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A Mongolian ice sheet?
Xiankun Ke, University of Regina
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Abstract: Based upon a preliminary study in the Chifeng region, eastern Mongolian
Plateau, a series of glacial or glacial-associated landforms and deposits have been
identified. These include roche moutonnees, P-forms (potholes and Sichelwannen),
tunnels/caves, tors and mushroom rocks composed of granites, located on mountain
tops or ridges often 1,500 m asl. Other common features include U-shaped valleys
and arêtes, erratics, crag-and-tails, tills, dune sand fields, large lakes, small prairie
potholes, and loess deposits. The distribution pattern of these features is similar
to those left by the Laurentide ice sheet in North America during the last glacial
maximum (LGM). These findings suggest that this region may have been glaciated
and covered by an ice sheet. It is postulated that this ice sheet was part of the huge
global circumpolar ice sheet that existed during the late Quaternary. We propose
the name “Mongolian Ice Sheet” for an ice sheet which covered most of the
Mongolian Plateau, terminated along the Daxinganling Mt. range, with an area of
over 1 million km2 and a thickness of ca. 500-1,000 m.
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Introduction
It is widely accepted that ice-sheets covered North America and North
Europe during the period of the last glacial maximum (LGM) (Stoker
1998; Wilson et al. 2000; Svendsen et al. 2004) (Figure 1).
In North America, erosional and depositional landforms including
striated and/or grooved land surfaces/lakes, diamict deposited in various
forms (such as drumlins and moraine ridges), kame-kettle topography,
huge meltwater-incised river valleys, sandy outwash plains and loess
deposits are used as evidence for continental glaciation. It has been
suggested that some glacially derived features can be observed over a
spatial continuum (Sugden & John, 1976). This can be recognised over
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Figure 1: Ice sheets (shaded areas) distribution during the LGM (after Peltier
2003).

parts of North America from the Laurentide ice sheet. The LGM global
ice sheet model shows no ice cover over northeast Asia where it is normally
accepted that no ice-sheets ever existed (Shi 2001; Gualieri et al. 2003),
although evidence of localised alpine glaciers or a small ice cap have
been proposed (Min and Yin 1999; Li et al. 1999; Qian et al. 2002). The
study of the distribution of modern vegetation, soil and climate zones
indicate that the boreal forest and tundra ecozones have circumpolar
distributions, and that physical environmental settings in these middle and
high latitude regions are generally similar latitudinally. With such present
similarities in the natural environment today two questions can be posed.
Is it possible that Mongolian Plateau had an environment similar to North
America during the LGM, and if yes, why was there was no ice sheet in
the eastern side of the Eurasia continent (Mongolian Plateau)? Global
LGM ice volume calculations show that the present estimated ice volume
is not enough to explain a drop in sea level of 120-150 m during the LGM
(Clark et al. 2001; Lambeck et al. 2002). To establish a balance between
ice volumes and sea level elevation, new ice sources are required. This
study compared the widely accepted features of glaciated landforms and
deposits typical of ice-sheet in North America (Klassen 1975; Aber 1993;
Benn and Evans 1998; Clark and Ciolkosz 1988; Kor and Cowell 1998)
with similar features found on the eastern Mongolian Plateau to determine
if the Mongolian features could be the results of an undocumented ice
sheet during the late Quaternary.
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Regional Background and Methods
The study area is within the Chifeng region, Inner Mongolia
Autonomous Region, P.R. China (approx. 42-44oN and 116.5-119.5oE),
southeastern margin of the Mongolian Plateau (Figure 2). Geologically,
Mesozoic Jurassic and Cenozoic Tertiary granites (Beidashan Group)
intruded into the rocks of the Carboniferous and Permian Periods to form
the present mountain ridges, where most of the glacial erosional landforms
are found and the potential sources for the erratics are located. The granites
are generally coarse grained with mineral compositions of potassium
feldspar (40-50%), quartz (25-30%), clinofeldspar (15-20%), and biotite
(5%) (MGMR 1990).
Daxinganling Mt. range stretches from NE to SW across the region
and forms the highest ground with elevations of 1,500-2,000 m asl. The
Mongolian Plateau surface lies west of the mountain range, and is generally
flat, with elevations ranging from 1,200-1,500 m asl. East of the mountain
range, elevations gradually decrease from 1,200 m asl to <600 m asl.
Generally speaking, the Mongolian Plateau has been regarded as a typical
Davis peneplain owing to its low rolling topography, extremely wide river
valleys and many small relict hills (Ren et al. 1979).
Fieldwork was carried out in August 2003 in the Chifeng region. Site
visits include Qingshan, Mantuoshan, Asihatu, Bolongke, and Zhaomiao

Figure 2: Location and topography of the study area (based upon CEUS, 1964).
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(Figure 2). Positions were located using a Garmin GPS handset (Etrex
Venture). Additional existing literature, data and Internet resources (web
pages and photos posted on Internet) were collected as part of the present
study, and the basis for further analyses and map compilations.

Results
Typical erosional and depositional landforms associated with glacial
environments and paraglacial periods were identified in the Chifeng region.
These include erosional features such as striae, roche moutonnees, polished
rock surfaces, U-shaped valleys, horns/arête, potholes, mushroom rocks,
tors, and huge underfit river valleys, together with depositional features,
such as erratics, tills, streamlined hummocky topography (crag-and-tail),
and prairie pothole lakes, and large former lake basins (Table 1).
(i) Striae and polished rock surfaces
Due to the composition and coarse-grained texture of the granite,
small-scale forms of glacial erosion are rare in the region. Well-preserved
striae and polished (shining) rock surfaces only occur at locations
composed of fine textured granites boulders and some exposed bedrock.
Large areas of polished rock surfaces can be seen on one side of a Ushaped valley south of Zhaomiao in the eastern side of the Daxinganling
Table 1: Typical glacial landforms found in the Chifeng region in the present
study.
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Mt. (Table 1, Figure 2 and Plate 1). Grooves, crescentic fractures, and
polished rock surfaces have been found on the large boulders in Bolongke,
Asihatu and Zhaomiao, respectively. Both vertical and horizontal grooves
are common in Zhaomiao.
(ii) Roche moutonnees and whalebacks
Characteristic roche moutonnees and whalebacks occur widely in the
region, such as Qingshan, Mantuoshan and Asihatu (Table 1 and Plate 2).
The whalebacks exhibit a normal streamlined rock surface on exposed
granite surfaces. The roche moutonnees, a typical glaciated terrain, have
a smoothed gentle slope up ice side and rugged steep slopes on the down
ice side. Ice flow directions derived from roche moutonnees vary from
SW to SE dependent on their locations relative to the Daxinganling Mt.
range.
(iii) Tors, P-forms, mushroom rocks and tunnels/caves
Generally tors are considered to be the products of long-term
differential weathering or landforms closely related with the ice sheet
margins in northern Europe and North America (Linton 1955; Briner 2002).
Tors appeared as rounded columns or polygonal prisms and are found in
Mantuoshan, Qingshan and mostly Asihatu (Table 1, Figure 2 and Plate
3). At Asihatu, they are composed of extensive horizontally jointed granites
within belts hundreds of meters in length and tens of meters in width,
rising 5-20 m above the mountain top surface (1,500-2,000 m asl).
Therefore, the height difference from the top of the tors to the Mongolian
Plateau surface (1,200 m asl) in the west is ca. 550 m, and 1,000 m to the
pediment surface (750 m asl) in the east.
Various types of P-forms defined by Ben and Evans (1998) are well
developed in the Chifeng region. Potholes formed in granites on mountain
tops are very common at 600-1,700 m asl in Qingshan, Jiufoshan,
Bolongke, Mantuoshan, Zhaomiao, Qiguoshan, Dongshan, Hanshan, and
Asihatu (Figure 2 and Plate 4). On the Qingshan mountain top, within an
area of <2 km2, there are over 200 potholes (Plate 4A), commonly with
outlet spouts showing clearly the evidence of running water (Plate 4D).
The largest potholes here can reach 10.5 m in diameter and 4.5 m deep. In
some cases, adjacent potholes are connected by tunnels (Plate 4G). While
some potholes are empty, many have residual grinding stones, and/or are
filled with sand and/or loess. Generally, the potholes are located on the
top surface of mountains along the south-eastern margin of Daxinganling,
ca. 600-1,500 m asl, putting them at least 500 m above present river water
level. Another type of P-form is the sichelwannen. This erosional feature
has been found in Qiguoshan (Plate 4I), which bears a remarkable
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resemblance to those in Cantley, Quebec (Plate 4H) which are believed to
be associated with glacial and fluvial processes. Together, this suggests
erosion by water under high pressure consistent with subglacial meltwater
flow within the ablation zone of a large glacier or ice sheet that once
covered the whole area, not by aeolian processes (Cui et al. 1999). Another
feature found associated with the potholes and glacial/fluvial processes is
residual rock outcrops in mushroom-shape, such as those on the mountain
top of Hanshan (Plate 4E).
Tunnels carved in bedrock are another feature related to meltwater
hydrological processes associated with the ablation of ice sheets (Brennand
and Shaw 1994). While this region is now semiarid to arid, there is
considerable evidence of large amounts of water in the past that created
small scale tunnels and caves (with deposits) within the granite mountain
tops in Mantuoshan, Zhaomiao, Asihatu and Dongshan (Plate 5). Walls of
these rock tunnels and caves are normally smooth, with a strong indication
of fast flowing water. Loess-like deposits and gravels have been found
within the cave in Zhaomiao (Plate 5C).
(iv) Horns, arêtes, U-shaped valleys, and erratics
Horns, arêtes and U-shaped valleys can be found on around the areas
of Qingshan and Zhaomiao (Table 1 and Plate 6). One huge erratic was
sitting in the centre of the floor of a wide valley south of Zhaomiao (Plate
6B). Similarly, a large erratic (‘Stone-camel’, 30 m long, 10 m high) has
been reported on the level plateau surface 40 km southeast of Xilinhot
city (NW of Dali Lake, see Figure 2). All of these large erratics are rested
on level ground composed of diamict deposits, and at least 10-40 km
away from the closest bedrock sources.
(v) Large lake basins and prairie potholes
It is noteworthy that within this arid and semiarid steppe grassland
area, there are thousands of lakes ranging from 100s of km2 in size to
small prairie potholes of a few m2. Most of them are clustered together on
both sides of the Daxinganling Mt. range (Table 1 and Figure 3). Prairie
potholes are either single lakes clustered together within sand fields where
modern dunes have developed, such as those at Bolongke (Plate 4B), or
lakes connected via tiny streams to form a series of linear drainage networks
parallel to one another, such as those on the SE side of the Daxinganling
Mt. range.
(vi) Meltwater depositional and erosional landforms
Glacial meltwater can form huge underfit valleys, such as the
Qu’Appelle Valley in Saskatchewan. On the Mongolian Plateau, there are
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Figure 3: Distribution of all lakes with an area larger than 1 km2 in northern
China (Data sources: Wang 1987).

many wide flat-bottom valleys with no present streams or underfit streams
such as the Xilinguole and Gonggeer Rivers near Dali Lake. Incised valleys
cut into bedrocks can also be formed by glacial meltwater erosion, such
as the Big Muddy Valley in Saskatchewan (Klassen 1975). This type of
valley is also common on the Mongolian Plateau, such as the Huanghua
(Yellow Flower) Valley near Huhhot, some 600 km SW of Chifeng.
(vii) Glacial, proglacial and periglacial deposits
Diamictons, mixtures of gravel, sand, silt and clay, are the common
surficial sediments of the grasslands of the Mongolian Plateau, with large
boulders scattered throughout the area (Table 1 and Plate 7). Obo, the
common local landmark used as a ritual site for Mongolians, is actually a
pile of stones and boulders with a variety of lithologies collected by
ranchers from the grassland over thousands of years (Plate 7D).
Vast dune sand fields are widely distributed within the wide valleys,
such as those at Baiyinaobao, Mantuoshan and Bolongke (Figure 2), and
near the foot of mountains, such as Zhaomiao (Plate 7A) and Qingshan
(Plate 7C). Loess, eolian deposits often associated with glacial/periglacial
environments, coexist with dune sand, and commonly occurred along the
SE side of the Daxinganling Mt. range (Figure 4A and Plate 7). Normally,
loess and dune sand overlie diamictons along the sides of large valleys
(Plate 7C), and form various kinds of streamlined topography, such as
crag-and-tail (Plate 7A and 7B).
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Discussion and Conclusions
The present study shows that there are extensive glacial landforms
and deposits in the Chifeng region. These features, together with other
lines of evidence from earlier studies on geomorphology, remote sensing,
lake level history, carbon isotopic analyses of sediments from lake core,
and climate modeling (Li 1922; Min and Yin 1999; Li et al. 1999; Yu et al.
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2000; Qian et al. 2002), and the general well-organized succession of the
gravels/sand (central Gobi) - sand (transitional region, desert) - silt (beyond
the plateau, loess) on the Mongolian Plateau as well as in Eastern Asia
(Zhu 1980), suggest a spatial landform-deposit pattern consistent with
other glaciated terrains. In addition, P-forms including potholes and
sichelwanne, and tors are located within a narrow zone on the SE side of
mountaintops in the Daxinganling Mt. range and transitional areas between
sand/gravel deposits and sandy deposits (Figure 4A).
This pattern of geomorphologic and sedimentologic assemblages is
comparable to that of North America during the LGM (Figure 4B). In NE
US and SE Canada, potholes have been found on bedrock surfaces with
their formation associated with glacial ablation and high velocity subglacial
meltwater flow (McKellar 1890; Osborn 1900; Brennard and Shaw 1994;
Kor and Cowell 1998; Gilbert 2000). Tors exist in glaciated terrains
throughout the Canadian arctic and alpine regions in Alaska and Baffin
Island (Sugden and Watts 1977, Gualtieri and Brigham-Grette 2003), NY
State (McCann and Ford 1997), central and NE Pennsylvania (Clark and
Ciolkosz 1988; Braun 1990; Inners and Braun 1994), and SW Minnesota
(Bierman et al. 1999). Till plains, glacial lakes, and glacial outwash deposits
developed with the retreat of the Laurentide ice sheet, providing a source
for extensive dune sand fields, including Middle Sand Hills in Alberta,
Great Sand Hills, Dundum Sand Hills, Manito Sand Hills and Fort a la
Corne/Nisbet Sand Hills in Saskatchewan, and Brandon Sand Hills in
Manitoba (Klassen 1975; Aber 1993; Wolf et al. 2000). Loess deposits
generally thicken with increasing distance from the glacial epicentre in
Hudson Bay, and become as thick as 30 m at sites within the Mississippi
Valley (Figure 4B). The accumulation rates were unprecedentedly high in
western Nebraska during the early LGM (Roberts et al. 2003).
Numerous glacial landforms and deposits, and their spatial distribution
in the Chifeng region as well as the Mongolian Plateau are similar to
those of the Laurentide ice sheet in North America during the LGM, and
suggest that both landscapes formed under glacial or glacial-related
environments. We propose the name “Mongolian Ice Sheet” for an ice
sheet which occupied the Mongolian Plateau, moved from N to S and SE
and terminated along the Daxinganling Mt. range. In considering the global
ice sheet distribution during the late Quaternary (Polyak et al. 2001;
Grosswald and Hughes 2002; Peltier 2003), we suggest that this ice sheet
is part of the build up of global circumpolar ice sheets during this period.
The distribution of potholes, tors, tills, and diamictons and loess deposits
indicate that the ice sheet covered an area of over 1 million km2, with a
thickness reaching ca. 500-1000 m.

Prairie Perspectives

203

This initial study provides preliminary evidence of a potential ice
sheet on the Mongolian Plateau. Further studies of sedimentary records,
glacial landform characteristics and chronology of both landforms and
deposits are required in order to verify its extent and impact on the
paleoclimate. This would help fill in gaps in our understanding of
Quaternary environments across the Northern Hemisphere. The existence
of a Mongolian ice sheet has implications in data-modeling projects, such
as LGM vegetation reconstruction and climate simulation. This, we believe,
will greatly improve our knowledge of global and regional climate change
of the late Quaternary.
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Plate 1: Polished rock surfaces and striae in the Chifeng region: A. Zhaomiao; B. Asihatu;
and C. Bolongke (Arrows indicates possible ice flow direction).

Plate 2: Roche moutonnees and whalebacks in the Chifeng region: A. Qingshan (photo by
Bai, X.L.); B. Asihatu; C. Mantuoshan; and D. Zhaomiao.

Plate 3: Tors at Asihatu: A. General view (at ca. 1780 m); and B and C. Close view (note
the potholes on the tors in B. and C.).
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Plate 4: P-forms (potholes and Sichelwann): A. Qingshan (approx. 1,574 m asl); B.
Bolongke; C. Zhaomiao; D & E. Hanshan (at 1,997 m asl); F. Dongshan; E. Qiguoshan
(D~ G from http://www.blyq.gov.cn, <http:// www.china-lsj.com>); H. Cantley,
Quebec,Canada; and I. Qiguoshan at ca. 900 m asl (photo by Cui, Z.J.). Note the similarities
between the bullet-like shapes at the two sites.

Plate 5: Tunnels and caves in the Chifeng region: A. Mantuoshan (photo by B. Barter); B.
Bolongke (ca. 15 m above ground); C,D. Zhaomiao (approx. 50 m above ground, and note
gravels and loess-like deposits inside); and E. Asihatu.
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Plate 6: Glacial landforms in the Chifeng region beyond the present alpine mountains: A.
U-shaped valley, Zhaomiao (from <http:// www.chian-lsj.com>); B. & C. Erratic and horns,
south of Zhaomiao; and D. U-shaped valley and arête, north of Qingshan.

Plate 7: Glacial deposits in the Chifeng region: A. Crag- and- tail (bedrock and sand), and
loess deposits, Zhaomiao; and B. and C. Loess and diamicton (boulders, gravels, sand, silt
and clay), south of Qingshan; and D. An Obo near Daban.

