
Review of Torrejonian mammals
from the San Juan Basin, New Mexico

Item Type text; Dissertation-Reproduction (electronic)

Authors Taylor, Louis Henry, 1944-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:11:53

Link to Item http://hdl.handle.net/10150/565527

http://hdl.handle.net/10150/565527


p 1
1/31, ) Mill



REVIEW OF TORREJONIAN MAMMALS
FROM THE SAN JUAN BASIN, NEW MEXICO

by

Louis Henry Taylor

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF GEOSCIENCES

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY

In the Graduate College
THE UNIVERSITY OF ARIZONA

1 9 8 4



Co1
1 N

o
. 

B
IN

D
IN

G
 I

N
S

TR
U

C
TI

O
N

S
 

IN
TE

R
LI

B
R

A
R

Y 
IN

S
TR

U
C

TI
O

N
S

5  a

%

«<\



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE

As members of the Final Examination Committee, we certify that we have read

the dissertation prepared by Louis Henry Taylor__________________________

entitled Review of Torrejonian Mammals from the San Juan Basin, New________

Mexico

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy____________________________________ .

(I f Date

11 fea.
Date

////?/?&
Date

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College.

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement.

fyJ>. /0, / V MDissertation Director Date



STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to bor
rowers under rules of the Library.

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or re
production of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in the in
terests of scholarship. In all other instances, however, permission 
must be obtained from the author.

SIGNED: V



ACKNOWLEDGMENTS

I would like to thank the many teachers, colleagues, and friends 
who provided assistance during the course of this study.

For guidance and constructive criticism I thank Drs. E. H. 
Lindsay, R. F. Butler, G. G. Simpson, K. W. Flessa, E. L. Cockrum, and
L. G. Marshall.

For helpful discussion and aid in specimen identification I 
thank Dr. W. A. Clemens (University of California, Berkeley), J. Eaton 

(University of Wyoming), Dr. J. Flynn (American Museum of Natural 

History), Dr. L. J. Flynn (University of Arizona), Dr. P. D. Gingerich 

(University of Michigan), Dr. L. Krishtalka (Carnegie Museum of Natural 
History), E. Manning (American Museum of Natural History), Dr. M. J. 
Novacek (San Diego State University), Dr. R. E. Sloan (University of 

Minnesota), and Dr. L. Van Valen (University of Chicago).

For loan of specimens in their care and for casts of specimens 

I thank W. Downs (Museum of Northern Arizona), Dr. J. Harrison (U. S. 
National Museum), Dr. B. S. Kues (University of New Mexico), Dr. M. C. 

McKenna (American Museum of Natural History), E. Manning (American 

Museum of Natural History), P. Reser (University of New Mexico), and 
T. Rowe (Museum of Northern Arizona).

For help in the field I thank Dr. E. H. Lindsay, Dr. R. F. 

Butler, Dr. L. L. Jacobs, Dr. L. J. Flynn, R. A. Haskin, J. Honey,

M. A. Jones, R. D. McCord, B. R. Standhardt, M. J. Taylor, Y. Tomida, 
and G. Trussell.

iii



For photographic help I thank Gi Harcek and S. Harless.
For special help when I needed it most I thank K. Flanagan, 

S. Gardner, and Texaco Inc.

For providing important encouragement, motivation, and 
financial support I thank my wife Mary.



TABLE OF CONTENTS

Page

LIST OF TABLES.........................................   viii

LIST OF ILLUSTRATIONS.................. xiii

ABSTRACT .......................................................xvi
1. INTRODUCTION..........................  1

The San Juan Basin......................................  2
The Torrejonian Land Mammal Age ........................  5

2. BIOSTRATIGRAPHY............................................  7

Kutz C a n y o n ............      8
Ojo Encino...........   15
Yuki's Croc ............................................. 22
Little Pocket ..........................................  24
Additional San Juan Basin Localities ....................  27
San Juan Basin Composite................   34

3. BIOCHRONOLOGY AND CHRONOSTRATIGRAPHY
OF THE SAN JUAN BASIN TORREJONIAN..........................  37

Periptychus-Loxolophus Chronozone ......................  41
Deltatherium-Tetraclaenodon Chronozone .. ..............  43
Pantolambda bathmodon-Mixodectes pungens Chronozone . . .  44

4. FAUNAL COMPARISONS   48

Intrabasinal Comparisons . . . . . .  ....................  48
Interbasinal Comparisons ................................  55

Rock Bench Quarry ........................   55
Swain Quarry........................................  60
Crazy Mountain Field . . . . . . . . . .  ............  63
Other Torrejonian Localities ........................  69

Geographical Comparisons ................................  75
5. CONCLUSIONS................................................  92

v



6. SYSTEMATICS........ ........................................ 96

Abbreviations..................................      96
Definitions ................................    97
Measurements ..................................   98
Order Marsupialia Illiger, 1881 ......................... 103

Family Didelphidae Gray, 1821 . . . . . .  ..........  103
Genus Peradectes Matthew and Granger, 1921 . . . .  103

Order Insectivora Bowditch, 1821 .........................115
Family Pentacodontidae (Simpson, 1937) ..............  115

Genus Pentacodon Scott, 1892 . . . . .  ..........  115
Genus Corlphagus Douglass, 1908 ................. 124
Genus Cimexalitus, new genus ................. 131

Family Leptictidae Gill, 1872 . . . . . .  ........  . 137
Genus Prodiacodon Matthew, 1929    137

Family Mixodectidae Cope, 1883 .......................  139
Genus Mixodectes Cope, 1883   139

Order Creodonta Cope, 1875 .......... .................... 151
Family Palaeoryctidae (Winge, 1917) ................  151

Genus Acmeodon Matthew and Granger, 1921........ 151
Order Primates Linneaus, 1758 ..........................  158

Family Paromomyidae Simpson, 1940 ..................  158
Genus Plesiolestes Jepsen, 1930   158
Genus Palaechthon Gidley, 1923 ...................  164

Order Carnivora Vicq d'Azyr, 1792 ......................  174
Family Miacidae Cope, 1880 ........................... 174

Genus Protictis (Matthew, 1937) ................ 174
Order Taeniodonta Cope, 1876 ............................  203

Family Stylinodontidae Marsh, 1875 ..................  203
Subfamily Conoryctinae Winge, 1923 ............. 203
Genus Conoryctes Cope, 1881 ........ ............ 203
Genus Conoryctella Gazin, 1939 . . . . . . . . . .  207
Subfamily Psittacotherinae Matthew, 1937 ........  213
Genus Psittacotherium Cope, 1882 .................  213
Genus Lampadophorus Patterson, 1949 ............  221

Order Condylarthra Cope, 1881 . . . . . .  ..............  228
Family Arctocyonidae Murray, 1886 ..................  228

Subfamily Oxyclaeninae Scott, 1892 ..............  228
Genus Deltatherium Cope, 1881 ..................  228
Genus Chriacus Cope, 1883 . ..................... 244
Subfamily Arctocyoninae Giebel, 1885 ............  261
Genus Colpoclaenus Patterson and McGrew, 1962 . . 261
Genus Claenodon Scott, 1892 ....................  272
Genus Deuterogonodon Simpson, 1935 ............... 280

vi
TABLE OF CONTENTS-Continued

Page



Genus Mlmotricentes Simpson, 1937 ..............  292
Subfamily Triisodontinae Trouessart, 1904 . . . .  325
Genus Triisodon Cope. 1881 ......................  325
Genus Goniacodon Cope, 1888 ..................... 336
Genus Micro claeno don Scott, 1892 ........ .. 343

Family Mesonychidae Cope, 1875 ......................  350
Subfamily Mesonychinae Wortoan, 1901 ............  350
Genus Dissacus (Cope, 1881) ....................  350

Family Hyopsodontidae Nicholson and Lydekker, 1889 . . 356
Subfamily Miodaeninae Osborn and Earle, 1895 . . 356
Genus Mioclaenus Cope, 1881 ....................  356
Genus Promioclaenus Trouessart, 1904 ............  375
Genus Ellipsodon Scott, 1892 . . . . . . . . . . .  395
Genus Protoselene Matthew. 1897 ............ .. . 405
Subfamily Hyopsodontinae Trouessart, 1879 . . . .  421
Genus Haplaletes Simpson, 1935 . . . . . . . . . .  421
Genus Kutzia, new g e n u s .......................... 426

Family Periptychidae Cope, 1881 ....................  433
Subfamily Periptychinae Osborn and Earle, 1895 . . 433
Genus Periptychus Cope, 1881 ....................  433
Subfamily Anisonchinae Osborn and Earle, 1895 . . 466
Genus Anisonchus Cope, 1881 ............ . 466
Genus Haploconus Cope, 1882. ..........  . . . . .  483

Family Phenacodontidae Cope, 1881 ..................  499
Genus Tetraclaenodon Scott, 1892 ................  499

Order Pantodonta (Cope, 1883) ..........................  525
Family Pantolambdidae Cope, 1883 ..................  525

Genus Pantolambda Cope, 1882 ....................  525

vii
TABLE OF CONTENTS-Continued

Page

REFERENCES CITED ............................................  544



LIST OF TABLES

1. San Juan Basin Fauna Recovered from Chronozones
Recognized in this Paper.................. ............. .. 79

2. Percentage Composition of Selected Torrejonain Faunas . . .  82

3. Composition of Taxa from Selected Torrejonian
Localities.................    84

4. Size of Peradectes encinensis from Ojo Encino,
San Juan Basin, New Mexico ............................ .. .

5. Size of Peradectes coprexeches from Kutz Canyon,
San Juan Basin, New Mexico................................  114

6. Size of Pentacodon inversus from Kutz Canyon,
San Juan Basin, New Mexico ....................    123

7. Size of Coriphagus encinensis from the San Juan
Basin, New M e x i c o ........................................  130

8. Size of Clmexalitus matthewi from Ojo Encino,
San Juan Basin, New Mexico................................   135

9. Size of Mixodectes pungens from the San Juan
Basin, New M e x i c o ................    146

10. Size of Mixodectes malaris from the San Juan
Basin, New Mexico . . . . .  ..............................  150

11. Size of Acmeodon secans from the San Juan Basin,
New Mexico................  157

12. Size of Plesiolestes wilsoni from Ojo Encino,
San Juan Basin, New Mexico.................. .............. 163

13. Size of Palaechthon nacimienti from the San Juan
Basin, New Mexico ......................      167

14. Size of Palaechthon wood! from the San Juan Basin,
New Mexico..........................   173

Table Page

viii



15. Size of Protictis (Protictis) haydenianus from
the San Juan Basin, New Mexico • .................... . . . 182

16. Size of Protictis (Protictis) robustis from the
San Juan Basin, New Mexico • • • • . • • • • • ............  192

17. Size of Protictis (Bryanictis). vanvaleni from
the San Juan Basin, New Mexico ............................  197

18. Size of Protictis (Bryanictis) sp. from the San
Juan Basin, New Mexico..........................   202

19. Size of Conoryctes comma from the San Juan Basin,
New Mexico ....................  . . . . . . . . . . . . . .  208

20. Size of Conoryctella sp. from Kutz Canyon, San
Juan Basin, New Mexico...........................   212

21. Size of Psittacotherium multifragum from the San
Juan Basin, New Mexico . . . . . . . . . . . . .  ............  218

22. Size of Lampadophorus from the San Juan Basin,
New Mexico . . . . . . . . . . . . . . . . . . . . . . .  227

23. Size of Deltatherium fundaminis from the San Juan
Basin, New M e x i c o .................................   242

24. Size of Chriacus pelvidens from the San Juan Basin,
New Mexico . . . . . . . . . .  ............................

25. Size of Chriacus baldwini from the San Juan Basin,
New Mexico ......................................    260

26. Size of Colpoclaenus cf. (X procyonoides from the
San Juan Basin, New Mexico .................... ...........  271

27. Size of Claenodon ferox from the San Juan Basin,
New Mexico................    279

28. Size of Deuterogonodon noletil from the San Juan
Basin, New M e x i c o ........................................  289

29. Size of Deuterogonodon cf. I), montanus from the San
Juan Basin, New Mexico................    291

ix
LIST OF TABLES-Continued

Table Page



X

30. Size of Mimotricentes subtrigonus from Ojo
Encino, San Juan Basin, New Mexico........................  321

31. Size of Mimotricentes subtrigonus from Kutz
Canyon, San Juan Basin, New Mexico . . . . . . . .  ........  323

32. Size of Mimotricentes subtrigonus from Near Aztec 
and Near the Mouth of Largo Canyon, San Juan Basin,
New Mexico . . . . . . . . . . . . . . .  ..................  324

33. Size of Triisodon antiquus from the San Juan Basin,
New Mexico • • • . . ...................    332

34. Size of Triisodon quivirensis from the San Juan
Basin, New Mexico ............................  . . . . . .  334

35. Size of Goniacodon levisanus from the San Juan
Basin, New Mexico . . • • •  ..............................  342

36. Size of Microclaenodon assurgens from the San
Juan Basin, New Mexico.......... .. • ..................... 349

37. Size of Dissacus saurognathus from the San Juan
Basin, New M e x i c o ..........    355

38. Size of Mioclaenus turgidus from Ojo Encino,
San Juan Basin, New Mexico................................  368

39. Size of Mioclaenus turgidus from Kutz Canyon,
San Juan Basin, New Mexico ................................  370

40. Size of Mioclaenus turgidus from Near Aztec, Near 
the Mouth of Largo Canyon, Near Nageezi, and Near
Lybrook, San Juan Basin, New M e x i c o ......................  372

41. Size of Promioclaenus lemuroides from Ojo Encino,
San Juan Basin, New Mexico........................ • • • •  384

42. Size of Promioclaenus lemuroides from Kutz Canyon,
San Juan Basin, New Mexico........ .. . . ................. 385

43. Size of Promioclaenus acolytus from Ojo Encino,
San Juan Basin, New Mexico............. . 393

LIST OF TABLES-Continued

Table Page



44. Size of Promioclaenus acolytus from Kutz Canyon,
San Juan Basin, New Mexico ........  . . . . . . . . .  . . . 394

45. Size of Ellipsodon granger! from Kutz Canyon,
San Juan Basin, New Mexico ..........  . . . . . . . . . . .  401

46. Size of Ellipsodon inaequidens from Kutz Canyon,
San Juan Basin, New Mexico.............. ................. 404

47. Size of Ellipsodon yotankae from the San Juan Basin,
New Mexico ......................    404

48. Size of Protoselene opisthacus from Ojo Encino,
San Juan Basin, New Mexico . . . . . . . . . . . . . . . . .  418

49. Size of Protoselene opisthacus from Kutz Canyon,
San Juan Basin, New Mexico................................  420

50. Size of Haplaletes cf. II. disceptatrix from the
San Juan Basin, New Mexico ................ ................ 424

51. Size of Haplaletes disceptatrix from Big Bend, Texas,
Swain Quarry, Wyoming, and Gidley Quarry, Crazy
Mountain Field, M o n t a n a ..........      424

52. Size of Kutzia caelicola from the San Juan Basin,
New Mexico . . . .  ..........  . . . . . . . . . . . . . . .  431

53. Size of Periptychus carinidens from Ojo Encino,
San Juan Basin, New Mexico ..........  . . . . . . . . . . .  458

54. Size of Periptychus carinidens from Kutz Canyon,
San Juan Basin, New Mexico................................  460

55. Size of Anisonchus sectorius from Ojo Encino,
San Juan Basin, New Mexico................................. 480

56. Size of Anisonchus sectorius from Kutz Canyon,
San Juan Basin, New Mexico................................. 481

57. Size of Haploconus angustus from Kutz Canyon
and Near Nageezi, San Juan Basin, New Mexico..............  497

58. Size of Tetraclaenodon puercensis from Ojo Encino,
Locality 10, San Juan Basin, New Mexico ..................  517

xi
LIST OF TABLES-Continued

Table Page



xii

Table Page

59. Size of Tetraclaenodon puercensis from Ojo Encino
Locality 11, San Juan Basin, New Mexico..................  519

60. Size of Tetraclaenodon puercensis from Kutz Canyon,
San Juan Basin, New M e x i c o ..............................  521

61. Size of Pantolambda bathmodon and Pantolambda
cavirictus from the San Juan Basin, New M e x i c o ..........  543

LIST OF TABLES-Continued

;



LIST OF ILLUSTRATIONS

1. Regional Map of the San Juan Basin........ ................ 3

2. Map of Fossil Localities and Paleooagnetic Sections
in Kutz Canyon............ ...............................  9

3. Magnetic Polarity Stratigraphy and Relative 
Stratigraphic Position of Fossil Localities
in Kutz Canyon......................... ................... 10

4. Biostratigraphy of Kutz Canyon............................  12

5. Map of Fossil Localities and Paleomagnetic Sections
in Ojo Encino . ........................................  16

6. Magnetic Polarity Stratigraphy and Relative 
Stratigraphic Position of Fossil Localities
in Ojo Encino ................................   18

7. Biostratigraphy of Ojo E n c i n o ............................  19
8. Magnetic Polarity Stratigraphy, Relative Stratigraphic 

Position of Fossil Localities, and Biostratigraphy of
Yuki's Croc S e c t i o n ...................................... 23

9. Magnetic Polarity Stratigraphy and Biostratigraphy of
the Little Pocket Section . . . . . . . . . . . . . . . . .  25

10. Composite Biostratigraphy of the San Juan Basin with
Magnetic Polarity Stratigraphy and Chronozones ............. 36

11. Percentage Composition of Faunas from the San Juan Basin . . 87
12. Percentage Composition of Faunas from A) The Total San 

Juan Basin and B) Surface Localities from Crazy
Mountain Field, Montana ..................  . . . . . . . .  88

13. Percentage Composition of Faunas from A) The Total Crazy 
Mountain Field, Montana and B) Rock Bench Quarry,
W y o m i n g ..................   89

Figure Page

xiii



LIST OF ILLUSTRATIONS-Continued

Figure Page
14. Percentage Composition of Fauna from Swain Quarry,

Wyoming A) without Multituberculates and B) with 
Multituberculates . . . . . . . . . . . . . .  ............

15. Percentage Composition of Faunas from A) Silberling and
B) Gidley Quarries from Crazy Mountain Field, Montana . . .  91

16. Nomenclature for Mammalian Molars as used in this Paper . . 100
17. Precristid and Postcristid, New Terms Applied to Lower

Premolars.................. .............................
18. Measurements of Mammalian Molars as Used in this Paper . . ^ 2

19. Stereophotos of Cimexalitus matthewi. n.sp ..............  136
20. Stereophotos of Protictis ................................  193
21. Stereophotos of Protictis (Protictis) robustis, n.sp. . . . 194

22. Photos of Psittacotherium multifragum................  219
23. Stereophotos of Psittacotherium multifragum . . . . . . . .  220
24. Stratophenetic Analysis of Mimotricentes subtrigonus

M^ from Ojo Encino ................  . . . . . . . . . . .  318
25. Stratophenetic Analysis of Mimotricentes subtrigonus

Mj from Kutz Canyon.................... .. 319
26. Bivariate Plot of Triisodon antiquus and

T. quivirensis M2 ........................................  335
27. Stereophotos of Haplaletes cf. H. disceptatrix . ........  425

28. Stereophotos of Kutzia caelicolensis, n.sp............ 432

29. Bivariate Plot of Periptychus M ^ .................... 462

30. Bivariate Plot of Periptychus M2  . . . . . . . . . . . . .  463

31. Bivariate Plot of Periptychus M g .............    464

xiv



LIST OF ILLUSTRATIONS-Contlnued

Figure Page

32. Stratophenetic Analysis of Periptychus from the
San Juan Basin............................................  465

33. Stratophenetic Analysis of Tetraclaenodon puercensis
M ^ _ 2  from Kutz Canyon . . . . . . . . . . . . . . . . .  . . 523

34. Stratophenetic Analysis of Tetraclaenodon puercensis
M j_ 2  from the San Juan Basin..........................  524

35. Bivariate Plot of Pantolambda Molars from the San Juan
Basin ..........................    542

XV



. ABSTRACT

Recent collecting of mammalian fossils, stratigraphic data, and 
paleomagnetic data from Torrejonian sediments of the San Juan Basin, New 

Mexico, permitted the review of the Torrejonian fauna, the precise bio- 
chronological subdivision of the Torrejonian Land Mammal Age, and the 

chronological comparison of the San Juan Basin Torrejonian fauna with 
others from North America,

Peradectes encinensis and the smaller JP. coprexeches are new 

marsupial species and appear to belong to separate didelphid lineages. 
Cimexalitus is a new genus of pentacodontid insectivore that is closely 

related to Coriphagus. Protictis (Protictis) robustis is a new species 
of miacid carnivore larger than (£.) haydenianus. The new hyopsodontid 
condylarth Kutzia appears closely related to, but not directly within the 

Haplaletes-Haplomylus-Hyopsodus lineage.

This report includes the first San Juan Basin occurrence of the 
stylinodontid taeniodonts Conoryctella and Lampadophorus and the 
hyopsodontid condylarth Haplaletes. A well preserved skull of the 

stylinodontid taeniddont Psittacdtherium multifragum exhibits a simple 

slender zygoma and a triangular occipital region with a wide base.
Stratophenetic analyses of the condylarths Periptychus carinidens 

and Tetraclaenodon puercensis indicate a period of evolutionary stasis 

for the latter and a period of gradual size increase without speciation • 
for the former during the Torrejonian.
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xvii
The Periptychus-Loxolophus chronozone extends from the base of 

magnetochron 27 to slightly above the base of the overlying reversed 
interval. Localities outside of the San Juan Basin correlated with 
this chronozone include the Dragonian localities of central Utah.

The Deltatherium-Tetraclaenodon chronozone includes the 
remainder of the reversed interval between magnetochrons 27 and 26. 
Localities outside of the San Juan Basin correlated with this chrono
zone include Rock Bench Quarry and Swain Quarry in Wyoming.

The Pantolambda bathmodon-Hixodectes pungens chronozone 
includes at least magnetochron 26. Localities outside of the San Juan 
Basin correlated with this chronozone include Gidley and Silberling 
Quarries and Willow Creek in Montana, lower localities from Big Bend 

National Park in Texas, the lower Shotgun fauna and Little Muddy Creek 
in Wyoming, and Cochrane II and Calgary Site 2E in Alberta, Canada.



CHAPTER 1

INTRODUCTION

The sequence of faunas, from Cretaceous dinosaurs and mammals 
through the Paleocene radiation of placental mammals into the Eocene 
radiation of primates, makes the San Juan Basin one of the most 
paleontologically exciting areas of the world• The San Juan Basin 
yielded the definitive faunas of the Puercan, Torrejonian, and 

Tiffanian Land Mammal Ages of the Paleocene Epoch. These faunas have 

been known for over a century but the land mammal ages lack detailed 

biostratigraphic, chronostratigraphic, or biochronolbgic study. Most 
taxa have not been reviewed since Matthew's (1937) monograph written 
prior to 1930 and published posthumously.

This research is a detailed study of the mammalian^fauna, bio
chronology , and biostratigraphy of the middle Paleocene Torrejonian 
Land Mammal Age in the San Juan Basin. Workers from The University of 
Arizona recently collected about 2000 identifiable mammal fossils from 

Torrejonian localities in the San Juan Basin. These fossils and the 
accompanying stratigraphic data provide the material for this study.

The systematics of the San Juan Basin Torrejonian mammalian 
fauna include detailed descriptions, observed limits of intraspecific 

variation, and stratigraphic analysis of the species. Stratophenetic 

analysis is included for those taxa represented by enough specimens to 
warrant such a study.

1



2
Detailed stratigraphic and paleomagnetic data (Taylor and 

Butler, 1980) permit subdivision of the time represented by the 
Torrejonian Land Mammal Age into more precise units on the basis of 
range zones and magnetic polarity. Torrejonian faunas outside of the 

San Juan Basin can be correlated with those from the San Juan Basin 

and assigned to the more precise chronozones.
Thus the purpose of this study is to 1) describe the fossil 

mammal specimens recently recovered from the San Juan Basin Torrejonian, 
particularly those that are new and those that provide new information 
about known taxa, 2) to determine the stratigraphic relationships among 
the various localities from Torrejonian strata of the San Juan Basin,
3) to provide a precise chronological framework for the Torrejonian 
fauna of the San Juan Basin, an 4) to correlate chronologically other 
North American Torrejonian faunas with those from the San Juan Basin.

The San Juan Basin
The San Juan Basin, in the Four Corners Region, occupies north

western New Mexico, southeastern Colorado, and a small portion of 

northeastern Arizona (Figure 1). It is the southernmost of several 
large intermentane structural basins among or partially bounded by the 
Rocky Mountains. It occupies approximately the eastern half of the 
Navajo Physio graphic Section of the Colorado Plateau Physiographic 

Province. Structurally the San Juan Basin is defined by the San Juan 

Mountains to the north, the Chuska Mountains to the west, the Zuni 
Mountains to the south, and the Jemez Mountains to the east. Kelly 
(1950; 1951) and Baltz (1967) discussed the structural elements of the
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Figure 1. Regional Map of the San Juan Basin.
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San Juan Basin in detail. The Central Basin of-these authors contains 
the strata of interest to this study.

The San Juan Basin contains a succession of marine, brackish 
water, and continental deposits representing the presence and ultimate 
regression of an epeiric sea. The continental sediments contain 

mammalian fossils and are of importance here. The Fruitland, Kirtland, 

Ojo Alamo, Nacimiento, and San Jose Formations, in ascending strati
graphic order, are of terrestrial origin. The Nacimiento Formation of 
early and middle Paleocene age is most relevant to this study.

The Nacimiento Formation consists of gray, green-gray, red, and 
black siltstones .with interbedded discontinuous and lenticular channel 
sandstones. The Nacimiento Formation intertongues with the underlying 
Ojo Alamo Sandstone, lies unconformably beneath the San Jose Formation 
in the southern part of the basin, but may grade into the Tiffany beds 
to the north. The Tiffany beds are here considered a part of the San 
Jose Formation (Simpson, in Simons, 1960). The Animas Formation is 

lateral of partly superpositional to the Nacimiento. North and west of 
the Nacimiento, the green or tan .Animas has more andesitic debris.

Baltz (1967) noted a southeasterly thinning of the Nacimiento. 

Partially intraformational, the thinning may also be the result of 
pre-San Jose erosion and progressive overlap of younger rocks (Simpson, 
1959).

The Nacimiento siltstones and shales result from fluvial 
deposition (Baltz, 1967). MacIntyre (1966) proposed that during 

Nacimiento deposition the San Juan Basin had streams and bodies of 

water large enough to support aquatic reptiles but enough solid ground
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to support a large population of terrestrial mammals. MacIntyre (1966), 
Baltz (1967), and Taylor (1977) reported restricted paludal areas.
Swampy conditions are also indicated by a thin coal seam at Ojo Encino 
(Taylor, 1977).

The Nacimiento Formation includes the former Puerco and 

Torrejon "formations." Simpson (1948) recognized the Puerco and 

Torrejon as faunas within a single lithological unit, the Nacimiento 
Formation. His work emphasized the necessity of distinguishing bio- 

stratigraphic concepts from lithostratigraphic concepts. The nomen
clature! history of the Nacimiento Formation is chronicled by Simpson

\
(1948).

The Torrejonian Land Mammal Age •

The Wood Committee of the Geological Society of America (Wood 
et al., 1941) proposed a number of North American Provincial Ages for 
the Cenozoic. Each North American Land Mammal Age, as they are now 
known, is based on a defining mammalian fauna such as the Puerco or 
Torrejon from the Nacimiento Formation. Although often criticized 
(e.g. Tedford, 1970 and Woodbume, 1977), these units remain one of 
the most reliable chronologic frames of reference for the Cenozoic Era.

The Wood Committee proposed five land mammal ages for the 
Paleocene: Puercan, Dragonian, Torrejonian, Tiffanian, and

Clarkforkian. I follow Tomida (1981) who considered the Dragonian a 

subdivision of the Torrejonian. It is early Torrejonian. The 

Clarkforkian is now considered latest Paleocene and earliest Eocene 
(Rose, 1980).
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Wood et al. (1941, p. 9) defined the Torrejonian as a "-new 

provincial term, based upon the Torrejonian formation of the San Juan 
Basin, New Mexico, type locality, the heads of Arroyo Torrejon;..
The Wood Committee defined the Torrejonian (Provincial) Land M ammal 
Age by the following taxonomic criteria:

First appearance: Chriacus. Psittacotherium, Didymictis,
Pantolambda, Claenodon, Tetraclaenodon

Last appearance: Ellipsodon, Eucosmodon, Haploconus
Index fossils: Conoryctes, Deltatherium, Mioclaenus. Triisodon

Characteristic fossils: Anisonchus. Periptychus, Ptilodus
This obsolete definition is updated in the present study.

Butler, Gingerich, and Lindsay (1981) correlated the San Juan 
Basin magnetic polarity column with the magnetic polarity time scale 
of Ness, Levi, and Couch (1980). The Torrejonian Land Mammal Age 

extends from approximately 59.7 ma to 63.5 ma, according to this
correlation



CHAPTER 2

BIOSTRATIGRAPHY

The biostratigraphy of the San Juan Basin presented here is 

primarily that from four areas within the basin. Each of these areas 
is the site of a detailed magnetic section within which fossil localities 
are placed stratigraphically. The magnetic sections, all within the 
Nacimiento Formation, are the Kutz Canyon, Ojo Encino, Yuki’s Croc, and 
Little Pocket magnetic sections.

The stratigraphic position of University of Arizona Laboratory 
of Paleontology (UALP) fossil localities from these four areas is 
determined by lithological correlation with the respective magnetic 
sections. The. Kutz Canyon and Ojo Encino magnetic sections were 

reported previously (Lindsay, Jacobs, and Butler, 1978; Taylor and 

Butler, 1980; and Lindsay, Butler, and Johnson, 1981). The Yuki’s Croc 

and Little Pocket magnetic sections are reported here for the first time.
The magnetic sections comprise a series of paleomagnetic sites.

A magnetic site contains at least three magnetic samples. Details of 
collecting methods, laboratory techniques, results of magnetic polarity 
determinations, Curie point determinations, reliability of the magnetic 

data, and correlation of the Kutz Canyon and Ojo Encino magnetic polarity 

column with the magnetic polarity time scale have been published else
where (Butler and Taylor, 1978; Taylor and Butler, 1980; and Lindsay 
et al., 1981).

7
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The presence of unquestionable Torrejonian fossils in the 

Yuki's Croc and Little Pocket strata and the absence of such fossils 

from all magnetozones except magnetochrons 26 and 27 and the reversed 
magnetozone between them permit correlation of the Yuki's Croc and 

Little Pocket magnetic sections with the reversed magnetozone between 

magnetochrons 26 and 27.

Kutz Canyon

Kutz Canyon is a large exposure of badlands about 11 miles 
(17 kilometers) south of Bloomfield, New Mexico. It is an area about 
14 miles (23 kilometers) long and 9 miles (15 kilometers) wide.

Workers from The University of Arizona recovered 457 identi

fiable mammal specimens from 34 UALP localities in Kutz Canyon 
(Figure 2). The 32 localities that yielded at least one identifiable 
specimen and could be correlated stratigraphically with the Kutz Canyon 

magnetic section were used in interpreting the biostratigraphy. The 

278 specimens recovered by the 1948 University of Kansas party (Wilson, 

1956a) are included in the biostratigraphy.

The Kutz Canyon magnetic section (Figure 3) includes 231 sites 
over a stratigraphic interval of about 1300 feet (400 meters). It 
represents a composite of eight individual sections measured in a sin

gle continuous exposure. These sections are correlated lithologically.
The total thickness of the useful Kutz Canyon magnetic polarity 

section is about 1100 feet (335 meters). The mammalian fauna is from 

about 540 feet (165 meters) of the section; only those rocks found from



Bi g P o c k e t

^ A n g e l
P e a k

P a l e o m a g n e t i c
S e c t i o n

U A L P
F o s s i l  L o c a l i t y

3 Km
G r a n g e r  ( 1 9 1 7 )  
F o s s i l  L o c a l i t y

Figure 2. Map of Fossil Localities and Paleomagnetic Sections in Kutz Canyon VO
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the 306 to 845 foot (93 to 257 meter) stratigraphic elevations are 
fossiliferous. A large number of localities are clustered in the 
500 to 535 foot (152 to 163 meter) stratigraphic interval* This 
interval includes Wilson’s (1951) Big Pocket locality. Only one large 
UALP locality falls outside of this interval; UALP locality 7671 is 
at the 631 foot (192 meter) level.

The Kutz Canyon fauna is recovered from magnetochron 27 and 
the reversed magnetozone overlying it (Figure 4). UALP localities 

7896 and 7897 are from within magnetochron 27; the remaining 30 UALP 
localities fall within the overlying reversed interval. No specimens 
were recovered from strata deposited during magnetochron 26.

The mammals below make the:
in the Kutz Canyon fauna.

Plesiolestes wilsoni?
Peradectes encinensis 
Acmeodon secans 
Chriacus pelvidens 
Claenodon ferox 
Deuterogonodon noletil 
Deuterogonodon cf. I), montanus 
Goniacodon levisanus 
Triisodon quivirensis 
Microclaenodon assurgens 
Mioclaenus turgidus

The taxa below may have made

first San Juan Basin appearance

Ellipsodon grangeri 
Ellipsodon aquidens 
Kutzia caelicolensis 
Anisonchus sectorius 
Protictis haydenianus 
Protictis robustis 
Proticits vanvalenl? 
Protictis sp.
Conoryctes comma 
Conoryctella sp. 
Psittacotherium multifragum

their first San Juan Basin

appearance earlier than or contemporaneous with the Kutz Canyon fauna, 

but this is indeterminate. These taxa are recovered from other

localities known to fall within the reversed magnetic interval between 

magnetic chrons 26 and 27, but their exact position within this 

reversed interval is unknown (see discussion of Little Pocket and 
Yuki’s Croc magnetic sections below).
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Corlphagus encinensls 
Pentacodon Inversus 
Mixodectes malaris 
Deltatherlum fundaminis 
Chriacus baldwini 
Mimotricentes subtrigonus

Coriphagus encinensis. Chriacus

Promioclaenus lemuroides 
Promioclaenus acolytus 
Protoselene opisthacus 
Tetraclaenodon puercensis 
Pantolambda cavirictus

baldwini, Triisodon quivirensis
and Haploconus angustus are restricted to the lower half of the long
reversed interval or lower in Kutz Canyon, suggesting that the Little 
Pocket and Yuki’s Croc sections may be low in that interval. If so.
one of these other localities records the first appearance of at least
Pantolambda cavirictus.

The taxa below are restricted to the reversed interval between
magnetochrons 26 and 27 in Kutz Canyon. Their highest San Juan Basin

occurrence is in the Kutz Canyon section. Deltatherium fundaminis is

known from an unknown stratigraphic interval near the mouth of Largo

Canyon and could be stratigraphically higher there, but its presence
at the highest level in Kutz Canyon (UALP locality 7650) casts doubt

on this. Triisodon quivirensis. however, may well be from a higher
stratigraphic level from near the mouth of Largo Canyon.

Coriphagus encinensis Kutzia caelicolensis
Peradectes coprexeches Haploconus angustus
Palaechthon torrejonius Protictis haydenianus
Chriacus baldwini Protictis robustis
Deuterogonodon noletil Protictis vanvaleni?
Deuterogonodon cf. I). montanus Protictis sp.
Ellipsodon grangeri Conoryctella sp.
Ellipsodon aquidens

The presence of Claenodon ferox in Kutz Canyon represents a 

downward extension of its range zone. It was thought to be restricted 

to strata deposited during magnetochron 26 (Wilson, 1956c; Taylor and
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Butler, 1980), Lucas and O1Neill (1981) reported Pantolambda 

cavirictus from Kutz Canyon at a stratigraphic level approximately 33 
feet (10 m) above UALP locality 7435. Subsequent measurement shows 

their Pantolambda locality (University of New Mexico vertebrate 
locality 113) to be nearer the level of UALP locality 7671, about 95 

feet (20 meters) stratigraphically higher than the position determined 

by Lucas and O’Neill (1981) (Lindsay, pers. comm., 1981). The presence 
of 2* cavirictus in Kutz Canyon strata represents a downward extension 
of its range zone. This taxon previously had been thought to be 
restricted to strata correlated with magnetochron 26 by Taylor and 
Butler (1980).

Peradectes encinensis, Peradectes coprexeches, Deuterogonodon 
cf. JD* montanus. Kutzia caelicolensis. Protictis robustis, and 
Protictis sp. represent additions to the Kutz Canyon local fauna.

Granger (1917) and Wilson (1951; 1956a) reported localities in 
Kutz Canyon (Figure 3 and 4). Granger’s (1917) American Museum of 

Natural History (AMNH) localities include "l mile west of Angel Peak"

(p. 822), H2 miles west of Angel Peak" (p. 822), "Sec. 26, T.27N., 

R.11W." (p. 822), and "Sec. 3, T.27N., R.11W." (p. 822). His localities 

from near Angel Peak are undoubtedly stratigraphically close to and may 
include UALP localities 7672 and 7673 from near the middle of the re

versed interval beneath magnetochron 26. The locality in section 3 is 
near the stratigraphic level of UALP localities 7642, 7654, and 7656. 

This places the Granger (1917) locality within an approximately 120 foot 
(37 meter) thick interval in the bottom third of the long reversed mag

netozone. Granger’s (1917) section 26 locality appears to be within
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the lower half of the same reversed Interval. This tenuous strati
graphic placement is based on the geographic and topographic position 
of the locality. The fauna from Granger's (1917) localities include 
characteristic Torrejonian taxa except for Protogonodon sp. nov. This 
represents the highest stratigraphic level for this genus if, indeed, 
the specimen is identified correctly. .

Wilson (1951) led a University of Kansas (KU) collecting party 

expedition into the San Juan Basin in 1948. His KU localities 13 and 

14 are included in figure 3. Locality KU 13 is referred to as "Big 
Pocket" and is identical with UALP locality 7435. Locality KU 14 is 
70 feet stratigraphically beneath the Big Pocket locality. The fauna 
from Wilson's (1951) localities are designated on figure 4. Locality 

Ku 13 records the only Palaechthon nacimienti and Prodiacodon sp. 

specimens recovered from Kutz Canyon. The only known specimen of 
Palaechthon torrejonius is from locality KU 14.

01o Encino

The Ojo Encino area is at the head of Arroyo Torrejon, about 
25 miles (40 km) west of Cuba, New Mexico. It includes Sinclair and 

Granger's (1914) AMNH localities 10 and 11, the west and east 
branches of Arroyo Torrejon, respectively. Ojo Encino is the site 

of the original Torrejonian fauna (Matthew, 1897) and is often 

called the "type Torrejonian."

University of Arizona workers recovered 441 identifiable 

mammal specimens from 50 UALP localities near Ojo Encino (Figure 5).
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The 50 localities containing at least one identifiable specimen and 
correlative with the Ojo Encino magnetic section were used in 
interpreting the biostratigraphy.

The Ojo Encino magnetic section (Figure 6) consists of 74 
sites; 53 from Sinclair and Granger (1914) locality 10 and 21 from 

their locality 11. This section is a composite of two shorter sections 
from locality 10 and one from locality 11, correlated with each other 
lithologically. The Ojo Encino magnetic section is 556 feet (169 
meters) thick. The mammalian fauna was recovered from two discrete 
stratigraphic intervals within the magnetic section, as noted by " 
Sinclair and Granger (1914). The upper level, entirely within magnet- 

ochron 26, entends from the 375 to 445 foot (114 to 136 meter) 

stratigraphic levels, it is separated from the lower faunal level by 
about 80 feet (24 meters) of strata. The lower level is entirely 

within the reversed magnetic interval stratigraphically beneath mag- 
netochron 26. This faunal level is about 60 feet (18 meters) thick, 
extending from the 230 to 290 foot (70 to 88 meter) stratigraphic 

levels. Fossil mammals are absent from magnetochron 27 in Ojo Encino.

The upper faunal level from Ojo Encino contains 45 UALP 
localities, whereas the lower level is represented by five localities. 
The majority of specimens from Ojo Encino are from the upper level; 
only 8 of 474 specimens are from the lower level (Figure 7).

The taxa below make their first San Juan Basin appearance 
in the Ojo Encino section. They are all restricted to the strata 
deposited during magnetochron 26.

17
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Cimexalitus matthewi Dissacus saurognathus
Mixodectes pungens Haplaletes dlsceptatrix
Palaechthon wood! Lampadophorua sp. A.
Colpoclaenus cf. C. procyonoides Pantolambda bathmodon

The last San Juan Basin appearance of the taxa below occurs
within the Ojo Encino section. The

from this list.
Mixodectes malaris 
Pentacodon inversus 
Prodiacodon 
Plesiolestes wilsoni 
Palaechthon nacimienti 
Peradectes encinensis 
Acmeodon secans 
Chriacus pelvidens 
Claenodon ferox 
Mimotricentes subtrigonus 
Goniacodon levisanus 
Mlcroclaenodon assurgens

restricted taxa above are excluded

Mioclaenus turgidus 
Promioclaenus lemuroides 
Promioclaenus acolytus 
Protoselene opisthacus 
Anisonchus sectorius 
Periptychus carinidens 
Tetraclaenodon puercensis 
Protictis haydenianus 
Conoryctes comma 
Psittacotherium multifragum 
Lampodophorus 
Pantolambda cavirictus

Deltatherium fundami'nis and Triisodon quivirensis are re

stricted to the reversed interval beneath magnetochron 26 in the Ojo
Encino section.

The presence of Lampodophorus in magnetochron 26 represents 

a rather lengthy downward extension of the range zone of this genus, 
previously recognized only in the late Paleocene Plateau Valley local 

fauna of Colorado and Bear Creek local fauna of Montana (Patterson, 
1949).

The range zone of Mixodectes malaris is extended upward. 

Tsentas (1981) recently reported M. malaris from a University of 
New Mexico (UNM) Ojo Encino locality (UNM-77-184) that falls within 

magnetochron 26. Previously this taxon was thought restricted to 
the reversed magnetozone beneath magnetochron 26 (Szalay, 1969;



Taylor and Butler, 1980; Taylor, 1981)• However, the presence of 

Me malaris from UALP localities stratigraphically above locality 
UNM-77-184 confirms the range extension of that taxon upward into 
magnetozone 26• M# malaris occurs about 50 feet (15 meters) higher 
than reported by Tsentas (1981).

Sinclair and Granger (1914), Gazin (1968), and Tsentas (1981) 
have reported localities from Ojo Encino. The Sinclair and Granger 
(1914) localities appear restricted to two discrete stratigraphic 
intervals as do the UALP localities. These levels are from within
maghetochron 26 and the reversed magnetozone beneath it.

Gazin’s (1968) locality is described as from the upper zone 
in Sinclair and Granger’s (1914) locality 11. It, therefore, is 
confined to magnetochron 26.

Locality UNM-77-184, reported by Tsentas (1981) is at the 393 
foot (120 foot meter) level of the UALP Ojo Encino magnetic section 
(Figure 6). From Sinclair and Granger (1914) locality 10, this local

ity has yielded the taxa listed below (Tsentas, 1981). This would
represent the only evidence for Chriacus baldwini within magnetochron

26, should the questionable identification prove to be correct.
Ptilodus medaevus 
Ectypodus? sp. 
eucosmodont? 
Mixodectes pungens 
Mixodectes malaris 
cf. Gelastops sp. 
Palaechthon wood! 
Plesiolestes wilsoni 
Acmeodon sp. 
Goniacodon

Taeniodonta
Mimotricentes
Claenodon
Chriacus baldwini? 
Promioclaenus lemuroides 
Promioclaenus acolytus 
Protoselene 
Tetraclaenodon 
Periptychus sp.
Pantodonta cavirictus
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Yukifs Croc

The Yuki's Croc area is geographically intermediate between 
Kutz Canyon and Ojo Encino. The area is about 28 miles (45 kilometers) 
south of Kutz Canyon and 32 miles (51 kilometers) north and west of 
Ojo Encino.

The Yukifs Croc magnetic section (Figure 8) represents a series 
of strata about three miles (5 kilometersJ southeast of Nageezi, New 
Mexico. The strata are exposed about 0.5 to 0.75 miles (0.8 to 1.2 
kilometers) south of New Mexico Route 44 in the NW 1/4, Sec. 17,

T.23N., R.8W. of the Lybrook NW U.S. Geol. Survey Quardrangle Map.

It corresponds to Sinclair and Granger’s (1914) locality 8. The five 
paleomagnetic sites within the 52 feet (16 meters) of the magnetic 

section exhibit reversed polarity. The presence of definitive 
Torrejonian mammals indicates correlation with the reversed magnetozone 

beneath magnetochron 26 as identified in both the Kutz Canyon and Ojo 
Encino magnetic sections. As noted above, the exact stratigraphic 

position of the Yuki’s Croc magnetic section within the correlative 

reversed interval is indeterminate, but may be within the lower half. 

Correlation of this section with the reversed interval beneath 
magnetochron 26 agrees with Sinclair and Granger’s (1914) placement 
of it in their lower Torrejonian level.

Fossil localities occur within the lower 22 feet of this 

magnetic section. The upper four feet of the fossiliferous portion 

of the section contain the typical Torrejonian taxa Coriphagus

encinensis. Deltatherium fundaminis, Triisodon quivirensis % Mioclaenus
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turgidus..Anisonchus sectorlus. and Perlptychus carinldens» 

Lampodophorus is also from this level. Represented by a different 

species than that from Ojo Encino, the presence of Lampodophorus in 
this reversed magnetozone represents a further downward extension of 
the genus. It is the presence of _C. encinensis, D. fundaminis, and 

TC. antiquus that permit correlation of this section with those from 
Kutz Canyon and Ojo Encino.

The lowest faunal level yielded single specimens of Pantolambda 
cavirictis and Ellipsodon yotankae. This represents the second 
occurrence of P. cavirictus within the reversed magnetozone beneath 

magnetochron 26 and may be the lowest occurrence of this taxon in 
the San Juan Basin. E. yotankae may be restricted to this geographical 

area as well as this stratigraphic level. Van Valen (1978) notes that 

the holotype is from these strata, but mentions two lower molars for 
which he provides no locality data. This may be the lowest occurrence 
of the other taxa mentioned above.

UALP locality 7781, from slightly south of the Yuki’s Croc 
magnetic section, appears slightly higher than the section.
Perlptychus carinldens was recovered from this locality.

Little Pocket
The Little Pocket magnetic section (Figure 9) extends through 

strata exposed at the head of Kimbeto Arroyo near Nageezi, New Mexico. 

Geographically this is the University of Kansas locality referred to 
as "Little Pocket" by Wilson (pers. comm., 1977). It includes at 

least part of Sinclair and Granger (1914) AMNH locality 9. Expanded
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slightly by University of Arizona workers, this locality is the 
elongate exposure of strata in Sec. 2, T.23N., R.9W. on the Blanco 
Trading Post U.S.G.S. Quadrangle Map. The magnetic section is from 
near the center of this exposure.

The Little Pocket magnetic section (Figure 9) includes four 

sites over a 50 foot (15.2 meter) stratigraphic interval. All four 
sites clearly exhibit reversed polarity.

The Little Pocket magnetic section is about 50 feet (15.2 
meters) thick with the fossiliferous strata between the 6 and 23 foot 
(1.8 and 7 meter) stratigraphic levels. The five UALP localities within 
this interval have yielded specimens of. Promioclaenus lemuroides, 
Promioclaenus acolytus. Periptychus carinidens. Haploconus angustus, and 

Pantolambda cavirictus. As noted above, this may represent the earli
est San Juan Basin occurrence of ]?. caviristus. It is the third 
recorded occurrence of P. cavirictus from the reversed magnetozone 
beneath magnetochron 26.

Wilson (1956a) reported a large fauna from this area, but his 

locality is only tentatively correlated with the magnetic section. He 

probably recovered his fauna from within the fossiliferous thickness 
represented by the UALP localities. As noted in the Kutz Canyon bio
stratigraphy discussion above, many of the taxa Wilson (1956a) 

recovered from this area may have made their initial appearance in the 
San Juan Basin in this area. Taxa listed by Wilson (1956a) include;



27
Coriphagus encinensis 
Pentacodon Inversus 
Mixodectes malaris 
Mimotricentes 
Chriacus baldwini 
Deltatherium fundaminis 
Protictls haydenianus

Promioclaenus acolytus 
Promloclaenus lemuroldes 
Protoselene opisthacus 
Tetraclaenodon puercensls 
Anisonchus sectorius 
Haploconus angustus

Psittacotherium multlfragum is also from near this locality. 
Museum of Northern Arizona (MNA) specimen PI. 2586 is from northwest 
of Little Pocket, but certainly within Sinclair and Granger's (1914) 
locality 9.

Additional San Juan Basin Localities
Correlation with a magnetic section permits precise strati

graphic placement of localities from the Kutz Canyon, Ojo Encino,

Yuki's Croc, and Little Pocket areas. The stratigraphic position of 

several other San Juan Basin localities is less reliable. These 
localities include both UALP localities and localities from which ear
lier workers recovered Torrejonian mammals. Geographically these 
localities range from near Cuba, New Mexico to near Aztec, New Mexico 
(Figure 1).

Simpson (1959) reported five localities from Cuba Mesa, the 
type area of Cope's (1895) "Euerco Marls." Simpson's (1959) localities 

span a stratigraphic interval of perhaps 400 feet (122 meters); the 
stratigraphic level of the highest locality is not known with certainty. 

The fauna from Simpson's (1959) localities includes specimens of cf. 
Deuterogonodon sp. indesc. (possibly D. noletil, see discussion of 
Deuterogonodon below). and Haploconus angustus. as well as 

Mimotricentes. Psittacotherium. Tetraclaenodon. and Periptychus. In
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Kutz Canyon and Little Pocket Deuterogonodon and Haploconus angustus 
are restricted to strata within the reversed magnetozone beneath 
magnetochron 26. This suggests that the Cuba Mesa localities are 
located within this reversed magnetozone. UALP locality 7884 is also 
Simpson's (1959) locality 226.

Sinclair and Granger (1914) reported AMNH locality 17 from east 
of Ojo Encino; at the head of a tributary to Arroyo Torrejon. Recent 
work has failed to add to Sinclair and Granger's (1914) small col
lection. They correlated this locality with their upper level from 
Ojo .Encino. I include this locality as such.

Sinclair and Granger (1914) correlated their AMNH locality 12, 
from the head of Alamo Arroyo, with the upper level from Ojo Encino. 

This locality is included here at that level on the basis of Sinclair 
and Granger's (1914) work, it was not collected by workers from The 
University of Arizona.

Wilson's (1956a) locality KU 15, from the head of Alamita 
Arroyo, includes part of Sinclair and Granger's (1914) AMNH locality 

13. Both Sinclair and Granger (1914) and Wilson (1956a) correlated 
this locality with the upper level from Ojo Encino. I agree, largely 
on the presence of Pantolambda bathmodon. The fauna reported by Wilson 

(1956a) consists of the taxa below.
Anconodon? sp.
Insectivora? sp. indet. 
Conoryctes comma 
Psittacotherium multifragum 
Goniacodon levisanus 
Dissacus navaj ovius

Mimotricentes subtrigonus 
Mioclaenus turgidus 
Promioclaenus sp. 
Protoselene opisthacus 
Tetraclaenodon puercensis 
Pantolambda bathmodon
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Sinclair and Granger (1914, p. 316) described their AMNH 

locality 14 as "Exposure extensive, but not very fossiliferous•"

They noted that it contains both levels from Ojo Encino• Locality 14, 
not prospected by UALP workers, may very well include both levels and 
is included here as extending through the Torrejonian.

UALP localities 7784 and 77114 are correlated with the Kimbeto 
Arroyo magnetic section (Lindsay, Butler, and Johnson, 1981). They are 
at the same stratigraphic level within magnetochron 27 and represent 
the first appearance of Periptychus. Lindsay et al., (1981) thought 
Sinclair and Granger1s (1917) Periptychus locality from Kimbeto Arroyo 
to be higher than but close to the level of UALP 7784 and 77114.
Tenuous lithologic correlation of Sinclair and Granger's (1914) Kimbeto 
section with UALP magnetic section (Lindsay et al., 1978; Lindsay et 
al., 1981) suggests that Sinclair and Granger's (1914) Periptychus 
level may be from a stratigraphic level some 60 feet (18 meters) higher 

than UALP 7784 and 77114. Because the full extent of magnetochron 27 
is not present in the Kimbeto Arroyo magnetic section the exact posi

tion of the UALP localities within this magnetozone is indeterminate. 

The thickness of magnetochron 27 suggests, however, that it is nearly 
complete and that UALP localities 7784 and 77114 are from near the 
midpoint of magnetochron 27.

UALP localities 7780 and 77112 are from Kimbeto Arroyo at a 

level stratigraphically above the top of the Kimbeto Arroyo magnetic 
section, but lower than the Little Pocket magnetic section. This 
places these localities in the stratigraphic interval spanning the
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boundary between magnetqchron 27 and the reversed magnetozone over- 
lying it, including relatively short segments of both magnetozones.
The presence of Haploconus angustus in locality UALP 7780 support this 
stratigraphic placement. UALP locality 77112, 20 feet beneath UALP 

7780, yielded a single specimen of Periptychus carinidens. UALP 

locality 7780 probably is the lowest stratigraphic occurrence of H. 
angustus.

The stratigraphic position of UALP localities 7782 and 7783 
from Tsosie Arroyo is determined similarly to that of UALP 7784 and 
77114 from Kimbeto Arroyo. The Tsosie localities fall within magnet- 

ochron 27 on the Tsosie Arroyo magnetic section of Lindsay et al.
(1978) and Lindsay et al. (1981). Magnetochron 27 is incomplete in the 

Tsosie Arroyo magnetic section, but, as in the Kimbeto Arroyo magnetic 
section, it is sufficiently long to suggest nearly complete representa
tion. This assumption permits placement of the UALP localities near 

the top of magnetochron 27. UALP 7782 is 26 feet lower than UALP 7783; 
Periptychus carinidens was recovered from both localities.

Sinclair and Granger (1914) reported their locality 15 at the 
head of Tsosie Arroyo. They noted (p. 316) "Upper Torrejon horizon 

extensively exposed but barren. Lower horizon of limited exposure and 

only very sparingly fossiliferous." UALP locality 7664, probably from 

within the boundaries of locality 15, yielded Dissacus saurognathus and 
Claenodon. The apparent absence of diagnostic fossils leaves this 

locality somewhat indeterminate stratigraphically. I tentatively 
include it as extending through the upper and lower zones of Sinclair 
and Granger (1914).



31

\

Locality 16 of Sinclair and Granger (1914), along Canyon Blanco, 
may correspond to strata that UALP workers found to be nearly barren. 
Sinclair and Granger (1914) also found them barren, but considered 
these strata to be of upper Torrejon level. The stratigraphic assign
ment of these strata is questionable.

Sinclair and Granger (1914) reported a Periptychus from AMNH 
locality 3 in Barrel Spring Arroyo. They placed this locality 245.5 

feet (75 meters) above the base of the Nacimiento Formation. This 
falls within magnetochron 27 of the Barrel Spring Arroyo magnetic 
section of Lindsay et al. (1978) and Lindsay et al. (1981). As in 
the Kimbeto Arroyo and Tsosie Arroyo magnetic sections, magnetochron 
27 is incompletely represented. The length of magnetochron represented 

suggests that locality 3 is near the middle of the magnetozone. This 
locality appears to be the lowest stratigraphic occurrence of 
Periptychus. based upon its relative placement above known Puercan 
fossils.

A locality of questionable stratigraphic placement may repre

sent the lower Torrejon level near Chico Springs, about four miles 

north of Barrel Spring Arroyo. This is locality 1 of Sinclair and 
Granger (1914). They assigned it to the lower level "...with a fair 

degree of certainty, ..." (Sinclair and Granger, 1914, p. 311), but 

did not provide a faunal list for the locality. No UALP specimens 
are.from here and its stratigraphic placement remains questionable.

UALP 7888, 7889, and 78132 collectively represent the UALP
Mammal Canyon locality just west of the mouth of Largo Canyon, about
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eight miles east of Bloomfield, New Mexico• These localities are from 

near the base of the exposure• Deltatherium fundaminis» Triisodon 
quivirensis. Mimotricentes subtrigonus, Mioclaenus turgidus, and 
Anisonchus sectorius are known from these localities. The presence of 
Deltatherium and Triisodon, as well as the geographic location of the 

locality, indicate it is correlative with the Kutz Canyon local fauna.
Workers from The University of Arizona recollected two of 

Granger’s (1917) localities near Aztec, New Mexico• Granger’s (1917) 
End of the Draw locality, from which he recovered Periptychus 
carinidens and Deltatherium fundaminis, yielded specimens of Coriphagus 

encinensis, Mimotricentes subtrigonus. Promioclaenus acolytus, and 
Anisonchus sectorius to UALP workers. The presence of Coriphagus and 

Deltatherium indicate this locality is correlative with Sinclair and 

Granger’s (1914) lower level. Should this locality be found to be 
higher than the middle of the reversed magnetozone beneath magnetochron 

27, it would represent the highest known occurrence of Coriphagus 
encinensis.

Granger (1917) reported TPtilodus, Claenodon, Mimotricentes, 
Tetraclaenodon, and ?Protoselene from lower strata in the same draw. 
UALP 7789 is from this region; it yielded a single tooth of Protoselene 
opisthacus.

Granger (1917) reported the taxa below from localities in 

Bohannan, Tucker, Kiffin, and Leper Canyons, from three to eight miles 
(4.8 to 12.9 km) north of Aztec.



Pentacodon 
Mlxodectes
Protictis haydenianus 
Deltatherium 
Claenodon

UALP workers recovered Protictis haydenianus. Chriacus pelvidens, 

Mimotricentes subtrigonus, Mioclaenus turgidus. and Promioclaenus 

acolytus from Bohannan Canyon. The presence of Deltatherium there 

indicates these localities are correlative with the fossiliferous 
interval in Kutz Canyon.

Strata from near Cedar Hill, about 12 miles (19.3 meters) north 
of Aztec, yielded specimens of Tetraclaenodon and Pantolambda 
cavirictus to Granger (1917). He considered the Cedar Hill locality 
"...apparently from a higher level than any of the fossils found 
further down the valley." (Granger, 1917, p. 825). This locality, 
unsuccessfully prospected by UALP workers, maybe higher than those from 
the strata near Aztec, but neither Tetraclaenodon nor Pantolambda 

cavirictus is diagnostic of either of Sinclair and Granger's (1914) 
levels. It is possible that the complete section from the End of the 

Draw locality south of Aztec to Cedar Hill falls within the reversed 
magnetozone beneath magnetochron 27.

UALP 78102, from which Mioclaenus turgidus was recovered, is 
from an indeterminate stratigraphic position within the Aztec to Cedar 
Hill strata.

Three UALP localities from near the middle of the San Juan 
Basin are of indeterminate stratigraphic position. UALP localities 
7499, 7663, and 7667 yielded specimens of Periptychus carinidens and

33
Mimotricentes 
Mioclaenus 
Tetraclaenodon 
Periptychus carinidens
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are probably higher than the Periptychus levels of Barrel Spring, 
Tsosie and Kimbeto Arroyos, Their stratigraphic position remains 
unknown, however•

San Juan Basin Composite

The magnetostratigraphy of the San Juan Basin provides a 
precise framework within which to correlate the fauna. Fossil 

localities are referrable to one of three magnetozones: Magnetochrons
26 and 27 and the reversed interval between them. The composite bio
stratigraphy of the San Juan Basin localities is shown in figure 10.

Protictis haydenianus, Hioclaenus turgidus» Anisonchus 
sectorius. and Periptychus carinidens extend through all three magneto
zones. They, along with Triisodon quivirensis and Haploconus angustus, 

are the earliest appearing Torrejonian taxa in the San Juan Basin, T̂  

quivirensis and H. angustus first appear during magnetochron 27, 
extend into the overlying reversed magnetozone, but are absent from 
magnetochron 26 strata.

The taxa listed below extend from the underlying reversed 
magnetozone into magnetochron 26. Those marked with an asterisk (*) 
do not extend into the lower half of the reversed magnetozone. Those
marked with an x do not extend into

Mixodectes malaris 
Plesiolestes wilsonix 
Palaechthon nacimienti 
Peradectes encinensis*
Acmeodon secans 
Chriacus pelvidens*
Claenodon ferox*
Mimotricentes subtrigonus 
Goniacodon levisanus

the upper third of magnetochron 27.

Microclaenodon assurgensx 
Promioclaenus lemuroidesx 
Promioclaenus acolytus 
Protoselene opisthacus 
Tetraclaenodon puercensis 
Conoryctes commax* 
Psittacotherium multifragum 
Pantolambda cavirictus*



35
The taxa listed below are restricted to the reversed magneto

zone between magnetochrons 26 and 27. Those marked with an asterisk
(*) appear restricted to the lower
marked with an x appear restricted

Coriphagus encinensis* 
Pentacodon inversus* 
Prodiacodon*
Palaechthon torrejonius* 
Peradectes coprexechesx 
Deltatherium fundaminis 
Chriacus baldwini* 
Deuterogonodon noletil

half of this magnetozone. Those
to the upper half.

Deuterogonodon cf. JD. montanus 
Ellipsodon granger!*
Ellipsodon aquidens*
Ellipsodon yotankae*
Kutzia caelicolensis*
Protictis robustus*
Lampadophorus sp. 1$.

The following taxa are restricted to magnetochron 26. Those 

marked with an asterisk (*) are restricted to the upper half of the
magnetozone, Those marked with an

Cimexalitus matthewix 
Mixodectes pungens 
Palaechthon woodix 
Dissacus saurognathusx

The stratigraphic ranges o

x are known from a single locality.
Colpoclaenus cf. procyonoides 
Haplaletes disceptatrixx 
Lampadophorus sp. A.x 
Pantolambda bathmodon*
: the taxa presented here (Figure 10)

are used as part of the basis for the subdivisions of the San Juan 
Basin Torrejonian discussed in the following chapter.
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CHAPTER 3

BIOCHRONOLOGY AND CHRONOSTRATIGRAPHY 
OF THE SAN JUAN BASIN TORREJONIAN

Prior to Sinclair and Granger’s (1914) recognition of two 
discrete faunal levels, the Torrejonian fauna of the San Juan Basin was 

considered a single horizon. They (Sinclair and Granger, 1914) thought 
Baldwin’s collection (Simons, 1963) and that from the AMNH 1892
expedition were from the upper level. Indeed, Osborn and Matthew’s 

(1909) faunal list for the single horizon, their Pantolambda life zone, 
indicates a mixture of both Sinclair and Granger's (1914) levels. Below
is Osborn and Matthew’s (1909) faunal
in this paper.

Ptilodus medaevus 
Ptilodus trovessartianus 
Pentacodon inversus 
Mixodectes pungens 
Mixodectes malaris 
Protictis haydenianus 
Dissacus navalovius 
Dissacus saurognathus 
Triisodon quivirensis 
Goniacodon levisanus 
Microclaenodon assurgens 
Claenodon ferox 
Chriacus pelvidens 
Chriacus baldwini

list. Identity of the taxa is as

Mimotricentes subtrigonus 
Deltatherium fundaminis 
Mioclaenus turgidus 
Promioclaenus lemuroldes 
Promioclaenus acolytus 
Psittacotherium multifragum 
Conoryctes comma 
Tetraclaenodon puercensis 
Haploconus angustus 
Anisonchus sectorius 
Periptychus carinidens 
Pantolambda bathmodon 
Pantolambda cayirictus

Sinclair and Granger (1914) recognized the two levels as 100 

feet (30.5 meters) apart at Ojo Encino and extending from their locality 
11 at Ojo Encino to their locality 15 at Little Pocket. They noted that 

the levels end laterally toward Rio Puerco to the east and tend to be

37
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cut out to the northwest at Ojo Alamo. They found the upper level 

richly fossiliferous eastward and nearly barren to the west, but the 
lower level more productive westward. Granger (1917) noted the appar
ent absence of discrete zones from strata near Aztec, New Mexico. 
Sinclair and Granger (1914) noted that Deltatherium is restricted to 

the lower level. The presence or absence of discrete levels is yet to 

be demonstrated in this area.

Osborn (1929) separated Osborn and Matthew’s (1909) Pantolambda 
life zone into two life zones. His Deltatherium and Pantolambda life 
zones correspond to the lower and upper levels of Sinclair and Granger 
(1914), respectively. Osborn (1929) included Deltatherium fundaminis. 
Mioclaenus turgidus. and Haploconus angustus as characteristic of the 
Pantolambda zone.

Later workers recognized Osborn’s (1929) Deltatherium and 
Pantolambda zones, but doubted their stratigraphic significance.
Matthew (1937) strongly expressed such doubt.

The study of the collections has failed to show any true 
zonal distinctions in these upper and lower collecting levels.
Such species as pass through from one to the other pass through 
without change, nor is there anything to indicate that the 
upper collecting level is later faunally than the other. The 
differences may indicate slight or considerable changes in 
facies, or they may be due merely to the accidents in collecting. 
They are therefore not properly to be called "zones."
(Matthew, 1937, p. 6).

Wilson (1951; 1956a; 1967) believed the differences between the 

Deltatherium and Pantolambda zones to be largely the result of environ

mental changes, with the probable temporal changes less important. He 

(Wilson, 1956a) noted the Coriphagus. Deltatherium. Triisodon, and



Haploconus are restricted to the Deltatherium zone and that Pantolambda
39

and Claenodon are restricted to the Pantolambda zone.

Szalay (1969), in his review of Mixodectes. indicated that M. 
malaris is restricted to the Deltatherium zone and that M. pungens 
appeared to be restricted to the Pantolambda zone.

Taylor and Butler (1980) and Taylor (1981) used the terms 
"Deltatherium zone" and ."Pantolambda zone" as characterized by both 
paleontological and paleomagnetic polarity data. Taylor and Butler 
(1980) considered Deltatherium. Triisodon. Haploconus. and Mixodectes 
malaris restricted to a Deltatherium zone correlative with the reversed 
magnetozone underlying magnetochron 26. They considered Pantolambda 

and Claenodon restricted to a Pantolambda zone correlative with mag
netochron 26.

Recent work by UALP workers and, independently, by UNM workers 
modifies some of the previously held concepts. Tsentas (1981) reported 
the sympatric occurrence of Mixodectes malaris and M. pungens at a UNM 

locality from the Pantolambda zone of Ojo Encino (Figure 6). The bio
stratigraphy presented here (Figure 10) indicates that Szalay (1969) 

was correct, M. pungens is restricted to the Pantolambda zone.
Pantolambda cavirictus is known from the Deltatherium zone. 

Lucas and O'Neill (1981) reported a specimen from Kutz Canyon and 
UALP workers recovered specimens of this taxon from the Deltatherium 
zone at two localities near Nageezi, New Mexico (see discussion of 

Little Pocket and Yuki's Croc magnetic sections above).



Several UALP localities are stratigraphically lower than the 
Deltatherium zone as defined by Taylor and Butler (1980). These 

localities fall within magnetochron 27 or the base of the overlying 
reversed magnetozone (Tomida, 1981); they include UALP localities 7896, 
7897, and 7899 from Kutz Canyon, 7784, 77113, and 77114 from Kimbeto 
Arroyo, and 7782 and 7783 from Tsosie Arroyo,

The magnetostratigraphic interval represented by these locali
ties is that correlated with the Dragonian fauna from central Utah 
(Tomida and Butler, 1981) and therefore within the Dragonian Provincial 
Age of Wood et al, (1941), Tomida (1981) includes the "Dragonian" as 
earliest Torrejonian; it is considered as such here.

The San Juan Basin Torrejonian seems in need of redivision.
The original concept of the Deltatherium and Pantolambda zones 
(Sinclair and Granger, 1914; Osborn, 1929) although expanded by Taylor 

and Butler (1980), is less precise than division based on taxonomic 
range zones. The presence of Pantolambda and Claenodon in the 

Deltatherium zone and the presence of Mixodectes malaris in the 

, Pantolambda zone change the concept of these zones and makes them less 

distinct. The detailed stratigraphy of Kutz Canyon (Taylor, 1981) and 

Ojo Encino (Figure 6) show a distinct barren stratigraphic interval 
between upper and lower fossiliferous intervals. However, the number 
of discrete fossil levels recognized within the fossiliferous inter
vals seem to fulfill a prediction by Wilson (1951, p. 11) that'

"...detailed work would reveal a series of faunules of slightly dif
ferent ages in the Torrejonian stage of the Nacimiento Formation."

40
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Taylor and Butler (1980) suggested abandonment of the "col

lecting zone" or "faunal zone" concepts in favor of the more precise 
"range zone" concept discussed by Woodburne (1977). Such a range zone 
biochronology, intergrated with the magnetic polarity stratigraphy, 
is proposed here.

Periptychus-Loxolophus Chronozone

Tomida (1981) combined biochronology and magnetic polarity 
stratigraphy in naming the Periptychus-Loxolophus chronozone for the 
old Dragonian time concept and by considering the DeItatherium and 
Pantolambda zones of Taylor and Butler (1980) chronozones. Thus Tomida 
(1981) named three chronostratigraphic units (chronozones) that in toto 

correspond chronologically to a biochronological unit (land mammal age). 

I agree with Tomida*s (1981) concept, but find that recent discoveries 

necessitate minor changes in his chronozone.
I accept Tomida*s (1981) Early Torrejonian Periptychus- 

Loxolophus (P-L) chronozone as valid but suggest that the upper bound
ary of this chronozone is somewhat problematical. Tomida (1981) based 
this boundary on the last occurrence of Loxolophus and Oxyclaenus at 
UALP locality 7733, near the base of the reversed magnetozone under
lying magnetochron 27. When limited to UALP data from the San Juan 
Basin and Dragon Canyon (Tomida and Butler, 1980; Tomida, 1981), the 
upper boundary of the P-L chronozone is accurate. Granger (1917), how
ever, reported Protogonodon sp. nov. from Kutz Canyon. Van Valen (1978)
synonymized Protogonodon with the senior synonym Loxolophus. If
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Granger’s (1917) identification is correct, the inexact stratigraphic 
placement of his Kutz Canyon localities means that the range zone of 
Loxolophus may extend farther upward into the reversed magnetozone 

than recognized by Tomida (1981). The joint occurrence of Periptychus 
and Loxolophus, unique to this chronozone, would then extend strati- 

graphically higher than thought by Tomida (1981). Until Granger’s 
(1917) specimen is demonstrated to be from a level younger than UAL? 

locality 7733 from Dragon Canyon, I accept Tomida1s (1981) upper 
boundary for the P-L chronozone.

I also accept Tomida’s (1981) placement of the lower boundary 
of the P-L chronozone coincident with the lower boundary of magneto- 
chron 27. The lowest stratigraphic occurrence of Periptychus is 
presumably near the middle of magnetochron 27 in the Barrel Spring 
Arroyo magnetic section (see above), but clearly is separated from the 

highest Puercan locality by a 173 foot (52.7 meter) thick unfossilif- 
erous stratigraphic interval. Until fossils are recovered from this 

interval, it is most convenient to place the lower boundary coincident 
with that of the base of magnetochron 27.

Thus I accept Tomida’s (1981) concept of the Periptychus- 
Loxolophus chronozone as confined to magnetochron 27 and the base of 
the overlying reversed magnetozone. The P-L chronozone fauna is charac
terized by the occurrence of Periptychus, Loxolophus, and Oxyclaenus 
and by the absence of Deltatherium and Tetraclaenodon. Tomida (1981) 

considered Dracontolestes and Conoryctella restricted to the P-L 
chronozone. The presence of Conoryctella sp. from a higher
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stratigraphic level reported in this paper leaves Dracontolestes as the 
sole genus restricted to this chronozone.

Deltatherium-Tetraclaenodon Chronozone

Tomida’s (1981) Deltathorium chronozone, the Deltatherium zone 
of Taylor and Butler (1980), includes most of the reversed magnetozone 
between magnetochrons 26 and 27; only the basal portion that is included 

within the P-L chronozone is excluded. I choose to call this middle 

Torrejonian chronozone the Deltatherium-Tetraclaenodon (D-T) chronozone 
because it includes the entire range zone of the former and part of that 
of the latter. The base of the D-T chronozone corresponds to the 
earliest appearance of Tetraclaenodon puercensis, the level of UALP . 
Kutz Canyon locality 75139, near the base of the reversed magnetozone. 
The chronozone extends through the range zone of Deltatherium fundaminis 

to the level of UALP Kutz Canyon locality 7650, slightly stratigraphi- 
cally lower than the base of megnetochron 26. The last occurrence of 
Deltatherium is the stratigraphically highest fossil-producing level in 
Kutz Canyon• The next highest fossils are from Ojo Encino localities 

that are near the top of the basal third of magnetochron 26. The lower 

boundary of magnetochron 26 falls within the unfossiliferous interval 
and, until additional fossils are recovered, provides a convenient 
upper boundary for the D-T chronozone.

The joint occurrence of Deltatherium fundaminis and 
Tetraclaenodon puercensis is unique to the Deltatherium-Tetraclaenodon 

chronozone. Haploconus angustus and Triisodon quivirensis are common 
in D-T chronozone, but their range zones extend downward into the



44
Periptychus-Loxolophus chronozone. Taxa presently restricted to the
D-T chronozone are listed below. Those marked with an asterisk (*)
are rare and of little biostratigraphic value.

Coriphagus encinensis Ellipsodon granger!
Peradectes coprexeches* Ellipsodon aquldens*
Deltatherium fundaminis Ellipsodon yotankae*
Chriacus baldwini Kutzia caelicolensis*
Deuterogonodon noletil* Protictis robustis*
Deuterogonodon cf. D̂. montanus*

Pantolambda bathmodon-Hixodectes pungens chronozone

The Pantolambda chronozone of Tomida (1981), the Pantolambda 
zone of Taylor and Butler (1980), was based on the restriction of 

Pantolambda and Claenodon to it and the absence of Deltatherium. 

Triisodon. and Haploconus from it. The range zones of Pantolambda 
cavirictus and Claenodon presently extend downward into the D-T 

chronozone precluding their use as defining taxa for the Pantolambda 
chronozone of Tomida (1981). Consequently revision of the concept of 
this chronozone is in order.

The stratigraphically highest chronozone recognized in the San 
Juan Basin is the late Torrejonian Pantolambda bathmodon-Hixodectes 
pungens (P-M) chronozone. This chronozone includes the range zones of 
both taxa. The lower limit of the M. pungens range zone is at UALP 
localities 7645 and 7573, stratigraphically low in magnetochron 26 
(Figure 7). However, the absence of fossils from any San Juan Basin 
strata from the stratigraphically lower magnetochron 26 permits the 

extension of the P-M chronozone downward to meet the upper boundary
of the D-T chronozone
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This joint occurrence of Pantolambda bathmodon and Mixodectes 

pungens is unique to the chronozone named for them. Other taxa that 
are apparently restricted to this chronozone, but stratigraphically 

limited are listed below.

Cimexalitus matthewi Colpoclaenus cf. (X procyonoides
Palaechthon wood! Hapaletes disceptatrix

Dissacus saurognathus may also be restricted to this chronozone, but
the unknown stratigraphic positions of Matthew’s (1937) specimens
leaves this questionable.

The upper boundary of the P-M chronozone is presently unde
fined. The highest known stratigraphic level from the San Juan Basin 
Torrejonian, UALP locality 7574 from Ojo Encino, is separated geo

graphically and stratigraphically from the next highest fossil level. 

This higher level is within Gingerich's (1976) Plesiadapis praecursor 
range zone, the base of which corresponds to the Tiffanian Land Mammal 

Age. Work is progressing on an attempt to relate Tiffanian range zones 

to a magnetic section. Results thus far are problematical (Butler, 

lindsay, and Gingerich, 1980; Butler, Gingerich, and Lindsay, 1981) and 

do not provide the framework for defining an upper boundary for the P-M 
chronozone.

Sloan (pers. comm., 1979), as noted by Tomida (1981), divided 
the Paleocene land mammal ages into a number of zones, probably bio- 
chrons based on range zones. Sloan, however, did not state the basis 

on which he defined his zones. Sloan's Torrejonian zones are, in 
ascending order, the Anisonchus dracus (Top , Deltatherium-Deuterogonodon
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(To^), and Pantolambda (Tog) zones• His Pantolambda zone included 
Pronothodectes matthewi (Toga) and Pronothodectes jepi (Tog^) subzones. 
Tomida (1981) stressed the recognition of his chronozones rather than 

any previous subdivisions, including Sloan’s, because of their more 

rigorous definition. I agree and extend this idea to include the 

Deltatherium-Tetraclaenodon and Pantolambda bathmodon-Mixodectes 
pungens chronozones.

The Periptychus-Loxolophus chronozone probably represents a 
Time interval equivalent to the Anisonchus dracus zone (Tomida, 1981). 
The Deltatherium-Tetraclaenodon and Pantolambda bathmodon-Mixodectes 

pungens chronozones of this paper appear to correspond to the same time 
intervals represented by the Deltatherium-Deuterogonodon and Pantolambda 
zones of Sloan (pers. comm., 1979)•

Use of Deuterogonodon to characterize the lower zone is 

questionable as this genus has not been shown to be restricted to this 
level. Indeed, its range zone may well extend into the P-M chronozone 
(see below). Pantolambda bathmodon is the only species restricted to 

the upper Torrejonian; P. cavirictus is known from the middle 
Torrejonian D-T chronozone.

Sloan’s (pers. comm., 1979) use of Gingerich’s (1975) 

Pronothodectes matthewi and Pronothodectes jepi range zones as subzones 
of his Pantolambda zone remains unsubstantiated. Neither JP. matthewi 

nor JP. jepi are known from the San Juan Basin; they are from the Crazy 

Mountain Field and Bighorn Basin, respectively. Correlation of the 
magnetic-polarity stratigraphy of the Bighorn Basin with that from the



San Juan Basin is problematical (Butler et al., 1980; Butler et al., 
1981); that from Crazy Mountain Field has yet to be determined. Com

parison of the Torrejonian faunas from these localities with the San 
Juan Basin localities is included below.



CHAPTER 4

FAUNAL COMPARISONS 

Intrabasinal Comparisons
The faunas compared here are separated chronostratigraphically. 

They were collected from strata from within the Periptychus-Loxolophus 

(P-L), Deltatherium-Tetraclaenodon (D-T), or Pantolambda bathmodon- 
Mlxodectes malaris (P-M) chronozone.

The faunas from within the P-L and D-T chronozones differ only 
slightly (Table 1). Of the seven taxa reported by Tomida (1981) (cf. 
Paromomys, Protictis haydenianus, cf. Loxolophus kimbetovius, Triisodon 

quivirensis. Mioclaenus turgidus, Anisonchus sectorius. and Periptychus 
carinidens), the D-L chronozone fauna lacks only cf. Paromomys and 
perhaps Loxolophus (see above). UALP workers intensively investigated 

strata deposited during the P-L chronozone only to find them sparsely 
fossiliferous. Absence of several common characteristic D-L chronozone 
taxa from the lower strata in the San Juan Basin and from the P-L 
chronozone in Utah indicates that their absence is one of stratigraphy, 
not collecting. The taxa in question include Mlxodectes, Coriphagus, 

Conoryctes. Deltatherium, Deuterogonodon, Microclaenodon, Tetraclaenodon, 

and Anisonchus sectorius.

Comparison of, indeed even recognition of the discreteness of, 
the faunas from strata deposited during the D-T and P-M chronozones 
long has been problematical. Sinclair and Granger (1914) and Osborn
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(1929) recognized them as chronologically distinct, but Matthew (1937) 
and Wilson (1951; 1956a; 1967) thought them accidents of collecting or 

environmental facies of little chronological significance. Recent 
collecting shows that the original basis for definition may have been 
such accidents (Lucas and O'Neill, 1981), but the faunas remain 

distinct from each other.
Wilson (1951; 1956a) interpreted the fauna from the D-T chrono- 

zone as one of a forest border environment and that from the P-M 
chronozone as one of a more riparian environment. Simons' (1960) 
positive comparison of the foot of Pantolambda with that of the extant 

riparian mammal Hydrochoerus supports the concept that Pantolambda also 
inhabited a riparian environment. However, as Tsentas (1981) points 
out, far more data are necessary to demonstrate effectively that 
Wilson's (1951; 1956a) interpretation of the environment is correct.
Two other observations cast some doubt on the notion that the strata 

from within the chronozones represent different environments.

First, Taylor and Butler (1980) used magnetic polarity strati
graphy to demonstrate a relatively short, but clearly distinct chrono
logical separation between the stratigraphically highest D-T locality 
and the lowest P-M locality. They questioned the presence of facies 
differences by noting the lack of lithological differences in the Ojo 
Encino exposures, where the strata representing the two chronozones 
are superposed.

Secondly, Pantolambda. the only demonstrable riparian taxon, is 
known from strata deposited during both chronozones. Three Pantolambda 

cavirictus specimens have been recovered from within the D-T chronozone.
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Similarities between the faunas from within the D-T and P-M 

chronozones of the San Juan Basin (Table 1) support the idea of a 
relatively short chronological separation and only slight differences 
in environmental conditions during them. The numerical data for table 
1 are from recent UALP collecting as well as from Wilson (1956a), 
McIntyre (1956), Wilson and Szalay (1972), and Lucas and O'Neill (1981). 
They include all stratigraphically placed specimens reported to date 
from Kutz Canyon, Ojo Encino, Little Pocket, and Yuki'.s Croc localities. 
Wilson's (1956a) data for his KU locality 15 are excluded as accurate 

stratigraphic placement of the locality remains somewhat questionable.

I consider it within the P-M chronozone, as did Sinclair and Granger 
(1914) and Wilson (1956a), but Tsentas (1981) notes the lack of strati

graphic data independent of the fauna.
The total number of specimens recovered from strata of the D-T 

chronozone is greater than that from the P-M chronozone strata (Table 
1). The relative abundance (Table 2 and Figures 11 and 12) of most 
major groups and the large geographical area in which strata from each 
chronozone are exposed, however, indicate that the large differences in 
abundance of some taxa from one chronozone to the other are real. They 
probably result from some environmental preference. Also, the abundance 
ratio of most species with a preference is greater than that expected 
from chance recovery. At least 19 species* are common to strata from 

both chronozones within the San Juan Basin. Nine of these species are 
represented by greater than 20 specimens: Seven are much more abundant
in the D-T chronozone, one is much more abundant in the P-M chronozone, 
and one is distributed nearly evenly. Five less well represented
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species show differences in abundance; three appear more abundant in 
localities from within the P-M chronozone. Twenty species, some repre
sented by a single specimen, appear restricted to the D-T chronozone 

fauna or lower; ten similarly represented species appear restricted to 
the P-M chronozone fauna.

The taxa listed below are restricted to the Deltatherium

Tetraclaenodon chronozone within the San Juan Basin. Those taxa 
marked with an asterisk (*) are known from less than three specimens.

Eucosmodon sp.*
Mimetodon trovessartianus* 
Coriphagus encinensis 
Pentacodon inversus 
Palaechthon torrejonius* 
Protictis robustis 
Protictis (Bryanicits) sp.* 
Lampadophorus sp. JB.* 
Conoryctella*
Loxolophus sp.*?

Deltatherium fundaminis 
Chriacus baldwini 
Deuterogonodon noletil 
Deuterogonodon cf. D̂. montanus* 
Triisodon quivirensis 
Ellipsodon granger!
Ellipsodon inaequidens* 
Ellipsodon yotankae*
Kutzia caelicolensis* 
Haploconus angustus

more abundant during the D-T
The numbers in parentheses

Below are the taxa that were 
chronozone than during the P-M chronozone. 

indicate the number of specimens from each chronozone, D-T chronozone
listed first.

Mixodectes malaris (29-3) 
Psittacotherium multifragum (9-2) 
Mimotricentes subtrigonus (78-53) 
Mioclaenus turgidus (53-15) 
Goniacodon lavisanus (5-3)

Promioclaenus acolytus (58-19) 
Protoselene opisthacus (31-17) 
Periptychus carinidens (106-27) 
Anisonchus sectorius (81-13)

Using UALP and UNM specimens only, Pantolambda cavirictus is actually 
more abundant (3-1) in the D-T chronozone. However, Simons (1960) 

included an additional 33 San Juan Basin specimens, the exact provenance 
of which is apparently not available. That knowledge would undoubtedly 

change the above ratio of P. cavirictus abundance. Goniacodon levlsanus



is represented poorly enough that its greater abundance here is suspect,
52

At least an additional 16 specimens in the AMNH collection are of 

questionable provenance and would, perhaps, change this ratio.

Promioclaenus lemuroides (36-19) was more abundant during the 
P-M chronozone as Protictis haydenianus (8-2), Claenodon ferox (6-3), 
and Chriacus pelvidens (9-5) may have been.

The taxa below are restricted to the strata deposited during 
the Pantolambda bathmodon-Mixodectes pungens chronozone. An asterisk 
(*) marks those known from less than three specimens.

Ptilodus medaevus* 
Anconodon?*
Pentacodon occultus* 
Cimexalitus matthewi* 
Hixodectes pungens 
Palaechthon wood!

Lampadophorus sp. A*
Colpoclaenus cf. jC. procyonoides 
Haplaletes disceptatrix*
Dissacus saurognathus*
Dissacus navaj ovlus*
Pantolambda bathmodon*

AMNH specimens of Ptilodus medaevus, Dissacus saurognathus* and 
Dissacus navaj ovius are of unknown provenance and may not be restricted 
to this chronozone (Matthew, 1937). Nine Pantolambda bathmodon spec

imens from Wilson's (1956a) locality 15 and an additional 21 AMNH 

specimens (Simons, 1960) are presumably from the P-M chronozone. Six 
AMNH Colpoclaenus procyonoides specimens are from the P-M chronozone 
(Matthew, 1937). Szalay (1969) thought the 62 AMNH specimens of 
Mixodectes pungens to be from the P-M chronozone. Palaechthon woodi 
appears restricted to the P-M chronozone, but all specimens have been 
recovered by underwater screening, a process that has not been ap

plied successfully to strata from within the D-T chronozone.
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The remaining taxa common to the chronozones are listed below. 
Only Tetraclaenodon puercensis is overwhelmingly abundant. Protictis 
vanvaleni and Plesiolestes wilsoni are known from three or less 
specimens.

Plesiolestes wilsoni Protictis vanvaleni
Palaechthon nacimienti Microclaenodon assurgens
Conoryctes comma Tetraclaenodon puercensis

The P-L chronozone in the San Juan Basin is known poorly 
enough that only Periptychus carinidens is represented by more than two 

specimens. The great relative abundance of condylarths from surface 
localities (see below) and the recovery of this fauna from such local

ities makes the presence of 12 condylarths of 14 total specimens unsur
prising. 2* carinidens. however, must be considered a characteristic 
taxon for this chronozone in the San Juan Basin.

The D-T fauna is best characterized by the presence of 
Deltatherium, Tetraclaenodon, and periptychid condylarths. It has 

greater diversity (35 genera, 43 species) than the P-M chronozone fauna. 
It has a greater abundance of condylarths, in part the result of col
lecting bias (see below). Arctocyonids, hyopsodontids, phenacodontids, 

and periptychids are about equally represented, mesonychids may be ab
sent. Deltatherium, Chriacus baldwini, Deuterogonodon, Mimotricentes, 
and Triisodon are characteristic arctocyonids; Mioclaenus, Promio- 

claenus, Ellipsodon, and Protoselene are characteristic hyopsodontids; 

Tetraclaenodon is the only phenacodontid; and Periptychus, Anisonchus, 

and Haploconus are characteristic periptychids. Coriphagus,
Pentacodon, and Mixodectes malaris are characteristic insectivores.



Other mammalian orders are relatively rare, representing 2% or less 
of the total fauna.

Underwater screening was more successful in strata from within 
the P-M chronozone. Consequently ptilodont multituberculates and small 

insectivores, as yet unidentified to genus, and Palaechthon are quite 
abundant in this fauna. Their abundance changes the relative abundance 
of taxa from this chronozone when included in the total (Table 2), 
probably providing a less biased collection than when only surface 
localities are included.

The differences between the faunas from the D-T and P-M chrono- 
zones appear to be real. However, evidence is lacking from which to 
determine the reason for the differences. The decreasing diversity of 
the arctocyonids, hyopsodontids, and periptychids through the later 

Paleocene suggests that their diversity decrease from the D-T to P-M 
chronozones may be the result of subtle environmental changes, perhaps 

also related to the increasing phenacodontid diversity. Although the 

faunal changes may fit the larger pattern of change through the 
Paleocene, the cause of the change has yet to be determined. Sloan 

(1969) has suggested that the Paleocene was a time of a warm temperate, 
less equable climate than that of the late Cretaceous or the early 
Eocene. He (Sloan, 1969) cited paleobatanical evidence in support of 
this argument. Paleomagnetic data from rocks of middle Paleocene age 
suggest no major shift in the position of North America from late 

Cretaceous to Early Eocene (Vugteveen, Barnes, and Butler, 1981). This 
does not invalidate Sloan’s (1969) argument, but certainly adds no sup
port for it.
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Interbasinal Comparisons

Large North American Torrejonian faunas outside of the San Juan 
Basin for which numerical data are available are Rock Bench and Swain 
Quarries from Wyoming and various localities, including Gidley and 
Silberling Quarries, from the Crazy Mountain Field of Montana. Smaller 

faunas include Dragon Canyon, Utah, Little Muddy Creek and Keefer Hill 
Shotgun, Wyoming, Willow Creek, Montana, Heart River, North Dakota, Big 
Bend, Texas, Louisiana Oil Well, Louisiana, and Cochrane 11 and Calgary 

Site 2E, Alberta, Canada. Van Valen and Sloan (1966) and Sloan (pers. 
comm., 1979) mention Simon*s Quarry, Wyoming, Medicine Rocks I and II, 

Montana, and Medicine Lake, location not given. Apparently faunal lists 
for these localities are unpublished.

Rock Bench Locality

Rock Bench Quarry is from the Polecat Bench Formation in the 

Bighorn Basin of northern Wyoming. One of the best known Torrejonian 

localities, it was collected and studied by workers from Princeton 
University (Jepsen, 19301 1940). More recently work in the Bighorn 
Basin has been under the leadership of Gingerich from The University of 
Michigan (Gingerich, Rose, and Krause, 1980).

The faunal list from Rock Bench Quarry includes at least 59 
species and 39 genera of mammals (Table 3). Extensive quarrying pre
sumably has removed the bias inherent in exclusively surface or 

screening localities, making the faunal composition (Table 3 and Figure 
13) valid for comparative purposes. Condylarths dominate the fauna, 
with hyopsodontids most common and arctocyonids also abundant.
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Phenacodontids are relatively rare. Periptychids are very rare; only 
the smaller anisonchines are present. Multituberculates, insectIvores, 
and primates are represented about equally and show considerable diver
sity. Mesonychids, taeniodonts, miacids, and pantodonts are quite rare.

Litomylus cf. L. dissentaneus, Litaletes cf• 1L. disjunctus, and 
Promioclaenus acolytus are common hyopsodontids, Chriacus and 
Mimotricentes are common arctocyonids, and Tetraclaenodon puercensis is 
the only phenacodontid. The poorly represented Anisonchus sectoring is 
the only periptychid. The most dominant multituberculate is Ptilodus 
wyomingensis. Plesiadapid primates, including Pronothodectes jepi» and 
carpolestid primates are present, but Plesiolestes problematicus is 
dominant by a large margin. The most dominant insectivores are 

Gelastops parcus and Aphronorus.

The Rock Bench Quarry fauna differs from the D-T fauna from the 
San Juan Basin in having greater representation of small mammals, 

probably the result of collecting bias as the latter fauna is domi
nantly from surface localities. Some differences appear due to other 
factors, however. Anconodon, Gelastops, Aphronorus, Eudaemonema, 
plesiadapids, carpolestids, picrodontids, Litomylus, and Litaletes are 
relatively common Rock Bench Quarry taxa that are absent from the D-T 
chronozone fauna in the San Juan Basin. Pentacodon, Mixodectes, 
Deltatherium, Pentero gono don, Triisodon, Mioclaenus, Ellipsodon, 

Protoselene, and Periptychus are common in the San Juan Basin D-T 

chronozone fauna, but absent from Rock Bench Quarry• Phenacodontids 
and periptychids are dominant San Juan Basin D-T chronozone forms that 

are relatively rare at Rpck Bench Quarry.
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The Rock Bench Quarry fauna differs from the San Juan Basin P-M 

chronozone fauna in having primates better represented and more diverse, 
hyopsodontids more abundant, phenacodontids poorly represented, and 
periptychids somewhat less abundant. Anconodon is the only taxon 
missing from the D-T chronozone fauna in the San Juan Basin that is 
present in the P-M chronozone and at Rock Bench Quarry. Mixodectes 
pungens, Palaechthon wood!, and Promioclaenus lemuroides are common San 
Juan Basin P-M chronozone taxa absent from the Rock Bench Quarry fauna.
Phenacodontids are a dominant San Juan Basin P-M chronozone taxon, but

'

are rare at Rock Bench Quarry. Periptychids, less well represented in 
the P-M chronozone fauna than the D-T chronozone fauna of the San Juan 

Basin, are slightly more abundant in the P-M chronozone fauna than at 
Rock Bench Quarry.

The Rock Bench Quarry fauna traditionally is placed within the 
Pantoiambda bathmodon-Mixodectes pungens chronozone because Pantolambda 

and Claenodon are present there (Sloan, 1969; pers. comm., 1979). This 
assignment is questioned here. The species of Pantolambda known from 
Rock Bench Quarry, JP. cavirictus, is now known from both the D-T and 
P-M chronozones in the San Juan Basin, as is Claenodon ferox. Of the 
eight taxa diagnostic of one chronozone or the other in the San Juan 

Basin, six are absent from Rock Bench Quarry. Only Coriphagus. diag
nostic of the D-T chronozone, and Colpoclaenus, diagnostic of the P-M 

chronozone, are also known from Rock Bench Quarry. Fifteen genera are 
common to Rock Bench Quarry and the D-T chronozone in the San Juan 
Basin; eighteen are common to Rock Bench Quarry and the P-M chronozone



in the San Juan Basin. The rarity of some taxa make this difference 

invalid for relative chronological placement of these faunas.
Mlmetodon, the other Rock Bench Quarry taxon that is also in the D-T 

chronozone in the San Juan Basin, is known from two specimens in the 
San Juan Basin. Diagnostic P-M chronozone taxa known from both local
ities are also rare in the San Juan Basin. Colpoclaenus is represented 

by three specimens, Ptilodus and Anconodon by two, and Haplaletes by a 
single specimen from the San Juan Basin.

The presence of plesiadapid and carpolestid primates and hyop- 
sodontine hyopsodontid condylarths does not necessarily indicate the 
age of the Rock Bench Quarry, it simply makes it different from the 
San Juan Basin fauna.

Paleomagnetic samples collected from strata adjacent to Rock 
Bench Quarry exhibit reserved magnetic polarity (Butler, Gingerich, and 
Lindsay, 1981). This indicates that the Rock Bench Quarry strata were 
deposited during a reversed magnetozone, at least not within magneto- 

chrons 26 and 27. Therefore the Rock Bench Quarry fauna cannot be 
contemporaneous with either the P-L or P-M chronozones as recognized in 

the San Juan Basin. It probably falls in either the reversed magneto
zone underlyingjOr the one overlying^magnetochron 26. The similarity 
between the Rock Bench Quarry fauna and both of the major San Juan Basin 
Torrejonian faunas, and the presence of Coriphagus in both Rock Bench 
Quarry and San Juan Basin D-T faunas leads me to assign the Rock Bench
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This assignment creates a problem of chronological correlation 
from the Bighorn Basin to the San Juan Basin, Placement of Rock Bench 
Quarry within the reversed magnetozone beneath magnetochron 26 means 

that some Tiffanian localities from the Bighorn Basin are within 

magnetochron 26. In the San Juan Basin a Torrejonian fauna is within 

magnetochron 26. The Torrejonian and Tiffanian Land Mammal Ages are 

biochrons; they delineate time and cannot overlap. This problem is 
illustrated clearly in Butler, Lindsay, and Gingerich (1981).

There are two alternative explanations for the correlation 
problem between the biochronology of the Bighorn Basin and that of the 
San Juan Basin. First, there may be an error in the magnetic polarity 
column in one area or the other, or both. Secondly, the faunas from 
magnetochron 26 are actually contemporaneous, but differ in composition 
as a result of their being in separate faunal provinces. Both alter

natives have been offered earlier; I prefer the second.
Lerbekmo, Eyans, and Baadsgaard (1979) suggested that the San 

Juan Basin magnetic polarity stratigraphy of Butler et al. (1977), 

Lindsay et al. (1978), and Lindsay et al. (1981), the magnetic polarity 
stratigraphy used in this paper, contains a magnetozone unrecorded in 

the marine magnetostratigraphic column. Removal of this extra magneto
zone, correlated with magnetochron 29 by Lindsay et al. (1978) and 
Lindsay et: al. (1981), would place the P-L chronozone in magnetochron 
28, the D-T chronozone in the reversed magnetozone between magneto- 

chrons 27 and 28, and the P-M chronozone in magnetochron 27. This 
removes the impossible contemporaneity of Torrejonian and Tiffanian
faunas.
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The major objection to Lerbekmo et al.*8 (1979) suggestion is 

that it requires changes in the rates of sedimentation within the San 
Juan Basin for which there is no lithological evidence. Such changes 
in rates of sedimentation do not occur at other levels in the 

Nacimiento Formation of the San Juan Basin. I suggest that the correla
tion of the San Juan Basin magnetic polarity stratigraphy with the 

magnetic polarity time scale by Butler et al. (1977), Lindsay et al. 
(1978), and Lindsay et al. (1981) is correct.

Sloan (1969) proposed two provincial areas for North American 
from the late Cretaceous through the Paleocene. The transitional 
boundary between the northern and southern faunal provinces was near 
the southern boundary of Wyoming. Sloan (1969) based his concept of 
North American Paleocene provinciality on comparison of Paleocene 

localities available to him. Torrej onian faunal provinces will be 
discussed in detail below.

Swain Quarry

The Swain Quarry fauna from the Fort Union Formation of the 
Washakie Basin in southern Wyoming has been known in some detail since 
1964, but was not published until Rigby (1980) reported 51 species and 
41 genera collected by extensive excavation and underwater screening.

Swain Quarry is unique among Torrejonian localities; fossils 

from there were recovered by a massive screenwashing campaign of about 

200 tons of matrix. Rigby (1980) noted the recovery of 28,000 fossil 

mammal specimens. However, he reported only about 7500 such specimens 
in his section on systematics.



61
Swain Quarry is dominated overwhelmingly by multituberculates; 

about 78% of the specimens belong to that order, This probably results 
from the bias of such extensive screening. If the multituberculates are 

excluded from the faunal list, the faunal composition more closely 

resembles that from other Torrejonian localities (Table 3 and Figure 
14). Condylarths dominate the remaining fauna, followed closely by 
primates. Insectivores and miacids are represented about equally, 
taeniodonts are very rare, and pantodonts are absent.

Hyopsodontids are the most abundant condylarth group with 

arctocyonids about half as common. Periptychids are quite rare, but 
both periptychines and anisonchines are represented. Phenacodonts and 

mesonychids are extremely rare. The primates are paromomyids and 
picrodontids. The multituberculates are all small ptilodontoids. 

Carpolestid and plesiadapid primates are absent, but Paromomys» 
Plesiolestes, and Picrodus are common. Rigby (1980) referred 
Plesiolestes problematicus and Plesiolestes wilsoni to Palaechthon. I 

disagree and consider them separate species of Plesiolestes. 
Promioclaenus acolytus is the most abundant hyopsodontid with Litomylus 
dissentaneus. Haplaletes disceptatrix. and Litaletes mantiensis also 
common. Mimotricentes and Chriacus are the most common arctocyonids. 
Tetraclaenodon puercensis is the only phenacodontid present.
Anisonchus, represented equally by A. sectorius and A. willeyi, is the 
most abundant periptychid. Haploconus is represented by a single spec

imen and the larger Periptychus carinidens is relatively rare. The 
dominant insectivores are Acmeodon, Prodiacodon, Propalaeosinopa, and
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Mlxodectes tnalaris. Protictis vanvaleni is the most abundant miacid 
with P. haydenianus and Simpsonictis about equally represented.

Myrmecoboides. Gelastops. Propalaeosinopa. Jepsenella,

Paromomys. Picrodus, Litomylus, Litaletes. and Prothryptacodon are 

relatively common Swain Quarry genera that are absent from the D-T 
chronozone in the San Juan Basin. Deltatherium. Deuterogonodon. 
Triisodon. Mioclaenus. Ellipsodon, and Protoselene are absent from 
Swain Quarry, but common in the San Juan Basin D-T chronozone. Although 
not restricted to the D-T chronozone, Mlxodectes malaris is abundant 
there. Haploconus is restricted to that chronozone in the San Juan 
Basin. Periptychus carinidens is more abundant in the D-T chronozone 
in the San Juan Basin. Periptychids, including carinidens. and 

phenacodontids are common San Juan Basin D-T chronozone mammals rare 

in Swain Quarry. In general, the Swain Quarry fauna differs from the 

D-T chronozone fauna in abundance of multituberculates and primates 

and rarity of phenacodontid and periptychid condylarths.

The Swain Quarry fauna differs similarly from the P-M chronozone 
fauna from the San Juan Basin. Multituberculates and primates are much 
better represented in the former with phenacodontids and periptychids 

more abundant in the latter. Periptychines are much less abundant in 
Swain Quarry and anisonchines are about equally abundant in Swain 
Quarry and the San Juan Basin. No taxa restricted to or most abundant 
in the P-M chronozone of the San Juan Basin are present in Swain Quarry. 
These taxa include Mlxodectes pungens. Palaechthon wood!, Promioclaenus
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lemuroides% and Pahtolambda bathmodon, Haplaletes disceptatrix, 
represented by a single tooth in the P-M chronozone, is common in the 
Swain Quarry*

The Swain Quarry fauna most closely resembles that from Rock 
Bench Quarry. The presence of periptychine periptychids and the 

absence of Coriphagus are the major differences, aside from the over

whelming number of multituberculates. Nineteen genera are common to 
the San Juan Basin D-T chronozone and Swain Quarry, and 18 genera are 
common to the San Juan Basin P-M chronozone and Swain Quarry. 
Protogonodon and Haploconus. although rare, are restricted to the D-T 

chronozone of earlier in the San Juan Basin. Their presence, as well 
as that of Mixodectes malaris lead me to consider the time of deposition 
of the Swain Quarry as within the D-T chronozone as determined in the 
San Juan Basin. Rigby (1980) suggested that five Swain Quarry taxa are 
more advanced than their San Juan Basin couterparts, five are more 

primitive, and eleven are inseparable. His conclusions place Swain 

Quarry within the Torrejonian, but are not useful for more precise 
biochronological placement. Paleomagnetic data are unavailable from 
Swain Quarry strata.

Crazy Mountain Field

The third major Torrejonian fauna is from the Crazy Mountain 
Field, Sweetgrass County, Montana. Paleontological investigation into 

this region began near the turn of the century with Douglass (1920a,b), 
who worked there at least five years• Gidley collected from Crazy 
Mountain Field in 1909 and again in 1930 and 1932 (Simpson, 1937).
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Simpson .collected here in 1932 and 1935 and produced the major study 

of the fauna (Simpson, 1937). The Fort Union of the Crazy Mountain 
Field section includes three lithostratigraphic units: The lower Lebo,
the upper.Lebo, and the Melville Formation (Simpson, 1937). These 
units represent at least 5300 feet (1615 meters) of sediment. The 

Torrejonian fauna is from the Lebo Formation and from about the lower 
400 feet (122 meters) of the Melville Formation.

Although the Crazy Mountain Field Torrej onian fauna extends 
through a 1700 foot (518 meter) stratigraphic interval, it is most 
noted for two localities, Gidley and Silberling Quarries, from which 
most of the specimens were collected (Table 3 and Figures 12 and 15). 
Both quarries are in the upper quarter of the upper Lebo; Silberling 

Quarry is about 50-65 feet (15-20 meters) stratigraphically above 
Gidley Quarry.

Gidley and Silberling Quarry faunas differ from the other Crazy 
Mountain Field localities by having the smaller multituberculates, 
insectivores, primates, and hyopsodontids more abundant (Simpson, 1937). 
They differ similarly from the faunas recovered from Kutz Canyon in the 
San Juan Basin (Taylor, 1981). Simpson (1937) concluded that these 

differences are due to environmental factors, rather than a collecting 
bias. I agree.

Douglass (1920a) noted the chronological equivalence of the 

Crazy Mountain Field fauna and the San Juan Basin Torrejonian fauna. 

Simpson (1937) concurred but noted a greater resemblance to later 

faunas in the Crazy Mountain Field than in the San Juan Basin fauna.



He concluded, however, that this resulted from geographical differences 
rather than chronological separation.

Van Valen and Sloan (1966) placed Gidley and Silberling 

Quarries in the upper half of the Torrejonian; they put stratigraphi- 
cally lower localities in the lower half. Sloan (pers. comm., 1979) 
placed three Crazy Mountain Field localities (localities 65, 78, and 9, 
in ascending order) in his P-L chronozone equivalent, the Anisonchus 
dracus zone. He placed Crazy Mountain Field localities 73, 51, 24, 25, 
and 81 in his D-T chronozone equivalent, the Deltatherium-Deuterogonodon 

zone. Sloan (pers. comm., 1979) thought Gidley and Silberling Quarries 

to be within the lower half of his Pantolambda zone, the P-M chronozone 
equivalent. The faunal list provided by Simpson (1937) certainly does 

not permit such precise age assignment, only the stratigraphic rela

tionships among the localities suggest they are other than contempo

raneous .
Five taxa are known from Crazy Mountain Field localities 65, 78, 

and 9: Ptilodus. Chriacus pugnax (=Thangorodim pugnax), ?Mimotricentes,
Claenodon vercordensis (=Colpoclaenus silberlingi), Tetraclaenodon 

?symbolicus (=T. puercensis). Ptilodus. Mimotricentes, and 
Tetraclaenodon are common throughout the Torrejonian and are of no 
value for more precise correlation. Thangorodrim is present in the 

Puercan and may suggest a young Torrejonian age for locality 78, but 

Colpoclaenus, restricted to the P-M chronozone in the San Juan Basin,

65

suggests a younger Torrejonian age for locality 9.



The localities Sloan (pers. comm,, 1979) assigned to his D-T 
chronozone equivalent yielded no common taxa restricted to that time 
in the San Juan Basin, Deuterogonodon is restricted, but not common;
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Ellipsodon aquilonius (=Promioclaenus acolytus) and Anisonchus sectorius 
are more common in the D-T chronozone than the P-M chronozone, but are 

not restricted to it. Only the presence of Deuterogonodon suggests 

these localities (specifically locality 25) are equivalent in age to 
the San Juan Basin D-T chronozone, but more than the presence of this 
rare taxon is needed for a confident age assignment.

Gidley Quarry has yielded 43 species from 38 genera and 
Silberling Quarry has yielded 24 species within 23 genera. About 60 

species are represented in the entire Crazy Mountain Field Torrejonian. 
Gidley Quarry shares eleven genera with the D-T and P-M chronozone 

faunas from the San Juan Basin. They are listed below; the specific 
name is included if it is present in all three faunas. Those with an 

asterick (*) are also in the Silberling Quarry.

Ptilodus* Protictis*
Prodiacodon 
Conoryctes comma* 
Calenodon 
Chriacus*

Dissacus*
Promioclaenus acolytus* 
Tetraclaenodon puercensis* 
Anisonchus sectorius

Mimotricentes subtrigonus*
The taxa restricted to the D-T chronozone in the San Juan Basin 

are absent from Gidley and Silberling Quarries. The most abundant 
species in the quarries are Ptilodus montanus, Parectypodus Sinclair!, 

Mckennatherium ladae, Aphronorus fraudator, Paromomys maturus, 

Palaechthon aliticuspis, Chriacus orthogonius, Protictis microlestes.
and Promioclaenus acolytus. Only Promioclaenus acolytus is abundant in
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the D-T chronozone fauna of the San Juan Basin; the other species are 
absent from there. Van Valen (1978) reported a new species of 
Deltatherium. I). Durini. from unknown provenance in the Crazy Mountain 
Field. Although restricted to the D-T chronozone in the San Juan Basin, 

the Crazy Mountain Field Deltatherium is of no stratigraphic value in 
Montana.

Species restricted to the P-M chronozone in the San Juan Basin 
are absent from Gidley and Silberling Quarries. Claenodon, although 

represented by a different species in Montana, previously was thought 
to be restricted to the P-M chronozone in the San Juan Basin (Wilson, 
1956a; Taylor and Butler, 1979). This concept is no longer valid. The 

species of Pantolambda known from Gidley Quarry is 1% intermedins, 
described by Simons (1960) as very close in dentition to P. bathmodon. 

The presence of this genus has been the evidence for referring the 
Gidley Quarry to the P-M chronozone. Although the genus is no longer 
restricted to this interval, P. bathmodon is. The age assignment to 

the P-M chronozone appears to be justified at present. This assignment 

must remain tenuous until some independent means of dating this fauna 
is available. The fauna from the Silberling Quarry, similar to and 

stratigraphically close to the Gidley Quarry, is considered of nearly 
the same age. Placement of the Gidley Quarry in the P-M chronozone 

makes it younger than Rock Bench Quarry and creates problems with 

"zones" defined by taxa from these localities. This problem is
discussed below
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The localities in the lower 400 feet (122 meters) of the 

Melville Formation contain no taxa definitive of either the D-T or P-M 
chronozone. They do, however, yield typical Torrejonian taxa and 
stratigraphically overlie Gidley and Silberling Quarries. They are, 
therefore, considered to fall within the P-M chronozone. Locality 27, 

300-400 feet (91-122 meters) above the base of the Melville and about 
600 feet (183 meters) above Gidley Quarry, yields the Tiffanian genus 
Ectocion. The stratigraphic level of locality 28 represents the base 
of the Tiffanian Land Mammal Age in the Crazy Mountain Field. Simpson's 

(1937) Pantolambda sp. from locality 28 was referred to P_. cavirictus 
by Simons (1960).

The assignment of Gidley Quarry to the P-M chronozone and the 

Rock Bench Quarry to the D-T chronozone contradicts the placement of 

these localities within Gingerich's (1976) Pronothodectes matthewi and 

P. jepi zones, respectively. Considering the iepi zone younger 

necessitates placing Rock Bench Quarry stratigraphically above Gidley 
Quarry. However, these species are not superposed at one locality and 

their chronological relationships is not known with certainty. The 
evolutionary lineage I?. matthewl-P. jepi is based on increasing size 
through time, not stratigraphy. Gingerich (1976) noted the difference 
between the species in size, yet their measurements overlap consider
ably. It is possible that the species were contemporaneous or, as 
suggested here, that P. jepi is actually the oldest. The latter would 

necessitate a size decrease, then increase, in the Pronothodectes- 

Plesiadapis lineage rather than the incremental lineage proposed by 
Gingerich (1976). The early decrease and ultimate increase in size.



termed an inverted lineage by Gingerich (1976) was postulated by him 
for the Nannodectes lineage. An inverted lineage for the 
Pronothodectes-Plesiadapis lineage is possible and agrees with the 

assignment of Gidley Quarry to the P-M chronozone and Rock Bench Quarry 
to the D-T chronozone.

Other Torrej onian Localities

Several Torrejonian localities have less extensive faunas than 
the San Juan Basin, Rock Bench Quarry, or Crazy Mountain Field and can 
be assigned to a particular chronozone only tenuously. Cochrane 11 

locality in the Porcupine Hills Formation of Alberta, Canada (Russell, 
1957; Krause, 1978) is assigned tentatively to the P-M chronozone. It 

contains several genera common to either the D-T or P-M chronozones in 
the San Juan Basin, but has Diacodon and Meniscotherium. genera usually 
present in later Paleocene and Eocene faunas. Calgary Site 2E, also 

from the Procupine Hills Formation (Russell, 1957; Krause, 1978) was 

placed in the Tiffanian by Sloan (pers. comm., 1979). The genera, how

ever, are distinctly Torrejonian. Included is Neoclaenodon 
(=Colpoclaenus). restricted to the P-M chronozone in the San Juan Basin. 
On the basis of this genus, site 2E is assigned to the P-M chronozone.

Schiebout (1974) reported on the fauna from the Black Peaks 
Formation of Big Bend National Park, Texas. Earlier Wilson et al.
(1952) and Wilson (1967) had suggested that this formation yielded 
Torrej onian mammals. Schiebout*s (1974) lowest two localities, TMM 

41274 and 41377, contain Ptilodus mediaevus. Promioclaenus acolytus.
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and Periptychus superstes. All are common Torrejonian taxa
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P_. acolytus is more common, in, but not restricted to, the D-T chrono- 

zone of the San Juan Basin. It is restricted to the Torrejonian. 
superstes was originally described from a Tiffanian locality but may 

be contemporaneous with P. carinidens (see discussion of P. carinidens 
below). The presence of JP. acolytus implies a Torrejonian age for 

these localities and the presence of the usually younger Phenacodus 
suggests that TMM localities probably fall within the P-M chronozone. 
This tentative assignment agrees with the general age assignment of 

Wilson (1967), and Schiebout (1974), but is different from that of 
Sloan (pers. comm., 1979) he considers these two localities early 
Tiffanian in age; within the Plesiadapis praecursor zone of Gingerich 
(1976).

Gazin (in Roberts, 1972) identified Tetraclaenodon cf. T. 

symbolicus (probably a specimen of JC. puercensis) from Willow Creek, 

Montana. This locality is 3100 feet (945 meters) above the base of the 
Fort Union and probably within the P-M chronozone as Van Valen and 

Sloan (1966) place it. Stratigraphically equivalent localities from 
the nearby Crazy Mountain Field appear to fall within the Tiffanian 
Land Mammal Age.

The Heart River Locality in the Fort Union of Billings County, 
North Dakota is represented by two teeth of Tetraclaenodon and a single 

tooth of Pantolambda cavirictus identified by Gidley (in Lloyd and 

Hares, 1915). Neither of these taxa is diagnostic of a single chrono

zone, but do place this locality within the middle or late Torrejonian.
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Gazin (1969) reported an unquestionable Torrejonian fauna from 

the Evanston Formation near Little Muddy Creek in southwestern Wyoming. 
This relatively small fauna (56 identifiable specimens) contains 13 

genera and 15 species of small mammals. It particularly lacks the 
common Torrejonian phenacodonts, periptychids, and arctocyonids larger 

than Chriacus. The less common taeniodonts and pantodonts are absent 
as are fish and reptiles, save one turtle fragment (Gazin, 1969).

Little Muddy Creek has taxa representative of Crazy Mountain 
Field (Ptilodus cf. P. montanus. Neoplagiaulax cf. 1J. granger!, 

?Mckennatherium ladae, Aphronorus. cf. Pronothodectes matthewi, cf. 
Litaletes disjunctis. PromioclaenuS cf. £. acolytus. and Haplaletes?), 

of Rock Bench Quarry (Ectypodus near E. powelli. Aphronorus, 
Promioclaenus cf. P. acolytus. cf. Litaletes disjunctus, and 
Haplaletes?), of Swain Quarry (Chriacus cf. £. pelvidens, Promioclaenus 

cf. acolytus. and Haplaletes?). and of the San Juan Basin (cf. 

Torrejonia [™Plesiolestes] wilsoni, Chriacus cf. 2" pelvidens, Chriacus 

cf. 2* baldwini. Promioclaenus cf. P. lemuroides. Promioclaenus cf. 2* 
acolytus, and Haplaletes?). Only two of these taxa appear to have 
chronological significance within the Torrejonian. Promioclaenus 
acolytus in the San Juan Basin is most abundant in the D-T chronozone 
and Pronothodectes matthewi is restricted to the Crazy Mountain Field 
Torrejonian, presumably the P-M chronozone. Haplaletes is known from 
the P-M chronozone in the San Juan Basin, but from a single tooth. I 

tentatively place the Little Muddy Creek fauna in the P-M chronozone.
as defined in the San Juan Basin



The faunal assemblage from the Shotgun Member of the Fort Union 

Formation in the Wind River of Wyoming appears to be somewhat problem
atical. A locality from the upper part of the member on the west side 

of Shotgun Butte yielded Phenacodus and Plesiadapis cf. P\ cookei 
(Keefer and Troyer, 1956). These taxa indicate a Tiffanian or younger 

age for this locality. Gazin (in Keefer, 1961) assigned a locality 

from the lower part of the member to the Torrejonian or early Tiffanian. 
He later (Gazin, 1961) thought the fauna, if truly from a single 

horizon, to be late Torrejonian, stating "...further study might 
demonstrate an early Tiffanian age,..." (p. 51).

Patterson and McGrew (1962) reported their "Shotgun local fauna" 

from near the northernmost of twinned buttes. They thought the age to 
be early Tiffanian. Their locality is different from Gazin's (1961). 
MacIntyre (1966) referred to the northernmost of the twin buttes as 

Keefer Hill and the southern butte as Troyer Hill. Patterson and 

McGrew's (1962) locality is, then, at Keefer Hill. MacIntyre (1966) 

considered the miacids from Keefer Hill to be questionably slightly 

progressive relative to Torrejonian species. MacIntyre (1966) 
reported Protictis (Simpsonictis) cf. P_. (Ŝ .) tenuis, cf. Protictis 

(Simpsonictis), Protictis (Bryanictis) cf. P. (B.) microlestes from 
Keefer Hill. P. (Simpsonictis) is known from Tiffanian strata 

elsewhere, but P̂. (Bryanictis) is known only from Torrejonian strata 
elsewhere.

Gazin (1971) described the primates from low in the Shotgun 
Member, concluding that they represent a fauna of late Torrejonian age, 
intermediate between the Gidley Quarry Torrejonian and the Bison Basin
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Tiffanian. He clearly separated his "Shotgun fauna" from the younger 

fauna from higher in the member, near Shotgun Butte. I agree with his 
age assignment (contra Patterson and McGrew, 1962; Sloan, pers. comm., 

1979; and Gingerich, pers. comm., to E.H. Lindsay, 1981). It is sig
nificant that Gazin (1971) noted the possible "mixing of materials 
from different levels." (p. 15). There is no evidence for such mixing 

other than the fauna itself and the collection of several specimens 
from anthills. The fauna from the lower level of the Shotgun Member of 
the Fort Union Formation reported by Gazin (in Keefer, 1961) and Gazin 
(1971) is listed below. Those taxa restricted to the Torrejonian or 
older elsewhere are marked with an asterisk (*).

Ptilodus cf. P. montanus* 
Ptilodus cf. JP. douglassi 
Mimetodon cf. M. silberlingi 
?Anconodon gidleyi* 
Eucosmodon? sp.*
Catopsalis cf. _C. fissidens* 
Peradectes? sp.
Gelastops sp.*
Diacodon? sp.
?Aphronorus sp.*
Pentacodon sp.*
?Zanycteris sp.* 
Pronothodectes intermedins 
Plesiadapis sp.
Palenochtha cf. P_. minor* 
Palaechthon wood!*

Palaechthon near P. alticusois* 
Plesiolestes cf. £. problematicus* 
cf. Torrelonia wilsoni*
Paromomys near JP. depressidens* 
Phenacolemur fremontensis 
Phenacolemur cf. P. frugivorous 
Elphidotarsius shotgunensis 
Carpodaptes sp.
Claenodon cf. ferox*
Mimotricentes near M. subtrigonius* 
Periptychus cf. P̂. carinidens* 
Anisonchus near A. sectorius* 
Promioclaenus sp.*
Litomylus? sp.*
Gidleyina sp. (=Ectocion) 
Pantolambda cf. P. cavirictus*

Palaechthon wood! is the only taxon restricted to the P-M 
chronozone in the San Juan Basin, but the presence of many typical 

Tiffanian taxa suggests that the fauna from the lower level of the 
Shotgun Member may be of late Torrejonian age. Twenty-two of the 32 

taxa (28 genera, 32 species) are elsewhere restricted to the . 
Torrejonian.
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Colpoclaenus keeferl reported by Patterson and McGrew (1962) 

from the lower Shotgun beds may be Torrejonian. The genus is re
stricted to the Torrejonian alsewhere.

The Laudate local fauna from the Goler Formation of southern 
California was first reported by McKenna (1955, 1960). The mammalian 
aspect of the fauna included cf. Neoliotomus sp., and unnamed 

anisonchine periptychid, and an unnamed genus and species referred to 
cf. Mioclaenus. Later, West (1970) added a single specimen of 
Tetraclaenodon puercensis to the faunal list. T. puercensis indicates 
that the Laudate local fauna is of Torrej onian age. Sloan (in West, 
1970) referred the cf. Neoliotomus to cf. II. conventus. a late 

Torrejonian and Tiffanian species. Neither Tetraclaenodon nor 

Mioclaenus are useful for age assignment within the Torrejonian, so 

the Laudate local fauna is not correlative with a particular San Juan 
Basin chronozone. Sloan (pers. coma., 1979) assigned the Laudate 

local fauna to his D-T chronozone equivalent, but I see no reason to 
assign it to a particular Torrejonian subdivision.

The San Juan Basin chronozones are correlative chronologically 
with other Torrejonian localities. The early Torrejonian Eeriptychus- 

Loxolophus chronozone includes localities in Kutz Canyon, Tsosie Arroyo, 
and Kimbeto Arroyo in the San Juan Basin and the Dragon Canyon local

ities of central Utah. The middle Torrejonian Deltatherium- 
Tetraclaenodon chronozone includes San Juan Basin localities through

out most of Kutz Canyon, the head of Kimbeto Arroyo (Little Pocket and 
Yuki's Croc), and the lower strata of Ojo Encino (Sinclair and Granger, 
1914, localities 10 and 11); possibly Rock Bench Quarry in the Bighorn
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Basin and Swain Quarry in the Washakie Basin. The late Torrejonian 

Pantolambda bathmodon-Hixodectes pungens chronozone includes the upper 
strata from Ojo Encino in the San Juan Basin, Gidley and Silberling 
Quarries and probably beds below them in the Crazy Mountain Field, 
Montana, Willow Creek locality from Montana, lower localities from the 
Black Peaks Formation of Big Bend National Park, Texas, the lower Shot

gun fauna of the Wind River Basin, Wyoming, the Little Muddy Creek 
locality of southwestern Wyoming, and Cochrane 11 and Calgary Site 2E 

from Alberta, Canada. The Laudate locality of southern California and 
the Heart River locality of North Dakota cannot be correlated with any 
one of the chronozones defined here. They are, however, of Torrejonian 
age.

Geographical Comparisons
Sloan (1969) suggested that the Torrejonian fauna of North 

America represents mammals from two biogeographical areas. He dis
cussed northern and southern provincial areas separated by a 

gradational boundary in southern Wyoming. Although recent work has 
changed some of the faunal differences between his provincial area, the 
general concept remains valid. Sloan (1969) discussed such a provin
cial division of North American faunas from late Cretaceous through 
Paleocene.

Sloan (1969) characterized the northern provincial area as 
having 1) a higher proportion of plesiadapoid primates, 2) 
stylinodontine taeniodonts more common than conoryctine taeniodonts,

3) hyopsodontines common, 4) Pantolambda less common than in the south,
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and 5) Titanoides and Elphldophorus restricted to it. The southern 

provincial area was described as having 1) a lower proportion of 
plesiadapid primates, 2) conoryctine taeniodonts more common than 

stylinodontine taeniodonts, 3) Oxyacodon as the only hyopsodontine 
present, 4) higher proportion and taxonomic diversity of phenacodontids, 
5) Pantolambda more common than to the north, and 6) Periptychus. 
Mixodectes* Mioclaenus Protoselene. and Eucosmodon restricted to it. 
Primates have been recovered from the south but still compose a much 
smaller portion of the fauna and Schiebout (1974) reported the 
pantodont Titanoides from Texas. Phenacodontids are more abundant in 
the south, but are no more diverse than in the north. Acmeodon,

Pentacodon, Mixodectes. Protoselene. Mioclaenus, and Periptychus are 

unknown from the northern area. Gelastops, Myrmecoboides. 
Propalaeosinopa, Picrodus. and plesiadapid and carpolestid primates are 
unknown from southern Torrejonian localities. Swain Quarry and Shotgun 

faunas from the boundary region contain a mixture of these restricted 

taxa. Swain Quarry has Acmeodon. Mixodectes, Periptychus. Gelastops, 
Myrmecoboides. Propalaeosinopa. and plesiadapid primates (Rigby, 1980). 
Gazin (in Keefer, 1961; 1961; 1971) reported Periptychus, Gelastops, 
and plesiadapid, carpolestid, and picrodontid primates from the Shotgun 
fauna. Little Muddy Creek has a smaller fauna, but its location in 

south western Wyoming places it in the boundary region.

The northern provincial area includes Crazy Mountain Field,

Rock Bench Quarry, and the Canadian sites of Cochrane 11 and Calgary 
Site 2E. The southern provincial area includes the San Juan Basin,
Big Bend, and Laudate localities. Swain Quarry, Little Muddy Creek,



and Shotgun localities are near the boundary; they are transitional 
in nature.

I agree with Sloan (1966) that the Torrej onian fauna of North 
America is separated into northern and southern biogeographic pro
vincial areas. The term "provincial area" is more appropriate than 
"faunal province", "mammalian province", or "biogeographical province" 
because there is no known physical barrier separating the two areas.

The possibility of the Cannonball Sea as a barrier to interarea migra
tion is remote; the precise timing and geographical limits of this sea 
during the Torrejonian are poorly known.

There does, however, appear to be environmental differences 

between the northern and southern faunas. Simpson (1937) compared the 
Ctazy Mountain Field fauna from Gidley and Silberling Quarries with 
that from Crazy Mountain Field surface localities and concluded that 

they represented different environments. He (Simpson, 1937) extended 

his comparison to the San Juan Basin stating that faunas there are 

similar to those from Crazy Moutain Field surface localities.

Taylor (1981) compared Gidley and Silberling Quarry faunas to three 
large localities from Kutz Canyon as well as the total Kutz Canyon 
local fauna. Both workers concluded that the northern fauna had a 
greater abundance of small, presumably arboreal, mammals whereas the 
southern fauna was dominated by larger mammals, particularly 

condylarths. The paleoecological interpretation of these differences 

is that the northern fauna inhabited a more heavily forested environ
ment than existed to the south. Independent evidence for habitat or
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climatic differences is lacking, but further collecting in the San Juan 

Basin localities other than Kutz Canyon indicates the faunal dif
ferences originally observed by Simpson (1937) are real and not due 
to collecting bias.
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Table 1. San Juan Basin Fauna Recovered from Chronozones 
Recognized in This Paper.

Taxon
P—L

Chrondzohe
D-T

Chronozone
P-M

Chronozone

Eucosmodon sp. 3

Ptilodus medaevus 2

Mimetodon trovessartianus 2

Anconodon? 1

Ectypodus? 1

Ptilodontids 9 132

Coriphagus encinensis 1 1

Pentacodon inversus 8

Pentacodon occultus 1

Cimexalitus 1

Mixodectes malaris 29 3
Mixodectes pungens 2 0

Prodiacodon 2 1

Acmeodon 3 4

Plesiolestes wilsoni 2  cf. 3

Palaechthon nacimienti 7 5
Palaechthon torrejonius 1

Palaechthon wood! 2 0

Paromomys 1
Protictls haydenianus 1 2 8

Protictis robustis 6

Protictls vanvaleni 1

Protictis (Branictis) sp. 2

Psittacotherium multifragum 9 2
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Table 1. Continued, San Juan Basin Fauna.
, ' - ' '

P-L D-T P-M
Taxon Chronbzdne Chronozone Chronozone

Lampadophorus sp. A 1

Lampodophorus sp. B 1

Conoryctes comma 4

Conoryctella 2

Loxolophus sp. 1 1

Deltatherium fundaminis 18

Chriacus pelvidens 5
Chriacus baldwlnl 2 ? 41

Colpoclaenus cf. procyonoides 3

Claenodon ferox 3 6

Deuterogonodon 1 2

Himotricentes subtrigonus 78 53

Goniacodon levisanus 5 3

Triisodon quivirensis 1

Triisodon antiquus 3 3
Hicroclaenodon assurgens 2 2

Dissacus saurognathus 1

Pantolambda cavirictus 3 ‘ 1

Pantolambda bathmodon 2

Mioclaenus turgidus 1 53 15

P romioclaenus lemuroides 19 36
Promioclaenus acolytus 58 19

Ellipsodon granger! 2 1

Ellipsodon inaequidens 1

Ellipsodon yotankae 1
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Table 1. Continued. San Juan Basin Fauna.

P-L D-T P-L
Taxon________________ Chronozone Chronozone Chronozone

Protoselene opisthacus 31 17

Haplaletes cf. H. disceptatrix 1

Kutzla caelicolensis 2

Tetraclaenodon puercensls 148 137

Periptychus carinidens 6 106 27
Anisonchus sectorlus 1 81 13

Haploconus angustus 40

TOTAL SPECIMENS 14 799 431

TOTAL GENERA 8 35 30

TOTAL SPECIES 8 43 35



Table 2. Percentage Composition of Selected Torrejonian Faunas

SJB SJB SJB Rock Swain Swain Gidley Silb- CMF CMF 
TAXON Lower Upper Total Bench Quarry Quarry Quarry erling Sfc. Total Dragon
_________________________________________ Quarry W/out With_________Quarry Locs»______________

MULTITUBERCULATA 2.0

Taeniolabidoidea 0.3

Ptilodontoidea 1.7

INSECTIVORA 7.1
PRIMATES 1.2
Plesiadapidae 0.0
Carpolestidae 0 . 0

Others 1.2
MIACIDAE 1.3

TAENI0D0NTA 1.9

22.3 6 . 8 18.6 — — — 78.4

0 . 0 0 . 2 0 . 1 — — 0 . 0

22.3 6 . 6 18.5 — — 78.4

10.3 9.0 16.4 5.2 1 . 1

4.6 1.5 2 0 . 8 39.2 8.5
0 . 0 0 . 0 2.4 0 . 0 0 . 0

0 . 0 0 . 0 2 . 8 0 . 0 0 . 0

4.6 1.5 15.6 39.2 8.5

1.5 2.4 2 . 8 5.1 1 . 0

1.5 1 . 2 0.3 0 . 1 0 . 1

23.8 43.1 8.9 23.7 6 . 2

0 . 0 1.7 0 . 0 0 . 2 3.1
23.8 41.4 8.9 23.5 3.1
18.3 13.8 2.5 16.8 14.8
2 2 . 0 5.1 0 . 0 15.4 1 . 2

2.4 0 . 0 0 . 0 0 . 0 0 . 0

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

19.6 5.1 0 . 0 15.4 1 . 2

5.2 5.2 5.1 5.2 0 . 6

0.3 3.4 2.5 1 . 0 3.1

ooN)



Table 2, Continued, Percentage Torrejonian Faunas

TAXON
SJB SJB SJB
Lower Upper Total

Rock Swain Swain Gidley Silb- CMF 
Bench Quarry Quarry Quarry erling Sfc. 
Quarry W/out With Quarry Locs.

CMF
Total Dragon

CONDYLARTHRA 8 6 . 2 57.8 77.0 41.0 50.4 10.9 29.6 29.4 74.7 36.4 74.1

Arctocyonldae 2 0 . 0 1 2 . 8 18.2 13.3 14.5 3.1 7.1 1 2 . 2 31.6 11.4 8 . 6

Hyopsodontidae 2 2 . 2 15.4 16.3 21.4 32.4 7.0 19.9 13.8 5.1 17.0 45.2

Phenacodontidae 17.5 22.4 19.2 4.1 0 . 2 0 . 1 0.5 1.7 2 2 . 8 4.0 8 . 6

Mesonychidae 0 . 0 0.3 0 . 8 0.5 0.5 0 . 1 0.3 1.7 0 . 0 • 0.4 0 . 0

Periptychidae 26.5 6.9 22.5 1.7 2 . 8 0 . 6 1 . 8 0 . 0 15.2 3.6 11.7

Periptychinae 12.5 4.4 13.0 0 . 0 0.3 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 1 . 8

Anisonchinae 14.0 2.5 9.5 1.7 2.5 0.5 1 . 8 0 . 0 15.2 3.6 9.9

PANTODONTA 0.3 2 . 0 2 . 1 0 . 1 0 . 0 0 . 0 0 . 8 0 . 0 6.3 1.5 0 . 0

Bottom total is greater than 100% because horizontal divisions include several taxonomic levels.
[Rock Bench Quarry data from Gingerich, Rose, and Krause (1980), Swain Quarry data from Rigby (1980), 
Crazy Mountain Field data from Simpson (1937), San Juan Basin data from UALP collection, Dragon data 
from Gazin (1941) and Tomida (1981).]
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Table 3. Comparison of Taxa from Selected Torrejonian Localities

Taxon 1 2  3 4 5 6  7 8 9 1 0 11 12 13 14 15

Ectypodus X ? X X X X X X
Anconodon ? X X
Eucosmodon X X X X
Stigimys X
Ptilodus X X X X X X X X X  X
Mimetodon X X X
Neoplagiaulax X X X X
Parectypodus
Xyronomys

? X X
X

X

Xanclomys
Catopsalis

X
X

X
X X

Mixodectes malaria X X X
Mixodectes pungens 
Eudaemonema

X
X X X

Elphidotarsius X X X X
Coriphagus X X X
Elphidophorus
Pentacodon X X

X
X

Cimexalitus
Aphronorus

X
X X X X X X X

Prodiacodon X X X X
Myrmecoboides X X X
Propalaeosinopa X X X
Jepsenella X X
Mckennatherium X X X X
Leptacodon X X X X X '
Gelastops X X X X X
Acmeodon X X X X
Paleotomus
Palaeoryctes
Prolimnocyon
Stilpnodon
Palaeictops?
Diacodon?
Dracontolestes

X
X
X

Paromomys•
Paromomyid
Palaechthon
Palaechthon wood!
Palenochtha
Plesiol'estes

X X 
X
X

X X X

X X X X X 
X X  X 

X
X

X X
X
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Table 3. Continued, Comparison of Taxa Torrejonian Localities

Taxon 1 2 3 4 5 6 7  8  9 10 11 12 13 14 15

Ignacius X
Pronothodectes matthewi X X X X
Pronothodectes intermedins X
Pronothodectes jepi X
Picrodus silberlingi X X X
Zanycteris X
Plesiadapis X
Phenacolmus X
Carpodaptes X

Protictis haydenianus X X X X cf ? X X
Protictis robusti X
Protictis tenuis X X
Protictis microlestes X X X
Protictis vanvaleni X X  X
Ictidopappus X
Simpsonictis X
Psittacotherium X X  X X X
Lampadophorus X X
Conoryctes X X X  X X X
Conoryctella X X

Pantolambda cavirictus X X X X
Pantolambda bathmodon X
Pantolambda sp. X X
Pantolambda intermedins X
Chriacus pelvidens X X  X X
Chriacus baldwini ? X X X
Chriacus orthogonius X X X X
Deltatherium X ?
Mimotricentes X X X X X X X X X
Claenodon X X X  X X X
Prothryptacodon X X X X X
Pantinomia X
Loxolophus X ? X X
Colpoclaenus X X  X X
Spanoxyodon X
Deuterogonodon X X
Goniacodon X X X X X
Triisodon X X
Microclaenodon X X X
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Table 3. Continued, Comparison of Taxa Torrejonian Localities

Taxon 1 2 3 4 5 6 7 8  9 10 11 12 13 14 15

Litomylus X X  X X
Kutzia X
Litaletes X X X  X X
Protoselene X X X
Haplaletes X X X  X X
Oxytomodon X
Promioclaenus lemuroides X X X
Promioclaenus acolytus X X X X X X X X X X
Jepsenia X
Ellipsodon inaequidens X X
Ellipsodon yotankae X
Ellipsodon granger! X
Mioclaenus turgidus X X X

Tetraclaenodon x x x x x x x x
Phenacodus X
Desmatoclaenus X
Ectocion X

Dissacus navajovius X X  X X  X
Dissacus saurognathus X
Perlptychus carinidens • X X X  X X
Perlptychus superstes X
Perlptychus gilmorei X
Anisonchus sectorius X X X X X X X X
Anisonchus (other spp.) X X
Haploconus angustus X X
Haploconus (other spp.) X X X

1. Perlptychus - Loxolophus chronozone, San Juan Basin
2. Deltatherium - Tetraclaenodon chronozone, San Juan Basin
3. Pantolambda bathmodon - Mixodectes malaris chronozone, San Juan Basin
4. Rock Bench Quarry
5. Crazy Mountain Field, below Gidley Quarry
6 . Gidley Quarry, Crazy Mountain Field
7. Crazy Mountain Field, above Gidley Quarry
8 . Crazy Mountain Field, Melville Fm. to 400 ft. level of Loc. 27
9. Swain Quarry
10. Shotgun, low
11. Big Bend, low
12. Little Muddy Creek

13. Cochran 11
14. Calgary 2E
15. Dragon Canyon
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Figure 11. Percentage Composition of Faunas from the San Juan Basin: A) Fauna from the
Deltatherium-Tetraclaenodon Chronozone and B) Fauna from the Pantolambda bathmodon- 
Mixodectes pungens Chronozone.
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Figure 12. Percentage Composition of Faunas from A) the Total San Juan Basin and B) Surface
Localities from Crazy Mountain Field, Montana. (Numbers represent taxa as indicated 
in Figure 11. San Juan Basin data from UALP collection, Crazy Mountain Field data 
from Simpson, 1937.)

oooo



Figure 13. Percentage Composition of Faunas from A) the Total Crazy Mountain Field, Montana, and 
B) Rock Bench Quarry, Wyoming. (Numbers represent taxa as indicated in Figure 11. 
Crazy Mountain Field data from Simpson, 1937; Rock Bench Quarry data from Gingerich, 
Rose, and Krause, 1980.)
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Figure 14. Percentage Composition of the Faunas from Swain Quarry, Wyoming: A) without
Multituberculates and B) with Multituberculates• (Numbers represent taxa as indicated 
in Figure 11. Data from Rigby, 1980.)
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Figure 15. Percentage Composition of Faunas from A) Silberling and B) Gidley Quarries from Crazy
Mountain Field, Montana. (Numbers represent taxa as indicated in Figure 11. Data from 
Simpson, 1937).
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CHAPTER 5

CONCLUSIONS

Conclusions regarding the systematics of Torrejonian taxa from 

the San Juan Basin are included within the discussion of individual 
taxa. The conclusions listed here are applicable to the definition, 
biostratigraphy, biochronology, and chronostratigraphy of the 
Torrejonian Land Mammel Age.

The Wood Committee (Wood ££ al., 1941) definition of the 

Torrejonian may be emended as follows.
The Torrejonian Land Mammal Age is named for the large 

collection recovered from the head of Arroyo Torreon, near Ojo Encino, 

San Juan Basin, New Mexico. It includes the time previously considered 

the Dragonian Land Mammal Age.

First appearance: Mimetodon. Anconodon. Prochetodon. Microcosmodon,
Myrmecoboides. Palaeictops. Diacodon, Leptonysson, 
Stilpnodon. Leptacodon, Propalaeosinopa. Paleosinopa* 
Pentacodon. Coriphagus, Pantdmimus. Jepsenella. 
Mixodectes. Elphidophorus. Eudaemonema. Acmeodon, 
Gelastops. Avunculus, Palaeoryctes. Pararyctes, 
Palaechthon. Palenochtha, Plesiolestes. Paromomys 
Pronothodectes, Elphidotarsius. Picrodus. 
Conoryctella. Conoryctes. Psittacotherium. 
Lampodophorus. Claenodon, Deuterogonodon. Triisodon, 
Stelocyon. Colpoclaenus, Microclaenodon, Dissacus, 
Litaletes. Mioclaenus, Protoselene, Tetraclaenodon. 
Ictidopappust Protictis, Pantolambda.
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Last appearance: Mesodma?, Myrmecoboldes, Mckennatherium, Leptnonysson.
Stilpnodon. Coriphagus. Mixodectes, Pantomimus, 
Eudaemonema. Avunculus. Pararyctes, Palaechthon, 
Palenchtha. Pleslolestes, Paromomys, Pronothodectes. 
Elphldotarslus, Picrodus, Conoryctella, Conoryctes. 
Pslttacotherlum, Deltatherlum. Spanoxyodon, 
Prothryptacodon. Mimotrlcentes, Desmatoclaenus. 
Deuterogonodon. Goniacodon, Trilsodon. Stelocyon, 
Mlcroclaenodon. Promloclaenus, Ellipsodon. Mioclaenus, 
Tetraclaenodon, Haplaletes. Anlsonchus, Haploconus, 
Oxyacodon. Ictldopappus.

Index Fossils (genera restricted to the Torrejonian Land Mammal Age):
Myrmecoboldes. Leptonysson. Stllpnodon, Coriphagus, 
Pantomimus. Mixodectes. Eudaemonema, Avunculus. 
Pararyctes. Palaechthon, Palenochtha, Plesiolestes, 
Paromomys. Pronothodectes. Elphldotarslus, Plcrodus, 
Conoryctes, Conoryctella. Pslttacotherium, 
Deltatherlum. Spanoxyodon, Prothryptacodon,
Penterogonodon. Triisodon, Stelocyon, Microclaenodon, 
Mioclaenus, Tetraclaenodon.

Characteristic fossils: Northern provincial area only - Eudaemonema.
Palenochtha. Paromomys, Pronothodectes, 
Elphldotarslus.
Southern provincial area only - Mixodectes, 
Deltatherlum. Triisodon, Protoselene, Per 
Periptychus.
Total North American Torrejonian - Ptilodus, 
Coriphagus. Palaechthon. Plesiolestes, 
Conoryctes. Pslttacotherium. Chriacus, 
Mimotricentes, Promloclaenus. Ellipsodon, 
Tetraclaenodon, Pantolambda.

The Torrej onian defined by the faunal characters above is a 
biochronological unit that falls within the middle Paleocene Epoch. 
Measured paleomagnetically it includes the time from the base of 
chronozone 27 to the top of chronozone 26, a span of approximately 
3.8 million years (63.5 ma to 59.7 ma).



94

The Torrej onian of the San Juan Basin can be subdivided Into 

three chronozones on the basis of faunal and paleomagnetic differences. 
The Periptychus-Loxolophus chronozone ranges from the base of magneto- 

chron 27 to slightly above the base of the reversed magnetozone between 
magnetochrons 27 and 26, a span of approximately 0.8 million years. It 
includes the concurrent range zones of Periptychus and Loxolophus. San 

Juan Basin localities from Kutz Canyon, Kimbeto Arroyo, and Tsosie 
Arroyo fall within this chronozone.

The Deltatherium-Tetraclaenodon chronozone includes the 
remainder of the reversed magnetozone beneath magnetochron 26, and 
about 2.4 million years. It includes the entire Deltatherium fundaminis 
range zone and the lower portion of the Tetraclaenodon puercensis range 
zone. Coriphagus encinensis. Deltatherium. fundaminis. Chriacus baldwini, 
Deuterogonodon, and Ellipsodon granger! are important taxa restricted 

to the D-T chronozone in the San Juan Basin. Pantolambda cavirictus 
is present within this chronozone. San Juan Basin localities from 

Ojo Encino, Kutz Canyon, near Nageezi, and near Aztec fall within 
this chronozone.

The Pantolambda bathmodon-Mixodectes pungens chronozone occu

pies at least magnetochron 26; the upper boundary remains undefined. 
Magnetochron 26 is about 0.7 million years long. The range zones of 

the defining taxa are restricted to this chronozone. Five other taxa 
are restricted to the P-M chronozone, but are rare enough to be of 

little stratigraphic value. Only localities from Ojo Encino fall with
in this chronozone
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The P-M chronozone may include the Pronothodectes matthewi 

range zone, but not that of P. jepi. These two taxa may be contempo
raneous or P. jepi may be older (contra Gingerich, 1976). They are not 

subdivisions of the P-M chronozone (contra Sloan, pers. comm., 1979).
Many Torrejonian localities from elsewhere in North America 

can be correlated faunally with those from the San Juan Basin and, 

therefore, assigned to one chronozone or the other. The Dragonian 
localities of central Utah are from within the P-L chronozone. Local
ities here considered correlative with the D-T chronozone include Rock 

Bench Quarry from the Bighorn Basin and Swain Quarry from the Washakie 
Basin, Wyoming. Localities here considered correlative with the P-M 

chronozone are Gidley and Silberling Quarries from the Crazy Mountain 

Field, Montana, Willow Creek, Montana, lower localities from Black 
Peaks Formation, Big Bend National Park, Texas, the lower Shotgun 
Fauna of the Wind River Basin, and the Little Muddy Creek locality of 

Wyoming, and Cochrane 11 and Calgary Site 2E from Alberta, Canada.

Environmental differences separated northern and southern pro
vincial areas during the Torrejonian. Possibly the result of a western 

extension of the Cannonball Sea, they share a transitional boundary 

near the southern border of Wyoming. The northern area is character

ized by the greater abundance and diversity of primates and 
hyopsodontine condylarths, the lower abundance of Pantolambda. and the 
presence of Elphidotarsius. The southern area is characterized by the 

greater abundance of Tetraclaenodon and Pantolambda, the greater 
diversity of anisonchine periptychid condylarths, and the presence of 
Periptychus. Mixodectes, Mioclaenus. Protoselene. and Eucosmodon.



< CHAPTER 6

SYSTEHATICS

Included here Is a discussion of the systematlcs of the San 
Juan Basin Torrejonlan mammalian fauna, exclusive of the Multi- 

tuberculata and the smaller genera of Insectivora. Data were obtained 
from approximately 2000 specimens in The University of Arizona collec
tion, Where warranted the discussion below includes detailed 
descriptions, observed limits of intraspecific variation, and 
stratigraphic or stratophenetic analysis of the taxa.

Abbreviations
The following abbreviations are used throughout this chapter 

to refer to institutions which house specimens discussed.

AMC - Amherst College Museum, Amherst College, Amherst, 
Massachusetts

AMNH - American Museum of Natural History, New York
BYU - Brigham Young University, Provo, Utah
KUMNH - University of Kansas, Museum of Natural History, 

Lawrence, Kansas
MNA - Museum of Northern Arizona, Flagstaff, Arizona

MCZ - Museum of Comparative Zoology, Harvard University,
Cambridge, Massachusetts

TMM - Texas Memorial Museum, University of Texas, Austin, 
Texas

UALP - University of Arizona, Laboratory of Paleontology, 
Tucson, Arizona
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UCMP - University of California, Museum of Paleontology, 
Berkeley, California

UMMP - University of Michigan, Museum of Paleontology, 
Ann Arbor, Michigan

UNM - University of New Mexico, Albuquerque, New Mexico

USNM - United States National Museum, Washington, D.C.
UW - University of Wyoming, Laramie, Wyoming

Definitions
Several potentially ambiguous terms are used in describing 

dentitions in this chapter. Ambiguity is avoided by restricting the 
definitions to those listed below.

Short and long - applied to an entire tooth, these terms
describe the anteroposterior dimension

- applied to an individual cingulum, cingulid, 
or cristid, these terms describe the greatest 
dimension

Wide and narrow - applied to an entire tooth, these terms
describe the transverse direction

- applied to an individual cingulum, cingulid, 
or cristid, these terms describe the 
smallest dimension

Short and tall - applied to an individual cusp, the trigonid, 
or the talonid, these terms describe the 
height

Internal - applied to an individual tooth, this direction
is toward the occlusal surface center

External - applied to an individual tooth, this direction
is away from the occusal surface center

Dental nomenclature for metatherian mammals used here is that 
described by Clemens (1966).
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Dental nemenclature for eutherian mammals used here (Figure 16) 

is modified from Szalay (1969b). I prefer Van Valen's (1966) 
"ectostylid" as distinct from the "ectocingulid" of Szalay (1969b). It 
appears to me that the ectostylid is a cuspule rather than a remnant of 

an ectocingulid. I prefer the directional term "labial" to "buccal."
Terms used here for the first time include centrocristid, 

premetacristid, and postmetacristid on eutherian lower molars, pre- 
flexus and postflexus on eutherian upper molars (Figure 16), and 
precristid and postcristid on eutherian lower premolars (Figure 17).

The centrocristid is the crest extending medially across the 
trigonid basin. It is anterior of the protocristid and extends from 
the protoconid to the metaconid.

The premetacristid refers to the crest extending anteriorly 
from the metaconid apex connecting that cusp with the paraconid. The 

postmetacristid refers to the crest extending posteriorly from the 
metaconid apex.

The preflexus is an indentation on the anterior margin of the 
upper molar. The postflexus is its posterior counterpart.

Precristid and postcristid refer, respectively, to the crest 

on the anterior and posterior of the protoconid of lower premolars.

Measurements

Measurements provided here were taken as shown in figure 18. 

Definitions refer to greatest length (L) and greatest width (W) on



both upper and lower teeth and anterior width .(AW) and posterior width 
(PW) on lower teeth. The anterior width and posterior width are 
equivalent to trigonid width and talonid width, respectively.

All measurements are in millimeters (mm.) unless otherwise noted.
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Figure 16. Nomenclature for Mammalian Molars as Used in This Paper.
(Upper Diagram is of an Upper Left Molar, Lower Diagram 
is of a Lower Right Molar. Adapted from Szalay, 1969b.)
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Figure 18. Measurement of Mammalian Molars as Used in This Paper.
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Order Marsupialla Illiger, 1881 

Family Didelphidae Gray, 1821

Genus Peradectea Matthew and Granger, 1921.
Peradectes Matthew and Granger, 1921, p. 2.
Thylacodon Matthew and Granger, 1921, p. 2.
Emended Diagnosis, (Emended from Simpson, 1935a, p. 10).

Dental formula ?.1.3.4/?4.1.3.4. Canine moderate, very small, 
apparently with only one root. P^ slightly larger than p|. M*”^

trigonal, paracones nearly as large as metacones, broad stylar shelf, 
four distinct stylar cusps, stylar cusp E indistinct or absent, conules 

distinguishable but vestigial, no basal cingula on protocone. M^ 

reduced, transverse, paracone slightly larger than metacone. Lower 
molars of completely didelphine pattern. Trigonids elevated, paraconids 

distinctly higher than entoconids. M^ as long as M3  but narrower and 

heel reduced.
Peradectes encinensis. n. sp. (Table 4).
Holotype. UALP specimen 9071, left M*-, UALP locality 75108,

Ojo Encino, Nacimiento Formation, San Juan Basin, New Mexico.
Hypodigm. The holotype and UALP specimens 8759 (R TMg talonid), 

9063 (L ?M2), 9307 (RM? talonid), 9309 R ?M4  talonid), 9310 (R TMg 
talonid), 1203 (L ?M2), 13702 (R ?M2), 14551 (RM? talonid), and 14596

1. Clemens (fide Standhardt, 1980) referred Thylacodon pusillus 
Matthew and Granger to Peradectes Matthew and Granger.



(RM? trigonid), locality 75108; 9101 (RM^) and 9308 (RM? talonid), 

locality 7574; and 8575 (R partial dentary with > locality 7541
from Ojo Encino.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Ojo Encino, Nacimiento Formation, San Juan
Basin, New Mexico.

Diagnosis. Relatively large Peradectes; Mj larger than most 
species and longer than ]?. pusillus; M^ is longer than most species and 
within the range of JP. pusillus and wider than ]?. pauli. slightly 
wider than eP. sp. and within the range of P̂. pusillus.

M^ differs from that of ]?• pusillus in having a shallow ecto- 
flexus, lacking the crista from the metacone to stylar cusp D, having 

a narrower stylar shelf, and having a wider valley between the meta- 
conule and metaconid and a less distinct prernetaconular crista.

Mg differs from that of ]?. pusillus in having a shorter pre- 
cingulid.

Etymology. Named for Ojo Encino, the area from which the 
specimens were recovered.

Description. Mj and ^  of Peradectes encinensis are identified 
with certainty from the UALP collection. M^ differs from Mg in having 
the talonid slightly shorter and narrower with the paraconid less lin
gual, the protoconid less labial, and the paracristid shorter. The less 

worn Mg is used as the basis for this description. The crown leans lin
gual ly. The trigonid is considerably taller than the talonid; they are 
approximately equal-sized. The triangular protoconid is the largest and 

tallest cusp. It leans anteriorly and has a strong paracristid and an
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equally strong higher postcristid. The paracristld has a slight 
medial carnassiform notch and reaches the paraconid apex. The post
cristid, with a simple notch, extends onto the metaconid. The low, 

anterior paraconid is subconical and leans anteriorly. It is narrower 
anteriorly. The nearly vertical conical metaconid is larger and 

taller than the paraconid; it is smaller and slightly apically 
shorter than the protoconid. The metaconid is slightly farther 
posterior than the protoconid apex and slightly more lingual than the 

paraconid. The premetacristid is absent. The narrow postmetacristid 
extends to the entoconid. The triangular hypoconid is the largest 

talonid cusp. Similar to the protoconid, it is longer and about as 
wide, but extends farther labially. The low cristid obliqua is 

directed anterolingually and terminates on the talonid wall just 
lingual of the protoconid apex. A well developed cingulid extends 
from the hypoconid posterolingually across the talonid to the small 

lingual hypoconulid. The hypoconulid, the most posterior cusp, is 
just posterolabial of the larger entoconid. It is conical, posteriorly- 
leaning, and connected to the entoconid by a slight cristid. The ovate 

entoconid is directly opposite the hypoconid apex, and slightly 
apically shorter than the hypoconid. It is vertical with a short 
slight entocristid continuous with the postmetacristid. The talonid 

notch is high, closing the talonid basin lingually. The basin is 

circular and deep. The hypoflexid is shallow and relatively narrow.

The strong precingulid descends across the anterior margin of the 
paraconid to the anterolabial basal margin of the protoconid. The
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similar postcristid descends across the posterior margin of the 

hypoconid from the labial margin of the hypoconulid to the postero- 
labial margin of the hypoconid. The lower molars have two roots. The 
smooth enamel extends lower beneath the talonid and is overall lower 
on the labial side.

is the only upper molar of encinensis known. It is 
triangular, very broad labially, and has a slight shallow ectoflexus. 
The anterior margin is straight whereas the posterior margin is broadly 
V-shaped. The paracone and metacone are conical, lean labially, and 
wear to a V-shaped pattern. The metacone is slightly larger and 
taller than the paracone. The short distinct paracrista extends 

posteriorly to the mediolingual margin of stylar cusp B. The stronger, 

longer metacrista sweeps posterolabially to the posterolabial corner 
of the tooth. The indistinct centrocrista is labial of the apices 
of the paracone and metacone. The stylar shelf widens posteriorly 

and supports cusps A, B, C, and D. The stylar cusps are ovate, 

connected by cristae, and decrease in size in the order B, C, D, A;

C is almost equal in size to D, A is considerably smaller, and B is 
much larger. C is slightly more lingual than the others at the 
indentation of the ectoflexus. Cusp D has a short crista extending 
lingually into the stylar shelf. Cusp A has a short crista extending 

anteriorly. The metacone has a similar crista extending labially, 
anterior of and not connecting with the crista from cusp D. The 
triangular protocone is the largest cusp and leans anteriorly. 
Protocristae are well developed, but short such that the indistinct 
paraconule and slightly larger conical metaconule are appressed to



107

the labial flanks of the protocone. The preparaconular crista is con
tinuous with the precingulum. The indistinct postparaconular crista 
spans the deep valley between the paraconule and paracone. The premeta- 

conular crista is indistinct. The postmetaconular crista descends to 
the base of the protocone; it does not reach the metacone. A steep 
valley separates the metaconule and metacone. The labial cingulum and 

postcingulum are absent. The precingulum is restricted to the labial 
portion of the anterior margin. It descends the stylar cusp A and con
nects with the preparacingulum. has three roots and smooth enamel•

Discussion. All specimens of ]?• encinensis are from the upper 
levels of Ojo Encino localities 10 and 11 of Sinclair and Granger 

(1914), the Pantolambda bathmodon-Mixodectes pungens chronozone of this 
paper (see discussion of biostratigraphy above).

UALP 9071 is designated as the holotype because the upper molars 

of Peradectes are more diagnostic than the lower molars (McKenna, 1960) 

and it is clearly distinct from other species of Peradectes. UALP 9071 
is identified as an M* by comparison with illustrations of didelphids 

in McKenna (1960), Clemens (1966), and Lillegraven (1969) and with UALP 
specimens of J?. pusillus and nP̂. cibolensis" described by Standhardt 
(1980).

UALP 8575, the only specimen of Pe. encinensis not collected by 

underwater screening, is identified as M j_£ on the basis of the slender 
trigonid and absence of an anterior appression facet on the anterior 

tooth and the presence of the mental foramen beneath the anterior tooth. 
Illustrations of Peradectes in Simpson (1935a, fig. 3, p. 11) and 
McKenna (1960, fig. 17, p. 42) have this foramen beneath the M^.



The UALP specimens of lower molars vary considerably in size, 
but most may be fragments of different teeth in the molar series. An 
exception is the of UALP 8575 and UALP 9109, from localities about 
4.5 mi. (6.2 km) apart; that of UALP 8575 is somewhat smaller. The 
size difference, however, is no greater than Rigby (1980) observed in

iPeradectes sp. from the Swain Quarry, Wyoming. Comparison of M /M^ and 
/Mg size (L, W, L x W) ratios is close to that taken from measurements 

of didelphids given by McKenna (1960, p* 41), Lillegraven (1969, table 
3, p. 33), Rigby (1980, table 10, p. 54), and Standhardt (1980, table 5, 
p. 50 and table 6 , p. 54). Consequently, a single species, Peradectes 
encinensis. is represented.

Standhardt (1980) discussed two Puercan Peradectes species,

JP. pusillus and "P_. c i b o l e n s i s that could be ancestral to JP. 
encinensis in the San Juan Basin. M* of all three species share the 
advanced character of reduced conules, reduced stylar cusp D, and 

reduced paraconid. JP. encinensis and ]?. pusillus differ in that £. 
encinensis lacks a continuous crista between the metacone and stylar 
cusp D and has a slight ectoflexus. P_. encinensis and "P̂ . cibolensis" 
share these characters. Presence of an ectoflexus is a primitive 
character and lack of the metacone-stylar cusp D crista is an advanced 
character. It appears that cibolensis" is the most likely candidate 

for direct ancestry of P_. encinensis. P. pusillus may represent a

2 . 'T. cibolensis" is in quotes as it remains to be formally
described. The description in Standhardt (1980), however, leaves no 
doubt about its validity.
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separate lineage that retained the metacone-stylar cusp D crista, but 
lost the ectoflexus earlier.

P. encinensis appears intermediate between its probable Puercan 
ancestor and the Tiffanian _P. elegans from the San Juan Basin. 

elegans. as illustrated in Simpson (1935a, Fig. 3, p. 11) lacks the 

metacone-stylar cusp D crista and the ectoflexus. P̂. encinensis is a 
candidate for the ancestor of £. elegans, particularly since both are 

known from the San Juan Basin. A second Torrejonian species, J?. sp. of 
Rigby (1980) is distinct from P̂. encinensis and described by Rigby

q(1980, p. 53) as intermediate between P̂. pusillus and £. elegans.

Rigby (1980) did not include a detailed description or illustration of 
his specimens, precluding morphological comparison between JP. sp. and 

2* encinensis. Therefore, 2* SP must also be considered a candidate for 
the ancestry or 2* elegans.

Peradectes coprexeches. n. sp. (Table 5).

Holotype. UALP specimen 10525, LM^, UALP locality 7650, Kutz 

Canyon, Nacimiento Formation, San Juan Basin, New Mexico.

Hypodigm. UALP 14597 (LM, trigonid), 14598 (LM? trigonid), and 
14599 (RM^ fragment), locality 7650; and 10498 (broken LM*), locality 
7671 from Kutz Canyon.

3. Rigby (1980, p. 53) apparently commited a lapsus when he 
described the lower molars of 2« sp. as "...similar to 2* pusillus...and 
in most characters is intermediate between that form and 2* pusillus..." 
He obviously meant "...intermediate between that form and 2* elegans..." 
as noted in his discussion of the upper molars.

109



110

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Kutz Canyon, Nacimiento Formation, San Juan
Basin, New Mexico.

Diagnosis/ Small species of Peradectes. smaller than

in ]?• pusillus. 2* enclnensis or 2* SP* from Swain Quarry, slightly 
smaller than expected for 2 * pauli, and probably within range of 2 * 
elegans, 2 * protinnominatus. and ,f2 « cibolensis." differs from that 
of 2* prot innominatus and "2* cibolensis" in having stylar cusp D 
reduced more than stylar cusp C; ectoflexus more distinct than in 2* 
elegans; stylar shelf wider than in ”2 « cibolensis." with more 
distinct ectoflexus than 2 * protinnominatus and 2 * elegans, larger 

stylar cusp C than "2 * cibolensis," and lacking concavity on stylar 
shelf labial of paracone.

Etymology. After Coprolite Point (UALP locality 7650) from 

which four of the five referred specimens were collected.

Description. Two lower molar fragments are referred to 2* 
coprexeches. UALP 14597 is narrower than most trigonids of 2* 
enclnensis specimens and UALP 14598 has a slightly reduced hypoconulid, 
relative to 2* enclnensis speciemns. Both are from UALP locality 7560 
from which two of the three upper molars of 2 * coprexeches were 
recovered. 2 * enclnensis is unknown from this locality.

M* of 2 * coprexeches has the anterolabial corner, including 
stylar cusps A and B, missing. The ectoflexus appears narrow and deep. 

The larger metacone has a strong postmetacrista extending to the 

posterolabial corner of the tooth. The centrocrista and preparacrista 
are weaker. The flat stylar shelf labial of the metacone is relatively
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wide. The stylar cusps are ovate and connected by narrow cristae.
Stylar cusp C is larger than and anterolingual of stylar cusp D.
The triangular protocone leans slightly posteriorly and has distinct 
cristae to the minute paraconule and metaconule. The metaconule is 

slightly larger. The preparaconular crista extends into the missing 

area, but is long and is more strongly developed than the postmeta- 

conular crista. The postparaconular crista is absent. The 

premetaconular crista, low and indistinct, spans the valley between 
the metaconule and metacone. The enamel is smooth.

of P_. coprexeches is missing the portion lingual of the 
paracone and metacone. The metacone is broken at its base. The 
ectoflexus is shallower and broader than in M*. The Stylar shelf 
labial of the metacone is narrower and stylar cusps C and D are more 
narrowly ovate. Cusp C is larger than in M*, but D is lower and 

extremely narrow. Stylar cusps A and B are more conical, subequal, 
and smaller than cusp C. The metacrista, similar to that of M^, 

terminates in an indistinct stylar cusp E. The paracrista ends at
cusp B. The precingulum descends from stylar cusp A.

3M is the most complete tooth of JP* coprexeches known. Stylar 
cusp D is broken at its base. The ectoflexus is shallow and relatively 
narrower than in M^-2. The stylar shelf is more evenly wide posteriorly 

and anteriorly. The anterior portion of the stylar shelf has a convex 
surface, rather than the flat surface of M^“ .̂ Stylar cusp size is like 

that of M^, but the cusps are more widely ovate. The paracone is larger 
and taller than the metacone. The protocone is narrower than in M^, the
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metaconule closer to the protocone, and the postmetaconular crista 
longer.

Discussion. £. coprexeches appears to be only from the 
Deltatherium-Tetraclaenodon Chronozone. UALP 8575, a small specimen 

of P. encinensis. from the upper Torrejonian, is considered too large 
to be P. coprexeches.

P. coprexeches shares the advanced characters of reduced 
conules, reduced stylar cusp D, and reduced paraconid with the 

Puercan I\ pusillus and cibolensis" and the Torrej onian 1?. 
encinensis. It lacks the metacone-stylar cusp D crista present in 

P_. pusillus and resembles cibolensis" and _P. encinensis in lacking 
this crista and having an ectoflexus. The ectoflexus of P̂. coprexeches 
is stronger than in j?. encinensis, similar to that of "P_. cibolensis."

P_. coprexeches is probably a descendant of "£. cibolensis," 
but appears too advanced with regard to the metacone-stylar D crista 
development to be ancestral to P. encinensis. *
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Table 4. Size of Peradectes encinensls from Ojo Encino, 
San Juan Basin, New Mexico.

Dimension N Range Mean
M 1 L 2 2.3-2. 6  2.45

AW 2 1.3-1.4 1.35

PW 2 1.3-1.5 1.40
M2  L 1 2.4

AW 1 1.5
PW 1 1.5

M 1 L 1 2.7

W 1 2.6
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Table 5. Size of Peradectes coprexeches from Kutz Canyon, 
San Juan Basin, New Mexico.

Dimension N Range
M 1 W 1 2 . 1

M2  L 1 1.5

M 3  L 1 1.5

W 1 1 . 8
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Order Insectivora Bowditch. 1821

Family Pentacodontidae (Simpson, 1937)

Diagnosis.

P/J much enlarged. P4  with very heavy protoconid, sloping 
backward, well-developed metaconid, and basined heel. P^ with 
massive, conical, [sic] paracone, smaller but sharply distinct 
metacone, styles small or lacking, and large, low protocone 
with widely expanded anterior and posterior cingula. (Simpson, 
1937, pp. 123-124).

Discussion. Van Valen (1966) raised Simpson's (1937) subfamily 
to familial status and discussed the affinities of the Pentacodontidae. 
He (Van Valen, 1966) noted the possible relationship to hyopsodontids, 

particularly the apheliscines, that Simpson (1937) had mentioned 
earlier.

Genus Pentacodon Scott, 1892.
Chriacus Cope, 1888, p. 342 (in part).
Pentacodon Scott, 1892, p. 296 (in part).
Emended diagnosis. (Emended from Scott, 1892, pp. 296-297). 

Close to but differs from Aphronorus in having the anterior of the P4  

slanted more posteriorly, and with smaller talonid basin. M j_ 2  of 
Pentacodon with relatively lower entoconids and relatively longer 
talonids, particularly the talonid of M2 . P^ of Pentacodon with less 
distinct metacone, paracone more posteriorly leaning, and cingula 
opposite protocone relatively wider. M*, at least, relatively wider 
than in Aphronorus.

Distinct from Bisonalveus. Coriphagus. and Cimexalitus in 
having the P4  larger than ; from Protentomodon in having M3  talonid
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relatively longer; and from Amaramnis in having the M ^ _ 2  cristid 
obliqua more labial.

Pentacodon inversus (Cope, 1888). Table 6).

Chriacus inversus Cope. 1888, p. 342 (in part).

Pentacodon inversus Scott, 1892, p. 297 (in part).

Holotype. AMNH 3129, partial dentary with P2 - 4  broken M^, 
Nacimiento Formation, San Juan Basin, New Mexico. Matthew (1937) noted 
that Cope (1888) and Scott (1892) included a second dentary in the 
holotype. Matthew (1937) referred this specimen (AMNH 3130) to 

Deltatherlum fundaminis.
Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San

Juan Basin, New Mexico.

Emended diagnosis. (Emended from Matthew, 1937, p. 227).
Distinctly smaller than Pentacodon occultus and with Mg less reduced.

Referred material. UALP specimens 11012 (broken LMj, M2  

encrusted in concretion), locality 7435; 11657 (partial right dentary 

with broken P^, M%), locality 7662; and 10783 (partial left dentary 

with ? 2  alveoli, P3  roots, P^, M^ roots, broken M^, and M^), 10785 
(partial right dentary with P/j-M^), 10807 (partial right dent ary with 

? 2  posterior root, P3  roots, P4 -M2 ), 10828 (left maxilla fragment with 
P^-M^, damaged M^“^), and 10837 (partial right dentary with Mj_2 ) , 
locality 7671 from Kutz Canyon.
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Description, Dentition anterior of the is absent from the. L

UALP collection. The Pg anterior root is more labial than the 
posterior one suggesting the tooth is oblique, relative to the dentary, 
Pg appears to be about the size of P^, It is double-rooted, as are 
all cheek teeth posterior of it,

P3 roots indicate that this tooth is slightly less oblique, 
relative to the dentary, than P2, This tooth is much smaller than 
the P^,

The greatly enlarged P^ is the largest tooth in the lower 
dentition. The large, posteriorly-leaning protoconid dominates the 

tooth. This cusp is conical and has the paracristid indistinct on UALP 
10783 and stronger on UALP 10785 and 10807, The paracristid descends 
the protoconid in all three specimens, but terminates at the minute, 
low paraconid in UALP 10785 and 10807; the paraconid of UALP 10783 is 

a slight swelling below the paracristid. The distinct small metaconid 
is appressed posterolingually to the protoconid. The talonid, is low, 
approximately at the level of the paraconid. The talonid is asym
metrical, with its center lingual to the medial axis of the tooth and 
separated from the trigonid labially by a wide hypoflexid. The ovate 

hypoconid is medial and occupies approximately the posterolabial 
quarter of the talonid. The entoconid may be represented as a small 
cusp (UALP 10783, 10785, and 10807) on the entocristid lingual to the 

hypoconid or it may be indistinct. The hypoconulid is absent. The 
cristid obliqua descends from the hypoconid and contacts the medial
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base of the protoconld. Cinguilds are usually absent; only UALP 
10785 has an incipient labial cingulid from the hypoflexid onto the 
hypoconid. Extending lower labially, the slightly wrinkled enamel 
is lowest at the anterolabial margin of the protoconld.

is longer than Mg, but of approximately equal width. The 
trigonid is larger, more inflated, and moderately higher than the 
talonid. The protoconld is triangular and has a well developed 
paracristid. The paracristid is anterior on the protoconld, bends, 
and is directed labially to the paraconid. The small, apparently 
conical paraconid is situated anterior of the labial half of the 
metaconid. The metaconid is slightly smaller than,, slightly apically 
shorter than, and has its apex farther posterior than the protoconld. 
The talonid cusps are connected by narrow cristids. The crescentic 
hypocone, the largest talonid cusp, is inflated externally. The 
hypoflexid is wide. The ovate entoconid is lower than but equal in 

size to or slightly larger than the hypoconulid. The hypoconulid is 
the most posterior talonid cusp. The cristid obliqua is broad, low, 
and intersects the trigonid wall just labial of the trigonid notch.
The entocristid is narrow and short, terminating before reaching the 
metaconid. The talonid basin is relatively narrow, shallow, and opens 

lingually. The short, weak, nearly vertical precingulid is developed 
on the anterior margin of the protoconld, beneath the paracristid. 
Other cinguilds are absent. The enamel is less wrinkled than on P^.
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Mg is smaller than and has the trigonid relatively shorter. 

The metaconid is more anterior relative to the protoconid and the 
paraconid is closer to the metaconid.

is narrower than M^ g* but the elongated talonid makes it 
approximately as long as the Mg. The talonid elongation is produced by 
posterior expansion of the hypoconulid. The paraconid is reduced and 
less lingual than in M^_g.

is much larger than M*. The protocone is expanded at its 
base, forming deep pre- and postflexa. The labial margin has a medial 
expansion that accommodates the posterior labial root. The P* is 
dominated by the massive, tall, conical, posterior-leaning paracone.

The metacone is absent. A broad concavity is present labially from 
the paracone apex to the tooth posterior. An indistinct paracrista 

extends anteriorly to the inciplent parastyle near the base of the 
enamel. The protocone, badly worn, is broadly crescentic. The external 
margins of the protocristae extend to form wide shelf-like areas bor
dered lingually by pre- and postcingula. The hypocone is absent. A 

weak labial cingulum extends along the base of the concavity posterior 
of the paracone. A second, less distinct labial cingulum extends from 
the mediolabial expansion around the anterolabial comer of the tooth; 
it is low, near the base of the enamel. The pre- and postcingula 
originate at respective flexa and curve about the lateral expansions 

from the protocone to meet at the lingual margin of the protocone.
P^ has three roots, as do the molars. The enamel is smooth near the

base, becoming wrinkled higher, especially on the external margin of 
the paracone.
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1 oH is longer than M but about equal in width. It has a rela

tively broad ectoflexus, a shallow preflexus, and deeper postflexus.

The lateral flexi are broader and shallower than in the P^. The con
ical paracone is larger and taller than the similar metacone. They 

are connected by a narrow centrocrista. An indistinct paracrista 
extends from the anterolabial base of the paracone to the cingulum. The 
stronger, longer metacrista sweeps posterolabially from the metacone to 
the cingula. The protocone is worn and appears much like the worn pro
tocone of Details of the conules and protocristae are obliterated.

The small hypocone, probably conical, is slightly lingual of the pro

to cone apex. The labial cingulum is well developed and extends from 
the paracrista to the metacrista. The labial portion of the precingulum 
is covered by concretion; the lingual portion extends from the covered
area, along the protocone, and terminates at the anterolingual margin

4of the protocone. The enamel is similar to that on the P •

is damaged beyond description, as is M^. The is about as 
wide as and M2 •

Discussion. UALP specimens were identified by comparison with 
the description, measurement, and plates of Matthew (1937, p. 277; 
plate 56, fig. 3-5, p. 485). Two major differences exist between 
Matthew1s (1937) AMNH specimens and those in the UALP collection:
1) the AMNH P^ specimens are shorter than but have the same observed 

range of width as the UALP specimens and 2) the upper dentition of 

AMNH 3386 is larger than UALP 10828 and has the morphological differ
ences discussed below.
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The observed range in Matthew (1937) for length is 6 .3-6.9 

mm; that of the UALP specimens is 6 .9-7.4 mm. Both have an observed 

range of 3.5-5. 8  mm for width. The extreme lean of the P^ proto- 

conid and the extreme downward extension of the enamel onto the anterior 

root leads me to believe that the difference in length may be an arti
fact of measuring procedure. My measurement of P^ length is that of the 
extreme anterior and posterior extensions of enamel, viewed in occlusal 
aspect. Of course, it remains possible that the AMNH specimens avail
able to Matthew (1937) are from the Pantalambda bathmodon—Mixodectes 

pungens chronozone; the UALP specimens are from the Deltatherium- 
Tetraclaenodon chronozone in Kutz Canyon. Casts of two University of 

New Mexico specimens, UNM B-1116 and B-1118, a locality in the upper 
level of Torrejon Arroyo, suggest this is possible. Both specimens 

have P^’s within Matthew’s (1937) observed range for P^ length. How
ever, the broken P^ of UALP 11657 is shorter than other UALP specimens.

I suspect measuring procedure is the cause of the observed difference.

The upper dentition of P̂. inversus measured and described by 
Matthew (1937, p. 225-227) differs considerably from that in the UALP 
collection. Matthew (1937) noted the presence of a hypocone, and lack 

a stylar cusps and labial and lingual cingula on the of AMNH 3386, 
a specimen he considered P_. inversus. UALP 10828 lacks the hypocone, 

has an indistinct parastyle, and has labial and lingual cingula. 
Matthew’s (1937) measurements indicate AMNH 3386 is considerably 
larger than UALP 10828. Comparison of P^ and P^ linear dimension
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ratios of UALP specimens with those from 1) Matthew’s (1937) inversus 
with P^ of AMNH 3386 and 2) Matthew’s (1937) P. occultus P^ with P^ 

of AMNH 3386 suggest that AMNH 3386 represents the upper dentition 

of occultus, described by Matthew (1937) as distinctly larger than 
]?. inversus.

Matthew’s (1937, p. 228) measurements of P_. occultus and P̂. 
inversus indicate another difference that appears to have caused some 
confusion for other workers. The M^ of P̂. occultus is considerably 
reduced relative to M^; that of P. inversus is not. This difference 
is demonstrated clearly by Matthew’s (1937) tables (p. 227-228) and is 
supported by the unreduced M^ of UALP 10783. Some workers, e.g. Gazin 
(1962) considered the genus Pentacodon to have a reduced Mg when, in 

fact, only occultus has this character.
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Table 6 . Size of Pentacodon Inversus from Kutz Canyon 

San Juan Basin, New Mexico.

Dimension . N Range Mean S.D. V.

P4 L 2 6 .9-7.4 7.15
AW 3 3.5-3. 8 3.67 0.15 4.16

PW 4 2.4-3.4 2.92 0.43 14.63
Mi L 3 4.7-5.5 5.10 0.40 7.84

AW 3 3.2-3.5 3.37 0.15 3.37
PW 4 2.9-3.5 3.18 0.25 7.86

M 2 L 2 4.4-4.5

AW 2 3.2-3. 6

PW 3 2.9-3.0 2.97 0.06 2 . 0 2

M 3 L 1 4.5
AW 1 2.9
PW 1 2.4

P1 L 1 5.8
W 1 7.5

M 1 L 1 5.0
W 1 6.4
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Genus Coriphagus Douglass, 1908.

Coriphagus Douglass, 1908, p. 17, 

Mixoclaenus Matthew and Granger, 1921, p.7. 
Diagnosis.

1 -rooted. Pg_ 4  subequal, somewhat swollen but elongate, 
with minute anterior basal cusps and small heels basined post- 
erointernally. Molars relatively small, trigonids larger than 
talonids and notably higher, paraconids distinct and nearly 
internal, trigonids basined with cusps crested, poorly differ
entiated, and not conical. Mg much reduced, with hypoconulid 
distinguishable but not prominent. with very rudimentary 
protocone, P* with distinct but small subconical protocone,
M*~ transverse, subquadrate, outer borders ungulate and 
emarginate, distinct hypocones posterointernal to protocones 
and on cingula nearly enveloping the later (Simpson, 1937, 
p. 257).

Discussion. Douglass (1908) considered Coriphagus a question

able insectivore, Matthew and Granger (1921) referred it to the
Oxyclaeindae noting similarities to some periptychids, and Simpson 
(1937) assigned it to the Periptychidae. Van Valen (1966) referred 

Coriphagus to the Pentacodontidae. With reservations, I follow 
Van Valen (1966).

Coriphagus. as suggested by referral to different families by 
various workers, it a problematical taxon. It does not fit into 
Simpson’s concept of the Pentacodontidae as the p| is not enlarged 
relative to the molars and the presence of a P^ metaconid and P* 
metacone is questionable on specimens I have seen. The P^ and lower 

molars show similarity to the Periptychidae, as noted by Simpson (1937). 
The upper molars, with the stylar shelf, narrow protocone, high proto

crista and paraconule, and skewed internal protocone margin, are
reminiscent of Acmeodon
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Corlphagus enc^gegg^g^(Matthew and Granger, 1921). (Table 7).
Hlxoclaenus enclnensls Matthew and Granger, 1921, p. 7.
Corlphagus encinensis Simpson. 1937,.p. 257.
Holotype. AMNH 16601, upper and lower jaws with left P^-M^ and 

2—3and right M roots, Torrejon Arroyo, Nacimiento Formation, San 
Juan Basin, New Mexico.

Age, stratigraphic range, and geographical distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico.

Emended diagnosis. (Emended from Matthew, 1937, p. 63).

Larger than jl. montanus. (See Table 7 and Simpson (1937), table 60,
p. 260).

Referred material. UALP specimens 10574 (partial left dentary 

with Mj_ 2  and Mg alveoli), locality 75106; and 13332 (partial left 

dentary with Mj_ 2  talonids and Mg roots), locality 76144 from Kutz 

Canyon; 11669 (RM^) locality 7891 from near Nageezi; and 10981 (matrix- 
encased skull with right and left P and questionable anterior teeth) 

(see discussion below), locality 7790 from south of Aztec.
Description. has the trigonid longer, slightly wider, and 

moderately taller than the talonid. The conical, somewhat inflated 

protoconid is the largest and tallest cusp. It has a distinct para- 
cristid, an equally strong protocristid, and an indistinct broad 

centrocristid. The metaconid, ovate with an inflated anterior margin, 

is slightly more posterior than the protoconid. It has weak pre- and
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postmetacrlstids. The premetacristid contains a distinct notch. The 
large paracristid appears crescentic or triangular and is situated 
somewhat lingually. The apices of the trigonid cusps are somewhat 
internal. The hypoconid is near-conical, inflated externally. The 
entoconid is ovate and slightly inflated: it is smaller than the

hypoconid, but considerably larger than the hypoconulids. The 
entoconid of UALP 13332 is smaller than that of the other specimens.
The hypoconulid of UALP 10574 is worn, but appears to have been 
single; that of UALP 11669 and 13332 is twinned. The labial hypoconulid 

is slightly more posterior. The talonid cusps are connected by narrow 

cristids. The broad, relatively high cristid obliqua supports an 
indistinct mesostylid and terminates low on the talonid wall on the 
protoconid, slightly labial of the trigonid notch. The wide 
hypoflexid forms a distinct notch between the cristid obliqua and the 
trigonid wall. The relatively high entrocristid, externally inflated, 

supports an indistinct entoconulid and spans the talonid notch to reach 
the postmetacristid. The entocristld is directed slightly postero- 
labially and gives the basin a labially-skewed appearance, relative 
to the trigonid. The deep, closed talonid basin is slightly elongated 
posterolabially. Cingulids are absent expect for an incipient, near 

vertical precingulid, slightly stronger on UALP 10574. has two 
roots and the relatively smooth enamel extends lower labially.

Mg is shorter than M^. The talonid is wider, relative to 
the trigonid. The metaconid is less posterior, relative to the 

protoconid apex. The premetacristid is indistinct; the metacristid
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notch Is shallow. The posterolingual area is missing and the hypo- 
conulid badly worn in UALP 10574. The M 2  of UALP 13332 has a double 
hypoconulid. A weak short precingulid is present.

Mg alveoli and roots indicate it is reduced relative to the 

anterior molars.
The upper dentition of C. encinensis in the UALP collection 

is encased in a ferruginous nodule and this description is preliminary. 
Identification of the anterior teeth is confusing and cannot be 
labelled with certainty until the specimen is prepared further. The 
most anterior tooth is enlarged and single-rooted. It is caniniform 
but may be an incisor as there is a small tooth between it and the 
The tooth anterior of the P^ is the smallest of the preserved tooth row; 

it may be a premolariform canine. All that is visible is a single cusp, 
presumably the paracone, with slight pre- and postcristids.

P 1 are similar in size. Only the paracones are visible. They

are ovate and have a distinct postcristid on P* P^ lacks this
2—3cristid. All lean posteriorly. P , at least, have a slight 

precingulum.
4 ,P , the largest premolar, is considerably smaller than the M .

The large, ovate paracone appears as though it was slightly rotated 

clockwise. It is narrower posteriorly and leans posteriorly. Para- 
crista and metacrista are narrow but distinct; at least the paracrista 

reaches the cingulum. The metacone appears incipient, but cannot be 
postively identified due to damage. The postprotocrista extends into the 
covered area. The precingulum extends from the protocone to the para
crista.
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The labial cingulum, discontinuous mediolabially, descends from the 
paracrista to nearly medially. The posterior portion is continuous 

with the postcingulum which extends to the covered area.
is widely triangular. The ectoflexus is shallow and broad. 

The ovate paracone is considerably larger and taller than the metacone. 
It is connected to the more conical metacone by a narrow, low centro- 
crista. The indistinct paracrista descends the paracone to the slightly 
enlarged parastylar region. A small parastyle may be present. The 
stronger metacrista sweeps posterolingually to the comer of the tooth. 
The metastylar region is considerably expanded to form a narrow but 
distinct shelf area. The metastyle is absent. The crescentic protocone 
is large with the relatively flat internal surface skewed such that the 
preprotocrista is shorter than the postprotocrista. The preprotocrista 
and paraconule are considerably higher than the postprotocrista and 
metaconule. Conular cristae and the metaconule are covered with matrix. 

The distinct hypocone, posterior and slightly lingual of the protocone 

apex, is slightly larger than the paraconule. Pre- and postcingula are 
covered except for that portion of the postcingulum supporting the 
hypocone.

2 1M is much narrower than M . The paracone and metacone are 

considerably reduced. The ectoflexus is much broader and deeper and the 
parastylar region more expanded. The parastylar and metastylar regions 

are somewhat labially directed lobes that form relatively wide shelf 
areas. The parastyle is represented by a thickening of the cingular 
enamel. The conules are conical, about the same size, and have



narrow Internal cristae. The labial cingulum is continuous and the 
pre- and postcrista are continuous across the lingual margin of the 
protocone.

is narrower and has an oblique labial margin. The metacone 

is reduced. The metastylar area is absent. The postcingulum extends 
from the metacrista to the lingual margin of the protocone where it 

enters the covered area. The labial cingulum continues from the meta
crista to the. parastylar area where it, too, is covered.

Discussion. UALP specimens are inseparable from casts of 
AMNH 16601, the Coriphagus encinensis holotype, and 17074. Some 
variation is noted in the size of the entoconid and in development 

of twinned hypoconulids. The holotype has twinned hypoconulids. The 
development of a precingulid is variable from near absence to distinct, 
but is restricted to the anterolabial portion of the tooth.

Wilson (1956a) noted that, with one possible exception (see 
discussion of Cimexalitus below), J2 . encinensis is restricted to the 

lower, Deltatherium zone, the Deltatherium-Tetraclaenodon chronozone of 
this paper. The UALP specimens, except UALP, 10981, are from this level 
in Kutz Canyon. UALP 10981, however, is from a locality from which 
Granger (1917) collected at least one specimen of Deltatherium 
fundaminis. It appears that (X encinensis is restricted to what here 

is regarded as from the Deltatherium-Tetraclaenodon chronozone.

129
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Table 7. Size of Coriphagus encinensis from the 

San Juan Basin, New Mexico.

Dimension N Range Mean

Mi L 2 3.7-3. 8 3.75 *

AW 2 2 .3-2.5 2.40

PW 2 2 .2 -2 .3 2.25

M 2
L 2 3.1-3.2
AW 2 2 .2-2.4

PW 2 1 .8 -2 . 0

M 1 L 1 4.1

W 1 4.6
M 2 L 1 3.1

W 1 4.6
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Genus Cimexalltus, new genus. (Table 8  and Figure 19).
Type species. Cimexalltus matthewi. n. sp.

Diagnosis. Lower dental formula ?1, 1, 4, 3. Pentacodont 
slightly larger than Coriphagus. Differs from Coriphagus in having at 

least ? 2  and relatively wider; distinct precinguild, more developed 
hypoflexid, and slightly continuous precingulid and hypocingulid on Mg. 

Metaconid conical. Talonid basin of Mg wide and shallow; cristid obliqua 

without mesostylid.
Etymology. From latin, bugeater; with reference to the closely 

related Coriphagus. Greek for bugeater.
Discussion. Cimexalltus is closely related to Coriphagus, but 

of undoubted generic distinction. It is from the Pantolambda bathmodon- 

Mixodectes pungens chronozone at Ojo Ehcino and, therefore, younger than 
known occurrences of Coriphagus. Wilson (1956a) noted a possible 

occurrence of Coriphagus in the upper level in Torrej on Arroyo. He 

(Wilson, 1956a) pointed out that the specimen, USNM 1529, is distinctly 
larger than Coriphagus encinensis. I have not seen the specimen, but 

Wilson’s (1956a, p. 83) description suggests it may be a specimen of 
Cimexalltus.

The familial assignment of Cimexalltus is problematical, similar 
to that noted above for Coriphagus.

Cimexalltus matthewi. n. sp.

Holotype. UALP specimen 8725, partial right dentary with I? 

root, Cj root, P^ root, Pg, P^ alveoli, P^, Mj alveoli, and broken



Mg, UALP locality 7568, Ojo Encino, Nacimiento Formation, San Juan 
Basin. This is the only known specimen.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Torrejon Arroyo, Nacimiento Formation,
San Juan Basin, New Mexico.

Diagnosis. As for the genus. This is the only known species.

Description. The single lower incisor root preserved is that 
directly anterior to the canine. Considerably smaller than the canine; 
it is narrowly ovate.

The canine root indicates that this tooth is not greatly 
enlarged. The broken portion of the root is approximately the size of 

the Pg.
is extremely small. It is out of alignment with the 

remainder of the tooth row and labial of the posteriormost portion of 
the canine. P^ is single-rooted; the other cheek teeth have two roots.

The premolariform Pg is large, about the size of P^. It is 
ovate and dominated by the large, posteriorly leaning protoconid. The 

narrow paracrista descends the protoconid to reach the minute, medial 

paraconid. The stronger postcristid descends the protoconid to continue 

as the lingual talonid border. Metaconid presence is indeterminate.

The small, sloping talonid lacks cusps. The enamel surface is irregular 

and it extends lower labially. P^ remains premolariform but the talonid 
is more developed than in Pg. The small hypoconid and entoconid are 

connected by a lower irregular cristid across the talonid posterior.
The cristid extending anteriorly from the hypoconid is separated from 
the steep postcristid by a notch at the upper termination of the shallow

132
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hypoflexid. A distinct low cristid extends anteriorly from the 
entoconid to the protoconid, dividing the shallow talonid into 
subequal labial and lingual halves. A low, short cristid extends 
anterolingually from the entoconid.

alveoli suggest that this tooth is longer than either 
the or Mg, probably wider than P4 .

M2  has the metaconid and most of the paraconid missing. The 
remaining portion shows little wear and is well preserved. The large

I
protoconid is conical and slightly inflated at its external base. The 

distinct paracristid descends the anterior margin of the protoconid 
and bends anterolingually to extend to the paraconid. The protoconid 

portion of the protocristid is developed equally to the paracristid.
The small, slightly ovate hypoconid is inflated externally, as is the 
slightly smaller ovate entoconid: the hypoconid is slightly more

posterior than the entoconid. These cusps are about equal in height. 

Very small, twinned hypoconulids are slightly closer to the hypoconid. 
Low, they are connected to other talonid cusps by low narrow cristids. 
The lingual hypoconulid is slightly larger and more posterior than its 
lingual counterpart. The broad low cristid obliqua lacks a mesostylid; 

it rises slightly onto the trigonid wall on the protoconid, just labial 
of the trigonid notch. The narrower entocristid lacks an entoconulid 

and spans the talonid notch area. The talonid basin is shallow and 

nearly flat except for a circular depression at its anterolingual 

comer. The basin is rectangular with the long axis directed slightly 

posterolabially. Two minute accessary cuspules are present in the



anterolabial talonid basin floor. The precingulid extends below the 

anterior base of the paracristid, labially. around the protoconid and 
posteriorly across the hypoflexid to terminate on the anterolabial 

margin of the hypoconid. The precingulid narrows anterior of the 
paraconid-paracristid intersection and presumably originates just 
lingual of that point. The enamel surface is irregular. It extends 
lower labially and lowest labial of the protoconid.
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Table 8 . Size of Cimexalitus matthewl from Ojo Encino, 
San Juan Basin, New Mexico.

Dimension______ N_______Range

P2  L 1 3.5
W 1 2.0

P4  L 1 3.6
W 1 2.1

M 2  L 1 3.9
PW 1 2.5
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B

Figure 19. Stereophotos of "imexalitus matthewi, n. sp. UALP Specimen 
8725, RP2 , P4 , and M2 , Holotype, X2: A) Labial View; B)
Lingual View.
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Family Leptictidae Gill, 1872
Diagnosis. That portion of Navacek's (1977, pp. 10-11) 

diagnosis pertaining to the dentition is included here.

Dental formula I 3~2^1^1 (°r DPj) Canines and
(D) single rooted. P^ double rooted, usually trenchant 
without a basined talonid. P5  molariform with paraconid and 
basined talonid with three or more cusps. Molar trigonids 
anteroposteriorly compressed. Molar talonids with large 
shallow basins. Entoconulid often present. M3  with salient 
hypoconulid. P* with paracone, metacone, protocone (protocone 
secondarily lost in Leptictis haydeni), anterior accessory 
cuspule, and posterior cingulum. Molariform P** (hypocone 
reduced, vestigial, or absent in some forms) with posterior 
and anterior cingula. Upper molars with labially positioned 
paracone and metacone, very narrow ectocingulum, paraconule 
and metaconule, pre- and postcingula and a hypocone....

Discussion. Novacek (1977) followed McKenna (1975) in 

maintaining that the primitive eutherian condition is presence of 
five upper and lower premolars with loss of P3  an advanced character.

c 4 4Consequently Novacek*s (1977) Pg is the traditional P^, his P^ is the
3 3traditional P3 , and the traditional P3  is absent.

Genus.Prodiacodon Matthew. 1929.

Macodon Matthew and Granger, 1918, p, 571 (in part) . 

Palaeictops Van Valen, 1967, p. 232 (in part).
Diagnosis.
P3  and molars transverse, anteroposteriorly compressed with 

sharp piercing cusps. p5 hypocone vestigial or absent. Gonules 
set lingually, not at the base of paracone and metacone as in 
Palaeictops and Leptictis. Precingula on P^ and molars long, 
nearly reaching anterolingual corner of the crown. Hypocone 
on upper molars very short relative to protocone. Paraconule 
lingual to metaconule on M^M^. Paraconule "double" where upper 
molars are known. Parastylar lobes on M* and M^ prominent and 
ectoflexi deep. Lower molars with sharp cusps. Trigonids high 
and anteroposteriorly compressed. Paraconid not closely 
"twinned" with metaconid and not higher than protoconid as in 
Myrmecoboides (Novacek, 1977, p. 23).
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Prodlacodon sp.
Referred specimen. UALP 10489, isolated RM^, UALP locality 

75108, Ojo Encino, Nacimiento Formation, San Juan Basin, New Mexico.
Discussion. L ■ 2.5, W ■ 3.9, within range of P_. tauricinerei. 

but differs in having stylar shelf labial of metacone narrower, 
extoflexus shallower, and labial margin of paracone and metacone less 
steep. Nearly identical to, but smaller than P_. puercensis. Larger 
than expected for concordiarensis. it is within the range for 
P, furor. The ranges are determined from ratios of upper versus 
lower dimensions of Prodlacodon species within known uppers. Data 

from Novacek (1977).
This corroded specimen may be a specimen of P_. furor, but no 

such reference is made on the basis of a single tooth. It is certain, 

however, that this is not referrable to P̂. puercensis, reported from 

the San Juan Basin Torrejonian by Matthew and Granger (1918).
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Family Mixodectidae Cope, 1883

Genus Mixodectes Cope, 1883. 

Mixodectes Cope, 1883b, p. 559. 
Indrodon Cope, 1884a, p. 318. 
Olbodotes Osborn, 1902, p. 205. 

Diagnosis.

Mixodectes differs from both Eudaemonema and Elpidophorus 
in lacking the canine and P^; the individual teeth of Mixodectes 
are relatively larger than those of the later two genera, 
and it has a premolariform fourth premolar in contrast to the 
semimolariform-molariform homologue of Eudaemonema and 
Elpidophorus. Mixodectes is also distinguishable from the 
latter two genera in having a lingual notch of different shape.

Mixodectes can be distinguished from Eudaemonema by a 
precingulid on the lower molars. In Mixodectes the cristid 
obliqua joins the posterior wall of the trigonid more buccally 
than in Eudaemonema.

Mixodectes differs from Elpidophorus in having the lower 
teeth less anterolingually precumbent. Mixodectes has a talonid 
on M 3 relatively wider than the trigonid; in Elpidophorus the 
trigonid of Mg is wider than the talonid. The hypocone is 
relatively much larger than that in Elpidophorus. The trigon 
basins of Elpidophorus are relatively shallower. The paraconule 
and metaconule are relatively much weaker than those in 
Elpidophorus.

The hypoconulid lobe of Mg leans lingually, like that of 
Eudaemonema but unlike the homologous structure of Dracontolestes; 
the hypoconulid lobe is approximately vertical to the base of the 
tooth. The lingual portion of the trigonid is relatively less 
constricted anteroposteriorly than in Dracontolestes.

Mixodectes lacks the strong and characteristic parastylar area 
that extends anteriorly in Remiculus (Szalay, 1969, pp. 211-212).
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Mixodectes pungens Cope, 1883. (Table 9).
Mixodectes pungens Cope, 1883b, p. 559.

Mixodectes erassluscuius Cope 1883b, p. 560.
Olbodates cope! Osborn. 1902, p. 205.

Holotype. AMNH 3081, partial left dentary with P^-Mg, 
Nacimiento Formation, San Juan Basin, New Mexico.

Diagnosis. "Although M. pungens is distinctly larger than 
M. malaris, the morphology of the dentition of the two species is 

virtually identical." (Szalay, 1969, p. 213).

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico.

Referred material. UALP specimens 8747 (partial left dentary 
with poorly preserved M^^), 8748 (partial left dentary with P2 
alveolus, Pg-M^, broken M2 ), 8749 (dentary fragment with RMg), and 

8952 (partial left dentary with P3  roots, P4 , M^ alveoli, M2  roots), 
locality 7537; 8628 (LP^) and 8637 (right partial dentary with broken 

Mg, Mg), locality 7544; 8653 (LM1?), 8664 (RM1 or 2), 8673 (poorly 
preserved, matrix-encrusted dentaries with right P^ roots, broken M% 
and Mg, Mg roots and left broken M g g ) , 8681 (LMg indentary fragment), 

8 6 8 6  (partial right dentary with Mg), 8687 (partial right dentary with 
Pg posterior root, P^, and M̂  anterior root), 8 6 8 8  (partial left 

dentary with Mg), and 10907 (partial right dentary with P^ roots,
1 Obroken Mg and Mg), locality 7545; 8852 (RM1 or fragment), locality
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7558; 9062 (RM^), 11679 (RP^,M^ talonid, and with dentary 
fragments) and 14620 (broken RM* or , locality 75108; and 10711 

(mat rix-en crus ted LM^^), locality 7645 from Ojo Encino Sinclair and 
Granger (1914) locality 10; 8904 (LH^), locality 7574 from Ojo Encino 
Sinclair and Granger (1914) locality 11.

Description. Incisors of Mixodectes pungens are absent from
the UALP collection. Canines and of H. pungens are unknown

(Szalay, 1969). The Pg alveolus of UALP 8748 shows this tooth to be
smaller than the and to have one root, j

Pg is much smaller than P^. Premolariform and ovate, the P^ 
primarily consists of a large protoconid. The paracristid descends 
the protoconid anterolingually and is continuous with the lingual 

cingulid. The postcristid descends the protoconid posterolabially 
and reaches with the postcingulid. The posterior margin of the P^ is 
damaged such that presence of a talonid is indeterminate• The weak 

lingual cingulid descends along the lingual margin of the protoconid 
to the damaged portion. A slight portion of the postcingulid is 

visible labial of the damaged portion. P^ has two roots, as do the 
more posterior cheek teeth. The enamel extends lower labially and 
has small wrinkles.

is premolariform and slightly shorter and narrower than M^. 
The large, tall, conical protoconid has a sharp apex and is somewhat 
inflated externally. It is much higher than the short talonid. The 

paracristid of UALP 8628 and 11679 is stronger than that of the other
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three specimens, renders the paraconid indistinct, and is separated 
from the protoconid by a distinct groove. The protoconid has well 
developed medial and lingual postcristids on all but UALP 11679, 
which lacks the lingual one. Only the medial postcristid reaches the 
base of the protoconid, where it continues posteriorly across the 
talonid, dividing it into a larger labial and a smaller lingual portion. 
The talonid is about one-third of the total length. The lingual portion 
of the talonid appears to be the incipient talonid basin and the labial 
portion the incipient hypoflexid. A small cusp is present at the 
termination of the medial postcristid; UALP 8628 and 8687 have a 
second, smaller cusp more lingual on the talonid margin. This cusp may 

be homologous to the molar entoconid with the entocristid extending 

anteriorly from it across the talonid notch. A small ectostylid is 
present at the anterolabial termination on the talonid of UALP 8687.
The precingulid is absent or indistinct. The postcinguild is also 
absent. The entocristid may extend onto the posterolingual base of 

the protoconid as a short lingual cingulid. The enamel is as in P^.

has the trigonid, narrower, shorter, and moderately higher 
than the talonid. The crown leans slightly lingually. The conical 
protoconid, inflated externally and flattened posteriorly, is 
approximately the same size and as tall as the similar metaconid. The 
well developed, bladelike paracristid descends the protoconid anterior, 

curves sharply anterolingually, and is continuous with the small 
paraconid. The low, anteriorly-leaning paraconid is anterior of the 

labial half of the metaconid. The paraconid is distinctly separated 

from the metaconid, but may be connected to it by an indistinct, low
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premetacristid. The protoconld and metaconid are connected by a low pro- 
tocrlstid.' A faint centrocristid is suggested, at least in UALP 8748. 
The hypoconid, the largest talonid cusp, is crescentic and inflated 
externally. The hypoconid extends farther labially than the protoconld 

and is slightly taller than the entoconulid. The conical entoconid 
sits on the posterolingual corner of the talonid, extends farther 

lingually than the metaconid, and has a low entocristid extending to 

the talonid notch. The slightly smaller, but considerably lower, 
ovate hypoconid is connected to the more anterolingual entoconid by a 

short, narrow cristid. The hypoconulid is connected to the hypoconid 
by a long, narrow cristid. This cristid has a notch at the base of 
the hypoconulid. The well developed broad cristid obliqua intersects 
the trigonid wall at the base of the protoconld, just labial of the 

trigonid notch. The cristid obliqua supports a minute ovate mesostylid. 
The wide, open talonid basin is essentially a crescentic trough, 

deepest at the talonid notch and curving posteriorly lingual to the 
entoconid. The hypoflexid is moderately deep. The precingulid wraps 
around the tooth anterior from beneath the premetacristid to the 
anterolablal margin of the protoconld, where it weakens and terminates. 

A weak postcingulid descends from the hypoconulid labially across the 

posterior hypoconid margin. The enamel has small wrinkles and is lower 
labially, lowest on the labial margin of the hypoconid.

Mg is larger than an associated M^, but the size of isolated 
teeth overlaps. is distinct from M^ in having the trigonid wider,



relative to the talonid. UALP 10907 is distinct in having the 
hypoconulid appressed to the flank of the entoconid.

Mg is elongated with the crescentic, enlarged hypoconulid 

forming a prominent posterior lobe just posterolabial of and larger 
than the entoconid. The talonid is relatively as wide as on Mg. The 
paraconid is indistinct from the paracristid on all UALP specimens.
The posterior root of M^ is greatly enlarged and is slanted posteriorly.

1 oM is smaller than an associated M • but isolated specimens over
lap in size and are difficult to distinguish. The UALP specimens suggest" 

that M% hypocone is slightly reduced, but UALP specimens of P_. pungens

upper molars are relegated to "M* or M^" status. M* and M^ are
1—2described together. M is triangular. The labial margin is sinuous 

due to inflated parastylar and metastylar areas and a prominent 
mesostyle. The parastylar and metastylar areas form moderately wide 

anterior and posterior stylar shelves. The paracone and smaller 
metacone are conical and somewhat flattened labially. The paracrista 

extends anteriorly to the precingulum. The metacrista sweeps labially 
to the enlarged metastylar area. The parastyle and metastyle are absent. 
The centrocrista is low and continuous. It has a labially directed 
spur that joins the prominent mesostyle. The triangular protocone is 
the largest cusp. It leans slightly anteriorly. The small conical 

paraconule is closer to the protocone and larger than the metaconule.
The preprotocrista is shorter than the postparacrista. The prepara- 

conular crista is continuous with the upper portion of the precingulum.

144
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The postmetaconular crista is variable but tends to be less distinct 
than the premetaconular crista. The premetaconular crista is less 
distinct than the postmetaconular crista. The hypocone is a small 
cusp developed on the short postcingulum. The apex of the conical 
hypocone is posterior of and slightly lingual of the protocone apex.
It is lower than the protocone on the relatively broad postcingular 
shelf, separate from the protocone. A slight crista connects the 
bases of the hypocone and the protocone. The labial cingulum, 
preserved only on UALP 8653, is present anteriorly from the paracrista 
to the mesostyle. It is weaker than the lower portion of the pre
cingulum which extends from beneath the paraconule to posterior of 

the protocone apex. The well developed postcingulum extends labially 

from the hypocone to the base of the metaconule.
Discussion. The UALP specimens of Mixodectes pungens extends 

some of the observed ranges given by Szalay (1969, table 2, p. 214): 
that of length is lowered; that of Mg length is increased; and that 
of Mg width is lowered.

The ratio of AW/PW in M^ is significantly lower (at the 97.5% 
confidence level) than that of Mg (see Table 9). This is one method 
of identifying isolated teeth.

Szalay (1969) suggested that M. pungens is restricted to the 
upper, Pantolambda. zone of the San Juan Basin Torrejonian. This 
concept, reiterated in Taylor (1977; 1981) and Taylor and Butler (1980), 

is reinforced by the present UALP collection; Mixodectes pungens is 
restricted to the Pantolambda bathmodon-Mixodectes pungens chronozone.
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Table 9. Size of Mixodectes pungens from the 
San Juan Basin, New Mexico,

Dimension N Range Mean S.D. V.

P3 L 1 2.4

W 1 1.7

V L 5 4.7-4.9 4.80 0.07 1.46

W 5 3.1-3.3 3.36 O'. 09 2 . 6 8

M 1
L 3 4.7-5. 1 4.83 0.23 4.76

AW 3 3.2—3.4 3.30 0 . 1 0 3.03

PW 2 3.8-3.9

M 1
AWW 2 .81-.85

m 2 L 6 4.3-5. 2 4.87 0.33 6.78

AW 5 2.7-3.9 3.46 0.47 13.58

PW 3 4.3

M 0 AW 2

01002 PW
M 3 L 9 5.0-6.3 5.81 0.45 7.74

AW 8 2.7-3. 8 3.30 0.35 10.61
PW 9 3.1-4.1 3.62 0.33 9.12

M^or L 2 4.6-5.3

W 2 5.8 -6 .7
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Szalay (1969) discussed Miacodectes in detail and the UALP 
specimens add little to his work beyond what is included above,

Mixodectes malaris (Cope, 1883). (Table 10).

Indrodon malaris Cope, 1883, p. 318.

Mixodectes malaris Matthew. 1937, p. 223.

Holotype. AMNH 3080, "exceptionally badly shattered palate and 
mandible; left upper dentition is recognizable." (Szalay, 1969, p. 215), 
Macimiento Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico, and Swain Quarry, Fort Union Formation, Washakee 
Basin, Wyoming.

Diagnosis. "Mixodectes malaris differs from M. pungens in 
being smaller. The former species seems to have a talonid on Mg that is 

relatively narrower transversely." (Szalay, 1969, p. 215).

Referred material. UALP specimens 8821 (RMg), locality 7473; 
10992 (RMg) and 13748 (LM* or  ̂fragment), locality 7574 from Ojo 

Encino; 10950 (partial right dentary with M^g), locality 7435; 6700 
(partial right dentary with P^ roots, M^ talonid, and Mg), locality 
7436; 10664 (partial right dentary with Ig? and Pg alveoli, Pg roots,
P^, broken M^, and Mg roots) and 13255 (partial right dentary with BMj.) , 

locality 7640; 10715 (partial right dentary with P^ alveoli), M^_g, and 
broken Mg), and 10927 (LMg), locality 7650; 10814 (RM?), locality 7671; 
and 14526 (broken LP^), locality 75106 from Kutz Canyon.
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Description, The UALP specimens of M, malaris differ little 

from those of H, pungens» save for being smaller. The of UALP 
10664 has a paraconid relatively larger than on any of the M. pungens 
specimens.

Discussion. Little can be added to Szalayfs (1969) discussion 

of M. malaris except some comments on the biostratigraphic range of the 
taxon. Szalay (1969), followed by Taylor (1977; 1981) and Taylor and 
Butler (1980), indicated that M. malaris is restricted to the 

Deltatherium-Tetraclaendon chronozone of the San Juan Basin Torrejonian. 
This concept may no longer be valid. Three UALP specimens (9921, 10992, 
and 13743) from the Pantolambda bathmodon-Mixodectes pungens chronozone 

tentatively are referred to M. malaris. This supports the extended 
biostratigraphic range for Mixodectes malaris put forth by Tsentas 
(1981a,b).

Problems do exist with the biostratigraphy of M. malaris, 

however. The UALP specimens noted above are nearly the size of the 

largest M. malaris specimens reported by Szalay (1969) for both San 
Juan Basin specimens and the overlapping but somewhat larger sized 

(Rigby, 1980) Swain Quarry, Wyoming specimens. It is possible that the 
UALP specimens represent a species of Mixodectes intermediate in size 
between M. malaris and M. pungens.

UNM specimen B-926, referred to M. malaris by Tsentas (1981b) may 
also belong to such an intermediate species. His (Tsentas, 1981b) 

specimen UNM B-1354b is an upper molar fragment from M. pungens, not 
M. malaris. I have not seen the other two UNM specimens Tsentas (1981b)



refers to M. malaris. but it appears that M. malaris biostratigraphy 
deserves more study.
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Table 10. Size of Mixodectes malaria from the 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P4 L

W 1 2 . 2

M 1
L 2 3.2-4.0 3.60
AW 1 2 . 8

PW 3 2.2-3.2 2.63 0.51 19.39
M L 3 3.3-4.0 3.60 0.36 1 0 . 0 0

2

AW 4 2 .4-2. 8 2.65 0.19 7.17

PW 3 2.7-3.0 2.90 0.17 5.86

m 3 L 1 4.0

AW 2 2 .4-2.5 2.45
PW
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Order Creodonta Cope. 1875

Family Palaeoryctidae (Winge, 1917)

Genus Acmeodon Matthew and Granger, 1921.
Acmeodon Matthew and Granger, 1921, p. 3.

Diagnosis. Lower dental formula 3.1.4.3. Van Valen (1966), 

discussing his Order Delfatheridia, did not formally diagnose Acmeodon, 
but did include a section (pp. 26-27) on recognition of palaeoryctid 
genera. Following is his characterization of Acmeodon.

"Acmeodon has moderately narrow stylar shelf, moderately connate 
paracone and metacone, a prominent and probably tall parastyle, and 

moderately large conules." (p. 26).

"In Acmeodon the [P̂ ]; protocone is even more posterior [than in 
Puercolestes or Didelphodus]. the presence of a metacone is uncertain, 

and the preprotocrista is very high." (pp. 26-27).

"In Acmeodon [lower molars] a metacristid is present, and the 
paraconid is more anterior than in Didelphodus but not much lower than 
the metaconid." (p. 27).

"In Acmeodon [P^] the paraconid is high, a metaconid is present 

on the posterolingual face of the protoconid, and a strong protostylid 
is present." (p. 27).

Van Valen (1966, pp. 28-48) discussed and compared dental and 
skull morphology of palaeoryctids, including Acmeodon, in detail.
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Acmeodon secans Matthew and Granger, 1921. (Table 11).

Acmeodon secans Matthew and Granger, 1921, p. 3.

Holotype. AMNH 16599, partial left dentary with alveolus, 
Pj-P2  alveolus, P^-M^, and talonld; upper level of Torrejon Arroyo,
Naclmiento Formation, San Juan Basin, New Mexico.

Diagnosis. As for genus. Rigby (1980) described a second 
species, Acmeodon hyoni as larger than A. secans. However, his 
measurements (Rigby, 1980, Table 22, p. 74) indicate the upper dentition 
is smaller than and the lower dentition is larger than A. secans as 
measured by Van Valen (1966, Table 4, p. 13) and represented by UALP 

specimens'(see Table 11). Until this dilemma is resolved. Van Valen*s 
(1966) discussion of Acmeodon remains applicable to A. secans.

Referred material. UALP 10947 (partial right dentary with 

roots, Cj root, damaged Pg-Mj, partial left dentary with Ij_ 3  roots, 

broken C^, P^, Pg roots, Pg, P^ roots, and Mj), locality 7435; 10581 

(left maxilla fragment with M*), locality 75106; and 10799 (right 
dentary fragment with broken Cj, P^, M p , locality 7671; from Kutz 
Canyon; 14565 (LM^), locality 75108; and 14566 (LM* fragment), and 
14584 (RM* fragment), and 14586 (RM* fragment), locality 7574 from Ojo 
Encino.

Description. Roots of Ij_g are ovate with those of Ig the 
largest and Ig the smallest. Ig has nearly as great a diameter as C^.

is ovate in outline with the root of undetermined length and 
curving posteriorly.
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is single rooted; the remaining lower dentition has two 

roots. The premolars increase in length from Pj to P^. P^ has a 

tall, slightly inflated paracone, a distinct postcristid, and a 

minute low posteromedial cusp. A slight talonid basin is present.

The worn P^ is longer than wide.

P4 , although worn, is observed to have a large paraconid and 
a short cuspidate talonid. P^ is much longer than wide.

has the trigonid larger and much taller than the talonid.

The cusps are large and triangular. The protoconid is the largest and 
tallest cusp. It is slightly more anterior than the metaconld. The 

protocristid is bisected by a narrow slit forming a deep, narrow 
trigonid notch. The paraconid is damaged lingually; it is medial and 
clearly separate from the protoconid. Its association with the meta- 
conid is indeterminate due to damage. The strongly developed paracristid 
contains a distinct camassiform notch. The damaged hypoconid appears 

triangular and is the largest talonid cusp. Its apex is slightly more 

lingual than that of the protoconid. The entoconid and hypoconulid 

are ovate and somewhat inflated externally. The entoconid is larger 
than the hypoconulid. The talonid cusps are connected by distinct 
cristids. A narrow entocristid spans the talonid notch. The short, 

broad cristid obliqua terminates on the trigonid wall low on the 
metaconld, just lingual to the talonid notch. The small closed talonid 

basin is circular: The hypoflexid is deep, wide, and rounded. The
precingulid is short and distinct; it extends the length of the para

cristid. Other cingulids are absent. The smooth enamel extends lower 
labially.
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Mg is smaller than It differs from in having a relatively

shorter trigonid. The metaconid is reduced and farther anterior 
relative to the protoconid. The reduced paraconid is much more 

lingual and closer to the metaconid than in M^; it is directly anterior 
of the metaconid. The paraconid and metaconid are separated by a 

narrow valley; metacristids are absent. Other cristids are as in M^.
is triangular, very narrow lingually, and with a broad 

shallow ectoflexus, a shallow medial preflexus, and a shallow lingual 
postflexus. The deepest part of the ectoflexus is labial of the 
paracone. The paracone and metacone, conical and tall, are joined at 
their bases* The paracone is larger and taller. The narrow paracrista 

descends the paracone and extends to the damaged parastylar area; 
presence of a parastyle is indeterminate. The equal centrocrista is 
low. The long, narrow metacrista extends from the metacone apex and 
bends to continue straight posterolabially to the corner of the tooth. 

UALP 10581 lacks the metastyle and UALP 14565 has it as a small cusp 
at the end of the metacrista that curves about the posterolabial corner 

of the tooth. The stylar shelf is relatively wide, widest labial of 
the metacone. It slopes posterolabially from the paracone and metacone 
margins and anteriorly from the metacrista. Posteriorly the stylar 

shelf is terminated by the slightly higher posterior cingulum that 

forms a shallow notch where it joins the postmetacrista below the 
metacone. Presence of a mesostyle is suggested by a slight expansion 

of the stylar cusp labial of the paracone. The narrow, high protocone, 
worn and damaged, has the internal margin skewed such that the well
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developed preprotocrista Is higher and shorter than the equally strong 
postprotocrista. The paraconule is larger and higher than the metaconule; 
both are conical. The preparaconular crista is well developed and 
extends into the damaged parastylar area. The postparaconular crista 
is indistinct. The postmetaconular crista extends to the posterolingual 
margin of the metacone. The premetaconular crista is absent. The 
circular, deep trigon basin is slightly posterior. The labial cingulum 

is continuous from the metacrista to the labial margin to the damaged 
parastylar area. The enamel is slightly irregular and rapidly becomes
smooth with wear.

2M differs in having a greatly enlarged parastyle, a deeper 
ectoflexus, a deep labial preflexus and a shallow medial postflexus.

It has a larger mesostyle, a less distinct postparaconular crista, and 
a distinct premetaconular crista.

Discussion. The UALP specimens were identified by comparison 

with casts of AMNH 16599, the holotype, and AMNH 4063 as well as the 
description of Van Valen (1966). The has the proportional dimensions 
given by Van Valen (1966, p. 39) for Acmeodon.

UALP 10947 preserves the roots of the previously unknown 
incisors. The dental formula for lower dentition of k. secans 
is emended to include three incisors. Van Valen (1966) earlier 
pointed out the presence of the P^.

Matthew and Granger (1921) noted the type is from the upper 

Torrej onian (Pantalambda bathmodon-Mixodectes pungens chronozone) 

and Van Valen (1966) considered this the known distribution with two



specimens of unknown provenance within the Torrejonian. Wilson 
(1956a) and Taylor (1981) report Acmeodon secans from the lower, 
"Deltatherium zone", of Kutz Canyon. Indeed, three of the seven 

specimens reported here are from the Deltatherium-Tetraclaenodon
chronozone of Kutz Canyon, (see discussion of biostratigraphy above).
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Table 11. Size of Acmeodon secans from the 

San Juan Basin, New Mexico.

Dimension N Range

Mj L 1 4.2
AW 1 2.4
PW 1 2 . 2

Mg L 1 3.2
AW 1 2.3
PW 1 1 . 6

Mj L 1 3.4

W 1 4.5
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Order Primates Llnneaus; 1758

Discussion, At present there is disagreement regarding the 
familial assignment of some early tertiary primates, including 
Palaechthon and Plesiolestes. Gingerich (1975) and Down and Rose (1976) 

consider them members of the Microsyopidae whereas Szalay and Delson 

(1979) follow the traditional concept of placing them within the 
Paromomyidae. Cogent arguments are presented for both positions.
At present, however, I follow tradition and retain Palaechthon 
and Plesiolestes within the Paromomyidae.

Family Paromomyidae Simpson, 1940
Genus Plesiolestes Jepsen, 1930.
Plesiolestes Jepsen, 1930, p. 505.
Torrejonia Gazin, 1968, p. 629.

Diagnosis. Plesiolestes has not been diagnosed formally since 
Jepsen (1930) described P_. problematicus. Szalay (1973) and Szalay and 
Delson (1979) discussed the genus and Sown and Gingerich (1973) 
discussed details of Plesiolestes dental morphology. The diagnosis 
used here is taken from Szalay and Delson (1979, pp. 47-48). "The 

upper molars are rather transverse with well-developed conules and the 

third lower molar is specialized in having an unusually long talonid, 
relatively longer than in Palaechthon. The dental formula appears to 
be the same as that for Palaechthon."

Discussion. Wilson and Szalay (1972) questioned the generic 

separation of Torrejonia and Plesiolestes. Szalay (1973, p. 8 6 ) 
synonymized them under Plesiolestes. noting that "Torrejonia wilsoni
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from the medial Paleocene of New Mexico described by Gazin (1968) as 

representing a new genus, shows no diagnostic features from the Rock 

Bench sample of Plesiolestes problematlcus other than its larger size."
I agree.

Rigby (1980) carried this concept further by synonymizing 
Plesiolestes wilsoni with Plesiolestes problematlcus and then referring 
Plesiolestes problematlcus to Palaechthon. X disagree. First, Rigby *s 
(1980, Table 35, p. 96) measurements indicate that Plesiolestes 
problematlcus from Swain Quarry is distinctly smaller than known ]?. 
wilsoni specimens. Secondly, I find that P. wilsoni differs from 
Palaechthon on a generic level.

Plesiolestes and Palaechthon are undoubtedly closedly related. 
This was pointed out as early as 1937 (Simpson, 1937) and recognized 
by subsequent workers. However, Plesiolestes, as represented by 

wilsoni, differs from Palaechthon in having the trigonid cusps more 

inflated and more blunt. The tigonid basin of the lower molars is 
divided by the low distinct centrocristid; that of Palaechthon is 

undivided between the protoconid and metaconid due to the absence of 
the centrocristid.

g^gsiole£te£ wilsoni (Gazin, 1968). (Table 12).
Torrejonia wilsoni Gazin, 1968, p. 632.

Plesiolestes wilsoni Szalay, 1973, p. 8 6 .

Holotype. USNM specimen 25255, left partial dentary with Pg-Mg,

Arroyo Torrejon, Nacimiento Formation, San Juan Basin, New Mexico.
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Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Ojo Encino, Nacimiento Formation, San Juan
Basin, New Mexico; Little Muddy Creek Locality, Evanston Formation, 
Fossil Basin, Wyoming; and Shotgun Butte area. Shotgun Member, Fort 
Union Formation, Wind River Basin, Wyoming.

Diagnosis, "...intermediate in size between the generotype 
[£. problematicus] and Plesiolestes sirokyi." Szalay (1973, p. 8 6 ).

Referred material. UALP specimen 8633 (partial left dentary 
with broken.Mg), locality 7544; and 8689 (partial left dentary with 
Pg ^ alveoli, M^ ^), locality 7545 from Ojo Encino.

Description; The P„ , alveoli show that both are double------------ 3-4
rooted, and that P^ is larger than P^ but smaller than M^.

Mj is the smallest lower molar. It has the trigonid narrower 
and moderately taller than the talonid. The conical cusps are blunt 

and slightly bulbous. The protoconid is smaller than, apically shorter 
than, and more anterior than the metaconid. The protoconid and 
metaconid are connected by the broad, low centrocristid. The distinct 
paraconid is anterior of the labial half of the metaconid, but 
separate from it. A broad cristid is present on the anterior of the 
paraconid. The indistinct premetacristid ends at the slight valley 

between the metaconid and paraconid. The strong paracristid curves 
from the protoconid anterior to the anterolabial margin of the paraconid. 
A broad, low postmetacristid meets the entocristid at the talonid notch. 

The shallow talonid basin is closed. The crescentic hypoconid is about 

the size of the protoconid, but extends farther labially. It is 
flattened internally between the cristid obliqua and the cristid
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between the hypoconld and hypoconulid. The broad cristid obliqua Is 
relatively high, supports a minute mesoconid, and extends partway up 
the trigonid wall between the trigonid notch and the paraconld apex.
The hypoflexid is wide, but relatively shallow. The ovate hypoconulid 
is the lowest and most posterior talonid cusp. It has cristids to both 
the hypoconld and entoconid and is equidistant from the cusps. The 
damaged entoconid appears lingually inflated and is continuous with the 
strong entocristid. The large, relatively deep talonid basin is circular 

and closed. The distinct precinguild extends from beneath the antero- 
lingual paraconld margin, is weak at the paraconld anterior, becomes 
stronger anterior of the protoconid, and continues, as the labial 
cingulid, across the hypoflexid and incipiently along the hypocone to 

connect with the postcingulid. The stronger postcingulid descends 
from the hypoconld posterolablal cristid to join the labial cingulid 

at the posterolablal comer of the tooth. The cinguilds are relatively 

smooth. has two roots and the enamel is slightly wrinkled.
M 2 of P. wilsoni is similar to M^. It differs in having the 

trigonid compressed anteroposteriorly with the paraconld slightly 
reduced and more closely appressed to the metaconid, and the metaconid 
situated more anterior.

. Mg is longer and narrower than M^ or Mg. The paraconld is 
slightly more medial. The elongated talonid has the hypoconulid 
enlarged and twinned to form a narrow posterior lobe. The entoconid 

is less distinct than in the other lower molars. The labial cingulid 
is present only along the anterior portion of the hypoconld and the 
postcingulum is very short, restricted to the hypoconld posterior.
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Discussion. UALP 8689 is referred to JP. wilsoni after 

comparison with a cast of USNM 25255, the holotype. The only 
difference noted is the presence of a cristid anterior from the para- 
conid of M p  The UALP specimen and measurements given by Gazin (1968, 

p. 632; 1969, p. 7; and 1971, p. 28) and Wood, Conroy, and Lucas (1980, 
p. 2) for Torrejonla (=Plesiolestes) wilsoni indicate it is considerably 
larger than Plesiolestes problematicus as measured by Rigby (1980, table 
35, p. 96). Plesiolestes wilsoni is intermediate in size between P. 
problematicus and £. sirokyi, as indicated by Szalay (1973).

P_. wilsoni was mentioned by Taylor and Butler (1980) as a 
taxon possibly restricted to the Pantolambda bathmodon-Mixodectes 
pungens chronozone of the Torrejonian (see discussion of biostratigraphy 

above). Those specimens from the San Juan Basin identified with 
certainty, including the holotype, UALP 8689, and three specimens 
reported by Wood al (1980), are from this chronozone. I recently 

(Taylor, 1981) referred a specimen (UALP 8952) from the Deltatherium- 

Tetraclaenodon chronozone to Plesiolestes cf♦ ]?. wilsoni. extending 
the b'iostratigraphic range of that taxon. However, further inspection 
of UALP 8952 shows some distinct differences from specimens of £. wilsoni. 
Most notably, the paraconid of is more separate from the metaconid 
and the centrocristid appears to be absent. It is possible that this 
specimen is actually a poorly prepared ]?. wilsoni. but I refuse to 
extend the biostratigraphic range on the basis of such a specimen.
UALP 8952 may well be a species of Palaechthon.
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Table 12. Size of Plesiolestes wilsoni from Ojo Encino, 
San Juan Basin, New Mexico.

Dimension N Range
L

AW
PW
L

AW
PW
L

AW

PW

1
1

1

1

1
1

1

3.45

2.45 
2.60 
3.60 

2.70
2.75

3.75

2.35
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Genus Palaechthon Gidley, 1923.

Palaechthon Gidley. 1923, p. 6  (In part). 
Palaechthon Simpson, 1937, p. 156. 

Talpohenach Kay and Cartmill, 1977, p. 45. 

Diagnosis.

Lower dental formula, 1.1.3.3. Incisor and canine about 
as in Paromomys. P4  with small but distinct paraconid and 
metaconid.* Trigonids more elevated than in other genera of 
the family. Third lobe of M 3  relatively smaller and narrower. 
Lower molars with external cingula. P^-M^ strongly transverse, 
postero-internal basin relatively small, expecially on P^ and 
M^. Strong external cingula with distinct metastyles. Metacone 
small but distinct on P^. Conules well developed on molars. 
m 1**2 grooved internally but only vaguely bilobed. (Simpson, 1955, 
p. 419).

Palaechthon nacimienti Wilson and Szalay, 1972. (Table 13). 

Palaechthon nacimienti Wilson and Szalay, 1972, p. 5.

Holotype. UKMNH 9559, left dentary with P3 -M3  and right dentary 

with P3 -M2 , Kutz Canyon, Nacimiento Formation, San Juan Basin, New 
Mexico.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico.

Diagnosis.

Palaechthon nacimienti differs from 1?. alticuspis. the 
generotype, in the following characters: Pg smaller than the
canine anterior to it; Pg has an incipient talonid; P4  talonid 
lingually open, not slightly closed; paraconid smaller and 
metaconid absent on P4  trigonid; molar paraconids less medial. 
Palaechthon nacimienti differs from P_. alticuspis and P. wood! 
Gazin, 1971 in being larger in size. Wilson and Szalay, 1972, 
p. 6 ).
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Referred material. UALP specimens 13054 (damaged in

matrix), locality 75106 from Kutz Canyon; and 10482 (LM^) and, less 
certainly, 14522 (broken LH^ Qr g without enamel), locality 75108; and 
9100 (RM1 or 2), 14512 (LM 3), and less certainly, 14523 (LN^ talonid), 
locality 7574 from Ojo Encino.

Description. of P̂. nacimienti has the trigonid slightly 
narrower and moderately higher than the talonid• The cusps are conical 
and blunt. The protoconid is connected to the larger, taller metaconid 
by the distinct, low protocristid. The protoconid is more anterior 
then the metaconid. The distinct paraconid has its apex anterior of 

the labial half of the metaconid. The paraconid is separated from 
the metaconid by a narrow valley. The well developed paracristid 
extends anterior from the protoconid, turns sharply, and extends to 
the labial margin of the paraconid. The crescentic hypoconid extends 
slightly farther labially than the protoconid. The entoconid, about 
the size of the hypoconid, is slightly crescentic and situated on 
the posterolingual comer of the talonid. The hypoconulid is low 
and indistinct on the cristid extending between the hypoconid and 

entoconid. The broad cristid obliqua contacts the trigonid wall slightly 
labial of the trigonid notch. The weaker entocristid spans the talonid 
notch to terminate at the posterolingual base of the metaconid. UALP 
10482 is somewhat eroded and the presence of a mesoconulid is indeter

minate, as is the extent of the cingulid. The precingulid extends from 
the paraconid at least to the hypoflexid region. The postcingulid is 

present posterior of the hypoconid but cannot be recognized labially
due to the abrasion.
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Mg is represented by a corroded posterior fragment of a talonid. 

The hypoconulid is greatly enlarged and twinned. Other features are 
indistinguishable.

The anterior upper molars are represented by a lingual fragment; 
the metacone, most of the paracone, and the region labial of them is 
missing. The protocone is larger than the paracone, conical, and leans 
slightly anteriorly. The lingual margin is somewhat squared. Well 
developed protocristae extend to the conules; the preprotocrista is 
shorter. The conical conules are relatively large with strong pre- 
paraconular and postmetaconular cristae. The internal conular cristae 

are indistinct. The trigon basin is relatively deep. The well 
developed precingulum is low along the protocone and terminates at 

the anterolingual margin of that cusp. The postcingulum becomes 
stronger lingually and rises onto the posterior margin of the protocone 
in a "Nannopithex fold" structure.

qM has the paracone and metacone subequal in size and height 
and connected by a weak low centrocrista. The paracrista is equally 
developed. The larger, lower, crescentic protocone is inflated 
lingually. Protocristae and conules are similar to those of more 
anterior molars. The preparaconular crista is continuous with the 
precingulum. The upper, labial precingulum reaches the paracrista.

A lower, lingual precingulum is present along the anterior margin of 
the paracone. The labial and posterior bases of the teeth are missing, 

but the postcingulum can be seen to rise onto the protocone as in the
anterior molars
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Table 13. Size of Palaechthon nacimienti from

San Juan Basin, New Mexico.

Dimension N Range •
L 1 2.35
AW 1 1.75
PW 1 1.75
PW 1 1.40
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Discussion. UALP P_. nacimienti specimens are identified on the 
basis of size and comparison with figures from Wilson and Szalay (1972) 
and casts of USNM specimens 9352, 9550, and 9551 of P̂. alticuspis. The 

UALP specimens are distinctly larger than specimens of wood! from the 
same locality.

The UALP specimens extend the stratigraphic range of P. 
nacimienti upward into the upper zone of the San Juan Basin Torrejonian.

Palaechthon wood! Gazin. 1971. (Table 14).

Palaechthon wood! Gazin. 1971, p. 23.

Holotype. MCZ 18740, partial left dentary with P4 -M2 , Shotgun 
Member, Fort Union Formation, Wind River Basin, Wyoming.

Diagnosis.

Size of teeth distinctly smaller than in Palaechthon 
alticuspis Gidley (1923). P4  with parastylid and metaconid a 
little less well defined. Primary cusp of P4  and trigonids of 
molars relatively a little less elevated. (Gazin, 1971, p. 23).

Referred material. UALP specimens 9067, 10479, and 14521 (RMp; 

10480, 13696, and 14520 (LM^; 9064, 9068, 10481, 13699, 13700, and 
14517 (RM2); 9311, 14516, and 14518 (LM2); 14524 (LP4), and 14514 (broken 
LM1 or 2), locality 75108; 14519 (LP4 ), locality 7574; and 10504 (LM1), 
locality 7562 from Ojo Encino.

Description. P4 , smaller than Mj, is semimolariform and 
triangular in outline. The trigonid is considerably longer and 
taller than the talonid, but slightly narrower. The cusps are 

conical. The protoconid is the dominant trigonid cusp; its apex is
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central on the trlgonid, A small, low paraconid Is anterior of and 
slightly lingual of the protoconid apex. The distinct paracristid 
descends anteriorly from the protoconid and bends sharply to reach 
the paraconid. The metaconid is relatively large and appressed to the 
protoconid posterolingually. A slight but distinct postmetacristld 
is present near the metacristid apex. The well-developed talonid 
has a large crescentic hypoconid, smaller ovate entoconulid, and a deep 
basin. The basin is open lingually through the narrow talonid notch. 
The hypoconulid is absent, but extends onto the trlgonid wall beneath 
the trlgonid notch. The wide hypoflexid is relatively deep and extends 

nearly to the base of the enamel. Cingulids are absent, P̂, is 
double-rooted, and the enamel is smooth.

trlgonid is slightly narrower than and moderately taller 
than the talonid. The trlgonid cusps are conical and relatively 
blunt. The protoconid is larger, taller, and more anterior than the 

metaconid. Both have flattened posterior margins. The paraconid is 
smaller than and slightly lower and more labial than the metaconid.
It is anterior of the labial half of the metaconid and is separated 
from that cusp by a narrow valley. The strong paracristid extends 
anteriorly from the protoconid, bends at nearly a right angle, and 
reaches the anterolabial margin of the paraconid. The protocristid is 
low, but distinct. Premetacristid and centrocristid are absent. The 

trlgonid basin is deep. A distinct postmetacristld descends the post- 

erolingual margin of the metaconid. The hypoconid is the largest 

talonid cusp. Crescentic, it is about as tall or slightly taller than
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the entoconid. The ovate, somewhat inflated entoconid has a distinct 
short entocristid. The entocristid is separated from the post meta- 
cristid by the narrow talonid notch. The ovate hypoconulid is slightly 
closer to the entoconulid and connected to both of the other talonid 
cusps by distinct cristids. The well developed cristid obi#.qua forms 
a slight ledge as it ascends the trigonid wall in UALP 9067, 10497, 
and 13696, where it terminates lingual of the trigonid notch. It may 
terminate labial of (UALP 10480 and 14520) or at the talonid notch 
(UALP 14521). The mesoconid ranges in size from an indistinct swelling 
in specimens UALP 10480, 10504, and 13696 to a distinct small cusp in 
UALP 9067. The hypoflexid is deep and wide. The precingulid is 

absent. The labial cingulid varies in length. Four specimens have it 
extending from beneath the bend of the paracristid, around the protoconid 

and across the hypoflexid to the anterior of the hypoconid; UALP 10479 
and 10504 have it discontinuous at the posterolabial margin of the 
protoconid; and UALP 9067 has only a short hypoflexid. It appears 
that the labial cingulum is easily eroded. The weak postcingulid 
descends across the posterior margin of the hypoconid, labial of the 
hypoconulid. The double-rooted has smooth enamel.

Mg differs from primarily in characters of the trigonid:
The trigonid is shorter and wider relative to the talonid; the metaconid 

is more anterior, but its apex is posterior relative to that of the proto
conid; and the protoconid and metaconid are more widely separated. The 

ovate to round paraconid is more lingual than in M^; its apex is anterior 
of the protoconid apex. The longer paracristid gives the tooth anterior 

a more squared appearance. The mesoconid is distinct on four specimens
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and Indistinct on UALP 9311 and 13700, The cristid oblique intersects 

the trigonid wall slightly labial of (5 specimens), slightly lingual of 
(UALP 13699 and 13700), or at the trigonid notch (UALP 14517).

p \  missing the portion labial of the paracone apex, is keyhole
shaped, considerably shorter lingually. The tall paracone leans 

posteriorly. The paracrista is indeterminate, but the conical, low 
parastyle is distinct. The strong metacrista supports a narrowly 
ovate, small but distinct, metacone. The metastyle region is missing. 
The low, conical protocone has a distinct low preprotocrista, but lacks 
the postprotocrista. The indistinct precingulum extends from the para- 
style to about half the length of the preprotocrista. The stronger 
postcingulum extends from the metacrista to rise a short distance onto 
the posterior margin of the protocone.

A single, broken or is referred to JP. wood!. The 

portion labial of the conules is missing. The protocone leans slightly 
anteriorly. It has well developed protocristae; the postprotocrista 

is longer. The metaconule is slightly larger than the paraconule. 
External conular cristae are more strongly developed than the internal 
ones. The strong precingulum extends beneath the paraconule and 

protocone; it terminates anterior of the protocone apex. The post
cingulum originates beneath the metaconule and terminates as a 
"Nannopithex fold" structure on the protocone posterior margin.

Discussion. The UALP specimens are referred to I\ wood! on 

the basis of their size and comparison with casts of Palaechthon 
(USNM 9532, 9550, and 9551) and figures of P_. wood! (Gazin, 1971, 
fig. 4, p. 24; Wood et al., 1979, fig. 1 , p. 3).
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P. woodl from the San Juan Basin appears to be restricted to the 

upper Torrej onian levels (see discussion of biostratigraphy above).

This may be an artifact of collecting as the majority of localities from 
which small mammals have been recovered by underwater screening are from 

this level. Should, however, P_. wood! remain restricted to the upper 
level, the correlation between the upper Torrejonian of the San Juan 

Basin and the Shotgun Butte localities suggested by Wood et al, (1979) 
may hold true.

The UALP collection of JP. wood! consists of 20 specimens, 18 of 
which are lower teeth. Gazin (1971) noted that 9 of 13 isolated teeth 

of P. wood! recovered are from the lower jaw. Rigby (1980) reported 

considerably more (133 vs. 67) upper molars of Plesiolestes problematicus. 
Voorhies (1969) reported that lower dental elements usually are 
predominant, especially in smaller mammals (see discussion under 
Mimotricentes).

Palaechthon cf. ]?. wood! Gazin, 1971.

Referred material. UALP specimen 11716 (LM2 ), locality 75108,
Ojo Encino.

Discussion. UALP 11716 is like ]?. woodi in size and morphology 
except for the position of the hypoconulid. This cusp is separate from, 

but just slightly posterolabial of the entoconid. It is about the size 
of the entoconulid. I consider UALP 11716 an aberrant specimen of P. 

woodi because it is identical to that taxon in all other characters and 

because it was recovered from locality 75108, which yielded 17 specimens
of P. woodi
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Table 14. Size of Palaechthon wood! from the San Juan Basin, 

New Mexico.

Dimension N Range Mean S.D. V.

P4 L 1 1.50
W 1 .95

M 1 L 4 1.55-1.65 1.61 0.05 3.10
AW 5 .95-1.10 1.05 0.07 6.67

PW 5 1.05-1.20 1.13 0.06 5.31
m 2  l 6 1.45-1.65 1.57 0.08 4.80

AW 6 1.00-1.30 1.13 0 . 1 2 10.69
PW 6 1.00-1.40 1 . 2 2 0.15 1 2 . 1 0
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Order Carnivora Vlcq d’Azyr, 1792

Family Miacidae Cope, 1880
Genus Protlctls (Matthew, 1937)..

Didymictis Cope, 18821, p. 464.
Protlctls MacIntyre, 1966, p. 148.

Diagnosis. "Differs from Ictidopappus in having relatively 
higher and shorter trigonid; relatively larger and more complex 
Pj_^ with well-developed paraconids distinct from protoconids; and 
cingula on P^ ^ and conules on (MacIntyre, 1966, p. 148).

Subgenus. Protlctls (Protlctls) (Matthew, 1937).
Didymictis (Protlctls) Matthew, 1937, p. 101.

Didymictis Simpson. 1937, p. 209 (in part).
Protlctls (Protlctls) MacIntyre, 1966, p. 149.

Diagnosis.

Differs from P. (Brvanictis) in having relatively shorter 
Mg talonid; relatively lower, blunter paraconid and relatively 
smaller hypoconid but relatively larger posthypoconid on P^; 
relatively higher M^ trigonid and more rounded posterior end 
of M^ talonid; and relatively shorter, wider upper molars 
bearing reduced lingual cingula.

Differs from P. (Simpsonictis) in having relatively lower 
Mg trigonid and smaller talonid cusps on Mg; relatively lower 
trigonid cusps on M^; particularly the metaconid; and relatively 
larger posterior accessory sucps on P4 . (MacIntyre, 1966, p. 149).
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Protictis (Protictis) haydenianus (Cope, 1882). (Table 15, 

Figure 20).
Didymictis haydenianus Cope, 18821, p. 464.
Didymictis primus Cope, 1884a, p. 309.
Vlverravus haydenianus Matthew. 1899, p. 29.

Didymictis (Protictis) haydenianus Matthew, 1937, p. 102.

Protictis (Protictis) haydenianus MacIntyre, 1966, p. 149.
Holotype. AMNH 3368, left dentary with P^-Mg left 

3 2maxilla with P -M , Nacimiento Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation,

San Juan Basin, New Mexico; Gidley and Silberling Quarries, upper Lebo 
Formation, Crazy Mountain Field, Montana; Joe's Valley Member, North 

Horn Formation, Dragon Canyon, Utah; Swain Quarry, Fort Union Formation, 
Wyoming; and Rock Bench Quarry, Polecat Bench Formation, Bighorn Basin, 
Wyoming.

Revised diagnosis. Smaller and less robust the P̂. (£.) 
robustis; P^ with larger posthypoconid and paraconid slightly more 
ovate; molar precingulid usually not connected with hypocingulid; P^ 

relatively narrower, with less distinct cristae.
Referred material. UALP specimens 8619 (partial R dentary with 

roots of ^2 -4 * talonid, Mg alveoli), locality 7543; 8663 (R dentary 
with P^-Mj) and 10914 (R dentary with broken P^, P^, broken M^, Mg), 
locality 7545; 8803 (L dentary with Mj), locality 7572; 8846 (LM^ 
trigonid), locality 7558; 8877 (RP^), locality 7562; 8894 (broken LM1), 
locality 7574; 10709 (R maxilla with broken M^“ )̂ and 10710 (broken RP^),
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locality 7645; and 10991 (LM^ trigohid), locality 75111 from Ojo Encino; 
12005 (L maxilla with poorly preserved , locality 7897 from Kutz
Canyon; and 10976 (L dentary fragment with P^), locality 7788 from 
Bohannan Canyon, north of Aztec.

Description. Lower incisors, canines, and anterior premolars 

of P_. (P̂ .) haydenianus are absent from the UALP collection. Relatively 
rare, they are described by MacIntyre (1966, p. 150-154).

The broken P^ of UALP 10914 has the portion anterior of the 
protoconid apex preserved. P^ is much smaller than P^, has a tall 
protoconid and paracristid, but the paraconid is indistinct. The weak 

precingulid surrounds the anterior margin and is stronger and extends 
farther posteriorly labial of the paracristid. P^ has three roots 
and relatively smooth enamel.

P4  is ovate, narrower anteriorly. A narrow flexid is present 
lingually between the protoconid. The protoconid is tall and ovate.
The relatively large paraconid is slightly lingual and conical. The 
strong paracristid descends the protoconid and rises onto the paraconid, 
but is interrupted by a camassiform notch. The stronger postproto- 
cristid is separated from the hyp oc on id by a camassiform notch. The 
metaconid is absent. The narrowly ovate hypoconid, smaller than the 
paraconid, is appressed to the posterior flank of the protoconid. The 
subequal posthypoconid is more conical and separated from the hypoconid 

by a deep camassiform notch. The postprotocristid, hypoconid, and 

posthypoconid are labially situated. The small hypoconulid is medial 
and conical. The precingulum is absent. A short weak anterior labial
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cingulum descends the posterolabial margin of the paraconid. The 
posterolabial cingulid is stronger and descends from the hypoconulid 
to the base of the protoconid opposite the anterior margin of the 
hypoconid. It continues incipiently to the mediolabial margin of the 
protoconid. A low cristid (entocristid?) extends from the hypoconulid 
around the posterolabial margin to close the talonid basin.

The labial portion of the tooth is steeper than the lingual 
portion. has two roots, the enamel is slightly crenulate.

The trigonid is much taller and wider than the talonid.
The narrow triangular protoconid is the tallest and largest cusp..
The lingual paraconid is separate from the metaconid, but only slightly 
distinguished from the well developed bladelike paracristid. The 

paraconid of UALP 8803 has a low anterior cristid. The paraconid 
leans slightly anteriorly and the paracristid has a much steeper, near 

vertical, anterior slope. The paracristid is interrupted by a camassial 
notch near the base of the protoconid. The more triangular metaconid, 
slightly taller than the paraconid, leans slightly posterolingually.
The strong protocristid is interrupted by a shallow camassiform notch 
midway between the protoconid and metaconid. The absence of the pre- 
metacristid permits the deep trigonid basin to open lingually. The 

only preserved talonid, that of UALP 8803, is damaged, but appears to 
have a well developed hypoconid, and a more posterior small hypoconulid. 

The small conical entoconid, on the posterolingual corner of the talonid, 

appears continuous with the low entocristid. The weak cristid obliqua 
intersects the talonid wall low, slightly labial of the trigonid notch.
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The relatively deep talonid basin is lingual and partly closed by 
the entocristid. The slightly cuspidate narrow precingulid, near 
the base of the trigonid, extends from the anterolingual margin of the 

paraconid to anterior of the protoconid apex, and is highest lingual 
of the paracristid notch. An incipient lingual cinguild is present 
low on the paraconid; it is strongest on UALP 8813. The postcingulid 
is incipient posterior of the hypoconid of UALP 8803 and the labial 
cingulid is damaged in both specimens. The enamel is slightly 
crenulate.

Mg is reduced considerably relative to Mj. The trigonid is 

much lower, relative to the talonid, than in Mj. The trigonid is 
shorter with the paraconid and metaconid much closer. The talonid is 

elongated and narrower than in the hypoconid is reduced and the 
hypoconulid enlarged and farther posterior.

Upper incisors, canines, and anterior premolars are absent 

from the UALP collection. They are described by MacIntyre (1966, 
pp. 150-151 and 156-157).

P^ has the distinctive Y-shape noted by MacIntyre (1966) with 
distinct ectoflexus and preflexus and straight lingual margin. It 
is essentially an ovate paracone with lobes supporting the parastyle, 
metastyle, and protocone. The posteriorly leaning paracone is tall, 
conical, and relatively thin with cristae to the parastyle and smaller 
metastyle. The distinct paracrista extends to the base of the paracone 

where it contains an indistinct cuspule. A shallow camassiform notch 
separates this cuspule from the larger, ovate parastyle. The
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metacrista is stronger than the paracrista and the metastyle is 
larger and elongated into a metastyle blade. The metacrista reaches 
the posterior base of the paracone where it is separated from the 
metastyle by the deep camassial notch. The metastyle has a steeper 
lingual margin and the notch is nearer the lingual margin of both the 

paracone and metastyle. A concavity is present labial of the notch.
The small conical protocone, about the size of the metastyle, is more 
anterior than the paracone, lingual of the paracone-parastyle notch.
It is separated from the paracone by a wide valley. A slight crista 
descends from the protocone apex to the precingulum in UALP 10710 and 
possibly in UALP 8877. The labial cingulum, extending from mediolabial 
on the parastyle nearly to the posterior margin of the metastyle, rises 

at both ends and medially on the paracone. The precingulum has 
upper and lower portions. The lower portion is low on the protocone. 
The well developed postcingulum, separated from the precingulum at the 

protocone, extends from near the posterolingual margin of the tooth 
to the posterolingual margin of the protocone. The cingula are more 
developed and cuspidate in UALP 10710 than in UALP 8877. P^ has three 
roots. The enamel is slightly crenulate, particularly at the base of 
the paracone.

. specimens are damaged. UALP 8894 and 10709 have the lingual
portion preserved and UALP 12005 has a poorly preserved labial portion. 
The paracone is larger than the metacone and a small metastyle is 

present at the end of the metacrista. The parastyle region of UALP 
12005 is more anteriorly than anterolabially directed. The anterior
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leaning crescentic protocone has the stronger preprotocrista shorter 
than and at a higher level than the postprotocrista. The preproto
crista is straight, the postprotocrista slightly curved. Both are 

separated from the conules by shallow camassiform notches. The 

paraconule is larger and at a higher level than the metaconule. Both 
are conical, but the paraconule is flattened anteriorly. The well 
developed preparaconular crista apparently supports a small cusp and is 
stronger than the slight narrow postparaconular crista. Both meta- 
conular cristae are strongly developed; the postmetaconular crista 
is straight, supports a small cusp, and apparently extends to the 

postcingulum. A relatively deep trigon basin is just anterior of 
the metaconule. The labial cingulum extends along the broad ectoflexus 
of UALP 12005 from mediolabial of the metacone to about midway between 
the paracone and parastyle. The strong postcingulum extends from below 
the postmetaconular crista lingually along the protocone base where it 
is widest. The postcingulum is most cuspidate posterior of the protocone, 
but a hypocone is indistinguishable. The weaker precingulum appears to 
originate just labial of the paraconule and nearly reaches the lingual 

margin of the protocone. UALP 8894 has these cingula more widely 
discontinuous than UALP 10709.

is considerably reduced relative to The metacone is

reduced and considerably shorter and smaller than the paracone. The 

centrocrista is distinct but low. The metastyle is a minute conical 

cusp at the end of the indistinct metacrista; it is very close to the 
metacone. The stylar shelf, usually wide, is greatly expanded antero- 
labial of the paracone. This expansion supports a relatively large
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stylocone, a smaller parastyle, and a cuspidate cristid sweeping 

anterolabially from the anterior margin of the stylocone. A shallow 

camassiform notch separates the stylocone and paracrista. The pro
to cone and protocristae are similar to those of M*. The slightly 
cuspidate preparaconular crista reaches the stylocone and continues 

beyond as the crista noted above. The posparaconular crista is 
stronger than in M*. The premetaconular crista is actually a rela
tively small cusp labial of the metacone. The postmetaconular crista 
supports a small cusp and terminates at the posteromedial margin of 
the tooth. The wide labial cingulum extends from the parastyle to the 

metastyle. The short low, cuspidate precingulum extends from below 
the labial margin of the paraconule to the anterolingual margin of the 

protocone. The shorter post cingulum is beneath the metaconule and post
protocrista. It has a large swelling near the lingual end that may be 
a weakly developed hypocone.

Discussion. The UALP specimens referred to J?. haydenianus are 
within the size range and variability described by MacIntyre (1966).
He (MacIntyre, 1966) noted the absence of a distinct metastyle on M^ 
and suggested it may be represented by small irregularities. UALP 
10709 has a minute, but distinct cuspule as the metastyle; I interpret 
this cuspule as more than a small irregularity, but a minor significance.

UALP 12005, the only Kutz Canyon specimen, is from the early 
Torrej onian (Dragonian). Tomida (1981) described this specimen and 

referred it to Protictis cf. I\ haydenianus, noting "...the P^ 

metastyle blade is elongated posteriorly and lower in height than P̂.
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Table 15. Size of Protictis (Protictis) haydenianus from 

the San Juan Basin, New Mexico.

Dimension N Range Mean

P4 L 2 6 .8-7.2 7.00

W 2 3.1-3.2 3.15
Mi L

AW 2 5.0-5.2 5.10

PW 1 4.2

m 2  l 1 5.8

AW 1 3.4

PW 1 2 . 6

P4  L 1 8 . 2

W 2 6 .0 -6 .5 6.25
M 1 L

W 2 4.5-4. 6 4.55

M2  L 1 3.3

W 1 6 . 0
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haydenianus." (p. 6 ). The metastyle blade is approximately equal in 

length to that of HALF 8877 and it is damaged and somewhat worn by air 

abrasive preparation such that the original height cannot be determined 

accurately. Therefore, I refer this specimen to (£.) haydenianus.

The UALP specimens do not significantly change the diagnosis 
of either the genus or species as provided by MacIntyre (1966) in his 
revision of Paleocene miacids.

Protictis (Protictis) robustis, n. sp. (Table 16, Figures 20
and 2 1 ).

Holotype. UALP 10662, left dentary fragment with P^, M^ with 

trigonid missing, and Mg with damaged talonid, from UALP locality 7640, 
Nacimiento Formation, Kutz Canyon, San Juan Basin, New Mexico.

Hypodigm. The holotype plus UALP specimens 10563 (poorly 
preserved LMj^), locality 75106; 10627 (right dentary fragment with 

broken M^), 10638 (right dentary fragment with P^ roots, broken M^ and 

Mg), 10646 (left maxilla with P^-M^) , 10661 (RP^ in maxilla fragment), 
and 10662 (left dentary fragment with P^-Mg), locality 7640 from Kutz 
Canyon.

Etymology. Latin for robust, with reference to size relative 
to other species of Protictis.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Kutz Canyon, Nacimiento Formation, San Juan
Basin, New Mexico.
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Diagnosis. Larger and more robust than P. (P.) haydenianus. 

Otherwise similar to J?. (P_.) haydenianus. it has the P^ with post- 
hypoconid minute and paraconid more bulbous and distinctly conical.
Mg precingulid weakest at labial margin of protoconid, but connecting 
with hypocinguild. P^ relative width slightly greater, with more 

distinct cristae.
Description. P^ is subovate with convex labial and slightly 

concave lingual margins. The posterior is rounded. It has a large 
ovate protoconid with well developed anterior and posterior cristids.
It leans slightly posteriorly. The paracristid is interrupted at the 

base of the protoconid by a camassiform notch. The relatively large 

lingual-leaning paraconid is slightly bulbous, conical, and blunt.
Placed lingually on the tooth, the paraconid is close to the protoconid. 

The postprotocristid is separated from the elongate hypoconid by a 

camassiform notch. The metaconid is absent. The hypoconid is 
separate from the protoconid, enormously larger than the minute 

posthypoconid, and longer than the subequally tall hypoconulid.
Conical, the hypoconulid is directed posteriorly. A low cristid 
(entocristid?) extends from the hypoconulid anteriorly to close the 
talonid basin lingually. Only the labial cingulid is present.
Strongest on the talonid, this cingulid is weak to incipient medo- 
labially on the paraconid and the anterolabial part of the protoconid. 
Posteriorly the labial cingulid rises to the base of the hypoconulid.

The M of P. (P.) robustis differs little from that of P.

(P_.) haydenianus. The trigonid is considerably higher than the talonid. 

The cusps of UALP 10563 are damaged and the tooth somewhat deformed,
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but the specimen permits some description of the trigonid. The 
protoconid is narrowly triangular and taller and larger than the other 
cusps. The paraconid appears continuous with the wide paracristid 

but is otherwise damaged. The metaconid is triangular and relatively 

large. The large crescentic hypoconid is flattened internally and on 

UALP 10627, has an accessory cusp appressed to it posterolingually.
This accessory cusp is somewhat bulbous and connected to the smaller 
hypoconulid by a narrow cristid. UALP 10638 and 10662 have this cristid 
between the hypoconulid and hypoconid. A similar cristid connects the 
hypoconulid with the larger entoconid. The entocristid extends to the 
postmetacristid. It supports two minute cuspules in UALP 10627, has 
less distinct cuspules in UALP 10638, and is cuspless in UALP 10662.
The elongated talonid basin is deepest anteriorly and closed lingually 

by the entocristid. The well developed hypoconulid terminates on the 

hypoconid posterior. The well developed postcristid is restricted 
to the posterior of the hypoconid. The labial base of the hypoconid 

is slightly expanded forming a "break in slope" at the level of the 
ecto- and postcingulids.

M 2  is somewhat reduced from and with the talonid relatively 

longer and narrower. The trigonid is moderately taller than the talonid. 
The triangular protoconid is wider posteriorly and situated more 
anteriorly than the smaller, more rounded metaconid. The large para

conid is conical, distinct from the paracristid, and joined to the 

metaconid at the base. It is more medial and slightly smaller than the 
metaconid. The low, strong paracristid and protocristid are short, but
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both are interrupted by a shallow camassiform notch. The hypoconid is 
as in Mj. The broad cristid obliqua reaches the base of the talonid wall 

beneath the talonid notch. The conical hypoconulid, intermediate in size 
between the hypoconid and entoconid, is enlarged from and joined to 

the entoconid at the base. These cusps lack a cristid between them.
The low entocristid appears cuspless; it barely closes the talonid 
basin. The prominent precinguild is continuous with the prominent 
hypocinguild, but is very weak at the labial margin of the protoconid. 
The postcinguild and labial margin of the hypoconid are as in

p \  missing the anterolingual portion, is triangular with a 
wide broadly concave labial margin. The large paracone is ovate and 
slightly inflated. The metacone is absent. The tooth is dominated by 

the paracone, but has an anterior and a larger, higher posterior lobe 
that support the parastyle and metastyle, respectively. The minute 

parastyle is lower than the larger slightly elongate metastyle. The 
narrow paracrista is restricted to the paracone margin, However, a 

narrow crista extends from the parastyle anterolingually to the damaged 

area. The low metacrista extends to the metastyle blade. The meta
crista is interrupted at the paracone base by the moderately deep 
camassial notch. This notch is nearer the lingual margin, providing 
a wide labial valley between the paracone and metastyle. The damaged 
protocone appears small as the weak lingual cingulum extends, unwidened, 

from low on the mediolingual margin of the metastyle, around a slight 
lingual expansion into the damaged area. The weaker labial cingulum 
extends from the notch between the paracone and parastyle to the post- 
erolabial margin of the metastyle.
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The is Y-shaped with distinct ectoflexus and preflexus. The 
posterolingual margin is straight. The large ovate paracone leans post
eriorly and has strong para- and metacristae. The paracrista is par
ticularly distinct from the paracone and extends onto the relatively 
large conical parastyle. It is interrupted by a shallow camassiform 

notch, but lacks a minute cuspule, at the base of the paracone. The 
metacrista is separated from the metastyle blade by the deep carnassial 
notch. The notch is closer to the lingual margin and has a concavity 
labial of it. The metastyle blade is steepest lingually. The protocone 
is conical, relatively large, and anterior of the paracone apex. It is 

separated from the paracone by a broad valley and lacks cristae. The 
labial cingulum extends from the mediolabial margin of the parastyle 
nearly to the posterior margin of the metastyle blade. It is weak 
medially. The weak precingulum appears to be confined to the preflexus 

area. The well developed postcingulum extends from the posteromedial 

base of the protocone to the damaged area of the metastyle blade. 
has three roots. The enamel is moderately crenulate, particularly 
on the paracone and metastyle blade.

M* has the paracone and metacone broken. It is U-shaped with 
the region labial of the paracone greatly expanded. The stylar shelf 

is also relatively wide labial of the metacone. The paracone is larger 
than the metacone; both are round. The strong stylocone is narrowly 

ovate with a strong cristid reaching the labial cingulum. The cusp 

and cristid lean distinctly anteriorly. The damaged parastylar region 
is directed anteriorly and is more anterior than the remainder of the
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tooth. The metacrlstid reaches the precingulum just lingual of the 
minute metastyle. The protocone Is somewhat crescentic and leans 

anteriorly. The preprotocrista is higher than the postprotocrista and 

more labially directed. The conules are conical. The paraconule is 
larger and at a higher level than the metaconule. The paraconule is 
flattened labially, leans anteriorly, and is separated from the pre
protocrista by a shallow camassiform notch. The preparaconular 
crista is stronger than the postparaconular crista, supports a small 
cuspule, and is continuous with the upper portion of the precingulum.
The postparaconular crista extends from the posterolabial margin of the 
paraconule to the paracone. The premetaconular crista is stronger than 
the postparaconular crista and originates at the anteromedial margin 
of the metaconule. A minute accessory cusp is present between the 

posprotocrista and metaconule. It is separated from the postproto
crista by a shallow carnassiform notch and from the metaconule by a 
non-camassiform notch. The labial cingulum extends from labial of 
the stylocone to the metastyle. The upper portion of the precingulum 

extends from posterolingual of the parastylar region to connect with 

the preparaconular crista. The cuspidate lower portion extends from 
beneath the accessory cusp on the preparaconular crista to the antero- 

lingual margin of the protocone. It is separated from the cingulum at 
the lingual margin of the protocone. The postcingulum extends from the 

metacrista to the posterolingual margin of the protocone. It is cuspidate 

and strongest in the hypocone area, but a hypocone is indistinguishable. 
Triple-rooted, the has moderate crenulations near the base of the
protocone.
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Comparisons. Protictis (Protictis) robustis is larger than 

other species of Protictis except Protictis (Protictis) sp. reported by 
MacIntyre (1966) (see below). The P^ differs from that of (P.) 
haydenianus in having the hypoconid separated from the protoconid and 

having a minute posthypoconid. The P^ differs from that of 
(Bryanictis) species in having the posthypoconid present, and more 

rounded posterior margin, and a more conical paraconid.

The P^ differs from that of 1?. CP.) haydenianus in having a more 

conical parastyle and from P. (B.) microlestes in having a relatively 
smaller protocone.

M 1 has a larger stylocone than in P. (P.) haydenianus and P.

<!•) microlestes. The labial margin of P. (P.) robustis has a more 
V-shaped ectoflexus,

Z* (!•) robustis differs from _P. (Slmpsonictis) in having a 
P4  without the constriction between the protoconid and paraconid and 
with a large hypoconid. The lower molars of (P̂ .) robustis have 
lower trigonids and lower metaconids within the trigonid.

Discussion. Protictis (Protictis) robustis appears intermediate 
between £. (Protictis) and P̂. (Bryanictis). but closer to I\ (Protictis). 
The presence of a posthypoconid is a P. (Protictis) character, but its 
reduction is a trend toward the absence of this cusp in P̂. (Bryanictis) . 
The P^ paraconid is conical, as in JP. (Protictis) but more continuous 

with the paracristid, trending toward the more bladelike paraconid of 

£. (Bryanictis). Most other characters agree with ]?. (P.) haydenianus 

as recognized in UALP specimens, a cast of UNMH 33688, and illustrations 

and description of MacIntyre (1966, p. 3-7).
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P_. (P_.) robustls is close in size and morphology to specimens 
described and figured by MacIntyre (1966, p. 167-168; PI. 8 , Fig. 1,4,
6 , 7, 9, and 11) as P_. (P̂ .) sp. The P^ and M* of P̂. (P.) sp. appear 
inseparable from JP. (£.) robustls. MacIntyre (1966) describes the P. 
(P.) sp. P^ as having the hypoconid and posthypoconid subequal. This 

large P^ posthypoconid is the character separating P̂. (J?.) sp. from 

2* (2«) robustls. It is possible that the minute posthypoconid is the 

character separating 2* (2«) SP* from 2* (2») robustls. It is possible 
that the minute posthypoconid of the sole known P^ of 2 * (2 *) robustls 
is anomalous. It so, 2» (£•) sp. specimens USNM 6143, 9930, and 35452 
should be included within the hypodigm of 2» (2«) robustls. At present, 

however, I prefer to exclude these specimens.
There is discrepancy in measurement of one specimen that 

MacIntyre (1966) referred to 2* (2») sp. Simpson (1937) reported the 
lingual length of USNM 6143, a p\  as 10.7 mm. long; MacIntyre (1966) 
reported the same dimension as 11.8 mm. Also, Simpson (1937) gave 

the range for this dimension in Torrejonian 2* (2«) haydenianus 
specimens as 9.2-11.3 mm., but MacIntyre (1966) gave a range of 9.0-9.4 
for the Torrejonian specimens. Simpson's (1937) measurement of UALP 

6143 is closer to that of UALP specimens of 2* (2«) robustls. but I 
cannot judge its accuracy. The discrepancy in the observed range 

for Torrejonian 2* (2*) haydenianus specimens means that the 2* (2*) 
robustls P^ may not be significantly larger. UALP specimens of 2« (2«) 
robustls are larger than UALP 2* (2«) haydenianus specimens 2* (2«)
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Table 16. Size of Protictis (Protictis) robustis from 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P4 L 1 8 . 6

W 1 3.8
M 1 L 3 8 .3-8.5 8.43 0 . 1 2 1.37

AW 1 5.9
PW 3 4.3-4. 8 4.57 0.25 5.51

X

1 6.7
AW 1 3.8
PW 2 3.1 3.10

P^ L 1 9.8
W 1 7.5
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Figure 20. Stereophotos of Protictis. A) Protictis (Protictis)
robustis, n . sp., UALP Specimen 10661, RP , Occlusal View, 
X2.4; B) Protictis (Protictis) haydenianus, UALP Specimen 
8877, RP^, Occlusal View, X2.4; C) Protictis (Protictis) 
robustis, n. sp., UALP Specimen 10646, LP^-M^, Occlusal 
View, X2.
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Figure 21. Stereophotos of Protictis (Protictis) robustis, n. sp.
UALP Specimen 10662 , LP4-M2 , Holotype, X2: A) Labial View;
B) Occlusal View; C) Lingual View.
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the posthypoconid reduced, and have strong cingulids and cingula.

The posthypoconid is absent in Didymictis and the cingulids and 

cingula are very well developed. This suggests that Didymictis more 
probably evolved from the P̂. (Protictis) lineage than the £. (Bryanictis) 

lineage, which lacks a robust species. P̂. (Bryanictis) may have evolved

from a P̂. (P.) robustis-like ancestor.

Submenus. Protictis (Bryanictis) MacIntyre, 1966.

Didymictis Simpson, 1937, p. 209 (in part).
Protictis (Bryanictis) MacIntyre, 1966, p. 176.
Diagnosis.
Differs from P̂. (Protictis) in having relatively larger Pg, 

bearing paraconid and in some cases hypoconid; relatively 
larger, blade like paraconid and single large hypoconid on P^; 
relatively broader posterior end of P^-M^; lower, longer 
trigonid of Mj; and relatively longer, narrower upper molars, 
bearing cingula.

Differs from P̂. (Simpsonictis) in having relatively lower 
molar trigonids; stronger paraconid and much stronger hypoconid 
of P^; and relatively lower metaconid of M j_2 .

Differs from both of these in having relatively stronger 
cuspules on Mg talonid. (MacIntyre, 1966, p. 176).

Protictis cf. Protictis (Bryanictis) vanvaleni MacIntyre, 1966. 
(Table 17).

Protictis (Bryanictis) vanvaleni MacIntyre. 1966, p. 190.

Holotype. AMNH 16031, left dentary fragment with P^ and M^ 

talonid, Nacimiento Formation, Ojo Encino, San Juan Basin, New Mexico.



Age, stratigraphic range, and geographic distribution. Middle
196

Paleocene (Torrejonian): Ojo Encino and Kutz Canyon, Nacimiento For
mation, San Juan Basin, New Mexico; and Swain Quarry, Fort Union 
Formation, Wyoming,

Diagnosis. "Differs from P. (IS.) microlestes in having meta- 
conid lingual to protoconid on P^ and wider P^ talonid, with entoconid, 
hypoconulid, and hypoconid; and relatively lower metaconid and smaller, 

more transversely directed paraconid of M^. Over-all size similar to 
that of JP. (IS.) microlestes." (MacIntyre, 1966, p. 190) •

Referred material. UALP specimen 10727 (R dentary fragment 
with broken Mj and Mg), locality 7653, Kutz Canyon.

Description. M^ is missing the trigonid and the talonid labial 

of the hypoconid apex. The entoconid is taller and larger than the 

more posterior, ovate hypoconulid. The relatively strong postcingulid 
descends from the hypoconulid along the hypoconid posterior margin.

The talonid of Mg lingual of the protoconid apex is missing.
The talonid is considerably lower than the trigonid. The conical 
hypoconulid is taller than but smaller than the crescentic hypoconid. 
The conical entoconid is separate from the larger hypoconulid. The 
broad cristid obliqua has a constriction about two-thirds of the 
distance of the talonid wall. It intersects the talonid wall near 
the lingual margin of the protoconid. The strong precristid is along 

the medial half of the trigonid anterior. A short, cristid-like hypo- 
cingulid is present in the wide hypoflexid. A short, anterolabially 
directed postcingulid is situated between the hypoconulid and hypo
conid.
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Table 17. Size of Protictis (Bryanictis) vanvaleni

from the San Juan Basin, New Mexico.

Dimension N Range
M 1 L 1 4.1

AW 1 2 . 0

PW 1 2.3
m 2  l 1 3.7

AW 1 1.7
PW 1 2 . 0
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Discussion, UALP 10727 is assigned to (Bryanictis) on the 

basis of its relatively unreduced Mg, the relatively broader talonid, 
and the relatively longer trigonid than in P̂. (Protictis) and lower 

trigonid than in (Simpsonictis). P_. (Bryanictis) has two known
species, JP. (B̂ .) microlestes and P. (B̂ .) vanvaleni, separated primarily 
on the basis of the P^. Because UALP 10727 lacks this important tooth, 
this identification must be considered tenuous. Similar size and 
morphology render the Mj of these species indistinguishable (MacIntyre, 
1966, Rigby, 1980). The depth of the jaw beneath the Mj of UALP 10727 
is very close to that given by MacIntyre (1966) for ]?. (B.) vanvaleni, 

but is within the range of this measurement for P̂. (B.) microlestes. 

Rigby (1980) notes that the M2  talonid of ]?. (JB.) vanvaleni has 
smaller size and relief of structures. UALP 10727 is lower relative 

to the talonid than in a cast of USNM 9301, the P̂. (JB.) microlestes 
holotype and the talonid cusps are shorter. For this reason and the 

otherwise absence of P̂. (IB.) microlestes from the San Juan Basin, I 
tentatively identify UALP 10727 as Protictis cf. Protictis (Bryanictis) 
vanvaleni. Recovery of the diagnostic P^ or Mg talonid is necessary 
before ]?. (13.) vanvaleni can be identified confidently in Kutz Canyon.

Protictis (Bryanictis) sp. (Table 18).

Referred material. UALP specimens 10949 (right dentary fragment 
with talonid and anterior root of M^ and roots of P^), locality 7435 and 
8956 (right dentary fragment with M^_g talonids and anterior roots and 

roots of P^), locality 75106 from Kutz Canyon.
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Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Kutz Canyon, Nacimiento Formation, San Juan
Basin, New Mexico.

Description. The trigonid of Mj is missing. The large hypo- 
conid is crescentic with the cristid obliqua as an anterolingual 
extension and a cristid to the hypoconulid. The strong cristid obliqua 

is labial, apparently intersecting the talonid wall on the protoconid 
posterior. The more posterior smaller hypoconulid is crescentic and 
subequal to the entoconid. UALP 8956 has a double minute hypoconulid 
with the labial one larger; both are conical. The entoconid, at the 
posterolingual corner of the talonid, connects to the hypoconulid by 

a narrow cristid. The well developed, low entocristid is smooth 
and separated from the postmetacristid by a narrow talonid notch.

The narrow, relatively deep talonid basin is deepest anteriorly.
UALP 8956 has a minute accessory cusp within the basin, appressed to 

the hypoconid anterior. The short, narrow postcingulid, weaker on 

UALP 10949, is restricted to the hypoconid posterior. Labial cingulum 
is completely absent from the hypoconid.

The Mg is somewhat reduced from the M^. The oblique talonid 
wall indicates that the metaconid is more posterior than the protoconid. 
Otherwise the trigonid is missing. The talonid is narrow and elongated. 

The low hypoconid and cristids from it are as in Mj_. The conical, 
inflated hypoconulid is taller than and approximately equal in diameter 
to the hypoconid; it is more posteriorly separate than in M^. A low 
cristid extends from the base of the hypoconulid to the apex of the
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small conical entoconid. The broad low entocristid terminates posterior 
to the postmetacristid. The elongated talonid basin is shallower and 
narrower than in The wide, deep hypoflexid lacks a cinguild. The
postcingulid is represented by a minute accessory cuspule on the labial 
margin between the hypoconid and hypoconulid.

Discussion. These specimens are referred to Protictis 
(Bryanictis) rather than I*. (Protictis) on the basis of the less 

reduced the apparently broader talonid on and the longer 
talonid. They are less distinguished from £. (Simpsonictis). Measure
ments, except Mg talonid width, are significantly larger (at the 99% 
confidence level) than those of either presently recognized species of 
this sub genus, JP. (S_.) jayanneae.3

Within P. (Bryanictis) these specimens are significantly larger 
(at the 99% conficence level) than ]?. (B_.) microlestes in all measure

ments except Mg talonid width. The depth of the jaw beneath M^ is also 
significantly larger at the 99% level. They are significantly shorter 
and narrower than AMNH specimens of £. (P_.) haydenianus from the San 
Juan Basin.

The subgenera of Protictis are distinguished primarily on the 
basis of P^. The relative length and width of M% talonids also appear 
diagnostic. However, the existence of only two UALP specimens, both 
lacking the P^, makes their referral to JP. (Bryanictis) somewhat

3. MacIntyre (1966) used Simpsonictis as a subgenus of 
Protictis. More recently Rigby (1980) and Flynn and Galiano (pers. 
comm., 1981) give it generic status, as had MacIntyre (1962). I 
include it here as a subgenus only for the sake of simplicity. It 
may well prove to be a separate genus.



questionable. It is certain, nevertheless, that they differ sig
nificantly in size from any of the presently recognized species of 
Protictis and, thus, represent a new species. Two poorly preserved 
specimens seem insufficient material upon which to name this species
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Table 18. Size of Protictis (Bryanictis) sp. from

the San Juan Basin, New Mexico.

Dimension N Range Mean

Mx L 2 5.8-5.9 5.85
AW

PW 2 3.1
Mg L 1 4.5

AW
PW 1 1.9
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Order Taeniodonta Cope, 1876

Family Stylinodontidae Marsh, 1875
Subfamily Conoryctinae Winge, 1923.
Genus Conoryetes Cope, 1881.

Conoryctes Cope, 1881c, p. 829.
Hexodon Cope, 1884, p. 794.

Emended diagnosis. (Emended from Matthew 1937, p. 251). 
Medium-sized stylinodont taeniodont. Dental formula I^cJp^M^. Canines 
stout, larger than in Onychodectes. Upper incisors somewhat enlarged. 

Anterior premolars crowded, reduced, oblique; premolariform; P^

submolariform. Molars more oval than in Onychodectes; upper molars with 
higher protoconids, usually with distinct mesostyles; lower molars with 
smaller paraconid than in Conoryctella. Skull broader and more massive 

than in Onychodectes. with shorter face and more elongate cranium, high 

built-out sagittal ridge narrowing posteriorly into a sharp crest, 

zygomatic arch moderately heavy, nasals long, broad posteriorly, 
postorbital crests midway between fronto-nasal and fronto-parietal 
sutures. Jaws moderately heavy, of about equal depth and massiveness 
beneath premolars and molars; deeper than in Onychodectes or
Conoryctella
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Conoryctes comma Cope, 1881. (Table 19).

Conoryctes comma Cope. 1881b, p. 829.
Hexodon molestus Cope. 1884b, p. 795.

Holotype. AMNH 3395, left lower jaw with P4 -M2 , Cj, Nacimiento 

Formation, San Juan Basin, New Mexico.

Diagnosis. Same as for genus.
Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico; Rock Bench Quarry, Polecat Bench Formation, 

Bighorn Basin, Wyoming; and Gidley Quarry, Silberling Quarry, Locality 
6 , and possibly Locality 28, upper Lebo Formation, Crazy Mountain Field, 
Montana.

Referred material. UALP specimens 8684 (LP^), locality 7545; 

8709 (right dentary with alveoli, P^, P3 alveoli, P^-Mg, and left

dentary with ? 2  roots, P3 _ 4  alveoli, and M^_g), locality 7568; 8810 (LP4  

in dentary fragment), locality 7573 from Ojo Encino; 10781 (LM2 ), 10789 
(right dentary fragment with Mj or Mg), 10793 (LP^ in maxilla fragment), 
and 10832 (RMg), locality 7671 from Kutz Canyon.

Description. Incisors of_C. comma are absent from the UALP 
collection.

The laniary canine is the tallest of the lower teeth and has an 
extremely long curved root. It is somewhat ovate, with a shallow 

vertical groove on the anterolingual margin. The enamel, extending much 

lower labially, is just below the apex anterolingually, and appears
absent elsewhere.
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The cheek teeth o f comma are double-rooted and Increase in 

size from Pg to M^. Pj is absent in C. comma, but a diastema between 
the canine and the Pg is lacking. P^ and P^ are represented by alveoli 
in UALP 8709.

P^ is submolariform. The wider trigonid consists of a large 
blunt conical cusp with apex labial. A wide cristid descends lingually 

from near the apex to an inflated area possibly representing an 
incipient metaconid. The talonid has a large conical hypoconid 

labially and small lingual cusps on the talonid margin. The hypoconid 
is about half the size of the trigonid cusp. The talonid is narrow and 
Y-shaped. The narrow hypoflexid extends the full height of the enamel. 
Cingulids are absent. The base of the moderately crenulate enamel is 
considerably lower labially, lowest on the trigonid. It is highest 
posterolingually.

The badly worn has the trigonid and wider talonid as two 
cylinders separated by lateral flexids. The enamel and hypoflexid are 

as in P^ and the other molars. Cingulids are absent.
Mg may have the trigonid wider (UALP 8709) or equal to (UALP 

10781 and 10832) the talonid, but it is higher and shorter. The pro- 
toconid is larger than the metaconid. These conical cusps are about 
equal in height and transversely even; the metaconid posterior is flat. 

The paraconid is small but distinct, lingual, and close to the meta
conid. The paracristid and protocristid are relatively well developed, 

the premetacristid is weaker. The round talonid has a cuspidate 
margin upon which only the hypocone and hypoconulid are distinguishable.
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A well developed cusp on the cristid oblique is about the same size 

as the hypoconulid. There are four subequal cusps on the talonid edge 
between the hypoconulid and the anterolingual margin. The cristid 
obliqua contacts the talonid wall at (UALP 10832) or just labial of 
(UALP 10781) the trigonid notch. The talonid basin is deep, narrow, 

and slighty closed. The talonid notch is narrow and shallow. Cingulids 

are absent. The enamel is highest on the lingual side of the tooth.
Mg differs from the other molars in having the talonid

elongated and the hypoconulid enlarged and more posterior. It is the
smallest cheek tooth.

4The P is the only upper tooth of C. comma represented in the 
UALP collection. The other upper dentition is described in Matthew 
(1937). P* is molariform with the conical paracone similar to the 
smaller metacone. The metacone of UALP 8684 is appressed to the 

paracone, that of UALP 10793 is more separate. The protocone is large 
and crescentic. Cingula are faint or absent. They may be labial of the 

metacone; it rises to the posterolabial corner of the tooth from both 
directions.

Discussion. Although rare, C. comma has been recovered from 

both the middle and late Torrejonian of the San Juan Basin. It appears 
to be a somewhat variable species. The UALP 10793 P^ has a larger 

metacone than specimens UALP 8684 and UNM B-890. Mesostyle develop

ment is variable within a single individual and, presumably, between 

specimens. UNM B-890 has a strong mesotyle on RM^- ,̂ 
cusp on LM*.

but lacks this
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Matthew (1937) described the lower molars of comma as ovate 

with minute median paraconids. The paraconid of the unworn, undamaged 
IIALP M2  is close to the metaconid, more lingual than medial. Too few 

specimens are known to determine the individual variation of _C. comma 

confidently.

Wortman (1896a; 1896b; 1897) considered the taeniodonts 
ancestral to the edentates, but modern thinking argues against this. 
Matthew (1937) thought they were a separate order, but related to the 

edentates and Patterson (1949b) regarded them as an isolated group 
without close relationships with edentates. Romer (1966) considered the 

relationships between taeniodonts and edentates of a superficial nature. 
The taeniodonts were last discussed by Patterson (1949b) who apparently 
exerted great effort compiling a review of them that remains unpublished 

(Simpson, oral comm., 1981). Taeniodonts are in need of a close 

inspection.
Genus Conoryctella Gazin, 1939.
Conoryctella Gazin, 1939, p. 276.
Diagnosis. Near Conoryctes but P^ not molariform, metacone not 

comparable to paracone and protocone in development, and no indication 

of a metaconule. Teeth less hypsodont, cusps lower. M* relatively 
shorter, with straight anterior and posterior margin and more acute 

lingual margin. Mg paraconid relatively larger than in Conoryctes.
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Table 19. Size 

Basin
of Conoryctes comma from 
, New Mexico.

the San Juan

Dimension N Range Mean S.D. V.

P4 L i 10.5
AW i 7.5
PW i 6 . 8

M 1 L i 1 1 . 0

AW i 9.0
PW i 8.7

m 2  l 3 9.1-9.4 9.27 0.15 1.65
AW 3 6 .7-8.4 7.37 0.91 12.32
PW 3 6 .2-7.4 6.87 0.61 8.90

m 3  l 1 9.2
AW 1 6.5

PW 1 5.5
P* L 1 8.3

W 1 1 1 . 8
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Conoryctella sp. (Table 20).

Referred material. UALP specimens 10671 (LHg in dentary), 

locality 7642; and 11661 (IM^ in maxilla fragment), locality 7662 from 
Kutz Canyon.

Description. The Mg trigonid is taller and wider than the 

talonid and it extends farther labially. The protoconid is larger than 
the metaconid; both are conical, but the metaconid is more blunt and 

more posterior. The small but distinct paraconid, anterolabial of the 
metaconid apex, is conical and lower than the metaconid. The para- 
cristid is well developed; the low premetacristid is indistinct. The 

protocristid is low and weak. The rounded talonid has a cuspidate 

margin. The hypoconid is relatively large. The entoconid is slightly 

smaller; the posterior hypoconulid and the lingual entoconulid are 
subequal and smaller than the entoconid. .An additional small cusp 
between the hypoconid and cristid obliqua and a minute cusp anterior to 

the entoconulid are also present. The shallow talonid basin appears 
ovate and slightly closed. The talonid notch is distinct and narrow.

Anterior of the preserved tooth are the roots of a larger tooth, 
presumably the M^. The anterior root of M^ is the smaller.

M* is triangular with an indistinct ectoflexus. It is damaged 

anterior of the paracone. The paracone is larger than the metacone and 
extends farther labially. Separate from each other, these cusps are 

separated from the protocone by narrow valleys. A distinct small 

mesostyle forms most of the slight centrocrista. The protocone is 

crescentic and much larger than the paracone. Conules are indeterminate
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due to wear, but the postprotocrista is continuous with the post- 

cingulum. The paracrista is absent and the parastyle area damaged.

The weak metacrista reaches the minute conical metastyle. The labial 
cingulum, strong and cuspidate, extends from the damaged anterolabial 

area to connect with the postcingulum at the metastyle. The precingulum 
is damaged. The strong postcingulum is continuous with the postproto

crista. Other cingula are absent. The stylar area is slightly wider 

labial of the metacone. The base of the slightly crenulate enamel is 
even across the labial margin.

Comparison. UALP 10671 differs from Conoryctes in being much 
smaller and having a relatively larger paraconid. The labial enamel 

base is higher relative to the lingual enamel base than in C. comma and 
the paraconid is farther from the metaconid. The jaw depth beneath the 
Mg is less than in Conoryctes (UALP 8709) and greater than in 
Onvchodectes (Matthew, 1937, fig. 58, p. 242; pi. 58, fig. 4, p. 489).

UALP 11661 is also smaller than the M* of Conoryctes (UNM B-890;

Matthew, 1937, fig. 61, p. 253; pi. 58, fig. 2, p. 489). It is shorter,
relative to width, than Conoryctes (UNM B-890) with the anterior and

posterior margins straight (not concave externally) and the lingual

margin less rounded. This specimen is as wide as the M^ reported by

Gazin (1939; 1941) for_C. dragonensis. It apparently lacks conules,
unlike the M^ of Onychodectes.

/
Discussion. UALP 11661 was identified erroneously as an RM^ of 

Conoryctes comma in Taylor (1981). The tooth of UALP 11661 is anterior 

of the base of the zygoma, whereas the M of C. comma (UNM B-900;
Matthew, 1937, fig. 61, p. 253) is lingual of this. Its position
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relative to the base of the zygoma indicates that the tooth of UALP 

11661 is a LM*. As such, it is much too small to be C\ comma.

The lower molars of Conoryctella dragonensis are unfigured and 
described in a general manner by Gazin (1941) and the M* (cast of USNM 

15704) is damaged. Consequently adequate information with which to 
assign the UALP specimens to C. dragonensis is lacking. Stratigraphic 

position and geographical separation suggest that they may well be 

distinct species.

The revised generic diagnosis deletes Gazin's (1939) mention of 
the labial cingulum and mesostyle. The mesostyle presence may vary on a 

single individual of C. comma (see above) and the labial cingula of 
Conoryctella specimens USNM 15704 and UALP 11661 are comparable with 

that of C. comma (UNM B-890; Matthew, 1937, pi. 57, fig. 2, p. 489).
That portion of the diagnosis regarding P* and hypsodonty is from Gazin 

(1939, p. 276).
The UALP specimens represent the first Conoryctella specimens 

reported from the San Juan Basin, as well as an extension of the 

Conoryctella biostratigraphic range into the middle Torrejonian 
Deltatherium-Tetraclaenodon chronozone. They are from the 512 foot 

(156.1 meter) level of Kutz Canyon, well above the localities corre
lated with the Dragon Canyon localities from which Gazin's (1939? 1941) 
C. dragonensis specimens were recovered and well below the first 
appearance of C. comma (see Figure 10).

Conoryctella may be, as Gazin (1941) suggests, evolutionary 
intermediate between Onychodectes and Conoryctes. the other conoryctine 
taeniodonts.



212

Table 20. Size of Conoryctella sp. from Kutz Canyon, 
San Juan Basin, New Mexico.

Dimension N Range
M2  l 1 7.3

AW 1 5.1

PW 1 4.7

M 1 L 1 7.5
W 1 9.6
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Subfamily Psittacotherinae Matthew, 1937.
Genus Pslttacotherlum Cope, 1882.

Psittacotherium Cope, 1882a, p. 156.
Hemiganus Cope, 1882f, p. 831.

Pslttacothlerlum multifragum Cope, 1882. (Table 21, Figures 22

and 23).

Pslttacotherlum multifragum Cope, 1882a, p. 157.

Psittacotherium aspaslae Cope, 1882g, p. 192.

Hemiganus vultuosus Cope. 1882c, p. 831.

Psittacotherium megalodus Cope, 1887, p. 469.

Holotype. AMNH 3413, lower jaws, Nacimiento Formation, San Juan 
Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico; Level of and near Silberling Quarry, upper Lebo 

Formation, Crazy Mountain Field, Montana; Swain Quarry, Fort Union 
Formation, Wyoming; and possibly Joe's Valley Member, North Horn 

Formation, Dragon Canyon, Utah.

Late Paleocene (Tiffanian): Possibly Black Peaks Formation, Big
Bend National Park, Texas.

Diagnosis. Psittacotherium multifragum is a relatively large

taeniodont. Dental formula I^C^P^M^. Enlarged cj with anterior

enamel only, enamel not extending far laterally; enamel slightly

crenulate. C^ without longitudinal grooves; C* with broad groove
4 ilabially on enamel-free portion. P^ larger than Mj;. Pg premolariform,
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lacking talonld. semlmolarlform with small protocone and slight
protocristae. Simple, slender zygoma. Occipital region triangular, 

wide at base.
Referred material. UALP specimens 8759 (R and L incisors and 

dental fragments), locally 7648; 11010 (very worn R?M*, ?M^, ?P^, LI^, 
LH^ or Mg, and fragments), locality 7474 from Ojo Encino; 10871 (partial 
skull, R and L dentaries with C p , locality 7671; 10956 (damaged RC%), 

locality 7778; 12949 (badly encrusted L maxilla with root, alveoli of 
?P^”\  M^), locality 7674; and 11672 (Rc\ LC*-, and broken ?M^ ^), 
locality 7881 from Kutz Canyon; and MNA specimen PI. 2586 (R maxilla 
with C^-M^) from MNA locality 326 from near Nageezi.

Description. multifragum lower incisors are ovate with an 

enamel band on the upper anterior surface. The relatively smooth enamel 
extends lowest anteromedially and reaches farthest posteriorly on the 
labial margin. The occlusal surface is worn to a chisel shape.

Lower canines are similar to the lower incisors, but much 
larger. It is the largest tooth. Ovate^it has the slightly crenulate 
enamel restricted to the upper quarter of the anterior surface. The 

enamel extends lowest at the anterolabial margin of the tooth. The 
posterior, enamel-free portion wears considerably more rapidly than the 
anterior, providing a chisel shape. The root is extremely large, 
curved, and tapers to a sharp termination. It lacks longitudinal 

grooves. The root extends to beneath the P 3 . . 4 contact area.

UALP lower premolars are absent or unidentifiable and do not 
permit adequate crown description. Alveoli in UALP specimens indicate
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that the Is considerably smaller than other cheek teeth. ?2 - 4  are 
wider than long. The single root of the lower premolars often exhibits 
vertical grooves.

UALP 11010 has an or M2 " that has a distinctly wider 

trigonid, a circular talonid, and has both portions outlined by an 
enamel ridge. Cusps are indistinguishable due to wear. Mj_g are 
double rooted. Matthew (1937) included a detailed description of the 
lower molars.

Upper incisors are absent from the UALP collection. Matthew 

(1937) described it as being similar to the lower incisor, but more 
curved with a longer root.

The upper canines are less curved than the lower canines, have 
the enamel extending farther rootward, and have a broad longitudinal 
groove on the labial side.

P1 is absent in ]?• multifragunu P are semimolariform. The

paracone is conical, blunt, and leans slightly anteriorly. It is
taller than the larger, more vertical protocone. The rudimentary

metacone is represented by a slight posterior swelling appressed to the
2paracone. The preparacrista, absent on P , is higher and weaker than 

the postprotocrista and separated from the paracone by a wide valley.

The postprotocrista is shortest in P^ and reaches the paracone in P^~^. 
A slight short cingulum is present low on the anterolabial corner of p \  

absent elsewhere. This area of the other premolars is damaged inMNAPI. 
2586. The enamel is nearly smooth.
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The upper molars of JP. multifragum are llngually narrower than
the premolars. are triangular; is more ovate. The paracone is
smaller than, but similar to, that of p \  The small conical metacone is
appressed to the paracone in M* and absent in M^. The is damaged in

the referred specimen, but Matthew (1937) notes a reduced metacone. The
narrow conical protocone has strong pre- and postprotocristae with the

preprotocrista separated from the paracone. Conules, if present, have
been eroded from M*, but if contains at least a distinct metaconule and 

3M has both conules distinct. The triangular trigon basin is narrower 
and deeper than in The short anterolabial cingulum is equally
developed on M^“^ and stronger than that of p \  The enamel is nearly 
smooth.

Discussion. The most recent review of Psittacotherium was that 
of Matthew (1937) and included descriptions of specimens known at that 
time. He did not include a detailed diagnosis of multifragum. Most 
specimens, including those in the UALP collection, are poorly preserved, 

fragmentary, and well worn. Consequently, little detail is known about 

the dentition of this taxon. Some additional information is included 
below.

The diagnosis above is base largely on UALP and MNA specimens, 
but includes observation made of illustrations in Wortman (1897) and 

Matthew (1937) and descriptions of these authors as well as that of 

Patterson (1949b). The primary change from the descriptions of Matthew 

(1937) is the addition of an upper premolar to the dental formula. UALP 
10871 and MNA PI. 2586 both contain P^~\



217
UALP 10871 contains the posterior and zygomatic arch portions of 

the skull of P. multifragum. These area were previously unknown 
(Wortman, 1897; Matthew, 1937). Although detailed description of this 

specimen will be made later, it seems important to note a few major 
characteristics. Wortman (1897, fig. 4, p. 72) reconstructed the zygoma 

as broad and heavy, possibly with a ventral process. Matthew (1937, 

pi. 65, p. 500) reconstructed it less heavy. Patterson (1949b) thought 
it round and heavy. UALP 10871 has the zygoma simple and slender. The 

occipital region is triangular and wider at the base than imagined by 
Wortman (1897, fig. 4, p. 72), with a profile more like that of 
Matthew's (1937, pi. 65, p. 500) reconstruction. Patterson (1949b) 

correctly assumed the occipital region to resemble that of later 
stylinodonts.

Cope (1882a, 1882j, 1887) described three specimens of 
Psittacotherium separated by size. Wortman (1897) synonymized these 
under P_. multifragum. Matthew (1937, p. 257) noted that "The adult 

specimens conform as far as comparisons have been made, but it may 
prove that the differences cited by Cope in describing P̂. aspasiae and 
megalodus are not wholly matters of age." He (Matthew, 1937) did not 

describe the species separately. The UALP and MNA specimens (Table 21) 
show considerable variation in canine size, but offer little to the 

solution of this problem. I follow Wortman (1897) in accepting ]?.

multifragum as the single species of this genus.
2The P of the MNA specimen has the postprotocrista Patterson 

(1949b) noted in one ANMH specimen. The MNA specimen differs generally 
from UALP specimens in being lingually narrow and generally somewhat
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Table 21. Size of Psittacotherlum multifragum from 

the San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

ii L 1 14.0

W 1 8 . 1

ci L 3 17.3-30.7 24.03 6.70 27.88

W 3 10.7-19.7 15.17 4.50 29.67

c1 L 1 1 1 . 0

W 1 16.1
p2 L 1 8.4 •

W 1 14.6
p3 L 1 9.1

W 1 14.1
P* L 1 9.4

W 1 13.9
M 1 L 2 8.7- 9.9 9.3

W 2 14.7-17.5 16.1
M 3 L 1 7.3

W 1 13.3
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. Photos of PsittacotheriUt. mult if ragun. MALP Specimen
10871: A) Photo of Ventral Surface of Skull; B) Stereophoto
of Left Lateroposterior Portion of Skull.

Figure 22



220

Figure 23. Stereophotos of Psittaco therium mult ifragum. UALP Specimen 
10871: A) Anterior and B) Posterior Views of Cranial
Region of Skull.
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smaller. Both could be within the intraspecific variation. It is 

similar to the Swain Quarry specimens (Rigby, 1980, pi. 9, p. 172). 
Patterson (1949b) also suggests the possibility of a hypocone in the 
upper molars. This cusp is absent in MNA PI. 2586.

Genus Lampadophorus Patterson, 1949.

Lampadophorus Patterson, 1949a, p. 41.
Diagnosis.

Canines rootless, enamel-free portion more compressed than 
in Psittacotherium. Cheek teeth with cement at bases of crowns, 
roots with vestiges of former divisions; crowns higher than in 
Psittacotherium. lower than in Ectoganus; little or no 
tendency toward development of enamel—free bands on anterior 
and posterior faces. pl~2 smaller than Ectoganus; ridges 
running externally from protocones of P̂ -** as in Ectoganus; 
more crenulated than in Psittacotherium. wider than in 
Psittacotherium. hypocone less isolated than in Ectoganus.
^3 - 4  with independent talonid crests. (Patterson, 1949a, p. 42).

Lampadophorus sp. A. (Table 22).

‘ Referred material. UALP 13742, right and left ?upper incisors, 
broken right and left ?upper canines, and upper cheek tooth fragments, 
relatively unworn, locality 7648 from Ojo Encino.

Description. The presumed upper incisor is smaller than but 
similar to those of Psittacotherium. The enamel extends farther 

laterally than in Psittacotherium and the less rounded anterior margin 
has an indistinct vertical groove.

The curved ?upper canine has a sharp apex. The enamel, 

moderately crenulate, extends farther labially and vertically than in 

Psittacotherium; it covers the anterior margin the entire 48 mm. of the
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preserved portion and shows no sign of discontinuing. A broad labial 

groove and indistinct lingual groove in the enamel nearly reach the 
apex. The enamel-free posterior portion is narrower than the enameled 
section.' Rootlessness cannot be determined.

Upper dentition has cuspidate marginal protocristae. The cusps 
are larger on one tooth than the other. One tooth has a conical para- 
cone with a smaller metacone appressed to it. The trigon basin is 

quite large. These teeth are more hypsodont. than in Psittacotherium.

Comparison. The canine is similar to that figured and 

described by Simpson (1929, fig. 3, p. 121) for Lampadophorus labdelli 
except it has a definite groove on the labial enameled surface. It 
certainly is more advanced, with regard to enamel cover, than 
Psittacotherium.

The upper molars have the crown much higher than those of 
Psittacotherium and agree with Patterson’s (1949a) diagnosis for 
Lampadophorus. The enamel does not tend to form anterior and posterior 
bands as in the Eocene form Ectoganus (Matthew, 1937).

Discussion. The upper canines of Lampadophorus are unknown, 

but those of Psittacotherium differ from the lowers in having a broad 

labial groove. UALP 13742 probably includes the upper canine of 
Lampodophorus. but is not 1̂. lobdelli.

Patterson (1949a) considered Lampadophorus almost surely 

phyletically between Psittacotherium and Ectoganus. UALP 13742 is 

contemporaneous with P_. multifragum during the latter portions of its 
biostratigraphic range. This does not preclude an ancestral-descendant 

relationship, but certainly casts doubt on it. Perhaps Lampadophorus
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and Psittacotherium both evolved from Wortmania or a Wortmanla-like 
ancestor.

Patterson (1949b), in describing Lampadophorus. assigned it to 

the subfamily Stylinodontinae. Matthew (1937) described the members of 

this subfamily as possessing canines with both anterior and posterior 
enamel bands, among other characters. Lampadophorus has only anterior 
enamel and should be considered a member of the subfamily 
Psittacotherinae.

Lampadophorus sp. B. (Table 22). ^

Referred material. UALP specimen 11689 (LC^ segment, LP2 , LP3 , 

LP^, RMj, LMi, left dentary fragment with Mg-g alveoli, labial portion 

of right dentary, and other fragments), locality 7892 from near Nageezi.
Description. The dentary fragments appear indistinguishable 

from those of UALP 10871, Psittacotherium multifragum. It is possible 

that the groove between the tooth row and the ascending ramus may be 
shallower in UALP 11698, but the specimen is damaged such that this 
cannot be determined positively.

is triangular, widest labially. It consists of a large 
labial cusp (?protoconid) and a smaller lingual cusp (?metaconid) 
separated by a wide valley. The ?protoconid is ovate, longer than wide, 

and with the labial margin less steep than the near vertical lingual 

margin. It consists of a main conical apex and closely appressed, 

lower anterior and posterior cusps. The divisions of the ?protoconid 

are suggested by slight vertical grooves in the labial enamel. The long 

?protoconid is skewed such that the anterior margin is farther labially
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than the posterior margin. The ?metaconid contains a distinct narrow 
cristid (?postprotocrlstid) that descends to the posterolingual margin 
of the ?protoconid. A less distinct cristid is restricted to the 
anterior margin of the ?metaconid. Cingulids are absent. The single 

root, longest labially, tapers to a sharp point. The enamel, crenulate 
anteromedially, apparently is worn smooth elsewhere on the tooth. It is 
lowest posterolabially and highest anteromedially.

The semimolariform and submolariform are somewhat inflated. 
They have an ovate trigonid with the semicircular talonid much smaller 

and lower. The conical protoconid, worn in both teeth, is slightly 

larger than the similar metaconid but probably not as tall. The 
metaconid apex is directed vertically in P 3 , lingually in P^. These 
cusps are separated by a deep narrow valley. The protocone contains a 

short incipient paracristid in P^, but the paraconid is absent and the 
valley between the protoconid and metaconid extends down the anterior of 
the tooth. The P^ paracristid is stronger than in Pg and reaches the 
worn low medial paracone. The postcristid, stronger in P^, descends the 

posterolingual margin of the protoconid to form the labial margin of the 
P3  talonid and the labial and posterior margins of the larger talonid of 
the P^. The posterior margin of the P^ talonid is damaged but includes 

a line of unconnected cuspules. The talonid is lingual and opens 

through a narrow lingual notch. Cingulids are absent. The single, 

pointed root has vertical grooves. The enamel is slightly crenulate.
The enamel base is lowest on the protoconid, higher and even elsewhere.
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The lower molar trlgonids are taller and wider than the 

talonids, but are of approximately equal length. The narrow ovate 

trigonid consists of triangular protoconid and larger, taller metaconid 
and the anterior and posterior cristids that connect them. Anteriorly 
the paracristid and the premetacristid are continuous and posteriorly 
the protocristid is present. The talonid wall is relatively straight 
and slants posteriorly. The talonid is dominated by the enormous 
round hypoconid that covers at least the lingual half. The small 
round hypoconulid is connected to the hypoconid and entoconid of M2  

by a strong cristid. The hypoconulid is indeterminate in the damaged 
M^. The crescentic entoconid, larger than the hypoconulid, is at the 

posterolingual comer of the talonid and presumably the damaged M^.
M2  has a short broad entoconulid. The cristid obliqua is absent.
The narrow valley that separates the hypoconid from the talonid wall 
continues lingually along the anterior margin of the talonid basin and 
forms the narrow talonid notch. The talonid basin has an anteriorly 
slanting floor with grooves on either side of the hypoconulid. Cingulids 

are absent. ^ 1 - 2  are double rooted with the roots joined for most of 
their length. The anterior root is ovate and the posterior one is more 

circular. The enamel is moderately crenulate. It extends farther 
downward on the labial margin of the tooth, farthest anterolabially.

The lower molars have cement at the base of the crown.

Comparison. The crowns of UALP 11689 cheek teeth are higher 
than in Psittacotherium multifragum and the P^ is more molariform, with 

a small but distinct talonid. The canine has the enamel extending
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farther laterally and longitudinally than in multifragum. The 

talonids of are more ovate than In UALP 11010, multifragum.
The canine of UALP 11689 has a narrower, deeper labial groove 

and more distinct lingual groove than UALP 13742, also referred to 
Lampadophorus♦

Discussion. It is possible that UALP 11689 represents the lower 
dentition of the taxon represented by the upper dentition of UALP 13742. 
They differ from each other in the development of longitudinal grooves. 
The upper canines of Psittacotherium have broad grooves, the lower 

canines do not. If this character holds for Lampadophorus. UALP 13742, 
with broader grooves, could be the upper counterpart.

Both specimens are close to but clearly distinct from 
Psittacotherium multifragum. primarily in their canine enamel. The 
cheek teeth are clearly distinct from all other taeniodonts except 

Lampadophorus. Lack of relative measurements of cheek teeth of these 
specimens precludes their being assigned to the same species. They are, 
however, confidently assigned to Lampadophorus. Patterson (1949a) 
provided no measurements for L. expectatus. but it is Tiffanian in age 
and probably a different species than either UALP 11698 or 13742.
Both specimens differ from I.. lobdelli in having longitudinal grooves on 
the canines.

Because UALP 13742 and 11698 are different from known species of 
Lampadophorus and connot be assigned confidently to the same species 

they are here considered Lampadophorus species A and B, respectively.
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Table 22. Size of Lampadophorus from the 

San Juan Basin, New Mexico.

Dimension N Range
Species B

P3 L 1 10.5
W 1 13.2

P4 L 1 1 2 . 0

W 1 12.7

M 1
L 1 1 1 . 6

AW 1 1 1 . 0

M 2
L 1 10.7

AW 1 1 1 . 2

Species A

i 1 L 1 1 0 . 0

W 1 6.5

c 1 L 1 13.5
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Order Condylarthra Cope, 1881

Family Arctocyonidae Murray, 1886

Subfamily Oxyclaeninae Scott, 1892.
Genus Deltatherium Cope, 1881.
Deltatherium Cope, 1881a, p. 337.
Lipodectes Cope, 1881d, p. 1019.

Revised diagnosis. Medium-sized arctocyonid condylarth. Dental

formula I^c JpjM^. Diastema occur anterior and posterior of c\
posterior of Cj. C* extremely enlarged, more robust than C^ and with

strong vertical grooves. Cj with strong anterolingual concavity and
vertical grooves posterolingually. Cheek teeth with sharp cusps.

3 2submolariform; Pg semimolariform; Pg premolariform* Upper molars with 

wide stylar shelf, absent to small conules, incipient to minute 
hypocone, and internal surface of protocone oblique with anterior 

margin extending farther labially• Lower molars with considerably 

taller trigonid than talonid, cristid obliqua intersecting talonid wall 
just lingual of talonid notch, and talonid basin open along nearly 
entire lingual margin•

Comparisons, Deltatherium is most similar to Chriacus, Indeed, 
Cope (1881d) originally described JD. fundaminis and pelvidens as 

species of the genus Lipodectes, He also (Cope, 1882f) originally 
described (2, baldwini as a species of Deltatherium,

The Pg of Deltatherium has more distinct protoconid cristids 
than Chriacus, with the precristid narrower and more blade-like, P^ 

has a less developed anterior shelf but larger paraconid, and the
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metaconid is more separate from the protoconid. The lower molars of 

Deltatherium have the paraconid larger, more medial, and farther from 

the metaconid than in Chriacus. The hypoconulid is much larger and 
taller, the entoconid is smaller, and the cristid obliqua terminates on 
the metacone rather than the paracone. The talonid basin is lingually 
open and the trigonid and talonid widths are more nearly equal in 

Deltatherium. The of Deltatherium lacks the protocone. has a 
large protocone and lingually directed lobe; it more closely resembles 

that of ̂ C. baldwini. The upper molars of Deltatherium have a wider 

stylar shelf, taller protocone, larger parastyle, and much smaller 
conules and hypocone than Chriacus.

Deltatherium differs from most other arctocyonids in having 
sharper cusps and the trigonid much taller than the talonid.

Discussion. The most recent review of Deltatherium is that of 
Matthew (1937). His monograph included a highly detailed description 

of the then recognized single species, but did not include a complete, 
clear, concise, diagnosis• The diagnosis provided here includes 

information provided by Cope (1881a, 1884c), Scott (1892), Osborn and 
Matthew (1895), and Matthew (1937) as well as specimens from the UALP 
collection.

Deltatherium fundaminis Cope. 1881. (Table 23).

Deltatherium fundamihis Cope. 1881a, p. 337.

Lipodectes penetrans Cope. 1881f, p. 1019.

Holotype. AMNH 3315, partial skull with palate and cheek teeth, 

Nacimiento Formation, San Juan Basin, New Mexico.
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Age, stratigraphic range, and geographic distribution. Middle 

paleocene (Torrejonian): Various localities, Nacimiento Formation,
San Juan Basin, New Mexico.

Referred material. UALP specimens 8812 (RC^, LCp LP^-M^ in 
dentary, LMg, LM^, and assorted fragments), locality 7554 from 

Ojo Encino; 10579 (LP^-M^ in matrix, M3), locality 75106; 10596 (LCp 
broken Pg and P^-M3 in dentary, symphysis and right dentary fragment 

with root), locality 7640; 10717 (broken Rp S , locality 7650; 10771 

(RP^, RM*, RM^), locality 7662; 10787 (R dentary fragment with Pg 

roots and P^, L dentary fragment with P^), 10803 (RP^ lacking enamel) 
11675 (partial skull with Rc\ p^"^ roots, M^“  ̂and LC^, P^-^ roots, 

M1“J; LC^, LP^ in dentary fragment, L dentary fragment with M^ roots, 
broken Mg, Mg roots), locality 7671; 13720 (?LP2 _g in matrix, ?LMg 
talonid in matrix), locality 7643 from Kutz Canyon; 11696 (encrusted L 
dentary with M ^ g ) , locality 78132 from the mouth of Canyon Largo; and 
11667 (KP^ talonid), locality 7892 from near Nageezi.'

Diagnosis. (Adapted from Van Valen,.1978) Deltatherium 
fundaminis differs from I). durini AMNH 102161, the holotype (Van Valen, 
1978, p. 53 and pi. 1, p. 73) in being about one-third larger, rela

tively wider, and having less distinct conules.

Description. Incisors are absent from the UALP collection.
The lower incisors were apparently known only in a single specimen 
available to Scott (1892) but misplaced prior to Matthew *s (1937) 

study. Unfortunately Scott (1892) failed to describe them.
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Lower canines are considerably smaller than the upper canines, 

slightly ovate, and have extremely crenulate enamel. The crown is 

strongly curved. The strong precristid descends from the apex antero- 
lingually to about two-thirds of the crown height where it turns 
posteriorly to encircle a distinct basin that occupies the antero- 
lingual quarter of the tooth. The basin concavity extends nearly to 
the apex; the remainder of the tooth is round with strong vertical 

ridges. A less distinct postcristid extends the length of the enamel.

It may be bifurcated near the base and in UALP 8812, contains a 

minute cuspule. The base of the enamel is considerably lower posteriorly. 
The root, slightly larger in diameter and considerably deeper than the 
crown is tall, is also curved to the posterior and only slightly less 
tapered.

is absent from JD. fundaminis. resulting in a relatively long 

diastema between the canine and Pg. Lower premolars increase in size 
and complexity from to P^. Semicircular with the sharp conical 
protoconid the dominant cusp. Double rooted, they have moderately 
wrinkled enamel.

The tall protoconid of P^ has a slight vertical concavity on 
the anterolingual margin. The strong precristid is narrower than the 

postcristid. The posterior region is small and without a heel. The 

slight precingulid is restricted to the anterolingual portion of the 
tooth. The postcingulid extends from the posterolabial margin, 

around the posterior, to the posterlingual margin; it intersects the 
medial postcristid.
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Pg is wider posteriorly than Pg, crescentic, and has more dis

tinct anterolingual concavity. The anterolingually directed precristid 
is wider than the postcristid. UALP 10596 and 13720 have the metaconid 
as an expansion on the posterolingual upper margin of the protoconid.
The postcristid divides the small talonid; the lingual portion is less 
steep. The cingulid encircles the tooth except for the metaconid area 
and is weakest labtally.

The P^ protoconid is apically lower, relative to the talonid.
It has strong, wide para- and postcristids. UALP 10787 and 11667 have 
the postcristid absent from the upper portion of the paraconid. The 

metaconid is small. The well developed paraconid is low, directed 
anterolingually, and lingual of the protocone apex. The talonid is 

slightly shorter than the trigonid. The medial postcristid reaches the 

posterior margin of the slight, lingual talonid basin; UALP 8812 has a 
cusp at this intersection. The cingulid is discontinuous lingually on 
the metaconid and posterior of the talonid basin. Usually strongest as 
a precingulid, it may be weaker mediolabially.

The lower molars ofJD. fundaminis are larger than the premolars. 
They increase in length from M^toM^; double-rooted, they have slightly 
wrinkled to nearly smooth enamel.

has the trigonid considerably higher and slightly longer 

than the talonid. The triangular protoconid is the largest and tallest 

trigonid cusp. The metaconid is slightly smaller, more rounded, and 
slightly more posterior than the protoconid. The low paraconid is 
ovate to round, large, low, and lingual. Separate from the metaconid, 

it is directed anterolingually. On UALP 10596 the paraconid has an
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anterior cristid* The paracristid and protocristid are low, but 

strongly developed. The premetacristid is absent. The talonid wall is 
relatively flat. The hypoconid is triangular, the largest talonid cusp, 

and generally lower than the hypoconulid. The hypoconid is connected 
to the smaller, more posterior hypoconulid by a narrow cristid. The 
conical or ovate hypoconulid is faintly bicusped in UAL? 10596, The 

entoconid varies from the slight swelling on the hypoconulid flank 
(UALP 8812) to a conical cusp larger than and separate from the hypo
conulid (UALP 10679)• The entoconid may have a slight cristid extending 

toward, but failing to reach, the hypoconulid (UALP 10579). The 
cristid obliqua is strong and wide and extends part way up the talonid 
wall at or slightly lingual of the trigonid notch. The hypoflexid is 

deep and wide. The extremely wide talonid notch opens the talonid 

basin along nearly its entire lingual margin. The strongly developed 
precinguild is continuous with the long hypocingulid in UALP 8812; the 
precingulid and hypocingulid are separate on UALP 10596 and 10579. The 
postcinguild, absent in UALP 8812, steeply descends the hypoconulid 

labial margin in the other three specimens. A slight lingual cingulid 
extends along the talonid notch, continuous with the slight entocristid 
of UALP 10596.

1*2 has the trigonid relatively narrower than M^, with the 
paraconid and metaconid closer. A distinct premetacristid connects 
these cusps and closes the trigonid basin except in UALP 10596. The 
entocristid is absent. UALP 10596 has an accessory cusp in the talonid 

basin, close to the cristid obliqua. The strong precingulid is con
tinuous with the hypocingulid. The postcingulid is as in M^. The



lingual cinguild is as in (UALP 10596), weaker (UALP 8812), or 
absent (UALP 10579).

Mg has an elongated narrower talonid with the enlarged hypo- 

conulid taller than the hypoconid and nearly as tall as the metaconid. 
The hypoconid is more rounded and steeper labially than on or Mg.
The entoconid is reduced relative to that of Mg (UALP 10596) or absent 
(UALP 8812). The trigonid of UALP 8812 is as in M^, but that of UALP 
10596 has the paraconid and metaconid reduced, more widely separated, 

and connected by a stronger cristid with a slight enamel swelling 

medially. The accessory cusp in the talonid basin of UALP 10596 is 
larger than its counterpart on the Mg. UALP 8812 has continuous pre- 
and labial cingulids, a separate slight lingual precinguild below the 
paraconid, and lacks a postcingulid, whereas UALP 10596 has similar 

pre- and labial cingulids and a postcingulid posterior of the hypoconid. 
The lingual cingulid of UALP 8812 is reduced relative to that of Mg, but 
is stronger and more cuspidate in UALP 10596.

Upper incisors are absent from the UALP collection.
Larger than their lower counterpart, the upper canines are ovate 

and strongly curved with a tapered apex. The apex is worn, but presumed 
to have been sharply pointed. Pre- and postcristae are distinct; the 

precrista is bifurcated near the canine apex and is double for most of 
its length. The base of the enamel is lower posterolabially. It is 
crenulate with strong vertical ridges. The anterolingual concavity 
seen in lower canines is absent.

P* is absent from JO. fundaminis. P^-^ increase in size, com
plexity, and molarity posteriorly.

234
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nP , represented only by roots, Is double-rooted with an ovate

2 3posterior root and a smaller circular root, P Is smaller than P 
and presumably lacked a protocone.

P^, also represented by roots, has three roots, two labial and 

one lingual. The lingual and posterolabial roots are ovate; the lingual 
is the largest. The circular anterolabial root is the smallest. The 
P^ is larger than the P^ and smaller than an associated p \

In the keyhole-shaped P* the posterolabial root is the smallest. 
The paracone is the largest and tallest cusp. Its labial margin has 
less curvature than the more expanded lingual side. The paracrista and 
wider postparcrista are strongly developed. Metacone and metastyle 
are absent. The parastyle varies from a slight swelling on the labial 

cingulum (UALP 10717) to a small conical cusp separate from the paracone 

(UALP 10771). The conical protocone is smaller and lower than the 
paracone. The preprotocrista is strongly developed; the postproto

crista is absent, although UALP 10717 has a medial protocrista extending 
upward to about half the paracone height. Conules are absent except for 

a small cusp, possibly a metaconule, on the postcingulum of UALP 10771. 
No cristae extend from this cusp. The well developed precingulum 
extends from the parastyle around the protocone to connect with the 
postcingulum which extends to the postparaconid. The labial cingulum 
is .relatively strong except medially, where it may be discontinuous.

The upper molars are triangular with a distinct ectoflexus and
mediolateral flexa. The ectoflexus and anterior lateral flexus broaden

1 3 "progressively from M to M . The upper molars are larger than the upper 
premolars.
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In M* the conical, sharply pointed paracone is slightly larger 

and taller than the similar metacone. The distinct paracrista, meta- 
crista, and low centrocrista are equally strongly developed except on 
UALP 11675 where the metacrista contains a medial swelling (incipient 

metastyle?). The metacrista is continuous with the labial cingulum.
The parastyle is large and conical. The protocone is the largest cusp; 

the metacone is the tallest. The protocone is triangular with its 
rounded apex nearly lingual of the paracone apex. The steep, relatively 
flat labial surface of the protocone has the posterior portion farther 

from the labial cusps. The postprotocrista is longer and less steeply 
inclined than the preprotocrista in UALP 11675; neither contains a 

conule and only the preprotocrista extends to the cingulum. Distinct 
protocristae are absent from UALP 10771, but a minute paraconule and 

smaller metaconule are appressed to the protocone at about mid-level.

The antero- and posterolabial margins of the protocone reach respective 
cingula. The hypocone is absent on UALP 10675, but the cingulum is wider 

posterolingual of the protocone. The expanded parastylar and meta- 
sty lar regions result in a relatively deep, V-shaped extoflexus in 
UALP 11675. These areas are less expanded in UALP 10771 forming a 
broader and slightly concave ectoflexus. The labial cingulum is 
strong and continuous. The precingulum extends along the protocone 

from the anterolabial margin to the lingual margin. The postcingulum
is present along the protocone and, separately, along the metacone.

2 1 M is the largest upper molar. It is overall similar to M .
The stylar area is wider medially than in M* and the ectoflexus is

broader. The parastylar region is large, but the parastyle small.
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The wide posterolabially sweeping metacrista is continuous with the 
labial cingulum. The metastyle is absent except for a very slight 

medial swelling on the metacrista of UALP 10771. The hypocone, absent 
in UALP 11675, is a minute clngular cusp, separate from the protocohe, 
Conules are represented only by a small metaconule on UALP 8812. The 
pre- and postprotocristae bifurcate near their labial terminations in 
UALP 10771; narrow cristae extend to the mediolingual margin of the 
paracone and metacone, and the protocristae continue nearly to the 
respective cingula. Such bifurcation is absent in UALP 8812 where the 

postprotocrista terminates at the metaconule. The pre- and postcingula 

are continuous about the protocone. The separate postcingulum on the 
metacone is short. An accessory crista extends anterolabially from 
the parastyle.

I), fundaminis (UALP 11675) is distinct from M* and in 
lacking the metastylar area and having the metaconid reduced relative 

to the paracone. The paracone and metacone are more widely separated, 
and all cusps are shorter than in M^. The hypocone and conules are 
absent. The labial cingulum is continuous with the postprotocrista.

The pre- and postcingula are along the protocone only and connect at 
the protocone lingual margin. The slight crista from the parastyle 
is as in M^.

Discussion. The UALP specimens are referred to D. fundaminis 

by comparison with a cast of AMNH 16610 and descriptions, illustrations, 
and plates from Matthew (1937, fig. 11, p. 71, fig. 14, p. 74; pi. 9, 

p. 391; pi. 10, p. 393), Osborn and Earle (1895, fig. 10, p. 39;fig. 11, 

p. 40), and Cope (1884c, fig. 20, p. 352). These descriptions, .



238
illustrations, plates, along with observation and measurement of UALP 

specimens, indicate considerable variation within this taxon. This 
variation resulted in confusion or inadequate descriptions by early 

workers, but does not warrant recognition of more than a single species.
Scott (1892) noted the absence of a molar entoconid and 

Matthew (1937) considered it small and low. This cusp appears to vary 
among individuals and within the molar series of a single individual.
The relative size of Mg and Mg is not always equal as suggested by 
Matthew (1937); UALP 10596 has a considerably longer Mg. Matthew 
(1937) noted the major mental foramen beneath the Pg, but UALP 10596 

has it beneath the anterior root of the P^. Scott (1892) described the 
hypocone as a slight thickening of the enamel on M1-J and Matthew 

(1937) considered it rudimentary. UALP specimens have the hypocone 
absent or represented by thickening of the enamel in different teeth 

within a single individual, or as a small distinct cuspule as large 
as that of AMNH 10661, a specimen studied and figured by Matthew (1937). 
The rudimentary protostyle recognized by Matthew (1937) is present in 
AMNH 16610, but absent from UALP specimens unless it is included within 
the indistinguishable crenulations on the cingulum of UALP 10771. Scott 
(1892) described the upper molars as having the conules rudimentary or 
absent. Osborn and Earle (1895), however, considered conules to be 

present and Matthew (1937) noted a distinct metaconule on M . UALP 
11675 upper molars lack distinct conules, the quite worn UALP 8812 M^ 

has at least a small metaconule, and UALP 10771 has distinct conules on 

M*, but not on M^. Other minor variation recognized in UALP specimens
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Includes size; cInguild and cingulum size and strength; size, strength, 

and presence of cristids and cristae; depth of the upper molar ecto- 
flexus; and the presence of accessory cusps.

The minor variation in molar entoconid size and the relative 
lengths of ^  and are no more than expected within a single species. 
The variation in hypocone size is relatively minor and acceptable within 
one species. The variation in conule size occurs within a single 
individual as well as within the species. UALP 10771 is the only Ojo 

Encino specimen with distinct conules, whereas UALP 8812 and AMNH 

16610 from Ojo Encino both have distinct conules.

The presence of the protostyle may vary geographically. It is 
absent from Kutz Canyon specimens, but recognized in the only damaged 

Ojo Encino specimen available to me, a cast of AMNH 16610. The few 
specimens used here certainly do not document such geographical variation, 

but suggest the possibility. They do not support a concept of multiple 
species of Deltatherium in the San Juan Basin.

The of UALP 10787 is anomalously smaller than others in the 
UALP collection. It is, however, not significantly smaller than the 
other specimens at the 99% confidence level. This and the moderately 

high coefficient of variation (Table 23) suggest inclusion of this 
specimen with E>. fundaminis.

Although the number of UALP specimens is insufficient for a
2stratophenetic analysis of D. fundaminis. the M from Ojo Encino is 

closer in size to that from the 512 foot (156.1 meter) level from 

Kutz Canyon than that from the 631 foot (192.3 meter) level.
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the 512 foot (156.1 meter) level of Kutz Canyon has a smaller metacone 
than that from the 631 foot (192.3 meter) level. The from the 512 
foot (156.1 meter) level has a metaconule; those from the 631 and 845 
foot (192.3 and 257.6 meter) levels do not. These size and morpho
logical differences could indicate evolutionary trends, but more specimens 
from known stratigraphic levels are necessary to determine this.

One historical problem concerning D. fundaminis has been 
interpretation of its eating habits: Was it carnivorous? The enormous,

ribbed canines suggested a predaceous habit to early workers. Cope 
(1884c) discussed the anterior and posterior cutting edges of the 
canines and suggested they had ..sides grooved like so many blood
letting instruments." (p. 353). Matthew (1937) suggested the upper 
canines were used for stabbing and tearing, not biting and holding.

Scott (1892), Osborn and Earle (1895), and, less enthusiastically, 
Matthew (1937) referred IK fundaminis to the carnivore family Proviver- 
ridae. Van Valen (1966) suggested that Deltatherium was not carnivorous.

He pointed out that the absence of a shearing metacrista and presence of
4heavy wear on the prevallum of P are characters unknown in any carniv

orous mammal, but are present to a slight degree in Deltatherium. Such 
characters are slightly discernible on UALP 10771 and 11675. Van Valen 
(1978) does refer to Deltatherium as the most probable predaceous 
arctocyonid, but mentions the problem of its possibly being closely 
related to the herbivorous pantodonts. This possible relationship is

Morphological characters are also limited in quantity, but the P from4

included in the discussion of the Pantodonta below.
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The lower canines of UALP 11675 show wear even though the cheek 

teeth are slightly worn. That of UALP 10596 exhibits a slight wear 
facet on the posterolabial area and the cheek teeth are moderately worn. 
The right lower canine of UALP 8812 has the apex considerably worn as 
are the upper one-third of the postcristid and the entire precristid.

The left canine is worn in a different manner, perhaps the result of 
malocclusion, a long ovate wear facet is formed on the lower, lingual 
posterior portion, and the medial portion of the precristid shows a 
relatively deeply worn medial concavity. The upper canine of UALP 
11675 shows considerable wear on the apex, continuous with wear on 

the postcristid; the tip is worn posterolabially. "A separate, less 
worn, facet is observed lingual of the precristid. Wear on the precrista 
of the upper canine and corresponding wear on the postcristid of the 
lowers is usual, but strong wear on the postcrista of the upper canine 

and the anterior of the lower canine is rare, if not absent, in modern 

mammals with enlarged canines. The concavity observed on the antero- 
lingual portion of the lower canines of D. fundaminis is present on 
most modem placental mammals with.enlarged canines; suids and taya- 
ssuids lack it. Tetraclaenndon also lacks this character, but it is 

present on Equus. The canine wear patterns, particularly the worn 

apices, support Van Valen’s (1966, 1978) hypothesis that I), fundaminis 
was not a carnivorous predator. The problem, of course, is not solved 

and Deltatherium remains a candidate for predaceous habits.
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Table 23. Size of Deltatherium fundaminis from the 

San Juan Basin, New Mexico•

Dimension N Range Mean S.D. V.

C 1
L 3 5.5-5. 6 5.57 .06 10.77
W 3 4.6-4.8 4.73 . 1 2 2.54

P 2
L 2 5.3-5.7 5.50 .28 5.09
W 2 3.1-3.2 3.15 .07 2 . 2 2

P3 L 3 6 .2 -6 . 6 6.40 . 2 0 3.12

W 3 3.4-4.0 3.73 .30 8.04

P4 L 3 5.9-6.9 6.53 .55 8.42

W 5 3.3-3.9 3.82 .36 9.42

M 1
L 3 7.4-7.7 7.53 .15 1.99

AW 4 4.3-4.7 4.52 . 2 1 4.65

PW 3 4.0-4. 6 4.33 oCO 6.93

m 2 L 3 8 .3-9.0 8.56 .38 4.44

AW 5 4.4-5.1 4.80 .30 6.25

PW 3 4.2-5.1 4.67 .45 9.64

M3 L 2 8 .7-9.3 9.00 .42 4.67

AW 2 4.8-5.1 4.95 . 2 1 4.24

PW 2

P2 L 1 5.00

W 1 3.5
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Table 23. Continued. Deltatherium fundaminis

Dimension N Range Mean S.D. V.
p3 L

W 1 6 . 6

L 3 6.4
W 3 7.5

M 1 L

W 1 8.70
M2 L 3 7.2-7.5 7.35 .13 1.80

W 3 8 .9-9. 8 9.47 .49 5.21
M 3 L 1 6 . 2 0

W 1 9.10
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Genus Chrlacus Cope, 1883.
Lipodectes Cope. 1881f, p. 1019 (in part).

Deltatherium Cope, 18821, p. 463 (in part).

Chrlacus Cope, 1883d, p. 314 (in part).
•Tricentes Cope, 1883d, p. 314 (in part).
Pelycodus Cope, 1884c, p. 255 (in part).
Epichrlacus Scott, 1892, p. 296.
Metachriacus Simpson, 1935b, p. 235.

Revised diagnosis. Chrlacus differs from Mimotricentes in
having taller, less inflated cusps with sharper apices; enamel is less
wrinkled; upper molars have a more distinct ectoflexus and more acute
antero- and posterolabial corners. Chrlacus with paracone and
metacone closer and more aligned anteroposteriorly; hypocone more 

2lingual; M with labial margin less angled and lingual cingulum stronger; 3
3M with larger parastylar area and labial margin more sharply angled 
posterolingually. Chrlacus narrower, relative to length, and less 

triangular; lower molars with trigonid taller, relative to talonid; 
paraconid farther from metaconid; paracristid narrower, more blade
like; entoconid higher and more posterior; hypoconulid smaller; 
cingula and cristae more cuspidate; cristid obliqua wider and termin
ating on paracone, not metacone; and centrocristid more distinct.

Chrlacus differs from Deltatherium in having lower molars with 
relatively wider talonids; smaller, more lingual paraconid closer to 
metaconid; smaller, shorter hypoconulid; relatively larger and taller 
entoconid; cristid obliqua termination on the paraconid; and talonid
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basin closed lingually. with less distinct paraconid; and meta- 

conid and protoconid closer. Upper molars with stylar shelf narrower, 
lower protocone, smaller parastyles, and larger hypocone and conules.

Discussion. Chriacus appears more closely related to 
Deltatherium than to Mimotricentes, although not directly related to 
either. Van Valen (1978) placed Chriacus and Deltatherium in the 
Oxyclaeninae and Mimotricentes in a different subfamily. I agree.

Matthew (1937) chronicles much of the complicated history of 
Chriacus systematics. The most recent discussion is that of Van Valen 
(1978) in which he referred the junior synonyms Spanoxyodon. Tricentes. 

crassicollidens. Chriacus truncatus. Chriacus schlosserianus, 
Metachriacus provocator. and Spanoxyodon latruncuius into C. baldwini 
and the suppression of Metachriacus punitor into (2. orthogonius.
E valuation of Van Valen*s (1978) work is limited by lack of formal 

reasons for his synonymies and lack the comparative material. However, 

study of illustrations and descriptions of various workers from Cope 
(1881) to Van Valen (1978) and a limited number of casts leads me to 

tentatively accept Van Valen*s (1978) work except for the synonymization 
of Spanoxyodon and Chriacus (see below) and that of M. punitor and 

(X orthogonius. The latter is not rejected, I simply lack the material 
from which to make a decision. At present I accept £. pelvidens, J3 . 

baldwini. _C. katrinae, and £. orthogonius as valid Torrejonian species.
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Chrlacus pelvidens (Cope, 1881). (Table 24).

Lipodectes pelvldens Cope, 1881f, p. 1019.

Chrlacus pelvidens Cope, 1884a, p. 314 (in part).

Pelycodus pelvidens Cope, 1884c, p. 255 (in part).

Chrlacus baldwini Osborn and Earle, 1895, p. 21.
Holotype. AMNH 3097, partial left dentary with P4 -M3 ,

Nacimiento Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San

Juan Basin, New Mexico; Swain Quarry, Fort Union Formation, Wyoming; and 

Little Muddy Creek, Evanston Formation, Wyoming.
Late Paleocene (Tiffanian): Saddle Locality, Bison Basin,

Wyoming.

Revised diagnosis. Chrlacus pelvidens differs from C. baldwini 
in being larger and having a much more developed P^ metaconid and much 

less developed P^ protocone. The Mg is not reduced as in J2. baldwini. 

M j_ 2  with more cuspidate entocristid. M*-^ with paracone and metacone 
closer; lower centrecrista; more squared lingual margin.

Larger than C. calenancus. Slightly smaller than (1, katrinae 
with shallower dentary and more transverse upper molars (Van Valen,
1978). Relatively wider than C. metaconeti. Lower molar trigonid 

lower than in C. oconostotae with stronger paraconid (Van Valen, 1978). 

Slightly smaller than gallinae with much more distinct conules and 

smaller hypocone. Upper molars with stronger ectoflexus and more 

triangular outline than £. orthogonius: M^ lacks protostyle.
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Referred material, UALP specimens 8691 (partial left dentary 

with Mj talonid and M^), 10911 (LMg), 10912 (EM2-3), 10913 (partial 

left dentary with talonid), 10920 (LM2-3), 13287 (partial left 
maxilla with P 4 -M2), 13288 (RM^ talonid and , and 13734 (LM3  talonid), 

locality 7545; and 13738 (partial right dentary with Mg talonid) 
locality 7562; and 8778 (RMg talonid), locality 75110 from Ojo Encino; 

10570 (partial right dentary with Pg roots, Pg, broken P^, and M^), 
locality 75106; 10639 (partial left dentary with Pg-Mg), locality 
7640; 10720 (partial right dentary with P^-Mp t locality 7651; 11656 
(partial right dentary with talonid and Mg), locality 7662; and 

10798 (RMg), locality 7671 from Kutz Canyon; and 10969 (maxilla 

fragment with RM^), locality 7787 from near Aztec.
Description of referred material. Lower dentition anterior 

of the Pg is absent from the UALP collection. Pg is ovate, narrow 
anteriorly, and has finely wrinkled enamel. Smaller than P^, it is 
dominated by a large tall protoconid that is somewhat triangular with 

a sharp apex. The distinct precristid reaches the precingulid just 

labial of the cingulid cuspules. The extreme anterior and posterior 
portions of the pre- and postcinguilds are cristid-like. The strong 
precingulid supports two cuspules, the largest of which is lingual.

It is continuous with the weaker labial cingulid and extends lingually 
to the mediolingual margin of the protoconid. Lingually the post
cin guild extends from the posterior cusp and rises to the mediolingual 1 

margin of the protoconid; it nearly reaches the precingulid.
Continuity of the postcingulid is indeterminate.
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"description is largely that of UALP 10720. The metaconid 
appears separate from the protoconid. The tall ovate protoconid 

occupies the medial half of the tooth and has anterior and posterior 
shelf-like extensions. The strong precristid reaches the precingulid.

A small distinct paraconid is present at the anterolingual comer of 
the tooth. There is evidence of a weak labial precingulid.

The lower molars of _C. pelvidens have the paraconid reduced 
and the cinguild progressively more continuous from to Mg. The 

apices of the labial cusps are more internal than in the lingual 
cusps. The taller trigonid is narrower than the talonid.

is smaller than M2 . The conical protoconid and metaconid 
have relatively sharp apices. Their relative heights are indeterminate. 
The protoconid, slightly wider and more anterior than the metaconid, 

wears to a crescent shape. The conical paraconid is distinct and 

separate from the metaconid, anterolabial of the metaconid apex, 

and directed anteriorly. The nearly equally strong paracristid and 
premetacristid enclose the relatively deep, T-shaped trigonid basin.
The trigonid notch is deep and wide with a strong low protocristid.

The postmetacristid is better developed than the slight postprotociistid 
The crescentic hypoconid, the largest and lowest talonid cusp, is flat 

(UALP 10639 and 13228) or concave (UALP 8691 and 10720) internally.
The narrow crescentic entoconid is the tallest talonid cusp. The 

small, low, conical or ovate hypoconulid is the most posterior cusp. 

Talonid cusps are connected by cristids. The strong low cristid 
obliqua intersects the flat talonid wall labial of the trigonid notch 

and forms a narrow, shallow hypoflexid. The strong entocristid is
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higher than the cristid obliqua and is continuous with the postmeta- 

cristid except in UALP 10570. Accessory cusps, including the entoconulid, 

are absent.. The closed talonid basin is deep and circular.
Cinguilds are strongly developed. The precingulid is short in UALP 
10639, but nearly continuous with the hypocingulid in UALP 10570 and 

10720. The postcingulid, labial of the hypoconulid, may descend along 
the hypoconid posterior nearly to the base of the enamel. The lingual 
cingulid is absent. The enamel of the posterior margin is higher 
lingually.

Mg has the smaller paraconid closer to the metaconid than in M^, 

making the trigonid somewhat shorter relative to the talonid. The 
metaconid is slightly taller than the paraconid, the postmetacristid 

is present in 3 of 5 specimens- and the posterior protoconid cristid is 
present in 3 of 5 specimens; UALP 8691 and 10911 have both cristids 

and UALP 10798 lacks them both. The precingulid is continuous with 

the hypocingulid in 4 specimens and incipiently continuous in UALP 
8778. The postcingulid has a tendency to possess a second, shorter 
portion labial of the hypoconulid, unlike in M^.

Only the talonid of is preserved in the UALP collection.
It is narrow and elongated with the medial, somewhat crescentic hypo

conulid enlarged and more separate than in M^ ^ and as tall as the 
entoconid. The hypoconid-hypoconulid cristid, continuous only in UALP 

10913, reaches the. hypoconulid anteromedially. The postcingulid is
as in M.2
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Anterior upper dentition of C. pelvidens is unknown in the UALP 
Acollection. P is the only upper premolar represented. It is nearly 

equilaterally triangular with a tall, similarly triangular paracone .as 
the dominant cusp. The metacone is absent. The paracone leans 
posteriorly and has a sharp apex. It has anterior, posterior, and 

lingual basal lobes that may support cuspules. The higher parastylar 
and metastyle lobes are damaged and worn such that parastyle 
and metastyle presence is indeterminate. The weak paracrista is 
discernible only at the base of the paracone. The stronger metaerista 

extends from the paracone apex to the posterolabial corner of the 

tooth. The lingual lobe supports a tiny conical protocone. The 
cingulum, lower lingually, is continuous except mediolabially of the 
paracone. The enamel is slightly crenulate.

M* has a distinct narrow ectoflexus. The paracone and meta

cone are separate, conical, and tall with sharp apices; the paracone 

is larger and taller. The paracrista, metacrista, and centrocrista 
are low and distinct. The paracrista and metacrista sweep labially 
to respective comers of the tooth. The indistinct parastyle is repre
sented by thickened cingulum enamel. The metastyle area is similar 
but smaller. The mesostyle is absent. The conical protocone is larger 

than the paracone and metacone, but is lower. It is anterior of the 
midline. The cristae are well developed. The preprotocrista is 

shorter than the postprotocrista. The conules are somewhat pyramidal, 
with the metaconule larger. The preparaconular and postmetaconular 
cristae reach respective cingula and the postparaconular and higher 
premetaconular cristae ascend the paracone and metacone, respectively.
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The cusps and their aristae enclose a deep trigon basin. The low 

hypocone, about the size of the metaconule, is at the extreme postero- 
lingual comer of the tooth, more posterior than the other cusps and 

nearly even with the lingual margin of the protocone. The lingual 
margin of the tooth is squared posteriorly and rounded anteriorly. The 
continuous cingulum has upper and lower portions separated at the 
anterior and posterior conular cristae-cingulum intersections. The 
labial cingulum is lower and weaker at the paracone. The enamel has 
large wrinkles.

is similar to but larger than particularly in width.

The small parastyle has a slight anterior crlstid. The metastyle is 

absent. The pre- and postmetaconular cristae reach the paracone and 

metacone more medially than in and the hypocone is larger and 
farther from the protocone. The lingual margin of UALP 13287 is 

squared both anteriorly and posteriorly due to the presence of a.tiny 
conical protostyle. The other specimens lack the protostyle and have 
lingual margins similar to M^. The lingual cingulum is wider, relative 
to the others, than in M*.

is about the size of the M^. It lacks the metacrista and 

metastylar area and has the metacone reduced. The paracone and metacone 
are more widely separated than in M 1 and M and the centrocrista 

supports a small mesostyle. The labial margin angles sharply postero- 
lingually from the wide parastylar area. The postmetaconular crista 
curves onto the posterolingual margin of the metacone. The conular 

cristae are as in M*. The hypocone is indistinct on the rounded
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lingual margin; UALP 10912 has a slight swelling on the cingulum 
lingual of the protocone apex and UALP 10920 has a cuspidate lingual 
cingulum with the largest cuspule lingual of the protocone apex.

Discussion* C. pelvidens demonstrates little individual 
variation. This may result partially from the small number of specimens 
in the UALP collection. The lingual margin varies from squared to 

more rounded with the presence or absence of the protostyle and the 
hypocone varies in size* Previously unreported from the middle 

Torrejonian, Deltatherium-Tetraclaenodon chronozone, £. pelvidens 

specimens are more abundant in the Pantolambda bathmodon-Mixodectes 
malaris chronozone of the San Juan Basin.

C,* pelvidens is distinct from (X baldwini. Matthew (1937) 
thought the two species doubtfully distinguished. Manning (Oral. 

comm., 1979) suggested that the two species are valid but that many 

small jĈ  pelvidens specimens were assigned erroneously to baldwini. 
Van Valen (1978) reiterated this concept but failed to note the differ
ences between the species, as he recognized them. The UALP collection 

indicates that (X pelvidens has a much better developed metaconid on 
the P^ and much less developed protocone on p \  The Mg of J3. pelvidens 
is not reduced as in baldwini.

These differences may warrant separation of £. pelvidens and 

C. baldwini at the generic level. Such separation should not be made, 

however, until additional collections of Chriacus are examined.
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Table 24. Size of Chriacus pelvidens from the 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P3 L 1 5.80
W 1 3.30

P4 L 1 5.80
W 1 2.80

M 1
L 2 6 .2 -6 .3 6.25 .07 1 . 1 2

AW 2 3.4-4.2 3.80 .56 14.74

PW 4 4.45-4.9 4.70 .19 4.04

M 2
L 6 6.2-7.0 6.93 .52 7.50

AW 7 4.1-5.2 4.66 .42 9.01

PW 6 4.4-5.4 5.03 .35 6.96

h 3 L 1 7.60
AW 1 4.40
PW 3 4.1-4.3 4.20 . 1 0 2.38

M 1 L

W 1 6 . 2 0

M 2 L 2 5.5-5.9 5.70 COCM 4.96
W 2 6 .9-7.3 7.10 COCM 7.10

M 3 L 2 5.5-5. 6 5.55 .07 1.27
W 2 8 .1 —8 . 2 8.15 .07 0.87
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The Kutz Canyon specimens vary slightly from those of Ojo 

Encino. The hypoconulid of is ovate, rather than conical, and the 
postprotocristid is absent. Lack of sufficient specimens precludes 

stratophenetic analysis.

Chriacus baldwini (Cope, 1882). (Table 25).

Deltatherium baldwini Cope, 18821, p. 463.

Chriacus truncatus Cope, 1884a, p. 313.
Tricentes crassicollidens Cope, 1884a, p. 315.

Pelycodus pelvidens Cope, 1884c, p. 225 (in part).

Chriacus schlosserianus Cope, 1888, p. 338.
Chriacus baldwini Cope, 1888, p. 340 (in part).

Epichriacus schlosserianus Scott, 1892, p. 296.

Metachriacus provacator Simpson. 1935b, p. 235.

Tricentes truncatus Van Valen, 1965, p. 745.

Holotype. AMNH 3114, partial right dentary with dPg,^, 
Nacimiento Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico; Localities 24, 25, 50, 51, and 81, upper Lebo 
Formation, Crazy Mountain Field, Montana; Black Peaks Formation, Big 
Bend National Park, Texas; and Little Muddy Creek, Evanston Formation, 
Wyoming.
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Revised Diagnosis. Chriacus baldwini differs from C\ pelvidens

in being smaller and having a much less developed metaconid and much

more distinct protocone. The M3/3 is more reduced. M have less
1-21—2cuspidate entocristid. M have paracone and metacone closer; higher 

centrocrista; hypocone more extended lingually; and more rounded lingual 
margin.

Smaller than C. oconostatae and much smaller than £. katrinae 
and C. gallinae. M relatively narrower than in Ĉ. orthogonius and 
more triangular. Postvallid less steep and entoconid larger than 

in_C. calenancus (Van Valen, 1978). Cusps higher and hypocone smaller 
than in C. metocometi.

Referred material. UALP specimens 10946 (partial left dentary 
with M]_2 ), 10948 (palate with LP^-M^ and RP^-M^), 13677 (partial 
left dentary with P^ and talonid), and 14766 (R dentary fragment 

with broken P^), locality 7435; 10580 (dentary fragment with RM^ or 

Mg) and 10591 (partial left dentary with M 2 _g), locality 75106; 10620 
(BM^), 10648 (partial left maxilla with P*-M^), 10653 (partial left 
dentary with M 2 _g), and 10655 (partial left dentary with P^-M^) 

locality 7640; and 10866 (partial right dentary with (^2-3^» locality 
7642; 10681 (partial right maxilla with broken p \  P^, and M^ ^),

10685 (LM^), and 10701 (LP^, LM^, and RM^ in matrix), locality 7643 
from Kutz Canyon.

Description of referred material. C. baldwini differs 

slightly from that of C. pelvidens; it is smaller with primary differ
ences in the P^. Dentition anterior of the P^ is absent from the UALP 

collection. The P . of C. baldwini is about 19% smaller than that of
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C.. pelvidens (L x W values compared). The Indistinct metaconld on P4  Is a 
large swelling near the base of the strongly developed lingual post- 
protocristld. UALP 13677 has a slight vertical groove, absent in 

UALP 10655, extending to a small basin posterolingual of the anterior 
cusp. UALP 13677 has a strong medial cristid extending across the short 

talonid to the postcingulum cusps; UALP 10655 has this cristid more 
labial and a second, more medial cristid fails to reach the precingulum. 
UALP 10655 has one small cusp and two cuspules labial of it along 

the posterior margin. The labial cingulid is complete (UALP 10655) or 
nearly so (UALP 13677).

is about 26% smaller than in C. pelvidens. It differs in 
having a less cuspidate entocristid, less tendency toward possession 

of an entoconulid, and a slight lingual cingulid below the talonid 

notch. The postprotocristid is indistinct. The cristid obliqua 
talonid wall intersection is slightly labial of the trigonid notch.

UALP 10946 and 10655 have minute entoconulids. UALP 10580 and 10655 
have complete labial cingulids, UALP 10946 does not. A separate, 
short postcingulid labial of the hypoconulid is present in UALP 10655, 
absent in UALP 10580 and 10946.

Mg is about 29% smaller than C:. pelvidens and differs as does 
. The trigonid is wider, relative to the talonid, than in M^. The 

postprotocristid is strong in UALP 10946 and absent from UALP 10653.

The entocristid is smooth in UALP 10653 and cuspidate in UALP 10946 and 
10866, with a relatively large cusp (metastylid?) near the metaconid 
in UALP 10866. The entoconulid is small in UALP 10866, indistinguishable
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from other cuspulea In UALP 10946, and absent from UALP 10653. The 

labial cingulid Is continuous with the precingulld in all undamaged 

specimens and with the posteinguild in UALP 10591, 10946, and incipiently 
in UALP 10653. A separate labial postcingulid is present in UALP 
10866 and absent from 3 other specimens.

Mg, reduced relative to M2 , is about 42% smaller than in 
C. pelvidens. The talonid is inseparable from that of £. pelvidens 
(Trigonids of jC. pelvidens are absent from the UALP collection).
UALP 10591 has the metaconld reduced relative to the protoconid, UALP 
10866 has it larger. UALP 10653 has a small medial paraconid; three 

other specimens lack it. The postprotocristid is indistinct. The 

entoconulid is minute on UALP 10591 and small and low on UALP 10866.
UALP 10701 and 10866 differ from UALP 10591 and from £. pelvidens in 

possessing a hypoconid-entoconid cristid and lacking the hypoconid- 
hypoconulid cristid.

ODentition of baldwini anterior of the P is absent from the 
UALP collection. All P^ specimens are damaged. P^ is smaller than P^. 
It is T-shaped with enlarged parastylar and metastylar areas. A small 
conical protocone rests on the lingual lobe. Only a slight labial 
cingulum is present.

* P^ is 15% smaller than that of £. pelvidens. with a relatively 
large protocone. The weak preparacrista and stronger postparacrista 
descend the large paracone. The.conical parastyle is small and low and 

the metastyle appears absent. The metacone is absent. At least one, 
perhaps two, small cusps rest on the damaged metacrista of UALP 10648.
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The low conical protocone has a distinct preprotocrista and a weak 

protocone-paracone cristid. The protocone-containing lingual lobe 
is skewed anteriorly. The cingulum, continuous in UALP 10618 and 
discontinuous lingually in UALP 10648 and 10948, is weakest medially.

Ml, 13% smaller than in £. pelvidens. has the paracone and 
metacone more widely separated, a lower centrocrista, and a more 
anterolabially directed preparacrista. The preparacrista originates 
farther lingually on the paracone. The hypocone is larger and more 
lingually extending than in jC. pelvidens. providing a more rounded 
lingual margin. The mesostyle is a slight swelling on the labial 

cingulum; UALP 10648 has a slight crista from this cusp to the centro

crista. UALP 10648 has the pre- and postcingula connected lingually, 
UALP 10648 has them nearly so.

is 14% smaller than in pelvidens. It is larger than M^ 
and differs from (X pelvidens in a similar manner. The slight mesostyle 

is present on the centrocrista of UALP 10648, of 4 specimens. The 
parastyle is small in three specimens, absent in UALP 10969. UALP 

10948 has the metastyle as a slight swelling; UALP 10969 lacks this 
cusp. The hypocone. is reduced and projects less posteriorly than in M^. 

A slight crista connects the centrocrista and the labial cingulum of 
UALP 10648, but is absent in UALP 10948. The pre- and postcingula are 
connected at the lingual margin.

is reduced relative to the and It is 49% smaller

than the of C. pelvidens. The mesostyle is absent and the cingulum 

is continuous lingually. The hypocone is an indistinct swelling 
medially on the cuspidate cingulum of UALP 10948.



259

Discussion, Van Valen (1978), without explanation, considered 
Spanoxyodon latrunculus a junior synonym of baldwini. I disagree.
A cast of the S_. latrunculus holotype, USNM 9287, clearly shows the 

absence of snd the well developed metaconid on P^. Unless

baldwini from elsewhere shows considerably more variation than that of 
the UALP collection and until Van Valen explains the basis of his 
(Van Valen, 1978) synonymization, S. latrunculus should be considered 
at least a separate species, and probably a separate genus. The slight 

variation observed in UALP specimens could easily include the remaining 
taxa referred to C. baldwini by Van Valen (1978).

The Mg of C. baldwini shows more variation than that of C. 
pelvidens. It may have a hypoconid-entoconid cristld separating the 

hypoconid from the more anterior part of the talonid. This character 

is noted elsewhere only in a single specimen of Mimotricentes subtrigonus.
AThe P of j]. baldwini is closer to that of Deltatherium. with 

the large protocone and lingually directed lobe, than is theJC. pelvidens 
p \  It also resembles more closely the P^ of Mimotricentes. with the 
small metacone.

UALP C, baldwini specimens are restricted to Kutz Canyon and, 
therefore, the Deltatherium-Tetraclaenodon chronozone. Wilson (1956a) 
reported it only from the "Deltatherium zone", equivalent to the middle 

Torrejonian. Simpson (1937) reported it from localities lower than the 
Gidley Quarry level, many of which Sloan (pers. Comm., 1979) placed 
within his "Deltatherlum-Deuterogonodon zone", the equivalent of the 

middle Torrejonian Deltatherium-Tetraclaenodon chronozone (see discus
sion of biostratigraphy above).
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Table 25. Size of Chriacus baldwini from the 
San Juan Basin, New Mexico

Dimension N Range Mean S.D. V.

P4 L 2 4.9-5.0 4.95 .07 1.43

W 2 2 .5-2. 8 2.65 . 2 1 8 . 0 0

M 1
L 1 5.45
AW 1 3.50
PW 3 3.0-3.9 3.60 .52 14.43

M 2 L 3 5.4-5.9 5.63 .25 4.47

AW 3 3.9-4.4 4.08 00CM 6.74

PW 4 4.1-4.7 4.32 .26 6.08

m 3 L 2 6 .1-6.4 6.25 . 2 1 3.39

AW 3 2.9-3.1 3.00 . 1 0 3.33

. PW 3 2.9-3.2 3.03 .15 5.04

P4 L 3 4.5-4.7 4.60 . 1 0 2.17

W 3 4.6-5.1 4.90 VOCM 5.40
M 1 L 2 4.8-5.4 5.10 .42 8.31

W 2 5.8 -6 .4 6 . 1 0

CM 6.96
M2 L 4 4.9-6.0 5.28 .50 9.48

W 4 6.0—6.9 6.55 .39 5.91
M 3 L 4 3.7-4.3 4.12 .29 6.96

W 4 5.1-6.2 5.55 .51 9.13
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Subfamily Arctocyonlnae Glebel, 1885.
Genus Colpoclaenus Patterson and McGraw, 1962. 
Mloclaenus Cope, 1882d, p. 833 (in part). 

Claenodon Scott, 1892, p. 298 (in part). 

Neoclaenodon Gidley. 1919, p. 547 (in part). 
Colpoclaenus Patterson and McGrew, 1962, p. 2.
Diagnosis.
Enamel of molars strongly wrinkled, all crests crenulated, 

accessory cuspules numerous. Principal cusps of upper M high, 
massive, tightly grouped; central basin small; protocone nearly 
central in position with long lingual slope; conules large, 
blunt, separated by grooves from principal cusps; hypocone small 
on rudimentary on M^; cingula strong, not continuous around
protocones; external cingulum interrupted by labial continuation 
of sharp cleft between paracone and metacone; upper M wide 
relative to length. Trigonids of lower M high, short; paraconid 
internal in position, closely appressed to metaconid, paraconid 
crest well developed; posterior crest connecting protoconid and 
metaconid present; protoconids and metaconids with short, 
centrally situated crests running lingually and labially, 
respectively, forming a third, transverse trigonid crest; 
deepest portion of talonid basin near lingual side; hypoconulid 
of M3  long, broad, high cuspidate. (Patterson and McGrew, 1962, 
pp. 2-3).

Colpoclaenus cf. C. procyonoides (Cope, 1882). (Table 26).
Mloclaenus protogonoides Cope, 1882d, p. 833 (in part).
Claenodon protogonoides Scott. 1892, p. 299 (in part).
Neoclaenodon procyonoides Matthew. 1937, p. 37.
Holotype. AMNH 16554, upper and lower jaws, Nacimiento 

Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle

Paleocene (Torrejonian): Ojo Encino, Nacimiento Formation, San Juan

Basin, New Mexico.
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Late Paleocene (Tiffanian): Saddle locality. Bison Basin,
Wyoming; and Circle local fauna, Montana.

Revised diagnosis. with more Inflated metaconid and less 

lingually extended cristid obliqua than in Colpoclaenus keeferl. Mg 
lacks cristids spanning hypoflexid. Mg lacks labial hypoflexid cristid. 
Hypoflexid narrower and more shallow than in keeferl. M^ relatively 
narrower than in jC. keeferl. protoconid more anterior, metacristid 
more distinct, metaconule more lingual; cingulum weaker, discontinuous; 

conular cristae distinct. M% differs from _C« keeferl in having small 

protostyle, slightly less lingually inflated protocone, precingulum 
extended lingually.

Referred material. UALP specimens 8652 (LM*), locality 7545; 

8825 (broken RP4, RM1, RM2, RMg talonid, ?LPg, labial half LP4, LMi 

talonid, LM2, LM3  in dentary fragment), locality 75108; and 10714 (L 
maxilla fragment with M^, broken M^, M?), locality 7647 from Ojo Encino.

Description. Lower incisors, canines, and anterior premolar 
are absent from the UALP collection. Incisors are apparently unknown; 
the remaining dentition is shown in Matthew (1937, p. 1, fig. la-b, p. 
375).

The UALP P3 is missing the base posterior of the protoconid 
apex. It is ovate with a large, tall, protoconid- with distinct pre- 

and postcristids. The profile is slightly convex labially and slightly 
concave lingually. The strong, cuspidate precingulum is restricted to 
the anterior margin lingual of the precristid, single-rooted, it has 
moderately crenulate enamel.
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The is dominated by the large, tall, slightly ovate proto- 
conid. The region anterior of the protoconid is missing. The broad 

precristid and wider postcristid terminate at the blunt medial posterior 
cusp that separates the distinct heel. Labially a cristid extends 
from the medial cusp to form the cuspidate posterior portion of the 

labial cingulid; lingually the heel contains a posterollngual cusp 
with three apices and an anteriorly projecting cristid (entocristid?). 

The cusps and cristae define the small, but relatively deep, lingually 
open basin. The basin is impressed into the protoconid as a concavity 
lingual of the postcristid. The similar anterior and posterior segments 
of the labial cingulid are separated but continue as a cuspidate pattern 

across the labial face of the protoconid. Double-rooted, the P4  has 
smooth enamel with indistinct broad crenulations.

Lower molar length increases progressively from to Mg. Cusps 

are rounded and blunt, cristids are broad and rounded, and cinguilds are 

cuspidate anteriorly and labially. M^ is shorter and wider than P^ and 

smaller than Mg. The trigonid is slightly higher than the shorter, 
wider talonld. The protoconid is larger than and as tall as the 
metaconid, but less inflated. Joined at their internal bases, these 
somewhat bulbous cusps are conical. The indistinct paraconid rests on 

the lingual termination of the broad, cuspidate, shelf-like paracristid. 

It is anterior of, but separate from the metaconid. A weaker premeta- 
cristid extends the paracristid to the metaconid. The very broad, 
indistinct centrocristid is medially discontinuous. The paracristid, 

premetacristid, and centrocristid form the margins of the antero- 
posteriorly narrow trigonid basin. The low protocristid is medially
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lower than the centrocristid. The strong postmetacristid ascends 
posterolabially from the metaconid apex to the talonid basin. The 
talonid is dominated by an enormous crescentic hypoconid. It occupies 

the labial half of the talonid, is greatly inflated labially, and 
includes the very wide cristid obliqua and a lingual cristid. The 
cristid obliqua-talonid wall intersection is slightly labial of the 
protoconid apex, forming an extremely shallow hypoflexid. The ovate 
entoconid is as tall as the hypoconid but smaller, more nearly equal 

to the metaconid. The ovate hypoconulid, the smallest and most posterior. 
talonid cusp, is close to the entoconid, but separated from it and the 
hypoconid by narrow valleys. The deep circular talonid basin opens 
through the extremely narrow, but deep talonid notch. The precinguild, 
highest medially, is continuous with the lower hypocingulid upon which 

rests a small ectostylid. The smooth postcinguild ascends labially 
from the hypoconulid and forms a shelf on the posterior margin of the 
hypoconid.

Mg is overall similar to M^. The paraconid is a blunt cusp 
closely appressed to the metaconid anterior; it is somewhat indistinct 

from the broad paracristid. A slight cristid extends from the paraconid 
to the precinguild. The cristids are more inflated than in Mj. The 
paracristid is closer to the protoconid and metaconid than in M^, 

forming a transversely narrow trigonid basin. The hypoconid is reduced 
relative to the trigonid cusps and taller than the entoconid, which 

includes an indistinct entocristid. The indistinct cristid obliqua is 
bifurcated anteriorly with both crests reaching the talonid wall on the
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protoconid. This bifurcation is hinted at in The cingulid, con

tinuous except lingually, rises at the paraconid and is weakest 
labially of the hypoconulid.

Mg is the narrowest lower molar. The metaconid is considerably 
taller, longer, and more posterior than the protoconid. The cristids 

are less inflated than in Mg and the anterior accessory cristid is 
absent. The talonid, aside from being longer and narrower than in M^ 

or Mg, has the hypoconid and entoconid reduced and the hypoconulid 
extremely enlarged and double. A low strong entoconid-hypoconid 

cristid extends across the talonid basin. The separate posterior half 
of the talonid consists of the low crescentic twinned hypoconulids. The 

cingulid, similar to that of Mg, is extremely weak about the hypoconid 
and incipient on the labial hypoconulid.

Upper incisors, canines, and premolars are absent from the UALP 
collection. Incisors are apparently unknown; the other teeth are shown 
in Matthew (1937, pi. 1, fig. 1, p. 375).

M^ is longer, relative to width, than M^, but is overall smaller 
than M% and larger than M^» The conical paracone and metacone are of 

equal height. The paracone is more lingual and has a flattened internal 

margin. The paracrista and parastyle are absent. The parastylar region, 

however, is somewhat inflated. The metastyle is cuspidate beyond the 
base of the metacone, making the metastyle indistinguishable. The 
paracone has a posterior crista lingual of the centrocrista. The proto

cone, largest cusp on the tooth, is crescentic and lingually inflated.

It is situated anteriorly, and skewed such that its apex is directed 
posterolabially. The blunt hypocone, about the size of the paraconule.
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is appressed posterolingually to the protocone at the lingual terminar 

tion of the postcingulum. UALP 8652 has a weak crista between these 

cusps; UALP 10714 lacks this crista. The relatively large conules are 
low, conical, and blunt. The metaconule is more lingual than the para- 
conule and directly lingual of the metacone apex. The smaller paraconule 
is slightly anterior relative to the paracone apex. The strongly devel

oped preprotocrista is shorter than the equally strong postprotocrista. 
Paraconular cristae are strongly developed. The preparaconular crista 
extends to the precingulum, the shorter postmetaconular crista fails to 
reach the postcingulum, and the postparaconular crista and the longer 

premetaconular crista reach the paracone and metacone, respectively.

The precingulum extends from labial on the paracone to anterior of 

the protocone apex. The postcingulum extends from the labial cingulum, 

to the hypocone. The well developed portion of labial cingulum curves 
about the metacone and may reach the centrocrista. The ectoflexus is 
very slight. The enamel is quite smooth.

O  1M , the largest of the upper molars, is similar to M . The

precingulum, stronger than in M*, is intersected by the preparaconular
crista. It descends from this intersection to the lingual base of

the protocone. It supports two incipient cusps discernible as enamel
swellings; a minute protostyle anterior of the protocone apex and
another at the lingual termination of the precingulum. That part of 

othe M crown posterior of the paracone apex and labial of the protocone
apex is missing in the UALP specimen.

3M , the smallest upper molar, has the metacone distinct but 
reduced and considerably more lingual, relative to the paracone, than in
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M^. Consequently the labial margin curves posterolingually, giving the 

tooth a more ovate outline than in or M^. The hypocone Is reduced 

to an enamel swelling on the postcingulum. The labial cingulum is 

strong at the paracone, but becomes incipient labial of the metacone.
It is continuous with the precingulum. The precingulum is separated 
at its intersection with the preparaconular crista. The lower portion 

extends into the damaged area of the crown, as does that portion of the 

postcingulum beyond the hypocone. The ectoflexus is as in M*. The 
enamel above the cingulum is more crenulate than in or probably 
due to wear.

Comparisons. Relative to Claenodon ferox, the upper molars of 

the smaller Colpoclaenus cf. (]. procyonoides have taller cusps, a con
siderably narrower stylar shelf, and a smaller hypocone. The lower 
molars have a less distinct paraconid, taller trigonid, and more 
inflated cristids. The cingulids and cingula of Cl. cf. C. procyonoides 

are less continuous with the cristids nearer the base of the enamel.

C. cf. C, procyonoides is smaller than Neoclaenodon silberlingi 
("Colpoclaenus) when compared with the dimensions given by Gidley (1919) 
for USNM 8363, the holotype.

The and Mg of the UALP specimens are larger than but morpho
logically indistinguishable from C. cf. C. procyonoides (USNM 20630) from 
the Bison Basin Tiffanian reported by Gazin (1956, p. 31 and pi. 7, 

fig. 5) or AMNH 16554, the dimensions of which were taken from Matthew 
(1937, pi. 1, fig. 1, p. 375).
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UALP specimens of cf. C. procyonoides are within the size

range of keeferi described by Patterson and McGrew (1962, p.9).
Indeed, the Mg of UALP 8825 is equal in size to UW 1932, an Mg of 
keeferi. The M^ of C_. cf. £. procyonoides differs from UW 1935 and 
MCZ 8358 figured by Patterson and McGrew (1962, fig. 2, p. 6 ) in having 
a less lingually extended cristid obliqua, lacking the two narrow cristids 
spanning the hypoflexid, and having a slightly more inflated metaconid. 

The hypoflexid is narrower and more shallow. Generally the M£ of C. cf. 
]C. procyonoides is similar to that of C. keeferi. The Mg is also 

similar; that of (X cf. C_. procyonoides lacks the labial cristid 
spanning the hypoflexid. Notably, MCZ 8355 (Patterson and McGrew, 1962, 

fig. 3b, p. 7) has the double hypoconulid as in C. cf. (X procyonoides.

The upper molars of UALP C. cf. (X procyonoides specimens and 
_£. keeferi (UW 1933, MCZ 8357, and UW 1934 of Patterson and McGrew, 1962, 
fig. 1, p. 4) are also quite similar. Generally the valleys surrounding 
the cusps are shallower and less distinct in UALP specimens. The UALP 

M* is narrower, relative to length, and has a weaker, discontinuous 
cingulum, more anterior protoconid, more distinct metacristid, and a 
more lingual metaconule. The hypocone is smaller and more elongated 

than in UW 8357. The postparaconular and premetaconular cristae, absent 

in UW 1933, are strong and distinct in UALP 8662 and 10714. The UALP M^ 

differs in having a less lingually inflated protocone, a small proto
style, and a lingual extension of the precingulum. The M^ of C. cf. C. 
procyonoides is indistinguishable from that of JX keeferi (UW 1934).



Discussion* The original diagnosis of Matthew (1937, p. 37) is 

made obsolete by the recovery of Colpoclaenus and the referral of 
Neoclaenodon montanensis to the same genus as Claenodon ferox, be it 
Claenodon* Arctocyon. or Arctocyonides (see below)•

The UALP specimens were identified by comparison with descrip
tions, illustrations, and plates in Gidley (1919), Simpson (1937), 
Matthew (1937), Gazin (1956), and Patterson and McGrew (1962). Although 

the generic assignment based on specimens of Colpoclaenus keeferi and 
Claenodon ferox, is certain, lack of comparative specimens precludes 
precise specific assignment. The lower molars compare closely with 
those of cf• Claenodon procyonoides ("Colpoclaenus) from the Bison Basin 

(Gazin, 1956) as well as those of C. keeferi from the Wind River Basin 
(Patterson and McGrew, 1962)• As can best be determined, they are also 
close to Neoclaenodon procyonoides ("Colpoclaenus) from the San Juan 

Basin (Matthew, 1937). The upper dentition appears identical to that 
of *J. procyonoides ("Colpoclaenus) of Matthew (1937) and is but slightly 

different from that of £• keeferi (Patterson and McGrew, 1962), I 

tentatively refer the UALP Colpoclaenus specimens to Colpoclaenus cf.
C. procyonoides.

The history of G. procyonoides has been complicated. Cope (1882) 
named Mioclaenus protogonoides with AMNH 3253 as the holotype. Scott 
(1892) referred at least this specimen to Claenodon but raised suspicion 

about its identification. Matthew (1897) also questioned this taxon, 

noting that the imperfect holotype was recovered from Puercan sediments, 

but all other specimens were recovered from Torrejonian sediments. He
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later (Matthew, 1937) referred the holotype to the genus ?Protogonodon 

and used the remaining specimens to describe the new taxon Neoclaenodon 

procyonoldes. Simpson (1937) had access to Matthew’s (1937) manuscript 
and correctly, I believe, disagreed with the use of Neoclaenodon for the 
residual (3. protogonoides specimens. Finally Van Valen (1978) suggested 
that Neoclaenodon (or Claenodon) procyonoldes may be a species of 
Colpoclaenus. It is considered Colpoclaenus in this paper.

UALP 10714 demonstrates increasingly strong crenulation from M*
Q 1 3to M . That this is probably due to decreasing wear from M to M is

evidenced by the stronger crenulation on the less worn UALP 8652 and
the near absence of crenulations on the M^ of UALP 10714. This feature

is absent from other crenulated teeth. Apparently whatever cf. £.

procyonoldes was eating was of such a consistency that the enamel of
the entire tooth was worn smooth before the individual cusps became

flattened at the apex. The lower dentition of UALP 8825 exhibits

nearly smooth enamel on Mj_g, perhaps because they are all worn beyond
the crenulation stage.

The twinned hypoconulid of UALP 8825 Mg is apparently not a 
generic character. Of the three specimens figured by Patterson and 

McGrew (1962, fig, 3, p. 7) only one, MCZ 8355, the holotype of C. 

keeferi. clearly exhibits a double hypoconulid. They (Patterson and 
McGrew, 1962, p. 8) refer to the Mg hypoconulid as "...varyingly grooved 
and cuspidate."

Matthew (1937, p, 38) apparently committed a lapsus when he 

• referred to the vestigal character of the protoconid in Neoclaenodon 
procyonoldes ("Colpoclaenus). ,
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Table 26. Size of Colpoclaenus cf. procyonoides from the 
San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

p4 L
W 1 5.30

Mi L 1 8.70

AW 1 6 . 2 0

PW 1 6.60

M 2
L 1 9.70
AW 1 7.50

PW 1 7.20
m 3 L 1 10.40

AW 1 6 . 2 0

PW 1 5.50
M 1 L 2 7.7-8.0 7.85 .21 2.70

W 2 9.0-9.1 9.05 .07 0.78
M 2 L

W 1 11.00

M 3 L 1 6.50
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Genus Claenodon Scott, 1892.

Mloclaenus Cope, 1883b, p. 547 and 560. 
Claenodon Scott, 1892, p. 298 (in part).
Diagnosis.
Upper molars quadrate, with strong posterior intermediate 

cusp and weaker hypocone. Upper premolars triangular, high- 
cusped, with deuterocone. Inferior molars with low paraconid 
on Mj, none on the others. Lower premolars with high trenchant 
cusps and small heels successively increasing posteriorly.
Dental formula 4 I3  premolars and canines with sharp cren-
ulate ridged edges anteriorly and posteriorly. Molars with 
low cusps and generally corrugated surface. Scaphoid fused to 
centrale, lunar separate. Trapezium large triangular. Astragalus 
with foramen. Calcaneum with large fibular facet. (Matthew,
1897, p. 288).

Comparisons. Claenodon differs from most arctocyonids in having 

large, relatively low crowned molars. The M^ trigonid is distinctly 
narrower than the talonid and is more triangular than in most arcto
cyonids .

Claenodon is close to Colpoclaenus. Indeed the species included 

here as Colpoclaenus was originally described as Claenodon (see discussion 
of Colpoclaenus above). The lower molars of Claenodon differ from 
those of Colpoclaenus in having a higher crown, larger paraconids, and 
lower cingulids. The upper molars differ in being more square, lower 

crowned, and having the cingulum at a higher level and complete lingually. 

The hypocone of Claenodon is smaller and the paracone and metacone are 

more widely separated than in CoIpoclaenus♦
Discussion. Claenodon was considered extremely close to the 

European genus Arctocyon by Scott (1892). Although he chose not to 

synonymized these genera, the difficulty of his decision is suggested 

by his statement:
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In the present.state of knowledge it is very difficult'to 
justify the separation of this form from the European genus 
Arctocyon and yet the identification of genera from different 
continents upon insufficient material is quite as apt to lead 
to erroneous conclusions in questions of geological correlation 
and zoological distribution, as the opposite course is to cause 
confusion from a systematic point of view. In view of this 
choice of evils, I have provisionally suggested a new name.
(Scott, 1892, p. 298).

Osborn and Earle (1895), Simpson (1937), and Matthew (1937) followed 
Scott’s (1892) decision to retain Claenodon as a genus separate from 
Arctocyon. Russell (1964) considered Claenodon a junior synonym of 
Arctocyon: many recent publications (e.g. Schiebout, 1974 and Rigby, 

1980) follow his usage. Russell (1967), however, appears to question 
his own earlier synonymy and Van Valen (1978) suggests that Claenodon 
is a junior synonym of Arctocyonides. not Arctocyon. I have chosen to 

follow Gingerich et al. (1980) in retaining Claenodon. at least until 
specimens assigned to Claenodon. Arctocyon. and Arctocyonides can be 

compared and doubts about their possible synonymies removed.
Russell (1964) included Hyodectes Cope 1880 and Heteroborus 

Cope 1880 as junior synonyms of Arctocyon. They may be synonymous with 
Claenodon. but must be considered a part of the overall taxonomic 

problem mentioned above.
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Claenodon ferox (Cope, 1883). (Table 27).

Mioclaettus ferbx Cope, 1883b, p. 547.

Mioclaenus corrugatus Cope, 1883b, p. 560.
. Claenodon ferox Scott. 1892, p. 299.

Claenodon corrugatus Scott. 1892, p. 299.

Holotype. AMNH 3268, teeth and postcrania, Nacimiento 
Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico; Swain Quarry, Fort Union Formation, Wyoming; and, 

with less certainty, various localities, including Silberling Quarry, 

upper Lebo Formation, Crazy Mountain Field, Montana; Big Bend National 

Park, Texas; and Rock Bench Quarry, Polecat Bench Formation, Bighorn 

Basin, Wyoming.
Late Paleocene (Tiffanian): Cedar Point Quarry, Polecat Bench

Formation, Bighorn Basin, Wyoming; and, with less certainty, Scarritt 
Quarry, Mellville Formation, Crazy Mountain Field, Montana; Twin Buttes, 

Shotgun Member, Fort Union Formation, Wind River Basin, Wyoming; Fossil 
Basin, Wyoming; Bison Basin, Wyoming; and Paskapoo Formation, Alberta, 
Canada.

Diagnosis. About one-fifth larger than C. montanensis and with 
M^ hypocone less reduced and relatively narrower (Gidley, 1919; Simpson,

1937)
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Referred specimens. UALP specimens 8692 (LM^ with missing 

anterolabial quarter), locality 7545; 8758 (RM^, broken talonid of 
RM2 ), and 14751 (RM^ talonid), locality 7539; 8762 (badly worn RMg) and 
13752 (RHj talonid), locality 75109; 8807 (LM^ with missing mediolabial 
portion), locality 7573; 10989 (unworn LM^), locality 75111; and 13286 
(lingual half of LM^), locality 7473 from Ojo Encino; 11698 (RM2  talonid), 
locality 78124 from Kutz Canyon; and 13762 (LM2  trigonid), locality 7664 
from near Nageezi.

Description. Lower incisors, canines, premolars, and third 
molars are absent from the UALP collection. Lower incisors are unknown 

(Matthew, 1937). The other lower teeth are described and figured by 
Matthew (1937, pi. 1, fig. 3, p. 375 and pi. 2, fig. 1, p. 377).

Mj has the triangular trigonid slightly higher, longer, and 
narrower than the talonid. The slightly inflated, conical protoconid 
and metaconid are close together. The metaconid is slightly wider, 
slightly higher, and slightly more posterior than the protoconid. The 
large, flattened paraconid has multiple cuspules and projects antero- 

lingually from the anterolabial metaconid flank. The paracristid is 
broad and indistinct. The protocristid, near the middle of the proto

conid and metaconid wide, but discontinuous. The hypoconid is large 
and.somewhat labially inflated. The entoconid is approximately half 

as large as the hypoconid, crescentic, and lingually inflated with an 

indistinct entocristid extension. The small round hypoconulid is close 

to the entoconid. The cristid obliqua, hypoflexid, and talonid notch 
areas are worn and characteristics are not discernible. The strong
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cuspidate cinguild extends labially around the from the anterolingual 
comer to the posterolingual comer. A separate short postcinguild is 

labial of the hypoconulid. The lingual cingulid is absent. The enamel 
is smooth below the cinguilds and moderately crenulate on the cusps; 
lingually the enamel extends lower anteriorly.

M 2  is larger than M^. The metaconid is more inflated than in 
and transversely even with the protoconid. The paraconid, smaller 

and more lingual than that of M^, is closely appressed to the metaconid. 

UALP 13762 has a broad premetacristid, a distinct cuspidate paraconid, 
and an indistinct centrocristid. The protocristid is indistinct or 
absent. UALP 8758 has the trigonid slightly narrower and shorter than 

the talonid; that of UALP 8762 is slightly wider and longer than the 

talonid. UALP 8672 has the metacristid extending across the cuspidate 
talonid notch; such a crest is hinted at in UALP 8758. The broad, 
indistinct cristid obliqua intersects the talonid wall between the para

conid apex and the trigonid notch. The cingulid is stronger labially 
than anteriorly. The enamel is slightly inflated posterolabially and 
extended downward in UALP 8762 and 11698.

All four UALP specimens of C. ferox upper molars are left upper 

second molars. Upper incisors are unknown (Matthew, 1939). Upper 

canines, premolars, and the remaining molars are described and figured 
by Matthew (1937, pi. 1, fig. 2).

The M^ enamel is slightly crenulate below the cingulum and 

strongly crenulate on the cusps. The tooth is rectangular with a rela
tively squared lingual margin and a slightly anteriorly situated 

shallow ectoflexus. The cusps are low and blunt. The conical paracone
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and metacone are widely separated. The metacone Is slightly larger and 

taller than the paracone. The mesostyle Is absent. The larger protocone 
usually is as tall as the metacone and is anterior on the tooth with 
its apex slightly more medial than that of the paracone. The protocone 

is somewhat conical, flattened internally. The relatively small, conical 
hypocone is on the postcingulum. It varies in lingual position, relative 
to the protocone. Conules are large and conical; the larger metaconule 

is about the size of the hypocone and more lingual than the paracone.
The paraconule is more anterior than the apices of the paracone and 
protocone; the metaconule is lingual of the metacone. The parastyle 
is absent except for a minute cuspule in UALP 8807. The paracrista, 

absent in UALP 10989, is wide in UALP 8807, but does not reach the para

style. The metacrista, usually wide and indistinct, is a distinct short 
crest curving posterolabially from the metacone apex in UALP 8692. The 

low centrocrista, cuspidate in UALP 8807, angles posterolabially 
between the metacone and paracone. Protocristae are strongly developed 
with the postprotocrista longer. The preparaconular and postmetaconular 

cristae are equally distinct aqd extend to respective cingula; the 
postmetaconular crista has a small medial cusp. This cusp is larger 

and essentially replaces the postmetaconular crista on UALP 8807. The 

postparaconular crista is wide, distinct, and somewhat S-shaped on 

UALP 10989, the only specimen with this crista preserved. The pre- 

metaconular crista is similar to the postparaconular crista on UALP 10989, 

but is medially discontinuous;, other specimens have continuous premeta- 
conular cristae, but the shape connot be determined. Cristae connect 

the hypocone and protocone (all four specimens), the hypocone and
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metaconule (UALP 8807 and 10989), the metacone and the accessory cusp 
on the postmetaconular crista (UALP 8692), and extend from the posterior 

portion of the centrocrista labially to the labial cingulum just posterior 
of the ectoflexus. The strongly developed, cuspidate cingulum completely 
encircles the tooth.

Discussion. UALP Claenodon ferox specimens were identified by 

comparison with descriptions, illustrations, and plates of various 
workers including Scott (1892), Gidley (1919), Simpson (1937), and 

Matthew (1937). The assignment of the broken lower teeth to Mg and 
the upper teeth to M is based largely on size.

Gingerich ejt al. (1980) question the assignment of Rock Bench 

Quarry Claenodon specimens to C. ferox. pointing out that two species 
may be present there. Van Valen (1978) indicated only the presence 

of (2. montanensis from Rock Bench Quarry. Rigby (1980) included Gidley 
Quarry from the Crazy Mountain Field within the range of distribution of 

C. ferox. However, Simpson (1937) noted its possible presence in 
localities 11 or 13, 39, 44, 49, 53 and Silberllng Quarry from the Crazy 
Mountain Field, but not from Gidley Quarry. C. ferox has been restricted 
to the Pantolambda bathmodon-Mixodectes pungens chronozone (Wilson, 

1956a). The UALP specimen from Kutz Canyon (UALP 11698) suggests 

that Claenodon was present during the earlier Deltatherium-Tetraclaenodon 
chronozone. A single, broken specimen, however, hardly seems sufficient 
evidence for a biostratigraphic range extension; presence of Claenodon

in the earlier chronozone must be considered tentative
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Table 27. Size of Claenodon ferox from the 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.
Mi L 3 9.3-12.0 10.97 1.46 13.29

AW 4 6.3-10.5 8.07 2.18 27.00

PW 3 7.2- 9.0 8 . 1 0 1.27 15.71

M 2 L 3 11.4-11.9 11.57 0.29 2.50
AW 3 8.1-10.4 9.37 1.17 12.46

PW 2 8.7- 9.4 9.05 .49 5.47

m 3 L 4 10.2-12.5 11.62 1.19 1 0 . 2 1

AW 4 6.2— 9.0 7.95 1.38 17.32

PW
M 1 L 3 9.5-10.0 9.75 0.25 2.56

W 3 1 0 .0 - 1 2 . 0 10.87 1.03 9.45
M 2 L 3 10.0-13.0 11.23 1.57 13.97

W 3 11.8-15.9 14.23 2.15 15.14
M3 L 2 8 .0 - 8 . 2 8 . 1 0.14 1.74

W 2 1 1 .0 -1 1 . 1 11.05 0.07 0.64
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Genus Deuterogonodon Simpson. 1935..
Deuterogonodon Simpson, 1935, p. 232.
Diagnosis. (Slightly emended from Simpson, 1937, p. 190).
Dentition basically arctocyonid in type, and resembling 

Protogonodon and Claenodon. Small, distinct cingulum hypocone 
on (atleast), cingula almost completely encircling these
teeth. [Small mesostyle indistinct to well-defined]. Para- 
style of a distinct cusp, crowning a lobe projecting strongly 
externally. Lower molars with trigonid only slightly higher than 
talonid, metaconid smaller than but as high as protoconid. Para- 
conid very small but distinct, subconical, on slope of metaconid 
directly anterior to its apex. Talonid basin open, crescentic 
lophid continuous but crest differentiated into hypoconid, hypo- 
conulid, and entoconid... Enamel wrinkled, but all cusps clear- 
cut and little or no tendency to form crenulations or accessory 
cuspules.

Comparisons. Deuterogonodon differs from Claenodon in having 
more triangular upper molars with a mesostyle, larger parastyle, larger 
hypocone and more wrinkled enamel. The of Deuterogonodon is rela

tively larger than in Claenodon. Deuterogonodon lower molars have the 
relatively larger paraconid more separated from the metaconid, the 
metaconid farther posterior relative to the protoconid, and the centro- 

cristid absent. The talonid basin is more developed and the proto
conid internally flattened in Deuterogonodon specimens.

Deuterogonodon differs from the Puercan Protogonodon 
(?=»Loxolophus) in having more coarsely wrinkled enamel. The P^~^ of 
Deuterogonodon have the protocone taller and more separate from the 

paracone. The upper molars have a mesostyle and a much larger para
style. The P^ of Deuterogonodon is less reduced and the Mj trigonid is 
relatively wider. The lower molars have a smaller paraconid and an 

open talonid basin.
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Discussion* Simpson (1937, p* 190) (bought Deuterogonodon 

11., * could be a derivative of Protogbnodon* * * 11 Sloan (pers, comm*, 1979) 

indicated this in his phylogeny of condylarths. Inspection of UAL? 
specimens and casts of USNM 6160 lead me to the same conclusion*

Sloan (pers* comm*, 1979) referred to the middle Torrejonian as 

the Pelt atherium-Deut erogono don zone, deuterogonodon is restricted to 

the Deltatherium-Tetraclaenodon chronozone of the San Juan Basin.

However, it remains to be demonstrated that the Deuterogonodon-containing 

strata from the Crazy Mountain Field are contemporaneous with the 

Deltatherium-containing strata from the San Juan Basin. The problem of 
"zones" and biostratigraphy is discussed above.

Deuterogonodon noletil Van Valen, 1978. (Table 28}.

Deuterogonodon noletil Van Valen, 1978, p* 57.

Holotype. AMNH 17078, right maxilla with P^-M^, Nacimiento 
Formation, San Juan Basin, New Mexico.

Diagnosis * "Somewhat smaller than J). montanus; mesostyle nearly 

or quite absent. M1!, 9.5 t 0.1; W, 13.2 + 0.1." (Van Valen, 1978, p. 
57).

Referred material. UALP specimens 8943 (matrix-encrusted left 
dentary with poorly preserved , 10558 (RMj_ 2  in matrix), 10559
(LM2 _ 3  in matrix), 10562 (LM2 ? in matrix), 10589 (right dentary with 

broken , and M2  talonid), 10855 (LM^g in matrix) , and 10860

(broken LM*, , and broken in matrix), locality 75106; 10612

(broken palate with and LP^-M^)t and 10659 (LM2 ? in matrix),

locality 7640 from Kutz Canyon.
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Description. The has the protoconid and the anterior portion 
damaged. Smaller than the molars, this ovate tooth consists of a large 

round protoconid with smaller anterior and posterior extensions. The 
protoconid occupies half of the tooth; the anterior shelf and talonid 
occupy respective quarters. The lingual talonid is separated by a 

cristid (cristid obliqua?) into a short basin and a hypoflexid region.
A small cusp rests on the posterior of this cristid with a smaller cusp 

along the posterior basin marginal cristid. This posterior cristid 

continues (as an entocristid?) to the talonid notch area. The rela
tively strong precingulid extends slightly labial around the protoconid. 
The enamel is coarsely crenulate and strongly wrinkled.

M} has the trigonid slightly higher and slightly shorter than 

the talonid, but of about equal width. The protoconid and metaconid 

are bulbous, conical, and subequal, with the metaconid equally tall and 
slightly more posterior. The large, round paraconid is distinct from, 
but appressed to the anterior metaconid base. The relatively straight 

paracristid is strong and wide. The protocristid is lower, but similar 
to the paracristid. The centrocristid is absent. The premetacristid is 
narrower than the other cristids, but spans the full metaconid length to 

lingually close the trigonid basin. The postmetacristid is equal to the 

paraconid and metaconid, inflated and rounded labially, and connected 

to the hypoconulid by a strong cristid. The small conical hypoconulid is 
low, posterior, and close to the entoconid. The lingually inflated 

entoconid is larger than the hypoconulid. A small round entoconulid is
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discernible, but the entocristid is absent. The deep, lingual, circular 

talonid basin opens through the long narrow talonid notch. The wide 
strong cristid obliqua meets the talonid wall on the posterolabial 
margin of the metaconid. The low hypoflexid is U-shaped. The rela

tively strong precingulid extends from below the paraconid to the labial 
margin of the protoconid, or slightly onto the labial portion. The 

short postcinguild is posterior of the hypoconid, labial of the hypo- 
conulid. Labial and lingual cingulids are absent. The enamel is 
coarsely wrinkled.

Mg is larger than Mj or Mg. Similar to M^, it has the hypo
flexid narrower and the postcinguild short, low, and flat. The meta
conid is considerably more posterior than the protoconid in UALP 10559, 
giving the trigonid wall a concave shape. A distinct postmetacristid is 

present. This specimen also has a cuspidate paracristid, a slight 

swelling on the medial region of the cristid obliqua, and a high 

narrow talonid notch. The absence of many of these characters on UALP 
10589 M% or Mg suggests that they probably are due to individual variation 
rather than differences between first and second molars. UALP 10558 and 

10559 have a small entoconulid on a strong wide entocristid. Four 

specimens are damaged and identified only as "M^ or Mg." They are, 
however, confidently referred to D. noletil.

The Mg paraconid is low, nearly absent, and more medial than in 
Mg. Mg has the talonid elongated and narrower than other lower molars. 

The hypoconulid is greatly enlarged and completely posterior of the other
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talonid cusps. The entoconulid is incipient and the entocristld and 
postmetacristid span the talonid notch. The metaconid is considerably 

farther posterior than the protoconid, as in the Mg of this specimen.
p3 is smaller than p \  It is keyhole-shaped with a slight short 

ectoflexus. The large paracone is damaged, but appears to have been 

ovate and lacking an appressed metacone. The parastylar region appears 
to be relatively small. The strong metacrista sweeps around the postero- 

labial corner to form a short labial cingulum. The small, conical 
protocone is on the anterior half of the tooth, has a distinct narrow 

preprotocrista, but lacks the postprotocrista. The precingulum is absent, 
the postcingulum unknown. The enamel is moderately crenulate labially 
and slightly crenulate lingually.

P^ is more triangular than P^ and smaller than M*. The large 

ovate paracone is lingually inflated with a small metacone appressed to 
it posteriorly. The parastylar and metastylar areas are enlarged, 
forming a wide shallow ectoflexus. The distinct paracristid reaches 
the small conical parastyle. The parastyle has a labial crista with 
a minute cuspule on it. The metacristid curves posterolabially to the 

metastylar region; metastyle presence is indeterminate, but a slight 
enamel swelling exists just posterior of the metacone. The conical 

protocone, larger than in P^, is steeper anteriorly. Protocristae are 
as in p \  The labial cingulum is absent anterior of the paracone. The 

postcingulum begins below the metacrista, extends lingually, and rises 
for a short distance onto the posterolingual edge of the protocone.
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M* has the conical paracone slightly higher and wider than the 
metacone. The expansive parastylar area supports a small conical para- 

style and a smaller lingual accessory cuspule. The marginal crista 
of the parastylar area is continuous with the labial cingulum and the 

precingulum. The stylar shelf labial of the metacone is wide, but the 
metastylar region is less expanded than the paras tylar region. The 
ectoflexus is rounded and relatively deep. The strong metacrista sweeps 

posterolabially, but fails to reach the postcingulum. The metastyle 

is absent. The tiny mesostyle is on the labial cingulum, posterior of 

the ectoflexus. The centrocrista is incomplete but strong. The largest 
cusp is the crescentic, slightly anterior protocone. It is skewed such 
that its apex is directed posterolabially. The short strong proto- 

cristae connect the protocone to the large, conical conules; the meta- 

conule is larger and more lingual. The distinct preparaconular crista 
reaches the precingulum just lingual of the accessory parastylar cusp. 
The stronger postmetaconular crista is continuous with the upper.post
cingulum. The other conular cristae are weakly developed; the pre- 

metaconular crista is the stronger. A small but distinct hypocone 
rests on the postcingulum even with the lingual margin of the protocone, 

providing the lingual tooth margin with a squared appearance. The 

hypocone, metaconule, and metacone are nearly in a line. The somewhat 

cuspidate labial cingulum ends anterior of the metastylar region. The 

precingulum extends from the parastyle lingually to the protocone, but 
remains less lingually extended than the postcingulum. The upper 

postcingulum is continuous with the labial cingulum and the postmetaconular
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crista. The lower postcingulum extends from below the postmetaconular 
crista termination, around the hypocone to the posterolingual margin

of the protocone. The enamel is moderately crenulate.
2 1M is wider than M . The metaconid is more lingual, relative 

to the paracone, the metastyle is larger, and the parastyle is distinctly 
double with the smaller cusp labial rather than lingual. The more 
anterolabial parastyle and the more lingual metaconid form a more 

obtuse labial margin than in M^. The ectoflexus is shorter. The para- 
conule is more labial of the metaconule than in and the hypocone 

is larger and lingually expanded. The distinct paracrista terminates 
before reaching the parastyle. The preparaconular crista is stronger 

than in M^, but the premetaconular crista is indistinct. A slight, short 
crista extends lingually from the mesostyle, but does not reach the 
centrocrista. Cingula are generally stronger than in M*. The labial 
cingulum is more cuspidate at the metacone and the pre- and postcingula 

incipiently connect at the lingual margin of the protocone.
is shorter than M* or and narrower than M^. The metacone 

is farther reduced than in M . The mesostyle is indistinct, if not 

absent. The parastylar region is greatly expanded, circular, and 
extends farther labially. The parastyle of UALP 10612 is double with the 

smaller cusp labial of and connected to it by a slight crista; that 
of UALP 10860 is single. The hypocone and paracrista are as in The 

metacrista is absent. The postparacrista and premetacrista are more 

widely separated than in the other lower molars. The preparaconular



crista extends to the precingulum and the postmetaconular crista is 
continuous with the labial cingulum. The cingula are stronger, more 
continuous, and more cuspidate than in M^.

Comparison. UALP specimens of D. noletil are smaller than a 
cast of USNM 6160, the holotype of JD. montanus; is about 30% shorter, 
M 2  about 45% shorter, and about 39% shorter and 21% narrower. The 
lower molars of D. noletil have the paraconid more closely appressed 
to the metaconid, the centrocristid and premetacristid weaker, and the 

labial margin of the protoconid steeper than in D. montanus. differs

from that of D. montanus in having a curved, posterolabially sweeping 
metacrista, having a strong centrocrista, and lacking the strong 

metacone-mesostyle crista. The hypocone is smaller and without the 
vertical groove separating it from the protocone.

The measurements of UALP 10612 are close to those given by Van 
Valen (1978) for the of the holotype of D. noletil. AMNH 17078, 
and those taken from his plate (p. 4, fig. 1, p. 76) for the p \  M*, and 
M^. The UALP P^ lacks the large, distinctly separate metacone of AMNH 

17078; the metacrista is weaker and the ectoflexus more distinct. M* 
appears identical. has a relatively larger parastylar region and is 
more squared lingually. M is narrower and has a larger, more circular, 

more posterior parastylar expansion.

Discussion. The smaller size and near absence of the mesostyle 
as well as weaker cristae and less inflated protoconid and metaconid of 

the UALP D. noletil specimens do appear to be interspecific differences 
between D. noletil and IX montanus. The enlarged parastyle of UALP

287
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10612 probably is due to individual variation; UALP 10860 lacks this
character as does AMNH 17078, but all certainly are D. noletil.

LThe differences between the P of UALP 10612 and that of AMNH 
17078 may be due to individual variation. Taylor (1981) suggested that 
the P^ of the holotype could be a dP^. This is a possibility, but 
cannot be determined by comparison with a photograph.

D_. noletil may include specimens recovered from outside Kutz 

Canyon. Simpson (1959), in reporting the only known specimens from the 
type section of Cope's (1875) "Puercan marls" at Cuba Mesa, briefly 

discussed the poorly preserved dentition of specimen AMNH 36001. He 

(Simpson, 1959) recognized this specimen as smaller than D. montanus, 
but, "...close, if not actually belonging to Deuterogonodon." (p. 1 0 ). 

Comparison of Simpson's (1959) illustration (fig. w, p. 7) suggest 
resemblance to D. noletil. Formal assignment to this taxon, of course, 
must wait until comparison of specimens, rather than illustrations, is 
made.

Schiebout (1974) assigned specimen TMM 40151-1 to ?Deuterogonodon 
sp. She noted this specimen, and M^, is about 25% shorter than USNM 6161, 

the D. montanus paratype. Her description and illustration (Schiebout, 
1974, fig. 19a, p. 59) suggest that TMM 40151-1 may be a specimen of D. 

noletil. As with AMNH 36001, however, assignment cannot be made on ' 
the basis of illustrations.

Three trends are noted in IX noletil: Reduction of the metacone
from M*” ;̂ increasingly stronger, more continuous, and more cuspidate 
cingulids and cingula from M^ or Mg; and progressive labial and posterior 

migration of the parastyle from M* to M^,
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Table 28, Size of Deuterogonodon noletil from the 

San Juan Basin, New Mexico,

Dimension N Range Mean S.D. V.

P4 L 1 7.70
W 1 5.30

Mi L 2 8 .5-9.0 8.75 .35 4.04

AW 2 5.9-6. 6 6.25 .49 7.92

PW 2 5.9-7.0 6.45 00 12.06

M 2
L 2 9.3 9.30
AW 3 6 .8-7.5 7.03 .40 5.75

PW 2 6 .2 -6 . 8 6.50 .42 6.53

P3 L 1 6 . 2 0

W 1 6.60
P4 L 1 6.50

W 1 9.20
Ml L 1 9.60

W 1 10.90
M2 L 1 9.70

W 1 13.10
M 3 L 1 6.70

W 1 11.80



290
Deuterogonodon cf. Deuterogonodon montanus:Simpson, 1935.

(Table 29).
Deuterogonodon montanus Gidley. in Simpson, 1935, p. 233.
Holotype. USNM 6160, right maxilla with fragment, broken M^, 

and and left dentary fragment with talonid and slightly damaged 
M 2 , locality 25, upper Lebo Formation, Crazy Mountain Field, Montana.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Kutz Canyon, Nacimiento Formation, San Juan 
Basin, New Mexico; and locality 25, upper Lebo Formation, Crazy Mountain 
Field, Montana.

Diagnosis. Larger than D. noletil; mesostyle distinct, larger 
than in D. noletil.

Referred material. UALP specimens 10635 (RMg^ in matrix- 
covered dentary) , locality 7640 and 10764 (L dentary with t ^ ^ ) , 
locality 7662 from Kutz Canyon.

Description. M£ differs from other UALP Deuterogonodon 
specimens in having the larger paraconid farther separated from the 
metaconid, the talonid wall straighter, the hypoflexid much wider, and 
the talonid longer. The protoconid and hypoconid are less rounded and 

less externally inflated. A labial cinguild is discernible on the 
hypoconid and the talonid basin is deep, elongated, and closed. UALP 
10764 has the talonid notch lower.

M 3 differs from other UALP Deuterogonodon specimens as does Mg. 

The cingulum extends from the anterolingual margin, across the anterior, 

along the labial margin, and to the hypoconulid. The paraconid is more 
medial than in Mg. UALP 10635 has a higher talonid notch.
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Table 29. Size of Deuterogonodon cf. D. montanus from 

the San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

m 2  l 2 11.5-12.3 11.90 . .56 4.75
AW 2 8.2— 8.5 8.35 . 2 1 2.54

PW 2 8 .1 - 8.7 8.4 .42 5.05

m 3  l 1 1 2 . 2

AW 2 7.3- 7.8 7.55 .35 4.68

PW 2 6.3- 7.0 6.65 .49 7.44
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Comparison, The Deuterogonodon cf, D. montanus specimens are 

about equal in size to a cast of the J). montanus holotype, USNM 6160.

The paraconid and metaconid are less inflated externally. UALP 10635 

has a narrower, but more distinct protocristid and the crescentic 
protoconid is not rounded internally. UALP 10764 has a slightly larger 
paraconid and smoother enamel.

The Mg specimens are about 28% longer and 23% wider than those 

of I). noletil; Mg specimens are about 39% longer and 35% wider.

Discussion. The UALP specimens referred to Deuterogonodon cf.
I). montanus more closely resemble that taxon than the smaller D. noletil. 

Little enough is known about Deuterogonodon that the two species may 
represent the sexual dimorphism within a single species. Until more 
specimens are recovered, however, I favor the recognition of two species, 
D. noletil and the larger I). montanus.

Genus Mimotricentes Simpson, 1937.

Tricentes Cope, 1884a, p. 315.
Mimotricentes Simpson, 1937, p. 203.
Emended diagnosis. (Emended from Matthew, 1937, p. 60 and 

Simpson, 1937, p. 203). Dentition lIc^P^Mg. Enamel strongly wrinkled. 

Canines moderately sized, round to ovate, and rather short and inflated. 

Premolars slightly inflated with relatively sharp apices and small 

basal cusps. M^ unreduced. P^ with indistinct to distinct metaconid 

and small talonid. Lower molars with sub-median paraconid separate 

from metaconid. Lower molars with paraconid progressively reduced
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from ^  with well developed protocone and indistinct parastyle

and metastyle. with small but distinct hypocone and conules•
q

M sub-triangular to ovate without hypocone or metaconule and with 
metacone reduced.

Differs from Chriacus in having lower, more inflated, more
blunt cusps; the enamel is more wrinkled; upper molars with less
distinct ectoflexus and more rounded antero- and posterolabial 

1 —2corners. M1*" with paracone and metacone more separate; hypocone 

more labial. with labial margin angular and weaker lingual cingulum.
qM with smaller parastylar area and posterior margin rounded. 

wider than long and more triangular. Lower molars with lower 
trigonid; paraconid closer to metaconid; paracristid wider; entoconid 

lower; hypoconulid larger; cingula and cristae less cuspidate; cristid 
obliqua wider and terminating on metacone, not paracone; and centro- 
cristid less distinct.

This diagnosis follows the concept of Van Valen (1978) for 
the genus Mimotricentes.

Discussion. Cope (1884a) named Tricentes with T. crassicollidens 
as the type species. He distinguished Tricentes by the absence of 
p| and referred Mioclaenus subtrigonus and, with less certainty, M. 

bucculentus and T. inaequidens to it. Scott (1892) used T. inaequidens 

as the type species of Ellipsodon. Matthew (1897) considered T. 

bucculentus a junior synonym of T. subtrigonus. He later (Matthew 1937) 
thought T. crassicollidens might also be a junior synonym. Gidley, 
in Simpson (1935), reported the first Tricentes from outside the San 

Juan Basin, T. latidens from the Crazy Mountain Field. Simpson (1937)
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used T. latidens as the type species for Mimotricentes and diagnosed 

Mimotricentes as similar to Tricentes but with a lacking a 

diastema, and having a higher, more lingual molar paraconid. He 
(Simpson 1937) also described the new species tl. angustidens. Gazin 
(1941) described JC. elassus from Dragon Canyon, Utah, and later,
(Gazin, 1956) T. fremontensis from the Tiffanian of the Bison Basin, 
Wyoming. Van Valen and Sloan (1965), in a note (p. 745), reported that 
"Tricentes crassicollidens. the type species of Tricentes is a synomym 
of 'Chriacus* truncatus. The other species of Tricentes are referable 
to Mimotricentes. and Tricentes is a genus distinct from Chriacus and 

is a senior synonym of Epichriacus. Metachriacus. and possibly 
Prothryptacodon." Russell (1967) and Schiebout (1974) followed this 
usage, but Gazin (1969) argued that at least T. fremontensis lacks the 

and is, therefore, Tricentes. not Mimotricentes. He (Gazin, 1969) 
also continued to refer to subtrigonus rather than II. subtrigonus.

Van Valen (1978) reiterated his concept of Mimotricentes as including 
"...Tricentes of all original workers from Cope (1884) up to Van Valen 
and Sloan (1965)." (p. 57). He (Van Valen, 1978) also considered

M. latidens and M. angustidens junior synonyms fo M. subtrigonus. 

described the Puercan M. mirielae, synonymized Tricentes, including 

Epichriacus. and Metachriacus with the senior synonym Chriacus, and 
retained Prothryptacodon as a distinct genus. He (Van Valen, 1978 
pointed out that the holotype of T’. crassicollidens. the type species of 

Tricentes, does have a P^ which was exposed by additional preparation.
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Based on the comparisons below, observations of casts of M. 
subtrigonus (AMNH 2399, 3227, 3240, and 4001) and Chriacus truncatus 

(AMNH 3101), and discussions of earlier workers, I follow Van Valen 
(1978) in including M. latidens and H. angustidens within M, subtrigonus. 
The morphological differences among these species appear slight enough 
that those from Crazy Mountain Field are slightly smaller variants 
of the San Juan Basin species. The presence of a large paraconid on the 

of the single specimen of M. angustidens is less variation than 
observed between the of UALP 6879 and other UALP P^s. M. fremontensis 
may also be a junior synonym, but without observation of specimens or 

casts and at least illustrations of the lower premolars I must consider 
it a separate species.

The present status of M. elassus is less clear. It can, with 
certainty, be considered a species of Mimotricentes (sensu Van Valen 

1978). Sloan (pers. comm., 1979) does not include H, pT ameua in his 
phylogeny of Mimotricentes but, rather, extends the range zone of 

M. subrigonus. I interpret these authors as considering M. elassus 
a junior synonym of M. subtrigonus. even though a formal synonymy 
has not been published. Comparison of M, elassus M^ with that of UALP 

specimens (see below) suggests that M. elassus is distinct from 

San Juan Basin M. subtrigonus. However, Rigby (1980) described a 
considerably larger population of M. subtrigonus from Swain Quarry and 

noted variation that could include Gazin’s (1941) specimens of M. 

elassus. Consequently I consider M. elassus a smaller variant of M. 
subtrigonus.
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Mimotricentes subtrigonus (Cope. 1881). (Tables 30, 31, and

Mloclaenus subtrigonus Cope. 1881b, p. 491.
Phenacodus zunlensls Cope. 1881b, p. 492.

Mloclaenus bucculentus Cope. 1883b, p. 555.
Trlcentes subtrigonus Cope. 1884a, p. 315.

Protogonla zunlensls Cope. 1888, p. 359 (In part).
Trlcentes latldens Gldlev. In Simpson, 1935b, p. 236. 
Mimotricentes latidens Simpson. 1937, p. 205.
Mimotricentes angustldens Simpson. 1937, p. 205.

Trlcentes elassus Gazin. 1941, p. 22.
Mimotricentes elassus Van Valen and Sloan, 1965, p. 745. 
Mimotricentes subtrigonus Van Valen and Sloan, 1965, p. 745. 

Holotype. AMNH 3227, partial skull with partial upper and 
lower dentitions, Nacimiento Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographical distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation,
San Juan Basin, New Mexico; Swain Quarry, Fort Union Formation, Wyoming; 

Little Muddy Creek, Evanston Formation, Wyoming; locality 73, lower 
Lebo Formation and Gidley and Silberling Quarries and localities 51 

and 81, upper Lebo Formation, Crazy Mountain Field, Montana; Dragon 
Canyon, Joe's Valley Member, North Horn Formation, Utah; and.

32).
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questionably. Rock Bench Quarry, Polecat Bench Formation, Bighorn 
Basin, Wyoming.*

Late Paleocene(Tlffanian): Possibly Shotgun Member, Fort
Union Formation, Wind River Basin, Wyoming.

Revised Diagnosis. Mlmotricentes subtrigonus is larger than 
M. mirielae, with slightly lower trigonid, less vertical postvallid, 
and slightly weaker paraconid (Van Valen, 1978). trigonid relatively 

wider and premolars larger than in M. fremontensis (Gazin, 1956).

M. subtrigonus exhibits a high degree of intraspecific variation 
and includes the concepts of the formerly separate species M. latidens. 
M. angustidens. and M. elassus.

Referred material. The list below includes APg, 7 P3 , 22P^,
28Mi, 43M2, 27M3, 3P4, 7M1, 10M2, 7M3, and dP2 _ 4  and dP2 - 4  specimens. 

Those specimens with particularly well preserved extensive dentition 
are identified. UALP specimens 8561, locality 7439; 8919, 8926,
10900, and 10903, locality 7471; 8733, 8734 (partial right dentary 

with 'P2-3 alveoli, * and 11705, locality 7534; 8743 (partial left

dentary with root, P2 - 3  roots> P^-Mg), and 8950, locality 7537;
8570 and 11703, locality 7540; 8572 and 8574, locality 7541; 8585, locality

4. Jepsen (1930) reported Tricentes sp. from the locality he 
later (Jepsen, 1940) named Rock Bench Quarry. This material was in
cluded in the blanket reference of Tricentes to Mlmotricentes by Van 
Valen and Sloan (1965). Van Valen (1978) and Rigby (1980) indicated the 
presence of M. subtrigonus at Rock Bench Quarry, but did not indicate 
whether thay were referring the Jepsen (1930) material to that taxon or 
new material had been recovered. At any rate, Gingerich et al. (1980) 
reported only the presence of Mlmotricentes sp. from the locality.
Until the controversy is settled I prefer to question the presence of M. 
subtrigonus from Rock Bench Quarry.
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7542; 8594, 8595, 8599, 8603, and 8616, locality 7543; 8635 and 8639,
locality 7544; 8662, 8 6 6 8 , 8678 (partial right dentary with P roots,

1—2

Pg, broken P^, talonid, and roots and left partial dentary with 
P2 -M3), 8679?, 8685, 8699, 8703 and 13733, locality 7545; 8792, locality 
7547; 8845, locality 7558, 8856, locality 7560; 8860, 8861, 8864, 8870 
and 8876 (partial right maxilla with , locality 7562; and 8883,
locality 7563 from Ojo Encino locality 10 (Sinclair and Granger, 1914); 
8979, 8983, and 8984, locality 7566; 8716, 8718, and 10986 (partial right 
maxilla with P4 -M3), locality 7568; 8798, 8802, and 13745, locality 7572; 
8901, 8905, 10932, 10938, and 10941, locality 7574; and 8909 and 8911 

(partial left dentary with P^ 3  roots, broken P^, and , locality
7575 from Ojo Encino locality 11 (Sinclair and Granger, 1914); 6701 
(partial left dentary with Ml-3) and 6705, locality 7436; 8937, 10555, 

10556, 10560, (LP^-M^ in concretion), 10564 (LĤ **̂  in concretion)
10565, 10577, and 10859?, locality 75106; 10597, 10643, 10657, and 
10660?, locality 7640; 10702, locality 7643; 10734 and 10745 (partial 
left maxilla with broken P4, M*-3, and broken M^), locality 7655;

10761 and 10868, locality 7659; 10786, 10802, 10808 (partial left dentary 
with Mi_3), 10825, 10841, 10843, 10845, locality 7571; and 13060, 
locality 76144 from Kutz Canyon; 10972 and 10977, locality 7788; and 

10979 (concretion with incisor, R broken dPg, dP^, -Mg, and unerupted 

M3  and L broken dP^.^, and M^g), locality 7790 from near Aztec; and 
11697, locality 78132 from near the mouth of Largo Canyon.

Description. The single, poorly preserved lower incisor is 

relatively small and spatulate. Lower canines and P^ are absent from
the UALP collection.
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The lower premolars of M. subtrigonus are strongly wrinkled 

and premolariform. The increase in size and complexity from Pg to ^4» 
all are dominated by large, tall protoconids and usually lack distinct 

metaconids. Pg is somewhat ovate, wider posteriorly, and with medio- 
lateral flexids. The protoconid has a sharp posterolingually directed 
apex. In anterior view the protoconid is concave lingually and convex 

labially; in lateral view it is convex anteriorly and straight posteriorly. 
The medial precristid is narrow. The medial postcristid is stronger than 
the precristid and reaches the postcinguild, except in UALP 8833, where 
a less distinct, lower lingual postcristid reaches the postcingulid.

The medial and lingual postcristlds of UALP 8833 are separated by a 
concave surface. There is a small distinct cusp on the postcingulid 

at the end of the medial postcristid in UALP 8733. This cusp, absent 

in UALP 8833, is a slight enamel swelling on UALP 8572, The precingulid 
is longer and stronger lingually; it is weak and short in UALP 8572.
The strong postcingulid extends from the lingual postcristid to the 
posterolabial margin of the protoconid in UALP 8678 and 8883. The 

postcingulid is longer lingually than labially in UALP 8733 and 8678, 
shorter in UALP 8572. The lingual cinguild is incipient in UALP 8678. 

The labial enamel base is lower on the anterior root than on the 
posterior root.

P3  usually is more widely ovate than P^. It has a more 
slightly inflated protoconid than Pg, but comparable anterior and 
lateral views. The precristid is strong. The medial postcristid 
bifurcates near the base of the protoconid in UALP 8572 and 8616, and
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at a higher level in UALP 8678. The labial branch, usually weaker 

(only UALP 8572 has it equal) than the lingual branch, reaches the 
postcingulid on UALP 8678; the lingual branch reaches the postcingulid 
only in UALP 8616. The single medial postcristid of UALP 8599 and 8883 
extend to the small conical cusp on the postcingulid. A separate, 

slight lingual postcristid is discernible on UALP 8616 and a comparable 
labial cristid is evident on UALP 8599 and 8678. The clngulld usually 

is discontinuous only at the lingual margin of the protoconid; UALP 8572 
lacks a labial cingulid and has a short postcingulid. The strong pre- 

cinguild has a very wide, shelf-like expansion on the lingual portion 

in all but UALP 8616. The labial cingulid is relatively weak, partic
ularly medially. The wide postcingulid forms a talonid in three 

specimens, that of UALP 8616 is considerably narrower.
The P^ is larger than Pg and has the protocone more nearly 

circular with the apex directed posteriorly. In anterior view the 
protoconid is convex labially and lingually, viewed laterally it is 
convex anteriorly and concave posteriorly. A distinct small metaconid 
is appressed posterollngually to the protoconid in 4 specimens. Less 

distinct in UALP 8599, it ranges from a slight enamel swelling on the 
lingual postcristid of 1 2  other specimens to complete absence from 

UALP 8679. A mediolingual cristid descends diagonally across the lower 
part of the protoconid in UALP 8716 and forms a shelf on the postero- 

lingual portion of the protoconid, enhancing the lower protoconid 

inflation. UALP 8901 exhibits the inflated protoconid only and all 
other P^ specimens have the protoconid less inflated. The strong



precristid reaches the precingulid In all but UALP 8679. The posterior 
protoconld surface is relatively flat and extremely wrinkled; several 
specimens have from one to four secondary cristids, some of which reach 
the postcingulid. The strong medial postcristid, bifurcated in UALP 
8716 and absent in 4 other specimens, may extend to the postcingulid.
It divides the relatively large talonid with the labial portion 
usually less steeply inclined laterally. The distinct labial post
cristid, absent in UALP 8845, reaches the postcingulid in 6 of 12 other 
specimens. The lingual postcristid reaches the postcingulid in 6  of 12 

other specimens. The lingual postcristid reaches the postcingulid in 
only UALP 8716, of 15 specimens. The posterior cusp ranges in size from
an enamel swelling (UALP 8883) to a large, distinct conical to ovate

cusp (5 specimens), and is farther lingual than the protocone apex 

except in UALP 8679, where it is more labial (see below). Accessory 
posterior cuspules may be lingual (UALP 8901) or labial (4 specimens) of 

the main cusp. Five specimens have a deep wide talonid notch, UALP 8845
and 10657 have it narrower, and 6 have a slight cristid across it.
The shelf-like expansion of the precingulid supports a small cusp in 10 

specimens, two in 3 specimens, and lacks a cusp in UALP 8699. The labial 
cinguild is strongly developed in 5 specimens, slightly developed in 
UALP 10657 and 10977, incipiently developed in 3 specimens, and absent 
in 7 others. It rises medially in 4 specimens and remains level in three. 

The postcingulid forms the posterior margin of the talonid.

UALP 8679, a P^ identified by Van Valen (pers. comm., 1977) as 
"Tricentes" subtrigonus, differs from others assigned to this taxon.

The precristid descends anterolingually to a small cusp. The base of

301
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the cusp and the cristid are separated from the protoconid by a deep 
groove. A very short, weakly developed preclngulid Is discernible 

below the level of the cusp. The lingual portion of the talonid is 
much more expanded and' the talonid notch is wider. UALP 8679 also 
differs, in the same characters, from casts of AMNH specimens 2399,
3240, and 4001. Van Valen (pers. comm., 1977) apparently was correct. 

UALP 8679, however, does appear to represent an extreme variant of 
M. subtrigonus P^.

Deciduous lower dentition of M. subtrigonus is preserved in 
UALP 10979. The circular root of a broken dP^ is equidistant from the 
dP2  and the large ovate canine root. DP^ has protoconid damage, dPg 
consists of talonids only, and dP^ has metaconid damage.

DPg is considerably smaller than dPg or dP^. It is narrowly 
ovate. The ovate protoconid has a distinct medial and less distinct 
labial and lingual postcristids. The small talonid supports a small 
conical medial cusp and has a relatively wide talonid notch. The 

medial postcristid reaches this cusp and the lingual postcristid 
extends to form a slight postcinguild lingual of it. Other cingulids 
are absent.

DPg has the talonid larger than dP2 * a large posterolingual cusp, 
and one smaller cusp appressed to the large cusp labially and another 

lingual of the talonid notch. The preclngulid is strong with a 

small cusp just lingual of the precristid.

DP^ is molariform. It has a triangular trigonid and a wide 

rectangular talonid; the trigonid is slightly taller, longer and narrower. 
The medial paraconid is large, conical, and leans anteriorly. It is
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somewhat smaller than the similar protoconid. The paracristid is 

distinct. The metaconid, larger and more posterior than the protoconid, 
is joined to the protoconid at its base and has a narrow postmetacristid. 
The narrow trigonid basin is open lingually. The talonid wall angles 
posterolingually. The hypoconid occupies about one-half of the talonid. 
It is low, round, and slightly posterolabially expanded. The conical 
entoconld is smaller than,. but about as tall as the hypoconid. The minute 
entoconulid is appressed to the entoconld and the narrow entocristid 

spans the talonid notch to meet the postmetacristid. The conical hypo- 

conulid is the smallest, lowest, and most posterior talonid cusp. Closer 
to the entoconld, it is separated from that cusp by a deep groove and 

connected to the hypoconid by a low wide cristid. The cristid obliqua 
descends anteriorly to the hypoconid base, then turns sharply antero- 

lingually and intersects the talonid wall near the trigonid notch 
(damage precludes determination of the exact position). The hypo- 
flexid is wide and shallow. The talonid basin is lingual and deep.
The cuspidate precingulid is anterior and labial of the paraconid. The 

short hypocingulid supports a minute ectostylid. Jhe labial cinguild is 
absent from the protoconid and hypoconid. The wide short postcinguild 

forms a shelf labial of the hypoconulid, descending the posterior 

margin of the hypoconid. The lingual cinguild is absent.
The lower molars of M. subtrigonus have cuspidate cingulids 

and cristlds and strong labial and weaker lingual wrinkles. The 

paraconid is increasingly more medial and the metaconid is reduced 

relative to the protocone from to Mg and the cingulids becomes stronger 
and more continuous from to Mg. Frequency of ectostylid presence



304
and of a separate lingual postcingulid decreases considerably from 

to Mg. Mj has the slightly taller trlgonld narrower than, equal to, 
or slightly longer than the talonid. Cusps are generally conical and 
blunt. The labial cusps have their apices more internal than do the 

lingual cusps. The protoconid and metaconid, joined at their bases, 
are about equal in height, but the usually wider protoconid has a slight 
external expansion and is more anterior. The paraconid is usually 
relatively large, slightly anterolabial of the metaconid apex, and 

leans anteriorly. The paracristid is well developed and strongly curved 

The usually weaker premetacrista closes the narrow trlgonld basin 
except in UALP 10808. The protocristid is low and about equal to the 

paracristid. The talonid wall contains a low distinct labial posterior 

protoconid cristid in 11 of 15 specimens, a medial posterior protoconid 
cristid in UALP 10761, and a strong low postmetacristid in 10 of 13 

specimens. Eight specimens have posterior cristids on both the metaconid 
and protoconid. The crescentic hypoconid occupies approximately half of 
the talonid. The entoconid is shorter and smaller than the hypoconid 
and larger and taller than the hypoconulid. The hypoconulid, closest to 
the entoconid, is the most posterior cusp. The talonid cusps contains 
at least partial cristids between them: The cusps of 7 specimens are
connected by continuous cristids; five have the cristids separated 

by grooves; and UALP 10979 and 10761 have only the hypoconid-hypoconulid 
cristid. The strong wide entocristid (5 of 11 specimens) may extend 

across the talonid notch (UALP 10562). The strong, low, and usually 

straight cristid obliqua intersects the talonid wall on the metaconid, 
just lingual of the trlgonld notch. UALP 10560 has the intersection at



the talonid notch and UALP 10808 and 10761 have it on the paraconid. 

UALP 8802 has the cristid obliqua curved and UALP 10979 and 10761 have 
it sharply angled as in dP^. The talonid basin is relatively deep, 
somewhat ovate, and usually opens through the talonid notch. The 
metacristid of UALP 8911 is more internal than the entocristid and extends 
across the talonid notch. UALP 8802 and 10979 have a second cristid 
in this position. The hypoflexid is relatively wide and deep. Nine 
of 14 specimens have an ectostylid. It ranges from a slight enamel 
swelling to a distinct small cusp. Accessory cusps are disceroable 
posterior of the protoconid (UALP 8911), on the talonid wall (UALP 

1079 and 10761). The strongly developed preclnguild usually extends 
from slightly lingual of the paraconid to the anterolabial margin 

of the protoconid. In UALP 8911 it connects with the incipient labial 

cingulid. The labial cingulid is apparent on the protoconids of 5 of 
15 specimens, but only UALP 10840 has a hint of it on the hypoconld. A 

strong separate ectocingulid of varying length exists on 16 of 17 
specimens. UALP 8911 lacks this cingulid and UALP 10979 has it wide 
and cristid-like. The strong postcinguild is a shelf descending the 

posterior of the hypoconld. A narrow shorter portion of the post- 
cingulid, lingual of the hypoconulid, is present in 6  of 13 specimens. 

Mg is larger than and at least wider than Mg. The trigonid 
may be wider than (16 specimens), slightly shorter than ( 1 1  specimens), 
or equal to (5 specimens) the talonid. Other than being generally 

more retangular and having a reduced metaconid, the Mg is similar to 
M^. The paraconid is usually slightly more labial of the protoconid
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apex than in M^. A wide cristid descends the posterolabial margin of 

the protoconid in 13 of 25 specimens. The premetacristid is strong 
on 17 specimens and weak or indistinct on 6  others; UALP 11703 and 

10979 have this cristid separated from the paraconid by a slight groove. 
The postmetacrista, strong in 13 specimens and indistinct in 14 others, 
is more labial than the entocristid in 6  of 24 specimens and extends 
across the wide talonid notch in 6  of 31. The cristid obliqua talonid 
wall intersection is lingual of the trigonid notch in 23 specimens.

UALP 10825 and 10979 have it beneath the notch and 3 other specimens 
have it slightly labial of the notch. The cristid obliqua is rela
tively straight in 1 1  specimens, curved in 1 1 , and sharply angular in 

4 others. Cristids between the talonid cusps are complete in 3 of 
1 2  specimens; six others have only a complete hypoconid-hypoconulid 

cristid discernible. Accessory cusps are present on 10 of 19 specimens. 
Most common on the entocristid ( 8  specimens), they also form on the para- 
cristid (UALP 11703 and 10979), or on either side of the hypoconulid 
(3 specimens). Four of 24 specimens have a distinct entoconulid. The 

labial cingulid is continuous with the precingulid in 20 of 30 specimens, 
with the postcingulid in 1 1  of 29, and with both in at least 8  of these. 

The less common lingual cingulid connects only with the precingulid 
(9 of 30 specimens). The labial cingulid varies in development on the 

protoconid in 25 of 33 specimens and on the metaconid in 14 of 33. The 
lingual cingulid, developed on the metaconid in 9  of 34 specimens, 
rises to meet the entocristid. The slight separate, lingual post

cingulid is present in 8  of 19 specimens. A separate ectocingulid is 
present in 2 0  specimens.
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The Mg may be as long as the M2 , and the hypoconulid greatly 

enlarged except In UALP 10643. The paraconid, indistinct In UALP 

8635 and 6705, is more medial than in M^ in 22 other specimens. It is 
lower than in M^ or M^. The paracristid is incomplete only in UALP 
8919. The cristid descends the posterolabial margin of the protoconid 
in 8  of 17 specimens. The premetacristid is present in 16 of 19 

specimens. The postmetacristid, present and strongly developed in 15 
of 19 specimens, extends across the talonid notch in five. " The 

crlstid obliqua intersects the talonid wall lingual of the talonid 
notch in 13 specimens, at the notch in UALP 10825 and 10979, and labial 
of the notch in 3 others. It is straight in 3 specimens, curved in 8 , 

and sharply bent in UALP 8574 and 8 6 6 8 . Seven specimens have only 

the hypoconid-hypoconulid crlstid complete, UALP 8635 has a distinct 
hypoconid-entoconid crlstid, and UALP 10734 has both cristids complete. 

The hypoconulid of UALP 8635 is isolated from the talonid basin by 
the hypoconid-entoconid crlstid. The ectostylid, a slight swelling on 
UALP 8635, is absent from 17 other specimens. The entoconulid varies 

from indistinct to a small cusp in 9 specimens and is absent from UALP 
10697 and 10972. Other accessory cusps, present in 13 of 15 specimens, 

form on the entocristid (7 specimens), on the postcingulid just labial 
of the hypoconulid (4 specimens), and, less often, on the paracristid, 

on the hypoconid-hypoconulid crlstid, on either side of the hypoconulid, 
on the crlstid obliqua, on the hypoconulid-entoconid crlstid, and on the 

postmetacristid. The labial cinguild is continuous with the precingulid 

in 20 of 23 specimens and with the postcingulid in UALP 8743 and 10941,
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of 18 specimens. The lingual cinguild, continuous with the precingulid 

in 4 of 19 specimens, is strongly developed on the metaconid on UALP 
8678 and weaker in the other three. Only UALP 8635 has a hint of a 
lingual cinguild on the entoconid. A separate ectoclngulid is present 

on 6  specimens; an additional 14 specimens have it continuous with the 
anterior portion of the labial cinguild. The separate, lingual post- 
cingulid is absent.

4The UALP collection lacks upper dentiofl anterior of the P of 
M. subtrigonus. P^ is keyhole-shaped. The ovate paracone is tall, 

the metaconid is absent, and the parastylar region is large. The 
conical protocone is nearly as tall as the paracone. A strong pre
cingulum is present at least on the protocone and a lingual cingulum 

extends at least part way about the protocone. A greatly antero- 
posteriorly elongated parastylar region is suggested by the root pattern 

of UALP 10745. The enamel is wrinkled.
DP^ has a large, posteriorly leaning paracone with crenulate

enamel. Lingually the paracone is more round and has a distinct crista.

The paracrista and metacrista are narrow; the latter reaches the low
2small, conical metastyle. DP appears to lack a protocone.

qDP has a narrow metacrista, an indistinct metastyle, a large 
parastylar region, and a strong, continuous labial cingulum.

Only the labial portion of the molariform dP^ is preserved. 

Similar to but smaller than M*, it has a large conical paracone and 

a separate large metacone. The parastylar region is large and the 
labial cingulum complete.
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The upper molars of M. subtrigonus are larger than the 

The cingula and crlstae are cuspidate in unworn specimens. From M* to 
the metacone and hypocone are Increasingly smaller and more lingual 

relative to the protocone, the labial margin is increasingly more post- 

erolingually directed, and the cingula are increasingly stronger.
The enamel of unworn specimens is strongly crenulate and cusps are 
usually conical and blunt, length is nearly equal to its width 
and it is lingually squared. The ectoflexua, usually wide and shallow, 

is indistinct in UALP 8893 and anterior in UALP 10745. Gentle anterior 

and posterior flexa are distinct on UALP 8876 and 8893; three others 
have the anterior margin relatively straight. The nearly twinned 
paracone and metacone are separate. The larger protocone sits anteriorly 

on the tooth and leans posteriorly. .It has a relatively flat internal 
surface except in UALP 8876 where it is nearly conical. The paracrista, 

strong in 4 specimens and weak in UALP 9976, extend to a large crescentic 
or ovate swelling (incipient parastyle?) on the anterolabial cingulum. 
The metacrista is wide except in UALP 8876. The metastyle is present 

on UALP 10564 as a small cusp; it is absent from UALP 8876 and 10745.

The low, relatively strong centrocrista connects with the labial cingulum 
in UALP 8893, of 4 specimens. The mesostyle, absent in UALP 8876 and 

10564, is a slight enamel thickening in UALP 8893, 6701, and 10745, and 

a small distinct cusp in UALP 10868. The hypocone is larger than the 

conules and slightly posterolingual of the protocone apex. It has its 

base joined to the protocone and is connected to the protocone by a 
weak crista. The distinct postprotocrista is longer than the similar
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preprotocrista at least in UALP 10564 and 10745. The relatively large 

conules may be of about equal size (UALP 6701 and 8893) or the metaconule 

may be slightly larger (UALP 10564 and 10745). The strong preparaconular 
crista extends to the precingulum and the postparaconular crista is 
weaker but distinct. The indistinct to weak postmetaconular crista 

fails to reach the postcingulum and the premetaconular crista is 
relatively weak and narrow. Accessory cusps are present on UALP 8876 

on the postcingulum lingual of the hypocone and as tiny protostyle on 
the precingulum. The strong precingulum extends from the parastylar 
region to the protostyle (UALP 8893), to anterior of the protocone 
apex (UALP 10745), or to the anterolingual margin of the protocone 

(UALP 6701 and 10564). The strong postcingulum extends from the meta

crista to the hypocone (4 specimens) or slightly beyond (UALP 10564). 

The labial cingulum is usually short anteriorly. Posteriorly it 

extends across the metacone to the paracone in 3 specimens and is 
restricted to the posterolabial portion of the metacone in UALP 9976. 
The labial cingulum is incipiently or weakly continuous from the 
metacrista to the parastyle in 3 specimens. The medial portion is 
connected to the posterior portion in 3 specimens and separate in UALP 
8876.

2M is the largest upper molar. It is considerably wider 
relative to length and the lingual margin is more rounded than in • 

The ectoflexus, usually wide and shallow, is nearly absent in UALP 

6701 and narrower and deeper in UALP 8876 and 8937. UALP 6701 and 

10745 have unusually small hypocones. The paracone is taller than the
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metacone. The paracrista is strong in 6  specimens, absent only in 
UALP 10932. The usually small conical parastyle is crescentic in UALP 

6701 and 10932. The posterollngually sweeping metacrista is strong in 
4 specimens, slight in UALP 6701 and indistinct in UALP 8876. The 

metastyle is absent. UALP 8862 has the mesostyle as a slight swelling, 
UALP 10868 and 10932 have it relatively large, and 3 others lack this 
cusp. The strong centrocrista is connected to the labial cingulum 
posterior of the ectoflexus in UALP 8662 and 8876, to the mesostyle 

in UALP 10932, and is absent in 3 other specimens. The conules are 

farther separated from and more widely separated than the paracone and 
metacone. The strong preprotocrista fails to reach the paraconule 

in UALP 6701 and 10745, of 7 specimens. The shorter, but equally 

strong postprotocrista is incomplete in UALP 6701 and 8876, of the same 

7 specimens. The paraconule is more labial than the metaconule. The 

strong preparaconular crista reaches the precingulum; the postpara- 
conular crista is strong in 5 specimens, weak and incomplete in UALP 
8862. The postmetaconular crista is weak in UALP 8862 and strong in 3 

other specimens. Accessory cusps are present on the postcingulum 
labial of the hypocone (UALP 8876 and 10932), on the preparaconular 

crista (UALP 10745), and on the centrocrista (UALP 6701). The parastyle, 
present only in UALP 8876, is smaller than that in the associated M^.

The precingulum of UALP 8662 and 8876 extends from the parastyle to 
lingual of the protocone apex and to the protostyle, respectively.
That of four other specimens consists of upper and lower portions:

The upper portion extends from the parastyle and is continuous with the
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preparaconular crista; the lower portion extends from below the pre- 

paraconular crista to the anterolingual margin of the protocone (UALP 
10932) or continues lingually to the hypocone (UALP 6701) or the 
anterolabial protocone margin (UALP 10745). The postcingulum extends 
from the metacrista to the hypocone (3 specimens) or beyond (UALP 8662 
and 10932); only UALP 6701 has upper and lower portions, separated at 

the postmetaconular crista. The lingual cingulum is absent only in 
UALP 10932, of 6  specimens. The anterior labial dingulum extends from 
the parastyle to the mediolabial paracone margin; the stronger posterior 

portion extends from the metastyle area to the paracone. The labial 
cingulum is continuous in five specimens.

Mg is more ovate than or and has a very slight ectoflexus. 

The metacone is reduced and the paracone is the tallest cusp. The 
hypocone is absent in UALP 8984 and small, if present, in the worn UALP 

6701 and 8876. The paracristid is weak in 3 specimens but strong in 
UALP 6701. The parastyle is a slight enamel swelling in UALP 8984 
and 10565 and tiny on UALP 6701 and 8876. The metacrista and metastyle 
are absent. The strong centrocrista is separate from the labial 
cingulum. The small mesostyle of UALP 8984 is absent from 3 other 

specimens. UALP 6701 and 8876, of 4 specimens have the protostyle 
present as a slight enamel swelling. UALP 8876 has a strong but 
incomplete preprotocrista and strong complete postprotocrista; three 
other specimens have both protocristae strong and complete. The pre- 

paraconular crista is strong and reaches the precingulum. The post- 

paraconular crista is weak in only UALP 8984. The strong postmeta

conular crista reaches the postcingulum in UALP 8984 and 10564 and
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Is shorter in UALP 8876 and 6701. UALP 8876 has a well developed 

premetaconular crista; this crista is absent from UALP 8984. The 
precingulum extends from the parastyle to the anterolingual margin of 
the protocone (UALP 8984) or continues as a lingual cingulum (UALP 
8876), that of UALP 6701 extends from the preparaconular crista to 
the lingual protocone margin. Only UALP 10565 has the precingulum 

separated into upper and lower portions. The postcingulum extends 
from the metacone to the hypocone (UALP 8876) or from the postmeta- 
conular crista to the posterolingual protocone margin (UALP 8984) or 

beyond the hypocone to the lingual margin of the protocone (UALP 
6701). Three of 4 specimens have a strong lingual cingulum; only 8984

Olacks it. M has the labial cingulum strongest anteriorly, not posteriorly 
1 2as in M and M . The anterior labial cingulum extends from the para

style to the metacone (3 specimens) or to the mesostyle (UALP 8984); 

posteriorly this cingulum is labial of the mesostyle to metacone area 
except in UALP 8876 where it is absent. The medial portion of the labial 
cingulum is continuous with the anterior portion (UALP 8876 and 8984) 

or both the anterior and posterior portions (UALP 6701 and 10565).
Comparisons. The dentition (Pg-Mg) of UALP M. subtrigonus is 

narrower and usually longer than that of M. latidens (measurements from 
Simpson, 1935 and 1937); only the P^ is usually shorter. M. latidens 

P4 -M3 fall within the observed ranges provided by Rigby (1980, table 
38, p. 102) for M. subtrigonus.

UALP M. subtrigonus dentition is generally longer and wider 
than that (P4 -M3 ) of M. angustidens (measurements from Simpson, 1937). 

P4 , and Mg of M. angustidens are considerably shorter; only Mg
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could be a slight extension at the lower range of _M. subtrigonus. M 2  

length and width of M. angustldens fall within the observed ranges 

provided by Rigby (1980, table 38, p. 102) for M. subtrigonus; P^, 
and M 3  are shorter than P4  and Mj are narrower than, and M 3  width is 
within the range given by Rigby (1980) for M. subtrigonus.

The P3  of M. subtrigonus is larger than that of the Tiffanian 
M. fremontensis (measurements from Gazin, 1956) and the P^ is longer 

and, in all but two specimens, wider. The lower molars of M. 
fremontensis fall within their respective ranges of M. subtrigonus.

M. subtrigonus M^ specimens from Ojo Encino are slightly larger 
(L x W) than that of M. elassus (measurements from Gazin, 1941) from 

the lower Torrej onian (Dragonian). There is no significant difference 

in size between M. elassus and all UALP M. subtrigonus specimens.
M. subtrigonus is distinct from M. latidens, M. angustidens. 

and M. fremontensis. on the basis of size; these three species are 
distinct from each other. However, they show few differences other than 
size and fall partially within the observed ranges of the larger popula

tion of M. subtrigonus from Swain Quarry (Rigby, 1980). M. subtrigonus 
is highly variable and most differences between it and the other species 

can be accounted for by individual variation. The illustration of M. 

latidens. USNM 9269 in Simpson (1937, fig. 54, p. 207), shows the small 

paraconid of M j_ 2  more lingual and at a higher level than usual in M. 
subtrigonus. and that of Mq vestigial or absent, unlike most M. subtrigonus 
specimens. Although no UALP M. subtrigonus specimens are identical to

USNM 9269, the Mj of UALP 8861 and 11703 have the paraconid quite lingual.
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UALP 10808 has the paraconid high on the crown of M j_2> and UALP 8678 
has a vestigial paraconid. USNM 9269 also has a , unlike most M. 
subtrigonus. However, two H. subtrigonus specimens (cast of AMNH 3240 
and UALP 10979) have a (see discussion regarding P^ below).

H. angustidens. as represented by a cast of USNM 9277, the 
holotype, and Simpson1s (1937, fig. 55, p. 206) illustration of USNM 

13758, has the Mg talonid distinctly narrower than the trigonid, the 
relatively large molar poraconid more lingual and closer to the meta- 

conid than is usual in M. subtrigonus. and a relatively largeP^ talonid. 

The slightly less labial Mg paraconid of USNM 9277 suggests variability 
of this character in M. angustidens. UALP M. subtrigonus, specimens 

UALP 8911 and 11703 have M^ paraconids very similar to that of M. 

angustidens, UALP 8616 has the Mg paraconids similar, and M^ g  

UALP 10979 is morphologically indistinguishable from USNM 9277. A large, 

lingual Mg paraconid is present in UALP 8734. Only the somewhat 
problematical UALP 8679 P^ (see above) has a paraconid approaching 
the size of that in USNM 9277.

Four UALP specimens have the M^ trigonid as narrow, relative 
to the talonid, as in M. fremontensis (measurements from Gazin, 1956) 
and UALP 8911 and 10808 have the very similar to M. fremontensis
as illustrated in Gazin (1956, pi. 5, fig. 4). The lower premolars 

of M. fremontensis are not illustrated.

UALP M. subtrigonus specimen 6701 has an M* quite similar to 

that of a cast of USNM 16178, M. elassus; the metaconule is closer to 

the protocone than is the paraconule and the hypocone is relatively



small. Gazin's illustration (1941, fig. 13, p. 23) shows the to 

have more acute labial angles than most M. subtrigonus specimens, but 
this character is approached in UALP 6701 and 10745. The parastylar * 
region of UALP M. subtrigonus is more expanded than in M. elassus.

Discussion. The extreme variability of M. subtrigonus noted 
by earlier workers (Matthew, 1897 and 1937; Gazin, 1956; Van Valen,

1978; and Rigby, 1980) is evident in the UALP specimens• Most notably 
they show considerable variation in the position and size of the molar 
paraconid, development and continuity of cingulids, presence and number 

of cristids, and the presence of the entoconulid in the lower dentition. 
The cingula and cristae vary in the upper dentition as do the develop

ment of the hypocone and stylar cusps, the development of the ectoflexus, 
and the separation and position of the paracone and metacone.

Van Valen (1978) noted that the.Rock Bench Quarry population is poly

morphic for the presence of P^. The San Juan Basin population also 
demonstrates such polymorphism; a cast of AMNH 3240 has the Pj present 
and UALP 10979 has a small round root that surely belongs to the dP^.

Sloan (pers. comm., 1979) suggests that M. subtrigonus is 
ancestral to the Tiffanian M. fremontensis. If so, the Torrejonian 

species should demonstrate a decrease in Pg and P^ size through time. 
Such a trend may be noted in the San Juan Basin: The P^ in Kutz Canyon
specimens is significantly (at the 99% conficence level) longer 

and larger (Lx W) than that of the younger Ojo Encino specimens• The 

width is not significantly different. It is possible, however, that 

the size difference could be due to environmental differences as the
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localities are separated by about 90 kilometers. There are no 

statistically significant size differences between the remaining M. 
subtrigonus dentitions from the two areas.

Stratophentic analysis of M. subtrigonus specimens indicates 
no statistically significant size differences through time (Figures 24 

and 25) in either Kutz Canyon or Ojo Encino. Although most morphological 
variation appears to be distributed randomly throughout the San Juan 
Basin local range zone, there may be some biostratigraphic trends 

suggested: The ectostylid, most abundant in M p  is a small cusp in

Kutz Canyon specimens at the 513 and 631 foot (156.1 and 192.3 meter) 
levels and at the 172 and 185 foot (52.4 and 56.4 meter) levels on 
Ojo Encino lacks this cusp. This may indicate a trend toward reduction 
of the ectostylid. M. fremontensis lacks this cusp. The ectostylid 

is uncommon enough on M2 _g to be of little biostratigraphic value.
Gazin (1956) noted the difference in length:width ratio of 

in particular between M. subtrigonus and the younger M. fremontensis. 

Though below average, that of M. fremontensis is not significantly 
different from M. subtrigonus from either Kutz Canyon or Ojo Encino.
No trend in Mj L/W or AW/PW is noted in M. subtrigonus.

The composition of the UALP M. subtrigonus collection is biased 

toward lower dentition. Specimens recovered from Kutz Canyon are 23% 
uppers; those from Ojo Encino are 16% uppers; and the total UALP 

San Juan Basin Collection consists of 18% upper dentitions. Rigby (1980) 

reported a similar pattern in the Swain Quarry M. subtrigonus collection: 
Eleven lower dentitions intact and no upper dentitions except isolated
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Figure 24. Stratophenetic Analysis of Mimotricentes subtrigonus Mi 
from Ojo Encino. (Horizontal lines represent size range, 
vertical lines represent mean value.)
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Figure 24.)
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teeth. He (Rigby, 1980) noted a greater number of isolated upper teeth 
than isolated lower teeth.

Voorhies (1969) discussed the pattern of fewer maxillae but 
more isolated upper teeth observed in the Neogene Verdigree Quarry in 
Nebraska, There the pattern appears only in mammals smaller than the 
deer Crainoceras; larger mammals all had greater than 50% upper denti
tions, Voorhies (1969), who included stream table data in his report, 

concluded that skulls, especially smaller ones, are selectively removed 
by mechanical breakdown and their components winnowed out. Thus the 

greater number of isolated teeth results from their removal by the 
selective destruction of the skulls. It is reasonable to assume that 

similar processes acted upon M. subtrigonus in the San Juan Basin and in 
the Swain Quarry,

Other taxa well enough represented in the UALP collection to be 
taphonomically useful are Tetraclaenodon puercensis and Periptychus 

carinidens. Both are considerably larger than M, subtrigonus and have 
a higher percentage of upper dentitions present: 33% of UALP
puercensis specimens and 48% of the larger P, carinidens are uppers.
This pattern conforms to that discussed by Voorhies (1969).
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Table 30. Size of Mimotrlcentes subtrlgonus from Ojo Enclno, 
San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

p 2 L 4 3.9-4.1 4.00 .08 2.04

W 4 2 .4-2. 8 2.58 .17 6.63

P3 L 5 4.2-4.7 4.46 .24 5.40

W 6 2.7-3.1 2 . 8 8 .26 8.89

*4 L 1 1 4.7-5. 2 4.95 .19 3.75

W 1 2 2.9-3.5 3.18 . 2 0 6.26
L 9 5.7-6.3 5.96 . 2 2 3.67

AW 9 3.5-4. 2 3.81 .24 6.35

PW 17 3.8-4.5 4.21 . 2 0 4.87

M 2 L 19 5.8 -6 .9 6.45 .32 4.94
AW 23 4.4-5.5 4.90 .32 6.56
PW 2 2 4.3-5.3 4.85 .26 5.38

m 3 L 1 2 6 .1-6.9 6.53 .27 4.10
AW 14 3.6-4. 6 4.11 .27 6.58
PW 1 2 3.5-4.1 3.79 . 2 1 5.45

P4 L 1 4.4

W 1 5.2
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Table 30. Continued, Mimotricentes subtrigonus

Dimension N Range Mean S.D. V.

Ml L 4 5.6-6.1 5.9 . 2 2 3.78
W 4 6 .2 -6 .7 6.5 .25 3.77

M 2 L 4 5.7-6.4 6 . 1 .30 4.92

W 4 7.7-8.7 8 . 1 .42 5.24

M 3 L 4 4.1-4.7 4.4 .25 5.65

W 3 6 .1-6.7 6.4 .31 4.75
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Table 31. Size of Mimotricentes subtrigonus from Kutz Canyon 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P4 L 3 5.2-5. 6 5.40 . 2 0 3.70
W 3 3.1-3. 6 3.40 .26 7.78

M 1 L 5 5.6 -6 .3 6.06 .27 4.46
AW 5 3.7-4.1 3.86 .15 3.92

PW 6 4.0-4.5 4.17 . 2 1 4.96

m 2 L 1 1 6 .2-7.0 6.49 .25 3.92
AW 1 1 4.1-5.2 4.78 .30 6.26
PW 1 1 4.4-5.4 4.73 .39 8.31

m 3 . L 6 6 .1-7.2 6.58 .43 6.47

AW 5 4.0-4. 6 4.06 .39 9.63
PW 6 3.3-4.2 3.78 .29 7.74

P4 L 1 5.50
W 1 5.00

Ml L 3 . 5.5-6.3 5.83 .42 7.14
W 3 5.7-6. 8 6.23 .55 8.84

M2 L 4 5.7-7.0 6.15 .59 9.62
W 3 7.4-7. 8 7.60 . 2 0 2.63

M 3 L 2 4.1-4.5 4.30 .28 6.58
W 2 5.6-6.3 5.95 .49 8.32
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Table 32. Size of Mimotrlcentes subtrigones from Near Aztec, 

New Mexico, and Near the Mouth of Largo Canyon,
San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

Near Aztec

P4 L 1 5.40
w 1 3.30

Mi L 1 5.80
AW 1 3.40
PW 1 4.10

m 2  l 2 6 .3-6.5 6.40 .14 2 . - 2 1

AW 2 4.6-4. 8 4.72 K-* 00 3.74

PW 2 4.2-4.7 4.45 .35 7.94

Mouth of Largo Canyon

m 2  l 1 6.5
AW 1 4.7
PW 1 4.9
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Subfamily Triisadoatinae Trouessart, 1904.

Genus Trllsodon Cope, 1881.
Trilsodon Cope, 1881b, p. 485.
Sareothraustes Cope, 1882j, p. 193.

Diacodon Cope, 1884b, p. 350 (in part). 
Miclaenus Cope, 1888, p. 320 and 321 (in part). 
Diagnosis.

Teeth tritubercular, with robust, massive, well-rounded 
cusps. Upper molars somewhat wider than long, rounded trigonal 
with conic blunt-pointed cusps.

Paracones and metacones somewhat connate, the metacones 
reduced on No hypocones. M* decidedly smaller than M^,
larger than M . Premolars very robust, canines large and massive. 
Lower molars with paraconids much reduced, metaconids connate with 
protoconids. Heels large, equalling or exceeding trigonids, 
with rather high subequal hypoconid and metaconid, hypoconulids 
vestigal or absent. Jaw very massive and deep.

The construction of the teeth differs from that of Eoconodon 
in the high rounded connate metacone and paracone of the upper 
molars, and correspondingly of the protoconid and paraconid of 
the lower molars, the disappearance of hypocone and reduction of 
paraconid, change of the heels of the lower molars to a bi
cuspid rather than basined character, reduction of metacones, and 
in the generally more massive character of the teeth (Matthew, 
1937, p. 77-78).

Comparisons. Trllsodon exhibits the advanced triisodontine 

characters of a reduced and a small hypoconid, characters not seen 

in Dissacus. the earliest mesonychid. It presumably is in a separate 
triisodontine lineage, not directly ancestral to the mesonychids.

Trllsodon differs from the ancestral triisodontine Eoconodon 
in the characters above as well as having a higher paraconid and a much 

weaker entoconid. It has a larger hypoconid than either Goniacodon or
Microclaenodon, a less reduced M^ and weaker talonid basin than



326

Gonlacodon,, and more bulbous cusps, less distinct entoconid, and much 

lower trigonid than Microclaenodon.

Triisodon antiques (Cope, 1882). (Table 33).

Sarcothraustes antiques Cope. 1882. p . 193.
Triisodon conidens Cope, 1882, p. 297.

Diacodon conidens Cope, 1884b, p. 350.
Mloclaenus antiques Cope, 1888, p. 320.
Mioclaenus conidens Cope. 1888, p. 321.

Triisodon antiques Matthew. 1937, p. 79.

Holotype. AMNH 3172, dental and cranial fragments, Nacimiento 
Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian); Various localities, Nacimiento Formation, San 
Juan Basin, New Mexico.

Diagnosis. Considerably larger and more robust than T. 
quivirensis (Matthew, 1937).

Referred material. UALP specimens 8757 (isolated and broken RP4 , 
Mi, M2 , and Mg), locality 7538 from Ojo Encino; 10776 (maxilla fragments 
with broken RP^ M^, and LP^-M^, all lacking the crown), locality 

7671; 12001 (left dentary fragment with M^g, right dentary fragment with 
Pg-A and broken Mi_g encased in matrix, and right maxilla with P^, 
broken p \  and M^-^), 12002 (maxilla fragment with EM^), and 12003 (badly 

crushed isolated RM^), locality 7897 from Kutz Canyon; and 11664 

(dental with RMg.g lacking crowns), locality 7892 from near Nageezi.
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Description. Lower dentition anterior of Pg is absent from the 

UALP collection, Pg and P^ are considerably smaller than P^ and the 
lower molars. Pg is smaller than P^. Both are dominated by a narrow 
ovate protoconid that is relatively blunt but not bulbous. Cristids 
descend to the small basal cusp that appears more developed in P^. 
Precristids and basal cusps may be present, but none of the specimens 
are preserved adequately to make this determination• UALP 10636, in 

particular, has P g g  so poorly preserved that positive identification is 
not possible.

P^ is more complex than the anterior premolars and is nearer 
the size of the molars. It contains a large, tall, posteriorly 
leaning, suboval protoconid with a distinct postcristid. The paraconid 

appears absent, but this is questionable. The relatively large 
talonid contains a large hypoconid with a smaller, lower entoconid 

(or hypoconulid?) appressed to it. The anterior hypoconid cristid 
(cristid obliqua?) is continuous with the postcristid. No true talonid 
basin seems present, but the hypoflexid and talonid notch areas are 

well developed and broad. The lingual precingulid is distinct.
From to M 3 the talonid becomes narrower relative to the 

trigonid, the metaconid becomes directed less posteriorly, and the talonid 
wall becomes less convex. Lower molars of JT. antiquus have slightly 
crenulate enamel and two roots.

has a somewhat trapezoidal outline with the anterior margin 
rounded and narrow. The trigonid cusps are bulbous; all cusps are blunt. 
The conical protoconid is the largest and tallest cusp. The metaconid,
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oppressed to the protoconid, leans posteriorly. The paraconid is large 
and round, especially on UALP 12001. It is medial, directed anteriorly, 

and has a strong lingual cristid. The paracristid and protocristid are 
strong. The trigonid notch is wide. The talonid is* about two-thirds 
covered by a large, bulbous, labially inflated hypoconid, the apex 

of which is nearly medial. Appressed to the lingual flank of this 
enormous hypoconid is a small round hypoconulid. Appressed to the 
hypoconulid is the lower entoconid, indistinct from the wide smooth 
entocristid that descends to connect with the lingual cingulid at the 

talonid notch. The talonid cusps are connected by slightly external 
cristids. The very strong cristid obliqua, essentially an anterior 
hypoconid cristid, extends up the talonid wall, nearly reaching the

f

protocristid slightly lingual of the trigonid notch. The small marginal 
trigonid basin is primarily the slope from the talonid cusps to the 
talonid notch. Although the precingulid area is damaged, the labial 

cingulid of UALP 8757 appears as though it may continue as short 
precinguilds to below the paraconid. The labial cingulid extends from 
the hypoconid, across the hypoflexid, to the damaged anterior area.
A slight lingual cingulid, low on the metaconid, is continuous with the 
entocristid. A short, moderately strong postcingulid is present pos
terior of the hypoconid.

M2  is larger than associated or M^. Similar to M^, it has 
the trigonid considerably wider than the talonid, the metaconid less 

directed posteriorly, and the paraconid greatly reduced and lingual, and 
a stronger paracristid. Also the entocristid is less distinct.



the talonid wall is slightly less convex, and the hypoflexid is narrower. 

The premetacristid is indistinct, but wide. The slight postcingulid 
slopes downward from the hypoconulid where it is destroyed by wear.
The labial cingulid is continuous with the short, low precingulid.

Mg usually is reduced relative to the other lower molars. It 
differs from the Mj and Mg in having a vertical metaconid and a flat 
talonid wall. The paraconid is about the size of that on M^, but 
the medial paracristid is more like that of Mg. The hypoconulid is 
about the size of the hypoconid, but lower.

Anterior upper dentition of T. antiquus is absent from the 
UALP collection. has large, blunt, bulbous cusps. The dominant 

cusp is the large, ovate slightly posteriorly directed paracone. The 
protocone is small, low, and round. Other cusps are absent. The 

metacrista is indistinct and the precrista absent. The cingulum 

extends from the preprotocrista labially to the postprotocrista. 
Strongest at the antero- and posterolabial corners the cingulum is 
very weak in the broad ectoflexus. The precingulum is more elevated 
than the postcingulum. P^ is triple-rooted with slightly crenulate 
enamel, as are the P^ and the upper molars.

P \  larger than P^, has the cingulum stronger at the labial 

corners and has a strong metacrista. The parastyle appears to be 
minute.

UALP 12003 is a poorly preserved specimen, referable to M* only 
on the basis of size. It is anteroposteriorly crushed, but remains 

considerably narrower than all observed M^s. It appears to have a small 
parastyle.

329
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is much larger than and has a much weaker ectoflexus. The 
paracone is a large, bulbous, conical cusp with a similar smaller 
metacone appressed to its low flank, Meta-, para-, and centrocristae 
are strongly developed. The protocone is slightly larger than the para
cone, round, and with pre- and postprotocristae. The conular region 
is badly damaged in both specimens, but UALP 12002 appears to have a 
relatively large paraconule at least. The metastyle is absent, but the 

parastyle may be a miniscule enamel swelling at the end of the para- 
crista, A slight rise in the enamel medially on the labial cingulum may 
be an incipient mesostyle. The metacrista and paracrista connect to 
the labial cingulum. The precingulum is lower than and slightly over
laps the labial cingulum. It extends to the protocone. The postcingulum 
extends from farther lingually on the protocone and overlaps a greater 
length of the labial cingulum.

M^, greatly reduced relative to is nearly ovate without
an ectoflexus. The metacone is greatly reduced relative to that of M^,

9The centrocrista is as in M , the paracrista is present only at.the para
cone base, and the metacrista is weakly developed. The protocone has 
distinct pre- and postprotocristae; the preprotocrista extends to the 
relatively large paraconule and the postprotocrista to the postcingulum. 

A third protocrista, slightly anterior of the postprotocrista reaches 

the metacone. Pre- and postparaconular cristae are absent, but a medial 
paraconular crista extends to the base of the paracone. The parastyle, 
metastyle, and mesostyle are absent. The cingulum encircles the tooth 
except for the anterolingual area of the protocone.
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Discussion. jC. quivirensis and T. antiquus were described by
Cope (1881 and 1882) from single individuals (Cope, 1888). Matthew

(1937) provisionally referred a dentary with unworn to T. quivirensis.
He referred seven other AMNH specimens, including the hplotype of
conidens, to JF. antiquus, which he described as larger, more robust,
and nearly lacking the paraconid and metaconid on the M^. Thus, in
1937, a total of two T. quivirensis and seven T. antiquus specimens,

including one M3 of each, was known. Van Valen (1978), presumably on
the basis of these specimens, but without explanation, synonymized
quivirensis and antiquus as T̂. quivirensis. Tomida (1981) discussed
UALP specimens 12001, 12002, and 12003 and referred them to Triisodon

cf. JT. antiquus. retaining Matthew’s (1937) two species. He (Tomida,
1981) noted comparable size and four morphological differences between

UALP 12001 and AMNH 3174 and 3175 (T. antiquus) : UALP 12001 with 1) less
developed M^ postcingulum; 2) wider P^ and P^; 3) no distinct M ento-1—2
conid; and 4) a more labial protoconid forming a nearly vertical labial 
trigonid wall. The difference in cingulum size is not unexpected; other 

triisodontines have considerable intraspecific variation of this character.
n 4and P length:width ratios, vary only slightly and are easily included 

in intraspecific variation. The Mj and M^ talonids of UALP 12001 are 

preserved very poorly and entoconid size cannot be determined well.

The labial trigonid wall of UALP 12001 is more vertical than in other 
San Juan Basin specimens, but comparisons among other UALP specimens 

suggests this character, too, is variable. Slight variation between 
UALP 12001 and other San Juan Basin Triisodon specimens might be

expected because it is of earlier Torrejonian (Dragonian) age. Thus,
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Table 33. Size of Triisodon antiquus from the 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P4 L 2 16.2-17.4 16.82 .84 5.05

W 2

CM004a 8 . 0 0 .28 3.54

M 1
L 1 17.2 17.20
AW 1 8 . 2 8 . 2 0

PW 1 9.6 9.60

m 2 L 2 17.9-18.2 18.05 . 2 1 1.16

AW 2 10.5-11.3 10.90 .57 5.19

PW 2 10.0-10.3 10.15 r-fCM 2.07

m 3 L

AW 1 9.6 9.60
PW

P3 L 1 10.80
W 1 9.90

P* L 1 13.00
W 1 15.10

M2 L 2 14.8-16.4 15.60 1.13 7.25

W 2 21.4-22.3 21.85 .64 2.91

M 3 L 1 9.10

W 1 16.15
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I regard UALP 12001 and AMNH 3174 and 3175 conspecific. I follow 

Tomida (1981) in considering these specimens Triisodon antiquus and 

retaining both JT. antiquus and T. qilivirensis as valid species 

distinguished on the basis of size (see Tables 33 and 34 and Figure 26).

Triisodon quivirensis Cope, 1881b, p. 485.
Holotype. AMNH 3352, dentaries with dP^-M^ and unerupted ?3 _ 4  

and M3 , Nacimiento Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico.

considerably larger than T. crassicuspis with relatively smaller 

metaconid on M ] _ 2  than on T. crassicuspis (Matthew, 1937).

Referred material. UALP specimen 10636 (broken RP2 - 3  in matrix 
and right dentary with Mj_3 ), locality 7640 from Kutz Canyon.

Description. Same as for_T. antiquus. except for smaller size. 
(See Tables 33 and 34 and Figure 26).

Discussion. Other than size, the major character Matthew (1937) 
used to retain two species was the reduced or nearly absent paraconid 

and metaconid on the M3  of _T. antiquus. UALP 10636 is considerably 
smaller than all other UALP specimens and has the M3  paraconid and 

metaconid large and distinct. However, the size of the paraconid and 

metaconid appears invalid as a specific character; UALP 8757 also has 

these cusps distinct even though it is referred to T. antiquus. T. 
antiquus and _T. quivirensis differ in size only.

Triisodon quivirensis Cope, 1881. (Table 34)

Diagnosis. Considerably smaller than T. antiquus and
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Table 34. Size of Triisodon quivirensis from the 

San Juan Basin, New Mexico.

Dimension_______N______ Range

Mi L 1 15.1
AW 1 8.4
PW 1 9.6

m2 L 1 15.5
AW 1
PW 1 9.4

M3 L 1 12.7
AW 1 9.6
PW 1 6.0
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19-1

T. antiquus

T. qulvirensis

15 —

WIDTH(mm.)

Figure 26, Bivariate.Plot of Triisodon antiquus and T\ qulvirensis Mg.



336

It remains possible that AMNH 3174, the T, conidens holotype. 

represents a separate species, however, because it differs from all 

UALP specimens in possessing a hypocone on and a metaconule on the 

as well as being the only specimen that lacks a metaconid on the Mg. 
Triisodon is a genus in need of revision.

Genus Goniacodon Cope, 1888.

Triisodon Cope, 1883b, p. 546.

Goniacodon Cope, 1888, p. 321 (as a subgenus of Mioclaenus). 

Goniacodon Scott, 1892, p. 301.
Emended diagnosis. (Emended from Matthew, 1897, p. 282; 1937,

3p. 8 6 ). P three-rooted, without well-developed protocone. Molar 

paraconid variable, but usually submedian on M^, lingual on Mg. Mental 
foramen beneath or Pg. Differs from other triisodontines in having
3Mg more reduced. Differs from Eoconodon in having weaker entoconid, 

more external hypoconid, closed talonid basin, and symphysis ovate 

posteriorly; from Microclaenodon in having lower trigonid, more bulbous 
blunt cusps, less distinct paraconid, more distinct entoconid, and wider 
lower molars; and from Triisodon in having longer and wider M 3  talonid, 
smaller, and more labial hypoconid, higher entocristid, and deeper
talonid basin on lower molars
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Goniacodon levisanus (Cope, 1883). (Table 35).

Triisodon levisanus Cope, 1883, p. 546.

Mloclaenus levisanus Cope. 1888. p. 321.

Goniacodon levisanus Scott. 1892, p. 301.

Holotype. AMNH 3217, partial right dentary with broken and 

**1-2> Nacimiento Formation, San Juan Basin, New Mexico.
Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico; Rock Bench Quarry, Polecat Bench Formation, 

Bighorn Basin, Wyoming; and Swain Quarry, Fort Union Formation, Wyoming. 
Specimens similar to but not positively identified as G. levisanus have 
been reported from Dragon Canyon, Utah.

Diagnosis. Same as for genus.
Referred material. UALP specimens 8806 (partial right dentary), 

locality 7573, 8841 (LMg), locality 7557; and 8973 (RM2 ), locality 7574 

from Ojo Encino; 10775 (isolated RPg, RP*, and RM^) , locality 7669;
11686 (partial edentulous left dentary; partial left dentary with broken 

Pj_3 , Mg, and M3  roots; isolated RMj, or g , and LCj), locality 7671; 
and 7811 (partial right maxilla with M*~^), locality 78100 from Kutz 
Canyon.

Description. Incisors of jJ. levisanus are unknown from the UALP 
collection. The single broken lower canine is ovate, without ridges, and 

has the crown curved such that the apex points posteriorly. The enamel 

is smooth, as on all G. levisanus teeth.
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is a simple tooth dominated by the conical protoconid. The 

postcristid reaches the indistinct posterior cusp, labial of the incipient 

talonide Cingulids appear absent. is single rooted; other lower 
premolars and molars are double-rooted.

P^ is long and narrow and larger than P^. It has a low, conical 
lingual paraconid, a slightly ovate protoconid, and a more developed 
talonid with a bulbous posterior cusp. A medial paracristid and wide 

postcristid are present, as is a broad shallow hypoflexid. Cingulids are 
absent.

The UALP Pg specimen is badly damaged. Its trigonid is 
considerably wider than the talonid. P^ is absent from the UALP 
collection.

presence in the UALP collection is questionable. Isolated 

lower molars in UALP 11686 and 8973 may be Mj. UALP 11686 is slightly 
more worn than a right M 2 in that specimen and probably is the of 
the same individual. It was recovered from the same rivulet as the 
right and left lower jaws. UALP 8973 compares with the of UALP 

11686 and 8806 and could be an M 2 . M^ undoubtedly is extremely similar

toM 2 *
M^ is rectangular, but has the trigonid wider and considerably 

higher than the talonid. The internally appressed, subequal protoconid 
amd metaconid are similar except the protoconid is labially inflated; 

both are round, bulbous, and blunt. The metaconid is slightly more 
posterior. The broad, indistinct protocristid is bisected by the 

trigonid notch. The wide cuspidate paracristid extends to the low round
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paraconid which is appressed to the metaconid. The talonid wall is 

concave anteriorly. The talonid is at least half covered by the enormous 
bulbous hypoconid* The hypoconid is slightly crescentic and is separated 

from the trigonid only by the narrow talonid notch. The cristid obliqua 
extends slightly upward on the protocone slightly lingual of the apex. 
The posterior hypoconid cristid reaches the small round hypoconulid, 
the lowest and posterior-most talonid cusp. A slight cristid extends 
between the hypoconulid and the larger, more anterior entoconid. The 

entoconid is continuous with the wide cuspidate entocristid. The narrow 

enclosed talonid basin is largely lingual and curved such that the 
anterior end is the most lingual. The strong labial precingulid grades 
into a break in slope in the inflated area of the protoconid. Cusps 

are absent from it. The postcingulid is continuous with the hypoconulid 
in UALP 8806 and a separate slight cingulid in UALP 11696. The base 
of the enamel is lowest labially and on the lingual side of the tooth 
is lower anteriorly.

Mg is greatly reduced, relative to the other lower molars. It 

has the trigonid wider and lower relative to the talonid. The metaconid 
is reduced relative to the protoconid, and both the protoconid and 
metaconid are lower, relative to the less distinct more blunt paraconid. 

The paracristid is less distinct and cuspidate. The round talonid 

basin is entirely lingual and is more rounded posteriorly than in Mg.
The cristid obliqua intersects the talonid wall more lingually and the 

entoconid is indistinct. A small distinct cusp is present on the labial 
precingulid, but other cinguilds are absent.
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Anterior upper dentition of G. levisanus is absent from the UALP 

collection. The triangular M* has uninflated cusps and a deeper, wider 
ectoflexus than or The conical paracone, the largest and tallest
cusp, is similar to the considerably shorter metacone. Distinct, 

narrow para-, meta-, and centrocristae are present. The metastyle is 
absent and a small parastyle is indeterminate on UALP 11712. The 
protocone, about equal to and as tall as the paracone, is crescentic with 

pre- and postprotocristae extending to the small conules. The slight 
postmetaconular crista descends to the postcingulum. The small hypocone 
is low and on the postcingulid posterolingual of the protocone apex.

The lingual margin is V—shaped. The poorly preserved postcingulum appears 
to extend between the hypocone and the metastylar area. The labial
cingulum is weakest at the ectoflexus but wide elsewhere.

2M , the largest upper molar, lacks the deep ectoflexus; the 

labial margin is slightly concave. The lingual margin is more squared. 
The metacone is reduced, relative to the paracone, but the metacrista, 

centrocrista, and paracrista appear to be as in M*. The parastyle is 
large. The protocone is round and has pre- and postprotocristae contin

uous to the conules. A short, narrow premetaconular crista connects to 
the metacone; other cristae are as in M*. The hypocone is larger and more 

distinct than in M*. The precingulum is present at the protocone but 
too poorly preserved to be discernible elsewhere. The postcingulum 
is divided into upper and lower portion: The upper portion extends

from the metastyle to connect with the postmetaconular crista; the lower 

portion extends from the posteromedial margin of the tooth to the lingual
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margin of the protocone> where it nearly connects with the precingulum. 

The labial cingulum is slightly expanded at the paracone and metacone.
is considerably reduced, relative to the and It has

the paracone and metacone more laterally compressed and lacks ahypocone. 
The lingual margin is U-shaped and the ectoflexus indistinct. A possible 

small accessory cusp is present on the cingulum labial of the paracone.
Discussion. Cope (1888) treated Goniacodon as a subgenus of 

Mioclaenus and Scott (1892) raised it to generic status. Matthew
3(1937) redefined Goniacodon as having, among other characters, an M 

with the metacone vestigal or absent and no hypocone or conules, and an,
o

M with the paracone vestigial. With the exception of these characters, 
UALP specimens fit Matthew1s (1937) description. The Mg of UALP 8806 
has a rather distinct paraconid, stronger than vestigial and certainly 
not absent. UALP 11712 lacks the hypocone but has conules and a 
distinct metacone.

G. levisanus is relatively uncommon in Paleocene faunas. Until 
recently it was known outside the San Juan Basin by only two similar 
specimens from Dragon Canyon, Utah (Gazin, 1941). Rigby (1980) 
reported a single isolated molar from the Swain Quarry, Wyoming, and 
Gingerich et al. (1980) reported its presence at Rock Bench Quarry in 

the Bighorn Basin, Wyoming. Matthew (1937) thought San Juan Basin 
(?• levisanus limited to Sinclair and Granger's (1914) upper Torrejonian 

level (Pantolambda bathmodon-Mixodectes pungens of this paper) but 
Wilson (1951) reported specimens from a lower stratum in Kutz Canyon 

(Deltatherium-Tetraclaenodon chronozone of this paper)• UALP specimens 

are from both of these chronozones in the San Juan Basin Torrejonian.
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Table 35. Size of Gonlacodon levisanus from the 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

pi L
W 1 2.80

P 2
L 1 5.60
W 1 3.00

P3 L 1 6.25
W 1 3.20

M 2
L 2 7•6 —8 . 2 7.90 .42 5.34

AW 2 5.1-5.8 5.45 .40 9.08

PW 2 4.5-5.3 4.90 .56 11.54

m 3 L 1 5.10

AW 1 3.10
PW 1 3.00

P4 L 1 7.30
W

M 1 L 1 6 . 1 0

W 1 6.60
M2 L 1 6.80

W 1 7.50
M 3 L 1 5.00

W 1 5.70
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If Gazin’s (1941) specimens are, indeed, (!. levisanus they undoubtedly 

are younger than the New Mexico specimens (Tomida and Butler, 1980).

Triisodontine arctocyonids are the most probable ancestors of 
the carnivorous mesonychids. However, (1. levisanus. with its greatly 
reduced third molar, well developed talonid basin, and more external 

hypoconid, appears to represent a separate lineage, not directly 
ancestral to the mesonychids.

Genus Microclaenodon Scott, 1892.
Triisodon Cope, 1884a, p. 311.

Diacodon Cope, 1884b, p. 350 (in part).
Mioclaenus Cope. 1888, p. 303 (in part).
Microclaenodon Scott. 1892, p. 302.

Diagnosis; Differs from the larger triisodontines Eoconodon and 
Triisodon in being much smaller and having the M^ considerably more 

reduced. Differs from Goniacodon in having less blunt cusps, a higher 
trigonid, a more distinct paraconid, reduced hypoconid, less distinct 
entoconid, relatively narrower lower molars, and less reduced Mg.

Microclaenodon assurgens (Cope, 1884). (Table 36).

Triisodon assurgens Cope, 1884a, p. 311.
Diacodon assurgens Cope, 1884b, p. 350.

Mioclaenus assurgens Cope. 1888, p. 303.

Microclaenodon assurgens Scott. 1892, p. 302.

Holotype. AMNH 3215, partial right dentary with broken and 

Mg, Nacimiento Formation, San Juan Basin, New Mexico.
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Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico and Rock Bench Quarry, Polecat Bench Formation, 
Bighorn Basin, Wyoming.

Diagnosis. Same as generic diagnosis.
Referred material. UALP specimens 8602 (broken LM^), locality 

7543, and 10571 (partial left dentary with **2 -3 ,̂ locality 7473 from 
Ojo Encino; 8946 (RP^-M* in matrix) and 10858 (RM^ ^ in matrix), locality 
75106 from Kutz Canyon.

Description. Anterior lower dentition of M. assurgens is absent 
from the UALP collection. The lower molars are somewhat rectangular, 
longer than wide, double-rooted, have blunt cusps with finely crenulate 

enamel, and have the trigonid much higher than the talonid. From M^ 

to Mg, the entoconid becomes less distinct.
M^, considerably smaller than associated Mg, is about equal 

to Mg. The protoconid and metaconid are tall, slender, conical, nearly 
twinned cusps. The protoconid is slightly larger and taller. These 
cusps are appressed to form a relatively straight trigonid wall. Their 
apices are directed slightly away from each other. The paracristid 
is strong, but the protocristid is absent. The somewhat ovate medial 
paraconid is low and directed slightly anteriorly. The poorly preserved 

talonid of UALP 10858 has the cristid obliqua low but extending upward 
about two-thirds of the talonid wall height, slightly lingual of the 
trigonid notch. A slightly narrower postmetacristid is about half the 

length of the cristid obliqua extension. The strong short precingulid
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extends from the paraconid downward labially to the anteromedial margin 

of the protoconid. Other cingulids are absent.
M2  is the largest lower molar. It has the paraconid more lingual 

than in and has a weak lingual precingulid. The postmetacristid is 
absent. The talonid is equal in width to the trigonid and relatively 
longer than in Mg. The enamel base is lower on the talonid than on the 
trigonid. The round, blunt hypoconid occupies about half the talonid. 
The hypoconulid and less distinct entoconid are subequal in height and 

more posterior than the hypoconid, the most posterior cusp. The bases 
of all three cusps overlap. The entoconid is continuous with the strong 
wide entocristid that spans the broad talonid notch to the metaconid base. 

The cristid obliqua extends up the talonid wall as in M^, but is directly 

beneath the trigonid notch. It is higher than the entocristid. The 
deep, entirely lingual talonid basin is closed and rounded with some 
anteroposterior elongation. Valleys separating the talonid cusps 
extend into the basin. The hypoflexid is broad and shallow. The 
distinct postcingulid, weaker than the precingulid, connects with the 
hypocingulid; it sweeps down the hypoconid, then upward across the 
hypoflexid.

M3  is reduced and has the talonid relatively narrower than in M2 . 
The protoconid is less anterolabially inflated. The more lingual para

conid leans more anteriorly. The weaker entoconid is less clearly 
separate from the entocristid. The precingulid is reduced lingually.

Upper dentition anterior of the is absent from the UALP 
collection. The is encased in concretion such that about two-thirds 

to the tooth, lying on its side, is visible. The paracone is tall,
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slender, and conical with a distinct paracrista reaching the lower 

well developed parastyle. These cusps are separated such that the 
labial portion of the is a long, narrow oval. The protocone, lower 

than and lingual of the paracone, forms the short, wide, slightly 
anteriorly skewed lingual lobe of the tooth. Conules are absent.
The slight labial cingulum extends from the paracone to the parastyle 

and a slight postcingulum is present along the protocone. Other cingula 
are absent.

The paracone is slightly larger and taller than the metacone; 
both are smaller than the crescentic protocone. Pre- and postproto- 
cristae extend to well developed conules. The paraconule is larger. 
Conular cristae are undoubtedly present, but only a postmetaconular 
crista is preserved well enough to be recognized. Pre- and postcingula 
are present.

Discussion. When Cope (1884a) described Triisodon assurgens, 
he neglected to mention that he previously had referred this species 
to Mioclaenus (Cope, 1888, Scott, 1892) and Diacodon (Cope, 1884b).
Since Scott (1892) referred JD. assurgens to Microclaenodon, it has 
proved to be a problematical taxon, at times referred only provisionally 

to one group or another. Most workers have considered M. assurgens 
intermediate between the mesonychids and their triisodontine ancestors. 

It has been referred to the mesonychid creodonts as triisodontines or 

triisodontids (Scott, 1892; Osborn and Earle, 1895; and Matthew, 1897 
and 1901) or mesonychids (Matthew, 1937; Simpson, 1945, Russell, 1967). 
Romer (1966) included Microclaenodon as a mesonychid condylarth; Van
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Valen (1966) also referred Microclaenodon to the Condylarthra• Russell1s 
(1954) diagnosis of Mesonychidae excluded Microclaenodon on the basis 

of its entoconid, and Van Valen (1978, fig. 2, p. 63) referred the genus 

to the triisodontine condylarths. This paper follows Van Valen (1978)• 
M. assurgens has distinct conules on the upper molars and a more distinct 
metaconid and distinct talonid cusps on the lower molars.

Matthew (1937) described M.. assurgens from four specimens with 
only two well preserved teeth, and M. and an M~. Partial premolars and 
skeletal fragments were poorly preserved. In his revised description he 
(Matthew, 1937, p. 99) stated that M. assurgens has 11...hyd tending to 
become median and entoconid crest behind and within it; no distinct 

hypoconulid." The extremely well preserved M2  of UALP 10571 contains a 
hypoconulid distinct from the entoconid and entocristid. Comparison of 
UALP 10571 with a cast of AMNH 15999 suggests that perhaps Matthew (1937) 
may have studied such poorly preserved talonids that the hypoconulid 

could not be recognized. Comparison of Mg and Mg from UALP 10571 suggests 
a reduction of the entoconid on M^. It is also possible that Matthew 
(1937) simply differed in opinion as to the homology of the talonid 
cusps on M. assurgens because Scott (1892) described this species as 

lacking the entoconid and possessing a large hypoconulid, especially on 

the Mg. Szalay (1969) pointed out the presence of both the hypoconulid 
and entoconid in M. assurgens. UALP specimens support this observation.



M- assur&ens was apparently a separate lineage from that 

leading to the mesonychids. It has the advanced triisodontine characters 
of a reduced hypoconid and reduced characters not observed in the 

early mesonychid Dissacus. It is somewhat progressive toward the • 
Dissacus characters of a high trigonid and narrow lower cheek teeth, 
but appears most closely related to Goniacodon levisanus♦

348
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Table 36. Size of Microclaenodon assurgens from the 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.
L
AW 2 3.0-3.4 3.20 to 00 8.84

PW

M 2
L 1 7.80

AW 2 3.7-4.2 3.95 .35 8.95
PW 2 3.7-4.2 3.95 .35 8.95

M3 L 1 1 6.90
AW 1 4.05
PW 1 3.45

4P L

W 1 6 . 0 0
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Family Mesonychidae Cope, 1875

Subfamily Mesonychlnae Wortman, 1901.
-Genus Dissacus (Cope, 1881).
Hesonyx Cope, 1881c, p. 484.
Dissacus Cope, 1881f, p. 1019.
Ancalagon Van Valen, 1978, p. 65.
Ankalagon Van Valen, 1980, p. 266.

Dissacus saurognathus Wortman. in Matthew. 1897. (Table 37).

Dissacus saurognathus Wortman. in Matthew, 1897, p. 295.
Dissacus camifex Osborn and Earle, 1895, p. 30 (not D. camifex 

Cope, 1882).

Ancalagon saurognathus Van Valen, 1978, p. 65.

Ankalagon saurognathus Van Valen, 1980, p. 266.

Holotype. AMNH 2454, complete left dentary, Nacimiento 
Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San
Juan Basin, New Mexico.

Diagnosis. Larger than D. navajovius with dentary much deeper.
Referred material. UALP specimens 8865 (partial right dentary 

with broken P^, P^-M^, and broken, Mg^), locality 7562 from Ojo 
Encino and 10722 (partial right dentary with P^-Mg), locality 7664, 
from near Nageezi.
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Description, Dentition anterior of the is unknown from the 

UALP collection, Py-Mg are similar, premolariform teeth. All are 
ovate, longer than wide, dominated by a large protoconid, and have a 
distinct talonid, two roots, smooth enamel, and a structure analagous 
to the camassial notch of the Carnivora, The blunt cusps are aligned . 
anteroposteriorly, medially on the tooth.

The crown of is missing on UALP 8865, but measurement 
indicates this tooth is smaller than the associated P^.

P^, approximately the same size as the has the trigonid and 
talonid distinct. The trigonid contains a large narrow protoconid and 
a considerably smaller paraconid, but lacks a metaconid. The protoconid 
leans distinctly posteriorly and forms a deep V-shaped notch with the 
talonid cusp. It has distinct pre- and postcristids. The round para

conid is medial. The talonid consists of a single long, narrow cusp 

with a medial apex. The cusp slopes laterally such that its base 
occupies the entire talonid width, A broad hypoflexid and talonid 
notch occupy the region from the margins to the talonid cusp, labially 
and lingually, respectively. Cingula are absent.

is considerably smaller than associated in UALP 10772. It
may be longer than M , but is narrower. M, differs from the premolars

3 1
primarily in the presence of a small, indistinct metaconid and a more 
inflated protoconid. The pre- and postprotocristae are also stronger 

than on P^, The "camassial" notch is wider than in either P^ or Mg#
The small round metaconid is closely appressed to the protoconid and 
rendered indistinct with only slight wear. Both cusps are nearly 
vertical. The medial paraconid is more ovate than in the P^ and the
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talonid cusp is slightly more labial. The short weak precingulid 
is labial and lingual of the paraconid in UALP 8865, but labially only 

on UALP 10772. Other cingulids are absent.

Mg is relatively larger than and has the metaconid more 
separate from the protoconid than in M^. The strong precingulid is 
lingual and labial of the paraconid.

Mg is considerably reduced. The metaconid is more distinctly 
separate from the protoconid. The paraconid, larger relative to the 

protoconid, is nearly lingual of the tooth midline and more widely 
separated from the protoconid than in M^. The talonid is skewed 
anteriorly but with only one specimen, the significance of this 
character remains unknown. The talonid is narrower, relative to the 

trigonid. The strong lingual and labial precingulids are short. Upper 

dentition of I), saurognathus is absent from the UALP collection.
Comparison. D. saurognathus differs from the triisodontines, 

including Microclaenodon * in lacking conules on the upper molars and 
lacking the hypoconulid and entoconulid on the lower molars.

Discussion. Van Valen (1978, 1980) referred AMNH specimens of
Dissacus saurognathus to the new genus Ankalagon. The differences he
(Van Valen, 1978) noted at that time were the lack of an Mj metaconid

4 oand the greater length than width of the P -M protocone lobes. UALP 

8865 clearly has an metaconid, but is clearly too large to be a
specimen of I). navajovius. Matthew's (1937, p. 93) figure 16 shows 
the protocone lobe of D. navaj ovius (AMNH 3360) to be slightly longer 

than wide. Variation between UALP specimens (8865 and 10772) and AMNH
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3356 is certainly not of generic level. Matthew (1937) pointed out 
that although D̂. saurognathus is about twice as large (lineally) as

D. navalovius. the "disparity between the two species is not so great 

in size of teeth as in the jaw and skeleton" (p. 96). Indeed, UALP 
8865 and 10772 are only slightly larger than a cast of AMNH 3356 
(D. navalovius). Prior to 1966 D. saurognathus, as a mesonychid, was 
considered a creodont carnivore. In that year Van Valen (1966) 
dismantled the Creodonta and referred the Mesonychidae to the 

Order Condylarthra. At about the same time Romer (1966) moved the 
mesonychids from the Creodonta to the Condylarthra. Dissacus, at 

least, seem more closely related to the triisodontine condylarths 
than to carnivores. This move, although not necessarily anticipated, 
was not surprising in the light of comments made by earlier workers. 
Scott (1892) regarded the creodonts as an extremely heterogeneous group, 
lacking diagnostic characters in common. Russell (1954, p. 169) 

suggested that the mesonychids "...show a different approach to the 
development of a carnivorous dentition...". The assignment of the 
Mesonychidae to the Condylarthra is accepted and used here, but there 
are apparently some who question this placement (Van Valen, 1969;
Gazin, 1968; and Simpson, oral comm., 1980).

The feeding habits of mesonychids have been considered problem

atical by many workers. The blunt cusps and lack of shearing motion 

have caused interpretative difficulties. Matthew (inMatthew and Granger, 
1915) suggested the blunt cusps may have been useful in crushing fresh 
water molluscs. Most other authors, however, have considered the
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mesonychid dentition carnivorous (Russell, 1954; Romer, 1966; and Szalay, 

1969). Szalay (1969c), in detailing the feeding mechanisms of mesony- 
chids, convincingly demonstrated the carnivorous adaptation of the 

dentition; he pointed out the analagous "camassial" notch, presumably 
used to hold prey as it was tom by jaw movement.

The UALP specimens bring the total of known D. saurognathus 
specimens up to eight, all of which are from the San Juan Basin. Its 
restricted distribution and the abundance of triisodontines and mesony- 

chids in North America suggest a North American origin for mesonychids. 
However, recent work in China (Zhou et al., 1977) and the presence of 

mesonychids in Europe (Russell, 1967) suggests that this concept may 
change with additional study.
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Table 37. Size of Dlssacus saurognathus from the 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

L
AW

PW
L

AW
PW
L
AW

PW
L

AW
PW

2

2
2

2
2

2
1
1

1

1

1

1

12.6-12.7
5.6- 6.0

5.6- 6.0
12.6

5.8
5.2- 5.8

12.65
5.80

5.80 
12.60
5.80 

5.50
14.20

6.60
6.10
12.60
6.00
4.65

Jaw depth beneath
22.2-25.2 23.70 2 .12 8.95
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Family Hyopsodontidae Nicholson and Lydekker, 1889
Subfamily Mioclaenlnae Osborn and Earle, 1895,
Genus Hioclaenus Cope, 1881.
Mioclaenus Cope, 1881c, p. 830.
Emended diagnosis. Dentition Canines are small, pre-

Omolars extremely bulbous, molars less so. Mj is considerably reduced. 

^3 - 4  have small posterior cusps on a weakly developed talonid and lack 
cingulids. Lower molars possess low trigonids with a minute paraconid 

appressed to the metaconid; distinct precingulid and weak postcingulid 
are present; hypocingulid presence is variable. without cingula,

have distinct parastyle and metastyle. Upper molars have parastyle, 
distinct mesostyle is variable.

Differs from Choeroclaenus in having Mg more reduced, in having 
the paraconid smaller and more appressed to the metaconid, and in lacking 
a distinct hypoconulid, entoconulid, or entoconid on Cusps are
more bulbous; hypoconid is round; lower molar cusps have apices more 

. internal with basal anterolingual inflation more pronounced; lower pre
molars are similar but relatively smaller than in Choeroclaenus.

gDiffers from Promioclaenus in having Mg more reduced, lower 
premolars more bulbous with less developed talonids, more distinct 

hypoconid, and less distinct Mg hypoconulid and entoconid.
gDiffers from Ellipsodon in having Mg less reduced and the meta- 

conule present. The lower premolars and Mg of Mioclaenus differ from 
Ellipsodon in the same way as for Promioclaenus♦
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Discussion. Mioclaenus appears closely related to Choeroclaenus, 

Promioclaenus. and Ellipsodon. It is more advanced than the Puercan 

Choeroclaenus in having the Mg more reduced, in having the smaller 
paraconid more oppressed to the metaconid, and in lacking a distinct 

hypoconulid and entodonid on the Mg and Mg.

Litaletes. referred to the Mioclaeninae by Simpson (1937), is 

less similar to M. turgldus than the three genera mentioned above. The 
cusps of Litaletes are less bulbous, the P^ is more molariform, and the 

molar talonids are wider. Simpson's (1937) referral was considered by 
him to be doubtful; I agree. Litaletes is more probably a member of the 
Hyopsodontinae (sensu Simpson. 1937).

Mioclaen^ jturgiduŝ  Cope, 1881. (Tables 38, 39, and 40).
Mioclaenus turgidus Cope, 1881c, p. 830.
Mioclaenus lydekkerianus Cope, 1888, p. 328.

Mioclaenus zittelianus Cope, 1888, p. 334.

Holotype. AMNH 3135, partial left dentary with P4 -M3 , partial 
right dentary with P4 -M1 , and partial left maxilla with P^-M^,
Nacimiento Formation, San Juan Basin, New Mexico.

Diagnosis. As for genus.

Referred material. The list below includes 2 Pg, 9 P3 , 14 P^,
19 M^, 28 Mg, 26 M 3 , 4 P3, 9 P4 , 12 M1, 15 M2, and 6  M3  specimens.
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Those specimens with particularly well preserved associated teeth or

extensive dentition are identified. Referred here are UALP 8923, locality
7471; 8833, locality 7473; 10898, locality 7474; 8741, locality 7535;
8756, locality 7538; 8593, locality 7543; 8629, locality 7544; 8648 , 8649

(partial left maxilla with , 8659 (partial right dentary with Pg-Mg),
8661, and 10916 (partial right dentary with partial left dentary

with M^_g, partial right maxilla with and partial left maxilla
with P^ beneath broken dP* and , locality 7545; 8867 and 8874,

locality 7562; 13291 (partial right dentary with P4 -M3 ), locality 7566,

and 10999, locality 7577 from Ojo Encino; 10572, locality 7435; 6703 and
6706, locality 7436; 10537, 10553, 10557, and 10561, locality 75106;

10644, 10656, and 13635, locality 7640; 10682 and 10693, locality

7643; 12945, locality 7650; 10735, 10738, 10742, 10743, 10747, and

10748, locality 7655; 10754, 10755, and 10756, locality 7656; 11671,
locality 7662; 10784, 10791 (partial left maxilla with P4 -M3) , 10805,
10809, 10811 (partial right dentary with worn P^-H^, partial left

dentary with worn P^-Mg, and partial right maxilla with worn P4 -M^),
10826, 10839, 10840, and 10851, locality 7671; and 12004, locality
7897 from Kutz Canyon; 10974 (crushed snout with right P root,
P^"^ and left broken P3  and P4), and 10975, locality 7788; and 11709
(partial right dentary with P^-Mg and broken Mg, partial left dentary

with Pg roots and P^-Mg), locality 78102 from north of Aztec; 10999,
locality 7577; and 11695, locality 78132 from near the mouth of Largo
Canyon; and 11680 (partial left dentary with P and M. - and right2—3 1—3

1-2maxilla fragment with M ), and 11681, locality 7892 from near Nageezi.
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Discrlption. Incisors and canines of M. turgidus are absent 
from the UALP collection. The bulbous lower premolars become wider 
and more circular from Pg to P^. They lack clngullds, are double- 

rooted, and usually have slightly to moderately wrinkled enamel.

Pg is ovate, narrower anteriorly, and has mediolateral flexids.
It is simple with a large protocone that lacks cristids and has a 
posterior break in slope that forms a less steep basal portion.

Pg is larger and more bulbous than Pg. The protoconid has 

an indistinct broad precristid and a relatively flat posterior bearing 
variable cristids and grooves. The distinct postcristid connects with 
the low posterior cusp in four specimens; the remaining five lack this 
cristid, but display a pair of wide grooves radiating from near the 
protoconid apex to both sides of the posterior cusp. The talonid 

consists of the low posterior cusp, usually round, that varies from 
small and indistinct to a relatively large cusp.

P^ is wider than P^ and more nearly round. The precristid, 
usually broad but indistinct, is absent from UALP 10557 and narrow 
in UALP 10735. The slightly concave posterior of the protoconid has 

grooves extending to both sides of the posterior basal cusp except 
in UALP 10735 and 10557. The posterior basal cusp is usually (5 of 8  

specimens) relatively large. A small blunt paraconid, a small metaconid, 
and two posterior basal cusps are present in five specimens, most 
distinctly in UALP 10537.
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The double-rooted lower molars of M. turgldus are less 

bulbous and less wrinkled than the premolars. The enamel may be 
smooth to moderately wrinkled. is the largest molar and usually 

is reduced considerably. There is a tendency toward more talonid cusps 
from to Mg.

varies considerably in outline; it may be nearly square, 
parallelogram-shaped, or anteriorly squared and rounded posteriorly. 
Eleven of 15 specimens contain a slight to moderate anterolingual 

inflation of the basal enamel. The trigonid is slightly higher than 
the talonid; both contain moderately bulbous cusps, A distinct narrow 
trigonid basin is discernible. The subequal protoconid and metaconid 

are conical and blunt; the metaconid is slightly more posterior and 
more inflated externally. The low, conical minute paraconid is lingual 

and closely appressed to the metaconid. The low, narrow paracristid 
is usually squared; it is more rounded in UALP 10756. The indistinct 

metacristid is short and low. The hypoconid is labially inflated and 
about the size of the protoconid or metaconid. The hypoconulid and 
etoconid are much smaller than the hypoconid and tend to be indistinct 
on the multicusped talonid margin of UALP 8833, 10756, and 13291. The 
talonid cusps, when distinct (5 of 8  specimens), are connected by a low 
posterolingual cristid. The low and weakly developed cristid obliqua 

intersects the talonid wall slightly labial of the trigonid notch.
UALP 13291 has this cristid indistinct and discontinuous at the hypo- 
flexid; three other specimens trend toward this character. The hypoflexid 

is relatively deep, but only in UALP 13291 does it completely 

truncate the cristid obliqua. The talonid notch is usually weak and



the shallow talonid basin usually is closed lingually, although the 
metacristid and entocristid are discontinuous in UALP 13291. The 
posterolingual cristid is continuous between the hypoconid and the 
talonid notch. The entoconid and hypoconulid are minute. Minute 
accessory cuspules may be present in the hypoflexid (UALP 8833 and 
13291, of 8  specimens), at the lingual end of the precinguild below the 
paraconid (UALP 10755 and 11680, of 6 specimens), and as an ectostylid 
(UALP 10756 and 11680, of 12 specimens)• The precingulid usually is 

distinct. The postcingulid is slight in 7 specimens and nearly 
absent in UALP 10743 and 11680. The ectocingulid is distinct and 
cuspidate in 4 specimens, weak in 6 , and represented by a single cusp 
in UALP 19756 and 11690.

Mg is similar to Mj, but is larger with more tendency toward 

accessory cusps on the posterolingual cristid. The basal antero- 
lingual inflation is larger than that of in 21 of 24 specimens. The 
paracristid may be cuspidate and squared; it is smooth in two specimens 
and rounded in two others. The paraconid is indistinct with even 

moderate wear. The posterolingual cristid is multicusped with 4 to 
6 minute cusps, the most labial of which may be the hypoconulid and 
the most anterior of which may be the entoconid. The cristid obliqua 

is indistinct in UALP 11680 and 13291 and weakly developed in other 

specimens where it is directed toward the talonid wall slightly lingual 
of the protocone apex ( 8  specimens), slightly closer to the trigonid 
notch as in M^ ( 8  specimens), or at the trigonid notch (UALP 10557 and 
10756). UALP 13291 lacks the cristid obliqua. The talonid notch is
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moderately deep, especially in UALP 13291. Accessory cuspules may be 
present in the hypoflexid (3 of 15 specimens), at the lingual end of the 
precingulid (16 of 23 specimens), and as an ectostylid (7 of 20 speci
mens) . The precingulid cuspule varies from a slight enamel swelling 

(4 specimens) to a distinct cusp (10 specimens) or even bicusp (UALP 
10809) or multicusped (UALP 10755). The precingulid is well developed 
on 18 of 22 specimens. The postcinguild is short and weakly developed 
on 13 specimens and absent from UALP 19743. The ectocingulid varies 

from weak (5 specimens) to strong ( 8  specimens) and may be cuspidate 
(9 specimens) or smooth (4 specimens). A very weakly developed labial 
cingulid exists on 3 of 20 specimens.

The Mg is narrower and smaller than Mg, but has the talonid 
elongated such that the tooth length approaches that of M^ and Mg. It 

lacks the basal anterolingual inflation seen in M% and Mg. The talonid 
has, in addition to the distinct hypoconid, three to eight subequal 
and smaller cuspules on the posterior cristid, none of which can be 
identified as the hypoconulid or the entoconid. The weakly developed 

cristid obliqua, absent in UALP 13291, is slightly lingual of the proto- 

conid apex in 9 specimens; in 7 others it is directed closer to the 
trigonid notch. The talonid notch is relatively deep, especially in UALP 
8756 and 10557. Accessory cuspules may be present at the lower end 

of the metacrista ( 6 of 18 specimens), on the lingual end of the pre
cingulid (7 of 21 specimens) and as an ectostylid (12 of 18 specimens). 

The precingulid is well developed on 16 of 19 specimens. A discontinuous 

labial cingulid may be present (11 of 18 specimens). The smooth
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(UALP 10557 and 10805) or cuspidate (UAL? 10644 and 10811) ecto- 
cingulid is absent in UALP 8867 and 8874.

3Dentition anterior of the P is absent from the UALP collection. 

However, root fragments and alveoli in UALP 10974 indicate that P^ was 
much smaller than P and that P 1 was probably very small and peglike.
The triple-rooted P^ and P^ of M. turgidus are more bulbous than the 

molars, have moderately crenulate enamel, and lack cingula. The ovate
3P consists primarily of a large, round bulbous paracone with a smaller, 

round protocone labial of it. These cusps are joined nearly to their 
apices. Both lean slightly posteriorly. The small parastyle and 

smaller metastyle are low, blunt, and conical. The parastyle may occupy 
an entire anterolingual corner, whereas the higher metastyle is 
oppressed closely to the paracone. A metacrista is incipient on three

specimens. A faint ectoflexus is suggested in UALP 8649.
4 3 iP is slightly wider than P and longer than M . It is more

3triangular than P and the paracone and metacone lean less posteriorly. 

The parastyle (UALP 6706 and 8649, of 5 specimens) and metastyle (UALP
o8649 and 10974, of 4 specimens) may be larger than In P . A broad, low

metacrista is present and a more prominent postprotocrista extends to
the postcingulum. The postprotocrista may have a small metaconule

(UALP 10974). The paraconule is absent. A shallow ectoflexus is

developed on 4 of 8  specimens. The labial slope of the paracone is
3less steep than in P . A slight postcingulum is present in 7 of 8  

specimens.

The upper molars of M. turgidus. less bulbous than the pre-. 
molars, are triple-rooted and have smooth to slightly crenulate enamel.



M* is considerably narrower but more squared than and longer 
than The labial margin is straight with a slight ectoflexus in all

specimens except UALP 11680. The protocone is the largest and highest 
cusp. The paracone and slightly more lingual metacone are conical, 
subequal, and connected by the narrow straight or V-shaped centrocrista. 

The protocone is labtally inflated, conical, and leans slightly an
teriorly. The metaconule is larger and may be slightly more lingual 
than the paraconule. A minute hypocone, posterior to the protocone, 

is indicated by a lingual swelling of the postcingulum. The low round 
parastyle, small in 6  specimens, is about the size of the conules in 

UALP 10738. The metastyle is distinct only in UALP 10916. The para- 

crista and metacrista are indistinct. The mesostyle is developed as 

a slight enamel swelling on 3 specimens. The preprotocrista is shorter 
than the postprotocrista; both are distinct. The postparaconular crista 
and premetaconular crista are weak or absent. An incipient accessory 

cuspule is suggested by a swelling, on the postcingulum labial of the 
hypocone on UALP 10916 and 11680. The relatively well developed pre
cingulum extends from the protocone to the parastyle and the post
cingula are slightly cuspidate in UALP 10791 and 11680. The labial 
cingulum, ( 6 of 1 0  specimens) is discontinuous at the paracone in three 

specimens. In UALP 10916 and less distinctly in UALP 6706, the labial
cingulum extends medially upward to contact the centrocrista. 

oM is the largest upper molar. The labial margin is oblique, 

more labial anteriorly. The ectoflexus, if.present, is weak. The 
protocone is the largest cusp and has a greater lingual slope than in .
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The paracone Is distinctly more labial than in and is slightly larger 

except in UALP 8649. The hypocone is minute or indistinct. The conules 
are small but distinct. The centrocrista is weak and may be discontin
uous (UALP 10791 and 10916) or may form a cuspule with slight cristae 

(UALP 11671). The parastyle varies in size but is present on all speci
mens. The metastyle is absent. A mesostyle usually is present ( 8  of 9 
specimens), but varies in size. It is absent in UALP 10811. .The pre-and 
post- protocristae are variably developed, but usually the preproto- ■ 
crista is more prominent. The preparaconular crista reaches the 

precingulum and is stronger than the postparaconular crista in 3 of 
7 specimens.

The greatly reduced is ovate (3 specimens) to triangular 
(2 specimens), with the posterior rounded. The protocone is the largest 

and highest cusp, the paracone is small and labial to the protocone, and 

the metacone and hypocone are indistinct or absent. The parastyle is 
small but present, a small mesostyle is present on 3 of 4 specimens, 
and the metastyle is distinct only in UALP 11671. A slight protostyle 

is discernible on UALP 10791. The paraconule is usually minute; the 
metaconule is less distinct but usually present. The preprotocrista is 

weakly developed and the postprotocrista is weakly developed or absent 
(UALP 11708). The pre- and postcingula are variably developed, but 

present; they tend to be cuspidate. The labial cingulum is weakly 
developed or absent.

Discussion. Mioclaenus turgidus is the remaining species of 

Cope's (1888) extremely encompassing genus. The systematic history 
of the genus has been discussed by Matthew (1937) and Simpson (1937).
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As first recogtiized by Matthew (1937), M. turgidus dentition 

is highly variable in size (Table 39, 40, and 41) and the hypocone 
ranges from absence to a distinct cusp. McKenna (1960) noted the great 

morphological variety of 11. turgidus and pointed out the high degree of 

wear in early adult specimens. UALP specimens suggest additional vari
ation in the size of the stylar cusps and conules, the number of talonid 
cusps, and the presence and strength of cristae. Cingula are present in 
all specimens, but vary in strength. The presence of accessory cusps is

also quite variable, as is the enamel crenulation. McKenna (1960)
1 :suggested that the mesostyle of AMNH specimens of M. trugidus is a 

double cuspule, associated, in part, with the labial cingulum. Such 

a double mesostyle is rare in the UALP specimens. The tendency toward 
molarization in the P^, noted in 5 specimens, lacks stratigraphic 

significance. Although all from Kutz Canyon, the range of these 

specimens extends from the 499 to 574 foot (152.1 to 174.9 meter) levels.- 
Variation in the position of the cristid obliqua-talonid wall inter

section also lacks stratigraphic significance. However, some geographical 
importance may be inferred for this character. In Mg this inter
section is closest to the protoconid apex in 5 or 6  specimens from the 

southern region (Kutz Canyon, near Aztec, and the mouth of Largo Canyon), 
and in the single specimen from the intermediate region; it is closest 

to the trigonid notch in only 1 southern specimen, but 7 northern specimens. . 

A similar trend is seen in the M^. UALP 13291 is unique in having the 

talonid cusps and cristae completely separate from the adjacent trigonid
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cusps and cristae* It is presumptuous to assume that a single specimen, 
isolated from the others by about 5 km., is other than an extreme 
variant.

4Gazin (1939) pointed out that the P of H. turgidus usually has
a metaconule. UALP specimens suggest the presence of a metaconule in 
4P is rare. One specimen has a metaconule and two others have a small 

posteromedial cusp more posterior than where a metaconule usually is 
developed. Four specimens have a postprotocristid, but lack the 
metaconule.

Application of Gingerich's (1976) stratophenetic analysis 
indicates no significant difference in M. turgidus size through time 

in either Kutz Canyon or Ojo Encino or between the two regions.
Van Valen (1978) referred M. lydekkerianus to M. turgidus with

out explanation. Matthew (1897 and 1937) pointed out the reduced Mg 

and the presence of an accessory cusp on the lingual end of the pre- 
cingulid of the only known specimen of M. lydekkerianus. He considered 
the species "...doubtfully distinct..." (Matthew, 1937, p. 196). The 
variation within the UALP M. turgidus specimens includes the above 
characters and suggests Van Valen (1978) correctly synonymized the 
two species.
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Table 38. Size of Mloclaenus turgidus from Ojo Encino, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P 2
L 1 6 . 2 0

AW 1 3.10

PW 1 3.40

P3 L 1 7.30
AW 1 4.20
PW 1 4.70

P4 L 2 6 .9-7.0 6.95 .07 6.95

AW 1 5.00
PW 1 5.2—5.5 5.35 . 2 1 3.96
L 5 6 .1-6.7 6.44 . 2 0 3.07

AW 5 5.5-6.1 5.78 . 2 2 3.75
PW 5 5.2-5.7 5.45 .19 3.43

m 2 L 7 6 .8-7. 6 7.15 .33 4.66

AW 7 6 .0 -6 . 6 6.42 . 2 2 3.40

PW 8 5.4-6.0 5.69 . 2 0 3.44

m 3 L 9 5.7-7.1 6.23 .44 6.99

AW 1 0 4.4-4. 8 4.62 .18 3.99

PW 9 3.5-4.0 3.78 .17 4.48
P3 L 1 6.40

W 1 7.10
L 1 6 . 2 0

W 2 7.2-7.3 7.25 .07 0.97
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Table 38. Continued, Mioclaenus turgidus

Dimension N Range Mean S.D. V.

M 1 L 3 5.8-6.1 5.98 . 1 2 2 . 1 0

W 3 7.7-8.1 7.87 . 2 1 2 . 6 6

M2  L 4 5.8 -6 .7 6.25 .40 5.91
W 4 9.1-9.8 9.45 .40 4.28

M 3  L 1 4.00
W 1 6.20
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Table 39. Size of Mioclaenus turgidus from Kutz Canyon, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P3 L 5 6 .6-7.3 6.85 .23 3.36
w 5 4.5-5.0 4.86 .26 5.36

P4 L 7 6 .2-7. 6 6.74 .47 6.95
W 9 5.1-6.0 5.60 .26 4.64

Mi L 8 5.9-6.7 6.37 .26 4.13
AW 6 5.6-5. 8 5.71 .13 2.32

PW 8 5.3-6.0 5.59 • .25 4.53
L 1 2 6 .3-7.2 6.89 .33 4.77

AW 1 2 5•8 — 6 .6 6.23 .27 4.36

PW 1 2 5.2-6. 1 5.54 .23 5.54

m 3 L * 8 5.5-6. 8 6.14 .46 7.54

AW 8 3.8-4.9 4.41 .34 7.80
PW 8 3.1-3. 8 3.44 . 2 1 6 . 0 1

p3 L 1 , 6.30
W 2 6.7-7.1 6.90 .28 4.10

L 5 5.8 - 6 . 8 6.32 .41 6.47

W 6 7.5-8.3 8.03 .42 5.26
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Table 39. Continued. Mioclaenus turgldus

Dimension N Range Mean S.D. V.
Ml L 6 5.0- 6 . 1 5.69 .44 7.82

W 6

•—1 
001CM 7.61 .32 4.19

M2 L 6 5.6- 6.3 5.97 .30 5.16
W 6 8.7-10.3 9.50 .53 5.57

M 3 L 3 w 1 o 3.83 .15 3.98

W 2 5.1- 6.4 5.73 .65 11.35
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Table 40. Size of Mioclaenus turgidus from near Aztec, 

Near the Mouth of Largo Canyon, near Nageezi, 
and Near Lybrook, San Juan Basin, New Mexico.

Dimension N Range Mean ' S.D. V.
Near Aztec

P 2
L 1 7.00
W 1 5.00

P4 L 1 6.90
W 1 5.70

Mi L 1 6.70
AW 1 5.70
PW 1 5.50

m 2 L 2 7.0-7.2 7.10 .14 1.99

AW 2 6 .1-6.5 6.30 .28 4.49

PW 2 5.4-5. 6 5.50 .14 2.57

M L 1 6 . 2 03
AW 1 4.30
PW 1 3.40

P3 L 2 6 .2 -6 .5 6.35 . 2 1 3.34

W 2 6.9-7.1 7.00 .14 2 . 0 2

P* L 2 6 .2 -6 .3 6.25 .07 1.13
W 2 7.6 7.60

Ml L 1 6 . 1 0

W 1 8 . 0 0



Table 40. Continued, Mioclaenus turgidus

Dimension N Range Mean

►J 1 6 . 2 0

w 1 9.10
M 3  L 1 3.70

w 1 4.80

Near Mouth of Largo Canyon
P3  L 1 7.30

W 1 5.05

P4 L
W 1 5.60

m 2  l 1 7.45
AW 1 6 . 0

PW 1 5.5
m 3  l 1 6.15

AW 1 4.40
PW 1 3.50

Near Lybrook
M_ L 1 6 . 0 03

S.D. V.

AW
PW

4.30

3.70
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Table 40. Continued. Mioclaenus turgldus

Dimension N Range Mean S.D. V.
Near Nageezi

P 2
L 1 6 . 0 0

W 1 3.30

P3 L 1 7.10

W 1 4.70
L 2 6 .2 -6 .4 6.30 .14 2.24

AW 2 5.5-5.7 5.60 .14 2.52
PW 2 5.3-5.7 5.50 COCM 5.14

m 2 L 1 7.10
AW 1 6 . 0 0

PW 1 5.50
m 3 L 1 6.30

AW 1 4.60
PW 1 3.70
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Hyopsodus Cope, 1882f, p. 462.

Mioclaenus Cope, 1882f, p. 462 and 468 (in part).
Ellipsodon Scott, 1892, p. 298 (in part).
Indrodon Osborn and Earle, 1895, p. 16 (in part).
Promioclaenus Trouessart, 1904, p. 43.
Tiznatzinia Simpson, 1936, p. 7 (in part).
Diagnosis.
Dentition ?/3, 1/1, 4/4, 3/3. P^ caniniform. p| cuspidate, 

more or less enlarged, but not really inflated. The P^ without 
distinct paraconid, metaconid absent or rudimentary, proto- 
conid inflated rather than bladelike; talonid basined and 
relatively large. Molar hypocones weak (or absent?), meta- 
conules present. Molar trigonids with paraconids internal, 
fusing with metaconids; moderately separated metaconids and 
protoconids. Molar talonids with relatively wide basins, 
entoconids generally indistinct and fusing with hypoconulids 
(especially on Mg). M_ moderately reduced. M^ with reduced 
metacone. Rami relatively long and slender (Wilson, 1956b, 
p. 115).

Comparison. Promioclaenus differs from Ellipsodon in having a 
much more distinct paraconid, the protoconid and metaconid appressed 
for about half their height, less bulbous cusps, more distinct 

talonid cusps, and a relatively large, distinct metaconule. The Mg is 
less reduced in Promioclaenus. UALP 8957 (P̂. lemuroides) has an 

MgiMg ratio of .72 and the same ratio in four UALP E. granger! specimens 
ranges from .05 to .60. These values are significantly different at 
the 95% confidence level.

Discussion. The generic name Promioclaenus was in disuse prior 

to its resurrection by Wilson (1956b). He referred Ellipsodon lemuroides,
E. acolytus. E. sheperdi. and E. aquidens to this genus. Van Valen (1978)

Genus Promioclaenus Trouessart, 1904..-
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subsequently removed E. shepherd! (■Litaletes stembergl) and added 

P_. wllsonl and Tlznatzinla vanderhoofi (=P̂ . vanderhoofi). Of these taxa, 

lemuroldes and JP. acolytus are found in the San Juan Basin 
Torrejonian.

Promioclaenus lemuroldes (Matthew, 1897). (Tables 41 and 42).

Mioclaenus turgiduncuius Cope, 1888, p. 334 (in part).
Ellipsodon lemuroldes Matthew. 1897, p. 314.

Promioclaenus lemuroldes Wilson. 1956b, p. 114.
Holotype. AMNH 2421, dentaries with I^-M^ and RP4 -M2 , Arroyo 

Torrejon, Nacimiento Formation, San Juan Basin, New Mexico.
Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San

Juan Basin, New Mexico and possibly Evanston Formation, Fossil Basin, 
Wyoming.

Diagnosis. Larger than £. acolytus and with P* less reduced; 

larger than P̂. vanderhoofi. Differs from P̂. pipiringosi in having 
lower premolars noticeably larger and more inflated and lower molars 

relatively wider (Gazin, 1956). Teeth are more inflated than those of 
2 * wilsoni and P^ differs by lacking the metaconid.

Referred material. The list below includes 2 P2 , 3 Pg, 4 P^,
19 M^, 21 M2, 7 M3, 4 P4, 6  M1, 10 M2, and 10 M3  specimens. Those 
specimens with particularly well preserved extensive dentition are 

identified. UALP specimens 8915 (partial right maxilla with broken P4, 

M1”2), locality 7471; 8798 and 13744, locality 7572; 8736 and 8739, 

locality 7535; 8573, 8577, and 10902 (right dentary with P^-Mg), locality
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7541; 8597, 8598, 8601, 8604, 8607, 8610, 8611, 8613, 8618, 8620, 8621, 

and 8622, locality 7543; 8640 and 8641, locality 7544; 8985, locality 

7566; 8798, 13744, and 14580?, locality 7572; 9073, 10528, and 13695, 

locality 75108; 8897, 8968, 8974, 9099, 9303, 9305, 9317, 11678, 14635, 
and 14636, locality 7574 from Ojo Encino; and 10573, locality 7435;.8936, 
8947 (partial right maxilla with P4 -M3), 8948, 8949, 8954, 8957, 8958, 

8960, 10539, and 13056, locality 75106; 10652, 10654, and 10665, locality 
7640; 10716 and 10526, locality 7650; 11701, locality 7878; and 8975, 
locality 75100 from Kutz Canyon.

Description. Dentition anterior of the is absent from the 

UALP collection of P. lemuroides. The simple P2  is smaller than the 

P3 . ? 2  is dominated by the large ovate protoconid. The precristid

is distinct and the postcristid extends from the protoconid apex to the 

posterolabial base of the tooth. The enamel is slightly crenulate on 
the tooth posterior.

The P^ is larger and more inflated than P^. The pre- and post- 
cristae are better developed and the talonid is longer and more 

distinct than in P2 . The protoconid is dominant and ovate. The promi
nent medial precristid connects to a slight rise in the weakly developed 

precingulid. The narrower, labial postcristid connects to the indis
tinct posterior cusp.

P4  is larger, wider, and more inflated than Pg. It is dominated 
by a large, nearly round protoconid that leans slightly posteriorly.

The distinct precristid descends to a minute anterolingual cusp. The 
concave posterior of the protoconid has considerable variation; there 
may be a single postcristid or a strong lingual and a weaker labial



postcristid. The lingual postcristid on UALP 10902 contains a slight 
enamel swelling (incipient metaconid?). The talonid basin is larger than 

in Pg. The precingulid is distinct; a postcinguild may be present.

The lower molars of P_. lemuroides have low, blunt cusps and the 
trigonid is slightly higher than the talonid. The cusps are moderately 
bulbous.

is slightly shorter and considerably wider than P^ and 
smaller than Mg. It is rectangular with indentations in the hypo- 

flexid and talonid regions. The protoconid is similar to but lower 
than, and separate from the conical metaconid. The paraconld is small 
and closely appressed to the anterior of the metaconid. The proto- 

cristid is well developed and situated at the posterior of the narrow 

trigonid basin. The paracristid is weak but extends across the anterior 

of the trigonid basin to contact the anterior of the protoconid. The 
metacristid is weaker and less persistant than the paracristid. The 

talonid is approximately equal in size to the trigonid ( 8  specimens) or 
it may be slightly longer ( 6  specimens) or shorter (UALP 8697).

The hypoconid, slightly smaller than the protoconid, covers 

about one-half of the talonid. This externally inflated cusp has 

cristids that provide it with a crescent shape when worn. The ovate 
hypoconulid is usually close to and connected to the hypoconid. The 

small, but taller, conical entoconid is usually distinct and continuous 
with the wide entocristid. The well developed curved cristid obliqua 
intersects the talonid wall slightly labial of the trigonid notch. The 

circular talonid basin is relatively deep and opens lingually through 
the narrow talonid notch. The hypoflexid is deep, narrow and curved

378
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concentrically with the cristid obliqua to penetrate the protoconid.
The pre- and postcingulids are well developed. The postcinguild joins 

the ectocingulid in 5 of 13 specimens. The ectocinguild is weakly 
developed and may be cuspidate (UALP 8736 and 8573). A continuous 

labial cinguild is incipient in 8  of 17 specimens. A slight anterior 
paraconid cristid is discernible on 8  of 10 specimens: The enamel,
usually wrinkled lingually, may be smooth (5 of 13 specimens).

Mg is the largest lower molar. It differs from M^ in having 

the paraconid weak or indistinct, the metacristid weaker and narrower, 
and the entoconid smaller and less prominent. Seven specimens exhibit 

slight to moderate inflation of the anterolabial basal enamel similar 
to that of Mg of Mioclaenus turgidus. Accessory cuspules are rare, 
incipient on three of 15 specimens. The protocristid is strong and 

complete in 6  specimens, incipient in 5, and absent in UALP 8641 and 
8957. An indistinct cristid commonly (14 of 15 specimens) descends the 
paraconid to reach the precingulid. The hypoconulid is double in 3 of 
15 specimens. The cristid obliqua intersects the talonid wall slightly 
labial of the trigonid notch in 1 2  specimens; in three specimens this 

intersection is beneath the trigonid notch. UALP 8641 has the ento- 

cristid continuous with the metacristid, lacking a distinct talonid notch. 
The precingulid usually is strongly developed (16 of 18 specimens). The 

postcingulid usually is well developed (14 of 19 specimens). The ecto

cingulid (14 of 19 specimens) is variably developed. Fifteen specimens 

lack a continuous labial cingulid, three have it incipiently developed, 
and UALP 10902 has it weak but complete.
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Mg is shorter and narrower than the in UALP 8957, the only 

specimen with both teeth. The other specimens are narrower than any 
UALP specimens. The talonid is elongated due to the more posterior 

hypoconulid. The protoconid and metaconid are approximately equal in 
height and opposite one another. The paraconid is minute or indistinct. 
The hypoconid is lower and smaller than the protoconid. The hypoconulid 
is distinct but the entoconid is small or indistinct on the entocristid.

An additional cusp is present between the hypoconid and hypo
conulid in UALP 8798, but is absent from other specimens with this 
region unworn. The cristid obliqua-talonid wall intersection is as in 
M^. The precingulid is strong in 3 specimens, weak in UALP 8954, and 
absent in UALP 8698. The slight postcingulid is posterior of the 

hypoconid in UALP 8957 and 8968 and absent in UALP 8798 and 8969.

The hypocingulid is present only in UALP 8610.

The UALP collection lacks specimens of JP. lemuroides uppers 
anterior of the p \  p4 is keyhole-shaped with a large, posteriorly 

leaning, oval paracone and a slightly smaller, lower, round, vertical 
protocone separated by a broad valley. The metacone is absent. The 
indistinct paracrista extends to the well developed, conical parastyle. 
The parastyle and metastyle are at approximately the same level, near 

the base of the paracone. A slight preprotocrista is discernible on 
two of four specimens. The cingulum is discontinuous at the protocone 

with the precingulum extending farther lingually than the postcingulum. 
An accessory cusp is present as a slight enamel swelling (UALP 10573) 
or a small cusp (UALP 8947) on the postcingulum.
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The triangular upper molars of P_. lemuroides have the metacone

progressively reduced and more lingual, relative to the paracone, from
1 3M to the greatly reduced M »

M* has the conical paracone slightly larger than the similar
metacone. They form a shallow ectoflexus. A continuous low centro-
crista connects them. The protocone, larger than the paracone, has
a flat internal surface and is considerably inflated lingually. The
hypocone is absent, but UALP 8604 and 8640 have a slight swelling at the
lingual end of the postcingulum. Small conules are present and distinct.

An indistinct metacrista is present on all but UALP 8604; the metastyle
is absent. The parastylar region is broken or worn on all specimens but
appears to be small and a relatively small parastyle may have been present.

The pre- and postprotocristae are strong. Narrow premetaconular and

postparaconular cristae are present. UALP 8949 has a wide, distinct
preparaconular crista continuous to the precingulum. The pre- and
postcingula are well developed with the lower precingulum extending

farther lingually. The lingual end of the postcingulum rises onto
the protocone. The labial cingulum is low and continuous except in

UALP 8947, where it is present only in the ectoflexus.
2 1M is wider than M and has greater lingual inflation of the 

protocone. The metacone is reduced and slightly lingual, relative 

to the paracone, providing an obtuse labial margin. The ectoflexus, 
slightly developed in most specimens, is absent in UALP 8620. The 

small parastyle suggested on the worn UALP 8915 and 8620 is distinct 
only on UALP 8947. The metastyle and hypocone are absent. The
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paracrista and metacrista are distinct. The preparaconular crista 

usually is less developed than in M*; it is very slight in UALP 8947 and 
incipient in UALP 8915. The postmetaconular crista is stronger on all 

but UALP 8915, where it is incipient. The cingula are discontinuous 
at the protocone on all specimens and at the metacone in UALP 8947.

As in the lingual end of the postcingulum rises onto the protocone.
The is greatly reduced and more ovate than M* or M^. The 

metacone is greatly reduced and more lingual, relative to the paracone. 

The protocone is the largest cusp and the hypocone is absent. A small 
paraconule and a minute or indistinct metaconule is present. The minute 
parastyle is present on 3 of 4 specimens, absent.only in UALP 11701.

A wide postparaconular crista extends to the precingulum. Cingula 
are present, except for the lingual margin of the protocone. The 

labial cingulum is continuous in UALP 10716, discontinuous at the 
metacone in UALP.8947 and 8601, and absent in UALP 11701. The lingual 
end of the postcingulum does not rise onto the protocone.

Discussion. UALP P_. lemuroides specimens exhibit considerable 
variation, particularly in the development of minor cusps, cristids 

and cristae, and cingulids and cingula. However, none of the variations 

demonstrates a chronological trend. Stratophenetic analysis of lower 
and upper first molars indicates the absence of significant change in 

size through time. No significant size difference is seen between the 
specimens from Ojo Encino and those from Kutz Canyon.

Matthew (1937) noted the lack of a paraconid and entoconid in 
the lower molars of P_. lemuroides. Schiebout (1974) noted the lack of 
a distinct paraconid. UALP specimens suggest the presence of both a
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paraconid and an entoconid. Although usually small and continuous with 

the entocristid, the entoconid is a distinct cusp on a majority of the 
2* lemuroides lower molars in the UALP collection. The paraconid is 
appressed to the metaconid and small, but it is certainly a separate 
cusp.

P_. lemuroides is nearly twice as abundant in the younger 
Pantolambda bathmodon-Mixodectes pungens chronozone as in the earlier 
Deltatherium-Tetraclaenodon chronozone. This could represent an 

increasing abundance through time or, of course, a geographical 
difference in abundance. It can, however, no longer be considered 
"exceedingly rare" in the early levels as was noted by Wilson (1956b).

Gazin (1969) identified a single specimen (USNM 25763) from 
the Evanston Formation of Wyoming as Promioclaenus cf. JP. lemuroides. 

Comparison of a cast of USNM 25763 with UALP specimens indicates that 
the M^ and M^ from Wyoming are within the variation in size and length; 
width ratios recognized in M£ and Mg of JP. lemuroides from the San 

Juan Basin. The longer precinguild and more U-shaped talonid of the 
Evanston Mg could be accounted for by individual variation.
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Table 41. Size of Promioclaenus lemuroides from Ojo Encino, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. ' V.

P3 L 1 4.70
W 1 2.60

P4 L 2 4.5-5.1 4.80 .42 8.83
W 2 3.1-3.2 3.15 .07 2.24

M1 L 11 4.0-4.6 4.32 ro o 4.72

AW 12 3.5-3.8 3.63 .10 2.71

PW 13 3.5-4.0 3.65 .16 4.42

m 2 L 11 4.2-5.2 4.58 00CM 6.24

AW 10 3.8-4.4 4.04 .17 4.24

PW 11 3.5-4.3 3.76 CMCM 5.85

m 3 L 2 4.1-4.3 4.20 .14 3.37
AW 3 2.6-3.0 2.87 .23 8.05
PW 2 2.3-2.5 2.40 .14 5.89

P4 L 1 4.20
W 1 4.50

Ml L 1 4.0-4.1 4.05

W 3 5.7-6.3 6.03 .30 5.06

M2 L 1 3.80

W 2 5.6-5.7 5.65 .07 1.25
M2 L 1 2.90

W 1 4.00
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Table 42. Size of Promioclaenus lemuroides from Kutz Canyon, 
San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

p4 L 2 4.8-4.9 4.85 .07 1.46
w 2 2.6-3.5 3.05 .64 2 0 . 8 6

M 1
L 5 4.3-4. 8 4.54 .27 5.95
AW 5 3.3-3.9 3.60 .28 7.86

PW 5 3.4-3. 8 3 . 6 6 .17 4.57

M 2
L 8 4.4-5. 1 4.70 .26 5.57

AW 8 3.9-4. 6 4.19 .26 6.17

PW 8 3.7-4.3 3.94 . 2 2 5.59

M3 L 2 4.0-4. 8 4.40 .56 1 2 . 8 6

AW 3 3.1-3.3 3.17 . 1 2 3.65
PW 2 2.7 2.70

P4 L 2 3.7-4.1 3.90 .28 7.25
W 3 5.2-5.4 5.27 . 1 2 2.19

M 1 L 2 4.0 4.00
W 2 5.1-5.6 5.35 .35 6.61

M 2 L 2 3.8-4.0 3.90 .14 3.63
W 2 6 .0 —6 . 2 6 . 1 0 .14 2.32

M 3 L 2 2 .5-2.7 2.60 .14 5.44
W 2 4.0-4.1 4.05 .07 1.74
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Promioclaenus acolytus (Cope, 1882). (Tables 43 and 44).

Hyopsodus acolytus Cope, 1882f, p. 462.

Mioclaenus minimus Cope, 1882f, p. 468 (not M. minimus of Cope, 
1888, p. 335).

Mioclaenus acolytus Cope, 1888, p. 335.

Ellipsodon aquilonius Simpson, 1935b, p. 242.
Ellipsodon acolytus Matthew. 1937, p. 200.

Promioclaenus aquilonius Wilson. 1956b, p. 114.
Promioclaenus acolytus Wilson. 1956b, p. 114.
Holotype. AMUR 3208, upper and lower jaws with P^-M^, 

Nacimiento Formation, San Juan Basin, New Mexico.
Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation, San

Juan Basin, New Mexico; Swain Quarry, Fort Union Formation, Wyoming; 

Rock Bench Quarry, Polecat Bench Formation, Bighorn Basin, Wyoming; 

Gidley and Silberling Quarries, upper Lebo Formation, Crazy Mountain 
Field, Montana; Black Peaks Formation, Big Bend National Park, Texas; 

and possibly Evanston Formation, Fossil Basin, Wyoming.
Revised diagnosis. Smaller than P̂. lemuroides. with less 

bulbous lower premolars. Lower molars with smooth enamel; M ^ _ 2  with 
indistinct entoconulid. Mj_ 2  relatively narrower than in 
vanderhoofi. Smaller than ]?. wilsoni and P̂. pipiringosi.

Referred material. The list below includes 1 P2 , 3 P 3 , 7 P^,

12 M1, 10 M2 , 4 Mg, 1 P3, 5 P4, 6  M1, 9 M2, and 2 M 3 specimens. Those 

specimens with particularly well preserved extensive dentition are
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identified. UALP 8630 (partial left dentary with Pg-Mg), locality 

7544; 13732, locality 7545; 13285, locality 7473; 8963, 9315, 9316, 10954, 
14632, 14633, and 14638, locality 75108; 8776 (partial right dentary 
with P4 -M2) and 8779, locality 75110; 9093, 10934, 13749, 13750, 13751, 
and 14634, locality 7574; and 8766 (partial right dentary with M ^ _ 2  and 

Mg roots), locality 75109 from Ojo Encino; 11013, locality 7435; 10543, 
10546 (left partial maxilla with crownless P* and M^”^), 10582, and 

13075, locality 75106; 10669 (partial left maxilla with P^-M^), locality 

7641; 10688 and 10703, locality 7643; 10527, locality 7650; 10729 and 
10730, locality 7654; 10749, locality 7655; and 10804 and 10806, locality 
7671 from Kutz Canyon; 10971 (skull with broken RP^~\ and broken

and LP^-M^), and 11674, locality 7788; and 10984, locality 7790 from 
north of Aztec; and 11004, locality 7576 and 11682, locality 7892 from 

near Nageezi.

Description. Dentition anterior of the P2  is absent from the 
UALP collection. The P2  and Pg are less bulbous than, but very similar 
to those of ]?. lemuroides. The narrow ovate Pg consists primarily of 
a large protoconid, although a small basal posterior cusp is also 
present. In anterior view the protocone is convex labially and concave 

lingually; in lateral view it is concave anteriorly and convex 

posteriorly. The medial precrista and labial postcrista are narrow and 
sharp. The posterior cusp is slightly lingual with cristids extending 

labially and lingually to the protoconid. Cingulids are absent and
the enamel is smooth.
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The Pg is longer than the Pg. The smaller and more conical pro-
I

toconid, situated centrally in the tooth, has wider pre- and postcristids. 

The precristid descends to the small labial anterior basal cusp 
from which it continues lingually. The postcristid is restricted to the 
protoconid. The posterolingual margin of the protoconid is concave, 
accommodating a shallow lingual basin. UALP 8630 differs from a cast 

of AMNH 15959 in the presence of the anterior basal cusp.
P, is less bulbous than that of P. lemuroides• It has an 4 —  ----------

incipient metaconid on 4 of 6 specimens, two distinct talonid cusps 
on UALP 8776 and 10984, and indistinct talonid cusps on 3 other specimens. 
The protoconid has two narrow postcristae; a labial crista reaching the 

talonid edge in 2 of 5 specimens. The precingulid la weak. The labial 
postcingulid is weak in UALP 8776 and 10688, strong in 3 other specimens.

The lower molars of ]?. acolytus differ from those of 

lemuroides primarily in being smaller. They have smooth enamel and may 
contain an incipient entoconulid on the and Mg.

The paraconid is a minute but distinct cusp closely appressed 
to the metaconid anterior. The protoconid is equal in size but slightly 

lower than the metaconid. The prominent hypoconid and subequal ento
conid and hypoconulid limit the talonid. has a paraconid cristid 
except on UALP 8630. The small, indistinct entoconulid is present 

in 4 of 9 specimens. The talonid basin is open through the talonid 
notch in all but UALP 8766. The precingulid and shorter postcingulid 
usually are well developed. Only UALP 11674 has a weak postcingulid.



The ectoclnguild is well developed (7 specimens), weak (UALP 13732), 
or absent (UALP 10749). An incipient to weak labial cinguild is 

present (3 of 9 specimens).

differs from that of ]?. lemuroides and from the of P. 
acolytus in more frequently ( 6  of 7 specimens) having a closed talonid 
basin. M2  is slightly larger than M^ with a less prominent, lower 
paraconid. An extra talonid cusp, lingual of the hypoconulid, may be 
present ( 2  of 6  specimens), an indistinct minute entoconulid may be 

present (2 of 6 specimens), and the entoconid is as in M^. The pre- 
and postcingulids are well developed. The ectocingulid is strong (4 

specimens), weak or incipient (UALP 10543,and 8630), or absent (UALP 
10703 and 10984). A more persistent labial cinguild is discernible in 

UALP 8630 and 11004.

Mg has the paraconid closely appressed to the metaconid anterior. 
The protoconid and metaconid are subequal in height. Mg has an open 

elongated talonid basin, usually with distinct cusps. The hypoconid is 
the tallest cusp and the entoconid is lower than the hypoconulid. The 
entoconulid is absent. UALP 8630 has a more circular talonid with the 

remaining cusps small and indistinct. This specimen also has a minute 
accessory cusp on the posterior margin of the metaconid. The pre- and 

postcingulids are well developed, the hypocingulid is prominent when 
present (UALP 8630), and the anterior labial cingulid is weak when 
present (UALP 11682).

OP of 2* acolytus has an obtuse triangular outline. The tri
angular paracone, with narrow pre- and postcristae, is the dominant 

cusp. A slight basal cusp is developed at the end of the postcrista.

389
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The protocone is absent, but the lingual side of the paracone is less 

steep than the labial side. A short weak precingulum is present on 
the labial side and a longer postcingulum is present, strong lingually 
and incipient labially. The enamel is slightly crenulate.

appears inseparable from that of JP. lemuroides except 
for its smaller size. Slight variation is evident. The parastyle, 
usually large, is smaller on UALP 10971. The metastyle is small on 
UALP 8963 and 10582 and absent on UALP 10669 and 10971. UALP 8963 

has an accessory cusp, slightly smaller than the parastyle, medially 
on the postcingulum. UALP 10971 lacks this cusp but has the postcingulum . 

widened in this region. The labial cingulum, usually continuous and 
strong, is very weak to incipient on UALP 10582.

The upper molars of P. acolytus are nearly identical to those 
of I?, lemuroides except smaller. exhibits slight variation. The

paracone and metacone are subequal. The parastyle is small but distinct. 
The hypocone may be present as a minute to small cusp. The postcingulum 
often ascends the protocone, nearly to the apex. The paraconule is 
minute or incipient. The preparaconular and premetaconular cristae 

are present on UALP 10954 and 10971; the postparaconular crista is 
present on UALP 10954 and 10660. Usually continuous, the labial
cingulum is discontinuous at the metacone on UALP 10971.

2M has the paracone larger than the metacone on all but UALP 
10934, where they are about equal. The parastyle, when present (4 

of 7 specimens), is small. The metastyle is absent. The hypocone, 

if present, is indistinct. Distinct pre- and postparaconular cristae 
are discernible on unworn specimens, but only UALP 10546 has a
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metaconular crista. This postmetaconular crista extends to the post
cingulum and the preparaconular crista extends to the precingulum. The 
labial cingulum is weak (4 specimens) or discontinuous at the metacone
(UALP 10934 and 10971). It is complete only in UALP 10582.

3M lacks both the parastyle and metastyle. The metacone is 

reduced: The hypocone is absent. Only the paraconular cristae are
present and the labial cingulum is discontinuous at the metacone.

Discussion. ]?. aquilonius was referred to P. acolytus by Van 
Valen (1978). Additional study by Rigby (1980) strengthened this 
synonymy, as does comparison of UALP P_. acolytus specimens with Simpson1 s 

(1937) description of JP. aquilonius and with casts of AMNH 13647 and 

35778, P_. aquilonius. The most northerly specimens commonly have a 
well developed metaconid whereas the San Juan Basin specimens may 
have such a cusp only incipiently developed. Rigby (1980) noted that 
specimens from Swain Quarry vary greatly in this regard; P^ metaconid 
may be absent or well developed. It appears that a geographical or 
chronological gradient may be indicated. Chronological correlation of 
these areas is lacking, so such a gradient cannot be demonstrated or 
refuted. It does appear, at least, that metaconid development of the P^ 

is increasingly greater from New Mexico, through Wyoming, to Montana,
The presence of an incipient P^ metaconid on the UALP specimens does not 

show stratigraphic or geographical variation, not does it appear to 

be related to the size of the P^ as thought by Rigby (1980).

Matthew (1897) thought that the entoconid was absent from P̂. 
acolytus lower molars. It is, however, distinct on UALP specimens.
Rigby (1980) recognized considerable variation in hypocone development
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in Swain Quarry specimens. He found the range of variation to be 
"...from a simple low cusp to a structure similar to the 'Nannopithex 

fold' of some early primates." (Rigby, 1980, p. 120). Hypocone 
development in HALF upper molars is usually poor, although some specimens 

have the postcingulum continuous nearly to the protocone apex. This 
could be Rigby's (1980) "Nannopithex fold-like" structure. It is here

/

not considered a hypocone.

Two possible trends are recognized in JP. acolytus from the HALF 
collection. The metacone of M* may become larger through the Torrejonian 

and there appears to be a tendency toward having a double hypoconulid 

on M^. Both are tentative. Mg specimens from Kutz Canyon have a single 
hypoconulid and those from Ojo Encino have it double. This is demon

strated by 3 Kutz Canyon specimens and 2 Ojo Encino specimens. Ojo 
Encino specimens have the metacone equal to or larger than the paracone. 
This is documented by 2 specimens from each locality. In each instance 
a specimen from near Aztec, New Mexico, slightly north of Kutz Canyon, 
agrees with the character seen in Kutz Canyon.

Stratophenetic analysis of £. acolytus specimens suggests no 
significant size change in or M* from either Kutz Canyon or Ojo Encino 

through time. The M^ specimens from Kutz Canyon are, however, signifi
cantly larger than those from Ojo Encino; possibly a geographical 
variation. M* shows no such variation.

Gazin (1969) assigned three specimens from the Evanston Formation 

of Wyoming to Fromioclaenus cf. _P. acolytus. USNM 25790 (M*) , USNM 25791 
(M^), and USNM 25792 (M^) dimensions are within the ranges observed in
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Table 43. Size of Promioclaenus acolytus from Ojo Encino, 
San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P 2 L 1 3.00
W 1 1.60

P3 L 1 3.40
W 1 1.60

P4 L 3 3.8-4.0 3.90 . 1 0 2.56

W 3 2 .4-2. 6 2.50 .14 5.66

M 1 L 5 3.4-3.7 3.54 . 1 1 3.22

AW 6 2 .6 -2 .9 2.80 .13 4.52
PW 5 2.8-3.1 2.96 . 1 1 3.85

M 2
L 3 3.9-4.0 3.93 .06 1.47

AW 3 3.2-3.5 3.27 . 1 2 3.53
PW 3 3.0-3.2 3.10 . 1 0 3.23

P4 L 1 3.20
W 1 4.30

M 1 L 3 3.2-3.3 3.27 .06 1.77

W 2 4.7-4. 8 4.75 .07 1.49
M2 L 1 3.40

W 1 5.30
M3 L 1 2.70

W 1 3.90
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Table 44. Size of Promioclaenus acolytus from Kutz Canyon, 
San Juan Basin> New Mexico.

Dimension N Range Mean S.D. V.

P3 L 1

W 1 1.70

P4 L 1 3.60
w 2 1.9-2.3 2 . 1 0 .28 2 . 1 0

M 1
L 2 3.4-3.5 3.45 .07 3.45

AW 3 2 .5-2.9 2.73 . 2 1 2.73

PW 3 2 .6 -2 . 8 2.70 . 1 0 3.70

M 2
L 3 3.7-3. 8 3.77 .06 1.53
AW 3 3.4r3.5 3.47 .06 1.67

PW 3 3.1-3.6 3.27 .29 8.83
m 3 L 1 3.60

AW 1 2.60

PW 1 2 . 2 0

P4 L 1 3.20

W 1 4.10

M 1 L 3 3.2-3.5 3.37 .15 4.54
W 3 4.6 4.60

M2 L 5 3.2-3. 6 3.40 .16 4.65
W 5 4.3-5. 6 5.20 .33 6.38

M 3 L 1 2 . 1 0

W 1 3.40
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UALP acolytus specimens. Gazin (1969) made his assignment on the 

basis that P, acolytus was distinct from P. aquilonius. Acceptance of 

the synonymy of these species suggests that his referral was correct.

Genus Ellipsodon Scott, 1892.
Tricentes Cope, 1884a, p. 317.

Mioclaenus Cope, 1888, p. 335 (not Mioclaenus of Cope, 1882,
p. 468).

Ellipsodon Scott, 1892, p. 298.
Diagnosis.

Dentition ?/?, 1/1, 3?/3, 3/3. Molar paraconids internal, 
but usually nearly if not entirely indistinguishable. Entoconids 
• indistinguishable from hypoconulids, reduced to a low, bordering 
rim. Reduction of M3/M3 extreme. Molar trigonid cusps (M^-Mg) 
closely appressed, turgid. Lower jaws short and stout. Pre
molars short and wide, crowded (obliquely set in rami), simple 
with basins of heels shallow and poorly defined but wide.
(Wilson, 1956b, p. 112).

Comparison. Ellipsodon differs from Promioclaenus in having a 
much less distinct paraconid, lower paracristid, and a centrocristid.

The protocone and metacone are closer in Ellipsodon. The cusps are more 
bulbous; those on the talonid may be more distinct. The metaconule is 
indistinct or absent. The Mg of Ellipsodon is more reduced.

Ellipsodon granger! Wilson, 1956. (Table 45).
Ellipsodon cf. inaequidens Wilson. 1951, pp. 6-7.

Ellipsodon granger! Wilson, 1956b, p. 107.

Holotype. KU 7833, fragmentary mandible with RM^_g, LMg, Kutz

Canyon, Nacimiento Formation, San Juan Basin, New Mexico.
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Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Kutz Canyon, Nacimiento Formation, San Juan
Basin, New Mexico,

Diagnosis. "Larger (17 percent) than E. inaequidens; antero- 
extemal cingulum in [M^] stronger, perhaps longer, entoconid perhaps 
less marginal and stronger; crown and cusps in [M^] more inflated." 
(Wilson, 1956, p. 109).

Referred material. UALP specimens 11014 (partial right dentary 
with Mj_g), locality 7435; 6707 (M^) and 6708 (dentary fragment with 
LMi or 2 )» locality 7436; 8944 (partial left dentary with M^g), 

locality 75106; 10996 (partial left dentary with M^ talonid, M^, and 

Mg roots) and 10997 (maxilla fragment with LM%), locality 75140;
10614 (partial left maxilla with M*""̂ ) and 10642 (partial left dentary 

with M^_g), locality 7640; 10683 (snout with broken LM*-^ and RM^) and 
10705 (RM^), locality 7643; 10706 (partial left dentary with Mg and 
broken Mg) and 10707 (partial left maxilla with M^), locality 7644; 

and 10739 (LMg) and 10746 (partial left dentary with M^ ^), 10751 
(partial right dentary with Mg), and 14775 (damaged right dentary with 
Mg), locality 7655 from Kutz Canyon.

Description of referred material. E. granger! dentition anterior 
of the lower or upper molars is absent from the UALP collection. The 

lower molars are somewhat rectangular, have bulbous cusps, and the 
trigonid is slightly higher than the talonid.

M^ has the trigonid width equal to or less than that of the 
talonid. The protoconid and metaconid are appressed for nearly their 
entire height. The metaconid is taller and posterolingual of the
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protoconid. These conical cusps are connected by a well developed 

protocristid and a smaller centrocristid. Between the cristids is a 

moderately deep circular trigonid basin. The distinct parseristid 
descends to the small, relatively low, blunt paraconid that is appressed 
to the metaconid. The strong postmetacristid reaches the talonid 
basin margin, closing it. The round hypoconid is labially inflated 
and has a lingual cristid that forms the low cuspidate posterior talonid 

margin. A single distinct hypoconulid is absent. The lingual margin of 
the talonid supports a small (4 specimens) to indistinct (3 specimens) 
entoconid. The entoconid is lower and smaller than the hypoconid. The 

strong, wide cristid obliqua intersects the talonid wall beneath the 

shallow trigonid notch (3 specimens) or slightly more lingually (UALP 
11014). The hypoflexid is deep and narrow. The labial precingulid is 
relatively strong, but the postcingulid is incipient or absent. The 
ectocingulid, weak in three specimens, and strong in UALP 6708 and 

10642, is absent from UALP 10966 and 11014. The labial cingulum, 
restricted to the protoconid in UALP 6707, is stronger and continuous 
with the hypocingulid in UALP 6708 and 10642. It is absent from three 
specimens. The enamel is slightly wrinkled (3 specimens) to smooth 
(3 specimens).

Mg is larger than associated Mj. The trigonid is consistently 
wider than the talonid. It differs from primarily in having the 

paraconid reduced to an indistinct swelling. M2 contains an antero- 
lingual extension of the basal enamel, as in other mioclaenids, and 

is trapezoidal, rather than rectangular. Relative to M^, the
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metacristid is weaker, the posterolingual border of the talonid is 

lower, and the usually indistinct entoconid is absent from UALP 10996. 

The precinguild is slightly stronger than in in three specimens, but 
about equal in UALP 10642. The talonid basin, usually closed, is open 
in UALP 11014 and 10739. The cristid obliqua terminates slightly 
lingual of the trigonid. The precingulid is strong in UALP 10642, weak 
in UALP 10706 and 10746, and absent in four other specimens. The 
ectocingulid is weakly developed in five specimens and absent in UALP 

10739 and 10996. UALP 10642 and 10746 have a weak labial cinguild on 
the protoconid and UALP 10706 has it incipiently developed. The enamel 
is wrinkled in all but the smooth UALP 10642.

The Mg is considerably reduced relative to the Mg and considerably 
narrower than Mj. It is narrow, triangular, and has an elongate talonid. 
It differs from the other lower molars in having the paraconid distinctly 
separate from the metaconid, the protoconid and metaconid more antero- 

posteriorly medial, and the hypoconulid subequal with the hypoconid. The 
curved paracristid is cuspidate, unlike that of Mj or Mg. The centro- 
cristid is strong and wide, but the protocristid is absent. UALP 11014, 
with a circular talonid and the cristid obliqua terminating slightly 

lingual of the trigonid notch, is unique among UALP specimens. It also 

has a secondary cristid from the cristid obliqua to the protoconid. In 
UALP 10642 and 10946 this cristid is not secondary, it is the cristid 

obliqua. The closed talonid basin is surrounded by a cristid on which 

only UALP 11014 and 10706 appear to have distinct entoconids. The 
precingulid is strong, the postcingulid absent, and the hypocingulid
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cuspidate on UALP 10642 and absent on UALP 11014 and 10746. The single 

unworn specimen, UALP 11014, exhibits slightly wrinkled enamel.
The M* of E. granger! is triangular with conical blunt paracone 

and slightly smaller metacone cusps relatively even anteroposteriorly. 
The parastylar area of UALP 10614 is badly worn but large, presumably 

supporting a relatively large parastyle. The metastyle is small and 
blunt. The paracristid, metacristid, and centrocristid are wide. The 
protocone, largest of the cusps, is nearly round with a flat internal 
surface and a somewhat inflated lingual margin. The pre- and post- 

protocristae are well developed. The round paraconule is larger and 
more lingual than the usually irregularly shaped metaconule. The 

postparaconular crista is distinct, the preparaconular crista appears 
absent. Metaconular cristae are represented only by a narrow distinct 
premetaconular crista on UALP 10614. The pre- and postcingula are 

both strongly developed. The postcingulum rises onto the protocone.
A labial cingulum is present medially and cusp-like on UALP 10614. The 
enamel is slightly crenulate.

M is much wider than M , the metaconule is considerably 
reduced or absent, and the paracone is more labial, relative to the 

metacone. The paracone is larger than the metacone only in UALP 10614, 
of 4 specimens. These cusps are joined only at their bases. The 
parastyle and metastyle are both.small and the paracrista, metacrista, 

and centrocrista are strongly developed. The protocone lacks the flat 

internal surface and is more inflated lingually than in M^. The 

paraconule is as in M*, but the metaconule is present only on UALP 10614
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which also has a slight premetaconular crista. The postparaconular 

crista is slight. UALP 10705 and 10707 exhibit a very weak postproto
crista. The pre- and postcingula are as in M*. UALP 10707 and 10997 
have the labial cingulum present medially and, separately from the 

parastyle to the medial paracone region; UALP 10614 has an additional 
weak postcingulum along the protocone lingual of the rise of the 
primary postcingulum. The enamel is wrinkled on 4 specimens, smooth 
only on UALP 10683.

UALP 10683 preserves only the roots of The outline of
the less distorted right suggests a considerably reduced, ovate 
tooth.

Discussion. Wilson (1956b) described E. granger! as separated 

from E. inaequidens only by its larger (about 17%) size. The mean 
size of UALP E_. granger! specimens is 15% larger than the single 
specimen referred to E. inaequidens. Both species are considered 

valid. The size difference is statistically significant at the 95% 
level of confidence.

The presence of a medial labial cingulum on the of JE. 
granger! noted by Wilson (1956b) is seen in UALP specimens. The M^,

.however, is more variable; it may have a separate anterior portion.

Application of Gingerich1s (1976) stratophenetic analysis 
technique indicates no distinct chronologic size changes of <E. granger! 
from Kutz Canyon.

E. granger! is known only from Kutz Canyon and is thus restricted 
to the Deltatherium-Tetraclaenodon chronozone in the northern part of
the San Juan Basin.
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Table 45. Size of Ellips'odon granger! from Kutz Canyon, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.
L 6 4.0-4.5 4.30 . 2 0 4.65

AW 6 3.5-4.3 3.80 .30 7.81

PW 7 3.6-4.1 3.90 .16 4.19

M 2
L 6 4.7-5.0 4.86 . 1 2 2.49

AW 7 3.8-4. 6 4.24 .26 6 . 2 1

PW 7 3.5-4.1 3.84 .24 6 . 2 1

M3 L 3 3.8-4.0 3.93 . 1 2 2.94

AW 3 2.8-3.3 2.93 .15 5.21

PW 2 2 .3-2. 6 2.45 . 2 1 8 . 6 6

M 1 L 1 4.40
W 1 5.80

M 2 L 5 4.2-4. 8 4.38 .25 5.68

W 4 6 .7-7.2 6.85 . 2 2 3.22
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Ellipsodon inaequidens (Cope. 1884). (Table 46).

Tricentes inaequidens Cope, 1884a, p. 317.
Mioclaenus minimus Cope, 1888, p. 35 (not M. minimus of Cope, 

1882, p. 468).

Ellipsodon inaequidens Matthew, 1937, p. 199.

Holotype. AMNH 3095, upper jaws and part of skull with LP^“^ 

and and RP^ and M^“^, Gallegos Canyon, Nacimiento Formation, San
Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrej onian): Gallegos and Kutz Canyons, Nacimiento

Formation, San Juan Basin, New Mexico.

Revised diagnosis. About 15-17% smaller than E. granger!; less 

than half the size of 12. yotankae.

Referred material. UALP specimens 11015 (LM^), locality 7435; 
and 10687 (left partial dentary with crushed M£ and roots of Mg), 
locality 7643.

Description. UALP 11015 is identical to, but considerably 
smaller than, the M^ of J2. granger!. It has a large paraconule and 

lacks a metaconule and conular cristae. A short posterior labial 
cingulum extends from the small metastyle. A medial labial cingulum is 
also present.

The Mg specimen is crushed severely, but appears to be identical 
to the Mg of E. granger! except for being smaller.



Discussion, UALP 11015 is distinctly smaller, particularly in 
width, than any comparable J2. granger! specimen. It is undoubtedly a 
valid species.

E. inaequidens was known only from the collections Baldwin made 
near Gallegos Canyon (Simpson, 1937; Wilson 1956b). The UALP specimen 

extends the range of this rare species to Kutz Canyon. It remains, 

however, restricted to the northern part of the San Juan Basin.

Ellipsodon yotankae Van Valen, 1978. (Table 47). * 2
Ellipsodon yotankae Van Valen, 1978, p. 59.
Holotype. ACM 6359, RM^, Nacimiento Formation, San Juan Basin, 

New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Near Nageezi, Nacimiento Formation, San Juan
Basin, New Mexico.

2Diagnosis. "Large species, M transverse, molar protocone 

massive; lower molars almost (Mg) or quite (Mj) as broad as long. M^l, 
4.9; w, 8 .6 ." (Van Valen, 1978, p. 59).

Referred material. UALP specimens 11673 (partial right dentary 
with Mg and roots of broken P^-M^ and Mg), locality 7890, from near 
Nageezi.

Description. UALP 11673 is morphologically inseparable from the 
Mg of E. granger! or 12. inaequidens. It is, however, about 40% larger 
than UALP specimens of E, granger!.
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Table 46. Size of Elllpsodon inaequtdens from Kutz Canyon, 
San Juan Basin, New Mexico.

Dimension M2(UALP 11015)
L 4.1
W 5.0

Table 47. Size of Elllpsodon yotankae from the 
San Juan Basin, New Mexico.

Dimension M?(UALP 11673)
L 6.10

AW 4.65
PW 4.30
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Discussion. UALP 11673 was collected from the same locality as 

the holotype of E. yotarikae. That locality appears to be stratigraphi- 

cally correlative with Kutz Canyon (see discussion in prededing chapter), 
making E. yotankae near-contemporaneous with Ellipsodon from Kutz 

Canyon. Thus the size difference is probably due to environmental 
differences.

Van Valen (1978) described 12. yotankae as having the almost 

as broad as long. UALP 11673 is not nearly square, but this is shown in 
12. granger! to be quite variable. This specimen is certainly an M 2  of 
JE. yotankae. '

12. yotankae is strat^graphically limited to the Deltatherium- 

Tetraclaenodon chronozone and geographically limited to a single 
locality about midway between Kutz Canyon and Ojo Encino.

Genus Protoselene Matthew, 1897.
Mioclaenus Cope, 1882e, p. 833 (in part).

Hemithlaeus Cope, 1882e, p. 833 (in part)•
Protoselene Matthew, 1897, p. 317.
Dracoclaenus Gazin, 1939, p. 281.
Emended diagnosis. (Emended from Matthew, 1937). Canine semi- 

procumbent, about same size as P^. P^ small, with one root. ^2 - 4  with 
two roots, progressively more inflated, but less so than in Mioclaenus.
Pg with small talonid; P^ talonid moderately developed. Molar cusps less 

bulbous than in Mioclaenus. Lower molars with small submedian paraconid, 

large, subequal protoconid and metaconid, large hypoconid and entoconid, 

hypoconulid close to entoconid, and distinct pre- and postcinguilds. 
Hypocingulid may have an ectostylid.
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less Inflated than in Mioclaenus. with small meta- and 

parastyles. may have cingula and minute protocone; P^ with distinct 
pre- and postcingula, weak labial cingulum, large protocone, and small 
metacone. Upper molar cusps much less inflated than in Mioclaenus, 
with distinct small mesostyle and pre-, post-, and labial cingulids.
M* ^ with distinct hypocone; hypocone presence variable. reduced.

The humerus is moderately long and not especially wide 
at its distal end; the deltoid crest ends abruptly but is 
comparatively low; the distal end is only moderately prominent.
The radius has an oval head, a shaft somewhat smaller than 
that of the ulna, a low anterior crest. The ulnar shaft is 
oval, not exceptionally wide, narrowing toward the distal end.
The femur has a longish shaft, a narrow trochlea, a third 
trochanter high up on the shaft. (Matthew, 1937, p. 205).

Discussion. Van Valen (1978) referred the Puercan species 
Protoselene bombadili to this genus, noting that it lacks the mesostyle 

and hypocone. If P. bombadili, holotype USNM 23285, belongs in 
Protoselene, it changes the concept of this genus considerably. I 
have not seen a specimen of P. bombadili and exclude it from the diagnosis 
above. There does appear to be a trend toward increasing hypocone 

size from earlier to later Protoselene species, however.
Rigby (1980) placed Protoselene in the Periptychidae, apparently 

on the basis of the mesostyle on the upper molars. A change in familial 
reference on this basis of one character, particularly a character that 
may have evolved independently in various genera, should not be recog
nized. Protoselene is considered here to be a hyposodontid.
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Protoselene opisthacus (Cope, 1882). (Tables 48 and 49).

Mioclaenus opisthacus Cope. 1882e, p. 833.

Hemithlaeus baldwinl Cope. 1882e. p. 833.
Hemlthlaeus opisthacus Matthew. 1897, p. 317.

Holotype. AMNH 3275, LP^-M^, RM^_2 , and premolars, Nacimlento 
Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Various localities, Nacimlento Formation, San
Juan Basin, New Mexico.

Late Paleocene (Tiffanian)s Black Peaks Formation, Big Bend 
National Park, Texas.

Revised diagnosis. Differs from Protoselene griphus in having 

M j_ 2  with more medial paraconid and relatively smaller entoconid. P^ 
cusps less inflated, with more distinct parastyle. Upper molars with 
more squared lingual margin, larger hypocone, pre- and postcinguilds 

extending farther lingually, flat internal surface on protocone, and 
mesostyle connected to centrecrista.

Differs from £.? novissimus in having lower molars slightly 
larger and relatively wider with cristid obliqua lower, and talonid 
basin slightly shallower. M^ paraconid less isolated from the proto- 
conid and metaconid (Gazin, 1956).

Differs from P̂. bombadili in being larger and having a mesostyle 
and hypocone (Van Valen, 1978).
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Referred material. UALP specimens 10904 (partial right dentary 

with broken M 3 ), locality 7471; 8819 (LM3), locality 7473; 11706 
(LM^), locality 7534; 8742 (partial right dentary with Pg-M^ and broken 
M2 ), locality 7535; 11704 (partial left dentary with , locality 

7540; 10918 (maxilla fragment with RM^“^, M3), 10919 (dentary fragment 
with LM1), 10921 (IM3 ), 10922 (LM3) (isolated broken teeth), 10923 
(isolated broken teeth), 10926 (LP^-M^ covered by matrix), and 13731 

(RP^), locality 7545; 8863 (partial right dentary with RP^-Mg), locality 
7562; 8799 (RM2), locality 7572; 8765 (RM2) and 8767 (partial right 

dentary with RP^ and Mj trigonid), locality 75109; and 11662 (LM* 

fragment), locality 7882 from Ojo Encino; 6709 (partial left maxilla 

with P3-^), locality 7435; 10538 (RM3  in matrix), 10540 (partial left 

dentary with P^-Mg, isolated LP^, partial right dentary with P^ and M^ 
root), 10864 (LMj_ 3  in matrix), and 11707 (partial left dentary with 
P4 -M2 ), locality 75106; 10600 (partial right dentary with P^-M^), 10651 

(partial right dentary with M j_2), and 13257 (broken LMg), locality 7640 
10700 (RP^^, RMg^g, and LP^-M2  in matrix), and 13858 (RP^ and LM^ 
trigonid), locality 7643; 10719 (broken RM3 ), locality 7650; 10724 (RM*), 
locality 7653; and 11676 (partial left dentary .with M^_2), locality 7671 

from Kutz Canyon; and 10978 (RP^), locality 7789 from north of Aztec.
Description. Dentition anterior of Pg, of P̂. opisthacus is 

absent from the UALP collection. The lower premolars become increasingly 

wider, more bulbous, and more complex from ? 2  to P^.

P2  is a long, relatively narrow ovate tooth dominated by a tall, 
ovate protoconid. The smaller conical paraconid is lingual of the proto- 
con id apex and separate from the protoconid base. The protoconid has
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a slight precristid and a more distinct medial postcristid. The talonid 

is about one-half the length of the protoconid. The shallow talonid 
basin is bounded by cristids. The extreme posterior of this specimen 
is damaged. The precinguild, shorter lingually, extends from both sides 
of the paraconid.

Pg is similar to Pg, but is wider posteriorly with a large 
median posterior cusp. P^ lacks a distinct talonid basin. The para

conid varies in size; distinct on UALP 8742, it is indistinct on UALP 

10540. UALP 10540 exhibits a strong cristid from the posterior cusp 
to the base of the protoconid; it also possesses a strong cristid 

from the base of the protoconid to the posterior cusp and a slight 
labial cinguild.

The anteriorly narrow, ovate P^ has a large round protoconid.
The conical paraconid, usually large, is small in UALP 10540 and 13858 
and nearly absent in UALP 10700. The paraconid usually is slightly 
lingual of the protoconid apex; it is nearly medial in UALP 8767 and 

13858. The metaconid usually is slightly smaller than the paraconid 
and is appressed to the protoconid. It is absent from 4 specimens. The 
trigonid wall is straight. The well developed precristid may reach 

the paraconid (3 of 5 specimens). The equally developed postcristid 

extends to the posterior basal cusp. One or- two accessory cuspules may 
be present on the posterior talonid margin. The talonid is more developed 

than in P^, but the basin is weakly developed. The talonid notch is 

deeper and narrower than the indistinct hypoflexid. The relatively 

well developed, predominantly labial precingulid is usually short; it may 
have a slight lingual portion.
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JP. oplsthacus lower molars are somewhat rectangular with strong 

lophate cristids. of the same individual are approximately equal
in size. In associated dentitions the length:width ratio is greater 
in than in Mg, but that of is the largest. This relationship 
holds for the mean values, although individual and Mg specimens 
may have nearly the same value. The enamel varies from usually smooth 
to slightly crenulate.

Mj has the trigonid slightly higher and slightly narrower than 
the talonid. The trigonid and talonid are separated by relatively 

deep flexids. The protoconid is crescentic, about equal to or slightly 
smaller than the metaconid, and inflated labially. The metaconid is 

more posterior than the protoconid and is more conical. The relatively 

small paraconid is slightly appressed to the metaconid base anteriorly 

(5 specimens) or slightly anterolabially (4 specimens). The paracristid 
and protocristid are well developed and wide, the metacristid is in
distinct. The hypoflexid is relatively wide and the talonid notch is 
deep and narrow. The relatively broad talonid basin is primarily 

lingual and opens through the talonid notch. The hypoconid is similar 
to the protoconid, but is slightly smaller. It occupies slightly over 
one-half of the talonid and connects to the smaller round hypoconulid 
by a well developed cristid. The hypoconulid is closer to the larger 
entoconid than the hypoconid and is appressed to the base of the entoconid. 

The entoconid and hypoconulid are slightly lower than the hypoconid.

The entoconulid is weakly developed as a slight enamel swelling on 

UALP 10540 and 10600; UALP 11707 and 10651 have a short entocristid
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but lack an entoconulld; and UALP 10676 and 10919 lack both the ento- 
cristid and entoconulld. The distinct high cristid obliqua Intersects 

the talonid wall slightly lingual of the wide trigonid notch ( 8  specimens) 
or below the notch (UALP 10919). The well developed precingulid usually 
extends from the paraconid to the labial protoconid margin (7 of 8  

specimens); only UALP 8742 has it restricted to the medial portion of 

the tooth. The distinct postcingulid forms the downwardly sloping 

margin posterior of the hypoconid (4 specimens), extends to the hypo- 
conulid posterior (UALP 11707 and 10651), or has a separate lingual 

portion (3 specimens). A very weak labial cingulid is discernible on 
the protoconid in UALP 8767 and 10540, of nine specimens. Ahypocingulid 

may be present ( 6  of 8  specimens); it supports an ectostylicl in three 
specimens.

The Mg is similar to M^. It is slightly wider, relative to 
its length, has the paraconid more medial, and has the metaconid more 
anterior relative to the protoconid than an associated M^. The para

conid is slightly lingual ( 6  specimens) or medial (3 specimens). A 
slight entoconulld may be present (4 of 9 specimens). The entocristid » 
is distinct in UALP 10940 and 10651, of 9 specimens. The cristid 

obliqua-talonid wall intersection is slightly lingual of the trigonid 
notch ( 6  specimens) or beneath the notch; (UALP 11676 and 13257). The 
postcingulid is posterior of the hypoconid and hypoconulid with a sepa

rate, weaker portion posterior of the entoconid in four of seven 
specimens. The ectocingulid is present, with an ectostylid, in UALP 
8742 and 10574, of seven specimens.
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Mg is more triangular and is considerably narrower posteriorly 

than or Mg differs from the anterior molars primarily in having
the hypoconulid greatly enlarged and in having a tendency toward 

additional cusps and cristids on the elongated talonid. The paraconid. 
is appressed to the protoconid anterolingually (UALP 10791 and 10922) or 

situated medially (4 specimens). The entoconulid is present as a slight 
enamel swelling on UALP 10719 and 10922, of 3 specimens: UALP 10700,
of 3 specimens, has an entocristid. The cristid obliqua intersects the 
talonid wall lingual of the trigonid notch. UALP 10719 has a small 
accessory cusp between the hypoconid and hypoconulid, and UALP 10922 has 
a tiny cuspule appressed lingually to the hypoconulid. The postcingulid 

is present lingual and labial of the hypoconulid, (UALP 10904 and 10922), 
labially only (UALP 8863 and 10719) or lingually only (UALP 10700). The 
ectocingulid, present in 2 of 6  specimens, supports a minute (UALP 

10904) or distinct (UALP 10719) ectostylid. UALP 10922 has an addi
tional paracone-metacone cristid lower than the paracristid, but about 
equally well developed. UALP 10538 has an accessory cusp in this region 
without a cristid.

Upper dentition of P̂. opisthacus anterior of the P^ is absent 

from the UALP collection. P^ and P^ of P̂. opisthacus are triple- 
rooted, moderately crenulate, and narrower than the molars.

The P^ is somewhat triangular and is smaller than P*. The 

paracone is large, somewhat ovate, and less steep labially. The 

metacone is absent, but a small low, blunt parastyle and similar less 
distinct metastyle are evident. The protocone varies from a small 
conical cusp appressed lingually to the paracone (UALP 13731) to a



slight swelling on the lingual cingulum (UALP 6709). The precrista 

is distinct and narrower than the postcrista. Generally the cingula 
of UALP 13731 are strong and those of UALP 6709 are weak. UALP 13731 
has a short posterolabial cingulum, a short anterolingual cingulum, 
a short precingulum lingual of the parastyle, and a postcingulum along 
the entire posterior margin of the tooth, except in UALP 6709, where it 
is shorter.

P^ has the ectoflexus distinct in UALP 10978, slight in UALP 

10923, and absent from UALP 6709. The anterior margin is concave. The 

ovate metacone is oppressed to the larger ovate to round paracone. The 
paracone is smaller than, but about equal in height to the protocone.

The conical protocone is skewed slightly anteriorly. The protocone and 

paracone are separated by a narrow valley at their bases. The parastyle 
is low and well developed. The metastyle is minute (UALP 6709) or 
absent from UALP 10923 and 10978. The paracrista and metacrista are 
strongly developed. Conules and protocristae are absent. Accessory 
cusps are developed medially on the postcingulum (UALP 10978) or as a 
tiny cusp anterior of the parastyle (UALP 10923). The cuspidate (UALP 

10923 and 10978) to smooth (UALP 6709) well developed precingulum, cus

pidate in UALP 10923 and 10978 and smooth in UALP 6709, extends along the 
entire anterior tooth margin; the postcingulum is about equal in length 

and development. The labial cingulum varies in length, but consistently 

slopes downward toward the mediolabial region. It is strongest at the 
lateral tooth margins, but absent medially.

413
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M* has a slight ectoflexus* The slightly anterior triangular 

protocone is the largest cusp. The paracone and smaller, separate meta
cone are conical with relatively sharp apices• The mesostyle is distinct 
and conical. The parastylar region is large, but the parastyle is only 

a swelling on the cingulum. The metastyle is indistinct. The conules 
are round and approximately equal with the paraconule slightly taller. 

The conical hypocone is slightly larger than the conules and separate 

from the protocone. The strong low centrocrista has a perpendicular 
extension to the mesostyle. The well developed paracrista extends to 

the parastylar region and the equally developed metacrista extends to 
the metastyle. The preparaconular and postmetaconular cristae are 

distinct and reach the pre- and postcingula, respectively. UALP 11662 

has a slight postparaconular crista. The cusps and cristae encircle 
the large, circular trigon basin. The pre- and postcingula are 
divided into labial and lingual portions: The labial portions extend

from the parastyle or mesostyle to the respective conular crista; and 
lingual pre- and postcingula may extend as far lingually as the conules 

and are well developed. The precingulum extends to the lingual margin 
of the protocone and the postcingulum widens lingually to support 

the hypocone. The labial cingulum, distinct and complete, is lower 
labial of the paracone and may be cuspidate near the mesostyle. An 

incipient lingual cingulum may be present on the protocone.
2 1 i qM is similar to M , but is larger than associated M 1 or M .

It also differs from M* in having, a wider stylar region, a larger 
mesostyle, and a slightly cuspidate cingulum beneath the parastylar
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region. The paraconule Is larger and taller than the metaconule. The 

postprotocrista, usually longer. Is also more distinct in UALP 10724.

The postparaconular and premetaconular cristae are usually well developed. 
(3 of 4 specimens). DALP 10864 has the postparaconular weak and UALP
10923 lacks a premetaconular crista.

3 1 9The M is smaller than the M 1 or M . It is variably triangular. 
The metacone is reduced, relative to the paracone, from that of and 

M^. The hypocone is small (3 specimens) or absent (UALP 11706). The 

parastyle is distinct and the metastyle absent. The mesostyle is 
subequal to the parastyle. The mesostyle is double in UALP 10921. The 
paraconule is taller than and usually larger than ( 2  of 3 specimens) 

the metaconule. Accessory cuspules may be present lingual of the hypo- 

cone (UALP 10864), in the trigon basin (UALP 8819), or as a second 
mesostyle (UALP 10921). The preparaconular crista is distinct; the 

postparaconular crista is strong (UALP 10864), indistinct (UALP 8819 
and 11706), or absent (UALP 10921 and 10864); and the postmetaconular 
crista is strong (3 specimens) or absent (UALP 10864). The precingulum 

and postcingulum are usually well developed; they are weaker in UALP 
11706. The labial cingulum is variably distinct.

Discussion.. J?. opisthacus exhibits considerably variation of 
relatively minor morphological characters such as the strength and 

length of the cingulids and cingula, the location of the cristid 

obliqua-talonid wall intersection, and the presence of accessory cusps. 

Perhaps more importantly, the presence and size of some cusps and 
cristids and cristae may vary.
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There is a considerable variation in the presence and size of 

the hypocone in UALP specimens. Only UALP 10864 from Kutz Canyon 
has this cusp distinctly developed, Ojo Encino specimens have a 
minute hypocone or lack it completely. Stratigraphic comparison among 
Ojo Encino specimens suggests the absence of a chronological trend 
in hypocone size. A time difference cannot be ruled out completely, 
however, as the single specimen with a large hypocone is older than 
those with smaller or absent hypocones. This is, however, contrary to 
the general increase in hypocone size indicated from the older 
griphus to ]?. opisthacus. An environmental cause for the more devel

oped hypocone in Kutz Canyon is also possible. It must be kept in
omind that only a single M specimen is known from Kutz Canyon and only 

four are known from Ojo Encino.

Matthew (1937) noted the absence of cingulids on the lower molars 
of ]?. opisthacus. Pre- and postcingulids are discernible on the UALP 
specimens.

The presence and size of the P^ metaconid, size of the P^ para- 
conid, and position of the molar paraconid are variable. The three P^ 

specimens from Kutz Canyon lack the metaconid. Those from Ojo Encino 

have small metaconids; the youngest specimen, however, has the smallest 
one, precluding a trend toward increasing size through time. The P^ 
paraconid is large in Ojo Encino, but is both large (3 specimens) and 

small (2 specimens) at the same Kutz Canyon stratigraphic level. An 

environmental cause may be responsible for these morphological 

differences, but the present collection merely hints of this.
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Either chronological or environmental change may be responsible

for the major difference between other specimens from Kutz Canyon and
those from Ojo Encino. The Ojo Encino Pg specimen has a large para-
conid; that from Kutz Canyon has a small, indistinct paraconid. The 
3M conules and conular cristae vary geographically• In Kutz Canyon 

specimens the metaconule is slightly larger than the paraconule and the 

postparaconular and postmetaconular cristae are strongly developed. The 

paraconule is .larger in Ojo Encino specimens, the postparaconular crista 
is indistinct or absent, and the postmetaconular crista is absent.

It is possible that more than one species of Protoselene exists 
in the San Juan Basin, but without study of all known specimens I 

choose to retain the single species, P_. opisthacus.

Schiebout (1974) reported a single specimen from Big Bend 
National Park. The possessed a double hypoconulid, a character 
she observed in varying stages of development in AMNH specimens and 

considered of unclear evolutionary significance. UALP Mg specimens 
demonstrate the absence of a chronological trend in the development of 

a double hypoconulid. The evolutionary significance of this cusp 
remains unclear. It should not be used to distinguish species of 
Protoselene. however.
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Table 48. Size of Protoselene opisthacus from Ojo Encino, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P3 L 1 5.80
W 1 3.10

P4 L 3 5.4-5.9 5.73 .28 5.04

W 3 3.4-3.5 3.47 .06 1.67

M 1
L 3 5.0-5.7 5.33 .35 6.58

AW 4 3.8-4.2 3.92 .19 4.82

PW 3 4.0-4.3 4.10 .17 4.22

M 2
L 2 5.2-5.4 5.30 .14 2.67

AW 2 4.1-4.4 4.25 . 2 1 4.99
PW 3 4.2-4.5 4.37 .15 3.50

m 3 L 3 5.9-6.2 6.07 .15 2.52

AW 3 3/7-4. 1 3.87 . 2 1 5.38
PW 3 3.3-3.5 3.43 . 1 2 3.36

P 3 L 1 4.85
W 1 4.90

p4 L 1 4.80

W 1 5.70
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Subfamily Hyopsodontlnae Trouessart, 1879. 

Genus Haplaletes Simpson, 1935.
Haplaletes Simpson, 1935b, p. 243.

Diagnosis.

P4  not trenchant, with distinct paraconid and metaconid 
and relatively large basined heel. Molars bunodont, cusps 
rather rounded and low. Paraconids reduced and median. Mg 
somewhat reduced, hypoconulid of M 3  slightly projecting, 
markedly less than in Litomylus. Amphicones of p3-4 more 
rounded than in Litolestes. P^ with rudimentary metacone. 
Upper molars rounded._ Hypocones of M^-^ distinct, but smaller
than in Litomylus. 
(Simpson, 1937, p.

M^ less transverse and more rounded. 
243).

Haplaletes cf. Haplaletes disceptatrix Simpson, 1935. (Table
50, figure 27).

Haplaletes disceptatrix Simpson. 1935b, p. 243.
Holotype. USNM 9500, partial right dentary with Pg-Mg, Gidley 

Quarry, upper Lebo Formation, Crazy Mountain Field, Montana.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): UALP locality 7544, Nacimiento Formation, San

Juan Basin, New Mexico; Gidley Quarry, upper Lebo Formation, Crazy 
Mountain Field, Montana; Swain Quarry, Fort Union Formation, Washakie 

Basin, Wyoming; Rock Bench Quarry, Polecat Bench Formation, Bighorn

Basin, Wyoming; Black Peaks Formation, Big Bend National Park, Texas; 

and possibly Battle Mountain, Hoback Formation, Hoback Basin, Wyoming.
Emended diagnosis. (Emended from Simpson, 1937, p. 244.)

Differs from II. pelicatus in having P^ more inflated and with larger 

metaconid; molar labial cinguild complete. Much smaller than H. serior. 
Larger than H. diminutivus.
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Referred material, UALP specimen 8631, left dentary fragment 

with MJ talonid and Mg, UALP locality 7544 from Ojo Encino.
Description. The M 2  of UALP 8631 has the trigonid slightly 

higher than the talonid. The cusps are slightly bulbous and the tooth 
leans lingually. The ovate metaconid is longer and taller than the 
protoconid. The exterior margin of the protoconid is less steep than 

that of the metaconid. The posterior of both cusps is flat, forming 
the relatively straight talonid wall. The strong low protocristid closes 

the narrow trigonid basin posteriorly. The premetacristid is indistinct. 
The paraconid is absent, but the paracristid is strong, slightly domed, 
and shelf-like. A narrow groove separates the paracristid and metacris- 
tid, but is closed by the paracristid rising slightly onto the metaconid. 

The talonid is as long as but slightly narrower than the trigonid, 

the labial half of which is occupied by the triangular hypoconid.
The external margin of the hypoconid is greatly expanded and much less 
steep than the near-vertical external margin of the entoconid. The 

entoconid is more rounded, taller, and about anteroposteriorly even with 
the hypoconid. The rounded hypoconulid, connected to the other talonid 
cusps by distinct cristids, is slightly smaller than the entoconid and 
extends farther posteriorly. The wide entocristid terminates at the 

talonid notch. The rounded talonid basin is deeper than the talonid 

notch. The cingulid is continuous from anterior of the metaconid labi- 

ally around the tooth to the labial margin of the hypoconulid. It is 

strongly developed except as the precingulid and labial of the hypoconulid.
The M^ talonid is similar to that of M2 , except the cingulid 

appears discontinuous at the hypoconid.
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Comparison> UALP 8631 is slightly larger than a cast of the 

He disceptatrix holotype. The paracristid of UALP 8631 is lower, 

flatter, and forms more of a shelf than a ridge. The protocristid is 
more complete. The metacristid is less distinct, providing a deeper 

talonid notch than in the holotype of H. disceptatrix. The labial 
cingulid is slightly less developed on the hypoconid.

UALP 8631 differs from H. pelicatus (cast of USNM specimen 

21008) in having a strong labial cingulid and having the base of the 
labial enamel at the same level on both the protoconid and hypoconid.

H. dlminutivus (cast of UMMP specimen V 27231) lower molars 
unknown, but it is small enough to be a distinct species.

Discussion. UALP 8631 is slightly longer than H. disceptatrix 
specimens from Gidley Quarry (Simpson, 1937), longer and wider than the 
single Mg from Texas (Schiebout, 1974), and within the observed range 

of the specimens from Swain Quarry (Rigby, 1980) (see Tables 50 and 51). 
It is nearly the same size as the Mg of IL pelicatus reported from the 

Bison Basin Tiffanian by Gazin (1956). It appears closer to the II. 
disceptatrix described by Rigby (1980) than II. pelicatus. He (Rigby, 
1980) described his specimens as generally larger than, but inseparable 
from those described by Simpson (1937).

This is the first report of Haplaletes from the San Juan Basin. 

The recovery of a single specimen in such a well known area substan

tiates its extreme rarity. It extends the geographical range of 

Haplaletes to the southwest. The only other southerly occurrence, also 

rare, is in the Big Bend National Park, Texas (Schiebout, 1974). 
Haplaletes is extremely more common in localities to the north. This
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Table 50. Size of Haplaletes cf. H. disceptatrix from 
the San Juan Basin, New Mexico.

Dimension N Range

M2  L 1 3.20
AW 1 2.70
PW 1 2.60

Table 51. Size of Haplaletes disceptatrix from Big Bend, 
Texas (from Schiebout, 1974), Swain Quarry, 
Wyoming (from Rigby, 1980), and Gidley Quarry, 
Crazy Mountain Field, Montana (Simpson, 1937).

Dimension Big Bend Swain Quarry Gidley Quarry
(TMM-193) (N-23) (N-6 )

Range Mean Range Mean
L 2 . 8 2.65-3.35 2.89 2.40-2.90 2.65
AW 2 . 2 2.30-2.75 2.45 2.30-2.70 2.61
PW 2 . 2 2.40-3.00 2.65
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Figure 27. Stereophotos of Haplaletes cf. II. disceptatrix. UALP
Specimen 8631, LM^^, X3: A) Occlusal View; B) Lingual
View.
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specimen may be of stratigraphic significance: cf. H.. disceptatrix

occurs in the later Torrejonian from Ojo Encino in the San Juan Basin 

and is common in the Gidley Quarry in the Crazy Mountain Field (Simpson, 

1937). This suggests that these faunas may be chronolgocially correla

tive, and within the Pantolambda bathmodon-Mixodectes pungens chronozone 
Independent data, of course, are necessary to substantiate such a 
conclusion, but the correlation is suggested by other faunal elements as 

well (e.g. Pantolambda)» This correlation is that of Sloan (pers. comm. 
1979). Discussion of the possible environmental significance of this 

specimen is included in the comparison of San Juan Basin Torrejonian 
faunas with those from other areas (see above).

Genus Kutzia, new genus.
Type species. Kutzia caelicolensis, new species.

Diagnosis. M g ^  trigonid considerably higher than talonid; 
metaconid taller than, longer than, and narrower than protoconid; 

paraconid absent. Entoconid and entocristid distinct, entoconulid 

absent; cristid obliqua strong, higher than talonid notch; intersects 

talonid wall slightly labial of trigonid notch. Hypoflexid very wide 

extending from cristid obliqua to nearly base of enamel. Relatively 
deep, narrow jaw.

Etymology. For Kutz Canyon, from which the only specimens were 
recovered.

Comparisons. Kutzia differs from other contemporary genera.

Its affinities are closest to the Hyopsodbntinae. The cusps are less 

bulbous than in the Mioclaeninae and the anterolingual expansion of the
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basal enamel, so common in the Mioclaeninae, is lacking. The Mg is re
duced; it is longer than the Mg.

Comparisons were made with Haplaletes (cast of USNM 9500 and 

illustrations and description of Simpson, 1937), Haplomylus (cast of 
UCMP 92906 and illustrations in McKenna, 1960), Litomylus (illustrations 
and descriptions in Simpson, 1937; Gazin, 1956; and Van Valen, 1978), 

Aletodon (illustration and description in Gingerich, 1977). and Hyposodus 
(cast of UCMP 92907, several UALP specimens, and illustrations and 

descriptions in Gazin, 1968). Kutzia differs from other hyopsodontines 

in having the trigonid considerably higher than the talonid, relatively 
narrower molars, a relatively deeper jaw, and the entoconid and hypocon- 
ulid more widely separated. It is smaller than Aletodon. larger than 
Litomylus. Haplaletes. and Haplomylus. and may be the same size as 

Hyopsodus. The cusps are less bulbous than those of Hyopsodus. about 
like those of the other hyopsodontine genera. The cusps lean slightly 
lingually as in Litomylus. Haplomylus. and Hyopsodus. Kutzia lacks the 
paraconid, or at least has it more reduced than the other hyopsodontines. 
The protocristid is comparable to that of Litomylus and Haplomylus. 
stronger than in Haplaletes and Aletodon. and lower than in Hyopsodus. 

The cristid obliqua is about the height of that of Aletodon. Litomylus, 
and Haplaletes. Lower than in Haplomylus and Hyposodus, it intersects 

the talonid wall on the protoconid as in Haplaletes or Litomylus. con
siderably labial of the intersection on the metaconid in Aletodon. 

Haplomylus, and Hyopsodus.



428
Discussion, Kutzia is primitive in having the trigonid much 

higher than the talonid. It is advanced in having the paraconid absent 

in much narrower M2 _g relative to length, and the M 3  longer than
M2 , Absence of the paraconid and the longer M3  are most evident in the 

Eocene genus Hyopsodus, The other characters, however, preclude Kutzia 
from the ancestry of Hyopsodus; indeed, they preclude Kutzia from the 
ancestry of any of the other hyopsodontines. It formed a separate 

lineage from the ancestry, which may well have been Oxyprimus as 

postulated by Van Valen (1978), Kutzia shares the advanced characters 

of a labial cristid obliqua-talonid wall intersection and a longer 
metaconid, relative to the protoconid, with Haplaletes; greatly reduced 
to absent paraconid with Haplomylus and Hyopsodus; and the enlarged 

metaconid with Haplaletes, Haplomylus, and Hyopsodus, Kutzia appears 

closely related to, but not directly within, the Haplaletes-Haplomylus- 

Hyopsodus lineage of Van Valen (1978). The cinguilds and extreme cusp 

lean may be advanced characters that remove Haplaletes from the base of 
this lineage. Certainly, such is not proposed here on the basis of so 

few specimens.
Kutzia caelicolensis, new species. (Table 52 and Figure 28).
Holotype. UALP 10559, partial left dentary with M2 _3 , UALP 

locality 7640, Kutz Canyon, Nacimiento Formation, San Juan Basin, New 

Mexico.
Hypodigm. The holotype and UALP 10743, partial left dentary with 

M2  3 $ UALP locality 7643, Kutz Canyon, Nacimiento Formation, San Juan 

Basin, New Mexico.
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Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Kutz Canyon, Nacimiento Formation, San Juan

Basin, New Mexico.
Diagnosis. Same as generic diagnosis.
Etymology. Latin, a dweller in heaven; after the angel of 

Angel Peak, a landmark in Kutz Canyon, from which the specimens were 

recovered.
Description. Both referred specimens (UALP 10559 and 10704) 

are dentary fragments with the Mg and Mg preserved. UALP 10559 is the 

least worn specimen and much of the description is based on it. UALP 

10559 contains a broken posterior root of Mj. It is shorter than the 

posterior root of Mg, suggesting the M^ was shorter.

Mg_g are double-rooted with relatively smooth to slightly 

crenulate enamel. The somewhat rectangular Mg has the trigonid con

siderably higher than the talonid and lacks a paraconid. The protoconid 

and metaconid are slightly bulbous, slightly blunt cusps joined at 

their bases, but separated by a narrow trigonid basin at a higher level. 
The rounded triangular protoconid, wider but shorter than the metaconid, 

has a flat posterior surface and, with the protoconid, forms the obtuse 
talonid wall. The protoconid is less steep externally than the meta

conid. The strong distinct paracristid extends from near the protoconid 
apex, downward in a U-shape to below the level of the trigonid basin, 
and upward into the metaconid. It is cuspidate, but a distinct para
conid is lacking. The protocristid is strong and low. The talonid is 

slightly shorter and wider than the trigonid. The large, crescentic 

hypoconid, the largest and tallest talonid cusp, is inflated externally.



The talonid cusps are connected by strong ridges. The crescentic hypo- 

conulid is the lowest, most posterior talonid cusp. The narrow, ovate 

entoconid is about the size of the hypoconulid and slightly more posterior 

than the hypoconid. The entoconulid is absent, but a distinct ento- 
cristid extends from the entoconid to the deep, wide talonid notch.

The cristid obliqua is relatively high and strong and intersects the 

i talonid wall on the protoconid, slightly labial of the trigonid notch. 
The hypoflexid is deep and wide. The talonid basin is relatively deep 

and elongate. The well developed precingulid is smooth and situated 

about half of the distance from the base of the enamel to the para- 
cristid. The precingulid of UALP 10559 is about equal to the trigonid 
width; that of UALP 10704 continues around the protoconid and connects 
with the hypocingulid. The postcingulid, stronger than the precingulid, 

is posterior of the hypoconid and labial of the hypoconulid. It descends 
sharply from the hypoconulid to the posterolabial margin of the tooth.

The has the talonid elongated, but not considerably narrowed. 

It differs from the Mg in having the hypoconulid greatly enlarged 
relative to the entoconid and hypoconid, the talonid notch wider, and 

the postcingulid weaker and more nearly horizontal. The paracristid, 

shorter and more squared than that of Mg, extends from high on the proto

conid to the base of the metaconid. Mg has an extremely large posterior
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Table 52. Size of Kutzia caelicola from the 

San Juan Basin, New Mexico.

Dimension UALP 10704 UALP 10599
Mo Ml M? Ml

L 4.0 4.5 4.1 4.7

AW 2.6 2.6 2.8 2.8
PW 2.3 3.0 2.7
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Figure 28. Stereophotos of Kutzia caelicolensis, n. sp. UALP Specimen 
10559, Holotype, X3.3: A) Labial View; B) Occlusal
View; C) Lingual View.



Family Periptychldae Cope, 1881

Subfamily Perlptychinae Osborn and Earle, 1895.. 

Genus Periptychus Cope, 1881.
Perlptychus Cope, 1881a, p. 337.
Catathlaeus Cope, 1881c, p. 829.
Diagnosis.

Dentition 3,/3. l./l. 4./4. 3./3. Incisors small, pointed. 
Canines a little larger than incisors, and similar in type. Pre
molars enlarged, robust, larger than the molars, the protocones 
large and inflated with large crescentic inner cusps on P^” ,̂ the 
wings of the deuterocone set on each side with two or three 
small cusplets, small postero-intemal and sometimes antero- 
internal basal cusps on lower premolars. Molars low crowned, 
rounded, with tendency to polybuny; upper molars with proto
cone, paracone and metacone equal, rounded, conules small, 
hypocone and protostyle large, subequal, paired with respect 
to protocone, and connected by an encircling cingulum around 
the posterior, external and anterior base of the molar. Lower 
molars with large, low, three-cusped trigonid and short, wide 
tricuspid talonid; the protoconid, paraconid and metaconid 
subequal, rounded, well separated; hypoconid, entoconid and 
hypoconulid also subequal, rounded, well separated, only 
slightly lower than trigonid cusps.

All cusps with strongly marked vertical ridges on the 
enamel, divaricating from tips of cusps and expecially prom
inent on the premolars.

Upper molars decreasing progressively in size from M* to
lower molars subequal. Premolars subequal, the 

only slightly smaller; pj much smaller, one-rooted; the other 
upper premolars having three roots and the lower two roots.

Skull larger than that of Ectoconus. relatively to the 
size of the teeth, the sagittal and occipital crests high. 
Skeleton somewhat smaller and less massively proportional 
than in Ectoconus. the construction corresponding in most 
details (Matthew, 1937, p. 111).

Comparisons. Large periptychids other than ]?. carinidens 

include the Puercan Ectoconus and Carsioptychus. Dragonian (early
Torrejonian) JP. gilmorei, and Tiffanian £. superstes. Ectoconus is
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least similar to the others. It differs from Periptychus and 

Carsioptychus in lacking the inflated premolars and ribbed cusps, 

having P^ smaller than the the smaller than Mg, a strong labial 
cingulid on the lower molars, and large stylar cusps and a well developed 
ectoflexus on the upper molars.

Carsioptychus is most closely related to Periptychus. It has, 
at various times, been considered a subgenus of Periptychus (Matthew, 

1937; Van Valen, 1978). (X coarctatus specimens UALP 6685, 9731, 98Q7, 
9826, 9881, and 9883, casts of BYU 3802 and 3812, and casts of AMNH 7736 

and 7744 were compared with UALP ]?. carinidens specimens. Periptychus 
differs from Carsioptychus primarily in its premolars. Pg and Pg possess 
a paraconid and metaconid and are semicircular in outline rather than 

oval; the protoconid of Pg and P^ and the protocone of P^ and P^ are less 
posteriorly slanted and the Pg and P^ paraconid is larger, relative to 

the protoconid. The cingula are weaker on the molars, the protocone 

region is longer and narrower in the upper premolars with the protocone 
smaller relative to the total tooth size, and upper premolars are narrow, 

relative to their length, and rounded in outline rather than having the 
keyhole outline of J3. coarctatus. The upper molars have the paracone 
and metacone more widely separated, not internally joined to about half 
their height, not as tall, relative to other cusps. They are more 

laterally compressed, lacking inflation labial to the metacone, and 

having the V-shape of the protocristae wider. Accessory cusps are 
absent in C_. coarctatus. These taxa are closely related but of suf

ficient distinction to be considered separate genera.
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Gazin (1941) suggested that hamaxitus from the Puercan 

Wagonroad fauna Dragon Canyon, Utah, is more progressive toward 

Periptychus than is C. coarctatus. The major difference noted is in 

the separation of the paracone and metacone of M*; hamaxitus has 
these cusps more widely separated and not joined nearly to the extent 
seen in C. coarctatus. This is, indeed, more like P. carinidens than 
C. coarctatus, but the variation demonstrated within P. carinidens 

suggests that more specimens should be studied before such conclusions 
can be considered valid.

Discussion. The species of Periptychus remaining valid after 

Simpson's (1959) synonymy (see below) are the Torrejonian IP. carinidens, 
P_. gilmorei from the Dragonian, and P. superstes of Tiffanian age.

Gazin (1941) considered P_. gilmorei separate from and intermediate be

tween 2* carinidens and C. coarctatus. The characters he used were 1) 
tooth width relative to tooth length; 2 ) premolar size relative to

2molars; 3) construction of the precingulum of upper premolars; 4) P 
complexity; 5) strength of the labial cingulum; 6 ) position of the pro
tocone relative to the hypocone and protostyle; 7) the distance between 
cusps of the upper molars; 8 ) slight development of the hypocone and 

protostyle on P^; 9) anterior lean of the P^; 1 0 ) development of para- 

conid on P^; 1 1 ) talonid development of P^; 1 2 ) metaconid-protoconid on 
P4 ; 13) labial cingulid development of lower molars; and 14) develop
ment of the central cusp on the lower molars. Most of the characters 
Gazin (1941) used to distinguish IP. gilmorei from JP. carinidens fall 

within the observed variation in the UALP specimens of P. carinidens.
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The upper dentition of I\ gilmorei, however, falls far outside the range 

of the respective teeth of P̂, carinidens in a scatter diagram. Measure

ments of JP. gilmorei used are those given in Gazin (1941) for USNM 15537 

(upper dentition) and USNM 15688 (lower dentition) • Status of P. Gilmorei 
as a species separate from ]?• carinidens may be warranted on the basis of 
size. It should be noted that the above comparisons have been made 

using Gazin1 s (1938 and 1941) illustrations of ]?• gilmorei, without 

benefit of comparative specimens.
P_« superstes was first described by Matthew (in Simpson, 1935) 

from the Tiffanian of the San Juan Basin, Colorado. Subsequentlyf 
Schiebout (1974) referred specimens from the Big Bend area of Texas to 
this species. Four AMNH specimens(AMNH 17181, 17183, 17184, and 17185) 

and four TMM specimens. (TMM 41274-1, 40147-4, 40537-59, and 41367-8) are 
referred to this species. Matthew (1937) included superstes as a sub- 
species of ]?• rhabdodon (]?• carinidens), but Simpson (1935)^ gave it full 

specific rank and thought it . .as distinct from either I?, rhabdodon or 
J?• carinidens as they are from each other,..." (p. 26). Simpsonfs (1959) 

later synonymy clearly suggests that P_. rhabdodon and P. carinidens were 

not very distinct from each other. The major distinction between JP. 

superstes and _P. carinidens (sensu Simpson, 1935a) pointed out by Simpson 

(1935a) was the extremely reduced size of the P^ relative to the size of 

the molar series. Matthew (in Simpson, 1935a; 1937) thought additional 
distinctions to be the inner crescentic cusp (metaconid?) of the P^

5. Confusion may be avoided by realizing that Matthew (1937) was 
written prior to Matthew's 1930 death and that Simpson (1935) had access 
to the manuscript prior to its publication; Matthew (in Simpson, 1935) 
is essentially the same as Matthew (1937) regarding JP. superstes.



larger and more widely separated (from the protoconid?), the inner cusps 
of dP^ higher and more widely separated from the equally tall protoconid 

and the M3  talonid longer. Comparisons of dimensions (Simpson, 1935) 
and illustrations (Simpson, 1935a; Matthew, 1937) of I?, superstes (AMNH 
17181) with UALP specimens of carinideas suggests that recognition
of two species within the San Juan Basin is unwarranted• The ratio of 
P4  length to Mj length of AMNH 17181 is 1.08, not significantly different 

from all UALP carinidens specimens. Comparison of the talonid 

length, relative to the total length, of in superstes from the 

San Juan Basin shows this character not to be significantly different 
from UALP P̂. carinidens specimens; the P^:M^ length ratio and P^:Mj 

width ratio are not significantly different either. The ninner cres
centic" cusp of Matthew (in Simpson, 1935; 1937) is not clearly identified. 
It could be the metaconid or, less probably, the paraconid. Iden- 

tification of this cusp is, however, irrelevant as the illustrations of 
San Juan Basin Pe. superstes indicate that the size and relative distance 
from the protoconid of both the paraconid and metaconid are included 

within the variation observed in UALP specimens of carinidens; para
conid and metaconid are smaller relative to the protoconid in UALP 10534.

Illustrations of San Juan Basin jP. superstes dP^ (AMNH 17183) are not 

available for comparison. Simpson (1935) suggested that this specimen 

may be an M*. This tooth is clearly different from UALP specimens of 

]?• carinidens; no UALP P̂. carinidens dP^ or M* specimens have the para
conid, metaconid, and protoconid subequal in height.

437
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The above comparisons suggest that the San Juan Basin specimen

of ]?• superstes is synonymous with ]?• carinidens. Formal synonymy
should not be attempted using only illustrations. However, synonymy of

these species is considered imminent.

superstes from Big Bend National Park, Texas (Wilson, 1967;
Schiebout, 1974) is considerably different from the San Juan Basin

specimen of this species and from ]?• carinidens and does not appear
1 2to be synonymous with £̂. carinidens. The lengths of M and M of TMM 

40147-17 are slightly less than the range seen in UALP carinidens; 
no upper dentition of San Juan Basin superstes is known. The lower 
dentition of TMM specimens of P̂. superstes is considerably larger than 
San Juan Basin P. carinidens specimens, including AMNH 17181 (P̂. 
superstes of Matthew 1937 and Simpson 1937). The ratio of P^ size 

and size in TMM 40537-59 is significantly lower than that of UALP 
specimens of JP. carinidens and less than that of AMNH 17181. JP. 
superstes of Schiebout (1974) appears to be distinct from P_* carinidens. 

It is probable that this distinction is the result of ecological factors 
that varied between the San Juan Basin and Big Bend National Park. 
Temporal factors cannot be ruled out, however, as the temporal relation
ship between these two areas is not known for certain.
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Periptychus carinidens Cope, 1881. (Tables 53 and 54).

Periptychus carinidens Cope, 1881a, p. 337.
Catathlaeus rhabdodon Cope, 1881c, p. 829.

Periptychus brabensis Osborn and Earle, 1895, p. 55 (not P. 
brabensls Cope. 1888, p. 305).

Periptychus rhabdodon Cope, 1885, p. 403.

Holotype. AMNH 3620, dentary with RdP^ and LdPg, Naclmiento 
Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Naclmiento Formation, San
Juan Basin, New Mexico.

Revised diagnosis. £. carinidens differs from P̂. gilmorei in 
having the upper molars much narrower, relative to length; p2“3 aiso 
narrower.

Differs from .P. superstes (sensu stricto) in having the upper 
molars slightly longer, relative to length; lower molars considerably 
smaller, and P^:M^ ratio significantly higher.

Referred material. The list below includes 3 C^, 4 P^, 12 Pg,
16 P3, 15 P4, dP2 _4 , 20 Mx, 26 M2, 24 M3, 1 C1, 6  P2, 14 P3, 21 P4, 1 dP3, 
2 dP4. 24 M*, 24 M3, and 18 M 3  specimens. Those specimens with particu

larly well preserved dentition are identified. UALP specimens 11009, 
locality 7439; 8914, 8927, and 10905, locality 7471; 8818, 8834, 8835, 

8836, 8930 (partial left dentary with P2 -M3), and 13726, locality 7473; 

8760, locality 7539; 8578, 8579, 8580, 8581, and 8582, locality 7541;
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8646, 8647, and 13735, locality 7545; 8755 (partial right and left 

dentaries with dPg-Mg, partial right maxilla with dP^-M^, and partial
left maxilla with dP^-M^), locality 7546; 8794, locality 7548; and 8859

2 3 1 3(partial right maxilla with P -M and left maxilla with P -M ),
locality 7560 from Ojo Encino locality 10 (Sinclair and Granger, 1914);
13293, 13294, and 13295, and 13296, locality 7566; 8965, 10931, and

13747, locality 7574 from Ojo Encino locality 11 (Sinclair and Granger,
1914); 10942, locality 7435; 6702, locality 7436; 8939, 8940, 8942,

10566, 10567, 10584, 10587, 10856, 10857, 12984, and 12985, locality 75106;

9804 (partial left dentary with P3 -M3 ), 9805, (right maxilla with P^-M^
10601, 10602, 10603, 10604, 10605, 10606, 10607, 10608, 10609, 10631,

10633, 10634, and 13256, locality 7640; 10670, locality 7641; 10677

(partial right maxilla with P3 -M3), 10678, 10684, 10696, and 10699,
locality 7643; 10708, locality 7644; 10733, locality 7654; 10736, 10737,

10740, 10741, 10752, and 12946, locality 7655; 10759 and 13755 (dental
and postcranial fragments including distal end of right humerus and
proximal end of right ulna), locality 7656; 10763, locality 7660;
10767, 10768, 12947, 12948, 13324 and 13325, locality 7662; 10780,
10792, 10794, 10816, 10823, 10853 (partial left dentary with LP^?,

M^_g, partial left maxilla with P^ roots, M*"-3, and M 3  alveoli, and
postcranial elements including distal ends right and left humeri,

proximal portion right ulna, right tibia, distal end left tibia, left

astragalus, and proximal end right scapula), 10827, 10847, 10850, and

10852, locality 7671; 10885, 10886, 10887, 10888, 10889, 10890, and

10894, locality 7672; 10896, locality 7674; 10965, locality 7785; and
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1 2 0 1 1  (left dentary with partial right dentary with broken ,

broken Pg, P^, broken and partial right and left maxillae
with , locality 7899 from Kutz Canyon; 10994 and 11017, locality
7499; 8920 and 8990, locality 7595; 10534 (partial right dentary with 

Ml-2 an<* partial left dentary with broken Pg, P^-Hg), locality 7663;
10766 and 10773, locality 7665; 10532, locality 7667; 10958 (snout with 
R broken C^, broken p \  and P^ and L broken c \  P^~^), locality 7781; 
11665 and 11666, locality 7892 from near Nageezi; 10959 and 10961 

locality 7783; 10962, 10963, and 10964, locality 7784 from Tsosie 

Arroyo; 11997, locality 7714 from Kimbeto Arroyo; and 11695, locality 
7884 from Cuba Mesa,

Description. Lower incisors of P. carinidens are known only 

from broken roots in UALP 10606 and UALP 10678. All are subrounded.
Size increases from 1^ to Ig with the largest less than half the . 
diameter of the lower canine.

Cj is ovate, longer than wide, and the tallest of the lower 
teeth. It is simple, pointed, and slightly curved. The enamel lack 
the vertical ribs of the more posterior teeth.

P_. carinidens lower premolars are distinctive, possessing an 
extremely inflated protoconid with prominent enamel ribs radiating 
from the apex. All are premolariform.

P^ is small, ovate, and has the inflated protoconid occupying 
about 60% of the total tooth length. The protoconid possesses distinct 

labial and shorter lingual postcristids; the medial precristid is less 
distinct. The talonid includes a basin with its margin continuous with 

the postcristids. A small cusp is situated on the posteromedial margin
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of the basin and an enamel swelling (Incipient cusp?) is on the basin 

margin at the base of the lingual postcrista. A short, slight lingual 

precingulid is present. is single-rooted; other premolars double- 
rooted.

Pg is usually intermediate in size between P^ and P^. An 
isolated P^ may overlap in size with a P^ and not be distinguishable; 
it is, however, narrower than P^. P^ is semicircular, convex labially. 

The massive, labially inflated protoconid is also semicircular, with 
a slight posterior lean. It occupies approximately 75% of the total 
tooth length and exhibits a double apex that rapidly becomes indis
tinguishable with wear. The small, low anterolingual paraconid is 
connected to the protoconid apex by a variable, usually weak, para- 

cristid. Paraconid size is variable. The small ribbed metaconid is 
intermediate in height between the paraconid and protoconid. The margin 

of the talonid basin is continuous with the posterior cristids of the 

protoconid and metaconid; the basin is nearly entirely lingual of the 
protoconid apices. The margin is cuspidate with a distinct postero- 

lingual cusp (hypoconulid?). A second cusp (entoconid?) may be present 
closer to the metaconid. Cingulids are absent.

Pg is larger than associated Pg, but in isolated teeth overlaps 

in size with Pg and P^. The protoconid is slanted slightly posteriorly 
and occupies about 70% of the total tooth length. The ovate metaconid 
is appressed to the lingual side of the taller protoconid. Their apices 

are connected by the protocristid. The talonid is lingual to the pro

toconid apex and has a slightly cuspidate basin margin; it is continuous
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with the cristids to the protoconid and metaconid. Two cusps 

(hypoconulid and entoconulid?) may be weakly developed on the basin 

posterior. An indistinct slight precingulid is discernible on 3 
specimens.

of carinidehs is indistinguishable from and is longer 
than an associated M^. UALP 10768 possesses a third cusp (hypoconid?) 
on the basin margin.

UALP 8755 contains the deciduous dentition of Py carinidens.
DP2  and dP^ are considerably narrower than but otherwise similar to 

their permanent counterparts. The protoconid is ribbed but does not lean 
posteriorly, nor is it inflated labially as in Pg or Pg. A very narrow 
metaconid is appressed to the protoconid. The paraconid is similar 
to that of ? 2  and Pg.

DP^ is more molariform than anterior deciduous premolars or 

its permanent counterpart. The laterally compressed protoconid is 
large but not massive, giving the dP^ a more narrow appearance than 
other premolars. The crescentic metaconid is larger than in dPg or dPg, 
appressed to the posterior half of the protoconid, and connected to it 

by the distinct protocristid. The low paraconid is greatly expanded, 

relative to that of other premolars. The enlarged talonid is slightly 

lower than the trigonid and possesses 3 well developed cusps. The 

large hypoconid and the talonid basin may each occupy half of the 
talonid width. The hypoconulid is the smallest talonid cusp; it is 

located closer to the entoconid than to the hypoconid. Ribs are absent 
from the talonid cusps. A slight but distinct cristid obliqua intersects



the trigonid wall at the trigonid notch. The hypoflexid is well 

developed as the narrow talonid notch. A slight precingulid is 
present labial of the paracrlstid.

The lower molars of P_. carinidens are somewhat rectangular, 
longer than wide. The paraconid and metaconid are reduced, relative 
to the protoconid, from to Mg. : The protoconid, metaconid, hypoconid, 

and entoconid are all inflated externally making the apices internally 
situated. The cusps are less distinctively ribbed than in the anterior 
teeth. All are double-rooted..

is longer than an associated Mg, but the size of isolated 
and Mg specimens may overlap. The trigonid is longer than the talonid 
and as wide or wider. The conical protoconid is the largest cusp and 
occupies about half the trigonid width. The paraconid is small, 

crescentic, and anterior of the metaconid. The distinct paracrlstid 
is U-shaped in anterior view. The metaconid, larger and taller than the 
paraconid, possesses pre- and postmetacristids. The stronger post- 
metacristid may span the talonid notch and reach the entocristid. The 
conical entoconid, the tallest talonid cusp is joined to the hypoconulid 
by a narrow cristid. The hypoconid nearly equals the entoconid in 

size, but is usually slightly more anterior. It is more or less 
directly posterior of the protoconid and the entoconid is slightly more 

lingual than the metaconid. The small hypoconulid is closer to the 
entoconid, slightly lingual of the tooth midline. The distinct, low 

cristid obliqua intersects the trigonid wall beneath the trigonid notch. 

The shallow, circular talonid basin usually opens through the talonid

444
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notch. The well developed hyppflexld is wider and more gently sloped 

than the talonid notch. Minute accessory cusps are present between the 
paraconid and metaconid on UALP 8577 and 10633, Five of 8  specimens 
possess an accessory cusp near the junction of the cristid obliqua and 
protocristid; this is the obliconid of Rigby (1980). The short labial 
precingulid is poorly developed except on UALP 10853 where it extends 
around the protoconid. A short indistinct labial postcingulid is 

common; UALP 10853 also possesses a postcingulid lingual of the hypo- 

conulid. Eight of 12 specimens possess an indistinct lingual cingulid 

between the paraconid and metaconid. Seven of 17 specimens have a 
weakly developed hypocinguild.

Mg is intermediate in length between M^ and M 3 . It differs 
from M^ in having the paraconid slightly smaller and closer to the meta
conid, more medially situated, and less separate from the protoconid.
Six of 15 specimens exhibit a small obliconid; two have an ectostylid; 
UALP 10886 has a distinct metastylid but UALP 10773 exhibits only a 
slight swelling on the metaconid posterior; and an accessory cusp is 
discernible lingual of the paraconid in 3 specimens. The precingulid, 
usually restricted to the anterior margin of the paraconid, extends 

around it lingually in 6 specimens. Fourteen of 20 specimens possess 
a separate lingual cingulid between the paraconid and metaconid; eight 

of 2 0  possess a hypocingulid.

Mg is longer than an associated M2  and at least as long as an 

associated M^. It is distinct from M^ or Mg in having a longer narrower 

talonid that occupies approximately half of the total length. The.
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talonid contains an enlarged hypoconulid entirely posterior of the 
hypoconid and entoconid. The cristid obliqua is slightly stronger 

than in or M2 . Five of 14 specimens possess a small but distinct 
obliconid. UALP 13295 has a large obiiconid. Small accessory cusps are 

common, may be present lingual to the paraconid ( 8  of 15 specimens), as 
a metastylid (7 of 15 specimens), as an ectostylid ( 8  of 18 specimens), 
posterior of the hypoconid and labial of the hypoconulid (3 of 22 

specimens), posterior of the entoconid and lingual of the hypoconulid 
(5 of 22 specimens), and as an entoconulid (UALP 10853). In UALP 12011 

the accessory cusps are as large as the paraconid. Cingulids are 

more dominant than in the anterior molars; sixteen of 18 specimens 

have a weak labial postcingulid. In UALP 10857 this cingulid encircles 
the hypoconid and in 4 other specimens it is a labial cingulid inter
rupted only by the protoconid or an ectostylid. A cingulid lingual of 
the paraconid is present in all unbroken specimens. A hypocingulid is 
present in 13 of 17 specimens.

The UALP collection lacks specimens of JP. carinidens upper 
incisors. The C* of UALP 11017 is conical with a nearly round outline. 
Those of UALP 10958 are suggestive of a more oval outline, longer than 

wide. Slightly tilted posteriorly, it contains only a hint of radiating 

ribs so distinct on the other teeth. C* appears to be smaller than 
associated upper first premolars.

Upper premolars have enormously inflated.paracones and are 
ornamented with large distinct ribs radiating from the apex and usually 

from the apex of the smaller protocone. The paracone is at least 
slightly posteriorly slanted.
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UALP 8859 and 10763 are more curved anterolingually, 3 specimens are 

more curved posterolingually, and UALP 9805 is curved equally at both 

margins. The paracone is usually slightly less of the total length 
than in P*. Isolated specimens of P^, P^ and P^ overlap in size and 
are not easily distinguished. Minute but distinct parastyle and meta
style may be present (UALP 8859 and 10958). The parastyle is absent 
only from UALP 9805; UALP 9805 and 10740 lack the metastyle. The proto

cone is as in P*, but with minute cusps anterior and posterior of its 
apex. The precingulum is narrower than the postcingulum in UALP 10740 

and wider in UALP 8859 and 10763. The lingual lobe is skewed such that
the protocone is more anterior than the paracone apex. The lingual 

2edge of the P is ribbed in 3 of 5 specimens.

P^ is wider than associated P^, longer than associated p \
and usually narrower than associated p \  The paracone occupies about

one-half to two-thirds of the total length. The minute parastyle,
present on 4 of 7 specimens, varies as in P^. A small metastyle is
discernible only on UALP 8859. The minute accessory protoconular cusps

are distinct with the posterior cusp larger. The lingual lobe is skewed 
2as in P . The precingulum is wider than the postcingulum in 5 of 6

specimens. Five of 8  specimens have ribs on the lingual side of the tooth.
4 . 3P is shorter than associated P and usually wider; it is larger 

than associated M*. It is distinct from other upper premolars in 
possessing an indistinct vertical groove between the protocone and the 

potential hypocone area. A tiny parastyle and metastyle are present 

only on UALP 8859. The lingual lobe is skewed anteriorly in 13 of



449
14 specimens. The precingulum is wider than the postcingulum in all 
undamaged specimens. The postcingulum may extend labially onto the 

paracone where it becomes very steep, but weak. The lingual margin 
contains strong ribs in all specimens.

Deciduous dentition is known from UALP 8755 and 8914. DP^ is * 
premolariform with the large paracone more laterally compressed than 
in P^, but strongly ribbed. The large parastylar region presumably 

includes a parastyle but wear and fractures preclude positive deter
mination. The small metastyle is conical. The cingulum contains at 
least three relatively large cusps with the medial protocone the largest. 

The precingulum ends at the parastylar region, but the postcingulum 
continues beyond the metastyle, across the posterolabial half of the 
paraconid.

4DP is molariform with cusps similar to upper molars of 
carinidens. It is narrower, relative to its width, than the M*.

The conical, strongly ribbed paracone is similar to but slightly larger 
than the metacone; wear precludes determination of their relative 

height. The centrocrista is well developed. The protocone, also ribbed, 
approaches the metacone in size and contains short but distinct proto- 

cristae of approximately equal length. The distinct preparaconular 

and postmetaconular cristae intersect the pre- and postcingula, respec
tively. The small conical hypocone is larger than the metaconule and 
extends lingually beyond the protocone. The smaller protostyle projects 

slightly less lingually than does the hypocone. The position of these 

two cusps gives the dP^ a distinctively more triangular outline than that 
of the molars. The inflated parastylar region possesses a small conical
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parastyle; fractures obscure the presence or absence of a metastyle• 

Accessory cusps are absent. The precingulum extends from the proto

style to the parastylar region where it deteriorates into a smooth 
break in slope. The postcingulum extends from the hypocone, around 

the metastylar region, to the mediolabial portion of the tooth where 
it also deteriorates into a break in slope.

P. carinidens upper molar cusps possess the characteristic 
radiating ribs seen in the other cheek teeth. All are three-rooted.

is rectangular, usually wider than long, and smaller than 

associated P^. The conical paracone and metacone are about equal in 

size with the paracone taller. The centrocrista is well developed, 
the metacrista and paracrista are weak. The conical protocone is about 
the size of the paracone or metacone, but is much lower and labially 
inflated. Presence of well developed and short pre- and postproto

crista give the protocone a crescent shape when worn. The preprotocrista 
is slightly shorter as the paraconuleis closer to the protocone than is the 
usually slightly larger metaconule. The indistinct preparaconular and 

postmetaconular cristae intersect the pre-and postcingulae, respectively. 
A weak but persistent protocone-metacone crista curves anterolabially 

from the posterolabial margin of the protocone to the posterolingual 
portion of the metacone apex in 4 of 13 specimens. A similar but 
posterolabially curving protocone-paracone crista is present in 8  of 

12 specimens. The subrounded, anteriorly-leaning hypocone is larger 

than the conules, labially inflated, and connected to the protocone by 
a short weak crista. It is the most lingually extending cusp in 18 of 
21 specimens. The protostyle, slightly .larger than the conules, is
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anterolabial of the protocone, to which it is connected by a short 

weak crista. The parastyle, ranging in size from a slight swelling to 
a distinct small cusp, is present on 9 of 15 specimens. The metastyle 
is present only as a slight swelling on UALP 8794 and 8859. A minute 
mesostyle is discernible only on UALP 8581. A small accessory cusp is 
present posterolabial of the hypocone in 11 of 14 specimens. UALP 

8794 and 10853 have a small accessory cusp anterolabial of the proto- 
style. The precingulum originates at the labial margin of the paras tyle, 

rises in the parastylar region, and connects with the labial 
cingulum. The postcingulum extends from the metacrista to the labial 
margin of the hypocone. The labial cingulum may be continuous (UALP 
8589), nearly continuous (UALP 10677), or discontinuous at the antero

labial margin of the paracone as in 14 other specimens. If discontinuous, 

the cingulum deteriorates into a smooth break in slope rather 

than an abrupt termination. The labial cingulum is lower at the 
paracone than at the metacone in 12 of 15 specimens.

o 1br overlaps in size with M . Both are wider than associated 
M^s. is distinguished from M* in having the metacone slightly 
reduced relative to the paracone. The protocone is the most lingually 

extended portion of the tooth in 1 0  of 2 0  specimens; the hypocone extends 
farther in the other 10 specimens. The hypocone is slanted posteriorly 

and the protostyle is slanted anteriorly except in UALP 11017, where 

it is vertical. The metaconule is slightly larger than the paraconule 

in 14 of 21 specimens; seven have equal sized conules. The parastyle 

is distinct on UALP 8794 and 9805 and represented by a slight enamel
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swelling on UALP 10896• The metastyle is more common than in M*; eleven 

of 16 specimens have a slight swelling representing this cusp* A small, 
distinct mesostyle is present on 4 of 21 specimens• The protocone- 
paracone crista is slightly more common than in M*; twelve of 16 specimens 

possess it* The protocone-metacone crista is slightly less common than 
in M*; six of 15 specimens possess it* All unbroken and unworn 

specimens have an accessory cusp posterolabial of the hypocone; seven 
specimens have one anterolabial of the protostyle; and 6  specimens have 
a minute accessory cusp on the medial portion of the labial cingulum.
The cingulum is continuous in 10 specimens and discontinuous at the 
paracone in 7 others* There is more of a tendency for the cingulum to 
be level on the labial portion of the tooth; only UALP 10602 and 10603, 

of 14 specimens, have the cingulum descending from the metacone to the 
paracone.

3H is nearly circular in occlusal outline. It is smaller than 

other molars* The protocone is the farthest lingually extending cusp 
in 7 of 13 specimens, the hypocone is most lingual in 4 of 13, and the 
two cusps are lingually even in UALP 10857 and 10896. M differs from 
M and in having the metacone greatly reduced relative to the 
paracone. The protocone is slanted anteriorly in 7 of 12 specimens; 

the others lean to the posterior. The hypocone leans posteriorly and 
usually is connected weakly to the protocone and the postcingulum.

The protostyle is slightly reduced relative to the hypocone in 3 of 

11 specimens. The protocone-paracone crista is distinct on all 
unbroken specimens and contains a cuspule in UALP 8794 and 8859.
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The weak protocone-metacone crista is present only on UALP 10670 and 

10677• UALP 8579 contains neither of these cristae but, rather, exhibits 
a median crista from the protocone to the region between the paracone 

and metacone; this median paracone crista has a small cusp near its 
midpoint. Parastyle and metastyle are absent but a minute conical 

mesostyle is present on 8 of 14 specimens. Accessory cusps are common
qon M . Eight of 9 specimens have one posterolabial of the hypocone; 

only UALP 10677 lacks this cusp. An accessory cusp is present antero- 
labial of the protostyle as an enamel swelling on 3 specimens. Five . 
specimens have an accessory cusp posterolabial of the metacone, on the 

postmetaconular crista. The labial cingulum is discontinuous in the 

anterolabial paracone area in all observed specimens; UALP 9804 lacks 
the cingulum on most of the labial margin and on UALP 11009 it is absent 
mediolabially• Eight of 12 specimens have the labial cingulum contin
uous with the conular cristae; the pre- and postcingula are lower and 

separated at their respective conular cristae-cingulum intersections• 
This character is not full developed on or M^.

Discussion. Cope (1881a) described ]?• carinidens using the 
deciduous dentition. He later (Cope, 1881b) described Catathlaeus 

rhabdodon using the permanent dentition. In 1882 he (Cope, 1882g) 

synonymized the genera under Periptychus but retained both species.

He (Cope, 1885) considered ]?. carinidens smaller with a longer, 
narrower M^. Matthew (1897) retained both species but thought their 

validity doubtful. Later he (Matthew, 1937) was unable to distinguish 
the two species with certainty and described them together. He 

suggested that JP. carinidens and JP. rhabdodon were distinguished most



easily on the basis of their deciduous dentition. Simpson (1959), 
not Matthew (1937) (contra Rigby. 1980), however, formally synonymized 

these species. He measured the lower dentition of available AMNH 
specimens of both species, found no significant size difference 
between them, and referred them to £. carinidens. Recent measurement 
and study of UALP Periptychus specimens strengthen Simpson's (1959) 
synonymy of this variable species (Taylor, -1981) (see Tables 54 and 55 
and Figures 29, 30, and 31).

P_. carinidens in known only from the Torrej onian of the 

San Juan Basin. Specimens tentatively identified in the Big Bend area 

of Texas by Wilson (1967) were referred to P̂. superstes by Schiebout 
(1974) on the basis of age and location.

The UALP specimens indicate a high degree of variability within 
the dentition of P. caridens. The large range in size has been noted 
above. The presence, position, and size of secondary cusps; length, 

strength, and continuity of cinguilds and cingula; position of the 
hypocone relative to the protocone; and presence of cristae on the 
upper molars are also variable.

The presence of the protocone-paracone crista and the 
protocone-metacone crista varies considerably in £. carinidens♦ The 

former increases in frequency from M^ to whereas the latter 
decreases, but either crista may occur alone or both may be present.

Other variable characters of ]?. carinidens are the position of 

the entoconid and hypoconid relative to the metaconid and protoconid, 

respectively; the presence of a cristid across the talonid notch; the

454
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root structure of P*; and the posterior slant of the protoconid of 

the lower molars and the protocone of the upper molars.

Cope (1881b), Matthew (1897, 1937), and Gazin (1939, 1941) 
included the obliconid as a definitive character of carinidens. Its 
presence is not common enough to be useful in defining the species.

Gazin (1938) suggested that the position of the protocone
relative to the hypocone and protostyle changes through time with the

hypocone extending farther lingually in more primitive forms. Schiebout
(1974) studied AMNH specimens of 2« carinidens from the San Juan Basin

and concluded that "Some have the protocone labial to the hypocone and
protostyle position in and M%, some have it in line, and some have

1 9one condition on M and the other on M . ' (p. 32). She considered the 

position of the protocone observed by Gazin (1938) to be within the 

limits of variation of the genus rather than primitive. UALP specimens 

suggest that Schiebout (1974) was correct; this character is highly 
variable.

The statophenetic approach (Gingerich, 1976) was applied to 
UALP P_. carinidens specimens. Within Kutz Canyon and Ojo Encino no 
trends in size can be observed. Comparison of all Kutz Canyon 

specimens with those of the upper level of Ojo Encino, the lower level 

of Ojo Encino, or the total from Ojo Encino did not provide significant 
size differences within the species. No trends in size are noticeable, 
either temporal or geographical (See Figure 32).

Previous workers apparently concluded that the upper premolars 

of j?. carinidens lack cingula. The cristae from the protocone apex 

compose Gazin’s (1938) "inner crescent." However,* that portion of the
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inner crescent beyond the small cusps anterior and posterior of the pro

tocone apex has the characters of a true cingulum. It forms a distinct 
shelf extending anterior, posterior, and even labially from the para- 
cone and may support a parastyle or a metastyle. The small cusps near 

the protocone apex, particularly those of P^, appear homologous to the 
molar protostyle and hypocone. They are larger than the molar conules 
and are lingually ribbed. The cristae from these cusps originate 

antero- and posterolingually on the protocone, rather than labially as 
do molar protocristae. has incipient cristae in this position and 

has a hint of protocristae labial on the protocone. Identification 
of the protostyle and hypocone strengthen the concept of having true 
cingulae on JP. carinidens upper premolars.

Schiebout (1974) suggested a trend in reduction of P̂, size, 
relative to size, from P_. carinidens to P_. superstes. The size 

(L x W) of P^ was compared with that of for all associated UALP 
specimens. No significant change in this ratio is noted between two 

Kutz Canyon levels. That of the one Ojo Encino upper level specimen 
is well within the range of Kutz Canyon specimens; the mean of 5 
Kutz Canyon ratios is 1.29 and the Ojo Encino ration is 1.24. No hint 

of a trend is suggested. Although Schiebout*s (1974) Tiffanian specimen 

has a P^:M^ size ratio of .94 and is significantly different from £. 
carinidens, the ratio of Simpson's. (1935a) P_. superstes is 1.24, not 
significantly different from P_. carinidens. The younger JP. gilmorei 

from Dragon Canyon, Utah, has a ratio of 1.18, lower than the range of 

JP. carinidens. Similar results occur when the relative sizes of P* and 
are compared.
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A trend may be seen in the presence of a mesostyle of upper 

molars of ]?• carinidens. Significantly more specimens from Ojo 
Encino are younger than those from Kutz Canyon. Therefore 

the difference in mesostyle frequency cannot be determined to be due to 
temporal or geographical differences. No significant change in the 
frequency of occurrence of the parastyle or metastyle is noted.

The absence of major morphological trends in ]?• carinidens 

may indicate a period of evolutionary stasis or equilibrium in this 

large periptychid. This is considered a rare occurrence by Bookstein, 

Gingerish, and Kluge (1978). Perhaps simply too few data are available 
from which to draw meaningful conclusions.
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Table 53. Size of Periptychus carinidens from Ojo Encino, 
San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

* 2 L 2 1 1 .1 - 1 1 . 2 11.15 .07 0.63
W 2 7.8 7.80

P3 L 3 10.9-12.4 11.67 .75 6.43

W 3 00 1 00 00 8.77 .06 0 . 6 6

P4 L 2 1 0 .8 - 1 1 . 8 11.30 .70 11.30

W 3 8 .8 - 9.1 8.90 .17 1.95

L 4 9.9-11.5 10.58 .67 6.48

AW 4 7.0 — 8 •6 7.80 .65 8.33
PW 5 00io 7.86 . 6 6 8.46

m 2 L 5 8.7-10.8 9.76 vO00 8.80

AW 4 7.2 — 1 0 . 0 8.40 1.07 12.71

PW 5 6.7- 9.7 8.47 1 . 0 1 11.94

m 3 L 3 11.4-12.4 11.80 .52 4.40

AW 3 7.4- 8.2 7.83 .40 5.15

PW 3 6.7— 7.5 7.17 .41 5.80

P 1 L 2 9.1- 9.4 9.25 . 2 1 2.93

W 2 00 in 1 00 00 8.65 .17 2 . 0 0

P2 L 1 10.80
W 1 1 0 . 1 0

P3 L 3 11.0-12.4 11.90 ' 00r* 6.56

W 3 9.1-12.4 1 1 . 1 0 1.75 15.84
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Table 53. Continued. Periptychus carinldens

Dimension N Range Mean S.D. V.
?4 L 5 10.6-12.4 1 1 . 2 0 .59 5.24

W 7 9.9-13.8 12.17 1.47 12.14

M 1 L 7 8 .8 —1 0 • 6 9.7 .72 7.46

W 7 10.7-12.3 11.46 . 6 8 5.91
M2 L 5 8.9-10.3 9.36 .65 6.96

W 5 10.4-11.8 1 1 . 1 0 .63 5.67

M 3 L 4 8.3- 9.6 8.67 .62 7.12
W 4 8 .8 - 9.9 9.28 .46 4.94
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Table 54. Size of Periptychus carinidens from Kutz.Canyon, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

pi L 3 6.3- 7.2 6.83 .47 6.92

W 3 5.4- 5.8 5.53 .23 4.17

P 2
L 4 10.5-12.7 1 1 . 2 2 1 . 0 0 8.89

w 5 6.9- 9.0 7.88 .78 9.98

P3 L 1 2 10.5-13.5 11.63 .92 7.87

w 1 2 8.2-10.5 8.92 . 8 6 9.59

p4 L 8 10.5-13.8 1 1 . 6 6 1 . 0 1 8.64

W 1 0 8.4-11.0 9.26 .78 8.43

M 1
L 13 9.0-12.3 10.40 .90 8.64

AW 13 7.6-10.5 8.41 . 8 8 10.41

PW 1 2 7.0- 9.3 7.99 .67 8.34

m 2 L 17 8.7-11.5 9.74 . 8 8 9.09

AW 16 8.1-10.5 8.43 .82 8.43

PW 15 7.0- 9.8 8.03 .91 11.34

M3 L 14 10.3-14.2 11.51 .98 8.53

AW 1 1 7.6- 9.7 8 . 1 2 .75 9.21

PW 1 0 6 .1- 9 . 6 7.22 .97 13.44

P 1 L 6 6.7- 9.7 7.83 1.07 13.64

W 6 5.5-10.3 8.13 1.62 19.90

P2 L 5 9.6-12.7 1 1 . 2 0 1.50 13.43
W 5 9.0-11.4 10.04 .93 9.25
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Table 54. Continued. Perlptychus carinidens

Dimension N Range Mean S.D. V.
p 3 L 8 9.7-13.0 11.74 1 . 1 0 9.38

W 9 9.9-14.4 1 2 . 2 1 1.39 11.40
p4 L 1 1 9.3-12.7 10.80 1.05 10.80

W 1 1 10.9-14.2 12.78 1.40 1 1 . 0 0

M 1 L 18 8 .1 - 1 1 . 0 9.33 .72 9.33

W 18 9.7-13.7 11.43 1.05 9.21

M2 L 16 8 .1- 1 1 . 2 9.51 . 6 6 6.93
W 15 9.4-13.4 11.09 1.05 9.44

M 3 L 9 7.5-10.5 8.87 .94 10.58

W 7 7.9-10.2 9.03 .76 8.45
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Figure

OJO ENCINO (P -M  Chronozone) 

M1 N:2

OJO ENCINO (D -T  Chronozone) 

M1 N:2

KUTZ CANYON i

M1 N=18 [ }

•  TIFFANY N:1
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OJO ENCINO (P -M  Chronozone)
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32. Stratophenetic Analysis of Periptychus carinidens from the San Juan Basin. (Horizontal 
and vertical lines as in Figure 24. Boxes represent standard error of the mean.)
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Subfamily Anlsonchinae Osborn and Earle. 1895. 
Genus Anlsonchus Cope, 1881.
Anisonchus Cope, 1881b, p. 448.

Mioclaenus Cope, 1881c, p. 831..
Diagnosis.

Molar construction as in Hemlthlaeus, except that the 
protostyle is vestigial or absent. Premolars much less 
compressed, well-developed anterior cusps on P3 _4 . Dis
tinguished from Conacodon by less transverse width of upper 
molars and postero-internal position of hypocone, also by 
greater compression of lower premolars with well-developed 
anterior cusps. Distinguished from Haploconus by the more 
quadrate form of upper molars, distinct paraconids on lower 
molars, premolars 3 and * with well developed inner cusps, 
premolars 3  and 4  with distinct anterior cusps; premolars 
less enlarged relatively to molars. (Matthew, 1937, p. 152).

Subgenus. Anisonchus (Anisonchus) Van Valen, 1978.

Anisonchus (Anisonchus) Van Valen, 1978, p. 63.

Diagnosis. "Postcingulum of not interrupted by postmeta- 
conule wing." (Van Valen, 1978, p. 63).

Anisonchus sectorius Cope. 1881. (Tables 55 and 56).

Anisonchus sectorius Cope, 1881b, p 488.
Mioclaenus sectorius Cope. 1881c, p. 831.
Mioclaenus mandibularis Cope, 1881c, p. 831 (in part?).

Zetodon gracilis Cope, 1883a, p. 169.
4 9Holotype. AMNH 3527, upper and lower jaws with P^-Mg, 

Nacimiento Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation,
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San Juan Basin, New Mexico; Gidley Quarry, upper Lebo Formation,

Crazy Mountain Field, Montana; Swain Quarry, Fort Union Formation, 

Wyoming; Rock Bench Quarry, Polecat Bench Formation, Bighorn Basin, 
Wyoming; and possibly Shotgun Member, Fort Union Formation, Wind 
River Basin, Wyoming.

Late Paleocene (Tiffanian) : Scarritt Quarry, Melville Formation,
Crazy Mountain Field, Montana.

Revised Diagnosis. Differs from A. gillianus, A. oligistus,
A. onostus. and A. fortunatus in the subfamilial character of not

2having the postcingulum of M interrupted by the postmetaconule wing, 
having the trigonid more elongate, and having the hypoconulid more 

lingual (Van Valen, 1978). Larger than these species. Upper molars 

less transverse than in A. gillianus and A. oligistus and more trans
verse than in A. fortunatus; P̂ ""̂  more transverse than in A. fortunatus. 

Metaconid relatively larger than in A. Gillianus.
Differs from A. dracus. A. athelus, and A. eowynae, the other 

members of the same subfamily, in being larger and having less trans
verse upper molars.

Referred material. The list below includes 1C^, 2P^, SPg,

17P4, 26M1, 31M2, 23M3, 8 P3, 10P4, 14M1, 14M2 , and 13M3 specimens.
Those specimens with particularly well preserved extensive dentition 

are identified. UALP specimens 8562 (partial left dentary with P 3 -4 , 
broken M^, and M2 -3 ) and 8565, locality 7439; 8931 and 8932, locality 
7473; 8682, 8698, 8704, and 10908, locality 7545; and 8884 and 8885, 

locality 7563 from Ojo Encino locality 10 (Sinclair and Granger, 1914);
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8769, locality 7565; 13292, locality 7566; 8713 and 8720, locality 

7568; and 8972, locality 7574 from Ojo Encino locality 11 (Sinclair 

and Granger, 1914); 6710, 6711, 10945 (partial right maxilla with 
P^-M^ and partial left maxilla with P^, broken P %  and M^~^), and 

12989, locality 7435; 6704, locality 7436; 8959, 10542 (partial right 

dentary with Pg-M^ and broken , 10548, 10549, 10554, 10575, (partial
right dentary with P2_3) 10578, 10585, 10586, 10592, 10861, and 12992, 

locality 75106; 10593 (partial right maxilla with P^-M^, partial left 
maxilla with and isolated P^) , 10595 (palate with RP^ alveoli

and P3 -M3  and LP3 -M3), 10598, 10618, 10619, 10641, 10645, and 10647, 

locality 7640; 10865 (partial left dentary with locality 7642;
10679, 10680, and 10697, locality 7643; 10728 (partial left maxilla with 
P3 -M3) and 10731, locality 7654; 13058, locality 7655; 10769 and 13323, 
locality 7662; 10796, 10797 (partial right dentary with P/^-M^), 10800 
(skull with RP3, broken p \  and M * - 3  and L broken p2-3 and P^-M3),

10810, 10824, 10844, 10829, and 10835 (partial left dentary with Pg-M^), 
locality 7671; 10723 and 10891, locality 7672; 10897, locality 7674;
and 12010, locality 7896 from Kutz Canyon; 10985, 10980 (palate with

2 3 3 3 2 3 4R crownless P , P -M , and damaged M and L crownless P , P , broken P ,

and M^-3), and 11690, locality 7790; from near Aztec; 13761, locality
7889 from near the mouth of Largo Canyon; and 11668, locality 7891 from

near Nageezi.

Description of referred material. Lower incisors of A. 
sectorius are absent from the UALP collection. The lower canine root
is ovate, longer than wide, with the labial side more convex.
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The lower premolars are premolariform but Increase in complex

ity from Pi to P^. is single-rooted; others are double-rooted.

They are ovate, longer than wide, with slightly wrinkled enamel. The 
cusps are inflated at their bases, particularly the large protoconid. 
Accessory cusps are absent.

P^ specimens in the UALP collection are poorly preserved. It 
is a simple tooth, smaller than P^.

? 2  is smaller than associated P^. The oval protoconid is 
slightly more inflated labially than in P^ and dominates the tooth.

The small, slightly lingual, conical paraconid is appressed to the 
protoconid. The precristid is weak or absent. The postcristid extends 

from the protoconid apex nearly to the postcingulid. The weak pre- 

cingulid, present on 3 of 7 specimens, is strongest labially. The 
smooth postcingulid, perhaps an incipient talonid, is weak only on 

UALP 10835 and contains a medial cusp in UALP 10554 and 10575.

The Pg is larger than P^ and longer than and usually narrower 
than P^. The protoconid is less dominant, but more inflated labially 

than in Pg. The distinct postcristid reaches the anterolabial portion 
of the well developed talonid. UALP 10865 has two postcristids; the 

labial one reaches the postcingulid. A weak precristid is present in 

3 of 8  specimens. The conical paraconid is larger and taller than in Pg. 

The metaconid, usually absent, is present as a small ovate cusp appressed 

to the protoconid posterolingually in UALP 8932 and 10542. UALP 8932 
has a postcristid connecting the metaconid to the talonid cusp. The 

talonid occupies a slightly smaller area than does the paraconid and
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may consist almost entirely of a large medial crescentic cusp. This 

cusp has lingual and labial cristids; the former usually connects with 
the postcristid and the latter is V-shaped, open labially, and connects 
to the base of the protoconid or the metaconid. The short, wide talonid 
basin is outlined by these cristids and the posteromedial cusp. A short 

precingulid is present on 10 of 13 specimens. It varies in strength 
from very weak or incipient to relatively strong all around the para- 
conid. A short postcristid is present on 5 of 10 specimens. Cingulids 
are usually stronger labially.

is shorter than associated and contains a well developed 
metaconid. The paraconid is less inflated anteriorly and the pre

cingulid usually is stronger overall than in Pg. The protoconid is 

more circular. The paraconid is slightly more lingual than in Pg. The 
protoconid has the smaller metaconid appressed to it posterolingually. 

Only UALP 6711 has a reduced metaconid. The posterior surface of the 

metaconid is concave or relatively flat. Six of 10 specimens possess 
a precristid; nine of 10 possess a postcristid. The lingual talonid 
consists of a large crescentic or circular cusp and a short wide basin, 
outlined by faint cristids from the cusp. UALP 10865 has two post- 
cristids; one is directed posterolabially to the postcingulid and the 

other is directed posteriorly to the medial area of the talonid basin. 

The precingulid, usually strongly developed, is discontinuous anterior 
of the paraconid in UALP 10618. The weakly developed postcingulid is 

usually present only labially (13 of 16 specimens).
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Lower molars of A. sectorlus are slightly smaller than P^, 

somewhat rectangular, and double-rooted. The cusps have their apices 

internal and their bases joined internally. Inflation is greater on 
the labial cusps. Accessory cusps are rare. The paraconid is reduced 

progressively from to M^, as is the length of the trigonid relative 
to the talonid. All lower molars have slightly wrinkled enamel 
lablally but smoother enamel lingually. The lower anterior margin of 

the lower molars usually is concave to accommodate the posterior of 
the neighboring tooth. Eruption is such that the teeth overlap from
M, to M .

1 3
The protoconid is the largest and tallest cusp. It is 

conical, wears crescentic, and is inflated lablally. The para- 
cristid is low and distinct. The well developed paraconid is appressed 

to the protoconid anterolingually. It is conical and nearly vertical. 
The metaconid is appressed to the protoconid posterolingually. It is 
conical, slightly inflated lingually, and with a somewhat concave 
posterior surface. The lingual margin of the concavity forms a 
postmetacristid. The trigonid notch is deep and narrow with the proto- 
cristid absent. The relatively short talonid contains a narrow, 

closed, predominantly lingual basin. The crescentic hypoconid, the 
largest and tallest talonid cusp, is about the size of the metaconid and 

slightly less inflated lablally than the protoconid. It wears rapidly 
and may be lower than the slightly lingually inflated entoconid. The 

conical hypoconulid, the posteriormost cusp, is closest to the smaller 
entoconid. It may be equal to or smaller than the entoconid. Talonid
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cusps usually are connected by cristlds. The weak low cristid obliqua 
is relatively straight and intersects the trigonid wall directly beneath 

the trigonid notch. The talonid notch is a narrow slit in the ento- 
cristid. The precingulid is usually strong and smooth. Lingually this 
cingulid may be continuous with the premetacristid (4 specimens), simply 

terminate near the anteromedial area of the metaconid ( 9  specimens), or 
not extend beyond the lingual margin of the paraconid (3 specimens)• 

Seven of 22 specimens possess a minute cuspule at the lingual end of the 
precingulid. A lower lingual cingulid extends from the talonid notch 

to anterior of the metaconid in 3 specimens. This accessory cingulid is 

incipient in UALP 10865t short in UALP 10619, and well developed in UALP 
10908. The weak postcinguild usually has two segments separated by the 

hypoconulid. The labial postcingulid descends the posterior margin of 
the hypoconid and the lingual postcingulid extends evenly along the 

entoconid posterior. An ectocingulid of varying strength is present in 
14 of 18 specimens and forms a very weak labial cingulid in 5 of these.

M 2 is similar to but quite easily distinguished from M^. The 
trigonid is significantly shorter, relative to the talonid. The para
conid and protoconid are reduced relative to the metaconid, the 

paraconid is less inflated anteriorly, the protoconid is generally 

less inflated. The paraconid is .slightly more lingual and directed 
more anteriorly and the cingulids are often weaker. The low para- 

cristid is distinct in 9 specimens, indistinct on UALP 10865 and 13292, 

and absent from 3 others. The weak, short premetacristid does not reach 

the precingulid in 19 of 22 specimens. Five of 22 specimens tend to
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develop an accessory cusp anterior of the metaconid, on the precingulid; 

it varies from a slight enamel swelling to a distinct cusp. The pre
cingulid fails to reach the metaconid in specimens that lack the 

premetacristid. The labial cingulid is absent along the anterior half 
of the tooth except in 3 specimens. The ectocinguild is present in 23 
of 27 specimens, slightly more common than in M^. An incipient lingual 
cingulid is discernible on UALP 10865. The accessory lower lingual 

cingulid is absent. The postcingulid, continuous about the hypoconulid. 
in UALP 10585 and 10598, lacks the lingual portion in UALP 10797 and 
1 2 0 1 0 , of 16 specimens.

Mg is more triangular than the anterior molars and the trigonid 

is slightly wider than the talonid. The paraconid is more lingual and 

smaller, the paracristid is slightly more distinct, and the premeta

cristid is absent. The talonid is lengthened, relative to the trigonid, 

by the more posterior position of the enlarged hypoconulid. This conical 
cusp is separate from, but connected to the larger hypoconid and ento- 

conid by narrow cristids. The entoconid is slightly smaller than the 
hypoconid. Accessory cusps are discernible only as slight swellings 
on the precingulid, anterior of the metaconid in UALP 10579 and 10842. 

Three specimens have the labial postcingulid continuous with the ecto- 
cingulid; others have separate short labial and lingual postcingulids. 

Thirteen of 14 specimens have the ectocingulid. UALP 10865 has an in
cipient lingual cingulid in the talonid notch area.

Upper incisors and canines are absent from UALP specimens of 
A. sectorius.
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1 ?P 1 is smaller than P and apparently single rooted,

2 2All P specimens are crownless. P appears narrower,

relative to length, than P^ or p \  It has three roots, as do P^ and P^.

P^ is slightly longer than associated p \  It is keyhole 

shaped. The large posterior-leaning paracone is ovate, longer than 

wide, and larger and taller than the protocone. It appears to have been 
rotated slightly clockwise, relative to the protocone. The paracone is 

separated from the metastylar area by a shallow vertical groove. An 
indistinct paracrista is discernible on 5 of 8  specimens. Easily lost 

with wear on some specimens, it may be an extension of the precingulum 
onto the base of the paracone. The metacone is absent. The weak meta
crista reaches the postcingulum. The lingually inflated, cresent-shaped 

protocone occupies the entire narrow lingual portion of the tooth. It 
is vertical and has strong pre- and postprotocristae that connect with 

the respective cingula. A medial crista extends from the protocone apex 
labially to the narrow valley between the protocone and paracone. The 

parastyle is well developed on UALP 10593 and 12992, less developed on 

4 other specimens, and absent from UALP 10800 and 10980. The metastyle 
is absent. Pre- and postcingula extend from the protocone to the para- 
stylar and metastylar region, respectively, or slightly beyond. The 

precingulum is stronger. Six of 7 specimens have cingula on the anterior 
and posterior of the protocone. These cingula slope downward lingually 

and may be continuous with the pre- and postcingula. An extremely weak 
labial cingulum may be discerned on 4 specimens. All cingula are 

smooth. The enamel is slightly wrinkled, particularly on the labial side.
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is overall similar to P , but with stronger cingula• It is 

larger than The very weak cingula on the protocone (9 specimens)

may connect with the precingulum (UALP 10943) and the postcingulum 
(UAL? 10800 and 10980), This cingulum continues with the precingulum; 
lingual cingula are absent and only UALP 10593 exhibits a very weak 
labial cingulum.

The upper molars of A. sectorius have less crenulate enamel 

than the premolars; some M and MJ specimens have smooth enamel. 
Overlapping occurs as in lower molars.

M* is narrower than It ranges from triangular to nearly
rectangular, depending on the position of the hypocone. The conical 
paracone is larger and taller than the similar metacone. They are 

joined at the base and connected by a relatively narrow centrocrista.
The weakly developed metacrista is more prominent than the paracrista, 
even slight wear erodes the latter. The crescentic protocone is greatly 
inflated lingually. It is larger than the paracone but lower. The 
preprotocrista lacks a conule and fails to reach the precingulum. The 
postprotocrista terminates in a small rounded metaconule in unworn 
specimens. Easily eroded, the metaconule lacks crlstae. A low and 
very weak crista spans the narrow valley between the protocone and para

cone. This slight cristid also erodes rapidly. The lingually inflated, 

conical hypocone is at the lingual end of the postcingulum. It is 

slightly smaller than the metacone and is appressed posterolingually to 

the protocone. The hypocone and protocone have a shallow vertical groove 
between their lingual margins. The labial surface of the hypocone is
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relatively flat or concave• The small parastyle is present on 10 

specimens, absent only from UALP 10645. The metastyle is absent. An 

accessory cusp (a mesostyle?) is present medially on the labial 
cingulum* It ranges In size from an enamel swelling (UALP 11668 and 
10728) to a minute cuspule ( 8  specimens). The smooth cingulum nearly 
encircles the tooth labially from the hypocone to the protocone; it 
is weak or discontinuous on the posterolabial half of the paracone. The 
labial cingulum is lower at the paracone. Secondary lower, shorter 
cingula are present on the posterior edge of the hypocone (UALP 10945 

and 10980) or on the anterior edge of the protocone (3 specimens). These 
cingula are absent in 6  specimens.

M2, similar to but shorter than M* is larger than M^. The para
cone is inflated slightly more labially than M*. A tiny parastyle is 
present on 4 of 12 specimens. The weak paracrista is present except
on UALP 10593. The hypocone is more isolated from the pro to cone than

1 2 in M , making the posterior margin of the M more concave. The labial
cingulum is discontinuous at the metaconid (4 specimens), discontinuous
at the paraconid (UALP 11668), or continuous (7 specimens), unlike that
of M*. The mesostyle? is incipient on UALP 6701, absent from UALP 11690,
but present on 10 other specimens. The short secondary cingulum on the
hypocone is absent except on UALP 10645 and 10945. Isolated M^s have

an anterior cingular wear facet from the over-riding M* that further
distinguishes it from M*. Six of 13 specimens have smooth enamel.

3M , the smallest molar, has the metacone greatly reduced,

the metacrista slightly weaker, and the hypocone extending further
1 2labially than in M 1 or M . The parastyle is absent. The mesostyle? is
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an Indistinct enamel thickening in UALP 10728 and 10945 and more 

distinct in UALP 10548, of 9 specimens. The continuous labial cingulum
is weak at the metacone in 3  specimens. Secondary cingula are absent.
3M is least likely to have crenulate enamel; eight of 13 specimens have 

smooth enamel.
Discussion. Osborn and Earle (1895) thought A. sectorius 

uncertainly distinct from A. mandibularis. Matthew (1897, 1937) 
considered A. mandibularis only an unusually large individual of A. 
sectorius. Simpson (1937), however, concluded that one of the cotypes 

of A. mandibularis is not A. sectorius. perhaps not even Anisonchus.
This controversy has not been addressed adequately, but is beyond the 
scope of the present study. The family Periptychidae is presently 

under review by Archibald (pers. comm., 1980).

Cope (1881b) and Matthew (1937) diagnosed A. sectorius as 
lacking conules. This is apparently only true of worn specimens; all 

unworn UALP specimens lack only the paraconule. Cope (1881) noted 
the lack of a basal cingulum on the lower molars of A. sectorius.

Matthew (1937) deleted this character from his revised diagnosis. All 
undamaged UALP lower molars have pre- and postcingulids.

UALP A. sectorius specimens from the San Juan Basin clearly 
represent a single population. The P^ and M^ are significantly larger 

in specimens from Kutz Canyon than in those from Ojo Encino. Other 

morphological characters, however, are so similar that only one population 
can be recognized. Morphological change through time in A. sectorius 

seems not to have occurred; stratophenetic analysis (Gingerich, 1976)



suggests evolutionary stasis. size varies significantly only be

tween the 522 foot and 631 foot (159.1 to 192.3 meter) levels in Kutz 

Canyon; size otherwise decreases, with time. No other Kutz Canyon 
stratigraphic levels have significantly different sizes. The larger 

and from Ojo Encino are younger and would represent a trend 
incompatible with that shown in Kutz Canyon. Perhaps A. sectorius first 
decreased and later increased in size.

Lower molars of UALP 12010, from the lowest Kutz Canyon level, 
has the metaconid and entoconid more externally inflated, the lingual 

margin more concave, and the entocristid more internal than in younger 
specimens. UALP 12010 is apparently a variant of A. sectorius as 
these characters are not intermediate between the Puercan A. gillianus 

and A. sectorius from the higher levels of Kutz Canyon. They are also 
different from A. dracus, A. onostus, and A. oligistus from Dragon 

Canyon, Utah, described by Gazin (1939, 1941).

A. sectorius is the only periptychid identified from the Crazy 
Mountain Field, Montana (Simpson, 1937). Simpson (1937) reported the 

Crazy Mountain Field specimens as similar to AMNH San Juan Basin A. 
sectorius except with P^ and M^ longer, but not wider. Measurements 
of Crazy Mountain Field (Simpson, 1937) and Swain Quarry (Rigby, 1980) 

specimens were compared.with those from the UALP collection (Tables 55 
and 56)• Measurements from Gidley Quarry are not given separately in 
Simpson (1937). Therefore the measurements included those of A. sectorius 
recovered from all productive localities in the Crazy Mountain Field, 

including locality 18, of Tiffanian age (not Scarritt Quarry as listed 
in Russell, 1967).
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Comparison of Crazy Mountain Field A. sectoring with UALP

specimens from the San Juan Basin shows some similarity to Simpson's 
(1937) results. UALP P^ specimens are significantly longer, but not 

significantly wider, than those from the Crazy Mountain Field.
However, M^ does not vary significantly in either dimension from 
Montana to New Mexico. The Crazy Mountain Field M^ width is inter
mediate between specimens from the two major San Juan Basin areas•

This may have no chronological significance, however, as the San Juan 

Basin specimens may be different due to environmental differences. Also, 
Pg specimens from the San Juan Basin are significantly longer and wider 

than those from the Crazy Mountain Field. Montana P^ specimens are 
significantly smaller than those from Kutz Canyon but not those from 

Ojo Encino. The observed ranges of Pg, and Mj measurements overlap and 
preclude specific differences between the two areas.

Rigby (1980) neglected to include the standard deviation in 
his measurements, precluding statistical comparison of the Swain Quarry 
specimens with those in the UALP collection. However, comparisons of 
means indicates that M^, Mg, and Mg specimens from Swain Quarry are 
longer than those from the San Juan Basin and those from Crazy Mountain 

Field. P^ is wider but shorter in the San Juan Basin. However, the 
results cannot be judged significant and overlapping observed ranges 

preclude any taxonomic separation.

A. sectorius specimens from the Shotgun Member of the Fort 
Union Formation (Gazin, 1961 and in Keefer, 1961) have not been 
described and are not included in this study.
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Table 55. Size of Anisonchus sectorius from Ojo Encino, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P 2
L 1 5.85
W 1 2.85

P3 L 5 6 .1-7.0 6.42 .38 5.97

W 5 3.3-3.4 3.36 .05 1.63

P4 L 6 5.5-6.4 5.87 .31 5.24

W 6 3.6-3.9 3.6 . 2 2 6.08

L 5 4.8-5.5 5.28 .31 5.28'

AW 5 3.3-3.9 3.54 .27 7.70

PW 4 3.3-3.9 3.68 .29 7.82

m 2 L 7 4.8-5.5 5.17 . 2 0 3.98

AW 7 3.4-4.2 3.81 .30 7.92

PW 8 3.5-4.2 3.75 .24 6.53

m 3 L 5 5.4-6.0 5.84 .27 4.61

AW 6 3.0-3.7 3.47 . .26 7.67

PW 6 2.7-3.4 3 . 2 2 .26 7.97

P3 L 1 5.40

W 1 ' 6.15

M2 L 1 5.40

W 1 6.60
M3 L 1 4.35

W 1 6.15
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Table 56. Size of Anlsonchus sectorlus from Kutz Canyon, 

San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P 2
L 6 5.3-6.3 5.98 .31 5.12
W 7 2.8-3.1 2 . 8 8 .16 5.48

P3 L 1 0 6 .1-6.9 6.63 .25 3.82

W 1 0 3.1-3.7 3.58 . 2 0 5.76

P4 L 1 2 5.7-6. 6 6 . 2 1 .31 4.97

W 13 3.4-4.2 3.94 . 2 2 5.54

M 1
L 15 5•1 —6 . 0 5.65 . 2 2 3.84

AW 14 3.6-4.2 3.95 .17 4.41

PW 15 3.6-4.3 3.98 . 2 2 5.62

m 2 L 16 5.1-5. 8 5.27 . 2 1 3.97

AW 16 3.7-4.3 4.06 .18 4.31

PW 18 3.3-4.3 3.91 .27 6.84

M3 L 1 0 4.6 -6 . 0 5.44 .39 7.10

AW 1 2 3.1-3.7 3.47 CMCM 6.31
PW 1 1 2.7-3.4 3.20 .24 7.63

P3 L 6 5.2-6.1 5.75 .31 5.47

W 6 6 .0-7.5 6.63 .53 7.96

P4 L 5 5.2-5.7 5.54 .23 4.16

W 5 6 .6-7.3 7.03 .33 4.71
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Table 56. Continued. Anisonchus sectorlus

Dimension N Range Mean S.D. V.

M 1 L 7 4.8-5.5 5.12 . 2 2 4.29
W 8 6 .3-7. 6 6.94 .42 6.09

M2 L 8 4.8-5.5 5.16 .32 6.29
W 8 7.0-7. 8 7.29 .42 5.70

M3 L 7 3.6—4.5 4.11 .33 8 . 1 1

W 6 5.7-6. 6 5.98 .26 4.41
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Genus Haploconus Cope, 1882. 

Mioclaenus Cope. 1881c. p. 831. 
Haploconus Cope, 1882b, p. 417. 
Diagnosis.

Upper molars obliquely trigonal, the hypocone forming 
the posterointernal angle of the triangle, prominent, 
sometimes with a small hypostyle; protostyle small or 
vestigial, protocone central, conules small, variable.
Premolars more enlarged than in any other Anisonchinae, large 
inner crescentic cusp on P , none on preceding premolars.
Canines large and stout, much larger than in other anisonchines. 
Lower premolars relatively large, moderately compressed, 
with progressively large heels on ?2 - 4  but no anterior cusp.
Molars without paraconid, otherwise much as in the other 
genera. (Matthew, 1937, p. 155).

Comparisons. Haploconus differs from Anisonchus. the other
Torrejonian anisonchine, in lacking the paraconid on lower premolars

> 'and molars, lacking the protocone on P4  and the metaconid on P^, 
having a larger, more square talonid on P^, having a longer molar 
talonid relative to trigonid length, and often possessing a protostyle 
on the upper molars.

Haglnconus angustus^ (Cope, 1881). (Table 57).

Mioclaenus angustus Cope. 1881c, p. 831.
Haploconus lineatus Cope, 1882b, p. 417.

Haploconus xiphodon Cope, 18821, p. 466.
Haploconus angustus Cope, 1884b, p. 416.

Holotype. AMNH 3477, partial right dentary with P^-Mg, near 

Huerfano Peak, Nacimiento Formation, San Juan Basin, New Mexico.
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Age* stratigraphic range, and geographic distribution. Middle 

Paleocene (Torrejonian): Various localities, Nacimiento Formation,
San Juan Basin, New Mexico.

Revised diagnosis. Haploconus angustus differs from IL 
inopinatus in having the upper molar parastyle and metaconule less 
developed and conular cristae less distinct; M% narrower, relative to 
M* width. Lower molars narrower, relative to their length, with less 
inflated cusps and precingulid higher on metaconid.

Larger than H.? elachistus. Parastyle, conules, and conular 
cristae less developed than on II.? elachistus upper molars; II. 

angustus hypocone more inflated lingually. Paraconid of II. angustus 

completely absent. Smaller than H. comiculatus.

Referred material. UALP specimens 6698 (partial right maxilla

with broken P^-M^) and 6699 (partial left dentary with P^-M^ and
isolated RP^), provenance unknown, but in Nacimiento Formation; 10672

(partial right dentary with P^ alveolus and ^2 -3  ̂> 10673 (partial
right dentary with broken Mg and Mg), and 10674 (RP^-P^, damaged M^, and 
2—3M in concretion), locality 7642; 10777 (partial left dentary with 

Ml-3 ), 10778 (partial left maxilla with P^ root and P^-M^), 10779 
(partial right dentary with Pg-M^), 10790 (partial right dentary with 

1>2"^2 anĉ  broken Mg) , 10801 (partial right dentary with M2 ) , 10813 
(partial right dentary with Mg and crownless Mg), 10820 (partial left 
dentary with P2 - 4  in matrix) 10838 (partial right dentary with 

(P^-Mp , and 13756 (partial right dentary with broken Mg), locality 7671
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from Kutz Canyon; 10536 (two left incisors, Cj, left P^-M^ in concretion, 
and RP^ in concretion), 1 1 0 0 1  (partial right maxilla with broken P^ and 
M*~2 ), and 1 1 0 0 2  (concretion covered skull with RdP^-M^ and LP^,

LdP^-M^), locality 7576; and 10957 (concretion covered skull with 

broken RP̂ -M"*, broken LP^“^, and , locality 7780 from near Nageezi.

Description. Lower incisors and canines of 13. angustus are 
absent from the UAL? collection. The circular alveolus of P^ indicates 
that this tooth is smaller than and separated from the Pg by a short 
diastema. It has a single root. The remaining premolars are ovate, 
double-rooted, and have bulbous cusps and slightly to moderately 
crenulate enamel. Lower premolars have, to varying degrees, vertical 
ribs on the labial side of the protoconid, as in Periptychus. Pg is 
dominated by a large lingually leaning protoconid. In anterior view 

this narrow cusp is convex labtally and concave lingually. The pre- 

cristid is absent, but there are two postcristids. The more labial 
postcristid is nearly straight, forms the labial talonid basin margin, 
and connects with a lingual cristid from the talonid cusp to form the 
V-shaped lingual margin of the talonid basin. The lingual talonid 
occupies about one-fourth of the total tooth length. The relatively 
large talonid cusp is generally crescentic with two (UALP 10672) or 

three (UALP 10820) anteriorly directed cristids. The short weak pre- 
cingulid is indistinct; other cinguilds are absent.

P3  is more complicated and longer than P^. It is convex 

labially and slightly concave .lingually. The large tall protoconid is 
more inflated, particularly posterolabially, than in The protoconid
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appears to be slightly rotated counterclockwise such that the anterior 

side of the small paraconid is more lingual than the posterior. Similar 
but less movement is noted in Pg specimens* The precristid is indistinct. 
Labial vertical ribs are usually more distinct on the protoconid than 
on any associated Pg* The well developed postcristid curves postero- 
lingually downward to the corner of the talonid* The nearly vertical 

lingual margin of this cristid is continuous with the anterolabial 
margin of the protoconid. The less steep labial margin forms part 
of the talonid wall. The metaconid appears to be absent except as a 

slight enamel swelling in UALP 10813. The talonid occupies slightly 
less than one-third of the total length. The hypoconid, entoconid, 

and hypoconulid are distinct in UALP 10779 and indistinct in UALP 10813 
and 10820. Subequal, the cusps are appressed to each other. The hypo
conid as attached to the strong lingual postcristid, and the entoconid has 

a low entocristid. The talonid posterior is square with the entoconid 
slightly more rounded than the hypoconid. The hypoflexid is poorly 
developed. The precingulid usually encircles the protoconid anterior, 
but is unusually short in UALP 10672. Highest where it meets the weak 
paracristid, the precingulid is longest and lowest labially. The 
labial cingulid extends from the posterolabial margin of the protoconid 
to the entoconid. UALP 10672 lacks the hypoflexid portion of this 
cingulid and UALP 10813 lacks the cingulid on the hypoconid. P^ lacks 

posterior and lingual cingulids. The P^ of H. angustus is situated

above the mental foramen.
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is shorter and wider than associated Pg and larger than M^.

It lacks the differentiated cusps of P^ and is more square anteriorly. 
The protoconid lacks the precristid and is wider and more rounded. The 

mediolingual protoconid crista is wider than in P3  and projects postero- 
labially from the protoconid. Metaconid presence is indeterminate. The 
talonid is slightly larger than in P^, but contains only a single large 
posterior ovate or crescentic cusp. The lingual margin of the basin is 
stronger and higher than the labial margin. The precinguild, stronger 
than in Pg, ends at the lingual projection formed by the mediolingual 

protocristid. The labial cingulid is continuous in UALP 10779 and 10839 
and absent from the hypoflexid in UALP 10790.

JH. angustus lower molars are generally rectangular, longer than 
wide, double-rooted, have slightly crenulate enamel, and lack vertical 

ribs on the protoconid. The lower molars lack a paraconid, but have the 

paracristid projecting into the anterior area of the trigonid. Several 
progressive trends are recognized from to Paracristid reduction;
more anterior placement of the metaconid, relative to the protoconid; 
farther separation of the metaconid and protoconid; and talonid 
elongation, relative to the trigonid. Accessory cusps are rare.

The is smaller than associated P^ and longer and narrower 
than associated M2 . The protoconid, the largest and tallest cusp, is 

conical, but with a strong wide paracristid directed slightly antero- 
lingually. The metaconid is oppressed to the protoconid postero- 

lingually. The low indistinct protocristid is directed posterolingually. 
The metaconid is conical with a relatively flat posterior margin. The 
trigonid wall is slightly concave posteriorly. The hypoconid, entoconid,
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and hypoconulid are conical, inflated externally such that their apices 
are internal, and connected internally by low cristids. The hypoconid 
is larger than the subequal entoconid and hypoconulid, but the entoconid 
is the tallest cusp. The hypoconulid is more posterior than the other 
talonid cusps and is slightly closer to the hypoconid. The weak cristid 
obliqua intersects the talonid wall slightly labial of the talonid notch.. 
It is lower than the equally strong entocristid. The closed talonid 

basin is relatively small and shallow. The hypoflexid is narrow and 
shallow. The smooth precingulid extends from the anterolabial pro- 

toconid margin to the anterolingual metaconid margin; it is lowest 

medially. The ectocingulid is weakly developed in UALP 10777 and 10790. 
The postcingulid descends along the posterior margin of the hypoconid.
A lower, shorter lingual postcingulid is also discernible.

Mg is shorter but wider than associated or Mg. It is inter
mediate between M^ and Mg in the trends cited above. It also differs 
from Mj in having the precingulid longer, the talonid wall less concave, 
and a broader hypoflexid; the metaconid and hypoconulid are more inflated 
externally, and the trigonid length is about half that of the tooth.
UALP 10813 has a small accessory cuspule on the precingulid, anterior 

of the metaconid. The lingual postcingulid is stronger than in Mj.
The distinct ectocingulid may be continuous with the postcingulid in 
UALP 10801.

Mg is more ovate than rectangular. It differs from the anterior 
molars primarily in having the narrower talonid longer than the trigonid 

and contains an isolated, more inflated hypoconulid as its largest cusp.



The entoconid is reduced and separated from the other cusps except in 
UALP 10673. The cristid obliqua is even with or higher than the ento- 
cristid. A small accessory cuspule is present on the lingual flank of 

the hypoconulid. Mg also differs from Mg as an end member of the trends 
mentioned above.

UALP 10536 preserves the two posterior most incisors and C^.
2 3 1The incisors appear to be I and I , but the presence of an I 1 remains 

uncertain. They are much smaller than the more posterior teeth.
Bluntly spatulate, they have the base of the crown and the root circular; 

the upper lingual portion of the crown is concave. The crown extends 
farther anteriorly than the root; the posterior margin is more nearly 

vertical. The smooth enamel extends lower labially. I ? is larger and 
taller, relative to its length, than 1 ^? and has a deeper lingual con-

3cavity. The incisors are close to each other, but I ? is separated from 
C* by a short diastema.

is moderately large, and somewhat ovate, wider anteriorly, 
with a lingual concavity on the crown. The crown is nearly vertical, 
lacks crista, and has a relatively sharp apex.

P*, the smallest premolar, is subround, slightly longer than 
wide. A simple tooth, it consists of a single uninflated cusp. The 
anterior cusp margin is rounded and lacks a crista. The posterior margin, 

more compressed, has a distinct crista curving downward from the cusp 
apex. P^ has one root.

P2  is represented by a posterior root in UALP 10778. There is

evidence of an anterior root but not of a third root. The root
2 3indicates that P is smaller than P .

489
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3P is ovate, longer than wide, and consists primarily of a 

large tall, posteriorly directed paracone, the anterolabial half of 

which is slightly inflated. The protocone is absent. The weak pre

cingulum varies in length. The stronger, higher postcingulum encircles 
about three-fourths of the tooth in UALP 10778, nearly connecting with
the precingulum; in UALP 10536 it is limited to the extreme tooth pos-

3terior. UALP 10674 lacks cingula. P has two labial and one smaller 
lingual roots. The enamel is moderately crenulate.

P^ is wider than associated P^ and larger than M*. It differs 

from PJ primarily in the development of a large protocone. The para
cone is slightly longer than the protocone, and nearly covers the 

labial half of the tooth. The paracone appears as though it was rotated 

slightly counterclockwise such that the parastylar area is more labial 
than the metastylar area. The paracrista is absent and the metacrista, 

if present, is lost rapidly due to wear. The metacone is absent. The 

protocone, nearly as large and tall as the paracone, occupies all of the 

lingual portion of the tooth except the cingular area. It is crescentic, 
slightly concave internally, with cristae to the anterior and posterior 
ends of the paracone. Only UALP 10778 has a low crista connecting the 

protocone and paracone. A distinct metastyle is discernible only on 

UALP 10536. The metastylar area is at a lower level than the para- 

stylar area. The precingulum, absent from UALP 10536, extends along 
the edge of the protocone and connects with the anterior protocone 
crista in UALP 10778. UALP 10536 has only the extreme anterior and 

posterior lengths of the labial cingulum. P* has the posterolabial
root smallest
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Specimen UALP 11002 contains the entire upper deciduous premolars 

series of H. angustus. The deciduous premolars become more complicated 
and molariform from dP^ to dP^.

O 1DP is considerably larger than P . It is ovate, much longer 
than wide, with slightly concave labial and slightly convex lingual 

margins. It contains a large uninflated paracone. The paracrista is 
absent. The distinct postcrista descends from the apex to the low post

cingulum. The indistinct precingulum is represented by a slight 
downwardly directed V-shaped depression. The postcingulum is longer and 
lower than the precingulum. DP^ has slightly crenulate enamel and two
roots with the posterior root the largest.

3 2Dp is larger than dP . It is triangular, much wider 
labially than lingually. The paracone is the dominant cusp, larger 
and taller than the protocone. Uninflated, it is long and narrow with 

its apex approximately central on the lingual half of the tooth. The 
paracrista is absent. A well developed postcrista appears to be present. 

The narrow protocone, slightly inflated lingually, is oppressed to the 

paracone. The strong precrista descends the protocone and forms the 

anterior cingulum between the protocone and parastyle. The parastyle 

is a swelling at the extreme labial end of the precingulum. The meta

style is absent, although the postcingulum is better developed in the 
area of the metastyle. The precingulum is absent. DP^ has two labial 
and one lingual roots.

The extremely molariform dP^ is similar to the M*. Longer and 
slightly narrower, it may contain a minute parastyle and low paracrista.
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The indistinct mesostyle is rapidly lost due to wear. The hypocone is 

smaller, narrower and less lingually inflated than in M*. A labial 
cingulum is present only below the metacone.

The upper molars of H. angustus are triangular, with the apex
skewed posteriorly. The enamel is slightly crenulate labially and

smooth lingually; vertical ribs are absent from all cusps. From to 
3M the hypocone becomes larger and progressively more ovate. The 

minute conules are worn rapidly to lack distinction. Accessory cusps 
are uncommon.

M* is smaller than associated P* and but larger than associated 
dP^. The conical paracone extends farther labially than the flatter 

labial margin of the conical metacone; they are joined at their bases. 

The distinct low centrocrista is about as strong as the metacrista.
The paracrista is more variable; absent in UAL? 11001 and equal to 

the centrocrista in UALP 10778, it is slight and low in UALP 11002 and 
10536. The crescentic protocone is about the size of the paracone, 

lacks great labial inflation, and is nearly flat internally. The 
protocone has weak cristae to the paracone in all specimens,, and to the 
metacone in UALP 11001. The conical, slightly lingually inflated 

hypocone is attached to the protocone by a short low crista. It is 

entirely posterolingual of the protocone apex except at its base. The 
hypocone is smaller than the metacone. The indistinct protostyle, 

absent in UALP 10536 and 11001, is a slight enamel swelling in 3 other 

specimens. The parastyle is absent on all but UALP 10536, where it is 

small but distinct. The metastyle is absent. Accessory cusps are
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present as a slight enamel swelling (4 specimens) or a small cusp 
(UALP 6698) on the postcingulum labial of the hypocone. The relatively 

strong cingula are lowest at their midpoints. The precingulum extends 

from anterior of the protocone apex to the parastylar area or slightly 
beyond. The postcingulum extends from the hypocone to the metastylar 
area. The labial cingulum is discontinuous at the paracone; in UALP 
1 1 0 0 1  and 1 1 0 0 2  it rises medially to a short low crista originating 
between the paracone and metacone.

is similar to M*, but larger. The paracbnid is larger rela
tive to the metacone and more expanded labially. The metacone is 
slightly less rounded than in M*. The paracrista, weak on UALP 
10778 and 11002, is absent in UALP 11001. The paracrista is weaker 

than the centrocrista and metacrista. An indistinct crista extends 
from the protocone apex to the paracone. A comparable crista to the 
metacone is absent. The parastyle and metastyle are absent. The 
paraconule is a minute cusp close to the protocone in UALP 11002 and 
10957, and a slightly larger triangular cusp in UALP 10778. The meta- 

conule is less distinct than the paraconule. The preprotocrista 
reaches the precingulum in UALP 10778, as a preparaconular crista in 
UALP 11002, but does not reach in UALP 11001. The conical hypocone 

is slightly larger and may be more labially inflated than in M*. It is 
more lingual and entirely posterior of the protocone apex. The proto
style, absent in UALP 10778 and 11002, ranges from an incipient swelling 

to a distinct cusp in the remaining 4 specimens. Accessory cusps are 
present as a slight enamel swelling (4 specimens) or a small cusp



494

(UALP 10778) labial of the hypocone (hypostyle of Matthew, 1937). The 

short narrow postmetaconular crista of UALP 11002 reaches the post
cingulum; that of UALP 10778 does not. The labial cingulum is 
considerably different than in,Mi. It descends from its posterior origin 

to mediolabial of the paracone, where it rises abruptly and continues 
to ascend around the paracone to its termination at the parastylar 

region. The labial cingulum may be continuous, as in UALP 10778 and 
1 1 0 0 2 , or may contain a short gap slightly posterior of the abrupt rise, 
as in UALP 10536 and 11001. It rises to a medial crista, as in M^, in 
3 of 5 specimens.

M is narrower than an associated M . M -3 also differs in
having the flattened metacone form a nearly vertical, labial margin, a 
weaker metacrista, the more lingual hypocone farther from the protocone 
and connected with a considerably weaker crista, and the more continuous 
labial cingulum lacking the abrupt rise on the labial margin of the 
paracone. The M^ lacks a parastyle or metastyle.

The very low paracrista extends from the base of the paracone 
to the cingulum. The centrocrista is indeterminate. The protocone- 
paracone crista is indistinct, but the low protocone-metacone crista is 

complete. The paraconule is distinct, ovate, and larger than the meta- 

conule. The protostyle is small and the accessory cusp posterolabial 
of the hypocone is represented by an enamel swelling. The strong pre

cingulum extends from the protostyle to the labial cingulum, weakest 

at the metaconid. The strong postcingulum continues to the hypocone.



495
Discussion♦ H. angustus composes a small proportion of the 

San Juan Basin Torrejonian fauna, but is more common than once thought. 

Wilson (1956a) recognized its absence from most of the basin except in 
Kimbeto Arroyo. Since 1956, Simpson (1959) and Taylor (1981) have 
reported FL angustus from localities several kilometers south and north 
of Kimbeto Arroyo, respectively.

Cope described H. angustus (Cope, 1881c), H. lineatus (Cope, 
1882b), and II. xiphodon (Cope, 18821). Matthew (1897) considered H. 
angustus an individual variation of H. lineatus and discovered that 

H. xiphodon was based on deciduous dentition of II. lineatus. He 

erroneously recognized H. lineatus as the senior synonym, but later 
(Matthew, 1937), without explanation, corrected the error and con

sidered H. lineatus and II. xiphodon junior synonyms of H. angustus.

Two valid specimens of Haploconus may be present in the San Juan 
Basin Torrejonian. Cope (1888) described JH. comiculatus primarily as 

larger than II. angustus. Matthew (1897, 1937) thought both species 
valid, but only on the basis of size. Simpson (1959) discussed seven 

new specimens of II. angustus. some of which are near the size of H. 
comiculatus. He concluded "...the separation of the two supposed 

species is not satisfactory at present." (Simpson, 1959, p. 13). 
Measurements taken from Matthew's (1937, fig. 37, p. 161) illustration 

of AMNH 3489 and 3538, H. comiculatus, were compared with those from 
UALP H. angustus specimens. Only M 2  and M* are significantly different 

in size between the two species. Validity of H. comiculatus is, at 

best, unsatisfactory. H. comiculatus is absent from the UAL? collection.
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H» angustus varies considerably in the appearance of the proto

style and the cingula and in the shape of the cusps. The protostyle 

ranges from absence to presence as a small, distinct cusp. It varies 

on all molars. The cingula vary primarily in length among individuals 
and in completeness among the molars. Strength of a cingulum may vary 
within an individual, from one side to the other.

Comparison of UALP JH. augustideas specimens from Kutz Canyon 
and Little Pocket (Wilson's, 1956a, locality 9) with each other and 
with Simpson's (1959) specimens from Cuba Mesa indicates lack of geo
graphical differentiation. No significant size differences are noted 
and other morphological characters are within the observed variation of 
H. angustus. Few enough specimens are present in the UALP collection 
that stratophenetic analysis is precluded and character frequency 
through time cannot be compared.

II. angustus is apparently restricted to the Middle Torrejonian 

Deltatherium-Tetraclaenodon chronozone of the San Juan Basin (see 

discussion of biostratigraphy above). AMNH 16680 and 16688, from 
Sinclair and Granger's (1914) locality 5, are of Puercan age, according 
to the specimen label. Comparison of casts of these AMNH specimens with 

UALP specimens confirms their identity as II. angustus. Matthew (1937), 
however, neglected to mention those specimens and no Puercan H. angustus

specimens were recovered by workers from The University of Arizona.
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Table 57. Size of Haoloconus aneustus from Kutz Canyon 

and Near Nageezl, San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

*2 L 1 5.25
W 2 2.4-2.8 2.60 .28 10.88

P3 L 3 5.7-6.7 6.03 .58 9.57

W 3 3.3-3.6 3.45 .15 4.34

P4 L 3 5.2-5.7 5.46 .25 4.60

W 4 3.4-3.7 3.57 .12 3.52

M L 4 4.6-5.1 4.88 .21 4.231
AW 3 2.8-3.4 3.15 .30 9.52
PW 4 2.7-3.1 2.95 .17 5.87

m 2 L 4 4.3-4.5 4.35 .10 2.30

AW 4 3.1-3.6 3.42 .24 6.90
PW 5 3.1-3.6 3.32 .22 6.53

M3 L 3 4.6-5.4 4.93 .42 8.44

AW 3 3.0-3.6 3.30 .30 9.09

PW 3 2.7-3.4 3.03 .35 11.58

P3 L 2 5.5 5.50
W 2 3.7-4.2 3.95 .35 8.95

L 2 4.9-5.7 5.30 .56 10.67

W 2 6.1-6.4 6.25 .21 3.39
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Table 57. Continued, Haploconus angustus

Dimension N Range Mean S.D. V.

M 1 L 3 3.9-4.2 4.03 .15 3.79
W 3 5.1-5.8 5.47 .35 6.42

M 2 L 2 3.9-4.2 4.05 . 2 1 5.24

W 3 6 •1—6 *9 6.47 .40 6.25

M 3 L 1 3.90
W 1 6.30



Family Phenacodontidae Cope, 1881
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Genus Tetraclaenodoh Scott, 1892.
Phenacodus Cope, 1873, p. 3 (in part).

Protogonla Cope, 1881c, p. 492.

Mioclaenus Cope. 1811b, p. 830 (in part).
Tetraclaenodon Scott, 1892, p. 209.
Euprotogonia Cope, in Earle, 1893, p. 378.
Emended diagnosis. Emended from West (1976, p. 13). Incisors 

small, canines large and pointed; P^ simple, much smaller than Pgi 

simple with minute heel, Pg with indistinct to minute low antero- 
lingual paraconid, tall protoconid, slightly basined heel with 

minute posterior cusps; P^ with large protoconid, distinct paraconid 
and metaconid, large talonid with large hypoconid and distinct hypo- 

conulid and entoconid; lower molars with distinct paracristid and 

often indistinct paraconid even on slightly worn specimens; metaconid 

consistently taller than protoconid on lower molars; paraconid on 
anterior flank of metaconid in and , usually more medial on M^;

Mg narrower than associated or Mg. P simple, without protocone; PJ 
and P^ with prominent protocones, paracone larger and taller than 

metacone, minute parastyle and metastyle, occasionally a paraconule and 
short preprotocristae; P^ with small paraconule and often a metaconule 
and short postprotocristae, often a cingulum swelling in the hypocone 

area; upper molars with prominent conules, usually weak mosostyle on M^ 
and M^, hypocone separate from and slightly lingual to protocone; M^ 
small, with hypocone absent or reduced, often with mesostyle.
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Comparisons♦ The comparisons below are of UALP Tetraclaenodon 

specimens with descriptions of other phenacodonts provided by West 
(1976) and with Phenacodus specimens in the UALP Collection.

Tetraclaenodon differs from the older genus Desmatoclaenus in 
having a protocone and metacone on p \  conules on p \  and a mesostyle 
on the upper molars; P^ has a distinct hypoconulid.

P^ of Tetraclaendon are less molariform than in Phenacodus, 
Ectocion, and Prosthecion. The lower molar paraconid is more strongly 
developed than in Ectocion and Prosthecion. The canines are large, 
the upper molar mesostyle more distinct, and the M 3  hypocone more 

distinct than in Phenacodus. The P^ entoconid is more distinct than 
in Prosthecion and the dentition generally less lophodont than in 
Ectocion.

Discussion. Tetraclaendon is restricted to the Torrejonian.
An isolated, broken upper molar has been referred to Tetraclaendon sp. 
(BLM, 1979; Lucas, pers. comm., 1979). However, examination of a cast 
and photograph (BLM, 1979, fig. 11-88, p. 11-15) of this specimen 
(UNM B-058) suggests that it is not Tetraclaenodon; the length and the

pattern of cusps and cristae strongly support identification of UNM B-058 
as the Puercan genus Ectoconus.



Tetraclaenodon puercensis (Cope, 1881). (See Tables 58, 59, and
60.)

Phenacodus puercensis Cope. 1881c, p. 492.

Protogonia subquadrata Cope, 1881c, p. 492.
Protogonla plicifera Cope. 1882g, p. 833.
Phenacodus calceolatus Cope, 1883b, p. 561.
Mioclaenus floverianus Cope, 1888, p. 330.

Protogonla zuniensis Cope, 1888, p. 330 (in part).
Euprotogonla minor Matthew, 1897, p. 310.

Tetraclaenodon symbolicus Gidley. in Simpson, 1935, p. 239. 
Tetraclaenodon puercensis. Scott, 1892, p. 209.

Hblotype. AMNH 3932, dentary and maxilla fragments, Nacimiento 
Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic range. Middle Paleocene 

(Torrejonian): Several localities,’Nacimiento Formation, San Juan Basin,
New Mexico; Swain Quarry, Fort Union Formation, Wyoming; Rock Bench 
Quarry Polecat Bench Formation, Bighorn Basin, Wyoming; Laudate locality, 

Goler Formation, California; locality 9, lower Lebo Formation, Gidley 

Quarry, Silberling Quarry, localities 6 , 25, and 61, upper Lebo Formation, 
Crazy Mountain Field, Montana; and Heart River locality, Fort Union 
Formation, North Dakota.

Late Paleocene (Tiffanian): Scarritt Quarry, localities 13, ?70,
82, Melville Formation, Crazy Mountain Field, Montana; and Elbow River 
locality, Paskapoo Formation, Alberta, Canada.

501
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Diagnosis. Same as for genus. This is the only known species.
Referred material. The list below includes 1 lower incisor,

2Clt IPj, 5P2, 12P3, 38P4, 4dP3, 8 dP4, 60M^ 73H2, 51M3, 2P2, 13P3,
15P^, IdP^, IdP^, 26M^> 19M2, and 24M^ specimens. Those specimens 
with particularly well preserved dentitions are identified. UALP 
specimens 8913, 8916, 8921, 8922, 8924, 8925, and 10901, locality 7471; 
8820 (partial left dentary with dP4 -Mj), 8823, 8840, 10535 (partial left 
dentary with P2 -M3 ), and 13284, locality 7473; 10533 (right maxilla with 
P1 ™ 2  alveoli and P3 -M3), and 11019, locality 7474; 8727, 8728, 8729, 
and 8732, locality 7534; 8735, 8737, 10987, and 10988, locality 7535; 

8744 and 8746, locality 7537; 8568, locality 7540; 8583 (partial right 

dentary with broken P2_3, P4 -M3) and 8584, locality 7542; 8566, 8591, 

8592, 8596, 8608, 8612, and 8614 (partial right dentary with P 3 -M3 ); 

locality 7543; 8624, 8625, 8626, 8627, and 8636, locality 7544; 8644, 
8645, 8650, 8654, 8655, 8656, 8657 (partial right dentary with Cj,

^2~**2^’ 8660, 8669 (partial right maxilla with P3 -M3), 8671, 8672,
8674, 8675, 8676, 8677, 8680, 8683, 8696, 8700, 10909, 10910, 10915, 
10917, 10924, and 10925 (partial right dentary with dPg_4, M^_3), 

locality 7545; 8787, 8788, and 8789 (partial left dentary with Pg-M3), 
locality 7547; 8795, locality 7550; 8796 and 8797 (partial palate with 
Rand L P3 -M3), locality 7551; 8843, 8844, 8848, 8850, and 8851, locality 

7558; 8854 and 8855, locality 7559; 8857, locality 7560; 8871, 8875,

8878 (partial left maxilla with M1"3), 8879, 8880, 8881 (skull with RP2- 

M3  and LP3 -M3, and postcrania, possibly associated with UALP 10531), 

10531 (partial right dentary with Ij_ 3  roots, Cj_, Pj-M2  and partial left



503
dentary with Cj-P^ roots, P^, broken Pg, P^-H^), 13289, locality 7562; 
8882, locality 7563; 8935, locality 7570; 8824, 8964, and 13739, 

locality 75108; 8773, 8774, 8775, 8780, 8781, and 8782, locality 75110; 

8784, locality 75111; 8785, and 8786, locality 75112; and 8887 and 8890, 

locality 7564 from Ojo Encino locality 10 (Sinclair and Granger, 1914); 
8772, 8982, 8986, and 13290, locality 7566; 8708, locality 7567; 8710, 
8711, 8712, 8714, 8715, 8717, 8723, 8724, and 13743, locality 7568; 8801; 
locality 7572; 8805, 8808, 8809, and 8811, locality 7573; 8 8 8 8 , 8895, 

8896, 8899, 8900, 8907, 8908, 8967, 8969, 8970, 10936, 10940, 11677, 

and 13746, locality 7574; 8910, locality 7575; 8716, 8763, 8764', and 
13297, locality 75109; 13753, locality 75141; 11687 and 11688, locality 

7882, from Ojo Encino locality 11 (Sinclair and Granger, 1914); 10944, 
locality 7435; 8938, 8941 (LP^-M^ in matrix), 8945, 10541 (partial left 
dentary with broken P^, P^ broken g), 10545, 10547, 10550,

10551, 10552 (partial left maxilla with P3 -M3), 10568, 10569, 10576, 
10583, 10588, 10590, 10862, 10863, 11708, 12983, 12986, 12994, and 18057; 

locality 75106; 8938, 8941 (LP^-M3  in matrix), 8945, 10541 (partial 
left dentary with broken P^, P g b r o k e n  M^, M g ^ ) , 10545, 10547,

10550, 10551, 10552 (partial left maxilla with P 3 -M3), 10568, 10569, 
10576, 10583, 10588, 10590, 10862, 10863, 11708, 12983, 12986, 12994, 
and 13057, locality 75106; 11000, locality 75139; 10594, 10610, 10611, 

10613, 10615, 10616, 10617, 10621, 10622, 10623, 10624, 10625, 10626, 
10628 (partial right dentary with P4 -M3 ), 10629, 10630, 10632, 10637, 
10640, 10649, 10650, and 10663, locality 7640; 10675, 10676, and 

10867, locality 7642; 10686, 10689, 10690, 10691, 10692, 10698 (partial
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right maxilla with dP3 -M2), 10935, 10937, and 13260, locality 7643; 

10928, locality 7650; 10722, and 10955, locality 7653; 13272, locality 
7654; 10744, locality 7655; 10757 and 10758, locality 7656; 10760, 
locality 7659; 10770, 11655, 11658, and 11659, locality 7662; 10774, 
locality 7668; 10782, 10788, 10795, 10817, 10818, 10819, 10821, 10822, 
10830, 10831, 10834, 10836, 10846, 10848, 13757, 13758, and 13759, 

locality 7671; and 10892 and 13760, locality 7672 from Kutz Canyon; 
10966, 10967, and 10968, locality 7786; 10982, and 10983, locality 7790; 

and 11711, locality 78102 from near Aztec; 13763, locality 7892 from 
near Nageezi.

Description of referred specimens. Lower incisors of T. 
puercensis are small and spatulate with an anteriorly convex outline. 
The enamel is smooth.

The laniary lower canines are slender and taller than the other 

teeth, larger than the incisors and smaller than the cheek teeth. They 
are ovate, elongated with the crown curved concave internally. The 
enamel is slightly wrinkled.

The lower premolars increase in size and complexity and become 
more molariform from to P^. They are smaller than the molars. They 
are generally ovate, longer than wide, and narrower anteriorly. Slight 
enamel wrinkles are most pronounced at the cuspidate cinguild. P^ has 

a single root; other lower premolars are double-rooted.

?! is simple with a large protoconid a well developed post- 
cristid, and a minute basal posterior cusp. It lacks a cingulid.
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Pg has a large protoconid with slight pre- and postcristids.

The short, narrow heel includes a small cusp at the base of the 

postcristid. The precingulid, if present, is longer labially and may 
be anteriorly discontinuous•

P^ has more distinct pre- and postcristids than P^; the post
cristid is better developed. A slight depression separates the lingual 
and labial posterior side of the protoconid from the more medial 
postcristid. The minute anterolingual paraconid varies in size from 

an indistinct basal swelling (UALP 8801) to a distinct anterolabially 
directed cusp (23 specimens). The slightly basined talonid, separate 
from the base of the postcristid, includes a minute posterior cusp.

Small cingular cusps are present on the posterior talonid margin and 
on the precingulid. The precingulid usually is continuous anteriorly. -

The trigonid of P^ is distinct with a large protoconid, slightly 

smaller metaconid, and small but well developed paraconid. The medial 

to lingual paraconid is more prominent and more anterior than on the 
lower molars. It is about even in height with the talonid. The para- 
cristid is narrow but distinct, as is the premetacristid. The talonid 
occupies approximately one-third of the total length and is lower and 

narrower than the trigonid. The talonid basin opens lingually through 
the talonid notch. The talonid is multicusped on 4 of 38 specimens.

The hypoconid, largest of the talonid cusps, may be as large as one-half 
of the talonid width. The intersection of the weak cristid obliqua and 

the trigonid wall is slightly labial of (7 specimens), slightly lingual 
of (5 specimens), or at the trigonid notch (3 specimens). The
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hypoconulid is equal to or slightly larger but lower than the entoconid. 
UALP 11688 has an indistinct entoconulid. The precinguild (35 of 

38 specimens) is continuous, usually longer anterolabially; it may 
encircle only the large paraconid. The postcingulid is directed 

lingually from the hypoconulid, forming a low, slightly curved posterior 

wall. Minute accessory cuspules may be formed on the cristid obliqua, 
paracristid, or talonid wall.

The slightly crescentic dPg is narrower, relative to total 
length, than is P^. The large protoconid is dominant and has a smaller 

round paraconid on its anterior flank. The paraconid is much larger than 

on Pg. Postcristids are lingual, medial, and labial on the protoconid; 
the lingual one contains the indistinct to well developed metaconid.
Both the paraconid and metaconid are slightly more lingual than the 

protoconid apex. The small hypoconid is posteriorly central or labial. 
If labial, it accommodates a larger heel. The heel is narrower than 

in Pg. A slight labial precingulid is present. The enamel is slightly 
wrinkled.

The slightly elevated trigonid of dP^ consists of a larger conical 

metaconid, a smaller, also conical protoconid, a small paraconid that 
is larger than in P^, and a large basin. The metaconid is the tallest 

cusp. Lateral swellings on the anterolingual paraconid usually give it 

a crescentic appearance with wear. The trigonid is longer and narrower 

relative to the talonid than in P^. The paracristid is indistinct.

DP^ is more molariform than P^; the talonid is more developed. The 

hypoconid is the largest and tallest talonid cusp; the posteromedial



hypoconulid is the smallest cusp. Both the hypoconulid and entoconid

contain lateral cristids with accessory cuspules. The talonid basin
is much larger than in P . The weak cristid obliqua intersects the4
trigonid wall at or slightly labial of the talonid notch. The post- 
cingulid forms the posterior wall labial of the hypoconulid. An 

indistinct labial cingulid may be present. Minute accessory cuspules may 
be present as mesostylids and as ectostylids.

The lower molars of IT, puercensis have somewhat inflated and 
bulbous cusps. They are double rooted and have slightly wrinkled 
enamel,

is somewhat rectangular, longer than wide, with the talonid 
and trigonid approximately equal in length and varying in relative 

width. The trigonid is slightly elevated above the talonid. It 

contains a large protoconid separated from the smaller, shorter, more 
posterior metaconid by a narrow trigonid basin and connected to the 

minute paraconid by a slight paracristid. The lingual paraconid is 
close to the base of the metaconid. The paraconid is conical; other 
trigonid cusps have slight lateral cristids, often with minute cusps, 
that give them a crescentic outline when worn. The paracristid and 
protocristid are visible on unworn specimens, but become indistinct 
with wear. An indistinct metastylid may be appressed to the metaconid 

posterior. The hypoflexid and narrow, deep talonid notch are well 

developed. A minute ectostylid rarely is present (2 of 51 specimens). 

The talonid comprises a crescentic hypoconid, a slightly smaller ento

conid, a smaller, but distinct, round hypoconulid, and a minute or

507
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indistinct entoconulid appressed to the entoconid. The hypoconulid is 

more posterior than the entoconid. The weak cristid obliqua usually 
intersects the trigonid wall slightly lingual of the trigonid notch; 
in UALP 10617 and 10691 this intersection is at the trigonid notch;
The slightly cuspidate pre- and postcingulids may be continuous labially. 
The labial cingulid is discontinuous although in 8  of the 60 specimens 
the postcinguild connects labially to the ectocingulid. Minute acces

sory cusps may develop on the paracristid (7 of 10 specimens) or on the 
cristid obliqua (29 of 46 specimens)•

An isolated Mg of puercensis cannot be distinguished from an
isolated M^. M£ has a greater tendency to possess an ectostylid (17

of 52 specimens)• This character does not separate the two, however,
as either the M^ or Mg may develop these cusps. Two of the 60 M^
specimens and 21 of the 73 M^ specimens possess such cusps. M^ and

Mg dimensions also overlap and preclude identification of individual
teeth. Consequently 15 isolated teeth are referred to "M. or M "1 2
status.

Mg, often equal in length to the first two lower molars, is 
narrower, especially posteriorly. It is triangular with the talonid 
narrower than the trigonid. The metaconid is enlarged, distinctly 

taller, and slightly more posterior than in M^g* The usually 
distinct paraconid may be a large distinct medial or submedial cusp 
on the paracristid, unlike that of or M^. The talonid occupies 

approximately two-thirds of the tooth length. The hypoconid is usually 
the largest, tallest, and most anterior cusp on the talonid. The
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hypoconulid is taller than and usually (29 of 51 specimens) larger 
than the entoconid. It is more posterior than in the other molars.

The short postcingulid is restricted to the labial side of the hypo
conulid.

Upper incisors, canines, and P* of 2* puercensis are absent . 

the UALP collection. C* alveoli indicate that this tooth is relatively 
large and the pi alveoli suggests this tooth is small and single-rooted.

The upper premolars of T. puercensis increase in size, complexity, 

and become more molariform from P^ to p \  Cingula, if present, are 
minutely cuspidate. P^ is double-rooted with the .roots anteroposteriorly 

aligned. The others are triple-rooted with two labial and one lingual 
roots. The enamel is moderately crenulate except on the lingual side
of the protocone, when present.

2P is a simple, ovate tooth, narrower anteriorly. The paracone 
is large with both pre- and postcristae; the postcrista is better 

developed. The straight precrista extends posterolabially to the 
cingulum. A thickening of the postcingulum labial of the base of the 
postcrista may be an incipient metacone. The protocone is absent. 

Cingula are discontinuous around the labial and lingual base of the
paracone. Cingula are weakest lingually.

3P is triangular, with the apex lingual. The prominent para

cone has poorly defined pre- and postcristae. The small metacone is 

appressed to the posterior paracone flank. The protocone, larger than 

the metacone, has short pre- and postprotocristae. The preprotocrista is 
more prominent than the postprotocrista and may have a medial swelling.
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the paraconule (UALP 10533). The protocone usually is lingual and 

slightly posterior of the paracone apex. The parastyle is usually 

minute but may be the size of the metacone. The metastyle is usually 
smaller than the parastyle. An indistinct postmetacrista may be 
present (UALP 10533). The hypocone is absent. The cingulum is variable: 
It may encircle the base of the tooth except lingual of the protocone 
or it may be reduced to a postcingulum and a slight labial precingulum. 
On UALP 8797 minute accessory cusps are present on the labial margin
of the metacone.

4 3P is similar to P , but is wider relative to length and more 

oval than triangular. The paracone is the tallest cusp and is approxi
mately equal in size to the protocone. The metacone is smaller and 

distinct from the paracone, although they are joined at their bases. A 

weak postmetacrista and postparacrista are present. The protocone is 
lingual and slightly posterior of the paracone apex. Pre- and post- 

protocristae extend to the conules. The paraconule is minute but larger 
than the metaconule which may be indistinct or absent. The metaconule 

may be directly labial of the metacone (3 specimens), or.on the posterior 
edge of the tooth, interrupting the cingulum (3 specimens). The para- 
style is minute. The indistinct, metastyle is present on 11 of 15 speci

mens. The cingulum may be thickened slightly in the potential hypocone 

area, but no cuspule is present there. Slight cingulum thickening is 

also evident anterolabial of the protocone; perhaps a precedent to a 

true protostyle. The cingulum tends to encircle the tooth but is 

usually discontinuous labial of the protocone; it is most prominent 

anterior and posterior of the protocone.
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DP is triangular, elongated with the apex anterior. It is

L 3much narrower than either dPH or P . The large paracone is separate 
from the smaller protocone and has the small metacone and metastyle 

as expansions of the postcrista. The paracone is located centrally on 
the tooth with the protocone posterior and labial to it. A large 
parastylar region appears present, but, due to damage, the specimen 
lacks detail in this area. A relatively broad trigon basin opens 
posteriorly and terminates at the straight low posterior cingulum.

DP^ is more molariform than either dP^ of P^. It is rectangular., 
longer than wide. The taller paracone is widely separate from the meta
cone. The massive protocone wears to a crescentic outline. The small

4but prominent conules are more widely separated than in P and smaller 

than the well developed hypocone which is approximately equal in size 

to the metacone. Pre- and postprotocristae are distinct. The post

metacrista intersects the posterior cingulum, unlike that of any 

upper molars examined. The metastyle is minute but distinct. Damage 
prevents detailed observation of the large parastylar region. The 
weaker labial cingulum connects with the postcingulum that extends from 
the metastyle to the hypocone. A precingulum appears to be present.

M* is rectangular, wider than long. All cusps are round 
except the crescentic protocone with its distinct but short pre- and 

postprotocristae. The low centrocrista connects the metacone and the 

slightly larger, more labial paracone. Paracrista amd metacrista 

are indistinct. The protocone is about the size of the metacone. The 

paraconule is slightly larger than the metaconule which is about the 

size of the distinct hypocone. The protocone usually extends farther

3
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lingually than the hypocone although UALP 8789 has the lingual margin
of the hypocone even with that of the protocone. The parastyle is

minute or indistinct. A small metastyle may be present (4 of 26

specimens). A mesostyle, smaller than the parastyle, is present on

the labial cingulum in 12 of 26 specimens. On 6  specimens a minute
cusp is present on the centrocrista lingual to the mesostyle. This
cusp does not arise from the cingulum as does the mesostyle. The

protostyle, present on all unworn, undamaged specimens, varies from
an enamel swelling on the precingulum to a distinct cusp equal in

size to the parastyle. The slightly cuspidate cingulum, discontinuous
in 1 2  specimens, usually encircles the tooth from the protocone labially
around to the hypocone. enamel is slightly crenulate on the labial
side of the tooth and smooth on the lingual side.

Isolated upper first and second molars of T. puercensis are

distinguished from one another with great difficulty. tends to
have the metacone more lingual, relative to the paracone, than in M*.

2 1This gives the posterior half of the M less labial extension than M •

The dimensions of these teeth overlap, however, erasing any clear

distinction of these characters. The UALP collection contains 19

specimens identified by association or maxilla position. Nine of these

possess a mesostyle, 5 a metastyle, 9 the minute cusp on the centrocrista,, .
2and 18 a parastyle. Variation in M follows that observed in associated

Mlfs. Identification of isolated teeth on the basis of the above
1 2characters suggests that 6 additional M and 18 additional M specimens 

retain "M* or M^n status.
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is more triangular than or , owing to reduction of

the metacone and reduction or absence of the hypocone* The protocone 

is the tallest cusp. The paracone is larger and more labially situated 
than the metacone. The centrocrista is low and narrow. The hypocone 
may be absent (7 of 24 specimens), reduced to a small cusp posterior 
of the protocone ( 1 0  of 24 specimens), or reduced to a slight cingulum 

swelling (7 of 24 specimens)• The usually distinct parastyle is • 
reduced to a localized swelling of the enamel in 4 specimens and absent 
in UALP 10758♦ The mesostyle is also variable; distinct in 12 of 14 

specimens, it attains the size of the parastyle in 4, and is absent in 

3 others. A minute protostyle is present in 20 of the 24 specimens.

Discussion. The variability of T. puercensis may account for 
the large number of taxa now included in this species. West (1976), in 

the most recent review of Tetraclaendon. statistically analyzed jC. 

puercensis, 1\ symbolicus, and T̂, pliciferus and synonymized them undet 

%. puercensis. The specimens reported here do not change his (West 

1976) conclusion; one species, T\ puercensis, is recognized. Trends in 
size of T. puercensis in the San Juan are noted below but all measure
ments and characters overlap such that only one highly variable species 
can be recognized.

Scott (1892), Matthew (1937) , and West (1976), among others, 

describe jT. puercensis as having a bicusped talonid. The UALP 
specimens suggest otherwise; 13 of 38 specimens have a large hypo- 

conid, small hypoconulid, and minute but distinct entoconid; only 1 0  

UALP specimens are limited to two talonid cusps (hypoconid and
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hypoconulid) and 6  of these have an incipient entoconid lingual to the 

hypoconulid. In short, if a second talonid cusp (the hypoconulid) is 

distinct, another distinct cusp (the entoconid) usually can be iden
tified.

Matthew (1937) and West (1976) suggest that of T̂. puercensis 
lacks a hypo cone. Ten UALP specimens possess a small cusp here 
recognized as the hypocone posterior of the protocone and 7 others have 
a slight swelling in the area of the incipient hypocone.

Several UALP specimens of JT, puercensis exhibit a tendency 
toward lophodonty. An incipient ectoloph is suggested by the metastyle- 

metacrista-metacone-centrocrista-paracone-paracrista-parastyle sequence, 
the ectoloph, Radinsky (1966) referred to the prominent anterior 

ridges of the lower molars as the paralophid. This is presumably the 
paraconid crest of West (1976), The presence of minute accessory 
cuspules on many molar cusps provides the cusp with a crescentic 

outline when worn. This suggests incipient lophodonty. These 

characters agree with Radinsky*s (1966) hypothesis that Tetraclaenodon 

is directly ancestral to perissodactyls.
West (1976) suggested that a poorly defined gradual size in

crease is best documented in New Mexico samples of T^ puercensis. San 
Juan Basin biostratigraphy and a large sample provide data for appli

cation of West's (1976) hypothesis. Gingerich (1976) suggest that 
the first molar is the least variable and therefore the most useful 

tooth in applying this technique. However, since isolated first and
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second molars of puercensis cannot be distinguished, the strato- 

phenetic approach was applied to a combination of first and second 
molars.

Stratophenetic analysis of %. puercensis was done for Kutz 
Canyon and Ojo Encino. The results suggest a trend in size increase. 

M 1 -M2  from Kutz Canyon are significantly larger at the 631 foot 
(192.3 meter) stratigraphic level than at the 512 foot (156.1 meter) 

level (Figure 33)• This trend is continued by a significant increase 
in size of the later specimens from Ojo Encino (Figure 34). The Ojo 

Encino specimens are the equivalent of at least 300 feet (91.4 meters) 

stratigraphically above the 631 foot (192.3 meter) level of Kutz 
Canyon. Kutz Canyon and Ojo Encino populations are relatively close 

geographically [50 miles (80 kilometers)] and the lithology and overall 
faunal content of the • two areas do not vary such that any environmental 
differences can be documented. Thus Tetraclaenodon puercensis can be 
said to have increased in size through time without a speciation event 

having occurred. This represents a documentation of phyletic gradualism.

of T. puercensis from Kutz Canyon fail to document the 
size increase noted above. This probably is due to the much smaller 

population size. The dentition of puercensis from Ojo Encino also 
fail to indicate size increase, but their maximum stratigraphic 
separation and time separation is considerably less than that of the 

Kutz Canyon localities. Comparison of upper molars (M^-M^) from 

Kutz Canyon with those from Ojo Encino show the trend demonstrated by 

the M j-M2 ; the size is larger in the younger Ojo Encino specimens.
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West (1976) suggested three trends In addition to the gradual 

Increase In size: Slight reduction in paraconid size in lower molars;
increase in mesostyle development; and increase in the complexity and 
molarity of fourth premolars. Statistical tests of paracone size in 
last lower premolar and all lower molars indicate that such a trend 
is absent from both areas. Indeed, within the Kutz Canyon localities, 
a trend toward increasing the size of paraconids is suggested. Be

cause the significantly larger Ojo Encino teeth would be expected to 

have proportionally larger paraconids, the ratio of tooth L x W and 
paraconid L x W was compared. In first lower molars the paraconid is 

significantly smaller in Kutz Canyon than in Ojo Encino T. puercensis; 

significant reduction is noted for Mg, Mg, or P^. No trend in reduction 
of paraconid size in Tetraclaenodon is warranted by these results.

Development of a mesostyle is prominent in Ojo Encino specimens; 

four of 7 M* specimens, 1 of 10 M^ specimens, and 1 of 8  M^ specimens
from Kutz Canyon have a mesostyle whereas a mesostyle is present in 9 of

1 9 310 M specimens, 7 of 9 Mr specimens, and 6 of 9 MJ specimens from Ojo
Encino. This supports West’s (1976) hypothesis of increase in mesostyle 
development through time. It also supports the idea of phyletic grad

ualism as the evolutionary model for Tetraclaenodon puercensis.

Molarization of the in JT. puercensis does not appear to in
crease through time. One slight difference is noted, however, between 

P^ specimens from Kutz Canyon and those from Ojo Encino; all 7 Kutz 

Canyon P^ specimens have the cristid obliqua intersecting the trigonid 

wall labial of the talonid notch rather than lingual of or at the talonid 
notch as in the Ojo Encino specimens.



517
Table 58. Size of Tetraclaenodon puercensis from Ojo Encino,

Locality 10, San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P3 L 8 7.4- 9.0 8 . 1 1 .52 6.41

w 8 4.8- 5.9 5.20 .34 6.53

P4 L 13 7.4- 9.1 8.40 CMm 6.19

w 14 4.8- 6 . 2 5.70 .47 8.24

Mi L 24 7.7- 9.7 8.80 .49 5.57
AW 26 6 .1- 8 . 0 7.20 CM<r 5*83

PW 24 CN001CMVO 7.10 .43 6.06

m 2 L 28 7.8- 9.5 8.80 .45 5.11

AW 32 6.3- 8.4 7.55 .41 5.43

PW 30 6.3- 8.1 7.10 .42 5.91

M3 L 29 7 .6 - 1 0 . 1 8.90 .52 5.84

AW 29 5.6- 7.0 6.40 .31 4.84

PW 29 4.0- 6 . 2 5.50 .47 8.54

P3 L 8 7.1- 7.9 7.60 .32 4.21

W 8 6 .6 - 8 . 0 7.35 .51 6.94

P4 L 1 0 7.1- 8.4 7.70 .34 4.42

W 1 0 7.5- 9.8 8.90 .72 8.09
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Table 58. Continued. Tetraclaenodon puercensis

Dimension N Range Mean S.D. V.

M 1 L 1 0 7.4- 9.0 8 . 2 0 .50 6 . 1 0

W 1 2 9.6-12.2 10.40 .71 6.83
M 2 L 13 7.2- 9.0 8 . 1 0 .65 8 . 0 2

W 13 1 0 .1 - 1 1 . 2 10.60 .35 3.30
M 3 L 1 0 6.0- 7.1 6.40 .36 5.62

W 1 1 7.7- 9.2 8.30 .48 5.78
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Table 59. Size of Tetraclaenodon puercensis from Ojo Encino,

Locality 11, San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P3 L 3 8.2- 9.1 8.60 .46 5.35
W 4 4.9- 5.4 5.10 .24 4.70

P4 L 7 8.3- 9.7 8.90 .48 5.39
W 8 5.5- 6.7 6.00 .34 5.67

Mi L 7 8.6-10.1 9.00 .54 6.00
AW 6 6.9- 7.9 7.55 .45 5.96
PW 9 6.9- 8.0 7.40 .35 4.73

m2- L 7 8.1-10.0 9.10 .62 6.81
AW 7 7.2- 8.6 7.90 .54 6.84
PW 5 6.9- 7.9 7.40 .39 5.27

m3 L 9 8.7- 9.7 9.40 .62 6.60
AW 8 6.1- 7.3 6.70 .38 5.67
PW 9 5.3- 6.6 5.70 .39 6.84

P3 L 3 1 00 w 7.70 .49 6.36
W 3 7.6— 8.0 7.80 .21 2.69

P4 L 3 7.7- 8.3 8.00 .31 3.88
W 2 9.9
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Table 59. Continued, Tetraclaenodon puercensis

Dimension N Range Mean S.D. V.

L
W
L

W
L

W

5
6 
4 

3 
6 
6

7.5- 8.7
9.6- 11.2

7.2- 8.3 
10.3-11.2

5.9- 6.5

8.3- 9.0

8.60

10.7
7.82

10.70
6.20
8.60

.48

.57

.46

.47

.20

.26

5.58

5.33
5.88

4.39
3.22

3.02
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Table 60. Size of Tetraclaenodon puercensis from Kutz Canyon,
San Juan Basin, New Mexico.

Dimension N Range Mean S.D. V.

P3 L 6 6 .6 — 9 . 0 7.60 00 11.71

w 6 3.5- 5.4 4.50 .70 15.56

P4 L 13 7.3- 9.0 7.85 .55 7.01

W 14 4.7- 5.9 5.21 .35 6.72

M 1
L 30 7.6- 9.8 8.40 CMVO 7.38

AW 30 5.8- 7.6 6.60 .50 7.58

PW 32 5.7- 8.0 6.70 .54 8.06

M 2
L 28 7.5-10.0 8.50 .63 7.41
AW 30 6.3- 8.5 7.30 .49 6.71

PW 30 Ln V 00
 

►—
* 6.90 .52 7.54

M3 L 18 7.6-10.1 8.30 .63 7.59
AW 2 0 5.5- 7.2 6.08 .43 7.07

PW 18 Ln 1 Ln 00 5.00 .38 7.60

P3 L 5 7.0- 7.7 7.32 .29 3.96

W 5 5.1- 6.9 6 . 2 0 . 6 8 10.97

p 4 L 8 5.7- 8 . 0 6.90 .64 9.28

W 9 7.2- 9.0 8 . 1 0 .52 6.42
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Table 60. Continued, Tetraclaenodon puercensis

Dimension N Range Mean S.D. V.

M 1 L 1 1

CM00o 7.50 .39 5.20

W 1 2 8.4-10.9 9.60 .76 7.92

M2 L 1 2 7.0- 9.3 7.60 .63 8.29

W 1 2 9.7-11.3 10.40 .57 5.48

M 3 L 8 5.1- 6.9 5.70 .62 1 0 . 8 8

W 9 7.6- 8.9 8.30 .57 6.87
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Order Pantodonta (Cope, 1883)

Family Pantolambdidae Cope, 1883

Genus Pantolambda Cope, 1882. 
Pantolambda Cope,.1882b, p. 418. 
Diagnosis.

Comparatively small size, from that of a fox (Pantolambda 
bathmodon) to that of a tapir (Pantolambda cavirictus): incisors, 
above and below, small and simple; canines never flattened 
transversely —  relatively larger than in barylambdids and 
smaller than in coryphodontids and titaniodeids, lower canines 
distinctive, with backward tilted apex, diastema between P 
and not between C and P^ —  as in Titanoides and Corypriodon; 
molars and premolars lacking later specializations. Mg with 
relatively large heel; muzzle comparatively short and small. 
Post-cranial skeleton generalized with' little expansion of 
scapula and ilium; limbs lacking specializations, humerus with 
entepicondylar foramen, tibia retroflexed, centrale of manus 
and astragalar foramen of pes present and relatively large. 
(Simons, 1960, p. 17).

Discussion. UALP Pantolambda specimens were identified by 
comparison with descriptions, illustrations, and plates from Matthew 

(1937, fig. 38, p. 173; fig. 39, p. 174; fig. 43, p. 182; pi. 41, p. 455; 
pi. 42, p. 457; pi. 50, p. 473; pi. 51, p. 475; pi. 52, p. 477) and 

Simons (1960, fig. laA-B, p. 83). Both of the more common species, Py 
bathmodon and J?. cavirictus, are recovered from upper Torrejonian strata 

in the San Juan Basin. P_. intermedius, known from the Crazy Mountain 

Field, is absent from the San Juan Basin, but appears to be a valid 
species. The major character separating the species is size (Figure 28).

Pantolambda includes the largest mammals known from the 
Torrejonian; 'P. cavirictus was about the size of a sheep. The genus 

represents the first large herbivores. They share several traits with
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later herbivores: Convergent characters include an incipient W-shaped
ectoloph, W-shaped lower posterior cheek teeth, selenodont cusps, and 
general trend to lophodonty.

Pantolambda was probably not an important prey species. First 
it is relatively rare and, secondly, most carnivores were relatively 

small. Simons (1960) considered the rarity of Pantolambda specimens due 
to sedimentological differences, noting its abundance in surface local

ities rather than quarry concentrations. Most UALP San Juan Basin 

localities are surface localities, but Pantolambda is rare. The data 

presented by Simons (1960, table 2, p. 6 8 ) also indicates this. His 
(Simons, 1960, table 3, p. 6 8 ; table 3, p. 69) data suggest that 

pantodont concentrations are the exception. This is to be expected if 

the San Juan Basin Torrejonian fauna is representative of an ecological 
community; the largest herbivores compose a small proportion of such a 
community.

The ancestry of Pantolambda is somewhat problematical. Matthew 
(1937) first suggests the. apparent close relationship between 

Pantolambda and Deltatherium. Simons (1960) notes the striking simi
larity in upper molars and points out that Deltatherium is the only 

taxon that both closely resembles Pantolambda and is an earlier form. 

Deltatherium is definitely an earlier form (Taylor and Butler, 1979) 

and incipient lophodonty, as well as the shape and positions of the 

cusps, suggest candidacy for Pantolambda ancestry. Zhou et al. (1977) 
argue against Deltatherium-like ancestor for pantodonts. They (Zhou
et al., 1977) state that
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The earliest representative of the pantodonts (Pantolambda 

bathmodon) and Deltatherium appear almost at the same time 
(Torrejonian stage of Middle Paleocene) in N. America, thought 
[sic] the latter may be slightly earlier. During these [sic] 
time the pantodonts as a group were already well differentiated 
both in Asia and N. America, and represented on each continent 
by a diversity of forms respectively. This indicates that the 
Pantodonts had undergone a fairly long- period of evolution 
before Middle Paleocene, and the hypothesis that the dirivation 
[sic] of the pantodonts from the Deltatherium-like [sic] Paleocene 
arctocyonids is improbable.

Deltatherium is distinctly earlier than Pantolambda (see above and 
Butler and Taylor, 1979). Pantodonts are, in my opinion, not "well 
differentiated" until the Tiffanian and may have been derived from 

an earlier form such as Deltatherium.

Zhou et al. (1977) also point out that the Asian genus 

Bemalambda, a supposed primitive pantodont, may be from early Paleocene 
(TPuercan). The referral of Bemalambda to the Pantodonta may be 

questionable (Van Valen, 1978) and the age assignment of the Bemalambda- 
bearing strata is tentative at best. At present, I see no reason for 

removing Deltatherium from consideration as a pantodont ancestor, but 
believe that further comparison of Asian specimens with those from 
North America, additional discoveries in Asia, and more accurate age 
assignments for the Asian strata may well solve the problem of 
pantodont ancestry,

Simons (1960) discusses the derivation of the Tiffanian 

Caenolambda from Pantolambda, most probably P̂. cavirictus. I see no 
reason to disagree with this hypothesis.

Earlier workers used Pantolambda to define a "zone" characteristic 

of the upper Torrejonian. Discussion of this practice and the bio

stratigraphy of the San Juan Basin Torrejonian is included above.
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Pantolambda bathmodon Cope, 1882. (Table 61).

Pantolambda bathmodon Cope, 1882b, p. 417.

Holotype. AMNH 3956, partial dentary with P3 -M1 , Nacimiento 
Formation, San Juan Basin, New Mexico.

Age, stratigraphic range, and geographic distribution. Middle 
Paleocene (Torrejonian): Nacimiento Formation, San Juan Basin, New
Mexico; possibly Medicine Rocks local fauna, Tongue River Formation, 

Montana; and questionably^, locality 5 or 6 , upper Lebo Formation,
Crazy Mountain Field, Montana.

Diagnosis. Pantolambda bathmodon is carefully described by 

Matthew (1937), but both he and Simons (1960) refer to Cope's (1882b) 
diagnosis as still applicable. I disagree and here include a revised 

diagnosis based primarily on the comparisons I made, but freely 

including information from Matthew (1937) and Simons (1960).

Distinctly smaller than P_. cavirictus. Trigonid with paraconid 

farther lingual and leaning more anteriorly, slight premetacristid 
present; talonid with higher entocristid and more distinct entoconid. 

Upper molars with precingulum and postcingulum widely separated by the 
lingual margin of the protocone; no cingular shelf.

Smaller than J?. intermedins. Entoconid less developed.

6 . Douglass (1902) reported and figured a small pantodont which 
may belong to P̂. bathmodon. Simons (1960) considered it a pantodont, 
but not necessarily P. bathmodon.
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Referred material. UALP specimens 8989 (LC^, , RMg

talonid), locality 7571 and 13737 (left partial dentary with broken 

^2-3^» locality 7562, from Ojo Encino.
Description. The lower canine is the tallest tooth, but is 

relatively small with a large curved root. The small crown is somewhat, 
circular in outline with a strong labial ridge and a less distinct 
lingual ridge. The root lacks grooves or ridges.

The premolars progressively increase in size from Pj to P^,

The anterior is damaged. Semimolariform, the Pg has the trigonid 
dominant. The protoconid is large. The metaconid is indistinct from 

the protocristid. The slight short postmetacristid curves posteriorly 
at the base and fails to extend onto the talonid. The small lingual 
talonid occupies about 1/3 of the total length and lacks distinct 
marginal cristids or cusps.

The damaged Pg is submolariform. The paraconid and paracristid 
are as in the more complete P^. The slight short precingulid begins 
just anterolabial of the paraconid.

The submolariform P^ is semicircular, slightly concave lingually. 
The crown is lophate, somewhat selenodont, and leans lingually. The 
trigonid is much taller and larger than the talonid. The protoconid 

is the largest cusp. It is crescentic, nearly V-shaped. In profile 

it is convex labially and concave lingually. The sharp apex is 

continuous with the strong paracristid and protocristid. The para

cristid is convex anteriorly, lower than the protocristid, and descends 
from the protoconid and rises to and is continuous with the paraconid. 

The equally strong protocristid is convex posteriorly and descends the
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paraconid and rises to the metaconid apex. The ovate paraconid is 

continuous with the paracristid. It is as tall as the larger metaconid 

and is just over half as tall as the protoconid. The nearly vertical 

slightly concave anterior margin and less steep posterior margin give 
the paraconid the appearance of leaning anteriorly. The lingual and 
posterior margins are round with the posterior margin joined to the 
base of the metaconid. The narrow valley separating the paraconid and 

metaconid is slightly closed by the weak internal premetacristid. The 
metaconid is directly posterior of the paraconid. The anterior and
lingual margins are rounded, the posterior margin is concave between

rthe protocistid and postmetacristid. The well developed postmeta-
A

cristid, directed posterolingually, descends the metaconid and terminates 

at the narrow notch separating that cusp from the entocristid.
The trigonid basin is deep, circular, and slightly closed. The lingual 

talonid is square with a rounded posterolingual corner. The thin 

talonid margin includes the nearly straight cristid obliqua, an ovate 
hypoconid, and the less distinct hypoconulid, and entocristid. The 

cristid obliqua is directed toward and ascends the trigonid wall 
slightly labial of the trigonid notch. The external margins of the 
talonid are nearly vertical and the internal margins slope more gently 

to the deep anterior valley of the talonid basin. The hypoflexid, a 
concavity labial of the talonid basin, supports a small conical cusp 
at the posterolabial base of the protoconid. The well developed pre- 

cingulid extends from anterior of the paraconid apex to anterior of the 
protoconid apex. The weak lingual cingulid, lower than and separate 

from the precingulid, extends from the lingual base of the paraconid
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to lingual of the metaconid apex. The postcingulid is as developed as 
the precinguild and descends from the hypoconid posterior into the 
hypoflexid. Double rooted, the has the weakly crenulate enamel 
lowest labially.

The is slightly shorter and slightly wider than Mg. It 
differs from the primarily in development of a larger and wider 
talonid. The metaconid is larger, the paraconid has a slight antero- 

lingual flange, and the premetacristid is stronger than in the P^. The 
postmetacristid is well developed and longer than in P^. The talonid 

is wider than but similar to the trigonid. It is somewhat selenodont 
and triangular with a convex lingual margin. The hypoconid is slightly 
smaller than the protoconid; both have an expanded labial base. The 

talonid wall is continuous from the posterior wall of the trigonid to 
the hypoconulid. The cristid obliqua intersects the talonid wall 

beneath the trigonid notch. The slightly crescentic hypoconulid is 
thin, slightly shorter than the hypoconid, and connected to the indis
tinct entoconid by a cristid. It forms the posteromedial margin of the 
talonid basin. The posterolingual trigonid wall is low, and separated 
from the postmetacristid by a narrow talonid notch. The talonid cusps 

have steep external margins and slope gently into the circular, rela
tively deep, open talonid basin. The strongly developed, deep, rounded 

hypoflexid lacks cusps. The precingulid is as in P^. The incipient 

lingual cinguild, lower than the precingulid, extends from the lingual 
base of the paraconid to midway on the premetacristid. The postcingulid 

extends from the posterior base of the entoconid to posterior of the



hypoconid apex. It is highest posterior of the hypoconulid. That 

portion labial of this rise is strong and descends labially; the 
lingual portion is weaker and level.

Mg is similar to The paraconid is indistinct from the para-'
cristid, lower and smaller than the paraconid and metaconid, and has the 
anterior margin slightly undercut. An indistinct premetacristid is 
present between the bases of the paraconid and metaconid. The paraconid 
has a minute cuspule appressed to it lingually, higher than the level 
of the precingulid. The lingual cingulid, longer than in is 

strongest lingual of the metaconid apex. The postcingulid is strong 
labially and descends along the posterior hypoconid margin, it is 
incipient lingually.

The Mg trigonid is similar to that of M^g* It differs in 
having a reduced metaconid, a postmetacristid that fails to reach the 
metaconid apex, and the premetacristid absent such that the trigonid 

basin is open lingually. The talonid is elongated and narrower rela
tive to the trigonid in M^_g. The hypoconulid is enlarged, taller than 

the hypoconid, and farther posterior. It has cristids to the hypoconid 
and entoconid. The long strong entocristid is low, reaches the post
metacristid, and supports the indistinct entoconid at about its midpoint. 
The precingulid spans nearly the full anterior width. The 

weak lingual cingulid continues from the precingulid, descends to a 
lower level, and is restricted to the paraconid. The postcingulid has 

separate portions labial and lingual of the hypoconulid apex. The 

longer, stronger labial portion terminates at the hypoconid; the

532
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lingual portion ends at the entoconid. The enamel extends lower 

labially, but less so than in

Discussion. Pantolambda bathmodon is thoroughly discussed by 
Matthew (1937) and included in Simons1 (1960) review of Paleocene 

Pantodonta. The two UALP specimens noted here add little to the 
knowledge of this taxon aside from biostratigraphic data (see above).

Clearly separate from P̂. cavirictus» P\ bathmodon is less 
clearly distinguished from P̂. intermedius. Simons (1960) discussed 

possible relationships between the latter two species and UALP specimens 

fail to invalidate any of his hypotheses.

Pantolambda cavirictus Cope, 1883. (See Table 61).

Pantolambda cavirictus Cope* 1883a, p. 169.

Pantolambda bathmodon Osborn and Earle, 1895, pp. 43-46 (not 
P_. bathmodon Cope, 1882b, p. 418).

Holotype. AMNH 3961, partial dentary lacking only incisor crowns 

and left and right P^, Nacimiento Formation, San Juan Basin, New Mexico.
Diagnosis.
Teeth and skull about one and one-half times as large, 

and vertebrae, limb bones, and sacrum about twice as large as 
corresponding elements of Pantolambda bathmodon. Incisors 
above and below agreeing with those of Pantolambda bathmodon 
in their relative sizes, which increase from first to third, 
differing above in being relatively larger compared to the 
other teeth and more spatulate. Upper canine relatively 
larger than in Pantolambda bathmodon and oval (instead of 
subcircular) at base. Lower canine subcircular at base 
and broad enough to expand the alveolar border which is much 
narrower posterior to the canine; as in Pantolambda bathmodon, 
apex directed slightly posteriorly. P^ one-rooted and 
followed by a long diastema; Pg slightly smaller relative to 
P3  than in Pantolambda bathmodon. Details of lower molar 
series closely corresponding except in size to Pantolambda 
bathmodon, although talonid of M 3 of Pantolambda cavirictus
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somewhat smaller relative to trigonid than in the former 
species. Upper P* relatively as large as corresponding 
tooth in Pantolambda bathmodon. but situated somewhat more 
internal to posterior margin of upper canine. P^ sometimes 
a little larger in proportion to P^ than in Pantolambda 
bathmodon. usually agreeing with the latter species in 
possessing a very small protocone on the p2  which gives it 
a comparatively shorter transverse diameter than in 
succeeding teeth; anterior and posterior cingula of proto
cone of upper premolars and molars increasing in 
heaviness from front to back so that may have a
cingular shelf completely encircling the protocone; agrees 
with Pantolambda bathmodon and other pantolambdids in 
having reduced molar metastyle not projecting beyond the 
labial margin of the tooth, posterior to the parastyle...
(Simons, 1960, p. 10).

Simons (1960, pp. 18-19) continues his diagnosis with comparison 

of skull and post-cranial characters of pantodonts. This portion of his 
diagnosis, although important, is not relevant to discussion of the UALP 
specimens.

Referred material. UALP specimens 11018 (right dentary with 

and alveoli, Cj root, P^ alveolus, broken Pg^, Mj_3 » left dentary 
with Ii_ 3  alveoli, Cj root, P ] _ 3  alveoli, broken P^, left partial

maxilla with P^-M* and broken M^; isolated LIj, LI2 , LI3 , LP2 , LP3 , RM^, 
and assorted postcrania including right tibia, broken fibula, and 
patella; and fragmentary dental and postcranial elements), locality 

7471 from Ojo Encino; 11693 (RM^ or Mg trigonid), locality 7890; and 
8966 (LP^ or trigonid), locality 7595 from near Nageezi.

Description. The lower incisors increase in size from to Ig. 

Relatively low crowned, they have large, long, nearly straight roots, 

tapered only at the tip. The base of the crown is circular. The 

single crescentic cusp has the apex anterior with ridges descending
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posteriorly from the apex along both sides of the tooth; the lateral 
ridge extends lower than the medial ridge. The Ig lateral ridge ends 

at a basal shelf or cusp (wear precludes determination of which). The 
enamel is slightly wrinkled, worn to near smoothness.

The lower premolars progressively increase in size posteriorly. 
The crown leans lingually. The P^, represented only by an alveolus, is 
separated from the Pg by a short diastema, and is single rooted. The 
others are close together and double rooted.

The Pg is semimolariform, semicircular with a concave lingual 

margin. The large protoconid is broadly crescentic. The paraconid and 
metaconid are absent, but the paracristid and protocristid are strongly 

developed. The paracristid descends sharply from the protoconid apex, 

is convex anteriorly, and leans anteriorly. It curves posteriorly 

near the base in a hook-like extension that forms the lower end of a 
concavity on the internal margin of the protoconid. The protocristid 

is higher than the paracristid and extends posterolingually. It turns 
posteriorly near the base and curves inwardly to enclose a concavity.

A posterior medial cristid descends from high on the postcristid to 
form a distinct posteromedial lobe that extends posteriorly. This 
cristid forms the lingual margin of the concavity noted above. Com
parison with the Pg suggests that this medial cristid is the cristid 

obliqua and lobe is the hypoconid of the incompletely formed talonid. 

The hypoconid is much lower than the protoconid. The wide, shallow 
hypoflexid extends to the wear surface of the protoconid. The



precingulid is absent. The postcingulid is incipient on the labial 
margin of the hypoconid. The strongly wrinkled enamel extends equi

distant labially and lingually downward."

The Pg is submolariform and similar to ?2 . The trigonid is 
distinctly developed and much higher than the talonid. The trigonid 
cristids are higher and reach the indistinct paraconid and the meta- 

conid. The paraconid is an ovate expansion at the end of the paracristid.

A strong lingual cristid beneath the paraconid hooks posteriorly, 
but less.sharply than in ?2 . The worn metaconid, larger than 
the paraconid, is at the end of the protocristid. The premetacristid 

is absent, but a well developed postmetacristid extends posterolingually 
from the metaconid. The trigonid basin is open through the wide sepa
ration between the paraconid and metaconid. The talonid occupies 
about 1/3 of the total length. The large medial hypoconid and cristid 

obliqua are very worn. The minute, ovate hypoconulid has lateral 

cristids. The low entocristid has two minute cuspules but no dis

tinct entoconid; it is separated from the postmetacristid by a shallow 
talonid notch. The weak, short postcingulid is posterior of the 
hypoconid.

The UALP P^ specimen has the trigonid missing. P^ is sub- 
molarifom. The talonid is more developed than in P3  and has a larger, 

taller, crescentic hypoconulid. The indistinct entoconid is a swelling 
on the entocristid.

The lower molars of the UALP P_. cavirictus specimens are badly 

worn, rendering the cusps indistinct, particularly on the trigonid.

536
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Length increases from Mj to Mg. The metaconid is increasingly more 
labial, relative to the paraconid, from to Mg.

The M% has the trigonid about as long and wide as the talonid. 
The trigonid is higher, relative to the talonid, than in the premolars. 

The paraconid extends less fetr lingually than the metaconid and leans 
anteriorly. The premetacristid is absent. The postmetacristid 

terminates in a small ovate cusp separated from the entoconid by the 

narrow talonid notch. The entoconid is a low cusp at the lingual 

margin of the talonid, opposite and slightly posterior relative to 
the hypoconid.

The Mg is similar to the Mi* A minute, anteriorly leaning 
cuspule is situated low between the paraconid and metaconid. The 

entoconid is slightly larger and more circular than in Mi and is more 
distinct on the low lingual wall of the talonid. The strong pre- 

cingulid spans nearly the full anterior width. Lingual and labial 
cingulids are absent. The postcingulid is poorly preserved.

Mg differs from M ^ g  primarily in the elongation of the talonid. 
The hypoflexid is wider and the talonid is longer and narrower. The 
hypoconulid is enlarged and more posterior. The long low lingual 

talonid wall has several minute cuspules, but no distinct entoconid, 
and is continuous with the postmetacristid. The talonid basin is 

lingual, long, and shallow. The precinguild, wide as in Mg,is 

slightly cuspidate lingually and at the same level as two cuspules on 

the anterolingual and lingual margins of the protoconid. The strong 

postcingulid is labial, extending from labial of the hypoconulid apex 
to posterior of the hypoconid.
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O\ Triangular in outline, the semimolariform has a well devel

oped, deep, V-shaped ectoflexus. The stylar area is wide between the 
para- and metacrista. The paracone is large and crescentic. Its apex 
is about medial on the tooth. The metacone is absent. The well devel

oped preparacrista extends anterolabially to the labial cingulum. The 
equally strong postparacrista extends posterolablally into a damaged 
area. A minute parastyle rests on the precingulum near the postero- 

labial margin. The low, slightly crescentic protocone is relatively 

small and slightly posterior relative to the paracone. Weak pre- and 
postprotocristae are continuous with the pre- and postcingula, respec

tively. A slight crista extends from mediolabially on the protocone to 

the posterolingual margin of the paracone. An indistinct paraconule 

is internal to the preprotocrista and less distinct swelling internal 

to the postprotocrista may represent an incipient metaconule. Cingula 
are strong and tend to be cuspidate. The major postcingulum extends 
from the postprotocrista to a damaged area. A second, lower, lingual 

postcingulum is incipient from beneath the lingual margin of the pro

tocone to just labial of the metaconule. The labial cingulum is con- 
tinuous with the precingulum; the posterior portion is damaged. P is 

triple-rooted. The enamel is weakly crenulate.
q oP is similar to P . The protocone is larger, taller, and 

farther from the paracone; the anterior lobe extends farther lingually. 
The protocristae are continuous with the upper portions of the pre- 

and postcingula. An indistinct crista extends from the posterolabial

The upper premolars increase in size posteriorly. is absent
from the UALP collection. UALP are well worn.
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margin of the protocone to the mediolingual paracone margin. The pre

am!' postcingula have labial and lower lingual portions as in P?. The 

labial portions are continuous with respective protocristae and with 

the labial cingulum. The lingual portion of the precingulum is short 
and relatively weak. It extends along the anterior and anterollngual 
bases of the protocone. The lingual portion of the postcingulum is 
better developed and extends from the metaconule; it becomes stronger 
and rises onto the lingual margin of the protocone. It is cuspidate 

but lacks a distinct hypocone. The labial cingulum is continuous with
the upper pre- and postcingula.

4 3P differs from P in having a larger parastyle and a larger 
wider protocone. The metastyle is absent, but a short crista extends 
labially from near the end of the postparacrista such that the end 

of the postparacrista is bifurcated. The lingual portion of the 

precingulum is strong and extends from a position anterior of the para
cone to the anterollngual margin of the protocone. It rises onto the 

protocone. The lingual portion of the postcingulum is also longer and
stronger than in P^; it extends farther lingually than the precingulum.

2 3UALP upper molars are well worn. is damaged and M is 

absent from the collection.

M* is larger than P^ and approximately equal in size to M^. 

Triangular, M* has a broadly concave ectoflexus and slight postflexus. 

The stylar area is wide, but less so than in the premolars. The para

cone and the smaller metacone are crescentic, but worn beyond further 
description. The distinct mesostyle is closer to the metacone than to 

the paracone. The paracone, metacone, and mesostyle, with the
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para- and metacristae, form a distinct W-shaped wear pattern (see below). 

The preparacrista hooks at the labial end to reach the small parastyle. 
The preparacrista hook forms an expanded parastylar lobe that extends 
farther labially than the metastylar area. The metastyle appears 
absent, but may be eroded. The crescentic protocone is the largest 

cusp. The preprotocrista and postprotocrista intersect the minute para- 
conule and metaconule and continue to the labial corners of the tooth. 
The preprotocrista is connected to the paracone by an indistinct 
cristid. The postprotocrista is separate from the metacone. The pre

cingulum contains a labial portion and a lower lingual portion. The 
labial portion is an extension of the preprotocrista that reaches the 
parastyle. The lingual portion extends from beneath the lingual ter

minus of the labial portion to the lingual margin of the protocone. The 

postcingulum is continuous from the metastyle to the lingual margin of 

the protocone. It is joined by the postprotocrista. The pre- and post
cingula both rise onto the lingual margin of the protocone, but are 
discontinuous there. The lingual pre- and postcingula are discontinuous 

on the lingual margin of the protocone. The labial postcingulum is an 
extension of the postprotocrista that reaches the posterolingual margin 
of the tooth. The lower portion extends from beneath the postprotocrista- 
upper portion.contact to the lingual margin of the protocone.

The postcingulum is broader than the precingulum, giving the postero

lingual margin of the tooth a squared appearance. The weaker labial 

cingulum is relatively short, extending from labial of the metacrista 
midpoint slightly onto the parastylar lobe.



541
has a more rounded lingual margin than M*. The pre- and 

postcingula are weakly joined on the lingual margin of the protocone. 
The postflexus is more distinct than in M*.

Discussion. Pantolambda cavirictus is distinct from P. 
bathmodon and P. intermedins (see Figure 35). It is, however, more 
variable with respect to size than P̂. bathmodon (JP. intermedins is 
known only from two specimens with different teeth represented).
Present data do not warrant recognition of more than the single species 

from specimens assigned to P. cavirictus. Simons (1960) recognized 

variation in size, cingula of upper molars, size and proportion of 

upper canine, and size and position of P^. He considered the degree 

of variation in P. cavirictus as no less than those associated with 
diagnostic skeletal differences between other pantodont genera. Until 
such skeletal differences are recognized or stratigraphic relationships 

are correlated to morphological variation it is most parsimonious to 
retain a single species for P̂. cavirictus.
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Figure 35. Bivariate Plot of Pantolambda Molars from the San Juan
Basin. (Open circles represent specimens of _P. bathmodon. 
Data include measurements taken from Simons, 1960.)
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Table.61. Size of Pantolambda bathmodon and Pantolambda cavirictus 
from the San Juan Basin, New Mexico•

Dimension P. bathmodon P • cavirictus

P2 L 12.9
W 8.9

P3 L 13.0

W 10.6

?4 L 8.4 13.5

W 8.2 11.6

L 11.1 16.6
AW 8.0 13.6

PW 8.6 14.3

m 2 L 11.3 17.7

AW 8.5 12.4

PW 8.8 13.0

M3 L 14.2 22.3

AW 7.9 13.1

PW 7.4 12.3

P3 L 14.4

W 19.1

M1 L 19.3

W 23.0

M2 L

W 23.8
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