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series, but the point from DQC 1 is most similar to late Paleoindian styles, and is 
probably no older than 10,500 years. Even the Clovis-like points of the Northeast 
have been radiocarbon dated to an average age of 10,500 years, with a maximum 
of 11,000 years (Haynes et al. 1984). Second, there is some ambiguity concerning 
the association of the caribou bones with the fluted point in stratum 2. 

In 1978 and 1979, using a resistivity meter, J.S. Kopper of C.W. Post College located 
eight more cavities in the dolostone of Mount Lookout. The most significant of these 
was Dutchess Quarry Cave no. 8 (DQC 8), a much smaller cave than DQC 1 and 
located about 15 m east of it. Subsequent excavations (Kopper et al. 1980) revealed 
five major strata in DQC 8, with Archaic projectile points in stratum 3, two fluted 
points at the base of stratum 3, and one fluted point in stratum 5. A radiocarbon 
date of 5,880 ± 340 yr B.P., DIC-1447 on charcoal from stratum 3 apparently refers 
to a late Archaic occupation. Unfortunately, Kopper died in 1984, and although most 
of the lithic artifacts from DQC 8 were deposited in the New York State Museum, 
Kopper had retained the charcoal, sediment samples, and bones, none of which had 
been studied thoroughly. After prolonged investigative efforts and the generosity of 
Steve Sadowski and John Froeschauer, both former students of Kopper, we obtain­
ed these materials in February 1987. 

In November 1986, we visited DQC 8 with T. Brannan, V. Carter, R. Decker, W. 
Ehlers, Jr., T. Fuller, N. Pahlavan, and G. Walters. Nearly all of the sediments had 
been removed by Kopper. Cemented by flowstone to the walls of DQC 8 were 
remanants of a bone-breccia. Using a hammer and chisel, we collected 11 small samples 
of the bone-breccia, each ca. 1 1 in volume. This breccia occurred at all depths from 
the original surface of the deposit to the deepest excavated level. Probably only the 
lowest portions of this breccia can be correlated with the breccia zone recorded by 
Kopper near the cave mouth between strata 3 and 4. The recently collected breccia 
samples have been etched with acetic acid, revealing bits of charcoal and hundreds 
of very small bones and bone fragments in each sample. A few plant macrofossils 
and crude, undiagnostic chert flakes also have been found in this breccia. 

The identification of bones, from the recently collected samples as well as those 
of Kopper, is in very preliminary stages. The following taxa have been recognized 
thus far from various strata: fish, anurans (at least three species), salamander, turtle 
(at least two species), lizard, colubrid snake, Crota/us horridus (timber rattlesnake), 
O/or sp. (swan), Colinus virginianus (bobwhite), Bonasa umbel/us (ruffed grouse), 
Meleagris gallopavo (turkey), Ectopistes migratorius (passenger pigeon), owl, 
woodpecker, passerines (at least four species), Blarina brevicauda (short-tailed shrew), 
mole, bats (at least three species), lagomorph, Sciurus (gray/fox squirrel), G/aucomys 

sp. (flying squirrel), Marmota monax (woodchuck), Castor canadensis (beaver), 
Castoroides ohioensis (extinct giant beaver), Peromyscus sp. (deer/white-footed 
mouse), Microtus pennsylvanicus (meadow vole), Synaptomys cooperi (southern bog 
lemming), Neotomafloridana (eastern woodrat), Ondatra zibethicus (muskrat), Zapus 

hudsonius (meadow jumping mouse), Erethizon dorsatum (porcupine), Mustela sp. 
(weasel), Mephitis mephitis (striped skunk), Procyon lotor (raccoon), Ursidae sp. 
(bear), Tayassuidae sp. (extinct peccary), Odocoileus virginianus (white-tailed deer). 

Plans for the Dutchess Quarry Cave complex include the identication of bones and 
plant macrofossils, the radiocarbon dating of charcoal from Kopper's excavations 
and the recently collected breccia samples, additional field reconnaissance in 1987, 
and further excavation in 1988. This should permit a better understanding of rela-
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tionships among the stratigraphy, chronology, cultural remains, flora, and fauna of 
this major site. 

We thank T. Brannan, V. Carter, R. Decker, W. Ehlers, Jr., T. Fuller, D. Pahlavan, and G. Walters for 

assistance in the field. Steve Sadowski and John Froeschauer kindly made available the materials excavated 

by J.S. Kopper. N.G. Miller commented on the manuscript. Contribution number 519 of the New York 

State Science Service. 
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A Study of Mammoth Tusks from 

Permafrost of Northeastern Siberia 

N.K. Vereshchagin and A.N. Tikhonov 

A recent study of 187 mammoth tusks [NNI = 180] collected primarily on the shelf 
of the Laptev Sea Strait and on the Berelekh "burial ground" of the lower Indigirka 
River has yielded new data. The tusks were measured and described according to 
the following scheme: 1) length along major curve, 2) length of the alveolus, 3) length 
of wear zone, 4) length of curvature radius, 5) diameter of alveolus, 6) weight, and 
7) age. Sex, surface coloration, damage, breakage, and traces of dental tissue disease
were also recorded. Microscopic analysis of mammoth tusks revealed no basic struc­
tural differences from modern elephents. Ninety (57 right, 33 left) tusks belonged
to males, 97 (54 right, 43 left) tusks belonged to females.

Sexual dimorphism in shape and size of tusks is distinct. Tips of the tusks curved 
upward more strongly in males. The right tusk curved slightly left, the left one to 
the right, thus forming a gently sloping spiral. Deformed, overgrown tusks have been 
obtained from the New Siberian Islands. Paired tusks of males from the Kolyma River 
(Zoological Museum, USSR Academy of Sciences, Leningrad) are reported to be the 
largest. The left tusk is 366 cm long, the right 380 cm; alveolar length is 84 and 87 

N. K. Vereshchagin and A. R. Tikonov, Zoological Institute, USSR Academy of Sciences, 199034 Leningrad, 

USSR. 
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cm; wear zone is 147 cm; curvature radius 52 cm; diameter of alveolus 145 and 142 
mm; weight 74 kg; age 65 years. Tusks of female mammoths, as with modern 
elephants, are thinner and straighter. The maximum length recorded is 247 cm; alveolus 
length 62 cm; alveolus diameter 43 mm; weight 19.7 kg; age 65 years. 

Collection of tusks in Yakutia in the 1980s for commercial purposes has provided 
the following data: Males-length, 148.1 cm min., 362 cm max., 249.5 cm average; 
weight, 11.1 kg min., 88 kg max., 46.35 kg average. Females-length, 100 cm min., 
247 cm max., 162.8 cm average; weight 4.6 kg min., 19.7 kg max., 9.9 kg average. 

Age of mammoths at time of death was determined by counting brown-orange and 
light yellow transverse bands on the tusk surface. These alternating bands were quite 
distinct on tusks from the Sartan loess loam cover (late Wiirm, late Wisconsin). Tusks 
redeposited in alluvial lake facies and stained with viviante have less visible bands. 
Orange and brown coloration of surface bands resulted from deposition of azoviskite 
mineral (phosphates) in the parts where seasonal (annual) cycle of tusk growth is 

formed. Such coloration allowed us to study the growth rate of tusks and lifespans 
of mammoths. 

2 

5 .  

i :i,i 

f' 'I .\� ' 

j.' .!I, i,1 /! 1,, 

l

�; 1 r 
\ii 
; /\, 

f: 
.! '! 1: 

I 

I, 
I ·/!

lj 
I ,: 

·i I I· 'i 
I 

1! 
,, ,, 

•I 

! ;
I\ 

,, JI 
f\ 

,\; ,, 
\l\ ,, 

I ' 1'. 

5CM 

Figure 1. Schematic drawing of "wear zone" on mammoth tusks. 
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Tusks grew continuously throughout the animal's life, similar to the horns of even­
toed horned ungulates. Deciduous tusks formed in calves as 50-60 cm long columns 
with an enamel cap and erupted through the gums at the age of 6-7 months. Deciduous 
tusks were replaced by permanent tusks at the age of 16-18 months. Intensive growth 
of tusks began at age 16-18 years, which evidently conformed to maturation. Rapid 
tusk growth continued up to the age of 45-50 years, and then slowed down. The 
amount of pulp was also reduced with age. The length of the alveolus in adolescent 
and adult males was from 33-88 cm, the average being 37.50/o of the total tusk length. 
Fourteen to sixteen annual cycles can be traced on the alveoli. The maximum age 
of mammoths inferred from the tusks was 73 years, however some individuals may 
have Jived up to 80 years. 

Wearing of tusk tips and formation of the "wear zone" began as soon as they erupted 
through the gums. Tusk tips of young mammoths invariable bear traces of wear on 
the external side. With age, "wear zones" 30-40 cm Jong were formed (Figure 1). Eight 
specimens (4.30/o) were found which appeared to have broken during the mammoth's 
life, with wear occurring on the secondary tips. Analysis of "wear zones" and degree 
of wear on broken tips from adult individuals indicates the mammoths used their 
tusks for peeling tree bark in summer and for breaking ice at temperatures of - 60° 

to - 80°C, out of crevices in winter, in the absence of water or snow. 
The main morphometric data on tusks and life indices of mammoths are as follows: 
1. Maximum length - 380 cm in males, 247 cm in females.
2. Diameter of alveole - 170 mm in males, 93 mm in females.

3. Maximum recorded weight - 88 kg in males, 19.7 kg in females. Average trade
commercial weight - 46 kg in males, 10 kg in females.

4. Length of alveole - 27-310/o of the total tusk length, taking 14-16 years to form.
5. Tusks grew throughout life, most intensively from age 18-50 years.
6. Sex ratio was 1: 1.
7. Maturation occurred by age 18-20 years.
8. Maximum lifespan was 75-80 years.
9. Mammoths of all ages used tusks for peeling bark in summer and scraping ice

off vertical walls and breaking it out of ground crevices.
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Paleoenvironments: Geosciences 

Problems of Glacial Sequence and Chronology in the 

Terminal Zone of Northeastern Kansas 

Wakefield Dort, Jr. 

An increasingly rapid pace of exploration is resulting in the discovery of many new 

exposures, mostly in transient artificial excavations of limited extent, of glacial, pro­

glacial, and interglacial sediments in the general terminal zone of the continental ice 

sheets that reached farthest into northeastern Kansas. Study of these sections is leading 

to numerous modifications of previously formulated historical summaries. 

On the basis of gross megascopic characteristics, there appear to be "red tills" and 

"gray tills." At more than a dozen localities, the presence of two red-till units is 

demonstrated by the development of a paleosol in the upper part of the lower till 

or in an intervening unit of apparent non-glacial origin. However, in all of these in­

stances the section is thin (1-3 m), the paleosol is not strongly developed, and the 

temporal significance is therefore not clear, though at the very least there is evidence 

of ice withdrawal from the zone of farthest advance. The color of these units is a 

consequence of a high percentage of iron oxide as concretions, in spongy masses super­

ficially resembling gossan, and in disseminated grains and staining. It is believed that 

this is the product of an interval of intense weathering, but not that which produced 

the thin paleosol mentioned first. 

At other localities, there is exposed a thicker, gray till. That this is not simply an 

unoxidized equivalent of the red tills is demonstrated in one exposure where a red 

till overlies a gray till, and by dissimilar lithologies. At that site, the red till contains 

boulders of Sioux quartzite, but no igneous rocks; the underlying gray till has numerous 

clasts of granitic rocks, and almost no quartzite. It has not yet been possible to show 

clearly whether the few scattered exposures of gray till are of one or more than one unit. 

Through much of the 100 km distance from Lawrence through Topeka to Wamego, 

what appears to be the exact limit of ice advance is marked by the southernmost ex­

tent of erratic boulders of Sioux quartzite, derived mainly from southwestern Min­

nesota. In some places, this alignment angles across slopes of the present topography, 

seemingly very little modified by postglacial mass wasting or erosion. The presence 

of concentrations of quartzite boulders on certain ridgecrests and hilltops has led 

to vigorous debate regarding interpretation. It may be that 1) these boulders are a 

Wakefield Dort, Jr., Department of Geology, University of Kansas, Lawrence KS 66045. 
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lag concentrate remaining after erosional removal of a considerable thickness of 
bouldery till, or 2) the boulders were left by themselves on the ice-scoured bedrock 
surface. Presently recognized field evidence does not satisfactorily dispose of either 
alternative. 

Advance of the ice front caused temporary, local impoundments of northerly­
flowing streams. When the ice crossed the eastward-flowing Kansas River, a large 
lake formed, extending about 100 km upstream. All drainage overflowed eastward 
through spillways located near or against the margin of the ice. 

Attempts to match the glacial sequence in Kansas with previously accepted, classical 
Pleistocene terminology encounter insurmountable problems. To provide absolute 
ages is presently impossible. Recognition of highly complex, multi-till sections, es­
pecially in Iowa, has led to calls for abandonment of the old names "Nebraskan" 
and "Kansan" and, consequently, of "Aftonian." Reassignments or redefinitions of 
these terms would only add to the confusion. It is now possible to say only that the 
glacial units in Kansas are of pre-Illinoian age. Until wide-ranging, highly detailed 
studies have been completed, it is not reasonable to suggest correlations with any 
of the units recently identified in Iowa, or even those in eastern Nebraska. 

Radiocarbon Dates at Willcox Playa, Arizona, 

Bracket the Clovis Occupation Surf ace 

C. Vance Haynes, Jr., Austin Long, and A.J. T. Juli

Willcox Playa, a closed basin in the Sulphur Spring Valley, southeastern Arizona, 
held pluvial Lake Cochise during the late Quaternary (Meinzer and Kelton 1913; Sayles 
and Antevs 1941). The attraction of the lake to man and animals is manifest in the 
fossil mammal bones that have been found in and around the lake deposits (Bryan 
and Gidley 1926; Lindsay and Tessman 1974) as well as Paleoindian artifacts found 
in the area (Di Peso 1953; Haury et al. 1953). The stratigraphy and sedimentation 
of Willcox Playa have been studied by Schreiber and students at the University of 
Arizona (Schreiber 1972); fossil pollen studies were conducted on the Pleistocene lake 
beds by Hevly and Martin (1961) and Martin (1963). Geochronological studies on 
carbonates were conducted by Long (1966) and a reconnaissance geologic map was 
prepared by Cooper (1960). The results reported here, while supporting the 
chronological sequence proposed by Long (1966), provide more precise radiocarbon 
dates because they are derived from stratigraphically controlled materials more suitable 
for accurate radiocarbon dating. 

Excavations by the Arizona Electric Power Company at their Apache Power Sta­
tion near the southwestern edge of the playa exposed an important stratigraphic sec­
tion (Figure 1) revealing a sequence of laminated Iacustrine sands and muds (units 
B0-B 1 ) overlain by current bedded near-shore sand and fine gravel (units B2-B13) with 

C. Vance Haynes, Jr., Austin Long, and A.J.T. Juli, National Science Foundation Accelerator Facility for 

Radioisotope Analysis, University of Arizona, Tucson, AZ 85721. 
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interbedded thin mud layers containing charcoal flecks, some of which from unit 
B3 date 12,970 ± 480 yr B.P., AA-866. In 1977, the skull of an adult mammoth (Mam­

muthus) was recovered from a current-bedded, white, medium to coarse sand (unit 
Bs) 30 cm above the dated clay band, by E.H. Lindsay and crew from the Depart­
ment of Geosciences, University of Arizona. 

The current-bedded sands and gravels are conformably overlain by a poorly-sorted, 
pebbly, light gray, loamy sand and gravel (unit Bub) with a basal contact that is grada­
tional over approximately 10 cm. At the westward end of the pit the poorly-sorted 
unit becomes better sorted (unit B13.) and is overlain by 10 to 20 cm of gray to black, 
clayey organic sand (unit C) that has yielded a bulk soil radiocarbon date of 8,910 ± 280 
yr B.P., A-1848 (Figure 1). This unit is similar to the Clanton Ranch Member (black 
mat) of the Lehner Ranch Formation that overlies the Clovis occupation surface at 
several Clovis sites in the neighboring San Pedro Valley (Haynes in press). The bulk 
soil date reported here is considered to be a minimum value, therefore, the under­
lying surface is believed to be the most likely one for Clovis occupation of the area 
around Willcox Playa. 

The correlation with the San Pedro Valley is further strengthened by the similarity 
in lithology and color of the overlying unit (D1.) (not shown in Figure 1) to the Don­
net Ranch member of the Lehner Ranch Formation. In both areas the unit is a poorly­
sorted, massive, gray, calcareous sandy silt loam. Down slope (eastward) from the 
west end of the Apache Power Station pit the black mat is truncated and its place 
is taken by a poorly-sorted, gray silty sand loam (unit D1b) that is gradational to the 
gray silt loam overlying the black mat as well as to the underlying poorly-sorted sand 
(unit 813) (Figure 1). 

Westward, the black mat apparently was truncated by the mechanical excavations, 
but it appears to have overlain a pale gray sandy marl (unit Bis) and marly sand (unit 
B1.), in turn overlying coarse sand and fine gravel deposits of unit B 13. 

Our interpretation of these data suggest that the sands, fine pebble gravels, and 
interbedded muds of units B0-813 represent littoral deposits of pluvial Lake Cochise 
coincident with deglaciation of North America. The southwesterly dipping foresets 
suggest northeasterly storm winds with the mud bands (units B1, 83, and 89) represen­
ting the settling of suspended sediments following individual storms. Pollen analysis 
by Vera Markgraf has unfortunately failed to yield adequate grains for meaningful 
counts. A pronounced beach ridge, 3 km to the NNW and extending past the pit 
ca. 400 m to the west, although less pronounced, is probably a fades penecontem-
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Figure I. Stratigraphic profile of Apache Power Co. excavation showing Pleistocene units B 1 through B 1 , 

overlain by Holocene units C (indicated by the position of radiocarbon sample A-1848) and D1,. The Clovis 

occupation surface is the basal contact of unit C. 
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poraneous with these littoral sediments. Another waste-fill pit 7 m lower and ca. I 
km to the SE exposes olive green, laminated, calcareous silty clays that probably are 
deeper water facies. 

Units 814 and Bis appear to represent shoaling of the lake and increased evapora­
tion in response to warming climate. The truncation of unit B15 and bioturbation 
of units BI J and Bs indicate partial desiccation of the lake, deflation, and pedogenesis 
between 11,000 and 12,000 yr B.P. when Clovis people are known to have been in 
the area. Unit C suggests a brief return to more effective moisture conditions and 
a higher local water table that supported phreatophitic growth around the edges of 
the playa basin between 10,000 and 11,000 years ago. Further desiccation after 10,000 
yr B.P., as indicated by the calcification and intense bioturbation apparent in unit 
D, probably led to playa conditions that have persisted, with fluctuations, since ca. 

8,000 yr B.P. 
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Late Pleistocene to Middle Holocene 

Depositional Environments at 

Mustang Springs, Southern Llano Estacado 

Christopher L. Hill and David J. Meltzer 
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The Mustang Springs site is located at an unusually wide section of Mustang Draw, 

on the southern Llano Estacado, west Texas. Until recently, natural springs emerged 

there from a local bedrock fault and provided a source of freshwater on an other­

wise dry landscape. Surface archaeological collections indicate these springs have at­

tracted almost continuous human settlement since the late Pleistocene, even during 

Altithermal times when the springs ceased flowing. 

Geological investigations conducted during 1985 and 1986 within the draw have 

revealed a detailed late Pleistocene and Holocene stratigraphic sequence. Analysis 

of the sediments, associated organic and archaeological materials, and radiocarbon 

and thermoluminescence (TL) dates provide a valuable foundation for understanding 

human adaptations and paleoenvironments in this region. Here we present a 

preliminary summary of the late Pleistocene to middle Holocene depositional events 

at the site, and compare Mustang Springs with other Llano Estacado archaeological 

localities. 

Seven stratigraphic zones have been observed at the site. Textural parameters, 

radiocarbon and TL dates reported here are based on samples from trench 2. The 

sedimentological samples were pretreated by the removal of organics and carbonates 

and analyzed using the sieve and pipette procedure. For a discussion of the dating 

procedures, see Meltzer and Collins (1987). Sediment colors follow the Munsell system. 

Testing and preliminary electrical resistivity surveys within Mustang Draw indicate 

that the underlying bedrock (caliche caprock) is within 1 m of the surface just up­

draw from the site. From this point the depth of the caliche surface plunges; the 

minimum depth 100 m down-draw is at least 20 m below surface. The total linear 

extent of this basin is yet undetermined. We suspect that by 1 km down-draw the 

caliche again rises close to the surface. The origin of the Mustang Springs basin is 

unknown; it might result from subsidence and collapse, not uncommon in this region 

(Gustavson and Finley 1985). The depositional units described here occur within this 

basin. 

Zone 1 and zone 2 (Figure 1) represent greater spring and fluvial activity in Mustang 

Draw during the late Pleistocene. The lowest unit, zone 1, is composed of a grayish 

orange pink ( l0R 8/2) calcareous sandy gravel of unknown depth. The uppermost 

gravel in zone 1 has a size range from pebbles to boulders which are subangular to 

rounded and subprismoidal to spherical. The sand fraction is medium to very fine 

and is composed to sub- to well rounded, subprismoidal to discoidal, polished and 

frosted quartz grains. The overlying zone 2 is a yellowish gray (5Y 7 /2) silty sand 

(mostly medium to very fine sand). The sand fraction is composed of sub- to well­

rounded, subspherical to discoidal, polished and frosted quartz grains. 

Christopher L. Hill and David J. Meltzer, Department of Anthropology, Southern Methodist University, 

Dallas, TX 75275. 
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Zone 3 (Figure I), a I m unit of lacustrine deposits laid down during the final 
Pleistocene and early Holocene, represents a shift from fluvial activity to ponding 
(possibly spring-fed). There is substantial facies variation within zone 3, and in trench 
2 it is divided into seven subzones characterized by different colors, textures, fossils, 
and carbonate and organic contents. These subzones, of alternating cienega, 
diatomaceous, and marl deposits, indicate fluctuations in the water table and changes 
in water chemistry. 

Radiocarbon dates in this unit are stratigraphically consistent and range from 
10,130± 30 yr B.P., SMU-1585, for the lowest subzone (3A), to 8,260± 50 yr B.P., 
SMU-1587, for the penultimate subzone (3G). Macrofossils of Juncaceae (rushes), 

. and Cyperaceae (sedges) are present in the cienega deposits; while diatoms and scarce 
remains of Typha (cattail) are present in the pond deposits. Sediment textures range 
from sandy mud (3A) to silts (3B-E,G,H) and mud (3F). 

The deposition of zone 3 was followed by a period of severe aridity (a local 
manifestation of the Altithermal), the onset of which is marked by an erosional un­
conformity between subzone 3H and zone 4. This erosional event was followed by 
a period of aeolian deposition, when over 1 m of silts and fine sands, zone 4, ac­
cumulated in the draw. Two TL dates suggest that zone 4 was deposited beginning 
around 4820 yr B.P. Vance Holliday (pers. comm. 1986) has recognized a soil 
developed on zones 4 and 5 in trench 5 at the site. This likely represents a period 
of landscape stability and increased moisture, perhaps the "late Altithermal soil" of 
Haynes (1968). 

As of 1986 a total of six prehistoric water wells have been found in these deposits. 
The wells are clearly Altithermal in context, having been originally dug from the top 
of zone 3, down through that unit, and into the underlying more porous zone 2. These 
wells, and those from other Llano Estacado sites, provide a precise measure of an 
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Altithermal water table drop of between 1 and 3 m (Meltzer and Collins 1987). All 
wells at Mustang Springs filled naturally with aeolian silts of zone 4. 

The late Pleistocene to middle Holocene record from Mustang Springs can be cor­
related with other localities on the Llano Estacado. This includes, to the north, the 
type Clovis site on Blackwater Draw, the Lubbock Lake site in Yellowhouse Draw, 
and the Plainview site on Running Water Draw, and, to the south, the Scharbauer 
site on Monohans Draw near Midland (Figure 1). 

Zones 1 and 2 at Mustang Springs are similar to the Unit B and C spring and fluvial 
related deposits at Blackwater Locality No. 1 (Haynes 1975; Stanford et al. 1986), 
the Stratum 1 stream deposit at Lubbock Lake (Holliday 1985a), and the Unit 2 valley 
fill at the Plainview site (Holliday 1985b). They may be comparable to the Unit 1 
white calcareous sands at the Scharbauer site (Wendorf et al. 1955). 

Zone 3 at Mustang Draw can be related to lacustrine strata in the northern Llano 
Estacado sites: at Blackwater Locality No. 1 the Unit D diatomite (Haynes 1975) 
and at Lubbock Lake Stratum 2, primarily a lacustrine and marsh deposit (Holliday 
1985a). Prehistoric water wells were dug at Blackwater Locality No. 1 from the ero­
sional surface atop and through the diatomite (Evans 1951; and Hester 1972). Lub­
bock Lake held water throughout the Altithermal (Holliday 1985a) and no wells have 
been found. 

Unit E at Blackwater Locality No. l overlies the diatomite (Unit D) and is com­
posed of aeolian sediments (Stanford et al. 1986). Aeolian deposition at Lubbock 
Lake is evident in Stratum 3e (Holliday 1985b). At the Plainview site, the aeolian 
facies of Unit 3 (3e) contains a soil horizon dated to about 6,800 yr B.P. and is overlain 
by an aeolian deposit (Unit 4), containing a soil dated to <4,000 yr B.P. (Holliday 
1986). A middle Holocene aeolian event is marked at the Scharbauer site by a tan 
sand, Unit 4 (Wendorf 1961, 1975). 

The stratigraphic sequences from Mustang Springs and the Scharbauer sites on the 
southern Llano Estacado, and the Blackwater Locality No. 1, Lubbock and Plain­
view sites on the northern Llano Estacado, indicate roughly uniform depositional 
settings which may reflect similar paleoclimatic conditions across the Llano Estacado 
during the late Pleistocene and middle Holocene. 

Research at Mustang Springs has been supported by grants to DJM from the Potts and Sibley Foundation, 

Midland, Texas, and the Institute for the Study of Earth and Man (SMU). Drs. Vance T. Holliday and Roger 

J. Phillips visited Mustang Springs and gave freely of their expertise in soils and geology. Phillips, a Planetary 

Geophysicist now working on Venusian tectonics, organized and directed the electrical resistivity survey at 

Mustang Springs-our field area. We hope he doesn't expect us to return the favor on his. 
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Emergence of an Alluvial Geoarchaeological Model 

for the Kansas River Basin 

William C. Johnson and Charles W. Martin 

Buried paleosols and surfaces have long been recognized as indicators of episodic 

change in stream systems. Paleosols, which represent formerly stable surfaces, iden­

tify periods of alluvial stability. The degree of paleosol development, as evaluated 

from Al horizon thickness, organic matter content, and presence of translocated clay, 

is used as a surrogate for the duration of floodplain stability. Because periods of 

relative floodplain stability would certainly have provided the opportunity for long­

term cultural occupation, a model that articulates the temporal and spatial distribu­

tion of stable surfaces should greatly facilitate discovery of cultural material. 

Recently, a survey of available information for Kansas, Nebraska, Missouri, and 

Oklahoma produced over 50 studies that provide interpretable alluvial stratigraphic 

information (Figure I); note, however, that individual site data are unevenly 

distributed, both spatially and temporally, and of varying detail. Data from the Kansas 

River basin indicate that discrete, well-defined periods of stability (soil formation) 

occurred throughout the Holocene. The periods, individually defined by three to seven 
14C dates, include 10,600-10,200, 8,900-8,300, 7,250, 5,100-5,000, 4,300-4,000, 

2,600-2,400, 2,100-1,600, and 1,200 yr B.P. Most intervals likely include more than 

one period of soil development. Pedogenesis, and hence presumed duration and stabil-

William C. Johnson and Charles W. Martin, Department of Geography, University of Kansas, Lawrence, 
KS 66045. 
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ity, was greatest for the periods 10,600-10,200, about 8,300, 5,100-5,000, 2,100-1,600, 

and 1,200 yr B. P. Further examination of the data indicates that well-developed 
paleosols are laterally more extensive than moderately or poorly developed paleosols; 
in fact, no period of stability, short or long duration, appears to occur exclusively 

in isolated portions of the drainage system. This suggests that entire stream systems 
have been uniformly stable for extended periods of the Holocene, although problems 
of scale, widely disparate data points, and complexity of fluvial response limit such 

a statement. 
When data from the Kansas River system are compared with those from Nebraska, 

Missouri, and Oklahoma, significant correlations are obvious: regional synchrony 
is indisputable, despite the nonuniform distribution of the data. Such a relationship 
implies climatic forcing of the fluvial system, a concept promoted by many, especially 

Knox (1976, 1983). 
Articulation of the temporal and spatial distribution of stable surfaces in the lower 

Kansas River basin has demonstrated that much of the cultural record from the 

Paleoindian and Archaic periods has been removed through erosion or deeply buried 
during subsequent periods of instability (Logan and Johnson 1986). Further, paleosols 
developed during an extensive period of stability between 2,100 and 1,600 yr B.P. 

have, in many instances, been deeply buried by late Holocene fill. Emergence of 
regional alluvial models, such as that of the Kansas River basin, will facilitate defini­

tion of high probability areas (surface and subsurface) for cultural material. Conse­

quently, archaeological surveys of alluvial landscapes are now de-emphasizing the 
pedestrian survey in favor of expanded subsurface exploration (Bettis and Thomp­

son 1982). 
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Figure 1. Location of study sites in the east-central Plains that provide stratigraphic data useful in develop­

ment of a regional alluvial model. Except for the addition of five recent studies, codes are identified and 

sites briefly summarized in Johnson and Martin (1986). 
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Geoarchaeological Investigations at Lake Creek Valley, 

Southeastern Texas 

Rolfe D. Mandel, Leland Bement, and S. Christopher Caran 

Geoarchaeological investigators were undertaken at Lake Creek Valley in southeastern 

Texas approximately 50 km north of Houston by the University of Texas (Austin) 

Archeological Research Laboratory. Previous archaeological work in this area of the 

Gulf Coastal Plain has documented few Archaic or Paleoindian sites. The major ob­

jective of the present study was to identify geomorphic settings with a high potential 

for recovery of intact archaeological sites, especially those dating to the Archaic and 

Paleoindian periods. 

The results of this study defined four terraces in Lake Creek Valley. They are, in 

order of decreasing elevation and age, the Willis, Lissie, Older Deweyville, and 

Younger Deweyville (Figure 1). The modern floodplain is the lowest and youngest 

surface exposed in the valley. The Willis and Lissie terraces dominate the "uplands" 

of Lake Creek Valley. The Willis is a coastwise (i.e., coast-parallel) terrace that is 

thought to be mid-Pliocene to very early Pleistocene in age (Solis 1981). The fill of 

the Lissie Terrace rests upon a strath cut into Willis sediments. Based on time­

stratigraphic data from the Gulf Coastal Plain (Van Siclen 1985), the Lissie is a pre­

Wisconsin terrace. Both of these high terraces consist of deeply weathered sands and 

gravels. In many locations the eroded surfaces of the Willis and Lissie terraces are 

mantled by 1-4 m of sandy, weakly weathered colluvium. Pedological and ar­

chaeological evidence indicates the colluvium was deposited during the late Holocene. 

Thick deposits of aeolian sands also occur on portions of the high terraces. Although 

a buried archaeological site (41MQ99) was discovered in a deposit of aeolian sands 

Rolfe D. Mandel, Museum of Anthropology, University of Kansas, Lawrence, KS 66045. 

Leland Bement, Texas Archeological Research Laboratory, The University of Texas at Austin, TX 78758. 

S. Christopher Caran, Bureau of Economic Geology, The University of Texas at Austin, TX 78713. 
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on the Willis surface, the cultural materials were not diagnostic and the age of the 

artifact-bearing sediments could not be determined. 

There are two Deweyville terrace sequences in Lake Creek Valley, with the younger 

entrenched into the older. The Older Deweyville Terrace consists of discontinuous 

remnants 2-3 m above the modern floodplain that are mantled by 1-2 m of late 

Holocene aeolian sands. The surface of the Younger Deweyville Terrace is entirely 

buried by Holocene floodplain deposits. The ages of the Deweyville terraces and the 

deposits beneath them have been determined with radiocarbon assays. A buried 

paleosol on the Younger Deweyville surface at a locality in Lake Creek Valley was 

dated 9,380± 190 yr B.P., Beta-18276. An organic-rich floodplain deposit immediately 

above this paleosol yielded a 14C date of 8,530 ± 110 yr B.P., Beta-18275. Deweyville 

terraces under Galveston Bay (Rehkemper 1969) and Sabine Pass (Nelson and Bray 

1970) are capped by approximately 9,000-year-old peats. Aronow (1967) reported 
14C dates ranging from ca. 13,250 to 25,700 yr B.P. for wood recovered from 

Deweyville deposits along the Trinity, San Jacinto, and Sabine Rivers. 

Most of the floodplain of Lake Creek consists of thinly veneered Younger Deweyville 

deposits. Clayey flood-basin deposits overlying the Deweyville surface at two localities 

were dated 3,080± 60 yr B.P., Beta-18274, and 2,170± 60 yr B.P., Beta-18273. The 

most prominent features on the floodplain surface are low, circular to elliptical mounds 

composed of loose, unstratified, fine sands. These mounds typically are 20-50 m in 

diameter and rarely more than 1.5 m high. Sedimentological and archaeological data 

from the mounds indicate they formed by aeolian processes, perhaps as coppice dunes, 

during the late Holocene. 

The results of these investigations provide a temporal-spatial framework for future 

surveys in the Lake Creek Valley. The combination of radiometric, geological, 

pedological, and archaeological data indicates that most of the landscape of the valley 

is mantled by late Holocene deposits that could contain only late Archaic and more 

recent sites, thus explaining the paucity of earlier Archaic and Paleoindian sites. Future 

attempts to locate Paleoindian and Archaic sites should focus on the buried surfaces 

of the Deweyville terraces. Higher terraces, Willis and Lissie, have undergone severe 

erosion during the Holocene and are likely to contain few Paleoindian sites. 

Lake Creek Project funding has been provided by the U.S. Bureau of Reclamation (6-CS-50-05340). 
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Soil-Sediment Relationships at the 

Lamont Mastodon Locality, Wyoming 

Michael McFaul and William R. Latady, Jr. 

The first reported occurrence of mastodon (Mammut) in Wyoming was unearthed 

in 1986, during a geoarchaeological survey of State Highway 73 in central Wyoming, 

between Lamont and Bairoil. A single second thoracic vertebra, cf. Mammut 

americanum (American mastodon) (McFaul et al. 1986; preliminary identification 

by Danny Walker, Wyoming) was found within the Quaternary alluvial fan sediments 

of Lost Soldier Flat. Lost Soldier Flat is a low relief basin at 2,045 m elevation on 

the southern flank of 2,812 m Green Mountain. Cultural materials were not associated 
with the bone nor did the vertebra show evidence of cultural modification. The 

weathered appearance of the bone, its orientation, and its alluvial context indicated 

it was not in situ. 
The bone was recovered 150-155 cm below the ground surface at an elevation of 

2,043.5 m within one of many thin(< 10 cm) graded beds of poorly-sorted coarse 

sands (Folk 1980). It was oriented N23°E with the thoracic spine dipping 18° to the 

southwest. The soil developed upon the alluvial sediments is similar to the Tresano 

Series tentatively classified as a fine loamy, mixed, frigid Typic Haplargid (Soil Con­

servation Service 1986). The soil was characterized by an A/Bt/Bkl/Bk2/C horizona­

tion. Thin clay films were found along the interstitial pores of the Bt horizon and 

the Bkl horizon contained 19.4 to 21.9 ± 1.0% calcium carbonate. Approximately 

80% of the Bkl horizon was white and engulfed in soft masses of non-laminated 

carbonate. 

The soil of Lost Soldier Flat supports a sagebrush steppe vegetation. Above 2,812 

m on the slopes of Green Mountain the sagebrush steppe is replaced by a conifer 

forest. Two perennial streams, Lost Soldier Creek and Able Creek enter the basin 

and join west of the site. The northern stream, Able Creek, heads with the margin 

of the conifer forest. Both catchment basins are underlain by the Tertiary Battle Spring 

Formation (Love and Christiansen 1985). 

Michael McFaul, LaRamie Soils Service, P.O. Box 255, Laramie, WY 82070. 

William R. Latady, Jr., Office of the Wyoming State Archaeologist, P.O. Box 3431, Laramie, WY 82071. 
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Description of the alluvial sediments at the bone locale correlates well with that 
for the sediments of the Battle Spring Formation (Reynolds 1968). This correlation 
implies the upper reaches of Able and/or Lost Soldier Creeks was the source for 
alluvial sediments at the bone locale. The textures and the graded bedding seen in 
the bone locale's alluvial sediments indicate they were deposited by rapid pulsational 
fan-like events (Folk 1980; Krumbein and Sloss 1963) some distance from the fan 
apex (Knighton 1984). 

A minimal age of latest Wisconsin for these alluvial events is suggested by Mam­

mut extinction. However, the carbonates seen in the Bkl horizon resemble Stage III 
accumulations (Gile et al. 1966) which are dated 25,000 to 75,000 years at their New 
Mexico type locality. Some support for the older age for the sediments is implied 
by the vertebra's weathered appearance and the suggestion that the headwaters of 
the drainages were subject to erosion during dryer climatic periods (McFaul et al. 1986). 

The description of the bone matrix sediments implies the mastodon vertebra is not 
in situ and that it was carried to the find locale by alluvial floodwaters. Mammuthus

(Mammoth) thoracic vertebra are easily transported in a fluvial environment (Todd 
and Frison 1986) and it seems that if other Mammut remains are present at the La­
mont locality they may lie in the alluvial deposits further west. 
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Stream Terraces and Surf ace Derived Paleoindian 

Material on the Neosho River Drainage 

Richard A. Rogers 

The Paleoindian record of large regions of the United States is characterized by sur­

face collected data rather than sites with stratified data. Stream terrace analysis of­

fers the archaeologist one method of gaining additional information from this material. 

Research on the Neosho River drainage in Kansas demonstrates how stream terraces 

can serve as a relative dating technique, a predictive model, and a sampling tech­

nique for surface collected data. 

Alluvial terraces represent a series of ancient floodplains abandoned by a downcut­

ting stream. At any one locality, higher stream terraces are generally relatively older 

than lower stream terraces. This results in a series of surfaces (including fills that 

established those surfaces) that are chronologically ordered and are therefore useful 

in studying archaeological material associated with them. 

The Neosho River drainage has two Holocene terraces (the floodplain and terrace 

1) and two Wisconsin terraces (terraces 2 and 3). Only two of these terraces provided
surfaces on which Paleoindians could have possibly resided. Some Holocene native

Americans could have lived on all four. Surface collections of 101 archaeological

sites on these terraces were made. Artifacts found on terraces 2 and 3, but not on

the floodplain and terrace 1, can possibly be Paleoindian artifacts. This is because

the lower two terraces were not available in Paleoindian times. Statistical tests can

be performed to test the significance of artifact distributional differences on the ter­

races. The terrace system can therefore work as a relative dating technique even for

surface sites.

Spurred end scrapers, an artifact type suggested to be diagnostic Paleoindian tool 

kits in some regions, were found to occur no lower than the Wisconsin terraces. This 

provided tentative evidence that spurred end scrappers were diagnostic of the Paleo­

indian time period in the Neosho River drainage (Rogers 1986). It has also been argued 

that gravers typified Paleoindian tool kits. However, the distribution of gravers on 

the Wisconsin terraces was not significantly different from the distribution of gravers 

on Holocene terraces. This suggested that possibly gravers were not a distinctive trait 

of Paleoindian sites on the Neosho Drainage (Rogers 1985). Certain large bifaces 

were found only on the Wisconsin terraces, which suggests they were likely to be 

distinctive Paleoindian artifacts in this region (Rogers 1984). These studies illustrate 

the usefulness of stream terraces as a relative dating technique for surface ar­

chaeological material. 

Stream terraces can be used as a predictive model. Because geological processes 

change the landscape over time, only certain portions of the landscape will be old 

enough to have Paleoindian sites. Stream terrace analysis will inform the researcher 

which terraces would have been available for Paleoindian occupation, and which ter­

races would not be. This is a very significant research advantage, in areas such as 

the Neosho River drainage where large portions of the Wisconsin terraces have been 

destroyed by erosion. Where surfaces of the appropriate age are rare, a predictive 

Richard A. Rogers, Department of Anthropology, University of Nebraska-Lincoln, Lincoln, NE 68588. 
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model is needed to direct the researchers to areas potentially able to yield Paleoindian 
sites. 

Stream terraces can be used as a sampling technique. Archaeologists wish to make 
controlled comparisons. Statements about scarcity or abundance of archaeological 
sites are useful theoretically only when they are made using controlled comparisons. 
Paleoindian sites have been considered to be extremely scarce in Kansas. Any scarcity 
of Paleoindian sites in the river valleys of the Neosho River drainage is best explained 
by the scarcity of Wisconsin terraces. When Wisconsin terraces were examined, the 

percentage of sites with diagnostic Paleoindian artifacts was approximately 28% 
(Rogers 1987). Thus, Paleoindian sites are not rare in the Neosho River drainage, 
if the proper terraces are examined. 
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Investigations of the Pleistocene Geological 

History in the Vicinity of the 

South Everson Creek and Black Canyon Creek 

Archaeological Sites, Southwestern Montana 

Mort D. Turner, Joanne C. Turner, and Robson Bonnichsen 

During the summers of 1985 and 1986, we conducted geological investigations for 
several kilometers around the South Everson Creek and Black Canyon Creek ar­
chaeological sites, southwestern Beaverhead County, Montana. Our objective in us­
ing a geoarchaeological approach is to develop an understanding of the physical fac­
tors, including chert origin and distribution, and glacial history, that will help in 
understanding the context that humans would have encountered in this area during 
different time periods. 

The field area covers most of the drainage areas of the east-flowing tributaries of 
upper Horse Prairie Creek. Extensive outcrops of Precambrian meta-sedimentary and 
meta-igneous rocks of the Belt Series occur along the crest of the Beaverhead Moun­
tains (Ross et al. 1963). To the east of the crest, the Belt rocks are overlain, usually 
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with fault contacts, by early Tertiary-age Challis Volcanics and middle Tertiary-age 
lake-bed sediments (Staatz 1972; Ross et al. 1955). The Belt rocks are extensively 
cut by faults, including many thrust and transverse faults. The Challis and lake-bed 
rocks are less extensively cut by a system of near-vertical, normal (?) faults. Silica­
bearing hydrothermal solutions, probably derived from Challis-related magma and 
rising along fault-related permeable zones, have resulted in elongated, steeply pitched 
bodies of silicified rock within the Challis and lake-bed sediments. The alteration 
ranges from slight silicification to complete modification into jaspers, chalcedonies, 
cherts, and opals. It is these rocks that were extensively mined by prehistoric peoples. 

During the Pleistocene, major climatic fluctuations resulted in the development 
of glaciers in the heads of some of the tributaries in the area. If the Pleistocene climatic 
fluctuations here followed the pattern that prevailed in many other areas of the moun­
tainous west (Richmond 1965), and there is no evidence to indicate otherwise, then 
these extended periods of greater moisture, lower temperatures, and glaciation were 
broken by shorter periods of warmer and drier climate. Extensive research to the 
west in Idaho has indicated that major alluviation occurs during the early stages of 
the wet/cool periods, and that erosion and partial removal of these alluvial deposits 
occur during the waning stages of the wet/cool periods and during the dry/warm 
periods (Dort 1962; Knoll 1972; Pierce and Scott 1982). Erosional remnants of more 
than 12 and possibly as many as 16 periods of alluviation and lateral erosion have 
been preserved along South Everson Creek. Each of these terraces should represent 
a wet-cool/dry-warm climatic cycle during the Pleistocene. 

Our preliminary research agrees with Alden (1953), who states that no glacial 
deposits of latest Pleistocene (Pinedale) time have been found in the region. The 
geomorphologic evidence of cirques and moraines found at the heads of Black Can­
yon and Trail Creeks indicates, however, that the youngest glaciers in the cirques 
were present during Bull Lake (?) time or earlier. Very subdued and weathered 
moraines are found down-valley from the cirques, suggesting even older, more ex­
tensive glaciations. South and North Everson Creeks head a few kilometers east of 
the range crest. This places them topographically at a lower elevation and in the 
precipitation shadow of the crest of the Beaverhead Range. Their cirques seem not 
to have supported glaciation since approximately the middle Pleistocene. 

In addition to these local glaciations in the Beaverhead Range, there is evidence 
of an earlier, larger glaciation in the area. We have found massive deposits of glacial 
drift along upper Horse Prairie Creek and at the crest of Bannock Pass, the head 
of the drainage basin. The elevations, locations, and shapes of the surface forms of 
the drift deposits, as well as the rock .types occurring in them, indicate that in the 
early to middle Pleistocene, lobes of large piedmont glaciers of continental glaciers 
advanced repeatedly from the north. Staatz (1972) saw evidence for a similar north­
ward source of older till along Pass Creek, in the Lemhi Pass Quadrangle, immediately 
to the west. The southward flow of glacial ice in the Horse Prairie Creek valley im­
plies a large mass of glacial ice located in the �orth with a surface well above the 
elevation of Bannock Pass (2,360 m). Although the main drainage may have been 
filled periodically with glacial ice, no evidence has been found to indicate that this 
ice flowed up South Everson Creek. It probably dammed South Everson Creek, thus 
raising the base level of the creek to the elevation of the higher terraces in the vicinity 
of the archaeological sites. Further fieldwork is planned during 1987 to investigate 
these problems. 
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Southwestern Montana Prehistoric Quarry 

Aerial Reconnaissance Survey 

Edward J. Zeller, Gisela Dreshhof f, 

Mort D. Turner, and Joanne C. Turner 

Sites utilized by early Americans for quarrying lithic materials are known from several 

localities in southwestern Montana. Most of these quarries are in a high, intermontain 

environment. They are usually located in relatively treeless, sagebrush and grassland 

areas, primarily on arid alluvial fans, outwash terraces, and eroded Tertiary lake beds. 

In August 1986, we conducted aerial reconnaissance on the South Everson Creek 

prehistoric quarry site, using a Cessna 180. Goals were to 1) carry out visual over­

view in order to integrate the pattern of quarry locations and the geomorphology 

of the area, 2) locate quarry sites within the main site area, that had not been recognized 

from the ground, 3) obtain oblique photos of the area, 4) obtain low-level vertical 

stereo-coverage aerial photography, and 5) conduct aerial reconnaissance of the sur­

rounding area. The vertical aerial photography was done using two aerial cameras, 

with electronically-timed synchronous exposures to yield a minimum of 60% overlap 

along flight lines, and a 20% overlap between parallel flight lines. One camera was 

loaded with black-and-white film and the other with infra-red film. The differing 
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spectral responses of the films are being used to analyze location, distribution, and 

degree of weathering of the individual quarry sites. In addition, the photography is 

being used to produce a photo mozaic and a planimetric map of the site for use as 

base maps for the on-going archaeological and geological surveys. To our knowledge 

neither aerial study of known sites nor aerial search for new sites has been carried 

out in this area previous to our field research. 

During our photographic reconnaissance of the South Everson Creek site, we 

discovered another area that appeared from the air to be a very large quarry site on 

the north side of Black Canyon Creek, about 5 km south of the Everson site. After 

the flight, we immediately ground checked the area. Archaeologists from the University 

of Maine and U.S. Bureau of Land Management also field checked the site and con­

firmed it as an entirely new and previously-unknown quarry site. Other new, as well 

as previously-known, quarry sites were observed from the air south of Livingston 

and in the Three Forks area near Bozeman. This combination of visual aerial obser­

vation, ground-truth check, and low-level aerial stereo-coverage photography appears 

to be particularly effective in finding and investigating quarry sites in southwestern 

Montana. We plan to continue our aerial search and identification of prehistoric quarry 

sites in southwestern Montana during the 1987 field season. Our aim will be to study 

the geomorphology and geology of quarry-site areas already known and to search 

for additional, unknown sites. We plan to expand our photographic data by using 

four linked cameras, loaded with black-and-white, color-reversal, infra-red, and false­

color film, respectively, in order to yield maximum photo-interpretation data for the 
site surveys. 

This project is being carried out in close cooperation with the Space Technology Center, University of Kan­

sas, and the Center for the Study of Early Man and the Institute for Quaternary Studies, University of Maine. 



CURRENT RESEARCH IN THE PLEISTOCENE 

Special Focus - South America 

Further Excavations in Limestone Caves in 

Interior Bahia, Brazil 

Alan L. Bryan and Ruth Gruhn 

Vol. 4, 1987 

Excavations of caves and rockshelters containing Pleistocene fauna continued in 1985 

near the town of Central in the arid caatinga zone of interior Bahia, about 500 km 

northwest of the city of Salvador. The Projeto Central is under the overall director­

ship of Profa. Maria Beltriio of the Museu Nacional in Rio de Janeiro. With a research 

grant from the Social Sciences and Humanities Research Council of Canada, the 

authors excavated two separate portions of the same cave system near the village of 

Guaxanim about a kilometer west of the Rio Verde, a permanent stream which flows 

northward into the Rio Sao Francisco. The sites are located about 40 km west of 

the town of Central and an equal distance east of the town of Xique-Xique in the 

latter municipio. 

The Toca da Gameleira, named for a huge fig tree (Ficus doliana) that looms out 

of the nearly vegetationless limestone plain because its vast root system extends far 

into the moist cave, is a limestone solution cavern with a partially collapsed roof which 

created a cone of rubble over a portion of the clayey silt floor. The cavern is made 

up of two parallel passageways, interconnected to form the main chamber. We 

discovered the cave in 1984, and chose it for excavation because many heavily per­

mineralized and deeply iron-stained giant ground sloth (Eremotherium) bones were 

found lying on the surface in apparent association with stone and bone artifacts. 

Excavation revealed that the lithic artifacts were not in primary association with 

the dark brown rock-hard sloth bones. Flood waters had eroded, deflated, and 

redeposited the sloth remains and a few toxodon (Toxodon) teeth and bones, most 

of which were broken and none of which were articulated. Later human occupants 

evidently picked up and utilized the broken ends of two bones and the non-occlusal 

edges of four sloth teeth found in a weathered unsorted gravel deposit containing 

many sloth bones. Altogether, we excavated more than half a metric ton of sloth 

bones from this zone, washed them, examined them carefully for alteration marks, 

and transported them to the State Museum in Salvador. The bulk of the bones, which 

lack visible alteration marks of any kind, either natural or cultural, await analysis 
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by vertebrate paleontologists. All artifacts, including the flaked sloth bones and teeth, 
were deposited in the Museu Nacional in Rio de Janeiro. 

Beneath the gravel but still in redeposited contexts in the upper part of the clayey 
silt, we found not only more sloth bones but also several broken bones and teeth 
of different large mammals, which had permineralized to a white chalky consistency 
under quite different environmental conditions. Llamine remains include a complete 
left mandibular molar of Pa/eo/ama and another of Macrauchenia both found in 
the same level and square. Such ungulates would not have climbed down into the 

vertical-walled cave entrance on their own volition; and the bones lacked any canine 
chewing marks, indicating that they had not been transported by carnivores. No 
evidence of human alteration of the two teeth were noted, but one large fragment 

of unidentifiable thick-walled bone exhibits several cuts and gouges. Two cylindrical 
objects, one of which exhibits scrape marks, probably were partially shaped broken 

bone projectile points. We concluded that people had transported these anomalous 

bones and teeth into the cave. Lack of evidence of spiral fractured green bone breaks 
or of butchering marks suggests that they had been picked up outside the cave at 

natural kills and carried into the cave after the bones had desiccated, but before per­
mineralization within the upper portion of the deep clayey silt deposit. These utilized 
bones of extinct animals were stratigraphically associated with 3 quartzite ham­
merstones, 5 flakes, 3 split quartz pebbles; and 18 minimally trimmed quartz, quart­

zite, and chert scrapers and choppers with intentional noses, spurs, and denticulations. 

It is important to note that these simple stone artifacts were never intentionally 
shaped, but some nevertheless contain projections and denticulations created by 

minimal retouch on their working edges. These kinds of stone artifacts continue 
throughout the entire local sequence in the Central area, and we had become quite 
familiar with them in analyzing the lithic material in later preceramic and ceramic 
assemblages. With that experience, it was not possible to dismiss the similar simple 
industry found in Pleistocene contexts as crude naturefacts. The local flaked stone 

industry remained undeveloped even in ceramic times; the rare stone artifacts that 

had been shaped intentionally are not only late in the local sequence, but eventually 
imported. It was incumbent upon us to study carefully all evidence for any kind of 
alteration marks on the edges of all stone and bone artifacts, regardless of age. We 
believe that such careful analysis and detection of alteration patterns provides signifi­
cant insight into what kinds of simple non-formal "nondiagnostic" stone and bone 

artifacts might be expected elsewhere in the Americas in late Pleistocene contexts where 
intentionally shaped artifacts are rare or absent. 

Our interpretation of the evidence from the Toca da Gameleira is that the giant 
sloths had Jived and died in the cave long before the arrival of man; however, the 

earliest human occupants evidently arrived before local extinction of the Paleolama 

and Macrauchenia. When available, people selected and utilized the useful edges of 
bones and teeth of these animals as well as the more ancient sloth. The simple minimal­
ly retouched flaked stone tools were probably used for processing vegetal materials, 
including the fabrication of wooden artifacts. These activities continued into recent 

times after heavy erosion and deflation of the old clayey silt deposit in the Toca da 

Gameleira had exposed numerous large sloth bones on the surface. 
The other site excavated in 1985, a rock shelter at the eastern margin of a large 

collapse area about 100 m northeast of and connected by tunnel with the Toca da 
Gameleira, was named by us the Toca do Cosmos because the spectacular pictographs 
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gracing the flat white ceiling represent a comet, several star bursts, and other prob­
able celestial bodies. The recovery of several hematite crayons and other ochre-stained 
artifacts in the lower half of the deposits suggests that artistic endeavors, possibly 
accompanied by rituals, were major activities in this shelter. As well, many wood­
working tools, including fist-sized chert scraper planes with denticulated working edges, 
indicate that people also performed other tasks, such as fashioning wooden objects, 
in the cave. 

No definite evidence was found for Pleistocene occupation of the Toca do Cosmos. 
The only suggestion of antiquity was two large fragments of heavily permineralized 
iron-stained bones showing evidence of utilization (flaking the ends probably by use 
as choppers) after permineralization. As they were in the same artifact-bearing silt 
deposit just above the cave floor that yielded a basal date on charcoal of 3,230± 210 
yr B.P., Beta-13929, we concluded that they probably were fossil sloth bones selected 
for their usefulness and transported from the neighboring Toca da Gameleira. 

Evidence for a different kind of utilization of the broken edges of large mammal 
bones was reported earlier (Bryan and Gruhn 1985) for the Toca dos Buzios about 
50 km east of the Rio Verde and north of the town of Central. These small fragments 
exhibited quite a different pattern of use, as the edges had not been flaked after per­
mineralization, but instead exhibited a pattern of parallel scratches applied at right 
angles to the straight broken edges. At that site, careful cleaning and macroscopic 
examination of several thousand small fragments of permineralized large mammal 
bone, recovered from a basal yellow silt deposit beneath a shell and ash midden, re­
vealed 31 examples which exhibited patterned incisions and scrape marks extending 
from the edges of desiccation breaks before permineralization. Evidently, already 
desiccated bone fragments had been selected for their straight but rough edges, which 
made efficient scraping tools. The utilized bone fragments in the Toca dos Buzios 
were unidentifiable; but single teeth of two species of horse (Equus), Paleolama? and 
giant peccary (Tayassu) were associated. The only bird bone recovered was a fused 
upper beak of a parrot. The only artifact exhibiting any evidence of deliberate shaping 
was a fragment of a long cylindrical bone rod with barely discernible scrape marks, 
probably applied to fashion a projectile point. Also associated were seven chunks 
of exotic vein quartz with steep flakes removed from high angled edges. The bone 
fragents with macroscopically visible scratches and the quartz chunks were taken to 
the University of Alberta to be examined with a scanning electron microscope (SEM). 
High magnification confirmed that there was considerable patterned use wear (scrape 
marks, fine parallel scratches, and polishing) extending from the broken edges onto 
the outer convex surfaces of the bone fragments. Confirmation that these alteration 
marks were caused by intentional use was found when flaked surfaces of two quartz 
chunks revealed a pattern of parallel striae extending perpendicular to the edge. A 
similar pattern was produced experimentally on quartz flakes by Sussman (1985). 
The SEM technician also discovered that another chunk retained an otherwise invis­
ible coating of silica, evidently acquired when the object was used to cut or prepare 
some type of vegetation with high silica content. We conclude that the desiccated 
bone fragments as well as the flaked quartz chunks had been altered by human ac­
tivity and not by trampling or other natural causes. 

None of the excavated Pleistocene contexts in the Central region yielded any evidence 
for green bone breaking. In fact, the only evidence for butchering of large Pleistocene 
mammals was found in the Toca de Man6el Latao, which, in addition to other ar-
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tifacts, and teeth of giant armadillo (Pampatherium), ground sloth (Nothrotherium), 

and Paleolama, yielded an equid podial with two short deep knife cuts. We conclude 
that, with this possible exception, we found no evidence for intentional killing of 
Pleistocene mammals in the Central region, although there is considerable evidence 
that contemporary and later people utilized the bones and teeth of several species 
of extinct Pleistocene mammals. At the time of excavation, we thought it strange 
that we recovered an isolated parrot beak and single teeth of different species of ex­
tinct animals quite close to each other at three different sites. Although none showed 
evidence of use, we speculate that these objects may have been collected for inclu­
sion in medicine bags. 

Unfortunately, none of the sites that yielded evidence for human occupation dur­
ing the late Pleistocene contained any associated charcoal, and evidently all bones 
have been leached of collagen, so we have been unable to date occupations earlier 
than 9,400 yr B.P. The earliest dated occupation with hearths and unfossilized bones 
of small and medium-sized mammals was found north of Central in the Abrigo do 
Piliio, which yielded stratigraphically older stone tools but no bones. The lack of 
megafaunal remains in radiocarbon-dated levels supports our assumption that the 
megamammals had become extinct at the end of the Pleistocene. 

All archaeologists and geologists concerned with the contentious question of the 
early human occupation of the Americas should be alert to the possibility that bone 
fragments and teeth of large Pleistocene mammals were used as tools before as well 
as after permineralization. Sites yielding bones and teeth of extinct animals exhibiting 
evidence of utilization on useful edges are known from Washington State (Manis 
mastodon), Mexico, Panama, and Colombia, as well as Brazil (Bryan 1983). The pat­
terned evidence for use on the edges of these tools should not be confused with ran­
dom incisions and scratches due to trampling that are found on spirally fractured 
green broken bones from natural kill and wallow sites so convincingly described by 
Haynes (1986). Early Americans picked up bones as well as stones with useful work­
ing edges and transported them to use in their occupation sites. Painstaking observa­
tion and analyses in the field and laboratory, with the assistance of SEM photography, 
is essential to identify these various kinds of distinctive and clear indications for early 
human activity, and to distinguish them from natural alteration marks. Archaeologists 
should not give up the possibility of distinguishing human from natural modifica­
tion of bones as well as stones. It is not logical to argue that if modification of an 
object can be attributed to either man or nature in certain contexts, then nature was 
most likly responsible under all conditions, and the object can thereby be discounted 
as evidence for human activity. A more exacting scientific approach to the analysis 
of marks of fabrication and use on simple stone and bone artifacts of all ages is essen­
tial if we are going to disern the truth about when people first arrived in the Americas 
and what level of technology they brought with them. 
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Paleoindians in the Patagonian Region: 

Los Toldos Archaeological Locality, 

Santa Cruz Province, Argentina 

Augusto R. Cardich, Laura L. Miotti, and Alicia S. Castro 

Few archaeological sites are reliable evidence of Pleistocene human occupation in 

the Patagonia Region (see Figure 1); the sites which comprise the Los Toldos ar­

chaeological locality had offered the most complete cultural sequences with abun­

dant archaeological, fauna!, and sedimentological records, and reliable radiocarbon 

Figure 1. Archaeological sites of Patagonia. 
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dates. These sites are key to understanding the early peopling of Patagonia. Los Toldos 
is placed in the south middle Deseado River (Santa Cruz province). This locality is 
composed of 14 caves and additional rock shelters, arranged along a dell of approx­
imately 1 km; localized at 47°22'S and 68°58'W. Almost all caves show interesting 
paintings on their walls including "negative" hands and scarce animal representations. 
This paper is focused on "Nivel 11" and "Toldense," two early cultural components 
of late Pleistocene and early Holocene hunter-gatherers, which were detected in cave 
3 of this locality (Menghin 1952, 1957, 1965; Cardich 1973, 1977, 1978, 1984). 

The first human occupation component is represented by Nivel 11. Its lithic in­
dustry is illustrated by an assemblage of elaborate tools, basically side scrapers, made 
on large flakes and shaped by unifacial retouch. Zooarchaeological studies demonstrate 
the presence of Pleistocene species of megamammals and autochthonous local fauna. 
Charcoal samples from level 11 b (see Figure 2) dated by 14C to 12,650 ± 600 yr B.P., 
FRA-96. So far, this is the oldest reliable date for the human presence in the region. 
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Figure 2. Profiles from square I, Los Toldos, cave 3. 
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The second component, Toldense, includes late Pleistocene and early Holocene 
remains. The most recent Toldense date is 8,750±480 yr B.P., FRA-97, and at the 
beginning it was estimated at 11,000 yr B.P., and compared with the Magallanes I 
industry. The Toldense lithic industry is characterized by instruments with medium 
and large size flakes; the predominance of knives and side scrapers; and, most im­
portantly, the introduction of bifacial projectile points. 

The abundant bone remains associated with these components provide informa­
tion about available palaeoenvironmental and fauna! resources important to the 
economy of the first hunter-gatherer groups who inhabited the central plateau of South 
Patagonia. This relationship can be summarized as: Kind of prey (A)-+Hunting tech­
niques (B) = Adaptive patterns (C).

The extinct species associated with the Nivel 11 and Toldense industries are Onohip­

pidion (Parahipparion) sa/diasi (horse) and Lama gracilis (llama). However other 
species are found in the stratigraphic sequence of Los Toldos including Rhea americana

(rhea or nandu de las pampas) in the lower levels, and Pterocnemia pennata (Dar­
win's rhea or nandu petiso), a related bird, in the upper levels. These findings can 
be explained by a migration of R. americana to the north. Their ecological niche was 
subsequently occupied by P. pennata, the species presently living in the region (Car­
dich and Miotti 1983; Tambussi and Tonni 1985). This situation may be explained 
by possible environmental deterioration. 

From an economic point of view, the Lama guanicoe (guanaco) supported human 
groups who occupied the region in different times of the late Pleistocene and Holocene. 
Abundant bone remains of this species along the entire cultural sequence of cave 3, 
as in other sites of the Patagonia region document this fauna! exploitation pattern. 

In summary, the fauna! samples from the site can be used to reconstruct, at least 
in part, the paleoenvironments inhabited by aboriginal groups. It is also possible to 
raise some alternative hypotheses about cultural-ecological adaptations and the role 
played by early people on Pleistocene megafaunal extinctions, but human activity 
is not considered the most important of the many factors that led to on Pleistocene 
extinction. 
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Recent Research at Localities Cerro La China and 

Cerro El Sombrero, Argentina 

Nora Flegenheimer 

Two localities under study in the Argentina pampas have yielded projectile points 
corresponding to Fell's Cave Stemmed type. This type of point was first recovered 
in the south of Chile by Bird (1938) and has been reported from the area under study 
on several occasions as fishtail point or "cola de pescado" (Madrazo 1972; Silveira 
1978; Eugenio 1983) and from nearby regions. Even if these points are usually assigned 
great antiquity, based upon their morphological and technological similarity with the 
early specimens recovered at Fell's Cave, we still have very little information about 
their chronological distribution. Furthermore, the characteristics of this supposedly 
early South American occupation are hardly understood. Localities Cerro La China 
and Cerro El Sombrero, situated in the Tandilia range of the Argentine pampas shed 
new light on both these subjects. 

Cerro La China is a very low hill (37°57'S and 58°37'W), where three sites, not 
more than 300 m apart, were excavated. Site I corresponds to a small shelter and 
its surrounding area, sites 2 and 3 are open air sites instead, located at that foot of 
the rock outcrop. Two levels were identified in site 1 according to the position and 
characteristics of the archaeological remains. A fluted stem, possibly correspond\ng 
to an unfinished artifact (Flegenheimer 1980; figure 1), and a preform of a Fell's Cave 
Stemmed point (Flegenheimer 1986; figure 21) were distinguished among the remains 
recovered from the lower level (L2). Organic preservation is extremely poor, yet a 
scute of an extinct armadillo (Eutatus seguim), determined by Dr. Tonni of the 
Paleothology Department at La Plata Museum, was also recovered from this level. 
A charcoal sample from L2 yielded a 14C date of 10,730± 150 yr B.P., I-12741, which 
has already been reported (Flegenheimer 1986). Another very small charcoal sample 
dated by accelerator mass spectometry at the University of Arizona has been pro­
cessed recently giving a 14C date of 10,790± 120 yr B.P., AA-1327. 

At site 2, two fertile stratigraphic units, separated by a geologic unconformity 
(Zarate, pers. com.) were identified. The lower unit (B) presents a very low artifact 
density. It includes two complete Fell's Cave Stemmed projectile points (Flegenheimer 
1986; Figure 2G,H), one of them fluted on one face. Site 3 presents a similar 
stratigraphic profile. An occupational level with a high artifact density was recorded 
in unit B. Even if a great typological diversity was registered, no instruments com­
monly found in other assemblages of the area were uncovered. Although some of 
the debitage has been identified as produced by bifacial reduction, the assemblage 
does not include either projectile points or other bifacial instruments. Therefore it 
cannot be correlated with certainty to the earliest occupations of sites 1 and 2 on 
typological grounds. As mentioned above, the stratigraphic position of the artifacts 
is the same as that of the earliest remains in site 2. Also, rocks employed as raw 
materials in the early occupations in sites 1 and 3 are similar: allochthonous fine grained 
quartzite has been mainly used and there is a smaller proportion of local coarser quart­
zite. Other rocks present at both sites in a very low frequency are: chalcedony, opal, 

Nora Flegenheimer, CONICET, C.C. 275, 7630 Necochea, Buenos Aires, Argentina. 
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quartz, and basalt. Raw materials registered at site 2 are not comparable due to the 
small size of the sample. As all charcoal fragments available from site 3 were very 
small and not suitable for conventional dating, a sample from unit B was dated using 
accelerator mass spectometry and yielded a 14C date of 10,610± 180 yr B.P., AA-1328. 

The datings, the stratigraphic situation of the remains, and the characteristics of 
the raw materials employed indicate that there is a close correlation among the earliest 
occupation at the three sites. 

The other locality under study is Cerro El Sombrero (37°49'S and 58°34'W), where 
Fell's Cave Stemmed points have been collected, on a high topographic position, from 
the hill top (Madrazo 1972). Recent finds made by the local museum's staff, have 
revealed that this open air site still contains a great density of remains thinly covered 
by sediments. A brief analysis of the collection showed that apparently it does not 
include recent artifacts. It consists mainly of: a) small debitage with a high propor­
tion of bifacial thinning flakes, b) bifacial blanks and point preforms at different 
stages of manufacture, c) fragments of unifacial and bifacial instruments, and d) 
fragments of Fell's Cave Stemmed points, most of which are stems. Based upon these 
data the site is considered as a workshop where at least the last stages of point manufac­
turing activities were carried out and where broken points were being replaced from 
their shafts. Point fragments recovered present a wide range of sizes and morphological 
variation. Of 29 fragments with stems preserved, 6 present fluting on one face and 
4 on both. Although quartzite predominates as a raw material, quartz, chalcedony, 
and opal have also been employed. All of these rocks are available in the region and 
probable sources are being identified. 

Non-analyzed artifacts recovered in January 1987 include the largest and the smallest 
points known so far. This last point has a total length of 1.4 cm and has been shaped 
as a Fell's Cave Stemmed point simply by grinding its edges, with no true flaking. 
Its function is unknown but it obviously could not be used as a hunting weapon. 
The largest specimen, which is the only complete point of "regular size" recovered 
from the locality, is 9.4 cm long and presents fluting on both faces. Fieldwork at 
Cerro El Sombrero and the analysis of the lithic collection will continue during this 
year. 

Grateful acknowledgements are given to Dr. A. Juli, Dr. V. Haynes and Dr. D. Donahue from the Univer­

sity of Arizona and Dr. J. Flegenheimer for making possible the TAMS datings. Special thanks to the Museo 

de Ciencias Naturales e Historia de Loberia and its staff, families Corral and Campos and all others without 

whose collaboration fieldwork would have been impossible. All work was done as part of a CONICET 

scholarship. 
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Paleoclimates of the Southern Argentine Andes 

Vera Markgraf 

The section of the Andes that comprises the latitudes between 22° and 55°S shared 

by Chile and Argentina, represents a very heterogeneous mountain range, in terms 

of geological evolution as well as modern features. For most of this latitudinal range, 

the Andes run north-south, but west-east towards their southernmost end in Tierra 

de! Fuego. From south to north, the number of individual ranges increases, from 

two ranges between latitudes 55°S and 35°S (Cordillera de Ia Costa and Cordillera 

Occidental) to four to five ranges north of latitude 35°S (Cordillera Oriental C. Ex­

oriental, Serranias Subandinas, in addition to the previous two). Simultaneously the 

width of the Andes increases from about 50 km in Tierra de! Fuego to 900 km north 

of latitude 35°S. With the increase in width increases the mean elevation of the moun­

tains, from about 2,000 m south of latitude 35°S to over 6,000 m north of 35°S. 

In addition there are marked structural and tectonical differences in different parts, 

resulting among other features in different zones of volcanic activity, both, in terms 

of intensity and age of volcanism. The strongest and most continuous volcanic ac­

tivity lies north of latitude 25°S and between 30° and 45°S. In addition to these 

described geological differences (Zeil 1979), there are climatic and environmental dif­

ferences (Hueck and Seibert 1981). In terms of atmospheric circulation features, 

latitudes between 22° and 35°S lie under the subtropical high pressure zone with 

easterly airflow and mostly orographic precipitation, originating from the distant 

Atlantic. Modern environments are typically deserts with exception of the east-facing 

slopes of the Andes that receive sufficient precipitation to result in a band of sub­

tropical forests. South to latitude 35°S the westerlies become the dominant circula­

tion feature, resulting in a west-east precipitation gradient across the Andes, ranging 

from 5,000 mm to less than 500 mm of mean annual precipitation, from the central 

Andean chain to the eastern foothills. The corresponding environments range from 

cool evergreen rainforests to deciduous forests and xeric woodlands, depending on 

the location along the gradient. Towards the southernmost tip of South America the 

influence of the circumantarctic low pressure trough becomes more and more pro­

minent and the frequency of storms, coupled with low temperatures, results in treeless 

vegetation, a moorland type tundra, especially in the more exposed parts of the region. 

Given this diversity of geological, climatological, and environmental features, the 

paleoenvironmental history of sites in this latitudinal crossection is expected to 

demonstrate differences as well, even for a time interval as short as the last 14,000 

years. But because these differences are the local response to a hemispheric (or even 

global) forcing function (climate) a congruent paleoclimatic chronology should emerge 

from a large-scale data network along the Andes. 

This paper summarizes the present available palynological information for the 

Argentine Andes, most of which is published (Markgraf 1980, 1983, 1984, 1985a, 

1985b, Markgraf et al. 1986a), or is in press (Markgraf 1987a, 1987b, 1987c, 1987d). 

Eleven records are described in the following and interpreted in terms of paleoclimatic 

signal, first on a local and subsequently on a regional scale. 

Vera Markgraf, Institute of Arctic and Alpine Research, University of Colorado, Boulder, CO 80309. 
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Figure 1. Map of Argentina with location of palynological sites described in text. I) La Mision, 2) Lago 

Yehuin, 3) Fells Cave, 4) Mylodon Cave, 5) Mallin Book, 6) Lago Morenito, 7) Rahue, 8) Vaca Lauquen, 

9) Gruta de! Indio, 10) Salina 2, 11) Aguilar. 
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Tierra del Fuego and southern Patagonia. The location of the sites is indicated in 

Figure I. From Tierra de! Fuego I analyzed two records, La Mision (Markgraf 1980, 

1983) and Lago Yehuin (Markgraf 1983). Both records date back to about 10,000 

yr B.P. The earliest paleoenvironmental change detected in La Mision occurs prior 

to 9,500 yr B.P. when a herbaceous grassland gives way to a more shrubby, xeric 

grassland with Berberis (barberry), Empetrum, and Acaena (Rosaceae), suggesting 

a shift from cold and dry climates to warm and dry climates. The following major 

change in those latitudes occurs at 8,500 yr B.P. when the herb-rich, shrubby grassland 

is replaced by Nothofagus (western beech) woodland, suggesting increase in precipita­

tion to modern levels and a precipitation gradient across the Andes. During this early 

Holocene interval, conditions appear to have been warmer and wetter than today, 

judging from the proportion between evergreen and deciduous Nothofagus species. 

Between 6,000 and 5,000 yr B.P. cooler and drier climates returned to these high 

latitudes, documented by a steppe expansion in the eastern, woodland region, and 

a replacement of evergreen Nothofagus species by deciduous in the rainforest region 

(Isla Clarence, Auer 1974). After 5,000 yr B.P. forest conditions returned, but because 

proportion of steppe and deciduous Nothofagus species remained higher than dur­

ing the early Holocene, the late Holocene probably was slightly cooler and drier than 

the early Holocene. The steppe expansion recorded only in the La Mision record dated 

270± 120 yr B.P., AA-1286. This suggests that the forest decline, that gave rise to 

the hypothesis of aridification in southern South America since about 2,000 years 

ago (Auer 1933; Kalela 1941), is unlikely due to climate, but rather to intensified 

human activity with the European colonization. 

From southern Patagonia (Figure I) two records were analyzed, Fells Cave 

(Markgraf 1985a, 1987b), and Mylodon Cave (Markgraf 1985a). Both records con­

tain the last 11,000 years, but from Mylodon Cave I only analyzed the 14,000 to 10,000 

yr B. P. interval the remainder of the record having already been analyzed by Moore 

(1978). 

Pollen data from the archaeological excavation in Fells Cave (Figure 2) show a 

strong paleoenvironmental shift between II,000 and 10,000 yr B.P. from herbaceous 

grassland to shrubby, xeric grassland, interpreted as a marked temperature increase. 

During this time, several large grazers such as giant ground sloth (Mylodon) and native 

horse (Onohippidium) became extinct and Paleoindian hunting grounds appeared. 

Apparently the magnitude of this paleoenvironmental change was such that it can 

be detected also in the diet of the giant ground sloth leading to the hypothesis of 

an environmentally caused extinction of the large grazers in this part of the world 

(Markgraf 1985a). Between 9,000 and 6,000 yr B.P. paleoenvironmental conditions 

appear slightly less arid than before, based on the slight increase of grasses in the 

Fells Cave record. During the late Holocene, however, starting at 6,000 yr B.P. xeric 

shrubs again return to dominate suggesting return to arid conditions. 

For both, Tiera de! Fuego and southern Patagonia, the paleoenvironmental 

chronology described reveals a consistent pattern. Cold and dry climates characterized 

the late glacial prior to 12,000 yr B.P. The earliest shift to postglacial climates ap­

parently was a temperature and precipitation increase that resulted in mesic, herbaceous 

grassland, followed by a further temperature increase that in turn eliminated the mesic 

grassland in lieu of scrub vegetation. This most likely must have made life difficult 

for obligatory grazers, such as the ground sloth and horse, especially along the eastern 

parts of Patagonia that even today are the most arid regions. Precipitation increase 
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to today's levels did not happen until 8,500 yr B.P., most strongly felt in the western 
Andean zone, where the Nothofagus forest expansion was strongest. Forest and 
woodlands remained the dominant vegetation in this western zone throughout the 
Holocene, even though perhaps the early Holocene was somewhat warmer and wet­
ter than the later Holocene. 

Mid-latitudes 37 ° 
to 41 °S. Records from this latitudinal zone (Figure 1) range from 

the northernmost Nothofagus forest islands in Neuquen Province to mixed evergreen­
deciduous forests in the Rio Negro Province. From latitude 41 °S two records were 
analyzed: Lago Morenito (Markgraf 1984) and Mallin Book (Markgraf 1983), both 

from low elevation in Nothofagus dombeyi/ Austrocedrus forest. Both records cover 
14,000 years and show that prior to 12,500 yr B.P. (13,000 yr B.P.) the forest area 
east of the Andes was greatly reduced and steppe expanded instead. Open forests 
may have existed along the shores of lakes and rivers only, and included the trees 
Nothof agus dombeyi, N. obliqua-type, Myrtaceae, Maytenus. Climate must have been 
drier than today, more continental with colder winters but with summers, perhaps 

even as warm as today. By 12,000 yr B.P. Nothofagus dombeyi began to expand 
throughout with Podocarpus nubigenus as minor component in the forest, but few 
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Austrocedrus chilensis, that today is co-dominant. This implies that climatic condi­

tions must have been different from today, presumably wetter than today with no 

seasonal moisture stress. Between 8,500 and 5,000 yr B.P. steppe and other xeric shrub 

elements increased, indicating that the forest had become more open, probably in 

response to a decrease in precipitation, especially in summer. From 5,000 yr B.P. 

onwards modern conditions gradually become established and co-dominance of 

Nothofagus dombeyi with Austrocedrus exists since 3,000 yr B.P. That the later part 

of the Holocene is somewhat warmer and drier than the earlier part is also suggested 

by the absence of Podocarpus nubigenus since 5,000 yr B.P. 

From the mid-latitudes between 37° and 41 °S, only one high elevation record has 

been found that dates back into late-glacial times. Vaca Lauquen is from 1,550 m 

elevation in the Neuquen Province, where the northernmost islands of Nothofagus 

forests are found (N. pumilio, N. antarctica, and N. nervosa). About 11,000 years 

are present in this 280 cm Jong section (Markgraf 1987a). Pollen analysis reveals that 

during the whole interval Nothofagus forests were never more extensive than today. 

Prior to 10,000 yr B.P. in contrary, Nothofagus was far less abundant than today, 

suggesting that the forest islands were even smaller then. Of interest is the occur­

rence of Prumnopitys andinus (Podocarpus) at that time. This tree today has a very 

scattered distribution between 1,000 and 2,000 m elevation in rather arid locations, 

between latitudes 35° and 41 °S in Chile. Its ecological significance is uncertain, but 

during late glacial times it appears to have been much more widespread than today 

(Heusser 1983). The fact that P. andinus co-occurs with Gramineae steppe and high 

amounts of Compositae points not so much in the direction of cooler temperatures, 

but aridity. Between 9,000 and 8,000 yr B.P., Prumnopitys andinus disappears, 

Nothof agus pumilio becomes much more abundant and the Gramineae steppe is 

characterized by a far greater herbaceous component than before. Precipitation must 

have increased to cause such changes. From 6,000 yr B.P. onwards, Nothofagus ner­

vosa (N. obliqua pollen type) increases, together with other Nothofagus species, in­

dicating even further increase in precipitation towards modern levels. 

This pollen data indicate, that during the past 11,000 years Nothofagus forests did 

not expand their limits beyond the modern situation; on the contrary, the modern 

distribution appears to be the widest it has been in the past. 

It is from this mid-latitude zone that we have the first paleoenvironmental data 

on a pre-full glacial episode from Argentina. A section from the west slope of Sierra 

Catan Lil in Neuquen Province was dated to represent a period between 27,000 and 

33,000 yr B.P. Pollen and diatom data indicate that modern environments existed 

at that time, with the forest/steppe ecotone approximately at the same place as to­

day (Markgraf et al. 1986). From the few other existing paleoenvironmental records 

that cover the same period, only one, Tagua-Tagua in Chile (Heusser 1983) shows 

a similar environmental pattern of modern conditions, while other (Heusser 1974, 

1981; Heusser et al. 1981) show glacial type conditions for this interval. 

Desert region latitudes 32 ° to 34 "S. Only one record from the western Argentina desert 

region (Mendoza Province) extends back into late- and full glacial times (D'Antoni 

1980), showing a major environmental shift from cooler and wetter glacial climates 

to warm and dry desert climates at about 12,000 yr B.P. During the postglacial a 

shift at 8,500 yr B.P. to extreme arid conditions can be seen in the lowland as well 

as in the Andean records (Markgraf 1983). Between 5,000 and 3,000 yr B.P. high 

river runoff in the lowlands, high water tables and depauperate Andean vegetation 
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in the uplands suggest increased winter precipitation and consequently lower 
temperatures. By 3,000 yr B.P. modern climates became established. Even at this 
stage of rather coarse paleoclimatic resolution the records are quite sensitive to climatic 
change, especially to shifts in seasonality of precipitation. This, in turn, forms the 
basis for interpretation of circulation features, winter rains representing the westerlies, 
summer rains the subtropical easterlies. Under this circumstance it is tempting to cor­
relate the paleoclimatic patterns east of the Andes (Gruta de! Indio) with that west 
of the Andes (Tagua-Tagua), because winter rain episodes should be seen on both 
sides, while summer rains would primarily be seen on the east side. Even though the 
Tagua-Tagua record is not adequately dated during the postglacial interval (Heusser 
1983), there seems to be an interval dated during mid-Holocene times of increased 
water levels, which could relate to the winter rain increase between 5,000 and 3,000 
yr B.P. east of the Andes. In contrast, the preceding summer rain period east of the 
Andes seems to relate to an arid period west of the Andes. To further develop such 
exciting paleoclimatic correlations a far better data network and dating control is 
needed. The ongoing research in Argentina (Wingenroth pers. comm.) may soon pro­
vide the much needed detail. 

Northern Argentina. From the province of Jujuy, one paleoenvironmental record, 
El Aguilar, has been analyzed for paleoclimatic changes during the last 10,000 years 
(Markgraf 1985b). Preliminary pollen analysis of another nearby site, Barro Negro, 
where extinct horse was dated to 12,000 yr B.P. (Fernandez 1986) documents the 
lateglacial conditions in the Puna environment at about 4,000 m elevation. Prior to 
10,000 yr B.P. the proportion and diversity of herbaceous taxa and Compositae was 
greater than after 10,000 yr B.P ., suggesting Paramo vegetation that is characterized 
by greater effective moisture than the Puna vegetation. During the Holocene, three 
paleoclimatic phases can be distinguished. Between 10,000 and 7,500 yr B.P., the 
high proportions of Gramineae, but lesser amounts of Compositae and herbaceous 
taxa, resembling the Altoandean vegetation, suggest increase in continentality, colder 
winters than before. Between 7,500 and 4,000 yr B.P. Prepuna components increased 
(Ephedra, Chenopodiineae, Euphorbiaceae, etc.) suggesting greater aridity than before. 
Because the long distance pollen component from the mountains to the east is missing 
at that time, the increased aridity is probably due to lesser amounts of summer rains. 
From 4,000 yr B.P. onwards basically modern conditions had become established, 
with some Paramo components, indicating greater moisture than before, but suffi­
cient Prepuna components as to suggest that summer drought occurrences continued. 
From 500 yr B.P. on, human impact can be detected in the environment that undergoes 
a rapid succession characteristic of overgrazing. 

This record from the Altiplano as well as those from the Argentine desert zone 
relate well with those from Bolivia at latitudes 16° to 17°S and even those from Peru 
at latitude 11 °S (Graf 1979; Hansen et al. 1984), even though the influence of lowland 
tropical forest pollen increases substantially towards the equator, making correla­
tions more problematic. 

Paleoclimatic synposis based on paleoenvironmental changes. Although there still 
are only relatively few records from southern South America that extend into the 
full glacial times, a paleoclimatic pattern emerges. West of the Andes, south of 40°S 
latitude, the forests were more open than today, interpreted by climate transfer func­
tions as due to a 600Jo decrease in precipitation, and 3°C lower summer temperatures 
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(Heusser et al. 1981). North of latitude 40°S on the other hand, mean annual precipita­
tion is interpreted as to have been twice the modern (Heusser 1983). East of the Andes, 
the pattern of full glacial climates is similar, but more pronounced (D'Antoni 1980; 
Markgraf 1983). Thus, at latitude 41 °S the predominant vegetation was steppe and 
shrub, and some of the arboreal taxa from more northern latitudes. At latitude 35°S 
grassland dominated instead of the modern desert environment. 

To explain this paleoclimatic scenario, Heusser (1983) suggested that the westerlies, 
that today are responsible for the winter rains south of latitude 40°S had shifted 
towards the equator during full glacial times. More likely, however, the westerlies 
had shifted toward the pole, and the increased subtropical moisture is related to a 
similar shift of the subtropical circulation (Markgraf 1983, 1987a). 

Not only was there latitudinal differences in the character of the full glacial en­
vironments at different latitudes, also the onset of postglacial environments was not 
synchronous at different latitudes. Throughout the mid-latitudes, on both sides of 
the Andes, the shift from glacial to postglacial vegetation occurred at 12,000 yr B.P. 
At high southern latitudes, south of latitude 50°S, this shift only occurred at 8,500 
yr B.P., as the preceding paleoenvironmental changes were not sufficient to produce 
the modern environmental setting. This suggests that the subantarctic circulation re­
mained longer in the glacial mode than the mid-latitude systems. 

It emerges from this large scale paleoclimatic comparison, that in southern South 
America the regional differences are neither due to the records' different sensitivity, 
nor to migrational delays, nor to delayed response of plants to climatic changes ("plants 
in disequilibrium with climate": Markgraf, 1986). Instead, regional differences are 
the expression of the regionality of climate patterns, observed today (e.g., Pittock 
1980), and therefore certainly also important during the past. 

This research was supported by National Science Foundation, Office of Climate Dynamics, A TM-77-00910 I, 
ATM-79-19771, ATM-82-12863, and the Office of International Cooperative Science Program, INT-80-25347. 
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Cueva Del Medio: A Significant Paleoindian 

Site in Southern South America 

Hugo Gabriel Nami 

In the Argentine-Chilena Patagonia (southern part of the provinces of Santa Cruz, 

Argentina and Magallanes, Chile) a cultural sequence about 11,000 yr B.P. was found. 

This sequence begins with the co-existence of humans and extinct fauna and ends 

with hunter-gatherer societies and Europeans. Two important sites were the axis of 

the sequence: Fell's and Pali Aike Caves. These periods, called Magallanes, Fell's 

Hugo Garbriel Nami, Programa de Estudios Prehist6ricos (UBA-CONICET), B. Mitre 1970 5° "A", Buenos 

Aires (1039), Argentina. 
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or Bird, range from the first (I; the earliest) to the fifth (V; the latest). According 
to Massone M. (1981), they can be included in the following cultural units: early (Bird 
I and II periods), middle (Bird III) and later (Bird IV and V periods). 

The first period is characterized by the well-known "fishtail" projectile point and 
extinct fauna: Pleistocene american horse (Hippidium qnohippidium), ground sloths 
(Mylodon darwim), and extinct camelids. The chronology of the first period has been 
dated to: 10,080 ± 160 yr B.P., I-5146; 10,720± 300 yr B.P., W-915; 11,000± 170 yr 
B.P ., I-3988 (Fell's Cave) (Bird 1983) and 8,639 ± 450 yr B.P. at the Pali Aike Cave
(Bird 1951). Therefore Bird II period has some typological differences with the former,
lacking the fishtail projectile point and extinct fauna. In Fell's Cave it has been dated
to: 9,100± 150 yr B.P., I-5144; 9,080±230 yr B.P., I-5145; 8,480± 135 yr B.P., I-5143
(Bird II, ending-Bird III initial) (Bird 1983). Based on modern lithic analysis, Bird
II probably needs a typological and technological revision.

The middle cultural unit in the Fell's Cave has, among others, the following dates: 
8,180 ± 135 yr B.P., I-5142; 6,740 ± 130 yr B.P., I-5138; 6,560 ± 115 yr B.P., I-5141; 
6,435 ± 115 yr B.P., I-5140 (Fell's Cave) (Bird 1983). This cultural unit is characterized 
by the triangular projectile points and extant camelids: guanaco (Lama guanicoe). 

These remarks are very important to take into account because Fell's and Pali Aike

Caves' foundings became the only two sites where this cultural sequence was clearly 
documented (Bird 1938, 1946; Emperaire, Laming and Reichlen, 1963). 

In 1986, during the months January and December, the Patagonia's Institute, 
Magallanes University from Punta Arenas, Chile, sponsored two archaeological field 
works at the Ultima Esperanza region. Preliminary notes about the first field work 
came out in Nami (1985). This area is very famous around the world due to Mylodon 
Cave. In it was found a great number of Pleistocene fossil remains (bone, dung, hide) 
in excellent preservation. The same fauna that existed in Fell's and Pali Aike Caves, 
located 135 km to the southeast. Several expeditions carried out by Bird (1951), 
Emperaire and Laming (1954) and Saxon (1976) did not find evidence of human co­
existence with this extinct fauna, in spite of some clues of existence (see Borrero 1982). 

The archaeological expedition, directed by the author, carried out an excavation 
in the Cueva de! Medio (Middle Cave), approximately 1 km from the Mylodon Cave. 
This recent archaeological research is part of the expedition that the Instituto de Ia 
Patagonia is carrying out in southern Patagonia, Chile. This expedition has discovered 
a great number of unknown archaeological sites. Some of these sites range from ar­
chaeological historical sites (e.g., Dinamarquero) to aboriginal sites (e.g., Juni Aike). 
One of them is the rediscovered site of the Cueva del Medio, at which, by the end 
of the 1800s, palaeontological excavations had been carried out by Hauthal (1899) 
and Nordenskiold (1900). 

Cueva del Medio is located 135 km NW of Fell's and Pali Aike Caves. It is about 
51 °35'S lat and 72°38'W long. The opening of the cave is about 90 m long, 40 m 
wide and 6 m high. The cave has been formed into the Cerro Benites conglomerate, 
consisting of rounded pebbles, including many vulcanites, which are also used as lithic 
raw materials by the ancient inhabitants. At the moment two clear cultural components 
are known. One of the is Bird I (Fell's I); the other can be clearly assigned to Bird 
III (Fell's III). 

Geological, palynological, sedimentological, petrological, and fauna! analyses are 
in process by different specialists. The technological analysis with experimental stress, 
together with the typological and functional of the lithic artifacts, are now being studied 
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by the author. Further excavations, radiocarbon dates, and analyses will give a deeper 
knowledge about the Paleoindians of Cueva de! Medio. 

I would like to give special thanks to Adriana Martin for having corrected the English draft of this manuscript. 
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Man and Pleistocene Megamammals in the 

Argentine Pampa: Site 2 at Arroyo Seco 

Gustavo G. Politis, Eduardo P. Tonni, Francisco Fida/go, 

Monica C. Salemme, and Luis M. Meo Guzman 

One of the first places where human occupation during the Pleistocene was postulated 
was the Pampean region of Argentina. At the end of the 19th century, F. Ameghino 
(1880) discovered several sites where he observed the association of man and 
megamammals, and claimed a great antiquity for their association. It was not until 
the discovery and excavation of La Moderna, a glyptodon kill site, that the presence 
of early man of Argentina in late Pleistocene times was reconsidered and generally 

G.G. Politis, E.P. Tonni, F. Fidalgo, and M.C. Salemme, Facultad de Ciencias Naturalies y Museo, Paseo 

del bosque s.n., 1900 La Plata, Argentina. 
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incorporated into cultural sequences (Madrazo 1973, 1979; Palanca et al. 1972; Palanca 
and Politis 1979; Politis 1984, in press; Zetti et al. 1972). 

The recent investigation of the Arroyo Seco site 2, 135 km south of La Moderna, 
has also confirmed the presence of early man in the Pampean region and provided 
additional valuable information about the nature ai:id chronology of the late 
Pleistocene-early Holocene human occupations. The purpose of this paper is to pre­
sent a summary of the data recovered from the lower component of site 2 at Arroyo 
Seco. 

Site 2 at Arroyo Seco is a multicomponent open-air site located on an extensive 
plain between the Tandilia and Ventania hills of the Pampean region (Figure 1). The 
site is situated on a loess ridge between the Seco Creek and a small lagoon. First ex­
cavated in the early 1970s, to date, approximately 140 m2 have been excavated, about 
200/o of the total estimated area of the subsurface deposit. 

The early man level (lower component) lies mainly in the lower part of layer Y 
(Figure 2; 30 to 40 cm thick, coarse silt to fine sand), but some lithic and fauna! re­
mains have been recovered from the underlying level layer S (5 to 10 cm thick of 
a calcium carbonate concentration). In the lower component, 83 artifacts have been 
recovered exhibiting primary and secondary flaking in addition to an abundance of 
undifferentiated flaking debris. Some artifacts exhibit bipolar percussion and nar­
row bifacial retouching. Tool types include frontal-scraper, micro-scraper, extended-
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Figure 1. Location of the Pampa region and the Arroyo Seco site 2, La Moderna, and Cerro la China ar­

chaeological sites. 
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Figure 2. Schematic profile of the geological stratigraphy of test pit 46 at the site 2 of Arroyo Seco. Note 

the location of the burials below the lower component. 

edge scraper, simple and double-scrapers, "piece esqueille," a half bola stone, and 

two pieces of grinding stones. 

Fauna! remains in this unit consist primarily of Lama glama guanicoe (guanico), 

Ozotoceros bezoarticus (Pampean deer), Rhea americana (rea), Zaedyus pichiy (ar­

madillo), and Chaetophractus villosus (armadillo). In addition to the extant species, 

several extinct Pleistocene mammal species were recovered: Megatherium americanum 

(giant ground sloth; minimum number of individuals: MNI = 2), cf. Mylodon (ground 

sloth; MNI = 1), Glossotherium robustum (ground sloth; MNI = 1), Macrauchenia 

patachonica (macrauchenid; MNI = 1), Paleolama cf. wedelli (llama; MNI = 1), cf. 

Equus (Amerhippus) sp. (horse; MNI = 3), Hippidion or Onohippidium (horse; 

MNI = 2), and Eutatus seguini (armadillo; MNI = 1). The presence of certain breakage 

patterns, the spatial and contextual association, and the biased selection of some 

skeleton parts suggest that Megatherium and Equus were probably exploited by people 

at the site. 

One of the outstanding characteristics of the site is the presence of 16 human 

skeletons found in the upper part of layer Z, below the early man component. The 

La Plata Radiocarbon Laboratory (LA TYR) has processed two radiocarbon samples 

from bone collagen from this unit. A date of 8,390 ± 240 yr B.P. (Tonni et al. 1982) 

was derived from a piece of Megatherium bone from the lower component, and a 

date of 8,560± 320 yr B.P. (Politis 1984) came from the human skeleton number 

6 (burial 2). 

If the suggested links, associations, between the human skeletons and the lower 

component are confirmed, Arroyo Seco will provide important information for the 

study of the physical characteristics of early man and will allow us to explore the 

mortuary practices during the late Pleistocene-early Holocene. The data presented 

here suggest that early human occupation in the Pampean region was developed dur­

ing at least two cultural periods. However, since so few sites are recorded in the region, 

this supposition must still be regarded as tentative. Site 2 at Arroyo Seco provides 

important information on the relationships between early hunter-gathers and the ex­

tinction of Pleistocene megamammals in the Pampean region. Extinctions should 

be examined and explained primarily in regional terms and not on a worldwide basis. 

This paper is a revised version of the one read by Politis at the 50th meeting of the Society of American 

Archaeology, Denver, Colorado, 1985. We gratefully acknowledge the assistance of Tom Dillehay, Jim Mead, 

Anibal Figini, and Scott O'Mack, who commented on earlier drafts of this paper. 
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Alluvial and Palynological Studies 1n the 

Venezuelan Guayana Shield 

Carlos Schubert and Maria Lea Salgado-Labouriau 

Late Pleistocene aridity in northern South America has been fairly well documented 

(Prance 1982); since 1984, an effort to evaluate the extent of this aridity in the 

Venezuelan Guayana Shield (Figure 1) has been in progress (Schubert 1986). Nine­

teen radiocarbon dates of highland peat, located on quartzite table mountains, sug­

gest a maximum age of about 8,000 yr B.P., corrected for modern contamination 

(Schubert et al. 1986). Thus, peat deposition, characteristic of present-day humid 

conditions (�4,000 mm yearly rainfall), began in the early Holocene, and that un­

favorable climate for peat formation prevailed in the late Pleistocene. 

Alluvial deposits along several rivers in the piedmont area of the table mountains 

(mainly Auyan), in the form of at least four terraces, consist of unbedded sandy gravel 

and conglomerate in a ferruginous matrix. Angular to subrounded clasts are com­

posed of quartzite, jasper, chert, and diabase (Precambrian Roraima group) derived 

from the table mountains. Older terraces have been partially buried by Holocene 

alluviation, an indication of negligible uplift. These alluvial deposits suggest a previous 

episode of intermittent, torrential sedimentation under a drier climate than today. 

Several wood and charcoal samples are being radiocarbon dated. 

Because little pollen morphological data exists on the plants of the table mountain 

summits, and species diversity is high in the region, a preliminary catalogue of highland 

C. Schubert and M.L. Salgado-Labouriau, Centro de Ecologia, I.V.I.C., Apartado 21827, Caracas 1020A, 

Venezuela. 
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pollen types was prepared (Salgado-Labouriau and Villar de Seoane, in press), and 

the palynological analysis of peat cores from the summits is now in progress. Highland 

peat was cored and sampled from outcrop in the Chimanta and Guaiquinima Massifs; 

the contact between the peat and the Precambrian quartzite was found at a max­

imum depth of 2 m. According to the radiocarbon age above, the pollen analyses 

will cover most of the Holocene. Lowland (savanna) peat was cored at Arapan River 

and at three localities near the middle Kukenan River (two are associated with small, 

permanent lakes); these sites were sampled to a maximum depth of 2.5 m, where the 

0 

' 
' 
' 

/ 

\ D GUAYANA 

km 

Uf'!'TA 

\de Gu��(_ \ 
bGUASIPATI 

' I 

'oEL CALk 

' 

' 

' 
' 
' 

I 

1///!.'
Pl ri / · . Aponguao 
"'.1;._ Aro pan 

' 

BRASIL 

Figure l, Location of study areas, Stippled areas are table mountains (1,600-2,400 m elevation); these are 

surrounded by areas of tropical forest and savanna (900-1,000 m; hatched area). Circles: sites of highland 
peat collection; squares; sites of lowland peat collection; triangles: sites of alluvial deposits. 
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peat overlies an ochre, ferruginous sand, interpreted as part of a pre-Holocene 

duricrust. Radiocarbon analyses of six samples are currently being processed. 

Palynological analyses of highland and lowland peat, and a comparison with the 

modern flora of the table mountains (Grupo Cientifico Chimanta 1986, Huber 1986) 

and surrounding savannas, will aid in the paleoecological reconstruction of the 

Holocene climatic history of this region. It is expected that the lowland cores will 

reach Pleistocene ages to enable the testing of the biological "refugia" hypothesis. 

This study is part of a long-term project in collaboration with C.V.G.-EDELCA, the Department of Earth 

Sciences (University of Waterloo, Canada), and support of CO NI CIT Grants Sl-1343 (0. Huber) and Sl-1834 

(C. Schubert). 
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monsoons 87 

Montana I, 5, 137, 139, 140 

Monte Verde site 82, 115 

moose-elk 36 

Moscow Fissure 105 

Mount Hagen site 2 

mouse 

deer I 19 

field 4 

meadow jumping 119 

northern grasshopper 4 

pocket 4 

white-footed 119 

Mt. Mazama ash 64, 65 

Muckafoonee Creek 47, 48 

Mud Lake site 2 

Musashidai site 61 

Musashino Upland sequence 61 

musk ox 36 

extinct 40, 11 7 

tundra 117 

woodland 11 7 

muskrat 119 

Mustang Draw 127 

Mustang Springs 129 

site 126f, 127, 128 

Mustela 108, 115 

sp. 119 

erminea 105, 108, I 13 

frenata 108 

nivalis 113 

Mylodon 152, 16.J.. 

darwini 158 

Mylodon Cave 15lf, 152, 158 

Myrtaceae 153 

Nagakuki site I 9 

Nakamine C site 19 

Nakazanya site 63 

nandu de las pampas 147 

nandu petiso 147 

Nebraska 4, 67, 103, 104, 124, 130, 131 

Nebraskan 124 

neoglacial deposits 93, 95 

Neolithic 8, 9 

early 8 

Neosho River 136, 137 

Neoloma 4, I 08 

cmerea 108 

j/oridana I I 9 

lepida 108 

Neuquen Province 153 

neutron activation analysis 60 

New England 21, 27 

New Mexico 13 

Ningxia site 

Niobrara River I 03 

niobrarite 69 

Nishinodai Location B 63 

Nivel II 146 

Northwest Coast 45, 46 

Nothofagus 152-154 

antarctica 154 

dombeyi I 53, I 54 

nervosa 154 

obliqua-type 153 

pumil/io 154 

Nothrotherium 84, 144 

Nowhere Spring site 2 

oak 10, 22, 29, 90, 92, 96, 98 

Oblazowa Rock 112 

obsidian 6, 52, 63, 66 

hydration 53 

Ochotona sp. 1 I 3 

ochre 34, 82, 83, 115, 143 

Ocmulgee River Big Bend 49 

Oconee River 48 

Odocoileus 6, 13, 111, 115 

virginianus 119 

Ohio, eastern 29 

Ohio River 31, 32, 71 

Oklahoma 4, 10, 19, 41, 57, 130, 131 

Olar sp. 119 

Ondatra zibethicus 119 

Onohippidion saldiasi 14 7 

Onoh,j,pidium 161, 152 

Ontario 4, 11-13, 29, 109-111, 165 

Onychomys leucogaster 4 

opal 138, 148, 149 

organic material 113 

ostrich 

Ovibos moschatus 11 7 
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Ov,s canadensis 115

owl 4, 119 

Owl Pond 97 
Ozotoceros bezoarcticus 161

Pacific Northwest 64, 88 

paintings 146 
Palae/oxodon cf. tokunagai 8 

paleoclimate 129, 150, 155, 156 

models 87 
paleoecology 98, I 00, 164 
paleoenvironment 127, 152 

Paleoindian (see also projectile point) 

Paleoindian 10-14, 17, 21, 27-31, 47, 61, 81, 82, 
89, 91, 93, 98, 109-111, 131,132,136,152, 

159 

artifact 4, 82, 100 

assemblage 38, 71 

early 11, 12, 109 

Eastern 47 

late 12, 4 7, 48 
occupation 5, 30, 32, 47, 50, 91, 118, 136 
Ontario 111 

settlement patterns 39 

site 30, 31, 34, 36, 48, 54, 55, 59, 82, 83, 100, 

132, 133, 136, 137 

sites, locating 100 

Pa/eolama 142-144 

cf. wendelli 161 

Paleolithic 7, 9, 15, 26 

early 9, 19, 20, 26 
late 7-9, 14-16, 19, 20, 25, 26, 113 
middle 19, 25, 26 

paleosol 3, 25, 26, 123, 130, 131, 133 

Pali Aike Cave 157, 158 

palynology 89, 91, 96,125,150,154,155,158, 

163, 164 

Pampatherium 144 
Pampas 148, 159-161 
Parabison 16 

Parahipparion 14 7 

Parkhill site 111 
parkland 

shrub 92 

spruce 99, 100 
parrot 143, 144 

Pass Creek 138 

passenger pigeon 119 

passerines 119 

Patagonia 145, 146, 152, 157, 158 
Pavlov culture 113 

peat 91, 110, 133, 164, 165 
cores 163 

deposition 162 

bog 64, 65 

peccary 40 

extinct 119 

giant 143 

Peccary Cave 105 

pecking-abrading 115 
pedogenesis 126, 131 
Pennsylvania 5 

percussion breakage 11 S 

Perissodact ylia 165 

permafrost 15 

Permian 11 

Perognathus cf. hispidus 4 
Peromyscus 4 

sp. 119 
Phenacomys cf. intermedius 105 

phreatophitic growth 126 
Picea 16, 90-92, 96, 99 

glauca 38 
piece d'esquille 69 

pigeon passenger 1 19 

pika 113 

pine 15, 22, 96-99 
jack 90-93, 96, 99 

pitch 96, 98 
ponderosa 38 

red 90, 92, 93, 99 
white 90, 93, 96, 98, 99 

Pinus 15, 90-92, 96, 99 

banksiana 90-92, 96, 99 
ponderosa 38 

resmosa 90, 92, 99 

ngida 96 

slrobus 90, 96, 99 

Pipestone Creek 2 

Pipestone Flats site 1, 2 

Piscataquis River 23, 24 

Pitymys subterraneous 113 

Plains 17, 18, 47, 69, 82, 83 
Plainview 

occupation 17, 18 

site 17, 128f, 129 

plankton 99, 100 

Plano assemblage 59 

General Index 

Pleistocene 1, 3, 11, 13, 17, 19, 40, 114, 138, 

158, 159, 161, 164 
deposits 103 
early 25, 132 

late 1, 3, 21-23, 25, 49, 78, 84, 103, 108, 
112-114, 127-129, 146, 159, 162 

middle 8, 25, 132 

occupation 145 

Podocarpus nubtgenus 153, 154 

point (see projectile point) 
Point of Rock Caves site 2 

Poland 112 
polish 115 

pollen 9, 14-16, 21, 22, 24, 55, 89, 90-92, 96-99, 
109, 152, 162, 163 

Polypodiaceae 16 

Pomatiopsis lapidaria 4 

Populus 91 

lremuloides 38 

porcupine 119 
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posthole 38 
Praeovibos 11 7 

prairie dog black-tailed 

pre-Clovis 19, 40, 82 
occupation 114 

pre-Illinoian 124 
pre-Wisconsin 132 

precipitation 87 

predator 4 
perforators 69 

6 

preform 10, 51, 53, 59, 71, 148, 149 
Folsom 57, 59 

prehistoric, late 3 

proboscideans 8, 109-111 
Procyon lotor 119 
pronghorn 115 
projectile point 

Agate Basin 5, 31, 32, 91 
Alberta 38 
Archaic 13, 55, 119 
Beaver Lake 31, 32 
bifacial 14 7 
bone 142 
Brown's Valley 91 
Central European, backed 113 
Clovis 31, 32, 48, 49, 60, 66-69, 118 
Clovis-like 64, 119 
corner notched 49, 71 

corner-notched, Charleston 71, 73 
corner-notched, Kirk 71, 73 
corner-notched, Pine Tree 71, 73 

Cumberland 31, 37, 49 
Cumberland-type 118 
Dalton 47, 48, 49, 68 
fishtail 148, 158 
fluted 32, 34, 37, 47, 48, 49, 54, 64-67, 69, 

109-111, 118, 119 
fluted, Alaskan 66 
fluted, Barnes 13, 109 
Folsom 6, 10, 11, 57, 58, 64, 67, 68 
Gainey 13 
Hell Gap 5, 13 
Hi-Lo 13 
Holcombe 13 
Kirk 31, 72 
lanceolates 49 

manufacturing 149 
Midland 57 
notched 13 
obsidian 66 
Paleoindian 13, 30, 31, 48, 49, 66, 68 
Paleoindian, late 119 
Plainview 31, 32, 66 
pre-Dalton 49 
preforms 149 
Quad 31, 32, 49 
side-notched 23, 49 
Simpson 49 
stemmed, Fell's Cave 148, 149 

stemmed, small 13, 23 
Suwannee 49 

triangular 158 
protohistoric 10 
Prumnopitys andinus 154 
Pterocnemia pennata 147 

Qingziyao site 

quarry site 2, 139, 140 
quartz 59-61, 142, 143, 149 
Quartz site 2 
quartzite 1, 38, 59-61, 123,142,148,149,162 
Quaternary 10, 11 

late 17 
Quercus 90, 92, 96 

rabbit 4, 6 
racoon 119 

ragweed 90, 92, 99 
Rahue site 15llf 
Rancho La Brea 84, 85 
Rancholabrean 103 

bone accumulation 79 

Rangifer 13, 111 
lranandus 113, 118 

Ranunculaceae 16 

Rattle Snake Spring site 2 
rattlesnake, timber 119 
Red Hills 42 
reindeer 113 

reptile 113, 115, 118 
Reservoir Lakes Bog 2 89 

rhea 147, 161 
Darwin's 147 

Rhea americana 147, 161 

rhinoceros 9, 15 

woolly 15 
Rhizocarpon geographicum, s.l. 93-95 
rhyolite, glassy 35 
rice, wild 92, 93 • 
Rice Lake region 11-14 
Rio Grande 13 
Rio Negro Province 153 

rituals 83 
Robbins Swamp 21, 22 
Rocky Mountains 1, 5 

rockshelter 1, 31, 141, 143, 146, 148 
rodent 4, 8, 113, 115 
Rosaceae 152 

Rubiaceae 16 
Rucker's Bottom 4 7 

rushes 128 
Ryan's site 17, 18 

salamander 4, 119 
Salawusu site 7 

Salina site 15 lf 
Salix 90 
San Pedro Valley 125 
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Sand Hills 67 

sandstone Hixton 60, 61 
Sanggan River 7 

Sanmenxia site 7 

Sarawusu site 8, 9 

Saxifragaceae 16 

Scalopus aquatics 4 

scavengers 77 

Scharbauer site 128f, 129 
Sciurrus 119 

Scottsbluff site 81 
scraper 7, 8, 11, 63, 69, 142, 143, 160, 161 

end 6, 10, 13, 27, 28, 39, 55, 69, 71, 136 
side 6, 27, 28, 34, 71, 146, 147 

scratch marks 7 3, 7 4 

scute 148 

sea levels 98 

Section Corner site 2 

sedge 4, 90, 92, 99, 128 

sediment 98, 99, 123 

aeolian 1, 128, 129, 132, 133 

glacial 123 
lake-bed 138 
littoral 126 

Selaginella I 6 

Shanxi Province 

Shaanxi Province 7, 8 

Sharrow site 23, 24 

Shawnee Minisink 5 

Sheaman campsite 83 

sheep, bighorn 115 

Shibiki site 19 
Shiyu site 7, 9 

shrew 113 

least 4 

masked 105 
short-tailed 119 

shrub ox 116 

Shuidonggou site 7, 8 
Siberia 25, 120 

Sierra Nevada, western 87 

siltstone 59 

sinkhole 30, 101, 102, 107 

skunk, striped 119 

sloth 142, 143 

Smith Springs 103 
snail 4, 41, 113 

snake 4 

colubird 119 

Snake Creek Burial cave 107, 108 
Soergelia 117 
soil morphology 93 
Sorex 

sp. 113 
cf. cinereus 

souslisk 113 

South America 

South Dakota 

105 

156, 162 

38 
South Patagonia 14 7 

South Platte River 67 

Southeast 47 

Southwest 87, 88, 111, 118 

Spanish Diggings Quarry 38 
species diversity 100 

Spermophilus 

sp. 113 

cf. parryii 105, 106 

richardsoni 103 

townsmdii 108 

Spire Rock Spring site 1, 2 
spokeshaves 69 

sponge 64 

General Index 

spruce 29, 90, 91, 96, 99, 109, 111 

white 38 
squirrel 

arctic ground 105 

flying 119 

fox 119 

gray 119 

ground 103 

ground, Townsend's 108 

steppe 152-154 
sagebrush 134 
tundra 106, 113 

stoat 113 

stream wear 78 

Stroud Basin 94, 95 

Swainson's hawk 107 

swan 119 
Swan's Landing site 31, 71, 72 
Sylvilagus 4 

aubudonii 108 
nuttallii 108 

Symbos 117 

cavijrons 40, 1 1 7 

Synaptomys cooperi 119 

taconites 59 

Tadqhikistan, south 25, 26 
Taqua-Taqua site 154, 155 

Taiyuan Province 7 

taphonomy 73, 78 
Tatras 113 

Tayassu 143 

Tayassuidae sp. 1 19 
Taylor Hill site 47 

teeth, animal 141-144 

terrace 3, 132, 133, 138, 162 

stream 136, 137 

Wisconsin 136, 137 
Tertiary 1, 138 

early 1 
late 73 

Texas 3-5, 13, 17, 127, 132 

Thedford site 29 

Theriault chert quarry site 47 

36LA366 54 

Thomomys sp. 103 
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Thompson Creek 43 
Three Forks 140 
Tierra de! Fuego 152 
till 138 

red 123 
gray 123 

Toca da Gameleira 141, 142, 143 
Toca de Manoel Latao 143 
Toca do Cosmos 142, 143 
Toca dos Buzios 143 
Toldense site 146, 147 
tool 6, 7-9, 27, 28, 31, 38, 39, 55, 60, 63, 71, 

78, 83, 110, 115, 136, 143, 161 
biface 54 
bone 14, 40, 63 
flake 47, 53, 55, 63 
flaked 34 
lithic 9, 14, 23, 26, 32, 33, 69, 74, 83, 144, 148 
pebble 115, 142 
uniface 10, 11, 31, 38, 49, 54 
wood 63 

toxodon 141 

trade 70 
Trail Creek 138 
Trail Draw site 38, 39 
trample marks 73, 74 
trampling 73, 143, 144 
Tsuga 97 
tuff 115 
tundra 

moorland type 150 
shrub type 90, 92, 93 

turkey 119 
turtle 11, 42, 73, 119 
12 Mile Creek site 81 
Typha 128 

Ukraine 25, 26 
Ulmus 92 
ungulate 121 
uniface 32, 53, 146, 149 
Unionideae 8 

Urocyon 108 
Ursus 

sp. 119 
amencanus 115 

use-wear 69, 143 
USSR 25, 26 

Vaca Lauguen site 151f, 154 
Vail site 35 
Valvata tricarinata 4 
Venezuela 163 
Venezuelan Guayana Shield 162 
vole 4, 6, 105 

bank 113 
European pine 113 
heather 105 
meadow 119 

narrow-skulled 113 

red-backed 103 
root 113 
singing 105 
snow 113 
water 113 
yellow-cheeked 

Vulpes 

ue/ox 108 
uulpes 108 

103 

Wada Pass 63 
Wallace Reservoir 48 

weasel 108, 109, 113 
long-tailed 108 
short-tailed 108 

weathering 93, 115 

Weber Lake 99 
Wei River 7 

wetlands 98 
whetstones 63 

Whipple site 35 
Wichita Mountains 10, 11 

Willcox Playa 124, 125 
Willis terrace 132, 133 
willow 90 
Wind River Mountains 93, 95 
Winters site 10, 11 

Wisconsin 1, 45, 61, 105, 135 

late 106, 121 
mid 101 

wolf 113 
wolverine 103, 104, 107 

Wolverine Slide 103 
wood 69, 79, 133, 162 
woodchuck 119 
Woodfordian 36, 37 
Woodland 22, 98, 118 

middle 23 
woodlands 150, 153 
woodpecker 119 
wood rat 4, 107, 108 
wormwood 90, 92, 99 
Wurm glaciation 25 

Wyomin_g 5, 38, 93, 134 

Xiachun site 

Xiaochangliang site 

Xiaonanhai site 7 

Xiaoxingan Mountains 15 

Xihoudu site 7 
Xiqianfeng site 7 

Xujiayao site 7, 9 

Yanjiagang site 16 

Yangze River 8 
Yellow River 7 
Yukon northern 165 

Zaedyus pichiy l 61 
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Zapus hudsonius 119 

Zazaragi site l 9 
Zhoujiayoufand I 6 
Zizania aquatica 92 

General Index 
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