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INTRODUCTION 

 

 This thesis focuses on the characterization and classification of ankylosaurs from Upper 

Cretaceous strata of West Texas. Fossil evidence of almost every major Late Cretaceous dinosaur clade 

has been collected from areas in and around Big Bend National Park in Texas, which contains floral and 

faunal assemblages similar to contemporaneous units in Utah and New Mexico. Ankylosaur specimens 

reported in the literature from the Big Bend region consist of a handful of teeth, osteoderms, a few long 

bones, and a skull discovered by Barnum Brown inside the park in 1940 (Carpenter and Breithaupt, 

1986). There are more remains in collections and I have endeavored to find, list, and document all the 

material in the collections of UT Austin and the American Museum of Natural History. In addition, I have 

also compared ankylosaur specimens from Big Bend to those found in time correlative strata form the San 

Juan Basin in New Mexico which are held in collections at the University of New Mexico at 

Albuquerque.  

 In addition to standard osteological descriptions one goal of this project is to study the 

histology of some of the material. This study will allow me to: 1) compare to existing histological studies 

and, 2) test the results of Scheyer and Sander (2004) and Burns and Currie (2014) that purport to use 

osteoderm histology as a taxonomic tool. Ultimately the overall goal of this project is to provide a better 

understanding about southern ankylosaur diversity in the Western Interior of North America at the end of 

the Cretaceous. 

STRATIGRAPHY 

 The stratigraphic units that are the primary focus of this study are the Aguja Formation and 

the Javelina Formation (Tornillo Group) of Big Bend National Park. Fossil assemblages from the two 

formations are allied to the ñsouthernò Late Cretaceous faunas of New Mexico and Utah (Lehman, 1985 

and Lehman et al., 2019). These units range from the Early Campanian to the Late Maastrichtian (a time 
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span of approximately 17.5 Ma); a period of time which records the final regression and closing of the 

Western Interior Seaway (WIS), the onset of the Laramide Orogeny, and the subsequent deposition of 

sediment in the Tornillo Basin. Lehman and Busbey (2007) hypothesized that the Cretaceous-Paleocene 

boundary was preserved locally within the lower Black Peaks Formation. Recently Leslie et al. (2013) 

revised the chronostratigraphic framework of the Dawson Creek locality of Big Bend and determined that 

the latest occurrence of dinosaur fossil in the Black Peaks is Lancian (Late Maastrichtian approx. 70-66 

Ma) with the Cretaceous-Paleogene boundary placed near the base of the Black Peaks Formation. 

However, no ankylosaur fossils have been found within the Black Peaks Formation, suggesting that either 

ankylosaurs were not present at the end of the Maastrichtian or that environmental conditions were not 

conducive to preserving their remains. 

 Previous studies (Sankey 2001; Lehman 1985; Lehman et al. 2019) have suggested that 

dinosaur faunal assemblages from Big Bend were paleoecologically distinct from contemporaneous 

ñnorthernò faunas during the Late Cretaceous of North America. Insofar as the ankylosaurs are concerned 

this theory might need to be altered with the possible discovery of southern Euoplocephalus sp. 

specimens in recent years. Stratigraphic terminology from Lehman et al., (2018; 2019) is used to describe 

these units as these are the most recent stratigraphic studies of this region. 

The Aguja Formation 

 The Aguja Formation is an eastward thinning terrestrial unit that can be divided into two main 

subunits; two shale members known as the lower shale member and the upper shale member. These two 

subunits are separated by paralic marine deposits, denoted as the Pen Formation, which intertongues with 

the Aguja Formation (Lehman et al., 2019). The age of the terrestrial deposits of the Aguja Formation was 

determined using ammonite biostratigraphy from the interbedded Pen Formation and radiometric dating 

of pyroclastic deposits. The uppermost Pen Formation was dated using the ammonite Scaphites 

hippocrepis III , which establishes the lower limit of the Aguja Formation as 82 Ma (Waggoner, 2006; 
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Gradstein et al., 2012). Baculites haresi is found within the McKinney Springs member of the Pen 

Formation. This ammonite ranges as far as the Baculites obtusus zone, which has been dated using 

40Ar/39Ar isotopes from an intercalated tuff bed, and designates the age of this marine deposit as 80 Ma 

(Obradovich, 1993). The upper age limit of the Aguja Formation was determined is between 77 Ma to 73 

Ma, as determined by U/Pb dating of intercalated pyroclastic deposits (Breyer et al., 2007; Befus et al., 

2008). 

 The lower shale member of the Aguja Formation consists of thick lignitic clay-rich shale and 

carbonaceous mudstone, varying in thickness from 40 m to 100 m. There are several prominent intervals 

of sandstone, concretions, and coal beds within the lower shale member. It should be noted that most 

outcrops of the of the lower shale member lie on private land, so access to study outcrops is limited 

(Lehman, 2019). The lower shale member was interpreted by Lehman (1985) to have been a coastal 

wetland environment such as a marsh or swamp. The sandstone intervals within this unit were associated 

with tidal creek or estuarine deposits associated with the coastal wetlands. Vertebrate fossils in the lower 

shale member are sparse with most specimens from this unit being fragmentary. Isolated osteoderms were 

identified as belonging to the Nodosauridae based on the lack of a highly excavated internal surface and a 

sparsely pitted external surface (Burns and Currie, 2014; Lehman 2019). 

 The upper shale member of the Aguja Formation consists of variegated mudstones and 

sandstones with conglomeratic lags of paleo-caliche nodules. The deposits are interpreted to be fluvial 

systems in a coastal or inland floodplain. This unit is believed to be the last of the pre-Laramide deposits 

in this region (Lehman 1985; 1991). The only known ankylosaur specimens from the upper shale member 

were found near the El Carricito township of Coahuila, Mexico. These specimens consist of thirteen 

osteoderms (ranging from keeled osteoderms to thoracic spines), fragments of two cervical vertebrae, a 

distal humerus, posterior illium, proximal scapula, one cervical rib, six fragments of thoracic ribs, and 

additional unknown appendicular elements (Rivera-Sylva et al., 2011).   
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The Javelina Formation 

The Javelina Formation conformably overlies the Aguja Formation. The Javelina Formation 

represents the sediments deposited in the Tornillo Basin during the Laramide Orogeny. This unit ranges 

in thickness from 123 m to 183 m, and thickens to the east. The Javelina Formation contains well-

indurated sandstone beds, with basal chert-pebble conglomerate lenses marking the lower contact with the 

Aguja Formation. This unit contains alternating beds of sandstone and mudstones, with thin beds of 

lacustrine fossiliferous limestone in the eastern areas of the basin. These thin limestone beds are evidence 

for a change from fluvial to lacustrine facies in the basin. In addition, these lacustrine facies seem to be 

restricted to the eastern exposures of the Javelina Formation. This could indicate that the rate of 

subsidence in the basin was greatest on its eastern side.  This formation is the oldest unit within the 

Tornillo Group, which ranges in age from the mid- middle Maastrichtian to the earliest Eocene. The 

Javelina Formation itself ranges from the mid-middle to late Maastrictian. Most vertebrate fossils are 

found in the upper half of the Javelina Formation. (Lehman et al., 2018). Ankylosaur fossils have been 

recorded from the Javelina Formation; however, they are less abundant than other vertebrates (Lawson, 

1976). 

 

Figure 1. Stratigraphic cross-section of Late Cretaceous strata modified from Lehman et al., 2019 and 

Sankey, 2001. 
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VERTEBRATE PALEONTOLOGY 

Osteological Terminology 

Due to the nature of this study it is important to outline certain terminology regarding the 

osteology and histology of the specimens herein. Osteological terminology (any terminology referring to 

skeletal elements such as their size, shape, and anatomical position on the organism) for the ankylosauria 

were taken from Coombs (1978), Carpenter and Currie, (1990), and Carpenter (2001). Whereas most of 

the osteological terms used here are standard for any study on large herbivorous dinosaurs, special 

consideration must be paid to the ankylosauria because of their extensive dermal armor. Before the work 

of Scheyer and Sander (2004) little effort was made to create a consistent osteological vernacular to 

describe ankylosaur osteoderms. Additionally, ambiguous synonyms such as óplateô, óscuteô, and 

óosteoscuteô were used interchangeably until Vickayous and Sire (2009) discouraged the use of such 

terms. Therefore, this study uses the terminology of Scheyer and Sander (2004) which was later expanded 

upon by Burns and Currie (2014). The term osteoderm will be used to refer to any bony structure of the 

dermal skeleton which develops from the dermis of an organism. Median will refer to the position of the 

keel or apex relative to osteoderm itself, and medial, distal, and lateral will refer to the position of the 

osteoderm on the organism. Terms such as dorsal and ventral will be used to denote the plane of view on 

any image of illustration of a specimen. Terminology referring to bone texture follows (Hieronymus et al., 

2009). Morphological shape of osteoderms will be described using the terminology of Ford (2000) and 

Blows (2001). 

Standard histological terms (terminology referring to the internal structure and composition of 

bone) were taken from (Padian and Lamm, 2013). Again, no consistent terminology was in use until 

Scheyer and Sander (2004). The term óbasalô refers to the internal surface of the osteoderm where the 

bone was attached to the dermis itself. In contrast, the term óexternalô refers to the surface that is 

connected to the more external layer of skin known as the epidermis, which might have even been 

partially exposed above this layer. Osteoderms are defined has having a single cortex or cortices (which 
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can be basal or external), which surrounds a core of varying composition. The cortices themselves are 

composed of a woven-fibered bone matrix made up of collagen fibers referred to in the literature as 

Interwoven Structure Fiber Bundles or ISFB for short (Burns and Currie, 2014). 

METHODS 

Specimens were prepared for microCT scanning by Drs. Chris Sagebiel and Matthew Colbert of 

the University of Texas at Austin. Each scan produced several hundred image slices of the specimens 

which were then converted to 16 bit tiff files. The files were downloaded into Dragonfly ORS, a 3-D 

imaging program that which can stitch together the sliced images and create digital models of each 

osteoderm. By using the active contouring tool on Dragonfly to identify different bone textures the bone 

analysis tool was used to segment out the cortical and trabecular bone. In some cases, where the core of 

the osteoderms where made up of Haversian bone, the segmentation of the core and cortices had to be 

done manually, as the program could not distinguish between cortical and Haversian bone. Once the 

segmentation was complete the histology of each specimen could be studied. In terms of an osteologic 

study the size, morphology, and external texture of each osteoderm was noted and compared to known 

specimens from the Late Cretaceous of North America. The osteologic study also included axial or 

appendicular elements from ankylosaurs found in Big Bend. Comparisons were made based on 

descriptions in the literature and on specimens studied at the Vertebrate Paleontology Lab of the 

University of Texas at Austin, the University of New Mexico, and the American Natural History Museum 

in New York. Osteoderm characteristics were added to the latest character matrix assembled by Arbour 

and Currie (2015) and analyzed using the phylogenetic software Mesquite 3.61 (Maddison, W. P. and 

D.R. Maddison, 2019). A phylogenetic tree using 50% majority consensus rule was created using this 

program and was then compared to the latest ankylosaur classification study conducted by Arbour and 

Currie (2015). 
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ABBREVIATIONS 

TMM-Texas Memorial Museum, VPL- Vertebrate Paleontology Lab, TVP- Texas Vertebrate 

Paleontology, AMNH- American Natural History Museum, CPC- Colección Paleontológica de Coahuila, 

UABC FCM- Universidad Autónoma de Baja California Facultad de Ciencias Marinas, WSC- Western 

Science Center,  ISFB- Interstitial Structure Fiber Bundles.  

ANKYLOSAUR SYSTEMATICS AND TAXONOMY 

 Osborn (1923) defined the group Ankylosauria as a suborder sharing a common ancestry with 

the Stegosauria. Together they form the clade Thyreophora (Nopcsa, 1915), but the time of divergence 

between these two groups is yet to be determined. The first appearance of ankylosaurs is believed to have 

occurred during the Early to Middle Jurassic. The thyreophorans Scelidosaurus and Scutellosaurus are 

believed to be the earliest members of the suborder, with Scelidosaurus considered the most basal 

ankylosaur (Carpenter, 2012). This dinosaur had osteoderms similar to more derived ankylosaurs and 

showed evidence that the ilia of the pelvis had started to rotate to become more horizontal; unlike the 

condition in other ornithischians. The horizontal ilia would later come to be a synapomorphy for derived 

ankylosaurs (Carpenter, 2012).  

 Ankylosaurs were well established by the Late Jurassic; these early ankylosaurs were grouped 

into the sub-family Polocanthinae by Kirkland (1998). These ankylosaurs are distinguished by small 

ossicles covering the dorsal part of their skull, grooved neck and distal spines, and osteoderms with 

uniformly thick external and basal cortices enclosing a trabecular core (Scheyer and Sander, 2004; Burns 

and Currie, 2014) . However, the best well-known North American polocanthine, Gargoyleosaurus, 

(Morrison Formation- Late Cretaceous) has a pelvic condition similar to the more derived ankylosaurs 

from the Cretaceous (Carpenter et al., 2013). Due to a combination of both basal and derived 

characteristics it has been suggested to promote this group to its own family within the Ankylosauria 



8 
 

(Carpenter and Currie, 1990). By the Early Cretaceous, polocanthine diversity was ebbing, becoming 

extinct by the start of Barremian (129 Ma) and the ankylosaurs then diversified once again. These 

Cretaceous ankylosaurs were split into two families by Coombs (1978): the Nodosauridae and the 

Ankylosauridae. Interestingly enough the disappearance of the polocanthines and the emergence of 

nodosaurids occurred simultaneously with the establishment of angiosperms. However, there is no direct 

correlation between these events to suggest cause and effect (Carpenter, 2012).  

 The early evolutionary history of nodosaurids is unclear, as most taxa are only known from 

fragmentary remains. The genus Edmontonia from North America is an exception to this rule, as it is 

known throughout the continent from several skulls and partial skeletons preserved in the life positions. 

Nodosaurids exhibit a longer and narrower skull than other ankylosaurs and lack the tail clubs of derived 

ankylosaurids, instead they had specialized osteoderms that took the form of shoulder spikes that pointed 

upwards. Although the ilia are positioned more horizontally than in the basal ankylosaurs the pelvis, as a 

whole, is narrower than those of ankylosaurids (Carpenter, 2012). Scheyer and Sander (2004) study found 

that nodosaurids have osteoderms with a thick external cortex and thinner basal cortex (both cortices 

consist of three sets of ISFBs at 45° angles) and a trabecular core. Nodosaurids were so prolific that their 

range extended to North and South America, Europe, Asia, and Antarctica (Carpenter, 2012). 

 Ankylosaurids emerged as a group during the Early Cretaceous; the earliest ankylosaurids 

were assigned to the sub-family Shamosaurinae by Tumanova (1983). These ankylosaurids lacked the 

intricate cranial ornamentation and tail clubs of the more derived sub-family ankylosauinae, which were 

prolific in the Late Cretaceous. The most basal member of this group is Cedarpelta; the shamosaurines 

diversified during the Albian (113 Ma). It is hypothesized that ankylosaurids originated in North America 

during the Early Cretaceous and migrated to Asia where they further diversified into the sub-family 

Ankylosaurinae (Sereno, 1998). This sub-family is characterized by complex cranial ornamentation 

(including squamosal horns which projected over the eye orbit), boney tail clubs, fully horizontal ilia 

which is also rotated outwards from the body, and a boxy skull with a tapered muzzle (Carpenter, 2012). 
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Ankylosaurid osteoderms from both sub-families exhibit thin external and basal cortices with a core of 

dense Haversian bone. ISFBôs are still found within the cortices, however they exhibit a random 

orientation (Scheyer and Sander, 2004). By the Cenomanian (100.5 Ma) the shamosaurines were extinct 

in North America and the ankylosaurines were reintroduced to North America. No ankylosaurines have 

been found in Europe or the Southern Hemisphere, suggesting that they had a more limited range then 

contemporary nodosaurids. The best known ankylosaurines from North America include Ankylosaurus 

magniventris and Euoplocephalus tutus which both survived until the K/P mass extinction (66 Ma) 

(Carpenter, 2012). 

RESULTS 

 Each specimen was first studied by noting osteological characteristics such as bone 

morphology, texture, and external features such as vascular canals or foramina. For the selected 

osteoderms a histological study was also preformed using Dragonfly ORS. The histological study focused 

on the type of bone exhibited in each osteoderm, as well the amount of each type present in the specimen. 

This was determined by measuring the percent of total bone thickness that each type compromised. The 

presence of primary or secondary osteons were also recorded for each osteoderm, as any well as internal 

vascular canals present in the specimen. These features are markers of bone remodeling, which can be 

used to determine in the osteoderms came from adult or juvenile animals. Finally, osteological and 

histological characteristics were combined and compared to previously known taxa to determine the 

identity of the specimen.  

TMM 31078-1 (Figures 2&3) 

 This specimen was discovered in an undermined locality  in Brewster Co., Texas.  This 

osteoderm is compressed dorsoventrally to give it a bladed appearance. The blade-like sides of the 

osteoderm terminate in an apex which projects posteriorly. The shape of the osteoderm falls under the 

Type B morphology (a circular osteoderm with an off-center apex) introduced by Ford (2000) and Blows 
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(2001). The base of the osteoderm is highly concave with most of the cortical surface eroded away 

leaving the core exposed on the ventral side of the osteoderm. This specimen is almost intact; however, it 

has been heavily fractured throughout, and has a piece missing from the base of the apex on the medial 

edge. No large foramina or vascular canals are present on the surface of the osteoderm. Additionally, no 

pitting or projecting rugosities are present on the external surface, giving the specimen a smooth external 

texture. These features could have been erased by the high amount of weathering present on the 

osteoderm surface.  
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Figure 2. TMM 31078-1 is a large bladed osteoderm with a concave base and exposed core as seen 

in ventral view (A). From the dorsal view (B) it can be observed that the apex of the osteoderm 

projects posteriorly. In right lateral view (C) and left lateral view (D) the exterior surface of this 

specimen is highly weathered and rugose. Additionally, the core of the osteoderm is seen projecting 

out from the base of the osteoderm in anterior (E) and posterior (F) view. 

 

F 
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 The thickness of the cortices and the core were taking from a transverse section of the 

osteoderm from the left and right lateral sides through the apex. No measurements of the basal cortex 

were taken due to its absence in this specimen. The external cortex makes up 12.3±2% of the total 

osteoderm thickness. The external cortex is slightly thicker on the left lateral side and thins toward the 

apex. The external cortex is composed of cortical bone, which exhibit sparse ISFBs located close to the 

edge of the external cortex. The fibers appear to be orientated randomly in the cortex, which matches the 

cortical bone in most ankylosaurid osteoderms (Scheyer and Sander, 2004). The core makes up 87.7±2% 

of the total osteoderm thickness. Just as with the external cortex, the core is thickest at the base and thins 

toward the apex. The core of this osteoderm is made up of compact Haversian bone, with a well-defined 

border between the external cortex and the core itself. The dense Haversian tissue in the core has 

undergone extensive secondary remodeling, with secondary osteons cutting across and overlapping other 

each other. No primary tissue or structures remain after secondary remodeling (Padian and Lamm, 2013). 

The apex of the osteoderm preserves the primary vascular tissue, which take the form of faint trabeculae 

that escaped secondary remodeling. The absent basal cortex, concave base, and compact core made up of 

dense Haversian bone are all characteristics of derived members of the ankylosauridae. Specifically, these 

histologic features, combined with the bladed, Type B morphology, resemble distal osteoderms of the 

Ankylosaurinae; a group which includes taxa such as Euoplocephalus sp, Ankylosaurus magniventris, and 

Ziapleta sanjaunensis (Hayashi et al., 2010, Burns and Currie, 2014). The osteoderm closely resembles 

known specimens of distal thoracic osteoderms of Euoplocephalus sp. The size of the specimen and the 

secondary remodeling of the core suggest that the specimen came from an adult. 
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Figure 3. Transverse view showing dense Haversian bone, reabsorption cavities in the 

external cortex, and leftover primary vascular tissue in the apex of the osteoderm (A). The 3-

D model shows what the osteoderm would look like in right lateral view (B). A 3-D image 

of the transverse view (C) shows the distribution of cortical bone (yellow) and the Haversian 

core (red). A close up of the Haversian tissue (D) shows the overlap of secondary osteons. In 

the external cortex reabsorption cavities are identified by the darkened, scalloped edges (E). 

Primary vascular tissue is preserved in the apex of the osteoderm (F), which had not yet 

undergone secondary remodeling. 
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TMM 45605-4 (Figures 4 & 5) 

 

 This osteoderm, found in the Aguja Formation, was incomplete and so highly fractured that 

the anterior edge and part of the right lateral side had to be reconstructed with putty and PaleoBond. From 

the dorsal view the specimen is elongate, and leaf shaped with a median keel which extends 

anteroposteriorly with a slight downward slope posteriorly. These features fall under Morphology Type A 

(pup-tent shaped osteoderm) of Ford (2000) and Blows (2001).  The specimen exhibits no projecting 

rugosities and is sparsely pitted around the keel. On the right lateral side, the specimen has two large 

vascular foramina orientated obliquely to the osteoderm surface. This side also displays a large and well-

developed neurovascular groove. The ventral view of the osteoderm shows a highly concave base; the left 

and right lateral sides are angled so that the base has a deep ñVò shape.  
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Figure 4. TMM 45605-4 elongated leaf shaped osteoderm with a length that is much longer than its width. 

From the anterior (A) and posterior (B) views a median keel can be seen running the anteroposterior 

length of the osteoderm. This view also shows the extensive reconstruction this specimen had to undergo. 

The right lateral (C) view and left lateral (D) view show the pup-tent morphology of the osteoderm with a 

slight posterior projection. The dorsal view (E) shows the symmetrical leaf shape of the osteoderm; this 

morphology is consistent with thoracic osteoderms. The ventral view is shown in part by image F 

(ventromedial axis), the basal side of the osteoderm is concave with the lateral sides making a deep ñVò 

shape. 
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 The external cortex is thin compared to the core of the osteoderm, however its thickness 

remains constant. The external cortex has a thickness of 8.7%, while the basal cortex is slightly thinner 

with a thickness of 6.1%. The cortices are composed of cortical bone but no ISFBs can be observed, 

possibly due to the mineralization of the specimen. The border between the cortices and core is not well 

defined, as there are many areas where cortical bone and the trabeculae of the cancellous core overlap. 

The core itself is 85.2% thick and is composed of a type of cancellous bone called trabecular bone. 

Trabecular bone is highly vascular, with large void spaces between trabeculae and often contains many 

vascular canals. These canals are reticular in shape and can be observed running the length of the 

osteoderm with several bifurcations. In transverse view a vascular canal can be observed with concentric 

circles of lamellar bone around it. The diameter of the vascular canal is approximately 0.25 cm; much 

larger than any other vascular canal found in the osteoderm. The concentric rings around the canal 

suggest that it was in the process of being remodeled into a primary osteon (Padian and Lamm, 2013). 

The 3-D segmentation also reveals that areas of the external and basal cortices are so eroded that the 

trabecular core is exposed. This feature would be very difficult to distinguish with the human eye given 

the pre-existing thinness of the cortices. The size and morphology of this osteoderm is typical of a medial 

cervical osteoderm, perhaps even part of a cervical half ring. Although the base of the osteoderm is highly 

concave, the thinness of the basal cortex, in relation to the thick trabecular core, is indicative of a 

nodosaurid (Scheyer and Sander, 2004). Due to the sparseness of neurovascular grooves on the surface 

this specimen is more likely to be related to Edmontonia, and Panoplosaurus mirus than Glytodontopelta 

mimus. The oval shape of the osteoderm and concentration of pitting around the keel distinguishes this 

specimen as Panoplosaurus mirus which exhibits long sub-oval to oval cervical osteoderms compared to 

the square or rectangular cervical osteoderms of Edmontonia (Carpenter and Currie, 1990).  
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Figure 5. The transverse view of TMM 45605-4 show thin external and basal cortices compared to a thick 

trabecular core, with a prominent vascular canal on the right side of the slice (A). A close up of the 

vascular canal is seen in image B. In image C the concentric fill is seen to form concentric rings of lamellar 

bone around the canal. A close up of the cortices and core (D) show the relative thickness of these tissues 

in the specimen. A 3-D model of the transverse view reveals that part of the basal cortex is eroded (E). A 

dorsal view of the 3-D model also shows erosion of the external cortex (F). 
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TVP 45866-2 (Figures 6&7) 

 TVP 45866-2 (field number TL-05-01) was collected from a sandstone bed within the Aguja 

Formation by Dr. Lehman of Texas Tech University and Steve Wick in 2005. In 2019 Dr. Lehman 

confirmed that this specimen was an osteoderm belonging to a then unknown ankylosaur (Lehman pers. 

comm.). This osteoderm is sub-oval shaped (with slight erosion on the anterolateral edge) with a median 

keel. Given the almost circular base and keel structure this osteoderm falls under the Morphology A shape 

for ankylosaur osteoderms. The external surface of the osteoderm features extensive pitting with 

projecting rugosities along the keel and left lateral side. The dorsal side of this specimen exhibits four 

foramina and one prominent neurovascular groove, while the ventral side is smooth and almost 

completely flat. On the ventral side 3-D imaging shows that the basal cortex is extremely thin and has 

undergone extensive erosion to the point where the core of the osteoderm has been exposed. However, the 

erosion of the basal cortex reveals a large bifurcated vascular canal to be viewed in hand sample. Dorsal 

to the vascular canal the external cortex of the osteoderm projects laterally  and is thickened at the base 

forming a small shelf. This region of the osteoderm would have been where the dermis and small muscles 

attached to the osteoderm to hold it in place. 
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Figure 6. The ventral side of TVP 45866-2 exhibits a smooth flat surface that is partially eroded (A). 

The dorsal side of the osteoderm has extensive pitting and projecting rugosities along the keel and 

left lateral side, as well as several foramina and one vascular canal (B). 
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 The core of this osteoderm is made up of trabecular bone, which is 81% of the total osteoderm 

thickness. The trabecular core exhibits contrasting mineral fill, which made segmentation particularly 

difficult. The basal cortex is extremely thin and even missing in some areas, so no accurate thickness 

could be taken for this cortex. The external cortex is well preserved and accounts for 19% of the total 

osteoderm thickness. Reabsorption cavities are present in the external cortex indicating that the osteoderm 

underwent remodeling as the animal grew. A large primary osteon can be seen at the base of the keel in 

transverse view; the concentric lamellar bone around the osteon is well preserved. The first occurrence of 

ISFBs in this study is observed in the external cortex of TVP 45866-2. These fiber bundles are arranged 

3-dimensionaly in the external cortex and intersect at 45° angles. This is indicative of the orientation of 

ISFBs in nodosaurid osteoderms (Scheyer and Sander, 2004). The morphology of the osteoderm is similar 

to that of the distal cervical osteoderms of Edmontonia (Carpenter and Currie, 1990). This along the 

histology of the specimen suggest that this specimen is from a nodosaurid. 
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Figure 7. TVP 45866-2: Erosion of the basal cortex reveal bifurcating vascular canals in trabecular core 

(A). Dorsal view real four vascular foramina and one neurovascular groove (B). Pitting and projecting 

rugosities are also observable in dorsal view. The transverse view reveals the eroded basal cortex and thin 

external cortex (C). This image also shows a thick trabecular core with constating mineral fill and a 

vascular canal. A 3-D model of the transverse view exhibits the relative thickness of the core and cortices 

(D). The external cortex contains ISFBs orientated 3-dimensionally and intersect at 45° (E). A slice 

through the left lateral side reveals that the vascular had not undergone perforation (F). 
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