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ABSTRACT 

About 2,500 specimens of small mammal fossils were collected from 10 

localities in the Pliocene Panaca Formation in Meadow Valley, southeast Nevada. The 

most common taxa are cricetid and heteromyid rodents, and lagomorphs. Twenty-

seven species, including five new species, were recognized from the fauna. A new 

genus of microtine rodent, Nevadomys, including three new species, N. fejfari, N 

lindsqyi, and N. downsi, is recognized. Nevadomys was probably derived from the 

Hemphillian Paramicrotoscoptes. Repomys minor n. sp. is another new species of 

high-crowned cricetid that was detected in the Panaca local fauna. With abundant 

upper and lower third molars of Repomys, it was possible to amend the diagnoses of 

genus Repomys. The fifth new species recognized from the fauna is a shrew, 

Parcmotiosorexpanacaensis n. gen. and sp. 

Enamel microstructure of molars of the microtine xoAmisMimomys 

panacaensis and Nevadomys n. gen. from the fauna were examined under the scanning 

electronic microscope. Mimomyspanacaensis shows the same schmelzmuster among 

different populations. Nevadomys has a more primitive schmelzmuster compared to 

Mimomys panacaensis. Both its leading and trailing edges are entirely composed of 

radial enamel. 

The assemblage of small mammal fossils suggests that the Panaca local fauna 

represents the early Blancan land mammal age. The first appearance datum of 

Mimomys panacaensis is suggested as the beginning of Blancan land mammal age, and 

the absolute age of the lowest stratigraphic datum ofM panacaensis in the Panaca 
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Formation is interpolated from magnetostratigraphy and is considered as the age of the 

Hemphillian-Blancan boundary. 

The magnetostratigraphy of the Panaca Formation in Meadow Valley is 

established based on four sections in the basin. The ash in the Rodent Hill section was 

dated at 4.64±0.03 Ma, which constrains the correlation of the reversed polarity 

magnetozone in the Rodent Hill section to the C3n.2r in the Geomagnetic Polarity Time 

Scale (GPTS). The other three sections are correlated to the Rodent Hill section based 

on the ashes. The Panaca Formation in Meadow Valley was deposited from 4.50-5.30 

Ma, and the Hemphillian-Blancan boundary is around 4.95 Ma, close to the termination 

of Thvera Subchron in the GPTS. 
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CHAPTER 1. INTRODUCTION 

1.1 Biochronology and Land Mammal Age principles 

Mammal faunas refer to the natural assemblages of species occurring within a 

restricted geographic and limited temporal range. The fossil mammal faunas can be 

ordered in time based on certain principles. The study and temporal ordering of mammal 

faunas is biochronology. The biochronologic principles that have been applied 

traditionally by vertebrate paleontologists to infer the biochronologic ordering of a 

mammal fauna involve biostratigraphy and stage of evolution (Lindsay, 1990). 

Biostratigraphy provides the stratigraphic placement of fossils within the rock record, 

based on their superposition. When biostratigraphic data are absent or poorly known, 

stage of evolution of fossils has been used for chronologic placement. However, this 

can only be done within a few well-known and stable lineages. 

When Osbom and Matthew (1909) proposed the "life zones" concept referring to 

the sequential ordering of strata characterized by their coexistent taxa, for the first time 

the mammal faunas were correlated and ordered in a temporal sequence based solely on 

biostratigraphic data. In 1941, the Wood et al. Committee published a Tertiary time 

scale they called "North American Provincial Ages" based on major changes of the 

mammal faunas (Wood et al., 1941). Subsequently, this biochronologic framework has 

received considerable improvement; it is currently developed as the North American 

Land Mammal Ages. The volume edited by Woodbume (1987) provided new data with 

detailed discussion for mammal ages, in which a characterizing assemblage of fossils 
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was provided for each mammal age, and new techniques, including the radiometric 

dating of igneous rocks and magnetostratigraphy (Lindsay et al, 1987), were applied to 

biochronology. With this independent geochronologic data, the Land Mammal Ages 

could be correlated to the Geomagnetic Polarity Time Scale (GPTS), and the duration of 

each mammal age was thus interpolated. The North American Land Mammal Ages have 

proven reliable and very useful for the chronologic study of Tertiary terrestrial deposits 

in North America. The most recent publication relating to this framework is Woodbume 

and Swisher (1995), who updated with new data after 1987. Woodbume (1996) 

broadened the concepts by extending them beyond North America. 

However, as Lindsay and Tedford (1990) pointed out, boundaries of land 

mammal ages have rarely been addressed while the land mammal ages have been well 

ordered and characterized. As Woodbume (1996) emphasized, the boundaries of ages 

must be rigorously defined in order to enable the development of recognition, 

refinement, and correlation of mammal ages. The goal of this study is directed toward 

an important problem, the definition and placement of the boundary of two mammal 

ages, Blancan and Hemphillian, which are correlated vwth the late part of the Miocene 

and the Pliocene Epochs in the Geologic Time Scale. 

1.2 Criteria on the definition of a boundary between two adjacent land 

mammal ages 

As a biochronologic framework, there should be no gap or overlap between any 

two land mammal ages. The lower boundary of each mammal age may be defined by 
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the first appearance of a taxon or multiple taxa, and its upper boundary is defined by the 

lower boundary of the next younger age. Since a land mammal age is a biochrcnologic 

unit, the boundary has to be isochronous. The First Appearance Datums (or FADs, 

coined by Berggren and Van Couvering, 1974) of multiple taxa could very likely violate 

this principle, and thus Woodbume (1977, 1996) and Lindsay (1995) have strongly 

recommended the FAD of a single taxon as the boundary. Noticing that an FAD is a 

theoretical concept and that its placement can not be precisely known in practice, 

Opdyke et al. (1977) used the Lowest Stratigraphic Datum (LSD) to refer to the lowest 

stratigraphic level where the taxon appeared in a particular section. The FAD of a taxon 

can only be inferred from its multiple LSDs. 

The single species used for the definition of a mammal age is preferably an 

immigrant (Repenning, 1987; Lindsay, 1995). Endemic taxa are usually not widespread, 

and evolution in situ is extremely difficult to recognize; it has never been securely 

documented. A distinctive boundary should be marked by an abrupt event. An 

immigrant is best suited to represent this boundary-event. A boundary-event must 

ideally be based on a biostratigraphic record. The taxon that characterizes the boundary-

event should meet the following criteria (Lindsay, 1995): 1) morphologically 

distinctive, 2) widespread and well represented in faunas of that temporal interval, 3) 

taxonomically stable, and also, the strata adjacent to the boundary-event should be well 

sampled, particularly below the level where the taxon appears. 
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1.3 Current status of the Hemphillian-Blancan boundary 

Hemphillian land mammal age is based primarily on a fauna from the Coffee 

Ranch Quarry in Hemphill County, Texas. Hemphillian faunas are distinguished from 

the older faunas in the Clarendonian land mammal age by the appearance of ground 

sloths from South America {Pliometanastes, Thinobadistes), and some new species of 

rodents (e.g., Microtoscoptes, Repomys, Promimomys) (Tedford et al., 1987). Blancan 

land mammal age is based on an assemblage of fossils from Mt. Blanco near Crosbyton, 

Texas. Blancan faunas are distinguished from Hemphillian faunas by the appearance of 

the horse Equus and several genera of rodents (e.g., Mimomys, Nebraskomys, 

Pliophenacomys, and Sigmodon). The bear Ursus and deer Odocoileus also appeared 

during the Blancan. The bear Agriotherium and rhino Teleoceras that lived in the late 

Hemphillian disappeared in the Blancan (Lundelius et al., 1987); their absence is also 

characteristic of the Blancan. 

In the most recent version of North American Land Mammal Ages, the boundary 

of Hemphillian-Blancan has two possible placements: one about 4.70 million years ago 

(Ma), the other about 4.95 Ma (Woodbume and Swisher, 1995:fig. 6). The first 

placement is proposed by Tedford et al. (1987) and Lundelius et al. (1987), and the 

second one follows the arvicoline biochronology proposed by Repenning (1987). 

The most ideal place to identify the Hemphillian-Blancan boundary is where a 

Blancan fauna is superposed over a Hemphillian fauna. Unfortunately, the early 

Blancan Concha fauna in Chihuahua and the Rancho Viejo fauna in Guanajuato of 

Mexico are the only faunas that met this criterion. The Concha fauna, which was 
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studied by Lindsay and Jacobs (1985), includes the Blancan rodent Pliophemcomys. 

The Concha fauna occurs in a normal polarity magnetozone and several sites of the 

Hemphillian Yepomera fauna occur in the underlying relatively long reversed polarity 

magnetozone (Lindsay et al, 1984:fig. 1). This reversed polarity magnetozone should 

be in the Gilbert Chron (C3); however, correlating to a particular subchron in the GPTS 

is subjective due to the lack of independent radiometric age from the section. Lindsay et 

al. (1984) correlated the normal polarity magnetozone of the Concha fauna to the 

Nunivak Subchron (C3n.2n) with awareness that this correlation is equivocal. The 

Hemphillian-Blancan boundary is thus somewhere between 4.62 to 4.80 Ma if we use 

the GPTS of Cande and Kent (1995). 

Another local fauna that could constrain the Hemphillian-Blancan boundary is 

the Verde local fauna from northern Arizona (Lindsay et al., 1984). Bressler and Butler 

(1978) constructed a composite magnetostratigraphy of the Verde Formation; the lowest 

Blancan fossil site was from the level 2m below a normal polarity magnetozone that is 

correlated to the Nunivak Subchron (Czaplewski, 1990). The small mammal fossils 

from this site were Geomys minor, Prodipodomys idahoensis, Copemys sp., and 

Mimomys (Qgmodontomys) poaphagus (Czaplewski, 1990). Czaplewski (1990) 

suggested that this local fauna represents the early Blancan based on the occurrence of 

the ancient genus Copemys sp. and co-occurrence of Prodipodomys idahoensis with the 

Hemphillian Yepomera local fauna in Chihuahua. However, the range of Prodipodomys 

idahoensis extends into the middle Blancan (Hibbard, 1962; Zakrzewski, 1969), and the 

identification of Copemys sp. was based on a single second upper molar (M2) on which 
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the paraloph and the anterior arm of hypocone are not in alignment. It is noticed that in 

Peromyscus hagermanensis, this nonalignment is also present in the Mis and M2s. 

Therefore, the M2 from the Verde Formation could be a Peromyscus hagermanensis. 

Also, the arvicoline xoAqvA Mimomys (Ogmodontomys) poaphagiis from the fauna was 

more advanced than the early BlancanM {Ogmodontomys) sawrockensis (Zakrzewski, 

1967; Repenning, 1987). Therefore, it is questionable whether the Verde local fauna 

represents the very beginning of Blancan. We could use the Verde local fauna to 

constrain the Hemphillian-Blancan boundary as not younger than 4.62 Ma (the 

beginning of Nunivak Subchron), but it does not necessarily infer that the boundary is 

close to this age. 

Among the small mammal fossils, arvicoline rodents are widespread and have 

undergone rapid evolution. They exhibit gradual evolution in their dental morphology, 

including reduction or loss of roots, addition of cement in the reentrant angles, and 

increase in hypsodonty, height of the dentine tract, and length of the first lower molar 

(Hibbard, 1964; Fejfar and Heinrich, 1989). Based on relative stages of evolution, 

Repenning (1987) established a biochronologic framework, in which he defined the first 

appearance of Mimomys in North America as the beginning of Blancan land mammal 

age and further divided Blancan into five subunits. He considered that Mimomys 

emigrated from Europe and appeared in North America as two species, M (Ophiomys) 

mcknighti and M (Ogmodontomys) sawrockensis. The type population of the first 

species was from the White Bluffs local fauna of Washington, and that of the second 

species was from the Saw Rock Canyon local fauna of Kansas. However, the presence 
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of Mimomys in North America has been controversial. Koenigswald and Martin (1984) 

argued that M (Ogmodontomys) and M. {Ophiomys) have different enamel 

microstructure from the European Mimomys, and thus they are endemic to North 

America. 

Following his definition of the Hemphillian-Blancan boundary, Repenning 

(1987) suggested that the boundary should occur somewhere between the SidulQall 

(C3n.3n) and Thvera (C3n.4n) Subchrons; i.e., between 4.89-4.98 Ma. Repenning 

(1987) identified M {Ophiomys) mcknighti andM {Ogmodontomys) sawrockensis from 

the Upper Alturas local fauna of California. The fossil site occurs in a normal polarity 

magnetozone. A basalt flow located 21m above the site was dated as 4.7± 0,5 Ma. 

Although Repenning (1987) correlated the normal magnetozone to the SiduQall 

Subchron, this radiometric age ranges from 4.2 to 5.2 Ma; therefore, the normal polarity 

magnetozone could actually be correlated to any of the four normal subchrons in the 

Gilbert Chron. 

In summary, two possible placements of Hemphillian-Blancan boundary have 

been proposed. One is around 4.70 Ma, and the other is about 4.95 Ma. Both need more 

evidence to resolve the boundary. 

The Panaca Formation in southeast Nevada has yielded both Hemphillian and 

Blancan fossils. The identification of Mimomys pamcaensis (Mou, 1997) confirms the 

occurrence of very early Blancan fossils in the formation. In the past four years, I have 

worked on fossils, biostratigraphy, and magnetostratigraphy in this area. This 

dissertation is the documentation and conclusion of that research. 
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CHAPTER 2. GEOLOGICAL SETTING AND PREVIOUS STUDIES 

2.1 Geological setting of the Panaca Formation in southeast Nevada 

The Panaca Formation is a flat-lying, lacustrine and fluvial basin-fill in the Basin 

and Range Province in southeast Nevada. It is close to the transition zone between the 

Basin and Range Province and the Colorado Plateau. Crustal extension in this area has 

been interpreted as being episodic (Taylor et al., 1989), probably beginning in the 

Miocene. The major working area involved in this study, Meadow Valley, was formed 

by an episode of extension during the Pliocene (Bartley et al., 1988). Spring Valley, 

which is located about 50 km north of Meadow Valley (Fig. 2.1), was probably also 

formed during the late Miocene as indicated by the Hemphillian vertebrate fossils from 

the basin-fill deposits in that valley. 

The Panaca Formation was initially described as "the Panaca beds" by Stock 

(1921) to refer to lacustrine beds in Meadow Valley. These deposits were mapped by 

Phoenix (1948) as the Panaca Formation. The most recent detailed geological map that 

includes the Panaca Formation is by Ekren et al. (1977), who recognized the Panaca 

Formation in Meadow Valley, Lake Valley, Spring Valley, and within the northeastern 

area of the Caliente Caldera Complex. These deposits are confined to Lincoln County in 

Nevada and Iron County in Utah (Fig. 2.1). 

Artesian springs are presently very common in the vicinity of Panaca, providing 

abundant water for agriculture and human consumption in this area. These springs were 
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Figure 2.1 Distribution of the Panaca Formation in Lincoln County, Nevada. Outcrops 
of the Panaca Formation are shown by stippling. The areas surrounded by hachure bars 
show highlands. After Mou (1997: fig. 1). 



probably a major source of water during the Pliocene as well. In Meadow Valley, the 

gray lacustrine sediments near the town Panaca suggest the depocenter of the lake. 

Gastropod shells and ostrocods are common in some sihstones near Panaca. The base of 

the sediments in this area is dark brown carbonaceous siltstone. At the north edge of 

basin, grey or tan siltstone and sandstone were deposited on the Paleozoic limestone. 

Most of the fossil sites that we have found in the Meadow Valley are from margin of the 

basin. The thickness of exposures of the Panaca Formation near its margin is about 40-

50m. A slightly longer sequence of sediments with similar lithology is named the Little 

Hogback section, which is in the middle of the basin and just to the south of Panaca. 

However, it is nearly barren in fossils. Stock (1921) described several rhino tooth 

fragments and a rhino toe bone from somewhere in the vicinity of this section. These 

are the most significant fossils described by Stock (1921) relative to assignment of the 

Panaca Formation to Hemphillian land mammal age. We could not recover any more 

fossils from this area. Figure 2.2 shows the stratigraphy of sections in Meadow Valley 

and the ten fossil sites. The Little Hogback section. Rodent Ravine section. Rodent Hill 

section, and Southwest Amphitheater section are correlated by the ash layer, and the 

Limestone Comer section and Brown Bone Beds section are correlated by their 

topographic elevation levels. 

Golgotha Hill is the only section we have sampled in Spring Valley. Abundant 

Hemphillian large mammal fossils were collected from this area in the early 1960s by 

paleontologists from the Frick Laboratory of American Natural History Museum 

(F;AM). The sediments in Spring Valley are dominated by silty sandstone and 
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Figure 2.2 Six stratigraphic sections of the Panaca Formation in Meadow Valley. 
The numbers represent the fossils sites. The Little Hogback section, Rodent 
Ravine section. Rodent Hill section, and Southwest Amphitheater section are 
correlated by the thin ash layer. The Double Butte section is correlated to these 
sections by the topographic elevation. The Brown Bone Beds section is correlated 
to the Double Butte section by the dark brown carbonaceous siltstone. Legends 
are as follows: 
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>>' ash 

grey sandstone with limestone pebbles 
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sandstone. The total thickness of exposure at Golgotha Hill is about 40m. 

Several layers of volcanic ashes are preserved in the basin-fill sediments in two 

valleys. Ashes from the Southwest Amphitheater section in Meadow Valley had been 

sampled and analyzed by Dr. R. Shroba of the U. S. Geological Survey (USGS). Shroba 

and his colleague Dr. Peter D. Rowley of the USGS concluded that all the ashes they 

collected were too fine-grained to be isotopically dated (Rowley and Shroba, 1991; 

written communication, August 1996). Ashes collected from the Little Hogback section 

and ashes from Golgotha Hill in Spring Valley were analyzed at the University of Utah, 

The ash from the Little Hogback section has glass shards from mixed sources and 

therefore can not be used for dating. The ash from Spring Valley was dated at the 

University of Utah as 3.3 Ma, which was too young to be consistent with the fossil data 

(personal communication, Joel L. Pederson, 1998). The ash from the Rodent Hill 

section was chemically correlated to the Healdsburg tuff in California by Dr. Andrei 

Sama-Wojcicki with the Tephrachronology lab in Menlo Park of USGS. The age of 

Healdsburg tuff was dated by Dr. Robert Fleck in USGS as 4.64±0.03 Ma (unpublished) 

using the '*°Ar/''Ar technique. 

2.2 Previous studies of mammal fossils from the Panaca Formation 

Stock (1921) reported the presence of a rhino Teleoceras sp. from the Panaca 

Formation in Meadow Valley. Teleoceras has only been found in Hemphillian faunas in 

North America. Besides the rhino, Stock (1921) also reported a horst Pliohippus sp. 

and a camel Pliauchenia sp. from the area. Macdonald and Pelletier (1956) placed the 



Panaca fauna in the interval of late Clarendonian to early Hemphillian on the basis of 

Stock's work. In the early 1940s and 1960s, paleontologists from F:AM collected both 

large and small mammal fossils from the Panaca Formation in Meadow Valley, 

including lagomorphs, rodents, carnivores, perissodactyls, artiodactyls, and 

probocideans, and large mammal fossils from the Panaca Formation in Spring Valley, 

including carnivores, perissodactyls, and artiodactyls. Most of specimens are not 

described or published, but they were identified and labeled in the American Museum of 

Natural History (notes from R. H. Tedford). According to the notes provided by Dr. 

Tedford, the large mammal fossils from Meadow Valley in the F:AM collection are 

Equus cf E. simplicidens (horse), Equus sp. (horse), Platygoms sp. (peccary), 

Megatylopus sp. (large camel), Hemiauchenia sp. (llama), and a proboscidean 

ICuvieronius (gomphothere). The occurrence of both Equus indicates that the fauna 

from Meadow Valley represents the Blancan land mammal ages. The large mammal 

fossils from Spring Valley in the F:AM collection include Dinohippus sp., Teleoceras 

sp. (rhino), Megatylopus sp., Hemiauchenia sp., Hexobelomeryx sp. (pronghom), and 

Texoceros sp. (pronghom). The presence of rhino suggests that the fauna from Spring 

Valley represents the Hemphillian land mammal age. No lagomorphs or rodents have 

been found from Spring Valley. 

Different from Spring Valley, the Panaca Formation in Meadow Valley has 

yielded abundant small mammal fossils. Some of the small mammals in the F;AM 

collection have been reported in the literature. May (1981) named a new cricetid, 

Repomyspanacaensis, and Repenning (1987) recorded the dSvicolinQ Mimomys 



(Ophiomys) magilli and a muskrat, Pliopotamys meadensis. White (1987, 1991) 

identified four lagomorph genera, Hypolagus edensis, Lepoides lepoides, Pewelagus 

dawsoni, and Nekrolagusprogressus in the F: AM collection. 

Based on the two arvicoline rodents, Repenning (1987) placed the Panaca local 

fauna in the middle Blancan. In 1993, Drs. Everett H. Lindsay and John A. White 

sampled 650 lbs. of sediments from a site in Meadow Valley (UALP Loc. 8197). I 

studied the arvicoline sample from this site but could not recognize QiXhtx Mimomys 

{Ophiomys) magilli or Pliopotamys meadensis from the sample. Instead, I named a new 

species, Mimomyspanacaensis, from that site (Mou, 1997). M. panacaensis has a 

comparable stage of evolution to that of M. {Ophiomys) mcknighti known only from 

early Blancan faunas. I therefore concluded that the Panaca local fauna represents early 

Blancan instead of middle Blancan in age. I later studied the enamel microstructure of 

M. panacaensis and found that it had schmelzmuster on the enamel band similar to those 

of European Mimomys (Mou, 1998). My study supports the hypothesis 

inferring the immigration of Mimomys from Europe to North America. 
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CHAPTER 3. STUDY METHODS AND ABBREVIATIONS 

3.1 Study methods 

Fieldwork was conducted in three seasons from the summer of 1996 to 1998. In 

the first season, the field group prospected for fossils primarily in Meadow Valley and 

screen-washed sediments. Eight small mammal fossil sites were found fi"om four 

sections on the north margin of Meadow Valley (Double Butte section. Rodent Ravine 

section, Rodent Hill section, and Brown Bone Beds section). In the second season, we 

continued prospecting for fossils but spent most of our effort in collecting paleomagnetic 

samples from fossil-bearing sections and the sections without fossils but having a long 

sequence, such as the Little Hogback section. A new productive fossil site was found in 

the Rodent Ravine section that year. In the last field season, new paleomagnetic sites 

were added in the sections where paleomagnetic samples did not produce good primary 

characteristic remnant magnetization after magnetic cleaning in the lab. 

Fossils were collected by surface pick-up and screen-washing technique. The 

screen-washing tandem boxes have an inner box with 16-mesh screen and an outer, 

slightly larger box with a 25-mesh screen. About 5760 lbs. of sediments were washed 

(Fig. 3.1). If sediments were calcareous, glacial acetic acid in 1:20 concentration was 

applied. Several steps of acid digestion were often needed to completely break down the 

blocks. Blocks from Loc. 9702 in the Rodent Ravine section are extremely calcareous 

but very rich in fossils. They were digested in acid and washed for about ten times. 
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Figure 3.1 The amount of screen-washed sediments from ten localities in the 
Panaca Formation in Meadow Valley, southeast Nevada 

Fossils were picked from the coarse wash concentrate using a magnifier (4x) and 

from the fine concentrate using a microscope (6x). More than 2,500 specimens were 

collected, including partial skulls, jaws, and isolated teeth. Identifiable post-cranial 

bones were also collected. Each isolated tooth was mounted on the head of an half-inch 

straight pin embedded about half way into a small cork. A half-dram glass vial was 

placed over the pin and stored in a tray. Polyvinyl acetate was used as the mounting 

adhesive, and the specimen was cleaned with acetone. 

Measurements of the teeth were made with the aid of a reticule in a microscope. 

Dimensions of teeth were read to the nearest 0.02 mm. All measurements are maximum 

dimensions regardless of wear, and transverse dimensions are perpendicular to 
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anteroposterior dimensions. When applicable, the means, standard deviations, and 

coefficients of variance were computed for each sample. The classification of rodents 

follows Korth (1995) with slight differences that are specified in Chapter 4. The 

terminology for molars is also specified for each family in Chapter 4. 

Methods used for collecting paleomagnetic samples, demagnetization, and 

statistical analyses of data are given in detail in Chapter 7. Methods used for examining 

the enamel microstructure of arvicoline teeth under SEM are given in Chapter 5. 

3.2 Abbreviations 

The abbreviations used in this dissertation are (in alphabetic order): 

ACC anteroconid complex of the first lower molar of arvicoline rodent 

AF alternating-field 

AFD alternating-field demagnetization 

AMNH American Museum of Natural History 

ChRM characteristic remnant magnetism 

F:AM Frick Laboratory of American Museum of Natural History 

FAD First Appearance Datum 

GPTS Geomagnetic Polarity Time Scale 

IPM interprismatic material 

KU University of Kansas 

LSD Lowest Stratigraphic Datum 

Ma million years ago 
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MAD maximum angular deviation 

Ml the first upper molar 

(M2 and M3 is the second and third upper molar, respectively) 

ml the first lower molar 

(m2 and m3 is the second and third lower molar, respectively) 

m. y. million years 

NRM natural remnant magnetism 

P the upper premolar 

p the lower premolar 

SBDM San Bernardino County Museum 

SEM scanning electronic microscope 

UA University of Arizona 

UALP University of Arizona Laboratory of Paleontology 

UMMP University of Michigan Museum of Paleontology 

USGS U. S. Geological Survey 
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CHAPTER 4. SYSTEMATIC PALEONTOLOGY 

Order Insectivora Cuvier, 1817 

Family Soricidae Vacq'd'Azyr, 1792 

Five subfamilies have been recognized in the family Soricidae: Heterosoricinae, 

Crocidurinae, Limnoecinae, Soricinae, and Allosoricinae (Repenning, 1967). Within the 

largest subfamily Soricinae, Repenning (1967) established three tribes based on the 

posterior patterns of mandibular condyles: Soricini, Blarinini, and Neomyini. However, 

these tribes have rarely been used thereafter in the literature. After checking most of the 

North American recent genera of Soricinae, I found that, with only few exceptions, the 

separation between the tribes is distinctive. Therefore, in the following systematic 

description, I follow Repenning 1967's classification. 

Following Repenning (1967), the term "antemolar" is used to refer to those teeth 

between the soricid incisor and the molars. When necessary, the fourth upper or lower 

premolar (P4 or p4) is specified. The dental formula is described as soricid incisor-

antemolars including P4-upper molars/soricid incisor-antemolars including p4-lower 

molars. Following Tomida (1987), a bifid upper incisor is the one that has a small 

cuspule on the medial side of its anterior cusp. 

Since the occlusal pattern of p4 and the pattern of mandibular condyles are the 

most important diagnostic characters for the subfamilies, identification of fossil shrews 

at the genus or species level is usually difficult due to the incomplete preservation of 

specimens. Fortunately, several mandibles with p4 and/or condyles have been found 
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from the Panaca Formation, making it possible to identify them beyond the subfamily or 

tribe level. At least two species of shrews lived in the Panaca area during the early 

Blancan. The largest group is a shrew identified as a new genus in the tribe Neomyini. 

Some other shrews, in the tribe Soricini, including a small-sized Sorex, were also 

present. 

Subfamily Soricinae Fisher von Waldheim, 1817 

Tribe Neomyini Repenning, 1967 

Paranotiosorex gen. nov. 

Genotype—Paranotiosorex panacaensis, gen. and sp. nov. 

Diagnosis—Size similar to Notiosorex crawfordi, dentition 1-4-3/1-2-3; upper 

incisor non-bifid; P4, Ml, and M2 with strong posterior emargination of basal outline; 

lower incisor with one low "scalloped" cuspule; entoconid on ml and m2 small, well 

separated from metaconid; very low entoconid crest; talonid of m3 reduced with a low 

cristid obliqua, joining a low, transversely elongated cusp to the posterior side of the 

protoconid-metaconid wall below the media notch, in contrast to the crescentic basin of 

Notiosorex crawfordi', narrow interarticular area between two condyles of mandible with 

distinct lingual emargination relative to Sorex\ upper condyle in oval shape; lower 

condyle elongate, offset lingually from plane of lower sigmoid notch but without a 
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groove; light pigmentation on tips of P4, Ml, lower incisor, lower antemolars, ml, and 

ml. 

Differential diagnosis—Paranotiosorex differs from Notiosorex by its oval-

shaped upper condyle on the mandibular articulation and less lingual offset of the lower 

condyle; differs from Megasorex by its smaller size as well as the two differences for 

Notiosorex-, differs from all the other shrews by its Neomyini tribal characters. 

Etymology—Para, close, implying morphologically close to Notiosorex. 

Type locality—^UALP 9702, Rodent Ravine section in the Panaca Formation, 

southeast Nevada. 

Paranotiosorexpanacaensis gen. and sp. nov. 

(Table 4.1; Figs. 4.1-4.2) 

Holotype—^UALP 22849, left mandible with ml-m3 and complete coronoid 

process and condyles. 

Type locality—as of the genus. 

Diagnosis—as of the genus. 

Etymology—panaca, name of the town near type locality; ensis, Latin of place. 

Referred material—Loc. 91Q1'. left maxillary with incisor-P4: 22890; left 

maxillary with M1-M2: 22891; left Ml: 22892; upper incisor 22893; right mandible 

with m2-m3 and posterior part: 22850; right ml; 22886; right m2: 22887; lower incisor: 

22889. Loc. 9601: left mandible with m2-m3: 22855. Loc. 9602: left maxillary with 
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M1-M2: 22862; left Ml or M2: 22864; right mandible with two antemolars (including 

p4) and ml: 22859; right mandible with incisor, p4 and ml: 22860; right mandible with 

m3: 22861; left mandible with ml-m3 and complete posterior part: 22894. Loc. 8197: 

left maxillary with M1-M2: 21220; right maxillary with P4-M1: 21221; left maxillary 

with P4: 21219; right Ml: 21431; upper incisor: 21218; left mandible with ml-m3 and 

complete posterior part: 21225; mandibles with incisor-m2: 21223, 23381; right 

mandible with m2-m3: 21222. Loc. 9620: mis: 22873-22874; left m2: 22875. 

Stratigraphic and geographic range—^Rodent Ravine section: 9702; Rodent Hill 

section: 9601 and 9602; Limestone Comer section: 8197, in the Panaca Formation, 

southeast Nevada. 

Age—^Early Blancan. 

Description—UALP 22890, a maxillary fragment with incisor and four 

antemolars (including P4) indicates that the upper dentition of this species is 1-4-3. The 

incisor is falciform and bicuspid. Its anterior cusp is non-bifid, and posterior cusp is 

very low and flat. A thin basal cingulum is present on the labial side and absent on the 

lingual side. No pigmentation is seen on the three available incisors. 

The first three upper antemolars are unicuspid and minute, with well-developed 

cingula on both labial and lingual sides. The first two are subequal in size, whereas the 

third is slightly smaller. No pigmentation is distinguished on the three teeth. The P4 is 

slightly smaller than Ml and appears to be trapezoidal in occlusal view. Alveolus below 

this broken P4 suggests that it has strong posterior emargination of basal outline and 

broadly curving hypoconal flange. Protocone is small but distinct on the anterior border; 



parastyle is small, joining the low anterior cingulum that connects the protocone 

lingually; paracone is the largest cusp, separated from the metacone by a broad notch; a 

low, narrow cingulum is present at the posterior side of metacone; hypocone is slightly 

lingual relative to protocone. Very light pigmentation is seen below the notch between 

the paracone and metacone on the crown of P4. 

Ml is wider than long, with strong emargination of the posterior basal outline. 

W-shaped ectoloph is well developed, with the posterior V distinctively larger, higher, 

and more elongated posteriorly relative to the anterior V. Metacone and paracone are 

much higher than protocone, and metacone is larger and higher than paracone; parastyle 

and metastyle are prominent, whereas the mesostyle is slightly less developed. 

Hypocone is small, low, close and slightly lingual relative to the protocone; the 

hypoconal flange is elongated posteriorly and slightly higher anteriorly. A narrow and 

low posterior cingulum is present. Light pigmentation is seen on the ridge of the 

ectoloph of one specimen (UALP 22892) but not detected on the other two specimens. 

M2 is similar to Ml except the following characters: smaller in size, anterior and 

posterior Vs subequal on the W-shaped ectoloph, less strong emargination of posterior 

basal outline, and less developed hypoconal flange. No pigmentation is present on the 

two specimens. 

Two mandibles from Loc. 9702 (type locality) and one from Loc. 9602 preserve 

a complete coronoid process and condyles. The lingual condylar emargination is open, 

without a filled bony plate like that of Blarinini; consequently, two condyles are 

separated by a narrow interarticular area; upper condyle is oval, and lower condyle is 
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elongated, offset lingually from the plane of the lower sigmoid notch to a greater extent 

than in Blarinini or Soricini, but no groove is developed as in other species in Neomyini 

(Fig. 4.1, C); coronoid process is slightly deflected labialiy, and the tip is slightly curved 

anteriorly as in Notiosorex', coronoid spicule is prominent (Fig. 4.1, A); superior 

pterygoid fossa is shallowly basined; no pterygoid spicule is developed, but a tiny 

pterygoid boss can be seen; internal temporal fossa is subtriangular, and external 

temporal fossa is very shallow with ventral margin below the leve l of upper sigmoid 

notch. Mental foramen is located below ml, slightly anterior to hypoconid or between 

protoconid and hypoconid. 

UALP 22859 from Loc. 9602 indicates that the lower dentition of P. panacaensis 

is 1-2-3. The lower incisor on this specimen is broken, but the one from Loc. 9702 (type 

locality) show that the lower incisor is procumbent and elongated, vwth one low cuspule 

on the cutting edge. The first antemolar is unicuspid, smaller than the second antemolar 

(p4). The p4 has a characteristic Soricinae pattern, with an L-shaped posterolabial crest 

and a posterolingual basin. No pigmentation is seen on the antemolars of UALP 22859. 

However, UALP 23381 from Loc. 8197 has light pigmentation on the tips of incisor and 

antemolars. 

The trigonid and talonid of ml are subequal in the anteroposterior length, with 

the trigonid distinctively higher than the talonid. The paraconid is anterior to 

protoconid and metaconid; it is lower and farther from protoconid than metaconid. In 

the talonid, the hypoconid is high and distinct; a small but distinct entoconid is present 

on the lingual border slightly anterior to the hypolophid and well separated from the 
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Figure 4.1 Paranotiosorex panacaensis, n. gen. and sp. A: occlusal and labial view of 
UALP 22849 (holotype), a left mandible with ml-m3. B: lingual view. C; posterior 
view. 
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Figure 4.2 Parcmotiosorexpanacaensis n. gen. and sp. from Loc. 8197. A: occlusal 
view of UALP 21221, right P3-Ml. B: lingual view of the same specimen as A. C: 
occlusal and labial views of UALP 21225, a left mandible with ml-m3. D; posterior 
view of the same specimen as C. 



metaconid; the entoconid crest is very low so that it can only be detected from the 

lingual side (Fig. 4.1, A and B). The anterior cingulum and the cingulum labial to the 

hypoconid are slightly more prominent than the posterior cingulum and the labial 

cingulum beneath the protoconid. UALP 22894 from Loc. 9602 is exceptional in that 

the cingulum is uniform and better developed. Light pigmentation is only seen on one 

ml, which is on a lower jaw from Loc. 8197 (UALP 23381). 

The m2 is similar to ml except that it is smaller and the paraconid and metaconid 

are subequal in height. Light pigmentation is only seen the m2 of UALP 23381 from 

Loc. 8197. 

The m3 is much smaller than ml or m2. Compared to m2, the protoconid and 

metaconid are closer and the metaconid is slightly smaller than the paraconid. Talonid 

of m3 is reduced to a short and narrow basin, with a minute hypoconid with a low cristid 

obliqua joining the posterior wall of the protoconid-metaconid below the median notch. 

The reduction of talonid is similar to that of Notiosorex crawfordi. Anterior and labial 

cingula are moderately developed. 

Comparison and Discussion—The occlusal pattern of p4 and the deep, pocketed 

internal temporal fossa exclude Paranotiosorex panacaensis from the subfamily 

Heterosoricinae; the lingual emargination of mandibular articulation indicates that P. 

panacaensis is not a member of subfamily Limnoecinae or Crocidurinae. All of these 

characters strongly suggest that this shrew belongs to the subfamily Soricinae. 

The strong emargination of posterior basal outline on P4, Ml, and M2 of P. 

panacaensis is similar to that of shrews in the tribe Soricini, however, the following 
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diagnostic characters of Soricini (Repenning 1967) differ from those of P. panacaensis: 

1) if mandibular condyles are separated, the interarticular area is broad with no 

conspicuous lingual emargination ; 2) lower condyle is not offset lingually beyond the 

plane of the mandible at the lower sigmoid notch; 3) superior pterygoid fossa of the 

mandible is a shallow pit rather than a deep basin; 4) internal temporal fossa is large and 

triangular; 5) coronoid process is not deflected labially; 6) ml has strong entoconid 

crest; 7) the upper dentition is usually 1-6-3. 

Paranoiiosorex panacaensis has the following characters that are similar to 

those of the tribe Blarinini; 1) mandibular condyles are widely separated, and the lower 

condyle is offset lingually beyond the lower sigmoid notch; 2) internal temporal fossa is 

small and oval; 3) coronoid process is slightly deflected labially; 4) no spicule is 

developed in the superior pterygoid fossa; 5) ml and m2 have no (or a very low) 

entoconid crest. However, Blarinini shrews usually have a bony plate filling the lingual 

emargination of the mandibular articulation so that the interarticular area looks broad, 

and most of species in this tribe lack the emargination of the posterior basal line on P4, 

Ml, and M2, such as in Blarina and Paracryptotis. However, some species of Cryptotis 

(e.g. Cryptotisparva) do not have a bony plate in the interarticular area, and the upper 

molars have moderate emargination. But Cryptotis is more primitive than P. 

panacaensis in that it still retains five antemolars in the upper dentition, whereas the 

latter has only four. 

The lingual emargination of interarticular area in the mandible, lack of bony 

plate filling the interarticular area, lingual offset of the lower condyle, low external 



temporal fossa, and the 1-4-3 upper dentition suggest ihzAParcmotiosorex panacaemis 

belongs in the tribe Neomyini. So far, only two genera, Notiosorex and Megasorex in 

this tribe, have been reported from North America. Megasorex is significantly larger 

than Notiosorex, and P. panacaensis is similar to Notiosorex crawfordi (living species) 

in all characters except the shape of upper mandibular condyle. P. panacaensis has an 

oval upper condyle, whereas N. crawfordi has a triangular one. Also, the offset of the 

lower condyle from the lower sigmoid notch is stronger in N. crawfordi where a distinct 

groove is seen between the condyle and notch. Two fossil species of Notiosorex have 

been recognized: N. jacksoni Hibbard 1950 and N. repenningi Lindsay and Jacobs 1985. 

The former is found in the early Blancan Rexroad fauna (Hibbard, 1950) and Beck 

Ranch fauna (Dalquest, 1978). P. panacaensis is smaller compared to the measurements 

of the holotype and paratype of N. jacksoni listed by Hibbard (1950). According to 

Hibbard's description, there is no posterior cingulum on P4, Ml and M2 ofN. Jacksoni, 

and this was the primary reason why he erected a new species of Notiosorex. The 

conditions of the entoconid and entoconid crest on lower molars and the talonid of m3 of 

N. jacksoni were not described. A lower jaw collected later from the Rexroad fauna 

(Hibbard, 1953 :fig. 4.3B) shows a triangular upper condyle of the mandible in N. 

jacksoni. Another fossil species, N. repenningi, from the early Blancan Concha fauna of 

Mexico (Lindsay and Jacobs, 1985) is much larger in size compared to P. panacaensis. 

It has a triangular upper mandibular condyle, a small but distinct entoconid and a low 

entoconid crest on ml and m2; the talonid of m3 is reduced to a posterior distinct 

hypoconid and a low entoconid ridge on the lingual side. The labial cingula on the 
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lower molars of N. repenningi are very deep. P. panacaensis can be distinguished from 

the three species in Notiosorex by the shape of upper mandibular condyle. Based on this 

character as well as the ones mentioned already, P. panacaensis is considered a new 

species in a new genus. 

It should be noted that some Eurasian Neomyini shrews, such as Nectogale and 

Soriculus, have an oval upper mandibular condyle,. However, their dental morphology 

differs from Paranotiosorexpanacaensis in that they have: 1) bifid upper incisor; 2) 

accessory cuspids on p4 and lower molars of Nectogale', 3) a reduced labial cingulum on 

lower molars oiNectogale -, 4) 1-5-3 upper dentition of Soriculus. Tedford (1961) 

suggested that Hesperosorex from the middle Clarendonian Ricardo fauna may be 

ancestral to Notiosorex. Hesperosorex is more primitive in its lower crown, retaining 

the entoconid on m3, and having less reduction of m3 relative to ml. The upper 

mandibular condyle of Hesperosorex is oval, and the lower condyle has an extreme 

lingual offset, resulting in a groove between the condyle and the lower sigmoid notch. 

Differing from Notiosorex ox Paranotiosorex, there is no lingual emargination on the 

interarticular area in Hesperosorex. Since Hesperosorex already has a greater offset of 

the lower condyle, it is probably not the direct ancestor of Paranotiosorex. 

I was surprised by the intraspecific variation in the dental morphology of shrews 

that exists within the recent specimens of Notiosorex crawfordi in the UA Mammal 

Collection. Of the 11 specimens that I checked, eight have a very small entoconid on 

the ml and m2, and the entoconid crest is very low, but the other three have a large 

entoconid with a distinctively high crest. The former characters are the same as those of 
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Paranotiosorex panacaensis, and the later are identical to the diagnosis of Notiosorex 

crawfordi given by Repenning (1967) who checked four recent specimens from Texas 

and California in the University of California Museum of Vertebrate Zoology. There are 

three possible explanations for this phenomenon: 1) misidentification of the eight 

specimens in the UA collection; 2)sexual dimorphism; 3) intraspecific variation. For the 

first possibility, I checked the mandibular structure and found out that the condyles are 

identical, and thus they can only belong to the tribe Neomyini. The only other living 

species in this tribe in North America is Megasorex gigas, which has a significantly 

larger size, a slight posterior emargination on p4, and a less reduced talonid of m3. All 

these characters eliminate possibility that the Notiosorex specimens I checked could be 

misidentified as Megasorex. There is only one living species of Notiosorex in North 

America, N. crawfordi. Therefore, the possibility of misidentification of N. crawfordi 

was ruled out. All of the three specimens with strong entoconid and high entoconid 

crest are female, but there are also females among the other eight specimens. This rules 

out the possibility of sexual dimorphism. Therefore, it seems likely that the different 

dental morphology seen among specimens of Notiosorex crawfordi is due to 

intraspecific variation. This strongly suggests that, caution is needed when only dental 

morphology is used to identify shrews. 

Dalquest (1972) erected a new genus, Beckiasorex hibbardi, from the Beck 

Ranch local fauna of Texas. Its size is similar to Notiosorex crawfordi, and it has a 

Notiosorex type mandibular articulation. Dalquest (1972) mentioned that it most closely 

resembles N jacksoni except for its smaller size and reduced entoconid and low 



entoconid crest. Rather than a new genus, the Beck Ranch material probably represents 

a new species of Notiosorex. 

Neomyini gen. and sp. indet 

(Table 4.1) 

Referred material—LOG. 9504: right maxillary with P4-M2: 22853; left M2: 

22869; left maxillary with the last two antemolars and alveoli of incisor and the first two 

antemolars: 22870; upper incisor: 22871; right mandible with incisor, p4-m3: 22854; 

right mandible with m2-m3; 22867; lower incisor 22872. 

Stratigraphic and geographic range—^Rodent Hill section; 9504, in the Panaca 

Formation of southeast Nevada. 

Description—^Upper incisor UAL? 22871 is isolated, but here is tentatively 

considered to belong in the same species of the other specimens found in this locality. It 

is falciform and bicuspid, and the anterior cusp is non-bifid. A thin cingulum is present 

on its labial side. Dark pigmentation is seen on the tip of anterior and posterior cusps. 

The specimen 22870 indicates that the upper dentition of this shrew is 1-4-3. 

The third antemolar is unicuspid and tiny, slightly smaller than the one in 

Paranotiosorex panacaensis. P4, Ml, and M2 are similar to those of P. panacaensis 

except for their slightly smaller size and dark pigmentation on the tips of the paracone 

and metacone. 



The posterior part of mandible on UALP 22854 is broken, but it still shows a 

lingual emargination in the interarticular area, and the lower condyle has the same 

lingual offset as that of P. pamcaensis. Mental foramen is beneath the ml, placed 

slightly anterior to the hypoconid, The lower dentition is 1-2-3 as in P. panacaensis. 

The p4 is unicuspid, with an occlusal structure characteristic of soricinae shrews. The 

ml has a high trigonid and slightly smaller talonid; the entoconid is small, located away 

from metaconid; entoconid crest is short and very low. Labial cingulum is better 

developed than that of P. panacaensis. The m2 is similar to ml except for its smaller 

size. The ni3 is reduced in both the trigonid and talonid; the talonid is reduced to a 

crescentic basin with a small posterior cuspule. Dark pigmentation is seen on the tip of 

p4 and protoconid of ml. Light and trace pigmentation is seen on the protoconid of m2. 

Discussion—The lingual emargination of interarticular area in the mandible, 

lingual offset of the lower condyle, small entoconid and low entoconid crest, and the 1-

4-3 upper dentition strongly suggest that this shrew belongs in the tribe Neomyini. Its 

dental morphology is similar to that of Notiosorex and Paranotiosorex. It differs from 

P. panacaensis in its dark pigmentation and talonid of m3 lacking a distinct cusp. Since 

its upper mandibular condyle is not known, it is here only identified at the tribal level. 
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Table 4.1. Measurements (in mm) of shrews from the Panaca local fauna. N=number of 
specimens, M=mean, OR=observed range. 

Locality Length Width 

N M OR N M OR 

Paranotiosorexpanacaensis n. gen. and sp. 
9702 I-P4 1 4.60 

P4 1 1.64 
Ml 1 1.50 
ml-m3 1 3.82 
ml 2 1.50 
ml 3 1.39 
m3 2 0.98 

9601 vol 1 1.36 
m3 1 1.00 

9602 Ml 1 1.56 
M2 1 1.44 
ml 3 1.48 
m2 1 1.36 
m3 2 0.98 

8197 P4 2 1.48 
Ml 2 L50 
M2 1 1.40 
ml-m3 1 3.72 
ml 3 1.40 
m2 4 1.30 
m3 2 1.00 

9620 ml 2 1.54 
m2 1 1.40 

Neomyini gen. and sp. indet 
9504 P4-M2 1 4.28 

P4 2 1.52 
Ml 1 1.48 
M2 2 1.38 
ml-m3 1 3.76 
ml 1 1.44 
m2 2 1.34 
m3 2 0.96 

Sorex meUoni 
9621 Ml 1 1.12 

ml-m3 1 3.04 
ml 2 1.24 
m2 1 1.20 
m3 1 0.92 

L48-L52 
L36-1.40 
0.96-1.00 

1.48-1.48 

0.92-1.04 
1.44-1.52 
1.48-1.52 

1.40-1.40 
1.20-1.40 
1.00-1.00 
1.52-1.56 

1.52-1.52 

1.36-1.38 

1.32-1.36 
0.92-1.00 

1.20-1.28 

0.96-1.00 

0 — 

1 1.76 

2 0.98 0.96-1.00 
2 0.86 0.84-0.86 
2 0.62 0.60-0.64 
1 0.96 
1 0.68 
1 1.88 
1 1.68 
3 0.95 0.92-0.96 
1 0.92 
1 0.64 
2 1.72 1.72-1.72 
2 1.74 1.72-1.76 
1 1.60 

3 0.93 0.92-0.96 
3 0.91 0.88-0.92 
2 0.62 0.60-0.64 
2 0.90 0.88-0.92 
1 0.92 

2 1.76 1.72-1.80 
1 1.72 
2 1.56 1.56-1.56 

1 1.00 ...... 

2 0.92 0. .88-0.96 
2 0.64 0.64-0.64 

1 1.24 

2 0.78 0.76-0.80 
1 0.76 
2 0.56 0.60-0.64 



5o/-ex Linnaeus, 1758 

Sorex meltoni KWozxd, 1956 

(Table 4.1; Fig. 4.3) 

Referred material—^Loc. 9621; right Ml; 22851; left mandible with p4-m2 and 

alveolus of m3: 22848; right mandible with m2-m3: 22882; right mandible with ml: 

22883; right m3:22852. 

Stratigraphic and geographic range—^Brown Bone Beds: 9621, in the Panaca 

Formation, southeast Nevada; Hagerman local fauna, Glenns Ferry Formation, Idaho. 

Age—^Early and middle Blancan. 

Description—The shrew is quite small. The Ml is rectangular in occlusal view, 

with moderate emargination of posterior basal outline (Fig. 4.3, C). The posterior V is 

larger and slightly higher than the anterior one on the W-shaped ectoloph. Hypocone is 

small and slightly lingual relative to the protocone; the hypoconal flange is flat, without 

curving upward at the tip. Posterior cingulum is present. Pigmentation can not be 

detected because of the overall dark brown tooth color. However, this color is heavier at 

the tips of paracone and metacone, possibly caused by pigmentation. 

The posterior part of specimen 22848 is partially broken, but the small pit of the 

superior pterygoid fossa indicates lingual emargination of interarticular area. The lower 

condyle is oval, extending labially to the plane of lower sigmoid notch; the coronoid 

process is not deflected labially; it is expanded distally with a small external temporal 

boss; external temporal fossa extends at about the level of upper sigmoid notch; internal 
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temporal fossa is large and triangular. Mental foramen is beneath the ml, located below 

the notch between paraconid and protoconid. 

The p4 is unicuspid, with an L-shaped crest and a large, deep posterolingual 

basin (Fig. 4.3, A). The p4 has a prominent posterolingual cingulum. The trigonid of 

ml is longer than the talonid, with metaconid slightly higher than the entoconid and 

entoconid higher than the paraconid; entoconid is posterior to the metaconid with the 

high entoconid crest. The labial cingulum is thin beneath the protoconid; the lingual 

cingulum is well developed. The m2 is similar to ml but with smaller size and subequal 

height of entoconid and paraconid. The labial cingulum is present beneath the 

protoconid and the lingual cingulum is well developed. The m3 is the smallest tooth; the 

talonid is smaller than the trigonid, with a distinct sublabial hypoconid with a V-shaped 

ridge (Fig. 4.3; D). The labial cingulum is well developed on this tooth. As of the Ml, 

no pigmentation can be detected on lower cheek teeth due to the dark tooth color. 

However, the heavier colored tips on p4, ml, and ml could be caused by pigmentation. 

Discussion—^The above specimens belong to Sorex because of the following 

characters: 1) the p4 has the occlusal morphology of the subfamily Soricinae; 2) the 

mandibular condyles have the morphology of the tribe Soricini; 3) mental foramen is 

below ml, located anterior relative to the protoconid; 4) ml has a high entoconid and 

well developed entoconid crest; 5) m3 is slightly reduced and has a basined heel; 6) Ml 

has a slight but distinct emargination of the posterior outline. 

There are about eight species of Sorex reported from North America during 

Pliocene and early Pleistocene (Hibbard, 1937a, 1953, 1956; Hibbard and Bjork, 1971). 
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In most cases, however, the published account of descriptions do not include a complete 

description of their dental morphology or mandibular condyles. Repenning (1967) 

questioned the generic and even tribal assignment of Sorex dixonensis Hibbard 1956 and 

Sorex leahyi Hibbard 1956 because the two species have the characteristic mandibular 

condyles of the tribe Neomyini (Hibbard, 1956:figs. 3-4). Sorex from Loc. 9621 is most 

similar to Sorex meltoni Hibbard and Bjork 1971 from the Hagerman local fauna of 

Idaho. It differs from iS". taylori Hibbard 1937a by its more reduced m3 and less 

developed labial cingulum on ml; it differs from S. hagermanensis Hibbard and Bjork 

1971 by its smaller size and loss of entoconid on m3; it differs from S. powersi Hibbard 

and Bjork 1971 by its smaller size and higher entoconid crest on ml and m2 (no 

description of the entoconid crest was given for S. powersi, but the entoconid crest seen 

from the illustration (Hibbard, 1971 :fig. 4.1C, D) is low); it differs from S. sandersi 

Hibbard 1956 by its distinctive smaller size; it differs from S. rexroadensis Hibbard 

1953 by its limula in the internal temporal fossa. 
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Figure 4.3 Sorex meltoni from the Panaca local fauna. A: occlusal and labial views of 
UALP 22828, a left mandible with p4-m2. B: lingual view of the same specimen as A. 
C: occlusal view of UALP 22851, a right Ml. D: occlusal view of UALP 22852, a right 
m3. 
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Order Lagomorpha Brandt, 1855 

Family Leporidae Gray, 1821 

There are three subfamilies of North American Tertiary leporids; Palaeolaginae, 

Archaeolaginae, and Leporinae. Dawson (1958) gave a thorough review on the Family 

Leporidae; later, White (1987, 1991) revised the Archaeolaginae and Leporinae, 

providing an update for the geological age and geographic distribution of each species in 

these two subfamilies. Leporids are one of the most common small mammals in the 

Panaca local fauna, in which nine species are identified. Seven of the species are 

Archaeolaginae; the other two are Leporinae. 

Since virtually all study of the systematics of leporids is based on the third lower 

premolar p3 (Dawson 1958; White 1987,1991), only p3s were selected for detail study. 

The second upper premolar P2 is also used for systematics; however, only the P2s of 

Lepoides lepoides are diagnostic at the specific level. Immature p3s change both 

occlusal size and enamel pattern relative to mature individuals; their measurements are 

not included in the statistical study. All deciduous teeth are ignored because they are 

rarely described in the literature and provide little information for systematics. 

The study method used in this study follows procedures introduced by White 

(1987). The anteroposterial length and maximum width of p3 were measured with a dial 

caliper calibrated to 0.01mm. The occlusal enamel pattern of each p3 was drawn on a 

3x5 index card using a microscope with a camera lucida, and measurements were taken 

from the drawings. See Figure 4.4B for the abbreviations of the measurements. 
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Figure 4.4 A: The nomenclature of tooth structures on the occlusal surface of p3 of a 
leporid. AR=anterior reentrant; AIR=anterointemnal reentrant; PIR=posterointemal 
reentrant; AER=anteroextemal reentrant; PER=posteroextemal reentrant; TH=thick 
enamel in PER; and TN=thin enamel in PER. B; Diagram of the occlusal surface of an 
archaeolagine p3 showing the measurements. Anteroposterior length F-G; width A-E; 
depth of anteroextemal reentrant (AER) C-E; depth of posteroexternal reentrant (PER) 
B-E; deflection of PER H; line of orientation D. 
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Subfamily Archaeolaginae Dice, 1929 

HypolagusD'ice, 1917 

Hypolagus edensis Frick, 1921 

(Table 4.2; Fig. 4.5 A1-A8) 

Referred material—Loc. 9504: palate with right P3-M3 and left P3-M3 and left 

mandible with p2-m3; 21520; p3s: 21519, 22146-22148. Loc. 9601: left p3-p4: 22180; 

p3s: 22175-22184, 22186, 22187, 22191,22210. Loc. 9602: left mandible with p3-m3: 

22219; right mandible with I-m2: 22221; p3s: 22222, 22223, 22225-22227, 222230, 

222231, 22234-22238,22241. Loc. 8197: p3s: 21233-21237. Loc. 9702: p3s: 22334-

22337, 22339, 22340, 22342, 22344-22346, 23362, 23362. 

Stratigraphic and geographic range—^Rodent Hill section: 9504, 9601, 9602; 

Rodent Ravine section: 9702; Limestone Comer section: 8197, in the Panaca Formation, 

southeast Nevada. The extended range includes the lower Pliocene of Arizona and 

California, middle Pliocene of California, Idaho, Texas, and Washington (White, 1987). 

Age—Late Hemphillian and middle Blancan. 

Description and comparison—H. edensis is a small-sized leporine. It has no AR 

and is distinguished from all other species Hypolagus by its deeply incised AER on 

p3. It differs fi-om Pewelagus dawsonae, which is another common species in the 

Panaca local fauna, by the relatively smooth outline of AER. The PER may be straight 

or deflected slightly posteriorly or anteriorly. Of 52 p3s, the TH is straight in 40.4%, 

weakly sigmoid in 32.7%, and sigmoid in 26.9%; TN is folded in 28.8%. On the 
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occlusal surface of immatural p3, for example UALP 21520, a deeply incised AIR is 

connected with PER. AER, on the other hand, is shallow. But near the base of the 

crown, the AIR is absent, and AER is deeply incised. Table 4.2 lists the size of all adult 

p3s, depth ratios of AER and PER relative to the maximum width of the tooth, and the 

deflection degree of PER. 

Discussion—White (1987) had referred two specimens in the F:AM collection 

that were collected earlier from the "Limestone Comer" site near Panaca to H. edensis. 

Besides the Panaca local fauna, the middle Blancan Taunton local fauna of Washington 

and the Hagerman local fauna of Idaho are two other faunas producing abundant H. 

edensis (White and Morgan, 1995). 

Hypolagus ct H. edensis'Fnck, 1921 

(Table 4.2; Fig. 4.5B) 

Referred material—^Loc. 9702: p3s: 22341, 22343. 

Stratigraphic and geographic range—^Rodent Ravine section: 9702, in the 

Panaca Formation, southeast Nevada. 

Description and comparison—These two specimens are 1.95mm long and 

1.60mm wide, which are outside of the range for H. edensis given by White (1987: table 

2) using 39 specimens. However, the PER and AER of the two specimens are deeply 

incised. The AER across the occlusal surface 32-33%. Neither AR nor internal 

reentries are present in the two teeth. 
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Hypolagus tedfordi White, 1987 

(Table 4.2; Fig. 4.5 C1-C3) 

Referred material—luOQ.. 9601: left p3: 22188. Loc. 9602: left p3: 22240. Loc. 

9621: right p322393. F:AM 108711, a right p3. 

Stratigraphic and geographic range—^Rodent Hill section; 9601 and 9602; 

Brown Bone Beds: 9621, and F:AM "Limestone Comer", in the Panaca Formation, 

southeast Nevada. The extended range includes the middle Miocene of California, 

lower Pliocene of Arizona and California (White, 1987). 

Age—Clarendonian to early Blancan. 

Description and discussion--H. tedfordi is a small leporine. The p3 has a 

triangular cross section. PER and AER are both shallow (Table 4.2). PER is deflected 

weakly posteriorly. TH is sigmoid in two out of four specimens; TN is unfolded in each 

specimen; AER is not crenulated. 

Hypolagus tedfordi differs fi'om the other species of Hypolagus, except for H. 

fontinalis, in its markedly less incised (i. e., shallower) PER. H. tedfordi can be 

distinguished fi'om H. fontinalis by its significantly smaller size (White, 1987). White 

(1987) also mentioned that H. tedfordi usually has an anteriorly deflected PER, whereas 

H. fontinalis has a posteriorly deflected PER. In the three p3s from the Panaca local 
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Figure 4.5 Enamel patterns on the occlusal surfaces of p3s of Hypolagus edensis and H. 
tedfordi. The letter "R" indicates a right p3 and the drawing was reversed. A1-A8; 
Hypolagus edensis. UALP 21519, 22147, 22146, 22177, 22222, 22230, 22335, and 
22342. "Ql: Hypolagus ci. H. edensis. UALP 22343. C\-C3: Hypolagus te(^ordi. 
UALP 22393, 22240, and 22188. 
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fauna, each PER is weakly deflected posteriorly. Thus, in H. tedfordi there is a slight 

variation in the deflection of PER. 

Previously, H. tedfordi was found only in the Clarendonian and Hemphillian 

faunas. The occurrence of H. tedfordi in the Panaca local fauna extends its geological 

range into early Blancan. 

Hypolagusct H. ringoldensis Gusidihon, 1978 

(Table 4.2; Fig. 4.6A1-A5) 

Referred material—^Loc. 8197: p3s; 21238-21240. Loc. 9602: right p3; 22220. 

Loc. 9619: left p3: 22324. Loc. 9702: right p3: 22355. Loc. 9621: right.p3: 22392. 

F:AM 108716, aright p3. 

Stratigraphic and geographic range—^Limestone Comer section: 8197 and 

F:AM "Limestone Comer"; Rodent Ravine section: 9702, 9619; Brown Bone Beds: 

9621; Rodent Hill section: 9602, in the Panaca Formation, southeast Nevada. The 

extended range o^H. ringoldensis includes the lower Pliocene of Nebraska, Florida, 

Arizona, Kansas, Texas, and Washington (White, 1987). 

Age—^Late Hemphillian to early Blancan. 

Description and comparison—H. ringoldensis differs from H. edensis and H. 

tedfordi, which are also found in the Panaca local fauna, in its significantly larger size; 

H. ringoldensis differs from H. regalis in the absence of a strong anteriorly deflected 

and shallower PER. Three specimens (out of seven) do not have an AR; they can be 
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distinguished from H. gidleyi by their larger size. TH is weakly sigmoid on each 

specimen, Crenulation is absent on the enamel wall of AER. UALP 21238, 22220, 

22324, and 22392 are immature individuals. On the occlusal surface of UALP 22324, 

both the AIR and PER are present. AIR is deep and pinched off from the margin 

forming an enamel lake near the inner margin (Fig. 4.6, A4). These two grooves (AR 

and PER), however, extend only one-third of the crown width. On the base of the 

crown, only the AR and two external reentries are present (Fig. 4.6, A5). On the 

occlusal surface of UALP 22220, only one internal reentrant (PIR) is present, and it is 

lost at the lower two-thirds of crown. 

Discussion—The type locality ofH. ringoldensis is the White Bluffs fauna of the 

Ringold Formation, Washington (Gustafson, 1978). The primitive dsvicoXme Mimomys 

(Ophiomys) mcknighti from the same locality (Gustafson, 1978) indicates that the White 

Bluffs fauna is early Blancan. White (1987) later identified H. ringoldensis from some 

other Blancan faunas and also extended its geological range down to Hemphillian. H. 

ringoldensis is similar to H. oregonensis in the presence of an AR in most p3s, but the 

former is significantly larger and TH is not usually sigmoid. So far, H. oregonensis has 

been found only in the late Hemphillian of Oregon (White, 1987). 

? Hypolagus ringoldensis Gustafson, 1978 

Referred material—^Loc. 9601: left p3:22214. Loc. 9620: left p3; 22389. 
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Stratigraphic and geographic range—Rodent Hill section: 9601; Brown Bone 

Beds: 9620, in the Panaca Formation, southeast Nevada. 

Description—UALP 22214 is an immature left p3. Its occlusal surface has two 

internal reentrants and a deep AIR. AR and AER are connected, forming a separate 

dentine column at the front part of the tooth. On the base of the crown, AIR and PER. 

disappear. TH is deflected posteriorly (the degree of deflection can not be measured due 

to abrasion of the enamel). 

UALP 22389 is a broken left p3 with only the anterior part preserved. It lacks an 

AR, but the size and slightly posteriorly deflected PER suggest that it could represent an 

individual of H. ringoldensis. 

Hypolagus cf H. gidleyi White, 1987 

( T a b l e  4 . 2 ;  F i g .  4 . 6  B l )  

Referred material—Loc. 9602: left p3: 22239. 

Stratigraphic and geographic range—^Rodent Hill section: 9602, in the Panaca 

Formation, southeast Nevada. The extended range of H. gidleyi includes the lower 

Pliocene of Texas and New Mexico, middle Pliocene of Idaho, Nebraska, Texas, and 

Washington (White, 1987). 

Age—^Late Hemphillian to middle Blancan. 

Description and discussion—The p3 is semicircular in cross section. It has a 

straight TH; the TN and enamel wall of AER are not crenulated. It lacks an AR. This 
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specimen is identified as Hypolagus cf. H. gidleyi because its size is smaller than H. 

ringoldensis but is larger than H. edensis and other small species ofHypolagus\ it differs 

from H. regalis in lacking a strong anteriorly deflected PER. It differs from H. 

oregonensis in its straight TH. Since only one specimen was found in the fauna, it can 

be only tentatively referred to H. gidleyi. 

Hypolagus cf H. rega/w Hibbard, 1939a 

(Table 4.2; Fig. 4.6 CI) 

Referred material—Loc. 9504: right p3: 22149. Loc. 9601; right p3: 22193. 

Stratigraphic and geographic range—Rodent Hill section: 9504 and 9601, in the 

Panaca Formation, southeast Nevada. The extended range of H. regalis includes the 

lower Pliocene of Nebraska, Kansas and Texas. 

Age—^Late Hemphillian to early Blancan. 

Description and discussion—On these two specimens from the Panaca fauna, the 

PER is strongly deflected anteriorly, and the AER is deeply incised across the crown 

(Table 4.2). AER and TH are not crenulated. UALP 22193 is an immature tooth with 

two internal reentrants that do not extend to the base of the crown. 

Hypolagus regalis is characterized by a strong anterior deflection of PER on p3. 

H. voorhiesi and H. arizonensis are two other species of Hypolagus that have this 

character; however, H. regalis differs fromi^. voorhiesi in having a more deeply incised 
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Figure 4.6 Enamel patterns on the occlusal surfaces of p3s of Hypolagus cf H. 

ringoldensis, Hypolagus cf H. gidleyi, Hypolagus regalis, and Pewelagus dawsonae. 

The letter "R" indicates a right p3 and the drawing was reversed, or it was drawn from 

the bottom. A1-A5: Hypolagus cf H. ringoldensis. UALP 22329, 21240, F:AM 

108716, and UALP 22324 (immature, illustrated by A4 and A5). BV. Hypolagus cf H. 

gidleyi. UALP 22239. C\ : Hypolagus regalis. UALP 22149. Pewelagus 

dawsonae. UALP 21228, 21229, 21510, 22185, 22158 (immature), 22248, 22243, and 

22354. 
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AER and more strong anteriorly deflected PER. H. regalis differs from H. arizommis 

in its significantly larger size (White, 1987). The type locality oiH. regalis is the early 

Blancan Rexroad local fauna (Hibbard, 1939a). 

PewelagusyNMiXQ, 1984 

Pewelagus dawsonae ySDxWQ, 1984 

(Table 4.2; Fig. 4.6D1-D8) 

Referred material—Loc. 9504: right p3-p4:22151; p3s: 21508-21510,22150, 

22158. Loc. 9703: left p3: 22395. Loc. 9601: p3s: 22185, 22189, 22190, 22192, 22195. 

Loc. 9602: Left mandible with p3-m2: 22218; p3s; 22216, 22220, 22228, 22229, 22233, 

22242-22245, 22248-22250, 22252, 22253. Loc. 8197: p3s: 21226-21232. Loc. 9702: 

p3s: 22338, 22347-22354,23360-23361, 23360-23361. Loc. 9619: left p3: 22323. Loc. 

.9620: right p3: 22394. 

Stratigraphic and geographic range—^Rodent Hill section: 9504, 9703, 9601, 

9602; Rodent Ravine section: 9702, 9619; Limestone Comer section: 8197; Brown Bone 

Beds: 9620. The extended range includes the Pliocene of California and Texas. 

Age—^Blancan. 

Description—^The p3s have triangular cross sections, PER and AER are deeply 

incised across the occlusal surface (see Table 4.2 for the range). AER has two folds in 

91% of p3s (out of 43). The other p3s have three or more crenulations in the AER. TH 

is straight in 34.9%, weakly sigmoid in 23.3%, and sigmoid in 41.9% of the sample. TN 
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is folded in 40.5% of the sample. The size of p3 and the amount of PER deflection are 

listed in Table 4.2. 

UALP 22158 (Fig. 4.6, C5) is an immature p3. It has two internal reentrants on 

the occlusal surface, but the two internal grooves extend only a short distance down the 

crown. The AER has two crenulations indicating that this specimen can be referred to 

P. dawsome. 

Discussion—Pewelagus is represented by two species, P. dawsome and P. 

mexicanus. The former can be distinguished from the latter by its smaller size and 

having a TN that is usually uncrenulated on p3 (White, 1987). P. dawsome differs from 

small species ofHypolagus in having two or more crenulations on AER. 

White (1987) had referred a p3 from the "Limestone Comer" site in the Panaca 

Formation to P. dawsome. Among the localities that produce large samples of 

lagomorphs (Loc. 8197, 9504, 9601, 9602, and 9702), P. dawsome is a dominant 

lagomorph species (in addition to H. edensis) in the Panaca local fauna. This sympatry 

suggests that the two species probably occupied different niches. Based on its greatly 

enlarged tympanic bullae and narrow choanae. White (1984) suggested that P. dawsome 

lived in burrows for protection from predators. The finding from the Panaca fauna 

supports this interpretation. 

Lepoides 1987 

Lepoi^s lepoidesW^XQ, 1987 

(Table 4.2; Fig. 4.7A1-A5) 
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Referred material—Loc. 9504: P2s: 22143, 22144; left and right mandibles with 

p3-ni3; 21367; mandibles with incisor and fiall cheek teeth: 21368, 22138-22140. p3s: 

22141-22142. Loc. 9702: left mandible with incisor and full cheek teeth: 22333. Loc. 

9601: partial palate with left P2-M2 and right P2-M2: 22159; P2s: 22209, 22169, 

22171-22173; p3s: 22162-22165. Loc. 9602: left maxillary with P3-M3: 22215; P2s: 

22255-22260. Loc. 9609; left maxillary with P2-P4: 22399. Loc. 9702: right maxillary 

with P2-M2: 23366; left mandible with incisor and full cheek teeth: 22333. Loc. 9619: 

left maxillary with P2-M3 and right maxillary with P2-M1: 22326; left maxillary with 

P2-M2: 22330; left maxillary with P4-M1: 22332; right maxillary with P4-M1: 22331; 

P2: 22322; mandibles with incisor and full cheek teeth: 22328-22329; right mandible 

with p4-m2; 22327; right P2; 22322. 

Stratigraphic and geographic range—^Rodent Hill section: 9504, 9601, 9602, 

and 9609; Rodent Ravine section: 9702 and 9619, in the Panaca Formation, southeast 

Nevada. The extended range includes the lower Pliocene of Nebraska (White, 1987) and 

California (Kelly, 1998). 

Age—^Late Hemphillian to early Blancan. 

Description and discussion—The p3s are semicircular to triangular in cross 

section. Each p3 in the sample has an AR and a strong posterior deflection of PER. TH 

is sigmoid in 91.7% of the sample. TN is folded in 75% (out of 12 p3s). AER is 

shallow and uncrenulated. The P2 has three reentrants. 

Lepoides lepoides is significantly larger than the other archaeolagines. It is also 

characterized by having an AR and the posterior deflection of PER (White, 1987). It 
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differs from other large species found in the Panaca local fauna (e. g., Hypolagus cf H. 

ringoldensis) in having posterior deflection of PER. 

White (1987) had referred 12 specimens from the "Limestone Comer" site in the 

Panaca Formation to L. lepoides. Recently, this species was recorded in ten other 

localities, from the lowest to the highest site in the Panaca Formation. It is the third 

most abundant lagomorph species in the fauna, following Hypolagus edensis and 

Pewelagus dawsonae. 

Another locality producing a large sample ofZ. lepoides is the late Hemphillian 

Santee local fauna (White, 1987). The species is not recorded from other Blancan 

faunas. 

ILepoides lepoides White, 1987 

(Fig. 4.7 Bl) 

Referred material—Loc. 9601: left mandible with p3-p4: 22160. 

Stratigraphic and geographic range—^Rodent Hill section: 9601, in the Panaca 

Formation, southeast Nevada. 

Description and discussion—The p3 has a length of 4 mm and width of 3.4 mm. It has 

an AR and an AIR. PER extends 58.7% across the occlusal surface, and AER extends 

21.7% of the occlusal width. PER has a slight posterior deflection. TH is sigmoid, and 

TN is not folded. AER is not crenulated. 
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Figure 4.7 Enamel patterns on the occlusal surfaces of p3s of Lepoides lepoides, 
Nekrolagus progressus, and ? Pronotolagus sp. The letter "R" indicates a right p3 and 
the drawing was reversed. A1-A5: Lepoides lepoides. UALP 22139, 22140, 22163, 
22333, and 22329. ^V.lLepoides lepoides. UALP 22160. C\-C2: Nekrolagus 
progressus. UALP 22217 and F:AM 108715. Dl: ?Pro/ioto/fl!gws'sp. UALP 21511. 
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The remarkable size of this specimen, along with an AR and posterior deflection 

of the PER, provides support of the assignment of these specimens to L. lepoides. The 

variation of ADR. is the result of variation in the species. 

Subfamily Leporinae Trouessait, 1880 

Gems Nekrolagus Hihhard, 1939a 

Nekrolagus progressus 

(Table 4.2; Fig. 4.7C1-C2) 

Referred material— Loc. 9601: left p3: 22174. Loc. 9602: left mandible with I-

ml; 22217. Loc. 8197: left p3: 21241. F;AM 108715, aright p3. 

Stratigraphic and geographic rawge—Rodent Hill section: 9601 and 9602; 

Limestone Comer section; 8197; "Limestone Comer" of FiAM, in the Panaca 

Formation, southeast Nevada. The extended range includes the lower Pliocene of 

Florida, California, Kansas, Texas, and Washington (White, 1991), 

.^^e-Late Hemphillian to early Blancan. 

Description and discussion—^The p3s have a shallow AR and PIR. PER is 

deeply incised across the occlusal surface. PER may slightly deflect anteriorly or 

posteriorly (Table 4.2). The p3 of UALP 22217 has a slightly sigmoid TH (Fig. 4.7, 

CI). TN is not folded except in an immature specimen (UALP 21241). The PIR in 

F:AM 10875 is pinched off", forming an enamel lake (Fig. 4.7, C2). AER is shallow and 

uncrenulated. 
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Nekrolagusprogressus differs from all the other lagomorphs from the Panaca 

local fauna in having either a PIR or an enamel lake on p3. 

Pronotolagus V^hiiQ, 1991 

?Pronotolagus sp. White, 1991 

(Table 4.2; Fig. 4.7 Dl) 

Referred material—Loc. 9504; right p3: 21511. 

Stratigraphic and geographic range—Rodent Hill section; 9504, in the Panaca 

Formation, southeast Nevada. 

Description and discussion—This specimen has anteroposterior length of 2.1 

mm and width of 1.65 mm, slightly smaller than Pronotolagus apachensis (White, 1991 ; 

table 2). The percentage of PER or AER relative to the width can not be estimated due 

to abrasion of the occlusal surface, but it is clear that PER is deeply incised and AER is 

shallow. A small but distinct AIR is present. TH is strongly sigmoid, and TN is folded. 

AER is unfolded. 

The deeply incised PER, presence of AIR, and absence of AR suggest that this 

p3 can be assigned to Pronotolagus. So far, two species, P. apachensis White 1991 and 

P. albus Voorhies and Timperley 1997, have been erected within this genus, and P. 

albus is significantly larger than P. apachensis. P. apachensis was recorded from the 

Clarendonian Apache Canyon fauna of California and the Hemphillian LeMoyne fauna 

of Nebraska (White, 1991), and P. albus recorded from the late Barstovian of Nebraska 
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(Voorhies and Timperley, 1997). The size of UALP 21551 is close to P. apachensis, but 

none of the known p3s of this species present a strongly sigmoid TH. However, in P. 

albus, several p3s are observed with this character (Voorhies and Timperley, 1997:fig. 

4: A4 and A6). UALP 21551 could be an anomaly in P. apachensis or it may represent 

a new species. 

Pronotolagus differs from Notolagus in that Noiolagus has more deeply incised 

AIR that often unites with AIR forming an isolate column at the anterior part of the 

tooth. Alilepus is significantly larger than Pronotolagus and PIR is usually present 

(White, 1991). 
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Table 4.2. Measurements (in mm) of the adult p3s of lagomorphs from the Panaca local 
fauna. M=mean, SD=standard deviation, CV=coefFicient of variation, OR=observed 
range, N=number of specimens. 

Taxon Statistics Length Width Relative depth 
ofAER 

Relative depth 
of PER 

Deflection of 
PER (degrees) 

Hypolagus M 2.31 1.97 33.8 46.3 14.4 post 
edensis SD 0.165 0.134 3.347 4.047 

CV 7.13 6.80 9.90 8.73 
OR 1.92-2.75 1.70-2.20 27.8-41.4 35.6-53.8 0-32 post 
N 43 42 36 36 36 

H. cf. H. M 1.95 1.60 32.9 53.0 17.5post 
edensis OR 1.95-1.95 1.60-1.60 32.1-33.7 50.5-51.4 12-23 post 

N 2 2 2 2 2 
H. cf. H. M 3.38 2.86 26.1 59.4 0.4 ant 
ringoldensis SD 0.256 0.309 4.673 2.676 

CV 7.58 10.83 17.87 4.51 
OR 3.00-3.70 2.40-3.30 21.0-32.4 55.8-61.5 11 ant-13 post 
N 6 6 4 4 5 

H. cf. H. M 3.1 2.5 19.0 56.9 0 
gidleyi N 1 1 1 1 1 

H. cf. H. M 3.00 2.60 27 54 15 ant 
regalis N 1 1 1 1 1 

H. tedfordi M 2.31 1.99 20.9 41.5 12.25 
SD 0.085 0.175 1.395 3.672 
CV 3.69 8.81 6.68 8.74 
OR 2.20-2.40 1.80-2.20 19.7-22.9 36.2-44.4 0-24 post 
N 4 4 4 4 4 

Pewelagus M 2.36 2.00 33.1 45.8 16.3 post 
dawsonae SD 0.144 0.162 5.107 3.200 

CV 6.10 8.09 15.44 6.99 
OR 2.00-2.60 1.75-2.55 24.6-48.6 39.0-56.1 6-25 post 
N 42 42 35 35 35 

Lepoides M 3.90 3.30 26.4 58.2 8.85 post 
lepoides SD 0.229 0.275 5.631 2.932 

CV 5.85 8.33 21.54 5.05 
OR 3.50-4.20 3.00-4.00 19.2-38.1 53.7-62.3 1-18.5 post 
N 11 11 10 10 10 

Nekrolagus M 3.16 2.73 18.9 56.5 1.75 poat 
progressus SD 0.428 0.330 3.70 1.258 

CV 13.56 12.12 19.58 2.23 
OR 2.80-3.70 2.40-3.10 15.6-22.9 55.3-57.8 7 ant-9 post 
N 4 4 3 3 4 
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Order Rodentia Bowdich, 1821 

Family Geomyidae Bonaparte, 1845 

Subfamily Geomyinae Bonaparte, 1845 

PliogeomysHxhhBxA, 1954b 

Pliogeomys parvus ZdikizesNsVi, 1969 

(Tables 4.3-4.4; Figs. 4.8-4.9) 

Referred material—^Loc. 9502: P4s: 21566, 21567; Mis: 21576, 23563; M2s: 

21572-21573; 21586; Ml orM2: 21577; p4s: 21579-21581; mis: 21582-21583; m2s: 

21575; 21584-21585; 21588; ml orm2; 21574; m3; 21587. Loc. 8197; m3: 21419. 

Loc. 9620; M3: 23237; p4: 23264; mis: 23256, 23259; m2s: 23257-23258; m3: 23260. 

Loc. 9504: Ml: 23138; M2s: 23267-13268. Loc. 9602; p4s: 23262-23263; m3s: 23169, 

23172. 

Stratigraphic and geographic range— Panaca Formation, Panaca local fauna, 

Nevada: Double Butte section: 9502; Limestone Comer section: 8197; Brown Bone 

Beds: 9620; Rodent Hill section: 9504, 9602. Glenns Ferry Formation, Hagerman local 

fauna, Idaho. 
» 

Age—^Early-middle Blancan. 

Description—All of the pocket gopher material recovered from the Panaca local 

fauna are isolated teeth. The sample is small compared to some other rodent teeth, such 

as those of cricetids and heteromyids. 



The two available P4s are from Loc. 9502, one (UALP 21566; Fig. 4.8, A) is 

unworn, with an enamel cap on the occlusal surface. The crown consists of a protoloph 

and a metaloph. The protoloph and metaloph are connected by a prominent loph 

directed from the hypostyle of the metaloph, joining the protoloph slightly lingual to the 

midline. The posterior cingulum is very low and short, about two-thirds of the length of 

metaloph. Low dentine tracts are developed on the sides of protoloph; the lingual tract 

is higher than the labial one (Table 4.4). The dentine tract on the sides of metaloph can 

not be detected because the lower part of posterior surface is broken. Another P4, 

UALP 21567 (Fig. 4.8, B), is slightly worn, and the connection of the two lophs is 

similar to that of UALP 21566. The reentrant angles are V-shaped at this degree of wear 

because the shallow lingual and deep labial valleys are very narrow. The dentine tracts 

on the sides of metaloph are much higher than those on the protoloph. The posterior 

enamel surface is very thin; it is also broken on this specimen. Although the base of the 

crown is missing, a remnant anterior root can be detected on UALP 21567. 

The Ml and M2 are similar in occlusal view, both with a thin protoloph and a 

wider, shorter metaloph. The Ungual side is slightly wider than the labial side on the 

occlusal surface. M2s may be shorter than Mis in anteroposterior length. The 

protoloph has three transversely elongated and subequal cusps; the metaloph has three 

cusps that are more distinct, with the hypocone the largest and the hypostyle the 

smallest. The two lophs are connected lingually after early wear and then labially. 

Small enamel islets may be formed at early wear or moderately stage of wear (Fig. 4.8, 

D). The enamel base is much higher on the posterior surface than the anterior surface, 
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with the base of the posterior enamel plate about 1.0mm below the dentine tract. The 

dentine tracts on the sides are high. When the tooth is moderately worn, the enamel 

band is interrupted at the sides and the posterior plate is lost completely at more 

advanced stage of wear. Following Tomida (1987), I measured the distance of the top of 

dentine tract below the occlusal surface on unworn or slightly worn teeth (Table 4.4). 

The bottom of the tooth is open if it is unworn or slightly worn, but on old teeth, a single 

root is developed (Fig. 4.8, E). 

Table 4.3. Measurements (in mm) of cheek teeth Pliogeomys from the Panaca local 
fauna. N=number of specimens, M=mean, SD=standard deviation, CV=coefficient of 
variation, OR=observed range. 

Locality Length Width 

N M SD cv OR N M SD CV OR 
PUogeomys parvus: 
9502 P4 2 1.34 — — 1.20-1.48 2 1.48 — — 1.36-1.60 

Ml 1 0.96 — 1 1.52 — — 

M2 3 0.89 0.061 6.84 0.84-0.96 3 1.35 0.042 3.08 1.32-1.40 
ml 2 0.98 — — 0.96-1.00 2 1.54 — — 1.52-1.56 
vol 3 0.88 0.080 9.09 0.80-0.88 2 1.32 — — 1.28-1.36 
m3 1 1.00 — — 1 1.32 — — 

9620 M3 0 1 1.44 
p4 1 1.60 — 1 1.56 — — 

ml 2 1.01 — 1.00-1.02 2 1.66 — — 1.60-1.72 
m2 2 1.02 — 1.00-1.04 2 1.44 — — 1.40-1.48 
m3 1 0.96 — 1 1.60 — — 

8197 m3 1 0.70 — 1 1.00 — — 

9504 Ml 1 1.04 1 1.76 .... 

M2 2 0.86 — 0.84-0.88 2 1.78 — — 1.72-1.84 

IPUogeon^s sp. 
9601 M2 I 0.88 — I 1.44 — — 

9602 M2 4 0.83 0.050 6.06 0.80-0.90 4 1.67 0.055 3.30 1.59-1.7 
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Figure 4.8 Upper cheek teeth of Pliogeomysparvus from the Panaca local fauna. A-B; 
occlusal and lingual views of P4s, UALP 21566 and 21567. C: a right Ml, UALP 
21572. D; M2s, UALP 21586 and 23267. 
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Figure 4.9 Lower cheek teeth of Pliogeomys parvus from the Panaca local fauna. A-C: 
occlusal and labial views of p4s, UALP 23264, 23263, and 21579. D. a left ml, UALP 
23256. E: a right m2, UALP 23257. F: a right m3, UALP 21574. 
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The p4s are the most distinctive teeth for this species. Of the six p4s, two have a 

broken bottom, two are unworn without roots developed, one has a broken bottom but 

two roots can still be detected, and one has two well-developed roots with the base fused 

(Fig. 4.9, B). The unworn teeth have an enamel cap on the occlusal surface, with 

indistinct cusps. On worn specimens, the protolophid is subcircular in the occlusal 

outline, shorter and wider than the metalophid. The two lophids are connected medially 

by a short prominent loph. Dentine tracts are high on the sides of the teeth. The tracts 

are higher on the labial sides than on the lingual sides, and higher on the metalophid 

than on the protolophid (Table 4.4). 

The occlusal patterns of ml and m2 are similar, with the labial side slightly 

wider than the lingual side. The metalophid consists of three cusps on unworn or 

slightly worn specimens. The protoconid is the largest cusp, and the protostylid is 

anteroposteriorly elongated. An anterior cingulum is well developed, connecting the 

protostylid and the metaconid after passing anterior to the protoconid. The hypolophid 

is much thinner, with three transversely elongated, indistinct cusps. The two lophids are 

connected labialiy at early stage of wear and join lingually after moderate wear. The 

enamel base is much higher on the anterior surface than the posterior surface, so that the 

anterior enamel band will disappear after the tooth is worn for about one-third of its 

height. The dentine tracts on the sides are not as narrow as those of upper molars, but 

their top levels are still close to the occlusal surface (Table 4.4). The unworn or slightly 

worn teeth are open at the bottom, but the worn teeth have a single root. 



The m3 is smaller than ml or m2. The low, ephemeral anterior cingulum is 

longer, continuing to the lingual side of metaconid. The hypolophid is thinner, shorter, 

and lower than the metalophid, and the cusps are indistinct. Roots are not yet developed 

on the four available specimens. 

Table 4.4. Distances (in mm) of the top of dentine tracts from the occlusal surface on 
unwom or slightly worn teeth oiPliogeomys parvus from Panaca. 

Locality Specimen Tooth Lingual side Labial side Locality Specimen Tooth 

Anterior loph(id) Posterior loph(id) Anterior loph(id) Posterior loph (id) 
9502 21566 P4 1.88 2.50 — 

21567 P4 1.75 1.13 2.06 — 

21572 M2 0.94 1.25 
21586 M2 0.63 1.13 
21582 ml 1.94 0.88 
21583 ml — 1.00 

9620 23264 p4 dentine tract not yet developed 1.44 0.94 
23256 ml 1.31 0.63 
23259 ml 1.69 0.81 
23257 m2 1.56 0.75 
23258 m2 1.25 0.63 
23260 m3 1.44 0.94 

9602 23262 p4 2.19 2.19 1.88 1.69 
23263 p4 1.88 1.13 1.25 0.75 
23172 m3 - 1.25 

Comparison and discussion—The geomyid occlusal pattern of cheek teeth and 

the presence of roots on the p4s and old adult molars indicate that the pocket gopher 

from the Panaca local fauna is more primitive than Geomys; it is therefore assigned to 

Pliogeomys, which is characterized by rooted cheek teeth (Hibbard, 1954b). 
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Three species of Pliogeomys have been found from North America and Mexico, 

which are Pliogeomys buisi (genotype) from the late Hemphillian Buis Ranch local 

fauna, the Rexroad Formation of Oklahoma (Hibbard, 1954b), P. parvus from the 

middle Blancan Hagerman local fauna of Idaho (Zakrzewski, 1969), and P. carranzai 

from the late Hemphillian Yepomera local fauna of Chihuahua (Lindsay and Jacobs, 

1985). P. parvus is significantly smaller than P. buisi, and the roots of p4 are not as well 

developed as in P. buisi (Zakrzewski, 1969). P. carranzai is characterized by its very 

high crown, high dentine tracts, and the shallow median groove on the upper incisor. No 

upper incisor of the pocket gopher has been found from the Panaca local fauna, 

however, the size of the cheek teeth, height of crown, and dentine tracts suggest that it is 

P. parvus. Compared to P. parvus from the topotype locality (Zakrzewski, 1969:table 

2), in the Panaca specimens p4 and m2 are similar in size, ml is slightly larger (0.2mm 

in length, and 0.2-0.3 mm in width), and m3 is distinctly larger (0.2mm in length, and 

0.2-0.5 mm in width). Since samples from both the topotypic locality and Panaca are 

small, and a large variation is seen in the type sample (Zakrzewski, 1969:table 2), these 

differences in size are considered within the intraspecific variation. It is also noticed 

that the teeth from Loc. 9502 are slightly smaller than the ones from the other localities. 

Pliogeomys carranzai is higher crowned than the Panaca pocket gopher of 

similar age. The dentine tracts on the sides of p4 (Lindsay and Jacobs, 1985; fig. 6a) are 

also much higher than those from the Panaca local fauna. Compared to the 

measurements of P. carranzai by Lindsay and Jacobs (1985), the Panaca material is 

smaller, especially in the transverse width. 
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Dalquest (1983) erected a new genus in Geomyinae, Progeomys, from the type 

Hemphillian fauna. Coffee Ranch local fauna of Texas. So far, only the genotype 

species, Progeomys sulcatus, has been found in North America. This species is 

characterized by a strongly rooted p4 and absence of or very incipient dentine tracts on 

the cheek teeth. The Panaca Pliogeomys is surely more advanced than this species in 

terms of both root development and higher dentine tracts. 

Pliogeomys sp. 

(Table 4.3; Fig. 4.10) 

Referred material—^Loc. 9601: M2: 23261. Loc. 9602: M2s; 23265, 23380; 

?M2; 23266,23269. Loc. 8197: M3; 21410, m3: 21419. Loc. 9620: m3: 23237. 

Description and discussion—Of the two M2s from Loc. 9602, one is slightly 

worn (23380), and the other is well worn. UALP 23266 and 23369 are tentatively 

assigned to M2s because their enamel base on the posterior surface is higher than on the 

anterior surface (Fig. 4.10, B). These four teeth have similar sizes as those of 

Pliogeomys parvus from Panaca, but they have quite different dentine tract patterns. 

Their enamel base on the posterior surface is only slightly higher than on the anterior 

surface, so that the enamel band on the occlusal surface is only interrupted on the sides 

even when the tooth is much worn. This is in contrast to Pliogeomys parvus, where the 

whole posterior enamel band is lost at moderately worn stage. On these four teeth, the 

dentine tracts on the sides are distinctly narrow because of the low enamel bases, like 
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those of Dipodomys hibbardi. The dentine tract on the lingual side of UALP 23380 is 

1.35 mm high, which is within the range ofD. hibbardi(Tomida, 1987:table 17). 

However, it has the characteristic geomyid occlusal pattern. The other three M2s have 

developed a single tubular root without any groove, which is different from the roots of 

M2s of D. hibbardi. 

The M2 from Loc. 9601 is different from the other M2s of Pliogeomys parvus 

from the Panaca local fauna by its low enamel base on the posterior surface, and very 

narrow dentine tracts on the sides. This dentine tract pattern is the same as those of M2s 

from Loc. 9602. The dentine tract on the labial side is 0.90mm high, which is also within 

the range o^Dipodomys hibbardi (Tomida, 1987;table 17). However, its occlusal 

pattern is different from that ofD. hibbardi in that the two lophs are compressed and the 

labial side is much narrower that the lingual side. The tooth is rootless at this worn stage. 

I tentatively refer it to Pliogeomys. It is interesting that there were no Pliogeomys 

parvus teeth found at this locality, whereas a large number was found at Loc. 9602, 

which is just 0.2m higher in the same section. 

The M3 from Loc. 8197 is unworn but partially broken. It is assigned to 

IPliogeomys because the two lophs are united, a characteristic of the occlusal pattern of 

a geomyid. 
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Figure 4.10 IPliogeomys sp. from the Panaca local fauna. Occlusal and lingual views 
of three right M2s. A; UALP 23380. B; UALP 23269. C: UALP 23261. 
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Family Heteromyidae Allen and Chapman, 1893 

Both low- and high-crowned heteromyids are found from the Panaca local fauna. 

In this study, the terminology for the cusps and cuspules follows Lindsay (1972:fig.l9). 

Subfamily Perognathinae Wood, 1935 

Martin (1984) split the genus Perognathus into two genera, Perognathus and 

Oregonomys. The latter differs from the former " in larger size, possession of additional 

cuspules on the protoloph of P4, often a buccal connection of lophs of P4 at some wear 

stage, and a molariform p4 which never forms an X-pattem". He moved the species 

"Perognathus''' sargenti and "Perognathus" magnus into the genus Oregonomys and put 

this genus into the subfamily Heteromyinae. Korth (1995) moved the genus 

Oregonomys back into the subfamily Perognathinae, 

Wied-Neuwied, 1839 

Perognathus mclaughlini Hibbard, 1949 

(Table 4.5; Figs. 4.11-4.12) 

Referred material—Loc. 9702; left maxillary withP4-M2: 23093; P4s: 23094-

23095; left Ml: 23096; right mandible with p4-ml: 23376; left mandible fragment with 

incisor; 23377; right p4: 23097; right ml: 23098; right m2: 23099. Loc. 9616: right P4: 



23249. Loc. 8197: right dP4: 21276; P4s: 21277, 21285; left Ml; 21278; right M2: 

21279; p4s: 21280-21281; right ml: 21282; left m2: 21284; right m3; 21283. Loc. 

9620: leftM2: 23250; mis: 23251-23252, 23254; left m2: 23253. Loc. 9504: P4s: 

21530-21531; 23037-23042; Mis; 23043-23044, 23065; M2s: 23045-23048; left 

mandibles with incisor, p4-m2: 23028-23029, 23032; left mandible with p4 and m2-m3: 

21533; right mandible with p4 and m3: 23031; right mandible with p4-m2: 23049; left 

mandible with incisor, m2-m3: 23050; edentulous mandibles: 21555, 23033, 23378-

23379; p4s: 23051-23053; mis: 21532, 23054-23057; m2s: 23058-23061; m3s: 23062-

23063. Loc. 9601: left P4: 23066; left M2: 23067; left p4: 23068; m2s: 23069-23070. 

Loc. 9602: P4s: 23071-23073; Mis: 23074-23078; M2s: 23079-23083; left mandible 

with p4-ml: 23084; right mandible with ml-3: 23085; right mandible with p4: 23086; 

p4: 23087; mis: 23088-23089; m2s: 23090-23092. 

Stratigraphic and geographic range—^Rodent Ravine section: 9702, 9616; 

Limestone Comer section: 8197; Brown Bone Beds: 9620; Rodent Hill section: 9504, 

9601, 9602, in the Panaca Formation, southeast Nevada; Rexroad Formation, Saw Rock 

Canyon local fauna, Kansas; Rexroad Formation, Buis Ranch local fauna. Beaver 

County, Oklahoma; F:AM Old Cabin Quarry, Quiburis Formation, southeast Arizona. 

Age—^Late Hemphillian and early Blancan. 

Description—Cheek teeth are brachylophodont. Upper teeth have three distinct 

roots, and lower teeth have two distinct roots. 

P4 has four cusps: a protocone on the protoloph, and a metacone, hypocone, and 

hypostyle on the metaloph. There is no accessory cuspule on either loph. The two lophs 



96 

are connected medially after moderate wear. The protocone is conical, very circular. On 

the metaloph, the hypocone is the largest cusp, and the metacone and hypostyle are 

subequal. The hypostyle is situated slightly more anterior than the metacone, making a 

smoothly curved outline of the metaloph. On one specimen (UALP 21285 from Loc. 

8197; Fig. 4.11, C), the hypostyle is more anteriorly situated, resulting in an L-shaped 

outline of the metaloph. Since the other characters of this tooth are the same as those of 

other specimens, I consider this an intraspecific morphological variation. Of the 16 P4 

specimens, nine (56%) have a slight inflation at the lower part of the crown. The base of 

enamel is lower on the protoloph. 

The Ml has two transverse lophs with the protoloph slightly longer than the 

metaloph. The protostyle and hypostyle are not connected until very late.wear, i. e., 

after the other cusps are connected. Thus the transverse valley is open lingually until 

wear has obliterated all the cusps. On the labial side, the transverse valley is always 

widely open until very late wear. Of the three cusps on the protoloph, protocone is the 

largest, and the protostyle is the smallest. An anterior cingulum is well developed until 

moderate wear, connecting the protostyle to the anterolingual base of the paracone. On 

the metaloph, the hypocone is the largest cusp, and the hypostyle is the smallest. A 

posterior cingulum connects the hypostyle, the posterior hypocone, and the metacone. 

The protoloph is relatively straight, whereas the metaloph is slightly curved especially 

on its posterior side. The three roots are well developed; one lingual, one anterolabial, 

and one posterolabial. 
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The M2 is similar to Ml in having two transverse lophs and each loph with three 

cusps. The protoloph is slightly longer than the metaloph. Different from Ml, the two 

lophs are united at early wear, forming a distinct U-shaped occlusal outline (Fig. 4.11, 

D). Both anterior and posterior cingula are well developed until the tooth is moderately 

worn. Roots are similar to those of Ml, although less robust. 

No M3 was preserved. Roots of M3 are similar to those of M2 based on alveoli. 

On the dentary, the masseteric crest is high as the other species of Perognaihus, 

and the mental foramen is located below it. The averaged diastema between the incisor 

and p4 is 2.73mm from six dentaries, and the mandibular depth below p4 on the labial 

side averaged 2.73mm out of seven measurements. The average alveolar length of p4-

m3 is 3.90nim from four specimens. 

The p4 is quadricuspate without any accessory cuspule. The metalophid is 

slightly wider than the protolophid. The labial cusps (protostylid and hypoconid) are 

closer than the lingual ones, making an asymmetrical occlusal outline. The transverse 

valley is slightly wider and deeper on the lingual side than on the labial side. Except for 

one specimen (UALP 23028 from Loc. 9504) with a ridge connecting the protoconid 

and the hypoconid, no ridge is seen between the two lophids. These characters indicate 

that the protolophid and metalophid will be connected initially on the labial side, soon 

followed by connection on the medial side. 

The ml is subquadrate in occlusal outline. It has two subequal lophids, with 

three cusps on each one. The protoconid and hypoconid are larger than the metaconid 

and ectoconid; the hypostylid is smaller than the protostylid. The metalophid is angular 
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since the anterior cingulum has a strong flexure at the anterior side of protoconid. The 

transverse valley is moderately deep and open on both sides, slightly deeper on the 

lingual side. The median union of the lophids occurs at late stage of wear, so that an H-

pattem is only seen on well-worn specimens. A low posterior cingulum is present on 3 

of 17 specimens (18%), connecting the metaconid and hypostylid (Fig. 4.12, B), 

The m2 is subrectangular in occlusal outline, wider than long. Relative size of 

the cusps is similar to that of ml. The metalophid is slightly longer than the hypolophid 

due to reduction of the hypostylid. The flexure of anterior cingulum is not as 

pronounced as in ml. The transverse valley is open on both sides, deeper on the lingual 

side, and the median union of lophids is as in ml. 

The m3 is similar in size to p4. Its protostylid is very reduced and the hypostylid 

is lost, making the metalophid distinctively longer than the hypolophid. Anterior 

cingulum is very reduced, weakly joining the protostylid and the protoconid. The 

transverse valley is open on both sides. No median union of lophids is detected from the 

available specimens, although the lophids become closer on the lingual side as wear 

progresses. 

Comparison and discussion—^In Perognathus from the Panaca local fauna, the 

p4 is the most characteristic tooth in its asymmetrical outline and absence of cuspules. 

P. mclaughlini, P. henryredjieldi, P. rexroadensis, and P. pearlettensis are the only four 

known species that have asymmetrical occlusal outline on p4. P. henryredjieldi from 

the late Hemphillian of Arizona (Jacobs, 1977) is significantly smaller than that of the 

Panaca material and its roots of p4 are fused proximally. P. pearlettensis is a small 
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species (with its alveolar length of p4-m3 only 3.1mm; from Hibbard, 1941a), and 

cuspules may be present on p4. P. mclaughlini and P. rexroadensis are very similar to 

each other in morphology, and the difference between the two is that" P. rexroadensis 

is larger and the m3 possesses a larger posterior loph for the size of the tooth than in the 

m3 of P. mclaughlini'' (Hibbard, 1950). Perognathus from Panaca is closer to the size 

of P. mclaughlini than P. rexroadensis, and also its m3 has an occlusal pattern closer to 

that of P. mclaughlini from Kansas. 

The other species of Perognathus, P. gidleyi, P. stevei, P. maldei, P. dunklei, and 

P.furlongi, are similar in size to P. mclaughlini, but they all have bilaterally 

symmetrical p4s and the two lophids join medially initially. In addition to this 

difference, P. gidleyi Hibbard 1949 has a lingual union of lophs on Ml (Tomida, 1987); 

P. stevei normally has an anteroconid on p4 and frequently has a hypostylid on its 

metalophid (Martin, 1984); P. maldei has a stronger H-pattem on lower molars 

(Zakrzewski, 1969); P.furlongi Wood 1935 is more strongly inflated at the lower part of 

crown; P. www/wj James 1963 is smaller than P. mclaughlini. 

Compared to P. mclaughlini from the type locality (Saw Rock Canyon, Rexroad 

Formation, Kansas), the Panaca material has a shorter transverse width on the lower 

molars. The ml of the Panaca material is more quadrate in occlusal outline, whereas 

that of P. mclaughlini from Saw Rock Canyon is rectangular, with the transverse width 

slightly longer than the anteroposterior length. Since the other dental characters are veiy 

similar, this difference is considered an intraspecific variation. 



Table 4.5. Measurements (in mm) of cheek teeth of Perognathus from the Panaca local 
fauna. N=number of specimens, M=mean, SD=standard deviation, CV=coefricient of 
variation, OR=observed range. 

Locality Length 

N M SD CV 

Perognathus ntclaughlini: 
9504 P4 7 0.98 0.069 7.03 

Ml 2 0.92 — — 

M2 4 0.83 0.038 4.61 
p4 9 0.76 0.037 4.91 
ml 8 1.06 0.060 5.77 
m2 9 0.90 0.024 2.68 
m3 5 0.72 0.018 2.34 

9602 P4 3 1.03 0.081 7.82 
Ml 5 0.96 0.049 5.10 
M2 5 0.78 0.036 4.56 
p4 3 0.76 0.040 5.26 
ml 4 1.03 0.020 1.94 
m2 3 0.89 0.061 6.84 

9601 P4 1 1.00 — — 

M2 0 — — — 

p4 1 0.80 — — 

m2 2 0.95 — — 

9702 P4 3 0.97 0.023 2.34 
Ml 2 0.91 — — 

M2 1 0.76 — — 

p4 2 0.76 — — 

ml 2 1.10 — — 

m2 1 0.88 — — 

8197 P4 2 1.00 — — 

Ml 1 0.88 — — 

M2 1 0.76 — — 

p4 2 0.82 — — 

ml 1 1.04 — — 

m2 1 0.88 — — 

m3 1 0.76 — — 

9616 P4 1 1.00 — — 

9620 M2 1 0.78 — — 

ml 1 1.08 — — 

m2 1 0.92 — — 

IPerognathus mclaughlini: 
9504 p4 1 0.80 — 

ml 1 L04 — — 

Width 

OR N M SD CV OR 

0.88-1.08 7 1.19 0.078 6.54 1.08-1.28 
0.92-0.92 2 1.28 — — 1.28-1.28 
0.80-0.88 4 1.09 0.034 3.15 1.04-1.12 
0.72-0.80 9 0.80 0.022 2.80 0.76-0.84 
0.96-1.16 8 1.08 0.049 4.53 1.04-1.16 
0.88-0.94 9 1.06 0.040 3.76 1.00-1.12 
0.70-0.74 5 0.86 0.036 4.18 0.84-0.92 
0.96-1.12 3 1.20 0.080 6.67 1.12-1.28 
0.88-1.00 5 1.26 0.022 1.73 1.24-1.28 
0.72-0.80 5 1.06 0.022 2.07 1.04-1.08 
0.72-0.80 3 0.83 0.023 2.79 0.80-0.84 
1.00-1.04 4 1.06 0.023 2.18 1.04-1.08 
0.84-0.96 3 1.07 0.046 4.33 1.04-1.12 

1 1.20 — — 

1 1.08 — — 

1 0.76 — — 

0.92-0.98 2 1.08 — — 1.08-1.08 
0.96-1.00 3 1.10 0.020 1,82 1.08-1.12 
0.88-0.94 2 1.16 — — 1.16-1.16 

1 1.04 — — 

0.72-0.80 2 0.81 — — 0.80-0.82 
2 1.12 — — 1.08-1.16 
1 1.04 — — 

1.00-1.00 2 1.13 — — 1.08-1.18 
1 1.12 — — 

1 1.12 — — 

0.76-0.88 2 0.82 — — 0.80-0.84 
1 1.12 — — 

1 1.00 — — 

1 0.88 — — 

1 1.16 — — 

1 1.04 — — 

2 1.08 — — 1.04-1.12 
—— 1 1.08 — — 

1 0.80 
1 1.10 — 
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Figure 4.11 Perognathus mclaughlini (upper dentition) from the Panaca local fauna. A-
C: occlusal and lingual views of P4s, UALP 23037, 23038, 21285. D: occlusal view of 
a left P4-M2, UALP 23093. E: Oregonomys sp., occlusal and lingual view of a left P4, 
UALP 23064. 
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Figure 4.12. Perognathus mclaughlini (lower dentition) from the Panaca local fauna. A: 

occlusal and labial views of a left dentary fragment with p4-m2, UALP 23049. B: 

occlusal view of left; ml-m3, UALP 23085. Perognathus cf P. gidleyi. C: occlusal 

view of left p4-ml, UALP 23030. ICupidinimus sp.: D; occlusal and labial views of a 

right p4, UALP 21561. E: a right ml, UALP 2327C. 
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IPerognathus mclaughlini 

(Table 4.5; Fig. 4.12E) 
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Referred material—mandibular fragment with incisor, p4 and ml: 23030 

from Loc. 9504 

Stratigraphic and geographic m«^e~Rodent Hill section: Loc. 9504 in the 

Panaca Formation, southeast Nevada. 

Description—TYixs lower jaw is of the same size as Perognathus mclaughlini 

from the same locality. The alveolar length of p4-m3 is 3.80mm, the diastema is 

3.20mm, and the mandibular depth below p4 on the labial side is 3.00mm. The 

masseteric crest and mental foramen have the same situation as that of P. mclaughlini. 

However, its p4 and ml are slightly different from those of P. mclaughlini. 

The p4 is quadricusped, without any accessory cuspule. The four cusps are 

distinct and less bulbous than those of P. mclaughlini. The reentrant valleys are 

symmetrical ahhough there will be initial union of the lophids between the protostylid 

and hypoconid like P. mclaughlini. A very low ridge is developed medially connecting 

the two lophids. 

The ml is subrectangular in occlusal view instead of quadrate as that of P. 

mclaughlini from the same locality. The protostylid on the metalophid is situated more 

posteriorly than that of P. mclaughlini. An anterior cingulum joins the metaconid 

anterior protoconid and protostylid, and a posterior cingulum joins the entoconid and 
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hypostylid. H-pattem will be seen when the tooth is well worn. The transverse valley is 

slightly flexed, convex anteriorly. 

Comparison and discussion-- Based on size and the initial union of lophids on 

the labial side on p4, this specimen is tentatively referred to P. mclaughlini. 

OregonomysMzx(\n, 1984 

Oregonomys sp. 

(Fig. 4. HE) 

Referred material—^Loc. 9504; left P4, 23064. 

Stratigraphic and geographic range—^Rodent Hill section: Loc. 9504 in the 

Panaca Formation, southeast Nevada. O. pebblespringensis and O. sargeni. Dalles 

Formation, northern Oregon; O. magnus, Glenns Ferry Formation, Hagerman local 

fauna of Idaho. 

Age—late Hemphillian to middle Blancan. 

Description and comparison—lL\i\& upper premolar is large and brachylophodont. 

It is moderately worn, but the cusps are distinct. The protoloph is elongated transversely 

with the labial side displaced anteriorly away from the metaloph. This suggests that the 

protoloph was bicuspid, with a small cuspule on the labial side of the protocone. The 

metaloph has three cusps, lacking a minute cuspule. The hypostyle is placed anteriorly 

relative to the hypocone, oriented more or less anteroposteriorly, closing the transverse 

valley on the lingual side of the tooth. The posterior cingulum is well rounded, joining 



the hypostyle with the posterior hypocone and metacone. Three distinct roots are 

developed. The anteroposterior length of this tooth is 1.36mm, and the transverse width 

is 1.48mm. 

The large size and the presence of a bilobed protocone on the protoloph indicate 

that this P4 represents a species of Oregonomys. O. pebblespringensis, O. sargeni, and 

O. magnus are the three known species of this genus. The lingual connection of two 

lophs and the anterior position of the hypostyle exclude it from O. sargeni. One of the 

major differences between O. pebblespringensis and O. magnus is that the former is 

larger (Martin, 1984), but the dimension of this P4 from Panaca falls within the range of 

both species (see Martin, 1984: tables 10 and 12). Its occlusal pattern is veiy close to 

that of O. magnus, however, the P4 of 0. pebblespringensis may also present such a 

pattern. More specimens are needed to identify it to a species. 

ICupidinimus sp. Wood, 1935 

(Fig. 4.12 D-E) 

Referred material—Loc. 9504; aright ml: 23270. LOG. 9502: left Ml: 21564; 

left p4: 21561. 

Stratigraphic and geographic range—^Rodent Hill section: Loc. 9504; Double 

Butte Section: Loc. 9502, in the Panaca Formation, southeast Nevada. 

Description and discussion—These teeth are moderately hypsodont, with steep 

crowns and rooted teeth; they are morphologically similar to Prodipodomys from Panaca 



107 

based on the occlusal outline, but their crowns are distinctly lower and their transverse 

valleys are deeper compared to the teeth of Prodipodomys at the same degree of wear. 

They are thus tentatively referred as Cupidinimus. So far, Cupidinimus has only been 

found in the faunas older than the Blancan age, but it is possible that a remnant 

continues into the early Blancan. 

The ml from Loc. 9504 is moderately high crowned, with the anteroposterior 

length 1.20mm and transverse width 1.44mm (Fig. 4.12, E). The height of the labial 

reentrant above the base of crown on the labial side is 0.60mm, and the ratio of this 

height relative to the transverse is 0.42, which is within the range of Cupidinimus (0.36-

0.67, from Bamosky, 1986). The metalophid and hypolophid have three cuspids, 

respectively. The base of the metalophid is markedly higher than the base of the 

hypolophid. The H-pattem will show after a little more wear. No dentine tract is 

present on the sides. It has two well-developed transversely elongated roots. This tooth 

has a similar size as the ml of Prodipodomys tiheni from the same site; however, its 

crown is distinctively lower than those of P. tiheni at the same degree of wear, and its 

roots are better developed. 

The p4 from Loc. 9502 (Fig. 4.12, D) is almost unworn, with five distinct cusps; 

the protoconid and protostylid are more robust than the metaconid and hypostylid, with a 

small hypoconid between these cusps on the metalophid. With heavy wear, the 

protolophid and metalophid will be joined centrally. Its crown is lower than those of 

slightly worn p4s of Prodipodomys from Panaca. 



The Ml from Loc. 9502 is moderately worn, with four distinct cusps, paracone 

and protocone on the protoloph, metacone and hypocone on the metaloph. The 

protoloph and metaloph are joined lingually by apparent fusion of the protostyle and 

hypostyle. The protoloph is slightly wider than the metaloph, and is straighter since the 

metaloph is slightly rounded posteriorly. The base of the protoloph is slighdy lower 

than base of the metaloph and there is a low but broad dentine tract on the lingual side of 

the tooth. The labial transverse valley is moderately wide and deep. 



109 

Subfamily Dipodomyinae Coues, 1875 

I follow the classification of Korth (1995) for the Subfamily Dipodomyinae 

except that Dipodomys minor Gidley 1922 is recognized here as Prodipodomys minor. 

Gidley (1922) erected Dipodomys minor on the basis of a mandibular fragment with p4 

and the alveoli of ml-m3 from the Benson local fauna of Arizona. Wood (1935) later 

expanded the description of this species by using another specimen collected from the 

type locality. He recognized the primitive status of this species as Dipodomys-, however, 

the specific assignment of this second specimen was later questioned by Gazin (1942). 

Gazin (1942), followed by Hibbard (1972), removed this species from Dipodomys and 

placed it into Prodipodomys, mainly on the basis of the suggestion of two well-

developed roots in the alveolus of ml on the holotype specimen. On the other hand, 

Cunningham (1984, unpublished thesis) suggested that this species should stay in 

Dipodomys based on his study and conclusion that the roots of the cheek teeth of 

Dipodomys minor were less developed than those oiDipodomys downsi (an unpublished 

new species from the Anza-Borrego Desert of California). Characteristics of Dipodomys 

minor are poorly known because there was only one specimen securely known for this 

species. A large sample of Dipodomys minor from the Panaca local fauna provides 

better characterization for development of roots and dentine tracts, hypsodonty, and size 

range of this species. Following Zakrzewski's (1981) criteria to differentiate 

wad Prodipodomys, I conclude that it is appropriate to place this species in 

Prodipodomys for the following reasons; the dentine tracts on the sides of cheek teeth 
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are low (<lmm); p4 and ml (holotype specimen) have two distinct roots; crown is 

comparable to that of Prodipodomys kansemis, and much lower than that of any species 

of Dipodomys. 

Height of the dentine tract is measured relative to the base of enamel. However, 

it should be noted that this base usually has different heights on the anterior and 

posterior surfaces. For upper molars, the posterior enamel base is slightly higher than 

the anterior one, whereas lower molars have the opposite pattern. Since a dentine tract 

for the teeth of heteromyids is usually referenced to the enamel on the side that is higher 

regardless of its location on the anterior or posterior surface, I chose the higher enamel 

base as the reference for the base of dentine tract. In other words, the dentine tract is 

measured from the posterior enamel base for the upper cheek teeth, and from the anterior 

enamel base for the lower molars. For p4,1 chose the posterior enamel base because it 

is higher than the anterior one. In contrast, height of crown is measured relative to the 

lower base of enamel except for P4. Worn specimens will have lower average crown 

height, so height of crown is measured only on those unworn or slightly worn teeth. 

This procedure is different from the method used by Zakrzewski (1970) and Tomida 

(1987), who included all the available specimens. 

ProdipodomysYiMidxA, 1939 

Prodipodomys minor Gidley, 1922 

(Tables 4.6, 4.8-4.9; Figs. 4.13-4.14, 4.17) 
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Emended Diagnosis—A small heteromyid with hypsolophodont and rooted 

cheek teeth. Upper P4 and Ml with three roots, M2 and M3 with single root. Lower p4 

with two roots, m 1 with one or two roots, m2 and m3 with single root. Crown 

significantly lower than that of Dipodomys, incipient dentine tracts on the sides of p4 

and ml. 

Referred material—^Loc. 9504; left maxillary with P4-M2; 23100; right 

maxillary with P4-M2: 21551; P4s: 21525; 23102-23103; right maxillary with Ml-2: 

23104; Mis: 23105-23108, 23139,21534; M2s: 23109-23111; M3s: 23112, 23114-

23115, 23131, 21538-21542; right mandible with p4-m3: 23101; left p4-ml: 23116; p4: 

23117; mis: 23119-23120, 23122, 23125, 23128, 21537; m2s: 23121, 23123-23124, 

21536; m3s: 23129, 23133. Loc. 9601; Ml: 23179; M3s: 23183-23184; left ml: 23182; 

right m2: 23186. Loc. 9602; right m3: 23146; mis: 23151, 23168; m2s: 23149-23150, 

23152. Loc. 9702; P4s: 23191-23192; 23195-23196; left Ml: 23193; leftM3: 23194; 

p4: 23197; ml: 23198, 23222; left m2: 23199; left m3: 23200. Loc. 9616; right Ml: 

23231; left M3: 23232. Loc. 8197; left maxillary with P4-M1: 21406; right P4: 21414; 

Mis: 21407-21408; left M2: 21409; left p4: 21411; left ml: 21418; right m2: 21412; 

m3s: 21413, 21420. Loc. 9502; M3; 21578; right m3: 21589. Loc. 9620; left p4: 

23241; right m2: 23242. Loc. 9621; left M3: 23247; m3: 23248. 

Stratigraphic and geographic range—^Panaca Formation, Nevada: Rodent Hill 

section: 9504, 9601, 9602; Rodent Ravine section: 9702, 9616; Limestone Comer 

section: 8197; Double Butte section: 9502; Brown Bone Beds: 9620, 9621. Benson 

local fauna, St. David Formation, southern Arizona. 
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Age—^Blancan. 

Description—The large sample of Prodipodomys minor from Panaca local fauna 

makes it possible to examine all the upper cheek teeth and to detect intraspecific 

variations among several dental characters. See Tables 4.6 and 4.9 for the ranges of 

tooth sizes and heights of dentine tracts. 

Prodipodomys minor is a small species within the genus. The alveolar length of 

P4-M2 on a maxillary fragment is 3.92mm. A mandible fragment is preserved with an 

incisor and four cheek teeth. The occlusal length of p4-m3 is 3.60mm, whereas the 

alveolar length is 4.60mm. The diastema between the incisor and p4 is 3.2mm, and the 

mandibular depth below ml on the labial side is 3.00mm. The mandibular foramen is 

lingual to the incisor. The masseteric crest is strong and high, with the mental foramen 

below it. The lower incisor has no groove. 

The P4 has a protoloph and metaloph. The protoloph consists of a distinct oval 

protocone, which is easily discernible even at greater than moderate stage of wear. On 

two unworn specimens (21414 from Loc. 8197 and 23102 from Loc. 9504, Fig. 4.13, B), 

there exists a small accessory cuspule labial to the protocone. The metaloph consists of 

three cusps: metacone, hypocone, and hypostyle. The hypocone is the largest of the 

three, and the hypostyle is located almost between the two lophs. The hypostyle is 

elongated on the specimen UALP 21414,23153, 23271, whereas on the others, it is 

circular on the occlusal surface. The two lophs are first connected medially, then 

lingually. A low dentine tract was present on the lingual side and was measured on four 
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specimens (Table 4.8). Three roots are distinct and well developed, and united at the 

base but without any distal connection among them. 

Table 4.6. Measurements (in mm) of cheek teeth of Prodipodomys minor from the 
Panaca local fauna. N=number of specimens, M=mean, SD=standard deviation, 
CV=coefficient of variation, OR=observed range. 

Locality Length Width 

N M SD cv OR N M SD CV OR 

9504 P4 3 1.08 0.069 6.42 1.00-1.12 4 1.33 0.100 7.52 1.20-1.44 
Ml 8 0.88 0.070 7.89 0.76-0.96 9 1.38 0.075 5.44 1.24-1.48 
M2 5 0.74 0.046 6.13 0.68-0.80 5 1.14 0.035 3.04 1.12-1.14 
M3 8 0.80 0.058 7.20 0.72-0.88 8 0.99 0.093 9.35 0.84-1.12 
p4 2 1.08 0.00 0.000 1.08-1.08 2 1.20 0.00 0.00 1.20-1.20 
ml 7 0.93 0.030 3.25 0.88-0.96 7 1.29 0.049 3.78 1,24-1.36 
in2 8 0.83 0.028 3.41 0.80-0.88 8 1.23 0.077 6.28 1.08-1.28 
in3 2 0.60 — 0.56-0.64 2 0.88 — — 0.88-0.88 

9601 Ml 1 0.84 — — 1 1.40 — — 

M3 2 0.82 — — 0.80-0.84 2 0.90 — — 0.88-0.92 
ml 0 — — — 1 1.36 — — 

m2 2 0.80 — — 0.80-0.80 1 1.28 — — 

9602 M3 1 0.80 — — 1 1.00 — — 

ml 2 0.86 — — 0.84-0.88 1.28 — — 1.28-1.28 
m2 3 0.79 0.023 2.94 0.76-0.80 3 1.23 0.023 1.88 1.20-1.24 

9702 P4 2 0.88 — — 0.88-0.88 1.28 — — 1.28-1.28 
Ml 1 0.84 — — 1 1.32 — — 

M3 1 0.72 — —- 1 0.92 — — 

p4 3 0.81 0.023 2.84 0.80-0.84 1.07 0.061 5.73 1.00-1.12 
ml 2 1.00 — — 1.00-1.00 1.46 — — 1.44-1.48 
mi2 1 0.88 — — 1 1.20 — — 

m3 1 0.56 — — 1 0.84 — — 

8197 P4 2 1.06 — — 1.00-1.12 1.40 — — 1.36-1.44 
Ml 3 0.86 0.060 6.98 0.80-0.92 3 1.36 0.080 5.88 1.28-1.40 
M2 1 0.92 — — 1 1.40 — — 

p4 0 — — — 1 1.36 — — 

ml 1 0.88 — — 1 1.40 — — 

m2 1 0.76 — — 1 1.28 — — 

m3 1 0.60 — — 1 1.00 — — 

9502 M3 1 0.68 — — 1 0.88 — — 

p4 1 0.84 — — 1 1.16 — — 

m3 1 0.68 — — 1 1.08 — — 
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The protoloph on Ml has three cusps; paracone, protocone, and protostyle from 

the labial to lingual. The metaloph is shorter than the protoloph and inflated posteriorly 

at the hypocone, resulting in a gently rounded posterior margin in occlusal view. The 

hypostyle connects the protostyle when the tooth is slightly worn, forming a U-pattem in 

occlusal view. The dentine tracts are low and measurable on nine specimens (Table 4.8). 

The roots are short relative to the height of crown. The majority of Mis (8 out of 11) 

have three distinct roots broadly joined at the base, among which the lingual root is 

smaller than the posterolabial root, and the anterolabial root is elongated transversely. 

Two specimens have two roots, one (UALP 23105 from Loc. 9504) with the two labial 

roots fused, and the other one (UALP 23193 from Loc. 9702) with the lingual and 

anterolabial root fused. 

The M2 has the similar occlusal pattern as that of Ml, but it is significantly 

smaller and the metaloph is shorter relative to the width of protoloph. The hypostyle on 

the metaloph is more reduced than it is on Ml. On one specimen (UALP 21409 from 

Loc. 8197), the two lophs are connected first lingual and then labially, leaving an 

irregular enamel islet in the center (Fig. 4.13, E). The roots are smaller and more fused, 

tending toward a single root with a shallow groove on the labial side. 

The M3 is very reduced relative to Ml. The metaloph is short and more inflated 

posteriorly with cusps indistinct; the metaloph is flexed posteriorly strongly so that the 

anteroposterior length may be longer than that of M2 in slightly worn specimens (Table 

4.6; Fig. 4.13, F-G). The protostyle is elongated anteroposteriorly, joining the metaloph 

at the early stage of wear, at about the time the lophs join labially. At the slightly-worn 
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stage, the occlusal pattern is a semicircle. No dentine tract is seen on the sides of the 

majority of M3s (8 out of 11). Each M3 has a single root, with a shallow groove on the 

posterolabial side. 

The p4 has a protolophid with two cusps (protoconid and protostylid) and a 

metalophid with three cusps (metaconid, hypoconid, and hypostylid). The protoconid 

and protostylid are elongated posteromedially and joined medially to the metalophid in 

early wear, forming a deep anterior groove that persists until late wear. The lingual 

valley is slightly wider than the labial valley. The metaconid is the largest cusp on the 

metalophid, and the hypoconid and hypostylid are subequal in size. The metaconid and 

hypoconid are transversely elongated so that the metalophid is wider and straighter than 

the protolophid. The labial and lingual valleys become shallow reentrants after 

moderate wear; both reentrants persist almost to the base of crown. A very low dentine 

tract occurs on either or both sides and was measurable on four specimens (Table 4.8). 

Two roots are well developed, broadly joined at the base. 

The ml has a flexed protolophid and a straighter but narrower hypolophid. The 

metaconid is slightly smaller than the protoconid, and the protostylid is much smaller. 

The anterior cingulum joins the metaconid and protostylid, passing anterior to the 

protoconid. The hypolophid is straight, with the entoconid slightly smaller than the 

hypoconid and the hypostylid is much smaller and lower. The two lophids are 

connected medially after moderate wear, forming an H-pattem. The dentine tracts are 

better developed on ml than the other two lower molars. The dentine tracts are usually 

developed on the metalophid rather than in a wedge shape, which is in contrast to those 
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of Dipodomys. Roots are variable on mis: of the 11 specimens, four have two distinct 

roots; three have two roots but are fused medially, leaving grooves on both lingual and 

labial side; one has a V-shaped root; the other three have a single root with a shallow 

groove on the labial side. 

The m2 is smaller than ml, with a similar occlusal pattern. The protostylid and 

hypostylid are both more reduced than on ml, and the lophids are joined labially at a 

later wear stage than the lingual union of lophids. Low dentine tracts were measured on 

11 specimens (Table 4.8). Roots are fused proximally, separated posteriorly; they tend 

toward a relatively small, single, and posteriorly curved root. Eight out of 12 specimens 

(67%) have a shallow groove on the labial side. 

The m3 is distinctly smaller than ml. The metalophid consists of three cusps: 

metaconid, protoconid, and a very small protostylid. Of the three unworn and slightly 

worn specimens, two have a weak anterior cingulum, and one (UALP 21420 from Loc. 

8197) has a distinct cingulum connecting the protostylid and protoconid. The 

hypolophid is reduced, distinctly lower and shorter than the metalophid; it lacks a 

hypostylid. No dentine tract is present. The roots are fused as a single root Avithout any 

groove. 

Comparison and discussion--S]ze of Prodipodomys minor is similar to that of P. 

kansensis Eibhard 1937b and P. griggsorum Zakrzewski 1970, and significantly smaller 

than the other species of Prodipodomys and two fossil species of Dipodomys (D. 

hibbardi and D. gidleyi). P. minor is an advanced species within Prodipodomys on the 

basis of its root condition on both upper and lower molars. 
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Prodipodomys kansensis and P. griggsorum have only been found in the 

Hemphillian faunae (Hibbard, 1937b; Zakrzewski, 1970; Jacobs, 1977). P. kansensis 

from the type locality (Edson Quarry, Kansas) differs from P. minor in that its ml has 

two well-developed roots, no dentine tract on the sides of cheek teeth, a large 

mandibular foramen labial to m3, and a very slight grooving of the lower incisor. P. 

griggsorum is slightly higher crowned than P. kansensis but is still more primitive than 

other species oi Prodipodomys because of its better-developed roots; the Ml and M2 of 

P. griggsorum have three well-developed roots, and the ml has two roots. 

The other species of Prodipodomys from the Blancan are significantly larger 

than P. minor. Besides this, P. centralis has better developed roots on Ml and M2; its 

p4 has accessory cuspules and a well-developed ridge between the two lophids 

(Hibbard, 1941b, 1954a, and 1972). P. specimens from the Rexroad Formation of 

Kansas (Hibbard, 1943) consist of only lower dentition; its p4 and ml have two roots, 

whereas m2 and m3 are single rooted. This is similar to the root condition of P. minor, 

however, the dentine tracts on P4 and p4 (Zakrzewski, 1970:table 1) of P. tiheni are 

slightly higher than those of P. minor. P. idahoensis Hibbard 1962 has a higher dentine 

tract (Zakrzewski, 1969:fig. 5A). 

It is noted that the coefficient variance for the height of the dentine tract is very 

high for most of cheek teeth (Table 4.8). This is also true for P. tiheni (Table 4.8). This 

is due to the low values of dentine tracts. A slight change, especially from 0.00 mm, 

will increase the CV value dramatically. This high CV value does not necessajy imply 

the involvement of two or more species. 
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Figure 4.13. Prodipodomys minor (upper dentition) from the Panaca local fauna. A; 

occlusal view of a left maxillary with P4-M2, UALP 23100. B-C; occlusal and lingual 

views of P4s, UALP 23102, 23191. D: a right Ml, UALP 23107. E: a left M2, UALP 

21409. F-G:M3s, UALP 23183, 23112. 





Figure 4.14 Prodipodomys minor (lower dentition) from the Panaca local fauna. A: 

occlusal and labial views of a right dentary with p4-m3, UALP 23101. B-C; occlusal 

and labial views of p4s, UALP 23197, 23117. D: a right ml, UALP 23168. E-F: ni2s, 

UALP 23152, 23126. G; a left m3, UALP 23129. 
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?Prodipodomys minor 

Referred material—Loc. 9504: right M3: 21540, 

Description—^UALP 21540 is a very small M3 with a broken root. The occlusal 

pattern is semicircular, with a straight protoloph and a curved metaloph. Two lophs are 

comiected both lingually and labially, forming a deep basin in the middle. No dentine 

tract is present on the sides of the tooth. It is considerably smaller that the M3s ofP. 

minor, with its width 0.64mm and length 0.72mm. 

Prodipodomys tiheni WohdsA, 19^3 

(Tables 4.7-4.9; Figs. 4.15-4.17) 

Referred material—^Loc. 9504: right maxillary with P4-M2; 23145; left 

maxillary with P4-M1: 23134; right maxillary with P4-M1: 21552; P4: 23135; Ml: 

23136; M2: 21553, 21536, 23137; M3: 23140; deciduous P4: 22912; left edentulous 

mandible; 21554; right p4; 21526; mis: 21527, 23142-23144; m2; 21528; m3s: 21529, 

23132, 23113; deciduous p4; 23118. Loc. 9703: M3; 23255. Loc. 9601: left P4: 23176; 

Mis: 23177-23178, 23180; right M2: 23181; right m2; 23185; m3s: 23187-23190. Loc. 

9602: left maxillary with P4-M2; 23153; P4s; 23154-23155; Mis; 23156-23159; M3s: 

23161-23162; deciduous P4; 23094; p4s; 23163-23167; mis; 23169-23171, 23147; m2: 

23148; m3s: 23173-23175. Loc. 9702: P4s: 23201-23204; Mis; 23205-23208; M2s; 

23209-23213; leftM3; 23214; right p4; 23215; mis; 23216-23218; m2s: 23219-23221. 
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Loc. 9616: P4s: 23223-23225; right Ml: 23226; left M2: 23227; right p4: 23228; right 

ml; 23229; right ml: 23230. Loc. 9619: P4: 23233; ml: 23234. Loc. 8197: left Ml: 

21415; right deciduous P4: 21276; left ml: 21416. Loc. 9620: left Ml: 23235; left M2: 

23236; p4s: 23238-23239; right ml: 23240. Loc. 9621: left Ml: 23244; M2: 23245; 

right p4: 23243; m3: 23246. Loc. 9502: P4s: 21562, 21568-21571; left M2: 21565. 

Stratigraphic and geographic ra«g^e~Panaca Formation, Nevada: Rodent Hill 

section: 9504, 9703, 9601, 9602; Rodent Ravine section: 9702, 9616, 9619; Brown Bone 

Beds: 9620, 9621; Limestone Comer section: 8197; Double Butte section: 9502. 

Borchers local fauna, Meade Formation, Kansas. 

Age—^Blancan. 

Description—Prodipodomys tiheni has many morphological characters similar to 

those of P. minor. 

The P4 has a protoloph and metaloph. The occlusal shape of protoloph on 

slightly wom P4 is conical, width increasing lingually with wear. The protoloph and 

metaloph are broadly joined medially although initial union may be labial (two 

specimens from Loc. 9602). The hypostyle is elongated anteroposteriorly and connected 

to the protocone only after moderate wear. Low dentine tracts are seen on the lingual 

sides. Three roots are developed on the P4 of P. tiheni, with the two posterior roots 

fused at the base. 

The deciduous P4 is very brachylophodont. The anterior cingulum has two small 

cuspules, with the lingual one larger. The protoloph has a protocone and a paracone, 
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paracone, and the metaloph has a metacone, hypocone, and hypostyle. The hypostyle is 

elongated anteroposteriorly. The posterior roots are not preserved on the specimens. 

The Ml has three cusps on the protoloph; paracone, protbcone, and protostyle. 

The metaloph also has three cusps: metacone, hypocone, and hypostyle. The metaloph 

is shorter than the protoloph and inflated posteriorly at the hypocone, resulting in a 

gently rounded posterior margin occlusal outline. The two lophs join lingually at early 

stage of wear, forming a U-pattem in occlusal view. The transverse valley between the 

two lophs becomes deeper from the lingual to the labial side. Low dentine tracts are 

present on each specimen (Table 4.8). Three distinct roots are developed on Ml, with 

slight fusion at the base between the lingual and anterolabial ones. The anterolabial root 

is the strongest, whereas the posterolabial is the smallest. UALP 23136 from Loc. 9504 

appears to have a bifurcated lingual root. 

The M2 has a similar occlusal pattern as that of Ml, but is significantly smaller 

and the metaloph is shorter relative to the width of the protoloph. The two lophs are 

connected lingually at an early stage of wear, forming a U-pattem in occlusal outline as 

in Ml. Low dentine tracts are seen on each specimen (Table 4.8). The root condition on 

M2 is variable: of the total 11 specimens that roots are preserved, three have three 

distinct roots, four have two roots, with the anterolabial and lingual ones fused; three 

have V-shaped roots; and one has a single root with a deep labial groove. 

The M3 is the smallest tooth on the upper dentition. Cusps are indistinct on each 

loph, with the metaloph inflated posteriorly and well rounded. The protoloph is straight, 

slightly wider than the metaloph; the two lophs are connected both lingually and 
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labially, forming a deep enamel islet in the middle (Fig. 4.15, G). On the worn 

specimens, the occlusal outline is semicircular without any islet. A low dentine tract is 

only seen on one of three specimens. Of the three specimens, two have a single root, 

and one has two roots. 

Table 4.7. Measurements (in mm) of cheek teeth of Prodipodomys tiheni from the 
Panaca local fauna. N=number of specimens, M=mean, SD=standard deviation, 
CV=coefficient of variation, OR=observed range. 

Locality Length Width 

N M SD cv OR N M SD CV OR 
9504 P4 5 1.27 0.078 6.05 1.16-1.36 5 1.58 0.046 2.88 1.52-1.64 

Ml 3 1.08 0.04 3.70 1.08-1.12 3 1.65 0.058 3.51 1.58-1.68 
M2 3 0.97 0.061 6.28 0.92-1.04 3 1.49 0.046 3.09 1.44-1.52 
M3 1 1.00 — — 1 1.24 — — 

ml 3 1.17 0.083 7.10 1.08-1.24 2 1.58 — — 1.56-1.60 
m2 1 1.04 — — 1 1.48 — — 

m3 1 0.75 — — 1 1.24 — — 

9703 M3 1 1.00 — — 1 1.20 — — 

9601 P4 1 1.04 — ... 1 1.48 
Ml 3 1.09 0.023 2.11 1.08-1.12 3 1.52 0,04 2.63 1.48-1.56 
M2 1 0.96 — — 1 1.40 — — 

m2 1 1.08 — — 1 1.48 — — 

m3 3 0.78 0.085 10.88 0.68-0.84 4 1.09 0.082 7.57 1.00-1.20 

9602 P4 4 1.12 0.057 5.05 1.08-1.20 4 1.55 0.038 2.57 1.52-1.60 
Ml 4 1.06 0.095 8.98 1.00-1.20 5 1.59 0.033 2.10 1.56-1.64 
M2 1 0.96 — — 1 1.40 — — 

M3 2 0.94 — — 0.88-1.00 2 1.34 — — 1.28-1.40 
p4 4 1.28 0.057 4.42 1.20-1.32 5 1.42 0.092 6.47 1.28-1.52 
ml 1 1.20 — — 1 1.60 — — 

m2 5 1.03 0.033 3,24 1.00-1.08 4 1.42 0.061 4.26 1.40-1.52 
m3 2 0.74 — — 0.74-0.74 3 1.16 0.069 5.97 1.08-1.20 

9702 P4 4 1.19 0.03 2.53 1.14-1.20 4 1.60 0.066 4.14 1.50-1.64 
Ml 4 1.11 0.038 3.45 1.08-1.16 4 1.68 0.073 4.35 1.60-1.76 
M2 5 0.93 0.044 4.72 0.88-0.96 5 1.40 0.078 5.55 1.28-1.48 
p4 1 1.12 — — 1 1.24 — — 

ml 3 1.15 0.092 8.06 1.04-1.20 3 1.65 0.061 3.70 1.64-1.72 
m2 3 1.09 0.023 2.11 1.08-1.12 3 1.48 0.12 8.11 1.36-1.60 

9616 P4 3 1.28 0.00 0.00 1.28-1.28 3 1.60 0.040 2.50 1.56-1.64 
Ml 1 1.08 — — 1 1.56 — — 

M2 1 1.00 — — 1 1.52 _ — 
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(Table 4.7 continued) 
Locality Length Width 

N M SD CV OR N M SD CV OR 

8197 Ml 1 1.08 1 1.52 
m2 1 0.96 1 1.46 

9620 Ml 0 1 1.52 — — 
M2 1 0.92 1 1.44 — 
p4 1 1.20 2 1.36 1.32-1.40 
ml 1 1.20 — — 1 1.60 

9621 Ml 0 1 1.52 
M2 1 0.88 — 1 1.48 — 
M3 2 0.94 — — 0.88-1.00 2 1.34 — — 1.28-1.40 
p4 1 1.20 1 1.44 — — 
m3 1 0.72 1 1.08 

9502 P4 5 1.14 0.092 8.11 1.04-1.28 5 1.54 0.049 3.18 1.48-1.60 
m2 1 0.96 - — 1 1.44 — 

The p4 of Prodipodomys tiheni is quite different from that of P. minor. The two 

cusps on the protolophid are oriented more transversely, and are relatively larger. The 

transverse valley is relatively narrow and the lophids are connected after early wear 

through a strong median ridge. The anterior groove is erased after early stage of wear. 

On three out of nine specimens (21526 from Loc. 9504, 23229 from Loc. 9620, and 

23215 from Loc. 9702), a minute accessory cuspule is located between the protoconid 

and protostylid. There are three cusps on the metalophid; the hypostylid is distinct on 

slightly worn specimens. Broad and low dentine tracts are present on the labial and 

lingual sides of the metalophid (Table 4.8). Two prominent roots are well developed. 

The deciduous p4 is a well-worn tooth, with three lophids in the occlusal view. 

It is very brachyodont. The anterior cingulum is the shortest lophid, and the protolophid 

and metalophid are connected medially, forming an H-pattem. 



Figure 4.15. Prodipodomys tiheni (upper dentition) from the Panaca local fauna. A: 

occlusal view of a left maxillary with P4-M2, UALP 23153. B-D: occlusal and lingual 

views of P4s, UALP 23223, 23201, 23154. E: a right Ml, UALP 23157. F: a left M2, 

UALP 23137. G; aright M3, 23161. 
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Figure 4.16 Prodipodomys tiheni (lower dentition) from the Panaca local fauna. A-F: 

occlusal and labial views ofp4s, UALP 23228, 23243, 23238, 23166, 23215, 23239. G-

H: mis, UALP 21527, 23229. I-J: m2s, UALP 23147, 23148. K-L: m3s, 21420, 23132. 
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The ml has a flexed protolophid and a straighter but narrower hypolophid. The 

protolophid has three cusps; metaconid, protoconid, and protostylid. The metaconid is 

slightly smaller than the protoconid, and the protostylid is much smaller. The anterior 

cingulum joins the metaconid and protostylid, passing anterior to the protoconid. The 

hypolophid also has three cusps: entoconid, hypoconid, and hypostylid. The entoconid 

is slightly smaller than the hypoconid, and the hypostylid is the smallest. The two 

lophids are connected medially after early wear, forming an H-pattem in occlusal 

outline. Low dentine tracts are present on the sides of ml (Table 4.8). Each ml has two 

distinct roots, separated at the base. 

The m2 is smaller than ml, but it has a similar occlusal pattern. The protostylid 

and hypostylid are more reduced than in ml. Low dentine tracts are present on the sides 

of the tooth (Table 4.8). Of the total eight m2s whose roots are preserved, two have a V-

shaped root, three have a single root with a labial groove, and three have a single root 

without groove. 

The m3 is the smallest tooth in the lower dentition. The metalophid has three 

indistinct cusps, and the anterior cingulum is weak but persists between the protoconid 

and protostylid. The metalophid is shorter and lower, and the hypostylid is lost. Sixty 

percent of mSs (6 out of 10) lack the dentine tract. Each m3 has a single, posteriorly 

curved root. 

Comparison and Discussion— The cheek teeth of Prodipodomys tiheni from the 

Panaca fauna are significantly larger (Fig. 4.17) and slightly higher-crowned than those 

of P. minor (Table 4.9), and also have higher dentine tracts (Table 4.8). 
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Figure 4.17. Scatter plots of sizes of Ml (A) and ml(B) of Prodipodomys from 
the Panaca local fauna. 



The hypostyle on P4 of P. tiheni is anteroposteriorly elongated and connected to 

the protocone only after moderate wear, contrast to the P4 of P. minor, where the 

hypostyle is conical and situated between the two lophs, connecting to the protocone in 

the early stage of wear. The Ml and M2 of P. tiheni are similar to those of P. minor on 

the development of cusps and lophs. However, the transverse valley between the two 

lophs of P. tiheni becomes deeper from the lingual to the labial side, unlike that of P. 

minor where the valley may be shallower on the labial side than the medial. 

Table 4.8. Measurements of dentine tracts (in mm) of cheek teeth of Prodipodomys from 
the Panaca local fauna. N=number of specimens, M=mean, SD=standard deviation, 
CV=coefficient of variation, OR=observed range. 

Tooth N M SD CV OR 

Prodipodon^s minor: 
P4 4 0.32 0.065 20.41 0.24-0.40 
Ml 9 0.61 0.166 27.24 0.40-0.88 
M2 4 0.42 0.192 45.67 0.20-0.60 
M3 11 0.05 0.067 141.93 0.00-0.20 
p4 4 0.17 0.115 66.50 0.00-0.28 
ml 8 0.53 0.222 41.86 0.20-0.84 
m2 11 0.37 0.119 31.78 0.20-0.64 
m3 3 0.00 0.000 OOO 0.00-0.00 

Prodipodon^s tiheni: 
P4 12 0.36 0.111 30.70 0.20-0.48 
Ml 12 0.81 0.049 6.05 0.72-0.92 
M2 9 0.52 0.194 37.70 0.40-1.00 
M3 3 0.27 0.456 166.87 0.00-0.80 
p4 6 0.56 0.181 32.26 0.20-0.68 
ml 7 0.78 0.056 7.19 0.68-0.84 
m2 8 0.55 0.070 12.75 0.44-0.64 
m3 10 0.13 0.150 119.32 0.00-0.32 
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Table 4.9. Measurements of the crown height (in mm) of cheek teeth of Prodipodomys 
from the Panaca local fauna. 

Locality Specimen Tooth Crown Height 

Prodipodon^s minor: 
9504 23102 P4 1.60 

23107 Ml 1.88 
23109 M2 1.24 
23111 M2 1.48 
23117 p4 1.60 
23123 m2 1.80 
23129 m3 1.60 

9601 23183 M3 1.44 
9602 23146 M3 1.40 

23152 m2 1.52 
9620 23242 vol 1.40 
9621 23248 m3 1.72 
9702 23191 P4 1.60 

23192 P4 1.60 
23197 p4 1.72 
23199 m2 1.44 
23200 m3 1.64 

8197 21414 P4 2.20 
21411 p4 1.80 
21418 ml 1.72 
21413 m3 1.84 

odon^s tiheni'. 
9601 23176 P4 2.20 
9602 23154 P4 2.40 

23157 Ml 2.40 
23161 M3 2.40 

9702 23212 M2 2.20 
9616 23228 p4 2.20 

A minute accessory cuspule is present on the metalophid of some p4s of P. 

tiheni, and this cuspule is not seen in any p4 of P. minor. However, a similar accessory 

cuspule is present on one specimen ofDipodomyshibbardi from the 111 Ranch local 

fauna of Arizona (Tomida, 1987;fig.l5M). The ml and m2 of P. tiheni are very similar 
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to those of Prodipodomys minor on occlusal surface. The dentine tracts are significantly 

higher than those of P. minor. The ml has better developed roots that those of P. minor. 

Prodipodomys tiheni is similar in size to P. centralis and P. idahoensis. P. 

centralis Hibbard 1941b is characterized by the fact that its unworn p4s closely resemble 

to those of Liomys. Its root conditions on upper and lower molars are similar to that of 

P. tiheni. According to Hibbard (1972), in addition to the p4, a difference between P. 

centralis and P. tiheni is the deeper depression occurring dorsally and labially to the 

mandibular foramen. Zakrzewski (1981) found that P. tiheni has higher dentine tracts 

than P. centralis. Compared to the measurements of the two species by Zakrzewski 

(1981:table 1), the dentine tracts of the Panaca material are closer to those of P. tiheni 

than to P. centralis. 

Prodipodomys idahoensis Hibbard 1962 has more hypsodont and better-rooted 

cheek teeth than P. centralis (Hibbard, 1962; 1972). On the type specimen, the m2 has 

two roots that are fused at the base (Hibbard, 1962). Zakrzewski (1969) studied more 

material from the same fauna, the Hagerman local fauna of Idaho, and found that the 

development of roots is similar to that observed in P. tiheni. Tomida (1987) pointed out 

problems in the diagnosis of P. idahoensis from the Hagerman local fauna; Hibbard 

(1962, 1972) found no dentine tract on the cheek teeth, while the two measurements that 

Zakrzewski (1969) gave for mis are so high (1.59 and 1.38mm) that they are well in the 

range for Dipodomys hihbardi (see Tomida, 1987:tablel7). 

Prodipodomys tiheni and Dipodomys hibbardi have very similar occlusal 

patterns on P4 and p4, but the former is more primitive in its lower crown, lower dentine 

-i».v 
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tracts, and better-developed roots. The similarity of occlusal patterns suggests that P. 

tiheni is probably ancestral to Dipodomys hibhardi. 

In the Panaca local fauna, usually both F. tiheni and P. minor were found at most 

of the localities. Their abundances are approximately the same, and there is no 

significant change through the stratigraphic levels. 

IProdipodomys tiheni 

Referred material—^Loc. 9504: right p4; 23141. Loc. 9702: right ni3: 23214. 

Description—^UALP 23141 is a p4 with a similar size as that of Prodipodomys 

tiheni but a slight different occlusal pattern. The tooth is abraded, but it still shows that 

the two cusps on the protolophid are oriented posteromedially rather than transversely as 

in P. tiheni. A deep anterior groove is present on the protolophid. This occlusal pattern 

is close to that of P. minor, but the size of this tooth is significantly larger. 

The m3 from Loc. 9702 (UALP 23214) is unworn and its root had not developed 

yet. Its anteroposterior length and transverse width are 0.76mm and 1.00mm, 

respectively. This size is between those of P. minor and P. tiheni. The metalophid has 

three distinct cusps, with the metaconid the largest and highest. The anterior cingulum 

is well developed but distinctively lower than the cusps. The hypolophid is extremely 

short, with only one cusp. This occlusal pattern is quite different from either m3 of P. 

minor or m3 of P. tiheni. 
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Family Cricetidae Rochebrune, 1883 

Subfamily Sigmodontinae Wagner, 1843 

Tribe Peromyscini Hershkovitz, 1966 

The terminology for the cusps and lophs follows Tomida (1987:fig. 16) except 

that the stylar cuspule associated with the anteroloph is named as the parastyle for upper 

molars, and the stylar cuspule associated with the anterolophid in the lower molars is 

named as the metastylid. 

Peromyscus GXogtx, 1841 

Peromyscus hagermanemis Hibbard, 1962 

(Tables 4.10-4.11; Figs. 4.18-4.20) 

Referred material—^Loc. 9702; left maxillary fragment with M1-M2; 23016; 

Mis: 23017-23020; 23023; left mandible with ml-3: 23015; mis: 23021, 23022; m2s: 

23024-23026; m3: 23027. Loc. 9616: right mandible fragment with ml-m2: 22921. 

Loc. 9619: M2: 22922; m2: 22923, Loc. 8197: maxillaries with M1-M2: 21243, 21249; 

Mis: 21225, 21244-21248, 21250-21252; M2s: 21254, 21256-21260, 21272; mis: 

21261-21264; m2s: 21266-21271; m3s: 21273-21274. 21276. Loc. 9620: right Ml: 

22924; right M2: 22925; left m2: 22926; m3s: 22928-22929. Loc. 9621: M2s: 22930-

22935; right mandible fi-agment with ml-2: 22936; mis: 22937-22940; m2s: 22942-

22947; m3s: 22941,22948-22950. Loc. 9504: right maxillary with M1-M3: 21550; left 
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maxillary fragment with M1-M2: 22896; right maxillary fragment with Ml-2: 21556; 

Mis; 21547, 22897, 22898, 22916, 22917; M2s: 21546, 22899, 22908, 22910, 22918-

22919; M3s: 22900, 22901; right mandible fragment with ml-3: 21557; mandible 

fragments with ml-2; 22905, 22913, 22914; left mandible fragment with m2-3: 22915; 

mis; 22902-22904; m2s; 21548, 22907,22909, 22920; left m3; 22911. Loc. 9601: 

Mis; 22951-22952; right M2; 22953; mis; 22954-22956, 22958-22961; m2s; 22962-

22965; m3s; 22966-22968. Loc. 9602: Mis; 22971-22985; M2s; 22986-22990; M3s; 

22991-22992; right mandible fragments with ml-m2: 22969, 22970; mis; 22993-23001; 

m2s; 23002-23010; m3s; 23011-23013. 

Stratigraphic and geographic range—Rodent Ravine section; 9702, 9616, 9619; 

Limestone Comer section; 8197; Brown Bone Beds; 9620, 9621; Rodent Hill section; 

9504, 9601, 9602, in the Panaca Formation, southeast Nevada; Duncan and 111 Ranch 

local faunas, Gila Conglomerate, southern Arizona; Hagerman local fauna, Glenns Ferry 

Formation, Idaho. 

Age—Blancan. 

Description—Cheek teeth are brachydont, with moderately high cusps in young 

individuals. On the maxillary, posterior margin of the incisive foramina extends to the 

position of the anterocone of Ml. The mandibular depth below ml of five specimens is 

averaged 3.07mm, and the width of the lower incisor of six specimens is averaged 

0.59mm. The mental foramen is located on the border of the labial and dorsal surface of 

the dentary, anterior to the root of ml. The masseteric crest is strong, with its anterior 
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margin located at the upper level of mental foramen. The alveolar length of lov^^er cheek 

teeth of seven specimens is averaged 3.64mm and ranged from 3.45mm to 4.10mm. 

The Ml has five distinct cusps: anterocone, protocone, hypocone, paracone, and 

metacone. The protocone and hypocone are located slightly anterior to the position of 

the paracone and metacone, respectively. The anterocone is broad, weakly bilobed, 

asymmetrical with a prominent labial cusp and a variably developed (small to indistinct) 

lingual conule. A shallow anteromedian flexus is distinct between the labial and lingual 

sides of the anterocone in unworn or slightly worn teeth; the flexus gets shallower with 

advanced wear and disappears with late wear. One specimen (UALP 22916 from Loc. 

9504) has a unicusped anterocone. The protocone has a long anterior arm directed 

toward and connects with the anterocone and a short posterior arm directed obliquely to 

join the mure. The short anterior arm of the hypocone is directed toward the paracone 

and connects with a mesoloph and the mure; it is not in a linear alignment with the 

paraloph. The posterior arm of hypocone joins the metaloph and continues labially as 

the posterior cingulum; the posterior cingulum is distinct in unworn and moderately 

worn specimens but becomes indistinct in well-worn ones. The paracone and metacone 

are conical. Wear on lingual cusps is medial, and wear on labial cusps is posteromedial. 

A minute parastyle is present on 70% of Mis (Table 4,11), joining the paraflexus. A 

short anteroloph connecting the anterocone with the parastyle is present in 5% of the 

specimens. Sixty-three percent of Mis have a minute mesostyle, which may or may not 

connect with a mesoloph. Sixty-five percent of Mis present a mesoloph. One specimen 

from Loc. 8197 (UALP 21251) developed a minute protostyle. No enterostyle or 
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enteroloph is seen on any of the Ml s. Table 4.11 lists the frequencies of styles and 

lophs of Mis from each locality. Each Ml has three distinct roots (anterior, lingual, and 

posterior). None of the Mis developed accessory rootlets. 

The M2 is smaller than Ml, with four prominent cusps: protocone, hypocone, 

paracone, and metacone. The anterocone is lost, instead, a broad anterior cingulum is 

present, joining with the long anterior arm of the protocone near or slightly lingual to the 

midline; the labial half of the anterior cingulum is separated from the paracone until it 

reaches the labial margin. The short posterior arm of the protocone joins the paraloph 

and central mure. The paraloph and anterior arm of the hypocone are not in alignment. 

A posterior arm of the hypocone is present in unworn and moderately worn specimens. 

The development of styles and lophs are similar to those in Ml except that four out of 

five M2s from Loc. 9602 and two out of nine from Loc. 9504 have both anterior and 

posterior paralophs (Fig. 4.18, C; paralophule I and n in Lindsay, 1972: fig. 40). This 

structure is not observed in any of the Mis. Each M2 has three roots. 

The M3 is very reduced relative to Ml and M2. A narrow anterior cingulum is 

present. The protocone and paracone are prominent, whereas the hypocone and 

metacone are minute or indistinct. A thin posterior cingulum is distinct on slightly worn 

specimens. The paracone has an anterior paraloph connecting with the anterior 

cingulum and a posterior paraloph that joins the posterior arm of the protocone to form a 

large enamel islet between the paracone and protocone. This anterior paraloph is present 

in all M3s. The M3s have two or three roots, with the medial and posterolabial roots 

fiised in the teeth with two roots. 
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Table 4.10. Measurements (in mm) of molars of Peromyscus hagermanensis from the 
Panaca local fauna. N=number of specimens, M=mean, SD=standard deviation, 
CV=coefficient of variation, OR=observed range. 

Locality Length Width 

N M SD CV OR N M SD CV OR 

9702 Ml 
M2 

3 
1 

1.69 
1.10 

0.014 8.59 1.52-1.78 5 
1 

1.05 
0.94 

0.052 4,98 1,00-1.12 

ml 4 1.50 0.126 8.42 1.40-1.68 4 0.99 0.068 6.90 0.92-1.08 
m2 3 1.23 0.061 4.98 1.16-1.28 4 0.98 0.077 7.82 0,88-1.04 
m3 1 1.04 — — 1 0.88 — — 

9616 ml 
m2 

1 
1 

1.60 
1.20 z 11 1 

1 
0.96 
0.96 

— — 

9619 m2 1 1.20 — 1 0.96 — — 

9504 Ml 9 1.68 0.126 7.50 1.52-1.84 9 1.01 0.084 8.36 0.88-1.12 
M2 8 1.25 0.099 7.95 1.16-1.36 8 1.00 0.066 6.60 0.92-1.08 
M3 3 0.80 0.144 18.03 0.68-0.96 3 0.82 0.125 15.23 0.72-0.96 
ml 7 1.46 0.092 6.29 1.36-1.64 7 0.95 0.079 8.35 0.88-1.12 
m2 8 1.19 0.094 7.91 1.12-1.34 8 0.95 0.067 7.04 0.84-1.04 
m3 3 0.91 0.061 6.74 0.84-0.96 3 0.75 0.061 8.18 0.68-0.80 

9601 Ml 
M2 

2 
1 

1.64 
1.38 

-J— —— 1.56-1.72 2 
1 

1.04 
0.96 

— — 0.92-1.16 

ml 7 1.57 0.063 4.02 1.48-1.64 7 1.01 0.075 7.39 0.88-1.08 
m2 4 1.33 0.050 3.78 1.28-1.40 4 1.03 0.02 1.94 1.00-1.04 
m3 2 1.02 0.085 8.32 0.96-1.08 2 0.88 0.00 0.00 —— 

9602 Ml 13 1.75 0.068 3.89 1.64-1.88 13 1.08 0.062 5.74 0.96-1.16 
M2 5 1.36 0.063 4.65 1.28-1.36 5 1.04 0.057 5.53 0.96-1.10 
M3 2 0.80 — — 0.76-0.84 2 0.84 — — 0.84-0.84 
ml 8 1.57 0.106 6.79 1.42-1.72 9 1.02 0.082 8.12 0.84-1.12 
m2 11 1.33 0.038 2.88 1.24-1.36 11 1.02 0.048 4.72 0.94-1.08 
m3 3 1.10 0.035 3.15 1.08-1.14 3 0.84 0.08 9.52 0.76-0.92 

8197 Ml 9 1.72 0.098 5.70 1.52-1.84 11 1.01 0.062 6.15 0.92-1.12 
M2 8 1.28 0.093 7.28 1.16-1.40 8 1.03 0.049 4.76 1.00-1.12 
Ml 4 1.48 0.033 2.21 1.44-1.52 5 0.94 0.46 4.87 0.88-0.96 
m2 6 1.24 0.080 6.45 1.20-1.36 6 0.97 0.067 6.84 0.88-1.06 
m3 2 0.98 — — 0.96-1.00 3 0.80 — — 0.76-0.84 

9620 Ml 
M2 
m2 

I 
1 
1 

1.64 
1.16 
1.16 

— — 

1 
1 
1 

0.96 
0.92 
0.96 

— — 

m3 2 0.96 — — 0.92-1.00 2 0.80 0.00 0.00 0.80-0.80 
9621 M2 4 1.17 0.143 12.29 1.04-1.36 6 0.98 0.038 3.88 0.92-1.00 

ml 2 1.40 0.057 4.04 1.36-1.44 4 0.88 0.033 3.71 0.84-0.92 
m2 6 1.18 0.075 6.34 1.12-1.32 6 0.93 0.073 7.92 0.84-1.04 
m3 3 0.96 0.040 4.17 0.92-1.00 3 0.79 0.058 7.28 0.76-0.86 

Total Ml 37 1.72 0.134 7.83 1.52-2.08 41 1.05 0.097 9.28 0.88-1.44 
ml 33 1.52 0.098 6.44 1.36-1.72 37 0.97 0.077 7.99 0.84-1.12 



142 

Figure 4.18 The upper molars of Peromyscus hagermanensis from the Panaca local 
fauna. A; occlusal view of UALP 21550, a right maxillary fragment with M1-M3 from 
Loc. 9504. B: occlusal view of UALP 22896, a left maxillary fragment with M1-M2 
from Loc. 9504. C: occlusal and lingual views of UALP 22987, a left M2 from Loc. 
9602. 
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Figure 4.19 The lower molars of Peromyscus hagermcmensis from the Panaca local 
fauna. A: occlusal and labial views of UALP 22969, a right dentary fragment with ml-
m2 from 9602. B: occlusal and labial views of UALP 23015, a left dentary fragment 
with ml-.3 from Loc. 9702. 
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The ml is narrow anteriorly in occlusal view. The anteroconid is broad, weakly 

bilobed, with the lingual conule slightly larger than the labial conule. A short anterior 

cingulum almost closes the protoflexid. Seven out of 41 ml s (17%) have a unicuspid 

anteroconid, resulting in an oblique occlusal outline. The principal cusps alternate in 

position, with the metaconid and entoconid placed anterior to the protoconid and 

hypoconid, respectively. The anterior arm of the protoconid is directed anteriorly and 

connected to the metalophid and a short posteriorly-directed anterolophid from the 

anteroconid slightly labial to the median plane; the long posterior arm of the protoconid 

is directed toward and aligned with the entolophid regardless of the wear. The 

metalophid and entolophid are both short and straight. The anterior arm of the 

hypoconid is relatively short, joining the entolophid near the midline; the posterior arm 

of the hypoconid is longer, directed toward the posterior midline where it joins the 

posterior cingulum. The posterior cingulum is prominent and relatively heavy; it is 

oriented transversely. The mesostylid is present on 14% of mis, and a mesolophid is 

present on 11% of the specimens (Table 4.11); both are less frequent than in Ml s. No 

metastylid is seen on the mis. Only one specimen (22956 from Loc. 9601) developed 

an ectostylid and a long ectolophid. Each ml has two roots without any accessory 

rootlets. 

The m2 has a rectangular occlusal outline. The cusps and lophids are similar to 

those in ml except that the anteroconid is absent. There is a shallow but distinctive 

posterolabial sulcus between the hypoconid and the prominent posterior cingulum, as in 

ml. A mesostylid is present on 17% of the m2s (seven out of 42), and different from the 
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other localities, Loc. 9602 has 45% of m2s (five out of 11) with the mesostylid. No 

mesolophid is seen on any m2. Only one m2 (UALP 23010 from Loc. 9602) has a 

distinct ectostylid, but it has no ectolophid. Each m2 has two roots. 

The m3 has a prominent protoconid and metaconid, and a smaller hypoconid. 

The entoconid is indistinct or absent. An anterior cinguium is developed on the labial 

side of the tooth, anterior to the protoconid. The posterior cinguium is usually reduced, 

forming a thin enamel wall that joins the hypoconid and the metaconid on the lingual 

side of the tooth. Each m3 has two roots. 

Table 4.11. Frequencies of occurrence of styles (-ids) and lophs (-ids) on the first upper 
and lower molars of Peromyscus hagermanemis fi-om the Panaca Formation. 
N=sample size. 

Locality N Parastyle (-id) Anteroloph (-id) Mesostyle(-id) Mesoloph(-id) 

9702 Ml 3 0 0 0 1 (33%) 
ml 1 0 0 1 1 

8197 Ml 8 7 (86%) 1 (13%) 6 (75%) 6 (75%) 
ml 1 0 0 0 1 

9504 Ml 3 2 (67%) 0 3 (100%) 3 (100%) 
ml 0 — — — — 

9601 Ml 1 1 0 0 1 
mi 7 0 0 2 (29%) 1 (14%) 

9602 Ml 15 12 (80%) 1 (7%) 11 (73%) 12 (80%) 
ml 10 0 0 3 (30%) 0 

Total Ml 40 28 (70%) 2 (5%) 25 (63%) 26 (65%) 
ml 35 0 0 5 (14%) 4(11%) 
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Comparison and Discussion— It was noticed that a few mis have an oblique 

occlusal outline that differ from the majority of mis in this fauna. These specimens are 

UALP 21262 and 21265 from Loc. 8197, UALP 22921 from Loc. 9616, UALP 22903 

from Loc. 9504, UALP 22993 and 23001 from Loc. 9602, and UALP 22956 from Loc. 

9601. Each of these teeth is narrow anteriorly with a unicuspid anteroconid. Their 

averaged anteroposterior length is 1.57mm, and transverse width is 0.98mm. These 

measurements are very close to the other mis of P. hagermanensis from the fauna. 

They are also close to the 14 specimens of Peromyscus hagermanensis from the Duncan 

and 111 Ranch local faunas of Arizona, which have an average length of 1.58mm and 

width of 0.99mm (Tomida, 1987: table 20). One-third of the mis from the i 11 Ranch 

local fauna also have a unicuspid anteroconid. Therefore, the seven specimens from the 

Panaca local fauna mentioned above are here assigned to P. hagermanensis. 

Reithrodontomys, another brachydont cricetid, often has a unicuspid anteroconid on ml; 

however, members of this genus are distinctly smaller in size. 

Statistical analysis of these specimens shows several high coefficients of 

variation. The coefficients of variation of total number Mis and mis from the fauna are 

around 6.0-9.0 (Table 4.10). However, the scatter plots of all Mis and mis show that 

the sizes change gradually, with no abrupt shift in size distribution (Fig. 4.20). It is 

possible that some of the small specimens represent another species of Peromyscus, such 

as P. haumgartneri ox P. cargini. However, this scatter plots do not allow the separation 

of such species from the samples. 
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Figure 4.20 Scatter plots of the Ml s (A) and ml s (B) of Peromyscus and Onychomys 
from the Panaca local fauna Panaca local fauna. 

Lindsay (1972) found that the differential character of Peromyscus from 

Copemys is the alignment of the paraloph-anterior arm of hypocone in the M1-M2 and 
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entolophid-posterior arm of protoconid in the ml-ni2. In the Mis and M2s of P. 

hagermanensis from the Panaca fauna, the paraloph and anterior arm of hypocone are 

apparently offset; however, in the mis and m2s, this alignment does occur. After 

checking the upper molars of P. hagermanensis from the type locaUty (UMMP 52739, 

Zakrzewski, 1969) and from the Duncan and 111 Ranch faunas in Arizona (Tomida, 

1987), I found that the nonalignment in upper molars is quite common in those samples. 

The modem species Peromyscus eremicus also has non-alignment of the lophs (Lindsay, 

pers. commun., 1999). Therefore, the only character that differentiates 

from Copemys is the alignment of entolophid-posterior arm of protoconid in the lower 

molars of the former species. The alignment in upper molars and nonalignment in lower 

molars are also seen in two species of Copemys: C. valensis (Shortwell, 1967) and C. 

vasquezi (Jacobs, 1977). Korth (1995) considered them ICopemys as they could be 

justifiably included in Peromyscus. As Tomida (1987) suggested, P. hagermanensis is 

more closely related to Copemys than the other species of Peromyscus. 

Brachydont cricetids have very similar dental morphology. Tomida (1987) gave 

some characters to distinguish Onychomys, Peromyscus, Calomys (Bensonomys), 

Reithrodontomys, and Baiomys. Peromyscus hagermanensis from the Panaca fauna can 

be differentiated from Onychomys by its smaller size and narrower reentrant valleys; 

from Calomys {Bensonomys) by its weakly bilobed anterocone, shallower anteromedian 

flexus, higher and steeper cusps, and lack of accessory rootlets; from Reithrodontomys 

by its larger size, and from Baiomys by its larger size, wider lower incisor, and weakly 

bilobed anterocone. 
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The Hemphillian Peromyscus antiquus has a significantly larger size compared 

to P. hagermanensis. P. kansasensis (Hibbard, 1941b) from the Blancan Rexroad fauna 

has a similar size, but it lacks accessory styles or lophs. P. sawrockensis (Hibbard, 

1964) from the Sawrock Canyon local fauna has larger size and lacks accessory styles or 

lophs. P. baumgartneri from the Rexroad local fauna (Hibbard, 1954a) and P. cragini 

from the Cudahy local fauna (Hibbard, 1944) are smaller and either lack styles or retain 

minute vestiges of them. P. nosher from the early Blancan White Bluffs (Gustafson, 

1978) local fauna has a distinctly bilobed anteroconid on ml, and a broad and smooth 

connection between the posterior cingulum and the hypoconid of m2. Dalquest (1978) 

erected a new species, P, beckensis, for the brachydont cricetids from the early Blancan 

Beck Ranch local fauna and gave the diagnosis of this species as "having ml slender, 

narrowed anteriorly, m3 unreduced, mental foramen dorsal, and dentition brachydont." 

Only the dorsally located mental foramen can distinguish P. beckensis from the other 

species of Peromyscus. 

The M3s from the Panaca fauna are slightly larger than those from the Duncan 

and 111 Ranch faunas. No M3 of P. hagermanensis has been found at its type locality. 

It should be noted that there are some slight differences in Peromyscus 

hagermanensis among the localities in the Panaca Formation. Four Mis from Loc. 9702 

have no styles or lophs. Three of them are very worn, and the less worn specimen 

shows a distinctively bilobed anterocone with a shallow but very wide anteromedian 

flexus. This character is not seen in the other Mis. Four out of five M2s (18%) from 

Loc. 9602 have two paralophs, whereas the majority of M2s from the other localities 



150 

only has a posterior paraloph. It would be justifiable to consider these specimens as 

different species, but since the other molars from these two localities are very similar to 

those of P. hagermanensis, I consider these abnormalities of Mis from Loc. 9702 and 

M2s from Loc. 9602 to be intraspecific variations. 

Onychomys^dAT^, 1858 

Onychomys spp. 

(Table 4.12; Figs. 4.20-4.21) 

Referred material—Loc. 9504: a left maxillary with M1-M3, 22895. 

left ml: 22906. Loc. 9601: right ml: 22957. Loc. 8197: left Ml: 21253. Loc. 9620: 

right m2: 22927. 

Stratigraphic and geographic range—^Rodent Hill section: 9504, 9601, 

Limestone Comer section: 8197, and Brown Bone Beds: 9620, in the Panaca Formation, 

southeast Nevada. 

Age—^Early Blancan to Recent. 

Description and comparison—The maxillary from Loc. 9504 is moderately 

worn. Posterior margin of the incisive foramina extends to approximately the anterior 

margin of Ml. The anterocone is asymmetrical with a prominent labial conule; presence 

of a lingual conule cannot be determined due to the wear. Labial cusps are located 

across from the posterior side of lingual cusps. Three molars do not have any styles or 

lophs. Both Ml and M2 are distinctively larger than those of Peromyscus 
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hagermcmensis (Table 4.12; Fig. 4.20, A) and have wider reentrant valleys; however, the 

M3 has the same size as that of P. hagermamnsis. M2 and M3 have a long labial 

anterior cingulum. 

Table 4.12. Measurements (in mm) of molars of Onychomys from the Panaca local 
fauna. 

Locality Specimen Length Width 

9504 22895 LM1-M3 4.40 
Ml 2.08 1.44 
M2 1.36 1.28 
M3 0.92 0.92 

8197 21253 Ml ~ 1.28 
9504 22906 ml 1.64 1.12 
9601 22957 ml — 1.08 
9620 22927 m2 1.44 1.12 

The isolated Ml from Loc. 8197 is broken at the posterior cingulum, but its 

overall size is comparable to the Ml of the maxillary from Loc. 9504. This tooth is 

unworn, with a broad, slightly asymmetrically bilobed anterocone; the lingual conule is 

slightly lower than the labial conule. The cusps are high and steep. It has a minute 

parastyle. There is no mesoloph. The reentrant valleys are wide; the mure is longer and 

higher than that of P. hagermcmensis. 

The two isolated mis from Loc. 9504 and 9601 are larger and more robust than 

most mis of P. hagermcmensis (Table 4.12; Fig. 4.20, B). The anteroconid is short, 

narrow, symmetrical, and unicuspid. The anteroconid is slightly smaller than the more 

prominent alternating cusps. The protoflexid is slightly closed due to a low anterior 
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cingulum. The posterior cinguium is relatively short, terminating before reaching the 

posterior lingual comer of the tooth. Both specimens have wide reentrant valleys, high 

and steep cusps, and high mures. They do not have any stylids or lophids. 

The m2 from Loc. 9620 is larger than the m2s of P. hagermamnsis. The cusps 

are alternating but not as strongly as in P. hagemimensis\ the mure is relatively long 

and the reentrant valleys are wide. The short posterior cingulum resembles a small 

lingual posteroconid. It has no stylids or lophids. 

Discussion—These specimens are referred to the genus Onychomys because of 

their larger sizes, steeper cusps, near absence of accessory styles and lophs, and wider 

reentrant valleys compared to Peromyscus. 

There are two recent grasshopper mouse groups in North America, O. 

leucogaster and O. torridus. One is larger than the other in cheek teeth. The earliest 

known species of Onychomys is O. martini from the Hemphillian Edson Quarry of 

Kansas (Hibbard, 1937b). The early Blancan species are 0. gidleyi Hibbard 1941b and 

O. larrabeei'iUhhiiiA 1953b. Hibbard (1953b) named 0. larrabeei from the Sawrock 

Canyon local fauna of Kansas based on the sizes of molars; however, Carleton and 

Eshelman (1979) found that the size of 0. larrabeei fell within the range of O. gidleyi, 

and therefore, they considered O. larrabeei as the junior synonym of 0. gidleyi. The 

diagnostic characters on the species of Onychomys are focused on the lower jaws, 

especially the reduction of m3 and the development of capsular process on the dentary. 

Compared to the type specimen of 0. martini (KU 3850, a right maxillary with 

M2-M3), UALP 22895 is veiy similar to it in occlusal view and size. The two mis from 
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the Panaca fauna are smaller than those of O. gidleyi or O. larrabeei but well within the 

range of smaller species O. hollisteri Carleton and Eshelman 1979 and 0. bensoni 

Gidley 1922. On the other hand, the ml from Loc. 9620 is close to the ni2s of O. gidleyi 

in size (Table 4.12). Carleton and Eshelman (1979) considered that O. gidleyi and 0. 

pedroensis Gidley 1922 were in the same lineage giving rise to the recent species 0. 

leucogaster. The size of the maxillary from Loc. 9504 is very similar to those of O. 

pedroensis from the 111 Ranch local fauna of southern Arizona (Tomida, 1987). 

Therefore, there could have been two groups of Onychomys living in Panaca at the early 

Blancan. The larger specimens may represent a species in the group of O. martini, O. 

gidleyi, and O. pedroensis, whereas the smaller one could be either O. hollisteri or 0. 

bensoni. 
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Figure 4.21 Onychomys from the Panaca local fauna. A; occlusal view of a left 
maxillary fragment with M1-M3, UALP 22895 from Loc. 9504. B: occlusal and labial 
views of UALP 22957, a right ml from Loc. 9601. C: occlusal and labial views of 
UALP 22927, a left m2 from Loc. 9620. 
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Tribe Neomyini Merriam, 1894 

RepomysM&y, 1981 

Emended diagnosis—Slender, high crowned but rooted cheek teeth; having 

relatively thick enamel; no enamel islet on Ml or M2; M3 with two labial reentrants in 

an "E" shape when unworn or slightly worn, a single anterolabial reentrant in an "F" 

shape when moderately worn, or no reentrant but an anterior enamel islet when worn; a 

posterior enamel islet present or absent on M3; m3 keyhole-shaped with an anterolingual 

reentrant and a short anterolabial cingulum that are lost with wear; an anterior enamel 

islet present or absent on m3. 

Discussion—The most diagnostic teeth of Repomys are the M3 and m3. 

However, when May (1981) named K panacaensis, only eight specimens were 

available, and those were all moderately-woni to well-wom teeth. No M3 was found at 

that time. We have found that Repomys is actually one of the most abundant small 

mammals from the Panaca local fauna. With more complete specimens and much larger 

samples, the emendation of the diagnosis of this genus is necessary. 

In the following description, the terminology of cheek teeth follows Tomida 

(1987) as shown in Fig. 4.22. Since the occlusal view changes considerably at different 

level of wear, the degrees of wear are used for description as follows; unworn—no wear 

and roots not yet developed; slightly worn-wear is less than one-third of original crown, 

and roots are starting to develop but very short; moderately worn-crown is about one 



156 

Antcrocone 

Anterolingual conule 

Protoflexus 

Protocone • 

Anterofnedian flexu? 

Enterostyle 
Hypoflcxus 

I lypocone 

Posterior cingulum 

Left M l 

\nterolabial conule 

-Paraflexus 

Paracone 

„Metaflexus 

" MesosiYle 

Metacoiic 

Anleroconid 

Anterior cinguium ~ 

l^otonexid 

Hypoilexid 
Bctostvhd 

J-iypoconid ~ 

Protoconid 

Metatlexid 

Metaconid 

Mesostylid 

Enloilexid 

Entoconid 

Posteroflexid 

Posterior cinguium 

Left m l 

Figure 4.22 The terminology of molars of Repomys used in this study. 
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third to half of original height, and roots are open; worn-crown is lower than half of 

original height, and roots are closed. 

Repomys panacaensis May, 1981 

(Tables 4.13-4.16; Figs. 4.23-4.25A, 4.27) 

Emended diagnosis—SxaaW&c than either R. gustetyi or R maxumv, ml with the 

anterolingual reentrant (entoflexid) shallow and the metaconid close to the anteroconid; 

M3 with two labial reentrants at unworn or slightly worn stages, and with a single 

anterior reentrant (paraflexus) or with an anterior enamel islet at moderately worn stage; 

reentrants and enamel islet on M3 lost with advanced wear; m3 with anterolingual 

reentrant present at unworn or slightly worn stage, an anterior enamel islet present at 

slightly or moderately worn stage and lost with advanced wear. 

Referred material-hot. 8197: M2s: 21182-21184; M3s: 21185-21188; 21190, 

21191; right mandible with ml-m2: 21160; mis; 21201-21203; m2s: 21205, 21211, 

21212; m3s: 21213, 21217, 21425. Loc. 9502: Ml: 21400. Loc. 9504: partial skulls 

with two incisors and two complete dentitions: 21658; SBDM 1; a partial skull with two 

incisors and leftMl-M3: 21657; maxillaries with Ml-M3: 21372, 21724; maxillaries 

with M1-M2; 21371, 21373, 22510,21659-21663; maxillary with M2 and alveolus of 

Ml: 21726; Mis: 21666-21668, 21670, 21727-21730; M2s: 21671-21673, 21733-

21739, 21386; M3s: 21388-21391,21741-21745, 21675-21684; mandibles with ml-m3: 

21370, 22509, 21700, 21701; mandibles with ml-m2: 21702-21707, 21725, 21746; 
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mandible with ml and m3: 21708; mandibles with m3 and alveoli of ml and m2; 21710, 

21711; mis: 21685-21691, 21747, 21748, 21376-21379; m2s: 21692-21694, 21749-

21755, 21380-21382, 21384; m3s: 21756-21759, 21695, 21697, 21761, 21393-21395. 

Loc. 9616; Mis; 22552, 22553; M2s; 22554, 22555; M3s; 22556, 22557; ml: 22558; 

m2: 22559. Loc. 9619: Mis: 22562-22564; M2s: 22565-22568; M3; 22572; ml; 22569; 

m2; 22570; m3; 22571. Loc. 9620: M2: 22511; M3s; 22512-22515; left mandible with 

m2-m3: 22516; m2: 22517; m3; 22519. Loc. 9621: Mis; 22526-22531; M2s; 22532-

22534; M3s: 22535-22538; left mandible with ml-m2; 22539; mis: 22540-22542; m2s; 

22543, 22544; m3s: 22545, 22546. Loc. 9601: right maxillary with M1-M3: 22573; left 

maxillary with M2-M3; 22586; Mis; 22574-22580, 22581-22585; M2s; 22587-22595; 

M3s: 22596-22603, 22640, 23375; right mandible with ml-m3; 22604; right mandible 

with ml-m2: 22615; mis; 22605-22614; m2s; 22616-22628; m3s: 22629-22638. Loc. 

9602: left maxillary with Ml-M3; 22647; right maxillary with M1-M2; 22651; Mis; 

22652-22670; M2s; 22671-22691; M3s: 22692-22701, 22776; right mandible with ml-

m3: 22649; left mandible with ml and m3; 22650; left mandible with m2; 22648; mis; 

22702-22724, 22846; m2s; 22725-22748; m3s; 22749-22772, 22847. Loc. 9702: right 

M1-M3; 23370; leftMl-M2: 23371; Mis; 22780-22783, 22826, 22829-22830, 22832; 

M2s; 22784-22790; M3s; 22791-22794, 23353-23354; mandibles with ml-m3; 22795, 

22796; mandibles with ml-m2; 22797-22799, 23372; left mandible with ml and alveoli 

ofm2-m3: 23355; mis: 22800-22805, 23356-23357; m2s: 22807-22814, 23358; m3s: 

22815-22823, 23359. 
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Stratigraphic and geographic range—^Rodent Ravine section: 9702, 9616, 9619; 

Double Butte section: 9502; Brown Bone Beds: 9620, 9621; Rodent Hi.ll section: 9504, 

9601, 9602; Limestone Comer section; 8197, in the Panaca Formation, southeast 

Nevada. 

Age—^Early Blancan. 

Description—UALP 21657 preserved two upper incisors in the partial skull. 

The incisors are strongly curved, and the anterior parts point downward, almost 

perpendicular to the premaxillary. The incisors are smooth and slender, with a width of 

1.15mm. The diastema between the incisor and Ml is 7.80mm. Measured from SBDM 

1, the width of two nasal bones at the widest points is 3.15mm, and choana is 2.45mm 

wide. The posterior border of the incisive foramina terminates below Ml to the anterior 

or medial position. This is slightly more posterior than the posterior border of the 

incisive foramen ofNeotoma. The anterior palatine foramen is 6.85mm long, and it 

ends between the anterior and lingual roots of Ml. The posterior palatine foramen is at 

the position of the posterior root of M2. The averaged alveolar length of M1-M3 from 

eight measurements is 5.33mm. 

Ml is very high-crowned, as tall as it is long in slightly worn teeth. It has five 

major cusps: anterocone, protocone, paracone, hypocone and metacone. The anterocone 

is asymmetrically bilobed in unworn or slightly worn specimens, with the labial conule 

slightly larger than the lingual. The anteromedian flexus is very shallow, and it is lost at 

the early stage of wear (less than one-third of the original height of crown). The 

anterostyle on the posterior arm of the anterocone slightly constricts the paraflexus, and 
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the mesostyle on the posterior arm of the paracone slightly constricts the metaflexus. 

These two small styles are obliterated at the moderately worn stage, and they never join 

the opposing enamel to form an islet prior to the loss of metaflexus through wear. 

In slightly worn specimens, the protocone is located slightly anterior to the 

paracone, and the hypocone is slightly anterior to the metacone. In well-worn 

specimens, the hypocone and metacone are nearly transversely opposed. The protocone 

is differentiated from the anterocone by a shallow protoflexus, and this protostria 

persists to just above the base of the crown. Posterior arm of the protocone may be 

separated from the anterior arm of the paracone in unworn specimens, but they become 

confluent with moderate wear. A small enterostyle is present on the posterior arm of the 

protocone in unworn to slightly worn specimens. A broad and deep hypoflexus 

separates the protocone and hypocone. Anterior arm of the hypocone is confluent with 

the paracone, and its posterior arm is confluent with the metacone. 

The paracone is separated from the anterocone by a deep, posterolingually 

directed paraflexus. It is separated from the metacone by a deep metaflexus. The 

metaflexus is directed posterolingually on unworn and moderately worn specimens and 

changes to a more transverse direction with wear. Both parastria and metastria continue 

to the base of the crown. 

All of Mis have three well-developed roots: anterior, lingual, and posterior. 

They are subequal in size. 

M2 is similar to the Ml except for its shortness and root condition. The 

shortness results from the loss of anterocone. On unworn M2s, the anterior cingulum is 
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asymmetrically bilobed (Fig. 4.23, E-F). There is no anterostyle on the posterior arm of 

the anterocone even on young individuals, but the mesostyle between the paracone and 

metacone is as distinct as in Ml. The majority of M2s (see Table 4.15 for details) have 

three roots: two anterior and one posterior. The anterolingual root is the strongest, and 

the anterolabial root is reduced. The few M2s (9%) with two roots have the two anterior 

ones fused, forming an L-shaped root. 

M3 is very reduced, and the occlusal outline changes dramatically at different 

wear stages. In unworn specimens, two labial reentrants are present so that the occlusal 

surface is E-shaped (Fig. 4.23,1). The posterior reentrant is usually shallower than the 

anterior reentrant. Anterior cingulum is developed. The protocone is distinct, and the 

paracone is large. The hypocone is smaller than the protocone but is usually distinct 

until moderately worn; it is separated from the protocone by a shallow hypoflexus. The 

metacone is indistinct or absent. In slightly worn specimens, the hypocone and posterior 

cingulum are reduced, forming a rounded posterior heel. With wear, the posterior 

cingulum connects to the paracone closing the metaflexus to form a smaller and shallow 

posterior enamel islet (Fig. 4.23, J-K). The enamel wall of this islet is very thin, unlike 

that ofR. mcDcumi. Also with wear, the paracone may connect to the well developed 

anterior cingulum to form a large and shallow anterior enamel islet that may persist until 

moderate wear (Fig. 4.23, H). Alternatively (in 14% of the M3s, nine out of 65), the 

opposing enamel walls of the paraflexus never connect to form an islet, and the occlusal 

view results in an "F' shape (Fig. 4.23, G). With greater wear the anterior and posterior 

islets are lost (Fig. 4.23, L). The root condition of M3 is highly variable: most of M3s 



have two roots (68%), some have only one root (24%), and few still retain three roots 

(8%; Table 4.15). The bases are fused on some of the M3s with two roots. The M3s 

with one root have a deep groove either on the labial or lingual side. 

Table 4.13. Measurements (in mm) of molars of Repomys panacaensis from the Panaca 
local fauna. N=number of specimens, M=mean, SD=standard deviation, CV=coefficient 
of variation, OR=observed range. 

Locality Length Width 

N M SD cv OR N M SD CV OR 
9504 Ml 17 2.01 0.077 3.86 1.88-2.16 17 1.22 0.085 6.99 1.08-1.34 

M2 23 1.70 0.044 2.57 1.64-1.78 23 1.21 0.090 7.41 1.12-1.36 
M3 24 0.95 0.074 7.84 0.85-1.10 24 0.90 0.083 9.30 0.90-1.04 
ml 16 2.05 0.055 2.68 2.00-2.20 16 1.13 0.053 4.70 1.00-1.20 
ml 19 1.72 0.035 2.03 1.66-1.78 19 1.14 0.100 8.71 0.96-1.34 
in3 11 1.14 0.064 5.67 1.06-1.22 11 1.00 0.053 5.26 0.92-1.10 

9601 Ml 11 2.02 0.092 4.54 1.84-2.16 9 1.28 0.107 8.30 1.16-1.48 
M2 11 1.78 0.049 2.73 1.72-1.88 11 1.26 0.075 5.92 1.16-1.40 
M3 10 1.02 0.071 6.99 0.88-1.12 10 1.01 0.075 7.44 0.88-1.12 
ml 7 2.03 0.119 5.84 1.92-2.20 7 1.17 0.075 6.40 1.08-1.28 
m2 11 1.76 0.055 3.13 1.68-1.84 11 1.15 0.060 5.18 1.00-1.24 
m3 8 1.16 0.087 7.51 1.00-1.28 8 1.02 0.048 4.68 0.96-1.08 

9602 Ml 17 1.97 0.060 3.02 1.88-2.04 17 1.26 0.099 7.81 1.12-1.44 
M2 21 1.77 0.074 4.21 1.68-1.96 14 1.28 0.095 7.82 1.12-1.40 
M3 12 1.05 0.056 5.36 0.96-1.12 12 1.09 0,085 7.82 0.96-1.20 
ml 16 2.09 0.054 2.59 2.00-2.16 13 1.21 0.044 3.66 1.16-1.28 
m2 22 1.75 0.052 2.97 1.64-1.84 20 1.20 0.078 6.51 1.08-1.36 
m3 14 1.18 0.084 7.11 1.04-1.32 19 1.01 0.055 5.41 0.92-1.12 

9702 Ml 8 2.00 0.098 4.89 1.86-2.10 8 1.24 0.135 10.56 1.08-1.48 
M2 7 1.73 0.019 1.10 1.72-1.76 7 1.26 0.011 8.93 1.12-1.48 
M3 6 1.13 0.033 2.88 1.08-1.16 6 0.99 0.035 3.55 0.92-1.02 
ml 14 2.11 0.128 6.07 1.96-2.36 13 1.16 0.090 7.80 1.00-1.32 
m2 11 1.73 0.097 5.58 1.56-1.84 11 1.22 0.082 6.77 1.08-1.30 
m3 10 1.11 0.043 3.92 1.04-1.16 10 0.99 0.063 6.42 0.88-1.08 

9616 Ml 2 2.06 2.04-2.08 2 1.42 «»« 1.40-1.44 
M2 2 1.94 — — 1.92-1.96 2 1.36 — — 1.36-1.36 
M3 2 1.22 — — 1.20-1.24 2 1.12 — — 1.12-1.12 
ml 1 2.20 — — 1 1.32 — — 

ml 1 1.80 — — 1 1.40 — — 

m3 0 — — — — — — — 
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(Table 4.13 continued) 
Locality Length Width 

N M SD cv OR N M SD CV OR 
9619 Ml 2 2.00 — — 1.96-2.04 1 1.20 — — 

M2 4 1.75 0.060 3.43 1.72-1.84 3 1.24 0.040 3.23 1.20-1.28 
M3 1 1.08 — — 1 1.04 — — 

ml 1 2.00 — — 1 1.08 — — 

m2 1 1.68 — — 1 1.12 — — 

m3 1 1.08 — — 1 1.00 — — 

8197 Ml 0 •— 0 
M2 1 1.60 — — 1 1.18 — — 

M3 6 1.00 0.070 6.95 0.88-1.08 6 1.01 0.047 4.65 0.92-1.04 
ml 3 2.11 0.092 4.38 2.00-2.16 3 1.24 0 0 
m2 3 1.71 0.031 1.79 1.68-1.74 3 1.28 0.080 6.25 1.20-1.36 
m3 3 1.09 0.023 2.11 1.08-1.12 3 0.98 0.020 2.04 0.96-1.00 

9502 Ml 1 1.88 — — — 0 — — — 

9620 Ml 0 rg 0 - . —t— 

M2 0 — — 0 — 
M3 2 1.22 — — 1.20-1.24 3 1.05 0.046 4.38 1.00-1.08 
ml 0 —. — — 0 — — — 

ni2 1 1.68 — — 1 1.12 — — 

m3 1 1.20 — — 1 1.08 — — 

9621 Ml 6 1.96 0.067 3.41 1.88-2.04 6 1.17 0.122 10.49 1.08-1.36 
M2 2 1.76 — — 1.68-1.84 3 1.15 0,151 13.20 1.04-1.32 
M3 4 1.05 0.038 3.64 1.00-1.08 4 0.93 0.038 4.11 0.88-0.96 
ml 3 2.03 0.046 2.28 2.00-2.08 4 1.26 0.023 1.83 1.24-1.28 
m2 3 1.80 0.040 2.22 1.76-1.84 3 1.28 0.080 6.25 1.20-1.36 
m3 1 1.20 — — 1 1.00 — — 

The lower incisor is located labial to the m2 with the incisor cap placed between 

the coronoid process and the condyle on the labial side of the ascending ramus. The 

capsular process is prominent, forming a shelf that lacks a distinct knob. The masseteric 

crest extends anteriorly to a position beneath the anterior side of the protoconid of ml; 

there is a well-developed but short shelf lacking a knob at the anterior end of the 

masseteric crest. The mental foramen is relatively high on the dorsal-labial side of the 

dentary, well separated from the masseteric crest and the anterior root of ml. This 
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position is similar to that of Neotoma but lower than that of Sigmodon, where the mental 

foramen is higher and located on the dorsal surface of dentary. The coronoid process of 

R. panacaensis curves posteriorly, and the condyle faces upward. The distance between 

the coronoid process and the condyle is 3.35mm on a single measurable specimen 

(UALP 21701). The other measurements of these mandibles are included in Table 4.14. 

Table 4.14. Measurements of some characters of Repomyspanacaensis from the Panaca 
local fauna. N=number of teeth with the character, M==mean of the measurement (in 
mm), OR=observed range. 

N M OR 
Width of upper incisor 1 1.15 — 

Alveolar length 
ofMl-M3 8 5.33 5.20-5.50 

Diastema between 
I and Ml 

2 7.65 7.50-7.80 

Width of lower incisor 9 1.04 1.00-1.20 

Diastema between 
1 and ml 

11 4.11 4.10-4.30 

Mandibular depth 
below ml 

15 4.16 4.05-4.35 

Alveolar length 
of ml-m3 

14 5.37 5.15-5,70 

The ml is hypsodont, as tall as long in unwom specimens. It has five cusps: 

anteroconid, protoconid, metaconid, entoconid, and hypoconid. The anteroconid is 

single-cusped with an anterolabial cingulum directed posterolabially. The anterior 

cingulum is lost after moderate wear. The metaconid is distinct but smaller than in R. 
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gustelyi and R. maxumi. It confluently connects to the anteroconid and protoconid. The 

entoflexid is shallow; its apex projects anteriorly in unworn specimens, anterolabially in 

slightly worn specimens, and transversely in well worn specimens. 

Anterior arm of the protoconid connects to the anteroconid, and the posterior arm 

is confluent with the anterior arm of the entoconid even in unworn specimens. The 

anterior arm of the entoconid joins a small mesostylid in unworn and slightly worn 

specimens, slightly constricting the apex of the entoflexid. The hypoconid and 

protoconid are labially separated by a broad and moderately deep hypoflexid, with the 

apex directing anterolingually. The anterior arm of hypoconid confluently joins the 

labial side of entoconid. A small ectostylid, smaller than mesostylid, projects 

anterolabially on the anterior arm of hypoconid in unworn and slightly worn specimens, 

similar to R arizonensis. The protostriid is very shallow and the hypostriid is deep but 

well above the base of the crown. The entostriid is slightly deeper than the posterostriid. 

The lingually directed posterior cingulum is very well developed; it is broadly 

confluent with the hypoconid. The posteroflexid is slightly shallower and much 

narrower than the entoflexid. The ml has two distinct roots; anterior and posterior. 

Two specimens (UALP 21687 from Loc. 9504 and 22718 from Loc. 9602) have 

developed a tiny rootlet between the anterior and posterior roots. 

The m2 is similar to ml except it is shorter. The anterior cingulum is relatively 

broad, with a short labial extension anterior to the protoconid. The entoflexid is directed 

anterolabially in all specimens. The posterior cingulum is longer in unworn and slightly 

worn specimens than in well-worn specimens. The enamel wall on the anterior side of 
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posterior cingulum is very thin in unworn and slightly worn specimens, like that of R. 

arizonensis. The protostriid is very shallow; the hypostriid and entostriid are very deep 

but terminate above the base of the crown; the posterostriid is very shallow. The m2 has 

two distinct roots as in ml. 

Table 4.15. The root conditions of M2, M3, and m3 of Repomyspanacaensis from the 
Panaca local fauna. A/B: A—number of specimens with that character; B~sample size. 

2-rooted M2s 3-rooted M3s 2 rooted M3s 1 rooted M3s 1 rooted m3s 

Rodent Ravine section; 
9619 0/3 1/1 0/1 0/1 — 

9616 0/2 0/2 2/2 0/2 — 

9702 0/7 2/7 5/7 0/7 1/11 

Limestone Comer section: 
8197 1/2 1/8 5/8 2/8 •0/2 

Brown Bone Beds: 
9621 0/3 0/3 0/3 3/3 3/3 
9620 0/1 0/2 0/2 2/2 0/1 

Rodent Hill section; 
9602 3/17 1/11 8/11 2/11 7/20 
9601 2/10 1/8 3/8 4/8 2/8 
9504 0/11 0/18 17/18 1/18 5/9 

Total: 5/55 (9%) 5/59(8%) 40/59(68%) 14/59(24%) 18/53(34%) 

The m3 is reduced relative to ml and m2. It is keyhole shaped in occlusal view 

in moderately worn specimens. In unworn specimens, a shallow entoflexid is present, 

with the apex pointing anterolingually. An anterolabial cingulum is present in slightly 
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Figure 4.23 Upper molars o^Repomys panacaensis. A: occlusal view of right M1-M3, 

UALP 22573. The position of posterior border of incisive foramen is shown on the right 

side. B: occlusal view of left M1-M3, UALP 21724. C: occlusal and lingual views of a 

left Ml, UALP 21729. D-F: occlusal and labial views of M2s, UALP 21737, 22686, 

and 22683. G-L: occlusal views of M3s, UALP 22535, 22512, 22794, 22793, 22596, 

and 22693. 
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K L M N ® P 

Figure 4.24 Lower molars of Repomys pcmacaensis. A-D: occlusal views of mis, 
UALP 22702, 22605, 21687, and 22718. E-F: occlusal views of ml-m2s, UALP 22798, 
22799. G-J; occlusal views ofm2s, UALP 22727, 22725, 22807, and 22809. K-P: 
occlusal views of m3s, UALP 21213, 21757, 22815, 22819, 22769, and 22759. 
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worn specimens and absent in moderately worn specimens. The posterior heel 

represents the greatly reduced hypoconid; it is deflected lingually. The posterolabial 

reentrant (hypoflexid) is very broad and shallow, as is the posteroflexid. The entostriid 

is very shallow; the posterostriid and hypostriid are deeper, with the hypostriid nearly 

reaching the base of the crown. More than half of m3s in this sample have two roots as 

in ml or m2 (66%), but the others have only one root, with the anterior and posterior 

ones fiised medially or labially. Some of the specimens with two roots are fused at the 

base of the roots. 

Comparison—Three other species oiRepomys have been reported in North 

America: R. gustelyi May 1981 from the late Hemphillian Warren local fauna of 

California, R. mcocumi May 1981 from the early Blancan Maxum local fauna of 

California, and R. arizonensis Tomida 1987 from the late Blancan of 111 Ranch local 

fauna of Arizona. As May (1981) stated, K panacaensis can be differentiated from R. 

gustelyi or R. maxumi by its smaller size. The Ml and M2 are very similar among these 

species; however, the M3s ofi?. panacaensis frequently present an anterior enamel islet, 

which is not seen in the other two species. The M3 of the latter two species is 

characterized by a deep anterior reentrant, but this reentrant never constricts to form an 

islet. Also, the posterior reentrant is deeper in the M3 of/?, panacaensis compared to 

those of R. gustelyi or R. maxumi at the same stage of wear. At unworn or slightly worn 

M3s of R. panacaensis, this posterior reentrant forms the shape of an E in the occlusal 

view instead of an F that is seen in the other two species. Comparison of root condition 

of M3 between these three species is difficuh because it is highly variable in R 
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pamcaensis and only a very small sample size is available in R. gustelyi (one specimen) 

or R. mcDcumi (four specimens). Larger samples are needed to conclude if there is a 

trend in the root reduction on M3 from K gustelyi and R. maxumi to R panacaensis. 

The apex of entoflexid in ml is another important character to distinguish R. 

panacaensis from R. gustelyi or R. maxumi (May, 1981). In R. panacaensis, this 

reentrant only points anteriorly in unworn specimens and gradually changes its direction 

transversely in advanced wear. However, in the latter two species, the entoflexid is 

deep, and the apex is directed strongly anteriorly even in worn specimens. This makes 

the metaconid rather separated from the anteroconid in the latter two species. The 

anterolabial cingulum in ml is also obliterated with moderate wear in R. panacaensis, 

whereas it continues in more advanced wear in the other two species. The m2 and m3 

are similar in the three species except for their sizes. The anterior enamel islet on m3 is 

preserved until moderate wear in R. panacaensis, similar to that in R. gustelyi and R. 

maxumi. 

When Tomida (1987) erected the species R. arizonensis, neither an M3 nor an 

m3 was found. He listed the following characters of R. arizonensis to differentiate it 

from R panacaensis-. 1) size is significantly larger; 2) the lingual reentrants on ml 

extends further across the tooth, and the metaconid is less close to the anteroconid; 3) 

posterior cingulum of ml is better developed; 4) M2 has only two roots, with anterior 

and lingual roots fused, forming an L-shaped large root. It is noticed that when this 

c o m p a r i s o n  w a s  m a d e ,  o n l y  a  s m a l l  s a m p l e  a n d  m o d e r a t e l y - w e l l  w o r n  s p e c i m e n s  o f R .  

panacaensis were available (see May, 1981). With more specimens and unworn teeth 
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available, there is only one character of those listed above that can distinguish R. 

arizonemis fromi?. pamcaensis: the metaconid on ml ofR. arizonensis is better 

developed and less close to the anteroconid. The sizes of these two species are not 

significantly different, and on unworn or slightly worn mis, the posterior cingulum in R. 

panacaemis is as developed as in K arizonensis. The majority of M2s of R. 

panacaensis have three roots, but some of them are also reduced to two roots and the 

anterior one is L-shaped. Since only one M2 of R. arizonensis was available for root 

identification (Tomida, 1987), a larger sample is needed to make this character secure 

for differentiation. 

In addition to the metaconid on ml, two other characters may be added to 

distinguish these two morphologically similar species: 1) the metaflexid on ml is deeper 

in R. panacaensis than in R. arizonensis at the same stage of wear. This makes the 

metaconid more distinct from the anteroconid in R. panacaensis, 2) the hypoflexid on 

ml is broader and shallower in R panacaemis than in R arizonensis at the same stage 

of wear. The apex of this flexid in R. panacaensis points more transversely. This 

character is seen in more primitive species like R. gustelyi. R. panacaensis could give 

rise toil arizonensis, but the discovery of M3 and m3 ofR arizonensis will be very 

important and useful to understand the phylogenetic relationship between these two 

species. 

Discussion—Repomys can by readily distinguished from two other similar 

hypsodont cricetines, Galushamys and Pliotomodon, by the absence of enamel islet on 

Ml or M2. Pliotomodon, as suggested by Jacobs (1977), is probably an immigrant of 



173 

European Ruscinomys hellenicus. Repomys differs from Neotoma or Neotomodon by its 

F-shaped M3 and keyhole-shaped m3. Based on the record of Peromyscus cf. P. 

pliocenicus from the early Hemphillian of Oregon, which starts to develop hypsodonty 

and has a single cusped anteroconid on ml, May (1981) suggested that Repomys was 

likely derived from P. pliocenicus. The M3 of P. pliocenicus has an E-shaped occlusal 

view, and the m3 is S-shaped with a deep posterior lingual reentrant (May, 1981; figs. 2c, 

4). Both M3 and m3 of Peromyscus cf P. pliocenicus have a primitive pattern 

compared to Repomys, but they are not quite reduced. Korth (1994) supported this P. 

pliocenicus-Repomys hypothesis, but he suggested that P. pliocenicus should be referred 

to a genus other than Peromyscus because its crown height is greater than any other 

known species of this genus. 

It is noticed that Paronychomys from the late Hemphillian of the Redington local 

fauna of Arizona (Jacobs, 1977) is morphologically more similar to Repomys than to 

Peromyscus pliocenicus. It has substantial height of crown, and the third upper and 

lower molars are quite reduced. Repomys could be derived from Paronychomys through 

the increase of height of crown. The ml of Paronychomys has a bilobed anteroconid, 

but the anteromedian flexid is very shallow and obliterated at the early stage of wear 

(F:AM 3230). The M3 of Paronychomys is E-shaped in occlusal view at a slightly worn 

stage (F: AM 3249), but the posterior reentrant is lost and the anterior reentrant formed 

an enamel islet (AMNH 98592, the type specimen of Paronychomys lemredfieldi) as 

seen in R. panacaensis. The ni3 of Paronychomys is S-shaped with a deep 

posterolabial reentrant that lasts to the base of the crown. The m3 of Repomys could be 
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derived from Paronychomys through the reduction of this reentrant because the posterior 

heel of m3 in Repomys is deflected lingually due to this reentrant. 

However, if R. gustelyi gave rise to R. maxumi, and R panacaensis is on the side 

branch as May (1981) suggested, there is a problem for the above Paronychomys-

Repomys hypothesis: R. gustelyi and R maxumi are both greatly larger than 

Paronychomys tuttlei (larger species in Paronychomys) or P. lemredfieldi. Also, both R. 

gustelyi and Paronychomys are found in late Hemphillian faunas. It is possible that the 

small-sized group, including R panacaensis, R. minor, n. sp., and R arizonensis are in a 

different lineage from that of the large-sized group, including R. gustelyi and R maxumi. 

Repomys minor sp. no v. 

(Table 4.16-4.17; Figs. 4.25B, 4.26-4.27) 

Diagnosis—Smaller than R. panacaensis and any other known species in the 

genus; entoflexid on ml pointing more anteriorly and metaconid more distant from 

anteroconid than in R panacaensis. 

Holotype—^UALP 21369 from Loc. 9504: left mandible with incisor and ml-m3. 

Etymology—minor, refers to small size 

Referred material—luoc. 8197: Mis: 21161-21172, 21204; M2s: 21173-21181; 

M3: 21189; mis: 21192-21200, 21137; m2s: 21206-21210; m3s: 21214-21216. Loc. 

9502: Mis: 21397-21399; M2: 21401. Loc. 9504: left maxillary with M1-M2: 21374, 
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21664; Mis; 21385, 21665, 21669, 21371, 21372; M2s: 21656, 21674, 21740; M3; 

21392; ml: 21383; m3s: 21696, 21698, 21699, 21396, 21760. Loc. 9616: ml: 22560; 

m2: 22561. Loc. 9620; Ml: 22520; M2s; 22521, 22522; M3: 22523; mis; 22524, 

22525; m2: 22518. Loc. 9621: Mis; 22548-22550; M2: 22547; ml; 22551. Loc. 9601: 

M2: 22639; mis: 22641, 22642; m2: 22643; m3s: 22644-22646, Loc. 9602: M2: 

22773; M3s: 22774, 22775; mis: 22777, 22778; m2: 22779; m3: 22756. Loc. 9702: 

Mis: 22824-22825, 22827-22828; M2s: 22833-22835; mis: 22806, 22836-22838; m2s: 

22840-22844; m3s; 22839, 22845. 

Stratigraphic and geographic range—^Rodent Ravine section: 9702, 9616; 

Limestone Comer section: 8197; Double Butte section: 9502; Brown Bone Beds: 9602, 

9621; Rodent HSU section: 9504, 9601,9602, in the Panaca Formation, southeast 

Nevada. 

Age—^Early Blancan. 

Description—Repomys minor is morphologically most similar to K panacaensis 

except for its smaller size (Fig. 4.27). 

Ml is very high-crowned, as tall as long in slightly worn teeth. It has five major 

cusps: anterocone, protocone, paracone, hypocone and metacone. The anterocone is 

asymmetrically bilobed in unworn or slightly worn specimens, with the labial conule 

slightly larger than the lingual. The anteromedian flexus is very shallow, and it is lost at 

the early stage of wear. The anterostyle on the posterior arm of the anterocone slightly 

constricts the paraflexus, and the mesostyle on the posterior arm of the paracone slightly 

constricts the metaflexus. These two small styles are obliterated at the moderately worn 
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stage, and they never join the opposing enamel to form an islet prior to the loss of 

metaflexus through wear. 

In slightly worn specimens, the protocone is located slightly anterior to the 

paracone, and the hypocone is slightly anterior to the metacone. In well-worn 

specimens, the hypocone and metacone are nearly transversely opposed. The protocone 

is differentiated from the anterocone by a shallow protoflexus, and this protostria 

persists to just above the base of the crown. The posterior arm of the protocone may be 

separated from the anterior arm of the paracone in unworn specimens, but they become 

confluent with moderate wear. A small enterostyle is present on the posterior arm of the 

protocone in unworn to slightly worn specimens. A broad and deep hypoflexus 

separates the protocone and hypocone. The anterior arm of the hypocone is confluent 

with the paracone, and its posterior arm is confluent with the metacone. 

The paracone is separated from the anterocone by a deep, posterolingually 

directed paraflexus. It is separated from the metacone by a deep metaflexus. The 

metaflexus is directed posterolingually on unworn and moderately worn specimens and 

changes to a more transverse direction with wear. Both parastria and metastria continue 

to the base of the crown. Each MI has three distinct roots. 

M2 is similar to the Ml except for its shortness and root condition. The 

shortness results from the loss of the anterocone. There is no anterostyle on the posterior 

arm of the anterocone even on young individuals, but the mesostyle between the 

paracone and metacone is as distinct as in Ml. Each M2 has three roots (18 specimens). 

The anterolingual root is the strongest, and the anterolabial root is reduced. 
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M3 is very reduced, and the occlusal outline changes dramatically at different 

wear stages. In unworn specimens, two labial reentrants are present so that the occlusal 

surface is E-shaped. The posterior reentrant is usually shallower than the anterior 

reentrant. The anterior cingulum is developed. The protocone is distinct, and the 

paracone is large. The hypocone is smaller than the protocone but is usually distinct 

until moderately worn; it is separated from the protocone by a shallow hypoflexus. The 

metacone is indistinct or absent. In slightly worn specimens, the hypocone and posterior 

cingulum are reduced, forming a rounded posterior heel. With wear, the posterior 

cingulum connects to the paracone closing the metaflexus to form a smaller and shallow 

posterior enamel islet. The enamel wall of this islet is very thin, as that of R. 

pcmacaemis. With wear, the paracone may connect to the well-developed anterior 

cingulum to form a large and shallow anterior enamel islet that may persist until 

moderate wear. With greater wear the anterior and posterior islets are lost. Of the total 

four M3s, two have two roots, and two have one root.. 

The mandible is more slender than that of R. panacaensis. The diastema 

between the incisor and ml is long relative to the mandible depth (Fig. 4.25; the ratio is 

1.28, whereas it is 0.99 in R panacaensis). The incisor is 0.80mm wide, and the 

mandible depth below ml is 3.20mm. The alveolar length of ml-m3 is 4.20mm. All of 

these measurements are outside the respective ranges of R. panacaensis. The capsular 

process for the reception of incisor is less prominent than in R. panacaensis. 

The ml is hypsodont, as tall as long in unworn specimens. It has five cusps: 

anteroconid, protoconid, metaconid, entoconid, and hypoconid. The anteroconid is 



Figure 4.25 Lower jaws of Repomys panacaensis and Repomys minor n. sp. i-
Repomys panacaensis, UALP 21370. B: Repomys minor n. sp., UALP 21369. 
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single-cusped with an anterolabial cingulum directed posterolabially. The anterior 

cingulum is lost after moderate wear. The metaconid is distinct but smaller than in 

R. gustelyi and R maxumi. It confluently connects to the anteroconid and protoconid. 

The ml has a slight different occlusal pattern from that ofR. panacaensis. At the 

similar wear stage, the entoflexid is deeper and pointed more anteriorly in R. minor, 

which results in the metaconid being further from the anteroconid. 

The anterior arm of the protoconid connects to the anteroconid, and the posterior 

arm is confluent with the anterior arm of the entoconid even in unworn specimens. The 

anterior arm of the entoconid joins a small mesostylid in unworn and slightly worn 

specimens, slightly constricting the apex of the entoflexid. The hypoconid and 

protoconid are labially separated by a broad and moderately deep hypoflexid, with the 

apex directing anterolingually. The anterior arm of hypoconid confluently joins the 

labial side of entoconid. The protostriid is very shallow and the hypostriid is deep but 

well above the base of the crown. The entostriid is slightly deeper than the posterostriid. 

The lingually directed posterior cingulum is very well developed and is broadly 

confluent with the hypoconid. The posteroflexid is slightly shallower and much 

narrower than the entoflexid. The ml has two distinct roots: anterior and posterior. 

The m2 is similar to ml except it is shorter. The anterior cingulum is relatively 

broad, with a short labial extension anterior to the protoconid. The entoflexid is directed 

anterolabially in all specimens. The posterior cingulum is longer in unworn and slightly 

worn specimens than in well-worn specimens. The enamel wall on the anterior side of 

the posterior cingulum is very thin in unworn and slightly worn specimens, like that of 
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R. arizommis. The protostriid is very shallow; the hypostriid and entostriid are very 

deep but terminate above the base of the crown; the posterostriid is very shallow. The 

m2 has two distinct roots as in ml. 

The m3 is reduced relative to ml and m2. It is keyhole shaped in occlusal view 

in moderately worn specimens. In unworn specimens, a shallow entoflexid is present, 

with the apex pointing anterolingually. An anterolabial cingulum is present in slightly 

worn specimens and absent in moderately worn specimens. The posterior heel 

represents the greatly reduced hypoconid and is deflected lingually. The posterolabial 

reentrant (hypoflexid) is very broad and shallow, as is the posteroflexid. The entostriid 

is very shallow; the posterostriid and hypostriid are deeper, with the hypostriid nearly 

reaching the base of the crown. Of the 12 m3s, five have only one root. 

Discussion—Repomys minor is recognized as a new species because of its 

significantly smaller size compared to the other species in this genus. There is no 

overlap with R panacaensis in the observed range of the lengths of Ml and ml (Fig. 

4.27). R, minor could be more primitive than R. panacaensis, as suggested by the 

morphology of ml as mentioned above. 

Repomys minor occurs with R. panacaensis in the same localities in the Panaca 

Formation except for Loc. 9619 in Rodent Ravine section. The absence ofi?. minor 

from Loc. 9619 is probably due to the small sample of sediments processed from this 

site, rather than representing the disappearance of this species, as R minor was still 

found from sites at higher stratigraphic level. Except for Loc. 8197 in the Limestone 

Comer section and Loc. 9502 in the Double Butte section, the other localities produce 
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smaller amount of R minor than that of R panacaensis, especially the three localities in 

the Rodent Hill section. Interestingly, in the Rodent Hill section, the ratio of specimens 

of R minor relative to that of R. panacaensis decreases as the stratigraphic levels of sites 

increase. This is also observed in the Rodent Ravine section and Brown Bone Beds 

(Table 4.16). This could suggest a gradual replacement of R. minor by R. panacaensis 

in the higher stratigraphic level. Localities 8197 (ratio of/?, minor to R panacaensis is 

211%) and 9502 (ratio is 400%) are exceptions. They are relatively high 

stratigraphically, but R minor seems more abundant than R panacaensis at these sites. 

The ratio of specimens from Loc. 9502 is probably biased by the small sample size 

(totally five specimens of two species). 

Table 4.16. The stratigraphic changes of the ratio of total number of specimens of 
Repomys panacaensis and R minor in the Panaca Formation. Ratio=i?. minorJR. 
panacaensis. The ratio decreases from the lower stratigraphic level to higher 
stratigraphic level. 

Locality Repomys panacaensis Repomys minor Ratio 

Rodent Hill section: 
9602 128 7 5.5% 
9601 66 8 12.1% 
9504 104 18 17.3% 

Rodent Ravine section:-
9619 12 0 0 
9616 8 2 25% 
9702 54 22 41% 
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Figure 4.26 Molars of Repomys minor, n. sp. A: occlusal view of right M1-M2, UALP 
21664. B-C: occlusal and labial views ofMls, UALP 21665,22828. D-F: occlusal 
views of M3s, UALP 21189, 22523, 21392. G-K: occlusal views of mis, UALP 22836, 
21195, 22777, 22641, 22642. L-M: occlusal views of m2s, UALP 22844, 22779. N-Q: 
occlusal views of ni3s,.UALP 21698, 22839, 22756, and 21215. 
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Figure 4.27. Scatter plots of Ml s (A) and mis (B) ofRepomys from the Panaca local 
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Table 4.17. Measurements (in mm) of molars oiRepomys minor, n. sp., from the 
Panaca local fauna. N=number of specimens, M=mean, SD=standard deviation, 
CV=coefficient of variation, OR=observed range. 

Locality Length Width 

N M SD cv OR N M SD CV OR 

9504 Ml 4 1.70 0.030 1.77 1.68-1.74 4 0.95 0.107 11.38 0.80-1.06 
M2 4 1.50 0.023 1.54 1.48-1.52 4 0.96 0.086 9.00 0.88-1.08 
M3 1 0.68 — — 1 0.68 — — 

ml 5 1.83 0.043 2.39 1.80-1.88 5 1.06 0.036 3.39 1.04-1.12 
m2 4 1.52 0.034 2.25 1.48-1.56 4 1.09 0.087 8.00 0.96-1.14 
m3 7 0.94 0.087 9.26 0.80-1.02 7 0.83 0.057 6.95 0.76-0.94 

9601 M2 
M3 

1 
0 

1.52 — — 

H 
1 
0 

1.04 —— 

ml 2 1.68 — — 1.60-1.76 2 0.96 0.92-1.00 
m2 1 1.48 — 1 1.00 
m3 3 0.84 0.069 8.25 0.76-0.88 3 0.75 0.061 8.18 0.68-0.80 

9602 Ml 
M2 

0 
1 1.44 

— — 

Z1 
0 
1 0.84 Z i:; 

M3 2 0.90 — 0.88-0.92 2 0.80 — — 0.76-0.84 
ml 2 1.76 — — 1.76-1.76 2 0.88 — — 0.84-0.92 
m2 1 1.40 — — 1 1.00 — — 

m3 1 0.80 — — 1 0.68 — — 

9702 Ml 5 1.76 0.009 0.51 1.76-1.78 5 1.00 0.003 2.99 0.96-1.04 
M2 3 1.56 0.069 4.44 1.48-1.60 3 1.11 0.083 7.52 1.04-1.20 
M3 0 — — — 0 — — — 

ml 4 1.80 0,046 2.57 1.76-1.84 4 1.00 0.025 2.50 0.98-1.04 
m2 5 1.54 0.022 1.43 1.52-1.56 5 0.99 0.052 5.26 0.96-1.08 
m3 2 0.82 — — 0.80-0.84 2 0.75 — — 0.74-0.76 

9616 ml 
m2 

1 
1 

1.80 
1.44 

-— — ------ 1 
1 

1.00 
0.96 

— — —— 

8197 Ml 13 1.65 0.046 2.78 1.60-1.76 13 1.02 0.117 11.53 0.80-1.16 
M2 9 1.44 0.073 5.06 1.32-1.52 9 0.98 0.095 9.73 0.80-1.12 
M3 0 — — — 0 — — — 

ml 7 1.79 0.062 3.47 1.68-1.84 7 1.00 0.061 6.11 0.92-1.10 
m2 3 1.60 0.035 2.17 1.56-1.62 3 1.17 0.136 11.67 1.06-1.32 
m3 3 0.91 0.129 14.18 0.76-1.00 3 0.73 0.115 15.75 0.60-0.80 

9502 Ml 
M2 

2 
1 

1.70 
1.44 

1.68-1.72 1 
0 

1.20 

9620 Ml 1 1.62 — — 1 1.20 — — 

M2 2 1.58 — — 1.56-1.60 2 1.02 — — 0.92-1.12 
M3 1 0.88 — — 1 0.84 — — 

ml 2 1.80 — — 1.76-1.84 2 1.02 — — 1.02-1.04 
m2 1 1.56 — — 1 1.04 — — 

m3 0 — — — 0 — — — 

9621 Ml 
ml 
ml 

2 
1 
1 

1.70 
1.76 
1.52 

— — 

1.60-1.80 2 
1 
1 

0.94 
0.92 
0.92 

— — 

0.92-0.96 
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Arvicolids are high crowned, grass eating rodents. Partly due to the nature of 

their diet, they exhibit gradual evolution in their dental morphology through geological 

time. The earliest arvicolid-like rodents living in North America are represented by the 

Hemphillian Para?«/c/*oto5cc»pto and Goniodontomys (Wilson, 1937; Hibbard, 1959; 

Martin, 1975; Repenning, 1987). These two genera are in the subfamily 

Prometheomyinae rather than the subfamily Arvicolinae (Korth, 1995). The earliest true 

arvicolid in North America is the late Hemphillian Promimomys, which was considered 

to be an immigrant from Europe (Repenning, 1968; Koenigswald and Martin, 1984; 

Repenning, 1987). After them, the arvicolids became abundant during the early Blancan 

and have thrived since then. Because of their rapid evolution and wide distribution, they 

have provided an important source for ordering biochronologic events in late Tertiary 

terrestrial deposits in Europe and North America. The most recent thorough 

biochronologic review of North American arvicolids is given by Repenning (1987). 

Repenning divided the Blancan land mammal age into five stages, and the first 

appearance ofMimomys, represented by Mimomys (Ophiomys) mcknighti and Mimomys 

(Ogmodontomys) sawrockensis, is considered the beginning of Blancan land mammal 

age. This biochronological framework was later compared with the mammalian 

biochronology of Europe by Repenning et al. (1990). 

However, the taxonomy of Mimomys in North America has been controversial. 

Mimomys was first recognized in Europe (Major, 1902). Since then, three subgenera and 
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fifteen species have been found in Europe (Fejfar et al., 1990; Fejfar and Heinrich, 

1989). Repenning and others (Repenning, 1987; Fejfar and Repenning, 1992; 

Repenning etal., 1995) considered North American Ophiomys, Cosomys, and 

Ogmodontomys as subgenera oiMimomys and correlated them with faunal exchanges 

between Eurasia and North America, which in turn had implications relative to late 

Cenozoic climate changes (Repenning, 1980; Repenning et al., 1995). Koenigswald and 

Martin (1984); however, pointed out that Ophiomys, Cosomys, and Ogmodontomys have 

enamel microstructure that differs from that of European and thus they 

argued that these three subgenera were endemic North American arvicoline rodents 

rather than immigrants from Europe. It is therefore important to resolve the early 

history of arvicoline rodents in North America to clarify the relationship between North 

American and European species oiMimomys and at the same time to establish the 

dispersal record of arctic-temperate mammals relative to climate change. 

The most diagnostic teeth of arvicolids are the first lower molar and the last 

upper molar. However, it should be noted that, there are considerable intraspecific 

variations in the dental morphology of these rodents, and the occlusal morphology may 

change markedly through the wearing stage even on a single tooth. Therefore, a reliable 

identification requires a large sample, preferably including both mis and M3s. 

Fortunately, abundant arvicoline rodents have been collected from the Panaca local 

fauna. Repenning (1987) referred two specimens from the Rodent Hill locality near 

Panaca, which were collected by the F:AM, to two species; Mimomys (Ophiomys) 

magilli and Pliopotamys meadensis. Based on these identifications, he placed the 
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Panaca local fauna in the middle Blancan (Repenning, 1987; May, 1981). Further 

collection from another locality near Panaca by the University of Arizona yielded a large 

sample of arvicoline teeth. Mou (1997) could not recognize the above two species from 

this sample; instead, she erected a new species, Mimomyspanacaensis, for this 

population. A combination of characters of this new species excludes it from any of the 

three subgenera (e.g., Ophiomys, Cosomys, and Ogmodontomys). M. panacaensis shows 

a number of primitive characters, including small size, low dentine tract, and 47% of 

M3s with three roots. Mou (1997) suggested that the evolutionary stage ofM 

panacaensis is close to that ofM {Ophiomys) mcknighti, and thus it should represent 

early Blancan instead of middle Blancan. Mou (1998) later studied the enamel 

microstructure ofM panacaensis. Its primitive schmelzmuster is comparable to that of 

early European M//wowy5, suggesting thatM panacaensis was probably an immigrant 

from Europe. 

In the later two field seasons, more fossil sites were found in Panaca, and each 

site produced arvicoline teeth. Among them, Locs. 9504, 9620, 9621, 9616, 9619 and 

9702 yielded large samples. These samples permitted a more clear and reliable 

identification of these rodents. In addition to M. panacaensis, a new genus, including 

three new species, is recognized from the Panaca local fauna. 

The teeth were measured under the microscope with the reading nearest to 0.02 

mm. The length and width are measured on the occlusal surface. The height of the 

dentine tract on the labial side of anteroconid complex of ml was measured relative to 

the lowest level of the enamel base on that side (Fig. 4.28). 
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The dental terminology follows Martin (1995;fig. 1) except that the alternating 

triangles within the anteroconid complex of ml are called primary wings following 

Repenning (pers. commun., 1995) and Czaplewski (1990), instead of Triangle 4 and 

Triangle 5. By using the term "primary wing", we can avoid the ambiguity in the 

counting of triangles on ml, especially for XhQMimomys-X\k& arvicoline rodents. The 

concepts of "reentrant pit" and "shelf follow Mou (1997); a reentrant pit refers to the 

depression on the anterior lingual surface or posterior surface at the base of the enamel. 

It usually presents a sulcus in occlusal view. A shelf refers to the swelling of enamel at 

the base of the crown. It is the same structure as the "cingulum" of Zakrzewski (1969). 

The degrees of closure between the occlusal alternating triangles or lobes also follow 

Mou (1997), in which four degrees are used: closed, slightly open, moderately open, 

open. However, it should be noted that the degree of closure between the alternating 

triangles changes even on the same tooth at different degree of wear. Only a general 

pattern can be extracted and no emphasis should be placed on the exact percentages. 

The closure of alternating triangles is useful when we corap&xe Mimomys or other 

advanced genera to primitive genera, Vk&Microtoscoptes, which has open triangles; 

however, caution must be exercised when we compare the different species within 

Mimomys. 

Five stages of wear were used: young—crown not worn, roots not yet developed; 

slightly worn-crown slightly worn, roots developed but short; moderately worn-crown 

worn down about half way, roots long but not closed; worn—crown worn down more 

than half way, roots closed; well worn—crown almost worn out, roots closed. 



Mimomys kanti:. 
Primatywing ^ ACC=antcroconid complcx 

AL=aHterior lobe 

T=altemating triangle 

PL^posterior lobe 

reentrant Height of dentine tract 

Figure 4.28 The terminology of molars of arvicoline rodents. 
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To let the readers grasp the major differences among each species from the 

Panaca local fauna, the schmelzmuster of molars of each species is only briefly 

described here. Detailed description and discussion are placed in Chapter 5. A 

description for a species must be complete, and in consequence, some descriptions may 

be repetitive. 

Mimomys M&lox, 1902 

Mimomys panacaensis Mou, 1997 

(Tables 4.18-4.19; Figs. 4.29-4.30) 

Referred material—9502: Mis: 21323-21332, 21364, 22115-22118; 

M2s: 21338-21347, 22132-22135; M3s: 21348-21355, 22136-22137; mis: 21293-

21300, 21363, 22125-22131; m2s: 21301-21314, 22119-22122; 21315, 21318-21320, 

21322, 21323, 21316. Loc. 9619; Mis: 21849-21854; M2s: 21855-21859; M3s: 21860-

21864; mis: 21865-21872, 21883, 21884; m2s: 21865, 21873-21877; m3s: 21873, 

21878-21882. Loc. 9702: an individual with skull and two mandibles: 22401; an 

individual with a partial skull and the right mandible: 23369; partial skull with right Ml 

and leftMl-M2: 23368; palate with two dentitions: 22402, 23336-23337, 23339; palate 

with right M1-M3 and left M1-M2: 23338; palate with right Ml-2 and left Ml: 23340; 

maxillary with M1-M3: 22417; M1-M3: 22403; maxillary with M1-M2: 22418; 

maxillary with M2-M3: 22436, 22440; Mis: 22420-22435, 22507; M2s: 22437-22439, 

22441-22451, 22508, 23341; M3s: 22452-22463, 23342-23346; mandibles with I and 
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ml-m3: 22404-22412, 22414, IZ'iAl-, ml-m3: 22413; mandible with I and ml-m2: 

22416; ml-m2s; 22415, 22464-22468, 23350; right m2-m3: 23348; mis: 22469-22478, 

22506, 23349; m2s: 22479-22489; m3s: 22490-22503. Loc.9601: Ml: 22108; M2s: 

22109-22111; ml; 22112; m3s; 22113. Loc. 9602: Mis: 22092-22093; M2s; 22094-

22096, 23351; M3s: 22097-22099; mis: 22100-22103; m2: 22104; m3s: 22105-22107. 

Loc. 9609: right Ml; 23373; right M3; 23374. 

Stratigraphic and geographic range—^Rodent Ravine section; 9702, 9619; 

Double Butte section; 9502; Rodent Hill section; 9601, 9602, 9609; Limestone Comer 

section; 8197, in the Panaca Formation, southeast Nevada. 

Age—^Early Blancan. 

Description—^UALP 22401 is an owl pellet with a partial skull, two dentaries, 

and part post-cranial bones. This preservation allows the direct correlation of upper 

dentition to the lower one. The upper incisor is 1.60mm wide, without any groove or 

depression. The diastema between the upper incisor and Ml is 8.9mm. The width of the 

two nasal bones at the widest position is 3.7mm. 

The posterior part of the dentaries of this individual is lost, but UAL? 22406 

from the same locality (Locality 9702) has an almost complete dentary. It is an adult 

with three molars. The lower incisor passes underneath the m2 and labial relative to the 

m3. It ends at the labial side of the dentary between the coronoid process and condyle, 

forming a prominent capsular process. The dental foramen in the lower jaw is anterior 

to the first root of ml on the dorsolateral surface of the dentary, slightly anterior relative 

to the anterior end of the masseteric crest. This position is fairly consistent in all 
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individuals. For the measurements of lower incisor, depth of dentary, and alveolar 

length of ml-m3, see Table 4.19. 

The first lower molar has a posterior lobe, three ahemating triangles, and an 

anteroconid complex (ACC). Labial triangles are slightly smaller than lingual triangles. 

The enamel is uniform in thickness. The degree of closure between the posterior lobe 

and the first triangle is usually slightly open; it is moderately open to open between the 

first and second triangles, moderately open between the second and third triangles, and 

slightly to moderately open between the third triangle and ACC. The apex of the second 

lingual reentrant is constricted and curved anteriorly. An enamel islet is usually present 

on unworn, slightly or moderately worn mis (Table 4.19, Figs. 4.29-4.30 ). In younger 

specimens, the islet is larger and its shape is oval, whereas in older ones, the islet is 

smaller and circular. This islet disappears at the v/om stage. Two mis at the worn stage 

from Locality 9502 and one from Locality 9602 still preserve this islet. The "Mimomys 

kante" is present in all specimens except the well-worn ones. The enamel folds on the 

anterior-labial enamel wall only extend half way down the crown so that the anterior 

ACC is quite smooth on moderately and well-worn mis. The dentine tract on the labial 

side of the ACC is incipient (Table 4.19). 

The second lower molar has a posterior lobe and four alternating triangles. 

Labial triangles are slightly smaller than lingual triangles. The degree of closure 

between alternating triangles is moderately open. The dentine tract is absent labially. 

The third lower molar has a posterior lobe and four alternating triangles, with 

labial triangles slightly smaller than lingual triangles. Triangle 4 is reduced and 



confluent with Triangle 3. The apices of lingual reentrant angles are wide. No posterior 

shelf is present on the m3s from Locs. 9619 and 9702, whereas one m3 (out of five) 

from Loc. 9502 has a posterior shelf 

Table 4.18. Measurements (in mm) of molars of Mimomyspanacaensis from the Panaca 
local fauna. N=number of specimens, M=mean, SD=standard deviation, CV=coefFicient 
of variation, OR=observed range. 

Locality Length Width 

N M SD cv OR N M SD CV OR 
9702 Ml 28 2.47 0.078 3.16 2.30-2.50 28 1.60 0.114 7.09 1.34-1.65 

M2 29 2.11 0.081 3.86 1.88-2.19 28 1.52 0.127 8.33 1.15-1.58 
M3 25 2.00 0.148 7.39 1.65-2.15 25 1.24 0.087 7.01 1.04-1.35 
ml 25 2.81 0.185 6.59 2.46-3.08 29 1.35 0.102 7.56 1.12-1.46 
m2 29 2.01 0.118 5.87 1.73-2.08 30 1.34 0.124 9.20 1.03-1.42 
m3 26 1.83 0.101 5.51 1.58-1.96 26 1.16 0.084 7.27 0.96-1.23 

9619 Ml 3 2.45 0.046 1.88 2.4-2.48 3 1.44 0.040 2.78 1.40-1.48 
M2 3 2.11 0.061 2.90 2.04-2.16 3 1.32 0.040 3.03 1.28-1.36 
M3 4 1.87 0.055 2.95 1.80-1.92 4 1.21 0.050 4.16 1.16-1.28 
ml 6 2.83 0.154 5.46 2.6-3.08 6 1.37 0.084 6.11 1.20-1.42 
tn2 6 2.01 0.041 2.06 1.96-2.06 6 1.39 0.078 5.59 1.24-1.46 
m3 6 1.78 0.104 5.82 1.60-1.88 6 1.10 0.041 3.70 1.02-1.12 

9502 Ml 8 2.60 0.147 5.67 2.40-2.76 8 1.60 0.141 8.86 1.44-1.84 
M2 13 2.12 0.107 5.03 2.00-2.28 13 1.46 0.096 6.56 1.28-1.56 
M3 5 2.02 0.092 4.57 1.88-2.12 5 1.17 0.027 2.29 1.14-1.20 
ml 3 2.80 0.069 2.47 2.76.-2.88 3 1.40 0.000 0.00 1.40-1.40 
m2 17 1.99 0.072 3.66 1.80-2.12 17 1.37 0.063 4.62 1.26-1.46 
m3 8 1.84 0.087 4.74 1.7-1.96 8 1.16 0.080 6.94 1.08-1.28 

9601 Ml 1 2.48 1 1.48 ...... 

M2 1 2.20 — — 1 1.32 
ml I 2.88 — — 1 1.36 
m2 2 1.84 ~~ — 1.8-1.88 2 1.12 1.08-1.16 

9602 Ml 1 2.80 1 1;76 ____ —.. 

M2 2 2.26 0.085 3.75 2.2-2.32 2 1.5 0.141 1.77 1.40-1.60 
M3 2 1.96 0.170 8.66 1.84-2.08 2 1.16 0.056 4.88 1.12-1.20 
ml 2 2.72 0.113 4.16 2.64-2.8 2 1.46 0.141 9.69 1.36-1.56 
m2 1 2.08 — — 1 1.32 — 

m3 3 1.81 0.167 9.18 1.68-2.00 3 1.21 0.023 1.90 1.20-1.24 

9609 M3 1 1.96 — — 1 1.16 — -— 
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Figure 4.29 Mimomyspamcaensis from the Panaca local fauna. A; UALP 22401, 

occlusal views of left M1-M3 and right ml-m3 of one individual from Loc. 9702. B; 

UALP 22454, occlusal view of left M3 from Loc. 9702. C; UALP 21348, occlusal view 

of left M3 from Loc. 9502. D: UALP 22455, occlusal view of left M3 from Loc. 9702. 

E-G: occlusal views of mis from Loc. 9502, UALP 22125, 21299, 21298. H-I: occlusal 

and labial views of mis, UALP 22469, 22475. 
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I  i l  

Imm 

Figure 4.30 The first lower molars ofMimomyspanacaensis from the Panaca local 
fauna. A-L; occlusal views of mis from Loc. 9702. UALP 22470, 22473, 22472, 
22455, 22471, 22405, 22466, 22404, 22467, 22412, 22408, and 22413. 
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The first upper molar has an anterior lobe and four ahemating triangles (Tl, T2, 

T3, and T4 in Fig. 4.28). The apices of labial reentrant angles are flexed posteriorly in 

moderately worn and well worn specimens. No anterior shelf is present on the Mis 

from Loos. 9619 and 9702, but one (out of 13) from Loc. 9502 and one (out of 3) from 

Loc. 9602 have this anterior shelf The dentine tract is weakly developed on the lingual 

side of Triangle 1. Each Ml has three roots, including the anterior, lingual, and 

posterior roots. 

The second upper molar has an anterior lobe and three alternating triangles (T2, 

T3, and T4 in Fig. 4.28). The lingual reentrant apex is slightly curved posteriorly. No 

reentrant pit occurs at the base of the anterior lobe. The dentine tract is weakly 

developed on the lingual side of anterior lobe. The majority of M2s (91%) have three 

roots (see Table 2 for details), two anterior and one posterior. The lingual-anterior root 

is wide and strong. Two M2s from Loc. 9619 and one from Loc. 9602 have only two 

roots. On these specimens, the two anterior roots are fiased, forming an L-shaped root. 

The third upper molar has an anterior lobe, three ahemating triangles (T2, T3, 

and T4 in Fig. 4.28), and a posterior lobe. Labial triangles are much smaller than the 

lingual triangles. In moderately-well worn M3s, the anterior lobe is open to Triangle 2. 

The majority of M3s do not develop either anterior or posterior islet (see Table 4.19 for 

details), even at worn stages. About two-thirds of M3s (76%) have only two roots, but 

the others still preserves three roots (Table 4.19). 
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Table 4.19 Measurements of some characters of Mimomys panacaensis from the Panaca 
local fauna. N=number of teeth with the character, () =sample size, %=percentage of 
teeth with the character in the sample; M=mean of the measurement (in mm). 

Loc. 9702 Loc. 9619 Loc. 9502 Loc. 9602 
N %orM N % orM N %orM N %orM 

Enamel islet on AC 
of young-moderately 
worn mis 15(16) 94% 4(4) 100% 4(4) 100% 0 -

Dentine tracts on 
the labial side of AC 15 0.40 5 0.64 3 0.65 2 0.70 

M2s with 2 roots 0(14) 0% 2(4) 50% 0(12) 0% 1(3) 33% 

M3s with 2 roots 16(21) 76% 4(4) 100% 5(7) 71% 1(2) 50% 

M3s with anterior 
islet 0(29) 0% 1(5) 20% 1(7) 14% 0 0% 

M3s with posterior 
islet 2(29) 7% 2(5) 40% 0(7) 0% 0 0% 

Width of lower incisor 9 1.29 2 1.38 0 ~ 0 -

Diastema between 9 4.30 0 0 0 
I and ml 

Mandibular depth 
below ml 10 5.43 0 — 0 — 0 -

Alveolar length 
of ml-m3 11 6.85 0 — 0 — 0 

Alveolar length 
ofMl-M2 

4 7.13 0 - 0 - 0 

Palate width 4 3.4 0 0 - 0 

Seven molars were chosen to examine their schmelzmuster under SEM, 

including four from Loc. 9702, two from Loc. 9502, and one from Loc. 9602. All of 

them have the same schmelzmuster on the leading and trailing edges of alternating 

triangles. The leading edge of ACC of mis presents discrete lamellar enamel inside and 
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radial enamel outside. The leading edges on alternating triangles present two radial 

enamel layers, and the trailing edges show radial enamel inside and primitive tangential 

enamel outside. 

Comparison and Discussion—The size of teeth from these localities is similar to 

that ofMimomys panacaensis from the type locality (Loc. 8197). The following 

characters indicate that these populations represent M panacaensis: 1) the frequent 

occurrence of enamel islet on ACC of ml; 2) this islet on ACC extends to about half 

way of the crown, persisting until the tooth is more than moderately worn; 3) the 

majority of M2s have three roots; 4) about two-thirds of M3s have two roots; 5) 

occasional occurrence of anterior or posterior islet on M3; 6) schmelzmuster of enamel 

band is the same as that ofM panacaensis from the type locality. 

Notice thatM panacaensis from these localities, especially the population from 

Loc. 9619, has a higher percentage of M3s with two roots than the one from the type 

locality which has 57% of two-rooted M3s (Mou, 1997). The ancestor oiMimomys, 

Promimomys, has three-rooted M3s; it is likely that there will be some fluctuations on 

the percentages of root condition ofM3 in different populations ofMimomys 

panacaensis. Higher percentages are also probably due to the smaller samples from the 

above localities. Loc. 9619 has only totally four M2s that preserved roots. Although all 

of the four M2s have two roots, which is the same percentage as that ofM {Ophiomys) 

mcknighti from the White Bluffs Local Fauna of Washington (Gustafson, 1978), it is 

noticed that this population has a significant portion of M3s with enamel islets. An 
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enamel islet was not seen in any of the six known M3s ofM (Ophiomys) mcknighti. 

Therefore, I refer the arvicolids from Loc. 9619 toM panacaensis. 

The finding of a partial skull with incisors make it possible to verify the absence 

of a groove on the upper incisor ofM panacaensis. This character can help us 

differentiate M panacaensis fromM (Ogmodontomys) sawrockensis from the Saw 

Rock Canyon Local Fauna of Kansas, which has a groove on the upper incisor (Hibbard, 

1941b). The other morphological differences occur in the enamel islet on ml, root 

condition on M3, and schmelzmuster (Mou, 1997). In the dentary ofM panacaensis, 

the capsular process for the reception of the lower incisor is prominent, similar to that of 

M (Cosomys) primus. However, several characters, including the number of roots on 

M3, the shape of ACC on ml, and the schmelzmuster, can readily differentiateM 

panacaensis fiomM. {Cosomys) primus (Mow, 1997; 1998). 

Mimomys panacaensis is recorded in the lowest level of the Rodent Ravine 

section and continued to the highest level in the Rodent Hill section. 



201 

Subfamily Prometheomyinae Kretzoi, 1955 

Nevadomys gen. nov. 

Diagnosis—^Hypsodont, rooted, prismatic cheek teeth, lacking cement in 

reentrant angles; three alternating triangles on mlwith labial triangles distinctly smaller 

than lingual triangles; enamel islet on ACC only in very young individuals and 

disappearing in early stage of wear; enamel folds on the anterior margin of ACC well 

developed and persisting into late wear; very low dentine tract on the labial side of 

molars; M3 with a large posterior islet; an anterior islet present or absent on M3; 

primitive radial enamel on both leading and trailing edges of alternating triangles. 

Differential diagnosis—The cheek teeth of Nevadomys can be distinguished 

from those of Promimomys by their larger size, higher dentine tract, and much less 

frequent retention of enamel islet on ACC of ml. Nevadomys differs fcomMimomys by 

reduction of an islet on ACC of ml and the much more frequent occurrence of large 

posterior enamel islet on M3. It is distinguished from Pliopotamys and Pliophenacomys 

by its smaller size, having three rather than five alternating triangles on ml, and usually 

having the posterior islet on M3. 

Genotype—Nevadomys fejfari. 

Etymology—Nevad, for the state of Nevada where the Panaca Formation 

deposited; mys, for mouse. 



Nevadomys fejfari gen. and sp. nov. 

(Tables 4.20-4.21; Figs. 4.31-4.32) 
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Diagnosis—Size of cheek teeth slightly larger Xh&nMimomyspanacaensis, 

similar to M (Ogmodontomys) sawrockensis', "Mimomys kante" present or absent on 

ACC of ml; one-third of M3s with a small anterior islet; M3 with two roots; the other 

diagnostic characters as the genus: hypsodont, rooted, prismatic cheek teeth, lack cement 

in reentrant angles; three alternating triangles on mlwith labial triangles distinctly 

smaller than lingual triangles; enamel islet on ACC only in very young individuals and 

disappearing in early stage of wear; enamel folds on the anterior margin of ACC well 

developed and persisting into late wear; very low dentine tract on the labial side of 

molars; M3 with a large posterior islet; primitive radial enamel on both leading and 

trailing edges of ahemating triangles. 

Holotype—UALP 21358, left mandible with ml-m2. 

Type locality—^Loc. 9504, in the Rodent Hill section. 

Etymology—fejfari, in appreciation for Dr. Oldrich Fejfar who found the type 

locality of this species and has made great achievements on European arvicoline rodents. 

Referred material—Loc. 9504; partial palate with right M1-M2 and left M1-M2: 

21637,21638; partial palate with right M1-M3 and left Ml: SBDM 1; partial palate with 

right M1-M2 and left Ml; 21639; partial palate v^dth right M2 and left M1-M2: 21641; 

partial palates with M1-M2: SBDM 16, 19; partial palate with left M2-M3: 21640; 

maxillaries withMl-M3: 21634-21636, SBDM 14; maxillaries withMl-M2; 21601, 



203 

21642, 22505, SBDM 15,18, 20; left M2-M3; SBDM 8; maxillary with Ml alveolus: 

21714; Mis: 21602-21607, 21713, SBDM 11, 17;M2s: 21608, 21609, SBDM 17, 21, 

22; M3s: 21610-21616, 21600, 21362, 21715-21716, SBDM 9, 10, 12, 13; mandibles 

with ml-m3: 21356, 21643, 21644,21646, SBDM 4,23; mandibles with ml-m2: 21357, 

21358, 21647-21650, 21651-21653, SBDM 5, 24-26, 30-32; mandibles with m2-m3s: 

21712, 21645; mandible with ml: SBDM 6; mandible with m3: 21655; left m2-m3: 

21617; mis: 21618-21622, 21599, 21718-21720, SBDM 28, 29; m2s: 21623-21625, 

21721, 21359, 21365, SBDM 27; m3s; 21360, 21361, 21626-21633, 21722, 21723, 

SBDM 33. 

Stratigraphic and geographic range—^Rodent Hill section: 9504, in the Panaca 

Formation, southeast Nevada. 

Age—^Early Blancan. 

Description—The palatal groove is as deep as that ofM iOgmodontomys) 

sawrockensis, deeper than that ofM panacaensis. The mental foramen in the lower jaw 

is anterior to the root of ml on the lateral surface of the dentary, about the same height 

as the apex of the masseteric crest. Its position is consistent m young and old 

individuals. The incisor passed the labial side to the m3, ending on the labial side of the 

ramus between the coronoid process and the condyle. In young individuals (UALP 

21358), the capsular process is only an indistinct swelling, but in old individuals (UALP 

21646), the process is prominent. 

The first lower molar has a posterior lobe, three alternating triangles, and an 

ACC. Labial triangles are much smaller than lingual triangles. The degree of closure 
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between the alternating triangles is the same as that ofM panacaensis'. slightly open 

between the posterior lobe and Triangle], moderately open between Triangle 1 and 

Triangle 2, slightly or moderately open between Triangle 2 and Triangle 3, and slightly 

or moderately open between Triangle 3 and ACC. The apex of the second lingual 

reentrant angle is curved anteriorly. "'"'Mimomys kante" is absent on two-thirds of mis 

(Table 4.21). The enamel folds on the anterior-labial surface of ACC are well developed 

and extend quite low in depth, close to the base of the enamel. The enamel islet is much 

reduced compared to that ofM panacaensis', there is no islet on any moderately or well-

worn specimens. Only young individuals show this structure and it disappears after a 

slight wear (Table 4.21). The islet is small and circular. The dentine tract on the labial 

side of ACC is incipient, comparable to that ofM panacaensis (Table 4.21). 

The second lower molar has a posterior lobe and four alternating triangles. 

Labial triangles are slightly smaller than lingual triangles. The degree of closure 

between alternating triangles is moderately open. The dentine tract is absent labially. In 

young individuals, enamel is thinner on-the anterior surface of Triangle 4 (Fig. 4.31, G), 

but the rest of enamel band is uniform in thickness. The posterior shelf is absent on m2. 

The third lower molar has a posterior lobe and four alternating triangles, with 

two deep lingual reentrants and two shallow and broad labial reentrants. Labial triangles 

are slightly smaller than lingual triangles. Triangle 4 is reduced and confluent with 

Triangle 3. As in the m2s, enamel is thinner on the anterior surface of Triangle 4 of 

unworn or slightly worn specimens. The posterior shelf is absent on m3. 
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Figure 4.31 Lower molars ofNevadomys fejfari n. gen. and sp. from Loc. 9504. A: 

UALP 21358, occlusal and labial views of a left dentaiy with ml-m2 (Holotype). B-C; 

occlusal and labial views of mis, UALP 21620, 21619. D-F: occlusal views of mis, 

SBCM 5 and 6, UALP 21357. G: occlusal view of a right m2, UALP 21623. H: 

occlusal view of a right m3, UALP 21629. 





Figure 4.32 Upper molars ofNevadomysfejfari n. gen. and sp. from Loc. 9504. A: 
occlusal view of the right M1-M3, UALP 21636. B: occlusal and labial views of a left 
Ml, UALP 21602. C: occlusal, labial, and anterior views of a left M2, UALP 21608. 
D-F: occlusal, lingual, and anterior views ofM3s, UALP 21611, 21610, and 21715. 
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The first upper molar has an anterior lobe and four alternating triangles. The 

apex of the second labial reentrant angle is slightly flexed posteriorly in moderately and 

well-worn specimens. The closure of alternating triangles is as follows: slightly open 

between the anterior lobe and Triangle 1, moderately open between Triangle 1 and 

Triangle 2; slightly or moderately open between Triangle 2 and Triangle 3, and open 

between Triangle 3 and Triangle 4. The anterior shelf is absent on Ml. One slightly 

worn specimen (UALP 22505) has thinner enamel on the posterior surface, but the rest 

of enamel band has the same thickness. This thinning is not observed in the other 

specimens. Each Ml has three roots, including the anterior, lingual, and posterior roots. 

The second upper molar has an anterior lobe and three alternating triangles. The 

lingual and second labial reentrant apices are slightly flexed posteriorly. The closure 

between alternating triangles are as follows: slightly open between the anterior lobe and 

Triangle 2, slightly or moderately open between Triangle 2 and Triangle 3, and open 

between Triangle 3 and Triangle 4. The reentrant pit is absent on the lingual side of 

anterior lobe. Enamel bands have the same thickness on the occlusal surface. A dentine 

tract is weakly developed on the lingual side of anterior lobe. Each M2 has three roots 

(Table 4.21), two anterior and one posterior. The lingual-anterior root is wide and 

strong. 

The third upper molar has an anterior lobe, three ahemating triangles, and a 

posterior lobe. Labial reentrants and triangles are much smaller than lingual reentrants 

and triangles. This molar is very distinctive by possessing a large enamel islet on the 

posterior lobe. Each M3 has such a character, even as young individuals. Thirty percent 



209 

of M3s have a small anterior islet between the anterior lobe and the first labial reentrant. 

The majority of M3s (94%, see Table 4.21) have only two roots. 

Table 4.20 Measurements (in mm) of molars of Nevadomys n. gen. from the Panaca 
local fauna. N=number of specimens, M=mean, SD=standard deviation, CV=coefFicient 
of variation, OR=observed range. 

Locality Length Width 

N M SD CV OR N M SD CV OR 
Nevadon^s fejfari, n. sp.: 
9504 Ml 22 2.60 0.112 4.33 2.44-2.76 22 1.63 0.091 5.57 1.52-1.73 

M2 22 2.20 0.082 3.75 2.12-2.40 22 1.51 0.097 6.44 1.36-1.67 
M3 14 1.94 0.079 4.05 1.78-1.90 14 1.24 0.044 3.51 1.16-1.27 
ml 12 2.94 0.180 6.12 2.64-3.28 12 1.37 0.072 5.27 1.20-1.44 
ml 22 2.06 0.080 3.91 1.92-2.44 22 1.36 0.095 7.00 1.20-1.48 
m3 11 1.77 0.102 5.75 1.52-1.89 11 1.04 0.052 4.97 0.96-1.10 

Nevadon^s cf. N. fejfari: . 
9620 Ml 13 2.49 0.084 3.38 2.40-2.60 13 1.60 0.071 4.45 1.44-1.68 

M2 10 2.16 0.080 3.72 2.04-2.32 10 1.46 0.091 6.23 1.32-1.60 
M3 14 1.94 0.063 3.27 1.80-2.04 14 1.23 0.087 7.05 1.00-1.32 
ml 9 2.95 0.125 4.24 2.76-3.16 9 1.39 0.057 4.08 1.32-1.48 
m2 15 2.01 0.036 1.78 1.96-2.08 15 1.43 0.042 2.98 1.34-1.48 
m3 16 1.76 0.095 5.39 1.64-1.96 16 1.18 0.053 4.51 1.04-1.26 

Nevadon^s downsi, n. sp.: 
9621 Ml 8 2.63 0.107 4.07 2.48-2.76 8 1.60 0.124 7.76 1.44-1.80 

M2 7 2.20 0.077 3.49 2.08-2.32 7 1.46 0.089 6.09 1.32-1.60 
M3 13 2.02 0.055 2.74 1.92-2.08 13 1.25 0.066 5.28 1.08-1.36 
ml 4 2.96 0.139 4.68 2.76-3.08 4 1.36 0.033 2.40 1.32-1.40 
m2 10 2.03 0.076 3.72 1.96-2.20 10 1.39 0.041 2.97 1.32-1.44 
m3 10 1.86 0.055 2.98 1.76-1.92 10 1.18 0.054 4.56 1.08-1.24 

Nevadon^s Undsayi, n. sp.: 
9616 Ml 7 2.84 0.083 2.93 2.72-2.92 7 1.73 0.056 3.26 1.68-1.80 

M2 9 2.33 0.051 2.20 2.26-2.40 9 1.62 0.070 4.35 1.50-1,70 
M3 13 2.21 0.088 3.99 2.06-2.36 13 1.30 0.060 4.60 1.24-1.40 
ml 7 3.31 0.144 4.34 3.08-3.48 7 1.51 0.086 5.67 1.40-1.64 
m2 14 2.29 0.073 3.21 2.18-2.40 14 1.53 0.119 7.77 1.32-1.68 
m3 10 2.01 0.123 6.10 1.80-2.16 10 1.27 0.074 5.85 1.12-1.36 
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Table 4.21 Measurements of some characters of Nevadomys from the Panaca local 
fauna. N=number of teeth with the character, ( ) =sample size, %=percentage of teeth 
with the character in the sample; M=mean of the measurement (in mm). 

N. fejfari N. cf. N. fejfari N, dawnsi N. Undsayi 
Loc. 9504 Loc. 9620 Loc. 9621 Loc. 9616 
N % or M N % or M N % or M N % or M 

Enamel islet on AC 
of young-moderately 
worn mis 3(8) 38% 1(4) 25% 2(7) 29% 3(10) 30% 

Young-worn mis 
without ''Mimomys 
kante" on AC 

4(13) 31% 9(14) 64% 12(12) 100% 13(13) 100% 

M2s with 2 roots 0(11) 0% 0(9) 0% 0(17) 0% 0(12) 0% 

M3s with 2 roots 16(17) 94% 17(17) 100% 14(16) 88% 2(16) 13% 

M3s with anterior 
islet 6(20) 30% 3(16) 19% 1(19) 5% 1(17) 6% 

M3s with posterior 
islet 20(20) 100% 14(16) 88% 15(19) 79% 17(17) 100% 

Dentine tracts on 
the labial side of AC 6 0.63 10 0.53 4 0.84 7 0.77 

Width of lower incisor 6 1.39 0 1 1.40 0 

Diastema between 
land ml 

10 4.92 0 0 - 0 

Mandibular depth 
below ml 11 6.05 0 0 — 0 

Alveolar length 
of ml-m3 12 7.56 0 0 — 2 8.40 

Palate width 4 3.03 0 0 - 0 

Alveolar length 
ofMl-M3 3 7.28 0 0 0 
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Four molars, including two mis, one Ml, and one M3 were chosen for 

examination of their schmelzmuster of enamel bands. These molars differs from M 

panacaemis in that, the leading edge of ACC of ml is occupied completely by the 

primitive radial enamel, and no discrete lamellar enamel is seen anywhere even at the 

apex of alternating triangles. The leading edges of alternating triangles of all specimens 

have two radial enamel bands with about the same thickness, which is similar to that of 

M. panacaensis. The inner radial enamel (close to dentine) is more compressed than the 

outer radial enamel. However, the trailing edges of ahemating triangles are also 

composed of two radial enamel bands, similar to the schmelzmuster of the leading 

edges. Primitive tangential enamel is only present on the trailing edge of the posterior 

lobe of ml and the anterior lobe of upper molars. Some primitive tangential enamel can 

also be observed on the trailing edges of Triangle 2 of mis. 

Comparison and discussion—Nevadomys fejfari can be easily distinguished from 

other North American arvicoline rodents by the shape of ACC on ml and the large 

posterior enamel islet on M3. Enamel folds on the anterolabial side of ACC are well 

developed and extend down close to the base of the enamel. Enamel islet on ACC is 

much reduced, and the disappearance of this islet occurs at an earlier stage of wear than 

that ofM panacaensis, M. {Cosomys) primus, or species ofM (Ophiomys), in which the 

islet persists until the tooth is moderately worn. Reduction of the enamel islet is also 

seen in the species ofM (Ogmodontomys) (Zakrzewski, 1967) and Pliophenacomys, but 

N. fejfari can be readily distinguished fromM {Ogmodontomys) by the presence of 
• 

enamel folds on its ACC and its distinctive M3. Pliophenacomys has five alternating 
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triangles on ml, and the enamel folds on ACC are better developed on the labial side. 

The posterior islet on M3 in Pliophenacomys is absent. Nevadomys fejfari has a higher 

dentine tract on the labial side of ACC than Promimomys or Microtoscoptes\ its dentine 

tract is comparable toM panacaensis (Tables 4.19 and 4.21) andM (Ophiomys) 

mcknighti. 

Compared toM panacaensis, on one hand, the arvicoline rodents from Loc. 

9504 have dental characters more derived in (1) reduction of enamel islet on ACC and 

(2) reduction of root numbers on M3; on the other hand, Loc. 9504 arvicolines have 

some characters more primitive in the schmelzmuster of enamel bands and the enamel 

islet on M3. The thinner enamel on the anterior surface of m2 and m3, and on the 

posterior surface of upper molars that is characteristic of N. fejfari is not observed inM 

panacaensis. However, this enamel thinning differs from the concept of enamel 

differentiation (discussion see the schmelzmuster section) that we observe in the 

advanced arvicolids, as the leading edges and trailing edges in these molars from Loc. 

9504 have virtually the same thickness. 

This population has some characters similar to European 

vandermeuleni (Fejfar et al., 1990): 1. There are deep and well-developed fine enamel 

folds on the anterior margin of ACC. 2. The M3 has a large posterior islet, and the 

anterior islet is also frequently present. 3. The M3 has two roots. 4. Size is similar. 5. 

Dentine tract on the labial side of ACC has similar height. However, M vandermeuleni 

has a deep and large enamel islet on ACC of ml. Its descendant in Europe, M davakosi, 

retains this character. Since the arvicoline rodents from Loc. 9504 have so many 
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distinctive characters relative toM panacaensis, as well as the other knov^m arvicolids, I 

consider these arvicolids from Loc. 9504 a new genus, and it is probably native to North 

America. For a phylogenetic discussion, please see the section "Phylogeny of 

Nevadomys" after the description of the other two new species in this genus. 

Nevadomys cf. N. fejfari gen. and sp. nov. 

(Tables 4.20-4.21; Figs. 4.33-4.34) 

Referred material—Loc. 9620: maxillaries withMl-M2; 21887, 21888, 21895; 

Mis: 21885, 21886, 21889-21894, 21896-21900, 21902-21904; M2s: 21901, 21905-

21915, 21972; M3s: 21916-21935; right mandible with ml-m3: 21936; mandibles with 

ml-m2: 21937-21939; left m2-m3: 21962; mis: 21940-21961; m2s: 21963-21971; 

21973-21977; 21978-21995. 

Stratigraphic and geographic range—^Brown Bone Beds: 9620, in the Panaca 

Formation, southeast Nevada. 

Description—The ml has a posterior lobe, three alternating triangles, and an 

ACC. As in the mis from the type locality of N. fejfari, the enamel islet is only present 

on young individuals (Table 4.21), and fine enamel folds are well developed on the 

anterior and anterolabial surfaces of ACC. The degree of closure between alternating 

triangles is similar to that of N. fejfari from the type locality. The m2s and m3s are 

similar to N. fejfari, respectively. The enamel on the anterior surface of Triangle 4 is 

thinner than the rest of the enamel band on unworn or slightly worn m2s and m3s, but in 
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more worn specimens, the enamel thinning is absent. The posterior shelf is absent in 

any m2 or m3. 

The dentary UALP 21936 is a moderately worn aberrant Nevadomys fejfari in 

that its mental foramen is situated on the labial side of mandible, slightly lower than the 

apex of masseteric crest (Fig. 4.34). This position is lower than the mental foramen of 

most specimens of JV. fejfari, but similar low position of mental foramen is also seen on 

three specimens oiNevadomys downsi n. sp. from Loc. 9621 (UALP 22047 and 22048). 

The ml on UALP 21936 has a posterior lobe, three ahemating triangles, and an ACC. 

No enamel islet is present on the ACC. A "'Mimomys kante" is well developed on the 

primary wing. 

The Ml has an anterior lobe, three alternating triangles, and a posterior lobe. An 

anterior shelf is present on 18% (3 out of 17) of the observable specimens. One Ml has 

an enamel interruption on the posterior surface of Triangle 4 (UALP 21894, used to 

check schmelzmuster). Each M3 has three well-developed roots. The M2s are similar 

to those of N. fejfari from the type locality. Each M2 has three roots. 

As seen on the M3s of N. fejfari from the type locality, the majority of M3s 

(88%) from Loc. 9620 have a large posterior enamel islet, and each tooth has only two 

roots. The teeth that do not have a posterior enamel islet have the Triangle 3 bending 

posteriorly. This bending is not seen in any M3 ofM panacaensis. 

Two mis and one Ml are used for SEM schmelzmuster examination. On one 

ml, a well developed, thick lamellar enamel layer is present on the leading edge of 

ACC, but on the other ml, a thick discrete lamellar enamel layer is observed. The 
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Figure 4.33 Nevadomys cf. N. fejfari n. gen. and sp. from Loc. 9620. A-D: occlusal 
views of mis, UALP 21947 (used for schmelzmuster), 21940,21944, and 21943. E; 
labial view of A (21947). F: labial view of B (21940). G-H: occlusal and anterior views 
ofM3s, UALP 21921 and 21916. 
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Figure 4.34 A lower jaw of Nevadomys cf. N. fejfari n. gen. and sp. from Loc. 9620. 
has a low mental foramen and slight different ACC on ml compared to the other 
specimens from Loc. 9620 and Loc. 9504. 

It 
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leading edges of alternating triangles are composed of two radial enamel layers, similar 

to those of N. fejfari from the type locality, and the trailing edges have the same 

schmelzmuster as the leading edges with the exception that primitive tangential enamel 

is observed on the trailing edges of the posterior lobe of mis and anterior lobe of the 

Ml. 

Discussion—^Except for the schmelzmuster on the ACC, all the other characters 

are very similar to those of Nevadomys fejfari from the type locality. The 

schmelzmuster on the ACC of ml from this population is more derived than that oiN. 

fejfari and comparable to that ofM panacaemis. However, the schmelzmuster on the 

rest of the enamel bands is comparable to that of N. fejfari but more primhive than that 

ofM panacaensis. The characters of M3s in this population seem to exclude the 

possibility of mixture of two species. It is more likely that this population may represent 

a new species of Nevadomys, but at this time, I tentatively refer it to N. fejfari pending 

the collection of a larger sample. 

Nevadomys lindsayi gen. and sp. nov. 

(Tables 4.20-4.21; Figs. 4.35-4.38) 

Diagnosis— Cheek teeth larger than Nevadomys fejfarv, absence of the 

"'Mimomys kante"; majority (87%) of M3s with three roots, having the anterior-lingual 

root thin and largely reduced; plus other diagnostic characters of the genus. 

Holotype—^UALP 21809: an old adult with left and right mandibles with ml-m3. 
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Type locality—^Rodent Ravine section; 9616. 

Etymology—lindsayi, named for Dr. Everett H. Lindsay for his outstanding 

contributions to the research of North American rodents. 

Referred material—Loc. 9616: Mis: 21762-21776; M2s: 21777-21789; M3s: 

21790-21808; mis: 21810-21824; m2s: 21825-21839; m3s: 21840-21848. 

Stratigraphic and geographic range—^Rodent Ravine section: 9616, in the 

Panaca Formation, southeast Nevada. 

Age—^Early Blancan. 

Description—The ml has a posterior lobe, three alternating triangles, and an 

anteroconid complex. Its size is significantly larger than N. fejfari or N. downs n. gen. 

and sp. (Fig. 4.35). In Figure 4.35, two specimens that fell into the range of the latter 

two species are juveniles, and they are the only two mis that present an enamel islet on 

ACC. The islet is small and circular, like those oiN. fejfari. The degree of closure 

between ahemating triangles is slightly open to moderately open. The apex of the 

second lingual reentrant is curved forward. "'Mimomys kante" is absent on each ml. The 

fine enamel folds are well developed on the anterior margin of ACC, and they disappear 

at the worn stage. The dentine tract on the labial side of ACC is incipient, similar to that 

ofN. fejfari (Table 4.21). 

The second lower molar has a posterior lobe and four alternating triangles. 

Labial triangles are slightly smaller than lingual triangles. The degree of closure 

between the posterior lobe and Triangle 1 is slightly open or moderately open, open 

between Triangle 1 and Triangle 2, slightly or moderately open between Triangle 2 and 
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Triangle 3, and open between Triangle 3 and Triangle 4. The dentine tract is absent 

labially. As in N. fejfari, thinner enamel is present on the anterior surface of Triangle 4 

in unworn or slightly worn specimens (Fig. 4.36, D), but the rest of enamel band is 

uniform in thickness. No posterior shelf is present on any m2. 

The third lower molar has a posterior lobe and four alternating triangles, with 

labial triangles distinctly smaller than lingual triangles. The degree of closure between 

the posterior lobe and Triangle 1 is slightly open or moderately open, open between 

Triangle 1 and Triangle 2, slightly or moderately open between Triangle 2 and Triangle 

3, and open between Triangle 3 and Triangle 4. As in the m2s, thinner enamel is present 

on the anterior surface of slightly worn specimens (Fig. 4.36, E). The posterior shelf is 

absent on m3. 
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Figure 4.35 Scatter plot of size of the first lower molars of Nevadomys from the Panaca 

local fauna. 



Figure 4.36 Lower molars ofNevadomys litidsayi n. gen. and sp. A. occlusal view of a 
left ml-m3, UALP 21809. B-C: occlusal and labial views of mis, UALP 21810 and 
21811. D: occlusal and labial views of a right m2, UALP 21829. E-F: occlusal and 
labial views of mSs, UALP 21840 and 21841. 
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Figure 4.37 Upper molars of Nevadomys lindsqyi n. gen. and sp. A-B: occlusal and 
lingual views of Mis, UALP 21762 and 21763. C-D: occlusal and lingual views of 
M2s, UALP 21777 and 21779. E-G: occlusal, lingual, and anterior views ofM3s, 
UALP 21791, 21790, and 21792. 
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The first upper molar has an anterior lobe and four alternating triangles. The 

apices of labial reentrant angles are flexed posteriorly in moderately-well worn 

specimens. The degree of closure between the anterior lobe and Triangle 1 is slightly 

open, open between Triangle 1 and Triangle 2, slightly open between Triangle 2 and 

Triangle 3, and open between Triangle 3 and Triangle 4. The enamel is thinner on the 

posterior surface of Triangle 4 on a slightly worn specimen (UALP 21771). The rest of 

enamel bands have the same thickness. No anterior shelf is seen on the Mis. Each Ml 

has three roots, including the anterior, lingual, and posterior. 

The second upper molar has an anterior lobe and three alternating triangles. The 

lingual reentrant apex is slightly curved posteriorly. The degree of closure between the 

anterior lobe and Triangle 1 is slightly open, slightly to moderately open between 

Triangle 1 and Triangle 2, and open between Triangle 2 and Triangle 3. The dentine 

tract is weakly developed on the lingual side of anterior lobe. No reentrant pit is seen on 

theM2s. Each M2 has three roots (Table 4.21), two anterior and one posterior. The 

lingual-anterior root is wide and strong. 

The third upper molar has an anterior lobe, three alternating triangles, and a 

posterior lobe. Labial triangles are much smaller than lingual ones. Each M3 has a large 

posterior islet. As in the type population of N. fejfari, this islet occurs at unworn stage 

and lasts until well-worn. An anterior islet is occasionally present (1 out of 17, 6%). 

The majority of M3s have three roots (14 out of 16, 88%), two anterior and one posterior 

The anterior root at the lingual side is much reduced and the thinnest among the three 
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roots. On the two M3s with only two roots, the two anterior roots are fused with a 

groove. 

Four teeth, including two mis, one Ml, and one M3, are used for their 

schmelzmuster examination. As in N. fejfari, the leading edge of ACC is composed 

totally of radial enamel. The leading and trailing edges both show two radial enamel 

bands, with the inner one is more compressed. Some primitive tangential enamel can be 

seen on the trailing edges of the labial alternating triangles. The trailing edge of the 

posterior lobe presents a tangential enamel layer better developed than that of N. fejfari. 

A(17) B(17) C(16) D(16) 

Localities and sample size 

A: Loc. 9504, Nevadomys fejfari-, 
B: Loc. 9620, Nevadomys cf. N. fejfari] 
C: Loc. 9621, Nevadomys dov^nsi\ 
D: Loc. 9616, Nevadomys lindsayi. 

I 

ila * 

••00 mi 

iii 

B3-rooted M3s 

B2-rooted M3s 

Figure 4.38 Distribution of root condition on the M3s of Nevadomys from the Panaca 
local fauna. 
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Comparison and discussion—The well developed enamel folds on the anterior 

margin of ACC of ml, the reduction of enamel islet on ACC, and the presence of large 

posterior islet on each M3, strongly suggest that the population from Loc. 9616 is a 

species within the genus Nevadomys. Two distinctive characters of this population can 

be used to differentiate it from A'", fejfarr. 1) significantly larger size; 2) the majority of 

M3s developing three roots (Fig. 4.38). 

Loc. 9504, where Nevadomys fejfari came from, is stratigraphically higher than 

Loc. 9616. N. fejfari could be derived from N. lindsayi by the fusion of two anterior 

roots on M3 and decreasing in overall size. 

Nevadomys downsi gen. and sp. nov. 

(Tables 4.20-4.21; Fig. 4.39) 

Diagnosis—Size similar to Nevadomys fejfari', ACC of ml four-lobed with a 

deep prism fold on the anterior and lingual surfaces; ''Mimomys kante" absent on ACC 

of ml; 74% of M3s with a large posterior islet; M3 with two roots; plus other diagnostic 

characters of the genus. 

Holotype—^UALP 22054, a left ml. 

Type locality—^Loc. 9621, in the Brown Bone Beds section. 

Etymology—downsi, in appreciation for Mr. William F. Downs who found 

several localities in the Panaca Formation and worked with us each field season in 

Panaca. 
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Referred material— Loc. 9621: right maxillary with M1-M2: 22091; right M2-

M3: 22028; Mis: 21996-22010; M2s: 22011-22027; M3s: 22029-22046; right mandible 

with ml-m2: 22047; right mandible with ml: 22048; left ml-m2: 22049; mis: 22050-

22064; 22065-22076; m3s: 22077-22090. 

Stratigraphic and geographic range—^Brown Bone Beds: 9621; in the Panaca 

Formation, southeast Nevada. 

Age—^Early Blancan. 

Description—The ml from this site has a posterior lobe, three alternating 

triangles, and the ACC. Labial triangles are distinctly smaller than lingual triangles.. 

The enamel folds are well developed on the anterior margin of ACC, but they disappear 

at the moderately worn stage. After the crown is slightly worn, a single narrow but deep 

fold is preserved on the anterior margin of ACC. A labial fold persists on the ACC until 

moderate wear. The ACC do not have "Mimomys kante", or that structure is indistinct. 

An enamel islet is present only on very young individuals. The degree of closure 

between the posterior lobe and Triangle 1 is slightly open; it is open between Triangle 1 

and Triangle 2, moderately open between Triangle 2 and Triangle 3, and slightly to 

moderately open between Triangle 3 and the ACC. The dentine tract is gently rounded, 

slightly higher than Nevadomys fejfari from Loc. 9504 and 9620 (Table 4.21). 

The second lower molar has a posterior lobe and four alternating triangles. 

Labial triangles are much smaller than lingual triangles. The degree of closure between 

alternating triangles is slightly open between the posterior lobe and Triangle 1, 

moderately open between Triangle 1 and Triangle 2, slightly open between Triangle 2 
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and Triangle 3, open between Triangle 3 and Triangle 4. The dentine tract is incipient 

labially. As in N. fejfari, thinner enamel is present on the anterior surface of Triangle 4 

in unworn or slightly worn specimens, but the rest of enamel band is uniform in 

thickness. No posterior shelf is present on any m2. 

The third lower molar has a posterior lobe and four alternating triangles, with 

labial triangles much smaller than lingual triangles. The degree of closure between 

alternating triangles is slightly open between the posterior lobe and Triangle 1, 

moderately open between Triangle 1 and Triangle 2, slightly open between Triangle 2 

and Triangle 3, and open between Triangle 3 and Triangle 4. As in the m2s, thinner 

enamel is present on the anterior surface of unworn or slightly worn specimens. No 

posterior shelf is present on any m3. 

The first upper molar has an anterior lobe and four alternating triangles. Lingual 

triangles are distinctly smaller than labial triangles. The apices of labial reentrant angles 

are flexed slightly posteriorly in moderately and well-worn specimens. The degree of 

closure between the alternating triangles is slightly open between the anterior lobe and 

Trianglel, moderately open between Triangle 1 and Triangle 2, closed or slightly open 

between Triangle 2 and Triangle 3, and moderately open between Triangle 3 and 

Triangle 4. Enamel is thinner on the posterior surface of Triangle 4 on a slightly worn 

specimen (UALP 21997). The rest of enamel bands have the same thickness. 

Interestingly, on 40% (4 out of 10) of the specimens, an anteriorly directed enamel prism 

is developed from the base of the crown on the anterior surface (Fig. 4.39, K). Two of 

them are very distinct, and the other two are low. 



Figure 4.39 Nevadomys downsi n. gen. and sp. from Loc. 9621. A-H: occlusal views of 

mis, UALP 22.54, 22060, 22053, 22051 (used for schmelzmuster), 22050, 22049, 

22052, 22055. I; labial view of E (22050). J; labial view of D (22051). K: occlusal and 

lingual views of a left Ml, UALP 22001. L-M: occlusal and lingual views of M3s, 

UALP 22033, 22036. 
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An anterior shelf is absent on the Mis. Each Ml has three roots, including the anterior, 

lingual, and posterior ones. 

The second upper molar has an anterior lobe and three alternating triangles. 

Lingual triangles are slightly smaller than labial triangles. The lingual reentrant apex is 

slightly curved posteriorly. The degree of closure between the anterior lobe and 

Triangle 2 is slightly open; it is slightly open between Triangle 2 and Triangle 3, and 

moderately open between Triangle 3 and Triangle 4. The dentine tract is incipiently 

developed on the lingual side of anterior lobe. No enamel prism is observed on the 

anterior surface of M2. Each M2 has three roots (Table 4.21), two anterior and one 

posterior. The lingual-anterior root is wide and strong. 

The third upper molar has an anterior lobe, three alternating triangles, and a 

posterior lobe. Labial triangles and reentrants are much smaller than lingual ones. 

Seventy-nine percent of M3s have the posterior islet. Three specimens (UALP 22033, 

22037, and 22038) have the islet incompletely closed by having the posterior lingual 

reentrant slightly open. The islet will be formed with fiirther wear. Four specimens 

(UALP 22031, 22032, 22034, and 22035) lack the posterior islet and have the posterior 

lingual reentrant open until late wear. Within these four specimens, three have a 

posteriorly bent Triangle 3 (Fig. 4.39, L), as some M3s of Nevadomys cf N.fejfari from 

Loc. 9620. One (UALP 22032) out of 19 specimens has a small anterior islet. As in N. 

fejfari, the majority ofM3s (88%, see Table 4.21) have only two roots. 

Two mis and one Ml were examined under SEM for their schmelzmuster. The 

leading edge on ACC of two mis present completely radial enamel. The leading edges 
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and trailing edges have the same pattern, and both are composed of two radial enamel 

bands. Primitive tangential enamel is observed on the trailing edge of the posterior lobe 

of ml. 

Comparison and Discussion—This population has the following characters 

similar to Nevadomys fejfari: 1) size; 2) enamel folds on the anterior margin of ml; 3) 

reduction of enamel islet on ml; 4) two-rooted M3; 5) majority of M3s with the 

posterior islet; 6) primitive radial enamel. However, it also has several characters that 

are different from N. fejfari: 1) the four-lobed ACC that is caused by a deep prism fold 

on the anterior and lingual surfaces; 2) more frequent absence of "Mimomys kante" on 

ACC; 3) slightly higher dentine tract on the labial side of ACC; 4) a strong but narrow 

enamel prism may be present on the anterior surface of Ml, which has never been 

reported in any known arvicolids; 5) incomplete closure of the posterolingual reentrant 

in M3 of some specimens. 

Loo. 9621 is only 2m higher than Loc. 9620 in the same section (Brown Bone 

Bed section). The latter produced an arvicoline population identified as close to 

Nevadomys fejfari. These two species probably evolved from their ancestor somewhere 

else in North America and immigrated to Panaca at about the same time. They represent 

a similar evolutionary stage of development in the Nevadomys lineage. 

The four-lobed ACC on ml is also seen in some European arvicolines: 

Germanomys, Stachomys, and Ungaromys (Fejfar et al., 1998). Stachomys and 

Ungaromys are distinctive ftom Nevadomys in their m2, m3, and M3 (Kowalski, 

1960;fig.4; Fejfar et al., 1998;plate 7). Germanomys (Fejfar and Repenning, 1998) is 
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more similar to Nevadomys in the following characters: 1) well-developed fine enamel 

folds on the anterior of ACC of ml; with further wear, the ACC is four-lobed; 2) 

reduction of enamel islet on ACC; 3) comparable low dentine tract on the labial side of 

ACC; 4) the Triangle 3 on M3 bent posteriorly, as in some M3s of Nevadomys fejfari 

and N. downsi (percentages or root condition is not published). However, the closure 

degree between Triangle 3 and ACC is more open than that of Nevadomys downsi, and 

there is a distinct reentrant on Triangle 4 of m2 that is not seen in the m2 of N. downsi. 

A shallow depression, instead of a distinct enamel prism, is present on the anterior 

surface of Ml. Based on these differences, I tentatively consider that the population 

from Loc. 9621 is a species of Nevadomys rather than Germanomys. 

Phylogeny of Nevadomys—To summarize the differences of Nevadomys and 

Mimomyspanacaensis, the genotype N. fejfari is chosen to compare withM 

panacaensis as the following: 

Nevadomys fejfari Mimomys panacaensis 

Enamel islet on m 1 reduced (derived) not reduced (primitive) 

^Mimomys kante" absent/present present 

Enamel folds on ACC well developed lost at early worn stage 

Posterior enamel islet 

onM3 majority(>80%) (primitive) few(<10%) (derived) 

Roots on M3 majority (>90%) with 2 .roots half with 3 roots (primitive) 

(derived) 

Schmelzmuster radial enamel (primitive) discrete lamellar or lamellar on ACC 

(derived) 
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Figure 4.40 Distributions of the enamel islet on mis and the posterior enamel islet 

M3s of Mimomys pomacaensis and Nevadomys from the Panaca local fauna. 
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The distribution of character status of M3 and ml is plotted on Figure 4.40, 

showing the contrasts between Nevadomys and Mimomyspanacaensis. As discussed 

before, N. fejfari have some more advanced as well as more primitive characters relative 

to M. panacaensis. Therefore, it is not likely that the two genera share the most recent 

ancestor. M. panacaensis is probably an immigrant from Europe, whereas Nevadomys is 

most likely endemic to North America. 

The earliest known species that have prismatic, high-crowned cheek teeth in 

North America are Goniodontomys and Microtoscoptes from the Hemphillian. Since 

these two genera have been used rather inconsistently in the literature, a brief review is 

needed to clarify their diagnoses. 

Microtoscoptes was first reported from Ertemte, Iimer Mongolia of China based 

on one ml and Ml (this tooth was actually an M2, Fahlbusch, 1987). The genotype is 

M. praetermissus. Its diagnosis was summarized by Gromov and Polyakov (1977) as 

the following: lingual triangle of M2 and M3 about half the size of the labial one; only 

one lingual reentrant on M2, and correspondingly, only two lingual triangles on the 

tooth; M3 shorter than M2; posterior lobe ofM3 simple. Goniodontomys was erected by 

Wilson (1937) based on two lower jaws from Oregon; it has only been reported from 

North America. Wilson (1937) named the genotype species Goniodontomys disjunctus, 

with its diagnosis that the triangles are opposite rather than alternating. Hibbard (1959) 

studied similar specimens from Wyoming and Idaho, and he changed Goniodontomys 

disjunctus xnio Microtoscoptes disjunctus, considering that Goniodontomys is the junior 

synonymy oiMicrotoscoptes. This was followed by Repenning (1968), Hibbard (1972), 
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and Shotwell (1970), but was not followed by Gromov and Polyakov (1977) and 

Fahlbusch (1987). Comparing the Eurasian and North American specimens, Gromov 

and Polyakov (1977) gave a diagnosis of Goniodontomys as the following: lingual 

triangle of M2 and M3 the same size as the labial one, facing oppositely; two lingual 

reentrants on M2, and correspondingly, three lingual triangles on the tooth; M3 longer 

than M2; a deep reentrant on the posterior lobe of M3. 

Martin (1975) studied some Hemphillian arvicoline rodents from the upper 

portion of the Ogallala Group in Nebraska. He identified some specimens as 

Microtoscoptes disjuncius, but he recogmzed Microtoscopies disjunctus of Shotwell 

(1970) and some other specimens from Nebraska as a new genus, Paramicrotoscoptes, 

with the new species designated as Paramicrotoscoptes hibbardi (genotype of 

Paramicrotoscoptes). This species is also characterized by its opposite triangles; its M2 

has only one broad lingual reentrant, which is similar to that oiMicrotoscoptes 

praetermissus but different from that of Goniodontomys disjunctus. However, its M3 

differs from that ofM praetermissus in its larger size and the presence of an posterior 

enamel islet. 

Since 1975, no moxQ Microtoscoptes, Paramicrotoscoptes, or Goniodontomys 

have been reported from North America in the literature. In his review, Repenning 

(1987) made the following changes informally; 1) Microtoscoptes disjunctus was 

changed back into Goniodontomys disjunctus, following Gromov and Polyakov (1977); 

2) Paramicrotoscoptes was considered the junior synonymy of Microtoscoptes-, the 

species Paramicrotoscoptes hibbardi was changed to Microtoscoptes hibbardi, which 
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was the only species of Microtoscoptes in North America. This classification was later 

followed by Korth (1995) in his review of North American Tertiary rodents. 

However, almost at the same time, Fahlbusch (1987) studied a much larger 

sample of Microtoscoptes praetermissus (about 150 specimens) from Ertemte, the 

topotypic locality and described the morphology of the whole dentitions of this species. 

He concluded that Microtoscoptes and Goniodontomys are two distinct genera, with the 

major differences on the morphology of M2, M3, and m3. Paramicrotoscoptes is 

different ftom Microtoscoptes, but phylogenetically closer to Microtoscoptes than to 

Goniodontomys. Along with this paper (Fahlbusch, 1987), Koenigswald (1987) 

described the enamel microstructure of molars of the three genera. He found that 

Microtoscoptes and Goniodontomys have similar schmelzmuster, whereas 

Paramicrotoscoptes has a different schmelzmuster. 

Based on the above reviews and examination of Martin's (1975) illustration, I 

agree with Gromov and Polyakov (1977) and Fahlbusch (1987) XhaX Microtoscoptes, 

Goniodontomys, and Paramicrotoscoptes are three distinct genera. So far, 

Microtoscoptes has not been found in North America, whereas Goniodontomys and 

Paramicrotoscoptes have not been found in Europe. In the following discussion, I will 

follow this conclusion. 

• Repenning (1987) derived Pliophenacomys from 'Tropliophenacomys", and 

further suggested that Paramicrotoscoptes (he actually changed its name to 

Microtoscoptes as mentioned above) gave rise to "'Propliophenacomys" (Repenning et 

al, 1990). However, the intermediate genus in this lineage, ''Propliophenacomys", is 
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very poorly documented as pointed out by Korth (1995). This genus was erected by 

Martin (1975), who included two species, "P." uptegrovensis and "^Pparkeri. The 

former was later found to be a recent individual of Phenacomys intermedius (Voorhies, 

1984). '''Propliophenacomys" parkeh was based on five specimens from a locality in the 

upper part of the Ogallala Group. Among these specimens, the mis on the two lower 

jaws are broken, but the "M/wowj/j kante" is still preserved (Martin, 1975:fig.6 A, B). 

For the two isolated mis, one is slightly worn, with the ''Mimomys kante"; the other one 

is worn, without the "'Mimomys kante" (Martin, 1975:fig.6 C, D). The fifth specimen is 

an Ml. The diagnosis parkeri given by Martin (1975) was not distinctive from 

the early arvicoline rodents, and the only usefijl character was the absence of an enamel 

islet on the mis. Since three mis have the ''Mimomys kante", and the other one does 

not, Martin (1975) stated that "(T)wo types of ml seem to be represented in the small 

sample and more than one taxon might prove to be present if additional material is 

collected." "Mimomys kante" could be lost due to the advanced wear as m Mimomys 

pamcaensis', we certainly need a larger sample to characterize the species 

"Propliophenacomys" parkeri. Voorhies (1977) later reported the occurrence of 

"Propliophenacomys''' parkeri from a late Hemphillian fauna of Nebraska, cited by 

Repenning (1987); however, that was just a single ml, included in the sample reported 

by Martin (1975). Repenning (1987) also mentioned this species from Washington, but 

no description of this population has been published. 

Compared to the taxa Goniodontomys disjunctus, Paramicrotoscoptes hibbardi, 

and "Propliophenacomys^' parkeri, Nevadomys seems more closely related to 
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Paramicrotoscoptes hibbardi. In the ml s of P. hibbardi, the ACC is four-lobed with a 

deep anterior enamel fold, which is similar to that of Nevadomys downsi. The enamel 

islets exist on unworn or slightly worn mis in P. hibbardi, and Nevadomys is derived by 

further reduction of this islet. A large posterior enamel islet is present on the M3 of P. 

hibbardi', Nevadomys still retains this character, but the MS is more derived by its 

reduction (as in N. lindsayi) or even fusion (as in N. fejfari and N. downsi) of the 

anterolingual roots. The enamel microstructure of Nevadomys is also similar to 

Paramicrotoscoptes, in which both the leading and trailing edges of the enamel bands 

are composed of two radial enamel layers. 

Following the phylogeny of Pliophenacomys proposed by Repenning (1987), 

Korth (1995) placed this genus in the same subfamily zs Paramicrotoscoptes and 

Goniodontomys, which is Prometheomyinae. For the reasons discussed above, 

Nevadomys was likely derived from Paramicrotoscoptes, and is therefore placed in the 

subfamily Prometheomyinae. 
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Order Caraivora Bowdich, 1821 

There are only a few teeth of camivora from the Panaca local fauna in our 

collection, and most of them are broken. A lower jaw of a ring tail cat with the canine 

and cheek teeth is exceptional among them. At least two groups of carnivores, 

procyonids and canids, lived in the Meadow Valley during the early Blancan. 

Family Procyonidae Gray, 1825 

Bassariscus CouQs, 1887 

Bassariscus casei Hibbard 1952 

(Table 4.22; Fig. 4.41A and B) 

Referred material—^Loc. 9601: UALP 23327: a left dentary with the canine, pl-

ml, and the alveolus of m2, plus an isolated left m2, and right p2-p3. 

Stratigraphic and geographic raw^e—Rexroad local fauna, Rexroad Formation 

of Kansas; Beck Ranch local fauna, Texas; Loc. 9601, Panaca local fauna, Nevada. 

Age—^Early Blancan. 

Description—The dentary is slender and horizontal. Two mental foramina are 

located beneath the p2 and p3, respectively. The posterior one is higher and much 

smaller. The dentition is relatively compact compared to the recent species, with 

diastema existing only between the canine and pi (2.0mm) and between the p2 and p3 

(0.4mm). The length from the anterior border of canine to the posterior border of the m2 
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alveolus is 3.22cm, and the mandible depth is 0.66cm below p3, and 0.75cm below ml. 

The ascending ramus started on the labial side of the posterior root of m2. 

The pi is unicuspid and single rooted, closely situated beneath the anterior base 

of the p2. The p2 and p3 are similar except that the p3 is slightly larger and has a wider 

posterior part. Both teeth have a single large, laterally flattened cusp. The p4 is 

distinctly larger than the other premolars and has three cusps, with a short, flat talonid 

lacking cusps. The three cusps are in line, more or less, whh the protoconid the highest, 

and the minute paraconid the lowest; the "metaconid" (or deuteroconid) is "twinned" to 

the posterior side of the protoconid. 

The ml has three prominent cusps on the trigonid and is distinctly larger than p4. 

The protoconid is the largest cusp; it is appressed lingually (and slightly posteriorly) to 

the lower metaconid, and is appressed anteriorly by the deep camassial notch to the 

much lower paraconid. The lingual metaconid forms a narrow and steep valley with the 

protoconid. The talonid is much lower and smaller than the trigonid, with the ratio of 

anteroposterior length of the talonid to the trigonid 58.3%. The talonid has three small 

cusps, the labial hypoconid is the largest, the lingual entoconid is smaller, and the 

minute medial hypoconulid joins the hypoconid and entoconid on the posterior margin. 

An indistinct mesostylid is present on the lingual valley between the metaconid and 

entoconid. 

The m2 and two right premolars were found separiately but adjacent to the jaw. 

They have the same degree of wear as the other teeth on the jaw; I therefore assume that 

they all came from the same individual. The m2 is distinctly smaller and lower than the 
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ml, with the talonid longer than the trigonid. The trigonid has two small, laterally 

opposed and medially joined cusps; the Ungual metaconid is slightly larger than the 

labial protoconid. A relatively broad anterior shelf takes the place of the paraconid. The 

talonid is elongated anteroposteriorly, forming a broad, flat basin with a labial 

hypoconid that is slightly lower than the protoconid and a very small lingual entoconid. 

The posterior margin is missing, but its width suggests a relatively prominent 

hypoconulid has been lost. 

Comparison and discussion—^Baskin (1989) gave one synapomorphy for 

Probassariscus and Bassariscus with respect to other procyonines in having a 

hypoconulid on ml. He also found out that between these two genera, Bassariscus is 

more derived in having ml with merged entoconulid and entoconid and with 

hypoconulid more prominent, and in having p4 reduced in size relative to ml. The 

specimen from the Loc. 9601 is thus referred to the genus Bassariscus. 

Two species of Bassariscus \\v& today in North America: B. astutus (ring tail) 

and B. sumichrasti (coati mundi). There are several fossil species of Bassariscus: B. 

parvus from Miocene faunas (Hall, 1927; Gregory and Downs, 1951), B. casei from 

early Blancan faunas (Hibbard, 1952; Dalquest, 1978; Anderson, 1984), B. ogallalae 

from the middle Pliocene of Ogallala Formation, western Nebraska (Hibbard, 1933), and 

B. sonoitensis from the late Pleistocene of Arizona (Skinner, 1942). Some 

undifferentiated Bassariscus materials have also been reported from several Hemphillian 

and Blancan faunas (Lindsay et al., 1984; Czaplewski, 1990). Hibbard (1950) erected B. 
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rexroadensis based on a left mlfrom the early Blancan Fox Canyon local fauna of 

Kansas, but Bjork (1973) suspected the specimen represented a procyon. 

According to Hall's (1927) measurements of 40 mis of living B. astutus, the size 

of ml of UALP 23327 falls in the range of B. astutus. However, compared to the recent 

specimens, the premolars of the Panaca specimen are more crowded; in B. astutus, a 

diastema occurs not only between p2 and p3 but also between pi and p2 and between p4 

and ml. The ascending ramus of B. astutus started behind the m2 rather than from the 

labial side of m2. In 5. sumichrasti, the ratio of talonid length to the trigonid length in 

ml is greater than 68% (Hall, 1927:table 1), which is significantly larger than in the 

Panaca specimen. 

UALP 23327 is larger than B. parvus (see Hall, 1927:table 1 and Gregory and 

Downs, 1951: Page 3 for the measurements of m 1), and the premolars on the dentary are 

not as crowded as those of B. parvus. On the type specimen of B. parvus, there is no 

diastema between p2 and p3 (Hall, 1927: plate 64, i). B. ogallalae is characterized by 

having equal anteroposterior lengths for ml and m2; on UALP 23321, the m2 is 

distinctly smaller than ml in both the anteroposterior length and transverse width. B. 

casei has a size similar to B. astutus, but it is distinguished from the latter by its 

narrower lower cheek tooth dimensions and more open valley between the cusps 

(Hibbard, 1952). UALP 23327 is slightly larger than the type specimen of B. casei in 

both the anteroposterior length and transverse width, and its posterior mental foramen is 

smaller and higher in the jaw than in the type specimen. However, the following 

characters are very similar between the two specimens: 1) distribution of diastema; 2) 
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the trigonid/talonid ratio of ml; 3) occlusal pattern of cusps on each cheek teeth. I 

notice that there is about 1.7mm and 0.6mm differences in the ml length and width, 

respectively, of 40 specimens ofB. astutus (Hall, 1927;table 1). Considering that 5. 

casei could also have comparable intraspecific variation, I refer UALP 23327 to B. 

casei. 

Table 4.22 Measurements (in mm) of the teeth of Bassariscus from the Panaca local 
fauna and type specimen of Bassariscus (UMMP 29169, from Hibbard, 1952b). L=lefl, 
R=right. 

Locality Specimen Tooth Length Width 

Bassariscus casei: UMMP UMMP 
29169 29269 

9601 23327 Lp2 
Rp2 
Lp3 
Rp3 
p4 
ml 

3.75 2.08 
3.67 3.5 
4.08 2.17 

2.08 
2.67 

2.00 1.5 

4.08 

tngonid 
talonid 

5.25 4.8 
7.92 7.4 
5.00 4.8 
2.92 2.6 

4.00 3.5 
3.63 2.7 

^Bassariscus casei: 
8197 21441 LMl 5.92 4.9 8.92 7.5 

21446 Rm2 
21447 ix 
21448 ix 

5.92 3.25 
0.92 
1.00 

IBassariscus casei Hihhaid 1952 

(Table 4.22; Fig. 4.41C) 
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Referred material—Loc. 8197: left Ml: 21441; left M2; 21442; mis; 21444-

21445; right m2: 21446; lower incisors: 21447-21448. 

Stratigraphic and geographical range—^Panaca Formation, southeast Nevada, 

Limestone Comer section: 8197. 

Age—^Early Blancan. 

Description and comparison--of these teeth are isolated but from the same 

locality. They are referred to a single species based on their comparable sizes. 

The Ml is well preserved. The occlusal pattern in very similar to the recent 

species except that the size is slightly larger. The paracone is larger than the metacone; 

the hypocone is on the posterolingual side of the protocone; there is a small metaconule 

but no protoconule. It is 1.00mm longer and 1.5mm wider than the type Ml of B. casei. 

The M2 is a broken tooth with only the lingual part preserved; there is a distinct 

protocone, indistinct hypocone, and a tiny metaconule. 

The two lower incisors are weakly bilobed. The two mis are broken, but the 

three cusps on the talonid, the hypoconid, hypoconulid, and entoconid, can be detected. 

The m2 has the same size as the m2 of Bassariscus casei from Loc. 9601. These 

specimens probably represent Bassariscus casei. 

Family Canidae Fisher de Waldheim, 1817 

Ca/jw Linnaeus, 1758 

Ccmis sp. 

(Fig. 4.41D) 
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Referred material—Loc. 9601: 23328: left maxillary with post partial P3, P4, 

two labial roots of Ml, and one root alveolus of M2. 

Age—^Early Blancan. 

Description and comparison—The P4 and talonid of P3 are the only teeth 

preserved on the maxillary. The P3 talonid is relatively narrow compared to modem 

Canis latrans, with remnant of the posteriorly-descending protocone preserved. The P4 

has a high paracone, a large metacone, and a small but distinct protocone. The length of 

P4 is 1.70cm and width is 0.80cm. This size is slightly smaller than the P4 of Canis 

latrans. Its camassial basin is as deep as but smaller than that of C. latrans. The 

infraorbital foramen is above the posterior root of P3. 

This is the only specimen of Canis that has been found from the Panaca local 

fauna. It could represent an ancestral coyote, such as C. lepophagus, which has been 

found abundant from the middle Blancan Hagerman local fauna of Idaho (Bjork, 1970). 

Canivora, family, gen. and sp. indet. 

Referred material—^Loc. 9619: left ?P3: 23329; Loc. 9504: left p2: 23331; 

premolar: 23332. Loc. 9621: left p4: 23334; upper incisor: 23335. Loc. 8197: right p4: 

21443. 

Description—At least two or three taxa are included in these isolated teeth. 
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The lower premolar, probably a P3, from Loc. 9619 has a major cusp and a tiny lingual 

cuspule. Its length is 5.5mm and width is 3.5mm. The base of protocone is widened. 

The p2 from Loc. 9504 has a similar size (length 3.33 mm, width 2.08 mm) with 

Bassariscus, but it has a tiny cuspule on the lingual shelf Another premolar from the 

same locality is also unicuspid, but without any cuspules and quite small (length 

2.17mm, width 1.67mm). 

The p4 from Loc. 9621 has only the labial part of trigonid. It is different from 

the p4s of Bassariscus having larger size and higher paraconid. The upper incisor is 

very small, with the transverse width only 0.84 mm. 

The p4 from Loc. 8197 has a significantly larger ratio of width relative to the 

length than the p4s of Bassariscus (length 3.28mm, width 2.24mm, and ratio 68%). It 

has a high protoconid, and a small paraconid. Its occlusal pattern is similar to the p4 of 

recent species of Spilogale, but the base of the protoconid is wider relative to the length 

of tooth compared to Spilogale. 
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Figure 4.41 Carnivores from the Panaca local fauna. A: Bassariscus casei from Loc. 
9601, UALP 23327, occlusal and labial views of a left dentary with the canine, pl-ml 
and alveolus of m2. B; occlusal view of the left m2 from the same individual as of A. 
C: Bassariscus sp. from Loc. 8197, UALP 21441, occlusal view of a left Ml. D: Canis 
sp. from Loc. 9601, UALP 23328, occlusal and labial views of a left maxillary with post 
part of P3, P4, two labial roots of Ml, and one root alveolus of M2. 
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CHAPTER 5. SCHMELZMUSTER OF MIMOMYS AND 

NEVADOMYS (NEW GENUS) FROM THE 

PANACA LOCAL FAUNA 

Introduction and study method 

The enamel of a mammalian tooth is composed of two kinds of materials, the 

prisms and interprismatic material (IPM). The inorganic crystallites, hydroxyapatite, is 

the major material in the prisms, whereas the IPM has most of the organic material. The 

study of enamel microstructure of fossil teeth has provided important information on the 

phylogeny of mammal taxa (see the review of Koenigswald and Clemens, 1992). Five 

hierarchical levels of microstructure have been utilized under the SEM, which are 

crystallites, enamel prisms, enamel types, schmelzmuster, and dentition. The level of 

crystallites requires the highest magnification. The level of enamel types studies the 

arrangement of the enamel prisms and the IPM. The higher level, schmelzmuster, refers 

to the three dimensional arrangement of different enamel types on the enamel bands of a 

tooth. For example, the schmelzmuster of the enamel band of a tooth can be composed 

by a layer of radial enamel type plus a layer of tangential enamel type. Schmelzmuster 

is a German word, in which "schmelz" means enamel and "muster" means "pattern". 

However, the directly literal translation "enamel pattern" does not express the precise 

meaning of schmelzmuster; therefore, h has been a convention to use the word 
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"schmelzmuster" even in English papers. Schmelzmuster has been believed to be 

generally stable at the family or generic level (Koenigswald, 1980, 1982; Koenigswald 

and Clemens, 1992; Koenigswald etal., 1993). 

To study the schmelzmuster of the enamel band of a tooth, we have to examine 

the enamel types that compose the schmelzmuster. There are three basic enamel types 

observed in the schmelzmuster of arvicolids (Koenigswald, 1980, 1982): radial, 

tangential, and lamellar. In radial enamel, all of the prisms are parallel to each other and 

perpendicular to the occlusal surface, with the IPM crossing the prisms at a right angle. 

This enamel type forms the cutting edge of a tooth, but it lacks strength to resist 

abrasion, resulting in hairline cracks. In tangential enamel, the prisms and the EPM have 

the same relationship as the radial enamel, but both the prisms and IPM are oriented 

parallel instead of perpendicular to the occlusal surface. The absence of crystallite 

material directed toward the occlusal surface makes the tangential enamel weak in this 

direction. In advanced arvicolids, the tangential enamel on the trailing edges of 

ahemating triangles is gradually reduced and finally lost, leaving the trailing edges of 

the alternating triangles thinner than the leading edges. This is why we observe enamel 

differentiation in these advanced arvicolids under the optical microscope. The prisms 

and IPM can be oriented at any angle between 90° and 0° from the occlusal surface. In 

this study, if the angle from the occlusal surface is more than ~30°, the enamel type is 

referred as primitive tangential enamel, otherwise, it is referred as true tangential enamel 

or simply, tangential enamel. Among the primitive tangential enamel types, I define a 

primitive tangential enamel type is better developed than the other if it has a smaller 
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angle from the occlusal surface. For example, in one primitive tangential enamel type, 

the prisms and IPM are oriented at about 45° from the occlusal surface, whereas in the 

other primitive tangential enamel type, the prisms and IPM are oriented at about 60° 

from the occlusal surface, then the former is a better-developed primitive tangential 

enamel type. The third type of enamel is lamellar enamel, which is actually another 

name for uniserial Hunter-Schreger bands. In true lamellar enamel, the prisms are 

parallel to the occlusal surface, but each prism layer is oriented about 90° relative to the 

adjacent (the overlying or underlying) layer. The IPM is oriented in the third dimension, 

perpendicular to the occlusal surface. If the prisms rise out toward instead of parallel to 

the occlusal surface, they are called "discrete lamella", which is considered a primitive 

sort of lamellar enamel (Koenigswald, 1980, 1982). Lamellar enamel provides the 

greatest strength of the enamel types to resist stress in all directions, including hairline 

cracks. 

According to the fimctional morphology described by Koenigswald (1980), the 

schmelzmuster on the occlusal surface of arvicoline molars can be considered 

characteristic of enamel microstructure throughout the leading and trailing edges of 

ahemating triangles. In the lower molars, the anterior lophs of ahemating triangles are 

leading edges, and the posterior lophs are trailing edges. The upper molars have a 

reversed pattern. Each leading edge has the same schmelzmuster, so does the trailing 

edge. However, a leading edge may have a different schmelzmuster from a trailing 

edge. If a leading edge and a trailing edge have different schmelzmuster, the taxon is 

said to have an asymmetrical schmelzmuster on its alternating triangles (Koenigswald, 
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1980, 1982). Koenigswald (1980, 1982) also found that the schmelzmuster along the 

occlusal surface remains constant throughout the entire height of the crown. 

Koenigswald (1980) studied seven species of European Mf/wo/wy^ and found that 

the schmelzmuster of this genus is asymmetrical: the leading edge of alternating triangle 

has lamellar enamel inside and radial enamel outside, whereas the trailing edge has 

radial enamel inside and tangential enamel outside. Mou (1998) studied the 

schmelzmuster of fifteen specimens of Mimomys pamcaensis from the type population; 

she found that the schmelzmuster of this species is comparable to that of the primitive 

European M/wo/w>'5, which supports the hypothesis ihat Mimomys immigrated to North 

America from Eurasia. She also noticed that the characteristic pattern of schmelzmuster 

is consistent in different molars and at different stages of wear; however, slight 

differences occur at different height of crown, especially on the leading edge of ACC 

and trailing edge of posterior lobe of ml. 

In this study, 24 teeth from different localities in the Panaca Formation were 

examined for their schmelzmuster. The teeth were embedded in epoxy resin and ground 

with coarse and fine silicon-carbide abrasives. The grinding surface was always parallel 

to the occlusal surface through the entire grinding and polishing procedure. After 

polishing, the exposed enamel surface was etched in 5% HCL for 15-20 seconds. All of 

the specimens were then coated and examined under the SEM. 
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Mimomys panacaensis MOM, 1997 

(Figs. 5.1-5.4) 

Mimomys panacaensis from the type locality has asymmetrical schmelzmuster. 

Most of the leading edges of ahemating triangles have two radial enamel layers; the 

inner layer is developed into discrete lamellae on some of the leading edges. The 

trailing edge is also characterized by two layers, with the radial enamel on the inside and 

primitive tangential enamel on the outside (Mou, 1998). In this study, seven specimens 

were chosen from three other localities to see if their schmelzmuster differs from that of 

the type population. 

Four teeth from Loc. 9702, including two mis, one Ml, and one M2, were 

examined under the SEM. The two moderately worn mis (UALP 22474 and 22506) 

demonstrate very similar schmelzmuster as that of mis from the type locality. On the 

trailing edge of the posterior lobe, two layers of enamel radial-primitive tangential (Fig. 

5.3, B), can be recognized from dentine to the outside. This is slightly different from the 

schmelzmuster of mis from the type locality, where very thin primitive tangential and 

radial enamel occur between the thick radial-primitive tangential enamel. On the labial 

half of this trailing edge, the prisms and the IPM are oblique labially, whereas on the 

lingual half of the trailing edge, the prisms and the IPM are oblique lingually. This 

primitive tangential enamel is very similar to the true tangential enamel, much better 

developed than on the trailing edges of alternating triangles. The trailing edge on the 

labial triangle (Triangle 2) has a radial enamel layer on the inside (adjacent to dentine) 
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and primitive tangential enamel on the outside, each occupying half of the enamel band 

(Fig, 5.2, B). The prisms and the IPM in the outer layer are only a few degrees from the 

plane perpendicular to the occlusal surface, but this slight obliquity can be readily 

distinguished from the radial enamel. However, on the trailing edges of two lingual 

ahemating triangles (Triangles 1 and 3), the primitive tangential enamel is not 

developed yet; instead, two radial enamel layers compose this edge (Fig. 5.3, A). The 

leading edges on the labial and lingual sides of ahemating triangles are also different. 

The leading edge on the labial ahemating triangle has two layers; discrete lamellar 

enamel inside and radial enamel outside (Fig. 5.2, A). However, on the leading edges of 

lingual alternating triangles, two radial enamel layers with equal thickness are observed; 

the prisms and the IPM are more tightly compressed in the inner layer (Fig. 5.3, A). 

Discrete lamellar enamel is present at the apices of some alternating triangles between 

two radial enamel layers. The leading edge of ACC is characterized by a thick discrete 

lamellar enamel layer on the inside and a thin radial enamel layer on the outside (Fig. 

5.1). On the labial side of the ACC, a discrete lamellar layer can be traced from the 

"Mimomys kante" to the end of this edge. 

The Ml (UALP 22507) examined came from a young individual. This tooth has 

schmelzmuster similar to that of the slightly worn ml. It has primitive tangential 

enamel and radial enamel on the trailing edge of the anterior lobe (Fig. 5.4, A). On the 

labial half of this trailing edge, the prisms and the IPM are oblique to the labial side, 

whereas on the other half, they are oblique to the lingual side. This primitive tangential 

enamel is better developed than the one on the trailing edges of alternating triangles 
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(Fig. 5.4, B). Discrete lamellar enamel can be seen at the apices of Triangles 1 and 2. 

This discrete lamellar enamel is about one-third of the enamel thickness, occurring 

between two radial enamel layers. The leading edges of the other part of Ml have two 

radial enamel layers similar to that of ml. At the trailing edges of alternating triangles, 

the prisms and the IPM are oriented a few degrees oblique to the plane perpendicular to 

the occlusal surface and form a primitive tangential enamel next to a radial enamel layer 

(Fig. 5.4, B). 

The M2 (UALP 22508) examined is a slightly worn specimen. As in the Ml, the 

primitive tangential enamel is developed on the trailing edge of the anterior lobe. A 

discrete lamellar layer occurs at the apices of the labial triangles. The leading edges and 

trailing edges of alternating triangles have the same schmelzmuster, respectively, as the 

other specimens. 

Since some mis from Loo. 9502 are larger than any mis from the type locality, 

two mis, one small (UALP 21296), the other large (UALP 21297), were chosen for the 

schmelzmuster examination. The two specimens present similar patterns with some 

slight differences. Both have primitive tangential enamel on the trailing edge of the 

posterior lobe, and discrete lamellar enamel on the leading edge of ACC. However, 

traces of true lamellar enamel on the ACC and discrete lamellar enamel on the apices of 

alternating triangles are observed on 21296, whereas on 21297, only discrete lamellar 

enamel is present on the ACC. The primitive tangential enamel on the trailing edges of 

alternating triangles is better developed on 21296 than 21297. The leading edges of the 

two specimens have the same schmelzmuster. Mou (1998) noticed that within the type 
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population ofM panacaensis, both true lamellar and discrete lamellar enamel could be 

present on the ACC, thus this difference between these two teeth from Loc. 9502 is 

considered a variation within one population. 

As the sample from Loc. 9602 is small, an m3 was chosen to examine the 

schmelzmuster to test the accuracy of the assignment to M panacaensis. This m3 

(UALP 22107) shows the same schmelzmuster pattern as the m3s ofM panacaensis 

from the type locality. The leading edges of Triangles 3 and 4 are composed of an outer 

discrete lamellar enamel layer and an inside radial enamel layer. On the leading edge of 

Triangle 4, close to the apex, traces of true lamellar enamel are observed. Discrete 

lamellar enamel is also present on the apices of other alternating triangles. The leading 

edges of the alternating triangles have two radial enamel layers, and the trailing edges 

have an outer primitive tangential enamel layer and an inner radial enamel layer. The 

trailing edge of the posterior lobe has better developed primitive tangential enamel 

compared to the ahemating triangles. 

In summary, the specimens from Loc. 9702, 9502, and 9602 demonstrate the 

development of similar schmelzmuster as that of specimens from the type locality, with 

the following slight differences among the specimens: 1) primitive tangential enamel 

may not be present on the trailing edges of lingual alternating triangles (22474 from 

Loc. 9702; 21297 from Loc. 9502); 2) discrete lamellar enamel may not be present on 

the apices of lingual alternating triangles (the same two specimens). Since the primitive 

tangential enamel and discrete lamellar enamel are pooriy developed on the lingual 
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alternating triangles of the other specimens, I consider these two differences as 

intraspecific variations. 

Compared to the other North American arvicolids, M. panacaensis has very 

different schmelzmuster from M (Cosomys) primus or M. (Ophiomys) parvus 

(Koenigswald and Martin, 1984; Mou, 1998). The schmelzmuster of M 

(Ogomodontomys) pocphagus is close to M. panacaensis in that the leading edges of 

alternating triangles have only radial enamel, and the trailing edges of alternating 

triangles develop radial and primitive tangential enamel. However, the primitive 

tangential enamel on the former has two layers (Koenigswald, 1980:fig.40), which is not 

seen in the later species. Martin (1972) named a species M77wo7w^5 monohani from an 

early Pleistocene fauna in Nebraska. This species has high dentine tracts and cement in 

the reentrant angles, but interestingly, its schmelzmuster is very primitive (Koenigswald 

and Martin, 1984). Because of this, Koenigswald and Martin (1984) erected a new 

genus for this species as Loupomys monohani. The schmelzmuster of this species is 

very similar to that ofM panacaensis. Its trailing edges are composed of primitive 

tangential enamel and radial enamel; the leading edge is composed of two radial enamel 

layers; traces of discrete lamellar enamel are present on the apices of aUernating 

triangles (Koenigswald and Martin, 1984;figs. 9-12). Loupomys monohani should 

probably be assigned toMimomys based on its schmelzmuster. 
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Nevadomys fejfari, n. gen. and sp. 

(Figs. 5.5-5.8) 

Two mis, one Ml, and one M3 from Loc. 9504 were examined for their 

schmelzmuster. The two mis are moderately worn (UALP 21619, 21720). Both teeth 

present the same schmelzmuster. The trailing edge of the posterior lobe develops an 

outer primitive tangential enamel layer and an inner radial enamel layer (Fig. 5.5, B). In 

21619, the primitive tangential enamel is about one-third the width of the enamel band, 

whereas in 21720, it is about half the width. As in the mis of M panacaensis, on the 

labial half of this trailing edge, the prisms and the IPM are oblique labially, whereas on 

the lingual half of the trailing edge, the prisms and the IPM are oblique lingually. The 

primitive tangential enamel is not developed as well as inM panacaensis. The trailing 

edges of alternating triangles are occupied totally by radial enamel, although two layers 

can be differentiated: the inner layer is more compressed than the outer layer. A poorly 

developed primitive tangential enamel layer is observed on the trailing edge of Triangle 

2 in both specimens (Fig. 5.8, A). The leading edges of ahemating triangles have the 

same schmelzmuster as on the trailing edges (Fig. 5.6, A). No lamellar or discrete 

lamellar enamel is seen even at the apices of alternating triangles (Fig. 5.7). The leading 

edge of ACC is also composed totally of radial enamel (Fig. 5.5, A). Of the eight mis of 

M panacaensis that have been examined (Mou, 1998; this study), the leading edge of 

ACC presents discrete lamellar enamel on six specimens, and true lamellar enamel on 

the other two. None of these specimens ofM panacaensis have complete radial enamel 

on the leading edge of ACC. 
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The Ml (UALP 21603) is moderately worn. As in the mis, the leading and 

trailing edges are composed of radial enamel. No discrete lamellar enamel is present on 

the apices of ahemating triangles. The trailing edge of the anterior lobe has traces of 

poorly developed primitive tangential enamel (Fig. 5.8, B). Compared to the Ml, the 

M3 that was examined has better-developed primitive tangential enamel on the trailing 

edge of the anterior lobe, but the leading and trailing edges of alternating triangles have 

the same schmelzmuster as the Ml. The enamel islets present radial enamel. 

In summary, the schmelzmuster of Nevadomys fejfari is less complex and 

probably more primitive than that ofM pcmacaensis. It has no traces of lamellar or 

discrete lamellar enamel anywhere in the enamel band. The leading and trailing edges 

of alternating triangles are composed of radial enamel. The primitive tangential enamel 

on the posterior lobe of ml and the anterior lobes of Ml and M3 is not developed as 

well as that inM pcmacaensis. 

Nevadomys cf. N. fejfari, n. gen. and sp. 

(Figs. 5.9-5.10) 

The specimens are from Loc. 9620 in the Brown Bone Beds section. Their 

schmelzmuster is described separately because the morphological characters of this 

population are the same as the type population of Nevadomys fejfari except for their 

schmelzmuster. 
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Two mis (UALP 21945 and 21947) were examined under the SEM. UALP 

21945 is worn, and 21947 is moderately worn. Both teeth present primitive tangential 

enamel on the trailing edge of the posterior lobe (Fig. 5.9, B), similar to that of N. 

fejfari. The leading and trailing edges of alternating triangles are composed of radial 

enamel (Fig. 5.9), although radial enamel is not differentiated into two layers as well as 

in the type population. However, on the leading edge of ACC, UALP 21945 presents 

well-developed lamellar enamel (Fig. 5.10, A), occupying about two-thirds of the 

enamel thickness, and UALP 21947 presents discrete lamellar enamel for about half of 

the enamel thickness. Both patterns were observed in the mis ofM panacaensis (Mou, 

1998), but none is present on the two mis of A^. fejfari from the type locality. 

The Ml (21894) is a slightly worn specimen, with interruption of the enamel at 

the posterior surface of ahemating Triangle 4. This interruption will disappear with 

slight further wear, as in some other molars in this population as well as the type 

population of N. fejfari. The trailing edge of the anterior lobe has a poorly developed 

primitive tangential enamel layer (Fig. 5.10, B), but is better developed than the Ml 

from the type population. The leading edges and trailing edges of alternating triangles 

are composed of radial enamel. Traces of primitive tangential enamel are observed on 

the trailing edges of the labial alternating triangles. The interruption of enamel on 

ahemating Triangle 4 is caused by the reduction in thickness of radial enamel. No trace 

of discrete lamellar or true lamellar enamel is seen on this tooth. 

This population is assigned to a species close to N. fejfari but notM panacaensis 

or another new species for the following reasons: 1) enamel islet on ml is only seen on 
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young individuals; 2) the shape of ACC on ml is the same as that of N. fejfari from the 

type locality; 3) a large posterior islet is present on 88% of M3s; 4) all the M3s have two 

roots; 5) the leading (except ACC) and trailing edges of ahemating triangles have the 

same schmelzmuster as those of N. fejfari from the type locality, respectively. The only 

difference between this population and the type population is that this population 

presents more derived schmelzmuster on the leading edge of ACC of ml. 

Nevadomys lindsayi, n. gen. and sp. 

(Figs. 5.11-5.13) 

Two mis, one Ml, and one M3 from Loc. 9616 were examined. One ml (UALP 

21817) is well worn, and enamel on the leading edge of ACC is not preserved; the other 

ml (UALP 21816) is moderately worn, but the posterior lobe is missing. The trailing 

edge of the posterior lobe of 21817 is composed of a tangential enamel layer and a radial 

enamel layer, each occupying about half of the enamel thickness (Fig. 5.12, B). This 

tangential enamel is better developed than the primitive tangential enamel of mis of A*! 

fejfari', however, it is only present on the labial half of the trailing edge. On the lingual 

half of the trailing edge, only radial enamel is present. The leading edges of alternating 

triangles have only radial enamel (Fig. 5.11, A); the trailing edges of lingual triangles 

have only radial enamel (Fig. 5.11, B), but the trailing edges of labial alternating 

triangles have outer primitive tangential enamel and inner radial enamel (Fig. 5.12, A). 

Although traces of primitive tangential enamel are also seen on the labial alternating 
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triangles of N. fejfari, the one on N. lindsayi is better developed. The leading edge of 

ACC is composed of only radial enamel (Fig. 5.13, A). Traces of tangential enamel are 

observed on the leading edge of ACC close to primary wing. No discrete or true 

lamellar enamel is seen on either specimen. 

The MI (UALP 21765) is a worn specimen. The primitive tangential enamel on 

the trailing edge of the anterior lobe is poorly developed, occupying one-third of the 

enamel thickness. The leading edges of alternating triangles have only radial enamel, 

and the trailing edges have traces of primitive tangential enamel in the middle of the 

enamel band (Fig. 5.13, B). This primitive tangential enamel is not developed as well as 

inM panacaensis. The labial alternating triangles have better developed primitive 

tangential enamel than the lingual alternating triangles. 

Since one of the differences of Nevadomys lindsayi from N. fejfari is the three-

rooted M3s, an M3 (UALP 21794) was chosen to examine its schmelzmuster. It 

presents the same pattern as that of N. fejfari. One-third of the enamel thickness of 

primitive tangential enamel is present on the trailing edge of the anterior lobe. The 

leading and trailing edges of alternating triangles are composed of radial enamel. 

The schmelzmuster of Nevadomys lindsayi is primitive in that no trace of 

discrete or true lamellar enamel is seen on any part of the enamel band, and primitive 

tangential enamel is pooriy developed. This pattern is very similar to that of N. fejfari. 

A slight difference is that N. lindsayi has true tangential enamel on the trailing edge of 

posterior lobe of mis. 
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Nevadomys downsi, n. gen. and sp. 

(Figs. 5.14-5.15) 

Two mis and one Ml from Loc. 9621 were examined for the schmelzmuster. 

Both of the ml s are moderately worn, on one (UALP 22060) the posterior lobe is 

missing, but the other one (UALP 22051) is complete. The trailing edge on the 

posterior lobe is composed of half primitive tangential enamel and half radial enamel. 

The leading edges of alternating triangles are composed of two layers of radial enamel; 

the inner layer is more compressed than the outer layer (Fig. 5.14, B). The trailing edges 

of alternating triangles have the same pattern as the leading edges. Traces of primitive 

tangential enamel are observed on the trailing edges of labial ahemating triangles. The 

leading edge of ACC is composed of radial enamel (Fig. 5.14, A). A few of prisms 

close to the dentine at the apices of the lobes on ACC may extend toward the occlusal 

surface, forming a trace of discrete lamellar enamel. No discrete lamellar enamel is seen 

on the apices of the ahemating triangles (Fig. 5.14, B). 

A moderately worn Ml (LfALP 21999) with a distinct enamel "prism" on the 

anterior surface was chosen for examination. Traces of primitive tangential enamel are 

seen on the trailing edge of the anterior lobe (Fig. 5.15, B), and the enamel "prism" on 

the anterior surface is composed totally of radial enamel (Fig. 5.15, A). The primitive 

tangential enamel is as poorly developed as in the Ml of K fejfari. The leading and 

trailing edges of alternating triangles have the same schmelzmuster, respectively, as the 

mis. 
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The schmelzmuster oiNevadomys downsi appears more primitive than that ofM 

pamcaensis, and close to that of N. fejfari. It is slightly more derived than N. fejfari in 

that a trace of discrete lamellar enamel is seen on the ACC of ml. 

In summary, all of the species of arvicoline rodents in the Panaca local fauna 

have primitive schmelzmuster on the occlusal surface of molars. Among them, the 

schmelzmuster of Mimomyspanacaensis is most derived, with discrete lamellar enamel 

and better-developed primitive tangential enamel. Nevadomys fejfari and N. lindsayi 

have the most primitive schmelzmuster. 1^. downsi has a very similar pattern as the 

other two species of Nevadomys, with a slight difference in the appearance of traces of 

discrete lamellar enamel on the ACC of ml. Nevadomys cf N. fejfari from Loc. 9620 

could represent a new species, with the more derived schmelzmuster on the ACC of ml, 

but at this time I consider it as N. fejfari. 

In the previous chapter (Chapter 4), I proposed a phylogeny in which Nevadomys 

was probably derived from Paramicrotoscoptes. The Paramicrotoscoptes-Nevadomys 

relationship is not only supported by the dental morphology discussed in Chapter 4 but 

also by the enamel microstructure of molars. According to Koenigswald (1980, 1987), 

the leading and trailing edges of opposite triangles of Paramicrotoscoptes hibbardi has 

the same schmelzmuster, which is composed of two radial enamel layers, each 

occupying half of the width of enamel band. Microtoscoptes and Goniodontomys, which 

also have opposite rather than alternating triangles on their molars, display a different 

schmelzmuster from that of Paramicrotoscoptes. These two genera have the same 

schmelzmuster on their enamel bands, which is composed of two radial enamel layers 



and a thin tangential enamel layer in the middle. Schmelzmuster of Nevadomys 

comparable to that of Paramicrotoscopies, but quite different from that of 

Microioscoptes and Goniodontomys. 
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Figure 5.1. Schmelzmuster ofMimomyspanacaensis on the ACC of ml. It shows the 
leading edge of ACC of a left ml (22506) from Loc. 9702. Close to dentine (below 
right) is a layer of discrete lamellar enamel, and outside is a layer of radial enamel. 
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Figure 5.2. Schmelzmuster ofMimomyspanacaensis on the alternating Triangle 2 of 
the same specimen as Figure 5.1. The leading edge is composed of a radial enamel layer 
and a discrete lamellar enamel layer. The trailing edge is composed of a radial enamel 
layer and a primitive tangential enamel layer. 
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Figure 5.3. Schmelzmuster of Mimomyspanacaensis on the alternating Triangle 3 and 
posterior lobe of ml. A: Triangle 3 of a left ml (22474) from Loc. 9702. Both the 
leading edge (up) and trailing edge (below) are composed of two radial enamel layers. 
B: the trailing edge of posterior lobe of the same tooth. A tangential enamel layer is 
developed outside (below left), and a radial enamel layer is close to dentine (up right). 



267 

A; 

Figure 5.4. Schmelzmuster oiMimomyspmacaensis on Ml. A: the trailing edge of 
anterior lobe of a right Ml (22507) from Loc. 9702. A primitive tangential enamel is 
developed outside (up), and a radial enamel layer is close to dentine (below). B: the 
trailing edge of Triangle 1 of the same tooth. A primitive tangential enamel is 
developed outside (up right), and a radial enamel layer is close to dentine (below left). 
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Figure 5.5. Schmelzmuster of Nevadomys fejfari n. gen. and sp. on the ACC and 
posterior lobe of ml. A; the leading edge of ACC of a right ml (21619) from Loc. 
9504. It is composed of completely by radial enamel. B: the trailing edge of posterior 
lobe of the same specimen. A primitive tangential enamel layer is developed on the 
outside (below right), about one-third of the enamel band. The other part is occupied by 
radial enamel. 
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Figure 5.6. Schmelzmuster of Nevadomysfejfari n. gen. and sp. on the alternating 
Triangle 3 of ml. A: the leading edge of Triangle 3 of the same tooth as Figure 5.5. 
Two radial enamel layers are present: the inner layer (close to dentine, below) is more 
compressed than the outer layer (up). B: the trailing edge of Triangle 3 of the same 
tooth. It has the same pattern as the leading edge. 
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Figure 5.7. Schmelzmuster oiNevadomysfejfari n. gen. and sp. on the apex of 
alternating Triangle 3 of ml. The specimen is the same as Figures 7.5 and 7.6. No trace 
of discrete lamellar is seen on the apex. 
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Figure 5.8. Schmelzmuster oiNevadomys fejfari n. gen. and sp. on the trailing edges of 
ml and ML A: the trailing edge of Triangle 2 of the same tooth as Figures 5-7. A 
poorly developed primitive tangential enamel layer is outside (below), and a radial 
enamel layer is inside (up). B; the trailing edge of anterior lobe of a right Ml (21603) 
from Loc. 9504. A trace of primitive tangential enamel is present outside (up). 
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Figure 5.9. Schmelzmuster oiNevadomys cf. N. fejfari of ml. A; Triangle 1 of a left 
ml (21947) from Loc. 9620. The leading and trailing edges are occupied by radial 
enamel. No discrete lamellar enamel is present on the apex. B: the lingual side of 
posterior lobe of the same tooth. The leading edge is composed by radial enamel. 
Traces of primitive tangential enamel are present close to the apex. The trailing edge is 
composed of a radial enamel layer inside and a primitive tangential enamel layer 
outside. 
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Figure 5.10. Schmelzmuster of Nevadomys cf. N. fejfari of the ACC of ml and the 
trailing edge of Ml. A: the leading edge of ACC of aright ml (21945) from Loc. 9620. 
A true lamellar layer is on the inside (below), occupying two-thirds of the enamel band. 
Outside is a thin radial enamel layer. B: the trailing edge of anterior lobe of a left Ml 
(21894) from Loc. 9620. A primitive tangential enamel layer is present on the outside 
(up), occupying one-third of the enamel band. 
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Figure 5.11. Schmelzmuster of Nevadomys lindsayi n. gen. and sp. on the altemating 
triangles of ml. A: the leading edge of Triangle 1 of a left ml (21817) from Loc. 9616. 
It is totally composed of radial enamel. B: the trailing edge of Triangle 1 of the same 
tooth. It has the same pattern as the leading edge. 
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Figure 5.12. Schmelzmuster of Nevadomys lindsayi n. gen. and sp. on the trailing 
edgeof ml. A: the trailing edge of Triangle 2 of the same tooth as Figure 5.1. A 
primitive tangential enamel layer can be recognized outside (below). A radial enamel 
layer is inside (up). B: the trailing edge on the labial side of posterior lobe of the same 
tooth. A tangential enamel layer (below left) occupies about half of the enamel band. 
The other half is the radial enamel layer. 
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Figure 5.13. Schmelzmuster of Nevadomys lindsayi n. gen. and sp. on the ACC of ml 
and the trailing edge of Ml. A; the leading edge of ACC of a right ml (21816) from 
Loc. 9616. It is occupied by radial enamel. B: the trailing edge of a left Ml (21765) 
from Loc. 9616. Traces of primitive tangential enamel are observed close to the apex. 
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Figure 5.14. Schmelzmuster ofNevadomys downsi n. gen. and sp. on the ACC and 
alternating triangle of ml. A: the leading edge of ACC of a right ml (22051) from Loc. 
9621. A few of enamel prisms rise out toward the occlusal surface at the apex close to 
dentine (below right), forming a trace of discrete lamellar enamel. The other part of the 
enamel band is occupied by radial enamel. B: Triangle 1 of the same tooth. Both of the 
leading and trailing edges are composed of two radial enamel layers. 
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Figure 5.15, Schmelzmuster of Nevadomys downsi n. gen. and sp. on the trailing edge 
of the anterior lobe of Ml. A: the prism on the anterior lobe of a left Ml (21999) from 
Loc. 9621. It is occupied by radial enamel. B; the trailing edge on the anterior lobe of 
the same tooth. A trace of primitive tangential enamel is present (up). 
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CHAPTER 6. BIOCHRONOLOGY AND BIOSTRATIGRAPHY 

OF THE PANACA FORMATION IN MEADOW VALLEY, 

SOUTHEAST NEVADA 

6.1 Biochronology of the Panaca local fauna in Meadow Valley 

The following is a list of the mammal fossils collected from the Panaca 

Formation in Meadow Valley. The small mammal fossils are based on this study, and 

the large mammal fossils (marked by *) are from Dr. R. H. Tedford in AMNH (pers. 

commun., 1995). 

INSECTIVORA 

Soricidae (shrew) 

Soricinae 

Neomyini 

Paranotiosorexpanacaensis, gen. and sp. nov. 

Neomyini gen. and sp. indet. 

Soricini 

Sorex meltoni 

LAGOMORPHA 

Leporidae (rabbit) 

Archaeolaginae 



Hypolagus edensis 

IHypolagus edensis 

Hypolagus tedfordi 

Hypolagus cf. H. ringoldensis 

1 Hypolagus ringoldensis 

Hypolagus cf. H. gidleyi 

Hypolagus c£ H. regalis 

Pewelagus dawsonae 

Lepoides lepoides 

Leporinae 

Nekrolagus progressus 

IPronotolagus sp. 

RODENTIA 

Sciuridae (squirrels) 

Geomyidae (pocket gopher) 

Geomyinae 

Pliogeomys parvus 

Wliogeomys sp. 

Heteromyidae 

Perognathinae (pocket mouse) 

Perognathus mclaughlini 



IPerognathus mclaughlini 

Oregonomys sp. 

Dipodomyinae (kangaroo rat) 

Prodipodomys minor 

IProdipodomys minor 

Prodipodomys tiheni 

IProdipodomys tiheni 

Cricetidae 

Sigmodontinae 

Peromyscini 

Peromyscus hagermanensis (deer mouse) 

Onychomys spp. (grasshopper mouse) 

Neotomini 

Repomys panacaensis (packrat-like rat) 

Repomys minor n. sp. 

Arvicolinae 

Arvicolini 

Mimomys panacaensis (vole) 

Prometheomyinae 

Nevadomys fejfari, gen. and sp. nov. 

Nevadomys lindsayi, gen. and sp. nov. 

Nevadomys downsi, gen. and sp. nov. 



CARNIVORA 

Procyonidae 

Bassariscus casei (ring tail) 

Wassariscus casei 

Mustelidae 

*7Martinogale (skunk) 

*Taxidea sp. (badger) 

Canidae 

*Canis lepophagus (coyote) 

Canis sp. 

*Borophagus cf. diversidem (dog) 

Felidae 

*Felis sp. (cat) 

*Proboscidea 

ICuvieronius (gomphothere) 

*Perssodactyla 

Equidae 

Equus (Dolichohippus) cf simplicidens 

Equus (Hemionus) sp. 
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Rhinocerotidae 

Teleoceras sp. (rhino) 

*Artiodactyla 

Tayassuidae 

Platygoms sp. (peccary) 

Camelidae 

Megatylopus sp. (large camel) 

Hemiauchenia sp. (llama) 

Bovidae 

Caprini gen. indet. 

Rhinos disappeared at the beginning of Blancan in North America. The 

occurrence of the rhino Teleoceras indicates that there were Hemphillian fossils in the 

Panaca Formation in Meadow Valley. The specimens of Teleoceras were collected 

from somewhere at the base of the Little Hogback Section (Stock, 1921), which is about 

the lowest stratigraphic level on the exposures of Panaca Formation in this valley. 

Excluding the rhino, the other fossils in the fauna indicate the Blancan land mammal 

age. Among them, the most distinct taxa are the horse Eqms and the primitive vole 

Mimomys panacaensis. 

Horses were very common in Hemphillian faunas in North America, but those 

were primitive ones, such as Hipparion, Cormohipparion, and Dinohippus. These 

genera are not known in Blancan faunas. The appearance of the derived horse, Equus, 
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indicates the Blancan land mammal age. According to the notes provided by Dr. 

Tedford, Equus is common in the Panaca Formation in Meadow Valley. 

As mentioned before, arvicoline rodents have a rapid evolution; their dental 

morphology indicates their stage of evolution. Mimomyspanacaensis is more derived 

than the late Hemphillian Promimomys (Mou, 1997). Mou (1997) also demonstrated 

thatM panacaensis has a comparable stage of evolution toM (Ophiomys) mcknighti, 

which has only been found in the early Blancan faunas (Gustafson, 1978; Repenning, 

1987). M panacaensis is more primitive than the middle Blancan M (Cosomys) primus 

andM (Ophiomys) magilli in its lower dentine tract on the labial side of ACC of ml, 

having three roots on M2, and having three roots on a significant portion (30%-50%) of 

M3s. M. (Ogmodontomys) is quite different fromM (Cosomys) andM. {Ophiomys) in 

its absence of enamel islet on ml and retention of three roots on M3. M panacaensis 

has lower dentine tract on the labial side of ACC of ml than the middle Blancan M 

(Ogmodontomys) poaphagus-, but it has similar height of dentine tract to that of the early 

Blancan M (Ogmodontomys) sawrockensis. Therefore, the evolutionary stage ofM 

panacaensis indicates the early Blancan land mammal age for the Panaca local fauna 

The arvicoline-like rodent, Nevadomys, n. gen., on one hand indicates a primitive 

evolutionary stage relative to the middle Blancan arvicoline rodents, on the other hand, 

it is more derived than the late Hemphillian Paramicrotoscoptes in its alternation of 

triangles and fusion of anterior roots on M3. Nevadomys also suggests an early Blancan 

land mammal age for the fauna. 
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The high-crowned cricetid, Repomys, lived in both Hemphillian and Blancan 

faunas in North America. The Hemphillian species are R. gustelyi and K maxumi (May, 

1981), and the Blancan species are R. panacaensis and R. minor n. sp. K panacaensis is 

more morphologically advanced than the two Hemphillian species (May, 1981), and 

both R panacaensis and R. minor are more primitive than the late Blancan R. 

arizonensis (Chapter 4, this dissertation). 

In the Panaca local fauna, Peromyscus hagermanensis is the dominant low-

crowned cricetid, which has only been found in Blancan faunas (Hibbard, 1962; 

Tomida, 1987). There is no primitive cricetid Copemys in the fauna, which is present in 

Hemphillian faunas (Jacobs and Lindsay, 1981). Both high- and low-crowned cricetids 

support the inference of Blancan land mammal age for the Panaca local fauna. 

Heteromyid rodents are very common in Hemphillian and Blancan fauna. The 

Panaca local fauna has Prodipodomys, which occurs from late Hemphillian to middle 

Blancan in North America (Gidley, 1922; Hibbard, 1943; Jacobs and Lindsay, 1981; 

Zakrzewski, 1981), but the fauna does not include the more derived genus, Dipodomys, 

which is common in middle and late Blancan faunas (Tomida, 1987). 

There is only a primitive gopher, Pliogeomys, and no derived Geomys, in the 

Panaca local fauna. Geomys is quite common in Blancan faunas (Tomida, 1987). 

Pliogeomys occurs in late Hemphillian to middle Blancan (Jacobs and Lindsay, 1981; 

Zakrzewski, 1969). The absence of Geomys suggests that the age of Panaca local fauna 

could not be younger than the middle Blancan. 
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The rabbits in the Panaca local fauna are dominated by three species: Hypolagus 

edensis, Pewelagus dawsonae, and Lepoides lepoides. The first two genera have only 

been found in Blancan faunas (White, 1987), whereas Lepoides lepoides has only been 

found in Hemphillian faunas (White, 1987; Kelly, 1998). Hypolagus tedfordi in the 

Panaca local fauna is another species that had only been found in the faunas older than 

Blancan (White, 1987). The composition of lagomorphs of Panaca local fauna suggests 

the early Blancan for the Panaca local fauna. 

Neomyini shrews are rare in Hemphillian and Blancan faunas in North America, 

but they are common in the Panaca Formation. The late Hemphillian White Cone local 

fauna (Baskin, 1979) and early Blancan Concha local fauna (Jacobs and Lindsay, 1981) 

have the Neomyini shrew Notiosorex. Blarinini shrews were reported from several 

early Blancan local faunas (Dalquest, 1978;table 1). A Blarinini shrew, Paracryptotis, is 

the most common insectivore in the middle Blancan Hagerman local fauna that also 

produces several species of Sorex and moles (Hibbard and Bjork, 1971); however, no 

Neomyini shrew has been reported from there. The dominance of Neomyini shrews in 

the Panaca local fauna also supports the early Blancan age for this fauna. 

The other taxa in the Panaca local fauna have less restricted geological ranges 

than the taxa mentioned above. The ring-tail cat Bassariscus has lived in North America 

since Miocene. The camel Hemiauchenia is common in both Hemphillian and Blancan 

faunas. They are not significant as references for the age of fauna. 

In summary, excluding the rhino in the fauna, both small and large mammal 

fossils strongly suggest that the Panaca local fauna represents the early Blancan. Since 
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the Hemphillian rhino was found in the same basin, and the arvicoline rodent Mimomys 

panacaensis has the evolutionary stage comparable to M. (Ophiomys) mcknighti that has 

been associated with the Hemphillian-Blancan boundary, the Panaca local fauna 

probably represents the very beginning of the Blancan land mammal age. 

6.2 Biostratigraphy of the Panaca Formation in Meadow Valley 

Figure 6.1 summarizes the distribution of major taxa in the Panaca Formation in 

Meadow Valley. The correlation of sections is the same as Figure 2.2 in Chapter 2. The 

Limestone Comer section is added and correlated to the Rodent Ravine section by the 

distinct sandstone layer containing limestone pebbles. The Southwest Amphitheater 

section and Little Hogback section are not included in Figure 6.1 because no fossils have 

been found from these two sections except the rhino specimens reported by Stock 

(1921). 

As can be seen from Figure 6.1, the primitive \O\Q Mimomys panacaensis occurs 

at several stratigraphic levels. If the Panaca local fauna represents the very beginning of 

Blancan land mammal age andM panacaensis is an immigrant, then the FAD (First 

Appearance Datum) ofM panacaensis could mark the Hemphillian-Blancan boundary. 

The LAD (Lowest Stratigraphic Datum) oiMpanacaensis in the basin is Loc. 9702 in 

the Rodent Ravine section (Fig. 6.1). Therefore, this stratigraphic level is a reasonable 

representation of the FAD of this species. The inference of the absolute age of 

Hemphillian-Blancan boundary, as discussed in the next chapter (Chapter 7), is based 

on this assumption. 
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Figure 6.1 Biostratigraphy of the Panaca Formation in Meadow Valley, southeast 

Nevada. The small mammal fossil taxa are listed beside the locality. A composite list 

of taxa is given for the localities that are only l-3m apart stratigraphically in the same 

section. The Rodent Ravine section and Limestone Comer section are correlated by a 

0.5m-thick gray sandstone with limestone pebbles. The Rodent Ravine section and 

Rodent Hill section are correlated by the thin ash layer. The Double Butte section is 

located close to the center of the basin, and it is correlated to the other sections in the 

basin margin by topographic elevations. The Brown Bone Beds section is correlated to 

the Double Butte section by the layer of dark brown carbonaceous siltstone. Loc. 9702 

in the Rodent Ravine section is considered the LSD oiMimomys panacaensis in the 

basin. 
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CHAPTER 7. MAGNETOSTRATIGRAPHY OF THE PLIOCENE 

PANACA FORMATION IN MEADOW VALLEY AND SPRING 

VALLEY, SOUTHEAST NEVADA 

Introduction 

Paleomagnetism has been a valuable tool for the chronological study of 

vertebrate fossils from Tertiary terrestrial deposits (Johnson etal, 1975; Opdyke etal, 

1977; MacFadden et al, 1979; Neville et al, 1979; Galusha et al, 1984; Butler and 

Lindsay, 1984;Hehne^a/., 1996). Correlations of fossil-bearing strata to the 

geomagnetic polarity time scale (GPTS) have allowed the interpolation of the absolute 

ages of fossils. Through the correlations of biostratigraphy with magnetostratigraphy, 

the chronological framework of Land Mammal Ages has been correlated with another 

independent chronological framework, GPTS, which has attained high precision in the 

Quaternary and Neogene portions of the Geologic Time Scale (Cande and Kent, 1995; 

Berggren e/a/., 1995). 

The Panaca Formation is a flat-lying, lacustrine and fluvial basin-fill in the Basin 

and Range structural province of southeast Nevada. Figure 2.1 in Chapter 2 shows the 

exposures of Panaca Formation in Nevada and Utah. Stock (1921) reported a toe bone 

of the rhino Teleoceras sp. from the Panaca Formation in Meadow Valley. The 

specimen was associated with some tooth fragments of a rhino. Teleoceras has only 

been found in Hemphillian faunas. Therefore, it is believed that the Panaca Formation 

in Meadow Valley includes sediments deposited during some of the interval correlated 
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with the Hemphillian land mammal age. As discussed in the last chapter (Chapter 6), 

with the exclusion of Teleoceras, the Panaca local fauna otherwise represents the very 

beginning of Blancan land mammal age. 

To better understand the age of the Panaca mammal fauna and hopefiilly identify 

the Hemphillian-Blancan boundary, six sections (five in Meadow Valley and one in 

Spring Valley), were chosen for magnetostratigraphic study. 

Paleomagnetic methods 

Paleomagnetic sites were sampled from the six sections during two field seasons. 

At each site, 3-6 oriented samples were taken. Sampling technique was as described by 

Johnson et al. (1975), except that each sample was trimmed to a 1" x 1" x 0.75" 

specimen and placed into a plastic box of this size immediately after sampling. In this 

way, the breakage or loss of samples could be reduced during transport and preparation 

in the lab. Each site was separated stratigraphically by about l-4m in each section. Care 

was taken during sampling to avoid weathered or coarse-grained layers. 

Sample measurement and demagnetization were conducted in a magnetically 

shielded room at the paleomagnetism laboratory, University of Arizona. Remanent 

magnetism was measured with a cryogenic magnetometer (2G 755R). The natural 

remanent magnetism (NRM) of all samples was measured initially. For each section, 

samples from a few sites throughout the section were chosen for the altemating-field 

(AF) demagnetization in 11 progressively increasing peak fields (1.2,2.5, 5, 10, 20, 30, 

40, 50, 60, 70 and 80 mT). Progressive thermal demagnetization was conducted in a 
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shielded furnace on other samples from each section, using the temperature steps 100°C 

apart below 400°C, 50°C apart fi"om 400-500°C, 20°C apart from 500-600°C, and 10°C 

apart from 600-680°C. Either AF or thermal demagnetization was selected for the 

remaining samples, based on results from the pilot samples from the same section. 

Some of the low temperature steps were deleted in the later thermal demagnetization. 

The demagnetization result of each sample was displayed using a modification of 

the vector component plot (Zijderveld, 1967; Butler, 1992). The direction of 

characteristic NRM (ChRM) was then obtained by principle component analysis 

(Kirschvink, 1980), using the origin as an independent datum. On some occasions when 

fewer than four data points were available for a line-fit but a reversed polarity could be 

recognized, the direction from a single demagnetization step was chosen to represent the 

ChRM. 

Site-mean directions were computed using Fisher (1953) statistical methods. 

Line-fits that yield the maximum angular deviation (MAD) >15° were considered 

unreliable (Butler, 1992), and these samples were not included to compute the site-mean 

directions. Generally, samples whose ChRMs were extracted from a single step were 

not included for the site-mean direction computation; however, if a site was only 

represented by such samples, these data were used to compute the mean direction of this 

site. 

To include all the information in the final interpretation, sites were classified into 

five categories similar to those of Opdyke, et al. (1977), Neville, et al. (1979), and 

Johnson, et al. (1985). Since those authors only collected three samples from each site. 
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there is a slight difference in the categories developed in this study. The categories are 

defined as follows: a Class I site has at least three samples that yield MAD<15° and site-

mean a95<15° and Kappa >30 (Butler, 1992). Class II sites have at least three samples 

that gave the same polarity but with site-mean a95>15° or Kappa <30. Class III sites are 

those that have ChRM directions which are not statistically distinct from random, but at 

least two out of three samples have the same polarity. Class IV sites are those which 

have a reliable indication of polarity from only one sample. Class V sites have only 

poorly determined ChRM directions which are not distinct from random and the polarity 

is indeterminate. 

Since the sediments are generally flat-lying, with the angle of dip <6°, and there 

is no structural deformation of the strata, the fold test was not applied. To'verify that the 

ChRM is primary, and that secular variation has been adequately averaged in sampling, 

a reversal test was applied to each section. Only the Class I sites were used for the 

reversal test as these sites have statistically significant ChRM directions. All of the 

Class I sites in Meadow Valley were also used for an overall reversal test. The test 

results follow the classification criteria of McFadden and McElhinny (1990): if the 

observed antipodal angle between the mean directions of the normal and reversed 

polarities is greater than the critical angle Yc at the 95% level of confidence of the two 

polarities, the reversal test is negative. Otherwise, the test is positive, and the 

classification is A if the critical angle is <5°, B if <10°, C if <20°, or I (indeterminate) if 

>20°. Since each section in this study had more than one observation for each polarity. 
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the hypothesis of a common Kappa was tested. If either of the polarities had fewer than 

five observations or the common Kappa test failed, a simulated test was performed. 

Little Hogback section 

Unlike the other sections located at the edge of Meadow Valley, this section is 

located near the middle of the basin. It is believed that Teleoceras was found from 

somewhere close to the base of this section (Stock, 1921), but the site could not be 

located precisely. Although the field group has searched repeatedly for fossils in this 

area, no fossil site was found. 

This section is actually composed of two subsections with overlapping 

elevations: the lower subsection is 27m thick, and the upper subsection is 20m thick. 

They were separated by about 50m of covered interval and correlated by placement of a 

brown siltstone in each subsection (Fig. 7.1). Five sites at the base of the upper 

subsection were collected to see if they would match the top of lower subsection in 

polarity. 

Ten sites in the lower subsection and 11 sites in the upper subsection were 

collected. Progressive thermal or AF demagnetization showed well isolated ChRMs for 

most of the samples. The secondary component of NRM was removed at the peak field 

of 10 mT during AF demagnetization and below 500°C during thermal demagnetization 

(Fig. 7.2; NV080A and NV082B; Fig. 7.3). In these samples, the NRM was carried 

dominantly by a low-coercivity mineral, probably magnetite. For the remaining 

samples, either thermal or AF demagnetization was conducted. 
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in Middle Valley. Solid dot indicates normal polarity; open circle indicates reversed 
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Table 7.1. The classification and site-mean directions of sites from the Little Hogback 
section of the Panaca Formation in Meadow Valley. Ndemag is the number of samples 
demagnetized, Nmean is the number of samples used for computing the site-mean 
directions. Averaged intensity is the averaged NRM intensity of all collected samples. 
In the last column, x marks the sites that were used for the reversal test. 

Averaged Mean Mean reversal 
Site NJENUG Class Intensity NMEAN Inclination Declination a95 Kappa test 

(xlO-^ A/m) (°) (°) O 
Lower section; 
078 3 I 2.8 3 -55.5 195.3 5.1 575.1 
079 3 I 4.6 3 54.1 11.8 11.0 125.6 X 
080 5 I 7.7 4 41.4 356.8 7.1 169.9 X 
081 3 II 2.8 2 -51.7 257.9 — 

082 4 I 0.7 3 -58.8 155.2 4.9 628.8 X 

083 4 I 2.3 3 -38.7 161.9 14.1 77.3 
084 5 n 0.1 5 -53.9 205.7 14.2 30.1 
085 5 II 0.5 3 -19.5 194.8 18.5 45.4 
086 3 I 11.3 3 51.6 16.5 2.5 2416.3 
087 3 NI 1.1 2 68.3 7.0 — 

Upper section: 
103 3 I 4.4 3 -55.0 154.7 9.2 181.2 X 
088 3 I 2.2 3 48.9 349.8 11.2 121.8 X 
089 3 I 5.3 3 25.5 342.9 12.1 104.3 X 
104 5 I 4.4 3 57.4 350.9 4.8 667.8 X 

090 3 IV 0.1 1 -44.4 208.1 .... 

105 3 V 0.3 0 — — 

091 5 m 0.2 2 -22.5 216.8 — 

106 4 V 0.2 0 — — 

092 4 IV 0.1 1 -51.8 134.7 — 

093 3 I 4.3 3 55.7 349.0 9.2 180.9 X 
094 5 II 0.1 4 45.2 351.0 15.3 36.8 

All of the Class I sites were used for the reversal test. The normal polarity sites 

have mean declination of 355.9°, mean inclination of 48.5°, vwth the Kappa value of 

34.11; the reversed polarity sites have mean declination of 166.3°, mean inclination of -

53.1°, with the Kappa value of 31.58. A common Kappa test was performed and passed. 

Since there were only four sites of reversed polarity, a simulation was chosen. The 
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observed antipodal angle between the two polarities is 7.7°, smaller than the critical 

angle at the 95% level of confidence 17,0°. Therefore, the reversal test was positive, 

with the classification of C. 

It is noticed that the two subsections are dominated by the Class I and II sites, 

except that in the middle part of the upper subsection, five sites were Class III-V. Four 

of these five sites came fi"om a gray sandy siltstone that carries a weak magnetization 

(Table 7.1). Thermal demagnetization on these samples was unsuccessful. They were 

considered to represent a reversed polarity magnetozone because the reversed polarities 

can be recognized from several samples that were processed using AF demagnetization 

(Fig. 7.2: NV090C and NV 091 A). 

The magnetozones of the overlapped parts of the two subsections match well; 

this confirms the lithological correlation of these two subsections. In order to correlate 

with the other sections fi'om this valley, I have combined the two subsections together as 

one composite section. 

Rodent Ravine section and Limestone Comer section 

These two sections are located on the north edge of Meadow Valley, and they are 

separated laterally about 20m. The Limestone Comer section is correlated to the lower 

part of the Rodent Ravine section by tracing a distinctive 0.5m-thick gray sandstone 

containing limestone pebbles. The type locality (Loc. 8197) of the arvicoline rodent 

Mimomys panacaensis (Mou, 1997) is located in about the middle part of Limestone 

Comer section (Fig. 7.4). Close to the base of the Rodent Ravine section, three 
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productive small mammal fossil sites were found. Fossils occurring at these sites 

mduAt Nevadomys lindsayi n. gen. and sp. zxidMimomyspanacaensis, suggesting a 

very early interval within the Blancan land mammal age. 

The Rodent Ravine section is also composed of two subsections, the lower is 

38m thick, and the upper one is 20m, yielding a total thickness of 50m in the composite 

section. Twenty sites were collected from these two subsections. Unfortunately, the 

NRMs of these samples were generally weak (Table 7.2); thermal demagnetization was 

unsuccessful. AF demagnetization produced poorer results than from the Little Hogback 

section; however, polarity information may be extracted from some of the samples (Fig. 

7.5). In Table 7.2, a single-step direction was chosen to represent the ChRM on one 

sample from Site 018, and all samples from Sites 020, 021, 023, 025, 026,. and 028. 

I include all of the Class I, II, and HI sites for the reversal tests since there was 

only one Class I site in this section. The normal polarity sites have mean declination of 

11.8°, mean inclination of 60.2°, with the Kappa value of 133.7; the reversed polarity 

sites have mean declination of 191.1°, mean inclination of-36.0°, with the Kappa value 

of 26.7. A common Kappa test was performed and passed. A simulation was chosen for 

the reversal test since there were only three directions in the normal polarity data set. 

The observed antipodal angle Yo between the two polarities is 22.3°, larger than the 

critical angle at the 95% level of confidence, YC=16.5°. Therefore, the reversal test 

failed. 

By plotting the site-mean directions on an equal-area projection. Site 018 was 

found to have a direction distinct from the other reversed polarity sites. In the second 
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reversal test, I excluded this site. The remaining reversed polarity sites have mean 

declination of 190.0°, mean inclination of-38.9°, with the Kappa value of 29.34, which 

is slightly higher than the first reversal test. The observed antipodal angle yo is 19.4°, 

still larger than the critical angle, YC=17.6°. The second reversal test also failed. 

Because of the negative reversal tests, the normal polarity directions of three 

sites in the upper part of the section are considered questionable. Figure 7.6 shows the 

AF demagnetization results of two samples from Site 034. The demagnetization 

trajectories missed the origin or show reversed polarity at the last several 

demagnetization steps. It is probable that secondary components of the NRMs were not 

sufficiently removed from those samples. Site 031, which is above Sites 029 and 030, 

undoubtedly shows a reversed polarity. The polarity data from the lower part of the 

section is robust (Fig. 7.5), showing a reversed polarity magnetozone. 

To verify the reversed polarity magnetozone in the Rodent Ravine section, six 

sites from the Limestone Comer section were collected. As with the samples from the 

former section, these samples had generally weak NRM, and thermal demagnetization 

was unsuccessful. None of the samples from the Limestone Comer section have 

generated well-isolated ChRM by AF demagnetization; however, several samples 

provided information sufficient for determining the polarity of ChRM, and a single-step 

direction was extracted to represent the ChRM on these samples. The results show that 

the Limestone Comer section is entirely of reversed polarity. 
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Table 7.2. The classification and site-mean directions of sites in the Rodent Ravine 
section of the Panaca Formation in Meadow Valley. The notations are given in Table 
7.1. In the last column, A marks the sites that were used for the firut reversal test, and x 
marks the sites that were used for both reversal tests. 

Averaged Mean Mean reversal 
Site Ndemag Class Intensity Nniean Inclination Declination a95 Kappa test 

(xlQ-^A/m) (°) n n 
Lower section: 
018 5 11 0.2 4 -19.1 196.1 20.1 21.8 
019 3 I 3.0 3 -41.1 164.0 2.7 2085.0 X 
020 5 m 0.3 3 -34.6 207.7 18.0 47.9 
021 3 IV 0.1 1 -67.1 127.4 — 
022 3 V 0.2 0 — — 
023 5 m 0.2 2 -34.1 207.1 — 
024 5 V 0.7 0 — — 
025 4 m 0.3 3 -33.8 197.2 69.5 16.2 X 
026 4 IV 3.5 1 -43.2 139.1 — 
027 5 V 1.1 0 — — 
028 5 m 1.0 3 -45.7 172.2 89.5 3.0 X 
029 5 m 1.0 2 60.6 25.6 — X 
030 3 m 1.2 2 58.8 358.6 — 
031 5 n 0.7 2 -37.0 186.6 — X 
032 5 V 0.6 0 — — 

Upper section: 
034 7 m 1.4 2 57.9 2.9 — X 
035 4 V 0.4 0 — — 
036 3 V 0.2 0 — — 
037 5 III 0.7 2 61.8 22.1 — 

Table 7.3 The classification and site-mean directions of sites in the Limestone Comer 
section of the Panaca Formation in Meadow Valley. Notations are given in Table 7.1. 

Averaged Mean Mean reversal 
Site ^demag Class Intensity N ^^incan Inclination Declination a95 Kappa test 

(xlO"^ A/m) n o O 

109 4 IV 0.3 1 •30.2 198.2 .... 

110 5 IV 0.2 1 -41.5 160.1 — 

111 5 V 0.4 0 — — 

112 4 rv 0.5 1 -57.7. 167.1 — 

113 4 n 0.4 3 -55.6 179.6 46.5 8.1 
114 4 n 1.2 3 -30.6 156.6 — — 
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Rodent Hill section 

Three productive fossil sites were located in the Rodent Hill section. This 

section is located to the east of the Rodent Ravine-Limestone Comer sections and is also 

slightly more distal to the edge of the basin. The early Blancan arvicoline rodents, 

Mimomys panacaensis and Nevadomys fejfari n. gen. and sp. have been found from the 

upper and middle part of this section, respectively. The total thickness of this section is 

42m, including the dark gray coarse sandstone at the bottom. This sandstone contains 

angular andesite pebbles, contacting unconformably the underlying and adjacent 

andesite. The sandstone with andesite pebbles grades upward into an overlying tan silty 

sandstone. Two sites were originally collected from this coarse sandstone, but later it 

seemed better to exclude them from the magnetostratigraphy. So the actual thickness of 

the magnetostratigraphic section is 32m (Fig. 7.7). 

Excluding the two sites mentioned above, 16 sites were collected throughout the 

section. AF demagnetization isolates the ChRM better than thermal demagnetization 

(Fig. 7.8: NV061C and NV061D). For the remaining samples, AF demagnetization was 

applied except for Sites 057 and 060, where thermal demagnetization yielded better 

results than AF demagnetization (Fig. 7.9: NV057C and NV060C). There are 8 Class I 

sites, 3 Class II sites, 1 Class HI site, 1 Class IV site, and three sites of indeterminate 

polarity. A single step was chosen to represent the ChRM direction for one sample from 

Site 057, two from Site 058, and one sample from Site 06L 
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Table 7.4. The site-mean directions from the Rodent Hill section of the Panaca 
Formation, Meadow Valley. The notations are given in Table 7.1. 

Site Ndemag Class 
Averaged 
Intensity 

(xlO'^ A/m) 

N 
Mean 
Inclination 

o 

Mean 
Declination 

o 

a95 

n 
Kappa 

reversal 
test 

107 3 I 5.7 3 52.0 343.0 8.1 230.0 X 

054 3 I 6.0 3 64.1 1.9 3.2 578.8 X 

055 4 I 4.7 4 52.6 356.3 13.5 47.5 X 

056 6 I 2.1 3 69.6 31.0 8.7 113.2 X 

057 5 n 1.0 3 -39.0 I5I.1 17.6 50.3 
099 3 V 2.0 0 — — 

058 5 m 3.1 2 -26.6 231.6 — 

100 4 n 0.9 2 -26.6 140.2 — 

059 4 I 1.1 3 -44.6 159.1 11.8 111.1 X 

060 5 I 2.1 5 -69.4 177.6 5.3 210.9 X 

101 6 V 1.2 0 — — 

061 4 IV 3.2 1 -38.8 178.1 — 

102 5 V 3.0 0 — — 

062 4 II 4.2 2 -22.1 218.3 — 

063 4 I 7.9 4 61.7 356.4 10.6 76.8 X 

108 3 I 7.2 3 64.8 357.6 3.0 1684.1 X 
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Samples 057C, D, E, and lOOAwere initially AF demagnetized up to 80 mT. 

The ChRMs seemed to be isolated and indicated normal polarities. However, the 

demagnetization trajectory missed the origin. They were later thermally demagnetized. 

Although a well defined linear trajectory can not be seen for these resuhs, a reversed 

polarity can be identified from samples 057C, D and lOOA (Fig. 7.10). 

All of the Class I sites were chosen to conduct the reversal test. The normal 

polarity sites have mean declination of 358.5°, inclination of 61.5°, with the Kappa 

value of65.9. The reversed polarity sites have mean declination of 165.2°, inclination of 

-57.3°, with the Kappa value of 18.71. A common Kappa test was performed and 

passed. Since there were only two reversed polarity sites, a simulation was chosen. The 

observed antipodal angle Yo between two polarities is 8.0°, whereas the critical angle Yc 

at the 95% confidence is 45.4°. The reversal test is indeterminate as Yc >20°. This high 

Yc value is largely caused by the poor quality data fi-om the reversed polarity sites; 

however, if the data of other reversed polarity sites in the section which were not chosen 

for the reversal test (Fig.7.8: NV061C and Fig. 7.9: NV057C) are considered, a reversed 

polarity magnetozone can be placed in the middle portion of this section. 
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Double Butte section 

One of the productive F:AM fossil sites in Meadow Valley is located near the top 

of this section. Abundant large mammal fossils, including Equus, were collected from 

here in the 1940s and 1960s. Rodent and rabbit teeth were collected from the same site; 

the arvicoline rodent was identified as Mimomys panacaensis. Both the small and large 

mammals from this site represent early Blancan land mammal age. 

This stratigraphic section was started in a dark brown carbonaceous siltstone 

northeast of the town of Panaca. Artesian springs are very common in the vicinity of 

Panaca, providing abundant water for agriculture and human consumption in this area. 

These springs were probably a major source of water during the Pliocene as well, 

contributing to fine grained, calcareous and carbonaceous lacustrine deposits that are 

most prevalent near Panaca. In fact, the lacustrine nature of the Panaca Formation is 

most prominent within the confines and adjacent surroundings of the town of Panaca, 

suggesting that this area was a relatively small and local depocenter for lacustrine 

sedimentation in Meadow Valley. The near absence of channeling in fluvial deposits of 

Meadow Valley, along with through drainage for most of the late Cenozoic, implies that 

sediment accumulation rate in Meadow Valley was generally very slow, and that 

climatic change related to the local water table produced marked changes in the rate of 

sedimentation. Thus, the Panaca Formation probably reflects a variable rate of 

accumulation, controlled primarily by widespread climatic change. 
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Table 7.5 The classification and site-mean directions of sites from the Double Butte 
section of Panaca Formation, Meadow Valley. The notations are given in Table 7.1. 

Averaged Mean Mean reversal 
Site Ndcmag Class Intensity N •i^mean Inclination Declination a95 Kappa test 

(xlO'^ A/m) n n (°) 

064 5 V 0.1 0 — 

065 5 n 0.2 4 46.9 20.5 15.7 35.2 
066 3 n 0.1 2 38.3 345.5 — 

067 5 IV 0.1 1 50.4 8.9 — 

068 3 IV 0.3 1 65.5 38.1 — 

069 5 V 0.2 0 — — — 

070 3 V 0.1 0 — — — 

071 5 V 0.3 0 — — — 

072 4 V 0.2 0 — — — 

073 5 rv 0.8 1 60.5 22.0 — 

074 3 V 0.3 0 — — — 

075 5 IV 0.7 1 62.5 13.7 — 

076 3 V 0.2 0 — — — 

077 5 rv 0.3 1 33.9 33.0 — 

Fourteen sites were collected from this 41m-thick section (Fig. 7.11). Although 

the lithology is dominated by siltstone and silty sandstone, the NRMs are generally weak 

(Table 7.5). A total of six samples chosen for thermal demagnetization yielded poor 

results (Fig. 7.12; NV071D and NV067A). AF demagnetization was conducted on the 

remaining samples. However, few samples yielded reliable polarity determinations (Fig. 

7.13: NV065D and NV066B). Many of the samples with lithology of carbonaceous 

siltstone had plant roots, and several samples with gray sihstone lithology have abundant 

gastropod shells. Bioturbation is suspected to be a problem in these samples, resulting 

in very low magnetic intensity (Table 7.5) 

Obviously, a reliable magnetostratigraphy can not be established for this section. 

The bottom of this section could be in a normal polarity magnetozone; however, with 
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only two Class n sites, this resuh is ambiguous. Therefore, the Double Butte section is 

excluded from further consideration. 

Southwest Amphitheater section 

This 3 Im-thick section (Fig. 7.15) is located to the west of Highway 93 on the 

south edge of Meadow Valley. It is relatively isolated from other outcrops of the Panaca 

Formation in Meadow Valley. No significant fossil sites have been found here except 

for a few tooth fragments of camels. It is near the margin of the basin adjacent to the 

current drainage exit in Meadow Valley. It was sampled to see if sediments that are 

significantly lower in topography near the drainage exit in Meadow Valley are older or 

younger than topographically higher deposits near the depocenter (e. g., the Double 

Butte section) and basin margin (e. g., the Rodent Ravine and Limestone Comer section) 

to the north, near the drainage inlet for Meadow Valley. Also, ashes near the top of the 

Southwest Amphitheater section had been sampled and analyzed by R. Shroba of the 

USGS. Shroba and his colleague P. D. Rowley of the USGS concluded that the ashes in 

the Southwest Amphitheater were too fine-grained to be isotopically dated (Rowley and 

Shroba, 1991). Undated ashes also occur near the top of the Little Hogback section and 

Rodent Hill section. I wanted to see if these ashes might be correlated with the undated 

ash in the Southwest Amphitheater section. 
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Figure 7.13 Magnetostratigraphy of the Southwest Amphitheater section of the 
Panaca Formation in Meadow Valley. Solid dot indicates normal polarity; 
open circle indicates reversed polarity. X indicates inderteminate polariy. Legends 
are listed in Figure 2.2, Page 33. 
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Table 7.6 The site-mean directions of sites from the Southwest Amphitheater section of 
the Panaca Formation, Meadow Valley. The notations are given in Table 7.1. 

Averaged Mean Mean reversal 
Site Ndenu ,g Class Intensity N A^MEAN Inclination Declination a95 fCappa test 

(xlO'^ A/m) (°) n (°) 

001 3 II 6.8 2 63.4 6,8 ........ 

002 5 II 6.2 4 42.4 17.1 23.3 16.5 
003 3 IV 3.0 1 48.2 2.3 — 

004 6 I 0.4 3 66.3 349.3 8.1 231.1 X 

005 4 I 0.3 3 -69.7 154.7 11.8 110.4 X 
006 3 I 4.6 3 -56.4 166.6 8.5 211.9 X 
007 4 I 1.9 4 -43.1 176.7 12.8 52.3 X 

008 3 II 2.0 3 -46.3 148.8 16.8 54.6 
009 5 V 1.9 0 — — 

010 5 n 0.4 4 -46.5 156.3 24.6 14.9 
Oi l  4 V 2.9 0 — — 

012 3 n 1.0 2 -51.3 112.6 — —— 

013 5 n 1.8 5 -61.4 1854 10.8 51.6 
014 4 I 0.7 3 53.0 356.6 6.2 392.6 X 

015 4 I 4.6 4 58.0 0.3 5.9 244.4 X 
016 4 I 1.5 4 59.2 15,6 7.3 160.7 X 

017 4 I 2.3 4 54.2 351.8 10,4 78.4 X 

As with the Rodent Hill section, AF demagnetization yielded better results than 

thermal demagnetization for these samples (Fig. 7.15: NV005D and NV005B), AF 

demagnetization was thus chosen for most samples (Fig. 7.14). Two NRM components 

can be recognized. A secondary component usually was removed at peak field of 10 

mT. However, Sites 004, 010, and 013 are exceptions. AF demagnetization of two 

samples from Site 004 and one from Site 013 indicates that there were possibly three 

components ofNRMs (Fig.7.15: NV004E). Thermal demagnetization was therefore 

used for the remaining samples from these sites. 

Although Site 013 has an a9j<15° and Kappa >30, line-fits could not be 

determined for four out of five samples and a single step was used to represent the 
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ChRM direction. Therefore, Site 013 is classified as a Class II site. All of the Class I 

sites were used for the reversal test. The normal polarity sites have mean declination of 

358.8°, mean inclination of 58.4°, with the Kappa value of 118.15; the reversed polarity 

sites have mean declination of 168.6°, mean inclination of-56.7°, with the Kappa value 

of 31.61. A common Kappa test was performed and passed, but a simulation was 

chosen since there are only three reversed polarity sites. After simulation, the observed 

antipodal angle Vo is 5.7°, less than the critical angle, YC=20.5°, at the 95% level of 

confidence. Therefore, the reversal test was positive. Because the Yc value is larger than 

20°, the reversal test is indeterminate. However, yc only exceeds the 20° limit by 0.5°. 

Although only three reversed polarity sites are statistically significant for the 

site-mean directions, among the other six reversed polarity sites, four are Class II sites 

that are not ambiguous in terms of reversed polarity. It is also noticed that, the 

stratigraphic separation between the sites from Site 008 to Site 014 is only 1-2 m apart. 

Therefore, the reversed polarity magnetozone should be robust. The whole section is 

characterized by a normal polarity magnetozone at the bottom, a reversed polarity 

magnetozone in the middle, and a normal polarity magnetozone on the top. 
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An overall reversal test 

Since all sections that were sampled are from the Panaca Formation and in the 

same basin, the combined Class I sites were selected to perform a reversal test. The total 

18 normal polarity sites include seven from the Little Hogback section, six from the 

Rodent Hill section, and five from the Southwest Ajnphitheater section. The total 11 

reversed polarity sites include four from the Little Hogback section, one from the 

Rodent Ravine section, two from the Rodent Hill section, and three from the Southwest 

Amphitheater section. The normal polarity sites have mean declination of 357.4°, mean 

inclination of 55.6°, and the Kappa value of 45.0. The reversed polarity sites have mean 

declination of 164.6°, mean inclination of-52.5°, and the Kappa value of 34.5 (Fig. 21). 

The common Kappa test was passed. Without a simulation, the observed antipodal 

angle YO is 8.1°, less than the critical angle, YC=8.8°, at the 95% level of confidence. 

Therefore, the reversal test was positive, having the classification of B. If a simulation 

is chosen, the reversal test has the same result. This reversal test confirms the polarities 

of those Class I sites from the Panaca Formation in Meadow Valley. 

Golgotha Hill section 

Golgotha Hill section is the only section sampled in Spring Valley. It was 

chosen for magnetostratigraphic study because abundant late Hemphillian large mammal 

fossils were collected from the upper portion of this section by paleontologists from the 

F:AM in the 1940s. This section was visited three times by the field group, prospecting 
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Equal Area 

Figure 7.16 Equal area projection for all the class I sites from the Panaca Formation in 
Meadow Valley, southeast Nevada. The reversal test was passed with classification of 
B. 

the hill thoroughly and trying to find small mammal fossil sites. However, the only 

fossils found were a few rhino teeth embedded in the sandstone concretions. 

Sixteen sites were collected from this 40m-thick section (Fig.7.17). The samples 

carried relatively strong NRMs compared to the samples from Meadow Valley (Table 

7.7). Several pilot samples from a few sites throughout the section were first chosen for 

AF and thermal demagnetization. Although AF demagnetization to 80 mT peak field 

did not completely remove the magnetization, both AF and thermal demagnetizations 
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isolated the ChRM (Fig. 7.18). These tests suggest that a low coercivity mineral, 

probably magnetite, was the dominant mineral in these samples. For the remaining 

samples from this section, either thermal or AF demagnetization was applied for 

cleaning. 

Table 7.7 lists the classification of sites from the Golgotha Hill section and the 

statistical data of site-mean directions. Of the 16 sites, 12 are Class I sites and 4 are 

Class II sites. Site 039 has two samples with reversed polarity ChRM, but a third 

sample of normal polarity. This site may be located on the horizon where the polarity 

transition occurred. In order to calculate the site-mean direction of this site, I excluded 

the normal polarity sample. The other Class II sites have a9s>15° or Kappa <30. 

Table 7.7. The site-mean directions from the Golgotha Hill section of Panaca 
Formation, Spring Valley. The notations are given in Table 7.1. 

Site Ndemag Class 
Averaged 
Intensity 

(xlO-^A/m) 
Nmean 

Mean 
Inclination 

C) 

Mean 
Declination 
n 

a95 
(°) 

KLappa 
reversal 
test 

038 4 I 4.8 3 -48.9 163.7 8.7 202.6 A 
039 3 II 5.6 2 -63.4 185.3 — — 

040 5 I 27.3 5 66.1 355.2 6.8 128.5 X 
095 3 I 7.4 3 59.4 353.2 8.5 211.2 X 

041 3 I 2.5 3 71.4 13.6 2.6 2258.6 A 
097 4 I 14.8 4 63.8 349.8 5.4 290.4 X 
042 4 II 0.7 3 -55.4 163.6 22.8 30.2 
043 4 n 5.5 4 -37.2 166.9 15.5 35.9 
044 3 I 3.4 3 -58.7 169.9 10.0 153.7 X 
045 3 I 3.6 3 -53.5 178.8 12.5 98.5 X 
046 4 II 10.0 4 -52.7 184.6 18.8 24.9 
047 3 I 2.1 3 -60.0 163.7 7.2 294.5 X 
098 3 I 1.6 3 -54.3 155.6 14.9 69.3 X 
049 5 I 22.1 5 -58.1 184.6 5.8 81.6 X 
050 5 I 9.0 5 -60.4 185.5 6.0 164.8 X 

051 4 I 3.7 3 -52.9 179.5 4.2 859.6 X 
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All Class I sites were used for the first reversal test. The normal polarity sites 

have mean declination of 356.6°, mean inclination of 65.4°, with the Kappa value of 

159.59°, and the reversed polarity sites have mean declination of 72.4°, inclination of 

56.3°, with the Kappa value of 120.81. A common Kappa test was performed and 

passed. Since there are only four sites of normal polarity, a simulation was conducted. 

The observed angle between the two antidipole directions yo is 9.4°, greater than the 

critical angle, Yc =8.1°, at the 95% confidence. Therefore, the reversal test failed. 

It was noticed that Yo is quite close to Yc in the first test. I plotted the site-mean 

directions on an equal-area projection, and noticed that within the four normal sites, 

three are clustered while Site 041 is remote from the group. Similarly, Site 038 is 

scattered from the reversed polarity. So I excluded these two Class I sites and 

performed a second reversal test. The Kappa values of two polarity group were 

increased in the second test. A common Kappa test was passed, and a simulation was 

chosen. This reversal test yielded y =5.9°, smaller than YC=6.8°. This reversal test was 

passed with the classification of B. 

Although the mean directions of Sites 038 and 041 were relatively far away from 

the other site-mean directions of the same polarity, there is no doubt of their polarities. 

Four samples from Site 038 were demagnetized, two thermally and two by AF. Each of 

them shows a reversed polarity ChRM. Three samples from Site 041 were 

demagnetized, one thermally and two by AF; each of them shows a normal polarity 

ChRM (Fig. 7.18:NV041B). 
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Based on the above results, a magnetostratigraphy was established for the 

Golgotha Hill section. It is characterized by a reversed polarity magnetozone at the 

bottom, a short normal polarity magnetozone in the middle, and a long reversed polarity 

magnetozone above. The dominance of reversed polarity and occurrence of a late 

Hemphillian fossil site in the upper part of the section strongly suggest that the 

magnetozones are within the Gilbert Chron of the GPTS. A ash sample was collected 

and sent to the geochemical lab of the University of Utah for isotopic analysis. The date 

was 3.3 Ma (per. comm., J. L. Pederson, 1997), which is too young to be consistent with 

the Hemphillian fossils. 

Correlation of the sections in Meadow Valley 

With the fine-tuning of astronomical calibration and the ""Ar/^'Ar dating 

technique, absolute age calibration of the Pleistocene and Neogene portion of the GPTS 

has been greatly improved since 1990 (Shackleton, etal, 1990; Hilgen, 1991; Baksi, et 

al, 1992; Baksi, 1993; Tauxe et al, 1992). The two most recently published 

geomagnetic polarity time scales (Cande and Kent, 1995; Berggren, et al, 1995) have 

the same absolute ages for reversal boundaries for the ages to 10 Ma, except that 

Berggren et al. (1995) added a short normal subchron between the Jaramillo and 

Olduvai Subchrons as the Cobb Mountain Subchron. These two geomagnetic polarity 

time scales have been used for magnetostratigraphic correlations in the recent literature. 

In this study, I use the GPTS of Cande and Kent (1995). Because the age of the Panaca 
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Formation cannot be as young as tlie Matuyama Chron, the Cobb Mountain Subchron is 

unimportant in this study. 

As mentioned before, ashes near the top of the Southwest Amphitheater section 

had been sampled and analyzed by R. Shroba of the USGS. Shroba and his colleague P. 

D. Rowley of the USGS concluded that the ashes in the Southwest Amphitheater were 

too fine-grained to be isotopically dated (Rowley and Shroba, 1991). Andrei Sarna-

Wojcicki with the Tephrachronology lab of USGS analyzed major elements in the glass 

shards fi"om the ash in the Rodent Hill section. He found that this ash could chemically 

match the Healdsburg tuff in California. The age of Healdsburg tufif was isotopically 

dated as 4.64±0.03 Ma (unpublished) by Robert Fleck of the USGS using the ""Ar/^^Ar 

technique. Therefore, the age of ash in the Rodent Hill section is inferred as 4.64±0.03 

Ma. Andrei Sama-Wojcicki also chemically correlated the lower ash in the Southwest 

Amphitheater section to the ash in the Rodent Hill section. This supports the correlation 

of magnetozone B- in the Southwest Amphitheater section to magnetozone B- in the 

Rodent Hill section (Fig. 7.19). 

Andrei Sarna-Wojcicki also analyzed the glass shards in the ash in the Rodent 

Ravine section, but he failed to extract good data. The ash samples from the Little 

Hogback section and Golgotha Hill section were sent to the geochemical lab of the 

University of Utah. The sample from the Little Hogback section has the glass shards 

from mixed sources and therefore cannot be dated. The sample fi^om the Golgotha Hill 

section was chemically dated as 3.3 Ma. This age is too young to fit with the 

paleontological data. 
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Although there is no continuous exposure between the Rodent Hill and Little 

Hogback sections to allow direct tracing, the ash layer in the two sections are located at 

about the same topographic elevation in these flat-lying strata, and they probably record 

the same event. Therefore, the magnetozone B- in the Rodent Hill section is correlated 

to the magnetozone E- in the Little Hogback section as shown in Figure 7.19. It is 

noticed that the magnetozone B- in the Rodent Hill section is significantly longer than 

the magnetozone E- in the Little Hogback section. This is probably due to the higher 

sediment accumulation rate in the Rodent PBll section as it is located at the edge of the 

basin whereas the Little Hogback section is situated more central in the basin. 

The Rodent Ravine section is also located in the edge of basin, about 1 km west 

of the Rodent Hill section. A 0.5m-thick ash layer is located in the upper part of the 

section (Figure 7.4). This ash is not continuous laterally, and it is impossible to trace it 

to the ash of the Rodent Hill section. However, their topographic elevations are similar. 

So, it is reasonable to correlate magnetozone B+ in the Rodent Ravine section to 

magnetozone A+ in the Rodent Hill section and magnetozone D+ in the Little Hogback 

section. The magnetozone A- in the Rodent Ravine section is thus then correlated to the 

magnetozone C- in the Little Hogback section (Fig. 7.19). 

Correlation of these sections to the GPTS is based on the correlation of the 

Rodent Hill section to the GPTS. The ash age in magnetozone B- in the Rodent Hill 

section securely correlates magnetozone B- to the C3n.2r in the Gilbert Chron of GPTS 

(Fig. 7.19). Based on this correlation, the LSD ofMimomys panacaensis (Loc. 9702 in 

the Rodent Ravine section) is slightly above the termination of Thvera Subchron. If this 
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site is also considered to represent the FAD ofMimomys panacaensis as suggested in the 

previous chapter, then the Hemphillian-Blancan boundary should be around the age of 

4.95 Ma. 

According to Lundelius et al. (1987), the youngest radiometrically dated 

Hemphillian faunas are the Pinole local fauna in California, which is tuff dated by K-Ar 

methods at 5.2±0.1 Ma, and the Santee local fauna of Nebraska, which is overlained by a 

volcanic ash dated at 5.0±0.2 Ma by fission-track methods on glass shards. The Mt. 

Eden local fauna fi'om the San Timoteo Badlands of California contains the primitive 

horse Dinohippus and the rodent Repomys maxumi, representing the late Hemphillian 

land mammal age (Hehn et al, 1996; May and Repenning, 1982). The composite 

magnetostratigraphy of the San Timoteo sequence correlates the reversed polarity 

magnetozone where the Mt, Eden local fauna is located to Chron C3r (Hehn et al., 1996: 

fig. 7). The age of the Mt. Eden local fauna is thus interpolated about 5.3 Ma. The data 

from the Pinole local fauna and the Mt.Eden local fauna supports the placement of the 

Hemphillian-Blancan boundary at about 4.95 Ma. 

Correlation of the Golgotha Hill section 

The Golgotha Hill section is located in a different basin fi-om the other sections 

in Meadow Valley, therefore, it is impossible to correlate it stratigraphically to the other 

sections. Its magnetostratigraphy is characterized by a short normal polarity 

magnetozone B+ at the bottom and an overlying long reversed polarity magnetozone C-. 

Because the Hemphillian fossil site is located in the upper part of magnetozone C- and 
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this reversed polarity magnetozone is twice as long as the magnetozone B+, and the 

Golgotha local fauna represents late Hemphillian, a likely correlation is shown in Figure 

7.20, which equates magnetozone B+ to the Subchron C3An.ln in the GPTS. 

Conclusion 

The Pliocene Panaca Formation in southeast Nevada has yielded abundant 

Blancan fossils. To better understand the ages of these fossils and the Hemphillian-

Blancan boundary, magnetostratigraphy was established for four sections in Meadow 

Valley and one in Spring Valley. The ash in the Rodent Hill section in Meadow Valley 

was chemically correlated to the Healdsburg tuff in California, which was dated at 

4.64±0.03 Ma. This age constrains the correlation of magnetozones of Panaca 

Formation in Meadow Valley from the C3n. In to C3r in the Gilbert Chron of GPTS. If 

the LSD ofMimomys panacaensis is considered as a reasonable FAD of this species in 

the area, the Hemphillian-Blancan boundary is suggested around 4.95 Ma, close to the 

termination of Thvera Subchron. 
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SUMMARY 

The Pliocene Panaca Formation in southeast Nevada has yielded abundant 

mammal fossils. This study recognized 27 species of small mammal fossils in the 

Panaca local fauna from Meadow Valley. Among them, there are five new species, 

representing two new genera. Excluding the rhino Teleoceras sp., the Panaca local 

fauna suggests the very early Blancan land mammal age. 

A new genus of shrew in the Tribe Neomyini, Paranotiosorex, with the genotype 

P. panacaensis, was named from the fauna. This shrew is characterized by its 

distinctive lingual emargination at the connection between the posterior mandibular 

condyles and its oval-shaped upper posterior mandibular condyle. It is very similar to 

Notiosorex, with the difference that Notiosorex has a triangular upper posterior 

mandibular condyle. In addition to this genus, a shrew in the Tribe Soricini, Sorex 

meltoni, is also recognized from the fauna. 

Lagomorphs are very common in the Panaca local fauna, represented by five 

genera and nine species. Three Archaeolaginae lagomorphs, Hypolagus edensis, 

Pewelagus dawsonae, and Lepoides lepoides are the dominant species. The Leporinae 

species are represented by Nekrolagus progressus and a species probably of 

Pronotolagus. 

Rodents compose the major part of small mammal fossils in the Panaca local 

fauna, including the families Sciuridae, Geomyidae, Heteromyidae, and Cricetidae. 

Pliogeomys parvus is the only species recognized in Geomyidae. There is no derived 
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genus Geomys. The low-crowned heteromyid Perognathus mclaughlini and the high-

crowned heteromyid Prodipodomys minor and Prodipodomys tiheni are common in the 

fauna. The species Prodipodomys minor was placed in the genus Prodipodomys rather 

than Dipodomys, based on its retention of roots and low dentine tract. 

Cricetids are a large group in the rodents in the Panaca local fauna, including the 

subfamilies Sigmodontinae, Arvicolinae, and Prometheomyinae. The low-crowned 

cricetid is represented by Peromyscus hagermanensis and a species in the genus 

Onychomys. The high-crowned cricetid in Sigmodontinae is Repomys, including R. 

panacaensis and a new species, R. minor n. sp. The two species are morphologically 

similar to each other, with the differences in their sizes and the occlusal outline of the 

first lower molar. R. minor is significantly smaller than R. panacaensis. With a large 

sample of R. panacaensis, especially the last upper and lower molars, the diagnoses of 

the genus Repomys and the species R. panacaensis are emended. 

Arvicoline rodents are abundant in the Panaca local fauna. Mimomys 

panacaensis was recognized from three other localities in the Panaca Formation in 

addition to its type locality. A new genus, Nevadomys, is erected for the arvicoline-like 

rodents from four localities in Meadow Valley. This new genus is distinctive from 

Mimomys by its combination of the reduction of enamel islet on the first lower molar 

and a large posterior enamel islet on the last upper molar. Different from Mimomys 

panacaensis, Nevadomys was considered endemic to North America. A phylogeny of 

Paramicrotoscoptes-Nevadomys was suggested, and according to this, Nevadomys was 

placed in the same subfamily as Paramicrotoscoptes. Nevadomys includes three 
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species, N. fejfari, N. lindsayi, and N. downsi. N. fejfari is characterized by its 2-rooted 

condition on the last upper molar; N. lindsayi is distinctive on its large size and 3-rooted 

condition on the last upper molar; N. downsi is characterized by its four-lobed 

anteroconid complex on the first lower molar. N. fejfari was probably derived from N. 

lindsayi through the decreasing in size and fusion of the two anterior roots on the last 

upper molar. 

The enamel microstructures at the level of schmelzmuster of Mimomys 

panacaensis and three species of Nevadomys are examined under the SEM. M. 

panacaensis from Loc. 9702 presents very similar schmelzmuster to that of M. 

panacaensis from the type locality, indicating that there is no significant difference in 

the schmelzmuster among different populations of this species. Nevadomys has a more 

primitive schmelzmuster than M. panacaensis, with only radial enamel on the leading 

and trailing edges of alternating triangles. In N. fejfari and N. lindsayi, the leading edge 

of anteroconid complex of the first lower molar is entirely occupied by radial enamel, 

whereas in N. downsi, traces of discrete lamellar enamel were seen close to the dentine 

on this leading edge. 

Carnivores are poorly preserved relative to the other small mammal fossils in the 

Panaca local fauna. Bassariscus casei and a species of Canis were identified. 

The presence of derived horse Equus and a primitive arvicoline rodent Mimomys 

panacaensis indicate that the Panaca local fauna represents the early Blancan land 

mammal age. The evolutionary stage of Nevadomys supports this inference. Since the 

Hemphillian Teleoceras was found from the same basin, and M. panacaensis has a 
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comparable evolutionary stage to the very early Blancan species M (Ophiomys) 

mcknighti, the first appearance datum ofM pamcaemis was suggested representing the 

beginning of Blancan, and the lowest stratigraphic datum ofM panacaensis in the 

Panaca Formation was considered indicating the first appearance datum of this species. 

To resolve the absolute age of the Panaca local fauna and the Hemphillian-

Blancan boundary, five sections in Meadow Valley and one section in Spring Valley 

were sampled for magnetostratigraphic study. Except for the Double Butte section 

where samples had very weak magnetization, magnetostratigraphy was established for 

each of the other five sections. A reversal test was performed for each section, and a 

reversal test was also performed using all the Class I sites fi-om the Panaca Formation in 

Meadow Valley. The overall test was passed with classification of B, indicating that the 

Class I sites were well sampled and sufficiently demagnetized. The four sections in 

Meadow Valley, Little Hogback section. Rodent Ravine section, Rodent Hill section, 

and Southwest Amphitheater section were correlated to each other by the ash layers. 

The ash in the Rodent Hill section was chemically correlated to the Healdsburg tuff in 

California, which was dated as 4.64±0.03 Ma by ''°Ar/^®Ar technique. With this age, the 

magnetozones of Panaca Formation in Meadow Valley can be well constrained fi-om 

C3n. In to C3r in the Gilbert Chron in GPTS. If the LSD of Mimomys panacaensis in 

the basin is considered to represent the FAD of this species, the Hemphillian-Blancan 

boundary is placed at 4.95 Ma, slightly after the termination of Thvera Subchron. The 

placement is supported by the absolute ages of several late Hemphillian faunae in North 

America. 
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