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INTRODUCTION

BACKGROUND

In the Hangay Mountains of north-central
Mongolia there are groups of moraines that are
terminal moraines associated with at least two
glaciations or terminal and recessional moraines
associated with the last glaciation (Fig. 1).
The second scenario is less likely. The outer
moraines have gentle slopes and are not covered
by many boulders, whereas the inner moraines
have steeper slopes and are covered with more
surface boulders. The primary purpose of this
study is to use relative age dating methods to
determine if the moraines are from different
glaciations or just stages of the last glaciation.
A secondary focus is to use the distribution of
erratic cobbles and boulders as indicators of
maximum ice extent.

Evidence exists for at least two or three
Pleistocene glaciations across Mongolia, as
recorded by deposits in four mountainous areas,
the Mongolian Altai, the Hangay, the Hentey
and near the Darhad depression. According to
Lehmkuhl (1998) the timings of the three late
Pleistocene glaciations roughly correspond to
glaciations in northwestern Europe. An older
glaciation, called the Taz, occurred 145+13
Ka, which is before the Weichselian. A
middle glaciation, called the Early Zyrianka,
occurred 103+6 Ka and corresponds to the
Early Weichselian. This glaciation was not
very extensive in the Mongolian Altai (Allan
Gillespie, pers. com., 2007) and may not be
present in the Hangay.

Figure 1. Extent of study area in north-central Hangay Mountains, Mongolia. Location of measured moraine complexes,
inferred iceflow direction, western and northern estimation of ice extent, and important refernce points.
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A later glaciation, called the Sartan, occurred
32+6 Ka and corresponds to the Late
Weichselian. These dates were determined
using thermoluminescence dating (Lehmkuhl,
1998). In the Egiin Davaa area, the age of
the Penultimate glaciation (PEN) probably
corresponds to that of the Taz glaciation, and
the Last Glacial Maximum (LGM) probably
corresponds to the Sartan glaciation.
In the Tamanmyun Hills area of the Jarai Gol,
Khovsgol, Mongolia, Brooks et al. (2001) found
a record of two glacial advances. In the Hangay
study area the outermost moraines appear older
relative to other moraines in the area and may
be of PEN age, or about 150 Ka. The innermost
moraines in the area appear younger and may
be of LGM age, or about 14-32 Ka. Studying
relative ages of moraines will help clarify
whether the maximum ice extent occurred
during the LGM or eariler.
REGIONAL SETTING
The study site includes many smaller valleys
feeding into two larger valleys. The valley
northeast of Egiin Davaa had ice flow mostly
to the north (Fig. 1). It contains the Chuluut
Gol (Stone River). At the north end of the
study area within the Chuluut Gol valley is
an extensive moraine complex. This moraine
complex stretches from a big bend in the
Chuluut Gol to the vicinity of our Base Camp
and will be referred to as the Big Bend moraines
(Fig.1). Some ice from the smaller valleys
flowed southwest over Egiin Davaa and into the
drainage basin of the Baydrag Gol; the moraine
complex in this area contains what will be
referred to as the Over the Pass moraines. The
Big Bend moraines are characterized by one
outer and one inner moraine. The Over the Pass
moraine complex has many distinct terminal
and/or recessional moraines, four of which are
shown in Figure 1.
RELATIVE AGE DATING
Relative age dating methods have been used in

other parts of the world to correlate moraines
when either one age or only estimated ages are
known (Peck et al., 1990; Bursik, 1991). Two
commonly used methods are measuring slope
profiles and surface boulder weathering. High
slopes usually indicate younger moraines and
low slopes indicate older moraines because of
slope degradation as a function of time. The
overall effects of surface boulder weathering
usually increase with time, so boulder frequency
and boulder heights of surface boulders decrease
with time.

METHODS AND RESULTS
Data were collected in the study area to
relatively date the Big Bend and Over the Pass
moraines and to determine the extent of ice
cover at maximum glaciation. The relative age
dating methods are surface boulder frequency,
surface boulder height along the crest of the
moraines, and the slope profiles of the moraines.
Though these methods have been used by others
to relatively date moraines (Peck et al., 1990,
and Bursik, 1991), there are some limitations to
them. These limitations include the effects of
varying climate, varying boulder composition,
and rates of weathering. However, all of the
boulders measured in this study are granitic,
and all of the Big Bend and Over the Pass
moraines are close enough in elevation (±20 m)
and distance (±20 km) so that little variation in
climate is expected.
SURFACE BOULDER FREQUENCY AND
SURFACE BOULDER HEIGHTS
Surface boulder frequency and surface boulder
height were measured within equally spaced
circular areas along the crests of the moraines.
The boulders inside the circles were counted,
and the height from the ground surface to the
highest point on each boulder was measured.
All of the boulders measured have one axis
longer than 27 cm. The radii of the circles vary
from 5 to 15 m depending on the width of the
moraine crests.
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The total number of boulders in each circle
was divided by the area of the circle to get the
surface boulder frequency (#/m2). Total heights
of the boulders were divided by the total number
of boulders to get an average surface boulder
height (mm) within each circle. The ranges of
surface boulder frequencies and surface boulder
heights are shown in Table 1. These data were
used to calculate an average surface boulder
frequency and an average surface boulder height
for each moraine (Fig. 2). The surface boulder
frequency and surface boulder heights are lower
for all of the outer moraines (Fig. 2).

SLOPES OF MORAINES

Figure 2. (a.) Average surface boulder height and (b.)
average surface boulder frequency with error bars
representing one standard deviation.

Figure 3. Average slope profiles for moraines in study
area.

The slopes of the moraines were measured
with a clinometer. The measurements were
taken from the centers of the circles used for
the surface boulder frequency and surface
boulder height. All of the moraines that were
used in the study had a stream next to one of
their slopes, and in these areas the streams have
oversteepened the original slopes.
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In general, inner moraine slopes are steeper than
outer moraine slopes, with the exception of the
down-ice slope for the outer moraine at the Big
Bend locality (Fig. 3). However, the outer slope
of this moraine has been subject to significant
oversteepening and even bisection from the
adjacent river.
EXTENT OF ICE COVER
During foot traverses, indications of glacially
derived material were located and mapped in an
attempt to determine the maximum extent that
the ice achieved during maximum glaciation.
Granite and basalt cobble and boulder erratics
were used as the indicators of glacially derived
materials. The field data were entered into
ArcGIS to display and estimate a limit of
maximum glacial extent. The ice limit is based
on the combination of locations and elevations
plotted in ArcGIS as well as topographic
considerations such as the shapes of valleys.
The extent of ice cover is shown in Figure 1.
The ice extent winds along the western side of
the Chuluut Gol valley from southwest of Egiin
Davaa all the way to north of Base Camp; the
elevation varies from 2710 to 2388 m.

DISCUSSION
The purpose of the study is to relatively date
moraines and to determine the ice cover during
maximum glaciation. The surface boulder
frequency results for the moraines show that the
inner moraines have a higher frequency than the
outer moraines. Likewise, the average surface
boulder heights for the inner moraines are
higher than those for the outer moraines because
boulders decrease in size and number with time.
This suggests that the outer moraines are much
older than the inner moraines.
The slope profiles also show a difference
between the outer moraines and the inner
moraines. All of the outer moraines have

gentler slopes than the inner moraines, except
for the outer Big Bend moraine’s down-ice
slope, which is likely due to the steepening
by the bordering stream. As with the surface
boulder data, the slope profiles support the
conclusion that the outer moraines are much
older than the inner moraines because slopes
tend to degrade with time.
The ice extent line represents an approximation
for maximum glaciation. In the south, the
ice line stops at the outermost moraine due to
the lack of data. A few granitic boulders far
southwest of the Over the Pass moraines suggest
a much older and more extensive glaciation.
Rare granitic boulders north of the moraines at
Big Bend and Base Camp could be due to icerafting on glacial lakes or by jökulhlaups.

CONCLUSIONS
The relative age data suggest that both the Big
Bend moraines and the Over the Pass moraines
are products of two different periods of
glaciation, corresponding to the PEN and LGM.
Based on these data it is likely that the ice in the
north advanced and built the Outer Big Bend
terminal moraine and then retreated. During a
younger glaciation the ice advanced and built
the Inner Big Bend terminal moraine prior to
retreating. The ice in the south advanced and
built the Over the Pass 1 terminal moraine. The
ice then retreated a short distance and built the
Over the Pass 2 recessional moraine before fully
retreating. During a younger glaciation the ice
advanced and built the Over the Pass 3 terminal
moraine. The ice then began retreating, leaving
a series of recessional moraines, including the
Over the Pass 4 moraine, before fully retreating.
Future studies of this area are warranted and
could include dating the boulders on the surface
of the moraines in the Hangay using in-situ
produced cosmogenic radionuclides. A second
possibility could be to use basalt weathering
rinds as a proxy for the age of glacial features
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in the Hangay Mountains. Finally, relative
age dating methods could be applied to other
moraines in the Hangay Mountains.
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