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ABSTRACT 

An exposure of the Javelina and Black Peaks Formations north of Grapevine 

Hills in Big Bend National Park, Brewster County, straddles the Cretaceous-Tertiary 

(K/T) boundary. Mapping and section measurement resolved a pronounced change 

in mudstone color and contact form interpreted as different preserved soil profiles 

reflecting an increase in rainfall and cooling of the environment in the early 

Paleocene. With the intent to provide a useful field marker, and through comparison 

of these distinctive paleosol horizons, the Javelina-Black Peaks Formational 

boundary is now described at the top of the former "sandstone-dominated" portion 

of the Javelina Formation. Redefinition of this boundary adds over 100 meters of 

strata to the base of the Black Peaks Formation over original type section definition. 

As a result, the K/T boundary lies within the lower Black Peaks Formation. The 

Grapevine Hills section contains the most tightly limited K/T boundary section in Big 

Bend Park, based on the position of Cretaceous dinosaur and Paleocene vertebrate 

remains. Unlike other documented marine KfT boundary sections, this terrestrial 

K/T section cannot be recognized on the basis of stratigraphic details such as an 

unconformity or a "megawave" deposit as might have been caused by a bolide 

impact in the Caribbean at the close of the Cretaceous. The K/T interval has been 

refined by fossil remains to a section of 4 meters of strata which show an unusual 

lithology and fossil abundance seen nowhere else in the field area. 
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CHAPTER I 

INTRODUCTION 

Purpose 

Big Bend National Park encompasses part of the Chihuahuan desert along 

the Texas-Mexico border in Brewster County, Texas. Here, Tertiary volcanic 

and plutonic rocks have intruded the Cretaceous and early Tertiary sedimentary 

sequence, which is covered by Quaternary gravel in most places (Maxwell, 

Lonsdale, Hazzard, and Wilson, 1967; Schiebout, 1989; Lehman, 1991). The 

L-ate Cretaceous to early Tertiary section— încluding the Pen, Aguja, Javelina, 

Black Peaks, and Hannold Hill Formations—is exposed locally beneath this cover 

of young gravel and coUuvium. These strata yield abundant fossil remains and 

paleoenvironmental information about Late Cretaceous and early Tertiary 

faunas. 

The Cretaceous-Tertiary (K/T) boundary is exposed in Big Bend Park at 

several locations, some of which (Dawson Creek, Pterosaur Ridge; Standhardt, 

1989; Lehman, 1990; L.awson, 1972) have already been studied. These earlier 

studies suggest that sedimentation across the K/T boundary interval was 

continuous. The present study documents a previously unreported K/T 

boundary section exposed north of the Grapevine Hills laccolith. I present a 

geological map of the area, stratigraphic sections through the K/T boundeiry 

interval, and an evaluation of the lithology and paleontology of this section. 

Comparison of this K/T section and others known from Big Bend National Park 

provides insight for paleoenvironmental and paleoecologic interpretation of this 



critical event in Earth history. Thorough geological documentation of such sites is 

needed to better evaluate the theories concerning the K/T boundary. 

The K/T boundary debate has intensified in recent years, since the 

publication of Alvarez's (1980) impact theory. Predicated on the basis of 

elevated iridium abundance, shocked quartz, and melt spherules in an ash-like 

clay layer at K/T boundary sites around the world, the theory proposes that an 

asteroid 10 kilometers in diameter struck the earth at that time. Today, a leading 

candidate for the proposed impact site is on the north end of the Yucatan 

Peninsula in southeast Mexico. In theory, this impact caused widespread short-

and long-term ecological disruption sufficient to cause the extinction of a variety 

of animals, including dinosaurs, mosasaurs, plesiosaurs, ammonites, and dozens 

of species of zooplankton. A concentrically ringed magnetic and gravity 

anomaly, called the Chicxulub Crater, straddles the north end of the Yucatan 

Peninsula and may represent the now-buried structure formed by such an impact 

(Hildebrand et al, 1991). Recently, sedimentary deposits at the K/T boundary 

in Guatemala, Belize, southern and northeastern Mexico, east Texas, and 

Alabama have been described as tsunami deposits formed by megawaves forced 

landward by a bolide impact at Chicxulub (Smit et al., 1992; Bourgeois, 1994; 

Ocampo and Pope, 1994; Smit, Alvarez, Claeys, Montanari, and Roep, 1994; 

Smit, Roep, Alvarez, Claeys, Montanari, and Grajales, 1994; Smit, Roep, 

Alvarez, Montanari, and Claeys, 1994). This interpretation has been as hotly 

contested as the rest of the impact theory (Keller, MacLeod, Lyons, and Officer, 

1993; Stinnesbeck et al., 1993; Adatte, Stinnesbeck, and Keller, 1994; 

Stinnesbeck, Adatte, and Keller, 1994a). These previously studied "tsunami" 

deposits are all in marine strata. By contrast, strata spanning the KA" boundary 



in Big Bend Park are terrigenous, making this the closest known preserved 

terrestrial surface to the proposed impact site. In this study, I examine the 

sedimentary record of the K/T boundary interval at one site in Big Bend Park to 

determine what record, if any, exists here of bolide impact. 

The position of the KyT boundary interval in Big Bend Park is based 

primarily on paleontologic evidence, because lithology does not readily lend itself 

to temporal interpretation. Specimens of the Late Cretaceous titanosaurid 

sauropod Ahmosaurus and the giant pterosaur Quetzalcoatlus, as well as the 

Paleocene mammals PeripU;chus and ProtoseJene, have been recovered from 

the field area. The fauna also includes smaller vertebrates such as turtles, 

crocodilians, and freshwater fish. I examine below each of the vertebrate fossils 

recovered from the field area. I also review in particular the history of 

periptychid nomenclature since its origination by E. D. Cope in 1881. 

Methods 

I mapped the field area north of Grapevine Hills over fourteen days 

between May and October 1995 using a topographic base map. Stratigraphic 

sections, illustrated in the Appendix, were measured with a Jacob staff. Field 

marks such as strike and dip of bedding, jointing, paleocurrent indicators, 

mineralized veins, and natural springs were recorded. Mudstone coloration was 

described using Munsell's standard color chart. I also documented, prepared, 

and identified fossils recovered from the field area. 

A collection of lithologic samples, taken from major sandstone units and 

selected mudstones, were examined qualitatively, and thin-sections were 

prepared to determine mineralogical content, maturity, and lithology. Thin-



sections were stained for potassium feldspar and calcite. Preliminary screenwash 

samples were collected from fossil-bearing outcrops on the two lowest Paleocene 

sandstone units. These were sieved to collect material greater than one 

millimeter in smallest diameter. This material was examined under a binocular 

microscope for fragmentary fossil material and to check the coarse-fraction 

lithology. 

Sauropod bones recovered from the field area were partially covered with 

a veneer of calcium carbonate, part of which was removed by brief soaking in a 

buffered formic acid solution. The remainder of the coating was removed with 

an air-scribe. Quetzalcoatlus bones were similarly but more completely coated. 

Mammalian, turtle, and crocodilian specimens were enclosed in a sandy matrix 

that was easily removed. Turtle specimens recovered from the field area are 

currently being studied by Susan Tomlinson (Ph.D. dissertation in progress). 



CHAPTER II 

BACKGROUND 

Regional Geoloou 

Big Bend National Park was established in 1944, encompasses some 

2866 square kilometers, and is bounded on the east and west by several large-

scale geologic structures (Maxwell et al., 1967; Schiebout, 1974; Lehman, 

1989a). On the east, the Santiago Mountains and Sierra del Carmen form a 

faulted monocline overturned to the west, exposing Early Cretaceous marine 

limestones. On the west, the Mesa de Anguila and Sierra Ponce form a 

northwest-trending fault-bounded uplift, also exposing Early Cretaceous 

limestones. In the down-dropped region between these two uplifts. Late 

Cretaceous and early Tertiary strata are preserved. Interrupting these strata are 

mid-Tertiary intrusive and volcanic rocks, which form the Christmas, Rosillos, and 

Chisos Mountains. The Chisos Mountains form a rough ring in the center of the 

Park with many satellite laccoliths, sills, and dikes that form a secondary ring. 

The Grapevine Hills comprise one of these secondary laccoliths, emplaced 

between the Chisos Mountains and the Rosillos Mountains (Figure 2.1). The 

field area for the present study is just north of the Grapevine Hills (Figure 2.2). 

During Late Cretaceous time, the region that is Big Bend National Park 

was part of a subsiding basin flanked on the west by a volcanic arc and orogenic 

belt along a subduction zone, and on the east by the deeper portions of the 

Cretaceous Interior Seaway (Lehman, 1989a). Subsidence of the basin occurred 

in two pulses between 70 and 50 Ma (Lehman, 1991). During Cenomanian 

through Campanian time, the marine Boquillas and Pen Formations accumulated 



over the area (Lehman, 1989a). I-ate Cretaceous tectonism began to affect the 

region, forcing the shore to prograde rapidly to the east; this translation and its 

one distinct but brief reversal are found in the Campanian deposits of the Aguja 

Formation (Lehman, 1985). Following this regression, the region records only 

terrestrial sedimentation, although short-reaching transgressions are recorded to 

the east in the Parras and L-a Popa basins, and in the Rio Grande Embayment 

(Lehman, 1989a). Nascent L-aramide tectonism created enough relief in the 

region for the Maastrichtian through Eocene Javelina, Black Peaks, and Hannold 

Hill Formations to be at least partially constructed of material derived from 

weathering of older Cretaceous rocks (Lehman, 1985). The region became 

volcanically active in Late Eocene time between 48 and 42 Ma (Lehman, 1991) 

as the lava and tuff that construct the Canoe, Chisos, and younger South Rim 

Formations, and associated plutons were emplaced. As the plutons and 

laccoliths were gradually exposed during Miocene and more recent times, 

movement along northeast-southwest trending faults allowed the majority of Park 

territory, known as the "Sunken Block," to subside. Intense erosion of the 

exposed intrusions and lava produced the gently sloping pediment surfaces of 

Pleistocene age which have undergone erosion by recent stream-cutting action. 

Past Work 

Previous Geological Studies 

The region enclosed by Big Bend Park was mapped in 1904 by Hill and 

Udden, but they did not publish much of their research (Langston, Standhardt, 

and Stevens, 1989). Udden (1907) later described the entire variegated 

mudstone sequence of Tornillo Flats as I-ate Cretaceous in age and applied the 



name "Tornillo Clays" to them. Wilson et al. (1952) recognized that at least part 

of the Tornillo Clays were Paleocene or Eocene in age based on the recovery of 

mammalian fossil material from these deposits. Maxwell et al. (1967) renamed 

the "Tornillo Clays" the Tornillo Group and defined the Javelina, Black Peaks, 

and Hannold Hill Formations within it Although the text disagrees, their 

generalized column (Maxwell et al., 1967, p. 6) indicates that the Aguja 

Formation was also included in the Tornillo Group. Schiebout (1970) studied 

the sedimentology of the Black Peaks Formation and proposed a model for its 

paleoenvironment Lawson (1972) examined Tornillo Group stratigraphy in his 

paleoecological reconstruction. Hartnell (1980) and Beatty (1992) studied the 

deposition and ancestry of Eocene strata on Tornillo Flat Rapp et al. (1983) 

constructed a paleomagnetic column for mid Paleocene through early Eocene 

deposits. Lehman (1985) reviewed the sedimentology and lithology of the Aguja 

and Javelina Formations and contemporaneous deposits to the west. Lehman 

has also upheld Maxwell et al.'s (1967) stratigraphic nomenclature against 

Schiebout's desire to revise it (Schiebout, Rigsby, Rapp, Hartnell, and 

Standhardt, 1987; Lehman, 1988; Schiebout, Rigsby, Rapp, Hartnell, and 

Standhardt, 1988; Schiebout, 1989; Lehman, 1989b) and more recently has 

reviewed paleosols and the K/T boundary in the region (Lehman, 1989c, 1990). 

Previous Paleontological Studies 

The first vertebrate fossils reported from the Upper Cretaceous are the 

"saurian" bones found at two sites by Udden (1907) in his "Tornillo Clays," now 

included in the Javelina Formation. A small collection of dinosaur bones 

belonging to ceratopsians and hadrosaurs, invertebrates, and petrified wood was 



displayed in a museum in the Chisos Basin until a fire destroyed the building in 

1941 (Langston et al., 1989). Eley (1938) reported dinosaur bones and 

angiosperms in the Aguja and Javelina Formation. Strain established a large 

collection from several quarries at Fresno Creek near Talley Mountain (Langston 

et al, 1989); description of this collection includes ceratopsians, hadrosaurs, 

ankylosaurs, and theropods and is not yet complete (Langston et al., 1989). 

Brown and Bird found the enormous jaws of Deinosuchus, an ankylosaur skull, 

and sauropod bones (Brown, 1941). Wilson discovered the first early Tertiary 

mammalian remains in the "Tornillo Clays" in 1951. L-angston oversaw the 

excavation of a partial skeleton of an Ahmosaurus and the wing of 

Quetzalcoatlus northropi in 1971 (Lawson, 1975; Greenewalt and L-awson, 

1975). Lawson (1972) examined the paleoecology of latest Cretaceous, 

Paleocene, and Eocene deposits in the Park and described a variety of dinosaur 

remains from the Javelina Formation. Schiebout and students have 

screenwashed early Tertiairy sediments and described Paleocene and Eocene 

mammalian faunas (Schiebout, 1974; Hartnell, 1980; Schiebout, 1989), 

although collection of mammalian microfossils has also been more successful just 

outside the Park boundary (Rowe et al., 1992). Wheeler has described 

dicotyledonous woods in the Aguja, Javelina, and Black Peaks Formations 

(Wheeler etaL, 1994). 

Javelina Formation 

Origin and Provenance 

The Javelina Formation includes the lower part of Udden's (1907) 

"Tornillo Clays" and was defined by Maxwell et al. (1967), who took the name 
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from Javelina Creek in the northeastern corner of Tornillo Rat The Javelina 

Formation of Big Bend Park is correlative with the variegated mudstones of the El 

Picacho Formation farther west (Lehman, 1985). Sediments of the Javelina 

Formation are of fluvial origin and were derived from earlier Cretaceous marine 

rocks uplifted to the west and from volcanic material contributed from a volcanic 

arc complex further west (Lehman, 1989a). The sediments were deposited in 

the Tornillo Basin (Lehman, 1991) as fluvial overbank floodplain deposits and 

channel fill (Schiebout, 1974) with freshwater limestones (Standhardt, 1989). 

The finer sandstones and sandy mudstones contain a variety of dinosaur bones 

and occasional fragments of fossilized wood or partial logs. 

Outcrops 

Exposures of the Javelina Formation form a loose ring around the 

perimeter of the Chisos Mountains. An exposure near Javelina Creek in 

northeastern Tornillo Flat was the source of the formation's name and constitutes 

the thinnest section measured by Maxwell et al. (1967) at 90 meters (244 feet). 

Exposures north of Grapevine Hills are said to have been arched around the 

intrusion (Maxwell et al., 1967, p. 93 and map); however, mapping conducted 

for this thesis research shows that the strata actually strike toward the intrusion 

(Figures 2.3 and 2.4). Exposures in this area are part of an anticline trending 

northwest of Grapevine Hills, but continue westward north of Pulliam Peak, and 

along the flanks of Maverick Mountain anticline. An exposure south of Dawson 

Creek provided Maxwell et al. (1967) with the thickest section and a type 

section, measured in the park at 340 meters, although their text indicates that a 

thinner section of 195 meters measured at Tule Mountain is also designated as a 



type section (p. 94). Subsequently it was found that this section includes part of 

the Black Peaks and Canoe Formation (Lehman, 1989c; Lehman, 1990) 

Exposures between Tule Mountain and Castolon are under heavy gravel cover. 

South of the Chisos Mountains, the Javelina Formation is exposed north of 

Talley Mountain, in the flats west of Cow Heaven Mountain, and on the flanks of 

Chilicotal Mountain (Maxwell et al, 1967). The sections measured by Maxwell 

et al. (1967) seem to suggest that the Javelina Formation thins to the east, but 

Lehman (1985, 1991) disagrees, showing that section thickness decreases from 

west to east across the Park. The Grapevine Hills Javelina section measured for 

this report is 116 meters thick; however, as it is possible that the middle of the 

Javelina Formation has been faulted out at Grapevine Hills, this measurement 

may not be accurate. 

Javelina - Black Peaks Contact 

The Javelina Formation lies conformably atop the Aguja Formation, but 

the boundaries between the formations established by Maxwell et al. (1967) as 

part of the Tornillo Group have been contested as part of a nomenclature 

dispute (Lawson, 1972; Hartnell, 1980; Schiebout et al., 1987; Lehman, 1988; 

Schiebout et al., 1988). Maxwell et al. (1967) placed the boundary between the 

Javelina Formation and the overlying Black Peaks Formation at the KyT 

boundary, and indicated that the contact was unconformable. Lehman (1985) 

demonstrated that the Javelina and Black Peaks were in conformable contact 

and that the Javelina Formation as mapped at the time included Paleocene as 

well as Cretaceous strata. Schiebout et al. (1987) suggested a revision of 

nomenclature, reducing the Javelina to a member of the resurrected "Tornillo 
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Formation" (of Lawson, 1972) within a new "Chilicotal Group," but accepted its 

inclusion of both Cretaceous and early Tertiary strata. Recent interpretation 

suggests use of the lowest black mudstone bed as the formation contact 

(Lehman, 1988; Schiebout, 1989), placing the K/T boundary at or near the 

Javelina-Black Peaks boundary. This study of the Grapevine Hills K/T section 

supports a Javelina Formation that is entirely latest Cretaceous (Figure 2.3). 

Black Peaks Formation 

Origin and Provenance 

The Black Peaks Formation comprises the heart of Udden's "Tornillo 

Clays," and was given its name by Maxwell et al. (1967) in reference to three 

basaltic peaks northwest of McKinney Hills on western Tornillo Flat. The 

sediments are derived from the erosion of Cretaceous strata and volcanic rocks, 

as was the case for the Javelina Formation, but the source may have included 

nascent I-aramide uplift of these rocks to the northeast of the Park as well 

(Maxwell et al., 1967; Lehman, 1989). Freshwater limestones are present, but 

rare as in the Javelina (Schiebout, 1970). Mudstones are dominant in the 

majority of the section and were host to soil development at many levels. The 

distinctive black horizons, abundant carbonate nodules, and leached zones attest 

to wetter conditions than present during deposition of the Javelina (Lehman, 

1990). Fossils recovered from the Black Peaks typically represent a diverse 

fauna of small Paleocene mammals, turtles, and crocodilians (Schiebout, 1974). 

11 



Outcrops 

Maxwell et al. (1967) record three major exposures of the Black Peaks 

Formation. The western side of Tornillo Flat provides the type section, and also 

the thickest well-exposed section (Maxwell et al., 1967) with the greatest diversity 

of mammalian fossils (Schiebout, 1974). Maxwell et al. (1967) list the type 

section as being 264 meters thick; however, Schiebout (1974) was unable to 

follow their section description and measured another in the same area as 170 

meters thick—^probably the formation boundary placement is all that differs. The 

Black Peaks exposures on eastern Tornillo Rat and Juniper Draw near Tortuga 

Mountain (southeast of the Chisos Basin) have also been examined (Schiebout, 

1974). Much of the exposure of the Black Peaks Formation at Grapevine Hills is 

very poor, partly explaining why it does not appear on Maxwell et al.'s (1967) 

geologic map of the Park. Only the lower 282 meters of the Black Peaks 

Formation is exposed at the Grapevine Hills site; the remaining 170 meters is 

largely covered by alluvium or colluvium. This section is very thick, possibly as a 

result of structure hidden by the gravel cover. 

Because of the recent redefinition of the position of the boundary, the 

Black Peaks Formation is now much thicker than previously described (Figure 

2.5). Lehman (1985) originally described the Javelina in two parts, a lower 

sandstone-dominated section and an upper mudstone-dominated section. On 

the basis of similar lithology and paleosol horizons, the mudstone-dominated 

section has been included in the Black Peaks Formation. The original Black 

Peaks type section of Maxwell et al. (1967) from Tornillo Flat, reported as 866 

feet (244 meters; page 101), approaches 350 meters with the addition of 

Lehman's (1985) upper mudstone. Further, Maxwell et al. (1967, and map) and 
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later measurements (Schiebout, 1974) at the Tornillo Flat location neglected the 

base of the Black Peaks as they had defined it, perhaps as much as another 100 

meters; this omission is probably due to cover of the base of the Black Peaks by 

Pleistocene gravel at the type locality. This omission may also explain why early 

workers in the Park contended that early Paleocene deposits have been 

eliminated by an unconformity (Maxwell et al., 1967; Schiebout, 1970); in more 

recent work the existence of an unconformity has been dismissed (Schiebout, 

1974; Lehman 1988, 1989). There is little evidence in the Grapevine Hills K/T 

section indicating an unconformable contact. Measurements north of Grapevine 

Hills indicate a Black Peaks Formation thickness of approximately 440 meters. 
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Figure 2.1. Map of the northeast corner of Big Bend National Park. This shows 
the Park perimeter (dotted line), major roads (double solid lines), 
geologic features (single solid line), faults (dashed line), and the 
relative position of the field area (starred location). 
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FiQure 2 3 Geologic map of the southwest quarter of the field area north of 
Grapevine Hills. The exposures elsewhere in the field area are sparse. 
Measured stratigraphic sections are marked with chevrons indicating 
measurement direction and are numbered from 1 to 4 (north to 
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Figure 2.4. Structural map of the southwest quarter of the field area. This map 
covers the same region a.s Figure 2.3 and shows resistant sandstones 
(solid lines), red mudstone horizons (dashed lines), natural springs 
(tailed circles), and fossil localities (small crosses). Topographic 
contours excerpted from the USGS Grapevine Hills 7.5-minute series 
topographic map, UTM system 13RFC. 
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western Tornillo Rat 
Maxwell et al. (1967) 

Grapevine Hills 

Figure 2.5 Comparison of stratigraphic sections in the field area and related 
nearby sections. Sections 1 through 4 from Grapevine Hills are 
illustrated from left to right. Maxwell et al.'s (1967) Javelina and 
Black Peaks type sections are also illustrated at the same scale for 
comparison. Lines between the sections represent suggested 
correlation. 
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CHAPTER III 

STRATIGRAPHY AND SEDIMENTOLOGY 

OF THE FIELD AREA 

General Description 

The field area for this study is located north of the Grapevine Hills 

laccolith and south of Tornillo Creek in Big Bend Park (UTM System, 13RFC ^74 

to 75, 55 to ^^56, with some extensions to the north and east; Grapevine Hills 

Quadrangle, 7.5 minute topographic series, 1971). The Cretaceous and 

Paleocene exposures are limited nearer the laccolith by well-indurated high 

Pleistocene pediment gravel and limited near the ephemeral creeks by a lower 

alluvial surface created by recent erosion of the gravels (Figure 2.3). In some 

places, particularly at the top of the section, the covered areas intersect and 

outcrops are limited to the edges of cutbanks, arroyos, and precipitous edges of 

the Pleistocene gravel outcrops. The Cretaceous and Paleocene strata dip to the 

east and steepen from 8° at the Black Peaks-Hannold Hill contact to 35-39° near 

the base of the westernmost Javelina exposure. This contradicts the map given 

by Maxwell et al. (1967, p. 93 and map) which shows Javelina strata north of 

Grapevine Hills dipping radially away from the laccolith. The inclination of 

Javelina strata lessens northward, with dips averaging 40° in the extreme 

southern limits of the field area, 20° along the main ridges, and 10-15° at the 

isolated outcrops between the field area and Tornillo Creek. Further, outcrops of 

the Black Peaks Formation north of Tornillo Creek dip about 10° to the south. 

The base of the Javelina Formation and contact with the underlying Aguja 

Formation is exposed along the eastern flank of a northward-plunging anticline 
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which forms the western border of the map area (Lehman, 1985, figure 13, page 

88; Schroeder, 1988, figure 1.2, p. 8). This contact may be faulted. A fault is 

evident where it crosses Tornillo Creek about 1.85 km northwest of the sharpest 

peak in the field area, but it is not yet clear whether this fault continues along the 

limb of the anticline back toward the Grapevine Hills map area. The fault plane is 

visible in an outcrop at the point of sharpest topographic relief on the south bank 

of Tornillo Creek. 

Route to the Field Area 

From the Big Bend National Park Ranger Station and Park Headquarters 

at Panther Junction, head west on Texas State Highway 118 toward Study 

Butte, TX (Figure 3.1). Pass the left turn to the Chisos Basin after 5.0 km and 

turn right on a dirt road less than 0.1 km around the next bend. This road 

reaches the southwest corner of Grapevine Hills laccolith about 8.0 km from the 

highway, then roughens as it follows the west flank of the laccolith. Stop at the 

pullout for the Grapevine Hills trailhead near the mouth of a canyon cutting 

through the northwest edge of the laccolith and proceed on foot. The easiest 

route to the field area follows the main drainage of the canyon northward, which 

crosses the Grapevine Hills road fifty meters east of the pullout. About 0.5 km 

along the drainage from the dirt road, this stream channel cuts across a resistant 

sill, creating a two-meter waterfall from contact-metamorphosed Javelina 

Formation strata (Figure 3.2). This sill marks the southern edge of the field area. 

The stream continues north through the Javelina Formation exposures, roughly 

following strike of the main Javelina ridge on the right bank. About 2.0 km from 
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the road, the stream skirts the northwest edge of the prominent peak (Figure 3.3) 

in the field area and winds northeast toward Tornillo Creek. 

Measured Sections 

Four stratigraphic sections were measured with a Jacob staff and Brunton 

compass. These sections are illustrated in the Appendix (Figures A.2 through 

A.5). Alternating sandstone and mudstone units in both the Javelina and Black 

Peaks Formations have been labeled with names indicating basic lithology (M for 

mudstone, S for sandstone), age (K for Cretaceous, T for Tertiary), and 

formation (J for Javelina, BP for Black Peaks), then numbered sequentially from 

oldest to youngest Where needed, additional divisions were added, usually 

lower (L), middle (M) and upper (U). l-abels around the K/T interval indicate 

characteristics of subdivisions of the MTBP2 mudstone: a nodular horizon (N), 

the boundary horizon (B), and a lensoidal sandstone horizon (L). 

Javelina Lithologies 

General Description 

Exposures of the Javelina Formation in the map area generally consist of 

thin beds of silty fine- to medium-grained sandstone interbedded with thicker 

units of silty mudstone. The main exposure is 116 meters thick. This is thicker 

than the 74-meter section described by Maxwell et al. (1967, p. 93) nearby, 

northwest of McKinney Hills. The more resistant sandstone beds are submature 

carbonate-cemented feldspathic litharenite, while less prominent ridges are 

immature sublitharenite. All clastic rocks of the Javelina generally weather to 

pale dusky yellow (Munsell's 5Y7/3) or yellow brown (10YR5/4), some beneath 
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a thin erosion-resistant sandstone cap of dark brown or dark yellowish brown 

(10YR4/2). Most of the sandstone beds are laterally discontinuous, pinching out 

altogether in as little as 25 meters; the lithologic character of the main sandstone 

ridges changes, sometimes dramatically, within the bounds of the field area. In a 

few places, the darker ridge-supporting sandstones grade laterally into channel 

deposits with irregular bases lined with a coarse carbonate-gravel lag; the clasts of 

the lag are probably reworked nodules derived from underlying mudstone beds. 

The sandstones are composed of quartz grains, feldspar, and red and black lithic 

fragments (chert and volcanic rock fragments, respectively). Detrital grains rest in 

a matrix of greenish gray carbonate mud; the degree of resistance to weathering 

in both sandstones and the more resistant sandy mudstones is dependent upon 

the abundance of carbonate cement. 

The mudstone beds (Figure 3.4) are typically pale yellow orange 

(10YR8/3) to dusky yellow (5Y7/2; "olive" of Lehman, 1989c) with common 

zones usually greater than one meter thick of dark purplish red (5R4/2; "purple" 

of Lehman, 1989c) grading into grayish blue purple (10PB5/1; "light gray" of 

Lehman, 1989c). The purple layers include microscopic selenite crystals, and 

both frequently host copious white to pale bluish gray carbonate nodules, and 

rarely purplish gray barite nodules. Contacts between mudstone layers, although 

rendered indistinct by surface weathering, are usually planar. The mudstone 

coloration is relatively constant except along narrow (usually <1 cm) subvertical 

veins of calcite around which the adjacent sediment is bright orange (10YR7/7). 

This color banding may reflect preservation of fossil soil horizons ("paleosols"; 

Retallack, 1990; Lehman, 1988, 1989c, 1990). 
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Javelina Ridges 

Four prominent sandstone ridges run most of the length of the exposed 

section of the Javelina Formation in the field area. Lowest in the section and 

west of the entrance canyon is a lenticular immatiore carbonate-cemented 

litharenite (unit SKJl, section 2; Figure A.3). The base of this unit is irregular, 

and at its thickest it shows narrow gravel- and nodule-filled channels, usually less 

than half a meter wide. The first ridge east of the entrance stream is a submature 

carbonaceous feldspathic litharenite, which coarsens to the north (unit SKJ2, 

section 4; Figure A.5). This sandstone unit contains prominent primary current 

lineation and ripple cross-lamination. Stratigraphically above this sandstone unit 

in the southern part of the field area is a prominent white bed with a very limited 

lateral extent, about twenty meters. This unit is a bed of volcanic ash (Figure 

3.5). This ash bed is so brightly colored (pinkish white, 5YR9/1) compared to its 

surroundings that it can be picked out in an aerial photograph of the Grapevine 

Hills region (USGS photo GS-VCJG 2-36, 1970). Above this ash bed are a pair 

of resistant sandstone beds that pinch out to the south. The upper bed is a 

mature sublitharenite (unit SKJ3a, section 4; Figure A.5) and the lower unit is a 

submature calcite-cemented litharenite (unit SKJ3b, section 4; Figure A.5). Both 

units thicken, fine in grain size, and become progressively resistant to the north, 

except where a field of springs and possible faulting have disrupted them just 

south of the prominent peak in the field area. These two beds support the lower 

bench of the prominent peak. Weathering of mudstone between these 

sandstone beds and the uppermost bench on the prominent peak has armored 

the interval with carbonate nodules. The uppermost ridge-forming unit is a thinly 

laminated mature feldspathic litharenite with large scale cross-bedding in places 
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(unit SKJ4, sections 1 and 4; Figures A.2 and A.5). The top of this unit is the 

mapped contact between the Javelina and Black Peaks Formations. 

Possible Fault Through the Javelina 

Several small springs and seeps form a line parallel to the strike of the 

main Javelina sandstone ridge in the field area (unit SKJ4, section 1; Figure A.2) 

and the subordinate ridge just east of the entrance stream channel (unit SKJ2, 

section 4; Figure A.5). The southernmost seep appears on a covered hillside of 

the Pleistocene gravel, where springs emerge from under a small exposure of unit 

SKJ4. Just to the north are two springs near the ash bed outcrop, with a 

concurrent trend of deep linear cracks (up to 60 cm deep) in the soil cover. The 

line of springs ends just south of the prominent peak in the field area with a 

cluster of four springs (Figure 3.2). The subordinate ridge is truncated subjacent 

to these springs, but an outcrop of similar character occurs on the west flank of 

the point. This muddy sandstone and adjacent mudstones dip 68° to the south. 

The contact between this anomalous structure and the nearby sandstone ridges is 

covered. The northernmost end of the main sandstone ridge (unit SKJ4, section 

1; A.2) is truncated in a slight fold. Figure 2.5 shows that unit SKJ2 is 

conspicuously missing from section 1 (Figure A.2), although it is present in all 

other sections from the field area. 

These details suggest that the middle of the Javelina section may have 

been faulted out of the exposure, at least in part of the field area, removing most 

of the ash bed interval and the underlying units. The springs may produce water 

moving along the fault plane from a source in the adjacent canyon to the 

southeast. The surface cracks may reflect propagating collapse along the buried 
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fault plane. In addition, evidence of parallel faulting is seen lower in the Javelina 

section (Figure 3.4) and along the edge of the anticline to the west. However, 

nowhere is a fault surface apparent, although slickensides are found on loose 

boulders in the drainage between the SKJ2 and SKJ3 ridges. The rotated block 

on the western flank of the prominent peak could simply be a slump. The 

measured thickness of the Javelina Formation here is comparable to that found 

nearby on Tornillo Flat. Hence, if a fault is present here, its displacement may be 

small. 

Environmental Interpretation 

The depositional setting of the Javelina Formation was dominated by 

ephemeral braided-stream flow as demonstrated by the narrow channels in the 

lower sandstone units. Periodic flooding created overbank deposits like the 

fining-upward section above the ash bed interval. The stream channels may 

have migrated northward in this area, as suggested by the progressive northward 

thickening of several Javelina sandstone units between Tornillo Creek and the 

map area. During intervals between major inundations by sediment, the 

floodplain was host to soil development, evidenced by the repetition of a 

characteristic mudstone sequence: on top, a thin zone of grayish blue (5PB5/2) 

with rare sublinear curled carbonate veins; a thicker, irregularly bounded pale 

brownish gray (5YR6/1) to pale yellow zone (5Y7/4); and at the bottom a thick 

nodule-rich zone colored grayish red (10R4/2). This sequence is interpreted as 

an upper organic zone with root traces (Al horizon), a middle leached zone (A2 

horizon), and a lower iron- and carbonate-enriched zone (B horizon) (Retallack, 

1990; Lehman, 1990). This sequence of mudstones is repeated between 
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sandstone units, occasionally truncated by later erosion such that only the grayish 

red nodular horizon appears, suggesting that both deposition and erosion 

continued intermittently in the area between episodes of large-scale channel 

migration. Distinct cross-bedding, parallel-lamination, and bioturbated levels in 

the mudstones furthers this notion. Where gravel lags appear, usually associated 

with the first incidence of sandstone deposition, they comprise rounded reworked 

carbonate nodules similar to those found in red mudstone levels. 

Black Peaks Lithologies 

General Description 

The Black Peaks Formation is much thicker in the map area than is the 

Javelina. However, the Black Peaks is dominated by mudstones, and the upper 

two-thirds of the section is covered by colluvium beginning just below the Black 

Peak-Hannold Hill contact. The Black Peaks Formation comprises pale yellowish 

brown (10YR7/5), moderate red (5R4/4; "red" of Lehman, 1989c), bluish gray 

(5B6/2), grayish red (5R3/2; "dark gray" of Lehman, 1989c), and distinctive 

black or olive black (Nl to 5Y2/1; "black" of Lehman, 1989c) mudstones (Figure 

3.6). The contacts between mudstone layers are highly irregular to such an 

extent that the surface is a variegated patchwork rather than recognizable 

horizons in some parts of the section. A few units of sandy mudstone and even 

fewer sandstones beds, generally immature carbonate-cemented sublitharenites, 

support the prominent ridges in the exposure. The major differences between 

the Black Peaks and the Javelina are (1) sandstone beds are considerably less 

abundant but thicker where they do occur, more poorly cemented, and of limited 

lateral extent in the Black Peaks; (2) the contacts between units, particularly the 
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mudstones, tend to be very irregular in the Black Peaks and sublinear in the 

Javelina; and (3) charcoal black mudstones are limited to the Black Peaks. 

Black Peaks Ridges 

Of four major ridges in the field area, the lowest in the section is 

supported by a thin bed of fine-grained laminated calcite-cemented sublitharenite 

sandstone (unit STBPl, section 4; Figure A.5). Some thin horizons in this unit 

are bioturbated, contain carbonate rip-up clasts, and have reworked nodules. 

This sandstone contains gar scales, fragments of turtle shells {Hoplochelys, 

Aspideretes), alligatorid teeth, and very small mottled seeds (the fossilization of 

the last is dubious). A higher ridge is supported by a resistant carbonate-

cemented lens of muddy medium sandstone (unit STBP2, section 4; Figure A.5). 

This sandstone has yielded several vertebrate fossils, including abundant turtle 

shell fragments, an Aspideretes carapace, a tooth from Protoselene griphus, and 

a partial maxilla of Peripti;chus carinidens. The next ridge (unit STBP3, section 

4; Figure A.5) is the most distinct in the Black Peaks section, held up by two 

prominent immature calcite-cemented sublitharenite sandstone beds separated 

by a cross-laminated sandy interval containing distinctive subspherical brown 

hematitic "cannonball" concretions ranging in size from marbles to softballs. The 

uppermost ridge of the Black Peaks section (unit STBP4, section 4; Figure A.5) 

consists of friable immature carbonate-cemented feldspathic litharenite, but it also 

contains a distinct unit with several channels filled by gravel lag of predominantly 

chert pebbles rather than reworked carbonate nodules. These chert pebbles are 

thought to be derived from older Cretaceous deposits (Lehman, 1985). 

Although this is the thickest sandstone section in the field area, it is also the 
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poorest exposure. This sandstone lacks the carbonate cement found in more 

resistant ridges. Beyond this ridge the Black Peaks grades into sandy mudstone 

and variegated mudstones. 

Carbonate Deposits 

The conspicuous nodules found throughout the Javelina and Black Peaks 

section range in size from 2 cm to about 20 cm along the longest dimension. The 

smaller nodules, up to 4 cm in diameter, are usually the common calcite variety, 

white to gray, subcylindrical, with a smooth lobate or jagged surface. The rarer 

barite varietyare heavier than the carbonate version and subspherical with a 

pimpled or pustulate surface. Larger nodules are expressly calcite; those in the 

middle size range (up to about 10 cm longest axis) are bosselated cylinders with 

reticulate fine grooves across the surface. The largest nodules occur at only two 

locations, both in the Black Peaks Formation (as defined above): nodules occur 

in a narrow blue gray mudstone horizon just below the K/T boundary (unit 

MTBP2-N, section 4; Figure A.5), where they are irregular globular masses tightly 

packed together. Morphologically, these nodules conform to the third type 

described by Lehman (1989). Nodules also occur near the base of the highest 

Black Peaks sandstone ridge (unit STBP4-L, section 4; Figure A.5), where they 

are very long (some are >20 cm) but very slender (about 2 cm diameter) 

distorted cylinders that extend from the top of their host sandstone unit several 

centimeters into the mudstone unit below; in Lehman's (1989) classification, 

these nodules match the fourth morphogenetic type. Some of these taper 

downward, reminiscent of rhizocretions, but too few are exposed to determine if 

this is a characteristic shape. Both types of nodules and the petrocalcic horizons 
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in which they form are the result of calichification following podzolization of the 

overbank deposits (Lehman, 1989). The implied repetition of these processes 

attests to the wet-dry cyclic nature of the Late Cretaceous and perhaps early 

Tertiary environment in Big Bend Park. 

Thin (<10 cm) laterally extensive zones of silty calcium carbonate form 

resistant benches in the mudstones of the lower Black Peaks Formation (e.g., top 

of unit STBP3-M, section 4; Figure A.5; also occurs in MTBPl and MTBP2). 

These units have irregular contacts and weather to a mottled dark brown and 

green "camouflage" pattern. Some contain spar in short cracks radiating from 

points near the center of the unit. Aside from these features these units have no 

internal structure. Maxwell et al. (1967) observed similar features in loose 

nodules in the Javelina Formation. Thus the carbonate layers may be horizons in 

which nodules formed so abundantly that they grew together. In that event, 

however, the units should show interior sutures; none are evident. These units 

could represent lacustrine accumulations of carbonate, as suggested by an 

example in Maxwell et al. (1967, p. 100). In either case, the spar is probably a 

diagenetic effect. These "hardpans" match closely the sixth type of petrocalcic 

horizon defined by Lehman (1989). 

Environmental Interpretation 

Sedimentation in the area during Early Paleocene time may have been 

more episodic than during Latest Cretaceous time but overall less frequent. 

Provided that the moderate red horizons are in fact B horizons of paleosols, 

several of these paleosols are preserved, indicating that significant depositional 

events buried them deep enough to keep them largely unaltered by later 
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development. However, their abundance attests to long-term stable land 

surfaces with a low sedimentation rate, probably much lower than rates during 

the Latest Cretaceous (Lehman, 1991). The distinctive black units characteristic 

of the Black Peaks Formation are probably O horizons and suggest verdant 

growth, although they preserve very little organic material (Lehman, 1990). 

Similar mudstone intervals above and below these are much paler in color and 

probably represent drier environments. The scarcity of vertebrate remains as 

compared to the volume found in the uppermost Javelina Formation could be 

due to combinations of several factors: arid climate restricting habitability; 

considerably smaller vertebrates relative to the latest Cretaceous dinosaur 

assemblage; considerably fewer remains to fossilize; and a low depositional rate, 

allowing bones to disintegrate before internment. 
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Figure 3.1. Route to the field area. The unimproved road leading from 
Government Spring to Grapevine Hills is marked with a heavy dashed 
line; hardtop roads are marked with solid lines. Tornillo Creek forms 
the northern edge of the field area, and the shaded portion of the field 
area represents the region covered by the geologic and structured 
maps given in this report 
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Figure 3.2 Sill over the main drainage through Javelina exposures. This dry 
waterfall marks the southern edge of the field area. The graduate 
student at 1.8 m provides the scale. The resistant strata creating the 
bench behind him is a metamorphosed sandy mudstone of the 
Javelina Formation, bleached to a creamy pale yellow (5Y9/4). This 
sill crosses the drainage twenty meters upstream; most of the outcrops 
along the drainage have been altered by its intrusion. 
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Figure 3.3 Most prominent point in the field area. This peak is supported by the 
two uppermost main sandstones of the Javelina, SKJ3(a and b) and 
SKJ4. The Quetzalcoatlus localities NGH-2 and -3 lie in the saddle 
between the upper and lower benches on the ridge. Note seepage 
from several small springs in the foreground. 
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Figure 3.4 Characteristic Javelina Formation mudstone colors. This alternating 
sequence of sharp-edged red and pale yellowish brown is seen in 
most of the Javelina exposure in the Park. Pale bluish gray bands are 
thin and generally occur atop the red bands, one color blending into 
the other over as little as 10 cm. Notice the fault offset in the ridge at 
center; this fault plane nearly parallels the limb of the Aguja anticline 
to the west and the possible fault indicated by natural spring activity 
between the Javelina ridges to the west. 
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Figure 3.5 Volcanic ash unit. This is the only exposure of this unit in the field 
area. Its brilliant color is visible in the aerial photograph of the region 
USGS GS-VCJG 2-36. The cluster of small trees on the slope face in 
the upper left cover an outcrop of SKJ3 and are watered by springs. 
Springs also feed the drainage in the left foreground. These springs 
may show the position of a fault that has faulted out most of the ash 
bed. 
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Figure 3.6 Characteristic Black Peaks Mudstone colors. The blue-gray and 
purple mudstones of the basal Black Peaks lack the sharp edges of 
their Javelina counterparts. The Torrejonian fossil mammal locality 
NGH-1 is only a few meters over the ridge at left; some similar 
fragmentary fossils were found near the top of the hill on the right. 
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CHAPTER IV 

SYSTEMATIC PALEONTOLOGY 

A variety of vertebrate fossil specimens were recovered from the field area 

during the course of this stiidy. These specimens are described and discussed 

below. Fossils collected from the Upper Cretaceous localities are discussed first, 

followed by those from early Tertiary localities. Each specimen is identified with 

an informal field number (e.g. NGH-10); these numbers match those of fossil 

localities marked on Figure 2.4. All specimens will be officially catalogued in the 

vertebrate paleontology collection of the Texas Memorial Museum in Austin, 

Texas. 

Infraorder SAUROPODA 

Family TITANOSAURIDAE 

Genus ALAMOSAURUS 

Ahmosaurus sp. 

Horizon and Locality: Javelina and Black Peaks Formations, north of 

Grapevine Hills, BBNP, Brewster County, TX (locality field numbers NGH-10, -

11, -12) 

Age: Late Cretaceous (Maastrichtian) 

Material: humerus; cervical vertebra; left coracoid. This is all material 

from juvenile individuals, although probably not a single individual. 

Description: The bone fragments from NGH-10 are part of a very small, 

probably juvenile, sauropod humerus. This diagnosis is based on comparison 
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with the humerus of Ahmosaurus illustrated by Gilmore (1946). The rugose 

proximal end was partially eroded prior to being interred and is encased in 

nodular carbonate. Similarly, the epicondyles and olecranon fossa of the distal 

end have been weathered and carbonate-encased. The deltopectoral crest has 

more recently been removed through breakage; fragments of the anterior margin 

of the humerus were not found. 

A single vertebra was recovered at NGH-11, about five meters north of 

NGH-10 along the same horizon. It is transversely flattened and both ends are 

heavily covered in nodular carbonate material. The posterior face of the centrum 

is concave, and the cranial face is poorly preserved. Two depressions on the 

lateral faces of the centrum taper downward toward the cranial face; these 

appear to be the pleurocoels. Above these, along the length of the centrum, runs 

a bifurcate sutural surface where the neural arch would have been attached. A 

small prominence attached to the anterior face may be a fragment of the 

odontoid process, suggesting that this is a fusion of the atlas and axis vertebrae. 

The identification of the vertebra (NGH-11) is questionable because the 

specimen is mostly covered. The assessment here is based on its similarity to 

anterior cervical vertebrae of Apatosaurus described by Gilmore (1936). The 

specimen lacks surfaces near the anterior ventral margin of the centrum where 

the parapophyses should be and shows pleurocoels higher on the sides of the 

centrum than in comparable cervical vertebrae. Until the specimen can be 

completely prepared, exact diagnosis will be difficult. 

Recent work at NGH-11 revealed more than a dozen additional vertebrae 

and postcranial elements. Seven bones have been collected but have not yet 

been studied. It is assumed that these bones also belong to Ahmosaurus given 
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their similarity and proximity to other sauropod finds, but until they are prepared 

their affinities are pending. 

A nearly complete left coracoid was collected at NGH-12, about four 

meters north of and at the same stratigraphic level as NGH-11. The coracoid is 

subrectangular, 20 cm wide by 15 cm long, and is slightly over 1 cm thick along 

its slightly convex anterior edge. Toward the rugose glenoid cavity face it rapidly 

thickens to just under 4 cm. The suture for the scapula is well preserved, strongly 

rugose, and notched across the inner face leading anteriorly toward the foramen 

in the interior of the coracoid. This foramen perforates the convex outer face of 

the coracoid three centimeters below the coraco-scapular suture. 

The foramen in the coracoid (NGH-12) does not match the one illustrated 

by Gilmore (1946), which is shown closer to the center of the bone. Further, his 

illustration does not suggest that the trough emerging from the fossa on the 

interior face of the coracoid passes across the suture on the interior face of the 

scapula, which it must have done in the case of NGH-12. 

Discussion: Ahmosaurus is the most common vertebrate in the Javelina 

Formation (Lehman, 1987). A variety of Ahmosaurus skeletal elements were 

described by Lawson (1972), and numerous undescribed specimens collected by 

Langston are preserved at the Texas Memorial Museum in Austin. Identification 

of the present specimens as Ahmosaurus (NGH-10, -11, and -12) is based on 

recognition that all sauropod material from Big Bend Park has been referred to 

this genera. More than one animal is represented by the collection from NGH-

10, -11, and -12. The coracoid and cervical vertebrae are similar enough in size 

to have been from the same individual, probably an adolescent juvenile, but the 
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humerus is from a very small animal. These remains were associated with a large 

number of vivaparid snail steinkerns. 

Order PTEROSAURIA 

Suborder PTERODACTYLOIDEA 

Family AZHDARCHIDAE 

Genus QUETZALCOATLUS 

Quetzalcoatlus sp. 

Horizon and Locality: Upper Javelina Formation, north of Grapevine 

Hills, BBNP, Brewster County, TX, (locality field numbers NGH-2, -3) 

Age: Late Cretaceous (Maastrichtian) 

Material: fragmentary vertebra and wing elements, probably phalanges 

Description: These specimens comprise dozens of hollow tubular bone 

fragments preserved by encasement in dark grayish blue carbonate nodules. 

Such carbonate nodules are abundant in this fossil-bearing horizon (NGH-2 and 

-3), although most are ovoid and only about twice or three times longer than 

they are wide. The pterosaur bones are extremely long and flat The bones are 

thin-walled, about one millimeter thick, lamellar, and would have been about 

one or two centimeters in diameter when uncrushed. Some of the fragments 

have been reassembled into segments about twenty centimeters long. They do 

not obviously taper. No articulation surfaces or other readily identifiable 

sti-uctijres are present. The shape of the larger fragments is consistent with the 

distal wing elements of a pterosaur and one fragment is probably from a cervical 
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vertebra. All of the fragments were collected as surface float, and both of the 

localities are promising as potential quarry sites. 

Discussion: The giant pterosaur Quetzalcoatlus northropi was described 

by Lawson (1972, 1975) on the basis of a specimen collected from the Javelina 

Formation. Subsequent to Lawson's work, Langston collected a number of 

smaller specimens of Quetzalcoatlus in other exposures of the Javelina Formation 

(Wellnhofer, 1991) The bones from NGH-2 and -3 are too thin and small to be 

proximal limb bone fragments of Quetzalcoatlus, or bones from any other known 

type of Cretaceous vertebrate; this tentative identification is based on that 

assurance. The fragments reported here are from small individuals, comparable 

in size to those collected by Langston. 

Order CROCODILIA 

Suborder EUSUCHIA 

Family CROCODYLIDAE 

Genus ALLOGNATHOSUCHUS 

AUognathosuchus sp. 

Horizon and Locality: Lower Black Peaks Formation, north of Grapevine 

Hills, BBNP, Brewster County, TX; (locality field number NGH-7). 

Age: Early Paleocene to early Eocene (Puercan through Wasatchian) 

Material: Several small isolated teeth. 

Description: Most of the teeth are elongate and ovate in occlusal view, 

although one has a medial constriction giving it a slight bilobed shape. All of the 

teeth are small and blunt with a distinct curvilinear ridge running the length of the 
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crown, from which radiates a pattern of anastomosing ridges in less prominent 

relief. The attachment surface is generally a crisp-edged ovate ring around a 

pulp cavity with a gentle protrusion in the center. In some of the specimens faint 

grooves radiate from this protrusion and/or bands of variegated colors are 

concentric around it. 

Discussion: Although tentatively reported from latest Cretaceous deposits 

in the San Juan Basin of New Mexico, AUognathosuchus has elsewhere only 

been found in strata of early Tertiary (Puercan-Torrejonian) age (Simpson, 

1930). 

Order CHELONIA 

Suborder CRYPTODIRA 

Superfamily TRIONYCHOIDEA 

Family DERMATEMYDIDAE 

Genus HOPLOCHELYS 

Hoplochel\;s sp. 

Horizon and Locality: Lower Black Peaks Formation, north of Grapevine 

Hills, BBNP, Brewster County, TX; (locality field numbers NGH-1, -7, -8). 

Age: Paleocene (Puercan to Tiftanian) 

Material: Several carapace and plastron fragments. 

Description: Numerous carapace and plastron fragments, with rarer long 

bone fragments. One fragment with sutures on two sides is probably a peripheral 

element of the right side of the carapace. 
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Discussion: Carapace and plastron fragments found at STBPl and 

STBP2 display the difftise punctate surface characteristic of Hoplochelys. 

Several fragmentary costal and peripheral bones have preserved sutural surfaces 

and sulci that allow for direct comparison with Hoplochelys. 

Order CHELONIA 

Suborder CRYPTODIRA 

Superfamily TRIONYCHOIDEA 

Family TRIONYCHIDAE 

Genus ASPIDERETES 

Aspideretes sp. 

Horizon and Locality: Lower Black Peaks Formation, north of Grapevine 

Hills, BBNP, Brewster County, TX; (locality field numbers NGH-1, -7, -8). 

Age: Paleocene (Puercan to Tiffanian) 

Material: several carapace and plastron fragments; right two-thirds of 

carapace of Aspideretes sp. 

Description: Numerous carapace and plastron fragments, with rarer long 

bone fragments. The nearly complete carapace was recovered articulated with 

ribs and several intact costal and nuchal plates. The anterior end has paired 

fontanelles on either side of the midline. The distal ends of the costal elements 

taper to a thin edge. 

Discussion: Fragments found at STBPl and STBP2 are covered with a 

tightly-packed random or nearly faveolate array of subcircular pits averaging 

three millimeters across. This pattern is characteristic of Aspideretes. 

43 



Order CHELONIA 

Suborder CRYPTODIRA 

Superfamily TRIONYCHOIDEA 

Family BAENIDAE 

Genus BAENA 

Baena sp. 

Horizon and Locality: Lower Black Peaks Formation, north of Grapevine 

Hills, BBNP, Brewster County, TX; (locality field numbers NGH-1, -7, -8). 

Age: Paleocene (Puercan to Tiftanian) 

Material: several carapace and plastron fragments, including neural bones 

and two right hyoplastrons. 

Description: Carapace fragments are unornamented or minutely pustulate 

with sublinear ridges; a hyoplastron from a small baenid features the former and 

another from a larger individual features the latter. An isolated neural bone 

features ornamentation that compares directly with B. nodosa (Tomlinson, in 

preparation). 

Discussion: These fragmentary fossils found at STBP2 match similar more 

complete material collected in Big Bend Park from other localities at the same 

stratigraphic level. This identification is based on this comparison. 
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Order LEPISOSTEIFORMES 

Family LEPISOSTEIDAE 

Genus LEPISOSTEUS 

Lepisosteus sp. 

Horizon and Locality: Lower Black Peaks Formation, north of Grapevine 

Hills, BBNP, Brewster County, TX; (locality field number NGH-1, -7, -8). 

Age: Paleocene (Puercan to Torrejonian) 

Material: Fragmentary and whole scales, partial vertebrae. 

Description: The scales are preserved as glossy black trapezoidal 

enameled plates averaging slightly under a centimeter along the longest axis. 

Most of the scales recovered are broken. Fragments of vertebral centra 

recovered at this site probably also belong to Lepisosteus, based on comparison 

with other specimens. 

Order CONDYLARTHRA 

Family PERIPTYCHIDAE 

Genus PERIPTYCHUS 

PeripU;chus carinidens Cope 1885 

Synonymy: P. carinidens Cope 1885; P. brabensis Osborn and Earle 1895 

(not P. brabensis of Cope); P. rhabdodon Simpson 1959 

Horizon and Locality: Lower Black Peaks Formation, north of Grapevine 

Hills, BBNP, Brewster County, TX; (locality field number NGH-1). 
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Age: Paleocene (Torrejonian) 

Material: fragmentary right maxilla; P̂ "̂ , M̂ -̂  

Description: This fragment is here described following the nomenclatiire of 

Bown and Kraus (1979). The maxillary fragment supporting the bunodont teeth 

is slightiy crushed transversely, offsetting the tooth row. The bone displays only 

portions of the root sockets for both M̂  and P", but for the other premolars and 

molars the preservation is excellent. The molars are very nearly quadrate and 

the premolars subovate in occlusal view. The premolars show a crescentic wear 

surface at the protocone and a cingulum of linked cusps along the lingual rim of 

the occlusal surface. The true molars have seven cones of subequal height, 

excepting the hypocone and protostyle which sit low on the lingual flank. The 

protocone is central and flanked by the protoconule anteriorly and by the 

metaconule posteriorly; the medial position of these features is diagnostic for 

Peripti;chus, as are the peristylar costae on the sides of all the teeth. The amount 

of wear on these teeth is slight, preserving most of the occlusal detail; this and the 

fact that the premolars and molars are so nearly the same size suggests the 

specimen represents a young individual. 

Discussion: The historical background of Peripti;chus and its taxonomic 

affiliations are convoluted. The genus Periptychus and its first species, P. 

carinidens, were described by Cope from mandibular dentition and a humeral 

shaft (Cope, 1881a). He placed them in the family Amblyctonidae and 

described the animal as fox-sized but more robust and possessing tuberculate 

bunodont teeth. This type material was from a juvenile animal, and the adult 

dentition was subsequently described under a different name, Catathheus 

rhabdodon (Cope, 1881b; Matthew, 1937). In 1882, Cope erected the family 
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Periptychidae and placed P. carinidens, C. rhabdodon (as P. rhabdodon), and 

the new P. ditrigonus in it under the new suborder Condylarthra (Cope 1881c, 

1882), making it ancestral to modern perrisodactyls. 

P. ditrigonus was redefined based on dental characters in 1884 as 

Ectoconus ditrigonus but kept in the same family (Cope, 1884; Matthew, 1937). 

Two more species were added in the 1880s, P. coarctatus in 1885 and P. 

brabensis in 1888 (Cope, 1885: see fig 29d caption; Matthew, 1897). Osborn 

and Earle (1895) also described P. brabensis from material in the American 

Museum collection, but when Matthew (1897) revised the periptychids he found 

that the two P. brabensis forms did not match; Matthew combined Cope's P. 

brabensis with P. coarctatus, and Osborn and Earle's version lasted until 

Matthew's posthumous revision of the Paleocene San Juan faunas (1937), where 

it was combined with P. carinidens. 

Cope (1897) suggested that the Periptychidae could be representative of 

a theoretical order Amblypoda erected by himself in 1884, and Osborn (1898) 

agreed, moving Periptychidae to the Order Amblypoda, suborder Taligrada 

adjacent to the Pantolambdidae. This move was modified by Gregory (1910), 

who promoted Condylarthra and Taligrada to orders alongside Amblypoda; 

Periptychidae stayed with Pantolambdidae in Taligrada. Simpson (1935a) 

placed the family with the Amblypoda, and Matthew's (1937) revision of the 

system places it again with the Taligrada, a position Gazin (1938, 1939) upheld. 

Romer (1966) lists Periptychidae with the order Condylarthra, with the 

Pantodontidae going to the Amblypoda, a position supported up to the present 

(Taylor, 1981; Kuhn-Schnyder, 1986). 

47 



Granger (1917) discovered specimens of P. rhabdodon and P. carinidens 

among others in northwestern New Mexico and established the collection as 

Torrejonian in age; some of this collection is from the Tiffany beds, which 

eventually were recognized as slightly younger in age (Simpson, 1935a), and also 

include periptychids. Archibald et al. (1987) applied more precise dates for the 

periptychids in using them to delineate North American land mammal ages; the 

appearance of Peripti;chus marks the beginning of the Torrejonian age (the 

Periptychus/Tetrachenodon Interval Zone, "Tol"), and its range extends through 

the first half of the Tiffanian age (through the Plesiadapis churchiUi/P. simonsi 

Lineage Zone, "Ti4"). Archibald (Archibald et aL, 1987; Archibald and Lofgren, 

1990) advocates using PeripU^chus as a reference taxa for the seven zones 

between Tol and Ti4 inclusive. 

Although at least partially completed in the late twenties, the publication 

of "Matthew's Puercan memoir" (1937) was so delayed that, when finally 

published, his subspecies P. rhabdodon superstes had already been elevated to 

species rank, P. superstes, by Simpson (1935b) and his referral of P. coarctatus 

to Plagiopti;chus coarctatus (Simpson, 1936) was demonstrated to be invalid. In 

the addenda to Matthew's San Juan revision (1937), Simpson refers Peript{;chus 

coarctatus to Carsiopt^/chus coarctatus. Teeth from Emery County, Utah, were 

determined to be variant enough to erect a new species, P. gilmorei (Gazin, 

1938; Gazin, 1939). 

Simpson (1959) attempted to unify the species by referring P. rhabdodon 

material to P. carinidens, stating that the variation between the two was 

essentially a continuum, probably representing temporal evolution as well as 

regional specialization, a move endorsed by Tomida (1981) in his denouncement 
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of the "Dragonian" land mammal age. Van Valen (1978) placed Carsioptychus 

as a subgenus of Periptychus, an unpopular move with Archibald et al. (1987) 

but supported by Tsentas (1981) and Williamson and Lucas (1994), who dismiss 

Archibald's revised land mammal age hierarchy. They also attempt to merge 

almost all forms of Periptychus—P. carinidens, P. rhabdodon, P. superstes 

{sensu Simpson, 1936), and P. gilmorei—^into a single taxon, excluding only 

those P. superstes found in Big Bend National Park by Schiebout (1974). 

Finally, Hunter (1995) has revised the subfamily Periptychinae, suggesting that 

Ectoconus and Periptychus have evolved in parallel rather than in series. 

Although the synonymy of P. carindens with P. rhabdodon is justifiable, 

the wholesale unification suggested by Williamson and Lucas (1994) is 

unwarranted. Gazin's (1938) description of P. gilmorei, for example, 

demonstrates enough distinctive features on which to base a species. Both P. 

superstes and P. carinidens were noted in collections from Big Bend Park by 

Maxwell et al. (1967). The illustrated specimen (1967, p. 161 - note that the 

captions for illustrations 112-115 have been scrambled) for P. carinidens bears 

close resemblance to the present specimen. Schiebout (1974) found only P. 

superstes in the Park and recommended unifying all periptychids from the Park 

under that name. Direct comparison between Schiebout's (1974) referenced 

collection (LSUMG V-225, V-1845) and the specimen recovered from 

Grapevine Hills indicate that this conclusion was premature. 

The premolars and molars of the fragment collected at NGH-1 are much 

smaller and less rectangular than are the LSU P. superstes, specimens, recovered 

as part of a Tiffanian fauna (Schiebout, 1974). The teeth also lack the additional 

cusps on the lingual face of the superior premolars that are diagnostic of P. 
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gilmorei (Gazin, 1938). The NGH-1 specimen may belong to P. carinidens, but 

in this species the premolars are recognizably larger in occlusal view than the 

molars (Osborn and Earle, 1895). They are also slightly larger overall than the 

teeth recovered at NGH-1. Possibly these teeth represent the deciduous 

dentition of a juvenile P. carinidens, or come from a new species. 

CONDYLARTHRA 

Family HYOPSODONTIDAE 

Genus PROTOSELENE 

Protoselene griphus 

Horizon and Locality: Lower Black Peaks Formation, north of Grapevine 

Hills laccolith, BBNP, Brewster County, TX; unit STBP2, section 4 (NGH-1) 

Age: Paleocene (basal Torrejonian) 

Material: isolated P^ or P^ 

Description: This fragment is here described following the nomenclature of 

Bown and Kraus (1979). This is a single upper right premolar 6mm long and 

5mm wide, with low blunt-tipped cusps, a 3 mm-thick translucent enamel cap 

faintiy pitted and wrinkled, and two of three roots preserved partially intact. The 

occlusal surface is dominated by the protocone and paracone, which lie along a 

line roughly transverse to the maxillary axis. The crista between the cusps forms 

a deep valley nearly bisecting the tooth. This crista merges anteriorly with the 

lingual end of a short crista between the protoconule, a low accessory cone, and 

the paracone. On the posterior margin the crista terminates in a shallow pit, 

flanked lingually by the metaconule and labially by the metacone. These cones, 
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of lower relief than the main ones, are linked by a pronounced cingulum along 

the posterior margin. 

Discussion: Very few specimens of this condylarth have been recovered; 

Williamson and Lucas (1993) provide the only illustration readily accessible. 

Although Protoselene griphus is recommended by Archibald et al. (1987) for use 

as an index fossil for the earliest part of the Torrejonian land mammal age, its 

relative rarity seems to make this unreliable. However, being so specific, it places 

unit STBP2 (section 4; Figure A.5) at the base of the Torrejonian. 
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CHAPTER V 

THE CRETACEOUS-TERTIARY BOUNDARY 

The K/T Boundary Debate 

The Cretaceous-Tertiary system boundary has received much attention 

since Alvarez (1980) proposed that the mass extinction at the close of Cretaceous 

time was initiated by the impact of a large meteorite. Evidence for this impact 

has taken many forms—shocked quartz, nickel-enriched spinel in impact glass, 

iridium enrichment of boundary clay—and has been found at many locations 

around the world (Alvarez, Alvarez, Asaro, and Michel, 1984; Alvarez, 1986; 

Alvarez et al., 1994). After the rediscovery of the buried "Chicxulub" ring-

shaped circular structure, detected by magnetic and gravity anomalies in the 

Cretaceous marine rocks at the north end of the Yucatan Peninsula (Hildebrand 

et al., 1991), attention has focused on the rim of the Caribbean in an attempt to 

find a stratigraphic record of the impact's ejecta sheet and so-called "megawave" 

deposits (Smit and Romein, 1985; Bourgeois et al., 1988; Smit et al., 1992). 

The impact hypothesis has elicited much criticism, from the nature and likelihood 

of an impact (Officer and Grieve, 1986) to its representation in the fossil record 

(Officer and Drake, 1983; Keller et al, 1993). 

Megawave deposits are among the newest topics in the impact debate and 

have been alternatively interpreted (Stinnesbeck et al., 1993). Sites so far 

studied include Beloc, Haiti (Smit et al, 1994b), one site in Guatemala 

(Hildebrand et al., 1991), the Albion Island quarry in northern Belize (Ocampo 

and Pope, 1994), Chiapas section in southern Mexico (Stinnesbeck et al., 

1994a), a transect of more than a dozen sites near Monterrey in northern Mexico 
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(Los Ramones, Rancho Nuevo, La Sierrita-Las Rusias, El Penon, Porvenir, El 

Mulato-Bruselas, La Lajilla, Mesa de Llera, La Ceiba, Bochil, and especially El 

Mimbral) (Adatte et al., 1994; Bohor and Betterton, 1994; Kruge, Crelling, 

Montanari, Stankiewics, and Bensley, 1994; Lopez-Oliva and Keller, 1994; Smit 

et al., 1994b; Stinnesbeck et al., 1994b), the Darting Minnows Creek on the 

Brazos River in Falls County, Texas (Beeson et al., 1994; Burgeois, 1994), and 

several sites in central and western Alabama (Mussel Creek, Moscow I-anding, 

Snow Creek, Lynn Creek, Braggs, Littig Pit, Walker Creek; Habib, 1994; Smit et 

al, 1994a). These sections are all in marine strata interrupted by clastic deposits 

suspected by some to be backwash from an impact-generated tsunami. The K/T 

section in Big Bend National Park, including the Grapevine Hills location, 

provides a section of essentially continuous terrestrial sedimentation across the 

K/T boundary. 

The K/T Boundary at Grapevine Hills 

The KH" boundary interval at Grapevine Hills consists of a variegated 

mudstone section with irregular bed boundaries. About 3 meters below the 

highest occurrence of dinosaur remains is the base of a distinctive nodular 

mudstone of grayish blue color (10PB5/2; base of unit MTBP2-N, section 4; 

Figure A.5). The nodules in this mudstone are large (>6 cm diameter) in general 

and at one horizon about 70 cm below the top of the mudstone are much larger 

(up to 20 cm diameter), ovoid, and tightly packed together. The grayish blue 

mudstone is overlain by a thin layer, about 50 cm thick, of greenish gray (5G5/1) 

finely-laminated mudstone that weathers nearly white (5G9/1). Sauropod bones 

and carbonate-filled meniscate burrows occur in this mudstone. Vivaparid snail 
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steinkerns are incorporated into a thin (<3 cm) irregular gypsum- and carbonate-

cemented breccia 15 cm above the bones, along with algal charophyte oogonia, 

gar scales, and amiid fish vertebrae. This breccia, which marks the boundary 

between MTBP2-N and -B (section 4; Figure A.5), is unique in the whole section 

studied at Grapevine Hills. It and the finely laminated mudstones above and 

below it may represent a fen (Retallack, 1990), a waterlogged plains 

environment. Similar snail steinkerns are commonly found at other K/T sections 

in Big Bend Park, such as at Dawson Creek, but they have also been found in 

the Aguja Formation (Langston et al, 1989). 

Above this breccia, which marks the top of MTBP2-N (section 4, Figure 

A.5), lies 250 cm of a yellowish gray (5Y7/3) silty mudstone with small carbonate 

nodules, and above that about 120 cm of grayish red (7R4/2) mudstone replete 

with small subspherical carbonate and rarer barite nodules (base of unit MTBP2-

B, section 4; Figure A.5). Above this mudstone is 380 cm of silty mudstone that 

includes lenses of resistant fine sandstone (unit MTBP2-L, section 4; Figure A.5); 

the lenses increase in frequency upward and at the top dominate the lithology. 

Specimens of garfish, turtles {Hoplochelys, Baena, Aspideretes) and crocodilians 

{AUognathosuchus) representing an early Paleocene fauna are found at the top 

of this unit (top of MTBP2-L, section 4; Figure A.5), and in the overlying 60 cm 

of very fine to fine muddy bioturbated sandstone (unit STBPl, section 4; Figure 

A.5). 

Placement of the K/T Boundary in the Field Area 

The Cretaceous-Tertiary (K/T) boundary does not fall at the Javelina-

Black Peaks contact, but in the mudstones above it, and it can be approximately 
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marked given several clues. First, the lowest Black Peaks sandstone lens yields 

carapace fragments of Hoplochelys sp. and teeth of AUognathosuchus sp., both 

characteristic of Paleocene faunas. Several juvenile Ahmosaurus bones 

(humerus, cervical vertebrae, coracoid, and considerable fragmentary material) 

and snail shells {Vivaparus sp.) are found within the grayish blue mudstone 

MTBP2-N three to four meters below the Hoplochelys horizon; some of these 

snails are cemented into a conspicuous lithic breccia. The two fossil sites have no 

lateral offset, unlike those at the Tom's Top locality on Dawson Creek 

(Schiebout, 1989; Lehman, 1990). The dinosaur bones and snails are clustered 

and crop out in an unusual finely-laminated mudstone with large-scale burrows, 

all about 70 cm above a zone of bluish-gray mudstone packed with lobate 

carbonate nodules averaging 15 cm in longest dimension. The character of the 

mudstones suggests a very stable surface with protracted soil development— 

hence the large nodules—over which lies an intensely leached zone. Above this 

zone lies the preservation surface with the sauropod bones and snails. This 

surface probably marks the KfT boundary. 

K/T Boundary Interpretation 

The K/T boundary lies between the two fossil levels (the highest 

Cretaceous fauna at NGH-10, -11, and -12, and the lowest Paleocene fauna at 

NGH-7 and -8) and separated by 350 cm, in an apparently uninterrupted 

mudstone interval of the Black Peaks Formation. Although the mudstone above 

the large nodules is unusual in the section, both lie below dinosaur remains, 

formed as a result of protracted soil development below the stable surface on 

which the bones and snails collected. There is no doubt that the fossils are in 
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place. Vivaparid snails also occur in uppermost Cretaceous sediments at Dawson 

Creek and Pterosaur Ridge and other K^ sites in the Park. In this section there 

are no indications of ejecta debris or deposits or an erosional disconformity 

recording the passage of a megatsunami through the region. Neither do the 

strata at other localities on Dawson Creek or Dagger Flats show evidence for a 

tsunami deposit, nor do they show any signs of an ejecta sheet. This 

interpretation and the deposits themselves do not support the current version of 

the impact theory of dinosaur extinction at the close of the Cretaceous. 

However, it is worth noting that the finely laminated burrowed mudstone 

containing the Ahmosaurus remains, the charophyte- and snail-bearing breccia, 

and the environment they represent are unique in the section and anomalous 

compared to the rest of the sedimentary record. This 50 cm deposit coincides 

with the probable location of the K/T boundary at Grapevine Hills. As such it 

merits further study; and until this is done, impact influence on the K/T boundary 

at Big Bend National Park cannot be entirely ruled out. 
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CHAPTER VI 

CONCLUSIONS AND SUMMARY 

The Grapevine Hills section of the Javelina and Black Peaks Formations is 

sti-atigraphically complete across the KyT boundary. It records an ephemeral 

fluvial environment Shortly after the beginning of Paleocene time, a wetter and 

probably cooler climate prevailed. Sedimentation rates dropped off at the same 

time and soil horizons developed between intervals of episodic deposition. The 

dinosaur fauna gave way to small mammals. The lowermost fossil-bearing 

locality in the Paleocene section has thus far yielded only turtles and crocodilians, 

but no biostratigraphically diagnostic mammals. Higher localities yield an early 

Torrejonian fauna. Hence, it remains unclear whether an earliest Paleocene 

(Puercan) fauna is present here. 

Isolating a definitive early Paleocene fauna has been difficult in part 

because of the placement of stratigraphic boundaries in the Park. Although the 

Javelina-Black Peaks formational contact and the K/T boundary were originally 

thought to be synonymous, the Javelina then included strata from the base of the 

Paleocene. Several reorganization schemes have been tried. At present, the 

most efficacious arrangement places the Javelina-Black Peaks boundary at the 

top of the most resistant sandstone in the Javelina Formation. This makes the 

boundary easily mappable within the Park and makes the Javelina Formation 

entirely Latest Cretaceous. The K/T boundary lies above this, at Grapevine Hills 

nearly 60 meters, within the Black Peaks Formation, indistinguishable among the 

mudstones except for fossil evidence. 
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Unlike other K/T boundary sections reviewed for evidence of a bolide 

impact in the southern Caribbean at that time. Big Bend Park sections do not 

show a large-scale lithologic anomaly at this level. Although Maxwell et al. 

(1967) showed an unconformity across the boundary, this was due to the 

misplacement of the Javelina-Black Peaks boundary and has been eliminated on 

the basis of improved paleontological information. No units bearing spherules or 

shock-metamorphosed minerals have been discovered, and no "megawave" 

deposits are found at the boundary. To date, only a minor iridium anomaly has 

been documented at the K/T section at Dawson Creek (Lehman, 1990); this 

anomaly has been undetectable in later tests. However, the Park features a 

section that was entirely terrestrial at the time of the supposed impact. More 

research is necessary to determine what effects should be seen on land from an 

oceanic impact The Grapevine Hills K/T locality could serve as a focus for such 

research, within the 4-meter thick interval between the highest dinosaur and 

lowest Paleocene fossil locality and especially in the peculiar breccia deposits at 

the level of the Ahmosaurus vertebrae. This is the most precise location for the 

KH* boundary in the Park. 
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APPENDIX 

MEASURED SECTIONS 

Four sections were measured by Jacob staff in the mapped portion of the 

field area. Section 1 is fiorthest north, toward Tornillo Creek, and crosses the 

narrow width of exposure at the highest point of relief in the field area. It 

includes the two uppermost sandstones of the Javelina Formation, SKJ3 and 

SKJ4, as well as the mudstone bearing NGH-2 and NGH-3, both sites at which 

Quetzalcoatlus was recovered. Section 2 crosses the same ridge slightly further 

south, and covers from the entire Javelina section; it is the only measured section 

including SKJl. Section 3 is still further south, again confined to the upper 

sandstone-dominated portion of the Javelina. The repetition of measurement 

across the uppermost sandstone is intended to display the variability of Javelina 

sandstone thickness, lithologic character, and extent. Section 4 covers from 

below SKJ2 across the K/T boundary and to the uppermost edge of Black Peaks 

exposure. It includes most of the fossil localities (NGH-1 and NGH-10, -11, and 

-12 most importantly, for the Torrejonian mammal locality and the highest 

dinosaurs in the section respectively) and the volcanic ash bed between SKJ2 

and SKJ3. A more generalized depiction of each of the columns is compared to 

Maxwell et al. (1967) Black Peaks and Javelina type sections in Figure 2.5 (see 

page 18). 
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Figure A.1. Key to measured sections. The first column diagrams the patterns 
used to demonstiate sediment colors in outcrop. The second 
column shows patterns used for lithology. The third column depicts 
patterns and symbols used in the sections for unit stiructure. The 
block at top shows the layout used in all section figures following. 
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Figure A.2(a-c). Section 1 (northenmost section, crossing prominent peak). 
Section is scaled in meters, beginning where it emerges from cover 
76 meters above the Aguja-Javelina contact and ending just above 
the Javelina-Black Peaks contact This section includes the NGH-2 
and -3 fossil localities (A.2b), which yielded carbonate-coated wing 
elements of Quetzalcoatlus. 
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Figure A.3(a-d). Section 2 (full Javelina exposure section). This 116-meter 
section covers the entire thickness of the Javelina Formation in the 
field area. It begins at the Aguja-Javelina contact and ends at the 
Javelina-Black Peaks contact. NGH-5, a fossil wood locality from 
unit SKJl (A.3a), is the largest fossilized wood site in the field area. 
Section scale marked in meters. 
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Figure A.4(a-b). Section 3 (main Javelina ridges section). ™ s 32-meter section 
covers the three uppermost Javelina sandstones: bKJz, bt^JJ, ana 
SKJ4. Section scale marked in meters 
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Figure A.5(a-t). Section 4 (full exposure section). This section begins 68 meters 
above the Aguja-Javelina contact and 11 meters below SKJ2. 
Several special features appear in this section: the volcanic ash unit 
SKJ2-A (A.5b); the NGH-9 fossil sauropod bone locality (A.5d); the 
Javelina-Black Peaks boundary (A.5e); the K/T boundary, with 
NGH-10, -11, and -12 (A.5h); the NGH-7 and -8 ?Paleocene fossil 
locality (A.5i); the NGH-1 Torrejonian mammal locality (A.5j); and 
several characteristic black horizons (A. 5k, m, p, s, t). This section 
was constiucted as a composite of smaller sections separated by at 
most a 30-meter lateral offset. Section scale marked in meters. 
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MKJ2 

mudstone; contains ceilcite and rarer barite 
nodules 

covered 

volcanic ash bed 

covered 

very fine sandstone, calcite cemented 
mudstone 
fine sandstone, supercritically climbing ripple 
cross-lamination 

clean fine sandstone, weakly cross-laminated 
lenses with some ripple cross-lamination 

muddy fine sandstone, bench former, finely 
laminated 

muddy fine sandstone, cross-lamination 
channel lag of reworked ceurbonate nodules 

^ mudstone 
partially covered by nodular float 

Figure A.5b. Section 4 (continued) 
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massive sandy mudstone, rare calcite-
cemented zones 

medium semdstone, uncommon reworked 
ceirbonate nodules 

sandy mudstone, rare nodules 

clean medium sandstone, coeirsens upwzird, 
rare laminated zones 

covered 

mudstone: 

sparse nodules of both calcite 
and barite 

Figure A.5c. Section 4 (continued) 
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114-
silty fine sandstone interbedded with similar 

mudstone in lenses; trough cross-bedding, 
distinct 15cm plane-bedding at base 

muddy medium sandstone, thinly l£iminated, 
carbonate cemented in some places 
NGH-9 loczdity (sauropod bone) 

channel lag of reworked carbonate nodules; 
unit is laterally intermittant and changes 
dramatically in content 

MKJ4 

A A ^ A 
A A A ^ mudstone, pcirtially covered by nodular float 

laterally continuous calcite vein, <lcm thick 

mudstone 

fine sandstone, finable 

mudstone 

very fine sandstone,extremely resistant 

mudstone 

very fine sandstone, ripple crosslamination, 
jointed 

mudstone 

fine sandstone with lenses of faintly cross-
bedded coarse sandstone 

massive sandy mudstone, rare calcite-
cemented zones 

Figure A.5d. Section 4 (continued) 
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119-

BP 
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mudstone 

mudstone, smcdl ccirbonate nodules 

covered, indications of mudstone beneath 

fine sandstone, blocky weathering pattern, 
jointed 

covered, indications of mudstone beneath 

muddy very fine sandstone, thinly laminated, 
weakly cemented, interbedded with lenses 
of thinly laminated muddy fine sandstone 

silty fine sandstone interbedded with simileir 
mudstone in lenses; trough cross-bedding, 
distinct 15cm plane-bedding at base 

Figure A.5e. Section 4 (continued) 

87 



139 

cdor Bthdogy phi: 

j^W. 

138-

137-

< 4 3 2 1 0> 

mudstone 
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\ 

covered 
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Figure A.5f. Section 4 (continued) 
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143 
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^ 

mudstone 

thinly laminated siltstone 

mudstone 
fine sandstone, cross-laminated 

mudstone 

dismicrite, carbonate accumulation; includes 
radial spar veins and joints 

mudstone 

muddy siltstone, thickly laminated 

mudstone 

Figure A.5g. Section 4 (continued) 
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151-
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^ 
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A^Z^ 

mudstone: 
beuite nodules 

NGH-10,-11,-12 localities (sauropod coracoid. 
cervical vertebra, humerus?; vivipeirid snails 
cemented in brecda) 

no nodules 

carbonate nodules 

covered 

large nodules cind fragments in 
float 

zone of large (20 cm) carbonate 
nodules, cylindriccd, not inter-
grown 

dismicrite, ceurbonate accumulation; indudes 
radial spar veins 2uid joints 

Figure A.5h. Section 4 (continued) 
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194-
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mudstone 
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176-

covered 

fiT^ muddy fine sandstone, thickly laminated 
^ ^ ^ T̂p. NGH-7,-8 localities (gar, turtle shell hrag-

ments, crocodile teeth) 
muddy very fine sandstone, bioturbated, 
calcite cemented 

175' 
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-v/1 

« • 

• • *. 

" - - < ^ 
silty mudstone, interbedded with lenses of 

resistant fine scindstone 

B 
Figure A.5i. Section 4 (continued) 
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213" 

212 

202-

mudstone, nodules, thin lenses of cross-
bedded silty fine sandstone 

>̂ 35v medium sandstone, thinly laminated, large 
*^::^=^ articulated turtle carapace 

silty mudstone, some small nodules 
NGH-1 locality (mammal teeth and maxUla, 

gar, turtle shell fragments) 
medium sandstone, thinly laminated 

mudstone: 
c2irbonate nodules 

intensely variegated 

Figure A.5j. Section 4 (continued) 
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220-

219-
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216-

215-

mudstone 

rare calcite veins 

A 
A ^ 
. A 

rough irreguleir white nodules 

small carbonate nodules 

silty mudstone, cross-bedded in some places, 
thinly laminated in others 

MTBP4 A 
STBP2 

sandy mudstone, includes thin lenses of silty 
fine sandstone neeir beise; common small 

'^ ̂  nodules 

^ A 

Figure A.5k. Section 4 (continued) 

93 



cdor lithdogy phi: |< |4 | 3| 2 h | 0|> 

238-

237 

234 

233-

mudstone 

mudstone, rare small nodules 

232-

covered 

A mudstone, rough large nodules 

A 
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- - " • A 
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A 

t 
MTBP4 
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228 

227 

226-

Fiqure A.51. Section 4 (continued) 
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:^ MTBP5 
MTBP4 
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N. 

.242 

241--v^~ - ^ 

240-

239-

238 H>: 

very fine scindstone, cross-leiminated 

covered 

mudstone, rare calcite veins 

mudstone 

covered 

mudstone, thin cover on upper part 

mudstone 

Figure A.5m. Section 4 (continued) 
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259-
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257- ^^p 

mudstone 

A 

MTBP5 

muddy coarse sandstone, fining upward, 
laminated neeir base, channeled and cross-
laminated neeir top; basal zone strongly 
carbonate cemented 

channel lag, reworked cjirbonate nodules 

mudstone 

rare calcite veins 

large nodules near base 

muddy medium sandstone 

mudstone 

very fine sandstone, cross-laminated 
MTBP4 

Figure A.5n. Section 4 (continued) 
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285-

280-

279 -

278 -

274 -

7 
0—-Z=:^ 

u 
"M" 

mudstone 

muddy fine sandstone, massive, jointed, 
carbonate cemented 

muddy medium sandstone, strongly cross-
bedded with cannonball concretions 
common; sandstone fines upweird and 
occurs in lenses of cross-bedded emd cross-
laminated coarse sandstone 

muddy fine sandstone, thinly laminated; 
includes "grapeshot" and elongate concre
tions 

muddy fine seindstone, thickly laminated; 
includes "m£irble" concretions 

dismicrite, carbonate accumulation; indudes 
radial spar veins and joints 

mudstone 

Figure A.5o. Section 4 (continued) 

97 



cdor Bthdogy phi: 

327-

326 
: •••—•.• 

325-

324-

• t . 

<|4|3 |2 | l ioF 

^ ^ ^ ^ 

323-

322-

3 2 1 -

320-

289-

288-

287-

t 
MTBP6 
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mudstone 

mudstone. cross-laminated emd parallel-
laminated; includes lenses of muddy fine 
seuidstone with similar characteristics 

mudstone, reire white carbonate nodules 

covered 

mudstone, abundant small ceirbonate nodules 

Figure A.5p. Section 4 (continued) 
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336-

335-

334-

333-

332-

331-

330-

329-

328-

327-

mudstone; indudes thin lenses of muddy 
medium sandstone 

muddy medium sandstone, thinly bedded 

mudstone 

muddy medium sandstone, unbedded 

sandy mudstone; indudes lenses of muddy 
medium sandstone which dominate the top 

muddy medium sandstone, sparse cross-
bedding, fines slightly upward 

mudstone 

mudstone, irreguleir base; indudeis Icirge (20 
cm) cylindrical concretions that extend into 
the mudstones below 

^ 

A mudstone, lightly covered by broken nodule 
float 

Figure A.5q. Section 4 (continued) 
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343-

342 

341 

340-

339-

338 

337-* 

(CS 

u 
STBP4 
STBP4 

L 

fine sandstone, fining and becoming muddy 
upward, cross-bedded at base, cross-
laminated to plane laminated centrally, 
structureless at top 

channel lag; indudes reworked carbonate 
nodules, pebbles, and cobbles up to 6cm 

muddy medium sandstone 

very coarse channel lag of reworked nodules 

muddy fine sandstone, cross-bedded and 
cross-laminated, fines upward; sparse 
petrified wood near top of unit 

fine sandstone, ccirbonate cemented 

mudstone: 

abundant small carbonate nodules 

rare thin lenses of muddy medium 
sandstone 

Figure A.5r. Section 4 (continued) 
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3 5 1 -

350 

349 

348-

347-

I . . . . . I . 

•. • 

A " 
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A A 

MTBP7 
STBP4 

U 

mudstone 

abundant ccirbonate nodules 

muddy medium sandstone, massive 

mudstone, rcire thin sandy leiminae 

mudstone 

muddy very fine sandstone, fines and 
becomes muddier upward, cross-bedded 
at base,cross-laminated and plane 
laminated centrally, massive at top 

Figure A. 5s. Section 4 (continued) 
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369- -

MTBP7 

V 

covered above 

muddy fine sandstone, cross-bedding; 
grades latcrdly into mudstone 

mudstone: 

uncommon small ccirbonate 
nodules 

elongate carbonate nodules 

mudstone, changes laterally into narrow 
channel filled with massive muddy fine 
sandstone 

Figure A.5t Section 4 (continued) 
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