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INTRODUCTION 

PURPOSE OF THE STUDY 

This investigation of Slaton Quarry and the Slaton local 

fauna was initiated with the following objectives in mind: 

1. To describe additional specimens of the Slaton fauna, 

from newly discovered parts of the Slaton deposits, including 

fishes and birds which have not been previously studied; 

2. To interpret the paleoecology of the entire Slaton fauna 

and compare it with the present fauna and ecology of the area; 

3. To establish a more precise age for the Slaton fauna; 

4. To study the sedimentological history of the Slaton de

posits and the taphonomic history of the fossil fauna; 

5. To correlate the Slaton fauna with similar Pleistocene 

faunas from the Great Plains region. 

Although three other studies (Evans and Meade, 1945; Dalquest, 

1967; Holman, 1959) of the vertebrates of the Slaton fauna have 

been conducted, these objectives were established because earlier 

investigators were concerned primarily with the fossil fauna, not 

the sediments,• their mode of deposition, the taphonomy df. the ver

tebrate fossils, or the paleoecology of the Slaton fauna. Since 

the age and affinities of the fauna have remained in question, the 

entire vertebrate fauna has never been studied together for compari

son with other fossil or contemporary vertebrate faunas. 

Previous statements on the sedimentology and paleoecology of 

the Slaton deposits are based only on a limited exposure at one 
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locality. Subsequent to the previous investigations of the verte

brate fossils, commercial exploration for gravel at Slaton Quarry 

has exposed many new fossiliferous parts of the Slaton beds cover

ing a greater area and a greater depth. These excavations have 

made it possible to study both vertical and horizontal changes in 

depositional regime and to reevaluate the sedimentology, environ

ment of deposition, and paleoecology of the Slaton fauna. 



LOCATION AND DESCRIPTION OF THE AREA 

Slaton Quarry is located on the north side of Yellowhouse 

Canyon, five miles north of the city of Slaton, Lubbock, Texas 

(Figure 1). Yellowhouse Canyon is a Pleistocene erosional fea

ture extending northwest for approximately 48 kilometers into the 

eastern escarpment of the Southern High Plains or Llano Estacado. 

The canyon is about 2.4 kilometers wide and 62 meters deep in the 

vicinity of the quarry. The Double Mountain Fork of the Brazos 

River flows east through the canyon. To the west, Yellowhouse 

Canyon is continuous with Yellowhouse Draw and Blackvzater Draw, 

which are important source areas for the headwaters of the Double 

Mountain Fork of the Brazos River. Both of these stream valleys 

are relicts of earlier stream systems (Figure 1) that flowed 

east tlurough the Yellov/house Canyon area in the late Pliocene and 

early Pleistocene and runoff from these stream valleys probably 

contributed to the formation of the canyon and the Pleistocene 

sediments in the canyon. 

The Southern High Plains (Figure 1) occupies an area of over 

82,240 square kilometers in western Texas and eastern New Mexico. 

The region lying south of the Canadian River Valley is a broad, 

very flat plateau known as the Llano Estacado or Staked Plains, 

a name given to the area by Spanish explorers who first came here 

in the late 1500's in search of gold. 

The Staked Plains is bounded on the north, east, and west 

by prominent escarpments rising from peripheral, stream-eroded 



Figure 1. Map of the Llano Estacado (southern 
High Plains) showing the location of Slaton 
Quarry, Yellowhouse Canyon, and Blackwater 
and Yellowhouse Draws. 
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JLowlands. Southward the Staked Plains merges without marked phys

iological break with the Edwards Plateau. North of the Canadian 

River Valley, the Staked Plains is geologically continuous with 

the High Plains of western Oklahoma, Kansas, and Nebraska. 

Deep canyons have been cut into both the eastern and western 

escarpments of the Staked Plains. The larger and more striking 

canyons are along the eastern escarpment, where erosion is more 

significant because the surface of the plains slopes to the east 

and rainfall is more abundant in this area. In some areas the 

escarpment is over 150 meters Mgh- Isolated buttes and mesas 

peripheral to the plains indicate that it was once much more ex

tensive and extended further east and south than it does at pre

sent. The canyons and prominent escarpments are predominantly 

PleisLocene erosional feat\ires. 

The vally of the Pecos River forms the western border of 

the Staked Plains. The Canadian River, which fonris the northern 

boundary of the Staked Plains, has the only well developed drainage 

system on the plains. There is no well developed river system on 

the Llano Estacado at present. The Colorado, Brazos, and Red Rivers 

extend almost across the width of the plains; however, their valleys 

are almost devoid of tributaries and have alluviated and unchanneled 

floors. A number of large basins on the plains contain salt lakes 

or Salinas. These basins are. deeply incised by wind deflation into 

the plains and may control the drainage of an area of 128 square 

kilometers or more. Inumerable smaller basins, called playas, 

cover the region but usually only contain vjater for brief periods 



after rains. Because they are so numerous, the playas impound most 

of the rain that falls on the plains, allowing only a small amount 

to find its way into the streams flowing east from the plains. 

The surface of the Staked Plains slopes southeast from an 

elevation of about 1219 meters in the northwest to an elevation of 

approximately 762 meters in the southeast near Big Spring, an average 

slope of about 1.5 meters per kilometer. 

The Pleistocene and recent surface morphology of the Staked 

Plains has been controlled by a dense, often siliceous, pisolitic 

caliche which developed in the late Pliocene. The caliche, which 

varies from one to three meters in thickness, crops out all around 

the Staked Plains and is known locally as the "Caprock." Most of 

the caliche is covered by a layer, varying in thickness, of Pleis

tocene and recent aeolian deposits. The Llano Estacado has been 

a distinct geomorphic and geographical region since the early 

Pleistocene. 

Both the Llano Estacado and the stream-dissected lowlands to 

the east belong to the Kansan Biotic Province (Blair, 1954). In 

Texas the Kansan Province is divided into two districts which meet 

along the eastern escarpment of the Llano Estacado. The Mesquite 

Plains district is characteristically a mesquite savanna. The grass 

cover is formed principally by various species of gramma including 

Bouteloua sp. and Aristida ap. The Short-grass Plains district 

(Blair, 1954) is confined to the Llano Estacado in Texas, but ex

tends westward to the valley of the Pecos River in New Mexico and 

northwcurd through the Oklahoma panhandle into southwestern Kansas. 
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Buffalo grass, Bouteloua sp., is the principal constituent of the 

short-grass community in both Texas and Oklahoma (Blair, 1954). 

Arborescent vegetation including willow, Salix sp.; cottonwood, 

Populus sp.; and elm, Ulmus sp., is confined primarily to the few 

stream borders on the plains. Hackberry, Celtis occidentalis, and 

"juniper, Juniperus sp., are abundant along the escarpment and in 

the canyons around the Staked Plains. Extensive areas of dune sand 

occur in both biotic districts and are characterized by such aren-

icolous plant species as shin-oak, Quercus bavardii, and sand sage, 

Artemisia filifolia. During glacial pluvial periods the vegetation 

changed to include more northern and mesic species. Although 

grasses appear to have been important parts of the plant community 

throughout the Pleistocene, pollen analyses indicate that spruce 

and pine were present on the south plains during the Illinoian and 

Wisconsin glacial periods (Kapp, 1970; Wright, 1970). More xeric 

varieties of forbs including Artemisia, Ambrosia, and grasses pre

dominated on the plains during interglacials was probably restrict

ed to canyons and stream valleys as it is now. Conifers probably 

disappeared from the plains during the warmer, more xeric inter-

glacial periods. 

Moisture is deficient and seasonal throughout this region. 

Average annual precipitation is less than 50 centimeters. There 

is a decrease in rainfall from east to west. Winters are generally 

mild; summers, hot and dry. Thornthwaite (1941) classifies the 

Mesquite Plains district as dry subhumid and the Short-grass Plains 

district as semiarid. Finch et al. (1957) located this region in 
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the transitional zone between the low latitude, steppe, climatic 

zone and the humid, subtropical, climatic zone extending to the 

east and southeast. Recent agricultural practices and overgrazing 

have altered or destroyed much of the original short-grass and 

habitat on the Llano Estacado and Mesquite Plains. 

The presence of dunes on the eastern side of many Pleistocene 

plains lakes indicates that paleowind directions were not substan

tially different than at present. Paleowind direction and vegeta

tion studies based on pollen analyses suggest that the climates 

during Pleistocene interglacial periods on the plains resembled the 

semiarid climate of the region at present or were possibly warmer 

and more arid. 



REGIONAL AND HISTORICAL GEOLOGY 

Studies of the geology of the Llano Estacado and adjacent 

areas have been conducted by Cummins (1891, 1892, 1893), Cope (1893), 

Gould (1907), Baker (1915), Evans and Meade (1945), Evans (1949) , 

Frye and Leonard (1957), Parry and Evans (1968), Brand and Reeves 

(1971), and Reeves (1972 and 1975). Reference should be made to 

these papers for more detailed discussions of the geology of the 

Staked Plains. Only those rock or stratigraphic units cropping out 

near Slaton Quarry and Yellowhouse Canyon are reviewed here. 

The Staked Plains consists of a sheet of late Tertiary and 

early Quaternary sediments derived from the Rocky Mountains to the 

west. The clays, sands, and gravels of the Ogallala Formation (Dar-

ton, 1898 and 1905) of which the Staked Plains forms the southern 

part were deposited as an alluvial piedmont by through flowing, 

heavily loaded, meandering streams over an eroded low-relief sur

face of Permian, Triassic, and Cretaceous rocks (Reeves, 1972). 

The original eastern extent of the Ogallala Formation is not known. 

Menzer and î iaughter (1970) found evidence of Ogallala gravel as 

far east as Dallas County, Texas, suggesting that the Qgallala al

luvial deposits once extended into eastern Texas. Dallas County 

is over 403 kilometers east of the present eastern escarpment of 

the Llano Estacado. John Brand (personal communication), however, 

suggests that the Goliad Formation of southeastern Texas may in 

fact be the eastern extent of the Ogallala Formation in Texas. 

Aggradation by major stream deposition on the Staked Plains 
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had ended by early Quaternary time. Increasing aridity and head-

ward erosion of the Pecos River which captured the headwaters of 

the east-flowing streams that crossed the plains ended the fluvial 

depositional phase of plains history. There is no well developed 

river system on the surface of the Llano Estacado at the present 

time. A niamber of large salt lakes and numerous playas generally 

produced by wind deflation (Evans and Meade, 1945) are the most 

conspicuous surface featxires on the plains at present. Aridity 

and wind have been important factors in the development of playas, 

other large basins, basin and channel fills, and dune development 

on the Staked Plains and on the rolling Mesquite Plains to the east 

(Evans and Meade, 1945). Most of the larger basins have dunes lo

cated on their southeastern, leeward sides. Large areas of active 

dunes are now found in the north-central part of the plains. .Aeolian 

deposits are important components of many fossiliferous Pleistocene 

basin and channel deposits and may have formed dams in old stream 

valleys that impounded large temporary lakes (Johnson, 1974). 

The thickness of the Ogallala sediments varies with the top-

ography of the buried erosional surface, but ranges between 15 and 

152 meters. The Ogallala generally thickens toward the east. The 

greatest thickness is near the center of the Staked Plains north 

of the study area. 

In 1949 Evans elevated the Ogallala group status by pro

posing subdivision of the Ogallala into the Couch and overlying 

Bridwell Formations. The lower or Couch Formation is of late Mio

cene and early Pliocene age. The age of these units and the Pleis-



12 

tocene sediments associated with them is based largely on the ex

tensive vertebrate fossil assemblages found in them. 

Typically the Couch Formation consists of fluvial sands and 

gravels. This grades upward into calcareous, semiconsolidated, 

clayey sands. Conspicuous bedding is absent. The top of the 

Couch Formation is distinguished by its hummocky erosional surface, 

by its pinkish color, and by a poorly developed caliche zone. The 

caliche developed in a "B" soil horizon beneath the Couch Plains 

surface before burial by sediments of the Bridwell Formation. The 

Couch Formation is exposed in deeper canyons on the eastern margin 

of the Staked Plains and in the valley of the Brazos River adjacent 

to Slaton Quarry. Vertebrate fossils found in the Coiach Formation 

by Grayson E. Meade include species of Pliohippus, Neohipparion. 

Nannippus, and Procamelus. 

Deposition of the Bridwell Formation began during the mid-

Pliocene. The Bridwell Formation rests unconformably on the Couch 

Fojnnation and, in places where the Couch Formation is absent, on 

Cretaceous and Triassic rocks. The Bridwell Formation originated 

as channel and floodplain facies of broad, aggrading stream valleys 

and consists of cross-bedded and unconsolidated sands, clay, and 

gravels. Many large channel deposits, often containing large ar

mored clay balls, are commonly exposed at the top of the Bridwell 

Foonnation in the escarpments along the eastern edge of the Staked 

Plains. A large, late Pliocene or early Pleistocene channel is 

exposed in the top of the canyon walls above Slaton Quarry. This 

channel, which truncates the late Pliocene caprock caliche, repre-



13 

sents a river of considerable size and competence. It has been 

traced for several kilometers to the northwest along the north 

side of Yellowhouse Canyon and was at least four to five hundred 

meters in width. The direction of this channel indicates that it 

may.be continuous with Blackwater Draw which joins Yellowhouse 

Canyon at the northwestern end. Two poorly developed Pleistocene 

caliches occur over this channel. They can be distinguished from 

the late Pliocene caprock caliche by their position and friable 

texture. I have recovered a small vertebrate fauna from this chan

nel including Equus, Tanupolama, Terrepene, Geochelone, Cynomys, 

and fragments of a smaller horse, an antelope, and some small 

shore birds. A large number of unidentifiable fragments of small 

bones suggest that a microvertebrate fauna could be recovered from 

the channel. Fauna and stratigraphy seem to indicate an early 

Pleistocene, probably Nebraskan age for the Slaton channel. 

Abundant reworked Cretaceous fossils in the channel suggest 

•to Pierce (1975) that this channel drained past the Cretaceous 

high in southeastern Hale County, Texas shown by Cronin (1969). 

Pierce also suggests that because of the apparent absence of an 

Aftonian terrace along the upper White River; it is possible that 

this channel represents the course of the Portales River during 

the Nebraskan pluvial and that the sediments of the channel are 

of Nebraskan and Aftonian age. 

The Bridwell is aharacteristically reddish-brown in color 

grading upward to a pale gray, calcareous caliche zone at the top. 

The thick, hard, pisolitic caliche zone which developed during the 
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late Pliocene stabilizes the plains surface and caps all of the 

surrounding esc arpment s. 

Vertebrate fossils including Astrohippus, a rhinocerous, 

Teleoceras, Geochelone, and numerous small mammals, including 

Cynomys, and bird fossils have been collected from several zones 

in the Bridwell Formation near Slaton Quarry by the author. In 

contrast to the gradually changing depositional trends of the Plio

cene, the Pleistocene of the Staked Plains is marked by shorter 

and more dramatic period of stream erosion and alluviation coincid

ing with glacial intervals. These alternated with intervals of 

climatic equilibrium and soil formation during interglacial periods. 

Canyon cutting and the development of the Staked Plains escarpments 

probably occurred primarily during the Kansan and Wisconsin glacial 

intervals. 

The Ogallala Group on the Staked Plains has been divided into 

three floral zones (Frye and Leonard, 1957; Johnson, 1936; and 

Lugn, 1938 and 1939) based on fossil plant and seed assemblages 

more clearly defined in Kansan and particularly Nebraska. The 

Valentine floral zone is the oldest and is only rarely 'encountered 

in valley fills. The Ash Hollow floral zone includes the greatest 

section of the Ogallala Group. The Kimble floral zone is the young

est and is probably of mid- to late Pliocene in age. The relation

ship of the Couch and Bridwell Formations on the Staked Plains to 

these floral zones is a matter of speculation. The fossil record 

for plants is very poorly known in this region. The Valentine floral 

zones may not even exist in this area (Frye and Leoncird, 1964) . 
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Fossiliferous deposits of Pleistocene and recent age are re

presented on the Staked Plains by lake or pond sediments, stream 

valley deposits, and aeolian fills (Evans and Meade, 1945). They 

are most commonly exposed along the eroded and incised canyons 

on the eastern and western escarpments, in old river terraces, and 

the recent basins produced by wind deflation and in sinks caused by 

subsidence and solution (Reeves, 1972). Because of their irregular 

and discontinuous distribution. Pleistocene sediments are difficult 

to correlate with adjacent or more distant fossiliferous deposits 

of similar age on the Staked Plains, on the north plains, or with 

deposits in glaciated areas. Correlation and dating of the fos

siliferous Pleistocene sediments on the Staked Plains and with 

other Pleistocene deposits is based on mode of deposition, on fos

sil faunas (Evans and Meade, 1945; Johnson and Savage, 1955; and 

Dalquest, 1965), on dating of distinctive volcanic ashes (Izett 

et aĴ . , 1972), on paleomagnetic studies, and by correlation with 

distinctive buried soils, particularly the Sangamon soil that ex

tends continuously from the Mississippi valley to west Texas. 

Volcanic ashes and paleosoils have not been found associated with 

the Slaton deposits. 

Although the various glacial and interglacial stages are re

presented on the Staked Plains, the vertebrate paleontology of this 

important region has been little studied compared to other areas 

(Schultz, 1972). Throjighout the area Pleistocene deposits are 

named and described as rock-stratigraphic and biostratigraphic 

units of only local extent. Little has been done to correlate the 
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sediments or faunas of this region with other better known areas. 

East of the Llano Estacado the eroded red beds of the rolling 

plains are formed by outcrops of Triassic, the Dockum Group, and 

Permian, the Whitehorse Group, strata. To the west, between the 

Pecos River Valley and the western escarpment of the Llano Estacado 

is the pediment which is topped by the Pliocene caprock caliche 

(Reeves, 1972), 

Sedimentary deposits of Nebraskan age are rare on the Llano 

Estacado. Pierce (1975) suggests that the lower Spring Creek beds 

in Garza County and a lense of lacustrine sands and clays on a 

divide between Mustang Draw and Rita Blanca Creek in Hartley, County, 

Texas, are of Nebraskan age. Vertebrates are now known from the 

Hartley County locality. Reeves (1972) and Schultz (1972) include 

the Blanco beds in the Nebraskan stage. Schultz (1972) lists the 

City Canyon and Red Coral localities as late Pliocene or early 

Pleistocene. Another possible Nebraskan age deposit is the Slaton 

Channel that crops out in Yellowhouse Canyon above Slaton Quarry. 

Th'j abundant, reworked Cretaceous fossils in this channel suggest 

that it drained past the large Cretaceous high in southeastern 

Hale County, Texas (Cronin, 1969). In view of the absence of an 

Aftonian terrace along the upper White River, it is possible that 

this channel represents the course of the Portales River during the 

Nebraskan pluvial and that the sediments of the channel are of 

Nebraskan and Aftonian Age (Pierce, 1975). Pleistocene deposits 

of Kansan age on the Staked Plains include the Tule Formation 

(Cummins, 1893) in Briscoe and Swisher Counties and the upper parts 
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of the Spring Creek beds (Evans and Meade, 1945, and Frye and 

Leonard, 1957). 

Yarmouthian through Sangamon age deposits are found in the 

Blackwater Draw Formation (Reeves, 1975). Terrace deposits of 

Yarmouthian age are common along the Red, White and Brazos River 

reentrants (Pierce, 1975). Basin deposits of Yarmouthian age are 

found only along Tule, Rock Creek, and Cita Canyons (Pierce, 1975). 

Sediments with fossils of Illinoian and Sangamon age are very rare 

and none are known that contain vertebrate fossils on the Staked 

Plains. 

Wisconsin age sediments on the Staked Plains include the 

Double Lakes Formation (Reeves, 1975) and the Tahoka Formation 

(Evans and Meade, 1945). 



PREVIOUS INVESTIGATIONS 

Previous work at Slaton Quarry has dealt only briefly with 

the depositional history and paleoecology of the Slaton deposits. 

The faiona has been studied in greater detail; however, no previous 

attempt has been made to integrate faunal and detailed geological 

evidence in interpreting the paleoecology, faunal affinities, or 

age of the fauna. 

Slaton Quarry was discovered in 1941. Meade described a new 

antilocaprid, Capromeryx minimus (1942), and the occurrence of a 

muskrat, Neofiber leonardi, at Slaton (1952) and formally named 

the Slaton local fauna. Evans and Meade (1945) described the Sla-

ton deposits as lacustrine and dated the fauna as middle Pleistocene, 

probably equivalent to the Tule Formation. They presented a short 

faunal list. Dalquest (1967) conducted a more thorough investiga

tion of the fossil mammals, 30 species, and commented briefly on 

the age and paleoecology of the Slaton fauna. Because of the ab

sence of bison from the Slaton fauna and the presence of the prairie 

dog, Cynomys vetus, previously known only from Illinoian age de

posits in Kansas, Dalquest dated the Slaton fauna as Illinoian. 

Holman (1969) described the herpetofauna, 18 species, from spec

imens collected by Dalquest and agreed with Dalquest that the fauna 

accumulated in a prairie lake with climatic conditions as warm or 

warmer than at present. Pierce (1975) described the gastropod 

fauna of Slaton Quarry and very briefly discussed the age, sediments, 

and paleoecology of the quarry; he dated the gastropod fauna as 

Yarmouthian. Frye and Leonard (1957) also published a gastropod 

18 



19 

list from Slaton Quarry. Johnson and Savage (1955) mention Slaton 

Quarry and another earlier Hemphillian fauna recovered from near 

Slaton Quarry in Yellov/house Canyon. This fauna was named the 

Smart Ranch local fauna. 

Evans and Meade (1945) described the sediments at Slaton as 

stratified light gray sands and bentonitic clay. They stated that 

the sediments accumulated in an ancient lake and that remnants of 

the lake deposits occur above the caprock on both sides of the can

yon, suggesting that this basin was essentially filled before its 

dissection by Yellowhouse Canyon. I have been lanable to locate any 

remnant of the Slaton sediments above the caprock on either side 

of the canyon; however, several late Pliocene localities and the 

Nebraskan channel in Yellowhouse Canyon near Slaton Quarry are pre

sent and all have been referred to locally as Slaton Quarry. Two 

large commercial gravel-quarrying operations in Lubbock County, 

one southeast of the town of Slaton, and the other at the Buffalo 

Lakes dam on the Double Mountain Fork of the Brazos River about 

4.9 kilometers upstream from the original Slaton Quarry v/here this 

study is taking place, are also known as Slaton Quarry. 

Dalquest (1967) proposed that the entire canyon, 1.6 kilometers 

wide in places, upstream from the fossil site developed after the 

Slaton deposits were formed. Dalquest agreed that the fossil de

posits acciomulated in a lake. However, he described the lake as 

shallow and choked with emergent vegetation. I-lany of the elephant 

bones he found show evidence of weathering before burial, indicat

ing that the water was only a few centimeters deep or that the 
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shore was dry and later flooded. Groups of vertically oriented 

bones were thought to have accumulated in mud cracks on the dry 

shores and were later covered with mud and rising water. In meixy 

cases, the outline of the old mud crack was still evident because 

the matrix of the filling was mora calcareous. 

Pierce (1975) in a more detailed study of the sediments pro

posed a sequence of depositional events leading to the formation 

of the Slaton deposits. These include entrenchment of a river into 

the Ogallala Formation, alluviation of the channel due to reduced 

competency, a change from braded to meandering bed form and the 

formation of one or more oxbow lakes or bayous which gradually fil

led with sediments and occasionally dried up, and the formation of 

a broad, vegetated floodplain in the canyon during the closing 

stages of Slaton deposition. 



METHODS AND PROCEDURES 

Determination of the age and paleoecology of the Slaton local 

fauna are the primary objectives of this study. To achieve these 

goals, several lines of evidence were investigated: the regional 

geology, the sedimentology of the quarry deposits, the taphonomy 

of the bonebed, description and paleoecology of the fauna, and com

parison of fauna with other Pleistocene faunas. 

Reconnaisance of the canyon area and examination of sedimen

tary environments in the Ogallala Formation were carried out pre

liminary to work at the quarry site. As a result of this study a 

large, late Pliocene channel, in the Ogallala Formation adjacent to 

and stratigraphically higher in the section than the Slaton beds, 

was discovered. The extent of the channel exposures in the area 

of Slaton Quarry, the amount and type of fossil material in the 

channel and the Ogallala Formation, the mode of preservation of 

these fossils, and the possibility that fossils reworked from these 

Pliocene deposits could be incorporated into the Slaton fauna were 

also investigated. A small mega- and micro-fauna was recovered 

from the Ogallala Formation and the channel. Comparisoji of this 

fauna with the Slaton fauna revealed several shared taxa although 

several differences in mode of preservation were found that enabled 

fossils critical to environmental determinations to be identified 

as actual contemporary members of the Slaton local fauna. Examin

ation of hand specimens revealed differences in the preservation 

of the fossils in these two localities, and microscopic examination 

of thj.n sections of bone from both localities revealed fiirther dif-

21 
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ferences. The bone was found to be too fragile for slide pre

paration on a thin-sectioning machine. The slides were prepared 

by hand. 

Before removal of matrix from the quarry and recovery of the 

fauna was started, the extent and spatial relationships of the 

quarry sediments and their stratigraphic relationships to the 

Ogallala and Couch Formations were determined. Five exposures of 

the Slaton sediments were located, including Dalquest's locality 

(1967). Evans and Meade's locality (1944) could not be located. 

The sections at all five exposures of the Slatons sediments were 

measured and the various sediments, sedimentary structures, and 

the presence or absence of fossils were noted. The orientation of 

clastic particles, including bones, and primary sedimentary struc

tures were measured using methods described by Hoyt (1971) , High 

(1971), and Jacka (personal communication). These data yielded 

information on the form, direction of flow, and other characteris

tics of the streams and ponds in which the Slaton fauna accumulated. 

The spatial relationships, distances apart and comparative vertical 

relationships of the five sections were determined with the aladade 

and plane table. As a result of these measurements, probable hor

izontal changes in deposition regime could be evaluated. The nom

enclature used to describe primary sedimentary structures is a mod

ified, simplified version of Allen (1963 and 1966), Doeglas (1962) , 

and Williams and Rust (1969). 

All of the exposures of the Slaton sediments with the exception 

of Dalquest's site (measured section one) are the result of recent 
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commercial gravel excavation. This has left extensive horizontal 

and vertical sections of the Slaton sediments exposed. Surface 

collecting and some screen washing at each of these sites indicated 

that the exposure west of Dalquest's quarry (measured section two) 

was potentially the most fossiliferous. Small vertebrate fossils 

predominated at this locality. For this reason and because Dalquest 

made his excellent collection of vertebrates from Slaton available 

to me, no major collecting was done at section one. 

A layer of gray clay (Unit Three) was found to be the most fos

siliferous part of section two. To expose this unit, up to 2.5 

meters of overburden were removed by hand, from an area measuring 

6.2 meters by 12.3 meters. Samples of the sands and gravels of 

the overburden were d.ry-screened for fossils. Only a few silicified 

bone fragments and one abraded horse tooth were recovered from these 

levels. 

The clay surface. Unit Three, was gridded off into 1 meter-

square units. MatrJLx was removed from these squares to a depth of 

about 10 cm. and was sacked and labled. Because no water was avail-

able at the quarry site, the matrix was transported to the Texas 

Tech Museum for washing. Before washing, the clay had to be com

pletely dried. Unless this was done, it would not flocculate, re

leasing the fossils. Soaking the dried matrix in kerosene expedites 

the flocculation of the clay, but if dried thoroughly, this tech

nique was not deemed a necessity. 

The dried clay matrix was placed in washer boxes similar to 

those described by Hibbard (1949) and McKenna (1967) . The bottoms 
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of the boxes were covered with galvanized fly screen. The washer 

boxes were then placed in water-filled troughs made of 55-gallon 

steel oil drums cut lengthwise. After soaking for about ah hour, 

the clay could be washed through the screen by gently agitating 

the washer boxes; only fossils were left behind on the screens. 

The fossils were dried in the washer boxes and then collected into 

clean plastic bags for sorting. The boxes were checked for any 

fossils left behind and then rinsed and refilled. In this way about 

1,000 to 1,200 kilograms of dried matrix could be washed in one 

day by a single person. Twelve troughs and 24 washer boxes were 

used. Two of the boxes described by McKenna (1957) could be put 

in each trough. A total of about seven metric tons of matrix were 

washed. 

The concentrated matrix was graded into fine and coarse frac

tions with a 16 mesh tyler sieve to facilitate sorting. The coarse 

fraction was picked without the aid of magnification; the fine 

fraction was sorted under a lOX binocular microscope. All of the 

bones and bone fragments from each sample were collected and count

ed. As a result of small numbers of fossils counted fr'bm each ori

gin sample-unit, the thickness of each sample-unit was increased 

to one half meter. This expedited the collecting and processing 

procedxires considerably. 

Attempts were made to measure the orientation of small bones 

in situ. This proved to be unfeasible. They were too small and 

too scattered to be completely recoverable in a reasonable length 

of time in this way. The clay matrix was also so hard that if any 
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small bones were located by scraping and other conventional quarry

ing techniques used on locating large bones, the small bones were 

damaged or destroyed. Wetting the clay also proved unworkable 

at the site. The orientations of the disappointingly few large 

bones recovered during this study were measured. However, because 

of the behavior of the clay matrix as it is wetted and dried, the 

original orientation of all but the largest bones is questionable. 

Several types of biological data have been derived from the 

quarry sample and contribute to an understanding of the origin of 

the Slaton fauna, its composition, and paleoecology. 

When possible, all bones were identified at least to genus. 

Collections of the Texas Tech Museum, The Texas Memorial Museum, 

and Dalquest's collection from Slaton Quarry were used as references-

A census was made of the fossils representing each genus. Censuses 

of mammals were also made at the ordinal level since many of the 

bones could not be identified with certainty below this level. Min

imum numbers of individuals were determined, and these figures are 

compared with numbers of individuals in modern populations of mam

mals. A census of the frequencies of occurrence of the different 

skeletal elements for each group was also made. These figures are 

compared with similar figiires reported by Voorhies (1969) , Wolff 

(1973) and Dodson (1974). Almost no data is available concerning 

the hydrodynamic sorting chiracteristics of bones from small ver

tebrates. Since almos_t no plant fossils, other than aquatic plants 

are available in the Slaton sediments, environmental determinations 

are made on the basis of the sedimentology and the ecological char-
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acteristics of the faunal assemblage. 

The Slaton fauna is compared with other Pleistocene and recent 

faunas, particularly the mammalian and reptilian faunas inhabiting 

the quarry area at the present time. 

Comparisons are made between methods used to evaluate community 

relationships in this and other studies, and the nature of the ver

tebrate communities represented in the Slaton local fauna are dis

cussed. 



SEDIMENTOLOGY 

Vertebrate fossils in Slaton Quarry are concentrated in a 

one to two meter thick, nearly horizontal layer of calcareous, gray 

clay. Isolated parts of this unit are only known to occur in five 

isolated hills near the north side of Yellowhouse Canyon. No strat

igraphically higher or lower remnants of fossiliferous clays were 

formed anywhere else in the cajiyon, on the sides, or above the can

yon as was reported by Evans and Meade (1945). Most of the fossil 

beds have been eroded away by the Brazos River. The original quarry 

site, Dalquest's quarry (measured section one), crops out around 

a small, centrally located, conical hill midway between the four 

other exposed parts of the fossil bed. With the exception of the 

clay layer at Dalquest's quarry, all other outcrops of the clay 

layer and the sediments above and below were deeply covered with 

slope wash and slumped sediments from the hills in which they occur. 

Outcrops two through five and the sediments below Dalquest's quai.--

ry were revealed only where exposed by gravel-quarrying operations. 

These sedimentary sequences have not been previously described in 

detail. Sedimentary structures in these layers offer important 

clues to the origin of the bone bed and the paleoecology of the 

quarry area. All units are terminated by the erosional slopes of 

the hills in which they occur. 

Vertebrate evidence is not included in this section in order 

to keep it separate from sedimentological evidence used in studying 

the environment of deposition. This separation allows the sedimen

tary evidence to be related to the vertebrate evidence on depositional 

27 
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environment without danger of circular reasoning (Behrensmyer, 

1975). 

The following five sections were measured where the Pleisto

cene sediments were uncovered in gravel quarries. 

TABLE I 

Measured Sections 

Measured Section 1 

This section was measured in the west wall of a gravel pit 

below the east side of Dalquest's quarry. This is also presumably 

the original site studied by Meade and Evans (Photograph 1). The 

exposure strikes N 20 E for a distance of 23 meters along the base 

of the hill. The altitude at the base of the section is approxi

mately 906 meters. 

Unit Description Thickness 

6 Gray argillaceous sand, interbedded 2 meters 
calcareous gravel lenses, ca].careous 
root casts and molluscs abundant, no 
vertebrates, gradational boundary 
with subjacent unit: 

5 Gray carbonate-cemented sand grading '' 2 meters 
upward to clay with lenses, cobble-
sized calcivmi carbonate nodules at 
the top, horizontal bedding, mollusc 
shells, calcareous root casts, and 
vertebrate fossils abundant. Sub
jacent unit covered. 

4 Covered 3 meters 

3 Gray clay grading upward to sandy clay, 2 meters 
small-scale trough cross-stratification 
at the base of the unit grades upward 
to horizontal laminae, calcareous root 
casts and shells abundant, vertebrate 
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Unit Description Thickness 

fossils rare. This unit is unconform
able on the subjacent level. 

2 Horizontally bedded sand, thin clay 1.8 meters 
layers separated by fine sand at top 
of unit, gray clay mud balls abundant 
throughout unit; limonite bands and 
mottling common, mollusc shells and 
bone fragments scattered through 
unit, truncated channels filled with 
coarse sand, broken mollusc shells 
and small clay balls are incised in
to the top of the unit. Gradational 
boundary with subjacent unit. 

1 Rounded unsorted pea- to cobble-sized 1 meter 
caliche gravel supported in coarse 
sand matrix, no Pleistocene fossils. 

0 Covered. 

Measured Section 2 

Most of the fossils studied in this report were collected at 

this site. The quarry (Photograph 2) is. located 155 meters W 42° 

S of measured section 1. The outcrop strikes N 30° E for 43 meters 

along the west wall of a gravel pit. The altitudv̂  at the base of 

the section is approximately 911 meters. 

Unit Description Thickness 

Covered, reddish Quaternary colluvium. 

5 Argillaceous gray sand, scattered round 1 meter 
carbonate cobbles, mollusc shells and 
root casts common, no bone, very faint 
large-scale cross-bedding. Boundary 
with subjacent unit gradational. 

5 Argillaceous gray sand, small-scale 0.9 meter 
trough cross-stratification in quarry 
grading laterally to large-scale trough 
cross-stratification, clay drapes cover 
both large and small cross beds, no 



Photograph I - Dalquest's quarry, viewed 
from the west. 

Photograph II - The quarry, studied in 
this report (measured section two). The 
equipment is on top of the clay (unit 
three). 
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Unit Description Thickness 

fossils. Boundary with subjacent unit 
gradational: 

4 Unsorted gravel ranging to cobble-sized, 1 meter 
round carbonate clasts abundant, gravel 
grades laterally to coarse sand with 
tabular cross-stratification, large 
gray clay mud balls abundant in the 
tabular megaripples, scattered bone 
fragments. Contact with subjacent 
unit erosional. 

3 Horizontally bedded gray clay, small 1 meter 
interbedded layers of sand and shell 
fragments-, clay fractures when dry 
forming polygonal clasts typically 
about 19 cm. in diameter, horizontal 
limonite bands associated with sandy 
layers, calcareous root clasts, mollusc 
shells, and small bones and bone frag
ments abundant. Boundary with sub
jacent unit gradational. 

2 Alternating thick (50-55 cm.) layers 1.8 meters 
of large-scale.trough-stratified sand 
and thin (2-7 cm.) layers of horizon
tally stratified clay, a limonite band 
at the top of each sand unit, no fos
sils. Contact with subjacent unit 
gradational. 

1 Unsorted gravel ranging up to cobble- 1.1 meters 
size, supported in sand matrix, c£ur-
bonate clasts rare, thin lenses or 
sand. '' 

Measured Section 3 

Located 201 meters W 53° S of measured section one, the sec

tion extends 23 meters along the wall of a small gravel pit which 

strikes N 60° E. The altitude of the base of the section is ap

proximately 908 meters. 
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Unit Description Thickness 

Covered, reddish Quaternary colluvixim 1 meter 

6 Unsorted sand and gravel, carbonate 1 meter 
nodules ranging up to cobble-size, no 
fossils. Abrupt contact with sub
jacent unit. 

5 Horizontally bedded gray clay, thin 1.5 meters 
layers of interbedded sand associated 
with limonite bands, vertebrate fos
sils, calcareous root casts, and mol
luscs abundant. Gradational bovmdary 
with subjacent unit. 

4 Basally unsorted gravel with sand 1 meter 
matrix, grades upward to large-scale 
tabular, cross-stratified coarse sand, 
mud balls in sand, bone fragments, 
molluscs, and root casts rare. Con
tact with subjacent unit gradational. 

3 Basally unsorted gravel, clasts in 0.9 meter 
contact with each other, grades up
ward to tabular, cross-stratified 
and large-scale trc ugh, cross-strat
ified sand. Mud balls abundant in the 
sand, carbonate cobbles common in the 
gravel, fossils rare. Boundary with 
subjacent unit gradational. 

2 Tabular cross-stratified sand, clay 0.5 meter 
clasts at top of unit suggest a for
mer thin clay layer, fossils rare. 
Boundary with subjacent unit grada
tional. 

1 Unsorted pebble- to cobble-sized gravel 0.3 meter 
in sand matrix, interbedded lenses of 
sand contain mud balls, fossils rare. 

Measured Section 4 

Located 219 meters E 25 2 of measured section two. The out

crop (Photograph 3) extends 11 meters along the east wall, strik

ing N 30° W, of a small gravel pit. The altitude of the base of 
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the section is approximately 909 meters. 

Unit Description Thickness 

Covered, reddish Quaternary colluvium 

4 Argillaceous, gray sand, carbonate 1 meter 
clasts ranging from pebble- to cobble-
size in upper part of xinit, no fossils, 
no recognizable structure. Gradational 
boundary with subjacent unit. 

3 Gray sand, small scale trough cross- 1.5 meters 
bedding, thin (1 cm.) layer of gray 
clay near top of unit, seven horizon
tal bands cross unit. Boundary with 
subjacent unit gradational. 

2 Gray argillaceous sand, horizontal 1.8 meters 
bedding, carbonate pebbles and cobbles 
abundant at top and bottom of unit. 
Boundary v;ith subjacent unit grada
tional. 

1 Basal pea- to cobble-sized gravel grad- 1 meter 
ing upward to small-scale trough, cross-
stratified sand, each cross-bedded 
set covered by a thin (less than 1 cm.) 
clay drape paralleling the laminae. 

Measured Section 5 

Located 175 meters E 14° S of measured section one. The out-
f 

crop extends for 53 meters along the west facing wall of a small 

gravel quarry (Photograph 3). The wall strikes N 35° W. The al

titude at the base of the section is approximately 908 meters. 

Unit Description Thickness 

Covered, reddish Quaternary colluvium 

Basally pea-sized gravel grading upward 
to gray sand with many rounded carbonate 
cobbles and silicious pebbles. (Sedi
mentary structure obscure.) Boundary 

1 meter 
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Unit Description Thickness 

dary with subjacent unit gradational. 

4 Sandy gray clay, horizontal bedding, 0.8 meter 
thin interbedded lenses of pea-sized 
gravel and coarse sand, top of unit 
marked by a limonite band, several 
horizontal limonite bands in the unit, 
calcareous root casts rare, molluscs 
and vertebrate bone fragments abundant. 
Gradational boundary with subjacent 
unit. 

3 Gray sandy clay, horizontal bedding 1.6 meters 
predominates, interbedded layers of 
pea-sized gravel at 80 cm. and 120 cm. 
above base of unit, a limonite band 
marks the top of the unit, bone frag
ments, mollusc shells, and calcareous 
root casts common. „ 

Covered interval 1 meter 

2 Basally structureless sand grades 1.4 meters 
upward to large-scale trough, cross-
stratified sand which is covered by 
apparently horizontally or small-
scale trough, cross-stratified sand, 
a horizontally bedded layer with 
scattered mollusc shells tops the 
unit. Graded boundary with sub
jacent unit. 

1 Unsorted gravel with little or no sand 1 meter 
matrix, small clasts, Ogallala-type 
gravel, cobble-sized clasts are carbon
ate. 

The sediments in the five measured section at Slaton all show 

vertical changes in particle size, sedimentary structure, and bed

ding characteristics typical of sediments deposited by aggrading 

streams. The general vertical sequence begins at the bottom with 

unsorted gravels (Photograph 4); cross-bedded or horizontally strat

ified sands were deposited over the gravel; horizontally laminated 



Photograph III - Measxired sections five 
(outcrop on the left) and four (outcrop 
on the right) looking east from Dalquest's 
quarry. 

Photograph IV - Basal gravels (section one) 
and the contact of gravel with sandy unit 
two. 
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clay with thin horizontal bands of limonite and fine sand (Photo

graph 5) are at the top of the sequence. This regime is terminat

ed in section four below the clay layer (Figure 2). A similar 

sequence has been described in both recent and ancient fluvial de

posits studied by Visher (1965) and Harm.s and Fahnestock (1965) 

in the Rio Grande, Williams and Rust (1959) in the Donjek River, 

Yukon Territory, Canada, and Doeglas (1962) in Europe. Other 

than evidence of extensive ponding in abandoned channels and 

marshy flood plain depressions, no evidence could be found of a 

large lake in Yellowhouse Canyon, particularly not a lake that fil

led the canyon as has been proposed by some previous investigators.* 

All of the measured sections (Figure 2) begin with a layer of 

unsorted gravel. Except for section two the basal gravels consist 

of a rounded pea-to cobble-sized clasts of granite and quartz in 

a sand matrix. The gravel is indistinguishable from Ogallala gra

vels and must have been deposited at a time when the canyon was 

being rapidly eroded by a streani of considerable competence. The 

basal gravel in section two consists primarily of tumbled carbonate 

If 

cobbles. Orientation of elongate pebbles and pebble imbrication 

indicate a current direction following the trend of the present 

canyon. The bases of sections two through four rest unconfoirmably 

on reddish Bridwell-like sediments. The base of section one appears 

* Evans and Meade (1945) and Dalquest (1957) have suggested that 
the Slaton local fauna'accumulated in a deep depression in the Llano 
Estacado and that the old lake was filled before it was dissected. 
They indicated that the entire canyon was developed after the Slaton 
beds were formed. 



Figure 2. Measured columnar sections of the five 
studied outcrops of the Slaton deposits, showing 
vertical changes in depositional regime. The 
elevation of the base of each section is shown 
on the figure. 
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to rest on the Couch Formation. The bases of the sections lie at 

different elevations, reflecting different levels of channel cut

ting . 

Above the basal gravels, unit two in sections two, four, and 

five consists of large-scale, trough cross-bedded sands. Each 

trough-shaped set measures over half a meter wide and is elongate 

with the southeasterly current direction. These units are com

posed of fine- to coarse-grained sand. Occasional thin horizontal 

clay bands in these levels indicate periods of flooding followed 

by falling water levels, quiet water, and desiccation. Similar 

bed forms and structiires have been described by Harms and Faj.nes-

tock (1975), Doeglas (1952), and Williams and Rust (1959) in recant 

braided and meandering stream channels. These lower flov7 regime 

structures are most prevalent in channels. Harms and Fahnestock 

(1955) and Williams and Rust (1969) have found that large-5;c.le 

trough sets are most commonly deposited at water depths ranging 

from 60 cm. to 180 cm., indicating that these structures are the 

product of migrating dunes with amplitudes of 15 cm. to 75 cm. 

These observations on dune size and distribution are consistent 

with observations made at Slaton Queirry. 

Tabular, cross-stratified sandy structures ranging up to 32 cm. 

in thickness occur in unit two, section one, and throughout unit two 

in section three. These units are composed of fine- to medixmi-grained 

sand. Harms and Fahnestock (1965) found similar tabular sets to 

occupy several positions in the Rio Grande River but most commonly 

at the downstream margins of bars where sand, moved by ripple migra-
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tion over shallow bars, avalanches down the bar slope into the 

adjacent channel. These structvires decrease upward in size indi

cating a reduction in water depth and flow. Williams and Rust 

(1969) state that these structiires have a preferred occurrence in 

pebble-free sand and silt, which is the case at Slaton. These units 

contain almost no vertebrate fossils and very few molluscs and cal

careous root casts suggesting rapid deposition. Numerous unusual 

round nodules of calciimi carbonate occur in all sections in unit 

two. These nodules which range up to 7 cm. in diameter have the 

.appearance of being tumbled; however, they have a concentric struc

ture of crinkled laminae. This structure in association with the 

low energy flow system indicated by the sediments in which the no

dules are found suggest '.hat they may have formed iri situ after the 

sediments were deposited (Photograph 5). Similar carbonate nodules 

were found at several levels in all of the measured sections (Fig 2). 

Incised into the top of unit two in section one are several 

small erosional channels that are filled with coarse sand and a hash 

of shell fragments (Photograph 7). The stratified contents of these 

channels show a current to the northeast. Several larg'er depres

sions ranging up to 70 cm. deep and over two meters wide are also 

found at the top of this unit. These larger depressions are fil

led with structureless or horizontally bedded sand, clay, and shell 

hash. The bottoms of these small pond deposits are filled with 

compressed and calcified layers of plant material that are several 

centimeters thick. The majority of these small channels and pond 

deposits appear to have been removed by erosion before unit three 



Photograph V - Unit two, measured section 
two, showing thin horizontal, clay layers 
and contact of unit two with the gray 
clay (unit three) at the top. 

Photograph VI - Round calcium carbonate 
nodule and thin clay layer in unit two, 
section one. 
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was unconformably deposited on unit two in section one. 

Units three in sections three and four are composed primarily 

of tabular and trough cross-bedded sand which contain no fossils. 

A current to the east is indicated in both of these units. A cov

ered interval separates units two and three in section five. 

Unit three in sections five and one consists of horizontally 

alternating beds of clay and fine sand. The thin clay layers, 2 

to 4 cm. thick, extend the width of these exposures. Several thin 

layers of pea-sized gravel occur in unit three, section five. Cal

careous plant fossils, fragments of vertebrate bone, and mollusc 

shells are abundant in these units. Horizontally stratified de

posits of clay and silt were found to be deposited by slow settling 

from suspension (Harms and Fahnestock, 1965) predominantly in aban

doned, waterlogged, vegetation-filled channels and flood plain de

pressions that are subject to occasional flooding. The clay layers 

suggest periods of desiccation. A covered interval separates units 

three and four in section one. Unit four in section five consists 

of sand and thin, horizontal clay bands; fossils are abundant. The 

lithology of unit four, section four, is similar to this, but con

tains no fossils. Unit four, section three, consists of cross-bedded 

sands, carbonate nodules, and niamerous gray clay mud balls derived 

from eroded flood plain deposits upstream. 

Units four, three, and five in sections one, two, and three, 

respectively, are all composed of a thick sequence of horizontally 

bedded gray clay. Thin horizontal partings of fine sand and limon

ite crossing these outcrops suggest alternate periods of flooding. 



Photograph VII - Small channel filled 
with cross-bedded sand and shell hash 
incised into the top of unit two, sec
tion one. 

Photograph VIII - The fossiliferous gray 
clay (unit three, section two) and the un
conformable contact with covering sands 
and gravel (unit four). 
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sediments settling from suspension, and drying. All of these units 

are stratigraphically at the same level and indicate the presence 

of one/or/more shallow, frequently flooded pond (Photograph 8). 

These three units are all very fossiliferous and contain a similar 

fauna, although bones seem to have been more niamerous and of gen

erally larger size in section one. 

Numerous ponds were formed and filled with sediments and fossils 

at different times in the history of Yellowhouse Canyon. The de

positional environments in unit three, section five, and unit three, 

section one, are siiuilar to the stratigraphically higher pond de

posits in sections one, two, and three. The suite of fossils is 

essentially the same in all of these units although they are more 

abundant in the stratigraphically higher units. 

Unit four, section two, is not conformable with unit three. 

The contact is erosional (Photograph 8). Unsorted gravels and 

cross-bedded sands (Photograph 9) with numerous large gray clay 

mud balls (Photograph 10) overlie unit three. One horse tooth was 

found in this unit. 

Unit five, section one; units five and six, section five; and 

unit six, section three, contain no vertebrate fossils and are com

posed of cryptically stratified sands, gravels, and carbonate no

dules. 

Unit five, section two, is composed of a vertical sedimentary 

sequence similar to the previously described units in this section. 

Basal, unsorted gravels (Photograph 11) grade vertically to large and 

small trough cross-stratified ripples (Photograph 12). A clay 



Photograph IX - Cross-bedded sands and 
unsorted channel gravels (unit four, 
section two). 

Photograph X - Cross-bedded sands, gra
vels, and gray clay mudballs in unit 
four, section two. 
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Photograph XI - Unsorted sands and gravels 
(unit four, section two). 

Photograph XII - Small-scale, ripple cross-
stratification (unit five, section two). 
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drape about 2 cm. thick covers the entire sequence (Photograph 13), 

indicating declining current, water levels, and drying of the chan-

nel at the top of the sequence. The clay drape continues off of 

the channel bar sequence and lines the adjacent channel. Close in

spection reveals several superimposed clay drapes covering bars 

and lining channels at various levels and separated by fine cross-

bedded sands in this unit (Photograph 14). Unit six in section 

two consists of tabular cross-stratified channel sands. Carbonate 

nodules and calcareous plant fossils are common in this unit. 

Horizontal differences in deposition regimes indicate that 

ponds and channels were both present and frequently changing fea-

tiires of the floodplain in Yellowhouse Canyon during the time the 

Slaton fauna occurred in the region, Basally all of the exposures 

of the Slaton sediments are composed of coarse gravel. The large 

size of much of this gravel and its rounded shape indicate that it 

was deposited by a stream of considerable competence, possible dur

ing a pluvial period. The orientation of the individual clasts in 

the gravel layers is primarily parallel to the trend of the canyon. 

The stream that deposited these stones does not seem to have wan

dered greatly in its course. The well-sorted nature of the gravel 

suggests a continuous flow with down cutting the principal activity 

of the river at a time when there was a large volume of water in 

the stream. 

Above the gravel .the channel is filled with cross-bedded sands, 

some pea-sized lenses of gravel and thin horizontal clay layers. 

These sediments indicate a stream of reduced competency subject to 



Photograph XIII - Superimposed clay drapes 
in channel sands (unit five, section two). 

Photograph XIV - Clay drape extending from 
sand bar into adjacent channel (unit five, 
section two). 
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periods of flooding and perhaps desiccation. Considerable varia

tion in the orientation of clasts, current ripples, and small chan

nels indicates that the form of the stream had changed from an er

oding stream of low sinuosity in the lower deposits to a braided, 

aggrading stream at the time these sediments were deposited. Num

erous small braid bars, point bars, and channels and flood plain 

deposits are covered with thin clay drapes indicating that the 

channels were dry at least part of the time, and that the climate 

may have been transitional from a moist pluvial period to a drier 

interpluvial period causing a reduction in volume of flow. Alluvia

tion of the flood plain and abandoned or dry channels occurred dur

ing floods. Only the deepest channels were probably sustained by a 

continuous flow. Carbonate cement in the sands and gravels, cal

careous root clasts, and nodules of calcium carbonate indicate a 

dry climate with insufficient rain to remove this material from the 

Slaton sediments as it accumulated. 

Continued decrease in flow resulting from decreasing precip

itation and perhaps increasing temperatures further modified the 

form of the stream on its alluviated flood plain. Stream-deposited 

sediments had accumulated to a depth of several meters. Pierce 

(1975) is probably correct in stating that the channel changed from 

braided form in a shifting channel of moderate sinuosity to a meander

ing stream of greater sinuosity and confined banks. Shallow oxbow 

lakes formed in the ab̂ andoned channels of the meandering stream. 

These gradually filled with sediments which contain the Slaton 

fauna. Lenses of fine sand and gravel in the predominantly hori-
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zontally bedded clay lake or pond deposits in unit three in sections 

one, two, and five and unit five in section three indicate brief 

periods of flooding and drying. In all measured sections sand or 

gravel overlies the lake deposits indicating further flooding or a 

temporary return to more pluvial conditions. The gravels are deeply 

incised into the top of unit three in section two. 

The sediments in the quarry indicate that the fossil fauna 

accximulated in one or more shallow oxbow lakes and ponds during a 

period of reduced precipitation. Similar lakes and ponds can be 

presently seen along the Double Mountain Fork of the Brazos River 

where it flows through Yellowhouse Canyon west of the quarry. 

These small lakes and ponds are sustained by water brought in by 

the river and by springs issuing from the walls of the canyon. As 

a result of irrigation, the connate water in the Ogallala Formation 

is nearing depletion, but during recent historical times these 

springs maintained a considerable flow and may have been an impor

tant source of water that maintained lakes•and streams in Yellow

house Canyon during the Pleistocene. 

The five measured sections are located approximately 31 meters 

below the Caprock Plains surface and 14 meters above the present 

course of the Brazos River near the north side of Yellowhouse Can

yon. The lowest units in measured section one appear to rest un

conformably on the top of the Couch Formation which crops out in a 

dry arroyo east of measured section one, about 14 meters above the 

Brazos River. The Couch Formation also crops out in the south wall 

of the canyon at about the same elevations. The Brazos River has 
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entrenched itself into the Couch Formation; however, the floor of 

Yellowhouse Canyon is covered with Quaternary alluvixim and the 

Couch Formation is not exposed anywhere along the stream in the 

quarry area, 

Yellowhouse Canyon follows the trend of the late Pliocene or 

early Pleistocene river channel that truncates the caprock caliche 

and crops out in the walls of the canyon north of Slaton Quarry and 

at various places along the north side of the canyon northwest of 

Slaton Quarry. This large fossiliferous channel has been traced 

as far west as Buffalo Lakes and trends into Yellowhouse Draw and 

Blackwater Draw on the Caprock Plains surface (Figiore 2) . The chan

nel has been dated by its contained fossils and by the fact that it 

truncates the caprock caliche. This river was a large east-flowing 

stream that may be a remnant of the old Portales River system that 

ran east from the Sangre de Cristo Mountains in northern New Mexico 

during the late Pliocene emd crossed the plains in what is nov; 

Blackwater Draw (Pierce, 1976). The sediments in the old channel 

consist of unconsolidated cross-bedded sands and gravels. Caliche 

cobbles are common in the channel; however, reworked Ogallala sedi

ments are the primary constituents. The lack of a protective caliche 

caprock over the channel and the unconsolidated natvure of the channel 

sediments made them much more easily eroded than the more consol

idated Ogallala sediments which are protected from erosion under 

the caprock caliche. Jhe presence of Yellowhouse Canyon and its 

orientation seem to be controlled by the presence of the earlier 

river channel. Although the canyon has undoubtedly undergone ero-
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sion and enlargements since the Slaton deposits accumulated, the 

present depth of the quarry sediments within Yellowhouse Cainyon 

indicates that the canyon is an old erosion feature and that it 

had almost reached its present depth and perhaps approximated its 

present width in the vicinity of the quarry by the time the Slaton 

sediments were deposited in the middle Pleistocene. 



FAUNAL ACCOUNT 

An extensive vertebrate fauna representing five classes, and 

33 genera, has been recovered from Slaton Quarry during this study. 

Mammals are the most numerous group of animals in both taxa, 14 

genera and 16 species, and in number of identifiable bone and bone 

fragments found in the quarry. Reptiles, five genera and five 

species, and birds, three genera and three species, and amphibians, 

three genera and six species, were considerably less abundant than 

mammals. Bones of reptiles and amphibians are present in similar 

abundance in the quarry sample. These are generally badly broken, 

making identification difficult. Avian fossils are very rare. 

Fish bones are ronarkably abundant. Skull parts, small vertebra, 

and fin spines are unifo/.Tnly distributed in the sediments. All 

samples washed contained fish remains. Lack of a good comparative 

collection made it impossible to study this part of the fauna more 

thoroughly. The genus Ictalurus is reported here for the first 

time from Slaton. Dalquest (1967) -found similar proportions of 

each class in the fauna he collected; however, he found fish re

mains to be more scarce in his quarry (section 1). Dalquest iden

tified 30 different mammals from his quarry; of these 14 are also 

represented in the collection obtained during this study. One 

species, Canis dirus and one genus, Microtus, have not been pre

viously reported from Slaton Quarry. A total of 27 genera of mam

mals are knovm from Slaton Quarry (Table 2). Seven of these genera 

are extinct: Aenocyon,'Dynobastis, Camelops, Tanupolama, Capromeryx, 

Mammuthus and Tetrameryx; three—Neofiber, Mammuthus, Platygonus, 
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and Equus—are no longer found as native populations in the area. 

A total of five genera and eight species of amphibians and 12 

genera of reptiles are known from Slaton Quarry. All are living. 

Holman (1969) reports five genera and six species of amphibians 

and 11 genera and species of reptiles from Slaton Quarry, All of 

these except Alligator mississippiensis occur in the area today. 

Bufo americanus and Rana clamitans recovered during this study have 

not been previously reported from Slaton Quarry. Neither of these 

two species occurs in the area today. One genus of tortoise, 

Geochelone, is also recorded from Slaton for the first time. It 

no longer exists in North America. 

No birds or fish have been previously described from Slaton 

Quarry. All of the identified fish and birds occur in the quarry 

area at present. 

The majority of the fauna from Slaton Quarry are the same genera 

and species occurring in the quarry area at present. 

Only the specimens recovered during this study are discussed 

in detail in the text. However, the entire fauna from Slaton in-

eluding that described by Evans and Meade (1945) , Dalquest (1957) , 

and Holman (1959) is considered in making ecological interpretations 

and dating the fauna. 

Comparisons are made between the Slaton fauna, the modern 

fauna, and other middle Pleistocene faunas in a separate section. 

Habitat information and range maps are taken from Hall and 

Kelson (1959), Davis (1966), and Burt and Grossenheider (1954) for 

mammals; Peterson (1953) and Oberholser and Kincaid (1974) for birds; 
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Conant (1958), and Webb (1970) for reptiles and amphibians; and 

Hubbs (1957) for fish. Mammalian taxonomy follows that of Simpson 

(1945) ; avian taxonomy is that of the American Ornithologists Union 

Committee (1957); reptile and amphibian taxonomy is that of Conant 

(1958); fish taxonomy follows that of Blair et al. (1957). 

Because of the small sample sizes of specimens the catalogue 

numbers of all specimens are presented with the discussion of each 

taxon. 

TABLE II 

Systematic Account of Fauna 

The table is a list of the vertebrates recovered during this study. 

Specimens recovered during previous studies are listed in a sep

arate table. "Indet," indicates that the specimen is too fragmen

tary for further identification. 

Vertebrate Faunal List 

Class Osteichthyes 
Superorder Ostariophysi 

Family Ictaluridae 
Ictalurus sp. 

Class Amphibia 
Order Anura 

Family Bufonidae 
Bufo cognatus 
Bufo 
Bufo 

fowleri 
americanus 

Family Ranidae 
Rana 
Rana 

pipiens 
clamitans 

Family Hylidae 
Gen. and sp. Indet. 

Class Reptilia 
Order Chelonia 
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Family Testudinidae 
Geochelone sp. 

Family Emydidae 
Terrapene sp. 

Order Squamata 
Suborder Lacertilia 

One Indet. genus 
Suborder Serpentes 

Family Colubridae 
Thamnophis sp. 
Natrix erythrogaster 

Family Crotalidae 
Crotalus atrox 

Order Crocodilia 
Family Crocodilidae 

Alligator mississippiensis 

Class Aves 
Order Anseriformes 

Family Anatidae 
Anas carolinensis 
Aix sponsa 

Order Falconiformes 
Family Accipitradae 

Aquila chrysaetos 

Class Mammalia 
Order Lagomorphia 

Family Leporidae 
Sylvilagus floridanus 

Order Rodentia 
Family Sciuridae 

Cynomys cf. leudovicianus 
Family Cricetidae 
Subfamily Cricetinae 

Reithrodontomys 
Onychomys '' 
Neotoma 

Subfamily Microtinae 
Microtus sp. 
Neofiber leonardi 

Order Carnivora 
Family Canidae 

Canis dirus 
Canis latrans 

Family Mustelidae 
Taxidae taxus 

Order Proboscidea 
Family Elephantidae 

Mammuthus sp. 
Order Perrisodactyla 

Family Equidae 
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Equus niobrarensis 
Equus conversidens 

Order Artiodactyla 
Family Camelidae 

Camelops 
Tanupolama cp. 

Family Antilocapridae 
Capromeryx minimus 

Fish 

Siluriformes 

Ictaluridae 

Ictalurus sp., catfish: numerous pectoral fin spines (TTU - 8808), 

nine mandibular fragments (TTU - 8809), and numerous vertebra (TTU 

8849). These specimens are all from small fish; the spines are all 

less than 30 mm. long. The vertebrae are one of the most abundant 

types of fossils occurring at Slaton Quarry; over 50 have been 

found. It is interesting to note that Dalquest (1957) did not find 

fish in abundance. The abundant evidence of flooding and drying 

in section two where these fossils were found suggests the possib

ility that they got into the pond or oxbow where these sediments 

accumulated and then died there when the pond dried up. 

Several species of catfish presently inhabit the South Plains 

region and occur in the Brazos River in Yellowhouse Canyon. This 

genus has a long geologic record and wide distribution in North 

America (Smith, 1975, and Blair et a]^. , 1957). It is reported 

from Miocene and Pliocene deposits by Kunmel (1975). 

Amphibians 

Anura 

Bufonidae 
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Bufo cognatus (Say), Great Plains toad: two vertebrae (TTU - 8812 

and TTU - 8815). This is the toad common to the arid to semi-arid 

grasslands and deserts of the southwest. Its range, which coincides 

with the central grasslands and deserts, extends from southern Canada 

to southern Mexico. This amphibian is a common resident of the 

quarry area and is frequently found on the flood plain of the Bra

zos River in Yellowhouse Canyon. Numerous fossil specimens at least 

tentatively referable to Bufo cognatus are known. They range in 

age from middle Pliocene (Hemphillian) to Recent (Tihen, 1962). 

Bufo cf. woodhousei (Girard), Rocky Mountain toad: two proximal 
o 

ends of humeri (TTU - 8802 and TTU - 8853). These specimens are 

indistinguishable from humeri of living members of the species. 

The earliest record of this toad is in the Blancar. Benson locality 

of Cochise County, Arizona (Tihen, 1962). It has also been recorded 

from the Jinglebob fauna of Sangamon Age (Tihen, 1954). A few frag

mentary sacra from the Yarmouthian Borchers fauna are also tenta

tively referred to B̂ . woodhousei by Tihen (1962) . All of these re

cords are based on ilia and skull fragments. A closely related 

form, B. w. fowleri, occurs in the southeastern United States and is 

known from Pleistocene localities in Florida. The combined ranges 

of B. w. woodhousei and B̂  V7. fowleri extend across most of the United 

States and south into Mexico. It occurs on the Llano Estacado and 

adjacent areas where its habitat varies from desert grasslands to 

marshes, swales, and irrigated areas, all with sandy soils. 

Bufo. cf. americanus (Holbrook), American toad: proximal ends of 
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four humeri (TTU - 8805, 8806, 8807, and 8813). These specimens 

compare closely with recent specimens collected by Dr. John S. 

Mecham in Alabama. They are characterized by an elongate crenulated, 

boney process on the dorsal margin of the shaft posterior to the 

articular surface. This toad ranges from northeastern Texas and 

northwestern South Carolina, north to Minnesota and southeastern 

Canada. It prefers moist, sheltered areas near shallow bodies of 

water. These amphibians have previously been known only from the 

late Pleistocene (Wisconsin) of Virginia and Pennsylvania (Tihen, 

1952). 

Ranidae 

Rana pipiens (Schreber), leopard frog: one proximal end of a uro-

style (TTU - 8800), six vertebrae (TTU - 8852), two ilia (TTU -

8848, 8850), and one scapula (TTU - 8851). This is the most abun

dant amphibian in the Slaton sediments. These specimens compare 

exactly with the recent specimens;•ilia and vertebrae fit well into 

the range of variation for these elements presented by Holman (1964) . 

The length vs. width ratio of the centrum is described by Holman 

as an important means of separating the vertebrae of the species 

from those of other species of Rana. The angle between the long

itudinal axis of the ilia shaft and the posterior edge of the dorsal 

crest from the tip of the crest to the base of the dorsal acetabular 

expansion is greater in R. pipiens than in any other species of 

Rana (Holman, 1962). 

The leopard frog occurs throughout most of the United States, 

Canada, and Mexico. They are commonly found in and around marshes. 



57 

ponds, and creeks with abundant aquatic vegetation. On the Llano 

Estacado R.. pipiens have been found in Slaton Quarry (Holman, 1969) , 

Blackwater Draw (Slaughter, 1975) and the Lubbock Lake Site (Johnson, 

1975). They have also been recovered from numerous other Pleisto

cene localities in Texas and New Mexico (Holman, 1963; Mecham, 

1959; Holman, 1965, 1955, and 1970). Leopard frogs are abundant 

in ponds and marshes along the Brazos River adjacent to Slaton 

Quarry. 

Rana clamitans (Latreille), green frog: one right scapula (TTU -

8820). This specimen is identical in every aspect with scapulae 

from recent members of this species collected in the southeastern 

United States. This frog ranges throughout the eastern United 

States and southeastern Canada. The bronze frog R. c_. clamitans 

occurs in east Texas; the green frcg R. c_, melanota may be present 

in the northeastern part of Texas. Both subspecies require abun

dant moisture, inhabiting swamps and the environs of streams. I 

know of no other records of this species in the middle Pleistocene 

of West Texas. 

Hylidae 

Hylidae, small frog: one partial illium (TTU - 8801), and one pro

ximal, end of a humerus (TTU - 8817). This fragmentary material 

could not be reliably identified below the family level. Holman 

(1959) has described both Acris crepitans and Pseudacris clarki from 

Slaton Quarry. A. crepitans occurs in Lubbock County today. 

Chorus frogs, Pseudacris, and cricket frogs, Acris, are widely 
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distributed in North America. Both genera favor the proximity of 

permament water with bordering dense vegetation. Pseudacris is 

recorded from the Valentine Formation (Mio-Pliocene) of Nelaraska 

and from the Pleistocene (Sangamon) of Ford County, Texas (Holman, 

1969). 

Reptiles 

Chelonia 

Emydidae 

Geochelone sp., giant land tortoise: a large section of plastron 

(TTU - 8840) was recovered in the gray clay unit. Hibbard believed 

that the cold-blooded giant land tortoise is one of the most im

portant fossil vertebrates in North America to be used in the in

terpretation of Pliocene and Pleistocene climates since there is 

no evidence that the physiology of the giant land tortoises, which 

lived in North America during the Pliocene and Pleistocene, dif

fered from that of their tropical and sub-tropical relatives of 

the present (Hibbard, 1960). 

In the western hemisphere the range of this genus is confined 

to the Galapagos Islands and the warmer parts of South America. 

These large tortoises cannot survive in regions where the winter 

temperatures fall below 32° F. Giant tortoises are known from the 

Yarmouthian (Borchers local fauna) of Kansas and from Illinoian 

age deposits of Florida. They are not known from Illinoian age 

deposits from Kansas <Sx: anywhere on the Great Plains, indicating 

that climate conditions were too severe for them dxiring that time. 

The remains of large tortoises are also known from the Aftonian 
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of Nebraska and the Sangamon interglacials of southwestern Kansas 

(Hibbard, 1960), which indicate mild winter temperatures that sel

dom reached freezing at the time they inhabited the region (Hib

bard, 1950) . They are also known from the Kansan age Seymour For

mation in Texas (Hibbard and Dalquest, 1955). 

Terrapene cf. Carolina (Linnaeus) Carolina box turtle: twenty 

fragments of carapace (TTU - 8803, 8804, 8810) with costals and 

marginals was found. This specimen was separated from ornate box 

turtles, T̂ . ornate, on the basis of sutiire similarities with re

cent T̂ . Carolina and by the greater vault of the carapace. The 

top of the carapace of ornate box turtles is somewhat flatter than 

that of T̂ . Carolina. The Carolina box txirtle is an eastern animal 

and no longer occurs in the quarry area. It has been found at 

Slaton by Dalquest (Holman, 1959) and at the Lubbock Lake Site 

(Johnson, 1976). The range of this turtle extends throughout the 

eastern United States and into east Texas. Carolina box turtles 

prefer flat terrain in woodlands and thickets. The ornate box 

turtle favors.sandy plains and prairies where it is able to tolerate 

more arid conditions than the Carolina box turtle. The oldest fos

sil specimens of T̂ . Carolina are from pre-Sangamon deposits of Texas 

and Kansas. The majority of fossil Carolina box turtles are of 

Wisconsin age. It has been suggested (Milstead, 1967) that at times 

during the Pliocene and Pleistocene conditions comparable to those 

of the modern Gulf Coa'stal Plain extended as far inland as Kansas 

and New Mexico, and that this broad coastal plain area was occupied 

by T. Carolina. 
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Squamata 

Anquidae, glass and alligator lizards: a single abraded vertebra 

(TTU - 8834) . Living members of this family are not presently known 

from Lubbock County. The alligator lizard occurs in south Texas 

and Mexico; the glass lizard occurs in the eastern United States 

and in central and eastern Texas. The glass lizard favors moist 

habitats; the alligator lizard inhabits arid regions such as the 

Big Bend region of Texas and central Mexico. 

Serpentes 

Colubridae 

Thamnophis cf. proximus (Say), ribbon snake: four vertebrae (TTU -

8821, 8822, 8823, 8824). These snakes range.throughout most of 

North America. The checkered garter snake, T̂ . marcianus occurs .In 

Lubbock County at present and disjunct populations of the eastern 

garter snake, T̂ . sirtalis, occur in the Texas panhandle and New 

Mexico (Johnson, 1976) . T̂ . marcianus or T̂ . radix has been recov

ered from late Kansan and late Wisconsin age deposits in Knox and 

Hardeman Counties, Texas, east of the Llano Estacado (Holman, 1964 

and 1965). The genus Thamnophis is distributed throughout the 

United States and southern Canada. Thamnophis proximus has been 

reported from several Texas localities including Slaton Quarry 

(Holman, 1959). Thamnophis sirtalis has been reported from the 

Lubbock Lake Site (Johnson, 1976). In the southwest these snakes 

usually favor the gras'sy borders of prairie ponds and streams. 

Natrix cf. erythrogaster (Forster), red-bellied water snake: one 
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vertebra (TTU - 8835). The vertebrae are characterized by a sigmoid-

shaped hypapophysis. The first definite record of n_. erythrogaster 

as a fossil is from Slaton Quarry (Holman, 1959). The red-bellied 

water snake is now found in Lubbock County, which is near the west

ern extreme of their range, and throughout the southeastern United 

States. It is found near permanent or semipermanent water. In 

the western parts of its range it has a riparian distribution, 

following streams into otherwise arid country. 

Viperidae 

Crotalus atrox (Baird and Girard), western diamondback rattlesnake: 

three vertebrae (TTU - 8842, 8843). These vertebrae are readily iden

tified by the relatively long straight hypapophysis which orig

inates very close to the anterior condyle. This poisonous snake 

is a common resident of the quarry area and ranges across southern 

Arizona, New Mexico, most of Texas and south to central Mexico. 

A characteristic reptile of the arid southwest, the diamondback 

is at home in deserts, prairies, brushlands, and rocky canyons. 

Remains of this snake have been recorded from late Pleistocene de-

posits in Texas, by Mecham (1959), and Holman (1955), and from Slaton 

Quarry (Holman, 1969). 

Crocodilia 

Crocodilidae 

AlLigator mississippiensis (Daudin), American alligator: three 

teeth (TTU - 8844). Dalquest (1957) and Holman (1969) have previously 

reported alligator remains from Slaton Quarry. The alligator pre-
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sently inhabits the Atlantic and Gulf Coast Plains from North Caro

lina to the Texas Coast. Although alligators have not inhabited the 

quarry area during historic times, they did range northwest up the 

Red River as far as Grayson County, Texas, along the Texas-Oklahoma 

border before they were exterminated by hide hunters (Hibbard, 1950) . 

This region experiences very cold temperatures for brief periods 

during the winter; however, because of his aquatic habits the al

ligator is able to withstand these cold periods which are usually 

so brief that the lakes and streams in which the alligator lives 

do not freeze. The preferred habitat of this species is permanent 

marshes, ponds, and streams, in predominantly frost-free environ

ments where it preys on aquatic animals and other species of ver

tebrates that are attracted to the water. 

Birds 

Anseriformes 

Anatidae 

Anas carolinensis (Gmelin), green-wing teal: one complete right 

humerus (TTU - 8847), proximal end of right carpometacarpus (TTU -

8829), one partial pelvis (TTU - 8895). This small surface-feeding 

duck is a common resident through out Texas from September to April 

and is a frequent winter resident in Lubbock County. Though chiefly 

vegetarian, it eats some molluscs, insects, and small fish. The 

preferred habitat of this species of duck is ponds and flooded marshes, 

where it feeds primarily in shallow water. Breeding occurs through

out the northwestern United States, Canada, and Alaska south of the 

Brooks Range. Green-wing teal are also present in the Lubbock Lake 
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Site fauna (Wisconsin) (Johnson, 1975) and are known from numerous 

other Pleistocene localities in the southwestern United States. 

These fossil elements are indistinguishable from the same bones 

in recent green-wing teal. 

Aix sponsa (Linnaeus), wood duck: distal end of left tibio-tarsus 

(TTU - 8811). This small duck ranges throughout the United States 

and southern Canada. The southern part of the breeding range ex

tends into Texas. Nesting is usually in natvural tree cavities. 

Wood ducks winter along the Gulf Coast of the United States and 

south to central Mexico and Jamaica, The preferred habitat of 

this duck is open woodlands around lakes and along streams. Pri

marily surface feeders, wood ducks are predominantly vegetarians. 

Their food varies from duckweed, a water plant, to acorns. In

sects are alsa eaten. Wood ducks may be seen at any season in 

Texas at the present time. 

Falconiformes 

Accipitridae 

Aquila chrysaetos (Linnaeus), golden eagle: distal end of a left 

tarsometatarsus (TTU-8846). This genus occurs on all continents 

except South America and Australia. Only one species occurs in 

North America where it is ubiquitous. Golden eagles are most 

abundant in the western United States and in the Rocky Mountains 

from Alaska to northern Mexico. Breeding occurs throughout most 

of this range during the spring and summer. The author has ob

served nesting and breeding pairs in Alaska, near Cape Thompson, 
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and on the eastern escarpment of the Llano Estacado near Post, 

Texas, and Crosbyton, Texas. Eagles mate for life and return to 

the same nesting site every year. Preferred nesting sites include 

the tops of large trees and inaccessible crags on cliffs. The 

nest consists of a large collection of sticks and may be over six 

feet in diameter. Eagles prefer open country where they prey on 

rodents and especially lagomorphs which form their primary diet. 

Each pair of nesting eagles seems to require at least several 

square miles of hunting territory; as a consequence, pairs of birds 

are rarely found nesting close together and eagles are usually not 

abundant compared to smaller predatory birds. Fossil golden eagles 

are known from Rancho la Brea Dark Canyon Cave, New Mexico (Hovi/ard, 

1971) and other Pleistocene localities in the southv/est. These 

bones are indistinguishable from the same elements of recent in

dividuals . 

Mammalia 

Lagomorpha 

Leporidae 

Sylvilagus cf. floridanus (Allen), eastern cottontail rabbit: one 

upper left M2 (TTU - 8815), one proximal end femur (TTU - 8893). 

This tooth compcures in every way with Syvilagus floridanus. The 

tooth is larger than those of S_. auduboni from western Texas which 

has a shorter skull and tooth row than ̂ . floridanus. The femur 

compares well with rec'ent speciinens in the mammal collection, Texas 

Texas University. 

The preferred habitat of the eastern is brushland. It seldom 
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ventures far from brushy cover. Occasionally it inhabits poorly 

drained bottomlands (Davis, 1965). In the western parts of 

the Texas plains, near the southwestern limits of this species dis

tribution, this rabbit is confined to riparian trees and shrubs 

along streams. In New Mexico and southwest Texas S_. floridanus is 

found in isolated populations in mountains where timber provides 

dense cover (Hall and Kelson, 1959). The range of this adaptable 

animal extends from the Canadian Life Zone in southeastern Canada 

to the Tropical Life Zone in southern Mexico. These rabbits are 

not found throughout most of Canada. They are common residents 

of Lubbock County. Sylvilagus auduboni, which has been described 

from Slaton Quarry by Dalquest (1957), presently inhabits more open 

grasslands in this region (Davis, 1966). The eastern cottontail 

utilizes grasses, herbs, and bark and twigs of shrubs and tre:;v: as 

food. 

Rodentia 

Sciuridae 

Cynomys cf. vetus (Hibbard), extinct white-tailed prairie dog: 

two upper P3 (TTU - 8819), six upper cheek teeth P4 - M2 (TTU -

8818, 8825, 8825), and four upper M3's' (TTU - 8836, 8837, and 8838). 

No specimens of the lower dentition were found. A broken left 

lower dentary collected by Meade at Slaton Quarry is in the col

lection of the University of Texas (Ti-M 882 - 4). The M3 ' s re

covered in this study'are all from old animals and are all broken 

ajid badly worn, 

Dalquest (1967) found the teeth of Cynomys vetus to be similar 
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in size and configuration to those of Cynomys gunnisoni and states 

that Ĉ . vetus may be ancestral to this species. The cheek teeth 

°^ £.' vetus are smaller than those of Cynomys ludovicianus. The 

present range of Cynomys gunnisoni extends from northern New 

Mexico and Arizona north to the southern border of Montana where 

it inhabits cooler areas at higher elevations than does the black-

tailed prairie dog. Cynomys vetus is known only from the Sandahl 

local fauna and Kentuck assemblage (early Illinoian) of Kansas 

(Semken, 1956, and Dalquest, 1957)- The type specimen was described 

from Pleistocene sediments of unknown age in Jewell County, Kansas. 

o 

Cricetidae 

Reithrodontomys cf. fulvescens (Allen), fulvous harvest mouse: 

one left ramus of jaw with Ml and M2 and incisor (TTU - 8856). 

The alveolar length of the tooth row is 2.10 mm. This specimen is 

identical v.'ith a partial jaw previously described from Slaton 

Quarry by Dalquest. This specimen is larger than R. montanus; the 

Ml is the same size, crown length 1.20 mm., as the Ml in R. mega-

lotis; but the M2 is considerably longer in the Slaton^specimen. 

The crown length of the M2 in the Slaton specimen is 0.98 mm. The 

recent comparative material was collected in the quarry area. The 

range of R,. fulvescens extends from Arkansas and east Texas to south

ern Mexico. The fulvous harvest mouse no longer occurs in the study 

area. This small rodent prefers grasslands where it feeds pri

marily on seeds. 

Onychomys leucogaster (Maximilian), short-tailed grasshopper mouse: 
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upper left M2 (TTU - 8827). This specimen is indistinguishable 

from the same tooth in recent 0_. leucogaster collected in the 

Lubbock area. Measurements of this tooth are crown length, 1.73 mm.; 

width, 1.06 Iran. Dalquest (1967) recovered three Onychomys sp. teeth 

from Slaton. He states that two of these teeth are almost identical 

to teeth, referred to £. jinglebobensis, from the Borchers local 

fauna (Yarmouthian Age). A third tooth was tentatively refer

red to 0_. leucogaster by Dalquest. He has suggested two species 

of grasshopper mice from Slaton or one species with a considerable 

range of variation in cheek teeth. 

The grasshopper mouse occurs in association with light sandy 

soils in grasslands and brushlands. It is rarely abundant. The 

present range of this species extends from southern Canada to north

ern Mexico and as far east as- eastern Iowa. Arthropods and other 

small mammals comprise the diet of this rodent. 

Neotoma cf. albigula (Hartley), white-throated woodrat: one up

per M3 (TTU - 8830). This tooth compares well with three upper 

M3's found at,Slaton Quarry and identified as belonging to this 

species by Dalquest (1967) and with modern white-throated v70odrats. 

The v;hite-thioated V700drat is a common resident of the Slaton area 

where it inhabits brushlands and rocky escarpments around the 

Llano Estacado. The genus Neotoma is recorded from Aftonian Age 

deposits (Broadwater-Lisco) in Nebraska (Dort and Jones, 1970) and 

from numerous other Pleistocene deposits on the Great Plains. 

Neotoma cf. micropus (Baird), southern plains woodrat: one worn 



78 

lower Ml (TTU - 8845). Detailed comparison of the enamel patterns 

with recent specimens is difficult because of the wear on this 

tooth. The tooth is larger than Mi's in N̂ . albigula, which 

occurs in the area at present, and N_. floridana. The tooth is the 

same size as the Ml' s in recent N̂ . mi cr opus. The range of IJ. 

micropus extends from southern Kansas through New Mexico and west 

Texas into northeastern Mexico. This rat is characteristic of the 

brushlands in semi-arid regions and arid deserts where thickets 

of cacti, mesquite, and thornbush are the principal vegetation. 

Its food consists almost entirely of vegetation; prickly pear, 

agaves, and beans and pods of mesquite are favored items. 

Microtus sp., vole: one partial tooth (TTU - 8839). The tooth is 

too fragmentary to determine its position in the tooth row. It is 

in the size range for Microtus pinetorum which occurs in central 

and east Texas at the present time. 

Neofiber leonardi (Hibbard), extinct water rat: nmneroiis isolated 

teeth and jaw fragments (TTU - 8831), one upper rijht maxilla with 

a complete tooth row (TTU - 8832) , and numerous skeletal elements 

(TTU - 8888). This aquatic rodent was first described from the 

ezabek local fauna (Early Illinoian) of Lincoln County, Kansas 

by Hibbard (1943). It was subsequently described from Slaton Quar

ry by Meade (1952). It has not been found elsewhere. No complete 

lower jaws or lower tooth rows were found during this study. The 

length of the complete tooth row in a partial left dentary (TMM -

882-3) collected by Meade is 11.9 mm. measured at the alveolar level. 
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The length of the upper tooth row is 12.6 mm. measured at the 

alveolar level. The alveolar lengths of the individual teeth are 

Ml, 3.9 mm.; M2, 3.9 mm.; M3, 4.8 mm. Dalquest (1957) presents 

numerous measurements of the lower dentition of this species but 

none are available for upper dentitions. A similar water rat 

Proneofiber guildayi has been described from the Seymour Formation 

of Texas (Kansas) (Hibbard and Dalquest, 1973). Another water rat, 

Neofiber diluvianus (Cope, 1899), is known from the Port Kennedy 

Cave local fauna. A single living member of this genus, Neofiber 

alleni, occurs today in vegetation-choked waterways in Florida and 

southeastern Georgia (Hall and Kelson, 1959). The water rat xm~ 

doiibtedly inhabited a similar habitat at Slaton. Teeth of Neofiber 

leonardi are the most common, single group of mammalian fossils in 

the clay matrix at measured section two at Slaton Quarry. 

Carnivora 

Canidae 

Canis dirus, extinct wolf: one metacarpal (TTU - 8841) . This is 

a perfectly preserved and unabraded specimen. It was found at 

the top of the clay unit in a small lense of pea-sized gravel. 

The specimen is 104 mm. long and represents an animal as large or 

larger than a modern timber or gray wolf, Canis lupus. The dorso-

ventral length of the proximal surface of articulation is 19 mm. 

The distal articular condyle is 14.6 mm. wide. The specimen was 

identified by Lloyd Logan from comparative material in the collec

tion of the United States National Museum. Canis dirus is known 
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from Rock Creek (Kansan), Briscoe County, Texas (Troxell, 1915); 

Cragin Quarry (Sangamon), Meade County, Kansas (Hibbard, 1949); 

and from several late Pleistocene deposits (Wisconsin) in Texas. 

Additional material including a partial radius and a calcaneum 

were collected in Slaton Quarry by Dalquest (1957). 

Canis latrans (Say^. coyote: partial left ramus of jaw (TTU - 8858) 

The specimen is broken anterior to Ml and posterior to M3, the an

gular process and coronoid process are missing. The carnassial 

is broken in half anterior to the protoconid. The teeth are great

ly worn, indicating that this specimen represents an older animal. 

The alveolar length of M3 is 9 mm. The jaw and teeth are indis

tinguishable in size from recent representatives of the species. 

Coyotes are among the most vagile and ubiquito-Lis of North American 

carnivores. Their range extends from northern Alaska to the Isth

mus of Panama. They are found in almost all habitats, and thrive 

on a diet that includes carrion, rodents, insects, and a variety 

of plants. Coyotes are common residents of the quarry at present. 

Mustelidae 

Taxidae taxus (Schreber), badger: one claw (TTU - 8833). The 

badger has been reported from Slaton by Dalquest. This animal 

ranges from northern Saskatchewan, Canada, south to central Mexico, 

and east through the Great Lakes states. Badgers are most common 

in the prairies and deserts of the western United States where 

their range coincides largely with the ranges of prairie dogs and 

ground squirrels on which they rely for food. 
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Proboscidea 

Elephantidae 

Mammuthus cf. imperator (Leidy), imperial mammoth: one pelvic gir

dle (TTU - 8841) and one phalange (TTU - 8881). Only fragments 

of this specimen were collected. It was in a very poor state of 

preservation and appears to have been weathered before burial; much 

of the compact bone seems to have flaked off before burial. No 

other specimens of teeth or limb bones of mammoth were found in 

this part of the Slaton deposits. Dalquest (1957) found considerably 

more proboscidean material; it too was badly weathered before burial. 

This genus is known from nvraierous deposits throughout the Pleistocene 

in North America. This animal was probably a browser, inhabiting 

grassland-savannah areas. This elephant is considered to be a south

ern species and probably inhabited a niche similar to that of the 

modern African elephant. 

Perissodactyla 

Equidae 

Equus niobrarensis (Hay), extinct medium-sized horse: ̂ one upper 

right M2 (TTU - 8854), one upper left M3 (TTU - 8855), and one 

lower left P3 (TTU - 8856). These teeth are badly weathered; how

ever, both anteroposterior and transverse diameters have been mea

sured on the M2 and P3 and a -transverse diameter has been measured 

on the M3. These measurements agree with measurements for the 

same teeth in the two jaws (MUC - 5543 and MUC - 5478) presented 

by Dalquest (1957) on specimens he found at Slaton Quarry (measured 
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24.5 
25.2 
25 .1 

28.4 
25.7 

-

section one). 

TABLE III 

Measurements of Upper Dentitions of Ê . niobrarensis 

Anterioposterior diameter M2 M3 

MUC 6643 
MUC 5478 
TTU (M2) 

Transverse diameter 

MUC 6543 26.0 24.7 
MUC 5478 - 20.1 
TTU (M2) 26.0 
TTU (M3) - 22.0 

The shape and size of the pre- and postfossettes and the pat

tern of the crenulations on the posterior side of the prefossettes 

and the anterior margin of the fossettes are almost identical in 

Dalquest's specimens and the fragmentary teeth described here. The 

P3 compares well v.'ith specimens of lower dentitions of £. niobrarensis 

collected by Grayson E. Meade and Glenn Evans at Slaton Quarry and now 

in the collections of the University of Texas and Texas Tech. Data 

on these specimens were not presented by Dalquest. These specimens in

clude a complete right lower tooth battery (TMI-I - 882 - 24) , a partial 

left dentary with P2 and P3 (TTM - 882 - 18), a partial left dentary 

with P3 (TTU - 82), a partial right dentary with P2 - M2 (TTU - 77), 

and a partial mandible with broken incisors and right P2 (TTU - 40) . 

Measurements of these specimens and one speciuien collected by Dal

quest (MUC - 4800) are presented in Table IV. All of these spec

imens show moderate wear. 



15.5 
16.0 
15 .1 
16 .1 

-

18.8 
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18.0 
18.0 
16.8 
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18 .1 
16 .1 
16 ,1 

— 

16,7 
16 .1 
15 .5 
15 .5 
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16 .0 
15-0 
15-0 
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14 ,0 
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TABLE IV 

Measurements of Lower Dentitions of Ê , niobrarensis 

N™*er P2 P3 P4 Ml M2 M3 P2-.'-ri 
Anteroposterior diameter 

MUC - 4800 36.2 30.0 31.6 27.0 29.1 33,2 180 
TMM - 882-24 35.0 30.0 28.0 26.6 27.2 28.0 175,2 
TMM - 882-18 34.1 31.0 
TTU - 77 33.0 31.0 30.9 28.0 25.8 - I 
TTU - 82 - 29.8 - _ _ _ 

TTU -40 - 3 2 . 0 - - - -

Transverse diameter 

MUC - 4800 

TMM - 882-24 
TMM - 882-18 
TTU - 77 
TTU - 82 
TTU - 40 15.0 

The single P3 found during this study has an anteroT-osteriior 

length of 32 mm. and a transverse diameter of 17 ssa, and csmpaj:ss 

in all other aspects v/ith the Texas Tech and University of lezas 

specimens. 

The three new teeth belonging to this species of hcrse «sere 

found in the gravel layer immediately above tfee gray clc.j- COmdt 3, 

measured section two). This horse was about the size cf a aioJerm 

saddle horse. Total length of the lovjer tootli rows iii tvD spec

imens of modern horse, Equus caballus, in the Texas "?eci'» collectiom 

uncatalogued are 190 mm. , 185 mm., and 168 rsi. This lnorse is a 

grazing plains animal. 

A number of upper molars and premolars in ir.e Texas. Tecla 

collection belonging to this species are not listed bszaiuise t.'i,exe 

is no data on the specimens, although they are believed to Ise fxixi. 
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Slaton Quarry. 

A single first phalanx measuring 81 mm. long, with a greater 

proximal breadth of 52 mm. and greatest distal breadth of "40 mm. 

is thought to belong to this species. The specimen was found in 

the gray clay unit. 

Equus niobrarensis is known from early Illinoian faunas of 

Kansas (Hibbard, 1243 and Schultz, 1965) and from Oklahoma (Star-

rett, 1956). It is also reported from undescribed Kansan to Sanga

mon Age materials from Nebraska (Quinn, 1957). 

Equus conversidens (Owen) , small horse: one complete lov/er right 

M3 (TTU - 8857), one right dentary with complete tooth row (TTU -

8867), one complete metatarsal (TTU - 8859),.and one distal end 

of a metatarsal (TTU - 8850). The M3 has an anteroposterior dia

meter of 32.1 mm. and a transverse diameter of 14.4 mm. and com

pares V7ell with specimens (MUC - 6479, 4597, and 6544) collected 

by Dalquest at Slaton Quarry (measured section one). The range of 

variation of M3's in five jaws for anteroposterior and transverse 

diameters presented by Dalquest (1967) for 'E_. con-versidens from 

Slaton are 25.4 to 34.5 mm. and 11.9 to 15.2 mm. Additional mea

surements of undescribed partial jaws of this species collected 

by Grayson E. Meade and Glenn Evans at Slaton Quarry are presented 

in Table V- These specimens are in the collection of the Texas 

Memorial Museum, University of Texas, and Texas Tech University. 



85 

TABLE V 

Measurements of Lower Dentitions of Ê . conversidens 

Number P2 P3 P4 Ml M2 M3 
Anteroposterior diameter 

TMM - 882-253 28.1 25.1 24.9 24.0 23.9 
TMM - 882-53 26.5 24.0 _ _ _ _ 
TTU - 269 32.1 25.9 25.8 - _ _ 
TTU - 43 32.6 - 28.5 - - -
TTU (Slaton) 29.0 27.5 

Transverse diameter 

TMM - 882-253 15.0 17.0 17.1 15.2 16.0 
TMM - 882-53 16.0 16.0 - - _ -
TTU - 259 15.0 16.9 17.7 
TTU - 43 17.5 - 18.0 - - -
TTU (Slaton) 14.0 14.0 

The right dentary (TTU - 8867) is from an immature individual. 

The teeth are smaller than the lower milk dentitions of this species 

listed by Dalquest (1967) from Slaton specimens. Only the P2, P3 

and P4 were in occlusion with the upper teeth and show any wear. 

The molars do not show any wear and had probably not erupted. This 

jaw was clipped by a bulldozer and the dentary was in fragments 

when found. The specimen was found between the camelops skeleton 

and elephant pelvis in the gray clay (Unit 3) in measured section 

two. 

A left dentary with M3 missing (TTU - 73) in the Texas Tech 

collection is listed as a Slaton Quarry specimen. Because this 

is a pathological specimen, its measurements were not tabulated 

with the other Slaton specimens collected by Meade and Evans. The 

P4 is the largest tooth in the row measuring over 28 mm. in trans

verse diameter. The dentary is greatly swollen around this tooth. 
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The rest of the tooth row is very irregularly arranged and does 

not exhibit a consistent even wear pattern. Three additional lower 

M3's in the Texas Tech collection (TTU - 55, 59, and 62) collected 

by Meade belong to this species and although included in the Slaton 

collection are not accompanied by any location data. 

A complete metatarsal found near the elephant pelvis is iden

tified by measurements as belonging to this species. Greatest 

length of the metapodial is 254 mm., greatest proximal breadth is 

49 mm., and greatest distal breadth is 44 mm. The distal breadth 

of the partial metapodial is 42 mm. These measurements agree with 

those presented by Dalquest (1967). These fossils are from horses 

that were much smaller than a modern saddle horse and, like E_. 

niobrarensis, was a grazing animal that inhabited open grasslands. 

Equus conversidens is known ftom various early Illinoian mammalian 

local faunas on the Great Plains (Dort and Jones, 1970). 

Artiodactyla 

Camelidae 

Camelops cf. sulcatus (Cope), extinct camel: a partial skeleton 

and skull was located adjacent to the elephant pelvis. Most of 

the skeleton and skull were destroyed by bulldozing when the quarry 

was first opened as a gravel pit. Because all of the long bones 

and skull were damaged beyond salvaging, only parts of the upper 

dentition were salvaged. These teeth (TTU - 8851) compare well 

with those found by Dalquest (1967). This was a very old individ

ual. The anterior teeth are worn to a deep cup on the occlusal 

surface; the central lake is completely worn away from the centers 
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of these teeth. Two complete metatarsals found just above the 

clay layer in a lense of coarse gravel are also from this species. 

This medium-sized grazing animal is known from several Pleistocene 

localities in Texas (Dalquest, 1964), and the holotype of this 

species is Rock Creek, Texas (Cope, 1893). 

Tanupolama sp. (Cope), extinct small camel: one partial right 

dentary with P4 and Ml (TTU - 8862) one partial left dentary with 

P4 and Ml (TTU - 8863), and two phalanges (TTU - 8881). Both of 

these dentaries are broken behind the Mi's and the posterior parts 

are missing. The lengths of the molars measiired just above the roots, 

at the alveolar level, are 45 mm. (TTU - 8862) and 43 mm. (TTU -

8853). The tv70 dentaries are the same size and the teeth are in 

the same stage of wear. They were found within one meter of one 

another and are possibly from the same jaw. These jav;s compare in 

size with a jaw (MUC - 5195) found at Slaton by Dalquest, length 

Ml, approximately 49 mm. The thickness jmd width of the dentary 

is close to that of an immature left dentary (MUC - 6499) found 

by Dalquest and the position of the foramen mentaly is similar. 

The size of the teeth in the new speciinens are considerably larger 

than the teeth of a University of Texas specimen (TMM - 882) cited 

by Dalquest (1957). The length of the Ml of this specimen measured 

above the roots as 23.7 mm. 

Both halves of this jaw were found in the gray clay. One frag

ment was near the eas-tern base of the elephant pelvis and the other 

half was 60 cm. south of the pelvis, between it and the camelops 

animal. The genus Tanupolama is known from the late Pliocene and 
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throughout the Pleistocene. It is known from a number of localities 

on the Great Plains and Texas. 

Antilocapridae 

Capromeryx minimus (Meade), extinct small pronghorn: one phalange 

(TTU - 8864). This is the smallest of the known species of Capro

meryx. Slaton Quarry is the type locality of this species of ante

lope (Meade, 1942). The greatest length of the single specimen 

is 32 mm. The genus Capromeryx is known from the Broadwater-Lisco 

local fauna (Aftonian) of Nebraska, the Sand Draw local fauna (Af

tonian) of South Dakota, and from numerous later Pleistocene faunas 

(Johnson, 1976). This small antelope was likely a grazing animal, 

preferring open grasslands. 

The fauna recovered during this study is essentially modern. 

All of the amphibians and reptiles, with the possible exception of 

the garter snake, Thamnophis sp. , are living, most still in the 

quarry area. The large tortoise no longer occurs in North America 

• but the genus is still found alive in South America and adjacent 

islands. 

The water rat, Neofiber leonardi, is the only extinct species 

in the small mammal fauna recovered at section two. 

All of the large species of unglulates are extinct. The genus 

Equus was rein-troduced to the area by European colonists. These 

forms and Canis dirus are relicts of groups that extend back into 

the tertiary, and although most continued to live after Slaton times, 

all of them disappeared by late Pleistocene or early Quarternary 

time. 
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Many more fossils have been recovered from Slaton Quarry dur

ing this study than are reported in the species accounts. Catalogue 

numbers are given here only for rare or unusual specimens or for 

specimens representing new species in the Slaton fauna. Because 

of the quantity of bones, particularly small bones, it is imprac

tical to list all numbers in the text especially for specimens 

whose exact affinities are unknown. 



ENVIRONMENTAL RECONSTRUCTION 

The Slaton local fauna is large, including 61 taxa of verte

brates and 20 taxa of molluscs. Thirty-four mammals, three birds, 

14 reptiles, nine amphibians, and one fish have been described in 

this and the previous studies of the fossil vertebrates at Slaton. 

The molluscs include 19 terrestrial gastropods, nine aquatic gas

tropods, and one pelecypod (Pierce, 1975). The general adaptive 

characteristics of the entire fauna are considered in discussing 

the paleoecology of the quarry region. 

Inferences about the conditions and community structure imder 

which the fauna existed are derived from the sediments containing 

the fossils, from the fossils themselves, from the habits of the 

living species represented as fossils at Slaton, or from the habits 

of the closest living relatives of the extinct members of the fauna. 

A biotic community is any assemblage of populations living in 

a prescribed area or physical hab.i,tat (Odum, 1950) . Major communi

ties are those which are of sufficient size and completeness that 

they are relatively independent of adjoining communities; these are 

most easily identified from fossil assemblages. Communities have 

taxonomic unity in that there is a high probability that certain 

species will occur together. When assessing the composition of 

fossil communities, it is assumed that species are to some extent 

replaceable in time so that functionally similar communities may 

have different species compositions and valid inferences about fos

sil assemblages can be'made from living populations of similar or 

related species. 

90 
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Although the number of bone fragments recovered in this study 

is quite large (3350 specimens), especially for mammals, the minimum 

numbers of individuals represented in this assemblage is small 

(Table 13). The fish and amphibians which lived closest to the 

site of preservation are represented by slightly higher species to 

specimen ratios than the other animals identified at the site, and 

the variety of skeletal elements preserved seems to be greater for 

these species (Tables 8 and 11). 

The fish and amphibians probably died near where they were 

found. The sedimentology provides strong evidence for the presence 

of an aquatic habitat at the quarry site. The mammalian-microfauna 

recovered during this study is particularly informative, as in most 

studies of this type, in delimiting the habitat close to the quarry 

site because of its restricted home range and ecological requirements. 

Six rodent genera were identified during this study, most by a single 

or a few skeletal elements. Five additional species were recovered 

by Dalquest (1967). In spite of the small nuniber of taxa identified, 

the size and diversity of the rodent fauna at Slaton Quarry must 

have been much larger; 88.54 percent of the unidentifiable small 

mammal bone fragments appear to belong to rodents. This figure com

prises 57.44 percent of the entire fossil collection. Twenty-seven 

living species of rodents, three insectivores, and three lagomorphs 

have been recorded from the adjacent Mesquite Plains by Blair (1954). 

Most of these bone fragments are small and most do not show evidence 

of tumbling, suggesting that the sample was derived from animals that 

lived near the quarry site. Most of the small mammal specimens 
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in Dalquest's collection do not show evidence of transportation 

either. However, many of the Neofiber teeth do show considerable 

abrasion. Furthermore, prairie dogs do not now live in the canyon. 

These observations indicate that at least some of these species 

or some individuals may have lived at some distance from the quarry 

site. Prairie dogs are now common on the plains surface adjacent 

to Yellowhouse Canyon. 

The fine sediments of the quarry site and the lack.of distur

bance of the fine parallel laminae in the sediments indicate that 

the currents that deposited the clay were of low competence. This 

is further suggested by the almost complete absence of clastic 

grains larger than clay size and the lack of large bones. Nearly 

all clastical particles in the sediments in section two are fossils. 

Almost all of the bones and bone fragments could be associated with 

the Camelops skeleton, elephant pelvis, and Tanupolama skeleton. 

These consilerations and the skeletal articulation and coit.pleteness 

of the large mammals and varie-ty of fish and amphibian bones preserved 

at the site indicate that most of the bones found in the quarry are 

from animals £hat lived or died near the site and are most valuable 

for making ecological inferences primarily for this restricted area. 

Inferences concerning more distal habitats rely heavily on geo

logical, topographical and climatelogical evidence. That the can

yon existed and must have had walls similar to those presented now 

is evidenced by the stratigraphic relationships of the quarry sed

iments to the Couch Formation, Ogallala Formation, and the Pliocene 

Channel. The plains surface drainage pattern has not changed great-
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ly since the early Pleistocene. The characteristics of the fossil 

fauna add little direct evidence to understanding the ecology of 

this area since all of the identified forms could have also lived 

exclusively in the canyon. Shotwell's observations on taxa and 

individual bones in a fossil assemblage, although probably true in 

the broadest sense, do not seem to be applicable to -the ecological 

interpretation of the fauna preserved at measured section two where 

the currents that deposited the fauna were of low competence and 

most of the fauna has broad ecological tolerances. 

Larger nuiobers of identifiable specimens and larger specimens 

including many limb bones, and jaws were found by Dalquest at mea

sured section one. This and the sedimentary evidence indicate 

that water was more abundant at this locality and that hydrodynamic 

sorting and sampling may have been somewhat more important at this 

locality; however, data pertaining to this question were collected. 

Some mammals, particularly stenothermal reptiles such as Geo

chelone sp. are particularly valuable in making ecological inter

pretations because they impose specific ecological limitations to 

particular environmental parameters that existed in the region when 

the fossil fauna was alive. These big tortoises live only in frost-

free environiaents. 

Based on these considerations the members of the Slaton local 

fauna are grouped into several communities. Each fossil animal is 

assigned to the habitat in which it is considered to have spent 

most of its time. Study of the entire Slaton vertebrate fauna sug

gests that five major ecological groupings can be made. These are 
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the aquatic community, the riparian stream and pond border community, 

the canyon grasslands community, the canyon escarpment community, 

and the prairie grasslands community on the Llano Estacado. Con

clusions on the paleoecology based primarily upon the fossil ver

tebrate fauna are confined to the period represented by the clay 

sediments in which they are found. 

The gastropod fauna indicates that the paleo-climate changed 

from a relatively cool and damp climate near the base of the mea

sured sections to a warm and arid climate when the vertebrate fauna 

was deposited (Pierce, 1975). Pierce's level one, which includes 

the basal gravels and sands in the present study section^ contains 

species of terres-trial gastropods with predominently northern dis

tributions and many with a preference for v/oodland habitats. 

Pierce suggests an early interpluvial stage for these sediments, 

Pierce's level two (units 3-6) corresponds with units three and 

foxrc in measured section one and the upper parts of unit two and 

all of unit three, measured section two, in this study. Unit six 

(Pierce) is equivalent to the fossiliferous clays that contain the 

Slaton local fauna. The gastropods near the base of these units 

are species that require flowing water or permanent ponds with mod

erate to dense vegetation. In the clay units the fauna shifts to 

species tolerant of temporary water conditions. Pierce states that 

"All species requiring even sub-permanent water, except a few juv

enile Lymnaea humilis have dropped out." All northern species of 

gastropods and all those requiring a woodland habitat have also 

disappeared. Pierce notes that the southern species, Polygyra 
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texasiana and Castrocoptu pellucida hordeacella appear here for 

the first time. These species indicate a climate at least as warm 

or warmer than the present climate. Above the gray clay, unit three, 

section two (Pierce's units seven and eight), the number of aquatic 

species of gastropods continues to decline and the diversity of 

the terrestrial gastropod species also declines, indicating increas

ing aridity in the quarry area. On the basis of the gastropod 

fauna Pierce suggests an interglacial period. 

The presence of Ictalurus sp. indicates that some permanent 

water must have been present at the quarry site at the time the 

fossils accumulated. Dalquest (1957) did not find a large concentra

tion of fish bones and none were reported by Evans and Meade (1945) . 

Fish vertebrae and spines were common fossils recovered from the 

gray clay in section two. They are rare in units below the clay as 

are all the other groups of fossils. The abundant evidence of al

ternate flooding and drying observed in the gray clay and the units 

immediately above the clay suggests that the fish remains accumu

lated as the result of fish being trapped in these ponds during 

floods and perishing when the ponds evaporated. Fish remains and 

desiccation features are abundant in all levels in the gray clay 

indicating that this must have happened many times. The absence 

of these remains from other areas suggests several alternatives; 

either the fish were there and have been removed by erosion, Dal

quest's quarry was near a continuously flowing stream or a pond 

that did not dry up, killing many fish in one place, or the sed

iments in Dalquest's and Evans and Meade's quarries were deposited 



96 

very rapidly and did not entrap a Icirge fish fauna. The second 

hypothesis seems the most attractive based on the sedimentology 

of measured sections one and two (The closely spaced horizontal 

sandy layers present in unit three, section two, and absent from 

unit four, section one). Plant fossils, indicating permanent water, 

are abundant in section one and rare in the gray clay in section 

two, which appears to have been dry much of the time. 

The presence of the extinct water rat, Neofiber leonardi; 

the alligator, Alligator mississippiensis; and the ducks, the wood 

duck, Aix sponsa, and green-wing teal. Anus carolinensis, also in

dicate the presence of some permament water in the vicinity of 

the quarry. A living species of water rat, Neofiber alleni, in

habits ponds and stream boundaries with aquatic vegetation in 

Florida and extreme southeastern Georgia. The presence of at least 

semipermanent ponds or streams with emergent vegetation is evident 

from the abundant calcareous root casts present in the sediments 

in measured section one. Occasional layers (2 - 4 cm. thick) of 

compressed and calcified plant material are present in several 

places near Dalquest's quarry in association with vertebrate fos

sils. The alligator also requires a source of damp vegetation to 

construct a nest in which its eggs are laid. These nests are made 

of leaves, roots, and stalks and stems, which are scraped together 

forming a large mound up to 6 or 7 feet in diameter and 2 to 3 feet 

in height. These nests may be used year after year (Oliver, 1955). 

Wood ducks commonly nest in hollow trees. The presence of this 

bird argues for the occurrence of at least scattered trees in the 
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vicinity of the quarry if these ducks were more than transients 

in the quarry area. Teal are surface-feeding ducks. 

Many of the reptiles and amphibians identified in the Slaton 

fauna are usually found living in the vicinity of ponds, marshes 

or streams. All of the species of amphibians and reptiles occur

ring as fossils at Slaton with the exception of Geochelone sp. 

and Thamnophis cf. proximus have extant representatives in the 

Slaton area or in the vicinity of the Llano Estacado at the present 

time. Amphibians that prefer a moist habitat with some standing 

vegetation near permanent water include Fowler's toad, Bufo fowleri; 

the American toad, Bufo americanus; the leopard frog, Rana pipiens; 

the green frog, Hyla sp.; and chorus frog, Acris crepitans. The 

terrestrial form of the salamander, Ambystoma figrinum, is usually 

found in moist places not too distant from water. Reptiles, usually 

associated with streams and ponds and their marginal habitats, in

clude the water snake, Natrix erythrogaster; the king snake, Lam-

propeltis getulus; and the garrer snake, Thamnophis sp. Garter 

snakes have a very v.dde distribution in the eastern United States 

occurring in almost every habitat in more hiomid climates. However, 

in the more arid western parts of their range they now have a ri

parian distribution. The water snakes and king snakes have a similar 

distribution, preferring the proximity of streams or other permanent 

water. They are reported to be good swimmers (Oliver, 1955). 

The wandering shrew, Sorex vagrans, was also a member of the 

moist riparian community. This insectivore does not live in the 

Slaton area at present. The recent range of the wandering shrew 
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most closely approaches the Slaton region in the mountains of eastern 

New Mexico. Sorex cinereus also occurs in the mountains of northern 

New Mexico. Dalquest (1957) commented on the extreme scarcity of 

shrews and the absence of microtines, other than Neofiber from his 

Slaton collection. These mammals are typical of most Great Plains 

Pleistocene local faunas. However, study of the range maps for re

cent insectivores and microtine rodents in Hall and Kelson (1959) 

indicates that these small mammals do not occur in a great diversity 

of forms on the Great Plains or in the arid southwest at the pre

sent time. Only one living species of shrew, Notiosorex crawfordi 

occurs in the Slaton area. Most of the Pleistocene faunas that 

have been described from the Great Plains are pluvial or glacial 

faunas which probably lived in a climatic regime that was more 

humid and cooler, at least during the siommers, than the climate 

that now characterizes the region. These climatic regimes would 

have been more favorable to microtines, rodents, and insectivores. 

Comparatively few interglacial faunas have been described, rhe 

Cragin Quarry local fauna, Sangamon (Hibbard, 1949), contains one 

insectivore, Notiosorex crawfordi; the Borchers local fauna, sup

posedly Yarmouthian, has one insectivore, Sorex taylori; Yarmouth

ian (Hibbard, 1953) also includes one shrew, Sorex cinereus. The 

Borchers fauna contains two microtines. Ondatra sp. and Synaptomys 

cf. vetus; one microtine, Pedomys sp., occurs in the Cragin fauna; 

three microtines—Ondatra zibethica, Pedomys ochrogaster, and Micro-

tus pennsylvaniens—are found in the Jinglebob fauna. All of these 

local faunas are from southwestern Kansas. Shrews and voles are 
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generally more common in glacial faunas. Hibbard (1963) records 

four species of shrews and three microtines from the Mt. Scott 

local fauna (Illinoian) in Kansas. The absence of insectivores 

and microtines in both variety emd numbers from the Slaton fauna 

is indicative of the absence of favorable habitat for these animals, 

particularly close to the quarry area, resulting from the dryness 

of the climate that prevailed. These are animals that would be 

expected to have a high probability of preservation because they 

would be found most abundantly in moist habitat near the potential 

site of preservation. Most shrews are suited to a secretive life 

spent beneath leaf litter, grass, fallen logs, and in the runv/ays 

of other small mammals. Cockriim (1952) reports only two shrews, 

Blarina brevicauda and Cryptotis parva from Kansas; only Cryptotis 

parva now lives in Meade County, Kansas, where many Pleistocene 

localities have been located. Baker and Greer (1962) report two 

species of shrew, Sorex, from Durango, Mexico. While these animals 

are found in relatively arid areas, their range in Durango seems to 

be limited to mountainous areas where they are found in forested 

areas. Microtines are also characteristic of cooler and more humid 

environments. Microtus pinetorum presently occurs in east Texas, 

and Microtus ochrogaster and Microtus ludovicianus are found on the 

Great Plains extending as far south as central Oklahoma and the 

Oklahoma panhandle. Cockrum (1952) states that the pinemouse, M. 

pinetorum, lives in moist woodlands, whereas the prairie vole, M. 

ochrogaster, was formerly found in most of the native prairies in 

Kansas. A small relict population of the microtine, Synaptomys 
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°°°P^^^ occurs in Meade County, Kansas. A single partial microtine 

tooth is the only evidence of this group of rodents in the Slaton 

fauna other than Neofiber leonardi. They were probably only present 

as small relict populations near permanent water in moist habitat. 

Mammuthus sp. was likely a frequent visitor to the canyon com

munity and adjacent floodplain grasslands. Any arborescent vege

tation in this habitat would have attracted these large browser-

grazers much as it does similar species in East Africa today. The 

whitetailed deer, Odocoileus virginianus, is also a browsing animal 

that has a riparian distribution in the arid southwestern regions 

of its contemporary ranges, Dalquest found a fragmentary antler 

of this animal. 

The limited number of species characteristic of the riparian 

habitat suggests that this plant and animal association was of 

limited extent and development. 

Fossil amphibians found at Slaton and currently living in the 

canyon grasslands community include Bufo cognatus and Pseudacris 

clarki. Reptiles such as the blue racer. Coluber sp., and the tor

toise, Geochelone sp., were also probably residents of this community. 

Mammals such as the cottontailed rabbit, Sylvilagus floridanus; 

the harvest mouse, Reithrodontomys sp.; pocket gophers, Geomys bur-

sarius; kangaroo rats, Dipodomys ordii; the mouse, Peromysous 

progressus; the pocket mice, Perognathus sp.; and the peccary, 

Platygonus sp., were most abundant in this habitat. The eastern 

cottontail rabbit, Sylvilagus sp., and the rodent genera, Reithro

dontomys sp. and Peromyscus sp., typically have a riparian or can-
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yon grasslands distribution at present along the eastern escarpment 

of the Llano Estacado. The pocket gopher, Geomys bursarius, is 

common in sandy grasslands associations in canyons around the plains 

and in the Mesquite Plains to the east. Until recently this species 

did not occur on the Llano Estacado Plains surface; apparently it 

was unable to negotiate the escarpments where it could not dig bur

rows. It has now moved cnto the plains along highway right-of-ways. 

The kangaroo rat is locally abundant in the floodplains of the Bra

zos river where the soil is sandy and the vegetation scant. Rodents, 

in addition to Dipodomys ordii that have affinities with the canyon 

grassland and the upland plains community, are the grasshopper mice, 

Onychomys sp.; the wood rat, Neotoma sp.; and the pocket mice, Perog

nathus sp. The author has collected living members of these genera 

in Yellowhouse Canyon (VJomochel, 1967) and on the Llano Estacado. 

The wood rats seem to be limited only by the availability of brush 

or rock piles which they use to construct their large and distinc

tive nests. The absence of the cotton rat, Sigmodon hispidus, which 

is usually abundant in the canyon at present (Womochel, 1967) , is of 

notable interest. This species is most frequently found in dense 

grass where it constructs an intricate system of runways. The ab

sence of these rodents along with the sedimentary and other bio

logical evidence suggests that the lush grasslands commonly associat

ed with this rodent did not exist in the proximity of the quarry. 

Between the canyon-grasslands and short grass, open grasslands 

on the Llano Estacado are the rocky escarpments and basal talus 

slopes of the canyon walls. In some places these cliffs are over 
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30 meters in height, and undoubtedly were favored nesting sites for 

the golden eagle, Aquila chrysaetos as they are today. Several of 

the fossil species of reptiles recovered at Slaton including 

Crotophytus collaris, Holbrookia sp., Sceloporous undulatus, and 

Crotalus atrox would have been and are now most commonly encounter

ed in this area in Yellowhouse Canyon. Junipers, Juniperus sp., 

are typical of the basal debris slopes and canyon walls and constitute 

an important source of food and cover for the species living there. 

The reptilian genera—Lacertilia, Terrapene, and Rhinocheilus— 

and the species, Phrynosoma cornutun, are species of arid grasslands 

and desert flats. These areas must have been as extensive on the 

Llano Estacado as they are today. The prairie dogs Cynomys leud

ovicianus and Cynomys vetus, and the badger, Taxidae taxus, which 

preyed upon them are characteristic of this habitat. Several species 

of horses, Equus sp.; camels, Camelops and Tanupolama; and antelope, 

Capromeryx and Tetrameryx, are all animals adapted to the plains 

where good eyesight and long legs, well suited to running, are the 

general ungulate adaptations to this environment. The squirrel, 

Spermophilus spilosoma, and the jack rabbit, Lepus californicus, 

are also plains animals, being particularly common in areas where 

annual forbs that supply the seeds which are their primary food 

are abundant. 

Three large carnivores—the wolf, Canis dirus; the coyote, Canis 

latrans; and a large cat, Dinobastis sp.—occur at Slaton, but are 

difficult to assign to any particular biotope. The coyote is now 

found in all of the habitats described. The frequency with which 
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coyotes are found in any particular habitat depends on the season 

and the availability of food. Conclusions drawn from similar 

extinct forms of the other large predators also suggest that their 

home ranges must have been large and that they could be expected 

to occur in any ecological association with considerable regularity. 

The only reliable source of permanent water in the region during 

Slaton times was probably in the canyon. The ungulates followed 

by their predators must have come into the canyon often. 

The numbers of predominantly open habitat, grassland and de

sert species, and closed habitat, forest and brush species (Behrens-

meyer, 1975) indicate that open grasslands and deserts were the most 

extensive ecological association prevailing in the area when the 

Slaton deposits accuraulated; 67.21 percent of the entire identified 

vertebrate fauna are forms that would inhabit plains or open grass

lands. Seventy-six percent of the meimmals identified are predominantly 

grasslands and desert forms; sixty-four percent of the reptiles and 

twenty-two percent of the amphibians are also found predominantly in 

arid grasslands. All of the genera of small mammals occurring in 

the Slaton fauna are present in the grassland community occurring in 

the area at present. The large carnivores with the exception of 

the coyote and badger are extinct. All of the native ungulates 

recovered during this study are extinct. 

Ungulates and rodents are the most important groups of mam

mals in the grasslands biome at present and are the most important 

groups in the Slaton fauna also. The populations of these mammals 

vary widely. Reliable population data are unavailable for large 
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mammals under undisturbed conditions. However, several studies 

of small mammals including Wooster (1939) and Womochel (1957) show 

that populations of small mammals, rodents, lagomorphs, and insec

tivores combined may vary from as few as 13 individuals per acre 

in mixed prairie grasslands in western Kansas to over 100 individuals 

per acre in the region of the quarry (Womochel, 1957). The ratios 

of rodents and lagomorphs to large herbivores and carnivores in the 

fossil fauna are similar to that expected in the present grassland 

biome (Odimi, 1960) in that the nvmvber of fossils that can be attributed 

to the rodents is much larger than that which can be ascribed to the 

large grazers. However, the niimber of species of large herbivores, 10, 

is almost as large as the number of rodents, 12, present in the fos

sil population. This ratio is not typical of recent grassland or de

sert communities where rodents generally outnumber the large grazers 

in both diversity of forms and population size. These figures re

flect a serious bias in the preservation of identifiable remnants of 

the fauna, making it difficult to assess the presence and extent of 

specific communities based on minimum numbers of identified animals 

or ratios of identified species in the fauna. While the identified 

taxa are important in demonstrating that particular species with 

specific ecological requirements are present, the ratios of bones 

unidentifiable below the level of the order seem to be of consider

able value in this collection in assessing the relative population 

sizes of the specific ̂ forms identified and the relative extent of 

the communities represented by these forms in the local environment. 
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Geological evidence indicates that the sediments containing 

the Slaton local fauna accumulated in both a permanent, shallow, 

vegetation-filled pond, measured section one, and an ephemeral 

flood plain pond with no plant fossils, measured section two, 

peripheral to a stream that was probably subject to frequent 

flooding. The most fossiliferous parts of measured section one 

are slightly lower, about one to two meters, than those at section 

two. The presence of abundant plant fossils in section one in

dicates that it was nearer the stream than section two and may 

have been an oxbow lake connected to a stream, which was located 

toward the center of the canyon. Sediments in both quarries are 

predomd.nantly fine-grained, resulting from deposition by currents 

of low velocity. Nearly all of the clastic particles in the quarry 

sediments are fossils. Desiccation features in all sections, but 

particularly in measured section two, indicate that the ponds in 

which the fossils accumulated v/ere often drv. possibly as a result 

of an arid climate in the area. 

The relationships of the Slaton deposits to the Ogallala For

mation indicate that the canyon had almost reached its present 

depth by the time the Slaton local fauna was being deposited. 

The predominance of grasslands species in the fauna and the 

lack of evidence of transportation shown by the fossils is strong 

evidence for the existence of an extensive grassland community with

in the canyon. The ne^r absence of microtine rodents, insectivores, 

and the small number of fossils from species preferring moist brushy 

or forested stream and pond borders suggest that this habitat was 
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greatly restricted. The canyon grasslands community may have bor

dered most permanent water in the canyon dtiring Slaton times as 

it does today along much of the Brazos River and its floodplain 

ponds. Scattered trees could have been present, but the absence 

of large browsers like Mastodon sp. from the Slaton fauna also 

suggests that there was not an extensive forest or brush community 

present in the canyon near either a stream or ponds, Hackberry 

seeds are the only terrestrial plant fossils that v/ere found dur

ing this study. They are rare in the Slaton sediments. 

The presence of burrowing heteromyid rodents in the Slaton 

fauna indicates that extensive areas of sandy soils existed in the 

canyon. 

The small fossil mammals in the Slaton local fauna are closely 

related to species existing in the canyon at the present time al-

thouc;h the fossil fauna is not as diverse as the recent fauna. The 

small mammals suggest a climate similar to the modern climate. 

However, the presence of the tortoise, Geochelone sp., indicates 

that the climate was milder than at present with no subfreezing 

temperatures during the winter. The presence of the alligator and 

large box turtles at Slaton further substantiates the existence of 

a climate milder than the climate now prevalent in the area. 

The ecology of the canyon escarpment and grassland community 

on the Llano Estacado is based primarily on geological and climat-

ological evidence, although the presence of numerous large herbi

vores in the Slaton local fauna argues for the existence of more 

extensive grasslands than would have occurred only in the canyon. 
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The physiographic characteristics of the Llano Estacado have 

changed little since the Slaton local fauna lived. The prevalence 

of a warm., arid climate contemporary with the Slaton fauna suggests 

that grasslands were characteristics of the plains then as they 

were during recent historical periods. 



TAPHONOMY AND PRESERVATION OF THE FAUNA 

Except in rare instances, quarry samples of fossils do not 

directly reflect the parameters of the original living population 

or community from which they were derived. Many sampling biases 

are involved in the progression of bones from a living animal to 

their final place of burial and preservation. These processes in

clude factors relating to mode of death, weathering and decomposi

tion, transport and burial, the characteristics of bones as sedi

mentary particles, and diagenetic factors acting on the bones after 

burial (Behrensmeyer, 1975). Efromov, (1940) applied the term "taph

onomy" to the study of these factors, defining it as "the study of 

the transition (in all its details) of animal remains from the bio

sphere into the lithosphere." Paleozoological and paleoecological 

studies based only on a list of the fossil species and not including 

sedimentology are incomplete. Detailed taphonomic data gathered as 

the fossil samples are quarried should enable the paleoeco•ogist to 

make inferences regarding the former structure of the living com

munity and how its quantitative and qualitative parameters have 

been altered by taphonomic processes. Studies of the sediments, 

the distribution and quantity of bone in the sediment sample, and 

the shape, physical properties, and appearance of the fossil bones 

can help the investigator to determine which taphonomic processes 

have been most important during the accumulation of the fossil as

semblages and how these processes can influence the faunal and 

paleoecological interpretation of the quarry sample. Voorhies 

(1959) points out that it is necessary to make a distinction between 

108 
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taphonomy and paleoecology. Taphonomy overlaps paleoecology only 

insofar as the mode of life of the organism influences its chances 

of burial and preservation, Paleoecology refers exclusively to 

the ecology of a once living biological system. To a major extent 

taphonomic studies rely on the sedimentology of the quarry area and 

the matrix containing the fossils. 

Taphonomic analysis of the part of the Slaton local fauna re

covered during this study involves an assessment of the following 

factors: 

1. Completeness of the bones, 

2. Surface characteristics of the bone, 

3. The presence or absence of articulated 
or associated skeletal pari .s, • 

4. The correlation of bone assemblages 
with the propor-tions of a single skeleton, 

5. The correlation of bone assemblages from 
Slaton with other similar assemblages, 

5. The orientation of bones in the sediments, 

7- The relative proportions of the various 
taxa represented in the quarry saiiiple, 

8. The sedimentology of the quarry site, and 

9, The mineralogy of the bone fragments. 

Fossiliferous matrix in the quarry is exclusively clay. The 

presence of fine, undisturbed parallel laminae in the clay associated 

with fine sand layers indicate that the sediments in the quarry 

were deposited from suspension by currents of low competence and 

that the pond in which they accumulated was probably frequently 

dry. The lemiinae are the only sedimentary structures visible in 
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the clay matrix. Few plant fossils were found in the quarry and 

the only clastic particles in the clay are fossils of molluscs 

and vertebrates. 

Except for a partially articulated Camelops skeleton, the 

vertebrate fossils in the quarry were all disarticulated indicat

ing some transportation before burial. Although most of the 

Camelops skeleton was destroyed by earth-moving equipment, the 

femurs were both still articulated with the pelvis and several 

ribs were still in association with what was left of the vertebral 

column. No bones belonging to other species were found in articu

lation, but most of the large bones recovered during this study 

were found within three meters of the elephant pelvis and below 

or near the bottom of the clay unit and can logically be attributed 

to single individuals. All of these large fossils are either horse 

or Tanupolama bones. Other than these specimens, no bones belonging 

to the same species were found associated in such a way that they 

could be unequivically related to one individual. Nearly all of 

the bones from all taxa of all sizes are broken. .Spiral and saw 

tooth edges characteristic of breaks in fresh bone (Behrensmeyer, 

1975) are common. However, neither the broken edges nor bone pro

cesses are heavily abraded by violent or extended -transportation. 

Some of the larger unidentifiable bone fragments recovered from 

the clay showed signs of surface deterioration such as cracking 

and slight surface-checking resulting from siibaerial exposure be

fore burial. The proboscidean pelvis is badly cracked and the bone 

is very friable, suggesting prolonged subaerial exposure before 
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burial. Most of the dense bone on the surface of the pelvis had 

crumbled and the spongy bone was very soft when the bone was found. 

Most of the identified large bones, including the Camelops skeleton 

found near the pelvis do not show surface evidence of extended sub-

aerial exposure. Observations on large bones in African game parks 

indicate that they can last several years without burial but are 

usually in good condition for only a few months (Behrei^smeyer, 1975) . 

Bones of small mammals seem to be somewhat more resistant to surface-

checking resulting from subaerial weathering. 

In many instances the broken fragments of a large bone were 

found in association, but in different orientations in the clay in

dicating breakage after burial. Most breakage of all bones in the 

quarry seems to have resulted from expansion and contraction of 

the clay which reflects alternate wetting and drying of the clay. 

The edges of bones broken this way definitely are sharp as are the 

edges of most of the fragments in the quarry', and in this instance 

the breaks are frequently perpe; diculcu: to the long axis of long 

bones. The Camelops skeleton, found in the quarry was shattered al

most beyond recovery apparently by this mechanism. Expansion and 

contraction of the clay has also resulted in post-depositional dis

persal of bone fragments. In many cases bone fragments have been 

displaced up to several centimeters from the parent bone and have 

assumed different orientations in the clay matrix as a result of 

argillipedo-turbation. Displacement appears to take place in all 

directions. Pseudosclickensides showing relative movement of clay 

blocks relative to one another are abundant in the matrix. Behrens-
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meyer (1975) and Dodson (1971) mention pseudoslickensides in clay 

matrix and the fact that bone is frequently found broken in clay 

deposits; however, the phenomenon of breakage and reorientation of 

the bone fragments relative to each other and the attitude of the 

original bone or locus of the original bone has not been previously 

observed or reported. This observation has important implication 

in the taphonomic interpretation of fossil assemblages recovered 

from clay matrix. It brings into question much of the data re

garding the orientation of bones, particularly small vertebrate 

bones, reported by numerous investigators. This observation also 

suggests that -the amount of breakage that is observed in a bone 

assemblage may not be entirely a function of either carnivore 

activity, subaerial exposure, or distance or mode of transportation. 

Long and thin bones such as ribs, pelvic bones, and skulls of large 

animals ai d-all bones from small animals such as rodents and birds 

seem to be particularly susceptible to this mechanism of breakage 

and reorientation. All of the ribs of large animals were broken 

many times by clean breaks, perpendicular to their long axes. This 

type of breakage seems to have been particularly important with small 

vertebrate bones. Almost no complete long bones from rabbit and 

rodent-sized mammals were found. Unabraded and unidentifiable frag

ments of small bones are the most common types of fossils in the 

quarry sample. Although the amount of breakage resulting from the 

quarrying and washing techniques used to recover the fauna is un

known, it is thought to be minimal. Almost no agitation is required 

to separate the fossils from the flocculated matrix, and fragile 
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mollusc shells were not usually destroyed by the methods used. 

The bones preserved in the clay are all hard, hea-vy, and very 

brittle. They have a fresh vitreous dark brown or tan color when 

first removed from the quarry, but dry to a light tan. They do 

not crack or surface-check when dry. A major factor determining 

bone appearance and survival under subaerial conditions is their 

content of organic matter. Recent bones that have no collogen and 

are easily crushed with little force. Weathered bones that have lost 

most of their collogen framework are very friable when wet. These 

bones would be easily abraded and crushed during transportation 

(Behrensmyer, 1975). Most of the bones in Slaton Quarry must have 

been buried relatively soon after the death of the animal since 

they shov7 almost no evidence of abrasion. 

Rodent and bird bones also seem to be somewhat more aiundant 

near the concentration of large bones although this is difficult 

to assess because of biases introduced during collecting. No 

bone showed tooth marks or other signs of being gnavzed by either 

scavengers or predators although three carnivores were identified 

in the fauna. None of the large bones associated with the ele

phant pelvis showed a preferred orientation. None were horizontal 

or parallel with any noticeable structiire in the clay. Two sec

tions of large ribs found at the top of the clay unit showed an 

east-west allignment parallel to the current direction indicated 

in the sands and gravels covering the clay. Small rodent, bird, 

and amphibian bones also appeared to be randomly oriented. How

ever, this was difficult to assess since almost all of these bones 
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were recovered by screen washing. If the behavior of fragments 

of larger bones is an indication, expansion and contraction of the 

clay have changed the orientation of the small bones from their orig

inal position in the sediments. 

A few broken bones were found in the gravels and sand above 

and below the quarry. They were all abraded. Several bone frag

ments and a single Tanupolama vertebra were found in the sand units 

below the quarry. These bones are light tan in color and have a 

soft, pun.ky texture. They are very friable when dry. The vertebra 

has an abraded appearance. The mollusc shells in the sandy layers 

below the clay are also very poorly preserved. Leaching seems to 

have been much more significant here than in the less permeable 

clay where bones and shells are well preserved. 

Bone preservation in Dalquest's quarry (measured section one) 

is similar to that in quarry two. However, in Dalquest's quarry 

the gray clays are covered with a much sandier zone which contains 

the typical Slaton local fauna (Dalquest, 1955). Dalquest found 

evidence that many bones had been stepped on and crushed by wading 

animals. No evidence of this kind could be deduced from this study. 

He found most of the limb bones of horses, camels, and elephants 

lying level, paralleling the structural units. No large limb bones 

were found in the clay unit or sandy units at quarry two and none 

of the long rib bones or jaws were lying horizontally in quarry 

two. Dalquest also states that many of the smaller bones of large 

mammals, such as foot-bones, jaws, and isolated teeth, were found 

in vertically oriented groups in the clay. He ascribes this to 
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their having fallen into mud cracks. No such groupings of bone in 

mud cracks were found at quarry two. Horizontal laminae and sandy 

limonite bands in the clay show no evidence of the former presence 

of large mudcracks or disturbance after deposition. Elephant bones 

in Dalquest's quarry do not appear to have been transported far 

before burial or to have been exposed on the surface for long. 

Few were found in association or articulation. 

Meade and Evans apparently found some articulated bone when 

they studied the site. The limbs of a proboscidean were found ar

ticulated and standing vertical in the sediments (Meade, personal 

communication). The original quarry site worked by Meade and Evans 

has not been located although it must have been near either my quar

ry or that of Dalquest. 

Teeth, jaws and large fragments of mammal limb bones were the 

most common elements preserved. This no doubt reflects the more 

durable nature of these elements. 

The absence of extensive abrasion, surface-s>v;athering, pv.--

ferred orientation and the presence of bones ranging in size from 

rodent phalanges to a proboscidean pelvis and horse jaws suggest 

an autochthonous origin of the Slaton local fauna, involving a mini

mum of transportation particularly of the large vertebrate bones. 

The articulated Camelops must have died at or close to where it 

was found. Burial must have been relatively soon after most of the 

animals died. Much of the breakage found in these bones appears to 

have been post-depositional, resulting from expansion and contrac

tion of the clay matrix. 
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The presence of any of these fragmentary fossils in the 

Slaton Quarry sample, except for the rhinoceros tooth, would not 

be surprising and would not alter the species list or -the inter

pretation of the paleoecology based on the species identified. 

All of these bones are heavily abraded and broken, making specific 

identifications extremely difficult. The importance of Geochelone 

sp. in the study of the paleoclimatology prevalent when the Slaton 

fauna was alive makes it important to determine whether a fragment 

of Geochelone plastron identified as part of the Slaton local fauna 

is actually part of that fauna or was redeposited in Slaton Quarry 

from the earlier Pliocene sediments in the canyon. Externally 

specimens from both Slaton Quarry and the Pliocene sediments have 

the same appearance and texture. Microscopic examination of thin 

sections, prepared by hand grinding, of the tortoise shell material 

from both localities and horse bones from both localities revealed 

a difference in the mineralization of the bones. The specimens 

from the Ogallala Formation, including the Slaton Channel, have 

thin rims of opaline silica deposited around most of the voids 

in the turtle shell and in the lacunae and canaliculae in the horse 

bone. Manganese, which is a common mineral in the Ogallala Forma

tion, and some hematite stains were also seen in the thin sections 

of these bones. The specimens from Slaton Quarry had no traces 

of either opaline silica, manganese, or hematite. The haversian 

systems in the horse bone from Slaton Quarry appear to have been 

leached by groundwater. No leaching could be observed in the bones 

from the Slaton channel. From this study it is concluded that the 
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tortoise found with the Slaton fauna is probably a contemporary 

of the fauna with which it was found. 

A total of 3,350 bones and bone fragments were recovered from 

approximately seven tons of washed matrix. Only two Neotoma jaws, 

a Canis dirus metapodial, a coyote mandible, and about 200 mis

cellaneous bone scraps were picked up on the surface of the clay 

or in the material that had fallen from -the vertical, face of the 

quarry after the gravel operation had ceased. Fish, birds, reptiles, 

amphibians and mammals, in order of increasing taxonomic diversity, 

occur in the fossil assemblage. Mammals are overwhelmingly the 

most abundant class in species, identifiable bones, and „bone frag

ments in the quarry sample (Table VII). A total of 237 bone fragments 

could not be assigned to a class. 

TABLE VII 

Composition of the Total Fossil Assejnblage 

No. of Taxa % Total Faunal Total % Total 
Class Identified Assemblage Specime.ns Quarry Sample 

Fi sh 
Amphibians 
R e p t i l e s 
B i rd s 
Mairanals 

1 
6 
7 
3 

15 
33 

3.03 
18.18 
21.21 

9.09 
44.48 

100.00 

509 
292 

87 
20 

2205 
3113 

16.35 
9.38 
2.79 

. 64 
71.83 

100.00 

Some bias resulting from familiarity with the various groups 

may have influenced the number of taxa identified in each class 

since the author is m9St familiar with the mammals and had limited 

comparative material available for all groups other than the mam

mals. 
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30 

3 
57. 

25 
45 
73 
55 
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Fish remains were common in all of the quarry samples. They 

seemed to be equally distributed both horizontally and vertically 

in the quarry sediments. All parts of fish skeletons are represent

ed in the collection. A minimimi of 11 individuals based upon the 

size and number of fin spines present in the collection was determin

ed (Table VIII). 

TABLE VIII 

Composition of the Fossil Fish Assemblage 

Skeletal Element Nimiber Percentage 

Spines 42 

Vertebrae 155 
Mandibular Fragments 19 
Miscellaneous Skull Fragments 293 

509 • 100.00 

The fragile cranial elements in the fish skull have undergone 

considerable breakage resulting in the high percentage of miscel

laneous skull fragments. The variety of bone shapes, sizes, and 

densities present in this assemblage and the similarity of repre

sentation of the various skeletal elements in the collection to the 

ratios of the sai-ne elements in a complete skeleton suggest that 

hydrodynamic sorting has been of limited importance in determining 

the composition of this collection. The fish must have died close 

to where they were found; their remains have undergone a minimvmi 

of sorting or transportation. Whereas fish are the second most 

abundant class of fossils recovered during this study, they were 

scarce in Dalquest's quarry. Sedimentary evidence indicates that 

the sediments in Dalquest's quarry were deposited in a permanent. 
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vegetation-filled pond or oxbow lake that may have been connected 

to a stream. The sediments from which the present sample was ob

tained were deposited in an ephemeral pond that shows abundant 

evidence of desiccation. The fish probably entered the pond dur

ing floods and perished when the pond dried up. 

Bird bones were the least common of all types of bone in the 

Slaton local fauna (Table IX). All of the bone^ in this class have 

been identified but only three species, with one individual in each 

could be identified-

TABLE IX 

Composition of the Fossil Bird Assemblage 

Skeletal Element Number Percentage 

Radius 1 5 

Pelvis 1 5 
Humerus 1 5 
Tarsomcbatarsus—distal end 1 5 
Proximal end carpometacarpus 1 5 
Proximal end tarsometatarsus 1 5 
Tibiotarsus 1 5 
Coracoid 1 5 
Miscellaneous limb bone fragments 12 60 

20 100 

Three of the bird bones—a carpometacarpus, pelvis, and a com

plete humerus—all from a single species, the v70od duck. Anas car

olinensis, were found within a meter of one another. They are as

sumed to belong to one individual. The other species are represented 

by a single skeletal element. 

The number and varriety of birds are certainly underrepresented 

in the collection; 273 bone fragments could not be unequivocally 

assigned to a class and many of these are suspected to be birds. 
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That these fragments are from fragile bones is indicated by their 

small size. Most appear to be from medium-sized, round, hollow, 

limb bones. The variety of birds which occur during the year is 

greater than that for any other group of vertebrates. However, 

because of their life habits and because their bones are generally 

fragile and easily des-troyed by post-depositional processes, their 

chances of preservation are slight. The eagle tarsometatarsis is 

considerably abraded and, as such, appears to have been transport

ed a considerable distance. The low nimiber of skeletal elements 

from a particular species other than the teal also suggests that 

the bird bones constitute a -transported assemblage, although few 

of the bones or bone fragments show abrasion. Previous investiga

tors at Slaton Quarry also found bird remains rare. Ends of limb 

bones constitute 25 percent of the identified skeletal elements; 

identifiable limb bones, complete and incomplete, constitute 30 

percent of the collection; and limb bones constitute 90 percent of 

the collection. The origin of this biased sample remains problem

atical. 

Snake vertebrae, representing at least three genera but a min

imum of only three individuals, are the most abundant reptilian 

elements in the fauna, comprising 57 percent of the total assembl

age. Turtle carapace and plastron fragments are the second most 

abundant element, comprising 41 percent of the reptilian assemblages 

and representing a minimum of four individuals in three genera 

(Table X). 
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20 
1 

; 13 
36 
1 
1 
4 
3 
1 
3 
4 

22.98 
1.14 
14.94 
41.37 
1.14 
1.14 
4.59 
3.44 
1.14 
3.44 
4.59 

TABLE X 

Composition of the Fossil Reptile Assemblage 

Skeletal Element Number Percentage 

Terrapene carapace fragments 
Geochelone plastron fragments 
Miscellaneous turtle bone fragments 
Miscellaneous snake vertebrae 
Anquidae vertebra 
Lizard vertebra 
Lizard jaw fragments 
Alligator teeth 
Na-trix vertebra 
Crotalus atrox vertebrae 
Thamnophis cf. proximus 

"87 100.00 

The low representation of various skeletal elements and the 

small number of specimens in this group suggest that it is a trans

ported assemblage. VJith the exception of turtle shell fragments 

and the alligator teeth, all of the specimens are small, averaging 

10 mm. or less in greatest length. Many of the snake vertebrae 

were abradod beyond positive identification. The large 138 x 80 

mm. fragment of Geochelone sp. plastron was found imbedded in the 

clay with no visible disturbance of the horizontal laminae in the 

clay. 

Amphibians are particularly well represented in the quarry 

sample variety of skeletal components (Table XI). 

TABLE XI 

Composition of the Fossil Amphibian Assemblages 

Skeletal Element Number Percentage 

Vertebra 

Rana pipiens 6 2.05 
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Skeletal Element 

Bufo cognatus 
Miscellaneous 

Humeri 

Bufo americana 
Bufo woodhousei 
Acris sp. 
Miscellaneous 

Urostyles 

Rana pipiens 
Miscellaneous 

Ilia 

Number 

2 
17 

4 
2 
1 
8 

1 
10 

Rana pipiens 
Rana sp. 
Miscellaneous 
Hyla sp. 

Scapulae 

Rana pipj.ens 
Rana clamitans 
Miscellcineous 

Coracoids 

Radio-ulnas 

Miscellaneous 

2 
3 
21 
1 

1 
1 
3 

8 

11 

190 

Percentage 

0.68 
5.82. 

1.35 
0.58 
1.34 
2.73 

0.34 
3.42 

0.68 
1.02 
7.19 
0.34 

0, 
0, 
1. 

2. 

3. 

65. 

.34 

.34 
,02 

,73 

.76 

.05 
292 100.00 

Although most of the long bones are broken, the variety of 

skeletal elements present in the assemblage and the lack of abra

sion evident on these fossils indicate an autochthonous burial 

with a minimum of transportation. Minimum numbers of individuals 

present for each species are Rana pipiens, 3; Rana clamitans, 1; 

Bufo cognatus, 1; Bufo americana, 3; Acris sp., 1; and Hyla sp., 

1. As with the assemblages of other microvertebrates, the orien-
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tation of amphibians bones could not be determined. 

Mammal bones were the most abundant part of the fossil as-

sen±)lage; 2242 individual bones or bone fragments and teeth com

prised 65.39 percent of the entire number of specimens in the quar

ry sample. The smallest segment of this class is composed of mam

mals of badger size and larger; 153 individual skeletal elements 

are included in this group (Table XII). 

TABLE XII 

Composition of the Large Mammal Fossil Assemblage 

Skeletal Elements Number Percentage 

Camelops skeleton 

Pelvis 
Proboscidean phalange 
Proboscidean pelvis 
Horse 
Tanupolama 
Capromeryx phalange 
Tetranioryx tooth 
Taxidae taxus clav; 
Canis partial jav; 
Canis dirus metapodial 
Carnivore tooth 
Canis latrans partial jaw 
Isolated horse teeth 
Miscellaneous fragments 

153 100.00 

Most of this collection was found either near the top of the 

clay unit or near the bottom of the clay adjacent to the elephant 

pelvis. Sixteen of the isolated horse teeth and the antelope teeth 

were apparently randomly distributed in the clay. The only two 

specimens oriented with any structure in the sediments were two rib 

fragments that had an east-west orientation parallel to the current 

ripples in the sands and gravels above the clay. 

41 
1 
1 
1 
13 
4 
1 
1 
1 
1 
1 
1 
1 
20 
65 

26.79 
0.55 
0.55 
0.55 
8.49 
2.61 
0.65 
0.65 
0.55 
0.55 
0.55 
0.65 
0.65 
13.07 
42.48 
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The large number of isolated teeth with hydrolic equiva

lents (Behrensmyer, 1975) in this assemblage suggest that they 

were deposited and buried during several episodes of deposition 

and at different times than the other large bones in this as

semblage which do not appear to have been transported far before 

burial. 

Small mammal bones are the largest single group of fossils 

in the entire Slaton local fauna (Table XIII) although the minimum 

number of individuals represented in this large bone assemblage 

is remarkably small (Table XIV). 

TABLE XIII 

Minimum Numbers of Individuals in the Small 
Mammal Fossil Assemblage 

Skeletal Element 

M2 

Molar 
M2 

Jaw—left ramus 
M3 

M3 

Molars 

• Number 

1 
1 
1 
1 • 

1 
9 
10 

Number of Individuals 

1 rabbit 
1 vole 
1 grasshopper mouse 
1 hai.-vest mouse 
1 Vt'ood r a t 
5 water r a t s 
4 prairie dogs 

TABLE XIV 

Skeletal Composition of the Small Maimnal Assemblage 

Skeletal Elements Number Percentage 

Neofiber 

Dentaries 
Jaws—ascending r_ami 
Partial teeth 
Femur parts 
Humeri 

Mo 

7 
4 
63 
8 
4 
5 
6 

0.37 
0.21 
3.40 
0.43 
0.21 
0.25 
0.32 
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Skeletal Elements 

M3 
Upper tooth rows 

Cynomys 

Teeth 

Microt̂ -i.s 

Tooth 

Onychomys 

M 

Neotoma 

M 

Number 

9 
1 

12 

Percentage 

0.48 
0.05 

0.64 

0.05 

0.05 

0.10 

Reithrodontomys 

Jaw 

Sylvilagus 

M 
Femur 

Rodent—tarsals and 
Rodent—metacarpals 
Rodent—incisor 
Rodent vertebra 
Rodent—ulna 
Claws 
Ribs—fragments 
Miscellaneous 

carpals 
and phalagnes 

fragments 

1 

1 
1 

8 
37 
35 
24 
1 
16 
5 

1600 

0.05 

0.05 
0.05 

0.43 
1.99 
1.88 
1.29 
0.05 
0.86 
0.25 
85.39 

1852 100.00 

Teeth and dentary bones containing teeth total 7.72 percent 

of the entire fossil assemblage and 55.97 percent of the identified 

components of the fossil assemblage. Long bcnes or fragments of 

long bones comprise only 7.17 percent of the identified components 

of the fossil assemblage. These variations in the percent represen

tation of skeletal elements in the collection suggest that sorting 
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due to differences in size and hydraulic shape was important in 

causing the biased frequency distribution of the skeletal elements 

of the small mammals at Slaton. It is difficult, however, to com

pletely assess the importance of fragmentation in altering the 

ratios of the various skeletal elements in the fossil assemblages. 

This has undoubtedly been an important factor with all groups but 

particularly with the mammals. When determining the totals of the 

various skeletal elements present in the collection, care was taken 

to avoid counting the separate fragments of a single bone as more 

than one specimen. 

The most vexing problem associated with studying the paleo

ecology of a fossil assemblage is involved with determining which 

taxa lived close to the burial site and which were residents of 

more distal communities. A solution to this problem was proposed 

by Shotwell (1955, 1958). He proposed that if a taxon is poorly 

represented in a deposit, in number of ind.ividuals or degree of 

preservation, it probably was transported from another habitat or 

it was a minor member of the fauna. That percent preservation (or 

completeness of preservation) indicates more than just distance of 

transport from the taxon's original habitat is confirmed by Wolff 

(1973) and the present study. Preliminary to an analysis of the 

paleoecology of a fossil fauna, an evaluation of the effects that 

biological, geographical, geological, and particularly hydrodynamic 

sorting have had on the formation of the quarry sample should be 

made. Voorhies (1959) states that the most reliable community re

constructions of this type are based on collections from thin, wide-
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spread floodplain deposits of relatively uniform lithology, such 

as the sediments sampled in this study. 

Examination of the quarry sample recovered from the ephemeral 

floodplain pond deposits examined during this study reveal that 

the entire faunal assemblage can be resolved into three components: 

1. An autochthonous burial assemblage composed 
of fish and amphibians showing a minimum of 
-transportation and hydrodynamic sorting; 

2. An allochthonous burial assemblage composed 
of reptiles, birds, and small mammals show
ing evidence of extensive transportation and 
hydrodynamic sorting before burial; 

3. A large mammal assemblage having character
istics of both autochthonous and allochth
onous burial assemblages. 

The presence of a high degree of skeletal completeness and an array 

of bones and bone fragments v/ith heterogeneous surface-to-volume 

ratios and different hydrodynamic properties indicate that the fish 

and amphibian fossils had not been subject to extens.lve sorting or 

transportation. They probably died v;hen the ephemeral pond in which 

they lived dried up. Evidence of desiccation is abundant in the 

clay sediments in which these bones were found. The limited mobility 

of the species included in this assemblage and the dependence on 

available water for most of the species are further evidence that 

they were mem.bers of a moist community that existed close to the 

place in which the fossils were found. This data fits well with 

Shotwell's hypothesis concerning the sample characteristics of prox

imal communities. 

The absence of a high degree of skeletal completeness, and an 
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array of skeletal elements with homogeneous shapes and low surface-

to-volume ratios indicate that the fossils included in this group 

represent a transported burial assemblage. Teeth and dentaries 

are the most numerous group of fossils in this class, constituting 

58.16 percent of all identified bones. Other carpals, phalanges, 

and claws total 27.49 percent of this assemblage. Although these 

specimens generally show evidence of abrasion, almost none were 

broken except that the incisors and ascending rami of the jaws were 

broken off. Rib fragments, vertebrae, and the ascending rami of 

mandible constitute only 13.14 percent of the identified bone frag

ments. Light bones with high surface-to-volume ratios are thought 

to be selectively sorted out from this assemblage even by the low 

competency currents from which the fossil-bearing matrix was deposit

ed. No evidence of cut and fill structure, ripples, large-scale 

graded bedding or large clastic particles were found in the fossil

iferous sediments. 

Comparison of the numbers of each skeletal element found in 

the quarry sample with the maxijnucu number expected if all had been 

preserved, based on the minimum numbers of individuals in each taxon 

suggests that at least tv.'o sorting groups are found in the skeletal 

elements of the small mammals in the Slaton local fauna (Table XV). 

TABLE XV 

Percent Preservation of Skeletal Elements 
of Small Mammals 

Skeletal Number Number 
Elements Found Expected Found/Expected 

Molars 103 1980 5.20 
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Skeletal 
Elements 

Jaws 
Carpals and Tarpals 
Claws 
Metacarpals and Phalanges 
Femurs 
Ulnas 
Ribs 

Number 
Found 

9 
8 
16 
37 
9 
1 
5 

N\imber 
Expected 

36 
504 
358 
1366 
35 
35 
468 

Found/Expected 

25.00 
1.58 
4.46 
2.70 
25.00 
2.71 
1.06 

The figures in Table XV are based on the identification of a 

minimum of 18 individual sm.all mammals in the quarry sample; thus, 

for 18 individuals it was expected that there should be 35 feraora. 

Within the quarry sample, fem.ora, teeth and jaws seem to have 

the greatest settling potential and are present in the quarry sam

ple in numbers closest to the expected figures. The other skeletal 

elements present in the assemblage occur in decreasing percentages 

perhaps reflecting their various settling potentials. 

The large number of small, unidentifiable bone fragments re

covered from Slaton Quarry makes the interpretation of the numbers 

of the various skeletal elements present in the quarry sample dif

ficult. Many are too small to determine which part of the skeleton 

they come from, although limb bones seem to be the source of most 

of the fragments recognizable. Skull and pelvic fragments were 

noticeably absent from the collection. These thin flat fragments 

of bone were probably removed from the quarry sample by even weak 

currents of water. 

All of the mammals with the exception of Neofiber, which un

doubtedly lived in the water at least part of the time, are ter

restrial forms that could be encountered in proximal moist or arid 
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to semi-arid grasslands distal to the quarry site. The sedimentology 

of the quarry deposits and the presence of the fish indicate that 

the currents that filled the pond where the fossils accumulated 

were of low velocity and periodically filled the pond to over

flowing, allowing the fish to get in. This evidence suggests that 

the currents that brought the fossils in winnowed out the less 

stable or heavy bones and transported them to the canyon drainage 

system. This data is consistent with that of Wolff (1973) who 

found that long bones including tibias, humeri, and femora and 

teeth and jaws were among the primary components of the small ver

tebrate fauna at this rodeo quarry (Dodson, 1974). Although these 

figures indicate the importance of hydrodynamic sorting in the quar

ry sample, it does not provide a method by which membership in a 

proximal or distal community can be determined. 

All of the mammals in the quarry sample could conceivably have 

lived on the Llano Estacado or the canyon grasslands. The living 

species occvurring in the area are found in both places. The pre

sence of prairie dog teeth in the assemblage suggests the possibil

ity that the distal plains commimity may have been significant 

contributors to the quarry sample. Prairie dogs do not now occur 

in Yellowhouse Canyon or near Slaton Quarry; however, they are com

mon on the Llano Estacado near Slaton Quarry. This data also does 

not provide a method for estimating the numerical significance of 

taxa in their respective communities. This infoinniation is best de

rived from careful study of as many of the biological, geographical 

and geological processes that contributed to the formation of the 
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quarry deposits as possible. However, Neofiber bones v/ere the lar

gest single class of bones in the small mammal assemblage and these 

aquatic animals were undoubtedly abundant in the proximal pond com

munity in the canyon. 

Comparison of the sorting groups from this and Wolff's stud

ies with sorting groups for large mammal bones determined by Voor

hies (1969) shows that these groups correspond with his Groups II 

and III, which are composed of long limb bones and skulls and man

dibles. These findings suggest that regardless of relative size, 

bones of similar shape and perhaps density vrill potentially exhibit 

the same sorting potentials in currents of greater and lesser vel

ocity. However, little work has been done in this area of research. 

Large mammal bones, usually most abundant fossils, in most 

quarry samples are a minor component of this quarry sample. The 

articulated components of this assemblage do not appear to have 

been transported. The isolated bones concentrated near the top 

and bottom of the gray clay appear to have been transported by 

strong currents before and after the clay was deposited. The oc

currence of several horse teeth and the turtle fragments in the 

sediments is not understood. No evidence of the strong currents 

necessary to move these particles could be found. 

Estimates of the numbers of mammals in 10 square miles of 

undisturbed prairie in Kansas listed by Voorhies (1959) are shown 

in Table XVI. 
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TABLE XVI 

Mammal Densities on Undisturbed Kansas Prairie 

68,500 rodents 86.8% 

10,000 shrews 12.6% 
400 ungulates .5% 

Comparison of the numbers and percent ratios of rodents and 

ungulates in Slaton Quarry, 40 percent and 40 percenr indicates 

that the quarry sample does not reflect the expected ratios of 

these taxa in a living community. The proportion of carnivores 

is also unusually high, 20 percent. 

The ratios of total identified skeletal elements in each 

group rodents, 74 percent; ungulates, 24.18 percent; and carnivores, 

88 percent, more closely reflect the proportions in each group in 

living populeitions assuming that each bone represents one individual. 

The ratios of total identified and unidentified bones emd bone frag

ments in each group are rodents, 92 percent; ungulates, 7.4 percent; 

and carnivores, .04 percent. These figures indicate that the total 

assemblage apparently reflects the relative population sizes of 

these animals in the vicinity of the quarry. Comparison of the 

figures for total taxa in this study with the ratios of the various 

taxa in each study group is shown in Table XVII. 

TABLE XVII 

Ratios of Major Adaptive Groups 
in the Slaton Fauna 

Rodents ' Ungulates Carnivores Total taxa 

Womochel 40% 40% 20% 15 
Dalquest 44% 40% 16% 25 
Total Fauna 40% 42.5% 17% 40 
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These figures do not accurately reflect the true diversity of 

the mammals in each group that would be expected in the grasslands 

biome. 

No data on the abundance of bone and bone scrap in Dalquest's 

quarry sample is given. However, the ratio of long bones was much 

higher in his sample than in the present sample, suggesting that 

the currents sorting the bones in the Slaton fauna were different, 

probably s-tronger, at his quarry. However, the pond at Dalquest's 

quarry appears to have been filled most of the time and may have 

been a more frequented source of water and perhaps a greater mor

tality site for animals than the ephemeral pond that was the sub

ject of this investigation. 

Almost no data could be found reflecting the age distributions 

of the population from which the death assemblage was obtained. 

Both young and old individuals, generally indicated by loose 

epiphyses, were present in the fauns for at least some species. 

One horse jaw was that of a yearling colt. The partial coyote jaw 

was from an old individual. The teeth wore greatly vrorn. 

No specific data could be obtained regarding the length of 

time or season druring which the Slaton local fauna accumulated. 

However, that it was not deposited in a single event is indicated 

by the vertical sequence of sedimentary structures in the gray clay 

matrix. 



AGE AND AFFINITY OF THE SLATON LOCAL FAUNA 

The depositional history of the Pleistocene differs greatly 

from that of the Pliocene. In contrast to the gradually chang

ing depositional trends of the Pliocene, the Pleistocene is mark

ed by shorter and more dramatic periods of stream erosion and al

luviation. Pleistocene deposits of the Great Plains have been 

correlated with the glacial sequence of the ncrtheast by the use 

of distinctive, buried soils (Frye and Leonard, 1957, 1965), par

ticularly the Sangamon soil that extends from the Mississippi Val

ley to west Texas, by tracing of terraces along valley and match

ing terrace sequences from one valley to another (Schultz and 

Stout, 1948), and by use of distinctive lithologic types (Hib

bard, 1949), particularly the widespread Kansas Pearlette volcanic 

ash. 

It is different to correlate the Slaton deposits with other 

Pleistocene deposits on the basis of their stratigraphy. The Sla

ton sediments rest unconformably on the Couch Formation and are 

incised into the Bridwell Forination; they are of very restricted 

regional extent and are covered with reworked Bridwell sediments. 

No evidence of any volcanic ash or buried soils that have been 

used as marker beds at other Pleistocene localities could be found 

in Yellowhouse Canyon in the vicinity of the quarry. 

Correlation of the Slaton local fa-ana with other Pleistocene 

local fauna reveals a scarcity of microtines, insectivores, and 

Peromyscus sp., forms of maximum value in dating Pleistocene local 

faunas; this further complicates the problen\ of assigning an age 
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to the fauna (Dalquest, 1967). Most of the other vertebrates 

identified from the quarry have long distribution records in the 

Pleistocene, extending from at least Yarmouthian to Wisconsin, 

and are of limited value in deterroining the age of the Slaton 

fauna. 

I concur with Dalquest (1967) in placing considerable impor

tance on the absence of Bison from Slaton Quarry. If present, 

they would almost certainly appear in the Slaton fauna. The grass

land habitat that prevailed around the Slaton area at the time the 

Slaton local fauna lived would have been ideal for Bison. Because 

they are so common in later Pleistocene deposits, the absence of 

Bison at Slaton suggests that no bisons were present in the area 

when the deposits were accumulating. Hibbard et a3_. (1964) in

dicate that Bison appeared in- North America during the Illinoian 

glacial stage age and is usually abundant in fossil faunas of 

this age and younger. The absence of bison from the Slaton depos

its indicates that these sediments are older than Illinoian, 

The absence of early Pleistocene mammals, particularly forms such 

as Nannippus, Stegomastodon, Titanotylopus, and Borophagus, whose 

geologic ranges extend to the late Aftonian, from -the Slaton fauna 

imparts a modern appearance to this assemblage and suggests that 

it is post-Aftonian in age. These forms would have been v/ell 

adapted to the paleohabitat at Slaton. 

The grasshopper mouse, Onychomys cf. jinglebobensis, describ

ed from Slaton by Dalquest (1967) was described from the Borchers 

local fauna by Hibbard. The water rat, Neofiber leonardi, is 
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known only from Slaton and the Rezabek local fauna of Sangamon age 

in Kansas (Hibbard, 1943) although Dalquest (1967) and Semken 

(1965) consider it of Illinoian age. A similar water rat, Proneo

fiber guildayi, has been described from the late Kansan, Seymour 

Formation of Texas (Hibbard and Dalquest, 1973). The prairie dog, 

Cynomys vetus, is known only from early Illinoian age deposits in 

Kansas. 

Evaluation of the mammalian fauna suggests that the Slaton 

local fauna is Yarmouthian or early Illinoian in age. Pierce (1975) 

has arrived at a similar decision from study of the fossil pelecy

pod fauna at Slaton. 

Sedimentological evidence indicates a late interglacial age 

for the Slaton local fauna. Gradual changes in stream flow and 

alluviation of the canyon culminating in the deposition of the Sla

ton local fauna show a trend toward increasing aridity and tempera

ture and decreased precipitation. The clay sediments in which the 

fauna is preserved show abundant evidence of periodic flooding and 

desiccation characteristics of arid environments. The presence of 

the tortoise, Geochelone, typically present only in interglacial 

faunas on the Great Plains, is further evidence indicating a warm 

climate v/ith no freezing temperatures. On -the basis of the bio

logical and geological evidence, I have assigned a late Yarmouthian 

age to the Slaton local fauna. A return to cooler, more pluvial 

conditions during the Illinoian is indicated by both vertebrate 

local faunas (Hibbard, 1963) and numerous mollusc faunas. 

Comparison of the Slaton local fauna with the mammals of the 
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Illinoian Adams (Hibbard and Taylor, 1960), the Rezabek (Hibbard, 

1943), the Berends (Hibbard, 1963), and the Dobie Springs (Hib

bard and Taylor, 1950) local faunas reveals that 73 percent of the 

genera and many species are shared between these faunas and the 

Slaton local fauna. Only 11 genera of mammals, 42 percent of the 

genera identified at Slaton, are present in the Borchers (Yarmouth

ian) local fauna of Kansas (Hibbard, 1941); 46 percent of the 

genera, 12, and only six species are common to both the Slaton 

local fauna and the combined late Kansan Vera Fannule and Gilliland, 

Holloman, and Rock Creek local faunas of Texas and ijklahoma (Hib

bard and Dalquest, 1956). These comparisons further emphasize the 

late Yarmouthian age of the Slaton local fauna-



CONCLUSIONS 

Two previous studies of Slaton Quarry have resulted in an im

pressive faunal list from this site; however, the age, mode of de

position, and paleoecology of the Slaton local fauna have remained 

controversial. 

Recent exploration for gravel at Slaton Quarry has exposed ad

ditional fossiliferous parts of the Slaton sediments over a great

er area and to a greater depth than has been previously studied. 

Examination of these sediments and their stratigraphic rela

tionships to the Couch and Bridwell Formation has revealed that 

Yellowhouse Canyon is an old erosional feature in the eastern es

carpment of the Llano Estacado and that it had eroded almost to 

its present depth by the time the Slaton sediments were deposited. 

Five sedimentary sequences were studied in Slaton Quarry and 

reveal that the sediments in the quarry were deposited by aggrad

ing streams during a period of gradually increasing aridity. The 

depositional sequences are culminated by floodplain pond deposits 

which contain the Slaton local fauna. The fauna, sediments, and 

evidence of frequent desiccation in the sediments indicate that 

the climate probably was warm and arid at the time the fossils were 

deposited. Flooding appears to have been an important factor in 

the development of the quarry deposits and in sorting and deposi

tion of the fossil sample. The fish and amphibians remains showed 

almost no evidence of transportation before burial. 

Evaluation of thfe geological evidence and the entire fossil 

assemblage reveals that an arid grassland with semipermanent and 
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ephemeral floodplains ponds existed in the canyon when the Slaton 

local fauna lived there. There was sufficient permanent water to 

support fishes, a variety of amphibians and reptiles, and the water 

rat, Neofiber. A moist riparian community with trees and brush 

seems to have been poorly developed. 

The presence of Geochelone indicates that the climate rarely 

fell below freezing. 

A total of 33 genera of vertebrates were identified during 

this study. Two mammals, Canis dirus and Microtus sp.; two am

phibians, Bufo americanus and Rana clamitans; one reptile, Geo

chelone sp.; and the fish and birds have not been previously report

ed in the Slaton local fauna. 

The degree of representation of the various groups in the fos

sil fauna at Slaton appears to be primarily a function of their 

original numbers near the quarry site. 

The mammalian fauna seems to be most similar to early Illino

ian age local fauna, primarily from Kansas and Oklahoma. However, 

because of the absence of Bison sp. and the presence of abundant 

sedimentary and paleontological evidence, indicating a warm, arid, 

interglacial environment at the time the Slaton sediments were de

posited, I have assigned a late Yarmouthian age to the Slaton local 

fauna. 

The degree of skeletal completeness was high for fish and 

amphibians, and these bones showed little evidence of abrasion. 

The avian, reptilian, and mammalian fossil assemblages showed evi

dence of sorting and transportation before burial. The variety 
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of skeletal elements representing these groups was small and com

posed principally of the denser parts of the skeletons including 

teeth, vertebra, and carpals and metacarpals. Long bones and bones 

with a high surface-to-volume ratios are uncommon for these groups. 

However, post-depositional des-truction of much of the quarry sam

ple, particularly the high surface-to-volume ratio bones makes the 

degree of sorting and the recognition of which skeletal elements 

are present difficult to determine. 

Shrinking and swelling of the sediments were important factors 

in bone destruction and reorientation in the quarry. This finding 

indicates that the orientation of small bones and bone fragments 

may not always reflect the direction of the current that deposited 

them, and the type of fracturing may not indicate the length of 

time after death when the bone was broken. All types of breakage 

including spiral fracture typical of breaks in fresh bones could 

be attributed to post-depositional breakage in Slaton Quarry. 
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