can also represent periods of concentrated on chemical or biochemical precipitates,
such as siderite and glauconite that formed during sediment starvation (Catuneanu, 2006). The
Shell No. 55 Watson core contains siderite nodules in the Stringer zones (Figure 10). However,
because the well does not have an associated GR curve, the correlation of siderite-bearing
intervals to the GR curve cannot be tested.
The continuity of three flooding surfaces (FS1, FS2, and FS3) is recognized based on the
GR log signature in the lower part of the Woodbine Group (Stringer zone) (Figure 9). The
Stringer zone is divided into two distinct sandstone units, namely Stringer 1 and Stringer 2,
which are bounded by the identified flooding surfaces (between FS1-FS2 and FS2-FS3,
respectively) (Figure 9).
Above the Buda Limestone, FS1, the oldest flooding surface that occurs in the reservoir
succession, is regionally continuous and overlies upward-fining section in the lower Maness
Shale (Figure 9). FS1 records a period of regional flooding across the East Texas Basin (Hentz
and Bonnaffé, 2010). The surface coincides with a maximum flooding surface dated at
approximately 93.5 Ma (Haq et al., 1988; Ambrose et al., 2009).
In contrast, flooding surfaces FS2 and FS3 are inferred to represent local flooding events;
they do not extend regionally in the East Texas basin (Ambrose et al., 2009; Hentz and Bonnaffé,
2010). Therefore, the development of these surfaces is interpreted to represent the termination of
retrogradational sedimentation after the abandonment of distributary channels leading to delta
lobe avulsion. Such channel abandonment is documented to result in flooding and transgressive
sedimentation locally within delta depocenters (Carter and Woodroffe, 1994). After discussion of
the depositional systems of the Stringer zone, this interpretation will be further supported.
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Additionally, it is observed that the FS3 does not exist in the eastern (updip) part of the study
area because of erosional truncation at the base of the Austin Chalk (Figure 11). The erosional
limit of the FS3 is shown on the gross-sandstone map of the entire Stringer zone (FS1 and FS3)
(Figure 12).
Base of Main Sand
The base of the Main sand coincides with the base of an incised-valley-fill defined in
north pilot area of East Texas field and regionally within the eastern part of the East Texas Basin
by Ambrose et al. (2009). It is an erosional surface resulting from relative sea level fall and
subsequent fluvial incision of previously deposited progradational highstand deltaic units (Hentz
and Bonnaffé, 2010).
The characteristic log motif for the Main sand is blocky or slightly upward-fining on the
GR and SP logs (Figure 9). The resistivity signature of the Main sand is also distinct. The Main
sand is commonly recorded as a low-resistivity zone because most of the resistivity logs are from
infill wells that were drilled after production of most oil from the reservoir. The contrast between
the resistivity log signatures of the Main sand and the Stringer zone is also helpful in defining an
unconformity at the base of the Main sand.
The well log cross sections generally delineate a gradual decrease in thickness of the
Main sand as well as the structural rise of the base of the Main sand toward the eastern,
structurally updip part of the study area (Figure 11). However, this general trend is disturbed in
some places where the thin Main sand occurs close to thicker ones. The gross-sandstone map of
the Main sand exhibits these local irregularities in thickness (Figure 13). Such irregularities are
inferred to be due to differential depth of incision by the Main sand into the Stringer zone.
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Core data from Cities Service No. B2 Killingsworth, ARCO No. B142 King, and Shell
No. 55 Watson wells serve to identify the surface of the base of the Main sand. The typical
observation about this surface from the cores is an abrupt change in grain size from mudstone or
siltstone to very coarse sandstone or gravel (Figures 10, 14, and 15). Core from the Cities
Service No. B2 Killingworth well at 3,437 ft shows an erosional contact at the base of the Main
sand between mud-rock and very coarse sandstone (Figure 16 b). In addition to the observed
variation in the stratigraphic occurrence of the base of the Main sand (variance in depth of
incision) mentioned above, the abrupt grain size change also supports the existence of an
unconformity coinciding with the base of the Main sand.
The base of the Main sand in the Cities Service No. B2 Killingsworth and ARCO No.
B142 King wells indicates consistence between the GR and SP response and core observation
(Figures 14 and 15). On the other hand, in the well log from the Shell No. 55 Watson well, the
blocky SP log pattern does not coincide with the grain-size change observed in the core. The
surface is recognized at 3,627 ft from the core, whereas the blocky log signature on the SP curve
begins at 3,650 ft (Figure 10). It should be mentioned that the Shell No. 55 Watson well does not
have the GR log, which unlike the SP curve is sensitive to clay content and proxy grain-size
trends. Therefore, the boundary between the Main sand and the Stringer zone is not discernible
on the SP log (Figure 10 b).
Although the Cities Service No. B2 Killingsworth and ARCO No. B142 King wells are
not located within the study area (Figure 2), they are close enough that they can provide useful
data in the well log identification the base of the Main sand. However, the limitation on regional
correlations imposed by the absence of the GR curve on many well logs should be considered for
overall interpretation.
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Base of Austin Unconformity
The base of the Austin Chalk coincides with the middle-to-upper Turonian base-ofAustin unconformity. This major transgressive surface of erosion truncates Upper Washita,
Woodbine, and Eagle Ford Group strata along the crest of the Sabine Uplift and represents a
depositional hiatus of as much as 2 Ma (Ambrose et al., 2009). After deposition of the Woodbine
Group, the Eagle Ford Group deposition took place. However, the Eagle Ford Group is absent in
the eastern part of the East Texas Basin and the entire East Texas field. Here, the entire Eagle
Ford Group and upper Woodbine Group were eroded prior to deposition of the Austin Chalk.
Throughout East Texas field, the Woodbine Group is directly overlain by the base-of-Austin
unconformity.
The base-of-Austin unconformity coincides with top of the Main sand in the study area.
However, outside of the study area, especially in the western part of East Texas field, this
coincidence does not occur.
The base-of-Austin unconformity is also represented in the ARCO No. B142 King core at
3,422 ft (Figure 17a). The core section indicates that the Austin Chalk is composed of ~ 2 cm
clasts from the Main sand as well as shell fragments and unconformably overlies the Main sand.
OVERVIEW OF SEQUENCE STRATIGRAPHY
The analysis of genetically related depositional units bounded by surfaces of erosion or
non-deposition within a chronostratigraphic framework is called sequence stratigraphy (Reading,
1996). The correlation of well logs using the sequence-stratigraphic model enables highresolution chronostratigraphy in an area with high dense well control (Van Wagoner et al.,
1990). The sequence-stratigraphic concept is also a useful tool for reservoir characterization
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(Galloway, 1996). In this manner, sequence-stratigraphic analysis is applied to this study in order
to develop a better understanding about reservoir facies.
Sequence subdivision is generally regarded with respect to different sequence
stratigraphic models, such as the Exxon depositional sequence model (Mitchum, 1977; Vail,
1987; Van Wagoner et al., 1990; Vail, 1991) and the Frazier/Galloway genetic stratigraphic
sequence model (Fraizer, 1974; Galloway, 1989a; Galloway and Hobday, 1996). Both models
concentrate on genetically related depositional units associated with coeval depositional systems,
although they are fundamentally different in their definition of sequence boundary. The Exxon
model considers regional unconformities and their correlative surfaces as sequence boundary,
whereas the Fraizer/Galloway model emphasizes both nondepositional and erosional surfaces to
be a sequence boundary.
According to the Exxon model, genetically related strata within relatively conformable
successions are bounded by unconformities and their correlative conformable surfaces. The
model emphasizes subaerial unconformities as sequence boundaries linked to regressional
periods and decrease in relative sea level. Change in the sea level is driven by eustacy when
sediment supply rate and subsidence rate are constant in 10 Ma or less time period (Mitchum et
al., 1977; Posamentier et al., 1988). In this model, a sequence is composed of highstand,
transgressive, and lowstand systems tracts that are integrated with relative sea level curve of Haq
et al. (1987). Brown and Fisher (1977) defined a system tract as “a linkage of contemporaneous
depositional systems.” Two types of sequences (type 1 and type 2) are defined with respect to the
nature of the sequence boundary. A type 1 sequence includes lowstand, transgressive, and
highstand systems tracts and it is bounded by a basal unconformity that is formed due to relative
sea level fall below a shelf edge. Considerable incision of the exposed shelf occurs. In contrast, a
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type 2 sequence, consisting of shelf margin, transgressive, and highstand systems tracts, is
bounded by the basal unconformity that is produced by non-deposition instead of significant
incision (Van Wagoner et al., 1988).
According as the Frazier/Galloway model, a depositional episode is the fundamental
building block for stratigraphic analysis. An entire depositional episode includes progradational,
aggradational, and retrogradational facies that define depositional architecture (Frazier, 1977;
Galloway, 1989a). A sequence is composed of relatively conformable and genetically related
strata bounded completely or partially by nondepositional or erosional (unconformity) surfaces
(Galloway and Hobday, 1996). Sequence boundaries mark periods of non-deposition or very
slow rate of deposition during forming of marine-condensed sections and maximum flooding
surfaces.
Although both models recognize the same surfaces and stratal architecture, the genetic
sequence stratigraphic model is different from the Exxon model by the arrangement of
successive lowstand, transgressive, and highstand deposits relative to the sequence boundary. I
utilized the Exxon model in this study.
SEQUENCE STRATIGRAPHY OF EAST TEXAS FIELD
The order of the sequence cycles and related system tracts and surfaces is determined by
the duration of deposition the Woodbine Group. The succession was deposited in 14 sequences
during approximately 1.5 Ma (93.5-92 Ma) (Ambrose et al., 2009). Each sequence composing
the Woodbine Group was deposited over an average of approximately 110 ka, the approximate
duration of a typical fourth-order sequence (Mitchum and Van Wagoner, 1991; Schlager, 2004).
Only the oldest three fourth-order Woodbine sequences exist in East Texas field (Hentz and
Bonnaffé, 2010).
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Stacking Patterns
In order to identify the fourth-order system tracts and their bounding surfaces within the
field, stratal stacking patterns, which are indicators of the ratio between rate of deposition and
rate of accommodation, are identified from the well logs. Three types of parasequence stacking
patterns, retrogradational, progradational, and aggradational are recognized in the Woodbine
Group of East Texas field (Figure 18).
An upward-fining log response from the top of the Buda Limestone to FS1 is interpreted
to be a retrogradational stacking pattern (Figure 18). If the rate of accommodation is higher than
the rate of the deposition, retrogradation occurs. Regionally correlated retrogradational
succession commonly records transgressive system tracts. The transgressive unit above the top of
the Buda Limestone, composing the lower half of the Maness Shale (Figure 7), is interpreted by
Ambrose et al. (2009) and Hentz Bonnaffé (2010) as a transgressive system tract (TST) that
extends throughout the East Texas Basin above sequence boundary SB1, the regional midCenomanian unconformity previously discussed (Figure 19). In the field, flooding surface FS1
coincides with the regionally developed maximum flooding surface, MFS, atop the TST (Figure
19) described by Hentz and Bonnaffé (2010).
The upward-coarsening log response between FS1 and the base of the Main sand (Figure
18) is interpreted to be a progradational stacking pattern. Progradation is associated with
highstand systems tracts (HST) and takes place when the rate of sedimentation exceeds the rate
of accommodation creation. The Stringer zone comprises the HST in the oldest sequence of the
Woodbine succession (Hentz and Bonnaffé, 2010) (Figure 19).
The blocky log facies that encompasses the Main sand represents an aggradational
stacking pattern (Figure 18). Such a succession forms when the rate of deposition is nearly same
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as the rate of accommodation creation. Incised-valley lowstand system tracts (LST:iv) are
characteristically aggradational or retrogradational (upward-fining) and are underlain by a
sequence boundary (Figure 19). In East Texas field, the Main sand is inferred to represent a
LST:iv that truncates the older HST (Stringer zone). The entire valley-fill is not seen in the study
area. This lowstand system tract composes of the lower part of the valley-fill. It is directly
overlain by the transgressive Austin Chalk in the field, indicating that the upper part of the Main
sand has been removed by transgressive erosion. Bounding stratigraphic surfaces between
defined system tracts will be explained in detail in the following section.
Key Chronostratigraphic Surfaces
The key chornostratigraphic surfaces, such as sequence boundaries, transgressive
surfaces of erosion, and flooding surfaces within the Woodbine Group in the study area have
been interpreted from the well logs. Core sections are also used to support the existence of these
significant chronostratigraphic surfaces. According to observations, fourth-order surfaces, three
sequence boundaries (SB1, SB2, and SB3), a transgressive surface of erosion (SB3), a regional
maximum flooding surface (FS1), and local flooding surfaces (FS2 and FS2) are defined (Figure
19).
Sequence Boundary 1 (SB1)
The oldest sequence boundary (SB1) is recognized as a transgressive surface of erosion at
the top of the Buda Limestone. It is picked where the upward-fining vertical grain size trend,
which is interpreted to be transgressive system tract, begins (Figure 19). SB1 coincides with the
sharp left deflection on the GR curve and sharp right deflection on the resistivity log because of
low-resistivity Buda Limestone. Evidence of erosion, such as rip-up clasts derived from the Buda
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Limestone in the Maness Shale is not observed in the Shell No.55 Watson core, the only core
described for this study that contains any part of the Buda interval (Figure 10). SB1 is inferred to
occur several feet below the cored interval.
Sequence Boundary 2 (SB2)
The second sequence boundary (SB2) is identified as a surface located at the base of the
lowstand Main sand. It is picked where the blocky log response starts (Figure 19). SB2 between
highstand and lowstand system tracts can be regarded as a type 1 sequence if it represents
considerable river incision resulting from relative sea level fall below the contemporaneous shelf
edge. However, the Angelina-Caldwell flexure, which is proposed to represent concurrent shelf
edge by Stehli et al. (1972), is approximately 84 mi (135 km) far from inferred incised-valley in
the study area (Figure 3). Therefore, basement of the incised-valley SB2 cannot be type 1
sequence boundary due to its location with respect to the shelf edge.
As seen in type log of the Woodbine Group in the study area, the general vertical grain
size trend is upward-coarsening (Figure 9). At first glance, such a vertical succession can be
regarded as classic progradational deltaic section. Oliver (1971) considers the Woodbine Group
to comprise stacked progradational and aggradational successions that represent relatively
uninterrupted fluvial and deltaic sedimentation. However, other previous studies Ambrose et al.
(2009) and Hentz and Bonnaffé (2010) propose the presence of laterally adjacent Woodbine
deposits that are not coeval based on detailed sequence-stratigraphic study by using well logs and
core data. I used these recent studies as guides in chronostratigraphic correlation in my study
area because there are not enough cores to integrate with well logs for me to establish the
regional character of SB2 in my study area. However, in spite of the absence of cores in the
study area, those from nearby wells (Cities Service No. B2 Killingsworth well, ARCO No. B142
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King well, and Shell No. 55 Watson well) were described and interpreted (Figures 10, 14, and
15) to provide supporting evidence for sequence-stratigraphic and depositional-systems
interpretation. For instance, in two of the cores, fluvial chert-clast conglomerate and granular
very coarse grained sandstone of the inferred Main sand incised-valley-fill directly overlies mudrock and siltstone in the interpreted distal delta (Figure 16 b). This stratal relation will be
explained in the next chapter. There are several examples from examined cores in Ambrose et al.
(2009) and Ambrose and Hentz (2010) to show SB2. It is concluded that abrupt grain-size
change at this boundary and the juxtaposition of distal-delta facies immediately below bed-load
fluvial deposits in these core sections support the presence of SB2 in this study area.
Sequence Boundary 3 (SB3)
The third sequence boundary (SB3) occurs immediately above the lowstand incisedvalley-fill Main sand. SB3 coincides with the base-of-Austin unconformity. SB3 is picked on GR
logs where the aggradational log motif of the Main sand transitions into an upward-fining
interval (Austin Chalk) (Figure 19). The Austin interval within East Texas field and regionally
throughout the East Texas Basin has a consistent and distinctive GR-log signature (Hentz and
Bonnaffé, 2010). Most of the upper Austin Chalk was deposited in deep water environment
(Palaz, 1997); however, the lower part comprises shallow-marine facies within an overall
transgressive succession in East Texas field (Figure 19). Lowermost part of the Austin Chalk is
consists of mollusk fragments, phosphatic pebbles and shark, ray, and fish teeth (Dawson et al.,
1983). SB3 also represents a transgressive surface of erosion. Observations from core data taken
from the ARCO No. B142 King well favor support the presence of an erosional contact between
the lowstand Main sand and the transgressive Austin Chalk. For example, granule to smallpebble-sized clasts of chert and milky quartz derived from the Main sand are inferred to be
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transgressive lag deposits (Figure 17 a). Moreover, the absence of the Eagle Ford Group between
the Woodbine Main sand and the transgressive Austin Chalk due to truncation on the Sabine
Uplift supports an interpretation of an erosional contact between the Woodbine Group and the
Austin Chalk.
Flooding Surfaces 1, 2, and 3 (FS1, FS2, and FS3)
Other key chronostratigraphic surfaces, flooding surfaces FS1, FS2, and FS3 are also
recognized in the Stringer section of the Woodbine Group succession in East Texas field. They
are picked at GR maxima bounding generally thin (10–25 ft [3–8 m]) upward-fining intervals
and thicker (30–70 ft [9–21 m]) gradually upward-coarsening units (Figures 9, 19 – 23).
My flooding surface FS1 in East Texas field coincides with a regionally extensive
maximum flooding surface that separates a transgressive system tract from highstand system
tract throughout the East Texas Basin (Ambrose et al., 2009; Hentz and Bonnaffé, 2010). In
contrast, FS2 and FS3 can be correlated only within the study area. However, the same surfaces
have been correlated along the west flank of the Sabine Uplift and within all of East Texas field
by Hentz and Bonnaffé (2010). The localized distribution of these surfaces and their occurrence
within a fluvial-dominated delta succession (Ambrose and Hentz, 2010) suggest that these
flooding surfaces are autocyclic and probably record delta-lobe shifting (avulsion) and
subsequent short-term flooding and local transgressive sedimentation across the abandoned delta
plain.
The purpose of correlating the local flooding surfaces FS2 and FS3 is to construct a timestratigraphic framework to examine in detail the reservoir facies within the Stringer zone
(Stringer 1 and Stringer 2). Because FS2 and FS3 are inferred to be local flooding surfaces,
Stringer 1 and Stringer 2 zones are most appropriately designated as parasequences according to
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the conventional sequence-stratigraphic model. However, the progradational-to-retrogradational
cycle that defines both Stringer 1 and 2 (Figure 9) is inconsistent with the published definitions
of a parasequence. For example, Van Wagoner et al. (1990) defined a parasequence as “a
regressive shallowing-upward succession bounded by marine flooding surfaces above and
below.” Such successions have progradational log profiles with sharp tops that represent the
marine flooding surfaces. In contrast, the Stringer 1 and 2 zones are bounded by flooding
surfaces at the tops of thin retrogradational (upward-deepening, upward-fining) sections that
occur above the primary progradational (upward-shallowing, upward-coarsening) sections. I
infer that this variance from the classic parasequence concept is a primarily a result of a
generally high rate of deposition that, as discussed previously, characterizes the entire Woodbine
Group. The high rate of influx of sands and silts enabled sedimentation to occur during shoreline
transgression that occurred during delta-lobe avulsion. Therefore, a relatively thin transgressive
succession was deposited at the end of each parasequence developmental cycle in the study area
and in the general East Texas field area.
Van Wagoner (1990) emphasized the usefulness of identifying parasequences for
regional correlation. Such successions that are almost indistinguishable from successions of
regional extent can be produced on by autocyclic events, such as delta-lobe switching and
channel avulsion within a limited area (Posamentier and Allen, 1999). FS2 and FS3, and
associated units Stringer 1 and 2 can be related to local depositional events rather than basinscale ones.
Stratigraphic Cross Sections
In order to delineate the architecture of the sequences and related system tracts in East
Texas field, cross sections of the Woodbine Group in the northern part of the field were
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examined. Two strike, two dip, and one diagonally oriented representative cross sections are
illustrated herein (Figures 11, 20 – 23). Orientation is based on the depositional trend of the
Woodbine Group, which is from northeast to southwest. Location of these cross sections is
shown in Figure 8.
The stratigraphic datum for all the cross sections is the prominent and well-defined SB3,
the base-of-Austin unconformity. Above this datum, the transgressive Austin Chalk is present.
All cross sections show equal number of sequences and their associated system tracts. However,
they also illustrate distinct variation in thickness of the study interval across the study area.
The study interval is subdivided into two sequences (probably fourth-order sequences
[Ambrose et al., 2009]): Sequence A and Sequence B (Figure 19). Sequence A between SB1 and
SB2 comprises a transgressive and a highstand system tract. Sequence B between SB2 and SB3
consists of only a lowstand facies and it does not overlie transgressive and highstand deposits
because it was subjected to erosional truncation owing to rise of the Sabine Uplift. Nevertheless,
Sequence B can be characterized as a type 1 sequence with respect to its overlying boundary,
which is interpreted to be type 1 sequence boundary due to evidence of considerable fluvial
incision during a significant drop in relative sea level. Development of a type 1 sequence
requires the occurrence of certain conditions. For instance, rate of relative sea level fall should
exceed rate of subsidence at shoreline edge and accommodation should be sufficient for
accumulation of a lowstand system tract. Moreover, a fluvial system, which is strong enough to
cut valleys, should exist to enable sediment transportation to the shelf margin (Posamentier et al.,
1988; Van Wagoner et al., 1990).
Depositional strike-oriented cross sections A-A´ and B-B´ (Figure 11 and 20) exhibit a
gradual eastward (structural up-dip) decrease in thickness of the overall Woodbine section
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because of progressive up-dip truncation of the interval below the base-of-Austin unconformity.
Sequence B (Main sand) also diminishes in thickness toward the east edge of the field from
about 110 ft (30 m) to about 20 ft (6 m). On the other hand, Sequence A only slightly decreases
in thickness up-dip. However, flooding surface FS3 is truncated at the base of Sequence B in the
east part of the study area primarily, because of greater depth of incision of the overlying
incised-valley-fill. This increased eastward incision is inferred to have been influenced by
contemporaneous depositional relief along the flank of the rising Sabine Uplift. The valley-fill
would have incised deeper into the underlying highstand facies of Sequence A in the
topographically higher east while adjusting to a lower base level created by the initial relative
rise of the Sabine uplift. At the eastern boundary of East Texas field, the Woodbine Group
completely pinches.
The Woodbine section in depositionally dip-oriented cross sections C-C´ and D-D´
(Figures 21 and 22) exhibit only minimal thickness changes where depth of incision by the
incised valley varies. For instance, cross section D-D´ (Figure 22) displays irregular thickness of
Sequence B because of differential erosion at the base of the incised valley.
Diagonally oriented cross section E-E´, trending from northeast to southwest (Figure 23),
is similar to the strike-oriented cross sections (Figures 11 and 20) in that the northeastern part
shows thinner strata than southwest part, and FS3 is truncated in the northeast.
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Chapter 4: Depositional Systems
To define reservoir architecture as well as reservoir heterogeneity, depositional systems
and their component facies are distinguished. Knowledge from the literature is integrated with
observations from the available data, such as well logs and cores in order to present
interpretations about the depositional systems of the Woodbine Group in the study area.
Previous studies, Oliver (1971), Ambrose et al. (2009), and Ambrose and Hentz (2010),
were used as guides to this analysis. These are basin-scale studies; therefore, they are helpful in
placing the depositional systems of the study area in the regional context and to more
realistically define the associated depositional facies in the study area.
As suggested by Oliver (1971), the Woodbine Group was deposited by three principal
depositional systems: a fluvial system, a high-destructive deltaic system, and a shelf-strandplain
system (Figure 5). The author described these systems as coeval. The fluvial system is composed
of a tributary channel sandstone facies and a meander belt sandstone facies. They occur in the
lower Woodbine Group, the Dexter Sand, in the northeast part of the East Texas Basin and are
associated with erosion due to rise of the Sabine Uplift. Downdip of the fluvial systems highdestructive (wave-dominated) delta systems were deposited. Indeed, the overall Woodbine
Group is interpreted as a large-scale delta system, including channel-mouth-bar sandstone facies,
coastal-barrier sandstone facies, and prodelta-shelf mudstone facies in the south and southwest
part of the basin. The shelf-strandplain system constitutes the upper part of the Woodbine Group,
the Lewisville Formation. Components in the shelf-strandplain system, shelf-mudstone facies
and strandplain-sandstone facies, developed to the north.
Ambrose et al. (2009) and Ambrose and Hentz (2010) analyzed depositional systems and
facies variability of the Woodbine Group in East Texas field. In the field, the Woodbine Group is
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divided into two genetically unrelated units, Stringers and Main sand. The studies documented
that Stringers section composes a highstand fluvial-dominated delta system and the Main sand
succession is a lowstand incised-valley-fluvial system (Figure 6). Stringers are developed in
deltaic system which consists of prodelta, delta-front, channel-mouth bar, distributary channel,
crevasse splay, levee, delta plain, and interdistributary bay facies. Direction of the delta growth is
interpreted north to the south across the field. Thus, the northern part of the field represents more
proximal delta deposits and the southern part consists of more distal delta deposits. Component
facies of incised-valley system are stacked bedload-fluvial (braided-river) channel fills. The
authors also determined that the eastern depositional edge of the northeast-to-southwest-trending
valley fill cuts diagonally across East Texas field. Therefore, these coarse fluvial deposits occur
throughout the north part of the field where my study area exists but they occur only in the most
western (down-dip) part of the field in the south.
Individual facies in the study area are primarily differentiated on the basis of the log
motifs (especially, GR and SP logs) from generated cross sections, description of cores, and
examination of prepared gross-sandstone maps (e.g. Figures 11, 12, and 14). Each facies is
identified by a specific log pattern. Some of the typical log patterns are illustrated in Figure 24.
Especially GR and SP curves reflect grain size change in vertical sequence; thus, they are more
helpful to define facies. The log cross sections illustrate lateral and vertical variation of facies.
Additionally, to construct a realistic rather than idealized depositional model, observations from
well logs were combined with lithologic control from cores.

The development of the

depositional model requires an understanding of internal geometries and inter-relationships
between units. However, only well logs with vertical resolution tens of meters do not allow
accurately prediction (Banfield, 1997).

Therefore, high resolution tools, cores, were
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implemented. The absence of core in the study area was a difficulty on the data availability.
Thus, cores from adjacent areas were used. Furthermore, the gross sandstone maps delineate
spatial geometry and distribution of sandstone bodies accumulated in related faices.
I examined the depositional systems of the Woodbine Group in the northeastern part of
East Texas field within two different units, namely the older highstand Stringer zone (Stringer 1
and Stringer 2) and the younger lowstand Main sand. Recognition criteria, descriptions, and
interpretations for each facies in detail will be given in the following sections.
HIGHSTAND DELTAIC SYSTEM
Prodelta
Prodelta facies are composed of mudstone and siltstone at the base of the deltaic
successions. Deposits of the prodelta facies are defined as the first terrigenous sediments
deposited during delta progradation. In general, sandstones are rare in prodelta facies, but a few
very fine grained, thin sandstone beds deposited by marine processes, such as tide or wave
activity can occur. The continuity of these sandstone beds is not well-recognized because they
are deposited within a relatively limited and are influenced by marine processes over a short
period of time (Fisher, 1969; Galloway and Hobday, 1996). Flood-generated hyperpycnal flow is
also regarded as the primary transportation mechanism of these sands that grade into laminated
mud (Reading, 1996). Moreover, a few shell accumulations and sparsely burrowing are seen
where the prodelta grades into shelf facies (Fisher, 1969).
The prodelta facies of the Stringer 1 zone overlies the regional maximum flooding
surface FS1. Most of the Stringer 1 is inferred to comprise prodelta facies because they are
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stratigraphically positioned on the lower part of the highstand Sequence A succession (Figures
18 – 23).
The characteristic log pattern of the prodelta facies in the Stringer 1 is a linear-shaped or
serrate motif (Figure 24). The core from the Shell No. 55 Watson well exhibits a typical rock
sample from the prodelta section in the Stringer 1 and gives detail information about available
composition and sedimentary structures in the prodelta facies (Figure 10). The prodelta section in
the core occurs between 3,730 and 3,703 ft. Calcerous and noncalcerous, and silty mudtones are
characteristic of the section. At 3,724 ft, very fine grain, thin sandstone beds (~ 5 and 6 cm) with
sharp-based and rippled tops interrupt mudstone deposits in the prodelta facies of Stringer 1.
These thin beds are alternated with prodelta mudstones, and they are illustrated as one bed in the
core description column because of being very thin (Figure 10). Such a suspended sediment
deposition break can be resulted from sand transportation by wave activity or hyperpycnal flow.
If the location of the delta is more proximal in the study area, hyperpycnal flow instead of wave
activity as the mechanism for sand deposition is suggested.
Delta Front
Delta-front facies occur conformably above the muddy prodelta facies and include
channel-mouth bar, wave-reworked bar, tidal-inlet, and estuarine deposits. The character of
delta-front facies reflects the type of delta, such as wave dominated or fluvial dominated. The
delta-front succession is deposited under relatively continues marine effect, such as wave and
tide reworking (Galloway, 1996). It can be locally truncated by other facies, such as distributary
channels; thus, in some cases only distal delta-front facies can be seen in vertical section.
Delta-front facies occur in both the Stringer 1 and Stringer 2 units. Above the high-GR
prodelta facies, funnel-shaped (upward-coarsening and upward-fining) delta-front facies are
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developed (Figure 24). Such intervals are not broadly seen in the study area, and their thickness
increases toward south part of the study area. Most of them are truncated and overlain by welldeveloped upward-fining section, especially to the north. Therefore, it is asserted that the study
area includes more distal delta-front facies rather than complete delta-front successions.
In addition to vertical and lateral variation of log responses, the core from the Shell No.
55 Watson well allows examination of the distal delta facies in Stringer 1 (Figure 10). From
3,685 ft to 3,703 ft, distal delta facies overlie the prodelta facies. The section is composed of thin
(1 - 0.7 ft), very fine grain, scour-based sandstone beds with clast particles grading upward to
sideric mudstone interbedded with rippled and burrowed siltstone with soft-sediment
deformation (Figure 26 h). Above the distal delta-front section, very fine grained sandstone
beds, which are interrupted by about 5 ft (1.5 m) of missing section, grade upward into finegrained rippled sandstone beds about 3,670 ft in the core. If the missing section was a
continuation of this upward-coarsening, very fine to fine grained sandstone succession, the
examined interval may be a channel-mouth bar section. The core is located to the south of the
study area; thereby, to see such a thick (~15 ft) proximal delta facies would be expected.
Nonetheless, the interval might be partial and truncated by splay channels or distributary
channels.
As part of the classic delta system, the delta-front facies overlie the prodelta facies. It is
also known that delta progradation can lead to erosion of previously deposited channel-mouth
bar facies by younger distributary channels. As a result, stacked sandstone beds from different
facies form and differentiating these facies is challenging. However, in comparing both log
facies in well log cross sections and core data, delta-front facies can be discerned. Moreover, it is
asserted that the gross-sandstone map of the Stringer sands demonstrates mostly sandstone
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deposited in distributary channels (Figure 12). Because, as mentioned above, that the delta-front
succession is commonly reworked or truncated by younger delta deposits, such as distributarychannel fills, the actual thickness of the sandstone beds from delta-front facies cannot be
consistently measured for mapping. The gross-sandstone map of the Stringer sands indicates
well-developed channel systems, but channel-mouth bars are not recognized because the
terminations of the channels are not evident (Figures 12, 27 – 29). If the study area is compared
with the area of the only one lobe of the Mississippi delta system, the study area represents a
small part (~ 50 km2 [~ 21 mi2]) within whole delta system (Figures 27). Therefore, it is not
possible to see every facies related to the larger Woodbine deltaic system.
Delta Plain
Delta plain facies overly the delta front facies. The principal componential facies in the
delta plain are distributary channel, crevasse splay and splay channel, channel-mouth bar, and
interdistributary embayment.
Distributary Channel
The distributary-channel deposits share features similar to those of fluvial systems. They
display erosional basal sands, including large-scale cross-bedded sands with lag deposits, that
grade upward into small-scale cross-bedded sands, ripple-laminated finer sands and then silt-clay
alterations (Reading, 1996). In addition to the upward-fining sands, organic debris and softsediment deformation are significant recognition criteria for distributary-channel deposit.
The distributary-channel facies are inferred to exist in the Stringer 2 zone based on welllog cross-section profiles. The typical Gr-log expression of a distributary channel is a sharpbased and generally blocky to upward-fining log pattern (Figure 24). In some wells, such
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patterns can be correlated laterally and exhibit blocky log patterns, which are interpreted to
represent multistory distributary-channel fills.
Gross-sandstone maps of the Stringer sands also indicate a dominant channelized
depositional system in the study area (Figures 12, 28, and 29). These maps record primarily
distributary-channel deposits in the Stringer 2. It is inferred that older delta-front deposits are not
well represented because of channel incision and removal.
The core from Shell No. 55 Watson well includes distributary-channel deposits within a
section from 3,639 ft to 3,629 ft in the Stringer 2 (Figure 10). The section is composed of
medium-grain sandstone with cross-bedding at the bottom and fine-grained rippled oil-stained
sandstone beds at the top (Figure 25 c). These facies are overlain by very coarse grained
sandstones after about 2 or 3 ft missing section.

Crevasse Splay and Splay Channel
Crevasse splay facies locally overly and flank distributary-channel deposits on the upper
delta plain. Crevasse-splay sedimentation typically produces an upward-coarsening vertical
texture and a lobate geometry in plain view; thus, they can be called sub-deltas (Galloway,
1996). The crevasse-splay deposits consist of fine-to-medium-grained sandstone with
hydrodynamic (dewatering) sedimentary structures, plant roots, and bioturbation. Typically
stratification in the crevasse splays is a gradation from ripple cross laminated very fine sandstone
with siltstone and mudstone interbeds to cross-bedded coarser sandstones (Miall, 1996). The
splay channels generally resemble distributary channels except for being smaller scale such as 5
to 10 ft (1.5 to 3 m) (Ambrose and Hentz, 2010).
The characteristic log motif of the crevasse splay is an erratic upward-coarsening trend
(Figure 24). The well-log cross sections delineate lateral and vertical relationships between the
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crevasse splays and distributary channel fills. In general, thick distributary-channel sandstones (~
20 ft [~ 6 m]) are flanked by thinner (~ 5 ft [~ 1.5 m]) crevasse splay deposits. The splay channel
is interpreted from the log where thin upward-fining sections occur adjacent to crevasse-splay
intervals.
The gross-sandstone map of the Stringer sands also reveals where the crevasse splay
deposits exist (Figure 12). Small (~ 100,000 ft2 [~ 9,290 m2]) lobate sandstone bodies branching
from the main distributary channel are inferred to represent crevasse-splay deposits. In fact,
crevasse splays are not obviously prominent on the map owing to in the large scale of study area.
The core from Shell No. 55 Watson well includes crevasse-splay facies in both Stringer 1
and Stringer 2, whereas a splay channel is evident only in Stringer 2 (Figure 10). Ripplelaminated very fine grained sandstone grades upward into fine-grained rippled sandstone with
soft-sediment deformation, such as faults, load structures in crevasse-splay sequences (Figure 25
d). They also contain siderite nodules. Thick (4 – 7 ft [1.2 – 2.1 m]) cyclic crevasse splay
deposits are separated by mudstones. Furthermore, a paleosol, which is a characteristic deposit of
a delta plain, occurs at 3,658 ft between crevasse splays.
In the construction phase of the delta, autocyclic processes, such as delta-lobe switching,
takes place owing to increase in sedimentation and diminishment of accommodation. Abandoned
lobes are overlain by mud related to flooding and then part of the newly formed lobe. As a result,
cyclic deposits are developed during delta progradation. The cyclicity in a vertical section of
delta is an indication of overlapping sub-deltas (Fisher, 1969). Similarly, observed repeated
crevasse-splay deposits within interstratified mudrock in the core from the Shell No. 55 Watson
well reflect advancing of the delta and successive floodings (Figure 10).

41

Channel-Mouth Bar
Channel-mouth bars are deposited at the end of distributary channels due to abrupt
decrease in discharge leading to upward-coarsening sediment accumulation (Galloway 1996).
Their stratigraphic position is overlying delta-front and underlying distributary-channel deposits
(Ambrose et al., 2009). However, as mentioned above, the study area comprises mostly proximal
deltaic facies; therefore, it is difficult to differentiate to channel-mouth bar deposits from welllog profiles in this area. Channel-mouth bar deposits can be eroded by younger distributary
channels and seen together with the distributary-channel deposits in the vertical succession.
Additionally, Ambrose and Hentz (2010) suggested that channel-mouth bar facies are not
recognized from many cores in East Texas field that may be resulted from erosion of distributary
channels or paleographic position of cored intervals.
Interdistributary Embayment
The interdistributary embayment occurs on the lower delta plain. It comprises an area
including brackish to marine bays, crevasse splays, salt marshes, and mudflats. The
interdistributary embayment facies consists of laminated to burrowed mud and thin sand sheets
(Galloway, 1996).
The characteristic log profile for the interdistributary embayment is upward –coarsening
(Galloway, 1996). To differentiate such facies is not easy from only the well log cross section.
Direction of delta progradation is to the south of the East Texas Basin (Ambrose and Hentz,
2010) Therefore, it is anticipated that interdistributary-embayment deposits are present mostly in
the southern part of the study area. Unfortunately, the only substantial core of the deltaic Stringer
zone (Shell No. 55 Watson well) does not contain any interdistributary embayment facies.
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LOWSTAND INCISED-VALLEY-FILL SYSTEM
Channel Fill Facies
The valley-fill facies varies from classic fluvial system primarily by comprising thick,
multiple channel-fill accumulations (more than 70 ft [>21 m]) with regard to channel type
(Galloway, 1996). Like bed-load fluvial facies, incised-valley-fill deposits can consist of
multistory sandstone bodies with mix sand-gravel beds. In contrast, some of the incised-valleyfill facies is composed of estuarine facies. Internal geometry indicates high degree of
connectedness and low reservoir heterogeneity because of existence of multistory sands
(Hamman, 2001).
The incised-valley-fill facies is found in the Main sand from the well log profiles which
indicate blocky and slightly upward-fining vertical sequence (Figure 9). The gross sandstone
map of the Main sand indicates that the maximum thickness of this facies is 110 ft (34 m) in the
northern part of the study area (Figure 13). Gradual decrease in the thickness of the channel-fill
facies occur from west to east, with the facies maintaining almost the same thickness from north
to south in the study area (Figure 13). Progressive eastward thinning is a result of erosional
truncation at the base-of-Austin unconformity. In spite of this general thickness trend in the Main
sand, some irregularities are observed on the gross-sandstone map. For instance, in the center of
the map, separate narrow elongate sandstone bodies are located between higher-contour-interval
channels (Figure 13). They may be the result of differential incision within the valley.
Available cores are significant in helping to recognize channel-fill facies of the incisedvalley-fill system (Figure 10, 14, and 15). All of them indicate abrupt change in grain size from
the underlying highstand deltaic Stringer zone to the lowstand incised-valley-fill deposits of the
Main sand. Erosional contact between the Stringer zone and the Main sand is more evident in
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cored intervals from the Cities Service No. B2 Killingsworth well and ARCO No. B142 King
well, because it is observed that distal-deltaic siltstone is unconformably overlain by channel-fill
coarse grained sandstone (Figures 14 and 15). It is an evidence for significant drop in relative sea
level in the area as well as formation of incised valley.
The core from Cities Service No. B2 Killingsworth well displays multiple, stacked,
slightly slightly finning-upward channel-fill sections that include very coarse-grained sandstone
and conglomerates with chert and clay clasts grading upward to cross-bedded, coarse to mediumgrained sandstones (Figure 14). An erosional contact between burrowed siltstone from the
highstand deltaic Stringer zone and very coarse grained sandstone from the lowstand incisedvalley-fill Main sand is observed at 3,437 ft in the cored interval (Figure 16 b).
The core from ARCO No. B142 King well consists of channel-fill section that exhibits a
blocky well-log profile (Figure 15). The section is composed of more conglomerates and coarse
to very coarse-grained sandstones and is overlain by the base-of-Austin unconformity. Only the
lower part of the Main sand is preserved in the cores owing to truncation at the base-of-Austin
unconformity. The overlain unit, Austin chalk, includes gravel particles from the channel fill
deposit Main sand (Figure 17 a). There are also erosional contacts between conglomerates and
cross-bedded, coarse to very coarse-grained sandstones within the channel-fill deposits (Figure
17 b and 17 c). It is interpreted that these contacts are record of fluvial-bar migration within the
valley.
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Chapter 5: Reservoir Characterization
Reservoir attributes of the Woodbine Group in the north part of East Texas field are
evaluated with regard to the previously detailed interpretations about the depositional
environments and sequence stratigraphy in the field. The Woodbine Group in East Texas field
consists of two principal reservoirs: Stringer sand and Main sand. Each reservoir within the
Woodbine Group in the study area was mapped to illustrate sandstone-body occurrence and
geometry within interpreted depositional systems.
The Main sand and Stringer sand are separate reservoirs and there is no full fluid
communication between these reservoirs except where well-developed distributary channels
occur (Wang, 2010). When the Main sand is lithologically more homogeneous, the Stringer sand
is more heterogeneous with abundance of mudstone facies. These reservoirs are under different
pressure values. Furthermore, the Main sand is related to efficient water-drive mechanism, but
the Stringer sand is associated with both water-drive and solution-gas drive mechanisms
(Galloway et al., 1983; Ambrose et al., 2009).
Historically, the Main sand Woodbine was the primary reservoir in East Texas field;
however, recently the Stringer sand Woodbine has been proven to be primary reservoir in the
field while the field has been in its mature stage. Some of the deepened wells penetrating the
Stringer sand in East Texas field support that the Stringer sand is a target to drill and produce oil.
For instance, the Danmark No. C17 Bumpas well which is located in the center-southwest part of
the study area (Figure 12) produced 125 barrels of per day due to well deepening (Ambrose and
Hentz, 2010).
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STRINGER SAND
The lower part of the Woodbine Group between the top of the Buda Limestone and base
of the Main sand is defined as the Stringer zone. It interpreted that the Stringer zone was
deposited in a highstand deltaic system.
The Stringer zone is subdivided into four units bounded by flooding surfaces (FS1, FS2,
and FS3) (Figure 9). Below FS1, the transgressive Maness Shale is historically not a reservoir
unit (Figure 19). However, Stringer 1 between FS1 and FS2 and Stringer 2 between FS2 and FS3
can be regarded as a promising reservoir unit. Stringer 1 and Stringer 2 are mapped separately
(Figures 28 and 29). Furthermore, gross sandstone maps of the interval between FS1 and FS3,
which represents sum of Stringer 1 and Stringer 2 was prepared in order to delineate general
sandstone-body trend in the Stringer zone (Figure 12).
Stringer 1: Distribution of Reservoir Facies
Gross-sandstone distribution of the Stringer 1 zone (Figure 28) exhibits a dominant
channel trend characterized by highest gross-sandstone values (9->12 ft [2.7->3.6 m]) that
extends from north to south parallel to primary depositional dip in the western part of the study
area. Ancillary feeder channels extending from the east and northeast to the main channel
contain gross-sandstone thickness of <9 ft (<2.7 m). Gross-sandstone values are generally
highest at the junction of the main channel and the feeder systems. The main channel system
bifurcates downstream into southern and southwestern branches. In general, the western part of
the study area is relatively sandstone poor. The paucity of sandstones in this area reflects true
depositional patterns and not later truncation at the base-of-Austin unconformity. Stringer 1
exists as a complete unit through all of the study area (Figures 11, 20 – 23).
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Stringer 1 occurs in the lowermost part of the Stringer sand zone and it is composed of
highstand distal-deltaic deposits after the accumulated directly above the maximum flooding
surface (FS1) at the top of the transgressive systems tract composing the lower part of the
Maness Shale (SB1 to FS1). Although gross-sandstone values are not nearly as great as those of
the overlying and more proximal highstand deltaic facies of Stringer 2 (discussed below), the
dowdip bifurcation of the sandstone trends of Stringer 1 in the southern part of the study area
suggests that the primary distributary pattern of the Woodbine delta is preserved. Most
measurable sandstones in Stringer 1 occurs in the upper part of the zone and likely consists of the
distal parts of distributary systems that are more pronounced on Stringer 2.
Stringer 2: Distribution of Reservoir Facies
Gross sandstone map of the Stringer 2 (Figure 29) exhibits a generally similar overall
sandstone trend to that of the Stringer 1. A main channel in the western and central part of the
study area extends from the north to northeast and bifurcates toward the south in the southern
part of the study area. Secondary sandstone trends extend into the main trend from the east and
northeast. Within the main sandstone trend, dip-elongated sandstone bodies with thicknesses
ranging from 15 ft (4.6 m) to 30 ft (9.1 m) exist. However, unlike Stringer 1 many wells in the
eastern third of the study area do not contain a complete Stringer 2 succession because FS3 is
truncated by the base-of-Austin unconformity in that region (Figures 11, 20, and 23). Therefore,
all gross-sandstone values east of the eastern limit of FS3 (Figure 29) are mostly partial values of
the gross sandstone that was original deposited. These partial values were nevertheless mapped
to provide some sense of the sandstone trends in that area.
The Stringer 2 zone records more proximal deltaic facies and consists of thicker
sandstone bodies than distal deltaic facies of Stringer 1. Thickest sandstone-bodies are dip47

elongated and range from 15 – >30 ft (4.6 – >9.1 m) thick, with an average thickness of ~ 25 ft
(~ 7.6 m) whereas sandstones in Stringer 1, deposited in distal delta setting, averages ~ 8 ft (~
2.4 m) thick. Moreover, channelization system and dip-elongated sandstone bodies are more
developed in the Stringer 2. They support progradation of a delta resulted from development of
the distributary channels.
Reservoir Quality: Stringer Sands
Reservoir properties of the Stringer sand, such as porosity and permeability display
variation based on facies type. For instance, Stringer sand deposited in distributary channels have
the highest porosity and permeability with an average of 24.5 percent and 897.5 md,
respectively, whereas delta-front sandstones shows the lowest porosity and permeability with an
average of 17.2 percent and 142.8 md, repectively (Ambrose et al., 2009).
Recovery from the Stringer sand is accomplished by both solution-gas drive and water
drive mechanism with its discontinuous sandstone geometry (Ambrose et al., 2009). Amount of
gas in solution, properties of the rock and fluid, and geological structure influence the efficiency
of solution-gas drive. Gas phase is more mobile than oil phase; therefore, recovery is generally
low (10-15% of the original oil in place [OOIP]) in reservoirs related to the solution-gas drive. In
contrast, water drive reservoirs indicate higher recovery about 70-80 % of the original oil in
place (Kok, 2012).
MAIN SAND
The Main sand in East Texas field is composed of lowstand incised-valley-fill deposits
and it unconformably overlies the highstand deltaic Stringer zone. The entire Main sand is
considered to be a reservoir unit (Wang, 2010). It was historically primary reservoir unit for
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almost all production in East Texas field. However, recently the Stringer sands zone has been
proven to be primary reservoir unit in the field.
The gross-sandstone map of the Main sand (Figure 13) exhibits a gradual decrease in
thickness from 110 ft (34 m) to 10 ft (3 m) from west to east of the study area except for a few
regions in central and southern part of the area. This map pattern is seem like coming side by
side of narrow channels trending north-south or slightly northeast-southwest.
The areal extent of the lowstand incised-valley-fill is illustrated in Ambrose et al. (2009)
and shown in Figure 30. Width of the incised valley is about 25 mi (40 km). The study area of
this research is located at the eastern edge of this incised valley. The progressive westward
thicknening of the Main sand in the study area is primarily a result of the progressive eastward
truncation of the unit at the base-of-Austin unconformity. However, some variation in the depth
of incision by the valley system is evident in cross sections. In Figure 22, note the thickening of
the Stringer zone between the two northern wells; this indicates deeper incision by the valley in
the northernmost well. The position of the study area does not allow seeing center and western
parts of the valley, although it is inferred that thickest (deepest) parts of the valley system occur
west of the study area. Furthermore, to observe meter scale thickness (3 m – 34 m) in the Main
sand is satisfied for being incised valley fill. For instance, Cretaceous Ferron sandstone of Utah
is 60 – 70 ft (22 – 24 m) stacked channel deposits in deep incised valley (Bhattacharya, 2004).
According to current petrographic analysis, porosity of the Main sand range from 4.7 to
25.4 percent and permeability ranges from 8.8 to 954.0 md (Ambrose et al., 2009). Production
from the Main sand is based on strong water drive recovery mechanism (Galloway et al., 1983;
Ambrose et al., 2009).
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STRINGER SAND VERSUS MAIN SAND
The Stringer sand is composed of highstand deltaic deposits. The gross-sandstone
geometry of the Stringer sand is characterized by mostly dip-elongate distributary- channel
sandstone bodies; thus, the depositional system is inferred to be a fluvial-dominated delta. In
contrast, the Main sand composes a lowstand incised-valley-fill.
Ancient fluvial-dominated delta deposits are generally characterized by relatively high
degree of reservoir heterogeneity (Slatt, 2006). For instance, distributary-channel sandstones are
flanked by, or incise, crevasse-splay sandstones, and both facies commonly contain mudrock
beds recording suspension sedimentation between flood discharge in the distributary channels
and flooding/abandonment of the splay deposits. Continuity of potential reservoir sandstone
bodies deposited in narrow distributary channels and relatively small crevasse splays are
disrupted by such mud deposition (Coleman et al., 1982). My correlations and mapping indicate
the Woodbine highstand deltaic sandstones are similarly quite discontinuous (Figures 31 and 32).
Between the two sub-units of the Stringer sand, the Stringer 2 has relatively lower reservoir
heterogeneity because it comprises more proximal deltaic sandstone facies than the Stinger 1.
The Main sand exhibits low reservoir heterogeneity owing to its high degree of sandstone-body
continuity in both vertically and laterally with a paucity of mudrock interbeds (Figures 31 and
32).
Thickness of Stringer sandstones varies considerable from 15 ft (4.6 m) to 30 ft (9.1 m).
Most of these sandstones occur within Stringer 2, which consists of sandstone bodies that have
an average thickness of ~ 25 ft (~ 7.6 m). In contrast, thickness of the Main sand varies from 10
ft (3 m) to 110 ft (34 m). Additionally, thicker Stringer sandstone bodies are commonly found in
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the southwestern part of the study area, whereas the Main sand has thicker sandstone bodies in
the eastern part of the study area.
Reservoir properties and quality varies based upon the depositional systems because
physical processes of the depositional systems affect texture, fabric, and amount of matrix
(Loucks, 2010). Similarly, the Woodbine sandstones reservoir facies, which are deltaic in the
highstand Stringer sand and fluvial in the lowstand Main sand, exhibit different reservoir
properties such as porosity and permeability in East Texas field. Although Stringer sandstones of
distributary-channel facies have higher porosity and permeability values than the Main sand,
generally the Stringer sand is relatively lower porosity and permeability reservoir in the field
(Ambrose et al., 2009). Composition and stratigraphic position can lead to this difference. For
example, deltaic Stringer sand has muddier facies that tend to be more compaction; therefore,
more porosity decaying is possible. Moreover, the Stringer sand is overlain by the Main sand and
hence is subjected to more burial depth. Therefore, more compaction and related decrease in
porosity and permeability are seen.
The drive mechanisms of the Stringer sand and Main sand reservoirs are different. In fact,
reservoir drive in the Stringer sand is supplied by both solution-gas and water-drive mechanism
because of variable reservoir quality and variable continuity within the zone. However, the Main
sand reservoir is only related to strong water-drive recovery mechanism (Ambrose et al., 2009).
Lower sandstone thickness, lower porosity and permeability values, and limited
sandstone continuity of the Stringer zone has historically made it a much less attractive drilling
target for field operators. On the other hand, the Main sand is characterized by better reservoir
conditions such as its areally extensive, continuous, and well-connected sandstone geometry as
well as higher porosity and permeability values. The Main sand has been favored as the primary
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producing zone with a total oil production of 5,422 MMSBT in East Texas field since its
discovery in 1930 (Ambrose et al., 2009). However, it is proposed that the Stringer sand is also
an attractive target for oil producers if proper field improvement techniques are applied. East
Texas field has been in its mature stage and estimated, remained mobile oil 410 MMSBT is
found in deeper pay, the Stringer sand plus bypassed pay in the Main sand and swept oil (Wang,
2010).
PRODUCTION STRATEGIES
In order to produce the remaining oil in the Stringer sand, two major production
strategies, well deepening and waterflooding, have been suggested (Ambrose et al., 2009).
Additionally, enhanced oil-recovery (EOR) methods can be applied to produce residual oil in
East Texas field.
Previous production has been mostly from the Main sand; thus, most of the wells in East
Texas field do not penetrate the Stringer sand. These available wells should be drilled deeper to
tap the oil in the Stringer zone. Selection of optimal well locations for deepening can be guided
by examination of the detail gross-sandstone maps that indicate where thicker Stringer sand
reservoir units may exist. In this study, it is found that southwestern part has thicker sandstone
bodies. Wells located in southwestern part of the study area or adjacent it may be prospective
wells for deepening or recompletion. A recent example of well deepening, Danmark No. 12
Moncrief well which is located in the center-southwest part of the study area (Figure 12),
produced 69 barrels of oil per day in 2007 due to well deepening (Ambrose et al., 2009).
Location of this well coincides with an area 10 – 15 ft (3 – 4.5 m) sandstone thickness detected
from the gross-sandstone map of the Stringer sand (Figure 12).
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It is mentioned that the Stringer sand reservoir is associated with combination of
solution-gas and water-drive mechanisms (Ambrose et al., 2009). Water-flooding is a suitable
production method for the solution-gas drive reservoirs (Kok, 2012). Production from the
Stringer sand requires additional pressure provided by waterflooding (Ambrose et al., 2009).
Understanding of the depositional framework of the field is a significant guide in designing an
efficient plan for situating water-injection wells. In fact, waterflooding into poor sandstonebodies can be prevented by using of detail gross-sandstone maps. Furthermore, miniwater
flooding can be utilized where discontinues sandstone-bodies are present (Wang, 2010). Miniwaterflooding, including a few water injection wells, is a proper method for locally untapped or
bypassed pay for short term. Similarly, the Stringer sand is discontinues in most place of the area
and mini-waterflooding can increase efficiency of the production. Additionally, polymer gel can
be used to increase efficiency of the waterflooding where high degree of reservoir heterogeneity
occurs or high permeable Main sand serves thief zone (Ambrose and Hentz, 2010; Wang, 2010).
In addition to well deepening and waterflooding, EOR applications, such as CO2 flooding
can be performed to produce remaining oil in field (Ambrose et al., 2009). The field has 39 API
oil at 146 F requires minimum 1,850 psia to apply miscible CO2 flooding which has higher
recovery efficiency than immiscible CO2 flooding (Wang, 2010). However, reservoir pressures
in East Texas field 1,100 psia; therefore, immiscible CO2 flooding should be performed.
Furthermore, one-fourth of available wells (~ 31,000) in the field exhibit casing leaks; therefore,
CO2 flooding can be risky with potential CO2 leakage (East Texas Engineering Association,
1953).
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Chapter 6: Conclusions
 The Woodbine Group in the northern part of East Texas field comprises two fourth order
sequences (Sequence A and Sequence B) that comprise transgressive, highstand, and
lowstand system tracts.
 The lower part of the Woodbine Group, the Stringer zone, is defined as a highstand
deltaic unit that contains promising reservoir-sandstone bodies (Stringer 1 and Stringer 2)
that represent distributary-channel fills, crevasse-splay deposits, and delta-front facies.
 Reservoir heterogeneity is relatively high in the Stringer sand owing to existence of
narrow distributaries.
 Upper part of the Stringer sand, Stringer 2, has thicker and relatively well-connected
sandstone-bodies.
 Southwestern portion of the study area remarks well developed thicker reservoir Stringer
sand.
 Although the Main sand indicates better reservoir properties such as well-developed both
lateral and vertical continuity of stacked fluvial sandstone bodies, high porosity and
permeability values, it is suggested that the Stringer sand has the potential to be a
prospective reservoir unit.
 Production in East Texas field can be increased by application of the proper field
strategies, such as well deepening and waterflooding with polymer gel flooding in the
southwestern part of the field where the Stringer sand is thicker and well-connected.
 Lower part of the Woodbine Group, Stringer zone, should be taken into consideration in
terms of reservoir attribute; therefore, it is suggested that future studies including detail
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mapping of the Stringer zone for development of better understanding about depositional
trend should be performed in order to obtain remaining oil in the East Texas field.
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Appendix A - Tables
Discovery Date

September 3, 1930

Counties
Acreage (ac)

Gregg, Rusk, Upshur, Smith, and Cherokee
130,444 (5-10 x 45 mi)

Production Formation
Trap Type

Woodbine
Stratigraphic and locally structural

Drive Mechanism
Top of Formation (sstvd, ft)

Solution gas and water drive
~ 3,200 (~ 3,500)

Dip (o )

0.5

Gross Oil Sand Thickness (ft)
Net Oil Sand Thickness (ft)

51 (max. 125)
39

Formation Temperature (oF)
Oil Gravity (API)

146 at - 3,300 ft subsea
39 o

Saturation Pressure (psia)
Formation Volume Factor (bbl/STB)

1,635
357

Solution-Gas Ratio (scf/STB)

357

Oil Viscosity (cP)
Formation Water Salinity (ppm)

0.983 at 146 o F and1,635 psia
64,725

Original Oil in Place (BSTB)
Current Well Spacing (ac)

6,82 - 7,03
4.2 (0.05 - 15)

Porosity (%)
Permeability (md)

20.9
1,383 (1,000 - 3,000)

Initial Water Saturation (%)

14.1

Residual Oil Saturation (%)
Oil-Water Contact (ft)

13.6
-3,324.5

Cumulative Oil (Bbbl)
Estimated Ultimate Recovery (Bbbl)

5.42 as of 7-31-2007
~5.49 by 2030

Daily Oil as of 3/2008 (bopd)
Daily Water Production (Mbopd)

10,571
9,851

Daily Water Injection (Mbopd)
9,849
Table 1: Reservoir parameters of East Texas oil field. Modified from East Texas Engineering
Association (1953) and Wang (2010).
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Name
Guscow
(1973)
Galloway and others
(1983)
East Texas Engineering
Association (1993)
Casey Engineering Inc.
(1994)
Wang
(2010)

OOIP
(BSTB)
7.50

EUR
(BSTB)
5.70

RF
(%)
76.0

Remaining
reserve
(BSTB)
0.61

Remaining
mobile oil
(BSTB)
0.89

7.00

5.60

80.0

0.25

0.47

6.85

5.48

80.0

0.06

0.34

7.03

5.64

80.2

0.25

0.50

7.00

5.49

78.5

0.07

0.48

Table 2: Original oil in place (OOIP), estimated ultimate recovery (EUR), recovery factor (RF),
remaining reserve, remaining mobile oil results from previous studies (Wang, 2010)
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Appendix B - Figures
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Figure 1: Location map of East Texas oil field with outline of the study area.
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Figure 2: Location map of the study area in East Texas field (NPA = north pilot area of Ambrose
et al., 2009, Hentz, 2010). Map also identifies location of cored wells used in this
investigation.

61

Figure 3: Principal structural elements around and within the East Texas Basin (modified from
Calavan, 1985) (ETOF = East Texas oil Field).
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70 MMSTB (1 %)
1,100 MMSTB (13.6 %)

410 MMSTB (5.8 %)
cumulative production
remaining mobile oil
residual oil
5,422 MMSTB (77.5 %)

remaining reserves

Figure 4: Figure 4: Distribution of cumulative oil production, remaining reserve, remaining
mobile oil, and residual oil in East Texas field (Wang, 2010).
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Figure 5: Oliver’s (1971) interpretation of the Dexter fluvial system of the Woodbine Group.
Depicted are tributary facies, channel/overbank and meanderbelt facies, and the
Freestone delta system, which comprises channel-mouth-bar facies, coastal-barrier
facies, and prodelta-shelf facies.

64

Figure 6: Depositional system of the Woodbine Group in East Texas oil field is composed of
highstand fluvial dominated deltaic stringers and lowstand incised-valley-fill Main
sand (Ambrose et al., 2009; Hentz and Bonnaffé, 2010).
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Figure 7: Regional lithostratigraphy of Lower and Upper Cretaceous units of the East Texas
Basin (Salvador and Muneton, 1991).
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Figure 8: Base map showing location of control wells used in the study, lines of representative
cross sections, and boundary of north pilot area of Ambrose et al. (2009). Location
of the study area shown in Figures 1 and 2. Cross sections are illustrated in Figures
11 and 20-23.
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Figure 9: Type log showing correlated tops and sandstone stacking patterns. Well is CW
Resources No.1 Ingram, Gregg County, Texas (Well name is labeled the order of
operator name, lease no, and lease name).
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(a)

(b)

Figure 10: (a) Core description and (b) log image
of highstand deltaic Stringer zone
and lowstand incised-valley-fill
Main sand in Shell No.55 Watson
well.
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Figure 11: West-to-east sequence stratigraphic cross section A-A´ along the depositional strike of the Woodbine Group show. Line of
section shown in Figure 8.
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Figure 12: Gross-sandstone map of the Stringer zone between FS1 and FS3 (sum of the Stringer
1 and Stringer 2) showing the eastward limit of extent of FS3 in the study area.
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Figure 13: Gross sandstone map of the Main sand reservoir unit between the base of the Main
sand and base of the Austin Chalk. Gradual decrease in thickness from west to east
primarily reflects.
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(a)

(b)

Figure 14: (a) Core description and (b) log image of highstand deltaic Stringer zone and lowstand
incised-valley-fill Main sand in Cities Service No. B2 Killingsworth well.
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(a)

(b)

Figure 15: (a) Core description and (b) log image of highstand deltaic Stringer zone and
lowstand incised-valley-fill Main sand in ARCO No. B142 King well.

74

Figure 16: Core photos from Cities Service No. B2 Killingsworth well. (a) Channel-fill deposits, conglomerate bed at 3,430 ft. (b)
Base of channel-fill deposits have an erosional contact with distal-delta-front siltstone beds at 3,437 ft. (c) Burrowed
distal-delta-front deposits comprising interbedded mudrock with thin (~ 4 cm – 5 cm) very fine-grained sandstone bed
and burrow fills at 3,638 ft.
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Figure 17: Core photos from ARCO No. B142 King well. (a) Base of Austin Chalk containing granule to small-pebble clasts eroded
from the Main sand of the Woodbine Group at 3,422 ft. (b) Channel fill deposits, conglomerate bed indicates an erosional
contact with cross bedded, coarse-grained sandstone beds at 3,433 ft (c) Cross bedded, coarse to medium-grained
sandstone at 3,436 ft.
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Figure 18: Stacking patterns and depositional architecture in type log CW Resources No. 1
Ingram, Gregg County, Texas. Arrows show general grain size trends of
depositional units.
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Figure 19: Systems tracts and significant chronostratigraphic surfaces in fourth-order sequences
dividing the Woodbine Group in the study area.
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Figure 20: West-to-east-oriented sequence-stratigraphic cross section B-B´ along the depositional strike of the Woodbine Group. Line
of section shown in Figure 8.
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Figure 21: North-to-south-oriented sequence-stratigraphic cross section C-C´ along the depositional dip of the Woodbine Group. Line
of section shown in Figure 8.
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Figure 22: North-to-south-oriented sequence-stratigraphic cross section D-D´ along the depositional dip of the Woodbine Group. Line
of section shown in Figure 8.
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Figure 23: Southwest-to-northeast-oriented sequence-stratigraphic cross section E-E´. Line of section shown in Figure 8.
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Figure 24: Characteristic GR log patterns and the inferred depositional systems and related facies
that they represent in the study area.
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Figure 25: Core photos from Shell No.55 Watson well (a) Cross bedded, medium-grained sandstone beds are interbedded by thin (~ 2
cm – 2.5 cm) siltstone beds including lag deposits from hyperpycnal flow at 3,598.5 ft (b) Base of incised-valley-fill,
very coarse-grained sandstone with gravels at 3,625 ft (c) Distributary channel fill deposits, oil-stained stringer
sandstone, medium-grained sandstone with ripple marks at 3,629 ft (d) A fault in siltstone bed at 3,643 ft.
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Figure 26: (e) Fine to medium-grained, oil-stained stringer sandstone at 3,649 ft (f) Delta plain deposits, fine-grained, ripple laminated
sandstone at 3,652 ft (g) Proximal delta front deposits, fine grained sandstone with sift sediment deformation overlies
carbonaceous mudrock at 3,661 ft (h) Distal delta-front deposits, very fine-grained, scour-based sandstone at 3,697 ft.
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Figure 27: Gross-sandstone map of total Stringer sand interval showing similarity to modern Mississippi river-dominated delta where
distributary channels are developed and dip-elongated sand bodies recognized from satellite image of modern Balize lobe
of the Mississippi delta. White square is only representative on pattern of delta and its area does not equal to study area.
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Figure 28: Gross-sandstone map of the Stringer 1 reservoir unit. Cross sections are illustrated in
Figures 30 and 31.
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Figure 29: Gross-sandstone map of the Stringer 2 reservoir unit showing the east limit of FS3.
Cross sections are illustrated in Figures 30 and 31.
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Figure 30: Regional extension of the incised valley erodes the deltaic Woodbine Group deposits
and the location of the study area along the valley (Ambrose et al., 2009) (Red
square=study area, NPA=North pilot area, and SPA=South pilot area).
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Figure 31: Cross section X-X` from west to east of the study area shows inferred continuity of the reservoir units. Line of section
shown in Figures 28 and 29.
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Figure 32: Cross section Y-Y` from west to east of the study area shows inferred continuity of the reservoir units. Line of section
shown in Figures 28 and 29.
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