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ABSTRACT

The 130-year history of study of the Cenomanian–Turonian Eagle Ford and Woodbine Groups 
of Texas has created a complicated and often confusing nomenclature system. Deciphering 
these nomenclatures has frequently been hindered by outdated biostratigraphic studies with 
inaccurate age interpretations. To resolve these issues, a comprehensive compilation and 
vetting of available biostratigraphic, geochemical, and lithologic data from Eagle Ford and 
Woodbine outcrops and subsurface penetrations was undertaken, which was then tied to a 
large network of wells in both south and east Texas. Composite sections were built for four 
outcrop areas of central and north Texas (Dallas, Red River, Waco, Austin), five outcrop areas 
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from west Texas (Langtry, Del Rio, Big Bend, Chispa Summit, Quitman Mountains), four 
subsurface areas from south Texas (Webb County, Atascosa County, Karnes County, DeWitt/
Gonzales  Counties), and two cross sections from the east Texas subsurface (basin center and 
eastern margin). The resulting datasets were utilized to construct age models and charac-
terize depositional environments, including paleoceanography. In agreement with previous 
studies, the total organic carbon (TOC)-rich Lower Eagle Ford was interpreted to have been 
deposited under anoxic to euxinic conditions and the Upper Eagle Ford under dysoxic to 
anoxic conditions. The Oceanic Anoxic Event 2 (OAE2) interval is missing at all locations 
north of Atascosa County; when present it is characterized as having been deposited under 
oxic to suboxic conditions. High abundances of radiolaria and calcispheres identified within 
recrystallized medial to distal limestones of the Lower Eagle Ford indicated limestone forma-
tion during periods of enhanced water-column mixing and increased primary productivity, in 
contrast to proximal limestones composed of planktonic foraminifera and inoceramid prisms 
concentrated by bottom currents.

Standardized nomenclature systems and age models are proposed for each of the outcrop 
and subsurface areas. Proposed changes to existing nomenclatures include reassignment of 
the Tarrant Formation of the Eagle Ford to the Lewisville Formation of the Woodbine in the 
Dallas area and the Templeton Member of the Lewisville Formation to the Britton Formation 
of the Eagle Ford in the Red River area. The proposed term “Waller Member” of Fairbanks 
(2012) for the former Cloice Member of the Lake Waco Formation in the Austin area is recog-
nized with a new stratotype proposed and described, although the Waller Member is trans-
ferred to the Pepper Shale Formation of the Woodbine. The Terrell Member is proposed for 
the carbonate-rich section at the base of the Boquillas Formation in the Langtry and Del Rio 
areas, restricting the Lozier Canyon Member to the organic-rich rocks underlying the Antonio 
Creek Member. The south Texas subsurface is divided into the Upper Eagle Ford and Lower 
Eagle Ford Formations, with the clay-rich Maness Shale Member at the base of the Lower 
Eagle Ford and the foraminifera grainstone dominated Langtry Member at the top of the 
Upper Eagle Ford. Use of the term “middle Eagle Ford” for the clay-rich facies south of the 
San Marcos arch is not recommended.

INTRODUCTION

Geologists and paleontologists have been studying the 
organic-rich shales of the Eagle Ford Group of Texas 
since the late 19th century (e.g., Hill, 1887), with much 
of the focus on the outcrop belt stretching from the 
Red River in northernmost Texas to the mountains of 
west Texas (Figure 1). With current industry drilling 
activity targeting the Eagle Ford, recent research has 
concentrated on the subsurface of south Texas and 
analogue outcrops west of Del Rio (e.g., Donovan 
et al., 2012). Regional studies of the subsurface Eagle 
Ford often relied solely on petrophysical logs (e.g., 
Surles, 1987; Adams and Carr, 2010; Hentz and Ruppel, 
2010; Ewing, 2013), in part due to the paucity of other 
types of stratigraphic data. However, a number of 
companies have taken conventional cores of the Eagle 
Ford to characterize its geomechanical and reservoir 
properties, which have also been utilized to obtain 
biostratigraphic, geochemical, and lithostratigraphic 
information (Driskill et al., 2012).

During a regional study of south Texas (Breyer 
et al., 2013), stratigraphic data from conventional cores, 
including biostratigraphy, chemostratigraphy, benton-
ites, lithofacies, and carbon isotopes, differentiated 
stratigraphic units and identified unconformities that 
were not readily discerned from borehole geophysical 
logs. Therefore, it became part of the standard work-
flow to use core data, where available, as tie points to 
provide more accurate correlations. The use of core 
data also enabled the identification of regionally exten-
sive stratigraphic units that had previously been unrec-
ognized in the subsurface. An example is the Langtry 
Member of the Upper Eagle Ford Formation, a unit 
transitional to the overlying Austin Chalk that was first 
delineated in outcrop west of Del Rio (Pessagno, 1969; 
Donovan et al., 2012). Biostratigraphic data indicated 
that a predominantly grainstone interval in the subsur-
face of south Texas with gamma ray values interme-
diate between those of the Austin Chalk and the Upper 
Eagle Ford is coeval to the Langtry and therefore was 
added as a regional unit.
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Figure 1. Map of Texas and surrounding areas showing the location of the Eagle Ford/Woodbine outcrop belt in green, 
outcrop study areas (magenta), subsurface study areas (orange), east Texas cross sections (brown), and major structural 
features. Based on Sohl et al. (1991), Ambrose et al. (2009), Fairbanks and Ruppel (2012), and Driskill et al. (2013).

Stratigraphic data were compiled from the outcrop 
belt and the subsurface to understand the regional 
significance of the Eagle Ford horizons identified in 
the subsurface of south Texas and correlate them across 
the San Marcos arch into east Texas (Denne et al., 2014). 
During this process it became evident that (1) the 
stratigraphic nomenclatures for the Eagle Ford Group 
and the underlying Woodbine Group and Maness 
Shale were inconsistent and in need of standardiza-
tion; (2) many of the original microfossil studies were 
only at the reconnaissance level, often outdated, and 

inaccurate in some instances; (3) few, if any, studies 
had attempted to fully integrate the microfossil, macro-
fossil, and geochemical data; and (4) the purported 
ages for the Eagle Ford and Woodbine Groups and 
their formations reported in the literature were often 
erroneous or too coarse to be utilized. Another source 
of confusion in the literature are the provincial stage 
names Woodbinian and Eaglefordian (Murray, 1961), 
as some portions of the Lower Eagle Ford in south 
Texas were deposited during the Woodbinian stage. 
The present study is an effort to address these issues 
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residues, due to the difficulty of recovering microfos-
sils from these lithologies (Denne et al., 2014). Samples 
from outcrops and well cuttings were analyzed using 
washed residues, whereas samples from the Maness 
Shale were examined using both thin-sections and 
washed residues. Analytic and processing techniques 
can be found in Denne et al. (2014). An attempt was 
made to isolate individual radiolaria specimens from 
a limestone using the extraction technique outlined 
by Kariminia (2004), but only a few calcispheres and 
broken radiolaria specimens were recovered.

Smear slides were prepared for calcareous nanno-
fossil analyses from 1 g to 2 g (0.03 oz to 0.07 oz) of 
crushed rock. Analyses were conducted at 1250 times 
magnification. Abundances were estimated over a 
single traverse of the slide based on the cascading 
count method (Styzen, 1997), with a minimum of four 
traverses examined to detect rare species.

Handheld energy-dispersive x-ray fluorescence 
(ED-XRF) analyses were performed at the Bureau of 
Economic Geology (University of Texas) using the 
technique outlined in Rowe et al. (2012). Samples were 
analyzed at 7.5 cm (2.9 in) intervals from five cores 
taken in Atascosa, Karnes, and Gonzales Counties. 
Inductively coupled plasma optical emission (ICP-
OES) and inductively coupled plasma mass spec-
trometry (ICP-MS) data from the A-1 and K-1 cores 
(Figure 2) have previously been discussed (Denne 
et al., 2014).

Ages for the biostratigraphic zonation schemes 
and datums utilized for the study (Figure 3) are from 
Gradstein et al. (2012). The stable carbon isotope curve 
is a compilation reference curve based on 13Ccarb data 
from English chalks (Jarvis et al., 2006; Saltzman and 
Thomas, 2012). The planktonic foraminifera zonation 
is from Robaszynski and Caron (1995), with additional 
Gulf Coast datums, including benthic foraminifera, 
noted on the chart (dashed lines). The calcareous 
nannofossil zones listed are the Cretaceous coccoliths 
(CC) zones of Sissingh (1977) as revised by Perch-
Nielsen (1985) and the Upper Cretaceous (UC) zones 
of Burnett (1998). The filament events are a revision of 
those from Denne et al. (2014) for the Eagle Ford. The 
inoceramid zones are those of Cobban et al. (2006) for 
the Western Interior seaway, whereas the ammonite 
zonation is a combination of the zonations presented 
in Hancock et al. (1993) and Cobban et al. (2008).

BIOSTRATIGRAPHY

There is a common perception among geoscientists 
that further biostratigraphic study of well-known 
formations like the Eagle Ford adds little value, or that 

in order to fully understand the stratigraphic rela-
tionships of the various units of the Eagle Ford and 
Woodbine Groups, determine the timing of region-
ally significant events, and produce a standardized 
nomenclature in order to facilitate communication. To 
accomplish this, composite sections were compiled for 
each of the main outcrop and subsurface areas, incor-
porating all available biostratigraphic, geochemical, 
and lithostratigraphic data, and in some cases, initi-
ating new studies of cores and outcrops. The following 
sections include a summary of the different data types; 
a discussion on depositional environments, paleocean-
ography, and limestones; details of the composite 
sections with age interpretations; and recommenda-
tions for a standardized nomenclature.

METHODS

The present study was divided into four major regions: 
central and north Texas outcrops, east Texas subsur-
face, south Texas subsurface (encompassing the region 
south of the San Marcos arch, including the Maverick 
Basin), and west Texas outcrops (Figure 1). The regions 
were subdivided into areas for each of the composite 
sections based primarily on the availability of data 
and depositional setting, with historical precedence 
also taken into account. In some cases further sections 
would have been preferred, but a lack of biostrati-
graphic data precluded making sections for certain 
areas, which included outcrops near New Braunfels, 
San Antonio, and in Uvalde County. All locations cited 
in this study, unless otherwise noted, are in Texas.

Most of the stratigraphic data utilized in the present 
study were assembled from published literature and 
unpublished theses and dissertations. Due to the 
disparity in the vintage and quality of the biostrati-
graphic data, a considerable effort was spent in 
locating, vetting, and normalizing the data. The litera-
ture data were supplemented with biostratigraphic 
analyses, by the authors, of two outcrops in Travis 
County (West Bouldin Creek [BEG locale 226-T-45] 
and Bear Creek at Manchaca [BEG locale 226-T-46]) 
and subsurface cores and ditch cuttings from 18 wells 
drilled in south and east Texas. Data from these wells 
plus lithostratigraphic and petrophysical data from 
a further 81 cored wells were used as seed points to 
constrain the correlation of 12 regional horizons in 
1729 wells (see Chapter 1, Part 2, Denne and Breyer, 
2016).

Micropaleontologic analyses (foraminifera, radio-
laria, calcispheres, etc.) of limestones and indurated 
calcareous shales from conventional cores were 
performed using thin-sections rather than washed 
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Figure 2. Map of southern Texas showing locations of wells discussed in the text.

examination of a single well or outcrop adequately 
characterizes the age of a formation for an entire 
basin. However, new methods and tools, a refined 
understanding of the age and environmental distri-
bution of fossil groups, the addition of new species, 
and access to subsurface cores have considerably 
advanced knowledge of the Eagle Ford. Initial studies 
focused on macrofossils, particularly ammonites, with 
some attention paid to inoceramids and foraminifera 
(e.g., Moreman, 1927, 1942). Although useful on the 
outcrop, macrofossils are rarely identified in core and 
almost never survive the grinding of a drill bit, so 
they are not found in well cuttings. Macrofossils in the 
Eagle Ford, especially ammonites, tend to be confined 
to only a few layers in an outcrop, leaving the age 
of much of the section unknown (Frush and Eicher, 
1975). Therefore, most recent biostratigraphic studies 
have focused on microfossils such as foraminifera and 

calcareous nannofossils, which are abundant in most 
Eagle Ford sediments and are small enough to be 
found intact within cuttings.

Macrofossils

Ammonites: Ammonites were nektonic (swimming) 
cephalopods with aragonitic shells, some of which 
existed for relatively short geological ranges and 
occurred over widespread areas, making them excel-
lent biostratigraphic markers. A considerable body of 
literature on the occurrence of ammonites in Texas has 
been amassed, which can be confusing due to changes 
in generic assignments, zonal nomenclatures, and 
taxonomic synonymies (Figure 4). A brief summary 
is given here; in-depth summaries can be found in 
Kennedy (1988), Hancock et al. (1993), Cobban et al. 
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Figure 3. Biostratigraphic zonation of Eagle Ford and Woodbine Groups, with reference to carbon-13 isotope curve (Jarvis 
et al., 2006; Saltzman and Thomas, 2012); planktonic foraminifera zonation and datums (Robaszynski and Caron, 1995) with 
additional Gulf Coast datums (dashed lines); CC (Sissingh, 1977; Perch-Nielsen, 1985) and UC (Burnett, 1998) calcareous 
nannofossil zones and datums; filament events (Denne et al., 2014); inoceramid zones (Cobban et al., 2006); and ammonite 
zones (Hancock et al., 1993; Cobban et al., 2008). The timescale is from Gradstein et al. (2012). TO = top occurrence;  
TAO = top abundant occurrence; BO = base occurrence; BPO = base persistent occurrence.
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concentrations of filaments have been identified in 
the Eagle Ford of south Texas: Filament Event 1 in the 
Upper Cenomanian, which may correlate to an event 
seen in Tibet (Bomou et al., 2013) and Filament Event 2 
in the Turonian, which correlates in part to the global 
event (Denne et al., 2014). Filament abundances are 
shown on the south Texas diagrams; they have been 
identified in thin-sections from west Texas but their 
distribution has yet to be studied.

Other Macrofossils

Several other macrofossils have been used in 
biostratigraphy for the Woodbine and Eagle Ford 
Groups. These fossils have utility for local correla-
tions, but they have not been directly tied to the 
global time scale. Most commonly cited are oysters, 
which include Exogyra columbella from the Lewisville 
Formation of the Woodbine Group and the basal Eagle 
Ford (Stephenson, 1955); Ostrea soleniscus from the 
Woodbine Group, particularly in reefs found in the 
Lewisville (Stephenson, 1952); Ostrea beloiti in the basal 
Eagle Ford, which is associated with the Acanthoceras 
amphibolum zone in the Western Interior seaway 
(Kauffman et al., 1977); Nicaisolopha bellaplicata bellapli-
cata reported from the Arcadia Park Formation in the 
Coilopoceras springeri Subzone (Hancock et al., 1993); 
and Nicaisolopha (Alectryonia, Ostrea) lugubris from the 
uppermost Eagle Ford (e.g., Adkins, 1932; Moreman, 
1942). The echinoid Hemiaster jacksonensis, also iden-
tified as Hemiaster bosei, was noted by Donovan et al. 
(2012) as an indicator for their Facies D in the Langtry 
Member of the Eagle Ford.

Microfossils

Benthic foraminifera: Benthic foraminifera are 
common in portions of the Pepper Shale and proximal 
Eagle Ford deposits, but are typically rare to absent 
within the medial to distal Lower Eagle Ford. Their 
primary application is for determining paleoenvi-
ronmental conditions (e.g., paleoceanography and 
paleobathymetry), but they have also been used for 
correlations, especially in settings where planktonic 
species are rare or in studies conducted prior to 1960.

Early published studies of Texas Cenomanian–
Turonian foraminifera focused on benthic species 
recovered in isolated samples from outcrops. These 
studies include a reconnaissance of Cretaceous 
foraminifera of central Texas (Carsey, 1926); an exami-
nation of Eagle Ford samples from the Dallas area 
(Moreman, 1927), which was later supplemented 

(2006), and Cobban et al. (2008). Notations of ammo-
nites found at specific localities are discussed in their 
appropriate sections.

Although most publications that described 
Cretaceous rocks in Texas prior to 1925 merely noted 
that ammonites had been identified, Hill (1889) 
compiled a listing of fossils found in Texas Cretaceous 
rocks that included ammonites of the Eagle Ford 
shales, some of which were figured by Böse (1927) 
and Adkins (1928). The first ammonite zonation of 
the Eagle Ford in the type area was proposed by Scott 
(1925, 1926), which was augmented by Moreman 
(1927, 1942) and Adkins (1932), expanded to the Waco 
and Austin areas (Adkins and Lozo, 1951), and corre-
lated to the European and Western Interior seaway 
zonations (Kennedy, 1988; Hancock et al., 1993) 
(Figure 4). The zonation for the Trans-Pecos region of 
Texas was developed by Young (1958), Daugherty and 
Powell (1963), Powell (1965), and Young and Powell 
(1978), with further refinement provided by compar-
ison to the established zonation for the Western 
Interior seaway (Hancock et al., 1993; Cobban et al., 
2008). The zonation utilized in the present study is a 
combination of the zonations proposed in the latter 
two studies (Figures 3 and 4).

Inoceramids: Inoceramids are flat, thin-shelled 
bivalves that are found in most Eagle Ford outcrops 
and cores, although they are often broken into frag-
ments or reduced to individual prisms that are a major 
component of some Eagle Ford limestones (e.g., Silver, 
1963). Inoceramids are postulated to have had plank-
tonic larvae, facilitating their rapid dispersal over large 
distances (Kauffman, 1975). Their stratigraphic occur-
rences have usually been described within discussions 
of ammonites; in some instances ammonite zonation 
schemes have actually been a mixture of ammonites 
and inoceramids (e.g., Daugherty and Powell, 1963) 
(Figure 4). The zonation and ranges utilized in the 
present study are from the standard scheme of the 
Western Interior seaway (Figure 3), which was devel-
oped in part using Texas data (Kauffman et al., 1993; 
Cobban et al., 2006).

Filaments: As noted earlier, inoceramids are thought 
to have had planktonic larvae, which in thin-section 
bear resemblance to filaments, as they are only a few 
microns thick. An accumulation of filaments known 
as the global filament event has been found in the 
Turonian at numerous Tethyan and Western Interior 
seaway locales, suggesting it can be used for corre-
lation (e.g., Caron et al., 2006; Desmares et al., 2007; 
Zagrarni et al., 2008; Robaszynski et al., 2010; Negra 
et  al., 2011; Bomou et al., 2013). Two zones with 
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(agglutinated assemblage) with anoxic (planktonic 
assemblage) and normal-marine (mixed planktonic 
and calcareous benthic assemblage) Tethyan water 
masses from the south.

Several species of benthic foraminifera are utilized 
by industry for biostratigraphic correlations in the 
Maness to Eagle Ford sections. The highest occur-
rences (tops) of Epistomina lacunosa (E. scaphiolocula of 
Lozo, 1951) and Textularia washitensis are diagnostic 
of the Maness, along with those of Gaudryina bosq-
uensis, G. alexanderi, and Dentalina porcatulata (Lozo, 
1951; Barrett and Goodson, 2006; Rosen and Rosen, 
2008). The last publication lists Ammobaculites agrestis, 
Gyroidina loetterlei, and Lenticulina gaultina as part of 
the Woodbine benthic assemblage. Anomalina W is 
an industry term for a Turonian species of the genus 
Anomalinoides that has its highest occurrence near the 
top of the Eagle Ford and an acme event within the 
Upper Eagle Ford (Barrett and Goodson, 2006; Rosen 
and Rosen, 2008; Denne et al., 2014). It is not synony-
mous with the longer ranging Planulina eaglefordensis 
as was suggested by Barrett and Goodson (2006) and 
Rosen and Rosen (2008); Anomalina W is marked by a 
thick umbonal plug and raised sutures not present in 
P. eaglefordensis (Denne et al., 2014).

Planktonic foraminifera: During the Cretaceous, 
planktonic foraminifera occurred in very high abun-
dances in some epeiric seaways, forming thick chalk 
deposits in association with calcareous nannofossils 
(Hay, 2008). Although the Eagle Ford is not a chalk, 
planktonic foraminifera (referred to as “globiger-
inids” in some publications) are abundant in much of 
the group, but are rare in the older Woodbine Group. 
Foraminiferal studies identified few planktonic species 
prior to 1961, although several planktonic marker taxa 
(e.g., Favusella washitensis) were described during that 
period. They became the focus of most foraminiferal 
studies of the Eagle Ford beginning with a taxonomic 
survey of Cenomanian species that included data 
from Texas (Loeblich and Tappan, 1961). A study of 
the Bluebonnet Member of the Eagle Ford reported 
numerous planktonic specimens, but only identified 
four genera (Silver, 1963).

Pessagno (1967, 1969) developed a biostratigraphic 
zonation for the Upper Cretaceous using samples from 
the Eagle Ford of west Texas (Chispa Summit), the 
Del Rio area (Sycamore Creek), Langtry area (Lozier 
Canyon), Austin (Bouldin Creek), Waco (Mobil core 
18), and Dallas (Mobil core 16). Key marker taxa 
included Favusella washitensis and Rotalipora appenni-
nica in the Maness, R. cushmani and R. greenhornensis in 
the Lower Eagle Ford, and the top and base (lowest 
occurrence) of Helvetoglobotruncana helvetica within 

by samples from the Denton area (Adkins, 1932); 
Woodbine samples from north Texas (Tappan, 1941; 
Cushman and Applin, 1946); a study of five samples 
from the type section of the Pepper Shale (Loeblich, 
1946); 17 Eagle Ford samples that were part of a larger 
study of Upper Cretaceous foraminifera from the Gulf 
Coast and adjacent areas (Cushman, 1946); and subsur-
face core data from the Maness and lower Woodbine 
in east Texas (Lozo, 1951). Unpublished theses on the 
foraminifera of the Boquillas Formation of Big Bend 
and the Davis Mountains and the Eagle Ford of north 
Texas sampled outcrops at a higher resolution than 
previous studies, but remained focused on the benthic 
fauna (Williamson, 1950; King, 1958; Bostik, 1960; 
Huffman, 1960). Adkins (1928) and Frizzell (1954) 
compiled stratigraphic and geographic occurrences of 
foraminifera from existing publications, but did not 
provide new data.

Frush and Eicher (1975) interpreted the Upper 
Cenomanian and Turonian paleoecology of the Trans-
Pecos region based on the foraminifera from four 
localities (Big Bend, Chispa Summit, Davis Mountains, 
Ojinaga). They noted three distinct faunal zones: (1) a 
lower planktonic zone with few benthic foraminifera 
found in the Rotalipora cushmani zone of the Upper 
Cenomanian, (2) a benthonic zone found above the 
Rotalipora cushmani zone near the Cenomanian–
Turonian boundary with up to 20% of the foraminif-
eral assemblage composed of benthic species, and (3) 
an upper planktonic zone with less than 3% benthic 
species found in the Turonian. The lack of benthic 
species in their planktonic zones was hypothesized to 
be due to an oxygen minimum layer at the seafloor, 
whereas the benthonic zone was related to a period 
of either greater circulation or a rising of the oxygen 
minimum layer above the seafloor. An analogous 
benthonic zone had previously been identified in the 
Greenhorn Formation of the Western Interior seaway 
(Eicher and Worstell, 1970), suggesting a region-
ally extensive, correlatable event. This event has also 
been identified in the subsurface of southwest Texas; 
benthic foraminifera are rare to absent in the TOC-rich 
Lower Eagle Ford, flourished for a brief interval coin-
cident with the Upper/Lower Eagle Ford transition, 
and are rare to sparse within the Upper Eagle Ford 
(Denne et al., 2014; Lowery et al., 2014).

Lundquist (2000) examined foraminiferal assem-
blages from outcrops and cores in the Austin/Travis 
County area and compared them to assemblage 
data from previous studies from north Texas and the 
Western Interior seaway to decipher the paleoceanog-
raphy of the Taylor, Austin, and Eagle Ford intervals. 
Lundquist interpreted the assemblages as products of 
the interplay between a northern, boreal water mass 
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identification of 10 planktonic foraminifera datums 
within the Eagle Ford (Denne et al., 2014).

Calcareous Nannofossils

The most abundant fossils in the majority of Eagle 
Ford rocks are calcareous nannofossils (Driskill et al., 
2013)—the remains of planktonic algae with calcar-
eous tests that were the dominant primary producer 
during the Cretaceous (Falkowski et al., 2004). They 
are not always reported, however, due to their diminu-
tive size (2–30 μm), precluding them from being iden-
tified during a typical thin-section examination. The 
most common calcareous nannofossils in the Eagle 
Ford are the disaggregated plates of coccolithophores, 
commonly referred to as coccoliths.

Nannoliths are nannofossils without an obvious 
relationship to a coccolithophore structure (Bown 
and Young, 1998). Nannoconids are large, conical 
nannoliths that formed limestones during the Early 
Cretaceous in the Tethys Seaway (Bown, 2005). 
Nannoconids are abundant within the False Buda 
facies of the Maness Shale, but are scarce within the 
Buda and Austin Limestones and the shale facies 
of the Maness and very rare in Eagle Ford shales. 
Other nannoliths, including the genus Lithraphidites, 
have been associated with a nearshore environment 
(Applegate et al., 1989), which may explain why 
Lithraphidites acutus is more persistent in proximal 
Eagle Ford settings found along the outcrop belt 
than in the medial to distal settings penetrated in the 
subsurface.

Initial nannofossil studies generally examined only 
one or two samples from an outcrop or core, either to 
determine Gulf Coast formation ages (Gartner, 1968; 
Barrier, 1980) or to construct a Cretaceous nannofossil 
zonation (Smith, 1975; Thierstein, 1976). These early 
studies did not differentiate several significant taxa 
that were described after their completion, so they are 
of limited value. Smith (1981) was the first to system-
atically sample each of his outcrops, but his study 
was restricted to the Upper Eagle Ford and overlying 
Austin. His outcrops included Sycamore Creek and 
Pinto Creek (Del Rio), Oak Haven (Austin), Cedar 
Hill and Arcadia Park (Dallas), and Choctaw Creek 
(Grayson County). An important note about this study 
is Smith’s identification of the Lucianorhabdus cayeuxii 
zone in the basal Austin at most of his locales, which is 
currently placed in the uppermost Coniacian (Ogg and 
Hinnov, 2012). As Smith does not list older forms of 
Lucianorhabdus (e.g., L. maleformis) among his species, 
it is possible that he included L. maleformis with his 
identifications of L. cayeuxii.

the Upper Eagle Ford. This zonation was the basis 
for most subsequent Gulf Coast studies of the Upper 
Cretaceous until it was supplanted by later global 
zonations (e.g., Robaszynski and Caron, 1979; Caron, 
1985; Robaszynski and Caron, 1995; Ogg and Hinnov, 
2012) (Figure 5). Studies using Pessagno’s scheme 
include subsurface studies (Barrett and Goodson, 
2006; Rosen and Rosen, 2008); work on Dallas, Waco, 
Austin, and west Texas outcrops (Powell, 1970); 
and an unpublished thesis on outcrops near Dallas 
(Friedman, 2004). These outcrop studies characterized 
the foraminifera found in formations and members 
as a whole and did not record faunal changes occur-
ring within formations. McNulty et al. (1985) utilized 
the zonation of Robaszynski and Caron (1979) in 
their study of Ojinaga Formation samples from the 
Quitman Mountains, whereas Denne et al.’s (2014) 
study of cores from Atascosa and Karnes Counties 
and the present study used the zonation scheme of 
Robaszynski and Caron (1995). Lowery et al.’s (2014) 
study of Lozier Canyon, Bouldin Creek, and the Fasken 
#1 core from Webb County is based on the zonations 
of Caron (1985), Ogg and Hinnov (2012), and Huber 
and Petrizzo (2014) (Figures 3 and 5). The placement 
of the top occurrence (TO) of the marker species 
Helvetoglobotruncana helvetica within the Prionocyclus 
hyatti ammonite zone is based on results from the 
present study and those of Huber and Petrizzo (2014), 
who similarly found that the TO of H. helvetica was 
above the base occurrences of Marginotruncana coro-
nata and Marginotruncana schneegansi (Figure 3), 
younger than the placement of Ogg and Hinnov 
(2012). Robaszynski and Caron (1995) placed the TO 
of H. helvetica within the Collignoniceras woolgari zone 
in the boreal realm of Europe, whereas Huber and 
Petrizzo (2014) reported that it was at least as high as 
the Collignoniceras woolgari zone in Colorado. The latter 
authors also noted that the TO of Helvetoglobotruncana 
praehelvetica was coeval with the TO of H. helvetica, so 
it is used here as a secondary marker for the top of the 
Helvetoglobotruncana helvetica zone.

The poor recovery of individual foraminifera speci-
mens from highly indurated rocks, particularly carbon-
ates, led to the development of separate zonal schemes 
for planktonic foraminifera identified in thin-sections 
from the Cretaceous of the Gulf of Mexico (Longoria, 
1984) and the circum-Pacific (Sliter, 1989). Although 
foraminifera are readily recovered from the clay-rich 
rocks of east Texas, their recovery from deeply buried, 
clay-poor marls of south Texas is minimal, neces-
sitating the utilization of thin-sections. In a study of 
two industry cores from south Texas, it was found that 
thin-section analyses yielded significantly more speci-
mens than analyses of washed residues, enabling the 
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Figure 5. Planktonic foraminifera zonation schemes of Pessagno (1967, 1969), Robaszynski and Caron (1979), Caron (1985), 
Robaszynski and Caron (1995), and Ogg and Hinnov (2012). TO = top occurrence; TAO = top abundant occurrence;  
BO = base occurrence; BAO = base abundant occurrence.

Valentine (1984) reported on nannofossil ranges 
from Mobil core 16 (Dallas). His study identified 
several taxa within the Upper Eagle Ford that did not 
evolve until the Coniacian (e.g., Micula staurophora and 
Lithastrinus grillii), suggesting either sample contami-
nation or that several forms were combined into a 
single taxa that are now separated (e.g., the six-rayed 
L. grillii and seven-rayed Eprolithus moratus).

Jiang (1989) characterized the nannofossil ranges 
and assemblages from the various formations and 
members of the Eagle Ford, Austin, and Taylor Groups 
of central and north Texas near their type localities. 
Jiang’s Eagle Ford locales were at Cedar Hill (Dallas), 
Blue Cut (Waco), and Bouldin Creek (Austin). Most of 
Jiang’s identifications either match or can be related 

to current taxonomic concepts. Recent nannofossil 
studies have concentrated on correlating outcrops 
from the Langtry and Austin areas to industry cores 
from east of the Maverick Basin (Donovan and 
Staerker, 2010; Donovan et al., 2012; Corbett and 
Watkins, 2013; Corbett et al., 2014) or the Central 
Texas Plateau (Denne et al., 2014; present study). 
The CC (Sissingh, 1977; Perch-Nielsen, 1985) and UC 
(Burnett, 1998) nannofossil zones are listed for refer-
ence (Figure 3), but emphasis is placed on nannofossil 
datums. The ages for the zones and datums are from 
Ogg and Hinnov (2012) with the exception of the top 
occurrence of Corollithion kennedyi. The top occurrence 
was placed 400 k.y. below Oceanic Anoxic Event 2 
(OAE2) d13C peak A by Ogg and Hinnov (2012), but it 
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bloom of calcispheres has been found in the basal 
Turonian in England (Hart, 1991) and central Mexico 
(Omaña et al., 2014).

Calcispheres are common in Cretaceous limestones 
from the Gulf Coast (Figure 6), so they have been used 
in biostratigraphic studies utilizing thin-sections. 
Rosen and Rosen (2008) differentiated several calci-
sphere subzones within the context of Pessagno’s 
(1969) planktonic foraminifera zones based on abun-
dance changes and highest occurrences. Previous 
studies have noted calcispheres within Eagle Ford and 
age-equivalent limestones from south Texas (Harbor, 
2011; Rowe et al., 2013; Denne et al., 2014), the Langtry 
area (Lock and Peschier, 2006; Lock et al., 2010), 
the Quitman Mountains (McNulty et al., 1985), and 
Mexico (Ice and McNulty, 1980; Omaña et al., 2014). 
In addition, abundant calcispheres have been found in 
the Maness Shale (Siemers, 1978; present study).

Radiolaria

Only a few previous studies of the Eagle Ford have 
reported the presence of radiolaria (e.g., McNulty 
et al., 1985; Driskill et al., 2012; Denne et al., 2014), 
so they have yet to be utilized for biostratigraphy of 
the Eagle Ford. Denne et al. (2014) found that calci-
fied radiolarians are abundant in thin-sections from 
Lower Eagle Ford limestones deposited in a medial 
to distal environment, but only rare pyritized forms 
are seen within surrounding marls (Figure 7). The 
reports of radiolaria by McNulty et al. (1985) are also 
from a distal environment (Ojinaga Formation). Due 
to their poor preservation (Figure 8), some previous 
studies have misidentified calcified radiolaria as indi-
vidual planktonic foraminifera chambers or miliolid 
benthic foraminifera. High abundances of radiolaria 
have been correlated with high-fertility conditions (De 
Wever et al., 2001).

Ostracods

Ostracods are found in Eagle Ford sediments deposited 
during periods of higher oxygen levels in the bottom 
waters, but are otherwise very rare or absent (Denne 
et al., 2014). Alexander (1929) noted three species 
from the Metoicoceras whitei and Metoicoceras irwini 
ammonite zones (Sciponoceras gracile zone), including 
Cythereis eaglefordensis, which Hazel (1969) suggested 
was a useful marker for the Upper Cenomanian. 
The list of species found within the Eagle Ford and 
Woodbine was expanded by Maddocks (1982), but a 
zonation for the Woodbine–Eagle Ford interval has yet 
to be proposed.

was noted to occur slightly above OAE2 d13C peak A 
in the Western Interior seaway (Corbett and Watkins, 
2013; Corbett et al., 2014). Both occurrences are noted 
on the chart, but only the Western Interior seaway top 
occurrence was used in determining relative ages.

Palynology

Although marine dinoflagellates have been noted 
in studies of Eagle Ford palynomorphs, the two 
published palynological zonations focused on terres-
trial pollen and spores. Brown and Pierce (1962) 
proposed a zonation scheme of 12 horizons to corre-
late cores taken near Waco (Mobil core 18), Dallas 
(Mobil core 16), and in Wood County (northeast 
Texas), but offered no age determinations derived 
from the palynomorphs. Christopher (1982) also 
utilized the Dallas area core (Mobil core 16), but his 
study’s primary purpose was to identify palynological 
assemblage zones in fossiliferous Eagle Ford sedi-
ments that had previously been delineated in Atlantic 
Coastal Plain sediments containing few age-diag-
nostic fossils. This enabled him to place the Atlantic 
Coastal Plain palynological zones within the context 
of established planktonic foraminifera and ammonite 
zones, thereby providing approximate ages for the 
palynology zones. Donovan et al. (2012) showed the 
overall dinocyst (dinoflagellate cysts) abundances at 
Lozier Canyon (Langtry area) and Eldrett et al. (2014) 
figured abundances of the Cyclonephelium compactum–
C. membraniphorum dinoflagellate complex, but neither 
listed the distribution of individual species.

Calcispheres

Currently thought to be calcareous cysts of dino-
flagellates, calcispheres are small (usually less than 
125 μm, although they can range up to 500 μm), 
spherical to ovoid in shape, and have few distin-
guishing characteristics other than overall shape 
and wall structure (Wendler et al., 2013). Even 
though they are often abundant in thin-sections 
from Cretaceous limestones (so-called pithonellid 
limestones), they are rarely seen in washed residue 
samples. They have been misidentified as lagenid 
foraminifera, isolated chambers of planktonic 
foraminifera, brachiopod spines, and altered ooids. 
High abundances of the calcisphere genus Pithonella 
have been associated with chalks deposited during 
periods of enhanced surface-water mixing that 
produced nutrient-rich (eutrophic) waters (Wendler 
et al., 2002; Gräfe and Wendler, 2003). A monospecific 
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LITHOSTRATIGRAPHY AND GEOCHEMICAL 
STRATIGRAPHY

Stable Carbon Isotopes

The global Ocean Anoxic Event 2 (OAE2) is defined 
by its d13C signature (Schlanger et al., 1987), so stable 
carbon isotopes are useful for long-distance correla-
tions of the Cenomanian–Turonian boundary interval. 
Typified by a large positive shift (~3 per mil) in d13C 
values lasting approximately 580 k.y., the OAE2 excur-
sion has been divided into three events: (1) an initial 
rapid positive shift dated at 94.25 Ma, a decrease in 
values lasting about 150 k.y. followed by a second 
peak (2) and a third peak (3) in the basal Turonian 
(Pratt and Threlkeld, 1984; Jarvis et al., 2006; Saltzman 
and Thomas, 2012). Early Turonian d13C values 
after the OAE2 event are typically 1 per mil higher 
than the Late Cenomanian d13C values prior to the 

OAE2 onset, so a shift of only 1 per mil across the 
Cenomanian–Turonian boundary suggests an uncon-
formable boundary. An older positive stable carbon 
isotope excursion known as the Middle Cenomanian 
Event at ~96 Ma is roughly synchronous with the 
onset of Eagle Ford deposition in south Texas and 
may be responsible for the slightly higher d13C values 
in the basal Eagle Ford. Although d13C values derived 
from carbonate material (d13Ccarb) and organic matter 
(d13Corg) are significantly different, their general trends 
are similar. However, d13Ccarb values can be altered by 
diagenesis (Pratt, 1985), so care must be taken when 
interpreting d13Ccarb curves. Stable carbon isotope 
studies of the subsurface Eagle Ford of south Texas 
have been conducted by Harbor (2011), Phelps (2011), 
Fairbanks and Ruppel (2012), Moran (2012), Corbett 
and Watkins (2013), Donovan et al. (2013), Corbett et 
al. (2014), Denne et al. (2014) and Lowery et al. (2014); 
in outcrop at Lozier Canyon by Donovan et al. (2012); 

Figure 6. Calcisphere thin-section photomicrographs. (1) Buda Limestone, K-1 well (Figure 2) (bar = 500 mm). (2) Lower 
Eagle Ford limestone, K-1 well (bar = 100 mm). (3) Lower Eagle Ford limestone, K-1 well (bar = 20 mm). (4) Langtry  
Member, K-1 well (bar = 500 mm).
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Figure 7. Radiolaria photomicrographs (thin-section under transmitted light from Lower Eagle Ford limestones, K-2 
well [Figure 2], unless stated otherwise). (1) Pyritized nasselarian with kaolinite and calcite fill, Lower Eagle Ford marl, 
K-2 well (bar = 100 mm): (a) transmitted plus reflected light, (b) reflected light. (2) Loose broken calcified nasselarian 
(bar = 200 mm). (3) Loose calcified nasselarian (bar = 100 mm). (4) Calcified nasselarian (bar = 200 mm). (5) Partially 
calcified, pyritized spummelarian (bar = 100 mm): (a) transmitted light, (b) reflected light. (6) Partially calcified, pyritized 
spummelarians (bar = 100 mm). (7) Calcified spummelarians, nasselarians, and calcispheres (bar = 200 mm). (8) Axial view 
of calcified spummelarian (bar = 200 mm). (9) Axial view of calcified spummelarian (bar = 200 mm).
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Figure 8. Transmitted light photomicrographs of spummelarian radiolaria in thin-section from Lower Eagle Ford limestones of 
the K-2 well (Figure 2), showing the transition from partial calcification of a pyritized form (1) to a “ghost” left behind after 
recrystallization (6). Scale bars are 100 mm with the exception of 6 (200 μm).
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(Loutit et al., 1988). Bentonites are conspicuous within 
the Bouldin Member of the Lake Waco Formation in 
Austin (Adkins and Lozo, 1951) and within the Lake 
Waco Formation in a core taken near Waco (Brown 
and Pierce, 1962), where 57 ash beds were identi-
fied. This latter study also noted a concentration of 34 
ash beds within the Britton Formation from a Dallas 
area core, which form the Bentonitic Sub-member of 
Norton (1965). The abundance of bentonites was used 
by Donovan et al. (2012) to differentiate their sub-
facies B3-B5 of the Lower Eagle Ford Formation in the 
Langtry area. Bentonites constitute 5% of the sediment 
volume within the B facies at the Lozier Canyon and 
Antonio Creek sections near Langtry and are laterally 
continuous, as are bentonites found in their A facies 
and the Langtry Member (Gardner et al., 2013). Up to 
250 ash beds, many of which are only a few millim-
eters thick, were distinguished in industry cores from 
the Maverick Basin and used for local correlations 
(Driskill et al., 2012).

Bentonites have proven useful in high-resolu-
tion correlations over large distances within the 
Cenomanian–Turonian section of the Western Interior 
seaway, where ash beds have been used for radiometric 
dating and to constrain biostratigraphic and isotopic 
correlations (e.g., Elder, 1988; Desmares et al., 2007; 
Tyagi et al., 2007). Kauffman et al. (1977) correlated the 
Middle Cenomanian X bentonite found at the contact 
between the Greenhorn Limestone and Graneros 
Shale in the Western Interior seaway to the basal 
bentonite of Norton’s (1965) Bentonitic Sub-member 
in the lower Britton Formation. This correlation is 
supported by ammonite biostratigraphy, as both 
bentonites overlay the Acanthoceras amphibolum zone 
(Cobban and Scott, 1972; Cobban, 1984; Hancock et al., 
1993). Eldrett et al. (2014) correlated five of the benton-
ites found in their Iona-1 core from Kinney County 
with bentonites A-D and X from the Western Interior 
seaway (Elder, 1988). They also performed U/Pb  
analyses on individual zircons from 10 bentonites.

The instantaneous timing and widespread nature of 
ash beds make them excellent stratigraphic markers, 
especially as thicker beds can be detected by the spec-
tral gamma ray tool due to their high thorium content 
(Zelt, 1985). However, their thickness and number are 
controlled by more than just the site’s distance from 
the volcanic source. Sedimentation rate also plays a 
role, as a thick bentonite deposited at a site with very 
low sedimentation rates may be the result of the amal-
gamation of numerous ash beds that exist as separate 
layers at sites with higher sedimentation rates. An ash 
bed may be missing if it was deposited at a site with 
high sedimentation rates (dilution), high energy levels 
(reworking), or removed by subsequent erosion.

and in a core taken next to the Sycamore Creek outcrop 
by Eldrett et al. (2014).

Chemostratigraphy

Chemostratigraphy characterizes sediments based on 
their chemical composition, which can be used to gain 
an understanding of their lithology, provenance, diage-
netic history, and the paleoceanographic conditions 
under which they were deposited. Chemostratigraphy 
can also be used to subdivide the stratigraphy into 
geochemical packages useful for local correlations. 
Chemostratigraphy commonly utilizes elemental data 
acquired from bulk-rock analyses using inductively 
coupled plasma optical emission (ICP-OES) and mass 
spectrometry (ICP-MS), wavelength-dispersive x-ray 
fluorescence (WD-XRF), stationary energy-dispersive 
x-ray fluorescence (ED-XRF), or instrumental neutron 
activation analysis (INAA) (Rowe et al., 2012).

Using the ICP-OES and ICP-MS methodology, a 
chemostratigraphic zonation of the subsurface Eagle 
Ford in south Texas was established and implemented 
in steering horizontal wells (Driskill et al., 2012; 
Ratcliffe et al., 2012; Tinnin et al., 2013; Tinnin et al., 
2016). Their primary division of the Eagle Ford section 
is based on a decrease in uranium across their Upper/
Lower Eagle Ford boundary, with further subdivisions 
based on changes in uranium, phosphate, thorium, 
sodium, and aluminum. Abundances of vanadium, 
molybdenum, chromium, uranium, nickel, and zinc 
have also been utilized to estimate sediment–water 
interface oxygenation (paleoredox) conditions of 
Eagle Ford sediments (Driskill et al., 2012; Fairbanks 
and Ruppel, 2012; Moran, 2012; Rowe et al., 2013; 
Tinnin et al., 2013; Denne et al., 2014; Eldrett et al., 
2014; Tinnin et al., 2016).

Recently, a technique has been developed using a 
handheld ED-XRF, which is capable of much more 
rapid and cost-effective sample analyses than tradi-
tional methods. This technique enables the production 
of high-resolution datasets with smaller amounts of 
material, but accurately identifies fewer elements than 
other methods (Rowe et al., 2012). Unless noted other-
wise, data shown from this technique are only from 
the shales and marls.

Volcanic Ash Beds

Altered volcanic ash beds, frequently referred to as 
bentonites, are found throughout the Eagle Ford 
section (Charvat, 1985). Bentonites are common in 
condensed sections and can be used to identify them 
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not necessarily depth. A paleoecological framework 
has been developed for Cenomanian–Turonian plank-
tonic foraminifera using stable oxygen and carbon 
isotopes and distribution patterns (Corfield et al., 
1990; Leckie et al., 1998; Price and Hart, 2002; Keller 
and Pardo, 2004) (Figure 9). Although this framework 
can be utilized for paleobathymetric estimates, it has 
more utility in determining water-column conditions. 
For example, abundances of the deep-dwelling, keeled 
rotaliporids are higher within the marls and limestones 
of the Boquillas Formation than within the thick shales 
of the Ojinaga Formation, leading Frush and Eicher 
(1975) to erroneously interpret that water depths were 
greater on the carbonate platform than in the adjacent 
Chihuahua trough. Therefore, abundances of deep-
dwelling taxa may be more reflective of oxygen levels 
below the surface-mixed layer than actual paleoba-
thymetry, so caution must be exercised when using 
this framework for paleobathymetric estimates.

Paleoceanography

Water-column conditions: Within Cretaceous oceans, 
fertility, oxygen levels, and water-column stratification 
were closely linked, making it difficult to make precise 
associations between faunal and floral abundances 
and paleoceanographic conditions. Species may be 
interpreted as being eutrophic or mesotrophic indica-
tors, but it is usually not known if they thrived under 
these conditions or if they were merely more tolerant 

CONSTRAINTS ON DEPOSITIONAL ENVIRONMENTS

Paleobathymetry

Benthic foraminifera and other bottom-dwelling 
organisms (e.g., ostracods and bivalves) are often 
used to estimate paleobathymetry, although other 
environmental conditions, such as oxygen-levels, 
nutrient supply, temperature, salinity, water mass, 
and substrate also play a role in foraminiferal distri-
bution patterns (Leckie and Olson, 2003). Their utility 
in deciphering paleobathymetry in the Cenomanian–
Turonian rocks of Texas is minimized by their very 
low abundance or absence in many samples and the 
limited understanding of the distribution patterns 
of Cretaceous benthic foraminifera in comparison to 
modern taxa. Variations seen in benthic foraminifera 
distribution within the study interval are more likely 
due to changes in paleoceanography, particularly 
oxygen levels, than paleobathymetric shifts. The rarity 
of benthic foraminifera due to low oxygen levels also 
invalidates the use of the planktonic/benthic ratio for 
estimating paleobathymetry (Gebhardt, 2006). The 
planktonic/benthic ratio for the more oxygenated 
South Bosque section at Austin yielded a paleoba-
thymetry estimate of 150 to 200 m (492.1 to 656.2 ft) 
(Lundquist, 2000).

Planktonic foraminifera have also been utilized for 
estimating paleobathymetry of Cretaceous deposits, 
although their distribution was controlled by light, 
oxygen levels, fertility, temperature, and salinity, and 

Figure 9. Habitat preferences 
of Cenomanian–Turonian 
planktonic foraminifera 
based on stable isotopes and 
biogeography data from Corfield 
et al. (1990), Leckie et al. 
(1998), Price and Hart (2002), 
and Keller and Pardo (2004).
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salinity variation, but additionally noted an assem-
blage dominated by Palaeohystrichophora infusorioides 
and Subtilisphaera inaffecta that they related to paleo-
productivity (Harris and Tocher, 2003). This associa-
tion of P. infusorioides with paleo-productivity may 
be inaccurate, however, as it has subsequently been 
correlated to low salinity conditions (van Helmond et 
al., 2013).

Geochemistry has also been utilized to study 
fertility and water-column stratification. Phosphorus 
(as phosphate) is often cited as an indicator of high 
fertility and nutrient levels (e.g., Föllmi, 1996); 
however, others have pointed out that phosphorus 
can be concentrated under conditions other than 
high fertility and suggested nickel and copper may 
be more useful (Tribovillard et al., 2006). Ratios of 
MoEF/UEF compiled from anoxic basins, modern and 
ancient, exhibited trends dependent on the water-
column stratification and water mass restriction of 
the basin, enabling the differentiation of upwelling 
zones, weakly restricted silled basins, and strongly 
restricted silled basins (Algeo and Tribovillard, 2009; 
Algeo and Rowe, 2012; Tribovillard et al., 2012). Stable 
oxygen isotopes of well-preserved, individual plank-
tonic foraminifera can be used to decipher water-
column stratification and salinity levels (e.g., Fisher 
and Arthur, 2002; Keller et al., 2004), whereas stable 
carbon isotopes yield information on productivity and 
stratification (Saltzman and Thomas, 2012). The pres-
ence of isorenieratene derivatives in biomarker data is 
indicative of green sulfur bacteria, which are restricted 
to anoxic waters within the photic zone (Simons and 
Kenig, 2001).

Several studies of Cenomanian–Turonian fertility 
and water-column conditions within the Western 
Interior seaway have included data from Texas and 
adjacent New Mexico. A biomarker study concluded 
that the southern portion of the seaway (New Mexico) 
experienced photic zone anoxia prior to and after 
OAE2, but not during the global anoxic event, based 
on the presence of isorenieratene derivatives (Simons 
and Kenig, 2001). High abundances of the calcareous 
nannofossils associated with eutrophic/mesotrophic 
conditions (Zeugrhabdotus and Biscutum) were found 
in rocks deposited prior to and at the onset of OAE2, 
but oligotrophic conditions were interpreted for most 
of the OAE2 interval (Corbett and Watkins, 2013). The 
trend of MoEF/UEF ratios from the Del Rio area was 
interpreted to indicate a “particulate shuttle” associ-
ated with a strongly restricted silled basin (Eldrett 
et al., 2014). A similar trend was found in data from 
the subsurface of south Texas, but was interpreted to 
represent an “unrestricted marine trend” indicative 
of a weakly restricted silled basin (Denne et al., 2014). 

of the low oxygen levels typically found in eutrophic 
and mesotrophic waters. This becomes crucial when 
attempting to ascertain if the low oxygen levels of 
the Eagle Ford Sea were induced by high fertility or 
increased water-column stratification. Similarly, taxa 
linked to high-fertility conditions may have divergent 
distribution patterns due to differing depth prefer-
ences or salinity tolerances. For example, both radio-
laria and calcispheres are thought to be indicative of 
eutrophic conditions (De Wever et al., 2001; Wendler 
et al., 2002); they co-occur in high abundances within 
Lower Eagle Ford limestones, whereas only calci-
spheres are abundant in limestones from the Buda and 
Austin.

Several groups of coccoliths became adapted to 
mesotrophic to eutrophic waters and high fertility 
during the Cretaceous, particularly small forms of the 
genera Biscutum (e.g., B. ellipticum, B. constans), and 
Zeugrhabdotus (Z. erectus) (Watkins, 1989; Erba, 1994; 
Fisher and Hay, 1999). Other coccoliths have been 
associated with oligotrophic conditions, including 
species of Watznaueria (e.g., W. barnesae, W. manivitiae) 
(Fisher and Hay, 1999). Nannoconids have been inter-
preted to inhabit the middle to lower photic zone with 
a preference for oligotrophic, detritus-free waters with 
a deep nutricline (Erba, 1994; Bown, 2005).

Planktonic foraminifera have similarly been clas-
sified by their habitat preferences: hedbergellids are 
thought to have been surface dwellers, with some 
species having been salinity tolerant (Hedbergella 
planispira). Biserial and triserial forms (Heterohelix 
and Guembelitria) are associated with low-oxygen to 
eutrophic conditions, whereas large, keeled forms 
(rotaliporids, globotruncanids) are thought to have 
preferred oligotrophic conditions typical of either the 
open ocean or waters below the photic zone (Corfield 
et al., 1990; Leckie et al., 1998; Price and Hart, 2002; 
Keller and Pardo, 2004) (Figure 9). Not all researchers, 
however, are in agreement with this interpretation 
(e.g., Bornemann and Norris, 2007).

The distribution of dinoflagellate cysts, both calcar-
eous (calcispheres) and organic walled (dinocysts), is 
also thought to be related to trophic conditions. The 
calcispheres Pithonella sphaerica and P. ovalis have been 
linked to well-mixed, nutrient-rich, eutrophic waters 
(Wendler et al., 2002). The so-called Late Cenomanian 
calcisphere bioevent is a monospecific bloom of a 
spherical form identified as Pithonella cf. P. johnstoni 
(Hart, 1991). Dinocyst assemblages defined in a study 
of the Greenhorn Formation corresponded to normal 
salinity and oxygen conditions (Achomosphaera asso-
ciation) and a stressed environment (Cyclonephelium 
association) (Courtinat, 1993). A later study similarly 
found that dinocyst assemblages were correlated to 
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Benthic foraminifera are rare to absent in most Lower 
Eagle Ford rocks due to the anoxic to euxinic condi-
tions; those forms present are predominantly infaunal 
taxa such as buliminids and brizalinids (Denne et al., 
2014; Lowery et al., 2014). A spike in abundance and 
diversity of benthic foraminifera occurs at the Lower/
Upper Eagle Ford contact in conformable sections, 
marking the benthonic zone of Eicher and Worstell 
(1970). Benthic foraminifera are present throughout 
most of the Upper Eagle Ford, although at lower 
abundances than are found in samples from the 
benthonic zone (Frush and Eicher, 1975; Denne et al., 
2014; Lowery et al., 2014). Inoceramids are the most 
common benthic macrofossils found in Lower Eagle 
Ford rocks, possibly linked to their ability to colonize 
via planktonic larvae and survive in anoxic condi-
tions due to the presence of chemosynthetic symbionts 
(MacLeod and Hoppe, 1992; Knight and Morris, 1996). 
Occurrences of benthic organisms typical of more 
oxygenated environments, such as ostracods and echi-
noderms, are usually restricted to the benthonic zone 
and the Langtry Member (Donovan et al., 2012; Denne 
et al., 2014).

Ichnofossil diversity, size, and the presence of 
certain traces (e.g., Chondrites) are also commonly used 
to estimate oxygen conditions (e.g., Savrda and Bottjer, 
1986; Sageman et al., 1991). In general, Upper Eagle 
Ford shales and marls have higher ichnofossil diversi-
ties than those from the Lower Eagle Ford (Donovan 
et al., 2012; Eldrett et al., 2014), whereas limestones are 
typically more bioturbated than surrounding marls 
(Driskill et al., 2012; Denne et al., 2014) (see section 
on medial to distal limestones). Macroscale burrows 
observed in core (CT scan analysis and visual core 
description) tend to be thin, short, vertical Chondrites 
burrows. Very fine, short burrows containing dark 
matrix fill are observed in thin-sections disrupting fine 
laminae throughout most of the Eagle Ford.

Boreal and Tethyan water masses: The interac-
tion of northern boreal waters with southern Tethyan 
waters within the Western Interior seaway has been 
a focus of study and cited as a contributing factor for 
faunal and floral distributions. As Texas was located 
at the southern end of the seaway, these studies have 
a bearing on paleoenvironmental interpretations of 
the Eagle Ford. Four different models are discussed 
next.

Eicher and Diner (1985) identified three foraminif-
eral assemblages that they related to water mass distri-
bution. The oldest assemblage, from the Graneros 
Formation, was their arenaceous biofacies, dominated 
by agglutinated (arenaceous) benthic foraminifera 
with rare occurrences of the surface-dwelling 

Findings of the present study on water-column condi-
tions are discussed within the pertinent sections.

Redox conditions at the sediment–water interface:  
Geochemistry, lithology, ichnofacies, and fossils of 
benthic organisms provide information for interpreta-
tion of redox conditions at the sediment–water inter-
face. Enrichment in organic matter and pyrite and the 
preservation of soft body parts and articulated skele-
tons have long been associated with dysoxic to anoxic 
conditions (Allison et al., 1995). Eagle Ford shales were 
described as bituminous and pyritic in early reports 
(e.g., Hill, 1901; Dawson, 2000), with total organic 
carbon (TOC) concentrations of over 9% (Surles, 1987). 
Most studies have found that the Lower Eagle Ford 
(pre-OAE2) has higher concentrations of TOC than 
the Upper Eagle Ford (e.g., Liro et al., 1994; Donovan 
et al., 2012; Driskill et al., 2012; Eldrett et al., 2014; 
Zumberge et al., 2016), although there are local excep-
tions (Fairbanks and Ruppel, 2012). Although very 
rare, soft tissue preservation has been documented in 
the Eagle Ford (Cooper and Cooper, 2014).

The trace metals molybdenum (Mo), vanadium 
(V), and uranium (U) are frequently used as inorganic 
geochemical proxies for redox conditions. They are 
not ordinarily concentrated in detrital sediments, but 
are authigenically enriched in sediments deposited in 
dysoxic to anoxic conditions. Enrichment of vanadium 
without a corresponding enrichment in molybdenum 
implies low-oxygen conditions without free sulfur 
(Tribovillard et al., 2006). Abundances of these metals, 
along with those of chromium, nickel, and zinc, have 
been measured to estimate redox conditions during 
deposition of Eagle Ford rocks from the south Texas 
subsurface and Austin and Del Rio areas (Driskill 
et al., 2012; Fairbanks and Ruppel, 2012; Moran, 2012; 
Rowe et al., 2013; Tinnin et al., 2013; Denne et al., 2014; 
Eldrett et al., 2014; Tinnin et al., 2016). High abun-
dances of these redox proxies suggest that the Lower 
Eagle Ford and Maness Shale were deposited under 
anoxic to euxinic (high sulfur) conditions. The Lower/
Upper Eagle Ford contact is marked by a sharp reduc-
tion in redox proxy abundances, indicating the intro-
duction of an oxic to suboxic bottom-water mass 
during the OAE2 interval, followed by dysoxic to 
anoxic conditions during the remainder of Eagle Ford 
deposition.

The abundance and types of benthic organisms 
are indicative of redox conditions, provided that 
they have not been transported. Small, thin-walled, 
elongated forms of calcareous benthic foraminifera, 
particularly infaunal taxa, and agglutinated species 
are prevalent in low-oxygen environments (Bernhard, 
1986; Bernhard and Sen Gupta, 1999; Friedrich, 2010). 
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(2000) incorrectly correlated the Bluebonnet Member 
in the Waco area with a hiatus between the Pepper 
Shale and the Cloice at Austin; the present study indi-
cates that the Bluebonnet Member is coeval with the 
base of the Bouldin Member at Austin and the Cloice 
is coeval with the upper portion of the Pepper Shale. 
The dearth of benthic foraminifera within the Bouldin 
Member was attributed to an anoxic Tethyan water 
mass, which was followed by normal marine (i.e., 
oxygenated) Tethyan waters during deposition of the 
South Bosque.

A separate model based on multivariate analyses of 
calcareous nannofossil data from a wide area (south 
Dakota to New Mexico) identified assemblages asso-
ciated with northern (boreal) and southern (Tethyan) 
water masses during the Middle Cenomanian and 
three water masses during the latest Cenomanian 
(Watkins, 1986). These were interpreted to be a hypo-
saline western mass produced by riverine outflow; 
a warm, dense southern mass; and a cool, lighter 
northern mass. The lighter northern mass was 
hypothesized to flow southward over the heavier 
southern mass, leading to vertical stagnation and 
anoxic bottom waters. Incursion of the oligotrophic 
southern mass during the OAE2 highstand impeded 
the northern water mass from flowing into the basin, 
allowing for continued stagnation (Corbett and 
Watkins, 2013). Nannofossil diversities decreased 
as sea level dropped during the Turonian regression 
(Watkins et al., 1993).

The third model was the result of numerical circu-
lation simulations of the Western Interior seaway 
during the Early Turonian sea-level highstand, which 
indicated the presence of a counterclockwise gyre 
within the seaway that developed during periods of 
high runoff. Runoff from the eastern margin exited the 
seaway to the north, whereas western margin runoff 
flowed out of the southern margin, pulling boreal and 
Tethyan waters into the seaway (Slingerland et al., 
1996; Kump and Slingerland, 1999). This circulation 
pattern, which the original authors termed “the estu-
arine model,” may explain the appearance of a low-
salinity, boreal dinocyst assemblage (Cyclonephelium 
Complex) in the Del Rio area at the onset of OAE2 
(Eldrett et al., 2014). The simulations also revealed 
that the circulation kept the seaway vertically mixed 
and did not allow a stagnant, anoxic bottom water to 
form (Kump and Slingerland, 1999). As portions of 
the seaway were anoxic during both the Cenomanian 
and Turonian, it was acknowledged that a param-
eter not modeled in their simulations may have been 
responsible for water-column stagnation (Kump and 
Slingerland, 1999).

planktonic foraminifer Hedbergella. A similar assem-
blage was described from Canadian rocks, implying 
correlation to a boreal water mass, with no considera-
tion of a possible link to other environmental factors 
such as deltaic outflow. Benthic foraminifera disap-
peared from the deeper parts of the seaway at the 
beginning of Greenhorn deposition, replaced by an 
abundant planktonic foraminifera assemblage as 
an oxygen-poor, Tethyan water mass from the south 
purportedly moved northward into the seaway. A 
“mixed” arenaceous/calcareous biofacies dominated 
proximal areas at the time, with the exception of the 
arenaceous biofacies in the vicinity of the Frontier 
delta in Wyoming. The appearance of a diverse, 
calcareous biofacies (benthonic zone of Eicher and 
Worstell, 1970) at the onset of OAE2 was attributed to 
a continued northward flow of Tethyan waters, which 
became oxygenated by increased vertical mixing. 
The shift back to the arenaceous biofacies during the 
Turonian indicated the return of the boreal water mass 
(Eicher and Diner, 1985; West et al., 1998).

Integration of calcareous nannofossil data from 
Montana with the previous findings of Eicher and 
Diner (1985) suggested the presence of an oceanic 
front at the convergence of the northern and southern 
water masses, coincident with a lithofacies boundary 
between non-calcareous shales and the interbedded 
marls and limestones of the Greenhorn Formation. 
High-fertility conditions were indicated by the abun-
dances of fertility indicators Biscutum constans and 
Zeugrhabdotus erectus, which were considered to be 
a result of mixing along the oceanic front (Hay et al., 
1993; Fisher et al., 1994; Fisher and Hay, 1999). This 
became known as the caballing model (Slingerland et 
al., 1996; Elderbak et al., 2014).

The caballing model was incorporated into 
Lundquist’s (2000) interpretation of the foraminif-
eral assemblages from the Eagle Ford of central and 
north Texas, focusing on the Austin area. He explained 
the variable abundances of agglutinated and calcar-
eous benthic foraminifera found in the Pepper Shale 
Formation as the result of an oceanic front between 
the Boreal and Tethyan water masses moving back 
and forth over the Austin area during deposition 
of the Pepper Shale. As with the previous Eicher 
and Diner (1985) study, Lundquist (2000) did not 
consider the possibility that the agglutinated fauna 
may be related to deltaic outflow, in this case from 
the Woodbine fluvial-deltaic system. During deposi-
tion of the Cloice (Waller Member as used here) the 
Tethyan waters brought in a calcareous fauna domi-
nated by planktonics, and the mixed zone moved to 
north Texas. An important note is that Lundquist 
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The genesis of limestone/marl couplets in organic-
rich shales has been the subject of numerous studies, 
with no clear consensus as to the primary factors 
controlling limestone deposition. The fundamental 
issue is whether the origin of the limestones is a 
primary or secondary feature (Westphal et al., 2010). 
One group of researchers has posited that the lime-
stones are secondary features; limestones and marls 
were originally similar sediments, but aragonite was 
dissolved and then reprecipitated within adjacent 
layers, forming the limestones. This diagenesis was 
interpreted to have occurred very early, near the sedi-
ment–water interface, due to the lack of compaction 
within the limestones (e.g., Munnecke and Samtleben, 
1996; Munnecke et al., 1997; Westphal et al., 2000; 
Westphal et al., 2004). Aragonite dissolution was the 
result of bacterial oxidation of organic matter using 
sulfate, causing the sediments to be undersaturated 
with aragonite (Melim et al., 2002; Tribovillard et al., 
2012). Hypotheses for the primary origin of lime-
stone-marl couplets include (1) dissolution cycles, 
particularly in deep water, where changes in the level 
of the carbonate compensation depth (CCD) could 
dissolve calcareous plankton (e.g., Berger, 1979); (2) 
dilution cycles, produced by variations in siliciclastic 
input, thereby diluting a constant supply of carbonate 
material (e.g., Berger, 1979); (3) productivity cycles, 
generated by fluctuations in carbonate production 
due to either nutrient levels or sea-level changes (e.g., 
Prell and Hays, 1976); and (4) redox cycles, causing 
different levels of organic-matter decomposition and 
diagenetic conditions within the redox zone (e.g., 
Berger, 1979).

Greenhorn Formation of the Western Interior Seaway

The Greenhorn Formation of the Western Interior 
seaway is an Eagle Ford analogue that has undergone 
a considerable amount of study to ascertain the origin 
of the limestone-marl couplets. Hattin (1975) described 
three categories of carbonate rocks in the Greenhorn: 
(1) cemented, skeletal grainstones; (2) compacted but 
otherwise unaltered, laminated, micritic, shaly chalks 
(i.e., marls); and (3) micritic to microsparitic, neomor-
phosed, bioturbated, chalky limestones, which were 
frequently found as concretions within the shaly 
chalks. The most abundant allochems in the grain-
stones and limestones were inoceramid debris, plank-
tonic foraminifera, and calcispheres. Hattin (1975) 
suggested that the carbonate cement, including that 
found within foraminifera tests, was sourced from 
aragonitic bivalves and ammonites.

The topographic high model was initially based 
on foraminiferal and clay analyses from the south-
western part of the Western Interior seaway (Leckie, 
1985; Leckie et al., 1991; Leckie et al., 1998; West et 
al., 1998). They envisioned cool water masses found 
in the northern and western portions of the seaway 
meeting warm water masses from the southern and 
eastern seaway along a possible northeast–southwest 
trending oceanic front influenced by the foreland 
basin’s forebulge. Upwelling along the forebulge and 
other bathymetric highs in combination with riverine-
derived nutrients increased primary productivity and 
eventually created anoxic bottom waters. Subsequent 
work found that the southern water masses extended 
as far north as northern Iowa on the eastern margin 
of the seaway and further elaborated on the model 
(Elderbak et al., 2014). The oxygenated waters of the 
benthonic zone were hypothesized to be a result of the 
rapid transgression of oligotrophic southern waters, 
which were eventually replaced by low-oxygen waters 
during the latest Cenomanian. At the peak of the 
transgression during the Turonian, bathymetric highs 
no longer acted as focal points for upwelling and 
riverine nutrients were trapped in proximal settings. 
The resultant decrease in fertility allowed bottom 
waters to become more oxygenated as recorded by the 
presence of a diverse benthic foraminifera assemblage 
(Elderbak et al., 2014).

Limestone Deposition

One of the most notable features of the Cenomanian–
Turonian Eagle Ford Group shales is the interbedded 
limestones, which in some areas have the appearance 
of cyclicity (Eldrett et al., 2014). Interbedded marls and 
limestones are a commonplace feature of organic-rich 
shales, particularly in Cretaceous sequences (Einsele, 
1982; Arthur et al., 1985). These include a number of 
other Cenomanian–Turonian sections, such as the 
Greenhorn Formation of the Western Interior seaway 
(Barron et al., 1985; Eicher and Diner, 1989; Sageman, 
1996; Sageman et al., 1998; Meyers et al., 2001; Flögel 
et al., 2005), the Cotinguiba Formation of the Sergipe 
Basin of Brazil (e.g., Cunha and Koutsoukos, 2001), 
the Tarfaya Basin of Morocco (e.g., Kuhnt et al., 1997), 
the Scaglia Variegata and Scaglia Bianca Formations of 
Italy (e.g., Negri et al., 2003; Scopelliti et al., 2006), the 
La Luna Formation of Venezuela (e.g., Bralower and 
Lorente, 2003), and the chalk succession of England 
(e.g., Hart and Leary, 1989). Similar sequences are 
found throughout much of the Cretaceous Period 
(Hay, 2008).
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and productivity, which was found to fit the model of 
Sageman et al. (1998) and evolutive harmonic analyses 
(Meyers et al., 2001). Calcareous nannofossil assem-
blages indicated mesotrophic conditions dominated 
during marl deposition whereas limestones were 
deposited during oligotrophic periods, which was 
used to argue against both the dilution and produc-
tivity hypotheses (Watkins, 1989). Dinocysts also 
exhibited mesotrophic-oligotrophic rhythmic trends, 
but were not in phase with lithology. Marls did not 
contain higher abundances of terrestrial phytoclasts 
that would be expected if the marls were deposited 
during periods of increased runoff (Courtinat, 1993).

Proximal Eagle Ford Limestones

Most published studies of Eagle Ford outcrops cate-
gorized limestone beds as cross-stratified, bioclastic 
(or skeletal) grainstones to packstones, predomi-
nantly composed of planktonic foraminifera tests 
and inoceramid fragments. A limestone ledge with 
ripple marks and burrows at the base of the Arcadia 
Park Formation in Dallas County (Kamp Ranch 
Limestone) was estimated to be predominantly (85% 
to 89%) made of inoceramid prisms (Reid, 1952) and 
has been interpreted as a high-energy storm deposit 
(Hensleigh, 1983). The Bluebonnet Member of the 
Lake Waco Formation from the Waco area is similarly 
composed of 80% allochems (inoceramid prisms and 
planktonic foraminifera) and also has cross-beds and 
ripple marks (Silver, 1963). The primary conclusion 
of Silver’s (1963) study of the Bluebonnet Member 
was that it represented a lagoonal deposit, which 
has been cited by subsequent researchers. He inter-
preted the bioturbated, bar-shaped limestones at the 
base of the member as bay-mouth bars. The over-
lying organic-rich, laminated shales with interbedded 
planktonic foraminifera–rich limestones and benton-
ites were interpreted as having been deposited in a 
lagoon with restricted circulation. Bar-shaped deposits 
form in submarine environments other than lagoons 
(e.g., Todd, 2005) and it is unlikely that limestones 
dominated by planktonic foraminifera were formed 
within a lagoon. Therefore, the interpretation of the 
Bluebonnet Member as a lagoonal deposit may be 
inaccurate.

A petrographic study of Eagle Ford limestones 
in outcrops from the Dallas and Austin areas recog-
nized three carbonate microfacies that were suppos-
edly related to sequence stratigraphy (Dawson, 
2000). Foraminiferal grainstones (75% planktonic 
foraminifera) commonly occurred within shales as 

In general, Greenhorn Limestone studies have advo-
cated either dilution or productivity cycle hypoth-
eses. Hattin (1971) identified 16 limestone beds that 
he correlated across Kansas and southern Colorado. 
The limestones were highly bioturbated and uncom-
pacted, whereas the intervening shaly chalks contained 
a higher content of organic matter and detrital mate-
rial. The macrofossils in both lithologies were similar, 
leading Hattin (1971) to propose that the couplets were 
produced by varying amounts of terrigenous influx, 
diluting a constant supply of carbonate material. Pratt 
(1984) hypothesized that the laminated, organic-rich 
shales were deposited during wet periods; high river 
discharge produced a stratified water column, limiting 
bottom currents and leading to anoxic bottom waters. 
The cross-stratified, burrowed limestones were depos-
ited during dry periods, allowing for increased water 
mixing and stronger bottom currents. A geochemical 
study of the Greenhorn found evidence for increased 
detrital clay and freshwater runoff, salinity stratifica-
tion, and decreased oxygen levels during marl deposi-
tion (Arthur et al., 1985). Barron et al. (1985) found that 
ichnofossil and mollusk diversity increased upward into 
the limestone beds and likewise interpreted the cycles 
as a product of dilution by riverine runoff. Dilution also 
was interpreted to be the best fit for models of orbit-
ally induced cyclicity (Flögel et al., 2005). A study of 
the skeletal limestones interpreted them as winnowed 
tempestites deposited during relative sea-level fall and 
condensed during the following sea-level rise (Sageman, 
1996). Abundances of the low-salinity-tolerant plank-
tonic foraminifer Hedbergella planispira and its stable 
oxygen isotope values suggested increased runoff 
during shale deposition (Keller et al., 2004).

A study of the foraminiferal distribution within 
the Greenhorn produced an alternate hypothesis for 
the limestone/marl couplets: productivity of calcar-
eous plankton (Eicher and Diner, 1985, 1989). They 
found evidence of high productivity within the lime-
stones, including calcispheres and clay-size quartz, 
which were interpreted as radiolaria debris, and 
no faunal evidence for the presence of low-salinity 
surface waters during marl deposition. Therefore, they 
concluded that the limestones were produced during 
periods of increased circulation allowing high produc-
tivity of calcareous plankton, whereas marls were 
deposited during periods of increased stratification, 
suppressing productivity.

Other studies have suggested that both dilution 
and productivity play a role in generating the cycles, 
or focused on evidence that contradicts one or both 
of the hypotheses. Fischer et al. (1985) stated that the 
cycles were produced by a combination of dilution 
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The limestones of the Lozier Canyon and Antonio 
Creek Members have been described as lenses of 
cross-stratified, recrystallized, skeletal packstones or 
calcarenite/calcsiltite beds and nodules, composed 
of planktonic foraminifera and calcispheres, with 
erosional scour surfaces (Lock et al., 2010; Frebourg et 
al., 2013; Gardner et al., 2013). They were categorized 
within the “replaced” carbonate motif (Forkner et al., 
2013). One of these studies (Frebourg et al., 2013) found 
many of the limestones were associated with volcanic 
ash beds and that individual nodules had a barcha-
noid morphology, which was interpreted as evidence 
of reworking by bottom currents. Frebourg et  al. 
(2013) hypothesized that the iron-rich ash initiated 
planktonic foraminifera blooms, creating carbonate 
accumulations that were subsequently reworked and 
transported by bottom currents, in accord with the 
productivity cycle hypothesis for the Western Interior 
seaway (Eicher and Diner, 1985, 1989).

The limestones of the upper Boquillas (Scott Ranch 
and Langtry Members) are described as irregular to 
nodular skeletal wackestones to packstones, with 
abundant burrows and cross-stratification (Gardner 
et al., 2013). They are categorized within the biotur-
bated and nodular carbonate motifs (Forkner et al., 
2013). Gardner et al. (2013) found that these lime-
stones were more laterally continuous than those of 
the lower Boquillas. The Scott Ranch Member was 
deposited under higher bottom-water oxygen condi-
tions than the underlying lower Boquillas, whereas 
the Langtry Member is a transitional unit between 
the Boquillas and the overlying Austin (Donovan et 
al., 2012).

Medial to Distal Eagle Ford Limestones

Limestones penetrated in the subsurface of south 
Texas are interpreted to have been deposited in a 
medial to distal setting, downdip of the outcrop belt. 
They have been described as frequently bioturbated, 
replacive, or diagenetic limestones (Driskill et al., 2012; 
Denne et al., 2014). The latter study also observed 
that radiolaria and calcispheres were found almost 
exclusively within the limestones. The best outcrop 
analogues for these limestones are the basinal deposits 
of the Ojinaga Formation of west Texas (see Quitman 
Mountains section), which have been described as 
calcisphere-foraminiferal grainstones and radiolaria 
wackestones (McNulty et al., 1985).

The conceptual model for Eagle Ford marl- 
limestone cycles proposed by Driskill et al. (2012) 
was comparable to the model for Greenhorn cycles 

thin laminae, but also formed limestone beds 6–13 
cm (2.4 –5.1 in) thick within the highstand systems 
tract. Diagenesis was interpreted to have occurred 
relatively early based on the scarcity of compaction-
related breakage. Pelecypod grainstones (80% inocer-
amid prisms) were graded, showed signs of abrasion 
and grain orientation, and were partially bioturbated. 
These limestones have erosional bases and frequently 
appear to be channelized, suggestive of currents. They 
were also interpreted to be deposited during the high-
stand systems tract. Dawson’s (2000) third limestone 
type was a peloidal packstone/grainstone (65% to 80% 
micritic peloids) with obvious signs of bioturbation. 
A lack of compaction was cited to be an indication of 
early cementation. He interpreted these limestones 
as having been deposited by low-energy currents 
during a regressive phase. A later study of the Austin 
area identified laminated foraminiferal wackestones, 
cross-laminated foraminiferal packstone/grainstones, 
and nodular foraminiferal packstone/grainstones 
(Fairbanks and Ruppel, 2012). They concluded that 
bottom currents and planktonic foraminifera produc-
tivity were the main controls on stratigraphy and that 
the nodules were highly localized, making correla-
tions difficult.

The Eagle Ford of west Texas (Boquillas Formation) 
is considerably more carbonate-rich than its counter-
part in central and north Texas (Adkins, 1932). The 
limestones in the Terrell Member (new member) are 
distinctive, with many of them exhibiting evidence 
of syndepositional deformation (slumps, folds, brec-
ciation), channelization, and a “pinch-and-swell” 
morphology (Freeman, 1961; Lock and Peschier, 2006). 
They are characterized as cross-stratified, discontin-
uous, neomorphosed grainstones, 3–30 cm (1.2–11.8 in.)  
thick, predominantly composed of planktonic 
foraminifera and calcispheres (Lock and Peschier, 
2006; Gardner et al., 2013). A study of carbonate cycle 
patterns categorized them as “reworked chaotic with 
cross-stratified foraminifera grainstones” (Forkner et 
al., 2013). The depositional environment for these lime-
stones is disputed. Some have identified hummocky 
cross-stratification within the limestones, along with 
broken oyster shells and echinoid fragments, leading 
them to interpret them as having been deposited 
above storm wave base (Treviño, 1988; Treviño and 
Smith, 2002; Donovan and Staerker, 2010; Donovan 
et al., 2012; Gardner et al., 2013). Others found 
evidence of turbiditic flow, interpreted the hummocky 
morphology as a product of diagenetic segregation 
and differential compaction, and characterized the 
deposits as contourites deposited in moderately deep 
water (Lock and Peschier, 2006).
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( Figure 11). Dawson (1997) noted that interparti-
cle cementation occurred separately from intra- 
particle cementation in Eagle Ford limestones.

(7) Foraminifera tests and filaments often retained 
their original structures in limestones where 
 diagenesis rendered radiolaria and calcispheres 
 unrecognizable (Figures 10 and 12).

(8) Limestones are more likely to be bioturbated than 
marls (Driskill et al., 2012; Denne et al., 2014).

(9) Many limestones have a nodular morphology. It is 
possible that those limestones that do not exhibit a 
nodular morphology are large nodules that were 
cored in the central portion of the nodule.

Two limestone/marl couplets from the Lower Eagle 
Ford in the K-2 core from Karnes County (Figure 2) 
were examined in detail to determine if the limestones 
were primary or secondary features (Figures 13 and 
14). Samples were taken at 10 cm (3.9 in) intervals for 
calcareous nannofossils on smear slides and micro-
fossils in thin-section (foraminifera, radiolaria, calci-
spheres, mollusks, etc.) and at 7.5 cm (2.9 in) intervals 
for analysis by handheld ED-XRF. Some thin-sections 
were counted at more than one position on the section. 
As the paleontology and ED-XRF samples did not 
always directly correspond, the closest sample was 
utilized for plots (Figure 15). In at least one case this 
is misleading, as the middle limestone from couplet #1 
was not sampled for ED-XRF (Figure 13). The ED-XRF 
data did not show any systematic trends within the 
two couplets with the exception of lower abundances 
of redox proxies (Mo, V, Ni, Cu) within the limestones 
(Figures 13, 14). In general, these two couplets showed 
trends similar to those that have been identified previ-
ously: calcified radiolaria and calcispheres are most 
abundant within the limestones and rare in the marls; 
and planktonic foraminifera are calcite-filled within 
the limestones, but predominantly kaolinite-filled in 
the marls (Figures 15, 16). However, the couplets do 
not show the systematic increase of bioturbation and 
oxygen levels predicted by the conceptual model of 
Driskill et al. (2012).

Although calcareous nannofossils constitute a large 
portion of Eagle Ford rocks, they can be difficult to 
recover, so their abundances and diversities (Figures 
13, 14) may be related more closely to recovery than to 
actual abundances. The relative percentages of eutrophic 
forms (small Zeugrhabdotus and Biscutum) within the 
nannofossil assemblage are highest within the lime-
stones; the plots have a positive correlation with calcite 
percentage (Figure 15). This correlation implies the lime-
stones were deposited under higher fertility conditions 
than the marls, in contrast to observations for the lime-
stones of the Greenhorn Formation (Watkins, 1989).

described by Barron et al. (1985), although no mecha-
nism for producing the cycles was proposed. Cycles 
began with laminated marl deposition under anoxic 
conditions. Mottled marls were deposited as oxygen 
levels increased, enabling initial benthic coloniza-
tion and bioturbation. Depositional rates were lowest 
at the end of the cycle, allowing benthic organisms 
to completely mix the sediment, forming a massive, 
replaced carbonate hardground.

As noted previously, radiolaria and calcispheres 
are abundant in Lower Eagle Ford limestones but 
rare to absent in surrounding marls (Denne et al., 
2014), which is not addressed in the conceptual model 
of Driskill et al. (2012). The former study reported 
that although laminae of winnowed planktonic 
foraminifera are found in limestones, they are no more 
common in limestones than in marls. They suggested 
that the cycles were produced by alternating periods 
of water-column stratification (marls) and mixing 
(limestones), which affected primary productivity, 
redox conditions, and early calcite diagenesis.

During the present study the following observa-
tions were made related to diagenesis and compaction 
within the Lower Eagle Ford:

(1) Crushed foraminifera tests are restricted to marls 
(Figure 10); broken tests found within limestones 
appeared to be damaged during transport and not 
by compaction.

(2) Larger planktonic foraminifera tests in marls are 
predominantly filled with authigenic kaolinite, 
whereas those found within winnowed laminae 
and limestones are predominantly calcite filled. In 
most cases the calcite appears to have precipitated 
later than the kaolinite in foraminiferal chambers 
containing both minerals (Figure 10).

(3) Smaller planktonic foraminifera tests, particularly 
small specimens of Heterohelix, are often filled with 
pyrite or organic matter.

(4) Radiolaria found within marls are pyritized, 
whereas radiolaria within limestones were initially 
pyritized and then replaced by calcite (Figures 7 
and 8). It has been proposed elsewhere that radio-
laria could be replaced by pyrite within an anoxic 
water column prior to reaching the seafloor (Bak 
and Sawlowicz, 2000).

(5) Fecal pellets have been found within lag deposits 
that retained their original shape, indicating little, 
if any, compaction and suggesting early diagenesis 
(Figure 10).

(6) Calcite diagenesis of lags and winnowed laminae 
within limestones occurred in a separate, possibly 
earlier, episode than the diagenesis that  resulted 
in calcite precipitation in the adjacent layers 
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Figure 10. Photomicrographs of thin-sections. Scale bars = 200 mm unless stated otherwise. (1) Collapsed kaolinite-filled 
planktonic foraminifera in marl from the K-2 well (Figure 2) (transmitted light). (2) Well-preserved calcite-filled planktonic 
foraminifera and filaments in replacive limestone from the A-1 well (Figure 2). Radiolaria are reduced to ghosts (white circle) 
or are completely destroyed (transmitted light, Alizarin Red S. stained, scale bar = 500 mm). (3) Well-preserved pyrite and 
calcite-filled planktonic foraminifera in replaced lag limestones (cross-polarized light, Wilson County). (4) Well-preserved fecal 
pellet with abundant nannofossils in replaced lag limestone from the K-2 well (transmitted light). (5) Planktonic foraminifera 
tests filled with both kaolinite and calcite in a marl from the K-2 well (5a was taken with transmitted light, 5b with cross-
polarized light).
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Abundances of planktonic foraminifera were 
higher within the marls than in the limestones, as the 
plots show a negative correlation with calcite (Figure 
15). Recovery is not a factor, as the foraminifera were 
identified from thin-section. Destruction by diagen-
esis may be responsible for some low foraminifera 
abundances, but as noted earlier, foraminifera 
tests are generally identifiable within most lime-
stones (Figures 10, 12). This negative correlation 
of foraminifera abundance with calcite indicates 

that the limestones in the medial to distal Lower 
Eagle Ford are not the concentrated foraminiferal 
grainstones found in proximal locations. Lags and 
winnowed laminae of planktonic foraminifera are 
found in the limestones, but these lags constitute 
only a small portion of most medial to distal lime-
stones (Figure 10) (Denne et al., 2014). No obvious 
trend was identified in the relative percentages 
of planktonic foraminifera from different habitats 
(Figures 13, 14).

Figure 12. Photomicrograph of a thin-section from a recrystallized limestone dominated by radiolaria and calcispheres. The 
thin-section is from the upper limestone of Lower Eagle Ford limestone/marl couplet #2 (Figure 14) from the K-2 well (Figure 
2) showing radiolaria “ghosts” (green R), calcispheres (cyan C), and planktonic foraminifera (magenta PF). Scale bar = 1 mm.
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Figure 13. Lower Eagle Ford limestone/marl couplet #1 from K-2 well (Figure 2) with total calcareous nannofossil 
abundances and simple diversity; total abundance of planktonic foraminifera in thin-section; percentages of surface-dwelling 
(hedbergellids), lower surface mixed (whiteinellids), and deep-dwelling (rotaliporids) planktonic foraminifera; total radiolaria 
abundance; total calcisphere abundance; and abundances of calcium (Ca), molybdenum (Mo), vanadium (V), nickel (Ni), and 
copper (Cu) measured by handheld ED-XRF. Depth guides are at 10 cm (3.9 in) intervals.

The abundances of radiolaria and calcispheres are 
higher within the limestones than the marls, showing 
a positive correlation with calcite (Figure 15). As noted 
earlier, the middle limestone of couplet #1 was not 
measured by ED-XRF, so the high abundance of calci-
spheres found within that sample (245 specimens) 
was plotted against an inaccurate calcite percentage. 
Radiolaria often lack evidence of obvious orienta-
tion or alignment (Figures 16, 17), which has previ-
ously been cited as evidence for bioturbation (Driskill 
et al., 2012). As radiolaria and calcispheres have 

been associated with high-fertility conditions, their 
higher abundances within the limestones support the 
interpretation of higher fertility conditions during 
limestone deposition suggested by the nannofossil 
assemblages.

In summary, although limestones from the medial 
to distal Lower Eagle Ford are predominantly 
composed of diagenetic calcite, they are considered 
to be primary features as they differ from the adjacent 
marls in fossil content. The limestones were formed 
during periods of high-fertility conditions, enabling 
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Figure 14. Lower Eagle Ford limestone/marl couplet #2 from the K-2 well (Figure 2) with total calcareous nannofossil 
abundances and simple diversity; total abundance of planktonic foraminifera in thin section; percentages of surface-dwelling 
(hedbergellids), lower surface mixed (whiteinellids), and deep-dwelling (rotaliporids) planktonic foraminifera; total radiolaria 
abundance; total calcisphere abundance; and abundances of calcium (Ca), molybdenum (Mo), vanadium (V), nickel (Ni), and 
copper (Cu) measured by handheld ED-XRF. Depth guides are at 10 cm (3.9 in) intervals.

increased primary productivity, particularly of radio-
laria and calcispheres. Bottom-water oxygen levels, 
as indicated by bioturbation and redox proxies, were 
higher during limestone deposition than during 
deposition of the adjacent marls. Diagenesis occurred 
early; radiolaria may have been pyritized within the 
water column, filled with kaolinite and then calci-
fied, whereas intact fecal pellets and foraminifera tests 
within lag deposits suggest calcite precipitation prior 
to compaction. Early diagenesis is also supported by 
stable oxygen isotope evidence from the subsurface 
Lower Eagle Ford of south Texas (Harbor, 2011).

It is hypothesized here that episodic periods of 
increased flow into the Western Interior seaway from 

the Gulf of Mexico (Slingerland et al., 1996; Kump 
and Slingerland, 1999) or periodic mesoscale eddies 
(Hay, 2008; Waite et al., 2013) enhanced water-column 
mixing and generated upwelling along the relict Sligo 
and Stuart City reef margins (Figure 1). The enhanced 
mixing increased bottom-water oxygenation, whereas 
the upwelling provided nutrients to the surface waters 
and produced blooms of radiolaria and calcisphere-
producing dinoflagellates. Geochemical conditions 
near the sediment–water interface were conducive to 
calcite precipitation, initially cementing lag deposits, 
filling foraminifera tests, and calcifying pyritized 
radiolaria and then progressing to intra-particle calcite 
precipitation and limestone formation.
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Figure 15. Plots of (1) percentage of eutrophic nannofossils, (2) planktonic foraminifera abundance, (3) radiolarian 
abundance, and (4) calcisphere abundance against percent calcite as measured by handheld ED-XRF for limestone/marl 
couplet #1 (Figure 13) (a) and #2 (Figure 14) (b). Only samples with greater than 50 nannofossil specimens were utilized for 
the nannofossil plots. Limestone/marl couplets are from the K-2 well (Figure 2).
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widely distributed body of literature required by 
Article 4 of the North American Stratigraphic Code 
(2005), typically in field trip guidebooks and unpub-
lished theses. Due to the near-universal use of these 
units, there is little benefit to introducing a new 
nomenclature system for the Eagle Ford. There is a 

STRATIGRAPHY AND STRATIGRAPHIC 
NOMENCLATURE

Many of the lithostratigraphic units that have been 
proposed to subdivide the Eagle Ford and Woodbine 
Groups were described outside of the peer-reviewed, 

Figure 16. Photomicrographs of thin-
sections from limestone/marl couplet #1 
from the K-2 well (Figures 2 and 13). The 
microfossil assemblages in the limestones 
(1, 9) are predominantly composed of 
calcified radiolaria and calcispheres, whereas 
marls (2–8) are dominated by planktonic 
foraminifera. Most foraminiferal tests are 
kaolinite filled, with the exception of calcite-
filled tests found in transitional marls directly 
above limestones 3 and 8. Thin-section 8 
also contains rare calcispheres and pyritized 
radiolaria (Figure 12). Scale bars = 500 mm. 
Depth guides are at 10 cm (3.9 in) intervals.
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Figure 17. Photomicrographs of limestones in thin-section and core from the K-2 well (Figure 2). (1) Lower limestone from 
limestone/marl couplet #1 (Figure 13) dominated by radiolaria (partially to fully calcified) and calcispheres. (2) Limestone-
marl transition from lower limestone of couplet #2 (Figure 14). Calcified radiolaria and calcispheres are restricted to the 
limestone. Planktonic foraminifera are predominantly calcite filled in the limestone and kaolinite filled in the marl. Scale bars 
= 1 mm. Core sections are .2 m (0.7 ft) in length.
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Figure 18. Gamma ray (GR) values and 
abundances of calcium (Ca), aluminum 
(Al), silica (Si), molybdenum (Mo), and 
phosphorus (P) measured by handheld  
ED-XRF from the Maness Shale in well G-1 
from Gonzales County (Figure 2). Core 
section A shows the gradational contact 
between the underlying Buda and the 
Maness. The top of the Maness is within 
core section B. Depth guides for the core 
sections are at 15 cm intervals. Depth 
guides for the curves are at 1.5 m (4.9 ft) 
intervals.

need, however, to evaluate each of the proposed units 
in an effort to standardize the nomenclature for the 
Eagle Ford and Woodbine. In the following sections, 
we describe each of the units proposed for the prin-
cipal outcrop areas (Dallas, Red River, Waco, Austin, 
Del Rio, Langtry, Big Bend, Chispa Summit, and 
Quitman Mountains) and the subsurface of east and 
south Texas, the biostratigraphy of those units, and 
our recommended nomenclature for each area.

Maness Shale Formation (Bailey et al., 1945)

Originally described from the Maness #1 core in 
Cherokee County as a copper- or bronze-colored shale 
containing a Washita fauna (Bailey et al., 1945; Lozo, 
1951), the Maness Shale has previously only been 
identified in the subsurface of east Texas. The South 
Tyler Formation of Hazzard et al. (1947) included the 
Maness Shale at its base, but this term has been aban-
doned as it also includes the basal mudstones of the 
Woodbine Group. The Maness Shale contains a clay 
content of over 50%, considerably higher than that 
of the Eagle Ford (Jennings and Antia, 2013), and can 
be differentiated petrophysically by a high gamma 
ray content produced by its enrichment in uranium 
(Adams and Carr, 2010) (Figure 18). Lozo (1951) 
suggested that the Maness Shale was transitional and 
conformable to the underlying Buda Limestone and 

therefore part of the Washita Group, based in part 
on similarities in fossil content. This was followed 
by subsequent paleontologists (e.g., Scott et al., 2002; 
Barrett and Goodson, 2006; Rosen and Rosen, 2008), 
but some regional stratigraphic studies have placed 
the sequence boundary associated with the suba-
erial exposure of the Buda platform between the 
Maness and Buda, treating the Maness as the initial 
transgression prior to deposition of the Woodbine 
(e.g., Ambrose et al., 2009; Hentz and Ruppel, 2010). 
Adams and Carr (2010) suggested that the Maness 
is the basinal equivalent to the Dexter system of the 
Woodbine, but presented no supporting evidence. In 
south Texas the Maness has generally been included 
within the Lower Eagle Ford (e.g., Zumberge et al., 
2016), whereas Hentz and Ruppel (2010) speculated 
that the Maness possibly correlated to the base of the 
Lower Eagle Ford of south Texas.

In the Brazos Basin an argillaceous limestone 
informally known as the False Buda occurs within 
the Maness Shale. The False Buda facies lacks the 
carbonate mud matrix found in the typical Buda 
Limestone and has a higher gamma ray signature. In 
the present study it was found to contain very high 
abundances of nannoconid nannofossils, which are 
rare in the Buda (Figure 19). The False Buda becomes 
progressively more clay rich upward, transitioning 
into the upper shale of the Maness. Calcispheres are 
abundant throughout the Maness; nannoconids are 
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persistent but are only abundant within the False 
Buda facies (Figure 20). Siemers (1978) stated he did 
not recognize the Maness in a study of cores from 
Tyler County, although he described a 2 to 5 ft (0.6 to 
1.5 m) thick fissile, dark gray shale containing abun-
dant calcispheres that was transitional to the under-
lying Buda. This shale is interpreted here to be the 
Maness. An abrupt shallowing in facies indicative of 
a sequence boundary is evident where the nonmarine 
Dexter Formation of the Woodbine Group overlies the 
Maness, but it is subtler where the distal facies (Pepper 
Shale) of the Woodbine overlies the Maness (Hentz 
and Ruppel, 2010). In the regional study (Chapter 1, 
Part 2, Denne and Breyer, 2016), the Maness was 
differentiated by its lower gamma and resistivity 
values than the overlying Pepper or Eagle Ford Shales, 
its distinctive high gamma ray spike at the top of the 
formation produced by uranium-rich, phosphatic lag 
deposits, and by its fossil assemblage in wells with 
biostratigraphic data (Figure 18).

The Maness Shale as measured on logs and core is 
thickest in the center of the East Texas Basin, where it 
is as much as 75 m (246.1 ft) thick (Hentz and Ruppel, 
2010), and pinches out or is truncated toward the 
basin margins. In Gonzales and DeWitt Counties 

on the south side of the San Marcos arch, it is 8 m 
(26.2 ft) thick (Figure 18), is reduced to a few centim-
eters in Karnes County, and is represented only by a 
phosphatic lag south of Karnes County (Figure 21) 
(Chapter 1, Part 2, Denne and Breyer, 2016).

The biostratigraphic evidence indicates a Lower 
Cenomanian age for the Maness Shale. Lozo (1951) 
reported the presence of a specimen of the Buda-
restricted ammonite genus Budaiceras from the basal 
Maness in a core from Wood County, whereas Young 
(1979) reported Forbesiceras sp. cf. brundrettei in a 
Walker County core. During the present study, several 
zones of ammonite impressions were found in a core 
taken from Gonzales County (G-1), most of which 
were identified as Euhystrichoceras adkinsi, a marker 
for the Acompsoceras inconstans zone (Cobban and 
Kennedy, 1989) (Figure 19). Foraminifera identified 
in the Maness and underlying Buda but not the Eagle 
Ford or Woodbine include the planktonic marker 
Favusella washitensis and the benthic species Epistomina 
lacunosa (= E. scaphiolocula) and Textularia washitensis 
(Loeblich and Tappan in Lozo, 1951; Frizzell, 1954; 
Loeblich and Tappan, 1961; Barrett and Goodson, 
2006; Rosen and Rosen, 2008). The present study 
found that the planktonic foraminifera assemblage is 

Figure 19. Photomicrographs of fossils from the 
Maness and False Buda. (1) Nannoconids in 
the False Buda, Brazos County (cross-polarized 
light; bar = 20 µm). (2–3) Impressions of 
the ammonite Euhystrichoceras adkinsi from 
the Maness Shale, well G-1, Gonzales County 
(Figure 2) (depth guides at 1 mm [0.04 in] 
intervals).

13903_ch01P1_ptg01_001-086.indd   34 5/9/16   11:39 AM



Biostratigraphic and Geochemical Constraints on the Stratigraphy and Depositional environments 35

Figure 20. Biostratigraphic data from the B-1 well (Figure 2), showing stratigraphy interpretation using the nomenclature 
of Denne and Breyer (2016); gamma ray; percentage of nannofossil assemblage composed of nannoconids and eutrophic 
indicators (small Zeugrhabdotus and Biscutum); abundance of surface-dwelling (hedbergellids), oxygen-minimum (Heterohelix), 
and lower surface mixed (whiteinellids) planktonic foraminifera; abundance of benthic foraminifera; abundance of inoceramids; 
abundance of calcispheres; abundance of echinoids; and biostratigraphic datums. Lower gamma ray values indicate limestones. 
Depth guides at left are at 1 m (3.3 ft) intervals. TO = top occurrence; TAO = top abundant occurrence.

composed almost exclusively of forms of Hedbergella, 
a genus which dwelled at or near the surface (Corfield 
et al., 1990; Price and Hart, 2002). The most abun-
dant species is Hedbergella planispira, a form that was 
tolerant of low-salinity waters (Keller and Pardo, 2004) 
(Figure 9). The calcareous nannofossil assemblage 

contained high abundances of eutrophic indicators 
(small Zeugrhabdotus and Biscutum), which, along with 
the common presence of calcispheres, implies high-
fertility conditions (Fisher and Hay, 1999) (Figure 20). 
The present study also identified the top occur-
rence of the calcareous nannofossils Braarudosphaera 

13903_ch01P1_ptg01_001-086.indd   35 5/9/16   11:39 AM



36 Denne et al.

system can be found elsewhere (e.g., Oliver, 1971; 
Ambrose et al., 2009; Adams and Carr, 2010; Ambrose 
and Hentz, 2010; Hentz and Bonnaffé, 2010). The term 
“Woodbine” was originally used by Hill (1901) based 
on a site near the town of Woodbine in northeastern 
Cooke County and was given formal group status by 
Adkins (1932). The term “Woodbinian” was proposed 
as a provincial stage name for those rocks that were the 
same age as the Woodbine at its type section (Murray, 
1961), which, as shown later, includes portions of the 
Lower Eagle Ford of south Texas. The nomenclature for 
the Woodbine Group was developed for the outcrop 
belt north of Dallas and is periodically utilized in the 
subsurface. The nomenclature advocated here divides 
the Woodbine Group into three formations (Dexter, 
Lewisville, and Pepper Shale) and proposes that the 
Tarrant Formation and the Waller Member of the Lake 
Waco Formation be transferred from the Eagle Ford 
Group into the Woodbine Group and the Templeton 
Member of the Woodbine Group be moved to the 
Britton Formation of the Eagle Ford Group (Figure 22).

The primary biostratigraphic control for the age 
and stratigraphic correlations of the Woodbine Group 
in outcrop are ammonites and inoceramids found in 
the interbedded marine shales and from the Pepper 
Shale (Stephenson, 1952; Norton, 1965; Young, 1979; 
Kennedy and Cobban, 1990), with foraminifera 
(Loeblich, 1946; Lundquist, 2000; Lowery et al., 2014; 
present study) and calcareous nannofossil data (Jiang, 
1989; Corbett and Watkins, 2013; Corbett et al., 2014; 
present study) from the Pepper Shale.

Published biostratigraphic data on the subsurface 
Woodbine is scarce. Barrett and Goodson (2006) found 
the highest occurrences of the planktonic foraminifera 
Rotalipora evoluta and R. appenninica within the lower 
Woodbine, and Rosen and Rosen (2008) indicated that 
the Woodbine foraminifera assemblage consisted of 
R. cushmani, R. greenhornensis, R. appenninica, Hedbergella 
portsdownensis, and Praeglobotruncana stephani, plus the 
benthic species Gyroidina loetterlei and Lenticulina gaul-
tina. The present study found the top of R. appenninica 
in the lower portion of the Pepper Shale.

Pepper Shale Formation (Adkins, 1932)

In the Waco area, the Woodbine is predominantly 
composed of its distal facies, the Pepper Shale. The 
type section for the Pepper Shale is an outcrop on Bird 
Creek (originally identified as Pepper Creek) between 
Belton and Temple, where it was described as 7 m 
(23.1 ft) of purplish-black, non-calcareous clay with a 
reworked zone containing phosphate pebbles at its base 
sitting unconformably on the Del Rio (Adkins, 1932; 
Adkins and Lozo, 1951). Outcrops of the Pepper Shale 

africana within the Maness. Scott et al. (2002) stated 
that the Maness was coeval to the Grayson and Buda 
Formations at Grayson Bluff based on graphic correla-
tion using the Maness benthic foraminifera data from 
Lozo (1951). However, they did not directly correlate 
the two sections, choosing instead to compare them 
to their global composite standard. As there were no 
foraminifera species in common between the sections 
and the lines of correlation were poorly constrained, 
this correlation is questionable.

Woodbine Group (Hill, 1901)

The Woodbine is typically associated with its prolific 
hydrocarbon production in the subsurface of east 
Texas. A detailed description of this sand-rich deltaic 

Figure 21. Core photographs of the Eagle Ford–Buda 
contact in the A-1 (Atascosa County) and K-1 (Karnes 
County) wells (Figure 2). The Buda (1) in the A-1 well 
shows signs of alteration and is overlain by a phosphate-
rich lag deposit (2), laminated marl (3), and a bentonite 
(4). The Buda (1) in the K-1 well shows little sign of 
alteration and is overlain by a possible remnant of the 
Maness Shale (1a), followed by a phosphate-rich deposit 
(2), a very thin laminated marl (3), and a bentonite 
(4). Depth guides are at 2.5 cm (1 in) intervals.
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north of the Brazos River in Waco contain sandstones 
described as the Lewisville facies that interfinger with 
the Pepper Shale, whereas outcrops south of the Brazos 
are composed solely of shale (Adkins and Lozo, 1951).

Although the Pepper Shale is often more fossilif-
erous than other Woodbine facies, few age-diagnostic 
ammonites have been found within it. Young (1979) 
identified a specimen of Forbesiceras sp. cf. F. brundrettei, 
from a sand interbedded with Pepper-like shales at 
the Alligator Creek outcrop in Hill County, implying a 
Forbesiceras brundrettei zone age. Kennedy and Cobban 
(1990) suggested that a Forbesiceras brundrettei zone 
ammonite fauna labeled as coming from the Del Rio 
Formation at the Cloice Branch brickpit in McLennan 
County may actually have come from the Pepper. 
Foraminifera found in the Pepper Shale in the Waco 
area are predominantly agglutinated benthic species, 
although a few calcareous benthic species and plank-
tonics have also been identified (Plummer in Adkins, 
1932; Loeblich, 1946). In the distal subsurface of the 
Brazos Basin, the Pepper contains higher abundances 
of planktonic foraminifera than the underlying Maness, 
particularly of the deeper dwelling forms. The nanno-
fossil assemblage does not suggest eutrophic condi-
tions, although calcispheres are abundant indicating 
high fertility, possibly derived from riverine nutrients 
(Figure 20). The highest occurrence of the Gulf Coast 
benthic marker Anomalinoides plummerae (A. petita of 
Carsey, 1926, and Frizzell, 1954) occurs within the 
Pepper. The molluscan fauna has also been described, 
but no inoceramids were recorded (Stephenson, 1952).

Waller Member (Fairbanks, 2012) and Cloice Member 
(Adkins and Lozo, 1951)

This dark gray, argillaceous mudstone unit found in 
the Austin area was originally distinguished from the 
underlying Pepper Shale by its texture (silty versus 
soapy), color (gray black versus gray brown), the lack 
of selenite crystals found in the Pepper (Feray, 1949), 
and its higher calcite content due to the greater abun-
dances of planktonic foraminifera (Fairbanks and 
Ruppel, 2012). No macrofossils other than bivalve 
imprints are found in the unit from the Austin area 
outcrops, so Adkins and Lozo (1951) had no biostrati-
graphic information from the unit when they corre-
lated it to the Cloice Member of the Lake Waco 
Formation (Eagle Ford Group) found in the Waco 
area. Although planktonic foraminifera are abundant 
in the unit, no age-diagnostic forms have been iden-
tified (Lundquist, 2000; Lowery et al., 2014; 2016). 
The planktonic foraminifera assemblage in the upper 
2 m (6.6 ft) is dominated by the genus Hedbergella, 
similar to the Maness Shale, but below 2 m (6.6 ft) the 

assemblage is more diversified, containing specimens 
of Whiteinella and Heterohelix as well as Hedbergella. 
The calcareous nannofossil assemblage also exhib-
ited a dominance shift, from a normal marine 
assemblage below 2 m (6.6 ft) to one dominated by 
species associated with eutrophic conditions (small 
Zeugrhabdotus and Biscutum) in the upper 2 m (6.6 ft). 
A peak in molybdenum concentrations was reported 
in the upper 2 m (6.6. ft) of the Waller, indicative of 
low-oxygen bottom waters (Fairbanks and Ruppel, 
2012). Previous calcareous nannofossil studies 
(Jiang, 1989; Corbett and Watkins, 2013) identified 
several species associated with the Middle to Lower 
Cenomanian (Watznaueria britannica and possible 
Zeugrhabdotus xenotus), but the precise ages of these 
markers are unknown. In the present study, samples 
from both the West Bouldin Creek (Austin) and Bear 
Creek (Manchaca) sections yielded co-occurring 
calcareous nannofossil markers Gartnerago theta and 
Lithraphidites acutus, indicative of zone UC3a from 
the lower part of the Middle Cenomanian (Figure 3). 
Thus, this shale unit is coeval with the Lewisville 
Formation of the Woodbine Group, implying that 
it represents a distal facies of the Lewisville and 
therefore should be placed within the Pepper Shale 
Formation (Figure 23).

Jiang (1989) concluded that this shale unit was 
not correlative to the Cloice Member at its type area 
near Waco and referred to it as the Unnamed Shale. 
Fairbanks (2012) introduced the term “Waller Member” 
of the Lake Waco Formation for the shale in an unpub-
lished master’s thesis, a term which has subsequently 
been used by Fairbanks and Ruppel (2012), Corbett 
and Watkins (2013), and Corbett et al. (2014) (noted 
as Cloice/Waller in the latter two  articles). Fairbanks 
has yet to publish an official description and did not 
designate a stratotype, although he noted the term 
“Waller Member” originated from the Waller Creek 
Tunnel in Austin. As we are in agreement that a new 
term is needed for this shale, we have chosen to desig-
nate a stratotype and description here for the Waller 
Member rather than propose a new term.

The proposed stratotype for the Waller Member 
of the Pepper Shale Formation is the West Bouldin 
Creek outcrop south of downtown Austin (BEG site 
226-T-45), near the intersection of Jewell Street and S. 
7th Street. This outcrop is readily accessible, although 
the lower contact with the typical Pepper Shale is no 
longer exposed (BEG site 226-T-31). The top of the 
Waller Member is bed “f” of Feray’s (1949) measured 
section, a gray shale with numerous large calcareous 
nodules (Figure 24). This bed originally marked the 
base of the Bouldin Member due to its limestone content 
(Adkins and Lozo, 1951), but it is clearly related to the 
underlying dark gray shales and not the overlying 
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further concretionary levels (beds “d” and “b”), whereas 
Fairbanks and Ruppel (2012) described it as a massive 
to laminated, argillaceous, foraminiferal mudrock. 
Bivalve imprints are common in the basal portion of 
the Waller now covered at BEG site 226-T-31 (beds “c” 

oyster-rich limestone (Feray’s bed “g”). The contact 
between these beds is interpreted to correlate to the 
sequence boundary at the base of the Eagle Ford Group 
(Figure 23). Feray (1949) described the beds now placed 
in the Waller Member as a dark gray, silty clay, with two 

Figure 24. Photographs of the 
contact between the dark gray 
shales of the Waller Member 
(below) and the basal calcarenite 
of the Bouldin Member (above) 
at the Bouldin Creek outcrop in 
Austin. (1) (2) White, calcareous 
nodules at the top of the Waller 
with overlying buff, cross-stratified 
Bouldin calcarenite. (3) Close-up 
of the Waller/Bouldin contact, with 
calcareous nodules near the top of 
the Waller overlain by a bentonite 
and a fossil-rich lag at the base of 
the Bouldin. (4) Close-up of the 
cross-stratified Bouldin calcarenite 
with an oyster lag in the middle 
of the bed. Rock hammer (0.32 m 
[12.6 in]) for scale for (1), pencil 
(15 cm [5.9 in]) for others.

Figure 23. Wheeler diagram 
of the Woodbine Group and 
overlying Lower Eagle Ford for 
the central and north Texas 
outcrop belt with ammonite 
zones. Legend for the lithology is 
shown at bottom.
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Rainbow Clay (Bergquist, 1949)

The term “Rainbow Clay” was used by Bergquist 
(1949) for a varicolored claystone found between the 
sandstones of the Dexter Formation and the marine 
shales of the Red Branch Member that was mapped in 
Grayson and Cooke Counties. It is treated as a facies 
of the Dexter Formation and not an official member.

Lewisville Formation (Hill, 1901) and Timber Creek 
Beds (Taff, 1893)

Hill (1901) separated his Lewisville beds from the under-
lying Dexter sands based primarily on the presence of 
mollusks, mostly oysters, within the Lewisville and not 
the Dexter. Hill (1901) rejected Taff’s (1893) earlier term, 
“Timber Creek,” for these beds due to its previous usage 
for a Cretaceous formation in New Jersey. His type 
section is from the vicinity of the town of Lewisville in 
Denton County. In the subsurface, the Lewisville is often 
called the upper or marine Woodbine.

The age for the Lewisville Formation is based 
primarily on ammonites and inoceramids from 
outcrops (Stephenson, 1952; Norton, 1965; Kennedy 
and Cobban, 1990), with limited subsurface data 
(Barrett and Goodson, 2006; Rosen and Rosen, 2008). 
Two sites labeled as Lewisville contained Inoceramus 
arvanus (Stephenson, 1952) and early forms of 
Acanthoceras amphibolum (Kennedy and Cobban, 1990), 
making them roughly coeval with the limestones of 
the Six Flags Member of the Britton Formation and 
the Bluebonnet Member of the Lake Waco Formation 
(Eagle Ford). Without further study, it is difficult to 
determine if these sandstones are an updip equivalent 
of these limestones from the Eagle Ford as interpreted 
here, or if they are connected to the older Lewisville 
system. The biostratigraphic data for the Tarrant and 
Templeton Members are less ambiguous; the Tarrant 
Member (formerly the Tarrant Formation of the Eagle 
Ford Group) is coeval with the Arlington Member 
of the Lewisville Formation, whereas the Templeton 
Member (formerly of the Lewisville Formation) is 
coeval with the Turner Park Member of the Britton 
Formation. Therefore, we propose that the Tarrant 
be placed within the Lewisville Formation and the 
Templeton within the Britton Formation.

Red Branch Member (Bergquist, 1949) and Euless 
Formation/Member (Hazzard et al., 1947; Stephenson, 
1952)

Bergquist (1949) described the Red Branch Member 
from near the town of Red Branch in northwestern 

and “a” of that site). The contact with the underlying 
“typical” Pepper Shale at the base of the unit is a 0.6 cm 
(0.2 in) oxidized, iron-rich zone, which was interpreted 
as a disconformity (Feray, 1949). As noted earlier, the 
Waller was distinguished from the underlying shales by 
its more granular texture, darker color, and absence of 
selenite. It also has a higher average TOC content (4.0% 
versus 2.9%), lower computed gamma ray (CGR) values, 
and more calcite than the underlying shales (Fairbanks 
and Ruppel, 2012). At its proposed stratotype the Waller 
Member is 3 m (9.8 ft) thick and is 4.5 m (14.8 ft) thick in 
the ACC #1 core (Corbett et al., 2014).

Dexter Formation (Taff, 1893) and Euless Formation 
(Hazzard et al., 1947)

The Dexter Formation (Dexter Sands of Taff, 1893) is a 
sand-dominated, fluvial to deltaic system (Oliver, 1971). 
Plant imprints and dinosaur fossils can be found in the 
Dexter, but age-diagnostic fossils have not been found 
in the formation. The age model for the Dexter is based 
on the oldest fossils found in the downdip equivalent 
Pepper Shale (Forbesiceras brundrettei zone) and brack-
eted by the youngest zone found in the underlying 
Maness Shale (Forbesiceras brundrettei zone) and the 
oldest zones found in the overlying marine shales of the 
Lewisville Formation (Conlinoceras tarrantense zone and 
Inoceramus eulessanus zone). The Euless Formation of 
Hazzard et al. (1947) included the Dexter and the over-
lying marine shales, but this term has been abandoned. 
In the subsurface, the Dexter Formation is usually 
noted as the lower or nonmarine Woodbine.

Rush Creek Member (Dodge, 1969)

Dodge (1969) erected the term “Rush Creek Member” 
for the basal shales of the Dexter Formation, with the 
type section along Rush Creek in Tarrant County, where 
it consists of 3.7 m (12.1 ft) of claystones with thin inter-
bedded sandstones and lignites. In outcrop or core the 
Rush Creek can be differentiated from the underlying 
shales of the Maness or Grayson/Del Rio Formations, 
but this is more difficult when only petrophysical logs 
are available. Oliver (1971) placed all shales underneath 
the Dexter Formation sandstones in the Pepper Shale 
and failed to recognize either the Maness or Rush Creek. 
Ambrose et al. (2009) and Ambrose and Hentz (2010) 
were able to tie their petrophysical data to cores, so they 
differentiated the Maness Shale but not the Rush Creek, 
terming the nonmarine/marginal marine shales as 
prodelta or distal delta front. Therefore, the term “Rush 
Creek Member” may be useful for outcrop sections, but 
it has only minimal usefulness in the subsurface.
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Grayson County as 15–24 m (49.2–78.7 ft) of  tuffaceous 
sandstone, carbonaceous shale, and lignite. Stephenson 
(1952) restricted the term “Euless” to the marine 
shales found between the sandstones of the Dexter 
Formation below and the Lewisville Formation above 
and included it as a member of the Lewisville. He also 
noted that the Red Branch may be the updip equiva-
lent of the Euless Shales. Dodge (1969) proposed that 
the term “Euless” be rejected in favor of the less ambig-
uous “Red Branch Member.” It is placed here as the 
basal marine shale (open marine and prodeltaic) of the 
Lewisville Formation (Figures 22 and 23). Stephenson 
(1952) identified ammonites from the Conlinoceras 
tarrantense zone and Inoceramus eulessanus within the 
Red Branch. Specimens of Rotalipora appenninica noted 
in the subsurface Woodbine (Barrett and Goodson, 
2006; Rosen and Rosen, 2008) likely come from the 
downdip equivalent of the Red Branch Member.

Pine Bluff Volcanics (Hazzard, 1939; Hazzard et al., 1947)

The basal, tuffaceous, sandstone of the Lewisville 
Formation found near the town of Pine Bluff in Red 
River County was named the Pine Bluff Volcanics by 
Hazzard (1939) and then later placed into Lewisville 
Formation as a member (Hazzard et al., 1947). The 
term has rarely been used since it was originally 
proposed other than to note that is included within the 
Lewisville (e.g., Stephenson, 1952), so it is not included 
within the nomenclature suggested here.

Arlington Member (Dodge, 1969)

Dodge (1969) proposed the term “Arlington 
Member” for a fossiliferous sandstone at the top of 
the Lewisville. He considered it a member of the 
Woodbine Formation, but it is considered here as a 
member of the Lewisville Formation. The type section 
is along West Park Row Street in Arlington, where it 
was measured at 10.8 m (35.4 ft) of fine-grained sand-
stones with specimens of Ostrea and Exogyra (oysters). 
Powell (1968) reported that the ammonite Acanthoceras 
wintoni (a junior synonym of Conlinoceras tarrantense) 
was common within the Arlington Member.

Tarrant Member (Moreman in Adkins, 1932)

The Tarrant Member was originally described as a forma-
tion composed of sandy clay and limestone at the base of 
the Eagle Ford at an outcrop on a tributary of the Trinity 
River 3.6 km (2.2 mi) east of the old Tarrant train station, 
southeast of Euless in easternmost Tarrant County 

(Moreman in Adkins, 1932; Moreman, 1942). Five meters 
(16.4 ft) thick in outcrop, Surles (1987) claimed that the 
Tarrant is up to 60 m (196.9 ft) thick in the subsurface, 
although he correlated it to a thick shale so this may 
not be accurate. In Mobil core 16 from Dallas County 
it is composed of 6 m (19.7 ft) of interbedded calcar-
eous sandstone, silt, and shale with a zone of reworked 
pebbles of phosphate, glauconite, lignitic mudstone, 
and siderite at its base (Brown and Pierce, 1962). Most 
subsequent researchers have followed Moreman’s place-
ment of the Tarrant within the Eagle Ford, but a few 
have included it within the Lewisville Formation of the 
Woodbine (e.g., Stephenson, 1952; Clark, 1965) or treated 
it as a transitional unit (Powell, 1970).

The Tarrant Member contains abundant plant 
debris; a nearshore marine fauna, including ammo-
nites, turritelid gastropods, scaphopods, lingulid 
brachiopods, oysters, and agglutinated foraminifera; 
and is highly bioturbated (Powell, 1970). No plank-
tonic foraminifera or calcareous nannofossils have 
been reported from the formation; therefore its age 
determination is based on the presence of the ammo-
nite zonal marker Conlinoceras tarrantense near the 
base of the unit. The same ammonite is found within 
the underlying Arlington Member and is older than 
any other Eagle Ford unit north of the San Marcos 
arch (Stephenson, 1952; Kennedy and Cobban, 1990; 
Hancock et al., 1993). A palynomorph assemblage with 
a Woodbine affinity found in the Tarrant Formation 
(Brown and Pierce, 1962; Christopher, 1982) also 
suggests that the formation is more accurately placed 
within the Woodbine system. Therefore, we propose 
that the Tarrant be transferred to the Woodbine Group 
as a member of the Lewisville Formation (Figure 22).

Templeton Member (Bergquist, 1949)

See Templeton Member of Britton Formation.

Eagle Ford Group (Hill, 1887)

Although the shales were noted by earlier authors, the 
Eagle Ford was formally described from the Dallas area 
by Hill (1887) and raised to group status by Adkins 
(1932). Murray (1961) proposed the provincial stage 
name Eaglefordian for those rocks that are age equiva-
lent with the Eagle Ford type section. The stratotype for 
the Eagle Ford is on the south bank of the West Fork 
of the Trinity River, near the community (now neigh-
borhood) of Eagle Ford, 9.7 km (6 mi) west of down-
town Dallas, northwest of the intersection of Interstate 
30 and Texas Highway 12. Most early studies focused 
on the Dallas area (e.g., Moreman, 1927, 1942), whereas 
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later studies shifted to outcrops in the Waco and Austin 
areas (e.g., Adkins and Lozo, 1951) or the outcrops of 
west Texas (e.g., Freeman, 1961; Pessagno, 1969). As the 
nomenclature systems for the Eagle Ford Group vary 
according to location, each area is considered separately.

Dallas Area (Dallas and Tarrant Counties)

As noted earlier, Hill’s (1887) type section for the Eagle 
Ford is in the Dallas area, where it varies in thickness 
from 122 to 144.5 m (400.3 to 474.1 ft) (Kennedy, 1988). 
Core 16 taken by Mobil 8.4 km (5.2 mi) south of the 
original stratotype has been treated as a secondary type 
section for the area due to its utilization in a number of 
microfossil studies (Brown and Pierce, 1962; Pessagno, 
1969; Christopher, 1982; Valentine, 1984). The Eagle 
Ford Group was divided into three formations in the 
Dallas area: the Tarrant, the Britton, and the Arcadia 
Park by Moreman as quoted in Adkins (1932), although 
the Tarrant has now been placed within the Woodbine. 
We recommend that the Six Flags Limestone (Norton, 
1965), Turner Park Member, and Camp Wisdom 
Member (Powell and Reaser in Reaser, 2002) be utilized 
as the three members of the Britton Formation in the 
Dallas area and the Kamp Ranch Limestone (Meier, 
1964; Norton, 1965) be retained as a member of the 
Arcadia Park Formation (Figure 25).

Sources for biostratigraphic data of the Eagle Ford 
Group in the Dallas area utilized in the present study 
were Moreman (1927, 1942), Adkins (1932), Adkins 
and Lozo (1951), Stephenson (1952, 1955), Clark 
(1965), Norton (1965), Kennedy (1988), Kennedy and 
Cobban (1990), and Hancock et al. (1993) for ammo-
nites; Powell (1970) and Kennedy (1988) for inocera-
mids; Pessagno (1969), Powell (1970), and Friedman 
(2004) for foraminifera; Smith (1981), Valentine (1984), 
and Jiang (1989) for calcareous nannofossils; and 
Brown and Pierce (1962) and Christopher (1982) for 
palynology (Figure 26).

Tarrant Formation (Moreman in Adkins, 1932)

See Tarrant Member of Lewisville Formation.

Britton Formation (Moreman in Adkins, 1932)

The type locality for the Britton Formation is along 
the Newton Branch of Mountain Creek, roughly 6 km 
(3.7 mi) south of Britton and west of Midlothian in Ellis 
County, where it is predominantly composed of blue 
clay and laminated marl with limestone beds, concre-
tions, and bentonites 75 to 90 m (246.1 to 295.3 ft) thick 

(Moreman in Adkins, 1932). In the original descrip-
tion, the contact between the Britton and the overlying 
Arcadia Park was placed 6 m (19.7 ft) below the lime-
stone unit now known as the Kamp Ranch Limestone, 
but was subsequently moved up to the base of the lime-
stone by Brown and Pierce (1962) in their study of Mobil 
core 16. The formation has typically been divided into 
three units: a basal limestone; a bentonitic lower member; 
and an upper, concretion-rich, claystone member (Figure 
26), although several different nomenclature schemes 
exist as discussed in detail later (Figure 25).

The Britton Formation ranges from the Middle 
Cenomanian (Acanthoceras amphibolum zone) to the 
Lower Turonian (Euomphaloceras septemseriatum 
Subzone). The basal contact with the Tarrant Member of 
the Lewisville Formation is unconformable based on the 
ammonite evidence (Hancock et al., 1993) (Figure 27). 
The Cenomanian–Turonian boundary near the top of 
the Britton Formation is also unconformable, as ammo-
nite zones from both the uppermost Cenomanian and 
the basal Turonian are missing (Kennedy, 1988). The 
foraminifera and calcareous nannofossil data are in 
agreement with both the position of the Cenomanian–
Turonian boundary and the amount of missing 
Cenomanian section (Powell, 1970; Valentine, 1984; 
Jiang, 1989), whereas the boundary position noted by 
Brown and Pierce (1962) is much lower. The Turonian 
portion of the Britton Formation was described as 6 to 
20 cm (.2 to .7 ft) of shell hash containing an ammonite 
fauna representative of the Pseudaspidoceras flexuosum 
zone overlain by 2.5 m (8.2 ft) of laminated shales with 
a Vascoceras birchbyi zone fauna (Kennedy, 1988).

Six Flags Limestone Member (Norton, 1965)

The Six Flags Limestone Member is a platy, quartz-rich 
calcarenite overlying the Tarrant Member as defined in 
outcrop along Texas Highway 360, 1.6 km (1 mi) south 
of the Six Flags Amusement Park in Arlington, where 
it is less than 1 m (3.3 ft) thick. Although Norton (1965) 
considered it to be a separate unit from the Britton 
Member, we propose that it should be treated as a 
member of the Britton Formation (Figure 25). Ammonites 
from the Acanthoceras amphibolum zone have been 
reported from the Six Flags Limestone and the overlying 
shales (Kennedy and Cobban, 1990) (Figure 26).

Turner Park Member (Powell and Reaser in Reaser, 
2002), Bentonite Zone (Brown and Pierce, 1962), and 
Bentonitic Sub-member (Norton, 1965)

Norton (1965) divided the portion of the Britton 
 overlying the Six Flags Limestone into nine units that 
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were grouped into two sub-members. His units one 
and two constitute his bentonitic or lower Britton 
Sub-member, which correlates to the bentonite zone 
of Brown and Pierce (1962). Norton (1965) estimated 
a thickness of 36.6 m (120.1 ft) with approximately 
60 bentonites for the unit in Dallas County, whereas 
a thickness of 21 m (68.9 ft) with 34 bentonites was 
measured in Mobil core 16 (Brown and Pierce, 

1962). The most prominent bentonite, 30 cm (1 ft) 
in  thickness, occurs 1 m (3.3 ft) above the Six Flags 
Limestone and has been correlated to the X bentonite 
found in the Graneros Shale of the Western Interior 
seaway (Kauffman et al., 1977).

In his book on the geology of the Dallas–Fort Worth 
Metroplex, Reaser (2002) described a two-fold subdi-
vision of the Britton Formation (Turner Park and 

Figure 25. Historical stratigraphic nomenclature for the Eagle Ford Group in the 
Dallas area and proposed nomenclature from the present study. Legend for the 
lithology can be found in Figure 23.
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River near the G. H. Turner Park in Grand Prairie. As 
Norton (1965) gave no indication that he considered his 
Bentonitic Sub-member to be a formal unit and he did 
not describe a stratotype, we recommend that the term 
“Turner Park Member” be retained for the bentonite-
rich portion of the Britton Formation (Figure 25).

Camp Wisdom Members) and stated that their formal 
 descriptions were found within Powell and Reaser 
(2001, manuscript) (Reaser, 2002, p. 79). This manuscript, 
to our knowledge, was never published. However, 
Reaser (2002) did describe the Turner Park Member 
and its stratotype along the West Fork of the Trinity 

Figure 26. Composite section for Eagle Ford outcrops in the Dallas area, showing interpreted age, proposed stratigraphic 
nomenclature, ash beds (bentonites), palynology horizons of Brown and Pierce (1962) and Christopher (1982), foraminifera 
zones and datums, calcareous nannofossil zones and datums, inoceramid zones, ammonite zones, and generalized lithology. 
Legend for the lithology can be found in Figure 23.

13903_ch01P1_ptg01_001-086.indd   44 5/9/16   11:40 AM



Biostratigraphic and Geochemical Constraints on the Stratigraphy and Depositional environments 45

The basal shales of the Turner Park Member contain 
ammonites from the Acanthoceras amphibolum zone 
from the uppermost Middle Cenomanian. Although 
the base occurrence of Lithraphidites acutus occurs 
within the Turner Park Member and that of Rotalipora 
cushmani in the Camp Wisdom Member, they are 
likely above their actual first evolutionary occurrences 
due to their position above the younger Acanthoceras 
amphibolum zone (Figure 26).

Camp Wisdom Member (Powell and Reaser in Reaser, 
2002) and Upper Britton Sub-member (Norton, 1965)

Norton’s (1965) units three through nine constitute his 
upper Britton Sub-member and the equivalent Camp 
Wisdom Member of Powell and Reaser (Reaser, 2002). 
It differs from the Turner Park by the lack of thick 
bentonites and the persistent occurrence of concre-
tions. The Camp Wisdom Member at its type location 

Figure 27. Wheeler diagram for the 
Woodbine and Eagle Ford outcrops 
of central and north Texas.
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An unconformity occurs at or just below the base of 
the limestone, removing most of the Lower Turonian 
(Figure 27). Evidence for missing section includes the 
juxtaposition of ammonites from the Lower Turonian 
Vascoceras birchbyi zone found in the shales of the 
uppermost Britton Formation with the ammonites 
from the Middle Turonian Collignoniceras woollgari regu-
lare zone found in the Kamp Ranch Limestone Member 
(Kennedy, 1988), plus the co-occurrence of the base 
occurrences of the calcareous nannofossils Quadrum 
gartneri and Eiffellithus eximius within the Kamp Ranch 
Limestone (Jiang, 1989) (Figure 26). Kennedy (1988) 
found evidence that Collignoniceras woollgari regulare 
may occur in shales directly underneath the limestone, 
but this only shifts the unconformity slightly down-
ward from the base of the limestone.

Red River Area (Collin, Denton, Fannin, Grayson, 
and Lamar Counties)

The Eagle Ford along the Red River in northern Texas 
averages 90–120 m (295.3–393.7 ft) in thickness and 
is up to 158.5 m (520 ft) thick in water wells (Adkins, 
1932). Compiling a composite section for the area was 
difficult due to a lack of described sections that cover 
more than one member, which may be due to the 
considerable thickness of the Eagle Ford in the area 
(Figure 28). The area contains stratotypes for many of 
the formations and members of the Woodbine Group 
(see earlier discussion), including the Templeton 
Member. For reasons which are described later, we 
propose that the Templeton Member be placed within 
the Eagle Ford Group. To remain consistent with 
the Dallas area terminology, it is recommended here 
that two-fold division of the Eagle Ford (Britton and 
Arcadia Park) be used in the counties adjacent to the 
Red River. The continued usage of the Bells Sandstone 
and Maribel Shale Members of the Arcadia Park 
Formation is also recommended (Figure 29).

Britton Formation (Moreman in Adkins, 1932)

In the counties along the Red River, the age-equivalent 
rocks of the Britton Formation contain a higher amount 
of sand than their counterparts in the Dallas area, 
which is one reason that they were placed within the 
Woodbine Group and not the Eagle Ford Group. Our 
movement of these rocks into the Britton Formation 
may appear to be a case of chronostratigraphy over-
ruling lithostratigraphy, but both Bergquist (1949) 
and Stephenson (1952) stated that earlier authors had 
included it within the Eagle Ford and indicated that 
the principal reason that these rocks had been placed 

on Mansfield Road, south of Joe Pool Lake and east 
of Cedar Hill, is 76 m (249.3 ft) of olive-gray shales 
(Powell and Reaser in Reaser, 2002). The biostrati-
graphic evidence indicates that the Camp Wisdom 
Member is predominantly Upper Cenomanian, with 
an unconformable Cenomanian–Turonian boundary 
occurring 2.5 m (8.2 ft) below the top of the member 
(see earlier discussion) (Figures 26 and 27).

Arcadia Park Formation (Moreman in Adkins, 1932)

The uppermost formation of the Eagle Ford in the 
Dallas area is the Arcadia Park Formation. The type 
section is at the site of the old Arcadia Park railway 
station 7 mi (11.3 km) west of downtown Dallas, 
where it was originally measured at 30.5 m (100.1 ft) in 
thickness (Moreman in Adkins, 1932). As mentioned 
earlier, Brown and Pierce (1962) moved the base of the 
Arcadia Park upward approximately 6 m (19.7 ft) to 
the base of the Kamp Ranch Limestone.

As discussed later, the basal contact with the under-
lying Britton Formation is unconformable. Most of 
the formation overlying the Kamp Ranch Limestone 
Member is composed of shales with concretions 
containing ammonites from the Hoplitoides sandovalensis 
and Coilopoceras springeri subzones of the Prionocyclus 
hyatti zone (Kennedy, 1988). The uppermost part of the 
formation, however, is condensed and has an irregular, 
unconformable contact with the overlying Austin Chalk. 
Most studies have identified ammonites indicative of the 
Prionocyclus macombi zone within 1 m (3.3 ft) of the top of 
the Arcadia Park Formation, with a disconformity at the 
top, and Coniacian Baculites or similar-aged microfossils 
in the Austin Chalk (e.g., Pessagno, 1969; Smith, 1981; 
Kennedy, 1988; Hancock et al., 1993). However, a rela-
tively recent study described an outcrop north of Dallas 
with a nearly complete section, as younger ammonite 
and inoceramid zones from the Upper Turonian were 
identified at the top of the Arcadia Park Formation 
(Scaphites whitfieldi and Mytiloides incertus zones), and the 
uppermost Turonian inoceramid zone (Cremnoceramus 
waltersdorfensis zone) was identified at the base of the 
Austin Chalk followed by a normal succession of basal 
Coniacian inoceramids (Hancock and Walaszczyk, 2004).

Kamp Ranch Limestone Member (Meier, 1964; 
Norton, 1965)

The term “Kamp Ranch Limestone Member” for 
the distinctive flaggy limestone layers found at the 
base of the Arcadia Park Formation originated in an 
unpublished master’s thesis (Meier, 1964) and was 
introduced to a wider audience by Norton (1965). 
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within the Woodbine was their faunal content, which 
they believed was more comparable to the Lewisville 
than to the Eagle Ford. However, as shown later, this 
is not the case, as the Templeton is younger than both 
the Tarrant and Arlington Members of the Lewisville 
Formation. Two sites that had been described as 
Lewisville by Stephenson (1952) need further consid-
eration, as they contained an age-equivalent fauna to 
the basal limestones of the Britton Formation.

Templeton Member (Bergquist, 1949)

Bergquist (1949) described the Templeton Member of 
the Woodbine Formation as a fossiliferous gray shale 
with lenses of glauconitic sand and septarian concre-
tions occurring between the Lewisville Member and 
the limestone flags of the Eagle Ford, with the stra-
totype along the Templeton Branch of Cornelius 

Creek near Bells in Grayson County. The ammonites 
described by Stephenson (1952) from the Templeton 
were interpreted to be from the Metoicoceras cf. 
M. latoventer Subzone of the Calycoceras canitaurinum 
zone and the Plesiocanthoceras wyomingensis zone 
(Kennedy and Cobban, 1990; Hancock et al., 1993). An 
unfigured specimen of Inoceramus prefragilis was also 
identified from the Templeton by Stephenson (1952), 
but it is not known if it is the older form (I. prefra-
gilis prefragilis) or the younger form, which marks the 
Inoceramus prefragilis stephensoni zone. The Templeton 
Member is interpreted to be the updip equivalent 
to the shales of the lower portion of the Turner Park 
Member (Figure 26) and has therefore been placed 
within the Britton Formation of the Eagle Ford Group.

The term “Little Elm” was proposed by Norton 
(1965) as a tongue of the Templeton Member for dark 
shales found in the Lewisville area that he thought 
correlated to the updip Templeton Member, although 

Figure 29. Historical stratigraphic 
nomenclature for the Eagle Ford 
Group in the Red River area and 
proposed nomenclature from 
the present study. Legend for the 
lithology can be found in Figure 23.
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no biostratigraphic evidence was provided. As the 
term “tongue” is of the same order as “member” 
(North American Stratigraphic Code, 2005), the Little 
Elm is considered here to be a bed of the Templeton 
Member.

Arcadia Park Formation (Moreman in Adkins, 1932)

Most of the information on the Arcadia Park in the 
Red River area is restricted to the Maribel Shale and 
Bells Sandstone Members. Biostratigraphic data from 
the Eagle Ford is limited to ammonite occurrences 
(McNulty, 1966; Kennedy, 1988) and a single nanno-
fossil datum (Smith, 1981).

Bells Sandstone Member, (McNulty, 1966) Lake 
Crockett Sandstone Member (McNulty, 1954), 
and Fish Bed Conglomerate (Taff, 1893)

The Fish Bed Conglomerate of Taff (1893) is a sand-
stone with the uppermost bed containing abundant 
phosphate clasts and fish debris, along with oysters. 
McNulty (1954) proposed the term “Lake Crockett 
Formation” for the sandstone and the overlying shale, 
subdividing them into the Lake Crockett Sandstone 
and Lake Crockett Shale Members. As these terms 
were later considered to be invalid, he proposed the 
term “Bells Sandstone Member” for the sandstone that 
included the Fish Bed Conglomerate (McNulty, 1966). 
The type area is the town of Bells in eastern Grayson 
County, where it is 7.2–14.2 m (23.6–46.6 ft) thick. It 
has been correlated to the Sub-Clarksville Sandstone 
in the subsurface (McNulty, 1966).

Maribel Shale Member (McNulty, 1966) and Lake 
Crockett Shale Member (McNulty, 1954)

The Maribel Shale Member occurs between the Bells 
Sandstone and the overlying Austin (McNulty, 1954). 
The type section is along Blue Creek near the Maribel 
School, 8.7 km (5.4 mi) east of the Sherman courthouse 
in Grayson County. The shale is 6.5 m (21.3 ft) thick in 
the area, where it was described as a light to dark gray, 
calcareous mudstone (McNulty, 1966).

Waco Area (Bell, McLennan, and Hill Counties)

Outcrops of the Eagle Ford are relatively common in 
the Waco area, many of which were described in detail 
by Adkins and Lozo (1951). These authors subdi-
vided the section into two formations (Lake Waco 
and South Bosque), with the former being divided 

into three members (Bluebonnet, Cloice, and Bouldin) 
(Figure 30). All of these, with the exception of the 
Bouldin Member, have their type sections near Waco. 
A core taken by Mobil (corehole 18) near the type loca-
tion of the Cloice Member penetrated 60.7 m (199.1 ft) 
of Eagle Ford (Brown and Pierce, 1962).

Sources for biostratigraphic data of the Eagle 
Ford Group in the Waco area utilized in the present 
study were Adkins (1932), Adkins and Lozo (1951), 
Stephenson (1952, 1955), Kennedy (1988), Kennedy 
and Cobban (1990), and Hancock et al. (1993) for 
ammonites; Silver (1963), Kennedy (1988) and 
Hancock et al. (1993) for inoceramids; Pessagno (1969), 
Powell (1970), and Silver (1963) for foraminifera; Jiang 
(1989) for calcareous nannofossils; and Brown and 
Pierce (1962) for palynology (Figure 31).

Lake Waco Formation (Adkins and Lozo, 1951)

The type area for the Lake Waco Formation is from the 
Lake Waco dam spillway to the Moody Hills outcrop, 
all in McLennan County, south of Waco. The formation 
is 18–25 m (59–82 ft) of dark, silty shales with limestones 
and bentonites in the type area and was measured 
at 25.2 m (82.7 ft) in Mobil core 18 (Pessagno, 1969). 
The Lake Waco/Pepper Shale contact is marked by a 
reworked zone with rip-up clasts, suggesting a prob-
able unconformity (Brown and Pierce, 1962). The Lake 
Waco Formation was divided into three members in its 
type area: the Bluebonnet Member, the Cloice Member, 
and the Bouldin Member (Adkins and Lozo, 1951).

Bluebonnet Member (Adkins and Lozo, 1951)

The type section for the Bluebonnet Member is Adkins 
and Lozo’s (1951) “Moody Hills” outcrop, 7.2 km 
(4.5 mi) south of McGregor in McLennan County, where 
it was described as 3.5 m (11.5 ft) of limestone. A study 
of the Bluebonnet Member in the region (Silver, 1963) 
found that it ranges from 3 m to 6 m (9.8 ft to 19.7 ft)  
in thickness and is composed of limestones domi-
nated by inoceramid prisms in the lower portion of 
the member and planktonic foraminifera–rich shales 
with thin limestones in the upper portion. Bentonites, 
up to 25 cm (9.8 in) thick, are also found. The member 
is restricted in outcrop to Bell, Falls, McLennan, 
Limestone, and Hill Counties (Silver, 1963).

The Bluebonnet Member is age correlative to the 
Six Flags Limestone of the Dallas area (Figure 27). 
Ammonites representative of the Acanthoceras bellense 
and Acanthoceras amphibolum zones have been found 
in the lower limestones of the Bluebonnet Member 
(Kennedy, 1988; Hancock et al., 1993). The inoceramid 
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and bentonites at the type section along the Cloice 
Branch of the South Bosque River in McLennan 
County (Adkins and Lozo, 1951). Brown and Pierce 
(1962) included the member within their “Bentonite 
zone” in core 18. No diagnostic ammonites have 
been recovered from the Cloice Member in the Waco 
area; Adkins and Lozo (1951) merely stated that the 
mollusks were similar to those above and below the 
member and that no ammonites have been found by 
other researchers. The top occurrence of Gartnerago 
nanum was found 2.1 m (6.9 ft) below the top of the 
Cloice Member (Jiang, 1989), indicating the section is 
lower Upper Cenomanian or older. The Cenomanian 
age is supported by the presence of the planktonic 
foraminifera Rotalipora cushmani and R. greenhornensis 
in the upper part of the member (Pessagno, 1969). 
Pessagno (1969) also reported R. appenninica from the 

marker Inoceramus arvanus was identified in the shales 
of the upper portion of the member (Silver, 1963), which 
is in general agreement with the ammonite zones. 
Planktonic foraminifera were found to be extremely 
abundant in the upper shales, but no marker taxa were 
identified (Silver, 1963). As discussed in the limestone 
deposition section earlier, Silver’s (1963) interpretation 
that the Bluebonnet Member is a lagoonal deposit does 
not correspond with interpretations of similar Eagle 
Ford deposits in other areas, suggesting that Silver’s 
(1963) conclusions need revisiting.

Cloice Member (Adkins and Lozo, 1951)

The Cloice Member was described as 10.8 m (35.4 ft) 
of dark, calcareous shales with thin limestones 

Figure 30. Historical stratigraphic 
nomenclature for the Eagle Ford 
Group in the Waco area and 
proposed nomenclature from 
the present study. Legend for 
the lithology can be found in 
Figure 23.

13903_ch01P1_ptg01_001-086.indd   50 5/9/16   11:40 AM



Biostratigraphic and Geochemical Constraints on the Stratigraphy and Depositional environments 51

Figure 31. Composite section 
for Eagle Ford outcrops in 
the Waco area, showing 
interpreted age, proposed 
stratigraphic nomenclature, ash 
beds (bentonites), palynology 
horizons of Brown and Pierce 
(1962), foraminifera zones and 
datums, calcareous nannofossil 
zones and datums, inoceramid 
zones, ammonite zones, and 
generalized lithology. Note 
16 m (52.5 ft) of section 
is omitted. Legend for the 
lithology can be found in 
Figure 23.

upper Cloice Member, which is probably reworked 
or misidentified. As there is no obvious evidence for 
missing section within the member or at its contact 
with the underlying Bluebonnet Member, it has been 
interpreted here as having been deposited continu-
ously from the upper part of the Middle Cenomanian 
to the middle Upper Cenomanian (Figure 27).

Bouldin Member (Adkins and Lozo, 1951) and Flaggy 
Cloice (Jiang, 1989)

Adkins and Lozo (1951) described the Bouldin 
Member at the Cloice Branch outcrop as black, bento-
nitic shales with interbedded limestones. The Bouldin 
forms the upper part of Brown and Pierce’s (1962) 
Bentonite zone. Jiang (1989) introduced the alternative 
name Flaggy Cloice for the Bouldin Member in the 
Waco area, as he found that the member at the Blue 
Cut outcrop, roughly 16 km (9.9 mi) south of Cloice 

Branch, had more in common lithologically with the 
underlying Cloice than with the Bouldin Member at 
its type section in Austin (Figure 28).

Ammonites reported from the lower limestones of 
the member by Adkins and Lozo (1951) are indicative 
of the Sciponoceras gracile zone, although subsequent 
ammonite experts could not duplicate these findings 
(Kennedy, 1988; Hancock et al., 1993). A Prionocyclus 
hyatti zone ammonite fauna occurs in the upper 
part of the member, indicating an unconformable 
Cenomanian–Turonian boundary within the Bouldin 
(Kennedy, 1988). Jiang (1989) was able to pinpoint 
the boundary interval to a ledge-forming silty shale 
(interval M of Adkins and Lozo, 1951), as he found a 
Middle Turonian flora in the sample above the shale 
and an Upper Cenomanian flora in the sample below. 
The current biostratigraphic evidence suggests that 
the upper half of the Upper Cenomanian, the Lower 
Turonian, and most of the Middle Turonian are missing 
from the Bouldin Member in the Waco area (Figure 27).
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The classic outcrops at West Bouldin Creek and the 
Watters Park area (including Oak Haven Waterfall) 
have been the focus of several biostratigraphic studies 
utilized here, as have cores taken at various locations 
in Travis County (Adkins and Lozo, 1951; Pessagno, 
1969; Kennedy, 1988; Jiang, 1989; Hancock et al., 1993; 
Lundquist, 2000; Corbett and Watkins, 2013; Corbett et 
al., 2014; Lowery et al., 2014). For the present study, 
the outcrops at West Bouldin Creek in Austin and Bear 
Creek near Manchaca (BEG locality 226-T-46 of Feray, 
1949) were sampled for both foraminifera and calcar-
eous nannofossils. The composite section (Figure 32) 
is based primarily on the West Bouldin Creek outcrop. 
The carbon isotope, molybdenum, and CGR curves 
are from the nearby BO 301 PTPZ core (Fairbanks and 
Ruppel, 2012).

In the Austin area the Eagle Ford Group was subdi-
vided by Adkins and Lozo (1951) using the same 
terminology as the Waco area. Their terminology 
has mostly been accepted here, with the exception of 
the mudrock unit originally described as the Cloice 
Member of the Lake Waco Formation, which has been 
renamed the Waller Member (Fairbanks, 2012) and 
transferred to the Pepper Shale (see Pepper Shale 
section) (Figure 33).

Lake Waco Formation (Adkins and Lozo, 1951)

The Lake Waco Formation in the Austin area origi-
nally encompassed the Bouldin Member and the 
Cloice Shale Member (Adkins and Lozo, 1951). As 
described earlier, the Cloice has been renamed the 
Waller Member and transferred into the Pepper Shale 
Formation (Figure 33).

Waller Member (Fairbanks, 2012) and Cloice Member 
(Adkins and Lozo, 1951)

See Waller Member of the Pepper Shale Formation.

Bouldin Member (Adkins and Lozo, 1951)

The West Bouldin Creek outcrop south of downtown 
Austin (BEG local 226-T-45) is the stratotype for the 
Bouldin Member, where it was measured at 2.6 m (8.5 ft) 
(Adkins and Lozo, 1951). It is composed of interbedded 
silty, nodular limestones, marls, and bentonites. As 
noted previously in the section on the Waller Member 
of the Pepper Shale, the base of the Bouldin has been 
adjusted slightly upward to the base of the oyster-rich 
calcarenite (bed “g” of Feray, 1949) (Figures 24 and 32). 

South Bosque Formation (Prather, 1902; Adkins and 
Lozo, 1951)

The term “South Bosque” was originally coined by 
Prather (1902) for the marls found beneath the Austin 
Chalk and revived by Adkins and Lozo (1951) for the 
upper Eagle Ford shales. This latter study noted that 
the South Bosque could be divided into an upper, 
clay-rich portion and a lower portion with thin, platy 
limestones and bentonitic shales but did not formalize 
this division. The type section was designated as a 
shale pit near the Cloice Branch outcrop in McLennan 
County, where it is 36.6 m (120.1 ft) thick.

The ammonites from the South Bosque in the type 
area include a Coilopoceras springeri Subzone fauna in 
the lower 10 m (32.8 ft), the nominate species of the 
Prionocyclus macombi zone from an undetermined posi-
tion within the formation, and an assemblage associ-
ated with Prionocyclus wyomingensis and Prionocyclus 
novimexicanus zones in the upper 7 m (23 ft) (Kennedy, 
1988; Hancock et al., 1993). The calcareous nannofos-
sils were only examined from the lower portion of the 
formation, but are in general agreement with a Middle 
to Late Turonian age (Jiang, 1989). Pessagno (1969) and 
Powell (1970) reported finding the planktonic fora-
minifer Helvetoglobotruncana helvetica in South Bosque 
samples, although neither specified the exact position 
of the samples; Pessagno’s (1969) outcrop near Eddy 
had neither the basal nor upper contact of the formation 
to place the sample in context, whereas Powell (1970) 
gave only a general species listing for the formation.

Austin Area (Travis and Williamson Counties)

The Eagle Ford measured in outcrops from the Austin 
area is 12.8 to 13.7 m (42 to 44.9 ft) thick (Adkins, 1932), 
considerably thinner than in areas to the north, which 
has been attributed to its proximity to the San Marcos 
arch (San Marcos platform of Young, 1986). Young 
(1986) noted that the Eagle Ford on the San Marcos 
platform in Hays and Edwards Counties was 2–5 m 
(6.6 to 16.4 ft) thick, with only the Cenomanian portion 
present. There are two issues with Young’s (1986) age 
determinations for the Eagle Ford on the San Marcos 
platform: (1) his correlations were based solely on 
lithology and not biostratigraphy and (2) he inaccu-
rately placed the Cenomanian Turonian boundary at 
the base of the condensed zone in the upper part of the 
South Bosque Formation and not at its current posi-
tion near the top of the Bouldin Member. No biostrati-
graphic study of the Eagle Ford has been published 
from Hays or Bexar Counties, so the San Antonio area 
is not considered in the present study.
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Figure 33. Historical 
stratigraphic nomenclature 
for the Eagle Ford Group 
in the Austin area and 
proposed nomenclature 
from the present study. 
Legend for the lithology can 
be found in Figure 23.

This bed has a reworked lag at its base containing 
bivalve fragments, teeth, and ammonite impressions. 
Adkins and Lozo (1951) reported that ammonites from 
the Acanthoceras amphibolum zone occur in the Bouldin, 
implying that at least the basal calcarenite is equivalent 
to the Bluebonnet Member at Waco and the Six Flags 
Limestone at Dallas (Figure 27). The biostratigraphy 
indicates that the Bouldin Member at Austin is very 
condensed and likely has several hiatal surfaces. The 
calcareous nannofossil data places the Cenomanian–
Turonian boundary near the top of the Bouldin (Jiang, 
1989). The juxtaposition of the base of Quadrum gartneri 
and the top of Axopodorhabdus albianus signifies that 
500 k.y. or more are missing at the boundary, which 
includes all of the OAE2 (Figure 27). Moderately high 
molybdenum concentrations (Fairbanks and Ruppel, 
2012) (Figure 32) and the lack of benthic foraminifera 
(Lundquist, 2000) imply anoxic to euxinic bottom-water 
conditions.

South Bosque Formation (Adkins and Lozo, 1951)

The South Bosque Formation in the Austin area is 6.2 m  
(20.3 ft) of dark gray to black claystone capped by 

the condensed zone of Adkins (1949). The condensed 
zone occurs within the upper 1.5 m (4.9 ft) of the South 
Bosque and purportedly contains the top five Eagle 
Ford zones (Alectryonia lugubris to Neocardioceras zones, 
see Figure 4) (Adkins, 1949; Adkins and Lozo, 1951), 
but this has been questioned by Kennedy (1988), who 
was only able to locate ammonites from the Coilopoceras 
springeri zone. The presence of the calcareous nanno-
fossil Marthasterites furcatus in the uppermost part of 
the South Bosque implies that the section is younger 
than the Prionocyclus novimexicanus ammonite zone, so 
we have chosen to accept the list of ammonite zones 
indicated by Adkins (1949) (Figure 32).

Samples examined during the present study identi-
fied a significant change in the benthic fauna at 2.5 m 
(8.2 ft) above the base of the formation, approximately 
where a decrease in molybdenum occurs (Figure 32). 
The foraminiferal assemblage below 2.5 m (8.2 ft) was 
composed almost entirely of planktonic foraminifera, 
whereas above 2.5 m (8.2 ft) benthic foraminifera are 
abundant, especially calcareous epifaunal types like 
Anomalina W, which has its acme (level of high abun-
dance) at about 2.8 m (9.2 ft). Also seen at this level, but 
rare in lower samples, are high abundances of echinoid 
plates and spines, glauconite and limonite pellets, and 
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with the addition of several local sand units: the 
Harris, Coker, and the Sub-Clarksville, in ascending 
order. The term “Rapides Shale,” which originated 
in Louisiana (Forgotson, 1958), has been applied in 
portions of east Texas to a shale found beneath the 
Austin Chalk (e.g., Siemers, 1978). Forgotson (1958) 
placed the Rapides Shale within the Austin, whereas 
Newport (1981) found that its palynomorphs were 
younger than the underlying Woodbine. However, 
Barrett and Goodson (2006) identified an acme of 
Anomalina W just below the Austin/Eagle Ford 
contact in the same area (Tyler County) that Siemers 
(1978) described the Rapides Shale, so it is inter-
preted here to represent the uppermost part of the  
Eagle Ford.

Because of the limited biostratigraphic data from 
the subsurface of east Texas, which includes published 
(Turner and Conger, 1981, 1984; Barrett and Goodson, 
2006) and new data by the authors from Tyler, Brazos, 
and Polk Counties (an example is shown in Figure 20), 
schematic Wheeler diagrams were constructed for the 
east Texas basin center and basin margin (Figures 34 
and 35) rather than composite sections. The forma-
tion ages are based on the biostratigraphic data avail-
able from the subsurface and the adjacent outcrop 

ostracods. The drop in molybdenum levels, abundant 
occurrence of benthic fauna, and presence of bioturba-
tion (Fairbanks and Ruppel, 2012) are all indicative of 
an oxygenation event.

Subsurface East Texas

The purported Eagle Ford/Woodbine contact in east 
Texas has been referred to as the Eagle Ford uncon-
formity (e.g., Surles, 1987; Adams and Carr, 2010). This 
term may be misleading, however, due to the tendency 
for many operators to identify all sands in east Texas 
as either Woodbine (e.g., Adams and Carr, 2010), 
or Woodbine–Eagle Ford (e.g., Turner and Conger, 
1981, 1984). The Eagle Ford is up to 275 m (902.2 ft) 
thick in the basin center, thinning onto the Sabine 
uplift to the east due to both stratigraphic pinch-out 
and erosional truncation until it is entirely missing 
(Surles, 1987; Ambrose et al., 2009). Although much of 
the Eagle Ford in east Texas is composed of TOC-rich 
shales, it contains considerably more sand than other 
areas, particularly within the northernmost part of 
the basin (Surles, 1987). When subdivided, the forma-
tion names from the Dallas area are generally utilized, 

Figure 34. Wheeler diagram for 
the Woodbine and Eagle Ford 
Groups of the basin center of the 
subsurface of east Texas (Figure 1). 
Legend for the lithology can be 
found in Figure 23.
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belt. The stratigraphy south of Leon County is based 
on the regional study detailed in Chapter 1, Part 2 
(Denne and Breyer, 2016), whereas north of Leon 
County published regional cross sections (e.g., Oliver, 
1971; Surles, 1987; Ambrose et al., 2009; Ambrose and 
Hentz, 2010) were utilized.

Turner and Conger (1981, 1984) list the age for the 
Woodbine as Late Turonian based on an erroneous 
interpretation for the age of Eprolithus (Lithastrinus) 
floralis. They list this calcareous nannofossil as ranging 
from Early Coniacian to Late Turonian, even though it 
evolved in the Aptian (Burnett, 1998). Unfortunately, 
this led them to interpret older, Cenomanian-aged 
fossils, which they did not list, as being reworked. 
This error is an example of the importance of vetting 
interpretations based on older biostratigraphic data, 
as this inaccurate age has been promulgated by later 
authors (e.g., Hentz et al., 2014).

The formation names from the adjacent outcrop 
belt are shown on the basin center diagram primarily 
for reference. They have been correlated into the 
subsurface by some researchers (e.g., Surles, 1987), 
but usually only the sand-prone units are subdivided. 
The Harris Sands is an informal term for a deltaic 
system deposited in the Brazos Basin. As noted earlier, 
the study of this system by Turner and Conger (1981, 
1984) yielded an inaccurate age for the sands; the age 
utilized here is from Barrett and Goodson’s (2006) 
study and sample analysis by the authors. The Coker 
sand is a reservoir unit at the Como field in Hopkins 
County that has been correlated across 10 counties 
(Kitchens, 1949) and is listed on some stratigraphic 
charts of the Eagle Ford, possibly originating from a 
chart first published by Nichols (1964). It is only 4.3 m 
(14.1 ft) thick and is rarely mentioned in the literature, 
so it is shown on the Wheeler diagram but not on the 
stratigraphic charts. The term “Sub-Clarksville sands” 
is the subsurface equivalent to the Bells Sandstone 
Member of the Arcadia Park Formation. Although it 
has been called the Sub-Clarksville Formation (e.g., 
Surles, 1987), it is not a formal stratigraphic term.

The most striking features of the Wheeler diagrams 
are the lacunae. The basin center diagram (Figure 34) 
mimics the outcrop belt, although the condensed 
Bouldin Member seen at Austin is interpreted to be 
missing. The onset of Eagle Ford deposition in east 
Texas (EGFD200 using the terminology of Chapter 1, 
Part 2, Denne and Breyer, 2016) is marked by lime-
stone deposition in the Brazos Basin (Figure 20), as 
it is in the outcrop belt (Bluebonnet and Six Flags 
Limestones). The microfossil assemblages indicate a 
change in oceanographic conditions to oligotrophic 

surface waters and oxic to suboxic bottom waters 
during this initial deposition, potentially due to the 
transgression trapping sediments and nutrients closer 
to their source. Eutrophic conditions resumed during 
the succeeding EGFD300, as riverine input increased 
(Figure 20). In the northern part of the eastern margin 
(Figure 35) most of the section was removed by 
erosion caused by rise of the Sabine uplift (Halbouty 
and Halbouty, 1982), which may have played a role 
in deposition of the Harris sands in the Brazos Basin 
(Nichols, 1964). The foraminiferal grainstones shown 
on both diagrams at the top of the South Bosque 
Formation represent the transitional unit termed the 
“Langtry” in the south Texas, Langtry, and Del Rio 
areas, which is roughly coeval to the condensed zone 
in the Austin area. These grainstones exhibit a log 
signature transitional to the overlying Austin due to 
their higher carbonate content.

Langtry Area (Terrell and Western Val Verde Counties)

The composite section for the Langtry area (Figure 36) 
is based on the outcrop at Lozier Canyon in Terrell 
County, west of the town of Langtry, site of a number 
of stratigraphic studies (e.g., Hazzard et al., 1959; 
Freeman, 1961; Pessagno, 1969; Donovan and Staerker, 
2010; Donovan et al., 2012; Gardner et al., 2013). A total 
of 55.9 m (183.4 ft) of Eagle Ford section is present 
at Lozier Canyon (Gardner et al., 2013). The stable 
carbon isotope data, gamma ray data, and the gener-
alized stratigraphy are from Lozier Canyon (Donovan 
et al., 2012; Gardner et al., 2013; Lowery et al., 2014). 
Biostratigraphic data were compiled from various 
outcrops in the area as described by Hazzard et al. 
(1959), Freeman (1961), Pessagno (1969), Smith (1981), 
Kennedy and Cobban (1993), Cobban et al. (2008), 
Donovan et al. (2012), Corbett and Watkins (2013), 
Corbett et al. (2014), Lowery et al. (2014), and the 
present study.

Several studies have proposed a stratigraphic nomen-
clature based on Lozier Canyon and nearby outcrops 
(Freeman, 1961; Pessagno, 1969; Donovan and Staerker, 
2010; Donovan et al., 2012; Gardner et al., 2013), whereas 
the nomenclature of Lock and Peschier (2006) was 
developed for the outcrops along U.S. Highway 90 in 
Val Verde and Terrell Counties (Figure 37). The nomen-
clature recommended here is based primarily on the 
proposed nomenclatures of Donovan et al. (2012) and 
Gardner et al. (2013) with several changes. Although 
we agree that the rocks should be placed within the 
Eagle Ford Group, we recommend that the historical 
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Figure 35. Wheeler diagram for the Woodbine and Eagle Ford Groups of the eastern margin of the subsurface of east Texas 
(Figure 1). Legend for the lithology can be found in Figure 23.

term “Boquillas” be retained at the formation level. 
The four members proposed by Gardner et al. (2013) 
are recognized, with one addition: we propose that 
the Lozier Canyon Member should be restricted to the 
upper organic-rich shales and propose a new member 
(Terrell Member) for the lower 6.2 m (20.3 ft) carbonate-
rich portion of the Boquillas at Lozier Canyon (“Pinch 
and Swell” of Freeman, 1961; Lower Boquillas of Lock 
and Peschier, 2006; Facies A of Donovan et al., 2012) 
(Figures 36 and 37).

Boquillas Formation (Udden, 1907)

Although Udden (1907) named the Boquillas Flags 
after exposures found near the Boquillas post office 
that now lie within the Big Bend National Park, he 
stated that the Boquillas occurs in Val Verde and 
Kinney Counties (Udden, 1907, p. 32), so its applica-
tion in the Langtry and Del Rio areas is appropriate. 
However, in the Langtry and Del Rio areas its usage is 
restricted to the Eagle Ford Group, whereas in the Big 
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Lozier Canyon Member and be placed in the Terrell 
Member, with the type section at Lozier Canyon in 
Terrell County. These beds have also been termed the 
“Pinch and Swell” unit by Freeman (1961), the “Lower 
Boquillas” by Lock and Peschier (2006), and “Facies 
A” by Donovan and Staerker (2010) and Donovan et 
al. (2012). These beds can be identified over a large 
area and are readily distinguished from the  overlying 
organic-rich shales based on facies, sedimentary struc-
tures, and biofacies. The member has been previously 
described in detail elsewhere, including contrasting 
arguments for a depositional environment either 
below or above storm wave base (Lock and Peschier, 
2006; Donovan et al., 2012; Gardner et al., 2013) (see 
earlier Proximal Eagle Ford limestones section). At 
Osman Canyon the member is 9 m (29.5 ft) thick, 
6.2 m (20.3 ft) at Lozier Canyon, and 6.7 m (22 ft) at 
Antonio Creek (Gardner et al., 2013). The Terrell 
Member disconformably overlies the Buda Formation; 
the contact is a wavy, erosional surface (Freeman, 
1968). The member is composed of interbedded cross-
stratified grainstones, mudstones, and bentonites and 
contains a much higher amount of carbonate, including 
dolomite rhombs, than the overlying shales. Some of 

Bend region it also encompasses rocks from the Austin 
Group (see Big Bend section later).

Rock Pens Member (Pessagno, 1969)

Pessagno (1969) divided the Boquillas into two 
members at Lozier Canyon, the Rock Pens and 
Langtry (Figure 37). The type area was Lozier Canyon 
in eastern Terrell County, although it was named for 
the nearby Rock Pens Ranch. The Rock Pens was 
measured at 45.6 m (149.6 ft) and included the Lozier 
Canyon, Antonio Creek, and Scott Ranch Members 
of Gardner et al. (2013). It is not included within our 
recommended nomenclature for the area (Figure 37).

Terrell Member (New Member, Present Study) Pinch 
and Swell Unit (Freeman, 1961) Lower Boquillas 
(Lock and Peschier, 2006) Facies A (Donovan and 
Staerker, 2010)

It is proposed here that the basal, carbonate-rich beds 
of the Boquillas Formation be separated from the 

Figure 37. Historical 
stratigraphic nomenclature for 
the Eagle Ford Group in the 
Langtry area and proposed 
nomenclature from the present 
study. Legend for the lithology 
can be found in Figure 23.
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U.S. Highway 90 (present study). The base occur-
rence of Corollithion kennedyi was reported from the 
member (Corbett et al., 2014), but it is likely above 
(i.e., younger) its global base occurrence. The posi-
tion of the Upper–Middle Cenomanian boundary is 
not well constrained; its placement here is based on an 
assumption of uniform depositional rates throughout 
the member (Figure 36).

Antonio Creek Member (Gardner et al., 2013) Flagstone 
Unit (Freeman, 1961) Middle Boquillas (Lock and 
Peschier, 2006) Facies B (Donovan and Staerker, 2010), 
Middle Shale Member (Donovan et al., 2012)

The Antonio Creek Member (Gardner et al., 2013) 
was originally termed the “Middle Shale Member” 
by Donovan et al.  (2012),  and includes their 

the beds exhibit evidence of syndepositional defor-
mation, with slumping and folding of consolidated 
beds. The member contains calcispheres, planktonic 
foraminifera, and fragments of oysters, echinoids, and 
possible ophiuroids (Lock and Peschier, 2006). A layer 
of small, desmoceratid ammonites is found within 
the member (Hazzard et al., 1959). These ammonites 
are thought to be specimens of Moremanoceras, which 
occurs in the Lower Cenomanian Acompsoceras incon-
stans and Forbesiceras brundrettei zones (Cobban et al., 
2008). An ammonite marker from the Acompsoceras 
inconstans zone has been found in the basal bed at 
Big Bend and Pico Etereo (east of Big Bend) (Cobban 
et al., 2008; Cooper and Cooper, 2014), and ammo-
nites from the Forbesiceras brundrettei zone have been 
found in the lowermost 2 m (6.6 ft) at two localities 
near Bracketville in Kinney County (Kennedy and 
Cobban, 1993). Therefore, we have tentatively placed 
the basal 2 m (6.6 ft) of the Terrell Member within 
these two ammonite zones, coeval with the Maness 
Shale (Figure 36). Flattened specimens of Tarrantoceras 
sellardsi from the Acanthoceras amphibolum zone have 
also been recovered from the Terrell Member (Cobban 
et al., 2008). Based on the present age control, a 
possible hiatal surface is interpreted to occur within 
the member (Figure 38).

Lozier Canyon Member (Gardner et al., 2013; 
Amended, Present Study) Flagstone Unit (Freeman, 
1961) Middle Boquillas (Lock and Peschier, 2006) 
Facies B (Donovan and Staerker, 2010) Unnamed 
Member (Donovan et al., 2012)

The original definition of the Lozier Canyon Member 
(Gardner et al., 2013) encompassed the carbonate-rich 
beds of Donovan and Staerker’s (2010) Facies A (herein 
termed the Terrell Member) and the organic-rich 
shales of subfacies B1 and B2, with the type section 
at Lozier Canyon. As noted in the Terrell Member 
section, it is proposed here that the Lozier Canyon 
Member be restricted to the organic-rich shales. The 
member is described as dark gray to black, organic-
rich, calcareous mudstones with interbedded skeletal 
packstones with rare bentonites. The member is 8.5 m 
(27.9 ft) thick at Lozier Canyon and 7.3 m (24 ft) thick 
at Antonio Creek (Gardner et al., 2013). Freeman (1961) 
reported a specimen of Eucalycoceras sp. in the base 
of his Flagstone unit, which suggests Middle to Late 
Cenomanian, but Cobban et al. (2008) reported they 
found no ammonites within the member. Specimens 
of Inoceramus prefragilis stephensoni were identified in 
the lower portion of the member at an outcrop along 

Figure 38. Wheeler diagram for the Eagle Ford outcrops of 
west Texas.
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subfacies B3-B5. Although they state that the subdi-
vision between the Lozier Canyon and Antonio 
Creek Members was based on the higher abundance 
of bentonites in their Middle Shale (Antonio Creek) 
Member, the primary rationale behind this subdivision 
appears to be a gamma ray correlation to a similar unit 
identified in the subsurface of south Texas (Donovan 
et al., 2012). The type area for the Antonio Creek 
Member is in the Lozier Canyon and its tributary, 
Antonio Creek (Gardner et al., 2013). It is described as 
dark gray to black, organic-rich, calcareous mudstones 
with interbedded skeletal packstones and common 
bentonites. The member is 14.1 m (46.3 ft) thick at 
Lozier Canyon and 15.2 m (49.9 ft) at Antonio Creek 
(Gardner et al., 2013). It is Upper Cenomanian in age 
(Figure 36).

Scott Ranch Member (Gardner et al., 2013) Ledgy 
Unit (Freeman, 1961); Facies C (Donovan and 
Staerker, 2010); and Unnamed Member, Upper 
Eagle Ford Formation (Donovan et al., 2012): The 
Scott Ranch Member is distinguished on the outcrop by 
a color change due to the lack of bentonites and lower 
amounts of organic carbon than the underlying shales 
(Donovan et al., 2012) and by an increase in bioturba-
tion (Gardner et al., 2013). The carbon isotopes and 
biostratigraphy indicate that the Scott Ranch Member 
was deposited during OAE2 (Figures 36 and 38).

The Cenomanian–Turonian boundary occurs in the 
upper portion of the Scott Ranch, based on the top 
occurrence of Helenea chiastia and OAE2 excursion 
C, although no Turonian microfossils were identified 
within the member (Corbett et al., 2014). Freeman 
(1961) reported the ammonite genus Mammites near 
the top of the member, suggesting the Mammites 
nodosoides zone. However, there is no other evidence 
of the Middle Turonian within the Scott Ranch, and 
there is strong evidence of a sequence boundary at 
the top of the member. Therefore, this occurrence 
is not utilized in the age model for the Langtry area 
(Figure 38).

Langtry Member (Pessagno, 1969, Donovan et al., 
2012), Laminated Unit (Freeman, 1961), and Langtry 
Formation (Donovan and Staerker, 2010)

The Langtry Member is composed of 13.4 m (44 ft) 
of highly bioturbated marls in the lower portion 
and becomes increasingly dominated by limestones 
(grainstones) near the top of the member. The Langtry 
contains abundant occurrences of the echinoid 
Hemiaster jacksonensis (H. bosei) and is interpreted to 

rest on a sequence boundary (Donovan et al., 2012). 
The biostratigraphic evidence implies that much of 
the Lower Turonian is missing at the contact, but it 
also suggests that there is a hiatal surface at the K70 
MFS horizon of Donovan et al. (2012), with the upper 
two-thirds of the Middle Turonian missing (Figure 38). 
Donovan et al. (2012) placed the Turonian-Coniacian 
boundary at this horizon based on the top occurrence 
of Eprolithus moratus (recorded as E. eptapetalus) coin-
ciding with the base occurrence of several species, 
including Marthasterites furcatus. However, the nomi-
nate marker for the Inoceramus perplexus zone and an 
Upper Turonian ammonite (Prionocyclus sp.) occur 
1.8 m (6 ft) below the Langtry/Austin contact and the 
nominate markers for the Upper Turonian Mytiloides 
incertus and Prionocyclus germari zones are found in 
the basal Austin (Cobban et al., 2008). Furthermore, 
the extinction of E. moratus occurs within the Upper 
Turonian (Ogg and Hinnov, 2012) (Figure 3) and its 
top occurrence is typically found below its extinction 
point in the Western Interior seaway and adjacent 
Eagle Ford Sea, near the base of the Upper Turonian 
(Corbett et al., 2014). These latter authors interpreted 
the Langtry Member above the K70 MFS as Upper 
Turonian, which is followed here. The Turonian-
Coniacian boundary occurs within the Austin, roughly 
16 m (52.5 ft) above the Langtry/Austin contact, based 
on the macrofossil evidence (Cobban et al., 2008). 
(Note: The age ranges of Ogg and Hinnov [2012] indi-
cate that the TO of Marthasterites furcatus is coeval with 
the top of the Inoceramus perplexus zone [Figure 3]. 
Their overlap at Lozier Canyon suggests that they do 
overlap and the age for one of the horizons is inaccu-
rate. This does not substantially affect the age inter-
pretation given here.)

Del Rio Area (Kinney and Eastern Val Verde Counties)

The outcrops east and southeast of Del Rio were 
deposited within the Maverick Basin (Figure 1). The 
thickness of the Eagle Ford section near Sycamore 
Creek (111 m [364.2 ft]) (Eldrett et al., 2014) is similar 
to that penetrated at the southern end of the Maverick 
Basin in Webb County (114 m [374 ft]) (see subsurface 
south Texas section), but considerably thicker than 
the outcrops in the Langtry area (55.9 m [183.4 ft]) 
(Gardner et al., 2013). Historically, the nomenclature 
developed for the Boquillas Formation to the west 
has been applied to the outcrops in the Del Rio area; 
Pessagno (1969) and Smith (1981) used Pessagno’s 
(1969) Langtry/Rock Pens nomenclature developed 
at Langtry, whereas Powell (1970) used the Ernst/San 
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Vicente nomenclature from Big Bend. The terminology 
recommended here is our proposed amended nomen-
clature for the Langtry area (Figure 37).

Outcrops near Bracketville (Pinto Creek) and south 
of Del Rio along Sycamore Creek provided most of 
the early data on the Eagle Ford Group in Kinney 
County, including partially measured sections and 
microfossil studies by Pessagno (1969) and Smith 
(1981). A core taken near Sycamore Creek provided 
the lithology, carbon isotope, gamma ray, molyb-
denum, palynology, and several of the foraminifera 

and calcareous nannofossil horizons used to create 
the composite section (Forkner et al., 2013; Eldrett et 
al., 2014) (Figure 39). The dataset released by the latter 
study is primarily focused on the OAE2 section, so 
the substage boundary locations and the interpreta-
tion of a complete section are those of Eldrett et al. 
(2014). They concluded that a paleoceanographic shift 
occurred in the area during OAE2, from a Tethyan, 
restricted water mass prior to OAE2 to a boreal, open-
marine water mass during and after OAE2 based on 
the dinoflagellate and chemostratigraphic data.

Figure 39. Composite section for Eagle Ford outcrops in the Del Rio area, showing interpreted age, proposed stratigraphic 
nomenclature, ash beds (bentonites), stable carbon isotope curve (Eldrett et al., 2014), molybdenum (Mo) abundances 
(Eldrett et al., 2014), foraminifera zones and datums, calcareous nannofossil zones and datums, palynology datums and 
inoceramid occurrences, ammonite zones, gamma ray values (Forkner et al., 2013), and generalized lithology. Legend for the 
lithology can be found in Figure 23.
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Big Bend Area (Brewster County)

The Big Bend area includes the outcrops found within 
and adjacent to Big Bend National Park in Brewster 
County. Biostratigraphic data utilized here are from 
Maxwell et al. (1967), Frush and Eicher (1975), Cobban 
et al., (2008), and Cooper and Cooper (2014).

Boquillas Formation (Udden, 1907)

The type area for the Boquillas Formation is along 
the Sierra del Carmen Range in Big Bend National 
Park (Udden, 1907). The formation was named after 
the Boquillas post office, which is currently known 
as Rio Grande Village within the park. The Boquillas 
Formation was divided into the Ernst and San Vicente 
Members by Maxwell et al. (1967). As the San Vicente 
Member is equivalent to the Austin Group, only the 
Ernst Member is discussed here.

Ernst Member (Maxwell et al., 1967)

The Ernst Member was named after Ernst Tinaja, 
approximately 2.4 km (1.5 mi) northeast of Rio Grande 
Village in Big Bend National Park (Maxwell et al., 
1967). The position of the Ernst/San Vicente contact 
was subsequently revised downward to the top of 
the distinctive Allocrioceras ledge (Cooper et al., 2005). 
The composite section shown here (Figure 40) is based 
on the Hot Springs Trail reference section of Cooper 
and Cooper (2014), where 75.7 m (248.3 ft) of calcar-
eous shales with interbedded limestones were meas-
ured. The measured section of Frush and Eicher (1975) 
is also from the Hot Springs area; they state that the 
section extends to the Allocrioceras ledge, but compar-
ison to the measured section of Cooper and Cooper 
(2014) suggests that the upper 20 m (65.6 ft) are not 
shown on the section.

The general age model for the Ernst Member is 
similar to the Boquillas section in the Langtry area, 
although there is considerably more macrofossil data 
from Big Bend to constrain the model. One significant 
difference is that most, if not all, of OAE2 is missing at 
Big Bend, which includes the Cenomanian–Turonian 
boundary (Figure 38). This is indicated by the near 
juxtaposition of the Rotalipora spp. top occurrence to 
the base occurrences of Helvetoglobotruncana helvetica 
and Marginotruncana sigali (Figure 40). A missing OAE2 
would also be a possible explanation for the poor expres-
sion of the benthonic zone noted by Frush and Eicher 
(1975) at Hot Springs. Calcareous nannofossil and stable 

carbon isotope work would help to better define the 
boundary and the extent of any missing section.

Chispa Summit Area (Jeff Davis County)

Chispa Summit Formation (Adkins, 1932): The stra-
totype for the Chispa Summit is in the western portion 
of Jeff Davis County, between Van Horn and Marfa, 
at the headwaters of the Van Horn Creek. Eagle Ford 
Group rocks from the Davis Mountains in the north-
ernmost portion of the county are typically placed 
within the Boquillas Formation due to their similari-
ties in thickness and lithostratigraphy. Exposures there 
are widely dispersed and incomplete; data is limited 
to a foraminifera study (Frush and Eicher, 1975) and 
a description of the Lower Cenomanian ammonites 
(Young, 1958), so a composite section for the Boquillas 
Formation of Jeff Davis County was not constructed. 
At Chispa Summit, the equivalent section is much 
thicker and is predominantly composed of shales, with 
much less limestone than the Boquillas, so the forma-
tion name of Chispa Summit was applied to the rocks 
at that location (Adkins, 1932). These rocks have been 
interpreted to represent the shelf facies downdip of 
the Boquillas (Powell, 1965). The actual thickness has 
been difficult to measure due to numerous faults and 
folds, volcanic cover, and a lack of obvious marker 
beds (Powell, 1965); thickness estimates have varied 
from 244 m (800.5 ft) (Adkins, 1932), 610 m (2001.3 ft) 
(Powell, 1965; Pessagno, 1969), to as much as 792 m 
(2600 ft) (Ashour, 1969). Therefore, putting together 
a composite section with all the available biostratig-
raphy was challenging (Figure 41). The foraminifera 
data of Frush and Eicher (1975) fit well with the 
ammonite data of Kennedy et al. (1989); therefore these 
two datasets were the primary source of thicknesses 
and biostratigraphy. Other biostratigraphic studies 
conducted in the area include macrofossils in Adkins 
(1932), Kummel and Decker (1954), Powell (1965), 
Ashour, (1969), Cobban and Hook (1980), and Kennedy 
et al. (1989), which were summarized in Hancock et 
al. (1993) and Cobban et al. (2008). Foraminifera were 
studied by Ashour (1969), Pessagno (1969), Frush and 
Eicher (1975), and Desmares et al. (2007).

The Cenomanian portion of the Chispa Summit is 
roughly 50 m (164 ft) thick (Figure 41). Although the 
contact with the underlying Buda is likely a discon-
formity, the Lower Cenomanian section of the Chispa 
Summit and Ojinaga Formations are the most complete 
in the outcrop belt (Figure 38). Ammonites occur at a 
number of levels in the Cenomanian rocks; they indi-
cate several hiatal surfaces, with the lower half of the 
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equivalent to the Austin Group in the type area, so only 
the lower Ojinaga is discussed here. The composite 
section was constructed based on the sections in the 
southern Quitman Mountains of Hudspeth County and 
the equivalent range in northern Chihuahua, Mexico 
(Sierra de la Cieneguilla) (Figure 42). The primary 
sources for the lithostratigraphy and biostratigraphy 
were Powell (1963a, 1963b, 1965), Frush and Eicher 
(1975), Cobban and Hook (1980), McNulty et al. (1985), 
Kennedy et al. (1987), Cobban and Kennedy (1989), 
and Cobban et al. (2008). The Ojinaga was deposited 
within the Chihuahua trough and has been character-
ized as a basinal facies (Powell, 1965). Similar to the 
Lower Eagle Ford of south Texas, the Cenomanian 

Middle Cenomanian, much of the Upper Cenomanian, 
and the Cenomanian–Turonian boundary missing 
(Figure 38). The Turonian is expanded, 950 ft (289.6 m) 
in thickness, and interpreted to be complete, although 
this may be due to a lack of high-resolution data.

Quitman Mountains Area (Hudspeth County; 
Cieneguilla, Mexico)

Ojinaga Formation (Burrows, 1909): The type area 
for the Ojinaga Formation is the Ojinaga Basin, 
29 km (18 mi) south of Ojinaga, Chihuahua, Mexico 
(Burrows, 1909). The Ojinaga Formation includes rocks 

Figure 40. Composite section for 
Eagle Ford outcrops in the Big 
Bend area, showing interpreted 
age, stratigraphic nomenclature, 
foraminifera zones and datums, 
macrofossil occurrences, inoceramid 
zones, ammonite zones, and 
generalized lithology. Legend for the 
lithology can be found in Figure 23.
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Figure 41. Composite section 
for Eagle Ford outcrops in 
the Chispa Summit area, 
showing interpreted age, 
stratigraphic nomenclature, 
foraminifera zones and 
datums, macrofossil 
occurrences, inoceramid 
zones, ammonite zones, and 
generalized lithology. Legend 
for the lithology can be 
found in Figure 23.

portion of the Ojinaga contains organic matter and few 
benthic foraminifera and the limestones contain calci-
spheres, planktonic foraminifera, and calcified radio-
laria (McNulty et al., 1985).

The 23 m (75.5 ft) of flaggy limestones at the base 
of the Ojinaga are coeval to the Maness Shale (Lower 
Cenomanian) (Figure 38) and may be gradational to 
the underlying Buda at some locations (Powell, 1965). 
The limestones were characterized as cross-stratified, 
calcisphere-foraminiferal grainstones (McNulty et 

al., 1985). The age of the overlying shales is not well 
constrained due to the lack of macrofossils, the poor 
resolution of the planktonic foraminifera, and the 
absence of calcareous nannofossil data. McNulty et 
al. (1985) indicated that they had difficulty distin-
guishing Rotalipora montsalvensis from R. cushmani and 
R. brotzeni from R. greenhornensis in thin-section. The 
possible Rotalipora cushmani base occurrence used here 
(Figure 42) is their base occurrence for R. montsalvensis, 
and their top occurrence for R. brotzeni was not used. 
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The foraminifera data of Frush and Eicher (1975) from 
south of Ojinaga were utilized for the section above 
the R. cushmani top occurrence.

The two sections differ in lithology and fossil content 
above the ammonite-bearing concretionary horizon 
containing Collignoniceras woollgari. At the northern 
localities, which formed the basis of the composite 
section here (Figure 42), the section is primarily sand-
stones containing only oysters, whereas the southern 
sites were predominantly composed of shales with 

thin limestones and sandstones with ammonites from 
the Prionocyclus hyatti zone. This occurrence is tenta-
tively placed on the composite section (Figure 42).

Subsurface South Texas

The subsurface south Texas region incorporates the 
counties south of the San Marcos arch, including the 
Maverick Basin. The division of the region into four 

Figure 42. Composite 
section for Eagle Ford 
outcrops in the Quitman 
Mountains area, 
showing interpreted age, 
stratigraphic nomenclature, 
foraminifera zones and 
datums, macrofossil 
occurrences, inoceramid 
zones, ammonite zones, 
and generalized lithology. 
Legend for the lithology 
can be found in Figure 23.
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areas was based primarily on availability of data, with 
geographic differences also taken into account. The 
stratigraphic nomenclature of the Eagle Ford Group in 
the region proposed here accepts the two-fold division 
proposed by Donovan et al. (2012): the Lower Eagle 
Ford Formation for the organic-rich shales deposited 
during the Cenomanian prior to the pre-OAE2 oxygen-
ation event, and the Upper Eagle Ford Formation for 
the shales containing lesser amounts of TOC depos-
ited after the pre-OAE2 oxygenation event (Figure 43). 
However, only their Langtry Member of the Upper 
Eagle Ford Formation correlates to a significant, basin-
wide facies, whereas the gamma ray signature of the 
so-called Middle Shale (Antonio Creek Member of 
Gardner et al., 2013, at Lozier Canyon) is restricted 
to the southernmost portion of the region (Webb 
County area). The Langtry Member in the subsur-
face is a carbonate-rich, predominantly foraminiferal 
grainstone with a gamma ray signature transitional to 
that of the overlying Austin. The basal shale in south 
Texas coeval with the Maness Shale Formation of east 
Texas is proposed here as the Maness Shale Member 
of the Lower Eagle Ford Formation, due to its histor-
ical association with the Eagle Ford in south Texas 
(Figure 43). The three-fold subdivision of the Eagle 
Ford proposed by Zumberge et al. (2016) appears to be 
based on the clay-rich, TOC-poor facies of the upper-
most Lower Eagle Ford associated with the Harris 
delta (Chapter 1, Part 2, Denne and Breyer, 2016), as 
it is not correlative to the three-fold subdivision of the 
Boquillas Formation proposed by Lock and Peschier 
(2006) (Figure 37), nor is it related to the “Middle 
Shale” of Donovan et al. (2012). This clay-rich facies 
(their middle Eagle Ford) is only found near the San 
Marcos arch (Figure 44), so it is not applicable to most 
of south Texas.

Webb County

Webb County is in southwestern Texas along the Rio 
Grande (Figure 1). During Eagle Ford deposition the 
northern portion of Webb County lay between the 
Barremian Sligo and Albian Stuart City relict shelf 
margins south of the Maverick Basin (Figure 44), an 
area termed the “south Texas Submarine Plateau” 
by Donovan et al. (2012). The carbon isotope, 
foraminifera, calcareous nannofossil, and gamma ray 
data for the section were compiled from Donovan 
et al. (2012), Corbett and Watkins (2013), Corbett et 
al. (2014), and Lowery et al. (2014) from the Fasken 
well (Figure 2), which were supplemented by data 
on filaments and ash beds from the present study 

(Figure 45). Several calcareous nannofossil horizons 
are questioned, either because they were question-
able identifications as indicated by Corbett and 
Watkins (2013) and Corbett et al. (2014), or because 
they do not represent the full range of the species 
(i.e., their reported top occurrence is too low or the 
base occurrence is too high).

The presence of age-equivalent rocks to the 
Maness Shale in the Webb County area has yet to 
be demonstrated. The lack of Lower Cenomanian 
microfossils above the Buda, correlation of the stable 
carbon isotope curve to curves from Karnes County 
and the global composite curve, and the proximity of 

Figure 43. Historical stratigraphic nomenclature for the 
Eagle Ford Group in the subsurface of south Texas and 
proposed nomenclature from the present study.
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the basal Eagle Ford phosphate lag to the top of the 
Buda suggest that Eagle Ford deposition began in the 
Webb County area during the Middle Cenomanian, 
although it is possible that a carbonate similar to the 
False Buda may have been deposited (Figure 46). 
The data currently available are consistent with a 
complete section within the post-Maness Eagle Ford, 
including the OAE2 section (Figure 46). Also of note 
for this area is the much thicker overall section in 
comparison to areas to the north (Figure 43) and the 
rarity of limestones within the Lower Eagle Ford 
(Figure 45).

Atascosa County

The Atascosa County area and the other composite 
sections shown here from north of Webb County 

were deposited updip of the relict shelf margins 
(Figure 44). The composite section is based on the 
A-1 well and is supplemented by core data from 
the A-2 well (Figure 2). The data utilized are from 
Denne et al. (2014), with the exception of the hand-
held ED-XRF data (molybdenum and vanadium) 
(Figure 47). The section is thinner than at the other 
composite sections in south Texas, conceivably due 
to its more proximal position in relation to the other 
areas (Figure 44).

The contact with the underlying Buda is discon-
formable; the Maness Shale interval is represented 
only by a phosphate lag (Figure 21). Regional corre-
lations suggest a minor unconformity at the Middle/
Upper Cenomanian boundary. The Rotalipora reicheli 
zone is questioned, as the Rotalipora cushmani top 
occurrence is interpreted to be too high. As discussed 
by Denne et al. (2014), the Upper/Lower Eagle Ford 

Figure 44. Cross section 
of the four south Texas 
subsurface composite 
sections (Webb, Atascosa, 
Karnes, and DeWitt/
Gonzales) with inset map 
of south Texas showing 
location of the cross section 
and major structural 
features. Datum is top of the 
Eagle Ford. Legend for the 
lithology can be found in 
Figure 23.
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Figure 45. Composite section for Eagle Ford wells in Webb County, showing interpreted age, proposed stratigraphic 
nomenclature, ash beds (bentonites), stable carbon isotope curve (Corbett et al., 2014), foraminifera zones and datums, 
calcareous nannofossil zones and datums, generalized filament abundances, gamma ray values (Donovan et al., 2012), and 
generalized lithology. Lithology and data are primarily from the Fasken well (Figure 2) supplemented by data from one other 
core in Webb County. Legend for the lithology can be found in Figure 23.
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contact coincides with a dramatic decrease in molyb-
denum and vanadium values (Figure 47), the reap-
pearance of benthic foraminifera, and an increase in 
bioturbation (Figure 48), all indicative of the intro-
duction of oxygenated bottom waters into the basin. 
The proximity of the Helenea chiastia top occurrence to 
the base occurrence of Eprolithus moratus implies an 
unconformity at the Cenomanian–Turonian boundary. 
The Middle Turonian interval is largely missing 
(Figure 46).

The position of the base of the Langtry Member 
used here differs from that of Denne et al. (2014), where 
it was placed at the base of the Helvetoglobotruncana 
helvetica zone. It is now placed 5 m (16.4 ft) higher, 
near the top of the Helvetoglobotruncana helvetica zone 
(Figure 47).

Karnes County

The Karnes County composite section is based on 
the K-1 well (Figure 2), with supplemental data from 
three nearby wells. The K-1 data are from Denne et al. 
(2014), with the addition of handheld ED-XRF data 
(Figure 49). Karnes County represents the southern-
most extent of the Maness Shale, as demonstrated by 
the gradational contact and the presence of a 3.7 cm 
(1.4 in) thick shale between the Buda and the phos-
phate lag (Figure 21). Above the lag and the overlying 
bentonite is a .3 m (1 ft) thick zone with abundant 
inoceramids and phosphate clasts, which has been 
identified in multiple cores. The stable carbon isotope 
curve exhibits a decreasing upward trend above the 
contact zone. This trend, along with the interpretation 
of the Rotalipora reicheli zone at the base of the Eagle 
Ford, suggests that the onset of Eagle Ford marl depo-
sition coincided with the stable carbon isotope Middle 
Cenomanian Event (Figure 3).

The Upper/Lower Eagle Ford contact is coinci-
dent with the Cenomanian–Turonian boundary and 
the benthonic zone is poorly expressed, indicating 
that the boundary interval is missing (Denne et al., 
2014). The interpretation of the present study is that 
approximately 1 m.y. is missing, including all of the 
OAE2 section (Figure 46). Although the stable carbon 
isotopes show an increase across the boundary, it is 
only a 1 per mil shift and not the 3 per mil shift asso-
ciated with OAE2. As discussed in the stable carbon 
isotope section earlier, this shift is due to the Early 
Turonian having typical d13C values 1 per mil higher 
than Late Cenomanian d13C values prior to the  
OAE2 onset (Jarvis et al.,  2006; Saltzman and 
Thomas, 2012). The Upper Eagle Ford section is 
similar, albeit thicker, to the section in Atascosa 
County (Figure 44).

The thickness of the Langtry Member in Karnes 
County is highly variable, ranging from less than 
1 m (3.3 ft) to over 30 m (94 ft) (Chapter 1, Part 2, 
Denne and Breyer, 2016). The Langtry is dominated 
by foraminiferal grainstones with interbedded marls 
(Figure 50). The base of the Langtry is commonly 
a phosphate-rich lag overlain by a bentonite that 
produces a sharp gamma ray spike, coinciding with 
an increase in molybdenum and vanadium (Figures 
49 and 50) and is unconformable near the San Marcos 
arch (Figure 46). The Austin/Langtry contact is typi-
fied by piping burrows and a change from an argilla-
ceous matrix in the Langtry to a carbonate mud matrix 
in the Austin (Figure 50). The petrophysical signature 
for the contact is a subtle drop in gamma ray values 
to values consistent with the limestones of the Austin 
(Figure 49).

Figure 46. Wheeler diagram for the Eagle Ford subsurface 
composite sections of south Texas.
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DeWitt and Gonzales Counties

DeWitt and Gonzales Counties are at the northern 
end of the south Texas subsurface trend, just south 
of the San Marcos arch (Figure 1). The data utilized 
for the composite section are compiled from work 

Figure 47. Composite section for Eagle Ford wells in Atascosa County, showing interpreted age, proposed stratigraphic 
nomenclature, ash beds (bentonites), molybdenum (Mo) and vanadium (V) abundances measured by handheld ED-XRF, 
foraminifera zones and datums, calcareous nannofossil zones and datums, generalized filament abundances, gamma ray 
values, and generalized lithology. Lithology and data are primarily from the A-1 well (Denne et al., 2014) supplemented by 
data from the A-2 well (Figure 2). Legend for the lithology can be found in Figure 23.

by the authors on the D-1 well (Figure 2) plus three 
other wells from near the boundary between the two 
counties (Figure 51). The area differs from those to 
the south in several aspects: (1) a thick (~8 m [26 ft]) 
Maness Shale (discussed earlier), (2) the presence of a 
clay-rich interval in the upper part of the Lower Eagle 
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Ford, and (3) a thin to sometimes missing section 
between the top of the Lower Eagle Ford and the base 
of the Langtry (Figures 44 and 51).

The clay-rich interval, or clay wedge, has also been 
called the middle Eagle Ford (e.g., Zumberge et al., 
2016) (Figure 43). The clay wedge is associated with the 
Harris delta of east Texas; it is thickest at the northern 
edge of the basin and is difficult to distinguish south 
of DeWitt and Gonzales Counties (Chapter 1, Part 2, 
Denne and Breyer, 2016).

SUMMARY AND CONCLUSIONS

The study outlined earlier is an effort to resolve 
stratigraphic correlation issues and standardize 
stratigraphic nomenclatures for the Eagle Ford and 
Woodbine Groups of Texas using data currently 
available. The data compilation included macrofos-
sils (ammonite, inoceramids, filaments, oysters), 
microfossils (foraminifera, calcareous nannofossils, 
palynomorphs, radiolaria, calcispheres), geochem-
istry (stable carbon isotopes, inorganic geochem-
istry), and lithology (ash beds). The authors are aware 

Figure 48. Vanadium (V) 
and molybdenum (Mo) 
concentrations for the Upper/
Lower Eagle Ford contact 
(red arrows) in Atascosa 
(A-1, A-2), Karnes (K-1, K-2), 
and Gonzales (G-1) Counties 
(Figure 2) plotted beside the 
core photographs. The contact 
is conformable in the A-1 
core, where it is marked by 
an increase in bioturbation 
coincident with a drop in 
Mo and V concentrations. A 
Glossifungites surface with 
piping burrows occurs at the 
unconformable contact in the 
A-2 core. Although at least 1 
m.y. is missing in the K-1, K-2, 
and G-1 cores, the contact 
is subtler due to a lack of 
lithologic contrast between the 
adjacent marls. Depth guides 
are at 10 cm (3.9 in) intervals.

of ongoing, but as yet unpublished, studies calcu-
lating U/Pb dates of zircons from bentonites, but 
these were not available when the manuscript was 
prepared. The study also found that several sections 
have yet to be fully described, and many of the 
outcrops need to be reexamined for biostratigraphy, 
particularly those that have never been analyzed for 
calcareous nannofossils. However, this compilation, 
in conjuction with a regional study utilizing data 
from 99 cores and 1729 wells from the subsurface of 
south and east Texas, is believed to be a more accu-
rate and comprehensive examination of Eagle Ford 
and Woodbine stratigraphy than any other available 
at present.

Severa l  models  have  been  proposed  for 
Cenomanian–Turonian paleoceanography and lime-
stone formation in the Western Interior seaway. 
A number of similarities can be observed in pale-
oceanographic events found in the Western Interior 
seaway and on the Texas shelf, including anoxic to 
euxinic bottom waters during most of the Middle 
and Late Cenomanian; an oxygenation event prior 
to the onset of OAE2, which continued into the basal 
Early Turonian; and a return to dysoxic to anoxic 
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enhanced water-column mixing with related increases 
in bottom-water oxygenation, fertility, and primary 
productivity.

Texas was divided into four regions, with each 
region subdivided into areas to construct composite 
sections. These composite sections were utilized to 
build age models, decipher the local stratigraphic 
terms, and propose a standardized nomenclature 
for each area (Figure 52). A three-fold subdivision 

bottom waters during the remainder of the Turonian. 
Although models have been proposed to illustrate 
limestone formation in the Western Interior seaway 
and the proximal Eagle Ford outcrop belt, they are 
not fully applicable to the replaced and recrystallized, 
radiolaria- and calcisphere-rich limestones of the 
medial to distal south Texas subsurface. The medial 
to distal limestones formed by early diagenesis near 
the sediment–water interface during periods of 

Figure 49. Composite section for Eagle Ford wells in Karnes County, showing interpreted age, proposed stratigraphic 
nomenclature, ash beds (bentonites), stable carbon isotopes (Denne et al., 2014), molybdenum (Mo) and vanadium (V) 
abundances measured by handheld ED-XRF, foraminifera zones and datums, calcareous nannofossil zones and datums, 
generalized filament abundances, gamma ray values, and generalized lithology. Lithology and data are primarily from the K-1 
well (Denne et al., 2014) supplemented by data from the K-2 well (Figure 2) and two nearby wells. Legend for the lithology 
can be found in Figure 23.
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from the Eagle Ford to the Pepper Shale Formation of 
the Woodbine Group.

Four composite sections were constructed for 
the Eagle Ford outcrops of central and north Texas. 
The Eagle Ford of the Dallas and Red River areas 
is partitioned into two formations: the Britton and 
Arcadia Park. The Britton is divided into the Six Flags 
Limestone, Turner Park, and Camp Wisdom Members 
in the Dallas area; and the Templeton, Turner Park, 
and Camp Wisdom Members in the Red River area. 
The Templeton Member was initially described as 
the uppermost member of the Woodbine based on 
erroneous faunal interpretations. The Arcadia Park 
includes the Kamp Ranch Limestone Member in the 
Dallas area and the Bells Sandstone and Maribel Shale 
Members in the Red River area. The Eagle Ford in the 
Waco and Austin areas was divided into the Lake Waco 
and South Bosque Formations. In the Waco area, the 
Lake Waco Formation is composed of the Bluebonnet, 
Cloice, and Bouldin Members, but in the Austin area 
it is represented by the condensed Bouldin Member. 
The formations recommended for the subsurface of 
the adjoining east Texas and Brazos Basins are those 
from the outcrop belt with the addition of the Maness 
Shale Formation below the Woodbine, which has not 
definitively been identified in outcrop. The Harris 
Sandstone is a facies found in the southern portion 
of east Texas that does not occur in outcrop, whereas 
the Sub-Clarksville facies is the subsurface equivalent 
to the Bells Sandstone Member of the Arcadia Park 
Formation.

The outcrops of west Texas were grouped into five 
areas. Recommended changes to the nomenclature 
system of Gardner et al. (2013) for the Langtry and 
Del Rio areas are based on both historical precedence 
and lithology. It is proposed here that the carbonate-
rich lower beds originally placed in the Lozier Canyon 
Member be separated into a new member, the Terrell 
Member, corresponding to Freeman’s (1961) “Pinch 
and Swell Unit”, Lock and Peschier’s (2006) lower 
Boquillas, and Donovan and Staerker’s (2010) Facies 
A and the term Lozier Canyon Member be restricted to 
the organic rich shales (subfacies B3-B5 of Donovan and 
Staerker, 2010). Gardner et al.’s (2013) Scott Ranch and 
Langtry Members are accepted as described, although 
the placement of these members within the Boquillas 
Formation is preferred over the usage of the terms 
“Upper and Lower Eagle Ford Formations“for this area. 
The accepted terms for the Eagle Ford Group in the Big 
Bend (Boquillas Formation/Ernst Member), Chispa 
Summit (Chispa Summit Formation), and Quitman 
Mountains (Ojinaga Formation) are recommended.

of the Woodbine Group is proposed: the Dexter and 
Lewisville Formations for the sand-prone areas in 
the northern part of east Texas and the Pepper Shale 
Formation for the marine shales in the  southern 
portion. Included within the Dexter is the basal Rush 
Creek Member, whereas the Lewisville is subdi-
vided into the Red Branch, Arlington, and Tarrant 
Members. The Tarrant is reassigned to the Woodbine 
from the Eagle Ford based on both lithostratigraphic 
and biostratigraphic considerations. A shale formerly 
known as the Cloice from the Austin area was renamed 
the Waller Member (Fairbanks, 2012) and reassigned 

Figure 50. Photos of core from the K-1 well (Figure 2) 
showing the base (Section A) and top (Section B) of the 
Langtry Member. Depth guides (center) are at 15 cm 
intervals.
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Figure 51. Composite section for Eagle Ford wells in Dewitt/Gonzales Counties, showing interpreted age, proposed 
stratigraphic nomenclature, ash beds (bentonites), foraminifera zones and datums, calcareous nannofossil zones and 
datums, generalized filament abundances, ammonite zones, gamma ray values, and generalized lithology. Lithology and data 
are primarily from the D-1 well supplemented by data from the G-1 well (Figure 2) and two nearby wells. Legend for the 
lithology can be found in Figure 23.

In the subsurface of south Texas, the two-fold division 
of the Eagle Ford into the Upper Eagle Ford and Lower 
Eagle Ford Formations (Donovan et al., 2012) is recom-
mended as it accurately portrays the most significant 
lithologic boundary within the subsurface. The term 

“Middle Eagle Ford” for the clay-rich facies of south 
Texas is not recommended, as this facies is restricted 
to those counties near the San Marcos arch. The Lower 
Eagle Ford includes the Maness Shale Member at its 
base, which is correlative to the Maness Shale Formation 

13903_ch01P1_ptg01_001-086.indd   75 5/9/16   11:43 AM



76 Denne et al.

of east Texas. The top of the Upper Eagle Ford is a 
foraminiferal grainstone coeval to the Langtry Member 
of the Del Rio/Langtry area, so the term “Langtry 
Member” is proposed for this facies in south Texas.
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