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Faunal and Archaeological Remains as Evidence of Climate Change
in Freezing Caverns, Yukon Territory, Canada
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ABSTRACT. Animal and plant remains, some associated with prehistoric artefacts, were collected in freezing caverns
(glaciéres) of northern Yukon Territory. Radiocarbon dates show that the oldest remains are Middle Wisconsinan
(ca. 38 000 BP). The absence of material of Late Wisconsinan age likely indicates that the caveswere infilled by ice during
thiscold period. Climate warming and i ce melting during the Hol ocene allowed animal sand prehistoric huntersto regularly
visit these caves. I ce plugs were evidently smaller during the early Holocene than they are now.
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remains, limestone mountains

RESUME. Des restes d’animaux et de plantes, parfois associés a des vestiges préhistoriques, ont été récoltés dans des
glaciéres du nord du Territoire du Yukon. Leur &ge radiocarbone indique que les plus anciens vestiges datent du
Wisconsinien moyen (v. 38 000 BP). L’ absence de matériel contemporain du Wisconsinien supérieur sembleindiquer que
pendant cette période froide les cavernes étaient comblées par de la glace. Au cours de I’ Holocéne, e réchauffement du
climat et lafonte subséquente des glaces ont permis aux animaux et aux chasseurs préhistoriques de visiter les cavernes sur
une base réguliére. Les bouchons de glace étaient de toute évidence moins dével oppés au début del’Holocéne qu’ilsnele
sont aujourd’ hui.

Mots clés: Territoire du Y ukon, riviére Porcupine, monts Ogilvie, cavernes, glaciéres, karst, restes d’ origine organique,

restes préhistoriques, monts calcaires

INTRODUCTION

Karst responds with great sensitivity to environmental
change and preserves associated records more faithfully
than most other geological settings (Cogeoenvironment
[TUGS] Working Group on Geoindicators, 1996). Features
such as caves, rock shelters, and sinkholes are important
repositoriesthat contain much scientificinformation about
past terrestrial environments (Ford and Williams, 1989;
Andrews, 1990; Burney et al., 1997). They often provide
unique, productive, and extensive field sites that yield
substantial clues to past climatic events over a variety of
time scales (Cogeoenvironment [IUGS] Working Group
on Geoindicators, 1996). Sporadically functioning as sedi-
ment traps, these features accumulate throughout their
geologic life large and complex combinations of clastic,
chemical, and organic debris derived from the natural
environment (Miskovsky, 1987). Since caves are used as
shelters by animals, including predators and scavengers,
they often contain the remains of these animals and their
food, and hencefossil evidence of past animal populations

(Burkeand Cing-Mars, 1996; Heaton et al ., 1996). Through
the combination of these and other contributing factors,
cave sedimentation can lead to the formation of some of
the richest and best-preserved deposits in continental en-
vironments. For example, the Bluefish Caves (northern
Y ukon) have yielded archaeological evidence of afull to
late ice age human occupation, and have provided the
largest in situ vertebrate faunafor eastern Beringia (Cing-
Mars, 1979, 1990).

Here we report animal and plant remains found in
“freezing caverns’ or “glaciéres’ (sensu Balch, 1900) in
northern Yukon Territory (Fig. 1), particularly in Tsi-
tche-Han Cave (Figs. 1, 2a, 3). Balch (1900) introduced
these terms to characterize caves containing ice deposits
but developed in rocks, to distinguish them from caves
developed in glacier ice. Our results add to those of
Schroeder (1972, 1977) and Scotter and Simmons (1976)
to help identify the main periods of incorporation of
macrobiotic remainsin glaciéres. Furthermore, our inves-
tigation of faunal and archaeological remains comple-
mentsthe climate and stable isotope datafrom caveicein
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FIG. 1. Map of northern'Y ukon Territory, showing location of cavesmentioned
intext. Tsi-tche-Han Cave, the Grande Caverne Glacée, the GrottedesM éandres,
the CavernedelaChévre, and CaverneGlacée 85 arewithinthe Tsi-it-toh-Choh
Range.

Yukon Territory (Clark and Lauriol, 1992; Lauriol and
Clark, 1993; Lauriol et al., 1995).

Tsi-tche-Han Cave

Caves of northern Yukon Territory are mainly devel-
oped in Devonian limestone beds of the Gossage and
Ogilvie formations (Norris, 1978), which were deformed
by the Laramide Orogenesis some 60M years ago
(Gabrielse, 1975). The major caves known to date were
formed near the end of the Tertiary period, when perma-
frost was absent (Lauriol et al., 1997). Absence of glacial
erosioninthe areaduring the Quaternary (Dyke and Prest,
1987) allowed caves to persist until today.

Tsi-tche-Han Cave(Figs. 1, 2a, 3) islocated at 66°49' N,
139°20' W and 800 m elevation in the Tsi-it-toh-Choh
Range, an extensive karstland (Lauriol et al., 1988, 1997;
Thibaudeau, 1988). Its outer, entrance chamber is 10 m
long, 5 m wide, and 8 m high; a passageway 10 m long
connects to a second, inner chamber, which is lower in
height than the outer one (Fig. 3). The cave floor is
composed of silt, or of ice over silt deposits. Calcite
speleothems cover thewalls, mainly intheinner chamber;
some of these formations have a Uranium-series age of
80000 years (Lauriol et al., 1997).

Temperatures recorded inside Tsi-tche-Han Cave
yielded a mean annual amplitude that contrasts (Fig. 4)
withthat shownin Environment Canada(1982) recordsfor
Old Crow village, located 120 km to the northwest. While
temperature varies on average by 44.3°C during ayear in
Old Crow (Environment Canada, 1982), it varies by less

than 21.5°C in the cave (our data). Air temperature inside
the cave iswarmer during winter (-15.5°C in January) and
cooler during summer (1.5°C in July) than the outside air.
The contrast in temperature also varies within the cave
(Figs. 3, 4): the temperature logger placed in the passage-
way (Tsi-4) recorded a smaller temperature amplitude
than the one placed in the first chamber (Tsi-3). These
measurements were recorded between July 1997 and July
1998.

METHODS

The faunal and archaeological remains were either col-
lected from the silty and icy floors of Tsi-tche-Han Cave and
other caverns or extracted from fossil ice plugs. The only
reported visit to caves in the area before our investigation is
that of Otto Geist (1953), who visited Bear Cavewithagroup
of Old Crow Nativesduring the 1952 summer. Therefore, the
material collected is considered in situ, with probable minor
disturbance by natural processes.

During the field season, the samples were stored in
plastic or cotton bags in sealed plastic boxes in a large
cooler. They were kept cool until identification or ship-
ment for radiocarbon dating. Samples for radiocarbon
dating were cleaned using a 5% HCI solution. Wood
identification was done by preparing thin slidesand exam-
ining cell anatomy. The remains of small rodents were
identified with a Wild-Leitz M5 binocular microscope,
using the reference collection at the Canadian Museum of
Civilization.

Treetrunks (fossil Picea logs) collected inside the cave
wereanalyzed for ring width. They were compared with six
living Picea trees cut on the rocky slope near the entrance
of Tsi-tche-Han Cave, wheresilt depositsallow their growth
(theslopeitself ispresently barren of trees). Cross-sections
were taken along the main stems of the dead and living
trees. Sectionswerefinely sanded until wood cells became
clearly visible. Annual rings were counted under a lens
microscope (40x%), and ring widths were measured on each
sample with aVelmex micrometer (precision = 0.002 mm)
interfaced with acomputer. Two oppositeradii were meas-
ured on every disk, and average ring-width curves were
produced from these measurements.

Tree Trunks and Prehistoric Remains

In Tsi-tche-Han Cave, asmall rock wall at the entrance
of the passageway (Fig. 3) was probably erected by prehis-
toric hunters. Five logs sitting on thiswall, each 3to 4 m
long, were too big to have been introduced to the cave by
animals. A piece of one of these trunks was dated at 800 +
150 BP (UQ-1766; Table 1). The mean (398 um) and
median (349 um) ring widthsof fossil logsaresmaller than
those of treesliving near theentrance of thecave (Table 2),
suggesting that the climate was drier or colder 800 years
ago than at present.
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FIG. 2. a Site of Tsi-tche-Han Cave (entranceis shown by black arrow); b: Early Holocene (8440 + 90; TO-7013; Table 1) Populustreetrunk introduced into Bear

Cave by hunters (diameter: 17 cm); c: Modern torch (19th century?) in a passageway of Bear Cave; d: Remains of aDall’ s sheep in the Caverne delaChévre, Tsi-
it-toh-Choh Range; e: Mummified Microtus pennsylvanicus collected in the Caverne des Méandres (scale bar = 1 cm).

Fossil logs were also found in Bear Cave, the largest  rooms (Lauriol et al., 1997). More than 30 large pieces of
known caveintheregion, with 250 m of passagewaysand  Picea and Populus were collected inside this cave. Some
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FIG. 3. Plan view of Tsi-tche-Han Cave, showing the location of biotic and
prehistoric remains and the two temperature loggers.

Populus have diameters much larger (17 cm, Fig. 2b) than
any now growing near the entrance (5—10 cm). Two
specimens(Table1l) yielded radiocarbon ages of 8130+ 90
(TO-7012) and 8440 + 90 BP (TO-7013), and thus are
contemporary with the warmest period that prevailed in
the Y ukon during the Holocene, when the poplar habitat
extended north to the Beaufort Sea coast (Nelson, 1987).
As the trunks were found far inside Bear Cave, and were
too large to have been carried by animals, they indicate
that the cave was visited by humans at times during the
early Holocene. Use of Bear Cave by humans is also
indicated by charcoal on the floors of several passage-
ways, which constitutesevidenceof fireignitedinthecave
with the probable aim of hunting grizzly bears. The large
tree trunks found in Bear Cave may thus have served as
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FIG. 4. Temperaturedatafrom Tsi-tche-Han Cave (from July 97 to July 98) and
Old Crow village, Y ukon Territory.

firewood, or as rudimentary support devices to carry the
killed animals. Nowadays, the Y ukon caves are no longer
used for hunting or for ritual purposes, nor were they so
used during most of the 20th century (C.P. Charlie and C.
Thomas, pers. comm. 1987 and 1992).

Fossil logs have also been found in other Y ukon caves.
For example, awell-preserved piece of spruce (Picea sp.)
was collected by coring 5 m inside an ice plug in the
Grande Caverne Glacée, a cave 100 m long x 5 m wide
described by Lauriol et al. (1995). The wood was dated at
7350+ 70BP(TO-3508; Table 1). Itsageindicatesthat the
ice plug was further within the cave around 7000 years
ago. This dating is in accordance with the findings of
Marshall and Brown (1974), who concluded that ice plugs
in Coulthard Cave (Alberta) formed after themid-Holocene
warm period.

Use of Tsi-tche-Han Cave by humans is also revealed
by atorch found on the silt near the entrance. The torch
consisted of a stick of Picea 90 cm long that served as a
support for flammable material. The torch was not dated,
but as it showed evidence of carving by aniron tool, itis
certainly no older than the 19th century. A torch showing
similar marks of iron tool carving was also found in Bear
Cave (Fig. 2c). These torches indicate that ritual hunting
was a common practice during the 19th century, aconclu-
sion confirmed by the oral tradition in Old Crow village.

Large Mammals

Largemammal remainsarerarein Tsi-tche-Han Cave: we
found only two femoraof caribou (Rangifer tarandus) lying
on the silt in the outer room (Fig. 3). Faecal remains of
porcupine (Erethizon dor satum) are common, with abundant
droppings in the second room, where permafrost prevents
their decomposition. A sample collected at randomyielded a
radiocarbon age of 4270 + 70 BP (UL-257; Table 1).

Caverns are not recognized as usual hibernation sites
for bearsin Canada, the limestone mountains of the upper
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TABLE 1. Radiocarbon dates from freezing caverns, Ogilvie Mountains, Y ukon Territory. The Borden numbersare MeVj-1for Tsi-tche-
Han Cave, and McVj-1for Bear Cave. Bear Caveislocated on Bear Cave Mountain; all other caves are within the Tsi-it-toh-Choh Range.

Age Lab Number Remains Location and References
70+ 50 TO-2210 Marmota sp. carcass Grande Caverne Glacée (GCG)

800 + 150 UQ-1766 Picea sp. Tsi-tche-Han Cave

860 + 100 UQ-1584 C. tetragona / D. octopetala Small, unnamed cave
1300 + 100 UQ-1282 C. tetragona/ D. octopetala Caverne Glacée 85 (Lauriol et al., 1988)
4270+ 70 UL-257 Erethizon faecal remains Tsi-tche-Han Cave
7350+ 70 TO-3508 Picea sp. GCG (Lauriol et al., 1995)
8130+ 90 TO-7012 Populus sp. Bear Cave
8440+ 90 TO-7013 Populus sp. Bear Cave

37940 + 460 TO-2211 cf. Arctodus? faecal remains Caverne des Méandres

Porcupine River being the exception. Infact, resting nests,
tracks and faecal remains on thefloors, and claw markson
the walls, are usually present a few metres inside cave
entrances. Bear droppings were abundant well beyond the
reach of daylight in the Grotte des Méandres, under anice
plug 25 m long that starts 35 minside the cave (Fig. 5). A
crawl under thisice plug allowed collection of numerous
freeze-dried bear droppingsdated at 37 940 + 460 BP (TO-
2211; Table 1), which are interpreted as evidence of a
milder climate at that particular time. However, all other
14C dates obtained in our study are much younger
(Holocene), and therefore the TO-2211 date stands alone.
It isalso closeto the generally accepted limit for 1“C ages.
Thisimpliesthat the bear droppingscould, infact, be much
older than ca. 38000 BP. These faecal remains were
located in asmall depression (1 m diameter) dug directly
into the silty floor. The bear den was different from those
observed nowadays in the area, in that it did not contain
any of the large fragments of wood that these animals
usually lay down inside their shelters. Pollen and
macrofossil analyses conducted on the bear faecal remains
revealed adiet composed primarily of Juniperusspp. This
plant is abundant in the valleys, at the base of the south-
facing slopes. What isintriguing, however, isthat modern
bears do not feed on Juniperus, asit istoxic to them (J.V.
Matthews, GSC, pers. comm. 1995). Therefore, the faecal
remains are thought to belong to the extinct short-faced
bear (Arctodus simus), which disappeared from Beringia
at the end of the Pleistocene (Matheus, 1995; Harington,
1996).

Mountain goats (Oreamnos americanus) and Dall’s
sheep (Ovisdalli) aretheonly other large mammalsknown
to wander inside caverns. Geist (1971) noted that moun-
tain sheep commonly seek shelter in caves during severe
weather periods. He also reported (pers. comm. to Scotter
and Simmons, 1976) Stone’'s sheep (Ovis dalli stonei)
making extensive use of acave, especially from January to
late March; however, from late March onward the cave
wasused lessfrequently. During thewinter, atrapper from
Pelly Crossing saw a cave entrance full of sheep near the
Tatonduk Mountains (southern Ogilvie Range) (D.
Vanbibber, pers. comm. 1999). I n our study area, anentire,
undisturbed, skeleton of a Dall’s sheep was found about
20 m inside the Caverne de la Chévre in a crouched

TABLE 2. Width of rings (um) from modern (living) and fossil
(dead) trees, Tsi-tche-Han Cave and vicinity, Yukon Territory.

Modern Fossil
Ring Width Ring Width
Mean Median Mean Median
All Yearsof Growth Combined  449.4 424.0 398.2 349.1
First 60 Y ears of Growth 490.4 524.0 427.1 378.8

position, indicating that it likely died of natural causes
(Fig. 2d).

Small Mammals and Birds

Tsi-tche-Han Caveyielded many remainsof small mam-
mals near its entrance, as did other caverns in the area
These remains are mainly those of microtine rodents.
Among these are the northern red-backed vole
(Clethrionomys rutilus), the brown lemming (Lemmus
sibiricus), the yellow-cheeked vole (Microtus xantho-
gnathus), andthemeadow vole (M. pennsylvanicus, Fig.2e),
all of which may be found living within the area today
(Morlan, 1984). The rodent remains generally displayed
fractures and corrosion marks, which are typical signs of
predation (see Andrews, 1990, for discussion). Deepinthe
cavernsmicearegenerally mummified by the cold and dry
air, or are preserved frozen in the perennial ice.

Remains of marmots (Marmota sp., bonesand skin) are
also common in northern Yukon caves, and one entire
carcasscollected fromthe Grande Caverne Glacéeyielded
amodern age of 70 + 50 BP (TO-2210; Table 1). Marmot
remains were always found near nests composed entirely
of Dryas octopetala and Cassiope tetragona. One of the
nests found in Caverne Glacée 85 (described in Lauriol et
al., 1988) wasdated at 1300+ 100 BP (UQ-1282; Table1),
while asecond onefound in asmall, unnamed cavern was
dated at 860 + 100 BP (UQ-1584; Table 1). All nests had
been built on ice floors and were overlying ice mounds.
Their elevated position was caused by the thermal protec-
tion induced by the Dryas and Cassiope deposits, which
prevented the ice mounds from melting. Difference in
elevation between the ice floors and the top of the ice
mounds was generally ~20 cm, but it even reached 85 cm
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FIG. 5. Cross-section of the Caverne des M éandres, showing location of bear den containing faecal remainsdated at 37 940 + 460 BP (TO-2211; Table 1). Caribou

bones and mummified mice were also collected in this cave.

in Caverne Glacée 85. The nest and ice mound combina-
tionsprovide strong evidencethat theicefloorsweremuch
thicker in the caves at 1.3 and 0.8 ka BP.

Cave entrances in general are known to be favoured
nesting, resting, and feeding places for avariety of birds.
During the Late Wisconsinan, birds were also common in
the northern Yukon Territory, as may be seen from the
investigation of Balkwill and Cing-Mars (1998) in the
nearby Bluefish Caves, where at |east 18 species of birds
were recovered and identified. The remains of a sparrow
(not yet dated) were retrieved from the ice floor of the
Grande Caverne Glacée, some 80 mfromtheentrance. The
sparrow waslikely introduced into the cave by scavengers,
aswenever saw nestslocated beyond thereach of daylight
in the caverns.

CONCLUSIONS

Anima and plant remains in caves of the northern
Y ukon Territory are generally well preserved. The oldest
remainsyet found (bear faeces) are of Middle Wisconsinan
age. A mild climate characterized this time period in
eastern Beringia (Hughes et al., 1981). No Late
Wisconsinan material was collected deep insidethe caves;
its absence may be explained by blockage of the cave
entrances by ice plugs during this colder period. During
the Early Holocene, theice plugs partly melted or receded,
which allowed introduction of large tree trunks by prehis-
toric hunters. Analyses (radiocarbon, size, and ring width)
of these fossil logs suggest that the climate was warmer
8000 years ago, and colder 800 years ago, than the modern
climate. Theseresultsarein accordance with theradiocar-
bon dating of a piece of Picea found in an ice plug deep
insidethe Grande Caverne Glacée, and of Dryas/Cassiope
marmot nests overlying ice mounds. These respectively
indicate that perennial ice was less abundant in the
northern Y ukon caverns around 7400 years ago, and more
extensive between 1300 and 800 years ago.

ACKNOWLEDGEMENTS

We are grateful to the people of Old Crow for their field
assistance and logistical support of our work in their lands. Our
research wassupported by the National Scienceand Engineering
Research Council of Canada, through an operating grant to B.
Lauriol (NSERC OPG 007995); by the Polar Continental Shelf
Project (Natural Resources Canada), which provided logistical
support in the field; and by the Northern Research Funds of the
University of Ottawa. All specimensaredeposited at the Canadian
Museum of Nature under the supervision of K. Shepard (Curator
— Palaeobiology collections). We thank J.V. Matthews, Jr., and
R.J. Mott (both from GSC-Ottawa), who respectively performed
Juniperus and fossil wood identifications. R. Gotthardt (Y ukon
Heritage Branch) provided Borden numbers and information on
specific references. A.S. Dyke (GSC-Ottawa) provided much
appreciated comments and suggestionsthat greatly improved an
earlier version of the manuscript. Thanks are also extended to
R.E. Morlan and an anonymous reviewer for critical review of
the paper.

REFERENCES

ANDREWS, P. 1990. Owls, caves and fossils: Preservation and
accumulation of small bonesin caves. London: Natural History
Museum Publication. 221 p.

BALCH, E.S. 1900. Glaciéresor freezing caverns. Philadel phia:
Allen, Lane & Scott. 338 p.

BALKWILL, D., and CINQ-MARS, J. 1998. Migratory birds
from Bluefish Caves (Abstract). In: Driver, J.C., ed.
Zooarchaeology of the Pleistocene/Holocene boundary.
Proceedings of a Symposium held at the 8th Congress of the
International Council for Archaeozoology (ICAZ), Victoria,
British Columbia, August 1998. Oxford, England: John and
Erica Hedges. 194.

BURKE, A., and CINQ-MARS, J. 1996. Dental characteristics
of Late Pleistocene Equus lambei from the Bluefish Caves,
Y ukon Territory, and their comparison with Eurasian horses.
Géographie physique et Quaternaire 50:81-93.



EVIDENCE OF CLIMATE CHANGE IN FREEZING CAVERNS - 141

BURNEY, D.A., JAMES, H.F., GRADY, F.V.,
RAFAMANTANANTSOA, J.-G., RAMILISONINA,
WRIGHT, H.T., and COWART, J.B. 1997. Environmental
change, extinction and human activity: Evidence from caves
in NW Madagascar. Journal of Biogeography 24:755—767.

CINQ-MARS, J. 1979. Bluefish Cave 1: A late Pleistocene
eastern Beringiacave deposit in the northern Y ukon. Journal
Canadien d’ Archéologie 3:1-32.

———. 1990. La place des grottes du Poisson-Bleu dans la
préhistoire Béringienne. Revista de Arqueologia Americana
1:9-32.

CLARK, I.D., and LAURIOL, B. 1992. Kinetic enrichment of
stable isotopes in cryogenic calcites. Chemical Geology
(Isotope Geoscience Section) 102:217—-228.

COGEOENVIRONMENT (IUGS) WORKING GROUP ON
GEOINDICATORS. 1996. Geoindicator checklist (1995).
In: Berger, A.R., andlams, W.J., eds. Geoindicators: Assessing
rapid environmental changes in earth systems. Rotterdam:
A.A. Balkema. 414-417.

DYKE, A.S., and PREST, V.K. 1987. Late Wisconsinan and
Holocene history of the Laurentide ice sheet. Géographie
physique et Quaternaire 41:237—-263.

ENVIRONMENT CANADA. 1982. Climatic normsin Canada,
1951-1980: Temperature and Precipitation, Northern Y ukon
and Northwest Territories. Ottawa: Canadian Climatology
Program.

FORD,D.C.,andWILLIAMS, P.W. 1989. Karst geomorphol ogy
and hydrology. London: Unwin Hyman. 601 p.

GABRIELSE, M. 1975. Canadian Cordillera region, interior
and western belts: Part 1, western Kenifts. In: Fairbridge,
R.W., ed. The encyclopedia of world regional geology.
Stroudsburg: Dowden, Hutchinson & Ross. 179-187.

GEIST, O.W. 1953. Scientific investigations in the Old Crow
and Porcupine River regions of Alaskaand Y ukon Territory.
Unpubl. ms,, University of Alaska, Fairbanks. Available at
Heritage Branch, Government of Y ukon, Whitehorse, Y ukon
Y 1A 2C6, Canada. 108 p.

GEIST, V. 1971. Mountain sheep: A study in behavior and
evolution. Chicago, Illinois: University of Chicago Press.
383 p.

HARINGTON, C.R. 1996. North American short-faced bear.
Beringian Research Notes 4. Whitehorse: Y ukon Beringia
Interpretive Centre, Y ukon Tourism Heritage Branch. 4 p.

HEATON, T.H.,TALBOT, S.L.,and SHIELDS, G. 1996. Anice
agerefugiumfor largemammalsinthe Alexander Archipelago,
southeastern Alaska. Quaternary Research 46:186—192.

HUGHES, O.L., HARINGTON, C.R., JANSSENS, JA.,
MATTHEWS, J.V., J., MORLAN, R.E., RUTTER, N.W.,
and SCHWEGER, C.E. 1981. Upper Pleistocenestratigraphy,
pal eoecol ogy, and archaeol ogy of thenorthern'Y ukoninterior,

eastern Beringia, 1. Bonnet Plume Basin. Arctic 34:
329-365.

LAURIOL,B.,andCLARK,1.D. 1993. Anapproachtodetermine
the origin and age of massive ice blockage in two Arctic
caves. Permafrost and Periglacial Processes 1:77—85.

LAURIOL, B., CARRIER, L., and THIBAUDEAU, P. 1988.
Topoclimatic zones and ice dynamics in the caves of the
northern Yukon. Arctic 41:215-220.

LAURIOL, B., CLARK, I.D., and PREVOST, C. 1995. Etude
d’une glace de lafin de I’ hypsithermal dans une caverne du
nord du Yukon. Actes du 3¢ Symposium International des
Cavités Glaciaires et du Cryokarst en Régions Polaires et de
Hautes Montagnes, Chamonix-France, 1994. Annales
littéraires de I’ Université de Besancon 561:89—92.

LAURIOL, B., FORD, D.C., CINQ-MARS, J., and MORRIS,
W.A. 1997. Tertiary and interglacial speleothems from Bear
Cave, OgilvieMountains, Northern'Y ukon. Canadian Journal
of Earth Sciences 34:902—-911.

MARSHALL, P., and BROWN, M.C. 1974. Ice in Coulthard
Cave, Alberta. Canadian Journal of Earth Sciences 11:
510-518.

MATHEUS, P.E. 1995. Diet and co-ecology of Pleistocene
short-faced bears and brown bears in Eastern Beringia
Quaternary Research 44:447—-453.

MISKQOVSKY, J.-C. 1987. Géologiedelapréhistoire: M éthodes,
techniques, applications. Paris: Association pour |’ Etude de
I"Environnement Géologique de la Préhistoire. 1297 p.

MORLAN, R.E. 1984. Biostratigraphy and biogeography of
Quaternary microtinerodentsfromnorthernY ukon Territory,
eastern Beringia. Special Publication of the Carnegie Museum
of Natural History 8:184—-199.

NELSON, R.E. 1987. Palecenvironmental analysis of insects
and extralimital range of Populusfrom an early Holocenesite
on the Arctic Slope of Alaska, U.S.A. Arctic and Alpine
Research 19:230-241.

NORRIS, D.K. 1978. Geology, Porcupine River, Yukon
Territory. Geological Survey of Canada, Ottawa, Map 1522A,
scale 1: 250 000.

SCHROEDER, J. 1972. Découvertes de grottes dans e Premier
Canyon de la Nahanni sud, T.N.O., Canada. Revue de
Géographie de Montréal 26:433— 446.

. 1977. Les formes de glace des grottes de la Nahanni,
T.N.O., Canada. Canadian Journal of Earth Sciences 14:
1179-1185.

SCOTTER, G.W., and SIMMONS, N.M. 1976. Mortality of
Dall’s sheep within a cave. Journal of Mammalogy 57:
387-389.

THIBAUDEAU, P. 1988. Quel quesaspectsdelagéomorphologie
karstique du bassin de la haute Porcupine. Unpubl. M.A.
thesis, Department of Geography, University of Ottawa,
Ottawa. 119 p.




