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temperature change. It is assumed here that oxygen isotopes in the carbonate 
nodules and freshwater marl were in isotopic equilibrium with their coeval 
meteoric water. While no temperature estimates are offered, the increasing 
180 / 160 ratios of the pedogenic carbonate sam pies suggest rapid warming from 
17,350 ± 150 yr B.P. (Beta-32204a (0 180 = -4.2)) to 16,330 ± 130 yr B.P. Beta-
32205a (0180 = -3.4)) and 15,010 ± 170 yr B.P. (Beta-32205b (o'80 = -2.9) ). A
lower 0180 value dated to 12,780 ± 130 yr B.P. (Beta-32204b (o'80 = -3.6)) 
might be due to a reversion to cooler temperatures (Figure 1). Increased 
oxygen isotope ratios in the freshwater marl suggest warmer temperatures by 
9,520 ± yr B.P. (Beta-32979 (0 180 = -2.9)). 

These oxygen-isotope data support interpretations of early warming, based 
on declining spruce pollen at Boriack Bog in central Texas, soon after the Last 
Glacial Maximum (Bryant 1977; Holloway and Bryant 1984). The apparent 
drop in temperature indicated by the 0180 value at ca. 12,800 yr B.P. could be 
synchronous with a dramatic increase in grass versus arboreal pollen at Boriack 
Bog (Bousman 1991), and a Clovis-aged drought (Haynes 1991). All three 
events might be a response to a glacial meltwater surge down the Mississippi 
River (Fairbanks 1989; Overpeck et al. 1989). This meltwater surge appears to 
have reduced Gulf of Mexico sea-surface temperatures, and stimulated cooler 
and drier conditions in the region (Broecker et al. 1989). Clearly, additional 
isotopic data are needed to confirm this hypothesis of interrelated events. 

This research was funded by Hidalgo County Drainage District No. 1 and Willacy County Drainage 

District No. 1. Thanks to the staff at Prewitt and Associates, Inc. 
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Luminescence Dating of Eolian Deposits 

in the Mojave Desert-Initial Results 

Nicholas Lancaster, Ann G. Wintle, and Helen Rendell

A large amount of geologic evidence that includes sand dunes stabilized by soil 
formation and colluvial mantles, ventifacts covered with desert varnish, and 
dust mantles on lava flows shows that eolian processes have been more active 
than they are at present in the Mojave Desert of southern California during 
intervals of the late Quaternary (Smith 1967; Wells and McFadden 1987). 
These landforms and deposits have the potential to provide information on 
changes in wind directions and circulation patterns over time, as well as the 
duration and timing of periods of enhanced eolian sediment transport 
(Lancaster 1990). The precise timing and chronology of periods of past eolian 

Nicholas Lancaster, Quaternary Sciences Center, Desert Research Institute, P.O. Box 60220, Reno, 
NV 89506. 

Ann G. Wintle, Institute of Earth Studies, University College of Wales, Aberystwyth, SY23 3DB, 
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activity is, however, generally poorly known and the response of eolian 
geomorphic systems to climatic changes uncertain, in part because the problems 
of obtaining absolute age estimates from eolian materials have hampered 
correlations with other sources of proxy palaeoclimatic data. Luminescence 
dating techniques (Wintle and Huntley 1982; Berger 1988) provide the means 
to directly assess the age of eolian sands and offer the promise of moderate- to 
high-resolution chronologies of eolian deposition on time scales of millennia 
to centuries, as well as enabling correlation of periods of eolian activity with 
other sources of palaeoclimatic data. 

We are currently developing a history of eolian activity in the Mojave using 
a combination of stratigraphic studi�s and luminescence dating with the aim 
of reconstructing the climatic conditions, including winds and circulation 
patterns, that were associated with enhanced eolian action in this region. Our 
research to date has concentrated on Kelso dune field, as well as climbing and 
falling dunes in the Cronese Basin and Dale Lake areas. 

Dating of sediments by thermoluminescence (TL) and optically stimulated 
luminescence (OSL) techniques measures the number of trapped electrons 
within a crystalline material ( e.g., quartz or K -feldspar) resulting from its 
exposure to ionizing radiation derived from the decay of naturally occurring 
4°K, U, and Th in the surrounding sediment (Wintle and Huntley 1982, Berger
1988). The luminescence signal is reduced to a residual value by heating to 
>500°C or exposure to sunlight; in sediments the event dated is therefore the 
last surface exposure. Measurement of the amount of luminescence and the 
rate of production per unit of radiation yields the amount of past radiation 
exposure or the equivalent dose (ED). The natural annual radiation dose is 
derived from independent measurements of radioactivity in the field or 
laboratory. The age of a sample is given by: Age= equivalent dose (ED) Grays/Dose
rate (Grays/year). The electrons trapped in the crystal lattice can be evicted by 
heating the sample to 500°C (thermoluminescence), and the resulting photons 
can be detected as visible light via a photomultiplier. The same effect can also 
be generated in feldspars by exposure to infrared photons (infra1-ed stimulated 
luminescence-IRSL) or in quartz by exposure to a green laser ( optically 
stimulated luminescence-OSL). 

Initial IRSL results from Kelso Dunes indicate three major periods of eolian 
deposition and/or dune reactivation in the past 5,000 years: 4,300-3,600 yr 
B.P., 1,300-1,700 yr B. P., and 400-870 yr B.P. Preliminary TL dates from Cat 
Dune and Dale Lake suggest that there is evidence for episodic eolian activity 
spanning the past 50,000 yr, with a well-defined period of eolian deposition in 
the period 15,000-9,500 yr B.P. Comparisons with the paleolake and alluvial 
fan records for the region (Wells and McFadden 1987, Enzel et al. 1989) 
suggest that periods of eolian activity in the region correlate well with intervals 
of low and/or fluctuating lake levels and geomorphic instability, indicating 
that sediment supply from drying lakes and aggrading alluvial fan systems may 
be a major control on the intensity of eolian processes in this region and thus 
an indirect link between the response of eolian processes to climatic change. 
This research is supported by the National Geographic Society, NATO Collaborative Research Grants 

Program, and the Natural Environment Research Council (UK). 
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Holocene Paleoclimatic Reconstruction in the 

Laguna de Babicora Basin, Chihuahua State, 

Northwest of Mexico 

J Ortega-Ramirez, R. Sanchez-Hernandez, 

and 0. H. Jimenez-Salas 

The knowledge of fluctuations on the extent and depth of water levels in 
ancient lakes provides some of the most accepted evidence for climatic changes 
during late-Pleistocene and Holocene periods. Therefore, they are excellent 
indicators of variations in water balance. 

The Laguna de Babfcora Basin in Chihuahua State, northwestern Mexico, 
contains a lake at approximately 29° 15' N and 108° 00' W, and at 2,200 m 
altitude. The pre-Quaternary origin of the Laguna de Babicora Basin has been 
controlled, first, by extensional faulting related to the early-Tertiary compressive 
regional process of the Pacific coast margin, and second, to the distensive 
pattern during the late Tertiary. 

In previous studies (Ortega 1985, 1990), it was postulated that the Laguna 
de Babicora Basin was affected by the paleoclimatic variations during 
Pleistocene/Holocene times. Additional evidence is presented here, including 
a new stratigraphic chronology which is based on six radiocarbon dates ranging 
from ca. 9,000 yr B.P. (8,120 ± 105 yr B.P. (INAH-810)) to ca. 2,800 yr B.P. 

J. Ortega-Ramirez, R. Sanchez-Hernandez, and 0. H. Jimenez-Salas, Laboratory of Quaternary 
Geology, INAH, Mexico. Moneda N° 16-Centro, Delegaci6n Cuauthemoc, Mexico, 06060, D.F. 
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(2,890 ± 60yr B.P. (INAH-814)). Sedimen to logical and mineralogical analyses
of eight stratigraphic profiles are also presented. These new data enable us to
interpret the history of the environmen ta! fluctuations in the paleolake during 
the past 10,000 yr B.P. 

The different graphical and statistical parameters that are currently in use, 
particularly the granulometric sampling of 99 samples from the stratigraphic 
profiles, provide insights into the transport type and the corresponding 
depositional environments of the sediments. 

In addition, the stratigraphic correlation of the profiles, based mainly on 
principal components and cluster analyses, reveals that the northwest and 
southeast sides of the basin are characterized by sediments deposited within a 
closed aquatic environment, whereas the north and the northeast sides 
represent rather rhythmic fluvial deposits: swampy-lacustrine during the early 
Holocene; fluviatile and lacustrine-swampy during middle Holocene; and 
fluvial-short but intensive-during the late Holocene. 

The oldest unit studied (early Holocene: ca. 10,00 0 to ca. 6,000 yr B.P.) is 
composed of laminated silts and clays with abundant ferric concretions, 
phytoliths, carbon, and diatoms, overlain by a veneer offluvial sands and fine 
gravel. This unit is interpreted as hot, dry hydroclimatic conditions that arrived 
probably to a maximum to ca. 6,000 yr B.P. This previous information is in 
agreement with palynological studies in the following areas: Santa Barbara 
Basin, California, and the Guaymas Basin, Gulf of California (Heusser, 1978, 
1982); the Great Lakes region (Benson et al., 1990); Arizona and Nevada (Van 
Devender, 1977); as well as in the West coast of U.S.A. (Curray, 1961). 

The middle-Holocene (ca. 6,000 to ca. 3,00 0yr B.P.) sediments consist of two 
types of deposits: (1) lacustrine silts, fine sands and clays mixed with organic 
fragments and rhyzoconcretions, overlain by a unit of buried paleosol (eluvial 
horizon: Bt) dated ca. 3,000 yr B.P.; (2) fluvial sands and gravels deposits. From 
these deposits we can infer fairly variable hydroclimatic conditions that 
indicate mainly marsh and fluvial environments, ending in a dry interval 
represented by the paleosol. 

During the late Holocene (over the past 3,000 yr B.P.) the hydroclimatic 
general trend was dry but included short wet intervals. At the top of these 
sediments there is an erosional surface dated ca. 2,00 0 yr B.P. which is overlaid 
by heterometric flu vial sand deposits with poor sorting which can be related to 
short humid periods. 

We conclude that the Holocene paleoclima_tic behavior at the "Laguna de 
Babfcora" resembles middle-latitude paleoconditions such as those from the 
southwestern U.S.A. rather than lower latitudes as in central Mexico. 

Although the cause of Pleistocene/Holocene paleoclimatic variations in the 
area is still under discussion, we suggest that the lake variations can be 
explained by the changes in the general atmospheric circulation related to the 
melting of the continental ice sheets. Another important point to stress is that 
at the base of the composite stratigraphic sequence, analyzed though not yet 
studied in detail, we hope to find older units that could correspond to 
Pleistocene times, and therefore would help to understand the early stages of 
genesis of the "Laguna de Babfcora." 
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Progress on Modeling Local Climate 

of the Southwest at 18 ka 

J F. Stamm, R Orndorff, and R. G. Craig 

We have synthesized three models of separate aspects of paleoclimate to 
produce a more comprehensive representation. The basis model provides a 
computation of monthly temperature and precipitation for the time of the last 
glacial maximum. These solutions are used in a snowfall/ snowpack model that 
computes mean monthly snowfall for a series of years using Monte Carlo 
methods. The third model computes stable-isotope ratios in precipitation, 
surface water and runoff using the monthly temperature and precipitation 
solutions and snowfall information. 

The local climate model (LCM) simulates present ( 1980-84) and last-glacial 
(18ka) climate of the Southwest U. S. Measures of monthly temperature 
(TEMP) and precipitation (PREC) are computed using a canonical regression 
of predictor variables that represent the primary and interactive effects of 
terrain, sea-surface temperature, CO

2
, solar insolation and windfield. An 

energy-balance model (Pease 1987) is used to represent some of these 
interactions. Solutions are made at a 10-km spacing over an area that extends 
220 km north, 330 km south, 800 km east and 360 km west ofl 16°W, 37°N. This 

J. F. Stamm, Dept. of Civil Engineering and Op. Res., Princeton University, Princeton, NJ. 
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area approximately extends from the Pacific coast to the Rocky Mountains and 
from the latitude of Lake Tahoe, NV, to the latitude of Los Angeles, CA. 

Annual and seasonal TEMP and PREC are computed from solutions of 
monthly TEMP and PREC for comparison with proxy paleoclimate estimates. 
Departures (18ka minus present) in TEMP (0C) for the Southwest U.S. are: 
winter, -9.5; spring, -4.8; summer, +0.1; fall, -3.5. Average annual change in 
TEMP is -4.4°C. Departures in PREC (mm) are: winter, -13; spring, 53; 
summer, -46; fall, 28. Average annual change in PREC is +22 mm. Overall, most 
areas experienced increases (about 25 to 100 mm) in annual PREC. Larger 
increases in annual PREC are indicated for the Pacific coast, the southern 
Sierra Nevada, some inland ranges and the southern Rockies. However, 
decreases in PREC are indicated for the central Sierra Nevada and parts of the 
Colorado Plateau. 

The detailed LCM solutions allow comparisons with proxy paleoclimate 
data. For example, Dohrenwent (1984) studied glacial landforms and cirque 
altitudes in the western Great Basin to estimate mean annual temperature and 
accumulation-season precipitation (ASP) during the full glacial. He computed 
a 5.5°C drop in mean annual temperature and a 370-mm increase in ASP, based 
on lapse rates of 6.7°C per 1000 m and 500 mm of ASP per 1000 m. 
Dohrenwend prefers a reconstruction for the full glacial with slight changes in 
ASP and mean annual temperatures 7°C lower. LCM solutions at the locations 
of alpine cirques and glaciated valley bottoms used by Dohrenwent (1984, 
Table 2) indicate a 5.3°C drop in annual TEMP, a 9.3°C drop in accumulation 
season TEMP (DJFM) and an 11-mm decrease in ASP (DJFM) at 18 ka. 

The snow-simulation model calculates mean monthly snow accumulation, 
snow ablation, and snowpack-water equivalent for each month of a multi-year 
run within a gridded solution domain. Monthly temperature and precipitation 
value (normally and lognormally distributed, respectively) from the local 
climate model are perturbed in order to model their inherent temporal 
variability. Snowfall, that fraction of precipitation which falls below a critical 
temperature, is computed as the double integral of the bivariate normal 
distribution in standardized temperature and log precipitation space. Snow 
ablation is computed as an index of surface temperature (Martinec et al. 1983) 
and an areal-extent coefficient drawn from a beta distribution, and snowpack­
water equivalent is computed as a function of extant snowpack, monthly 
accumulation, and monthly ablation. 

A 34-year modern simulation (matching the length of record) at Donner 
Memorial State Park yields results for mean January snowfall within 7% of the 
observed value at that location. A 34-year LGM simulation at Donner Memorial 
State Park predicts mean January snowfall that is 330% of modern observed 
snowfall. 

Rayleigh fractionation and distillation are included in the isotope 
computations which proceed along windflow paths computed by mass­
conserving interpolation from a coarse grid of observations. The availability of 
the isotope results will allow a comparison to the geologic record of stable 
isotopes in the western U.S. Current research focuses on reconstructing the 
isotope signatures of water bodies within the drainage of the Truckee River. 
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The isotope model has been tested for modern environments on a traverse 
across northern California. 
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CURRENT RESEARCH IN THE PLEISTOCENE 

Paleoenvironments: Plants 

Preliminary Pollen Analysis of Cores 

from the Northern Gulf of California 

Owen K. Davis, Timothy full, Lloyd Keigwin 

Vol. 9, 1992 

Pollen analysis of continuously deposited sediments has become a particularly 
valuable complement to packrat-midden studies in the arid Southwest, because 
they record regional vegetation change on rapid (century to decade) time 
scales. Core All 125 JPC 70, taken 24 April 1991 in 145 m water in the central 
northern Gulf of California, is 841 cm long and is dated 9,305 ± 225 yr B.P. at 
508 cm (accelerator date of microscopic charcoal). The Salina Grande core, 
taken from a raised spring mound on 9 November 1991, is 425 cm long, and 
is dated 3,690 ± 50 yr B.P. at 390-400 cm on peat. 

Core JPC 70 records the demise of Mojave Desert elements at 508 cm 
(9,305 ± 225 yr B.P.). Desert vegetation is indicated throughout: Larrea ( creosote 
bush), Euphorbia (spurge), and Ephedra Uoint fir). However, Ambrosia (bursage) 
and Ephedra percentages are higher above 508 cm, whereas Cupressaceae 
Uuniper) is more abundant and Elaeagnaceae ( cf. Shepherdia argentia, a Mojave 
Desert species) is consistently present below 508 cm (Figure l). The demise of 
Elaeagnaceae is concurrent with the latest occurrence of Mojave Desert 
elements in the lower Colorado River Valley, as recorded in packrat middens 
(Van Devender 1990). 

Preliminary 100-grain counts of eight samples of Salina Grande Marsh 
indicate increased spring discharge and lesser aridity from 180 to 360 cm. In 
that interval, the least-salt-tolerant taxa, ca·uail ( Typha-Sparganium) and Spirogyra 
(a filamentous green alga), are more abundant; and lower Ambrosia percentages 
indicate reduced aridity in upland vegetation. 

Core JPC 70 provides an important constraint on global atmospheric 
circulation. The COHMAP project (COHMAP Members 1988) concluded that 
the North American winter jet stream split into northern and southern limbs 
during the full glacial, with the southern arm displaced southward to about 
30° N. The persistence of desert elements atJPC 70 prior to 9,300 yr B.P. fails 

Owen K. Davis, Timothy Juli, Lloyd Keigwin, Department of Geosciences, University of Arizona, 
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to support this contention. The vegetation changes are minor. If the continent's
primary storm track had been displaced to this latitude, the desert should have 
been replaced by grassland or more mesic vegetation. 

The core of Salina Grande Marsh appears to record an early-Neoglacial wet 
period indicated at Pecks Lake, Arizona ( 1,500-3,000 yr B.P .; Davis and Turner 
1986), andSanJoaquin Marsh, California (2,800-2,300yr B.P.; Davis 1992). Its 
basal age is contemporaneous with earliest sediment accumulation at Pecks 
Lake (Davis and Turner 1986) and Hassayampa Marsh (Davis 1990); and with 
the transition to late-Holocene_vegetation in the Sonoran Desert (Van Devender 
1990). 

This research is supported by NSF Grants SES 9009974 OCE 8917699, and EAR 88-22292. 

References Cited 

COHMAP Members 1988 Climatic Changes of the Last 18,000 Years: Observations and Model 
Simulations. Science 240: 1043-1052. 

Davis, 0. K. 1990 Pollen Analysis of Hassayampa Preserve, Maricopa Co., Arizona. Report to 
The Nature Conservancy, Hassayampa River Preserve, Wickenburg, AZ. 

Davis, 0. K. 1992 Rapid Climatic Change in Coastal Southern California Inferred from Pollen 
Analysis of San Joaquin Marsh. Qualemary Research 37:89-100. 

Davis, 0. K., and R. M. Turner 1986 Palynological Evidence for the Historic Expansion of 
Juniper and Desert Shrubs Resulting from Human Disturbance in Arizona, U.S.A. Review 

Palaeobotany Palynology 49: I 77-193. 

Van Devender, T. R. 1990 Late Quaternary Vegetation and Climate of the Sonoran Desert, 
United States and Mexico. In Packral Middens, The Las/ 40,000 Years of Biotic Change, edited by J. L. 
Betancourt, T. R. Van Devender, and P. S. Martin, pp. 134-165. University of Arizona Press, 
Tucson. 

Preliminary Results of a N onsiliceous Algae Record 

from Cloquet Lake, Lake County, Minnesota, USA 

James K Huber 

Nonsiliceous algae associated with a pollen sequence from Cloquet Lake, Lake 
County, Minnesota, indicate several apparent fluctuations in the trophic status 
of the lake. Cloquet Lake, the headwaters of the Cloquet River, is associated 
with the Highland Moraine and is located approximately 90 km north of 
Duluth, MN (91 ° 30'N, 47° 30'W). Analysis of the pollen sequence indicates 
that the vegetation progressed from a tundra-like environment to a mixed 
conifer-hardwood forest following glacial retreat, approximately 14,700 yr B.P. 
(Wright 1972). Paleoecological investigations of the Cloquet Lake sedi:men ts were 
undertaken to aid in the understanding of Paleoindian occupation of the area. 

James K. Huber, Archaeometry Laboratory, University of Minnesota, Duluth, Duluth, MN 55812. 
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A 438-cm core was extracted near the center of the lake. The core is
composed of two distinct lithologic units separated by a 3-cm-thick gravel layer.
The upper 397 cm consists of detrital gyttya; below the gravel layer (400-438 

cm) is silty gray clay.
Zone CLA-1 (Figure 1) represents the initial period of algal colonization in

the lake. Algal concentrations are very low, 700-1,100 coenobia/cm3 of wet 
sediment, and only eight different taxa are present. Dinoflagellate cysts 
(dormant, thick-walled cells) were also observed in their greatest abundance 
in CLA-1 (Figure 1); however, their paleoecological significance has not yet 
been determined. 

After the initial period of colonization, Scenedesmus, a colonial green algae 
(Chlorophycophyta) indicative of elevated nutrient levels (Cron berg 1982), is 
the predominant taxon. Scenedesmus maxima in the sequence indicate that 
Cloquet Lake has undergone five cycles of nutrient enrichment. In the upper 
portion of the sequence, Scenedesmusabundance decreases significantly (Figure 1). 

Blue green algae (Cyanochloronta) of Gloeotrichia-type, a nitrogen-fixing 
algae (Van Geel et al. 1989), is consistently a minor component in zones CLA-2 
through CLA-6 after its initial appearance. In zone CLA-7, Gloeotrichia-type 
decreases to trace amounts before disappearing completely. Pediastrum 
Boryanum, an indicator oflake eutrophication (Cronberg 1982), is present in 
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Figure 1. Algae percentage diagram of selected taxa from Cloquet Lake, Lake County, Minnesota. 
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trace a�ounts in CLA-1 and occurs as the second-most-important taxon
throughout the rest of the sequence. Zygnema-type and/or Spirogyra-type
resting spores, which are present in all zones, indicate stagnant, shallow, and 
generally mesotrophic conditions (Van Geel 1978). 

Scenedesmusand/ or Pediastrummaxima associated with the late-glacial spruce 
zone (Crisman 1978; Huber 1988, 1989; Huber and Overstreet 1990) have 
been documented at sites in Minnesota and Wisconsin. These maxima have 
been interpreted as indicating periods of increased productivity. The five 
cycles of nutrient enrichment indicated by the Scenedesmus maxima suggest 
that Cloquet Lake has been a productive lake throughout most of its history. 
The oscillations in Scenedesmus abundance may result from changing environ­
mental and/ or limnologic conditions after the lake basin was formed. Further 
investigations of nonsiliceous algae should aid in the understanding of chang­
ing watershed conditions following glacial retreat. 
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Reexamination of the Cool/Mesic Interpretation 
of the "Altithermal"Mud Creek Local Fossil Biota, 

Eastern Iowa 
Paula J Thorson

Kramer (1972), identified fossil plants, molluscs and vertebrates from seven 
sites along a 3.7-km segment of Mud Creek. One site produced a date of 
6,220 ± 110 yr B.P. (I-6228); another, 6,310 ± 75 yr B.P. (Wis-580). Both dates 
placed the Mud Creek biota within the "al ti thermal" period. Paleoenvironmental 
analysis of these sites, however, resulted in an enigmatic paleoclimatic inter­
pretation: a cool/moist rather than an expected warm/arid "altithermal" in 
eastern Iowa (Kramer 1972). This interpretation contrasts with the interpreta­
tion of warm, dry conditions for the same time period in northwestern Iowa 
(Semken 1980; Baker and Van Zant 1980). The discrepancy led Semken ( 1980, 
1983) to predict an increased climatic gradient across Iowa during the 
"altithermal." However, the assumption that the seven sites were contempora­
neous is probably false since recent work has shown that cutbank exposures 
along Mud Creek vary significantly in age (Autin and Bettis 1991). The 
interpretation of a more mesic "al ti thermal" could therefore be challenged on 
the grounds that some paleoecologically critical specimens did not come from 
"altithermal" age deposits. Recently, Autin and Bettis (1991) systematically 
described the Hqlocene sedimentology, stratigraphy and soils of the Deforest 
formation along Mud Creek. One cut bank, the Lilienthal section (NE 1/4, 
NE 1/4 Sec 12 T79N, RlW, Cedar County, Iowa), exhibits sediments from all 
three members of the Deforest formation (Figure 1): the Camp Creek mem­
ber, dated less than 240 yr B.P., the Roberts Creek member at (240-4,000? yr 
B.P.) and the Gunder member at (5,350-9,310 yr B.P.) (Autin and Bettis
1991). Thus, reexamination of Mud Creek fossil assemblages within a firm
stratigraphic framework is now possible.

Preliminary analysis of the Lilienthal section indicates that the Gunder 
Member represents a point bar deposit that was hydrodynamically influenced 
by an overturned tree stump. Wood from the top, middle and bottom portions 
of the Gunder member produced radiocarbon ages of 6,240 ± 50 yr B.P. (Beta-
46211), 6,300 ± 80 yr B.P. (Beta-41170), and 5,920 ± 60 yr B.P. (Beta-46212), 
respectively (Figure 1). Analysis of associated plant macrofossils suggests that 
during the "al ti thermal" period the area around this site was dominated by an 
upland deciduous forest containing sugar maple (Acer saccharum), basswood 
( Tilia americana), white oak ( Quercus alba), bitternut hickory ( Carya cordiformis), 
hazel (Corylus) and American elm (ulmus americana). Riparian elements 
including willow (Salix) and green ash (Fraxinum pennsyluanica) were also 
noted; no prairie species have yet been recovered. This plant macrofossil 
assemblage confirms the presence of a more humid climate in eastern Iowa as 

Paula.J. Thorson, Department of Geology, University of Iowa, Iowa City, IA 52240. 
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originally suggested by Kramer (1972) and subsequently by Chumbley et al. 
(1990) from a biostratigraphic sequence along Roberts Creek. Analysis of 
vertebrate remains is in progress. 
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Figure 1. Generalized Holocene section at the Lilienthal Site, Mud Creek, Cedar County, Iowa. 
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Paleoenvironments: Vertebrates 

A New Late Wisconsinan Record of Wolverine 

from Southwestern Nebraska 

Cara L. Burres 

Fossil wolverines ( Gulo gulo) are rare in North American Pleistocene deposits: 
only three sites in the central Great Plains have yielded remains of this animal 
(Comer and Voorhies 1987), and all are located in Nebraska. I present the fourth 
Nebraska locality with an occurrence of G. gulo and a new southernmost record. 

A right partial wolverine mandible (Figure 1) was found on the beach of 
Harlan Co. reservoir in 1990 by a local collector, Paul Prettyman. Although not 
found in situ, the specimen is encrusted with caliche and cemented loess and 
displays rootlet etching, both indicative of burial. The cutbank along the shore 
in this area is in situ Peoria Loess of late-Wisconsinan age, and proboscidean 
remains have been found in the immediate vicinity (Steven Holen, pers. 
comm.). Therefore, a late-Wisconsinan age for the specimen is likely, and it 
marks the southernmost known occurrence of fossil wolverine in North 
America. The nearest historic record of Gulo is from Scotts Bluff Co., NE, in 
1887 Qones 1962), approximately 400 km to the northwest of Harlan Co. 
Reservoir and 610 m higher in elevation. If the Harlan Co. specimen were 
Holocene in age, it would still be the southernmost record of Gulo in the Great 
Plains. 

Bryant ( 1987) states that late-Pleistocene wolverines of both North America 
and Europe were larger than extant populations, and that the largest speci­
mens in North America come from Fairbanks, Alaska (Anderson 1977), and 
Chimney Rock Animal Trap, Colorado (Hager 1972). The latter is approxi­
mately 560 km to the northwest of Harlan Co., NE, and nearly 1800 m higher 
in elevation. Measurements taken of the Harlan Co. specimen (after Von Den 
Driesch 1976) include: a tooth-row length C-M/2 of 67 .8 mm; depth of ram us 
between M/1-2 of27.2 mm; length of P/4 ofl2.5 mm; width of P/4of7.8 mm; 
length of M/1 of 22.6 mm; and width of M/1 of 10.6 mm. The Harlan Co. 
specimen was compared with published data (Anderson 1977; Hager 1972; Bryant 
1987; Kurten and Anderson 1972), another Nebraska specimen (Crappie Hole 

Cara L. Burres, Museum of Natural History, University of Kansas, Lawrence, KS 66045-2454. 
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locality, George Corner, pers. comm.), and the Natural Trap Cave collection 
from Wyoming measured by the author (unpublished). The tooth-row length 
and depth of ramus for the Harlan Co. specimen are the second- and third­
largest (respectively) recorded dimensions for these measurements in fossil 
Gulo. The length-to-width ratio of the P / 4 falls into the "narrow" category 

described by Bryant (1987) as occurring more commonly in fossil rather than 
in extant populations. Both the large size and more narrow P / 4 support a late­
Pleistocene age for the specimen. The Harlan Co. wolverine gives further 
evidence for boreal habitat and a widespread distribution of Guloin the central 
Great Plains during the late Wisconsinan. 

B 

2 cm 

Figure 1. A. Map showing late Wisconsinan localities yielding fossil wolverine ( Gulo gulo) in North 

America (triangle marks Harlan Co. Reservoir locality). B. Right ramus of G. gulo found at Harlan 

Co. Reservoir. 
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Preliminary Report on the Fossil Bears of El 

Capitan Cave, Prince of Wales Island, Alaska 

Timothy H. Heaton and Frederick Grady 

For the last five years officials of Tongass National Forest and cavers of the 
National Speleological Society have joined forces to find and survey caves in 
the extensive limestone exposures of Prince of Wales Island, one of the largest 
islands of the Alexander Archipelago. During the 1990 field season, an 
important and unexpected paleontological site was discovered by expedition 
leader Kevin Allred. In a remote high passageway of El Capitan Cave, Alaska's 
largest known cave, Allred found the complete skeleton of a black bear ( Ursus 

arnericanus) in nearly perfect condition, parts of at least two other black bears, 
and fragments of a second species of bear that is much larger. Together with 
these were piles of small ground fish bones that appear to be remnants of the 
bears' excreta. 

It is virtually impossible that bears could have entered this passage by the 
treacherous route the cavers used. Allred discovered, however, that the bone 
deposit was close to the surface, and after some digging in a high rubble pile 
at the end of the passage he was able to see daylight through a now-sealed 
entrance. Thus the passage containing the bones was presumably used as a den 
by bears before this entrance became choked with rocks and soil. 

Together with Allred we conducted a preliminary survey of the site in 1991. 
The passage containing the bear remains ranges from 1 to 3 m in width and 

Timothy H. Heaton, Department of Earth Sciences and Physics, University of �outh Dakota, 
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height and extends 20 m between a pool and the choked entrance. This part 
of the cave is very wet and stays at a temperature near 40° F. The complete black­
bear skeleton lies near the lake on flat bedrock, clean rock rubble, and shallow 
clay. The bone is clean and in excellent condition, and it has taken on a deep 
reddish color. Bones of the other black bears are in good to fair condition but 
are more widely scattered. Some are buried in shallow clay; others are under 
water when the pool is high. Bones of the large bear are highly fragmented and 
are mixed with soil and rock rubble that has come in through the sealed 
entrance. Also found were the complete skull and jaws of an ermine (Mustela

erminea) and bones of several bats. Sediments may be too thin near the pool and 
too disturbed near the sealed entrance to provide a stratigraphic relationship 
between the skeletons. 

The two black bears represented by skulls are young adults with fully erupted 
teeth, but some bone epiphyses are not fully fused. Five humeri measured 
(probably from three individuals) have lengths ranging from 28 to 33 cm, 
which spans the upper size range for modern black bears. 

The identification of the large bear remains unresolved. Parts found thus far 
include a partial right maxilla with P4, an upper left canine, the distal end of 
a left humerus, the distal end of a left femur, the shaft of a left tibia, and a partial 
pelvis, all presumably from the same individual. The P4 measures 20.5 mm in 
length compared with 13.6 and 13. 7 mm for the black bears. In size, the large 
species closely matches the extinct giant short-faced bear (Arctodus simus) as 
reported by Merriam and Stock (1925), Kurten (1967), and Emslie and 
Czaplewski (1985). However, the distal humerus, though somewhat eroded, 
appears to lack the entepicondylar foramen diagnostic of Arctodus, suggesting 
that the large bear is some species of Ursus. The diastema is too short and 
P4 too wide for polar bear ( Ursus maritimus), so what we may have is an 
exceptionally large grizzly bear ( Ursus arctos). Since only black bears now 
inhabit Prince of Wales Island, the large bear is significant regardless of its 
identification. 

Samples of the complete black bear and the large bear were removed for 
radiocarbon dating by accelerator mass spectrometry (AMS) to obtain an 
approximate minimum and maximum age for the deposit, respectively. Unex­
pectedly the black bear turned out to be older at 10,745 ± 75 yr B.P. (AA-7793). 
We suspect that the other black bears will yield even older dates. The large bear 
dated at 9,760 ± 75 yr B.P. (AA-7794). Thus the age of the deposit falls near the 
end of the Wisconsin glacial, and the two species of bears must have been early 
post-glacial inhabitants of Prince of Wales Island. Since El Capitan Cave is 
located in a deeply eroded glacial valley, the bears provide a terminal date for 
substantial deglaciation. During the 1991 field season, we surveyed the loca­
tion of the bear entrance and established voice contact between the cave and 
the surface. 

During the 1992 field season we plan to remove the large log and rocks that 
block this en trance and reopen it in order to make a complete excavation more 
practical. We believe that more material of the large species can be recovered 
from the deep fill that has fallen in from the surface, and we hope this 
additional material will allow us to make a full analysis of this enigmatic bear. 
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A Reinvestigation of the Burntwood Creek 

Bison Bone Bed 

Matthew E. Hill, Jr., Jack L. Hofman, and Larry D. Martin 

Research of the late-Pleistocene/ early-Holocene cultural occupation of the 
North American Great Plains region has emphasized the importance of bison 
(Bison) bone beds (Frison 1991). Bone beds are key sources of information on 
aspects of economy, ecology, and taphonomy of the Plains region ( e.g., Frison 
and Todd 1987; Todd 1987a; 1991; Wheat 1972). Until now, however, only a 
single such site, 12 Mile Creek, has been recognized for the entire western­
Kansas region (Rogers and Martin 1984; Williston 1902). Our recent inventory 
of a paleontological collection of bison remains from western Kansas has 
documented a previously overlooked early-Holocene bison bone bed. 

In 1924, H. T. Martin published notice of a rich deposit oflarge bison, which 
had apparently been known to local ranchers for some 40 years. The site is 
located in Rawlins County, Kansas, along a small stream called Burntwood 
Creek, which is tributary to the Republican River. Two seasons ( 1922 and 1923) 
were spent at the site resulting in the recovery of numerous elements from 
mostly disarticulated animals. E. R. Hall (1923:7-9) describes the deposit as 
follows: 

The bison lay directly upon early Pleistocene stratum of blue clay two feet 
in thickness, strongly contrasted with the loose red Pleistocene soil which 
covered them .... Slightly north of the center the bed dips noticeably and 
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in this region there is greater disarticulation between parts of the skeletons.
Not only were the bones disarticulated, but they were broken and chewed up.

In other areas the bones were several layers deep (Hall 1923:9). Martin 
describes the assemblage as being poorly preserved and highly fractured. The 
remains were considered by Martin to be comparable to the 12 Mile Creek 
bison and identified as Bison occidentalis. The 12 Mile Creek site in Logan Co., 
Kansas, approximately 80 km south of Burntwood Creek, is the only other 
early-Holocene-age bison bone bed documented in Kansas and has been dated 
to about 10,200 yr B.P. (Rogers and Martin 1984). The age of the Burntwood 
Creek deposit is undetermined, but bone analysis is being conducted to 
determine the feasibility of obtaining a reliable AMS date on the bone from 
the site. 

Inventory of the Burntwood Creek collection, curated at the Museum of 
Natural History at the University of Kansas, suggests that it may be an early­
Holocene archaeological site. Martin (1924) discusses the site as a paleonto­
logical quarry and with no comment of the possibility of a cultural origin. 
However, Hall (1923:8) comments that "on the north edge of the bed, the 
bones are blackened and charred." Although no artifacts are documented 
from the deposit, the site setting and the presence of numerous carbonized 
bone (ca. 4%, n=59) opens the possibility that a bison kill is represented. 

Metric analyses of the radii, humeri (RD 9 and HM 11 of Todd 1987b), and 
metapodials (Ml: maximum length ofBedord 1974) from Burntwood Creek 
suggest that the bison from this site are similar in size to the bison found at 
other early-Holocene kill sites and substantially larger than modern bison 
(Bison bison) samples (Todd 1987b). Burntwood Creek bison are smaller than 
the large bison from the Lipscomb site (Todd et al. 1992: Figure 10), but are 
of similar size to bison from the Casper and Olsen-Chubbuck sites (Todd 
1987b; Bedord 1974: Table 8.18). Several researchers have suggested that the 
size of early-Holocene bison has progressively decreased. If this trend is 
accurate, then the size of the Burntwood Creek bison would tentatively date the 
site to the late-Paleoindian period. 

Martin (1924:278) estimated "the number of animals that perished here 
could not have been less than 150." The actual basis for Martin's estimate is 
unknown, but our inventory documents a minimum of 31 individuals (based 
on right astragali). It is possible that Martin's estimate is based on 1) material 
observed in the field but not collected, or 2) an extrapolation based on material 
recovered in relation to total extent of the deposit. 

Skeletal-element frequency is not uniform. Lower-limb elements, such as 
carpals, tarsals, and phalanges, are well represented, whereas upper-limb and 
axial elements are sparse. Cultural destruction or transport may partially 
explain this pattern, though it is likely that differential preservation of 
elements is largely responsible. The most numerous elements in the Burntwood 
Creek collection, e.g., astragali (MAU= 31) and carpals, are very dense; and the 
least-represented elements, such as ribs (MAU= 0.3), femora (MAU= 1), and 
skulls (MAU= 5), are structurally weak (Lyman 1984). Fluvial transport may 
have played an active role in the formation of this site, given its alluvial setting 
and because Martin ( 1924:278) attributes disturbance at the deposit to stream 
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erosion. Hall (1923: 8) notes that "cutting in of the stream had carried away 
several feet of the bed." 

Evidence for unequivocal cultural breakage of the bones is absent. All 
breakage appears to be dry-bone breaks, and surface modifications to the 
bones is limited to subareal weathering, root etching, and a metacarpal with 
signs of carnivore gnawing. While morphological evidence for carnivore action 
is scarce, there is a slight difference in the ratio of proximal ends to distal ends 
for long bones (ratio= 1: 1.2). The difference between the quantity of proximal 
(n=l) and distal ends (n=5) of humeri at the site is greater, which might 
suggest carnivore modification of the fauna! assemblage (Binford 1981). Todd 
and Rapson (1991) state that a significant difference between the quantity of 
first phalanges to third phalanges can indicate carnivore action or other 
destructive forces on ungulate carcasses. At Burntwood Creek, both first 
phalanges (ratio MAU= 77.8%) and third phalanges (ratio MAU= 63. 7%) are 
well represented, and this implies that carnivores may not have been important 
taphonomic agents in the formation of the site. 

The most prevalent taphonomic modification to the assemblage is subareal 
weathering (Behrensmeyer 1978). All long bones were examined (n=57) for 
evidence of weathering. Approximately 75% (n =43) have evidence of exten­
sive weathering, comparable to Behrensmeyer's Stage 3 or above. The side 
opposite the area of maximum weathering was also examined for evidence of 
weathering, identified as minimum weathering. Most of the elements were 
extensively weathered on both sides, and 43 (ca. 75%) of the long bones had 
no difference or a difference of only one weathering stage between the two 
sides. This equality of weathering on both sides of these bones suggests that the 
surface exposure of these bones was unstable. 

Teeth are a common element from Burntwood Creek. A minimum of 24 
individuals (MNI= 23 right and MNI= 24 left) are represented by Mss. With 
only ten separate mandible fragments, most of the teeth are loose. Therefore 
analysis of seasonality is limited primarily to loose Mss. No calf mandibles are 
present, and only two mandibles have lower dentitions not in full wear. Sixteen 
Mss are in partial wear, and they represent two distinct age groups, comparable 
to dental-age groups 4 and 5 from the Scottsbluff site (Todd et al. 1990). The 
lack of wear on some Group 4 Mss and on the hypoconulids of Group 5 Mss 
suggests that the season of death for the Burntwood Creek bison may have been 
slightly earlier than for the Scottsbluff assemblage (ca. 3.1-3.2 and 4.1-4.2 
years). This degree of wear has been interpreted to place the season of death 
at late spring to early summer. 

Appreciation is extended to Kenneth and Greg Wilkinson for their help in relocating the site. 
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The M
1 

in Panthera l,eo atrox, an Indicator of 

Sexual Dimorphism and Ontogenetic Age 

George T. Jefferson 

The Rancho La Brea (RLB) collections provide the largest single sample of 
Panthera leo atrox (American lion) remains. Skeletal elements of over 80 
individuals have been recovered from the asphaltic deposits that range in age 

George T.Jefferson, George C. Page Museum, 5801 Wilshire Boulevard, Los Angeles, CA 90036. 
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from 32,000 to 12,000 yr B.P. (Marcus and Berger 1984). The total available 
s�mples offemora (n=25) and M 1 (n=49) from RLB are used to estimate body
size/mass and to document sexual dimorphism in P. l. atrox, permitting a 
comparison of the sexual and ontogenetic age structure of modern African and 
extinct American lion populations. Although RLB provides the largest sam pie 
of P. l. atrox, the sample is still statistically very small and subject to taphonomic 
biases that are not yet fully understood. 

Estimates of body size/mass based on adult femoral size (Alexander et al. 
1979; Anderson et al. 1985) are probably more accurate than those calculated 
from dental parameters. Tooth size may be subject to adaptive selection, 
related more to feeding function than body size. Body size/mass estimates 
calculated from M1 dimensions, APD (Van Valkenburgh 1990) or APD x LLD 
(Legendre and Roth 1988) exhibit consistently larger means and greater 
ranges in comparison with estimates based on femoral size. However, dental 
wear provides a precise estimate of ontogenetic age throughout the life of the 
individual, whereas relative femoral development is applicable only to younger 
animals. 

In the felid dentition, the size of the Ml is the best gauge of body size/mass 
(Legendre and Roth 1988; Van Valkenburgh 1990). Bivariate distribution of 
the antero-posterior length (APD) plotted against the lingua-labial width 
(LLD) for the M1s of Panthera leo atrox clearly distinguishes large and small 
specimens which are referable to male (n=31, 63%) and female (n= 18, 37%) 
individuals. 

Legendre and Roth (1988) estimate body size/mass using the crown area of 
M1 (APD x LLD). The mean M1 crown area of RLB Panthera leo atrox males is 
494.19 mm2 (range= 440.44 to 581.75 mm2). These measures indicate a mean 
mass of 266.2 kg (range = 223.2 to 343.0 kg). Calculated body mass for females 
(mean M1 crown area 387.50 mm2, range 313.77 to 442.32 mm2) results in a
mean of 183.1 kg (range= 132.2 to 224.7 kg). In contrast, body size/mass 
estimates based on adult femoral size (Gingrich 1990) for male (n= 14) and 
female (n=l l)  P. 1. atroxare235kg (range= 286 to 199 kg) and 175 kg (range 
= 210 to 151 kg) respectively. Male P. 1. atrox were between 26% (femoral 
estimates) and 31 % (dental estimates) larger than the females, compared with 
about 15% in P. l. leo (Schaller 1972) and >40% in P. tigris (Neff 1982). 

Schaller ( 1972) employed the diameter of the occlusal wear facet on the P2 

as an estimate of ontogenetic age in east African Panthera leo leo individuals. 
However, because anterior premolars may be used inconsistently during 
feeding, wear on these teeth is highly variable and does not closely reflect that 
of the carnassials. Wear on the anterior premolars is not an accurate age 
estimate. Furthermore, wear-stage categories that are based upon full denti­
tions produce relatively long (2 to 3 years) ontogenetic age sets (Smuts et al. 
1978) and are difficult to recognize with incomplete fossil specimens. There­
fore, the carnassial teeth of P. l. atrox were examined for an occlusal wear 
pattern that could be consistently measured. It was found that, with increasing 
ontogenetic age, the wear facet on the anterior shear blade of the M

1 
enlarges 

dorso-ventrally, and the antero-ventral margin of this facet remains parallel to 
the blade crest during moderate through severe wear. The dorso-ventral 
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height of the facet (WFH) was measured below the an tern-posterior mid-point 
of the blade crest (Figure l )  as a gauge of relative individual age. 

Given the fact that M1s in Panthera leo atrox are separable into male and
female sets, the sex of individual teeth in progressive stages of occlusal wear can 
be determined (WFH cannot be measured in all sexed specimens). Assuming 
the amount of wear in teeth reflects ontogenetic age (a specific age in years 
cannot presently be assigned to wear stage levels), the age distribution of RLB 
male and female individuals can be compared with the observed age pattern 
in P. l. /,eo. Schaller's data (1972, table 26) reflect a living population with a 
distinctive ontogenetic age structure with more adult females than males. 
Nearly equal numbers of P. l. atrox male and female M1s are distributed 
uniformly through the RLB sample from the dentally very young to old adult. 
Unlike P. l. leo, neither sex predominated any ontogenetic stage (equal level 
of wear on M1), and a higher mortality of young adult males was not reflected. 
M1s with measurable WFH yield a population that is 4 7% adult male and 37%
adult female. Juvenile individuals with M1 unerupted and/or without wear 
make up 16% of the population. Using the age classification of Smuts et al. 
( 1978), these small cubs are one year old or less. 

Panthera /,eo /,eo (African lion) populations in east Africa have a male:female:cub 
ratio of about 74:100:48 (Makacha and Schaller 1969; Schaller 1972). Pride 
behavior in these animals directly affects ontogenetic age structure and favors 
the survival of females (Schaller 1972). Ratios of l 29:100:42, based on sexed/ 
aged M

1
s, and 127:100:272, determined from femoral dimensions, are exhib­

ited by the RLB population. It is, therefore, highly improbable that P. l. atrox

lived in African lion-like prides or cooperatively hunted in social groups. As 

Figure 1. Wear facet on the labial 
side of the anterior shear blade of 
M

1 
(LACMHC 17028) in Panthera 

/,eo alrox. WFH =wear facet height. 

anterior .. 

0 10 

mm 
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Guthrie (1990) proposed for European and Alaskan P. l. spelaea, P. l. atroxmay
have hunted in pairs or alone (Akersten 1985). 

J. M. Harris and C. A. Shaw of the Natural History Museum of Los Angeles County reviewed the 
manuscript and offered helpful comments and suggestions. W. Smith-Griswold drafted the figure. 
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Positional and Ordinal Identification 

of the Teeth of Mammut Americanum 

Ri,chard S. Laub 

Mammut americanum (American mastodon) is among the more common 
Pleistocene fossil mammals. In situations where the bones of several individu­
als are found interspersed, teeth can be useful guides for determining mini­
mum number of individuals present, provided homologous teeth can be 
recognized. Earlier workers have offered criteria helpful in such recognition 

Richard S. Laub, Geology Division, Buffalo Museum of Science, 1020 Humboldt Parkway, Buffalo, 
NY l 4211. 
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(e.g., Saunders 1977; Simpson and Paula C outo 1957; Skeels 1962; and 
especially Hay 1914). The following system combines these criteria with 
additional observations, allowing the identification of isolated cheek teeth as 
to jaw quadrant, and order within a battery (from anterior to posterior: dP2 
[deciduous premolar 2], dP3, dP4, Ml [molar l], M2 andM3). It has been used 
to unambiguously categorize all but one of a collection of more than 30 teeth 
from a single site. 

I. Distinguishing upper vs. lower teeth: It is first necessary to recognize the
anterior face of the tooth. In lateral view, the anterior sides of the lophs
are generally steeper than the posterior (Figure la).

The posterior upper teeth have two roots extending across the front face 
(Figure lb). These resemble two legs, the wider one stepping slightly farther 
forward than the narrower. I have observed this condition in upper Ml-M3, 
and it is reported in upper dP4 by Hay (1914) and Saunders (1977). Hay 
indicates, however, that it does not occur in dP2 and dP3. Palates of juvenile 
Cuvieronius (gomphothere; Florida Mus. Nat. Hist. specimens 22585, 131985) 
also lack split anterior roots in dP2 and dP3, and its absence in a dP4 suggests 
that this condition may prove not to be ubiquitous in M. americanum upper 
dP4's. In contrast with the upper teeth, all lowers have one continuous root 
across the front (Figure le). 

Also, the lophs of upper teeth cross the long axis of the tooth at nearly right 
angles (Figure ld, h). Those of lower teeth cross with a distinct slant (Figure 
le). Here again the upper dP2s vary from the rule, the lophs displaying a 
moderate slant (fide G. T.Jefferson, pers. comm., based on LACMHC 1264). 
The upper dP2s, however, are more squared in crown view (widths of proto­
and metalophs being more nearly equal, ratio 26/28 mm [N = l]; Figure lf) 
than are the lowers (ratio approximately 20/25 mm [N = 3]; Figure lg). 

II. Distinguishing left vs. right teeth: In upper teeth, the double anterior
roots are diagnostic, as the root that is wider and more anterior ("step­
ping out") is buccal (Figure 1 b).

Where roots are lacking, or in lower teeth and anterior uppers where the 
"step-out" feature does not occur, the positions of the pre-trite and post-trite 
cusps of each loph can be used. The post-trite cusps are buccal in upper teeth, 
and lingual in the lowers. In crowns showing little wear, the post-trite cusp 
almost always stands higher and has a steeper free edge than the pre-trite. 
Figure lb has the post-trite side on the left (the supplementary line marks its 
slope) and the pre-trite on the right. In Figure le, pre-trite is on the left, post­
trite on the right. In extensively worn crowns, the pre-trite cusp appears as a 
lower, broader basin than the post-trite (Figure lh; pre-trite on right side). 
This reflects the ramp-like "cristae" that slope from the summit of the pre-trite 
cusps down toward the midline of the tooth, wearing into a characteristic 
"trefoil" pattern. 

Finally, in lower teeth, the lophs slant posteriorly toward the buccal side 
(Figure le). 

III. Distinguishing the ordinal position of teeth: Determining left/right and
up/ down establishes the mouth quadrant of a tooth. A sequence of six
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teeth of increasing size advances toward the front of the jaw during the 
individual's lifetime. These six fall into three classes: 1) dP2 and dP3 each 
have two complete lophs (Figure lf, g; dP3 may have a weakly developed 
third loph); 2) dP4, Ml and M2 each have three complete lophs (Figure 
la, h); 3) M3 has four or more complete lophs and a posterior incipient 
loph (Figure ld, e). 

C 

f 

g h 

Figure I. Teeth of Mammul 

americanum. 

a: Upper M2, lateral view, show­

ing general inclination oflophs 

toward the anterior (in this case, 

to the right). 

b: Upper M3, anterior view, show­

ing double anterior root. Left 

side is buccal. 

c: Lower M3, anterior view, show­

ing single anterior root. Left 

side is buccal. 

d: Upper M3, crown view. Ante­

rior toward top of page. Lophs 

cross tooth long axis at right 

angles. 

e: Lower M3, crown view. Ante­

rior toward top of page. Lophs 

slant across long axis, inclining 

back toward buccal side (to the 

right in this case). 

f: Right upper dP2, crown view, 

based on unpainted cast of Los 

Angeles County Museum HC 

1264. Anterior toward top of 

page. 

g: Left lower dP2, crown view. 

Anterior toward top of page. 

h: Left upper M2, crown view. An­

terior toward bottom of page. 

Same tooth as in a. 

Supplementary marks are ex­

plained in the text. Illustrations 

are not shown to same scale. 
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M3 is unique and readily recognized. For the others, size is used to distin­
guish teeth within a class. The following measurements (maximum length and 
width in cm just above the base of the crown, indicated by dashes in Figure la, 
d, g), are of teeth still in the jaws and are thus identified objectively. Specimens 
are from New York, Pennsylvania, Michigan, Indiana, Florida and California, 
and include both males and females. "N" refers to number of teeth measured 
rather than number of individual animals. Where both sides of an individual's 
jaw were available, the left and right teeth were included in the data. 

Lower teeth: 

dP2 length 2.8-3.0 (N=3), width 2.4-2.5 (N=3) 
dP3 length 4.2-4.3 (N=3), width 3.2-3.5 (N=3) 

dP4 length 6.7-7.5 (N=5), width 5.0-5.9 (N=4) 
Ml length 8.0-9.5 (N = 7), width 6.0-7.9 (N=7) 
M2 length 9.5-12.0 (N= 18), width 7.8-9.5 (N= 18) 

M3 length 16.0-19.0 (N= 13), width 9.0-10.5 (N= 12) 

Upper teeth: 

dP2 length 2.7-2.8 (N=2), width 2.8 (N=2) 

dP3 length 4.1-4.2 (N=2), width 3.5 (N=2) 

dP4 length 7.0-7.5 (N=4), width 6.0-6.5 (N=4) 

Ml length 8.0-9.8 (N=6), width 6.0-8.0 (N=5) 

M2 length 10.0-12.5 (N=9), width 8.0-9.0 (N=8) 
M3 length 15.6-17.6 (N=8), width 9.3-10.5 (N=8) 

While there is some overlap in the class widths, there is virtually none in 
length. Length is thus the principal aid in distinguishing teeth within loph 
classes, while width may be used as a "tie-breaker" for ambiguous measure­
ments. 

These measurements do not differ greatly from those published elsewhere 
(e.g., Hay 1914; Saunders 1977; Skeels 1962). Nevertheless, in view of intraspe­
cific variation and the subjectivity inherent in measuring irregular objects, it 
is advisable to use measurements of objectively identified teeth from the site in 
question, or its environs, as a basis for ordinal identification of isolated teeth. 

I wish to thank George T.Jefferson (George C. Page Museum, Los Angeles, California) and Russell 
McCarty, Gary Morgan and S. David Webb (Florida Museum of Natural History, Gainesville) for 
contributing ideas and loaning specimens in support of this investigation. Illustrations are by William 
L. Parsons, East Aurora, New York. 
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Skeletal Remains of a Juvenile Bison sp. 

(Extinct Bison) from the Page Museum Salvage, 

Rancho La Brea 

Pamela R Owen 

109 

Preparation of vertebrate remains recovered from the Page Museum Salvage 
deposit has allowed researchers to investigate the taphonomic history of 
several individual Rancho La Brea animals. The Page Museum Salvage is a thin 
tabular asphaltic deposit discovered during the construction of the George C. 
Page Museum in Hancock Park, Los Angeles (Duque and Barnes 1975; 
Jefferson and Cos 1986). It is considered to represent an accumulation of 
relatively short duration Qefferson and Cox 1986; Scott 1989). 

Fifty-five isolated skeletal elements of a juvenile Bison sp. (extinct bison, 
most likely Bison antiquus) were recovered from a block removed from the 
lower, less asphaltic portion of the deposit Qefferson and Cox 1986). The 
remains of two juvenile Equus sp. cf. E. occidentalis ( extinct western horse), and 
one juvenile and one adult Canis latrans ( coyote) were recovered along with the 
Bison material Qefferson and Cox 1986). 

Cranial elements are few, comprising solely an unworn deciduous lower 
incisor, tooth fragments and an occipital fragment. Seventfeight percent of 
the remains are vertebral and rib elements. Other postcranial elements 
include the left stylohyal, diaphysis of the left humerus, left patella, and 
phalanges. 

The remains of the juvenile Bison show clear evidence of carnivore modifi­
cation. Carnivore-modified assemblages are characterized by high frequencies 
of vertebral and rib elements (Behrensmeyer and Dechant-Boaz 1980). Two 
thoracic vertebrae (LACMPMS 401 and LACMPMS 403) exhibit single punc­
ture marks. Each puncture is found on the right lateral surface of each 
centrum. The diaphysis of the left humerus is shattered; this is a fresh break, 
not post-depositional, and is indicative of marrow processing (Behrensmeyer 
and Dechant-Boaz 1980). 

The preponderance of material is from the left side of the bison's body. This 
appears to indicate that the animal was lying on its left side at time of death and 
deposition. Since the carnivore punctures are on the right side of the verte­
brae, an argument can be made for scavenging activity. 

The remains are poorly preserved and weathered, probably a result of 
subaerial exposure before burial (Behrensmeyer 1978). The probable site of 
deposition for the juvenile Bison, as well as the other animals, was in sediments 
near or within an ephemeral stream or pond (Lamb and Jefferson 1988; Scott 
1989). 

Adult female bison with calves and juveniles were seasonally present in the 

Pamela R. Owen, Department of Biology, California State University, Long Beach, 1250 Bellflower 

Blvd., Long Beach, CA 90840. 
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Rancho La Brea area during the late spring (Jefferson and Goldin 1989). Cool 
spring and winter weather increases the viscosity of the asphalt (Shaw and 
Quinn 1986). Owing to the weathered nature of the fossils, the asphalt 
impregnation, although slight, may have been secondary to disarticulation and 
deposition of this juvenile. Thus, it seems reasonable to conclude that asphalt 
entrapment is not likely to be the cause of death for this juvenile Bison, which 
probably died soon after birth. 
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Diddly Cave: A New Late Quaternary 

Vertebrate Fauna from New York State 

David W. Steadman, Lyda J Craig, and Joseph Bopp 

Diddly Cave (town of New Scotland, Albany County, New York; Clarksville 
quad., 42° 35'N, 73° 58'W, elev. 240 m) is a solution cavity developed in the 
middle-Devonian Onondaga limestone. The narrow entrance of the cave, at 
the base of a small escarpment, was covered by talus until exposed by cavers in 
1990. The first room ofDiddly Cave, which measures 11.5 m north-south and 
7.2 m east-west, is covered by fossiliferous sediments at least 1.5 m thick. 

Ongoing test excavations in 1991-92 have revealed at least three major 
stratigraphic units in the sediments from the first room of this relatively dry 
cave. The uppermost unit (Layer I) is clayey pebble-cobble-boulder breccia. 

David W. Steadman, Lyda]. Craig, and Joseph Bopp, Biological Survey, New York State Museum, 
The Stat{c Education Department, Albany, NY 12230. 
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The clasts are dominated by angular to subangular limestone roof spa!!. In the 
lower half of Layer I the density and mean size of the roof spall are reduced. 
The middle stratum (Layer II) is a medium to coarse pebbly clay. Layer II is 
better stratified than Layer I, and contains more rounded pebbles of 
allochthonous rocks. The lower stratum (Layer III) is a medium pebbly clay, 
with fewer rounded allochthonous pebbles. 

Layer I is particularly rich in bones, charcoal, plant macrofossils, and 
landsnails. Using screens as fine as 0.6 mm, we have recovered from 10 to 100 
identifiable bones from each of 14 sediment samples of 2.5 to 5.0 liters from 
Layer I. Bones are scarcer in Layers II and III (5 to 20 identifiable bones per 
sample, based on three samples of 2.2 to 3.0 liters each). We believe that most 
of the Diddly Cave fauna represents bones accumulated in an ancient carnivore 
den. The carnivores involved are difficult to determine at this point; some 
combination of mustelids, procyonids, canids, ursids, andfelids may have been 
involved. Thus far we have found no prehistoric cultural evidence in Diddly 
Cave. 

Preliminary examination of the bones from Diddly Cave yields these taxa: 
frogs (Rana sp.), toads (Bufo sp.), salamanders, snakes (Colubridae sp., 
Crotalus horridus), birds ( Bonasa umbellus, Ectopistes migratorius), shrews ( Blarina 
brevicauda, Sorex sp.), bats (Eptesicus fuscus, Myotis sp.), lagomorphs (Lepus 
americanus), rodents (Erethizon dorsatum, Sciurus sp., Tamias sp., Tamiasciurus 
sp., Synaptomys sp., Microtus sp., Neotoma magister, Peromyscus sp.), carnivores 
(Mustela vison), and artiodactyls ( Odocoileus virginianus). Among these are at 
least three locally or regionally extirpated species (timber rattlesnake Crotalus 
horridus, passenger pigeon Ectopistes migratorius, andAllegheny woodrat Neotoma 
magister). 

Rounded pebbles and cobbles of allochthonous rock types, some of which 
are covered secondarily with flowstone, occur in all three strata. In the karst 
landscape around Diddly Cave, the availability, transport, and deposition of 
this type of sediment cannot be accounted for in a Holocene hydrologic 
regime, but require the greatly increased availability of water associated with 
glacial conditions. This suggests deposition of the fossil assemblage in the late 
Pleistocene rather than Holocene. In the Diddly Cave sediments excavated 
thus far, the preservation of pollen is too poor to help characterize the age or 
habitat type represented by the deposits (C. Chumley and D. Royall, pers. 
comm.). The age of the bone deposits in Diddly Cave will be determined 
through AMS 14C dating ofXAD-2 purified gelatin hydrolyzate from identified 
bones, using methodologies detailed in Stafford et al. (1991). 

All previous records of late-Pleistocene mammals from New York involve 
only large species, while the Holocene record includes mammals of all sizes 
(Steadman and Funk 1987; Steadman and Miller 1987; Steadman 1988; 
Steadman et al. in press; Laub 1990). If the AMS dating of bones from Diddly 
Cave yields late-Pleistocene rather than Holocene age determinations, this site 
will provide our first look at New York State's late-Pleistocene small mammal 
fauna. 
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Stable Carbon Isotope Ratios of Equus sp. and 

Bison Antiquus from the Late Pleistocene Deposits 

at Hall's Cave, Kerr County, Texas 

Rickard S. Toomey, Jeffery A. Huebner, and Thomas W Boutton 

Hall's cave (TMM41229), located on the Edwards Plateau in Kerr County, 
Texas, contains a sequence of sediments which exhibit abundant vertebrate 
remains (Toomey 1989, 1990, in prep). Eleven 14C assays indicate that the 
deposition occurred over the last 15,000 years. The vertebrate remains include 
over 50 mammalian taxa. Extinct megafauna include Bison antiquus, Equus sp., 
Panthera atrox or P. onca augusta, Platygonus compressus, Dasypus bellus, and 
Hemiauchenia sp. Both the mammalian megafauna and microfauna indicate an 
open grassland environment (Toomey 1989). The presence of both Geomyssp. 
and Cynomys sp. probably indicates a mixed-grass assemblage. Analysis of the 
Hall's cave deposits and fauna is continuing (Toomey in prep). 

Stable carbon isotope ratios were measured for samples of two taxa. Portions 
ofa Bison antiquusmetatarsa1 (TMM41229-1362) from a depth of210-215 cm 
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in Pit IC and an Equussp. (large species) mandible (TMM41229-10795) from
a depth of209.5-212 cm in Pit ld/E were analyzed. Both specimens were well
preserved. 

The ages of these materials are well constrained. A 14C determination of
15,420 ± l 70 yr B.P. (TX-7430, bone apatite) at 230-235 cm in Pit ld/E occurs 
below the sample material. From above the samples at a depth of 190-195 cm 
in Pit lB, a travertine stringer yielded a 14C age of 12,470 ± 160 yr B.P.
(TX-6069). Assuming constant sedimentation rates, the analyzed materials 
occurred between l3,250 and 14,000 yr B.P. This period is interpreted to have 
had greater effective moisture than modern conditions. However, the period 
may have been drier than that prior to 15,000 yr B.P., or around 10,500 yr B.P. 
(Toomey 1992; in prep). 

Samples for isotopic analysis were removed from the bone with a saw. Bone 
samples were cleaned in distilled water, crushed, and collagen extracted 
following the method of Boutton et al. (1984). Following combustion, the 
resultant CO2 was measured with a VG-903 isotope ratio mass spectrometer. 
Results are reported in 8 notation relative to PDB, where: 

0 13c = [[ ( 13C/12q ; (13C/12C) J -IJ x 1 ooo %0. 
sample standard ' 

Analytical precision of measurement was ± 0.1 %0. Atomic C:N ratios were 
measured with a Carlo Erba NA-1500 elemental analyzer; precision was 0.015% 
for carbon and 0.0015 for nitrogen. 

Stable carbon isotope ratios of-10.0 %0 (C:N 3.25) were obtained for Bison 
antiquus, and -16.3 %0 (C:N 3.18) for Equus sp. Atomic C:N ratios indicate the 
bone collagen of both samples retained their in vivo isotopic signatures 
according to the criteria of De Niro (1985). Using the modern 8 13C ratios for
C3 and C4 plants, -26.5 %0 and-12.5 %0, respectively, bison diet was 82% C4 and 
horse diet was 37% C4• 

Feeding ecology research by Schwartz and Ellis (1981) shows that bison are 
non-selective grazers ( eat grass species in proportion to their abundance). 
Horse, as represented by Equus burchelli (zebra), exhibit a higher selectivity 
(Stewart and Stewart 1971). For this reason, we consider the bison diet to be 
more representative of the ratio of C3 and C4 grasses available to these grazers. 

The 813C ratio of extinct bison compares well with those of the modern
species during the late Archaic (ca. 2,000 yr B.P.) -10.0 ± 0.77 %0 (n=6), and 
late Prehistoric (750-300 yr B.P.) -9.3 ± 0.77 %0 (n= 10) on the Edwards 
Plateau (Huebner and Boutton, unpublished data). 

Our findings differ from those of Stafford ( 1984) for Pleistocene-age bison. 
Samples from Stratum I at Lubbock Lake (ca.11,100-12,500 yr B.P.) yielded 
813C ratios of -16 to -17 %0, indicative of a greater C3 plant component in the
High Plains diet relative to our data. 

The significant conclusions include the following: 
1. C4 grasses constituted a significant portion of the grasses available on the

central Edwards Plateau ca. 13,000-14,000 yr B.P.
2. !so topically, the diet of Bison antiquus on the Edwards Plateau during the

period ca. 13,000-14,000 yr B.P. was very similar to the diet of Bison bison
during the late-Archaic and late-Prehistoric periods.
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3. Bison and Equus, although both primarily grazers, selected for different
grass species and thus would have competed with each other only to a
limited extent.

4. Either the grassland composition or the behavior of Bison antiquus

differed between the Central Edwards Plateau and the High Plains.
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Mastodon Digesta from North Florida 

S. David Webb, James Dunbar, and Lee Newsom

Late-Pleistocene strata near the base of the Page/Ladson site produce remark­
ably rich concentrations of cut twigs and occasional seeds in an organic clay 
matrix. Other paleontological and archaeological aspects of this underwater 
excavation in the lower Aucilla River of north Florida have been reported in 
Dunbar et al. (1990). 

Our preliminary analyses of the plant remains in sedimentary and strati­
graphic context point toward the following five conclusions: 1) the plant 
material was ingested and masticated by some species oflarge herbivore; 2) the 
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plant remains represent summer browse; 3) the plant remains were trans­
ported to the site of deposition by the large herbivores; 4) the ages of these 
strata straddle dates ofabout 12,500 yr B.P.; and 5) the large herbivore species 
was probably Mammut americanum (American Mastodon). 

The plant material under discussion extends abundantly through six fine 
elastic strata (levels 16 through 20B in Test F) with a combined thickness of 
about 1.2 m. The proven horizontal extent includes two square meters in Test 
C and an equal area in adjacent Test F, but its real extent is surely greater. The 
depositional context, discussed in the reference above, was a small sinkhole 
pond at the foot of a well-wooded limestone bluff at least 12 m tall. 

The plant material consists of small woody pieces, of which most exhibit a 
ragged cut at one end. As depicted in Figure 1, the modal twig length is 8-10 

mm and the histogram oflengths is strongly peaked in the range from 4 to 14 
mm. Maximum fragment length observed to date is 40 mm, but this is based
only on the 667 specimens measured in sample 131 collected from Test C in
1988. Many of these twigs are apical pieces less than 2 years old. The physical
condition and strongly modal length distribution indicate mastication by a
large herbivore. One can see spheroidal clumps among the in-place sediments,
as recorded in a photograph of Test F, level 18 taken in 1991, but the weakly
consolidated sediments cannot maintain the integrity of such possible fecal
masses.

The commonest plant taxon in these sediments is Taxodium sp. (bald 
cypress). Other abundant woody taxa are Cephalanthus occidentalis (button­
bush), Salix sp. (willow), and Pinus sp. (pine). Vitis (grape) tendrils are fairly 
common also. Although seeds are much less common, the following five taxa 
have been recognized: Vitis sp. (wild grape), Phytolacca americana (pokeweed), 
Argemone sp. (Mexican poppy), and Cucurbita pepo (wild gourd). These plants, 
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w�th the exception of grape and gourd, generally live in open savannas, 
disturbed thickets and margins of woods, and seem incompatible with the 
mesic bluff habitat immediately bordering the site. Transport, presumably by 
a large herbivore, is implied. These seeds all ripen in the late summer, and thus 
indicate the season of harvest and deposition. 

Two TAMS radiocarbon dates were run on specimens in sample 131 from 
Test C about 10 m below the river surface by the Isotope Geochemistry 
Laboratory at the University of Arizona. The result from sample number 
AA-7453, a twig of Cephalanthus, was 12,375 ± 75; and AA-7452, a Vitisseed, was 
12,545 ± 80 radiocarbon yr B.P. Twig accumulations occur both above and 
below this dated horizon and will be constrained by more dates. 

Several medium-sized herbivore genera and two megaherbivore taxa occur 
in the late Pleistocene at Page/Ladson, and also in several similar sites in the 
lower Aucilla River (Webb, 1974). Medium herbivores include Megalonyx
(megalonychid sloth), Paramylodon, (mylodont sloth), Equus (horse), Tapirus
(tapir), Hemiauchenia ( extinct llama), and Bison (bison), and the megaherbivores 
are Mammuthus columbi (mammoth) and Mammut americanum (mastodon). 
The latter proboscidea are represented in the lower Aucilla by about a dozen 
partial to complete skeletons, some of which give evidence of butchering. 
Webb et al. (1984) described a Bison kill site in the adjacent Wacissa River. 

We hypothesize that Mammut americanum masticated and transported the 
concentration of segmented twigs described here. Mead et al. (1986) analyzed 
the herbivore dung in Western dry caves, and Laub (pers. comm.) described 
segmented spruce twigs at the Hiscock site in New York. Mammuthus columbi
samples were recognized in the former and Mammut americanumin the latter. 
The modal length of the Florida sample is comparable to both of the above 
samples and probably indicates mastication by a proboscidean. The heavy 
emphasis on browse suggests Mammut rather than Mammuthus, which is 
expected to be a grazer. If correctly attributed, the Aucilla River vegetation 
indicates a considerably different diet for American Mastodon in Florida than 
for other regions of eastern North America. 
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Paleoenvironments: fuvertebrates 

Fossil Molluscs from Pre-Illinoian Sediments 

of the Buried Mahomet Valley, Central Illinois 

Barry B. Miller, Philip Reed, June E. Mirecki, 

and William D. McCoy 

Five species of molluscs have been identified from cuttings and splitspoon 
samples recovered from near the base of the Mahomet Sand Member of the 
Banner Formation near the base of two wells drilled for the De Witt County 
Well Field, and from a test hole (36-3) near the city of Decatur, Illinois. 

The fossils include two unionid clams, cf. Pleurobema cordatum pyramidatum, 
and Elliptio dilatatus; and three gastropod taxa, Pleurocera canaliculatum, Lithasia 
armigera, and Campeloma cf. C. decisum. These represent the first fossils 
reported from the deeply buried sediments of the Mahomet Valley. 

One specimen of P. C. pyramidatum was identified from a portion of a left 
valve containing a thick, heavy beak and pseudocardinal teeth that are usually 
characteristic of individuals found in large rivers. This form appears tolerant 
of sand-mud or gravel-mud substrates and lives at depths of 1-3 m ( (Parmalee 
1967). 

A single thick valve of E. dilitatus, which is characteristic of specimens from 
large rivers, was collected in association with P. C. pyramidatum. The species was 
once commonly abundant locally in large rivers such as the Illinois, Wabash, 
Ohio, Mississippi and Rock (Parmalee 1967). 

Two of the gastropods, P. canaliculatum, and L. armigera, are river species that 
now occur in the Ohio River drainage (LaRocque 1968:417). The third 
gastropod species, C. cf. C. decisum, is represented by two corroded immature 
shells from the splitspoon sample. The species is broadly distributed through­
out much of eastern North America and is "found in rivers and creeks, on a 
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bottom of sand, mud, gravel and sand, or clay; in shallow water 30 cm or more 
deep; generally more abundant in rapid current, but not in riffles or rapids" 
(LaRocque 1968:374). The molluscan assemblage indicates a medium to large 
river. Most of the shells show some evidence of abrasion and breakage that 
probably occurred prior to burial. The preponderance of thick-shelled forms 
suggests that considerable attrition may have occurred before burial. 

Alloisoleucine/Isoleucine (alle/Ile) ratios from Pleurocera shell protein 
recovered from a fine sand at a depth of74.7-75.l m, near the base oftest hole 
36-3, provide a method for evaluating the age of the fill in the Mahomet Valley
at this locality. Subsamples from this collection were analyzed at the University
of Massachusetts Amino Acid Geochronology Laboratory (AGL) and at the
Memphis State University Amino Acid Geochronology Laboratory (MSUAGL).
The peak-height alle/Ile ratios in the total hydrolyzate fraction for these
analyses are (AGL 1323) 0.52 ± 0.05 (n=3) and (MSUAGL 91062) 0.48 ± 0.04
(n=2). These values are similar to those obtained from other taxa analyzed
from magnetically reversed silts associated with the West Lebanon Till in west
central Indiana (Miller et al. 1987). The amino-acid data support the age
interpretation suggested by Kempton et al. (1991) that some of the sediments
in the Mahomet Valley are older than 730,000 yr. B.P.
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Paleoenvironments: Geosciences 

Late Quaternary Sedimentation and 

Geoarchaeology of Palo Duro Creek, 

Hansford County, Texas 

Charles D. Frederick and]. Michael Quigg 

Vol. 9, 1992 

Recent CRM investigations in Palo Duro Creek valley, Hansford County, Texas, 
provide a late-Quaternary sedimentation record spanning the last 14,000 years. 
Flowing northeast across the Texas Panhandle, where it is incised into the 
Blackwater Draw and Ogallala formations, Palo Duro Creek joins the North 
Canadian River in the Oklahoma Panhandle 30 km north of the project area. 
Building upon a geomorphic analysis conducted in association with archaeo­
logical testing (Caran 1991), a detailed stratigraphic reconnaissance and 
dating program of the valley's late-Quaternary deposits during 1991 resulted 
in the identification of seven informally defined alloformations, five of which 
are alluvial fill deposits (Quigg et al. 1992). Approximately 82 radiocarbon 
ages of bulk sediment humates, in addition to a few soil humate, bone and 
charcoal samples, confine the stratigraphic sequence (Figure 1). 

Noteworthy is the alternation of marsh and fluvial conditions throughout 
the Holocene, which contrasts with other alluvial sequences to the south (e.g., 
Holliday et al. 1985; Blum et al. in press) and two erosional events during the 
middle Holocene. Periodic eolian and colluvial deposition identified may be 
under-represented due to emphasis upon alluvial sediments. Archaeological 
excavations focused upon three sites dating to the transitional-Archaic and 
late-Prehistoric periods. At 41HF5 campsite occupations were excavated below 
two surfaces: a late-Holocene terrace and an eolian mantled ridge. Two 
components buried within the first terrace fill were targeted for excavation. 
This deposit is less than 3,900 years old and yielded a transitional-Archaic 
occupation (s) at a depth of 250 cm bgs, which was associated with arrow and 
dart points and a radiocarbon age of 3,470 ± 180 yr B.P. (Tx-7039; charcoal, 
dl3C corrected). A late-Prehistoric component associated with a buried A 
horizon 50-80 cm bgs dated to ca. 1,100 yr B.P. This point-bar setting formed 
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in conjunction with high-magnitude but relatively infrequent floods that
initially interrupted widespread, seasonal marshes which were common upon

. portions of the valley floor until approximately 1,700 yr B.P. 
Two brief, late-Prehistoric (ca. 400 yr B.P.) single-event bison (Bison) 

processing components were excavated from the same late-Holocene fill 
within a distal floodplain facies at 41HF8. A transitional-Archaic (ca. 1,900 yr 
B.P.) single-event bison-processing station site was also discovered and tested
within late-Holocene colluvial deposits burying the second terrace of Palo
Duro Creek at 41HF128.

Project results clearly indicate that dynamic sedimentation in a variety of 
depositional environments (floodplain, eolian uplands, and distal colluvial 
slopes) throughout the Holocene, and specifically during the last 3,900 years, 
resulted in the burial of even relatively recent archaeological sites and signifi­
cantly reduced their visibility throughout the basin. 

Figure I. Temporal trends of 

late Quaternary sedimentation 

within the Palo Duro Creek valley, 

Hansford Co., Texas. 
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Geoarchaeological Investigations in the Vicinity 

of the Little River Paleoindian Site Complex: 

1991 Season 

Andrea K. L. Freeman and Edward E. Smith, Jr. 

During the summer of 1991, geoarchaeological investigations continued in 
Trigg and Christian counties of western Kentucky in the vicinity of the Little 
River Paleoindian site complex (Smith and Freeman 1991). The purpose of 
this research was to ascertain the nature and extent of the Paleoindian 
utilization of the area, and the presence of additional sites with 
chronostratigraphic potential. 

In an effort to gain insight into Paleoindian utilization of the karst topogra­
phy of the area and its abundant local chert resources, survey was conducted 
along the lower portion of the Little River and its tributary streams. This 
portion of the river extends westward from Christian County into adjoining 
Trigg County. Usingacombinationofcollectorinterviewsandgeoarchaeological 
assessment, approximately 20 new sites were discovered, some of which appear 
to have Paleoindian or early-Archaic components. Stratigraphic profiling of 
extant exposures of Holocene alluvium provided useful ·information about 
some of these newly discovered sites and their relationship to the previously 
discovered Boyd site (15 Ch 236). Although the deposits at these newly 
discovered sites appear younger than those at the Boyd site, radiometric dates 
are needed to confirm this hypothesis. 

Chronostratigraphic information from preliminary profiling conducted at 
the Boyd site during the summer of 1990 (Smith and Freeman 1991) revealed 

Andrea K. L. Freeman, Department of Anthropology, University of Arizona, Tucson, AZ 85721. 

Edward E. Smith.Jr., Glenn A. Black Laboratory of Archaeology, Indiana University, Bloomington, 
IN 47405. 



122 FREEMAN/ SMITH PaleQenvironments: Geosciences 

an extensive deposit of Holocene alluvium lying adjacent to the Pleistocene 
terrace on which the site is located. Previous definition of the terrace sequence 
(Leach n.d.) makes us believe that the site rests atop the late-Pleistocene 
Pickneyville Terrace (15,000-11,000 yrs. old). Our first augering transect 
began with a core 5.25 m in depth. This auger core as well as subsequent cores 
bottomed out in gravel deposits. The other cores presumably represent point­
bar deposits impenetrable by the use of hand equipment. 

Given that the depth of limestone bedrock in the present-day river channel 
is at approximately the same depth as the extent of the first auger core, this core 
is presumed to have bottomed out in basal gravel. An accelerator date (TAMS) 
on a piece of charcoal derived from the bottom of the first auger core returned 
a dateofl3,029 ± 120 yr B.P. (AA-7097) (Figure 1). This date is believed to date 
the basal-gravel level. Given minimal disturbance of the site by subsequent 
fluvial processes, this date suggests the presence of a depositional sequence 
which may reveal intact stratigraphy that could then be linked to the adjacent 
Paleoindian site on the terrace surface. 

These investigations were conducted jointly by the Glenn A. Black Laboratory of Archaeology, 

Indiana University, and the Department of Anthropology, University of Arizona, and were sponsored 

by the Kentucky Heritage Council. The accelerator date from the Boyd site was paid for by NSF grant 
#EAR-8820395 awarded to C. Vance Haynes. 
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Figure I. Preliminary stratigraphic profile, 15 Ch 236 augering transect I. 
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Toth ( 1991 :58-59) has given some rather simplistic comments on avoiding the 
study of lithic collections from "high-energy" geological deposits. He made 
little distinction between natural fracture processes in widely differing situa­
tions, such as alluvial fan formation, ocean-beach storm conditions, and free­
fall of rocks from cliffs. Studies of man-made versus natural fracture processes 
should account for the specific types of possible natural fracture processes, 
however, at each selected study location. This article gives comments on 
considerations that should be made by investigators in judging if man-made 
lithic specimens are present at an alluvial deposit location. In the study of 
fractured-rock collections from alluvial deposits, both specific natural fracture 
processes and the location of fracture even ts should be considered. An alluvial 
deposit is not necessarily a poor scenario to document human presence, as 
stated by Toth (1991:59). Since many early-prehistoric sites are likely to be 
located near a water source where alluvial deposit action can occur, it is 
especially important to be able to study fractured-rock specimens at this type 
of location. Otherwise, significant amounts of potential data for the study of 
primitive lithic industries can be ignored. As Butzer (1991:140) has noted, 
Paleoindian sites are located in a variety of sedimentary contexts, ranging from 
"high-energy fluvial beds to spring deposits and shallow lake sediments in the 
case of open-air sites." 

Mud and water-flow conditions that form alluvial deposits would be expected 
to fracture rocks mainly by pressure, as viscous liquids and slurries inhibit high­
velocity percussion interaction of transported rocks. It can be demonstrated 
that percussive-type flaking, such as used by early man, gives different lithic 
attributes than pressure-type flaking, such as produced by mechanical gravel 
crushers (Patterson 1983:306). I have never had problems in distinguishing 
between a collection of percussion-made chert flakes produced with a 
hammerstone and a collection of pressure-made flakes produced by a me­
chanical crusher, especially for flake sizes above 15 mm square. Pressure-made 
flakes tend to lack bulbs of force and residual striking platforms. Also, a 
significant proportion of pressure-made flakes will have very flat ventral 
surfaces, as opposed to some curvature on ventral faces of most percussion­
made flakes. In judging whether or not natural fracture processes have 
produced lithic specimens, the concentration of fractured specimens is impor­
tant. As noted previously (Patterson et al. 1987:96), there is no documented 
situation where natural forces have produced large concentrations of percus­
sion-made flakes such as found in human lithic-manufacturing activities. 

It should be noted that the so-called "high-energy" action of alluvial deposi­
tion does not always act as a gravel crusher to cause large-scale fracturing of 
transported rocks. It is common to encounter alluvial deposits where few 
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pieces of brittle siliceous minerals have fracture scars, and there are no flakes 
present to represent by-products of fracture events. An alluvial deposit may be 
a high- or low-energy event, depending on the rate of deposition. 

The location of fracture events in an alluvial deposit is of prime importance 
in the study of possible human lithic-manufacturingactivities. Man-made lithic 
materials can be produced at a location and then covered by alluvial deposition 
without further redeposition of the lithics. In contrast, lithic materials that 
have been fractured during the alluvial transport process and then redeposited 
should have attributes that demonstrate this scenario. Lithic flakes that have 
been transported in an abrasive medium would usually have some edge 
rounding rather than sharp edges, and redeposited lithic flakes would not be 
expected to have the same type of flake-size distribution pattern as that from 
human lithicmanufacturing at the original location (Patterson eta!. 1987:101). 

In summary, there is no reason to avoid the study of lithic materials in alluvial 
deposits to determine human presence, as suggested by Toth (1991:59). For 
example, the Calico site lithic collection from an alluvial fan has thousands of 
flakes with the attributes of man-made percussive flaking, and no evidence of 
transport in the alluvial deposition process (Patterson et al. 1987). If the Calico 
site lithic collection was actually produced by natural fracture processes, the 
nature of the fracture processes remains to be explained. Whether or not the 
large collection of fractured siliceous materials from the Calico Site was 
produced by human activities remains an important question, regardless of 
whether the answer is positive or negative for human presence. If nature can 
mimic the products of human flaking activities on a large scale, this should be 
determined as a question of world-wide importance to archeological studies. 
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Accurate age control of both sediment and artifacts is crucial to the develop­
ment of a comprehensive or regional late-Quaternary history. As with many 
arid and semi-arid regions, generally poor preservation on uncontaminated 
carbon for radiocarbon dating, a lack of temporally wide-ranging diagnostic 
taxa, and a widespread lack of materials suitable for other radiometric dating 
methods have to a large degree limited the development of a widespread 
regional chronostratigraphy for late-Quaternary deposits of the Southern 
High Plains. This is particularly the case for eolian sediments. Optical dating 
is a recently developed technique, closely related to thermoluminescence 
(TL) dating, which allows the direct dating of a wide range of late-Quaternary 
terrestrial sedimentary deposits and may provide a means of improving the 
chronology of the area. 

As part of the initial phases of a more widespread project applying optical 
dating to late-Quaternary eolian deposits of the arid Southwest of the United 
States, a series of three well-dated sites from the Southern High Plains were 
selected for analysis whose chronologies are constrained by radiocarbon 
dating and archaeological inference. Successful application of optical dating 
at these sites is considered to provide some empirical degree of assurance for 
dates generated subsequently from other undated localities. 

Optical dating is a radiation-exposure-based chronometric dating method 
developed over the past few years (Aitken 1991; Huntley et al. 1985; Smith et 
al. 1986, 1991). The method is closely related in both principle and practice 
to TL. The techniques differ primarily in the type of excitation source 
utilized to stimulate the dating signal. In conventional TL dating heat is 
employed. The optical method uses one of a variety of filtered light sources. 
The key advantage of optical dating over TL is that in the former only the light­
sensitive portion of the total luminescence (termed optically stimulated 
luminescence-OSL) is measured. This light-sensitive luminescence is rapidly 
reset at deposition. 

Both methods are based on the determination of both a total accumulated 
dose of radiation (termed the equivalent dose (ED) and measured in grays 
(Gy)) within detrital mineral grains since they were last exposed to daylight 
during sedimentary transportation and deposition, and an annual dose of 
radiation (termed the annual dose) which is caused by the alpha- and beta­
particle and gamma-ray emissions from the radioactive decay of K, U and Th 
from the sedimentary matrix surrounding the given sample, and a cosmic ray 
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contribution. Division of the total accumulated radiation, or equivalent dose 
(ED), by the annual radiation dose yields the sample age. A detailed discussion 
of the method, and approaches to sample preparation and analysis, are beyond 
the scope of this discussion; readers are referred to Rhodes ( 1990), Stokes 
(1992) and the references listed above for details of the methodology and 
limitations of the technique. 

The three sites from which samples were collected and are reported here 
were selected as they contain some of the best age-constrained, stratified eolian 
deposits on the Southern High Plains. They are: the Mustang Springs site 
(Meltzer 1991), near Stanton, Texas; the Lubbock Lake site, Lubbock; and the 
Blackwater Draw Locality (BWD#l) near Portales, New Mexico. All samples 
were collected for dating from relatively homogeneous sandy strata. Specific 
details of sample treatment will be provided elsewhere. 

A total of seven strata were sampled for optical dating, varying in age from 
approximately 600 to 10,000 yrs. The optical dates were generated using an 
argon-ion laser (A=514 nm) excitation source, and alpha counting and flame 
photometry for the analysis of uranium and thorium, and potassium, respec­
tively. Errors calculated for the dates incorporate random and systematic errors 
in ED and annual-dose evaluation. The resulting optical dates are displayed 
and directly compared with the inferred or directly measured ages for the strata 
based on other methods in Figure 1. All seven optical dates presented are both 
stratigraphically consistent and generally agree with the independent radio­
carbon stratigraphies. 

The possible small degree of age underestimation for the Mustang Springs 
samples is most likely related to the high silt and clay content of the strata 
(whose water-holding, and, correspondingly, radiation-attenuating, capacity is 
considerably greater than for more sandy deposits), coupled with uncertainty 
regarding the average moisture conditions of the samples during antiquity. 
The presence of lacustrine deposits with the sequence is indicative of saturated 
conditions, while biotic stratigraphic and archaeological data (Hill and Meltzer 
1987; Meltzer 1991) suggested periods of extreme drought. Hence, the current 
moisture status of the deposits is not considered representative. 

Most radiocarbon-based chronostratigraphic investigations at BWD#l have 
concentrated on the lower, Paleoindian-associated deposits (Haynes and 
Agogino 1966; Haynes et al. in press), due both to the primary focuses of the 
previous studies and to the general paucity of radiocarbon-datable materia_l in 
units ofF & G. Haynes et al. (in press) rejected the ca. 6,200 yr age for the F /E 
boundary, favoring an older date of 8,830 yr B.P. (AA-1413); the depositional 
time range of unit E spanning approximately 9,000-10,500 years is based both 
on radiocarbon dates and associated Cody complex artifacts (C. V. Haynes 
pers. comm.). The 8,830 yr B.P. date for this boundary forces the abandonment 
of a number of previous radiocarbon dates from within unit E. (Haynes et al. 
in press, table 4). Whichever of the two ages is accepted, the stratigraphically 
overlyingoptical dateof5,950 ± 600yrB.P. (OX

00
819/l) supports a5,000-6,000 

yr B.P. depositional time span for unit F, casting further doubts on the 
8,230 ± 140 yr B.P. (AA-1643) date presented with some reservation by Haynes 
et al. (in press). Acceptance of the latter would imply a major hiatus in 
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de�osition at BWD#l spanning up to 7,000 years following the deposition of
umt F and prior to deposition of unit G. 

The age of 850-900 years for the commencement of sedimentation of 
stratum 5 at Lubbock Lake was inferred by Holliday et al. (1983) based on a 
number of radiocarbon determinations on soils formed upon the underlying 
stratum 4. Radiocarbon dates for stratum 4 at Lubbock Lake ranged from 870 
to 5,550 yr B.P. (Holliday et al. 1983) although a number of these dates were 
derived from buried A horizons and other post-depositional sediment frac­
tions. A depositional-age range of 4,500 to 5,500 yr B.P. for deposition of 
stratum 4 at Lubbock Lake was suggested by Holliday (1983). 

The three latest Holocene dates (spanning approximately 500-900 yrs) for 
the Blackwater Draw and Lubbock Lake sites suggest that widespread eolian 
reactivation (including both sand-sheet and Junette deposition) took place on 
the Southern High Plains at this time. Similar eolian reactivation in a number 
ofadjacent areas (Stokes et al. 1991; Stokes unpublished data) during the latest 
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Figure 1. Schematic partial stratigraphic sections for the sites investigated in chis study. Informal 

stratigraphic subdivisions and radiocarbon-based chronostratigraphies (rhs columns) are after 

Meltzer (1991) (Mustang Springs); Haynes and Agogino (1966); Haynes et al. (in press) (BWD#I ); 

Haas et al. (1986); Holliday (1983); and Holliday et al. (1983) (Lubbock Lake). Only chose 

radiocarbon dates which are from, or adjacent to, strata sampled for optical dates are presented (see 

text for a discussion of additional related radiocarbon determinations). All radiocarbon dates are 

uncalibrated and were generated using bone organics, burnt bone and various sediment organic 

fractions (see original sources for discussion). Crosses on the columns depict the relative position 

from which the optical dating samples were collected. No chrono- or litho-stratigraphic relationship 
is implied for units between sites displayed on the diagram at the same relative vertical position. The 

materi.al stracigraphically overlyingunit G atBWD#I is disturbed landfill. Radiocarbon sample (0-157 

(BWD#l)) may actually be from a higher stratigraphic position at the G/F boundary or actually 

within the basal portion of unit G (C. V. Haynes, pers. comm.). 
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Holocene (ca. 500-1,000 yrs) may indicate one or more major regional
paleoclimatic shifts resulting in a phase, or phases, of aridity whose widespread
significance are yet to be fully realized. 

The good correlation between the optical and radiocarbon chronostrati­
graphies, coupled with additional empirical investigations of independently 
dated sequences ( e.g., Smith et al. 1991; Stokes 1991) and the sound theoreti­
cal basis of the optical-dating method (e.g., Aitken 1992; Rhodes 1990), 
indicates that the technique may be applied with confidence either in the 
absence of other dating strategies, or in a supplemental role. In doing so, it is 
envisaged that considerable new information may be generated with implica­
tions for chronostratigraphy and regional correlation, archaeology and soil 
chronosequence studies. 

Added in proof 

It has been brought to the attention of the author by Dr. V. T. Holliday, that sample OX
00

827 /2 
may in fact be derived from stratum 4B. If this is the case, the most proximal radiocarbon-age 
determination for the unit would be that of 880 ± 70 radiocarbon yr B.P. (Sl-4169). It is hoped 
that this possible discrepancy will be resolved by a subsequent visit to the site. I am grateful to 

Dr. Holliday for pointing this out. 

Drs. D. J. Meltzer (SMU), C. C. Reeves, Jr. (Texas Tech) and F. E. Green, and Mr. S. Stadleman 
(Texas Tech) are thanked for assistance in collection of the samples from the Mustang Springs, 
Blackwater Draw, and Lubbock Lake localities, respectively. Drs. A. Allsop, (RLAHA, Oxford), C. V. 
Haynes (University of Arizona), V. T. Holliday (University ofWisconsin, Madison), and D.J. Meltzer 
are thanked for reading a draft of this article. It is a pleasure to acknowledge the ongoing support, 
encouragement and enthusiasm ofDrs. M. Collins (University of Texas, Austin), D.J. Meltzer, and 
C. C. Reeves.Jr. in respect of my investigations on the sediments of the Southern High Plains. 
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Information for Contributors 

GENERAL INFORMATION 

Categories ofnotes will be: 1) Archaeology, 2) Physical Anthropology, 3) Lithic 
Studies, 4) Taphonomy-Bone Modification, 5) Methods, 6) Paleoenviron­
ments (which includes the subsections: Plants, Invertebrates, Vertebrates, and 
Geosciences), and 7) Special focus. The last category is reserved for a pre­
selected topic; articles are submitted by authors at the request of the Center. 
Usually no more than 65 unsolicited papers for the regular sections and 5 
solicited papers for the Special Focus section will be accepted. No more than 
2 papers will be accepted from any one senior author. Time being of the 
essence, the earlier a paper is received, the better its chance of being pub­
lished. Manuscripts concerned with any of the above categories should include 
research dating� 10,000 yr B.P. or have direct implications for research of that 
time period. 

Manuscripts should be of note length, no greater than 1000 words, or 400 
words with one figure and caption, plus references. They should be current, 
original, not be or have been submitted to another journal, and may cover any 
aspect of the above-mentioned categories. All notes will be published in 
English. Authors submitting manuscripts in a language other than English 
may either submit their manuscript also in English or request the editorial staff 
to provide a translation (final decision will be left to the editorial board). In 
either case, both accepted manuscripts will be published. Manuscripts submit­
ted in a language other than English should be typed double-spaced through­
out and be legible. If a manuscript requires extensive editing or if a meaning 
is unclear, the author will be contacted-this could delay the printing of the 
manuscript. 

Manuscripts are first read by the editorial staff to ensure the minimum 
requirements are met, as outlined above. All manuscripts are edited for style 
and general grammar. Because one of the practical goals of the journal is to 
provide quick turnaround time for the printing of manuscripts, authors do not 
review galley or page proofs. The editorial staff compares the submitted 
manuscripts with the style-edited page proofs. Thus it is imperative that 
authors carefully proof their manuscripts for content, journal style, and 
grammar. It is suggested that all manuscripts be reviewed by a colleague of the 
author prior to submission. All manuscripts receive peer reviews. 

FORM AND STYLE 

Manuscripts should be concise but detailed enough to permit critical appraisal. 
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They must be typed and DOUBLE-SPACED THROUGHOUT (i.e., entire
manuscript, references, and figure caption) on one side of22 by 2 8  cm (8-1/2
by 11 inch) paper with no less than 4 cm (1-1/2 inch) margins. 

If a word processor is used, use the following specifications in preparing and 
printing your manuscript. Use letter quality or near letter quality printing. 
Align text to the left margin only-do not justify. Underline any words that 
should be italicized in the final typeset galleys. DO NOT hyphenate words at 
the right margin. Manuscripts should be submitted both in printed form and 
on computer disk. (Macintosh, MS DOS/ IBM, or Apple II format). In addition 
to the original word-processing document, the disk also contain an ASCII 
version. The computer will probably be able to translate the text and format­
ting from the original document, but if it cannot translate the original, it will 
at least be able to read the ASCII file. Manuacripts that conform to these 
specifications will allow us to fully utilize the technology we have available in 
preparing manuscripts for publication and will help hold down both the 
turnaround time and the cost of the journal. 

Space will not permit the inclusion of tables. Materials that normally would 
be placed in a small table should be placed in the text [e.g., "There are five 
radiocarbon dates from this site (15,000 ±100 yr B.P. (A-000), . . .  11,000 ±100 
yr B.P. (A-0000)) "]. One figure is permitted; the caption should be typed on 
a separate page using all the above-mentioned specifications for text preparation. 
All pages should be numbered consecutively starting with the first page of text. 
The title page should include an informative title, author(s), affiliation (s), and 
complete mailing address(es), which must contain your zip code or postal 
district, when applicable. It would help to include your telephone number and 
your BITNET number, if possible, on your cover letter, should there be any 
questions by the editor. Avoid titles with interrogative form, abbreviations, and 
formulae. Submit three (3 ) copies of each manuscript and at lease one PMT or 
glossy print of the figure, if one is included. Authors should keep original art. 

Standardized words or spellings that do not need to be underlined or 
described: in situ; et al.; pers. comm.; Paleoindian; archaeology; CRM (for 
cultural resource management); MNI (for minimum number of individuals); 
TL (for thermoluminescence dating); yr B.P. (for years before present); and 
AMS or TAMS (for accelerator mass spectrometer technique of radiocarbon 
dating). Do not italicize words in the manuscript, only underline (Ficus not 
Ficus). The use of either Latin or common names is fine, but include the other 
(common or Latin) name in parentheses following the first-time use (e.g., 
" . . .  recovered the dung of the Shasta ground sloth (Nothrotheriops shastensis)"). 
If technical jargon or abbreviations are to be used, and possibly are not well 
known to all readers, provide a more common term or explanation in 
parentheses. 

UNITS AND ABBREVIATIONS 

Metric units should be used throughout and be abbreviated when appropriate. 
Examples of the abbreviation style used include: i.e.; e.g.; cf.; cm; m; km; ha; 
yr B.P.; and sp. Numbers will be written out when they start a sentence or when 
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they are the numbers one through nine (exception: " ... 20 choppers, IO 
burins, and 2 knives were recovered."); numbers greater than nine are written 
as numerals (e.g., 10, 11, 1,000). All numbers greater than 999, including 
radiocarbon ages, should use a comma (22,200 ±l,2IOyr B.P.; 1,000 years ago; 
12,000 mollusks). 

Radiocarbon dates should be expressed in 14C years before present (yr B.P.)
and should include the standard error and the laboratory number (e.g., 
11,000 ±140 yr B.P. (A-I026)). International notation should be employed in 
all cases of chemical notations. 

ILLUSTRATIONS 

If a figure is used, it must be cited in the text; e.g.," . .. as can be seen in Figure 
l.," " . .. as is illustrated (Figure l)." Line drawings ONLY (no color or 
continuous-tone photographs). Submit at least one glossy photographic or 
PMT print of the figure, IO by 12.5 cm (4 by 5 inch) maximum image size. 
Photocopies and Polaroids are not acceptable quality for reproduction (be­
cause they are often gray-not true black as needed). Do not send the original 
artwork. 

All lettering MUST be either mechanical or dry transfer (NO HAND 
LETTERING or TYPEWRITER LETTERING). Authors should check the 
figure prior to submission to assure that all lines and lettering are clear and 
legible. The editorial staff and the printers of the journal are not responsible 
for reduction quality or figure retouching. The senior author's name should 
be clearly printed on a label and affixed to the back of the figure. 

REFERENCES CITED 

References cited in the text must adhere to the format printed in this edition 

ofCRP.DOUBLE SPACE ALL REFERENCES. Citing in the text is as follows: 
" .. . according to Martin (1974a, 1974b)," " . . .  as has been previously stated 
(Martin 1974; Thompson 1938)." Cross check all references with the original 
work-this is where most problems occur. 
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General Index 

13C radiocarbon dating 45, 113,
119 

14C radiocarbon dating 8, 9, 16, 
77, 111-113 

Acer saccharum See sugar maple 
adze 50 
adze, Dalton 4, 47 
aerobic 23 
African lion 103, 104 
agate 51 
Agate Basin site 47 
Agua de la Cueva site 13, 14 
Alga 90 
alga 87, 89-91 
Alibates flint 23, 24, 47, 66, 68 
Alopex lagopus See Arctic fox 
Ambrosia See bursage 
American elm 92 
American lion 102, 103, 112 
American mastodon 105-107, 

115, 116 
amino-acid racemization dating 

28, 118 
AMS date 43, 76, 98, 100, 111 
anaerobic 23 
Anassp. 56 
Ansersp. 56 
antelope 43 
anvil stone 17 
Aobayama B site 28 

Archaic 1-5, 11, 19-22, 34, 35, 42, 
43,47, 113, 119-121 

Arctic fox 56 
Arctodus simus 98 
Argemone sp. See Mexican poppy 
Arlington Man 9 
B. bison antiquus 22, 23, 45, 109,

112-114
Babadan A site 28 
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backed biface 5 
badger 77 
Balanus sp. 9 
bald cypress 115 
basalt 2, 14, 76 
basswood 92 
biface, parallel-flaked 17 
Big Lake bison kill site 45, 46 
bipolar-derived flake 36 
bison 

Bison alleni 63 
Bison bison 45, 77, 99, 100, 113, 

116, 120 
Bison cheneyi 63, 64 
Bison occidentalis 45, 100 
Bison priscus 55, 56 

bitternut hickory 92 
bivariate analysis 60, 85, 103 
black abalone 9 
black bear 77, 97, 98 
black shale 51 
black-footed ferret 77 
Blackwater Draw 32, 119, 126-128 
blade core 3, 4 
bladelet 36 
Blarina brevicauda 111 
Bolton site 4-6 
Bonasa umbellus 111 
Bonfire Shelter site 46 
Bostrom site 40 
Branta canadensis See Canada 

geese 
Broken Mammoth site 53-57 
Brown's Bench 1, 2 
bucket-auger test 18 
Bufo sp. See toad 
burin 

angle 17 
dihedral 17 
transverse 17 
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Burnham site 63, 64 
bursage 87, 88 
Butler site 35-37 
Butte Mountain 1 
buttonbush 115, 116 

C. decisum 11 7
Caddoan 47
Cambrian 30
camelid 13, 31, 55, 56
Campus-type core 54
Canada geese 56
Canis latrans See coyote
canonical discriminant analysis

60,61 
Carya cordiformis See bitternut 

hickory 
Casper site 100 
cattail 87 
Cephalanthus occidentalis See 

button bush 
Cerro EI Sombrero site 30 
Cerro La China site 30 
Cervus elaphus See wapiti 
chalcedony 4, 51 
chert 

Bayport 36, 37 
Boone 21 
Collingwood 6, 38 
Day Creek 64, 65 
Edwards 23,24,47,64,66,68 
Onondaga 6, 110 
Ouachita Mountains 47, 48 
Ozarks 47, 48 
red 6 
Texas 22, 47 

chi-tho 16 
Chindadn complex 54 
chipmunk 77 
Chlorophycophyta 90 
chopping tool 17 
chronometric dating 24, 125 
Citellus sp. See ground squirrel 
Clovis blade segments 4, 21 
Clovis site 4 
coenobia 90 
Colubridae 111 
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Corylus See hazel 
Cougar Mountains 2 
coyote 109 
cranial shape analysis 59 
creosote bush 87, 88 
Crotalus horridus See timber 

rattlesnake 
Crowfield site 4-6 
Cucurbita pepo See wild gourd 
Cupressaceae See juniper 
Cuvieronius 106 
Cyanochloronta 90 
Cygnus columbianus See Tundra 

swan 
Cynomys sp. 112 

Dall sheep 55 
dart point 4, 119 
dart point, Plainview-like 4 
Dasypus bellus 112 
deciduous 92, 106, 109 
deer 21,42-44, 77 
deer mouse 77 
Denali complex 15, 17 
dental morphology analysis 45, 59, 

103 
Diddly Cave llO, l ll 
Dinoflagellate 88, 90 
drill 44 

E. occidentalis l 09
Econfina Channel site 11
Ectopistes migratorius See passenger

pigeon 
Edwards Limestone 68 
Edwards limestone 3 
El Capitan Cave 97, 98 
Elaeagnaceae 87, 88 
electron spin resonance dating 28 
elk 28, 55, 56 
Elliptio dilatatus 117 
Ephedra See joint fir 
Eptesicus Juscus 111 
Equussp. 77,109,112,113,116 
Erethizon dorsatum 111 
ermine 77, 98 
Euphorbia See spurge 
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82,83,89,92,93,95,99, 100, 
111, 119, 120-122, 127, 128 

Eutamias sp. See chipmunk 
extinct western horse 77, 109 
feldspar 81 
fission-track 28, 50, 52 
Flake 64 
flake 4,6,9, 16, 17, 19,21,23,24, 

36,39,40,47,51,53-55, 
63-65,67, 75-77, 123,124

channel 6, 68 
core reduction 6, 35, 36 
denticulated 5, 6
edge-modified 42-44
reduction 6
resharpening 6, 17, 36,51
thinning 33, 41

flint, Ozarks 47, 48 
flotation technique 77 
fluted biface 5, 6, 12, 36 
Folsom 4, 21, 22, 24, 66-68 
Fraxinum pennsylvanica See green 

ash 
frog 111

Gainey site 35, 36 
Geomys sp. 112 
giant armadillo 21 
Gloeotrichia 90 
grape 115, 116 
graver 6, 36,44, 77 
green ash 92 
grinding slab 77 
grizzly bear 98 
ground squirrel 55, 56, 77 
guanaco 13, 14 
Gulo gulo 77, 95, 96 

hafting 6 
Haliotis cracherodii See black 

abalone 
Haliotis rufescens See red abalone 
hammerstone 17, 123 
hare 55 
hazel 92 
Hemiauchenia 55, 116 
Hemiauchenia sp. 112 
Holocene 1, 9, 15, 17, 18, 20, 23, 

31,40,41,44,47,56,60, 78, 
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Homo sapiens sapiens 77 
horse 21, 77, 109, 113, l 16 
Hoshino site 27 

indirect percussion 32 
infrared stimulated luminescence 

81 
Iwajuku site 27 

jasper 24, 51 
joint fir 87, 88 
juniper 87, 88 

Kaminodejima site 52 
knife, bifacial 14, 17 

lagomorph 77, 111

lama (Vicugna) gracilis 31 
Lama guanicoe 13 
Larrea See creosote bush 
Lepus americanus 111 

Lepus sp. See hare 
limestone, Onondaga 110 
Lipscomb site 22, 24, 100 
Lithasia annigera 11 7 
Llano complex 32, 33 
Jong-tailed weasel 77 
Lubbock Lake site 46, 113, 

126-128

M. frenata See long-tailed weasel
M. nigripes See black-footed ferret
macroblade 77
Mammoth 55, 56
mammoth 7-9, 21, 23, 33, 53, 56,

77, 116 
Mammoth Meadow II locus 75-77 
1Vlammut americanum See American 

mastodon 
Mammuthus 23, 33, 116 
Mammuthus sp. 77 
Manitoulin-type chert 38 
marmot (Marmota jlaviventiis) 55 
mastodon 21, 105, 114-116 
Mcfaddin Beach site 20-22 
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McIntosh county site 47 
Mead site 53, 55-57 
megalonychid sloth (Megalonyx) 116 
Mexican poppy 115 
micro-piercer 6 
microblade 17, 54 
microblade core 17 
Microtus sp. 111 
Mitchell locality 32 
mongoloid 77 
Monte Carlo method 84 
mule deer 77 
multifaceted platform 32 
Mustang Springs site 126-128 
Mustela erminea See ermine 
MusteLa vison 111 
mylodont sloth 116 
Myotis sp. 111 
MytiLus caLifornianus 9 

Nanamagari site 52 
Nauman's elephant 28 
Nenana complex 15, 17, 54, 56 
Neotoma magister 111 
Niobararajasper 24 

obsidian 
"B" 2 
Brown's Bench 2 
Panaca 2 
Utah 2 

obsidian hydration 1, 2 
Odocoileus hemionus See mule deer 
Odocoileus virginianus 111 
Ohira site 27-29, 50-52 
olivine basalt 76 
Olsen-Chubbuck site 100 
Optical dating 125 
optical dating 125-128 
optically stimulated luminescence 

81, 125 
ovis dalli See Dall sheep 
oxygen isotope dating 78, 79 

P. l. spelaea 105
P. onca augusta 112
Packard site 47, 48

140 

Paleoloxodon naumanni See 
Nauman's elephant 

Panaca Summit 1 
Panthera atrox 112 
Panthera leo atrox See American 

lion 
Panthera Leo Leo See African lion 
ParamyLodon See mylodont sloth 
passenger pigeon 111 
peccary 21 
Pediastrum 90, 91 
Peoria Loess 40, 41, 95 
percussion-made flake 123 
Peromyscus manicuLatus See deer 

mouse 

Peromyscus sp. 111 
Phytolacca americana See pokeweed 
Piedra Museo locality 30, 31 
pine (Pinus sp.) 88, 115 
Platygonus compressus 112 
Pleniglacial 15 
Pleurobema cordatum pyramidatum 11 7 
Pleurocera canaLiculatum 117 
pocket gopher 77 
point 

Agate Basin-like 47 
Alberta 47 
Angostura 4, 21, 44 
Clovis 3, 4, 21 
Crowfield 5, 6 
Desert, side-notched 2 
Elko 2 
Fishtail projectile 30 
Humboldt 2 
Kirk Corner-notched 34, 35 
lanceolate 19 
Pinto 2 
Plainview-like 4, 21, 47 
projectile 1, 14, 24, 30, 31, 34, 

35,39,42,45,54,67 
San Patrice 4, 21 
Scottsbluff 4, 21, 45, 47 
Simpson 19 
stemmed Hardin 47 

pokeweed 115 
polar bear 98 
pollen analysis 55, 79, 87-89, 111 
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porcupine 43, 55 

pressure-flake removal 40, 41 

pressure-made flake 123 

Puckett site 34, 35 

punched blades 33 

punched-blade technique 32 

quartz 4, 14,25,26,51,81 

quartzite 14, 26, 36, 76 

Oachita Mountains 48 

Quaternary 3, 7, 73, 80, 82, 110, 

119,120,125 

Qy,ercus alba See white oak 

rabbit 42, 43, 77 

Radiocarbon date 127 

radiocarbon date 11, 13, 14, 21, 

24,26,28,30,34,35,42-45, 

50,53,55,59,63, 76, 78,82, 

92,98,99, 116,119, 125-128 

Rana sp. See frog 
red abalone 9 
red ftanita 31 

retouched flake 5, 17 

rhyolite 14, 51 

Richard Beene site 42-44 

Richardson's ground squirrel (S. 

richardsonii) 77 

sabre-tooth cat 21 

salamander 111 

Salix See willow 
sample analysis 1, 9, 11, 14, 25, 

43,59,60,78, 79,81,87,98, 

103,104, 111-113, 115, 11� 

118, 125, 126, 128 

Scenedesmus 90, 91 

Sciurus sp. 111 

Scottsbluff point base 4, 45 

Scottsbluff site 101 

scraper 5, 14, 16, 17, 24, 36, 40, 

41,44,51,54 

shale 23, 51 

Sheguiandah site 25, 26 

Shepherdia argentia 87 

short-faced bear 98 

shrew 111 

side scraper 5, 17, 24, 36 

141 

side-notched biface 47 

single- and multispurred gravers 
36 

Sinomegaceros yabei See Yabe's elk 
sloth 21, 116 

Smiths Lake Creek site 18, 19 

snake 111 

snowfall/ snowpack model 84 

Sorex sp. See shrew 
South Kanto site 28 

Sozudai site 27 

spearpoint 47, 48 

Spermophilus lateralis See ground 
squirrel 

Spirogyra 87, 90, 91 

spurge 87, 88 

spurred graver 40, 77 

squirrel 55, 56, 77 
sub-conical core 17 

sugar maple 92 

Suwannee preform 11 

Synaptomys sp. 111 

Syvilagus sp. See rabbit 

Takamori site 28 

Tamias sp. 111 

Tamiasciurus sp. 111 

TAMS dating 47, 116, 122 

tapir (Tapirus) 116 

Taxidea taxus See badger 
Taxodium sp. See bald cypress 
thermoluminescence dating 81, 

125 

thinned biface 77 

Thomomys talpoides See pocket 
gopher 

Thomson site complex 38 

Tilia americana See basswood 
timber rattlesnake 111 

toad lll 
Toldense industry 31 

Tundra swan 56 

turtle 21, 42, 43 

Typha-Sparganium See cattail 

ulmus americana See American elm 
Ursus americanus See black bear 
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Ursus arctos See grizzly bear 
Ursus maritimus See polar bear 

Vitis See grape 
Vitis sp. See wild grape 

wapiti 55, 56 
waterfowl 56 
Waugh site 22, 24 
wedge-shaped core 17, 54 
white oak 92 
wild gourd 115 
wild grape 115 
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willow 55, 88, 92, 115 
Wilson-Leonard site 4 
Wisconsinan loess 40, 41, 95 
woodrat 111 
WST (Western Stemmed Tradi­

tion) 1, 2 

X-Ray Fluoresence technique 22
XRF analysis 1

Yabe's elk 28 

Zander site 5 
Zygnema 90, 91 
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