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INTRODUCTION
The Big Bend region of Trans-Pecos Texas records a prolonged geologic history ranging
from early Paleozoic to the Recent. Big Bend National Park (BBNP) is situated along the Rio
Grand, where it makes a broad loop changing from a southeasterly to a northeasterly course. The
Rosillos Mountain Ranch (RMR) is contiguous with a portion of the north-central border of
BBNP (Figure 1). Exposures of Cretaceous through Paleogene rocks are found within BBNP,
including the fossiliferous Aguja, Javelina and Black Peaks Formations (AJBp) (Figure 2), that
are also exposed on the RMR. Geologists of Texas Christian University have been allowed access to the RMR property for many years, allowing for the study and mapping of the geology.
This thesis site is located in the westernmost area of the RMR, which has yet to be
mapped or studied in great detail, and includes extensive exposures of the AJBp. The geology of
portions of the western part of the RMR has appeared on maps dating at least back to the 1940s
(Bloomer, 1949). Lithostratigraphic boundaries mapped on the western RMR were based on earlier definitions and relied heavily on aerial photos, resulting in incorrect boundary placements.
This thesis focuses on remapping a portion of the western side of the RMR, with extensive exposures of the AJBp formations, using field observation and high-resolution georeferenced images.
The lithostratigraphy is described in detail and a new stratigraphic column helps to address some
of the confusion regarding unit boundaries.
BBNP has also produced extensive, though relatively rare, fossil resources from the AJBp
formations. These document the terminal Mesozoic faunas and floras and the transition to the
Paleogene. During mapping for this study fossils were collected and brought back to TCU for
preparation and study.
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Figure 1. Location and map of Big Bend National Park with RMR location. Map from National Park
Service.
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Figure 2. Main lithostratigraphic units in the thesis area, modified from Lehman
(1985a). Bar indicates approximate range of the measured section in the southwest
portion of the RMR.
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PREVIOUS WORK
Mapping
The first geologic descriptions of the BBNP region were conducted by Von Steeruwitz
(1892), in which he described Carboniferous and Cretaceous strata. The first map of the area in
and around the BBNP was produced by Hill (1900) as part of a USGS topographic atlas, but it
did not include geology. Bloomer (1949) produced the first geologic map of the Tornillo Formation, but within the RMR only included the Rosillos Mountains and surrounding areas, which are
northeast of the present study area. A monographic study of BBNP was published by Maxwell et
al. (1967a, 1967b). It thoroughly describes the lithostratigraphy within BBNP and includes a detailed geologic map of the park that is still used today. This map encompasses BBNP and the
southern portion of the RMR, including the study site.
A number of more recent studies have focused on the RMR and surrounding areas in
BBNP, including many by TCU graduate students. Shepard (1982) focused on the geology of the
Rosillos Mountains and Murray (1999) produced a map of the Rosillos Mountains laccolith
based on remote-sensing data. Dennie (2001) studied the alluvial fan deposits found in the RMR,
which originated from the Rosillos Mountain laccolith. Dennie (2001) included a map of the
Quaternary deposits of the Cottonwood Wash Fan, which lies east of the area of the current project. Anglen (2001) produced a geologic map of the northwest flank of Grapevine Hills in BBNP,
located south of the RMR, in order to show vertebrate fossil locations at a scale greater than that
of the Maxwell et al. (1967a) map. Befus (2006) and Befus et al. (2009) included a number of
small scale maps of intrusive complexes on the RMR and in BBNP to help document Eocene
intrusive complexes and their interactions with sedimentary sequences. Horton (2006) conducted
a detailed study of the southern portion of the RMR, including field mapping of Upper Creta4

ceous and lower Paleogene strata surrounding the Rosillos Mountains laccolith. Though Horton’s
map included the study area of this thesis, it contained less detail then the current project and
lacked the benefit of more recent lithostratigraphic definitions of the Aguja/Javelina contact.
Breyer et al. (2007) included a map of a portion of the RMR highlighting a fault block
featuring pyroclastic strata, demonstrating evidence for Late Cretaceous volcanism in the vicinity
of BBNP. Elasmer (2008) included lithology and structure in a map along the northern and eastern flanks of the RMR, including detailed fracture analysis which revealed evidence of Laramide
and Basin and Range deformation in the RMR.
The USGS recently published an updated geologic map of BBNP including the RMR
(Turner et al., 2011). The goal of this publication was to produce a map that reflected work since
the Maxwell et al. (1967a) map and to create a digital map that could be utilized for GIS analysis
and georeferencing. While an improvement on the Maxwell et al. (1967a) map, it relied heavily
on the older map and aerial photos in remote or restricted areas, including the RMR. Many contact boundaries within these remote areas were based on the Maxwell et al. (1967a) map due to
the inability to field-truth these remote areas.

Stratigraphy
Udden (1907) described what he labeled the Rattlesnake Beds and Tornillo Formation in
one of the earliest geological reports of what would become BBNP (see figure 3 for a summary
of the stratigraphy). However, the name Rattlesnake Beds was already in use for a Pliocene unit
in Ohio, so the unit was renamed the Aguja Formation after the Sierra Aguja range (Adkins,
1933). In addition to describing and mapping the area, Maxwell et al. (1967b) elevated the Tornillo Formation to group status, formally naming and defining the Javelina, Black Peaks and Hannold Hill Formations within the Tornillo Group. The biostratigraphy of each formation and de5

Fig. 3 Stratigraphic nomenclature for the Big Bend area. Modified from Lehman (1985a).
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scriptions of igneous and structural geology within the area were also included in Maxwell et al.
(1967b).
Studies in the 1970’s and 1980’s focused on the Tornillo Group and surrounding units.
Lawson (1972) focused on the Javelina Formation, where he discovered the first Quetzalcoatlus
specimen. Schiebout (1970, 1973) studied the sedimentology and the paleontology of the Black
Peaks Formation. The Aguja Formation was subdivided into six informal members by Lehman
(1985a), and he reclassified the former marine shale member as the McKinney Spring tongue of
the Pen Formation (Figure 3). Schiebout et al. (1987) argued that the Tornillo Group should be
downgraded to the Tornillo Formation, reducing the Javelina and Black Peaks to member status,
due to a perceived lack of lithostratigraphic distinctiveness between the Javelina and Black Peaks
Formations. Lehman (1988) disagreed, arguing that the two units are lithologically distinct and
have passed the test of mappability, as they have already been mapped, so a status change was
unnecessary and would only add to the confusion.
A detailed sedimentologic study of deltaic facies in the Aguja was conducted by Bohanan
(1987), who worked on Aguja Formation outcrops located east of the RMR within BBNP and
included stratigraphic measurements and facies analysis. Record (1988) focused on deltaic marsh
deposits in the lower Aguja Formation around Rattlesnake Mountain in BBNP. Stratigraphic and
sedimentological studies of Eocene rocks in BBNP were conducted by Runkel (1990) and included multiple study sites throughout the park to give a lithostratigraphic framework for Eocene
rocks. Schroeder (1988) measured a number of stratigraphic sections along a distributary channel
complex of the Aguja Formation in BBNP in order to create a paleoenvironmental model for the
Aguja. In addition to vertebrate paleontology, Sankey (1998) focused on the magnetostratigraphy
of the Upper Aguja Formation around Talley Mountain in the southern region of BBNP. Vines
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(2000) analyzed the mineralogy and geochemistry of the Javelina and Black Peaks Formations
across the Cretaceous/Paleogene boundary near Dawson Creek in the southwest of BBNP, including stratigraphic descriptions at sample sites, to determine if there were any geochemical
changes across the Cretaceous/Paleogene boundary. Lehman et al. (2006) determined the first
isotopic (U-Pb) age for the Alamosaurus fauna in BBNP by dating an isolated tuff layer within
the Javelina Formation. Schmidt (2009) expanded on the work by Vines(2000) by analyzing
oxygen and carbon isotopes across the Cretaceous/Paleogene boundary in four sites throughout
BBNP, including two sites near the RMR. Schubert (2013) described the stratigraphy of the
Aguja Formation in relationship to a microsite assemblage on Ten Bits Ranch which is located to
the west of the RMR north of Study Butte.

Paleontology of Upper Cretaceous Formations
In addition to describing and defining the lithostratigraphy, Udden (1907) undertook the
first paleontological explorations of the area. He reported on a wide range of paleontological material. These finds included the first vertebrate fossils described from the Upper Cretaceous, “saurian bones” from his “Tornillo Clays”. Adkins (1933) reported a varied fauna throughout the Upper Cretaceous of Big Bend, including additional dinosaur material. He noted an abundant invertebrate fauna within the lower Aguja Formation, including bivalves (Ostrea sp., Exogyra sp.),
cephalopods (Placenticeras intercalare, Baculites sp.), and relatively abundant gastropods. A paleontological expedition to the Big Bend region was conducted in 1940 by the American Museum of Natural History (Brown, 1941; Colbert and Bird, 1954). Led by Barnum Brown, a variety of specimens were collected, including sauropod, ankylosaur and turtle remains, as well as
the jaws of Deinosuchus (previously Phobosuchus riograndensis) (Colbert and Bird, 1954).
Maxwell et al. (1967b) noted invertebrate and vertebrate faunas in their extensive survey of
8

BBNP. Within the Aguja Formation, Maxwell et al. (1967b) noted abundant invertebrates such as
Exogyra ponderosa and Placenticeras, while hadrosaur and ceratopsian bones, turtle bone and
shell fragments, and gar scales were locally abundant (1967b). Within the Javelina Formation,
Alamosaurus bones were present, and both the Aguja and Javelina Formations included locally
abundant fossil wood (Maxwell et al., 1967b). Within the report of Maxwell et al. (1967b), Wilson described early Tertiary mammal fossils, including a number of teeth and jaws found in the
Black Peaks Formation.
University of Oklahoma students Noel McAnulty, Don Savage and high school student
Wann Langston conducted a field expedition to Big Bend National Park in 1938 (Bell et al.,
2013). Material collected, including the partial skeleton of Agujaceratops, was sent back to the
University of Oklahoma. Langston worked on Big Bend material from the 1930’s and returned to
the Big Bend area from the 1960’s through the early 2000’s on a number of expeditions, expanding the vertebrate collection to include more complete material of the crocodilian Deinosuchus,
skeletal elements of Alamosaurus and the first Quetzalcoatlus specimen, discovered by Langston’s graduate student, Douglas Lawson (Lawson, 1975). A number of graduate students supervised by Langston further contributed to the vertebrate collections from Big Bend National Park,
including more specimens from hadrosaurs, ceratopsians and pterosaurs (Lehman, 1982; Davies,
1983; Kellner and Langston, 1996).
A number of new dinosaur specimens have been collected and studied from the Big Bend
area in more recent years. Hadrosaurs are the most common large vertebrate fossil in the Aguja
Formation, with Kritosaurus sp. and indeterminate lambeosaurids found in the assemblages
(Wagner, 2001). Wagner and Lehman (2009) described a new lambeosaurid from the Aguja Formation and assigned it the name Angulomastacator daviesi. Ceratopsians are relatively abundant
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in the Aguja and Javelina Formations, including Torosaurus, Chasmosaurus (=Agujaceratops)
mariscalensis and the new species Bravoceratops polyphemus (Lehman, 1989; Hunt and Lehman, 2008; Wick and Lehman, 2013). Pachycephalosaur domes have been found but are rare,
while anklyosaur scutes are relatively common within microfossil assemblages of the Aguja
Formation (Lehman, 1985a; Lehman and Barnes, 2010). Theropod teeth are found in microfossil
assemblages, and include small coelurosaurs (Richardoestesia), dromaesaurids (Sauronitholestes), and much larger theropods like Tyrannosaurus (Rowe et al., 1992; Sankey, 2001). Lehman
and Wick (2012) described tyrannosaurid material from the Aguja Formation, including teeth and
skeletal material and noted the Aguja form seemed relatively gracile compared to most tyrannosaurid specimens.
Alamosaurus is the most common dinosaur fossil found in the Javelina Formation, and as
one of the last dinosaurs of the Cretaceous, is important in studies of the Cretaceous/Paleogene
boundary (Lehman, 1987). Lehman and Coulson (2002) described a juvenile specimen of Alamosaurus sanjuanensis located just below the Cretaceous/Paleogene boundary in the Black
Peaks Formation. Due to the relative abundance of Alamosaurus material, Woodward and Lehman (2007) analyzed the bone histology and microanatomy of Alamosaurus.
Turtles of the Aguja and Javelina Formations have been extensively studied over the
years, including new species like Chupacabrachelys complexus (Tomlinson, 1997; Lehman and
Wick, 2010). Other non-dinosaurian reptiles, including snakes, lizards, and the marine reptile
Champosaurus, were found and described from the Big Bend area (Lehman and Barnes, 2010;
Nydam et al., 2013). Microfossil assemblages of shark, gar, turtle, crocodilian, dinosaur and
mammalian specimens of the upper Aguja Formation were reported by Sankey (1998). Schubert
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(2013) analyzed a highly fossiliferous marine microsite, composed of chondricthyan and osteichthyean specimens, on the Ten Bits Ranch located west of the RMR.
Waggoner (2006) conducted a systematic study of Upper Cretaceous ammonites from
BBNP that has been useful in calibrating the marine and terrestrial sections.
The flora of Big Bend National Park have also been a focus of study over the years. Fossilized wood is common throughout the Upper Cretaceous-Paleocene strata of BBNP, including
in situ stumps of dicotyledonus trees, isolated silicified wood fragments and “log jam” sections
where trunks have amassed in stream channel deposits (Lehman and Wheeler, 2001). Further
work by Lehman and Wheeler (2005; 2010) has served to identify both conifer and dicot woods
found within BBNP from the Late Cretaceous-Paleocene through the use of thin sections, aiding
in the understanding of the relative diversity of the flora in the area.

CRETACEOUS AND PALEOGENE SETTING
!

While Paleozoic sedimentary rocks are documented within BBNP, in addition to a variety

of Cenozoic igneous rocks, Cretaceous and Paleogene strata are dominant components of the
sedimentary succession throughout the area (Lehman, 1985a). Upper Cretaceous rocks in TransPecos Texas and adjacent Mexico thin eastward and include largely terrigenous marine, paralic
and continental strata (Lehman and Busbey, 2007). During the Late Cretaceous, a subduction
zone marked by extensive intrusions and volcanic eruptions existed along the west coast of Mexico, forming a magmatic arc that became the primary source of Late Cretaceous clastic sedimentation in the Trans-Pecos region.
!

The volcanic arc was separated from the Trans-Pecos region throughout most of the Cre-

taceous Period by the Chihuahua Trough, a deep-water marine basin (Lehman and Busbey,
11

2007). In addition, the majority of the Trans-Pecos region experienced carbonate deposition on
the Coahuila Platform during the Cretaceous. Paleocurrent data from the lower Aguja Formation
(deposited on the Coahuila Platform) and the lower San Carlos Formation (deposited marginal to
the Chihuahua Trough) reflect northeastward progradation during Campanian time, and a lack of
thickness differences between the two formations indicates the Chihuahua Trough was not subsiding at a faster rate then the Coahuila Platform during this time (Lehman, 1985a). Fluvialdominated deltaic, sandy strand-plain, coastal marsh and swamp deposits are present. Renewed
marine transgression in the middle Campanian is recorded by an extensive tongue of marine
shale in both the middle Aguja and middle San Carlos Formations (Figure 4) (Lehman and Busbey, 2007). Estuaries, coastal marshes and swamps were present at that time. Another northeastern progradation is recorded during late Campanian time, leading to the deposition of the more
fluvial-dominant upper sections of the Aguja and San Carlos Formations.
!

The onset of Laramide tectonism in the Maastrichtian resulted in a dramatic change in

sedimentation in the Trans-Pecos region, including a shift to southeastwardly-directed paleocurrents (Lehman and Busbey, 2007). This led to the formation of the Tornillo Basin, a sedimentary
basin bounded to the southwest by the Chihuahua tectonic belt and to the northeast by the Marathon uplift (Lehman, 1991). Strata within the basin range from Late Cretaceous through Paleogene in age, and are almost entirely fluvial in origin, save for a few minor lacustrine deposits.
The fill of the Tornillo Basin consists of sandstones deposited in river channels and associated
levees and splays, and mudstones deposited by overbank flooding. Coarse volcanic debris found
in the area is most likely sourced from volcanic eruptions in southeastern Arizona and southwestern New Mexico. This drainage pattern persisted into the Paleogene, including the deposition of the Black Peaks, Hannold Hill and Canoe Formations.
12

Fig. 4 A sequential series of
Late Cretaceous paleoenvironmental reconstructions of
the Trans-Pecos region
showing A) Cenomanian
through Santonian, B) early
Campanian, C) middle Campanian, and D) Maastrichtian
time, Kag= Aguja Formaiton, Kb= Boquillas Formation, Kj= Javelina Formation, and Kp= Pen Formation
(from Lehman, 1989).
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LITHOSTRATIGRAPHY OF THE STUDY AREA
Three upper Cretaceous formations are exposed on the study area for this thesis; the
Aguja, Javelina and Black Peaks Formations.

Aguja Formation
Maxwell et al. (1967b) originally described the Aguja Formation as consisting of four
main sequences: a basal sandstone anywhere from 1 to 10 m thick, overlain by fossiliferous clay
50-150 m thick, in turn overlain by alternating marine sandstone and clay beds, which grade into
a nonmarine clay that may be as much as 270 m thick. While this division is often appropriate for
the eastern side of BBNP, it does not hold for the western side of the park, where the basal sandstone and fossiliferous clay are poorly developed. The “fossiliferous clay” of Maxwell et al.
(1967a) represents an intertonguing section of the Pen Formation, now recognized as the
McKinney Springs Tongue, as discussed previously.
Lehman (1985b) subdivided the Aguja Formation into six informal members; basal sandstone member, lower shale member, Rattlesnake Mountain sandstone member, middle shale
member, Terlingua Creek sandstone member and upper shale member (Figure 3).

Basal sandstone member
The basal sandstone member does not represent an extensive unit, but a series of lenticular fluvial sandstone bodies spread throughout the same stratigraphic interval directly above the
Pen Formation (Lehman, 1985b). This unit is well developed on the eastern side of BBNP, consisting of a fairly thick, continuous sandstone body, but is less well developed on the western
side, where it is more commonly comprised of thin sandstone bodies separated by intervening
shale. The lower boundary of the basal sandstone member represents the first substantial sandstone above the marine shale of the Pen Formation. It varies in thickness between 5-8 m in the
14

eastern side of BBNP down to 3-1 m in the west, and and weathers to a dark-red brown (Horton,
2006). The sandstone is a calcite-cemented volcanic arenite.
The basal sandstone member reflects progradation during the Late Cretaceous, representing deltaic and littoral facies (Lehman and Tomlinson, 2004). While not highly fossiliferous, the
bivalves Inoceramus cumminsi and Cymbophora are present indicating an Early Campanian age
(Lehman, 1985b). Elements of the Skolithos ichnofacies are also present.

Lower shale member
The lower shale member is only present on the western side of BBNP and was not recognized as a separate unit by Maxwell et al. (1967b). It consists of drab-colored alternating carbonaceous mudstones, lignite and coal with thin, lenticular interbedded sandstones, with discrete
layers of red-weathering concretions at various horizons (Lehman, 1985b). Beds of the lower
shale member are easily eroded and, while commonly covered by alluvium, form distinct dark
brown, tan, and gray-weathering badland topography where exposed. The lower shale member
varies greatly in thickness, from 10 m at Chisos Pen up to 183 m near Tule Mountain.
Most of the lower shale member reflects deposition in poorly-drained, coastal marsh environments punctuated by shallow estuaries (Lehman, 1985b). Conifer wood is found within this
member, as well as a varied fauna, including the bivalves Crassostrea trigonalis, Flemingostrea,
and Cymbophora, and the crocodilian Deinosuchus, indicating an Early to Middle Campanian
age for the unit.

Rattlesnake Mountain sandstone member
The Rattlesnake Mountain sandstone member is an extensive marine sandstone unit
found in the western portions of the Big Bend region (Lehman, 1985b). The unit is mostly poorly
indurated, with a few dark brown calcite-cemented horizons near the top of the member. The
15

sandstone, a calcite-cemented volcanic arenite, is generally white to gray, though it weathers to a
pale yellow-orange due to the presence of limonite (Lehman, 1985a). The contact between the
Rattlesnake Mountain sandstone member and the lower shale member is sharp and abrupt, in
some cases marked by channels up to 2 m in depth. The unit represents a major transgressive
event.
The Rattlesnake Mountain sandstone member varies in thickness from 6 to 48 m and includes trough crossbedding and Ophiomorpha burrows, indicating a shallow sublittoral environment (Lehman, 1985a). The unit also includes abundant fossil oysters, Flemingostrea, Crassostrea and Ethmocardium, in some areas so abundant that the sandstone becomes friable and
primary structures are not visible (Lehman, 1985b). This assemblage indicates a Middle Campanian age for this unit.

Middle shale member
The middle shale member is a unit of carbonaceous shale which intertongues with the
McKinney Springs Tongue of the Pen Formation (a southwesterdly thinning wedge of dark gray
to black fossiliferous marine shale and claystone interbedded with thin sandstones) (Lehman,
1985a,b). The middle shale member is predominately dark gray, brown, and black-weathering
carbonaceous claystone, lignite and shale with interbedded light gray-yellow shale (Lehman,
1985a,b). The unit varies in thickness anywhere from 3-30 m, and includes horizons of redweathering “ironstones” similar to those found in the lower shale member of the Aguja.
The middle shale member grades from predominately coastal marsh and swamp facies
near the base to prodeltaic-delta front and shelf mud facies (Lehman, 1985a,b). Estuarine channel
facies are also present throughout the unit. The bivalve Crassostrea trigonalis and the crocodil-
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ian Deinosuchus are known from the middle shale member, though are relatively rare, indicating
a Middle to Late Campanian age.

Terlingua Creek sandstone member
The Terlingua Creek sandstone member is a marine sandstone unit that extends across
BBNP (Lehman, 1985b). It consists of a lower, friable white-weathering unit overlain by a
calcite-cemented dark brown unit, which records the final regressive depositional event in the
Big Bend region. While normally 10-15 m in thickness, it can range from 2-30 m. In the west
this member rests on the middle shale member, while to the east it rests on the McKinney Spring
Tongue of the Pen Formation. In most areas the Terlingua Creek sandstone member is represented by one sandstone body, but it may be represented by as many as three separate sandstone
units (Lehman, 1985b). The sandstone is composed of mature volcanic arenite to plagioclase arkose and generally coarsens upward. Clasts of gray claystone, reworked oyster shell fragments,
and “ironstone” concretions occur along erosional surfaces (Lehman, 1985a).
The Terlingua Creek sandstone member represents a complex of distinct deltaic sand
bodies which merge and diverge across BBNP (Lehman, 1985b). Divergent sand bodies are separated by lignitic claystone and calcareous marine shale. Facies seen in these sand bodies include
prodeltaic-delta front, distributary channel and mouth bar, progradational shoreface, and inner
shelf sand sheets or shoals. Though fossils are rare in the unit, assemblages of the bivalves
Flemingostrea and Ethmocardium, as well as the crocodilian Deinosuchus, have been found, indicating a Late Campanian age.

Upper shale member
The upper shale member includes all strata from the top of the Terlingua Creek sandstone
member up to the base of the overlying Javelina Formation. The lower part of the unit is charac17

terized by drab-gray to olive-colored mudstone with large, sideritic “ironstone” concretions.
However, the upper part of the unit includes banded light gray, dark gray, purple and maroon
mudstones.
The upper shale member ranges from 70-170 m in thickness and is generally thickest in
the western areas of BBNP. The lower part of the member is rich in carbonaceous plant fragments, including in situ petrified tree stumps, while fossil logs and silicified wood fragments become more common in the upper portion of the upper shale member (Figure 5) (Lehman and
Wheeler, 2001). Paleo-caliche nodules are also common in the banded mudstones of the upper
portion of the unit. Sedimentary facies in the lower section indicate deposition in deltaic distributary channels with associated levees and splays, in addition to poorly drained marshes and bays.
The upper section of the member, however, transitions to deposition in meandering stream channels and well drained inland floodplains, which formed after the onset of Laramide tectonism.
Conifer woods are common in the lower portion of the upper shale member, while dicotylodonous woods dominate the upper section. The hadrosaur Kritosaurus has been found in the lower
portion, while fragmentary vertebrate remains that cannot be conclusively referred to either Kritosaurus or Alamosaurus have been found in the upper portion of the member. While this could
indicate an Early Maastrichtian age for the upper portion of the upper shale member, two age determinations by Breyer et al. (2007) and Befus et al. (2009) of 76 and 72 Ma respectively, for the
upper shale member of the Aguja Formation, suggest this is unlikely.
The mappability of the contact between the Aguja and Javelina Formations has been a
topic of debate. Maxwell et al. (1967b) placed the contact at the sandstone where the beds become predominately varicolored clay. This raises an important concern where the mappability
might be contingent on the presence of fluvial sandstones, which are discontinuous across the
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Fig. 5 In situ conifer wood stump in the upper shale member of the Aguja Formation. Location: 29.439N, 103.265 W. Facing direction: 332°.

park (Schiebout et al., 1987). While the contact is most distinct where fluvial sandstones are present, a number of other features can be used to identify the contact. Distinct pea green and blue
paleosols can be found in the uppermost portion of the upper shale member, near the boundary
between the two formations and white silicified wood fragments (Figure 6) also increase in
abundance near the boundary. In some cases chert pebbles occur in the lowest Javelina sandstones (Lehman and Wick, pers. comm.) though they are not found everywhere. Throughout the
westernmost RMR, a half-meter thick layer of prismatic concretions was observed just below the
pea green and blue paleosols, and may also serve to determine proximity to the contact. Lehman
19

Fig. 6 White silicified wood fragment in upper Aguja. Location: 29.436 N,
103.2737 W. Facing direction: 32°.

(pers. comm.) has suggested that the increase in white silicifed wood and unusual paleosol colors
may be correlative with increased local silica from maar volcanics (Breyer et al., 2007)

Javelina Formation
The Javelina Formation was originally proposed by Maxwell et al. (1967b) to include the
section of upper Cretaceous paleosols and fluvial sandstones overlying the Aguja Formation. The
Javelina Formation varies in thickness from 85 m on the western side of BBNP to 280 m on the
eastern side in the center of the Tornillo Basin (Lehman, 1985b). The unit is predominately composed of color-banded mudstones with interbedded lenticular sandstones throughout. The mudstones are primarily gray and purple, but can also be red, yellow, orange, olive or bluish gray,
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while the sandstones weather to tan, pale green, and dark brown (Lawson, 1972). These mudstones are generally less vibrant then the mudstones of the Black Peaks Formation above. Calcareous concretions are abundant within the mudstones, and the lenticular sandstone bodies contain quartz, chert, feldspar, carbonate grains, reworked Upper Cretaceous foraminifera and volcanic and sedimentary rock fragments (Lehman, 1991). The boundary between the Javelina and
Black Peaks Formations is located above the last major sandstone of the Javelina Formation,
above which the units are more mudstone-dominated. This last major sandstone, informally
called the ‘bowfin sandstone’, consists of a massive, yellow sandstone that serves as the most
consistent and extensive marker between the Javelina and Black Peaks Formations.
Channelized sandstone bodies may be massive, tabular, or mixed, indicating deposition
by meandering stream channels of a variety of scales (Lehman, 1985b). Sandstones of the Javelina Formation typically form “hogback” or cuesta structures, ridges of sandstone raised above
the rest of the landscape that can be stratigraphically matched to each other along strike (Figure
7). The mudstones of the Javelina exhibit root halos and have traces of faunal burrows that resemble the Scoyenia ichnofaces (Nordt et al., 2011). The nature of the sandstone bodies and
overbank paleosol deposits indicate alternating periods of humid and semi-arid climates.
The Javelina Formation reflects deposition during the onset of Laramide tectonism onto
an inland fluvial floodplain (Lehman, 1989). The mudstones represent overbank deposits and periodic episodes of soil formation, with the separate colors representing differing environmental
conditions; gray bands include a higher percentage of reduced iron, while purple and red bands
have a higher percentage of iron oxides (Lehman, 1989). Lenticular sandstone units were deposited by meandering streams, and reflect a general southeastward progradation during Late Creta-
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Fig. 7 Second sandstone “hogback” within the Javelina, with light gray paleosols at the base
of the sandstone. Location: 29.439 N, 103.269 W. Facing direction: 36°.

ceous time. Fallen logs and in situ tree stumps can be found in these deposits, but not in the same
abundance as in the Aguja Formation.
Logs, in situ stumps and petrified wood debris found in the Javelina Formation directly
above the contact with the Aguja Formation include a diverse wood assemblage, but further up
within the Javelina Formation the wood diversity declines, and commonly the only genus found
is Javelinoxylon (Wheeler and Lehman, 2005). The Alamosaurus fauna is found in association
with Javelinoxylon. Torosaurus, Tyrannosaurus and Quetzalcoatlus faunal assemblages have also
been found within the Javelina Formation, and a U-Pb isotopic age of 69 ± 0.9 Ma (Lehman et
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al., 2006) was obtained from monazite in a tuff found within the the Javelina Formation, indicating a Late Maastrichtian age for at least a portion of the Javelina Formation.

Black Peaks Formation
The Black Peaks Formation is characterized by varicolored mudstones with interbedded
fluvial sandstone bodies, representing a similar alluvial floodplain depositional facies to the Javelina Formation (Lehman, 1985b; Wheeler and Lehman, 2005). It is highly mudstone-dominated
(80% mudstone and 20% sandstone). The mudstones represent paleosol horizons, and are typically dark gray, brown, and red with distinctive black horizons, distinct from the less vibrant
light gray, purple, and red mudstones of the Javelina Formation. Lenticular sandstone bodies interbedded within the paleosols are typically gray to gray-white, fine upward and are generally
more tabular then the Javelina sandstone units (Scheibout et al., 1987). The contact with the
Javelina Formation is placed above the uppermost major sandstone body before the units become
mudstone-dominated. Lehman and Wick (pers. comm.) refer to this sandstone as the ‘bowfin
sandstone’ as mentioned previously. The ‘bowfin sandstone’ is prominent in the study area.
The sediment in the mudstone layers was originally derived from volcanic rocks to the
west of BBNP, and from older Cretaceous sedimentary rocks uplifted by Laramide tectonism.
Concentrated carbonate concretion layers and carbon-rich black bands within the paleosols indicate water saturation during soil development. The tabular nature of the sandstones within the
Black Peaks Formation indicates highly sinuous meandering streams (Scheibout et al., 1987).
Large logs of the dicot tree Paraphyllanthoxylon have been found in a “log jam” sandstone interval within the Black Peaks Formation (Figure 8), but other tree species seem to be largely absent
(Wheeler, 1991). Paleocene mammal faunas have been found within the mudstone layers, and
Alamosaurus has been found in sandstone units, indicating a Late Maastrichtian for the lower23

Fig 8 Paraphyllanthoxylon log from a “log jam” interval of the Black Peaks
Formation with Steve Wick for scale. Location: 29.448 N, 103.283 W. Facing
direction: 70°.
most interval and a Paleocene age for the rest of the unit. The Cretaceous/Paleogene boundary is
located within the Black Peaks Formation, constrained between the Alamosaurus fauna and the
earliest Paleocene mammal fauna found (Schiebout, 1973; Lehman and Coulson, 2002).
Maxwell et al. (1967b) considered the location of the Cretaceous/Paleogene boundary to
be conformable with the contact between the Javelina and Black Peaks Formations. However, a
Paleocene mammalian assemblage was discovered in the early 1970s in what Maxwell et al.
(1967a) had mapped as Javelina Formation (Lehman and Busbey, 2007). Further mapping by
Lehman, including prospecting for Paleocene mammalian faunas, revealed that extensive exposures of what Maxwell et al. (1967a) had mapped as Javelina Formation should actually be as-
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signed to the Black Peaks Formation, where the boundary rests above the uppermost major sandstone of the Javelina Formation, which places the Cretaceous/Paleogene boundary within the
lowermost Black Peaks Formation. The current closest biostratigraphic constraint on the
Cretaceous/Paleogene boundary occurs between a juvenile Alamosaurus skeleton and Paleocene
vertebrates found north of Grapevine Hills within ~2 m of one another (Lehman and Coulson,
2002). Attempts to find evidence for an iridium enrichment to constrain the Cretaceous/
Paleogene boundary have largely failed (Lehman, pers. comm.), but marked environmental
changes can be seen when comparing the paleosols of the two formations. Several features in the
earliest Paleogene (Puercan) paleosols do not occur in latest Cretaceous (Lancian) paleosols, including overall darkening of the base color, distinct melanization of the upper parts, increase in
depth of the red B horizon, restriction of carbonate to horizons beneath the red B horizon and an
increase in depth to the top of the carbonate horizon (Lehman and Busbey, 2007). Because both
types of paleosols were deposited in an alluvial flood plain setting, these differences are due to
environmental changes, and can be used to some extent to estimate the location of the
Cretaceous/Paleogene (Lehman, 1990).
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METHODS
Field mapping was conducted in the spring and summer of 2013 at a 1:24,000 scale. Contacts were initially drawn on aerial photos. The map was then drafted in ArcMap 10.1 on HP
Compaq computers in the GIS lab at TCU. Strike and dip measurements were taken using the
Lambert App on an iPhone 4. Most of the georeferenced photos were taken using a 16 mpx Casio
GPS camera, though a few were taken with an iPhone 4, with special concentration along contacts and the detailed measured section. The stratigraphic section was measured using a five-foot
Jacob staff and was documented with georeferenced pictures. This section was drafted in Adobe
Illustrator and includes picture locations along the length of the section. Rock samples and fossils were collected and transported to TCU for further analysis. Fossils were catalogued and identified through comparison to specimens described in the literature and to specimens housed in the
University of Texas Vertebrate Paleontology Museum in Austin. Thin sections were made for
four samples and were analyzed using a petrographic microscope.
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FIELD MAPPING
Field work focused on detailed mapping of the Aguja, Javelina and Black Peaks Formations in the southwest region of the RMR, known as the West Tornillo Pasture (Figure 9 and
Plate I http://geo1.tcu.edu/RMRmap.pdf). The mapped area encompasses ~6 km2, and extends to
the southern and western borders of the RMR. While a major E-W Eocene dike (Befus et al.,
2009) and a number of Quaternary deposits were mapped, they were not studied and are only
briefly mentioned herein. The new map was drawn in ArcGIS 10.1 and compared to the new
Bend map (Turner et al. 2011).
Strikes of bedding are generally in a southwest/northeast direction, with largely shallow
northwest dips ranging from 23º to 0º. Dips shallow moving up section, with the highest dips occurring in the Aguja Formation, dips generally near the 10º range in the Javelina Formation, and
shallowing out to horizontal in the Black Peaks Formation. Dips to the north of the mapped area
are generally to the south, supporting that idea (Horton, 2006) that there a very shallow E-W
trending syncline.
A fault near the center of the West Tornillo Pasture, down a stream bed, creates an offset
of ~ 200 m (Figure 10). This offset is most distinctly seen between the Javelina and Black Peaks
Formations, as the Aguja/Javelina Formation contact is largely obscured by alluvium near the
fault. A major fault had been previously mapped across the western boundary of the RMR, passing onto the neighboring Sombrero Peak Ranch (Maxwell et al., 1967b; Turner et al., 2011). On
airphotos Black Peaks paleosols appeare to be farther south than on the western side of the RMR.
However, this fault was not included on the final map because walking the paleosol units in the
field indicates that they are continuous and the so-called fault offset is an optical illusion resulting from erosion and deposition along the major drainage.
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Fig. 10 Fault offset of ‘bowfin sandstone’, uppermost sandstone of the Javelina Formation and location of boundary between the
Javelina and Black Peaks Formations. Location: 29.442 N, 103.267 W. Facing direction: 108°.

Field mapping revealed disparities between what is seen in the field and the boundaries
shown on published maps, including those produced by Maxwell et al. (1967b) and Turner et al.,
(2011). The published maps only show the Aguja and Javelina Formations. Furthermore, the contact between the Aguja and Javelina Formations is drawn where our field mapping has shown the
Javelina/Black Peaks contact to be. Wood and fossil localities, including a cf. Alamosaurus
specimen and the “log-jam” member within the Black Peaks Formation, in addition to the utilization of current lithostratigraphic definitions of the units (Lehman and Wick, pers. comm.), further
confirm contact locations as mapped in the present study.

STRATIGRAPHIC COLUMN AND FIELD OBSERVATIONS
Based on field notes and georeferenced images (Figure 11) a detailed stratigraphic column was drafted, beginning at the Terlingua Creek sandstone member of the Aguja Formation
and concluding at the “log-jam” interval of the Black Peaks Formation. The entire measured section is presented in Appendix 1, the key in Figure 12, and portions of the measured section of
interest are in Figures 13 and 14. The location of the stratigraphic column is marked on the field
map (Figure 9 and Plate 1). The stratigraphic column lies just west of the mapped fault. These
georeferenced photos are shown in Appendix 2, are included in full resolution on a CD with the
printed thesis, and are available on-line at http://geo1.tcu.edu/AdamsThesis/. The images are
marked by name on the drafted stratigraphic column. The following lithologic descriptions are
along and within a short lateral distance of the section.
The southern boundary of the study site on the RMR is near the boundary of BBNP, and
lies somewhere within the middle shale member of the Aguja. However, much of the middle
shale member on the ranch is covered by alluvium from Tornillo Creek. The top of the Terlingua
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Fig 11 Location of pictures along section. 1, 2, and 3 highlight areas along the section with
high density of pictures.
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Creek sandstone member is exposed just north of Tornillo Creek, and provides an excellent
marker bed to begin the stratigraphic section (Figure 15). The Terlingua Creek sandstone member consists of yellow to white medium-grained sandstone, overlain by yellow mudstone. It exhibits large trough cross-beds which are locally topped by ripples. It fines upward to a very fine
sandstone, and occurs across the study area at the same stratigraphic level, though it varies in
thickness, pinching in and out between layers of yellow mudstone. This member represents deltaic distributary bar and mouth facies, while the mudstone intervals of the upper shale member
represent coastal marsh and swamp facies (Lehman, 1985b).
The lowermost section of the upper shale member at the study site remains fairly sandy,
including yellow and gray mudstones interbedded with medium-grained, thinly-bedded yellow
and gray sand lenses. Further up within the upper shale member, a horizon of gray, thinlybedded, coarse-grained sandstone is associated with silicified wood, including a 3 m log oriented
at 310º (Figure 16). The log is both silicified and carbonized in places, and exhibits significant
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Light yellow, highly burrowed sandstone with
ferrigunous cement on top.
Light blue, thinly bedded sand topped by green, silty lacustrine
mudstone containing laminae of rippled, tabular sand.
Javelina Sandstone 1. Conglomeratic, thinly bedded, fining upwards planar sand, containing caliche nodules. 10º dip. Overlain
by highly burrowed, ferriginous, planar-laminated fine sandstone.

Maroon/purple mudstone containing carbonate
nodules overlain by cream mudstone

Variable purple, maroon/purple and grey mudstones, pyritized wood present in grey mudstones

Blue mudstone topped by purple mudstone containing crystallized concretions- blue mudstone
within the Aguja Formation only found near the
Aguja/Javelina boundary
Light, pea-green very fine-grained sandstone
topped by similarly colored mudstone
Agatized wood chips present in yellow mudstone
Thinly bedded, coarse, poorly indurated grey sandstone with some
pyrite discoloration. Possible minor ripples near the top
Medium-grained, grey sandstone containing pyritized pieces of
wood

Fig 13 Aguja/Javelina contact
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Variable purple, purple/maroon and white mudstones.

Yellow/green massive coarse sandstone, dipping at 5º

Grey and purple mudstone with medium-grained
sandstone bed. Dip changes to 8º, and shows rapidly shallowing of dip upsection.
Loose, yellow fine-sand topped by well indurated,

Trough-crossbedded medium sandstone with burrows
Yellow/grey fine-grained sandstone with laminar beds- most likely

Javelina Sandstone 4. Conglomeratic coarse sandstone
with large (~ 5-8 cm) caliche nodules, topped by grey,
coarse-grained, trough-cross-bedded sandstone.

Fig 14 Fourth sandstone of Javelina Formation
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Fig. 15 Terlingua Creek sandstone member and beginning of measured stratigraphic column. Location: 29.437 N, 103.264 W.
Facing Direction: 92°.

a)

b)
Fig 16 a) Petrified log found within the Aguja Formation during stratigraphic column measurement. Facing direction: 316°.
b) Close up of log. Facing direction: 50°. Location for both:
29.438 N, 103.264 W.
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cellular detail. Another gray, thinly bedded sandstone is exposed just above the log, but lacks petrified wood. The sandstone is poorly indurated, shows evidence of pyrite discoloration, and exhibits ripple marks near the top.
About 25 m below the Aguja/Javelina contact, along the section, distinctive pea green
and blue paleosols are observed (Figure 17). Above this level sandstone is absent from the Aguja,
but the paleosols range from purple to gray, and include prismatic concretions and carbonate
nodules. Less than 10 m from the contact, white silicified wood fragments appear in great numbers within a gray paleosol (Figure 18). The contact between the Aguja and Javelina Formations
is placed just below a dark brown, thinly-bedded, fining-upward conglomeratic sandstone.
Across the field area the Javelina Formation has between two to five “hogback” sandstone ridges in outcrop (Figure 19). While four distinct hogbacks are observed along the section
and on the eastern side of the study area, the sandstone ridges decrease down to two on the western side of the study area, and are less developed. The lowermost hogback has chert conglomerate at the Aguja/Javelina boundary, and is topped by a highly burrowed, ferruginous, laminar
fine-grained sandstone dipping at 10º north (Figure 20). Green, silty lacustrine mudstone separates the conglomeratic sandstone from a yellow, massive sandstone with a ferruginous top. Skolithos burrows are present within the yellow sandstone.
About 20 m of variable gray and purple mudstones with caliche nodules separate the
lowermost Javelina hogback from the second. The second ridge contains a conglomeratic, brown
sandstone with large trough crossbeds and caliche nodules throughout (Figure 21). This sandstone is topped by a planar, ferruginous layer containing horizontal burrows and ripple marks.
The third Javelina hogback is separated from the second by variable purple and white
mudstones. The sandstone is approximately 6 m thick and is medium-grained, tabular and fer-
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Fig 17 Pea green paleosol near the top of the Aguja Formation. Location:
29.436 N, 103.274 W. Facing direction: 315°.

Fig 18 High concentration of silicified wood fragments near the top of the
Aguja Formation. Location: 29.436 N, 103.272 W. Facing direction: 182°.
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Fourth Hogback - ‘bowfin ss’
Third Hogback

Fig 19 Hogbacks/questas of the Javelina Formation. The ridge in the foreground represents the first major sandstone of the Javelina Formation, and the second hogback the
second major sandstone. Location: 29.439 N, 103.268 W. Facing direction: 9°.

ruginous (Figure 22). The unit contains large crossbeds and ripple marks throughout. Two meters
above this sandstone unit, separated by white paleosols, lies another sandstone unit. However,
this one is much thinner, ~ 1 m thick, brown, medium-grained, highly rippled, and highly burrowed, with 1 to 2 centimeter-sized Skolithos burrows.
White mudstones separate the third from the uppermost sandstone hogback at the study
site. The uppermost(fourth) sandstone unit, however, includes multiple stacked fluvial sandstone
units, forming ~20 m of nearly continuous sandstone bodies. The lowermost section of the sandstone contains two horizons of gray, conglomeratic to coarse-grained sandstone, containing
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Fig 20 Planar, ferruginous sandstone of Javelina Formation. Within the first
sandstone hogback. Location: 29.440 N, 103.265 W. Facing direction: 328°.

Fig 21 Trough-crossbedded sandstone of second hogback within the Javelina
Formation. Location: 29.441 N, 103.266 W. Facing direction: 330°.
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Fig 22 Third Javelina hogback. Location: 29.439 N, 103.269 W. Facing direction: 78°.

trough crossbeds and caliche nodules (Figure 23a). These units are topped by yellow, finegrained laminar sandstone, that grades into brown, trough-crossbedded, medium-grained, burrowed sandstone. Well-indurated, planar yellow sandstone lies above, which transitions to friable
silty sand topped by massive, poorly-bedded yellow sandstone (Figure 23b). The planar, yellow
sandstone dips at 8º NE. The contact between the Javelina and Black Peaks Formation is placed
above a massive, yellow-green 5-meter-thick sandstone, the ‘bowfin sandstone’ in BBNP (Figure
24). This sandstone dips NW at 5º, demonstrating a shallowing of the dip from the lower Javelina
Formation.
The Black Peaks Formation exhibits the typical varicolored mudstones found in other areas inside BBNP. Colors range from purple to white to maroon, and in some cases contain con41

a)

b)
Fig 23 a) Conglomerate at base of uppermost sandstone unit
of the Javelina Formation. Location: 29.441 N, 103.269 W.
Facing Direction: 78°. b) Small trough crossbeds within uppermost sandstone unit of Javelina Formation. Location:
29.438 N, 103.273 W. Facing direction: 65°.
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Fig 24 Yellow ‘bowfin sandstone’ of Javelina Formation. Boundary sandstone unit between the Javelina and Black Peaks Formations. Location: 29.442 N, 103.267 W. Facing direction: 72°.
cretions (Figure 25). While not as common as in the Javelina Formation, the Black Peaks does
include lenticular, fluvial sandstone bodies interbedded within the paleosols (Figure 26). These
sandstone bodies dip with approximately 5º-10º NW dips at the Javelina/Black Peaks boundary
and shallow upsection, becoming horizontal at and just below the extensive dike. Dips measured
by Horton (2006) north of the dike dip shallowly to the south, indicating the presence of a very
shallow syncline across the map area, as noted before.
“Log jam” horizon occurs ~ 45 m above the Javelina/Black Peaks contact. This horizon
occurs in two different places in the study area at the same stratigraphic level. The outcrop on the
western side of the map includes Paraphyllanthoxylon logs as wide as 1.2-1.5 m, and as long as
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Fig 25 Typical Black Peaks paleosols, including maroon, black/dark gray, and
white layers. Person for scale. Location: 29.463 N, 103.268 W. Facing direction: 271°.

Fig 26 Lenticular sandstone bodies of Black Peaks Formation. Shrub in creekbed is ~ 1 meter high. Location: 29.461 N, 103.268 W. Facing direction: 263º.
44

6 m (Figure 27). The logs lie in a northwestern/southeastern direction, indicating paleocurrent
direction. The “log jam” horizon at the top of the measured cross section includes both logs and
stumps of Paraphyllanthoxylon, but these are generally smaller than those in the horizon to the
west (Figure 28).

Fig 27 Paraphyllanthoxylon log outlined in position in western “log
jam” exposure. Steve Wick for scale. Location: 29.448 N, 103.283 W.
Facing direction: 67°.
Although not in the measured section, the prominent E-W dike just north of the study
area is trachyandesitic and is interpreted to be part of an Eocene dike swarm originating from the
Christmas Mountain igneous complex (Befus et al., 2009) (Figure 29).
Thin sections of samples taken from the west side of the study area within the Javelina
Formation indicate an altered, vitric-crystal tuff (Figure 30). The sample was taken near the
boundary between the Javelina and Black Peaks Formations. The samples consist of poorly
sorted, monocrystalline quartz grains with altered glass replaced by zeolites. The altered glass
does not exhibit the typical bubble-wall texture. Lapilli are visible, and the matrix is tuffaceous.
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Fig. 28 Eastern “log jam” exposure, represented by a Paraphyllanthoxylon stump. Location: 29.450 N, 103.273 W. Facing direction: 18°.

Fig 29 Extensive dike in the north of the study area. Exposures to the
north are gray Black Peaks Formation capped by Quaternary alluvial
fan deposits. Location: 29.450 N, 103.267 W. Facing direction: 356°.
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Lapillus

Fig 30 Representative thin section of altered vitric crystal tuff in plane
light. Location: 29.439 N, 103.284 W.
The texture of the quartz and altered glass indicates close proximity to a pyroclastic eruption.
Comparison of the drafted stratigraphic column to other stratigraphic columns measured
in BBNP reveal a number of points of interest (Figure 31). Compared to most other areas in the
park, the study site has a relatively thin upper shale member of the Aguja Formation, more comparable to sections to the northeast than sections to the southwest, where the study area is located. The Javelina Formation in the study area is consistent with other sections in BBNP, at ~
115 m thick. The “log jam” interval can be correlated, to an extent, with other sections of the
park, extending west to Dogie Mountain, and east to West Tornillo (Lehman, 2002). This reveals
that the interval of the Black Peaks Formation exposed on the RMR is relatively thin, although
comparable to sections in the southwest portion of BBNP. Above the “log jam” interval the Black
Peaks is covered by pediment and alluvial fan deposits so its total thickness is unknown.
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Fig 31 Stratigraphic column correlation. Total thickness above the ‘log
jam’ interval is unknown. Modified from Lehman, 2002.

VERTEBRATE PALEONTOLOGY
Fossil and petrified wood locations are shown on the field map for the study site (Figure 9
and Plate 1). Most fossil sites yielded small, isolated fragments of bone, many of which were
impossible to identify. All bone was found eroding from sandstone units. In addition to larger
pieces, we searched for microfossil assemblages, but were not able to find any during our field
season. All specimens are stored at TCU in the paleontology collections.

Alamosaurus sanjuanensis
Alamosaurus sanjuanensis was first described by C. W. Gilmore in 1922 after its discovery in 1921 by J. B. Reeside, Jr (Gilmore, 1922). The holotype, United States National Museum
(USNM) 10486, consists of a nearly complete left scapula and was found within the Upper Cretaceous Ojo Alamo Sandstone (now reassigned to the Naashoibito Member of the Kirkland
Shale) near Ojo Alamo, New Mexico (Kues et al., 1980). The paratype from the same location
consists of a right ischium (USNM 10487). Gilmore (1922) justified the creation of a new genus
based on the location within the Upper Cretaceous of North America and features of the scapula
and ischium. The distal process of the ischium in the type specimen is much shorter then the distal process of other sauropods. The scapular shaft gradually expands towards the suprascapular
end, lacks anterior and/or posterior expansion on either end, and presents a 90º orientation of the
spine, all characteristics that have been classically used to distinguish Alamosaurus sanjuanensis.
Further material collected near the holotype locality include a fragmentary ilium with three sacral vertebrae (Mateer, 1976) and teeth attributed to Alamosaurus sanjuanensis (Kues et al.,
1980).
A more complete specimen of Alamosaurus was described from the North Horn Formation of Utah (Gilmore, 1946). This specimen (USNM 15560) consists of thirty articulated caudal
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vertebrae, 25 chevrons, both ischia, left scapula and coracoid, right humerus, radius, metacarpus,
two sternal plates, and rib fragments. Alamosaurus sanjuanensis was positively assigned to the
family Titanosauridae based on this material. It should be noted that D’Emic et al. (2011) have
suggested that only a few scapular apomorphies actually diagnose the species and that since none
of the Big Bend material preserves these features that no BBNP specimens can be referred to the
taxon.
Alamosaurus material from the Javelina Formation of Texas was described by Lawson
(1972) from material located in the Texas Memorial Museum (TMM) collection. Additional
specimens recovered, but not fully described, from the Javelina Formation include a cervical vertebrae (Brown, 1941), a femur discovered in 1947, and a partial skeleton in 1972 (Langston et
al., 1989; TMM 41541). A number of other partial specimens remain unprepared in the Texas
Memorial Museum (TMM 42495, TMM 41398).
A juvenile specimen was described from the Black Peaks Formation by Coulson (Coulson, 1998; Lehman and Coulson, 2002). Six cervical centra, six cervical neural arches, a partial
cervical rib, a dorsal centrum, four dorsal neural arches, left coracoid, left humerus, left ischium,
left fibula, partial right fibula, and two distal tibiae were described from a mudstone layer within
the Upper Cretaceous portion of the Black Peaks Formation (Coulson, 1998). The specimen was
determined to be juvenile by the small size as compared to other Alamosaurus specimens, the
presence of striated bone, lack of fusion between the neural arches and centra, and free sacral
ribs (Lehman and Coulson, 2002).
Alamosaurus sanjuanensis remains the only sauropod to be discovered in Upper Cretaceous North American units, as well as the only titanosaurid from North America (Coulson,
1998). In addition, Alamosaurus represents one of the last-surviving dinosaurs of the Late Creta-
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ceous of North America. Alamosaurus is the defining member of the “Alamosaurus fauna” of
southwestern United States during the Maastrichtian (Lehman, 2001). In Texas, the “Alamosaurus fauna” is dominated by Alamosaurus and pterosaurs, with a lesser number of ceratopsians,
hadrosaurs, ankylosaurs, and large and small theropods. Due to similarities with the titanosaurid
Neuquensaurus of Argentina, Alamosaurus may represent a South American migrant, which
could indicate the existence of a land bridge between North and South America during the Maastrichtian (Lehman, 1987; Lucas and Hunt, 1989). However, the fossil abundance of Alamosaurus
does not gradually increase over time, as one would expect with migrants moving into a new territory, but appears abruptly, suggesting rapid dominance of the southwestern United States by
Alamosaurus during the Maastrichtian.
Lehman and J. Fronimos have a paper in press (Lehman pers. comm.) in which they argue that there is at least sufficient similarity between known specimens of A. sanjunensis to support the idea that the sauropods from the Javelina Formation are referable to A. sanjuanensis
though a new specimen, recovered from the basal Black Peaks Formation, may be a different
taxon.
Order SAUROPODOMORPH
Family Titanisauridae
Genus and species: cf. Alamosaurus sanjuanensis
Referred specimen: TCU2014
!

Description: The distal end of a right humerus of a titanosaur, referable to cf.

Alamosaurus sanjuanensis, was collected just below the second sandstone hogback of the Javelina Formation, near the center of the study area (Figures 32 and 33). The bone was located on
top of a low hill above a yellow-brown, tabular sandstone. It was weathering out of a tan mud-
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Fig 32 Field picture of cf. Alamosaurus (TCU2014) humerus, outlined in red.
GSA scale has metric units on the left.

Fig. 33 Distal end of cf. Alamosaurus (TCU2014) humerus.
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stone filled with caliche nodules. Prospecting around the bone did not reveal any additional material.
The bone lay with the anterior side facing upward, of which much had been highly
weathered. The fossil also suffered post-fossilization breakage at a number of places along the
shaft. The condyles of the distal end, while buried in the field and not exposed to the elements,
were also highly weathered and had lost much of the original bone texture. An encrusting concretion covers many of the pieces of the shaft of the humerus, obscuring some of the texture of the
bone. The specimen and all surrounding float were collected and transported to TCU for reassembly. The specimen compares favorably with known Alamosaurus material at UTVPL and
published figures (Figure 34).
Due to the highly weathered nature of the specimen, reassembly proved to be difficult.
However, the condyles and a portion of the shaft were reassembled, allowing for the measurement of the distal width of the humerus and comparison to other Alamosaurus specimens (Table
1) (Figure 35). The relatively small width of the distal end as compared to the other Alamosaurus
specimens indicate that this specimen was a subadult.
If Lehman (pers. comm.) is correct, and there are two different sauropods in the Javelina/
Black Peaks assembly, then absolute assignment of this specimen to one or the other is not possible.
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Fig 34 Comparison of sauropod humeri in anterior view a), (a) Camarasaurus,
(b) Apatosaurus, (c) Diplodocus, (d) Alamosaurus, (e) Saltasaurus (McIntosh,
1990).
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Fig 35 cf. Alamosaurus right humerus,
proximal view, with specimen TCU2014
highlighted in black.
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15.4
27.7
47.8
45.7
34.7

TL95-1
TL95-4
USNM15560
TMM41541-1
TCU2014

Table 1 Chart of maximum distal width of the humerus of
Alamosaurus specimens. Modified from Coulson, 1998)

14.5

Max Distal Width humerus (cm)

TLMcS2-3

Specimen

Subadult

Adult

Adult

Juvenile

Juvenile

Juvenile

Age

Big Bend Hadrosaurs
!

Hadrosaur remains are found within both the Aguja and Javelina Formations, but are

most common within the upper shale member of the Aguja Formation, accounting for as much as
30-35% of all vertebrate specimens within the Aguja Formation (Lehman, 1985a). The vast majority of hadrosaur specimens found in the Big Bend region belong to the genus Kritosaurus.
Kritosaurus was first named and described by Brown (1910) from partial skull material found in
deposits within the Ojo Alamo beds of New Mexico, the same area as the type specimen for
Alamosaurus (1910; AMNH 5799). Davies (1983) thoroughly described Kritosaurus and material from an unidentified lambeosaurid in BBNP. More material of Kritosaurus and new lambeosaurid material from BBNP have been described in further publications (Lehman, 1985a; Wagner, 2001; TMM 43681). The left maxilla of a lambeosaurid, Angulomastacator daviesi, was described by Wagner and Lehman (2009) and represents the type specimen. Because most hadrosaur taxonomy is based on skull material, and skull material of hadrosaurs is relatively rare in
BBNP, Big Bend hadrosaur material has not contributed greatly to the debates on Late Cretaceous faunal dynamics (Wagner and Lehman, 2009).
Order ORNITHOPODA
Family HADROSAURIDAE
Genus and species: indeterminate
Referred specimen: TCU2015
!

Description: A hadrosaur ischium was recovered from within the lowermost sand-

stone hogback of the Javelina Formation, eroding near the base of the sandstone (Figure 36).
Compared to other specimens collected, the ischium is relatively well preserved, though the ischial shaft is broken off from the rest of the ischium and is missing its distal end, preventing the
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Fig 36 Juvenile hadrosaur ischium - TCU2015.
measurement of a definite length. In addition, both the iliac peduncle and pubic peduncle suffered some weathering, preventing detailed measurements and comparison of these structures to
other hadrosaur specimens. However, a few characteristics, based on Marquez (2008), were
measurable for this specimen. The length/width ratio of the pubic peduncle is around 1 and the
dorsal acetabular margin of the pubic peduncle is set dorsal to the dorsal margin of the ischial
shaft. These characteristics indicate the specimen is from a hadrosaur, but do not provide enough
information for further identification. The specimen most closely resembles Kritosaurus and
closely related hadrosaurs, but the comparisons are not definitive (Figures 37 and 38). The
specimen is relatively small compared to adult ischia, indicating the fossil represents a juvenile
(Figure 39). This specimen was found on the eastern side of the study area, near the boundary
between the Aguja and Javelina Formations, suggesting an Early Maastrichtian age.
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Fig. 37 Comparison of hadrosaur ischia, from juvenile to adult. TCU2015 shown on
the far right for comparison. Note: elements are not to scale; scale bars below each
specimen represent the relative size of that element in relationship to the adult element, which appears on the right. From Guenther (2007).

TCU2015

a)

b)
Fig 38 Body of TCU2015 (grey) overlaying a) an adult Kritosaurus incurvimanus
ischium (after Parks 1920) and b) an adult
Corythosaurus casuarius ischium (after
Brown 1916). Modified from Weishampal
et al. (1990). Note: not to scale.
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a)

b)

c)
Fig 39 Size comparison of a) TCU2015 to b) Adult Kritosaurus ischium and c) Adult Corythosaurus casuarius ischium. Modified from
Weishampal et al. (1990). Scale - 20 cm.
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Fig 40 Indeterminate dinosaur bone, field picture.

Superorder DINOSAURIA
indeterminate

Description: An indeterminate dinosaur bone was recovered weathering out of the lowermost sandstone of the Javelina Formation, near the Aguja/Javelina Formation contact (Figure
40). This specimen was recovered at the same stratigraphic level as the juvenile hadrosaur ischium, but was found near the center of the study area. The specimen is small, approximately 10
cm in length. Unfortunately, the bone could not be identified. The fossil is Early Maastrichtian in
age.

62

Class REPTILIA
Subclass TESTUDINES

Description: A turtle specimen was recovered from the upper shale member of the Aguja
Formation near the center of the study area (Figure 41). One carapace piece and several bone
fragments were recovered. Due to the highly weathered nature of the specimen, further identification is not possible at this time. The stratigraphic location indicates Late Campanian-Early
Maastrichtian age for the specimen.

Fig 41 Turtle specimen. Carapace piece in the lower right of the picture.
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Superorder DINOSAURIA
indeterminate
!

Description: A specimen of mostly compact cortical bone was recovered from the lower-

most sandstone of the Javelina Formation, near the Aguja/Javelina contact (Figures 41 and 42).
This specimen is approximately 45 cm in length. The fossil was identified as dinosaurian due to
its size. Further identification was not possible due to the specimen being so highly weathered.
The specimen is likely Early Maastrichtian in age.

Fig 42 Dinosaur bone from lowermost Javelina Formation, profile view
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Fig 43 Dinosaur bone from lowermost Javelina
Formation, view from above.
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CONCLUSIONS
This study produced a more detailed and accurate geologic map of the western side of the
RMR than the currently published maps which are based on image interpretation. Field work
augmented the current understanding of the relationships between the Aguja, Javelina and Black
Peaks Formations.
The contact between the Aguja and Javelina Formations was based on previous descriptions, the criteria of Lehman and Wick (pers. comm.) and my observations. These included, but
were not limited to: pea green and blue paleosols within the uppermost Aguja Formation; prismatic concretions in association with the pea green and blue paleosols; a high concentration of
white silicified wood within the uppermost Aguja Formation; the presence of chert pebbles
within the lowermost sandstone of the Javelina Formation; and the transition from drab paleosols
of the upper shale of the Aguja Formation to the sandstone-dominated Javelina Formation. All of
these criteria do not occur at every site, but serve as good indicators of the contact when present.
The Javelina/Black Peaks contact is placed at the top of the uppermost (“bowfin”) sandstone of the Javelina to avoid confusion and to have a more consistent marker for the contact.
This places the Cretaceous/Paleogene boundary in the lower Black Peaks Formation.
Our field work revealed major inaccuracies in the the currently published geological
maps (Maxwell et al., 1967b, Turner et al., 2011). Both maps included only the Aguja and Javelina Formations within the current study area. My field work revealed significant exposures of
the Black Peaks Formation, confirmed by the shift to darker paleosols, a shift to a more
mudstone-dominated unit, and the presence of a Paraphyllanthoxylon “log jam” interval. Neither
published map indicates a fault on the eastern side of the map, which could be seen in the field.
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Both maps indicate an extensive fault near the western boundary with the Sombrero Peak Ranch
that does not seem to be supported by field inspection.
The differences between the published maps and the maps produced in this study demonstrate the problems of relying on aerial photos and remote-sensing for mapping. Many of the criteria used for contact boundary location can only be seen in the field, limiting the use of aerial
photos and remote sensing for mapping these boundaries. These units, particularly the Javelina
and Black Peaks Formations, were deposited in relatively similar depositional environments,
creating similar lithologies of alternating fluvial sandstone and paleosols that are hard to tell
apart when not in the field. The use of aerial photos in combination with field work produces a
much more accurate map than aerial photos alone.
It is important to note that exposures on the RMR were not field-checked during the production of the 2011 map because access permission was not granted by the owners. We do not
know if outcrops were field checked during the production of the Maxwell et al. map, but Lehman (pers. comm.) suggests they might have used the Bloomer (1949) map. It is our impression
that aerial photos were heavily used in the production of the Maxwell and USGS maps.
Many weeks in the field failed to produced more than a few fragmentary vertebrate
specimens and suggest that additional time must be spent looking for material. Due to the fragmentary nature of many of the vertebrate specimens, many were not able to be thoroughly identified. All specimens were isolated and weathering out of sandstone units. Surprisingly, no microfossil sites were found during field work, and the number of specimens collected was fewer than
in similar exposures in BBNP. Further prospecting on the RMR should reveal more specimens.

67

REFERENCES
Adkins, W. S., 1933, The Mesozoic Systems of Texas, in Sellards, E. H., Adkins, W. S., and
Plummer, F. B., eds., The Geology of Texas, vol. 1, Stratigraphy: The University of Texas Bulletin, p. 505-514.
Anglen, J. S., 2001, A vertebrate bone-bed in the Aguja Formation (Upper Cretaceous), Big Bend
National Park, Texas [M.S. thesis]: Lubbock, Texas Tech University, 91 p.
Befus, K. S., 2006, Late Cretaceous and Eocene phreatomagmatic volcanism and magmasediment interaction in the Big Bend area of West Texas [M. S. thesis]: Fort Worth, Texas Christian University, 154 p.
Befus, K. S., Hanson, R. E., Miggins, D. P., Breyer, J. A., and Busbey, A. B., 2009, Nonexplosive
and explosive intrusions into Cretaceous to Eocene strata, Trans-Pecos igneous province, West
Texas: Journal of Volcanology and Geothermal Research, v. 181, p. 155-172.
Bell, C. J., Brown, M. A., Dawson, M. R., and Lundelius Jr., E. L., 2013, Wann Langston, Jr. - a
life amongst bones: Earth and Environmental Science Transactions of the Royal Society of Edinburgh, v. 103, p. 1-16.
Bloomer, R. R., 1949, Geology of the Christmas and Rosillos Mountains, Brewster County,
Texas[Ph.D. thesis]: Austin, University of Texas, 82 p.
Bohanan, J. P., 1987, Sedimentology and petrography of deltaic facies in the Aguja Formation,
Brewster County, Texas [M.S. thesis]: Lubbock, Texas Tech University, 141 p.
Breyer, J. A., Busbey III, A. B., Hanson, R. E., Befus, K. E., Griffin, W. R., Hargrove, U. S., &
Bergman, S. C., 2007, Evidence for Late Cretaceous volcanism in Trans-Pecos Texas: The Journal of Geology, v. 115, no. 2, p. 243-251.
Brown, B., 1910, The Cretaceous Ojo Alamo beds of New Mexico with description of the new
genus Kritosaurus: Bulletin of the American Museum of Natural History, v. 28, no. 24, p. 267274.
Brown, B., 1916, Corythosaurus casuarius: skeleton, musculature and epidermis: Bulletin
American Museum of Natural History. v. 35, p. 709-716.
Brown, B., 1941, The age of sauropod dinosaurs: Science, v. 93, no. 2425, p. 594-595.
Colbert, E. H., and Bird, R. T., 1954, A gigantic crocodile from the upper Cretaceous beds of
Texas: American Museum Novitates, p. 1688.

68

Coulson, A. B., 1998, Sedimentology and Taphonomy of a juvenile Alamosaurus site in the Javelina Formation (Upper Cretaceous), Big Bend National Park, Texas [M.S. thesis]: Lubbock,
Texas Tech University, 103 p.
D’Emic, M. D., Wilson, J., Williamson, T.E. 2011, A sauropod pes from the Latest Cretaceous of
North America and the validity of Alamosaurus sanjuanensis (Sauropoda, Titanosauria): Journal
of Vertebrate Paleontology, v. 31, no. 5, p. 1072-1079.
Davies, K., 1983, Hadrosaurian dinosaurs of Big Bend National Park, Brewster County, Texas
[M.A. thesis], Austin, University of Texas, 470 p.
Dennie, D. P., 2001, Geology of Quaternary deposits along Cottonwood Wash, Southern Rosillos
Mountains, near Big Bend National Park, Texas [M.S. thesis]: Fort Worth, Texas Christian University, 58 p.
Elasmer, M., 2011, Geologic mapping and fracture analysis of the Northeastern Rosillos Mountains, Brewster County, Texas [M.S. thesis]: Fort Worth, Texas Christian University, 117 p.
Gilmore, C. W., 1922, A new sauropod dinosaur from the Ojo Alamo formation of New Mexico:
Smithsonian Miscellaneous Collections, v. 72, no. 14, p. 1-9.
Gilmore, C. W., 1946, Reptilian fauna of the North Horn formation of central Utah: Geological
Survey Professional Paper, v. 210-C, p. 29-51.
Guenther, M. F., 2007, Morphology and ontogeny of the postcranial skeleton of the Hadrosauridae [Ph.D. thesis]: Philadelphia, University of Pennsylvania, 196 p.
Hill, R. T., 1900, Topographic atlas of the United States, physical geography of the Texas region:
U.S. Geologic Survey Folio, v. 3, p. 1-12.
Horton, R. P., 2006, Geologic mapping of Cretaceous and Tertiary rocks on the Pitcock Rosillos
Mountain Ranch, Brewster County, Texas [M.S. thesis]: Lubbock, Texas Christian University, 64
p.
Hunt, R. K., and Lehman, T. M., 2008, Attributes of the Ceratopsian dinosaur Torosaurus, and
new material from the Javelina Formation (Maastrichtian) of Texas: The Journal of Paleontology,
v. 82, no. 6, p. 1127-1138.
Kellner, A. W. A. and Langston Jr., W., 1996, Cranial Remains of Quetzacoatlus (Pterosauria,
Azhdarchidae) from Late Cretaceous sediments of Big Bend National Park, Texas: Journal of
Vertebrate Paleontology, v. 16, no. 2, p. 222-231.
Knebusch, W. E., 1981, Evidence for deltaic environment of deposition for Aguja Formation
(Upper Cretaceous): Southwest Texas AAPG Bullentin, v. 65, p. 764.
69

Kues, B. S., Lehman, T. M., and Rigby, K. Jr., 1980, The teeth of Alamosaurus sanjuanensis, a
late Cretaceous sauropod: Journal of Paleontology, v. 54, no. 4, p. 864-869.
Langston, W. Jr., Standhardt, B., Stevens, M.S and Wilson, J.A. 1989, Fossil vertebrate collecting
in the Big Bend area - history and retrospective. p. 11-21. in Busbey, A.B. and Lehman, T.M.,
eds., Vertebrate Paleontology, Biostratigraphy, and Depositional Environments, Latest Cretaceous and Tertiary, Big Bend Area, Texas: Society of Vertebrate Paleontology, 49th Annual Meeting, field trip guide book.
Lawson, D. A., 1972, Paleoecology of the Tornillo Formation, Big Bend National Park, Brewster
County, Texas [M.S. thesis]: Austin, University of Texas, 183 p.
Lawson, D. A., 1975, Pterosaur from the latest Cretaceous of West Texas: Discovery of the Largest Flying Creature: Science, v. 187, no. 4180, p. 947-948.
Lehman, T. M., 1982, A ceratopsian bone bed from the Aguja Formation (Upper Cretaceous) Big
Bend National Park, Texas. [M. S. thesis]: Austin, University of Texas, 210 p.
Lehman, T. M., 1985a, Stratigraphy, sedimentology, and paleontology of Upper Cretaceous
(Campanian-Maastrichtian) sedimentary rocks in Trans-Pecos Texas [Ph.D. thesis]: Austin, University of Texas, 300 p.
Lehman, T. M., 1985b, Transgressive-regressive cycles and environments of coal deposition in
Upper Cretaceous strata of Trans-Pecos Texas: Transactions - Gulf Coast Association of Geological Societies, v. 35, p. 431-438.
Lehman, T. M., 1986, Late Cretaceous sedimentation in Trans-Pecos Texas: in Pause, P. H. and
Spears, R. G., eds., Geology of the Big Bend area and Solitario Dome, Texas: West Texas Geological Society 1986 Field Trip Guidebook, p. 105-110.
Lehman, T. M., 1987, Late Maastrichtian paleoenvironments and dinosaur biogeography in the
Western Interior of North America: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 60, p.
189-217.
Lehman, T. M., 1988, Stratigraphy of the Cretaceous-Tertiary and Paleocene-Eocene transition
rocks of Big Bend National Park, Texas: A Discussion: Journal of Geology, v. 96, p. 627-631.
Lehman, T. M., 1989, Upper Cretaceous (Maastrichtian) paleosols in Trans-Pecos Texas: Geological Society of America Bulletin, v. 101, p. 188-203.
Lehman, T. M., 1990, Paleosols and the Cretaceous/ Tertiary transition in the Big Bend region of
Texas: Geology, v. 18, p. 362-364.
Lehman, T. M., 1991, Sedimentation and tectonism in the Laramide Tornillo Basin of West
Texas: Sedimentary Geology, v. 75, p. 9-28.
70

Lehman, T. M., 2001, Late Cretaceous dinosaur provinciality, in Tanke, D. H. and Capenter, K.,
eds., Mesozoic Vertebrate Life: Bloomington, Indiana University Press, p. 310-328.
Lehman, T. M. and Barnes, K., 2010, Champosaurus (Diapsida: Choristodera) from the Paleocene of West Texas: Paleoclimatic Implications: Journal of Paleontological Society, v. 84, no. 2,
p. 341-345.
Lehman, T. M., and Busbey, A.B., 2007, Big Bend field trip guidebook: in Society of Vertebrate
Paleontology, 67th Annual Meeting (Austin, TX, Oct. 17–20, 2007), field trip guidebook. Society
of Vertebrate Paleontology, Deerfield, IL. p. 10-57.
Lehman, T. M., and Coulson, A. B., 2002, A juvenile specimen of the sauropod dinosaur Alamosaurus sanjuanensis from the Upper Cretaceous of Big Bend National Park, Texas: Journal of
Paleontology, v. 76, no. 1, p. 156-172.
Lehman, T. M., McDowell, F. W., and Conelly, J. N., 2006, First Isotopic (U-Pb) Age for the
Late Cretaceous Alamosaurus fauna of West Texas, and its significance as a link between two
faunal provinces: Journal of Vertebrate Paleontology, v. 26, no. 4, p. 922-928.
Lehman, T. M., and Tomlinson, S.L., 2004, Terlinguacheilys fischbecki, A New Genus and Species of Sea Turtle (Chelonidade: Protostegidae) from the Upper Cretaceous of Texas: Journal of
Paleontology, v. 78, no. 6, p. 1163-1178.
Lehman, T. M., and Wheeler, E.A., 2001, A fossil dicotyledonous woodland/forest from the Upper Cretaceous of Big Bend National Park, Texas: Palaios, v. 16, p. 102-108.
Lehman, T. M., and Wheeler, E. A., 2005, Upper Cretaceous-Paleocene conifer woods from Big
Bend National Park, Texas: Palaeogeography, Palaeoclimatology, Palaeoecology. v. 226, p. 233258
Lehman, T. M., and Wheeler, E. A., 2010, Fossil palms (Arecacceae, Coryphoideae) associated
with juvenile herbivorous dinosaurs in the Upper Cretaceous Aguja Formation, Big Bend National Park, Texas: International Journal of Plant Sciences, v. 171, p. 679-689.
Lehman, T. M., and Wick, S. L., 2010, Chupacabrachelys complexus, n. gen. n. sp. (Testudines:
Bothremydidae), from the Aguja Formation of West Texas: Journal of Vertebrate Paleontology, v.
30, no. 6, p. 1709-1725.
Lehman, T. M. and Wick, S. L., 2012, Tyrannosauroid dinosaurs from the Aguja Formation (Upper Cretaceous) of Big Bend National Park, Texas: Earth and Environmental Science Transactions of the Royal Society of Edinburgh, v. 103, no. 3-4, p. 471-485.
Lucas, S. G., and Hunt., A. P., 1989, Alamosaurus and the sauropod hiatus in the Cretaceous of
the North American Western Interior: Geological Society of America Special Paper no. 238, p.
75-84.
71

Marquez, A. P., 2008, Phylogeny and historical biogeography of hadrosaurid dinosaurs [Ph.D.
thesis]: Tallahassee, Florida State University, 937 p.
Mateer, N. J., 1976, New topotypes of Alamosaurus sanjuanensis Gilmore (Reptilia: Sauropoda):
Bulletin of the Geological Institutions of the University of Uppsala, v. 6, p. 93-95.
Maxwell, R.A., Lonsdale, J.T., Hazzard, R.T., and Wilson, J.A., 1967a, Geologic map of the Big
Bend National Park, Brewster County, Texas: University of Texas at Austin Bureau of Economic
Geology Publication no. 6711, scale 1:62,500.
Maxwell, R. A., Lonsdale, J. T., Hazzard, R. T., and Wilson, J. A., 1967b, Geology of Big Bend
National Park, Brewster County, Texas: The University of Texas at Austin, Bureau of Economic
Geology, Publication no. 6711, 320 p.
McIntosh, J. S., 1990, Species determination in sauropod dinosaurs with tentative suggestions for
their classification, in Dinosaur Systematics: Approaches and Perspectives. Carpenter, K., and
Currie, P.J., eds., Cambridge University Press, Cambridge, p. 53-71.
Murray, J. K., 1999, Geologic mapping of the southern flank of the Rosillos Laccolith, Brewster
County, Texas [M.S. thesis]: Texas Christian University, 45 p.
Nordt, L. C., Dworkin, S. I., and Atchley, S. C., 2011, Ecosystem response to soil biogeochemical behavior during the Late Cretaceous and early Paleocene within the Western Interior of North
America: Geological Society of America Bulletin v. 123, no. 9-10, p. 1745-1762.
Nydam, R. L., Rowe, T. B., and Cifelli, R. L., 2013, Lizards and Snakes of the Terlingua Local
Fauna (Late Campanian), Aguja Formation, Texas, with comments on the distribution of paracontemporaneous squamates throughout the Western Interior of North America: Journal of Vertebrate Paleontology, v. 33, no. 5, p. 1081-1099.
Parks, W. A., 1920, The osteology of the trachodont dinosaur, Kritosaurus incurvimanus: University of Toronto Studies, v. 11, p. 1-74.
Price, J. G., Henry, C. D., and James, E. W., 1991, Mid-Cenozoic stress evolution and magmatism in the Southern Cordillera, Texas and Mexico: transition from continental arc to Intraplate
Extension: Journal of Geophysical Research: Solid Earth, v. 96, no. B8, p. 13545-13560.
Record, R. S., 1988, Paleoenvironmental analysis of coastal marsh deposits in the Aguja Formation, Late Cretaceous, Trans-Pecos, Texas [M.S. thesis]: Lubbock, Texas Tech University, 148 p.
Rowe, T., Cifelli, R. L., Lehman, T. M., and Weil, A., 1992, The Campanian Terlingua local
fauna, with a summary of other vertebrates from the Aguja Formation, Trans-Pecos Texas: Journal of Vertebrate Paleontology, v. 12, no. 4, p. 472-493.

72

Runkel, A. C., 1990, Lateral and temporal changes in volcanic sedimentation; analysis of two
Eocene sedimentary aprons, Big Bend Region, Texas: Journal of Sedimentary Petrology, v. 60,
no. 5, p. 747-760.
Sankey, J. T., 2001, Late Campanian southern dinosaurs, Aguja Formation, Big Bend, Texas:
Journal of Paleontology, v. 75, no. 1, p. 208-215.
Sankey, J. T., 1998, Vertebrate paleontology and magnetostratigraphy of the Upper Aguja Formation (Late Campanian), Talley Mountain area, Big Bend National Park, Texas [Ph.D. thesis], Baton Rouge, Louisiana State University, 251 p.
Schiebout, J. A., 1970, Sedimentology of Paleocene Black Peaks Formation, Western Tornillo
Flat, Big Bend National Park, Texas [M.A. thesis]:Austin, The University of Texas, 115 p.
Schiebout, J. A., 1973, Vertebrate paleontology and paleoecology of Paleocene Black Peaks
Formation, Big Bend, National Park, Texas [Ph.D. thesis]: Austin, University of Texas, 246 p.
Schiebout, J.A., Rigsby, C.A., Rapp, S.D., Hartnell, J.A., and Standhardt, B.R., 1987, Stratigraphy of the Cretaceous-Tertiary and Paleocene-Eocene transition rocks of Big Bend National
Park, Texas: Journal of Geology, v. 95, p. 359-375.
Schmidt, D. R., 2009, Staple isotope geochemistry of upper Cretaceous and Paleocene strata in
Big Bend National Park, Texas [M.S. thesis]: Lubbock, Texas Tech University, 202 p.
Schroeder, M. R., 1988, Sedimentology and petrography of a distributary channel complex in the
Aguja Formation (Late Campanian), Big Bend National Park, Texas [M.S. thesis]: Texas Tech
University, 172 p.
Schubert, J. A., 2013, Elasmobranch and Osteichthyan fauna of the Rattlesnake Mountain Sandstone, Aguja Formation, (Upper Cretaceous; Campanian) West Texas [M.S. thesis]: Lubbock,
Texas Tech University, 100 p.
Shepard, T. M., 1982, Geology of the Rosillos Mountain, Trans-Pecos Texas. M.S. thesis, Texas
Christian University, 136 pp.
Tomlinson, S. L., 1997, Late Cretaceous and Early Tertiary turtles from the Big Bend Region,
Brewster County, Texas. M. S. thesis, Texas Tech University, 194 pp.
Turner, K.J., Berry, M.E., Page, W.R., Lehman, T.M., Bohannon, R.G., Scott, R.B., Miggins,
D.P., Budahn, J.R., Cooper, R.W., Drenth, B.J., Anderson, E.D., and Williams, V.S., 2011, Geologic map of Big Bend National Park, Texas: U.S. Geological Survey Scientific Investigations
Map 3142, scale 1:75,000, pamphlet 84 p.

73

Udden, J.A., 1907, Report on a geological survey of the lands belonging to the New York and
Texas Land Company, Ltd., in the upper Rio Grande embayment in Texas: Augustana Library
Publication no. 6, p. 50-103.
Vines, C. M. M., 2000, Mineralogy and geochemistry of paleosols in the Javelina and Black
Peaks Formations (Late Cretaceous-Paleocene), Big Bend National Park, Texas [M.S. thesis]:
Lubbock, Texas Tech University, 114 p.
Von Streeruwitz, W. H., 1892, Trans-Pecos Texas. Texas Geological Survey, Annual Report, no.
4, p. 141-175.
Wagner, J. R., 2001, The hadrosaurian dinosaurs (Ornithischia: Hadrosauria) of Big Bend National Park, Brewster County, Texas, with implications for Late Cretaceous Paleozoogeography
[M.S. thesis]: Lubbock, Texas Tech University, 417 p.
Wagner, J. R. and Lehman, T. M., 2009, An enigmatic new lambeosaurine hadrosaur (Reptilia:
Dinosauria) from the upper shale member of the Campanian Aguja Formation of Trans-Pecos
Texas: Journal of Vertebrate Paleontology, v. 29, no. 2, p. 605-611.
Weishampel, D. B., Dodson, P., and Osmólska, H., 1990, Dinosaur Taxonomy: Hadrosauridae,
The Dinosauria: Berkeley, University of California, p. 552.
Wheeler, E.A., 1991, Paleocene dicotyledonous trees from Big Bend National Park, Texas: variability in wood types common in the Late Cretaceous and early Tertiary, and ecological inferences: American Journal of Botany, v. 78, p. 658-671.
Wheeler, E.A., Lehman, T.M., and Gasson, P., 1994, Javelinoxylon, an Upper Cretaceous dicotyledonous tree from Big Bend National Park, Texas, with presumed malvalean affinities: American Journal Botany, v. 81, p. 703–710.
Wheeler, E.A., and Lehman, T.M., 2005, Upper Cretaceous–Paleocene conifer woods from Big
Bend National Park, Texas: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 226, p. 233258.
Wheeler, E.A., and Lehman, T. M., 2009, New Late Cretaceous and Paleocene dicot woods of
Big Bend National Park, Texas and review of Cretaceous wood characteristics: International Association of Wood Anatomists Journal, v. 30, no. 3, p. 293-318.
Wick, S. L. and Lehman, T. M., 2013, A new ceratopsian dinosaur from the Javelina Formation
(Maastrichtian) of West Texas and implications for chasmosaurine phylogeny: Naturwissenchaften v. 100, no. 7: 667-682.
Woodward, H. N. and Lehman, T. M., 2007, Bone histology of the sauropod dinosaur Alamosaurus sanjuanensis from the Javelina Formation, Texas: Microscopy Microanalysis, v.13 s. 2.

74

APPENDIX I

75

76

77

78

79

80

APPENDIX II
Selected images along the line of section start on page 82.

81

82

Latitude: 29.450603° N
Longitude: 103.271962° W
Direction: 4°

Latitude: 29.450128° N
Longitude: 103.271538° W
Direction: 344°

CIMG7368

CIMG7366

Latitude: 29.450337° N
Longitude: 103.272508° W
Direction: 18°

Latitude: 29.45013° N
Longitude: 103.271513° W
Direction: 54°

CIMG7369

CIMG7367

83

Latitude: 29.45018° N
Longitude: 103.27255° W
Direction: 138°

Latitude: 29.450183° N
Longitude: 103.272562° W
Direction: 144°

CIMG7372

CIMG7370

Latitude: 29.437388° N
Longitude: 103.263745° W
Direction: 92°

Latitude: 29.450178° N
Longitude: 103.272555° W
Direction: 206°

CIMG7586

CIMG7371

84

Latitude: 29.437578° N
Longitude: 103.263853° W
Direction: 312°

Latitude: 29.437447° N
Longitude: 103.263772° W
Direction: 332°

CIMG7589

CIMG7587

Latitude: 29.43772° N
Longitude: 103.263922° W
Direction: 292°

Latitude: 29.437497° N
Longitude: 103.263787° W
Direction: 320°

CIMG7590

CIMG7588

85

Latitude: 29.437813° N
Longitude: 103.264025° W
Direction: 328°

Latitude: 29.43772° N
Longitude: 103.264003° W
Direction: 308°

CIMG7593

CIMG7591

Latitude: 29.437862° N
Longitude: 103.26408° W
Direction: 316°

Latitude: 29.43773° N
Longitude: 103.263972° W
Direction: 326°

CIMG7594

CIMG7592

86

Latitude: 29.438095° N
Longitude: 103.264253° W
Direction: 326°

Latitude: 29.438047° N
Longitude: 103.264205° W
Direction: 316°

CIMG7597

CIMG7595

Latitude: 29.4383° N
Longitude: 103.264397° W
Direction: 322°

Latitude: 29.438063° N
Longitude: 103.264187° W
Direction: 292°

CIMG7598

CIMG7596

87

Latitude: 29.438388° N
Longitude: 103.264428° W
Direction: 18°

Latitude: 29.43833° N
Longitude: 103.264388° W
Direction: 316°

CIMG7601

CIMG7599

Latitude: 29.438405° N
Longitude: 103.26445° W
Direction: 338°

Latitude: 29.438322° N
Longitude: 103.264413° W
Direction: 50°

CIMG7602

CIMG7600

88

Latitude: 29.438613° N
Longitude: 103.264672° W
Direction: 322°

Latitude: 29.438637° N
Longitude: 103.26467° W
Direction: 324°

CIMG7605

CIMG7603

Latitude: 29.438603° N
Longitude: 103.264662° W
Direction: 306°

Latitude: 29.438672° N
Longitude: 103.264667° W
Direction: 320°

CIMG7606

CIMG7604

89

Latitude: 29.438955° N
Longitude: 103.264878° W
Direction: 68°

Latitude: 29.438705° N
Longitude: 103.26468° W
Direction: 340°

CIMG7609

CIMG7607

Latitude: 29.438962° N
Longitude: 103.26487° W
Direction: 256°

Latitude: 29.438962° N
Longitude: 103.264878° W
Direction: 318°

CIMG7610

CIMG7608

90

Latitude: 29.439072° N
Longitude: 103.264972° W
Direction: 280°

Latitude: 29.439072° N
Longitude: 103.26497° W
Direction: 44°

CIMG7613

CIMG7611

Latitude: 29.439088° N
Longitude: 103.264992° W
Direction: 242°

Latitude: 29.439072° N
Longitude: 103.264967° W
Direction: 216°

CIMG7614

CIMG7612

91

Latitude: 29.43933° N
Longitude: 103.265245° W
Direction: 228°

Latitude: 29.439063° N
Longitude: 103.26498° W
Direction: 220°

CIMG7617

CIMG7615

Latitude: 29.439333° N
Longitude: 103.265245° W
Direction: 40°

Latitude: 29.439322° N
Longitude: 103.265238° W
Direction: 326°

CIMG7618

CIMG7616

92

Latitude: 29.439592° N
Longitude: 103.265097° W
Direction: 342°

Latitude: 29.439397° N
Longitude: 103.265247° W
Direction: 328°

CIMG7621

CIMG7619

Latitude: 29.439595° N
Longitude: 103.265105° W
Direction: 18°

Latitude: 29.439588° N
Longitude: 103.265088° W
Direction: 306°

CIMG7622

CIMG7620

93

Latitude: 29.440337° N
Longitude: 103.265445° W
Direction: 328°

Latitude: 29.439728° N
Longitude: 103.26498° W
Direction: 332°

CIMG7625

CIMG7623

Latitude: 29.440345° N
Longitude: 103.265445° W
Direction: 302°

Latitude: 29.44003° N
Longitude: 103.265145° W
Direction: 326°

CIMG7626

CIMG7624

94

Latitude: 29.440408° N
Longitude: 103.266188° W
Direction: 82°

Latitude: 29.440297° N
Longitude: 103.265767° W
Direction: 154°

CIMG7629

CIMG7627

Latitude: 29.440762° N
Longitude: 103.265022° W
Direction: 224°

Latitude: 29.440263° N
Longitude: 103.26593° W
Direction: 336°

CIMG7630

CIMG7628

95

Latitude: 29.44118° N
Longitude: 103.264617° W
Direction: 354°

Latitude: 29.44075° N
Longitude: 103.265062° W
Direction: 10°

CIMG7633

CIMG7631

Latitude: 29.44118° N
Longitude: 103.264617° W
Direction: 322°

Latitude: 29.44118° N
Longitude: 103.264617° W
Direction: 54°

CIMG7634

CIMG7632

96

Latitude: 29.441163° N
Longitude: 103.265763° W
Direction: 302°

Latitude: 29.44118° N
Longitude: 103.264628° W
Direction: 58°

CIMG7637

CIMG7635

Latitude: 29.441175° N
Longitude: 103.265747° W
Direction: 246°

Latitude: 29.441188° N
Longitude: 103.264605° W
Direction: 186°

CIMG7638

CIMG7636

97

Latitude: 29.441822° N
Longitude: 103.266837° W
Direction: 332°

Latitude: 29.441287° N
Longitude: 103.265812° W
Direction: 330°

CIMG7641

CIMG7639

Latitude: 29.442045° N
Longitude: 103.266778° W
Direction: 352°

Latitude: 29.44143° N
Longitude: 103.266005° W
Direction: 306°

CIMG7642

CIMG7640

98

Latitude: 29.444105° N
Longitude: 103.267328° W
Direction: 40°

Latitude: 29.44258° N
Longitude: 103.266845° W
Direction: 342°

CIMG7645

CIMG7643

Latitude: 29.449855° N
Longitude: 103.27133° W
Direction: 302°

Latitude: 29.44413° N
Longitude: 103.26728° W
Direction: 186°

CIMG7646

CIMG7644

99

Latitude: 29.442638° N
Longitude: 103.270638° W
Direction: 250°

CIMG8085
Latitude: 29.442647° N
Longitude: 103.270638° W
Direction: 294°

CIMG8086

VITA
Ashley Lynn Adams was born on October 8th, 1989, in Denton, Texas. She is the daughter of Kirk and Tami Adams. After graduating from Grapevine High School in 2008, she attended
the University of Pittsburgh in Pittsburgh, PA from 2008-2012 and received a Bachelor of Science degree in geology and a Bachelor of Arts degree in anthropology. In 2012, she began graduate work at Texas Christian University in Fort Worth, Texas. While in pursuit of a Master of Science degree in geology, she was a teaching assistant for the geology department. Ashley received
her Master of Science degree in August 2014. She will be pursuing a doctoral degree in geology
at Drexel University in September of 2014.

ABSTRACT
STRATIGRAPHY AND PALEONTOLOGY OF UPPER CRETACEOUS TO PALEOCENE
STRATA ON THE WESTERN ROSILLOS MOUNTAIN RANCH, BREWSTER COUNTY,
TEXAS

Ashely L. Adams, M.S. 2014
School of Geology, Energy, and the Environment
Texas Christian University
Dr. Arthur B. Busbey - Associate Professor of Geology
This study focused on unstudied exposures of Cretaceous and Paleogene rocks on the
western portion of the Rosillos Mountain Ranch, a private 25,000 acre ranch enveloped on three
sides by Big Bend National Park (BBNP). The field studies focused on mapping and recovery of
fossils, accomplished during five visits, mostly during 2013. Field studies were aided by the collection of many georeferenced high resolution images. The goals of this thesis were production
of the first accurate geological map of the area and the collection of fossils for biostratigraphic
calibration. A new geologic map corrected errors in older published maps. A new measured section aids our understanding of the regional lithostratigraphy. Fewer vertebrate fossils were collected than anticipated but we added to the relatively poor fossil record of this interval of time in
BBNP. Fossils include a subadult cf. Alamosaurus humerus, an indeterminate juvenile hadrosaur
ischium and a fragmentary turtle.

