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A Late-Pleistocene/Holocene Transition from the 

Brule Spillway, Douglas County, Wisconsin 

Martin F. Engseth and James K Huber 

The basal portion of a 3-m core from a cedar swamp in the Brule/St. Croix 
Spillway channel has been analyzed for pollen as part of a multidisciplinary 
archaeological investigation of Paleoindian settlement patterns in northwestern 
Wisconsin. The site is in Douglas County, Wisconsin (UTM: N5138150, 
E594750). Located near the headwaters of the Bois Brule River, in the Brule/ 
St. Croix Spillway channel, the site is on the present-day divide between the 
Great Lakes/St. Lawrence drainage basin and the Mississippi River/Gulf of 
Mexico drainage basin. The spillway was abandoned when the Superior Lobe 
of the Wisconsin Ice Sheet melted back far enough to allow the meltwater 
ponded behind it to seek a lower outlet east of the Keweenaw Peninsula in 
Michigan (Farrand and Drexler 1985). 

The basal portion of the core is composed of dark brown peat and gray 
organic silt (Figure 1). An AMS date on charcoal and Picea (spruce) needles 
from 297 cm yielded a date of 9,050 ± 60 yr B.P. (Beta-112985) with a cali­
brated 2-sigma range of9,990 to 10,120 yr B.P. The organic material retrieved 
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Figure l. Pollen percentage diagram of selected samples from the Brule Spillway, Douglas County, 

Wisconsin. AP= arboreal pollen; NAP= Non-arboreal pollen. 

from the bottom of the spillway probably began accumulating following the 
cessation of spillway activity. 

The pollen spectrum from the basal portion of the core (Figure 1) is 
dominated by Pinus banksiana/resinosa Uack/red pine), Picea, and D1yopteris 

Martin F. Engseth and James K. Huber, Archaeome1ry Laborato1y, University of Minnesota, Duluth, 
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(shield fern). Other important taxa include Larix (tamarack), Betula (birch), 
Quercus (oak), Uhnus (elm), Cyperaceae (sedge), Ambrosia (ragweed), and 
A rtemisia (wormwood). The small Ulrnus peak (Figure 1) may reflect the 
postglacial elm maximum dated in the Midwest between 9,000 and 10,000 yr 
B.P. (Maher 1977). The pollen spectrum from the Brule/St. Croix Spillway 
channel is similar to Zone 1 at Mary Lake dated to 9,800 to 10,000+ yr B.P. 

(Webb 1974) and a late-glacial pollen sequence from Lake Superior (Huber 
1993). 

The results of the analysis tighten the chronology of geological and 
paleoenvironmental events in and around the Lake Superior Basin at the end 
of the Pleistocene. The pollen spectra, along with the AMS date, suggest that 
the Brule/St. Croix Spillway ceased to be active about 10,000 years B.P., and 
that the local environment consisted of a conifer or conifer-hardwood forest 
dominated by red and/ or jack pine. 
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A Pollen Sequence from Rocky Run Road 

Channel Lake, Portage County, Wisconsin 

James K. Huber 

Palynological investigations of a core from an unnamed channel lake (herein 
referred to as Rocky Run Road Channel Lake) were undertaken to reconstruct 
a paleoenvironmental setting for prehistoric occupation of the Sandhill site 
( 4 7Pt -42). Situated on a sandy terrace, the Sandhill site is west of the Wiscon­
sin River within the city of Stevens Point, Portage County, Wisconsin. Rocky 
Run Road Channel Lake (RRRCL) is approximately 0.75 km to the southwest 
of the Sandhill site (NW ¼, sect. 7, T23N, RSE, Whiting 7.5' Quadrangle. 
RRRCL appears to be either an old tributary or an abandoned channel of 
Rocky Run Creek. The channel lake is on stream sediment of the Love Terrace 

James K. Huber, Archaeometry Laboratory, University of Minnesota, Duluth. Duluth, MN 55812; 
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deposited by the Wisconsin River, probably soon after Wisconsin glaciation 
(Clayton 1986). The 221-cm core recovered RRRCL is composed of two major 
units (Figure 1). 
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Figure l. Pollen percentage diagram of selected taxa from Rocky Run Road Channel Lake, Portage 

County, Wisconsin. 

The pollen diagram from RRRCL is divided into five zones (Figure 1). 
RRRCL-1 is dominated by Picea (spruce), Pinus (pine), Cyperaceae (sedge), 
and Gramineae (grass). The high abundance of Picea and Pinus in this zone 
does not correlate well with other sequences in the area. Assuming that pollen 
deposition at the base of the core reflects the initial migration of Pinus into 
this area, the base of the core can be dated to approximately 11,000 yr B.P. by 
correlation to the Devil's Lake core (Maher 1982). Zone RRRCL-1 may reflect 
a conife,- or conifer-hardwood forest; it is also possible that the high Picea

values reflect local pollen influx from a black spruce swamp. The abundance 
of Cyperaceae and Gramineae suggest the presence of moist forest openings 
or sedge meadows in the vicinity of the lake. 

RRRCL-2 is characterized by an overall increase in Pinus. At the top of this 
zone a Pinus minimum and Picea maximum occur (Figure 1). Pinus banksiana/
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P. resinosa Qack/red pine) is the dominant pine although Pinus strobus (white
pine) is prominent. The Pinus strobus rise has been dated at 9,600 yr B.P. at
Devil's Lake (Maher 1982) and 8,400 yr B.P. at Mary Lake (Webb 1974). The
Picea maximum and Pinus minimum in RRRCL-2 correlate to the top of Zone
1 at Mary Lake (Webb 1974). The fluctuations between Picea and Pinus

dominance also occur at Gilbert Bog and Birge Bog (Potzger 1942) and
Forestry Bog Lake (Potzger and Richards 1942). The second Picea peak may
indicate a climatic reversal. It is also possible that the Picea and Cyperaceae
peaks may reflect lowering of lake level and reworking of older sediment. A
similar situation was recorded by West (1961) at Seidel Lake. The pollen zone
indicates the presence of a mixed pine-hardwood forest.

Pine dominates Zone RRRCL-3, and there is a slight increase in deciduous 
taxa. In Zone RRRCL-4, pine is less abundant and hardwoods increase. The 
Ambrosia (ragweed) peak in Zone RRRCL-5 reflects the advent of Euro-Ameri­
can settlement and land clearance in the vicinity of the Sandhill site (Figure 1). 

I would like to thank Lynn Rusch and Midwest Archaeological Consulting for financial support for 
this investigation. 
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Paleoenvironments: Vertebrates 

Fauna from Late-Pleistocene Sediments of the 

Sheriden Cave Site (33WY252), Wyandot County, 

Ohio 

Thomas M. Bills and H. Gregory McDonald 

The Sheriden Cave site (33WY252), in the northwestern corner of Wyandot 
County, Ohio, has proven to be an especially important source of late-Pleis­
tocene sediments containing numerous well-preserved bones, botanical re­
mains, and human artifacts. Fishes, amphibians, reptiles, birds, and mammals 
representing over 60 species have been identified from this cave, making it the 
most diverse cave deposit in Ohio (Ford et al. 1996; Holman 1997; McDonald 
1994). This paper documents the fauna! remains identified to date during the 
1997 Kent State Archaeological Field School excavations at Sheriden Cave. 

Several bone-yielding layers oflate-Pleistocene sediments were excavated in 
l-by-1-m units and 10-cm intervals. All excavated cave sediments were sub­

jected to flotation resulting in the recovery of microfaunal bones and animal
hair. Sedimentologist Robert Breckenridge of Dartmouth University de­
scribed these sediments as (from top to bottom) a diamicton layer, a gray- and
red-banded rhythmite stratum, another diamicton layer, and a layer of angular
dolomite rubble.

Uncorrected He dates of the upper diamicton layer are 10,850 ± 60 yr B.P. 
(CAMS 26783; AMS bone collagen) and 10,680 ± 80 yr B.P. (M 21710; AMS 
wood charcoal). This layer yielded a carved and incised bone point and a 
Chelydra serpentina (snapping turtle) cervical vertebra with a distinct cut mark 
(Tankersley and Landefeld, this volume). 

Selected materials from the rhythmite layers yielded these He dates, listed 
by increasing depth: 11,710 ± 220 yr B.P. (PITT 0892; conventional wood 
charcoal), 13,120 ± 80 yr B.P. (M21711; AMS wood charcoal), 11,060 ± 60 yr 
B.P. (CAMS 10349; AMS bone collagen), and 10,470 ± 70 yr B.P. (M 21712; 
AMS wood charcoal). Bones from this layer have rounded edges characteristic 
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of water movement and sediment abrasion (Lyman 1994). This layer also
contained high concentrations offish and herpetofaunal remains (cf. Ford et 
al. 1996 and Holman 1997). 

Three 14C dates, 11,480 ± 60 yr B.P. (CAMS 12837), 11,570 ± 70 yr B.P. 
(CAMS 12839), and 11,610 ± 90 yr B.P. (CAMS 12845), all on bone collagen, 
were recorded for the lower diamicton layer. This layer contained a bone bed 
consisting mostly of skeletal elements of Platygonus cornpressus (flat-headed 
peccary). 

No 14C dates were available for the angular dolomite rubble stratum. This 
bottom excavated layer yielded a paucity of bones compared with the other 
strata. A P. compressus (flat-headed peccary) humerus and a Vulpes vulpes (red 
fox) mandible are among the bones collected from this layer. 

Excavators recovered several owl pellets of recent origin in situ from units 
along the north wall of the cave, about 5 m from the entrance. Excavations in 
these units also revealed a recent Microtus pennsylvanicus (meadow vole) skel­
eton associated with aP. cornpressus premolar in situ. The unit farthest from the 
cave entrance contained a juvenile P. cornpressus skull containing a Peromyscus 
rnaniculatus (deer mouse) mandible within one orbit. These associations indi­
cated intrusion of recent animals into older sediment layers. Several P. corn­
pressus bones showed puncture marks from carnivore canines and rodent gnaw 
marks. 

Extinct mammal taxa identified from Pleistocene sediments were Castoroides 
ohioensis (giant beaver), Arctodus simus (short-faced bear), P. compressus (flat­
headed peccary), and Cervalces scotti (elk-moose). Identified extralimital ex­
tant mammal taxa included Sorex hoyi (pygmy shrew), Synaptomys borealis 

(Northern bog lemming), Phenacomys intermedius (heather vole), Glaucomys 
sabrinus (Northern flying squirrel), Erethizon dorsatum (porcupine), Mustela 
vison (mink), Martes ame,icana (pine marten), Martes cf. M. pennanti (fisher), 
Canis lupus (gray wolf), Sorex cinereus (masked shrew), and Myotis cf M. 
septentrionalis (Northern bat). Local extant mammal taxa included Blarina 
brevicauda (short-tailed shrew), Lagomorpha (rabbits or hares), Microtus pennsyl­
vanicus ( meadow vole), Peromyscus maniculatus ( deer mouse), Ondatra zibe­
thicus (muskrat), Tamias striatus (Eastern chipmunk), Tamiasciurus hudsonicus 
(red squirrel), Sciurus carolinensis (Eastern gray squirrel), Sciurus sp. ( tree 
squirrel), Marmota rnonax (woodchuck), Castor canadensis (beaver), Procyon 
lotor (raccoon), Vulpes vulpes (red fox), and Odocoileus virginianus (white-tailed 
deer). These sediments also yielded remains of bird, reptiles (including snake, 
lizard, turtle, and Chelydra serpentina), amphibians (including Rana sp., Bufo 

sp., and salamander), and fish. 
Because of the presence of sediment-filled rodent burrows, owl pellets, and 

rodents currently living in the cave, we were uncertain of the contemporaneity 
of the animal bones in this sample. Hence, we will obtain direct 
chronometrical and relative dates from a sample of bones in this assemblage, 
including AMS 14C, fluorine, and geomagnetism. These dates will be used to 
determine time relationships of bones from the cave. 

This research was supported by a NSF senior research grant to Kenneth B. Tankersley (Kent State 
University). Special thanks to Tim Matson, Curator of Vertebrate Zoology, Cleveland Museum of 
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Natural History and the Kent State University Department of Anthropology for access to their 

comparative fauna! collections. 
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Fossil Birds of Tunica Hills and First Record of 

Ruffed Grouse (Bonasa umbellus) for Louisiana 

Robert M. Chandler 

The record for fossil birds from Louisiana is sparse to say the least. Known 
fossil birds from the state are a Pterodroma-1ike tubenose (Procellariiformes) 
from the late Eocene Yazoo Formation, reported by Feduccia and McPherson 
(1993), and a set of footprints ofa medium-sized bird (vulture or crane size) 
from the Miocene of Grant Parish, reported by Wetmore (1956). Therefore, 
the addition of a small late-Pleistocene/Holocene avifauna is of interest. 

Dr. A. Bradley McPherson, Bill Lee, and others collected bird fossils while 
screen-washing for microfossils in loess and associated gravel beds. Collections 
were made between January 1983 and September 1991 in the Tunica Hills area 

in western Feliciana Parish, along Tunica Bayou and Kimball Creek (McPher­
son, pers. comm.). Three taxa are represented by the following Centenary 
College Vertebrate Collection (CCVC) specimens: ruffed grouse (Bonasa um­

bellus) complete left humerus (CCVC 563) and a left ulna (CCVC 1557); wild 
turkey (Meleagris gallopavo): left femur shaft (CCVC 222), right tibiotarsus 
distal end (CCVC 337), left ulna shaft (CCVC 1075), left coracoid (CCVC 

1339), right tibiotarsus distal shaft (CCVC 3321); and a perching bird identifi­
able only to the level of Passeriformes, right tibiotarsus distal end ( CCVC no 
number, 'J's Site/Top/87"). 

The fossils identified herein as wild turkey fit within the size range given by 

Steadman (1980) for late-Pleistocene turkeys. The distal end of a tibiotarsus 
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identified as from a perching bird cannot be identified with confidence to any
lower taxonomic category than Passeriformes. However, the leg bone is from 
an individual about the size of an American robin ( Turdus migratorius). 

The ruffed grouse is only the second Gulf Coastal Plain record for this 
boreal species. Brodkorb (1959) first identified ruffed grouse from the late 
Pleistocene of Arredondo, Florida. A population of ruffed grouse closest to 
the Tunica Hills area today would be in northern Georgia (AOU 1983). 
Brodkorb (1964) lists 11 Pleistocene or prehistoric records for this species 
from 7 states from Idaho to Florida and Virginia to California. The Tunica 
Hills and Arredondo records support the hypothesis proposed by Givens and 
Givens (1987) and others (see References in Givens and Givens) that during 
the late Quaternary the Gulf Coast was much cooler than at present. 

I thank A. Bradley McPherson, Department of Biology, Centenary College of Louisiana for allowing 

me to study these fossils and for providing essential collecting data and relevant literature. Identifi­

cations were made while I was a Visiting Research Assistant in the Division of Vertebrate Paleontology, 

Florida Museum of Natural History, University of Florida, Gainesville. Drs. S. David Webb and Bruce 

J. MacFadden, curators, and Gary S. Morgan, Collection Manager, in the Division of Vertebrate 

Paleontology allowed access to the fossil collections ( especially bird fossils) in their care and Dr. Tom 

Webber, Collection Manager in the Division of Ornithology, for access to the modern bird 

osteological collection. I thank Linda D. Chandler, William P. Wall, and an anonymous reviewer for 

critically reading and improving this paper. 
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Schreger Angles in Mammoth and Mastodon 

Tusk Dentin 
Daniel C. Fisher, Josh Trapani, Jeheskel Shoshani, and 

Michael S. Woodford 

105 

One of the most distinctive features of proboscidean dentin is the "Schreger 
pattern" (Espinoza and Mann 1993) seen on transverse cross-sections of tusks 
and cheek teeth. Schreger patterns consist of intersecting spiral alignments 
(Schreger lines; Obermayer 1881) of alternating dark and light regions form­
ing outwardly convex, curvilinear tracts through the dentin (Owen 1845). 
These patterns reflect complex spatial modulation of the undulatory pathways 
followed by den tin al tubules within radial planes (Miles and Boyde 1961; Miles 
and White 1960). Detailed manifestation of the pattern varies, but one of its 
more easily quantified aspects is the angle of intersection of dextral and 
sinistral spirals. Espinoza and Mann (1992) used this aspect of Schreger 
patterns to distinguish "modern" ivory-tusk dentin of African elephants 
(Loxodonta africana) and Asian elephants (Elephas maxirnus)-from "extinct" 
ivory-represented mostly by tusk dentin of woolly mammoths (Marnrnuthus 
prirnigenius). We present evidence that Schreger angles also can be used to 
distinguish tusks of mammoths from those of the American mastodon (Marn­

rnut arnericanuin). 

Espinoza et al. (1990) and Espinoza and Mann (1992) measured "concave" 
Schreger angles (straddling radii and opening toward the tusk axis) and 
"convex" Schreger angles (straddling radii and opening outward), but later 
argued that no statistically significant quantitative difference separated these 
two categories (Espinoza and Mann 1993). Additional discussion of measure­
ment protocols is warranted, but on balance their procedure may be more 
rigorously described as construction of tangents to dextral and sinistral 
Schreger lines at a point of intersection and measurement of either of the 
opposite (and equal) radius-straddling intertangent angles. DCF andJT mea­
sure Schreger angles on cut and polished transverse cross-sections, using a 
graduated, rotating stage centered under a stereomicroscope with ocular 
cross hairs. We center the point at which Schreger angle is to be assessed and 
measure the angle through which the stage must be rotated to bring each of 
the two Schreger lines successively into tangency with the same cross hair. 
Total range of repeated measures of the same angle is usually less than 4 °. JS 
and MSW measure Schreger angles by construction of tangent lines on photo­
copies or photographs of transverse views of specimens. 

Specimens sampled at multiple points throughout the length and thickness 
ofa tusk (by DCF andJT; e.g., Fisher 1990) demonstrate that Schreger angles 

Daniel C. Fisher and Josh Trapani, Museum of Paleontology and Department of Geological 
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generally increase with increasing distance from the tusk axis and that ma.,-xi­
mum Schreger angle achieved within a given radial transect also increases 
proximally, at least within the distal meter of tusk length. This is not surpris­
ing, given the outwardly convex curvature of Schreger lines and the conical 
form of tusks, but Schreger patterns also exhibit features not directly deter­
mined by gross morphology. For example, mastodon tusks commonly show an 
outermost zone of lower Schreger angles associated with a change in the 
nuniber of Schreger lines. To better represent broad trends, we avoid measur­
ing angles in areas where the Schreger pattern is conspicuously disrupted. 
Following Espinoza and Mann (1992), our observations focus on outer por­
tions of tusks (near, but not necessarily at, the dentin-cementum junction), 
and most sampling sites are more than a meter from the tusk tip. These 
Schreger angles are intended to represent maximal values on their respective 
specimens. 

We measured Schreger angles on tusk specimens of 38 American mastodons 
and 44 mammoths (M. prirnigenius, M. colurnbi, and Marnrnuthus sp.), indepen­
dently identified by dental or skeletal evidence. Mastodon values (x, 124.7° ; 
s.d., 8.8° ; range, 113°-149°) differed significantly (p<0.001) from mammoth
values (x, 87.1 °; s.d., 12.4° ; range, 62°-105°), with no overlap between the two
distributions. This result differs from that of Espinoza and Mann ( 1993), who
stated (without accompanying data) that three mastodon samples they exam­
ined were indistinguishable from mammoths. Espinoza and Mann may have
been measuring outermost, rather than maximal, Schreger angles, but even
compared on this basis, mastodons in our sample usually show higher values
than mammoths.

Espinoza and Mann's (1992, 1993) data suffice to distinguish tusks of 
mammoths from those of extant proboscideans, but comparison of our data 
with theirs suggests that these approaches do not readily separate mastodons 
from extant proboscideans. In this sense, Schreger angles do not directly 
reflect the extinct-extant dichotomy. However, this does not compromise use 
of Schreger angle distributions to characterize phylogenetically distinct lin­
eages of proboscideans. Schreger patterns may be especially useful for identi­
fying isolated tusk specimens, which are known from many Pleistocene locali­
ties and have often been considered generically indeterminate. 

This research was supported in pan by National Science Foundation Grants SBR-9211984 and EAR-
9628063 to DCF, and a National Science Foundation Graduate Fellowship to JT. 
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Evidence of Paleoenvironmental Change from 

Muskrat Dental Microwear Patterns 

Maria Gutierrez, Patrick Lewis, and Eileen Johnson 

Lubbock Lake Landmark is a well-stratified late-Quaternary site in 
Yellowhouse Draw on the Southern High Plains of Texas. Muskrats ( Ondatra

zibethicus) are prevalent at Lubbock Lake during the late Pleistocene and early 
Holocene, but declined as the paleoclimate became warmer and drier and 
surface water became less available (Lewis and Johnson, 1997). By 8,500 yr 
B.P., muskrats are no longer present on the Southern High Plains and do not
inhabit the region today (Davis and Schmidly, 1994; Johnson, 1987a). The
detailed information on stratigraphy (Holliday, 1982; Holiday and Allen,
1987) and paleoenvironment Qohnson, 1987b) available from Lubbock Lake
allow fo,- an excellent opportunity to view muskrat response to environmental
change. Current research focuses on dental microwear patterns of the lower
first molar (M1) and how patterns vary with a changing diet.

Muskrat populations are found in three well-dated substrata: lB, that dates 
to c. 11,100 yr B.P.; 2A, from 10,800 to 10,200 B.P.; and 2B, from c. 10,000 to 
8,600 B.P. Qohnson and Holliday, 1989). As an initial test of the hypothesis 
that microwear patterns vary with environments, two specimens from the 
oldest population (lB) and the most recent population (2B) have been 
examined. These two populations are the most distant temporally and are 
representative of greatly differing environments. 

Stratum 1 represents a cool and humid climate in which a meandering 
stream dominated the environment. As the climate began to warm and dry, 
the stream gave way to a ponded environment. In substrata 2A and 2B, the 
climate continued to become warmer and drier, and by 2B times the ponds 
changed to an extensive freshwater marsh. The mean annual temperature 
rose from c. 13° C (55° F) to c. 19° C (66° F) during the period of known
muskrat occupation while the mean annual rainfall fell from c. 75 cm to c. 40
cm Qohnson, 1987a). This drastic change in environment caused changes in 
the flora at Lubbock Lake (Thompson, 1987). As muskrats are mainly herbivo-
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rous, this change in flora should be accompanied by changes in microwear on 

the enamel of muskrat molars. 

Suitable adult muskrat molars were chosen. These molars were analyzed 
with a scanning electron microscope (SEM) that allows for superior depth of 
field and resolution of detail compared with standard light microscopes. 
Although SEM specimens generally are coated with a conductive material 
(such as gold or palladium) that allows dissipation of the electrons (Teaford, 
1991), coating was not possible for the Lubbock Lake molars. Museum policy 
does not allow coating original objects, as removal of the coating may damage 
fragile specimens. While lack of coating affects the quality of the image 
because of charging, the results obtained still were suitable for dental 
microwear analysis. 

Both quantitative and qualitative methods are used in microwear analysis 
(Teaford, 1991; Strait, 1993). Due to the small sample size of this preliminary 
analysis, qualitative methods are used with the Lubbock Lake specimens. 
Qualitative methods focus on the differences in abundance, size, and shape of 
microwear features and are most reliable when marked differences occur in 
wear patterns (Teaford, 1991). 

Microwear patterns associated with molars from substratum lB show signs 
of heavy pitting. Few striations are visible at any magnification. Hard food 
items tend to leave pitting rather than scratches (Teaford 1991; Strait, 1993). 
Subsu·atum lB is representative of a stream habitat where woody plants 
generally would grow on the bank (King, 1997; Kozlowski et al., 1991) and 
likely serve as the primary food source of the muskrat (Errington, 1963). 

Microwear patterns from upper substratum 2B exhibit fine scratches and a 
lack of noticeable pitting at all magnification levels. Soft material has been 
found to leave scratches rather than pits (Teaford, 1991). Substratum 2B 
represents a marsh habitat, where plants are emergent and submergent. 
These plants are softer, as hard structures are not required for water-dwelling 
flora (King, 1997; Larcher, 1980). 

The working hypothesis of differential wear between populations is ac­
cepted conditionally based on the preliminary qualitative data gathered. 
These data will form the basis for an expanded study of muskrat molars from 
all the appropriate substrata at Lubbock Lake. A changing plant community 
during the late Pleistocene and early Holocene suggests that muskrats adapted 
their diets to remain in the area, a trend found in modern populations 
subjected to similar conditions (Errington, 1963). The change in flora was 
forced by an environment undergoing transition from stream to pond to 
marsh. This transformation in habitat apparently is reflected by a shift from 
pitting to scratching in the enamel of muskrat molars. Data collected from 
microwear research provide independent evidence that supports previous 
interpretations of the environment and paleoclimate from Lubbock Lake, and 
demonstrate that tooth wear analysis is not limited to dietary studies. 

The authors would like to thank the SEM lab, Biology Department of Texas Tech University, and 

technician Mark Crimson in particular, for help with this project. Funding for this study was through 

the Graduate School and the Museum of Texas Tech University. The specimens studied resulted 

from excavations at the Lubbock Lake Landmark under Texas Antiquities Permit #36 and all 
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specimens and documentation are held in u·ust for the People of the State of Texas at the Museum 
of Texas Tech University. This work is pan of the ongoing Lubbock Lake Landmark regional 
research program in late-Quaternary climatic and environmental change on the Southern High 
Plains. 
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Stratigraphy, AMS Radiocarbon Age, and 

Stable Isotope Biogeochemistry of the 

Lindsay Mammoth, Eastern Montana 

Christopher L. Hill and Leslie B. Davis 

The Lindsay mammoth was discovered in 1966 and excavated in 1967 (Davis 
1971, 1986, 1993; Davis and Wilson 1985). The specimen had been previously 
referred to Mammuthus cf. M. imperator (see Davis and Wilson 1985), but 
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measurements by Hill indicate a possible closer affinity to M. columbi. The 
nearly complete skeleton was found northeast of Lindsay, Dawson County 
(Deer Creek Church USGS 7.5-minute quadrangle), about 12.4 km northwest 
of Glendive, in eastern Montana. Previously reported radiocarbon dates range 
from about 11,925 to 9,490 yr B.P. (uncalibrated, Davis 1982). Fossil remains, 
sediments, and associated field records are curated at the Museum of the 
Rockies, Montana State University-Bozeman (specimen accession number 
91. 72, previously Geo-67-17). In 1997, geomorphic mapping and stratigraphic
studies were conducted at the site by Hill and a new topographic map was
produced by Davis and Troy Helmick. Here, we summarize the stratigraphic
context based on these field investigations and present the results of AMS
radiocarbon and stable isotope analyses of the mammoth remains.

The present-day geomorphic setting is an upland divide between the drainage 
of the South Fork of Deer Creek to the north and the Spring Creek drainage to 
the south. Both systems flow generally to the southeast, forming a NW-SE 
trending upland with sedimentary bedrock composed of the Tongue Member 
of the Fort Union Formation (Paleocene). In the upland area, this bedrock is 
sometimes overlain by Quaternary "silts" (very fine sands, silt, clay) containing 
paleosols. The mammoth remains were found imbedded in these upland silts on 
a surface sloping toward the east. Mammoth remains were exposed at or close to 
the present-day surface on the north side of the bone scatter, partly as a result of 
removal of some of the late-Holocene surface by road grading. 

The mammoth remains were recovered over a distance of about 17 m along 
a NW-SE trend. The deepest stratigraphic exposures were along the south side 
of the excavations. Toward the southwest, bedrock is very close to the surface. 
Generally, the Quaternary deposits overlying the Fort Union become increas­
ingly thick toward the north and the east. The mammoth bones were recov­
ered within silts directly overlying the Paleocene sediments. In places the 
sedimentary matrix enclosing the top of the mammoth bones is more calcare­
ous. The bones and the zone higher in carbonate were overlain by a buried soil 
A-horizon. The 1997 stratigraphic trench along the south side of the site
revealed that this buried A-horizon, interpreted as an indicator of the latest
Pleistocene landscape surface, is overlain by more silts toward the east and
rises to merge with the present-day surface to the west.

There is some resemblance between the stratigraphy of the Lindsay mam­
moth discovery and the Oahe Formation (the Aggie Brown member, associ­
ated with the "Leonard Paleosol") as well as upland stratigraphies associated 
with the Brady buried soil (Artz 1995; Clayton et al. 1976; Kuehen 1993, 1996). 
The Lindsay mammoth fossils appear to have accumulated after the initial 
deposition of late-Wisconsinan upland silt (presumably as loess) and prior to 
an interval of landscape stability associated with the development of the now­
buried A-horizon connected with perhaps wetter and cooler paleoclimatic 
conditions. The carbonates may be a local representation of a younger, 
perhaps dryer or warmer regional climatic interval (Albanese 1996; Haynes 
and Grey 1965; Leopold and Miller 1954; Reider 1983, 1990, 1996). 

Fragments of one tibia were pretreated with HCl and NaOH and the 
remaining material ("bone collagen") was submitted for AMS analysis. The 
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conventional radiocarbon age obtained was 11,500 ± 80 yr B.P. (Beta-I 02031). 

It is possible that the age of the mammoth is actually slightly olde1· ( cf. Stafford
1988; Stafford 1990; Overstreet and Stafford 1997), but probably still late 
Pleistocene and post-last glacial maximum. The 13C/ 12C ratio is -21. 7 per mil.
This is a value within the range typically associated with a C3 plant photosyn­
thetic pathway-group (Bochrens et al. 1994, 1996, 1997; Koch 1991) possibly 
indicating paleoclimatic conditions with a growing season too short or too 
cool for C4 graminoids (Bombin and Muehlenbachs 1985).

The stratigraphy, chronometric measurements, and isotope biogeochemis­
try associated with the Lindsay mammoth seem to provide indications regard­
ing changing post-last glacial maximum environmental conditions on the 
North American Plains. Eolian silts appear to have been deposited starting 
before c. 12,000 yr B.P. The mammoth remains were enclosed in a silt appar­
ently first altered by pedogenic processes resulting in the formation of a 
buried A-horizon, perhaps during an interval of cooler or possibly wetter 
climatic conditions. Carbonates superimposed on the silts within the lower 
part of the A-horizon, which sometimes enclose the mammoth bones, may 
indicate secondary enrichment resulting from dryer or warmer conditions 
after the Pleistocene. 

1967 research on the Lindsay Mammoth skeleton was funded by the Montana State College 
Endowment and Research Foundation. Continuing support has been provided through the Museum 
of the Rockies funded partly through the Kokopelli Archaeological Research Fund under the 
auspices of the Paleoindian Research and Ice-Age Research Programs. We are grateful to John 
McCormick and William Wolff for allowing the Muse um to conduct research on their property in 1997. 
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Late-Pleistocene Fauna and Flora from the Loess 

of Central Nebraska 

Larry D. Martin and Richard Rogers 

In 1964 a partial mammoth skull was reported by M. Tinquist to the University 
of Nebraska State Museum as eroding out of a road cut on State Highway 22 

just one-half mile west of the small town of Wolbach, Greely County, Nebraska. 
A field party consisting ofL. D. Martin,]. Emmons, and A.Johnson was sent to 

Larry D. Martin and Richard Rogers, Museum of atural History and Department of Systematics 
and Ecology, University of Kansas, Lawrence, KS 66045. 
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investigate this find, and they were joined later by L. G. Tanner. The site
proved to be of unusual interest, as the mammoth remains lay some 3 m 
beneath the Sangamon soil in a sandy facies (local channel) of the 
Gothenburg member of the Loveland Loess formation (see Schultz et al., 1994 
for a discussion of the members of the Loveland Loess). This channel lies in 
superposition above another soil (Buzzard's Roost Paleosol), and dates the 
mammoth remains quite firmly as late Illinoian. Additional fauna was col­
lected from the sand lens, including Spermophilus kimballensis ( extinct ground 
squirrel related to S. elegans), Cynomys sp. (extinct prairie dog), Equus sp. 
(extinct horse), and a partial humerus of an unidentified passeriform bird. 

The Gilman Canyon formation (Wisconsinan) is developed just above the 
Sangamon soil at this locality, and at its contact with the Peoria Loess it 
contains a number of irregularly shaped calcareous nodules, some of which 
formed around fossil bones. Fauna recovered from these nodules include 
Geomys sp. (pocket gopher), Lepus americanus (snowshoe hare), and Microtus 
montanus (montane vole). There is also a large gastropod (snail) fauna that 
has not been studied. The main body of the Peoria Loess at this site does not 
appear to contain vertebrate fossils. 

Matrix collected with vertebrate fossils from the same level as the mammoth 
partial skull (Gothenburg member of the Loveland Loess) was analyzed for 
contained pollen, and 125 grains were identified giving the following percent­
ages: Pinus (pine), 25.6; Gettis (hackberry), 2.4; Quercus (oak), 0.8; Madura 
pomifera (osage orange), 0.8; Juglans sp. (walnut), 0.8; Uhnus (elm), 0.8; 
Gramineae (grass), 18.4; Compositae (primarily ragweed), 28.8; Chenopodiaceae­
Amaranthaceae, 18.4; Tradescantia sp. (spiderwort), 1.6; Trillium sp. (trillium), 
0.8; Smilax sp. (carrion flower), 0.8. 

The pollen percentages from the Wolbach locality resemble the modern 
pollen rain described by Kapp (1965) for the central prairie in the percent­
ages of Cornpositae, Gramineae, and Chenopodiaceae-Amaranthaceae pollen. This 
suggests the presence of open country. The prairie dog, Cynomys, is not 
compatible with either tall grass or forest. 

The arboreal pollen is clearly dominated by Pinus. The percentage of pine 
pollen is much greater than any of the cattle-watering tank localities reported 
by Kapp (1965) for the central prairie region. The pine pollen percentage 
suggests at least two possible interpretations: 1) the area was a prairie with pine 
forests of the Rocky Mountains extending far enough into the plains to 
increase the pine pollen rain on the site; or 2) the area of the site was a pine 
parkland (open country interspersed with pine trees). 

Although the data are not sufficient to decide the question conclusively, we 
favor the pine parkland hypothesis. The deposition of loess in western Ne­
braska suggests a northwest wind not greatly different from the prevailing 
winds in the area today. North ofWolbach, the modern pine pollen rain drops 
from 70% in the Black Hills to 5% in a distance of only 150 km (McAndrews 
and Wright, 1969). The percentage of pine pollen in the Wolbach site would 
suggest a pine forest within a very short distance if the environment was a 
prairie and the pine pollen was being brought in by the wind. If a pine forest 
had extended that far into the plains, the authors find themselves at a loss to 
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explain why it would not have spread to the Wolbach locality. The pine
parkland hypothesis would explain the percentage of pine pollen without this 
difficulty. The small percentages of deciduous taxa may suggest some riparian 
forest in the area. 

The pollen spectrum at the Wolbach site is not analogous to the modern 
pollen rain in the central prairie region. This suggests a different climate than 
at present. The higher than present representation of arboreal pollen may 
indicate moister conditions, due to either or both increased rainfall or other 
climatic conditions that favor increased availability of moisture for trees (such 
as less extreme heat in the summer than at present). 

It is possible that the locality was a watering area for mammoths. Some 
pollen grains of opportunistic weeds at the site may represent local vegetation 
in a frequently trampled area. 
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A Preliminary Report on the Dry Gulch 

Mammoth Site, Lincoln County, New Mexico 

Raymond Mauldin, Jeff D. Leach, H. Curtis Monger, 

Arthur H. Harris, and David Johnson 

In 1989, two local New Mexico residents noted a section of elephant tusk 
exposed at the base of a 3.5-m-deep arroyo. Recognizing the potential signifi­
cance of the find, they reported the discovery to personnel from the Lincoln 
National Forest. The tusk is located on United States Forest Service (USFS) 
land, termed the Dry Gulch site, at an elevation of2,072 m (6,800 ft) AMSL. In 
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1990, a team of USFS archaeologists conducted work at the location. The 
USFS team placed a 2-by-4-m excavation block over the find and ultimately 
excavated a 2-by-2-m block down to the level containing remains of what 
appeared to be a mammoth (Mamrnuthus sp.). A substantial portion of the 
elephant appeared to be present. However, because of funding and personnel 
limitations, the USFS curtailed their excavation. 

In September of 1997, a research team from the Center for Indigenous 
Research (CIR) conducted additional investigations at the site. CIR research­
ers reopened a single l-by-1-m unit, initially excavated in 1990, and placed six 
more l-by-1-m units away from the known location of the elephant in order to 
determine the horizontal extent of the animal and gather data on site stratig­
raphy. Of the six new units, only one contained bone. 

Based on this new excavation and the original USFS work, it appears that the 
elephant lies in sediments that are late Pleistocene in age (Monger 1998). 
While several high-energy stream deposits are present above the elephant, 
sediments that contain the animal reflect a low-energy environment. They are 
clayey, with an angular blocky structure, a range of color typical of gleyed 
sediments, and frequently contain small gypsum crystals. Iron and manganese 
staining and the overall characteristics of the sediments suggest that they may 
have been saturated with water during much of their history. The site appears 
to have been the location of a seep or spring that, at various times, may have 
formed a small pond. 

While both excavations were limited, the remains are probably those of a 
single Columbian mammoth (Maminuthus columbi), rather than a mastodon 
(Maminut) or an Imperial mammoth (M. irnperator). This determination is 
based on both the suspected late-Pleistocene age of the animal and the 
southern location of the site (Harris 1993; Lucas and Effinger 1991; Lucas and 
Morgan 1997) rather than on observed skeletal morphology. A substantial 
portion of the elephant has not yet been located and may remain buried. 
Between the two projects, more than 2 m of one tusk has been exposed, along 
with many rib fragments and a substantial portion of the cranium. However, 
the work has yet to uncover any diagnostic morphological characteristics that 
would allow an unambiguous identification. 

Neither of the excavations recovered any artifacts associated with the mam­
moth. However, CIR researchers did locate three small boulders, ranging in 
maximum length up to 30 cm, at the same level and in association with the 
elephant. These boulders were the only large-sized clasts (>3 cm) found in the 
low-energy pond setting. Similar finds have been reported associated with the 
remains of elephants by Hansen (1993) and Fisher (1987). Hansen (1993:66) 
speculates that such boulders "may have been used as hand-thrown missiles to 
help dispatch" an elephant mired in sediment. While it is unclear in the Dry 
Gulch case if the presence of these boulders reflects some sort of human 
involvement with the death of the animal, these large items are anomalous in 
the clayey sediments. 

In 1990, a single rib fragment was submitted for radiocarbon elating by the 
USFS. However, the specimen was depleted of bone collagen, and no date was 
obtained. From our recent work, we obtained a single radiocarbon date of 
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8,850 ± 50 yr B.P. (Beta-110110) from soil humus located about 75 cm above
the deposit that contains the animal. The 2-sigma calibrated age range pro­
vided by Beta Analytic is from 9,445 to 9,535 yr B.P. This supports a late­
Pleistocene age for the elephant. 

While we currently have no direct evidence of cultural activity, the deposi­
tional context, the Holocene-age radiocarbon date above the elephant, and 
the presence of the anomalous boulders in the deposit all hint at possible 
human association with the elephant. A substantial Clovis occupation is docu­
mented at Mockingbird Gap, located roughly 70 km to the west of the site (see 
Weber 1963), and isolated Clovis points have been reported from the region. 
CIR researchers plan to return to the Dry Gulch site to conduct additional 
investigations. 
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Late-Pleistocene Mastodon and Digesta from 

Little River, North Florida 

Matthew C. Mihlbachler

The tusks and limb elements of a semi-articulated sub-adult mastodon (Mam­

mut americanum) were discovered at the Latvis/Simpson site in the Little River 
section of the Aucilla River in the Big Bend region of Florida. The remains 
were covered with a sandy peat consisting mainly of material interpreted as 

Matthew C. Mihlbachler, Department of Zoology. Bartram Hall, University of Florida. Gainesville, 
FL 32611. 



CRP 15, 1998 MIHLBACHLER 117 

herbivore dung filling the bottom of a sinkhole now submerged by the
modern river channel. 

The Aucilla River Prehistory Project collected an assemblage of exposed 
Pleistocene fauna! material from the surface of the dung deposits. The assem­
blage contained at least 20 mammal species with large numbers of raccoon 
(Procyon lotor), muskrat ( Onclatra zibethicus) and beaver ( Castor canaclensis) and 
assorted elements of extinct herbivores including Jefferson's ground sloth 
(Megalonyx jejfersoni), mastodon (Mammut americanum), tapir ( Tapirus vero­
ensis), horse (Equus sp.) and deer ( Oclocoileus viiginianus). 

A number of large ivory fragments from the surface assemblage fit onto a 
pair of in situ tusk tips (UF180221, UF180222) that jutted vertically into the 
dung matrix. The paired tusks were similarly oriented and about 75 cm apart, 

· suggesting they belong to a single individual. The immediate proximity of the
ivory fragments to the in situ tusks suggests that the bone assemblage has
deflated directly from overlying sediment and has not experienced horizontal
transport. Other vertically oriented bones of a mastodon were recovered from
the dung stratum, including a rib, a right tibia and a metatarsal (UF180220).
These elements all have unfused epiphyses and evidently belong to the same
sub-adult individual.

The herbivore digesta consists of cut and torn woody twigs 2-3 mm in 
diameter and 6-12 mm in length, with occasional seeds. Based on comparison 
with dung from African elephant and horse, the size of these digesta particles 
suggests that they are of proboscidean origin. The browsing content suggests 
that they were produced by the mastodon (Marmnut ainericanum). The absence 
of grass particles probably rules out the mammoth (Mammuthus columbi) and 
other grazers as contributors to the Lat\Tis/Simpson dung deposit; however, 
the feces of other browsers such as tapir ( Tapirus veroensis) and ground sloth 
( Megalonyx jeffersoni) may be present. 

The most common woody plant taxon is cypress ( Taxodium sp.), but woody 
material from other species is certainly present. Many of the seeds recovered 
from the deposit represent the local riparian habitat; however, there is a 
conspicuous presence of plant materials that do not normally appear in peat 
samples from this region, including grape (Vitus sp.) tendrils, fruits of elder­
berry (Sambucus sp.) and the seeds of cocklebur (Xanthium sp.), creeping 
cucumber (Meloth·1ia pendulata) and gourd ( Cucurbita pepo). These ·plants were 
possibly transported to the sinkhole in the digestive systems of mastodons. The 
absence of gourd rind, which is more durable than the seeds, suggests that 
mastodons may have preferred to eat the tender insides but not the bitter rind. 

The Lat\Tis/Simpson deposit is nearly identical to the mastodon dung mate­
rial from the Page/Ladson site, located 2 km upstream (Webb et al. 1992). 
While the age of the Page/Ladson material is constrained by numerous dates 
to about 12,500 yr B.P., the LaNis/Simpson digesta dates yield much older 
ages. A standard radiocarbon date on the dung material at the surface of the 
deposit yielded a date of 32,740 ± 800 yr B.P. (Beta-64724), and an AMS 14C 
date on a gourd seed located near one of the proboscidean tusks yielded a date 
of 31,610 ± 240 yr B.P. (Beta-85549). The presence of two nearly identical 
deposits of late summer mastodon dung provides a unique opportunity to 
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compare the diets of mastodons from the mid-Wisconsinan with those of the 
late Wisconsinanjust preceding the Pleistocene extinctions. 

While more field excavations are planned, I offer these preliminary conclu­
sions: 1) mastodons and other Pleistocene herbivores utilized this area as a 
wallow or a drinking hole; 2) they transported plant materials from non­
riparian environments and deposited them as fecal material into the local 
aquatic setting; 3) the presence of grape, cocklebur and gourd seeds indicates 
summer browse; 4) the semi-articulated arrangement of the sub-adult mast­
odon suggests that this animal died in or very near the wallow; 5) scratch marks 
on in situ bone in an otherwise soft matrix and the vertical position of some of 
the bones suggest that the carcass may have been trampled into the dung 
deposits by other proboscideans utilizing the sinkhole. 

This research is sponsored by the Florida Department of State's Bureau of Historic Preservation. 
acknowledge Lee Newsom for identification and interpretation of plant remains. 
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Tocuila, a Remarkable Mammoth Site 

in the Basin of Mexico 

Luis Marett A.,Joaquin Arroyo-Cabrales and Oscar J Polaco 

The Tocuila paleontological site is in the downtown area of the village of San 
Miguel Tocuila, Municipality ofTexcoco, State of Mexico. In July 1996, while 
a cafeteria was being built, remains of mammoth bones were found. The 
owners discovered one of the most important late-Pleistocene and early­
Holocene paleontological sites in the Basin of Mexico (Morett et al., 1998). 

The site is situated at the coordinates 19° 31' 11" N latitude and 98° 54' 31" W 
longitude, slightly below an altitude of 2,240 m, 

The excavated area extends over 28 m2 in a 5-by-6-m pit that has yielded 
approximately 800 bones, mostly of plains mammoth (Mammuthus coluinbi). 

This productivity suggests that the site still has enormous fossiliferous poten­
tial. Excavated remains included three skulls that are almost complete, two 
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other incomplete skulls, and four mandibles; these represent at least five 
individuals ranging in age from young to adult stages. Besides the mammoth 
bones, there were remains of horse (Eqims sp.), bison (Bison sp.), camel 
( Camelops hes tern us), rabbits ( Sylvilagus cunicularius), and on the top layers fish, 
turtles (Kinosternon sp.), and aquatic birds like the flamingo (Phoenicopterus cf. 
P. rubei) (Corona M. and Arroyo-Cabrales, 1997). In addition, some bone
fragments show evidence of modification by flaking, suggesting association of 
humans with this fauna! assemblage.

The fossiliferous deposit has an average depth of 2 m and has been dated at 
c. 11,188 ± 76 yr B.P. based on five radiocarbon dates. The deposit is located in
a thick unit representing a mud flow or lahar (Figure 1). Above this is a sandy
soil layer and two layers of tepetate or attle, different from each other and
possibly derived from other lahars of lesser magnitude and more recent
deposition. Sealing all these is a plowed soil containing Aztec and modern
ceramic fragments. Below the mammoth bone bed is a layer of volcanic ash,
the study of which could explain how the fossil deposit was formed; still
further below is a thick clayey layer corresponding to the pre-disturbance
horizon where most of the species identified at Tocuila had their natural
habitat.

The research developed as an interdisciplinary and inter-institutional 
project (sedimentology, palynology, geophysics, volcanology, geomorphol­
ogy, radiometric dating, paleontology, and molecular biology), allowing us to 
generate an explanatory hypothesis regarding two possible regional events of 
catastrophic nature that formed the deposit. The first was a very sudden and 
voluminous deposit of volcanic ash, which could have severely restricted the 
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Figure 1. General stratigraphic profile of the excavated pit at the paleontological site ofTocuila in 

the Basin of Mexico. Re-drawing by Guillermo Herrera, after Leticia Arango and Gabino Salinas. 
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growth of local vegetation, causing extirpation of populations of herbivorous 
animals such as mammoths, camels, bison, and horses. 

The second large event occurred shortly after the first and was characterized 
by a sequence of mud flows or lahars that came down from the nearby 
mountains into the floodplains, transporting and mixing skeletons that had 
been spread over the land, perhaps trapping and killing some other animals, 
and eventually burying the entire assemblage with a 1.5-m-thick deposit of 
mud. The catastrophic character of both events produced an exceptional 
image-rich flora and fauna in the Basin of Mexico at the end of the Pleistocene. 

The excavated area has been enclosed into a small museum, which holds in 
situ the recovered bone remains. Although the formal displays are not yet 
finished, the site can be visited. Future studies will search for the spatial limits 
of the fossiliferous deposits, and that will help to build a framework for 
undertaking more extensive excavations to answer specific questions we have 
developed regarding the processes that formed the deposit, the existence of 
cultural evidence associated with the bones, and osteological issues that relate 
to the causes of Pleistocene extinctions of species like the mammoths. 

The Museo Nacional de Agricultura, Universidad Aut6noma Chapingo, and the Paleozoology 

Laboratory at the lnstituto Nacional de Antropologia e Historia have sponsored most of the work 
done at the site, as well as some of the analyses. Personnel of the Instituto de Geofisica from the 

Universidad Nacional Aut6noma de Mexico, Oxford Radiocarbon Lab, and University of Arizona 
Radiocarbon Facility have done other analyses. 
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A Late-Pleistocene/Early-Holocene Fauna! 

Assemblage from the Page/Ladson Site (8JE591), 

Jefferson County, Florida 

Tanya M. Peres 

Page/Ladson (8JE591), an inundated site in the Aucilla River in Jefferson 
County, Florida, has yielded Paleoindian artifacts in stratified sediments rang­
ing in age from before 12,000 to about 8,000 yr B.P. In the October 1995 field 
season, crew members excavated strata that dated from 10,280 to 9,930 yr B.P., 
and collected material from an area of 11 m2. A rich array of worked wood, 
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lithic, and bone artifacts, as well as fauna) material was recovered. The fauna! 
assemblage is the focus of this report. 

In identifying and interpreting the latest Pleistocene fauna from the Page/ 
Ladson site, I developed a scoring system to aid in recording the incidence of 
features suggestive of human association (Table 1). The main research ques­
tion I asked when assaying this assemblage was whether it was deposited as a 
result of human intervention or by natural occurrences (these may vary) in the 
environment. This question is appropriate to this material, since oftentimes 
fauna) assemblages are assumed to be cultural in origin if they are 
archaeologically recovered. Criteria to determine if this assemblage had been 
manipulated by humans include the following: presence of butchering marks, 
evidence of working or use-wear, presence of possible "exotic" ta.xa, thermal 
alteration, and its relationship to features and artifacts (Peres 1997). Using 
these criteria, archaeologists can determine if fauna) assemblages are cultur­
ally associated with the archaeological deposit. 

Table 1. Scoring system for fauna! assemblages. 

criteria 

presence of butchering marks 

presence of worked bone 

association with features/artifacts 

evidence of thermal alteration 

presence of "exotic" taxa 

environmental deposit 

indeterminate deposit 

cultural deposit 

points assigned 
yes no 

2 

2 

2 

0-2 

3-5 

6-8 

0 

0 

0 

0 

0 

After all 1,516 elements of the sample were identified, I scored the assem­
blage using this system to summarize its overall depositional nature. The 
assemblage from Page/Ladson had an overall score indicative of a non­
cultural assemblage characterized by aquatic and terrestrial fauna, such as 
mud/musk turtles (Kinostemidae), sunfish, and basses ( Centrarchidae). Three 
bone "pins" in the sample were most likely out of cultural context due to the 
dynamic nature of river environments. Little can be said about subsistence 
practices, but we do know that the identified taxa were present in the environ­
ment and thus available for selection by humans. 

This sample is the first to be analyzed and quantified from this site and time 
period (c. 10,000 yr B.P.) in particular, and along the Aucilla River in general. 
The species list derived from this collection will aid in future analysis of 
additional samples from the project's excavations. The excellent preservation 
offaunal remains allowed for identification of individuals to the species level, 
which is important in determining the type of environment that would have 
existed to support such faunas. 

As a result of this study, some questions have been answered, but many 
remain for future research. Since this is an isolated study for this time frame, 
more fauna) collections, pollen analysis, and hydrological studies are needed 
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to refine our knowledge of this area during the Paleoindian/ Archaic u·ansi­
tion. The Page/Ladson site has afforded a unique opportunity to recover, 
document, and study the presence of the earliest occupation of Florida by 
humans, as well as the environment that shaped and supported their subsis­
tence practices. 

This research was generously sponsored by the Florida Department of State's Bureau of Historic 
Preservation. 
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The American Mastodon in Mexico 

Oscar J Polaco, Joaquin Arroyo-Cabrales, 

and Baudelina Garcia-Uranga 

The American mastodon (Mammut americanum) (Kerr, 1792) is a mammutid 
with a wide distribution in North America, from Alaska to central Mexico 
(Tobien, 1996; Shoshani, 1990); however, very little is known about its occur­
rences in the southern part of its range, especially in Mexico, because its 
remains are scarce (Miller, 1987). The finding of a mandible pertaining to this 
species in the Mexican state of Zacatecas required a review of earlier records to 
clarify its distribution in Mexico. 

The Zacatecan specimen is a left mandible fragment with a complete third 
molar, slightly worn on the pretrite and posttrite cusps of the first crest. This 
tooth lacks a cingulum, has small cusps in the external side of the valleys, and 
pertains a smooth morphotype. The tooth is composed of four lophids and a 
poorly developed fifth lophid. Its measurements are: maximum length, 176 
mm; maximum width (2nd lophid), 83.4 mm. These measurements are simi­
lar to those provided by Miller (1987) and Laub (1992) for lower third molars. 

The fragment was found in lacustrine sediments from Laguna de El Salitre 
(presently dry), approximately 6 km northwest of Villa Hidalgo, at an altitude 
of 2,100 m. Other bone fragments from the site pertained to Mam.muthus, 
Equus, and Carnelops, so this assemblage suggests a late-Pleistocene fauna. 
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Former records include an upper third molar reported by Hibbard ( 1955), 
but without locality data. Pichardo de! Barrio (1961) mentioned a lower molar 
from San Pedro Candelaria, Cd. Serdan, Puebla; however, the figure in the 
publication shows a 5-lophid molar and a talonid that probably represents 
another taxon. From Valsequillo, Puebla (written as "Pueblo" by some au­
thors), Irwin-Williams (1967) reported several taxa by common names, includ­
ing mastodon, but such identifications are ambiguous, as other authors used 
the term "mastodon" to designate both gomphotheres and the species M.

ainericanum. Alvarez (1983) documented tooth fragments from Loltun Cave in 
Yucatan, but those pertain to a gomphothere. 

After a thorough review of literature and verification of the specimens 
where possible, we can confa-m remains of M. a111e1icanwn from only six 
localities, other than the Zacatecan mandible. From Zacualtipan, Hidalgo, 
there is an isolated molar recorded by Freudenberg ( 1922), and assigned to 
this species by Hay ( 1925). The second specimen is also an isolated tooth from 
Tequixquiac, Mexico (Pichardo de] Barrio, 1961). Mooser and Dalquest 
(1975) recorded a well-preserved mandible from 3.5 km south of Aguascali­
entes. Miller (1987) mentions records from Rio de Virgenes (Nuevo Leon), 
and arroyo Amajac (location not certain). Most recently, Castillo C. et al. 
(1996) illustrate a mandible and an upper molar from Minas Anaya, 15 km 
northwest of Actopan, Hidalgo. 

All these localities are situated in the Mexican Plateau at altitudes above 
1,500 m. Most of them, except for those reported by Miller ( 1987), are 
concentrated in central Mexico, with the record from Tequixquiac as the 
southernmost for M. ainericanum. Given this small number of occurrences, the 
American mastodon seems to be even more rare in Mexico than a cursory 
reading of the literature might suggest. 
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Paleoenvironments, Cave Faunas, and Human 

Migration in Late-Pleistocene Beringia: 

A Comparison of Calibrated Age Ranges. 

Robert A. Sattler and Thomas E. Gillispie 

The timing and environmental circumstances of human colonization of 
Beringia during the late Pleistocene remains central to research about the 
origins of North American natives (Hoffecker et al. 1993; Greenberg et al. 
1986). Of great importance are the timing of: 1) late-glacial paleoclimatic 
changes; 2) late-glacial megafaunal extinction; and 3) the earliest undoubted 
human occupation of eastern Beringia (Hoffecker et al. 1993; Yesner 1996). 
Understanding these events requires that the various records all be placed on 
the same calibrated radiocarbon time scale (Bartlein et al. 1995). 

Building on previous work by Kunz and Reanier (1994), we have calibrated 
two key radiocarbon date lists (Figure 1), and illustrated them in relationship 
to the calibrated age ranges of the major paleoenvirnnmental events. One 
date list consists of radiocarbon ages on Beringian cave faunas (Sattler 1997, 
Sattler et al. in preparation); the other list consists of the earliest dated human 
occupations of eastern Beringia. These data support Yesner' s ( 1996) assertion 
that disintegration of the full-glacial "mammoth steppe" community (Guthrie 
1995) antedates human colonization of eastern Beringia. 

Mammoth, saiga, and horse are the common indicator species for the 
mammoth steppe (Guthrie 1995). Calibrated (Stuvier and Reimer 1993) 
radiocarbon dates from the known cave faunas that include these species 
virtually all fall within the last glacial maximum, which is called the Duvanny 
Yar Interval in Beringia (Hopkins 1982). Our dating of the Duvanny Yar 
Interval is based on Bigelow's (1997) central Alaskan pollen cores, and on 
analysis of the GISP2 180 climate record by Stu vier et al. ( 1995). The earliest 
undoubted human occupations of eastern Beringia, now central and northern 
Alaska, are the Nenana complex (Powers and Hoffecker 1989), the Mesa 
complex (Kunz and Reanier 1994), and earliest phases of the Chindadn 
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Figure I. Calibrated radiocarbon ages of late-Pleistocene cave fauna, earliest certain archaeologi­
cal cultures, and key paleoenvironmental events in east-central Beringia. 

complex. We regard early Chindadn to include Component IV at Broken 
Mammoth (Homes 1996), Component SP-7 at Swan Point (Holmes et al. 
1996), and the pre-11,000 B.P. activity areas at Healy Lake Village (Cook 1996 
and pers. comm.). 

These occupations occurred during the initial climatic warming of the late 
glacial Birch Interval (Hopkins 1982; dating again based on Bigelow 1997), an 
interval that appears to be correlative to the European Bolling and Allerod 
pollen zones (Stuvier et al. 1995). Faunas associated with these open-air sites 
(Dry Creek and Broken Mammoth) exclude the mammoth and horse diagnos­
tic of the Duvanny Yar Interval mammoth steppe. Instead, the large mammals 
associated with these occupations are typically wapiti, bison, mountain sheep, 
and caribou. In contrast, the association of the presumed western Beringian 
antecedents of the Nenana, Mesa, and Chindadn complexes with the mam­
moth steppe fauna has been firmly established, as exemplified by the upper­
Paleolithic occupation of Dyuktai Cave (Mochanov and Fedoseeva 1996). 
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New Radiocarbon Dates for Vero Tapir and 

Stout-legged Llama from Florida 

S. David Webb, C. Andrew Hemmings, and Mark P. Muniz

127 

In 1997 a SCUBA-diving team from the Florida Museum of Natural History 
excavating submerged sediments of the Aucilla River, north-central Florida, 
recovered new specimens and organic samples that provide some of the 
youngest known radiocarbon dates for Tapirus veroensis and Palaeolama

mirifica. Three sites produced samples of these extinct ungulate taxa which 
were dated either by wood or by collagen. 

In the northwest corner of Little River Rapids, where the river rises from its 
subterranean course in the Suwannee Limestone of Oligocene age, we exca­
vated a 2-by-2-m pit 5.25 m below mean river level. We recovered vertebrates 
from the lowest few centimeters of Zone 4, a sandy gray clay, and on the 
surface of the underlying paleosol. A left mandible with p4-m3 (VF 180216) of 
Tapirus veroensiswas associated with four characteristic Florida late-Pleistocene 
species: Megalonyx jejfersoni, Manmiuthus columbi, Equus fraternus, and Ondatra

zibethicus. Two radiocarbon dates from wood associated with these vertebrates 
are 11,450 ± 90 yrB.P. (Beta-107296) and 12,130 ± 70 yrB.P. (Beta-111675), the 
latter apparently representing wood reworked from the underlying paleosol 
during deposition of the sandy clay (all dates reported in uncalibrated radio­
carbon years). Another wood sample from 10-15 cm below the paleosol 
returned a date of 13,130 ± 230 yr B.P. (Beta-107295). 

In the northwest corner of the Page-Ladson Site (Test F 97-1 eastern 
extension) at the confluence of the northern branch of the Wacissa River with 
the Aucilla River, a l-by-2-m excavation in the lower half of the section 
produced bones near the base of a clayey peat immediately overlying a 
calcareous sand. Vertebrates were mainly modern aquatic species including 
fishes, alligator, and Pseudemys. There were also two light tan, fresh-looking 
bones of extinct terrestrial species, namely a skull fragment (right jugal and 
maxillary) bearing three molars of Palaeolama mirifim (VF 180214) and a 
posterior thoracic vertebra of Tapirus veroensis (VF 180215). A small piece of 
the Palaeolama jugal bone was submitted for a collagen date. Pretreatment 
consisted of repeatedly applying dilute cold HCl to remove bone apatite and 
then treating with NaOH to remove secondary organic acids. Graphitization 
and 14C content measurement went normally and the resulting AMS date was 
12,350 ± 50 yr B.P. (Beta-112236). 

Sloth Hole, four miles downstream in the Aucilla's final run to the Gulf of 
Mexico, produced from excavation block A two isolated teeth of Palaeolama. A 
right up.Per P4 (VF 180218) came from shelly, sandy gray clay in level 6 about 
120 cm below the excavation datum, and a right lower dp4 (VF 180217) was 
collected at the interface between level 6 and underlying level 7, another 
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sandy clay, 123 cm below datum. A wood sample from level 8, a tan peaty sand 
170 cm below datum, was AMS dated at 12,300 ± 50 yr B.P. (Beta-95341). 

Combining these occurrences and associated dates, the new evidence shows 
that Tapirus veroensis lived in north Florida 11,450 radiocarbon years ago, and 
that Palaeolama rnirifica survived in Florida beyond 12,300 radiocarbon years 
ago. Graham (1992) reported a partial skeleton of Palaeolama mirifica which 
gave "a terminal Pleistocene date," but no precise numbers were reported. At 
present the Florida dates provide the best available terminal records of these 
two extinct species. 

Although we collected these taxa in deposits that produce Paleoindian 
a,-tifacts, we found no discernible evidence of their being hunted or butch­
ered. Furthermore, sister species of these extinct tapirs, as well as sister genera 
of these llamas, persist in South America in areas that were surely inhabited by 
late-Pleistocene humans. This suggests that the effects of climate change, such 
as the sudden severe cooling of the Younger Dryas, did more to devastate 
temperate tapirs and llamas than humans did. 
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Paleoenvironments: Geosciences 

Late-Pleistocene and Holocene Paleoclimate 

Records from the Badain J aran Desert, China 

Li Baosheng, Yan Mancun, Barry B. Miller, and 

Michael] S. Tevesz 

Impressive paleoclimate records have begun to be assembled from Pleistocene 
and Holocene lake deposits throughout China (e.g., van Campo and Gasse, 
1993; Fang, 1991, 1993; Lister et al., 1991). Recently, attention has been 
focused on one of the least-studied areas where extensive records exit. This is 
the desert region of northwestern China near the border with Mongolia 
(Pachur et al, 1995). Preliminary work has indicated that fossiliferous lacus­
trine sediments of the Badain Jaran Desert are particularly rich sources of 
paleoclimatic information. 

The BadainJaran Desert is located in north central China between 39° 20' 
and 41 ° 30' N and 100° and 104° E. The area is bounded on the west by the 
Ruoshui River, on the east by the Yabulai Mountains, on the north by the Muji 
and Guaizi playas, and on the south by the Beida Mountains. This desert has an 
extensive cover of high, active dunes, some exceeding 500 m in height. 
Overall, the desert covers an area of approximately 44,300 km 2. 

About a third of the area covered by the dunes and sand belts of this desert 
is vegetated because of the presence oflocally abundant water. Over 140 lakes 
occupy depressions between dunes in an area of approximately 685 km2 in the 
southeastern part of the desert. The water level in the lakes is controlled 
mainly by groundwater seepage. Although high rates of evaporation have 
made some of these lakes saline, the desert is also characterized by a large 
number of fresh water springs that may be recharged from orographic rainfall 
on mountains immediately to the south and southeast. 
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Preliminary field work in the southeastern Badain Jaran Desert by Dr. Li 
Baosheng, while he was still associated with the Institute of Desert Research, 
Chinese Academy of Sciences, revealed that surface sediments exposed around 
the periphery of at least eight of the Jakes contain a fossil record of both 
mollusks and ostracodes (Figure 1). The deposits range in age from late 
Pleistocene to Holocene. One radiocarbon date on shell carbonate of 
5,190 ± 85 yr B.P. (Ld 102696) from locality 2 (Figure 1) has been determined 
for an assemblage of gastropods that includes five species, Radix cuconorica, 

Succinea e1ythoiphava, Gyraulus sibericus, Radix lagotis, and Lynmaea stagnalis. 

These fossil mollusks provide evidence of higher lake levels in this area of the 
BadainJaran Desert during the Holocene thermal maximum. Additional pre­
served invertebrate fossils from the other seven sites also include the gastropod 
Gyraulus albus, the bivalve Corbicula sp., and the ostracode Limnolythere sp. 
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Figure I. Map showing location of eight study sites (circled numerals) in the southeastern pan of 
the Badainjaran Desert. 

Wet meadowlands surrounding some of the lakes should be suitable for 
obtaining vibracore samples of sufficient length for detailed paleoclimatic 
studies of the Holocene and late-Pleistocene sediment record of this area. The 
diagenetically unaltered and abundant biogenic carbonate should provide 
suitable material for anticipated future detailed oxygen and carbon isotope 
analyses that will supplement the biotic studies. 

We wish to thank Dr. Cheng Deni0t1, Institute of Animal Research, Academia Sinica, for most of the 
molluscan identifications; Mr. Hu Zhiyu. Institute of Desert Research. Academia Sinica, for provid­

ing the radiocarbon date (Ld J 02696); and Dr. Alison J. Smith, Kent State University, for the 

ostracode identification. 
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Pocket Beaches and Oregon Coastal Prehistory 

Leland Gilsen 

Recent studies of the geology of the Oregon coast have shown that there was a 
fundamental change in the landforms that form the beach zone starting about 
7,000 years ago. Before the sea level rise began to stabilize at its current levels, 
the coast was primarily a wide sandy shelf with meandering rivers. The large 
flat coastal plain was probably reflective of the remnant coastal plains of today. 
Komar (1992:10) indicates that the headlands of Oregon segmented the 
formerly continuous shoreline and extended into sufficiently deep water to 
hinder coastal transport of beach sands. A study of the mineralogy of sand 
found on the present-day beaches supports this pattern and is represented by 
a series of pocket beaches separated by headlands. Lyman (1991 :7) noted that 
at the present time 40% of beaches consists of rocky sea cliffs and headlands. 
The data suggest that the current pocket beaches separated by rocky head­
lands formed around 7,000 to 5,000 years ago. 

Current estuaries were deeply cut riverine canyons that opened up onto the 
flat plain. As the sea levels buried these canyons, the drop in water speed 
deposited sediments that produced estuaries. George Priest (pers. comm.) 
indicates that he obtained a radiocarbon date of 9,500 yr B.P. on a peaty 
sample from a drill hole into the base of a Holocene channel at Siletz Bay. This 
peaty sample resembles current salt marsh deposits in the area but is about 150 
feet below sea level. This indicates that sea level had reached the coast at the 
bottoms of Pleistocene valleys by this time. How far seaward headlands 
reached and how much headland habitat existed before or after are not 
known. He cautions that in his opinion although the amount of lithification 
decreases to the west, the relative amount of lithification may not drop signifi­
cantly enough to make a difference until it was close to the lowest sea levels in 
the Pleistocene. 

The stabilization of increasing rocky habitat, however, may have resulted in 
shellfish population increases along the Oregon coast. Before the establish­
ment of large-scale rocky headlands and sea cliffs, there may not have been 
sufficient habitat to support an economy that emphasized littoral resource 
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exploitation. The key is the relative amount of lithification exposed at various
sea levels. 

Additionally, with the submergence of the down-cutting riverine valleys 
came the emergence of estuaries as the outflow energy dropped and sand 
began to be deposited by the rivers. Lyman (1991:7) suggested that the size of 
estuaries is causally related to their biological productivity and that the eco­
logical evolution and size of the estuary and human ecology probably relate to 
each other in some manner. In addition, the productivity of rocky habitat is 
obvious in the archaeological record along the Oregon coast. The vast major­
ity of sites are found in such habitat and relate to shellfish, sea mammal and 
rocky habitat fish exploitation. 

It is possible, indeed probable, that the basic patterns in ecology were quite 
different prior to 7,000-5,000 years ago for the Oregon coast. It is therefore 
not surprising that the archaeological record reflects a terrestrial economy in 
the lowest deposits found in coastal archaeological sites. The changing loca­
tion, changing relative size, and evolutionary development of rocky habitat, 
sea cliffs, estuaries and dune lakes need to be studied throughout sea level 
changes during the Holocene. 
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Geoarchaeological Variability between 

Two Central Iowa Drainage Basins 

Joseph R. Krieg, E. Arthur Bettis III, and Richard G. Baker 

Investigations of the alluvial stratigraphy, chronology and archaeology of two 
small, closely spaced drainage basins near the southern margin of the late­
Wisconsinan Des Moines Lobe in central Iowa have revealed considerable 
variability between the records (Krieg et al. 1997; Van Nest and Bettis 1990). 
The Buchanan Drainage is a short, narrow, steep-sided third-order tributary of 
the South Skunk River. Initial entrenchment and headward expansion oc-
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curred in response to entrenchment and valley widening of the South Skunk 
River valley (Van Nest and Bettis 1990). Episodic headward expansion oc­
curred in the Holocene by seepage and mass wasting processes (Van Nest and 
Bettis 1990). Alluvial fans are absent from the basin, and Holocene alluvial 
and colluvial deposits are stored along the valley margins beneath a single low 
terrace. Buchanan Drainage's archaeological record is dominated by middle­
to late-Archaic artifact types (c. 7,500-3,000 yr B.P.). No late-Paleoindian or 
early-Archaic (c. 10,000-7,500 yr B.P.) artifacts have been recovered during 
archaeological excavations, and few have been identified from collections 
within the valley. 

Erickson Creek, a small fourth-order tributary of the South Skunk River, is 
located approximately 15 km southeast of the Buchanan Drainage. This valley 
is significantly wider and more open than the Buchanan Drainage, and con­
tains several terraces and alluvial fans. Downstream events in the South Skunk 
River valley, more or less contemporaneous with those further upstream in the 
vicinity of Buchanan Drainage, also initiated development of the Erickson 
Creek basin. However, unlike the Buchanan Drainage, initial entrenchment 
occurred within a linked depression (Bettis et al. 1996), and episodic 
headward expansion widened and deepened this preexisting system (Krieg et 
al. 1997). Artifact collections from the Erickson Creek basin contain numer­
ous late-Paleoindian and early-Archaic artifact types. Although present, 
middle- and late-Archaic artifacts are less common than at the Buchanan 
Drainage (Krieg et al. 1997). 

Does this reflect a shift in prehistoric use of these two valleys during various 
periods of the Holocene, or a difference in geological factors that control 
preservation and exposure of the archaeological record? The variability be­
tween the archaeological records is at least partially attributable to geologic 
factors such as deep burial and erosion. Deposits dating to the late 
Paleoindian and early Archaic are present beneath the modern water table 
within the Buchanan Drainage, suggesting that archaeological deposits dating 
to these periods may be present in deeply buried contexts within the basin but 
have not been discovered using traditional archaeological survey methods. In 
contrast, deposits of this age are currently exposed in cutbanks within the 
Erickson Creek basin. Emplacement of culverts near tl1e mouth of the valley in 
the late 1960s initiated an entrenchment episode that progressed up-valley 
and exposed early- and mid-Holocene deposits containing late-Paleoindian 
and early-Archaic cultural horizons. A widespread erosion episode in the late 
Holocene removed much of the mid-Holocene deposits and the middle- and 
late-Archaic artifacts they contained within the lower portion of the Erickson 
Creek valley (Krieg, 1997). During this period aggradation in the lower 
portions of Buchanan Drainage buried and preserved deposits dating to these 
time periods (Van Nest and Bettis 1990). 

Geologic processes cannot be utilized to fully explain all the variability 
between the records preserved within the two valleys. Although much of the 
mid-Holocene stream deposits was eroded from the Erickson Creek basin 
during the late Holocene, alluvial fans within tl1e valley preserve a record of 
episodic alluviation and periods of stability and soil formation throughout the 
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entire Holocene (Bettis, 1990; Krieg et al. 1997). This suggests that middle­
and late-Archaic groups may have favored smaller valleys such as the 
Buchanan Drainage over larger basins such as Erickson Creek during the 
middle and late Holocene (Krieg et al., 1997). However, the projectile point 
typology and chronologic relationships of the Archaic period in central Iowa is 
not well known, and many of the side-notched points tentatively identified as 
early Archaic may in fact be middle- and late-Archaic artifacts (Toby Morrow 
and Dave Benn, pers. comm.). Future archaeological investigations within the 
two basins should address this issue to broaden our understanding of this 
important period in Iowa's history. 

We thank the Erickson, Sesker, Harker, and Griffith families of Cambridge, Iowa, who allowed us to 
conduct investigations on their property. Harold Erickson deserves special thanks for providing us with 
a base of operations, and important background information. We are grateful lo Don Erickson for 
loaning his anifact collection for study. Funding for radiocarbon dates was provided by research grants 
from the Geological Society of America; the Littlefield and Geology Endowment Funds, Department 
of Geology, University of Iowa; the Iowa Geological Survey Bureau; and NSF Grant EAR 93-16391. 
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The Age and Environment of the 

Paleolithic Occupation of Sakhalin Island, 

the Russian Far East 

Yaroslav V Kuzmin, Aleksander A. Vasilevsky, 

Jeanette M. 0 'Malley, and A. J Timothy full 

In 1994-1996, we conducted geoarchaeological research on ancient sites on 
southern Sakhalin Island. The first Paleolithic cultural layer found in situ at 

Yarnslav V. Kuzmin Pacific Institute of Geography, Radio St. 7, Vladivostok 690041, Russia. 

Aleksander A. Vasilevsky Yuzhno-Sakhalinsk Teacher's Training College, Lenin St. 290, Yuzhno­
Sakhalinsk 693008, Russia. 

Jeanette M. O'Malley and A. J. Timothy Juli NSF-Arizona AMS Facility, University of Arizona, 
Tucson, AZ 85721. 



CRP 15, 1998 KUZMIN ET AL . 135 

the Ogonki 5 site, 46° 46' N, 142° 30' E (Vasilevsky 1997), made it possible for us 
to obtain samples of charcoal from a primary sedimentary context. This will 
establish the timing of initial peopling of Sakhalin Island, an important step 
for studying human colonization of all insular Northeast Asia, including 
Hokkaido, Honshyu, Kyushu, Shikoku, and the Kuril Islands. 

Previously, no radiocarbon or paleoenvironmental data had been available 
for the Paleolithic of Sakhalin. Golubev (1983) associated the earliest traces of 
human occupation here with the Ado-Tyimovo site, based on artifact typology. 
Using a stratigraphic correlation with the Japanese Paleolithic, the age of the 
site was provisionally estimated at c. 30,000 yr B.P. (Golubev and Lavrov 1984). 
Later, additional excavations on Ado-Tyimovo revealed a mixture of Pale­
olithic and Neolithic artifacts (Vasilevsky 1996). All other Paleolithic sites, 
such as Takoe 2 and Sokol, were apparently redeposited and already in 
secondary context. 

Prior to 1993, when the Ogonki 5 site was discovered, no solid evidence for 
a Paleolithic occupation of Sakhalin was known. In 1997, we obtained four 
AMS radiocarbon dates for the lower cultural layers(# 2 and 3) of the Ogonki 
5 site. From layer 2b, two 14C values of 19,320 ± 145 yr B.P. (AA-20864) and 
18,920 ± 150 yr B.P. (AA-25434) are in good agreement with each other. For 
layer 3, the 14C dates are 17,860 ± 120 yr B.P. (AA-23137) and 31,130 ± 440 yr
B.P. (AA-23138). The oldest value in this series, c. 31,000 B.P., is of doubtful 
utility. Both layers 2 and 3 contain very similar artifacts (Vasilevsky 1997), and 
such a large difference in age, about 12,000 14C years, without significant
changes in the artifact typology is unlikely. Thus we can estimate the age of the 
oldest Paleolithic layers at the Ogonki 5 site at c. 17,900-19,300 yr B.P .. 

This time interval corresponds to the Last Glacial Maximum in Northern 
Hemisphere. The environment of southern Sakhalin at that time was repre­
sented by open birch-larch forests (Kuzmin 1996). On the adjacent territory of 
the Hokkaido, the eastern part of this island had similar vegetation cover 
(Tsukada 1985: 378), and the western part was covered by dark coniferous 
forests (in original paper by M. Tsukada, by boreal conifer forests). The La 
Perouse (Soya) Strait did not exist at this time, and Sakhalin and Hokkaido 
were connected by a land bridge. This allowed ancient people to migrate from 
the mainland territories such as the Amur River basin, connected with Sakhalin 
by another land bridge at the Tatar Strait, toward the Northeast Asian islands. 

During the period 18,000-20,000 yr B.P., several upper-Paleolithic sites, 
such as Kamishihoro-Shimagi and Shukubai-Sankakuyama, existed on Hok­
kaido (Aikens and Higuchi 1982: 59-63). This may show the intensive human 
migration from the Asian mainland through Sakhalin to the Japanese Islands 
during the Last Glacial Maximum. As for earlier contacts, we do not have strong 
evidence of human movement throughout these territories before this time. 

This study was partly supported by grants from both the U.S. National Science Foundation (grant# 
EAR 9508413) and Russian RFFI (#96-06-80688). 
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Geochronology of Sheriden Cave, Ohio: 

The 1997 Field Season 

Kenneth B. Tankersley and Carol S. Landefeld 

In 1997, a second season of geoarchaeological field work was conducted at 
Sheriden Cave, a Paleoindian site located in the Erie Basin of northwestern 
Ohio. The cave contains a deep stratigraphic sequence of unconsolidated 
early-Holocene and late-Pleistocene deposits (Ford et al. 1996; Hansen 1992a, 
1992b; Holman 1997; McDonald 1992, 1994). As stated earlier in this publica­
tion series (Tankersley et al. 1997:82), the primary research focus at Sheriden 
Cave is to provide a temporal framework for the archaeological record, 
distinguish between natural sedimentary and biological processes and those 
that resulted from human behavior, and determine what human behavior left 
artifacts behind at the site (after Waters 1992). Given the rich stratigraphic 
record, plethora of well-preserved vertebrate skeletal and carbonized plant 
remains, and presence of flaked-stone and bone artifacts, the senior author 
argued that these research objectives were achievable. 

In 1997, an interdisciplinary team exposed and systematically mapped a 2-rn 
standing profile in Sheriden Cave in order to sample, assess, and radiocarbon 
date the stratigraphy and material remains laid open in the profile. Trenches 
were also hand-excavated to a depth of more than 2 rn in the area around the 
cave entrance to permit stratigraphic correlations, identification of facies 
relationships, and help determine the timing and duration of episodes of 
deposition, erosion, and stability inside the cave. 

The unconsolidated late-Pleistocene cave sediments resulted from se-

Kenneth B. Tankersley and Carol S. Landefeld, Department of Anthropology, Kent State University, 
Kent. 01 -1 44242. 
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quences of ponding, drainage, drying, freeze-thaw, ceiling and wall collapse, 
slope wash, and flooding. In contrast, the early-Holocene sediments are exclu­
sively the result of ponding. Four uncalibrated radiocarbon dates have been 
obtained on wood charcoal from the early-Holocene cave ponded sediments: 
9,170 ± 60 yr B.P. (CAMS-24126), 9,190 ± 60 yr B.P. (CAMS-24127), 9,775 ± 70 
yr B.P. (AA-21705), and 10,020± 115 yr B.P. (AA-21706). Nine uncalibrated 
radiocarbon dates have been obtained from the late-Pleistocene strata: 
10,470 ± 70 yr B.P. (AA-21712), 10,680 ± 80 yr B.P. (AA-21710), 11,710 ± 220 yr 

B.P. (PITT-0892), and 13,120±80 yrB.P. (AA-21711) on wood charcoal;and 
10,850 ± 60 yr B.P. (CAMS-26783), 11,060 ± 60 yr B.P. (CAMS-10349), 
11,480 ± 60 yr B.P. (CAMS-12837), 11,570 ± 70 yr B.P. (CAMS-12839), and 
11,610 ± 90 yr B.P. (CAMS-12845) on selected amino acids extracted from 
bone collagen. 

All the excavated cave sediments were subjected to flotation. This proce­
dure resulted in the recovery of burned and calcined bone, a compass graver 
and biface fragment manufactured from Flint Ridge chert, a distal portion of 
an end scraper manufactured from Pipe Creek chert, and a mixture of local 
and non-local microdebitage including flakes of Wyandotte, Upper Mercer, 
Flint Ridge, Pipe Creek, and Delaware cherts. The microdebitage are of the 
same raw materials used in the manufacture of the formal tools documented 
during the 1996 and 1997 field seasons. They were produced from tool edge 
damage, resharpening dulled edges, and tool manufacture. A cervical vertebra 
of a snapping turtle ( Chelydra se,pentina) displaying distinctive cutmarks was 
exposed in situ in the same location that produced a carved, incised, beveled, 
and cross-hachured bone point (Bowen 1995; Tankersley 1997). 

The radiocarbon age determination 10,680 ± 80 yr B.P. (AA-21710) was 
obtained on wood charcoal from the stratum containing the bone point and 
cut turtle vertebra. Presently, it is the single best age estimation for the late­
Pleistocene culture-bearing cave deposits in Sheriden Cave. Radiocarbon 
samples from the underlying stratum suggest that it is also possible that the 
Paleoindian component dates as early as 10,900 and as late as 10,400 
uncalibrated radiocarbon years B.P. Future geochronological data will be 
obtained through a detailed analysis of the sediments, additional radiocarbon 
dating of species-identified wood charcoal, and fluoride dating of bone and 
teeth by ion selective electrode. 

Excavations in the cave also revealed a number of natural pedoturbation 
processes including aquaturbation (inundation and drainage), cryoturbation 
(freezing and thawing), faunalturbation (burrowing rodents, carnivores, and 
owls), floralturbation (fungal growth), and graviturbation (breakdown of the 
cave ceiling and walls). The destruction and removal of sediments in 1990 
prevented investigations ofresidential space use or general location of activity 
areas in and around the cave (Tankersley 1997). Sheriden and its artifact 
assemblage is, however, geologically similar to sinkhole and cave sites that 
have been investigated in northern Florida (Dunbar 1991; Dunbar and Waller 
1992; Dunbar and Webb 1996). It is quite likely that Paleoindian activity and 
land use options in the karstic regions of the Great Lakes were comparable to 
those in northern Florida during the late Pleistocene. 
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The interdisciplinary team includes Robert Brackenridge (Darm10uth College, geologist), Francis 
King (Cleveland Museum ofNau,ral History, paleobotanist), Brian Redmond (Cleveland Museum 
of Natural History, archaeologist), Donald Stierman (University of Toledo, geophysicist), Greg 
McDonald (National Park Service, paleontologist), and Lucinda McWheeny (Yale University, 
paleoecologist). The 1997 field work at Sheri den Cave was funded by a research grant Lo the senior 
author from the National Science Foundation. 
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Late-Pleistocene Dunes along the 

Dempsey Divide, Roger Mills County, Oklahoma 

J Peter Thurmond and Don G. Wyckoff 

139 

Extensive sand sheets and associated dune fields are common along the major 
braided streams crossing the Great Plains and cover much of the northern half 
of Nebraska. These dunes are mostly of middle- to late-Holocene age (e.g., 
Ahlbrandt et al. 1983; Arbogast 1995; Ferring 1995; Holliday 1985, 1989; 
Madole 1995; May et al. 1994; Muhs and Holliday 1995; Muhs et al. 1997; 
Swinehart et al. 1988; Wright et al. 1985). Since 1994, we have been studying a 
dune field in far western Oklahoma that has proven to be considerably more 
ancient. 

The Dempsey Divide is the high interfluve between the North Fork of the 
Red and the Washita rivers in Beckham and Roger Mills counties, Oklahoma. 
A narrow east-west peninsula of basal Tertiary Ogallala Formation, averaging 
8-10 km in width, occupies the crest of the divide in southern Roger Mills
County. The Ogallala Formation outcrop is underlain unconformably by
Permian Period redbeds. The sandy Ogallala elastics have been extensively
reworked into an aeolian landscape of scattered dunes, which vary widely in
size and shape, and internally drained deflation basins. Tributaries of the
North Fork and Washita are actively eroding the edges of this Ogallala outlier,
particularly the steep-gradient Washita tributaries to the north.

A remarkable concentration of late-Paleoindian, late-Archaic and Wood­
land archaeological sites occurs along the divide, particularly along the out­
crop boundary between the Ogallala and the Permian redbeds (Bement and 
Buehler 1994; Buehler 1997; Thurmond 1990, 1991a, 1991b, 1991c, 1997; 
Wyckoff 1992). The contrasting lithology of the Tertiary and Permian units 
produces two distinct landscapes, with different soils, plants and animals. The 
deep, sandy, mollic soils and gentle relief of the Ogallala outcrop support a 
mosaic of forest, brush and tall grass, with a diverse assemblage of small game 
and wild plant foods. The Permian outcrops are characterized by thin, fine­
textured soils under a much lower biomass of short to mid-height grasses, with 
narrow riparian belts of limited species diversity. Shortgrass attractive to bison 
dominates the Permian outcrops. Nearly every stream valley transecting the 
Tertiary/Permian outcrop boundary is spring-fed, as groundwater flows from 
the base of the Ogallala aquifer. Archaeological sites are concentrated along 
the ecotonal edge associated with this outcrop boundary, in proximity to the 
ubiquitous spring-fed streams. Knappable stone is available in gravels lagged 
by the westward erosional recession of the Ogallala Formation. Finally, the 
divide afforded pedestrian hunter-gatherers a ready "gangplank" for travel 
between the Llano Estacada to the west and the Rolling Plains to the east. 

J. Peter Thurmond, Rt. I, Box 62-B, Cheyenne, OK 73628-9729; dempseydiv@aol.com. 

Don G. Wyckoff, Oklahoma Museum of Natural History, University of Oklahoma, 1335 Asp Avenue, 

Norman, OK 73019-0606. 
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In hopes of obtaining data pertinent to a reconstruction of Quaternary 
geomorphic and climatic change on the Dempsey Divide, since 1994 we have 
been documenting and dating paleosols in dunes, upland valley fills and pond 
deposits from the crest of the divide northward to the Washita floodplain. We 
have dated late-Holocene valley fill paleosols in eight locations which superfi­
cially replicate the bimodal Copan/Delaware Canyon paleosol sequence 
(Ferring 1982; Hall 1982, 1990; Hall and Lintz 1984). However, we have also 
documented multiple paleosols at five exposures dating 50 B.C. to A.D. 1,680 
which manifest a roughly 400-year mesic/xeric cycle, with the mesic intervals 
lasting 195 years on average, and the xeric intervals 213 years. Our ongoing 
analysis of marsh, stream and pond deposits dating 9-28 ka B.P., which are 
now 30 m above the modern streams and as much as 2 km beyond the modern 
Ogallala Formation erosion front, indicate the Ogallala boundary on the 
north side of the divide has receded at a remarkable average rate of some 8 m 
per century over the past 28 millennia, and that the landscape immediately 
beyond the erosion front has lowered an average of 15 cm per century. 

The first dune we elated (Trammell Dune #1) is a large linear one (12 m 
high, covering 4 ha, oriented NW-SE) on the Washita floodplain at Cheyenne, 
adjacent to the north bank of the modern river channel. We documented a 
mollic paleosol at the base of the dune, at the same elevation as the modern 
floodplain surface, and three melanized horizons within the dune. We ex­
pected the subdune soil to be early Holocene, and the soils within the dune to 
be late Holocene. The subdune soil dated 22,850 ± 290 yr B.P. (NZA-4069). 
The soils within the dune, representing mesic intervals of dune vegetation and 
stability, dated 18,870 ± 230 yr B.P. (NZA-4081, 1.5 m above dune base), 
14,120 ± 190 yr B.P. (NZA-4082, 2 m above dune base) and 4,670 ± 150 yr B.P. 
(NZA-4083, 2.4 m above dune base). 

Surprised by these elates, we shifted our focus some 15 km to the southwest 
to the crest of the Dempsey Divide to see how the dunes atop the divide 
compared in age. We had also assumed these dunes to be la1·gely of 
Altithermal origin. Olson Dune #1, a linear dune 6 m high, 1.8 ha, oriented 
SSW-NNE, yielded a date of25,970 ± 270 yrB.P. (NZA-5739) from a melanized 
horizon 3 m above the dune base. A date of9,371 ± 97 yr B.P. (NZA-5738) was 
obtained from a second paleosol 4.6 m above the dune base. Next we cored 
Olson Dune #2 (a round dune 4.5 m, 0.4 ha,), 2 km southwest of Olson #1, and 
sampled three melanized epipedons within the dune. The lowest paleosol, 0.6 
m above the base, dated 20,070 ± 340 yr B.P. (NZA-6183). The next one up, 2.8 
m above the dune base, dated 17,520 ± 180 yr B.P. (NZA-6182). The upper­
most soil, 3.7 111 above dune base, dated 10,750 ± 120 yr B.P. (NZA-6181). We 
cored an interdune basin 100 m to the southeast of Olson Dune #2, and 
assayed a date of21,970 ± 210 yr B.P. (NZA-5799) on a 111elanized silt loam 4 m 
below the modern surface. Finally, at Olson Dune #4, a linear dune 1.6 km 
northwest of Olson #1, 3.5 m high, 0.4 ha, oriented SSW-NNE, we dated a 
paleosol 0. 7 111 above the dune base at 17,930 ± 180 yr B.P. (NZA-6198). 

These are not ordinary Great Plains dunes by any measure. The dunes atop 
the divide are quite variable in size, shape and orientation. They tend to be 
widely scattered. Most interesting to us is the fact that the dunes we have dated 
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appear to have been fixed in place for up to 26 millennia, accumulating 
during xeric episodes and stabilizing under vegetation during mesic times, but 
not appreciably moving. There is considerable cementation of the sand by 
carbonates in these dunes, which is not surprising given the Ogallala Fonna­
tion origin of the sand. Carbonate consolidation during mesic climatic inter­
vals is probably responsible for the locational stability of the dunes. Analogous 
carbonate cementation of the soils in the broad areas between the dunes, and 
the patchy distribution of sandy parent material characteristic of the Ogallala, 
are presumably responsible for the wide separation of the dunes. 

The dunes we have radiocarbon dated on and adjacent to the Dempsey 
Divide are far more ancient than prior work on the Great Plains had led us to 
expect. The dune dates are remarkably consistent within our study area, and 
correlate well with the dates for black mat formation in the Trans-Pecos 
Glacial Lake King, east of El Paso (Wilkins and Currey 1997), with high stands 
at Glacial Lake San Augustin, west of Socorro (Phillips et al. 1992) and with 
stream discharge peaks into Glacial Lake Estancia southeast of Albuquerque 
(Allen 1993; Allen and Anderson 1993, 1995). We believe we are seeing 
western Oklahoma expressions of the glacial climatic oscillation well known in 
the north Atlantic (Bond et al. 1997; Dansgaard et al. 1993; Oppo et al. 1998), 
expressed in the southwestern United States as pluvial maxima in the El Nino­
Southern Oscillation (Benson et al. 1996; Heusser and Sirocko 1997; Oviatt 
1997) within an overall pattern of a southward displacement of the southern 
branch of the jet stream (Kutzbach and Guetter 1986; Hostetler at al. 1994, 
Benson et al. 1998). A comparison of the Lake King, Lake Estancia, and 
Dempsey Dune dates (Table 1) appears to support the inference of a 400-year 
pluvial cycle for the region during the Last Glacial Maximum proposed by 

Table l. Comparison of dates of Lake King black mat, Dempsey Dune LCM paleosol, and Estancia 

basin stream discharge peaks. 

Lake King Dempsey Dunes Estancia Basin 
---

17.2 ka 17.2 ka 

17.5 ka 17.6 ka 

17.9 ka 18.0 ka 

19.0 ka 18.9 ka 

19.8 ka 

20.1 ka 20.1 ka 

21.7 ka 

21.9 ka 21.9 ka 

22.6 ka 

22.8 ka 

23.2 ka 

24.7 ka 

26.0 ka 

Phillips et al. ( 1992). The fact that we see the same 400-year mesic/xeric cycle 
in the late-Holocene paleosols of the last two millennia within our study area is 
intriguing and suggests a persistent periodicity in the regional climate that 
manifests itself in both glacial and interglacial times. 
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also suggest that all manuscripts be reviewed by a colleague prior to submission. 

FORM. AND STYLE 

The following are some preferred abbreviations, words and spellings: Paleoindian 
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(or Paleoamerican), archaeology, ca. (circa), yr B.P. (years before present), 
early-, mid-, late- (i.e., early-Holocene), 14C (radiocarbon 14; 16C, etc.), in situ,
et al., pers. comm., CRM (cultural resource management), and AMS or TAMS 
(accelerator mass spectrometer technique of radiocarbon dating). Metric units 
should be used and abbreviated throughout: mm, cm, m, km, ha, m2, etc. 

Numbers should be written out when they start a sentence and when they are 
numbers one through nine (exception: " .. . researchers recovered 20 chop­
pers, 10 burins, and 2 knives"). Numbers greater than nine should be written 
as numerals. All numbers greater than 999, including radiocarbon ages, should 
use a comma (22,000 ± 1,210 yr B.P.; 1,000 years ago; 12,000 mollusks). 

Radiocarbon dates should be expressed in 14C years before present (yr B.P.) 
and should include the standard error and the laboratory number, i.e., 
11,000 ± 250 yr B.P. (A-1026). 

All underlined and italicized words will be italicized in final form. Use of Latin 
or common names is acceptable, but include the name not used in parentheses 
following first usage; e.g., " . .. recovered the dung of the Shasta ground sloth 
(Nothrotheriops shastensis). "If technicaljargon or abbreviations are used, provide 
an explanation in parentheses or use a more common term. 

References cited in the text must adhere to the style guide printed in American 
Antiquity, 48 (2) :429-442; this facilitates the editing for style used in CRP. 
Citations used in the text are as follows: " ... according to Martin (1974a, 
1974b) ," " ... as has been previously stated (Martin 1974; Thompson 1938)." 

Crosscheck all references with the original work-this is where most problems 
occur. CRP editors are not responsible for reference errors. 

Use active voice when possible. Passive voice often lengthens a manuscript 
with additional, unnecessary verbiage. Use 'The research team recovered the 
artifacts in 1988," rather than "The artifacts were recovered by the research 
team in 1988." 

ILLUSTRATIONS 

We will accept tables that a) will fit on half a page, b) are legible at that size, and 
c) are submitted as aPMT. We will not accept tables and graphics submitted only
within the manuscript or on disk. When possible, materials normally placed in
a small table should be included in the text. One figure is permitted; please
submit a black-and-white PMT or glossy print with manuscript title and author
on back. Photocopies are not acceptable quality for reproduction. Figures must
be cited in the text, e.g., " .. . as can be seen in Figure l," " .. . as is illustrated
(Figure l)." Artwork will not be returned.

All lettering on the figure should be mechanical or dry transfer (no hand 
lettering). Authors should check the figure prior to submission to assure that 
all lines and letters are clear and legible. CRPeditorial staff and printer are not 
responsible for reduction quality or figure retouching. 

DEADLINES 

Manuscripts must be postmarked by February 15, 1999. Since acceptance 
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criteria include order of receipt, we strongly suggest you submit your manu­
script as early as possible. 

Please send two hard copies to: 

CRP Editor 
CSFA/355 Weniger 
Oregon State University 
Corvallis, OR 97331-6510 

Manuscripts submitted from outside North America should be sent express 
mail or first-class air mail. 
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General Index 

13C 111 
14C 52-53, 59, 69-72, 101-102, 117, 

127,135 
Abies See fir 
accelerator mass spectrometry (AMS) 

12-13, 17, 21, 26, 33, 38, 40-41,
52-53, 59-61, 63, 71, 97-98, 101-
102, 109-110, 117, 127-128, 135

Adams site 61 
Ado-Tyimovo 135 
adze 17, 49, 89-90 
aeolian 1, 60-61, 111, 139 
African elephant (Loxodonta 

africana) 33, 105, 117 
agate 53 
Agate Basin 4, 18-19, 23, 59 
Agate Fossil Beds National Monu-

ment 42 
Aggie Brown member 110 
Agropyron smithii See Western 

wheatgrass 
Agua Fria 35 
Aguascalientes 123 
Alamogordo, New Mexico 1 
Alaska 21, 122, 124 
Alberta 6-7, 12-13 
Alberta-Complex 6, 63 
Albuquerque 141 
Alces alces See moose 
Alder complex 73-74 
Alibates See chert 
Alkali Valley 60-61 
alligator 127 
alluvial fan 2 
alluvial terrace 10 
Alticola See vole 
Altithermal 140 
Ambrosia-type See ragweed 

151 

American giant beaver ( Castoroides 

ohioensis) 102 
American horse (Equus neogeus) 71 
American Isoetes macrospora See 

quillwort 
American lion (Panthera leo atrox) 65 
American mastodon (Ma1n1nut 

americanum) 16-17, 26, 33, 50-
51, 65, 105-106, 115-118, 122-123 

American robin ( Turdus migratorius) 

104 
amphibians (tetrapods) 31, 101-

102 
AMS See accelerator mass spec-

trometry 
Amur River 135 
Anas See duck 
Anatidae See duck 
Andes 25, 71-72 
Andropogon scopa.rius See bluestem 
Androscoggin County 58 
Anseriformes See duck 
antler 49, 80 
Anzick site 53 
Arctodus simus See giant short-faced 

bear 
Argentina 81 
Arizona 21, 52 
armadillo (Dasypus bellus) 65 
Arredondo 49, 104 
Arroyo Amajac 123 
Artemisia See wormwood and 

sagebrush 
Asia 105, 135 
Asian elephant (Elephas rnaxirnus) 

105 
atlatl 49 
Aucilla River 16-17, 48, 116-117, 
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120-121, 127

Ayacucho 11

Badain Jaran 129-130 
Baldy Hill 77-78 
Barton Gulch site 73 
basalt 36 
bass (Centrarchidae) 121 
bat 102 
bear (Ursussp.) 48, 65,102,127 
beaver ( Castor canadensis) 4, 51, 

102, 117 
Behrensmeyer stage or scale 25 
Belize 55-56 
Benz site 62-63 
Beringia, Beringian 124-125 
Betula See birch 
biface 4, 7, 10, 13-14, 17, 30-32, 

45-46, 49, 56, 67, 73-76,82-89,
137

Big Bend 116 
Big Eddy site 39-40 
Big Hom County 53 
Bignell loess 37 
birch (Betula) 97-99, 125, 135 
Birge Bog 100 
Bison sp. 

B. antiqu u.s 42 
B. bison 44, 119

black bear ( Ursus americanus) 65 
Black Belt 65 
Black Hills 87, 113 
black mat 141 
black spruce (Picea mariana) 99 
Blackwater Draw 78 
blade, blade tool 6, 8, 14, 38, 45-

47, 50, 67, 82, 84, 91 
Blarina brevicauda See short-tailed 

shrew 
blue grama grass (Bouteloua gracilis) 

96 
bluestem (Androf,ogon sco/Jatiu.s) 96 
Bobtail Wolf site 75 
bog lemming (Synaptomys) 102 
bog 89, 100 
Bois Brule River 97 
Bolen 49 

152 

Boles Wells 1-2 
Bonasa umbellus See ruffed grouse 
bone pin 49 
Boothe1imn bombifrons See Harlan's 

musk ox 
Bos See cow 
Bostrom site 55-56 
Bouteloua gracilis See blue grama 

grass 
Brady soil 37-38, 70 
Bronze Age 52-53 
Brule 97-98 
Buchanan Drainage 132-134 
Buchloe dactyloides See buffalo grass 
buffalo grass (Buchloe dactyloides) 96 
Bufo See toad 
butchering 4, 7, 17, 26, 42-43, 75-

76, 121, 128 
Butte Creek 61 
Buzzard's Roost paleosol 113 

cache 4-5, 8, 12-15, 53, 86-88 
Caddoan 96 
Caliche 1-2 
California 30-31, 104 
Calumet 19 
camel (Camelopssp.) 119-120, 122 
Camelops cf. hes/emus See 

Yesterday's camel 
CAMS 101-102 
Canadian River 28 
Canis Jamiliaiis See domestic dog 
Canis lupus See gray wolf 
carbon, carbonate 110-111, 130, 

136, 141 
caribou (Rangifer tarandm) 125 
carrion flower (Smilax sp.) 113 
Cascade County 53-54 
Castoroides lwnsasensis See giant 

beaver 
Castoroides ohioensis See American 

giant beaver 
Cathartidae See vulture 
cedar (Cupressaceae) 97 
reltis See hackberry 
Central America 55-56, 84 
Central Plains 37-38 
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Cenu-al Valley 31 

Centrarchidae See bass 

ceramics 35, 37, 92, 119 

Cervalces scotti See elk-moose 
Cervid, Cervidae See elk 
Cemus sp. See elk 

Cervus canadensis See elk 
chalcedony 2, 8, 36, 91 

channel flake 1-2, 54, 78, 80 
charcoal 12-13, 15, 17, 21, 30, 36, 

40-41, 43, 46, 52-53, 61-63, 71-
72,90,97, 101,135,137

Chelydra serpentina See snapping 
turtle 

chenopods (Chenopodiaceae) 113 
Cherry Ridge 23 

chert 
Alibates 5, 8, 27-28, 77 

Bayport 23 
Boone 27 
Burlington 46 
chalcedony 2, 8, 36, 91 
Delaware 137, 140 

Edwards 2, 5, 77-78 
Flint Ridge 137 
Fossil Hill formation 89 
gray fossiliferous (Plattsmouth) 

38 
gray-tan 18, 21 

Horse Mountain 60 
Jefferson City formation 41 
Madero 8 

Moline 19 
Onondaga 23 
Permian 139 
Pipe Creek 137 
Plattsmouth See gray fossiliferous 

chert 

Prairie du Chien (PDC) 18-19 

Rancheria 2 

red 23 
Salem/St. Louis 46 
San Andres Formation 77-78 
Shell 53 
Tiger 86 
Upper Mercer 137 

Wreford 38 
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Chesterfield 45 

Chile 71-72, 81-82 
China 129-130 
chopper 25 
Ciconiiformes See vulture 
Cimarron River 77-78 
Claypool site 7-8 
Clovis 13-19, 41, 45-47, 60-61, 64, 

67-68, 80, 84-88, 116
Coastal Plain 10, 104, 131 
Coats-Hines site 51 

cobble 32-34,41, 48, 84-85 
cocklebur (Xanthiurn sp.) 117-118 
Cody complex 1-2, 6, 8, 18-19, 58-

59, 63 
Cody knife 6-8, 18 

collagen 21, 26, 101-102, 110, 115, 

127, 137 
Colombia 56 
Colorado 4-5, 7-8, 35 
Colorado River 35 
Columbian mammoth (Nla1mnuthus 

coluinbi) 48, 106, 110, 115, 117-

118, 127 
Composite family (Compositae) 53, 

91, 113 
Cooper site 12-13, 75-76 
Cooper's Ferry 12-13 
Corbicula sp. 130 
core tool 21-22, 84-85, 89, 97-99 
Costa Rica 84-85 

cottontail (Sylvilagus sp.) 61, 119 

cow (Bos) 76 
cranium 115 

creeping cucumber (Melotlnia 

pendulata) 11 7 
crested blade 46-47 
Crook County 86-88 
cryoturbation 137 
cryptocrystalline 52, 91 

crystal 10, 115 
Cucurbita pepo See gourd 
Cueva Bat10 Nuevo 71 
Cueva de! Medio 82 
Cupisnique 10 
Cupressaceae See cedar 
cypress ( Taxodium sp.) 117 
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Dasypus bellas See armadillo 

DB site 37-38 
deer ( Odocoileus sp.) 44, 102, llO, 

ll7 
deer mouse (Peromyscus maniculatus) 

102 
Dempsey Divide 139-141 
Dempsey Dune 141 
Denali complex 21 
Denver 42 
Des Moines Lobe 132 
Devil's Lake 99-100 
Devils Park 36 
Dietz site 60-61 
Diuktai 21, 125 
dolomite 27-28, 51, 101-102 
domestic dog ( Canis fmnilictris) 113 
Douglas County 14, 97 
Dry Creek site 125 
Dry Gulch site ll4-ll6 
Dryopteris-type See Goldie's fern 

and shield fern 
duck (Anatidae, Anseriformes, 

Anas) 61 
Duvanny Yar 124-125 
Dyuktai See Diuktai 

Eastern chipmunk ( Tamias stria/us) 

102 
Eastern gray squirrel (Sciurus 

carolinensis) l 02 
East Wenatchee/Richey site 14-16 
Ecuador 11 
Eden site 6, 8, 18 
elderberry (Sambucus sp.) 
elephant (Proboscidian) 

107, 114-118 

117 
33, 105-

Elephas rnaxirnus See Asian elephant 
El Inga 11, 56 
ElJobo 25 
elk ( Cervus sp.) See also wapiti 65, 

76, 102, 117, 125 
elk ( Ce,vus canadensis) 65 
elk-moose ( Cervalces scotti) 102 
elm ( Ulmus) 97-99, 113 
El Vano 25-26 
end scraper 45-46, 137 

154 

Equus sp. 
E. Jratemus 127
E. scotti 102
E. neogeus See American horse

Erethizon dorsatum See porcupine 
Erickson Creek 133-134 
Erie Basin 136 
Eufaula Dam 27-28 

Falcon 26 
felsite 8 
femur 25, 103 
Fenn cache 88 
Finley 8 
fir (Abies) 4, 6, 11-13, 25-26, 30-

31, 33, 38, 46, 57, 65, 67-68, 73, 
82,85, 92, 95, 103-104, 107,111, 
113, 119-122, 125, 134, 140 

fisher (Martes pennanti) 102, 105, 
115 

fish hooks 49 
flamingo (Phoenicopteridae, 

Phoenicopteriformes) 119 
flat-headed peccary (Platygorl'Us 

compressus) 102 
Flesherton 23 
Flint Hills 38 
Florida 16-17, 48-49, 56, 104, 116, 

118, 120, 122, 127-128, 137 
flotation 101, 137 
Folsom 1-2, 35-38, 42-44, 75-78 
foreshaft 17, 49, 83 
Forestry Bog Lake 100 
Forsyth Creek 69 
Fort Bliss 2 
Fort Leavenworth 37 
Fort Riley 69 
Fort Union 110 
Fossil Hill 89 
fox (Vulpessp.) 102 
frog (Rana spp.) 64, 102 

Gainey complex 41, 80 
gastropods (Succinea) 44, 60, 113, 

130 
Geornys sp. See pocket gopher 
Geom:ys bursmius See plains pocket 
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gopher 

Georgian Bay 89 

giant beaver ( Castoroides kansasensis) 

102 
giant short-faced bear (Arctodus sirnus) 

102 
Gilbert Bog 100 
Gilman Canyon formation 113 
Glacial Lake San Augustin 141 
Glaucomys sabrinus See Northern 

flying squirrel 
glyptodont ( Glyptodon sp.) 26 
Goldie's fern (Dryopteri!rtype) 97, 99 

Gothenburg member 113 
gourd ( Cumrbita j1epo) 117-118 
Graham Cave 40 
Gramineae See grasses 
graminoids (Poaceae) 65, 111 
grape (Vitussp.) 17, 117-118 
grasses (Gramineae) 95-96, 99, 

113, 117, 139 
grasslands 65 
graver 46-47, 137 
gray wolf ( Canis lupus) 102 
Great Basin 60-61 
Great Lakes 18, 20, 23-24, 80, 90, 

97,137 
Great Plains 58, 70, 95, 139-141 

Greely County 112 
Green Lake 19 
Green River 86-87 
ground penetrating radar 

(GPR) 49 
ground sloth (Mylodon sp. and Scelid­

othe1iurn sp.) 48, 71, 81-82, 117 
ground squirrel (Spermophilus sp.) 

65, 113 
Guaizi playas 129 
Guardiria site 84-85 
Gulf Coast 104 
gypsum 115 
Gyraulus albus 130 
Gyraulus sibericus 130 

hackberry ( Celtis) 113 
Hamilton 23, 49 
hammerstone 17 

155 

Hancock Hill 38 
Hanson site 75 
Hardaway 49 
hare (Lepus sp.) 61, 102, 113 
Harlan's musk ox (Bootheri-um 

bombifrons) 65
Hartville Uplift 87 
Hawk's Nest 79-80 
hearth 15, 21, 30-31, 62-63, 69-70 
heather vole (Phenacomy intemiedius) 

102 
heat spalling 38 
heat-treating 92 
Hell Gap 4-5, 18, 23 
Hell site 19 
hematite 87 
Hemiauchenia sp. See camel 
Hendrix scraper 49 
High Plains 107 
Hippidion saldiasi 81 
Hiscock site 32-34 

Hixton 18-19 
Hokkaido 135 
Holcombe 23 
Holloman Air Force Base 1-2 
Honshyu 135 
Horner site 6-8 
hornfels 8 
horse (Eqwus sp.) 43-44, 48, 52, 60, 

65, 71, 81-82, 113, 117, 119-120, 
122, 124-125, 127 

Horse Mountain 60 
Huanta 11 
Hudson-Meng 6 
humerus 26, 102-103, 113 
hydrology 65, 121 

Idaho 12, 104 
Illinoian 113 
Illinois 18, 79 
imperial mammoth (Mmmnuthus 

irnj1erator) 109, 115 
Inner City Angels 23 
interglacial 141 
Iowa 18,132,134 
ivory 13, 16-17, 21, 33, 49-50, 105, 

107, 117 
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jack pine (Pinus banksiana) 97-99 
Jackson County 18 
jasper 5, 8, 52 
Jaywamachay Cave 11 
Jefferson County, Montana 18-19, 

120 
Jefferson's ground sloth (Megalonyx 

jejfersonii) 48, 65, 117, 127 
Johnson scale 25 
Jones-Miller site 4 
juglans See walnut 

Kamishihoro-Shimagi 135 
Kansas 4-5, 37, 69, 95-96 
Kansas River 69 
karst 48-49, 137 
Kennewick Man 67 
Kenosha County, Wisconsin 19 
Keokuk 27 
Keweenaw Peninsula 97 
key deer ( Odocoileus virginianus cf. 

clavium) 102, 117 
Kimball Creek 103 
Kimball ground squirrel (Spermophi­

lus himballensis) 113 
Kirk 49 
knife 6-8, 18, 30-31, 38, 42, 74-76, 

82, 87 
Knife River 8, 19, 62 
Kolapore Uplands 89-90 
Kootenai formation 53 
Kuril Islands 135 
Kyushu 135 

La Cumbre 11 
Ladyville 55 
Lagomorpha See also rabbit and 

hare 102 
lagoon 55 
Laguna de El Salitre 122 
Lake Estancia 141 
Lake Ilo Natl. Wildlife Refuge 75 
Lake King 141 
Lake Ontario 23 
Lake Simcoe 23 
Lake Superior 98 
Lake Theo site 8 
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Lake Winnebago 20 
Lama (Viwgna) gracilis 96 
Lamanai 55 
Lamb Spring 8 
llandform 131 
landsnails (Seu.talus sp.) 10 
La Perouse 135 
Lara 25 
larch (Larix) 97-99, 108 
Largo 35 
Larix See larch 
Larson Cache 8 
Last Glacial Maximum 111, 124, 

135, 141 
Latvis/Simpson site 116-117 
Leonard paleosol 62, 110 
Leporidae See rabbit 
Lepus aml!licanus See snowshoe 

hare 
Levallois 52 
limestone 17, 48, 51, 70, 127 
Lirnnocythere sp. 130 
Lind Coulee 12 
Lindenmeier 75 
Linger 44, 75 
Linton 23 
Little River Rapids 48, 127 
lizard 102 
llama (Hemiauchenia sp.) 127-128 
Llano Estacado 77-78, 139 
Loltun Cave 123 
Louisiana 103 
Loveland loess 113 
Love Terrace 98 
Lowe-ha 56 
Loxodonta africanus See African 

elephant 
Lubbock, Texas 107-108 
Luna 26 
Lymnaea stagnalis 130 

lvlaclura pomifera See osage orange 
Madden Lake 56 
Madina 23 
Madison formation 53, 87 
Maine 58 
mammoth (Mam:rnuthus) 
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M. colmnbi See Columbian

mammoth
M. irnperator See imperial

mammoth
M. jeffersonii 48, 65 
M. primigenius See woolly

mammoth
!Vlaminut americanwn See American

mastodon
mandible 102, 119, 122-123, 127
Manitoba 7
marmot (lVIarmota inonax) See 

woodchuck 
Marquette rhyolite 19 
Martens site 45, 47 
JVIaites americana See pine martin 
Martes penn.anti See fisher 
Mary Lake 98, 100 
masked shrew (Sorex cinereus) 102 
mastodon (Mammut arnericanuin) 

16-17, 26, 32-33, 50-51, 105-106,
115-118, 122-123

Mayan 55 

McConnell site 24 
MCR See mutual climatic range 
Mead 60 
meadow vole (JVIicrotus pennsylvanicus) 

102 
Medicine Lodge 8 
Megalonyx jeffersoni See Jefferson's 

ground sloth 
Megathere (Eremotherium rusconni) 

25-26
JVIeleagris gallopavo See turkey 
M .elothria pendulata See creeping 

cucumber 
metatarsal 117 
Mexico 55, ll8, 122-123 
Michigan 97 

microblade 21-22 
Microtus sp. See vole 
Microtus 

M. rnontanus See montane vole
M. pennsylvanicus See meadow

vole
microwear 73-74, 90, 107-108 
midden 10-11, 52 
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Middle Woodland 37 
Midland site 1-2, 18-19, 35-36 
milling slab 30 
Mill Iron 13 
Milwaukee 18-19 
Minas Anaya 123 
mink (Mu.stela vison) 102 
Minnesota 18 
Mississippi 39, 65, 87 
Mississippi River 15, 32, 97 
Missouri 39, 45 
Missouri River 37-38, 45 
Mitchell 75 
Mockingbird Gap 116 
molar See tooth 
mole ( Scalopu.s) 119 
mollusc 130 
Mongolia 51, 129 
Montana 53-54, 109-ll0 
montane vole (Microtus montanus) 

ll3 
Monte Verde 64 
Moorefield 27 
moose (Alces a.lees) 80 
mouse (Peromyscus sp.) 102 
Muaco 26 
mud/musk turtles (Kinosternidae) 

121 
Muji 129 
Museum of tl1e Rockies 110 
muskrat ( Ondatra zibeth.icu.s) 48, 

102, 107-108, 117, 127 
Mustela vison See mink 
Mylodon sp. See ground sloth 
Mylodontidae See sloth 
Mylohyus nasutus See long-nosed 

peccary 
Myotis cf. M. septentrionalis See 

Nortl1ern bat 

Nebraska 5, 7, ll2-ll3, 139 
Nenana complex 21, 124-125 
New Mexico 1, 7-8, 35-36, 42, 77-

78, 114 
New River Lagoon 55 
New York 24, 32, 82 
Nezinscot River 58 
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niobrara 5 

North Dakota 7, 19, 62 
Northern bat (Myotis cf. M. Septentri­

onalis) 102 

northern bog lemming (Synaptornys 

borealis) l 02 

Northern flying squirrel ( Glaucornys 

sabrinus) 102 

North Fork 139 
North Plains 63 

North Slope 25 
Norton Bone Bed site 50, 96 
Nuevo Leon 123 

Oahe formation 110 

oak ( Quercus) 31, 97-99, 113 

oak savanna 31 

obsidian 36 

Ochotona See pika 

ochre 13, 86-88 
Odocoileus sp. See deer 

0. virginianus See white-tailed 
deer 

0. virginianus cf. clavimn See key 

deer 
Ogallala formation 77-78, 139-141 

Ogonki 135 
Ohio 20, 24, 101, 136 

Oklahoma 4-5, 8, 27-28, 95, 139, 

141 

Ondatra zibethicus See muskrat 

Onondaga escarpment 23 

Ontario 23-24, 89 
opal phytoliths (plant silica bodies) 

95 
Oregon 60, 131-132 
osage orange (Madura pornifera) 113 

ostracod ( Candona sp.) 130 

ostrich 52 

Ouachita Mountains 27 

Ozark 27 

Padre Canyon 2 
Page-Ladson site 127 

Paijan 10-11 

Palaeolaina rnirifica See stout-legged 

llama 

158 

paleosol 39-41, 48, 62-63, 110, 
113, 127, 140-141 

Pali Aike Cave 81, 83 
palynology 52, 98, 119 

Pampa 10 
Pampa de los F6siles 10 
Panthera leo atrox See American lion 
Pararnylodon harlani 65 

Parkhill complex 90 

passerine birds (Passeriformes) See 

perching birds 
Patagonia 11, 71-72 
peat 32, 97, 99, 116-117, 127 
pedogenesis 60, 69 
Peoria loess 37, 113 

perching birds 103-104, 113 
Perissodactyla See tapir 

Permian 139 

Perornyscus maniculatus See deer 
mouse 

Perry County 50 
Peru 10-11 

Phenacomy intemtedius See heather 

vole 

Phoenicopteridae, Phoenicopter-

iformes See flamingo 

Picea See also spruce 

Picea rnariana See black spruce 
Pierre shale 43 
pigmy shrew (Sorex hoyi) 102 

pika ( Ochotona) 52 
pine (Pinus) 97-100, 102, 113-114 

P. banksiana See jack pine

P. resinosa See red pine

P. strobus See white pine

pine martin (Martes arnericana) 102 

Pinus See pine 
Piura 11 

plagioclase 91 

Plainview 1, 18-19, 38, 55 

Plainville Valley 23-24 

plains pocket gopher ( Geomys 

bursarius) 65, 113 
Plano tradition 24, 53-54 
Platygonus compressus See flat­

headed peccary 

playa 60 
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Poaceae See grasses 

pocket gopher ( Geomys sp.) 113 
point 

Alberta 6-7, 12-13, 62-63 
Allen 50, 107, 141 
biface 4, 7, 10, 13-14, 17, 30-32, 

45-46, 49, 56, 67, 73-76, 82-89,
137

bipointed 75 
Cascade 53-54 
Chindadn 124--125 
Clovis 13-19, 41, 45-47, 60-61, 

64, 67-68, 80, 84--88, 116 
Cody 1-2, 6-8, 18-19, 58-59, 63 
concave-base 87 
Dalton 37, 40-41, 90 
dart 63 
early Archaic 17, 133-134 
early stemmed 12-13 
Eden 6,8, 18 
Eljobo 25 
fish-tail 10-11, 56, 82, 84 
fluted 1, 10-11, 13-14, 16, 18, 

32,35,38,40-43,45-47,49,53-
55,58, 64--65, 79-80,82, 84, 87, 
90 

Folsom 1-2, 35-38, 42-44, 75-78 
Great Basin 60-61 
Hell Gap 4--5, 18, 23 
Hi-Lo 23 
Hidalgo 122-123 
Holcombe 23 
Midland 1-2, 18-19, 35-36 
Packard 41 
Pinto 30-31 
Plainview 1, 18-19, 38, 55 
preform 1-2, 10, 17-18, 27, 35-

36, 41, 45-46, 49, 78-82, 87, 89 
reworked 1,5, 7, 15, 23, 25, 38, 

74, 78,87, 92,100,127,139 
Sandia 68 
San Patrice 40-41 
Scottsbluff 6-8, 62-63 
side-notched 134 
Simpson 17 
stemmed 11-13, 49, 55, 60-61, 

73-74

159 

Suwannee 17 
unifacial 14, 25-26, 30, 47, 75-

76, 85 
Western stemmed 30, 60-61 
Wilson 109 
Windust 13 

pollen 44, 65, 97-100, 113-114, 
121, 124--125 

Pomme de Terre Valley 39 
porcupine (Erethizon dorsaturn) 102 
post-glacial 98 
prairie dog ( Cynornys sp.) 113 
pressure flaking 82 
Primoriye, Primorye, Primorie 91-

92 
prismatic blade 14 
Proboscidean See elephant 
Procellariiformes 103 
Procyon See raccoon 
Pseudernys 127 
Puebla, Mexico 123 
Puente complex 11 
Purdy 49 

quarry 18-19, 28, 62, 76 
quartz, quartzite 8, 10, 23, 26-27, 

42, 52, 91-92 
Quaternary 104, 110, 140 
Quebrada Santa Maria 10-11 
Quemado Lake 35-36 
Quercus See oak 

rabbit (Leporidae, Sylvilagus sp.) 
61, 102, 119 

raccoon (Procyon) 102, 117 
radius 53-54, 61, 105 
Radix cucono1ica 130 
Radix lagotis 130 
Ragland 77-78 
ragweed (Arnbrosia-type) 97-100, 

113 
Rana spp. See frogs 
Rangifer taranclus See caribou 
red fox ( Vulpes vulpes) 102 
red ochre 86-88 
red pine (Pinus resinosa) 97, 99-100 
Red River 6 
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red squirrel ( Tamiasciurus hudsonicus) 

102 

Red Wing site 89-90 

Reed Springs 27 
reindeer See caribou 
Restrepo 56 
Reventazon 84 
rhyolite 19, 36 
rib 25-26, 71, 115, 117 
Rice Lake 23 
Richey Clovis cache 14-15 
Rideau Lakes 23 
Riley 69, 96 
Rio de Virgene 123 

Rockies 110, 113 
Rocky Run Road Channel Lake 98-

99 
rodents (Rodentia) 52, 102, 137 
Rodgers 40 
Roger Mills County 139 
Rolling Plains 139 
Romer's Rule 29, 31 
Ruby River 73-74 

ruffed grouse (Bonasa urnbellus) 

103-104
Russia 52, 91, 134 

Sacramento Mountains 77 
Sac River 39-40 
sage (Arternisia) 61, 97-99 
sagebrush 60-61 
Sakhalin 134-135 
Salmon River 12-13 
Salt Creek 37-38 
Sarnbucus sp. See elderberry 
San Andres formation 77-78 
Sand Hill 55 
Sandhill site 98, 100 
San Miguel Tocuila 118 
San Pedro Candelaria 123 
Santa Cruz province, Argentina 81 
Santa Maria 10-11 
Saskatchewan 7 
Savanna 31 
Scalopus See mole 
scanning electron microscopy 

(SEM) 92, 108 

160 

Scelidotheriurn sp. See ground sloth 
Schreger pattern 105-106 
Sciuridae See squirrel 
Scott's moose See elk-moose 
Scottsbluff 6-8, 62-63 
scraper 12-13, 25-26, 42, 45-47, 

49,52,82,85, 137 
ScutaZ.us sp. See landsnails 
sedges (Cyperaceae) 97-100 
SEM See scanning electron 

microscopy 
Sheboygan 19 
sheep 125 
Sheriden 101, 136-137 
shield fern (Dryopteris-type) 97-99 
Shikoku 135 
short-faced bear See giant short­

faced bear 
short-tailed shrew (Blarina brevi-

cauda) 102 
shrew 102 
Shukubai-Sankakuyama 135 
side scraper 45-4 7 
Sierra de Barbacoas 25 
Siletz Bay 131 
Silver Mound 18 
Simcoe Lowlands 23 
sink hole 16, 117-118, 137 
skull 102, 112-113, 118-119, 127 
skunk 132-133 
Skunk River 132-133 
Skyrocket site 30-31 
sloth (Mylodontidae) 16-17, 48, 

82, 117, 127 
Sloth Hole 16-17, 127 
Smilax sp. See carrion flower 
Smith Creek Cave 13 
snail 113 
snake 102 
snapping turtle ( Chelydra serpentina) 

101-102, 137 
snowshoe hare (Lep-us arnerica.nus) 

113 
Sokol 135 
Solutrean 67-68 
Sorex cinereus See masked shrew 
Sorex hoyi See pigmy shrew 
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South Fork Shelter llO 

Southern High Plains 107 
Soya Strait 135 
Spennophilus sp. See ground 

squirrel 
S. elegans ll3
S. kimballensis See Kimball

ground squirrel
S. tridecemlineatus See thirteen-

lined ground squirrel
spiderwort ( Tradescantia sp.) ll3 
Spring Creek llO 
spruce (Picea) 97, 99-100 
squirrel (Sciuridae) 102 

Sciurus sp. See tree squirrel 
S. carolinensis See Eastern gray

squirrel
Tamiasciurus hudsonicus See red 

squirrel 
St. Croix Spillway 97-98 
St.Johns 40 
St. Lawrence 23, 97 
St. Louis County 46 
stagmoose See elk-moose 
Stevens Point 98 
Stewart's Cattle Guard 75 
Stockton 30 
stout-legged llama (Palaeolarna 

rniri.fica) 127-128 
Succinea See gastropods 
sunfish 121 
Superior ice lobe 97 
Suwannee 17, 49,127 
Swan Point 21-22,.125 
Sylvilagus sp. See cottontail 
Symbos cavifrons See woodland musk 

ox 
Synaptomys sp. See bog lemming 
Synaptornys borealis See northern 

bog lemming 

Taima-Taima 26 
tamarack See larch 
Tarnias striatus See Eastern 

chipmunk 
Tamiasciurus hudsonicus See red 

squirrel 

161 

tapir (Tapirusspp.) 48, 65, ll7, 
127-128
T. califomicus 104
T. veroensis 48, ll7, 127-128

Taxodium sp. See cypress 
Taylor site 4 
Tecovas 75, 77 
Tennessee 50-51 
Tennessee River 50-51 
Tequixquiac 123 
tetrapods See amphibians 
Texas 5, 7-8, 27-28, 78, 107 
Texcoco 118 
thirteen-lined ground squirrel 

( Spermophilus tridecemlineatus) 65 
tibia 26, 70, llO, ll 7 
Tim Adrian site 4-5 
TL See thermoluminescence 
toad (Bufo sp.) 102 
toolstone 1-2, 19, 27, 77-78, 89-90 
tooth 50, 95-96, 105, 107-108, 

122-123, 127, 137
Tradescantia sp. See spiderwort 
Trans-Pecos 141 
tree squirrel (Sciurus sp.) 102 
trillium ( Trillium sp.) ll3 
Trull site 50-51 
Tsagaan Agui See White Cave 
Tucker 60-61 
Tucumcari 77-78 
Tuis Rivers 84 
Tularosa 1-2 
Tunica Hills 103-104 
Turdus -migratorius See American 

robin 
turkey (Meleagris gallopavo) 65, 103 
Turrialba 84 
turtle (Kinosternon sp.) 85, 101-

102, ll 9, 121, 137 
tusk 33, 50, 105-106, ll4-ll 7 

U.S. Bureau of Land Management 
12 

Ul-mus See elm 
ulna 26, 103 
Ultima Esperanza 81 
ultra thin biface 75-76 
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Ulus 76 

unifacial 14, 25-26, 30, 47, 75-76, 
85 

University of Arizona 21, 52 
Upper Mercer 137 
Ursus arnericanus See black bear 
Ustinovskaya culture 91 

Varney Farm 57-59 
Venezuela 25-26 
Villa Hidalgo 122 
Virginia 37, 104 
Vit-us sp. See grape 
volcanic rock 26 

volcanic tuff 10 
vole (Microt-us sp.) 52, 102, 113 
V-ulpes vulpes See red fox
vulture 103

Wacissa River 127 
walnut (juglans) 113 
Walsh cache 4-5 

wapiti See also elk 125 
Washington 14, 67 

welded tuff 75 
Wenatchee 14-16 
Western Valley 50 
Western wheatgrass (Agropyron 

smithii) 96 
White Cave (Tsagaan Agui) 51-53 
white pine (Pin-us·strobus) 97, 99-

100 
white-tailed deer ( Odocoileus 

virginianus) 102, 11 7 

162 

Wild Horse Arroyo 43-44 
Wind River 87 
Wisconsin 18-20, 65, 97-99 
Wisconsinan 113, 118 
Wolbach 112-114 
woodchuck (Mmmota inonax) 102 
Woodfordian 27, 105 
Woodland musk ox (Symbos cavifrons) 

See Harlan's musk ox 
woolly mammoth (Ma11111mthus 

primigenius) 105 
wormwood (Artemisia) 61, 97-99 
Wyandotte County, Kansas 101 
Wyoming 4, 7-8, 53, 86-87 

XAD-KOH 21, 71 
Xanthimn See cocklebur 
X-ray 92
XRD See microparticle X-ray 

diffraction 

Yabulai Mountains 129-130 
Yazoo Basin 103 
Yellowhouse Draw 107 
Yeso 77 
Yesterday's camel ( Camelops hestemus) 

119 
Young-Man-Chief 75 
Yucatan 55, 123 

Zacatecas 122 
Zander 23 
Zerkalnaya River 91 
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