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ABSTRACT 
 

 The Late Triassic (Norian) fossil tetrapod vertebrate paleontology of MOTT VPL 

3869, the Boren Quarry, in Garza County, Texas, USA, is described as a result of this 

research. A number of undescribed, un-named taxa were identified during this research, 

including a dicynodont taxon, a drepanosaurid taxon, a trilophosaurid taxon, an 

azendohsaurid-like taxon, and a phytosaurian taxon. A very diverse fauna was identified 

from the locality. Some taxa also extend the geographic and/or chronostratigraphic ranges 

for those taxa. The relationships of the occurrence of the various taxa to each other was 

examined showing a transition from larger, more aquatic taxa in the lower portion of the 

strata in the quarry to a smaller, more terrestrial taxa in the upper strata. A sedimentary 

pebble conglomerate marked this transition at many sites. 

 There were two depressions marked by steeply dipping sandstone strata. The 

western depression was smaller and the eastern one was larger. These depressions were 

possibly due to the dissolution of subsurface Permian salt deposits. Around the margins 

of these depressions are where most of the dicynodont fossils were discovered and where 

the large fossil logs occurred. The lacustrine sediments filling the basins contained very 

few vertebrate fossils.  

 Some of the fossil sites were concentrations of vertebrate fossils in the overbank 

flood-plain deposits where fragmented bones were most likely concentrated by transport. 

There were no articulated skeletons excavated. Some were "associated" but not 

articulated. Occasionally small sections of articulated vertebrae were found. Some 

specimens exhibited partial disarticulation prior to burial such a phytosaur skull where 

the posterior portion of the skull was disarticulated prior to burial but the anterior half of 

the skull was intact. There were some concentrations that indicate the climate was 

seasonal with some fossil concentrations due to the arid environments. 
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at, anterior torus 

boc, basioccipital 

bt, basitubera 

cap, capitellum 

cc, canalis caroticus 

cf, coracoid foramen 

ch, choana 

ci, cingulum 

d, dentary;   

de, dorsal eminence 

dp, dorsal process 

dpc, deltopectoral crest 
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fr, frontal 
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ip, interparietals 
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n, nasal 
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nc, neural canal 

ns, neural spine 
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pf, prefrontal 
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pif, pineal foramen 

pm, premaxilla 
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pn, paranasal 
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po, postorbital 
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poz, postzygapophysis 

pp , preparietal 
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s, squamosal 

scs, attachment site for musculus subcoracoscapularis 

sm, septomaxilla 

snc, sensory canal 

sp, splenial 

srf, sacral rib facet 

ss, scapular spine 
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CHAPTER 1 

INTRODUCTION 

 

 The Boren Quarry (Museum of Texas Tech Vertebrate Paleontology Locality 

3869: MOTT VPL 3869) is located in southeastern Garza County, Texas, United States 

of America. Fossils from the Boren Quarry are coming from strata of the Tecovas 

Formation (Norian) of the Dockum Group, Upper Triassic. MOTT VPL 3869 is located 

on private land approximately 25 kilometers southeast of the town of Post, Garza County, 

Texas (Fig. 1.1). MOTT VPL 3869 consists of approximately 28 acres primarily in the 

SE/4 of the SE/4 of the NE/4 of Section 2, Block 6, H. & G.N. RR Co. Survey, Garza 

County, Texas. MOTT VPL 3869 is located in the Fluvanna quadrangle at 32º 59.700' N, 

101º 08.583' W (UTM 14 299 680E, 36 52 875N). 

 This places the locality in the physiographic province of the Gypsum Plains of 

Texas (Renfro et al., 1973). The locality lies approximately 2.5 kilometers north of the 

edge of the Caprock Escarpment and is east of the Llano Estacado region of the South 

Plains. The region is characterized by low rolling hills dissected by small drainages and 

tributaries to the South Fork of the Double Mountain Fork of the Brazos River that lies 

approximately 5 kilometers to the north. The hills are covered with native grasses, 

junipers, and mesquites; while low-lying areas are either badlands or are covered with 

native grasses, succulents, sages, and mesquites. 

 MOTT VPL 3869 is a small erosional basin-like feature with a small ridge 

running along its north and western margin. This ridge is due, in part, to an exhumed 

Triassic channel sand which is resistant to erosion. The exhumed channel continues to the 

south and then turns to the east for several kilometers. The southern margin of the locality 

is a small erosional escarpment capped by Quaternary gravels. To the east and north the 

badlands formed in the Dockum mudstones slowly give way to pastureland covered by 

Quaternary gravels, soils, and vegetation. There are three oil well locations located on the 

northern and eastern portions of the locality and US Highway 84 lies just to the south and 

southwest of the locality. 
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Figure 1.1. Location of MOTT VPL 3869 (Boren Quarry), Garza County, Texas. 
Medium violet to pale violet denotes the Late Triassic Dockum Group. MOTT 3869 
shown in red. (Modified from Lehman and Chatterjee, 2005; Martz, 2008) 
 

The Placerias Quarry in Arizona has been considered to have the most diverse 

fauna from the Late Triassic in the southwestern United States (Parker and Nesbitt, 2013) 

with over 80 different taxa present (Fiorillo et al., 2000). The fauna of MOTT VPL 3869 

is one of the most diverse of any locality in the Triassic of West Texas and includes 

several unique species. The depositional facies also includes very interesting features that 

contribute to the faunal diversity and taphonomy of the locality. 

 The “Dockum Beds” were described by William Fletcher Cummins (1890) in a 

report for the Texas Geological Survey. Cummins’s description of the “Dockum Beds” 

included all of the Triassic strata exposed at the type locality several kilometers north of 
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Dockum, Texas. The Dockum Beds at that locality unconformably overlie the Permian 

Quartermaster Formation and are unconformably overlain by the Pleistocene Blanco 

Beds. Cummins described a lower section of conglomerate, a section of red clay, and an 

upper sandstone. Cummins made no attempt to correlate the Triassic exposures at 

Dockum with the exposures further west along the caprock where the Triassic beds dip 

under the Llano Estacado. Cummins apparently considered all of the Triassic strata to be 

part of his “Dockum Beds.” Drake (1892) provided an extensive description of the 

Dockum Beds referring to the units as the “lower beds, middle beds, and upper beds.”  

 Later, Gould (1907) described the middle beds of red clays as the Tecovas 

Formation and the upper sandstone beds as the Trujillo Formation. The type section of 

the Tecovas was along West Amarillo Creek in Potter County, Texas, while the type 

locality of the Trujillo Formation is on Trujillo Creek in Oldham County, Texas. The 

lower beds of Cummins were later described as the Camp Springs Formation (Beede and 

Christner, 1926). The strata overlying the Trujillo Formation were named the Cooper 

Formation by Sankar Chatterjee (1986a).  

The Cooper Formation was later redescribed and the name emended to the Cooper 

Canyon Formation (Lehman et al., 1992) due to the similarity of the name to the Cooper 

Marl of the eastern United States. The name Cooper Formation was not believed to 

technically be pre-occupied (Lehman, 1994a) but was renamed for clarity along with a 

redescription of the formation. During the interim between the naming of the Cooper 

Formation and its redescription as the Cooper Canyon Formation, the name Bull Canyon 

Formation was applied to the Triassic strata overlying the Trujillo Formation in eastern 

New Mexico (Lucas and Hunt, 1989). The name Bull Canyon Formation, for consistency 

with the stratigraphic code and priority, will be used for the upper portions of the Cooper 

Canyon Formation of Lehman et al. (1992) overlying the Trujillo Formation. This 

corresponds to the "upper Cooper Canyon" of Martz (2008).  

In our subsequent publication on the Post Quarry (Martz et al., 2013), the term 

“correlative with Tecovas Formation” was used for the “lower Cooper Canyon” of Martz, 

2008. The lowermost beds at MOTT VPL 3869 are approximately 6 meters above the 

base of the “Cooper Canyon Formation” (Fig. 1.2) as described by Lehman et al. (1992) 

and are just above the "Boren Ranch Sandstone" of the “Lower Cooper Canyon 
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Formation” of Martz (2008) and Martz et al. (2013). This was after Martz and I 

independently, but on the same weekend, traced the Trujillo Formation from Crosby 

County, near White River Lake, south to southern Garza County. Martz (2008) called the 

strata below the Trujillo (his Dalby Sandstone) the "lower Cooper Canyon". The name 

used for the lowermost formation of the Dockum Group will be the Santa Rosa following 

the reasoning presented by Lehman (1994b). The locality is considered, for this 

dissertation, to be in the lower portion of the Tecovas Formation. 

 

 

 
Fig. 1.2. Stratigraphic position of the Boren Quarry (MOTT VPL 3869). Garza County, 
Texas.  Abbreviations: cl = clay; si = siltstone; ss = sandstone; cg = conglomerate; LSD = 
lowest known stratigraphic datum; MOTT = Museum of Texas Tech University. 
(Modified from Lehman et al., 1992; Martz et al., 2013) 
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Previous Dockum Group (Late Triassic) Fossil Vertebrate Research in Texas 

 

 The first description of vertebrate fossils from the Dockum Group was made by E. 

D. Cope (1892). Since Cope’s description of Episcoposaurus (Desmatosuchus) 

haplocerus in 1892 and through the first 75 years of the twentieth century, the research 

and publications on vertebrate paleontology in the Dockum Group of Texas have been 

concerned primarily with the faunas from the Tecovas Formation and older Triassic strata 

(Case, 1914, 1920a, 1920b, 1921a, 1921b, 1922, 1924, 1927a, 1927b, 1928a, 1928b, 

1929, 1931, 1932a, 1932b; Case and White, 1934; Gregory, 1945, 1962, 1972; Langston, 

1949). Case (1932a) in his publication describing Buettneria bakeri provided a brief note 

on the vertebrate paleontology of the region as mostly non-productive besides a few local 

concentrations such as the Kalgary/Cedar Hill areas in Crosby County and the Otis Chalk 

locality in Howard County. Long and Murry (1995) had a very good description of the 

first century of paleontology collecting from the Dockum of New Mexico and Texas; 

therefore, I see no reason to restate that information and instead will discuss the more 

recent collecting and research in the Dockum.  

 The concentration by researchers on fossils from the older Dockum formations 

continued when the material from the Post Quarry began to be published in 1983. The 

Post Quarry was discovered in 1978 in central Garza County and initial collections were 

made by the Dallas Museum of Natural History (Small, 1989a). The Museum of Texas 

Tech University began systematically excavating the quarry in 1980. This quarry has 

produced a variety of different taxa including a number of new species and has provided 

important information on the fauna of the region (Chatterjee 1983, 1984, 1985, 1986a, 

1991, 1993, 1999; Davidow-Henry, 1989; Small, 1989b, 2002; Bolt and Chatterjee, 2000; 

Parker, 2005; Nesbitt and Chatterjee, 2008; Martz et al., 2013). Lucas et al. (1993b) 

described some of the fauna collected near the Otis Chalk Trilophosaurus quarries, 

Howard County, Texas. 

 Since the turn of the 21st century we have seen a marked increase in research in 

the Dockum of Texas. The research in the fauna of the Dockum has involved a wide 

variety of taxa and there has also been an expansion of catalogued Triassic specimens in 

the MOTTU collection from 237 on January 1, 2000, to 7155 on January 1, 2014. The 
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following descriptions of the recent projects will be considered in taxonomic order 

instead of chronologic order. The descriptions below are far from listing all of the 

research being conducted on taxa from the Dockum Group but is just intended to show 

how active research in the Dockum is. 

Bolt and Chatterjee (2000) described a new Temnospondyl amphibian, 

Rileymillerus cosgriffi, from the MOTT VPL 3624. Houle and Mueller (2004) reported 

on a new occurrence of “Metoposaurus” bakeri from MOTT VPL 3869 and this research 

led to the replacement of the generic name Buettneria with the generic name 

Koskinonodon (Mueller, 2007). 

The presence of Dockum dicynodonts was first reported by Lehman and 

Chatterjee (2005). They did not describe the dicynodont material but did include some of 

the specimens that are part of this research. Martz et al. (2013) mentioned the dicynodont 

specimen from the Post Quarry. Dockum dicynodonts are the subject of ongoing research 

and a manuscript in progress (Mueller and Chatterjee, 2007; in progress). 

New elements of the procolophonid, Libognathus sheddi, from MOTT VPL 3874 

in Garza County, Texas, are being described (Mueller and Chatterjee, 2003; Mueller, 

Small, and Chatterjee, in progress). Cunningham found the Headquarters South Locality 

(MOTT VPL 3898) from where a number of very interesting fossils have been collected. 

These include archosauromorphs such as drepanosaurid elements (Mueller and 

Chatterjee, 2012; Mueller and Chatterjee, in progress). 

Heckert et al. (2001, 2003, 2006), Spielmann et al. (2006, 2007), and Spielmann 

et al. (2008) published on a fauna, primarily on the archosauromorph Trilophosaurus, 

from NMMNH Locality 3775 (the Kahle locality), Borden County. They consider this 

locality to be situated in the Trujillo Formation. Heckert (2004) and Heckert and Lucas 

(2006) described the microvertebrate fauna of the Tecovas Formation near Kalgary, 

Crosby County, Texas. Mueller and Parker (2006) described a new species of 

Trilophosaurus, T. dornorum, with 4 of the referred specimens coming from MOTT VPL 

3869.  

 Cunningham has found several significant fossil localities in Garza County since 

2000. He found a phytosaur locality, MOTT VPL 3870 (the Patricia Quarry), where a 

number of phytosaur skulls and assorted postcranial elements have been collected 
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(Cunningham et al., 2002; Hungerbühler et al., 2013). Hungerbühler spent 2002 and part 

of 2003 at the Museum of Texas Tech as a Research Associate studying the phytosaurs in 

the collection and has several papers in progress (Hungerbühler et al., 2013; 

Hungerbühler pers. comm.). 

 Martz (2002) wrote his Master’s thesis on a Typothorax specimen from MOTT 

VPL 3624 and has continued studying the Dockum aetosaurs. Martz and Small are 

researching another aetosaur that Emmett Shedd and I collected from the UU Sand Creek 

locality in the 1980s (Martz et al., 2003; Martz pers. comm.). Parker (2005) described a 

new species of aetosaur, Desmatosuchus smalli, from MOTT VPL 3624 in Garza County. 

Martz and Small (2006) described a new genus and species of aetosaur, Tecovasuchus 

chatterjeei, from the Dockum. Parker et al. (2008) described a new Desmatosuchine 

aetosaur, Sierritasuchus macalpini, from the Dockum near the Canadian River, with a 

specimen in the MOTTU collections from Crosby County referred to the new species. 

 Paracrocodylomorphs of the Dockum have been studied recently by Weinbaum’s 

studies on Postosuchus (2007, 2011, 2013). Nesbitt and Norell (2006) and Nesbitt (2007) 

examined Effigia and Shuvosaurus. Weinbaum and Hungerbühler (2007) described a new 

Poposaurus specimen from MOTT VPL 0690, Crosby County, Texas.  Atanassov 

(2001, 2002) wrote his dissertation on and is continuing to research the enigmatic 

Archosaurs “Pteromimus” and “Procoelosaurus”, with a number of specimens of these 

taxa having been collected from MOTT VPL 3869.  

 The Dockum dinosauromorph and dinosaur faunas, including specimens from the 

collections of MOTTU, were discussed by Irmis et al. (2005), Irmis et al. (2007b), 

Nesbitt and Chatterjee (2008), Irmis (2011), and Sarigül (2014). Martz discovered the 

Headquarters North Locality (MOTT VPL 3892) from where a number of specimens 

have been collected (Martz, 2008). Martz finished his dissertation on the biostratigraphy 

and the correlation of trace elements in southern Garza County, and is continuing 

research in the area (Martz et al., 2013). Additional ongoing research will be discussed 

below where it pertains to certain taxa. 

 The Dockum Group in New Mexico has been and is being actively researched 

(Hunt and Lucas, 1991b; Heckert et al., 1996; Lucas et al., 2000; Joyce et al., 2009; 

Spielmann and Lucas, 2012; Spielmann et al., 2013a; Hungerbühler pers. comm.). 



Texas Tech University, Billy D. Mueller, May 2016  

 

8 

 

Spencer Lucas from the New Mexico Museum of Natural History and Science, his 

associates, and students have published numerous research papers on material collected 

from the Bull Canyon and Redonda Formations of the Dockum Group in New Mexico. 

Hungerbühler, Gürtler, and their students currently have a number of research projects in 

progress (G. Gürtler, pers. comm.).  

 

MOTT VPL 3869:  Boren Quarry, Garza County, Texas 

 

 The first known records of MOTT VPL 3869 are found in Grayson Meade’s 

unpublished field notes from 1942 (Fig. 1.3) while he was at Texas Tech University. 

Meade’s field notes included a map showing and describing the locality, Locality 18; 

however, there were no mention of any fossils found at the locality and no fossils in the 

collections of the Museum of Texas Tech can be identified as coming from MOTT VPL 

3869 during that time period. A search has also been made in the collections of the Texas  

 

 
 
Fig. 1.3. Grayson Meade’s field notes map of PL18 (MOTT VPL 3869). (Adapted from 
Meade’s 1942 field notes) 
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Memorial Museum (University of Texas, Austin), where much of the Triassic material 

Meade and the Works Progress Administration (WPA) collected is held, and no fossils 

from MOTT VPL 3869 were identified.  

 There are no records of the locality having been collected between Grayson 

Meade’s time and when Sankar Chatterjee was “re-introduced” to the locality by 

Malcolm Neyland. Chatterjee and his field crew first accompanied Neyland to the 

locality on August 18, 1993. During the first few days at the site they collected the 

“Placerias gigas” jaw and vertebrae (TTU-P9421), Parasuchidae snout and jaws (TTU-

P9422), Parasuchus skull and post-crania (TTU-P9423), Metoposaurus interclavicle and 

two clavicles (TTU-P9424), and various assorted material that had not been catalogued 

(Chatterjee, unpublished field notes). Some of the material included specimens from what 

Chatterjee described as the “microsite” (Site II). In 1996, Chatterjee and crew recovered 

an “Ischigualastia” skull and snout (TTU-P9427) (Edler, 2000) and some other 

uncatalogued material (Chatterjee, 1996 unpublished field notes). In 1999, the Museum 

of Texas Tech Vertebrate Paleontology database listed the above five specimens along 

with: Clevosaurus maxillae (TTU-P9487, TTU-P9488); Trilophosaurus tooth plates 

(TTU-P9495, P9496, P9500) for a total of 10 specimens catalogued from MOTT VPL 

3869. 

 MOTT VPL 3869 was initially called the “Rocker ‘A’ Oil Field” by Chatterjee 

(Chatterjee, 1993 unpublished field notes). The locality, also known as the “Rocker ‘A’ 

Oil Field” locality and as the “Neyland Quarry” in the MOTTU paleontology database in 

2000, was identified by Sankar Chatterjee as being the same locality. This was confirmed 

by analyzing Sankar Chatterjee’s unpublished field notes (1993, 1996), field maps, 

specimen descriptions, and discussions in the field with Chatterjee and Neyland (pers. 

comm.). This was further confirmed by the collection of material by Axel Hungerbühler 

and myself that actually articulated to two of the most important specimens Chatterjee 

had collected at MOTT VPL 3869 (the skull of TTU-P09423 and the dicynodont jaw, 

TTU-P09421). The locality currently known as the “Rocker ‘A’ Quarry” (MOTT VPL 

3625) is located approximately 15 kilometers north on the OS Ranch and the locality 

currently known as the “Rocker ‘A’ Oilfield” (MOTT VPL 3614) is located 15 

kilometers northwest on the Kirkpatrick Ranch on the northwest edge of the actual 
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Rocker ‘A’ Oilfield. Malcolm Neyland calls the Young North Quarry (MOTT VPL 3867) 

on Billy Huddleston’s ranch (the old OC Ranch), “The Neyland Quarry” (pers. comm.). 

It was in 2000 that I initiated the numeric locality designations for the Museum’s 

vertebrate paleontology localities for security and to decrease confusion from changing 

landowners and names. I assigned the locality identification of MOTT VPL 3869 to the 

subject quarry. Due to confusion of localities with the names associated with Rocker “A” 

and Neyland, in 2002 we began referring to the locality by MOTT VPL 3869 or the 

name, Boren Quarry (after the current landholder) (Fig. 1.4; Appendix A). 

 All of the known specimens from this locality, prior to 1999, were collected by 

Sankar Chatterjee and his field crews. The locality was only sporadically visited between 

1996 and 2000 (Chatterjee, pers. comm.). In December, 1999, MOTTU preparator 

McQuilkin and TTU student Weinbaum located what is now Site I from where they 

collected Malerisaurus and Trilophosaurus material. This led to an increased interest in 

the locality and further exploration was continued on a regular basis. Since 2000 the 

quarry has been systematically collected and surveyed under my supervision with over 

175 collecting visits. The following dissertation will discuss and describe the taphonomy 

and tetrapod vertebrate paleontology known from the locality prior to January 1, 2014.  

 

Purpose and Scope of this Study 

 

 The research project presented here consists of two parts: (1) the description and 

analysis of the Triassic tetrapods of MOTT VPL 3869 and (2) the taphonomy of the 

fossils of MOTT VPL 3869. MOTT VPL 3869 has a very diverse tetrapod fauna 

compared to most Triassic vertebrate localities in Texas. The documentation and 

reporting of this fauna will be very important to the understanding of the Triassic fauna 

and may contribute to refining the Late Triassic biostratigraphy of the southwest and the 

world. 

 The geology of MOTT VPL 3869 was initially described in Lehman and 

Chatterjee (2005). The stratigraphy and biostratigraphy of southern Garza County was 

described in Martz's dissertation (2008) and a subsequent publication on the Post Quarry 

(Martz et al., 2013). The area has been examined in detail since the turn of the 21st 
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century with discoveries of additional taxa and features that provide insight on the 

paleontology and taphonomy of the quarry. The study of the paleontology and 

taphonomy of this quarry provides some insight into the paleoecology of Texas during 

the deposition of the lower Tecovas Formation. 

 

Materials and Methods 

 

 All of the fossils from MOTT VPL 3869 collected during this research are housed 

in the Paleontology Division’s collections at the Museum of Texas Tech University, 

Lubbock, Texas. Materials for this study were collected and prepared by MOTTU staff, 

students, and volunteers using standard field and lab techniques. Field notes and images 

from the research trips are held in the Museum of Texas Tech.  

McLean (Vinac) B-15®, Butvar B-97®, and paraloid B-72 were used to mend 

broken fragments, consolidate, provide a protective layer, and restore specimens where it 

was necessary. A cellulose sculpting medium was also used to stabilize, re-enforce, and 

reconstruct specimens when necessary. Mechanical preparation was done using assorted 

tools including pin-vises, dental tools, air-scribes, and binocular microscopes.  

There was a variety of data recorded for many of the fossil specimens, including 

their orientation. These data were analyzed to obtain taxonomic and taphonomic 

information. Descriptions of the taxa are more detailed in those taxa that were considered 

more scientifically important and that have not been previously described in detail. A 

phylogenetic analysis was performed on certain taxa using PAUP 4 (Swofford, 2005). 

Descriptions of dentition followed the format and terminology in Heckert (2004). 

 Fossil material for comparisons was borrowed from the American Museum of 

Natural History, Museum of Northern Arizona, Petrified Forest National Park, and the 

University of Michigan Museum of Paleontology. Visits were made to examine 

specimens in the collections of the Mesalands Dinosaur Museum, Museum of Northern 

Arizona, Petrified Forest National Park, and Texas Memorial Museum. 

 Fossil sites were mapped in using a Magellan Meridian GPS. All coordinates 

were based on the WAS84 datum. The sites were plotted on aerial photographs. Sites 

were also plotted on aerial photographs for some taxa to illustrate the taxon’s occurrence 
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at the locality. The coordinates for the fossil sites and the start points for the measured 

sections were checked repeatedly to insure their accuracy. Isolated specimens either had 

the GPS coordinates recorded in the field notes or photographs. Most sites had a 30 cm 

metal spike driven about three-quarters of its length into the site. Over the past 15 years 

some of these spikes have eroded completely out of the ground. 

 Measured sections were made in the basin to analyze the stratigraphic variation 

and lateral variation of the sediments and fossils. The measured sections were made using 

a Brunton compass, a GPS, a Jacob’s staff, and a meter staff. Field observations of the 

sediments were made. Microscopic observations of some of the specimens and strata 

were made using binocular microscopes and an USB digital microscope.  
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CHAPTER 2 

GEOLOGIC SETTING FOR THE BOREN QUARRY (MOTT VPL 3869), 

GARZA COUNTY, TEXAS 

 

All of the major continents were together forming the supercontinent Pangea 

during the Late Triassic (Fig. 2.1). Triassic redbeds of the Dockum Group are exposed 

along the margins of the Llano Estacado of northwest Texas, along the margins of the 

Canadian River, and into east-central New Mexico (Fig. 2.2). These strata represent the 

fill of the Dockum Basin that existed at the time of the Late Triassic breakup of Pangaea. 

Research on the geology of the Dockum basin continues and deposition and 

biostratigraphy of the Triassic sediments is relatively well documented (Lehman et al., 

1992; Lehman, 1994a, 1994b; Lehman and Chatterjee, 2005; Martz, 2007, 2008; Martz et 

al., 2013).  

 

  

 
Fig. 2.1. Pangaea during the Late Triassic (~225 mya). Red dots indicate Tecovas 
Formation fossil localities. Paleo-geographic position of the continents created from data 
from C. Scotese , Paleobiology Database (www.paleobiodb.org). Accessed 2011-2-12. 
 

The Dockum Basin is a bowl-shaped basin 400 km wide and 800 km long with a 

northwest-southeast trending axis (Fig. 2.3). The maximum thickness of Dockum Group 

in Garza County is estimated to be up to 300 m in thickness (Martz, 2008). The sediments  
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Fig. 2.2. Triassic outcrops (violet) in the Dockum Basin. Red dot indicates the location of the 
Boren Quarry.  (Modified from Barnes 1974, 1976, 1981, 1983; Eifler et al., 1992; Barnes et al., 
1993; Barnes et al., 1994; Scholle, 2003) 
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Fig. 2.3. Late Triassic paleogeographic map illustrating the Chinle Dockum basins. 
(Adapted from Riggs, 1996) 
 

are continuous underneath the Llano Estacado between the Caprock Escarpment and the 

outcrops in New Mexico. The youngest strata in the Dockum Group only outcrop in New 

Mexico. This can be traced with oil well logs (pers. obs.) and through the erosional 

surface along the Canadian River (Lehman, 1994a). There is thinning towards the margin 

of the basin in all directions. There is some variation in the deposition within the basin. 

The older sediments are thicker in the northern part of the basin with a source area to the 

northeast while the younger sediments are thicker to the south with a source area to the 

southeast (Lehman and Chatterjee, 2005). Martz (2008), using well logs, showed that in 

the southern Dockum Basin, the Tecovas and Santa Rosa Formations dipped more 

steeply to the southwest while the upper Dockum strata did not. This results in a 

thickening of the Tecovas to the southwest. 

 There are five mappable units in the Dockum Group. These include the four units 

that occur at the type area: the Santa Rosa Sandstone, Tecovas Formation, Trujillo 
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Sandstone, and Bull Canyon Formation (Lehman 1994a, 1994b; Martz, 2007, 2008). In 

eastern New Mexico, the Redonda Formation overlies the Bull Canyon Formation and is 

the uppermost Triassic formation in the sequence (Lehman, 1994a, b; Martz, 2007, 

2008). 

Recent research by Martz (2008) has shown that much of the strata that had been 

previously considered as the "Cooper Canyon Formation" are stratigraphically equivalent 

to the Tecovas Formation. By coincidence, on the same weekend, Martz and I 

independently traced the Trujillo Formation from the Cedar Hill area in Crosby County 

southward into central Garza County. However; in his dissertation, Martz opted to call 

this section the "lower Cooper Canyon Formation" rather than calling it the Tecovas 

Formation. The locality, MOTT VPL 3869, is above the Boren Ranch sandstone (Martz, 

2008) in the lower Tecovas Formation and well below the Trujillo sandstone. In our 

recent publication on the Post Quarry (Martz et al., 2013) we used the name “correlative 

to Tecovas Formation” for the “Lower Cooper Canyon” Formation of Martz, 2008. The 

terminology used in this dissertation will follow the findings of Cather et al. (2013). 

MOTT VPL 3869 is in the lower portion of the Tecovas Formation.  

Martz’s (2008) biostratigraphic analysis for his dissertation was thorough and 

included material from the Boren Quarry. He had a lengthy discussion on the evolution 

and validity of the “Land Vertebrate Faunachrons” (LVF) of Lucas and Hunt (1993b), 

Lucas’ (1998a), Hunt et al. (2005), Parker (2006), and Lucas et al. (2007b). He basically 

summarized that the LVFs are based on the ”First Appearance Datum” (FAD) of 

phytosaur taxa: Otischalkian LVF is based on the FAD of Paleorhinus; the Adamanian 

LVF is based on the FAD of Leptosuchus; the Revueltian LVF is based on the FAD of 

Machaeroprosopus (= Pseudopalatus); and the Apachian LVF is based on the FAD of 

Redondasaurus. Martz found the FADs of Paleorhinus and Leptosuchus to merge in 

Arizona because of the co-occurrence of Paleorhinus and Leptosuchus at the Placerias 

Quarry (Long and Murry, 1995). This has the Otischalkian and Adamanian LVFs having 

the same base. The work by Ramezani et al. (2014) has altered the dating and Parker and 

Martz revised the stratigraphy for the Placerias Quarry.  The succession of the 

phytosaurs Martz found the FAD in Garza County of Paleorhinus to be a specimen we 

collected at MOTT VPL 3867 about 15-18 meters above the base of the Tecovas 
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Formation. Wannia (= Paleorhinus) scurriensis, a ‘Paleorhinus-grade’ phytosaur that 

occurs lower in the Dockum than the ‘Paleorhinus-grade’ phytosaur at MOTT VPL 3867 

(Stocker, 2013). Wannia was collected from the Camp Springs Formation (= Santa Rosa 

Formation). Martz (2008) pointed out that the FADs of the phytosaur taxa in the Dockum 

Group are questionable due to the small sample size. 

Since Martz’s study we have found two ‘Leptosuchus-grade’ phytosaurs below 

the FAD of Paleorhinus in Garza County. The first one was found at MOTT VPL 3939, 

stratigraphically close to that of the ‘Paleorhinus-grade’ phytosaur found at MOTT VPL 

3867, some 15 meters above the base of the Tecovas Formation. The second 

‘Leptosuchus-grade’ phytosaur was found within a 2 - 3 meters of the base of the 

Tecovas Formation at MOTT VPL 3873 (pers. obs.). This would mean that the FAD of a 

‘Leptosuchus-grade’ phytosaur is basically at the base of the Tecovas Formation making 

the entire Tecovas Formation part of the Adamanian LVF since the FAD of 

Machaeroprosopus (= Pseudopalatus) in the Dockum is at the top of the Trujillo 

Formation (pers. obs.). Figure 2.4 illustrates a basic correlation of the Triassic of the 

southern Southwest USA. 

 

 
Fig. 2.4. Correlation chart of some Late Triassic formations in the southwestern USA. 
Star marks MOTT VPL 3869. Adapted from Lehman and Chatterjee (2005), Lucas et al. 
(2007b), Martz (2008), Renesto et al. (2010), Cather et al. (2013), Ramezani et al. (2014), 
and Pritchard et al. (2015). 
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CHAPTER 3 

TETRAPODA FROM THE TECOVAS FORMATION (UPPER TRIASSIC)  

OF THE BOREN QUARRY (MOTT VPL 3869) 

IN GARZA COUNTY, TEXAS 

 

Introduction 

 As was previously stated, on January 1, 2000, there were ten specimens 

catalogued in the MOTTU vertebrate paleontology collection from the Boren Quarry 

collected by Dr. Sankar Chatterjee and his field crew in 1993 and 1996. Along with the 

catalogued specimens there were a few small boxes of unsorted small, fragmentary 

vertebrae and limb bone ends. The Boren Quarry has been visited over 175 times since 

December 12, 1999. On January 1, 2014, there were 1,739 specimens from MOTT VPL 

3869 catalogued in the MOTTU vertebrate paleontology collection. Much of the material 

is non-diagnostic and fragmentary; however, numerous specimens and elements are 

important. Following the taxonomic descriptions of the identifiable material, a series of 

enigmatic elements will be described. These are important elements and a number appear 

to represent undescribed species; however, the new taxa are not provided names in this 

dissertation to avert the formation of nomina nuda. Instead the new taxa will be referred 

to as Taxon A, B, etc. Material from other localities support some of the tentative 

relationships proposed. Only selected specimens are referred for a taxon as voucher 

specimens and do not represent all of the material that may be referred to that taxon, it is 

only the most diagnostic (See Appendix B for additional specimens). 

 All of the specimens were collected from the overbank deposits, lacustrine 

deposits, and the crevasse splay. The paleoenvironments will be discussed in Chapter 4. 

No specimens were collected from the channel deposits. The basic cladograms and an 

overview of the taxa from the Boren Quarry, MOTT VPL 3869, follow below. The taxa 

are not projected down to species in the cladograms. The taxa are discussed in the text of 

the systematic paleontology. The first cladogram presents the non-archosauriform taxa 

(Fig. 3.1). The second cladogram presents the archosauriform taxa (Fig. 3.2). 
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Fig. 3.1. Basic cladogram of non-archosauriform tetrapod taxa from MOTT VPL 3869. 
(Adapted from Laurin and Reisz, 1995; Sues, 2003; Benton, 2014) 
 
 
 
 
 

 
Fig. 3.2. Basic cladogram showing the Archosauriform taxa from MOTT VPL 3869. 
(Adapted from Ezcurra et al., 2010; Nesbitt, 2011) 
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Systematic Paleontology 

 

TEMNOSPONDYLI  Zittel, 1888 sensu Yates and Warren, 2000 

STEREOSPONDYLI  Fraas, 1889 sensu Yates and Warren, 2000 

METOPOSAURIDAE  Watson, 1919 

 

The family Metoposauridae has undergone several revisions over the past century 

(Branson and Mehl, 1929; Case, 1946; Colbert and Imbrie, 1956; Hunt, 1993; Milner, 

1994; Long and Murry, 1995), there is still a need for the detailed analysis and revision 

(Schoch and Milner, 2000; Sulej, 2002; Milner and Schoch, 2004). Sulej’s 2007 

description of the osteology of Metoposaurus diagnosticus krasiejowensis is by far the 

most comprehensive description of a metoposaurid to date. More taxa need to be 

described in this detail to allow for better phylogenetic analysis of the metoposaurids. 

Colbert and Imbrie’s comparison of the ranges of the metoposaurid populations of North 

America to the ranges various extant reptiles can be misleading if the information is taken 

at face value. Metoposaurids were one of the more common taxa in the Late Triassic. For 

comparison, they showed the geographic range of three species of the skink (reptile) 

Eumeces (1956, p. 447) and two species with six subspecies of the rattlesnake genus 

Crotalus (1956, p. 448) with little or no overlap of the geographic ranges. There are 11 

species and 22 subspecies of Eumeces in North America (Behler and King, 1979). In 

some areas, the geographic ranges of up to five species of Eumeces overlap. There are 13 

species of rattlesnakes in North America and eight of those species share an overlapping 

geographic range (Behler and King, 1979). If one wanted to use a comparison with an 

extant amphibian, one of the more common genera of salamander, Ambystoma, has 15 

species and 13 subspecies in North America, with up to six species sharing an 

overlapping geographic range (Behler and King, 1979). 

 Colbert and Imbrie’s work clearly showed some distinctions between the four 

major metoposaurid populations. They assigned the populations of the Popo Agie, 

Chinle, and Dockum to Eupelor browni, Eupelor fraasi fraasi, and Eupelor fraasi jonesi 

respectively. They recognized the Newark taxa of Dictyocephalus elegans and Eupelor 

durus as valid. Although they noted and discussed some of the differences of some 
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specimens and sub-populations, they lumped them in with the overall populations. In the 

Dockum, this was true for Buettneria (“Metoposaurus”) bakeri and Buettneria 

howardensis. In “M.” bakeri, they acknowledged that the lacrimal does not enter the 

orbit. They cited Sawin’s discussion of characters for B. howardensis differing from 

Buettneria perfecta, such as differences in length-width ratio of skull, in the palatal 

vacuities, the preorbital sensory canal configuration, the lack of perforation of 

anteroventral foramen for the intermaxillary gland, and a secondary row of teeth at the 

symphysis of the dentary (Sawin, 1945). Then they considered the differences negligible 

and assigned them to the same subspecies, Metoposaurus fraasi jonesi. Hunt (1993) made 

the revision of the metoposaurids that is most commonly accepted. In his revision, Hunt 

placed Buettneria bakeri in the genus Metoposaurus based on the lacrimal not entering 

the orbit, forming the species “Metoposaurus” bakeri. He erected the genus 

Apachesaurus for a small metoposaurid taxon. All the remaining diagnostic metoposaur 

material from North America was placed in the taxon Buettneria perfecta. 

 In 2002, Sulej brought to the attention of the scientific community that the 

original interpretation and description of Metoposaurus diagnosticus by Fraas (1889) was 

in error. The original description of Metoposaurus diagnosticus included the character 

that the lacrimal did not enter the margin of the orbit. Sulej (2002) recognized that the 

lacrimal of M. diagnosticus does enter the orbit. This was confirmed by Milner and 

Schoch (2004) but later disputed by Lucas et al. (2007d). This controversy brings to the 

forefront the need for a re-evaluation of the metoposaurids since the primary character 

distinguishing K. perfectus and M. diagnosticus was whether the lacrimal entered the 

orbit or not. Sulej (2002) did report that two of the 53 Metoposaurus diagnosticus 

krasiejowensis skulls from Krasiejow, Poland, have the lacrimal excluded from the orbit. 

This brings into further question the validity of that character. Konietzko-Meier and 

Wawro (2007) analyzed of the lower jaws of Metoposaurus diagnosticus krasiejowensis 

and determined the secondary tooth row at the symphysis of the dentary was variable 

intraspecifically. 

The metoposaurid genus Buettneria was recognized as being preoccupied and the 

generic name Koskinonodon was resurrected for the taxon (Mueller, 2007). Lucas et al. 

(2007c) petitioned the International Commission of Zoological Nomenclature (ICZN) to 
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preserve the metoposaurid genus Buettneria. The ICZN rendered the opinion not to 

conserve the generic name Buettneria Case 1931 (ICZN, 2010).  

As Schoch and Milner (2000), Sulej (2002), and Milner and Schoch (2004) 

pointed out, “Metoposaurus” bakeri does not belong to the genus Koskinonodon 

(Buettneria) or Metoposaurus since both of those have the lacrimal entering the orbit. 

Apachesaurus, Dutuitosaurus, and “Metoposaurus” bakeri are the only metoposaurid 

taxa that have the lacrimal excluded from the orbit and the external naris (Hunt, 1993). 

Brusatte et al. (2015) considered Metoposaurus to include three species: diagnosticus, 

krasiejowensis, and their new species algarvensis. They agreed with Sengupta (2002) that 

the Indian metoposaur species, maleriensis, was more closely related to Koskinonodon. 

There appears to be enough difference to separate the European and American taxa into 

separate species based on other characters including the ornamentation of the pectoral 

girdle. This leaves “Metoposaurus” bakeri in need of a new generic name (Sulej, 2002; 

Milner and Schoch, 2004). Another option would to consider the morphological 

differences between Metoposaurus diagnosticus, Koskinonodon perfectus, and 

“Metoposaurus” bakeri as valid at the specific level and assigning all of the species to the 

genus Metoposaurus. Further analysis of the Metoposauridae is needed. The “M.” bakeri 

specimens from MOTT VPL 3869 provide valuable taxonomic information. 

 

METOPOSAURUS  Lydekker, 1890 

"Metoposaurus" bakeri  (Case, 1931) 

 (Figs. 3.3-3.10) 

 

Referred specimens: Skull, TTU-P10530, TTU-P11046; skull, partial fragmentary, TTU-

P10568, TTU-P11152; interclavicle and clavicles, TTU-P09424; interclavicle, TTU-

P10556; clavicle, TTU-P18249. 

 

Description: “Metoposaurus” bakeri is diagnosed as having an elongate lacrimal, 

lacrimal excluded from the orbit, a clavicle with radiating grooves forming less than a 

150o arc around the pitted area, and no long anterior contact of the clavicles (Case, 

1932a; Hunt, 1993). The above referred material can be referred to “Metoposaurus” 
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bakeri based on the characters just mentioned. A “detailed” description of “M.” bakeri 

skull osteology has not been performed since Case’s descriptions (1931, 1932a). There 

are abundant isolated post-cranial elements and fragmentary metoposaurid remains from 

MOTT VPL 3869 that can only be identified as Metoposauridae incertae sedis. 

“Metoposaurus” (Buettneria) bakeri is known from only five localities so far: Elkins 

bone bed; Otis Chalk Quarry 2; Minas Basin, Nova Scotia; MOTT VPL 3935; and 

MOTT VPL 3869. All the localities have been generally considered Carnian to Norian in 

age (Baird and Olsen, 1983; Long and Murry, 1995; Martz, 2008, Martz et al., 2013). 

“Metoposaurus” bakeri (Case, 1931) was described by Case as Buettneria bakeri 

for a collection of skulls and post-cranial elements from the Elkins bone bed in “Scurry” 

County. All of the diagnostic metoposaurid specimens at the type locality, the Elkins 

Place bone bed belong to the taxon “M.” bakeri (Case, 1931). Case (1931) described the 

Elkins Place bone bed, approximately 20 kilometers to the east of MOTT VPL 3869, as 

being 23 miles north of Snyder in Scurry County, Texas. The research on the  

“Metoposaurus” bakeri specimens at MOTT VPL 3869 led to the discovery that Case 

mistakenly identified the county of the type locality, the Elkins Place bone bed. It is 

actually in Kent County, Texas (Houle and Mueller, 2004). This was confirmed by 

discussions with the landowner (Cindy Spires, pers. comm.) and a visit to the locality. 

The original collection of “Metoposaurus” bakeri was collected from the "Shinarump" 

Formation, stratigraphically below MOTT VPL 3869. The visit to the locality indicated 

that the specimens were collected from the lower section of the Tecovas below the 

"Boren Ranch sandstone" of Martz (2008) (pers. obs.). This is at approximately the same 

stratigraphic position as MOTT VPL 3935 in Garza County, below the Boren Ranch 

sandstone (Martz, 2008). 

The population of metoposaurids from the Elkins Place bone bed caused some of 

the confusion in the diagnosis of North American metoposaurids. Since this population 

did not have the lacrimal enter the orbit, some researchers considered that a variable 

character in Koskinonodon (Buettneria) (Colbert and Imbrie, 1956). The problem was 

that only “Metoposaurus” (Buettneria) bakeri did not have the lacrimal enter the orbit 

while all of the specimens of Koskinonodon (Buettneria) perfecta did have the lacrimal 

enter the orbit (Hunt, 1993). 
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The Otis Chalk Quarries are located in southeastern Howard County, Texas, are in 

the lower Tecovas Formation. It is called the Camp Springs member/formation by some 

(Lucas et al., 1993b; Long and Murry, 1995). There are two skulls from the TMM Otis 

Chalk Quarry 2, TMM31099-12 and TMM-31099-34 (also previously known as 

TMM31099-12B or TMM31099-128; e.g. Long and Murry, 1995, p. 223), that belong to 

the taxon “Metoposaurus” bakeri (pers. obs.). One, TMM31099-12, was originally 

recognized as possibly being a “Buettneria” bakeri but the second was considered to be a 

sub-adult “Buettneria howardensis“ (perfecta) (Sawin, 1945; Ruez, 2000). Both were 

identified as “Buettneria perfecta” by Long and Murry (1995). A careful examination 

(pers. obs.) showed the lacrimal on the specimens, TMM31099-12 and TMM31099-34, 

does not enter the orbit and the pitting on the interclavicles and clavicles match that of 

 “M.” bakeri and not Koskinonodon. The only diagnostic metoposaurid material from 

Otis Chalk Quarry 2 belongs to the taxon “M.” bakeri (pers. obs., contra Long and Murry, 

1995). 

The “M.” bakeri specimen from Nova Scotia, YPM PU 21742, is a natural mold 

of approximately 3/4 of a skull that clearly shows the articulation of the lacrimal being 

excluded from the orbit. This was confirmed with an examination of a cast of the 

specimen (pers. obs. of a cast of YPM PU 21742). The specimen was from the Wolfville 

Formation of the Fundy Group in the Minas Basin of Nova Scotia. There were no other 

diagnostic metoposaurid taxa reported from Nova Scotia (Baird and Olsen, 1983). 

 The first report of “M.” bakeri from Garza County, Texas was made after my 

discovery of TTU-P10530 (Fig. 3.3, 3.4) at MOTT VPL 3869 (Houle and Mueller, 2004). 

The second skull found at the Boren Quarry is fragmentary and is composed of the bones 

around the right orbit: the maxilla, prefrontal, nasal, and postfrontal, allowing 

identification. Another almost complete skull, TTU-P10568, was found at the locality 

(Fig. 3.5). The Museum of Texas Tech specimen TTU-P10530 is complete and in 

extremely good condition. The overall shape of the skull is angular and the lacrimal does 

not contact the orbit. The skulls of “Metoposaurus” bakeri from MOTT VPL 3869 and 

3935 are almost twice as large as the specimens from the other localities (Fig. 3.6). The 

size variation is noticeable when comparing the TTU specimens to the other populations. 

UMMP 13055 is 284 mm in length; TMM-31099-34 is 150 mm in length;  
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Fig. 3.3. “Metoposaurus” bakeri, TTU-P10530, skull in dorsal view. Scale bar = 5 cm. 
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Fig. 3.4. “Metoposaurus” bakeri, TTU-P10530, skull in ventral view. Scale bar = 5 cm. 
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Fig. 3.5. “Metoposaurus” bakeri, TTU-P11046, skull. A, Dorsal view; B, Ventral view. 
Scale bar = 5 cm. 
 

YPM PU 21742 is 192 mm in length; TTU-P10530 is 361 mm in length; and TTU-

P11460 is 428 mm (minus the premaxilla).The configuration of the cranial bones is 

consistent between the smaller and larger specimens confirming that the difference 

between “M.” bakeri and K. perfectus is not ontogenetic.  

 

 
 
Fig. 3.6. Comparison of the skulls of “Metoposaurus” bakeri. A, TTU-P10530 from 
MOTT VPL 3869; B, UMMP 13820 (adapted from Case, 1931) from the Elkins bone 
bed; C, TMM-31099-34 from Otis Chalk; D, YPM PU 21742 from Nova Scotia. (Skulls 
adjusted to same size for comparison. Scale bars = 5 cm). Lacrimal shown in red. 
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All of the diagnostic metoposaurid material from MOTT VPL 3869 and 3935 

belongs to the taxon “M.” bakeri. This identification means that none of the locations in 

North America have definitely produced both Koskinonodon perfectus and 

"Metoposaurus" bakeri. Thirteen kilometers to the north at MOTT VPL 3867 and MOTT 

VPL 3939, at a slightly lower stratigraphic level than MOTT VPL 3869, metoposaurids 

are fairly common and only K. perfectus has been collected at those localities.  

The localities that produced “Metoposaurus” bakeri did not produce any other 

identifiable metoposaurid taxa. It is possible, if not probable, that all of the post-cranial 

material from MOTT VPL 3869 belongs to “M.” bakeri. There are several small, 

fragmentary interclavicles and clavicles that are presumed to be sub-adults. Typically, 

most all specimens that are small and exhibit a decreased area of pitting are considered to 

be Apachesaurus. Some researchers have assigned all small metoposaurid specimens to 

Apachesaurus considering the pitting differences as being intraspecific variation 

(Spielmann and Lucas, 2012). The evidence does not support this. The small elements 

identifiable as Apachesaurus have distinctive pitting patterns on the clavicles and 

interclavicles and differ from specimens believed to belong to Koskinonodon perfectus 

and “Metoposaurus” bakeri (pers. obs.). The small elements from MOTT VPL 3869 have 

pitting patterns consistent with “M.” bakeri, not with Apachesaurus. 

 

Osteology 

 The following description is based primarily on TTU-P10530 (Figs. 3.3, 3.4) 

since it is complete and almost undistorted. There is a minor amount of dislocation of the 

premaxillae rotating posterodorsally and there is a slight dislocation of the exoccipitals 

rotating anterodorsally. The second skull, TTU-P11046 (Fig. 3.5), discovered by Francis 

Rivera is missing the premaxilla; however, the configuration of the skull bones matches 

that of TTU-P10530. The two fragmentary partial skulls from MOTT VPL 3869 and the 

skull discovered by Gretchen Gürtler at MOTT VPL 3935 (TTU-P15489) have matching 

bone configuration and the two do not offer any additional information. 

 The skull TTU-P10530 is 414 mm in length and it has a maximum width of 294 

mm. The skull TTU-P11046 is 460 mm in length (with the premaxilla missing) and it has 
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a maximum width of 384 mm. The morphological configuration of the skull bones for the 

taxon is illustrated in Fig. 3.7 (See Appendix C for additional skull measurements). 

 The skull has an angular, inverted “V” or “arrowhead” shape when viewed 

dorsally or ventrally. From the rear, the skull has a low, wide, half-oval shape and when 

viewed laterally, the skull forms a low, thin wedge with the maximum height at the 

posterior of the skull. No teeth were preserved with the skulls. 

 The skull is covered by the sculptured texture typical of most metoposaurids, 

mostly composed of small pits and areas of elongated pits. There is a moderately wide 

band of elongated pits arcing across the skull from one quadratojugal to the other, 

crossing the anterior portion of the parietals. There are other small areas of elongated 

pitting; however, this band is the most significant area. 

Sensory canals—The sensory canals on the roof of the skull are well developed. 

The supraorbital sensory canal follows the shape of the naris towards the lateral sensory 

canal but does not contact the lateral sensory canal before extending posteriorly and 

medial to the orbit. It continues posteriorly and terminates near the middle of the 

postfrontal. The lateral sensory canal initiates anteriorly at the suture of the premaxilla-

maxilla and continues posteriorly to the contact of the maxilla-jugal suture where the 

sensory canal dips and follows that suture laterally and then continues posteriorly along 

the lateral margin of the skull, branching on the anterior portion of the quadratojugal. The 

branch arcs medioposteriorly to the posterior of the skull. The supratemporal sensory 

canal branches away from the lateral canal on the posterior portion of the jugal. It then 

arcs anteromedially across the postorbital and terminating on the posterior portion of the 

supratemporal extending slightly posteriorly past the pineal foramen (Fig. 3.7).  

 

Cranial Openings 

Nares—The external left naris is 36 mm in length and 22 mm in width. The right 

external naris is 2mm larger in both measurements. The nares are separated by a distance 

of 35 mm. The margins of the nares are formed by the premaxilla anteromedially and 

anteriorly, the maxilla posterolaterally, and the nasal posteriorly and medially. The 

lacrimal does not contact the narial margin (Fig. 3.7, 3.8). Note that in TMM-31099-34 
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the naris is considerably reduced relative to the size of the orbits in the other “M.” bakeri 

populations. 

 Orbit—The orbits are 46 mm in length and 30 mm in width. The margin of the 

orbit is formed by the prefrontal anteriorly, the jugal laterally, the postorbital posteriorly, 

and the postfrontal posteromedially. The lacrimal is excluded from the margin of the orbit 

(Fig. 3.7). In Koskinonodon perfectus the lacrimal forms the anterolateral orbital rim, 

while in Koskinonodon “howardensis” the lacrimal forms the anterolateral and lateral 

orbital rim. The orbits are oval in shape. As is a character of the metoposaurids, the orbits 

are located on the anterior half of the skull. 

 Pineal foramen—The pineal foramen is almost round with a diameter of 7.7 mm. 

The foramen is situated on the mid-line suture of the parietals approximately 1/5 the 

length of the parietals from their posterior margin. This differentiates all of the “M.” 

bakeri populations from “M.” bakeri YPM PU 21742 (Fig. 3.6) that has a pineal foramen 

that occurs slightly posterior to the midpoint of the parietals. This is more anterior than is 

found in other metoposaurids. 

 Otic notch—The otic notch is well developed. This differentiates “M” bakeri 

from Apachesaurus and Arganasaurus. It is bounded medially by the tabular and 

anterolaterally by the squamosal. The otic notch is rounded and projects slightly 

anteromedially. The margin of the otic notch is beveled.  

Foramen magnum—The foramen magnum is 26.0 mm in height and 24.2 mm in 

width, dividing the exoccipitals. The foramen magnum is slightly distorted due to a slight 

displacement of the exoccipitals. 

 Posttemporal foramen—The posttemporal foramen is 12.5 mm in height and 7.3 

mm in width, being slightly ovate and is located on the upper margin of the exoccipital. 

 Paraquadrate foramen—The left paraquadrate foramen is undistorted. It is is 

oblong with dimensions of 16.1 mm in height and 44.6mm in width. It is bounded above 

by the squamosal and below by the quadrate.  

 Paraquadrate accessory foramen—There is no evidence of a paraquadrate 

accessory foramen being present, unlike Metoposaurus diagnosticus krasiejowensis 

(Sulej, 2007).   
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Anterior palatal vacuity—The anterior palatal vacuities are damaged due to the 

slight disarticulation of the premaxilla. The anterior palatal vacuity is bounded anteriorly 

by the premaxilla and posteriorly by the vomer. The right anterior palatal vacuity is 18.7 

mm in width and is roughly circular. The anterior palatal vacuities are separated by 22.7 

mm; however, this is slightly distorted due to slight disarticulation of the premaxilla and 

displacement along the midline suture. 

 Intervomerine canal—The intervomerine canal on TTU-P10530 is damaged but 

is estimated to be 12.7 mm in width. It is surrounded by the vomer; however, it is unsure 

if there was contact with the parasphenoid. On TTU-P11046, most of the vomer and 

anterior parasphenoid are missing (Fig. 3.5); therefore, the intervomerine canal is not 

preserved. 

Choana—The choanae are 37 mm in length and 16 mm in width. They are 

separated by 75 mm. The choanal margin is formed by the vomer anteriorly and medially, 

the maxilla anterolaterally, and the palatine posteriorly.  

 Interpterygoid vacuity—The following description is for the left interpterygoid 

vacuity. The interpterygoid vacuity is bounded anteriorly by the palatine, the 

ectopterygoid anterolaterally, the palatine, again, laterally, the pterygoid posterolaterally 

and posteriorly, the parasphenoid medially, and the vomer anteromedially. The length is 

176 mm and the width is 63 mm. The widest portion of the interpterygoid vacuity is just 

slightly anterior to the midpoint. The interpterygoid vacuity extends anteriorly past the 

orbits. 

 Adductor fossa—The adductor fossa is subtriangular and is bounded by the alary 

process of the jugal anteriorly, quadratojugal laterally, the quadrate posteriorly, and the 

pterygoid medially. The adductor fossa has a length of 95.5mm and a width of 66.5 mm. 

 

Cranial Elements 

Premaxilla—The premaxilla forms the anterior portion of the skull. The posterior margin 

of the premaxilla is bounded by the maxilla, the naris and the nasal dorsally, while 

ventrally it is bounded by the maxilla, vomer, and anterior palatal vacuity. The 

premaxillae have a total width of 113 mm and a total length of 35 mm. There is a slight 

distortion of the premaxilla with a small separation along the midline suture and a slight 
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rotation of the anterior tip dorsoposteriorly. Dorsolaterally the premaxilla extends 

posteriorly to the midway on the external nares where it contacts the maxilla. 

Dorsomedially, the premaxilla extends posteriorly to one-fourth to one-half the length of 

the external nares where it contacts the nasal. The dorsal surface of the premaxilla is 

lightly pitted. The supraorbital sensory canal originates of the premaxilla about even with 

the anterior margin of the nares. Ventrally, the premaxilla is relatively flat and forms a 

moderate suture with the vomer and only a small posterolateral suture with the maxilla on 

the ventral skull. Medioventrally the premaxilla extends posteriorly halfway on the    

anterior palatal vacuity and separating them. There are no teeth preserved but each 

premaxilla possesses 14 alveoli. The alveoli are generally between 3 and 4 mm in 

diameter. 

Maxilla—The maxilla forms the major portion of the lateral margin of the skull. 

The dorsal expression of the maxilla is not large. Anteriorly the maxilla contacts the 

premaxilla approximately midway on the naris. The maxilla then extends medially 

forming the posterolateral margin of the naris to contact the nasal and then 

posteromedially to contact the prefrontal. The maxilla forms the anterior and lateral 

sutures with the lacrimal. Posterior to the lacrimal, the maxilla forms a suture with the 

jugal as the maxilla extends posteriorly along the margin of the skull until it contacts the 

quadratojugal just posterior to the anterior margin of the adductor fossa (Fig. 3.7). 

Ventrally the maxilla contacts the premaxilla anteriorly, the vomer anteromedially, it 

forms the anterolateral rim of the choana, and forms a medial suture with the palatine 

extending posteriorly to the quadratojugal. The dorsal surface of the maxilla has only 

minor pitting as the supraorbital and lateral sensory canals are present on the anterior 

portion of the maxilla anterior to the lacrimal. The lateral sensory canal extends 

posteriorly along the entire length of the maxilla-jugal suture.  

The maxilla bears alveoli along the entire length of its ventral surface. TTU-

P10530 has 54 alveoli, with the larger alveoli (4 mm) on the anterior portion and 

decreasing in size posteriorly (3 mm). The alveoli are round in shape. 

Nasal—The nasal is bounded by the premaxilla anteriorly, the narial margin 

anterolaterally, the maxilla laterally, prefrontal posterolaterally, and frontal posteriorly 

(Fig. 3.7). The nasals do not contact the lacrimals (Fig. 3.8). The nasal contacts the 
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Fig. 3.7. “Metoposaurus” bakeri TTU-P10530, skull osteology. A, dorsal view and B, 
ventral view. Light gray lines on the dorsal view represent the patterns of the sensory 
canals. Exoccipitals omitted in dorsal view. 
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maxilla, unlike in Anaschisma. The nasal is covered by regular pitting for the most part, 

having elongated pitting only on the anterior-most and posterior-most margins (Fig. 3.8). 

The supraorbital canal crosses the nasal following the margin of the naris.  

Frontal—The frontal is bounded by the nasal anteriorly, prefrontal 

anterolaterally, postfrontal posterolaterally, and the parietal posteriorly (fig. 3.5). The 

frontals on TTU-P10530 are unequal; however, on TTU-P11046 the frontals are equal. 

The left frontal is 123.6 mm in length. The anterior 1/3 and posterior 1/3 of the frontals 

possess elongated pitting while the middle 1/3 is covered by regular pitting (Fig. 3.3). 

The elongate pitting on the posterior frontals is part of the arc of elongate pitting 

extending from quadratojugal to quadratojugal. This arc of elongate pitting is formed by a 

region of more rapid growth (Moody, 1908; Sulej, 2002). The lack of elongate pitting on 

the lateral portion of the middle of the frontal differentiates “M.” bakeri from 

Dutuitosaurus (Sulej, 2007). The supraorbital sensory canal barely touches the frontal-

prefrontal/postfrontal suture medial from the orbit. 

Prefrontal—The prefrontal contacts the maxilla anterolaterally, the lacrimal 

laterally, the jugal posterolaterally, forming the orbital margin posterolaterally, bounded 

by the postfrontal posteriorly, the frontal posteromedially, the nasal anteromedially (Fig. 

3.8). The prefrontal is covered by regular pitting and forms the anterior margin of the 

orbit. The prefrontal contacts the jugal posterior to the lacrimal, therefore excluding the 

lacrimal from the orbit. The lacrimal contacts both the maxilla and jugal in all of the “M.” 

bakeri populations except for YPM PU 21742 where it only contacts the jugal. The 

supraorbital sensory canal crosses the prefrontal onto the postfrontal at the contact of the 

prefrontal, postfrontal, and frontal.  

Lacrimal—The lacrimal is bounded by the maxilla anteriorly and laterally, the 

jugal posteriorly, and the prefrontal medially (Fig. 3.8). The lacrimal is excluded from 

contact with the orbit and the naris.  This differs in “M.” bakeri YPM PU 21742 where 

the lacrimal is bounded anteriorly and laterally by the maxilla, posteriorly by the jugal, 

posteromedially by the prefrontal, and anteromedially by the nasal. Relative to skull size, 

the lacrimal of YPM PU 21742 is much larger than in the other “M.” bakeri populations. 

The pitting on the lacrimal is regular pitting. The lateral sensory canal traverses the 
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length of the lacrimal to the contact with the jugal where the lateral sensory canal follows 

the lacrimal jugal suture to the contact with the maxillary suture. 

Along with “M.” bakeri, the genera Apachesaurus, Arganasaurus, and 

Dutuitosaurus have the lacrimal excluded from the orbit. This is considered not to be 

character with intraspecific variability (Hunt, 1993); however, Sulej (2007) reported two 

specimens out of the 53 Metoposaurus diagnosticus krasiejowensis skulls in his study 

that had lacrimals enter the orbit.  

Jugal—The jugal is bounded anteromedially by the prefrontal and lacrimal, the 

maxilla laterally, the quadratojugal posterolaterally, the squamosal posteromedially, the 

postorbital medially, and anteriorly it forms the lateral orbital rim (Fig. 3.6). The jugal 

extends medially forming a portion of the skull roof. The jugal is covered by regular 

pitting anteriorly. The posterior portion of the jugal is covered with elongate pitting that  

 

 
Fig. 3.8. The lacrimal area of “Metoposaurus” bakeri, TTU-P10530. Light grey 
highlights the sensory canals. Scale bar = 5 cm. 

 
is part of the arc of elongate pitting extending from quadratojugal to quadratojugal. 

Ventrally, the alary process of the jugal attaches the skull roof to the palate and is 

expressed as small part of the palate bounded by the ectopterygoid anterolaterally, the 

adductor fossa posteriorly, and the pterygoid medially. The lateral sensory canal extends 

along the length of the jugal, migrating slightly medially to the contact of the jugal, 

squamosal, and quadratojugal contact. The supratemporal sensory canal branches off of 

the lateral sensory canal just posterior to the midpoint of the jugal. The supratemporal 

canal then arcs anteromedially to the postorbital (Fig. 3.3). 
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Postorbital—The postorbital forms the posterior orbital rim and is then bounded 

by the jugal laterally, the squamosal posterolaterally, the supratemporal posteromedially, 

and the postfrontal medially (Fig. 3.7). The postorbital is covered by regular pitting 

anteriorly and medially. The posterior margin is cover with elongate pitting that is part of 

the arc of elongate pitting extending from quadratojugal to quadratojugal (Fig. 3.3). The 

supratemporal canal enters the postorbital near its lateral midpoint and then arcs 

posteriorly across the postorbital to the midpoint of the postorbital-supratemporal suture. 

Postfrontal—The postfrontal is bounded anteriorly by the prefrontal, forms the 

orbital rim anterolaterally, the postorbital laterally, the supratemporal posterolaterally, the 

parietal posteromedially, and frontal medially. The anterior half of the postfrontal is 

covered by regular pitting, while the posterior half is covered with elongate pitting that is 

part of the arc extending from quadratojugal to quadratojugal (Fig. 3.3). The supraorbital 

sensory canal enters the postfrontal at the prefrontal, postfrontal, frontal sutural contact. It 

extend posteriorly to approximately the midpoint of the postfrontal. 

Parietal—The parietal is bounded anteriorly by the frontal, the postfrontal 

anterolaterally, the supratemporal laterally, and the postparietal posteriorly. The pineal 

foramen is located approximately 1/5 anterior to the posterior parietal margin. This is not 

the case for “M.” bakeri YPM PU 21742 that has the pineal just posterior to the midpoint 

of the parietal. The anterior 3/4 of the parietal is covered with elongate pitting that is part 

of the arc extending from quadratojugal to quadratojugal (Fig. 3.3). The posterior portion 

of the parietal is covered with regular pitting.  

Postparietal—The postparietal is bounded by the parietal anteriorly, the 

supratemporal anterolaterally, the tabular laterally, and the postparietal forms the 

posteromedial margin of the skull roof. The postparietal posteroventrally contacts the 

exoccipital via the supraoccipital process of the postparietal. The postparietal is small and 

roughly rectangular in shape. The posterior margin of each postparietal is slightly 

concave, forming a small, blunt projection at the posterior midline of the postparietals 

(Fig. 3.7). The postparietal is covered with regular pitting, slightly smaller than seen on 

most of the skull roof.  

Supratemporal—The supratemporal is bounded anterolaterally by the 

postorbital, the squamosal laterally, the tabular posteriorly, the postparietal 
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posteromedially, the parietal medially, and the postfrontal anteromedially. The anterior 

half of the supratemporal is covered with elongate pitting that is part of the arc of more 

rapid growth extending from quadratojugal to quadratojugal (Fig. 3.3).  

Tabular—The tabular is bounded anteriorly by the supratemporal, the squamosal 

anterolaterally, forms the medial margin of the otic notch, posterolaterally and posteriorly 

forms the margin of the skull and the tabular horn, and is bounded medially by the 

postparietal. The tabular is covered by regular pitting with the pitting slightly obliterated 

towards the end of the tabular horn. The tabular horn is somewhat angular. The tabular is 

connected ventrally to the exoccipital by the tabular parotic process.  

Squamosal—The squamosal, along with the quadratojugal, form the 

posterolateral portion of the skull. The squamosal is bounded anterolaterally by the jugal, 

the quadratojugal laterally, forms part of the posterior margin of the skull, bounded 

posterolaterally by the tabular, the supratemporal medially, and the postorbital 

anteromedially. The anterior half of the squamosal is covered with elongate pitting that is 

part of the arc extending from quadratojugal to quadratojugal (Fig. 3.3). The posterior 

sensory canal branches medially from the contact of the jugal-quadratojugal-squamosal 

sutures and follows the quadratojugal-squamosal suture to the posterior of the skull. This 

character is present in the Otis Chalk population of “M.” bakeri; however, it does not 

appear to be present on the “M.” bakeri populations from the Elkins bone bed and Nova 

Scotia. It is also not present on any other metoposaurid taxa. 

Quadratojugal—The quadratojugal forms the posterolateral portion of the skull. 

The quadratojugal is bounded anteriorly by the maxilla, forms part of the lateral and the 

posterolateral margin of the skull, bounded medially by the squamosal, and the jugal 

anteromedially. Ventrally the quadratojugal forms the margin of the adductor fossa. The 

dorsal surface of the quadratojugal is covered by elongate pitting. This is the beginning of 

the arc of elongate pitting that extends across the skull. The lateral sensory canal extends 

posteriorly across the quadratojugal to the posterior margin of the skull. The posterior 

sensory canal follows the suture between the quadratojugal and the squamosal to the 

posterior margin of the skull. 

Vomer—The vomer is bounded anteriorly by the premaxilla and the anterior 

vomerine vacuity, the maxilla laterally, the choana and palatine posterolaterally, and the 
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parasphenoid posteriorly. The parasphenoid extend anteriorly 89.2 mm separating the two 

vomers, reaching the intervomerine canal that is surrounded by the vomers. The large 

vomerine tusk alveolus is located on the anterolateral portion of the vomer. There are 6-8 

alveoli extending posteriorly from the vomerine tusk and medial to the choana. The 

vomerine tusk alveoli are 21.1 mm in diameter and are separated by 52.9 mm, with 19 

alveoli (2.5 mm) extending between  the vomerine tusk alveoli. The surface of the vomer 

is smooth and flat, except in the medial area where the intervomerine canal is damaged.   

Palatine—The palatine is bounded anteriorly by the vomer, choana, and maxilla, 

the maxilla laterally, the quadratojugal and alary process of the jugal posteriorly, the 

pterygoid posterolaterally, and then forms, along with the incised ectopterygoid, the 

anterolateral margin of the interpterygoid vacuity, The palatine possesses a fairly large 

anterior palatine tusk alveolus. The alveoli are ovate anterior-posteriorly. The alveoli are 

12.4 mm wide and 19.8 mm long. The right alveolus has the base of a large tooth (9.1 

mm diameter) in the anterior end of the alveolus. There are 41 alveoli (2.5-3.5 mm) that 

extend posteriorly from the palatine tusk alveoli, parallel to the maxillary tooth row.  

Ectopterygoid—The ectopterygoid is incised in the palatine and along with the 

palatine forms the anterolateral margin of the interpterygoid vacuity. The ectopterygoid is 

relatively small.  

Parasphenoid—The parasphenoid is bounded anteriorly by the vomer, the 

interpterygoid vacuity and pterygoid laterally, and the exoccipital posterior (Fig. 3.7). 

The posterior portion of the parasphenoids between the pterygoids is only slightly wider 

than the posterior cultriform process of the parasphenoid. This posterior region of the 

parasphenoid bears very faintly sculptured with regular pitting. Similar sculpturing is also 

found in Koskinonodon howardensis and Metoposaurus diagnosticus krasiejowensis 

(Sulej, 2007). The cultriform process forms the majority of the medial platform between 

the interpterygoid vacuities. The narrowest portion of the cultriform process is just 

posterior to the posterior extent of the vomers where the parasphenoid is 25.7 mm wide. 

The contact with the exoccipital is distorted due to the displacement of the exoccipitals.  

Pterygoid—The pterygoid contacts the palatine and alary process of the jugal 

anterolaterally, laterally it forms the margin of the adductor fossa, posterolaterally it 

contacts the quadrate, it forms part of the posterior margin of the palate, contacting the 



Texas Tech University, Billy D. Mueller, May 2016  

 

39 

 

exoccipital posteromedially, the parasphenoid medially, and form the margin of the 

interpterygoid vacuity anteromedially. The pterygoid ties the quadrate, lateral skull, and 

base of the braincase together. There is faint sculpturing in the form of pitting on the 

posteromedial margin of the pterygoid. This is similar to Koskinonodon howardensis, but 

unlike Metoposaurus diagnosticus krasiejowensis (Sulej, 2007). The palatine ramus 

slightly widens distally, while the quadrate ramus slightly narrows distally.   

Quadrate—The quadrate is bounded by the adductor fossa anteriorly, the 

quadratojugal laterally, and the pterygoid medially. The quadrate is divided into a lateral 

and medial condyle, with the medial condyle being much larger. 

Exoccipital—The exoccipitals are slightly rotated posterodorsally. This gives an 

appearance that they project more posteriorly than they do. Dorsomedially it contacts the 

postparietal supraoccipital process and the tabular parotic process. Ventrally it contacts 

the parasphenoid medially and the pterygoid anterolaterally. 

Dentition—There were no teeth preserved with any of the skulls or partial skulls 

from MOTT VPL 3869.  

 

Postcrania 

 Interclavicle—There are two fairly complete interclavicles from MOTT VPL 

3869: TTU-P09424 (associated with two clavicles) and TTU-P10556. There are five 

“juvenile” interclavicles (TTU-P11663, P19189, P 19743, P19907, and P22379); 

however, they are too incomplete to obtain meaningful measurements.  

The TTU-P09424 interclavicle is 356 mm in length and 307 mm in width. On the 

dorsal surface of the TTU-P09424 interclavicle the eminentia centralis is low, broad, and 

moderately developed and the trabecula clavicularis is prominent and well developed. 

The coracoid muscle attachments are very prominent, raised, well developed, and 

somewhat rugose. This is the opposite of what is observed in Metoposaurus diagnosticus 

krasiejowensis where the coracoid attachments are depressed (Sulej, 2007). The 

remainder of the dorsal surface is smooth (Fig. 3.9).  

The ventral surface is covered with a combination of regular and elongate pitting. 

On the ventral surface the central regular pitting width is 132 mm and is surrounded by 

elongate, radial pitting. The lateral wing is thin and the ventral surface is smooth 



Texas Tech University, Billy D. Mueller, May 2016  

 

40 

 

anteriorly. At the very posterior portion of the wing there is a depression to receive the 

interclavicular crest. There are irregular prominent radiating ridges and grooves in this 

depressed area. The anteriormost flange of the wing has slight ridges running 

longitudinally. This piece of the wing was damaged and could not be reconnected to the 

interclavicle.   

 Clavicle—There are three moderately complete clavicles from MOTT VPL 3869: 

TTU-P09424 (two clavicles associated with interclavicle) and TTU-P18249. The other 

clavicles from the Boren Quarry exhibit similar morphology but are too incomplete to 

obtain meaningful measurements (TTU-P10549, P11043, P15125, P19036, and P19806). 

Clavicle TTU-P18249 is 292 mm in length and 145 mm at its widest point. The length of 

the regular pitting is124 mm and the width of the pitting is 90 mm. 

 

 
Fig. 3.9. “Metoposaurus” bakeri interclavicle TTU-P09424. In A, ventral view; B, dorsal 
view. 
 

The dorsal surface of the clavicle (TTU-P18249) is smooth for the most part; 

however, posteriorly at the interclavicular crest there are radiating grooves and ridges that 

correspond to those on the depression of the interclavicle (Fig. 3.10). On the lateral edge 

of the clavicle, the anterior torus increases in size posteriorly grading into the ascending 

crest. The ascending crest is thin and forms a bowl with a deep lateral depression. The  
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Fig. 3.10. Metoposaurid clavicle TTU-P18249. A, dorsal; B, anterolateral; C, ventral. 

 

dorsal process is well developed and long, projecting dorsoposteriorly. The cleithral facet 

on the ventral side of the dorsal process is mostly broken away with the distal end of the 

dorsal process. The clavicle exhibits a slight notch on the medial margin anterior to the 

interclavicle crest. The clavicle also has a slight notch on the posterior margin. Clavicle 

TTU-P18249 is 292 mm in length and 145 mm at its widest point. The length of the 

regular pitting is124 mm and the width of the pitting is 90 mm. 

On the ventral surface there is an indication of a sensory canal originating from 

the posterior margin and arching anterolaterally to the anterior portion of the area of 

regular pitting. This appears to be a variable characteristic with five of the eight more 

complete clavicles not exhibiting the character. This character has also been observed in 

Koskinonodon perfectus specimens in the MOTTU collection. 

 
 

Metoposauridae indeterminate 

(Figs. 3.11-3.12) 

 

Referred specimens: Alas vertebra, TTU- P11687, TTU-P14872; Ilium, TTU-P18251; 

(See Appendix B for additional specimens). 
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As stated previously, it is probable that all of these elements belong to 

“Metoposaurus” bakeri since no diagnostic Koskinonodon elements have been found at 

MOTT VPL 3869. This probability is increased since no other locality has produced both 

“Metoposaurus” bakeri and Koskinonodon. However, at this time, it is not possible to 

discern the postcranial elements between the two taxa, except for clavicles and 

interclavicles, so all of the other postcranial material will be considered as 

Metoposauridae indeterminate for this study.  

 

 Vertebrae—Vertebrae are the most common metoposaurid fossils found at 

MOTT VPL 3869, with the majority being dorsal and caudal vertebrae. This may be due 

to a sampling bias. Most of the metoposaurid vertebral centra found are complete or near 

complete. Many skull, interclavicle, and clavicle fragments that are found are not 

collected because they do not provide enough information. There is one group of 

vertebrae found at Site XXIV that probably belong to a single individual; however, none 

of those were found in articulation. Only three metoposaurid lumbar vertebrae were 

found in articulation at the Boren Quarry Site XXVI, all other metoposaurid vertebrae 

were found as isolated elements. 

 The atlas vertebrae collected from MOTT VPL 3869 provide a good 

representation of the ontogenetic series of metoposaurids from the quarry. The atlas 

vertebrae range from 70.2 mm wide (TTU-P11687) to 17.4 mm wide (TTU-P14872) 

(Fig. 3.11). The exoccipitals condyles on the skull MOTT VPL 10530 indicate that the 

atlas vertebra would be approximately 100 mm in width and the atlas vertebra for skull of 

TTU-P11046 would be even larger. The largest metoposaur atlas vertebra in the MOTTU 

collection is TTU-P22443, 107.4 mm wide, from MOTT VPL 3939.  

 The atlas vertebrae have a ginglimoid facies cranialis (anterior articular surface) 

to accommodate the occipital condyles. Each of the ginglimoid articular facets is in the 

form of a cotyle (concave) with a ridge separating them along the midline of the centrum. 

The facies caudalis (posterior articular surface) is also cotylar in design and forms a 

single transversely “bean-shaped” articular surface. The neural arch is fused to the 

centrum. The neural spine has a height of 23 mm and a maximum width above the neural 

canal of 20.1 mm. The neural canal is ovoid with a width of 9.7 mm and a height of 17.3 
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mm. When viewed dorsally, the centrum has the appearance of being “warped” with the 

lateral margins projecting posteriorly. The lateral surface of the centrum between the 

facies cranialis and caudalis is concave. 

 

 
Fig. 3.11. Metoposaurid atlas vertebrae: TTU- P11687 (large) and TTU-P14872 (small). 
A, facies cranialis; B, facies caudalis; C, dorsal view. 
  
  The axis vertebraTTU-P10488 is 76.1 mm wide, 56.7 mm in height, and 28.8 

mm long. The facies cranialis is condylar in design and is sub-round in appearance, while 

the facies caudalis is cotylar in design making the vertebra opisthocoelous. The 

diapophyses are almost as wide as the vertebra is long.  

 Ilium—The most complete ilium (right), TTU-P18251 (Fig. 3.12), possesses 

most of the dorsal process and is the only specimen that possesses the linea obliqua. The 

anterior posterior length of the ilium is 24.6 mm and is incomplete. The height of the 

ilium is 59.4 mm including the dorsal process; however it is incomplete and does not 

exhibit the sacral rib facet. Most of the acetabulum is also broken away.  

Discussion: As stated above, a revision of the Metoposauridae is badly needed. A 

detailed phylogenetic analysis of as many specimens (skulls, mandibles, interclavicles, 

and clavicles) from as many different populations as possible is needed. Apachesaurus 

gregorii, Dutuitosaurus ouazzoui, and “Metoposaurus” bakeri all have a lacrimal that is 

excluded from the rim of the orbit. Dutuitosaurus ouazzoui differs from “Metoposaurus” 
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bakeri by the anterior lacrimal margin extending rostrally compared to the anterior 

margin of the frontal and prefrontal, the maxilla forms part of the orbital rim, and  

 

 

Fig. 3.12. Metoposaurid ilium, right, TTU-P18251. A, medial view; B, anterior view; C, 
lateral view. Scale bar = 1 cm. 
 
posterior limit of lacrimal is posterior to anterior margin of orbit. Apachesaurus gregorii 

differs from “Metoposaurus” bakeri by a very shallow otic notch, the pineal foramen 

being located more anteriorly, the occipital condyles not visible in dorsal view, and more 

elongated vertebrae. 

As stated previously, if the genera Koskinonodon and Metoposaurus are retained 

as separate genera, then a new genus needs to be erected for “M.” bakeri. If the genera 

Koskinonodon and Metoposaurus are synonymized but retained as separate species, then 

”M.” bakeri could either be synonymized as a separate species or a new genus could be 

erected if the differences were determined to be sufficient. There is also good support for 

K. howardensis as a separate species from K. perfectus (Sulej, 2007; pers. obs.).   

 The size of the specimens from MOTT VPL 3869 confirms that the differences 

between K. perfectus and “M.” bakeri are not due to ontogeny. The intraspecific variation 

in the skull bone configuration of “M.” bakeri illustrates that there may be endemic 

variation within the species (Fig. 3.6).  

 A comparison of the “M.” bakeri specimens shows several differences besides 

size (Fig.3.6). These differences are not sufficient, in my opinion, to erect separate 

species; however, because of the stratigraphic differences, future sub-specific 

designations could prove to be biostratigraphically useful similar to what Sulej (2002) did 



Texas Tech University, Billy D. Mueller, May 2016  

 

45 

 

in Germany/Poland with M. diagnosticus. Unfortunately, the sample sizes are too small 

to really evaluate the potential intraspecific variation within each population and there are 

too few localities producing “M.” bakeri. There is only one skull from Nova Scotia (YPM 

PU 27142), two from Otis Chalk; TMM31099-12 and TMM-31099-34; four from Garza 

County (TTU-P10530, P11046, P10586, and P11152), and seven from the Elkins Place 

bone bed (UMMP 13055, 13820, 13822, 13823, 14098, 14154 and MCZ 1054).  

The TTU specimens are more angular in shape with a narrower anterior skull, 

while the other three populations have a broader anterior skull. The otic notch is reduced 

in the TTU and TMM populations, while the UMMP population possesses a deep otic 

notch. The prefrontal contacts the maxilla and the jugal in all the populations except for 

YPM PU where it does not contact the jugal (contra Ruez, 2000). In the TTU specimens 

the prefrontal extends further anteriorly than the lacrimal, unlike the other three 

populations. In the TMM specimens, the medial process of the premaxilla extends 

posteriorly to the posterior of the external nares, unlike the other three populations. In the 

YPM PU specimen the nasal contacts the lacrimal unlike the other three populations. The 

lacrimal of the YPM PU specimen is considerably larger than the other three populations. 

The postorbital and the parietals of the YPM PU specimen are broader than those 

elements on the other three populations. In the YPM PU specimen, the pineal foramen is 

positioned more anteriorly on the parietals than in the other three populations. My 

preliminary phylogenetic analysis indicates that YPM PU 27142 may be a separate 

species and this may be supported by the Wolfville Formation being Carnian-Norian 

(Baird and Olsen, 1983) while all of the other populations of “.” bakeri are Norian in age. 

The “Metoposaurus” bakeri from the Boren Quarry are stratigraphically higher 

than all the other “M.” bakeri populations. The populations from the Elkins bone bed 

(Boren Ranch beds), Otis Chalk (Camp Colorado member), and MOTT VPL 3935 

(Boren Ranch beds) are stratigraphically lower than the Boren Quarry which is above the 

upper Boren Ranch sandstone. Biostratigraphically this is not very significant. K. 

perfectus found at MOTT VPL 3867, 3873, and 3939 are found stratigraphically lower 

than MOTT VPL 3869 and are stratigraphically very close to MOTT VPL 3935 and the 

Elkins bone bed. K. howardensis is also found stratigraphically close to “M.” bakeri at 

Otis Chalk.  
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Although uncommon in the Bull Canyon Formation, K. perfectus has been found 

in the upper portion of the Bull Canyon in Garza County, as I collected a specimen found 

by Doug Cunningham at MOTT VPL 3880. Koskinonodon is uncommon above the 

Tecovas Formation but is present is present from the lowermost Tecovas to the upper 

Bull Canyon. “M.” bakeri is found, so far, only in the lower Tecovas. Most important is 

the fact that there has been no evidence found of the co-existence of “M.” bakeri and 

Koskinonodon at the same locality; however, clues for the reason for this have yet to be 

determined. Again, the specimen from Otis Chalk Quarry 2 identified by Long and Murry 

as “Buettneria perfectus”, TMM 31099-12-8, (1995: p. 223) has been re-identified as a 

“M.” bakeri and the second specimen, TMM 31099-12A, is also a “M.” bakeri. No K. 

howardensis specimens were identified from this locality. Additional specimens from 

more localities and detailed environmental interpretations of the localities are needed to 

unravel this mystery of why the two taxa do not occur together. Koskinonodon perfectus 

and K. howardensis do occur together at MOTT VPL 0690 in Crosby County in the lower 

Tecovas Formation. 

 

 

SYNAPSIDA Osborn, 1903 

THERAPSIDA Broom, 1905 

ANOMODONTIA Owen, 1859 

DICYNODONTIA Owen, 1859 

KANNEMEYERIIFORMES Huene, 1948 sensu Maisch, 2001 

 

Dicynodonts are some of the most well known vertebrates of the Permian and 

Early Triassic throughout the world. They have been used worldwide as the basis for 

establishing faunal zones for terrigenous biostratigraphic correlation (King, 1986, 1993; 

Battail, 1993; Groenewald and Kitching, 1995; Kitching, 1995a, 1995b; Lucas, 1995; 

Rubidge et al., 1995; Smith and Keyser, 1995a, 1995b, 1995c, 1995d; Angielczyk, 2001; 

Angielczyk and Kurkin, 2003). In North America; however, dicynodonts are not common 

and, except for Placerias, are poorly known. 
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  The first valid description of a dicynodont in North America was in 1904 when 

Lucas erected Placerias hesternus based on a humerus (USNM 2198) collected by 

Barnum Brown from the Blue Mesa Member of the Petrified Forest Formation (Norian) 

near Tanner’s Crossing, Arizona. The same year, Williston (1904) erected two 

dicynodont taxa; Eubrachiosaurus browni and Brachybrachium brevipes, for specimens 

collected from the Popo Agie Formation (Norian) in Fremont County, Wyoming. 

Eubrachiosaurus browni was erected for an incomplete, crushed humerus (FMNH UC 

633), with a scapula, ischium, and pubis referred. Brachybrachium brevipes was also 

erected for an incomplete left humerus. Throughout the world, most dicynodont species 

have been described based primarily on cranial material. Camp and Welles (1956) 

considered Eubrachiosaurus to be a valid taxon. King (1988) retained both taxa as valid, 

although he pointed out that the holotype of B. brevipes was missing and that it was 

possibly a junior synonym of P. hesternus. Eubrachiosaurus browni was considered a 

synonym of Placerias hesternus by Lucas et al. (1993a); however, Long and Murray 

(1995) considered the element not to be conspecific and possibly not congeneric to P. 

hesternus. They considered the humerus to be more closely referable to the genus 

Ischigualastia. Kammerer et al. (2013) came to the conclusion that Eubrachiosaurus is a 

valid taxon separate from Placerias. 

 Camp and Welles (1956) erected the taxon Placerias gigas for the large 

population of material they described from a quarry southwest of St. Johns, Arizona. The 

species, Placerias gigas, was based on a right maxillary process (UCMP 27553). The 

Placerias Quarry has produced parts of some 40+ individuals from the Upper Blue Mesa 

Member of the Chinle Formation (Norian) (Parker and Martz, 2011) with the UCMP 

collection containing over 1700 catalogued elements. Lucas and Hunt (1993a), Long and 

Murray (1995), and Lucas (1998b) considered P. hesternus and P. gigas to be 

conspecific. Ramezani et al. (2014) determined the age of the Placerias Quarry to be 

approximately 219 Ma or mid-Norian and equivalent to the lower Sonsela member. That 

is considerably younger than previously thought (Long and Murry, 1995). 

 Lucas and Hunt (1993a) referred dicynodont material in the NMMNH collection 

from the Santa Rosa Formation (Norian) in New Mexico to cf. Ischigualastia. The 

material was a femur (NMMNH P-13001), radius (NMMNH P-13002), scapula 
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(NMMNH P-13003), phalanx (NMMNH P-13004), and axis vertebra (NMMNH P-

13005). Long and Murray (1995) concurred that the femur (NMMNH P-13001) did not 

belong to the genus Placerias; however, they disagreed with its referral to cf. 

Ischigualastia. The published description and illustration of the femur indicate that it 

does not belong to Placerias or Ischigualastia (Cox, 1965) but does have a similarity to 

the femur of Stahleckeria, and the other NMMNH material would indicate that it was not 

diagnostic below the family level (Kammerer et al., 2013). 

Nesbit and Angielczyk (2002) described the oldest Triassic dicynodont fossils in 

North America that came from the Moenkopi Formation (Early Anisian) near Holbrook, 

Arizona. The material is fragmentary material and is not determinable below the level of 

Dicynodontia (UCMP 158811, cervical vertebra; MSM 3310, tusk). 

Dicynodonts have also been reported from eastern North America. Baird and 

Olsen (1983) reported dicynodont material from the Wolfville Formation of Nova Scotia. 

Placerias gigas was reported from the Pekin Formation, Newark Supergroup, of North 

Carolina by Baird and Patterson (1967). This material, although mostly fragmentary, is 

nicely preserved and is diagnostic as Placerias hesternus (Lucas, 1998b; pers. obs.).

 Non-Placerias Kannemeyeriiform dicynodont material from the Late Carnian 

Pekin Formation of North Carolina was reported by Green et al. (2005). A posterior jaw 

fragment and the posterior portion of a skeleton were diagnostic enough to determine 

they were not Placerias. 

Despite the richness of the Permian vertebrate fauna from Texas (Cummins, 1908; 

Case, 1910; Olson and Beerbower, 1953), and as prolific as the dicynodonts were in the 

Permian elsewhere in the world, there have been no definitive dicynodont fossils reported 

from the Permian of Texas (King, 1990). Olson and Beerbower (1953) erected a possible 

therapsid taxon with dicynodont affinities, Dimacrodon hottoni, based on skull fragments 

and part of a lower jaw (CNHM UR 146) from the Early Permian San Angelo Formation. 

Another specimen referred to Dimacrodon was also collected (CNHM UR 484), but 

represents a different species (Olson, 1962; King, 1990). Dimacrodon possesses a very 

large temporal opening, an edentulous beak, a large canine tooth, and a large symphyseal 

component by the splenial. Despite Olson’s (1962) strong opinion Dimacrodon is related 

to the therapsids, King (1990) considers this referral to be weak.  
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 During the first century of vertebrate paleontology in Texas there were no 

dicynodont fossils described from the Triassic deposits in Texas. The only previously 

described dicynodont fossils from Texas were in recent papers by TTU personnel 

(Lehman and Chatterjee, 2005; Mueller and Chatterjee, 2007; Martz, 2008; Martz et al., 

2013) that referred to but did not describe in detail some of the specimens described here. 

 The Museum of Texas Tech now has over 35 dicynodont elements from 8 

localities in the Dockum Group of Texas in its collection (See Appendix D). The 

collection represents a minimum 15 individuals and a maximum of 24 individuals from 

the 8 localities. Most of these localities were not new localities, with the oldest locality 

having been collected since the mid-1920s or earlier (Case, 1922). The collections at the 

MOTTU and at TMM were thoroughly examined personally for possible dicynodont 

elements collected previously but not identified as dicynodont material or erroneously 

identified as a non-dicynodont taxon. None were found. 

A scapula was collected from MOTT VPL 3867 14 km to the north and 

stratigraphically lower than the Boren Quarry (Martz, 2008). The scapula is not referred 

to the Kannemeyeriiform Taxon A because of its morphological differences with the 

scapulae collected at VPL 3869. A humerus was collected from MOTT VPL 3881, 6 km 

to the west-southwest and stratigraphically higher than VPL 3869. The humerus is 

morphologically different from the humerus from VPL 3869. A femur was collected from 

MOTT VPL 3624 18 km to the northwest, from just below the Trujillo Formation. The 

femur is not referred to Kannemeyeriiform Taxon A because a femur has not been found 

at VPL 3869; so there is no evidence that the femur belongs to the new species from VPL 

3869 other than its proximity, stratigraphic occurrence, the lack of diversity in previously 

known North American dicynodonts, and it not being assignable to other dicynodont 

taxa.  

It is possible all three other elements could represent other new species or sexual 

dimorphism. The cranial elements collected at MOTT VPL 0690 (50 km north) are not 

diagnostic below the family level. The dicynodont material collected from MOTT VPL 

3873 and 3939 (14 km north) is also not identifiable below the family level. The amount 

of material collected by the MOTTU personnel during the past few years indicates that 
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dicynodonts were more common in the southern Dockum deposits of West Texas than 

previously known.   

 

Kannemeyeriiform Taxon A 

(Figs. 3.13 - 3.16, 3.17-I, 3.18-H, 3.19, 3.20) 

 

Referred Material: All of the referred specimens are from MOTT VPL 3869. Partial 

skull, TTU-P10402, TTU-P18107; skull fragment, TTU-P10450, TTU-P19196, TTU-

P22384; partial tusk, TTU-P10407; squamosal, TTU-P10752, TTU-P11292, TTU-

P12141X; mandible, TTU-P09421; right articular, TTU-P19195; vertebrae, TTU-

P10753, TTU-P11669, TTU-P11861, TTU-P11862, TTU-P11863; left scapula-coracoid-

precoracoid, TTU-P11870; scapula, TTU-P16999; left humerus, TTU-P20042; humerus, 

distal, TTU-P11871; radial elements, TTU-P10751, TTU-P11150; ilium, TTU-P11869; 

and pubis, TTU-P18108. 

 

Description: The dicynodont material collected at MOTT VPL 3869 represents a new 

genus and species of dicynodont and the formal description of the material is in progress. 

The dicynodont material collected at MOTT VPL 3869 appears to be adult to sub-adult 

individuals. An adult specimen, represented by a mandible, is estimated to have a skull 

length of 495 mm, while a sub-adult specimen, represented by a partial skull, is estimated 

to have a skull length of only 332 mm.  

All of the specimens from VPL 3869 come from approximately the same 

stratigraphic level in the quarry; however, they are laterally separated by up to 300 meters 

(Fig. 1.4). A partial skull and two small dorsal vertebrae were found at Site XXIII in an 

area of approximately 2 square meters. A mandible and a vertebra came from a small area 

of 40 square meters at Site XVII. An isolated squamosal, a proximal left radius, and a 

distal left radius at Site XXXIV were within an area of 7 square meters.  

There was no evidence to indicate the elements at each site were from the same 

animal other than their relative proximity, except for an associated scapula-coracoid-

precoracoid. Other isolated elements include a humerus, a pubis, another scapula, and an 

ilium. The number of individuals from the VPL 3869 could range from a minimum of 8 
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individuals to a more probable number of 12 individuals. The following description will 

be made in detail to allow phylogenetic analysis of the Kannemeyeriiform Taxon A. 

 

Crania 

TTU-P10402—A partial skull (Fig. 3.13, 3.14) discovered at Site XXIII of 

MOTT VPL 3869. This is on the margin of one of the depression lacustrine features. The 

partial skull consists of both squamosals, the dorsoposterior portion of the skull, part of 

the right side of the skull, and part of the braincase. TTU-P10402 is a “sub-adult” 

dicynodont, with an estimated skull length of 332 mm and the skull is estimated to be 190  

mm wide at the widest point. The premaxillae are missing on the partial skull. This skull 

will be used for the description of the cranial elements below.   

TTU-P18107—A partial skull roof, larger than TTU-P10402, with matching 

morphology and bone configuration. The preparietals wrap around and extend posterior 

to the pineal foramen as in TTU-P10402. The maximum width of the interparietals is 

54.6 mm compared to 44.4 mm for TTU-P10402. The length from the back of the skull to 

the anterior margin of the pineal foramen is 112.4 mm compared to 97.9 mm for TTU-

P10402. The pineal foramen on TTU-P18107 is larger (13.8 mm) compared to TTU-

P10402 (10.7 mm). However, the posterior projecting grove is less (27.9 mm) than in 

TTU-P10402 (40.6 mm). The length of the skull from the anterior margin of the pineal 

foramen is 112.4 mm while it is 97.9 mm for TTU-P10402. This skull was also collected 

from the western margin of the eastern-most depression. There were no paleo-mudcracks 

identified where this specimen was collected.  

 

Cranial elements 

Maxilla—The caniniform process of the maxilla is slightly offset laterally from 

the rest of the skull forming small embayment anterior to the caniniform process. The 

caniniform process is triangular in cross-section. The maxilla extended posteriorly 

overlapping the jugal. The posterior portion of the maxilla is broken away; however, 

based on the articular facet, the maxilla extended posteriorly to contact the squamosal. 
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Fig. 3.13. Kannemeyeriiform Taxon A skull, TTU-P10402. Right lateral view.  
Scale bar = 5 cm. 
 

Tusk—The tusk, moderate to small in size in relation to the size of the skull, is 

well developed and projects prominently out of the center of the caniniform process 

unlike the “vestigial” tusk of Placerias that barely protrudes on the inner margin of the 

maxillary process. The tusk is fractured; however it is tapered and there is no evidence of 

wear facets. The tusk is slightly curved posteriorly. 

Nasal—There is only a small fragment attached to the frontal and it does not 

provide much diagnostic information other than the location of the nasal-frontal contact. 

Frontal—The frontals project posteriorly along the preparietals. Unlike in 

Placerias, the frontals do not form part of the wall of the pineal foramen but only form 

the anterodorsal margins. The posterodorsal expression of the frontals extends only 

slightly posterior to the preparietals. The frontals narrow slightly anterior to the pineal 

foramen. Most of the anterior portion of the frontals is missing; however, there is a small 
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fragment of a nasal attached to the right frontal. The dorsal surface of the preserved 

frontal is convex and indicates the interorbital skull roof would be slightly curved and not 

flat. Due to distortion, the shape of the orbit is not determinable.  

Prefrontal—The prefrontal is just a small fragment attached to the lacrimal 

ventrally. What is there is rectangular; however the dorsal and anterior portions are 

broken away.  

Lacrimal—The lacrimal is a fragment that is small and very irregularly shaped. 

The prefrontal is small and joins the lacrimal dorsally. 

Jugal—The jugal has an articular surface where it appears the squamosal 

overlapped the lateral surface of the jugal anteriorly until the squamosal made contact 

with the maxilla where the maxilla was projecting posteriorly, overlapping the jugal. The 

jugal projects anterodorsally to contact the lacrimal and is broken away posteriorly. 

Postorbital—The postorbitals form the lateral margin of the intertemporal 

platform projecting along the frontal and parietal. They form a concave surface along the 

lateral margin of the intertemporal platform. At the anterior margin of the dorsal portion 

of the postorbital is a sutured surface. The lower portion of the postorbital overlaps the 

jugal and forms the posterior margin of the orbit. Again, distortion prevents the 

recognition of the shape of the orbit.  

Preparietal—The preparietals are anterior-posteriorly elongate and transversely 

narrow. They form a projection anteriorly between the frontals then sweep backwards 

along the pineal foramen and project posteriorly past the pineal foramen, terminating 

slightly anterior of the posterior extent of the frontals. The preparietals form almost all 

the wall of the pineal foramen with the parietal extending anteriorly forming the floor of 

the posterior projecting groove from the pineal foramen.  

Pineal foramen—The pineal foramen is transversely narrow and forms a groove-

like dorsal expression that shallows posteriorly. The pineal foramen is 5.7 mm in width 

and 10.7 mm in length. The posterior projecting groove is approximately 40.6 mm long. 

This is the only difference observed between TTU-P10402 and TTU-P18107. Whether 

this is an ontogenetic or a sexual dimorphic difference is unknown until more specimens  
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Fig. 3.14. Kannemeyeriiform Taxon A, TTU-P10402, skull osteology. A, right lateral 
view; B, dorsal view. Light gray lines represent reconstructed areas. Scale bar = 5 cm. 
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are discovered. The configuration of the bones of the posterior skull roof is different from 

all other Mid-Late Triassic dicynodonts (Camp and Welles, 1956; Cox, 1965; Maisch, 

2001). 

Parietal—The parietals form the intertemporal platform of the skull posterior to 

the pineal foramen. The intertemporal platform is moderately narrow (43 mm); however, 

it is relatively flat posteriorly and slightly concave anteriorly towards the pineal foramen. 

The contact of the parietals with the frontals is posterior to the pineal foramen. The 

parietals form a groove leading anteriorly to contact the anterior projecting pineal 

foramen.  

Interparietal—The interparietals form a bulbous knob at the dorsoposterior 

portion of the skull. There is a small vertical groove along the posteroventral symphyseal 

plane of the interparietals. The interparietals form a “tongue and groove” articulation 

with the squamosals with a groove (squamosal facet) on the posterolateral margin of the 

interparietal. The interparietals project anteriorly both at the midline of the skull and on 

the lateral margin of the parietals. This configuration differentiates Taxon A from 

Stahleckeria, Kannemeyeria, and Placerias.  

Squamosal— The squamosals of TTU-P10402 are only 226 mm from the dorsal 

transverse crest to the ventral margin of the quadrate process. The dorsal transverse crest 

is rugose and has a maximum thickness of 33.9 mm. The jugal process of the squamosal 

is broken away so it is not possible to determine if the maxilla contacted the squamosal or 

a total length for the jugal. The squamosals are each approximately 70 mm wide at the 

dorsal margin of the lateral fossa for the mandibulae adductor externus. The squamosal, 

just dorsal to the articular surface for the quadrate, is 63.8 mm wide and 6.5 mm thick. 

The squamosal articulates with the interparietal dorsally.   

 

Braincase 

The braincase is incomplete and is distorted. The braincase (Fig. 3.15) is present 

for TTU-P10402 with portions of these elements present: exoccipital, basioccipital, 

parabasisphenoid, prootic, paroccipital process, basal tubera, pterygoids, interpterygoid 

vacuity, and presphenoid process. 
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Exoccipital—The exoccipitals join above the basioccipital forming the dorsal 

portion of the occipital condyle. Most of the anterior portion of the exoccipitals is broken 

away. The exoccipitals have shifted along their sutures with the basioccipital. In 

Placerias, the exoccipitals were fused in adults but not in sub-adult or juveniles (Camp, 

1956). This supports that TTU-P10402 is a sub-adult. On the right side there is a groove 

where the foramen for hypoglossal nerve (XII) would have been if most of the bone was 

not broken away. Anteriorly, the exoccipital joins with the paroccipital. 

  Basioccipital—The basioccipital forms the ventral 1/3 of the occipital condyle 

and has a maximum condylar width of 19.5 mm. Dorsally the basioccipital contacts the 

exoccipitals but the sutures are not fused. The basioccipital extend anteriorly to form part 

of the ventral surface of the braincase contacting the basisphenoid. Ventrally the 

basioccipital forms the depression between the basal tubera and the ventral process forms 

the posteromedial portion of the basal tubera. It extends anteriorly to contact the 

parabasisphenoid. 

Opisthotic — The opisthotic contacts the basioccipital medially and the lateral 

end or paroccipital process is broken away. The opisthotic forms the posterolateral 

portion of the basal tubera. Anteriorly the opisthotic contacts the prootic and forms the 

posterior margin of the vestibule. The opisthotic and prootic are fused in some 

dicynodonts such as Kingoria (Surkov and Benton, 2004) and since there is no visible 

distinction the term periotic is used for the fused bones (Olson, 1944). 

Prootic— The prootic is broken away laterally. It extends along the opisthotic 

and forms the anterior margin of the vestibule. Ventrally the prootics join medially 

overlapping the basioccipital posteriorly and being overlapped by the basisphenoid 

anteriorly. 

Parabasisphenoid— Ventrally the parabasisphenoid contacts the anterior margin 

of the prootic. It extends anteriorly to contact the pterygoids. The pterygoids are broken 

away and badly crushed obscuring the parabasisphenoid - pterygoid suture. Dorsally the 

parasphenoid forms the ventral surface of the braincase. The parabasisphenoid and 

presphenoids contact area is broken and it is not possible to determine if there were 

sutures present or if the two bones were fused as in Kingoria (Surkov and Benton, 2004). 
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Fig. 3.15. TTU-P10402, Kannemeyeriiform Taxon A braincase.  A, ventral view; B, 
ventral view osteology. Scale bar = 1 cm.   
 

Pterygoid— The pterygoids are badly crushed and, in part, broken away. The 

sutures between the parabasisphenoid and pterygoid are obscured by the crushed 

pterygoid. 

Palatine—The palatine extends anteriorly from the pterygoid. The right palatine 

extends anteriorly for 18.2 mm and the left is broken away after only 11.6 mm. They 

extend anteriorly just enough to form the posterior margin of the interpterygoid vacuity 

(see Fig. 3.15). 

Presphenoid—It is not possible to identify if there is a suture between the 

parabasisphenoid and presphenoid because of breakage. It is not possible to determine if 

the two bones are fused. The presphenoid extends anteriorly only a short distance before 

being broken away. It lies just dorsal to the interpterygoid vacuity. In Fig. 3.15 the 

presphenoid is visible through the interpterygoid vacuity between the palatines. 
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Additional cranial elements  

TTU-P10752—A fragmentary right squamosal and skull fragments found at Site 

XXXIV of MOTT VPL 3869. The squamosal was also associated with paleo-mudcracks 

as was the skull described above. The squamosal is very similar to the ones from the 

partial skull except that it is larger and much more massive. It is much smaller than an 

adult Placerias squamosal. The squamosal is approximately 155 mm from the ventral 

margin to dorsal margin of the lateral fossa for the lateral branch of the m. adductor 

mandibulae externus. The squamosal is approximately 75% complete. The squamosal, 

just dorsal to the articular surface for the quadrate, is 98.6 mm wide and 18.9 mm thick. 

This is much more massive than the squamosals from TTU-P10402. 

TTU-P11111—A fragment of a left squamosal found at Site XXXIV of MOTT 

VPL 3869. The specimen is a very small fragment of the dorsal margin of a left 

squamosal. The specimen came from 30 meters away and “upstream” in an adjoining 

drainage from where TTU-P10752 was found. TTU-P11111 is from a smaller animal 

than TTU-P10752. 

 TTU-P10407—An isolated tusk collected by Malcolm Neyland at MOTT VPL 

3869. The tusk section is 45 mm long and 15 mm in diameter. The tusk is larger than the 

tusk in TTU-P10402. It is broken on both the proximal and distal ends, and shows no 

wear facets. The broken sections show the internal structure and lack of enamel typical of 

dicynodont tusks. It is slightly flattened on the posteromedial margin, forming a slight 

ridge towards the posterior. The slight curvature and shape of the tusk indicates that the 

tusk is from the right maxilla. 

 TTU-P09421—A mandible (Fig. 3.16) collected by Sankar Chatterjee and his 

field crew in 1993 at what is now Site XVII. The mandible is mostly complete but 

somewhat weathered and fragmented. The mandible is estimated to be over 1/3 larger 

than the mandible would be from the TTU-P10402 skull. The mandible is approximately 

325 mm from the posterior of the articular to the anterior break on the dentary. The 

mandible is 353 mm from the lateral margins of the left articular to the break on the right 

articular. The mandible is edentulous. 
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Fig. 3.16. Kannemeyeriiform Taxon A mandible, TTU-P09421. A, left lateral view; B, 
dorsal view. Scale bar = 10 cm. 
 

Individual mandible elements 

Dentary—The anterior portion of the dentary is broken; however, the 

morphology indicates that it formed an upturned but rather blunt beak. There is a groove 

in the dentary along the posterior two thirds of the symphysis. This groove is bounded 

laterally by ridges and there is the base of a blade-like medial projection that is broken 

away. The dentary is dorsoventrally shallow, being only 71.9 mm in height. The 

symphysis of the mandible is shorter (75.6 mm) than that of Placerias and at the posterior 

of the symphysis of the dentary, there is a deep anterior projecting sulcus. The sulcus 

extends anteriorly for 37 mm. The dentary extends posteriorly forming the dorsal portion 

of the jaw above the splenial and the portion of the jaw lateral to the splenial. The dentary 

forms the dorsal margin of the mandibular fenestra until it contacts the surangular. 
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 Mandibular fenestra—The mandibular fenestra is smaller than that of Placerias. 

The fenestra is 19 mm in height and 51 mm in length. The margins of the mandibular 

fenestra are formed by the splenial anteroventrally, the dentary anterodorsally, the 

surangular posterodorsally. The posteroventral margin of the mandibular fenestra is 

formed by the prearticular medially and the angular medially. 

 Splenial—The splenial is relatively narrow and projects anteriorly along the 

symphysis of the ventral portion of the jaw. The splenial forms the ventral floor of the 

sulcus. Medially the splenial extends posteriorly to the anterior limit of the mandibular 

fenestra. The dentary extends posteriorly At the anterior limit of the mandibular fenestra 

the ventral margin of the splenial angles dorsally with the posterior limit of the splenial 

reaching to the posterior 1/3 of the mandibular fenestra.  

 Angular—The angular forms the lateral and ventral portion of the mandible 

extending from the dentary posteriorly to the surangular.  

 Surangular—The borders of the surangular are formed by the dentary anteriorly, 

the angular (laterally) and prearticular (medially) ventrally, and the articular posteriorly. 

 Prearticular—The prearticular extends from the splenial anteriorly on the medial 

portion of the jaw posteriorly to the articular.  

Articular—The articular is relatively short anteroposteriorly. The mesial articular 

flange is wider than the lateral surface. The right articular is 40 mm from the median 

articular ridge to the mesial edge of the articular and the left articular is 35 mm from the 

median articular ridge to the lateral edge of the articular. The articular is relatively gracile 

in its construction. 

 

Kannemeyeriiform Taxon A post-cranial elements 

 

Vertebrae—A vertebra, a neural arch, and vertebral fragments, TTU-P10753, 

collected by Sankar Chatterjee and crew at what is now Site XVI. The vertebral material 

was found in the same area as the mandible (TTU-P09421). The vertebra and fragments 

are badly weathered. It is unknown if the most complete neural arch goes with the most 

complete centrum. The centrum and neural arch both appear to be from the posterior 

cervical to anterior dorsal region. The centrum is broken and the reconstruction leaves a 
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hole in the center of the cotyle where one would expect the notochordal pit to be, if 

present. It is not possible to determine if there was a notochordal pit on the cotyle or not. 

The margins of the centrum are abraded where the parapophysis and diapophysis should 

be. The condyle is broken away. The neural canal is approximately 1/3 the width of the 

centrum. The centrum is 56 mm in height and estimated to be 60 mm in width. The 

centrum appears to be short, approximately 2/3 of the width of the centrum.  

 The most complete neural arch has a neural spine that is tall, thin, and 

dorsoposteriorly projecting. It is 115 mm from the top of the neural spine to the base of 

the postzygapophysis. The neural spine has a small prespinous lamina, while the posterior 

edge is abraded. There is a transverse expansion at the top of the neural spine reaching 

approximately 75 percent of the anterior-posterior length of the neural spine at its apex. 

The postzygapophysis are small and lateroventrally directed. The prezygapophysis is 

relatively large, dorsomedially directed, and concave. 

 A facies cranialis of a vertebra (TTU-P11646) was found at Site VI. The face is 

similar in size and shape of the above described vertebra. This specimen has a well 

preserved notochordal pit in the articular face. 

 Two dorsal vertebrae TTU-P11861, TTU-P11862, and vertebral fragments (TTU-

P11863) were found at Site XXXIII and are distorted. The distortion is similar to that of 

the braincase of TTU-P10402. The vertebrae are incompletely notochordal, gracile, and 

are believed to belong to the same individual as the partial skull. TTU-P11861 was found 

adjacent to the partial skull, TTU-P10402, and was estimated to be 22 mm in length and 

the body has a diameter of approximately 23 mm. The facies cranialis and facies caudalis 

surfaces of the vertebra exhibit an expansion of over 50% of the centrum diameter. The 

second vertebra, TTU-P11682, was collected five years later approximately 1 m from 

where the skull was collected. This vertebra is also distorted, incompletely notochordal, 

and gracile. It is approximately the same size as TTU-P1161 but exact measurements of 

either vertebra are not possible due to the distortion. Additional vertebral fragments, 

TTU-P11863, were collected about 4 meters south of the skull. These fragments do not 

belong to either of the two vertebrae; however, they are from vertebra(e) of similar size 

and preservation. 
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Forelimb 

TTU-P11870—A left scapula, coracoid, and precoracoid (Fig. 3.17) were found 

associated on the eastern margin of one of the depressions. The scapula is much smaller 

and more gracile than the scapula, TTU-P10404, from MOTT VPL 3867. The total 

dorsoventral height of the scapula is 369 mm and the anteroposterior length is 146 mm 

and the narrowest anteroposterior length of the shaft of the scapula is 46 mm. The 

thickness across the glenoid is 56 mm. The tricipal tubercle is a prominent, broad, oval 

dome 42.1 mm in height and 20.3 mm in width. The acromion process is broken away. 

The anterior of the scapular blade has a concave depression formed by the scapular spine 

and the anterior edge of the scapula. The posterior margin of the scapular blade has a 

convex section beginning 141 mm dorsal to the glenoid and extending 124 mm dorsally. 

The coracoid has an anterior-posterior length of 56.9 mm. The precoracoid is 83.2 

mm in length. The precoracoid foramen is 15.3 mm in height and had a groove projecting 

anteriorly for 25.7 mm. The dorsolateral, ventral, and posterodorsal margins of the bone 

are slightly abraded. 

 TTU-P16999—A partial right scapula, TTU-P16999, is larger than TTU-P11870. 

The preserved section is 196 mm in length. The shaft just above the tricipital tubercle is 

59.9 mm at its narrowest point. The morphology of the tricipital tubercle is comparable to 

that of TTU-P11870.  It has a height of 57.1 mm and a width of 34.2. The tricipal 

tubercle is located slightly more anterolaterally than that of TTU-P10404 from MOTT 

VPL 3867. The tricipal tubercle of TTU-P10404 is located on the posterior margin of the 

scapula.  

 The scapula, TTU-P11870, has a proportionally very narrow shaft. More narrow 

than Dinodontosaurus, Ischigualastia, Jachaleria, Kannemeyeria, Placerias, Shaniodon, 

Sinokannemeyeria, Stahleckeria, and Zambiasaurus. The tricipital tubercle less 

prominent than Jachaleria, but more prominent than Eubrachiosaurus, Kannemeyeria, 

Placerias, and Zambiasaurus. There are morphological differences between TTU-P11870 

and TTU-P10404 and both differ from the other Late Triassic taxa. These differences are 

indicating there are more than one dicynodont taxon in the Dockum Group. I consider all 

of the material from the Boren Quarry to belong to one taxon. More material is needed to 

determine this for certain; however, all the overlapping elements match morphologically. 
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Fig. 3.17. Kannemeyeriiform scapulae compared. Lateral view. A, Shansiodon wangi; B, 
Dinodontosaurus pedroanum; C, Jachaleria candelariensis; D, Kannemeyeria 
simocephalus; E, Sinokannemeyeria yingchiaoensis; F, Stahleckeria potens; G, Placerias 
hesternus; H, Ischigualastia jenseni; I, TTU-P11870; J, Zambiasaurus submerses; K, 
TTU-P10404. Specimens B, C, D, E and K were reversed for comparison. Scales bars = 5 
cm. Modified from Kammerer et al., 2013. 
 
 TTU-P20042—A partial left humerus that is 326 mm in length. The 

entepicondyle is more developed than that of Eubrachiosaurus browni or Placerias 

hesternus (Fig. 3.18). It is similar to that of Ischigualastia jenseni and Xiyukannemeyeria 

brevirostris.  The distal margin of the deltopectoral crest extends more perpendicular to 

the shaft in Eubrachiosaurus browni, Ischigualastia jenseni, and Xiyukannemeyeria 

brevirostris than in TTU-P20042. The ectepicondyle is more robustly developed in 

Eubrachiosaurus browni and Placerias hesternus than in TTU-P20042.  

 TTU-P11871—The distal end of a large humerus was collected along the western 

margin of the eastern-most one of the depressions. It is very incomplete and is difficult to 

compare to TTU- P20042 due to the incompleteness of both specimens. The morphology 

of the ectepicondyle is what allows it to be identified as dicynodontian. The recovered 

element is only 132 mm in length, with an anterior posterior length of the ectepicondyle 

of 68 mm. The dorsal-ventral thickness of the ectepicondyle is 70 mm. 

TTU-P10751—A proximal end of a left radius found by Doug Cunningham at 

Site XXXIV. The specimen is very well preserved and was found in the drainage six 
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 Fig. 3.18. Kannemeyeriiform humeri in dorsal view compared with TTU humeri. A, 
Eubrachiosaurus browni holotype; B, Ischigualastia jenseni, PVL 3807; C, 
Kannemeyeria simocephalus, NHMUK R3741; D, Placerias hesternus, USNM 2198; E, 
Xiyukannemeyeria brevirostris, IVPP V4457; Shansiodon wangi, IVPP v2415; G, TTU-
P10404; H, TTU-P20042. B, D, and E are right humeri that are reversed for comparison. 
Scale bars = 5 cm. Modified from Kammerer et al., 2013.  
 

meters “downstream” from the squamosal, TTU-P10752. The greatest width of the 

proximal end of the radius is 93 mm which is comparable to the size of the radii of 

Placerias (Camp and Welles, 1956). The articular surface forms a shallow anterolateral 

dipping depression. The medial edge of the articular surface forms a sharp ridge slightly 

subequal in height to the lateral margin. The facet that articulates with the ulnar trochlea 

of the humerus forms approximately one-third of the posterior articular margin forming a 

prominent lip just above the insertion tubercle for the biceps radialis. The specimen is 

broken at the proximal margin of the biceps radialis tubercle. 
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 TTU-P11150—A distal end of a left radius found at Site XXXIV. The specimen 

is very well preserved and was found in the drainage six meters “downstream” from the 

squamosal, TTU-P10752. Although TTU-P10752 and TTU-P11150 were collected a year 

apart, from their proximity and preservation, they very well could be from the same 

element. The greatest width of the distal end of the radius is 114 mm; this is slightly  

larger to the size of the radii of Placerias (Camp and Welles, 1956). The preserved 

portion of the radius is 84 mm in length. At the break, the shaft is 34 mm 

anteroposteriorly and approximately 50 mm mediolaterally. The articular surface forms a 

convex surface both anteroposteriorly and mediolaterally. The posterior 2/3 of the 

articular surface is inclined dorsally and is visible in the posterior view. Approximately 

1/3 of the articular surface is visible in the anterior view. At the dorsal margin of the 

articular surface on the anterior face, near the lateral margin is a distinct groove 

projecting medially. The groove is 8 mm wide and reaches to the mid-line of the radius. 

In distal view, the articular surface narrows medially forming somewhat of a teardrop 

shape. If the distal and proximal ends belong to the same specimen, then the total length 

of the radius is estimated at 235 mm. The shaft is smaller than that of Placerias, while the 

ends are more laterally expanded but not quite as robust. 

 

Hind limb 

 TTU-P11869—An incomplete left ilium with the acetabulum and parts of the 

iliac blade missing (Fig. 3.19). The iliac blade has an anterior–posterior length of 221  

mm. The ilium possesses 2 rib facets. The posterior rib facet is 21 mm across and the 

anterior rib facet is 31 mm across at the base and flares out dorsally.  

 The ilium has an anterior blade more similar to Shansiodon than to 

Eubrachiosaurus or Placerias. The ilium, just dorsal to the acetabulum, is quite narrow 

unlike Placerias and Eubrachiosaurus, but more similar to Kannemeyeria.  

Discussion: The Kannemeyeriiform Taxon A has a number of characters that support it is 

a new taxon, both cranial and postcranial. The differences between this taxon and the 

other dicynodont material from the Dockum Group indicate that there was a much more 

diverse dicynodont fauna in North America than previously known. With the new 

chronostratigraphic age for the Placerias Quarry, this makes the Kannemeyeriiform 
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Fig. 3.19. Kannemeyeriiform Taxon A, TTU-P11869, ilium. Left ilium: A, medial view 
diagram; B, medial view; C, lateral view.  
 

Taxon A about 7 million years older than the material from the Placerias Quarry, with 

some of the other Dockum dicynodont material even older (Ramezani et al., 2014; pers. 

obs.). In Poland, tuskless dicynodonts live through the Norian and Rhaetian to the end of 

the Triassic (Dzik et al., 2008). 

 Aside from Placerias, Kannemeyeriiform Taxon A represents the most complete 

dicynodont taxon from North America. To determine the phylogenetic relationship of 

Kannemeyeriiform Taxon A, a cladistic analysis was made using personal observations, 

published descriptions, published matrices, and published analyses. The analysis used the 

characters utilized by Kammerer et al. (2013). The analysis of Kannemeyeriiform Taxon 

A was made using the 153 discrete characters in Kammerer et al. (2013) and the codings 

for Kannemeyeriiform Taxon A are listed in Appendix E.  

  It was interesting that the Kannemeyeriiform Taxon A was phylogenetically 

closer (Fig. 3.20) to Eubrachiosaurus than to Placerias. The genera of Late Triassic 

dicynodonts include the Stahleckeriids Ischigualastia, Jachaleria, Sangusaurus, 

Stahleckeria, and Eubrachiosaurus; and the Placeriinae Zambiasaurus, Moghreberia, and 

Placerias. There are un-named dicynodonts from Germany (Schoch, 2012) and Poland 

(Dzik et al., 2008). Stahleckeria is a tuskless dicynodont that is found in South America 

and Africa (Abdala et al., 2013) and is Ladinian in age. Angonisaurus is another African 

tuskless dicynodont; however, it is Anisian in age (Hancox et al., 2013). Ischigualastia 

and Jachaleria were tuskless dicynodonts from South America that were Carnian to 

Norian in age (Lucas, 1995). 
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Fig. 3.20. Partial dicynodont phylogenetic tree. MOTTU Taxon A (New Dockum Taxon). 
TL-366 steps, CI= 0.41, RI = 0.62. Cladogram created using phylogenetic characters and 
codings in Kammerer et al., 2013, with the phylogenetic character codings for MOTT 
taxon A added. MOTTU Taxon A codings may be found in Appendix E. 
 
 Kannemeyeriiform Taxon A can be identified by: a well developed caniniform 

process, tusk well developed and erupting from the ventral aspect of the caniniform 

process, flat intertemporal platform formed by the parietals with postorbitals forming the 

margin of the platform. Elongate preparietals and frontals extending posteriorly past an 

elongate pineal foramen. A posterior sulcus is present along the symphyseal plane of 

interparietals. 

 The tusk development distinguishes Kannemeyeriiform Taxon A from all the 

other late Triassic dicynodont taxa except Moghreberia; however, the broader infraorbital 

skull roof distinguishes Moghreberia from Taxon A. The tusk of Placerias is vestigial 

and occurs on the medial portion of the maxillary process. The configuration of the 

preparietals, frontals, and postorbitals also distinguish Kannemeyeriiform Taxon A from 

all other Late Triassic dicynodonts. The combined characters of the postcrania also 

differentiate Kannemeyeriiform Taxon A from other Late Triassic dicynodonts. A more 

detailed description of the characters and detailed comparisons will be presented in the 

manuscript currently in progress.   
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SYNAPSIDA  Osborn, 1903 

CYNODONTIA  Owen, 1861 

EUCYNODONTIA  Kemp, 1982 

 

 The first cynodonts were found in the Late Permian and then became greatly  

diversified during the Permian and Triassic (Kemp, 2005). The cynodonts were found 

primarily in Gondwana. The first reported Triassic cynodont from North America was 

?Scalenodontoides plemmyridon from the Newark Supergroup in Nova Scotia (Hopson, 

1984). Triassic cynodonts are uncommon in North America with almost all the diagnostic 

material being from the Newark Supergroup in eastern North America (Sues et al., 1999; 

Sues and Hopson, 2010). 

Another eucynodont, described by Chatterjee as Pachygenelus milleri, was also 

found at the Post Quarry (Chatterjee, 1983; Martz et al., 2013). Pachygenelus cf.monus 

was first reported by Shubin et al. (1991) from the Newark Supergroup in Nova Scotia. 

The teeth of the Post Quarry ”Pachygenelus” are unserrated and have fewer cusps than 

TTU-P10827 and the similar eucynodont teeth from the Post Quarry. The teeth in the jaw 

of the ”Pachygenelus” milleri do not possess a cingulum as is characteristic for the genus 

Pachygenelus (Gow, 1980). A thorough re-analysis of Pachygenelus milleri, TTU-

P09020, is needed. The tooth from MOTT VPL 3869, TTU-P10827, does not compare to 

the teeth of ”Pachygenelus” milleri.  

 

? Eucynodontia incertae sedis 

(Fig. 3.21) 

 

Referred specimen: Tooth, TTU-P10827. 

 

Description: The tooth, TTU-P10827, was found as an isolated specimen. Its morphology 

indicates that it is an anterior post-canine tooth of a eucynodont. The tooth has a mesial-

distal length of 1.5 mm and a height of 3 mm. The tooth is labio-lingually compressed 

and is symmetrical in cross-section. It does not have a buccal cingulum. The tooth 

possesses a mesial (anterior) primary cusp and four distal (posterior) cusps all in line 
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(Fig. 3.21). The majority of the fifth or most distal cusp is broken away. The mesial 

carina of the primary cusp is serrated with 16 serrations per mm mid-length and is 

convex. The posterior carina of the primary cusp is straight and angles distobasally until 

contacting the first accessory cusp. The distal four cusps are also serrated with 

approximately 12 serrations per mm. The cusps become more defined distally and are 

separated by a shallow depression or groove. The cusps are not recurved. The root is not 

preserved but there does not appear to be any constriction of the base of the tooth. 

Discussion: Unfortunately, there is only one ?Eucynodont tooth from MOTT VPL 3869, 

at this time. Three similar ?Eucynodont teeth are known from MOTT VPL 3624 (the Post 

Quarry); however, they have one diminuative mesial accessory cusp at the base of the 

teeth and only three posterior cusps (Martz et al., 2013; pers. obs.). These Post Quarry 

?Eucynodont teeth are more mesiodistally expanded than TTU-P10827. It is possible that 

all of these teeth belong to the same taxon.The variation between the teeth could quite 

possibly be due to tooth position in the toothrow. There is one tooth from the Post 

Quarry, TTU-P10503, that is very similar to TTU-P10827.  

 

 

 
Fig. 3.21. ?Eucynodontia, TTU-P10827, tooth. Scale bar = 1 mm. 
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 The tooth, TTU-P10827, from MOTT VPL 3869 is comparable to the description 

of the postcanine teeth of the carnivorous eucynodont Ecteninion lunensis from 

Argentina (Martinez et al., 1996). The Ecteninion postcanine teeth are are serrated on the  

mesial and distal carinae. The Ecteninion posterior postcanine teeth posses a mesial 

primary cusp and two distal accesssory cusps. The first postcanine tooth of Ecteninion 

also possesses a tiny mesial accessory cusp like the eucynodont teeth from the Post 

Quarry. A significant difference between TTU-P10827 and the Ecteninion teeth are that 

the cusps of Ecteninion are all more recurved and much more finely serrated (Martinez et 

al., 1996). Unfortunately with only a single tooth and the similar isolated teeth from the 

Post Quarry, the basis for the identification as ?Eucynodontia is the morphology of the 

tooth, its comparison to the description of the teeth of Ecteninion lunensis. and there are 

no other Triassic taxa in the southwest with similar dentition. It is possible that future 

discoveries of more complete material may cause a re-evaluation of the ?Eucynodontia 

teeth and Pachygenelus milleri.  

 
 

PARAREPTILIA  Olson, 1947 sensu Laurin and Reisz, 1995  

PROCOLOPHONIA  Seeley, 1888 

PROCOLOPHONIDAE  Seeley, 1888 

 

Procolophonids occur throughout the much of the world such as Antarctica 

(Colbert and Kitching, 1975), Australia (Cisneros et al., 2011), China (Ling, 1983), 

Europe (Sues and Reisz, 2008), Russia (Saila, 2009) South Africa (Gow, 1977; Modesto 

and Damiani, 2007), South America (Cabreira and Cisneros, 2009). In North America, 

most of the procolophonids are known from the eastern Triassic exposures (Colbert, 

1946; Sues and Baird, 1998; Sues et al., 2000). Procolophonids are not common in the 

American southwest and the Dockum Group. Libognathus sheddi was described by Small 

(1997) for a dentary, DMNH 20491. A few Procolophonidae indeterminate teeth and jaw 

fragments and Colognathus obscurus elements, now considered to be a procolophonid, 

from Crosby County were reported by Murry (1986) and Heckert (2004, 2006). Fraser et 

al. (2005) described a procolophonid skull, MNA 9953, from the Owl Rock Member of 
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the Chinle Formation in Utah. They did not name the taxon but simply referred to it as 

the “Abajo form”. The Museum of Texas Tech has more procolophonid material in their 

collection, including 13 Colognathus obscurus specimens. Ten additional Libognathus 

sheddi elements, including a partial skull, TTU-P10069, and dentary, from MOTTU VPL 

3874 in Garza County that are currently being described (Mueller and Chatterjee, 2003; 

Mueller et al., in progress). 

 

Procolophonidae incertae sedis 

(Fig. 3.22) 

 

Referred specimen: Mandible fragment with teeth, TTU-P10882. 

 

Description: The partial right mandible, TTU-P10882, is small being 7.8 mm in length 

and 3.1 mm in maximum width (Fig 3.22). The ventral portion of the dentary is broken 

away from the Meckelian groove ventrally so it is unknown how dorsoventrally deep  

the dentary was. The mandible section possesses four teeth and a single anterior alveolus. 

The mandible is too incomplete to determine if there were additional teeth anterior to or 

posterior to the teeth and alveolus. Libognathus sheddi possesses five teeth and an 

anterior alveolus in the complete mandible (Small, 1997). The teeth are molariform, 

transversely expanded and possess no wear facets. Protothecodont (= subthecodont) tooth 

implantation where the tooth is ankylosed to the jaw. There are resorption pits below 

teeth number 1, 2, 3, and 4. There are two mental foramina located below the gap 

between the alveolus, “first” tooth, and “second” tooth. Libognathus has a single mental 

foramen with an anteriorly directed groove below its fifth tooth (Small, 1997). The 

mental foramina of TTU-P10882 are directed laterally and do have a groove. 

Discussion: The mandible was collected at 3869 Site XIII. Although very little 

procolophonid material has been found at MOTT VPL 3869, the morphology of the 

dentary, teeth, and tooth implantation indicate that this is the dentary of a procolophonid. 

The scarcity of procolophonid material at MOTT VPL 3869 is not unusual since 

procolophonids are scarce everywhere in the Dockum Group.  
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Fig. 3.22. Procolophonid right mandible, TTU-P10882. A, mesial view; B, occlusal view; 
C, right lateral view. Scale bar = 1 cm. 
 

 

ARCHOSAUROMORPHA  Huene, 1946 

PROTOROSAURIA  Huxley, 1871 

DREPANOSAURIDAE  Olsen and Sues, 1986 

 

 Northern Italy has produced the Norian drepanosaurids Drepanosaurus (Pinna, 

1980, 1984, 1993; Renesto, 1994c; Renesto and Paganoni, 1995; Renesto, 2000), 

Megalancosaurus (Calzavara et al., 1981; Renesto, 1994a, 2000; Renesto and Dalla 

Vecchia, 2005), and Vallesaurus (Renesto and Binelli, 2006). North America has 

produced Dolabrosaurus (Berman and Reisz, 1992) and drepanosaurid elements (Harris 

and Downs, 2002; Renesto et al., 2010; Martz et al., 2013) from the American Southwest 

and Hypuronector (Colbert and Olsen, 2001) from eastern North America. England has 
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produced isolated drepanosaurid elements from the Triassic fissure fills in England 

(Renesto and Fraser, 2003; Renesto et al., 2010). 

  Over 265 catalogued drepanosaurid elements have been collected from five 

localities in the Dockum Group of West Texas by the MOTTU. Many of the 

drepanosaurid fossils were isolated elements from the Dockum Group and are not 

diagnostic below the family level. One locality, MOTT VPL 3898, in the Bull Canyon 

Formation has produced the majority of and the most diagnostic drepanosaurid fossils in 

the MOTTU collection. 

 Drepanosaurus has a very distinct terminal caudal element (tail spine) (Pinna, 

1984; Renesto et al., 2010). The purpose of the tail spine is unknown; however, based on 

similar material collected at MOTT VPL 3898 (Headquarters South) it appears to be 

either used for sexual display or competition because of the ontogenetic variation (pers. 

obs.). The juvenile specimens collected exhibit a very small tail spine on the caudal 

element while the larger specimens (adults) exhibit a large tail spine. The terminal 

element collected at VPL 3869 is an adult specimen with a fully developed spine. 

 The discovery of additional drepanosaurid material has prompted the 

description of a collection of the drepanosaurid material from the Dockum Group of West 

Texas in the collection of the Museum of Texas Tech (Mueller and Chatterjee, 2012; 

Mueller et al., in progress). The sparseness of reported drepanosaurid material from the 

Triassic of the American southwest illustrates the importance of describing this material. 

 Pinna (1980) described the first drepanosaur, Drepanosaurus unguicaudatus, 

from the Calcare di Zorzino in northern Italy. Along with the holotype, he reported the 

presence of specimens representing “immature” individuals. A year later, Calzavara et al. 

(1981) described the drepanosaur Megalancosaurus preonensis from the Preone valley in 

northern Italy. Then in 1986, Olsen and Sues erected the family, Drepanosauridae.  

 In 1989, Wild informally named a specimen, MCSNB 4751, Vallesaurus 

cenesis. This was a very small, almost complete specimen that Wild never formally 

described or named.  

 Dolabrosaurus aquatilis was described for a specimen collected from the 

Petrified Forest member of the Chinle Formation of New Mexico (Berman and Reisz, 



Texas Tech University, Billy D. Mueller, May 2016  

 

74 

 

1992). It was a fragmentary, partial skeleton that was originally considered by Berman 

and Reisz to be a Lepidosauromorph.  

 Renesto (1994a) re-examined the previously described drepanosaurs of 

northern Italy and re-assigned the “juvenile” specimens of Drepanosaurus to the genus 

Megalancosaurus. Renesto (1994a) erected the monospecific family Megalancosauridae.  

 Renesto and Paganoni (1995) described a new Drepanosaurus specimen as 

Drepanosaurus sp. Renesto (2000) described some new specimens of Megalancosaurus 

and with the new information from these specimens, assigned Megalancosaurus to the 

family Drepanosauridae. 

 Colbert and Olsen (2001) described Hypuronector limnaios from a number of 

specimens from the Lockatong Formation (Carnian) of New Jersey. This taxon had been 

known for quite a while as the “Deep-tailed swimmer” before its formal description. 

There has also been a drepanosaurid pectoral girdle described from the Ghost Ranch 

(Whitaker) Quarry (Norian) of New Mexico (Harris and Downs, 2002). 

 Drepanosaurid elements from the Triassic fissure fills in England were 

identified and re-described (Renesto and Fraser, 2003). These elements assigned to the 

Drepanosauridae included six unusual cervical vertebrae originally described by Fraser 

(1988). These vertebrae are informally called “Cromhall” vertebrae in this paper because 

of their originally being described from the Cromhall Quarry, England. 

 Senter (2004) revised the phylogeny of the Drepanosauridae and erected the 

clade, Simiosauria. Senter included MCSNB 4751 (Vallesaurus cenesis) and 

Hypuronector in the clade Simiosauria, but excluded them from the family 

Drepanosauridae. Senter included only the genera Drepanosaurus, Megalancosaurus, 

and Dolabrosaurus in the family Drepanosauridae. 

 Renesto and Binelli (2006) formally described and named MCSNB 4751 as 

Vallesaurus cenesis Wild, 1991, assigning the authorship to Wild for continuity. This; 

however, is erroneous in that Renesto and Binelli mistakenly cited Wild’s coining the 

name Vallesaurus to the year 1991 when the date of publication was actually 1989 (Wild, 

1989). In the description, their revision of the phylogeny of the Drepanosauridae placed 

five genera within the family Drepanosauridae: Vallesaurus, Hypuronector, 

Drepanosaurus, Megalancosaurus, and Dolabrosaurus. 
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 Renesto et al. (2009) identified some previously described material from the 

Placerias Quarry in Arizona as the oldest known drepanosaurid material. Renesto et al. 

(2010) provided a summary of the previously described material with revised diagnoses 

for most of the taxa. They also provided a description of some previously undescribed 

material from the Rock Point Member of the Chinle Formation from Ghost Ranch, New 

Mexico. Pritchard et al. (2012) presented a new, as yet un-named, drepanosaurid from 

Ghost Ranch, New Mexico. Martz et al. (2013) reported on some drepanosaurid pectoral 

girdle material from the Post Quarry in the Dockum Group. 

 

Drepanosauridae Taxon A 

(Figs. 3.23, 3.24) 

 

Referred specimens: Axis vertebra, TTU-P10820.  

 

Description: A very distinct vertebral morph that is an axis vertebra collected from Site 

IV (Fig.3.23). No direct association has been discovered at this time. Drepanosaurid 

Taxon A vertebrae have been found at MOTT VPL 3892 and MOTT VPL 3898, where 

numerous drepanosaurid vertebrae and other drepanosaurid elements have been found. 

TTU-P10820 is identical to TTU-P11200 except that the hypapophyses are more 

damaged.  There have been no other vertebrae with a heterocoelous (selliform) shaped 

facies caudalis collected from the Boren Quarry.  

The facies cranialis takes the form of an odontid process that is larger than the 

diameter of the body of the centrum, anteriorly directed, and is convex in both the sagittal 

and lateral planes. There is a very small dimple in the anterior surface of the facies 

cranialis that has a diameter approximately 15 percent of that of the facies cranialis. The 

dorsal margin of the facies cranialis forms a crescent shaped depression forming part of 

the neural canal.  The facies caudalis has the typical selliform shape of a heterocoelous 

vertebra.  The facies caudalis is 60 percent as wide as the facies cranialis and is not as 

wide as the neural canal.  The facies caudalis is dorsoposteriorly directed at 

approximately 45 degrees from the axis of the centrum. At the base of the facies caudalis 

is a small bulbous tubercle. The neural arch is missing on TTU-P10820 but is distinct on 
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some specimens from MOTT VPL 3892 and 3898. TTU-P11629 from MOTT VPL 3898 

has a portion of the neural arch intact that allowed for the re-construction in Fig. 3.24. 

The neural arch is anteriorly laterally expanded. This is also seen in the posterior 

cervicals of the “Cromhall” drepanosaur taxon from MOTT VPL 3898, although the mid-

cervicals did not possess this trait.  

 The vertebra has strong posteroventrally directed parapophyses that project 

laterally below the body of the centrum.  The vertebra has two hypapophyses that lie 

along the ventral portion of the centrum beginning at the facies cranialis and continuing 

to the ventral side of the facies caudalis.  The hypapophyses form two triangular blades  

 

 

Fig. 3.23. Drepanosauridae Taxon A axis vertebra, TTU-P10530. In A, cranial view; B, 
dorsal view; C, left lateral view; D, ventral view; E, caudal view. Scale bar = 1 mm. 
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Fig. 3.24. Drepanosauridae Taxon A axis vertebra reconstruction. Based on TTU-P10530 
and other specimens from MOTT VPL 3892 and VPL 3898. A, cranial view; B, left 
lateral view; C, ventral view. Scale bar = 1 mm. 
 

that project ventrally with a height greater than the height of the centrum. One 

hypapophysial blade is located anteriorly and one posteriorly.  

Discussion: The atlas vertebra of Drepanosauridae Taxon A is different from any other 

published drepanosaurid in possessing two triangular hypapophyses. No other 

drepanosaurids have been described as having a neural spine with similar morphology to 

that of Drepanosauridae Taxon A. There has only been one vertebra of this taxon 

collected from MOTT VPL 3869; however, five additional specimens have been 

collected from MOTT VPL 3892 and 3898.  

 

 

Drepanosauridae incertae sedis 

(Figs. 3.25 - 3.27) 

 

Referred specimens: Terminal caudal elements (spines), TTU-P10843, TTU-P22471; 

caudal vertebra, TTU-P18231. 

 



Texas Tech University, Billy D. Mueller, May 2016  

 

78 

 

Description: The Museum of Texas Tech has a growth series of drepanosaurid tail spines 

from MOTT VPL 3892 and 3898 with which to compare. A large number of caudal 

vertebrae are also in the collection and available for comparison. Most of the 

drepanosaurid material from MOTT VPL 3892 and 3898 belong to un-named taxa. The 

manuscript to describe these un-named taxa is in progress.  

TTU-P10843—The terminal caudal element or tail spine is from a mature 

individual (Fig. 3.25). The distal end (ventral tip) of the vertical tail spine is broken away. 

The facies cranialis is partially abraded but is 4.3 mm in width. The spine has a total 

height of 12.6 mm with an estimated complete height of 16 mm. The dorsal portion of the 

spine is broken away at about the point where a small foramen would be located on the 

posterior surface. The descending process of the spine is subtriangular in cross-section, 

with the anterior surface being flat.  

 

 

 
Fig. 3.25. TTU-P10843, Drepanosaurid terminal caudal spine. A, posterior view; B, left 
lateral view. Scale bar = 1 cm. 
 

 TTU-P22471—The second tail spine is from a young juvenile. There is only a 

small, nipple of a spine starting to develop. The facies cranialis is 2.5 mm in height and 

2.5 mm in width. The juvenile tail spine does exhibit the foramen seen on the juvenile 

drepanosaurid tail spines from MOTT VPL 3892 and 3898 (Fig. 3.26).  
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Fig. 3.26. TTU-P22471, a juvenile drepanosaurid terminal caudal spine. A, posterior 
view; B, left lateral view. Scale bar = 1 mm. 
 

 TTU-P18231—A caudal vertebra that is a very small vertebra and is missing the 

neural arch with only the centrum preserved. The centrum is 1.9 mm in height, 2.2 mm in  

width, and 4.2 mm in length. It is amphicoelous and the centrum has two parallel keels 

extending along the lateroventral margins (Fig. 3.27). Articular facets for a haemal spine 

are well developed on the posterior end of the centrum. The attachment facets project 

ventrally and occupy approximately 20 percent of the length of the centrum.  

The morphology of the drepanosaurid caudal vertebrae is very distinctive with the 

two lateroventral keels and the large articular facets for the haemal spine. Fortunately, 

MOTTU has numerous drepanosaurid caudal vertebrae in the collection from MOTT 

VPL 3892 and 3898 with which to compare this specimen. This is the only drepanosaurid 

caudal vertebra identified from MOTT VPL 3869.  

 

 
Fig. 3.27.  TTU-P18231, Drepanosaurid caudal vertebra. In, A, ventral view; B, right 
lateral view. Scale bar = 1 mm. 
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Discussion: Although there is little drepanosaurid material collected from the Boren 

Quarry, we are fortunate in having much more material collected from MOTT VPL 3892 

and 3898 with which to compare. The drepanosaurid elements from MOTT VPL 3869 

are diagnostic and unambiguous in their being drepanosaurid. Drepanosaurid material 

had been reported from the uppermost Tecovas Formation previously (Martz et al., 

2013); however, the drepanosaurid material from the Boren Quarry would mark the 

lowest stratigraphic occurrence of a drepanosaurid at this time (Lucas and Huber,  

2003; Renesto et al., 2009; Ramezani et al., 2014). As stated above, MOTTU has over 

250 drepanosaur elements from five localities showing that drepanosaurs in the Dockum 

Group are much more abundant than known previously. 

 

 

ARCHOSAUROMORPHA  Huene, 1946 

TANYSTROPHEIDAE  Gervais, 1859 

TANYSTROPHEUS  Meyer, 1852 

 

The specimen described below was the primary reason I changed my “cut-off” 

date for material in my dissertation from 2013-1-1 to 2014-1-1. It was distinct and was 

out of context for the normal environment and stratigraphic position of where they occur. 

Unfortunately, only a single cervical vertebra has been found. The specimen was thought 

to possibly be a metatarsal when it was collected. As soon as the matrix was cleaned off 

of the facies cranialis and caudalis, it was immediately recognized as a Tanystropheus-

like taxon. 

Tanystropheus conspicuus was erected by Meyer in 1852 for some bones from the 

Muschelkalk of Germany. For a while there was some confusion as to whether 

Tanystropheus was a junior synonym of Macroscelosaurus. Meyer (1852) listed 

Macroscelosaurus Münster, 1834 as a junior synonym of Tanystropheus; however, it 

appears Münster never published his description (Wild, 1973). The I. C. Z. N. was 

petitioned (Wild, 1975) and used its plenary powers to suppress Macroscelosaurus as a 

junior synonym of Tanystropheus.  Wild (1980a) described a new species, T. fossai; 

however, its assignment to the genus Tanystropheus was brought into question by 
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Renesto (2005) and Nosatti (2007) did not consider it to be a valid species of 

Tanystropheus. This specimen would have been important as it was the only Norian 

Tanystropheus. A thorough nomenclatural history of the Tanystropheidae may be found 

in Nosotti (2007). The genus Tanystropheus includes three valid species: T. conspicuus 

Meyer, 1852; T. longobardicus (Bassani, 1886); and T. haasi Rieppel, 2001. 

The family Tanystropheidae includes the genera (in alphabetical order) 

Amotosaurus from Germany (Fraser and Rieppel, 2006); Augustaburiania from Russia 

(Sennikov, 2011); Dinocephalosaurus from China (Li et al., 2004); Langobardisaurus 

(Renesto, 1994b); Macrocnemus from Europe and Asia (Li et al., 2007), 

Protanystropheus eastern Europe (Sennikov, 2011), Tanystropheus from Europe, eastern 

Europe, and the Middle East (Wild, 1973; Dalla Vecchia, 2005; Rieppel, 2001; Vickers-

Rich et al., 1999), and Tanytrachelos from eastern North America (Olsen, 1979). Fraser 

et al. (2013) discussed Fuyuansaurus from China and compared it to the tanystropheids. 

It had 13 elongated cervical vertebra and some other similar characters but in the end 

they could not say it was a tanystropheid at this time. Pritchard et al. (2015) identified 

some of the tanystropheid element from the Chinle Formation of the American southwest 

as Tanytrachelos ahynis but pointed out some difference between the Chinle specimens 

and the Newark Supergroup specimens. Personally, all of the specimens of Tanytrachelos 

ahynis I have seen from the Newark Supergroup were tiny in comparison to the Chinle 

material. The two skeletons Gretchen Gürtler (VMNH un-numbered) and I (TTU-

P18258) collected in the Newark Supergroup were both about 14 cm long where most of 

the vertebrae described by Pritchard et al. (2015) were 1 to 2 cm in length. 

 Amotosaurus and Augustaburiania are from the Early Triassic and they are also 

non-marine (Fraser and Rieppel, 2006; Sennikov, 2011). The remaining tanystropheid 

taxa are from the Middle Triassic and are from marine and estuarine environments 

(Rieppel et al., 1999; Nosotti, 2007) 

Dinocephalosaurus, Protanystropheus, and Tanystropheus are the only 

tanystropheids with comparably long necks. Tanystropheus has only 12 cervical 

vertebrae compared to Protanystropheus’ 9 cervicals (Sennikov, 2011) and 

Dinocephalosaurus’ 25 cervical vertebrae (Li et al., 2004). Dinocephalosaurus’ cervical 

vertebrae are elongate but are less elongate and more robust than Tanystropheus.  
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cf. Tanystropheus 

(Figs. 3.28, 3.29B) 

 

Referred specimen: Cervical vertebra, TTU-P22575. 

 

Description: TTU-P22575—The cervical vertebra was found in situ at Site XLII in one 

piece although slightly crushed laterally. The vertebra is 57.2 mm in length and has a 

minimum mid-centrum width of 4.5 mm. The height of the centrum in the central portion 

of the centrum is 4.8 mm in height. The height at the facies cranialis is 5.1 mm. This 

gives the vertebra an elongation ratio of 11.2 (Fig. 3.28).  

 

 
Fig. 3.28.  TTU-P22575 cf. Tanystropheus cervical vertebra. A, dorsal view; B, right 
lateral view. Scale bar = 1 cm. 
  

Discussion: Although only a single vertebra has been found, it is distinct from any other 

taxon found in the Dockum Group. The elongation ratio of 11.92 fits within the range of 

Tanystropheus cervical vertebrae as described by Wild (1973) or Sennikov (2011), and 

much more elongate than Dinocephalosaurus (Li et al., 2004).  

There are a number of tanystropheids found through the world; in China (Li et al., 

2004), in Europe (Wild, 1973), eastern Europe (Sennikov, 2011), and eastern North 

America (Olsen, 1979). The majority of the tanystropheids outside of the USA are 

Middle Triassic in age (Wild, 1980b). Recently tanystropheids were reported from the 

Late Triassic of the American southwest; however, none of these had extremely 
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elongated vertebrae (Pritchard et al., 2015). Compare TTU-P22575 (Fig. 3.28, 3.29B) to 

the reconstruction diagram of  T. longobardicus (Fig. 3.29A) (Nosatti, 2007). 

 

 
Fig. 3.29. Diagram of a Tanystropheus longobardicus cervical vertebra and cf. 
Tanystropheus, TTU-P22575. Tanystropheus longobardicus shown in lateral view and 
flipped horizontally for comparison with TTU-P22575. (adapated from Nosotti, 2007) 
 

The site, Site XLII, where the vertebra was collected is the only site at MOTT 

VPL 3869 where palaeoniscid (fish) fossils have been found. Metoposaurid and  

phytosaurian material was also collected there. So even though, the specimen was not  

found in typical marine – estuarine shoreline environments like most Tanystropheus 

specimens (Sennikov, 2011); it was found in an environment that was aquatic. 

Tanytrachelos, a tanystropheid from the eastern United States, is known from a non-

marine, freshwater aquatic environment (Olsen, 1979) and the tanystropheids from the 

Chinle Formation (Pritchard et al., 2015) also indicate a freshwater environment is 

feasible. Pritchard et al. (2015) identified a number of vertebral elements as a 

“Tanystropheid” or the “Hayden Quarry Taxon” and other elements identified as the 

tanystropheid Tanytrachelos ahynis. These tanystropheids described by Pritchard et al. 

did not possess extremely elongate vertebrae as is found in the cf. Tanystropheus 

specimen from MOTT VPL 3869. 
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The extreme elongation of the cervical vertebra and its morphology are the reason 

for assigning TTU-P22575 to cf. Tanystropheus. Tanystropheus is the only Triassic taxon 

that has comparable elongation and morphology with our TTU cf. Tanystropheus 

(Sennikov, 2011). Sennikov showed the three species of Tanystropheus (T. 

longobardicus, T. conspicuus, and T. meridensis) to have an elongation of the cervical 

vertebrae ranging from 6 – 14. The elongation of TTU-P22575, 11.92, compares very 

well with the upper range of elongation for the genus of Tanystropheus. The taxa 

Sennikov studied showed the tanystropheid Augustaburiania vatagini next longest with a 

maximum elongation of 6.8, while the non-tanystropheid protorosaur with the longest 

cervical elongation was Malutinisuchus gratus at 3.8. The tanystropheids described by 

Pritchard et al. (2015) all came from localities stratigraphically higher than the Boren 

Quarry (e.g. Placerias Quarry, AZ; Hayden Quarry, NM) and none of those cervical 

vertebrae had an elongation exceeding 5.4.  

This would be the highest occurrence stratigraphically of Tanystropheus as all of 

the other Tanystropheus specimens were Middle Triassic in age (Wild, 1980b; Nosotti, 

2007). This specimen, TTU-P22575, would represent a major extension of the geographic 

and temporal range for the genus Tanystropheus or if additional material is found it may 

prove to be a new species. 

 

 

ARCHOSAUROMORPHA  Huene, 1946 sensu Gauthier et al., 1988 

PROTOROSAURIA  Huxley, 1871 

Malerisaurus  Chatterjee, 1980b 

Malerisaurus is a small, protorosaurian archosauromorph from the Late Triassic. 

Chatterjee (1980b) described Malerisaurus robinsonae for two specimens he found as 

stomach contents of two side by side phytosaur (Parasuchus hislopi) skeletons in the 

Late Triassic Maleri Formation in India. Chatterjee considered Malerisaurus to be a 

small, facultive bipedal protorosaur. Later, Chatterjee (1986b) described Malerisaurus 

langstoni for a specimen, TMM-31099-11, from the Otis Chalk Quarry 2, Howard 

County, Texas. Elder (1987) reported on the Otis Chalk fauna and referred to the 
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protorosaur described by Chatterjee.  Lucas et al. (1993b) described their findings from 

the Otis Chalk area but only referred to Chatterjee’s description and did not list any new 

specimens of Malerisaurus. Benton and Allen’s (1997) and Jalil’s (1997) research also 

indicated that Malerisaurus was a protorosaur. 

Heckert (2004) found a vertebra at their Lower Kalgary locality (NMMNH 

locality 1312), Crosby County, Texas, that he thought could belong to Malerisaurus; 

however, after some discussion in his manuscript he ended up considering the vertebra a 

prolacertiform indeterminate and not Malerisaurus.  

Spielmann et al. (2006) redescribed the holotype of Malerisaurus langstoni 

(TMM 31099-11). They basically synonymized most of the elements, including the skull, 

of the specimen with Trilophosaurus. Fraser et al. (2008) and Martz et al. (2013) rebutted 

Spielmann et al.’s interpretation. They pointed out that the holotype Malerisaurus 

langstoni has palatine teeth and they were clearly visible in the M. langstoni holotype 

specimen. Trilophosaurus does not have palatine teeth. There are similarities among 

Malerisaurus and Trilophosaurus postcrania but that might be expected of two 

archosauromorphs. The holotype for M. langstoni was designated as the complete 

specimen, so even if some elements of the postcrania are eventually determined to belong 

to Trilophosaurus it would not invalidate the taxon. The MOTT has collected 

Malerisaurus from seven localities in the Dockum Group: MOTT VPL 0690, 3624, 3628, 

3869, 3892, 3898, and 3900. The other six localities have produced nine Malerisaurus 

elements, while MOTT VPL 3869 has produced over 80 elements. Malerisaurus is one of 

the more common taxa found at MOTT VPL 3869. 

  

Malerisaurus langstoni  Chatterjee, 1986b 

(Figs. 3.30-3.31) 

 

Referred specimens: Humerus, TTU-P18152, TTU-P10553, TTU-P10565; femur, TTU-

P10564, TTU-P10567. (See Appendix B for additional specimens) 

 

Description: The most identifiable elements of the taxon are the femora and humeri. Most 

of the femora and humeri have broken shafts. 
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 TTU-P18152—Malerisaurus proximal left humerus with a maximum width of 

23.9 mm. The anteroventral deltopectoral crest projects ventrally for 12.8 mm (Fig. 3.30). 

The proximal humerus is broadly expanded relative to the shaft. The orientation and 

morphology of the deltopectoral crest differentiates Malerisaurus from Trilophosaurus.  

TTU-P10564—A small left femur 85.5 mm in length with a slight sigmoid 

curvature. The proximal end is 16.4 mm by 12.8 mm (Fig. 3.31). The proximal end 

 

 

 
Fig. 3.30. Comparison of Malerisaurus and Trilophosaurus proximal humeri. TTU-
P18152, Malerisaurus left humerus in; A, proximal; B, ventral. TTU-P11868, 
Trilophosaurus right humerus in; C, proximal; D, ventral views. Scale bar = 1 cm. 
 

possesses a concavity and was probably covered with cartilage (Chatterjee, 1980b, 1986). 

The femur has a well developed internal trochanter that extends about 1/3 of the way 

down the ventral portion of the proximal shaft. The femur has a twist of about 65o 

between the proximal and distal ends of the femur. The distal end of the femur is 

basically rectangular with a width of 17.7 mm and a length of 10.3 mm. The distal end 

has two condyles for contact with the tibia that are divided by a shallow fossa. There is a 

shallow groove on the lateral condyle to accept the fibula.  
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Discussion: Illustrating any correlations using Malerisaurus is very difficult since 

Chatterjee’s (1986) original description, I know of no additional Malerisaurus material 

having been reported in the literature until Lehman and Chatterjee (2005) and Martz 

(2008) reported specimens from the Boren Quarry (MOTT VPL 3869). Martz also 

 

 

 
Fig. 3.31. TTU-P10564, Malerisaurus proximal left  femur. Scale bar = 1 cm. 
 

reported Malerisaurus from the Post Quarry (MOTT VPL 3624) and Headquarters North 

(MOTT VPL 3900) in his dissertation. In the MOTTU collection there are 

“Malerisaurus” fossils that have also been collected from the Tecovas Formation at 

MOTT VPL 0690 (Norian) near Kalgary in Crosby County, Texas. All of the 

Malerisaurus producing localities are in the Tecovas Formation except for MOTT VPL 

3900 and 3902 which are in the upper “Middle Unit” of Martz (2008). Malerisaurus is 

not common at any of the localities where it has been found except at MOTT VPL 3869.  

 The combination of Malerisaurus robinsonae and Parasuchus hislopi from the 

Maleri Formation of India does correlate well with MOTT VPL 3869 with the 

combination of Malerisaurus langstoni and Paleorhinus Taxon A from the Tecovas 

Formation of Texas. When comparing Malerisaurus with the stratigraphic occurrence of 

other protorosaurs, besides Malerisaurus robinsonae from India the only other closely 

related protorosaur from Norian deposits is Langobardisaurus pandolfii. Specimens of 

Langobardisaurus are from the marine / estuarine Calcare di Zorzino Formation,Italy, 

(Renesto, 1994b) and the marine Dolomia di Forni Formation, Austria (Saller et al., 

2013).  
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TRILOPHOSAURIA  Romer, 1956 

TRILOPHSAURIDAE  Gregory, 1945 

TRILOPHOSAURUS  Case, 1928a 

 

Trilophosaurids were discovered moderately early in the study of Triassic 

vertebrate fossils from the southwestern U. S. A., with the genus Trilophosaurus being 

erected by Case (1928a) for the type species, Trilophosaurus buettneri. The holotype, 

UMMP 2338, is a mandible collected by W. H. Buettner near Walker’s Tank, Crosby 

County, Texas. 

Gregory (1945) made a detailed description of the osteology of Trilophosaurus 

based specimens from a large collection of Trilophosaurus made by the Work Projects 

Administration (WPA) in the 1930’s and deposited at the Texas Memorial Museum. 

Gregory erected the family Trilophosauridae. This collection came primarily from two 

localities (Otis Chalk Quarries 1 and 2) near the community of Otis Chalk in southeastern 

Howard County, Texas. Additional Trilophosaurus material was provided from two other 

Otis Chalk quarries (3 and 3A). Although Gregory’s description was primarily based on 

one near complete specimen (TMM 31025-140), the collection at the TMM contains a 

large amount of cranial and post-cranial material from numerous individual trilophosaurs. 

Prior to Spielmann et al. (2008), the TMM Trilophosaurus collection provided the vast 

majority of information about Trilophosaurus. In 1956, Romer erected the suborder 

Trilophosauria. The trilophosaurs of the TMM collection have been the subject of studies 

by Parks (1969), Elder (1978), Demar and Bolt (1981), and Merck (1995, 1997). 

Trilophosaurids have also been reported as part of faunas from a variety of localities from 

the Chinle Formation of Arizona and the Dockum Group of West Texas by Murry (1982, 

1986), Lucas et al. (1993b), Long and Murry (1995), Heckert et al. (2001), and Heckert 

(2004). Isolated trilophosaur teeth from the Owl Rock Member of the Chinle Formation 

in Arizona have been reported by Kirby (1989) and potentially represent the youngest 

Trilophosaurus specimens. Heckert et al. (2006) questioned the validity of the occurrence 

and this was upheld by Spielmann et al. (2007b, 2008). Spielmann et al. (2007b, 2008) 

produced overviews of Trilophosaurus with re-descriptions of the Otis Chalk material 
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and other previously described material. They also provided descriptions of new 

specimens primarily from the Kahle Quarry in Borden County, Texas. 

Murry (1987a) described a trilophosaurid from Arizona, Trilophosaurus jacobsi, 

with the description based on several maxillary and mandible fragments from the 

Placerias Quarry southwest of St. Johns, Arizona. Trilophosaurus jacobsi was later 

assigned to the genus Chinleogomphius by Sues and Olsen (1993), who considered it to 

possibly represent a procolophonid. Heckert et al. reported a cache of Trilophosaurus 

specimens discovered in the early 1990s in Borden County, Texas, that they identified as 

T. jacobsi (Heckert et al., 2001; Heckert et al., 2006; Spielmann et al., 2007b). The 

examination of the Borden County specimens led to their conclusion that T. jacobsi was 

not a procolophonid and did indeed belong to the genus Trilophosaurus (Heckert et al., 

2006).   

 Mueller and Parker (2006) described a new species, T. dornorum, with specimens 

from the Petrified Forest National Park and the Dockum Group in Texas. Spielmann et al. 

(2007b) considered T. dornorum to be a junior synonym of T. jacobsi. Martz et al. (2013) 

disagreed and maintained the separation of T. dornorum and T. jacobsi. In this 

dissertation the separation of the two species is maintained. 

Trilophosaurus species are generally discriminated from each other due to the 

morphology of the teeth (Murry, 1987a; Heckert et al., 2006; Spielmann et al., 2007b, 

2008) and skull structure (Mueller and Parker, 2006). A sketched comparison of a tooth 

of each species, the trilophosaurids from Otis Chalk, and TTU Trilophosaurus Taxon A 

may be seen in Fig. 3.32. The holotype of T. buettneri does not possess cingula on the 

distal or mesial surfaces of the tooth (Fig. 3.32 A). The cusps are fairly evenly spaced and 

of equal size. The teeth of T. jacobsi possess curved cingula that connect the labial and 

lingual cusps on both the distal and mesial surfaces of the teeth (Fig. 3.32 B). The central 

cusp on some teeth is slightly larger and slightly off-set lingually. The teeth of T. 

dornorum have cingula that connect the labial and lingual cusps to the central cusp on 

both the mesial and distal surfaces of the tooth (Fig. 3.32 C). The central cusp is slightly 

larger and off-set slightly labially. The teeth of the Otis Chalk trilophosaurids possess 

cingula that are somewhat horizontal and connect the labial and lingual cusps on the 

mesial and distal surface of the tooth (Fig. 3.32 D). The cusps are evenly spaced and of 
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equal size. The teeth of TTU Trilophosaurus Taxon A possess cingula that curve across 

the mesial and distal surfaces to connect the labial and lingual cusps (Fig. 3.32 E) similar 

to T. jacobsi. The central cusp is slightly larger. Trilophosaurus Taxon A differs from all 

of the other trilophosaurids in that the entire tooth slants labially.   

The size of different Trilophosaurus taxa or populations has been recognized 

(Elder, 1978, 1987; Murry, 1982; Long and Murry, 1995). Long and Murry (1995) 

identified a large Trilophosaurus femur from Quarry 1; however, Spielmann et al. (2008) 

refuted that identification and considered it to belong to T. buettneri. It will be discussed 

later that another option could be it belongs to the more robust T. dornorum. 

The first trilophosaurid specimen was collected from MOTT VPL 3869 in 1993 by 

Chatterjee and his field crew. This detailed examination of the trilophosaurids was 

initiated by the MOTTU with the discovery of a near complete left and right mandible of 

 

 
Fig. 3.32. Comparison of trilophosaurid teeth. Each is shown in occlusal view and mesial 
view. A, Trilophosaurus buettneri; B, Trilophosaurus jacobsi; C, Trilophosaurus 
dornorum; D, Otis Chalk trilophosaurids; and E, TTU Trilophosaurus Taxon A. Not to 
scale. Adapted from Mueller and Parker, 2006. 
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T. Taxon A at MOTT VPL 3869 in 1999. There are now 274 trilophosaurid elements in 

the Paleontology Division’s collections that have been collected from 11 localities.  

Murry (1987a) discussed the variation observed within and between some of the 

dentition of different populations. Trilophosaurus jacobsi and T. dornorum have been 

found at the Post Quarry. All of the dentition of the Otis Chalk Trilophosaurus possesses 

similar dentition, increasing the probability that all the trilophosaurid material belongs to 

the same taxon (pers. obs.) Heckert (2004) reported both Trilophosaurus buettneri and T. 

jacobsi from the NMMNH Kalgary localities. Spielmann et al. (2008) reported only T. 

jacobsi were found at the Kahle Quarry, after they synonymized T. dornorum with T. 

jacobsi. The figures indicate tooth morphs of both Trilophosaurus jacobsi and T. 

dornorum are found at the Kahle Quarry (e.g. Spielmann et al., 2008, p.13, Fig. 4). At the 

Boren Quarry Trilophosaurus buettneri, T. jacobsi, and T. dornorum have been collected. 

More complete individual specimens are needed to determine whether the differences in 

the taxa described below are due to intraspecific variation, ontogenetic variation, sexual 

dimorphism, or if it is inter-specific variation, especially for the post-cranial elements.   

 

Trilophosaurus buettneri  Case, 1928  

(Figs. 3.33, 3.34A) 

 

Referred specimens: Mandibles, TTU-P09495, TTU-P12401X. 

 

Description: TTU-P09495—A small, anterior right mandible possessing six transversely 

expanded tricuspid teeth and a small anterior tooth. The anterior tooth is oval in occlusal 

view and is broken away (Fig. 3.33).   The mandible is 17.1 mm in length. The specimen 

is small and close to the size of the holotype of Trilophosaurus buettneri (Fig. 3.34). The 

specimen is not well preserved; however, it is preserved well enough to determine that it 

had no cingula. 

Discussion: The Boren Quarry is relatively close stratigraphically to Walker’s tank where 

the holotype of the taxon was collected. The nearby NMMNH Kalgary localities also 

produce both Trilophosaurus jacobsi and T. buettneri (Heckert, 2004). A distinct  
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Fig. 3.33. TTU-P09495, Trilophosaurus buettneri right mandible. Scale bar = 1 cm. 
 

  

Fig. 3.34.   Trilophosaurus buettneri mandibles in anterodorsal oblique view. A, TTU-
P09495; B, UMMP 2338, the holotype of T. buettneri. Scale bare = 1 cm. 
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difference between the holotype (UMMP 2338) and the other trilophosaurid taxa is that 

the holotype for Trilophosaurus buettneri has three cusps but no cingula. The larger 

specimens from the Otis Chalk Quarries in the TMM collection have “squared”, more 

horizontal cingula connecting the labial and lingual cusps (Fig. 3.32D). TTU-P09495 also 

possesses three cusps and no cingula. This is not believed to be ontogenetic since the 

holotype of Trilophosaurus jacobsi is smaller in size and possesses cingula. The lack of 

cingula appears to separate T. buettneri from the other Trilophosaurus species; however, 

this is based on a very sparse number of fragmentary specimens. All of the known 

Trilophosaurus buettneri specimens do occur low in the Tecovas Formation.  

 

Trilophosaurus jacobsi  Murry, 1986 

(Figs. 3.35, 3.36) 

 

Referred specimens: Jaw fragments, TTU-P09488, TTU-P09618, TTU-P10405, TTU-

P10422, TTU-P10531, TTU-P15463; astragalus, TTU-P12109X. (See Appendix B for 

additional specimens) 

 

Description: Teeth are tricuspid and transversely expanded. The cingula arc across the 

mesial and distal tooth surfaces to connect the labial cusp to the lingual cusp and not 

contacting the central cusp (Fig. 3.32B). 

Discussion: Trilophosaurus jacobsi is one of the more common species at MOTT VPL 

3869. The Kahle Quarry in Borden County has produced only T. jacobsi (Spielmann et 

al., 2008). Figure 3.35 illustrates the holotype dentary of Trilophosaurus jacobsi, MNA 

V3192, showing the cingula morphology of one tooth.  

 All of the material from MOTT VPL 3869 Site XIII is believed to represent a 

single individual, TTU-P10405; however, it had experienced extensive weathering prior 

to its discovery. The most interesting element of the specimen was the well preserved 

posterior tooth from one of the jaw fragments (Fig. 3.36).  

 The postcranial elements are more difficult. The minor variations in the postcrania 

have not been identifiable to species. Having three species of the same genus at this 

location makes the identification of the postcrania problematic.    
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Fig 3.35. MNA V3192, Trilophosaurus jacobsi holotype, right mandible. In A, occusal 
view; B, anterior, oblique view. Scale bar = 1 mm. 
 

  

 
Fig. 3.36. Distal end of a mandible showing the greatly reduced posterior-most tooth of 
Trilophosaurus jacobsi, TTU-P10405. Scale bar = 1 mm. 
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Trilophosaurus dornorum  Mueller and Parker, 2006 

(Fig. 3.37) 

 

Referred specimens: Maxilla with teeth, TTU-P10413: mandibles, TTU-P10582, TTU-

P10586, and TTU-P10587. 

 

Description: Teeth tricuspid, transversely expanded. Labial and lingual cusps are similar 

in size and the medial is cusp off-set labially. Cingula on the mesial and distal surfaces 

form deep grooves on larger specimens. Autapomorphies of taxon: Mesial and distal 

cingula connecting both labial and lingual cusps to medial cusp, three to three and one-

half maxillary teeth posterior to lateral process of maxilla (Mueller and Parker, 2006).  

The teeth of T. dornorum are up to 21 mm wide, much larger than other Trilophosaurus 

species. The maxilla fragment, TTU-P10413 (Fig. 3.37) is 39 mm in length.   

 

 

 
Fig. 3.37. Trilophosaurus dornorum maxilla section, TTU-P10413. Occlusal view. 
 

Discussion: Trilophosaurus dornorum is more robust in structure than T. buettneri, T. 

jacobsi, the Otis Chalk Trilophosaurus, and T. Taxon A. As was stated previously, based 

on images in the publication by Spielmann et al. (2008), T. dornorum appears to be 

present at the Kahle Quarry (NMMNH L3775). Murry and Long (1989) and Long and 
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Murry (1995) considered that a robust femur from the Placerias Quarry (UCMP 

A269/32390) and the larger, robust specimen from Otis Chalk (TMM31025-265) were 

trilophosaurids. Since the holotype of T. dornorum was found in the Chinle Formation of 

Arizona and the taxon was found Dockum Group of West Texas, it could be possible that 

the two femora represent femora of Trilophosaurus dornorum. This could correlate with 

T. dornorum being a larger, more robust taxon than the other Trilophosaurus taxa based 

on the more robust jaw structure of T. dornorum compared to the other Trilophosaurus 

species.  

 

Trilophosaurus Taxon A 

(Fig. 3.38, 3.39) 

 

Referred specimens: Mandible fragment, TTU-P10408, TTU-P10412, TTU-P10709, 

TTU-P12408X. (See Appendix B for additional specimens) 

 

Description: Trilophosaurus Taxon A mandible structure forms an oblique angle 

projecting dorsolaterally compared to other trilophosaurids. The teeth are also oblique to 

the mandible with the labial cusp large and projecting laterally beyond the margin of the 

mandible unlike any other trilophosaurid. The cingula connect the lingual and labial 

cusps, as in T. jacobsi but in mesial and distal view, the cingula are more horizontal and 

less arcuate than the cingula of T. jacobsi (Fig. 3.38). The cusps and cingula are oriented 

for occlusion in a horizontal plain. 

 TTU-P10408—A left and right associated mandible. This is one of the most 

complete specimens of Trilophosaurus Taxon A. The anterior mandible is edentulous, as 

is typical for Trilophosaurus (Gregory, 1945). The right mandible has the anterior portion 

missing. The posterior portion of both mandibles is missing. The left mandible is 36.1 

mm in length, 7.1 mm in height, and 7.2 mm in maximum width. The left mandible 

possesses 12 teeth (Fig 3.39). 

Discussion: The structure of the jaw and the orientation of the teeth in the jaw are unique 

among trilophosaurids for Trilophosaurus Taxon A. The only locality known to produce 

Trilophosaurus Taxon A is MOTT VPL 3869. Maxillae of Trilophosaurus Taxon A have 
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Fig. 3.38. Trilophosaurus Taxon A, partial left mandible, TTU-P10428. In mesial view 
cross-section. Scale bar = 1 cm. 
 

 

 

 
Fig. 3.39. TTU-P10408, left mandible of Trilophosaurus Taxon A. Stereo pair in occlusal 
view. Scale bar = 20 mm.  
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not been recognized for certain at this time. Since there are three trilophosaurid taxa 

present at MOTT VPL 3869 and there has not been enough associated material of each 

taxon to determine all of the cranial and postcranial characteristics, identification of 

species based on postcranial material is tenuous. There are two partial Trilophosaurus 

skulls in the MOTTU collections that are undergoing preparation at this time. If one of 

the skulls is Trilophosaurus Taxon A then it will provide very important information. 

The Otis Chalk trilophosaurid cranial and postcranial material has been well described 

(Gregory, 1945; Spielmann et al., 2008). The trilophosaurid material from the Kahle 

Quarry has been thoroughly described (Spielmann et al., 2008). If, as I believe, 

Trilophosaurus jacobsi and T. dornorum are not conspecific, the postcranial material 

from the Kahle Quarry would need to be re-examined.  

 

Trilophosaurus indeterminate 

(Fig.3.40, 3.41) 

 

As stated previously, without additional associated/articulated specimens, 

determining the taxon of postcranial material is speculative when you have multiple taxa 

present. At this time, the postcranial material is not readily distinguishable between the 

Trilophosaurus species. This is compounded by most localities producing at least two 

taxa. There has been no postcranial material definitely identified for T. dornorum or T. 

Taxon A and one could question whether postcranial material is known for T. buettneri 

(pers. obs.). Detailed descriptions of the postcranial material will not be made here. 

Thorough descriptions have been made by Gregory (1945) and Spielmann et al. (2008). 

Additional, lengthy descriptions of the postcranial material would not be of benefit 

without being able to determine to which taxon the material belongs. The following 

descriptions are simply to provide information on the size ranges of the material 

encountered. 

 

Referred specimens: Humerus, TTU-P11868 (right), TTU-P12549X (right), TTU-P14873 

(right), TTU-P18248 (left); Femur, TTU-P18247. (See Appendix B for additional 

specimens) 
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Description: 

TTU-P11868—A Trilophosaurus proximal right humerus (Fig. 3.30) with a 

width of 32.8 mm and a deltopectoral crest projecting ventrally for 9.8 mm. 

TTU-P12549X—A Trilophosaurus proximal right humerus with a width of 36.3 

mm and a deltopectoral crest projecting ventrally for 10.9 mm.  

TTU-P14873—A small, complete humerus with a length of 50.3 mm, a proximal 

width of 18.3 mm, a distal width of 16.2 mm, and a minimum shaft diameter of 4.6 mm. 

The distal and proximal ends are rotated at approximately 70o (Fig. 3.40).  

 

 

 
Fig. 3.40. TTU-P14873, a right Trilophosaurus humerus. A, ventral view; B, posterior 
view. Scale bar = 1 cm. 
 
 
 TTU-P18248—A Trilophosaurus proximal left humerus with a width of 38.0 mm 

and a deltopectoral crest projecting ventrally for 12.3 mm. 
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TTU-P18247—A Trilophosaurus right femur with a length of 149 mm, proximal 

width of 32.2 mm by 21.1 mm and a distal width of 30.0 mm by 17.6 mm (Fig. 3.41). 

 

 

 
Fig. 3.41. Comparison of Trilophosaurus and Malerisaurus femora. A, TTU-P18247, a 
Trilophosaurus femur; B, TTU-P10564, a Malerisaurus femur. Scale bar = 1 cm. 
 

Discussion: As has been previously stated, the primary character that distinguishes the 

species of Trilophosaurus is the morphology teeth. Spielmann et al. (2013b) pointed out 

that co-occurrence of various trilophosaurid species at a single locality was not 

uncommon. However, Spielmann et al. (2008) considered all the material from Otis 

Chalk to be Trilophosaurus buettneri even though they had cingula.  

All of the specimens I examined in the TMM collection had cingula. My overall 

examination indicates that the Trilophosaurus material from Otis Chalk Quarries belong 

to a separate taxon. I did not identify any T. jacobsi or T. dornorum material in the Otis 

Chalk collection at TMM. 
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The discrimination of the postcranial material among the various Trilophosaurus 

taxa depends on the discovery of additional material to determine if the variations are 

inter-specific or intraspecific. Spinosuchus has also been identified as a trilophosaurid 

(Richards, 1999; Spielmann et al., 2009) and has been found at three localities that have 

produced Trilophosaurus: Walker’s Tank, Rotten Hill, and the Kahle Quarry (Spielmann 

et al., 2013b). However, there is no dental material known for Spinosuchus and the 

identifications are based on vertebral morphology. The scarcity of complete material does 

not exclude the possibility that the dental characteristics may be plesiomorphic with other 

Late Triassic non-Trilophosaurus taxa. Stratigraphic relationships of the various 

Trilophosaurus producing localities will be discussed in Chapter 4. 

 

ALLOKOTOSAURIA  Nesbitt et al., 2015 

AZENDOHSAURIDAE  Nesbitt et al., 2015 

 

Azendohsaurus was described by Dutuit (1972) for material from Morocco. At 

that time it was thought to be a prosauropod. Gauffre (1993) examined the material and 

concluded that it probably was a prosauropod and discussed that it was found in the same 

strata as Paleorhinus magnoculus. Currently, Azendohsaurus is considered to be a non-

archosauriforme archosauromorph after the description of a new species from 

Madagascar (Flynn et al., 2010). I had recognized that this material from MOTT VPL 

3869 was distinct from other taxa we know in the southwestern US. Sterling Nesbitt, co-

author in Flynn et al. (2010), was the person who pointed out the resemblance of the 

Boren Quarry material to Azendohsaurus. 

 

Azendohsaurid-like Taxon A 

(Fig. 3.42, 3.43) 

 

Referred specimens: Premaxilla, TTU-P10484, TTU-P10485, TTU-P10631, TTU-

P11212, TTU-P11711; maxilla, TTU-10516; dentary, TTU-P14813. (See Appendix B for 

additional specimens)  
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Description: TTU-P11212—A left and right, associated premaxilla that possesses four 

anterior procumbent teeth (Fig. 3.42). There are two teeth on each premaxilla distal to the 

procumbent teeth.  The second premaxillary tooth is the largest, sub-round, and canine-

like. The distal tooth is the smallest. The two distal teeth are laterally compressed, oval in 

cross section, with serrations on the apical half of the mesial carina, and fully serrated on 

the distal carina. The teeth are ankylosed 

The distinct characteristic exhibited by all the Azendohsaurid-like premaxillae is 

that they do not possess a medial dorsal process to separate the nares. The premaxilla 

bordering the nares is smooth and rounded. The premaxilla is U shaped when articulated. 

The lateral posterior process is mediolaterally compressed and is incomplete in all 

specimens. The lateral margin is rounded and possesses foramina. The premaxillae 

possess a horizontal palatal process that contacts in the mid-line.  

 

 
Fig. 3.42. Premaxilla, TTU-P11212, Azendohsaurid-like taxon. A, anterior view; B, 
dorsal view. Scale bar = 1 cm. 
 

 TTU-P10516—A partial right maxilla that is laterally compressed. The maxilla is 

24.9 mm in height and 76.8 mm in length (Fig. 3.43). The overall lateral shape is 

triangular with a relatively flat medial surface. There are 3 alveoli and 14 teeth preserved. 

The teeth are laterally compressed and possess serrations on the mesial and distal carinae. 

There are teeth in varying stages of replacement but the fully erupted teeth are ankylosed 

with the maxilla. The maxilla possesses interdental plates and a lateral dental ridge. The 

teeth are slightly recurved distally.  
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Fig. 3.43. TTU-P10516, right partial maxilla of the Azendohsaurid-like taxon. Scale bar 
= 1 cm. 
 
Discussion: An analysis of the Azendohsaurus-like taxon from the southwest United 

States is currently underway and material has been found in several institution’s 

collections. The premaxillae and the maxilla were the most distinctive elements collected 

at MOTT VPL 3869. These elements were basically unlike anything I had seen from the 

Chinle or Dockum. The elements found in other institutions collections have primarily 

been either extremely fragmentary or mostly postcranial material. The postcranial 

material has been identified as other taxa because as an archosauromorph the morphology 

of most of the elements was very similar to some other archosauromorphs. The dentition 

of the MOTT VPL 3869 Azendohsaurid-like taxon differs from that of Azendohsaurus 

(Flynn et al., 2010). In Azendohsaurus madagaskarensis the maxillary teeth are more 

waisted and less recurved. Stratigraphically, Flynn et al. indicate that Azendohsaurus 

madagaskarensis from Madagascar is Ladinian in age. Azendohsaurus laaroussii from 

Morocco is Carnian in age (Gauffre, 1993). The material from the Dockum Group is 

Norian in age. It is probable that the material in the MOTTU collections belongs to a new 

species.  
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RHYNCHOSAURIA  Osborn, 1903b 

RHYNCHOSAUROIDEA  Nopcsa, 1928 

RHYNCHOSAURIDAE  Huxley, 1887 

HYPERODAPEDONTINAE  Chatterjee, 1969 

OTISCHALKIA  Hunt and Lucas, 1991c 

 

 Specimens identified as being rhynchosaurid were identified in the Texas 

Memorial Museum WPA Otis Chalk collection by Elder (1978) and Chatterjee (1980a). 

Elder had identified a premaxillary fragment, humeri, and femora as rhynchosaurian. 

Chatterjee had identified a premaxillary fragment as rhynchosaurian. Murry (1989) 

reported that only the premaxillary fragments were rhynchosaurian (his pers. comm. with 

Long). The specimens used to name Otischalkia elderae originally were the two 

premaxillary fragments, two humeri, and two femora from the TMM collection (Hunt and 

Lucas, 1991). The holotype was designated as the left humerus, TMM 31025-263. 

Spielmann et al. (2013a) identified three distal humeri from the Bull Canyon Formation, 

Dockum Group, in Quay County, New Mexico. Rhynchosaurs are well known 

throughout the world but not from North America (Chatterjee, 1980a; Spielmann et al., 

2013a). 

 

cf. Otischalkia elderae 

(Fig. 3.44) 

 

Referred specimens: Humerus, TTU-P11677; Maxilla – palatine fragment, TTU-P18104. 

(See Appendix B for additional specimens) 

 

Description: TTU-P11677—A short, robust left humerus. The proximal and distal ends 

are broad relative to the length. Angle of torsion between the proximal and distal end is 

approximately 50o. The length of the humerus is 93.3 mm the width of the proximal end 

of the humerus is 42.4 mm and the width of the distal end of the humerus is 35.4 mm. 

The deltopectoral crest extends 90o from the humeral head. The minimum shaft thickness 

is 8.6 mm. The minimum thickness of the head of the humerus is 9.6 mm (Fig. 3.44). 
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Fig. 3.44. TTU-P11677, cf. Otischalkia elderae humerus. A, dorsal view; B, caudal view; 
C, ventral view; D, distal view; E, proximal view. Scale bar = 1 cm. 
 

Discussion: The material is only considered cf. Otischalkia elderae because of its 

morphology and by comparison to the holotype material (pers. obs.). The only defined 

autopomorphy to define the Otischalkia humeri is a hooked supinator process. The cf. 

Otischalkia elderae specimen, TTU-P11677, is robust and both the proximal and distal 

ends are broadly expanded and relatively thick. The ectepicondyle and entepicondyle are 

near equal in size, as they are in the holotype specimen. The supinator process is broken 

away, making it indeterminable if the process was hooked or not. This was the same for 

the other cf. Otischalkia elderae humeri from MOTT VPL 3869. 

 

 

ARCHOSAURIFORMES  Gauthier et al., 1988 

(=ARCHOSAURIA  sensu Benton, 1999) 

VANCLEAVEA Long and Murry, 1995 

 

Long and Murry (1995) describedVancleavea campi using a partial skeleton, 

PEFO 2427, from the Petrified Forest National Park, Arizona. Long and Murry were 
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uncertain of the taxonomic affiliation for the species. Small and Downs (2002) were able 

to utilize a new specimen to determine that Vancleavea was an archisauriform. The taxon 

is more prevalent in Arizona; however, it is also found in New Mexico and Texas (Long 

and Murry, 1995; Nesbitt et al., 2009a; pers. obs.). Nesbitt et al. (2009a) made a thorough 

description and phylogenetic analysis of Vancleavea campi utilizing a complete 

articulated specimen (GR 138) and a disarticulated skeleton (GR 139). They confirmed 

that Vancleavea was an archisauriform. 

 

Vancleavea campi  Long and Murry, 1995 

(Fig. 3.45, 3.46) 

 

Referred specimens: Vertebra, TTU-P14788, TTU-P19205; osteoderm, TTU-P10717, 

TTU-P14788, TTU-P16766, TTU-P18212, TTU-P18236. 

 

Description: TTU-14788—A sacral vertebra 15.8 mm in length (Fig. 3.45). The vertebra 

is amphicoelous with circular articular facets. The neural canal is deep and the neural 

arch is missing. The neural arch did not appear to be fused to the centrum as the sutures 

between the neural arch and the centrum are visible on the centrum. The centrum exhibits 

minor waisting. The ventral surface of the specimen possesses the characteristic two 

ridges separated by a depression or groove. The sacral rib facet is oval. The facet 

occupies over half the length of the centrum.  

 TTU-P10717—A partial osteoderm that is smooth and very thin. The osteoderm 

possesses a narrow, acute keel that projects posteriorly about 2 mm (Fig. 3.46). The 

morphology of the Vancleavea campi osteoderms is distinct. The keel on some 

osteoderms forms a projection extending posterior to the body of the osteoderm for over 

1.5 cm.  

Discussion: For many years Vancleavea specimens went unidentified or misidentified 

because they were isolated elements. The increase in information published and 

discovery of more complete specimens has led to the taxa being identified (Small and 

Downs, 2002; Parker and Barton, 2008; Nesbitt et al., 2009a). The Museum of Texas 

Tech has Vancleavea campi from eight other localities in the collections.  
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Fig. 3.45. TTU-P14788, Vancleavea campi sacral vertebra. A, ventral view; B, right 
lateral view; and C, dorsal view. Scale bar = 1 cm. 
  

 

 
Fig. 3.46. TTU-P10717, osteoderm of Vancleavea campi. Scale bar = 1 cm. 
 
 

ARCHOSAURIFORMES incertae sedis 

DOSWELLIA  Weems, 1980 

 

Doswellia kaltenbachi was described by Weems (1980) for a specimen comprised 

of a partial skull, skeleton, and carapace from the Falling Creek Formation, Doswell 

Group in Virginia (Dilkes and Sues, 2009). Another previous report of D. kaltenbachi is 

from the Otis Chalk localities in Texas (Long and Murry, 1995). Possible Doswellia 

armor was also reported from the Monitor Butte Member, Chinle Formation at the Blue 

Lizard Mine locality in Utah (Parrish, 1999). A new species of Doswellia, D. sixmilensis, 



Texas Tech University, Billy D. Mueller, May 2016  

 

108 

 

was recently described for a fragmentary skull, skeleton, and armor from the Adamanian 

lower Bluewater Creek Member, Chinle Formation, in western New Mexico, NMMNH 

locality 5700 (Heckert et al., 2012). Another doswellid taxon, Ankylosuchus 

chinlegroupensis, was described from Otis Chalk (Lucas et al., 2013); but did not include 

or mention the doswellid material collected by the WPA and discussed by Long and 

Murry (1995).   

The osteoderms described from Utah by Parrish closely compare to the holotype 

material and the material from Otis Chalk and does not closely resemble the osteoderm 

material from New Mexico. The material from the Tecovas Formation, Dockum Group 

(pers. obs.) at Otis Chalk came from two localities, TMM 31025 and TMM 31098, and is 

comprised of some vertebrae and armor and also compares very closely to the holotype 

material. 

 

Doswellia kaltenbachi  Weems, 1980 

(Fig. 3.47) 

 

Referred specimens: Osteoderms (partial paramedian), TTU-P11518, TTU-P22385. 

 

Description: TTU-P11518—A fragmentary, paramedian osteoderm exhibiting the 

characteristic honeycombed pitting (Fig. 3.47). There is a small section of an anterior bar 

that is not broken away. The anterior bar is very thin while the osteoderm is relatively 

thick. The pitting is round to sub-round and deep. 

Discussion: There are only two doswellid elements collected from the Boren Quarry.  

Doswellia has recently been collected at MOTT VPL 3867, MOTT VPL 3869, and 

MOTT VPL 3873 by me and Gretchen Gürtler. The occurrence at VPL 3867 and 3873 is 

slightly lower stratigraphically than the Boren Quarry (Martz, 2008). The MOTTU 

collection also contains another Doswellia osteoderm from MOTT VPL 3701 (also 

stratigraphically lower) and a Doswellia vertebra collected by Earl Green at Otis Chalk 

TMM 31100 in 1963. 

 The taxon Doswellia kaltenbachi is represented at the Boren Quarry by two 

fragmentary osteoderms that possess the deep, "honeycombed" pitting (Weems, 1980;  
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Fig. 3.47. TTU-P11518, Doswellia kaltenbachi paramedian osteoderm. A, dorsal view; 
B, right lateral view. Scale bar = 1 cm. 
 

Long and Murry, 1995). These two osteoderms are fragmentary but compare 

morphologically very well to the holotype material and the material from Otis Chalk. 

Along with the “honeycombed” pitting, TTU-P11518 possesses an un-pitted anterior 

lamina for articulation and TTU-P22385 possesses a dorsal eminence. There are two 

moderately poorly preserved, articulated osteoderms of a slightly irregular shape, TTU-

P19726, that do not have the “honeycombed” pitting but otherwise compare well to 

Doswellia caudal osteoderms. The specimens from the TTU collection vary in size; 

however, due to their being isolated, partial osteoderms their location on the carapace 

cannot be determined. The TTU Doswellia specimens fall within the range of size 

variation compared to the TMM Doswellia specimens (pers. obs.). 

 Heckert et al. (2012), when they named Doswellia sixmilensis considered the 

material from Utah and from Otis Chalk, Texas, to only be referable as Doswellia sp. and 

not Doswellia kaltenbachi even though TMM-31098-45 is thought to possibly represent a 

single individual (Long and Murry, 1995) and the osteoderms compare very favorably to 

the holotype material. The Dockum material does not have a groove separating the 

anterior lamina and the dorsal “honey-comb” ornamentation (Weems, 1980). There is no 

evidence of a posterior articulation of the osteoderm overlying ornamented portion of the 
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osteoderm to the posterior as in D. sixmilensis (Heckert et al., 2012). The MOTTU 

specimens are isolated, incomplete, well preserved, and can only be identified as 

doswellid by the pitting, anterior bar, and morphology. The specimens compare favorably 

to the TMM material from Otis Chalk. 

 

 

ARCHOSAURIFORMES  Gauthier, 1986 

PHYTOSAURIA Jaeger, 1828 

PARASUCHIDAE  Lydekker, 1885 

 

Phytosaurs (Archosauriformes: Phytosauria: Parasuchidae) are one of the more 

common taxa of the Late Triassic. Phytosaurs occupied basically the same ecologic niche 

as crocodiles and alligators do today. One of the diagnostic characteristics of a phytosaur 

is an elongated skull formed by the extension of the premaxilla, leaving the external nares 

near the orbits. The more advanced genera of phytosaurs that possess a posterior rim of 

the external nares above and posterior to the anterior margin of the antorbital fenestrae 

are assigned to the family Mystriosuchinae.  

The basal phytosaurs are the ‘Paleorhinus-grade’ phytosaurs (sensu Kammerer et 

al., 2015, p. 2) that lived during the Late Triassic (Carnian-Norian). The ‘Paleorhinus-

grade’ phytosaurs are well represented with over 40 skulls known worldwide, while the 

Mystriosuchinae is represented by over 160 skulls. The paleontology collection of the 

Museum of Texas Tech University (MOTTU) includes 28 partial to complete phytosaur 

skulls and many more fragmentary skulls. The collection includes the holotypes of 

Wannia (Paleorhinus) scurriensis and Machaeroprosopus lottorum. During the past two 

decades the MOTTU has added four ‘Paleorhinus-grade’ phytosaur skulls to its 

collection, bringing the total in their collection to six and have also added 16 

Mystriosuchinae skulls.  

 Historically, two primary characteristics of Paleorhinus were: (1) that the 

posterior margin of the external nares is anterior to the anterior margin of the antorbital 

fenestra and (2) the supratemporal fenestrae being level with the skull roof. These 

characters have been considered as being plesiomorphic for the non-phytosaurid 
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phytosaurs (Stocker, 2013). Based on Kammerer et al. (2015) the basal phytosaurs 

include all ‘Paleorhinus-grade’ phytosaurs including the genera Ebrachosuchus, 

Parasuchus and Wannia. The two above characters are found in all of the above taxa. 

The Mystriosuchinae includes the genera Angistorhinus, ‘Paleorhinus’, Brachysuchus, 

Protome, Rutiodon, Phytosaurus, Leptosuchus, Smilosuchus, Pravusuchus, 

Mystriosuchus, Nicrosaurus, and Machaeroprosopus. All of the basal phytosaur genera 

were considered to be junior subjective synonyms of the genus Parasuchus (Chatterjee, 

1978; Hunt and Lucas, 1991a; Lucas et al., 2007a) until Stocker (2013) re-assigned 

“Paleorhinus” scurriensis to a new genus, Wannia. The research herein indicates the 

separation of “Paleorhinus” Taxon A and Parasuchus as will be discussed below.  

 Jaeger (1828) described Phytosaurus, the first phytosaur. Lydekker (1885) 

described the phytosaur genus Parasuchus based on some fragmentary material from 

India. Williston (1904) described the genus Paleorhinus from material from Wyoming. 

Jaekel (1910) described the primitive phytosaur Mesorhinus (Mesorhinosuchus) from the 

Buntsandstein of Germany; however, this skull was destroyed during World War II. Even 

though it was a nomen nudum, Kuhn (1961) renamed the genus Mesorhinosuchus 

because Jaekel’s genus Mesorhinus was preoccupied. Gregory (1962) determined that the 

holotype elements of Parasuchus were indeterminate to genus. Chatterjee (1974) 

designated a rostral fragment from the holotype elements as the lectotype for Parasuchus 

hislopi. Chatterjee (1978) described two almost complete, articulated phytosaur 

specimens, referred them to Parasuchus hislopi, and synonymized Paleorhinus as a 

subjective junior synonym of Parasuchus. 

 Ballew (1989) also considered the holotype elements of Parasuchus to be non-

diagnostic and referred the Indian specimens to the genus Paleorhinus noting that future 

study might prove Parasuchus to be the senior synonym. Later, Hunt and Lucas (1991a) 

also considered the holotype elements and the lectotype of Parasuchus to be non-

diagnostic and considered Parasuchus a nomen dubium. They referred the Indian 

specimens to Paleorhinus hislopi, preserving the species name. Hunt and Lucas (1991a) 

synonymized a number of genera (Ebrachosuchus, Francosuchus, Mesorhinosuchus, and 

Parasuchus) with Paleorhinus. Hunt and Lucas (1991a) then recognized four valid 

species of Paleorhinus: P. bransoni (USA), P. hislopi (India), P. neukami (Germany), 
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and P. magnoculus (Morocco). Therefore, they were able to expand their Otischalkian 

(Paleorhinus) Land Vertebrate Faunachron (LVF) worldwide. Long and Murry (1995) 

erected the subfamily Paleorhininae for the basal phytosaurs. Fara and Hungerbühler 

(2000) proposed that the differences in P. magnoculus were ontogenetic and not 

taxonomic. They proposed that the specimen could only be diagnosed as a non-

phytosaurian phytosaur.  

Chatterjee (2001) proposed a neotype for Parasuchus using a nearly complete 

skull and skeleton (ISIR 42) collected from the same formation as the holotype, the 

Maleri Formation of India, and he reiterated that Paleorhinus is a junior synonym of 

Parasuchus. The ICZN (2003) ruled in favor of the petition for the Parasuchus neotype. 

Lucas et al. (2007a) acknowledged the designation of the neotype for Parasuchus and 

referred the named species of Paleorhinus to Parasuchus. Several revisions of the 

Phytosauria have taken place in recent years synonymizing, erecting and re-erecting 

various genera (Stocker, 2013; Butler et al., 2014; Kammerer et al., 2015). Kammerer et 

al. (2015) synonymized all of the Paleorhinus species as junior synonym of Parasuchus. 

The basal phytosaurs, the Parasuchidae, consist of the genera Wannia, Parasuchus, and 

Ebrachosuchus. All other more derived taxa belong to the Mystriosuchinae. 

 ‘Paleorhinus-grade’ phytosaurs have been collected from several localities in the 

Dockum Group of West Texas. Paleorhinus (Promystriosuchus) ehlersi was erected by 

Case (1922) for a skull (UMMP 7487) collected in 1921 from the head of Home 

(“Holmes”) Creek in the lower Tecovas Formation in Crosby County, Texas. This skull 

was referred by Hunt and Lucas (1991a) to P. bransoni; however, Long and Murry 

(1995) retained the taxon as valid due to the high ratio of the prenarial/postnarial lengths 

of the skull. During the late 1930’s, the WPA also collected a number of ‘Paleorhinus-

grade’ skulls from several quarries near the community of Otis Chalk, Texas. This 

collection is housed at the Texas Memorial Museum and includes seven partial to 

complete skulls identifiable as ‘Paleorhinus-grade’ phytosaurs, with five being referred 

to Paleorhinus bransoni (Long and Murry, 1995). Kammerer et al. (2015) synonymized 

the holotype of Paleorhinus bransoni with Parasuchus but retained the species bransoni. 

A solitary skull (TMM 31213-16) was also collected in the late 1930s from the Tecovas 

Formation in Borden County, Texas, and it was described as the holotype for Paleorhinus 
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sawini (Long and Murry, 1995). This species was retained by Kammerer et al. (2015) as 

‘Paleorhinus’ sawini and it was designated as a member of the Mystriosuchinae.  

In 1949 Langston named a partial ‘Paleorhinus-grade’ skull from near the 

community of Camp Springs Paleorhinus scurriensis. This specimen, TTU-P00539, was 

re-assigned to a new genus as Wannia scurriensis (Stocker, 2013). A ‘Paleorhinus-grade’ 

specimen (PPHM P217) was collected in 1966 from the lower Tecovas Formation of the 

Dockum Group in Palo Duro Canyon, Randall County, Texas (Hunt and Lucas, 1991a). 

This specimen was referred by Hunt and Lucas (1991a) to P. bransoni; however, it is 

specifically indeterminate (Long and Murry, 1995).  

The Museum of Texas Tech collection contains six partial to complete skulls that 

are identifiable as ‘Paleorhinus-grade’ phytosaurs. This includes the holotype of Wannia 

scurriensis (TTU-P00539) from MOTT VPL 0694; a partial skull (TTU-P11422) from 

MOTT VPL 3890; and the four specimens from MOTT VPLL 3869, The ‘Paleorhinus-

grade’ phytosaurs have been recognized to co-occur with more derived phytosaurs at 

several localities (Murry, 1986; Chatterjee, 1986a; Parrish, 1989; pers. obs.). However, at 

MOTT VPL 3869 only ‘Paleorhinus-grade’ phytosaurs have been identified. 

 The basal phytosaurs are in need of a thorough revision. Some of the characters 

for the basal phytosaurs (such as the external nares being anterior to the antorbital 

fenestra) are also present in other archosaurs, bringing the monophyly of the basal 

phytosaurs into question (Irmis, 2005; Fara and Hungerbühler, 2000; Hungerbühler, 

2001b; Parker and Irmis, 2006). Stocker’s analysis (2010) of Leptosuchus 

phylogenetically supported this paraphyly.  

The validity of some of the named species is also under debate and will not be 

resolved until a thorough analysis of the basal phytosaurs is made (Stocker, 2008, 2010; 

Rayfield et al., 2009; Hungerbühler, pers. comm.). The revision of the ‘Paleorhinus-

grade’ phytosaurs is needed but is beyond the scope of this research, but has been 

advanced with recent studies (Kammerer et al., 2013; Butler et al., 2014; Kammerer et 

al., 2015). 
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PALEORHINUS Williston, 1904 

“Paleorhinus” Taxon A 

(Figs.3.48 – 3.51) 

 

Referred specimens: TTU-P09423, a skull, mandibles, and partial post-crania; TTU- 

P12550X a partial skull (still being prepared); TTU-P22373, left postorbital portion of a 

skull. 

 

Description: TTU-P09423—-Slightly distorted skull and partial post-cranial skeleton 

collected by Sankar Chatterjee and his field crew in 1993 (Fig. 3.48). The skull is 

distorted towards the left side posteriorly and is missing part of the left maxilla. The 

symphyseal skull length is 762 mm and the overall length to the posterior of the 

squamosals is 843 mm. The skull possesses 40 alveoli on each side of the skull. Most of 

the right and left mandibles were collected. The post-cranial elements include the axis 

vertebra, cervical vertebra (1), dorsal vertebrae (6), sacral vertebrae (2), caudal vertebrae 

(5), scapula-coracoid (right), ulnae (right, left), ilium-pubis (right), femora (right, left), 

and osteoderms. All of the elements are fairly well preserved. 

TTU-P12550X—Partial skull discovered by Gretchen Gürtler. Part of the 

posterior portion of the skull is missing. This skull is still being prepared. 

TTU-P22373—Skull fragment comprised of a portion of the left postorbital, 

postorbital-squamosal bar, and squamosal collected by Jacob van Veldhuizen in 2012. 

This specimen represents a sub-adult specimen of “Paleorhinus” Taxon A. All of the 

bones were separated along the sutures. It is moderately well preserved and undistorted 

(Fig. 3.49). 

  “Paleorhinus” Taxon A represents a new species that is differentiated by the 

following characters: Nares posterior to most all other species of Parasuchus 

(Paleorhinus) except “Paleorhinus” ehlersi. Inter-supratemporal skull roof wider than 

other ‘Paleorhinus-grade’ phytosaurs. Orbits posterior to anterior margin of lower 

temporal fenestra unlike any other ‘Paleorhinus-grade’ phytosaur. Posterior margin of 

nares even with anterior margin of lower temporal fenestra. Swelling at junction of 
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premaxilla/maxilla. Inter-supratemporal width/interorbital width > 1.0. Lateral flare of 

the maxilla as in ‘Paleorhinus’ sawini. 

 The description of the cranial anatomy of “Paleorhinus” Taxon A is primarily 

based on TTU-P09423. An overall discussion of the morphology of the skull will be 

presented first, followed by a detailed description of the individual elements. Following 

Hungerbühler et al. (2013), I will describe the external skull morphology, major skull 

openings, major external structures, and individual bone elements. 

 

 
Fig. 3.48. “Paleorhinus” Taxon A skull, TTU-P09423. A, dorsal view; B, right lateral 
view. Scale bar = 10 cm. 
 

External Skull Morphology 

 Rostrum/Prenarial area—The rostrum is moderately slender and, as in other 

‘Paleorhinus-grade’ phytosaurs, is not crested. The prenarial length is 433 mm and the 

pre-antorbital fenestra length is estimated at 489 mm due to crushing and distortion. The  
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Fig. 3.49.  “Paleorhinus” Taxon A squamosal-postorbital, TTU-P22373, A, dorsal view; 
B, left lateral view. Scale bar = 1 cm. 
 
posterior portion of the prenarial region slopes downward at approximately 35o to where 

at approximately 85 mm from the nares the dorsal surface of the rostrum has become 

level. The infranasal recess extends forward from below the nares gradually diminishing  

until it disappears before reaching the maxilla-premaxilla contact. The remainder of the 

rostrum is approximately as tall as it is wide and is semicircular in cross-section. In the 

lateral view, the alveoli are visible along the margin of the rostrum, as are the alveolar 

ridges on the ventral surface. Posteriorly there is a slight expansion to a width of 76.0 mm 

where the premaxilla and maxilla contact at the alveolar margin. In a dorsal view, the 

rostrum narrows slightly anteriorly until it reaches a “waisted” section at pm5 behind the 

terminal rosette where the rostrum is only 51.2 mm wide. Here the premaxilla arches 

upward and then becomes downturned and forming the laterally expanded, downturned 

rosette of the premaxilla. 

 Infraorbital area—Area below the orbits is less sculptured than the area anterior 

to the orbits. The jugal forming the area below the orbit is very smooth. The dorsal 



Texas Tech University, Billy D. Mueller, May 2016  

 

117 

 

process of the jugal becomes more sculptured ventrally. There is a distinct groove 

forming around the anterodorsal margin of the infratemporal fenestra. 

Parietal-narial region—Anterior to the orbits the skull roof is depressed about 4 

mm before rising again about 60 mm anterior to the orbits. The skull roof continues to 

rise another 12 mm until it reaches the posterior margin of the external nares. This forms 

a sculptured selliform area between the orbits and external nares. Ventral to the external 

nares, the side of the skull is slightly concave, forming the infranasal recess that extends 

anteriorly. This area is moderately sculptured. 

The parietal to interorbital portion of the skull roof is relatively smooth and flat 

compared to the selliform, sculptured area between the interorbital to external narial 

region. There is a ridge forming on the medial margin the orbits and becomes more 

developed (11.7 mm in height) along the anterior margin of the orbits. There is a slight 

depression anterior to the orbits. The inter-supratemporal width (42 mm) is slightly 

broader than the interorbital width (40 mm).  

 Parietal-supraoccipital complex (supraoccipital shelf) —The parietal-

supraoccipital complex is slightly distorted due to compression; however, it appears the 

skull would have had a trapezoidal shape in posterior view. The parietal ledge is very 

narrow, being only 6 mm in width. The inter-supratemporal area is much less sculptured 

than the remainder of the skull roof. The parietal-squamosal bar is level with the skull 

roof and is medially convex forming a V above the supraoccipital shelf when viewed 

dorsally. The parietal-squamosal bar is very thin and narrow. There is a slight depression 

along the dorsal surface of the anterior parietal-squamosal bar. The lateral walls of the 

supraoccipital shelf, formed by the descending process of the parietals, are vertical. 

Toward the medial supraoccipital shelf the processes begin projecting posteriorly at an 

angle of about 45 o.  

 Palate—Much of the palate has some damage. The rostrum possesses two 

alveolar ridges, semi-circular in cross-section, separated by an interpremaxillary groove 

that is semi-circular in cross-section anteriorly and then broadens and flattens posteriorly. 

The alveolar ridges reach a maximum width of 13.8 mm opposite of pm19. Posteriorly, 

approximately 150 mm anterior of the choanae, the alveolar ridges begin to diminish and 

by 100 mm from the choanae they are completely flattened.  
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The vomers and palatines in the prechoanal area are deformed and depressed. The 

posterior portion of the vomers is broken and missing. Most of the pterygoids and 

ectopterygoids is also deformed, depressed, and broken away. 

 

Skull Openings 

Narial opening and associated structures—The external nares are 63 mm in 

length, 38.9 mm in width, and are directed dorsoanteriorly. The prenarial length of the 

skull is 433 mm. There is some slight lateral compression of the narial structure. The 

nasals expand from a narrow 48 mm to a bulge at the posterior of the external nares of 

64.1 mm. The external nares are bounded anteromedially by the septomaxilla, 

anterolaterally by the paranasal, and the entire posterior portion of the nares are bounded 

by the nasal. The posterior margin of the external nares is only 1-2 mm anterior to the 

anterior margin of the antorbital fenestra. The rim of the external nares posteriorly is 

narrower but becomes more rounded, broad, and rugose anteriorly. The posterior margin 

of the nares is slightly elevated (12 mm) above the skull roof. The lateral rim of the nares 

extends horizontally for 29 mm and then the rim begins to drop off anteriorly at about 

45o. The anterior rim is 56 mm below the level of the posterior rim of the external nares. 

The posterior septum is formed by the nasal and is 8 mm below the level of the lateral 

margin of the nares. Anteriorly the septum is raised 23.1 mm above the lateral rim of the 

external nares. The septomaxilla forms the anterior 26 mm of the septum dorsally. The 

nasals extend the entire length of the septum projecting underneath the septomaxilla 

anteriorly. The septomaxilla forms the anteromedial margin of the external nares. There 

is a very narrow narial groove projecting anteriorly for approximately 28 mm. It is 2.3 

mm in width and then narrows anteriorly. The suture between the septomaxilla and the 

paranasal is along this groove. The paranasal forms a small process that projects 

posteriorly into the nares. Posterior to this process is another shallow groove that projects 

anterolaterally. The paranasal extends 13.3 mm posteriorly from the anterior of the naris 

to contact the nasal. 

 Orbit and preorbital ridge—The orbital rim is formed (clockwise from the 

anterodorsal corner) by the prefrontal, frontal, postfrontal, postorbital, jugal, and lacrimal. 

The orbit (right) is oval with an anteroposterior length of 63 mm and a dorsolateral width 
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of 48 mm. A prominent orbital rim is formed along the anterior, medial, and posterior 

sections of the orbit. This rim is 9 – 10 mm in thickness and up to 14 mm in height 

anteriorly. The orbital rim is more rugose (sculptured) anteriorly and becomes less 

sculpted, lower, and broader (13.1 mm) posteriorly. There is a depression posterior to the 

rim on the postorbital. The ventral third of the margin of the orbit formed by the ventral 

process of the postorbital and the jugal is flat and relatively smooth. The rugosity on the 

lacrimal gives the appearance of a preorbital depression. 

 Antorbital fenestra and antorbital fossa—The antorbital fenestra is relatively 

large, roughly oval, has a length twice that of the height and almost twice the length of 

the external nares. The anterior rim of the antorbital fenestra is estimated at 489 mm from 

the tip of the snout due to crushing and distortion. There is a broad, well developed fossa 

formed by the lacrimal posteriorly. The length including the posterior antorbital fossa is 

143 mm while the opening itself is 126 mm anteroposteriorly. Much of this fossa is 

broken away; however, the projected maximum width of the fossa formed by the jugal 

was projected to be 36 mm. The height of the antorbital fenestra is 63 mm. A portion of 

the jugal forms a 3 mm ledge over-hanging the antorbital fossa in the posterodorsal 

corner. The maxilla forms a slight 2 – 3 mm ledge (fossa) in the anterodorsal corner of 

the antorbital fenestra. There is a small ridge of rugosity on the maxilla just anterior to 

the margin of the fossa. The antorbital fenestra is bounded anteriorly and ventrally by the 

maxilla, posteriorly by the jugal, and dorsally by the jugal, lacrimal, prefrontal, and nasal. 

The dorsal margin of the antorbital fenestra is thick, fairly flat and sculptured, while the 

remaining margins are thin with moderate sculpturing.  

Supratemporal fenestra—The supratemporal fenestra is bounded by the 

postorbital, squamosal, and parietal. The supratemporal fenestra is level with the skull 

roof and fully open dorsally. The margin of the fenestra formed by the postorbital-

squamosal bar is relatively straight. The medial margin of the fenestra formed by the 

parietal-squamosal bar is broadly convex medially. This gives the fenestra a lopsided D 

shape dorsally. The fenestra is 66.0 mm in length and 27.0 mm in width approximately 

one third of the distance from the anterior margin. The inter-supratemporal fenestra width 

is 42.0 mm.  
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The supratemporal fenestra on TTU-P22373 only has the lateral margin 

preserved. This margin is formed by the postorbital and the postorbital process of the 

squamosal. The supratemporal fenestra appears that it would be level with the skull roof. 

There is a shallow fossa extending posteriorly from the supratemporal fenestra along the 

dorsal margin of the squamosal to the posterior tip. The squamosal is 37 mm from the 

posterior of the supratemporal fenestra to the posterior margin of the squamosal. The 

preserved portion of the supratemporal fenestra is 44 mm in length. 

Infratemporal fenestra—The border of the infratemporal fenestra is formed, 

clockwise from the orbit, by the postorbital, jugal quadratojugal, and, squamosal. The 

overall shape of the fenestra is roughly trapezoidal; however, the ventral margin is 

slightly concave dorsally. The dorsal margin of the infratemporal fenestra is formed by a 

ridge developing on the postorbital and increasing in development posteriorly, continuing 

as a ridge on the lateral margin of the squamosal posteriorly. The anterodorsal corner of 

the fenestra is 21.2 mm posterior of the orbit and 29.7 mm dorsally from the ventral 

margin of the orbit. The anteroventral corner of the fenestra extends forward to a point 

approximately below the middle of the orbit. There is a slight infratemporal fossa, up to 

4.4 mm in width, around the anteroventral margin of the infratemporal fenestra. It forms 

a small pit or groove as it is overhung by part of the jugal. The anterior margin of the 

fenestra formed by the postorbital and jugal is roughly squared. The ventral and posterior 

margins are relatively sharp. The dorsoventral height of the fenestra is 95 mm, while the 

anteroposterior length is 82 mm. For comparison to TTU-P22373, the dorsal margin of 

the infratemporal fenestra is approximately 61.5 mm in length. 

The dorsal portion of the infratemporal fenestra of TTU-P22373 is all that is 

preserved. The margin is formed by the postorbital and the squamosal. The preserved 

portion of the infratemporal fenestra indicates that the shape is roughly a 

parallelogram/trapezoidal with the dorsal rim being slightly convex upwards. The antero-

posterior width of the preserved portion of the infratemporal fenestra is 41 mm.  

Posttemporal fenestra—The right posttemporal fenestra is short and narrow, 

almost slit-like. It is 27.5 mm in length and 4.0 mm in height. The left posttemporal 

fenestra is broken away. The opisthotic – squamosal suture forms the narrow medial 
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margin of the fenestra. The parietal process of the squamosal forms the dorsal margin of 

the fenestra, while the opisthotic  

Foramen magnum—The foramen magnum is crushed and accurate 

measurements of it are not possible.  

 Choana—The choana is not well preserved. There is some distortion and 

distortion in the palate. The choana is bounded by the maxilla, the palatine, the pterygoid, 

and the vomer. Based on the finished edges of the preserved elements the length of the 

choana is 60.8 mm in length but it is not possible to determine the width or the shape. 

The anterior margin of the choana is 494 mm from the anterior tip of the skull, placing 

the choana just posterior to the external nares that have a posterior margin of 496 mm 

from the anterior tip of the skull. 

 Suborbital fenestra—The suborbital fenestra is bounded by the maxilla, 

pterygoid, and ectopterygoid, with poorly preserved with damaged margins. It appeared 

to be oval in shape and had a length 41.5 mm.  

 Subtemporal fenestra—The fenestra is damaged and distorted. The right side is 

the most complete; however, portions of the pterygoid ramus of the quadrate, the 

quadratojugal, and most of the quadrate are broken away. It is bounded anteriorly by the 

ectopterygoid, medially by the pterygoid ramus of the quadrate, the posterior border (the 

quadrate) is missing, and part of the remaining quadratojugal and jugal form the lateral 

border. The fenestra was relatively large. 

 Interpterygoid vacuity—The interpterygoid vacuity is badly distorted and 

damaged. The length is 40 mm; however, the width is not determinable. 

Pteroccipital fenestra—The pteroccipital fenestra is distorted on the right side 

and is broken away on the left. The fenestra is bounded anteriorly by the basipterygoid 

process of the parabasisphenoid, medially by the paroccipital process, and laterally by the 

pterygoid ramus of the quadrate. The fenestra is estimated to be approximately 64 mm in 

length and 16 mm wide. 
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Individual Skull Elements 

The description of the individual elements of “Paleorhinus” Taxon A is primarily 

based on TTU-P09423. There are annotations where TTU-P22373 has additional 

information to provide.  

 Premaxilla—The premaxilla has a total length of 428 mm dorsally and 492 mm 

ventrally and is bounded by the septomaxilla, paranasal, nasal, maxilla, palatine, and 

vomer. The premaxilla possesses 20 alveoli. The terminal rosette is sub-oval to sub-

triangular and is wider than long with a waisted area behind the rosette at pm5. There is a 

diastema or slight groove to accept the tusk d3 from the mandible. The maximum width 

of the rosette is 77 mm, with the sharply waisted area of the premaxilla being only 51.2 

mm. At the waisted area, the premaxilla arches upwards 12 mm above the plane of the 

ventral plane of the rostrum. Then at pm4 the rosette down turns until it is 16.3 mm 

below the ventral plane of the rostrum. Posteriorly the premaxilla continues to gently 

expand laterally until it reaches the bulge at the contact of the maxilla and premaxilla 

(pm20) where it reaches a width of 84.3 mm at a distance of 430 mm from the anterior tip 

of the rostrum. There is slight to moderate pitting and sculpturing on the terminal rosette 

and faint sculpturing posteriorly on the dorsal and lateral surfaces of the premaxilla.  

 The suture between the two premaxillae is visible as a tiny groove on both the 

dorsal and ventral surfaces but becomes more prominent forming a deeper, wider V shape 

on the anteroventral portion of the terminal rosette. The ventral surface exhibits a 

rounded interpremaxillary groove or sulcus beginning between pm3 – pm4 and 

continuing posteriorly until it begins to broaden and flatten as it reaches the contact with 

the maxilla. The alveolar ridges are semicircular in cross section and are distinctly visible 

in lateral view. 

The premaxilla extends posteriorly to within 4.3 mm of the external nares 

medially, posterior to the anterior narial groove. Posteriorly the premaxilla trifurcates 

with the tapering posterodorsal process extends dorsomedially for 63.4 mm, terminating 

on the septomaxilla; a posteromedial process that tapers posteriorly between the nasal and 

paranasal; and a narrow, tapering, posteroventral process extending 40.8 mm between the 

maxilla and nasal. Ventrally the premaxillae extend to within 5 mm of the choana. 
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Maxilla—The maxilla is bounded by the lacrimal, nares, premaxilla, palatine, and 

ectopterygoid. The maxilla possesses 20 alveoli. The dorsal suture of the dorsal process 

of the maxilla extends anteriorly below the nasal and premaxilla intersecting the tooth 

row at pm20. This contact is somewhat obscured with breakage. The width of the rostrum 

at this contact is 76.0 mm. Posterior to this contact, the rostrum narrows slightly to 66.5 

mm in width, and then begins to widen posteriorly into the lateroventral flair of the 

maxilla. The maxilla possesses slight pitting and sculpturing. Posterodorsally, the maxilla 

enters the antorbital fenestra approximately 40% above the fenestra’s ventral margin. 

Posteroventrally, the maxilla flares both laterally and ventrally as in P. sawini. 

Posteriorly the ventral process of the maxilla expands dorsoventrally to a maximum 

height of 76.3 mm near the middle of the antorbital fenestra. Posteriorly, the ventral 

margin of the maxilla rises towards the contact with the jugal at the jugal notch. At this 

contact are two depressions. One runs anteroposteriorly as a slight depression and the 

second depression extends anterodorsally along the maxilla/jugal suture to the 

posteroventral corner of the antorbital fenestra.  

 

 

 
Fig. 3.50. “Paleorhinus” Taxon A, TTU-P09423, nasal region. A, photograph of nasal 
region; B, diagram of bones in nasal region. Scale bar = 1 cm. 
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Septomaxilla—The septomaxillae form the anterior 26 mm of the dorsal 

internarial septum and forms a bulge on the anteromedial septum. Ventrally, the nasals 

angle ventrally underneath the septomaxillae to the anterior of the external nares. The 

septomaxillae form the anteromedial margin of the external nares (Fig. 50). In the 

anterior naris the septomaxilla forms a flange laterally contacting the paranasal in the 

narial outlet and this contact extends anteriorly as the narial groove. From the margin of 

the external naris, the septomaxilla tapers anteriorly for 48.7 mm lateral to the premaxilla 

and adjacent to the paranasal. At its widest point, the septomaxilla is only 9.7 mm in 

width. 

Paranasal—Total length of the paranasal is 56.0 mm and forms the anterolateral 

border of the external naris. The paranasal has a maximum width of 16.4 mm. There is an 

incomplete dorsal process of the paranasal that projects posteriorly into the external naris 

and forms the lateral border of the narial groove. The paranasal is broad posteriorly and 

then tapering anteriorly along the septomaxilla. The medial margin of the paranasal 

contacts the septomaxilla and premaxilla. The medial suture forms the narial outlet and 

narial canal with the septomaxilla. Posteriorly, the paranasal intersects with the nasal and 

the nasal then continues anteriorly forming the lateral boundary of the paranasal. 

Nasal—The nasal bones form the selliform area between the frontals and the 

external nares. The nasals have a width of 48 mm through this selliform area. The nasal 

bones expand laterally to 64.1 mm forming a bulge at the posterior of the external nares. 

The nasals form the posterior and most of the lateral rims of the nares and the posterior 

37 mm of the narial septum. The nasals contact the septomaxilla anteriorly on the septum 

and then continue anteriorly sloping ventrally below the septomaxilla.  

The nasals form the lateral rim of the nares until they contact the paranasal 

anteriorly about 7 mm from the anterior of the nares. Anteriorly, the nasal also trifurcates, 

interdigitating with the premaxilla (Fig.50). The anterodorsal process of the nasals is 

bounded dorsally by the paranasal and ventrally by the posteromedial process of the 

premaxilla. The anteromedial process of the nasal is tapers between the posteromedial 

process of the premaxilla dorsally and the posteroventral process of the premaxilla 

ventrally. The nasal extends anteriorly 34.4 mm from the external nares to approximately 

the same distance as the paranasal. The anteroventral process of the nasals wedges 
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between the posteroventral process of the premaxilla dorsally and the maxilla ventrally. 

Much of the anteroventral contact with the maxilla is obscured by damage to the skull. 

The nasals are sculptured and pitted.  

Frontal—The frontals are bounded by the nasals anteriorly, the prefrontals 

anterolaterally, the orbit laterally, the postfrontals posterolaterally, and the parietals 

posteriorly. The frontals extend 50.5 mm anterior of the orbits. The anterior portion of the 

frontals are 30.9 mm in width and are highly sculptured with anteroposterior grooves and 

pits. The frontals then extend posteriorly around the prefrontals and contact the margin of 

the orbit. The frontals form the interorbital portion of the skull roof and it is 40.9 mm in 

width. The inter-frontal suture between the orbits lies on a small, rounded, raised ridge 

that disappears anteriorly and posteriorly. The frontals extend posteriorly until they 

contact the postfrontals and then the suture extends posteromedially until it contacts the 

parietals. Each of the frontals form a concave suture with the parietal, with the two lateral 

processes and the medial process extending posteriorly equally (Fig. 3.51). 

 

 

 
Fig. 3.51. Image of parietal – frontal sutures on TTU-P09423. Probe width = 2 mm. 
 

Prefrontal—The prefrontal is bounded by the orbit, frontal, nasal, and lacrimal. 

The prefrontal is roughly triangular in shape with a total length of 73.4 mm, 

approximately twice the length of the postfrontal, and has a width of 20.6 mm. The 

prefrontal forms the dorsoanterior rim of the orbit, extending posteriorly to approximately 

mid-orbit. The prefrontal forms the tallest portion of the orbital rim, and therefore the 

skull, and exhibits extensive sculpturing and pitting.  
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Lacrimal—The lacrimal extends anteriorly 59.8 mm from the orbit as a narrow 

bar where it makes and interdigitating suture with the nasal. The lacrimal forms the 

posterodorsal margin of the antorbital fenestra. The medial margin of the lacrimal 

contacts the prefrontal. The lacrimal is very rugose and pitted. 

Jugal—The jugal has three processes; the maxillary, orbital, and quadratojugal 

processes. The maxillary process of the jugal is short but relatively high. There is a 

distinct ventral notch at the contact of the jugal and maxilla and depression extending 

anterodorsally along the suture to the antorbital fenestra.  

The orbital process jugal is wide and dorsally contacts the postorbital at a point 

58.1 mm below the dorsal margin of the infratemporal fenestra. The postorbital-jugal 

suture then projects about 45o anterodorsally to where it intersects the orbit’s ventral 

margin approximately at mid-orbit. The jugal extends anteriorly forming the rim of the 

orbit until it contacts the lacrimal. The jugal below the orbit is relatively smooth and un-

sculptured. The anterior margin of the orbital process of the jugal forms the posterior 

fossa of the antorbital fenestra. The fossa formed by the jugal is 13 mm below the level of 

the orbitojugal process bar. This fossa is a maximum of 36 mm wide. The posterior 

margin of the orbital process is squared and anteroventrally a groove forms in the process 

continuing to the anteroventral corner of the infratemporal fenestra. 

The ventral margin of the quadratojugal process of the jugal and the quadratojugal 

are convex ventrally below the infratemporal fenestra. The margins of this process are 

thin. Sculpturing and pitting increases on the jugal ventrally and the quadratojugal 

process of the jugal. The posterior-most portion of the process preserved on the quadrate 

is relatively smooth. A portion of the posterior quadratojugal process of the jugal is 

broken away. A portion of the quadratojugal and the jugal are preserved on the right 

quadrate. The quadratojugal process of the jugal extends posteriorly to within 28.2 mm of 

the quadrate forming the ventral margin of the skull. The posterior-most portion is broken 

away but it has a height of 11.3 mm at the posterior break. 

Postorbital—There is a pit just posterior to the rim of the orbit. The post orbital 

forms the posterior and posteroventral rim of the orbit. The postorbital descends ventrally 

until it contacts the jugal at a point 58.1 mm below the dorsal margin of the infratemporal 

fenestra. The postorbital-jugal suture then projects about 45o anterodorsally to where it 
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intersects the orbit’s ventral margin approximately at mid-orbit. The postorbital continues 

anteriorly beneath the surface of the jugal to the level anterior margin of the orbit. 

The postorbital of TTU-P22373 is almost complete and is moderately well 

sculptured on the dorsal surface. The ventral process of the postorbital is narrow and is 

subtriangular in cross-section. The preserved sutures indicate the ventral process overlaps 

the lacrimal. The contact surface between the postorbital and the jugal is not preserved. 

The sutures for the contact of the postfrontal and postorbital are preserved. The contact 

surface of the postorbital and parietal is not preserved. The posterior process of the 

postorbital forms a slot-like articulation with the squamosal. The postorbito-squamosal 

bar forms a ridge above the infratemporal fenestra that continues posteriorly becoming 

less prominent towards the posterior tip of the squamosal. The width of the postorbito-

squamosal bar is 26 mm from the orbit to the anterolateral margin of the supratemporal 

fenestra. The fragment is 98 mm from the posterior rim of the orbit to the posterior 

margin of the squamosal. 

Postfrontal—The postfrontal forms the posterodorsal rim of the orbit. The 

postfrontal is bounded by the orbit, the frontal, the parietal, and postorbital. It is a 

quarter-circle shaped bone.  

Parietal— Each of the parietal form a convex suture with the frontals, The inter-

supratemporal fenestra width is 42.7 mm. The parietals contact the frontals even with the 

posterior of the orbits. Anterolaterally the parietals contact the postfrontals forming a 

concave suture that extends posterolaterally until it contacts the postorbital. The parietals 

then extend posteriorly to the back of the skull and the parieto-squamosal bar. At the 

posteromedial margin of the skull, the parietals form a shelf 7.2 mm in width and then the 

parieto-squamosal bar extend posterolaterally forming a V with medially convex arcing 

margins.  

The parietals extend posteriorly forming part of the parieto-squamosal bar. The 

squamosal process of the parietal forms low, rounded ridges along the medial margin and 

also along the anteromedial rim of the supratemporal fenestra. This forms a slight fossa 

extending and tapering posteriorly for about 60% of the length of the parietal-squamosal 

bar. The parietals on the skull roof are less sculptured than the surrounding bones. 
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Squamosal—The squamosal is bounded by the postorbital, the quadratojugal, the 

quadrate, the opisthotic, and the parietal. The left squamosal is broken away but is 

preserved in the collections. The ridge posteriorly developing from the postorbital onto 

the squamosal develops an overhanging ridge on the dorsolateral margin of the 

squamosal that extends posteriorly to within 12 mm of the posterior of the squamosal. 

The postorbito-squamosal bar is roughly triangular in cross section. The suture between 

the postorbital and the squamosal projects diagonally anteromedially –posterolaterally 

across the bar. The squamosal projects anteriorly medially to the postorbital.  

There is a slight depression along the dorsal surface of the postorbital-squamosal 

bar. This depression separates the medial and lateral ridges. There is a depression 

extending posteriorly from the supratemporal fenestra. The squamosal does not have a 

posterior process; however, there is an anterodorsal groove 2 mm in width on the medial 

surface of the squamosal at the posterodorsal margin of the opisthotic process. This 

groove forms a 5 mm wide notch between the squamosal and opisthotic process giving 

the appearance of a squamosal posterior process of 3 mm but the squamosal is even 

posteriorly with the opisthotic process.  

The opisthotic process does not have a subsidiary process. The opisthotic process 

is a posteromedially twisted, ventrally descending, rectangular process that is roughly 

triangular in cross section. The opisthotic process has a dorsoventral height of 41.5 mm, 

proximally it has an anteroposterior length of 23.4 mm, and distally it has an 

anteroposterior length of 17.6 mm. At the anterodorsal margin of the opisthotic process 

on the lateral surface of the squamosal is a hemispherical deep fossa 12.4 mm in diameter 

and with a deep semicircular dorsal fenestra. There is a slight bulge dorsal to this pit. 

Anterior to this pit the squamosal descends ventrally to contact the quadratojugal. The 

posterior portion of the squamosal/quadratojugal suture is inclining anterodorsally but 

anterior portion of the suture is broken away and missing. 

The squamosal of TTU-P22373 has a posterior process that only extends 5 mm 

beyond the opisthotic process. There is a distinct “notch” formed between the posterior 

process of the squamosal and the opisthotic process. This notch extends 5.5 mm 

anteriorly from the posterior margin of the squamosal. The opisthotic process of the 

squamosal is roughly triangular in cross section, not laterally compressed, and it is 
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twisted posteromedially. The opisthotic process extends postero-ventrally for over 17.3 

mm, as the distal tip is slightly eroded away. The cross-section of the posterior portion of 

the postorbito-squamosal bar is moderately high and triangular. The parieto-squamosal 

bar is broken near the posterior margin of the supratemporal fenestra. The suture of the 

contact with the quadrate is partially preserved along the posterior portion of the 

squamosal-quadratojugal bar. The quadrate contact extends dorsally 10 mm more than 

the posterior portion of the suture of the contact between the squamosal and the 

quadratojugal. The ventral process of the squamosal is broken away 30.7 mm below the 

contact with the posterior portion of the squamosal.  

Quadratojugal—The quadratojugal is triangular in shape. The quadratojugal is 

bounded by the squamosal dorsally, the infratemporal fenestra anteriorly, the jugal 

ventrally and anteroventrally, and the quadrate posteriorly. The quadratojugal contact the 

squamosal dorsally and the suture extends from the posterior margin anterodorsally at 

about a 45 o angle. The quadratojugal forms about 70% of the lower posterior margin of 

the infratemporal fenestra. The quadratojugal extends anteriorly forming about 30% of 

the posteroventral margin of the infratemporal fenestra.  

Quadrate—Both of the quadrates are broken away from the skull but preserved. 

The right quadrate has a portion of the quadratojugal and the jugal attached. The area 

around the quadrate foramen is missing. The articular surface of the quadrate is 64.4 mm 

in width. The medial condyle, from the medial margin to the inter-condylar groove is 

32.1 mm. The medial condyle extends ventrally 15.5 mm below the groove. Laterally, the 

quadrate is overlain by the quadratojugal.  

Vomer—There are only 68.8 mm of the anterior portion of the vomer preserved 

in the skull. There is a medial section (93.3 mm) of the vomer preserved; however, it 

does not articulate with the portion preserved in the skull. The vomer is wedge in 

between the premaxillae. The maximum width of the vomers preserved in the skull is 

13.4 mm. 

Palatine—The palatine bone is bounded by the choana, the premaxilla, the 

maxilla, the ectopterygoid, the quadrate, and the basisphenoid. The palatine is 206 mm 

long and 48.4 mm in width. Laterally it is overlain by the ectopterygoid and anteriorly it 

is wedge in between the premaxilla and maxilla. If forms the medial portion of the palate. 
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Anteriorly the palatine is relatively broad, extending 6 mm anterior to the choana. The 

palatine bordering the choana is somewhat vaulted while becoming flatter posteriorly. 

Pterygoid—The pterygoids are damaged. There are some loose fragments of the 

pterygoid in the collection. The anterior and dorsal portions of the pterygoids are 

incomplete. The posterolateral process of the right pterygoid is preserved and extends 

ventrally on the posterolaterally as part of the pterygoid flange. Where it is not abraded 

on the ventral margin, the pterygoid extends ventrally to the level of the ectopterygoid. 

Ectopterygoid—The ectopterygoid is bounded by the maxilla, the palatine, the 

pterygoid, and the suborbital fenestra. The ectopterygoid is estimated to have extended 

anteriorly 42 mm from the posterior of the maxillary tooth row. The ventral process of 

the ectopterygoid extends ventrally 52.4 mm. The left ectopterygoid is missing, as is the 

anterolateral portion of the right ectopterygoid. The ventral process twists 

posteromedially underneath the ventral process of the pterygoid. The ventral process of 

the ectopterygoid is thinner than the ventral process of the pterygoid. The ectopterygoid 

forms the posterior and posterolateral margin of the suborbital fenestra. The ventral 

margin of the ventral process of the ectopterygoid is level with that of the pterygoid. The 

medial and lateral margins of the ventral process are abraded. The anteromedial medial 

process of the ectopterygoid forms a groove between the ectopterygoid and the palatine 

that is 37 mm long and approximately 2 mm wide.  

Basioccipital, basioccipital tubera—The basioccipital condyle is hemispherical 

and is 34.6 mm in width. The exoccipitals are slightly displaced from their articulation 

with the basioccipital. There is a small, distinct 1 mm notochordal fossa on the posterior 

surface and there is a narrow sulcus extending dorsally toward the suture of the two 

exoccipitals. The neck of the basioccipital is slightly less convex ventrally than the 

condyle and is smooth, but has a slight, broad fossa on the lateral surface. The neck is 28 

mm in width.  

The basitubera are 72.8 mm in width and project ventrolaterally. The basioccipital 

forms about 25% of the tubera, with the basisphenoid forming the remainder of the 

tubera. The contact between the basioccipital and the basisphenoid is slightly displaced 

along the suture. There is a low ridge connecting the tubera and there is a distinct fossa 

posterior to the ridge separating the tubera.  
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Prootic—The anterior portion of the prootic is broken away. The suture with the 

laterosphenoid is not discernible; however the prootic forms most of the boundary around 

the trigeminal foramen (V). The foramen is slightly damaged; however it appears to have 

been near tear-drop in shape with the narrower portion projecting anteriorly. The foramen 

for the facial nerve (VII) forms a relatively broad, long (14 mm) slit between the crista 

prootica and anterior ridge of the stapedial groove. 

Otic region—Most all of the otic regions are broken away. 

Opisthotic—The opisthotic extends posterolaterally with a length of 109.8 mm. 

Dentition—Based on the teeth and alveoli the specimen exhibits tripartite 

dentition as described by Hungerbühler (2000). There are three large alveoli in the 

anterior rosette. The pm1 tooth is in an oval alveoli that is 20.8 mm in length and the 

tooth is slightly tear-drop in shape with the carina directed posteriorly. The pm1 tooth in 

the right premaxilla is newly erupting in the process of replacement. The second alveola 

for pm2 is the largest tooth in the mandible and is 20.9 mm in length and is also oval in 

shape. Then smaller alveoli continue posteriorly. The teeth on the posterior portion of the 

maxilla are large, mesially-distally expanded, flattened lingually, possess full length 

serrated mesial and distal carina, increasing flange height, and are slightly recurved 

posteriorly and lingually. The most complete posterior maxillary tooth, m15, has a Fore-

Aft Base Length (FABL) 19.7 mm and a Base Width (BW) of 11.7 mm. The tooth 

crowns are broken so a calculation of the “Tooth Crown Height” (TCH) is not possible.  

 

Mandible 

 There are partial left and right mandibles associated with the skull of TTU-

P09423. The size is difficult to estimate due to the incomplete nature of the two 

mandibles; however, it is estimated the mandibles would be slightly over 800 mm. The 

left mandible is the most complete but is missing the posterior portion from 

approximately the middle of the mandibular fenestra posteriorly. The right mandible is in 

three major parts and the posterior portion is disarticulated and in boxes in the collection 

cabinet. At least parts of the major components are there but it does not appear that the 

ramus can be reconstructed. There are 40 alveoli preserved on the left mandible and that 

appears to be the complete tooth row and that is counting the “paired alveoli” (see below) 
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as a single alveolus, there are 47 alveoli if all are counted individually. The right 

mandible preserves the anterior 35 alveoli as the posterior portion of the jaw is 

fragmented. 

 

External morphology of the mandible 

Symphysis—The symphysis is 364 mm in length. The height of the jaw at the 

posterior of the symphysis is 44.9 mm and the width is 42.6 mm (~85.2 mm).  

 Mandibular fenestra—The mandibular fenestra is incomplete. The anterior 

margin of the fenestra is 510 mm from the tip of the dentary and a length of 59.9 mm of 

the fenestra is preserved. The maximum height of the preserved portion of the mandibular 

fenestra is 19.1 mm. 

 

Individual Elements of the mandible 

 Dentary—Each dentary has three large teeth in the rosette. The rosette is 37.3 

mm in width on both mandibles (~ 74.6 mm). There is a fossa at the anterior of the 

dentary along the symphysis that separates the d1 alveoli on each side. This is present in 

all of the phytosaur mandible rosettes in our collection. However, there is a lateromedial 

sulcus that trends anteroposteriorly. The sulcus is 23 mm long, 3 mm wide, and 2 mm 

deep. This appears to be a characteristic for the genus Paleorhinus. This also appears to 

be an ontogenetic characteristic. The rosette sulcus is still present in TTU-P09423, better 

developed in the sub-adult mandible, TTU-P09422, described below and is highly 

developed in the juvenile mandible, TTU-P19804, also described below.  

The waisted area posterior to the rosette is at d5 and the width is 41.8 mm while 

the height is 33.0 mm. There are several series of pits and grooves lying longitudinally 

along the jaw. One series begins at the anterior of the mandibular fenestra and continues 

anteriorly and another series lies 12 mm ventral to the tooth row. 

 Splenial—The anterior tip of the splenial extends along the medial line of the 

mandible to within 154 mm of the tip of the dentary (210 mm anterior to the posterior of 

the symphysis).  

 Angular—The angular and articular are incomplete but the preserved portion is 

276 mm in length and the angular extends anteriorly to a point 479 mm from the tip of 
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the jaw. This places the anterior tip of the angular 31.8 mm anterior to the mandibular 

fenestra. The lateral side of the angular is very rugose and pitted. It narrows anteriorly 

extending underneath the dentary and above the splenial as is indicated by the preserved 

sutural articulation. Posteriorly, the suture with the articular projects posterodorsally. 

Along this suture with the angular there is a depression or fossa 17.2 mm in width that 

follows the suture to below the glenoid. The angular has a maximum thickness of 25.0 

mm and the maximum height of the angular below the mandibular fenestra is 22 mm. 

 Articular— The articular is incomplete, Ventrally the suture with the articular 

projects posterodorsally. Along this suture with the angular there is a depression or fossa 

17.2 mm in width that follows the suture to below the glenoid. 

 Dentition—The dentary teeth follow a similar pattern in shape to that described 

by Hungerbühler (2000) for tripartite dentition. There are 38 teeth/alveoli preserved in 

the incomplete mandible and 27 are pre-symphyseal. Three large anterior fangs followed 

by smaller teeth, then an abrupt morphology change posterior to the symphysis. The 

fangs are teardrop shaped with the ridge or carina lingual and are slightly recurved 

lingually. The diameters of the alveoli are as follows: pm1 is 9.2 mm, pm2 is 12.2 mm, 

and the largest, pm3, is 17.2 mm.  

The teeth anterior of the posterior of the symphysis are small, conical, lingually 

recurved, and are striated. All the preserved teeth are partially broken, but are 15 – 16 

mm in height and 7.7 mm in diameter. The dentary shows a significant number of “paired 

alveoli” anterior to the symphysis, indicating significant tooth replacement was going on. 

There was no pattern to the “paired alveoli” possibly indicating the Z-spacing (Demar 

and Bolt, 1981); however, the paired alveoli were in line in the tooth row and were 

approximately of the same size. The “paired alveoli” were often separated by a single 

alveola, then more “paired alveoli”. Edmund (1960) found for the phytosaur 

Brachysuchus megalodon that the teeth alternated in replacement. This “paired alveoli” 

differs from what we have observed in other phytosaur mandibles where the replacement 

tooth occupies the same, enlarged alveoli of the tooth it is replacing.  

Posterior to the symphysis, at d27 on both mandibles, the morphology of the teeth 

abruptly changes. The teeth become bicarinate, D-shaped, lingually flattened, smooth, 

slightly recurved posteriorly and lingually. The largest preserved tooth posterior to the 



Texas Tech University, Billy D. Mueller, May 2016  

 

134 

 

symphysis (d32) has a FABL of 18.4 mm, a BW of 9.5 mm, and has the crown broken. 

The largest complete tooth has a TCH of 22.2 mm.  

 

Post-crania of TTU-P09423 

Axis vertebrae—There is no atlas vertebra preserved but the axis vertebra and 

intercentrum are preserved. The axis vertebra centrum has an anteroposterior ventral 

length of 44.5 mm. The posterior articular surface forms a vertical oval shape and has a 

width of 39.6 mm and a height of 51.3 mm. The spinous process or neural spine on the 

axis vertebra is large and forms a large arc increasing in height posterodorsally to 65.2 

mm, while the posterior margin of the neural spine is vertical. The anteroposterior length 

of the base of the neural spine is 72.5 mm. There is a postspinous fossa on the posterior 

edge of the neural spine that continues onto the top of the neural spine and then tapers 

anteriorly for 35.5 mm. There is a fossa on the dorsolateral surface of the centrum. There 

is a keel lying along the ventral surface of the centrum, with the keel increasing ventrally 

over the posterior half of the centrum. There is a slight fossa dorsal to the keel. The 

intercentrum has a maximum width on the ventral margin of 44.3 mm.  

Dorsal vertebrae—The spinous processes with a narrow postspinous sulcus 

extends dorsally 60.9 mm and the dorsal margin had a anteroposterior length of 43.5. The 

spinous process expands from 7.9 mm to 15.7 mm forming a small spine table. 

Sacral vertebrae—There are two sacral vertebrae preserved with sacral ribs. The 

maximum width of the sacral vertebrae and ribs is 174 mm. The length of that centrum is 

52 mm, with a height of 43 mm. The centrum has a width of approximately 45 mm, but 

that is difficult to interpret due to fusion of the adjoining sacral rib to this centrum. There 

were no neural arches preserved with these centra. 

Caudal vertebra—The most complete anterior dorsal vertebra has a very tall 

neural spine that reaches a 147 mm above the centrum. The spinous process possesses an 

prespinous lamina and a postspinous lamina along the lower half of the neural spine. 

Laterally there are a very small, weak dorsal laminae extending and tapering dorsally for 

approximately 70 mm. The lateral processes are placed on the dorsal part of the centrum 

but they are broken. There are well developed facets for a haemal arch. The centrum is 

44.7 mm in length, the posterior 36.0 mm in width, and 44.8 mm in height. There are no 
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fossa on the lateral surfaces of the centrum. There is a deep depression or groove along 

the ventral surface of the centrum. The prezygapophyses and postzygapophyses are short 

and relatively narrow. 

 Scapula-coracoid—The right scapula and coracoid are preserved. They are fused 

and the glenoid is preserved. A good portion of the dorsal portion of the scapula and 

much of the medioventral portion of the coracoid are broken away.  

 Ulna—Both the right and left ulnae are preserved. The right ulna is complete 

while the left ulna has a broken shaft but has the proximal and distal ends preserved. The 

right ulna is 208 mm in length. The medial surface is flat with slight compression making 

it concave. The shaft is broadly triangular with a low, rounded ridge on the lateral 

surface. The shaft of the ulna is slightly curved and is convex laterally. The head of the 

ulna is 65.4 mm in length and the width is 38.0 mm. The length of the distal end is 45.6 

and it has a width of 23.1 mm. 

 Ilium-pubis—The right ilium and right pubis are preserved. The tip of the 

posterior process is broken away. The dorsal margin of the dorsal process is slightly 

sigmoid in shape when viewed dorsally. Much of the pubis is broken away. A portion of 

the obturator foramen is preserved. 

 Femur—The right and left femur are present. The right femur is fairly well 

preserved; however, the left femur is missing part of the shaft. The right femur has part of 

the distal condyles abraded on the sides. The length of the femur is 335 mm the length of 

the head of the femur is 84.1 mm, and the minimum diameter of the shaft of 28.3 mm. No 

accurate measurements can be made of the distal condyles due to abrasion. The fourth 

trochanter begins 77 mm from the proximal end of the femur and forms a 63 mm long 

trochanter arcing convex medially with a significant overhang on the proximal ½ forming 

a groove on the medial edge of the trochanter. There is a rugose area proximal to the 

trochanter that extends proximally for 43 mm. The posterior shaft forms a relatively acute 

margin with a slight fossa lying along the posterolateral surface. 

 There are other phytosaur femora in the collection from MOTT VPL 3869 and 

none of these have the distinct overhanging 4th trochanter, nor the prominent rugosity 

extending proximally from the trochanter. The trochanter on the other specimens forms a 

vertical buttress and the rugosity is almost imperceptible. On TTU-P18187, the length of 
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the femoral head is 102.6 and the 4th trochanter starts 75.6 mm from the proximal end of 

the femur, extending 74.2 mm distally. A large femur, TTU-P18186, has a length of 395 

mm, a femoral head 104.6 mm, with the 4th trochanter beginning 92.9 mm from the 

proximal end and extends distally for 80.2 mm. A small femur, TTU-P12797X, has an 

overall length of 232 mm, a femoral head 61.0 mm, and the 4th trochanter begins 43.5 

mm from the proximal end. The 4th trochanter extends distally 64 mm. 

 Osteoderms—There were a number of osteoderms associated with the skeleton. 

The osteoderms are comparatively thin, trapezoidal, heavily sculptured, and with a 

longitudinal eminence oriented anteroposteriorly. 

 

Referred Specimens 

 The description of the referred specimens is greatly abbreviated for space. They 

compare with TTU-P09423, so the primary descriptions show the variation in size of the 

specimens and elements.  

TTU-P12550X—A partial Paleorhinus skull and mandible, also from MOTT 

VPL 3869 discovered by Gretchen Gürtler in 2007 at Site XL. The posterior portion of 

the skull is fragmented and is in the process of being prepared/reconstructed. The 

posterior portion of the skull appeared to be disarticulated prior to burial. This will be 

discussed further in the taphonomic discussion below. At this time, there are not any 

characters identified that would definitely diagnose the specimen as belonging to 

“Paleorhinus” Taxon A; however it posses the overall morphology of that taxon. 

This partial skull appears to belong to “Paleorhinus” Taxon A; however, the skull 

is not prepared adequately for positive identification. The specimen is a fragmented skull 

and partial mandible from MOTT VPL 3869. The cranium anterior to the orbits is 

complete with a pre-orbital length of 612 mm. Part of the posterior portion of the cranium 

was disarticulated but still associated at the time of burial; however, the skull is estimated 

to have had a length of approximately 750 mm. 

This skull, TTU-P12550X, is slightly smaller but similar to TTU-P09423 in 

preorbital (612 mm / 650 mm) and prenarial (398 mm / 433 mm) lengths. However, the 

anterior rostrum of TTU-P12550X is more gracile with a maximum rosette width of only 
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53 mm compared to 77 mm for TTU-P09423 and a waisted area at the pm5 of only 35.4 

mm in width compared to 51.2 mm for TTU-P09423. 

TTU-P09422—A smaller maxilla/premaxilla and mandible from MOTT VPL 

3869 that could belong to “Paleorhinus” Taxon A. It was collected by Sankar Chatterjee 

and his field crew in 1993. This is a partial, prenarial right maxilla/premaxilla with 282 

mm preserved but also missing the anterior end of the premaxilla. The associated right 

mandible is near complete right mandible (641 mm) with only minor portions of the 

surangular and prearticular missing. It does not possess any characters that allow definite 

referral to “Paleorhinus” Taxon A at this time; however, brief comments and descriptions 

will be contributed for this specimen for comparison. 

 

Individual Elements of TTU-P9422 

 Premaxilla—TTU-P09422, other than being smaller, the overall appearance 

matches that of TTU-P09423. The premaxilla exhibits the same interdigitation with the 

septomaxilla, paranasal, and nasal as described above for TTU-P09423.  

Mandible—The mandible has an overall length of 641 mm and possesses 44 

alveoli. There is some damage to the area around the internal fenestra. 

Symphysis—The posterior limit of the symphysis is 305 mm from the anterior tip 

of the dentary and is 30.6 mm in height and the width at the posterior of the symphysis is 

27.5 mm (~55 mm). The posterior margin of the symphysis is between d22-d23. 

Mandibular fenestra—The mandibular fenestra is 341 mm from the tip of the 

dentary and is 149 mm in length and 34.0 mm in maximum height.  

Glenoid—The glenoid is 42 mm wide. 

Retroarticular process—The retroarticular process extends posteriorly 42 mm. 

 Dentary—The dentary has a maximum length of 470 mm. The right dentary has a 

maximum width of the rosette of 19.7 mm (~39.4 mm) and a maximum height of 28.9 

mm. The rosette is in the same plane as the dorsal surface of the remainder of the dentary. 

The height of the dentary at the waisted area behind the rosette (d5) is 21.0 mm and the 

width is 13.9 mm (~27.8 mm). Posteriorly the dentary extends around the anterior of the 

mandibular fenestra. Ventrally the dentary extends 54 mm posterior to the anterior rim of 

the fenestra and dorsally the dentary extends 72 mm posteriorly. 
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 Splenial—The splenial extends anteriorly to within 134 mm of the tip of the jaw 

and has a total length of 402 mm. Anterior of the symphysis, the splenial is 171 mm long. 

It extends posteriorly ventral to the angular. 

 Angular—The posteroventral portion of the angular is very sculptured and pitted 

as it is in TTU-P9023. The angular has a length of 254 mm and wedges between the 

dentary and the splenial anteriorly. Posteriorly, the angular dorsoventrally splits the 

retroarticular process terminating at the very posterior tip.  

 Coranoid—There is damage and there is no visible evidence of the coranoid. 

 Surangular—The surangular is broken in two above the mandibular fenestra. 

 Prearticular—There is a significant amount of this bone missing anteriorly. 

 Articular—There is a portion of this bone missing adjoining the internal fenestra. 

 Dentition—No teeth are preserved but the mandible possesses 44 alveoli. It is 

difficult to tell if the alveoli become elongated posterior to the symphysis due to slight 

lateral crushing. The alveoli throughout look small and similar in size, except for the 

anterior teeth. The alveoli along the symphysis are 4.7 mm in diameter. Posterior to the 

symphysis the mandible is slightly mediolateral compressed distorting the alveoli, which 

have an anteroposterior diameter of 8.1 mm and a mediolateral diameter of 4.4 mm. 

Discussion:  Although the mandible of TTU-P09422 “appears” much smaller than the 

mandible of TTU-P09423, it isn’t necessarily. It is much, much more gracile, but not 

significantly shorter. A previous study (Lucas et al., 2007a) showed that the postorbital 

length and prenarial length of a phytosaur skull changed the most during ontogeny. This 

should correlate to the anterior mandible also. The symphyseal length of TTU-P09422 is 

84% that of TTU-P09423. The width at the symphysis of TTU-P09422 is only 68% that 

of TTU-P09423. The splenial contribution to the symphysis of TTU-P09422 mandible; 

however, is 171 mm, while it is only 154 mm for the larger TTU-P09423 mandible.  

 

 “Paleorhinus” Taxon B 

 

Referred specimens: TTU-P19738, a near complete skull (still being prepared).  
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Description: TTU-P19738-Partial skull that is mostly complete; however, it was 

distorted. This specimen is still in the process of being prepared. It possesses some 

similar characteristics of “Paleorhinus” taxon A; however, there are some differences 

also. It is still possible these differences are intraspecific variation as final preparation of 

the skull will be necessary to describe and evaluate this specimen. There are some of the 

phylogenetic characters that could be coded so it was included in the phylogenetic 

analysis. The phylogenetic analysis indicates at this time that it is a separate taxon. The 

specimen will not be described here due to the incomplete preparation. 

 

Phytosauria Taxon C 

 (Fig. 3.52) 

 

Referred specimens:  TTU-P14130, right squamosal. 

 

Description: TTU-P14130—A right squamosal discovered by Gretchen Gürtler in 2008 

and also represents a distinct new taxon. This specimen exhibits four distinct characters 

among the ‘Paleorhinus-grade’ phytosaurs as described above. The specimen is fairly 

well preserved but heavily fractured. 

Squamosal—All that is preserved of this specimen is the squamosal. The squamosal 

extending posteriorly is narrow, elongate, and tapers to a point (Fig. 3.52). The posterior 

process of the squamosal extends posteriorly 9 mm from the opisthotic process of the 

squamosal. The postorbito-squamosal bar is directed straight posteriorly. There is a 

distinct depression extending along the dorsal margin of the squamosal forming a 

prominent lateral ridge extending along the length of the squamosal and continuing as a 

ridge above the dorsal margin of the infratemporal fenestra. The posterior process of the 

squamosal in dorsal view forms a narrowing, pointed process. The lateral margin of the 

supratemporal fenestra is almost parallel with the symphysis of the skull. The 

supratemporal fenestra does not taper posteriorly and is not drawn towards the posterior 

process of the squamosal. There is no distinct posterior fossa. The opisthotic process is 

laterally compressed, longer than high, and near hemispherical in lateral view. There is 

no accessory process.  
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Fig. 3.52. TTU-P14130, right squamosal Phytosauria Taxon C. Scale bar = 1 cm. 
 

Discussion: The squamosals are usually shorter and more robust in other phytosaurs. In 

all other non-phytosaurid phytosaurians, the squamosals extend posterolaterally to more 

laterally instead of posteriorly like TTU-P14130. The ridge extending posteriorly along 

the posterior process of the squamosal is distinct. The morphology of the opisthotic 

process is unique among the Phytosauria (pers. obs.). 

 It is unfortunate that all that was present was the squamosal. However, there are 

enough distinct characters to confirm this is a new species of non-phytosaurid 

Phytosauria (Hungerbühler, pers. comm.), although there were not enough characters for 

it to be included in the phylogenetic analysis. 

 

Phylogenetic analysis   

A phylogenetic analysis was performed on the MOTT VPL 3869 phytosaurs. The 

analysis was made using the characters from Butler et al. (2014) and Kammerer (2015). 

The TTU specimens were coded using those characters and the codes were added to the 

matrix from Kammerer (2015). See Appendix F for the TTU phytosaur codings.  Paup 4 

(Swofford, 2005) was used to perform the branch-and-bound search for parsimony. The 

analysis used 48 characters to evaluate the relationships of 28 taxa. Sixty of the most 
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parsimonious trees were retained. The most parsimonious tree had a Consistency Index 

(CI) of 0.4589 and a Retention Index (RI) of 0.7322. 

A portion of the cladogram of that analysis illustrates that Taxon A appears to be 

a new ‘Paleorhinus-grade’ taxon (Fig. 3.53). Although Taxon B is still being prepared  

 

 
Fig. 3.53. Basal phytosaur cladogram. This includes the TTU specimens. Most 
parsimonious of 60 trees. CI=0.4589; RI=0.7322. The phylogenetic analysis was made 
with characters used by Butler et al. (2014) and Kammerer (2015). The MOTTU 
specimens were coded and added to Kammerer’s matrix codings and the analysis was 
performed.  
 

and was not described in the above text, many of the characters for the analysis were 

identifiable and the codings were used in the analysis. The results indicate that Taxon B 

is also probably a new phytosaur taxon separate from Taxon A and more derived than the 
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other basal phytosaurs. Taxon B was thought to be a separate taxon when it was 

discovered and the analysis now supports that theory. Taxon C did not exhibit enough 

characters to be included in the matrix for the analysis. 

 

 

PSEUDOSUCHIA  Cope, 1869 sensu Gauthier, 1986 

SUCHIA  Krebs, 1974 

AETOSAURIA  Marsh, 1884 sensu Parker, 2007 

STAGONOLEPIDIDAE  Lydekker, 1887 sensu Heckert and Lucas, 2000 

 

 Aetosaurs are pseudosuchian archosaurs from the Late Triassic that are known 

from the middle latitudes throughout most of the world (Desojo et al., 2013). Their fossils 

are relatively common; however, the most common elements are isolated dermal 

osteoderms (Heckert and Lucas, 2000). Aetosaurs possess two rows of osteoderms down 

the middle of the back (paramedians) and a row of lateral osteoderms down each side of 

the aetosaur.  Articulated armor carapaces or skeletons are not common and associated 

skeletons with armor are less common. Throughout history the species were typically 

identified and described using the ornamentation on the dermal osteoderms and their 

morphology (Long and Ballew, 1985; Parker, 2007). Identifying taxa based on isolated 

paramedian osteoderms and lateral osteoderms can be very tenuous (Martz et al., 2003). 

During the past 15 years numerous aetosaur taxa have undergone analysis, 

description, and redescription (Martz, 2002; Heckert and Lucas, 2002; Martz et al., 2003; 

Parker, 2005; Martz and Small, 2006; Schoch, 2007; Parker et al., 2008; Spielmann and 

Lucas, 2012; Parker, 2016). The detailed analyses of previously described specimens and 

the addition of new specimens has provided the basis for a much better understanding of 

the diversity, variability, and relationships of the Aetosauria. 

 Although aetosaurs are common at many of the localities in the Dockum Group, 

they are uncommon at MOTT VPL 3869. There are less than two dozen stagonolepidid 

elements and most are not identifiable to the generic level. Most of the specimens from 

MOTT VPL 3869 were very fragmentary and incomplete.  
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CALYPTOSUCHUS  Long and Ballew, 1985 

Calyptosuchus wellesi  Long and Ballew, 1985 

(Fig. 3.54) 

 

Referred specimen: Lateral osteoderm, TTU-P19501. 

 

Description: TTU-P19501—A Calyptosuchus wellesi lateral osteoderm. The osteoderm 

is 62.1 mm in length and 47.1mm in width (Fig. 3.54). The specimen has a keeled dorsal 

eminence. On the ventral side of the osteoderm there is a sulcus beneath the dorsal 

eminence. The osteoderm has radiating ornamentation and an anterior bar. 

 

 

 
Fig. 3.54. TTU-P19501, Calyptosuchus wellesi lateral osteoderm. A, dorso-lateral view; 
B, posterior view. Scale bar = 1 cm. 

 
Discussion: This osteoderm is the only aetosaur osteoderm from MOTT VPL 3869 that 

can be assigned to a certain taxon. This element can be assigned to Calyptosuchus wellesi 

with relative confidence. Calyptosuchus wellesi was originally one of the index taxa for 

the Adamanian Land Vertebrate Faunachron (LVF) (Lucas and Hunt, 1993b). 

Calyptosuchus wellesi is no longer considered an index taxon after occurring also in the 

Otischalkian LVF (Rayfield et al., 2005; Rayfield et al., 2009). 
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Stagonolepididae incertae sedis 

 (Fig. 3.55 – 3.58) 

 

Referred specimens: Paramedian osteoderm, TTU-P10747, TTU-P11148, TTU-P11750, 

TTU-P16708. (See Appendix B for additional specimens) 

 

Description: TTU-P10747—A paramedian osteoderm 43.5 mm in length and 54 mm in 

width (Fig. 3.55). The dorsal eminence is basically conical but is partially broken away 

posteriorly giving it an almost triangular appearance. The ornamentation is random 

pitting with radiating grooves anteriorly, extending onto the anterior lamina. There is a 

depression posterior to the anterior lamina. 

 

 

 
Fig. 3.55. TTU-P10747, Stagonolepididae incertae sedis paramedian osteoderm. A, 
anterior view; B, dorsal view; C, right lateral view. Scale bar = 1 cm. 

 
 TTU-P11148—A paramedian? osteoderm with a large triangular dorsal eminence 

(Fig. 3.56). The osteoderm is basically pentagonal in shape that is unusual for an 

aetosaur. The osteoderm is 48.6 mm in length and 61.4 mm in width. The osteoderm has 

an anterior bar. The dorsal eminence forms a ridge extending anteriorly to the anterior 

bar. Ornamentation on the osteoderm is very faint and includes both pitting and radial 

grooves. The osteoderm does not have the typical flexure of a lateral osteoderm.  
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Fig. 3.56. TTU-P11148, Stagonolepididae incertae sedis paramedian osteoderm. A, 
dorsal view; B, left lateral view. Scale bar = 1 cm. 

 

 TTU-P11750—A small aetosaur paramedian osteoderm that is 40.7 mm in length 

and 67.4 mm in width. The ornamentation is primarily faint random pitting with some 

radial grooves anteriorly (Fig. 3.57). The osteoderm possesses an anterior bar and has a 

depression posterior to the anterior bar. The dorsal eminence contacts the posterior 

margin. A strong ventral bar is present. There is an indication that the paramedian slightly 

overlapped the lateral osteoderm. The osteoderm is very thick for its size.  

 TTU-P16708—A partial aetosaur paramedian osteoderm. All that is preserved is 

from the dorsal eminence to near the lateral margin. The anterior – posterior length is 

63.2 mm and from the dorsal eminence to the lateral margin is 70.4 mm. The specimen 

does not possess a ventral bar. It is relatively thin. It possesses an anterior lamina. The 

ornamentation is a combination of pitting and radial grooves. There is no ventral bar 

present on the specimen. 

 The dorsal eminence is interesting (Fig. 3.58). Anteriorly the eminence forms a 

sharp ridge that gently curves antero-laterally and extends over half the length towards 

the anterior margin. The tip of the dorsal eminence slightly curves laterally. The posterior 

eminence forms a ridge that is formed by a lateral and a medial fossa. The fossa also form 

slight ridges between each fossa and the sides of the dorsal eminence. The ridges extend 

posteriorly at approximately 35o from the center line of the dorsal eminence. This gives 

the eminence a very angular shape.  
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Fig. 3.57. TTU-P11750, aetosaur paramedian osteoderm. A, dorsal view; B, posterior 
view; C, right lateral view. Scale bar = 1 cm. 
 

 

 
Fig. 3.58. TTU-P16708, dorsal eminence of an aetosaur paramedian osteoderm. Scale bar 
= 1 cm. 
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Discussion: The Calyptosuchus wellesi lateral osteoderm, TTU-P19501, is the only 

diagnostic element from MOTT VPL 3869. The other aetosaur osteoderms from MOTT 

VPL 3869 are just too fragmentary or too undiagnostic to be identified as anything more 

than Stagonolepididae incertae sedis. At this time, all of the specimens were collected as 

isolated elements. 

 

 

PARACROCODYLIMORPHA  Parrish, 1993 sensu Weinbaum and  

Hungerbühler, 2007 

 

Paracrocodylomorphs are not uncommon in the Dockum Group (Chatterjee, 1985; 

Long and Murry, 1995; Lehman and Chatterjee, 2005; Weinbaum and Hungerbühler, 

2007). The MOTTU collection contains over 500 elements from 27 localities in the 

Dockum Group. The Post Quarry has produced the largest concentration of 

paracrocodylomorph material (270+) representing two taxa, Shuvosaurus inexpecattus 

and Postosuchus kirkpatricki (Martz, 2008; Martz et al., 2013). The majority of the 

elements from other localities are teeth; however, some of the cranial and postcranial 

elements in the MOTTU collection are identified as paracrocodylomorph but cannot be 

assigned to Poposaurus, Shuvosaurus, or Postosuchus. An ectopterygoid, TTU-P19766, 

appears very close to that of Postosuchus but is considerably larger than the 

ectopterygoid of TTU-P09000, the holotype. Therefore, with unknown 

paracrocodylomorph taxa present in the Dockum Group, some of the material from 

MOTT VPL 3869 to an alpha taxon. There are a few isolated elements which are 

assignable and they will be discussed later. 

 

 

PARACROCODYLOMORPHA incertae sedis 

(Fig. 3.59 – 3.61) 

 

Referred specimens: Tooth, TTU-P10513; Coracoid (partial), TTU-P17002. (See 

Appendix B for additional specimens) 
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Description: The following specimens are identified as paracrocodylomorpha; however, 

they do not possess autapomorphies that allow their assignment to an Alpha taxon. 

TTU-P10513—Many of the teeth collected at MOTT VPL 3869 probably belong 

to Postosuchus; however, because of the presence in the MOTTU collection of 

paracrocodylomorph elements that cannot be assigned to Poposaurus, Shuvosaurus, or 

Postosuchus, the teeth are considered Paracrocodylomorpha incertae sedis. Most of the 

teeth possess the typical rauisuchid (Postosuchus) morphology. They are laterally 

compressed and symmetrical in occlusal view. The entire carina is serrated with the 

mesial carina being convex and the distal carina being straight (vertical). The teeth range 

in size from a minimum of 17 mm (TTU-P15882) to a maximum of 24 mm (TTU-

P23165). However, there is one tooth, TTU-P10513, slightly more recurved and 

possessing serrations not characteristic for a rauisuchid (Fig. 3.59).  

 

 

 
Fig. 3.59. TTU-P10513, Paracrocodylomorpha incertae sedis tooth. A, cross-section 
view; B, lingual view; C, mesial view. Scale bar = 1 cm. 
 

The tip of the tooth is broken; however, the preserved portion is 37.2 mm in 

height and has a FABL of 14.2 mm. The typical Postosuchus tooth has about 14 

serrations per 5 mm (pers. obs.) and Poposaurus gracilis has about 18 – 20 serrations per 

5 mm (Parker and Nesbitt, 2013).  TTU-P10513 has 31 serrations per 5 mm and its 

serrations are oriented more perpendicular to the carina while the rauisuchid serrations 
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are oriented slightly apically (Fig. 60). There is a good probability that this tooth belongs 

to a poposaurid, possibly Poposaurus langstoni. Poposaurus langstoni is a large 

poposaurid found in the Tecovas Formation at Otis Chalk (Long and Murry, 1995). At 

this time, there is no confirmed cranial material known for P. langstoni.   

 

 
 
Fig. 3.60. Comparison of mesial serrations of paracrocodylomorph teeth. A, TTU-
P23165, a rauisuchid tooth; B, TTU-P10513, a possible poposaurid ? tooth. Scale bar = 1 
mm. 
  

TTU-P17002— A partial left coracoid (Fig. 3.61). Morphologically it is close to 

that of Postosuchus; however, it does not match close enough to consider it a coracoid of 

Postosuchus. It has the coracoid foramen in a slightly more posterior position than 

Postosuchus. The glenoid is broken away dorsally but has a more posteroventral slope 

than that of Postosuchus. The coracoid is smaller than that of TTU-P09002. The 

dorsoventral height being only 24 mm compared to 53 mm for TTU-P09002. The glenoid 

is proportionally wider than that of TTU-P09002 by 21%. There was a fragment of the 

scapular blade also found along with the coracoid. 

Discussion: There are several factors that prevent the discrimination of the rauisuchid 

material. The proximal end of TTU-P19178 cannot be discerned from P. kirkpatricki or 

P. alisonae. The presence of a rauisuchid coracoid that is not identifiable as Postosuchus 

indicates the possibility of another closely related paracrocodylomorph being present.  
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Fig. 3.61. TTU-P17002, Paracrocodylomorpha incertae sedis partial coracoid. Scale bar 
= 1 cm. 
 

 

POPOSAUROIDEA  Nopcsa, 1928 sensu Weinbaum and Hungerbühler, 2007 

POPOSAURIDAE  Nopcsa, 1928 

Poposaurus gracilis  Mehl, 1915 

(Figs. 3.62, 3.63) 

 

Referred specimens: Vertebra, TTU-P18477; femur, TTU-P16705 (proximal). 

 

Description: TTU-P18477—The vertebra from MOTT VPL 3869 is the seventh cervical 

vertebra (TTU-P18477) based on the morphology of the lamina, parapophyses, accessory 

parapophyses. The vertebra has portions of the centrum and the neural arch abraded. The 

centrum is 36 mm long, 34 mm wide, and 27 mm in height. The vertebra is severely 

fractured but is fairly complete (Fig. 3.62). The vertebra was collected at MOTT VPL 

3869 site VI. 

 TTU-P16705—Femur possessing a groove extending along the proximal head of 

the femur (Fig. 3.63). This is a characteristic for Poposaurus; however, that character is 

also shared with the poposauroids Arizonasaurus and Shuvosaurus; and the rauisuchoids 
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Fig. 3.62. TTU-P18477, Poposaurus gracilis cervical vertebra. A, anterior view; B, 
lateral view; C, posterior view. Scale bar = 1 cm. 
 
Postosuchus and Batrachotomus (Weinbaum and Hungerbühler, 2007). The remaining 

morphology does not compare with those taxa; however, the morphology matches the 

Poposaurus femora in the TTU collection and the TMM collection. The femoral head is 

61 mm in width and 32.2 mm in length. The medial tubera is not highly prominent. The 

shaft bone of the femur is thin and this contributed to its breakage and crushing. The 

distal end had apparently weathered away prior to the element’s discovery.  

Discussion: The cervical vertebra and the proximal fragmented femur are the only 

specimens from MOTT VPL 3869 diagnosed as belonging to Poposaurus gracilis.  

Stratigraphically and geographically, the presence of Poposaurus is not unexpected. 

MOTT has almost 20 Poposaurus specimens from 8 localities in the Tecovas Formation. 

Poposaurus gracilis was described by Mehl (1915) for a specimen from the Popo Agie 

Formation in Wyoming and is also known from Utah, Arizona, and New Mexico 



Texas Tech University, Billy D. Mueller, May 2016  

 

152 

 

 

 
Fig. 3.63. Poposaurus gracilis femoral head, TTU-P16705.  Scale bar = 1 cm. 
 
 (Colbert, 1961; Long and Murry, 1995; Weinbaum and Hungerbühler, 2007; Gauthier et 

al., 2011; Parker and Martz, 2011; Parker and Nesbitt, 2013). The majority of the 

Poposaurus specimens in the MOTTU and TMM collections from the Dockum occur in 

the middle and lower portion of the Tecovas Formation and have been found in Borden, 

Crosby, Garza, and Howard Counties of Texas. The material from Otis Chalk (Howard 

County), Poposaurus langstoni, occurs stratigraphically slightly lower and the partial 

ilium from the OS Ranch occurred at the Trujillo - Bull Canyon Formation transition and 

is the stratigraphically highest occurrence of Poposaurus in the Dockum Group (Parker 

and Nesbitt, 2013).  

Poposaurus was known primarily from specimens of the pelvis and hind limbs. 

Weinbaum and Hungerbühler (2007) described partial skeletons from the MOTTU and 

TMM collections. An almost complete post-cervical skeleton, YPM VP 057100, was 

collected from the Circle Cliffs area of Utah and described (Joyce and Gauthier, 2006; 

Schachner, 2010; Gauthier et al., 2011). It was determined that the Yale specimen had 

variations from other specimens of Poposaurus (Schachner, 2010) but was still assigned 

to Poposaurus gracilis (Gauthier et al., 2011). Parker and Nesbitt (2013) described the 

first definitive cranial material of a Poposaurus gracilis (PEFO 34865).  

All of the specimens from the southwestern US are Adamanian in age (Parker and 

Nesbitt, 2013). Alcober and Parrish (1997) described a poposaurid, Sillosuchus 

longicervix, from the Ischigualasto Formation (Carnian) in Argentina.  
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SHUVOSAURIDAE  Chatterjee, 1993 sensu Nesbitt, 2007 

SHUVOSAURUS  Chatterjee, 1993 

 Shuvosaurus inexpectatus  Chatterjee, 1993 

(Fig. 3.64, 3.65) 

 

Referred specimens: Astragalus, TTU-P10837; vertebrae, TTU-P10555, TTU-P12968X; 

unguals, TTU-P10880, TTU-P P12455X. 

 

Description: TTU-P10837—A right astragalus (Fig. 3.64) is 22.4 mm in height and has a 

width of 25.6 mm. The tibular facet fairly well developed and comprises most of the 

anterodorsal surface. Anteriorly there is a fossa below the tibular facet and the fossa 

extends and deepens dorsally to just below the fibular facet. The fibular facet is small 

with the posterior margin being twice that of the anterior. Posteriorly there is a shallow 

groove separating the tibular and fibular facets. The calcaneal process is well developed  

 

 

Fig. 3.64. Shuvosaurus inexpectatus, right astragalus, TTU-P10837. A, anterior view; B, 
posterior view. Scale bar = 1 cm. 
 
and is shaped like a spiraling hook. There is a sulcus diagonally traversing the ventral 

surface that separates the calcaneal process from the main body of the astragalus. 

Discussion: Shuvosaurus specimens were not common at the Boren Quarry. The most 

diagnostic specimen of Shuvosaurus inexpectatus from MOTT VPL 3869 was an 
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astragalus collected at Site I (TTU-P10837). Two vertebrae and two unguals identified as 

belonging to Shuvosaurus were also collected.  

Shuvosaurus inexpectatus was named by Chatterjee (1993) for a skull from 

MOTT VPL 3624. The postcrania was described and named Chatterjeea elegans by 

Long and Murry (1995) for TTU-09001 (Fig. 3.65) from MOTT VPL 3624 and collected 

by Chatterjee. They were treated as separate species although Long and Murry believed 

Chatterjeea was the postcrania of Shuvosaurus. They were synonymized when Nesbitt 

and Norell (2006) described Effigia okeeffeae. Lucas et al. (2007e) synonymized the 

genus Effigia as a junior synonym of Shuvosaurus; however, they did maintain 

Shuvosaurus okeeffeae as a valid species. In 2008, Gretchen Gürtler re-organized and 

examined the Post Quarry material, identifying 22 Shuvosaurus individuals. 

 

 

 
Fig. 65.  Mount of Shuvosaurus inexpectatus based on TTU-P09001.  
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LORICATA  Merrem, 1820 sensu Nesbitt, 2011 

RAUISUCHIDAE  Huene, 1936 sensu Sereno, 2005 

POSTOSUCHUS  Chatterjee, 1985 

cf. Postosuchus 

(Figs. 3.66, 3.67) 

 

Referred specimen: Metatarsal, TTU-P19178 (proximal left, 5th). 

 

Description: TTU-P19178—A proximal left 5th metatarsal discovered at MOTT VPL 

3869 is morphologically identical to that of Postosuchus (Fig. 3.66). The 5th metatarsal is 

considerably larger than the 5th metatarsal of TTU-P09002. TTU-P09002 has a width of 

24 mm, while the width of TTU-P19178 is 35.8 mm. The length of TTU-P09002 is 81 

mm. If they were proportional, this would make the estimated length of TTU-P19178  

 

 

 
Fig. 3.66.  cf. Postosuchus proximal left 5th metatarsal, TTU-P19178. A, proximal view; 
B, lateral view; C, posterior view; D, medial view; E, anterior view. Scale bar = 1 cm. 
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over 121 mm. TTU-P19178, proximally, is almost the same size as the 5th metatarsal of 

Postosuchus alisonae (UNC 15575) which has a width of 34 mm; however, it has a 

length of only 77 mm (pers. obs.). This makes the length of TTU-P09002 and UNC 

15575 almost the same length with UNC 15575 being more robust (Fig. 3.67). There are 

no definitive autapomorphies for Postosuchus for the 5th metatarsal; however, 

morphologically this specimen matches Postosuchus and none of the other Norian taxa 

have a 5th metatarsal that morphologically compares to this. Postosuchus alisonae was 

very similar to Postosuchus kirkpatricki.  

 

  
Fig. 3.67. Proximal view of 5th metatarsals. A, cast of UNC 15575, Postosuchus alisonae; 
B, TTU-P19178 from MOTT VPL 3869, cf. Postosuchus; C, TTU-P09002, Postosuchus 
kirkpatricki (right metatarsal flipped for comparison). Scale bar = 1 cm. 
 

Discussion: Postosuchus kirkpatricki is the only named rauisuchid from the Dockum 

Group (Martz et al., 2013). Postosuchus is one of the better known rauisuchids (Peyer et 

al., 2008). A Postosuchus ilium was found in the Dockum in the 1920s although it was 

identified as phytosaurian (Case, 1922).  Camp collected over 100 “rauisuchid” elements 

from the Placerias Quarry in 1932 -1934 that were assigned to Postosuchus kirkpatricki 

(Long and Murry, 1995). Postosuchus is best known from the following skeletons: TTU-

P09000, TTU-P09002 (Chatterjee, 1985; Long and Murry, 1995); UNC 15575 (Peyer et 

al., 2008): and CM-73372 (Weinbaum, 2013). The Post Quarry has produced the majority 

of the Postosuchus elements in the MOTT collection. There have been four individuals 

identified in the Post Quarry material (pers. obs.). 
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CROCODYLOMORPHA  Walker, 1968 sensu Sereno, 2005 

 Crocodylomorpha are uncommon in the Dockum Group. Case (1929) illustrated 

an astragalus and calcaneum, UMMP 10604, that Long and Murry (1995) identified as 

sphenosuchian. That was the only sphenosuchian listed by Long and Murry. 

Redondavenator is a sphenosuchian known from the Redonda Formation in eastern New 

Mexico (Nesbitt et al., 2005). Martz (2008) mentioned some of the isolated 

crocodylomorph elements and the articulated skull and skeleton in the MOTT collection. 

Martz et al. (2013) illustrated and described a crocodylomorph femur from the Post 

Quarry. 

 

Crocodylomorpha incertae sedis 

(Fig. 3.68) 

 

Referred specimens: Femur, TTU-P12133X (proximal), TTU-P22249. (See Appendix B 

for additional specimen) 

 

Description: TTU-P22249—A proximal right femur with a mediolateral width of 16.5 

mm (Fig. 3.68). The tubera on the femoral head are mostly abraded away. The shaft of 

the femur is broken above the 4th trochanter.   

 

 

 
Fig. 3.68. TTU-P22249, Crocodylomorpha incertae sedis proximal right femur. A, 
posterior view; B, anterior view. Scale bar = 1 cm. 
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Discussion: More crococylomorph material is being discovered in the Dockum Group. 

The MOTT collections now have 14 elements from 5 different localities including the 

skull and skeleton currently in the process of being described.  

 

 

DINOSAUROMORPHA  Benton, 1985 sensu Sereno, 1991 

LAGERPETONTIDAE  Arcucci, 1986 sensu Nesbitt et al., 2009a 

DROMOMERON  Irmis et al., 2007a 

Dromomeron gregorii  Nesbitt et al., 2009a 

(Fig. 3.69) 

 

Referred specimens: Tibia, TTU-P10546 (right). 

 

Description: TTU-P10546—The tibia is 237 mm long (Fig. 3.69). The proximal head is 

35.1 mm long by 14.5 mm wide and the shaft decreases to 13.6 by 8.3 where it is 

uncrushed.  The distal end is 20.8 mm by 12.1 mm. The specimen is mediolaterally 

crushed. 

Discussion: The taxon Dromomeron romeri was described as the first non-dinosauriform 

dinosauromorph from North America for specimens from the Chinle Formation at Ghost 

Ranch, New Mexico (Irmis et al., 2007a). This discovery showed the co-existence of 

pseudosuchians, non-dinosauriform dinosauromorphs, and dinosaurs during the Late 

Triassic in New Mexico. The oldest dinosauromorphs were from the Middle Triassic of 

Argentina (Romer, 1971; Sereno and Arcucci, 1994; Arcucci, 1987).  

Dromomeron gregorii was erected for specimens in the TMM Otis Chalk 

collection, including two tibiae (Nesbitt et al., 2009b). The specimen, TTU-P10546, can 

be identified as Dromomeron because of the slot for the posterior ascending process of 

the astragalus and the way the proximal posterolateral condyle extends ventrally (Nesbitt 

et al., 2009b). 

Sarigül (2014) considered this specimen to represent a new taxon. Having 

personally examined and compared this specimen, TTU-P10546, to TMM31100-278 

(right tibia) and TMM 31100-1314 (left tibia), I am taking a more conservative opinion 
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and considering the specimen to belong to the taxon Dromomeron gregorii, as did Nesbitt 

when he examined TTU-P10546 (pers. com).  

 

 

 
Fig. 3.69. TTU-P10546, Dromomeron gregorii right tibia. A, anterior view; B, medial 
view; C, posterior view; D, lateral view. Scale bar = 1 cm. 
 
 

DINOSAURIA  Owen, 1842 sensu Gauthier, 1986 

SAURISCHIA  Seeley, 1887 sensu Gauthier, 1986 

THEROPODA  Marsh, 1881 sensu Gauthier, 1986 

Theropoda Taxon A 

(Fig. 3.70, 3.71) 

 

Referred specimens: Mandible, TTU-P10514, TTU-P10517. 
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Description: TTU-P10514—A right mandible 26 mm in length (Fig. 3.70). The 

symphysis is very small and occupies only the dorsal portion of the anterior dentary. The 

mandible possesses 11 teeth that exhibit a little heterodonty. The anterior tooth is conical, 

procumbent, and unserrated. The second tooth is conical but slightly mediolaterally 

compressed, and unserrated. The remaining dentition is mediolaterally compressed and 

are symmetrical in cross-section.  The mesial and distal carinae are serrated and average 

about 9 serrations per mm on the two larger distal teeth. The teeth are approximately 3 

mm in height and have a FABL of approximately 1.6 mm. I agree with Sarigül’s (2014) 

estimation of an apical displacement of 7o for the anterior teeth and 23.5o for the central 

teeth. Interdental plates are present. The Meckelian groove is present on the ventral portion of the 

mandible.  

 

 
Fig. 3.70. TTU-P10514, Theropoda Taxon A right mandible. Scale bar = 1 mm. 
 

TTU-P10517—A section of a left mandible with the lateral surface exposed. The 

mandible possesses six teeth (Fig. 3.71). They are recurved, mediolaterally compressed, 

with serrations on both the mesial and distal carinae. The lateral surface exhibits a 

shallow groove parallel to the ventral margin and tooth row. 

 

 
Fig. 3.71. TTU-P10517, Theropoda Taxon A right mandible. Scale bar = 1 mm. 
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Discussion: TTU-P10514 and TTU-P10517 were collected together by Sankar Chatterjee 

and were separated by less than 10 cm . The mandibles are very small. The shape, size, 

and the characteristics of the dentition fall within the range of those for theropods 

(Farlow and Brinkman, 1987; Farlow et al., 1991; Larson and Currie, 2013). The teeth 

are symmetrical in cross-section and are not waisted at the base. The teeth are recurved 

and serrated. 

 

Theropoda Taxon B 

(Fig. 3.72, 3.73) 

 

Referred specimens: Mandible, TTU-P10515. 

 

Description: TTU-P10515—A left mandible that is 22 mm in length. The mandible has 

15 teeth that are mediolaterally compressed, recurved, and serrated on the mesial and 

distal carinae (Fig. 3.72). The more posterior teeth have approximately 11 serrations per 

mm. The teeth have a FABL of approximately 1 mm and a crown height of 2.1 mm. The 

mandible possesses interdental plates between the teeth. The medial surface has a 

Meckelian groove that lays parallel to the ventral surface. 

 

 
Fig. 3.72.  TTU-P10515, Theropoda Taxon B left mandible. Scale bar = 1 mm. 
 
Discussion: The mandible is theropodian for the same reasons as discussed for Theropoda 

Taxon A. These theropods were very small. There is one detail that needs to be brought 
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out. Sarigül (2014) discussed the lack of serrations and unusual tooth shape on the 

anterior teeth. This was due to over-preparation. The shape of the teeth and the serrations 

of those teeth originally compared very closely to the more posterior teeth (Fig. 3.73). 

 

 

 
Fig. 3.73. TTU-P10515, comparison of anterior teeth. A, before preparation; B, after 
preparation. 
 
 

ENIGMATIC ELEMENTS 

Procoelous Taxa  Atanassov, 2002 

 

 These taxa (Procoelous Taxa A, B) have not been officially described at this time. 

Atanassov described the taxa in an SVP presentation (Atanassov, 2001) and his 
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dissertation (Atanassov, 2002). These taxa are moderately well represented from the 

Boren Quarry, both as isolated vertebrae and also small sections of articulated vertebrae. 

As we did in Martz et al. (2013), I have not studied in detail and am not describing these 

taxa in detail as Atanassov is in the final stages for submission for publication (pers. 

comm.).  

However, Pritchard et al. (2015) described a number of vertebrae from the 

Triassic of the American southwest as belonging to the Tanystropheidae. Tanystropheids 

had not previously been identified from the Chinle Formation or Dockum Group. This 

included specimens that belong to Atanassov’s taxa. They also mentioned the material 

Atanassov described in his dissertation as being Tanystropheid. Therefore, I moved 

Atanassov’s procoelous taxa from being Ornithodiran to the Enigmatic Taxa / Elements 

of this dissertation. 

 

Atanassov Procoelous Taxon A 

(not figured) 

 

Referred specimens: Vertebra, TTU-P10096, TTU-P10833, TTU-P10833. 

 

Description: Procoelous Taxon A vertebrae have a slightly ovoid fascies cranialis and 

fascies caudalis. The vertebrae are procoelous, longer than those of the second taxon 

described in Atanassov’s dissertation, has a slight ventral keel, and a well-developed 

spine table on the neural spine. No additional description of this material will be made 

here as Atanassov is in the process of formally describing the taxon for publication 

(Atanassov, pers. comm.). 

Discussion: This taxon was one of two described by Atanassov in a Society of Vertebrate 

Paleontology abstract (2001) and in his dissertation (2002). This taxon was most 

abundant at the Post Quarry, but in his dissertation Atanassov did include some of the 

material I collected at the Boren Quarry. Although Atanassov had skull and postcranial 

material from the Post Quarry, all that has been identified at the Boren Quarry are 

vertebrae. I collected this taxon from Sites V at the Boren Quarry.  
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Atanassov Procoelous Taxon B 

 

Referred specimens: Vertebrae, TTU-P10217, TTU-P18478.  (See Appendix B for 

additional specimens) 

 

Description: The vertebrae are shorter than those of Atanassov Procoelous Taxon A and 

C they are also procoelous. The facies cranialis and facies caudalis are round and the 

centrum has no ventral keel. The neural spine is topped by a spine table that is more 

ornate than the spine table of Procoelous Taxon A. 

Discussion: This was the second taxon described by Atanassov (2001, 2002). This taxon 

was more abundant at the Post Quarry; however, it is more widespread than  Procoelous 

Taxon A. Atanassov described vertebrae and cranial material from the Post Quarry. This 

taxon has been collected at Site I and IV, but all that has been identified from MOTT 

VPL 3869 are vertebrae.  
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CHAPTER 4 

TAPHONOMY OF THE BOREN QUARRY (MOTT VPL 3869) 

IN THE TECOVAS FORMATION (UPPER TRIASSIC), GARZA COUNTY, TEXAS 

 

 The field of taphonomy was developing long before Efremov (1940) coined the 

term. Efremov; however, did summarize and pull together the subsystems of 

paleontology that are necessary to interpret and analyze fossil vertebrate faunas. Voorhies 

(1969) re-enforced the separation of taphonomy and paleoecology should be established 

and although each field can contribute information valuable in interpreting the other, 

taphonomy is concerned with what happens to the body after death. The recognition of 

the mechanisms of vertebrate bone generation, transportation, accumulation, 

preservation, and recognizing these in the fossil record are critical for the analysis of 

these data (Rogers and Kidwell, 2007). Behrensmeyer et al. (2000) identified a variety of 

biases that have an effect on the fossil record including transport, destruction, and 

episodicity in deposition. Preservation depends on the availability of vertebrate remains, 

pre-burial environment, rate of burial, and diagenesis. These factors all have input on the 

analysis of the fossil fauna. Death may occur due to natural causes, predation, infection 

or disease, or environmental factors. Environmental factors may be due to drought and 

famine, flooding, volcanism, or other natural disasters. After death other taphonomic 

processes take effect: scavenging, weathering, transport, burial, and diagenesis. These 

factors are followed later by diagenesis, erosion, weathering, and transport as the fossils 

become exposed.  

Behrensmeyer (1978) establish six stages (Stage 0-6) of bone weathering. 

Behrensmeyer (1978) indicated that the six weathering stages were applicable only to 

animals weighing more than 5 kg. The longer the bones are exposed, the more 

scavenging, disarticulation, and weathering of the bones occur. One does not typically 

have the number of specimens for older vertebrate faunas to analyze as some more recent 

localities due to diagenesis (e.g. Voorhies, 1969).  

Taphonomic research has been performed in the Mid-Late Triassic more 

elsewhere than in the Dockum Group: in Arizona (Fiorillo and Padian, 1993; Fiorillo et 

al., 2000), New Mexico (Zeigler et al., 2002; Zeigler et al, 2005), Argentina (Alcober and 
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Parrish, 1997), Brazil (Holz and Barberena, 1994; Holz and Schultz, 1998), Europe 

(Hungerbühler, 1998); South Africa (Smith and Swart, 2002). The Canjilon Quarry (Hunt 

and Downs, 2002), the Lamy Quarry (Lucas et al., 2010), and the Snyder Quarry (Zeigler 

et al., 2005) in New Mexico have all been the subject of taphonomic analyses. Zeigler et 

al. described the taphonomy of Snyder Quarry in the Late Triassic Chinle Formation of 

New Mexico and it has some similarities with the Boren Quarry that will be discussed 

below.  

 Lehman and Chatterjee (2005) provided the first analysis the depositional setting 

of MOTT VPL 3869 (= Neyland Site) as part of their evaluation of the Dockum Group 

and this was followed by Martz (2008) in part. Lehman and Chatterjee (2005) described a 

lacustrine sequence, overlain by an overbank flood-plain sequence, and an exhumed 

channel sandstone. 

 

MOTT VPL 3869 Lacustrine Facies 

 

Lehman and Chatterjee described four intervals of lacustrine strata filling a 

depression in the central portion of the basin, then the overlying flood-plain strata, and an 

exhumed stream channel (Figs. 4.1, 4.2).  The lowermost of the lacustrine strata filling 

the main depression is comprised of light bluish gray (5B 7/1) mudstones, thinly bedded 

lenses of silty light bluish gray (5B 7/1) sandstone, some interbedded moderate reddish 

brown (10R 4/6) mudstones, and some lenses of thinly bedded, moderate reddish brown 

(10R 4/6) silty-sandstones. This zone is fossiliferous having produced metoposaurid, 

dicynodontian, phytosaur, and dinosauromorph elements. Some of the fossils were 

associated with some interesting sedimentary features discussed below. 

The second interval is comprised of lacustrine deposits, mostly light bluish gray 

(5B 7/1) mudstones interbedded with thinly bedded light bluish gray (5B 7/1) sandstone 

and siltstone, and some interbedded moderate reddish brown (10R 4/6) mudstones. This 

interval forms a large portion of the Boren Quarry basin and is fossiliferous.  

The third interval is also interbedded light bluish gray (5B 7/1) mudstones, 

siltstones, and thin sandstones. The pale yellowish brown (10YR 6/2) sandstones in this 

layer contain invertebrate burrows but no invertebrate body fossils were found (Fig. 4.3).  
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Fig. 4.1. Map showing the facies of MOTT VPL 3869. (Adapted from Lehman and 
Chatterjee, 2005)  
 
 
 
 

 

 
Fig. 4.2. Generalized cross-section of MOTT VPL 3869 illustrating the different facies. 
The lacustrine facies with strata dipping centripetally into the two depressions, the 
overlying flood-plain facies, and the exhumed stream channel and crevasse splay facies. 
(Adapted from Lehman and Chatterjee, 2005) 
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Fig. 4.3. Invertebrate burrows in sandstone in the third lacustrine interval. 
 

On the eastern margin of the third lacustrine interval there is a series of 

sandstones ranging up to15 cm in thickness. These sandstones dip centripetally into the 

lacustrine depression (Fig.4.3). Some of the sandstones are dipping at as much as 36o. 

Just outside this interval of steeply dipping sandstone are several large petrified logs that 

are as much as 0.9 m in diameter and 15 m in length.   

 There are zones within this interval that represents wildfires at MOTT VPL 3869. 

Fires in the Triassic of the southwest are known to have happened (Jones et al., 2002; 

Zeigler et al., 2002; Zeigler et al., 2005). The charcoal and inertinite were recognized by 

the black color and streak, luster, and physical characteristics (Scott, 2000; Uhl et al., 

2014). There is a concentration of inertinite at the base of Measured Section Site XXI 

(See Appendix G). Twenty meters west of Measured Section Site XXXIV (See Appendix 

G) is a well developed interval of charcoal, inertinite and vitrinite (Fig.4.4). The inertinite 

and vitrinite are both indicators of a paleo wildfire (Uhl et al., 2014). Charcoal, inertinite, 

nor vitrinite were found to be associated with any of the primary fossil sites. 

The fourth interval of lacustrine deposits is exposed around the central “miter 

hill”. The interval is also primarily gray mudstones and thinly bedded siltstones - 

sandstones (See Appendix G, Site XXI) and this zone does produce some sparse 

vertebrate fossils. This interval has zones of maceral inertinite indicating wildfires (Uhl et 

al., 2014) (Fig. 4.5).  

 



Texas Tech University, Billy D. Mueller, May 2016  

 

169 

 

 
 

 

 
Fig. 4.4. Vitrinite indicating evidence of a wildfire in the second lacustrine interval.  
Scale bar = 1 cm. 
 

 

 
Fig. 4.5. Inertinite material indicating a wildfire at the base of the measured section 
MOTT VPL 3869 SITE XXI. (See Appendix G). 
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MOTT VPL 3869 Overbank Flood-Plain Facies 

 

 The upper-most lacustrine sequence is overlain by the overbank flood-plain 

sediments. It is primarily red mudstone with interbedded siltstones, sandstones, and 

sedimentary clast pebble conglomerates (Fig. 4.6) (See Appendix G, Site I). This interval 

produces the majority of the vertebrate fossils and the fossils are usually closely 

associated with the sedimentary clast pebble conglomerates. The red mudstones are 

mostly structureless and in some areas the sediments contain greenish-gray reduction 

mottling. The overbank flood-plain deposits are found around the margins of the basin, 

having been weathered away in the central portion, with an exception being the “miter 

hill” in the central portion of the basin. Lehman and Chatterjee examined two options for 

the deposition of the flood-plain deposits.  

Lehman and Chatterjee (2005) considered a possibility that the flood-plain 

deposits were laid down rapidly and that the sedimentary clast pebble conglomerates 

were lag deposits in the sequence. They also considered that the sedimentary clast pebble  

 

 

 
Fig. 4.6. Sedimentary clast pebble conglomerate at MOTT VPL 3869 Site I. 
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conglomerates to be remnants of an extended arid period. The sedimentary clast pebble 

conglomerate interval will be discussed more thoroughly below. 

Behrensmeyer and Hook (1992) proposed that concentrations of small vertebrate 

fossils that were broken and well oriented and were associated with clay pebble 

conglomerates were from with higher regime flows. Banks et al. (1978) proposed a 

similar interpretation for some clay-pellet conglomerates in the Triassic of Tasmania. 

These clay-pellet conglomerates were interpreted as channel lag deposits and were 

typically overlain by a sandstone sequence.  

Smith and Swart (2002) described some very similar pedogenic pebble and 

mudstone pebble conglomerates in a Triassic sequence in the Omingonde Formation in 

Namibia. They interpreted that these conglomerates were deposited as sheets during 

seasons of high rainfall. These conglomerates differ from those at the Boren Quarry in 

that they exhibit sedimentary structure including cross-bedding and others graded upward 

into sandstones. Smith (1993b) described some very complex fluvial depositional 

systems in the Karoo Basin of South Africa; however, they were not comparable to the 

Boren Quarry deposits.  

Zeigler et al. (2005) described an interval of three mud-clast conglomerates that 

grade into silty mudstones at the Snyder Quarry. The mudstones and mud-clast 

conglomerate are associated with the primary fossil producing horizon in the Snyder 

Quarry. They a sequence where they had two mud-clast conglomerates separated by 

about 60 cm of mudstone. The second mud-clast conglomerate was overlain by mudstone 

and then a third pebble conglomerate. The mud-clast conglomerates transitioned into 

flood-plain mudstone. There was some evidence of cross-bedding in one area in the 

upper-most conglomerate. Their interpretation was that the mud-clast conglomerates 

represented channel flow deposits that transitioned upwards into overbank flood-plain 

deposits. This is very similar to the interval at the Boren Quarry. 

 The cross-section across the southern margin of the basin (Fig. 4.7 insert) did 

show a fairly continuous interval of sedimentary clast pebbles (Fig. 4.8) but the interval 

did not always form a conglomerate. The sedimentary clast pebble interval pinches out to 

the west of Site XII. The sedimentary clast pebble interval continues to the east along the 

southern margin of the basin to Site X. The sedimentary clast pebble interval thickens to 
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the east of Site X and also transitions into a muddy siltstone with abundant sedimentary 

clast pebbles. Sites XXIV, XLIX, and XLIX-b (See Appendix G) show the changes in the 

sedimentary clast pebble interval (Fig. 4.9). Site XLIX-b has two thin conglomerates with 

a mudstone with abundant sedimentary clasts between the two conglomerates. This 

interval transitions into a mudstone, with sedimentary clasts, further south at Site XLIX. 

This is very similar to what Zeigler et al. (2005) described as the primary fossil producing 

interval at the Snyder Quarry in northern New Mexico.  

 

 

 

Fig. 4.8. Sedimentary clast pebble interval at Site X West. The interval is 0.30 m thick. 

 

 

 

 
Fig. 4.9. Sedimentary clast pebble interval at Site XLIX-b. The interval is 1.35 m thick. 
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 The cross-section from south to north along the western margin of the basin (Fig. 

4.10 insert) shows some variation in the sedimentary clast pebble interval. The 

sedimentary clast pebble interval pinches out to the west just as it did on the south margin 

of the basin. It also pinches out to the north. Another sedimentary clast pebble interval 

forms in the northern-most measured section (Site XLVIII) at a higher stratigraphic level. 

The sedimentary clast pebble conglomerate at Site I dips to the northwest. 

 The sedimentary clast pebble conglomerates to the east show more variation. A 

cross-section from Site XXI eastwards to Site XLII illustrates the stratigraphic variation 

in the sedimentary clast pebble conglomerates (Fig. 4.11 insert). The sedimentary clast 

pebble conglomerates to the east are dipping to the west-northwest. The sedimentary clast 

pebble conglomerate at Site XXI is considerably higher stratigraphically than in the other 

eastern sites where sedimentary clast pebble conglomerates exist.  The eastern-most 

measured sections do not contain sedimentary clast pebble conglomerates.  

 

MOTT VPL 3869 Channel Facies 

 

The primary evidence of stream channels is the crevasse splay (Site 9) and the 

upper interval exhumed channel sandstone (Site A, C) (Fig. 1.4, Fig. 4.1). The upper-

most interval described by Lehman and Chatterjee (2005) is an exhumed stream channel 

(Fig. 4.12). The channel can be traced on aerial photographs for approximately four 

kilometers (Fig. 1.4). This exhumed channel has not produced any identifiable vertebrate 

fossils. The exhumed stream channel is stratigraphically above the fossil producing zones 

and with its diminishing geometry “up-stream”. At the entrance to the property the width 

of the channel is only 5 m, while the maximum width of the channel is approximately 20 

m. The thickness of the channel varies from 1.5 m to 2.75 m. 

 The crevasse splay (Fig. 4.12) is believed to be connected to the exhumed channel 

based on the geometry and the surface expression of the subsurface crevasse splay. The 

surface expression of the crevasse splay, the exhumed channel, and similar features at 

other MOTT VPL localities has led to a Museum Science MS student to work on a thesis 

evaluating such features and their association with fossil localities. The exposed crevasse  

splay produces fossil elements belonging primarily to larger taxa such as metoposaurs,  
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dicynodonts, and phytosaurs. There are five sites along the splay: Site IX, XI, XVIII, XX, 

and XLIV. Site XI is separated from the rest of the splay by the main drainage for the 

MOTT VPL basin. The largest concentration of fossils associated with the splay was 

accumulated at the beginning of the exposed feature.  This concentration is MOTT VPL 

3869 Site IX (Fig. 1.4). The elements recovered ranged through all three Voorhies 

Groups (Voorhies, 1969) (Appendix H). The majority of the elements belonged to 

Voorhies Group III. These included a phytosaur skull and phytosaur mandibles. These 

large, long bones were all oriented parallel to the strike of the crevasse splay (Fig. 4.13). 

The strike of the splay is N60oW from Site IX and is dipping at approximately 15o, 

terminating at Site 11.   

 

Fig. 4.12. NASA infrared aerial photograph of the southwest portion of MOTT VPL 
3869. A, the exhumed stream channel; B, exposed crevasse splay; C, surface expression 
of subsurface crevasse splay. Scale bar = 100m. 
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Fig. 4.13. TTU-P19738, a phytosaur skull at Site IX that is oriented parallel to the strike 
of the crevasse splay. 
 

MOTT VPL 3869 Fossil Orientation 

 

The orientation of elements from throughout MOTT VPL 3869 was measured 

when possible. These elements included: skulls, humeri, radii, ulnae, femora, tibias, 

fibulae, metatarsals, and metacarpals. Complete or near complete bones were focused on. 

The orientations at most of the localities where an adequate number of fossils were 

measured showed very similar results (Fig. 4.14). Measured sections were made at these 

sites (See Appendix G; Fig. 1.4).  

Site V is representative of the bone orientations for almost all of the sites except 

the sites and specimens along the crevasse splay. Therefore, only the rose diagrams from 

Site V are shown here (Fig. 4.15). This data varied within a very short distance of 5 m; 

however, when the results were considered for the complete site the results were more 

consistent. Site V-A showed a majority of the fossils being oriented NE-SW (Fig. 4.9 A) 

while Site V-B exhibited a bimodal orientation: NE-SW and NW-SE (Fig. 4.9 B). Overall 

Site V shows the majority of the bones being oriented in a NE-SW direction with the 

secondary orientation being NW-SE (Fig. 4.9C). The majority of the elements from Site 

V were smaller taxa such as Malerisaurus and Trilophosaurus. Sub-adult phytosaur limb 

and pelvic elements and one phytosaur skull were recovered at Site V. The phytosaur 

skull’s orientation was measured; however, the skull appeared to be a Behrensmeyer 

Stage 6 when buried (Behrensmeyer, 1978).  
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 There were fossil trees found though out much of the central basin of MOTT VPL 

3869. These ranged from small limbs to large logs 90 mm in diameter. Most of the large 

logs were found on the east side of the central depression. There was one large log on the 

west side of the eastern depression but it has been almost completely eroded away since 

1999. Other isolated tree fossils were found in various places in the basin. The logs on the 

east side of the central depression provide the majority of the strikes (Fig. 4.9 D). The 

smaller pieces of wood were not included in the rose diagram because their orientations 

were quite random and some appeared to be limbs from the logs. Most of the logs were 

out in the flat portion of the basin where measured sections were problematic. However, a 

small section was possible at one log site on the east side of the basin (See Appendix G). 

 

MOTT VPL 3869 Site Descriptions 

 The following are discussions and descriptions of various sites and areas that have 

an impact on the taphonomy of the locality. All of the sites will not be discussed. The 

focus on the sites will also vary depending on what the site has to offer. 

 

 

Fig. 4.14. NASA infrared aerial photograph with the general bone and log orientations 
plotted. Scale bar = 100 m. 
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Fig. 4.15.  Orientation of fossils at MOTT VPL 3869. A, orientation of fossils at Site V-
A, N=21; B, orientation of fossils at Site V-B, N=26; C, orientation of total fossils at Site 
V, N=68; D, Orientation of fossil logs at MOTT VPL 3869. N =12. 
 

Site I—Site I measured section (See Appendix G) has almost 18.5 m of section 

exposed. The basal unit, Unit 1, represents deposits from the overbank flood-plains (Fig. 

AG.2). It was basically barren of fossils. There were some phytosaur elements found at 

the top of this interval as float but it was not possible to determine the unit where they 

originated.  Unit 2 and Unit 3 are the fossiliferous zones. Zone 2 is the sedimentary clast 

pebble conglomerate (Fig. 4.16). There is a more “muddy” section in the middle of the 

unit and that is where most of the fossils in Unit 2 are found. The identifiable material 

mostly belongs to Malerisaurus and Trilophosaurus. The limb bones are mostly 

fragmented.  

 The most fossiliferous portion of Site I is the lower meter of Unit 3, then the 

fossils are less common upwards. Malerisaurus and Trilophosaurus are also the most 

common taxa here; however, there is a diverse fauna in this zone. Otischalkia, 

Vancleavea, Stagonolepididae, Shuvosaurus, Dinosauromorpha, “Atanassov Taxon A”, 

and “Atanassov Taxon B” have been collected at this site. There have been no fossils 

collected over 2 m above the base of Unit 3. Throughout the Boren Quarry basin most of 

the most fossiliferous sites occur in the proximity of a sedimentary clast pebble 

conglomerate or interval. All of the fossils from this site were found as isolated elements.  
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Fig. 4.16. MOTT VPL 3869 Site I. A, sedimentary clast pebble conglomerate interval 
(Unit 2); B, most fossiliferous layer (Unit 3); C, lower sandstone layer; and D, upper 
sandstone layer. 
 

 Site III—Site III was different from all the other sites at MOTT VPL 3869. The 

reason it was different was that the fossils here were encrusted similar to Smith’s 

Taphonomic Pathway 5 (Smith, 1993b). The fossils had been abraded and transported 

prior to their being encrusted, then the encrusted elements were transported to Site III. 

The fossiliferous zone at Site III was stratigraphically higher than the southern sites along 

the western margin of the basin. 

 Site VI—The fossil elements at Site VI fit between Voorhies Group II and Group 

III as they had high surface area to volume ratios (sa/v) (Voorhies, 1969). The majority of 

fossils from Site VI are metoposaur skulls, clavicles, and interclavicles. Skulls from this 

sight do not fit into Voorhies Group II but they are metoposaurid and have a high sa/v. 

Site VI has a 15 cm interval of sedimentary pebble conglomerate. The total section 

exposed at Site VI is only about 1.5 m in thickness; however, the conglomerate is about 

2.5 m below the conglomerate at the nearby Site II (Fig. 1.4). The fossils at Site VI are 

well preserved and quite complete. 
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 Site IX—Site IX is at the upper end of a crevasse splay that is trends N40oW. The 

majority of the fossils associated with this feature are found in the upper end of the 

exposure. The feature is associated with the exhumed channel, Site IX is approximately 

250 m from the source of the crevasse splay (Fig. 4.6). The site was described somewhat 

in the section on the crevasse splay above and the fossil orientation. There are fossils 

found in the sandy siltstone and the overlying sandy siltstone and mudstone. As stated 

above, the fossil elements collected here are from the larger taxa. 

 Site XI—Site XI is the lower-most exposure of the crevasse splay (Fig. 1.4). The 

site is separated from the main portion of the crevasse splay by the primary drainage for 

the basin that has eroded away a section of the crevasse splay. There was originally an 

abundance of small fossil limbs at the site, many of which have eroded away. The larger 

limbs were aligned parallel to the strike of the crevasse splay. Phytosaur elements were 

the most common fossils produced from this site. 

 Site XVI—Site XVI is where Sankar Chatterjee and crew collect a Paleorhinus 

skull and skeleton. This specimen, TTU-P09423, was the first specimen of Paleorhinus 

Taxon A collected. A taphonomic feature was exposed by the recovery of a dicynodont 

ilium, TTU-P11869. The ilium was discovered approximately 20 m west of Site XVI 

(Fig. 4.17). The ilium was jacketed and removed. Underneath the ilium were siltstone 

unionid steinkerns (Fig. 4.18). Steinkerns were only found underneath the ilium. The 

sediment surrounding the ilium did not produce any steinkerns. The steinkerns possessed 

sharp features and showed no evidence of transportation. The ilium was probably washed 

in on the bivalves, the shells of the bivalves were dissolved, and as the ilium became 

exposed it prevented moisture from destroying the steinkerns underneath.  

Site XXI—At the base of the measured section of Site XXI (21) is a zone of 

maceral inertinite: that indicates a wildfire event (Uhl et al., 2014). Continuing up the 

measured section at Site XXI, one encounters the sedimentary pebble conglomerate. This 

conglomerate is dipping to the west (W85oS) at approximately 23o (See Appendix G). 

The fossils collected from this site were primarily in the two meters above the pelletoid 

conglomerate and most were just above the conglomerate. The sandstone and 

conglomerate at the top of the section are at approximately the same stratigraphic level as 

the exhumed stream channel. 
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Fig. 4.17. Dicynodont ilium, TTU-P11869, west of Site XVI. 
 

 

 
Fig. 4.18. Siltstone unionid steinkerns from underneath the dicynodont ilium just west of 
Site XVI. 
 

 Site XXIII—A dicynodont skull, TTU-P10402, was collected at Site XXIII (See 

Fig. 1.4). This skull was fragmented, disarticulated, and imbedded in a blue-gray (5B 7/1) 
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mudstone (Fig. 4.19). There was a series of linear patterns of reddish-brown (10R 4/6) 

mudstone through the blue-gray mudstone the skull was in. The skull had been broken 

and disarticulated prior to burial. The skull is incomplete, indicating it was either partially 

broken and transported prior to disarticulation or it was scavenged in place. There was no 

evidence of scavenging on the remaining bone elements. The bone was well preserved 

and did not exhibit the flaking associated with Behrensmeyer Stage 2 (Behrensmeyer, 

1978).The skull was excavated, jacketed, and extracted. The red mudstone was 

interpreted during preparation of the jacket as filling mud cracks that the skull was 

imbedded in. This is the only site where mud cracks were identified. The site is on the 

western margin of the eastern lacustrine depression where other dicynodont elements 

have been collected. 

 

 

 
Fig. 4.19. Site XXIII dicynodont skull, TTU-P10402, with associated mud cracks. 
 

Site XXIV—Although, this site is reddish-brown, it appears to have been an 

ephemeral “pond”. There have been abundant metoposaurid fossils collected from this 

site. When the site was first discovered in 2000, there was a highly fragmented skull and 

skeleton of a metoposaur present. It was in such poor condition that only some of the 

better preserved elements were collected. There were other metoposaurid elements that 

were fragmented beyond recovery, but a partial metoposaur skull was collected.  
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Site XL and XLII—Measured Section XL and XLII form a continuous sequence. 

The top of Measured Section Site XL is the base of Measured Section Site XLII (See 

Appendix G). These two sites produce the most aquatic fauna found at MOTT VPL 3869. 

They are one of the few sites that have produced coprolites. These two sites have also 

produced unionid clams, partial palaeoniscid fish, “Metoposaurus” bakeri, the aquatic 

Vancleavea campi, cf. Tanystropheus, Paleorhinus Taxon A, and Phytosaurian Taxon C.  

 

Faunal Distribution Analysis 

 

The complexity of the sequence, distribution of the fossils, and the nature of the 

exposure leant positively to the analysis technique Smith utilized to examine faunal 

distribution (Smith 1993b). The lack of depositional complexity and distribution of the 

fossils does not lend positively to utilizing that technique at MOTT VPL 3869. The larger 

and more aquatic faunas were generally found in the lower portion of the sequence at 

MOTT VPL 3869, not exclusively but generally. The smaller, more terrestrial taxa were 

collected from the upper portion of the sequence at MOTT VPL 3869, not exclusively but 

generally. An analysis of the faunal distribution was made using aerial imagery. This 

provided, based on my analysis, a better evaluation of the paleoenvironmental association 

of the various taxa.  

 

Metoposauridae 

 Metoposaur elements are not uncommon at MOTT VPL 3869 (See Appendix I) 

comprising 4.1 % of all the fossil elements collected. The metoposaur fossils are 

predominately found in the lower portion of the overbank flood-plain facies around the 

margin of the basin (Fig. 4.20; Appendix J). Metoposaur elements are shown in the 

central portion of the lacustrine depression; however, these elements are in the overbank 

flood-plain sediments of the central “miter hill”.  

 There were two areas that produced a high concentration of metoposaur fossils at 

MOTT VPL 3869 and they are marked by yellow arrows in Fig. 4.20. Site XXIV, the 

southern arrow, produced the highest concentration of metoposaur elements. The 

metoposaurs may have been concentrated in an ephemeral pond during a dry season. 
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Initially there was a very weathered partial skeleton at this site. The fossils found at this 

site are highly fractured and most are only partial elements. The majority of the fossils 

are produced from a thin 30 cm interval of reddish-brown mudstone in Unit 2 of the 

section (Appendix G). 

 Site VI produced a number of a number of metoposaur fossils. Two well- 

preserved skulls of “Metoposaurus” bakeri were collected here. Associated clavicles and 

an interclavicle were collected at Site VI, along with other clavicles and vertebrae. 

 

 

 
Figure 4.20. Location of metoposaur elements collected at MOTT VPL 3869. Red dots 
indicate where metoposaur fossils occurred and yellow arrows indicate where there were 
greater concentrations of metoposaur fossils. 
 

 Another concentration of metoposaur elements was located by Gretchen Gürtler at 

what is now Site XLIII (Fig. 1.4).There have not been any complete elements collected at 

this site. The high concentration of elements may be due to the metoposaurs being 
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concentrated at an ephemeral pond. Site XLII has also produced metoposaur elements. 

This locality is where several other aquatic taxa have been collected.  

 

Dicynodontia 

 Dicynodont fossils are more common at MOTT VPL 3869 than any other locality 

in Texas (Appendix D, I) but still only account for 1.3% of the elements. The dicynodont 

fossils are concentrated around the margin of the eastern lacustrine depression (Figs. 4.1; 

4.21). The dicynodont elements were collected in the sediments of the lacustrine facies. 

All of the specimens were collected as isolated elements except for an articulated 

scapula-coracoid-precoracoid. The dicynodont fossils in the western basin were within 

the first lacustrine interval. A skull associated with mud cracks was discussed previously. 

Dicynodont fossils were not found in the overbank flood-plain facies (See Appendix J). 

 

 

 
Fig. 4.21. Location of dicynodont elements collected at MOTT VPL 3869. Red dots 
indicate where dicynodont elements occurred. 
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Archosauromorpha 

 Archosauromorphs are the most prolific group at MOTT VPL 3869, comprising 

16.4% of the elements collected (See Appendix I). The archosauromorpha include the 

drepanosaurs, tanystropheids, malerisaurs, trilophosaurs, and the azendohsaurid-like 

taxon. They were grouped together because they were found at similar sites, except for 

the tanystropheid where only one element has been found (Fig. 4.22). The taxa are 

produced primarily from the middle to lower section of the overbank flood-plains facies 

closely associated to the sedimentary clast intervals (See Appendix J). An exception to 

that is along the crevasse splay. Archosauromorphs have been found along the entire 

length of the crevasse splay. Figure 4.22 illustrates how prolific the archosauromorphs 

were along the western margin of the basin in the overbank flood-plains facies. The 

eastern occurrences were present but less common. The occurrence south of the central 

“miter hill” occurred in a small remnant mound of the flood-plain facies. 

 

 

 
Fig. 4.22. Location of archosauromorph elements collected at MOTT VPL 3869. Red 
dots indicate where archosauromorph elements occurred. 
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Phytosauria 

 Phytosaurs are one of the more common taxa at MOTT VPL 3869. This is fairly 

normal for most localities in the Dockum Group (Long and Murry, 1995). Phytosaur 

elements comprise 7.7% of all the elements collected at MOTT VPL 3869 (See Appendix 

I). Phytosaurs were also found throughout the entire section, being found in the lacustrine 

facies and the overbank flood-plain facies (Fig. 4.23). Phytosaur elements have been 

collected as low and as high stratigraphically as any other taxa (See Appendix J).  

 

 

 
Fig. 4.23. Location of phytosaur elements collected at MOTT VPL 3869. Red dots 
indicate where phytosaur elements occurred (not including isolated phytosaur teeth). 
 

Aetosauria 

 Aetosaurs are not common at MOTT VPL 3869, comprising only1.27% of the 

elements collected (See Appendix I). Aetosaurs are common in the Dockum Group (Long 

and Murry, 1995), but not at MOTT VPL 3869. Aetosaurs are like phytosaurs at MOTT 
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VPL 3869, occurring in the lacustrine facies and the overbank flood-plains facies (Fig. 

4.24). Aetosaurs occur in the lowest stratigraphic levels and in the highest stratigraphic 

levels at MOTT VPL 3869. It has been discussed as whether aetosaurs were aquatic 

(Walker, 1961) or primarily terrestrial (Lucas et al., 2002). At MOTT VPL 3869, the 

aetosaurs are well distributed between the lacustrine facies and the flood-plain facies. 

 

 

 
Fig. 4.24. Location of aetosaur elements collected at MOTT VPL 3869. Red dots indicate 
where aetosaur elements occurred. 
 

Paracrocodylomorpha 

 Paracrocodylomorphs are also uncommon at MOTT VPL 3869, comprising 

1.96% of the elements collected (See Appendix I). The paracrocodylomorphs include the 

Poposaurus, Shuvosaurus, rauisuchids, and Postosuchus. As expected, these terrestrial 

taxa were found only in the overbank flood-plains facies (Fig. 4.25). The population 

dynamics is typical for the Dockum Group (Long and Murry, 1995). 
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Fig. 4.25. Location of paracrocodylomorph elements collected at MOTT VPL 3869. Red 
dots indicate where paracrocodylomorph elements occurred. 
 
 

CONCLUSION 

The MOTT VPL has a very diverse fauna and a high percentage of new taxa. The 

new, un-named taxa include a dicynodont, drepanosaurids, a trilophosaurid, a 

tanystropheid, an azendohsaurid-like taxon, parasuchids, theropods, and Atanassov’s 

taxa. Taxa from the Boren Quarry (MOTT VPL 3869) have implications on taxonomy, 

paleogeography, and biostratigraphy during the Late Triassic. 

 The dicynodont at the Boren Quarry does not extend the chronostratigraphic 

range of dicynodonts with the Post Quarry and the Placerias Quarry being younger 

(Martz et al., 2013; Ramezani et al., 2014). It does extend the paleogeographic range of 

dicynodonts in Texas and represents a more diverse dicynodont fauna than was 

previously realized (Fig. 4.26). 



Texas Tech University, Billy D. Mueller, May 2016  

 

189 

 

 

 

 
 Fig. 4.26. Occurrences of dicynodonts in the Triassic of the southwestern United States. 
1, Fremont Co.; 2, Tanner’s Crossing; 3, Holbrook; 4, Placerias Quarry; 5, Petrified 
Forest National Park; 6, Zuni; 7, NMMNH L1410; D, MOTT VPL 0690, 3610, 3624, 
3867, 3869, 3873, 3881, and 3939.  
 
 The procolophonid and drepanosaurids from MOTT VPL 3869 extend the 

geographic range of those taxa. Libognathus sheddi is the only named procolophonid 

from the Dockum Group (Small, 1997) and there is no named drepanosaurid taxon from 

the Dockum Group. These taxa also increase the known diversity during the Late Triassic 

of the southwest United States. 

 The solitary element of cf. Tanystropheus is very distinct (Fig. 3.28). Although 

“tanystropheids” have recently been reported from the Triassic of the southwestern 

United States, Tanystropheus is not known from North America (Pritchard et al., 2015). 

The genus is known only from the Middle Triassic of Europe and Asia (Wild, 1973; 

Dalla Vecchia, 2005; Rieppel, 2001). The specimen from MOTT VPL 3869 would 
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therefore extend the temporal range for the genus from the Middle Triassic into the Late 

Triassic and the geographic range into North America. 

 Trilophosaurus Taxon A increases the diversity of this taxon. Trilophosaurus is 

not uncommon throughout the Dockum Group and Chinle Formation (Fig. 4.27) (Long 

and Murry, 1995; Spielmann et al., 2007b). Trilophosaurus at MOTT VPL 3869 re-

enforces the need for more complete, articulated specimens to analyze the post-cranial 

variation between species since the primary character to separate the species is the 

morphology of the teeth (Murry, 1987a; Heckert et al., 2006; Spielmann et al., 2007b, 

2008).  

 

 

 
Fig. 4.27. Stratigraphic occurrence of Trilophosaurus. (Adapted from Spielmann et al., 
2007b) 
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 The azendohsaurid-like taxon extends the geographic range from Morocco and 

Madagascar to North America (Dutuit, 1972; Flynn et al., 2010). The analysis of this 

taxon is currently in progress and it appears the taxon is more common than previously 

known. It has been mis-identified in various collections. 

 The Boren Quarry phytosaur taxa illustrate that there is a higher diversity of the 

basal phytosaurs in the Dockum Group than was previously recognized. It is unusual to 

have three taxa of basal phytosaurs produced from a single locality. Detailed analysis of 

the post-crania of TTU-P09423 will provide information on the taxonomy and 

morphology of basal phytosaurs and may provide characters to assist identifying basal 

phytosaurs by more than their skulls. 

 The two theropod taxa also indicate a higher dinosaur diversity in the Late 

Triassic Dockum Group than was previously realized (Sarigul, 2014). It is interesting that 

no theropod post-cranial elements have been identified at MOTT VPL 3869.   

The Triassic fluvial system influenced the fauna at MOTT VPL 3869 as was 

shown above. I have not seen personally or in the literature any other localities in the 

Dockum Group or Chinle Formation that have lacustrine depressions as seen at MOTT 

VPL 3869. This is supported by the stratigraphic implications from the steeply dipping 

sandstones on the eastern margin of the depression (Fig. 4.28). This lacustrine depression 

had a major impact on the paleoecology of the locality. This is illustrated by the taxa, 

such as the dicynodonts, that are associated with the margin of the depression (Fig. 4.21). 

The large logs on the eastern margin are also an indicator of how the depression affected 

the paleoecology (Figs. 4. 29).  

The sedimentary clast pellet conglomerate that occurs around the locality 

generally demarks a separation of some of the fauna; however, the sedimentary pebble 

conglomerates are not stratigraphically equivalent. In some areas the sedimentary clast 

pellet conglomerate s are continuous. This is very visible in the exposures along the 

southwestern portion of the locality. The exposures along the northwestern portion of the 

basin are separated by covered sections where the conglomerate cannot be traced. The 

conglomerate in the northwest and southeast portions of the locality becomes erratic (Fig. 

30). In some areas there are two zones of sedimentary clast pellet conglomerate and in  
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 Fig. 4.28. Lacustrine facies steeply dipping sandstones on the eastern margin of the 
lacustrine depression. The staff is 1 m. 
 

 

 
 Fig. 4.29. Log at Measured Section Site B. The exposed portion of the log is 15 m in 
length and the staff is 1 m (including the handle and excluding the lower-most section). 
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Fig. 4.30. Overbank flood-plain deposits at the “miter hill”. A, steeply dipping lacustrine 
sandstones; B, lacustrine deposits; C, overbank flood-plain deposits; D, sedimentary clast 
pebble conglomerate; E, conglomerate and sandstone. 
 
some areas (Site XXXIV) there are none. Plants, trees, metoposaurs, dicynodonts, and 

phytosaurs are more common below the sedimentary clast pellet conglomerate. Small 

sauropsid taxa, Malerisaurus, Trilophosaurus are more common just below, within, and 

above the sedimentary clast pellet conglomerates. Drepanosaurids and 

paracrocodylomorphs are not common but they all occurred above the sedimentary clast 

pellet conglomerates. The overbank flood-plain facies has produced the most elements at 

MOTT VPL 3869.  

Two sites in the flood-plain facies, Sites XL and XLII, are stratigraphically higher 

than the occurrences of the sedimentary clast pellet conglomerates. However, phytosaurs 

and metoposaurs are found there (Fig. 4.31). These sites also produced the cf. 

Tanystropheus and the only palaeoniscid fossils from the locality (Fig. 4.32). The fauna 

produced from these two sites indicates that this was an aquatic site. 

Higher in the overbank flood-plain facies occurs the exhumed stream channel 

sand. The channel sand occurs in the upper portion of the overbank flood-plain facies and  
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 Fig. 4.31. Fossils collected in the flood-plain facies on the eastern portion of MOTT VPL 
3869. A, Paleorhinus Taxon A skull, TTU-P12550X, at Site XL; B, “Metoposaurus” 
bakeri clavicle TTU-P18249, at Site XLII. See Fig. 1.4 for location of the sites. 
 
above the fossil sites. The exhumed channel sandstone dominates the margin of the basin 

by influencing the erosion of the locality (Fig. 4.33). The exhumed channel sandstone has 

not produced any diagnostic fossils.  

 

 

 
 Fig. 4.32. Palaeoniscid fish specimen, TTU-P16743, at Site XLII. 
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Fig. 4.33. Measured Section Site A, a cross-section of the exhumed stream channel 
formed by the main drainage for the MOTT VPL 3869 basin. 
 

The crevasse splay that is associated with the exhumed stream channel sandstone 

has produced fossil elements. The crevasse splay can be traced back to the exhumed 

stream channel sandstone using infrared aerial photography (Fig. 4.12). The crevasse 

splay forms a major feature in the MOTT VPL 3869 basin. The upper exposure of the 

crevasse splay, Site IX, produced Paleorhinus Taxon B (Fig. 4.13) and other large 

elements. The crevasse splay crossed over half of today’s exposed basin until the 

exposure terminates at Site XI (Fig.4.34). Site XI had an abundance of small fossil tree 

limbs, almost resembling a debris flow (Fig. 4.35). The site has produced primarily 

phytosaur elements.  

In summary, the fossils exhibited a variety of taphonomic processes acting on 

them. The fossils have been broken and transported; however, based on the amount of 

abrasion they were not transported an extended distance. Based on the Behrensmeyer 

stages, the fossils were not exposed for extended periods of time. The Behrensmeyer 

stages were based primarily on larger mammalian limb bones, not small reptilians, and it 

was proposed that smaller bones would weather at a slower rate (Behrensmeyer, 1978). 

The fossils at MOTT VPL 3869 exhibited varying degrees of weathering. 

 The dicynodont skull (Fig. 4.19) that was disarticulated and imbedded in mud 

cracks indicates a period of long exposure; however, the bones did not exhibit the 

deterioration of the upper stages of Behrensmeyer (1978). The Paleorhinus Taxon A 

skull collected at Site XL (Fig. 4.31 A) exhibited that the posterior portion of the skull  
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Fig. 4.34. A cross-section of the crevasse splay. Staff = 1 m. 
 

 
Fig. 4.35. Site XI, terminal exposure of the crevasse splay. The linear objects in the 
image are small fossil limbs lying parallel to the strike of the splay. (Staff = 1 m) 
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was disarticulated prior to burial but the anterior portion of the skull was intact. The 

mandible was discovered less than a meter away from the skull. There were some 

specimens that were partially articulated, with the most complete specimen being TTU-

P09423, (Paleorhinus Taxon A), but there were no complete skeletons indicating rapid 

burial. Some bones exhibited Behrensmeyer Stage 2 – Stage 3 weathering (Figs. 4.36, 

4.37).  

 

 

 
Fig. 4.36. Phytosaur femur that exhibits Behrensmeyer’s Stage 2 weathering. Scale bar = 
1 cm. 
 

 

 

 
Fig. 4.37. Poposaurus femur that exhibits Behrensmeyer’s Stage 3 weathering. Length of 
femur is 14.4 cm. 
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 Many of the fossils from MOTT VPL 3869 are broken or fractured but do not 

exhibit signs of being transported or exposed for great periods (Fig. 4.38 A). The 

principal that Behrensmeyer’s weathering stages were based on mammals and the larger 

bones (Behrensmeyer, 1978) illustrates the need for a similar study on reptiles. The ossils 

at most of the sites exhibited similar amounts of weathering and disarticulation. The 

fossils are found in concentrations that appear to be due to their transport. The fossils at 

Site III exhibited characteristics of having been buried, reworked, and reburied based on 

the calcite encrustations on the fossils collected there (Fig. 4.38 B).  

 

 

 
Fig. 4.38. Examples of fossil bone preservation. A, a typical fossil bone from MOTT 
VPL 3869; B, a reworked fossil bone from MOTT VPL 3869 Site III. 
 

The Boren Quarry exhibits some unique geologic features and has produced 

almost 2,000 fossil elements since 1999. In the future the impact of the Boren Quarry 

may rival that of the Post Quarry, the Otis Chalk Quarries, the Kalgary localities, and the 

Placerias Quarry. The new taxa in the process of being described will provide valuable 

information on the taxa, taxonomy, biostratigraphy, and chronostratigraphy of the Late 

Triassic. MOTT VPL 3869 (the Boren Quarry) has produced significant fossils in the past 

and has promise to continue producing significant fossils in the future.  
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APPENDIX A 
 

MOTT VPL 3869 FOSSIL SITES 
 
The following is a list of primary fossil sites at MOTT VPL 3869 (Boren Quarry). The 

latitudes and longitudes are based on the datum WGS84. There are other sites, such as the 

oil wells on the locality that have their locations listed.  (Also see Fig. 1.4) 

 
SITE I 32O 59.855’ N 101O 08.658’W 
  
SITE II 32 O 59.789’N  101 O 08.680’W 
 
SITE III 32 O 59.774’N  101 O 08.684’W 
  
SITE IV 32 O 59.731’N  101 O 08.686’W 
 
SITE V 32 O 59.744’N  101 O 08.679’W 
 
SITE VI 32 O 59.788’N  101 O 08.660’W 
 
SITE VII 32 O 59.723’N  101 O 08.672’W 
 
SITE VIII 32 O 59.759’N  101 O 08.570’W 
 
SITE IX 32 O 59.698’N  101 O 08.558’W 
 
SITE X 32 O 59.668’N  101 O 08.581’W 
 
SITE XI 32 O 59.744’N  101 O 08.609’W 
 
SITE XII 32 O 59.657’N  101 O 08.646’W 
 
SITE XIII 32 O 59.763’N  101 O 08.681’W 
 
SITE XIV 32 O 59.767’N  101 O 08.681’W 
 
SITE XV 32 O 59.763’N  101 O 08.682’W 
 
SITE XVI 32 O 59.778’N  101 O 08.554’W 
 
SITE XVII 32 O 59.763’N  101 O 08.561’W 
 
SITE XVIII 32 O 59.728’N  101 O 08.586’W 
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SITE XIX 32 O 59.826’N  101 O 08.659’W 
 
SITE XX 32 O 59.819’N  101 O 08.660’W 
 
SITE XXI 32 O 59.832’N  101 O 08.450’W 
 
SITE XXII 32 O 59.792’N  101 O 08.545’W 
 
SITE XXIII 32 O 59.796’N  101 O 08.541’W 
 
SITE XXIV 32 O 59.705’N  101 O 08.522’W 
 
SITE XXV 32 O 59.788’N  101 O 08.535’W 
 
SITE XXVI 32 O 59.715’N  101 O 08.683’W 
 
SITE XXVII 32 O 59.776’N  101 O 08.565’W  
 
SITE XXVIII 32 O 59.820’N  101 O 08.415’W 
 
SITE XXIX 32 O 59.796’N  101 O 08.524’W 
 
SITE XXX 32 O 59.710’N  101 O 08.568’W 
 
SITE XXXI 32 O 59.782’N  101 O 08.571’W 
 
SITE XXXII 32 O 59.691’N  101 O 08.469’W 
 
SITE XXXIII 32 O 59.928’N  101 O 08.462’W 
 
SITE XXXIV 32 O 59.896’N  101 O 08.447’W 
 
SITE XXXV 32 O 59.902’N  101 O 08.460’W 
 
SITE  XXXVI 32 O 59.766’N  101 O 08.546’W 
 
SITE  XXXVII 32 O 59.779’N  101 O 08.554’W 
 
SITE  XXXVIII 32 O 59.832’N  101 O 08.395’W 
 
SITE  XXXIX 32 O 59.973’N  101 O 08.704’W 
 
SITE XL 32 O 59.895’N  101 O 08.288’W 
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SITE XLI 32 O 59.789’N  101 O 08.350’W 
  
SITE XLII 32 O 59.880’N  101 O 08.259’W 
 
SITE XLIII 32 O 59.872’N  101 O 08.678’W 
 
SITE XLIV 32 O 59.723’N  101 O 08.592’W 
 
SITE XLV 32 O 59.962’N  101 O 08.701’W 
 
SITE XLVI 32 O 59.662’N  101 O 08.638’W 
 
SITE XLVII 32 O 59.763’N  101 O 08.509’W 
 
SITE XLVIII 32 O 59.995’N  101 O 08.683’W 
 
SITE XLIX 32 O 59.664’N 101 O 08.466’W 
 
 
Oil wells 
 
Endeavor Energy #14 Birdie R. Alexander 32o 59.904’N 101o 08.269’W 
       
Endeavor Energy #22 Birdie R. Alexander 32o 59.904’N 101o 08.531’W 
 
Quatro Oil #2 Blakey    32o 59.967’N 101o 08.654’W 
 
Log  se end 32o 59.807’N 101o 08.377’W 
Log  nw end 32o 59.815’N 101o 08.383’W 
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APPENDIX B 

 

PARTIAL INVENTORY OF TETRAPOD FOSSIL SPECIMENS  

FROM MOTT VPL 3869 

 

This is a partial inventory of fossil tetrapod specimens in the collection of the 

Museum of Texas Tech University collected from MOTT VPL 3869 prior to January 1, 

2014. A site may not be listed for specimens with catalog #s <10000 because the exact 

location of discovery is not known. If the site number is not listed and the catalog # is 

>10000, the specimen was isolated and the GPS coordinates of its discovery are recorded 

in the field notes. All specimens are in the MOTTU collection. Not all of the 1739 

specimens from MOTT VPL 3869 are listed; only the more “diagnostic” specimens are 

listed. 

 
SITE CATALOG # HIGHER TAXON ALPHA TAXON SPECIMEN 

     

VI TTU-P09424 Metoposauridae “Metoposaurus” bakeri Clavicles, interclavicle 
VI TTU-P10530 Metoposauridae “Metoposaurus” bakeri Skull 
XIX TTU-P10549 Metoposauridae “Metoposaurus” bakeri Clavicle 
IX TTU-P10556 Metoposauridae “Metoposaurus” bakeri Interclavicle 
XXIV TTU-P10568 Metoposauridae “Metoposaurus” bakeri Skull, fragmentary 
 TTU-P11043 Metoposauridae “Metoposaurus” bakeri Clavicle 
VI TTU-P11046 Metoposauridae “Metoposaurus” bakeri Skull 
XXIV TTU-P11152 Metoposauridae “Metoposaurus” bakeri Skull fragment 
XX TTU-P11663 Metoposauridae “Metoposaurus” bakeri Interclavicle 
IV TTU-P15125 Metoposauridae “Metoposaurus” bakeri Clavicle 
XLII TTU-P18249 Metoposauridae “Metoposaurus” bakeri Clavicle 
XXIV TTU-P18282 Metoposauridae “Metoposaurus” bakeri Clavicle 
XX TTU-P19036 Metoposauridae “Metoposaurus” bakeri Clavicle, partial 
 TTU-P19189 Metoposauridae “Metoposaurus” bakeri Interclavicle 
XIX TTU-P19702 Metoposauridae “Metoposaurus” bakeri Skull, prefrontal 
XXIV TTU-P19743 Metoposauridae “Metoposaurus” bakeri Interclavicle 
VI TTU-P19806 Metoposauridae “Metoposaurus” bakeri Clavicle 
XXI TTU-P19907 Metoposauridae “Metoposaurus” bakeri Interclavicle 
XX TTU-P22379 Metoposauridae “Metoposaurus” bakeri Interclavicle 
 TTU-P09607 Metoposauridae Indeterminate Occipital condyle 
VI TTU-P10488 Metoposauridae Indeterminate Vertebra 
XXIV TTU-P10544 Metoposauridae Indeterminate Vertebra 
VIII TTU-P10547 Metoposauridae Indeterminate Tooth 
VI TTU-P10649 Metoposauridae Indeterminate Tooth 
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XI TTU-P10694 Metoposauridae Indeterminate Skull fragment 
 TTU-P10864 Metoposauridae Indeterminate Vertebra 
XXIV TTU-P11149 Metoposauridae Indeterminate Vertebrae 
XV TTU-P11300 Metoposauridae Indeterminate Jaw fragment 
XXIV TTU-P11321 Metoposauridae Indeterminate Ilium 
XXIV TTU-P11322 Metoposauridae Indeterminate Ilium 
XX TTU-P11675 Metoposauridae Indeterminate Jaw fragment 
VI TTU-P11687 Metoposauridae Indeterminate Atlas vertebra 
XXIV TTU-P12387X Metoposauridae Indeterminate Femur 
XXIV TTU-P12419X Metoposauridae Indeterminate Vertebra 
VI TTU-P12421X Metoposauridae Indeterminate Tooth 
XXIV TTU-P12528X Metoposauridae Indeterminate Vertebra 
XXIV TTU-P12930X Metoposauridae Indeterminate Vertebra 
IX TTU-P12971 Metoposauridae Indeterminate Skull fragments 
XLII TTU-P14201 Metoposauridae Indeterminate Skull fragment 
XXIV TTU-P14333 Metoposauridae Indeterminate Ilium 
XXIV TTU-P14287 Metoposauridae Indeterminate Femur 
XXIV TTU-P14388 Metoposauridae Indeterminate Femur 
V TTU-P14872 Metoposauridae Indeterminate Atlas vertebra 
XXIV TTU-P14926 Metoposauridae Indeterminate Vertebra 
XXIV TTU-P15124 Metoposauridae Indeterminate Ilium 
V TTU-P15597 Metoposauridae Indeterminate Vertebra 
 TTU-P18195 Metoposauridae Indeterminate Vertebra 
 TTU-P18196 Metoposauridae Indeterminate Vertebra 
 TTU-P18197 Metoposauridae Indeterminate Vertebra 
XXIV TTU-P18198 Metoposauridae Indeterminate Vertebra 
XXVI TTU-P18199 Metoposauridae Indeterminate Vertebrae 
XXIV TTU-P18250 Metoposauridae Indeterminate Bone fragments 
XXIV TTU-P18251 Metoposauridae Indeterminate Ilium 
IV TTU-P18270 Metoposauridae Indeterminate Scapula 
XXIV TTU-P18284 Metoposauridae Indeterminate Ilium 
XXIV TTU-P18285 Metoposauridae Indeterminate Vertebra 
XXIV TTU-P18286 Metoposauridae Indeterminate Skull fragments 
XLII TTU-P18499 Metoposauridae Indeterminate Humerus 
 TTU-P19321 Metoposauridae Indeterminate Vertebra 
XXIV TTU-P19690 Metoposauridae Indeterminate Vertebrae 
XXIV TTU-P19703 Metoposauridae Indeterminate Femur 
XXIV TTU-P19704 Metoposauridae Indeterminate Vertebra 
IX TTU-P19712 Metoposauridae Indeterminate Femur 
XXIV TTU-P19715 Metoposauridae Indeterminate Vertebra 
XXIV TTU-P19719 Metoposauridae Indeterminate Tooth 
XLIII TTU-P19737 Metoposauridae Indeterminate Nasal, maxilla 
 TTU-P19829 Metoposauridae Indeterminate Skull, lacrimal 
XXIV TTU-P22392 Metoposauridae Indeterminate Ilium 
 TTU-P22537 Metoposauridae Indeterminate Vertebra 
     
V TTU-P10657 Anura ? Incertae sedis Vertebra 
     
XVII TTU-P09421 Dicynodontidae n. gen, n. sp. Mandible 
XXIII TTU-P10402 Dicynodontidae n. gen, n. sp. Skull, partial 
XVIII TTU-P10407 Dicynodontidae n. gen, n. sp. Tusk 
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XXXIV TTU-P10751 Dicynodontidae n. gen, n. sp. Radius, proximal 
XXXIV TTU-P10752 Dicynodontidae n. gen, n. sp. Squamosal 
XVII TTU-P10753 Dicynodontidae n. gen., n. sp. Vertebra 
XXXIV TTU-P11150 Dicynodontidae n. gen., n. sp. Radius, distal 
XXXIV TTU-P11292 Dicynodontidae n. gen., n. sp. Squamosal 
XXXV TTU-P11669 Dicynodontidae n. gen., n. sp. Vertebra 
XXIII TTU-P11861 Dicynodontidae n. gen., n. sp. Vertebra 
XXIII TTU-P11862 Dicynodontidae n. gen., n. sp. Vertebra 
XXIII TTU-P11863 Dicynodontidae n. gen., n. sp. Vertebra 
XXXVII TTU-P11869 Dicynodontidae n. gen., n. sp. Ilium 
XXXVIII TTU-P11870 Dicynodontidae n. gen., n. sp. Scapula 
XXIX TTU-P11871 Dicynodontidae n. gen., n. sp. Humerus, distal 
XLI TTU-P12141X Dicynodontidae n. gen., n. sp. Squamosal fragment 
 TTU-P16999 Dicynodontidae n. gen., n. sp. Scapula 
XVI TTU-P18107 Dicynodontidae n. gen., n. sp. Skull, partial 
 TTU-P18108 Dicynodontidae n. gen., n. sp. Pubis 
XVIII TTU-P19195 Dicynodontidae n. gen., n. sp. Articular 
XXXI TTU-P20042 Dicynodontidae n. gen., n. sp. Humerus, left 
     
 TTU-P10827 Eucynodontia incertae sedis Tooth 
     
I TTU-P10415 Cynodontia incertae sedis Humerus 
I TTU-P10539 Cynodontia incertae sedis Humerus, distal 
     
IV TTU-P09619 Procolophonidae incertae sedis Jaw with teeth 
XIII TTU-P10882 Procolophonidae incertae sedis Dentary with teeth 
     
 TTU-P09487 Rhynchocephalia incertae sedis Jaw section with teeth 
IV TTU-P10749 Rhynchocephalia incertae sedis Jaw section with teeth 
IV TTU-P10756 Rhynchocephalia incertae sedis Jaw section with teeth 
I TTU-P11194 Rhynchocephalia incertae sedis Jaw fragment 
IV TTU-P19782 Rhynchocephalia incertae sedis Jaw section with teeth 
     
IV TTU-P10870 Drepanosauridae Drepanosauridae Taxon 

A 
Vertebra, atlas 

V TTU-P10843 Drepanosauridae Incertae sedis Terminal caudal 
element 

XIII TTU-P18231 Drepanosauridae Incertae sedis Vertebra 
V TTU-P22262 Drepanosauridae Incertae sedis Vertebra 
IV TTU-P22469 Drepanosauridae Incertae sedis Vertebra 
V TTU-P22262 Drepanosauridae Incertae sedis Vertebra 
V TTU-P22471 Drepanosauridae Incertae sedis Terminal caudal 

element 
     
XLII TTU-P22575 Tanystropheidae cf. Tanystropheus Vertebra, cervical 
     
 TTU-P Archosauromorpha Archosauromorpha 

taxon A  
 

     
 TTU-P Archosauromorpha Archosauromorpha 

taxon B 
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I TTU-P09616 Archosauromorpha Malerisaurus langstoni Humerus 
V TTU-P10443 Archosauromorpha Malerisaurus langstoni Femur 
IV TTU-P10482 Archosauromorpha Malerisaurus langstoni Jaw fragment 
 TTU-P10553 Archosauromorpha Malerisaurus langstoni Humerus 
 TTU-P10564 Archosauromorpha Malerisaurus langstoni Femur 
 TTU-P10565 Archosauromorpha Malerisaurus langstoni Humerus 
 TTU-P10566 Archosauromorpha Malerisaurus langstoni Vertebrae 
 TTU-P10567 Archosauromorpha Malerisaurus langstoni Femur 
IV TTU-P11111 Archosauromorpha Malerisaurus langstoni Skull roof 
IV TTU-P11334 Archosauromorpha Malerisaurus langstoni Femur, distal 
IV TTU-P11335 Archosauromorpha Malerisaurus langstoni Femur, distal 
IV TTU-P11336 Archosauromorpha Malerisaurus langstoni Vertebra 
I TTU-P11340 Archosauromorpha Malerisaurus langstoni Humerus 
V TTU-P11688 Archosauromorpha Malerisaurus langstoni Femur, proximal 
I TTU-P11689 Archosauromorpha Malerisaurus langstoni Humerus 
IV TTU-P11887 Archosauromorpha Malerisaurus langstoni Femur, proximal 
IV TTU-P11888 Archosauromorpha Malerisaurus langstoni Pubis 
XIII TTU-P12139X Archosauromorpha Malerisaurus langstoni Femur 
IV TTU-P12429X Archosauromorpha Malerisaurus langstoni Femur 
I TTU-P12436X Archosauromorpha Malerisaurus langstoni Femur 
I TTU-P12437X Archosauromorpha Malerisaurus langstoni Femur 
V TTU-P12450X Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P12464X Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P12500X Archosauromorpha Malerisaurus langstoni Femur, proximal 
IV TTU-P12504X Archosauromorpha Malerisaurus langstoni Femur, proximal 
I TTU-P12825X Archosauromorpha Malerisaurus langstoni Vertebra 
I TTU-P12926X Archosauromorpha Malerisaurus langstoni Femur 
V TTU-P13000 Archosauromorpha Malerisaurus langstoni Femur 
IV TTU-P14380 Archosauromorpha Malerisaurus langstoni Vertebrae 
I TTU-P14510 Archosauromorpha Malerisaurus langstoni Femur 
IV TTU-P14581 Archosauromorpha Malerisaurus langstoni Humerus 
IV TTU-P14584 Archosauromorpha Malerisaurus langstoni Humerus 
IV TTU-P14585 Archosauromorpha Malerisaurus langstoni Vertebra 
I TTU-P14612 Archosauromorpha Malerisaurus langstoni Scapula 
V TTU-P14790 Archosauromorpha Malerisaurus langstoni Femur, distal 
IV TTU-P14799 Archosauromorpha Malerisaurus langstoni Tibia 
V TTU-P14884 Archosauromorpha Malerisaurus langstoni Femur 
V TTU-P14893 Archosauromorpha Malerisaurus langstoni Femur 
IV TTU-P14995 Archosauromorpha Malerisaurus langstoni Humerus 
V TTU-P14996 Archosauromorpha Malerisaurus langstoni Femur 
IV TTU-P14997 Archosauromorpha Malerisaurus langstoni Humerus 
V TTU-P14998 Archosauromorpha Malerisaurus langstoni Humerus 
 TTU-P15102 Archosauromorpha Malerisaurus langstoni Humerus 
 TTU-P15103 Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P15383 Archosauromorpha Malerisaurus langstoni Vertebra 
I TTU-P16787 Archosauromorpha Malerisaurus langstoni Humerus 
 TTU-P16960 Archosauromorpha Malerisaurus langstoni Vertebra 
 TTU-P16961 Archosauromorpha Malerisaurus langstoni Vertebra 
 TTU-P16962 Archosauromorpha Malerisaurus langstoni Vertebra 
 TTU-P16963 Archosauromorpha Malerisaurus langstoni Vertebra 
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 TTU-P16964 Archosauromorpha Malerisaurus langstoni Vertebra 
I TTU-P16970 Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P16971 Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P16972 Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P16973 Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P17064 Archosauromorpha Malerisaurus langstoni Humerus 
I TTU-P17065 Archosauromorpha Malerisaurus langstoni Fibula 
III TTU-P18152 Archosauromorpha Malerisaurus langstoni Humerus 
III TTU-P19554 Archosauromorpha Malerisaurus langstoni Vertebra 
V TTU-P19646 Archosauromorpha Malerisaurus langstoni Femur 
V TTU-P19736 Archosauromorpha Malerisaurus langstoni Femur 
V TTU-P19755 Archosauromorpha Malerisaurus langstoni Femur 
V TTU-P19783 Archosauromorpha Malerisaurus langstoni Femur 
I TTU-P20071 Archosauromorpha Malerisaurus langstoni Femur 
I TTU-P22393 Archosauromorpha Malerisaurus langstoni Vertebra 
I TTU-P22573 Archosauromorpha Malerisaurus langstoni Humerus 
 TTU-P22715 Archosauromorpha Malerisaurus langstoni Femur 
     
 TTU-P09500 Archosauromorpha Trilophosaurus Mandible 
 TTU-P09739 Archosauromorpha Trilophosaurus Humerus 
XII TTU-P10416 Archosauromorpha Trilophosaurus Mandible 
I TTU-P10426 Archosauromorpha Trilophosaurus Tooth 
IV TTU-P10580 Archosauromorpha Trilophosaurus Jaw sections w/ teeth 
XII TTU-P10589 Archosauromorpha Trilophosaurus Astragalus 
IV TTU-P10590 Archosauromorpha Trilophosaurus Metatarsal, 5th 
 TTU-P10629 Archosauromorpha Trilophosaurus Humerus, distal 
 TTU-P10900 Archosauromorpha Trilophosaurus Mandible 
IV TTU-P12130X Archosauromorpha Trilophosaurus Jaw fragment 
IV TTU-P10131X Archosauromorpha Trilophosaurus Mandible 
IV TTU-P12379X Archosauromorpha Trilophosaurus Calcaneum 
I TTU-P12404X Archosauromorpha Trilophosaurus Scapula 
IV TTU-P12523X Archosauromorpha Trilophosaurus Prefrontal 
I TTU-P12526X Archosauromorpha Trilophosaurus Radiale 
I TTU-P12588X Archosauromorpha Trilophosaurus Mandible 
IV TTU-P12989 Archosauromorpha Trilophosaurus Calcaneum 
V TTU-P14103 Archosauromorpha Trilophosaurus Scapulacoracoid 
     
 TTU-P09495 Archosauromorpha Trilophosaurus 

buettneri 
Dentary 

IV TTU-P12401X Archosauromorpha Trilophosaurus 
buettneri 

Dentary 

     
 TTU-P09488 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
 TTU-P09496 Archosauromorpha Trilophosaurus jacobsi Tooth 
III TTU-P09618 Archosauromorpha Trilophosaurus jacobsi Mandible w/ teeth 
XII TTU-P10405 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
I TTU-P10411 Archosauromorpha Trilophosaurus jacobsi Tooth 
IV TTU-P10418 Archosauromorpha Trilophosaurus jacobsi Tooth 
II TTU-P10422 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
I TTU-P10424 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
I TTU-P10425 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
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II TTU-P10427 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
II TTU-P10429 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
IV TTU-P10431 Archosauromorpha Trilophosaurus jacobsi Mandible 
IV TTU-P10531 Archosauromorpha Trilophosaurus jacobsi Mandible 
III TTU-P10581 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
IV TTU-P10584 Archosauromorpha Trilophosaurus jacobsi Jaw fragment 
V TTU-P10585 Archosauromorpha Trilophosaurus jacobsi Maxilla fragment 
IV TTU-P10876 Archosauromorpha Trilophosaurus jacobsi Maxilla fragment 
V TTU-P11873 Archosauromorpha Trilophosaurus jacobsi Dentary fragment 
IV TTU-P12109X Archosauromorpha Trilophosaurus jacobsi Astragalus 
V TTU-P12409X Archosauromorpha Trilophosaurus jacobsi Jaw section 
IV TTU-P15469 Archosauromorpha Trilophosaurus jacobsi Maxilla fragment 
XII TTU-P16192 Archosauromorpha Trilophosaurus jacobsi Vertebra 
     
I TTU-P10413 Archosauromorpha Trilophosaurus 

dornorum 
Maxilla w/ teeth 

III TTU-P10582 Archosauromorpha Trilophosaurus 
dornorum 

Mandible 

XII TTU-P10586 Archosauromorpha Trilophosaurus 
dornorum 

Mandible 

XII TTU-P10587 Archosauromorpha Trilophosaurus 
dornorum 

Mandible 

     
V TTU-P10408 Archosauromorpha Trilophosaurus Taxon 

A 
Mandible fragment 

I TTU-P10412 Archosauromorpha Trilophosaurus Taxon 
A 

Mandible fragment 

IV TTU-P10428 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

I TTU-P10430 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

IV TTU-P10709 Archosauromorpha Trilophosaurus Taxon 
A 

Mandible fragment 

IV TTU-P10965 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

III TTU-P11371 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

III TTU-P11620 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

I TTU-P11694 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

V TTU-P11695 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

I TTU-P12408X Archosauromorpha Trilophosaurus Taxon 
A 

Mandible fragment 

IV TTU-P14209 Archosauromorpha Trilophosaurus Taxon 
A 

Jaw fragment 

     
IV TTU-P10484 Archosauromorpha Azendohsaurid-like 

taxon 
Premaxilla, left 

IV TTU-P10485 Archosauromorpha Azendohsaurid-like 
taxon 

Premaxilla 
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V TTU-P10533 Archosauromorpha Azendohsaurid-like 
taxon 

Premaxilla, right 

IV TTU-P10631 Archosauromorpha Azendohsaurid-like 
taxon 

Premaxilla 

IV TTU-P10748 Archosauromorpha Azendohsaurid-like 
taxon 

Premaxilla 

IV TTU-P11047 Archosauromorpha Azendohsaurid-like 
taxon 

Premaxilla 

IV TTU-P11212 Archosauromorpha Azendohsaurid-like 
taxon 

Premaxilla with teeth 

III TTU-P11711 Archosauromorpha Azendohsaurid-like 
taxon 

Premaxilla, left 

V TTU-P10516 Archosauromorpha Azendohsaurid-like 
taxon 

Maxilla with teeth 

IV TTU-P14813 Archosauromorpha Azendohsaurid-like 
taxon 

Dentary 

IV TTU-P20082 Archosauromorpha Azendohsaurid-like 
taxon 

Jaw with teeth 

     
V TTU-P11677 Archosauromorpha cf.Otischalkia elderae Humerus 
I TTU-P14230 Archosauromorpha cf.Otischalkia elderae Humerus, distal 
V TTU-P14690 Archosauromorpha cf.Otischalkia elderae Femur, proximal 
I TTU-P15036 Archosauromorpha cf.Otischalkia elderae Vertebra 
XIX TTU-P16709 Archosauromorpha cf.Otischalkia elderae Femur 
VI TTU-P16765 Archosauromorpha cf.Otischalkia elderae Humerus 
I TTU-P18291 Archosauromorpha cf.Otischalkia elderae Humerus 
IV TTU-P19503 Archosauromorpha cf.Otischalkia elderae Metatarsals 
I TTU-P20069 Archosauromorpha cf.Otischalkia elderae Humerus, distal 
I TTU-P22386 Archosauromorpha cf.Otischalkia elderae Femur 
I TTU-P22410 Archosauromorpha cf.Otischalkia elderae Femur, distal 
     
V TTU-P14788 Archosauroformes Vancleavea campi Osteoderm 
V TTU-P16766 Archosauroformes Vancleavea campi Osteoderm 
XL TTU-P18212 Archosauroformes Vancleavea campi Osteoderm 
VI TTU-P18236 Archosauroformes Vancleavea campi Osteoderm 
I TTU-P19205 Archosauroformes Vancleavea campi Vertebra 
I TTU-P23055 Archosauroformes Vancleavea campi Vertebra 
     
 TTU-P11518 Archosauroformes Doswellia kaltenbachi Osteoderm 
XLIV TTU-P19726 Archosauroformes Doswellia kaltenbachi Osteoderm 
 TTU-P22385 Archosauroformes Doswellia kaltenbachi Osteoderm 
     
IV TTU-P15412 Archosauroformes incertae sedis Vertebra 
     
XLII TTU-P14130 Phytosauria Phytosauria n. sp. Squamosal 
     
 TTU-P09422 Parasuchidae “Paleorhinus” n. sp. Prenarial skull and 

mandible 
XVI TTU-P09423 Parasuchidae “Paleorhinus” Taxon A Skull and skeleton 
XL TTU-P12550X Parasuchidae “Paleorhinus” Taxon A Skull 
XLVII TTU-P22373 Parasuchidae “Paleorhinus” Taxon A Squamosal, Postorbital 
IX TTU-P19738 Parasuchidae “Paleorhinus” Taxon B Skull 
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XL TTU-P14319 Parasuchidae “Paleorhinus” incertae 
sedis 

Mandible 

     
XII TTU-P19501 Stagonolepididae Calyptosuchus wellesi Osteoderm 
     
XXII TTU-P10406 Stagonolepididae incertae sedis Osteoderm 
 TTU-P10747 Stagonolepididae incertae sedis Osteoderm 
V TTU-P11148 Stagonolepididae incertae sedis Osteoderm 
V TTU-P11750 Stagonolepididae incertae sedis Osteoderm 
 TTU-P12551X Stagonolepididae incertae sedis Osteoderm 
VI TTU-P16708 Stagonolepididae incertae sedis Osteoderm 
XVIII TTU-P11595 Stagonolepididae incertae sedis Osteoderm 
I TTU-P12447X Stagonolepididae incertae sedis Osteoderm 
V TTU-P12451X Stagonolepididae incertae sedis Osteoderm 
 TTU-P12569X Stagonolepididae incertae sedis Osteoderm 
VIII TTU-P12927X Stagonolepididae incertae sedis Osteoderm 
I TTU-P14291 Stagonolepididae incertae sedis Vertebra 
XLI TTU-P14500 Stagonolepididae incertae sedis Phalanx 
XXII TTU-P18125 Stagonolepididae incertae sedis Osteoderm 
VI TTU-P19193 Stagonolepididae incertae sedis Osteoderm 
XIX TTU-P19684 Stagonolepididae incertae sedis Osteoderm 
XLIV TTU-P19726 Stagonolepididae incertae sedis Osteoderm 
     
XXI TTU-P10444 Paracrocodylomorpha Incertae sedis Tooth 
XXXI TTU-P10512 Paracrocodylomorpha Incertae sedis Tooth 
VI TTU-P10513 Paracrocodylomorpha Incertae sedis Tooth 
IV TTU-P14354 Paracrocodylomorpha Incertae sedis Tooth 
IV TTU-P14803 Paracrocodylomorpha Incertae sedis Tooth 
XLII TTU-P16719 Paracrocodylomorpha Incertae sedis Tooth 
VI TTU-P18206 Paracrocodylomorpha Incertae sedis Tooth 
 TTU-P17002 Paracrocodylomorpha Incertae sedis Coracoid 
 TTU-P23165 Paracrocodylomorpha Incertae sedis Tooth 
     
XII TTU-P16705 Poposauridae Poposaurus elegans Femur 
VI TTU-P18477 Poposauridae Poposaurus elegans Vertebra, cervical 
     
VI TTU-P10555 Poposauridae Shuvosaurus 

inexpectatus 
Vertebra fragment 

I TTU-P10837 Poposauridae Shuvosaurus 
inexpectatus 

Astragalus 

XIII TTU-P10880 Poposauridae Shuvosaurus 
inexpectatus 

Ungual 

XIII TTU-P12455X Poposauridae Shuvosaurus 
inexpectatus 

Ungual 

IV TTU-P12968X Poposauridae Shuvosaurus 
inexpectatus 

Vertebra 

     
 TTU-P19178 Rauisuchidae cf. Postosuchus 5th Metatarsal 
     
IV TTU-P11646 Crocodylomorpha incertae sedis Femur, proximal 
IV TTU-P12036X Crocodylomorpha incertae sedis Femur, proximal 
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IV TTU-P12133X Crocodylomorpha incertae sedis Femur, proximal 
IV TTU-P12470X Crocodylomorpha incertae sedis Tooth 
IV TTU-P14870 Crocodylomorpha incertae sedis Femur, proximal 
XIV TTU-P22249 Crocodylomorpha incertae sedis Femur, proximal 
     
 TTU-P10546 Dinosauromorpha Dromomeron gregorii Tibia, right 
     
V TTU-P10514 Theropoda Taxon A Mandible 
V TTU-P10515 Theropoda Taxon B Mandible 
V TTU-P10517 Theropoda Taxon A Mandible 
     
     
 ENIGMATIC TAXA / ELEMENTS   
     
V TTU-P10096 Archosauria Procoelous taxon A Vertebra 
IV TTU-P10833 Archosauria Procoelous taxon A Vertebra 
I TTU-P10090 Archosauria Procoelous taxon A Vertebra 
     
V TTU-P10210 Archosauria Procoelous taxon B Vertebra 
V TTU-P10211 Archosauria Procoelous taxon B Vertebra 
V TTU-P10212 Archosauria Procoelous taxon B Vertebra 
V TTU-P10213 Archosauria Procoelous taxon B Vertebra 
V TTU-P10214 Archosauria Procoelous taxon B Vertebra 
V TTU-P10215 Archosauria Procoelous taxon B Vertebra 
V TTU-P10216 Archosauria Procoelous taxon B Vertebra 
I TTU-P10217 Archosauria Procoelous taxon B Vertebra 
IV TTU-P10345 Archosauria Procoelous taxon B Vertebra 
IV TTU-P11323 Archosauria Procoelous taxon B Vertebra 
V TTU-P14453 Archosauria Procoelous taxon B Vertebra 
II TTU-P14541 Archosauria Procoelous taxon B Vertebra 
V TTU-P15899 Archosauria Procoelous taxon B Vertebra 
XV TTU-P16614 Archosauria Procoelous taxon B Vertebra 
V TTU-P18264 Archosauria Procoelous taxon B Vertebra 
IV TTU-P18478 Archosauria Procoelous taxon B Vertebra 
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APPENDIX C 

 

MOTT VPL 3869 “METOPOSAURUS” BAKERI SKULL MEASUREMENTS 

 

Measurement TTU-P10530 TTU-P11046 
 * incomplete  
overall skull length 414 460* 
symphyseal skull length 361 428* 
postnarial skull length 296 400 
postorbital skull length 182 268 
preorbital skull length 135 120* 
post pineal skull length 58 96 
pineal length 9.5 10 
premaxilla length 35 ? 
Posterior skull length 17 24 
skull height at symphysis 65 72 
   
skull width (maximum) 294 384 
pineal skull width 286 348 
postorbital skull width 193 244 
postnarial skull width 126 162 
premaxilla width 113 136 
skull margin width at orbit 16 16 
   
tabular width 133 160 
Inter-otic notch width 129 144 
condyle width 35 33 
exocciputal width 60  
frontals length 129 108 
frontals width (both together) 62 64 
jugal length 184 235 
   
interorbital width 96 124 
orbital length left  
(maximum) 46 54 
orbital length right 46 55 
orbital width left   30 39 
orbital width right 30 40 
length of lacrimal in orbital 
contact 0 0 
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internarial width 35 36 
nares length left 36  
nares length right 38  
nares width left 22  
nares width right 24  
   
prepineal parietal length 
(overall) 86 100 
parietal length (overall) 108 124 
post-pineal parietal length   
parietal width 64 64 
parietal - post-parietal contact 
width 44 40 
post-parietal length 43 47 
post-parietal width 78 74 
   
skull angle 33 33 
nasal/prefrontal angle 60 60 
frontal/postfrontal angle 38 29 
parietals/supratemporal angle 16.5  
quadrate/squamosal angle 38  
rear skull angle 91  
otic notch angle 35  
   
lacrimal length left 42 54 
lacrimal length right 41 51 
lacrimal width left 15 20 
lacrimal width right 16  
  20 
tabular angle left 41  
tabular angle right 37  
otic notch length left 40 32 
otic notch length  right 40 33 
otic notch width left 17  
otic notch width  right 17 61 
otic notch transect left   
otic notch transect right   
   
supra temporal length left 86 108 
supra temporal length  right 87 111 
post sensory canal 
supratemporal length left 18 17 
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post sensory canal 
supratemporal length  right 17 17 
supra temporal width 46  
   
Parasphenoid width at 
posterior of vomer 31 26 
Minimum width of cultiform 
process 31 24 
   
Interpterygoid vacuity length 
left 176 210 
Interpterygoid vacuity length 
right 178 221 
Interpterygoid vacuity width 
left 63 84 
Interpterygoid vacuity width 
right 64 84 
pre Interpterygoid vacuity 
length left 221 96* 
pre Interpterygoid vacuity 
length  right 221 102* 
post Interpterygoid vacuity 
length left 78 84 
post Interpterygoid vacuity 
length right 72 86 
Interpterygoid vacuity length 
anterior to widest point 65 82 
   
Palatine length 87 91 
Ectopterygoid length 117 114 
palatal process of jugal length   
   
Parasphenoid width 51 70 
parasphenoid length 281 325 
Pre-parasphenoid Vomer 
length 24 40 
Vomer length 143 56 
Intervomer vacuity diameter  15 
   
length of internal nares 37 38 
width of internal nares 16 18 
internarial width of internal 
nares 75 92 
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prenarial length of skull from 
internal nares 75 60* 
   
diameter of prenarial aperture 21 25 
interapertural width between 
prenarial apertures 20 60 
   
skull length anterior to 
posterior of secondary tooth  
row 

257 

276* 
skull length anterior to 
posterior of primary tooth 
row 

263 

282* 
   
Height of quadrate foramen 15 20 
Width of quadrate foramen 44 49 
width of foramen magnum 22 28 
   
Subtemporal foramen length 105 122 
Minimum width between 
subtemporal foramen 130 152 
Palatine ramus of pterygoid 
width 27 29 
Post Quadrate length 53 42 
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APPENDIX D 

 

MOTTU DICYNODONT ELEMENT INVENTORY 

 

Locality and Site Catalogue number Element 
MOTT VPL 0690 TTU-P10492 Maxilla fragment 
MOTT VPL 0690 TTU-P10493 Jugal-maxilla fragment 
MOTT VPL 0690 TTU-P11447 Sternum 
MOTT VPL 0690 TTU-P12956X Coprolite 
MOTT VPL 0690 TTU-P14283 Squamosal 
MOTT VPL 0690 07 TTU-P15875 Maxilla Fragment 
MOTT VPL 0690 08 TTU-P14041 Coprolite 
MOTT VPL 0690 08 TTU-P22650 Coprolite 
MOTT VPL 0690 27 TTU-P22441 Tusk 
MOTT VPL 3610 TTU-P22645 Squamosal 
MOTT VPL 3624 TTU-P09417 Femur left 
MOTT VPL 3867 TTU-P19224 Humerus, partial 
MOTT VPL 3867 2 TTU-P10404 Scapula, right 
MOTT VPL 3869 TTU-P16999 Scapula 
MOTT VPL 3869 TTU-P18108 Pubis 
MOTT VPL 3869 16 TTU-P18107 Skull, partial 
MOTT VPL 3869 17 TTU-P10753 Vertebrae 
MOTT VPL 3869 17 TTU-P09421 Mandible 
MOTT VPL 3869 18 TTU-P10407 Tusk, partial  
MOTT VPL 3869 18 TTU-P19195 Rt. Articular 
MOTT VPL 3869 23 TTU-P10402 Skull, partial 
MOTT VPL 3869 23 TTU-P11861 Vertebra, dorsal 
MOTT VPL 3869 23 TTU-P11862 Vertebra, dorsal 
MOTT VPL 3869 23 TTU-P11863 Vertebral fragments 
MOTT VPL 3869 29 TTU-P11871 Humerus, distal 
MOTT VPL 3869 31 TTU-P20042 Humerus, left 
MOTT VPL 3869 34 TTU-P10751 Radius, proximal, left  
MOTT VPL 3869 34 TTU-P10752 Squamosal 
MOTT VPL 3869 34 TTU-P11150 Radius, distal, left  
MOTT VPL 3869 34 TTU-P11292 Squamosal fragments, left 
MOTT VPL 3869 34 TTU-P19196 Skull fragment 
MOTT VPL 3869 35 TTU-P11669 Vertebra 
MOTT VPL 3869 37 TTU-P11869 Ilium 

MOTT VPL 3869 38 TTU-P11870 
Scapula, coracoid, pre-
coracoid 
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MOTT VPL 3869 41 TTU-P12141X Squamosal fragment 
MOTT VPL 3873 TTU-P22439 Scapula, proximal 
MOTT VPL 3881 TTU-P10421 Humerus, left  
MOTT VPL 3939 01 TTU-P18299 Vertebrae 
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APPENDIX E 

 

MOTT VPL 3869 KANNEMEYERIIFORM TAXON A 

PHYLOGENETIC CODING 

 

The character set used was the character set from Kammerer et al., 2013.  The 

Kannemeyeriiform Taxon A was coded and added to that matrix and Paup was used to 

analyze the data. The codings below are for Kannemeyeriiform Taxon A (MOTTU 

Taxon A). The results of the analysis are shown in Fig. 3.18. 

 

MOTTU Taxon A  

?????????? ???1???0?2 20?11?0??0 ??????0001 0121100012 5100?121?0 ?????????? 

?????????? ?????12210 ????0?0?11 1210111311 1100111111 ?10??10100 ?0000????? 

?0???????? ??? 
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APPENDIX F 

 
MOTT VPL 3869 PHYTOSAURIAN PHYLOGENETIC CODINGS 

 
 

 The phylogenetic analysis was made using the characters frrom Butler et al. (2014) and 

Kammerer (2015). The MOTTU specimens were coded and added to Kammerer’s matrix 

codings and the analysis was performed using Paup. Although Taxon B is still being prepared 

and was not described in the dissertation text, most of the characters for the analysis were 

identifiable and the codings were used in the analysis. The results are shown in Figure 3.53. 

 

TTU-P09423   “Paleorhinus” Taxon A

 010111110120022010301200101110100100000001001000 

 

TTU-P12550   “Paleorhinus” Taxon A 

01?? ?11101200?2?10301?????????????????????? 0??00 

 

TTU-P19736  “Paleorhinus” Taxon B 

1131111101?1012010?11100000??1100002?0?0???01000 
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APPENDIX G 

MOTT VPL 3869 MEASURED SECTIONS 

 

 All of the measured sections are within the basin of MOTT VPL 3869 (Fig. AG.1) 

and in the lower Tecovas Formation. The heading for the description of each measured 

section provides the site number or name, the map coordinates, the strike of the measured 

section, and the thickness of the measured section. The GPS readings (latitude and 

longitude coordinates) are where the measured section was started and the strike is the 

direction in which the section was measured. WGS 84 was the coordinate system used for 

all GPS readings. 

 

	  
 

Fig. AG.1. Sketch map of MOTT VPL 3869 showing the location of measured sections. 
Measured sections are shown in red. 
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The upper-most covered or alluvial sections were not measured, diagramed, or 

described. The measured sections were measured utilizing a Jacob’s staff, a meter staff, a 

GPS, and a Brunton compass. The sections are diagramed on a sketch map instead of a 

photograph for easier identification (Fig. AG.1). Lithologic identifications are based on 

field observations. Units separate strata based on lithology or color changes. Color 

identifications were made with a Munsell Rock Color Book (Munsell, 2009). Most of the 

strata represent overbank deposits. The channel deposits are noted in the descriptions.  

The first measured sections were made in 2001. Overall the measured sections 

were made between 2001 and 2009. Some of the fossil sites have undergone extensive 

erosion since I began my collecting at MOTT VPL 3869 in December, 1999.  

The major taxa found at each site are noted in the description of the section. The 

zones where fossils were found are designated by symbols on the measured section 

diagrams. The symbols used for fossils, lithology, and sedimentary structures may be 

found in Fig. AG.2. 

 

 

 
Fig.  AG.2. Symbols used in the measured sections. 
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MOTT VPL 3869 SITE I 

32o 59.852’N     101o 08.641’W 

Section strike: N65oW 

Total thickness: 15.2 m 

Fig. AG.3 

 

 This measured section includes Site I which was the site that re-kindled interest in 

the locality. The fossiliferous zone above the sedimentary clast conglomerate was gridded 

off and excavated. The upper sandstones were deposited lateral to the main channel.  

1)  0.0 m – 4.0 m (thickness: 4.0 m) Moderate reddish brown (10R 4/6) grading up into a 

moderate red (5R 4/4) mudstone (dead red). There are some greenish gray (5G 

6/1) reduction mottling in the upper meter.  

2)  4.0 – 5.0 m (thickness: 1.0. m) Moderate brown (5YR 4/4) sedimentary clast, muddy, 

pebble conglomerate with the middle 20 cm very muddy, slightly fossiliferous 

with small, fragmentary bones and vertebrae primarily from small 

archosauromorphs. The clasts have a roundness of 0.5 and a sphericity of 0.3. 

3)  5.0 – 6.7 m (thickness: 1.7 m) Moderate red (5R 5/5), silty mudstone, some grayish 

yellow green (5GY 6/1) reduction mottling. This is the zone that produces the 

most vertebrate fossils at this site. At this site this zone has produced 

Malerisaurus, Trilophosaurus, Otischalkia, Vancleavea, and Shuvosaurus. 

4)  6.7 – 10.5 m (thickness: 3.8 m) Moderate red (5R 5/5), silty mudstone with some 

grayish yellow green (5G 6/1) reduction mottling. 

5)  10.5 – 11.5 m (thickness: 1.0 m) Thin inter-bedded moderate red (5R 5/5) sandstone, 

some cross laminated. It grades upward into a grayish yellow green (5G 6/1) 

thinly bedded sandstone.  Well cemented. This is the lateral extension of the main 

channel sandstone that is excised in the area. 

6)  11.5 – 13.5 m (thickness: 2.0 m) Moderate red (5R 5/5) silty mudstone. 

7)  14.0 – 15.2 m (thickness: 1.2 m) Thin interbedded grayish yellow green (5G 6/1) 

sandstone with lenses of siltstone and silty sedimentary pebble conglomerate. 

8)  15.2 – 18.4 m (thickness: 3.2 m) Moderate red (5R 5/5) silty mudstone. 

9) Covered and Quaternary deposits. 
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Fig. AG.3. MOTT VPL 3869 Site I measured section. 
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MOTT VPL 3869 SITE II 

32o 59.786’N     101o 08.679’W 

Section strike: N35oW 

Total thickness: 8.3 m 

Fig. AG.4 

 

This measured section is short; however, it includes the site Chatterjee 

(unpublished field notes) called a “microfossil” site. Since 2000 most of the fossils have 

been found just on top of the sedimentary clast pebble conglomerate. 

 

1)  0.0 m – 1.5 m (thickness: 1.5 m) Moderate red (5R 5/5) mudstone. 

2)  1.5 – 1.6 m (thickness: 0.1 m) Moderate brown (5YR 4/4) sedimentary granule clast, 

muddy, sandstone. The primary zone of vertebrate fossil production is on top of 

this layer. At this site this zone has produced Trilophosaurus, phytosaurians, and 

Atanassov’s taxa. 

3)  1.6 – 3.6 m (thickness: 2.0 m) Moderate red (5R 5/5) silty mudstone. 

4)  3.6 – 4.4 m (thickness: 0.8 m) Thin inter-bedded moderate red (5R 5/5) sandstone 

grading up into a greenish gray (5G 6/1) thinly bedded sandstone.  

5)  4.4 – 5.0 m (thickness: 0.6 m) Moderate red (5R 5/5) silty mudstone. 

6)  5.0 – 5.4 m (thickness: 0.4 m) Thin inter-bedded greenish gray (5G 6/1) thinly bedded 

sandstone. 

7)  5.4 – 8.3 m (thickness: 2.9 m) Moderate red (5R 5/5) silty mudstone. 

8)   Covered and Quaternary deposits. 
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Fig. AG.4. MOTT VPL 3869 Site II measured section. 
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MOTT VPL 3869 SITE III 

32o 59.774’N     101o 08.681’W 

Section strike: N60oW 

Total thickness: 10.95 m 

Fig. AG.5  

 

 Site III has produced primarily Trilophosaurus fossils. It is an unusual site as 

almost all of the fossils from this site have or had a muddy calcitic rim on the fossils. All 

of the fossils have been isolated elements.  

 

1)  0.0 m – 1.3 m (thickness: 1.3 m) Moderate red (5R 5/5) silty mudstone. 

2)  1.3 – 1.65 m (thickness: 0.35 m) fine grained, thinly bedded sandstone. 

3)  1.65 – 4.65 m (thickness: 3.0 m) Moderate red (5R 5/5) mudstone. Middle one meter 

zone is fossiliferous. The zone has produced Malerisaurus, Trilophosaurus, an 

Azendohsaurus-like taxon, and phytosaurians.  

4)  4.65 – 5.65 m (thickness: 1.0 m) Greenish gray (5G 6/1) thinly bedded sandstone. 

5)  5.65 – 7.35 m (thickness: 1.7 m) Moderate red (5R 5/5) silty mudstone. 

6)  7.35 – 8.15 m (thickness: 0.8 m) Thin inter-bedded moderate red (5R 5/5) sandstone 

grading up into a greenish gray (5G 6/1) thinly bedded sandstone. 

7)  8.15 – 9.65 m (thickness: 1.5 m) Moderate red (5R 5/5) silty mudstone. 

8)  9.65 – 10.45 m (thickness: 0.8 m) Greenish gray (5G 6/1) thinly bedded sandstone. 

9)  10.45 – 10.95 m (thickness: 0.5 m) Moderate red (5R 5/5) siltstone. 

10)  Covered and Quaternary deposits. 
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Fig. AG.5. MOTT VPL 3869 Site III measured section. 
 
 
 
 
 
 
 
 
 



	   Texas	  Tech	  University,	  Billy	  D.	  Mueller,	  May	  2016	  
	   	   	  

263	  
	  

MOTT VPL 3869 SITE IV 

32o 59.728’N     101o 08.681’W 

Section strike: N45oW 

Total thickness: 7.1 m 

Fig. AG.6  

 

 This site was one of the more prolific fossil producing sites. It has also produced 

associated and partially articulated specimens. This site has produced one of the more 

diverse faunas compared to the other sites at MOTT VPL 3869. This site has suffered 

extensive erosion since my research began.  

 

1)  0.0 m – 1.0 m (thickness: 1.0 m) Blue-gray (5G 6/1) silty mudstone. 

2)  1.0 – 1.5 m (thickness: 0.5 m) Blue-gray (5G 6/1) muddy siltstone. 

3)  1.5 – 4.6 m (thickness: 3.1 m) Moderate red (5YR 5/5) siltstone. Approximately 0.5 m 

above the base of this zone the siltstone contains abundant sedimentary granule 

and pebble clasts but it does not approach being a muddy/silty conglomerate. This 

zone and just above it is the source of most of the vertebrate fossils from this site. 

At this site this zone has produced Malerisaurus, a drepanosaurid, 

Trilophosaurus, an Azendohsaurus-like taxon, phytosaurians, Shuvosaurus, a 

sphenosuchid, four of Atanassov’s taxa, and a dinosauromorph. 

4)  4.6 – 5.5 m (thickness: 0.9 m) Thinly bedded, blue-gray (5G 6/1), very fine grained 

sandstone. 

5)  5.5 – 7.1 m (thickness: 1.6 m) Pale reddish brown (10R 5/4) silty mudstone. 

6)   Covered and Quaternary deposits. 
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Fig. AG.6. MOTT VPL 3869 Site IV measured section. 
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MOTT VPL 3869 SITE V 

32o 59.749’N     101o 08.672’W 

Section strike: S70oW 

Total thickness: 11.3 m 

Fig. AG.7 

 

 Site V, along with Site IV, is one of the most prolific fossil producing sites at 

MOTT VPL 3869. This site also has the most diverse fauna of any in the locality. This 

site has also suffered extensive erosion since my research began. 

 

1)  0.0 m – 0.5 m (thickness: 0.5 m) Moderate red (5YR 5/5) silty mudstone. 

2)  0.5 – 1.0 m (thickness: 0.5 m) Moderate brown (5YR 4/4) muddy, sandy, sedimentary 

granule-pebble conglomerate.  

3)  1.0 – 2.5 m (thickness: 1.5 m) Moderate red (5R 5/5) silty mudstone. It is fossiliferous 

throughout; however the lower 0.5 m is the most fossiliferous especially just 

above the conglomerate. This zone has produced an abundant fauna including: 

Arganodus, Malerisaurus, drepanosaurids, Trilophosaurus, an Azendohsaurus-

like taxon, Otischalkia, Vancleavea, phytosaurians, Calyptosuchus, Shuvosaurus, 

a sphenosuchid, four of Atanassov’s taxa, a dinosauromorph, and theropoda. 

4)  2.5 – 7.0 m (thickness: 4.5 m) Moderate red (5R 5/5) unfossiliferous mudstone. 

5)  7.5 – 9.7 m (thickness: 2.2 m) Thin bedded blue-gray (5G 6/1) fine grained sandstone. 

6)  9.7 – 11.3 m (thickness: 1.6 m) Moderate red (5R 5/5) silty mudstone. 

7)  Covered and Quaternary deposits. 
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Fig. AG.7. MOTT VPL 3869 Site V measured section. 
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MOTT VPL 3869 SITE X WEST 

32o 59.669’N     101o 08.591’W 

Section strike: S00oW 

Total thickness: 8.8 m 

Fig. AG.8  

 

1) 0.0 m – 4.0 m (thickness: 4.0 m) Moderate reddish brown (10R 4/6) mudstone. This 

zone has produced phytosaurian fossils in the lower portion and archosauromorph 

fossils just below Unit 2. 

2) 4.0 – 4.3 m (thickness: 0.3 m) Moderate brown (5YR 4/4) sedimentary clast, muddy, 

pebble conglomerate. 

3) 4.3 – 8.8 m (thickness: 3.5 m) Moderate reddish brown (10R 4/6) unfossiliferous silty 

mudstone. 

4)  Covered and Quaternary deposits. 
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Fig. AG.8. MOTT VPL 3869 Site X West measured section. 
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MOTT VPL 3869 SITE XII 

32o 59.661’N     101o 08.647’W 

Section strike: S17oE 

Total thickness: 7.2 m 

Fig. AG.9  

 

 Site XII was where an associated Trilophosaurus partial skeleton was collected. It 

was very fragmented; however, all of the elements appeared to belong to the same 

specimen. Approximately 3-4 m to the east of the Trilophosaurus jacobsi specimen a 

Poposaurus femur, a Calyptosuchus lateral osteoderm, and Trilophosaurus dornorum 

elements were collected. 

 

1) 0.0 m – 2.75 m (thickness: 2.75 m) Moderate reddish brown (10R 4/6) mudstone, 

fossiliferous 

2) 2.75 – 3.0 m (thickness: 0.25 m) Moderate brown (5YR 4/4) silty mudstone with 

abundant sedimentary clast pebbles. 

3) 3.0 – 4.2 m (thickness: 1.2 m) Moderate reddish brown (10R 4/6) silty mudstone, 

fossiliferous. This zone has produced Trilophosaurus, Calyptosuchus, and 

Poposaurus. 

4) 4.2 – 7.2 m (thickness: 3.0 m) Moderate reddish brown (10R 4/6) unfossiliferous silty 

mudstone. 

5)  Covered and Quaternary deposits. 
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Fig. AG.9. MOTT VPL 3869 Site XII measured section. 
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MOTT VPL 3869 SITE XXI 

32o 59.817’N     101o 08.424’W 

Section strike: N45oW 

Total thickness: 20.9 m 

Fig. AG.10 

 

This section is up the southeast margin of the “miter hill” in the center of the MOTT VPL 

3869 basin. 

 

1) 0.0 m – 1.8 m (thickness: 1.8 m) light gray (5Y 6/1) interbedded mudstone and thin 

micaceous fine-grained sandstone lenses. There are some limonite nodules at the 

very base of the section. The lowermost 15 – 20 cm of this zone contains 

abundant tiny fragments of carbonaceous plant remains. 

2) 1.8 – 3.5 m (thickness: 1.7 m) brownish red mudstone. 

3) 3.5 – 3.75 m (thickness: 0.25 m) silty, sandy mudstone. 

4) 3.75 – 9.75 (thickness: 6.0 m) moderate reddish brown muddy siltstone. This zone has 

produced juvenile “Metoposaurus” bakeri interclavicle and paracrocodylomorph 

teeth.  

5) 9.75 – 11.75 m (thickness: 2.0 m) Moderate brown (5YR 4/4) sedimentary clast silty 

pebble conglomerate. This is quite variable in thickness around the “miter hill”. It 

also dips steeply (west,	  W85oS,	  at	  approximately	  23o). 

6) 11.75 – 15.25 m (thickness: 3.5 m) moderate reddish brown mudstone. 

7) 15.25 – 16.25 m (thickness: 1.0 m) moderate reddish brown sandy mudstone. 

8) 16.25 – 16.55 m (thickness: 0.30 m) Moderate brown (5YR 4/4) sedimentary clast 

granule silty conglomerate. 

9) 16.55 – 17.15 m (thickness: 0.6 m) moderate reddish brown mudstone. 

10) 17.4 – 17.65 m (thickness: 0.25 m) sandy siltstone. 

11) 17.65 – 18.05 m (thickness: 0.4 m) moderate reddish brown siltstone. 

12) 18.05 – 18.4 m (thickness: 0.35 m) Sedimentary cobblestone pale yellowish brown 

(10YR 6/2) muddy, silty conglomerate. Lenticular channel deposit varying greatly 
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in thickness and thins laterally. This strata is approximately at the same elevation 

at the channel sand at the Quatro #2 Blakey. 

13) 18.4 – 18.9 m (thickness: 0.5 m) Moderate reddish brown (10R 4/6) siltstone, slightly 

laminated. 

14) 18.9 – 19.05 m (thickness: 0.15 m) Moderate reddish brown (10R 4/6) sandstone, 

slightly laminated. 

15) 19.05 – 19.5 m (thickness: 0.5 m) Moderate reddish brown (10R 4/6) mudstone with 

pockets of siltstone and/or sandstone. 

16) 19.5 – 19.6 m (thickness: 0.1 m) Moderate reddish brown (10R 4/6) lenticular 

sandstone. 

17) 19.6 – 20.9 m (thickness: 1.3 m) Moderate reddish brown (10R 4/6) mudstone. 

 

 This section was originally measured on August 15, 2001. At that time, the top 

was accessible without extreme measures. There have been some very fragmentary 

Triassic archosauromorph fossils found in the uppermost strata above the conglomerate at 

the top of the hill. The top section appears to have been shortened by erosion since 2001. 

There has been extensive erosion around the top of the hill below the conglomerate and 

currently I am unable to access the top of the hill without taking some extreme measures.  
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Fig. AG.10. MOTT VPL 3869 Site XXI measured section. 
 



	   Texas	  Tech	  University,	  Billy	  D.	  Mueller,	  May	  2016	  
	   	   	  

274	  
	  

MOTT VPL 3869 SITE XXIV 

32o 59.711’N     101o 08.518’W 

Section strike: S03oE 

Total thickness: 7.65 m 

Fig. AG.11 

 

 This is a site that appears to be part of an ephemeral “pond”. The abundance of 

metoposaur fossils would indicate they were concentrated at this site. There have been 

only three non-metoposaurid elements collected from this site. 

 

1)  0.0 m – 1.0 m (thickness: 2.0 m) Moderate reddish brown (10R 4/6) mudstone. 

2)  1.0 – 2.75 m (thickness:  1.75 m) Interbedded moderate reddish brown (10R 4/6) and 

light brownish gray (5YR 6/1) mudstone. This zone had produced 

“Metoposaurus” bakeri and abundant metoposaurid material. 

3)  2.75 – 4.35 m (thickness: 1.6 m) Moderate brown (5YR 4/4) sedimentary clast granule 

and pebbly, muddy, sandstone. Fragmentary vertebrate fossils were found in the 

upper portion of this unit. 

4) 4.35 – 7.55 m (thickness: 3.2 m) Moderate reddish brown (10R 4/6) mudstone some 

with greenish gray (5G 6/1) reduction mottling. 

5) 7.55 – 7.65 m (thickness:  0.1 m) Moderate brown (5YR 4/4) sandy siltstone 

6)  Covered and Quaternary deposits. 
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Fig. AG.11. MOTT VPL 3869 Site XXIV measured section. 
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MOTT VPL 3869 SITE XXXIV 

32o 59.900’N     101o 08.456’W 

Section strike: N20oE 

Total thickness: 9.0 m 

Fig. AG.12 

 

1) 0.0 m – 1.75 m (thickness: 1.75 m) Interbedded light bluish gray (5B 7/1) mudstone 

and thin sandstone with light brown (5YR 5/6) zones of oxidation. This zone 

produced dicynodont fossils. 

2) 1.75 – 3.5 m (thickness: 1.75 m) moderate reddish brown (10R 4/6) mudstone with 

isolated hematite nodules. 

3) 3.5 – 8.0 m (thickness: 4.5 m) moderate reddish brown (10R 4/6) mudstone, 

unfossiliferous. 

4) 8.0 – 9.0 m (thickness: 1.0 m) moderate reddish brown (10R 4/6) silty mudstone, 

fossiliferous, producing Calyptosuchus osteoderms and other bone fragments. 
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Fig. AG.12. MOTT VPL 3869 Site XXXIV measured section. 
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MOTT VPL 3869 SITE XL 

32o 59.888’N     101o 08.314’W 

Section strike: N75oE 

Total thickness: 5.55 m 

Fig. AG.13  

 

1) 0.0 m – 1.75 m (thickness: 1.75 m) Light bluish gray (5B 7/1) mudstone with thin 

siltstone layers interbedded, grading into light bluish gray (5B 7/1) mudstone. 

2) 1.75 – 2.5 m (thickness: 0.75 m) Moderate reddish brown (10R 5/6) mudstone with 

zones of light bluish gray (5B 7/1) reduction mottling. 

3) 2.5 – 2.7 m (thickness: 0.2 m) Moderate red (5R 5/5) mudstone. 

4) 2.7 – 2.95 m (thickness: 0.25 m) Light bluish gray (5B 7/1) mudstone. 

5) 2.95 – 3.25 m (thickness: 0.3 m) Moderate brown (5YR 4/4) sedimentary clast pebble 

conglomerate. 

6) 3.25 – 3.75 m (thickness: 0.5 m) Light bluish gray (5B 7/1) mudstone. 

7) 3.75 – 4.75 m (thickness: 1.0 m) Moderate reddish brown (10R 4/6) mudstone. A skull 

of Paleorhinus Taxon A was collected from this interval approximately 4 m north 

of the measured section. 

8) 4.75 – 5.05 m (thickness: 0.3 m) Moderate brown (5YR 4/4) sedimentary clast pebble 

conglomerate. 

9) 5.05 – 5.55 m (thickness: 0.5 m) Moderate reddish brown (10R 4/6) mudstone with 

inter-bedded medium brown sandstones and interbedded light bluish gray (5B 

7/1) mudstone and thinly bedded light bluish gray (5B 7/1) sandstones. This zone 

is fossiliferous. This section at this site has produced Turseodus, “Metoposaurus” 

bakeri, cf. Tanystropheus, Phytosauria Taxon C. 

 

The top unit (9) of this interval is the base for measured section MOTT VPL 3869 

Site XLII. Section XLII was measured on a strike of 32o 59.888’N, 101o 08.314’W. 
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Fig. AG.13. MOTT VPL 3869 Site XL measured section. 
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MOTT VPL 3869 SITE XLI 

32o 59.814’N     101o 08.383’W 

Section strike: N90oE 

Total thickness: 3.65 m 

Fig. AG.14 

 

1)  0.0 m – 0.5 m (thickness: 0.5 m) Moderate red (5R 5/5) mudstone. Unfossiliferous. 

2)  0.5 – 1.5 m (thickness: 1.0 m) Interbedded moderate red (5R 5/5) red and light bluish 

gray (5B 7/1) mudstones and thin siltstone. This layer is stratigraphically lateral to 

the logs in the LOG section below. 

3) 1.5 – 1.6 m (thickness: 0.1 m) Interbedded light bluish gray (5B 7/1) sandstone. 

4) 1.6 – 2.0 m (thickness: 0.4 m) Interbedded moderate red (5R 5/5) and light bluish gray 

(5B 7/1) mudstones and siltstones.  

5) 2.0 – 2.15 m (thickness:  0.15m) Thinly bedded moderate brown (5YR 4/4) sandstone, 

strongly dipping 34o N90oW. 

6) 2.15 – 3.65 (thickness: 1.5 m) Moderate brown (5YR 4/4) sedimentary clast pebble 

conglomerate. The top 0.5 m of the conglomerate is fossiliferous at this site, 

producing elements from dicynodont, phytosaurian, and Atanassov’s taxa. 

 

 
 

Fig. AG.14. MOTT VPL 3869 Site XLI measured section. 
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MOTT VPL 3869 SITE XLII 

32o 59.888’N     101o 08.314’W 

Section strike: S00oW 

Total thickness: 20.45 m 

Fig. AG.15 

 

Site XLII measured section start on unit 8 of the Site XL measured section  

8) Moderate reddish brown (10R 4/6) mudstone with inter-bedded medium brown 

sandstones and interbedded light bluish gray (5B 7/1) mudstone and thinly bedded 

light bluish gray (5B 7/1) sandstones. This zone is fossiliferous. This section at 

this site has produced Turseodus, “Metoposaurus” bakeri, cf. Tanystropheus, and 

Phytosauria Taxon C. 

 

1) 0.0 m - 0.25 m (thickness: 0.25 m) Moderate reddish brown (10R 4/6) siltstone. 

2) 0.25 – 0.5 m (thickness: 0.25 m) Thinly bedded moderate reddish brown (10R 4/6) 

sandstone. 

3) 0.5 – 0.7 m (thickness: 0.2 m)  Interbedded moderate reddish brown (10R 4/6) light 

bluish gray (5B 7/1) sandstones. 

4) 0.7 – 0.95 m (thickness: 0.25 m) Light brownish gray (5YR 6/1) siltstone. 

Fossiliferous. 

5) 0.95 – 2.45 m (thickness: 1.5 m) Moderate red (5R 5/5) mudstone with light bluish 

gray (5B 7/1) reduction mottling. Fossiliferous. 

6) 2.45 – 3.95 m (thickness: 1.5 m) Moderate red (5R 5/5) mudstone. Unfossiliferous. 

7) 3.95 – 20.45 (thickness: 16.5 m) Moderate reddish orange (10R 6/6) mudstone 

Unfossiliferous. 

8)  Covered and Quaternary deposits. 

 

  On top of this hill is a survey stake at 32o 59.845’N 101o 08.262’W with an 

elevation of 2377’. The top of the “mitre” hill is 3o below the survey stake. 

 

 



	   Texas	  Tech	  University,	  Billy	  D.	  Mueller,	  May	  2016	  
	   	   	  

282	  
	  

 

 
Fig. AG.15. MOTT VPL 3869 Site XLII measured section. 
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MOTT VPL 3869 SITE XLV 

32o 59.962’N     101o 08.700’W 

Section strike: S75oW 

Total thickness: 5.5 m 

Fig. AG.16  

 

1) 0.0 m – 1.0 m (thickness: 1 m) Moderate reddish brown (10R 4/6) mudstone. 

2) 1.0 – 1.2 m (thickness: 0.2 m) Moderate brown (5YR 4/4) sedimentary clast pebble 

conglomerate. Aetosaur element and other bone fragments from just on top of 

conglomerate. 

3) 1.2 – 1.3 m (thickness:  0.1 m) Greenish gray (5G 6/1) siltstone. 

4) 1.3 – 2.3 m (thickness: 1.0 m) Moderate reddish brown (10R 4/6) mudstone. 

5) 2.3 – 2.5 m (thickness: 0.2 m) Interbedded moderate reddish brown (10R 4/6) 

mudstone and moderate reddish brown (10R 4/6) sandstone grading up to more 

mudstone and less sandstone. 

6) 2.5 – 5.5 m (thickness: 3 m) Moderate red (5R 4/4) mudstone.  

 

 
 

Fig. AG.16. MOTT VPL 3869 Site XLV measured section. 
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MOTT VPL 3869 Site XLVIII 

32o 59.995’N     101o 08.683’W 

Section strike: N75oW 

Total thickness: 8.3 m 

Fig. AG.17  

 

1) 0.0 m – 4.7 m (thickness: 4.7 m) Moderate reddish brown (10R 4/6) mudstone with 

small discontinuous lenses of mudstone with silt. The lower 1.5 m and top 1.0 m 

possesses zones of light bluish gray (5B 7/1) reduction mottling. 

2) 4.7 – 5.0 m (thickness: 0.3 m) Moderate reddish brown (10R 4/6) siltstone with 

discontinuous lenses of sandy siltstone. Fossiliferous. 

3) 5.0 – 5.25 m (thickness: 0.25 m) Very muddy, moderate brown (5YR 4/4) sedimentary 

clast granule-pebble conglomerate. Slightly fossiliferous. 

4) 5.25 – 6.0 m (thickness: 0.75 m) Moderate reddish brown (10R 4/6) mudstone with 

some light bluish gray (5B 7/1) reduction mottling. Fossiliferous 

5) 6.0 – 8.3 m (thickness: 2.3 m) Interbedded moderate reddish brown (10R 4/6) siltstone 

and light brown (5YR  6/4) discontinuous thinly bedded sandstone. 
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Fig. AG.17. MOTT VPL 3869 Site XLVIII measured section. 
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MOTT VPL 3869 SITE XLIX 

32o 59.675’N     101o 08.473’W 

Section strike: S05oE 

Total thickness: 9.9 m 

Fig. AG.18 

 

1) 0.0 m – 2.6 m (thickness: 2.6 m) Moderate reddish brown (10R 4/6) mudstone. The 

upper 1.5 m is slightly fossiliferous. 

2) 2.6 – 4.0 m (thickness: 1.4 m) Light brown (5YR  6/4) muddy siltstone containing 

abundant sedimentary granule-pebble clasts.  

3) 4.0 – 6.1 m (thickness:  2.1 m) Moderate reddish brown (10R 4/6) mudstone. 

4) 6.1 – 7.4 m (thickness: 1.3 m) Moderate reddish brown (10R 4/6) mudstone with thin 

silty sandstone beds dipping 10o S17oW. 

5) 7.4 – 9.9 m (thickness: 2.5 m) Moderate reddish brown (10R 4/6) mudstone. 

Unfossiliferous. 

6)  Covered and Quaternary deposits.  
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Fig. AG.18. MOTT VPL 3869 Site XLIX measured section. 
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MOTT VPL 3869 XLIX-b, between SITES XXIV and XLIX 

32o 59.687’N     101o 08.495’W 

Section strike: S80oW 

Total thickness: 7.8 m 

Fig. AG.19 

 

1) 0.0 m – 2.4 m (thickness: 2.4 m) Moderate reddish brown (10R 4/6) mudstone. The 

upper 1.5 m is slightly fossiliferous. 

2) 2.4 – 2.55 m (thickness: 0.15 m) Light brown (5YR  6/4), muddy, sedimentary 

granule-pebble clast conglomerate that becomes more muddy/silty upwards.  

3) 2.55 – 3.65 m (thickness:  1.1 m) Moderate reddish brown (10R 4/6) siltstone 

containing abundant sedimentary granule-pebble clasts with fewer clasts 

upwardly. 

4) 3.65 – 3.75 m (thickness: 0.1 m) Light brown (5YR  6/4) sedimentary granule-pebble 

clast conglomerate. 

5) 3.75 – 6.05 m (thickness: 2.3 m) Moderate reddish brown (10R 4/6) mudstone. 

Unfossiliferous. 

6)  Covered and Quaternary deposits.  

 

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



	   Texas	  Tech	  University,	  Billy	  D.	  Mueller,	  May	  2016	  
	   	   	  

289	  
	  

	  

 
 

Fig. AG.19. MOTT VPL 3869 Site XLIX-b measured section. 
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MOTT VPL 3869 (CHANNEL SANDSTONE) SITE A 

32o 59.673’N     101o 08.693’W 

Section strike: N05oW 

Total thickness: 9.5 m 

Fig. AG.20 

 

1) 0.0 m – 1.0 m (thickness: 1.0 m) Alluvium, sediment in the drainage. 

2) 1.0 – 5.5 m (thickness: 4.5 m) Moderate reddish brown (10R 4/6) mudstone. 

3) 5.5 – 7.5 m (thickness: 2.0 m) moderate brown (5YR 4/4) sandstone, sandstone 

thickness varies greatly laterally and some is cross bedded and some has cross 

lamination. 

4) 7.5 – 9.5 m (thickness: 2.0 m) Interbedded light brownish gray (5YR 6/1) sandstone 

and light brownish gray (5YR 6/1) mudstone. 

5)  Covered and Quaternary deposits. 
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Fig. AG.20. MOTT VPL 3869 (Channel sandstone) Site A measured section. 
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MOTT VPL 3869 (LOG) SITE B 

32o 59.807’N     101o 08.381’W 

Section strike: N65oE 

Total thickness: 3.75 m 

Fig. AG.21 

 

1) 0.0 m – 1.0 m (thickness: 1.0 m) light brownish gray (5YR 6/1) mudstone. 

2) 1.0 – 1.75 m (thickness: 0.75 m) light brownish gray (5YR 6/1) mudstone, log at 

bottom. 

3) 1.75 – 2.0 m (thickness: 0.25 m) light bluish gray (5B 7/1) sandstone. 

4) 2.0 – 2.5 m (thickness: 0.5 m) moderate brown (5YR 4/4) pebble conglomerate and 

sandstone uppermost portion slightly fossiliferous. 

5) 2.5 – 3.75 m (thickness: 1.25 m) moderate reddish brown (10R 4/6) mudstone. 

 

 
 

Fig. AG.21. MOTT VPL 3869 (Log) Site B measured section. 
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MOTT VPL 3869 (QUATRO OIL #2 BLAKEY) SITE C 

32o 59.967’N     101o 08.654’W 

Section strike: N73oW 

Total thickness: 8.0 m 

Fig. AG.22 

 

1) 0.0 m – 6.5 m (thickness: 6.5 m) Moderate reddish brown (10R 4/6) mudstone with 

small discontinuous lenses of mudstone with silt. 

2) 6.5 – 8.0 m (thickness: 1.5 m) Fine to medium grained moderate brown (5YR 4/4) 

cross-bedded sandstone. The sandstone is mottled with color ranging from light 

brown (5YR 6/4) to moderate reddish brown (10R 4/6) to light gray (N7). 

3)  Covered and Quaternary deposits. 
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Fig. AG.22. MOTT VPL 3869 (Quatro # 2 Blakey) Site C measured section. 
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MOTT VPL 3869 (SLUMP) SITE D 

32o 59.995’N     101o 08.671’W 

Section strike: N60oE 

Total thickness: 3.6 m 

Fig. AG.23 

 

1) .0 m – 1.5 m (thickness: 1.5 m) Moderate reddish brown (10R 4/6) mudstone. 

2) 1.5 -- 1.75 m (thickness: 0.25 m) Moderate reddish brown (10R 4/6) mudstone with 

hematite nodules. 

3) 1.75 – 3.25 m (thickness: 1.5 m) Moderate reddish brown (10R 4/6) mudstone. 

4) 3.25 – 3.6 m (thickness: 0.35 m) Moderate brown (5YR 4/4) sandstone exhibiting soft-

sediment slump characteristics. 

 

 
 

Fig. AG.23. MOTT VPL 3869 (Slump) Site D measured section. 
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MOTT VPL 3869 (WEST EAST HILL) SITE E  

32o 59.860’N     101o 08.315’W 

Section strike: S73oE 

Total thickness:  

Fig. AG.24 

 

1) 0.0 m – 2.0 m (thickness: 2.0 m) moderate reddish brown (10R 4/6) mudstone 

2) 2.0 – 4.0 m (thickness: 2.0 m) moderate reddish brown (10R 4/6) mudstone with light 

bluish gray (5B 7/1) reduction mottling and seams. 

3) 4.0 – 20.75 m (thickness: 16.75 m) moderate reddish brown (10R 4/6) mudstone. 

Unfossiliferous. 

4)  Covered and Quaternary deposits. 
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Fig. AG.24. MOTT VPL 3869 (West east hill) Site E measured section. 
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APPENDIX H 

VOORHIES GROUP ANALYSIS OF MOTT VPL 3869 SITE IX 

 The following is an analysis of the elements recovered from MOTT VPL 3869 
Site IX (Voorhies, (1969). These are all of the elements collected prior to 2014-01-01. 
The elements were all metoposaurid or phytosaurian. The elements were oriented parallel 
to strike of the crevasse splay. 

 
Voorhies Group Element Number Recovered 
   
I Ribs 1 
 Metatarsal 1 
 Vertebra 3 
II Femora 2 
 Interclavicle 1 
III Skull, skull elements 4 
 Mandibles 2 
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APPENDIX I 

MOTT VPL 3869 ELEMENTS BY TAXON 

 

Taxon Elements  %  
   
Gnathostomata 27 1.55 
Metoposauridae 72 4.14 

Dicynodontidae 22 1.27 
Eucynodontia 1 0.05 
Sauropsida 1033 59.4 

Procolophonidae 2 0.11 
Drepanosauridae 7 0.40 
Tanystropheidae 1 0.05 
Protosauria   (Malerisaurus) 85 4.89 
Trilophosauridae 167 9.6 
Azendohsauridae 12 0.69 
Rhynchosauridae 11 0.63 
Vancleavea 5 0.29 
Doswellia 3 0.17 
Phytosauria 134 7.7 
Stagonolepididae 22 1.27 
Paracrocodylomorpha 34 1.96 
Crocodylomorpha 6 0.34 
Dinosauromorpha 15 0.86 
Enigmatic taxa 77 4.43 
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APPENDIX J 

MOTT VPL 3869 TAXA BY FACIES 
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