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persist: by reshuffling individuals, increasing or decreasing population size, and 
favoring particular genotypes, all of which leave a mark on communities.  Empiri-
cal evidence of this dynamic remains difficult to obtain, but a phylochronologic 
approach makes it possible.
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THE LAST GLACIAL – INTERGLACIAL TRANSITION IN THE 
MISSISSIPPI RIVER VALLEY

Hajic, Edwin R., Illinois State Museum, Springfield, Illinois  62703, USA, 
e.hajic@comcast.net and Bettis, E. Arthur, III, Department of Geosciences, Uni-
versity of Iowa, Iowa City, IA  52240, USA

Multiple deglacial floods of enormous magnitude and varying sources coursed 
down the Mississippi River Valley as last glacial ice retreated.  These floods are 
responsible for nearly all large landforms in the upper and middle valley reaches, 
and left isotopic signatures in the Gulf of Mexico sediment record.  The last of 
these huge floods occurred at some point within the second century following 
the Pleistocene – Holocene transition.  The flood had considerable geomorphic, 
stratigraphic and archaeological impact: direct geologic evidence within the valley 
of the trajectory of the Pleistocene – Holocene transition prior to the flood was 
erased, and the platform for Holocene evolution of the Mississippi River Valley 
was reset.  

Geomorphic and temporal evidence supports a Lake Superior Basin source and 
St. Croix River Valley route for this youngest flood.  Although not the largest of 
the catastrophic deglacial floods, discharge was substantial enough to cut the St. 
Croix Valley, and in the Mississippi Valley, leave a considerable geomorphic, 
stratigraphic, and sedimentologic record inset into higher terraces throughout the 
upper and middle valley reaches, and into at least the upper part of the lower val-
ley, as well as lower reaches of some tributary valleys.  This flood is responsible 
for the youngest isotopic excursion in the Gulf of Mexico stratigraphic record.  In 
it’s wake, the flood deposited a distinctive reddish brown clay marker bed.  The 
marker bed is located within paleochannels cut by the flood; within fine braid 
channels on remnants of the Kingston Terrace, the lowest sandy terrace remnants 
in the upper and middle Mississippi Valley, some of which were probably active 
bars within the flood flow; within braid or distributary channels on the Pv1 surface 
in the lower valley; at the base of the Old Field Swamp section at the head of the 
Western Lowlands; and, at depth in lower reaches of tributary valleys with low 
gradients that downcut in response to the flood.  

Many catastrophic deglacial floods are related to drainage of proglacial lakes, 
but of greater importance and interest are the factors that initiate discharge and 
their relation to ice dynamics and climate.   For example, the Kankakee Torrent, 
ca. 15,500 C14 kaBP, the apparently greatest catastrophic Late Wisconsin degla-
cial flood to course down the Illinois and Middle and Lower Mississippi valleys, 
drained significant proglacial lakes formed as the Lake Michigan Lobe rapidly 
retreated to the Lake Michigan Basin.  But there is ample geomorphic and strati-
graphic evidence to indicate the flood was triggered and augmented by pressurized 
subglacial discharge from beneath, at a minimum, the Lake Michigan Lobe, not 
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simply by failure of a morainal dam.  Similar evidence is found along the con-
temporaneous ice margin position in the eastern and central United States, and 
suggests fundamental changes within the ice sheet.  Whether similar factors played 
a role in triggering the youngest flood, or whether it is more closely related to an 
advance or surge of the Lake Superior Lobe about the time of the youngest flood is 
unclear.  Of interest is that geomorphic evidence from where the Brule and Kettle 
rivers join to form the St. Croix River suggests that the former two rivers simul-
taneously carried waters of this flood, even though there is considerable distance 
between their headwaters adjacent to the Lake Superior Basin.

Surfaces scoured or cut by the flood were voided of prehistoric cultural depos-
its older than the youngest Paleoindian cultural deposits.  Within the Upper and 
Middle Mississippi Valley, Early and Middle Paleoindian sites are located only 
on terraces higher than the Kingston.  A discontinuous incipient soil signature in 
the reddish brown clay marker bed points to a brief hiatus in sedimentation im-
mediately after the flood, some 7 – 9 m below modern floodplain level, prior to 
establishment of wetlands.  Subsequent aggradation of substantial increments of 
floodplain overbank sediment ensued.  Early and Middle Archaic cultural deposits 
are preserved in buried floodplain contexts where not voided by subsequent activ-
ity of island-braided and meandering Mississippi River paleochannel belts and the 
active channel.
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CULTURE CHANGE, CONTINUITY AND VARIABILITY ACROSS THE 
PLEISTOCENE-HOLOCENE BOUNDARY ON THE GREAT PLAINS 
AND ROCKY MOUNTAINS

Hofman, Jack L., Dept. of Anthropology, University of Kansas, 1415 Jayhawk 
Blvd. 622 Fraser Hall, Lawrence, KS 66045. hofman@ku.edu

At the close of the Pleistocene, people using Clovis technology were widely 
dispersed across much of non-glaciated North America.  The mosaic of dynamic 
terminal Pleistocene environments offered diverse challenges and opportunities 
for Clovis people. It has been argued that their economic patterns were broad 
spectrum and their social patterns varied when viewed holistically (Collins 2007; 
G. Haynes 2002; Meltzer 2009; Stanford 1999). Clovis economic patterns and 
settlement organization have, in fact, been compared favorably to that of mid-Ho-
locene “Archaic” hunter-gatherers (e.g., Collins 2007).  We can acknowledge two 
key differences between Clovis and mid-Holocene hunter-gatherers. Notably, the 
broadly homogeneous technology of Clovis across many distinctive environments 
as opposed to more regional or localized Archaic technologies, and the distinctive 
habitats, ecology, and species combinations in Clovis time which included now-
extinct or extirpated Pleistocene species. These caveats aside, the Clovis-Archaic 
comparison is an insightful and useful one.

We can view Clovis as broad spectrum foragers, a spectrum which included ex-
tinct species such as mammoth, mastodon, and camel, but also included Holocene 
dominants such as bison, deer, caribou, and smaller species such as fish (McNett 
1985) and birds (Fiedel 2007).  This perspective enables a framework for view-
ing Clovis in contrast to more regionalized and more focused economies of some 
early Holocene hunter-gatherers such as Folsom and Allen in the Plains region, or 
Dalton and San Patrice to the east.

The issue of Clovis contemporaries, especially in the continental United States, 
has received increasing attention (e.g., Beck and Jones 2010; Bryan 1999; Frison 
1991; Stanford et al. 2005), as has the potential relationships between Clovis and 
sequent cultural complexes. Chronological and technological evidence pertaining 
to Western stemmed, Nenana, El Jobo, and in the Plains area Goshen and Plain-
view, suggests that at least some Clovis people had non-Clovis neighbors. This 
multi-cultural pattern of co-traditions has been long accepted for post-Clovis time 
and Frison (1992, 1998) has repeatedly argued for geographically overlapping 
co-traditions in Paleoindian and Archaic time for the Plains and southern Rocky 
Mountains.

Clovis in the Plains and Rocky Mountain areas is here reviewed from the perspec-
tive of origins and economic diversity, highlighting the use of Pleistocene and 
“modern” species by Clovis people.  Patterns of resource use may hold important 
clues to understanding the apparently rapid dispersal of Clovis technology and 
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people (cf. Haynes 1964; Waters and Stafford 2007). Pre-Clovis evidence in the 
Plains region, while not unanimously accepted, has increased in substance and 
quality in recent years (Collins and Bradley 2008; Holen 2006; Gilbert et al. 2008; 
Wyckoff 1999; Wyckoff et al. 2003). This adds to the possibility of cultural diver-
sity during Clovis time, especially if we view Clovis as having originated not on 
the Plains but elsewhere.  Clovis origins to the south and east of the Plains region 
has been repeatedly suggested (Mason 1962; Stanford 1999; Hofman et al. 1999).

Reorganization of biota during the Pleistocene-Holocene transition resulted in 
formation of the relatively homogeneous Plains ecosystem (Graham and Lundelius 
1984; Guthrie 1986), where, due in part to extinctions, bison become the dominant 
herbivore. Human groups adapted quickly to economies focused on or heavily de-
pendent upon bison hunting.  This pattern, with roots in Clovis time (Haynes and 
Huckell 2007; Bement and Carter 2004; Hester 1972), flourished with Folsom in 
the early Holocene when we see the first Plains-wide and Plains or bison-focused 
culture and technology. Variations on this economic pattern, with many techno-
logical expressions and developments, persisted through the Holocene until the 
historic demise of bison populations. The distribution of Folsom sites and artifacts 
corresponds well with the known early Holocene distribution of bison (Munson 
1990; Hofman and Graham 1998; Stanford 1999).

The issue of Clovis descendents becomes much more involved and less straight 
forward if we accept the existence of Clovis contemporaries. While Clovis 
remains a key, perhaps the key, cultural and technological reference for North 
American Pleistocene archaeology, learning more about how and where Clovis 
technology and people developed and dispersed and who they became remain im-
portant and unresolved challenges. We need to hold open the likelihood that Clovis 
people had multiple technologically and regionally distinctive contemporaries and 
descendent groups.
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Alluvial and Lacustrine Stratigraphy Across the 
Pleistocene-Holocene Boundary in the Great Plains and 
Southwest

Holliday, Vance T., School of Anthropology & Department of Geosciences, Uni-
versity of Arizona, P.O. Box 210030, Tucson AZ  85721-0030, vthollid@email.
arizona.edu; Mandel, Rolfe D., Kansas Geological Survey, University of Kansas, 
1930 Constant Ave., Lawrence, KS 66047-3724.

The Great Plains and the Southwest have provided significant stratigraphic and 
geomorphic records of the Pleistocene-Holocene transition since the early days of 
Quaternary research in the U.S.  Stratigraphic research on the late Quaternary his-
tory of both regions, aimed at paleoenvironmental reconstructions, was especially 
active in recent decades, with widespread field studies, particularly in the context 
of archaeological research.  This paper summarizes the valley and lake basin strati-
graphic records in both areas along with updates of the eolian stratigraphy on the 
southern Great Plains and the Southwest.  The Great Plains offer a look at strati-
graphic records in generally similar settings along a longitudinal gradient across 
a broad open landscape. The stratigraphic record from the southern Great Plains 
across the Southwest provides a latitudinal look at varied depositional environ-
ments from the open, semi-arid Plains across to the desert basins and ranges.

Post-LGM late Pleistocene sedimentation on the Central Plains initially was 
characterized by coarse alluviation. Hydrological changes at ca. 12,000 to 11,000 
14C yr B.P. due to lower and less flashy discharge resulted in slower sedimentation 
in the valleys of large rivers. From ca. 11,000 to 10,000 14C yr B.P., thick, organic-
rich cumulic soils developed on floodplains (now terraces) in those valleys and in 
the lower reaches of major tributaries of the trunk streams (Mandel 2006, 2008). 
In the valleys of some large streams, cumulic soil development continued until ca. 
8500 14C yr B.P., at which time cumulization was interrupted by rapid alluviation. 
Most intermediate and small streams in the Central Plains contain no alluvium dat-
ing to the Pleistocene-Holocene transition due to erosion in the middle Holocene. 
An exception is the thick alluvium with multiple buried soils dating to the Pleisto-
cene-Holocene transition stored in the valleys of small, ephemeral streams (draws) 
in western Kansas inset into late Pleistocene loess and older deposits (Mandel et 
al. 2004; Mandel 2008). The soil-stratigraphic record in the draws indicates very 
slow aggradation punctuated by episodes of landscape stability and cumulic soil 
development beginning as early as ca. 11,600 14C yr B.P. and continuing as late as 
ca. 8200 14C yr B.P., but most of the buried soils formed between ca. 11,000 and 
9000 14C yr B.P. Alluvial fans on the High Plains of western Kansas have a record 
of alluviation similar to that in the draws: slow aggradation punctuated by multiple 
episodes of stability with soil development ca. 13,000 to 9000 14C yr B.P. In east-
ern Kansas and Nebraska, alluvial fans developed locally as early as  ca. 11,300 
14C yrs BP. Playa basins are inset into the Peoria Loess. Some basins were stable 
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during the Pleistocene-Holocene transition while others contain evidence of soil 
cumulization between ca. 12,500 and 9000 14C yr B.P. (Mandel 2000, 2006, 2008).

In proximity to and draining the glaciated Rocky Mountain Front Range, the South 
Platte River exhibits a stratigraphic record very different from that farther east 
(Haynes et al 1998). There the terminal Pleistocene is represented by gravelly al-
luvium of the Kersey/Broadway terrace. Incision of the late Pleistocene floodplain 
and formation of the terrace began by ca. 11,000 14C yr B.P. Aggradation of valley 
fill beneath the next lower geomorphic surface was underway by ca 10,000 14C yr 
B.P. and continued into the early Holocene.

The Pleistocene-Holocene transition on the southern Great Plains is preserved in 
stream valleys (Edwards Plateau), draws, playa basins, and dunes (Southern High 
Plains). The draws entrenched by ca. 15,000 14C yr B.P.. and were aggrading with 
alluvium by ca 12,000-11,000 14C yr B.P. (Holliday, 1995). Most draws shifted 
to filling with diatomaceous earth and/or marsh muds and localized eolian sands 
between ca 11,000 to 10,000 14C yr B.P., marking a shift to alluvial and lacustrine 
or palustrine conditions due to water table decline and the onset of  Holocene arid-
ity.  Playa basins formed in the LGM and began slowly aggrading from 15,000 to 
12,000 14C yr B.P. with organic rich mud; this cumulization continued through the 
Holocene (Holliday et al. 1996, 2008). Some playas have late Pleistocene lake car-
bonates. These basins typically have lunettes bordering the basins (Holliday 1997). 
These dunes consist largely of calcareous sediments, likely derived from the lake 
carbonate during arid phases. Buried soils represent stability of dunes and playas 
during wetter periods. The Pleistocene-Holocene transition is represented by both 
eolian deposits and soils, representing cyclic wet-dry phases from ca. 12,000 to 
8000 14C yr B.P. Eolian sand in dune fields began accumulating between 11,000 
and 10,000 14C yr B.P. (Holliday 2001).

Data from master streams and creeks on the Edwards Plateau are spotty and 
largely from archaeological contexts. Nevertheless, the pattern seen on the rest 
of the Plains is apparent. Following post-LGM incision, valleys aggraded with 
coarse, late Pleistocene alluvium. The period ca. 11,000 to 10,000 14C yr B.P. is 
characterized by a shift to finer-grained alluvium or paludal sedimentation (Blum 
et al. 1994; Goldberg and Holliday 1998; Mandel et al. 2007). 

Most of the Pleistocene-Holocene stratigraphic records in the Southwest are pre-
served in lake basins and in scattered drainages. Post-LGM lakes were rising until 
ca. 12,000 14C yr B.P. and then either stabilized (Cochise, Estancia) or dropped 
somewhat (San Agustin). The record of the Pleistocene-Holocene transition is 
unclear, but Lake San Agustin apparently was stable and Lake Estancia underwent 
widespread wind deflation by ca. 10,000 14C yr B.P. (Allen and Anderson 2000). 
Small playa basins in the Central Rio Grande Valley filled with mud, representing 
relatively moist, vegetated conditions beginning ca. 15,000 to 12,000 14C yr B.P. 
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until the late Holocene (Holliday et al. 2006). Stable-C isotopes and C/N ratios 
suggest a shift toward warmer, drier conditions beginning ca. 11,000 to 10,000 
14C yr B.P. Master streams in the region are poorly dated, but the floodplain of 
the middle Rio Grande was likely stable from the late Pleistocene into the early 
Holocene (Connell 2007). The upper San Pedro Valley, based on limited coring  
(Ballenger 2010), also was stable. Arroyos, however, were more active. Tributaries 
to the upper San Pedro were alluviating until 11,000 14C yr B.P. and then stabilized 
with algal “black mats” (Haynes and Huckell 2007).  Some low order drainages 
in central New Mexico were deeply incised in the late Pleistocene, then aggraded 
with alluvium until ca. 10,500 14C yr B.P. Organic-rich muds then accumulated 
until well into the Holocene (Holliday et al. 2009).

In sum, the details of the litho- and soil-stratigraphic records for the Pleistocene-
Holocene transition vary across the Great Plains and Southwest, but there are 
similar region-wide patterns in the records. Specifically, effective precipitation 
decreased and water tables declined during and after the transition, a trend that is 
well documented in river valleys, draws, playa basins, and dunes. Hence climate 
change during the Pleistocene-Holocene transition was the major driving force 
responsible for similar region-wide patterns of landscape evolution in a large seg-
ment of North America. 
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CONSISTENCY OF YOUNGER DRYAS CLIMATIC, BIOTIC AND 
OCEANIC CHANGES WITH YDB COSMIC IMPACT HYPOTHESIS

Kennett, J.P., Dept. of Earth Science, Univ. of California, Santa Barbara, CA 
93106, kennett@geol.ucsb.edu. Kennett, D.J., Dept. of Anthropology, Univ. of 
Oregon, Eugene, OR 97403. West, A., Geoscience Consulting, Dewey, AZ, 86327. 
Stafford, T.W., Stafford Research Inc., 200 Acadia Ave., Lafayette, CO 80026. 
Weaver, J.C., Dept. of Physics, Univ. of California Santa Barbara, Santa Barbara, 
CA 93106. Wolbach, W., Kinzie, C., Dept. of Chemistry, DePaul Univ., Chicago, 
IL 60614. 

A diverse assemblage of nanodiamonds and other proxies found at the Younger 
Dryas boundary layer (YDB) across North America is consistent with a high-tem-
perature cosmic event at 12.9 ka (+/- 100 yrs) at the onset of the Younger Dryas 
(YD). High-resolution stratigraphic studies indicate that the YD onset was marked 
by a range of remarkable events in the Earth’s environmental and biotic systems. 
Collectively these events represent compelling evidence in support of the cosmic 
impact hypothesis. In this contribution, we will discuss the following: 

A)	 YD TRIGGERING AND CLIMATE. The hypothesis predicts that the cosmic 
impact would have initiated short-term atmospheric and cryospheric pro-
cesses that led to the onset of YD cooling, starting a cascading sequence that 
begins with a) the destabilization and partial melting of the ice sheet; b) the 
major abrupt drainage of Lake Agassiz, leading to the diversion of fresh water 
outflow from the continental interior to newly opened outlets, including those 
recently reported from the Canadian Arctic margin (Murton et al., 2010); c) 
a major reduction in solar radiation, causing temperatures to drop; and d) an 
abrupt shift in North Atlantic thermohaline circulation (THC). Afterwards, 
climatic feedbacks related to ocean reorganization maintained cool climates 
for the duration of the YD.

	 A major strength of the YD impact hypothesis is that it seems to explain a 
wide range of enigmatic observations and unresolved problems that otherwise 
have not been adequately explained by other hypotheses. It appears unlikely 
that the YD climate episode would have occurred without the cosmic impact. 
Some key points about the YD:

1)	 YD cooling appears unique in its timing, magnitude, and duration since 
it is not predicted by orbital forcing theory, having occurred at near-peak 
northern hemisphere insolation.

2)	 Major cooling perturbations with YD characteristics and timing are not 
evident within the long series of late Quaternary deglacial episodes. 
Earlier documented cooling reversals close to Glacial Terminations II and 
III (e.g. Cheng et al., 2009) appear climatically affiliated with terminal-
glacial rather than deglacial intervals, unlike the YD.
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3)	 YD cooling is atypical because the greatest cooling occurred at its onset 
compared with the more typical near-end strong cooling preceding warm-
ing shifts. 

4)	 Remarkable abruptness and magnitude of YD onset cooling occurred 
within one year based on studies of varved lake sediments (e.g. Brauer et 
al., 2008). This suggests atmospheric climate responses preceded those in 
the ocean. 

5)	 Lake Agassiz outflow abruptly switched from the southern Mississippi 
River outlet at 12.9 ka to newly opened outlets to the Arctic and also 
perhaps the North Atlantic.

6)	 The diversion of overflow water from Lake Agassiz at the YD onset co-
incided with the largest, most abrupt drainage episode from Lake Agassiz 
into the oceans, during which the lake’s elevation fell ~100m (Teller et 
al., 2002). This episode is supported by recorded drainage of Lake Hind, 
a small, but interconnected ice-margin lake whose drainage occurred 
precisely at the YDB (12.9 ka), reflecting a larger regional effect.

7)	 Geologic evidence of a large and extensive outburst flood at the begin-
ning of the YD on the Canadian Arctic margin has been interpreted to 
reflect catastrophic drainage of Lake Agassiz (Murton et al., 2010). 

8)	 At the YD onset, the Keewatin Dome of the Laurentide Ice Sheet under-
went an apparent collapse, and modeled evidence reveals that this caused 
major freshwater flow into the Arctic Ocean (Tarasov & Peltier, 2006).

9)	 Resulting freshwater runoff from such a destabilized ice sheet at the YD 
onset should be broadly distributed in ice sheet peripheral regions, but 
supporting evidence from marine sediment cores is often controversial 
(e.g. Carlson et al., 2009). Nevertheless, compelling d18O evidence was 
reported for low surface ocean salinities at the YD onset from the central 
Arctic Mendeleyev Ridge (Poore et al., 1999) and at the east Greenland 
ice margin (Jennings et al., 2006).

10)	 A remarkably abrupt sea level rise at the YD onset (12.9 ka) of ~3-4m in 
less than 100 years is documented by Bard et al. (2010) based on studies 
of coral sequences from Tahiti and elsewhere. A rise of this magnitude 
and abruptness is highly anomalous during an episode of abrupt cooling, 
and if confirmed, would represent evidence that ice sheet destabilization, 
and not solely Lake Agassiz drainage, caused the sea level rise. 



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

38

B)	 HALL’S CAVE, TEXAS. We present new high-resolution stratigraphic 
evidence for the YDB cosmic impact hypothesis from a well-dated, late 
Quaternary sediment sequence from Hall’s Cave, Texas. The YDB dates to 
12.9 ka in this section, exhibits peak abundances of nanodiamonds (5 differ-
ent allotropes) and aciniform soot at 2400 ppm (~250x background) and other 
materials consistent with a cosmic impact and coincides precisely with the 
sharp base of a darker layer.

C)	 WIDESPREAD BIOMASS-BURNING. Evidence will be presented in sup-
port of a major cross-continental episode of biomass burning associated with 
the YDB.

D)	 MEGAFAUNAL EXTINCTIONS. Firestone et al., (2007) proposed that the 
North American megafaunal extinction resulted from the YDB cosmic impact 
event at 12.9 ka. To test this hypothesis, we critically examined radiocarbon 
ages and stratigraphic positions of these taxa. A small proportion of accept-
able dates indicate that the last occurrence of at least 16 animal genera and 
several other species date to 12.9 ka (+/- 100 yrs). Also, the remains of extinct 
taxa are reportedly found up to, but not above the YDB layer and its correlat-
ed horizons. The abruptness and character of this major extinction is inconsis-
tent with the hypotheses of human overkill and climate change, yet consistent 
with abrupt continental-scale ecosystem disruptions resulting from a cosmic 
impact.

REFERENCES

Bard et al. (2010) Sci. Express Jan.14. 

Brauer et al. (2008) Nature Geosci. 1, 520. 

Carlson et al. (2007) PNAS 104, 6556. 

Cheng et al. (2009) Science 326, 248. 

Firestone et al. (2007) PNAS 104, 16016. 

Jennings et al. (2006) Quat. Sci. Rev. 25, 282. 

Murton et al. (2010) Nature 464, 740. 

Poore et al. (1999) Geology 27, 759. 

Tarasov & Peltier (2005) Nature 435, 662. 

Teller et al. (2002) Quat. Sci. Rev. 21, 879.



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

39

A MOLECULAR ANTHROPOLOGY VIEW OF THE PEOPLING OF THE 
AMERICAS

Malhi, Ripan, Anthropology Department, University of Illinois Urbana-Cham-
paign, IL 61801, USA, malhi@illinois.edu

Molecular anthropology is a multidisciplinary field in which DNA variation is 
evaluated in the context of archaeological, linguistic and other anthropological 
information to infer the evolutionary history of humans.  My laboratory uses mo-
lecular anthropology to investigate the evolutionary history of Native Americans 
and the peopling of the Americas.  

In this presentation, I discuss genomic data that supports two models that have 
recently been proposed for the peopling of the Americas.  The Beringian Incuba-
tion Model (BIM) proposes that the ancestors of Native Americans were isolated 
from Northeast Asian populations for a significant period of time prior to peopling 
the Americas.  The BIM predicts the existence of alleles (haplotypes) widespread 
in the Americas that are not found in Asia.  The Serial Founders Model (SFM) 
proposes that the movement of humans into a previously unoccupied geographic 
region occurs through a series of subsets of the original population creating 
founder effects.  SFM predicts a decline in gene diversity (heterozygosity) with a 
geographic distance from the source population for the Americas.  
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10BE-BASED CHRONOLOGIES OF CIRQUE GLACIATION ACROSS 
WESTERN NORTH AMERICA

Marcott, Shaun A.1, Clark, Peter U.1, Hostetler, Steven W. 2, Shakun, Jeremy D.1, 
Alder, Jay R.1, Brook, Edward J.1, Novak, Anthony M.1, Caffee, Mark W.3, and 
Davis, P.Thompson4  
1Department of Geosciences, Oregon State University, Corvallis, OR 97331, USA, 
marcotts@geo.oregonstate.edu, 2U.S. Geological Survey, Corvallis, OR 97331, 
USA,  3Department of Physics, Purdue University, W. Lafayette, IN 47907-1396, 
USA, 4Department of Natural and Applied Sciences, Bentley University, Waltham, 
MA 02452, USA

Despite progress since the late 1960s toward developing a better understanding of 
late Pleistocene and Holocene glaciation, the timing of alpine glaciation in western 
North America remains controversial.  Uncertainties in this glacial chronology 
largely reflect the various methods that have thus far been used for constraining 
moraine ages.  To address this issue, we present ~110 10Be ages on 20 cirque mo-
raines just distal to Little Ice Age moraines from ten mountain ranges in western 
North America.  Our results indicate glacial retreat from these cirque moraines 
occurred at approximately 14.5±0.5, 12.0±0.5, and 10.0±0.5 10Be ka, with one 
site dating to 2.5±0.5 10Be ka.  We use the Lal (1991) / Stone (2000) scaling for 
our 10Be ages, but note that the difference between the error-weighted mean ages 
calculated for each moraine using the four other scaling schemes (see Balco et al., 
2008) is within the dating uncertainty.

Many of our sampled moraines were previously interpreted to be mid- to late 
Holocene based on a variety of relative and numerical dating techniques (e.g., rock 
weathering, lichenometry, limiting 14C ages).  With the exception of one moraine 
in western British Columbia, our new 10Be chronology suggests that all of these 
moraines are latest Pleistocene or earliest Holocene, requiring a refined interpre-
tation of Holocene glacial activity in western North America and the associated 
climate forcing.  While alpine glaciers may have continued to fluctuate during the 
Holocene, they never advanced beyond the Little Ice Age moraines.

Given the sensitivity of alpine glaciers to climate, accurate and precise chronolo-
gies of their fluctuations are important in developing a better understanding of 
what caused climate changes during the late Pleistocene and Holocene.  While 
some of our 10Be moraine ages may coincide with the timing of rapid climate 
events from the North Atlantic (e.g., Younger Dryas, Bølling-Allerød), others 
do not, emphasizing the importance of local-to-regional climate variability in 
contributing to glacier mass balance changes. To address these issues, we are using 
a hierarchy of numerical models to simulate the primary climatic controls that 
may have caused fluctuations in western North America alpine glaciers during 
the late Pleistocene and Holocene. In particular, we are focusing on isolating and 
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quantifying the controls that may have caused the alpine glacier fluctuations sug-
gested from our new glacial chronologies.  Our modeling strategy employs a fully 
coupled atmosphere-ocean general circulation model (GENMOM), our paleo-
version of the RegCM3 regional model, and a distributed energy-mass-balance 
glacier model.  Model runs are currently being conducted and we will present our 
preliminary findings at the meeting.
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Stratigraphic record of the Pleistocene-Holocene 
transition in eolian sediments of the central and 
northern Great Plains, and its paleoenvironmental 
implications

Mason, Joseph A., Department of Geography, University of Wisconsin-Madison, 
550 N. Park St., Madison, Wisconsin, 53706, mason@geography.wisc.edu; 
Jacobs, Peter M., University of Wisconsin-Whitewater; Johnson, William C., 
University of Kansas; Hanson, Paul R., University of Nebraska-Lincoln; Miao, 
Xiaodong, Illinois State Geological Survey; Feggestad, A.J., University of Wis-
consin, Madison; and Swinehart, James B., University of Nebraska-Lincoln.

Research over the past two decades has led to major advances in our understand-
ing of the stratigraphic record of dune activity and dust accumulation in the central 
and northern Great Plains.  One of the best-dated and most easily traced markers 
within this record is the Brady Soil of the central Great Plains, a paleosol that 
developed through the Pleistocene-Holocene transition, with soil formation begin-
ning between 15 and 13.2 cal ka and ending between 10.5 and 9 cal ka (Johnson 
and Willey, 2000; Mason et al., 2008).  The Leonard Paleosol in loess sections of 
the northern Great Plains appears to be correlative with the Brady Soil and prob-
ably has similar paleoenvironmental significance. 

Loess accumulated at extraordinarily high rates and large dunes were active in 
the central Plains during the late Pleistocene, before Brady Soil formation.  In 
contrast, the Brady Soil represents a period of slow dust accumulation and effec-
tive soil formation, based on both numerical dating and pedologic evidence, and 
there is little evidence of dune activity in the central Plains at this time.  In the 
early Holocene, renewed loess accumulation buried the Brady Soil and there was 
widespread dune activity (Miao et al., 2007).  Overall, extensive recent numeri-
cal dating and stratigraphic investigations support the view that there was a broad 
minimum of eolian activity in the Great Plains around the Pleistocene-Holocene 
transition (Forman et al., 1995).  This interval, marked by the Brady Soil, did not 
correspond to either the Bølling-Allerød (B-A) or Younger Dryas (YD) episodes, 
but instead spanned part or all of the B-A, all of the YD, and at least 1000 years 
after the end of the YD.  

That point leads to an important insight: The Brady Soil does not represent a 
discrete interval of uniform climatic conditions, bounded by abrupt transitions. 
Instead, this paleosol records a complex sequence of paleoenvironmental changes, 
some but not all of which may be correlative with the YD and other well-known 
episodes within the global Pleistocene-Holocene transition.  The transition from 
extensive late Pleistocene eolian activity to largely stabilized dust sources and 
dunes between 15 and 13.2 cal ka is probably related to multiple factors. Vegeta-
tion density sufficient to limit eolian activity would have been favored by longer 
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and warmer growing seasons and greater moisture transport to the region in a 
warming global climate. In addition, eolian sediment supply from the fluvial sys-
tem may have been reduced through indirect effects of climate change, including 
reduced hillslope erosion and ice sheet retreat out of the Missouri River basin.  In 
valleys of the central Plains, stabilization of extensive alluvial surfaces at this time 
is recorded by a soil correlative with the Brady Soil in upland loess. 

The available age control allows the possibility that the decline in eolian activity 
and the onset of Brady Soil formation coincided with warming at the onset of the 
B-A, but other evidence indicates that substantial warming occurred somewhat 
later in the central and northern Plains.  Analysis of stable carbon isotopes in 
Brady Soil and Leonard Paleosol organic matter reveals that C3 plants (cool-
season grasses, trees, and/or shrubs) still dominated local vegetation in early stages 
of Brady Soil and Leonard Paleosol formation.  The proportion of organic matter 
derived from C4 plants (warm season grasses) then progressively increased over 
several thousand years, reaching a peak just before Brady Soil/Leonard Paleosol 
burial at about 10 cal ka (Johnson and Willey, 2000; Mason et al., 2008), a trend 
most plausibly explained by progressively warmer temperatures. As temperatures 
and potential evapotranspiration rates rose toward Holocene levels, precipitation 
must have remained sufficient to maintain high effective moisture and limit eolian 
activity through much of the time of Brady Soil formation.

 The trend toward increasing C4 plant dominance did slow during the YD, based 
on data from multiple well-dated sections.  There is also very limited but intrigu-
ing evidence of a brief increase in loess accumulation during the YD in the central 
Plains, and dune activity occurred at that time in western Texas, southwestern 
Kansas, and Saskatchewan. It should be noted, however, that in the well-preserved 
loess record of the central Great Plains, any YD activation of dunes and dust 
sources left a less distinct and more ambiguous mark than brief late Holocene 
dry periods such as the Medieval Climatic Anomaly.  In contrast, reactivation of 
eolian systems between 10.5 and 9 cal ka is clearly recorded from North Dakota 
to Kansas, well after the end of the YD.  We interpret this transition as the result of 
decreasing effective moisture, acting either directly on the vegetation stabilizing 
dunes and dust sources, or indirectly through the influence of a drier climate on 
dust production from the floodplains of the Missouri and other rivers.  The rela-
tively abrupt change in eolian activity may reflect the point at which a geomorphic 
threshold was crossed, within a more gradual trend toward a drier climate. 

Many aspects of the eolian stratigraphic record of the Pleistocene-Holocene strati-
graphic record remain to be explored.  For example, ongoing projects are focused 
on paleoenvironmental analysis of phytoliths, trace fossils such as insect burrows 
that are frequently associated with the Brady soil, secondary carbonates in the 
Brady Soil, the chemistry of Brady Soil organic matter, and stable carbon isotopes 
in various organic matter fractions.
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POSSIBLE IMPLICATIONS OF ATMOSPHERIC SIGNATURES AT THE 
PLEISTOCENE-HOLOCENE TRANSITION

Melott, Adrian L., Department of Physics and Astronomy, University of Kansas, 
Lawrence, Kansas 66045, melott@ku.edu

We find agreement between models of atmospheric chemistry changes from ion-
ization for the 1908 Tunguska airburst event and nitrate enhancement in GISP2H 
and GISP2 ice cores, plus an unexplained ammonium spike. We then consider a 
candidate cometary impact at the Younger Dryas onset (YD). The large estimated 
NOx production and ozone depletion are beyond accurate extrapolation, but the 
ice core peak is much lower, possibly because of insufficient sampling resolution. 

Ammonium and nitrate spikes have been attributed to biomass burning at YD 
onset in both GRIP and GISP2 ice cores. A similar result is well-resolved in Tun-
guska ice core data, but that forest fire was far too small to account for this. Direct 
input of ammonia from a comet into the atmosphere is adequate for YD ice core 
data, but not Tunguska data.

An analog of the Haber process with hydrogen contributed by cometary or surface 
water, atmospheric nitrogen, high pressures, and possibly catalytic iron from a 
comet could in principle produce ammonia, accounting for the peaks in both data 
sets.
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THE PLEISTOCENE-HOLOCENE TRANSITION ON THE SOUTHERN 
CALIFORNIA COAST: THE IMPORTANCE OF SEA-LEVEL HISTORY

Muhs, Daniel R., U.S. Geological Survey, MS 980, Box 25046, Federal Center, 
Denver, CO 80225 USA dmuhs@usgs.gov; McGeehin, John P., U.S. Geological 
Survey, MS 926A, National Center, Reston, VA 20192 USA; Schumann, R. Ran-
dall, U.S. Geological Survey, MS 980, Box 25046, Federal Center, Denver, CO 
80225 USA; Patterson, D., ATA Services, Inc., Lakewood, CO 80228 USA; Skipp, 
Gary, and Freeman, Joshua, U.S. Geological Survey, MS 980, Box 25046, Federal 
Center, Denver, CO 80225 USA

Although the geologic record of the Pleistocene-Holocene transition has been 
studied intensively in many parts of North America, it has received surprisingly 
little attention along the California coast, except in studies of deep-sea cores.  Here 
we report new evidence of this important transition in the eolian record, supported 
by 25 new AMS radiocarbon ages.  Sand dunes are common along much of the 
Pacific Coast of North America.  Silicate minerals from the coastal mountain 
ranges on the California coast dominate mainland dunes.  On the California Chan-
nel Islands, however, dunes are rich (25-75%) in carbonate minerals (aragonite 
and high-Mg calcite), derived from skeletal debris that accumulated on the insular 
shelves.  The abundant carbonate content of insular shelf sediments is explained 
by high biological productivity combined with a lack of silicate-mineral input 
from mainland California.

Dune packages on four islands (San Miguel Island, SMI; Santa Rosa Island, SRI; 
San Nicolas Island, SNI; San Clemente Island, SCI) overlie marine terraces that 
date to the ~80,000 high-sea stand (marine isotope stage or MIS 5a).  On SMI, 
SNI and SCI, there are usually two eolian units over the ~80,000-yr-old terrace, 
separated by a paleosol.  The lower unit is typically thinner (~ 4 m), and the upper 
unit is thicker (~10 to 17 m).  Each of the dune packages has a similar, up-section 
sequence of sedimentary structures: (a) a main sediment body consisting of foreset 
beds; (b) an upper, unbedded eolian sand with abundant carbonate rhizoliths; 
and (c) a well-developed pedogenic laminar calcrete, sometimes capped with an 
argillic horizon, at the top.  The foreset beds represent active eolian sedimentation, 
the rhizoliths represent slowing of eolian accretion and initial dune stabilization, 
and the laminar calcretes represent complete dune stabilization.  Dip azimuths 
of the high-angle (25°-35°) foreset beds from sections on SMI, SNI and SCI are 
to the south, south-southeast, or southeast, indicating paleowinds from the north, 
north-northwest, or northwest, similar to the present.  On all four islands, however, 
eolian sand sections with these dips are in cliff exposures where no sand source 
exists to the north or northwest today.  Thus, we interpret the dunes to have formed 
under a very different coastal geography.

U-series and radiocarbon ages provide a chronology of dune deposition.  The thin-
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ner, lower eolian unit was deposited between ~80,000 yr BP (U-series age of cor-
als from the underlying marine terrace) and 34,000-30,000 calibrated (cal) 14C yr 
BP (oldest radiocarbon ages of charcoal and rhizoliths from the paleosol between 
the two eolian units).  On SNI and SCI, radiocarbon ages indicate that the thicker, 
upper eolian unit was deposited sometime after ~27,000 cal 14C yr BP (youngest 
age of rhizoliths from the paleosol underlying the upper unit) and ~21,000 cal 14C 
yr BP (oldest age of rhizoliths from the top of the upper unit).  These bracketing 
ages from SCI and SNI are in broad agreement with charcoal ages that bracket the 
uppermost eolian unit on SMI (after ~24,000 and before ~21,000 cal 14C yr BP), 
reported previously (D.L. Johnson, 1977, QR 8: 154-179).

Deposition of ~10 to 17 m of eolian sand between ~27,000 and ~21,000 cal 14C 
yr BP implies very rapid sedimentation on shores where no sand supply exists 
at present.  Global sea level records from Barbados and New Guinea (E. Bard 
et al., 1990, Nature 345: 405-410; J. Chappell, 2002, QSR 21: 1229-1240; K.B. 
Cutler et al., 2003, EPSL 206: 253-271) provide an explanation for the sequence 
of events on the Channel Islands.  After MIS 5a (~80,000 yr), sea level may have 
dropped rapidly from just a few meters below present to as much as 80 m below 
present.  Carbonate shelf sands that accumulated during all or much of MIS 5 
(130,000-80,000 yr) would have become available for eolian transport during MIS 
4 (80,000-60,000 yr).  We interpret the lower eolian units on SMI, SNI and SCI 
to have been deposited at this time, followed by pedogenesis, when sea level rose 
during MIS 3 (60,000-30,000 yr BP).  According to the Barbados and New Guinea 
records, sea level was never lower than ~80 m below present until the LGM (MIS 
2).  Sometime after ~29,000 cal yr BP, however, sea level lowered significantly 
and was ~107 m below present by ~24,000 yr and ~120 m below present by 
~19,000 yr.  Coastal paleogeographic maps of SMI, SNI and SCI, derived from 
bathymetric data, show that significant areas of now-submerged shelf would have 
been exposed at the LGM, probably for the first time since the penultimate glacial 
period (MIS 6) at ~150,000 yr BP.  Thus, extended areas of shelf that had accu-
mulated sediment during MIS 5, 4 and 3 (130,000 to 30,000 yr BP) provided the 
sources of dune sand during a brief period of rapid sea-level lowering in MIS 2.  
By ~18,000 yr, however, sea level was already starting to rise and sand sources 
were cut off.  In addition, a detailed pollen record from nearby Santa Barbara 
Basin (L.E. Heusser, 1995, Proc. ODP Sci. Res. 146 (2): 265-279) shows that pine 
pollen is high in the interval from about 20,000 to 12,000 cal yr BP, suggesting 
cool, humid conditions that would have enhanced vegetation growth and stabi-
lized dunes.  Since ~12,000 cal 14C yr BP, the Santa Barbara Basin pollen record 
is dominated by plants found in the drier, oak-grass woodland that characterizes 
coastal southern California’s present vegetation.

Our observations indicate, therefore, that the late Pleistocene-Holocene transition 
in coastal southern California is recorded as a complex series of eolian and soil-
forming events, controlled by sea level changes.  Major dune-building took place 
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during a brief period of abundant sand supply due to sea-level lowering in the 
LGM, but was followed quickly by sea-level rise and cool, humid conditions that 
stabilized dunes.  Although Holocene reworking of LGM eolian sand has taken 
place, there have been no major new sand supplies comparable to the LGM.  Thus, 
much of the Holocene has been characterized by soil formation on stabilized, 
LGM eolian sands.



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

49

Runoff to the Arctic Ocean during the Younger Dryas 
from glacial Lake Agassiz

Murton, Julian, Geography Department, University of Sussex, Brighton BN1 9QJ, 
UK, j.b.murton@sussex.ac.uk; Bateman, Mark, Geography Department, Univer-
sity of Sheffield, Sheffield S10 2TN, UK; Dallimore, Scott, Geological Survey of 
Canada, 9860 West Saanich Road, Sidney, British Columbia V8L 4B2, Canada; 
Teller, Jim, Geological Sciences Department, University of Manitoba, Winnipeg, 
Manitoba R3T 2N2, Canada; and Yang, Zhirong, Geological Sciences Department, 
University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada.

The abrupt release of water stored in glacial Lake Agassiz has been suggested as 
a trigger for the Younger Dryas (YD) cold interval (~12.9–11.5 cal. ka) because 
of the impact of freshwaters on Atlantic Meridional Overturning Circulation. For 
nearly two decades, the route of the outburst from Lake Agassiz and associated 
re-routing of >2 million km2 of runoff from central North America during the YD 
was considered to have been eastward into the Great Lakes-St. Lawrence to the 
North Atlantic Ocean. Recently, this interpretation has been questioned, and a NW 
overflow route through the Athabasca-Mackenzie River basin to the Arctic Ocean 
has been proposed (Teller et al., 2005; Teller and Boyd, 2006; Tarasov and Peltier, 
2004, 2005; Murton et al., 2010). Fisher et al. (2009), however, have argued that 
the NW outlet from Lake Agassiz was blocked by the Laurentide Ice Sheet (LIS) 
throughout the YD, but they have provided no alternative routing.

New DEM paleotopographic reconstructions of the region around the NW outlet, 
near Fort McMurray, Alberta,—adjusted for differential isostatic rebound—show 
that this region was low enough at the start of the YD to have allowed overflow 
from Lake Agassiz into the Athabasca-Mackenzie route to the Arctic Ocean, if 
the Laurentide Ice Sheet had retreated from that area. Radiocarbon dates from the 
YD interval in this valley suggest that it was deglaciated at that time, although 
there are many younger dates in the valley that record younger events. Fisher et 
al. (2009) have also used subtle DEM-mapped “end moraines” in and adjacent to 
the Athabasca Valley to suggest that ice remained there during the YD, but we do 
not consider these to be convincing features. When we project beaches of YD age 
in the Lake Agassiz basin northwest into the region around Fort McMurray, they 
coincide with mapped beaches there, indicating that Lake Agassiz extended far 
north of its currently accepted limits at that time.

Luminescence dates on aeolian and fluvial sands that stratigraphically bracket a 
regional erosion surface and overlying flood gravel at the mouth of the Mackenzie 
River on the coast of the Arctic Ocean date the first major flood event to between 
13.0 and 11.7 ka (Murton et al., 2010). The extent, nature, and elevation of the 
gravel preclude a non-glacial fluvial origin and are attributed to a very large and 
rapid outburst event. The gravel is correlated to the boulder gravels 1800 km 
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upstream in the Athabasca River Valley near Fort McMurray, which now form an 
upper terrace. Based on these luminescence dates at the downstream end of the 
Mackenzie River drainage basin, combined with paleotopographic modeling, old 
radiocarbon dates, and beach elevations in the Fort McMurray area, we conclude 
that Lake Agassiz released a large (catastrophic) overflow of water through its 
NW outlet at the start of the YD, which flowed around the LIS margin in the 
Athabasca-Mackenzie valley to the Arctic Ocean. This would have been combined 
with the large volume of meltwater coming from the western LIS (Tarasov and 
Peltier, 2004, 2005). Continuous NW overflow from Lake Agassiz throughout 
the YD has not been established, and it remains possible that the lake overflowed 
eastward through the Great Lakes and St. Lawrence during the latter part of the 
YD episode; interpretations by some researchers call on Lake Agassiz in support 
of their downstream records in the St. Lawrence Valley and offshore in the North 
Atlantic to explain the sedimentary record there (e.g. Rodrigues and Vilkes, 1994; 
Carlson et al., 2007).

A second outburst of water from Lake Agassiz through the NW outlet to the Arctic 
Ocean is likely to have occurred after a short period when that route was blocked 
by a readvance of the LIS near the end of the YD ~11.5 cal. ka (~10,000 14C ka). 
This conclusion is supported by the presence of a lower boulder gravel terrace in 
the Athabasca River Valley—deposited after the YD in the interval between 11.2 
and 10.3 cal. ka (based on radiocarbon dating)—which is correlated with another 
gravel at the mouth of the Mackenzie River that is bracketed by luminescence-dat-
ed sands. Luminescence dates span a range of 11.7 to 9.3 cal. ka and the interbed-
ded gravels are attributed to deposition when the LIS was breached for the second 
time, releasing waters impounded upstream in the Mackenzie-Athabasca drainage 
basin in Lake Agassiz (Murton et al., 2010). At about the time when the LIS re-
dammed the Athabasca-Mackenzie River system north of Fort McMurray—which 
would have forced Lake Agassiz to overflow eastward into the Great Lakes—sedi-
mentological, biological, and isotopic evidence in the St. Lawrence Valley support 
a low-salinity event there at ~11.4–11.2 cal. ka (Cronin et al., 2008); interestingly, 
this coincides with cooling of the Preboreal Oscillation about 11.3–11.1 cal. ka 
(e.g. Bjorck et al., 1996; Anderson et al., 2007).

Ocean-atmosphere models should consider the implications of an outburst of 
freshwater into the Arctic Ocean at 13 cal. ka and the diversion of overflow from 
the huge Lake Agassiz basin in assessing the role that this lake may have had in 
global change during the YD.
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THE BURIED SOIL STABLE C ISOTOPE RECORD OF VEGETATION 
AND CLIMATE CHANGE ACROSS THE PLEISTOCENE/HOLOCENE 
IN THE MIDCONTINENT, U.S.A.

Nordt, Lee, Department of Geology, Baylor University, Waco, TX 76798, USA 
lee_nordt@baylo.edu

The study of stable C isotopes of surface soils in recent years has added to our 
understanding of the ecology of grasslands and adjacent ecotones. In addition to 
partitioning plant and soil biomass contributions from C4 and C3 plants by mass 
balance calculations from δ13C values, researchers have explored relationships with 
environmental factors that best explain the differences in the distributions of these 
plant types. The strongest climate relationship discovered is between mean July 
temperature and both C4 above-ground and C4 below-ground biomass production; 
the former as relative standing biomass and the latter recorded in the soil organic 
matter pool. A second important application of the stable C isotope method is to 
provide a direct link to plant communities in terrestrial environments complement-
ing interpretations derived from palynological and botanical evidence. Because of 
these promising relationships, soil stable C isotopes provide a powerful tool for 
interpreting past environments from buried soils. A scattering of studies throughout 
the midcontinent have been conducted for this purpose, but many of the buried soil 
sequences suffer from temporal and spatial constraints or do not meet important un-
derlying methodological assumptions. For example, it is important that buried soils 
under investigation have similar drainage conditions, are sampled by surface hori-
zon to avoid contamination from detrital C sources common in subsoils and parent 
materials, and have no readily observable sources of extraneous C from plants in 
overlying strata. Other challenges of this methodology include: a temporal resolu-
tion that is typically no less than 200 years; environmental conditions and stresses 
that may alter expected isotopic signatures; difficulties selecting appropriate δ13C 
end members for C3 and C4 plants; fluctuating plant δ13C values in response to vary-
ing pCO2 through time; and differential decomposition of soil organic materials of 
different isotopic composition.

Despite these challenges, a recent method has been developed for buried soils that 
permits pooling of δ13C values from across all latitudes and longitudes within the 
Great Plains region to create a larger and more robust data set for ecological and 
climate inferences. The basis of this method is that isotopic values can be normal-
ized by taking the difference between a buried soil δ13C value and the δ13C value of 
the soil surface horizon of its nearest geographical neighbor, expressed as Δ%C4. 
Over one-hundred δ13C data points were compiled from buried soils in the litera-
ture and assigned an age based on associated radiocarbon or OSL dating. Results 
indicate that the biomass of C4 plants tracks major climate events during the past 12 
ka radiocarbon years. The purpose of this paper is to focus on the time interval from 
12 to 7 ka in order to assess climate and landscape changes across the Pleistocene-
Holocene boundary.
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C4 plant contributions are elevated, but still below modern levels, from 12-11.4 
ka (Isotopic Stage IIa), which is followed by a marked decline in production until 
10.3 ka coinciding with cooling from the Younger Dryas. Beginning at 10.3 ka 
there is a striking increase in C4 soil biomass production to near modern-day levels 
leading up to the Preboreal Oscillation at 9.6 ka (Isotopic Stage IIb). Contributions 
from C4 plants then declined and remained suppressed until the global cooling 
event at 7.6 ka (Isotopic Stage IIc), before entry into the altithermal when C4 
plants flourished to modern levels and above. Across the Pleistocene-Holocene 
boundary the C4 plant record appears to have been responding to a combination of 
increasing solar insolation, conditioned by solar irradiance periodicities, and inter-
rupted by negative feedback events related to continental ice melting and meltwa-
ter routing. The latter likely suppressed the penetration of moist, warm Gulf air 
into the midcontinent, except during Isotopic Stage IIb, when glacial meltwater 
was diverted to the Atlantic Ocean. In response to these forcing mechanisms, par-
ticularly solar irradiance, C4 plant productivity in buried soils oscillated at 0.6 and 
1.8 ka periodicities according to time series analysis.

We suggest that in the future other soil properties and climate proxy be integrated 
with isotopic profiles to create an expanded ecological and climatic understanding 
of grassland and adjacent ecotonal landscapes. For example, soil morphologi-
cal features or characterization data may correlate with C4 production that can be 
partitioned by mixed, short or tallgrass prairie or adjacent ecotones. Further, depth 
to carbonate and geochemical indexes have been recently developed from which 
mean annual precipitation can be estimated, and some studies show that the δ18O 
of pedogenic carbonate reasonably estimates mean annual temperature. An online 
website is needed as a repository of stable C and O isotopic data from surface and 
buried soils, and for other climate-plant data that can be extracted from buried 
soils.
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TESTING YOUNGER DRYAS IMPACT MARKERS: TERRESTRIAL VS. 
EXTRATERRESTRIAL SOURCES

Pinter, Nicholas, Geology Department, Southern Illinois University, Carbondale, 
IL, 62901-4324, USA, npinter@geo.siu.edu

In 2007, a controversial theory was introduced attributing the onset of the Younger 
Dryas (YD) climate interval, extinction of large mammalian fauna across North 
America, demise of the Clovis culture, and a range of other effects ~12,900 years 
ago to an extraterrestrial impact event.  Intense public interest and media coverage 
have accompanied the release and subsequent testing of the YD impact hypothesis.

ET signatures reported at the onset of the Younger Dryas, or YDB, included: (i) 
entrance “wounds”/particle tracks in archaeological chert, (ii) magnetic nodules in 
Pleistocene tusk and bone, (iii) fullerenes, (iv) 3He, (v) elevated iridium concentra-
tions, (vi) radioactivity peaks, (vii) orientation and origins of the Carolina Bays, 
(viii) carbon spherules and glass-like carbon, (ix) concentrations of magnetic 
grains, (x) magnetic microspherules, (xi) charcoal and soot and other byproducts 
of fire, and (xii) nanodiamonds.  After three years of research focused on replicat-
ing and testing those observations, a broad assessment of these lines of evidence is 
now possible. 

A long-standing argument in favor of the YD impact hypothesis was the number 
and breadth of the purported ET signatures above.  Over the past 3 years, however, 
the number of signatures still in credible discussion has diminished rapidly.  Some 
initial markers proved irreproducible.  Other markers were seen by other workers 
but ascribed to either (1) non-catastrophic, and/or (2) terrestrial rather than ET ori-
gins.  Many of the original YD markers were found at other time horizons, without 
disproportionate concentration at the onset of the YD.  

Three years ago, many workers regarded at least some of the original YD im-
pact claims with cautious skepticism, but there was agreement that the outcome 
remained open at that time.  Recent research, including new results presented here, 
seems to show that the original caution can no longer be supported.  One by one, 
the information originally presented as evidence of a catastrophic YDB impact 
event have failed attempts to corroborate the original claims.
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PALEO-COASTAL SETTLEMENT OF PACIFIC NORTH AMERICA 
DURING THE PLEISTOCENE-HOLOCENE TRANSITION

Raab, L. Mark, Department of Geosciences, University of Missouri, Kansas City, 
USA. raabl@umkc.edu

Archaeologists once argued that Pacific maritime cultures developed gradually from 
Paleo-Indian antecedents, with sea-going coastal foragers appearing between ca. 
5K to 2K radiocarbon years ago.  Recent advances in maritime archaeology make a 
strong case for including Paleo-Coastal groups among North America’s founder pop-
ulations, along with Paleo-Indians.  However, Paleo-Coastal and Paleo-Indian cultur-
al adaptations reflect distinctively different challenges posed by marine and conti-
nental biospheric conditions during the terminal Pleistocene and early Holocene.  
During the terminal Pleistocene and early Holocene, ca. 11K to 8k radiocarbon 
years ago, a range of maritime adaptive strategies existed from Southern Alaska to 
Baja California, Mexico.  Unlike Archaic period adaptations of the North American 
interior, coastal lifeways show little evidence of derivation from Paleo-Indian lithic 
technologies or the types of continental-scale techno-economic patterning found in 
the interior of North America during the early Holocene.  Instead, a technologically 
flexible mosaic of adaptations is apparent in Pacific North America, employing a 
wide array of subsistence strategies that included shellfish collecting, sea mammal 
hunting, fishing, terrestrial mammal hunting and utilization of vegetal foods.  These 
activities reflect variable use of bifacial and micro-lithic stone tools, as well and cob-
ble-and-flake technologies.  The complex demands of sea-borne foraging in diverse 
coastal environments, ranging from the forested coastlines of the Pacific Northwest 
to the semi-arid littoral of Baja California, and including beaches, bays and islands, 
produced variable technological strategies.  Common to this coastal continuum, 
the “kelp highway” hypothesis argues that the prolific kelp forests of Pacific North 
America afforded a pathway for rapid dispersal of boat-borne foragers through-
out Pacific North America.  Some of the most detailed evidence of early maritime 
adaptations comes from insular settings of Southern California, where early Holo-
cene groups were maximally dependent on watercraft and maritime subsistence.  
Radiocarbon dates from the California Channel Islands set occupation of these 
islands as early as 11K radiocarbon years ago, including dates on a human skeleton. 
The Arlington Springs skeleton is among the oldest in the New World. Radiocarbon 
dates show that the islands off Southern California and Baja California, Mexico were 
widely occupied between ca. 10K and 8K radiocarbon years ago. Economies based 
on shellfish collecting and sea mammal hunting, including pinnipeds and dolphins, 
were based in some localities on comparatively sedentary insular settlements.  This 
pattern of sedentary, watercraft-based hunting stands in marked contrast to the mo-
bile settlement-subsistence patterns of Archaic hunting groups across much interior 
North America.  Notably lacking in many early coastal archaeological assemblages 
are bifacial tools and weapons.  All of these data reflect scant evidence of the deriva-
tion of Paleo-Coastal foragers from Paleo-Indian cultural stock.
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ENVIRONMENTAL CHANGE AND HUMAN OCCUPATION DURING 
THE PLEISTOCENE-HOLOCENE TRANSITION IN THE GREAT BASIN

Rhode, David, Division of Earth and Ecosystem Sciences, Desert Research Insti-
tute, 2215 Raggio Parkway, Reno, NV 89512, USA, dave.rhode@dri.edu

The Pleistocene-Holocene transition in the North American Great Basin was 
marked by a massive decline and near-desiccation of huge lakes throughout the re-
gion, development of expansive marsh systems in some valleys, substantial shifts 
and re-organization of vegetation formations, and the demise of many large verte-
brate taxa that once roamed the region.  Into this dynamically changing landscape 
entered the first known human inhabitants, who began to find ways to survive and 
expand.  Paleoenvironmental and archaeological research conducted in the past 
couple decades has given us a broadly consistent understanding of human adap-
tive strategies that developed in the Great Basin, within their changing environ-
mental context.  The earliest well-dated evidence of human occupation comes 
from Paisley Caves, southeastern Oregon, where paleofecal material identified as 
human from ancient DNA is radiocarbon dated to 12,300 rcybp.  More widespread 
evidence of human occupation in the region is based on distribution of artifact 
assemblages belonging to the Western Stemmed tradition, common through much 
of the Great Basin.  This technological tradition features stemmed spear points, 
crescents, and a variety of other tool forms, and differs significantly from Paleoin-
dian technological traditions that prevailed in other parts of North America, most 
notably the Clovis tradition that featured fluted spear points, large blades, and vari-
ous other tools.  Recent work suggests to some investigators that the two traditions 
were coeval in the Great Basin, and likely were derived from different antecedents 
ultimately arising from Beringia, but major questions remain for future research 
regarding the chronology of these Paleoindian traditions, regional variation in 
human adaptive strategies, and relationships with the Clovis tradition during the 
Pleistocene-Holocene transition.  The development of subsistence strategies such 
as small-seed processing using grinding stones and basketry began in the Great 
Basin during the early Holocene.  Antecedents of this subsistence strategy that date 
from the Pleistocene-Holocene transition period remain elusive.
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Magnetic grains and microspherules from seven North 
American archaeological sites do not support YD 
impact

Surovell, Todd A., Department of Anthropology, University of Wyoming, Laramie, 
WY 82070, USA, surovell@uwyo.edu

Based on elevated concentrations of a set of purported impact markers at the onset 
of the Younger Dryas climatic event from sedimentary contexts across North 
America, Firestone, Kennett, West, and others (1,2) have argued that 12,900 years 
ago the Earth experienced an impact by an extraterrestrial body.  Two questions 
are critical to testing YD ET Impact Hypothesis: 1) Do the supposed markers of 
ET impact occur in high concentrations only at the Younger Dryas boundary in 
stratigraphic sections across a wide geographic area? 2) Are those markers neces-
sarily indicators of ET impact, or could their presence and abundance be explained 
by some other process or processes?  In this paper, I am concerned with the first 
question.

With colleagues, I examined concentrations of magnetic grains and microspher-
ules, two of the most reliable impact markers of Firestone et al. (1), from contigu-
ous stratigraphic sample columns from seven late Pleistocene archaeological sites 
across North America: Agate Basin, WY, Blackwater Draw, NM, Lubbock Lake, 
TX, San Jon, NM, Paw Paw Cove, MD, Topper, SC, and Shawnee-Minisink, 
PA.  Chronology for each stratigraphic section was established by the presence of 
diagnostic Paleoindian artifacts and/or radiocarbon dating.

Using laboratory methods from Firestone et al. (1), we found no evidence for 
uniquely enhanced concentrations of either marker from any site (3).  In short, we 
were unable to replicate the results of the initial ET impact studies (1,2) and found 
no support for YD ET impact.

Our study is hardly unique in this respect.  Marlon et al. (4) found no evidence for 
continent wide burning in charcoal records from across North America.  Paquay et 
al. (5) found no evidence for enhanced concentrations of platinum group elements 
in YD boundary samples from numerous sites.  Haynes et al. (6) found no iridium 
or radiation anomalies at Murray Springs, AZ, and found the evidence for “mas-
sive biomass burning” to be “lacking”.

Since the publication of our study (3), numerous explanations for the discrepancy 
between our work and the original Firestone et al. (1) study have been proposed.  
Most commonly, it has been argued that we used inappropriate criteria for the 
identification of microspherules, that our sampling intervals were too large thereby 
diluting peaks in impact markers, and that unrecognized evidence in support of 
impact is actually present within our dataset (e.g., 7).

In this paper, I briefly reiterate the results of our study, and then address recent 
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critiques of it.  In short, I show that these critiques are disingenuous when viewed 
in light of prior statements and prior work performed by impact proponents 
themselves.  Furthermore, since the publication of our study, impact proponents 
have made post hoc alterations to laboratory protocols while criticizing us for not 
having followed those changes.  

In high profile scientific debates, such divisive discourse can distract us from the 
simplicity of the task at hand.  We should not forget that YD ET impact is a test-
able hypothesis and is thus subject to the simple elegance of the scientific method.  
If an extraterrestrial body made contact with the Earth or its atmosphere some 
13 millenia ago with sufficient force to cause the extinction of some three dozen 
genera of megafauna and to set ablaze surface vegetation across a massive area, 
it should have left clearly observable evidence in the geologic record.  Firestone 
et al. (1,2) found evidence in support of that event.  We found none (3).  In this 
debate, neither study should be given greater precedence, weighting, or impor-
tance. That said, we can rest assured that in due time, the truth or falsity of YD ET 
impact will be resolved through the accumulated weight of observations made in 
the scientific process.

REFERENCES

1.	 Firestone RB, et al. (2007) Evidence for an extraterrestrial impact 12,900 
years ago that contributed to the megafaunal extinctions and the Younger 
Dryas cooling. Proc Natl Acad Sci USA 104:16016–16021.

2.	 Firestone RB, West A, Warwick-Smith S (2006) The Cycle of Cosmic Catas-
trophes: How a Stone-Age Comet Changed the Course of World Culture (Bear 
& Company, Rochester, Vermont).

3.	 Surovell, TA, et al. (2009) An independent evaluation of the Younger Dryas 
extraterrestrial impact hypothesis. Proc Natl Acad Sci USA 106:18155–18158.

4.	 Marlon JR, et al. (2009) Wildfire responses to abrupt climate change in North 
America. Proc Natl Acad Sci USA 106:2519–2524.

5.	 Paquay FS, et al. (2009) Absence of geochemical evidence for an impact 
event at the Bølling–Allerød/Younger Dryas transition. Proc Natl Acad Sci 
USA 106:21505–21510.



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

59

6.	 Haynes CV, et al. (2010) The Murray Springs Clovis site, Pleistocene extinc-
tion, and the question of extraterrestrial impact. Proc Natl Acad Sci USA 
107:4010–4015.

7.	 Firestone RB (2009) The Case for the Younger Dryas Extraterrestrial Impact 
Event: Mammoth, Megafauna, and Clovis Extinction, 12,900 Years Ago. J 
Cosmol 2:256-285.



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

60

CHARACTERISTICS OF THE LATE PLEISTOCENE TO HOLOCENE 
TRANSITION IN THE INTERIOR WESTERN UNITED STATES BASED 
ON THE PALEOBOTANICAL RECORD AND OTHER PROXIES

Thompson, Robert S., Geology and Environmental Change Science Center (GEC-
SC), U.S. Geological Survey, Denver, CO  80225, USA, rthompson@usgs.gov;  
Anderson, Katherine H., INSTAAR, University of Colorado, Boulder, CO  80309, 
USA; Strickland, L.E, Carrara, P.E., and Pelltier, R.T., GECSC, U.S. Geological 
Survey, Denver, CO  80225, USA

The “interior” of the western United States is the region from the Sierra Nevada to 
the Rocky Mountains, and (as used here) from the Mexican border to the northern 
Great Basin.  It is a landscape with large topographic relief, strong rain shadows, 
and diverse environments.  This region has an arid to semiarid climate with a high 
degree of temporal and spatial variability, strong regional gradients in precipita-
tion, and pronounced intraregional differences in the seasonality of precipitation.  
Under the current climate, cool-season precipitation generally dominates in the 
northern and western portions of this region, whereas summer rainfall is more im-
portant in the southern and eastern sectors.  The latitudinal and elevational climatic 
gradients, combined with a wide range of slope and aspect settings, create a large 
number of environmental settings for plants and animals.  Consequently, there is 
frequently a considerable range of biological communities present within short 
distances of each other.  

Deserts with nearly frost-free winters occur near the border with Mexico, and 
deserts with increasingly cold winters occur at the lower elevations northward 
into eastern California, Nevada, and Utah.  Grassland and sagebrush-dominated 
steppes occur in the valleys of the Great Basin and the states of the Rocky Moun-
tains.  Woodlands occupy lower mountain slopes across the Interior, with oaks 
in the southern sectors and juniper and pinyon pines prevalent farther north.  The 
higher mountains host conifer forests, and above them alpine tundra on the tallest 
ranges.

There are many sources of paleoenvironmental data available for reconstruct-
ing late Quaternary changes in the Interior western United States.  Among these 
sources are glacial deposits, geomorphic evidence of lake-level fluctuations, marsh 
deposits and other paleohydrologic evidence, plant macrofossils from packrat mid-
dens and lake sediments, fossil pollen and isotopic data from lake sediments, and 
remnants of trees that grew above current upper treeline.  Collectively these data 
provide opportunities for multifaceted reconstructions of past environments and 
climatic parameters. 

During the time of the Last Glacial Maximum (LGM, ca. 21,000 calendar years 
ago), conditions in the interior western United States were very different from 
those of today.  Glaciers were present in many of the higher mountain ranges and 
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lakes and wetlands occurred in many of the now-arid valleys.  Plant and animal 
species were displaced southward and to lower elevations (relative to today), 
although the individualistic adaptations of different species to climatic change 
resulted in variable responses and range adjustments.  Reconstructions of past 
biomes from fossil pollen and plant macrofossils indicate that the LGM vegeta-
tion was largely comprised of steppes and woodlands that were adapted to cold 
and relatively dry conditions.  The low levels of atmospheric carbon dioxide may 
have affected water use by plants and contributed to shifting of vegetation to drier 
biomes.  Quantitative estimates of LGM climatic parameters from packrat midden 
plant macrofossil assemblages suggest that temperatures were colder than today 
in both summer and winter and that the magnitude of the differences from today 
varied with both elevation and latitude.

In the millennia following the LGM, glaciers retreated upslope and in many 
parts of the region lake levels rose and then fell toward the end of the late gla-
cial.  Plants and animals began to disperse northward and upslope, although most 
remained outside of their modern ranges.  The amplitudes of biologic responses to 
post-LGM climatic changes were apparently smaller than the hydrologic varia-
tions that are evident from lake-level and wetland studies.  Climatic fluctuations 
apparently correlated with the Younger Dryas stade led to glacial readvances, lake 
level rises and marsh complexes, and (in some regions) changes in the elevational 
distributions of ecosystems.  

By approximately 11,000 calendar years ago forest species had dispersed north-
ward and upslope, and soon after this time trees grew above their current eleva-
tional limits in the mountains of Colorado.  These higher-than-modern treelines 
suggest that growing season temperatures were warmer than those of today.  How-
ever, cooler-than-present summers are indicated by the persistence of wetlands 
at low elevations and of plants and animals well below their current elevational 
limits in the southwestern deserts and Great Basin.  This apparent paradox may 
involve differences in climate changes across geographic and elevational gradients 
and changes in the seasonal distribution of precipitation.
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THE HOLOCENE HISTORY OF THE LAURENTIDE ICE SHEET: WHAT 
IS KNOWN?

Ullman, David J., Department of Geoscience, University of Wisconsin-Madison, 
1215 W. Dayton St., Madison, WI 53706, USA, ullman@wisc.edu and Carlson, 
Anders E., Department of Geoscience, University of Wisconsin-Madison.

Understanding the response of Northern Hemisphere ice sheets to past periods 
of warming provides incite into how ice sheets will respond to future anthropo-
genic radiative forcing.  The early Holocene represents the most recent period of 
enhanced boreal summer insolation and temperatures that led to the final demise 
of the Laurentide Ice Sheet (LIS).  Here we present a review of existing data that 
constrain the behavior of the LIS through the early to mid Holocene.  During the 
Younger Dryas cold period (~12.9-11.5 ka), the southern LIS margin stabilized, 
depositing the Marquette and St. Narcisse Moraines.  After 11.5 ka, the LIS 
deposited at least two more poorly dated moraines before its ultimate disappear-
ance ~5.8 ka.  Much of the LIS behavior during this period is only constrained by 
minimum limiting (predominately bulk) radiocarbon dates and a few cosmogenic 
dates.  These records suggest at least two intervals of accelerated ice retreat sup-
ported by planktonic oxygen isotope records in the Labrador Sea.   Given this 
general LIS Holocene history, there are still many limitations stemming primarily 
from the radiocarbon-based chronology that restrict precise dating of ice retreat 
timing and rates.  We discuss such limitations in hopes that continued research on 
the Holocene history of the LIS will enhance understanding of Northern Hemi-
sphere ice-sheet responses to warming climates.
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THE GENETIC TRACES OF THE FIRST AMERICANS: INSIGHTS 
FROM ANCIENT DNA

Valdiosera, Cristina, Campos, Paula, Raghavan, Maanasa, Rasmussen, Morten, 
Willerslev, Eske, Center for GeoGenetics, University of Copenhagen, Ostervol-
gade 5-7, 1353 Denmark, cvaldiosera@bio.ku.dk

Who were the first people to populate the Americas? How and when did they ar-
rive and from where? These questions have been the subject of scientific debate 
for decades. Evidence based on cranial morphology shows that the earliest known 
human remains from the Americas (the Clovis culture) are most similar to north 
eastern Asians. It has thus been suggested that the first American populations were 
derived from northeast Asia following several waves of migration (c. 13ka) and 
were the direct ancestors of modern Amerindians. However, using more recent ar-
chaeological and genetic evidence it has been suggested that migration to the New 
World occurred in several distinct waves, originating from different geographic 
locations. Although these questions are the subject of intense study they remain 
extremely difficult to resolve This is predominantly due to the fact that although 
there is archaeological evidence of a human presence in the Americas going back 
at least 13,000 years, and possibly much longer, there is a spectacular paucity of 
human remains of a similar age. 

Arguments based on cranial morphology are compelling, but can only offer 
preliminary explanations for morphological variation in prehistoric New World 
human populations. Modern genetic data can be used as a more powerful way to 
investigate the origin of human populations, although this is unable to appropri-
ately account for past events that could have significantly changed  the population 
composition of an area – for example large scale replacements of peoples. Even 
though there have been a number of such studies applied to Native American 
people’s, if population replacements have occurred, these studies lack the power 
to detect such events. The study of ancient DNA extracted from palaeoamerican 
specimens can be used to test hypotheses based on modern DNA and provide time 
depth to genetic studies. While illuminating, these studies have suffered one major 
limitation; in most cases the samples investigated were relatively young. As such, 
their findings could only detect or rule out population replacements that have hap-
pened in the last ca. 3000 years, a relatively short time with regards to the history 
of the peopling of the Americas that spans at least 13000 years. Clearly, analyses 
of much older remains are required to further address the question, and although 
such remains are rare, they do exist. 

The aim of this project is to build on the previous studies, by conducting the first 
large scale palaeogenetic investigation of the first Americans and their descendants 
in order to shed light on the details of the colonization of the New World. This will 
be carried out by the extraction and analysis of DNA from ancient human remains 
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from the Americas, chosen specifically due to their relevance to the population 
replacement question, and will include both the oldest known samples in the 
Americas: The Anzick Clovis material (∼12 800 years) and Paisley Cave in Or-
egon, The TuQan Man (∼9000 years), -The Arlington Springs Man (∼11 000 years) 
in the United States, the oldest Chinchorro mummy (∼ 8000 years) in Arica, Chile, 
Luzia specimen from Lagoa Santa, Brazil (∼11 000 years) Arroyo frías, from the 
Pampean region, Argentina (∼10 000), plus younger material from all these areas, 
and importantly, the Mexican Pericú – those believed to be the direct descendents 
of first palaeoamericans (Clovis). From this unrivalled dataset, we expect to be 
able to determine the genetic relationships (if any) between the Clovis, Pericú and 
contemporaneous palaeo-indian populations. Furthermore we will be able to infer 
the Asian origins of these populations, and the role of the Clovis and Pericú in the 
ancestry of later palaeoindians and thus the nature of the migrations into America.
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THE YOUNGER DRYAS IMPACT CONTROVERSY: EXPLORING THE 
COMPETING HYPOTHESES FOR THE DEPOSITION OF NANODIA-
MONDS, MAGNETIC SPHERULES, AND OTHER EVIDENCE AT 12.9 
KA

West, Allen, GeoScience Consulting, Box 1636, Dewey, AZ, 86327, USA al-
len7633@aol.com; Kennett, James, Dept. of Earth Science, Univ. of California, 
Santa Barbara, CA, 93106, USA; Bunch, Ted, Dept. of Geology, Northern Arizona 
Univ., Flagstaff, AZ, 86011, USA; Stafford, Thomas, Jr., Stafford Research Inc., 
200 Acadia Ave., Lafayette, CO 80026, USA 

Firestone et al. (2007) and Kennett et al. (2008, 2009) presented evidence support-
ing a cosmic impact event at about 12.9 ka, and those authors hypothesized that 
the impact was caused by a multi-kilometer-wide comet that had previously bro-
ken up out in space prior to encountering Earth’s atmosphere. They proposed that 
the incoming fragments produced multiple, high-temperature aerial bursts, as well 
as hypervelocity impacts into the Laurentide Ice Sheet along with possibly smaller 
impacts across North America and parts of Europe. Those impacts destabilized the 
ice sheet, caused the Younger Dryas (YD) cooling event by shutting down thermo-
haline circulation in the North Atlantic Ocean, contributed to continent-wide mam-
mal extinctions and successive biome reorganizations, and finally, led to human 
behavioral changes at the end of the Clovis cultural period ca. 12,900 CAL BP. 

Many sample sites in North America and Europe display a sedimentary stratum 
called the YD boundary layer (YDB) that contains varying peaks in an array of 
markers, including nanodiamonds, magnetic grains, magnetic spherules, glassy 
microtektites, carbon spherules, charcoal, fullerenes, and soot at levels ranging 
up to 200,000 times higher than background.  Although the YDB contains some 
markers that also occur outside the YDB layer and are formed by non-impact 
processes, those markers are typically found at much lower abundances than those 
within the YDB layer. The peaks appear contemporaneous with Greenland ice 
core records that exhibit spikes in ammonium, nitrate, formate, and oxalate, all 
of which are accepted to represent episodes of biomass-burning. Nearly all sites 
contain most but not all markers, presumably due to variability in deposition and 
preservation.

Nanodiamonds are perhaps the most important YDB marker, and they are pres-
ent as five allotropes, including cubic and hexagonal diamonds (lonsdaleite), both 
of which reach peaks at multiple locations across North America and Europe. 
Lonsdaleite has been found only inside meteorites or impact craters and never has 
been found associated with volcanic or other igneous rocks or with mantle-derived 
terrestrial diamonds. Nanodiamonds also have been discovered at the Tunguska 
impact site and in the Cretaceous-Tertiary (K/T) boundary layer. In fact, in the 
entire geologic record, there are only two known continent-wide layers containing 
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nanodiamonds, soot, and fullerenes – the K/T boundary, an accepted impact event, 
and the YDB. Other regionally limited layers containing nanodiamonds have been 
found in and near widely accepted impact craters.

Is a cosmic impact the best or only explanation for the YDB markers? This talk 
explores the various non-catastrophic and non-impact-related alternatives or objec-
tions that have been put forward by other researchers. They are explained below, 
as claimed by their proponents:

1)	 ACCRETION OF COSMIC DUST. Nanodiamonds and magnetic spherules 
are constantly falling from space and slowly accreting on Earth’s surface. The 
YDB is merely a geomorphic surface that was stable for thousands of years, 
and typical cosmic dust simply accumulated at above-background levels on 
that unconformity. Alternately, a normal sedimentary sequence was geomor-
phically disturbed, concentrating the markers in a layer. Either way, the YDB 
layer has been misinterpreted and did not result from a single, catastrophic 
event. 

2)	 NORMAL WILDFIRES. There was no cosmic impact. Instead, the various 
carbon-rich proxies were produced only by typical, natural wildfires. This 
includes the suggestion that the nanodiamonds formed in those normal fires 
by a presently-unknown mechanism.

3)	 VOLCANISM. The various spherules, along with the diamonds, soot, and 
charcoal, formed during volcanic eruptions that are known to have occurred 
more frequently during deglaciation.

4)	 INDUSTRIAL PROCESSES. The markers were all produced anthropogeni-
cally, and have simply been mistakenly attributed to the YDB layer at 12.9 ka. 

5)	 MISINTERPRETATION. Some workers argue that the peaks in markers 
simply do not exist, or that the markers have been miscounted and/or misin-
terpreted.

6)	 STATISTICAL IMPOSSIBILITY. Some scientists conclude that such an im-
pact event is unlikely to take place in the age of the Universe, and therefore, is 
statistically impossible.

7)	 UNIDENTIFIED PROCESSES. Some presently-unknown, non-impact-relat-
ed process created all the markers. 

New and previously published evidence will be presented that argues against all 
of the above alternate hypotheses and makes the case that a cosmic impact is pres-
ently the most plausible explanation for the wide range of evidence found in the 
YDB layer.
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A PALEOCLIMATE MODEL OF THE PLEISTOCENE-HOLOCENE 
TRANSITION ON SANTA ROSA ISLAND, CALIFORNIA.

Agenbroad, Larry, Mammoth Site of Hot Springs, SD, USA, larrya@mammoth-
site.org, and Bryson, Reid, University of Wisconsin, Madison, WI, USA

Paleoclimate modeling of the past 40,000 cal yr BP provides an assessment of the 
Pleistocene-Holocene boundary that is currently unavailable from standard field 
research. In collaboration with the late Dr. Reid Bryson, the paleoclimatic recon-
struction for Santa Rosa Island was completed, using weather data from the Santa 
Catalina Island airport. The model provides tentative interpretations for the pres-
ence/absence of late Pleistocene, island dwelling, probo-scideans (Mammuthus 
columbi and Mammuthus exilis).
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VEGETATION CHANGES AT THE LATE GLACIAL-HOLOCENE 
TRANSITION IN THE COOK INLET REGION OF SOUTH-CENTRAL 
ALASKA

Ager, Thomas and Carrara, Paul, U.S. Geological Survey, Mail Stop 980, Box 
25046 Denver Federal Center, Denver, CO 80225, USA; tager@usgs.gov

Radiocarbon-dated pollen records from lakes and peat deposits in the Cook Inlet 
region of south-central Alaska provide evidence for region-wide, rapid vegetation 
changes during the transition from late glacial to early Holocene. Climates were 
variable during the late glacial (Bolling-Allerod and Younger Dryas chronozones), 
but regional vegetation during that time was generally characterized by Cyper-
aceae (sedge)-herb-shrub tundra in which Salix (willows) and Betula  (shrub birch) 
were significant elements. The Younger Dryas (YD) cooling that began about 
12,900 cal yr B.P. coincided with expansion of herbaceous tundra at the expense 
of shrub-herb tundra at some sites, but YD conditions appear to have generally 
favored the expansion of Betula shrub tundra in the region.  During the YD-Ho-
locene transition, Populus (balsam poplar, aspen) and Salix populations increased 
dramatically in the region, apparently in response to peak solar insolation and 
warmer summers. During the early Holocene, beginning about 11,000 cal yr B.P., 
Alnus (alder) shrubs spread rapidly across the region, apparently in response to 
warmer summers. The boreal forest conifer Picea glauca (white spruce) began to 
colonize the upper Cook Inlet region by about 9400 cal yr B.P.  Climatic condi-
tions in much of the upper Cook Inlet region were probably favorable for boreal 
spruce trees a millennium prior to the time when the trees appeared locally.  The 
delay in spruce colonization appears to have been caused by a migration lag, as 
trees gradually spread hundreds of kilometers from spruce populations in interior 
Alaska, via the Copper River basin and the Matanuska and the Susitna Valleys 
within the mountain ranges of south-central Alaska. Pacific coastal forest vegeta-
tion, composed primarily of Tsuga mertensiana (mountain hemlock), and Picea 
sitchensis (Sitka spruce) now covers much of the southern and northeastern coastal 
areas of the Cook Inlet region.  However, coastal forest vegetation was not estab-
lished in the region until the late Holocene, beginning about 3400 cal yr B.P., long 
after the climatic changes associated with the late glacial-Holocene transition.  The 
migration of coastal vegetation westward from southeastern Alaska into the Cook 
Inlet region was delayed for thousands of years by barriers and bottlenecks en-
countered en route: mountainous terrain, tidewater glaciers, and restricted coastal 
lowlands that could be easily colonized by forest vegetation.
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HUMAN POPULATION DECLINE IN NORTH AMERICA DURING THE 
YOUNGER DRYAS

Anderson, David G., Dept. of Anthropology, The Univ. of Tennessee, Knoxville, 
TN, 37996, USA. dander19@utk.edu; Goodyear, Albert C., South Carolina Insti-
tute of Archaeology and Anthropology, Univ. of South Carolina, Columbia, SC, 
29208, USA; Stafford, Thomas W., Jr., Stafford Research, Inc., 200 Acadia Av-
enue, Lafayette, CO, 80026, USA; Kennett, James P., Dept. of Earth Science and 
Marine Science Institute, Univ. of California, Santa Barbara, CA, 93106, USA; 
West, Allen, GeoScience Consulting, Dewey, AZ, 86327, USA.

There is ongoing debate about a possible human population decline or contraction 
at the onset of the Younger Dryas (YD) at 12.9 ka. We used three methods to test 
whether the YD affected human population levels: 

1)	 FREQUENCY ANALYSES. This method employed projectile point data 
from the Paleoindian Database of the Americas (PIDBA, http://pidba.utk.
edu). We tallied diagnostic projectile points and obtained larger totals for 
Clovis points than for immediately post-Clovis points, which share an 
instrument-assisted fluting technique, typically using pressure or indirect per-
cussion. Gainey, Vail, Debert, Redstone, and Cumberland point-styles utilized 
this method and are comparable to the Folsom style. For the SE U.S., the 
ratio of Clovis points (n=1993) to post-Clovis points (n=947) reveals a point 
decline of 52%. For the Great Plains, a comparison of Clovis and fluted points 
(n=4020) to Folsom points (n=2527) shows a point decline of 37%, which 
may translate into a population contraction of similar magnitude. 

2)	 QUARRY USAGE. In addition, eight major Clovis lithic quarry sites in the 
SE U.S. exhibit little to no evidence for immediate post-Clovis occupations, 
implying a major population decline. 

3)	 SUMMED PROBABILITIES. This method involved calibrating relevant 14C 
dates and combining the probabilities, after which major peaks and troughs 
in the trends are assumed to reflect changes in human demographics. Using 
14C dates from Buchanan et al. (2008), we analyzed multiple regions, includ-
ing the Southeast and Great Plains. Contrary to Buchanan et al., we found an 
abrupt, statistically significant decline at 12.9 ka, followed 200 to 900 years 
later by a rebound in the number of dates. The decline at the YD onset was 
more than 50%, similar in magnitude to the decline in Clovis-Folsom point 
ratios. While calibration and sampling factors may affect the trends, this 
abrupt decline is large and requires explanation. 

CONCLUSION: The coeval YD decline in both points and 14C dates appears 
linked to significant changes in climate and biota, as represented by the megafau-
nal extinction. While the causes of the YD remain controversial, a human popu-
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lation decline appears to have occurred, at least across parts of North America. 
Furthermore, the YD onset is associated with the abrupt replacement of Clovis by 
regional or subregional scale cultural traditions, potentially reflecting decreased 
range mobility and increased population isolation. Projectile point distributions, 
quarry usage, and summed probability analyses, we argue, are potentially useful 
approaches for exploring demographic changes at regional scales.



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

73

A 17,000-YEAR RECORD OF PALEOENVIRONMENTAL AND 
CLIMATIC CHANGE FROM BISON LAKE, 3255 m a.s.l., WHITE RIVER 
PLATEAU, COLORADO

Anderson, Lesleigh, U.S. Geological Survey, Denver, Colorado 80225, USA, 
land@usgs.gov and Brunelle, Andrea, Department of Geography, University of 
Utah, Salt Lake City, Utah 84112, USA

Bison Lake (39.764˚N, 107.346˚W), located near the summit of the White River 
Plateau, is a headwater of Deep Creek and the White River, both tributaries of the 
Upper Colorado River.  To document past climatic and environmental change, 
sediment cores were retrieved from 8.8-m water depth (3.7-m core recovery) and 
3.1-m water depth on a level shelf above the thermocline (3.5-m core recovery).  
The lake has a natural surface area of 0.7 km2, a maximum depth of 8.8 m and a 
small, 1.7 km2 watershed with ~190 m of relief in the Leadville limestone.  Sedi-
ment compositions are primarily organic matter (20-60%) and inorganic carbonate 
(45 to 80%) of which >80% is endogenic calcite.  Core chronologies, determined 
by 210Pb dating and six AMS 14C ages of terrestrial macrofossils, indicate onset 
of lacustrine sedimentation by ~17,000 cal yr BP.  Changes in elemental sedi-
ment composition, determined by scanning XRF, documents a transition from 
Pleistocene to Holocene conditions by ~14,000 cal yr BP that is also reflected by 
a decrease in the dominance of Artemisia in the pollen record.  Shortly thereaf-
ter, a distinctive increase in aquatic-type pollen suggests a change in lake pro-
ductivity or water depth.  Charcoal abundance during the late Pleistocene/early 
Holocene is relatively low (~0.15 particles/cm2/yr).  At ~6000 cal yr BP Picea 
increases in significance, concurrent with a doubling of charcoal influx which 
may be associated with fuel load, type or state, as affected by climate conditions.  
The sediment-calcite oxygen isotope (δ18O) record has 5 to 50-yr resolution and 
provides a Holocene context for recent hydroclimatic extremes and variability. 
Winter precipitation supplies >70% of annual precipitation totals and Bison lake-
water δ18O measurements reflect seasonal variations in precipitation δ18O.  Past 
lake-water δ18O variations are reflected by endogenic sedimentary-calcite δ18O 
as shown by comparison with historic White River discharge and tree-ring based 
Upper Colorado reconstructions.  Higher calcite-δ18O values during the early to 
middle Holocene imply a rain-dominated seasonal precipitation balance.  Lower, 
more variable calcite-δ18O values after ~3500 Cal BP indicate a snow-dominated 
but more seasonally variable precipitation balance.  The lowest calcite-δ18O values 
of the Holocene record occurred during the past two millennia.  Changes in late 
Holocene variability of the climatic and environmental proxies corresponds with 
records of ENSO intensification that supports a teleconnection between Rocky 
Mountain climate and North Pacific sea surface temperatures at decade to century 
time scales.
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THE BULL CREEK VALLEY STREAM TERRACES, BURIED SOILS, 
AND ET EVENT EVIDENCE FROM THE OKLAHOMA PANHANDLE, 
USA

Bement, L. C. Oklahoma Archeological Survey, University of Oklahoma, 111 
E. Chesapeake, Room 102, Norman, Oklahoma 73019, USA, lbement@ou.edu; 
Carter, Brian J., Dept. of Plant and Soil Sciences, 160 Ag Hall, Oklahoma State 
University, Stillwater, Oklahoma 74078, USA

Recent work indicates that an extra-terrestrial (ET) event (comet explosion) over 
North America initiated, or at least coincided with the onset of the Younger Dryas 
chronozone (YDC) ~11,000-10,000 radiocarbon years before present (rybp).  The 
ET event produced specific markers, including nanodiamonds, which are found 
in buried soils and sediments.  Sites across the United States, including the Bull 
Creek Valley (BCV) contain ET event markers. A key question focuses our investi-
gation: Does evidence exist in the paleoenvironmental proxy records for a disrup-
tive event centered at ~11,000 RCYBP within the BVC project area?  Twenty-four 
radiocarbon analyses from the upper 10 cm of buried soils indicate the time of 
burial of these previous soil surfaces (A horizons) ranged from 13,210 to 6,200 
rybp.  Evidence for the ET event is found in the Akb8 soil horizon in alluvium 
buried (2.89 meters below ground surface) at 11,070 + 60 rybp (Beta 184854).  
A short duration aeolian event occurred immediately after burial of this soil, and 
prior to resumption of alluviation.  A prominent mollic Bull Creek Soil, buried at 
about 10,250 rypb, is tentatively correlated to the Brady and Leonard Soils from 
the central and northern Plains (USA).  Within the BCV, particle-size analysis 
identifies alluvial and colluvial deposition prior to 13,210 through 9,850 rybp, 
changing to loess deposition after 9,850 through at least 6,200 rybp.  The pollen 
data identifies the Bolling/Allerod warm period (decrease in arboreal and increase 
in Cheno-Am pollen); the beginning of the YDC (decrease in Cheno-Ams and 
increase in high-spine Asteraceae); and beginning of the early Holocene (decrease 
in high-spine Asteraceae and increase in Cheno-Ams).  Phytolith data suggest 
that prior to 11,070 rybp the valley contained a cool-season grassland (probably 
perennial types) with an understory of perennial warm-season (drought tolerant) 
grasses and abundant forbs. Between 11,070 through 10,400 rybp, the cool-season 
dominated grassland contained more perennial warm-season (drought tolerant) 
grasses compared to the pre-11,070 rybp period.  After 10,400 rybp a mixed cool/
warm season grassland occurred including numerous forbs.  The occurrence of 
bison, camel, and mammoth remains before 11,070, but only bison after that time; 
the positive correlation of delta 13C/12C (from buried soils) with the changes in 
ice-core oxygen isotopes (Greenland 2); and the presence of a short-lived aeolian 
event with poor pollen preservation immediately after 11,070 rybp identify a dis-
ruption at the time of the purported ET event, however a long-lasting perturbation 
is not observed in overall plant assemblages.
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QUATERNARY TEMPERATURE RECONSTRUCTION OF LAKE 
VICTORIA, EAST AFRICA

Berke, Melissa A., Large Lakes Observatory & Department of Geological Scienc-
es, University of Minnesota Duluth, Duluth, MN 55812, USA, berk0135@umn.
edu, Johnson, Thomas C., Large Lakes Observatory & Department of Geological 
Sciences, University of Minnesota Duluth, Duluth, MN 55812, USA, Werne, Josef 
P., Large Lakes Observatory & Department of Chemistry, University of Minnesota 
Duluth, Duluth, MN 55812, USA, Schouten, Stefan, NIOZ Royal Netherlands 
Institute for Sea Research; Department of Marine Organic Biogeochemistry, P.O. 
Box 59, Den Burg, 1790, Netherlands, Sinninghe Damsté, Jaap S. NIOZ Royal 
Netherlands Institute for Sea Research; Department of Marine Organic Biogeo-
chemistry, P.O. Box 59, Den Burg, 1790, Netherlands

We present a new TEX86 based surface water temperature reconstruction from 
Lake Victoria, East Africa, which contains a record of climate changes during the 
Late Pleistocene-Holocene for this region.  TEX86 is an organic geochemical proxy 
based on the lipids of ubiquitous aquatic Crenarchaeota that have been shown to 
have a positive correlation with growth temperature.  It is analyzed in concert with 
the BIT index, which is based on soil microbial lipids and provides a measure of 
allochthonous vs autochthonous input to the sediment record.  Thus, these two 
proxies can indicate changes in temperature as well as changes in sediment input 
to the system through time.  

Within the Late Pleistocene of this temperature record, from ~24.2-16 Cal ka BP, 
there is remarkable variability of TEX86 values.  Comparisons with the BIT values 
during this interval indicate a predominance of terrestrial soil microbial lipids 
(values close to 1), and thus an unreliable temperature record via TEX86.  This por-
tion of the record does, however, support the previously described dramatic lake 
lowstands and complete desiccation of Lake Victoria which occurred in the Late 
Pleistocene.  Therefore, these high BIT values are thought to be due to the desicca-
tion of the lake, with soil input too high and lake level too low to accurately record 
in-situ basinal water temperatures.

The latest Pleistocene (post 15.5 ka) and Holocene temperatures appear to track 
climatic changes in this region reasonably well, with low BIT values (<0.4).  
While not perfectly synchronous, the gross morphological features of this record 
appear similar to climate records around East Africa, especially a TEX86 tem-
perature record from the nearest rift lake, Lake Tanganyika.  Temperatures show 
a steady warming beginning ~15.5 ka BP, a pause (but not cooling) around the 
Younger Dryas, then continued warming to a sustained thermal maximum for this 
portion of the record at ~10.5-8.5 ka.  This interval generally coincides with the 
beginning of the Holocene Hypsithermal, an interval of elevated temperatures and 
precipitation throughout much of Africa.  The record then shows a general cooling, 
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reaching a Holocene thermal minimum of ~18.4ºC at ~4.5 ka.  This is contrary 
to other East African paleoclimate records, including Lakes Malawi, Tanganyika, 
Turkana, and an Indian Ocean core off the coast of Somalia, that exhibit a Holo-
cene thermal maximum ~5 ka.  This period in Lake Victoria is marked by a series 
of abrupt temperature shifts of >1ºC over ~150-200 years, which coincide with 
abrupt climate events seen in tropical ice cores and onset of widespread aridity 
around tropical Africa at this time.  While a 5 ka thermal maximum is not seen in 
Lake Victoria, this time period marks an inflection in the Holocene record, perhaps 
a response to the end of the Holocene Hypsithermal, where temperatures begin to 
rise ~3ºC over the remainder of the record.
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CHRONOLOGY AND MAPPING ERROR ASSOCIATED WITH 
POLLEN CORES IN EASTERN NORTH AMERICA

Blois, Jessica L, Department of Geography and Center for Climatic Research, 
University of Wisconsin-Madison, Madison, WI 53706, USA, blois@wisc.edu, 
Williams, John W, Department of Geography and Center for Climatic Research, 
University of Wisconsin-Madison, Madison, WI 53706, USA, Grimm, Eric C, 
Research and Collections Center, Illinois State Museum, Springfield, IL 62703, 
USA, Jackson, Stephen T, Department of Botany and Program in Ecology, Uni-
versity of Wyoming, Laramie, WY 82071, USA, and Graham, Russ, Earth and 
Mineral Sciences Museum, Pennsylvania State University, University Park, PA 
16802, USA

We map vegetation changes in eastern North America during the abrupt climate 
changes of the last deglaciation, building on prior mapping efforts (e.g. Wil-
liams et al. 2004, Ecological Monographs) but with higher temporal resolution 
and employing new methods and quality-control filters.  The latter are designed 
to map the spatial responses of terrestrial communities to abrupt climate change 
in a consistent, rigorous framework.  We use the dense network of fossil pollen 
records in the Neotoma Paleoecology Database (www.neotomadb.org) and data 
from individual investigators, focusing on the late Pleistocene.  However, many 
of these records were analyzed well before the current generation of radiocarbon 
and age-model technologies, so systematic revision of chronologies is needed to 
provide a firm temporal foundation for reconstructing spatial responses of species 
and communities to rapid climatic change.  We first developed a framework to 
assess the overall reliability of radiocarbon chronologies by systematically and 
transparently evaluating individual radiocarbon dates and associated chronolo-
gies.  We defined ‘good’ dates as those from material with accuracy within 250 
years and calibrated age range less than 500 years.  ‘Golden spike’ pollen records 
were records with at least one good date within 1,000 years of the time interval 
of interest and at least five pollen samples per 1,000 years.  Overall, very few 
records can be characterized as golden spikes: only 18 of the 400 late-Pleistocene 
pollen cores in eastern North America met the golden spike criteria.  The few 
golden spike sites that exist have a non-uniform spatiotemporal distribution, with 
the majority located in the upper Midwest and Northeast; only two were in the 
Southeast.  Once golden spike sites were identified, we used constrained cluster 
analysis based on squared-chord dissimilarity between samples to determine the 
timing of key vegetational changes within the golden spike records, and interpo-
lated the event ages to nearby poorly constrained cores.  Finally, we quantified the 
reliability of this approach versus relying solely on the unfiltered data, focusing 
on the Picea decline in more depth.  Overall, our maps point to critical sampling 
gaps in eastern North America and help set priorities for future field campaigns.  
Next steps in this project include repeating this process for 500-year time-steps 
throughout the Holocene and integrating vegetation changes with changes in 
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mammalian communities over the same time period and region.  Finally, we will 
use generalized dissimilarity modeling to understand the relationship between 
community turnover and environmental change over the past 21,000 years. 
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Multiproxy records of late Holocene moisture 
variability from two raised bogs in Maine

Clifford, Michael J., Earth and Environmental Science Department, Lehigh 
University, Bethlehem, PA 18015, USA, mjc709@lehigh.edu and Booth, Robert 
K., Earth and Environmental Science Department, Lehigh University, Bethlehem, 
PA 18015, USA, and Nichols, Jon E., NASA Goddard Institute for Space Studies, 
New York, NY 10025, USA.

Synoptic networks of proxy records of hydroclimate variation provide an impor-
tant means to test long-term relationships between oceanic forcing and continen-
tal-scale patterns of drought variability, testing the robustness of these linkages and 
assessing responses of the coupled ocean-atmosphere system to external forcing.  
Although tree-ring records have provided well-resolved hydroclimate reconstruc-
tions spanning the last millennia in many semi-arid regions, there is a paucity of 
moisture-sensitive records from humid regions. Ombrotrophic peatlands, which 
are sensitive to hydroclimatic variation at decadal timescales and are widely dis-
tributed at mid-latitudes, can be used to fill in this critical gap.  We have developed 
paleohydrological records spanning the past 1500 years from two raised bogs in 
Maine, Great Heath Bog and Sidney Bog.  Testate amoeba-inferred water-table 
depths, measurements of peat humification, and organic biomarkers (alkane ratios) 
were used to reconstruct past moisture variability from the bog sediments.  We 
compared the two records to peatland-derived hydroclimate reconstructions from 
the Great Lakes region, and to tree-ring records from the semi-arid western United 
States.  

Hydoclimate proxies from within each of the two cores show good agreement, 
and the two sites record the same major drought events during the past 1500 years.  
For example, both records reveal high-magnitude drought events centered on 1000 
and 700 BP.  These droughts correspond to two of the Medieval Climate Anomaly 
droughts, which are well documented in tree-ring records of the western United 
States and peatland paleohydrological records from the Great Lakes region.  The 
occurrence of these droughts in Maine confirms their widespread distribution, and 
indicates that underlying causes are not fully understood.  Although these droughts 
may have resulted from the combined influence of sea-surface temperature (SST) 
variability in the Atlantic and Pacific basins, droughts spanning multiple decades 
with similarly widespread footprints have not occurred during the past century.  
Terrestrial records of hydroclimate should be used in conjunction with emerging 
proxy SST records, climatological analyses of persistent 20th century droughts, 
and modeling experiments to test hypotheses regarding the relative importance of 
Atlantic and Pacific Ocean influences on North American hydroclimate and poten-
tial responses of the ocean-atmosphere system to changes in external forcing.
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CARBON ISOTOPE ANALYSIS OF ADULT MOLARI-FORM DENTIN 
LAYERS FROM THE TARKIO VALLEY GROUND SLOTH, 
MEGALONYX JEFFERSONII, FROM SOUTH WESTERN IOWA

Bryk, Alexander, Department of Geosciences, Penn State University, University 
Park, PA, 16802 USA abb5019@psu.edu, and FERANEC, Robert, New York 
State Museum, Albany, NY, USA, and SEMKEN, Holmes, University of Iowa, 
Iowa City, IA, USA

Stable isotope analyses from Xenarthran species are increasing in abundance in 
Pleistocene paleoecological reconstructions. Diagenesis and isotopic exchange 
must always be a concern in these studies and the chemical processes which 
alter primary apatite are poorly understood. As a result, there is no unambiguous 
method to assess diagenetic alteration of primary isotopic signatures in bioapatite. 
This necessitates the use of multiple independent proxies (e.g. crystalinity indices, 
REE analysis, preserved organic content) to assert that primary isotopic ratios are 
preserved. Moreover, there is consensus that bone, dentine, and enamel display 
differential diagenetic alteration and that enamel is the most resistant. For Xenar-
thrans, diagenesis is of special concern because they lack enamel-coated teeth. 
This study focuses on carbon isotope composition variation within a single tooth 
from a late Pleistocene specimen, Megalonyx jeffersonii. SEM examination and 
optical/X-ray analysis of the tooth revealed the presence of four dentine layers, 
all exhibiting distinct hardnesses, porosities, and thicknesses.  Fifty-six samples 
from four separate dentine layers were chosen from the longitudinally sectioned 
molariform in multiple transects.  Samples were processed for carbonate carbon 
and a bulk collegan sample was prepared for an organic carbon isotopic ratio and a 
14C date. Here we test for variation in carbon isotope signatures between multiple 
dentine layers with differing histological properties.  This poster examines the 
results, which will provide insight into dentine layer choice for isotopic studies in 
Xenarthran teeth.
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NANODIAMONDS AND CARBON SPHERULES FROM TUNGUSKA, 
THE K/T BOUNDARY, AND THE YOUNGER DRYAS BOUNDARY 
LAYER

Bunch, Ted, Dept. of Geology, Northern Arizona Univ., Flagstaff, AZ, 86011, 
USA, tbear1@cableone.net. Wittke, James, Dept. of Geology, Northern Arizona 
Univ., Flagstaff, AZ, 86011, USA. West, Allen, GeoScience Consulting, Dewey, 
AZ 86327 USA. Kennett, James, Dept. of Earth Science, Univ. of California, 
Santa Barbara, Santa Barbara, CA 93106, USA. 

More than a dozen markers, including nanodiamonds (NDs) and carbon spher-
ules (CS), occur in a sedimentary layer marking the onset of the Younger Dryas 
(YD) cooling episode at ~12.9 ka. This boundary layer, called the YDB, has been 
found at nearly forty locations across North America, Europe, and Asia, although 
not all markers are present at any given site. Firestone et al. (2007) and Kennett 
et al. (2008, 2009) proposed that these markers resulted from a cosmic event that 
produced impacts/airbursts and impact-related biomass burning. Here we report 
features common to the YDB event, the Cretaceous-Tertiary (K/T) impact, and 
the Tunguska airburst of 1908. In sediments attributed to each event, we and other 
researchers have recovered NDs either inside or closely associated with CS, which 
appear to be the high-temperature by-products of biomass burning. CS range in 
diameter from about 500 nanometers to 4 millimeters with a mean of ~100 microns, 
and they typically contain NDs, including lonsdaleite (hexagonal diamonds), in 
the interior matrix and in the crust. To date, CS and NDs have been found in the 
K/T layer in the United States, Spain, and New Zealand. Similarly, CS and NDs 
have been found in the YDB layer in the United States, Canada, United Kingdom, 
Belgium, the Netherlands, Germany, and France. Thus far, every site examined 
contains NDs and/or CS in the K/T and YDB layers; conversely, we have yet to 
detect CS associated with NDs in any non-YDB sediments tested. 

Five allotropes of NDs have been identified in association with CS: cubic dia-
monds, lonsdaleite, n-diamonds, p-diamonds, and i-carbon, which are differentiated 
by slight variations in their crystalline structure. All allotropes have been identified 
using scanning electron microscopy (SEM), high-resolution electron microscopy 
(HREM), and transmission electron microscopy (TEM) with confirmation by 
selected area diffraction (SAED). Lonsdaleite is found on Earth only in three in-
stances: (1) in the laboratory, where it is produced by shock synthesis under a high-
temperature-high-pressure regime (1000 to 1700°C at 15 GPa) or by carbon vapor 
deposition (CVD) under a very-high-temperature-low-pressure regime (13,000°C at 
300 Torr) (Maruyama et al., 1993); (2) after arrival on Earth inside extraterrestrial 
material; and (3) as a result of high-temperature cosmic impact/airbursts. Lonsda-
leite associated with CS has been found in sediments only at the K/T, the YDB, and 
Tunguska, consistent with the hypothesis that all three events have cosmic origins, 
although the nature of the impactors may have been different.
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A MID-HOLOCENE PRAIRIE EXTENSION IN NORTHWESTERN 
WISCONSIN 

Calcote1, R., calco001@umn.edu, Lynch2, E.A., Hotchkiss3, S., Woods1, P., Drake1, 
C., Erickson4, E. 1Limnological Research Center, Univ. of Minnesota, Minne-
apolis, MN 55455, 2Biology Dept., Luther College, Decorah, IA 52101, 3Botany 
Department, Univ. of Wisconsin, Madison, WI 53706, 4Geology Dept, Cornell 
College, Mount Vernon, IA 52314.

The movement of Minnesota’s prairie-forest border 100 km to the northeast during 
the mid-Holocene (~8000-4000 cal BP) in Minnesota is well documented (Nelson 
& Hu 2008, New Phytol 179:449). It is unclear whether the dry conditions were 
less intense in the forested regions to the east, but severe dry periods are docu-
mented in Upper Michigan ~7000 cal BP (Arbogast & Packman, 2004 Holocene 
14:464) and may continue as late as 5000 cal. BP (Lytle 2005 Holocene 15:821). 
But by 5700 cal BP moisture availability may have been increasing with lake 
levels rising (Brugam et al. 2004 14:807) and hemlock, a moisture-loving tree 
that does not do well in extremes of temperature, expanded rapidly across Upper 
Michigan from the east (Davis et al. 1986, Vegetatio 67:93). This suggests a steep 
climate gradient over 200-300 km from Minnesota to western Upper Michigan.

We analyzed pollen and charcoal back to 4000-5500 cal BP from four lakes on 
the 450,000 ha northwestern Wisconsin sand plain in an area dominated by jack 
pine in modern and presettlement records. Before 4000 cal BP all four sites had 
more abundant non-arboreal pollen (up to 8-16%) and oak (20-40%) than at any 
time before Euro-American settlement. Several sites also had peaks of magnetic 
susceptibility during this period, suggesting high erosion and less vegetation cover. 

Our data suggest that dry conditions extended well into northwestern Wisconsin 
in the mid-Holocene, even while hemlock was expanding it’s range from the east. 
If the explanation of hemlock’s expansion is correct this raises questions about the 
difference in timing and direction of climate change along this gradient. Further 
research is underway at these sites to determine climatic and vegetation conditions 
prior to 5500 cal BP and additional non-vegetation based climate reconstructions 
are needed for the region.
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THE USE OF SOIL TYPES TO DIFFERENTIATE THE RELATIVE AGE 
OF SAND DUNES ACROSS A MODERN CLIMATIC GRADIENT IN THE 
SOUTHERN PLAINS, USA: IMPLICATIONS FOR DETERMINING PAST 
CLIMATIC CHANGE

Fine, Scott T. scott.fine@okstate.edu and Carter, Brian J., Dept. of Plant and Soil 
Science, Oklahoma State University, Stillwater, OK 74078; and Scott, Gregory, 
Natural Resources Conservation Service, Stillwater Soil Survey Office, 100 
USDA, Suite 206, Stillwater, OK 74074.

Sand dunes fields and sand sheets are common along the northern and eastern edge 
of Cimarron River throughout its course in Kansas and Oklahoma. These wind-
blown deposits occur in vegetative types ranging from the short and tall grass 
prairies of northwestern Oklahoma to the forests of east-central Oklahoma, along a 
climatic gradient of increasing precipitation from west to east. Soil orders associ-
ated with the aeolian parent material in the eastern part of the Oklahoma are ultic, 
psammentic, and arenic Alfisols (Eufaula, Konawa, and Dougherty soil series for 
“old dunes”), lamellic Entisols (Derby soil series for “middle-aged dunes”), and 
typic Entisols (Goodnight soil series for “young dunes”).  Soil orders for the west-
ern half of Oklahoma and Kansas consist of typic Alfisols (Devol soil series for 
“old dunes”) lamellic Entisols (Eda soil series for “middle-aged dunes”), and typic 
Entisols (Tivoli soil series for “young dunes”).  The aeolian parent materials (late 
Pleistocene- and Holocene-aged) responsible for these series are a direct result 
of climatic change (decrease moisture) at the global and regional level leading to 
destabilization of prior stabilized dunes and alluvial sands. With the return of udic 
and ustic (relatively moist) soil conditions, as current, re-stabilization ultimately 
leads to soil development of these soil series with evidence available for multiple 
cycles of climate change.

Through new detailed mapping and dating of soils across the proposed study 
area an improved understanding of past climate change and the extent of these 
conditions across Oklahoma and Kansas can be determined.  Descriptions of past 
climatic schemes hold great interest as these environmental changes have been 
proposed to play significant roles in the shaping of past civilizations. An under-
standing of these changes will be no less important to our future as these sandy-
soil landscapes impact regional ground-water recharge and fragile ecosystem pres-
ervation.  These soil-landscapes are an important natural buffer to environmental 
degradation by human population growth.
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Comparison of Holocene drought, fire, and vegetation 
history in the eastern Sawatch Range, central 
Colorado

Carter, Grace E., Program in Ecology and Department of Geology and Geophys-
ics, University of Wyoming, Laramie, Wyoming, 82071, USA, gcarter6@uwyo.
edu; Powers, Kristine, Limnological Research Center, University of Minnesota, 
Minneapolis MN 55455, and Shuman, Bryan N., Department of Geology and 
Geophysics, University of Wyoming, Laramie, Wyoming, 82071, USA 

Paleoenvironmental histories of Rocky Mountain watersheds, particularly those 
near ecotones, provide important information about how vegetation responds to 
various disturbances as well as changes in climate regimes. This study focuses on 
Emerald Lake, located 14 kilometers southwest of Leadville, Colorado at 3050 
meters above sea level. Emerald Lake is a small, hydrologically isolated lake on 
the flank of a lateral moraine. Currently, the lake is surrounded by a dense Pinus 
contorta (Lodgepole pine) forest, with the ecotone between forest and sagebrush 
steppe located roughly 2 kilometers to the northwest. This study aims to recon-
struct the lake level of Emerald Lake, and the vegetation and fire history of the 
surrounding landscape. Using palynological, charcoal, and geochemical analyses 
in conjunction with ground penetrating radar, bulk density, and loss-on-ignition 
data, we will endeavor to answer the following questions: 1) How do the veg-
etation responses to disturbances such as drought and fire register in the pollen 
record? 2) What correlation is evident among the lake level (drought), vegetation 
and fire histories? 3) Have disturbances pushed the vegetation around Emerald 
Lake outside of its historic range of variability? 4) What is the relationship of fuel 
load, climate, and fire through the Holocene?

Preliminary data from ground penetrating radar, bulk density and loss-on-ignition 
analyses demonstrate that local conditions were drier than present prior to ap-
proximately 3200 cal yr BP, and that the subsequent wet conditions have been 
punctuated by two multi-century drought episodes. Comparison of preliminary 
Emerald Lake data with other Holocene lake level studies in the western United 
States demonstrate some synchronicity in lake level fluctuations across a wide 
area, including low water levels after ca. 900 cal yr BP. Preliminary palynological 
evidence, including changes in the percentages of Pinus (pine), Picea (Spruce), 
Pseudotsuga (Douglas fir) and Artemisia (sagebrush) pollen, suggests that a shift 
from a forested environment to an open, sagebrush-dominated landscape occurred 
during a period of lower lake levels before ca. 3200 cal yr BP. Variations in fire 
activity appear to represent both the effects of climate and changes in vegetation 
type (fuel loads). As observed in some modern ecological studies, fire may have 
also played an important role in clearing lodgepole-dominated ecosystems to make 
way for the succession of more open landscapes during the onset of prolonged dry 
conditions. 
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A LATE QUATERNARY VERTEBRATE FAUNA FROM SIERRA DIABLO 
CAVE, HUDSPETH COUNTY, TEXAS

Chavez, Angela, Department of Biological Sciences, The University of Texas at El 
Paso, El Paso, Texas 79968, USA, cavepaleo@yahoo.com

There are very few Pleistocene sites known from Trans-Pecos Texas, as most of 
the land is under private ownership.  One site that has the potential to provide 
significant information about the Pleistocene/Holocene transition in this region 
is Sierra Diablo Cave (UTEP site 107), a small cave located on the edge of the 
Sierra Diablo rimrock in eastern Hudspeth County, Texas.  Previous sampling of 
disturbed sediments resulted in both Holocene and Pleistocene species, including 
the extinct Aztlan rabbit Aztlanolagus agilis and Stock’s vampire bat, Desmodus 
stocki.  New excavations conducted last fall and continuing this year in undis-
turbed sediments have revealed numerous archaeological artifacts and faunal 
remains, including remains of the extinct western vulture (Coragyps occidentalis) 
in association with lithic artifacts.  This presentation will provide a brief summary 
of the fauna collected from the excavations conducted at the site. 
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Fluctuations of the Irish Ice Sheet and Cirque Glaciers 
During the Pleistocene-Holocene Transition 

Clark, Jorie, Department of Geosciences, Oregon State University, Corvallis, 
Oregon, 97331, USA, jorieclark@hotmail.com, McCabe, A. Marshall, School of 
Environmental Sciences, University of Ulster, Coleraine, BT52 1SA U.K., and 
Bowen, David Q., Department of Earth Sciences, University of Cardiff, Cardiff, 
Wales CF10 3YE

We summarize over 120 14C and 10Be ages that provide a well-constrained 
geochronology for ice-sheet and cirque-glacier fluctuations in Ireland since the 
Last Glacial Maximum (LGM) that can be linked to climate changes in the North 
Atlantic region. Our data provide a robust means to date glacial events because 
similar-age events can be identified from widely spaced sites, they are consistent 
with stratigraphy, and they can be related to large changes in the configuration of 
a dynamic Irish ice sheet. The following events are recognised. (1) AMS 14C ages 
and 10Be and 36Cl ages suggest that the last maximum advance of the IIS occurred 
between ~24.5 and 20.0 cal ka.  (2) Subsequent deglaciation began first in the Irish 
Sea Basin at ~22 cal ka.  Subsequent widespread deglaciation during the Cooley 
Point Interstadial is well constrained from sites around Ireland as having begun 
~19.5-20 cal ka B.P.  AMS 14C ages suggest that the Cooley Point Interstadial 
continued until <18.2 cal ka B.P.  During this interstadial, retreat of the margin into 
the northern Irish Sea Basin indicates that the IIS may have lost up to two-thirds of 
its mass. (3) The Cooley Point Interstadial was terminated by ice readvance during 
the Clogher Head Stadial which occurred between <18.2 and >17.0 cal ka. (4) The 
Linns Interstadial was a brief interval (>17.0 ->16.5 cal ka B.P.) of ice recession 
following the Clogher Head Stadial that is identified from marine sediments in 
eastern and northern Ireland and cosmogenic ages elsewhere in Ireland. (5) The 
subsequent Killard Point readvance reached its maximum extent ~16.5 cal ka B.P., 
indicating that the readvance began sometime earlier, and retreat began by ~15.5 
cal ka. (6) Readvance of cirque glaciers in western Ireland occurred during the 
Nahanagan Stadial, equivalent in age to the Younger Dryas cold interval.

REFERENCES
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PALEOBIOMES, PALEOPASTURES AND PALEOFIRES: AN 
INITIATIVE TO RECONSTRUCT THE EVOLUTION OF POST 
GLACIAL PASTURES OF THE SOUTH-CENTRAL GREAT PLAINS

Cordova, Carlos, Department of Geography, Oklahoma State University, Still-
water, OK 74078, USA, carlos.cordova@okstate.edu, Porter, Jess, University of 
Arkansas at Little Rock, Little Rock, AR 72204, USA, Mandel, Rolfe, Kansas 
Geological Survey, University of Kansas, Lawrence, KS 66047 USA, Johnson, 
William, Department of Geography, University of Kansas, Lawrence, KS 66045, 
USA, Palmer, Michael, Department of Botany, Oklahoma State University, Still-
water, OK 74078, USA

Paleobiomes, Paleopastures and Paleofires (PPP) is a research initiative whose 
main objective is to create a spatial database of multi-proxy records for recon-
structing paleograssland conditions in the south-central Great Plains. In its initial 
phase, PPP aims at testing a number of microfossils from modern soils and paleo-
sols. Thus, grass and dicot phytoliths in combination with δ13C are used as proxies 
for reconstructing the structure of grasslands and woodlands. Burnt grass phyto-
liths and microscopic charcoal are evaluated as proxies for reconstructing paleofire 
incidence. Concentrations of the fungal spore Sporormiella are used as a proxy for 
assessing large herbivore activity. These proxies were tested on various modern 
grassland communities of the central and southern Great Plains, including areas 
with bison, cattle, and small herbivores, and areas under different fire frequencies. 

The initial data includes various sections in Kansas and Oklahoma as exhibited in 
this poster. Opal phytolith assemblages and δ13C values show that before cal 11 ka, 
C3 grasses and woody plants predominated in areas that today are dominated by 
C4 grasses. The origin of the shortgrass prairie dates back to about cal 10 ka.  The 
origin of the tallgrass prairie, however, is not clear as phytolith data show variable 
assemblages throughout the Holocene (mixed-grass, tallgrass, and tallgrass-wood-
land mosaic).  Different proxies (burnt-phytoliths vs. charcoal) reveal different fire 
frequencies, but it is apparent that microfossil evidence for fire incidence is closely 
related to the abundance of woody plants in the landscape. 

Before cal 12 ka, soils show somewhat elevated concentrations of Sporormiella, 
which are attributed to high densities and abundant large faunal assemblages. To 
test this hypothesis, PPP is obtaining data from reserves and parks in Southern Af-
rica, where elephants and other large herbivores can possibly equal large-herbivore 
densities in Pleistocene North America. Throughout the Holocene, Sporormiella 
frequencies are low, which suggests lower large ungulate densities and perhaps 
high mobility. Although bison head numbers were high, given the historical ac-
counts, bison nomadic nature had low recurrence of high densities for long periods 
at one place. Modern soils present higher concentrations due to high stocking rates 
of cattle and bison.
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The PPP initiative has one major goal: provide integrated paleograssland informa-
tion to be combined with faunal records (FAUNMAP) and archaeological data. 
The resulting spatial database will help understand the variation of ecosystems 
from Pleistocene to Holocene and the rise and evolution of the Bison ecosystem 
typical of the Great Plains during the Holocene.
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PUTTING RADIOCARBON DATES INTO PERSPECTIVE: THE 
IMPORTANCE OF IDENTIFYING CHARCOAL PRIOR TO DATING

Cummings, Linda Scott, PaleoResearch Institute, Golden, CO 80401, USA, 
Linda@paleoresearch.com; Puseman, Kathryn, PaleoResearch Institute, Golden, 
CO 80401, USA; Varney, R. A., PaleoResearch Institute, Golden, CO 80401, 
USA; Kováčik, Peter, PaleoResearch Institute, Golden, CO  80401, USA

Removing any one of the uncertainties from the radiocarbon record helps to clarify 
and better understand radiocarbon dates for the Pleistocene-Holocene Boundary. A 
myriad of methods for “cleaning”, “filtering”, or otherwise making decisions about 
which dates to accept and which to reject have been promoted. Going forward, 
one of the primary means of creating reliable radiocarbon records for charcoal is 
to identify the charcoal being dated and use the average age of that tree or shrub as 
a guide to understanding the relationship between dates. Average life spans differ 
greatly, from annuals to shrubs that typically live for a few decades to trees that 
live many centuries. Creating a database of radiocarbon dates to understand the 
transition between the Pleistocene and Holocene should be reliant on data con-
cerning what was dated, not be merely an assessment of “reliable or unreliable” 
based on placement on the radiocarbon curve. Currently, attempts to filter exist-
ing dates by selectively removing radiocarbon dates from the record by either not 
publishing them, “adjusting” them by some factor, or recommending that they be 
ignored leaves much to be desired. This poster does not address the radiocarbon 
curve itself. Rather, it focuses on obtaining the most information about what is be-
ing dated and the importance of that information in assessing dates that appear to 
be “reversed” or that are considered “outliers”.
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No-Analog Vegetation Communities: Under-Explored 
Implications of Modeled Precipitation and Earth/Sun 
Geometry 

Cummings, Linda Scott, PaleoResearch Institute, Golden, CO 80401, USA, 
Linda@paleoresearch.com; Varney, R. A., PaleoResearch Institute, Golden, CO 
80401, USA; Lux, Thomas, PaleoResearch Institute, Golden, CO 80401, USA

The concept of no-analog vegetation communities is already well defined.  The 
environment and resulting vegetation during the Late Pleistocene and Early Holo-
cene periods frequently have no analogs in today’s world, meaning that although 
the individual members of biotic communities are extant, they occur in frequen-
cies or combinations outside vegetation communities known today (Semken 1998, 
Stafford et al. 1999, Williams and Jackson 2007). Without modern vegetation 
community analogs with which to compare past proxy records, building an accurate 
picture of the environment and vegetation is a difficult task.  

The KibRidge-Yampa archaeological site, located at the eastern boundary of 
Dinosaur National Park in northwestern Colorado exhibits evidence of a no-analog 
vegetation community.  Examination of a stratigraphic pollen record from north-
western Colorado for the time period 11,200 to 10,000 radiocarbon years provides 
evidence of dramatic change in local vegetation.  At 11,200 RCYBP Betula pollen 
was abundant, but declined rapidly, giving way to increasing quantities of Liguliflo-
rae and Artemisia pollen.   

Another example of a no-analog vegetation community is found at the Mill Iron ar-
chaeological site, situated in southeastern Montana, which yielded the co-existence 
of indicators of a cooler, moister environment in the pollen record and indicators 
of hot and dry conditions in the phytolith record.  Stratigraphic samples from the 
Mill Iron site in southeastern Montana beginning 11,200 RCYBP through the Early 
Holocene transition provide evidence of both increased sagebrush + Liguliflorae in 
the pollen record, indicating cold, moist, steppe-like conditions, and increased short 
grasses in the phytolith record, usually attributed to hot/dry conditions.

No-analog vegetation communities disappear from the landscape at varying rates, 
usually in the Early Holocene.  Examination of Macrophysical Climate Models 
(MCMs) suggest differences in timing of precipitation throughout the year that 
might account for some of the changes in vegetation community composition.  
We then model these changes in precipitation and effective precipitation across 
the landscape through time using GIS to predict and interpret no-analog vegeta-
tion communities.  Although the concepts of changes in the Earth/Sun geometry 
(Milankovitch forcing) are well understood and discussed, the impact of the dif-
ferences in solar insolation on plant communities is often not well illustrated.  This 
poster reveals some of our recent probing into these relationships and the composi-
tion of the vegetation communities that they produced.
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MADISON HILLS PALEOECOLOGY PROJECT (MPEP):  A CITIZEN-
FUNDED LAKE-SEDIMENT STUDY IN CARROLL COUNTY, NEW 
HAMPSHIRE

Fowler, Brian1, Doner, Lisa2, Nickmann, Rudy3, Pollock, Leland4 and Davis, P. 
Thompson5

(1) Fowler Management Resources, Inc., P. O. Box 1829, Madison, NH 03849, 
USA,  b2fmr@metrocast.net; (2) Center for the Environment, Plymouth State 
University, Plymouth, NH 03264, USA; (3) Bergenfield Climate Center, Bergen-
field, NJ 07621, USA; (4) Dept. Biology, Drew University, Madison, NJ 07940, 
USA; (5) Dept. Natural and Applied Sciences, Bentley University, Waltham, MA 
02452-4705, USA

MPEP is an ongoing volunteer effort funded by local citizens interested in the his-
tory of Big Pea Porridge Pond (BPPP), a 48-ha lake in Madison, NH. Our purpose 
is to: (a) engage private citizens in science investigations of the pond, (b) produce 
publication-quality analytical results from sediment core samples, and (c) utilize 
multiple independent proxies to identify patterns of past climate change. 

BPPP lies at 197 m asl (43.941oN, 71.188oW) in a broad depression within higher 
relief terrain. The area is underlain by Concord granite bedrock, veneered by diam-
icton and ice-contact stratified drift of variable thickness. Following a detailed 
bathymetric survey, we obtained a 10.2-m Livingston sediment core in the deepest 
part (14.6 m depth). A shoal west of the core site suggests a possible marginal 
position as wasting Laurentide ice retreated northwards.

A bulk sample of the deepest visible organic matter, at 9.35-m core depth, pro-
vided an AMS age of 12,125 +/- 50 14C yr BP (Beta-244299; 13C/12C = -23.9), 
calibrated to 13.84-14.15 ka (mean = 14.01 ka) using CALIB 5.0.2 (http://calib.
qub.ac.uk/calib/). Our basal age for BPPP is reasonably consistent with basal ages 
from nearby sites, including Echo Lake (~10 km N, bulk AMS, 13.38-12.68 ka).  

A pollen percentage diagram of 60 samples from the Livingston core and 8 
samples from a 32-cm surface core exhibits many similarities with the Echo Lake 
record (Shuman et al., 2005), including succession from spruce, fir, alder and 
ferns, to birch, pine, and deciduous climax vegetation assemblages. Peak values in 
alder and ferns, typical of the YD in New England (e.g., zone A4 in Davis, 1960), 
appear to be correlative in the BPPP and Echo Lake records. The well-documented 
hemlock decline (5400 cal yr BP) appears at ~100-200 cm depth, suggesting either 
a dramatic decrease in sediment accumulation rate or missing Livingston core top 
material. 

A potentially unique result is that surface core samples reveal increases in pollen 
from grasses, spruce, white pine, birch, and aquatic plants not seen since 11,000 
cal yr BP. Land disturbances caused by settlement and development may have 
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recreated a disturbance-tolerant ecosystem like that following deglaciation. Two 
distinct, 2 cm-wide bands of yellow-tinted sediments, at 590-597 cm (9500-9800 
cal yr BP), coincide with sharp declines in OC, chironomid-inferred temperature, 
and softwood pollen, yet increased pollen concentration, hardwood pollen types, 
and S-ratio and ARM/IRM magnetics. These proxies point to BPPP lake sediments 
being highly responsive to watershed conditions, such as soil and canopy distur-
bances.

REFERENCES
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CONTEMPORANEOUS LATE PLEISTOCENE LOESS DEPOSITION, 
EOLIAN DEFLATION, AND EOLIAN SAND DEPOSITION SOUTH OF 
THE JAMES LOBE, NORTHEASTERN NEBRASKA, USA

Dillon, Jeremy, Department of Geography, University of Nebraska at Kearney, 
Kearney, NE 68849, USA, dillonjs@unk.edu, Hanson, Paul, School of Natural 
Resources, University of Nebraska-Lincoln, Lincoln, NE 68583,Young, Aaron, 
School of Natural Resources, University of Nebraska-Lincoln, Lincoln, NE 68583, 
Joeckel, Robert, School of Natural Resources, University of Nebraska-Lincoln, 
Lincoln, NE 68583, and Kuzila, Mark, School of Natural Resources, University of 
Nebraska-Lincoln, Lincoln, NE 68583

The landscape south of the Missouri River valley in Cedar County, northeast-
ern Nebraska, USA includes distinctively oriented (NW-SE) valleys and ridges.  
Oriented valleys range from <1 to approximately 5 km wide.  Detailed surficial 
mapping and shallow coring demonstrate that the valley bottoms are a complex 
assemblage of Holocene and late Pleistocene alluvium, alluvial fans and colluvial 
aprons, glacial outwash, Cretaceous bedrock outcrops, and eolian sand.  Inter-
fluves and larger divides are composed of thick loess, till, outwash, and/or glacio-
lacustrine sediments, with discontinuous mantles of eolian sand.  

Based on its landscape position, eolian sand was most likely deflated from sandy 
alluvium along local streams such as Bow Creek and/or glacial outwash.  The 
sand is commonly capped with a thin (1-2 m) mantle of silt.  We used optical 
dating methods to test whether the eolian deflation occurred during the Holocene 
or late Pleistocene.  Preliminary optical age estimates from eolian sands (n = 7) 
fall within typical ages for Peoria loess deposition, ranging between 22 to 14 ka.  
These ages suggest that local eolian deflation and deposition were ongoing during 
the late Pleistocene.

Geomorphic relationships, soil profile development, and our age control indicate 
that eolian sands were stabilized during the latest Pleistocene, but prior to the 
termination of Peoria Loess deposition.  Thus we interpret the thin silt caps that 
commonly mantle the eolian sands as very late stage Peoria Loess, rather than 
Bignell Loess. The presence of late Pleistocene eolian sand adjacent to coeval, 
thick accumulations of Peoria loess remains unexplained.  One possibility is that 
pre-Wisconsinan topography (oriented valleys and ridges) influenced local wind 
velocity, patterns of deflation and deposition, and drainage development through 
the latest Pleistocene.   
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PRELIMINARY BIOGEOGRAPHICAL AND SYSTEMATIC ANALYSIS 
DEFINING THE COMMUNITY STRUCTURE OF AN EARLY PLEISTO-
CENE AVIFAUNA IN THE ROLLING PLAINS REGION OF WESTERN 
TEXAS 

Doyle, Julie, Biological Sciences Department, Sam Houston State University, 
Huntsville, Texas  77341, USA, j.sculley@shsu.edu, Johnson, Eileen, Museum of 
Texas Tech University, Lubbock, Texas 79409-3191, USA, Moretti, John, Mu-
seum of Texas Tech University, Lubbock, Texas, 79409-3191,USA, and Lewis, 
Patrick J., Sam Houston State University, Huntsville, Texas, 77341, USA

The Pleistocene, as well as the latter part of the Pliocene, is characterized by 
extreme climatic oscillations producing intermittent glacial conditions in North 
America. This climatic variability is responsible for the periodic restructuring of 
affected ecosystems resulting in the modern patterns of regional avian biodiversity 
and biogeography present today. Systematic comparisons between chronologically 
representative avifaunal assemblages demonstrate that Plio-Pleistocene climatic 
instability affected avian systematics greatly, reducing overall species diversity 
from a Miocene peak of over 20,000 to fewer than 10,000 by the end of the last 
glacial period. At the present time, both North American avian systematics and 
patterns of biogeography lack resolution due to a paucity of relevant data in the 
form of described and correlated avifaunal assemblages.  Current research is fo-
cused on the avifaunal component of a fossil assemblage from the Roland Springs 
Ranch (RSR-1) on the western Rolling Plains, near Snyder, Texas.  Overall, the 
fossil assemblage recovered from this locality is extremely diverse with represen-
tatives from all terrestrial vertebrate classes. Coupled with diagnostic stratigraphic 
features, this compositional diversity indicates a lack of taphonomic bias dur-
ing deposition. Additionally, a lack of damage and modification consistent with 
stream transport suggests a relatively low-energy fluvial depositional environment. 
Preliminary biostratigraphic dating of this fossil assemblage based on non-avian 
taxa suggests a representation of a transitional period between the Blancan and 
Irvingtonian North American Land Mammal Ages (ca. 1.8 mya). If this assessment 
is accurate, the composition of the RSR-1 avifauna should differ significantly from 
published Blancan-age, as well as Irvingtonian-age North American avifaunas. 
This avifaunal assemblage numbers over 180 specimens and consists of various 
elements representing at least six orders.  Small members of Passiformes domi-
nate the avifauna and underscore the potential for a strong songbird record. A 
systematic analysis of the avifauna when considered in context with the complete 
vertebrate taxonomic survey should facilitate an expanded paleoenvironmental 
interpretation. This assemblage fills an important spatial gap in the avifaunal re-
cord and will help to resolve avian systematic and biogeographical issues from the 
important transitional period between the Blancan and Irvingtonian. 
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A UNIQUE HIGH-ELEVATION FOSSIL ASSEMBLAGE SPANNING 
THE LAST GLACIAL MAXIMUM FROM CEMENT CREEK CAVE, 
COLORADO

Emslie, Steven D., Department of Biology and Marine Biology, University of 
North Carolina, Wilmington, NC 28403, USA, emslies@uncw.edu and Meltzer, 
David J., Department of Anthropology, Southern Methodist University, Dallas, TX 
75275, USA

We report a late Pleistocene vertebrate fauna from a high-elevation cave (2950 m) 
in Colorado that has produced thousands of bones of small mammals dating from 
>45,000 B.P. to the late Holocene.  No other cave in North America has provided 
such a rich assemblage of small vertebrates from this elevation from before and 
after the Last Glacial Maximum (LGM).  The available radiocarbon dates (n = 25) 
suggest that the deposits are in chronological and stratigraphic order, though there 
are several reversals in the radiocarbon sequence, perhaps caused by bioturbation 
from burrowing rodents.  These dates also indicate pronounced hiatuses in the 
depositional sequence between ~28,330 and ~12,500, and ~11,870 and ~8070 ra-
diocarbon years B.P.  If these depositional gaps are real (there is one date of 18040 
± 70 B.P.), it would suggest that during much of the LGM and later the Younger 
Dryas chronozone, the cave entrance was closed.  Although there is no direct 
evidence the cave was obstructed by glacial ice (the LGM terminal moraine in Ce-
ment Creek terminated ~12 km up valley and ~150 m higher in elevation [Brugger 
2010, AAAR vol. 42]), periglacial conditions may have caused long-term ice or de-
bris blockage of the cave.  Two travertine layers in the deposits may have formed 
during these periods of depositional quiescence.  The most abundant fossils in 
the deposits are of small mammals and provide a unique opportunity to examine 
changes in high-elevation mammalian communities before and after major cli-
matic events.  This record is dominated by rabbits, rodents, and small carnivores, 
most of which still occur in alpine and subalpine communities of Colorado.  Only 
two species in this assemblage, Preble’s Shrew (Sorex preblei) and Sagebrush Vole 
(Lemmiscus curtatus), are no longer found in this region of Colorado, occurring 
in sagebrush habitat in Wyoming and farther to the north.  The fauna as a whole 
represents a sagebrush steppe/tundra, a community that was widespread through-
out the intermountain west during the late Pleistocene.  Moreover, this community 
is represented in nearly every level of the cave, indicating its high resilience to 
climate change with no apparent extinctions among the small mammals, and only 
two extirpations, by the early Holocene.  As the extensive range of this sagebrush 
steppe habitat became reduced and fragmented in the early Holocene, small mam-
mals were able to adapt and redistribute themselves into new communities thereby 
suffering few or no extinctions as compared to large mammals at this time.  
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A MULTIVARIATE ANALYSIS OF THE ECOLOGY OF NORTH 
AMERICAN PLEISTOCENE BEARS, WITH A FOCUS ON ARCTODUS 
SIMUS

Esker, Donald, Curator, The Mammoth Site of Hot Springs South Dakota Incor-
porated, South Dakota 57747, USA, done@mammothsite.org, Wilkins, Justin, 
Assistant Curator, The Mammoth Site of Hot Springs South Dakota Incorporated, 
South Dakota 57747, USA, and Agenbroad, Larry, Site of Hot Springs South 
Dakota Incorporated, South Dakota 57747, USA.

Pleistocene North America hosted a diverse collection of carnivores, including 
canids, saber-toothed felids, and bears. At least three species of Pleistocene bears 
are extinct (Arctodus simus, T. floridanus and A. pristinus), along with much of the 
North American megafauna.  

Earlier work on the axial skeleton and the appendicular skeleton of A. simus con-
cluded that it was a super-scavenger. This research is solid – but more ecological 
questions remain to be answered. What animals did it typically scavenge? How 
did it compete with other scavengers? What habitat did A. simus prefer? How did 
it interact with other carnivores, and specifically, with other genera of bears? Was 
its extinction a result of competition with invading Eurasian ursine bears, or the 
consequence of carrion extinction? When the tremarctines were extirpated from 
North America, did the ursine bears expand their niches?  

These inquiries will not be answered by examining the animal’s morphology. 
Rather, they are best approached by statistically examining their entire ecosystem. 
The statistical analysis techniques employed in invertebrate research are rarely 
used in Pleistocene research or vertebrate paleontology due to the large sample 
sizes needed within a single site, but by looking at entire epochs, sufficient data 
can be acquired for analysis.  

Cluster analyses, principal coordinates/components analysis, and non-metric 
multi-dimensional scaling reveal a close association between short-faced bears and 
large, plains-dwelling grazers.  Modern North American bears, by contrast, have 
long been associated with forest dwelling browsers. This suggests that competition 
between the Arctodus species and ursine bears was probably minimal, and that 
another explanation should be sought for their extinction.  Conversely, U. ameri-
canus and T. floridanus are associated with the same mammalian communities, 
and may have genuinely been in competition with one another.
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MAPPING TECHNIQUE AND MAPPING TECHNOLOGY AT THE 
MAMMOTH SITE OF HOT SPRINGS, SD

Agenbroad, Larry, Site Director, The Mammoth Site of Hot Springs South Dakota 
Incorporated, South Dakota 57747, USA, larrya@mammothsite.org, Esker, Don-
ald, Curator, The Mammoth Site of Hot Springs South Dakota Incorporated, South 
Dakota 57747, USA, and Wilkins, W.J., Assistant Curator, The Mammoth Site of 
Hot Springs South Dakota Incorporated, South Dakota 57747, USA. 

The Mammoth Site of Hot Springs SD is one of the most important Pleistocene 
konzentrat-lagerstaette in North America.  Entombed within the sediments of this 
faunal trap are at least 58 Wooly and Columbian Mammoths, along with 83 other 
taxa.  First discovered in 1974, the Mammoth Site has been carefully excavated – 
and more carefully mapped – for the last 36 years.

Mapping at the Mammoth Site has consistently followed the state of the art, and 
is at its highest level of precision and accuracy yet.  We are using a Trimble 5200 
robotic laser transit in conjunction with a series of control points and overhead 
photography to determine the position of ‘anchor points’ placed near the bones.  
This data is processed and converted by ArcGIS 10.0 software to produce a 
detailed map of the bonebed, accurate to within a few millimeters.  The position 
and condition of the bones are recorded with such great fidelity that it is a simple 
matter to recognize bones in the bonebed based on their appearance in the map.

In addition to the remarkable accuracy of the map, ArcGIS 10.0 allows for the 
storage, retrieval, and analysis of extensive ancillary information.  By clicking 
on any bone in the map, it is possible to determine its identity, year of discovery, 
condition, average elevation, and 24 other fields of data.

In addition to mapping new discoveries and previously discovered specimens still 
in-situ, we are pursuing two new strategies to re-map bones that have long since 
been removed from the bonebed.  For those specimens for which good paper maps 
exist, the old control points will be treated like anchor points, and the paper map 
will take the place of the photographs.  This will allow us to transfer the informa-
tion in the paper maps to the ArcGIS map, making it available for computerized 
analysis.

For those few bones not represented in paper maps, we will use 3D photogram-
metry.  3D photogrammetry software allows for accurate mapping of features that 
no longer exist, using photographs and movie frames taken of the site at a particu-
lar time.  The program we use can reconstruct the site in 3D, just as it was when 
the images were recorded.  This data can then be transferred into ArcGIS, and 
bones removed long ago can be placed accurately in the main computerized map.
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EVIDENCE OF THE YOUNGER DRYAS – HOLOCENE TRANSITION 
FOUND IN SPRUCE TREE-RINGS FROM BELL CREEK NEAR 
FULTON, NEW YORK

Griggs, Carol, Dendrochronology Laboratory, Cornell University, B48 Goldwin 
Smith Hall, Ithaca, NY, 14853, USA, cbg4@cornell.edu

Logs found at the bottom of Bell Creek, on the Ralph Bowering farm near Fulton, 
NY (43°18′15″N 76°20′17″W), radiocarbon-date from the late Younger Dryas into 
the early Holocene (10.125 – 8.2k 14C BP).  Of the 50 samples collected, spruce 
and fir are the dominant species; pine, poplar, and birch are represented by only 
4 samples.  Chronologies built from the spruce tree-ring measurements range in 
length from 80 to 212 years, with a total of ~ 800 years; possible short overlaps 
between several chronologies and samples need additional samples or 14C dates 
for secure placement.  Four chronologies are radiocarbon-dated. The 212-year 
chronology contains the short ring segments that produced the two earliest 14C 
dates, and a radiocarbon wiggle-match puts the sequence at 11,688-11,477 ±29 
cal BP (relative to AD 1950), covering the end of the Younger Dryas chronozone.  
Changes in variability throughout this chronology plus within each samples’ 
sequence indicate significant environmental and/or climate changes over that 
time span.  These include 2-5 years of narrow rings that possibly coincide with 
the short-term changes evident in the ice cores of the same period.  The bands of 
narrow rings are also marked by less-dense cell structure plus a single tangential 
band of resin canals, evidence of traumatic growth.  For the early Holocene, the ra-
diocarbon dates of two other spruce chronologies place them solidly on a horizon-
tal part of the calibration curve, and their average ring widths are 150% times the 
widths of the transition group.  Detailed analysis is still underway; the results will 
be presented in the near future. 
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STRATIGRAPHY AND CHRONOLOGY OF MAMMOTH 
(MAMMUTHUS) FOSSILS FROM SOUTHWEST IDAHO

Hill, Christopher L., Department of Anthropology and Environmental Studies 
Program, Boise State University, Boise, Idaho, USA, chill2@boisestate.edu

In southwestern Idaho, within the Western Snake River Plain, fossils of mammoth 
(Mammuthus) are found in early to late Pleistocene stratigraphic contexts.  The 
Bruneau Formation south of the Snake River, near Glenns Ferry, contains remains 
of Irvingtonian Mammuthus in lake deposits dating to at least 1.36 million years 
ago (Malde and Powers 1962 GSA Bull. 5:191-208).  In the same general region, 
but on the north side of the Snake River, Rancholabrean remains are known from 
the Rabbit Springs Locality and at Sugar Bowl in the Melon Gravels of the late 
Pleistocene Bonneville flood (Jefferson et al. 2002 Idaho Mus. Nat. Hist. Occ. 
Paper 37:157-192).  Mammoth fossils have also been recovered from high ter-
race gravels south of Fruitland, near the Idaho-Oregon border.  The gravels may 
correlate with middle Pleistocene terrace deposits in the Boise area (Hill 2009 
Curr. Res. Pleist. 26:195-197).  The stratigraphic sequence containing the mam-
moth fossils is situated in an upland area east of the Snake River.  The fossils were 
found in an 8 m thick sequence of fluvial sands and gravels and were enclosed 
in unindurated, cross-bedded medium sands with coarse sand and gravel.  Sedi-
ments adhering to the bones consist of very pale brown (10 YR 8/2-3) silts and 
very fine to medium sands.  The gravels may correlate with the Wilder terrace, 
which is older than the Mores Creek basalt dated to about 107 ka (Othberg et al. 
1995 Isochron/West 62:1-14; Othberg et al. 1996 Idaho Geol. Survey Staff Report 
96-1).  These fossil localities in southwest Idaho represent both the Irvingtonian 
and Rancholabrean land mammal ages and are associated with either alluvial or 
lacustrine deposits. 
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AN ELEPHANT BONE BREAKAGE EXPERIMENT

Holen, Steven R. and Holen, Kathleen A., Department of Anthropology, Denver 
Museum of Nature & Science, 2001 Colorado Blvd., Denver, CO, USA 80205, 
sholen@dmns.org  

The hypothesis that humans were breaking and flaking mammoth limb bone dur-
ing the Last Glacial Maximum, 18-19,000 rcybp, on the Central Great Plains of 
North America was tested by breaking a modern African elephant femur with a 
replica hafted stone hammer and flaking the bone with a hammerstone.  Impact 
points from blows with the hafted stone hammer replicate those found on mam-
moth femurs at the La Sena Site.  Use of a hammerstone to produce longitudinal 
flakes and lateral flakes replicates flaking patterns on the La Sena and Lovewell 
Mammoth limb bone.  The hypothesis that humans were the taphonomic cause 
of the impacted and flaked limb bone at these two sites cannot be negated by this 
experiment.  Quite the contrary, the hypothesis that humans broke the mammoth 
limb bones during the Last Glacial Maximum is supported by the experiment.
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FIN DEL MUNDO PLEISTOCENE FAUNA, SONORA, MÉXICO

López-Jiménez, Alejandro, Instituto Nacional De Antropología E Historia, Méxi-
co, 06060 México, D.F. poukau@hotmail.com, Arroyo-Cabrales, Joaquin, INAH, 
Mexico, D.F., Sánchez-Miranda, Guadalupe, Museo de Sonora, Centro INAH 
Sonora, Mexico, Holliday, Vance T., School of Anthropology & Department of 
Geosciences, University of Arizona, Tucson AZ 85721-0030, USA

El Fin del Mundo is a stratified Paleoindian archaeological site in northwestern 
Sonora. The vertebrate fauna was found in two bone beds, each of which com-
prise a faunule. The upper bone bed, dated roughly 11,040+/-580 rcy BP, con-
tains remains of a juvenile gomphothere (Gomphotheriidae Cuvieronius) along 
with remains of a second similar-sized but unidentified proboscidean. This is the 
first documented association of human interaction with gomphothere in North 
America. The remains are also the youngest Gomphothere in North America. 
The gomphothere suggests a relatively warm, humid habitat at the site, but this 
conflicts with the presence of mammoth and limited post-LGM environmental re-
constructions along the international border with Arizona. The lower stratum, rela-
tively dated between 11,000 and 15,000 rcyBP, may have formed under different 
conditions (cold, dry grassland habitat), with mastodont (Mammut americanum), 
and horse (Equus sp.). Small vertebrates were also found at Locus 1, including 
hare (Lepus sp.), woodrat (Neotoma sp.), desert tortoise (Gopherus sp.), and frog 
(Amphibia, Anura).
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SENSITIVITY OF HAWAIIAN CLOUD FORESTS AND FIRE REGIMES 
TO LATE-HOLOCENE CLIMATE CHANGE.

Hotchkiss, Sara, Department of Botany, University of Wisconsin, Madison, WI 
53706, USA, shotchkiss@wisc.edu and Crausbay, Shelley, Department of Botany, 
University of Wisconsin, Madison, WI 53706, USA. 

We compare paleoecological records that span the upper limit of montane cloud 
forest in Hawai‛i with records of Pacific paleoclimate variability to test hypotheses 
about the sensitivity of vegetation and fire regimes to climate change.  If the mean 
elevation of the tropical trade wind inversion (TWI) descends with increasing 
CO2, as preliminary models project, high islands in the tropical trade wind belt 
may be vulnerable to climate change.  In Hawai‘i, the upper montane cloud forest 
represents the last remaining habitat for many endangered plants and animals.  As 
increased temperatures push non-native avian malaria and other invasive species 
uphill, a stronger Hadley Cell may drive the TWI downhill, reducing cloud forest 
area and watershed yield.  Patterns of species assemblages across modern climate 
gradients suggest this landscape will respond to changing moisture availability.  
However, the native fire regime is largely unknown in Hawai‘i, making predic-
tions regarding fire difficult. 

A pollen record from ~200 m below the modern TWI-maintained cloud forest 
limit shows abrupt vegetation changes.  A comparison of fossil assemblages with 
modern pollen assemblages suggests vegetation responded to a shifting TWI posi-
tion.  Comparison of fossil assemblages with available paleoclimate records sug-
gests vegetation is correlated most strongly with onsite evidence for drought and 
also with the position of the intertropical convergence zone (ITCZ) and ENSO.  
The abundance of pollen from Myrsine, the strongest arboreal indicator across 
modern moisture gradients in the cloud forest, is well correlated with ENSO and 
the ITCZ (Spearman’s rank order correlations, P <0.001).  High rates of vegetation 
change occurred during peak ENSO activity from ~2200 – 1500 years ago, and 
these vegetation dynamics occurred without fires.  However, fires appeared syn-
chronously at the two highest positions in the landscape, above the modern TWI, 
from ~500 – 300 years ago, a time of low-moderate ENSO activity.  Despite the 
broad climatic ranges of most Hawaiian plants, vegetation near the TWI will likely 
change abruptly with climate change, even without the influence of fire, particu-
larly if ENSO intensifies or the ITCZ position shifts.
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A NEW METHOD FOR PRODUCING NANODIAMONDS BASED ON 
RESEARCH INTO THE YOUNGER DRYAS EXTRATERRESTRIAL 
IMPACT 

Howard, George, NanoDiamond Technologies, LLC, 1101 Haynes Street Suite 
107, Raleigh, NC 27604, USA, george@restorationsystems.com; Kimbel, David, 
Restoration Systems, LLC, Raleigh, NC 27604, USA; West, Allen, GeoScience 
Consulting, Dewey, AZ 86327, USA; Kennett, James P., Dept. of Earth Science, 
Univ. of California, Santa Barbara, CA 93106, USA.

Research into a proposed cosmic event 12.9 ka ago at the onset of the Younger 
Dryas revealed that for the impact sediment tested across North America and West-
ern Europe, all contain impact-related nanodiamonds ranging in size from 1 to 1700 
nm. Five allotropes of nanodiamonds appear in bulk sediment, but also occur inside 
carbon spherules and glass-like carbon, which are the charred, melted, amorphous-
carbon byproducts of the impact event. Several of the nanodiamond allotropes have 
been produced under lab conditions, but have never been identified in any cosmic 
material or found associated with mantle-derived diamonds. It has, however, been 
identified with other impact events, such as the K-T at 65 million years ago.

We have reverse-engineered the process by which the impact-related nanodiamonds 
form. First, various carbon-rich materials (coal, coconut shells, and wood) were 
charred at about 500°C under normal atmospheric conditions; this is analogous 
to typical wildfires. Next, the char was heated to more than 1000°C in a partially 
sealed vessel under hypoxic conditions ((<4% oxygen), created by introducing 
steam or nitrogen at near-atmospheric pressure. As a result, rounded, nanometer-
sized domains of graphite formed in the char, to be subsequently transformed 
into nanodiamonds. To prevent combustion of the nanodiamonds, the char was 
quenched under continuing low-oxygen conditions. As it happens, this procedure 
is identical to the commercial process for producing activated charcoal, and in fact, 
samples of commercially available activated carbon manufactured by both Calgon 
Carbon Corporation and Norit Americas, Inc. were found to be enriched in nano-
diamonds.

The process of forming nanodiamonds requires conditions unlike any that are 
normal to the surface of the Earth. However, the requirements match the extreme 
conditions that exist during a cosmic impact or airburst: (1) transient high tempera-
tures; (2) an oxygen-poor (or steam-rich) hypoxic atmosphere within the fireball 
and behind the shock front; and (3) the opportunity for quenching in a low-oxygen 
environment. Our research confirms that the YD nanodiamonds could not have 
formed under normal terrestrial conditions, and instead, required conditions con-
sistent with a cosmic impact. Members of our research group, in coordination with 
Nanodiamond Technologies, LLC, a North Carolina company, have filed a patent 
application on three continents for this previously unknown method of producing 
diamonds. 
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HOLOCENE CLIMATE-VEGETATION-FIRE LINKAGES ALONG THE 
FOREST-STEPPE ECO-TONE IN PATAGONIA, ARGENTINA

Iglesias, Virginia, Department of Earth Sciences, Montana State University, Boze-
man, MT 59717, USA, virgiglesias@yahoo.com, Whitlock, Cathy, Department of 
Earth Sciences, Montana State University, Bozeman, MT 59717, Bianchi, María 
Martha, INIBIOMA-CONICET, Bariloche, Argentina, and Markgraf, Vera, De-
partment of Geography, University of Colorado, Boulder, CO 80302, USA

Along the eastern Andes, a prominent ecotone separates steppe from North Pa-
tagonian forest, dominated by Nothofagus spp. and at middle latitudes by Nothofa-
gus spp. and Austrocedrus.  The elevational position of the ecotone is determined 
by effective moisture, which in turn is governed by the strength and latitudinal 
position of the Southern Westerlies.  As a result, past changes in forest composi-
tion and fire activity provide an opportunity to examine past climate variations in 
this region. The vegetation and fire history is inferred from a longitudinal transect 
of eight lake and bog sites.  Pollen data indicate that, on millennial time scales, 
late-glacial steppe was replaced by open forest in the early Holocene and then by 
closed forest in the middle and late Holocene (south of lat 36S).  Charcoal data 
suggest that fire activity south of latitude 41S was highest between 11 and 8-6 ka 
and significantly decreased between 8-6 and 3 ka.  The opposite pattern occurred 
north of lat 41S, where fire activity was highest between 6 and 3 ka.  Between lat 
40 and 43S, fires were nearly as frequent between 3 and 1 ka as in the early Holo-
cene, and this period was followed by a decline in fire activity to the 20th century.  
The long-term vegetation and fire patterns are partly explained as a response to 
variations in seasonal and annual insolation and their effect on summer (fire-sea-
son) conditions. 

In the last 5000 years, changes in precipitation and ENSO variability, inferred 
from independent data, matched closely with trade-offs in the abundance of 
Nothofagus, Austrocedrus, and Poaceae pollen and variations in charcoal influx.  
Pollen and charcoal data suggest that wet conditions led to the expansion of for-
est into steppe, and high moisture variability, mainly through its effects on fire 
occurrence, shaped the composition of the ecotone.  Wet/less variable conditions 
at 4-3.5 ka favored the expansion of Austrocedrus into steppe.  An invasion of 
Nothofagus into Austrocedrus forest resulted from increased fire activity associ-
ated with wet/more variable conditions at 3.5-2.8 ka, 1.4-1.2 ka, and 0.5-0.2 ka.  
Dry conditions allowed the expansion of the steppe at the expense of forest species 
(i.e., 4.8-4 ka, 2.5-1.7 ka).  Our findings suggest that precipitation and interan-
nual to interdecadal variability explain much of the fine-scale ecotonal behavior 
of the late Holocene but that these relations must be understood in the context of 
millennial-scale climate variations that shape broad patterns of vegetation and fire 
in the region.  
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AT THE OTHER END OF THE PLEISTOCENE – ROLAND SPRINGS 
RANCH LOCALITY 1 ON THE SOUTHERN PLAINS OF TEXAS

Johnson, Eileen, Museum of Texas Tech University, Lubbock, Texas 79409-3191, 
USA, eileen.johnson@ttu.edu; Moretti, John, Museum of Texas Tech University, 
Lubbock Texas, 79409-3191, USA.

Roland Springs Ranch (RSR) Locality 1 is situated on Turtle Creek, an ephemeral 
contributory to the Clear Fork of the Brazos River, on the Southern Plains within 
the western Rolling Plains.  The modern drainage cutting through over 1.9m of 
loamy sand deposit has exposed a profile indicating a fairly dynamic history.  A 
fluctuating water table is indicated at some time after the bones and sediments 
were deposited.  Most of the material is in gleyed deposits.  Deposition of these 
sediments and the bones encased in them appears to be within a fluvial environ-
ment based on preserved swirls and cross-bedding.  Over 50 taxa have been identi-
fied to at least family level and all vertebrate classes are represented that provides 
the basis for a strong record of biodiversity.  

Catfish, salamander, ranid frogs, toads, colubrid snakes, and horned lizards are 
represented while Geochelone (or Hesperotestudo) remains dominate the assem-
blage.  Although Geochelone taxonomy is in a state of flux (Meylan and Sterrer, 
2000; Holman, 1995), a number of potential species are represented based on mor-
phological differences with the nuchals, with only G. beckensis identified to date.  
Pond turtle remains are numerous, primarily Chrysemys picta.  Vespertilionid bats 
are represented by molars with cusp patterns that do not have the same character-
istics as any living North American vespertilionid bat.  Among the lagomorphs, 
various genera are represented, all in the subfamily Leporinae (White, 1991).  
Most notable are Lepus and Aztlanolagus.  At least two geomyids are represented, 
with both forms exhibiting an interruption of the enamel pattern of the p4.  The 
smaller pocket gopher appears to be Geomys (Nerterogeomys) minor (Russell, 
1968; Dalquest, 1978).  Heteromyids are represented by the extinct kangaroo rat 
Prodipodomys.  A woodrat belonging to the lower m3 s-shaped Neotoma group 
occurs in the fauna.  This Neotoma is neither the modern Hodomys alleni nor the 
mid-Irvingtonian N. fyllanenesis.  Among the carnivores are Canis lepophagus, 
Buisnictus breviramus, and Miracinonyx trumani.  Horses are represented by Nan-
nippus peninsulatus and Equus simplicidens.  Among the birds are representatives 
of the familes Accipitridae (hawks and eagles) and Ardeidae (bitterns and herons) 
and an extinct species of Meleagris.  

The fauna indicates a riparian setting within a grassland in an equitable climate 
that lacked seasonal extremes.  An absolute age on the fauna is not yet available 
but the potential age is a relative one based on faunal composition.  Taken to-
gether, these animals indicate a potential transitional Blancan to Irvingtonian fauna 
of probable early Pleistocene age.
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A MULTIPROXY APPROACH TO DECIPHERING ENVIRONMENTS OF 
THE PLEISTOCENE-HOLOCENE TRANSITION BRADY SOIL OF THE 
CENTRAL GREAT PLAINS

Johnson, W.C., Department of Geography, University of Kansas, Lawrence, 
KS 66045, wcj@ku.edu, Mason, J.A., Department of Geography, University of 
Wisconsin-Madison, Madison, WI 53706, Geiss, C.E., Department of Physics, 
Trinity College, Hartford, CT 06106,  Woodburn, T.L., Department of Geography, 
University of Kansas, Lawrence, KS 66045,  Hasiotis, S.T., Department of Geol-
ogy, University of Kansas, Lawrence, KS 66045, and Moore, R.R., Department of 
Geology, University of Kansas, Lawrence, KS 66045

Landscapes of the central Great Plains during the Pleistocene-Holocene transition 
were relatively stable, resulting in widespread pedogenesis. Upland expression 
of this process was the Brady Soil, which formed during an episode of markedly 
reduced loess accumulation. The Brady Soil developed under a dynamic climatic 
environment, and, as a result, captured this signal throughout its formation, from 
about 14.2 ka to 9.4 ka. Accordingly, pedogenesis spanned the Bølling-Allerød, 
Younger Dryas, and early-mid Boreal climatic episodes; and, as a consequence, 
pedogenesis extended about 2 kyrs into the early Holocene (NGRIP-defined start 
at 11.7 ka).

To decipher the complex sequence of climatically-forced paleoenvironmental 
changes during the course of Brady Soil development, multiple approaches and 
proxies are being employed. Stable C isotope values from bulk soil organic matter 
portray an overall shift from Pleistocene C3 plants to Holocene C4 grasses, though 
the signal exhibits a retarded rate of C4 biomass increase during the Younger Dryas 
and a slight decrease in C4 biomass during the early Boreal. Isotopic analyses of 
the organic C fractions indicate that the recalcitrant C fraction tends to be more 
C4 in composition than that of the bulk C. Biosilicate data exhibit an overall shift 
from Pooids (C3 grasses) and arboreal components to Chloridoids (C4 grasses) 
during the course of pedogenesis, but also show detail such as decreased Panicoids 
(mesic C4 grasses) during the Younger Dryas and increased Stipa type (dry-
adapted C3) biosilicates during the early Boreal. As Brady pedogenesis waned, 
total biosilicate concentration increased, as well as concentrations of extraneous 
(loess-borne) components (e.g., diatoms, sponge spicules) and of charcoal and 
charred biosilicates. Application of magnetic remanence parameters to multiple 
Brady Soil sites indicates that ARM ratios can be used to reconstruct precipitation 
regimes, with results suggesting overall mean annual precipitation values similar 
to or slightly lower than those of today. Preliminary analyses of trace fossils sug-
gest that occupation by prairie dogs increased and that by cicadas decreased as 
C4-derived biomass increased, and the Younger Dryas interval appears to exhibit 
overall decreased trace evidence.
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These approaches and others, such as climo-function development, whole soil 
geochemistry and carbonate chemistry, are in various stages, but, when completed, 
these data sets will provide a comprehensive history of Brady Soil development 
and of the paleoenvironments under which pedogenesis occurred. 
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TRANSITION IN THE OZARKS: VEGETATION CHANGE SEEN FROM 
THE LAST GLACIAL MAXIMUM THROUGH THE EARLY HOLOCENE 
AT CUPOLA POND, MO.

Jones, Rachel, Botany Department, University of Wyoming, Laramie, WY 82070, 
USA, rjones36@uwyo.edu, Jackson, Stephen T., Botany Department, University 
of Wyoming, Laramie, WY 82070, USA, Williams, Jack W., Geography Depart-
ment, University of Wisconsin, Madison, Wisconsin 53706, USA and Brewer, 
Simon, Botany Department, University of Wyoming, Laramie, WY 82070, USA 

The last deglaciation (21,000 to 10,000 yr BP) was characterized by a series of 
gradual and abrupt climate changes that undoubtedly had major ecological and 
biogeographic consequences.  However, the vegetational history of this period 
is poorly known for unglaciated regions of eastern North America.  Depositional 
sites are few, and records are often poor in quality because of low deposition 
rates, dating uncertainties, low sampling density, and sedimentary hiatuses.  We 
present a high-resolution pollen and plant-macrofossil record from Cupola Pond, 
a shallow sinkhole basin in southeastern Missouri.  A pollen record apparently 
dating to the last glacial maximum was obtained from the site in the 1980s, but the 
chronology is based on bulk-sediment dating and pollen sampling density is too 
low to identify rapid changes in the record.  We obtained new sediment cores from 
the site in 2008.  Here we focus on a 6-m core obtained from a Nyssa aquatica 
swamp, ca. 10 m from the small, spring-fed, open-water pond.  The core spans the 
entire deglaciation, contains abundant macrofossils suitable for AMS-dating, and 
has been analyzed for pollen at relatively high density (average 9 (4 to 23) samples 
per thousand years). 

The high temporal resolution pollen profile shows major shifts in vegetation from 
the last glacial maximum through the Holocene transition. Five pollen strati-
graphic zones were identified using CONISS analysis, and compared with results 
of a ROC analysis. ROC analysis is a statistical tool used to compare fossil pollen 
assemblages with modern ones and identify the discrimination threshold that 
maximizes the number of positive matches (analogs) or negative matches (no-
analogs). “No-analog” pollen assemblages appear early in the profile, disappear 
and reappear in the late glacial. 

Ongoing work is aimed at delineating the timing of analog and “no-analog” as-
semblages, characterizing the vegetation represented by the pollen assemblages, 
and comparing the Cupola Pond record with other paleoecological and paleocli-
matic records from North America and elsewhere. 
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EVIDENCE FOR WIDESPREAD BIOMASS-BURNING AT THE 
YOUNGER DRYAS BOUNDARY AT 12.9 KA

Kennett, James, Dept. of Earth Science, Univ. of California, Santa Barbara, CA, 
93106, USA, kennett@geol.ucsb.edu; West, Allen, GeoScience Consulting, 
Dewey, AZ, 86327, USA; Bunch, Ted, Dept. of Geology, Northern Arizona Univ., 
Flagstaff, AZ, 86011, USA; Stafford, Thomas, Jr., Stafford Research, Inc., 200 
Acadia Ave., Lafayette, CO 80026, USA

A diverse assemblage of nanodiamonds found in the Younger Dryas boundary 
layer (YDB) across North America is consistent with a high-temperature cosmic 
event at 12.9 ka. Abundance peaks in biomass-burning proxies, such as charcoal, 
grape-cluster soot, carbon spherules, and glass-like carbon suggest that a major, 
cross-continental episode of biomass-burning occurred simultaneously at the onset 
of the Younger Dryas (YD) cooling episode. These peaks appear contemporane-
ous with Greenland ice cores records that exhibit spikes in ammonium, nitrate, 
formate, and oxalate, which also are interpreted to represent episodes of biomass-
burning. 

The Marlon group (2009) reported analyzing sediment cores from 35 lakes widely 
distributed across North America, and they concluded that there is no evidence 
for a biomass-burning episode within ±50 yrs of 12.9 ka. We have reanalyzed 
Marlon’s data and determined that multiple 14C dating errors, along with statistical 
issues, may have led them to reach an erroneous conclusion. Their lake records 
contain numerous cumulative dating uncertainties: (1) they utilized multiple, in-
compatible 14C calibration curves, thereby introducing age uncertainties of ±175 to 
±650 yrs; (2) average chronological sample resolution was about ±180 yrs, much 
greater than ±50 yrs; (3) the radiocarbon dates used had a mean error of ±132 yrs; 
(4) for the 14C dates closest in age to 12.9 ka, the mean interval was >1100 yrs 
younger or older. Collectively, these errors make it impossible to reach conclu-
sions about the timing of a burning episode at 12.9 ka with a certainty of ±50 yrs. 
Based on a reanalysis of their dataset, we argue that there is sufficient evidence for 
widespread wildfires dating to the YD onset. 

In addition, we analyzed cores from 35 other lakes broadly distributed across 
North America and found that they exhibit a distinct collective charcoal peak at 
12.9 ka within the limits of 14C uncertainty. We also detected above-background 
concentrations of charcoal in 23 of 25 non-lacustrine continental sections tested 
that date to ~12.9 ka. The existence of widespread, though not ubiquitous, char-
coal plausibly supports a major cross-continental biomass-burning episode at 12.9 
ka. The K/T impact layer is the only other known horizon that contains peaks in 
charcoal, soot, carbon spherules, and nanodiamonds, further suggesting a cosmic 
connection for the YDB layer. 
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LATE-QUATERNARY LANDSCAPE EVOLUTION AND 
ENVIRONMENTAL CHANGE IN UPPER DRIFTWOOD CREEK BASIN, 
SOUTH-CENTRAL KANSAS. 

Kessler, Nicholas V., Department of Anthropology, University of Kansas, Law-
rence, KS, 66044, USA, nvkessler@gmail.com and Mandel, Rolfe D., Kansas 
Geological Survey, 1930 Constant Ave., University of Kansas, Lawrence, KS, 
66047, USA.

Patterns of late-Quaternary landscape evolution are well documented in studies of 
small (<5th order) and large (≥5th order) stream valleys in the eastern and western 
Great Plains of Kansas. These studies have provided an important regional record 
of late-Quaternary environmental change. However, few geomorphic and paleoen-
vironmental studies have been conducted in the Plains Border Region along the 
eastern edge of the High Plains of Kansas. Our investigation focused on late-
Quaternary valley fills in Driftwood Creek basin, a typical small drainage network 
in south-central Kansas. AMS 14C ages determined on soil organic matter from 
stratigraphic sections and cores provide a numerical chronology for the evolution 
of alluvial landform sediment assemblages, including T-1 and T-2 terrace fills and 
alluvial fans. In addition, an isotopic record of paleoecological change spanning 
14,000 14C years was reconstructed from δ13C values determined on pedogenic 
carbon at the study sites.

The T-2 terrace fill consists of 4.3+ m of fine-grained vertical accretion deposits 
that began aggrading sometime before ca. 14,200 14C yr B.P. Slow aggradation 
was accompanied by soil development until ca. 10,600 14C yr B.P., resulting in the 
formation of two welded cumulic soils. The lowermost soil was reduced by satura-
tion under higher groundwater table conditions than exist today. Aggradation of 
the T-2 fill continued after 10,600 14C yr B.P. and was interrupted by an episode of 
landscape stability and pedogenesis before the T-2 surface finally stabilized. The 
timing of the channel incision that left the late-Wisconsinan floodplain as a terrace 
(T-2) is unknown.

The T-1 fill is 5.1+ m thick and consists of fine-grained vertical accretion depos-
its that began aggrading before ca. 1400 14C yr B.P. Late-Holocene aggradation 
was punctuated by multiple brief episodes of landscape stability and pedogenesis 
resulting in the formation of three weakly developed soils (now buried) in the T-1 
fill. Alluvium dating to the early and middle Holocene has not been recorded in 
terrace fills in the drainage network of upper Driftwood Creek.

Alluvial fans have formed along the valley margins of Driftwood Creek and its 
low-order tributaries. At one location, aggradation of fine-grained fan deposits be-
gan before ca. 10,700 14C yr B.P. and was punctuated by two episodes of cumulic 
soil formation between ca. 10,700 and 9900 14C yr B.P. Nearly 4 m of alluvium ac-
cumulated on the fan soon after 9900 14C yr B.P.   This episode of early Holocene 
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aggradation was punctuated by two episodes of pedogenesis before the surface of 
the fan finally stabilized. 

An alluvial fan that formed along the valley margin of a low order tributary to 
Driftwood Creek began aggrading before ca. 7600 14C yr B.P. Mid-Holocene fan 
development was punctuated by episodes of landscape stability and pedogenesis at 
ca. 6700 and 4500 14C yr B.P. 

Based on δ13C values from the study locations, a predominantly C3 plant com-
munity was in place at ca. 14,200 14C yr B.P. By ca. 11,700 14C yr B.P. the plant 
community was a C4 grassland that remained in place until ca. 10,600 14C yr B.P., 
when a mixed C3/C4 plant community emerged. By ca. 7600 14C yr B.P. a C3 plant 
community dominated the study area, but by ca. 6700 14C yr B.P. C4 grassland was 
in place and has persisted to the present. The isotopic enrichment of soil carbon 
between ca. 14,200 14C yr B.P. and 10,600 14C yr B.P., and after ca. 6700 14C yr 
B.P. indicates a general warming and drying trend through the late-Wisconsinan 
and again during the mid-Holocene, and is broadly consistent with other regional 
paleoenvironmental records. Valley fills predating the early Holocene are rarely 
found in small stream networks east of the High Plains, and this study provides an 
important new record of late-Quaternary landscape evolution and environmental 
change for small stream basins on the Plains Border Region.
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Fire history in the eastern Uinta Mountains, Utah, USA

Koll, Rebecca1,2 and Power, Mitchell J.1,2; 1Department of Geography, University 
of Utah, Salt Lake City UT, USA; 2Utah Museum of Natural History, University of 
Utah, Salt Lake City, UT, USA; rebecca.koll@geog.utah.edu

A 2.1-meter-long sediment core from the eastern Uinta Mountains provides a 
10,600 year long record of fire history. Few studies have explored the long-term 
vegetation and disturbance history from the Uinta Mountains.  As a result, signifi-
cant gaps remain in understanding historical processes affecting biodiversity from 
this region.  Paleoecological studies that examine the frequency and magnitude 
of natural disturbance are necessary for creating informed decisions for managing 
present and future ecological change.  This study explores the importance of fire 
in an alpine meadow, Reader Fen, as a catalyst for ecological change.  Charcoal 
analysis of the Reader Fen sediment core is compared with a previously published 
pollen record of the last 7500 cal yr BP from a nearby high-elevation meadow 
(Carrara et al.1985). This study explores the influence of fire on historical develop-
ment of the Uinta floristic region.  
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LAKE SHORELINE EVIDENCE OF PALEOHYDRO-LOGIC 
CONDITIONS IN THE SOUTHERN BASIN AND RANGE PROVINCE 
DURING THE PLEISTOCENE-HOLOCENE TRANSITION: 
PALEOCLIMATIC AND ARCHAEOLOGICAL IMPLICATIONS 

Kowler, Andrew, Department of Geosciences, University of Arizona, 1040 E. 4th 
St., Tucson, Arizona 85721, USA, kowler@email.arizona.edu

Paleolake shoreline deposits throughout the southern Basin and Range (SBAR) 
signify past intervals of steady-state climatic conditions and regional landscape 
during the latest Pleistocene and early Holocene, and associated surface artifact 
scatters provide evidence for Paleoindian and Archaic occupations of lake mar-
ginal environments in this now-dry region. The absence of knowledge about the 
exact age of fossil shorelines—either due to 14C dating uncertainties or incomplete 
dating of shorelines—leaves great uncertainty about climatic and surface hydro-
logic conditions during the Pleistocene-Holocene transition.  

Several paleolake studies from the SBAR collectively reveal that lake levels fluc-
tuated several times during the latest Pleistocene and early Holocene.  At Lake Es-
tancia, highstands occurred from 20-15ka (several), ~13.7-13.4ka, ~12.7-12.5ka, 
and >10ka; lowstands from 15-14ka and ~13.4-13.0ka; and complete desiccation 
from ~12-10.5ka [1]. Shoreline evidence from the Willcox Basin indicates two 
highstands of Lake Cochise prior to 14ka and, in close agreement with the Estan-
cia record, one from ~13.8-13.4ka [2].  During the early Holocene, Lake Cochise 
rose to nearly the same level by 8.9ka for an unknown duration [2], and several 
times again during the middle and late Holocene.  Nearby, Lake Cloverdale re-
mained full from 20-18ka, overlapping with Estancia and possibly coinciding with 
undated early highstands of Cochise [3].  Here, too, lake levels rose again in the 
late Holocene.  14C analyses on aquatic snails from shoreline deposits in the nearby 
Playas Valley (from this study) constrain highstands of Lake Playas from ~15.2-
14.3ka and ~13.4-11.6ka, a pronounced lowstand from >16.1-15.3ka, and several 
times during the late Holocene.  

The relative dearth of shorelines dating to the Pleistocene-Holocene transition 
period is striking.  Through the development of a regional composite chronology 
from complete and accurately dated 14C chronologies, this study has the potential 
to reveal the presence or absence, size, duration, and hydrologic significance of 
lakes during this period.  In our talk, we will highlight the results of recent strati-
graphic and geochronologic investigations in several closed basins of southern 
Arizona and New Mexico, and discuss their paleoclimatic and archaeological 
implications.
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Postglacial vegetation development in the northern 
Greater Yellowstone Area 

Krause, Teresa R., Dept. of Earth Sciences, 200 Traphagen Hall, Montana State 
University, Bozeman, MT 59717, USA, teresa.krause@msu.montana.edu and 
Whitlock, Cathy, Dept. of Earth Sciences, 200 Traphagen Hall, Montana State 
University, Bozeman, MT 59717, USA. 

The late-glacial to early-Holocene transition, 20,000 to 8,000 years ago, was a 
period of rapid environmental change in the western US and has received much 
attention as a possible analogue for the future.  At the beginning of this period, the 
Greater Yellowstone Area (GYA) supported the largest mountain glacier complex 
in the western US, and ice recession after 17,000 years ago put into motion a series 
of biologic changes that resulted in the present-day terrestrial ecosystem.  Pol-
len and plant macrofossil records from a series of sites in northern GYA (Dailey 
Lake, Crevice Lake, Blacktail Pond, and Slough Creek Pond) record a sequence of 
postglacial vegetation changes, starting with an initial period of tundra vegetation 
with birch, aspen, and juniper and followed by a parkland of spruce, whitebark 
pine, and subalpine fir; then a closed subalpine forest, and finally an open forest 
of Douglas-fir and lodgepole pine.  These plant communities and their temporal 
succession are similar to what can be found along a high-to-low elevational gradi-
ent in the GYA at present.  The different sequence of postglacial conifer arrivals 
from one site to the next suggests a strong influence of nonclimatic controls.  The 
general dispersal patterns and rate of spread for conifer species in the region is 
comparable to that found in other parts of North America.  The interesting ques-
tion for the future is whether past rates of migration will be adequate for species to 
maintain equilibrium with projected changes in climate.
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5000-YEAR ENVIRONMENTAL HISTORY FROM THE MOUNTAIN 
HEMLOCK ZONE OF THE CASCADE RANGE, OREGON U.S.A.

Larsen, Anne, Department of Geography and Urban Planning, University of 
Wisconsin Oshkosh, Oshkosh WI USA, 54901 larsea08@uwosh.edu, and Long, 
Colin, Department of Geography and Urban Planning, University of Wisconsin 
Oshkosh, Oshkosh WI USA 54901

High resolution charcoal analysis of lake sediment cores provided an environmen-
tal reconstruction from Breitenbush Lake, a 65 acre lake located at 1650 m eleva-
tion in the Mountain hemlock forest zone of the Cascade Mountains of Oregon.  
The record spans the last 5000 years with regional pollen data indicating forest 
vegetation remained stable.  Current fire regimes estimates indicate high severity 
fires with mean fire intervals (MFI) of 250 -300 years with fire occurrence con-
trolled by the seasonal intensity of drought conditions.  Our data shows that from 
5000 to 4000 years ago MFI decreased from 330 years to 180 years.  Fire fre-
quency decreased between 4000 and 2600 years ago as the MFI increased to 570 
years before decreasing to 210 years by 1350 years ago.  Over the last 1350 years 
fire occurrence has remained relatively stable with MFI of 230 years.  The change 
in fire frequency between 5000 and 1350 years ago suggests that changes in condi-
tions necessary for fires, abundant fuels and dry conditions, have varied likely as 
a result of changing regional climate conditions.  The steady fire frequency of the 
last 1350 years suggests that the controls on fire have been consistent over the last 
millennium.  Comparison with fire history data from Round Lake, located 40 km 
south in similar vegetation, mimics the shift in MFI from 4000 to 2000 years ago 
and suggests a regional shift in fire history in response to drought. 
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AN INDEPENDENT REVIEW OF THE YOUNGER DRYAS 
EXTRATERRESTRIAL IMPACT HYPOTHESIS AND ITS RECENT 
RE-EVALUATION BY SUROVELL ET AL.

LeCompte, Malcolm A., Center of Excellence in Remote Sensing Education and 
Research, Elizabeth City State University, NC 27921, malecompte@aol.com; 
Goodyear, Albert C., South Carolina Institute of Archaeology and Anthropology, 
University of South Carolina, Columbia, SC 29208; Demitroff, Mark, Department 
of Geography, Permafrost Group, University of Delaware, Newark, DE, 19716; 
Batchelor, Dale, Analytical Instrumentation Laboratory, North Carolina State Uni-
versity, Raleigh, NC 27695; Mooney, Charles, Analytical Instrumentation Labora-
tory, North Carolina State University, Raleigh, NC 27695

The presence of iron- and silica-rich glass magnetic spherules within sedimentary 
sequences predating the industrial revolution are often interpreted as the result 
of extraterrestrial impacts (Puffer et al, 1980; Brownlee, 1981; Genge, 2008). 
Firestone et al. (2007) reported spherule-enriched strata dated to 12,900 Years BP 
at numerous widely scattered sites from California’s Channel Islands to Northern 
Europe. They interpreted these spherules as being either ablated material from an 
extraterrestrial object impacting North America or the terrestrial ejecta produced 
by such an impact. 

Surovell et al. (2009) has since reported an inability to reproduce the bulk mag-
netic grain and spherule abundances described by Firestone et al. (2007). The 
Surovell team claimed to have faithfully adhered to experimental protocols pro-
mulgated by Firestone et al.  Here we report an independent review of the spherule 
identification and counting methodology used by Surovell et al. compared to the 
protocol defined by Firestone et al. It appears likely their inability to reproduce the 
Firestone team’s results is primarily due to their failure to adhere to the protocol’s 
call to sort magnetic grains into size-based portions for subsequent examination. 
The majority of Younger Dryas (YD) associated spherules found in the southern 
United States are apparently less than 50 microns diameter. Size-sorting acts to 
concentrate the smaller spherules, allowing them to be more readily detected and 
easily counted. The probability of detecting spherules was further diminished by 
their use of aliquots significantly smaller than the protocol recommendation. 

We compared each team’s results through an independent blind-test examination 
of samples taken from two sites common to both studies (i.e., Blackwater Draw, 
NM and Topper, SC). At the Topper Paleo-Indian quarry, our blind-test samples 
were taken from sediments located well above, directly above, and directly 
beneath Clovis artifacts and debitage. Above the Clovis artifact layer, the quarry 
apparently experienced a multi-century hiatus in human activity before reoccupa-
tion by a successor culture. We also report the results of our examination of the 
magnetic fraction in sediment collected from YD-age sediment at Paw-Paw Cove, 
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MD believed proximate to the location examined by the Surovell team. Geochemi-
cal analysis results are reported for glass and magnetic spherules recovered from 
each site with implications for spherule origin-terrestrial or extraterrestrial.  Based 
on chemical composition (Koeberl, 1990) and stratigraphic distribution, our results 
are not inconsistent with the hypothesized YD impact and also provide an alternate 
context for interpreting the Surovell team’s findings. 
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Ponderosa pine on the western Great Plains: a packrat’s 
perspective

Lesser, Mark R., Program in Ecology (Dept. of Botany), University of Wyoming, 
Laramie, WY 82071, USA, mlesser@uwyo.edu, and Jackson, Stephen T., Program 
in Ecology (Dept. of Botany), University of Wyoming, Laramie, WY 82071, USA. 

Expansion of ponderosa pine (Pinus ponderosa) onto the western Great Plains of 
North America has been proceeding for at least the past 200 years. However, it 
remains unclear exactly how long small scattered populations or even single indi-
viduals of ponderosa pine may have been present on the western Great Plains. We 
use fossil packrat (Neotoma spp.) middens in an attempt to assess the colonization 
timing of ponderosa pine along its eastern range margin. We studied composition 
of modern middens and vegetation to assess the effectiveness of packrat middens 
in detecting scattered, low-density populations, and applied this information in 
interpreting fossil midden records from the region. 

We examined 42 modern middens from West Carrizo Canyon in southeastern 
Colorado.  The canyon is vegetated by oak/pinyon/juniper woodland with scat-
tered stands of ponderosa pine. We recorded the distance from each midden to 
the nearest individual of ponderosa pine, and also estimated density of all woody 
species within a 30-m radius. We also collected, dated, and analyzed 20 fossil 
middens from West Carrizo Canyon, all from canyon sections and slopes with 
ponderosa pine populations. 

Modern midden results showed that the probability of ponderosa pine occurrence 
in a midden was strongly influenced by the distance of the nearest individual from 
the midden. Most (72%) middens with ponderosa pines growing within 20 m 
contained ponderosa-pine macrofossils. When populations were >20 m from the 
midden, the probability of occurrence in the midden dropped sharply, approach-
ing zero at 45 m. Model simulations based on these patterns indicate that middens 
become absolutely reliable indicators of ponderosa pine presence on the landscape 
only when average tree density exceeds 50 stems hectare-1. The fossil midden 
results span the last 8,000 years, with 4 middens dating within the last 1,000 years.  
None of the fossil middens contain ponderosa pine macrofossils. Dendroecologi-
cal studies of West Carrizo Canyon and the surrounding area show that the oldest 
living ponderosa pines were established in the 18th century, and that the species 
has remained at low densities (<10 stems hectare-1 on average) since that time. Our 
modern midden results combined with regionally low densities makes the absence 
of ponderosa pine from the fossil midden record difficult to interpret. Ponderosa 
pine may have colonized the western Great Plains as recently as dendroecological 
studies suggest. It is also possible, however, that ponderosa pine has been pres-
ent in the region for much longer and that persistent low densities have prevented 
detection in the midden record.
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Initial results from a multi-proxy investigation of a 
core from the southeastern Qinghai Lake basin on the 
north- eastern Tibetan Plateau

Liu, Xiuju13, liuxx669@umn.edu; Colman, Steve M.12; Brown, Erik T.12; Hender-
son, Andrew C. G.4; Holmes, Jonathan A.5; 1Large Lakes Observatory, Univer-
sity of Minnesota Duluth, Duluth, MN 55812, USA; 2Department of Geological 
Sciences, University of Minnesota Duluth, MN 55812, USA; 3Department of 
Geology and Geophysics, University of Minnesota Twin Cities, Minneapolis, MN 
55455, USA; 4Department of Geographical & Earth Sciences, University of Glas-
gow, Glasgow G12 8QQ, UK; 5Environmental Change Research Centre, Depart-
ment of Geography, University College London, London WC1E 6BT, UK

The Lake Qinghai Drilling Project (LQDP) aims to uncover past variations in the 
climate system that involves the Asian monsoon and the westerlies, as well as their 
dynamics, on both orbital and millennial time scales. As a complementary study 
to that project, a 3.55-m-long Uwitec sediment core and a 85-cm-long Mackereth 
core were collected from the southeastern Qinghai Lake basin, at LQDP site 2, 
in order to focus on the youngest part of the record. Available radiocarbon ages 
indicate that these cores provide a record reaching back to ca. 20 ka. 

Data from multi-proxy analyses, including high-resolution magnetic susceptibility, 
optical images, bulk density, XRF and X-ray radiographs (ITRAX X-ray Fluores-
cence Core Scanner), water content, grain size (laser scattering), carbonate content 
(coulometry), and isotope analyses of organic matter (EA-IRMS) offer clues from 
which to decipher past changes in regional climate and in the Asian monsoon 
system. Lithological and chemical proxies are highly consistent, reflecting distinct 
glacial and Holocene climatic changes. The Ca profile and incoherence/coherence 
ratio from XRF data appear to correlate well with total carbonate content mea-
sured by coulometry, and total organic matter measured by EA-IRMS, respec-
tively. The glacial period, characterized by fine-grained, uniform, medium gray 
mud with low calcium carbonate content, seems to be dominated by the deposition 
of aeolian material. Holocene sediments are highly variable in both sedimentary 
facies and grain size, and are relatively high in carbonate and rich in organic mat-
ter, indicating warmer, wetter conditions relative to a relatively invariant glacial 
period. This record provides evidence of abrupt changes in paleolimnological 
conditions across the late-glacial/Holocene transition. It suggests the occurrence of 
the Holocene climatic optimum during the early part of Holocene period, at time 
of maximum insolation, marked by maximum carbonate and TOC. This inferred 
warm, wet interval was followed by progressively drier conditions afterward. 
Importantly, some short-term climatic oscillations, including Heinrich event 1, the 
Younger Dryas, and the 8.2 ka cooling event, appear to be recorded in the sedi-
ments, show by low Ca and carbonate content, low total organic matter, decreases 
in δ13C of organic matter, relatively fine grain size, as well as positive peaks in 
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magnetic susceptibility and Ti relative abundances. This multi-proxy record offers 
abundant climatic information on both orbital and millennial time scales for us to 
understand the history and forcing mechanism of the Asian monsoon system.
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The effect of temporal density of pollen sampling on 
detection and age-estimation of rapid changes

Liu, Yao, Department of Botany and Program of Ecology, University of Wyoming, 
Laramie, Wyoming 82071, USA, yliu11@uwyo.edu, Jackson, Stephen T., Depart-
ment of Botany and Program of Ecology, University of Wyoming, USA, Brewer, 
Simon, Department of Botany, University of Wyoming, USA, Minckley, Thomas 
A., Department of Botany, University of Wyoming, USA, Booth, Robert K., Earth 
and Environmental Sciences, Lehigh University, USA, and Reeves, Kelly, Depart-
ment of Botany, University of Wyoming

In the practice of pollen sampling from sediment cores, temporal sampling density 
is usually indexed to depth (e.g., at 5, 10, or 20 cm intervals). Choices concerning 
temporal sampling density, whether or not made explicitly, can influence the kinds 
of events represented in a pollen sequence, the ages assigned to those events, and 
how the events are interpreted. We explored the effects of temporal sampling den-
sity by simulating pollen time-series of three types of ecological changes (abrupt, 
gradual, and hysteresis) at a single site, and then simulating the sampling at 
different temporal densities. We found that temporal sampling density effects the 
age determination of ecological events, especially when concerning the hysteresis 
type of ecological change. We then applied the same analysis to a high-resolution 
pollen record (contiguous samples 1cm in thickness, representing ~20 years) span-
ning the mid-Holocene hemlock decline from Tower Lake, Michigan, where the 
abrupt decline is preceded by high-frequency, hysteretic-like fluctuations in hem-
lock pollen percentages. Within this record, the estimated age of the steepest por-
tion of the hemlock decline varies among different sampling densities.  Using the 
highest pollen-sampling density (1-cm resolution, contiguous), the age of the event 
was estimated at ~5200 yr BP. However, under the lower sampling density more 
typical of pollen studies (i.e. ~3-5 cm sample spacing, representing ~50-100 yrs 
between samples), the probability of estimating a substantially earlier date of the 
decline (5600 yr BP) approaches 50%. We verified our result by conducting the 
same simulation using a high-resolution pollen record from High Lake, Ontario 
(data obtained from the Neotoma Database). We are applying similar analyses to 
high-resolution pollen records spanning the Younger Dryas interval. Our findings 
on effects of temporal density of pollen sampling have implications for assessing 
and interpreting rapid events in the paleoecological record.
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LA NIÑA-LIKE RESPONSE OF THE TROPICAL PACIFIC TO SOLAR 
FORCING DURING THE HOLOCENE, WITH IMPLICATIONS FOR 
WESTERN UNITED STATES ARIDITY

Marchitto, Thomas, INSTAAR and Dept. of Geological Sciences, University of 
Colorado, Boulder, CO 80309, USA, tom.marchitto@colorado.edu; Muscheler, 
Raimund, Lund University, S-223 62 Lund, Sweden; Ortiz, Joseph, Kent State 
University, Kent, OH 44242, USA; Carriquiry, Jose, Universidad Autónoma de 
Baja California, Ensenada, Baja California 22830, Mexico; and van Geen, Alex-
ander, Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY 
10964, USA.

The influence of solar variability on Earth’s climate over decadal to millennial 
time scales is the subject of considerable debate. Although variations in total solar 
irradiance during the instrumental period have been very small, both observations 
and numerical model results suggest that climate modes like the North Atlantic 
Oscillation (NAO) and the El Niño-Southern Oscillation (ENSO) may respond to 
solar forcing at various timescales. In particular, the Zebiak-Cane model simulates 
a shift to a more La Niña-like state under enhanced solar irradiance during the 
Medieval Warm Period (MWP) and earlier Holocene millennial-scale intervals. 
This response has been dubbed the “ocean dynamical thermostat” because positive 
(negative) radiative forcing results in a dynamical ocean cooling (warming). While 
there is proxy evidence for La Niña-like conditions during the MWP, such data is 
currently lacking for the earlier Holocene.

We present a 50-yr-resolution proxy record of Holocene sea surface temperature 
(SST) from off the west coast of Baja California Sur, a region where modern 
interannual SST variability is dominated by the influence of ENSO. The record is 
based on Mg/Ca of the planktonic foraminifer Globigerinoides bulloides, a species 
which today favors the Spring season of maximum upwelling along this margin. 
Temperatures were lowest during the early to middle Holocene, consistent with 
previous observations and model simulations of orbital forcing into a La Niña-
like state during that period. The early Holocene SSTs were also characterized by 
millennial-scale fluctuations that correlate with cosmogenic nuclide proxies of 
solar variability. Inferred solar maxima correspond to La Niña-like (cold) condi-
tions, in apparent agreement with the theoretical “ocean dynamical thermostat” 
response of ENSO to exogenous radiative forcing. As has been suggested for the 
MWP, millennial-scale intervals of colder eastern tropical Pacific SSTs may have 
led to drought conditions over the western United States.
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A MULTI-PROXY APPROACH TO EVALUATE MID-HOLOCENE 
DROUGHTS IN THE NORTHEASTERN U.S.

Marsicek, Jeremiah P., Department of Geology and Geophysics, University of 
Wyoming, Laramie, WY 82071, USA, jmarsice@uwyo.edu, Brewer, Simon, Bot-
any Department, University of Wyoming, Laramie, WY 82071, USA, Oswald, W. 
Wyatt, Department of Communication Sciences and Disorders, Emerson College, 
Boston, MA 02116, USA, Foster, David R., Harvard Forest, Harvard University, 
Petersham, MA 01366, USA, Hougardy, Devin, Department of Geology and Geo-
physics, University of Wyoming, Laramie, WY 82071, USA, and Shuman, Bryan 
N., Department of Geology and Geophysics, University of Wyoming, Laramie, 
WY 82071, USA

One of the most abrupt vegetation changes in North America during the Holocene is 
the Tsuga (hemlock) decline at ca. ~5.3 ka, which is associated with sharp decreases 
in hemlock pollen abundance from Michigan to Maine. The decline was initially 
attributed to a disease or insect outbreak because of 1) the range-wide abrupt decline, 
2) the appearance of change in only one taxon, and 3) a lack of evidence for climate 
change or other drivers. New evidence of simultaneous increases in Fagus (beech) 
and decreases in Quercus (oak) populations in coastal Massachusetts, combined with 
evidence for low water levels and drought from Ontario to New Hampshire, indicate 
that two of the three initial observations about the hemlock decline are not accurate.  
However, the driver of the coastal vegetation changes, involving abrupt changes in 
multiple taxa, is poorly understood. Here, we investigate the potential that moisture-
balance and temperature changes at ~5.3 ka differed between the coast and inland. 
To do so, we examine the water-level history of Deep Pond, a kettle lake situated 
on Cape Cod, where the oak-beech dynamics were first recognized. To examine the 
water-level history, geophysical surveys and sediment cores were collected along a 
transect across the pond, and were analyzed to evaluate past positions of the lake’s 
shoreline. To reconstruct regional temperature gradients, we apply the modern 
analog technique to the fossil pollen data from Deep Pond, other coastal ponds, and 
a series of inland lakes.

The data indicate a series of large sand layers at the lake margin, which are associ-
ated with near-shore unconformities, consistent with evidence for repeated low-
water episodes found at other inland lakes. Two large sand layers fall between dates 
of 5.1 and 3.6 ka, overlapping with the hemlock and oak declines, and the beech rise, 
within the uncertainties of the 5.1 ka date. The results help to confirm that repeated 
severe droughts may have played an important role in the hemlock decline, even 
though the transition from oak to beech could have indicated wet conditions along 
the coast. Our pollen-inferred temperature reconstructions indicate that the pollen 
data are instead consistent with coastal cooling when inland sites warmed, and thus 
a decrease in regional temperature contrast. Taken together, we infer that the abrupt 
vegetation changes coincide with abrupt regional drought associated with coastal 
cooling after ca. 5.3 ka. 
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TALLGRASS PRAIRIE POLLEN ASSEMBLAGES FROM THE FLINT 
HILLS OF KANSAS, USA.

McLauchlan, Kendra K., Department of Geography, Kansas State University, 
Manhattan, Kansas 66506, USA, mclauch@ksu.edu and Commerford, Julie L., 
Department of Geography, Kansas State University, Manhattan, Kansas 66506, 
USA

There has been a strong tradition in Quaternary paleoecology of collating datasets 
of modern pollen assemblages in North America. These datasets have enabled ma-
jor paleoecological discoveries such as the individualistic movement of plant spe-
cies in response to past and future climate change. However, the tallgrass prairie 
biome of North America has been poorly-represented in these surface sample sets 
because most of it has been converted to agriculture and appropriate sedimentary 
depositional environments are rare. Here, we report data from a surface sample set 
collected from the Flint Hills ecoregion of Kansas, the largest contiguous remnant 
of tallgrass prairie in the U.S. We acquired 25 surface samples from sediments of 
small ponds with less than 10 ha surface area (average radius=50 m) in this region 
and quantified their pollen assemblages. We also conducted detailed vegetation 
surveys around each pond. Major vegetation components are warm-season grasses 
such as Andropogon gerardii, Sorghastrum nutans, and Schizachyrium scoparius. 
The sediments contained 37 arboreal pollen taxa and 47 nonarboreal pollen taxa, 
as well as several spore types including Sporormiella. These sites are dominated 
by grassland vegetation: the percentage of nonarboreal cover within 1000 m radius 
of each pond averages 89%, ranging from 59 to 100%. Arboreal pollen percent-
ages range from 17 to 62% and do not correlate with woody cover among sites, 
likely due to contributions from background pollen. 

We calculated squared chord distances among the 25 samples using 53 pollen 
taxa. There is little variation among pollen assemblages in this set compared to 
other biomes in North America. The average squared chord distance among the 
25 samples is 0.19. We compared these surface samples with fossil pollen assem-
blages from sediment cores at two nearby sites: Cheyenne Bottoms and Muscotah 
Marsh. Both sites date to approximately 29,000 cal yBP and have varied greatly in 
vegetation type during their histories. Overall, neither site showed strong analogs 
with the Flint Hills tallgrass surface sample set. However, there were some analogs 
from 9800 cal yBP to the present at Muscotah Marsh, and from 10,700 cal yBP to 
1600 cal yBP at Cheyenne Bottoms.



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

128

Mammalian Paleoecology Across the Last Glacial 
Maximum in the Southern Rocky Mountains

McLean, Bryan, Department of Biology and Marine Biology, University of North 
Carolina Wilmington, Wilmington, NC, 28403, USA, bsm9056@uncw.edu, and 
Emslie, Steven, Department of Biology and Marine Biology, University of North 
Carolina Wilmington, Wilmington, NC, 28403, USA

Cave faunas are unparalleled as archives of ecosystem and faunal dynamics 
through time.  Cement Creek Cave is a high-elevation, multi-chambered limestone 
cave located southeast of Crested Butte, Colorado, with rich deposits of vertebrate 
fossils dating from over 43,000 BP to present.  This series spans a period of well-
documented late-Wisconsin climate change, including the Last Glacial Maximum 
at 22,000 BP in the western U.S., and subsequent warming and recession of all 
North American ice sheets.  To describe the paleoecology of mammals living in 
the vicinity of Cement Creek Cave throughout this time, we are analyzing stable 
carbon and oxygen isotope signatures from tooth enamel of fossil Yellow-bellied 
Marmots (Marmota flaviventris) and Bushy-tailed Woodrats (Neotoma cinerea).  
These isotopic signatures are proxies for the dominant vegetation and nature of 
dietary water ingested during tooth formation, respectively, and also serve as indi-
rect indicators of climate and temperature in a particular area.  Our analyses will 
permit unique insight on the ecological responses of montane mammal herbivores 
to late Quaternary climate change among several stages of Wisconsin glacial, as 
well as Holocene interglacial, conditions.
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EXPERIMENTAL TAPHONOMY OF COLD AND TEMPERATE 
CLIMATES, AND ITS QUATERNARY IMPLICATIONS

Milideo, Lauren, Department of Geosciences, Pennsylvania State University, 242 
Deike Building, University Park, PA, 16802, USA, lem231@psu.edu

Several decades of actualistic taphonomic research have rewarded paleontologists 
and archaeologists with extensive, well-established knowledge of taphonomic pro-
cesses.  Researchers working in tropical and temperate climates have assembled 
data on such processes as bone weathering, carnivore processing of bone, and 
bone accumulation patterns (e.g. refs.1,2,3).  Because climate may greatly impact 
taphonomic pathways, I am performing actualistic research in grassland/conifer-
ous forest mosaic and deciduous forest environments in temperate cold climates.  
These environments are relevant for Pleistocene paleontology and archaeology in 
North America and Eurasia. My research focuses on decomposition, scavenging 
and dispersal of white-tailed deer carcasses in central Pennsylvania (PA), where 
scavengers include avian (turkey vultures, American crows) and mammalian (coy-
otes, foxes) taxa, as well as insects.  This research began in January 2010 and con-
tinues to date.  I am also studying an actualistic assemblage from the ecologically- 
and climatically-different Black Hills (South Dakota - SD).  Predators/scavengers 
in SD include mountain lions (absent in PA), foxes, coyotes and bobcats; bears are 
absent in SD but black bears are present in PA.  SD carcasses include bison, mule 
and white-tailed deer, pronghorns and elk.  Taxa in this study are analogous to 
many in the North American Pleistocene megafauna.  

Significant decompositional factors include scavengers’ identities and order of ac-
cess.  Season of death affects the speed and nature of scavenging.  Though inactive 
in winter, insects may be the exclusive scavengers of spring- and summer-derived 
carcasses.  Decomposition processes occur more slowly, or are suspended, in 
colder weather.  Processes occur more rapidly during milder weather; insects may 
consume a summer-derived carcass within one week, whereas a winter-derived 
carcass may remain essentially intact for months.  Once scavenging commences, 
it continues despite cold and snow.  Snow cover up to 13” only briefly interrupts 
scavenging if scavengers discover a carcass prior to burial.   Insect infestation de-
fers avian/mammalian scavenging, but mammalian scavengers may remove bones 
once insects have consumed sufficient connective tissue to allow easy disarticula-
tion.
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FIRE AND VEGETATION HISTORY OF A GREAT BASIN SKY ISLAND 
FOREST

Shriver, Robert, Department of Botany, University of Wyoming, Laramie, Wyo-
ming, 82071, USA, rshriver@uwyo.edu, and Minckley, Thomas A., Department of 
Botany, University of Wyoming, Laramie, Wyoming, 82071, USA.

Pollen and macroscopic charcoal deposited in lake sediments provide an oppor-
tunity to explore vegetation and fire history on time scales beyond that available 
from historical or dendrological sources. This temporal breadth is often used to 
understand long term interactions among climate, vegetation and fire; short term, 
fine scale ecological interactions between disturbance and recovery are often 
overlooked. We examined the sedimentary fire record from a limber pine forest in 
the northern Great Basin. Blue Lakes, Pine Forest Range, NV is a high elevation 
site surrounded by sagebrush steppe and limber pine-aspen-mountain mahogany 
forest. The record from Blue Lakes spans the past 4,000 years and shows predomi-
nantly of open pine forests and sagebrush conditions, with a slight increase in pine 
abundance ~3,000 cal yr BP. Fire frequency is initially low at 4,000 cal yr BP, but 
increases to >4 fires/500 yrs at ~3,400 cal yr BP. After ~ 3,400 cal yr BP, fire fre-
quency decreases with some variability to 2 fires/ 500 yrs. This persists until 2000 
cal yr BP when fire frequency increases to upwards of 6 fires/ 500 years. After 
this increase, fire frequency decreases to 3fires/500yrs. We randomly selected 9 of 
the 26 total fire events to look at fine scale responses of the forest to disturbance 
using pollen series contiguously sampled through the selected events. Using a 
ratio of pine:local shrub and forbs, we show the recovery from disturbance can be 
relatively rapid, on the order of decades. We also observe some fires do not affect 
pollen spectra, suggesting either fire severity or proximity to the lake basin affects 
the ecological signal of fires recorded by lake sediments. 
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USING POLLEN TO RECONSTRUCT HOLOCENE BARK BEETLE 
DISTURBANCES

Morris, Jesse, Geography Department, University of Utah, Salt Lake City, UT, 
USA, jesse.morris@geog.utah.edu and Brunelle, Andrea, Geography Department, 
University of Utah, Salt Lake City, UT, USA

Bark beetles (Dendroctonus) and fire are significant disturbance agents in coni-
fer forests of western North America. Paleoecological research over the last few 
decades developed methodologies for sedimentary charcoal analysis and gener-
ated numerous datasets assessing fire occurrence over the Holocene. However, no 
methodology currently exists for assessing bark beetle disturbances over longer 
timescales, despite their ecological significance. Following the loss of Engelmann 
spruce (Picea engelmannii) from spruce beetle infestation, subalpine fir (Abies 
lasiocarpa) and other understory components increase in abundance. This is due 
to invigorated plant growth resulting from increased available sunlight, moisture 
and nutrients. The ‘release’ of the understory component following a severe spruce 
beetle outbreak is well documented in stand inventory data as well as by tree ring 
records. These changes in stand structure are reflected in the pollen record. Using 
sedimentary pollen obtained from six subalpine basins in Utah, a calibration study 
was performed documenting changes in pollen deposition concurrent with several 
20th century spruce beetle (D. rufipennis) outbreaks. The calibration set was then 
applied to pollen data from Holocene-length sediment core retrieved from the 
Aquarius Plateau located in south-central Utah. This study provides an important 
step in determining the feasibility of using lake sediments to reconstruct non-fire 
disturbances, specifically for spruce beetle in subalpine forests.
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PALEOECOLOGY OF LATE PLEISTOCENE SNAKES AND 
SALAMANDERS FROM PARKER’S PIT CAVE IN THE BLACK HILLS, 
SD

Moscato, David, Department of Geosciences, Pennsylvania State University, 159 
Hamilton Hall, University Park, PA 16802, USA, dam5109@psu.edu and Graham, 
Russell, Earth and Mineral Sciences Museum, Pennsylvania State University, 
University Park, PA 16802, USA

Parker’s Pit, located in the Black Hills of South Dakota, is a natural trap cave 
that is rich in vertebrate fossils from the Holocene and Late Pleistocene.  This 
cave fauna is useful for studying community responses to the dramatic climate 
fluctuations that are characteristic of the Pleistocene-Holocene transition.  This 
type of faunal change is well-documented in mammals; however, relatively 
little research on this topic has been directed toward reptiles and amphibians.  
Parker’s Pit contains an abundance of herpetological material which provides an 
opportunity to study these fauna in the context of Pleistocene-Holocene climate 
change. 

In this study, analysis of the snake and salamander fossils from this cave site 
reveals a paleoherpetofauna similar to what one would find in the southeastern 
grasslands of modern-day South Dakota.  These data also provide evidence for 
range adjustments in certain snake taxa in response to environmental change.  
Furthermore, dominance of northern-dwelling taxa in older sediments is consistent 
with current knowledge about the warming climate at the end of the Pleistocene.  
A prominent spike in the abundance of northern-dwelling taxa in certain Parker’s 
Pit sediments may represent the Younger Dryas cooling event.
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GEOARCHAEOLOGY AND HOLOCENE BIOCLIMATIC CHANGE AT 
THE EDGE OF THE SOUTHERN HIGH PLAINS, NORTHWEST TEXAS, 
U.S.A.

Murphy, Laura R., Kansas Geological Survey, University of Kansas, 1930 Con-
stant Avenue, Lawrence, Kansas, 66047, USA, murphy15@ku.edu, Hurst, Stance, 
Museum of Texas Tech University, Lubbock, Texas, Holliday, Vance T., School 
of Anthropology & Department of Geosciences, University of Arizona, Tucson, 
Arizona, and Johnson, Eileen, Museum of Texas Tech University, Lubbock, Texas. 

The north-south escarpment between the Southern High Plains and Rolling Plains 
in northwest Texas contained abundant springs, lithic resources, shelter, and plant 
and animal food sources that attracted hunter-gatherer groups. Multiple sequences 
of late Quaternary sediments and soils have captured the past dynamic history of 
cultural and environmental change in the region. In this study, the geoarchaeo-
logical potential for buried cultural material is assessed, and a high-resolution 
multi-proxy paleoenvironmental data set is used to interpret bioclimatic change. 
Lithologic, pedologic, stable carbon isotope, and phytolith data, as well as radio-
carbon ages determined on soil organic matter, are presented from multiple locali-
ties containing alluvial, lacustrine, and palustrine deposits. Results suggest that 
ephemeral low-order streams feeding the South Fork of the Double Mountain Fork 
of the Brazos River rapidly removed sediment and cultural material during the 
early to mid-Holocene, but late Holocene sediments and soils are preserved. Late 
Holocene fills at lower elevations are laterally inset against early Holocene fills 
that are tucked up against the valley wall near the Southern High Plains surface.  
Early Holocene sediments and buried soils in alluvial, palustrine, and lacustrine 
deposits have high potential for preserving the early cultural record.  Mid-Holo-
cene co-alluvial fans prograded over cienega (pond) and lacustrine deposits, and 
have potential to contain Paleoindian and Early Archaic materials. Ongoing stable 
carbon isotope and phytolith analyses of the deposits are providing information 
about changes in plant communities through the Holocene. Initial results indicate 
that a C3 (cool/moist) plant community supported by ponds, marshes, and lakes, 
persisted through the early and middle Holocene before gradually shifting to a C4 
(warm/dry) grassland in the late Holocene. Also, phytoliths are used to reconstruct 
localized plant communities (microenvironments) and to determine plants that 
were used by hunter-gatherers. 
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LOSS OF HABITAT AND BIODIVERSITY DURING TERMINAL 
PLEISTOCENE WARMING: WHAT SMALL MAMMAL FOSSILS TELL 
US ABOUT THE EFFECTS OF CLIMATE CHANGE

Pardi, Melissa, Department of Geosciences, Pennsylvania State University, 
University Park, PA 16802, USA, mel.pardi@gmail.com and Graham, Russell, 
Department of Geosciences, Pennsylvania State University, University Park, PA 
16802

Previous paleoecological research of the late Pleistocene has largely focused on 
the dynamics between the arrival of modern humans, climate change, and mega-
fauna extinction. While the interactions between large charismatic animals and 
humans is interesting, recent investigations into how entire ecosystems may have 
changed during the Pleistocene-Holocene transition tell a story that is equally 
dramatic. The study of smaller animals provides a more complete picture of how 
climate change affected late Pleistocene ecosystems. 

To examine large scale patterns in small mammal community structure, 203 
fossil faunas from 183 locations east of the Rocky Mountains in North America 
were compared using non-metric multidimensional scaling. These faunas ranged 
in age from the last Full Glacial to the late Holocene. Late Glacial faunas were 
more diverse than late Holocene faunas. Glacial sites were also more taxonomi-
cally similar along an East-West gradient. This finding suggests that this gradient 
steepened during the transition into the Holocene. Heterogeneous environments 
during the last glacial could produce such patterns, and are also consistent with the 
presence of late Pleistocene non-analog faunas and novel habitats. These results 
indicate that North America ecosystems not only experienced extinctions, but that 
some late Pleistocene habitats were removed from the modern landscape. These 
findings provide relevant details about how future climate change may affect pat-
terns in terrestrial biodiversity.
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DOES ARIDITY AFFECT THE PRODUCTION OR PRESERVATION OF 
THE MEGAFAUNAL PROXY SPORORMIELLA IN LAKE SEDIMENTS?

Parker, Nancy, Geography Department, University of Wisconsin-Madison, 550 N. 
Park St., Madison WI 53706, USA, neparker@wisc.edu

Sporormiella is a genus of coprophilous fungi that reproduces on the dung of her-
bivores. Spores of the fungus have recently been used as a proxy for megafaunal 
presence/absence, and their decline in late-glacial sediments are thought to track 
the megafaunal population decline at the end of the Pleistocene. Interestingly, 
Sporormiella spores are absent or in very low abundance in Holocene sediments 
even though some large herbivores are present (e.g. Bison), and Sporormiella 
spores have been observed in the dung of many extant herbivores including bison, 
moose, hares, and geese. Given this, why is Sporormiella absent in modern sedi-
ments? Does the decline in fungal spores reflect a collapse in megafaunal biomass 
at the end of the Pleistocene, or do other factors (e.g. taphonomy, climate) contrib-
ute to the declines? There is a paucity of research regarding the dispersal, deposi-
tion, and preservation of Sporormiella, and a basic understanding of this proxy is 
crucial for its interpretation in the fossil record. Specifically, did Holocene aritidy 
inhibit the reproduction and/or preservation of Sporormiella?

We collected surface sediment samples from 32 kettle lakes and dams in a west-
east transect across southern South Dakota, Minnesota, and Wisconsin to assess 
the relative abundance of spores along a precipitation gradient. Pollen and spores 
were counted from samples taken at the margin and the deepest point of each ba-
sin. Modern fungal ecology literature suggests that coprophilous fungi are limited 
by aridity, and this study tests the relationship between megaherbivore presence, 
aridity, and concentrations of Sporormiella spores. 
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INTERPRETING PALEOVEGETATION CHANGES WITH CARBON 
ISOTOPES AND PHYTOLITH ASSEMBLAGES FROM ALLUVIAL 
SEDIMENTS OF SOUTHWEST MISSOURI.

Rocheford, MaryKathryn, Department of Geosciences, University of Iowa, 121 
Trowbridge Hall, Iowa City, IA 52242, USA, kat-rocheford@uiowa.edu.

The Sac River Valley of southwest Missouri sits along the southeastern bound-
ary of the mixed forest/prairie transition zone and the deciduous forest. Because 
ecotone boundaries are sensitive to climate change, understanding the complex 
interactions between climate change and vegetation distribution in this study area 
is important to developing practices for mitigating impacts of climate change. The 
late Pleistocene and early to middle Holocene climatic and vegetational histories 
of the midcontinent have been studied spatially and temporally through paleoveg-
etation reconstructions based primarily on pollen and plant macrofossils with 
the integration of phytoliths and/or carbon isotopes more recently (Webb, et al., 
1993; Baker et al., 1996; Baker et al., 2000). However, the southern boundary of 
the prairie/forest transition zone has not been studied as extensively as the Prairie 
Peninsula to the north because of the lack of natural lakes and wetlands south of 
the late Wisconsin glacial border which facilitate preservation of pollen and inver-
tebrate fossils.

In the prairie/forest transition zone, one of the most widely studied paleoclimate 
proxies for the late Pleistocene and Holocene is the stable carbon isotope (δ13C) 
record of soil organic matter (SOM). δ13C values indicate the relative biomass con-
tribution of warm season grasses (C4), and cool season grasses, trees, shrubs, and 
forbs (C3) to the SOM pool. Changes in this ratio reveal fluctuations in the local 
vegetation and by extension changes in climate over time. However, in this mixed 
forest/prairie ecotone where trees migrate along moist river valleys and prairie 
grasses occupy adjacent uplands, it is important to distinguish between the contri-
butions of trees and cool season grasses to the SOM. Phytoliths, silica bodies from 
plants that are resistant to decomposition, can provide a means for distinguishing 
various types of C3 vegetation. Short-cell morphotypes produced by grasses dif-
ferentiate between C3 and C4 grasses, which indicate differences in temperature, as 
well as between those that distinguish moisture affinity for either warm and dry of 
semi-arid to arid environments (C4d), or warm and moist of subtropical to tropical 
environments (C4m). In addition, C3 and C4 grasses occur together in many loca-
tions, with C3 grasses being dominant early and late in the growing season when 
temperatures are cooler and more soil moisture is available, and C4 grasses being 
dominant in the drier summer months.

Most midcontinent climate proxy records include indications of climate change 
following the Last Glacial Maximum when Coniferous forests dominated the 
landscape to an early Holocene warm period when prairie grasses replaced forests. 
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This is typically followed by a cooler period in which mixed forests dominated the 
landscape, followed by a warmer middle Holocene period when prairie vegeta-
tion was again dominant. Previous δ13C work from the Big Eddy archaeological 
site (23CE426) in the Sac River Valley, corroborate this regional interpretation. 
However, another site within the same floodplain (CB5) produced a δ13C profile of 
mixed C3/C4 vegetation which indicates either that the vegetation in this location 
was not as sensitive to climate change or that this location was buffered from other 
influences, e.g. fire, which were critical to the expansion of prairie vegetation. 

Radiocarbon ages obtained from CB5 are related to those previously reported 
from the Big Eddy site. This indicates that the CB5 location contains correlative 
middle Rodgers Shelter submember deposits and that sedimentation at CB5, while 
episodic, was approximately two times greater than at Big Eddy. Therefore, CB5 
provides much higher temporal resolution for the alluvial history and associated 
vegetation proxies during the early to middle Holocene. The increased sedimenta-
tion is most likely related to slower floodwater velocity and more effective flood-
plain sediment trapping in the wide valley reach where the CB5 core is obtained. 
The confluence of Bear Creek in this part of the valley may also have contributed 
to increased local sediment load and sedimentation.

During periods of warming, indicated by C4 δ
13C values at ~1m and ~3 m in the 

Big Eddy profile, either no deposition occurred at the CB5 location or it was sub-
sequently removed, both of which seem unlikely given the thicker sedimentation 
observed at CB5. This apparent discrepancy between the two records may be the 
influence of abundant trees on the δ13C values at the CB5 location. Examination 
of the phytolith short-cell assemblages isolated the presence and abundance of C3 
and C4 grasses and clarified the interpretation of the local vegetation. Combined 
analysis of δ13C profiles and associated phytolith assemblages has revealed local 
variation in vegetation patterns that demonstrate either different responses to 
regional climate change or a sensitivity of vegetation based on position within 
the large valley, e.g. east versus west, near a major confluence, or the width of the 
valley. This research indicates that in this mixed prairie/forest ecotone both δ13C 
and phytolith assemblages from multiple locations and landscape positions are 
necessary to provide the most accurate interpretation of regional paleovegetation 
and paleoclimate.
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GEOGRAPHIC TRENDS OF TEMPERATURE ESTIMATES BASED ON 
MAMMAL-SPECIES DIVERSITY ACROSS THE PLEISTOCENE-HOLO-
CENE BOUNDARY IN ILLINOIS

Ruez, Dennis R., Jr., Department of Environmental Studies, University of Illinois 
at Springfield, Springfield, Illinois 62703-5407 USA, druez2@uis.edu

One traditional strength of Quaternary paleoecology is the ability to reference 
modern biota.  Taking advantage of that, I established correlations, using ecore-
gion maps and published distribution data, between taxonomic diversity of modern 
mammals and climatic variables.  The predictive equations from the significant 
correlations can then be used to produce estimates of paleoclimate.  These meth-
ods can provide more than gestalt interpretations; quantitative predictive equations 
may be generated from these data.  Based on previous uses of these predictive 
equations, temperature estimates appear to be more reliable than those for precipi-
tation; therefore, only temperature values were generated in this study.

I examined published lists of fossil mammals for more than 200 Pleistocene 
and Holocene localities in Illinois.  Some of these are superimposed sites (many 
archaeological); some are isolated specimens.  Because the correlations based on 
modern biodiversity have better resolving power with more diverse paleoassem-
blages, only Illinois localities with fossil rodents were included in this analysis.  
This eliminated slightly more than half of the Illinois sites listed in Faunmap.

Taken collectively, the more speciose localities produced estimated temperature 
trends expected for faunas before, during, and after the last glacial maximum.  
However, the nature of Illinois’ ice age faunas do not easily lend themselves to 
paleoecological interpretations, for individual localities, as attempted here; fossil 
faunas from the state rarely preserve a significant proportion of the mammals in 
the area at that time.  Moreover, a broader geographic perspective would better 
show any patterns; that work is currently underway.
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BISON, FAUNAL DYNAMICS, AND EXTINCTION: RECONSIDERING 
PLEISTOCENE MEGAFAUNAL RESILIENCE TO CLIMATIC CHANGE

Scott, Eric, Division of Geological Sciences, San Bernardino County Museum, 
2024 Orange Tree Lane, Redlands, California 92374, USA, escott@sbcm.sb-
county.gov

Scenarios advanced to explain the terminal Pleistocene megafaunal extinction 
event in North America include climate warming and/or cooling, overhunting by 
early humans, disease, bolide detonation or impact, or some combination thereof. 
Of these, hypotheses invoking climate change as the critical causal factor are 
generally considered inadequate.  Key difficulties facing climate change scenarios 
include their perceived inability to explain why large mammals were the primary 
victims, or why earlier glacial-interglacial transitions of similar intensity failed to 
cause significant extinctions. These challenges are rooted in the perception that 
large mammal faunas present in North America near the end of the Pleistocene did 
not differ substantively from faunas present during earlier, equally severe periods 
of climate change (e.g., ~125 ka). Based upon this assumption, it is reasoned that 
the Pleistocene megafauna were relatively resilient in the face of multiple climatic 
swings.

This assumption is rejected here. An important difference in latest Pleistocene 
faunal composition was the profusion and geographic extent of the genus Bison, 
particularly in the American west. Bison, the index taxon for the Rancholabrean 
North American Land Mammal Age, first appeared in North America south of 
55°N latitude after ~240 ka. During the late Pleistocene, south of the glacial ice, 
the species Bison antiquus was more widely distributed and present in greater 
profusion than earlier species such as the larger B. latifrons. In the Great Plains, 
bison were virtually nonexistent prior to ~50 ka, exceeding other large mammal 
taxa numerically only after ~20 ka. In the southwest, fossils of Bison are relatively 
common at localities less than ~40 ka in age, but less numerous or absent in earlier 
assemblages. Living bison are massive grazing ruminants that dramatically impact 
biological communities; their Pleistocene forebears were still larger. The increased 
abundance and distribution of these large herd-dwelling ruminants through time 
and space in late Pleistocene North America constitutes a critical difference be-
tween end-Pleistocene communities and those of earlier, similarly intense glacial-
interglacial transitions – particularly with respect to driving increased competition 
among large mammals for water and forage. Responses of the megafauna to 
changing climatic conditions and associated resource availability at the end of the 
Pleistocene would therefore have been unique. Assuming established megafaunal 
resilience to large-scale climatic change is not supported.
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CLIMATIC SHIFTS IN THE AVAILABILITY OF CONTESTED WATERS: 
A LONG-TERM PERSPECTIVE FROM THE HEADWATERS OF THE 
NORTH PLATTE RIVER

Shinker, Jacqueline J., Department of Geography, University of Wyoming, 
Laramie, WY 82071 USA, jshinker@uwyo.edu, Shuman, Bryan, Department of 
Geology and Geophysics, University of Wyoming, Laramie, WY 82071 USA, 
Minckley, Thomas, Department of Botany, University of Wyoming, Laramie, WY 
82071 USA, and Henderson, Anna K., Department of Geology and Geophysics, 
University of Minnesota, Minneapolis, MN, 55455, USA.

Early-summer snowmelt from mountains in northern Colorado and southeastern 
Wyoming supplies the North Platte River, supporting nationally important agri-
culture, energy production and urban development. Repeated decisions from the 
United States Supreme Court have fully apportioned Platte River waters among 
Colorado, Wyoming, and Nebraska, underscoring societal strains on this system. 
Now, climate change threatens the regional allocation of water. Tree-ring records 
indicate that past centuries contained multi-decadal “megadroughts” far more 
severe than those of the historic period. However, the potential for even more 
persistent droughts, as the result of climate change, is poorly known. We document 
and evaluate the severity of recent and prehistoric droughts via a combination of 
data sources: modern temperature, precipitation, and stream gauge data, evidence 
of low lake-level stands, and related estimates of past hydroclimate change. Mod-
ern climate and stream data show an increase in spring temperatures of 2.21°C 
since AD 1916, an increase in the frequency of peak spring runoff before 1 May, 
and a reduction in winter precipitation. Lakes, however, that have only experi-
enced minor hydrologic changes historically were desiccated during prehistoric 
dry periods during the past 12000 years. Prehistoric lake shorelines indicate that 
water supplies were substantially reduced over centuries and millennia, such as 
from >8000 to <5000 years before present. The magnitude of these droughts likely 
also resulted in ephemeral river flows and thus indicates the potential for persistent 
shifts in regional hydrology. Such shifts should, therefore, be considered as part of 
long-term economic and legal planning.
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Millennial-Scale Hydroclimate Variation and 
Prolonged Episodes of Ephemeral River Flow in North-
ern Colorado during the Holocene.

Shuman, Bryan N., Department of Geology and Geophysics, University of 
Wyoming, Laramie, Wyoming, 82071, USA, bshuman@uwyo.edu, Pribyl, Paul, 
Department of Geology and Geophysics, University of Wyoming, Laramie, 
Wyoming, 82071, USA, Minckley, Thomas A., Department of Botany, University 
of Wyoming, Laramie, Wyoming, 82071, USA, and, Shinker, J.J., Department of 
Geography, University of Wyoming, Laramie, Wyoming, 82071, USA.

The patterns of Holocene climate variation have not been well constrained at the 
millennial-to-centennial scales. Hydroclimatic variation at such time scales invali-
dates an important assumption underlying the appropriation of water, particularly 
in the western United States, and needs to be understood. In this context, we evalu-
ated the potential that millennial-to-centennial droughts have affected the North 
Platte River watershed in northern Colorado and southern Wyoming. The North 
Platte provides critical water to Colorado, Wyoming, and Nebraska, and water 
rights associated with the river and its tributaries have been contested by the states 
in the Supreme Court as recently as 2002. 

To place such conflicts and resolutions in a long-term context, we reconstructed 
the Holocene water levels of several lakes in the headwaters of the North Platte: 
Hidden and Upper Big Creek Lakes, Jackson Co., Colorado, and Little Windy Hill 
Pond, Carbon Co., Wyoming. Geophysical surveys and transects of sediment cores 
collected from the lakes show paleoshorelines submerged below the lake surfaces, 
especially from ca. 3700-2000 cal yr BP. Sediment cores collected from near the 
shore of each lake contain sandy, inorganic paleoshoreline deposits, which inter-
rupt deep-water organic-rich mud deposits, during this 1700-yr period. Ground-
penetrating radar profiles show these layers as prominent near-shore unconfor-
mities ringing each basin. At Upper Big Creek Lake, the unconformity extends 
basinward from a submerged, wave-cut bench that also rings the lake. 

Moisture-balance calculations for the watersheds of Hidden Lake and Little Windy 
Hill Pond (see associated work by Shinker et al., this meeting) indicate that when 
the documented paleoshorelines were occupied, persistent flow of the North Platte 
at the Colorado-Wyoming border would have been prohibited. If the river flowed 
at all, it only did so during snowmelt seasons. The lake-level reconstruction of 
Upper Big Creek Lake, which overflows into a significant tributary of the North 
Platte, confirms our inference because the wave-cut benches are >1 m below the 
lake’s modern overflow point.
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Vegetation Responses to Climatic Change and 
Disturbance in a Colorado Watershed during the Past 
Two Millennia.

Shuman, Bryan N., University of Wyoming, Department of Geology and Geo-
physics, Laramie WY 82071, bshuman@uwyo.edu, Stefanova, Ivanka, Univer-
sity of Minnesota, Limnological Research Center, Minneapolis MN 55455, and 
Mechenich, Michael F., University of Minnesota, Limnological Research Center, 
Minneapolis MN 55455.

Current climatic changes in the western U.S. are causing drought-induced forest 
dieback, large-scale forest insect outbreaks and prolonged fire seasons, but the 
long-term ecosystem consequences are unclear. Here, we present a lake-sediment 
record of climate, disturbance, and vegetation composition in a 94-ha watershed 
of lodgepole pine (Pinus contorta var. latifolia) forest at the edge of a >2600 
km2 intra-montane steppe in Colorado. The lake sediments place successional 
and ecotone dynamics in the context of long-term moisture trends and changing 
disturbance regimes over the past 2000 years. The sedimentary charcoal record 
shows 9 major fire episodes, and that eight of the nine episodes burned during dry 
conditions before AD 950 and from AD 1260 to 1495, which are inferred from 
low water-levels of the lake. The forest-steppe ecotone shifted during the later 
dry period. A decline in pine pollen percentages to <25%, and a coincident peak 
of >50% non-arboreal pollen marks the transition from lodgepole pine forest to 
sagebrush (Artemisia) steppe after ca. AD 1260. A preceding reduction in fire 
severity between AD 950 and 1260 may have increased forest pathogen popula-
tions (indicated by abundant dwarf mistletoe pollen), and thus facilitated forest 
dieback, which also coincides with the largest peak in sedimentary charcoal in the 
core. After AD 1495, sagebrush pollen percentages decline as pine pollen percent-
ages rise. The peak in pine pollen percentages is then followed by a decline in pine 
and increase in fir (Abies) pollen percentages. This progression appears consis-
tent with century-scale successional trends and forest expansion. This history of 
ecosystem changes indicates that a trend toward drought in Colorado in the future 
could similarly affect fire regimes, the regional mosaic of vegetation types, and 
thus have important consequences for ecosystem services such as clean water and 
carbon storage.
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GLACIATION AND PALEOENVIRONMENTAL RECONSTRUCTIONS 
OF THE NORTHERN CORDILLERA OVER THE LAST 200 KA, YUKON 
TERRITORY, CANADA.

Ward, B.C., Turner, D.G., Department of Earth Science, Simon Fraser University, 
Burnaby, British Columbia, V5A 1S6, bcward@sfu.ca; Bond J.D., Yukon Geologi-
cal Survey, P.O. Box 2703, Whitehorse, Yukon, Y1A 1B5; Gosse, J.C. Department 
of Earth Sciences, 3006 LSC, Dalhousie University, Halifax, Nova Scotia, B3H 
3G5; Jensen, Britta J.L., Froese, Duane G., Department of Earth and Atmospheric 
Sciences, University of Alberta, 1-26 Earth Sciences Building, Edmonton, Alberta, 
T6G 2E3, and Telka, Alice, Paleotec Services, 1-574 Somerset Street West, Ot-
tawa, Ontario, K1R 5K2,

Yukon Territory has been repeatedly affected by the northern Cordilleran Ice 
Sheet. Although termed an ice sheet, it is better described as an ice complex, 
comprised of a series of coalescing valley glaciers and piedmont lobes whose ice 
flow was strongly controlled by topography. This ice complex produced irregular, 
digitate, horseshoe-shaped glacial limits on the plateau area of central Yukon. 
Many of these ice flows had separate source areas and dynamics, reflecting differ-
ences in the regional accumulation zones. Despite these complexities, three broad 
mappable chrono-geomorphic regions have been defined that were thought to 
represent regionally coherent advances of the Cordilleran Ice Sheet. However, the 
penultimate “Reid” glaciation actually represents two separate glaciations.

Cosmogenic 10Be ages on boulders of 54-51 ka (n=4) on penultimate drift in 
western Yukon Territory confirm that Marine Oxygen Isotope Stage (MIS) 4 
(early Wisconsinan) glaciation was extensive in parts of Yukon Territory. Along 
the White River, in southwest Yukon, the younger of two tills exposed in sections 
beyond the MIS 2 limit are constrained to MIS 4 by Woodchopper Creek tephra 
(131-77 ka). This glaciation, named the Gladstone is the first confirmed MIS 4 gla-
ciation in the Canadian Cordillera. These results are in contrast to the MIS 6 age 
of the penultimate Reid Glaciation to the east in central Yukon, recently confirmed 
by the presence of Old Crow tephra (130 ka) along the Pelly River. Thus, there is a 
dichotomy between MIS 4 and 6 glacial extents for at least two of the source areas 
for the northern portion of the Cordilleran Ice Sheet, indicating different responses 
to climatic forcing during glaciations.  Since the northern Cordilleran Ice Sheet 
was a precipitation-limited system, we propose that variations in regional precipi-
tation are a possible cause for the differences between MIS 4 and 6 glacial ad-
vances. Sections at the penultimate limit along White River in southwestern Yukon 
yielding paleoenvironmental data from MIS 5 and MIS 3 deposits will allow some 
paleoclimatic conditions to be inferred.
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THE PLEISTOCENE-HOLOCENE BOUNDARY IN WESTERN 
AUSTRALIA: ARCHAEOLOGICAL EVIDENCE OF ENVIRONMENTAL 
CHANGE AND ITS IMPLICATIONS

Webb, Esmée, School of Natural Sciences, Edith Cowan University, Joondalup WA 
6027, Australia (e.webb@ecu.edu.au)

In Australia, the Pleistocene-Holocene boundary is far less significant climatically 
and archaeologically than sea level rise and stabilisation, which occurred around 
6500 BP. Considerable population restructuring and mobilisation occurred during 
the LGM (Hyper-Arid Phase 25-15 ka) as many parts of the continent, particularly 
the arid interior, became incapable of supporting humans. As conditions ameliorat-
ed 15-10 ka, people resettled the interior, however sea level was also rising, flood-
ing the continental shelf which off the northwest coast was >200 km wide. Once 
sea level stabilised, offshore islands such as Rottnest were completely abandoned, 
while usage of an Eocene chert found throughout the Southwest ceased; the sources 
lie offshore and were no longer available. At the same time, Eucalyptus spp. forest 
was recolonising areas of the Southwest which now receive >750 mm of rain a 
year; while a monsoonal rainfall pattern was re-established in the Northwest.

These climatic factors impacted the Indigenous population because Eucalyptus spp. 
forest yields few of the food plants on which people relied. Hence, many archaeo-
logical sites were abandoned c12 ka. Conversely, re-establishment of the monsoon 
revitalised inland lakes and ephemeral creeks, making parts of the Kimberley and 
Pilbara more habitable than they had been for millennia; sites began to be occupied 
or re-occupied on the Hamersley Plateau and inland Kimberley.

Redistribution of population increased markedly around 7-6 ka, however, as groups 
who had lived on the continental shelf were forced to relocate to the mainland. It 
appears that by about 6 ka, Australia had reached its carrying capacity for large-
bodied omnivores (humans), a life-form unknown there before 60 ka. The effects 
of population pressure can be seen in the occupation of previously unoccupied 
environmental niches, a marked reduction in the size and weight of individual 
stone artefact and increased cutting edge : weight, maximising lithic resources, and 
the development of regionally diagnostic artefact types: most notably, Kimberley 
points; bifacially pressure-flaked projectiles unlike anything seen previously. Some 
of these developments have American parallels: the difference between PaleoIndian 
and Archaic technology, for example.

Precisely what these changes meant in terms of Aboriginal behaviour remains 
unclear, although it is the focus of much current research. What is clear, however, is 
that in the Holocene, Aboriginal people behaved differently from their Pleistocene 
ancestors; not least because the environment and the plants and animals it supported 
had changed. The last pre-modern extinction was the Tasmanian Tiger (Thylacinus 
cynocephalus), which disappeared about 4 ka following the introduction of the 
Dingo (Canis familiaris).
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A 20,000-YR-OLD RECORD OF VEGETATION AND CLIMATE FROM 
LOWER RED ROCK LAKE, CENTENNIAL VALLEY, SOUTHWESTERN 
MONTANA

Mumma, S. A., Whitlock, C., and Pierce, K.L., Department of Earth Sciences, 
Montana State University, Bozeman, Montana 59717, USA, mumma@montana.
edu

A ca. 20,000-yr-old sediment core from Lower Red Rock Lake (LRRL) in the 
Centennial Valley of southwest Montana was obtained to reconstruct the vegeta-
tion, climate, and environmental changes during and following the late-Pinedale 
Glaciation in the northern Rocky Mountains. The base of core LRRL 06P49 con-
sisted of inorganic silt and clay, deposited when a large glacial lake occupied the 
eastern Centennial Valley. The glacial lake receded during the late-glacial period 
when its western outlet stabilized. Prior to ca. 17,000 cal yr BP, high pollen per-
centages of Juniperus, Poaceae, Asteraceae, and other herbs as well as low pollen 
accumulation rates imply cold dry conditions. The sparsely vegetated landscape 
at LRRL is consistent with paleoclimate model simulations that show southward 
displacement of the jet stream and a strong glacial anticyclone during the full-
glacial period. Between 17,000 and 10,500 cal yr BP, increases in Picea and Abies 
pollen percentages suggest subalpine parkland and warmer conditions than before 
as result of the northward shift of the jet stream and increasing summer insolation. 
From 10,500 to 7100 cal yr BP, pollen percentages of Picea and Abies decreased 
and those of xerophytic taxa (e.g., Chenopodiaceae and Pseudotsuga) increased, 
signaling the development of steppe and open forest. Warmer drier conditions in 
the early Holocene were likely a response to increased summer insolation and 
a strengthened Pacific subtropical high-pressure system. From 7100 to 2400 cal 
yr BP, cooler and moister conditions at LRRL, driven by decreasing summer 
insolation, led to the expansion of high-elevation conifers, steppe, and wetlands. 
Increases in Picea and Abies pollen percentages after 2400 cal yr BP indicate 
further closing of forests at high elevations and even cooler and wetter conditions 
than before. Examination of the first arrival of Pseudotsuga in pollen records 
throughout the region shows that its arrival was later at sites on the Atlantic side 
of the Continental Divide as compared to sites on the Pacific side. The geographic 
pattern suggests that the Continental Divide posed a temporary barrier in the 
late-glacial period, delaying the migration of Pseudotsuga menziesii from glacial 
refugia.



AMQUA 2010 American Quaternary Association Program and Abstracts of the 21st Biennial Meeting

147

LATEST PLEISTOCENE VERTEBRATES IN WESTERN CANADA: 
NORTHWARD DISPERSAL OF LATE-GLACIAL TO POSTGLACIAL 
FAUNAS IN TWO CONTRASTING ENVIRONMENTAL SETTINGS

Wilson, Michael C., Department of Earth and Environmental Sciences, Douglas 
College, P.O. Box 2503, New Westminster, BC V3L 5B2, Canada, wilsonmi@
douglas.bc.ca

In the wake of Last Glacial (LG) ice-sheet retreat, southern vertebrates moved 
northward into newly available territory.  Two case histories are described, from the 
northern Great Plains (Alberta) and the Pacific Coast (southwest British Columbia).  
Emphasis is placed on evolutionary changes in extinct bison, Bison antiquus, found 
in both areas.  Differing display morphology (horn cores) apparently reflected dif-
fering environments and dispersal history.

Despite suggestions that northern vertebrates moved southward through an ice-free 
corridor as Laurentide and Cordilleran ice masses parted, evidence shows north-
ward movement of a southern fauna with Columbia mammoth (Mammuthus colum-
bi), helmeted muskox (Bootherium bombifrons), B. antiquus, large mountain sheep 
(Ovis canadensis catclawensis), camel (Camelops sp.), Mexican ass (Equus conver-
sidens), and other species.  Mitochondrial DNA links Alberta bison (Bighill Creek 
Local Fauna, ~11,500-10,000 14C yr BP) to southern, not Beringian, populations.  
Beringian clades did reach northwest British Columbia before 10,000 14C yr BP but 
were blocked from further dispersal, possibly by a forest barrier.  Woolly mammoth 
(M. primigenius) were present on the northern Plains but may have already existed 
along the southern ice margin before LG retreat, as did caribou (Rangifer tarandus).  
Northern Plains B. antiquus displayed long horn cores into the early Holocene, 
reflecting the presence of high-quality steppe forage with mixed C3 and C4 grasses 
and two productivity peaks.  They likely increased in horn core size as they moved 
northward. Wapiti (Cervus elaphus), a versatile grazer-browser, was a late arrival 
from the north apparently new to the midcontinent in postglacial times. 

B. antiquus was present on Vancouver Island and the San Juan Islands, on the west 
coast, between ~12,000 and 10,800 14C yr BP, dispersing across a filter corridor 
including water barriers.  These bison were large-bodied but compared to coeval 
Great Plains bison had disproportionately small horn cores, likely reflecting an 
insular effect from isolation and habitat fragmentation.  This shows decoupling of 
body size and horn-core size.  Isotopic analysis shows they fed on a nearly pure C3 
diet, likely with a shorter time of peak productivity than a mixed diet.

Large herbivores must have exerted significant influences on establishment and 
early succession of vegetation communities through transport of plant propagules, 
selective herbivory, grazing intensity, and physical effects such as trampling.  Thus 
the early postglacial history of vegetation communities must be understood not 
simply in terms of climatic changes but also in terms of such top-down trophic 
influences, which also included the predatory actions of human hunters.
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GEOARCHAEOGY AT OPOSSUM CREEK, NOWATA COUNTY, OKLA-
HOMA

Coalgate, Peggy; Taylor, Michael; and Wyckoff, Don, xtrambler@ou.edu, Sam 
Noble Oklahoma Museum of Natural History, University of Oklahoma, Norman, 
Oklahoma 73019

Heavy flooding along Opossum Creek, a tributary to the Verdigris River, exposed 
a deeply buried soil containing a burned rock feature. A cache of 10 preliminarily 
flaked bifaces was subsequently found eroding from this feature. Over a meter in 
thickness, the buried soil appears to be a cumulic horizon. Accelerator dating of 
a soil sample above the burned rock feature yielded a result of 4480 + 40 rcybp 
(Beta-246819), whereas a soil sample below the feature was dated at 5220 + 40 
recybp (Beta-246820). A charcoal from among the burned rocks was accelera-
tor dated at 4320 + 40 rcybp (Beta-246821). Profiles upstream from the feature 
revealed the buried soil developed in a cut-and-fill setting. The bifaces are of 
heat-treated Florence flint, a Permian chert for which many prehistoric quarries are 
known some 70 km to the west. From the creek bed several expanding stem spear 
points of heated Florence flint are believed to be likely end products of the knap-
pers responsible for the burned rock feature.
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