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ABSTRACT

Fossils collected from the upper part of the Brown's Park Forma

tion in the Maybell, Colorado area, range in age from Middle-Late Heming- 

fordian to Late Barstovian-Early Clarendonian. The older fossils are 

represented by Parahippus cf. leonensis and Blickomylus galushai. The 

younger fossils are represented by Tomarctus cf. paula, Megahippus sp., 

cf. Pliauchenia, Michenia sp., Procamelus or Aepycamelus sp., Camelinae 

gen. et sp. indet., Meryceros warreni, Meryceros sp., and Merycondontinae 

gen. et sp. indet. The Late Barstovian-Early Clarendonian was a time of 

aeolian dune development in the Maybell area. Taphonomic data indicate 

that the Late Barstovian-Early Clarendonian bones were buried by aeolian 

sands after undergoing subaerial weathering. These bones were not af

fected by water transport. In contrast, bones collected from a Late 

Miocene quarry at Walnut Grove, Arizona, show strong evidence for redis

tribution in a water current.

x



CHAPTER 1

INTRODUCTION

Location

The Brown's Park Formation is a continental sedimentary rock 

unit deposited in northwest Colorado, northeast Utah, and south-central 

Wyoming. Deposition of the formation spanned the Miocene; radiometric 

dates range from 26 m.y. near the base of the formation to 9 m.y. near 

the highest preserved parts (Izett, 1975, p. 186). The formation out

crops continuously from the area just west of Craig, Colorado, to its 

type area in Brown's Park, Utah, a distance of about 85 miles (Hansen, 

1965, p. 115). Other exposures of this formation occur east to the west 

flank of the Park Range, south to the White River Plateau, and north to 

the Baggs-Poison Basin area (Izett, 1975, p. 185). West of Craig to the 

type area, the Brown's Park Formation forms rolling lowlands covered by 

grass and sage, or broad tablelands covered by pinon. Exposures are gen

erally poor, particularly in the Maybell, Colorado area. Figure 1 shows 

the distribution of the formation in extreme northwestern Colorado.

The study area of this paper is located mainly south and west of 

Maybell, Colorado. The fossils described were collected from the Brown's 

Park Formation in the summers of 1972 and 1973, when I was employed as a 

field assistant for Mr. Glen Izett of the U. S. Geological Survey. The 

fossils were collected as part of the geological investigation of the

1
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Citadel Plateau Quadrangle, Moffat County, Colorado, and are property of 

the U. S. Geological Survey. The map coordinates of the fossil sites 

are as follows (Fig. 2): D854, left side of roadcut located in the NEk 

NEJj Sec. 23, T. 6 N., R. 97 W., Citadel Plateau Quadrangle; D855, on a 

hill located in the NE^NE% Sec. 36, T. 6 N., R. 97 W., Citadel Plateau 

Quadrangle; D856, on the same hill in NŴ sNWJs Sec. 31, T. 6 N., R. 96 W., 

Citadel Plateau Quadrangle; D857, in a roadcut in SW*sNW!& Sec. 34,

T. 6 N., R. 97 W., Elk Springs Quadrangle. For convenience, these lo

calities are collectively referred to as the "Maybell fauna", since 

Maybell is the nearest town, and is approximately 9.5 miles northeast by 

road from D854. Because of chronologic differences between several of 

the sites, the more implicitly restrictive term "local fauna" should not 

be applied to the totality of these sites. During the course of this 

work I also studied roadcut exposures of the Brown's Park Formation along 

Highway 40. The rocks examined are exposed between Craig and Elk Springs, 

Colorado, a road distance of about 43 miles.

Previous Investigations

The Brown's Park Formation has been well-known in the literature 

since it was named by Powell (1876). Excellent recent discussions of 

the formation include Hansen's (1965) study of the type area. Baffler's 

(1967) study of the formation east of Craig, and Izett's (1975) study of 

the age and deformation of the formation. A thorough discussion of pre

vious work is given by Buffler (1967, p. 9).

Although the Brown's Park Formation covers a wide area, fossils 

from it are relatively rare. Fossils were first reported in a small



4 Miles

Figure 2. Map Showing Location of Fossil Sites.

A, D857; B, D854; C, dated ash; D, D855, E, D856. Topographic base from 
Citadel Plateau and Elk Springs 15* Quadrangles.
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paper by Peterson (1924), and were more extensively described in a later 

memoir (Peterson, 1928). These fossils came from Douglass Mountain, near 

Greystone Post Office, Colorado. McGrew (1951, p. 55-56) reported a 

small fauna in the Brown's Park Formation at Saratoga Basin, Wyoming.

The Frick Laboratories of the American Museum of Natural History have an 

undescribed collection from near Peterson's Douglass Mountain locality. 

Thus the most important previously described fauna from this formation 

has been that of Peterson.

Purposes of Study

The purposes of this study are several. It is first and most 

importantly a description of the animals found at the Maybell fossil 

sites. Several objectives are fulfilled from this description. First, 

a partial record of past life in the Maybell area is revealed. Second, 

identification of the fossils allows faunal correlations to be drawn 

with other fossil occurrences in the United States. From such faunal 

correlations, the Maybell fauna can be placed in the North American 

biochronological sequence of Land Mammal Ages.

Another purpose of this study is to investigate the taphonomy of 

locality D856. The majority of fossils described in the present paper 

were obtained from this one locality by quarrying methods. Quarrying, 

in contrast to other methods of fossil collection, presents the oppor

tunity for maximum retrieval of taphonomic data. The undisturbed posi

tions and orientations of the bones can be recorded in the course of 

quarrying; such data are eventually lost as the bones are exposed at the 

surface. As will be shown in this study, the undisturbed orientations
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of the bones are important in taphonomic interpretations. It should not 

be inferred that bone orientations are vital to taphonomic analysis; 

Behrensmeyer * s (1975) excellent study is an example of one in which sig

nificant taphonomic interpretations were made without the use of bone 

orientations. Nevertheless, when orientation data are not recorded, a 

certain amount of information is lost. In the present study, this infor

mation provides additional data for interpretation of the environment of 

deposition.

During the course of this study, I became involved with excava

tions at The University of Arizona Quarry 7498 at Walnut Grove, Arizona. 

Data amenable to taphonomic analysis were collected. It soon became ap

parent that a profitable comparative study of the taphonomies of the D856 

and UALP 7498 quarries could be made. The data from the two quarries 

differ in certain fundamental aspects, and conclusions derived from the 

data point to different processes affecting the formation of the bone 

deposits.

Theoretically, taphonomic data should come from both the bones 

and their entombing sediments. In the present study, the sediments have 

yielded rather ambiguous evidence. Most taphonomic conclusions were de

rived from studying the bones. However, the sediments and their preserved 

sedimentary structures have also yielded paleoenvironmental data. Thus, 

a final objective of this study has been to elucidate, as clearly as the 

data allow, the paleoenvironment at the time of accumulation of the fos

sils at D856. An attempt at paleoenvironmental reconstruction, however 

qualified, is justified. Ancient animals, as well as modern, were
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subject to and adapted to certain environmental situations. Through 

knowledge of these past environments, we can interpret the distribution 

and morphological adaptations of the fossils themselves.



CHAPTER 2

STRATIGRAPHY AND SEDIMENTATION OF 
THE BROWN'S PARK FORMATION

This chapter is devoted to the geological observations made by 

myself. Interpretations of these observations are given in Chapter 3.

The plant cover on the Brown's Park Formation west of Craig 

hampers the taking of extensive geological observations. Roadcuts con

tain some of the best exposures of the formation, and in the study area, 

the best roadcut exposure is located at D854. In this roadcut are ex

posed wedge-planar sets of medium to large scale, straight to concave, 

upward, high angle (>20°) cross-strata (Fig. 3).

Similar cross-strata were observed in roadcuts east to Craig and 

west to Elk Springs, Colorado. Dip readings taken at D854 and the other 

roadcuts generally lie between 20 and 30°, although a few dips as high 

as 34° were recorded. Dips greater than 30° were also noted by Buffler 

(1967, p. 43) in the Brown's Park Formation in the Elkhead region, east 

of the present study area.

A sediment sample from D854 was collected for microscopic exami

nation. The sample consists of well-sorted quartz sandstone, composed 

of medium-sized, subrounded and frosted grains. Grains other than quartz 

constitutes less than 10% of the sample. The sandstone is very friable 

and the grains lack calcite cement.

8



Figure 3. Roadcut Exposure at D854. 

Note large-scale cross stratification
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Sedimentary structures, other than the large-scale wedge planar 

cross-bedding, are rare at D854. No trough cross-bedding was observed.

As can be seen in Figure 3, wedge-planar sets of large-scale cross-strata 

are superposed directly upon each other. At the position of the person’s 

feet, however, a very thin layer of structureless sandstone separates 

two sets of cross-strata, and it was from this thin layer than fossils 

were obtained. The thickness of cross-strata represented in the roadcut 

is about 90 ft. No fish fossils, ostracods, snails, or worm burrows 

were seen. The roadcut is topped by an approximately 6 ft thick section 

of light-green, very fine grained sandstone containing .2 to 1.0 in thick 

laminae. These laminae are indistinctly rippled. Root casts were found 

in both vertical and horizontal positions in this sandstone.

Geological observations were also made at fossil sites D855 and 

D856, located on a hill approximately 2.4 miles S30°E from D854. Here, 

as elsewhere in the study area, the exposure of the stratigraphy is poor. 

The observations taken at each site are given in two columnar sections 

(Figs. 4 and 5), and can be directly compared with each other. D855 is 

50 ft stratigraphically below D856, and differs from it in having more 

tuff and tuffaceous sandstone layers. The tuffaceous layers at D855 lie 

topographically at about the same level as an ash bed one mile further 

north which has given a zircon fission track age of 11.3 +0 . 8  m.y. 

(Chapter 7).

For the purposes of taphonomic and paleoenvironmental analysis, 

the sediments at D856 were examined in greater detail than those of D855. 

Examination of the stratigraphic column reveals that the three foot
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Quartz sandstone, some tuffaceous, very fine to 
fine-grained, well-sorted; grains frosted; dark 
lithic fragments less than 1%. Alternate resis
tant and nonresistant layers about 2.5" thick; re
sistant layers well-indurated with low permeability, 
calcareous. Fossils found beneath a thin marl at 
top of unit.

Tuff and tuffaceous sandstone, white, thinly lam
inated and highly calcareous.

Blue-grey vitric ash, very finely laminated.

Sandstone and tuffaceous sandstone, fine to very 
fine grained, highly calcareous; laminated with 
individual laminae .04-.2" thick. More tuffaceous 
parts weather as resistant white laminae.

Tuffaceous sandstone and tuff, grey at bottom of 
unit and white at top; no calcite cement. Indi
vidual laminae .04-.2" thick.
Quartz sandstone, tan, very fine grained and mod
erately well-sorted. Finely laminated with lam
inae .04-.12" thick.

Figure 4. Stratigraphic Section at D855. 

Scale 1" = 2'.



Sandstone, brown. To top of hill.

Quartz sandstone, grey-white with green tint, fine-grained; well-sorted; 
grains subrounded to rounded, frosted; permeable but with calcite cement. 
Some root casts near bottom. Becomes broken into balls and grades into 
brown sand above.

Quartz sandstone, greenish-white, fine-grained; grains rounded and well- 
sorted, frosted; less than 1% dark lithic fragments; highly calcareous and 
indurated; has numerous root casts; forms single bed with irregular surface.

Quartz sandstone, greenish-grey, fine-grained, well-sorted; grains subrounded, 
frosted with less than 1% lithic fragments; permeable with calcite cement.
Root casts common. Thinly laminated, laminae up to 1.5" thick. Fossil 
horizon.

Quartz sandstone, greenish-gray, fine-grained, well-sorted; grains subrounded 
to rounded and less than 10% dark lithic fragments; non-permeable and in
durated with calcite cement. Unit massive; plant roots common near top.

Base of excavation.

Figure 5. Stratigraphic Section at D856 

Scale 1" = 10".
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section at D856 contains four noncross-bedded layers. The only strati

fication observed was in the fossiliferous layer, where thin, horizontal 

laminae 1.5 in thick were seen. Pebble and gravel layers are absent.

Each of the four layers is composed of fine-grained quartz sandstone, 

and the individual grains are subrounded to rounded and well-sorted. 

Larger grains tend to be more well-rounded than smaller grains. The 

quartz grains are frosted. In all layers the grains are cemented by 

calcite. Numerous short, white, non-calcareous stringers are present 

in several of the layers. Mechanical analysis of the sediments to deter

mine the percentage of clay versus sand was not undertaken, but no clay 

drapes or laminae were seen. No sedimentary structures other than the 

horizontal lamination and white stringers were observed.

The extensive plant cover prevents direct stratigraphic correla

tion between D855 and D854. D854 lies topographically 107 ft below D855,

at an elevation of 6331 ft. Similarly, fossil site D857 cannot be cor

related stratigraphically with the other fossil sites. It lies at an 

approximate elevation of 6440 ft, which is nearly the same as the eleva

tion of D855 (6438 ft). Z



CHAPTER 3

TAPHONOMY.AND PALEOENVIRONMENT OF 
THE BROWN'S PARK FORMATION

The lithological characteristics of quarry D856 have been de

scribed in Chapter 2. In this chapter the biological (bone) character

istics of D856 will be examined, and taphonomic conclusions based on 

biological and lithological characteristics will be presented. A 

paleoenviromnental hypothesis, based on lithologic, biologic, and geo

graphic parameters, will be presented at the conclusion of this chapter.

Observations on the Bones

Three different categories of data have been utilized in this 

study in arriving at taphonomic conclusions. These categories are 1) 

the orientations of the bones, 2) the relative abundance of the different 

bone elements, and 3) the preservation of the bones. The bone orienta

tions were determined in the field and later plotted on a stereo diagram 

(Fig. 6). Most bones lie in a horizontal plane, and are consequently 

represented on the stereo diagram by two points 180° removed from each 

other. A rose diagram (Fig. 7), showing only the azimuth of each bone, 

was constructed from the same data. It can be seen that there is no 

preferred orientation other than the horizontal. None of the bones 

plunge at high angles. At the time of excavation, large ends were dis

tinguished from small ends on only eight bones. Seven of these bones

14
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Figure 6. Stereographic Diagram of Bone Orientations, D856 Quarry.

•, pole; • , two poles at same position; • , 3 poles at same position
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Figure 7. Rose Diagram of Bone Orientations at D856 Quarry.

The observed asymmetry results from bones with plunge >0°; values for 
these bones fall in only one quadrant.

i
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dip northeast, with the large ends oriented northeast on five of them and 

southewest on two of them; the eighth bone, which dips northwest, has the 

small end pointed northwest. This small sample indicates a slightly 

greater tendency for the large ends to be pointed north.

The relative abundance of the bone elements from D856 can be 

shown by merely listing each element and the number of times it occurs.

For the taphonomic analysis of the quarry, a more meaningful approach is 

to divide the bones into five Voorhies transport groups, as shown in 

Table 1. The significance of these groups will be discussed later. Col

lecting bias has affected the number of bones in these groups. Limb 

bones are by far the most abundant skeletal elements. Ribs and vertebrae 

are underrepresented in the collection. During quarrying, fragmentary 

rib shafts were discarded, and several articulated but extremely frag

mented vertebrae were also discarded. Similarly, splinters of the shafts 

of long bones and most unidentifiable bone fragments were thrown away. 

However, since tables of relative abundances of bones rely on the identi

fication of these bones, the fact that unidentifiable fragments are thrown 

away is of no consequence. Thus, collection bias has caused underrepre

sentation of Group I, but probably has not significantly affected the 

other groups.

The bones from D856 vary in their preservation. The color of the 

bone ranges from white to gray to brown. Tooth enamel is bluish-brown.

The best preserved bones are greenish-gray; white and brown bones exhibit 

splitting and fragmentation. The white color of some bones is due to a 

thin layer of CaCOg deposited on the outside surface; underneath this
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Table 1. Bones Found at D856 Quarry and Their Distribution into Voorhies'
Groups, and Observed and Expected Frequencies of Skeletal 
Elements. _______

GROUP I GROUP II GROUP III GROUP I/II GROUP II/III
6 vertebrae 6 distal 

humeri
1 skull 27 phalanges 5 rami and 

partial rami

4 ribs 7 proximal 
radii-ulnae

1 fragment 4 calcanea
skull

7 distal 
radii-ulnae

1 mandible 6 astragali

2 distal 
tibiae

7 wrist bones

5 distal 
metapodials

1 scapula

7 proximal 
metapodials

Rami

1 acetabulum
Observed
Frequencies

1.0

Expected
Frequencies

Skulls 0.4 0.5

Mandibles 0.2 0.5

Distal humeri 1.2 1.0
Proximal radii-ulnae 1.4 1.0

Distal radii-ulnae 1.4 1.0

Distal tibiae 0.4 1.0

Proximal metapodials 1.4 2.0

Distal metapodials 1.4 .

Proximal phalanges 4.4 4.0

Astragali 1.2 1.0

Calcanea 0.8 1.0
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layer the bone is usually some shade of gray. Several of the white bones 

(D856-77,78,28) are deeply pitted, and most show thin, parallel cracks, 

some rather prominently (D856-25,35). The brown bone is under attack by 

living roots, which tends to soften and disintegrate the bone. In sev

eral bones, brown organic matter is concentrated along splits in the 

bone or in cavities, and undoubtedly serves to widen these fractures and 

pits. White bones appear to be not as extensively attacked by roots, 

and some are virtually untouched by roots. During the course of quarry

ing, the presence of bone could often be predicted by roots growing 

parallel to the bedding planes; these roots sometimes led to and sur

rounded bone. Bone highly disintegrated by roots left a brown stain in 

the enclosing sediments.

The greenish-gray bone exhibits relatively little damage of the 

surface, though a few specimens (0856-32,41) show faint, parallel cracks, 

and one (D856-56) is strongly eroded. Some bones are bicolored (gray and 

brown, gray and white, white and brown), and in nearly all cases the 

brown and white bone is more extensively damaged than the gray bone. 

Splitting and fragmentation, which are usually well-developed on the 

brown and white bone, extend only slightly, if at all, into the gray bone.

The bones vary in their completeness. None of the long bones or 

metapodials are completely represented; most are proximal or distal ends. 

The ribs are represented only by their heads, although it is probable 

that fragmentary shafts were discarded.at the time of collection. Com

plete bones include the several phalanges, podials, and vertebrae; the
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horn core and jaws are also relatively complete. The scapula is ex

tremely broken, and the pelvis is represented only by the acetabulum.

In general, the breaks and morphological details of the bones 

are sharp and clear. A few of the bones with a highly roughened and 

fragmented surface (0856-52,55) show some softening of morphological de

tail due to this erosion. One astragalus (0856-56) shows a softening of 

morphological detail without also having a highly eroded and broken sur

face. On several bones, "spiral'* fractures are present (0856-62,62,64, 

55), and a few bones (0856-25,19) show development of "splintered" frac

tures (Behrensmeyer, 1975, Plate 2, Figs. A,B,C). Some bones (0856-28, 

77,78) have a roughened and pitted surface similar to some illustrated by 

Behrensmeyer (1975, Plate 1, Figs. A and B). Other bones are crushed or 

have broken, depressed areas. A distal radius-ulna (0856-25), for ex

ample, has the posterior part of the shaft crushed inward, while the 

distal end is undisturbed. A phalanx (0856-68) exhibits crushing of the 

central parts of the shaft, although the proximal and distal ends are 

undistorted. Nearly all bones exhibit some breakage, cracking, rough

ness, or pitting of the surface. No bones larger than camel phalanges 

are preserved intact.

The lithologic and biologic characteristics of fossil quarry 

0856 have been examined. Based on this data, what sort of taphonomic 

conclusions can be drawn; that is, what factors have affected the forma

tion of this deposit between the time of death of the animals and lithi- 

fication of the sediments? The observations on the bones will be

considered first.
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Interpretations Based on the Bones 

Orientation data gives information on whether the bones were 

transported in or acted upon by a current of water. In his analysis of 

the Verdigre flood deposit, Voorhies (1969, p. 11) notes that water- 

transported bones tend to be deposited parallel or transverse to the cur

rent direction. This orientation is affected by the type of bone and the 

strength of the current, long bones tending to align transverse to the 

current in shallow water and parallel to the current in deeper water. 

Preferred orientation for water-transported bones should be revealed on 

the stereonet. Voorhies (1969, Fig. 9) found two mutually perpendicular 

directions for the bones in the Verdigre quarry, and he interpreted these 

directions as parallel and transverse to the current. The rose diagram 

for D856 (Fig. 7) shows no strong preferred orientations which may be 

interpreted as directions transverse and parallel to the current. The 

rarity of bones plunging off the horizontal and the total lack of bones 

with high plunge is considered significant. In the Verdigre deposit 

many bones had high angles of plunge, which Voorhies attributed to two 

factors: 1) rapid burial in a high energy flood situation, with little

chance to return to the more stable horizontal position, and 2) imbrica

tion in an upstream direction. The lack of high angles of plunge of the 

bones at D856 indicates that they were not deposited in a flood. The 

fact that bones plunging off the horizontal do so in a northwest and 

northeast direction may be taken as evidence for imbrication. Under this 

hypothesis, "upstream" would be to the north. Voorhies (1969, p. 66) 

reported the results of stream table experiments which showed that on
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bones parallelling the current direction, the large ends tend to point 

downstream. In the D856 quarry, only three of the eight bones have the 

large ends pointed south, which should be the "downstream" direction if 

the bones are imbricated. I interpret this data as suggesting that the 

bones were not acted upon by a current.

The relative abundance of the different skeletal elements should 

also provide information on whether or not the bones were transported in 

a current. Thus, the bones were divided into Voorhies transport groups. 

Voorhies (1969, p. 16) notes that ribs, vertebrae, sacra, and sterna tend 

to be easily removed in a current; others, principally long bones, are 

removed gradually. Rami, skulls, and mandibles form a lag deposit. Ex

amination of the specimens from D856 shows that representatives of all 

three classes are present. As mentioned, collecting bias has caused 

Group 1 to be underrepresented. The observed and expected frequencies of 

selected skeletal elements are given in Table 1. The observed frequencies 

of most of the long bones are only slightly greater than would be expected 

if these bones were not transported. On the other hand, the observed fre

quency of metapodials is slightly less than expected. The observed fre

quencies of proximal phalanges, calcanea, and astragali are very near the 

expected values if no transport had occurred, while members of Group III 

(skulls and mandibles) are slightly less than expected. The sample is 

small, which has probably caused some slight differences in observed fre

quencies. For example, the observed frequencies of calcanea and astragali 

should be the same, but they are slightly different. Similarly, there 
are 22 complete and partial phalanges preserved, while only 5 medial
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phalanges and no distal phalanges were recognized. Larger size has prob

ably resulted in better preservation and consequent recognition of the 

proximal phalanges.

Behrensmeyer (1975, Fig. 5) has constructed a table which shows 

that a bone assemblage composed of Voorhies transport Groups I, II, and 

III is an undisturbed concentration. Naturally, the relative numbers of 

bones in each group is important for interpretation. Although at D856 

the members of Group II are the most abundant, they are not dispropor

tionately so, and the frequencies within this group vary from more to 

less than expected. The fact that the observed frequency of mandibles 

is low can be explained by the fact that mandibles easily disassociate 

into individual rami. The lack of preferred orientation to the bones 

and the high number of bones in each Voorhies group (remembering that 

collecting bias has lowered the number of bones in Group I) suggests that 

current transport has not affected these bones. This can be more fully 

appreciated if the D856 bone concentration is compared with that at 7498, 

described in Chapter 5.

The preservation state of the bones may be interpreted to give 

further evidence on the taphonomy of the deposit. The thin, parallel 

cracks on many of the bones resemble shrinkage cracks, due to dehydration 

of the bones (Saunders, 1975, p. 259). Behrensmeyer (1975, Plate 1,

Figs. A,B,C) illustrated bones which have undergone drying and weathering 

on the surface of the ground, and which have cracking patterns very simi

lar to that on several quarry bones (D856-36,37,40). According to 

Behrensmeyer (1975, p. 480), spiral and splintered fractures occur only
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on fresh bone, and their presence on several D856 bones may indicate that 

fracturing occurred before burial. The D856 bones do not exhibit round

ing and polishing of edges, which would be indicative of prolonged current 

transport. Softening and loss of morphological detail (except on astra

galus D856-56) appears to be due to roughening and pitting of the bone 

surface, with results similar to those seen on Behrensmeyer *s weathered 

bones. Current transport of bones, however, can result in extensive 

breakage without polishing, provided the transport has not been long. 

Behrensmeyer (1975, Plate 1, Fig. B, bones a and b) shows astragali with 

surfaces extensively broken so that spongy bone is exposed. These astra

gali were found in channel sands and do not exhibit polishing in her 

photo. The exposure of spongy bone resembles that seen on several D856 

bones; for example, D856-28, 77, and 78. D856-28 and 77, however, also

exhibit a cracking pattern similar to that produced by dehydration 

(Behrensmeyer, 1975, Plate 1, Figs. B and C), indicating that the expo

sure of spongy bone could have been produced by subaerial weathering 

alone. The lack of other indications of water transport suggest that 

current action need not be invoked as a hypothesis to explain the frag

mentation of the D856 bones.

Behrensmeyer (1975, p. 480) notes that "if bones are to maintain 

a fresh and unweathered appearance, they must be buried soon after the 

death of an animal." Some of the bones at D856 have a fresh, unweathered 

appearance, but most exhibit various degrees of splitting, roughness, 

breakage, and crushing. I believe that these bones underwent subaerial 

weathering before burial. Subaerial weathering would include not only



25

dehydration and spalling, which would split the bone and expose spongiosa, 

but also animal trampling and bone-breaking activities of carnivores, <

which would result in the observed crushing of several bones, the destruc

tion of the more fragile shafts of the long bones, and the occurrence of 

spiral and splintered fractures. On the bones there is no direct evidence 

of carnivore activity, such as tooth marks. Indirect evidence for carni

vore activity is suggested by the absence of proximal humeri, femora, and 

tibiae, and the low number of glenoid and acetabular fossae. According 

to Behrensmeyer (1975, p. 539), the humerus/scapula and femora/pelvis 

joints are subject to more gnawing activities by carnivores, as these 

joints are where the limbs are pulled off. Voorhies (1969, p. 20) sug

gested the same mechanism to account for the low number of proximal hum

eri, femora, and tibiae in his Merycodus sample from .Verdigre, and in 

addition noted that these proximal ends have a high fat content in the 

spongiosa and are therefore readily eaten by carnivores. In Voorhies' 

sample, the distal ends of humeri and tibiae were much more abundant than 

the proximal ends. Under the carnivore hypothesis, the abundance of 

metapodials, podials, and phalanges could be explained by the fact that 

since these elements are covered by less meat, they would be less attrac

tive dietary items to carnivores. However, the greater density of the 

podials and the proximal and distal ends of the metapodials and phalanges 

would also help explain their preservation.

Could other mechanisms account for the weathering and incomplete

ness of the D856 bones? Could sediment compaction or tectonic processes 

account for the observed fragmentation of the bones? The sediments at
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D856 consist of fine-grained sandstone without clay layers. Bone distor

tion due to sediment compaction should be greater in clayey sediments 

than in sandy sediments (E. H. Lindsay, personal communication, 1976). 

Compaction, however, will occur in sandy sediments if burial is deep 

enough. However, as will be explained later, the high dip angle of some 

of the Brown’s Park cross-beds suggests that there has been little or no 

post-depositional compaction of these sediments. Simple compaction fails 

to explain the incompleteness of the larger bones, for though compaction 

may crush the relatively fragile shafts of the long bones, it should not 

also destroy all traces of these shafts. Sediment compaction also fails 

to explain why several delicate cervical vertebrae should be preserved 

undistorted while the larger and stronger phalanx (D856-68) and radius- 

ulna (D856-55) show crushing.

Similar arguments can be used against the tectonic hypothesis. 

Tectonism fails to explain the preservation of some delicate bones and 

the crushing of stronger bones. As with sediment compaction, tectonism 

should not completely destroy all traces of the shafts of some long 

bones. There is little direct evidence for tectonic activity in and 

around D856; this, of course, may be a function of the quality of the 

exposures. Dips taken on the strata in the quarry ranged from 3°SE to 

4°NW; slight irregularities on the dip surface and on the original sur

face of deposition can account for these slight variations off the hori

zontal. No consistent regional dip was observed. Izett (personal 

communication, 1976) believes that in the area around Maybell, the re

gional dip is essentially zero.
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As pointed out by Behrensmeyer (1975, p. 482), root growth and 

the activity of burrowers can also contribute to the destruction of 

bone. For D856, the "root hypothesis" must be given serious considera

tion. As noted previously, brown bones are strongly attacked by roots 

and generally have deposits of brown organic matter in pits and cracks. 

Brown bones are generally also the least well preserved. White bones are 

occasionally under attack by roots (radius-ulna D856-25 with extensive 

posterior crushing), and in these cases, the bone is being stained brown. 

Gray bones are untouched by roots and are the best preserved.

Obviously, the brown color is due to root activity. A logical 

hypothesis would be that gray bone— »white bone— thrown bone represents 

three steps in the disintegration of the bone and therefore, since the 

roots are probably Recent or Pleistocene in age, the fragmentation of 

these bones is really a Pleistocene-Recent phenomenon. Thus, the pre

sumed fossil shrinkage cracks, spiral and splintered fractures, are
.V

modern breaks caused by roots.

Some facts bear against this hypothesis. A few gray to gray- 

white bones (D856-53,60,14,15,41) are extensively broken, but at the 

same time have been subjected to only minimal root action. Radius-ulna 

D856-55 and metapodials D856-61 and 62 have been subjected to severe root 

attack, but are as complete as these other bones. Distal radii-ulnae 

D856-77 and 78 have surfaces extensively roughened and pitted, yet are 

untouched by roots. In these bones, the fracturing and pitting preceded 

root activity on the bones. The fact that some bones grade from gray to
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brown (D856-14) without an intermediate white stage shows that gray- 

white-brown is not a sequence of bone disintegration.

A striking fact about these bones is that greenish-gray bones 

tend to be free of the presumed fossil subaerial weathering indicators; 

the various cracking patterns and pitted surfaces occur almost exclusively 

on white or brown bone. As already noted, bicolored bones have cracks and 

pits on the brown and white parts, and the green-gray part is nearly free 

from damage. Greenish-gray bones with broken ends tend to have these ends 

subjected to root attack. Could it be that the fragmentation of these 

bones is due not only to root attack, but also to the deposition of cal

ette? This may explain why some white bones are extremely pitted but are 

free from roots.

Behrensmeyef (1975, p. 482) discussed how CaCOg deposition acts 

either to preserve a bone or destroy it. In the latter case, the outward 

growth of a calcite nodule can break a bone apart. In the D856 quarry, 

no evidence for CaCOg nodule formation and the subsequent "explosion” of 

bones exists; rather, the calcite seems to occur as a deposit on the sur

face of the bone. In some samples (D856-37,53) gray bone is evident un

derneath this surface veneer. In other bones (0856-68,77) the calcite 

extends to greater depths in the bone and the bone is rather soft and 
powdery.

Where did the calcite come from? It does not occur as a uniform 

layer on these bones and varies in depth within the bones; on unweathered 

bone it is nearly absent. These facts suggest that it was not brought in 

by ground water, else why should there be selective deposition? The
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fossil layer itself becomes more firmly cemented with calcite near its 

contact with the overlying highly calcareous layer. It was from the very 

bottom of this overlying layer that the Tomarctus skull and jaws were 

found. This specimen consists of gray-green bone that is remarkably well 

preserved. If calcite contributed to the destruction of the fossils, it 

is anomalous that such well-preserved bone, and in fact the only asso

ciated skull and jaws, should come from a layer more thoroughly cemented 

by calcite.

The occurrence of calcite on the bones suggests that it may have 

formed from the leaching of calcium from the bones themselves. Dissolved 

carbon dioxide in the ground water could combine with the bone calcium to 

form calcite. This may explain why, for example, calcite is most abun

dant on cracked, pitted, or broken bones. The cracks, pits, and breaks 

on these bones could allow relatively easy paths along which calcium 

would be leached from the bones. If calcium were being leached from the 

bones at these broken areas, then roots would more readily attack the 

bones here. Relatively little weathered bone would resist this leaching 

process and would therefore be less disintegrated by roots.

It is clear that modern root growth and calcium carbonate deposi

tion are not the major agents in the fragmentation and destruction of 

these bones. Another possibility exists. The previously mentioned short, 

white, non-calcareous stringers in these sediments are interpreted as 

fossil root casts. It is possible that shortly after deposition of the 

bones, roots grew around the bones, causing some of the observed destruc

tion. Later, root activity on the bones ceased, perhaps after sediment
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accumulated to a depth greater than, the length of the roots. During the 

Pleistocene or Holocene, as erosion removed some of the overlying sedi

ment, root activity commenced once again. I cannot totally discount this 

possibility. However, there are no fossil root casts resting on or in 

the bones, and I would thank that if previous root activity were instru

mental in the destruction of these bones, more direct evidence of it 

would be present.

Because the splitting and fragmentation of the D856 bones so 

closely resembles subaerial weathering phenomena, I advance the following 

hypothesis to explain the preservation of these bones. After the deaths 

of the animals, the bones underwent slightly varying lengths of subaerial 

exposure, reflected in the quality of the preservation of the bones. 

Weathering and animal activity contributed to the destruction of these 

bones. Later, calcium was leached from the bones at the various cracks 

and pits. This leaching could have proceeded any time after burial, as 

the entombing sands would be relatively porous. However, it may not have 

occurred until the overlying layer, which is heavily cemented with cal

cium carbonate, had broken up sufficiently to allow roots and water to 

reach the bones. Judging from the fact that only certain bones are at

tacked by roots, this breakup may not have occurred until relatively 

recently.

Sedimentological Interpretation 

The biological characteristics of the deposit at D856 suggest 

that the bones did not accumulate due to water current action. The
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lithological characteristics of this deposit also support this conclusion. 

Some characteristics of water-laid sediments (modified after Glennie,

1970, p. 12) that are absent at D856 include:

1) gravels and conglomerates

2) trough cross-bedding

3) recumbent folds, slump structures, and the steep foresets of 

flood plain deposits

4) clay laminae or clay drapes

5) pebbly or poorly sorted sediments

also

6) fining upward sequence of sedimentary structures and grain size, 

and

7) mudcracks, ripple marks, and other fluvial sedimentary structures.

As noted previously, some of the D856 bones have a roughened, 

pitted surface similar to that seen on some of Behrensmeyer * s bones which 

had been abraded in a stream. Her bones, however, were concentrated in 

gravels at the base of a channel sequence that includes sedimentary struc

tures absent at D856. Thus, there is no doubt that the abrasion of her 

bones was caused by water transport. The lack of channel sedimentary 

structures at D856 reinforces the previous interpretation that the sur

face fragmentation of these bones was not caused by water transport.

Horizontal stratification is present at D856. This stratifica

tion could represent overbank flood deposition. McKee, Crosby, and 

Berryhill (1967) made a study of flood deposits in Colorado and found 

that the dominant type of stratification was horizontal. The thicknesses
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of these strata measured from 3-12 ft, and represented material deposited 

in a few hours time. The most abundant sediment type was fine to coarse 

quartz sand, silt and clay being present only in minor amounts. This de

scription sounds very similar to that for D856. However, a characteristic 

of the flood deposit studied by McKee and others (1967) was that in most 

cases the sorting was only fair; rarely was the sorting good. Also, ar

mored clay balls were locally abundant. At D856 the sorting is good and 

clay balls are absent. McKee and others (1967) noted the dispersal 

throughout the deposit of local material larger than coarse sand. This 

material (trees, steel girders) occurred as a veneer over the surface of 

the deposit. As noted by McKee and others (1967), the dominant grain 

size of the flood deposit does not necessarily reflect the transporting 

power of the water during the flood, as the dominant size of the material 

in the deposit is partially dependent on the size of material available 

to be transported. If the layers at D856 represent overbank flood depo

sition (highly unlikely at this point), it might be supposed that the fos

sils are the larger material available for transportation in the flood 

situation. This idea can be rejected since the fossils, if water trans

ported, should show evidence of it in their orientation and abundance.

The horizontal layering, especially the laminae in the fossil 

horizon, could represent either standing water or air-fall deposition. 

Water was certainly present in some form because of the calcite cementa

tion of the layers and the presence of root casts. Calcite cementation 

occurs when carbonate-rich ground or storm waters evaporate. As the 

level of the water slowly falls, precipitation of carbonate occurs at
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available sediments. Did the water responsible for the calcite cementa

tion occur in a lake, as storm runoff, or in an underground water table?

The evidence is insufficient to conclusively answer this question, 

and the question as to how the horizontal layers at D856 formed. Rela

tive to the lacustrine hypothesis, a few facts are pertinent. No lacus

trine fossils (fresh water molluscs, fish, etc.) were found at D856.

Also, no ripple marks, mud or silt casts, mudcracks, or any other fea

tures which could be reasonably interpreted as lacustrine in origin, 

were found. The same negative evidence can be applied"to any smaller 

body of standing water. ,

Horizontal sand laminae due to aeolian deposition commonly occur 

in desert areas today. Glennie (1970, p. 106) discusses horizontally 

bedded layers in interdune areas and sheet sands, and pictures (1970,

Fig. 24) about 2.5 ft (which is only slightly less than the section at 

D856) of horizontally stratified wind-blown sand in the floor of a dry 

wash. Thus, aeolian deposition could account for the deposition of the 

sand at D856. Is there other evidence for aeolian deposition of the 

Brown's Park Formation occurring in the study area?

The Brown's Park Formation west of Craig has been considered of 

aeolian and fluvial origin (Izett, 1975, p. 185). The large-scale, high- 

angle, wedge-planar cross-strata exposed in the roadcuts from Craig to 

Elk Springs are interpreted as the foresets on the slip faces of aeolian 

dunes. Walker and Harms (1972, p. 280) note that large-scale, steep 

cross stratification is commonplace in modern aeolian dunes, but rare in

33
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modern water-laid deposits. In dry sand the foresets dip up to 34° or 

higher, which is the angle of repose. Such steep dips are rare in pre

sumed ancient aeolian sands (R. F. Wilson, personal communication, 1976). 

Walker and Harms (1972, p. 280) attribute the rarity of maximum dips in 

the Lyons Sandstone of Colorado to two factors; dune type and post- 

depositional compaction. Some dunes, such as seif dunes, may have rela

tively few angle of repose faces. Post-depositional compaction would 

have the affect of reducing the dip angle of the cross strata. Bigarella 

(1972, p. 15) suggests that, since in dunes the most steeply dipping 

cross strata are on the upper parts of the slip faces, the lower dips of 

paleodunes may be due to the erosion of the upper parts of the slip 

faces. The local dips greater than 30° in the Brown's Park sandstones 

in the Maybell and Elkhead regions suggest little or no post-Miocene com

paction of the sediments. The rarity of angle of repose dips supports 

Bigarella's hypothesis of dune-top erosion.

Large-scale cross-strata are not restricted to aeolian dune sands 

they can, for example, also be found in the point bar deposits of rivers 

or in marine sandwaves (R. F. Wilson, personal communication, 1976). 

However, point bar cross beds are often of the trough type, rare in 

aeolian dunes and the Brown's Park sediments. Point bars are sometimes 

coarse-grained and contain channel lag deposits. If a range in grain 

size is available, the bar will be characterized by a fining-upward se

quence (Reineck and Singh, 1975), commonly culminating in silt or mud 

layers at the top. These features were not observed in the Brown's Park 

roadcuts. Similarly, one might expect to find coarser grained material
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associated with the topsets of a lake delta, assuming that coarse

grained materials were being carried by the river. One would also ex

pect to find fish bone, molluscs, or worm burrows in lacustrine deposits. 

These features were also not seen.

The grain characteristics of the hand sample taken from the D854 

foresets are characteristic of an aeolian environment. Well-sorted quartz 

sands are common in aeolian deposits (R. F. Wilson, personal communica

tion, 1976), though they can also be found in the beach environment. In 

general, aeolian sands range from medium to very fine grained and are 

subrounded to rounded; beach sands may be well rounded. Aeolian, quartz 

sands are characteristically frosted, due to the presence of many small 

pits caused by abrasion during transport. Frosting of quartz grains can 

also be caused by calcite solution (Glennie,.1970, p. 166), but since 

the sands of D854 are not calcite cemented, their frosting is here 

thought to be caused by transport.

The evidence is strong that the highway exposures of Brown's Park 

are aeolian in origin. The transport direction of these sands was de

termined by analysis of the dip direction of the foresets. Cross-bed 

readings (195) were taken along the 43 mile stretch of highway between 

Craig and Elk Springs. Dip readings were taken from both high- and low- 

angle sets. An average transport direction of N4503'E was obtained from 

the dip orientations. The consistency factor, which is a measure of the 

constancy of dip direction of cross-strata, was calculated and found to 

be .717 (the reader is referred to Reiche, 1938, p. 913, for a discus

sion of the meaning of consistency factor or Potter and Pettijohn, 1963,
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for the mathematical formulation of this quantity). The highest possible 

value for the consistency factor is 1.0, which means that all cross beds 

dip in exactly the same direction. Thus, the lower the consistency, the 

more dispersed are the azimuths of the dips. R. F. Wilson (personal com

munication, 1976) suggests that the consistency factor for alluvial fans 

is less than .6, for most fluvial deposits is between .6 and .8, and for 

most aeolian deposits is greater than .8. The consistency factor of 

aeolian sands is based upon studies of paleodunes of the Colorado Plateau, 

and assumes a single dominant wind direction.

A second calculation of the consistency factor was made for the 

Brown's Park sands, this time by excluding all dips less than 15°. It 

was hypothesized that the low-angle dips could represent the sides and 

backs of dunes, and hence would give directions other than the dominant 

transport direction, and would thus tend to lower the consistency factor. 

After exclusion of the lower dips, 138 readings were left. The average 

transport direction obtained from these higher dips was N47°17'E, nearly 

the same as before. The consistency factor was .69, also nearly the 

same as before.

The low consistency factor could be the result of having two wind 

directions responsible for the formation of the dunes. Reversing and 

star dunes (McKee, 1966) and seif dunes (McKee and Tibbitts, 1964) are 

formed from two or more wind directions. Reversing dunes are formed by 

winds blowing 180° from each other, and the resulting high-angle cross

strata are also oriented in two directions 180° from each other. Star 

dunes are formed from three winds blowing at right angles to each other,



and the resulting high-angle dips show a similar distribution. Seif 

dunes are formed by the bisector of two wind directions at right angles 

to each other, and the high-angle dips are oriented 180° apart.

The dip maxima for the Brown's Park sandstones are plotted on a 

rose diagram (Fig. 8) and can be seen to cover a range of 60°. This 

distribution does not correspond to dunes formed from multiple wind di

rections, but in fact, corresponds more closely to the polar diagram of 

barchan dip maxima plotted by Glennie (1970, Figs. 82 and 83). This 

distribution suggests that the Brown's Park dunes were formed by a single 

major wind direction from the southwest, and therefore these dunes prob

ably correspond to barchan or transverse dunes. The relatively low con

sistency factor for the dips is probably due to slight variations in the 

prevailing wind direction over the length of time and geographical dis

tance represented by the deposits. Buffler (1967, Fig. 10) obtained a 

bimodal distribution of dip maxima in the Elkhead region to the east.

His dip maxima are spread over a range greater than 90°. The mean of 

the readings, however, demonstrates a southwest to northeast transport 

direction, as in the area west of Craig.

The highway roadcut at D854 is one of the most obvious exposures 

of aeolian cross-beds preserved in the study area. The antilocaprid fos

sils found here constitute unequivocal evidence for animals living among 

these dunes. The fossils came from a thin layer of horizontally bedded 

sandstone between large-scale foresets. As already mentioned, such 

horizontally bedded layers occur in interdune areas today.

37
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Figure 8. Dip Maxima Directions in Brown's Park Sandstones. 

Data based on 94 readings (68% of 138 readings).



39

Thus, strong evidence exists for aeolian deposition occurring in 

the Brown's Park Formation at about the time of accumulation of the fos

sil deposit at D856 (as will be demonstrated later, there is probably 

little or no age difference between D854 and D856). It is possible, 

therefore, that the four non-cross-bedded layers at D856 were deposited 

by the wind. The thinness of these layers and their lack of cross

bedding argues against their being the foresets of dunes. As mentioned, 

thin horizontal laminae were observed in the fossil layer; such laminae 

could also have been present in the other three layers, but they could 

have been destroyed due to bioturbation by roots.

The grain characteristics of D856 are consistent with the aeo

lian hypothesis. As mentioned, the grains are composed of fine-grained, 

well sorted, subrounded to rounded quartz. Glennie (1970, p. 165) notes 

that larger grains tend to be more well rounded than smaller grains in 

an aeolian environment; this was seen in the D856 sediments. The frost

ing on these grains, however, could be due to chemical solution by the 

calcite cement, and is therefore not necessarily indicative of aeolian 

transport.

The evidence suggests that aeolian processes could have deposited 

the sands at D856; certainly no evidence contradicts such deposition. 

Also, no evidence contradicts deposition of the sands in a standing body 

of water; however, there is no strong evidence for such a hypothesis 

either. There is strong evidence that the sands were not deposited in 

a current of water. In view of the evidence for widespread aeolian 

deposition occurring nearby at this time, it is highly probable that 

the D856 sands are also aeolian.
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I interpret the D856 deposit as resulting from the in situ weath

ering of bones, with the lighter, more fragile bones being largely de

stroyed through inorganic and animal activity. The resistant elements 

form the bulk of the deposit. Over time, the deposit of bones was gradu

ally buried under wind-blown sands. More weathered bones were exposed 

longer before burial than less weathered bones.

Paleoenvironmental. Interpretation

The question of the mid-late Miocene paleoenvironment must now be 

considered. The occurrence of aeolian deposits suggests the obvious in

terpretation that this area was a desert. If so, it was not without 

water, as evidenced by the occurrence of fossil animals and root casts. 

The paleoenvironment, however, may have been very similar to the semi- 

arid environment in the area today. There are no extensive dune deposits 

in the area today; however, approximately one mile south of D856 is a 

lone active dune, its sand derived from reworking of Brown’s Park and 

Pleistocene deposits. Just south of Highway 40 at Maybell is a Pleisto

cene dune field. Today, the dunes are stabilized by vegetation. The 

Pleistocene dunes were probably derived from reworking of the Brown's 

Park sands. Thus, if there is a strong wind and a source of sand, dunes 

will develop (E. H. Lindsay, personal communication, 1976), and their 

presence does not necessarily indicate an arid environment.

What was the source of the Brown’s Park sands? Izett (personal 

communication, 1976) has suggested that the aeolian deposits west of 

Craig could represent dunes associated with an ancient river course. 

Allen (1965, p. 162-163) notes that migrating dunes sometimes border
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rivers and are formed from sand winnowed from the channel at times of low 

water. Allen reports modern river border dunes ranging in height from 

2-45 ft, which form linear belts following the course of the river. Such 

a linear sand belt is present today in northeast Colorado alongside the 

South Platte River, and is most extensively developed on the east (down

wind) side of the river. The form of this sand belt can be seen on the 

Geologic Map of Colorado, MF-788 (Tweto, 1976).

The major river in the study area today is the Yampa, which flows 

west from the western foot of the Park Range, through Craig and Maybell, 

and joins the Green River in the Uintas just east of the Utah state line. 

In the area between the Juniper and Cross Mountains, the Yampa flows on 

the Brown's Park Formation, and many of the aeolian exposures are also 

found in this area. Today the Yampa flows north of Maybell and is sev

eral miles north of the aeolian exposures along Highway 40. Today the 

Yampa is highly meandering in this area, and it is reasonable to hypoth

esize that it was also meandering during deposition of the Brown's Park 

Formation.

This hypothesis assumes that the Yampa River was present in the 

study area during all or part of Brown's Park deposition. Izett (1975, 

p. 202) notes that the major rivers of northern Colorado, including the 

Yampa, have been in approximately their present courses for the last 10 

to 12 m.y. The aeolian sands in the upper part of the Brown's Park 

Formation in the study area are probably in part that old, based on the 

radiometric date from the ash near D856 (Chapter 7). Izett (1975,

Fig. 13) pictures at the base of the Brown's Park at Juniper Mountain, a
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conglomerate of stream-rounded pebbles and cobbles that was apparently 

derived from the Park Range to the east. He therefore suggests that in 

early Miocene the ancestral Yampa flowed from the Park Range west at 

least as far as Juniper Mountain, probably following a course very simi

lar to that of today. A logical conclusion is that the Yampa has been 

very near its present course since the early Miocene, and may have been 

responsible for deposition of the Brown’s Park Formation in the study 

area. Under this hypothesis, the Brown's Park sands were originally 

carried by the ancestral Yampa River to the study area, where they were 

redistributed into dunes by winds. The apparent lack of channel depos

its in the study area is possibly a function of the poor quality of expo

sure. Also, coarse-grained channel deposits may also not have been 

deposited, if the river gradient was low or if the source area supplied 

only sand-sized particles. As the depositional basin filled with sedi

ments, the river gradient should have decreased. The exposures studied 

occur in the highest preserved parts of the formation, and thus the 

gradient may have been low during their deposition.

Authors (Hancock, 1915; Sears, 1924; Bradley, 1936; Sears, 1962) 

who have discussed the history of the Yampa River have presented the 

view that the course of this river was not established until after depo

sition of the Brown's Park Formation (see Sears, 1962, for a detailed 

discussion). Although tangential to this paper, it should be noted that 

the course of the Green River in Brown's Park is thought also not to have 

been established until after deposition of the formation (Hunt, 1969, 

p. 85). To my knowledge, the hypothesis has never been seriously
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entertained that the Yampa (or Green) River was responsible for deposition 

of part or all of the Brown's Park Formation. Some of the evidence 

against this is detailed below. If one supposes that the Yampa was re

sponsible for the deposition of the Brown's Park from at least the Juni

per to Cross Mountains, then it is logical to assume that its course 

during the Miocene was more or less the same as it is today. In its 

present day course, the river follows canyons through Juniper Mountain 

to the east, Cross Mountain to the west, and a long, sinuous canyon 

through the Uintas west of Cross Mountain before joining with the Green

River. Initial uplift of the Uintas occurred during the early Tertiary/
or possibly late Cretaceous (Hunt, 1969, p. 90); therefore, if the 

Yampa followed the same course in the early Miocene that it does today, 

then it had to have cut Yampa Canyon in the Uintas in the early Tertiary, 

according to the classical concept of antecedence. Sears (1962), how

ever, discussed evidence which indicates that the course of the Yampa 

River in Yampa Canyon was superimposed from the Brown's Park Formation. 

Such evidence includes entrenched meanders and high-level remnants of 

the Brown's Park. These high-level remnants in the eastern Uintas sug

gest that the Brown's Park at one time extended as a blanket across the 

eastern part of the range (Hansen, 1965, p. 173). It may also have oc

curred to the east as a thick valley fill that covered the Cross and 

Juniper Mountains, and it was from superimposition from this Brown's Park 

blanket that the Yampa cut the gorges in these two mountains. In arguing 

against antecedence. Sears (1924, p. 282) notes the imporbability that 

the Yampa (and Green) Rivers would have cut their canyons, which would
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later be filled with several thousand feet of sediments (which also cov

ered the mountains), and later reestablished themselves in these same 

canyons, following the original routes along their entire lengths.

Hunt (1969, p. 88) has recently suggested that the classical con

cept of superimposition is inadequate to explain the present course of 

the Yampa River. He notes that the volume of sediment required to cover 

the eastern Uintas, Cross, and Juniper Mountains at their present alti

tudes is quite excessive, and he doubts whether there has been enough 

time to remove this cover to the elevation seen today. He therefore 

suggests that the Yampa * s course (was determined by superposition before 

the last movements of uplift at the Uinta Mountains (or the last down- 

warp of the adjoining basins)". It has long been suggested (most re

cently by Sears, 1962, p. 1-20) that uplift of the Axial Basin anticline, 

along which the Cross and Juniper Mountains are located, occurred after 

the initial early Tertiary uplift of the Uintas. For our purposes it is 

enough to note that the canyons of the Cross and Juniper Mountains are 

explained by Hunt as a combination of antecedence (since the river pre

ceded the final uplift of these features) and superimposition from the 

overlying Brown’s Park Formation. Hunt does not suggest, and apparently 

does not subscribe to, the idea that the Brown’s Park in this area was 

deposited by the Yampa. However, the presence of the aforementioned 

stream-rounded gravels at the base of the Brown's Park at Juniper Moun

tain, does not necessarily imply that Juniper Mountain canyon was also 

cut in the early Miocene. If Hunt's ideas are correct, Juniper Mountain 

was probably lower at that time. Deposition of the Brown's Park by the
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Yampa could have occurred around Juniper Mountain, eventually covering 

it. With later degradation, the Yampa would be superimposed upon and cut 

through Juniper Mountain.

The outstanding question at this point is, if it is accepted that 

the Yampa River has been in the study area since the early Miocene, does 

it also follow that it deposited the Brown’s Park Formation in the area? 

Was the material derived from the Park Range to the east? These questions 

cannot be answered by any data I have seen, but they should be discussed.

The question of source area is critical. Most past authors have 

considered the sediments of the Brown's Park Formation (except for the 

tuffaceous parts) to have been locally derived from erosion of adjacent 

highlands. Sears (1962, p. 1-16) feels that the part of the formation 

west of the Little Snake River was derived from the Continental Divide 

and laid down on a westward sloping surface. Small, probably consequent, 

streams accomplished this work (Sears hypothesizes these eastern streams 

uniting to form the Yampa River after deposition of the Brown's Park 

Formation). He does not present detailed evidence for deriving the 

eastern Brown's Park from the Park or Front Ranges, but geographical 

proximity makes this a reasonable likelihood.

Buffler (1967, p. 65,67), however, presents detailed evidence 

that the sands of the Brown's Park Formation in the Elkhead region were 

not derived from the Sierra Madre-Park Ranges, which are only a few 

miles to the east. He notes that the heavy mineral composition of the 

Brown's Park sands in his area differs from that of sands in present day 

streams draining the Park Range. Instead, he derives the Brown's Park
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sands in the Elkhead region from sources to the south, including the 

Sawatch Range, San Juan Mountains, and Uncompahgre Plateau. He bases 

his idea for a southern source on analysis of cross-bed directions; most 

of the sands in the Elkhead region are aeolian and were deposited by 

winds blowing from the southwest, as were the sands west of Craig. He 

hypothesized that the Brown's Park sands were transported from the south 

in the air and as migrating dunes until reaching the Brown's Park depo- 

sitional basin, whereupon they were deposited by the wind and north

flowing streams. Buffler presents some evidence that the paleoslope north 

of the White River Plateau was to the north, and postulates that the Mio

cene continental divide ran east from the Uinta Mountains to the White 

River Plateau. This would put the Brown's Park depositional basin east 

of the continental divide; therefore, the basin would be drained by north- 

and east-flowing streams. This idea is similar to one postulated by 

Bradley (1936), who suggested that the streams draining the north 
flank of the Uintas before and during Brown's Park deposition flowed to 

a master stream in the Green River Basin. This master stream flowed 

north or east out of the basin into the Mississippi River drainage.

Bradley rejects the idea of any southward flowing drainage around the 

eastern end of the Uintas, due to a northward thinning of the Bishop 

Conglomerate (an 01igocene(?) rock unit often present immediately beneath 

the Brown's Park Formation) on the north flank of the Sierra Madre Moun

tains. Bradley's continental divide would probably have included the 

Uinta Mountains. Buffler (1967) supports his idea of a continental di

vide running from the Uintas to the White River Plateau on the basis of
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the southward thinning of the Brown's Park Formation as it approaches and 

is deposited on the White River Plateau. Other authors (Sears, 1962;

Hunt, 1969) favor a west- or wouthwest-flowing drainage (without the 

Yampa) for this area in the Miocene, the continental divide being lo

cated where it is today.

In my opinion, the arguments of Bradley and Buffler for the 

southern position of the Miocene continental divide are weak. The Bishop 

Conglomerate on the north flank of the Sierra Madras could have been 

eroded from these mountains; Bradley does not discuss their lithology 

and preseumed source area. If so, they should thin to the north away 

from the mountains. Likewise, Buffler*s southward thinning of the Brown's 

Park onto the White River Plateau may be no more than depositional thin

ning over a topographic high. According to Hunt (1969, p. 71), the struc

tural uplift on the White River Plateau is about 12,000 ft. He estimates 

that 10,000 ft of this uplift occurred before the lava cap overlying 

the Brown's Park Formation was formed. Clearly, if there was any topo

graphic expression of this structural relief, then the Brown's Park should 

thin over it. Buffler's arguments only show the existence of a topo

graphic high at the White River Plateau in the Miocene, and do not prove 

it was the continental divide.

I think that the pebbles at the base of the Brown's Park Formation 

at Juniper Mountain (Izett, 1975, Fig. 13), apparently derived from the 

Park Range, argue strongly that the continental divide was essentially in 

its present position in the early Miocene. These pebbles also argue for 

the existence of an ancestral Yampa at this time. The distance from the 

Park Range to Juniper Mountain is about 60 miles. If paleoslope were to
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the north, it seems unlikely that a stream should travel west for 60 miles 

before turning north. During this 60 miles, this stream would cross the 

paths of the north-flowing drainages of Buffler (1967, Fig. 13), an impos

sible situation. The existence of a west-flowing Yampa River does not 

prove that the Brown's Park sands west of Craig were derived from the 

Park Range. Buffler*s studies of the composition of the Elkhead sands 

are convincing and cannot be dismissed. A similar study should be done 

for the Brown's Park sands west of Craig, to see if their composition is 

also incompatible with an origin in the Park Range. If they should have 

a composition similar to that of the Elkhead sands, and if Buffler has 

truly eliminated all other possible sources, then a southern source for 

these sands would seem likely.

To summarize, in the mid-late Miocene, dune fields were devel

oped in the Maybell area. The ancestral Yampa probably flowed through 

this area. The sands of the Brown's Park were possibly derived from 

the Park Range and deposited by the Yampa River, to be reworked by winds 

blowing from the southwest. These sands, however, may also have come 

from a southern source and been blown to the area by these same southwest 

winds. This latter hypothesis appears at present to account best for the 

origin of the Brown's Park sands in the Elkhead region, and therefore 

should be given strong consideration for the origin of the sands in the 

Maybell region. This area may have been no more arid than it is today; 

there was enough water to support animal life and at least local vegeta

tion cover. On the other hand, aridity may have been greater than today. 

As mentioned, Buffler (1967, p. 76-77) postulates the Elkhead sands as 

being transported in the air and on the ground as migrating dunes from
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the southern source areas. The distance from the Uncompahgre Plateau to 

the Maybell area is about 130 miles by air; to the Elkhead region it is 

even greater. If sand dunes were able to migrate 150 miles to be depos

ited in the Maybell-Craig-Elkhead region, then obviously aridity was 

very great, at least to the south. Otherwise, vegetation should have 

halted the advance of the dunes. If a southern source is proven for the 

Maybell sands, then the implications for aridity and desert-like condi

tions are stronger than if the sands were derived from the Park Range 

and hence constituted only local dune fields.



CHAPTER 4

STRATIGRAPHY AND SEDIMENTATION OF 
THE MILK CREEK FORMATION

General Stratigraphy

The characteristics of the taphonomy of the Brown's Park fossil 

site can be clarified by conducting a similar analysis on another fossil 

accumulation. This accumulation is located near Walnut Grove, Arizona, 

about 25 miles south of Prescott, Arizona. Geographic details are given 

by Hook (1956, p. 2-6).

The stratigraphy and structural geology of the Walnut Grove area 

have previously been discussed by Hook (1956) in an unpublished master’s 

thesis. According to Hook (1956, p. 7-12), Cenozoic continental sediments 

were deposited in an interjnontane basin. The basement rock consists of 

"granites, diorites, gneisses, schists, and phyllites . . .". The late 

Miocene sediments, which Hook called the Milk Creek Formation, consist of 

"predominantly siltstone and fine grained sandstone with interbedded 

layers of medium and coarse grained sandstone and tuff". The Milk Creek 

Formation is about 2300 ft thick. Hook divides the formation into three 

members. The lower member "consists of 496 feet of conglomeratic sand

stone with interbedded layers of conglomerate, silty sandstone, and tuff". 

The middle member "is 1062 feet thick and consists of massive argillaceous 

siltstones and argillaceous sandstones with beds of green clay and thin, 

interbedded layers of hard, coarse, resistant sandstone and tuff. The

50
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upper member is 747 feet thick and consists of "fine to medium grained 

sandstone with interbedded layers of siltstone, sandy and argillaceous 

siltstone, coarse-grained, resistant sandstone, and conglomerate". Some 

of the sandstone is strongly cross-bedded, and it is from this member 

that the vertebrate fossils were obtained.

Stratigraphy at UALP Locality 7498

The present study is concerned with only a small part of the 

upper member of the Milk Creek Formation; specifically, the stratigraphy 

in and above UA fossil quarry 7498. . This quarry, discovered in the fall 

of 1974, has been visited by the University several times since then.

The stratigraphic section above UALP loc. 7498 is given in Figure 

9. The quarry lies about 54 ft stratigraphically below a strongly cross- 

bedded, cliff-forming sandstone. This sandstone consists of tabular 

planar sets of medium- and large-scale cross-strata, and rare trough 

cross-strata. Two sets of cross-strata, each about 15 ft high, are super

posed in the cliff. After correction for regional dip, the cross-strata 

of this sandstone have medium- to high-angle dips. Dips at the angle of 

repose of dry sand are rare. The cross-strata in Figure 10, for example, 

dip approximately 25° after correction for regional dip. A few cor

rected dips of 32 and 34° were measured, however. At several places, 

sets of cross-strata are truncated by overlying cross-strata. Such a 

situation is seen in Figure 11, where three sets of cross-strata are 

superposed. The hammer is placed at the contact of the upper and middle 

sets, and a lower set is seen in the lower right hand corner. The
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Figure 9. Measured Section on Hill N10°W of Goldies Honeypot Quarry (UALP 7498).
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Figure 10. Cross-strata in Milk Creek Formation Sandstone.
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Figure 11. Three Sets of Superposed Cross-strata.
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contact of the upper and middle sets is seen more clearly in Figure 12. 

There are no intervening layers between the layers of superposed cross

strata. At several places the contact between two sets of cross-strata 

was observed in detail. Sometimes the bottom part of the overlying set 

consists of coarse to very coarse sand, while higher in the set the 

grains are medium sized. Aside from the relatively rare trough cross

strata, no sedimentary structures other than the large-scale, tabular 

planar cross-stratification was observed. There was no observed thinning 

or thickening upward in size of cross-strata.

Hand samples were collected from several different locations in 

the cross-bedded sandstone. The sandstone varies from arkosic to quartz- 

rich, generally containing over 80% quartz. The quartz grains are mainly 

subangular to subrounded. Frosting of quartz is common. Lithic, vol

canic, and feldspar fragments constitute the non-quartz fraction of the 

sandstone. The sandstone is commonly cemented by calcite. In different 

samples the grain size varies from fine to coarse, with rare very fine or 

very coarse layers present. In general, the samples are medium to well 

sorted.

Except for the fossil layer, hand samples of the rocks below the 

cliff-forming cross-bedded sandstone were not collected. The reader is 

referred again to the stratigraphic section and description (Fig. 9).

The most distinctive characteristic of this section is the alternation 

of several sandstone, siltstone, and mudstone layers.

A microscopic examination was made of a hand sample from the fos

sil layer. The sediments can best be described as a greenish-gray,



Figure 12. Close-up of Contact between Middle and Upper Sets of 
Cross-strata.
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tuffaceous sandstone. Angular to subrounded quartz grains, mica flakes, 

and lithic fragments are surrounded by a clay(?) matrix. The fine matrix 

and mica flakes suggest that these sediments are probably tuffaceous.

No glass shards were seen in the hand samples, and it is hypothesized 

that all glass has devitrified. The clay(?) matrix readily absorbs 

water, but does not expand noticeably upon wetting. Clay(?) pellets 

2-5 mm in diameter are distributed throughout the matrix. They appear 

to be composed of the same material as the matrix. The pellets are only 

slightly calcareous, so they cannot be called calcium carbonate concre

tions. No radial or concentric structures were seen when the pellets 

were cut open. The pellets are entirely distinct and easily separated 

from the enclosing matrix, and laminations in the matrix are not continu

ous into the pellets. Their sorting is poor. The amount of sand in the 

fossil layer increases just below the contact with the overlying sand

stone layer, which is a quartz-rich sandstone very similar to that con

taining the foresets higher up. The fossil layer is underlain by a 

calcareous, tuffaceous sandstone which has less abundant mica, and lacks 

the pellets of the fossil layer.



CHAPTER 5

TAPHONOMY AT UNIVERSITY 
OF ARIZONA LOCALITY 7498

The osteological parameters provide much more taphonomic infor

mation than do the sedimentological parameters at UALP loc. 7498; there

fore, the osteological features of UALP loc. 7498 provide the most 

significant contrasts when compared with D856. Fortunately, the osteo

logical evidence is so conclusive that there can be little reasonable 

doubt about the taphonomic processes which have occurred at UALP loc. 

7498.

Observations on the Bones

Orientations for the long axes of 42 bones were plotted on the 

stereonet (Fig. 13), and their distribution can be compared with that 

for the Brown’s Park bones. About half of the points fall on the periph

ery of the circle, indicating that about half of the bones were depos

ited horizontally. The rest of the bones have only shallow dips, none 

exceeding 21°. The points tend to cluster in the northeast and northwest 

sections of the stereonet. The data was replotted as a rose diagram 

(Fig. 14). This diagram should be compared with the rose diagram for 

the Brown's Park bones. The tendency for preferred orientation is 

stronger in the Walnut Grove bones, as there are four distinct clusters 

of points. The mean of each cluster was calculated and is plotted on 

the rose diagram. Each mean is within 7° of being 90° removed from its
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Figure 13. Stereo Diagram of Bone Orientations at Walnut Grove 
Quarry 7498.
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Figure 14.
7498 Bone Orientations at Walnut Grove Quarry



two nearest neighbors. The polarity of 14 of the bones was recorded.

The heavy ends of 13 of the bones are distributed almost equally between 

the northwest, northeast, and southeast clusters.

The skeletal elements from UALP loc. 7498 are listed in Table 2.

A glance reveals the preponderance of ramal and palatal fragments in the 

sample. This preponderance is strikingly illustrated by calculating the 

observed ratios of these cranial parts relative to the post-cranial parts. 

In a complete skeleton, the number of rami will equal the number of 

tibiae, or humeri, or metatarsals, or any other paired limb element. The 

expected ratios of these elements is therefore equal to one. In camels 

there are two (proximal) phalanges per metapodial. Because it is nearly 

impossible on isolated specimens to tell front from hind phalanges, for 

practical purposes a complete skeleton will have eight indistinguishable 

phalanges. Thus, the expected ratio of rami to proximal (or medial of 

distal) phalanges is 1:4. The ratio of palates or skulls to phalanges 

should be 1:16.

Table 2 shows the radical departure of the observed ratios at 

UALP loc. 7498 from the expected ratios, and Table 3 gives the data used 

to calculate these ratios. On cf. Pliauchenia, for example, the rami 

occur 16 times more frequently than most of the long bones. Palates from 

cf. Pliauchenia are 1.5 times more frequent than astragali, whereas theo

retically the astragali should be 2 times as abundant as the palates.

On the horse, a single'distal metapodial is present; theoretically, meta- 

podials should be 2 times more abundant than rami, but here they are 

equal. In terms of Voorhies' transport groups, most of the UALP loc. 7498

61

{



62

Table 2. Bones Found, Their Distribution into Voorhies* Groups, and
Observed Ratios of Skeletal Elements at Walnut Grove Quarry 
7498.

GROUP I GROUP II GROUP III GROUP I/II GROUP II/III
1 patella 3 distal 1 skull

metapodia
4 podials 23 partial rami

1 rib 2 proximal 1 complete
metapodia mandible

2 metapodial 
shafts

3 partial 
innominates

3 distal 
tibiae

Michenia
rami

2 radii- 
ulnae

o .rT1
1

Protolabis
rami

o .rTI
i

distal tibia .66 distal tibia .06

radius ulna .33 distal radius-ulna .06

metatarsal .33 metapodials .19
palate 1.66 astragali .125

palates .375

Horse

rami 1

metapodial 1
lln calculating the observed ratios, the number of rami for each animal 
was given the frequency of 1. The number of identifiable parts of other 
skeletal elements was then divided by the number of rami. For example, 
there were found 16 partial rami of Protolabis, representing at least 9 
different individuals. There was found 1 distal tibia of Protolabis, 
representing 1 individual. Ideally, at least 16 distal tibiae should 
have been recovered, representing 100% recovery. One distal tibia rep
resents 1/16, or 6% recovery.
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Table 3. Data Used to Calculate Ratios Given in Table2. 

Michenia

rami: 3 separate rami; individuals maximum 

distal tibiae: 2 separates; 2 individuals minimum 

radius-ulna: 1 separate; 1 individual 

metatarsal: 1 separate; 1 individual

palates: at least five palates"; 2^ individuals minimum 

Protolabis

rami: 16 separates; 9 individuals minimum 

distal tibia: 1 separate; 1 individual 

radius-ulna: 1 separate; 1 individual 

metapodials: 3 separates at most; 2(?) individuals 

astragali: 2 separates; 2 individuals 

palates: 6 "h palates"; 3 individuals

Horse

rami: 1 separate; 1 individual 

metapodial: 1 separate; 1 individual

Expected Ratios 

If number of rami = 1, then 

number of tibiae = 1, 

number of radii-ulnae = 1, 

number of metapodials = 2, 

number of proximal phalanges = 4,

number of astragali = 1.
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skeletal elements belong to Group III, the lag group, or to the inter

mediate Group II/III. Only a single rib and patella have been recovered 

from Group I.

The color of the bone from UALP loc. 7498 is generally light tan. 

Bones which have been subjected to root activity have a brown tint. Al

though some bones are a lighter color than others, there are none white 

as at D856. Similarly, there is little deposition of calcite on these 

bones, in contrast to D856. Tooth enamel is generally light brown or 

gray-brown.

As at D856, most bones are fragmentary; there are only a few 

unbroken bones .(metatarsal UALP 9109, pisiform UALP 9121). The shafts 

of long bones tend to be crushed or missing, and the ends well-preserved, 

as at D856, but some ends show evidence of crushing. An extreme example 

of flattening is seen on radius-ulna UALP 9111, which is flattened trans

versely along its entire length. In addition, it shows evidence for 

slight lenthvd.se crushing. Skull UALP 9022, cf. Pliauchenia, has the 

top missing. It shows evidence for dorso-ventral crushing (seen in the 

widened palate), and lateral twisting of the rostrum. Michenia skull 

UALP 9035 exhibits strong lateral crushing of the maxillaries. Mandible 

UALP 9009, cf. Pliauchenia, has been laterally crushed. Several of the 

rami exhibit the peculiar phenomenon of being little distorted anteriorly, 

but having the ramus laterally crushed inward around the lobes and roots 

of the molars. Most of the rami are fragmentary, and often the bone has 

been partially removed from around the teeth.
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Morphological details on the UALP loc. 7498 bones are generally 

sharp; there is no loss of detail due to polishing. Similarly, broken 

edges are sharp. Loss of morphological detail, however, has occurred 

through crushing of the bones.

Spiral and splintered fractures were not recognized on these 

bones. Astragalus UALP 9129, however, has a surface extensively eroded; 

and spongiosa is consequently exposed in a manner similar to that on 

some D856 bones. Several of the rami, particularly UALP 9017, have a 

surface texture suggestive of bone flaking. Many bones are extensively 

cracked.

Interpretations Based on the Bones 

The tendency for preferred orientations constitutes strong evi

dence that the UALP loc. 7498 bones have been subjected to water current 

action. Most significant is the fact that the means of the four distinct 

clusters are within 7° of being 90° removed from each other; that is, the 

long axes of these bones tend to fall into two mutually perpendicular di

rections. These directions may be interpreted as parallel and transverse 

to a water current (the reader is referred to the earlier discussion of 

Voorhies' experiments on bone orientations). It was noted in an earlier 

discussion (Chapter 3), that on bones parallelling the current, the large 

ends tend to point downstream. The orientations of the UALP loc. 7498 

bones do not allow a current direction to be determined, except to make 

it unlikely that the current flowed southwest.

The relative abundance of the bones in the different Voorhies' 

transport groups provides further strong evidence that the bones have
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been subjected to water current action. Group I is probably slightly 

underrepresented, as examination of my field notes shows that a fragmen

tary rib shaft was found and discarded. Aside from that one instance, 

collecting bias has been minimal, and it is valid to conclude that the 

low number of bones in Groups I, I/II, and II reflects a real scarcity 

in the deposit. These elements, which are lighter than those of Groups 

II/III and III, would be winnowed out in a water current, and the members 

of Groups II/III and III would remain behind as a lag deposit. I there

fore interpret UALP loc. 7498 as a lag deposit. Although carnivores 

might selectively drag off and eat the post-cranial remains of other 

animals, the evidence for preferred orientations of the cranial and ramal 

remains argues against removal of the lighter post-cranial elements by 

agents other than water. The orientations and observed ratios of the 

bones at the lag accumulation at UALP loc. 7498 are distinctly different 

from those at the "sedentary" accumulation at D856.

What does the bone preservation suggest about the tephonomy of 

this deposit; more specifically, what has caused the observed bone frag

mentation? In the discussion about the bone preservation at D856, it 

was hypothesized that subaerial weathering, possibly coupled with animal 

activity, caused.the observed destruction of the Brown’s Park bones.

Direct evidence of subaerial weathering is less obvious at UALP loc. 7498. 

Such evidence includes the aforementioned astragalus UALP 9129, with 

heavily eroded surface, and the possible bone flaking on mandible UALP 

9017. The cracking pattern on the UALP loc. 7498 bones does not match 

the presumed shrinkage cracks on the D856 bones; the cracks on the
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UALP loc. 7498 bones are generally more random and often are associated 

with the crushing of these bones. There is no direct evidence, such as 

tooth marks, for carnivore activity. Indirect evidence for carnivore 

activity, such as the relative number of proximal to distal ends of long 

bones, cannot be used here for two reasons. First, the number of these 

elements is very low. Second, the postulated current action has win

nowed most of the members of Group II (long bones), and those that are 

left behind may not be representative of the initial proportions of 

proximal to distal ends.

A possible explanation for the crushing of the UALP loc. 7496 

bones is that it is due to sediment compaction and tectonism. The fos- 

siliferous sediments at UALP loc. 7498 consist of a fine-grained sand

stone with a clay(?) matrix. The very fine matrix presumably would be 

compacted somewhat by the overlying sediments. UALP loc. 7498 was at one 

time overlain by at least 100 ft of Milk Creek Formation, as that is the 

preserved height of the section near the quarry. There is also evidence 

for tectonic activity nearby. In the area around the quarry the beds dip 

10° to the northeast, and the quarry is located near the projected trend 

of a synclinal axis mapped by Hook (1956, PI. II). Thus, sediment com

paction and tectonic activity might explain why the aforementioned radius- 

ulna is crushed along its entire length, or why the rami exhibit selective 

crushing around the molars. In the latter case, the molar alveoli would 

represent weak spaces in the ramus. The ramus could better resist lateral 

and vertical forces in the antemolar region where the bone is denser. 

Sediment compaction and tectonics could also explain the various cracks

in the bones.
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As at D856, tectonic activity and sediment compaction do not ex

plain the partial preservation of these bones. Could the bones have been 

broken during transport? The extremely fragmentary condition of the 

skulls and many of the rami, if due to transport, would suggest prolonged 

transport, or violent current, or both. Some facts mitigate against these 

possibilities. First, none of the bones or teeth are water-rounded.

Second, one deciduous mandible had both rami still articulated together, 

while the separated rami of at least four and possibly as many as seven 

individuals were found scattered throughout the quarry. The articulated 

mandible has the ascending parts of the rami broken off. It is improb

able that a current of strength sufficient to fragment bones should also 

leave a mandible articulated and leave the disarticulated rami of other 

individuals separated by only a few feet. Such close proximity of identi

fiable parts of the same individuals argues against transport away from 

the site of corpse decomposition. Thus, current action is probably not 

solely responsible for the breakage of these bones.

There is no evidence that modern or ancient root activity has 

caused the observed fragmentation of these bones. Some bones that are 

highly broken are untouched by modem roots, and fossil root casts were 

not observed on the bones or in the sediments. Similarly, there is no 

evidence that the breakage of these bones is due to the formation of 

calcium carbonate nodules.

Although sediment compaction and tectonism has probably caused 

much of the observed crushing, I think that it is necessary to hypothe

size some period of subaerial weathering to account for the incompleteness
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of most of the bones. Such subaerial weathering would have weakened and 

caused some initial breakage and destruction of the-bones, which was 

probably further aggravated by the later water current that winnowed and 

sorted the bones. It is only logical to assume that for the bones to 

have become sufficiently disarticulated for winnowing to have occurred, 

subaerial exposure had to take place before the final depositional event.

Sedimentological Interpretations

The osteological features of UALP loc. 7498 have been interpreted 

as indicating that water currents were important in forming the deposit. 

Unfortunately, the sediments at the quarry show no features which are 

necessarily indicative of current deposition. Most of the features listed 

in Chapter 3 as characteristic of water-laid sediments are absent. The 

only feature which is present at UALP loc. 7498 is the poor sorting of 

the sediments; the aforementioned clay(?) pellets are poorly sorted 

throughout the layer. The origin of these pellets has not been deter

mined. They could possibly represent devitrifled volcanic lapilli (E. H. 

Lindsay, personal communication, 1976). If so, they have lost all rem

nants of their former pitted and rough structure. Another - explanation 

is that they formed due to current action, much as in the same manner as 

mudballs. The matrix of the fossil layer is very fine grained and is 

presumed to be clay (possibly devitrified tuff); thus, the pellets may 

have formed by current agitation. If so, it is unlikely that pellets 

could be so formed in fresh glass; the tuff must have been partially 

devitrified for cohesive balls to form in a current. At present, I know

/
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of no evidence which rules out these pellets being either devitrified 

lapilli or clay balls.

The sedimentary features of the rocks between the fossil quarry 

and the upper cross-bedded sandstone have not been examined in detail. 

However, the alternating sandstones and siltstones above the quarry may 

represent a fluvial environment. The small-scale trough and wedge-planar 

cross-bedding in the highest mudstone unit below the cliff-forming sand

stones provides some evidence for the fluvial interpretation. A thorough 

sedimentological study needs to be done, however, before the environment 

below the cliff-forming sandstone can be conclusively demonstrated. 

Relative to D856 though, the alternating sand, silt, and mud layers 

amkes it very unlikely that wind was responsible for the deposition of 

this part of the section.

I interpret the thick sequence of cross-bedded sandstone above 

the highest mudstone to be aeolian in origin. The similarity to the 

Brown's Park cross-bedded sandstones is rather striking. The few trough 

cross-strata present do not contradict the aeolian hypothesis, for trough 

cross-strata were found by McKee (1966, Table III) to be present, but 

rare, in all dune types at White Sands, New Mexico. As mentioned, the 

Walnut Grove cross-strata have medium- to high-angle dips (rarely up to 

34°), which are characteristic of aeolian foresees.

The large-scale, tabular-planar cross-beds, however, could also 

represent the foresets of a lake delta, the large-scale foresets associ

ated with a flood deposit, or the foresets associated with a braided 

stream deposit. Hook (1956), in fact, suggests a lake deltaic environment
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of deposition for the large-scale cross-beds in the upper member of the 

Milk Creek Formation. Large-scale cross-beds occur at several levels in 

the upper member, and Hook undoubtedly included this prominent cliff

forming set in his generalization about delta foresets. R. F. Wilson 

(personal communication, 1976) noted that a delta deposit should be char

acterized by a coarsening upward sequence. The typical delta consists of 

bottomset, foreset, and topset beds (Reineck and Singh, 1975, Fig. 388). 

The bottomset beds, deposited in quieter waters in front of the foresets, 

should consist of finer grained sediments than the foresets and topsets. 

The Rhine River delta in Lake Constance can serve as a model. The distri

bution of sediment types (Reineck and Singh, 1975, Fig. 329) shows a rela

tively high amount of clayey and sandy silts in the bottomset beds. The 

foreset deposits contain a higher percentage of sandy silts and silty 

sands than do the bottomset deposits. The topset beds are composed al

most exclusively of laminated sand. It is unlikely that bottomset sedi

ments, deposited as they are in quieter waters, should show cross-bedding.

I interpret the stratigraphic section above UALP loc. 7498 (Fig.

9) as not supportive of the lake delta hypothesis. The large-scale

cross-strata, the foresets of the hypothetical delta, form the cliff

atop this section. They are immediately underlain by a %-ft thick bed
/of medium-grained sandstone, and under that by 17% ft of cross-bedded 

fine- to coarse-grained sandstone. Neither of the underlying beds is 

finer grained than the overlying foresets. The cross-bedding in the 

17%-ft thick sandstone argues against it being the bottomset beds. The 

only feasible bottomset bed is the %-ft thick bed of sandstone. The
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contact of the overlying foresets with this thin sandstone layer was not 

investigated. However, in the cliff exposures above this layer, the 

existence of two distinct sets of foresets was noted. The upper set 

truncates the lower set. Further west (Figure 11), three sets of cross

strata truncate each other, and at another place as many as four sets of 

superposed, truncating sets of cross-strata were noted. As already men

tioned, the grain size in these cross-strata sometimes decreases upward 

from very coarse sand at the base of the set to medium sized higher in 

the set. This fining upward in grain size and the truncation of earlier 

foresets is evidence against this being a lake delta. Relative to the 

aeolian hypothesis, such a coarse basal layer could represent a lag 

gravel similar to those described for the Lyons Sandstone by Walker and 

Harms (1972, p. 286). In the Lyons example, lag gravels were deposited 

on the bevelled surfaces of former dunes. Glennie (1970, p. 78) de

scribes how pebbles, under the impact of wind-driven sand grains, can be 

distributed across the surface of sandy interdune areas. Thus, in an 

aeolian environment, coarse grains do not always lie on a bedrock sur

face. Additional evidence against the lake hypothesis is negative; no 

evaporite minerals or lacustrine fossils were found.

A fluvial origin for the cross-bedding above HALF loc. 7498 is 

also unlikely. Braided streams often have associated large-scale cross

bedding, but as shown in Reineck and Singh (1975, Figs. 358, 360, 362), 

it is of the trough kind. The foreset cross-strata illustrated by Ore 

(1964, Figs. 1, 10) for braided streams is much smaller than that at 

Walnut Grove. The point bars of meandering streams have associated
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large-scale foresets; the size of these sets, however, tedns to be smaller 

than in aeolian deposits. At Walnut Grove, the height of one set of 

foresets (partially shown in Figure 15) from the toe to the highest pre

served part, measured approximately 23 ft. The length of the foresets, 

measured parallel to the strike of the slip face, was about 150 ft. The 

height and length of these foresets are rather large to be the foresets 

of point bars. Further, fluvial deposits often, but not always, have a 

fining upward sequence of sedimentary structures; for example, large-scale 

trough or foreset stratification, followed by smaller scale cross

stratification of some sort, followed by fine-grained horizontal or 

climbing ripple laminae. The fact that as many as four sets of super

posed foreset laminae without intervening finer structures (except for 

the change from coarse- to medium-grained) are present above UAL? loc.

7498 is suggestive of an aeolian origin for this sandstone. Similarly, 

the lack of an observed fining upward structure sequence argues against 

these foresets being formed in a flood deposit.

Based on the above arguments, I believe that the characteristics 

of the cross-bedded sandstone above UALP loc. 7498 are consistent with and 

most suggestive of aeolian foresets. This aeolian hypothesis does not 

necessarily apply to the other large-scale cross-beds in the upper member.

The grain characteristics are compatible with, though not diag

nostic of, the aeolian hypothesis. The frosting of the quartz grains 

could be due to corrosion by calcite cement, which was present in most 

samples of the sandstone. The sorting of the grains is similar to that 

of dune sands. The presence of subangular grains does not necessarily
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Figure 15. Foresets in Milk Creek Formation.



mitigate against an aeolian origin, for, as noted by Glennie (1970, p. 

175), "dune sands, however, also possess many angular grains that are 

derived from larger particles as the result of insolation."

The transport direction of the Walnut Grove sands, based on 37 

readings taken from the cliffs just north and west of UALP loc. 7498, is 

N44041'E. Interestingly, this is nearly the same transport direction as 

for the Brown’s Park sands. The consistency factor for the sands above 

UALP loc. 7498 is .986, well within the range theoretically expected for 

aeolian sands derived from a single wind direction. If an aeolian ori

gin is correct for these sands, then the higher consistency factor rela

tive to that of the Brown's Park sands may best be explained by the fact 

that at Walnut Grove, the dip directions were obtained at a single out

crop stretching over perhaps half a mile. It is much more probable that 

the foresets in this outcrop were deposited in a geologically shorter 

interval of time, and therefore exposed to a more constant wind direc

tion, than the ones sampled over a 43-mile interval in Colorado.

In summary, the sedimentary characteristics of the section above 

UALP loc. 7498 show that aeolian and probably fluvial processes were 

responsible for depositing the sediments. Although the sediments of the 

fossil layer do not necessarily suggest deposition by fluvial processes, 

the bones show evidence for redistribution by a water current. This 

water may have been runoff from a flash flood or stream overflow; the 

fossil layer does not appear to be channelled into the underlying sedi

ments, and it is therefore unlikely that the bones were deposited in a

75



76
stream bed. Evidence for current winnowing, lack of evaporites, and lack 

of lacustrine fossils argue against this being a lake deposit.



CHAPTER 6

SYSTEMATIC DESCRIPTION OF THE FAUNA

Class Mammalia Linnaeus, 1758 
Order Carnivora Bowdich, 1821 

Family Canidae Gray, 1821 
Subfamily Caninae Gray, 1821 (Gill, 1872)

Genus Tomarctus Cope, 1873

Tomarctus cf. paula Henshaw, 1942 
Table 4, Figure 16

Referred Material.— D856-1, broken skull with partial dentition 

and right dentary with M^_3 » D856-2, right premaxillary and maxillary 

with 1^, C, P^; D856-3, condyle of left dentary; D856-4, temporal fossa 

of left dentary; D856-88, isolated, broken teeth.

Distribution.— Holotype from Tonopah Fauna, Nevada; Barstovian 

Land Mammal Age.

Description.— The terminology for the following description of 

T\ cf. paula is taken from Miller, Christensen, and Evans, 1964. The 

skull is smaller than that of Canis latrans and has a relatively shorter 

preorbital portion. The braincase is less expanded than in £. latrans. 

The zygomatic arches are widely flaring. The flared zygomatic arches 

coupled with the small braincase results in temporal fossae relatively 

larger than in jC. latrans.

The width across the piriform aperture is the same as in the 

specimen of £. latrans studied. Above the canine alveolus, the lateral 

surface of the premaxillary is smooth and slightly concave; in Cy latrans 

it is slightly convex. A small tuberosity on the dorsal border of the

77



Table 4. Skull and Dental Measurements of Tomarctus cf. paula D856-1 and Comparison with Other 
Specimens of Tomarctus.

Skull Measurements
Distance anterior edge of orbit to anterior edge of premaxillary 55.5
Distance anterior edge of orbit to posterior edge of inter
parietal process 107.0
Distance anterior edge of premaxillary to posterior edge of 
palate behind third molar 67.5
Width between frontal processes of zygomatic bone 72.0
Width between infraorbital foramina 30.7
Maximum width across parietals 50.0
Width of piriform aperture ’ 21.2
Distance infraorbital foramen to anterior border of maxillary 23.5
Height of premaxillary bone at infraorbital foramen 32.0
Outside width at narrowest point of muzzle 25.9
Palatal width between anterior roots of p3 19.0
PalataJL widtli between Mp__________ ______________________________________ 23_.6̂ ____________________

Dental Measurements and Comparison with Other Specimens

Specimen D856-1
T. temerar- 
ius type

T. Maryland- 
ica type

T. paula 
type
CIT 1229

T. paula 
CIT 1232

Canid indet. 
B.E.G. 31081 
1255

I3 APxTR 4.0x4.0 ..

C APxTR 6.8x4.0 6.4x3.9

M2 APxTR 5.9x9.1 6.0x9.6 5.5x8.7c

C APxTR 6.9x5.7 4.1x4.1

M1 APxTR 15.7x6.8 14.8xa 15.0x6.0

M^ heel TR 6.5 6.5 5.3b

M2 APxTR 8.9x5.6 9x5 7.6x5.0



Table 4, Continued
Dental Measurements and Comparison with Other Specimens

Specimen D856-1
T. temerar- T. Maryland-
ius type ica type

T. paula 
type 
CIT 1229

T . paula 
CIT 1232

Canid indet. 
B.E.G. 31081 
1255

M 3 APx TR 4.0x3.5 4.0x3.0

c-m 3 63.9 56.4b

p i-m 3 54.7 51.0

Jaw detph below 
posterior root 15.0 14.3* 17.3

Jaw width below 9.2 7.3 8.5

Length condyle to 
I2  alveolus 105.0 90.0

^Measurements taken 
^Measurements taken 
^Measurements taken

from drawing 
from drawing 
from drawing

in Leidy, 1869. 
in Henshaw, 1942. 
in Wilson, 1960.



Figure 16. Tomarctus cf. paula.

A) Palate.
B) Right dentary, mesial view.
C) Rostrum with RI , RC, RP (broken).
D) RM, occlusal view.1 - J
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premaxillary is more prominent on D856-1 than on (% latrans. The incisor

alveoli are transversely narrow, and the alveolus for the I is much
1 2larger than that for either the I or I .

The maxillary is nearly as deep but only about half as long 

antero-posteriorly as it is in some specimens of latrans; thus the 

muzzle appears short and deep. The muzzle is relatively broad, but less 

so than in latrans. Between the P* and M^, the lateral edge of the 

palatine is strongly depressed, as in C. latrans.

A large, circular maxillary foramen is located anteriorly on the 

orbital border of the maxillary. Some small depressions on the dorsal 

surface of the maxillary tuberosity represent the alveolar foramina. On 

the dorsal part of the palatine bone, and 14 mm posteromesial to the 

maxillary foramen, are the sphenopalatine and posterior palatine fora

mina. The rest of the medial wall of the orbit has been destroyed.

The jugal-maxillary contact is V-shaped, with a prominent ven

tral maxillary process on the jugal. The scar for the origin of the 

masseteric muscle is pronounced, and its upper margin is marked by a 

distinct ridge. The frontal process of the jugal is mesially inclined.

The preserved part of the right frontal resembles that of £. 

latrans. The anterior surface is convex. From the pronounced xygomatic 

process, the external frontal crest trends posteromesially to meet its 

counterpart at the midline and form a strong sagittal crest. The pari- 

etals are less inflated than in C. latrans. The lambdoidal crest has a 

more strongly developed posterior flare than in £. latrans. It forms a 

broad, inverted "U" on D856-1; on C. latrans the lambdoidal crest is
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more V-shaped. Due to the marked flaring of the lambdoidal crest, the 

posterior surface of the supraoccipital is more highly concave in D856-1. 

The external occipital crest is poorly developed on D856-1, whereas on 

C_. latrans it occurs as a marked swelling above the foramen magnum. Sev

eral dorso-ventrally trending ridges and depressions, caused by the in

sertion of the splenius muscle, are present on the supraoccipital of 

D856-1.

The foramen magnum and basioccipital are destroyed. Laterally, 

the lambdoidal crest extends anteroventrally as a strong shelf to join 

the posterior root of the zygomatic arch. A prominent tubercle is lo

cated on the crest and posterodorsal to the auditory meatus. The lateral 

lip of the external auditory meatus and part of the bulla are broken on 

D856-1. The bulla is mesiolaterally elongated and less expanded than in 

(% latrans. In (X latrans the bulla is inflated so that its lower border 

lies below the lowermost portion of the retroglenoid process, while on 

D856-1 the bottom of the bulla is level with the bottom of the process. 

Due to this expansion, in (X latrans the bullar fusion of the squamosal 

occurs further down on the retroglenoid process than on D856-1. The 

lower lip of the external auditory meatus, which on D856-1 lies above 

the opening of the retroglenoid foramen, has in (X latrans shifted down

ward to be level with or below the opening for this foramen. Due to the 

less expanded bulla relative to (X latrans, the stylomastoid process is 

much more prominent and extends below the level of the bulla.

Parts of the basisphenoid and orbitosphenoid are preserved. The 

posterior opening of the alar canal and the foramen rotundum are smaller,



83

but situated much as in C, latrans« On D856-1, a tiny foramen is present 

in the position of the hypophyseal fossa. The dorsum sellae is broad and 

flat.

An isolated I* (D856-88) possesses a broad central cusp bounded 

laterally by a smaller accessory cusp. The small mesial accessory cusp 

found on (X latrans may have been eliminated through wear. The lingual 

surface of the tooth is concave and bounded by a broad cingulum. The 

(D856-2) is larger and more caniniform than the I* and has a minute 

posterior swelling. As in (X latrans, there is a mesial cingulum at the 

base of the tooth. The canine is robust and laterally compressed as in 

C. latrans.

The premolars of D856-1 are highly fragmented. A partial is 

very similar to that of (X latrans, and consists of a paracone and meta

style separated by a notch. A strong cingulum runs along the base of

the lingual wall. A fragmentary M* shows no differences with that of Ĉ. 
olatrans♦ The M metacone is smaller relative to the paracone than in

2(X latrans♦ The M buccal cingulum is weaker and the posterior edge of 

the tooth is less concave than in (X latrans.

The lower canine alveolus on D856-1 indicates a large, vertically 

oriented tooth. The C-P^ diastema is slightly shorter than in (X latrans. 

The fragmentary premolars cannot be described. The is broken antero- 

buccally. The protoconid, paraconid, and metaconid are all strongly de

veloped, the metaconid more so than in (X latrans. Small lingual and 

buccal accessory cusps are present on the posterior walls of the metaconid 

and protoconid, respectively. On D856-1, the lingual accessory cusp is
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more closely appressed to the metaconid than on C. latrans. Some slight 

breakage has occurred on the posterior wall of the talonid, but it 

appears that the posterior cingulum is less well developed than in C. 

latrans. The Mg has some slight anterobuccal breakage. The protoconid 

and metaconid are well developed on D856-1, and in addition there is a 

small paraconid anteriorly, a cusp absent on the Mg of (X latrans. The 

Mg is round and simple with two shallow anterior and posterior basins.

It is similar to that of JC. latrans.

The dentary of D856-1 is short and slender. The ventral border 

is highly convex beneath the molars, and concave beneath the masseteric 

fossa. Due to the shortness of the jaw, the ventral border anterior to 

the molars is less rounded than in (X latrans. A large mental foramen 

is located beneath the anterior root of the Pg' The masseteric fossa is 

deeply excavated and sharply defined. The articular condyle is slightly 

less elongate laterally than in (X latrans. The posterior border of the 

symphysis lies between the P^ and Pg.

Comparisons and Discussion.— According to Olsen (1956, p. 2), 

Tomarctus differs from Cynodesmus in 1) having a ridge between the hypo- 

conid and entoconid on the M^ talonid, and 2) in having lingual and buccal 

accessory cusps on the M^. In the relative expression of the M^ hypo- 

conid and entoconid, and in the possession of accessory M^ cusps, D856-1 

more closely resembles Olsen’s (1956, Figs. 3 and 4) illustrations of 

Tomarctus than Cynodesmus. According to McGrew (1935, p. 305), Tomarctus 

is distinguished from Canis by the short facial region, small brain case.

and strong lambdoidal crest. Merriam (1913, p. 360) notes that Tephrocyon
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(=Tomarctus) has a distinct paraconid on the In these features

D856-1 resembles Tomarctus and is distinguished from Canis.

Downs (1956, Figs. 10 and 11) figures a skull and lower jaw of 

Tomarctus rurestris (Condon) 1896. rurestris is about 25% larger 

than D856-1. The dentary is more robust and more strongly convex anter

ior to the masseteric fossa in T. rurestris.

The type of Tomarctus brevirostris (Cope) 1873, is a fragmentary 

jaw with the M^, which is about 40% larger than that of D856-1. The jaws 

from the Snake Creek, referred by Matthew (1924, p. 91) to T. brevirostris, 

average about 20% larger than D856-1. The teeth are wider and more mas

sive, and the dentary is more robust, in T. brevirostris. The skull is 

larger, the palatal width at the M1 about 29% greater, and the auditory 

bulla is more inflated in T̂. brevirostris.

The type lower dentition of Tomarctus optatus Matthew 1924 

(Matthew, 1924, Fig. 18) is only slightly larger than that of D856-1.

The molar widths are the same, and personal examination of referred jaws 

in the American Museum of Natural History revealed no morphological dif

ferences from D856-1. The skull proportions of undescribed T̂. optatus 

has a larger upper dentition than D856-1. In particular, the M^ of T_. 

optatus is less reduced than that of D856-1, and consequently T. optatus 

more closely resembles other small species of Tomarctus which have a 

non-reduced dentition.

Downs (1956, p. 233) suggests that brevirostris and T. optatus 

are synonymous. He claims that the type jaw of T^ optatus (AMNH 18916) 

falls between the "neotype" (his quotations) jaws of T_. brevirostris
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(AMNH 18244 and 13836) "in nearly every dimension." Interestingly,

Downs' measurements (1956, Table 5) for the type of optatus are in all 

cases equal to or less than those given by him for the "neotypes" of 

brevirostris. For this reason and the fact that all illustrated speci

mens of 'E. brevirostris are larger than TC. optatus, I suggest that these 

two species are distinct as originally proposed by Matthew (1924).

Tomarctus confertus (Matthew) 1918 has a smaller, shorter skull 

than D856-1. The face is shorter, the palate shorter and narrower, and 

the braincase less expanded than in D856-1. The type mandible of T. 

confertus (AMNH 17203, Matthew, 1918, Fig. 1) is shorter and narrower 

dorso-ventrally than is D856-1. The premolars of D856-1 are longer, the 

canine larger, and the M^ wider than in T\ confertus.

Tomarctus euthos (McGrew) 1935 has a bigger skull than does 

D856-1. The braincase is about the size of that of D856-1 and thus ap

pears small for the skull. The rostrum and palate of £. euthos are wider 

than on D856-1, and the rostrum is not sharply constricted anterior to 

the as it is in D856—1. The teeth of T. euthos are also more robust 

than those of D856-1.

Tomarctus propter Cook and Macdonald 1962, based only on an M^, 

is distinguished from D856-1 by much larger size and reduced metaconid. 

Vanderhoof and Gregory (1940, p. 144, Fig. 8) note that Aelurodon is 

distinguished from Tomarctus by the greater size and massiveness of the 

lower dentition and a weak metaconid on the M^. T. propter is here con

sidered synonymous with Aelurodon.

The lower dentitions of D856-1 and Tomarctus canavus (Simpson) 

1932 are similar; however, the tooth row length of T̂. canavus ranges
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from 8 to 13% larger than D856-1. The spacing of the premolars is vari

able in T\ canavus, and D856-1 falls within the range of variation of 

this species. Although the morphology of the lower molars is similar in 

D856-1 and T. canavus, examination of the statistical data given by

Olsen (1956, Table 1), shows that the molars of canavus are slightly

larger than those of D856-1. In both, the masseteric fossa is pronounced 

and the dentary depth similar. The upper teeth of canavus (including 

the types of thomasi White 1941 and Nothocyon insularis White 1942) 

are distinctly larger than in D856-1. In particular, the of D856-1 

is much reduced compared to the of T_. canavus (Olsen, 1956, Tables 1

and 2). Although the of D856-1 is broken, the transverse width is

less than in T^ canavus.

Tomarctus easel (Wilson) 1939, based on a right palate, is 

smaller than T. canavus. It is distinguished from D856-1 by having a 

shorter dentition (measured from the back of the canine to the back of 

the M^). Although the transverse width of the of T. easel is less 

than on D856-1, the M is wider, about the size of the of T. canavus.
9On %. easel the M ectocingulum is stronger than on D856-1, and there is 

a marked concavity on the posterior edge of the tooth not present on 

D856-1.

Tomarctus thomsoni•(Matthew) 1907 is distinguished from D856-1

by having a less reduced M , which has a more expanded posterointernal

corner. Matthew’s (1907, p. 188) measurements of the M^ are inconsistent

with the scale of the illustration (1907, Fig. 5). of T̂. thomsoni♦ I as-
2sume the measurements of the M are in error, since the measurements of
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the accord well with measurements taken from the drawing. In D856-1

the is slightly longer, the M2 is longer and wider with a narrower

talonid, and the M3 is slightly more reduced than in T. thomsoni. The 

premolar row of T_. thomsoni is also shorter than that of D856-1.

Tomarctus kelloggi (Merriam) 1911 is distinguished from D856-1 

by an enlarged M 2 with a well developed paraconid. On a referred M 2  

(UCMP 10651) the paraconid is nearly as large as the metaconid and the 

trigonid basin is wider than in D856-1. The type jaw is also more ro

bust than that of D856-1. T_. near kelloggi (Merriam 1911, Fig. 7) more

closely resembles D856-1 in size and morphology, having a smaller para

conid than T. kelloggi. T. kelloggi from the Red Basin, Oregon (Shotwell, 

1968, Fig. 17) probably is incorrectly referred to, as it is much larger 

than the type specimen from Virgin Valley.

Specimen D856-1 and the type lower jaw of Tomarctus temerarius 

(Leidy) 1858 are practically identical; there are no significant size 

differences in either the M^ or the dentary. Although a labial accessory 

cusp does not appear in Leidy*s illustration (1869, PI. 1, Fig. 12) of 

the M p  it may have been eliminated through wear. Matthew (1924, p. 98) 

points out that the status of T. temerarius is unclear; the type con

sists of two syntypes; a figured M^ and an unfigured and M^. Accord

ing to Matthew, the M^ belongs to an individual 20% smaller than the 

individual from which came the P^ and M^. Matthew implies that the M^ 

should be the type, since it is the only figured specimen and since all 

previous authors had considered it the type. I agree that the figured 

M^ should be the type, and therefore designate it as the lectotype of
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Tomarctus temerarius, following Article 74 of the 1971 International Code 

of Zoological Nomenclature.

Specimen D856-1 is very similar to Tomarctus paula^ Henshaw 1942.
2paula resembles D856-1 in the reduction of the M , which is greater

othan in the other small species of Tomarctus. The morphology of the M 

is also similar; although T\ Paula appears to have a stronger lingual 

cingulum, that of D856-1 has suffered some breakage and is correspond

ingly reduced in size. T. paula is slightly shorter faced than D856-1, 

as evidenced by the length of the lower dentition; the P^-Mg length of 

T. paula is about 7% shorter than that of D856-1. The P^-Mg length is 

probably a truer measure of the relative size of these two animals than 

is the length given for the condyle to the 1 ^; in both animals this lat

ter measurement is approximate and Henshaw*s drawing (1942, PI. 2, Fig.

4) shows that the position of the condyle is hypothetical. As in D856-1, 

the posterior part of the palate on %. paula is relatively wide. The 

lower teeth of T_. paula are slightly smaller than those of D856-1. The 

H2 of T. paula is not elongated relative to the as it is in T. kel- 

loggi. Henshaw (1942, p. 106) notes the presence of a "distinguishing 

paraconid" on the M2, but his illustration (1942, PI. 2, Fig. 4a) shows 

only a strong crest anterior to the protoconid and metaconid. Wear

1. Tomarctus paula was originally named Tomarctus paulus. Ac
cording to G. G. Simpson (personal communication, 1977), Tomarctus is 
feminine in gender in Latin and paulus is masculine. According to Ar
ticle 30 of the 1971 International Code of Zoological Nomenclature, 
adjectival specific, names must agree with the generic name in gender, 
and (Article 34) must be changed, if necessary, to conform to the gen
der of the generic name. Thus, the change from paulus to paula consti
tutes a "justified emendation" (Article 33).
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sometimes causes the paraconid to lose its cuspate form and become incor

porated into an anterior ridge (seen on a cast, UALP 8011, of "ca- 

navus"). Other small differences with D856-1 include 1) a slightly 

greater depth anteriorly on the dentary, 2 ) a greater inclination from 

the horizontal of the ascending part of the ramus, and 3 ) a slightly 

narrower masseteric fossa.

For all practical purposes, the type of Tomarctus marylandica 

Berry 1938 cannot be distinguished from the of D856-1. On the Mg

of T.* marylandica a tiny basin is present posterior to the ridge be

tween the entoconid and hypoconid. This depression was probably caused 

by overlap by the succeeding Mg, and is therefore due to crowding of the 

last two molars. On D856-1 the Mg is closely appressed against the Mg.

Berry (1938, p. 160-161) implies a close relationship between 

'T. marylandica and T. kelloggi. He apparently distinguishes the two 

solely on the basis of geographical separation, as he suggests no mor

phological criteria by which they can be distinguished. The most dis

tinctive feature of T. kelloggi is the large Mg; the Mg of T_. marylandica 

is 1.5 mm shorter than that of T^ kelloggi. According to Merriam (1913, 

p. 368), T_. kelloggi has an "unusually large and high" metaconid on the 

M p  and in his illustration (Fig. 9a) it appears nearly as high as the 

protoconid. Berry (1938, p. 159) notes that in jC. marylandica, "the 

protoconid, the most outstanding feature of the tooth, is about twice as 

high as the metaconid." The relatively smaller M^ metaconid and the 

smaller Mg appear to be justification for keeping Ty marylandica and T̂. 

kelloggi separate.
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The metaconid on D856-1 stands only slightly over half the

height of the protoconid, and Is thus very similar to that of Ty mary~

landlea. Examination of Henshaw’s illustration (1942, PI. 2, Fig. 4)

reveals that the metaconid on T. paula is the size of that on D856-1.

T. marylandica differs from T. paula in a longer M 2 (1.5 mm) and a

slightly smaller M^ metaconid, and possibly a more distinct paraconid on

the M2 . The upper teeth of T_. marylandica are unknown, thus the rela-
9tive reduction of the M is unknown. Specimen D856-1 closely resembles 

%. paula in the size of the metaconid, and as previously noted, in the
Oreduction of the M .

Aside from T. canavus, individual variation within the species 

of Tomarctus is not well documented, and there is evident confusion in 

the literature regarding specific distinctions within this genus. A 

thorough revision is needed, and is presently being done by Dick Tedford 

and Beryl Taylor of the American Museum of Natural History. Based on 

the similarities in size and morphology of the M1_2, it is tempting to 

synonymize T. paula and T. marylandica with T. temerarius, and allocate 

D856-1 to this species. Henshaw (1942, p. 107-108), in fact, notes this 

close similarity between T̂. paulus and temerarius. He established 

T. paula as specifically distinct from T_. temerarius, however, by ac

cepting the unfigured upper teeth of Leidy's type as the holotype of 

T_. temerarius, and excluding the smaller individual represented by the 

M^ from the type, a procedure opposite to that used by authors before 

him. B. "Tedford and D. Taylor (pers. comm., 1976) note a great 

similarity in the lower molars of several Tomarctus species, and suggest
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that the diagnostic value of these teeth is relatively low. They in 

fact consider the of T̂. temerarius as indeterminate relative to later 

and more completely described species. For this reason, it would be un

warranted to synonymize the above species on the basis of the incomplete 

evidence documented in the literature. Similarly, although I cannot dis

tinguish (on the basis of illustrations) the of D856-1 from T_. temer

arius, or the heel and Mg from T_. marylandica, I refrain from 

allocating the skull and jaw of D856-1 to either of these poorly known 

species, when in fact the Brown's Park specimen closely resembles the

much more completely known T. paula. T_. paula and D856-1 are both short-
2faced forms with reduced M , and the measurements on the upper molars of 

the two are practically identical. On the other hand, nothing is known 

of the skull proportions of %. temerarius or T_. marylandica. and to as

sign the brachycephalic D856-1 skull to either of these species would be 

based on the erroneous assumption that the lower molars are highly diag

nostic. The differences noted between D856-1 and paula may only be 

individual variation; Olsen (1956, p. 12), for example, reports a 2 mm 

variation in the length of the of T_. canavus, and a 1 mm variation in 

the length of the Mg. The 1.3 mm difference in lengths of the M 2 be

tween D856-1 and the type of T. paula may not be outside the range of 

variation of T\ Paula. As mentioned, the total dentary lengths in these 

specimens (particularly the type of T. paula) is unreliable, since they 

are not completely preserved. Therefore, until the range of variation 

in T_. paula is known, I allocate D856-1 to T. cf. paula♦ Comparative 

measurements of T. temerarius, T. marylandica, T_. paula and D856-1 are
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given in Table 4. Canid indet. B.E.G. 31081—1255 (Wilson, 1960, p. 994,

Fig. 5e) may also belong to T̂. paula. The partial palate of this speci-
2men is very similar to that of D856-1, and it exhibits a reduced M 

similar in size to that of D856-1. Measurements for it are also given 

in Table 4.

Order Perissodactyla Owen, 1848 
Suborder Hippomorpha Wood, 1937 

Family Equidae Gray, 1821 
Genus Megahippus MeGrew, 1938

Megahippus sp.
Table 5, Figure 17

Referred Material.— D856-5, right premaxillary; D856-6, 10 in

cisors; D856-7, DPX (?); D856-8, right and left DP^; D856-9, right dentary 
with DP2_4, Mx; D856-10, LDPX (?).

Description.— The right premaxilla preserves the symphasis and 

the three incisor alveoli. The anterodorsal border of the premaxilla 

is elevated posterior to the symphysis. The alveoli for the I* and I2  

are subequal in size and larger than the alveolus for the 1 .̂

Although none of the incisors were found socketed in their al

veoli, three of them fit nicely into two of the alveoli. The number of 

incisors suggests that some came from the lower jaw. These incisors, 

probably deciduous, are low-crowned and strongly cupped, and have long, 

strong roots. Five of the incisors, all slightly worn, possess a nar

row, discontinuous lingual cingulum. The labial surface may be smooth 

or have a cingulum running continuously along three sides. The DP (?) 

is broken, preserving only a slightly worn protocone, hypocone, and
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Table 5. Measurements of Megahippus sp.

Incisor length n = 6 O.R. = 
X =12.3

1 1 . 8  - 13.2

?DPX AP length at protocone and hypocone 26

DP1  AP n = 2 O.R. = 
X = 11.3

1 1 . 0  - 1 1 . 2

DP1  TR n = 2 O.R. = 
X = 8.1

7.8 - 8.3

DP2 AP x TR 28.7 x 18.7
DP3 APx TR 26.6 x 19.5

DP4 APx TR 27.2 x 19.5

?DPX APxTR 29.5 x 21.3

Height of unworn metaconid 19.4

Narrowest depth of ramus between DC and DP, 29.2

Narrowest depth of ramus below protocone 
of DP4 41.0
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Figure 17. Megahippus sp.

A) Right dentary with P^_^, lateral view.
B) Right dentary and symphysis, occlusal view.
C) DPX (?).
D) Incisor, occlusal view.
E) Incisor, occlusal view.
F) Incisor, labial view.



hypostyle. The tooth is low-crowned and has a cingulum anterior to the 

protocone, and between the hypocone and hypostyle.

The lower canines are missing. The DP^ is large and single 

rooted, consisting of a prominent central cusp, swollen basally, from 

which sharp anterior and posterior crests descend. A strong basal cingu

lum is present buccally. The cingulum is more shelf-like anteriorly and 

posteriorly than centrally.

The DPg is elongate and perceptibly narrower anteriorly. A la

bial cingulum runs from the cusp-like parastylid, along the base of the 

tooth, to the hypostylid. This cingulum is more strongly developed on 

the hypolophid than on the protolophid. A short, shallow groove about 

2 mm long separates the metaconid and metastylid. The DP^ and DP^ have 

a strong, shelf-like buccal cingulum running from the paralophid to the 

hypostylid. The hypostylid has a short, posteriorly directed cingulum 

which does not reach the base of the tooth. The metaconid and meta

stylid are separated by a 2 mm long groove. The DP2 paralophid and p 

protolophid are more widely separated than on the DPg and DP^. The an

terior and posterior walls of the DP2 protoconid join to form a sharp 

buccal ridge; on the DP^ and DP^ this junction is wide and rounded. None 

of the deciduous premolars have a lingual cingulum. The is unerupted 

and incomplete. The metaconid and metastylid are only faintly sepa

rated lingually. The remnant of the cingular structure is present lin- 

gually at the bottom of the postflexid.

The mandible is deep dorso-ventrally. It is eroded anteriorly, 

but there is evidence of strong upturning at the symphysis. The

96
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post-canine diastema is short. The mental foramen is located 14.5 mm 

below the DP^. The ventral edge of the ramus is flat.

Comparisons and Discussion.— Gidley (1908, Fig. 1) illustrated 

the lower dentition of Hypohippus ?equinus from Virgin Valley, which 

Merriam (1911, p. 257) referred to Hypohippus near osbomi. This speci

men is about one-fifth smaller than D856-9. On the Virgin Valley speci

men the lingual wall below the DPg and DP^ preflexid is more swollen, 

and the DPg paralophid and protolophid are less widely separated than 

on D856-9. The depth of the jaw is the same in both specimens. Since 

Hypohippus equinus is smaller than H. osbomi, I conclude that D856-9 

does not represent H. equinus. The type of H. affinus Leidy 1858 is 

about one-seventh larger than the type of H. osbomi Gidley 1907, and it 

might be suspected that D856-9 would be near H. affinus. Henshaw (1942,

PI. 6 , Fig. 6 ) illustrated the DPg and DP^ of H. near affinus from Tono- 

pah. In size and morphology this specimen is practically indistinguish

able from D856-9. Shotwell (1968, Fig. 18a, b, and c) illustrated the 

d p2-4 of Hypohippus. He has misidentified these teeth as the P2 _4 ; as 

pointed out by Bode (1934, p. 53), the metaconid and metastylid are more 

widely separated in deciduous teeth of anchitheriines. In size, Shotwell*s 

specimen is intermediate between H. near osborni from Virgin Valley and 

H. near affinus from Tonopah. Morphologically, the teeth resemble closely 

those of D856-9, but the depth of the dentary is less. Macdonald (1960, 

Fig. 6 ) illustrated the DP^ and M^ of Hypohippus sp. from Mission, South 

Dakota. In size it is close to the DP^ and M^ of Megahippus matthewi 

illustrated by Webb (1969, Fig. 18) from the Minnechaduza Fauna, and is
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about one-seventh larger than D856-9. No morphological differences with 

D856-9 were discernible from Macdonald's (1960) illustration. The M^ 

metaconid-metastylid column is wider at the base, and the lingual groove 

between the metaconid and metastylid better developed in Webb's Mega- 

hippus matthewi than on D856-9. The height of the metaconid-metastylid 

column above the base of the postflexid is very similar in D856-9, M. 

matthewi from Minnechaduza, and Hypohippus sp. from Mission, indicating 

that the M^ crown height of these specimens is nearly the same.

What distinguishes Megahippus and Hypohippus? McGrew (1938, p. 

315-317) cites the following characters as distinctive of Megahippus:

1) Large size— M. matthewi is about one-fourth larger than H. 

affinus.

2) The symphysis of Megahippus is sharply uptunred, whereas in 

Hypohippus the symphysis is long and flat.

3) The incisors of Megahippus are large and procumbent.

4) The lower post-canine diastema is relatively short in Megahippus.

5) The of Megahippus is absent.

6 ) The cheek teeth are more hypsodont and have stronger buccal 

cingula in Megahippus.

7) The upper premolars have continuous lingual cingula on Megahippus

Webb (1969, p. 77) also notes that:

8 ) The metaconid and metastylid of Megahippus are more distinctly

separated than are those of Hypohippus.
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Skinner (personal communication, 1975) notes that:

9) The lower cheek teeth of Megahippus possess lingual cingula.

10) The infraorbital foramen is located inside the preorbital fossa 

in Megahippus and outside it in Hypohippus.

11) There is a prominent labial cingulum on the incisors of 

Megahippus.

McGrew (1938, p. 315) defined Megahippus on the basis of M. 

mat-thewi. McGrew stated that Megahippus was larger than any Hypohippus, 

apparently overlooking the large mandible earlier referred to Hypohippus 

nevadensis by Stock (1926). Mawby (1968, p. 7) notes that Stock's speci

men is indeed a Hypohippus, as it has a shallow dentary with a long di

astema, and also possesses a P^. Megahippus mckennai Tedford and Alf 

1962, is about 25% smaller than M. matthewi and is thus the size of H. 

affinus. Tedford and Alf (1962, p. 117-118) allocated mckennai to Mega

hippus on the basis of it possessing large, procumbent incisors and con-
9 —9tinuous lingual cingula on the P . Thus, size is not a generic 

character.

The type skulls of H. equinus and H. osborni, illustrated in 

Osborn, 1918 (Figs. 167, 168), and a referred specimen of H. affinus il

lustrated in McGrew, 1938 (Fig. 1), have the infraorbital foramen located 

outside the preorbital fossa. The skull of M. mckennai (Tedford and Alf, 

1962, Fig. 2) has the infraorbital foramen within the preorbital fossa. 

The type of Megahippus matthewi possesses a strongly upturned mandibular 

symphysis. Examination of specimens in the Frick collection shows that 

placement of the infraorbital foramen inside the preorbital fossa and
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the upturning of the symphysis are always associated in Megahippus and 

never occur in Hypohippus. These features are also present on deciduous 

dentitions. A short post-canine diastema is also associated with the 

upturned symphysis of Megahippus.

HcGrew's type of M. matthewi has a strong lingual cingulum on the 

? 2  and smaller, discontinuous lingual cingulum on the rest of the cheek 

teeth. These features are also present on Mawby’s (1968, Fig. 1) Mega

hippus cf. M. matthewi. Personal examination of specimens in the Frick 

collection reveals that Clarendonian Megahippus possesses lingual cingula 

which are most strongly developed on Pg and M^, and Hypohippus does not. 

These facts suggest that Webb's (1969, Fig. 18) specimen from the Minne- 

chaduza Fauna may be referrable to Hypohippus rather than M. matthewi, 

for none of the teeth on his specimen exhibits any trace of the lingual 

cingulum.

Examination of the Frick specimens also shows that the develop

ment of the lingual cingulum is progressive over time. Megahippus from 

the Early Barstovian Pawnee Creek Formation lacks the lingual cingulum 

on the deciduous and permanent teeth; however, these same specimens 

exhibit the Megahippus placement of the infraorbital foramen and the up

turned symphysis, and are clearly distinguished by these features from 

Hypohippus in the same formation. In New Mexico, Megahippus from the 

Late Barstovian-Clarendonian Pojoaque Member of the Tesuque Formation, 

possess the lower lingual cingula, while specimens from the stratigraph- 

ically lower Skull Ridge Member lack the cingula. This progressive de

velopment of the lower lingual cingula is probably correlative with the
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progressive development of the lingual cingula on the upper premolars. 

Tedford and Alf (1962, p. 119) point out that the upper premolar cingula 

on the Late Barstovian M. mckennai are less well developed than on the 

Clarendonian M. matthewi.

Another progressive trend in Megahippus is for decrease in size 

and eventual loss of the P^. Early Barstovian (Pawnee Creek) forms have 

a strong P^, Late Barstovian-Clarendonian (Pojoaque Member) forms have a 

reduced P^, and Clarendonian (Burge) forms lack the P^. The DP^ is 

strong in the Early Barstovian and minute or absent in the Clarendonian. 

Tedford and Alf (1962, p. 118) note that in the Late Barstovian M. mc

kennai the P^ is relatively larger than in M. matthewi.

Cupper incisors are characteristic of adult Megahippus, but are 

also occasionally found in adult Hypohippus. Deciduous incisors of both 

genera are cupped. The incisors of adult Megahippus are also larger than 

those of Hypohippus♦

Consideration of these, characteristics and comparison of D856-9 

with specimens in the Frick collection suggests that D856-9 should be 

referred to as Megahippus. Specimen D856-9 was found to match perfectly 

with a deciduous dentition (Esp. 399-1842) of Megahippus from the Pojo

aque Member of the Tesuque Formation. The strongest evidence for Mega

hippus affinities of D856-9 are the indications that the eroded symphysis 

was strongly upturned; the more complete jaw from New Mexico has a 

strongly upturned symphysis. 1 have examined many specimens of Hypohippus 

and feel that the degree of upturning on D856-9 is greater than on any of 

these specimens. The New Mexico specimen of Megahippus has a short
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diastema, strong DP^, and lacks lingual cingula on the D?2 _^, as does 

D856-9. On the of D856-9 there is a small cingular structure below 

the postflexid; it is suggestive of, but not as strongly developed as, 

the cingular structures seen on Megahippus cf. M. matthewi from the Es

meralda Formation of Nevada (Mawby, 1968, Fig. 1). The height of the 

D856-9 metaconid is greater than that on H. affinus. Webb (1969, p. 

77) notes that the metaconid on the unworn of H. affinus is 15 mm 

high; on D856-9 it is 19.4 mm high. Thus, the teeth of.D856-9 are the 

same length but higher crowned than those of H. affinus. I did not de

termine whether Megahippus is always higher crowned than Hypohippus; if 

Webb’s "M. matthewi" from the Burge is in fact a Hypohippus, it may not 

be.

The Brown’s Park deciduous dentition cannot at present be allo

cated to any previously named species of Megahippus.

Genus Parahippus Leidy, 1858

Parahippus cf. leonensis Sellards, 1916 
Table 6 , Figure 18

Referred Material.--D857-1. crushed skull with RI2"3, LI3, R and 
L canine, RP2-3, R and LM^~3.

Distribution.— Thomas Farm, Griscom Plantation, Seaboard Air Line 

Railroad Company, Alum Bluff, Chattahoochee Faunas, all in Florida; Hem- 

ingfordian Land Mammal Age.

Description.— The terminology used in the description of the 

skull bones is taken from Sisson and Grossman (1953). The dental termi

nology is taken from Osborn (1918) and Simpson (1951). The horse skull
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Table 6. Skull Measurements and Dental Measurements of Parahlppus c f .
leonensis (D857-1) Compared with Other Horses, and Statistics 
for the AP and TR of Individual Teeth in the P^-M^ Row of P_. 
avus and P. leonensis.

Distance from anterior edge of orbit to nasal tubercle 155
Height of infraorbital foramen above alveolar border 28.5
Width of palate between canines 26.4
Width of palate between MJ

m  mtmm mmmm w-m w wDental Measurements: of D857-1 Compared with Other Horses
AMNH AMNH P. avus P. creni-

SPECIMEN D857-1 55-1956 46-1530 Type dens Type
I^-C diastema 14.0
C-P̂ - diastema 37.5
Length p2-4 53.5
Length 47.3 49.7
Length P^-M^ 99.4 104.0
l2 APxTR 8 .1x 6 . 6
I3 APxTR 7.8x5.9
C APxTR 4.2x3. 8
P1- APxTR 13.0x7.0 14.4x9.8
P^ APxTR 18.6x18.0 21.0x19.0 20.5x19.8
P3 APxTR 17.1x18.7 19.9x20.0 17.2x20.3 19.1x22.2 19.1x21.9
P4 APxTR 19.3x21.1 16.3x21.7 19.1x23.5 19.1x23.4
M1  APxTR 14.1x21.1 18.5x20.5 14.8x21.2 16.8x24.8 19.7x22.3
M 2 APxTR 16.8x20.8 19.0x20.9 14.2x21.9 17.2x22.4a 16.8x21.9

J p  A P x T R ___ 17^.3x20.4 _  _16.2x14.0 15.6x20.8 16.7x20.8a
P. avus AP^ n = ™12 O.R. = 16.6 - 19 .5 X = 17.86 + .24

P. leonensis AP^ n = 32 O.R. = 13.7 - 17 .7 X =  15.96 + .16

P . avus TR^ n = 12 O.R. =  18.8 -  24 .1 X = 22.0

P. leonensis TR^ n = 30 O.R. = 17.0 - 2 2 .0 X = 20.2
^Measurements given by Downs (1956)"; other measurements on types taken 
from drawings in Osborn (1918).

^Statistics given by Downs (1956, Table 7).



Figure 18. Parahippus cf. leonensis.

A)
B)

Skull, palatal view.
close-up showing buccal coating of cement.
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from the Brown's Park Formation is highly eroded with many of the cranial 

features destroyed. The skull is long and narrow. Anteriorly, the pre- 

maxillaries are preserved. The incisive foramen, present between and 

dorsal to the alveoli for the first two incisors, is anterior to a small 

tubercle situated in the anterior opening of the narial cavity. Ven- 

trally are remnants of the palatine processes of the premaxillaries.

The nasal processes of the premaxillaries are broken approximately at 

their sutures with the nasals. The infraorbital foramen lies above the 

anterior moiety of the p \  The masseteric crest is crushed downward.

The malar fossae are not present. Palatine grooves are preserved on the 

palatine processes of the maxillaries mesial to the molars. The poste

rior naries occupy a long U-shaped opening on the ventral surface of the

palatine bone. The anterior edge of the "U" is opposite the anterior 
2edge of the M . Posteriorly, and forming two small tubercles on either 

side of the narial opening, are remnants of the pterygoid hamuli.

Longitudinal grooves are present on either side of the prominent 

basilar tubercle of the basisphenoid. The skull is broken posterior to 

the basisphenoid. The temporal condyle and part of the glenoid cavity 

of the temporal lie posterolaterally on the skull. Only the malar part 

of the zygomatic arch is preserved. Due to crushing, it is slightly 

flared out in the region of the facial crest.

Although partially crushed, the bones of the orbital region re

veal significant details. Anteriorly, the facial portion of the lacrymal 

is depressed, forming the preorbital fossa. The orbital and facial por

tions of the lacrymal are separated by the preorbital bar, which has a



distinct tubercle on its antero-dorsal margin. On the orbital surface 

is a small foramen mesial and slightly ventral to a larger lacrymal fora

men. These two openings are separated by a rounded bar of bone. The 

naso-lacrymal duct leads forward from the lacrymal foramen and passes 

beneath the wall of the preorbital fossa. Examination of some horses 

from the Sheep Creek shows that the small foramen below the lacrymal 

foramen apparently passes anteriorly and mesially into the maxillary 

sinus. This lower foramen is absent on the modern horse, and apparently 

is mentioned in the literature on fossil horses only by Skinner and 

Taylor (1967, p. 33). Skinner seemingly misidentifies this opening as 

the fossa for the lacrymal sac. The larger opening lateral to and 

slightly above it, he calls the opening for the lacrymal duct. The lac

rymal duct does indeed pass forward from the upper opening, but in the 

modern horse the lacrymal sac sits in this upper opening and not in an 

entirely separate foramen below it. The lower foramen has also been 

found on some Merychippus from the Sheep Creek (AMNH 55-1956, 88-3227).

At the position of this foramen in the modern horse is the depression 

for the origin of the obliquus oculi inferior muscle. On the Miocene 

horses, the great depth of the lower foramen makes it unlikely that this 

foramen served to accommodate this muscle. This foramen is not a second 

opening into the naso-lacrymal canal as it is in the tapir, in which it 

merges with the upper naso-lacrymal canal and empties into the nares.

On the Miocene horses this smaller foramen courses medially as well as 

anteriorly and would not merge with the lower lacrymal duct to exit in 

the region of the external naries. Possibly, one of the branches of the 

maxillary part of the trigeminal nerve enters the maxillary sinus through

106
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this foramen. According to Sisson and Grossman (1953, p. 818), the

. . . posterior alveolar branches of the infraorbital branch of 
the maxillary branch of the trigeminal . . . are given off in 
the pterygopalatine fossa, pass through small foramins in the 
tuber maxillare, and supply the posterior molar teeth and the 
maxillary sinus. The middle alveolar branches are given off 
in the infraorbital canal, and constitute the chief nerve sup
ply to the cheek and maxillary sinus . . .

Because this foramen on the Miocene horses courses into the maxillary

sinus, it possibly carried the posterior or middle alveolar nerve.

A small sphenopalatine foramen is located 34 mm posterior to the 

preorbital bar and midway up the mesial wall of the orbit. The large 

vacuity for the optic foramen is 2 2  mm posterior to the sphenopalatine 

foramen. Ventrally, the optic foramen is separated by a sharp ridge of 

bone from the smaller orbital foramen. The foramen rotundum lies ventral 

and slightly posterior to the latter. A small supraorbital foramen is 

present on the dorsal margin of the orbit. On the dorsal surface of the 

parietal, a crest curves mesially and posteriorly from a small supraor

bital tuberosity located above the supraorbital foramen. The frontal- 

parietal suture is apparent down the midline.

The incisors are worn nearly to their roots, and their occlusal
9surfaces are flat with centrally located, narrow lakes. The I is sub

rounded with a more strongly curved lingual surface. The is more
2transversely compressed and smaller than the I . A short diastema sepa

rates the I^ from the''small, peglike canine. A longer diastema separates 

the canine from the p \  Although broken, the apparently has two 

closely appressed roots.

Due to age, the cheek teeth are worn nearly to the roots. Conse

quently, the diagnostic occlusal pattern is highly simplified and nearly
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obliterated. Nevertheless, some features are preserved. Due to the for-
2ward position of the parastyle, the P is sub triangular and antero-

t

posteriorly longer than wide. The prominent mesostyle is much larger

than the diminutive metastyle. Due to wear the pre- and post-fossettes

are flattened ovals near the lingual side of the crown; consequently, the

ectolaph is very broad. The borders of the lophs are smooth, due to

destruction of the plications. At this stage of wear the protocone and

hypocone are indistinctly separated by a small medivallum. The hypocone

is larger than the protocone. Labially, two widely separated roots are

visible. is transversely elongated with the buccal side wider than

the lingual. The parastyle and metastyle are subequal in size, and the
oparastyle slightly overlaps the metastyle of the P . The fossettes are 

nearly obliterated. The protocone is larger and more mesially projecting 

than is the hypocone, and the posterolingual border of the tooth is re

duced relative to the anterolingual border. In contrast, the anterolin- 

gual borders of the molars are reduced relative to the posterolingual 

borders. The P^ is missing.

The are transversely elongate and posteriorly concave. The

transverse elongation is due to the anteroposterior length decreasing

toward the root and the transverse width remaining constant. Being less
3 1 2worn, the M is less transversely elongate than the M or M . The molar

parastyles are prominent and overlap the preceding metastyles. Ribs are

only faintly expressed between the styles. The mesostyles are larger

than the parastyles, which are larger than the metastyles. Ectocingula
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run along the base of the teeth and are confluent with the styles. Wear 

has simplified the molar occlusal patterns, resulting in the loss of the 

pli-caballinae. The retains a small pli hypostyle on the post- 

fossette and has a hypoconal groove which extends nearly to the post- 

fossette. The teeth are worn so that the buccal edges are higher than 

the lingual edges. The molars have long, widely flaring roots and a 

buccal coat of cement. The is less worn than the other teeth and has

the buccal cement better preserved.

Comparisons and Discussion.— Comparisons with other horses are 

difficult due to the old age and the crushing and erosion of the skull. 

The highly worn dentition presents the most serious difficulty, for with 

wear the cheek teeth occlusal patterns are greatly simplified. In old 

individuals the original crown heights of the teeth are difficult, if 

not impossible, to estimate. Also, many equid species are known only 

from isolated teeth without associated skulls. Despite these limita

tions, D857-1 retains a few features which give important clues to its 

identity.

The first important feature is the size and morphology of the 

worn dentition. The dentition can be nearly duplicated on three skulls 

from the Sheep Creek Formation of Nebraska, borrowed from the American 

Museum of Natural History (AMNH 46-1530, 55-1956, 88-3227). Dental wear 

indicates that these individuals range in age from 4+ to 7+ years. Be

cause of their morphological similarities, it is felt that these three 

horses belong to the same species.
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From the Sheep Creek Formation, Osborn (1918) obtained the types 

of Merychippus primus, M. secundus, M. tertius, M. quartus, and M. quintus. 

Downs (1956, p. 286) pointed out that M. quartus is probably an invalid 

species, based as it is on postcranial materials. The F:AM specimens 

most closely resemble the type and referred specimens of M. tertius (AMNH 

14180 and 14183, respectively) and the small differences between the 

F:AM specimens and AMNH specimens are probably due to individual varia

tion. For example, the crown pattern of F:AM 55-1956 is slightly more
ocomplex than that of AMNH 14180. Differences include a single P pli

3pre-fossette on F:AM 55-1956 and a double P pli pre-fossette on AMNH 

14180; a double P^ pliprotoconule on F:AM 55-1956 and a single pliproto- 

conule on AMNH 14180; better development of the hypoconal groove on the 

teeth of F:AM 55-1956; and slightly more complex plications on the M^ 

fossettes of 55-1956. The C-P^ diastema of AMNH 14180 is longer than 

that of the F:AM specimens and similar in length to that of D857-1. How

ever, the incisors and canines of AMNH 14180 are much more robust than 

those of D857-1; likewise, the alveoli indicate relatively larger ca

nines on the F:AM specimens. The dental complexity of 55-1956 approaches 

that of the type of M. quintus, but the latter is a larger animal. The 

type of M. secundus is of similar size to 55-1956, but has a less com

plex dental pattern.

Matthew (1924) referred all of the horses from the Sheep Creek 

beds at Stonehouse Draw to M. primus. Matthew's (1924, Figs. 49 and 55) 

illustrations of M. primus (AMNH 18944) nearly duplicate the morphology 

seen on F:AM 55-1956, which is also from Stonehouse Draw. The preorbital 

length on the Sheep Creek horses is about 15 mm shorter than on D857-1.
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On the referred skull of M. primus (AMNH 18944) the canine is restored 

as a smaller tooth than in M. tertius, and the length of the post-canine 

diastema is between that of 55-1956 and D857-1. In the University of 

Arizona collection is a cast of a referred M. primus (UALP 1762), also 

from Stonehouse Draw. The morphological resemblance to F:AM 55-1956 is 

striking. Especially significant is the complexity of the plications 

and the presence of a well-developed plicaballine. Osborn (1918, p. 104) 

considered the absence of the pli-caballine one of the diagnostic char

acteristics of M. primus. If UALP 1762 and AMNH 18944 are correctly re

ferred to M. primus, then this species includes horse teeth from the 

small size and relative simplicity of the type of M. primus, to the 

larger size and greater complexity of the type of M. tertius. It in

cludes forms with large or small canines and long or short diastema. In 

short, the range of these characteristics would not exclude D857-1 from 

the expanded concept of M. primus. Stirton (1940, p. 181) tentatively 

retained the specific separation of Osborn’s types, while at the same 

time mentioning their possible synonymy with M. primus. Downs (1956, p. 

260) noted that M. secundus is possibly within the range of variation 

of M. quintus, but was otherwise noncommittal about the distinctness of 
these species.

Other species of Merychippus must be considered relative to 

D857-1. Merychippus insignis Leidy 1857 (including M. paniensis from 

the Lower Snake Creek Skinner and Taylor 1967, p. 28 ) is too large for 

D857-1. M. seversus (Cope) 1878 (=M. isonesus according to Downs, 1956, 

p. 265) has a narrower palate and shorter C-P^ diastema than on D857-1.
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M. carrlzoensls Dougherty 1940, known only from slightly worn teeth, 

would be inseparable from D857-1 in extreme wear. The teeth of the 

similarly sized M. brevidontus Bode 1935 have enamel plications whose 

relative complexity, according to Bode (1934, p. 42), extends nearly 

to the base of the teeth. Specimen D857-1 shows no hint of plication- 

complexity on the highly worn teeth. M. gunteri Simpson 1930, M. teha- 

chapiensis Buwalda and Lewis 1955, and M. relictus (Cope) 1889a are all 

too small, and M. sejunctus (Cope) 1874, M. califomicus Merriam 1915b,

M. sphenodus (Cope) 1889b, M. campestris Gidley 1907, H. sumani Merriam 

1915a, M. intermontanus Merriam 1915a, M. calamarius (Cope) 1875, M. 

republicans Osborn 1918, and M. patruus Osborn 1918 are all too large.

The presence of cementum on the teeth is another important fea

ture of D857-1. Merychippus and its descendants and a few advanced spe

cies of Parahippus have cementum on the teeth. Downs (1956, Table 9) 

suggests that the thickness of this coating is useful in distinguishing, 

between Merychippus and Parahippus; according to his comparison, the 

amount of cement on the teeth of advanced Parahippus is less than that 

on the teeth of two of the most primitive species of Merychippus, M. 

primus and M. gunteri. Simpson (1932, p. 23), however, notes that some 

of the P_. leonensis from the Thomas Farm "have as much cement as the 

less coated Midway M. gunteri specimens", and White (1942, p. 22) notes 

that P_. leonensis occasionally has more cement than on M. primus. Bader 

(1956, p. 65) experienced great difficulty in separating P̂. barbouri, P_. 

leonensis, and M. gunteri in the Thomas Farm, and was compelled to con

sider them members of a "contemporaneous interbreeding assemblage, only 

parts of which possess a given diagnostic character". Simpson (1932,
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p. 25) had in fact considered leonensis directly ancestral to M. gun- 

teri. Thus, though the amount of cement on some of the most advanced 

Parahippus may occasionally overlap with the amount on some specimens of 

the most primitive Merychippus, it is probably valid to conclude that, 

in general, Parahippus possesses less cement than Merychippus.

Specimen D857-1 was compared with the Sheep Creek Merychippus 

and found to have less cement on the buccal side of the teeth. Especially 

significant is the fact that AMNH 88-3227, which has more highly worn 

teeth than does D857-1, has a thicker coating of cement. The amount of 

cement on D857-1 is similar to that on P_. avus (Marsh) 1874 (=P_. brevidens 

(Marsh) 1874 according to Downs (1956, p. 240)) and also that on P_. leo

nensis Sellards 1916. The type of P_. avus is similar in size to D857-1; 

on the type of P̂. brevidens the M^ is equal in size and the M^ is larger 

than that of D857-1. The amount of cement on D857-1 is equal to that on 

the type of P. avus. A partial skull of P_. avus (AMNH 14182) illustrated 

by Osborn (1918, PI. 6 ) has no features preserved useful for comparison 

with D857-1. P. leonensis is slightly smaller than P_. avus. Downs (1956, 

Table 6 ) gives statistics on the lengths and widths of the cheek teeth of 

P.. avus and P_. leonensis; for length and width D857-1 falls nearer the 

means for P. leonensis. Downs (1956, p. 243) notes that P_. avus and P_. 

leonensis are comparable in the amount of cement present on the teeth.

leonensis is variable in cement development, which ranges from an 

amount equal to that on M. primus. The amount of cement on D857-1 falls 

within this range, being, as noted, close to that on P_. avus and less

than that on M. primus.
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crenldens (Scott) 1893, and P_. coloradensls Gidley 1907, also 

have cement on the teeth according to Downs. crenldens has less ce

ment than on P_. avus (Downs, 1956, Table 9) , and therefore the cement is 

also less than on D857-1. Downs (1956, Table 9) characterizes P_. colo- 

radensis as having only a light coat of cement. The original diagnosis 

of P . coloradensls makes no mention of cement, and Gazin (1932, p. 77) 

refers some teeth from Skull Springs, Oregon, to this species, noting 

that they lack cement.

The size of the teeth and the amount of cement on them falls, as 

noted, closest to P_. leonensis, though the difference with P . avus is 

not great. Although the size and morphology of the teeth resemble those 

of old individuals of Sheep Creek Merychippus, the amount of cement on 

the teeth is clearly less on D857-1. In all other comparisons made with 

Merychippus, D857-1 was found to have a thinner buccal coating of cement 

on the teeth. I am aware of no illustrations of skulls of P_. avus or P̂. 

leonensis other than that of the partial skull previously mentioned. In 

size and morphology, the D857-1 skull apparently does not differ signifi

cantly from those of Sheep Creek Merychippus, based on comparisons with 

the AMNH specimens. The amount of cement on the teeth is here considered 

the most diagnostic feature preserved on D857-1, allying it with Para- 

hippus. Based on the amount of cement and size, D857-1 is allocated to 

Parahippus cf. leonensis. Comparative measurements with Merychippus and

Parahippus are given in Table 5.



115
Order Artiodactyla Owen, 1848 
Suborder Tylopoda Illiger, 1811 
Family Camelidae Gray, 1821 

Subfamily Stenomylinae Matthew, 1910 
. Genus Blickomylus Frick and Taylor, 1968

Blickomylus galushai Frick and Taylor, 1968 .
Table 7, Figure 19

Referred Material.— D857-2. LP4, LM1"2, LP4; 0857-3, distal frag

ment right radius—ulna; 0857-4, proximal fragment right metacrapus;

0857-5, fragmentary distal metapodial.

Distribution.— "Chamisa Mesa Member of the Zia Sand Formation 

and in deposits equivalent to the lower part of the Santa Fe Group, Sando

val County, New Mexico" (Frick and Taylor, 1968, p. 22); Brown’s Park 

Formation, Moffat County, Colorado; Hemingfordian Land Mammal Age.

Description.— The P4 is small and heavily worn, and the fossette 

between the buccal and lingual cusps has disappeared. The M^ is short 

and transversely narrow and tapers strongly antero-posteriorly toward 

the roots. The pre- and post-fossettes are present as shallow depres

sions lacking internal enamel rings. Ribs and styles are absent on the

flat buccal wall, and the posterior lobe of the tooth is longer than the
2anterior lobe. The M is transversely narrow and hypsodont with only 

the anterior lobe completely preserved. An enamel-like fossette is 

present on this lobe. Except for a faint parastyle, the buccal wall is
*1 osmooth. On the M and M* the wall of the metaconule is flatter and does 

not project as far lingually as does the wall of the protocone. The P^ 

is compressed laterally and tapers rapidly anteriorly. It lacks a para-

conid inflection.
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Table 7. Measurements of Bllckomylus galushi.
p4 A P x T R 8.1 x 5.0 

M1 APxTR 15.0 x 9.6

M^ APxTR of first lobe 13.5 x 10.1

P4 TR 3.5

Radius-ulna shaft TR width above distal end 16.3

Proximal metacarpus APxTR____________________________________15.8 x 19.8
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Figure 19. Blickomylus galushai.

A) LM1-2, lingual view.
B) occlusal view.
C) Right metacarpal, proximal view.
D) Right metacarpal, anterior view.
E) Fragmentary distal metapodial.
F) Distal fragment right radius-ulna, anterior view.
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The shaft of the distal part of the radius-ulna is relatively 

slender. Only half of the distal end is preserved. The lunar and cune

iform condyles are subequal in size, and the lunar condyle has a proxi- 

molaterally trending trough on its medial side. Anteriorly, the lateral 

and medial carpal extensor grooves are present, the medial groove being 

deeper and narrower than the lateral. A prominent tuberosity lies be

tween them. Anterodorsal to the cuneiform condyle is a distal interos

seous foramen. A posterior distal interosseous foramen is also present 

with a vertical groove extending approximately 20 mm proximally. The 

lateral surface of the shaft immediately above the cuneiform condyle is 

highly rugose.

The small, elongate trapezoid facet trends posteromesially on 

the proximal metacarpal. Anterior is the much larger magnum facet. This 

elongate facet is slightly concave anteroposteriorly. The anterior half 

of the facet is rounder and wider than the posterior half. A prominent 

tuberosity lies beneath the anterior edge of the magnum facet. The 

unciform facet lies lateral to the magnum facet. It is larger than the 

magnum facet and subtriangular, with the rounded apex pointing laterally. 

This facet is slightly convex from front to back, and has the front edge 

more distal than the front edge of the magnum facet. These two facets 

are separated by a depression which terminates in a foramen at the center 

of the proximal surface. Rugose depressions for metacarpals 2 and 5 are 

present posteriorly beneath the trapezoid and unciform facets, respec

tively. Metacarpals 3 and 4 are completely fused proximally. Posterior

ly, their line of fusion is marked by a deep groove and foramen.
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Comparisons and Discussion.— The narrow, hypsodont teeth with 

smooth buccal walls clearly identify this camel as a member of the sub

family Stenomylinae. Currently, there are three genera of stenomylines 

recognized— Stenomylus Peterson 1906, Rakomylus Frick 1937, and Blicko- 

mylus Frick and Taylor 1968.

In artiodactyls the upper teeth are wider than the lower teeth.

In camels, the relative smoothness of the walls also helps distinguish 

upper from lower teeth; the styles and ribs on the upper teeth are usual

ly better developed than on the lower teeth. Isolated Stenomyline mo

lars, particularly those of the derived Blickomylus and Rakomylus, are 

more difficult to distinguish, due to the fact that upper molars are 

transversely narrow and have flat buccal walls. The following criteria 

are useful for distinguishing upper from lower molars in Stenomylines:

1) The upper molars retain fossettes to a later wear stage than do 

the lower molars.

2) The posterior lobes of upper molars are transversely narrow and 

flatter and do not project as far lingually, as do the anterior#
lobes. On lower molars the posterior lobes are wide and often 

less flat, projecting farther lingually than do the anterior 

lobes. The is an exception, but it is recognized by having 

three lobes.

The molars of D857-2 exhibit considerable wear, yet the fossettes 

are retained. Likewise, the posterior lobe is flatter and not as project

ing as the anterior lobe. These facts establish these molars as uppers.
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Direct comparisons of many specimens, including the types of 

Blickomylus and Rakomylus, establish that the Brown's Park Stenomyline 

is a Blickomylus. Both D857 and Blickomylus differ from most Stenomylus 

in having more solidly fused metacarpals. The metacrapals are complete

ly uncossified on Ŝ. hitchcocki Loomis 1910 and the unnamed Stenomylus 

from Well ton, Arizona. In S[. gracilis Peterson 1906 the proximal halves 

of the third and fourth metacarpals are fused, but the line of fusion is 

usually very prominent, as in the type. On D857-4 and Blickomylus, this 

line of fusion is very faint. A few Stenomylus, though, such as F:AM 

36815 (Frick and Taylor, 1968, Fig. 6 ), have strongly coosified meta

carpals which resemble those of Blickomylus. The P^ of D857-2 and 

Blickomylus is more reduced than that of Stenomylus. The length of the 

P^ of D857-2 is 8.0 mm; that of Blickomylus ranges from 7.8 to 9.0 mm.

The length of the P^ of Ŝ. gracilis ranges from 10.0 to 10.3 mm. Al

though the length of the P^ of the Wellton Stenomylus is the same as that 

of D857-2, the P^ of the Wellton camel is 2 mm wider. The molars of the 

Wellton Stenomylus are shorter than those of D857-2 and Blickomylus♦ 

Similarly, though the molars of Ŝ. gracilis have the same length as those 

of D857-2 and Blickomylus, the P^ is longer.

The distal part of the radius-ulna can be directly compared with 

that of the Wellton Stenomylus. Peterson's (1908) description of the 

radius-ulna of Stenomylus gracilis is too general to be used for compara

tive purposes. The radius-ulna of Blickomylus has heretofore been un

known, and the following differences with the radius-ulna of the Wellton 

Stenomylus may be of generic value. On D857-3 the cuneiform facet is
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relatively shorter antero-posteriorly and wider transversely, and the 

lunar facet longer antero-posteriorly, than on Stenomylus. The tuber

osity between the lateral and medial carpal extensor grooves is directly 

opposite the lunar facet on D857-3; on the Wellton Stenomylus it is 

shifted laterally and lies between the cuneiform and lunar facets. The 

fibular ridges are stronger posteriorly and laterally on the Arizona 

Stenomylus than on D857-3. Aside from more thorough coosification on 

D857-4, there is little to distinguish the proximal metacarpals. The 

depressions for metacarpals 2 and 5 are equally developed on both camels.

In comparing D857-2 with Blickomylus and Rakomylus, it is essen

tial to know whether the two molars represent or This is a

problem since the posterior half of the second molar on D857-2 is broken; 

it cannot be determined whether the posterior half tapers as in the 

or is squared off as in the M^. If the two teeth are the then the

camel is a Blickomylus; if the teeth are the M2-^, the camel is a Rako

mylus ♦ This is because the M 2 of Rakomylus has the same size as the 

of Blickomylus, and the anterior lobe of the of Rakomylus has the 

same size as the anterior lobe of the M 2 of Blickomylus. The M* of 

Rakomylus is highly reduced and clearly not one of the teeth on D857-2.

The evidence suggests that these teeth are the M ^ - 2  of Blicko

mylus . The crown patterns and teeth sizes exactly fit those on some 

Blickomylus from the Chamisa Mesa Member of the Zia Sand Formation. In 

particular, the concave wear facets on the anterior lobes of the two 

teeth match those seen on Blickomylus. On the D857-2 anterior molar, 

the anterior lobe is distinctly shorter than the posterior lobe, which is
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also the case on the of Blickomylus. On the of Rakomylus, the 

anterior and posterior lobes are the same length. The of Blickomylus 

are larger than those of Rakomylus and correspond very well in size with 

those of D857-2; the table of measurements shows the obvious 

similarities.

The metacarpal of Rakomylus is about 30% shorter than that of 

Blickomylus, but the metacarpal of D857-2 is too incomplete to offer any 

information about size. However, the dental evidence is conclusive. The 

only known species of Blickomylus is Bu galushi. The Brown’s Park camel 

cannot be distinguished morphologically or metrically from B_. galushi, 

and is therefore allocated to that species.

Subfamily Camelinae Gray, 1821 
Tribe Protolabidini Cope 1884 (Zittel, 1893)

Genus cf. Pliauchenia Cope 1875 
Table 8 , Figure 20

Referred Material.— D856-17, distal fragment left humerus; D856-18, 

distal fragment left humerus; D856-19, distal fragment right humerus; 

D856-20, proximal fragment left radius-ulna; D856-21, proximal proximal 

left radius-ulna; D856-22, proximal fragment left radius-ulna; D856-23, 

proximal fragment right radius-ulna; D856-24, distal fragment right 

radius-ulna; D856-25, distal fragment left radius-ulna; D856-26, distal 

fragment left radius-ulna; D856-27, distal fragment left tibia; D856-28, 

left astragalus; D856—29, left astragalus; D856—30, left astragalus; 

D856-31, left astragalus; D856-32, right astragalus; D856-33, right cal- 

caneum; D856-34, right proximal fragment calcaneum; D856-35, left cal- 

caneum; D856—36, left calcaneum; D856—37, left distal fragment calcaneum;
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Table 8 . Measurements of cf. Pliauchenia sp.

SPECIMEN n O.R. X
Humerus trochlear TR width 3 42.3-43.6 42.9
Humerus trochlear height 3 29.5-32.0 31.13
Radius-ulna TR width distal articular surface 2 41.9-43.5 42.7
Radius-ulna AP width distal articular surface 3 37.9-39.3 38.4
Tibia TR width distal end 1 41.5 '
Tibia AP length distal end 1 25.8
Astragalus lateral length 5 38.9-44.1 41.1
Astragalus medial length 5 34.3-40.0 36.3
Astragalus minimum length 5 29.7-33.8 30.9
Astragalus greatest TR width 5 25.8-28.8 27.4
Astragalus distal trochlear TR width 5 23.9-27.1 25.4
Calcaneum maximum length 3 91.2-91.6 91.4
Calcaneum maximum AP length 4 35.9-38.1 37.1
Calcaneum tuberosity TR width 3 21.5-23.6 2 2 . 6
Calcaneum tuberosity AP length 3 22.0-23.0 2 2 . 6
Proximal metatarsal TR width 3 29.5-34.0 32.2
pistal metapodial (forefoot?) trochlear
surface APxTR 1 23.1x23.0
Distal metapodial (hindfoot?) trochlear
surface AP 2 19.2-20.2 19.7
Distal metapodial (hindfoot?) trochlear
surface TR 2 18.4-19.8 19.1
Proximal phalanx; TR distal width 6 14.1-15.4 14.7
Proximal phalanx; AP distal length 5 1 1 .0 -1 2 . 6 1 1 . 8
Medial phalanx length 2 37.8-39.0 38.4
Medial phalanx proximal TR width 2 13.0-13.3 13.15
Medial phalanx proximal AP length 2 12.8-13.2 13.0
Medial phalanx distal TR width 2 12.7-12.9 1 2 . 8
Medial phalanx distal AP length 2 8 .3—8•4 8.35



Figure 20. cf. Pliauchenia.

A) Left calcaneum, medial view.
B) Right calcaneum, lateral view.
C) Left calcaneum, anterior view.
D) Left calcaneum, anterior view.
E) Left astragalus, anterior view.
F) Left astragalus, posterior view.
G) Right astragalus, lateral view.
H) Left astragalus, medial view.
I) Proximal phalanx.
J) Proximal phalanx.
K) Medial phalanx.
L) Medial phalanx.
M) Distal fragment metapodial, anterior view.
N) Distal fragment metapodial, posterior view.
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Figure 20. cf. Pliauchenia.
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D856-38, right proximal fragment metatarsal; D856-39, right proximal 

fragment metatarsal; D856-40, right proximal fragment metatarsal; D856-41, 

distal fragment metapodial; D856-42, distal fragment metapodial; D856-43, 

distal fragment metapodial; D856-44, proximal phalanx; D856-45, proximal 

phalanx; D856-46, medial phalanx; D856-47, proximal phalanx; D856-46, 

medial phalanx; D856-47, medial phalanx; D856-48, proximal phalanx;

D856-49, proximal phalanx; D856-50, proximal phalanx; D856-51, proximal 

phalanx.

Description.— The terminology used for the post cranial material 

is taken from Patton and Taylor, 1971; Stirton, 1967; and Webb, 1965.

On the humerus, the medial and lateral condyles are subequal in size.

The medial and lateral epicondyles are prominent, and the medial epicon- 

dyle is deflected laterally. Anteriorly and above the medial condyle is

a broad rugose depression for the origin of the common digital extensor.

The humeral articular surface of the radius is crossed by a

sagittal ridge which ascends dorsally the anconeal process and terminates 

anteriorly in the bicipital rugosity. A depression lies lateral to this 

ridge and posterior to the lateral tuberosity. The sagittal ridge di

vides the humeral articular surface into medial and lateral parts, the 

medial part being transversely shorter and more ventrally depressed than 

the lateral part. An anteroposterior groove separates the lateral tuber

osity from the lateral part of the humeral articular surface. Below the 

lateral tuberosity is a small foramen. The distal end of the radius has 

two anterior grooves for the carpal and digital extensors. The carpal 

groove is deeper than the digital groove and separated from it by a
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prominent tubercle. The carpal tuberosity is prominent medially. Later

ally, an interosseous foramen lies above the cuneiform condyle.

On the D856-27 tibia, the prominent medial malleolus extends 

slightly ventrally of the anteromedial distal process. Laterally, only 

the subtriangular posterior fibular articular facet is preserved. A 

sharp ridge separates the fibular articular facet from the lateral astra- 

galar articular groove, which is shorter and broader than the median 

articular groove.

In anterior view, the lateral condyle of the astragalus projects 

farther proximally than the medial condyle. The interarticular fossa 

between the proximal and distal trochlea is deepest laterally. As in 

all tylopods, there is a navicular-cuboid keel on the disto-lateral con

dyle. The lateral surface possesses complex facets for the fibula and 

calcaneum. Proximo-anteriorly the curved fibular facet terminates at 

the fibular salient half way down the anterior edge. A rugose groove 

consisting of two or three depressions lies between the fibular facet 

and the posterior edge of the lateral surface. A convex parasus. 

tentacular facet lies posteriorly and half way down the lateral surface, 

and below this facet on the distal edge is the distal calcanear facet. 

Between the fibular salient and the distal calcanear facet is a promi

nent proximo-posteriorly trending depression. On the medial surface is 

the anteriorly convex facet for the medial malleolus. A prominent tuber

cle lies proximoposteriorly to this facet, causing the medial condyle to 

project more posteriorly than the lateral condyle. The malleolar facet 

runs distally and is upturned against the navicular trochlea. The mesial
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surface of the navicular trochlea is circular with a prominent central 

depression. The posterior surface of the astragalus is occupied by the 

quadrilateral sustentacular facet. Distal to this facet is a prominent 

subsustentacular fossa, consisting of one or more depressions centered 

over the distal lateral condyle.

The D856 calcanea are slender. In lateral view there is a dis

tinct bow to the neck, convex along the anterior edge and concave along 

the posterior edge. The neck widens anteriorly. A large triangular 

tuberosity, narrow anteriorly at the apex, lies on the posterodorsal ex

tremity of the calcaneum. On the posterior side of the tuberosity is a 

broadly concave, vertical, plantar sulcus. On the lateral surface of 

the shaft is a shallow longitudinal depression, which is deepest and 

widest just above the wide ridge. This latter features trends postero- 

ventrally and is inflated as a prominence at its lower end. Anteriorly, 

the wide ridge is flanked by the peroneous longus groove. Running post- 

erodorsally from the tuberous lower end of the wide ridge is a shallow 

depression which continues around onto the mesial side of the cuboidal 

facet. A sharp corner separates the elongate cuboidal facet from the 

smaller astragalar-capitulum facet. The fibular condyle possesses three 

facets; a medially oriented, slightly convex parasustentacular facet for 

the astragalus, an anteriorly oriented, convex astragalar facet, and below 

that, an anteriorly oriented, concave medial facet. The last two are 

contiguous with each other. The sustentacular facet is subcircular.

On the metatarsals, the cuboidal and ectomesocuneiform facets 

are subequal in size. The ectomesocuneiform facet sits medial to, and
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is only slightly separated from, the cuboidal facet. A deep depression 

lies midway between and posterior to these two facets. The small, sub- 

circular entocuneiform facet sits posteriorly to the ectomesocuneiform 

facet.

Comparisons and Discussion.— The post cranial elements are prac

tically indistinguishable from those of Pliauchenia coartatus. The hu

meri, radii-ulnae, and tibiae lie completely within the range of variation 

of that species. The calcanea, astragali, and metapodials of D856 are 

somewhat larger than those of most specimens of coartatus. but the 

difference is insignificant. The proximal widths of the metatarsals, for 

example, ranges from a width equal to that of the largest known meta

tarsal of coartatus to a width of about 8 % greater. The slender D856 

phalanges are similar in length, but slightly more slender, than those of 

P.. coartatus. The anterior limb elements of D856 are, like those of the 

P,. coartatus specimens from Walnut Grove, Arizona, slightly smaller than 

those of the type of P_. coartatus.

None of the various limb elements were associated. However, they 

can be confidently assumed to belong to the same species due to their 

close match in size and morphology to similar limb elements of P_. coar

tatus . Because of this close correspondence, the D856 limbs are thought 

to belong to a species of Pliauchenia, although not necessarily P_. coar

tatus ♦ At present, there are few characteristics other than size and 

proportions, which can be used to separate the various genera of Miocene 

camels. For the sake of completeness, the following comparisons are

offered.
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The D856 camel limb elements differ from those of Aepycamelus, 

Hesperocamelus, Megatylopus, Tltanotylopus, "Pllauchenia" magnifontis, 

Hemiauchenla, and Procamelus grandis In having smaller size. The limbs 

of Procamelus occidentalis cannot be adequately compared with D856. Oxy- 

dactylus and Miolabis have unfused metapodials; Taylor (personal communi

cation, 1975) notes that those of Nothotylopus are also unfused. The 

limbs of Stenomylus are smaller and the metapodials generally more slender 

and less coossified than those of D856. Frick and Taylor (1968) illus

trate the metapodials of Blickomylus and Rakomylus, and they belong to 

smaller animals than D856 (the Blickomylus distal radius from the Brown's 

Park Formation also supports smaller size for these camels). The limbs 

of Australocamelus, Nothokemas, and Floridatragulus have not been ade

quately described. Michenia has smaller, slenderer limbs than D856.

Thus, it is highly probable that these limb elements belong to 

Pllauchenia. A thorough study of that genus, however, is necessary be

fore specific assignment of these limbs can be made.

Genus Michenia Frick and Taylor, 1971

Michenia sp.
Table 9, Figure 21

Referred Material.— D856-11, RI^ ^ roots, RC; D856-12, fragmentary 

symphysis with RP^; D856-13, right dentary with P^_^, D856-14, dis

tal fragment right humerus; D856-15, proximal fragment left radius; 

D856-16, proximal fight metacarpal.

Description.— The Ig is the only incisor with the crown preserved. 

In early wear it is highly spatulate and transversely flattened with a
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Table 9. Dental Measurements of Michenia sp. and Comparative Statistics
of Michenia n. sp. and Pliauchenia coartatus from Walnut Grove, 
Arizona and Other Measurements on Michenia sp. from Brown’s 
Park.

Walnut Grove Michenia n. sp. Pliauchenia coartatus
SPECIMEN D856-13 n O.R. X V n O.R. X V
Lower 
canine AP 6.4 6 4.9-6.0 5.5 7.3 15 6 .8 -1 2 . 1 9.5 .15.9

P2 AP 5.0 5 4.1-5.7 4.8 14.3 1 0 5.0-7.7 6 . 1 17.1

P2 TR 2.5 4 2.8-3.0 2.9 7 3.2-4.2 3.8 9.2

P3 AP 8.4 2 1 6 .1-9.2 8.4 9.2 24 8.5-11.4 1 0 . 1 7.7

P3 TR 3.4 2 0 2.5-5. 6 4.2 14.3 18 4.5-5. 6 5.1 6.4

P4 AP 12.7 32 8.8-13.9 10.5 1 1 . 2 28 10.3-13.1 1 1 . 6 6 . 1

P4 TR 6 . 2 29 4.6-7. 6 6 . 1 1 1 . 1 2 2 5.7-8.0 6 . 8 7.3

Mj_ AP 2 0 . 0 29 13.6-18.9 16.1 8 . 8 2 0 14.2-20.2 17.2 9.2

M^ TR 1 1 . 0 23 9.7-11.9 1 0 . 8 6.5 2 0 10.7-13.6 1 1 . 6 5.6

M2 AP 23.9 31 18.5-24.8 21.4 6.9 27 19.1-28.7 23.8 9.6

M 2 TR 12.9 26 11.6-14.5 12.7 6 . 2 2 1 12.5-17.0 14.7 7.9

Depth jaw 
between 
P^ and P2 <22.5 23 13.3-19.1 16.6 6.9 19 23.7-31.0 26.7 8.5

Depth jaw 
below P^ 22.5 13 16.1-20.7 17.8 8 . 0 16 24.7-36.8 30.2 10.9

Michenia sp . from Brown 's Park n O.R. X
Mg length of first lobe 1 13.8 -

Mg width <Df first lobe 1 13.6 -

Humerus trochlear TR width 1 33.7 -

Humerus maximum trochlear height 1 25.3 -

Radius; width proximal articular surface 1 33.2 —



Figure 21. Michenia sp.

A) Right dentary, lateral view.
B) Right dentary, occlusal view.
C) Rl2 _ 3  (roots), RC.



V \

Figure 21. Michenia sp.
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crown 20.2 mm high. The roots of the incisors are small. The canine is 

separated from the by a 4.0 mm diastema. The canine is small and

slightly recurved, giving the crown a more vertical orientation than the 

almost procumbent incisors. It is transversely flattened with the buccal 

side convex and the lingual side concave dorsoventrally. Anterodorsally, 

a slight pinching of the enamel has resulted in the development of a small 

flange.

The C-P1  diastema is not preserved on the specimens. The is 

suppressed; that is, although fully formed, the tooth has not erupted in 

the mature animal. On the right dentary of this camel, the is worn 

nearly to the roots, yet the P^ has not erupted. The P^ has only one 

root; it cannot be determined whether this root formed from a single root 

or from two fused roots. Excavation of the bone shows that the P^ is 

vertical.

The lies approximately 23.5 mm behind the P^. The ?2 is 

highly reduced and transversely narrow. The crown is simple, consisting 

only of a low protoconid. A shallow median sulcus on the single root 

indicates that it formed from the fusion of two separate roots. The Pg 

is transversely narrow and double-rooted. The protoconid, swollen at the 

base, is the most distinctive cusp of the crown. A ridge runs anteriorly 

from the protoconid and terminates in a minute and slightly lingually 

inflected paraconid. Posteriorly, another ridge terminates in a small 

but distinct swelling formed from the entoconid and hypoconid. The P^ 

is long, nearly as long as the combined lengths of the P^ and Pg. Like 

the other premolars, the P^ is transversely narrow. The protoconid is
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the highest cusp. A short anterior ridge connects it to a lingually in

flected paraconid. A lingual sulcus separates the paraconid from the 

protoconid. The entoconid and hypoconid have, through wear, united to 

form a posterior swelling as broad as that of the protoconid. A broad, 

shallow sulcus lies buccally between the protoconid and hypoconid. Wear 

has eliminated the fossettid between the hypoconid and entoconid.

The is worn nearly to the roots. It is relatively long, and 

the posterior lobe is much wider than the anterior lobe. No details are 

observable on the lingual wall. On the Mg, wear has eliminated the anteri

or fossettid, and the posterior fossettid is relatively small. The lin

gual wall is flat, with only a small parastylid present. The M^ is 

broken behind the anterior moiety. The worn crown height measures 17.2 

mm on the protoconid. The parastylid is prominent lingually, but the 

mesostylid is only a low ridge. Lingual ribs are absent. None of the 

molars have intercolumnar stylids" or protostylids.

Erosion has eliminated most of the details of the dentary. The 

right dentary is narrow transversely, being 6 . 3  mm wide between the 

and Pg. The minimal depth of the dentary between the P^ and P^ is not 

preserved; however, it is less than the depth at the suppressed P^, where 

it is 22.5 mm.

On the basis of size, three fragmentary limb elements are re

ferred to this camel. The distal fragment of the humerus has the troch

lea preserved. Anteriorly, above the medial condyle, is a transverse 

trough for the origin of the common digital extensor. The proximal frag

ment of the radius has only the humeral articular surface preserved.
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Little can be said, except that the lateral tuberosity is smaller than 

on cf. Pliauchenia. The proximal metacarpal preserves the small, tri

angular trapezoidal facet posteriorly. Anterior to it is the large, con

cave magnum facet, quadrilateral in shape. Below its anterior edge is a 

small tuberosity. Only the anterior portion of the unciform facet is 

preserved. Metacarpals 3 and 4 are completely fused, and the line of 

fusion is not visible.

Comparisons and Discussion.— This camel is allocated to the tribe 

Protolabidini. Frick and Taylor (1971, p. 7) characterize protolabine 

camels by, among other things, 1 ) a tendency toward size reduction of 

the premolars in comparison to the molars, and 2 ) moderately tall crowned 

molars with weak metastylids. Right dentary D856-13 exhibits highly re

duced premolars. Similarly, the lingual walls of the molars possess only 

weak metastylids. On the basis of hypsodonty and metastylid development, 

the molars of D856-13 are inseparable from those belonging to Pliauchenia 

coartatus.

Some Miolabis (e.g., M. montanus) exhibit highly reduced lower 

premolars. Miolabis, however, is distinguished from D856 and Pliauchenia 

by the following characteristics (Frick and Taylor, 1971, p. 5):

1 ) absence of P^

2 ) relatively shorter and less laterally compressed premolars

3) lower crowned molars with stronger metastylids.

Miolabis tenuis (Matthew, 1924, Fig. 56) appears to be congeneric with 

Michenia. M. tenuis exhibits the following Michenia characteristics:
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1) a long, shallow symphysis and ramus,

2) reduced lower premolars,

3) apparently rather flat lingual walls on the lower molars,

4) according to Matthew (1924, p. 191), "elongate and extremely 

slender muzzle",

5) small upper canine and probably small lower canine (Matthew’s 

illustrations are very poor).

Matthew says that the of M. tenuis is absent; however, he does not

mention excavating the jaw, and to my knowledge, no one aside from Beryl

E. Taylor has ever distinguished between suppressed and absent on 
1 2camels. The P and P are absent on the skull of M. tenuis. This highly 

derived characteristic is seen on no other Miolabis or Michenia, though 

on some specimens of Michenia n. sp. from Walnut Grove these teeth are 

quite small. M. tenuis may belong to a line of Michenia which rapidly 

lost the premolars. Nevertheless, D856-13 differs from M. tenuis in 

having longer, less reduced premolars and longer molars.

Specimen D856 differs from Oxydactylus and Nothokemas by having 

higher crowned molars, reduced premolars, and suppressed P^. Reduced 

premolars and suppressed P^ separate D856 from Australocamelus, Aepy- 

camelus, and Hesperocamelus; in addition, the latter two are much larger. 

Procamelus has relatively non-reduced premolars, fully erupted P^, and 

more hypsodont molars than D856. Nothotylopus differs from D856 in hav

ing more brachyodont molars, larger P^ with well-defined cusps, absent 

and erupted P^. Low crowned molars, non-reduced premolars, and 1*2 - 3  

diastema distinguish Floridatragulus from D856. The stenomylines possess
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extremely hypsodont and flat-walled molars which are easily distinguished 

from those of D856. Hemiauchenia lacks the Pg and has a "llama buttress" 

on the lower molars, and Paleolama has low-crowned molars with strong 

mesostylids.

"Pliauchenia" magnifontis Gregory 1942 is larger than D856 and 

has a large and erupted P^; the ^2 - 4  are longer and broader than on D856 

(Gregory, 1942, misidentified the Pg as the DPg, according to Taylor 

(personal communication, 1977). Gregory's specimen is clearly not Pliau

chenia, but should probably be referred to Procamelus on the basis of the 

single-rooted, bladelike pj\ non-reduced lower premolars and M^. "Pliau

chenia" singularis Matthew 1918 differs from D856 in having a broader 

Pg_^, shorter molars, and M 2 and Mg with prominent parastylids. The short 

molars and strong parastylids (i.e., llama buttresses) suggest that sin

gularis should probably be referred to Paleolama.

Camel D856 differs from Pliauchenia humphreysiana Cope 1875, 

Pliauchenia heterodontus (Cope 1876), and Pliauchenia barstowensis (Lewis 

1968) in having a small canine and suppressed P^. These same criteria 

separate D856 from most individuals of Pliauchenia coartatus (Stirton 

1929), although a few individuals of the latter suppress the P^. Pliau

chenia minima Wortman 1898 has never been illustrated, and measurements 

were not given in the original description. Wortman's description is 

highly suggestive of Michenia, particularly his references to the long 

and slender ramus, the possible absence of P1, the highly reduced Pg_^, 

and the slender phalanges and metapodials, the latter of which are coos

sified. Gregory (1942, p. 379) notes though, that P_. minima "looks
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"looks about as much like an antelope as a camelid, . . . and cannot be 

definitely assigned to any family at present."

Pliauchenia was originally diagnosed by Cope (1875) as a camel

having lost the Pg. Protolabis Cope 1876 was diagnosed as a camel having

a complete dentition, and could thus be distinguished from the earlier

described Pliauchenia by possessing the P2 » Subsequently, authors have
2designated camels having lost the P^ as Pliauchenia, and those retaining 

these teeth as Protolabis.

Reexamination of the type lower jaw of Pliauchenia (USNM 2630, P_. 

humphreysiana), reveals the presence of the P2  alveoli (Taylor, personal 

communication, 1977). Thus, the primary distinction between Pliauchenia 

and Protolabis breaks down. Furthermore, Cope's type of P_. humphrey

siana can be matched almost perfectly with lower jaws from the Skull Ridge 

Member of the Tesuque Formation in the Frick collection. Some of these 

lower jaws have associated skulls and metapodials exhibiting a typical 

"Protolabis" morphology. Thus, Protolabis is in fact a junior synonym of 

Pliauchenia. The species Pliauchenia heterodontus and Pliauchenia bar- 

stowensis are currently incorrectly allocated to Protolabis in the liter

ature, and Pliauchenia coartatus is currently allocated incorrectly to 

Procamelus.

Camel D856 most closely resembles Michenia. To recognize this 

resemblance, however, we must clearly understand the distinctions between 

Michenia and Pliauchenia, two of the genera of the Protolabidini. The 

third genus of the Protolabidini, Miotylopus, is easily distinguished 

from D856 by the fact that Miotylopus has rather brachyodont, short



molars, and non-reduced premolars. Some of the following information 

is new, being part of a reevaluation of the Protolabidini by Taylor and 

myself.

As pointed out by Frick and Taylor (1971, p. 15 and 20), Michenia 

differs from "Protolabis" (=Pliauchenia) in possessing a shallow sym

physis and horizontal ramus, and in having a semiincisiform lower canine. 

In addition, Michenia n. sp. from Walnut Grove, Arizona, suppresses the 

Pjy This tooth is generally fully erupted in Pliauchenia; however, it 

is occasionally suppressed in some individuals of P_. coartatus. Most 

individuals of Michenia n. sp. have lost the 2^ whereas it is usually 

retained in P_. coartatus; even here, however, it is occasionally lost.

Specimen D856 resembles Michenia in suppression of the P^. Al

though not restricted to Michenia, P^ suppression is much more common in 

that genus than in Pliauchenia. The earliest species of Michenia, M. 

agatensis, retains an erupted P^, and suppression of the P^ is an evolu

tionary trend manifested in later species. In Pliauchenia, the occa

sional suppression or loss of the P^ occurs, as far as is known, only in 

the highly derived and late P̂. coartatus. The ramus of Michenia is nar

rower than that of Pliauchenia. The depth of the ramus at the P^ is 22.5 

mm on D856-12. Statistics for ramal depth at the P^ on P̂. coartatus and 

Michenia n. sp. are given in Table 8 . It can be seen that D856-12 is 

intermediate between these two species. The ramal depth was also meas

ured on specimens of P̂. heterodontus in the American Museum, and was 

never found to be less than in P_. coartatus. Similarly, the P^ ramal 

depth of M. agatensis is no greater than in Michenia n. sp. Thus, the
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ramal depth of D856-12 does not correspond with that of currently recog

nized species of Pliauchenia or Michenia.

The size of the canine on D856-11 is the strongest evidence for 

allocating this camel to Michenia. Statistics for canine length of PI 

Pliauchenia and Michenia are also given in Table 8 . The length of D856-11 

corresponds with that of the type of M. agatensis.

Reduction of the premolars is an evolutionary trend shared by 

Michenia and Pliauchenia, and the reduction of these teeth is greatest 

in Pliauchenia coartatus and Michenia n. sp. Table 8 shows that the re

duction of the P2 _ 3  on D856-13 is close to that of Michenia. The P^, 

however, is relatively long and falls closer to the mean of Pliauchenia 

coartatus than to Michenia n. sp., though it falls within the observed 

range of Michenia. Fracturing has lengthened the M^ of D856-13 somewhat, 

but nevertheless it is closer to the mean of P. coartatus than to Michenia 

n. sp. The M2 length (but not width) is closer to the mean of P^ coar

tatus, but it also falls within the observed range of Michenia n. sp.

The size and morphology of the limb elements referred to this camel match 

closely that of Michenia n. sp.

Although some of the above characteristics are equivocal, the 

small canine and suppressed P^ strongly indicate that the D856 material 

is a Michenia♦ The limb elements are also referred to this genus because 

they cannot be separated from those of Michenia n. sp. The reduced pre

molars and suppressed P^ exclude this specimen from M. agatensis. The 

depth of the jaw is greater than in Michenia n. sp., and the lengths of

the P^-M2 lie at the extremes of the observed ranges of these teeth in
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Michenla n. sp. For these reasons, D856 is not included within Michenia 

n. sp. It may be a representative of a new species, but until more mor

phological characteristics are known, or until a larger statistical sam

ple is obtained, I refrain from creating a new specific name.

Procamelus or Aepycamelus sp.
Table 10, Figure 22

Referred Material.— D855-1, right ramus with DIg.g, I^C?), DC, 

DPg_4 , Mjl? D855-2, right astragalus; D856-52, right distal fragment hu

merus; D856-53, left distal fragment humerus; D856-54, right proximal 

fragment radius-ulna; D856-55, right distal fragment radius-ulna; D856-56, 

left astragalus; D856-57, right lunar; D856-58, right scaphopoid; D856-59, 

right cuneiform; D856-60, distal fragment metapodial; D856-61, distal 

fragment metapodial; D856-62, distal fragment metapodial; D856-63, distal 

fragment metapodial; D856-64 through D856-72, eight proximal phalanges; 

D856-73, medial phalanx; D856-74, medial phalanx; D856-88, medial phalanx.

Description.— The 1^ is spatulate and is in the process of erup

tion. It lies beneath the broken, slightly anteroposteriorly flattened 

root of DI2 . The laterally flattened root of Dig follows a diastema of 

7.5 mm. The broken root of DC is directed anteriorly.

The mandible is broken 26 mm behind the deciduous canine and 23 

mm in front of the DPg, and the jaw length between these two teeth is 

not measurable. A fragment from the left side of the jaw contains the 

roots of the DPg, and (18 mm anteriorly) the alveolus for the P^ (camels 

lack a deciduous predecessor to the P^, according to Frick and Taylor, 

1968, p. 14). The DPg is long, narrow, and double-rooted, consisting of
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Table 10. Measurements of Procamelus or Aepycamelus sp. and Comparative

Measurements on Aepycamelus from the Pojoaque Member of the 
Tesuque Formation._____________________________ _____________

SPECIMEN n O.R. X
F:AM
38606

F:AM.
24101

F:AM
38585

F:AM
68577

DP3  APxTR i 16.5x8.5

DP4 APxTR i 30.4x15.6

Humerus trochlear TR 
width i 55.9 56.1

Humerus trochlear height i 46.2 40.5

Radius midshaft TR i 52.1 46.7

Radius distal TR width i 61.6 63.8 60.6

Proximal phalanx length 5 81.4-95.5 90.1 93.4

Proximal phalanx; proxi
mal TR width 7 26.1-31.2 27.9 29.1

Proximal phalanx; proxi
mal AP width 7 24.2-27.8 26.7 25.8

Proximal phalanx; distal 
TR width 6 22.9-25.5 24.2 23.7

Proximal phalanx; distal 
AP width 6 20.6-23.0 21.7 22.9

Medial phalanx length 3 46.8-54.2 51.6 55.6

Medial phalanx; proximal 
TR width 3 20.9-24.6 2 2 . 8 27.6

Medial phalanx; proximal 
AP width 3 16.6-18.7 17.5 23.6

Medial phalanx; distal 
TR width 3 20.2-20.9 20.5 23.1

Medial phalanx; distal 
AP width 3 13.6-16.7 15.5 17.0

Astragalus lateral length 2 61.0-62.2 61.6 58.6

Astragalus medial length 2 53.9-56.6 55.2 52.6
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Table 10. Continued.

SPECIMEN n O.R. X
F:AM
38606

F:AM
24101

F:AM
38585

F:AM
68577

Astragalus minimum 
length 2 45.5-46.5 46.0 45.1

Astragalus greatest TR 
width 2 38.1-39.9 38.9 38.2

Astragalus distal troch
lear TR width 2 37.2-37.4 37.3 37.1

Metapodial midshaft TR 1 31.7 39.6

Distal metapodial troch
lear surface TR 4 27.2-28.7 28.1 29.5

Distal metapodial troch
lear surface AP 4 31.8-33.6 32.9 29.8

Spread of distal 
metapodial 1 58.1



Figure 22. Procamelus or Aepycamelus sp.

A) , Right dentary with buccal view.
B) Right dentary, lingual view.
C) Distal fragment metapodial.
D) Proximal phalanx.
E) Proximal phalanx.
F) Medial phalanx.
G) Medial phalanx.
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three cusps consecutively wider posteriorly. The third cusp is much wider 

than the preceding two. Buccally, two sulci separate the three cusps, 

and the posterior sulcus is wider than the anterior sulcus. On the lin

gual side of the tooth is a narrow, anterior sulcus. Due to wear, all 

traces of fossettids have been eliminated.

The DP^ is three-lobed and the posterior lobe is the widest. A 

small tubercle is present in the anterior buccal sulcus between the first 

two lobes. Formed.as a small fold on the posterior wall of the first 

lobe, the tubercle disappears before reaching the base of the crown.

Traces of ribs are preserved on the lingual walls of the second and third 

lobes, and a small stylid is present between the first and second lobes. 

Wear has eliminated all fossettids.

The second lobe of the is broken. Although the tooth is in 

wear, the prefossettid is still present. An intercolumnar tubercle is 

present between the protoconid and hypoconid and near the base of the 

tooth. Lingually, the parastylid and mesostylid are prominent. The meta— 

conid is 25.4 mm high and possesses a faint rib. The Mg is fragmentary, 

revealing nothing diagnostic. The unerupted M 3 is lost.

The dentary is relatively long and deep. The ventral edge of 

the dentary is convex. A mental foramen is present 18.7 mm below the 

dorsal edge of the dentary and 17 mm posterior to the canine. The den

tary is relatively thin in the region of the angle. Above the angle the 

camelid hook is broken, and the condyle is heavily eroded and possibly 

laterally flattened. The coronoid process projects approximately 49 mm
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above its junction with the condyle. It has a slight medial inflection 

and is 25.5 mm wide anteroposteriorly.

Large size is the most distinctive feature of the post cranial 

elements of this camel. On the medial condyle of the humerus is a large 

tuberosity, more prominent than that found on the cf. Pliauchenia from 

this fauna. The common digital extensor depression (above the medial 

condyle) is shallower and shorter than in cf. Pliauchenia.

The humeral articular surface of the radius is broad and pos

sesses a small pit lateral to the median sagittal ridge. The lateral 

tuberosity is small. The shaft of the radius is broad, and about 50 mm 

wide above the distal extremity. The ridge between the grooves for the 

carpal digital extensor is very prominent.

The astragali are much larger than those of cf. Pliauchenia. 

Medially, the ridge between the navicular and medial malleolar facets is 

broad, contrasting with the narrow ridge seen on cf. Pliauchenia. Simi

larly, the tibial ligament surface is broader than in cf. Pliauchenia.

A large scaphoid, lunar, and cuneiform appear referable to this 

camel. The proximal surface of the scaphoid is rectangular, anteriorly 

convex and posteriorly concave. The medial surface is rugose, taller 

anteriorly than posteriorly. Laterally, the lunar facets are eroded. 

The prominent tubercle behind the lunar facet is present and forms a 

distolateral knob low on the posterolateral side. It is less prominent 

and more distal than in Pliauchenia coartatus. On the lunar, an elon

gate magnum facet is present on the ventral surface and trends antero- 

posteriorly. Anteriorly, it terminates under the prominent projection
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of the bifid process. The anterior part of the unciform facet is present 

lateral to the magnum facet and is separated from it by a sharp ridge.

A highly concave ventral cuneiform facet is present ventrolaterally.

The anterior surface is rugose and five-sided, with the upper edge con

vex, the medial and lateral edges concave and forming a "waist", and the 

two ventral edges converging downward. The cuneiform is rectangular and 

resembles the scaphoid. The lateral surface is rugose and possesses a 

centrally located tubercle on the ventral margin. An anterodorsally- 

trending groove is present on the posterior side of the tubercle. On 

the medial surface, the anterodorsal facet is elongate anteroposteriorly, 

and the anteroventral facet is highly convex and fits into the concave 

ventral cuneiform facet on the lunar. A prominent tubercle is located 

centrally on the medial surface. The elongate radius articulation oc

cupies the anterior two-thirds of the proximal surface. This articula

tion is widely concave laterally and narrowly convex medially. The 

pisiform facet is present posteriorly. On the ventral surface an antero- 

posteriorly elongate and concave unciform facet is present.

The distal metapodials are distinguished from those of cf. Pliau- 

chenia only by larger size. The medial phalanges are much larger and 

more robust than those of cf. Pliauchenia.

Comparisons and Discussion.— The large camel from the Brown’s 

Park Formation was compared with camels in the Frick collection at the 

American Museum of Natural History. In size, the limb elements correspond 

well with those of undescribed specimens of Aepycamelus from the Pojoaque 

Member of the Tesuque Formation, New Mexico, and with large undescribed
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specimens of Procamelus from the Burge Member of the Valentine Formation, 

Nebraska. The dentition also shows close resemblances to those of Pro

camelus and Aepycamelus. Taylor (personal communication, 1975) points 

out that the dentition of Procamelus is more hypsodont than that of Aepy

camelus. The crown height of the partially worn of D855-1 is matched 

by specimens of the large Procamelus from the Burge Member. The M^ of 

D855-1 is higher crowned than in most Aepycamelus in the Frick collection; 

a few, however, from.the Pojoaque Member of the Tesuque Formation have 

teeth as high-crowned as D855-1. The ramus of these specimens of Aepy

camelus is shallower than that of D855-1. The ramal depth of D855-1 

matches that seen on adult specimens of Procamelus from the Burge Member. 

The size and morphology of the D P ^ o n  D855-1 was matched by specimens 

of Procamelus from Clarendon; on these forms, however, the M^ is higher 

crowned.

Specimen D855-1 compares favorably with some specimens from Big 

Spring Canyon, specifically the lower jaws UCMP 32312 and 33420 (Gregory, 

19742, Figs. 32 and 33b). The individual represented by UCMP 32312 is 

younger than D855-1, and the jaw is thus slightly narrower dorsoventrally. 

The crown length of the DP^ is 25% longer than on D855-1; the latter, 

however, is worn nearly to the roots. Data taken by myself on mandibles 

of Pliauchenia coartatus show that the DP^ undergoes a 35-40% change in 

length from the crown to the base. Also, on UCMP 32312 there is a small 

labial intercolumnar tubercle between the second and third lobes, as on 

D855-1. The length of the DP^ of UCMP 33420 is similar to that of 

D855-1. The M^ is not associated with these jaws. Gregory (1942) was
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unable to allocate these specimens to either Procamelus or Pliauchenia. 

However, Loring and Wood (1969, p. 1209) allocated the relatively smaller 

UCMP 33446 from Big Spring Canyon to Pliauchenia on the basis of posses

sion of cement. They did not allocate the larger deciduous jaws to any 

genus. However, it is certainly possible that these larger jaws could 

belong to Procamelus, Aepycamelus, or Megatylopus♦ Post-cranial materi

als of either Aepycamelus or Megatylopus were found at Big Spring Canyon; 

Gregory (1942) felt that in size, the post cranial materials were nearer 

Megatylopus.

The post cranial material of the large Brown's Park camel is about 

12% smaller than that of Aepycamelus procerus Matthew and Cook 1909, which 

is a smaller species than A. giraffinus Matthew 1909. Specimen D856 can

not be compared with either A. priscus Matthew 1924 or A. leptocolon 

Matthew 1924, as they lack adequate description. Camel D856 limb mater

ials are slightly smaller than those of A.(?) stock! Henshaw 1942 from 

Tonopah.

Camel D855-D856 cannot positively be excluded from Hesperocamelus. 

Comparison with the measurements given for H. alexandrae (Davidson) 1923 

shows that the distal humeri and radii-ulnae are larger (between 10 and 

20%) on H. alexandrae. The proximal phalanges, though, are the same 

size on both camels. H. stylodon Macdonald 1949 is smaller than H. 

alexandrae. The distal metapodials of D856 appear to be the same size 

as those of IL stylodon; other measurements cannot be made from 

Macdonald's illustrations. In most measurements D855-D856 is slightly 

larger than "Pliauchenia" magnifontis Gregory 1942 and slightly smaller
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than Procamelus grandis Gregory 1942. Megatylopus and Titanotylopus are 

much too large for the Brown’s Park camel. Dentary D855-1 is excluded 

from Hemiauchenia on the basis of not having a "llama buttress" on the 

although a parastylid is present on D855-1, the protostylid is ab

sent. Dentary D855-1 is higher crowned than Paleolama. Other Miocene 

camels are smaller than D855-D856.

Camel D855-D856 cannot, with certainty, be allocated to either 

Aepycamelus or Procamelus. Diagnostic differences in the lower deciduous 

teeth have never been established in the literature for Aepycamelus or 

Procamelus♦ Nor was I able to make extensive comparisons of the decidu

ous teeth of these two genera in the Frick collections. Measurements on 

selected post cranial elements of Aepycamelus from the Pojoaque Member 

are given in Table 10, along with measurements for the Brown’s Park 

camel.

Subfamily Camelinae gen. et sp. indet.
Table 11, Fig. 23

Material.— D856-75, left proximal fragment radius-ulna; D856-76, 

right distal fragment radius-ulna; D856-77, right distal fragment radius- 

ulna; D856-78, left distal fragment radius-ulna; D856-79 through D856-83, 

proximal phalanges; D856-84, distal end of proximal phalanx; D856-85, 

distal end of proximal phalanx.

Description and Comparisons.— A possible fourth camel is repre

sented in this fauna. The distal humeri are indistinguishable from those 

of Procamelus or Aepycamelus sp. except by size. They are slightly small

er and about the size of the distal humerus of "Pliauchenia" magnifontis.
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Table 11. Measurements of Camelinae gen. et sp. indet •

SPECIMEN n O.R. X
Radius-ulna TR width distal end 3 48.5-52.9 51.4

Proximal phalanges (forefoot(?)) length 4 77.0-83.2 79.6

Proximal phalanges (manus(?)) TR proximal 
width 3 21.4-23.0 22.1

Proximal phalanges (manus(?)) AP proximal 
length 4 21.2-22.9 21.9

Proximal phalanges (manus(?)) TR distal 
width 6 18.5-21.5 19.7

Proximal phalanges (manus(?)) AP distal 
length 6 14.8-19.2 16.5

Proximal phalanx (pes(?)) length 1 66.7

Proximal phalanx (pes(?)) TR proximal width 1 19.8

Proximal phalanx (pes(?)) AP proximal length 1 17.6

Proximal phalanx (pes(?)) TR distal width 1 16.7

Proximal phalanx (pes(?)) AP distal length 1 13.6



Figure 23. Camelinae gen. et sp. indet.

A) Right distal fragment radius-ulna, anterior view.
B) Left distal fragment radius-ulna, anterior view.
C) Proximal phalanx, anterior view.
D) Proximal phalanx, anterior view.
E) Proximal phalanx, anterior view.
F) Proximal phalanx, medial view.
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Some proximal phalanges are also considered to be indeterminate.

The indeterminate phalanges are shorter and more slender than those be

longing to Procamelus or Aepycamelus sp. These phalanges are larger than 

those referred to Michenia sp. and appear to be too large to refer to any 

species of Michenia. The phalanges are excluded from cf. Pliauchenia on 

the basis of morphology. The phalanges of Pliauchenia coartatus and the 

Pliauchenia from New Mexico referred by Cope to Procamelus occidentalis 

(Cope, 1877, PI. 79, Figs. 7 and 7a) are shorter and have wider, rounder 

shafts than the D856 phalanges. The distal trochlea on these Pliauchenia 

specimens are also more massive and prominent than on D856. Thorough 

studies on the post cranial material of Pliauchenia, however, have not 

been made, and it is not known whether the phalanx morphology seen on 

Pliauchenia coartatus and Cope's New Mexico specimen is constant for all 

Pliauchenia. There is a possibility that the D756 indeterminate phal

anges belong to the D856 cf. Pliauchenia, as no phalanges from D856 have 

been allocated to that species. One might argue that the number of Pliau

chenia tarsals and metapodials make it likely that these phalanges also 

belong to cf. Pliauchenia. This argument is strengthened by the fact 

that they are of the right size to articulate with the distal metapodials 

of cf. Pliauchenia, although larger than cf. Pliauchenia phalanges. The 

indeterminate phalanges are, however, near the mean of the proximal 

length of "Pliauchenia" magnifontis, although they are narrower at the 

proximal and distal ends, and farther removed from the mean of the phalanx 

length of 2* coartatus. One of the D856 phalanges (D856-82) is smaller

than the rest and could belong to the hindfoot of the camel, while the
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larger phalanges belong to the forefoot. Nevertheless, until more is 

known of the morphology of the phalanges of all Pliauchenia, the D856 

phalanges should be considered genetically indeterminate. These phal

anges do not necessarily belong to the same camel as the indeterminate 

humeri, but are classified with them for the sake of convenience.

Suborder Ruminantia Scopoli, 1777 
Infraorder Pecora Linnaeus, 1758 

Superfamily Bovoidea Gray 1821 (Simpson, 1931)
Family Antilocapridae Gray, 1866 

Subfamily Merycodontinae Matthew, 1909 
Genus Meryceros Frick, 1937

Meryceros warreni (Leidy), 1858 
Table 12, Figure 24

Referred Material.— D856-86, right horn core.

Distribution.--Niobrara River "Fauna", Nebraska; Trail Creek 

Fauna, Wyoming; Kennesaw Fauna, Colorado, probable occurrence; Devil's 

Gulch Horse Quarry, Nebraska; Horse and Mastodon Quarry, Colorado: all 

Late Barstovian Land Mammal Age; possibly also from Lapara Creek Fauna, 

Texas; Early Clarendonian.

Description.— The shaft of the horn core is short and transversely 

flattened and there is no apparent twisting. The two partial tines are 

parallel to the sagittal plane. Part of the orbit is preserved and has 

a small foramen on the medial wall. This foramen exits on the frontal 

bone and anteromesial to the base of the horn core.

Comparisons and Discussion.— The short-shafted, transversely 

flattened horn core is assigned to Meryceros Frick 1937. Meryceros is 

characterized by a single-forked, transversely flattened horn core.
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Table 12. Comparative Measurements of Meryceros warren! and Meryceros 
crucensls.

M. warreni M. crucensls

SPECIMEN D856-86
F:AM 

Type 31319
F:AM ESP 
51145 400

F:AM
51180

Height of fork above orbit 37.0 40.3 34 38.7 32.3 53.0

Shaft TR above orbit 11.2 14.61 12.8 10.0 13.7

Shaft AP above orbit 14.5 12.6 14 14.2 12.0 14.7
^Burr present.
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Figure 24. Meryceros warreni.

Right horn core.
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Merycodus, also having a short-shafted and single-forked horn core, is 

distinguished from Meryceros by having the shaft rounded in cross-section.

The D856 horn core is referred to Meryceros warreni, as it 

closely resembles the type of that species (figured in Leidy, 1869, PI.

'27, Fig. 12). Although the shaft of the type is slightly less compressed 

transversely above the orbit and is taller than D856, referred specimens 

examined by myself in the American Museum overlap D856 in shaft thickness 

just above the orbit. F:AM 31319 (Frick, 1937, Fig. 39), in fact, is 

very close to D856. M. crucensis Frick 1937, is a highly variable form 

consisting of individuals having horn cores 20% shorter than that of M. 

warreni to individuals having horn cores 48% longer than that of M. war

reni. Specimen D856 horn core cannot be separated from some allocated 

to M. crucensis and illustrated by Frick (1937, Fig. 39). The range in 

size of the horn cores allocated to M. crucensis suggests that it may 

include individuals of more than one species; the smaller individuals do 

not appear to be specifically distinct from M. warreni. However, until 

more is known of the morphology and variation of M. crucensis and M. war

reni, I refrain from synonymizing these species. M. joraki Frick 1937, 

is also morphologically close to D856, but appears to have a relatively 

wider shaft. M. crucianus Frick 1937, has a smaller horn core than D856. 

The horn cores of M. maj or Frick 1937, M. nenzelensis Frick 1937, and M. 

hookwayi (Furlong) 1935, are longer shafted than D856.
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Meryceros sp.
• Table 13, Figure 25

Referred Material.— D854-1, left Mx; D854-2, right Mx ; D854-3, 

left dentary with LIgC?), LPg^, LM^_gD854-4, right scapula; D854-5, 

right proximal fragment radius; D854-6, left proximal fragment tibia; 

D854-7, left distal fragment tibia; D854-8, left proximal fragment meta

tarsal and shaft; D854-9, left naviculocuboid; D854-10, left astragalus; 

D854-11, left calcaneum; D854-12 through D854-14, three proximal phar- 

langes; D854-15, medial.phalanx; all associated.
Description.— The upper molars are typically antilocaprid, being 

small and hypsodont. The mesostyle is prominent and narrow. The smaller 

parastyle and metastyle are subequal in size. The buccal wall of the 

paracone has a pronounced rib, but the buccal wall of the metacone is 

ribless.

The L^C?) is small and near vertical. The concave lingual side 

faces posteromesially. The premolars successively increase in size pos

teriorly. The premolars possess up to six cusps, and those of the 

are the least well developed. The also has the posterior part of the 

tooth much wider than the anterior part, whereas the P^ and P^ have the 

buccal and lingual walls more nearly parallel. The Pg_^ have a mesially- 

inflected paraconid, separated by a U-shaped valley from a larger, 

mesially-directed metaconid. This valley does not extend to the base of 

the enamel. A narrower valley separates the metaconid from the smaller, 

posterolingually-directed entoconid. A small fossettid lies posteriorly 

on the entoconid and separates it from the entostylid on the back margin 

of the tooth. A small hypoconid forms the posterobuccal corner of the
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Table 13. Measurements of Meryceros sp. and Comparison with M. hookwayi.

Meryceros sp. 
D854-1 through D854-15

M. hookwayil 
CIT 712 CIT 1257

Mx APxTR 12.3x10.2
I2 APxTR 4.1x3.0
P2 APxTR 5.4x3.0 6.Ox
P3 APxTR 7.0x3.5 6.9x
P, APxTR 8.5x3.9 7.8x 8.9x
M? APxTR 8.5x6.3 9.2x
Mn AP x TR 9.6x6.9 10.4x 11. Ox
Mn APxTR 16.7x6.4 15. Ox 14. Ox
*2-4 20.8

35.6
P 2=^3 57.8 59.6 56.8
Depth of jaw below P2 14.5
Depth jaw below anterior lobe Mg 19.3
Proximal radius TR width 21.0
Proximal tibia AP length 34.4
Distal tibia APxTR widths 15.5x20.3
Proximal metatarsal APxTR widths 17.7x17.3
Naviculo-cuboid APxTR widths 19.3x19.2
Astragalus lateral length 24.1
Astragalus medial length 22.1
Astragalus minimum length 19.2
Astragalus distal trochlear TR 15.5
Calcaneum maximum length 54.8
Calcaneum maximum AP length 19.4
Calcaneum tuberosity APxTR 13.7x12.0
Proximal phalanx (manus?) length 35.1
Proximal phalanx (manus?) proximal
APxTR 10.8x10.1
Proximal phalanx (manus?) distal
APxTR 7.4x8.5
Proximal phalanx (pes?) proximal
APxTR X=9.2x8.7; n=2;

O.R.=9.1-9.4
8.6—8.8 i

Medial phalanx length 18.0
Medial phalanx proximal APxTR 8.6x7.6
Medial phalanx distal APxTR 8.7x6.1
^Measurements taken from Durlong (1935, Table 1).



Figure 25. Meryceros sp.

A) Left dentary, buccal view.
B) LP2-4* m i_3’ occlusal view.
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tooth, and is separated from the much larger protoconid by a broad and 

shallow basin. The protoconid lies opposite the valley between the para- 

conid and metaconid.

The lower molars closely resemble those of other antilocaprids.

The lingual walls completely lack mesostylids, there being shallow troughs 

in their positions instead. The metastylid is faintly suggested on the 

M 2 , and the parastylid is rudimentary on the M 2  and Mg. A weak proto- ■ 

stylid is present labially on the M 2 and Mg, and extends nearly to the 

base of the enamel. The lingual walls of the metaconid and entoconid 

are convex. The third lobe of the Mg lacks a posterior stylid. The den

tary is narrow dorsoventrally, especially anterior to the Pg. The ven

tral border beneath the cheek teeth is convex.

References for post cranial terminology are as listed before.

The right scapula is badly damaged and consists of a broken glenoid cav

ity without the acromion or coracoid processes. Parts of the medial and 

lateral surfaces are preserved, but nothing diagnostic can be said about 

them.

The proximal radius closely resembles that of the much larger 

Antilocapra. The medial condyle articular surface is broadly concave.

It is separated by a sagittal ridge from the double articular surface 

for the lateral condyle. The lateral condyle articular surface consists 

of a medial trough elongated anteropos teriorly, and a lateral concave 

surface elevated above the trough. The bicipital rugosity is less pro

nounced than in Antilocapra and closely resembles the smaller rugosity of 

Odocoileus♦ The posterior surface of the shaft immediately below the



glenoid cavity is rugose and depressed for the reception of the ulna.

The shaft of the radius is slender and bowed forward.

The proximal fragment of the tibia preserves the medial condyle 

and the tubercles of the spine. The intercondyloid fossa is deeper in 

Antilocapra. but erosion has lessened its depth in D854. Medial to the 

popliteal notch, the attachment tubercle for the posterior cruciate 

ligament is less pronounced on D854. The sulcus muscularis is especial

ly porminent in D854 and Antilocapra. Distally, the medial malleolus 

and tuberosity are equally developed in D854 and Antilocapra. The 

groove for the flexor digitalis longus is deeper and more sharply de

fined in D854. The anteromedial distal process between the astragalar 

articular grooves is broader in Antilocapra. Laterally, the fibular 

articular facets are more strongly developed on Antilocapra. The ante

rior fibular facet on D854 is saddle-shaped, being concave from side to 

side and convex fore-aft. In Antilocapra it is strongly convex, forming 

a roller-like surface. The posterior fibular facet of D854 is shallower 

than in Antilocapra. The fibular groove is deep and more trough-like in 

Antilocapra.

On the proximal fragment of the metatarsal of D854, the ectomes- 

cuneiform facet is less posteriomesially expanded than in Antilocapra. 

The entocuneiform facet is more triangular due to greater posterior ex

tension in Antilocapra; it is rounder due to less posterior extension in 

Capromeryx. The posterior groove bounding the cuboidal facet is less
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deep in D854 than in Antilocapra.
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On the naviculocuboid of D854, the metatarsal 4 facet lies more 

distally from the entocuneiform facet than in Antilocapra, The latter 

facet on D854 is relatively longer than on Paracosoryx and Capromeryx 

and resembles that of Antilocapra. The proximoposterior tuberosity on 

the medial side of the naviculocuboid is smaller and less rugose than in 

Antilocapra. The medial calcanear facet resembles that of Antilocapra 

and Capromeryx in being more strongly developed than in Paracosoryx.

As in all Ruminantia, there is no keel on the distal calcanear 

facet of the astragalus. The medial condyle of D854 is similar to that 

of Capromeryx in having a sharper dorsal edge than on Antilocapra.

The anterodorsal tuberosity of the calcaneum of D854 resembles 

that of Paracosoryx and Capromeryx in being less strongly developed than 

in Antilocapra. The sustentacular process is slightly less prominent 

than in Antilocapra. The astragalar facet anterior to the cuboidal facet 

is much smaller on D854 than on Antilocapra.

The proximal phalanx is more slender on D854 than it is on Antilo

capra and Ramoceros. The proximolateral articular surface is smaller and 

more distally displaced relative to the proximomedial articular surface 

than in Antilocapra. The plantar tuberosities are less prominent than in 

Antilocapra. The medial phalanx is more slender and smaller than in 

Antilocapra.

Comparisons and Discussion.— Because the horn core is lacking, 

other criteria must be used to establish generic identification. Henshaw 

(1942, p. 161) claims that "the best criteria for establishing the rela

tionships of merycodonts are not found in the form and size of the horn
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cores, but in the length of the post symphyseal diastema, the reduction 

of the premolars, the crown pattern of the P^, and the lengthening of 

the molar tooth crowns." He notes that merycodont evolutionary trends 

include size increase of the Mg, lengthening of the post-symphyseal dias

tema, and (1940, p. 26) reduction in the size of the premolars. These 

characteristics can be determined from most illustrations of antilocaprid 

dentitions. In his published papers Henshaw did not elaborate on the 

crown pattern of the P^, and occlusal views are only occasionally shown 

for antilocaprid dentitions. In their analysis of Merycodus necatus and 

Cosoryx furcatus, Skinner and Taylor (1967, p. 44) mention reduction of 

premolars and crown height of molars as diagnostic. I feel that the 

dental characteristics can be used for generic identification. A thor

ough, modern study of the Antilocapridae might even show characteristics 

of specific value.

The dentition of Ramoceros osborni (Matthew) 1904 is about 12% 

shorter than that of D854, based on F:AM 31636 (Frick, 1937, Fig. 43).

The premolars are slightly shorter and the molars less anteroposteriorly 

expanded than in D854.

Based on F:AM 31019 and F:AM 31020 (Frick, 1937, Fig. 35a), D854 

differs from Merriamoceros in having a dentition 15% longer. The pre

molar row of Merriamoceros is also 10% shorter and the Mg less expanded 

than in D854. The Pg paraconid is less lingually inflected than in D854.

The premolars of both Cosoryx furcatus Leidy 1869 and Cosoryx 

cerroensis Frick 1937 are highly reduced relative to those of D854.
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Based on AMNH 9825 (Frick, 1937, Fig. 45), the molars of Cosoryx are as 

long as those of D854, but the is higher crowned.

Merycodus sabulonis Matthew and Cook 1909 is distinguished from 

D854 by having more reduced premolars. Based on illustrations in Frick 

(1937, Fig. 44), the base of the Mg is less anteroposteriorly expanded 

than in D854.

The premolars of Cosoryx (Paracosoryx) alticornis Frick 1937 

(Fig. 47) are about 20% shorter than those of D854. The molars are also 

slightly shorter and the Mg lies anteroposteriorly expanded at the base 

than in D854. The premolars of (3. (£.) furlong! Frick 1937 (illustrated 

in Furlong, 1927, PI. 26, Fig. 1) are about 10% shorter than on D854.

The dentition of C. (P̂ .) loxoceros (Furlong) 1935 is about 20% shorter 

than that of D854. C_. (P_.) wilsoni Frick 1937 has premolars only slightly

more reduced than in D854, and the length of the Mg is nearly the same. 

However, the jaw length anterior to the Pg is much less in C_. (P.) wil

soni, resulting in a very abbreviated look.

The premolars of Meryceros crucensis Frick 1937 are reduced rela

tive to those of D854, and the P^ possesses a postero-buccal sulcus. M. 

nenzelensis Frick 1937 is similar to D854 in having non-reduced premolars. 

However, the base of the Mg is longer in P_. nenzelensis and there is a 

posterior stylid present on the third lobe of the Mg. Frick makes no 

mention of this posterior stylid, though is is clearly visible on his 

illustration (1937, Fig. 44, F:AM 31902). The premolars are more reduced 

and the cheek tooth row is shorter in Meryceros warrent (Leidy) 1858.

The ^2^3 length of D854 is greater than in M. joraki Frick 1937.
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However, in Frick’s many illustrations (1937, Figs. 46 and 47) of this 

species, some are found with unreduced premolars and short M^, and others 

with reduced premolars and long Mg. These latter specimens also possess 

posterior stylids on the Mg. It is questionable whether all these speci

mens belong to the same species. The length of the cheek tooth row of 

D854 is very close to that of M. hookwayi (Furlong) 1935. The premolar 

length of M. hookwayi is relatively long and the Mg length is only 
slightly less than in D854; this is due to its being less worn. The 

postero-buccal sulcus of the premolars is deeper on M. hookwayi than on 
D854. The of M. hookwayi differs from that of D854 in possessing a 
small fossettid posterior to the anterolingual sulcus; this fossettid is 

formed by a lingual enamel connection between the metaconid and para- 

conid, resulting in a morphologically similar to that of Antilocapra. 

The anterior buccal and lingual stylids of the M£ and Mg appear to be 

slightly stronger on M. hookwayi. M. hookwayi is similar to D854 in 
lacking a stylid on the Mg posterior lobe. M. crucianus Frick 1937 has 
a dentition much smaller than that of D854.

Capromeryx differs from D854 in having more reduced premolars, 

an occasional small stylid on the M^ third lobe, and more hypsodont mo

lars. The molars of Osbornoceros are higher crowned than those of D854, 

and the Mg may have a posterior lobe. Ilingoceros has larger premolars 

and more hypsodont molars than D854. Sphenophalos (including Plioceros 

Frick 1937) has a posterior stylid on the hypsodont Mg, and the pre

molars are larger than on D854. Texoceros and Stockoceros have a higher 

crowned Mg with a stronger posterior stylid than D854; in addition.
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Stockoceros has more molarifora premolars. Proantilocapra and Hexabelo- 

meryx are much more hypsodont than D854.

On the basis of teeth size, nonreduction of premolars relative 

to molars, and Mg crown height, D854 most closely resembles species of 

Meryceros. The molariform with small fossettid on M. hookwayi is a

derived characteristic, which nonetheless is merycodontine in develop

ment. According to Frick (1937, p. 22-23), "the worn to slightly worn P^ 

of . . . merycodonts differs from that of Texoceros and Ilingoceros 

antilocaprines in the tendency to development of the metaconid rather 

than the metastylid portion of the median accessory column. In the P^ of 

the Recent pronghorn, both metaconid and metastylid are developed, en

closing anterior and posterior fossettes." The P^ fossettid on M. hook

wayi is anteriorly placed, forming from the union of the paraconid and 

the anterior (metaconid) portion of the median accessory column. I am 

aware of no studies which have dealt with the frequency of occurrence of 

P^ fossettids in merycodonts. If M. hookwayi is correctly referred to 

Meryceros (the type of M. hookwayi is a ramus), the horn cores from the 

same locality were referred to that species on the basis of size), then 

the genus Meryceros contains forms both with and without a P^ fossettid. 

Likewise, the presence of the Mg posterior stylid, a derived character

istic, is also variable in Meryceros. In his study of Stockoceros, 

Skinner (1942) noted a high degree of variability in the development of 

the posterior stylid of the Mg. Approximately 20% of his specimens com

pletely lacked or had only a slight indication of the posterior stylid, 

while a few had the posterior stylid developed strongly enough to be
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called a fourth lobe. Thus, the individual morphological characteristics 

of the teeth of antilocaprids are less important taxonomically than are 

the size and relative proportions of the teeth. Upon this basis, D854 

falls well within the range of variation of Meryceros, as this genus was 

constituted by Frick (1937).

Merycondontinae gen. et sp. indet.
Table 14, Fig. 26

Referred Material.— D856-87, right ramus with H^_g.

Description.— There is little distinctive about these teeth. The 

Mg possesses a minute posterior stylid.

Comparisons and Discussion.— It was thought that this ramus could 

represent the lower dentition of the M. warreni found in this quarry. - 

Measurements were taken on M. warreni F:AM 31276 from the Devil's Gulch 

Member of. the Valentine Formation, and on M. warreni johnsoni N.S.M. 

1.23.7.34 and N.S.M. 2.3.8.34 (these last two illustrated in Frick, 1937, 

Fig. 28b). The M^_g varied from 10-12% shorter on these specimens than

Table 14. Measurements of Merycodontinae gen, et sp. indet.

Mx APxTR 7.8 x 5.6

M2 APxTR 8.8 x 6.3

Mg APxTR 13.6 x 6.0

36.4
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Figure 26. Merycodontinae gen. et sp. 
indet.

Right dentary with M^_^, buccal view.
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on D856. Frick unfortunately does not give measurements or illustra

tions of the dentitions of H. crucensis. In size, D856 falls close to 

the largest specimens of M. joraki illustrated by Frick (1937, Fig. 47). 

M. joraki includes specimens with the length from 3-26% shorter than

on D856; this large range suggests that more than one species could be 

included in M. joraki. The largest specimen of M. joraki differs from 

D856 in having a posterior stylid on the Mg third lobe. M. nenzelensis 

F:AM 31902, illustrated by Frick (1937, Fig. 44), is slightly larger 

than D856 and has a posterior stylid on the Mg. The dentition of M. cru- 

cianus is too small for that of D856. The M^_g length is very close to 

that given for M. hookwayi (Furlong, 1935, Table 1), and D856 resembles 

M. hookwayi in lacking a posterior stylid on the Mg. Specimen D856 dif

fers from D854 Meryceros sp. in having the basal part of the Mg less 

anteroposteriorly expanded. This difference, however, is no greater than 

that seen on specimens of Cosoryx furcatus (Frick, 1937, Fig. 45, especi

ally F:AM 31274 and AM 9825).

Unfortunately, D856 cannot be excluded from Cosoryx, especially 

the two specimens just noted. Although Meryceros and Cosoryx are dis

tinguished from each other by the relative reduction of the premolars, 

they cannot be so distinguished by their molars alone. The crown height 

of D856 also overlaps with that of (:. furcatus F:AM 31274 (Frick, 1937, 

Fig. 45). Specimens of Cosoryx (Paracosoryx) alticomis (Frick, 1937, 

Fig. 47, F:AM 31041 and 31043) also cannot be distinguished from D856. 

The molars of F:AM 30944, a specimen which Frick (1937, Fig. 41) could 

not allocate to Ramoceros, Cosoryx, or Meryceros, are virtually indis

tinguishable from those of D856.
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It is possible that this lower dentition belongs to the same 

animal as the horn core, that is, to Meryceros warreni. The 10% differ

ence in the length with that of M. warreni may be within the range
V

of variation of that species, especially if the 23% range of variation 

seen in M. joraki is truly due to individuals of just that one species. 

However, considering the diversity of merycodonts in the Barstovian and 

Glarendonian, there are no compelling reasons why more than one species 

cannot be found in the same quarry. Part of this diversity is undoubt

edly artificial, and as already stated, a thorough review of the Antilo- 

capridae is badly needed. For the present, the best procedure is to 

recognize this specimen as genetically indeterminate.



CHAPTER 7

CORRELATION AND AGE OF 
THE MAYBELL FOSSIL SITES

Locality D857 has yielded fossils thought to be indicative of 

Hemingfordian Land Mammal Age. The horse from this locality most closely 

resembles Parahippus leonensis from the Thomas Farm and other Hemingford

ian localities of Florida. However, as indicated in the discussion, the 

Brown’s Park horse is not all that different from Parahippus avus. The 

presence of cement on the teeth helps establish a minimum age for this 

locality. In the Nebraska section, the type of Parahippus nebrascensis, 

a form without cement, was collected from the Marsland Formation. The 

horses from the immediately overlying Runningwater Formation are not well 

known. From the Box Butte Formation, which overlies the Runningwater 

Formation, Galusha (1975, p. 58) notes that a skeleton of Parahippus cf.

vellicans has been found. He says that this specimen has "a fairly 

strong covering of cement on both the premolars and molars", which is 

thicker than that on horse teeth from the Thomas Farm or Garvin Gulley 

faunas. Thus, the presence of cement indicates that the D857 horse is 

at least post-Marsland in age and possibly post-Runningwater.

Patton (1969, p. 210) believes that the Thomas Farm fauna is 

slightly younger than the Garvin Gulley fauna, which he tentatively cor

relates with the Runningwater fauna. If the Garvin Gulley is time 

correlative with the Runningwater fauna, then the Thomas Farm fauna is
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probably also correlative with it or with the Middle Hemingfordian Box 

Butte fauna, a correlation that Patton, in fact, shows (1969, Fig. 34).

The stage of evolution of the equids suggests that the Thomas Farm can 

be no later than the Box Butte fauna; there are no Merychippus recog

nized from the Thomas Farm, and the earliest Merychippus in Nebraska oc

curs in the Box Butte Formation (Galusha, 1975, p. 59).

It would be fallacious to restrict the Brown’s Park locality 

D857 to the Middle Hemingfordian. Parahippus cf. leonensis, which re

sembles the Thomas Farm species, can only be used to establish a minimum 

age for this locality. Parahippus in the Great Plains and Great Basin 

persisted into the Early Barstovian. The types of Parahippus avus and P. 

brevidens are from the Mascall fauna; the type of P. crenidens is from 

the Deep River fauna of Montana; and the type of P_. coloradensis is prob

ably from the Eubanks Local Fauna of Colorado. Other Early Barstovian 

occurrences of Parahippus include Virgin Valley and High Rock Canyon,

Camp Creek, Sucker Creek, Skull Springs, Beatty Buttes, and North Coalinga 

faunas. I am not aware of any occurrences of Late Barstovian Parahippus 

other than the type of P_. cognatus from the Niobrara River. Webb, how

ever, (1969, footnote to Table 6) suggests that this specimen may be 

from the Rosebud Formation. Thus, the maximum age for this locality is 

Early Barstovian, based on the occurrence of Parahippus.

The age of locality D857 is possibly further refined by considera

tion of Blickomylus galushi. This species has heretofore been found 

(Frick and Taylor, 1968, p. 22) only in the "Chamisa Mesa Member of the 

Zia Sand Formation and in deposits equivalent to the lower part of the
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Santa Fe Group, Sandoval County, New Mexico". The Chamisa Mesa Member is 

considered Late Hemingfordian, approximately equivalent to the Sheep 

Creek Formation (Galusha, 1966, p. 9). The lower part of the Santa Fe 

Group is the Tesuque Formation, which is divided into five members. The 

lower two members, the Nambe and Skull Ridge, are considered Sheep Creek 

and Lower Snake Creek Formation equivalents, respectively (Galusha and 

Blick, 1971, p. 43). Frick and Taylor (1968, Fig. 14) show Blickomylus 

confined to the Hemingfordian; presumably they consider the other depos

its in New Mexico in which Blickomylus is found to be equivalent to the 

Nambe Member of the Tesuque Formation. However, they also note that the 

beds in which Blickomylus is found are stratigraphically higher than the 

Chamisa Mesa Member, suggesting the possibility that Blickomylus may 

have extended into the Early Barstovian. Thus, on their diagram Frick 

and Taylor (1968, Fig. 14) show Blickomylus as only questionably con

fined to the Hemingfordian.

The evidence as outlined above suggests that locality D857 is 

Middle to Late Hemingfordian in age. At the latest it is no younger than 

Early Barstovian. The known stratigraphic ranges of the two animals sug

gest that it is more probably Late Hemingfordian.

The fossils from the other localities point to a later interval 

of time. Tomarctus temerarius has been reported only from Late Barstovian 

localities. The age of the Calvert Formation, Maryland, has not been pre

cisely determined to my knowledge. The type is from the Niobrara River 

fauna, which is based on fossils from the Crookstone Bridge Member of the 

Valentine Formation (Skinner, Skinner, and Gooris, 1968, p. 404).
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Tomarctus paulus is from the Late Barstovian Tonopah locality. Early 

Barstovian localities commonly contain the large Tomarctus rurestris.

The reported Clarendonian occurrences of Tomarctus all include large 

species, such as T^ euthos or T^ robustus. The only exception to this 

is the indeterminate canid reported by Wilson (1960) from the Lapara 

Creek fauna. As noted, this canid is very similar to D856-1.

The stage of evolution of the Brown's Park Megahippus appears to 
be Barstovian. Specimen D856-9 is similar in size to Hypohippus affinus. 

As noted, M. mckennai from near the base of the upper member of the Bar- 

stow Formation (Tedford and Alf, 1962, p. 114), is also near the size of 

H. affinus. The lingual cingulum on the of D856 is less well devel

oped than on Megahippus cf. M. matthewi from the Clarendonian Esmeralda 

Formation of Nevada, and less well developed than on the type specimen 

of M. matthewi from the Burge. The DP^ is also stronger than on Clar

endonian Megahippus. As noted, the Brown's Park specimen was matched 

with one in the Frick collection from the Pojoaque Member of the Tesuque 

Formation.

According to Galusha and Blick (1971, p. 110), the Pojoaque 

Member of the Tesuque Formation is Valentinian-Clarendonian in age. As 

used by the Frick stratigraphers, Valentinian is a biochronological term 

based on the faunas from the three members of the Valentine Formation. 

According to Skinner, Skinner, and Gooris (1968, p. 404), the faunas from 

the members of the Valentine Formation "are unlike the Late Miocene 

faunas from the Barstow syncline of California, those of the Lower Snake 

Creek deposits of Sioux County, Nebraska, and those from the Clarendon
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localities of Donley County, Texas." Nevertheless, the faunas from two 

of the three members of the Valentine Formation were included within the 

bounds of two land mammal ages by the 1941 Wood Committee. Specifically, 

the faunas from the Burge Member of the Valentine Formation were included 

within the Clarendonian Land Mammal Age, although as Webb (1969, p. 15) 

pointed out, it is older than the fauna from the Clarendon. Likewise, 

the Niobrara River Fauna from the Crookston Bridge Member of the Valen

tine Formation was included within the Barstovian Land Mammal Age. On 

their correlation chart, the Wood Committee shows the Niobrara River 

Fauna as occupying Late Barstovian time and separated from the Early 

Clarendonian Burge Fauna by a short hiatus. The Devil’s Gulch Member of 

the Valentine Formation, which is between the Crookston Bridge and Burge 

Members, was defined by Skinner, Skinner, and Gooris (1968, p. 406).

The fauna from the Devil's Gulch Member was not known to the Wood.Com

mittee. The fauna from the Devil’s Gulch Horse Quarry could be inserted 

into the time interval between those represented by the Niobrara River 

and Burge Faunas, and thus, based on the Wood Committee correlation chart, 

be thought to represent earliest Clarendonian.

As a temporal concept, "Valentinian" is unnecessary. Although 

the biochronological terms Barstovian and Clarendonian were named after 

faunas from specific localities, the principal faunal correlatives for 

these localities (as listed by the Wood Committee), extend the temporal 

ranges of Barstovian and Clarendonian so that there is practically no 

missing time between these land mammal ages. At best one can argue that 

the fauna from the Devil’s Gulch Horse Quarry represents this missing
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time. If so, the biochronological concept "Valentinian" can only be ap

plied to the fauna from the Devil's Gulch Member of the Valentine Forma

tion and not to the fauna from the entire Valentine Formation. As it is, 

the generic listing given by Skinner and others (1968, p. 406) from the 

Devil's Gulch Horse Quarry includes genera both characteristic of and 

whose first appearance is in the Clarendonian. Until a thorough study 

of the fauna from this quarry is made, and the stage of evolution of this 

fauna relative to other well known faunas is discussed, I prefer the 

conservative approach and place this fauna within the Clarendonian.

A faunal study of the Pojoaque Member of the Tesuque Formation 

has not been made, and I do not know the stratigraphic position within 

this member of the primitive Megahippus, cited as identical to D856. 

However, considering its stage of evolution relative to that of Great 

Plains forms, it is probably Barstovian or very earliest Clarendonian 

(pre-Burge) at the latest.

The cf. Pliauchenia limbs are not useful in correlation, as the 

genus cf♦ Pliauchenia extends from the Hemingfordian through the Claren

donian. The evolutionary history of Michenia is not presently well known. 

However, the size reduction and simplification of the ?£ and Pg, and the 

suppression of the P^, suggests a post-Marsland stage of evolution for 

the Michenia. In the Early-Middle Clarendonian Michenia n. sp. from 

Walnut Grove, the Pg is variably present, suppressed, or lost; when pres

ent it averages about 5 mm in length, which is close to that of D856-13.

The large Procamelus or Aepycamelus sp. appears to represent a 

Late Barstovian-Early Clarendonian stage of evolution. As mentioned, the
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size of the limb elements and the crown height of the matches a few 

American Museum specimens from the Pojoaque Member of the Tesuque Forma

tion; that is, specimens of ,lValentinian"-Clarendonian age. The Brown's 

Park camel is also matched in these characters by Procamelus from the 

Early Clarendonian Burge. Late Clarendonian Procamelus from the Claren

don Fauna have higher crowned M^ than those from the Burge Fauna; hence, 

the Brown's Park camel probably represents a pre-Late Clarendonian stage 

of evolution.

Meryceros warreni is apparently limited to Late Barstovian and 

Early Clarendonian faunas. The type is from the Late Barstovian Niobrara 

River Fauna. Galbreath (1953, p. 35) reports its probable occurrence in 

the Late Barstovian Kennesaw Fauna, apparently basing this judgment on 

Frick's (1937, p. 367) reported specimens from the Horse and Mastodon 

quarries of the Pawnee Creek Formation. In an unpublished correlation 

chart Tedford (personal communication, 1975) shows the Horse and Mastodon 

quarries as slightly older than the Kennesaw Local Fauna, but younger 

than the Early Barstovian Eubanks Local Fauna. Forsten (1970, p. 50) 

reports the presence of Meryceros warreni type horns from the Late Bar

stovian Trail Creek Fauna of Wyoming. I have examined American Museum 

specimens of Meryceros warreni from the Early Clarendonian Devil's Gulch 

Horse Quarry. Skinner and Taylor (1967, p. 45) note that the M. warreni 

type of horn is characteristic of horns from the Lower Valentine 

Formation.

Meryceros crucensis is from the "Valentinian"-Clarendonian Pojo

aque Member, though as with the other animals, its stratigraphic position
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within the member is not defined. M. joraki, the other short-shafted 

Meryceros, is from the upper member of the Barstow Formation (Frick’s 

First Division). A longer shafted form, Meryceros cf. M. major, has 

been reported from the Late Clarendonian Ogallala-Wolf Creek Fauna, and 

Merriam (1916, Fig. 42) illustrated a probable long-shafted Meryceros 

from the Early Clarendonian Cedar Mountain Fauna. Some of Voorhies * ma

terial from the Verdigre Fauna may be Meryceros♦ No Meryceros has been 

reported from Early Barstovian Faunas. It appears that short-shafted 

Meryceros did not persist later than the earliest Clarendonian (pre- 

Burge) , and is most common in Late Barstovian Faunas.

The Meryceros from D854 is probably the same age as the animals 

from D855-D856. As noted in the discussion of this specimen, the reduc

tion of the premolars relative to the molars, and the total length of 

the cheek tooth row, is similar to that of M. hookwayi from the Late 

Barstovian Tonopah Fauna. Slight morphological differences in the teeth 

prevent the Brown’s Park specimen from being allocated to M. hookwayi.

The faunal evidence suggests a Late Barstovian (post-Lower Snake 

Creek) to earliest Clarendonian (pre-Burge) age for D855-D856, and D854. 

The strongest resemblance is to Late Barstovian Faunas. With the Nio

brara River Fauna, it shares Meryceros warreni. In addition, these two 

faunas share cf. Pliauchenia and the large camels, Aepycamelus and Pro- 

camelus, are both present in the Niobrara River Fauna. With the Trail 

Creek Fauna, D856 shares Meryceros warreni; in addition, Forsten (1970, 

p. 49) gives measurements for a deciduous Alticamelus(?) which are very

similar to those for the large Brown’s Park camel. Tomarctus cf. paula
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is very close to Tomarctus paula from Tonopah. Tonopah also has Alti- 

camelus(?) stock!. Meryceros, however, is represented at Tonopah by the 

longer shafted M. hookwayi. As presently reported, H. warreni occurs 

only east of the Rocky Mountains, except for Brown's Park. The quarries 

D855-D856 and D854 have a high generic similarity to the Barstow Fauna, 

but none of the species are demonstratively the same. The strongest 

similarity, however, may be to the fauna from the Pojoaque Member of the 

Tesuque Formation. Here, Megahippus and possibly Aepycamelus sp. are 

shared in common. Meryceros crucensis occurs in the Pojoaque Member; as 

defined by Frick (1937), M. crucensis includes forms with horn cores 

nearly identical to those of M. warreni. Both cf. Pliauchenia and Mich- 

enia occur in the Pojoaque Member. As noted before, the stratigraphic 

positions of these animals within the Pojoaque Member have not been docu

mented in the literature.

An ash near the D855-D856 quarries gave a zircon fission track 

age of 11.3 +0.8 m.y. (Izett, personal communication, 1976). This ash 

(field no. 72G74) is located approximately one mile northwest of D856, 

in NW$£ SE$s, Sec. 25, T. 6 N., R. 97 W. The ash is exposed only at a 

single outcrop and cannot be traced (due to the plant cover) south to

ward the D855-D856 fossil localities. The topographic position of the 

ash hand—levelled in at the level of the D855 quarry; thus, the ash lies 

about 50 ft topographically below the D856 quarry. The zircon fission 

track age was calculated on tracks counted by G. A. Izett and myself. 

Izett (personal communication, 1976) supplies the following data:
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ash 72G74:

<j)(n cm“ )̂ = 1.01 x 1015

Ps (tracks cm“ )̂ = 1.88 x 10^ (189 tracks)

Pi (tracks cm~^) = 1.03 x 10^ (900 tracks)

Xf = 6.85 x 10"17 yr”1 

t = 11.3 + 0.8 m.y.

<[) = neutron flux 

Ps = fossil track density 

Pi = induced track density 

Xf = decay constant 

t - age

This 11.3 m.y. age falls within the Early Clarendonian, and is 

approximately the same age as given for the Fish Lake Valley Fauna 

(Evernden and others, 1964, p. 164). As discussed above, in shared spe

cies D855-D856 most closely resembles Late Barstovian Faunas. Implicit, 

however, is the strong possibility that all the animals discussed above 

as being most characteristic of the Late Barstovian actually persisted 

into the Early Clarendonian. As possible evidence for a close relation

ship of D856 to Fish Lake Valley is the fact, noted above, that the post 

crania of the D856 cf. Pliauchenia is inseparable from the post crania 

of P_. coartatus, which occurs at Fish Lake Valley, and the slightly older 

Cedar Mountain Fauna. The slightly younger Avawatz Mountain Fauna has a 

Michenia present and also P. coartatus sized post crania. The post 

crania do not prove the presence of P. coartatus, they only suggest it.
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Since the 72G74 ash cannot be proven to be stratigraphically 

below D855 or D856, it cannot be said that these animals are Early Clar- 

endonian. Until an ash is dated whose precise stratigraphic position 

relative to the quarries is known, or until an Early Clarendonian asso

ciation of animals similar to that at D856 is reported, I prefer to give 

an age of Late Barstovian-Early Clarendonian to these Brown's Park 

localities.

There is little similarity between the Brown's Park animals de

scribed in this study and those described by Peterson (1924, 1928). 

Peterson's 1928 Brown's Park Fauna consisted of the following forms: 

Bassariscops willistoni 

Ticholeptus?
i

camelidae gen. et. sp. indet.

Camelidae near Stenomylus 

Merycodus? sp.

Aphelops ceratorhinus 

Serridentinus fricki 

Chalico theridae

These animals were found at several localities throughout the 

formation, and more than one could have been derived from other forma

tions. The camelid near Stenomylus is considered an indeterminate anti- 

locaprine by Frick and Taylor (1968, p. 7, footnote). Skinner (1968, 

p. 17) points out that the presumed chalicothere is actually a Teleodus 

collected from the Duchesne River Formation near Vernal, Utah. McGrew 

(1951, p. 56) considers the supposed Ticholeptus to be an indeterminate
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oreodont. The other camelid and Merycodus(?) consist of unillustrated 

post crania. Thus, for correlation purposes, the important specimens 

are Bassariscops willistoni, Aphelops ceratorhinus, and "Serridentinus" 

(=Gomphotherium) fricki. The Bassariscops (Peterson, 1924, p. 300) was 

found "one mile south and west of Sunbeam, Moffat County, Colorado", 

which is very near the present study area. The Aphelops and Gompho- 

therium were found farther west at Douglass Mountain, near the Grey- 

stone Post Office. Osborn (1936, vol. 1, p. 312) considered "Trilophodon" 

(=Gomphotherium) fricki to be one of the most primitive gomphotheres in 

North America, and assigned a Middle to Late Miocene age to this fauna. 

McGrew (1951, p. 56) considered the Brown's Park Formation to be Middle 

Miocene, based on the presence of the supposed chalicothere. J. LeRoy 

Kay (personal communication related in Untermann and Untermann, 1954, 

p. 186) considered Bassariscops and Aphelops to be indicative of a Late 

Miocene (Barstovian) age. I have not made a study of these specimens, 

but considering the primitive nature of the proboscidean and the fact 

that proboscideans do not appear in North America until the Barstovian,

I feel that Kay's opinion is probably correct. Gomphotheres have not 

been found in the Barstow Formation below the upper member. In north

east Colorado Galbreath (1953, p. 35) lists the occurrence of probos

cideans in the Early Barstovian Eubanks Local Fauna as probable; their 

first certain occurrence is in the Late Barstovian Kennesaw Local Fauna. 

Patton (1969, p. 212) notes that Gomphotherium has not been found in 

the Lower Snake Creek beds, generally considered Early Barstovian.

Patton (1969, p. 212) feels that the oreodont from the Cold Spring Fauna
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is inseparable from Lower Snake Creek material, and partly on this basis 

correlates the Cold Spring Fauna with the Lower Snake Creek. There are 

no proboscideans in the Cold Spring Fauna. The reported Early Barstovian 

occurrences of proboscides, include Virgin Valley and Skull Springs.

Downs (1956, p. 326) even suggests that the Virgin Valley is Late Heming- 

fordian. In areas of superposed faunas, proboscideans do not definitely 

occur in the Early Barstovian; it is only in isolated faunas that the 

supposed Early Barstovian forms occur. At best, this suggests that gom- 

photheres were very rare in the Early Barstovian of North America.

It is not possible to put a precise age on Peterson's (1928) 

fauna (considering only the carnivore, rhino, and elephant). Neverthe

less, considering Osborn's (1936) opinion that (3. fricki is one of the 

most primitive gomphotheres in North America, it is possible that 

Peterson's fauna is older than the D855-D856 fauna. The upper member of 

Barstow Formation, from which come the animals considered indicative of 

Late Barstovian, has a tuff near the base dated at 15.1 m.y. (Lindsay, 

1972, p. 4). Thus, Peterson's fauna (in particular the elephant and 

rhino found together at Douglass Mountain) may be as old as 15.1 m.y. or 

older, if gomphotheres truly occur in the Early Barstovian and Late Hem- 

ingfordian of North America. Peterson's locality at Douglass Mountain 

is presumed to be stratigraphically midway in the formation. Peterson 

(1928, p. 93) measured a section of 736 ft from the base of the formation 

to the top of his fossil horizon, called by him the "Weller Horizon". 

Estimates of the total thickness of the Brown's Park Formation have 

varied from 1200-1800 ft (Untermann and Untermann, 1954, p. 185). The
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thickness of the formation four miles northeast of D856 is approximately 

1600 ft (data from Log No. D-3037, Amer. Strat. Co., well located NE NW 

SE, Sec. 16, T. 6 N., R. 96 W.). Thus, the fossils in the study area 

were collected from near the top of the formation, a fact pointed out by 

Izett (1975, p. 188). It is tempting to assign a temporal difference to 

the apparent stratigraphic difference between Peterson's Douglass Moun

tain locality and D855-D856. The danger of this approach is apparent 

when considering that the Hemingfordian locality D857 is located only a 

few miles from D855 and D856, and is at the same topographic elevation 

as D855. The plant cover between the D855-D856 localities and Peterson's 

Douglass Mountain locality precludes any factual discussion on the 

stratigraphic relations between them. At present, only the faunal evi

dence can be reported, and it is hoped that further stratigraphic and 

paleontologic work will continue to clarify the stratigraphy and history 

of the Brown's Park Formation.



CHAPTER 8

CONCLUSIONS

This study is concerned with the paleontology, age, and taphonomy 

of a fauna from the upper part of the Brown's Park Formation in the May- 

bell, Colorado area. A comparative taphonomic study is also done on a 

quarry fauna in the Milk Creek Formation near Prescott, Arizona. The 

principle conclusions presented in this thesis are as follows..

Taphonomy of the D856 Fauna

The orientations, abundance, and preservation of the bones at 

D856 are examined. The bones are randomly oriented in the horizontal 

plane, and there is little significant underrepresentation of bones in 

most Voorhies' Transport Groups. These facts indicate that the bones 

were not subjected to water current action before burial. Shrinkage 

cracks, surface roughening, and spiral fractures on the bones suggest a 

period of subaerial weathering before burial. Fracturing of the bones 

is not thought to be due to sediment compaction or tectonism, but rather 

to various agents of subaerial weathering.

The characteristics of the sediments in and around the D856 quar

ry are also examined. There is a notable lack of fluvial indicators, 

and sedimentation appears to be aeolian. Calculation of dune foreset dip 

directions indicates aeolian sedimentation from winds blowing approxi

mately N47°17'E.

185
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Thus* the D856 fossil deposit is termed sedentary, having formed 

from the in situ weathering of bones. After disarticulation, the bones 

were gradually buried under wind-blown sand.

Taphonomy of the UALP Loc. 7498 Fauna 

Orientation, relative abundance, and preservation data are also 

taken on the Milk Creek bones. The bones are preferentially oriented in 

four clusters approximately 90° removed from each other. There is also 

a significantly low number of bones in Voorhied1 Transport Groups I,

I/II, and IX. These facts indicate that the bones were redistributed 

in a water current, the four clusters of bones trending parallel and 

transverse to the current direction. The low number of light bone ele

ments indicates that they were winnowed out in the current, and the re

maining bones constituted a lag deposit. The observed breakage on the 

bones is partly attributable to sediment compaction and tectonism. How

ever, subaerial weathering also probably accounts for some preburial 

breakage, and was responsible for the disarticulation of the bones be- 

fore they were subjected to current action.

The characteristics of the sediments are less conclusive as to 

the origin of the deposit than at Maybell, Colorado. However, aeolian 

beds higher in the section at Walnut Grove indicate periods of dune de

velopment as in the Brown's Park Formation. The winds forming these dunes 

were blowing approximately N44°rl'E, similar to those in the Maybell area.



187

Paleontology and Age of 
the Maybell Fauna

The following fossils are found at localities D854, D855, D856, 

and D857 and constitute the Maybell Fauna:

Tomarctus cf. paula 

Megahippus sp.

Parahippus cf. leonensis 

Blickomylus galushi 

cf. Pliauchenia 

Michenia sp.

Procamelus or Aepycamelus sp.

Camelinae gen. et sp. indet.

Meryceros warreni 

Meryceros sp.

Myercodontinae gen. et sp. indet.

Locality D857 is probably Middle-Late Hemingfordian, although it 

may be as late as Early Barstovian. Parahippus cf. leonensis resembles 

forms ranging in age from Middle Hemingfordian to Early Barstovian. 

Blickomylus galushai appears to be confined to the Hemingfordian, but 

may extend into the Early Barstovian if the deposits containing it trans

cend the Hemingfordian-Barstovian boundary.

Localities D854, D855, and D856 are Late Barstovian to Early 

Clarendonian. Tomarctus paula is found in the Late Barstovian, but a 

similar form exists in the Early Clarendonian. Megahippus sp. exhibits 

a Barstovian-Early Clarendonian (pre-Burge) stage of evolution. The 

stage of evolution of Michenia sp. is post-Early Hemingfordian, while
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the stage of evolution of Procamelus or Aepycamelus sp. is Late Bar 

Bars tovian-Early Clarendonian. Meryceros warreni is found in Late Bar- 

stovian and Early Clarendonian Faunas. The strongest similarity of the 

D854-D855-D856 fauna appears to be with the largely undescribed fauna in 

the Frick collection from the Pojoaque Member of the Tesuque Formation 

("Valentinian,,-Clarendonian in age). An ash located near these three 

sites is radiometrically dated at 11.3 m.y. (Early Clarendonian).

There is no generic similarity between the Maybell Fauna and 

Peterson’s Douglass Mountain Fauna. This latter fauna is difficult to 

date precisely, but is generally considered of Barstovian Land Mammal 

Age.

!
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