




























































































































































































































102 WYCKOFF Lithic Studies 

chipped (by pressure) into relatively wide elliptical preforms, which were 
biconvex in cross section. Then the selected base was beveled and shaped to 
produce a prominent central projection that became the platform for fluting 
one face. Once that face was fluted, the base was re-beveled and a second 
fluting platform prepared and utilized to flute the opposite face. Enough 
Folsom points broken in manufacture have been reported to substantiate this 
model as the prevailing method used by Folsom residents on the Northern, 
Central, and Southern Plains. However, specimens representing exceptions to 
this construct do exist (Hofman 1993: Figure 6; Hofman et al. 1990: Figure 4). 
Recently, one was found in north-central Oklahoma, and it is reported here. 

Made from yellow-brown patinated Wreford chert, this broken artifact 
(Figure 1) was found in the Arkansas River below Kaw Dam, a Corps of 
Engineers impoundment in Kay County, Oklahoma. The Kaw Reservoir lies 
just west of the Flint Hills extension into north-central Oklahoma. Banks 
(1984: Figure 3.4) plots the Wreford Formation in the uplands east of the 
river, but prehistoric quarries in the Florence Formation, which caps parts of 
these uplands, are better known (Banks 1984, 1990:96-101; Gould 1898, 
1899; Vehik 1982). 

Figure I. Both faces of the un­

finished Folsom point found in 
the Arkansas River in Kay County, 
Oklahoma. The raw material is 
Wreford chert. 

0 

Although incomplete, the specimen in Figure 1 measures 4.1 cm in maxi­
mum length, 3.2 cm in maximum width, 0.52 cm in maximum thickness, 0.3 
cm in thickness where fluted, and 7.2 g in weight. A brief examination of this 
specimen reveals that it was made from a wide, thin flake. The lateral edges 
display flake scars 0.3-0.9 cm wide that invade the ventral face to a depth of 
0.9-1.1 cm. Fully three-quarters of this face retains the fracture mirror of the 
original flake, and its bulb of force was largely removed by basal and lateral 
flake scars. The slightly concave base on this ventral face has continuous short 
(0.5 cm), steep flake scars that form a platform angle of 54 degrees. On the 
opposite face, this platform was the initiation point of an expanding fluting 
scar that truncated continuous lateral flake scars and that ended in an outre

passe termination that carried off the erid of the specimen. The lateral flake 
scars are 0.45-0.6 cm wide and lie 10-15 degrees diagonal to the longitudinal 
axis of the specimen. 

From its morphology, dimensions, and flaking patterns, this Oklahoma 
find has to be attributed to the Folsom material culture. Folsom points do 
occur in north-central Oklahoma (Hofman 1993), and even more are noted 



CRP 16, 1999 WYCKOFF 103 

(Hofman 1994) in Kansas north and east of this find. So, our Kay County, 
Oklahoma, specimen is not beyond the known distribution of Folsom points. 
Most importantly, this Oklahoma find bears witness to the fact that Folsom 
points could be made by laterally flaking and fluting one face at a time rather 
than sequentially fluting convex faces bifacially chipped onto a flake blank. 
Yes, this Oklahoma find does attest to the fact that the knapper's individual 
approach was unsuccessful. But if this individual successfully fluted the dorsal 
face and then laterally flaked and fluted the ventral face, how would we 
recognize that knapping sequence? Clearly, rather than impose a model on 
the data, we should let the archaeological materials inform us about Folsom 
knapping strategies in different regions. 

My thanks to Barry Splawn for loaning me this artifact for study and to Jesse Ballenger for critically 
reviewing a draft of this manuscript. 

References Cited 

Amick, D.S. 1994 Technological Organization and the Structure of Inference in Lithic Analysis: 
An Examination of Folsom Hunting Behavior in the American Southwest. The O,ganization of North 
American Chipped Stone Tool Technologi,s, edited by P.J. Carr, pp. 9-34. International Monographs in 
Prehistory, Archaeology Series 7. Ann Arbor. 

Banks, L. D. 1984 Lithic Resources and Quarries. Prehisto,y ofOkla.homa., edited by R. E. Bell, pp. 
65-95. Academic Press, Orlando. 

--- 1990 From. Mountain Pea.ks lo Alligator Stomachs: A Review of Lithic Sources in th, Trans­

Mississippi South, the Southem Plains, and Adjacent Southwest. Oklahoma Anthropological Society, 

Memoir 4. 

Boldurian, A. T., and S. M. Hubinsky 1994 Preforms in Folsom Lithic Technology: A View from 
Blackwater Draw, New Mexico. Plains Anthropologist, 39(150):445-464. 

Bradley, B. A. 1982 Lithic Technology: l, Flaked Stone Technology and Typology. The J\ga.te 
Basin Site, A Record of Pa.leoindian Occuj>ation of the 1V01thwestern High Plains, edited by G. C. Frison and 

D . .J. Stanford, pp. 181-208. Academic Press, New York. 

Crabtree, D. E. 1966 A Stoneworker's Approach to Analyzing and Replicating the Lindenrneier 
Folsom. Tebiwa, 9(1):3-39. 

Flenniken, J. J. 1978 Reevaluation of the Lindenmeier Folsom: A Replication Experiment in 
Lithic Technology. J\merica.n Anliquity, 43(3) :473-480. 

Frison, G. C., and B. A. Bradley 1980 Folsom. Tools and Technology at the Hanson Site, Wyoming. 
University of New Mexico Press, Albuquerque. 

--- 1981 Fluting Folsom Projectile Points: Archeological Evidence. Lithic Technology, 
10(1 ):13-16. 

Gould, C. N. 1898 The Timbered Mounds of the Kaw Reservation. Transactions of the Kansas 

Academy of Science, 15:78-79. 

--- 1899 Additional Notes on the Timbered Mounds of the Kaw Reservation. Transactions of 

the Kansas Academy of Science, 16:282. 

Gryba, E. M. 1988 A Stone Age Method of Folsom Fluting. Plains Anlhropologist, 33(119):53-66. 

--- 1989 A Mouseu-ap 10,000 Years Too Late. Plains Anthropologist, 34(123):65-68. 

Hofman,]. L. 1992 Recognition and Interpretation of Folsom Technological Variability on the 
Southern Plains. Ice Age Hunlers of /he Rockies, edited by D. J. Stanford and J. S. Day, pp. 193-224. 
Denver Museum of Natural History and University Press of Colorado, Niwot, Colorado. 

--- 1993 An Initial Survey of the Folsom Complex in Oklahoma. Bulletin of the Oklahoma 

A nl hro/1ological Society, 4 l : 71-1 05. 



104 WYCKOFF Lithic Studies 

1994 The Occurrence of Folsom Points in Kansas. Cun-en/ Research in the Pleistocene, 11 :37-
39. 

Hofman,]. L., D.S. Amick, and R. 0. Rose 1990 Shifting Sands: A Folsom-Midland Assemblage 

from a Campsite in Western Texas. Plains Anthropologist, 35(129):221-253. 

Judge, W. J. 1970 Systems Analysis and the Folsom-Midland Question. Southwestern Journal of 

Anthropology, 26(1):40-51. 

Renaud, E. B. 1931 Prehistoric Fla/,ed Points /mm Colorado and Neighboring Dist,icts. Proceedings of 
the Colorado Museum of Natural History 10(2). 

Roberts, F. H. H. 1935 A Folsom Complex: Preliminmy Report on Investigations at the Lindemn,ier Site 

in Northern Colorado. Smithsonian Miscellaneous Collections 94(4). 

Sollberger,]. B. 1985 A Technique for Folsom Fluting. Lithic Technology, 14(1):41-50. 

1989 Comment on: A Stone Age Pressure Method of Folsom Fluting by Eugene M. Gryba. 
Plains Anthro/10/ogist, 34(123) :63-64. 

Tunnell, C. 1977 Fluted Projectile Point Production as Revealed by Lithic Specimens from the 
Adair-Steadman Site in Northwest Texas. The Musrumjournal, 170:140-168. Lubbock. 

Vehik, S. C. 1982 Kay Count Flint Distribution in North Central Oklahoma during the Plains 
Village Period. University of Oklahoma, Department of Anthropology, Papers in Anthropology, 

23( I) :69-90. 

Wormington, H. M. 1957 Ancient J\1an in North America. Denver Museum of Natural History, 

Popular Series 4. 



CURRENT RESEARCH IN THE PLEISTOCENE Vol. 16, 1999 

Methods 

A Casting Technique Suitable for High-Power 

Microwear Analysis 

William E. Banks 

One problem associated with lithic microwear analysis is access to collections 
when museums are reluctant to allow their collections to be transported or 
shipped to the place of analysis. It is impractical to transport the microscope 
and equipment needed for a high-power analysis to the location where a 
collection is curated. These two constraints can make the analysis of some 
collections impossible. This is the case with many sites of Pleistocene age 
where the lithic artifacts are far too valuable, in terms of research, to be 

allowed to leave the collections. This paper describes a method for producing 
high-resolution silicon casts, suitable for high-power microwear analysis, at 
the institution where a collection is curated. 

The idea of casting is not new to microwear analysis, and a number of 
techniques have been described in the literature (Beyries 1981; Knutsson and 
Hope 1984; Moss 1983; Plisson 1983). These techniques involve making peels 
of an artifact surface. Despite their ease, peels produce a negative cast of the 
artifact surface which makes the identification and interpretation of microwear 
features difficult. There is also some uncertainty as to how long such casts will 
maintain their integrity. The use of "Coltene-Whaledent President Plus Regu­
lar Body" dental silicon gel to cast artifact surfaces solves these problems. 

To my knowledge, the methodology described below has not been used by 
archaeologists but has been employed by paleoanthropologists (Rose 1983; 
Teaford and Oyen 1989; Ungar 1994). The method utilizes "Coltene­
Whaledent President Plus Regular Body" dental silicon gel to make a nega­
tive cast of an artifact surface, which is later used to create a positive epoxy 
cast. This silicon gel will reproduce features that are visible up to 10,000x 
magnification (Ungar 1997, pers. comm.) and will maintain its integrity 
indefinitely (Coltene-Whaledent product literature). 

Before the casting is performed, it is necessary to clean the artifact. Unless 
the artifact is extensively covered with carbonates, acid is not needed. Instead, 

William E. Banks, Dept. of Anthropology, 622 Fraser Hall, University of Kansas, Lawrence, KS 66045. 
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the artifact can be placed in a plastic bag containing a mixture of water and
alcohol-based window cleaner. The bag is placed in an ultrasonic cleaner for 
20-30 minutes, after which time the artifact can be rinsed and allowed to dry.

The first step in casting is to dispense the needed amount of silicon onto a
piece of paper. Next, the artifact surface is pressed into the dispensed gel, 
making sure that no air pockets are present between the artifact and silicon. 
The gel and artifact are left to cure for a few minutes, after which time the 
artifact can be removed, thus leaving a negative cast of the artifact's surface. 
This negative silicon cast can be transported to the researcher's lab for the 
creation of positive epoxy casts, which are subjected to the microwear analysis. 

To make the positive cast, a mixture of epoxy and catalyst is poured into 
the negative silicon mold and placed in a vacuum chamber. The epoxy is 
subjected to multiple vacuum events to remove any air bubbles, making sure 
that it does not boil in the process. The silicon mold containing the epoxy is 
removed from the vacuum chamber, leaving the epoxy to harden in the 
silicon negative. Once cured, the positive epoxy cast can be removed from 
the silicon mold and is ready to be viewed under the microscope. 

The above method is advantageous because it produces casts that replicate 
microwear features with high resolution, the negative silicon casts maintain 
their resolution indefinitely, and multiple positive epoxy casts can be made 
from a single negative cast. Another advantage of casting is the elimination of 
glare while examining patinated artifacts, which makes possible accurate 
identification of polishes on such artifacts (Moss 1983:15). 

I am using this casting technique to study microwear features preserved on 
Mousterian and Upper Paleolithic lithic materials from the Solutre site in 
east-central France. The technique, though, is applicable to Paleoindian 
assemblages that cannot be removed from the institutions that curate them, 
or to patinated specimens. This casting technique makes it possible to 
investigate such assemblages with high-power microwear methods, thereby 
achieving more detailed understandings of prehistoric lithic economies. 

This research would not be possible without the support and advice provided by Dr. Anta Montet­

White, Dr. Marvin Kay, Dr.Jean Com bier, Dr. Yves Pautrat, Genevieve Lagardere, Catherine Varlot, 
and Helene Raoult. 
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Fluoride/Radiocabon Dating of Late-Pleistocene 

Bone from Sheriden Cave, Ohio 

Kenneth B. Tankersley 

Accurate chronologies are essential to demonstrating contemporaneity in 
late-Pleistocene fossil assemblages containing extinct, extralimital, and non­
analog vertebrate species (Semken et al. 1998). Radiocarbon, in specific non­
degraded amino acids of collagen and atomically counted with accelerator 
mass spectrometry (AMS), is the single best method to directly date bone 
(Stafford et al. 1991). Even high-precision AMS radiocarbon dates, however, 
are reported with a one-sigma statistical error, that is, a minimum age 
estimation. Given that a two-sigma error provides a more probable assay of 
time, patterns in the synchroneity of certain species may simply be a by­
product of the limitations of our best dating method. 

An important aspect of any comprehensive approach to chronological 
problems is age verification by a combination of dating techniques (Haynes 
1992; Taylor et al. 1996). A more precise chronology can be made by plotting 
two independent measures of time. For almost 200 years, paleontologists 
have used fluoride content analysis as a method to provide a relative geologi­
cal age of vertebrate fossils (Cook 1960; Middleton 1844). Today, fluoride 
concentrations can be measured in bone, dentin, or enamel using an Ion 
Selective Electrode (ISE). 

By comparing ISE fluoride content analysis with the results of direct high­
precision AMS radiocarbon elating of non-degraded amino acids, we can 
better evaluate the age of late-Pleistocene species. For such comparisons, it is 
crucial that all radiocarbon dates first be calibrated because fluctuations and 
plateaus in atmospheric 14C during the late Pleistocene make radiocarbon 
years appear compressed, representing less time in calendar years (Taylor et 
al. 1996). Ideally, the curve of the calibrated radiocarbon dates should be 
linear with the logarithm of the concentration of fluoride. 

For this study, I used AMS radiocarbon dates obtained on the bone collagen 
of three extinct species from Sheriden Cave, Ohio: 10,850 ± 60 yr B.P. (CAMS-
26783) on Castoroides ohioensis; 11,130 ± 60 yr B.P. (CAMS-33970) on Platygonus 

compressus; and 11,570 ± 50 yr B.P. (CAMS 33968) on Arctodus simu.s (Semken 
et al. 1998). ISE fluoride age determinations were also obtained for these 
individuals following the procedures outlined by Schurr (1989) and Tankers­
ley et al. ( 1998). Fluoride content was measured in solution at the parts-per-

Kenneth B. Tankersley, Department of Anthropology, Kent State University, Kent, OH 44242. 
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million (ppm) and reported here in percentage (Figure 1). A linear relation­
ship is illustrated between the log of the percent fluoride concentration and 
the calibrated radiocarbon dates. Given that the slope is time dependent, it 
may provide a calibration curve for future fluoride dates obtained on other 
species from this cave. 

Figure 1. A plot of the calibrated 
radiocarbon dates with the loga­

rithm of the concenu·ation of fluo­

ride in three extinct species from 

the late-Pleistocene deposits of 
Sheriden Cave, Ohio. 
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This investigation was funded by a research grant to the author from the National Science Foundation 

(SBR9707984). 
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Paleoenvironments: Plants 

A Preliminary Investigation of a Late Glacial 

Green Algae Sequence from Shannon Lake, 

St. Louis County, Minnesota 

James K Huber 

Preliminary phycological investigations of green algae (Chlorophycophyta) 
from late glacial sediments recovered from Shannon Lake, St. Louis County, 
Minnesota, indicates an association of high nutrient influx to the lake with 
the late glacial spruce (Picea) zone. Shannon lake is located approximately 40 
km west northwest of Virginia, Minnesota (92° 58'18"N, 47° 37'48"W). A 
prehistoric archaeological site is located on Shannon Lake. 

A core 790 cm long was retrieved from the lake. Currently, only prelimi­
nary analysis of the lowermost 90 cm has been undertaken. The sediment 
from this portion of the core is composed of gray silty clay. The pollen 
sequence from the same section of core indicates a shift from the late glacial 
spruce zone to one dominated by pine (Pinus) and deciduous taxa dating 
between approximately 10,600-9,200 yr B.P. (Bjorck 1990) in this area. 

The sequence from Shannon Lake has been divided into two algae zones 
(Figure 1). Tetraedron (mostly Tetraedron minimum) dominates Zone 1. Tetrae­
dron minimum is a true free-floating plankton commonly found in both deep 
open water and among vegetation in shallow water near shore (Prescott 
1962). Scenedesmus, an indicator of high nutrient concentration (Gronberg 
1982) and Pecliastrum boryanum, an indicator of lake eutrophication 
(Gronberg 1982) are also abundant in Zone 1. 

The decline of Tetraedron in Zone 2 is associated with the decline in spruce 
and increase in pine. Zone 2 is also characterized by an increase in abun­
dance of Sceneclesmus and P. boryanum and a small maxima of P. kawraiskyi, also 
a free-floating species (Figure 1). Nonsiliceous algae occurring in trace 
amounts are combined as other Pediastrum and other algae. 

Crisman (1978) found that the late glacial spruce zone at six sites in 
Minnesota was characterized by an associated peak in Pediastrum, which he 

James K. Huber, Archaeometry Laboratory, University of Minnesota Duluth, Duluth, MN 55812; 
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Figure l. Algae percentage dia­
gram of selected taxa, Shannon 
Lake, St. Louis County. Minnesota. 

Paleoenv-ironments: Plants 

interpreted as indicating increased productivity. This association has also 
been recorded from lakes in Minnesota by Huber (1988, 1989, 1996). The 
abundance of Tetraedron, Scenedesmus, and Pediastrum boryanum correlates well 
with the late glacial Picea maxima as described by Crisman (1978). Continued 
use of green algae microfossils in future paleoecological investigations and 
reconstructions will provide valuable information to interpret changing 
paleoenvironmental conditions. 
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The Middle-Wisconsin "El Pedregal" Interstadial 

in the Venezuelan Andes: Palynological Record 

V Rull, M. Bezada, and W C. Mahaney

111 

The oldest glacial oscillation palynologically documented so far in the Ven­
ezuelan Andes is the "El Caballo" stadia!, which occurred at 16.5 14C ka B.P. 
(Rull, 1998; Rull & Vegas-Vilarrubia, 1996). Recently older sediments includ­
ing organic clays and peats have been found in the same location (Mahaney 
et al., 1997), called "El Pedregal," at about 3,500 m elevation within the 
paramo vegetation belt. A peat layer at about 30 m depth, overlying a glacial 
till that represents the Early Stage of the Merida Glaciation (middle-Wiscon­
sin), gave ages of 58,350 ± 2,790 (top) and >60,000 (middle) 14c yr B.P.
(Mahaney et al., in press). The present report shows the results of a high­
resolution pollen analysis within this peat layer. 

Samples were taken at 2-cm intervals and submitted to KOH, acetolysis, 
and HF digestion after the introduction of Lycopodium tablets. Counting was 
done until the saturation of diversity (Rull, 1987). The interpretation was 
based on altitudinally calibrated modern analogs (Salgado-Labouriau, 1979; 
Salgado-Labouriau et al., 1988). Especially significant is the abundance of 
tree pollen from the upper Andean forests, which allows distinguishing among 
subparamo (c. 2,800 to 3,100 m elevation), paramo proper (c. 3,100 to 4,000), 
and superparamo (>4,000 m) vegetation belts (Salgado-Labouriau, 1984). 
Temperature estimates were made using the modern lapse rate of -0.6 °C/ 
100 m altitude. 

Pollen and spore concentrations show an increasing trend from the base to 
the middle of the diagram, where maximum values are attained (Figure IA), 
suggesting a progressive increase in the vegetation cover. Minimum concen­
tration values at the top indicate a subsequent decrease in the plant density. 
Tree pollen percentages allow interpreting the sequence in terms of altitudi­
nal displacement of ecological zones (Figure lB). Superparamo vegetation 
was dominant throughout the entire sequence, but the increase in arboreal 
pollen toward the middle of the deposit indicates the site was near the 
paramo proper-superparamo transition. This equates the present-day situa­
tion at about 500 m above the sampling site. Therefore average temperatures 
were 3° C lower than today. A significant lowering occurred later (58.4 ka 
B.P.), and the corresponding vegetation was similar to that found nowadays in
the upper superparamo levels, c. 1,200 m upwards, where average tempera­
ture was around 7° C lower than in the sampling site. Therefore, after a
middle-Wisconsin glacier advance represented by the underlying till, an
interstadial (El Pedregal) occurred, followed by a subsequent temperature
lowering. These trends significantly enhance the Venezuelan Andes glacial
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chronology and fit well with the paleoclimatic signal found in the oxygen­

isotope records from Greenland ice cores (Figure IC). 
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Figure I. A) Summary of the concentration pollen diagram. Depth isin respect LO the top of the peat 
layer. B) Relative abundance of tree pollen; altitudinal differentiation according to Salgado-Labouriau 
( 1984). C) Paleoclimatic records from the Venezuelan Andes in the frame of the oxygen isotope curve 
of the GRIP ice core. Data from Venezuela according to Rull (1996,1998) and Salgado-Labomiau 
(1989). GRIP data from the IRI/LDEO Climatic Library (http:/ /ingrid.ldgeo.columbia.edu) 
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Paleoenvironments: Vertebrates 

A Newly Discovered Mexican Locality for 

Pleistocene Birds 

Eduardo Corona-M. and Oscar J Polaco

Vol. 16, 1999 

Recently, a new fossiliferous locality was found in the north of San Luis Potosi 
state, Mexico. This locality, a cave named "La Presita," was formed by the 
dissolution of Cretaceous limestone. At present it has two vertical entrances 6 
m deep that lead to a main passage oriented north-south. The cave is 21.4 km 
south of Matehuala, San Luis Potosi, and about 150 m west of federal highway 
57 Mexico-Nuevo Laredo (Polaco and Butron M, 1997). 

The material of study was recovered in 1980 and 1987. Fossiliferous depos­
its found at the north side were formed by stratified and interdigited layers 
indicating the existence of entrances now closed. A sample of 3 kg of the 
matrix was taken from these layers. The sample was washed, sifted, and 
deposited in the Laboratorio de Paleozoologia's Collection. 

About 300 bones and shells were drawn from the matrix or taken from the 
cave floor. Five animal taxa are represented: mollusks, amphibians, reptiles, 
birds and mammals. From the last group 35 taxa were identified; 10 are extinct 
forms, and one is a new species of carnivore (Polaco and Butron M, 1997). 

Bird bones are scarce-only 16 bones representing three taxa. The ar­
rangement and names follow the American Ornithologist's Union checklist 
(1983). These taxa are: 

Falconiformes: Cathartidae 
Taxon Cathartes aura (Linnaeus, 1 758) 

Material One left humerus proximal fragment from a juvenile speci­
men; one left tibiotarsus distal fragment; one right humerus 
proximal fragment; two tarsal phalanges. 

Remarks The bones are similar to the recent species. This is the first 
record for the species in the Mexican Pleistocene. Another 
locality where the same species was found is Rancho La 
Amapola, El Cedral, San Luis Potosi, but the report of this 
material is under study (Corona-M, unpublished data). Both 
localities are approximately 50 km from La Presita. 

Eduardo Corona-M. and Oscar J. Polaco, Laboratorio de Paleozoologia, Instituto Nacional de 

Antropologia e Historia, Moneda 16, Col Centro, Mexico, 06060, D.F. 
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Galliformes: Phasianidae 

Taxon Dendrortyx macroura (Jardine and Selby, 1828) 

Material One skull, one tarsal phalanx. 

Remarks The bones are similar to the recent species. This is the first 
record for this species, remarkable because this taxon is asso­
ciated with temperate areas and La Presita cave is in the 
Chihuahuan Desert. 

Passeriformes: Fringillidae 
Material One left tibiotarsus. 

Remarks The material is insufficient for identification to species level 
because the bones in this group are very similar. 

There are also eight unidentified bones, which include a dentary fragment, 
probably of a species of passeriforme bird. 

The fauna identified in La Presita cave belong to the late Pleistocene 
(Polaco and Butron M, 1997). Therefore the partridge is the first recorded 
for this age in Mexico. Future research in this locality could bring an 
increased bird diversity, since the sample now studied is very small. La Presita 
cave is quite near two another important Pleistocene localities: El Cedral, at 
San Luis Potosi; and Sanjosecito Cave, at Nuevo Le6n. Fauna! comparisons 
among these three localities would improve our regional view of the late 
Pleistocene. 
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A 30,000-Year-Old Megafauna Dung Layer from 

Gruta del Indio (Mendoza, Argentina) 

Alejandro Garcia and Humberto A. Lagiglia 

Gruta de! Indio (34° 45' S, 68° 22' W) is a rockshelter located south of the city 
of Mendoza, in the Central Western region of Argentina. Previous research at 
the site revealed evidence of probable Pleistocene human presence and 
exploitation of extinct megafauna, along with a palynological record ranging 
mainly from terminal Pleistocene to present (D'Antoni 1983; Lagiglia 1956, 

Alejandro Garcia and Humberto A. Lagiglia, Facultad de Filosofia y Letras, Univ Nae de Cuyo, CC 

345 - (5500) Mendoza, Argentina. Fax 54-61-380457; e-mail: agarcia@logos.uncu.edu.ar 



CRP 16, 1999 GARcIA/LAcrcLIA 117 

1979; Semper et al. 1968). New studies are directed toward finding additional 
evidence for more accurate analysis of these issues. The main focus is a dung 
layer produced by extinct megafauna that was partially preserved by massive 
falls of basaltic rocks from the ceiling of the rockshelter. This dung layer has 
been interpreted as the stratigraphic marker of the Pleistocene/Holocene 
transition. One set of dates grouped between 11,800 and 9,600 He yr B.P. and 
another date, at first considered erroneous, gave a result of c. 23,500 He yr 

B.P. (Lagiglia 1979). The zooarchaeological record included Mylodon sp.,

Megatheriurn sp., and probably Equus sp., but it is not clear yet which of these 
species produced the excrement. 

Recent excavations have indicated that the time interval represented by 
this stratum is not restricted to the Pleistocene/Holocene transition but is 
significantly broader. Five radiocarbon dates were run at Latyr (Universidad 
de la Plata). All samples were extinct megafauna dung extracted from upper, 
lower, and intermediate portions of the layer. Two dates for its initiation are 
30,800 ± 700 (LP 918) and 30,200 ± 800 (LP 929) He yr B.P. The strati­
graphic position of the oldest date is ca. 10 cm from the base of the layer. Two 
dates for the middle portion of the layer are 28,670 ± 720 (LP 1072) and 
24,140 ± 510 He yr B.P. (LP 1075). Analysis of the highest sample yielded 
8,990±90 14C yrB.P. (LP 925). 

These dates suggest that accumulation of the layer spanned the interval from 
ca. 31,000 to 9,000 14C yr B.P. Review of the entire set of dates shows a main 
cluster between c. 11,800 and 9,000 14C yr B.P., and an earlier group ranging 
from ca. 31,000 14c yr B.P. to probably c. 24,000 14C yr B.P. Thus, rather than 
resulting from continuous deposition, the layer seems to represent at least two 
main periods of deposition. If this were the case, the biological record of this 
layer would represent a notable opportunity to analyze paleoecological 
changes that occurred after the Last Glacial Maximum. 

With respect to megafaunal extinction, the later date recently obtained 
shows that some of those species did not become extinct until ca. 9,000 14C yr 

B.P. Considering that humans have been present in the region since ca. 
11,000 He yr B.P. (Garcia 1995; Lagiglia 1979), humans and Pleistocene 
megaherbivores could have coexisted for 2,000 years. 

Nevertheless, no reliable evidence of a human/megafauna association was 
obtained. Seven small pieces of lithic debris (all of them <20 mm long) 
appeared at different levels in the dung layer, but they were not associated 
with other cultural material. Furthermore, discovery of rodent dung and 
bones point out that bioturbation may be responsible for the presence of the 
lithics in the layer. The low visibility of evidence for bioturbation may reflect 
the action of some process of homogenization. 

The dung layer at Gruta de! Indio is the chronologically most extensive of 
those known in Argentina (Borrero 1994), offering a ca. 20,000-year history 
of late-Pleistocene paleoecological information. Data about presumably criti­
cal shifts in the diet of megafauna would be valuable for studying environ­
mental changes during the regional process of extinction. Future field work 
will deal with this subject, as well as searching for evidence of late-Pleistocene 
human presence. 
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Field work was supported by the SeCyT (UNC) grant 978/96. Facultad de Filosofia y Letras (UNC) 
and Musco de Historia Natural (San Rafael) provided logistical assistance. Authors are deeply 
indebted to an anonymous reviewer for his corrections and clarifications of the English. 
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Radiocarbon Geochronology of Strata Containing 

Mammuthus (Mammoth), Red Rock River, Montana 

Christopher L. Hill 

The biostratigraphic record near the Red Rock River in Centennial Valley, 
Montana, consists of fossils of Mcmunuthus (mammoth), other Pleistocene­
age vertebrates, and invertebrates (Dundas et al. 1996). If radiocarbon mea­
surements accurately reflect the age of the fossils and surrounding sedi­
ments, the sequence contains evidence of middle- and late-Wisconsin 
paleoenvironments. The older strata may date from about 50,000 to 32,500 yr 
B.P. Fossils are in secondary taphonomic provenience; they have been rede­
posited under various sedimentological conditions. The upper part of the 
sequence dates to perhaps 20,000 yr B.P., since the sediments contain an 
assemblage of fossils in secondary context ranging from about 25,000 to 
20,000 yr B.P. 

The lowermost exposed Pleistocene set of sediments is designated as 
Stratum A (cf. Albanese et al. 1995). Elements of Mammuthus found in these 
sediments include a patella recovered in 1987 that contained no collagen 
(residue after HCl application). A Mammutlms limb bone was observed in the 
upper 1 m of Stratum A (Bump 1989), and fossils have been found along its 
upper boundary with overlying Stratum B. 

Christopher L. Hill, Ice Age Research Program, Museum of the Rockies, Montana State University, 
Bozeman, MT 59717; e-mail: chill@montana.edu 
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Disarticulated elements of Mammuthus and other vertebrates have been 
recovered in the paludal and swamp-like deposits of Stratum B. This stratum 
decreases in thickness along the margins of the paleobasin. Collagen (resi­
due after HCl and NaOH application) from tusk recovered in the lower part 
of Stratum B dates to 32,'170 ± 270 yr. B.P. (B-111325). Another date of 
36,500 ± 710 yr. B.P. (B-74032) was obtained from organic sediments recov­
ered from HCl-treated Mammuthus limb bone (Albanese et al. 1995). Col­
lagen from a Mammuthus fibula from this deposit had an age >33,990 yr B.P. 
(B-36206, Dundas 1992), while an age of>41,900 yr. B.P. (B-83614, Dundas et 
al. 1996) was obtained from humates (residue after HCI/NaOH/HCl 
washes). One scenario that could account for these measurements would 
include initial deposition of organics within the paleobasin prior to 40,000 yr 
B.P., with continued accumulation of sediments and vertebrate remains until
about 32,000 yr B.P.

The center of the paleobasin contains organic-rich sediments (Stratum B) 
overlain by a sedimentary series consisting of interbedded silts and coarser 
elastics (Stratum C). Several erosional surfaces are present, and the upper 
section contains secondary carbonates. A distinct boundary typically sepa­
rates these deposits from the overlying Holocene colluvium. 

Closer to the edge of the paleobasin, Test Pit C/94 contains the same 
upper section stratigraphy dominated by silts, secondary carbonates, and 
colluvium. Below the sediments of Stratum C are several erosional surfaces 
separating deposits of fine sands, silts, and clay and some isolated lenses of 
coarser elastics. The absence of organic-rich deposits and the presence of 
several erosional surfaces make correlations with the central basin stratigra­
phy somewhat speculative. The erosional surfaces may separate facies of 
Stratum C, or the lower deposits could be stratigraphically related to Stratum 
A or perhaps deposits not present in the central basin. Manunuthus collagen 
(residue after HCl treatment) from the lower part of the sequence dates to 
49,350 ± 150 yr B.P. (B-116519). It is from a fossil recovered directly below an 
erosional surface that may mark the "upland" stratigraphic boundary be­
tv,een Stratum C and older sediments. If so, the fossil could have accumu­
lated in deposits older than Strata B and C, providing an indication of the age 
of the lower part of the sequence. Pleistocene vertebrates within the Test Pit 
C/94 sequence are in secondary context; thus, while the date can be pre­
sumed to provide an estimate of the minimum age of the specimen (cf. 
Stafford et al. 1991), it may have been redeposited in younger sediments. 

Stratum C and the younger colluvium are traceable to the north escarp­
ment, where they appear to overlie a concenu·ation of limestone and quartz­
ite cobbles and boulders mixed with Mammuthus and other vertebrates. This 
assemblage overlies a mollusc-bearing sand that may be a subfacies of Stra­
tum A. The fossils appear to be younger than Stratum A and older than the 
uppermost pa1·t of Su·atum C. The vertebrates are in secondary context and 
thus provide a maximum age for the associated sediments. Collagen (HCl 
and NaOH-treated residue) dates are 25,030 ± 520 (B-36205, on a 
Mammuthus metatarsal, Dundas 1992), 21,500 ± 100 (B-11875), and 
19,310 ± 90 (B-77826, Albanese et al. 1995) yr B.P. 
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The radiocarbon dates within the Centennial Valley sequence range from 
about 50,000 to 19,000 yr B.P. and reflect the age of Strata A-C, assuming that 
the fossils are approximately contemporaneous with the sediments. This 
chronology may be tested by methods like TL, which directly date the time 
since sediment deposition. The dates imply that the fossil assemblages date 
to the middle and late Wisconsin. 

Field studies were conducLed under a cooperative agreement between the Bureau of Land 
Management (BLM) and the Museum of the Rockies under a permit to L. B. Davis. Funds for 
radiocarbon dates were provided by the BLM, a MONTS-EPSCOR grant, and the Kokopelli 
Archaeological Research Fund. Thanks to John Albanese, David Batten, Robert Dundas, Mark Sant 
and Robert Bump for useful discussions and collaboration with the field research. 
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Mammoth (Mammuthus) from the Doeden Gravels, 

Eastern Montana: Biometric and Molecular 

Analyses 

Christopher L. Hill and Mary Schweitzer 

Morphological studies of fossils and immunological analyses of proteins can 
provide a clearer understanding of the phylogenetic relationships of Pleis­
tocene vertebrates (Joger et al. 1995; Lowenstein 1985; Shoshani et al. 1995), 
as well as assist in interpreting paleobiotic, chronologic, and geospatial 
patterns. Here we summarize results of biometric and preliminary immuno­
logical examinations of Mammutlms (mammoth) from terrace deposits along 
the Yellowstone River in eastern Montana. 

Christopher L. Hill, Ice Age Research Program, Museum of the Rockies, Montana State University, 
Bozeman, MT 59717; e-mail: chill@montana.edu 

Mary Schweitzer, Department of Biology and Museum of the Rockies, Montana State University, 
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The specimen studied is a nearly complete Mammuthus cranium. It is part 
of a Pleistocene vertebrate collection at the Museum of the Rockies (MOR) 
representing the Rancholabrean age Doeden local fauna (Wilson, in Kurten 
and Anderson 1980:71; MOR Fossil Locality No. PL-084). Besides 
Mammuthus, the collection includes Jvlamrnut (mastodon), Megalonyx 

(ground sloth), Equus (horse), and Camelops (camel) (Hill 1998a). The 
deposits containing the fossils are estimated to be over 100,000 years old, 
based on geomorphic correlations within the Yellowstone basin (cf. 
Chadwick et al. 1997; Heinrichs 1988). 

Biometric attributes (Agenbroad 1994; Saunders and Daeschler 1994; 
Lister 1996) were used to evaluate the taxonomic status of the Doeden 
specimen (MOR 604). Both maxillary molars fall within the populations of 
M6(M3) measured in Marnrnuthus columbi based on plots of width vs. length 
and length vs. number of plates (Agenbroad 1998; Agenbroad and Brunelle 
1994; Graham 1986). With a lamellar frequency (Lf) of 7-10 and 20 plates, 
characteristics of the more complete right maxillary M6(M3) are within the 
range of M. columbi (Magilio 1973:67). The Lf is similar to M. columbi 

jejfersonii (Jefferson's mammoth) from Montana reported by Dudley (1988) 
and the Lf of a specimen from the South Fork Deer Creek drainage with 
attributes of both M. colmnbi and M. imperator (Imperial mammoth) (Hill and 
Davis 1998). The specimen falls within the M. columbi group as established by 
Whitmore et al. ( 1967). 

Nine samples from Mammuthus, Mammut, and Camelops from the Doeden 
local fauna were tested to determine whether they contained a separable 
collagen fraction. Most of the samples contained no collagen. However, bone 
and tooth samples from MOR 604 yielded residue thought to consist of very 
degraded collagen and associated organics. 

Bone was tested for the presence of p1·otein fragments that can be used to 
help evaluate phylogenetic relationships of proboscideans (Lowenstein and 
Shoshani 1996; Shoshani, Lowenstein et al. 1985; Shoshani, Walz et al. 1985). 
Albumin and collagen in the tissue of mammoths preserved under different 
taphonomic contexts are known to persist to at least 50,000 years 
(Lowenstein and Shoshani 1996). The geomorphic and taphonomic context 
of MOR 604 appears to indicate an age of at least 100,000 years, thus 
providing an opportunity to conduct molecular studies on Mammuthus from 
the middle or early late Pleistocene. Extracts of Mamrnuthus bone tissues from 
MOR 604 were used as an immunogen to generate polyclonal antisera. These 
antibodies demonstrated positive reactivity with Mammuthus bone extracts, 
while the pre-immune sera were negative. Based on antibody reactions with 
extractions of bone polyclonal antisera from various taxa, some phylogenetic 
information may be conserved in MOR 604 bone protein. Antisera raised 
against Mammuthus bone extracts reacted most strongly with other 
Mammuthus, then elephant and equid, and less strongly with canid or felid, 
results that would be predicted on the basis of other phylogenetic studies 
(Lowenstein and Shoshani 1996; Lowenstein et al. 1981; Shoshani et al. 1995). 

The antiserum generated against specimen MOR 604 then was tested 
against Mammuthus bone (MOR specimen 91.72.134) dated to around 12,000 
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yr B.P. (Hill 1998b). Strong reactivity was seen. In a second experiment, 
antibody reactivity was reduced by at least 50 percent when the extracts were 
digested first with collagenase, then exposed to the antisera. Based upon 
these results it seems reasonable to assume that at least some of the preserved 
epitopes are collagen-derived. 

Thus the Doeden mammoth cranium appears to contain genetic informa­
tion (in the form of protein fragments or epitopes) that may be used in 
conjunction with morphological attributes to help evaluate the phylogeny of 
Ma1mnuthus in western interior North America. 

Several other fossils found within the Yellowstone basin have been attrib­
uted to M. colwnbi. These include finds nea1- Rosebud (Winchell 1882), in the 
vicinity of the Tongue River (Hay 1924, Bass 1932), along the Powder River 
(Hay 1924), near Glendive (Hay 1914), and near the Bighorn River (Graham 
1986; Madden 1978), as well as a specimen from the uplands of the South 
Fork of Deer Creek with biometeric traits of both M. colwnbi and iVl. imperator 
(Hill and Davis 1998). These fossils appear to indicate the persistence of at 
least one species of Marnmuthus within the basin during the late Pleistocene 
and perhaps since the middle Pleistocene, an idea perhaps testable with 
further immunological studies. The use of a combination of biometric at­
tributes and immunological analyses has the potential of advancing our 
understanding of the phylogenetic status of l\1.ammuthus, especially when 
specimens can be placed in paleogeographic, taphonomic, and chronologic 
context. 

vVe thank Jack Hornor. Curator of Paleontology at the Museum of the Rockies, for permission to study 

MOR 604. 
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Did Female Mastodons Have Mandibular Tusks? 

Richard S. Laub 

Besides their long, curving premaxillary tusks, some American mastodons 
(Marnmut arnericanurn) bore a pair of short, cylindrical tusks in the symphysis 
of the mandible. Most authors consider these latter to be male attributes 
(Kurten and Anderson 1980:345). Some believe they are found in females as 
well (Haynes 1991:322). 

Pelvic structure (see Lister 1996) was used to determine the sex of six 
mounted mastodon skeletons, none younger than 30 African-elephant years 
(Laws 1966). Two were judged to be female and four male. The inferred 
females also had distinctly narrower premaxillary tusks and a generally 
smaller size than the inferred males of equivalent age. 

Where the mandibular symphysis was preserved, including both inferred 
females, a pair of alveoli occur. Did females have mandibular tusks? To gain 
insight into this question, Computer-Aided Tomography (CAT-scanning) 
was used to produce a series of vertical transaxial radiographs at 3-mm 
intervals through the mandibles of several proboscideans. From these were 
derived the diagrams in Figure 1. 

Figure l. Internal structure of 

proboscidean mandibles, cranial 

end:A,American mastodon (A1am­

mut arnericanum), juvenile, Idaho 

Museum of Natural History speci­
men 71005/27988; B, Asian el­
ephant (Elephas maxiinus), mature 
female, Buffalo Museum of Sci­
ence Ven. Zoo!. specimen 1828; 

C, American mastodon (M. 

americanum), mature female, New 

Jersey State Museum specimen 
11907, with dotted lines to show 

distal broadening of canal from a 
slit to an ellipse near alveolar open­

ing; a, alveolus; c, mandibular ca­
nal; f, 1nental foramen; sy1n, cau­

dal edge of symphysis; t, mandibu-

lar tusk; 1, dichotmnization of ca­
A 

cranial 

B C

•sym 

::, 
.D 

nal; 2,joining of the two canal branches to form dorso-ventrally elongate slit (appearing elongate side­

to-side in this diagram due to technical constraints), broadening cranially to form an elliptical 

alveolus. Scale bars refer to cranio-caudal direction only. Bucco-lingual scale approximate, and 

proportional within each diagram. 

Figure IA shows the internal structure of a juvenile (less than one African­
elephant year old) mastodon mandible bearing tusks. A lingual branch 
divides from the mandibular canal, the former widening to 1.0 cm while the 

Richard S. Laub, Geology Division, Buffalo Museum of Science, 1020 Humboldt Parkway, Buffalo, 
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latter abruptly narrows to 0.4 cm before ex1tmg buccally as the anterior
mental foramen. The lingual branch remains broad and contains a tusk.

The mandible of a mature female Asian elephant (Elephas inaxiinus, Figm-e 
1B) lacks dentition anterior to the cheek region. The mandibular canal exits 
through two mental foramina, and no branch extends beyond the last of 
these. 

In a mature female mastodon (32-38 African-elephant years, Figure lC), a 
very narrow canal (0.5 cm wide vs. 4.0 cm for the main mandibular canal at 
this level) branches from the lingual side of the mandibular canal and 
continues forward, as in Figure lA. Distally, this narrow canal divides into an 
upper and lower branch, each about 0.25 cm wide. Farther on, these 
branches unite into a vertical slit which expands to become one of the pair of 
symphyseal alveoli in the same position as the mandibular tusk sockets in 
males. Thus, in this mature inferred female mastodon, the alveoli remained 
in communication with the mandibular canal, and presumably with the 
inferior dental artery and nerve contained within it (Eales 1926). A similar 
configuration occurs in Buffalo Museum of Science specimen E23320, an 
isolated mandible, though the narrow lingual canal does not bifurcate. 

Apparently, this female had some sort of dental structure where males had 
mandibular tusks. The structure must have been diminutive, since the canal 
leading to the alveolus in this mature jaw was half the diameter of that in the 
juvenile jaw. Perhaps the dental structure was limited to ameloblasts and 
odontoblasts with little mineralization, precluding preservation. 

The author wishes to thank the following for advancing this study with their advice and services: Arthur 
R. Clark and Joan G. Manias (Buffalo Museum of Science, Buffalo, N.Y.), staff of Children's Hospital 
of Buffalo (N.Y.) Radiology Dept., Howard Evans and John Hermanson (New York State School of 
Veterinary Medicine, Cornell Univ., Ithaca, N.Y.), Edward B. Laub (Lawrenceville, NJ.), Norman
Mohl, Brian Preston and Arnold Stern (Dental School, State Univ. of New York, Buffalo), David C. 
Parris (New Jersey State Museum, Trenton), John Pinsof (Daemen College, Amherst, N.Y.), 

Quakerbridge MRI (Mercerville, NJ.), and Kevin L. Seymour (Palaeobiology Dept., Royal Ontario 
Museum, Toronto). 
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A Saber-Tooth Tiger and the First Record of a 

Tapir from the Pleistocene of Kansas 

Larry D. Martin and Virgi,nia Naples 

The discovery in 1975 of a musk ox skull in the Kansas River near Bonner 
Springs, Kansas, by John Neas called attention to a new source for Ice Age 
fossils in eastern Kansas. These sandbars have now produced the best collec­
tion of fossils from the Symbos-Cervalces Fauna! Province (Martin and 
Neuner, 1978) in Kansas. Extinct animals recovered from these sandbars 
include ground sloth, Megalonyx sp.; giant beaver, Castoroides ,p.; giant short­
faced bear, Arctodus simus; dire wolf, Canis dirus; American mastodon, 
Marnmut americanum; mammoth, ivl.amrnuthus sp.; stagmoose, Cervalces sp.; 

woodland musk ox, Bootherium bornbifrons; and the Pleistocene bison, Bison. 

cf. alleni and B. antiquus. Size stages of bison indicate a nearly continuous 
sampling of deposits from at least 12,000 years ago to the present. Projectile 
point typology showing Clovis, Meserve, Scottsbluff, Nebo Hill, and various 
late-Holocene types demonstrate essentially continuous occupation of the 
Kansas River valley during this same period. 

Recently, the Jerry Ashberger family discovered new fossils on sandbars 
near Bonner Springs that add significantly to the fauna of eastern Kansas. 
One of these is the first record of Smilodon from eastern Kansas. The discovery 
is based on an edentulous maxillary, KUVP (Kansas University Vertebrate 
Paleontology) 129728, showing alveoli for the canine and premolars 3-4. 
The other is the first record of a Pleistocene tapir for the state of Kansas, 
based on a fragmentary ramus KUVP 16206 with roots of premolars 2-4 and 
the first molar. The permanent premolars must still be buried within the jaw. 

The range of late-Pleistocene Taj1irus extends practically to the continental 
ice front on the eastern side of North America, but dips down south of 
Oklahoma at about the Arkansas-Oklahoma boundary. It seems like'ly that 
this amphibious perrisodactyl is more limited by density of water-marginal 
vegetation than by temperature. Kansas seems to lie on the western boundary 
of its distribution, and until now, no Pleistocene tapirs have been reported 
from the state, although they are known from central Missouri. 

Srnilodon co-occurs with dire wolves and tapirs over much of its range, and 
its presence was expected in eastern Kansas. As with the tapir, the density of 
arboreal vegetation is a factor in the distribution of Srnilodon, whose short legs 
required stealthy approach to its prey before discovery. The Kansas specimen 
has an anteroposterior diameter of 45 mm for the canine alveolus. This 
compares favorably with the measurements of the Rancho la Brea sample 
given by Merriam and Stock ( 1932, Tb!. 6). Only one other record of Srnilodon 
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from Kansas seems to be correctly identified, that of a portion of a ramus, 
KWP 9977, from a site in Barber County in south-central Kansas that was 
thought to be early Wisconsinan (Galbreath, 1958). The ram us is unusually 
small for Sinilodon californicus (Galbreath, 1958) and may be from an earlier 
period. The Illinoisan Smilodon from Nebraska is more similar in size to the 
Kansas specimen (Martin, Schultz and Schultz, 1988). The Nebraska material 
was referred to Sinilodon cf S. fatalis by these authors, who distinguish it from 
S. califomicus by smaller size. The species of Srnilodon still need revision, and
S. californicus is probably a junior synonym of S. floridanu.s (Martin, Schultz
and Schultz, 1988).
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The Appearance of Bison in North America 

Jerry N. McDonald and Gary S. Morgan 

The Macasphalt Shell Pit and Inglis IA vertebrate localities on the west coast 
of Florida have yielded important vertebrate fossil faunas that date from the 
latest Blancan and earliest Irvingtonian North American land mammal ages, 
respectively. Each of these faunas includes a partial horn core of a bovid­
both of which we refer to Bison. 

The Macasphalt Shell Pit, 8 km east of Sarasota, Sarasota County, Florida, is 
the source of an extremely rich marine molluscan fauna arranged in a 
sequence of superimposed strata. Unit 4 of this sequence, the "Black Layer" 
(Petuch 1982), contains a vertebrate fauna including nearly 100 taxa, among 
which are some 20 taxa of terrestrial mammals (Morgan and Ridgway 1987). 
A detailed study of the geochronology of the site using magnetostratigraphic, 
strontium isotopic, and biostratigraphic analyses indicates that Unit 4 accu­
mulated near or slightly above sea level during a period of marine regression 
between about 2.5 and 1.9 ma (Jones et al. 1991; Morgan 1991). 
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The Inglis IA site is 3 km southwest of Inglis, Citrus County, Florida. The 
Inglis IA vertebrate fauna was collected from the north bank of the Cross­
Florida Barge Canal from deposits that had in-filled a sinkhole (Klein 1971). 
The vertebrate fauna includes some 150 taxa, including 53 species of mam­
mals (Morgan and Hulbert 1995; Morgan and White 1995; Webb and Wilkins 
1984). Morgan (1991) assigned the Inglis IA fauna to the earliest 
Irvingtonian Land Mammal Age, ranging in age from about 1.9 to 1.6 Ma. 

The partial horn core from Macasphalt Shell Pit (UF 100486) is a 
trapezoidally shaped fragment measuring 126 mm in greatest length (along 
longitudinal axis of core, on dorsal edge) and 46 mm in depth (along dorso­
ventral axis of core). This fragment includes the interior and exterior sur­
faces of the horn core; it is considered to represent the rostral edge of the 
proximal end of the core. The proximal 20 percent of the exterior surface of 
the fragment includes a portion of the smooth basal region of the core, 
including part of the pedestal upon which the core was placed. The remain­
der of the exterior surface consisting of numerous finely sculpted shallow but 
acutely defined ridges and valleys of bone arranged parallel to the longitudi­
nal axis of the core. The separation of the smooth basal surface from the 
surface containing the bony ridges is sharp, but a raised "burr" is not present. 
The interior of the horn core is hollow; the interior surface of the specimen 
is uniformly concave and consists of finely porous bone. No evidence of bone 
struts is present on the interior surface. This specimen curves slightly upward 
distad. 

The partial horn core from Inglis IA (UF 18286) is also a trapezoidally 
shaped fragment measuring 128 mm in greatest length (along longitudinal 
axis of core, on ventral edge) and 60 mm in greatest depth (along dorso­
ventral axis of core, at proximal end). This fragment includes the exterior 
surface and solid interior of the horn core; it is considered to represent a 
segment from an indeterminate side of the distal portion of the horn core. 
The exterior surface of the specimen contains three prominent longitudi­
nally oriented ridges, the crests of which are directed ventrad. The dorsal 
portion of the fragment presents a smooth exterior surface free of bony 
ridges. This specimen curves upward and tapers to a lesser diameter distad. 

The two specimens described here conform to the known morphology of 
Bison horn cores more closely than to that of any other genus of bovid. The 
Macasphalt specimen represents a hollow-horned bovid; Bison is the only 
hollow-horned bovid known in native North American faunas. In addition, 
the finely sculptured ridges of the core, distinctly pedestaled base, and 
transverse and longitudinal cun1ature patterns are typical of early Paleoarctic 
Bison and atypical of other hollow-horned bovids. The Inglis IA specimen is 
morphologically identical to equivalent segments of horn cores of Bison 

latifrons, the largest of North American Bison, and unlike the horn cores of 
other Bison and other bovids known from North American faunas (McDonald 
1981, 1990). Bison are known from late-Pliocene (Blancan and Irvingtonian) 
faunas in eastern Asia (Tedford and Flynn 1989; Tedford et al. 1990; 
Repenning pers. comm.) and therefore were geographically well positioned 
to enter North America via the exposed Bering Land Bridge at and after that 
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time. The recognition of Bison in the Blancan and Irvingtonian faunas places
the genus in mid-latitude North America more than 2 million years earlier 
than the presently recognized earliest appearance of ca. 130,000 ka 
(Repenning pers. comm.). 
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Spatial Distribution, CAMS Radiocarbon 
Geochronology, and Taxonomy of Fossil Bison in 
Montana: An Initial Appraisal 

Douglas A. Melton and Leslie B. Davis 

The significance of fossil bison skulls and postcranial elements as late­
Pleistocene to early-Holocene diagnostics that might be used to locate sedi­
mentary deposits and contexts for possibly associated Paleoindian artifacts 
can be located is well understood. Bison fossil subspecies, inferred from 
differentiated skull morphotypes, are thus of considerable diagnostic impor­
tance for identifying buried Paleoindian-age kill and processing loci. Fossil 
bison remains are fairly widespread in Montana except the northwestern part 
of the state, where no late-Pleistocene or early-Holocene fauna have been 
reported (Olson 1987). Graham, Wilson, and Graham (1987) point out that 
fauna! records for this period in Montana, Alberta, and Saskatchewan are 
sparse and relatively incomplete, not for lack of a rich, preserved record but 
because recovery has been limited. Similarly, Graham and Lundelius (1994) 
report few fossil bison recoveries from Montana. Based on our accumulation 
of records and specimens (Mel ton and Davis 1998), Bison latifrons, B. 
antiquus, and B. occidentalis have been recovered from Montana localities. 

Although biological knowledge regarding genetic integrity, and thereby 
the actual biological reality that underlies named fossil bison subtypes, is 
generally lacking, we have found that such morphotypes are nevertheless 
preserved from widespread contexts in Montana (Graham, Wilson, and 
Graham 1987; McDonald 1981; Skinner and Kaisen 1947; Walker 1986; 
Wilson 1969, 1974, 1975, 1980, 1992). Fossil bison skulls and postcranial 
elements are known from both paleontological and archaeological contexts, 
the latter as processed bison skeletons associated with Paleoindian artifacts. 
Bison latifrons is represented in paleontological deposits such as the Merrell 
Locality (24BE1659) in the Centennial Valley south of Dillon at Lima Reser­
voir (Davis et. al. 1995) and possibly at the Doeden Gravel Pit near Miles City 
in the lower Yellowstone River valley (Kurten and Anderson 1980), a 
Sangamonian-age local fauna dominated by large grazers. A bison skull from 
the Richey area in eastern Montana, which yielded a radiocarbon age on 
bone collagen of 19,930 ± 90 yr B.P. (Beta 122116[13C/12C ratio -21.4 per 
mil.]), might also represent an occurrence of B. latifrons. 

B. antiquus is slightly more widespread, both as identified from skull 
morphology and as inferred from in situ radiocarbon-dated humanly utilized 
bison skeletal assemblages such as Indian Creek (24BW626) (Davis et al. 
1997: Folsom complex, 10,410 ± 60 yr B.P.; Wilson 1983); Mill Iron (24CT30) 
(K.ruetzer 1996: Goshen/Plainview, ca. 11,000 yr B.P.; Walker and Frison 
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1996); Sheep Rock Spring (24JF295) (Wilson and Davis 1994: 9920 ± 60 yr 
B.P. [Beta 70940/CAMS 12702]); Machaffie (24JF4) (Davis et al. 1991: 
Scottsbluff, 9,400 yr B.P., and Folsom, 9730 ± 50 yr B.P [TX 7770]; Forbis and 
Sperry 1952); and Upper Holter Lake (24LC713). The best B. antiquus 

collection from paleontological context was recovered during excavations for 
the Fort Peck Dam in the 1930s; however, those remains on loan to the 
Museum lacked bone collagen and were not radiometrically dateable. 

Bison occidentalis is more numerous and widespread in Montana. Remains 
have been recovered from in situ context, such as Blacktail Cave (24LC151) 
(Davis et al. 1996; Melton 1979) in the South Fork of the Dearborn River in 
the upper Missouri River drainage, and elsewhere mostly in stratigraphic 
context (Melton and Davis 1998). A bison skull with a radiocarbon age of 
9510 ± 60 yr B.P. (Beta 122117 [13C/12C ratio of-18.9 per mil]) excavated in 
the Tongue River area of southeastern Montana is either B. antiquus or B. 

occidentalis. 
Preliminary findings from our studies of fossil bison skulls recovered from 

stratigraphic contexts in Montana by problem-oriented excavation and seren­
dipitous discovery encourage ongoing careful, standardized description, ra­
diometric-age analysis, and detailed locality characterization for key speci­
mens. Stable isotope analysis of fossil bison diet holds promising bio­
geochemical implications. Likewise, we are exploring the technique of ex­
tracting DNA from selected specimens for phylogenetic analysis of bison 
subspecies. 

CAMS radiocarbon dat.ing service associated with the Mon Lana Fossil Bison and Paleoindian Project 

was funded by the Kokopelli Archaeological Research Fund, which supports the Paleoindian 
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Late-Pleistocene Climatic Change and Neotropical 

Bat Extinctions 

Gary S. Morgan 

Bats are seldom included in discussions of late-Pleistocene extinctions. Cli­
matic change and the rise in sea level with the return to interglacial condi­
tions in the latest Pleistocene and early Holocene (i.e., late Quaternary) had 
a detrimental affect on certain bats in the New World, particularly cave­
dwelling species in subtropical and tropical regions such as Florida and the 
West Indies (Morgan, 1989, 1991). It is unlikely that hunting by Paleoindians 
was a significant factor in bat extinctions. 

Eight species of bats went extinct during the late Quaternary in the 
Neotropics and in Florida, a subtropical extension of the Nearctic region that 
has a significant fauna of bats with Neotropical affinities (Morgan, 1991). 
These bat extinctions included one North American species of Neotropical 
origin, the large vampire Desrnodus stocki; six West Indies species including 
three mormoopids (Mormoops rnagna and Pteronotus pristinus from Cuba and 
an undescribed species of Pteronotus from Hispaniola) and three 
phyllostomids (Artibeus anthonyi and Phyllops vetus from Cuba and 
Phyllonycteris major from Puerto Rico and Antigua); and one South American 
species, the giant vampire Desrnodus draculae (Czaplewski and Cartelle, 1998; 
Morgan, 1989, 1991; Morgan et al., 1988). Four extinct bats are known from 
temperate North America (Kurten and Anderson, 1980): the vespertilionids 
Myotis rnagnamolaris, M. rectidenlis, and Plecotus tetralophodon; and the molossid 
Tadaricla constantinei. At least 25 extant Neotropical bats underwent range 
contractions or extirpation (i.e., local extinction) during this same time 
period, particularly on West Indies islands. 

Most of the extinctions involved cave-dwelling bats, with the largest num­
ber in the endemic Neotropical families Mormoopidae and Natalidae. Be­
sides the three extinct mormoopids, there are locally extinct populations of 
all eight extant species of mo,·moopids and five species of natalids. The 
extant mormoopid Mormoops megalophylla is represented by eight late-Quater­
nary records from outside its current range, including Florida, six islands in 
the West Indies, and Brazil (Czaplewski and Cartelle, 1998; Morgan, 1989, 
1991). Mormoopids, natalids, and several other groups of Neotropical bats 
not only roost exclusively in caves; they prefer specialized cave microenviron­
ments-hot, humid chambers deep within large caves. Even minor tempera­
ture or humidity changes in their cave roosts resulting from late-Quaternary 
climatic changes may have resulted in extinctions among these bats. 

The rise in sea level greater than 100 m that occurred from the late 
Pleistocene through the early Holocene flooded caves in coastal regions with 
extensive karst development, particularly Bahamas and southern Florida. In 
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the -late Quaternary there were numerous local extinctions of cave-dwelling 
bats on small West Indies islands (Bahamas, Cayman Islands, Tobago) and in 
southern peninsular Florida, suggesting the former presence of extensive 
cave systems where today only small caves are found (Morgan, 1989, 1991). 
During periods of low sea level many shallow submarine banks in the West 
Indies were large islands that supported diverse chiropteran faunas. In the 
late Quaternary Great Bahama Bank was a single island nearly the size of 
Cuba that supported 15 species of bats; now only 7 species inhabit the six 
major islands that make up the Bank. In addition to flooding of large caves, 
the species-area effect may have contributed to these bat extinctions: small 
islands have fewer species than large islands because of smaller land area and 
reduced habitat diversity. 

The two extinct species of large vampire bats, Desrnodus draculae and D.

slocki, probably disappeared following the extinction of their principal prey 
species (large xenarthrans?). D. stochi occurred primarily in temperate North 
America north of the current 10° C winter isotherm (the northern limit of 
living vampires), suggesting that the more equable climate and milder 
winters of the late Pleistocene permitted this species to survive where vam­
pire bats no longer occur. 
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Pleistocene Continental Mammals from the 

Present Marine Shelf of Argentina 

Eduardo P. Tonni and Alberto L. Cione 

Mammal bones included in Pleistocene coquinas were found on the beaches 
of the Cabo San Antonio (south of Bahia de Samboromb6n, Pampean 

Eduardo P. Tonni and Alberto L. Cione, Departamento Paleontologia Vertebrados, Museo de La 
Plata, 1900 La Plata, Argentina; e-mail: eptonni@museo.fcnym.unlp.edu.ar 



CRP 16, 1999 TONN1/C10NE 135 

region; Figure 1). They constitute the first identifiable fossil mammals ob­
tained from the shelf area of Argentina. 

The Pampean region is located on the passive margin of the continent. In 
this region Martin Garcia High, Salado Basin, and Tandil-Ventania High are 
structural highs and basins mostly oriented NW-SE. Cabo San Antonio is 
located in the middle of the subsiding Salado Basin. Marine units deposited 
during late-Cenozoic transgressions and documented in the eastern Pam; 

60° 56° 54 

+ + + 

+ + + 

34° 

Pta. 

DEL ESTE 

36° 

38° 

0 100 

'-�---'�.L_-' km 

COLORADO BASIN 

Figure 1. Map showing the Pampean area of ;\J'gentina and southern Uruguay including large 
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pean region include the Holocene Las Escobas Formation and the Pleis­
tocene Pascua Formation and "Belgranense" (Fidalgo, 1979). In the Salado 
Basin the Las Escobas Formation is found at the surface, but only limited 
outcrops of the Pascua Formation were detected (Fidalgo, 1979). The Pozo 
10 Formation, a marine marker unit correlative to the Pascua Formation, is 
exposed on the shelf below sea level (Violante and Parker, 1996). 

At Caho San Antonio the fossiliferous sediments are well consolidated 
sandy silts with calcium carbonate cement such as those found in the upper 
part of the Pascua Fm (Fidalgo, 1979). They include numerous invertebrate 
remains, mostly bivalves (e.g., Amiantis sp. and Glycimeris sp.). The fossilifer­
ous sediments must have been exposed on the sea bottom because they 
exhibit abundant borings made by endolithic invertebrates. 

Fossil mammals found are Xenartha ( Glyptodon sp., Scelidotherium sp., 
Glossotherimn sp., and PamjJatheriuin sp.); Perissodactyla (HijJpidion); and 
Artiodactyla (Tayassuidae indet.). Mammals of the continental late-Pleis­
tocene biozone characterized by Equus (AmerhipjJus) neogeus are commonly 
found in the Pascua Formation. Specimens found at Caho San Antonio 
belong to extinct taxa ( excepting Tayassuidae), which occur for the last time 
in that biozone. 

It is noteworthy that units that correlate to the Pascua Formation do not 
outcrop in the area from Cabo San Antonio to the north of Mar de! Plata. 
Violante and Pa,-ker (1996) aw-ibuted this to tectonic subsidence. Certainly 
the area is located in the middle of the Salado Basin, with more than 6000 m of 
sediments (Zambrano, 1981: Figure 1). Areas where the marine and continen­
tal Pleistocene units mostly outcrop are located on the Martin Garcia and 
Tandilia-Ventania highs, where tectonic uplift occurred (Pardiii.as et al., 1996). 
Lithology, taxa involved, shelf stratigraphy, and topography suggest that mam­
mal remains come from the Pozo 10 Formation, which corresponds to the Riss­
Wurm interglacial (Isotopic Stage 5e, 120 ky B.P.). 
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Paleoenvironments: Geosciences 

Geomorphological Changes in the Upper Reaches 

of Sergeant Major Creek, Oklahoma 

Kenneth C. Kraft and Warren K Lail 

This research undertaking demonstrates the significant diachronic geomor­
phological changes to which stream channels, and their corresponding biotic 
communities, are subjected. Our research objective was to determine the 
geomorphological history of an intriguing road-cut exposure in Roger Mills 
County, Oklahoma. Occupying one of the highest points on the landscape 
(2,150 ft ASL), the exposure faces the modem course of Sergeant Major 
Creek, a tributary of the Washita River in western Oklahoma (see Thurmond 
and Wyckoff 1998). We cleared and examined a profile 18 m long by 4 m 
wide we designated "Sergeant Major Creek Exposure #1" (SMC-1) in order to 
determine whether an archaeological site, located above, extended into the 
subsurface strata. Based upon previous research in the area, our expectation 
was to find post-Altithermal sediment accumulation atop stripped bedrock, a 
common occurrence in this region. Upon clearing the exposure, we recog­
nized that the expected stripping/accumulation profile was not represented 
at this locality. 

We carefully mapped, photographed, sampled, described, and analyzed 
SMC-1. In addition, we collected four organic samples for radiocarbon dating 
(Figure 1). Soil and sediment samples were collected and analyzed for 
particle size and organic carbon/calcium carbonate equivalent (OC/CCE) 
content. As expected, the OC/CCE ratios were high, precluding an accurate 
pollen analysis. The high carbonate levels are indicative of significant wetting 
and drying episodes following original sediment deposition. In addition, we 
collected a number of one-liter bulk samples from several locations for snail 
species identification. Preliminary results from the snail analyses indicate the 
presence of both aquatic and terrestrial species (James Theler, pers. comm. 
1998), suggesting major diachronic changes in the stream environment. 

The profile revealed a large number of inter-bedded sediments indicative 
of significant changes in the stream environment, with each stratum repre-
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Sgt. Major Creek Exposure #1, Thurmond Ranch Locality, Roger Mills County, Oklahoma 
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Figure l. Sergeant Major Creek Exposure #1, Roger Mills County, Oklahoma. Measured C dates 

(AMS) listed in the figure are as follows: 1,020 ± 70 yr B.P. (Beta-112050); 15,300 ± 60 yr B.P. (Beta-

111161); 16,500 ± 60 yr B.P. (Beta-I I 2050) and, 23,000 ± 190 yr B.P. (Beta-1 !1159). 

sen.ting concomitant changes in load and content. One explanation for these 
changes may be found in analogous drainages in the same locality, many of 
which are in various stages of evolution and devolution and therefore offer 
insight into long-term stream morphological changes in the region. Many of 
the Washita River tributaries, meandering at will, proceed through a similar 
series of cut-and-fill sequences even while overall channel flow remains 
constant. Moreover, changes in stream environments, such as those proposed 
for Sergeant Major Creek, significantly affect plant and animal communities 
along the drainages. During previous field seasons, the authors have ob­
served many similar instances of change in stream biodiversity. 

We believe that the evidence details a 23,000-year morphological history of 
the extinct Sergeant Major Creek drainage now represented by SMC-I. The 
morphological changes caused corresponding changes in the stream biotic 
community, demonstrated by the fluctuation from aquatic to terrestrial snails 
through time. The evidence is supported by direct analogy to modern stream 
developmental sequences. 

The authors thank Brian Caner,James Theler, Peter Thurmond, Peter Wigand, and Don Wyckof
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for their assistance in this research endeavor. The authors also acknowledge Lheir colleagues,Jesse 
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Beaver ( Castor canadensis) and Mastodon (Mammut 

americanum) in a Late-Pleistocene Upland Spruce 

Forest, Western New York State 

Richard S. Laub and john H. McAndrews 

The Doerfel site lies 6.5 km north of Springville, New York (Springville 7½' 
Quadrangle, 42° 33' 41" N, 78° 42' 51" W), elevation 517 m ASL. It is a small 
basin ( ca. 20-30 m diameter), one of several along the crest of a ridge. The 
site is on Valley Heads Moraine, which dates ca. 13,000 yr B.P. (Miller 
1973:81), but the oldest organic matter is <12,000 yr B.P.), indicating delayed 
basin formation. The coincidence of gravel with an abundance of logs just 
above the basal marly clay (Unit 1) suggests the melting of a buried ice block 
that persisted for ca. 1,000 years, accompanied by the collapse of an overlying 
stand of trees (see Florin & Wright 1969). This may explain the inverted 
radiocarbon dates for the top and bottom of Unit 2. 

The basal unit is marly clay, nearly devoid of macro-organics and dominated 
by spruce (Picea) pollen (Figure 1). Numerous conifer logs lie at its upper 
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Figure 1. Pollen diagram from the Doe,-fel mastodon site; only the main pollen and spore types are 

shown_ The percentage sum is 200 upland plants including Cyperaceae but excluding aquatic pollen 

grains and spores. Fom contemporaneous late-Pleistocene pollen sites lie within 40 km of Doerfel: 

Belmont Bog (Spear & Miller 1976), Nichols Brook (Fritz et al. 1987), and Houghton and Protection 

bogs (Miller 1973). Geochemical analysis was done by loss-on-ignition. 

contact with Unit 2, red-brown "peat." This "peat" (<20 percent organic mat­
ter) contains Pleistocene spruce pollen Zone A (Miller 1973). A white spruce 
(P. glauca) cone in the top quarter of the unit was AMS dated to 11,790 ± 60 yr 
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B.P. (CAMS-39330, while a cone from its basal contact yielded a date of 
11,550 ± 60 yr B.P. (CAMS-43074). Wetland microfossils include cattail (Typha 
latifolia) pollen and spike moss (Selaginella selaginoides) spores. Gastropods are 
common in the lower portion of this unit in deeper areas. Also present are twig 
fragments similar in appearance to those from a nearby site, which were 
interpreted as mastodon gastrointestinal contents (Laub et al. 1994). 

The uppermost unit (3) is a dark-brown peat up to 50 cm thick. It contains 
pollen of Tsuga and Fagus, which identify Holocene Zone C, and Fraxinus 
logs. Peat from the lower half of this unit dated to 6,090 ± 60 yr B.P. (Beta-
118010). The absence of a pine (Pinus) pollen zone (Zone B) at its base 
indicates a hiatus of over 4,000 years between the Holocene and Pleistocene 
beginning sometime before 10,100 yr B.P. 

Scattered bones of a mature female mastodon lie at the interface between 
the marly clay and the red-brown "peat." They were dated to 11,460 ± 60 yr 
B.P. (CAMS-54734). One bone, nearest the center of the basin, lies 21 cm 
above this interface, probably reflecting partial in-filling of the basin before 
the bones were deposited. No cultural artifacts were recognized. 

Several logs in the lower half of Unit 2 (Pleistocene) featured conical ends 
bearing gnaw-marks that match tl1e incisors of beaver. One such log of ash 
(Fraxinus) yielded a date of 11,390 ± 100 yr B.P. (Beta-122837). Several logs, 
including the dated one, had been chewed at both ends, precluding the like­
lihood that they were old, partially buried logs gnawed by Holocene beavers. 
To our knowledge, this is the first report of Castor in the New York Pleistocene. 

Probable beaver-dug canals are prominent in the grey marl/red-brown 
"peat" interface toward the basin margin, indicating water depth here of only 
a few centimeters. The presence of cattail and the absence of water lilies in 
the late-Pleistocene Unit 2 suggests that the pond was seasonal and therefore 
an undependable water supply. This may explain the beaver canals. Evidence 
of contemporaneous drought occurs nearby at the lowland Hiscock Site 
(Laub and Haynes 1998). 
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Oxidizable Carbon Ratio Dates in Terminal 
Pleistocene-Holocene Deposits in the 
Northeastern Buenos Aires Province, Argentina 

Hugo G. Nami

141 

At the end of the 19th century and the beginning of the 20th century, 
Florentino Ameghino identified a sequence grouped into stratigraphical 
units and confirmed by all subsequent scholars (Cione and Tonni 1995). In 
this sequence, the Lujan or Ltuanese and Platense formations are very 
important for archaeological research. They have a broad distribution in the 
rivers, creeks, and lagoons of the Buenos Aires province. 

The Platense are gray eolian sediments underlying the Ltuan formation. 
There is agreement that the Platense is Holocene in age with a modern 
fauna. Geologists currently recognize different members in the Lujan forma­
tion with diverse green and brown colors (Cione and Tonni 1995). 

The fossil vertebrate assemblage is assignable to the Lujanense Land mam­

mal-age (Pascual et al. 1965), considered late Pleistocene in age (Cione and 
Tonni 1995). 

The Lujanense is a distinctive unit, therefore an extremely useful marker 
horizon for late-Pleistocene and early-Holocene sediments and consequently 
for possible Paleoindian materials (e.g., Fidalgo et al. 1986). 

Despite the broad distribution of this formation, there are not many 
chronological data (see Politis, Prado and Beukens 1994:190). Only four 14C 
dates obtained on shell samples from the Guerrero member of the Ltuan 
formation range between 17,000 and 28,000 yr B.P. (Carbonari et al. 1993). 

For paleomagnetic investigation and archaeological purposes, sedimen­
tary sequences corresponding to the terminal Pleistocene and to the Ho­
locene were sampled in many parts of Argentina and Chile (cf. Nami 1995, in 
press). As part of this research program, I took samples at the Arroyo 
Rodriguez (34 ° 53.17' S 58° 02.66' W) and the banks of Pinazo Creek 
(34° 26.66' S 58° 49.26' W) in northeastern Buenos Aires province. 

Both sections show a classical stratigraphic sequence of the Platense and 
Lujanense formations. The samples for organic carbon dating were taken 
from the Platense, the upper part of the Lujanense, and the transitional zone 
between both units. 

The samples were dated using the recently developed Oxidizable Carbon 
Ratio (OCR) metl10d. It produces accurate and precise age estimates for organic 
carbon in aerobic soil, based on biochemical changes of organic carbon within 
point-specific spatial and environmental contexts (Frink 1998). The OCR proce­
dure is currently being applied in many parts of the world (Frink 1992, 1994a, 
1994b; Saunders et al. 1997, etc.) and was recently used in analyzing tl1e 
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Argentinean sedimentary sections (Fabier-Duvois and Borella 1997; Nami 
1998; Nami and Favier-Duvois 1998; Nami and Frink 1998). The results 
proved to be highly coincident with previous radiocarbon dates and other 
chrono-stratigraphical data such as historical and paleomagnetic records. 

The OCR date analyses were conducted using procedures, data format, and 
formulas presented by Frink (1992, 1994a). The results for these samples are 
an expression of the "mean residence time" (MRT) of all organic carbon 
within the samples. Therefore these dates can be considered a minimum age 
because the apparent MRT of organic components is a significant factor in 
soil dating (Scharpensell 1971; Stein 1992). 

The following are the dates obtained in the Arroyo Rodriguez: 4,430 yr 
B.P. (ACT-3240); 6,516 yr B.P. (ACT-3239) in the gray sediments; 9,260 yr B.P. 
(ACT-3238) in the transitional zone; and 10,217 yr B.P. (ACT-3250) in the 
upper part of the Lujanense. Pinazo Creek gray sediments yielded the 
following dates: 1,474 yr B.P. (ACT-3348); 4,332 yr B.P. (ACT-3349); 4,513 yr 
B.P. (ACT-3350); 5,194 yr B.P. (ACT-3347); 5,536 yr B.P. (ACT-3352); 5,958 yr 
B.P. (ACT-3353); and 6,624 yr B.P. (ACT-3354). The upper part of the 
Ltuanese formation yielded a date of 7,504 yr B.P. (ACT-3355). 

These dates closely agree with the expected chronology for the Platense 
and are especially valuable for estimating the chronology of the upper part of 
the Lujanense formation, a chronology which was always considered a late­
Pleistocene/ early-Holocene litho-stratigraphical unit. 

My deep gratitude to Durzio and her family for their help and logistic support in the fieldwork. To A. 
Menegaz for her help during the fieldwork and her discussions on A. Rodriguez's stratigraphy. To M. 
Cuadrado for her assistance, and finally to D. Frink, who was very helpfol with many aspects related with 
the OCR dating references and bibliography. Finally, to E. Callahan for his help in editing this paper. 
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New Applications of Luminescence Dating to Late­

Quaternary Lunette Deposits on the American 

Southern High Plains 

Julie Rich and Stephen Stokes 

Exploitation of lunettes in palaeoenvironmental reconstruction has been 
hampered by a general absence of age control in estimating the timing of 

Julie Rich and Stephen Stokes, Luminescence Research Group, School of Geography, University of 
Oxford, Oxford, OXJ 3TB, England. 
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accretion. While 14C dating of soil constituents within the dunes has partially
addressed this problem (e.g., Holliday, 1997), data on Junette accumulation 
and manner of sedimentation (i.e., episodic versus continuous) remain 
generally lacking. 

Optical dating techniques have recently provided chronologies for Junette 
and other aeolian sediments (e.g., Stokes, 1992, 1994; Stokes and Gaylord, 
1993; Wintle, 1993), but have been hindered by typically moderate to low 
precision (±10- 25 percent). Experimental single-aliquot methodologies in­
troduced by Huntley et al. (1985), Duller (1991), Stokes (1994), and Murray 
et al. (1997) differ from conventional (multiple-aliquot) optical dating pro­
cedures because the accumulated radiation close estimate is based on a single 
sub-sample (in this case, 2-5 mg of quartz grains, 90-150 µm) of the 
dosimeter. Advantages of the technique include increased processing speed, 
improved precision of averaged paleocloses, and the potential for exploring 
paleodose distributions from repeated analyses of context, all of which 
provide insight into bioturbation and bleaching histories (Stokes, 1994). 

Research concentrated on single-aliquot testing procedures to generate 
chronologies for selected large playa lunettes on the Southern High Plains of 
Texas. Thirteen samples were extracted from dune ridges at depths of2 to 12 
m below modern surface; 8 had previously been dated using multiple-aliquot 
methods (Figure IA). Comparison of the single- and multiple-aliquot 
paleodose estimates revealed no systematic differences (average ratio= 1.0) 
(Figure lB). The error of the paleodose estimates ranged from 6 to 26 
percent for multiple-aliquot to 1 to 2 percent for single-aliquot, demonstrat­
ing that age estimates obtained from the single-aliquot technique are mark­
edly higher in precision. This makes it possible to identify individual deposi­
tional events that were previously indistinguishable using multiple-aliquot 
procedures (Stokes, 1994). 

Chronological data obtained for the lunettes adjacent to Double, Rich, and 
Mound Lakes, Texas, indicate that theit- emplacement occurred during the 
middle to late Holocene, ca. 5-6 to <lka. In contrast, 14C ages derived from 
soil horizons within lunettes associated with small playa lakes on the South­
ern High Plains indicate that episodic deposition occurred 25,000 to 5,000 yr 
B.P. (Holliday, 1997). Our research program is presently expanding to ex­
plore these contrasts in depositional chronologies for both large playas and 
small ephemeral lake basins by testing for regional coherence of depositional 
events and by interpreting the playa-lunette systems in the context of chang­
ing ideas on the regional and global evolution of late-Quaternary climatic 
change. 

Figure l (opposite). A, Southern High Plains, Texas, including selected research sites of Rich, 
Mound, and Double Lakes. Sampled lunettes are shown with associated large playa lake basins. 
Su·atigraphic columns indicate optical age estimates derived from single-aliquot procedures (right) 
and, in some instances, multiple-aliquot age estimates (left). Sediment samples were taken from the 
locality marked with a cross. B, Plot of single-aliquot versus multiple-aliquot paleodose estimates. 
Shown are the paleodoses for eight Junette samples from Rich, Mound, and Double Lakes and for two 
additional paleodose estimates for samples taken from nearby Lubbock Lake archaeology site. 
Averaged ratio for the plotted values is 1.0. 
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Information for Contributors 

GENERAL INFORMATION 

Categories of notes are: 1) Archaeology, 2) Physical Anthropology, 3) Lithic 
Studies, 4) Taphonomy-Bone Modification, 5) Methods, 6) Paleoenvironments 
(with subsections: Plants, Invertebrates, Vertebrates and Geosciences), and 7) 
Special Focus. The last category is reserved for a pre-selected topic for which 
CSFA solicits manuscripts. No more than 65 papers will be accepted for each 
issue. Each contributor will have no more than two papers published in each 
issue, and only one paper as senior author. 

Manuscripts should be of note length, up to 750 words plus references ( or 
400 words with one figure and caption). They should be current, original, 
unpublished or un-submitted in another journal. Most word-processing pro­
grams have a word-count mechanism; please use it. If the text of your 
manuscript is more than three pages (12-point type, double-spaced, one-inch 
margins), then it is probably too long. 

We require two hard copies of your manuscript and, on acceptance of your 
manuscript, a computer file on 5¼2 or 3½2 diskette (3½2 preferred). Please 
note the number of words at the top of each hard copy. We accept Macintosh 
and DOS formats (DOS preferred). Always include a text or ASCII file on your 

diskette. Be sure to indicate on the label of the diskette the name and version 

of the word-processing program you used (e.g., WordPerfect 6.0). 

REVIEW PROCESS 

Criteria for manuscript acceptance includes order of receipt, length, appropri­
ateness of topic and validity of research. Manuscripts are reviewed by CRPeditor 
Dr. Bradley Lepper and a panel of international associate editors chosen from 
the appropriate fields. Conu·ibutors will be notified of the acceptance of the 
paper as soon as possible. Some revisions may be required. All manuscripts are 
edited for style and grammar. One of the practical goals of the journal is to 
provide quick turnaround time for the printing of manuscripts, therefore, 
authors do not review galley or page proofs. It is imperative that authors carefully 
proof their manuscripts for content,journal style and grammar. We 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 yrB.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 technical jargon 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 
GRP. 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 1)." 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, 2000. 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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46-47,54,62,69-70,80,96-97,
126 

clubmoss (Lycopodium) 111 
cobble 13, 19-20,52,67, 119 
Cody complex 30-31, 65-66, 93 
collagen 107, 118-119, 121-122, 

130-131
Collingwood 43 
Colorado 3, 6, 16-18, 30-31, 65, 

135,145 
Colorado River 145 
Columbian mammoth (Marmnuthus 

colurnbi) 121-122 
Columbia River 87 
Commander Islands 83 
Composite family ( Cornpositae) 79 
computer-aided tomography (CAT-

scanning) 124 
conch (Strombmgigas) 81-82 
Cooper site 8-9 
core tool 9, 11, 13-14, 25, 34, 52, 

60,69-70, 72,88, 109,112, 127-
128 

Coro region 41 
cranium 55, 88-89, 91, 121-122, 

124 
crenation fracture 26 
Cross-Florida Barge Canal 128 
Crowfield 29 
crystal 49 
Cuba 133-134 
Cyperaceae See sedges 

Daisy Cave 23 
Davis Mountains 3 
Dearborn River 131 
Debert 77 
deer (Odocoileussp.) 121-122 
Deer Creek 121-122 
Denali complex 13, 59-60 
Dendrortyx macroura 116 
Denver 30 
Desrnodus draculae See giant vampire 
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117,122,126,135,140 Desmodus stocki 133 
dire wolf ( Canis dirus) 126 

Diuktai 59 
DNA 131 
Doeden Gravel Pit 130 
Doerfel site 139 
dog ( Canis sp.) 

C. dirus See dire wolf
C. farniliaris See domestic dog

Dogon 88, 91 
domestic dog ( Canis farnilimis) 88, 

91 
Driftless Area 33 
dung 116-117 

Easter Island 88, 91 
East Wenatchee/Richey site 130 
EDXRF See energy dispersive X-Ray 

fluorescence 
El Caballo 111 
El Cedral 115-116 
elephant (Proboscidian) 121, 124-

125 
Elephas inaximus See Asian elephant 
Elfgren site 38-40 
Eljobo 41-42 
elk ( Cervus sp.) See also wapiti 139 
elk-moose ( Cervalces scotti) 126 
El Pedregal 111 
El Rechuelos rhyolite 99-100 
end scraper 4, 11,26,36,39,48,80 
energy dispersive X-Ray fluorescence 

(EDXRF) 97 
Equ-us neogeus See American horse 
Eskimo 13 
Estancia Basin 100 
Eva playa 6-7 

Fagus 139-140 
Fairbanks, Alaska 11, 59 
Falconiformes See hawk 
felsite 4 
fibula 119 
finger knife 26 
fir (Abies) 3-4, 9, 12-13, 15, 19-20, 

26,28-29,31,34,41,57,59,62,65, 
71,80,84,87,91,98, 106-107, 115-
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Fish Creek 19 
flat-headed peccary (Platygonus 

cornpressus) 107-108 
Flattop chalcedony 49 
Flint Hills 102 
flinty tuff 74 
Florida 127-128, 133-134 
fluoride 107-108 
Folsom 1, 3-4, 6-10, 21-23, 30, 35-

39, 44, 46-47, 55-56, 67-68, 79-80, 
93,96-97,99-103,130-131 

Fort Irwin site 66 
fox(Vulpessp.) 17,54 
Fox site 17 
France 106 
Fraxinus See ash 
Frederick 17, 48-49, 66 

Gail stone 33-34 
Gainey complex 26, 34, 43-44, 54, 

76-77
Garanon Canyon 23 
Garland cache 83 
gastropods (Succinea) 23-24, 140 
giant beaver ( Castoroides kansasensis) 

126 
giant ground sloth (Megatheriurn) 

117 
giant short-faced bear (Arctodus sirnus) 

107-108, 126
giant vampire (Desrnodus draculae) 

133-134
glabella 88 
Glenrock 31 
Glossotheriumsp. 136 
Glycirneris sp. 136 
glyptodont (Glyptodonsp.) 136 
Goshen 1, 30, 47, 93, 130 
Grainineae See grasses 
Grand River 44 
Grants Ridge 99-100 
grasses ( Gramineae) 139 
grasslands 18 
graver 4, 10-11,26,33,36-37,39, 

48,58, 74,93-94 
Great Bahama Bank 134 
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Great Basin 96 

Great Lakes 54 

Great Plains 2, 93 
green algae (Chlorophycophyta) 

109 
Greenland 112 
ground sloth (Mylodon sp. and 

Scelidotheriurn sp.) 117, 121, 126, 
136 

groundstone 28-29, 51 
Gruta de! Indio 116-11 7 
Guerrero member 141 

Hainan 88, 91 
Hamilton 43-45 
hammerstone 21, 26 
Hardinger complex 93 
hare (Lepus sp.) 12 
Harlan's musk ox (Bootheriurn 

bornbifrons) 126 
Hartville Uplift 2, 39 
hawk 31,115 
Healy Lake 61 
hearth 4, 13,26,65-66,78 
Hell Gap 46-47, 66, 93 
hematite 21 
Hemiauchenia sp. See camel 
HF digestion 111 
High Plains 35-36, 46, 143-145 
Hilltop 10-11, 71 
Hiscock site 76, 140 
Hixton 26, 34, 54 
Holcombe 44, 76-77 
Holter Lake 131 
Homo erectus 72 
Horace Mesa 99-100 
horn core 55, 127-128 
Horner site 28 
hornfels 3 
horse(Equussp.) 3,21,111,117, 

121,136 
humates 119 
humerus 115 
hyena (Hyaena) 72 

Idaho 124 
Illinois 34, 53-54 
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imperial mammoth (Marnrnuthus 
irnperatoi) 121-122 

INM See instrumental neutron 
activation analysis 

incisor 140 
India 27 
Indian Creek 93-94, 130 
Inscription House Trading Post 27 
instrumental neutron activation 

analysis (INM) 97-98 
interglacial 133, 136 
Iron Age 98 
Irvingtonian 127-128 

Jackson County 54 
Jackson Hole 20 
Jake Bluff site 9 
James Allen 48-49, 66 
Japan 88,91 
jasper 3-4,28,49, 70 
Jemez Mountains 99 
Jerry Craig 30-32 
Jamon-Pacific 88-89 

Kamchatka 83 
Kansas 2, 103, 126-127 
Kansas River l 26 
karst 133 
Kennewick Man vii-viii, 87-89 
Kentucky 16 
Kersey 1 7, 65-66 
knife 26, 74-75 
Knife River 39, 67 
Knox County 54 

lagoon 141 
Lake Erie 44 
Lake Michigan 53 
Lake Ontario 43-45 
Lake Sakakawea 67 
landform 25 
La Presi ta 115-116 
larch (Larix) 33 
Las Casitas 41 
Las Escobas formation 136 
Las Lagunas 41 
Last Glacial Maximum 117 
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Lauricocha 41-42 

LeonCreek 78-79 

Lesser Antilles 81-82 

Lima Reservoir 130 
limestone 81, 115, 119 

Lindenmeier 101 

Lipscomb site 31 
Lisburne site 12 
Littlejohns Creek 50 
Llano Estacada 100 
Longgupou Cave 72 
Lubbock,Texas 36, 144-145 
Lujan formation 141 

lunette 143-144 

Lycopodium See clubmoss 

MacasphaltShel!Pit 127-128 

MacHaffie 131 

malar 88 
mammoth (lviamniuthus) 

M. colurnbi See Columbian
mammoth

M. imperator See imperial

mammoth
Mammut americanum See American 

mastodon 

mandible 9, 31, 55-56, 124-125 
manganese oxide 2 

mano 21 
maple (Acer) 139 
Martfn Carda High 135-136 

mastodon (Mammut americanum) 

41-42,121,124-126,139-140
mastoid 88 
Matehuala 115 
Mead 61 

Meadowbrook South 44-45 

Medicine Creek 69 

Megatherium cf. M. americanum See 

giant ground sloth 

Merrell site 130 
Merida Glaciation 111 
Mesa site 10-14, 99-100 
metacarpal 55 

metaconids 31 
metatarsal 9, 55, 119 

Mexico 41-42, 115-116 
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Michigan 44, 76, 84 
Michigan Basin 53 
microblade 11-14, 59-61 
microwear 93-94, 105-106 

midden 23-24, 78 

Middle Park 30, 32 
Midland site 4, 6, 21, 36-37, 67-68 

milling slab 52 

Mill Iron 130 
Milnesand site 4 
Milton Gap 44 

Mineral Mountains 97 
Minnesota 109-110 

Mississippi 2, 54 
Mississippi River 30, 33 

Missouri 126 

Missouri River 67-68, 93, 131 

Mojave Desert 52 
Mokapu 88, 91 

molar See tooth 
mole (Scalopus) 120-121 
mollusc 115, 119, 127, 139 

molossid 133 
Montana 93, ll8, 120-121, 130-131 

Monte Verde 41-42, 58 

moraine 139 

Moriori 88, 91 
Mormoopidae 133 

M:magna 133 

M. megalophylla 133
Morrison formation 6, 44 

Morro w -Hensel 25-26, 34 
moss agate 67 
Mound Lakes 144 

mountain moss (Selaginella 

selaginoides) 140 
Mountain Tradition 16 
Mount Taylor 99 
Mousterian 106 

Muaco 41 

Muncy site 6-7 
Museum of the Rockies 121 
musk ox (Symbos) 126 
mussel 23--24 
Mylodon sp. See ground sloth 

Mylodontidae See sloth 
Myotis magnamolaris 133 
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Nall 6, 48-50 

Natalidae 133 

National Park Service 20 
National Science Foundation 28 
Native American Graves Protection 

and Repatriation Act (NAGPRA) 
vii-viii

Near Islands 83-84 
Nebo Hill 126 
Nebraska 38-39, 69, 127 
Neotropics 133 
neutron activation 97 
New Mexico 6, 55, 69, 99-101, 145 

New York 76, 139-140 
Niagara Escarpment 43-45 
Nichols site 17 
Nihewan Basin 71-72 
niobrara 49, 70 
Nizki 84 
Norse 88, 91 
North Dakota 67 
North Korea 98 
North Plains 17, 19, 31 
Norton Bone Bed site 15 
Nottoway River 62 
novaculite 3 
Novosibirsk 74 
Nuevo Leon 116 

oak ( Quercus) 139 
obsidian 19-20, 49, 51, 74, 96-101 
Obsidian Hill Creek 19 
obsidian hydration 51 
OCR See oxidizable carbon ratio 
Odocoileus sp. See deer 
Ogallala formation 6 
Ohio 76, 107-108 
Oklahoma 6-8, 48-49, 102-103, 

126,137-138 
Oneota 54 
Onondaga escarpment 43-44 
Ontario 29, 43-45, 54, 93 
opal 3 
optical dating procedures 144 
orthoquartzite 26, 67 
oxidizable carbon ratio (OCR) 15-

16, 141-142 
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Paektu San 98 
Paint Rock Cave 18 
paleosol l, 19, 49-50 
Palli Aike Cave 91 
palm (Acrocomia) 81, 83 
palynology 111, 116 
Pampatheriumsp. 136 
Pampean 134-135 
paramo 111 
Parkhill complex 26 
Pascua formation 136 
passerine birds (Passeriformes) See 

perching birds 
Pavo Real 69 
Pawnee National Grassland 18 
peat 84, 111-112, 139-140 
Pediastmm boryanum 109-110 
Pediastrum kawraiskyi 109-110 
pelvis 87 
Pennsylvania 2, 47 
perching birds 116 
Perissodactyla See tapir 
Permian 2 
Peru 41-42,88,91 
phalange 55, 115 
Phyllonycte1is major 133 
Phyllops vetus 133 
Phyllostomids 133 
Picea See also spruce 
Picea glauca See white spruce 
Pierce County 25 
Pinazo Creek 141-142 
pine (Pinus) 109, 139-140 
Plainview 4, 6, 21, 48-49, 93, 130 
Platte River 1, 17-18 
Platygonus compressus See flat-

headed peccary 
playa 6-7,36,48, 144 
Plecotus tetralophodon 133 
pluvial lake 51 
Poaceae See grasses 
point 

Alberta 130 
Allen 48-49, 66 
Angostura 4, 28, 78 
Barnes 43-44 
biface 6, 10-11, 13, 16, 20-22, 
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25-26,28,34,36,41,46-47,49,51-
54, 74-77, 101,103

bipointed 11 
Cascade 87 
Clovis 4, 6-7, 15-16, 21-22, 36, 

46-47,54,62,69-70,80,96-97,
126

Cody 30-31,65-66,93 
concave-base 43-44, 66, 102 
crescent 19 
Cumberland 77 
Dalton 77 
dart 38 
ElJobo 41-42 
fluted 2,6, 13, 15-16,25-26,33-

34,36-37,39,43-44,46-47,53-
54,62,96-97, 102-103 

Folsom 1, 3-4, 6--10, 21-23, 30, 35-
39, 44, 46-47, 55-56, 67-68, 79-
80,93,96--97,99-103, 130-131 

Gieseck 17-18 
Great Basin 96 
Hell Gap 46-47, 66, 93 
Holcombe 44, 76-77 
Krugloi 84 
lanceolate 10-11, 28, 41, 43-44, 

51,66,96 
Lovell Constricted 17-18 
Mesa 11, 13 
Meserve 96-97, 126 
Midland 4, 6, 21, 36-37, 67-68 
Pinto 51-52 
Plainview 4, 6, 21, 48-49, 93, 130 
preform 4, 6, 11, 15, 26, 33-34, 

36-37,41-42,47,53,67-68,99,
102

Pryor stemmed 17 
reworked 2, 7, 11, 13, 20, 26, 36-

37, 39, 43-44, 54, 68, 70, 72, 76, 
96 

Scottsbluff 4, 31, 126, 131 
Simpson 58 
Stanislaus broad-stemmed series 

51-52
stemmed 17-18, 51-52 
TexasAngostura 78 
unfluted 21, 36-37, 43-44 
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unifacial 11, 15, 21, 26, 51-52, 74, 
93 

Wilson 19, 94, 121, 130-131 
pollen 109, 111-112, 137, 139-140 
Polynesia 89, 91-92 
poplar (Populus) 77 
porcellanite 67 
post-glacial 19, 43 
pot-lidding 26 
pre-Clovis 16, 21-22, 62-63 
pressure flaking 4 7 
Primoriye, Primorye, Primorie 97-

98 
prismatic blade 16 
Proboscidean See elephant 
Pteronotus pristinus 133 

quarry 2, 26, 54, 67, 102 
quartz, quartzite 2-4, 6-7, 28, 41, 

48-49,62-63,93, 119,144
Quaternary 21, 133-134 
Quercus See oak 

radiometric dating 28-29, 59 
ragweed (Ambrosia-type) 139 
Rancho La Amapola 115 
Rancho La Brea 121, 126 
Rangi,f er tarandus See caribou 
Rat Islands 84 
Rattlesnake Point 44-45 
RayLong 28 
Red Rock River 118 
reindeer See caribou 
Renier site 29 
Republican River 70 
resharpening 2, 11, 16, 43, 48-49, 

54,56,93,96 
retouch platform 26 
rhodium 96 
rhyolite 19, 34, 99-100 
rib 55-56 
Rich Lake 144-145 
Richey Clovis cache 130 
Rio Pedregal 41 
Robertson 35-37 
Rockies 17-18,30,55,65-66, 121 
rockshelter 116--11 7 
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rodents (Rodentia) 

Roger Mills County 

Rosebud 122 

24,117 
137-138 

Russia 58, 73-75, 97-98 
Russian Far East 73-75, 97-98 
Ryazanovka 98 

saber-tooth tiger ( Sinilodon sp.) 
126-127

Salado Basin 135-136 
Salix (Salicaceae) See willow 
Sanjosecito Cave 116 
San Luis Potosi 115-116 
San Miguel Island 23 
Santa Cruz province, Argentina 88, 

91 
Santa Isabel de Ixtapan 41 
Santa Rosa Island 23 
Sarcobatus See greasewood 
Saskatchewan 130 
Scalopus See mole 
Scelidotheriuin sp. See ground sloth 
Scenedesinus l 09-110 
Scott's moose See elk-moose 
Scottsbluff 4, 31, 126, 131 
scraper 4, ll,26,28,33-34,36,39, 

41-42,48-49,52,58, 74-75,80 
Seager site 44-45 
sedges ( Cyperaceae) 139 
Selaginella selaginoides See mountain 

moss 
Selk'nam 91 
Sergeant Major Creek 137-138 
Shannon Lake 109-110 
sheep 13 
Sheep Rock Spring 94, 131 
Shemya Island 84 
Sheriden 76-77, 107-108 
Shkotovo 98 
short-faced bear See giant short-

faced bear 
Siberia 58-59 
side scraper 11, 26, 52 
silicates 139 
silicified tuff 3 
silicified wood 67 
Silver Mound 26, 34, 54 
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sink hole 128 
skull 28, 87-89, 91, 116, 126, 130-

131 
Skyrocket site 50-52 
sloth (Mylodontidae) 121, 126 
Smilodon sp. See saber-tooth tiger 

S. californicus 127
S. cf. S. Jatalis 127
S. jloridanus 127

Smoky Hill jasper 70 
snail 24, 137-138 
Snake River 19 
snapping turtle ( Chelydra serpentina) 

76 
Solutre 106 
Sonora 50 
South Dakota 28 
South Fork Shelter 121-122, 131 
Southern High Plains 35, 143-145 
Southern Plains 3-4, 10, 99, 102 
spear 139 
spruce (Picea) 60, 66, 109-110, 139 
St. Louis County 109-110 
stagmoose See elk-moose 
Starved Rock 54 
Stockton 50 
Stroinbus gigas See conch 
subparamo 111 
Succinea See gastropods 
superparamo 111 
Swan Point 61 
Syinbos cavifrons See woodland musk 

ox 

Tadarida constantinei 133 
Taima-Taima 41-42 
tamarack See larch 
Tamarack Creek 33 
Tamarack Valley 33 
Tandil-VentaniaHigh 135 
tapir (Tapirusspp.) 126,136 
Tapirus californicus 23-24 
tarsal 115-116 
Tasmania 88, 91 
Taxidae See badger 
Tayassuidae 136 
Taylor site 62, 67, 87, 99, 107 
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Ted Williamson site 21 
Tennessee 15-16 

Tennessee Division of Archaeology 

15 
Tesesquite quartzite 7, 49 
tetraedron l 09-110 
tetrapods See amphibians 
Texas 3,6-7,21,35,69, 78-80, 144-

145 
thermoluminescence (TL) 62, 120 
Tierra de! Fuego 91-92 
TL See thermoluminescence 
Tolai 88, 91 
Tongue River 67, 122, 131 

toolstone 4, 26, 33-34, 49, 53-54, 
67,97,99 

tooth 9,28,31, 121,126 
Toronto 45 
Torrington 1-2 
Trans-Pecos 3-4 
Tsuga 139-140 
Tubuliflorae 139 
Tularosa 4 

turtle (Kinosternon sp.) 76 
tusk 119,124-125 
Typha latifolia See cattail 

U.S. Bureau of Land Management 
10-11

ultrathin biface 21 
Umnak Island 84 
Uncle Billy Baker collection 6 
unifacial 11, 15, 21, 26, 51-52, 74, 93 
Upper Twin Mountain 30, 32 
Ustinovka 74, 98 
Utah 96-97 

Vail 77 
Valle Grande Member 99-100 
Valley Heads Moraine 139 
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Venezuela 41-42, 111-112 
vertebra 24, 55-56, 76, 107, 118-

121, 126-128, 141 
Vespertilionids 133 
Vinogradnaya 98 
Virginia 62, 109, 126 
Vladivostok 74 
vulture 115 

Washington 87 
WashitaRiver 137-138 
West Indies 81, 133-134 
Western Pluvial Lakes tradition 51 
Western Valley 16 
White collection 6 
white spruce (Picea glauca) 139 
Wild Horse Draw 3 
Williamson County 21 
willow (Salix) 77 
Wilson-Leonard 21-22 
Wisconsin 25, 29, 33-34, 53-54, 120 
Wisconsinan 127 
Woodland musk ox (Symbos cavi.frons) 

See Harlan's musk ox 
Wyandotte County, Kansas 76 
Wyoming 1-2, 18-19, 28, 30, 39, 66, 

74 

XAD-KOH Ill 
Xenartha 136 
Xiaochangliang 71-72 
X-ray 96-97

Yellowhouse Canyon 36 
Yellowhouse Draw 36 
Young-Man-Chief 67 

Zaisanovka 98 
Zalavar 88, 91 
Zerkalnaya River 98 
Zulu 88, 91 
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