








































































































































































































































More ash fell and washed into the basin. 
refilling the lake and covering the hard­
ened layers of ash with new layers of mud, 
thus preserving bones and footprtnts. 
Additional ash and dust washed into the 
lake until 2. 7 m (9 ft) had accumulated 
and the basin was filled. The fossiliferous 
deposits were thus sealed beneath the 
ash. 

(6) Deposition of eolian silts and clays and 
development of soils that overlie the vol­
canic ash. 

Age and Correlation 

According to Dalquest (1983). the Coffee 
Ranch Local Fauna is a unit fauna and repre­
sents animals that lived a t the site during a 
relatively brief interval, perhaps a few centuries. 
during which a closed depression formed and 
then filled with sediment. The zircon ftssion­
track date of 6.6±0.8 Ma for the ash immediately 
overlying the fossil-bearing unit may represent 
a more reliable age for the fauna than do the 
glass fission-track dates of 5.3:!:0.4 Ma 
(Boellstorff. 1976, p. 65) and 4.7±0.8 Ma (lzett, 
1975. p. 202). which may be too low because of 
annealing of the tracks (lzett, personal com­
munication. 1976). Lindsay and others (1975. 
p. 114; 1984. p. 460) determined that the fossil­
bearing sands and the overlying ash are in a 
thick, normally magnetized polarity zone. They 
thought the zone represented the lower part of 
magnetic chron 5 (approximately 5.9 Ma ago) 
because the ash date indicates that it is older 
than the Gauss chron (3.3 to 2.4 Ma ago). 

Some of the prtncipal late Hemphillian cor­
relative faunas (table 1) include the Optima 
(=Guymon) Local Fauna of Oklahoma (Hesse. 
1936b; Savage. 1941). the Rhino Hill and Edson 
Local Faunas of Kansas (Harrison. 1983). the 
ZX Bar Local Fauna in the Upper Snake Creek 
faunal sequence of northwest Nebraska (Skinner 
and others. 1977). the Camel Canyon. 
Redington, Wikieup. and White Cone Local 
Faunas of Arizona, and the Chamita Local Fauna 
of New Mexico (Lindsay and others, 1984). 

Goodnight Fauna 

The term Goodnight Fauna has been used to 
ref er to a small assemblage of fossil mammals 
of late Hemphillian age discovered by Cummins 

(1893) and descrtbed by Cope (1893) from the 
upper part of Mulberry Canyon on the Charles 
Goodnight Ranch in Armstrong County. Texas 
(fig. 41. site 16). Mulberry Creek is a tributary 
of the Prairie Dog Town Fork of the Red River. 
The exact locality from which the fauna was 
collected has never been recorded and cannot 
be determined satisfactorily from available 
accounts of early expeditions in the area. There 
is some indication that the locality may be 
about 6.4 or 8.0 km (4 or 5 mi) south or south­
west of the town of Goodnight on the north side 
of Mulberry Canyon. Cummins (1893, p. 201) 
designated the fossil-bearing strata the 
"Goodnight beds" and attempted to show strat­
igraphically that they overlay the "Clarendon 
beds" farther east. He had distinctly different 
geologic sections for the north and south sides 
of the canyon. Gidley (1903a, p. 628) showed 
that Cummins had misidentified or misinter­
preted certain gravel beds in the Clarendon and 
Mulberry areas and that the strata were essen­
tially the same on both sides of Mulberry 
Canyon. He then equated the Goodnight and 
Clarendon beds both faunally and stratigraph­
ically. Later work has shown. however. that the 
Goodnight Fauna is defmitely younger than the 
Clarendon Fauna. although the Goodnight beds 
do not represent a distinct lithologic unit in the 
Ogallala. 

The fauna described by Cope (1893) includes 
isolated horse teeth that are the type specimens 
of Dinohippus interpolatus and Nannippus lenti.c­
ularis as well as specimens ref erred to Neohip­
parion ewystyle. The lectotype specimen of the 
latter is actually from the "Falls of the Palo 
Duro south of Amarillo." which is at the lower 
end of Lake Tanglewood in Randall County­
probably the Currie Ranch Local Fauna site 
(fig. 41, site 19). A fourth horse in the Goodnight 
Fauna is apparently Astrohippus ansae, de­
scribed by Matthew and Stirton (1930a) from 
the Hemphill (=Coffee Ranch) locality. The 
rhinoceros, Aphelops, was also listed in the 
fauna by Cope. The Cope specimens are now at 
the Texas Memorial Museum at The University 
of Texas at Austin. 

The Goodnight Fauna is late Hemphillian and, 
although small, is specifically identical to the 
Coffee Ranch Local Fauna in Hemphill County 
(table 9) . Subsequent collecting by the Frick 
Laboratory from several quarries on the 
McGehee and Hubbard Ranches near Goodnight 
durtng the early 1950's enlarged the fauna. but 
the fossils obtained have not been published. 
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Optima (=Guymon) 
Local Fauna 

The Optima Local Fauna is a late Hemphillian 
fauna identified in several localities about 2.4 km 
(1.5 mi) southwest of Optima, 12 km (7.5 mi) 
northeast of Guymon, and 90 m (300 ft) north 
of the Rock Island Railroad right-of-way in 
secs. 6 and 7, T. 3 N, R.16 E, Texas County, 
Oklahoma (fig. 41, site 14). According to Savage 
(1941. p. 692). the fossiliferous deposits are 
exposed in an escarpment eroded by several 
small intermittent streams draining southward 
into the Beaver River. These escarpments are 
not prominent but are steep, talus-covered 
slopes and rolling grass-covered hills, probably 
resulting from loose cementation in the caliche 
cap rock. 

The stratigraphic sequence in the small area 
of the University of Oklahoma quarries con­
sists. according to Savage (1941, p. 693). of more 
than 0.6 m (>2 ft) of brownish-red sand. grit. 
and gravel overlain by 1.2 to 2 m (4 to 7 ft) of 
white quartz sand that grades into grits and 
gravel in places and contains fossil vertebrates. 
This unit is overlain by 2 or 2.4 m (7 or 8 ft) of 
buff to gray clay and silt that is also fossiliferous, 
and this ts capped by 1 to 2 m (3 to 7 ft) of soil 
and caliche. The coarser deposits are stream­
channel deposits. Most of the fossils have been 
found in small pockets in the white sand, which. 
according to Hesse (1936b. p. 58). is loose and 
coarse or cemented into a calcareous grit. Many 
of the coarse, gravelly pockets are surrounded 
by a fine reddish-brown fluvial sand. The fossils 
are buff to white and heavily silicified, but they 
show traces of calcification and are unusually 
light and porous. Although incomplete. the 
specimens show no evidence of being heavily 
waterworn. Apparently deposition of the fossils 
was rapid but with little transportation . 

Fossils were discovered by the landowner, 
James English. and reported to the University 
of California. which collected there in 1929. 
Additional collections were obtained by the Uni-

versity of Oklahoma and the Frick Laboratory 
during the l 930's. The California collection was 
described by Hesse (1936b). The Oklahoma 
collection was studied by Savage (1941), who 
described the type specimens of a fox, Vulpes 
stenognathus, and a lynx, Felis proterolyncis. A 
dromomerycid ruminant. Yumaceras falkenbachi 
(=Pediomeryx hemphillensis), and an antilo­
caprid. Texoceros guymonensis (=altidens). were 
reported by Frick (1937). In addition, various 
members of the fauna have been mentioned, 
described, or revised by other workers in papers 
devoted to particular taxa such as antilocaprids 
(Hesse. 1935b; Stirton, 1938). sloths (Hirschfeld 
and Webb. 1968, p. 245. 286). badgers (Hall. 
1944. p. 15; Wagner, 1976. p. 110), wolverines 
(Harrison. 1981). procyonids (Baskin, 1982), cats 
(Martin and Schultz. 1975: Harrison, 1983, 
p. 31). camels (Harrison, 1979; Breyer, 1983), 
dromomerycids (Webb, 1983b). and horses 
(MacFadden, l 984a). 

Grazing mammals dominate the fauna 
(table 9). horses forming 80 percent of the 
Oklahoma collection. Several hundred isolated 
teeth and numerous jaws and other remains of 
Dinohippus interpolatus and Astrohippus ansae 
are included. Second in importance are the arti­
odactyls: camels and the antilocaprid, Texoceros 
altidens, are the most numerous. Carnivores 
are less abundant but varied. 

The Optima Local Fauna ts similar to that 
from Coffee Ranch in Hemphill County, Texas. 
Both are thought to be late Hemphillian (table 9), 
and the two faunas share many common taxa. 
The abundance of grazing ungulates in the 
Optima Local Fauna, as compared with brows­
ing types. indicates that the region was pre­
dominantly a broad. open. short-grass country 
(Savage, 1941. p. 705). The existence of deer, 
bear, beaver. sloth, fox. and lynx indicates the 
presence of forested areas. probably on flood­
plains. Alligator remains suggest that the climate 
was wanner and more humid than now and 
that the streams were deeper and more sluggish 
than present-day streams in the area because 
alligators prefer quiet. deep waters. 
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STOP 17: Latest Hemphillian Faunas of 
the Texas Panhandle 
G . E. Schultz 

The Axtel Local Fauna ~J Randall CoW:ty, Texas, and the Christian Ranch Local Fauna of Armstrong 
County, Texas, are dommated by grazmg mammals adapted to a semiarid grassland savanna or 
steppe. 

Axtel Local Fauna 

The Axtel Local Fauna is one of the latest 
Hemphillian faunas in the Southern High Plains. 
The site is a quany located on a promontory of 
the east wall of Woody Draw, a south-draining 
tributary of North Cita Canyon about 5.6 km 
(3.5 mi) south and 19 km (12 mi) east of the 
town of Canyon and just outside Palo Duro 
Canyon State Park, Randall County, Texas. in 
the SE comer , SW 1/4, SW 1/4, sec. 165, 
Bile 6, I. and G.N. R.R. Co. Survey (fig. 41. 
site 18). 

Fossils were discovered in 1936 by Donald E. 
Savage near the bottom of a 1.5-rn-thick (5-fl) 
brown fluviatile sand of limited areal extent. 
The sand bed rests on red shales of the Triassic 
Dockum Group and is overlain in tum by 1.8 m 
(6 ft) of brown caliche-cemented sandstone, 0.3 
to 0.6 m (1 to 2 ft) of resinous opal. and a cap 
of nearly 9 m (30 ft) of massive white caliche 
(Johnston and Savage, 1955, p. 28). 

The fauna. collected by WPA crews for the 
Panhandle-Plains Historical Museum. was first 
reported by Johnston (1939b), who described 
the type specimens of Osteoborus hUli. a bone­
crushing dog (see also Webb. 1969b; Richey. 
1979). Most of the fauna is undescribed , al­
though Johnston and Savage (1955. p. 28) pub­
lished a faunal list (table 10) and a stratigraphic 
section of the quany. Horses are the most abun­
dant forms; there are numerous isolated teeth, 
jaws, and limb bones of Dinohippus cf. D. mexi­
canus and Astrohippus cf. A. stocki. Mawby 
(1965, p. 574) described a machairodont and 
Oelrich (1957, p. 236) and Auffenberg (1962a. 
p. 630) reported a tortoise, Geochelone cf. 
G. turgi.da. 

The Axtel Local Fauna is latest Hemphillian 
(table 10) but younger than the Coffee Ranch 
Local Fauna. as indicated by the more advanced 
horses. camels. and Osteoborus (Johnston and 

Savage, 1955. p. 29) (compare tables 8 and 9). 
The fauna is equivalent in age to th e Christian 
Ranch Local Fauna (table 10) and several other 
smaller ones in the Palo Duro Canyon region 
(fig. 41). Lindsay and others (1975, p. 117) 
determined that the fauna lies in a zone of 
normal magnetic polarity. which probably 
represents chron 5 because of the similarity of 
the fauna to that from Coffee Ranch. The Coffee 
Ranch Local Fauna is assigned to chron 5 be­
cause the fossil-bearing strata exhibit normal 
magnetic polarity and because of the radiometric 
dates obtained on the overlying volcanic ash 
(lzett, 1975; Boellstorff, 1976). 

The climate of the region by latest Hemphillian 
time already was semiarid as evidenced by a 
long history of calcic soil development that 
produced the caliche caprock that underlies the 
High Plains surface. This caliche overlies the 
fossil bed at the Axtel site, but at a nearby 
locality (Currie Ranch, fig. 41. site 19) a small 
late Hemphillian fauna is sandwiched between 
two massive caliche beds. Wateiworn cobbles of 
the lower caliche are present in the fossil bed, 
indicating that caliche formation had already 
commenced by the time these latest Hemphillian 
faunas appeared (Johnston and Savage, 1955, 
p . . 33). The absence of rhinoceros from latest 
Hemphillian faunas and the greatly reduced 
number of mastodons (Rhynchotherium) also 
suggest a shift toward a drier climate in the 
region. 

Christian Ranch Local Fauna 
This latest Hemphillian faunal site is on the 

Terrell Christian Ranch 15 km (9.5 mi) south 
and 12 km (7.5 mi) west of Claude, Armstrong 
County. Texas (fig. 41. site 17) in the SE 1/4, 
NW 1/4. sec. 4, Blk. 1. I. R.R. Co. Survey. 
Johnston and Savage (1955, p. 30) gave the fol­
lowing description of the site and its origin: 
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Fossiliferous exposures lie on a small 
erosional remnant hill atop a ridge that 
connects a prominent intracanyon butte, 
called "Big Mountain" locally, to the east 
wall of Horseshoe Canyon. Horseshoe 
Canyon is a large. deep. amphltheater­
like southward-draining tributary and is 
one of the most spectacular sights in 
the Palo Dure system. 

The fossiliferous stratum is a 3- to 
10-foot bed of gray sand overlain by a 
6-inch to 3-foot bed of gray to white 
resistant sandy limestone. These two 
beds constitute a lens 300 feet wide 
which grades laterally into brown mud­
stones and sands or sandstones. 

The supra-Triassic section found at 
Horseshoe Canyon is the thickest (about 
260 feet) seen at any fossil site in the 
Panhandle . The brown-colored beds are 
interpreted as river-floodplain or playa 
accumulations. Phases of deposition or 
precipitation of limey material are repre­
sented by the light-colored laminae in 
the lower part of the section and by the 
massive sandy or silty caliche beds at 
the top. The gray fossil-bearing lens is 
believed to have been formed in a spring 
fed pond or bog area where the finer 
elastics (silts and clays) were flushed 
away by some sort of churning action. 
The gray color was probably developed 
by the reduction of fenic oxides {the 
brown and red coloration in the sur­
rounding sediments). 'Ibis reduction may 
have been brought about by the accumu­
la tion of plants and resultant organic 
acids in the environs of this more per­
manent water supply. And in the latest 
interval of existence of this water hole, 
calcareous matrix was concentrated and 

deposited. The aggregation of bones in 
the gray lens also suggests that here 
was a spot where animals congregated 
to drink and feed. 

The supra-Triassic section at the site is about 
78 m (260 ft) thick. The fossil quarry is about 
halfway up. or 39 m (130 ft) below the surface 
of the surrounding plains. Fossils were dis­
covered here in 1930 by Floyd V. Studer, who 
collected and prepared most of the specimens 
now in the Panhandle-Plains Historical Mu­
seum. The collection. largely undescribed, con­
sists mainly of teeth and jaws of Astrohippus 
cf. A. stocki with a smattering of other horses, 
camels. antilocaprids, peccaries, and carnivores 
(table 10). Richey (1979) described a lower jaw 
of Osteoboru.s. An excellent lower jaw of a gom­
phothere. probably Rhynchotherium, was de­
scribed by Savage (1955b). Additional specimens 
were obtained by the University of California 
and the Frick Laboratory in 1953 and by West 
Texas State University in more recent years. 

No paleomagnetic data exist for this site. The 
fauna, which ls latest Hemphillian, resembles 
that from the Axtel site and other small sites in 
the Palo Duro area and is more advanced than 
the one from Coffee Ranch (table 9). The horses 
suggest a correlation with the late Hemphillian 
Yepomera fauna of Mexico (MacFadden, 1984b). 

Latest Hemphillian Gravel Pits 

Several gravel pits in Ellis County, Oklahoma 
(Miller, Nations, Campbell, and Virgil Clark), 
occupy deep channels cut into the top of the 
Ogallala. These have yielded horse teeth (Astro­
hippus stocki and Neohipparion cf. N. eurystyle) 
of latest Hemphlllian age (Tedford and others. 
1987). 
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Table 10. Faunal lists of latest Hemphllllan local faunas of the Tezas Panhandle. 
Modl.fled after Johnston and Savage (1955). 

Class ReptUla 
Order Chelonla 

Family Testudinldae 
Geochelone turglda (Cope) - tortoise 
Geochelone s p . - large tortoise 
Testudinid sp. - small tortoise 

Class Mammalia 
Order Edentata 

Family MegaJonychidae 
Megalonyx sp. - ground sloth 

Order Rodentla 
Family Mylagaulidae 

Mylagaulus sp. - burrowing rodent 
Family Geomyidae 

Geomys sp. - pocket gopher 
Order Carnivora 

Family Felidae 
Machairodu.s (Helerofelis) sp. - saber-toothed cat 
Machairodont? - saber-toothed cat 

Family Canldae 
Osteoborus hllli Johnston - bone-eating dog 
Osleoborus sp. - bone-eating dog 
Canis sp. - coyote-sized form 
Canld sp. - s mall form 

Family Mustelidae 
P!iotaxldea sp. - badger 
Mephltine sp. - skunk 

Family Ursldae 
Agriotheriwn sp. - bear 

Order Proboscldea 
Family Gomphothertldae 

Rhynchotherium? sp. - gompholhere 
Order ArUodactyla 

Family Tayassuldae 
Prosthennops sp. - peccary 

Family Camelidae 
Megatylopus1 - large camel 
Hemiauchenia sp. - llamallke camel 

Family AntUocaprtdae 
Hexobelomeryx? sp. - medium-to-large pronghorn 

Order Perissodactyla 
Family Equidae 

Dinohippus cf. D. mexicanus (Lance) - 1-toed horse 
Aslrohippus cf. A. stock! (Lance) - 1-toed horse 
Neohipparlon cf. N. eurystyle (Cope) - 3 -toed horse 
Nannippus cf. N. lenttcularis (Cope) = Nannipus ingenuus (Leidy) 

- 3-toed horse 

• Holotype of species 
X OcCWTCncc in fauna 
A Axtel, Randall County, Texas 
B Christian Ranch. Armstrong County. Texas 
C Currie Ranch, Randall County, Texas 

114 

A B c 

x 
x x 
x 

x 

x 

x 

x 
x 

• 
x x 

x 
x 

x 
x 

x 

x x 

x x 

x x x 
x x 

x x 

x x x 
x x x 
x x x 
x 



Acknowledgments 
Funding for research conducted by T. C. 

Gustavson and V. T. Holliday was provided by 
the Department of Energy. Salt Repository 
Project Office. under contract number DE-AC97-
83WM46651. D. A Winkler's work was supported 
by Sigma Xi. American Association of Petroleum 
Geologists. and the Geology Foundation. The 
University of Texas at Austin. 

Figures for this guidebook were prepared by 
Jamie H. Coggin, Wade Kolb. Richard Platt. 

References 
Allen, B. L .. and Goss, D. W., 1974, Micromorphology 

of paleosols from the semiarid Southern HJgh 
Plains of Texas, in Rutherford, G. K., ed., Soil 
microscopy: Kingston, Ontario, Llmestone Press, 
p. 511-525. 

Allen, B. L .. Harris, B. L., DaVis. K. R. and Miller. 
G. B .. 1972, The mineralogy and chemistry of High 
Plains playa lake soils and sediments: Lubbock, 
Texas Tech UnJverslty, Water Resources Center. 
OWRR Project No. B-004-Tcx. 75 p. 

Auffenberg, Walter, l 962a, A new species of Geo­
chelon.e from the Pleistocene of Texas: Copela. 
no. 3, p. 627-636. 

---- 1962b, A redescription of Testudo 
hexagonata Cope: Herpetologica, v. 18, p. 25-34. 

Bachman, G. 0., and Machette, M. N., 1977, Calcic 
soils and calcretes in the southwestern U.S.: U.S. 
Geological Survey Open-File Report 77-794, 162 p. 

Baker, C. L., 1915, Geology and underground waters 
of the northern Llano Estacada: Austin, University 
of Texas Bulletin 57, 225 p. 

Baskin, J. A., 1980, The generic status of Aelurodon 
and Epicyon (Carnivora, Canldae): Journal of 
Paleontology, v. 54, p. 1349-1351. 

---- 1981, Barbourof elis (NimraVidae) and 
Nimrauides (Felidae), with a description of two new 
species from the Late Miocene of Florida: Journal 
ofMammalogy, v. 62, p. 122-139. 

---- 1982, Tertiary Procyoninae (Mamma lia: 
Carnlvora) of North America: Journal of Vertebrate 
Paleontology, v. 2, no. 1. p. 71-93. 

Bath, W. W., 1980, Geomorphic processes at Palo 
Duro Canyon, Texas Panhandle: The Unlverslty of 
Texas at Austin, Master's thesis, 150 p. 

Donald Thompson. and Tari Weaver, under 
the supervision of Richard L. Dillon. Word 
processing was by Melissa Snell. and typesetting 
was by Susan Lloyd. both under the super­
vision of Susann Doenges. T. C. Gustavson. 
R. W. Baumgardner, Jr., J. A. Raney, M. R. 
Voorhies, and K. T. Barrow reviewed the guide­
book. which was edited by Lana Dieterich and 
designed by Jamie H. Coggin. T. F. Hentz was 
the technical editor. 

Berggren, W. A., and Van Couvering. J. A., 1974, 
The Late Neogene biostratigraphy, geochronology 
and paleoclimatology of the last 15 million years 
In marine and continental sequences: Palaeo­
geography. Palaeoclimatology, Palaeoecology, v. 16. 
no. 1- 2, p . 1-216. 

Berry, E. W., 1918, Fossil plants from the late Tertiary 
of Oklahoma: Proceedings of the U.S. National 
Museum, v. 54, no. 2256, p. 627-636. 

Birsa, D. s .. 1977, Subsurface geology of the Palo 
Duro Basin, Texas Panhandle: The University of 
Texas at Austin, Ph.D. dissertation, 379 p. 

Boellstorff, J. D., 1976, The succession of late 
Cenozoic volcanic ashes In the Great Plains: a 
progress report, in Stratigraphy and faunaJ 
sequence- Meade County, Kansas: Kansas Geo­
logical Survey, Guidebook Series l, p. 37-71. 

Boothroyd, J. C., and Ashley, G. M .. 1975, Processes, 
bar morphology, and sedimentary structures on 
braided outwash fans, northeastern Gulf of Alaska, 
in Jopling. A V., and McDonald, B. C., Glactofluvial 
and glaclolacustrtne sedimentation: Society of 
Economic Paleontologists and Mineralogists Special 
Publication No. 23, p. 193-222. 

Boyd. S. D., and Murphy, P. J., 1987, Origin of the 
Salado, Seven Rivers, and San Andres salt margins 
in Texas and New Mexico: Stone and Webster 
Engineering Corporation, report prepared for Office 
of Nuclear Waste Isolation, Battelle Memorial 
Institute, under contract no. ONWI/SUB/84/E512-
05000-T27, ReVislon 1, 41 p. 

Brattstrom, B. H., 1961, Some new fossil tortoises 
from western North America with remarks on the 
zoogeography and paleoecology of tortoises: Journal 
of Paleontology, v. 35, p. 543-560. 

115 



Bretz, J. H., and Horberg. C. L .. 1949a, Callche in 
southeastern New Mexico: Journal of Geology, 
v. 57. p. 491-511. 

----1949b, The Ogallala Formation west of the 
Llano Estacado: Journal of Geology, v. 57, 
p. 477-490. 

Breyer, J. A., 1976, Titanotylopus (=Gigantocamelus) 
from the Great Plains Cenozoic: Journal of 
Paleontology, v. 50, p. 783-788. 

---- 1977, Intra- and interspecific variation In 
the lower jaw of Hemiauchenia: Journal of 
Paleontology, v. 51, p . 527-535. 

--- 1981 , The Kimballlan Land-Mammal Age: 
mene, mene, tekel, upharsin (Dan. 5:25): Journal 
of Paleontology, v. 55, no. 6, p. 1207-1216. 

---- 1983, The biostratigraphlc utility of camel 
metapodials: Journal of Paleontology, v. 57, 
p. 302-307. 

Brodkorb, Pierce, 1964, Catalogue of fossil birds: part 
2 (Anseriformes through Galliformes): Bulletin of 
the Florida State Museum, Biological Sciences, v. 8, 
no. 3, p. 195-335. 

Brown, C. N., 1956, The origin of caliche on the 
northeastern Llano Estacado, Texas: Journal of 
Geology, v. 64, p. 1-15. 

Brune, Gunnar, 1981, Springs of Texas, v. 1: Fort 
Worth, Texas, Branch-Smith, Inc .. 566 p. 

Budnik, R. T .. 1984, Structural geology and tectonic 
hlstozy of the Palo Duro Basin, Texas Panhandle: 
The University of Texas at Austin, Bureau of 
Economic Geology Open-File Report OF-WIWI-
1984-55, 33 p. 

Burt, W. H., 1931, Machaerodus catocopis Cope from 
the Pliocene of Texas: University of California 
Publications, Bulletin of the Department of 
Geological Sciences, v. 20, no. 7, p. 261-292. 

Cant, D. J., and Walker, R G., 1978, Fluvial processes 
and facies sequences in the sandy braided South 
Saskatchewan River, Canada: Sedimentology, v. 25, 
p. 625-648. 

Caran, S. C., and Baumgardner, R. W., Jr. , 1990, 
Quaternazy stratigraphy and paleoenvironments of 
the Texas Rolling Plains: Geological Society of 
America Bulletin, v. 102, p. 768-785. 

Caran, S. C., Baumgardner, R. W., Jr., McGookey, 
D. A., Gustavson, T. C., and Neck, R. W., 1985, 
Quatemazy stratigraphy of the western Rolling 
Plains of Texas-preliminazy findings: The 
University of Texas at Austin, Bureau of Economic 
Geology Open-File Report OF-WIWI-1985-14, 26 p. 

Case, E. C., 1894, A geologic reconnaissance in 
southwest Kansas and No Man's Land: Kansas 
University Quarterly, v. 2, p . 143-147. 

Chaney, R. W., and Elias, M. K., 1936, Late Tertlazy 
floras from the High Plains, in Contributions to 
paleontology, Miocene and Pliocene floras of 

western North Amerlca: Carnegie Institution of 
Washington Publication No. 476, p. 1-46. 

Chepll, W. S., Siddoway, F. H., and Armbrust, D. V., 
1964, Prevailing Wind erosion direction in the Great 
Plains: Journal of Soil and Water Conservation, 
v. 19, p. 67-70. 

Compton, L. V., 1934, Fossil bird remains from the 
Pliocene and Pleistocene of Texas: The Condor, 
v. 36, p. 40-41. 

Cope, E. D., 1884, The mastodons of North America: 
American Naturalist, v. 18. p. 524-526. 

--- 1889, The Probosc.idea: American Naturalist. 
v. 23, p. 191-211. 

--- 1892a, Report on paleontology of the 
Vertebrata: Geological Survey of Texas. Third 
Annual Report, 1891, p. 251-259. 

---- 1892b, A contribution to a knowledge of 
the fauna of the Blanco beds of Texas: Proceedings 
of the Academy of Natural Sciences, Philadelphia, 
v. 44, p. 226-229. 

- --- l 892c, A hyena and other Carnivora from 
Texas: Proceedings of the Academy of Natural 
Sciences, Philadelphia, v. 44, p. 326-327. 

- ---1892d, A contribution to the vertebrate 
paleontology of Texas: Proceedings of the American 
Philosophical Society, v. 30, p. 123-131. 

---1892e, The age of the Staked Plains of 
Texas: American Natural.ist, v. 26, p. 49-50. 

____ l892f, A hyena and other Carnivora from 
Texas: American Naturalist, v. 26, p. 1028-1029. 

____ l892g, The fauna of the Blanco epoch: 
American Naturalist, v. 26, p. 1058-1059. 

---- 1893, A preliminazy report on the vertebrate 
paleontology of the Llano Estacado: Geological 
Survey of Texas, fourth annual report, 1892, 
p . 1-137. 

----1895, Extinct Bovidae, Canidae, and Felidae 
from the Pleistocene of the plains: Journal of the 
Academy of Natural Sciences of Philadelphia, v. 2, 
p. 453-459. 

Cragin, F. W., 1891, On the leaf-bearing terrane in 
the Loup Fork: American Geologist, v. 8, p. 29-32. 

Cronin, J. G., 1969, Groundwater in the Ogallala 
Formation in the southern High Plains of Texas: 
U. S. Geological Survey Hydrological Investigations 
HA-330, 9 p. 

Cummins, W. F., 1890, The Permian ofTexas and its 
overlying beds: Geological Survey of Texas, First 
Annual Report, 1889, p. 183-197. 

----1891. Report on the geology of northwestern 
Texas: Geological Survey of Texas, Second Annual 
Report, 1890, p . 357-552. 

--- 1892, Report on the geography, topography, 
and geology of the Llano Estacado or Staked Plains 
with notes on the geology of the countzy west of 

116 



the Plains: Geological Survey of Texas, Third 
Annual Report, 1891. p. 127-223. 

---- 1893, Notes on the geology of northwest 
Texas: Geological Survey of Texas. Fourth Annual 
Report, 1892,p. 179-238. 

Dalquest, W. W., 1962, Tortoises from the Pliocene 
of Texas: Texas Journal of Science, v. 14, no. 2, 
p. 192-196. 

---- 1964, Equus scotti from a high terrace near 
Childress, Texas: Texas Journal of Science, v. 16, 
no. 3, p. 35~358. 

---- l 969a, The bone-eating dog, Borophagus 
diversidens Cope: Quarterly Journal of the Florida 
Academy of Sciences, v. 31, p. 115-129. 

- --- l 969b, Pliocene carnivores of the Coffee 
Ranch (type Hemphill) Local Fauna: The University 
of Texas at Austin, Texas Memorial Museum 
Bulletin 15, 44 p. 

---- 1975. Vertebrate fossils from the Blanco 
Local Fauna of Texas: Lubbock, Texas Tech 
University, The Museum, Occasional Papers , 
no. 30, p. 1-52. 

- --- 1978, Phylogeny of American horses of 
Blancan and Pleistocene age: Annals Zoologlca 
Fennfci, v. 15, p. 191-199. 

---- 1980, Camelidae from the Coffee Ranch 
Local Fauna (HemphUUan age) of Texas: Journal 
of Paleontology, v. 54, p. 109-117. 

----1981, Hesperohipparion (Mammalia: 
Equidae), a new genus of horse from the 
Hemphilllan of North America, with description of 
a new species: The Southwestern Naturalist, v. 25, 
p. 505-512. 

---- 1983, Mammals of the Coffee Ranch Local 
Fauna, Hemphillfan of Texas: The University of 
Texas at Austin, Texas Memorial Museum, Pcarce­
Sellards Series No. 38, p. 1-41. 

---- 1986, Lower Jaw and dentition of the 
Hemphilllan bear, Agriot.herium (Ursidae), with the 
description of a new species: Journal of 
Mammalogy, v. 67, p. 623--631. 

Dalquest, W.W., and Donovan, T. J., 1973, A new 
three-toed horse (Nannippus) from the Late Pliocene 
of Scurry County, Texas: Journal of Paleontology, 
v. 47, p. 34-45. 

Dalquest, W.W., and Hughes, J. T., 1966, A new 
mammalian local fauna from the Lower Pliocene 
of Texas: Transactions of the Kansas Academy of 
Science, v. 69, p. 79-87. 

Dalquest, W. W. , and Patrick, D. B., 1989, Small 
mammals from the early and medial Hemphillian 
of Texas, with descriptions of a new bat and gopher: 
Journal of Vertebrate Paleontology, v. 9, no. 1. 
p. 78-88. 

Dart.on, N. H., 1899, Relations of Tertiary formations 
in the western Nebraska region: American Geol­
ogist, v. 23, no. 2, p. 94. 

DeConto, RT .. and Murphy. P. J., 1986, Dissolution 
of the Upper Seven Rivers and Salado Salt in the 
Interior Palo Duro Basin, Texas: Stone and Webster 
Engineering Corporation, report prepared for Office 
of Nuclear Waste Isolation, Battelle Memorial 
Institute, under contract no. ONWl/SUB/86/E512-
05000-T45, 177 p. 

Dutton, A. R, 1983, Regional ground-water flow 
systems of the San Andres Formation, West Texas 
and eastern New Mexico, in Gustavson. T. C .. and 
others, Geology and geohydrology of the Palo Duro 
Basin, Texas Panhandle, a report on the progress 
of nuclear waste isolation feasibility studies (1982): 
The University of Texas at Austin, Bureau of 
Economic Geology Geological Circular 83-4, 
p. 97-101. 

____ 1987, Hydrogeologic and hydrochemical 
properties of salt-dissolution zones, Palo Duro 
Basin, Texas Panhandle-preliminary assessment: 
The University of Texas at Austin, Bureau of 
Economic Geology Geological Circular 87-2, 32 p. 

Dutton, A. R., and Simpkins, W. W., 1986, 
Hydrogeochemistry and water resources of the 
Triassic lower Dockum Group in the Texas 
Panhandle and eastern New Mexico: The University 
of Texas at Austin, Bureau of Economic Geology 
Report oflnvestlgatlons No. 161, 51 p. 

Dutton, S. P .• Finley. R. J., Galloway, W. E .. 
Gustavson, T. C., Handford, C. R., and Presley, 
M. W., 1979, Geology and geohydrology of the Palo 
Duro Basin, Texas Panhandle, a report on the 
progress of nuclear waste isolation feasibility 
studies (1978): The University of Texas at Austin, 
Bureau of Economic Geology Geological Circular 
79-1, 99 p. 

Eifler, G. K., Jr .. 1969, Geologic atlas of Texas, 
Amarillo sheet: The University of Texas at Austin, 
Bureau of Economic Geology. 

---- 1976, Geologic atlas ofTexas, Pecos sheet: 
The University of Texas at Austin, Bureau of 
Economic Geology. 

Eifler, G. K., Jr., and Fay, R 0 .. 1970, Geologic atlas 
of Texas, Penyton sheet: The University of Texas 
at Austin, Bureau of Economic Geology. 

Eifler, G. K., Jr., Fay, R. 0., Trauger, F. D., and 
Lappala, E. G., 1984, Geologic atlas of Texas, 
Dalhart sheet: The University of Texas at Austin, 
Bureau of Economic Geology. 

Eifler, G. K., Jr .. Frye, J. C., and Leonard, A. B .. 
1967. Geologic atlas of Texas, Lubbock sheet: The 
University of Texas at Austin, Bureau of Economic 
Geology. 

---- 1968, Geolog.lc atlas of Texas, Plainview 
sheet: The Univers.lty of Texas at Austin, Bureau 
of Economic Geology. 

- -- 197 4, Geologic atlas of Texas, Big Spring 
sheet: The University of Texas at Austin, Bureau 
of Economic Geology. 

117 



Eifler, G. K., Jr., and Reeves, C. C., Jr., 1974, Geologic 
atlas of Texas, Brownfield sheet: The University of 
Texas at Austin, Bureau of Economic Geology. 

---- 1976, Geologic atlas ofTexas, Hobbs sheet: 
The University of Texas at Austin, Bureau of 
Economic Geology. 

---- 1977, Geologic atlas of Texas, Clovis sheet: 
The University of Texas at Austin, Bureau of 
Economic Geology. 

Eifler. G. K., Jr., Trauger, F. D., Spiegel, Z .• and 
Hawley, J. W .. 1983, Geologic atlas of Texas, 
Tucumcari sheet: The University of Texas at Austin, 
Bureau of Economic Geology. 

Elias, M. K., 1931, The geology of Wallace County, 
Kansas: State Geological Swvey of Kansas, Bulletin 
18, 254 p. 

Evans, G. L., 1948, Geology of the Blanco beds of 
West Texas: Geological Society of America Bulletin, 
v. 59, p. 617-619. 

---- 1949, Upper Cenozoic of the High Plains, in 
Cenozoic geology of the Llano Estacado and Rio 
Grande Valley: West Texas Geological Society and 
New Mexico Geological Society, Field Trip 
Guidebook No. 2, p. 1-22. 

---- 1956, Cenozoic geology, in Eastern Llano 
Estacado and adjoining Osage Plains: West Texas 
Geological Society and Lubbock Geological Society, 
1956 Spring Field Trip Guidebook, p. l&-26. 

---- 1974, Introduction and Cenozoic geology, 
in Brand, J. P., ed., Guidebook to the Mesozoic 
and Cenozoic geology of the southern Llano 
Estacado: Lubbock Geological Society and Texas 
Tech University, Department of Geosclences and 
International Center for Arid and Semiarid Land 
Studies, p. 2-3, 2&-30. 

Evans, G. L., and Meade, G. E., 1945, Quaternary of 
the Texas High Plains: Austin, University of Texas 
Publication 4401, p. 485-507. 

Evernden, J. F., Savage, D. E., Curtis, G. H., and 
James, G. T., 1964, Potassium-argon dates and 
the Cenozoic mammalian chronology of North 
America: American Journal of Science, v. 262, 
p. 145-198. 

Forsten, Ann, 1975, The fossil horses of the Texas 
Gulf Coastal Plain: a revision: The University of 
Texas at Austin, Texas Memorial Museum, Pearce­
Sellards Series No. 22, p. 1-86. 

Fracasso, M. A., and Hovorka, S. D .. 1986, Cyclicity 
in the middle Permian San Andres Formation, Palo 
Duro Basin, Texas Panhandle: The University of 
Texas at Austin, Bureau of Economic Geology 
Report of Investigations No. 156, 48 p. 

Frick, Childs, 1933, New remains of trilophodont­
tetrabelodont mastodons: Bulletin of the American 
Museum of Natural History, v. 59, p. 505-652. 

---- 1937, Homed ruminants of North America: 
Bulletin of the American Museum of Natural 
History, v. 69, 699 p. 

Fryberger, S. G., Ahlbrandt, T. S., and Andrews, 
Sarah, 1979, Origin, sedimentary features, and 
significance of low-angle eolian ~sand sheet· 
deposits, Great Sand Dunes National Monument 
and vicinity, Colorado: Joum.al of Sedimentary 
Petrology, v. 49, p. 733-746. 

Frye, J.C., 1970, The Ogallala Formation-a review, 
in Mattox, R. B., and Miller, W. D .. eds., Pro­
ceedings, Ogallala Aquifer Symposium: Lubbock, 
Texas Tech University, International Center for Arid 
and Semiarid Land Studies, Special Report No. 39, 
p. 5-14. 

Frye, J. C., and Leonard, A. B., 1957, Studies of 
Cenozoic geology along eastern margin of Texas 
High Plains, Armstrong to Howard Counties: 
University of Texas. Austin, Bureau of Economic 
Geology Report of Investigations No. 32, 62 p. 

____ 1959, Correlation of the Ogallala Formation 
(Neogene) in western Texas with type localities in 
Nebraska: University of Texas, Austin, Bureau of 
Economic Geology Report of Investigations No. 39, 
46p. 

---- 1964, Relation of Ogallala Formation to the 
Southern High Plains in Texas: University of Texas. 
Austin, Bureau of Economic Geology Report of 
Investigations No. 51, 25 p. 

---- 1965, Quaternary of the southern Great 
Plains, in Wright, H. E., Jr .. and Frey, D. G., eds., 
The Quaternary of the United States: Princeton, 
Princeton University Press, p. 203-216. 

Gable, D. J., and Hatton, T., 1983, Maps of vertical 
crustal movements in the conterminous United 
States over the last 10 million years: U.S. 
Geological Survey Map 1-1315. 

Galbreath, E. C., 1948, A new extinct emydid turtle 
from the Lower Pliocene of Oklahoma: Univcrs!ty 
of Kansas Publications, Museum of Natural History, 
v. l,no. 16, p. 269-275. 

Gazin, C. L., 1937, Notes on fossil mustelids from 
the Upper Pliocene of Idaho and Texas: Journal of 
Marnmalogy, v. 18, p. 363-364. 

Gidley, J. W., 1900, A new species of Pleistocene 
horse from the Staked Plains of Texas: Bulletin of 
the American Museum of Natural History, v. 13, 
p. 111-116. 

---- 1901. Tooth characters and revision of the 
North American species of the genus Equus: 
Bulletin of the American Museum of Natural 
History, v. 14, p. 91-142. 

---- 1903a, The fresh-water Tertiary of 
northwestern Texas, American Museum expeditions 
of 1899-1901: Bulletin of the American Museum 
of Natural History, v. 19, p. 617--635. 

118 



/' 

/ 

>-?"' 

---- l903b, On two species of Platygonus from 
the Pliocene of Texas: Bulletin of the American 
Museum of Natural Histoiy, v. 19, p. 477-481. 

----1907, Revision of the Miocene and Pliocene 
Equidae of North America: Bulletin of the American 
Museum of Natural Histoiy, v. 23, p. 865-934. 

Gilbert, G. K., 1894, Lake basins created by wind 
erosion: Journal of Geology, v. 3, p. 47-49. 

Gile, L. H., 1979, Holocene soils in eolian sediments 
of Bailey County, Texas: Soil Science Society of 
America Journal, v. 43, p. 994-1003. 

Gile, L. H., Hawley, J. W., and Grossman, R. B., 
1981, Soils and geomorphology in the Basin and 
Range area of southern New Mexico-guidebook 
to the Desert Project: New Mexico Bureau of Mines 
and Mineral Resources Memoir 39, 222 p. 

Gile, L. H., Peterson, F. F., and Grossman, R. B .. 
1966, Morphological and genetic sequences of 
carbonate accumulation in desert soils: Soil 
Science, v. 101, p. 347-360. 

Gillette, D. D., and Ray, C. E., 1981, Glyptodonts of 
North America: Smithsonian Contributions to 
Paleobiology No. 40, 255 p. 

Godfrey, C. L., McKee, G. S., and Oakes, Harvey, 
compilers, 1973, General soil map of Texas: Texas 
A&M University, Department of Agricultural Com­
munication. 

Gale, C. V., and Chitale, S. V., 1966, Inland delta 
building activity of the Kasi River: American Society 
of Civil Engineers, Journal of Hydraulics Division 
Proceedings, v. 92, p. 111-126. 

Green, Morton, 1956, The Lower Pliocene Ogallala­
Wolf Creek vertebrate fauna, South Dakota: 
Journal of Paleontology, v. 30, p. 146-169. 

Gregory, J. T., 1942, Pliocene vertebrates from Big 
Spring Canyon, South Dakota: University of 
California Publications, Bulletin of the Department 
of Geological Sciences, v. 26, no. 4, p. 307-446. 

---- 1945, An Amebelodon jaw from the Texas 
Panhandle: Austin, University ofTexas Publication 
4401, p. 477-484. 

Gustavson, T. C., 1986a, Geomorphic development 
of the Canadian River valley, Texas Panhandle: an 
example of regional salt dissolution and sub­
sidence: Geological Society of Amerlca Bulletin, 
v.97,p.450-472. 

Gustavson, T. C., ed., 1986b, Geomorphology and 
Quaternary stratigraphy of the Rolling Plains, Texas 
Panhandle: The University of Texas at Austin, 
Bureau of Economic Geology Guidebook 22, 97 p. 

Gustavson, T. C., and Budnik, R. T., 1985, Structural 
influences on geomorphic processes and 
physiographic features, Texas Panhandle: technical 
issues in siting a nuclear waste repository: Geology, 
v. 13, p. 173-176. 

Gustavson, T. C., and Finley, R. J., 1985, Late 
Cenozoic geomorphic evolution of the Texas 

Panhandle and northeastern New Mexico-case 
studies of structural controls on regional drainage 
development: The University of Texas at Austin, 
Bureau of Economic Geology Report of Investi­
gations No. 148, 42 p. 

Gustavson, T. C., Finley, R. J., and Baumgardner, 
R. W., Jr., 1981, Retreat of the Caprock Escarp­
ment and denudation of the Rolling Plains in the 
Texas Panhandle: Bulletin of the Association of 
Engineering Geologists, v. 18, no. 4, p. 413-422. 

Gustavson, T. C., Finley, R. J., and McGillis, K. A., 
1980, Regional dissolution of Permian salt in the 
Anadarko, Dalhart, and Palo Duro Basins of the 
Texas Panhandle: The University of Texas at 
Austin, Bureau of Economic Geology Report of 
Investigations No. 106, 40 p. 

Gustavson, T. C., and Holliday, V. T., 1985, Depo­
sitional architecture of the Quaternary Blackwater 
Draw and Tertiary Ogallala Formations, Texas 
Panhandle and eastern New Mexico: The University 
of Texas at Austin, Bureau of Economic Geology 
Open-File Report OF-WIWI-1985-23, 60 p. 

Gustavson, T. C., Simpkins, W. W., Alhades, Alan, 
and Hoadley, A. D., 1982, Evaporite dissolution 
and development of karst features on the Rolling 
Plains of the Texas Panhandle: Earth Surface 
Processes and Landforms, v. 7, p. 545-563. 

Gustavson, T. C., and Winkler, D. A., 1988, Depo­
sitional facies of the Miocene-Pliocene Ogallala 
Formation, northwestern Texas and eastern New 
Mexico: Geology, v. 16, p. 203-206. 

Hall, E. R., 1944, A new genus of American Pliocene 
badger, with remarks on the relationships of 
badgers of the Northern Hemisphere: Carnegie 
Institution of Washington Publication No. 551, 
p. 9-23. 

Hall, E. R., and Dalquest, W.W., 1962, A new doglike 
carnivore, genus Cynarctus, from the Clarendonian, 
Pliocene, of Texas: University of Kansas Publica­
tions, Museum of Natural Histoiy, v. 14, no. 10, 
p. 135-138. 

Handford, C. R., and Dutton, S. P., 1980, 
Pennsylvanian-early Permian depositional systems 
and shelf margin evolution, Palo Duro Basin, Texas: 
American Association of Petroleum Geologists 
Bulletin,v.64,p.88-106. 

Harrison, J. A., 1979, Revision of the Camelinae 
(Artiodactyla, 'fylopoda) and description of the new 
genus Aljorjas: The University of Kansas, 
Paleontological Contributions, Paper 95, p. 1-28. 

---- 1981, A review of the extinct wolverine, 
Plesiogulo (Carnivora, Mustelidae), from North 
America: Smithsonian Contributions to 
Paleobiology No. 46, p. 1-27. 

---- 1983, The Carnivora of the Edson Local 
Fauna (Late Hemphillian), Kansas: Smithsonian 
Contributions to Paleobiology No. 54, p. 1-42. 

119 



---- 1985, Giant camels from the Cenozoic of 
North America: Smithsonian Contributions to 
Paleoblology No. 57, p. 1-29. 

Hawley. J. W., 1984, The Ogallala Formation in 
eastern New Mex:fco, in Whetstone, G. A., ed., 
Proceedings, Ogallala Aquifer Symposium II: 
Lubbock, Texas Tech University Water Resources 
Center, p. 157-176. 

Hawley, J. W., Bachman, G. 0., and Manley, K., 
1976, Quaternary stratigraphy in the Basin and 
Range and Great Plains provinces, New Mex:fco 
and western Texas, in Mahaney, W. C., ed .. 
Quaternary stratigraphy of North America: 
Stroudsburg, Pennsylvania, Dowden, Hutchinson, 
and Ross, p. 235-274. 

Hay, 0. P., 1908, The fossil turtles of North America: 
Carnegie Institution of Washington Publication 75, 
568 p., 113 plates. 

---- 1924, The Pleistocene of the middle region 
of North America vertebrated animals: Carnegie 
Institution of Washington, Publication No. 322A, 
p. 1-385. 

Herrington, H. B., and Taylor, D. W .• 1958, Pliocene 
and Pleistocene Sphaeriidae (Pelecypoda) from the 
central United States: University of Michigan, 
Museum of Zoology Occasional Papers, no. 596, 
p. 1-28. 

Hesse, C. J., 1935a, A vertebrate fauna from the 
type locality of the Ogallala Formation: University 
of Kansas Science Bulletin, v. 22, p. 79-117. 

____ l 935b, New evidence on the ancestry of 
Antilocapra americana: Journal of Mammalogy, 
v. 16, p. 307-315. 

---- 1936a, Lower Pliocene vertebrate fossils 
from the Ogallala Formation (Laverne zone) of 
Beaver County, Oklahoma: Carnegie Institution of 
Washington Publication No. 476, p. 47-72. 

---- 1936b, A Pliocene vertebrate fauna from 
Optima, Oklahoma: University of California 
Publications, Bulletin of the Department of 
Geological Sciences, v. 24, p . 57-70. 

---- 1940, A Pliocene vertebrate fauna from 
Higgins, Lipscomb County, Texas: Austin, 
University of Texas Publication 3945, p. 671-698. 

Hibbard, C. W .. 1944. Stratigraphy and vertebrate 
paleontology of Pleistocene deposits of 
southwestern Kansas: Geological Society of America 
Bulletin, v. 55, p. 707-754. 

---- 1950, Mammals of the Rexroad Formation 
from Fox Canyon, Meade County, Kansas: 
University of Michigan, Contributions of the 
Museum of Paleontology. v. 8, p. 113-192. 

____ 1951, An antilocaprid from the Lower 
Pliocene of Beaver County. Oklahoma: Transactions 
of the Kansas Academy of Science, v. 54, 
p. 387-390. 

--- 1953, Equu.s (Asinus) caloba.tus Troxell and 
associated vertebrates from the Pleistocene of 
Kansas: Transactions of the Kansas Academy of 
Science, v. 56, p. 111-126. 

---- 1958, Summary of North American 
Pleistocene mammalian local faunas: Papers of the 
Michigan Academy of Science, Arts, and Letters, 
v. 43. p. 3-32. 

---- 1960, An interpretation of Pliocene and 
Pleistocene climates In North America, the 
President's Address: Michigan Academy of Science, 
Arts, and Letters, Report for 1959-60, p . 5-30. 

---- 1976, The localities of the Cudahy fauna, 
With a new ground squirrel (Rodentia, Scluridae) 
from the fauna of Kansas (Late Kansan), in 
Churcher, C. S .. ed., ATHWN-Essays on paleon­
tology in honour of Loris Shana Russell: Royal 
Ontario Museum, Life Sciences, Miscellaneous 
Publication, p.278-286. 

Hibbard. C. W., and Dalquest, W.W., 1966, Fossils 
from the Seymour Formation of Knox and Baylor 
Counties. Texas, and their bearing on the late 
Kansan climate of that region: University of 
Michigan, Contributions of the Museum of 
Paleontology, v. 21, p . 1-66. 

Hibbard, C. W .. and Riggs, E. S., 1949, Upper Pliocene 
vertebrates from Keefe Canyon, Meade County, 
Kansas: Geological Society of America Bulletin, 
v. 60, p. 829-860. 

Hirschfeld, S. E .. and Webb, S. D., 1968, Plio­
Pleistocene megalonychid sloths of North America: 
Bulletin of the Florida State Museum, Biological 
Sciences, v. 12, no. 5, p. 213-296. 

Holliday. V. T .. ed., 1983, Guidebook to the central 
Llano Estacado: Lubbock, Texas Tech University, 
International Center for Arid and Semiarid Land 
Studies and The Museum, 165 p. 

---- 1984, Comments on the stratigraphy and 
age of the Blackwater Draw Formation (Pleistocene), 
Southern High Plains (abs.): American Quaternary 

· Association, no. 11, p. 61. 

--- - l 985a, Archaeological geology of the 
Lubbock Lake site, Southern High Plai.(ts of Texas: 
Geological Society of America Bulletin, v. 96, 
p. 1483-1492. 

---- 1985b, Holocene soil-geomorphological 
relations in a semiarid environment: the Southern 
High Plains of Texas, U.S.A .. in Boardman, J., ed., 
Soils and Quaternary landscape evolution: New 
York. John Wiley, p . 325-357. 

---- 1988, Mt. Blanco revisited: soil-geomorphic 
implications for the ages of the upper Cenozoic 
Blanco and Blackwater Draw Formations: Geology, 
v. 16. p. 505-508. 

120 



----1989, The Blackwater Draw Formation 
(Quaternary): a l .4-plus-m.y. record of eolian 
sedimentation and soil formation on the Southern 
High Plains: Geological Society of America Bulletin, 
v. 101. p. 1598-1607. 

1990, Sedimentation, soil stratigraphy. and 
age of the Blackwater Draw Formation, in 
Gustavson. T. C.. ed.. Geologic framework and 
regional hydrology: Upper Cenozoic Blackwater 
Draw and Ogallala Formations, Great Plains: The 
University of Texas at Austin, Bureau of Economic 
Geology Special Publication, p. 10-22. 

Holliday, V. T., and Gustavson, T. C.. in press, 
Quaternary geology of the southern Great Plains. 
in Morrison, R. B.. ed., Quaternary nonglacial 
geology of the coterminous United States: 
Geological Society of America. Geology of North 
America, v. K-2. 

Hovorka, S. D., Fisher, RS., and Nance, H. S., 1985, 
Petrography and geochemistry of the Artesia Group, 
Palo Dura Basin, Texas Panhandle: The University 
of Texas at Austin, Bureau of Economic Geology, 
report prepared for U.S. Department of Energy 
under contract no. OF-WIWI-1985-43, p. 58-65. 

Huffington. R. M .. and Albritton, C. C., Jr., 1941. 
Quaternary sands on the Southern High Plains of 
western Texas: American Journal of Science, 
v . 239, p. 325-338. 

Hulbert.RC., Jr., 1987, Late Neogene Neohipparion 
(Mammalia, Equidae) from the Gulf Coastal Plain 
of Florida and Texas: Journal of Paleontology, v. 61, 
p. 809-830. 

--- 1988, Calippus and Protohippus (Mammalia, 
Perissodactyla, Equldae) from the Miocene 
(Barstovian-Early Hemphillian) of the Gulf Coastal 
Plain: Bulletin of the Florida State Museum. 
Biological Sciences, v. 32, p. 221-340. 

Izett, G. A., 1975, Late Cenozoic sedimentation and 
deformation in northern Colorado and adjoining 
areas, in Curtis, B. M .. ed.. Cenozoic history of 
the southern Rocky Mountains: Geological Society 
of America Memoir 144, p. 179-209. 

---- 1977, Volcanic ash beds in continental 
deposits of the Southern High Plains: their bearing 
on the timing of the Blancan-Irvingtonian faunal 
transition (abs.): Geological Society of America, 
Abstracts with Programs, v. 9, p. 1034. 

---- 1981, Volcanic ash beds: recorders of Upper 
Cenozoic silicic pyroclastic volcanism in the 
western United States: Journal of Geophysical 
Research. v. 86, p. 10200-10222. 

Izett, G . A., Obradovich, J. D .. Naeser, C. W., and 
Cebula, G. T., 1981, Potassium-argon and fission­
track zircon ages of Cerro Toledo rhyolite tephra 
in the Jemez Mountains. New Mexico: U.S. 
Geological Survey Professional Paper 1199-D, 
p. 37-43. 

Izett, G. A .. and Wilcox, R E., 1982, Map showing 
localities and inferred distributions of the 
Huckleberry Ridge, Mesa Falls, and Lava Creek 
ash beds (Pearlette family ash beds} of Pliocene 
and Pleistocene age in the western United States 
and southern Canada: U. S. Geological Survey 
Miscellaneous Investigations Series Map I-1325. 

Izett, G. A .. Wilcox, R. E., and Borchardt, G. A., 
1972. Correlation of a volcanic ash bed in 
Pleistocene deposits near Mt. Blanco, Texas, with 
the Guaje pumice bed of the Jemez Moun­
tains. New Mexico: Quaternary Research, v. 2, 
p . 554-578. 

Jenny. H .. 1941, Factors of soil formation: New York. 
McGraw-Hill. 281 p. 

Johnson, K. S., 1981, Dissolution of salt on the east 
flank of the Permian Basin in the Southwestern 
U.S.A.: Journal of Hydrology, v. 54, p. 75-93. 

Johnson, W. D .. 1901. The High Plains and their 
utilization: U.S. Geological Survey 21st Annual 
Report, pt. 4, p. 601-732. 

Johnston, C. s .. 1937a. A skull of Teleocerasfossiger 
Cope, from the Clarendon beds of Donley County, 
Texas: American Midland Naturalist, v. 18. 
p. 152-154. 

---- l 937b, The skull of Mylodon harlani from 
the lower Pleistocene of West Texas: American 
Midland Naturalist, v. 18, p. 465-469. 

---- 1937c, Notes on the craniometry of Equus 
scotti Gidley: Journal of Paleontology, v. 11. 
p. 459-461. 

--- 1937d, Description of a new horse Calippus 
regulus from the Clarendon beds of Donley County. 
Texas: American Midland Naturalist, v. 18, 
p. 905-907. 

---- 1937e, Tracks from the Pliocene of west 
Texas: American Midland Naturalist, v. 18, 
p. 147-152. 

--- 1938, The skull of Nannippus gratus (Leidy} 
from the Lower Pliocene of Texas: American 
Midland Naturalist, v. 19, p. 24~248. 

- --- 1939a, A skull of Osteoborus validus from 
the early middle Pliocene of Texas: Journal of 
Paleontology, v. 13, p. 526-530. 

- - - l 939b, Preliminary report on the late middle 
Pliocene. Axtel locality and the description of a 
new member of the genus Osteoborus: American 
Journal of Science, v. 237, p. 895-898. 

Johnston, C. S .• and Christian, W. G .. 1941. Pliocyon 
walkerae, a new Pliocene canid from Texas: Journal 
of Paleontology, v. 15, p. 56--60. 

Johnston, C. S .. and Savage, D. E .. 1955, A survey 
of various Late Cenozoic vertebrate faunas of the 
Panhandle of Texas, pt. 1: introduction, description 
of localities. preliminary faunal lists: University of 
California Publications in Geological Sciences, 
v.31,no. 2.p.27-50. 

121 



ID er, R S., Gamer, L. E ., and Brown, L. F., Jr., 
1977, land resources of Texas: The University of 
Texas at Austin, Bureau of Economic Geology 
Special Report, 42 p. 

lGtts, D. B .. 1957, A Pliocene vertebrate fauna from 
Ellis County, Oklahoma: Oklahoma Geological 
Survey Circular 45, p. 1-27. 

---- 1958, Nimrauides. a new genus of Felidae 
from the Pliocene of California, Texas. and 
Oklahoma: Journal of Mammalogy, v. 39, 
p . 368-375. 

---- 1959, Cenozoic geology of northern Roger 
Mills County, Oklahoma: Oklahoma Geological 
Survey Circular 48, pt. l, p. 1- 26. 

---- 1964, Aelurodon. an addition to the Durham 
Local Fauna, Roger Mills County, Oklahoma: 
Oklahoma Geological Survey, Oklahoma Geology 
Notes, v. 24. no. 4. p. 76-78. 

---- 1965, Geology of the Cenozoic rocks of Ellis 
County. Oklahoma: Oklahoma Geological Survey 
Circular 69, p. 1-30. 

lGtts, D. B., and Black, C. C., 1959, A Pliocene 
vertebrate local fauna from Roger Mills County, 
Oklahoma: Oklahoma Geological Survey Circular 
48, pt. 2, p. 27-47. 

Knowles, Tommy, Nordstrom, Philip, and Klemt, 
W. B., 1982, Evaluating ground-water resources 
of the High Plains of Texas: Texas Department of 
Water Resources LP-173. 

---- 1984, Evaluating the ground-water 
resources of the High Plains of Texas: Texas 
Department of Water Resources, Report 288, 
4 volumes. 

Kocurek, G., and Neilson, J., 1986, Conditions 
favourable for formation of warm-climate aeolian 
sand s heets: Sedlmentology, v. 33, p. 795-816. 

Kurten, Bjorn, 1967, Pleistocene bears of North 
America: 2. Genus Arctodus, short-faced bears: 
Acta Zoologlca Fennica, no. 117, p. 1-60. 

---- 1972, The genus Dinofelis (Carnlvora, 
Mammalia) in the Blancan of North America: The 
University of Texas at Austin, Texas Memorial 
Museum, Pearce-Sellards Series No. 19, p. 1- 7. 

Kurten, Bjorn, a nd Anderson, Elaine, 1980, 
Pleistocene m ammals of North America: New York, 
Columbia University Press, 442 p. 

Leonard, A. B., and Franzen, D. S., 1944, Mollusca 
of the Laverne Formation (Lower Pliocene) of Beaver 
County, Oklahoma: University of Kansas Science 
Bulletin, v. 30, p . 15-39. 

Lindsay, E. H .• Johnson, N. M., and Opdyke, N. D .. 
1975, Preliminary correlation of North American 
Land Mammal Ages and geomagnetic chronology, 
in Studies on Cenozoic paleontology and strat­
igraphy. Claude W. Hibbard Memorial Volume 3: 

University of Michigan, Museum of Paleontology, 
Papers on Paleontology No. 12, p. 111-119. 

Lindsay, E. H., Opdyke. N. D .. and Johnson, N. M., 
1984. Blancan-Hemphillian land mammal ages and 
late Cenozoic mammal dispersal events: Annual 
Review of Earth and Planetary Sciences, v. 12, 
p. 445-488. 

Lull, R. S .. 1915, A Pleistocene ground sloth Mylodon 
harlani from the lower Pleistocene of West Texas: 
American Journal of Science, 4th series, v. 39, 
p. 327-385. 

Lundell us, E. L., Jr., Church er, C. S., Downs, 
Theodore, Harington, C. R, Lindsay, E. H., Schultz, 
C. E., Semken, H. A .. Jr., Webb, S. D., and 
Zakrzewski, R. J ., 1987, The North American 
Quaternary sequence, in Woodburne, M. 0., ed., 
Cen ozoic m amma ls of North America­
geochronology and biostratigraphy: Berkeley, 
University of California Press, p. 211-235. 

Macdonald, J. R., 1960, An early Pliocene fauna from 
Mission, South Dakota: Journal of Paleontology, 
v. 34, p. 961-982. 

MacFadden, B. J. , 1980, The Miocene horse Hipparion 
from North America and from the type locality in 
southern France: Palaeon tology, v. 23, pt. 3, 
p. 6 17-635. 

---- l 984a, Systematics and phylogeny of 
Hipparion, Neohipparion, Nannippus, and 
Cormohipparion (Mammalia, Equidae) from the 
Miocene and Pliocene of the New World: Bulletin 
of the American Museum of Natural History, v. 179, 
p. 1- 195. 

--- l 984b, Astrohippus and Dinohippus from the 
Yepomera Local Fauna (Hemphillian, Mexico) 
and implications for the phylogeny of one-toed 
h orses: Journal of Vertebrate Paleontology, v. 4, 
p. 273-283. 

MacFadden, B. J . , and Skinner, M. F .. 1979, 
Diversification and biogeography of the one-toed 
horses Onohippidium and Hippidion: Yale Univer­
sity, Peabody Museum of Natural History, Postilla, 
no. 175, p. 1-10. 

MacFadden , B. J., and Waldrop, J. S., 1980, 
Nannippus phlegon (Mammalia, Equidae) from the 
Pliocene (Blancan) of Florida: Bulletin of the Florida 
State Museum, Biological Sciences, v. 25, no. 1, 
p. 1-37. 

Machenberg, M. D .. DuBar, J. R, Gustavson, T. C., 
and Holliday, V. T.. 1985, A depositional model 
for post-Ogallala sediments on the Southern High 
Plains (abs.): Geological Society of America, 
Abstracts with Programs, v. 17, p . 165. 

Machette, M. N., 1985, Calcic soils of the 
southwestern United States, in Weide, D. L .. and 
Faber, M. L., eds., Soils and Quaternary geology 
of the southwestern United States: Geological 
Society of America Special Paper 203, p. 1- 21. 

122 



Madden, C. T., 1986, Stegomastodon associated with 
Mammuthus in Arizona during the Qu aternary: 
Quaternary Research . v. 26, p . 266-271. 

Marshall, L. G ., Butler, R. F .. Drake, R. E., Curtis, 
G. H .. and Tedford, R. H., 1979, Calibration of the 
Great American Interchange: Science, v. 204, 
p. 272-279. 

Martin. L. D., and Schultz, C. B., 1975, Scimitar­
toothed cats, Machairodus and Nimravides, from 
the Pliocene of Kansas and Nebraska: Bulletin of 
the University of Nebraska State Museum, v. 10, 
no. 1. pt. 5, p . 55-63. 

Matthew, W. D., 1902, A skull of Dinocyon gidleyi 
from the Miocene of Texas: Bulletin of the American 
Museum of Natural History, v. 16, p. 129-136. 

---- 1920, New specimen of the Pleistocene bear 
Arctotherium from Texas (abs.): Geological Society 
of America Bulletin, v. 32, p . 224-225. 

---- 1924a, Observations on the Tertiary of the 
Staked Plains: unpublished manuscript. 

----1924b. Third contribution to the Snake 
Creek fauna: Bulletin of the American Museum of 
Natural History. v. 50, p. 59-210. 

---- l 924c, A new link in the ancestry of the 
horse: American Museum of Natural History 
Novitates, no. 131, p . 1-2. 

---- 1925, Blanco and associated formations of 
northern Texas: Geological Society of America 
Bulletin, v. 36, p. 221-222. 

---- 1926, The evolution of the horse, a record 
and its interpretation: Quarterly Review of Biology. 
v. l, p. 139-185. 

---- 1932, A review of the rhinoceroses with a 
description of Aphelops material from the Pliocene 
of Texas: University of California Publications, 
Bulletin of the Department of Geological Sciences, 
v. 20, no. 12, p. 411-480. 

Matthew, W. D .• and Stirton. R. A., 1930a, Equidae 
from the Pliocene of Texas: University of California 
Publications, Bulletin of the Department of Geo­
logical Sciences, v. 19, no. 17, p. 349-396. 

--- - l 930b, Osteology and affinities of 
Borophagus: University of California Publications. 
Bulletin of the Department of Geological Sciences, 
v. 19, no. 7, p. 171- 216. 

Mawby, J. E., 1965, Machairodonts from the Late 
Cenozoic of the Panhandle of Texas: Journal of 
Mammalogy, v. 46, p. 573-587. 

McGillis. K. A .. and Presley, M. W .. 1981, Tansill. 
Salado, and Alibates Formations: Upper Permian 
evaporite/carbonate strata of the Texas Panhandle: 
The University of Texas at Austin, Bureau of 
Economic Geology Geological Circular 81-8, 31 p. 

McGookey, D. A., Gustavson, T. C., and Hoadley. 
A. D., 1988. Regional structural sections, Mid­
Pennian to Quaternary strata. Texas Panhandle 

and eastern New Mexico: distribution of evaporltes 
and areas of evaporlte dissolution and collapse: 
The University of Texas at Austin, Bureau of 
Economic Geology Cross Sections, 1 7 p . 

McGowen, J. H., Granata, G. E .• and Seni, S. J., 
1979, Depositional framework of the lower Dockum 
Group ffriassic). Texas Panhandle: The University 
of Texas at Austin, Bureau of Economic Geology 
Report oflnvestigations No. 97, 60 p. 

McGowen, J . H., and Groat. C. G .. 1971, Van Horn 
sandstone, West Texas: an alluvial fan model for 
mineral exploration: The University of Texas at 
Austin, Bureau of Economic Geology Report of 
Investiga tions No. 72, 57 p. 

McGrath, D. A., 1984. Morphological and mineral­
ogical characteristics of indurated caliches of the 
Llano Estacada: Lubbock, Texas Tech University, 
Master's thesis, 206 p . 

McKee, E. D .. Crosby, E. J., and Berryhill, H. L.. 
1967, Flood deposits. Bijou Creek, Colorado, June 
7. 1965: Journal of Sedimentary Petrology, v. 37, 
p . 829-851 . 

Meade, G. E .. 1945, The Blanco fauna: Austin, 
University ofTexas Publication 4401, p. 509-556. 

Miller, B. J., Lewis, G. C .. Alford. J . J., and Day, 
W. J .. 1984, Loesses in Louisiana and at Vicksburg, 
Mississippi: Guidebook of the Friends of the 
Pleistocene Field Trip, 126 p. 

Mullens, T. E., and Freeman, V. L., 1957, Lithofacies 
of the Salt Wash Member of the Morrison 
Formation, Colorado Plateau: Geological Society of 
America Bulletin, v. 68. p . 505-526. 

Nativ, Ronit, 1988. Hydrogeology and hydro­
geochemistry of the Ogallala aquifer: The University 
of Texas at Austin. Bureau of Economic Geology 
Report of Investigations No. 177, 64 p . 

Nicholson, J . H .• 1960, Geology of the Texas 
Panhandle, in Aspects of the geology of Texas, a 
symposium: University of Texas, Austin, Bureau 
of Economic Geology Publication 6017, p . 51-64. 

Nielsen, R L., and Dungan, M. A .. 1985, The petrology 
and geochemistry of the Ocate volcanic field , north­
central New Mexico: Geological Society of America 
Bulletin,v.96,p.296-312. 

Nowak, R. M .. 1979. North American Quaternary 
Canis: University of Kansas, Museum of Natural 
History. Monograph No. 6, 154 p. 

Oelrich, T. M., 1957, The status of the Upper Pliocene 
turtle, Testudo turgida Cope: Journal of 
Paleontology, v. 31, p. 228-241. 

O'Neil, J.M .• and Mehnert, H. H .. 1980, Late Cenozoic 
physlographic evolution of the Ocate volcanic field, 
north central New Mexico: U.S. Geological Survey 
Open-File Report 80-928, 44 p. 

Orton, R. B.. 1964, The climate of Texas and the 
adjacent Gulf waters: Washington, D .C .. U.S . 
Department of Commerce, Weather Bureau, 195 p . 

123 



Osborn, H. F .• l 903, Glyptotheriwn texanum. a new 
glyptodont, from the Lower Pleistocene of Texas: 
Bulletin of the American Museum of Natural 
History, v. 19, p. 491-494. 

____ 1918, Equidae of the Oligocene, Miocene, 
and Pliocene of North America, iconographic type 
revision: American Museum of Natural History 
Memoir, New Serles. v. 2. pt. 1. p. 1-330. 

---- 1923, New subfamily. generic and specific 
stages in the evolution of the Proboscidea: 
American Museum of Natural History Novitates, 
no. 99, p. 1-4. 

---- 1924, Additional generic and specific stages 
in the evolution of the Proboscidea: American 
Museum of Natural History Novitates, no. 154, 
p. 1-5. 

- --- 1936, Proboscldea: a monograph of the 
discovery, evolution, migration and extinction of 
the mastodon ts and elephants of the world, v. 1: 
New York, American Museum of Natural History, 
802 p. 

---- 1942. Proboscidea: a monograph of the 
discovery. evolution, migration, and extinction of 
the mastodonts and elephants of the world, v. 2: 
New York, American Museum of Natural History, 
p. 805-1675. 

Osborn, H.F., and Matthew, W. D., 1909, Cenozoic 
mammal horizons of western North America, with 
fauna! lists ofTertiary mammalia of the west: U.S. 
Geological Survey Bulletin 361, p. 1-138. 

Osterkamp, W. R., and Wood, W.W., 1987. Playa­
lake basins on the Southern High Plains of Texas 
and New Mexico: pt. 1, Hydrologic. geomorphic, 
and geologic evidence for their development: 
Geological Society of America Bulletin, v. 99, 
p. 215-223. 

Parmley, Dennis, 1984, Herpetofauna of the Coffee 
Ranch Local Fauna (Hemphillian Land Mammal 
Age) of Texas in Homer, N. V., ed., Festschrift for 
Walter W. Dalquest in honor of his sixty-sixth 
birthday: Lubbock, Texas Tech Press, p. 97-106. 

---- 1987, Lampropeltis simllis from the Coffee 
Ranch Local Fauna (Hemphillian Land Mammal 
Age) of Texas: Texas Journal of Science. v. 39, 
no. 2, p. 123-128. 

____ 1988, Early Hemphillian (Late Miocene) 
snakes from the Higgins Local Fauna of Lipscomb 
County, Texas: Journal of Vertebrate Paleontology, 
v. 8. no. 3.p. 322- 327. 

Patton. L. T., 1923. The geology of Potter County. 
Texas: Austin, University of Texas Bulletin 2330, 
180 p. 

Patton, T. H .. 1969. Miocene and Pliocene artiodactyls, 
Texas Gulf Coastal Plain: Bulletin of the Florlda 
State Museum. Biological Sciences, v. 14, no. 2, 
p. 115-226. 

Patton, T. H . . and Taylor. B. E., 1971, The 
Synthetoceratinae (Mammalia, Tylopoda, 

Protoceratidae): Bulletin of the American Museum 
of Natural History. v. 145, p. 119-218. 

---- 1973, The Protoceratinae (Mammalia, 
Tylopoda, Protoceratldae) and the systematics of 
the Protoceratidae: Bulletin of the American 
Museum of Natural History. v. 150, p. 347-414. 

Paulson. G. R.. 1961, The mammals of the Cudahy 
fauna: Papers of the Michigan Academy of Sciences, 
Arts, and Letters. v. 46, p. 127-153. 

Pewe, T. L .• ed., 1981, Desert dust: origin, 
characteristics, and effect on man: Geological 
Society of America Special Paper 186, 303 p. 

Pierce, H. G .. 1973, The Blanco beds, mineralogy 
and paleoecology of an ancient playa: Texas Tech 
University, Master's thesis, 92 p. 

---- 1974, The Blanco beds, in Brand, J.P., ed., 
Guidebook to the Mesozoic and Cenozoic geology 
of the southern Llano Estacado: Lubbock 
Geological Society and Texas Tech University, 
Department of Geosciences, and International 
Center for Arid and Semiarid Land Studies, 
p. 9-17. 

Plummer, F. 8., 1932, Cenozoic systems in Texas: in 
The geology of Texas. v. 1, pt. 3, Stratigraphy: 
Austin, University of Texas Bulletin 3232, 
p . 763-776. 

Presley, M. W., 1979a, Upper Permian evaporite and 
red beds, in Dutton, S. P., and others, Geology 
and geohydrology of the Palo Duro Basin, Texas 
Panhandle, a report on the progress of nuclear 
waste Isolation feasibility studies (1978): The 
University of Texas at Austin, Bureau of Economic 
Geology Geological Circular 79-1, p. 39-49. 

---- 1979b, Salt deposits, in Dutton, S. P .• and 
others, Geology and geohydrology of the Palo Duro 
Basin, a report on the progress of nuclear waste 
isolation feasibility studies (1978): The University 
of Texas at Austin, Bureau of Economic Geology 
Geological Circular 79-1, p. 50-56. 

---- 1980a, Upper Permian salt-bearing 
stratigraphic units, in Gustavson, T. C., and others, 
Geology and geohydrology of the Palo Duro Basin, 
Texas Panhandle, a report on the progress of 
'nuclear waste isolation feasibility studies (1979): 
The University of Texas at Austin. Bureau of 
Economic Geology Geological Circular 80-7. 
p. 12- 23. 

---- 1980b. Salt depth and thickness studies, 
in Gustavson, T. C., and others, Geology and 
geohydrology of the Palo Duro Basin, Texas 
Panhandle, a report on the progress of nuclear 
waste isolation feasibility studies (l 979): The 
University of Texas at Austin, Bureau of Economic 
Geology Geological Circular 80-7, p. 33-40. 

Pretorius. D. A., 1974, The nature of the 
Witwatersrand gold-uranium deposits: University 
of Witwatersrand. Economic Geology Research 
Unit, Information Circular 86, 50 p. 

124 



Proctor. D. D.. 1980, Paleontology and paleo­
environment of the Janes Gravel Quarry, Crosby 
County, Texas: Lubbock, Texas Tech University, 
Master's thesis, 82 p. 

Quinn, J. H., 1955, Miocene Equidae of the Texas 
Gulf Coastal Plain: University of Texas, Austin, 
Bureau of Economic Geology Publication No. 5516, 
102 p. 

---- 1957, Pleistocene Equldae of Texas: The 
University of Texas at Austin. Bureau of Economic 
Geology. Report of Investigations No. 33, 51 p . 

Reed. L. C., and Longnecker, 0. M., 1932, The geology 
of Hemphill County, Texas: Austin, University of 
Texas Bulletin No. 3231, 98 p. 

Reeves. C. C .. Jr., 1966. Pluvial lake basins of West 
Texas: Journal of Geology, v. 74, p. 269-291. 

---- 1972. Tertiary-Quaternary stratigraphy and 
geomorphology of West Texas and southeastern 
New Mexico, in Kelley, V. C., and Trauger, F. D .. 
eds., Guidebook of east-central New Mexico: New 
Mexico Geological Society 23d Field Conference, 
p. 108-117. 

---- 1976, Quaternary stratigraphy and geologic 
history of Southern High Plains, Texas. and New 
Mexico. in Mahaney. W. C., ed., Quaternary 
stratigraphy of North America: Stroudsburg. 
Pennsylvania. Dowden, Hutchinson, and Ross, 
p. 213-234. 

---- l 984a, Geomorphic and paleoclimatic 
implications of non-catastrophic flow of Tertiary 
megaclasts (abs.): Geological Society of America, 
Abstracts with Programs. v. 16, p. 632. 

---- 1984b, The Ogallala depositional mystery, 
in Whetstone, G. A. ed .. Proceedings of the Ogallala 
Aquifer Symposium II: Lubbock. Texas Tech 
University. p. 129-156. 

Reeves, C. C., Jr., and Temple, J.M .. 1985, Nuclear­
waste repository impaired by effects of subsurface 
salt dissolution (abs.): Geological Society of America 
Abstracts with Programs, v. 17, p. 697. 

---- 1986, Permian salt dissolution, alkaline lake 
basins, and nuclear-waste storage, Southern High 
Plains: Geology, v. 14, p. 939-942. 

Repenning, C. A. 1962, The giant ground squirrel 
Paenemarmota: Journal of Paleontology, v. 36, 
p. 540-556. 

Richey, K. A .. 1979, Variation and evolution in the 
premolar teeth of Osteoborus and Borophagus 
(Canldae): Transactions of the Nebraska Academy 
of Sciences, v. 7, p. 105-123. 

Richter, B. C., and Kre!Uer, C. W .. 1986, Geochemistry 
of salt-spring and shallow subsurface brines in 
the Rolling Plains of Texas and southwestern 
Oklahoma: The University of Texas at Austin, 
Bureau of Economic Geology Report of 
Investigations No. 155. 47 p. 

Rust, B. R. 1972. Structure and process in a brruded 
river: Sedimentology, v. 18, p. 221-245. 

Savage, D. E., 1941 , Two new middle Pliocene 
carnivores from Oklahoma with notes on the 
Optima Fauna: American Midland Naturalist, v. 25, 
p. 692-710. 

---- 1955a, Norunarine Lower Pliocene sediments 
in California, a geochronologic-stratigraphic class­
ification: University of California Publications in 
Geological Sciences. v. 31, p. 1-26. 

--- 1955b, A survey of various late Cenozoic 
vertebrate faunas of the Panhandle of Texas: pt. 2. 
Proboscidea: University of California Publications 
in Geological Sciences. v. 31, no. 3, p. 51-74. 

---- 1962, Cenozoic geochronology of the fossil 
mammals of the Western Hemisphere: Revista del 
Museo Argentino de Ciencias Naturales, v. 8, 
p. 53-67. 

Schoff, S. L.. 1956. Laverne Formation: Oklahoma 
Geological Survey, Oklahoma Geology Notes, v. 16, 
p. 3-5. 

Schultz, C. B., and Falkenbach, C. H .. 1941. 
Tlcholeptinae, a new subfamily of oreodonts: 
Bulletin of the American Museum of Natural 
HJstory. v. 79, p. 1-105. 

Schultz, C. B .. Schultz, M. R, and Martin. L. D .. 
1970, A new tribe of saber-toothed cats 
(Barbourofelini) from the Pliocene of North America: 
Bulletin of the University of Nebraska State 
Museum. v. 9, no. 1. p. 1-31. 

Schultz, G. E .. 1977a, ed., Guidebook, field conference 
on Late Cenozoic biostratigraphy of the Texas 
Panhandle and adjacent Oklahoma: Canyon, West 
Texas State University, Killgore Research Center, 
Department of Geology and Anthropology, Special 
Publication No. 1, 160 p. 

--- 1977b, The Ogallala Formation and its 
vertebrate faunas in the Texas and Oklahoma 
panhandles, in Schultz, G. E., ed., Guidebook, field 
conference on Late Cenozoic biostratigraphy of the 
Texas Panhandle and adjacent Oklahoma: Canyon, 
West Texas State University, Killgore Research 
Center, Department of Geology and Anthropology, 
Special Publication No. 1. p. 5-104. 

---- 1977c, Blancan and post-Blancan faunas 
in the Texas Panhandle, in Schultz, G. E., ed., 
Guidebook, field conference on Late Cenozoic 
biostratigraphy of the Texas Panhandle and 
adjacent Oklahoma: Canyon. West Texas State 
University, Killgore Research Center, Department 
of Geology and Anthropology, Special Publication 
No. 1, p. 105-145. 

___ 1986, Stop 18: Blostratigraphy and volcanic 
ash deposits oftheTule Formation, Briscoe County. 
Texas, in Gustavson. T. C., ed., Geomorphology 
and Quaternary stratigraphy of the Rolling Plains, 

125 



Texas Panhandle: The University of Texas at 
Austin, Bureau of Economic Geology Guidebook 
22, p. 82-84. 

Schumm. S. A.. 1968, Speculations concerning 
paleohydrologic controls of terrestrial sedimen­
tation: Geological Society of America Bulletin, v. 79, 
p. 1573-1588. 

Seitlheko, E. M., 1975, Studies of mean particle size 
and mineralogy of sands along selected transects 
on the Llano Estacado: Lubbock, Texas Tech 
University, Master's thesis, 69 p. 

Sellards, E. H .. Adkins, W. S., and Plummer, F. B .. 
1932, The geology of Texas, v. l, Stratigraphy: 
University of Texas Bulletin 3232, 1007 p. 

Seni, S. J., 1980, Sand-body geometry and 
depositional systems, Ogallala Formation, Texas: 
The University of Texas at Austin, Bureau of 
Economic Geology Report of Investigations No. 105, 
36 p. 

Shotwell, J. A.. 1955, An approach to the paleoecology 
of mammals: Ecology, v. 36, p. 327-337. 

---- 1958, Inter-community relationships in 
Hemphilllan (Mid-Pliocene) mammals: Ecology, 
v. 39, p. 271-282. 

Simpkins, W.W .. and Fogg, G. E., 1982, Preliminary 
modeling of ground-water flow near salt dissolution 
zones, Texas Panhandle, in Gustavson, T. C., and 
others, Geology and geohydrology of the Palo Duro 
Basin, a report on the progress of nuclear waste 
isolation feasibility studies (1981): The University 
of Texas at Austin, Bureau of Economic Geology 
Geological Circular 82-7, p. 130-137. 

Simpkins, W.W., and Gustavson, T. C., 1987, Erosion 
rates and processes in subhumid and semiarid 
climates, Texas Panhandle: statistical evaluation 
of field data: The University of Texas at Austin, 
Bureau of Economic Geology Report of Investi­
gations No. 162, 54 p. 

Simpkins, W. W., Gustavson, T. C., Alhades, A. B., 
and Hoadley, A. D .. 1981, Impact of evaporite 
dissolution and collapse on highways and other 
cultural features in the Texas Panhandle and 
eastern New Mexico: The University of Texas at 
Austin, Bureau of Economic Geology Geological 
Circular 81-4, 23 p. 

Simpson, G. G., 1933, Glossary and correlation charts 
of North American mammal-bearing horizons: 
Bulletin of the American Museum of Natural 
History, v. 67, p. 79-121. 

---- 1951. Horses: Oxford University Press, 
247 p. 

Skinner, M. F., Hibbard, C. W., and others, 1972, 
Early Pleistocene pre-glacial and glacial rocks and 
faunas of north-central Nebraska: Bulletin of the 
American Museum of Natural History, v. 148, 
p. 1-148. 

Skinner, M. F .. and Johnson, F. W., 1984, Tertiary 
stratigraphy and the Frick collection of fossil 

vertebrates from north-central Nebraska: Bulletin 
of the American Museum of Natural History, v. 178, 
p. 215-368. 

Skinner, M. F., and MacFadden, B. J., 1977, 
Cormohipparion n. gen. (Mammalia, Equidae) from 
the North American Miocene (Barstovian­
Clarendonian): Journal of Paleontology, v. 51, 
p. 912-926. 

Skinner, M. F .. Skinner, S. M .. and Gooris, R. J., 
1968, Cenozoic rocks and faunas of Turtle Butte, 
south-central South Dakota: Bulletin of the 
American Museum of Natural History, v. 138, 
p. 379-436. 

--- 1977, Stratigraphy and biostratigraphy of 
late Cenozoic deposits in central Sioux County, 
western Nebraska: Bulletin of the American 
Museum of Natural History, v. 158, p. 263-370. 

Smith, C. L., 1962, Some Pliocene fishes from Kansas, 
Oklahoma, and Nebraska: Copeia, no. 3, 
p. 505-520. 

Smith, D. A., Bassett, R. L., and Roberts, M. P .. 
1983, Potentiometric surface of the Wolfcampian 
aquifer, Palo Duro Basin. in Gustavson, T. C., and 
others, Geology and geohydrology of the Palo Duro 
Basin: a report on the progress of nuclear waste 
isolation feasibility studies (1982): The University 
of Texas at Austin, Bureau of Economic Geology 
Geological Circular 83-4. p. 94-96. 

Smith, H. T. U., 1940, Geological studies in south­
western Kansas: State Geological Survey of Kansas 
Bulletin 34, 212 p. 

Smith, N. D., 1970, The braided stream depositional 
environment: comparison of the Platte River with 
some Silurian elastic rocks, north-central 
Appalachians: Geological Society of America Bul­
letin, v. 81, p. 2993-3014. 

Stirton, R. A, 1932, A new genus of Artiodactyla 
from the Clarendon Lower Pliocene of Texas: 
University of California Publications, Bulletin of 
the Department of Geological Sciences, v. 21, no. 6 , 
p. 147-168. 

----1935, A review of the Tertiary beavers: 
.University of California Publications, Bulletin of 
the Department of Geological Sciences, v. 23, 
no. 13,p.391-458. 

----1936a, Succession of North American 
continental Pliocene mammalian faunas: American 
Journal of Science, 5th series, v. 32, p. 161-206. 

---- l 936b, A new ruminant from the Hemphill 
middle Pliocene of Texas: Journal of Paleontology, 
v. 10, p. 644-647. 

---- 1938,' Notes on some late Tertiary and 
Pleistocene antilocaprids: Journal of Mammalogy, 
v. 19, p. 366-370. 

----1939, Carnivora in the Hemphill middle 
Pliocene of Texas (abs.): Geological Society of 
America Bulletin, v. 50, p. 1973. 

126 



Stirton, R. A.. and Chamberlain, Will, 1939, A 
cranium of Pliohippus fossulatus from the 
Clarendon Lower Pliocene fauna of Texas: Journal 
of Paleontology, v. 13, p. 349-353. 

Stirton, R. A., and VanderHoof, V. L., 1933, 
Osteoborus, a new genus of dogs, and its relations 
to Borophagus Cope: University of California Pub­
lications in Geological Sciences, v. 23, p. 175-182. 

Stormer, J.C., Jr., 1972, Ages and nature of volcanic 
activity on the Southern High Plains, New Mexico 
and Colorado: Geological Society of America 
Bulletin, v. 83, p. 2443-2448. 

Swineford, Ada, Leonard, A. B .. and Frye, J.C., 1958, 
Petrology of the Pliocene pisolitic limestone in the 
Great Plains: State Geological Survey of Kansas, 
Bulletin 130, 1958 Reports of Studies, pt. 2, 
p. 97-116. 

Taylor, D. W., 1954, A new Pleistocene fauna and 
new species of fossil snails from the High Plains: 
University of Michigan, Museum of Zoology 
Occasional Papers, no. 557, p. 1-16. 

Tedford, R. H., 1970, Principles and practices of 
mammalian geochronology in North America, in 
Proceedings, North American Paleontological 
Convention, pt. F. p. 666-703. 

Tedford, R. H .• Galusha, Theodore, Skinner, M. F., 
Taylor, B. E., Fields, R. W., MacDonald, J. R., 
Rensberger, J.M., Webb, S. D., and Whistler, D. P., 
1987, Faun al succession and biochronology of the 
Arikareean through Hemphillian interval (late 
Oligocene through earliest Pliocene Epochs) in 
North America, in Woodburne, M. 0., ed., Cenozoic 
mammals of North America-geochronology and 
biostratigraphy: Berkeley, University of California 
Press,p. 153-210. 

Troxell, E. L., l 9 l 5a, The vertebrate fossils of Rock 
Creek, Texas: American Journal of Science, 4th 
series, v. 39, p. 613-638. 

---- l915b, A fossil ruminant from Rock Creek, 
Texas, Preptoceras mayfi.eldi sp. nov.: American 
Journal of Science, 4th series, v. 40, p. 4 79-482. 

U.S. Army Corps of Engineers, 1975, Red River 
chloride remote-sensing study: U.S. Army Corps 
of Engineers, Tulsa District, Oklahoma, Geology 
Section, Foundation and Materials Branch, final 
report for NASA SR/T project no. W-13,557, 8 p. 

U.S. Department of Commerce, l978a, Local 
climatological data, annual summary with 
comparative data, 1978, Lubbock, Texas: Asheville, 
North Carolina, National Climatic Center, 4 p. 

- --- 1978b, Local climatological data, annual 
summary with comparative data, 1978, Amarillo, 
Texas: Asheville, North Carolina, National Climatic 
Center, 4 p. 

VanderHoof, V. L., 1936, Notes on the type of 
Borophagus diversidens Cope: Journal of 
Mammalogy, v. 17, p. 415-416. 

____ 1937, Critical observations on the Canidae 
in Cope's original collection from the Blanco of 
Texas (abs.): Geological Society of America 
Proceedings, 1936, p. 389. 

Wagner, Hugh, 1976, A new species of PliDtaxidea 
(Mustelidae: Carnivora) from California: Journal 
of Paleontology, v. 50, p. 107-127. 

Webb, S. D., 1965, The osteology of Camelops: Los 
Angeles County Museum, Science Bulletin, no. 1, 
p. 1-54. 

---- l 969a, The Burge and Minnechaduza 
Clarendonian mammalian faunas of north-central 
Nebraska: University of California Publications in 
Geological Sciences, v. 78, p. 1-191. 

- --- 1969b, The Pliocene Canidae of Florida: 
Bulletin of the Florida State Museum, Biological 
Sciences, v. 14, no. 4, p. 273-308. 

---- 1974, Pleistocene llamas of Florida, with a 
brief review of the Lamini, in Webb, S. D., ed., 
Pleistocene Mammals of Florida, University of 
Florida Press, p. 170-213. 

- - -- 1977, A history of savanna vertebrates in 
the New World: pt. l, North America: Annual 
Review of Ecology and Systematics, v. 8, 
p. 355-380. 

- - -- l 983a, The rise and fall of the Late Miocene 
ungulate.fauna in North America, in Nitecki, M. H., 
ed., Coevolution: University of Chicago Press, 
p. 267-306. 

---- l 983b, A new species of PediDmeryx from 
the Late Miocene of Florida, and its relationships 
within the subfamily Cranioceratinae (Ruminantia, 
Dromomerycidae): Journal of Mammalogy, v. 64, 
p. 261-276. 

---- 1989, Osteology and relationships of 
Thinobadist:::; segnis, the first mylodont sloth in 
North America, in Redford, K. H., and Eisenberg, 
J. F., eds., Advances in neotropical mammalogy: 
Gainesville, Florida, Sandhill Crane Press, 
p. 469-532. 

Webb, S. D., and Hulbert, R. C., Jr., 1986, 
Systematics and evolution of Pseudhipparion 
(Mammalia, Equidae) from the Late Neogene of 
the Gulf Coastal Plain and the Great Plains, in 
Flanagan, K., and Lilligraven, J. A., eds. , 
Vertebrates, phylogeny, and philosophy: Laramie, 
University of Wyoming Press, p. 237-272. 

Webb, S. D., MacFadden, B. J., and Baskin, J. A., 
1981, Geology and paleontology of the Love Bone 
Bed from the Late Miocene of Florida: American 
Journal of Science, v. 281, p. 513-544. 

Williams, P. F., and Rust, B. R., 1969, The sedimen­
tology of a braided river: Journal of Sedimentary 
Petrology, v. 39, p . 649-679. 

Wilson, G. A., 1988, The effects of subsurface dis­
solution of Permian salt on the deposition, stratig­
raphy, and structure of the Ogallala Formation 

127 



(Late Miocene age), northeast Potter County, Texas: 
West Texas State University, Master's thesis. 144 p. 

Wilson, R L., 1968, Systematics and faunal analysis 
of a Lower Pliocene vertebrate assemblage from 
Trego County, Kansas: University of Michigan, 
Contributions from the Museum of Paleontology, 
v. 22, no. 7, p. 75-126. 

Wilson, R W., 1967, Fossil mammals in Tertiary 
correlatJons. in Essays in paleontology and 
stratigraphy. Raymond C. Moore Commemorative 
Volume: UnJversity of Kansas Department of 
Geology Special Publication 2, p. 590-606. 

Winkler, D. A., 1984, Biostratigraphy of the Ogallala 
Group (Miocene), Southern High Plains. Texas 
(abs.): Geological Society of America, Abstracts with 
Programs, v. 16, p. 698. 

---- 1985, Stratigraphy, vertebrate paleon tology 
and depositional history of the Ogallala Group in 
Blanco and Yellowhouse canyons. northwestern 
Texas: The University of Texas at Austin, Ph.D. 
dissertation, 243 p. 

---- 1987. Vertebrate-bearing eolian unit from 
the Ogallala Group (Miocene) in northwestern 
Texas: Geology, v. 15, p. 705-708. 

Wood, H. E., Chaney. R W., Clark, John, Colbert, 
E. H., Jepsen. G. L., Roeside, J.B.. Jr .• and Stock, 
Chester. 1941. Nomenclature and correlation of 
the North American continental Tertiary: Geological 
Society of America Bulletin, v. 52, p. 1-48. 

Wood, W. W., and Osterkamp, W.R. 1984a, Playa 
lake basins on the Southern High Plains of Texas: 
a hypothesis for their development, in Whetstone, 
G. A .• ed., Proceedings. Ogallala Aquifer Sympo­
sium II: Lubbock, Texas Tech University Water 
Resources Center. p. 129-136. 

---- l984b, Recharge to the Ogallala aquifer from 
playa lake basins on the Llano Estacada (an 
outrageous proposal?). in Whetstone, G. A., ed., 
Proceedings, Ogallala Aquifer Symposium II: 
Lubbock, Texas Tech University Water Resources 
Center, p. 337-349. 

---- 1987, Playa-lake basins on the Southern 
High Plains of Texas and New Mexico: pt. 2, A 
hydrologic model and mass-balance arguments for 
their development: Geological Society of America 
Bulletin, v. 99,p.224-230. 

Woodbume. M. 0., 1959, A fossil alligator from the 
Lower Pliocene of Oklahoma and its climatic 
significance: Papers of the Michigan Academy of 
Science, Arts, and Letters, v. 44, p . 47-51. 

128 




