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ABSTRACT 
This regional study constructs a sequence stratigraphic framework for the Upper Cretaceous Austin Chalk in South and 

Central Texas, based on new nannofossil biostratigraphy, core descriptions, correlations of wireline logs, and synthesis of out-
crop, core, and paleontological descriptions from literature. The study area extends along strike from the Rio Grande to Austin, 
and along dip from the outcrop belt to the limit of downdip well control at the Lower Cretaceous shelf edges. New biostrati-
graphic control enables correlations across the region and ties the stratigraphic nomenclature from the outcrop to the major 
producing petroleum fields on either side of the San Marcos Arch. The upper Turonian–lower Campanian Austin Chalk con-
sists of three unconformity-bounded sequences, with a basal unconformity, two internal unconformities, and an overlying un-
conformity. Sequence boundaries are recognized by nannofossil biostratigraphic hiatuses, which coincide with hardgrounds, 
Glossifungites ichnofacies, and coarse-grained glauconitic and phosphatic skeletal lags in cores and outcrops. Glauconite-rich 
beds have regionally extensive log character that overlie angularly truncated section. Facies within sequences can be distin-
guished as inner ramp (light colored skeletal wackestone, with diverse burrowers and macrofossils), middle ramp (medium 
gray horizontally burrowed skeletal wackestone), and outer ramp (interbedded dark horizontally burrowed and laminated 
skeletal wackestone), based on a depositional model of increasing oxygen content in shallower water. Regional cross sections 
show that the three sequences (AC–I to AC–III) in the Austin Chalk have an extremely asymmetric distribution across the San 
Marcos Arch. The upper Turonian–lower Coniacian section (AC–I) is very thick west of the San Marcos Arch but is almost 
completely eroded in the east. The upper Coniacian–Santonian section (AC–II) is very thick east of the San Marcos Arch but is 
almost completely eroded over the San Marcos arch, and is thin on the west side. The upper Santonian–lower Campanian se-
quence (AC–III) is more balanced, but similar to the middle sequence. Downdip, the Austin Chalk thins dramatically toward 
the relict Lower Cretaceous Edwards margin. The Austin Chalk was deposited as a downdip thinning wedge, due to greater 
carbonate productivity updip and non-deposition or erosion downdip. This interpretation is based on the geometry of the over-
lying Anacacho Formation, which thickens as the Austin Chalk thins, and internal facies relationships and markers within the 
Austin Chalk. Petroleum reservoirs in the Austin Chalk occur across a range of inner to outer ramp depositional environments 
but generally are older on the west side of the San Marcos Arch compared to the east side. 
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INTRODUCTION 
The Austin Chalk has a long history of petroleum produc-

tion, and it remains the target of active exploration today. Infor-

mation to describe the Austin Chalk is plentiful, with an outcrop 
belt that stretches across Texas into Mexico and well logs from 
tens of thousands of boreholes and numerous cores. An extensive 
Austin Chalk literature (1950–2022) details the biostratigraphy, 
lithofacies, and rock properties in outcrop and subsurface. Out-
crop studies emphasize lithostratigraphy and biostratigraphy of 
the chalk, whereas subsurface studies focus on lithofacies, reser-
voir, and geomechanical properties. However, no regional syn-
theses on stratigraphy, facies, and depositional environments 
have been published on this unit yet.  

Understanding the stratigraphy of the Austin Chalk is chal-
lenging due to the wide thickness variations, from <100–900 ft 

Copyright © 2023. Gulf Coast Association of Geological Societies. All rights reserved. 

Manuscript received June 2, 2023; revised manuscript received August 15, 2023; manu-
script accepted August 15, 2023. 

GCAGS Journal, v. 12 (2023), p. 45–75. 
https://doi.org/10.62371/MBXQ1033 

A Publication of the  
Gulf Coast Association of 
Geological Societies 
www.gcags.org 

https://doi.org/10.62371/MBXQ1033
https://www.gcags.org


46 Christine Griffith, James Pospichal, Eric de Kaenel, Michael Pope, and Arthur Donovan 

(<30–275 m) along dip and across the San Marcos Arch. Strati-
graphic units were first defined in the outcrop (Durham, 1957; 
Young, 1985), overcoming correlation challenges caused by 
short, isolated outcrop sections and abundant faults. In the sub-
surface, petroleum geologists developed an informal nomencla-
ture to describe the stratigraphy (Durham and Hall, 1991; Ewing, 
2013; Maranto, 2017), based on log markers that were not readily 
tied back to outcrop. Subsurface stratigraphic nomenclature dif-
fers in the major fields on either side of the San Marcos Arch, 
due to the difficulty in correlating across the arch as the Austin 
Chalk thins, and key marker beds pinch out. Unconformities 
(sequence boundaries) within the Austin Chalk were recognized 
in outcrop between Austin and San Antonio (Cooper et al., 2020; 
Durham, 1957; Durham and Hall, 1991; Young, 1985), but they 
were not recognized in the subsurface (or remained proprietary) 
until recently (subsurface cross section and maps in Cooper et al. 
[2020]).  

Although the Austin Chalk is dominated by fine-grained 
carbonate (largely pelagic nannofossils), the lithology, sedimen-
tary structures, and biota vary from updip to downdip and in ver-
tical sequences, indicating a range of depositional environments. 
Texas was the gateway to the Western Interior Seaway during the 
Late Cretaceous (Fig. 1), but it differs from the Seaway in having 
a clearly defined depositional dip direction, enabling lithofacies 
to be placed in a depositional ramp model.  

The Austin Chalk is primarily a lime wackestone with        
low porosity, with chalky microporosity only occurring in the 
outcrop and shallow subsurface. As a petroleum reservoir,           
the Austin Chalk produces from a dual porosity system, with 
contributions from matrix porosity and natural and induced frac-
tures, in unconventional traps. Studies continue to provide    
data on how lithofacies, reservoir and geomechanical properties, 
vertical heterogeneity, and fault networks impact reservoir quali-
ty of the Austin Chalk (e.g., Loucks et al., 2020a, 2020b; Zahm, 
2020).  

This paper describes the regional sequence stratigraphy of 
the Upper Cretaceous Austin Chalk in South and Central Texas 
from the outcrop to the downdip limit of well control, based on 
new nannofossil biostratigraphy, core and outcrop descriptions, 
wireline log correlations, and literature synthesis. This regional 
sequence stratigraphic framework ties the stratigraphic nomen-
clature of the outcrop and the petroleum fields on either side of 
the San Marcos Arch and places the facies and sequences of the 
Austin Chalk in context, to better understand the petroleum sys-
tem and reservoir targets. 

GEOLOGICAL SETTING  
Sedimentation of the Upper Cretaceous Austin Chalk (Fig. 

1) was influenced by the paleobathymetry of the Gulf of Mexico,
the Cretaceous Western Interior Seaway, the Llano and Sabine
uplifts, and uplifts and basins in Mexico (Blakey, 2013). Sedi-
mentation shifted from Lower Cretaceous shallow water car-
bonate platforms to Upper Cretaceous pelagic carbonate deposits
as sea levels rose (Denne and Breyer, 2016; Ewing, 2016; Gold-
hammer and Johnson, 2001; Phelps et al., 2014). The shelf edges
of the Lower Cretaceous carbonate platforms continued to have
topographic expression during Austin Chalk deposition. They
form the downdip limit of well control, due to Cenozoic faulting
localized downdip from the shelf edges. The Lower Cretaceous
platform edges are coincident in Central Texas, but the younger
Edwards shelf edge steps back from the Sligo shelf edge in South
Texas, forming a submarine shelf or plateau between the shelf
margins. Carbonate-rich chalk preferentially accumulated in
South and Central Texas, as siliciclastic sediments from the vol-
canic arc highlands in Mexico were captured in the western fore-
land basin (Juárez-Arriaga et al., 2019), and siliciclastic sedi-
ments from the northeast (Pearson, 2012) were captured in the
East Texas Basin. After Austin Chalk deposition, the study area

was inundated by Upper Cretaceous siliciclastic sediment from 
rising uplands in the west (Ewing, 2016).  

The Precambrian Llano Uplift is a persistent high that local-
ized continental break-up in the Cambrian, collision in the Penn-
sylvanian, and break-up in the Triassic (Ewing, 2016). The San 
Marcos Arch, downdip from Llano Uplift, controlled sediment 
thicknesses from the Jurassic through the Cenozoic. The original 
thickness of the Jurassic Louann Salt is reflected by the current 
distribution of salt diapirs, with only a few in South Texas and 
none on the San Marcos Arch. The original salt distribution con-
trolled structure and sedimentation through the Cenozoic (Diegel 
et al., 1995; Fiduk et al., 2009). The San Marcos Arch was not a 
major uplift in the early Early Cretaceous, based on the relatively 
straight Sligo shelf edge. It became active before the Edwards 
Formation was deposited, with southwestward subsidence caus-
ing retreat of Edwards shelf edge in South Texas, formation of 
the Maverick Basin, and differentiation of facies in the basin and 
on the arch (Phelps, et. al, 2014). Movement of the San Marcos 
Arch continued to influence sedimentation throughout the Upper 
Cretaceous (Fig. 2).  

Numerous Upper Cretaceous volcanic tuff cones formed in 
updip areas on either side of the San Marcos Arch (Ewing, 1986, 
2004; Thompson, 2019) during Eagle Ford, Austin, and Taylor 
deposition. Volcanoes in Texas started as phreatic (underwater) 
tuff cones of alkalic ultramafic composition and grew to be 1 to 2 
mi (1.6 to 3.2 km) in diameter and a few hundred feet (60+ m) 
above the seafloor, becoming subaerial in many cases (Ewing, 
1986, 2004). Skeletal packstone and grainstone units that flank 
many of the volcanoes (Ewing, 1986; Loucks and Reed, 2022; 
Roy et al., 1981; Thompson, 1986) indicate localized shallower 
water depths in the Austin Chalk. Other thin volcanic ash beds 
are interbedded with the Austin Chalk; these are less than an inch 
to several inches thick (2.5 to 10 cm), regionally correlatable, and 
contain shards of quartz and plagioclase (Hovorka, 1998) indicat-
ing an original rhyolitic or andesitic composition, derived from 
distant western arc volcanoes (Lee et al., 2018). The regional 
Austin Chalk isochore map (Fig. 2) shows thinning associated 
with the San Marcos Arch and Sabine uplift, downdip thinning 
near the Lower Cretaceous shelf edge in South and East Texas, 
and a linear thin called the ‘Waco Channel’ at the eastern edge of 
the study area. This study address the thickness variations across 
the San Marcos Arch and downdip toward the Lower Cretaceous 
shelf edges.  

PETROLEUM GEOLOGY 
The structural configuration of the Austin Chalk in South 

and Central Texas is relatively simple (Fig. 3), since the Upper 
Jurassic Louann Salt is thin to absent over most of the area. 
Growth faults influenced Austin Chalk deposition at the updip 
limit of salt, within the peripheral graben system (Atascosa, 
Karnes, and Milano troughs) and linking en echelon faults 
(Ewing, 2018). The low amplitude Chittim and Del Rio anticlines 
formed near the Rio Grande River, at the limit of northeast-
directed compressional Laramide tectonics from Mexico during 
the Eocene (Ewing, 2003). Areas near the Rio Grande and Cen-
tral Texas Hill Country were uplifted, and Balcones-Luling nor-
mal faults formed, during the Oligocene/Miocene (Ewing, 2003; 
Ewing, 2011, Ewing, 2016).  

Petroleum exploration and production in the Austin Chalk 
moved from updip to downdip over the past 100 yr. The earliest-
explored updip trend produced from structural/combination traps 
around the volcanic tuff cones and the Luling counter-regional 
faults. Updip reservoirs have up to 20% chalky matrix porosity, 
low permeability, and high water saturation (Doyle, 1955). At 
intermediate depths, the Austin Chalk produces from unconven-
tional traps, from Pearsall Field in the west, to Giddings Field in 
the east. Reservoirs typically have 2–10% porosity and very low 
permeability (Dawson et al., 1995; Loucks et al., 2020b). Primary 
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reservoir facies are clean carbonate with few interbedded marl 
beds, prone to fracturing. The middle and upper portion of the 
Austin Chalk is the most productive reservoir in Pearsall Field 
(Ewing, 2013), and the lower portion of the Austin Chalk is the 
most productive reservoir in Giddings Field (Holifield, 1982; 
Maranto, 2017). Vertical wells from the early 1980s targeted 
fractured areas enhanced by broad arching over Pearsall Field or 
small normal faults in Giddings Field. Horizontal wells drilled 
after the late 1980s targeted more fracture-prone reservoir inter-
vals to intersect and link multiple fracture sets. 

Recent Austin Chalk development is downdip, in relatively 
thick Austin Chalk on either side of the Edwards shelf margin, 
above Eagle Ford productive wells (Enverus, 2022). Landing 
zones for horizontal wells tend to be in the middle portion of the 
Austin Chalk in South Texas and in the lower portion in Central 
Texas. Despite relatively low matrix porosity and few natural 
fractures, reservoirs can be very productive with modern hydrau-
lic fracturing techniques in the light oil, wet gas, and dry gas 
trends (Darbonne, 2020; Maranto, 2017; Pickett, 2018). Produc-
tion may be enhanced near faults, either due to improved matrix 
porosity caused by diagenesis (Dravis, 2018) or enhanced frac-
turing (Male and Zahm, 2021). 

PREVIOUS WORK 
Stratigraphy 

Early studies (Stephenson, 1937; Taff, 1892) recognized 
multiple lithostratigraphic units (Fig. 4) in the Austin Chalk out-
crop belt based on lithologic and faunal variations. Detailed out-
crop study (Durham, 1957) distinguished six lithostratigraphic 
units: the Atco, Vinson, Jonah, Dessau, Burditt, Big House (now 
called Pflugerville) units, from the bottom up. The Austin Chalk 
is now considered a group in the type area, with six formations, 
having the type sections near Austin (Young, 1985), where the 
total Austin Chalk thickness is ~400 ft (~122 m) (Lundquist, 
2015a).  

A major unconformity (Fig. 4) was recognized within the 
Austin Chalk (Durham, 1957) between Austin and San Antonio. 
The unconformity occurs below the Dessau Formation, with an-
gular truncation cutting the Jonah Formation and most of the 
Vinson Formation toward San Antonio. Correlations in outcrop 
are based on hard grounds and firm grounds at the unconformity 
surface, glauconitic packstone above the unconformity and per-
sistent fossiliferous beds in overlying and underlying formations. 
Smaller disconformities, with similar characteristics, occur with-

Figure 3. Top Austin structure map and production history. (A) The Austin Chalk structure map shows a very broad San Marcos 
Arch and uplift near the Rio Grande River. Lines show Jurassic salt limit and Lower Cretaceous shelf edges. Productive Austin 
Chalk wells (data from Enverus [2022]) are overlain on the Austin Chalk structure map. The Austin Chalk produces from updip 
structural-stratigraphic traps, and unconventional traps enhanced by a nose at Pearsall Field, and faulted homoclinal dip at Gid-
dings Field. (B) History of Austin Chalk production in Texas (data from Enverus [2022]) shows three main times of increased 
production in Austin Chalk. Gas has become an increasingly important objective through time, as seen from larger production 
of barrels of oil equivalent (BOE) relative to barrels of oil (BO). 
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in or between other formations. An unconformity at the top of the 
Austin Chalk cuts the Pflugerville, Burditt, and most of the Des-
sau formations toward San Antonio and is recognized by a bored 
hardground overlain by phosphatic nodules. The section is less 
than 170 ft (50 m) thick in San Antonio (Cooper et al., 2020). 
The Atco Formation makes up most of the Austin Chalk section 
in San Antonio. The thin Vinson and Jonah formations are over-
lain unconformably by a 5 ft (1.5 m) thick Dessau Formation, 
which is overlain unconformably by Taylor Group marl. The San 
Antonio outcrop was tied to the subsurface (Cooper et al., 2020), 
using outcrop gamma ray (GR) measurements tied to GR logs in 
shallow wells. A cross section between San Antonio and Austin 
shows the major unconformities in the middle and at the top of 
the Austin Chalk,  

Subsurface stratigraphy is based on wireline log markers 
from GR, spontaneous potential (SP), and resistivity logs. Austin 
Chalk nomenclature differs across the San Marcos Arch as log 
markers pinch out over the arch and have different characteristics 
on either side (Fig. 2A). The stratigraphic nomenclature in 
Pearsall Field west of the arch goes from A to E, with A at the 
top (Ewing, 2013). The stratigraphic nomenclature in Giddings 
Field east of the San Marcos Arch goes from A–M, with A at the 
base (Maranto, 2017).  

 
Biostratigraphy 

The Austin Chalk is correlated into the international time 
scale through multiple fossil groups (Fig. 5), although this tie has 
evolved through the years, as the understanding of species and 
the definition of stages and dates have changed. Most of the bio-
stratigraphic data for the Austin Chalk is from outcrop studies 

near Austin. The six formations in the chalk can be distinguished 
and tied to the international scale based on ammonites, inocer-
amids, and other molluscs (Cobban et al., 2008; Young, 1985), 
crinoids (Gale et al., 1995), foraminifera (Alshuaibi, 2006; Cor-
bett et al., 2014; Lowery, 2013; Lundquist, 2015a; Pessagno, 
1969), and nannofossils (Corbett et al., 2014; Jiang, 1989). Sev-
eral integrated biostratigraphic studies on the Austin Chalk out-
crops near Dallas support proposed global boundary stratotype 
sections and points (GSSP) (Gale et al., 2008; Gale et al., 2007) 
or tie into regional biostratigraphy (Hancock and Walaszczyk, 
2004). Published Austin Chalk biostratigraphy in the subsurface 
is limited to the short sections just above Eagle Ford analyses 
(i.e., Corbett et al., 2014; Denne et al., 2016). 

Nannofossils have relatively good stratigraphic resolution in 
the Austin Chalk. Jiang (1989) distinguished six nannofossil as-
semblages, which roughly correspond to the six formations in the 
Austin Chalk outcrop. He applied the cosmopolitan biostrati-
graphic zonation of Sissingh (1977) with some minor modifica-
tions. The scheme uses numbered CC (Cretaceous coccolith) 
zonations, which are commonly are employed in Eagle Ford 
Group and Austin Chalk biostratigraphy (e.g., Corbett et al., 
2014; Denne et al., 2016; Gale et al., 2008; Gale et al., 2007; 
Jiang, 1989). A number of nannofossil biostratigraphers have 
documented problems with the CC zones due to variable fossil 
distribution, preservational factors, and changing species con-
cepts (i.e., Bralower and Bergen, 1998; Bergen and Sikora, 1999; 
Corbett et al., 2014). The Austin Chalk studied here includes 
zones CC13–CC18a, but the delineation of zones CC15 and 
CC16 are particularly problematic. The event used to define the 
Zone CC15/CC16 boundary in the Santonian is the lowest occur-
rence (LO) Lucianorhabdus cayeuxii (Sissingh, 1977). Because 

Figure 4. Lithostratigraphic cross section of the Austin Chalk in outcrop from San Antonio to north of Austin (adapted from 
Durham [1957]). Six formations are recognized in the Austin Chalk in outcrop near Austin. Major unconformities occur at the 
base, middle and top of the Austin Chalk. The Austin Chalk formations thin and are truncated from northeast to southwest, to-
ward San Antonio. Ties to Cretaceous stage names are from ammonites (Young, 1985) and nannofossils (Jiang, 1989). 
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of inconsistencies with the lower range of this taxon and difficul-
ties distinguishing it from L. maleformis in poorly preserved 
specimens (e.g., see Bralower and Bergen [1998]), it was not 
used to subdivide these zones in this study.  

The International Commission on Stratigraphy (ICS) has 
produced multiple versions of the international time scale in re-
cent years (Gale et al., 2020; Ogg and Hinnov, 2012; Ogg et al., 
2016). Ammonite, inoceramid, and foraminiferal biostratigraphy 
are relatively consistent from the Turonian through the Campa-
nian in sequential versions of the stratigraphic chart. Nannofossil 
zones, however, differ considerably from one version to another, 
having different durations and moving across stage boundaries, 
making it challenging to communicate and to use previous 
schemes. The absolute ages of Late Cretaceous boundaries also 
vary, based on latest research on dates and evolving concepts in 
stratigraphy (Gale et al., 2020; Ogg and Hinnov, 2012; Ogg et al., 
2016). This study uses the absolute dates from the 2012 time 
scale (Ogg and Hinnov, 2012), since nannofossil zonations are 
similar to the Austin Chalk outcrop biostratigraphy from Jiang 
(1989) and the ICS (2022) web version of International Chronos-
tratigraphic chart (Cohen et al., 2022), and because the documen-
tation is not clear about why dates for the base and top Santonian 
were shifted in the 2016 and 2020 time scales.  

 
Facies, Depositional Models, and Sequence          

Stratigraphy  
The Austin Chalk is a pelagic deposit containing nanno-size 

coccoliths, silt-size pelagic foraminifera and calcispheres, and 
larger macrofossils (Dravis, 1980, 1991; Loucks et al., 2020b, 
2021a, 2021b). Facies are generally skeletal wackestone, but vary 
from highly burrowed to laminated, from clean to argillaceous or 
organic-rich carbonate, and have variable quantities and types of 
macrofossils. Units often are cyclic, alternating between chalk 
and marl. Sedimentary structures range from complete burrow 
homogenization (massive bedding) to complex burrow tiering to 
sparsely bioturbated to finely laminated (Zheng et al., 2021, in 
press), depending on benthic oxygen conditions. The Austin 
Chalk in the subsurface is interpreted as deposited in a shelf set-
ting below wave base (Loucks et al., 2020b), having less oxygen 
and more organic and siliciclastic content downdip (Dravis, 
1980; Grabowski, 1995). Further updip, the outcrop is interpreted 
to be nearer fair water wave base (Cooper et al., 2020; Dravis, 
1980; Loucks et al., 2020b). 

Unconformities were recognized in outcrop studies (Cooper 
et al., 2020; Durham, 1957; Stephenson, 1937; Young, 1985), 
based on hardgrounds and firmgrounds, underlain by angularly 
truncated beds and overlain by glauconitic or phosphatic pack-
stone. Nannofossil biostratigraphy along outcrop belt (Jiang, 
1989) showed angular truncation at the base, middle and top of 
the Austin Chalk, with longer hiatuses toward San Antonio. The 
first sequence stratigraphic interpretation of the Eagle Ford and 
Austin Chalk (Jiang, 1989) was based on lithostratigraphic and 
nannofossil biostratigraphic tied to global sea level curves (Haq 
et al., 1987). 

A recent detailed surface-to-subsurface sequence strati-
graphic framework was created for the Austin Chalk in the great-
er San Antonio area (Cooper et al., 2020). Water depths were 
interpreted from sedimentary textures and skeletal abundance, 
with more abundant and diverse macrofossils and burrowers in 
shallower water facies. Sequence boundaries were based on glau-
conitic or phosphatic lags overlying hardgrounds, firmgrounds, 
and skeletal packstone beds. Maximum flooding surfaces were 
recognized as foraminiferal wackestone or marl beds between 
coarser-grained or more heavily burrowed chalk units. Outcrop 
GR measurements, tied to shallow well logs, identified sequences 
and system tracts in the subsurface between San Antonio and 
Austin. Highstand tracts are characterized by low GR and nega-
tive SP values (clean chalk). Transgressive units and maximum 

flooding surfaces have higher GR and no SP development, due to 
increased clay content. The lithostratigraphic formations of the 
Austin Chalk outcrop generally are clean carbonates, recognized 
by low GR or negative SP in subsurface logs, and are separated 
from one another by higher GR intervals. A subsurface cross 
section paralleling the outcrop belt (Cooper et al., 2020) showed 
major unconformities in the middle and at the top of the Austin 
Chalk.  

Other large-scale depositional architecture occurs in the 
Austin Chalk (Fig. 2). Downdip thinning and low angle car-
bonate clinoforms were described in South Texas in the Pearsall 
Field area (Ewing, 2013). A linear thin, called the Waco Channel 
(Fig. 2) occurs at the eastern edge of the study area. It extends 
from the outcrop near Waco to the Edwards shelf edge. The up-
per and middle Austin Chalk is missing within the channel, due 
to submarine erosion (or non-deposition). The channel is filled by 
lower Campanian Ozan Formation shale (e.g. Holifield, 1982; 
Durham and Hall, 1991; Hayes, 2021).  

 
DATA AND METHODS 

This regional study covers an area of 250 miles by 75 miles 
(400 x 120 km), across 27 counties, from the Rio Grande to Aus-
tin, and from the outcrop belt to the limit of well data at the Low-
er Cretaceous shelf margins (Fig. 6). Over 600 well logs from 
S&P Global (formerly IHS Markit), Enverus DrillingInfo, MJ 
Logs, Texas Bureau of Economic Geology (BEG), Texas Water 
Development Board, U.S. Geological Survey, and from energy 
companies were used in this study. The main wireline logs used 
for correlation were GR, SP, and resistivity. Schlumberger’s Pet-
rel® software was used to correlate well logs and make cross 
sections and maps. 

Cores were chosen for completeness and distribution across 
the study area. Cores included several proprietary cores from 
energy companies, and publicly available core from the BEG and 
U.S. Geological Survey (Table 1). Bed-by-bed descriptions in-
clude texture, fabric, mineralogy, color, bed boundaries, sedi-
mentary structures, bioturbation, and fauna. Thin sections were 
made from some cores; the BEG made thin section photos availa-
ble from other cores. Descriptions were collaborated with x–ray 
fluorescence (XRF) measurements. Core descriptions from theses 
and publications (Dravis, 1980; Grabowski, 1981; Hayes, 2021; 
Hendrix, 2016; Loucks et al., 2020a, 2020b; Loucks and Reed, 
2022) were incorporated in the study (Appendix A in Griffith 
[2023]). Multiple Austin Chalk outcrops were visited between 
Terrell and McLennan counties. Several outcrops in South Texas, 
including Lozier Canyon and Langtry, were measured, and spec-
tral GR values were acquired (Griffith et al., 2019). Measured 
sections from theses and publications (Cooper et al., 2020; Cor-
bett et al., 2014; Durham, 1957; Jiang, 1989; Lundquist, 2001, 
2015a, 2015b; Young, 1985; Young et al., 1977) also were incor-
porated in the study. EasyCore® was used to integrate core and 
outcrop photos and descriptions with biostratigraphy, XRF meas-
urements, and wireline logs. 

Nannofossil samples from two cores having complete pene-
tration of the Austin Chalk interval were collected from either 
side of the San Marcos Arch. The Getty Lloyd Hurt #1 
(4228330305, total depth [TD] 7239 ft [2206 m], La Salle Coun-
ty) is west of the arch and has 482 ft (147 m) of Austin Chalk. 
The Shefts Sallie Clark #1 (4205501852, TD 2221 ft [677 m], 
Caldwell County) is east of the arch and has 280 ft (85 m) of 
Austin Chalk. James Pospichal analyzed nannofossils in these 
two wells (Appendix B in Griffith [2023]). He also analyzed 
samples from several other cores covering the Eagle Ford / Low-
er Austin Chalk contact, including a ‘well Y’ in Karnes County 
and three wells in Webb County (Corbett et al., 2014). Er-
ic de Kaenel analyzed nannofossil samples from the Tesoro Val-
cher #1 (4249330230, TD 7008 ft [2136 m], Wilson County) 
with 145 ft (44 m) of Austin Chalk (Appendix B in Griffith 
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[2023]). This core on the San Marcos Arch is a nearly complete 
Austin Chalk penetration. John Cooper collected samples from 
this core, and Alexis Godet from the University of Texas at San 
Antonio shared the analysis. James Pospichal integrated the re-
sults from these wells with the outcrop biostratigraphy (Jiang, 
1989) and with the global time scale. 

 
RESULTS 

Log correlations were the starting point for this study. Corre-
lations are readily made in South and Central Texas where the 
Austin Chalk is thick, but the correlations become difficult where 
the chalk thins over the San Marcos Arch. Biostratigraphy, inte-
grated with core and outcrop descriptions, was essential to corre-
late across the San Marcos Arch and onto the submarine plateau. 
This paper discusses how facies and correlations fit into the se-
quence stratigraphic interpretation. A follow-up paper in prepara-
tion will show more detailed cross sections and maps. 

Core availability limits full understanding of facies variabil-
ity in the Austin Chalk. Most of the available cores are from the 

historically most productive portions of the Austin Chalk: the 
middle and upper portion in Pearsall Field and the lower portion 
in Giddings Field. Cores from the Eagle Ford Group trend only 
include the lowermost Austin Chalk. Cores were not available to 
describe the middle and upper portions of the Austin Chalk 
downdip and toward the east. 

 
Lithofacies 

Description 

The Austin Chalk is interpreted to be like other formations 
in the Gulf Coast, deposited on a gentle slope that dips toward 
the Gulf of Mexico. Updip and downdip facies differ because 
they occupy different places on the depositional profile. Vertical 
trends also provide information about lateral facies changes.  

The facies in the Austin Chalk are placed in a sequence 
stratigraphic framework, based on recognition of updip and 
downdip facies, sequence boundaries, and flooding surfaces. Two 
types of facies are distinguished: facies that represent normal 

Figure 6. Austin Chalk isochore map with correlated well logs used in the study. Faults (red lines) are from Ewing et al. (1990). 
SA, SM, A are the locations of San Antonio, San Marcos, and Austin, respectively. Major thinning occurs over the San Marcos 
Arch between San Antonio and San Marcos. Overlay shows Austin Chalk cores and outcrops in study area. Yellow and brown 
circles and ovals are cores described as part of this study (and by Conte [2020], Hayes [2021], and McCreary [2022]). The three 
large yellow circles have new nannofossil biostratigraphic data from James Pospichal and Eric de Kaenel. Small aqua circles 
have published nannofossil biostratigraphy (Corbett et al., 2014). Small white circles are from cores described in the literature 
(Dravis, 1980; Grabowski, 1981; Hayes, 2021; Hendrix, 2016; Loucks et al., 2020a, 2020b, 2021a; Loucks and Reed, 2022; Minisini 
et al., 2018; Phelps et al., 2014; Zheng et al., 2021). Red crosses show visited outcrops and measured sections from literature 
(Cooper et al., 2020; Dravis, 1980; Durham, 1957; Durham and Hall, 1991; Ferrill et al., 2020; Jiang, 1989; Minisini et al., 2018; 
Young, 1985, 1986; Young et al., 1977). The Shell Innes core, near the US90 Langtry outcrop, is just beyond the western edge of 
study area (Corbett et al., 2014; Griffith et al., 2019; Minisini et al., 2018). 
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sedimentation within a sequence, and facies that have  sequence 
stratigraphic significance (thin regionally extensive beds).  

Most of the facies from within sequences (Fig. 7) are very 
extensive, but some only occur in particular settings. The updip 
depositional settings of the Austin Chalk include the outcrop belt, 
the shallow San Marcos Arch, and areas around the Texas vol-
canic tuff cones. Updip facies (facies A–D) have macrofossils 
like oysters and echinoids and are well bioturbated, to the point 
of being nearly massive. These facies are porous, with preserved 
chalky microporosity (Dravis, 1980), due to limited burial. They 
have light colors, from white to light gray to buff. XRF data 
(McCreary, 2022) indicates chalk beds are characterized by a 
high proportion of Ca, with the interbedded marl beds having 
more Si, Al, and K. Carbonate-rich chalk intervals typically have 
a negative SP and low GR log character. Resistivity values are 
low in updip areas, indicating a porous and wet reservoir.  

Facies A: Coarse-grained skeletal packstone/grainstone 
(Fig. 7A), containing fragmented red algae, inoceramids, oysters, 
and echinoids in a massive fine-grained matrix. This facies was 
only observed in the Tesoro Valcher well, which is located 2.5 

mi (4 km) southwest of the several hundred foot (<100 m) high 
Sutil tuff cone (Ewing, 1986). This coarse-grained facies is de-
scribed around other Texas volcanic tuff cones (Loucks and 
Reed, 2022; Roy et al., 1981; Thompson, 1986; Young, 1985). It 
is recognized in logs by a well-developed negative SP, low GR, 
and moderate resistivity values. The underlying tuff cones have 
positive SP, low-medium GR, and low resistivity values, and are 
recognized by their anomalous geometry interrupting the normal 
stratigraphy. 

Facies B: Medium grained skeletal packstone (Fig. 7B). 
This facies consists of closely packed fragments of inoceramids, 
oysters, echinoids, gastropods, and foraminifera in a fine-grained 
matrix. This facies is characteristic of the Jonah Formation in 
outcrop (Durham, 1957; Young, 1985) and intervals in the Upper 
Atco in San Antonio (Cooper et al., 2020).  

Facies C: Oyster packstone (Fig. 7C). Closely packed whole 
or fragmented oysters in a fine-grained matrix, in 1–5 ft (0.3–1.5 
m) thick beds. This facies is regionally extensive as biostromes 
and enables correlation of outcrop sections from the Upper Atco 
through Pflugerville Formation (Cooper et al., 2020; Durham, 

Table 1. Austin Chalk cores described as part of this study. 

Well Name API County TD Core Depths Ages                
Penetrated Data References 

Getty Hurt #1 42283303050000 LaSalle 7239 ft 6735–7304 ft 

Lwr Anacacho; 
Full Austin (482 
ft); 

Upr EF (87 ft) 

Description, 
XRF, TOC, min-
eralogy, nan-
nofossil biostrat 

Loucks et al. 
(2020a); Loucks 
et al. (2020b); 
Grabowski 
(1981); 
McCreary (2022) 

Getty Beall #1 42163302920000 Frio 6217 ft 5610–5773 ft; 
5920–5980 ft 

B–Pflug–Upr 
Atco (163 ft); Lwr 
Atco (60 ft) 

Description 
Dravis (1980); 
Grabowski 
(1981) 

Tesoro Val-
cher #1 42493302300000 Wilson 7008 ft 6660–6805 ft; 

6875–6960 ft 

Dessau, Upr–
Lwr Atco (145 ft); 
EF gap in core; 
Buda (85 ft) 

Description, 
nannofossil bio-
strat 

Hendrix (2016), 
XRF; Loucks 
and Reed (2022) 

Shefts Sallie 
Clark #1 42055018520000 Caldwell 2221 ft 1876–2210 ft 

Lwr Aacacho (16 
ft); Full Austin 
(280 ft); EF (17 
ft); Buda (21 ft) 

Description, 
XRF, nannofossil 
biostrat 

Loucks and 
Reed (2022); 
McCreary (2022) 

Well X proprietary Webb   
Lower Austin 
(130 ft); Full EF 
and Buda 

Description, 
XRF, limited 
nanno biostrat 

 

Well Y proprietary Karnes   Lower Austin (62 
ft); Full EF 

Description, 
XRF, limited 
nanno biostrat 

Conte (2020) 

USGS GC-3 Shallow corehole Kinney 500 ft 19–63 ft Austin; 
63–500 ft 

Lower Austin (44 
ft); Full EF and 
Buda, and Del 
Rio; top 
Georgetown 

Description, 
XRF, limited 
nanno biostrat 

 

Shell Innes Shallow corehole Val Verde 377 ft 9–84 ft Austin; 
84–377 ft EF 

(Lwr Austin) Lwr 
Atco (75 ft); Full 
EF; most of Bu-
da 

Description, 
XRF, TOC, Min, 
biostrat, dated 
ashes 

Minisini et al. 
(2018) 

Shell Iona Shallow corehole Kinney 584 ft 10–130 ft Aus-
tin;130–584 ft EF 

(Lwr Austin) Lwr 
Atco’ base Upr 
Atco (120 ft); Full 
EF; top Buda 

Description, 
XRF, TOC, Min, 
biostrat, dated 
ashes 

Minisini et al. 
(2018) 

Cities Service 
Ivy #1B 42149305680000 Fayette 8520 ft 8304–8505 ft 

201 ft Lower 
Austin Atco/
Vinson 

Description Hays (2021) 

Prairie Mar-
burger #1 42287300460000 Lee 7245 ft 6867–6987 ft 

120 ft Lower 
Austin Atco/
Vinson 

Description, XRF Hendrix (2016); 
Hays (2021) 
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1957; Young, 1985). Subsurface examples occur in the Shefts 
Sallie Clark #1, on the east flank of the San Marcos Arch. 

Facies D: Skeletal wackestone, light-colored, with diverse 
or large burrows or homogenized sediment (Fig. 7D). Sparse 
inoceramid fragments and oysters occur together with pelagic 
foraminifera and calcispheres in a fine-grained matrix. This is the 
most common facies in updip settings. Thin interbedded marl 
(argillaceous skeletal wackestone) beds become more frequent 
downdip from the San Antonio outcrop. 

Downdip facies (facies E–I) are dominated by horizontal 
burrowers or are laminated. They have darker colors than updip 
facies, due to more admixed argillaceous material, disseminated 
pyrite, or organic matter. Carbonate-rich chalk intervals have a 
negative SP and low GR log character, with relatively higher 
resistivity values, due to organic matter, oil saturation, or tight 
reservoir.  

Facies E: Skeletal wackestone, medium-dark grey, with 
pervasive horizontal burrows or homogenized sediment (Fig. 
7E). This is a common background facies for much of Austin 

Chalk deposition and often is interbedded with thin marl beds.  
Facies F: Skeletal wackestone facies, brownish gray, with 

sparse horizontal burrows (Fig. 7F), with ~2% organic matter 
(Loucks et. al, 2020b). This is a characteristic facies in the Lower 
Austin ‘C’ and ‘D’ marker beds and is interbedded with other 
facies in the ‘D’ interval in the Getty Lloyd Hurt well in Pearsall 
Field. This facies has high GR (high U on spectral GR) and me-
dium to high resistivity values.  

Facies G: Skeletal wackestone, dark grey to brownish gray, 
laminated (Fig. 7G), with ~2% organic matter (Loucks et. al, 
2020b). Laminations consist of millimeter-scale foraminifera or 
concentrations of organic matter. This facies is characteristic of 
the Lower Austin ‘C’ and ‘D’ intervals in the Getty Lloyd Hurt 
well and is thinly interbedded with horizontally burrowed facies.  

Facies H: Medium gray skeletal wackestone facies that is 
layered on a centimeter-scale rather than laminated on a millime-
ter-scale (Fig. 7F1). It is less organic-rich than facies G, based on 
its color. Examples occur in the Cities Service Ivy #1B and Prai-
rie Marburger #1 cores in Giddings Field (Hayes, 2021). 

Figure 7. Austin Chalk facies, from inner to outer ramp. (A) Coarse-grained red algal packstone above local Texas volcanic tuff, 
possible karst exposure, Tesoro Valcher, 6682 ft (2037 m), Lower Atco Fm., lower ‘B–2’ interval, AC–I. (B) Medium-grained inoc-
eramid and oyster fragmental packstone, outcrop sample, Cathedral Rock Park, San Antonio, Upper Atco Fm., AC–II. (C) Oyster 
packstone, Shefts Clark, 1942 ft (592 m), Dessau Fm., AC–III. (D) Light colored variably burrowed skeletal wackestone, Shefts 
Clark, 2127 ft (648 m), Upper Atco Fm., AC–II. (E) Medium gray horizontally burrowed wackestone, Tesoro Valcher, 6734 ft (2053 
m), Lower Atco Fm., AC–I. (F) Dark gray-brown horizontally burrowed wackestone, ~2% TOC, Getty Lloyd Hurt, 6987 ft (2130 m) 
Lower Atco Fm., lower ‘B–2’ interval, AC–I.  (G) Dark gray-brown laminated foraminiferal wackestone, ~2% TOC, Getty Lloyd 
Hurt, 7096 ft (2163 m), Lower Atco Fm., upper ‘D’ interval, AC–I. (H) Medium gray laminated and layered skeletal wackestones, 
City Service Ivy, 8385 ft (2556 m), Upper Atco Fm., AC–II. (I) Splintered medium gray skeletal wackestone, horizontal fabric, no 
sedimentary structures, well X, Webb County, Atco Fm., AC–II. 
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Facies I: Skeletal wackestone, medium gray, massive. Core 
of this interval is highly splintered, with horizontal fabric, but 
without laminations or obvious burrowers (Fig. 7I). This facies 
occurs in ~5 ft (1.5 m) beds, separated by ~1 ft (0.3 m) beds of 
unsplintered organic-rich laminated facies. This facies only oc-
curs in the lower portion of the Austin Chalk in well X in Webb 
County, downdip of the Edwards shelf edge. 

Horsetail solution stylolites are common in the more argilla-
ceous chalk intervals, especially in facies E, or at the boundaries 
between clean chalk and marl beds. Jagged stylolites are rare and 
only occur in the most carbonate-rich chalk beds. Stylolites indi-
cate that an unknown but probably significant amount of dissolu-
tion occurred after deposition. 

 
Interpretation 

Austin Chalk facies can be placed in a carbonate ramp pro-
file from updip to downdip (Fig. 8). A carbonate ramp is a gently 
inclined surface extending from shallow to deep water, with faci-
es bands that parallel the shore, (Ahr, 1973). Sedimentation in the 
Austin Chalk was dominated by pelagic rainout of phytoplankton 
and zooplankton, but different facies bands formed due to differ-
ent amounts of oxygen, light, nutrients, waves, and currents 
along the depth profile. The ramp formed on a shelf at the edge 
of the North American continent. Updip facies of the Austin 
Chalk are interpreted as deposited on the inner ramp (or the inner 
shelf). Downdip facies are interpreted as deposited on the middle 
to outer ramp (middle to outer shelf).  

Inner ramp facies (facies B and D) are typically light       
grey skeletal wackestone and packstone, with diverse burrowers 
and abundant skeletal fragments, interbedded with oyster            
biostromes (facies C) and thin marl beds. Facies were deposited 
in the photic zone and fully oxygenated, based on diverse bur-
rows and macrofauna. Depositional environments were subtidal, 
but were periodically affected by waves, based on channel-forms 
or scours, widespread oyster beds, and abundant medium               
to coarse-grained skeletal fragments in outcrop. The shallowest 

water facies (facies A) occur around the Texas volcanoes,           
which had ~200 ft (~60 m) of depositional relief (Ewing, 1986). 
The fringing skeletal packstone and grainstone beds have been 
interpreted as deposited in different environments and depths, 
from the beach (Roy et al., 1981; Young, 1985) to gravity fed 
debrites (Loucks and Reed, 2022). Examples in this study are 
interpreted as having formed nearly in place due to subregional 
uplift around volcanoes and were locally redistributed by waves 
and storms.  

Middle ramp facies (facies E) contain medium gray skeletal 
wackestone with mostly horizontal burrows and disseminated 
pyrite, interbedded with cyclical marl beds and containing whole 
inoceramids. The abundant horizontal burrows indicate oxygen 
was present in the water column but less prevalent in the sedi-
ment column.  

Outer ramp facies (facies E–H) consist of interbedded medi-
um to dark gray or brown horizontally burrowed or laminated 
skeletal wackestone, which have greater organic matter, clay, or 
disseminated pyrite than inner ramp facies. Environments are 
interpreted as intermittently anaerobic or dysaerobic in the water 
column and the sediment column, based on the interbedded lami-
nated, organic-rich beds and horizontally burrowed, organic-lean 
beds. The organic-lean layered facies (facies H) may indicate 
redistribution of sediment by currents in a downdip dysaerobic 
setting. The furthest downdip interpreted facies (facies I) is the 
medium gray splintery facies without obvious burrows or lamina-
tion, downdip of the relict Edwards shelf edge. It is interpreted as 
deposited in an oxygenated environment as an originally soupy 
sediment that did not preserve burrow traces, possibly modified 
by gravity flows on a steeper gradient associated with the relict 
shelf edge.  

The upper portion of the Austin Chalk may have been more 
oxygenated than the lower portion of the Austin Chalk in outer 
ramp settings. Observations are limited, due to few available 
cores of this interval, but are based on medium gray colors ob-
served in downdip mudlogs, and core of the uppermost Austin 
Chalk in the Getty Lloyd Hurt and Shefts Sallie Clark wells, be-

Figure 8. Austin Chalk depositional ramp model. Inner ramp facies are light colored, with more diverse fauna and burrows, be-
coming darker, less biotically diverse, and more clay- and organic-rich downdip, in intermittently oxygenated outer ramp. Trans-
gressive ramp model shows sequence boundaries, characterized by hardgrounds, firmgrounds, and Glossifungites facies, over-
lain by skeletal and glauconitic grains updip and phosphatic grains downdip. 
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low the dark gray organic-lean, non-laminated calcareous shales 
of the Taylor Group.  

 
Facies in Correlation Marker Beds 

Cores through the Austin Chalk contain distinctive deposi-
tional surfaces or thin beds, which often can be tied to logs and 
correlated over large distances. Some rock types or facies are 
specific to updip or downdip settings, and some occur in both 
(Fig. 9). 

 
Description 

Rock type A: Cemented hardgrounds, calcitic or mineral-
ized by iron or phosphatic minerals, often bored and filled by 
later cement (Fig. 9A). They occur in updip and downdip set-
tings. They are an inch to several inches thick, so may not be 
recognized in common logs. In some settings, they may be bro-
ken into lithoclasts and overlain and surrounded by glauconitic-
rich packstone. 

Rock type B: Coarse-grained glauconitic skeletal packstone, 
with poorly sorted skeletal fragments, lithoclasts and intraclasts 
(Fig. 9B). This facies occurs in updip settings, over the San Mar-
cos Arch and on both flanks. It ranges in thickness from several 
inches to 11 ft (5 cm to 3.4 m) thick. Macrofossils typically are 
randomly oriented broken inoceramid fragments, with occasional 
oysters. Accessary grains include quartz, feldspar, and partially 
glauconitized volcanic rock fragments. Bored lithoclasts and 
softer intraclasts are surrounded by burrowed glauconitic skeletal 
packstone. This facies is widely correlatable, as its increased clay 
content produces a characteristic medium GR and low resistivity 
log signature.  

Rock type C: Burrows often extend inches to several feet 
below the main glauconitic zone in a Glossifungites ichnofacies 
(Fig. 9C), recognized by passive fill of open burrows, formed in a 
firm substrate (Buatois and Mángano, 2011).  

Rock type D: Medium to coarse-grained phosphatic skeletal 
packstone, dominated by fish debris (Fig. 9D). This facies is 
characteristic of the Eagle Ford Group /Austin Chalk contact, 

Figure 9. Correlation marker rock types (sequence boundaries and quiet water or flooding surfaces). (A) Mineralized hard 
ground with borings, Shefts Sallie Clark, 1919 ft (585 m), boundary between Dessau and Pflugerville Fms., AC–III. (B) Glauconit-
ic skeletal packstone with lithoclasts, Getty Lloyd Hurt, 6848 ft (2087 m), Upper Atco Fm., AC–II. (C) Glossifungites ichnofacies, 
firm ground with deep burrowing filled by glauconitic sediment, Tesoro Valcher, 6699 ft (2042 m), Lower Atco Fm., AC–I.          
(D) Phosphatic lag, Getty Lloyd Hurt, 7217 ft (2200 m), base of the Austin Chalk, AC–I. (E) Calcareous bentonite from a distant 
volcanic arc, Shefts Sallie Clark, 2100 ft (640 m), Lower Vinson Fm., AC–II. (F) Sutil volcanic tuff, with calcite veins, Tesoro Val-
cher, 6693 ft (2040 m), within the Lower Atco Fm., AC–I. (G) Dark grey brown horizontally burrowed skeletal wackestone, TOC 
~2%, Getty Lloyd Hurt, 7020 ft (2140 m), Lower Atco Fm., ‘C’ marker, AC–I. (H) Hummocky cross beds in a high uranium zone, 
US90 outcrop near Langtry, 88 ft (27 m) above the base of the Austin Chalk, Lower Atco Fm., ‘D’ marker, AC–I. 
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from the outcrop belt downdip to the submarine plateau. It has 
admixed glauconitic grains in updip settings, but is mainly phos-
phatic skeletals downdip. 

Rock type E: Bentonite ash beds (Fig. 9E). Bentonite beds 
generally are calcareous and are bioturbated, based on admixed 
microfossils and the absence of lamination. They have quartz, 
feldspar and zircon grains, indicating an acid to intermediate 
volcanic source. Ash layers typically are 0.5–6 in (1–15 cm), and 
are characterized by high GR (high thorium on spectral GR) and 
low resistivity on logs. Thin beds have an outsized effect on re-
sistivity logs, as zones only a few inches thick in core appear to 
be several feet thick (>1 m) on logs. They are widespread corre-
lation markers across updip and downdip settings. 

Rock type F: Ash derived from Texas tuff cones (Fig. 9F) 
ranges in thickness from several feet to hundreds of feet (1 m to 
>100 m) thick. The thin edges extend up to ~10 mi (~16 km) 
laterally. These ashes have low SP, low-medium GR (low thori-
um), and low resistivity values. The ash was derived from alka-
line ultramafic magmas, so consist of altered glass and volcanic 
fragments, without quartz and feldspar grains. Volcanoes com-
monly occur in updip settings, stratigraphically within the Austin 
Chalk or near the Austin Chalk–Taylor contact (Thompson, 
2019). 

Rock type G: Widespread organic-rich, interbedded lami-
nated and sparsely horizontally burrowed wackestone units (Fig. 
9G). This facies is typified by the ‘C’ and ‘D’ markers, widely 
correlative throughout South Texas, due to their unique high GR 
and high resistivity log signature. Updip in outcrop near Langtry, 
this facies contains limestone beds having hummocky cross strat-
ification (Fig. 9H). 

 
Interpretation 

Widely correlatable thin beds have sequence stratigraphic 
significance in this study. Hardgrounds and firmgrounds with 
Glossifungites ichnofacies (rock types A and C) are interpreted as 
forming at sequence boundaries. These are overlain by glauconit-
ic and phosphatic skeletal packstones (rock types B and D), 
which are interpreted as transgressive lags. These same facies are 
interpreted as sequence boundaries in the Austin Chalk outcrop 
between San Antonio and Austin (Cooper et al., 2020; Durham, 
1957; Young, 1985). In outcrop, these horizons are regionally 
correlatable. Where they parallel bedding, they indicate relatively 
short hiatuses, or higher order sequence boundaries. More signifi-
cant sequence boundaries in the middle and at the top of the Aus-
tin Chalk (Fig. 4) are underlain by angularly truncated beds 
(Cooper et al., 2020; Durham, 1957; Young, 1985) and have sig-
nificant nannofossil hiatuses (Jiang, 1989).  

Many of the hardgrounds, firmgrounds, and glauconitic skel-
etal packstone facies in updip cores are regionally correlatable 
and are tied to the same sequence boundaries recognized by 
Cooper et al. (2020) in the outcrop and shallow subsurface. Sig-
nificantly, in the three cores that have nannofossil biostratigraphy 
(see the next section), glauconitic facies coincide with major 
biostratigraphic hiatuses, and correlations show angularly trun-
cated sedimentary section beneath the glauconitic facies.  

Facies and downdip thinning clinoform geometry (Ewing, 
2013) indicate that Austin Chalk deposition occurred over a wide 
range of water depths, possibly over 1000 ft (>300 m), so the 
processes that operated at sequence boundaries would have dif-
fered along the depth profile. In the inner ramp, waves and storm 
currents or subaerial exposure would have caused erosion and 
non-deposition. In the outer ramp, reduced pelagic productivity 
or contour and upwelling currents would have caused condensed 
section due to non-deposition and erosion.  

Hardgrounds and firmgrounds are interpreted to form on the 
inner and outer ramp during sediment hiatuses. In the inner ramp, 
light colored chalk hardgrounds and firmgrounds would have 
formed and broken into lithoclasts or intraclasts when exposed to 

storms, burrowers and borers, or subaerial processes. 
Hardgrounds also would have formed (and remained intact) on 
the outer ramp in condensed intervals, where sequence bounda-
ries and maximum flooding surfaces converge (for example, the 
dark gray hardground at the base of the Austin Chalk  in well Y 
in Karnes County and the medium grey hardground near the top 
of the Austin Chalk in the Shefts Sallie Clark core). 

As sea level rose over the ramp, a transgressive glauconitic 
and phosphatic lag would have covered the hardened surface and 
filled the open burrows and borings, forming a Glossifungites 
ichnofacies, characteristic of transgressive environments (Buatois 
and Mángano, 2011). Burrows filled by glauconite reach several 
inches to several feet (5–60 cm) below the hardened surfaces in 
Austin Chalk cores (Tesoro Valcher and Shefts Sallie Clark 
wells) and in outcrops (Cooper et al., 2020). Due to long hiatus-
es, transgressive facies amalgamate grains from different sources, 
including bentonites and Texas volcanic tuffs. Transgressive 
facies change from glauconitic-rich packstone to mainly phos-
phatic skeletal packstone downdip (Fig. 8). Inch thick (cm) beds 
of phosphatic-rich packstone occur at the Eagle Ford Group / 
Austin Chalk sequence boundary, even downdip of the Edwards 
shelf margin, on the submarine plateau (in well X). Thus, trans-
gression over a sequence boundary can be recognized even in 
deep water settings, likely due to more energetic bottom currents.  

Ash beds (rock type E) are widely correlatable and interpret-
ed as deposited in quiet water, between sequence boundaries. 
Their composition (containing quartz and feldspar grains) and 
areal extent (covering hundreds of square miles) indicate that 
they were derived from distant western volcanic arcs (Hovorka, 
1998; Lee et al., 2018). Ash falls are not dependent on sea level 
fluctuations, but some of the thickest, most widespread bentonite 
beds have different GR and SP character above and below the 
ash, so they are interpreted as being deposited near maximum 
flooding surfaces. The thin ash layers (rock type F) that extend 
for several miles around Texas tuff cones were deposited by 
subaerial fallout, and redistributed by waves and slope failure. 
Their preservation indicates deposition in relatively quiet water 
between sequence boundaries.  

The ‘C’ and ‘D’ organic-rich markers (rock type G) are 
unique to the Maverick Basin in South Texas. They are interpret-
ed as maximum flooding surfaces, since low oxygen and organic 
matter preservation are more common in deeper water settings of 
the Austin Chalk. However, in South Texas, these markers were 
deposited across a wide range of paleowater depths, based on 
sigmoidal depositional geometry, downdip downlap, updip pinch 
out, and hummocky cross bedding in the Langtry outcrop 
(Griffith et al., 2019). These markers are interpreted as deposited 
in a widespread oxygen minimum zone that extended into shal-
lower water depths, due to unique oceanographic conditions, like 
those during deposition of the Lower Eagle Ford Formation.  

 
Biostratigraphy, Correlations, and Sequence       

Stratigraphy 
The nannofossil biostratigraphic scheme in this study (Fig. 

10) is a modification of the standard Sissingh (1977) zonation 
with additions taken from Bralower and Bergen (1998) and Ber-
gen and Sikora (1999). The chart shows the tie between the nan-
nofossils, Cretaceous stage names, and the 2012 global time scale 
(Ogg and Hinnov, 2012) used in this study. It incorporates nan-
nofossil biostratigraphic concepts from Jiang (1989) from the 
type sections of the Austin Chalk formations near Austin (Fig. 5).  

Three nannofossils have particular importance in the wells 
studied. The LO of Micula decussata is used to mark the bounda-
ry between the early and middle Coniacian (between CC13 and 
CC14). The highest occurrence (HO) of Lithastrinus septenarius 
is used to denote the early/middle Santonian boundary (within 
the combined CC15–16 zone). The LO of Ahmuellerella regu-
laris is used similarly to Jiang (1989) to approximate the bounda-
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ry between the late Santonian and early Campanian (between 
CC16 and CC17). 

Nannofossil samples in this study are from two cores on 
either side of the San Marcos Arch and one core on the San Mar-
cos Arch. Significant biostratigraphic hiatuses coincide with 
glauconitic intervals; these were the main criteria used to recog-
nize sequence boundaries and correlate away from these three 
wells. Correlations were also based on ties to the lithostratigra-
phy and biostratigraphy in outcrop. Additional biostratigraphy 
would be useful to further constrain the Austin Chalk sequences 
in areas away from the data in this study. 

Getty Lloyd Hurt   

The core in the Getty Lloyd Hurt #1 well (4228330305, TD 
7239 ft (2206 m), La Salle County) (Fig. 11) was proposed as the 
type core for the Austin Chalk in South Texas (Loucks et al., 
2020b) and is excellent example of the varied facies in the Austin 
Chalk. The well is in Pearsall Field, downplunge on the Pearsall 
Arch, and west of the San Marcos Arch. The full core covers an 
interval of 573 ft (175 m), from 6731–7304 ft (2052–2226 m). 
The Austin Chalk portion is 473 ft (144 m), from 6745–7218 ft 
(2056–2200 m). The core includes 15 ft (4.6 m) of calcareous 
shale and argillaceous marl of the lower Anacacho Formation 
and 87 ft (26.5 m) of the underlying Upper Eagle Ford For-
mation. The Austin Chalk portion of the core has one large and 
multiple small labeled gaps. No systematic core shift was noted, 
but detailed ties between log and core have an uncertainty of up 
to 5 ft (1.5 m), due to frequent discrepancies between labeled 
intervals and actual core footage in the core boxes. These small 
gaps are not represented in the core description to avoid a choppy 
display.  

The Austin Chalk has a phosphatic lag at its base, and inter-
bedded laminated and horizontally burrowed organic-rich chalk 
in the ‘C’ through ‘E’ units (Pearsall Field stratigraphy from 
Ewing [2013]). The lithology changes upward to a medium gray 
chalk with mainly horizontal burrows and then diverse burrows 
in the upper ‘B–2 unit,’ which is overlain by the ‘B–1’ interval 
with multiple glauconitic packstone beds. The ‘B–1’ interval is 
overlain by light-colored, diversely burrowed chalk in the lower 
‘A’ unit. The upper part of the ‘A’ unit is darker gray and argilla-
ceous with mainly horizontal burrows and is overlain by dark 
gray calcareous shale at the base of the Anacacho Formation.  

XRF data indicates that the highest percent Ca is near the 
base of the Austin Chalk and the top of ‘B–2’ unit. The upper ‘A’ 
and ‘B–1’ units have more clay, based on increased Si, Al, and 
K. The organic-rich facies in units ‘C’ through ‘E’ have in-
creased Ni, V, and Sr. The glauconite beds in the ‘B–1’ unit are 
recognized by peaks in K, Fe, and P. Mn is enriched at the top of 
the ‘B–2’ unit, directly below the basal glauconite bed in the ‘B–
1’ unit.  

Twenty-seven biostratigraphic samples were analyzed in the 
Getty Lloyd Hurt well, 23 of which were in the Austin Chalk 
(Appendix B in Griffith [2023]). Nannofossils are common to 
abundant throughout the section and preservation varies from 
poor to moderate. Higher abundances are noted at the top and 
bottom of the section. 

A slight depth shift is necessary at the base of the Austin 
Chalk to resolve the log-core discrepancy. The log base of the 
Austin Chalk is at 7212 ft (2198 m). The base of the Austin 
Chalk in core is recognized by multiple phosphatic skeletal lag 
beds, from 1/2 inch to several inches thick (1–10 cm) from ~7214 
to 7218 ft (2199–2200 m). The nannofossil sample at ~7215 ft 
(2199 m) within the basal Austin Chalk has LO Lithastrinus sep-
tenarius, indicating an age no older than late Turonian CC12–13. 
The interval from the base of the Austin Chalk to the top of the 
‘B–2’ zone, from 6860–7212 ft (2091–2198 m) is 352 ft (107 m) 
thick, and it is entirely upper Turonian–lower Coniacian CC13. 
There are no biostratigraphic breaks at the ‘C’ and ‘D’ organic-
rich markers. 

The LO Micula decussata (base middle-late Coniacian 
CC14) occurs at 6858.7 ft (2121 m), near the base of the ‘B–1’ 
unit at 6860 ft (2091 m), within a glauconitic skeletal packstone 
covering 6858–6859.5 ft (2090.2–2090.7 m). Traces of glauco-
nite extend below this layer down to 6863 ft (2091.4 m). A hiatus 
occurs at the boundary between the ‘B–2’ and ‘B–1’ zones, with 
much of the middle and late Coniacian is missing. 

The log boundary between the ‘B–1’ and ‘A’ zones occurs at 
6802 ft (2073 m). The underlying biostratigraphic sample in the 
upper ‘B–1’ zone at 6813.3 (2076.5 m) contains the HO 
Lithastrinus septenarius and the HO Eprolithus floralis, indicat-

Figure 10. Nannofossil biostratigraphic chart. Chart is from  
J. Pospichal (modified after Bergen and Sikora [1999]; Jiang 
[1989]; Perch-Nielsen [1985]; and Sissingh [1977]. Age dates 
are Ogg and Hinnov (2012). 
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ing this sample is late Coniacian CC14. The overlying sample, in 
the lower ‘A’ zone, at 6784.3 ft (2068 m) has the LO Ah-
muellerella regularis (early Campanian, CC17). The thin interval 
between these two samples indicates a long hiatus, with the San-
tonian missing. The Getty Lloyd Hurt core does not contain a 
glauconitic packstone bed between these two samples, but a 7 ft 
(2.1 m) core gap exists from 6803–6810 ft (2073.5–2075.6 m).  
A thin, thorium-rich ash can be correlated into the core gap, 
based on spectral GR in the Enercorp Rally 1–H well 
(4216332960), 8 mi (13 km) away (Ewing, 2013). Correlations 
and descriptions of the upper ‘B–1’ interval in two nearby cores, 
the Proco Gise #1 (4212732878) and Champlin Rogers #1014 
(4212731164),      6 and 11 mi (10 and 18 km) away, respectively 
(Loucks and Reed, 2022; Zheng et al., 2021) indicate that a glau-
conitic packstone may occur in this core gap. 

The log top of the Austin Chalk is at 6744 ft (2055.5 m). 
The underlying sample in the upper ‘A’ interval, at 6749.5 ft 
(2057 m) has LO Broinsonia parca parca (early Campanian 
CC18a). The sample at 6738.5 (2054 m) from just above the top 
of the Austin Chalk has LO Broinsonia parca constricta (early 
Campanian CC18b). The uppermost sample at 6735.5 ft (2054 
m) in the shale at the base of the Anacacho Formation has LO of 
Bukryaster hayi (early Campanian CC18b–CC19).  

Facies interpretations of the Getty Lloyd Hurt indicate that 
there are at least two major sequences in the Austin Chalk that 
can be sub-divided into smaller depositional sequences. The se-
quence stratigraphic model is based on two main ideas: lighter 
colored, thoroughly bioturbated chalk is associated with higher 
oxygen and shallower water, and sequences are separated by 
transgressive lags. The lower Austin Chalk sequence starts with a 
transgressive lag at the Eagle Ford–Austin Chalk sequence 
boundary, followed by a long regression through the top of the 
diversely burrowed ‘B–2’ interval. The lower portion of the Aus-
tin Chalk (units ‘C,’ ‘D,’ and ‘E’) was deposited in an outer ramp 
setting having intermittent low oxygen. The widespread organic-
rich ‘C’ and ‘D’ markers are interpreted as maximum flooding 
surfaces, associated with higher order sequences. Water depths 
gradually shallowed to an inner ramp setting in the ‘B–2’ interval 
of the Austin Chalk. The basal skeletal- and intraclast-rich glau-
conite bed in the ‘B–1’ interval is interpreted as a transgressive 
lag overlying a sequence boundary. This interpretation based on: 
outcrop analogs (e.g., Cooper et al., 2020; Durham, 1957), a hia-
tus as indicated by nannofossils, ties to other cores and mudlogs 
with glauconitic-rich beds in ‘B–1’ interval in the Pearsall area 
(Loucks and Reed, 2022; Zheng et al., 2021), and correlations 
showing great thickening of the  ‘B–2’ interval to the west 
(Durham and Hall, 1991; Ewing, 2013). Correlations in this study 
(Griffith, 2023) indicate angular truncation of a thick ‘B–2’ inter-
val below the ‘B–1’ interval. The multiple glauconite-rich lags in 
the ‘B–1’ interval in the Getty Lloyd Hurt well indicate addition-
al sea level fluctuations and sequence boundaries not traceable in 
correlations or biostratigraphy. The highly bioturbated ‘A’ inter-
val records a regression followed by transgression near the top of 
the Austin Chalk, below the basal calcareous shale of the Ana-
cacho Formation. 

Nannofossil biostratigraphy provides additional detail about 
the stratigraphic sequences in the Getty Lloyd Hurt. Biostratigra-
phy indicates that the Austin Chalk consists of three main strati-
graphic sequences, separated by two large hiatuses (Fig. 11). The 
lowest Austin Chalk biostratigraphic sequence, from ‘E’ through 
the ‘B–2’ interval is called AC–I in this study. It has 352 ft (107 
m) of upper Turonian–lower Coniacian CC13 section that covers 
~1.5 My. The second Austin Chalk sequence, AC–II, includes 
most of the ‘B–1’ interval and is upper Coniacian CC14. The 
third Austin Chalk sequence, AC–III is lower Campanian CC17–
18 and includes the uppermost ‘B–1’ and ‘A’ intervals. A major 
hiatus separates the lower Coniacian AC–I and upper Coniacian 
AC–II sequences, at the base of the glauconitic-rich ‘B–1’ unit. A 
second major hiatus separates the upper Coniacian AC–II and 

lower Campanian AC–III strata (with the Santonian CC15–16 
missing), near the top of the ‘B–1’ unit. The AC–II sequence is 
only 58 ft (17.7 m) thick, but represents roughly 5 My.  

Stratigraphic nomenclature in Pearsall Field can be tied to 
the Austin Chalk lithostratigraphic formations in outcrop from 
San Antonio to Austin (Cooper et al., 2020; Durham, 1957), 
based on biostratigraphic ties to global time scale (Jiang, 1989; 
Young, 1985) and log and outcrop correlations. AC–I is equiva-
lent to the Lower Atco Formation, AC–II is equivalent to the 
Upper Atco Formation, and AC–III is equivalent to the upper 
Dessau and Pflugerville formations. The Santonian-age Vinson 
and Jonah formations are missing in the Getty Lloyd Hurt well. 

 
Tesoro Valcher 

The Tesoro Valcher #1 (4249330230, TD 7008 ft (2136 m), 
Wilson County) is on the San Marcos Arch, 72 miles (116 km) 
east of the Getty Lloyd Hurt core (Fig. 12). The 144 ft (44 m) 
thick core, from 6660–6804 ft (2030–2074 m), is a partial pene-
tration of the Austin Chalk. The base of the core is just above the 
Eagle Ford / Austin Chalk contact. The top of the core is about 
40 ft (12.2 m) below the top of the Austin Chalk (the contact with 
the Anacacho Formation is difficult to pick in this area, due to 
similar lithology). The core is in good shape, with few missing 
intervals. No shift was applied, and intervals in boxes match well 
with labels. 

Stratigraphic markers from Pearsall Field can be correlated 
into the Tesoro Valcher well, although intervals are much thinner 
than the Getty Lloyd Hurt. The ‘D’ interval is a medium grey 
chalk with horizontal burrows without any organic-rich or lami-
nated facies. The widespread ‘C’ and ‘D’ markers in Pearsall 
Field merge and pinch out 3 mi (5 km) southwest of the Tesoro 
Valcher well but the extended correlation coincides with two 
glauconitic zones at 6696 ft and 6698 ft (2040.8 and 2041.5 m) in 
the Tesoro Valcher well. Glossifungites facies extend 1 ft (30 
cm) below the lower glauconitic zone. The upper glauconitic 
zone is 5 ft (1.5 m) below the base of a prominent ash bed, with 
medium-low GR, low SP and low resistivity log character. The 
ash can be correlated to the small Upper Cretaceous Sutil tuff 
volcano (Ewing, 1986), 2 mi (3 km) toward the northeast. The 4 
ft (1.2 m) thick ash bed is overlain by an 11 ft (3.4 m) thick 
coarse skeletal packstone, dominated by red algae, (described by 
Loucks and Reed [2022]) that has low GR, pronounced negative 
SP, and medium resistivity log character. Maps indicate that this 
skeletal packstone surrounds the several hundred foot (~60 m) 
high Sutil tuff cone, but it is best developed on the west side of 
the cone above a much thinner ash layer (Ewing, 1986; Mat-
thews, 1986). The skeletal packstone is overlain by several glau-
conitic-rich beds and a medium gray diverse burrowed chalk 
interval in the ‘B–1’ unit at the top of the core. The ‘A’ unit was 
not cored. 

Nineteen biostratigraphic samples were analyzed for nan-
nofossils in the Tesoro Valcher well (Appendix B in Griffith 
[2023]). Nannofossil abundance is high at the top of the core and 
moderate to low in other intervals. Nannofossil preservation is 
poor to fair throughout the core. 

The base of the Tesoro Valcher core is at 6804 ft (2073.8 
m), about 1 ft (0.3 m) above the log pick for the base Austin 
Chalk. The 124 ft (38 m) thick interval from 6679–6803 ft 
(2035.7–2073.5 m) has early Coniacian CC13 nannofossils. The 
sample within the 4 ft (1.2 m) thick ash at 6693 ft (2040 m) 
yielded early Coniacian CC13 nannofossils, whereas the overly-
ing sample at 6688.75 (2038.6 m) within the 11 ft (3.4 m) thick 
coarse skeletal packstone was barren. 

The next sample at 6679 ft (2035.7 m) is from the base of an 
8 ft (2.4 m) thick glauconitic skeletal packstone that extends from 
6672–6680 ft (2033.5–2036 m). It has LO Micula decussata and 
other nannofossils of latest late Coniacian CC14. A hiatus, cover-
ing the middle Coniacian and much of the upper Coniacian, oc-

61 Regional Sequence Stratigraphy, Biostratigraphy, and Facies of the                                  
Upper Cretaceous Austin Chalk in South and Central Texas 



Fi
gu

re
 1

2.
 W

el
l l

og
, f

ac
ie

s,
 a

nd
 k

ey
 n

an
no

fo
ss

ils
 in

 th
e 

Te
so

ro
 V

al
ch

er
 #

1.
 N

an
no

fo
ss

il 
an

al
ys

is
 is

 b
y 

Er
ic

 d
e 

K
ae

ne
l. 

St
ra

tig
ra

ph
y 

is
 fr

om
 P

ea
rs

al
l F

ie
ld

 (E
w

in
g,

 2
01

3)
. T

he
 

lo
w

er
 A

us
tin

 C
ha

lk
 c

on
si

st
s 

of
 h

or
iz

on
ta

lly
 b

ur
ro

w
ed

 w
ac

ke
st

on
e.

 T
hi

n 
gl

au
co

ni
tic

 fa
ci

es
 a

nd
 G

lo
ss

ifu
ng

ite
s 

ic
hn

of
ac

ie
s 

oc
cu

r 
at

 th
e 

co
rr

el
at

ed
 p

os
iti

on
 o

f e
ro

de
d 

‘C
’ 

an
d 

‘D
’ m

ar
ke

rs
. A

sh
 fr

om
 S

ut
il 

vo
lc

an
o 

is
 o

ve
rla

in
 b

y 
co

ar
se

 s
ke

le
ta

l p
ac

ks
to

ne
, i

n 
in

te
rv

al
 c

or
re

la
te

d 
to

 ‘B
–2

’. 
G

la
uc

on
iti

c 
sk

el
et

al
 p

ac
ks

to
ne

 b
ed

s 
(g

re
en

 in
 fa

ci
es

 c
ol

-
um

n)
, b

io
st

ra
tig

ra
ph

ic
 h

ia
tu

se
s,

 a
nd

 k
ey

 fo
ss

ils
 o

cc
ur

 in
 ‘B

–1
’ i

nt
er

va
l. 

62 Christine Griffith, James Pospichal, Eric de Kaenel, Michael Pope, and Arthur Donovan 



curs between 6679 ft and 6693 ft (2035.7 and 2040 m) samples. 
The overlying sample at 6665 ft (2034.4 m) is from a light-
colored well-burrowed wackestone above a 2.5 ft (0.8 m) thick 
glauconitic skeletal packstone from 6667.5 to 6669 ft (2032.2–
2032.6 m) containing large bored lithoclasts. This sample con-
tains LO Ahmuellerella regularis of early Campanian CC17, 
indicating another large hiatus, covering the entire Santonian, 
between the 6665 ft and 6679 ft (2034.4 m and 2035.7 m) sam-
ples.  

The facies in the lower Austin Chalk (‘D’ interval) are inter-
preted as deposited on a middle ramp with moderate oxygen lev-
els, depositionally updip from the Getty Lloyd Hurt well. The ‘C 
and ‘D’ markers are interpreted as eroded, based on the glauco-
nitic-rich lag and Glossifungites ichnofacies at their equivalent 
positions. The red algal skeletal packstone facies overlying the 
local ash bed is interpreted as a shallower water deposit, formed 
nearly in place by structural uplift, rather than shed from the rela-
tively small Sutil volcano, based on its composition and wide 
areal extent. The ‘B–2’ interval under ‘B–1’ thins dramatically 
eastward from Getty Lloyd, and is interpreted as truncated by 
erosion; the ‘B–1’ is interpreted as a transgressive glauconitic 
lag. 

 Nannofossil biostratigraphy in the Tesoro Valcher indicates 
three main sequences in the Austin Chalk, separated by two hia-
tuses. The lowest sequence, AC–I, 128 ft (39 m) from the ‘D’ 
through ‘B–2’ interval, is upper Turonian-lower Coniacian 
CC13. The second sequence, AC–II, is ~5 ft (1.5 m) and repre-
sented by a single sample at the base of the ‘B–1’ interval having 
late Coniacian CC14 nannofossils. The third sequence, AC–III, 
includes the upper ‘B–1’ interval and is lower Campanian CC17. 
Two hiatuses occur on either side of the AC–II sequence. The 
lower hiatus, where the middle Coniacian is missing, occurs at 
the base of the glauconitic-rich ‘B–1’ unit. The upper hiatus, 
where much of the upper Coniacian and Santonian is missing, 
occurs within the ‘B–1’ unit. The very thin AC-II sequence rep-
resents more than 5 My. The ‘A’ interval and Anacacho For-
mation were not cored, so do not give any data on this contact, 
but the chalk on chalk contact and thinning of Anacacho interval 
indicate a likely hiatus, like in San Antonio (Cooper et al, 2020; 
Jiang, 1989).  

Based on nannofossil biostratigraphy and correlations, the 
AC–I sequence is equivalent to the lower Atco, the very thin   
AC–II is Upper Atco Formation, and AC–III is equivalent to the 
upper Dessau and younger formations. The Vinson and Jonah 
formations are missing in this well. 

 
Shefts Sallie Clark 

The Shefts Sallie Clark #1 (4205501852, TD 2221 ft         
(677 m), Caldwell County, has a 333 ft (101.5 m) core with a 
complete penetration of the Austin Chalk (Fig. 13). The well was 
drilled on the east side of the San Marcos Arch, 66 mi (107 km) 
northeast of the Tesoro Valcher well, in the Luling-Branyon 
Field, on the upthrown side of a large counter-regional fault. The 
Austin Chalk section is 280 ft (85 m), from 1892 to 2172 ft (577–
662 m). The core includes a 16 ft (5 m) penetration of the lower 
Taylor Sprinkle Formation from 1876 to 1892 ft (572–577 m),  
17 ft (5 m) of the Eagle Ford and Pepper formations from 2172 to 
2189 ft (662–667.2 m), and 21 ft (6.4 m) of Buda Limestone 
from 2189 to 2210 ft (667.2–673.6 m). No shift was applied, and 
intervals in boxes match well with labels. 

Pearsall nomenclature cannot be used on the east side of the 
San Marcos Arch. Although the glauconite-rich ‘B–1’ interval 
can be correlated, the ‘C’ and ‘D’ markers pinch out and are not 
recognized east of the arch. The facies in the Shefts Sallie Clark 
well are described using outcrop lithostratigraphy correlated into 
the shallow subsurface (Cooper et al., 2020) and tying the nan-
nofossil biostratigraphy in the well and type sections in outcrop 
(Jiang, 1989) (Figs. 5 and 10).  

The Eagle Ford Group in the Shefts Sallie Clark well has 
three very thin but distinct units: 5 ft (1.5 m) non-calcareous Pep-
per Shale, 9 ft (2.7 m) organic-rich Lower Eagle Ford Formation, 
and 3 ft (1 m) medium-gray argillaceous burrowed Upper Eagle 
Ford Formation. A hardground occurs at the base of the Austin 
Chalk, underlain by a Glossifungites facies, with coarse glauco-
nitic sediment extending in large burrows 1 ft (0.3 m) into the 
Upper Eagle Ford Formation. The basal hardground is overlain 
by a phosphatic lag. The lowest 8 ft (2.8 m) of Austin Chalk is 
medium-light gray and diversely burrowed wackestone and is 
overlain by an 11 ft (3.4 m) glauconitic skeletal packstone.  

Overlying the glauconitic facies is 161 ft (49 m) light gray 
and diversely burrowed Austin Chalk, from 1992 ft to 2153 ft 
(398–431 m), with occasional interbeds of ash, marl, and oyster 
packstone. The overlying 74 ft (22.6 m) of the Austin Chalk, 
from 1918 ft to 1992 ft 384–398 m) is similar but contains sever-
al 2–5 ft (0.6–1.5 m) glauconitic skeletal packstone beds. The 
uppermost portion of the Austin Chalk (24 ft [7 m]), from 1894–
1918 ft (379–384 m) is medium gray, more argillaceous, with 
mainly horizontal burrows. 

XRF data shows a high percent Ca in clean chalk intervals 
compared to marl and ash beds, increased Si, Al, K P, and Fe in 
glauconitic zones, and Mn enrichment below glauconite beds. Si, 
Al, Fe, and Sr increase in the upper portion of the Austin Chalk, 
indicating higher argillaceous content (McCreary, 2022).  

Twenty-one nannofossil samples were analyzed in Shefts 
Sallie Clark well (14 from the Austin Chalk interval) (Appendix 
B in Griffith [2023]). Nannofossil abundance and preservation 
are moderate at the base, poor in the middle, and good at the top 
of the Austin Chalk. Some contamination with drilling mud was 
noted in the lower part of the core.  

The biostratigraphy from this well is very different from the 
previous two wells. The lower Coniacian CC13 is extremely thin, 
and a thick upper Coniacian–Santonian CC14–CC16 section 
occurs in this well that is not present in the other two wells.  

The sample at 2172 ft (662 m), from just below the 
hardground at the Austin Chalk–Upper Eagle Ford contact, has 
nannofossils indicating upper Turonian–lower Coniacian CC13. 
The overlying sample, at 2161.5 ft (658.8 m), 10 ft (3 m) above 
the base of the Austin Chalk, is just above the base of an 11 ft 
(3.4 m) fossiliferous glauconitic lag from 2153–2164 ft (656.2–
659.6 m). It has HO Eprolithus floralis, LO Lithastrinus grillii 
and a few Micula decussata, indicating middle-late Coniacian 
CC14. The overlying sample at 2139 ft (652 m), above the glau-
conitic zone, has frequent M. decussata and is correlated to the 
Upper Atco Formation. 

The overlying sample at 2112 ft (643.7 m), 60 ft (18.3 m) 
above the base of the Austin Chalk, has the HO Lithastrinus sep-
tenarius characteristic of the base middle Santonian, within 
CC15–16 zone, and is correlated to the Vinson Formation. The 
samples from 1961.7–2112 ft (598–643.7 m) have nannofossils 
characteristic of middle-upper Santonian CC15–16.  

The sample at 1940.8 ft (591.5 m) is from an oyster-rich 
interval and has LO of Ahmuellerella regularis of early Campa-
nian CC17. This sample is 16 ft above the glauconitic packstone 
beds 1957–1963 ft (596.5–598.3 m), interpreted to be at the base 
Dessau Formation. A hardground at 1916 ft (584 m) marks the 
boundary between the Dessau and Pflugerville Formations, based 
on samples at 1919.5 ft (585 m) and 1900 ft (597 m), of early 
Campanian CC17 and CC18a age . The shallowest sample, from 
1876 ft (571.8 m), is from the Sprinkle Formation, 18 ft (5.5 m) 
above top of the Austin Chalk and has nannofossils from early 
Campanian CC18b.  

Facies in the Shefts Sallie Clark well are interpreted to be 
mostly deposited on the inner ramp, at a shallower water depth 
than the facies in the other two wells, based on color, diverse 
burrowing, and multiple oyster biostromes. Glauconitic skeletal 
packstone beds are interpreted to be transgressive lags on top of 
sequence boundaries. The argillaceous, horizontally burrowed 
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unit near the top of Austin Chalk (Pflugerville Formation) is in-
terpreted as deposited in deeper water than the rest of the section.  

Three sequences occur in the Shefts Sallie Clark well, like in 
the other two wells, separated by two hiatuses. The lowest bio-
stratigraphic sequence, AC–I, is represented by only 8 ft (2.4 m) 
of lower Coniacian CC13, at the base of the Austin Chalk Group 
(equivalent to Lower Atco Formation). The second sequence,  
AC–II, is a 200 ft (60 m) thick interval between the lower and 
upper glauconitic beds that has upper Coniacian to upper Santo-
nian CC14 and CC15–16 nannofossils (equivalent to the Upper 
Atco, Vinson, and Jonah formations). This interval is mostly 
missing in the other two wells. The third sequence, AC–III, is a 
95 ft (29 m) thick interval containing upper Santonian-lower 
Campanian (upper CC15–16 to CC18) nannofossils. Sequence 
AC–II is bounded by two hiatuses. The lower hiatus, near the 
base of the Austin Chalk, indicates missing middle-upper Coni-
acian section. The upper hiatus, at the base of the Dessau For-
mation, is within the upper Santonian.  

 
Three Well Cross Section 

A cross section of the three wells with new nannofossil bio-
stratigraphy (Fig. 14) shows the striking asymmetry of the Austin 
Chalk sequences across the San Marcos Arch. The LO of Micula 
decussata of middle-late Coniacian CC14 is in the upper portion 
of the Austin Chalk in the Getty Lloyd Hurt and Tesoro Valcher 
cores, but in the basal portion of the Austin Chalk in the Shefts 
Sallie Clark core. The LO of Ahmuellerella regularis of early 
Campanian CC17 is in the upper portion of the Austin Chalk in 
all three wells (datum for the cross section). The HO of 
Lithastrinus septenarius is directly below the LO of A. regularis 
in the Getty Lloyd Hurt well but is separated by 171 ft (52 m) of 
middle-upper Santonian CC15–16 in the Shefts Sallie Clark well.  

Based on these three fossils, the three unconformity-bound 
stratigraphic sequences in the Austin Chalk are delineated. The 
sequence boundaries are based on biostratigraphic hiatuses and 
coincide with glauconitic horizons. The three sequences are com-
posite sequences; each contains several higher order sequences 
that can be tied to the lithostratigraphic formations in outcrop 
(Atco through Pflugerville formations). The first sequence, AC–I 
(upper Turonian to middle Coniacian Lower Atco Formation) is 
best developed in the Getty Lloyd Hurt well and is unconforma-
bly overlain by AC–II (upper Coniacian) chalk. The second se-
quence, AC–II (upper Coniacian to Santonian Upper Atco to 
Jonah formations) is best developed in the Shefts Sallie Clark 
well and is unconformably overlain by the third sequence, AC–
III (upper Santonian–lower Campanian Dessau and Pflugerville).  

The large thickness differences in the first two sedimentary 
sequences in this strike section are interpreted as due to differ-
ences in subsidence and uplift, based on facies and correlations 
(Fig. 15). During deposition of sequence AC–I, greater subsid-
ence occurred in the west, as erosion and uplift occurred in the 
east. During sequence AC–II, greater subsidence occurred in the 
east, and uplift and erosion occurred in the center and west. The 
similar thickness in sequence AC–III across the three wells indi-
cates a similar subsidence history.  

A lithofacies cross section (Fig. 15) interprets the sequences 
in terms of the depositional model and correlations between the 
three wells. Deposition of the AC–I sequence began in the west 
in the Getty Lloyd Hurt well in deeper, intermittently oxygenated 
water on the outer ramp, after a rapid transgression over the Up-
per Eagle Ford sequence boundary. Sediment built up into shal-
lower water and became fully oxygenated (inner ramp) in ‘B–2’ 
interval in this well. Deposition began in intermediate water 
depths (middle ramp) with enough oxygen to support horizontal 
burrowers in the Tesoro Valcher well on the San Marcos Arch. 
The ‘C’ and ‘D’ markers from the Getty Lloyd Hurt well are 
truncated by an unconformity in the Tesoro Valcher, based on a 
Glossifungites ichnofacies and glauconitic packstone at the 

equivalent level. A volcanic vent near the Valcher well erupted 
ash during the upper AC–I sequence. The area near the volcano 
was uplifted and was shallow enough that coarse-grained skeletal 
packstone could form over widespread thin ash. AC–I beds were 
tilted and truncated eastward in an angular unconformity during 
the middle to late Coniacian. In the Shefts Sallie Clark well east 
of the San Marcos Arch, composite sequence AC–I  consists of 
10 ft (3 m) of inner ramp facies, underlain by Glossifungites ich-
nofacies at the Austin Chalk–Eagle Ford contact and overlain by  
an 11 ft (3.4 m) glauconite bed. This area is interpreted to have 
experienced subaerial erosion due to periodic structural uplift, 
based on the very thin intervals in the basal Austin Chalk and  
underlying Eagle Ford Group, with 3 ft (1 m) Upper Eagle Ford, 
9 ft (2.7 m) Lower Eagle Ford, and 5 ft (1.5 m) Pepper Shale.  

Composite sequence AC–II consists of 58 ft (17.7 m) of 
inner ramp facies in the Getty Lloyd Hurt well. Sea level varied, 
based on multiple glauconitic lags with hardgrounds and litho-
clasts in the ‘B–1’ interval in this well. This sequence is repre-
sented in the Tesoro Valcher well by a ~5 ft (1.5m) interval with 
glauconitic lag. Sequence AC–II begins in the Shefts Sallie Clark 
well with the 11 ft (3.4 m) glauconitic lag near the base of the 
Austin Chalk. The composite sequence is interpreted as deposited 
on the inner ramp, based on its updip location, the abundance of 
oyster banks, and the glauconitic lags in the upper part of the 
sequence. Sequence AC–II is truncated westward toward the San 
Marcos Arch and San Antonio, based on outcrop and subsurface 
correlations (Durham, 1957; Cooper et al., 2020). The AC–II 
sequence thickens downdip of Shefts Sally Clark into Giddings 
Field. The City Service Ivy and Prairie Marburger cores from this 
area have interbedded horizontally burrowed and laminated or 
layered sediment in this interval, that are interpreted as intermit-
tently oxygenated outer ramp facies. 

Upper Santonian–lower Campanian composite sequence  
AC–III is similar in all three wells. The sequence shows a rapid 
transgression at the base followed by regression and another 
transgression near the top. The upper part of the sequence is ar-
gillaceous, with well-developed, mainly horizontal burrows in 
the Getty Lloyd Hurt and Shefts Sallie Clark wells, indicating 
deeper water (outer ramp) at the transition into the shaly lower 
Anacacho/Sprinkle/Ozan formations. The Austin-Anacacho con-
tact is a chalk-on-chalk contact in the Tesoro Valcher well, indi-
cating a likely longer hiatus over the San Marcos Arch than on 
either flank. 

 
Strike Cross Section 

The Austin Chalk expands greatly to the west of the Getty 
Lloyd Hurt well and to the east of the Shefts Sallie Clark well 
(Fig. 16). Sequence boundaries were identified from the nan-
nofossil biostratigraphy and glauconitic beds in the three key 
wells and other cores (Dravis, 1980; Loucks and Reed, 2022; 
Zheng et al., 2021). Correlations of the entire study area were 
based on the consistent log character of the glauconite-rich beds 
above sequence boundaries, and recognition of angular truncation 
below sequence boundaries.  

New nannofossil biostratigraphy enables correlation of the 
different Austin Chalk nomenclature in the major petroleum 
fields on either side of the San Marcos Arch and the outcrop (Fig. 
16). Different nomenclature is used to describe the Austin Chalk, 
because the subsurface markers are largely of different ages on 
either side of the arch. The very widespread ‘C’ and ‘D’ markers 
in Pearsall Field and across South Texas are eroded over the San 
Marcos Arch and farther east. The multiple markers in the middle 
Austin Chalk in Giddings Field and Central Texas are eroded 
over the San Marcos Arch and toward the west.  

The stratigraphic ties from Pearsall Field to the outcrop are 
based on biostratigraphy in the Getty Lloyd Hurt and Tesoro 
Valcher wells, type sections in outcrop (Jiang, 1989), and updip 
correlations into San Antonio. Giddings Field is tied to the out-
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crop through nannofossil data at Shefts Sallie Clark and the out-
crop (Jiang, 1989) and downdip correlations. Giddings ‘A’–‘C’ 
correlate into the Atco Formation. The boundary between se-
quences AC–I and AC–II is within or at the top of the Giddings 
‘A’ unit (Middle-Upper Atco). Composite sequence AC–II in-
cludes Giddings ‘D’–‘G’ (Vinson Formation), and Giddings ‘G’–
‘H’ (Jonah Formation). Composite sequence AC–III includes 
‘H’–‘K’ I (Dessau Formation), and Giddings ‘K’–
‘L’ (Pflugerville Formation). The Burditt Formation was not tied 
between the outcrop and the subsurface. It is a thin, poorly ex-
posed marl unit in outcrops in Austin, ~17 ft (~5.1 m) thick 
(Lundquist, 2015b), but it is not clearly recognizable in the sub-
surface.  

A time-stratigraphic cross section (Wheeler diagram) (Fig. 
17) was constructed for this strike line to show the stratigraphic 
continuities and hiatuses in the Austin Chalk, based on the refer-
ence nannofossil biostratigraphic chart (Fig. 10) and correlations 
indicating angular truncation. The three composite sequences in 
the Austin Chalk are separated by significant hiatuses. Composite 
sequence AC–I is subdivided into three higher order sequences 
(transgressive-regressive cycles), all equivalent to the Lower to 
Middle Atco Formation. Composite sequence AC–II is subdivid-
ed into two depositional sequences, the Upper Atco and the com-
bined Vinson-Jonah formations. Composite sequence AC–III          
has two depositional sequences, the Dessau and the combined 
Burditt-Pflugerville formations. Sedimentation rates differ widely 
from east to west and from updip to downdip, in different se-
quences in the Austin Chalk.  

It is remarkable how long the hiatuses are in this cross sec-
tion, given that the main constituents of the Austin Chalk are 
pelagic nannofossils and microfossils, typically interpreted as 
deposited in a quiet water shelf setting. The angular truncation 
and thin intervals indicate that sedimentation was interrupted by 
long periods of submarine or subaerial erosion. The regional an-
gular truncations are interpreted as formed due to regional tecton-
ic movements rather than eustatic changes, which were relatively 
low magnitude during the Cretaceous (Sames et al., 2020) and 
would not have developed the asymmetry seen in this cross sec-
tion. 

 
Dip Cross Section 

An oblique dip line (Fig. 18) extends from the well-
documented Austin Chalk outcrop in San Antonio (Cooper et al., 
2020), to the Getty Lloyd Hurt well (Loucks et al., 2020b), and 
across the relict Edward shelf edge (Ewing, 2013) onto the sub-
marine plateau and the relict Sligo shelf edge. The Austin Chalk 
is thin in San Antonio, thickens into the Maverick Basin, and 
thins again near the relict Edwards shelf edge. The downdip thin-
ning can be explained as due to: (1) structural movement 
(subsidence in the Maverick Basin and uplift at the relict shelf 
edge) or (2) sedimentary processes that formed depositional relief 
in the Austin Chalk (a depositional wedge or ramp thinning to-
ward the Gulf of Mexico). 

The depositional wedge or ramp model is favored for the 
Austin Chalk, based on the relative thicknesses of underlying and 
overlying formations and sediment architecture and facies within 
the Austin Chalk. The overlying Anacacho Formation thickens 
downdip as the Austin Chalk thins and continues to thicken be-
yond the relict Edwards shelf margin, as would be expected with 
greater subsidence and accommodation space toward the Gulf of 
Mexico. The high GR/high resistivity ‘C’ and ‘D’ correlation 
markers within the Austin Chalk show a sigmoidal offlapping 
geometry. They are thin and closely spaced updip, thicken in 
Pearsall Field, and thin and downlap onto the Eagle Ford For-
mation near the relict Edwards shelf edge to the south (Ewing, 
2013). Facies at the base of the Austin Chalk, in the Well Y core 
in Karnes County, a few miles (several km) updip of the relict 
Edwards shelf edge, are dark colored and intermittently laminat-

ed and horizontally burrowed, indicating an intermittently oxy-
genated outer ramp setting. The vertical facies transition from 
poorly to fully oxygenated up section in the Getty Lloyd Hurt 
well also supports the idea of a depositional ramp, as it indicates 
shallowing water depths as the depositional ramp topography 
developed.  

The depositional ramp interpretation postulates that the 
Maverick Basin was not a closed basin, but was open to the Gulf 
of Mexico during Austin Chalk deposition. The thickest Austin 
Chalk sediment was deposited in shallower water than the thinner 
sediment downdip at the relict shelf edge. Thicker updip sedi-
ment is likely associated with greater coccolith productivity, 
from increased nutrients and possible upwelling currents. Down-
dip thinning indicates non-deposition or erosion, due to less pri-
mary productivity or stronger bottom currents near the relict shelf 
edge.  Later Upper Cretaceous sediments were unaffected by the 
relict shelf edge, as subsidence toward the Gulf of Mexico in-
creased. 

 
DISCUSSION 

Ties to Existing Lithofacies Concepts 
Cooper et al. (2020) recognized five proximal to distal facies 

in outcrops near San Antonio. Facies were placed along a sub-
tidal ramp model, based on grain size and fossil content. Se-
quences in the Austin Chalk in San Antonio were defined by 
deepening- and shallowing-upward trends. Hardgrounds and 
firmgrounds indicate sequence boundaries, and glauconite-rich 
beds indicate transgressive surfaces.  These were tied into the 
shallow subsurface to create a regional sequence stratigraphic 
framework. This study interprets the Austin Chalk as deposited 
on a similar ramp profile as Cooper et al. (2020), but extends the 
concepts downdip. Their outer ramp would be the middle ramp in 
this study. Hardgrounds and glauconite indicate sequence bound-
aries and transgressive tracts in both studies.  

Five lithofacies were described in numerous cores from Aus-
tin Chalk wells in Texas and Louisiana (Loucks et al., 2020a; 
Loucks et al., 2020b; Loucks et al. 2021a; Loucks et al. 2021b). 
Facies were interpreted as deposited in a continuum from fully 
oxygenated to poorly oxygenated water. Oxygen levels were 
attributed to different water depths or different oceanic condi-
tions. More abundant and diverse fossils in updip wells and in the 
upper Austin Chalk were interpreted as indicating less environ-
mental stress or possibly shallower water (Loucks et al., 2020b, 
2021b). All cored facies were interpreted as deposited below 
storm wave base based on the presence of coccoliths and plank-
tonic foraminifera and the absence of hydrodynamic features. 
Further updip, the outcrop is interpreted to be nearer fair water 
wave base (Dravis, 1980; Loucks et al., 2020b) based on exten-
sive Thallasinoides, oyster banks, and glauconite. Several differ-
ent facies types in core are interpreted as debrites (Loucks and 
Reed, 2022), including poorly sorted glauconitic skeletal pack-
stone with lithoclasts, coarse skeletal packstone and grainstone 
around volcanic tuff cones, and oyster concentrations. These 
facies were postulated to have formed by downslope gravity 
transport off volcanic highs or shallow water areas. 

The lithofacies classification and interpretations in this study 
are similar to the classification and depositional models described 
above. The major difference is in postulating wider water depth 
variations during normal sedimentation and the presence of se-
quence boundaries and associated erosion and transgression. The 
presence of coccolithophores and planktonic foraminifera cannot 
rule out depositional environments shallower than storm wave 
base, because these organisms lived in the shallow water column 
and could have been passively transported into shallower water 
by surface currents. The absence of hydrodynamic features also 
is not definitive, as current features would have been unlikely to 
form in fine-grained chalk and would have been obliterated by 
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the extensive bioturbation. Evidence in the outcrop for water 
depths above storm wave base in the outcrop include: scours in 
Austin Chalk (e.g. Cooper et al., 2020; Dravis, 1980; Griffith et 
al., 2019; Hovorka, 1998; Young, 1985), hummocky cross beds 
in the unbioturbated D marker equivalent in Langtry (Griffith et 
al., 2019), ferruginous oolites near Eagle Ford Austin contact San 
Antonio (Cooper et al., 2020), and grainstone/packstone frag-
mental macrofossil concentrations in the Austin Chalk (e.g., 
Cooper et al., 2020; Durham, 1957; Young, 1985), and beach 
rock around Pilot Knob tuff cone (Young, 1985). These features 
occur across the outcrop belt, not just around San Antonio where 
water depths were shallowest, so similar conditions would be 
expected over large areas of the subsurface, especially over the 
San Marcos Arch.  

One significant difference in interpretation between this 
study and other studies (Loucks et al., 2020b; Loucks and Reed, 
2022) is the interpretation of the facies called ‘debrites.’ In this 
study, these facies are interpreted as formed in three different 
environments that are not primarily associated with down slope 
movement. Intervals with glauconitic and phosphatic skeletal 
packstone beds, with intraclasts and lithoclasts, are interpreted as 
transgressive lag deposits that overlie sequence boundaries, since 
they are associated with biostratigraphic hiatuses, have log char-
acter that can be traced widely across South and Central Texas, 
and overlie angularly truncated sections. The intraclasts and 
lithoclasts are interpreted as eroded firm grounds and 
hardgrounds. Glauconitic and phosphatic sediments were likely 
transported upslope as transgression advanced over a regional 
submarine or subaerial unconformity. The coarse-grained skeletal 

packstone and grainstone beds around local Texas volcanic tuff 
cones are interpreted to have formed nearly in place, in shallower 
water depths caused by local uplift during volcanism, given the 
small areal and vertical size of the tuff cones, and the wide extent 
of the coarse-grained carbonate facies. This facies migrated up-
dip during later sea level rise. Oyster concentrations are interpret-
ed to have formed in situ as extensive biostromes in updip set-
tings, like those that enabled the stratigraphic correlation of the 
Austin Chalk in outcrop. 

 
Application to Petroleum Geology of the Austin 

Chalk in Texas 
Austin Chalk reservoir quality is controlled by the relative 

proportion of calcite vs. clay content, vertical heterogeneity, and 
thickness (Corbett et al., 1987, 1997; Martin et al., 2011; Rowe et 
al., 2017). The proportion of calcite controls the effective matrix 
porosity and mechanical strength or fracture potential. Argilla-
ceous content impairs reservoir quality, whether distributed ho-
mogenously, as thin interlayers (horsetail stylolites), or as inter-
beds, since it fills the matrix porosity and impedes fracture 
growth. Vertical heterogeneity and relative thickness of chalk 
beds control selection of prospective areas and stratigraphic ob-
jectives.  

The best reservoir zone in Pearsall Field, west of the San 
Marcos Arch, is the ‘B–2’ unit in the upper portion of the Austin 
Chalk (Ewing, 2013). Recent wells in South Texas target the 
westwardly expanding section between the ‘B–1’ and ‘C’ units, 
from areas updip and downdip of the relict Edwards shelf edge 

Figure 17. Strike cross section in time (Wheeler diagram). Time section shows large hiatuses during Eagle Ford and Austin 
Chalk deposition. The Austin Chalk unconformably overlies the Eagle Ford Group and is unconformably overlain by the Ana-
cacho/Pecan Gap Formation. The Austin Chalk has three composite sequences (AC–I, AC–II, and AC–III), separated by late Co-
niacian and late Santonian unconformities. Seven depositional sequences, ~1 My in duration, are recognized (circles 1–7). The 
eastern area (the early San Marcos Arch) has hiatuses of several My separating very thin lower Austin and Eagle Ford for-
mations (each only few feet thick). Uncertainty remains about placement of these thin sequences in time. The central area (the 
later San Marcos Arch) also has hiatuses of several My duration. The western area (subsiding Maverick Basin) has the least 
time missing. Composite sequence AC–I (depositional sequences 1–3) is thickest in the west but is truncated in the east. Se-
quence AC–II (depositional sequences 4–5) is thickest in the east, almost completely removed over the arch, and is thin in the 
west. A thin sequence AC–III (depositional sequences 6–7) extends across the San Marcos Arch but is thicker on the east side. 
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(von Bassenheim and Taylor, 2023). The best reservoir zones in 
Giddings Field, east of the arch, are the ‘A’ and ‘B’ units near the 
base of the Austin Chalk (Maranto, 2017). 

Based on nannofossil stratigraphy, the lower Coniacian ‘B–
2’ reservoir (in sequence AC–1 of this study) in the upper Austin 
Chalk in Pearsall Field is older than the middle-upper Coniacian 
‘A’ and ‘B’ reservoirs (upper AC–I, lower AC–II) near the base 
of the Austin Chalk in Giddings Field (Fig. 16). Younger Santo-
nian and Campanian sections (in sequences AC–II and AC–III) 
in both fields are less productive, probably due to more admixed 
clay and more closely spaced bentonite and marl beds that inhibit 
fractures and upward migration.  

A wide range of facies, from the inner to outer ramp, form 
productive reservoirs in the Austin Chalk. The coarse-grained 
skeletal packstone and grainstone units around the small Texas 
volcanoes (facies A) produce from structural-stratigraphic traps 
(Ewing, 1986) but only yield small volumes, due to their small 
areas, thicknesses, and porosity reduction during diagenesis. In-
ner ramp facies (facies B–D) in updip areas produce in structural-
stratigraphic traps, and elsewhere are porous and wet. The Shefts 
Sallie Clark core, in Luling-Branyon Field, is an example of an 
updip reservoir having matrix porosity, where brown oil stained 
zones alternate with unstained zones. Luling-Branyon Field is a 
structural-stratigraphic trap that does not have a common oil wa-
ter contact. Many wells were drilled into faults to intersect frac-
tures, or within structural closure, and permeability was enhanced 
through acidizing and artificial fracturing  (Doyle, 1955).  

Austin Chalk reservoirs at Pearsall and Giddings Fields were 
deposited in different depositional settings. The Pearsall Field   
‘B–2’ reservoir was deposited in an inner to middle ramp setting, 
based on light to medium gray bioturbated facies (facies D–E) in 
the Getty Lloyd Hurt core. Giddings Field ‘A’ and ‘B’ reservoirs 
were deposited in the middle to outer ramp, based on horizontally 
burrowed facies (facies E) interbedded with medium gray, organ-
ic-lean, finely layered facies (facies H) in the Cities Service Ivy 
and Prairie Marburger cores. These productive zones have little 
admixed clay or interbedded marl so they have rock properties 
favorable for fracture development and matrix porosity preserva-
tion. 

In the recent downdip trend, operators target matrix porosity 
in areas that have few natural fractures (Darbonne, 2020; Maran-
to, 2017; Pickett, 2018). These areas can produce better than 
underlying Eagle Ford Group reservoirs or legacy Austin Chalk 
reservoirs. Some reservoirs produce from light to medium gray 
bioturbated facies (inner ramp facies D–E), like in Pearsall Field, 
whereas other produce from interbedded bioturbated and organic-
rich laminated facies (mid-outer ramp facies E–G) in the middle 
or base of the chalk. In slope settings and on the submarine plat-
eau, the medium gray, massive, but splintery (outer ramp facies I 
in well X) may be a good reservoir, due to mechanical properties 
that favor fracturing (as evidenced by splintery character).  

Migration paths from mature organic-rich source rock into 
the Austin Chalk reservoirs also are important. The best Austin 
Chalk reservoirs occur in thick, clean, uniform chalk beds in the 
oil or gas window, or where faults and fractures allowed updip 
migration into non-mature areas. Although organic-rich intervals 
in the lower portion of the Austin Chalk in downdip settings con-
tributed to hydrocarbon charge, the Eagle Ford Group is likely to 
be the main source for Austin Chalk production (Kornacki, 
2018), since it is more extensive and is more organic-rich 
(Grabowski, 1995). Downdip Austin Chalk production is mainly 
gas, so reservoirs in this setting can be very productive, despite 
lower porosity and permeability. 

 
CONCLUSIONS 

Austin Chalk correlations are based on log character, tied to 
facies and sequence stratigraphic surfaces in core and outcrop. 
New nannofossil biostratigraphy is key to regional correlations, 

especially over the San Marcos Arch, where the Austin Chalk is 
thin, and log markers pinch out. Biostratigraphic hiatuses are 
collaborated by core observations, since hiatuses are associated 
with bored lithoclasts, Glossifungites ichnofacies, and coarse-
grained glauconitic skeletal packstone lags. This facies is corre-
lated over large distances and occurs above angularly truncated 
beds.  

Austin Chalk depositional environments are recognized by 
their regional setting, large-scale geometries in cross sections, log 
character, and core observations of lithology, sedimentary struc-
ture, and biota. Austin Chalk facies range from fully aerobic in-
ner ramp to anaerobic outer ramp settings. Inner ramp facies are 
light colored and include medium to coarse-grained skeletal 
packstone, oyster biostromes, and biotically diverse, burrowed, 
clean and argillaceous skeletal wackestone. Middle ramp envi-
ronments are medium gray skeletal wackestone dominated by 
horizontal burrows. Outer ramp facies are medium to dark grey 
to brown interbedded laminated organic-rich and horizontally 
burrowed skeletal wackestone, indicating intermittent anaerobic 
conditions.  

The Austin Chalk is comprised of three composite sequences 
(AC–I, AC–II, and AC–III), bounded by a basal and upper un-
conformity and two internal unconformities, one in the upper 
Coniacian and a second in the upper Santonian. Considerable 
time is missing at hiatuses. Composite sequences begin with a 
rapid transgression, followed by deeper water facies, which grad-
ually shallow below a sequence boundary, if the sequence is not 
erosionally truncated. Chalk distribution is extremely asymmetric 
across the San Marcos Arch. The lower Coniacian section is very 
thick west of the arch but is almost completely eroded on the east 
side. The Santonian section is very thick east of the arch but is 
eroded in the center and on the west side of the arch. Thickness 
trends in the Lower Campanian section are similar to the Santoni-
an section. The Austin Chalk thins dramatically to the south near 
the relict Lower Cretaceous Edwards margin in South Texas. The 
chalk forms a wedge of sediment, a depositional ramp that thins 
at the downdip edge due to slower sedimentation and more active 
bottom currents.  

New nannofossil biostratigraphy in this study enables a tie to 
the Cretaceous stages and between the outcrop lithostratigraphy 
and different stratigraphic nomenclature in the petroleum fields 
on either side of the San Marcos Arch. Similar lithofacies distinc-
tions are made by all investigators of the Austin Chalk, but se-
quence stratigraphic interpretations in this study involve a greater 
range of water depths and fluctuations in relative sea level. Most 
of the variation in relative sea level is attributed to tectonic 
movement rather than eustatic changes. The most productive 
petroleum reservoirs in the Austin Chalk are in the lower Coni-
acian west of the San Marcos Arch and in the upper Coniacian 
east of the arch. Reservoirs occur in multiple depositional envi-
ronments, from the inner to outer ramp. Productive reservoir 
limits are controlled by reservoir thickness, argillaceous content, 
vertical heterogeneity of beds, burial depth, and access to charge. 
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	Figure 1. Paleogeographic map, index map, and stratigraphic chart. (A) Santonian paleogeography of North America (reprinted with permission from Blakey [2013]) showing the Western Interior Seaway, the location of Texas, and the Llano Uplift. (B) The index map shows the Austin Chalk outcrops (Texas Water Science Center, 2014; GEOINFOMEX, 2019), the major petroleum fields producing from the Austin Chalk and Eagle Ford Formation (modified after Enverus [2022]) and production data (Enverus, 2022; Texas Railroad Commission, 2022). The black box is the regional study area. Well log data for Austin Chalk is abundant in Texas between the outcrop and Lower Cretaceous shelf edges. ...
	Figure 2. Cross section and regional Austin Chalk isochore. (A) Cross section from South to Central Texas, hung on top of the Anacacho/Pecan Gap formations (modified after Ewing [2016]). (B) Regional Austin Chalk isochore map (compiled from Cooper et al. [2020], Ewing [2013], Holifield [1982], Koger [1981], and Short [2018]). Magenta circles are Upper Cretaceous volcanoes (from Ewing et al. [1990]).
	Figure 3. Top Austin structure map and production history. (A) The Austin Chalk structure map shows a very broad San Marcos Arch and uplift near the Rio Grande River. Lines show Jurassic salt limit and Lower Cretaceous shelf edges. Productive Austin Chalk wells (data from Enverus [2022]) are overlain on the Austin Chalk structure map. The Austin Chalk produces from updip structural-stratigraphic traps, and unconventional traps enhanced by a nose at Pearsall Field, and faulted homoclinal dip at Giddings Field. (B) History of Austin Chalk production in Texas (data from Enverus [2022]) shows three main times of increased production in Austin Chalk. ...
	Figure 4. Lithostratigraphic cross section of the Austin Chalk in outcrop from San Antonio to north of Austin (adapted from Durham [1957]). Six formations are recognized in the Austin Chalk in outcrop near Austin. Major unconformities occur at the base, middle and top of the Austin Chalk. The Austin Chalk formations thin and are truncated from northeast to southwest, toward San Antonio. Ties to Cretaceous stage names are from ammonites (Young, 1985) and nannofossils (Jiang, 1989).
	Figure 5. Biostratigraphic index fossils in the Austin Chalk. Composite stratigraphic section of the Austin Chalk from near the city of Austin (adapted from Young [1985]), with the index fossils for each lithostratigraphic unit. Authors are listed at the base of each column. The boundary between the Coniacian and Santonian, within the lower Vinson Formation, is consistently picked on multiple index fossils. The boundary between the Santonian and Campanian changed from the lower Dessau to the upper Dessau in recent years, as new criteria emphasized crinoids and nannofossils over ammonites. The nannofossil chart from Jiang (1989) is slightly different than the one used in this study (see Figure 10).
	Figure 6. Austin Chalk isochore map with correlated well logs used in the study. Faults (red lines) are from Ewing et al. (1990). SA, SM, A are the locations of San Antonio, San Marcos, and Austin, respectively. Major thinning occurs over the San Marcos Arch between San Antonio and San Marcos. Overlay shows Austin Chalk cores and outcrops in study area. Yellow and brown circles and ovals are cores described as part of this study (and by Conte [2020], Hayes [2021], and McCreary [2022]). The three large yellow circles have new nannofossil biostratigraphic data from James Pospichal and Eric de Kaenel. Small aqua circles have published nannofossil biostratigraphy (Corbett et al., 2014). ...
	Figure 7. Austin Chalk facies, from inner to outer ramp. (A) Coarse-grained red algal packstone above local Texas volcanic tuff, possible karst exposure, Tesoro Valcher, 6682 ft (2037 m), Lower Atco Fm., lower ‘B–2’ interval, AC–I. (B) Medium-grained inoceramid and oyster fragmental packstone, outcrop sample, Cathedral Rock Park, San Antonio, Upper Atco Fm., AC–II. (C) Oyster packstone, Shefts Clark, 1942 ft (592 m), Dessau Fm., AC–III. (D) Light colored variably burrowed skeletal wackestone, Shefts Clark, 2127 ft (648 m), Upper Atco Fm., AC–II. (E) Medium gray horizontally burrowed wackestone, Tesoro Valcher, 6734 ft (2053 m), Lower Atco Fm., AC–I. ...
	Figure 8. Austin Chalk depositional ramp model. Inner ramp facies are light colored, with more diverse fauna and burrows, becoming darker, less biotically diverse, and more clay- and organic-rich downdip, in intermittently oxygenated outer ramp. Transgressive ramp model shows sequence boundaries, characterized by hardgrounds, firmgrounds, and Glossifungites facies, overlain by skeletal and glauconitic grains updip and phosphatic grains downdip.
	Figure 9. Correlation marker rock types (sequence boundaries and quiet water or flooding surfaces). (A) Mineralized hard ground with borings, Shefts Sallie Clark, 1919 ft (585 m), boundary between Dessau and Pflugerville Fms., AC–III. (B) Glauconitic skeletal packstone with lithoclasts, Getty Lloyd Hurt, 6848 ft (2087 m), Upper Atco Fm., AC–II. (C) Glossifungites ichnofacies, firm ground with deep burrowing filled by glauconitic sediment, Tesoro Valcher, 6699 ft (2042 m), Lower Atco Fm., AC–I. (D) Phosphatic lag, Getty Lloyd Hurt, 7217 ft (2200 m), base of the Austin Chalk, AC–I. (E) Calcareous bentonite from a distant volcanic arc, Shefts Sallie Clark, 2100 ft (640 m), Lower Vinson Fm., AC–II. ...
	Figure 10. Nannofossil biostratigraphic chart. Chart is from J. Pospichal (modified after Bergen and Sikora [1999]; Jiang [1989]; Perch-Nielsen [1985]; and Sissingh [1977]. Age dates are Ogg and Hinnov (2012).
	Figure 11. Well log, facies, XRF data, and key nannofossils in the Getty Lloyd Hurt #1. Nannofossil analysis is by James Pospichal. Stratigraphy is from Pearsall Field (Ewing 2013). The lower portion of the Austin Chalk consists of interbedded laminated to horizontally burrowed wackestone. Chalk has a brownish hue in beds with higher organic content (brown in facies column). Colors are lighter and bioturbation increases upward in the Austin Chalk. Glauconitic skeletal packstone beds (green in facies column) in ‘B–1’ interval coincide with biostratigraphic hiatuses. Images show key nannofossils highlighted in bold text on chart. Key fossils occur in ‘B–1’ and ‘A’ intervals.
	Figure 12. Well log, facies, and key nannofossils in the Tesoro Valcher #1. Nannofossil analysis is by Eric de Kaenel. Stratigraphy is from Pearsall Field (Ewing, 2013). The lower Austin Chalk consists of horizontally burrowed wackestone. Thin glauconitic facies and Glossifungites ichnofacies occur at the correlated position of eroded ‘C’ and ‘D’ markers. Ash from Sutil volcano is overlain by coarse skeletal packstone, in interval correlated to ‘B–2’. Glauconitic skeletal packstone beds (green in facies column), biostratigraphic hiatuses, and key fossils occur in ‘B–1’ interval.
	Figure 13. Well log, facies, XRF data, and key nannofossils in the Shefts Sallie Clark #1. Nannofossil analysis is by James Pospichal. Stratigraphy is from outcrop and shallow subsurface (Cooper et. al., 2020; Jiang, 1989). Austin Chalk is light colored and diversely burrowed, with interbedded oyster beds and thin marls and ashes. Glauconitic skeletal packstone beds (green in facies column) occur near the base of the Austin Chalk in the Atco Formation, and near the bases of the Jonah and Dessau formations. Key fossils occur across the interval from the Atco to Dessau formations.
	Figure 14. Biostratigraphic correlation of the three key wells, hung on the base of sequence AC–III (upper Santonian–Lower Campanian). Key fossils to note: lowest occurrence (LO) Micula decussata (middle Coniacian) at the base of sequence AC–II in dark blue; LO Ahmuellerella regularis (base lower Campanian) at the datum at the base of sequence AC–III in magenta; highest occurrence (HO) Lithastrinus septenarius (Lower Santonian) truncated under AC–III in the west (magenta over dark blue) and conformably overlain by middle-upper Santonian section in the east (green over dark blue). Note the co-occurrence of glauconitic lags (green in facies column) with biostratigraphic hiatuses. ...
	Figure 15. Austin Chalk lithofacies and sequences in the key three wells, hung on the base of sequence AC–III (upper Santonian–lower Campanian). Interpretation is based on nannofossil biostratigraphy and regional correlations. The Shefts Sallie Clark well, being farthest updip, is mostly inner ramp facies. The Tesoro Valcher well shows gradual shallowing in AC–I, absent AC–II, and inner to middle ramp facies in AC–III. The Getty Lloyd Hurt well shows gradual shallowing from outer to inner ramp in AC–I, inner ramp facies in AC–II, and middle to outer ramp facies in AC–III.
	Figure 16. Well log strike cross section with correlation of the outcrop, Pearsall Field, and Giddings Field nomenclature, hung on the base of sequence AC–III (upper Santonian–Lower Campanian). The cross section shows the three composite sequences of the Austin Chalk and ties the nomenclature from the outcrop to nomenclature in the petroleum fields on either side of the San Marcos Arch, based on biostratigraphy, core, and log correlations. Outcrop nomenclature (Durham, 1957; Jiang, 1989; Young, 1985) is in blue. Letters ‘A’ through ‘E,’ west of the San Marcos Arch are from Pearsall Field nomenclature (Ewing, 2013), and letters ‘A’ through ‘L,’ east of the arch, are from Giddings Field nomenclature (Maranto, 2017). ...
	Figure 17. Strike cross section in time (Wheeler diagram). Time section shows large hiatuses during Eagle Ford and Austin Chalk deposition. The Austin Chalk unconformably overlies the Eagle Ford Group and is unconformably overlain by the Anacacho/Pecan Gap Formation. The Austin Chalk has three composite sequences (AC–I, AC–II, and AC–III), separated by late Coniacian and late Santonian unconformities. Seven depositional sequences, ~1 My in duration, are recognized (circles 1–7). The eastern area (the early San Marcos Arch) has hiatuses of several My separating very thin lower Austin and Eagle Ford formations (each only few feet thick). Uncertainty remains about placement of these thin sequences in time. ...
	Figure 18. Oblique dip cross section from San Antonio outcrop and shallow subsurface (Cooper et. al., 2020) to Getty Lloyd Hurt well in Pearsall Field (Ewing, 2013; Loucks et. al., 2020b) to beyond the Edwards shelf edge. The Austin Chalk is interpreted as a depositional wedge or ramp, based on thickening of the overlying Anacacho interval, offlapping geometry of the organic-rich ‘C’ and ‘D’ units, and facies indicating shallower water upsection in the Getty Lloyd Hurt well and toward the outcrop belt in San Antonio.
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