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relative glacial chronology of the valley, and
estimate extent of glaciations in the valley.

INTRODUCTION
The Ugwi Yamma (UY) Valley is about 7 km
long and 200 m deep; it is formed by the inner
slope of Last Glacial Maximum (LGM)
moraines (Figs. 1 and 2). A braided meltwater
stream (the UY River) threads through small,
probable LGM recessional moraines on the
valley floor (Fig. 3). Though granitic drift
mantles the valley, phyllite comprises the
bedrock; the UY River cuts two gorges into
the limited exposures. The top of the upper
gorge is striated in places, and there are at
least ten striated granitic boulders in the
valley, indicating that the glacier was at least
in part warm based. The maximum extent of
Little Ice Age (LIA) glaciers is recorded by an
80-m-high ice-cored terminal moraine (ICTM)
3 km from the cirque headwall.

Figure 1. Annotated map of the UY Valley
showing important features.

The objectives of this research were to map
glacial landforms, characterize the nature of
glaciations in the UY Valley, determine the

Figure 2. Longitudinal section of the UY Valley showing past and present glaciation relative to the current
topography. The LGM glacier surface is projected from the valley-forming LGM moraines.
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Lehmkuhl (1998) determined that LGM
glaciers terminated about 600 m lower than
today, and Grunert et al. (2000) concluded a
rapid recession from LGM positions when
they found no recessional moraines. Grunert
et al. (2000) also found little evidence for
early to middle Neoglacial (c. 5-1 ka)
advances in the Kharkhiraa Uul and presume
the maximum glacial extent in the Holocene
was during the LIA. In the majority of valleys
in the range, LIA moraines are clearly visible
50–200 m in front of present glaciers
(Lehmkuhl, 1998).

CLIMATE
The Kharkhiraa Uul has a cold, dry
continental climate. In Ulaangom, about 60
km northeast and 2000 m lower than the study
area, the mean January temperature is -32.9°C
and the mean July temperature is 19.2°C. The
mean annual temperature is -3.7°C. Annual
precipitation in the study area is estimated to
be about 200-300 mm per year, with about
60% falling in summer months (Grunert et al.,
2000).

PAST GLACIATIONS

In this study, glacial extents and equilibrium
line altitudes (ELAs) were estimated from
terminal and lateral moraines in the valley
(Table 2). The maximum extent of LGM
glaciers was not recorded in the UY Valley,
but Lehmkuhl (1998) estimated average ELAs
for LGM and present glaciers in the
Kharkhiraa Uul. The current ELA of the UY
Glacier is more than 100 m higher than his
average ELA for glaciers in the Kharkhiraa
Uul. However, topography suggests that the
UY Valley should be favored for extensive
glaciation: it has high sides, a northwest
aspect, and the highest peak in the Kharkhiraa

The Kharkhiraa Uul have been glaciated
several times during the Pleistocene.
However, in even the best situations moraines
evidence only the four largest advances in the
last 100 ky. With few exceptions, the oldest
moraines in the area are from the glaciation
preceding the Last Glacial Maximum (preLGM) (Grunert et al., 2000). Pre-LGM
glaciers terminated almost 1000 m lower than
they do today (Table 1). The glaciers
advanced over 20 km from the cirques of UY
Valley, down the Kharkhiraa River, and
covered all but the highest peaks in the
Kharkhiraa Uul.
Table 1: Glaciations in the Ugwi Yamaa Valley

Pre last interglacial
Pre-LGM

Date of maximum
extent (approx.)

Length (km) (distance
from cirque headwall)

Terminus
elevation (m)

Estimated ice
thickness (m)

before 125 ka

c. 20

?

>300

1

50-70 ka

--

1

2000

1

--

1

200

Last Glacial Maximum

14-32 ka

≥7

2600

Little Ice Age

1850 CE

3

3000

100-150

--

2

3200

50-100

Current glacier

1

(Grunert et al., 2000)

Table 2: Equilibrium Line Altitudes in the Ugwi Yamma Valley
Lehmkuhl (1998)

This study

(TSAM method) (m)

TSAM method (m)

AAR method (m)

2900

--

--

LGM recessional

--

3300

3200

Little Ice Age

--

3480

3400

3400

3540

33402

Last Glacial Maximum

Current glacier

2
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UY glaciers, whereas TSAM is based on
topography of the valley (Benn and Lehmkuhl,
2000). Taken together, they consider glacial
characteristics and topography, and may
provide a more accurate estimation of past and
current ELAs.

CURRENT GLACIER
Presently, the UY Glacier extends about 2 km
down the UY Valley. It has receded about 1
km from the ICTM, which presumably records
maximum LIA extent. The toe of the glacier is
so blanketed in debris that it is unclear exactly
where the active glacier ends (Fig. 4).
Recessional ice-cored lateral moraines extend
upvalley from the ICTM. The glacier receives
snow from three major catchment basins as
well as avalanches and icefalls, and shows
prominent medial moraines. Small hanging
glaciers on the cirque headwall suggest
extensive downwasting of the main glacier.
The UY River emerges from the toe of the
glacier, only to disappear under the ICTM a
few hundred meters downvalley. There is a
large collapse on the northwest side of the
ICTM, which may be due to ice melting in the
area where the river passes under the ICTM.
A small basin about 150 m upvalley from the
ICTM lined in fine-grained, lacustrine
sediment indicates that there are times when
the UY River is dammed and forms a lake
behind the ICTM. The dam may be a created
by winter freezing of the conduit where the
river usually passes though the ICTM. Failure
of the dam could result in catastrophic floods
down the UY valley.

Figure 3. View southwest up the UY Valley from
near the lower gorge. LGM moraines form the
valley sides; LGM recessional moraines are the
sinuous intra-valley ridges. The LIA ice margin is
marked by a prominent ice-cored terminal
moraine, which in this photo appears light tan
below the hanging glaciers.

Uul in its catchment basin, so it should be well
shaded and have high accumulation. Two
methods to estimate ELA were used in this
study. The accumulation area ratio (AAR)
method assumes that for a glacier in
equilibrium with climate, the accumulation
area of the glacier is a fixed portion of the
total surface area. This study assumes an
AAR of 0.67 for UY glaciers. The toe-tosummit altitude method (TSAM) simply
assumes that the ELA of a glacier lies at an
altitude halfway between the altitudes of the
toe of the glacier and the highest peak in the
catchment basin. Lehmkuhl (1998) found that
this method provided accurate results for
modern glaciers in Kharkhiraa Uul.
Of the two methods used in this study, the
AAR takes into account the mass-balance of

RELATIVE DATING
Relative dating techniques suggest that the
maximum Neoglacial advance was during the
LIA, and that intra-valley moraines
downvalley of the LIA margin are the result of
short pauses and possible minor readvances
during recession from the LGM position.
Loess thickness increases linearly with
distance downvalley from the ICTM (Fig. 5).
This suggests the loess comes from mainly
within the UY Valley, and accumulated as the
glacier receded. The correlation also suggests
that the intra-valley moraines are all from one

Figure 4. The current UY Glacier photographed
from the ICTM. Notice the sediment-filled basin
where the UY River disappears.
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valley also influence bank erosion. A recent
subsidence pit on one probable LGM
recessional moraine may indicate that stagnant
ice still exists within the moraines.
Considering the cold climate and the presence
of permafrost, stagnant ice might survive
thousands of years if insulated by thick drift.
However, the abnormal morphology of the
moraines is not fully explained by these
observed processes. The morphology may
also be influenced by large-scale slumps,
protalus ramparts, faulting, and a combination
of downwasting and backwasting during
retreat punctuated by short pauses and
possible minor readvances.

Figure 5. Loess thickness increases linearly with
distance downvalley from the ICTM.

CONCLUSIONS
Pre-Last Glacial Maximum
The oldest evidenced glaciation in the
Kharkhiraa Uul is recorded by till 20 km from
the UY cirques. At this time, glaciers probably
covered all but the tallest peaks of Kharkhiraa
Uul.

Figure 6. Moraine slopes do not correlate well with
distance from the ICTM.

Last Glacial Maximum

recessional event, which provided the source
of the loess, and that there were no major
readvances until the LIA.

During the LGM, the UY Glacier extended
into the Kharkhiraa Valley at times when that
valley was ice-free (early and/or late LGM),
and the UY Glacier was synchronous with and
a tributary to the Kharkhiraa Glacier (midLGM).

Intra-valley moraine slopes are extensively
modified and do not correlate well with their
distance downvalley from the ICTM (Fig. 6).
These moraines have all been subject to
erosion and mass wasting. In addition, they all
have similar weathering characteristics:
extensive frost cracking, but little chemical
weathering. Furthermore, there are no distinct
cross-cutting relationships between moraines
below the ICTM that would indicate major
glacial readvance. All this evidence indicates
that the intracanyon moraines below the ICTM
are all of approximately the same age.

Last Glacial Maximum recession
Relative age dating suggests that terminal and
lateral moraines below the ICTM are
recessional from the LGM. That is, there were
short pauses and possible minor readvances
during the overall retreat of the LGM glacier.
This finding is contrary to the work of Grunert
et al. (2000), who found no evidence for LGM
recessional moraines in the Kharkhiraa Uul.

Little Ice Age

MORAINE MORPHOLOGY

There is no evidence for a Neoglacial advance
until the LIA. The modern glacier has
retreated from its LIA position, leaving a huge
ice-cored moraine.

The moraines within the UY Valley are not
normal downvalley-descending symmetrical
ridges on valley sides. They have been
modified by: alluvial fan deposition, debris
flows and rockfalls, stream erosion, bank
slumps, and stream incision oversteepening
the moraines. Aufeis and permafrost in the
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