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Active Oklahoma coal mine, Le Flore County, Oklahoma

The cover photograph is a view
looking northwest into an active pit
of the Farrell-Cooper Mining Com-
pany Heavener East No. 2 coal mine.
The coal mine, which is located on
the south side of Poteau Mountain in
east-central Le Flore County, Okla-
homa (sec. 20, T. 5 N., R. 27 E.), was
opened in April 1999. Year 2000 coal
production from this mine was
372,234 short tons (~23% of Okla-
homa coal production in 2000).

The mine incorporates both sur-
face and underground mining tech-
niques to mine the Lower Hartshorne
coal (Hartshorne Formation; Des-
moinesian; Middle Pennsylvanian).
The Lower Hartshorne coal at this
location is 5.9 ft thick, dips 15° (N.
30°W.), and is of medium-volatile
bituminous rank. Gray shale in the
Upper Hartshorne member of the
Hartshorne Formation is above the
Lower Hartshorne coal. The Upper
Hartshorne coal, which is ~1.2 ft
thick, lies ~62 ft above the Lower
Hartshorne coal in the highwall.

The maximum depth to which
the Lower Hartshorne coal can be
profitably mined by surface methods
is 120 ft. The pit is up to 250 ft wide.
The more deeply buried coal is then
mined by underground methods.
Working right to left (as'shown in the
photograph), a 53-in.-diameter auger
extracts coal to a distance of ~400 ft
beyond the face of the highwall. Holes
are drilled about 30 in. apart, and a
space of 12 ft is left after every 12
holes to support the overburden.
Approximately 46% of the in-situ
coal is recovered using this method
{(Robert Cooper, personal commu-
nication, 2001).

The coal from the Heavener East
No. 2 mine is shipped by truck to the
Applied Energy Services Shady Point
coal-fired cogeneration facility near
Panama, Oklahoma (see Friedman,
1994). Commercial operation of the
plant began on January 15, 1991. The

nonutility electric power plant sup-
plies electricity to Oklahoma Gas and
Electric Company and food-grade
carbon dioxide to food processing
and dry ice companies. The plant has
four coal-fired circulating-fluidized-
bed steam boilers and two turbine
generators rated at a net electrical
output of 320 megawatts per hour
(one megawatt is one million watts).
Fluidized-bed combustion is an,
advanced technology for coal com-
bustion that allows Oklahoma’s high-
sulfur coal to be burned with low
emissions of sulfur dioxide and
nitrogen oxide: calcium sulfate—a
disposable, solid by-product of the
coal combustion—is produced as
sulfur dioxide from coal reacts with
calcium carbonate from limestone
(Tavoulareas, 1991). The Shady Point
plant uses about 3,000 short tons of
coal and 1,000 short tons of limestone
per day.
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View looking southwest of recent reclamation in the Georges Colliers, Inc., Pollyanna
No. 6 coal mine on the east side of Cavanal Mountain (sec. 22, T. 7 N., R. 27 E.)in
north-central Le Flore County, Oklahoma. The medium-volatile bituminous Secor coal
{Boggy Formation; Desmoinesian) was mined to a maximum depth of 85 ft from 1990
through 2000.
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Wild Horse Creek #1: A Late Miocene (Clarendonian-Hemphillian)
Vertebrate Fossil Assemblage in Roger Mills County, Oklahoma

Nicholas J. Czaplewski', J. Peter Thurmond? and Don G. Wyckoff'

Abstract.—Vertebrate fossils were collected from a locality near the eastern outcrop
margin of the Tertiary Ogallala Formation in Roger Mills County, Oklahoma. The ver-
tebrates include two tortoises: a large Hesperotestudo sp., and a smaller individual
that could represent either Gopherus or Hesperotestudo; and several mammals, most
of which are ungulates. The mammals are a bone-cracking canid (Borophagus sp.),
a peccary (Tayassuidae gen. indet.), a camel (Camelidae gen. indet.), and several
horses (Cormohipparion occidentale, Hipparion tehonense, and Calippus martini).
Collectively, the mammals suggest either Clarendonian or early Hemphillian land-
mammal age (or both) for the assemblage. This is consistent with other vertebrate
faunas from the Ogallala Formation of the southern High Plains.

INTRODUCTION

In February 1983, the second author noticed bone frag-
ments eroding from a road cut on the south side of State
Highway 47, 8 km (5 mi) east of Roll, Roger Mills County,
Oklahoma. The exposed bone was severely weathered. Exca-
vation exposed a complete giant tortoise, well preserved. The
specimen (Fig. 1) was photographed, measured, and rebur-
ied in anticipation of systematic collection. However, a few
days later the tortoise was removed by fossil hunters, and
damaged. Most of the specimen, rendered fragmentary and
incomplete, has since been acquired by the Oklahoma Mu-
seum of Natural History (OMNH).

In 1984, Thurmond and Michael C. Moore
visited the site and collected a smaller tor-
toise and fragmentary mammal fossils (in-
cluding horse teeth). Most of these fossils
came from the road cut, but surface pros-
pecting revealed fossil fragments in ero-
sional exposures about 150 m southwest of
the tortoise locality. In 1991 and again in
1999, Czaplewski visited the sites and col-
lected two carnivore teeth, remnants of a
giant tortoise, and a toothless jaw fragment
possibly from a peccary in the opposite
(north) cutbank, and more horse teeth from
a deep gully to the northwest. In 2000, Wy-
ckoff and Thurmond returned and studied
the sedimentary context.

We have named this vertebrate fossil lo-
cality Wild Horse Creek #1; it has also been

!0klahoma Museum of Natural History,
University of Oklahoma, Norman.

?Dempsey Divide Research Foundation, Inc.,
Cheyenne, Oklahoma.

designated OMNH vertebrate paleontological locality V697.
The site is near the head of the south-flowing Wild Horse
Creek, in the NW4 sec. 15, T. 15 N., R. 23 W,, Indian Base
Line and Meridian. Wild Horse Creek #1 lies south of the
crest of the drainage divide between the Canadian and
Washita Rivers, about 670 m (2,200 ft) above sea level. The
crest of this interfluve, known to archeologists as the Dur-
ham Divide (Thurmond and Wyckoff, 1999), slopes gently to
the east at about 0.76 m per km (4 ft/mi). However, in the
vicinity of the fossil locality, the Durham Divide is narrow
and rugged, dissected by deep tributary canyons draining to
the north and south (Fig. 2).

Figure 1. The first Hesperotestudo giant tortoise, OMNH 48724, discovered in 1983
at Wild Horse Creek #1. The carapace was 105 cm long, 70 cm wide, and 45 cm
high. The 3-decimeter scale in the upper right background indicates magnetic north.
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Environs of the Wild Horse Creek #1 Paleontological Site

Antelope
Hills

Canadian
River

Washita
River

Wild Horse Creek #1

View to the
Northwest

Figure 2. This orthographic map of the terrain surrounding Wild Horse Creek #1 encompasses most of Roger Mills, southern Ellis, and
western Custer and Dewey Counties, Oklahoma. The great bends of the Canadian River are evident, and Foss Reservoir can be discerned

in the southeast corner.

The crest of the Durham Divide near Wild Horse Creek #1
consists of an erosional remnant of the Ogallala Formation
(late Miocene to early Pliocene), extending eastward as a
long, narrow peninsula from the main body of the forma-
tion. The Ogallala Formation feathers out in this vicinity, and
is underlain by Permian red-bed clastics of the Doxey Shale
and the Cloud Chief Formation (Carr and Bergman, 1976).
The full section of the Ogallala Formation is preserved in the
Antelope Hills, 24 km (~15 mi) to the northwest. Kitts (1959,
p. 10) characterized the Ogallala Formation in northern
Roger Mills County as “fine- to medium-grained, well sorted
quartz sands,” seldom cemented by calcium carbonate. Other
facies are noted, though, including rare clays and silts (Kitts,
1959). The Ogallala Formation is primarily alluvial, although
significant eolian components are known (Kitts, 1959, 1965;
Reeves and Reeves, 1996). Our conclusions and interpreta-
tion of the age and context of the Ogallala vertebrate fossils
in this area are tentative.

The clastics of the Ogallala Formation around Wild Horse
Creek #1, at the very base of the formation, appear to be a mix
of Tertiary sand and river gravel transported from much far-
ther west, and material reworked during the Miocene from
the underlying Permian red gypsiferous sandstone and shale.
Local Miocene deposits therefore range in color from white

through light brown to red, depending on the depositional
environment and the content of the reworked sediment. All
the sediments at Wild Horse Creek #1 are reddish. Clasts con-
taining fossil oyster shells (Texagryphaea) also occur in the
Miocene unit, redeposited from the Kiowa Formation (Cre-
taceous), which is otherwise absent in the vicinity. To further
complicate matters, reconnaissance of the surrounding area
by the authors in 2000 revealed extensive fluvial cut-and-fill
reworking of the Ogallala Formation outcrop edge in Late
Pleistocene and Early Holocene times, probably in response
to rapid and abrupt climate change (Thurmond and Wyckoff,
1998, 2001).

The road cut at Wild Horse Creek #1 exposes a broad,
shallow depositional basin that in cross-section is some 120
m wide and more than 8 m deep. Much of the road-cut sur-
face is masked by vegetation, but a schematic profile is shown
in Figure 3, and the visible depositional units are described
in Table 1. Both tortoises were about 3 m below the top of
the road cut, lying on and partly embedded in the red silty
clay of Unit 2; they had been buried by the cross-bedded
sand of Unit 3. All the depositional units appear to be eolian.
We interpret the context of the fauna here as an interfluvial
upland basin, deflated and refilled by eolian processes in
Miocene time.
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SYSTEMATIC PALEONTOLOGY A

Most of the vertebrate fossils—except the
two tortoises—are fragmentary and poorly
preserved, some are etched or weathered, and
some are lightly concreted with carbonates (or
with carbonate-cemented sand). Neverthe-

Wild Horse Creek #1: Schematic Profile

less, a small assemblage of vertebrates repre-
senting six or seven taxa are reported from
Wild Horse Creek #1. Specimen numbers are
those of the vertebrate paleontology collection
at OMNH. All measurements are in millime-
ters unless otherwise noted. Measurements
were made with dial calipers to the nearest 0.1
mm. The abbreviation “est.” means estimated
size of a broken specimen. For the mammals
listed below, uppercase letters indicate upper
teeth; lowercase, lower teeth.

Class Reptilia
Order Chelonia
Family Testudinidae
Hesperotestudo sp. indeterminate
Specimens: OMNH 48724, cranium, shell frag-
ments, and limb elements of a giant tortoise

(Fig. 1); OMNH 48734, costal osteoscute frag-
ment,

Figure 3. (A) Schematic drawing of the visible depositional units on the north side

of State Highway 47 at Wild Horse Creek #1. The tortoises were found along the

Discussion: Although OMNH 48724 was virtu-
ally complete when discoverzd, it was severely
fragmented by fossil hunters, and is now in-
complete. Before breakage, the shell was 1,050
long, 700 wide, and 450 high; thickness of frag-
ments varies from 6.2 to 12.9. Associated with
the shell is a poorly preserved cranium, parts of pelvic and
pectoral girdles, a complete right humerus, proximal half of a
femur, fragments of other limb elements, three complete
phalanges, and several osteoscutes from the armor on the
legs. On the cranium, the distance from the anterior edge of
the prefrontals to the approximate original extent of the oc-
cipital condyle (broken)is estimated at 145. Measurements
of the humerus are greatest length: 278; greatest proximal
width: 127; greatest distal width: 105 (est.). The isolated cos-
tal fragment (OMNH 48734) is 14.9 thick.

Gopherus sp. or Hesperotestudo sp.

Specimen: OMNH 48725, incomplete shell of a medium-
sized tortoise (Fig. 4).

Discussion: This specimen was nearly complete when found,
but is now well traveled, and has not traveled well. It was
housed for several years at the Oklahoma Archeological Sur-
vey and then for several more at the Anadarko Basin Museum
in Elk City. The specimen as accessioned by OMNH consists
mostly of an internal mold of poorly consolidated fine red
sand to which pieces of the carapace and most of the plas-
tron adhere. In Neogene land tortoises of North America,
shell thickness and surface features of the bony shell such as
raised growth lines and shallowly incised scute sulci can of-

contact between Units 2 and 3 but in the south cutbank. The depositional units are
discussed in the text. (B) Here is the same road cut (OMNH vertebrate paleonto-
logical locality V697). Photographed in August 1984 while the second tortoise was
being excavated near the center of this view.

Figure 4. The second tortoise from Wild Horse Creek #1, OMNH
48725, collected in 1984. The tortoise was partly pedestaled by
erosion of the road-cut face, but was clearly still in its original posi-
tion of burial—inverted. The 3-decimeter scale indicates magnetic
north.
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TABLE 1. — State Highway 47 Road-Cut Profile,
Wild Horse Creek #1

Unit 5 — Dry color: 2.5YR6/6, light red; moist color: 2.5YR5/6,
red. Consistency: dry, soft; moist, very friable; wet,
slightly sticky, nonplastic. Loamy fine sand, well-
sorted, with no larger clasts. Faint eolian cross-
bedding visible. HCl reaction: slightly effervescent.
No visible carbonates. About 40 cm thick; this is the
uppermost unmasked stratum.

Unit 4 — Dry color: 5YR6/6, reddish yellow; moist color: 5YR5/6,
yellowish red. Consistency: dry, slightly hard; moist,
very friable; wet, slightly sticky, slightly plastic. Fine
sandy loam, well-sorted, with no larger clasts. Faint
eolian cross-bedding visible. HCl reaction: violently
effervescent. Moderately indurated by carbonates
when dry. Many fine, hard carbonate nodules. About
60 cm thick; upper boundary abrupt and wavy.

Unit 3 — Dry color: 5YR7/4, pink; moist color: 5YR6/6, reddish
yellow. Consistency: dry, very hard; moist, friable;
wet, slightly sticky, nonplastic. Very fine sandy loam,
well-sorted, with no larger clasts. Faint eolian cross-
bedding visible. HCl reaction: violently effervescent.
Strongly indurated by carbonates when dry. Many
hard, fine carbonate nodules. About 1 m thick; upper
boundary abrupt and smooth.

Unit 2 — Dry color: 5YR7/6, reddish yellow; moist color: 5YR5/6,
yellowish red. Consistency: dry, very hard; moist, firm;
wet, sticky, plastic. Silty clay, with no larger clasts. No
pedogenic or sedimentary structure. HCl reaction:
strongly effervescent. No visible carbonates. About
1 m thick; upper boundary abrupt and smooth.

Unit 1 — Dry color: 2.5YR6/6, light red; moist color: 2.5YR4/6
red. Consistency: dry, very hard; moist, friable; wet,
nonsticky, nonplastic. Loamy fine sand, well-sorted,
with no larger clasts. No pedogenic or sedimentary
structure. HCl reaction: violently effervescent. Car-
bonate casts in krotovinae. Strongly indurated by
carbonates when dry. Extends below base of road
cut; more than 5 m thick. Upper boundary abrupt
and smooth.

Recorded May 24, 2000.
Colors follow the Munsell Soil Color Charts (1994).
Descriptive terminology follows Soil Survey Division Staff (1993).

ten serve to differentiate giant tortoises, Hesperotestudo spp.,
from gopher tortoises, Gopherus spp. Unfortunately, much
of the original surface of the remnants of carapace in the me-
dium-sized tortoise from Wild Horse Creek #1 are concreted
or were weathered after exposure by the highway road cut,
s0 it is not possible to examine the sutural pattern of osteo-
scutes or the shape of the scute sulci. The plastron is com-
plete except that the left bridge and epiplastron are missing.
Anteroposterior length of the carapace of this specimen is
about 330. Thickness of the shell ranges from about 5.6 10 8.7,
as measured on fragments. Given the relatively thick shell,
the specimen may represent a young Hesperofestudo or pos-
sibly a moderately large species of Gopherus.

Oklahoma Geology Notes

Class Mammalia
Order and Family indeterminate

Specimen: OMNH 48726, right ulna.

Discussion: The specimen is a proximal fragment of the shaft,
broken through the middle of the semilunar notch. Both the
olecranon and the distal ends are missing. The ulna frag-
ment is too small to belong to any of the identified members
of the assemblage (see below). The bone indicates a mam-
mal about the size of a pine marten (Martes americana) or a
marmot (Marmota spp.). The specimen is too incomplete
and non-diagnostic for precise identification.

Order Carnivora
Family Canidae
Borophagus sp.

Specimens: OMNH 14843, right M1 crown fragment including
protocone, hypocone, protoconal basin, and lingual walis of
the paracone and metacone. OMNH 14844, left [2.

Discussion: These two teeth were found together adjacent to
the giant tortoise, and probably came from a single skull. The
enamel on both is badly etched. The teeth represent a bone-
cracking canid of the subfamily Borophaginae. Because they
are so fragmentary, no useful measurements can be made
(although the lingual anteroposterior length of the M1 is es-
timated at 13, and the 12 is 7.1 in anteroposterior length and
9.9 in transverse width). During the late Miocene-Pliocene in
the Great Plains the jaws and teeth of common borophagine
genera underwent an overall decrease in size. Species of
Epicyon, of the late Barstovian-Clarendonian-early Hemp-
hillian land-mammal ages, are large bone-eating dogs (Bas-
kin, 1998). Borophagus species, represented by many North
American species in the Clarendonian through Blancan land-
mammal ages, are intermediate to small in size (Wang and
others, 1999).

Direct comparisons of the Wild Horse Creek #1 specimens
were made with specimens in the OMNH collection of Epi-
cyon and Borophagus. A small sample of specimens of Epi-
cyon is available in OMNH from the Arnett fauna of Okla-
homa (also known as the Port of Entry fauna; Wang and
others, 1999), and a large sample of Borophagus secundus
(formerly known as Osteoborus cyonoides; Wang and others,
1999) from the Optima fauna of Oklahoma (also known as
the Guymon fauna). The M1 fragment from Wild Horse
Creek #1 is much smaller than M1s of Epicyon haydeni and
E. saevus from Arnett, and the tooth is larger than the geo-
logically youngest species of Borophagus (of Blancan age).
This molar fragment is similar in general size and shape to
Borophagus species of late Miocene age (Clarendonian and
Hemphillian).

Wang and others (1999) recognized one species of Boro-
phagus (B. littoralis) in the Clarendonian and six species
in the Hemphillian of North America. The species exhibit
a range of sizes with considerable inter- and intra-specific
variation (Webb, 1969; Wang and others, 1999). Of the seven
species, at least B. hilli and B. secundus are common bone-
eating dogs in Hemphillian faunas of the Southern Plains. In
addition to the size variability, morphological features of the
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M1 (and other ieeth) can vary greatly within a population
of B. secundus (Webb, 1969; Wang and others, 1999) as evi-
denced by a large sample of the species from Coffee Ranch,
Texas—the type Hemphill fauna. For those reasons it seems
prudent to leave the Wild Horse Creek #1 borophagine un-
identified until more and better specimens are available.
Based on the present material, the size and morphology of
the teeth are well within the range of variation exhibited by
the Borophagus specimens from Optima, warranting a ge-
neric assignment to Borophagus.

Order Artiodactyla
Family Tayassuidae
Genus and species indeterminate

Specimen: OMNH 14845, a fragment of the lower jaw with
the roots of p2-p3 and the broken bases of p4 and m1.

Discussion: This specimen was found in the road cut.
Crowns of the teeth are gone but their remnants, the relative
sizes of the tooth bases, and the deployment and shape of
the roots closely match those of certain peccaries, especially
Prosthennops and Catagonus specimens from elsewhere in
the Southern Plains (Schultz, 1990a,b; Wright, 1989).

Family Camelidae
Genus and species indeterminate

Specimens: OMNH 48730, distal fragment of left humerus;
OMNH 48733, right cuneiform; OMNH 48731, right pisiform;
OMNH 48732, left unciform; OMNH 48728, distal fragment
of the shaft of a metapodial; OMNH 48729, proximal frag-
ment of a first phalanx; OMNH 48727, small fragment of a
jaw bone with the partial wall of an alveolus for a high-
crowned tooth.

Discussion: Preservation is similar among these bones
(which might indicate they belong to a single skeleton) and
differs from most of the other specimens in the Wild Horse
Creek #1 assemblage. The metapodial fragment is a small
piece of the shaft immediately proximal to the point of diver-
gence of the distal ends. All the specimens indicate a camel
of medium size. Greatest width of the distal articular surface
of the humerus is 50.5. Width of the proximal end of the first
phalanx is 29.1. The former measurement is smaller than for
two specimens of Hemiauchenia cf. blancoensis reported by
Morgan and others (1998). The latter measurement is similar
to the same measurement in Procamelus grandis and is
slightly larger than that of Pliauchenia magnifontis reported
by Gregory (1942). It is also within the range of specimens of
Hemiauchenia cf. blancoensis given by Morgan and others
(1998). The specimens are much too small to represent a
species of Megacamelus or Megatylopus. However, several
other genera and species of medium-size camels occurred in
the late Cenozoic of the Southern Plains (Harrison, 1979;
Dalquest, 1980; Honey and others, 1998), with which it is not
possible to make informative comparisons at present. More
and better specimens, especially of the metapodials or jaws
and teeth, are required for specific identification.

Order Perissodactyla
Family Equidae
Tribe Hipparionini
Cormohipparion occidentale

Specimens: OMNH 56877, associated left p3-m2 (Fig. 5A).
OMNH 57309, left upper cheek tooth, probably P3 or P4 (Fig.
6A).

Discussion: The well-preserved series of lower cheek teeth
represents a large, moderately hypsodont hipparionine horse.
The protostylid (dental terminology from MacFadden, 1984a;
Hulbert, 1988a,b) is moderately developed on p3-p4 and well
developed on the molars. The ectoflexid is moderate in the
premolars; in each of the molars it deeply penetrates the
isthmus, to the extent that it forms a small convexity in the
linguaflexid of the m1 and m2. The pli caballinid is moder-
ately developed as a single loop in the premolars; it is barely
noticeable in the molars. The metaconid and metastylid
are about equal in size, are distinctly separated, and have
rounded borders in all four teeth. The entoconid is large on
p3-p4 with an anterolabial projection; the cusp is rounded in
the molars. The entoconid is distinctly separated from the
hypoconulid in p3-m2. Measurements of these teeth, made
at the occlusal surface after the method of Hulbert (1988a,b),
are anteroposterior length of p3: 25.3; p4: 24.8; m1: 22.5; m2:
24.1; anterior width of p3: 12.1; p4: 12.0; m1: 9.6; m2: 9.4;
posterior width of p3: 13.2; p4: 12.5; m1: 8.5 (est.); m2: 8.7;
metaconid-metastylid length of p3: 12.4; p4: 12.4; m1: 12.3;
m2: 12.3; length of entoflexid of p3: 12.0; p4: 11.1; m1: 7.9;
m2: 9.0. .
The upper cheek tooth (OMNH 57309) is slightly damaged
in the parastylar region. Its measurements: anteroposterior
length 26.7; transverse width 27.1; protocone length 11.5;
protocone width 4.5, crown height at mesostyle 41.5. It has a
long, lenticular protocone, deep hypoconal groove, and a pli
caballin with three loops. The prefossette is complexly folded
posteriorly and there is a large, thick-enameled prefossette
loop on the pli prefossette. The postfossette is somewhat un-
usual in being much simpler, with only a single fold ante-
riorly and one posteriorly. The mesostyle and metastyle are
narrow. The tooth is referred to C. occidentale based on the
shape of the protocone, presence of a pli caballin with mul-
tiple folds, and presence of a strong prefossette loop on the
pli prefossette; its size agrees with the size of the lower cheek
teeth mentioned above.

Hipparion tehonense
Specimen: OMNH 57308, associated left P3-P4 (Fig. 6B).

Discussion: These teeth were found lower in the local strati-
graphic section than the other specimens included in this
report. The teeth possess small, rounded oval protocones
not connected to the protoselene, pli caballin with two
loops, and a hypoconal groove. There is a prefossette loop
with slightly thickened enamel on the pli prefossette. The
parastylar and metastylar regions are damaged in the P3 and
the mesostyle and metastyle are damaged on the P4. The
parastyle is preserved in the P4 and is broad. Anteroposterior
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10 mm

Figure 5. Miocene horse teeth from Wild Horse Creek #1. (A) Cormohipparion occidentale, left p3-m2 (OMNH 56877), occlusal patterns.
(B) Calippus martini, left dp4 (OMNH 56878), in occlusal and labial views. (C) Equini, right M1-M3 (OMNH 48735), occlusal view.

length of P3: 21.9; P4: 20.2; transverse width of P3: 21.3 (est.);
P4: 20.7; protocone length of P3: 7.2; P4: 6.4; protocone width
of P3: 4.2; P4: 4.4; crown height at mesostyle of P3: 23.7 (est.);
P4: 24.7. This specimen represents a species of horse smaller
than Cormohipparion occidentale. It also differs distinctly from
C. occidentale in the shape and size of the protocones. The
features of its teeth are characteristic of hipparionine horses
in North America (including Hipparion, Neohipparion, Nan-
nippus, and Cormohipparion; Hulbert, 1987; MacFadden,
1984a). It is most similar in occlusal features to Hipparion
tehonense, and we tentatively refer it to that species.

Tribe Equini
Calippus martini

Specimens: OMNH 56878, left dp4 (Fig. 5B); OMNH 56879,
right dp4.

Discussion: These two deciduous teeth are from foals of a
species of horse smaller than Astrohippus ansae as repre-
sented by deciduous teeth of that species from Optima,
Oklahoma, in the OMNH collection. Identification, based
only on two deciduous teeth, is tentative. The left dp4 from
Wild Horse Creek #1 is moderately worn and its roots incom-
plete. It bears a very strong protostylid and deep ectoflexid.
Anteroposterior length: 23.2; anterior width: 7.6; posterior
width: 7.4. The right dp4 is unworn and the roots are not yet
formed. This tooth measures 23.0 in anteroposterior length

near the top of the crown (19.7 at the basal end); 6.8 in ante-
rior width; and 6.9 in posterior width.

Equini, genus and species indeterminate

Specimen: OMNH 48735, associated series of three broken
right maxillary molars (Fig. 5C).

Discussion: These poorly preserved teeth were found in the
road cut along the highway. The teeth are rooted, hypsodont,
and moderately curved (radius of curvature of the mesostyle
on the M2 is about 70; Kelly, 1995). They are moderately worn.
Crown height of the M2 at the mesostyle is 29.8; crown
height of the M3 is 30.3. The occlusal surfaces are mostly
covered with concretion which has been partly removed
from the best-preserved tooth, the M2, in order to expose the
enamel pattern. In each of the three teeth, the anterolingual
part of the protocone is broken away at the occlusal surface.
The remaining parts indicate that the protocones were mod-
erately long and strongly connected with the protoloph. This
is the characteristic pattern in upper molars of the tribe
Equini and is unlike the Hipparionini (Webb and Hulbert,
1986; Hulbert, 1988a; MacFadden, 1992). Fossette plications
are few and simple. There is no hypoconal groove in the M2
but in the M3 the hypoconal groove appears to have formed
a fossette. A weak preprotoconal groove is preserved in the
M2; the postprotoconal valley is moderately developed.
These teeth indicate a horse of medium to small size.
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10 mm

Figure 6. Miocene horse teeth from Wild Horse Creek #1. (A) Cor-
mohipparion occidentale, left upper cheek tooth, probably P3 or P4
(OMNH 57309), occlusal view. (B) Hipparion tehonense, left P3-P4
(OMNH 57308), occlusal view.

Other measurements of the M2 are anteroposterior length:
17.7; transverse width: 17.5 (est.); protocone length: 7.1; pro-
‘tocone width: 4.3 (est.). For the M3, anteroposterior length:
17.1; transverse width: 16.6; protocone length: 7.0 (est.); pro-
tocone width: 3.0. :

Among North American genera of Equini (MacFadden,
1992), the teeth are more hypsodont than in Protohippus.
They are shorter in crown height at the mesostyle than in
Dinohippus. They have less-developed postprotoconal val-
leys than Hippidion and Onohippidium. They are smaller
and possess fewer enamel plications than Dinohippus and
Equus (MacFadden, 1984b, 1986, 1992). In size and morphol-
ogy, the teeth most closely resemble those of Calippus or
perhaps Pliohippus or Astrohippus.

DISCUSSION

At a maximum, the Ogallala Formation includes verte-
brate fossils ranging from middle Miocene to earliest Plio-
cene, spanning the Barstovian to Hemphillian land-mammal
ages (Skinner and Johnson, 1984; Tedford and others, 1987).
However, the older (Barstovian) fossils occur only in the
northern High Plains—Nebraska (Reeves and Reeves, 1996).
On the southern High Plains, the Barstovian land-mammal
age is not represented, and Miocene vertebrate local faunas
are all of Clarendonian and Hemphillian age, spanning about
7 million years—12 million to 4.5 million years ago. Few rel-
evant studies have been made in the central High Plains of

Kansas and Oklahoma, but Miocene vertebrate paleofaunas
there also are representative of the Clarendonian and Hemp-
hillian land-mammal ages.

Although the limited variety of fossil vertebrates precludes
detailed interpretation, preliminary determination is possible
of the relative age of the faunal assemblage of Wild Horse
Creek #1 based primarily on the canid and the horses. Bone-
cracking dogs of the genus Borophagus are common in local
faunas of the Clarendonian, Hemphillian, and Blancan land-
mammal ages (late Miocene and Pliocene) and are especially
common in the Hemphillian (Tedford and others, 1987; Wang
and others, 1999). The horse Cormohipparion occidentale was
widespread in central and western North America from the
late Barstovian through the early Hemphillian based on most
records from the West Coast, the Great Basin, and the Great
Plains. However, C. occidentale survived longer (until the late
Blancan) in the Gulf Coast region (Hulbert, 1988a). Cormo-
hipparion is particularly characteristic of the “Clarendonian
chronofauna” of the Southern Plains, which encompasses
Clarendonian and early Hemphillian land-mammal ages in
this region (Tedford and others, 1987). The species C. occi-
dentale occurs in the Gidley Horse Quarry of late Clarendon-
ian age in Donley County, Texas. The second hipparionine
horse, Hipparion tehonense, is common in Clarendonian and
early Hemphillian faunas of the Great Plains (MacFadden,
1984a; Hulbert, 1993). It is possible that our specimen re-
ferred to H. tehonense—which occurred lower in the local
stratigraphic section than the other fossils—indicates that
the bottom of the local section represents the Clarendonian
land-mammal age, whereas the top of the section could rep-
resent the Clarendonian or early Hemphillian. If the decidu-
ous horse teeth are correctly identified as Calippus martini,
they indicate a Clarendonian age. Fossils of C. martini are
common in many of the classic localities around Clarendon,
Texas—the type area for the Clarendonian land-mammal age
{(Schultz, 1990a).

The last fossil horse described here, a small species repre-
sented by poorly preserved upper molars, may also repre-
sent Calippus, but preservation is too poor to allow definite
identification. Most other taxa in the reported assemblage
are insufficiently identified to contribute to the age assign-
ment, but they do not refute a Clarendonian-Hemphillian
age for the assemblage. Additional fossils may help refine the
age of the vertebrate assemblage. More important, further
biostratigraphic and geological studies are necessary to ex-
plain the stratigraphic relationships of the Permian and Mio-
cene deposits, particularly with respect to the reworking of
Permian units during the Miocene, and the Miocene units in
late Quaternary time.

Various geological and paleontological evidence from the
southern High Plains indicate that, during deposition of
Ogallala sediment, the climate changed from subhumid/sub-
tropical at the beginning to semiarid/arid at the end (Reeves
and Reeves, 1996). The giant tortoise Hesperotestudo is com-
mon in other local faunas of the Ogallala Formation, and al-
lows a preliminary conclusion about paleoclimate: Giant tor-
toises are intolerant of prolonged freezing temperature and
are unable to burrow, like smaller tortises, for protection.
Thus they are restricted to tropical and subtropical climates
(Hibbard, 1960; Cassiliano, 1997). Presence of large land tor-
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toises at Wild Horse Creek #1 suggests a mild, nearly frost-
free climate for western Oklahoma in late Miocene time.
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Abandoned Coal Mine Land Reclamation Program
of the Oklahoma Conservation Commission

Mike Kastl, Mike Sharp, Gene Bollinger, Charlotte Stieber, and Dianne Ireton
Oklahoma Conservation Commission

LeRoy A. Hemish
Oklahoma Geological Survey

HISTORICAL BACKGROUND For years, directors of conservation districts in eastern

Oklahoma voiced their concern to local legislators about the
mined areas and the need for reclamation legislation that
would help restore them. However, no reclamation laws
were passed in Oklahoma until the Open Cut Land Recla-
mation Act of 1968; it required leveling only the tops of spoil
ridges to a width of 10 ft. In 1971, the State’s reclamation re-
quirements were strengthened by requiring “a rolling topog-
raphy traversable by machines or equipment commonly
used with the land after reclamation.” Directors of conserva-
tion districts, as well as other groups and citizens in Okla-
homa, believed that reclamation laws were still inadequate,
and they turned to the U.S. Congress for assistance.

On August 3, 1977, President Jimmy Carter signed Public
Law (PL) 95-87, known as the Surface Mining Control and
Reclamation Act of 1977 (SMCRA). This federal legislation
established a nationwide system for controlling the surface
effects of active coal mining. The act also established a trust
fund for the purpose of reclaiming orphan coal mine land
that endangers public health and/or safety. Money for the
Abandoned Mine Land (AML) Trust Fund is generated from
a tax on active coal mining at the following rates: $0.35 per
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Coal mining has been underway in eastern Oklahoma
since 1872. Over the years, thousands of acres of mined land
have been left unreclaimed in a 16-county area: more than
32,000 acres from surface mining and another 40,000 acres
from underground mining (Fig. 1). Because early production
in Oklahoma was almost entirely from underground mines,
scarring of the landscape was not particularly obvious, ex-
cept for scattered gob piles (mine refuse), shaft openings,
and subsidence features. However, with the development of
large power equipment, surface mining became increasingly
important. In 1943, surface mining accounted for 50% of
annual production; by 1967, it accounted for 99% or more.
Today, more than 30 years later, surface mining continues to
be the primary method of mining coal in Oklahoma. As a re-
sult, large areas with elongate ridges of spoils (overburden
material), water-filled pits, and steep highwalls have been
left after coal has been surfaced mined (Fig. 2). Unreclaimed
areas are unsightly, unproductive, and, in many cases, dan-
gerous. As of August 2001, 23 known deaths had occurred in
Oklahoma at abandoned mine sites (Table 1).
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Figure 1. Abandoned coal mine land has been identified in
16 counties (shaded) in eastern Oklahoma through the
Oklahoma Conservation Commission Abandoned Coal
Mine Land Reclamation Program.
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TABLE 1. — Known Deaths at Oklahoma AML Sites®

Year Who How Where

1999 Femnale teenager Drowned in strip pit Next to Heavener city limits
1999 Male teenager 4-wheeler accident in spoil piles Southeast of McCurtain
1997 Male teenager Drowned in strip pit Southwest of Sallisaw
1994 Female teenager Drowned in strip pit North of Kinta

1994 Male teenager Drowned in strip pit North of Claremore
1993 Male adult Exposure among spoil piles Near Chelsea

1992 Male teenager Lack of oxygen in underground shaft Northwest of Poteau®
1991 Male adult Drowned in strip pit East of Stigler®

1990 Female adult Car into strip pit Near Tulsa®

1989 2 Female children Drowned in strip pit Northeast Tulsa®

1988 Male teenager Truck into strip pit Northwest of Poteau®
1984 Male adult Drowned in strip pit West of Sallisaw®

1983 Male adult Drowned in strip pit Northeast of Poteau®
1983 Male adult Fell from highwall into dry strip pit West of Foyil®

1982 Male child Drowned in strip pit Northwest of Oologah®
1981 or 1982 Male child Drowned in strip pit Northwest of Foyil®
1980 Male child Drowned in strip pit Northwest of Foyil®
1979 Male adult Drowned in strip pit Northwest of Keota®
Mid 1970s 2 Adult newlyweds Car into strip pit West of Foyil®

Mid 1970s Male adult Drowned in strip pit West of Foyil®

1972 Male adult Drowned in strip pit Southeast of Broken Arrow®

23 known deaths as of August 2001.
bSite has been reclaimed.

Note: In May 1982, a bull elephant and four female elephants broke away from the circus in Sallisaw. The bull elephant was killed when

he fell off a strip pit highwall and the other elephants fell on him.
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