
 

 

THE SEQUENCE STRATIGRAPHY OF THE WOODBINE AND EAGLE FORD 

GROUPS IN THE EAST TEXAS BASIN (USA): A NEW 

CHRONOSTRATIGRAPHIC FRAMEWORK TO PROPERLY IDENTIFY AND MAP 

THEIR ASSOCIATED PLAYS AND PLAY FAIRWAYS 

 

A Thesis 

by 

SCOTT R. GIFFORD  

 

Submitted to the Office of Graduate and Professional Studies of 

Texas A&M University 

in partial fulfillment of the requirements for the degree of 

 

MASTER OF SCIENCE 

 

 

Chair of Committee,  Michael Pope 

Co-Chair of Committee,   Arthur Donovan 

Committee Member, Stacey Lyle 

Head of Department, Ramalingam Saravanan 

 

 

May 2021 

 

Major Subject: Geology 

 

Copyright 2020 Scott Gifford 



 

 

ii 

 

ABSTRACT 

 

 

The Woodbine and Eagle Ford Groups are prolific hydrocarbon-bearing reservoirs in the 

East Texas Basin (ETB). However, complex stratigraphic relationships between these 

units in the subsurface has led to the succession simply being referred to as the 

“Eaglebine.” Along the outcrop belt, the organic-rich mudstones at the base of the Eagle 

Ford Group unconformably overlie Early Cenomanian argillaceous mudstones and 

sandstones of the Woodbine Group. In sharp contrast, within the southern ETB, Late 

Cenomanian sandstones, as well as the underlying Middle Cenomanian organic-rich 

mudstones, are typically included within the Woodbine Group. To resolve the 

stratigraphic inconsistencies between the outcrop belt and the subsurface, a surface-

based, sequence-stratigraphic approach was applied to a grid of well log cross sections, 

as well as research cores, which tie to the outcrop belt to the west and extend into the 

sub-subsurface to the east. This study indicates that the unconformity-bounded 

Woodbine and Eagle Ford Groups, as defined in the outcrops, can be successfully 

correlated into the subsurface. Within this sequence stratigraphic framework, the Upper 

Member of the Lower Eagle Ford Formation, as defined in this study, contains Late 

Cenomanian (Harris Delta) sandstone beds, previously mis assigned to the Early 

Cenomanian Woodbine Group. With this new sequence stratigraphic framework in 

place, detailed chrono-stratigraphically defined paleogeographic maps were constructed. 

These stratigraphic maps reveal for the first time the various conventional and 
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unconventional plays, as well as the associated play fairways of the Woodbine and Eagle 

Ford Groups. 
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INTRODUCTION 

 

The Cretaceous is one of the most intriguing periods of Earth’s history. It’s a time of 

significant global change in the oceans, atmosphere, biosphere, and rock record (Hay et 

al., 1993; Pratt et al., 1993). High eustatic sea levels inundated the continents, creating a 

widespread western interior seaway in North America that spread from the Gulf of 

Mexico to the Arctic Ocean (Figure 1, Modified from Blakey, 2013). Two global ocean 

anoxia events (OAEs) are recorded in the Cretaceous rock record, one of which, the 

Cenomanian-Turonian OAE-2, is an important marker in the East Texas Basin (Figure 

2). Texas during the Cretaceous was the southernmost extent of the Cretaceous Western 

Interior Seaway and at a complicated geologic crossroads between tectonic forces, and 

siliciclastic and carbonate deposition. Through the Cretaceous and into the Cenozoic, 

clastic and carbonate sediment continued to fill the basin, extending the shorelines to its 

present-day configuration. This study (Figure 3) focused on the Cenomanian and 

Turonian strata of the East Texas Basin (ETB). Due to changes in absolute and relative 

ages between the different versions of the geologic timescale, the 2012 ICS geologic 

time scale was used as the standard for this study (Gradstein et al., 2012). 

 

 

 



 

 

2 

 

 

 

Figure 1. Paleogeography map of the Cretaceous Western Interior Seaway from the 

Early to Latest Cenomanian. Modified from Blakey (2013). 
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Figure 2. Classic and New ICS Stages, macrofaunal zones, mega-cycles, and δ13C 

global isotope profile for the Middle Cretaceous based on the work of Ogg and Hinnov 

(2012), tied to the chronostratigraphy of the East Texas Basin (ETB) as defined in this 

study. Interval of study highlighted in pink. 
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Figure 3. Base map of the East Texas Basin (ETB) showing the major structural and 

stratigraphic features, along with the approximate study area outlined in black. Bold red 

lines represent figures 7-9. The ETB is bounded to the west by the Upper Cretaceous 

outcrop belt, to the east by the Sabine Uplift, and to the south by the Lower Cretaceous 

Edwards, and Sligo shelf margins. The wells located with yellow circles are the four 

type wells used in this study. 
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In the subsurface of the southern ETB, Middle Cretaceous strata of the respective 

Woodbine, Eagle Ford, and Austin Groups (Figure 2) often form a classic reservoir, 

source, and seal petroleum system (Halbouty, 1991). Historically, most production came 

from conventional fluvial/deltaic reservoirs within the Woodbine Group, such as at the 

prolific East Texas Oil Field (Halbouty, 1991). Recently, however, production in the 

ETB has transitioned to unconventional source- and tight-rock reservoirs within the 

Eagle Ford Group in south Texas, as well as the ETB (Hentz et al., 2014; Donovan et al., 

2017, 2019). A recent USGS assessment estimated the undiscovered, technically 

recoverable, mean resources in the Eagle Ford Group and associated Cenomanian-

Turonian strata in Gulf Coast Region of Texas at 8.5 BBL of oil, 66 TCF of natural gas, 

and 1.9 BB of natural gas liquids (Whidden et al., 2018). Based on these estimates, it’s 

clear that a thorough understanding of various Eagle Ford unconventional source rock, 

as well as tight rock plays and their associated risks, could be the critical difference 

between successful exploitation, or billion-dollar write-offs (Sider and Fowler, 2013). 

Despite the significant exploitation of the East Texas Basin since the early 1900’s, 

ambiguities still exist surrounding the relationship between the Eagle Ford and 

Woodbine Groups, especially the differences between the outcrop and subsurface 

stratigraphy. Along the outcrop belt (Figure 3), Middle Cenomanian to Late Turonian 

Eagle Ford strata unconformably overlie Early Cenomanian Woodbine strata (Adkins et 

al., 1932; Adkins and Lozo, 1951). In sharp contrast within the southern ETB, Late 

Cenomanian sandstones as well as underlying Middle Cenomanian organic-rich 

mudstones, are typically included within the Woodbine Group (Hentz et al., 2014). One 
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of the major subsurface challenges is the age and stratigraphic assignment of the Harris 

Delta, which was first identified as a younger (Late Cenomanian) delta system, which 

overlies an older Woodbine (Freestone) Delta in the southern ETB (Oliver, 1971). While 

Oliver (1971) recognized that the Harris Delta system was equivalent to the Middle 

Cenomanian to Turonian Eagle Ford mudstones, he unfortunately litho-stratigraphically 

assigned these sand-prone strata to the Woodbine Group. A similar approach was taken 

by Turner and Conger (1984), who interpreted the reservoir sands in Kurten Field 

(Brazos County) as being the distal fringes of the Harris Delta, and included these sands 

and the underlying, organic-rich, high-resistivity mudstones to the Woodbine Group 

(Turner and Conger, 1984). Subsequent papers by Berg and Leethem (1985), and more 

recently by Hentz et al. (2014) reinforced this lithostratigraphic approach. These papers 

also assigned the Late Cenomanian Harris Delta sands and underlying Middle 

Cenomanian organic-rich strata, as part of the Woodbine Group. Within this context 

these Woodbine strata became equivalent to the Lower Eagle Ford Formation of South 

Texas (Hentz et al., 2014). 

Thus, the resulting lithostratigraphic (facies) designation of Woodbine and Eagle Ford 

Groups in the subsurface of the southern ETB is in sharp contrast to the outcrop 

stratigraphic relationships established by Adkins (1932), and subsequently followed by 

other researchers (Adkins and Lozo, 1951; Brown and Pierce, 1962; Donovan et al., 

2015), where the Middle Cenomanian to Late Turonian Eagle Ford Group 

unconformably overlies the Early Cenomanian Woodbine Group. 
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This study is a fresh way to reconcile the differences between the surface and sub-

subsurface stratigraphy of the Woodbine and Eagle Ford Groups in the East Texas Basin 

by taking the surface (sequence) -based framework established in the outcrop belt and 

extending it into the subsurface using a grid of well log cross sections and shallow 

boreholes (Figure 3). With this sequence stratigraphic framework in place, 

chronostratigraphic-based paleogeographic maps were constructed in the subsurface, 

allowing definition of its conventional and unconventional plays and play fairways.  
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GEOLOGY OF THE EAST TEXAS BASIN 

 

 

Regional Tectonic Setting 

The East Texas Basin (ETB) was one of the many Mesozoic sedimentary basins (Figure 

3) that developed along the southern margin of the North American craton during the 

Triassic opening of the Gulf of Mexico (Jackson and Seni, 1983; Davidoff, 1993). The 

Jurassic Louann Salt was deposited unconformably on Paleozoic basement rocks and 

Triassic rift-valley fill in the East Texas Basin. Approximately 1500 m of salt was 

deposited in the rift valley (Jackson and Seni, 1983). Subsequently, salt diapirism was 

produced by loading from 1) deposition of a Lower Cretaceous carbonate wedge, 2) 

progradation of thick Upper Cretaceous siliciclastic units, and 3) uplift, erosion, and 

tilting of the basin (Jackson and Seni, 1983). However, unlike the Cenozoic succession 

in the offshore Gulf of Mexico where fields typically are secondary diapir-related sub-

salt structures, in the ETB, many fields are simple salt-cored anticlinal traps (Jackson 

and Seni, 1983). Furthermore, key basement features, such as the San Marcos Arch and 

Sabine Uplift, were intermittently active into the Late Cretaceous (Jackson and Seni, 

1983). This Laramide compression deformation, and associated uplift and erosion, 

played a major role in setting up many of the traps in the East Texas Basin, like the 

super-giant East Texas Field (Jackson and Seni, 1983). 
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Cretaceous Stratigraphic Overview 

This study follows the 2012 ICS Time Scale (Gradstein et al., 2012) in reference to age 

assignments. The Middle Cretaceous (Cenomanian/Turonian/Coniacian) stratigraphic 

succession in the ETB is outlined on Figure 2. Within the ETB, Early Cenomanian strata 

of the Grayson (Del Rio) and Buda Formations are overlain sequentially by the 

unconformity-bounded Woodbine, Eagle Ford, and Austin Groups (Adkins et al., 1932). 

These Middle Cretaceous units are exposed along the western and northern margins of 

the basin and were studied in classic publications by Adkins and Lozo (1951); Dodge 

(1952) and Mancini (1974, 1977, 1979).  

Along the outcrop belt, Middle-Cenomanian to Late-Turonian Eagle Ford strata 

unconformably overlie Early Cenomanian Woodbine strata (Figure 2). The Eagle Ford 

Group is unconformably overlain by the Latest-Turonian to Early-Campanian Austin 

Group (Figure 2). The Woodbine Group is sub-divided into three parts: The lower 

Pepper Formation (mudstone-prone), the middle Dexter Formation (sandstone-prone), 

and upper Lewisville Formation (mudstone-prone) (Adkins et al., 1932).  

Historically, the Eagle Ford Group provincial formation names were commonly used 

along the outcrop belt. In the Waco area, the (lower) Lake Waco and (upper) South 

Bosque Formation terms were used (Adkins and Lozo, 1951; Brown and Pierce, 1962). 

For the Dallas area, the (lower) Tarrant, (middle) Britton, and (upper) Arcadia Park 

Formation names were used (Adkins and Lozo, 1951; Brown and Pierce, 1962). More 

recently, Hentz and others (2014), as well as Donovan et. al (2015, 2019), have extended 
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the Eagle Ford stratigraphic terms of South Texas (Lower and Upper Eagle Ford 

Formations), into the subsurface and outcrops of the East Texas Basin. 
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METHODS AND DATABASE 

 

 

Study Area and Data 

The location of the study area (Figure 3) is the southern portions of the ETB. Note that 

the ETB as defined in this study also includes the Brazos sub-basin as defined by 

Davidoff (1993). This project analyzed the Woodbine and Eagle Ford Groups in 191 

well logs and three cores. Well log data primarily were from MJ Logs. Other sources 

include publicly available wireline well logs from the Texas Railroad Commission, 

Texas Water Development Board, and historical publications. The 30 resulting well log 

cross sections (Figure 3) were correlated in Neurasection and drafted in Canvas X.  

X-ray Fluorescence (XRF) and X-ray Diffraction (XRD) data were obtained from three 

cores (Figure 3), the USGS GC-1 (McLennan County, 31.495005, -97.223056), USGS 

GC-2 (Dallas County, 32.691300, -96.892000), and an industry core (Well D) from 

Burleson County, that is discussed in detail by Meyer et al. (in press). Stable isotope 

δ13C and δ18O data for these cores was processed by the Stable Isotope Lab at Texas 

A&M University.  

Correlation Methods 

An important aspect of this study was correlating key sequence stratigraphic surfaces 

such as sequence boundaries (sb) and maximum flooding surfaces (mfs), to define a 
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chronostratigraphic framework of the Woodbine and Eagle Ford Groups in the ETB. As 

illustrated on Figures 2 and 4, this paper follows a surface-based nomenclature outlined 

by Donovan et al. (2015) and Donovan (2016). In this study, stratigraphic surfaces in the 

Cretaceous are defined by the letter K, followed by numbers (1 to 999) that define older 

to younger surfaces respectively. Within this framework, the base of the Woodbine 

Group was designated as the K600sb; the base of Eagle Ford Group, the K630sb, and the 

base of the Austin as the K720sb. Thus, the Woodbine Group, as defined in this study, is 

bounded by the K600sb at its base and the K630sb at its top. Likewise, the Eagle Ford 

Group, as defined in this study, is bounded by the K630sb at its base and the K720sb at 

its top. 

During this study, numerous stratigraphic datums were used in correlating the well log 

cross sections. This was facilitated by using a digital platform (Neurasection) for the 

correlations. However, for this paper, the well log cross sections (Figures 8 & 10), which 

document this study, are datumed on the base of the Woodbine Group (K600sb). While 

this datum removes any relict basin physiography, it provided the best visual insights 

into the stratigraphic relationship between the Woodbine and Eagle Ford Groups, 

especially the onlapping nature of the Lower Eagle Ford Formation onto the relict 

topography of the Woodbine Group (K630sb). This datum also removes the significant 

Late-Turonian deformation that occurs at the base of the Austin Group, which is a 

commonly used datum in many previous studies (Oliver, 1971; Hentz et al., 2014).  
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Key Outcrop/Borehole/Reference Wells 

This study utilizes three key wells: the USGS GC-1, USGS GC-2, and Well D, an 

industry well that was cored and previously studied by Meyer (2018). The GC-1 is 

located at (31.495005, -97.223056) near Waco, Texas. The GC-1 shows a succession 

from the Georgetown through the Austin Chalk (Figure 4. Modified from Donovan, 

2019). The GC-2 is located at (32.691300, -96.892000) near Dallas, Texas, and captures 

the Upper Woodbine through the Lower Austin (Figure 5. Modified from Meyer, 2018.) 

However, the geophysical logs for this well only cover the Lower Austin and most of the 

Eagle Ford. The basal Eagle Ford and uppermost Woodbine were not logged (Figure 5). 

Well D, located in Burleson County, was cored through the Lower Eagle Ford Formation 

(LEF) to the top of the Buda (Figure 6). With these three wells as the main tie points, 

and their associated biostratigraphy, chemostratigraphy, and isotopes data, the grid of 

cross sections was extended into and across the subsurface in the ETB.  
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Figure 4. USGS GC-1 research borehole overlain with important stratigraphic surfaces. 

The Woodbine Group (bounded by the K600sb and K630sb), has abundant quartz and 

clay but very low calcite and TOC. The high-resistivity, high-GR Lower member of the 

Lower Eagle Ford (LM:LEF) unconformably overlies the Woodbine Delta in both 

outcrop and subsurface. Mapping this zone in the subsurface is a key to understanding 

the depositional profile of the Woodbine Group. The Upper Member of the Upper Eagle 

Ford (UM:LEF), or Harris Delta, is not present in this well. The LM:UEF in this well is 

bounded by the K645sb and K680sb and coincides with the onset of the OAE-2. The 

three members of the Upper Eagle Ford Formation are combined in Figures 7-9 for 

simplicity. Modified from Donovan (2019).  

 

 

 

 

 



 

 

15 

 

 

Figure 5. Well D wireline log from Burleson County, Texas, overlain with this paper’s 

nomenclature. The five original Eagle Ford geochemical zones (Meyer, 2018) have been 

reduced to three based on this paper’s correlations. The Lower Member of the Lower 

Eagle Ford Formation (LM:LEF) unconformably overlies the Woodbine Group. The 

Middle Member of the Lower Eagle Ford (MM:LEF), and the Upper Member of the 

Lower Eagle Ford (UM:LEF), or Harris Delta, account for much of the strata in the 

southern East Texas Basin (ETB). The southern ETB is dominated by Lower Eagle Ford 

strata whereas the northern ETB is dominated by the Upper Eagle Ford. The UM:LEF is 

truncated by the K720sb which marks the base of the Austin Group. Modified from 

Meyer (2018).  
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Figure 6. GC-2 wireline well log overlain with the key surface markers. The Middle 

Member of the Lower Eagle Ford (MM:LEF) marks the last moderate-TOC zone within 

the Eagle Ford Group. The MM:LEF is bounded on top by the K650sb, which is 

normally associated with the UM:LEF (Harris Delta), but the UM:LEF laps out before 

reaching the GC-2 so the younger surface is carried through. The three members of the 

Upper Eagle Ford Formation are best developed in the northern East Texas Basin (ETB). 

The Lower Member of the Upper Eagle Ford (LM:UEF), or K650 Sequence, is 

equivalent to the Latest Cenomanian Upper Britton Formation defined by Kennedy 

(1988). The ammonites within this unit correspond to the same ammonite zone within 

the basal 6ft (2m) of the Upper Eagle Ford Formation (Units C1 & C2) in Lozier Canyon 

in West Texas (Cobban et al., 2008; Donovan, 2016) and the type localities of the Lower 

and Upper Eagle Ford Formations (Donovan, 2016).  
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Many of the key regional sequence-stratigraphic surfaces outlined in this study are 

illustrated on the USGS GC-1 well log (Figure 4). The corresponding GR and resistivity 

values are shown in Table 1. Significant facies variability occurs within the study 

interval and these values are only useful as a beginning guide. 

This borehole is close to the classic Cloice Branch outcrop described by Adkins and 

Lozo (1951) and substantiates their interpretations, as well as those of Boling (2013) and 

Donovan et al. (2015, 2019). A key reference point in this well is the presence of the 

classic δ13C positive isotope excursion, which marks the onset of the OAE-2. This 

isotope excursion also marks the base of the Upper Eagle Ford Group across many parts 

of Texas as outlined by (Donovan et al., 2015, 2019; Donovan, 2016).  

Building on the work of Meyer (2018), this study expanded the geochemical zones away 

from Burleson County to the northern and eastern portions of the ETB. Meyer’s research 

indicates that the Woodbine and Eagle Ford Group mudstones in the southern ETB can 

be successfully differentiated using XRF and carbon and oxygen isotope data (Figure 6). 

These zones appear to match geochemical observations from the GC-1 and GC-2 cores.  

Most importantly, the Woodbine Group defined by Meyer (2018) is a carbonate- and 

TOC-poor, silica- and clay-rich mudstone underlying Eagle Ford sediment also occurs in 

the GC-1, and similarly defined in the outcrop belt, allowing a high-confidence 

correlation to occur between these two wells. Extending the correlations from these two 

wells provides greater confidence in the accuracy of well log picks across the project. 

The Eagle Ford Group interval overlying the Woodbine in Well D belongs to the Lower 
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Eagle Ford Formation (LEF). Isotope work performed at Texas A&M University 

confirmed the absence of the OAE-2 as well as Upper Eagle Ford Formation (UEF) 

strata in Well D.  
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Table 1. Summary of approximate gamma ray and resistivity values for the Eagle Ford 

Group interpreted from the GC-1 well log. Key for Units: The Lower Member of the 

Lower Eagle Ford (LM:LEF); Middle Member of the Lower Eagle Ford (MM:LEF); 

Upper Member of the Lower Eagle Ford (UM:LEF); Lower Member of the Upper Eagle 

Ford (LM:UEF); Middle Member of the Upper Eagle Ford (MM:UEF); Upper Member 

of the Upper Eagle Ford (UM:UEF). 
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DISCUSSION 

 

Data from the GC-1, GC-2 and, and Well D in Burleson County (Figures 4-6), were key 

to defining the chemo-stratigraphic and petrophysical signatures of Woodbine and Eagle 

Ford Groups, as well as for defining the K600sb, which separates these units, and the 

K650sb that separates the Lower and Upper Eagle Ford Formations. The cores from 

these wells (Figures 5-6) also provide invaluable data for defining the K630, K640, and 

K645 Sequences, within the Lower Eagle Ford Formation, as well as their associated 

sequence boundaries and maximum flooding surfaces.  

The work of Meyer et al. (in press) clearly differentiated the Woodbine and Eagle Ford 

Groups in the southern ETB by chemostratigraphic and petrophysical characteristics for 

the first time. In this work, the Woodbine Group was defined as a low-resistivity, 

organic-poor, argillaceous mudstone, bounded by the K60sb (now K600sb) at its base 

and the K63sb (now K630sb) at its top (Figure 5). This stratigraphic unit and its 

associated bounding surfaces were used to define the Woodbine Group across our study 

area. The sandstones within this unit define the various marginal-marine and fluvial 

plays and play fairways of the Woodbine Group. Meyer et al. (in press) also defined the 

overlying Lower Member of the Lower Eagle Ford Formation (LM:LEF), the K630 

Sequence of this study, as a high-resistivity, organic-rich carbonate mudstone (Figure 5). 

The organic-rich carbonate mudstones in K630 Sequence defines the source rock play in 

the ETB, thus, its distribution defines the play fairway. Above the K63 (new K630) 
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Sequence, Meyer defined an Upper Member of the Lower Eagle Ford Formation 

(UM:LEF), the K640 Sequence of this study, as a mudstone-prone interval showing 

decreasing resistivity, carbonate, and organic content upwards (Figure 5). Finally, Meyer 

et al. (in press) defined a low-resistivity, argillaceous mudstone-prone, sequence that 

defined the onset of Harris Delta deposition within the region. Based on regional 

correlations, we have defined the uppermost low-resistivity, argillaceous mudstone-

prone unit at the top of the Eagle Ford Group in Well D as the K645 Sequence. The 

K645 mfs of this study coincides with the same classic top resistivity marker recognized 

by Turner and Conger (1984). Sandstones within the K645 Sequence of this study define 

the marginal marine and fluvial plays and play fairways of the Late Cenomanian Harris 

Delta. 

The same general chemostratigraphic and petrophysical characteristics were recognized 

in the GC-1 (Figure 4) and GC-2 (Figure 6) research boreholes as well, and were used to 

define the K600 (Woodbine), K630 Lower Member of the Lower Eagle Ford (LM:LEF), 

and K640 Middle Member of the Lower Eagle Ford (MM:LEF) sequences and their 

bounding surfaces. Correlations from the GC-2 well, and nearby outcrops in Dallas 

(Kennedy, 1988) were fundamental to defining the Upper Eagle Ford Formation, and its 

associated K650sb (lower) and K720sb (upper) bounding surfaces (Figure 6). The 

K650mfs, as defined in this well, is a distinctive low resistivity petrophysical marker 

used to map the Upper Eagle Ford Formation into the southern portions of the ETB. In 

this well (Figure 5), the K650sb marks the change from carbonate-prone strata of the 

Lower Eagle Ford Formation (below) to argillaceous-rich strata of the Upper Eagle Ford 
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Formation (above). The resulting argillaceous-rich K650 Sequence in this well equates 

to the Latest Cenomanian Upper Britton Formation defined by Kennedy (1988). The 

ammonites within the thick K650 Sequence in the Dallas area (Figure 5), correspond to 

the same ammonite zone within the basal 6ft (2m) of the Upper Eagle Ford Formation 

(Units C1 & C2) in Lozier Canyon in West Texas (Cobban et al., 2008; Donovan, 2016) 

and the type localities of the Lower and Upper Eagle Ford Formations (Donovan, 2016). 

This member in the GC-1 is only about 15ft (5m) thick and corresponds with the onset 

of the OAE-2.  

Regional correlation of the K650sb and K650mfs toward the southern portions of the 

ETB (Figures 7-9) revealed that the bulk of the Eagle Ford Group in the southern 

portions of the basin represents LEF strata, which sits stratigraphically below the 

K650sb. Within this regional sequence stratigraphic framework, the Harris Delta 

represents a previously unrecognized Late Cenomanian (K645) depositional sequence, 

defined by the K645sb at its base and the K650sb at its top. This new interpretation is 

now in alignment with the ages proposed by Denne et al. (2016) for the Harris Delta. It 

is also noted that the results from this regional study differ from our previous work 

(Meyer et al., in press), which had incorrectly assumed that the classic top resistivity 

marker was the K680 mfs within the UEF, and not the K645 mfs within the LEF.  
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Figure 7. GC-2 to Well D cross section hung on the Buda. This regional north-to-south 

cross section shows the distribution and thickness of the Georgetown through the Austin 

Group. The Austin Group and Buda Formation through the Georgetown are shown for 

reference but are not a focus of this study. The Woodbine Delta prograded in a 

southwestward direction into the basin, thinning significantly to the south and west. 

Recognizing the high-resistivity, high gamma ray Lower Member of the Lower Eagle 

Ford (LM:LEF) and its distribution in the southern East Texas Basin is key to unraveling 

the depositional profile of the Woodbine Delta. The Middle Member of the Lower Eagle 

Ford (MM:LEF), and Upper Member of the Lower Eagle Ford (UM:LEF) comprise 

much of the Eagle Ford Strata in the southern ETB, while the Upper Eagle Ford 

Formation (UEF) is thickest in the northern ETB. The UM:LEF (Harris Delta) was 

deposited into the remaining free accommodation space of the Woodbine Delta front. 

The Harris Delta and Woodbine Delta, although similar in facies and composition, are 

two distinct, unconformity-bounded units deposited in different times and locations.   
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Figure 8. GC-1 to Houston County cross section hung on the Del Rio. This regional 

west to east cross section shows similar geometries to Figures 7 & 9. The Woodbine 

Group thins to the West and Lower Eagle Ford strata onlaps the relict topography. The 

Lower Member of the Lower Eagle Ford (LM:LEF) and Middle Member of the Lower 

Eagle Ford (MM:LEF) lap out to the east. The Upper Member of the Lower Eagle Ford 

(UM:LEF), or Harris Delta, directly overlies the Woodbine Group in the easternmost 

boundary of this study. The Harris Delta may contain reworked sediment from both the 

Woodbine Group and the MM:UEF. The Upper Eagle Ford Formation (UEF) is 

composed of three distinct members in the stratigraphic columns but simplified to one 

unit is Figures 7-9 & 16. The UEF is truncated by the K720sb (base Austin Group). 
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Figure 9. EW-200 cross section hung on the Buda. This regional west-to-east cross 

section starts in Milam County and ands in Houston County. It shows a similar 

depositional profile to Figures 7 & 8. This cross section shows the high-resistivity zone 

associated with the Lower Member of the Lower Eagle Ford (LM:LEF). This unit 

rapidly thins to the east as it onlaps the Woodbine Group foresets. The Upper Member of 

the Lower Eagle Ford (UM:LEF), or Harris Delta, is well developed on the eastern 

margin of this cross section, and directly overlies the Woodbine Group. The Harris Delta 

is likely composed of both reworked Woodbine and Middle Member of the Lower Eagle 

Ford (MM:LEF) sediment. The K720sb (base Austin Group) successively truncates 

underlying Eagle Ford strata to the west and east. 
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The Cashco Saunders well in Grimes County (Figures 1 & 10) is this study’s type well 

for the southern ETB. It was also used by Hentz et al. (2014) on their regional cross 

section. In this well, our interpretations of the Georgetown, Del Rio/Grayson, Buda, 

Woodbine, Eagle Ford, Austin, and associated boundaries and key interpreted surfaces 

are presented. For context (Figure 10), previous workers, such as Hentz et al. (2014) and 

Turner and Conger (1984), included the K630, K640, and K645 Sequences of this study 

as part of the Woodbine Group. Also note that Hentz et al. (2014) referred to the K630 

and K640 Sequences of this study respectively as the Lower and Upper Maness Shale. In 

this study only the K630 Sequence belongs to the Woodbine Group (Figure 10).  
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Figure 10. Table comparing a common lithostratigraphic interpretation of a sandy 

interval in Grimes County with this paper’s interpretation based on our sequence study. 

Eagle Ford source rocks overlie Woodbine (Pepper) mudstone. The Upper Member of 

the Lower Eagle Ford (UM:LEF) was a significant unit in the southern ETB, accounting 

for much of the thickness of the Lower Eagle Ford Formation. The UM:LEF, or Harris 

Delta, is well developed in this log. The Middle and Upper members of the Upper Eagle 

Ford are truncated by the K720sb. Modified after Donovan et al., 2019. 
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Figure 11. Isopach map of the K600 Sequence (Woodbine Group). Contour 

interval=100’. The Woodbine Delta system prograded into the East Texas Basin in a 

southwestward direction, setting up the topographic profile that controlled much of the 

Lower Eagle Ford Formation depositional trends. Paleogeographic map of the Woodbine 

Group. Orange=>50% net sand, Yellow=10-50% net sand, gray=<10% net sand. 
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Figure 12. Isopach map of the K630 Sequence (LM:LEF, Lower Member of the Lower 

Eagle Ford). The high-resistivity, high-TOC Eagle Ford source rocks within this unit 

onlap the relict topography of the Woodbine Delta and only occur overlying the thin 

distal Woodbine (Pepper) mudstones. Paleogeographic map showing the areal extent of 

the LM:LEF. This unit is entirely mud prone. 
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Figure 13. Isopach map of the K645 Sequence (MM:LEF, Middle Member of the Lower 

Eagle Ford). Contour interval=50’ (15m). This unit appears to lap out or be truncated by 

the overlying Harris Delta to the east. The MM:LEF is thickest in Brazos, Grimes, and 

Madison counties. It didn’t completely fill in the accommodation space left by the 

Woodbine Delta. This unit was not extensively mapped in the northwest corner of the 

study area. Paleogeographic map showing the areal extent of the MM:LEF. This unit is 

comprised of mudstones with less than 10% net sand.   
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Figure 14. Isopach map of the K650 Sequence (UM:LEF, Upper Member of the Lower 

Eagle Ford), also known as the Harris Delta. Contour interval=50’ (15m). The Harris 

Delta and underlying MM:LEF (Middle Member of the Lower Eagle Ford) filled in most 

of the paleotopography of the Woodbine Delta. To the east the Harris Delta is truncated 

by the K720sb (base Austin Group). To the north the Harris Delta thins as it onlaps the 

MM:LEF and relict topography of the Woodbine Delta. This study did not investigate 

these units south of the Edwards and Sligo shelf margins. Paleogeographic map of the 

K645 Sequence: Orange=>50% sand, Yellow=10-50% sand, gray=<10% sand. 
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Based on the grid of well log cross sections noted on Figure 1, a regional surface-based 

sequence stratigraphic framework was extended across the study area and the resulting 

correlations are documented on Figures 7-9. The isopach and facies maps that resulted 

from these correlations are presented as Figures 11-14. The cross sections and maps 

indicate that the Early Cenomanian Woodbine Group prograded in a southwesterly 

direction into the basin, becoming thinner and muddier (Figures 7-9,11). The Woodbine 

Group, or the K630 Sequence of this study, ranges from over 1000ft (300 m) thick in the 

northeast corner of the study area, to less than 100ft (30 m) in the southwest corner 

(Figure 11).  

Our study also indicates that defining the inherited paleo-topography of the Woodbine 

Delta was key to understanding and predicting the spatial distribution of sequences 

within the overlying Lower Eagle Ford Formation. The resulting Middle to Late 

Cenomanian Lower Eagle Group (K630, K640, & K645 Sequences) is  younger than the 

Woodbine Group and onlaps the Woodbine Delta (Figures 7-9). One question that 

wasn’t answered by this study is whether the Woodbine Delta prograded over the Lower 

Cretaceous shelf margins in Walker, Trinity, and Polk counties as previously reported by 

Bunge (2007). This study area is the focus of ongoing research at Texas A&M 

University. 

The K630 Sequence, or LM:LEF, is bounded by the K630sb at its base and the K640sb 

at its top. This sequence contains the organic-rich, carbonate-prone mudstones, which 

are the primary target for unconventional source rock exploitation in South Texas, as 
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well as in the East Texas Basin. This sequence is geographically restricted to the 

southwest portions of the study area (Figure 12). This unit is approximately 50ft (15m) 

thick in Brazos and Grimes counties and rapidly thins to the north and east as it onlaps 

the depositional slope of the underling Woodbine Delta. Where present, this unit 

typically overlies the thin basal mudstone of the Woodbine Group and is easily 

distinguished from them because of its distinctive high-GR and resistivity signatures 

(Figure 5). As mentioned previously, recognizing this zone is vital to understanding the 

paleotopography of the Woodbine Delta because this mudstone defines the onset of 

Eagle Ford Group deposition and end of the Woodbine Group deposition. The K640 

Sequence, or MM:LEF, is bounded by the K640sb at its base and the K645sb at its top.  

This unit is a carbonate-prone mudstone with moderate organic content that directly 

overlies the LM:LEF (Figure 5). In Well D (Figure 5) it is characterized by an upwards 

decreasing resistivity and GR signatures, apparently driven by an upward decrease in 

both carbonate and organic content. The unit is over 200ft (60 m) thick in Grimes, 

Madison, and Brazos counties and thins to the north and west (Figure 13). The MM:LEF 

appears to lap out eastward on the sandy portions of the Woodbine Delta. This unit 

infills significant topographic relief in front of the Woodbine Delta, tightly controlling 

the available accommodation space for the K645 Sequence, which contains strata of the 

Harris Delta. However, this unit didn’t fill the accommodation space completely in 

Walker, eastern Madison, or Houston counties like it did to the northwest. This unit is 

almost entirely muddy, with thin intermittent sands representing less than 10% net-to-

gross.  
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The K645 Sequence, or the UM:LEF of this study, is bounded by the K640sb at its base 

and the K645sb at its top. This unit is important because it contains the Late 

Cenomanian southwestward prograding Harris Delta System. Granata (1963) and 

Nichols (1964) hypothesized that the Harris Delta is composed of reworked Woodbine 

sediment due to movement on the Sabine Uplift. However, since the Harris Delta 

directly overlies the Woodbine Group in the eastern portions of our study area with no 

underlying older Eagle Ford strata (Figures 8 & 9), it seems likely that the Harris Delta 

could be composed of reworked older Eagle Ford Group, as well as Woodbine Group, 

sediments. The mudstone-prone natures of both the K630 and K640 Sequences (Figure 8 

& 9), also suggests that these units are, in part, erosional remnants, whose more 

sandstone-prone facies were truncated by the overlying K645 sequence boundary. 

Across the study area, the K645 Sequence (Figure 14), which ranges from 0-400ft (120 

m) thick, is centered on Grimes, Walker, Madison, and Houston counties (Figure 14). 

The thickest portions of this sequence also coincide with the sandiest facies (Figure 14). 

The K645 Sequence also abruptly thins inboard of the Lower Cretaceous shelf margins, 

which Turner and Conger (1984) also suggested for the Harris Delta. The Austin Chalk 

truncates the Harris Delta on the eastern margin of the study area (Figure 10). As the 

Harris Delta prograded to the southwest it filled in the remaining accommodation space 

on the front of the Woodbine Delta. Figure 15 illustrates the generalized juxtaposition 

between the sandy intervals of the two groups and how they differ both in origin and 

positioning. Interestingly, the UM:LEF (Harris Delta) is not present in the GC-1 or GC-2 

because the Harris Delta was prograding in a southwesterly direction and laps out toward 
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the northwest (Figure 14). The overlying K650sb may also have played a role in 

modifying the primary distribution of the K645 Sequence, by truncating it to the north 

and west (Figure 14). 

Figure 15 places the Harris Delta and Woodbine Delta in context with each other. These 

two delta systems occupied different regions of the basin at different times. The Harris 

Delta was primarily deposited in unfilled accommodation space left by the prograding 

Woodbine Delta (K600 Sequence). Within the chronostratigraphic framework of this 

study, the oil-producing sandstone beds at Kurten Field (Turner and Conger, 1984), 

which have long been associated with the Woodbine Group, are reinterpreted as the 

downdip equivalents of the Harris Delta, within the K645 Sequence of the Eagle Ford 

Group.   

The Upper Eagle Ford Formation consists of the K650, K680, and K700 Sequences 

(Figure 2). These units, however, are best developed within the northern portions of the 

basin and are also a focus of ongoing research at Texas A&M University. For this study, 

Upper Eagle Ford strata were combined as one unit bounded by the K650sb at its base 

and the K720sb at its top, which marks the base of the Austin Chalk (Figure 2). An 

isopach map of the UEF (Figure 16) shows thickness variation from over 400ft (120 m) 

to the north, to less than 100ft (30 m) toward the south. 
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Figure 15. Generalized relationships between the Early Cenomanian Woodbine Delta 

(K600 Sequence) and Late Cenomanian Harris Delta (K645 Sequence). The Harris Delta 

filled in the depositional topography produced by the prograding Woodbine Delta. The 

Harris Delta and Woodbine Deltas are distinct depositional sequences and were 

deposited in both different times and places. For clarity, this figure omits the MM:LEF 

(Middle Member of the Lower Eagle Ford ) and the LM:LEF (Lower Member of the 

Lower Eagle Ford) between the Harris Delta and Woodbine Group. 
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Figure 16. Isopach map of the combined Upper Eagle Ford Formation (UEF). The three 

members of the UEF shown in the various stratigraphic columns are combined here for 

simplicity. The thickest Upper Eagle Ford Formation deposition occurred in the northern 

East Texas Basin. This unit is truncated to the southwest and east by the K720sb and 

directly underlies the Austin Group. This study did not address the region south of the 

Edwards and Sligo shelf margins. 
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DEPOSITIONAL HISTORY 

 

 

The East Texas Basin in this study encompasses both the classic East Texas Basin and 

the Brazos Sub-Basin defined by Davidoff (1993). Commanchean carbonate deposition 

ended with the Albian Buda Formation that was deposited in a tropical, shallow inner-

shelf environment in well-oxygenated waters (Reaser and Dawson, 1995). The Buda 

Limestone provides the carbonate shelf margin on which the Woodbine and Eagle Ford 

were deposited (Vail et al., 1977). The Early Cenomanian Freestone (Woodbine) Delta 

prograded into the basin, depositing thick successions of marginal-marine and fluvial 

sandstone, as well as offshore mudstone. Woodbine progradation ceased and Middle 

Cenomanian organic-rich Eagle Ford mudstone was deposited over distal Woodbine 

mudstone, sequentially onlapping as accommodation space was filled.  

In the Late Cenomanian, the Sabine Arch was uplifted and shed sediment westward into 

the ETB as the Harris Delta. During the Latest Cenomanian and Turonian, younger 

(presently un-named) Eagle Ford delta systems prograded into the ETB from the north. 

In the latest Turonian, structural movement of the Sabine Uplift and San Marcos Arch 

produced truncation beneath the K720sb, which modified the primary distribution and 

thickness of sequences within the underlying Eagle Ford and Woodbine Groups. After a 

significant hiatus, seas inundated the basin again and deposited the open-marine Austin 

Group.  
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Based on our chrono-stratigraphic framework of these Cenomanian-Turonian units, a 

summary schematic of the play types within the Woodbine and Eagle Ford Groups is 

shown in Figure 17. These play assignments were divided based on lithology, facies, and 

major structural features. The Woodbine Group hosts the largest conventional plays in 

the ETB whereas the Eagle Ford Group is dominated by source rock and tight-rock 

plays, with the exception of the Harris Delta. These new sequence stratigraphy-based 

paleogeography maps define these plays across the southern East Texas Basin.  
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Figure 17. Various plays associated with the Woodbine and Eagle Ford Groups in the 

East Texas Basin. Play types: Woodbine: Early Cenomanian conventional plays. The 

Lower Member of the Lower Eagle Ford (LM:LEF): Middle Cenomanian Eagle Ford 

source rock play. Middle Member of the Lower Eagle Ford (MM:LEF): Late 

Cenomanian tight rock play. Upper Member of the Lower Eagle Ford (UM:LEF): Late 

Cenomanian Harris Delta play; conventional and tight-rock play. Upper Eagle Ford 

(UEF): Early to late Turonian tight rock and top lap plays. 
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CONCLUSIONS 

 

The Eagle Ford and Woodbine Groups in the East Texas Basin are distinct 

unconformity-bounded sequences with unique geochemical, isotopic, and well log 

signatures. By extending key sequence boundaries and maximum flooding surfaces from 

the outcrop belt and three cores using a grid of cross sections, the groups are 

successfully defined and differentiated based on depositional geometry (e.g. 

onlapping/offlapping relationships) and facies distribution. Mapping the K630 Sequence 

boundary and the areal extent of the overlying LM:LEF was a key to unraveling the 

depositional profile of the Woodbine Delta system, which in turn helps to constrain the 

extent and thickness of the overlying Eagle Ford Group. Our study indicates that the 

Harris Delta is a younger delta system occurring within the K645 Sequence of the Lower 

Eagle Ford Formation. This sequence, as well as the older K630 and K640 Sequences 

within the Lower Eagle Ford Formation, infilled the depositional relief left by the 

prograding (Lower Cenomanian) Woodbine Delta.  

Because of the facies similarities between the K600 (Freestone), and the K645 (Harris) 

Deltas, a regional perspective based on surface (sequence boundary) mapping is 

necessary to distinguish them from each other. The term “Eaglebine” does injustice to 

both units and does not accurately reflect the distinct geochemical, geometric, 

depositional, and temporal distribution of each sequence. Based on the results of this 

study, new chrono-stratigraphic based isopach and facies maps showing the extent of the 
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K600 (Woodbine Delta) and K645 (Harris Delta) were made. These maps can be used to 

define the various conventional and unconventional plays of the Woodbine and Eagle 

Ford Group, and to understand the distribution, thickness variations, and potential sweet 

spots of the associated play fairways. Understanding the distribution and thickness of 

these oil- and gas-bearing units will be crucial in the coming years to support the world’s 

growing energy demand. 
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APPENDIX A 
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MM:UEF isopach map. 
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UM:UEF isopach map.  
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