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Abstract

Glaciological field studies on Miaoergou Glaciers in the Kalik Mountains, western China were
carried out in 2003 and 2004 to investigate the possibility of future ice core drilling and biological
observation. Two glaciers, which have dome-shaped accumulation areas at an elevation of approxi-
mately 4500 m a.s.l., were investigated. Radio-eco soundings showed that the ice thickness at the top
of the two glaciers was 43.7 and 29.6 m, respectively. Snow-pit observations revealed that superim-
posed ice appeared at 20-50cm below the surfaces at the top of both glaciers, indicating that
significant melting had occurred during summer. Analyses of a 2-m-depth ice core drilled on one of
the glaciers showed that it consisted mostly of continuously refrozen ice and that the 60 varied from
—15.7%0 to —7.2%0 with a mean of —10.2%. In the ice core were three visible dust layers, one of which
contained various microbes including cyanobacteria. Whereas the 60 record had proved rather
unsatisfactory as an air temperature proxy due to melt water runoff, a reconstruction of dust

deposition and biological activity on the glacier might be possible using an ice-core study.

1. Introduction

Several ice cores have been drilled on glaciers in
high Asian mountains since the late 1980s. These
cores have revealed environmental conditions dating
back hundreds to thousands of years in this region
and have significantly contributed to our understand-
ing of the climate system in that region (e.g. Thompson
et al., 2006). These cores have also revealed geo-
graphical variations in the climate history of the
Asian high plateau. For example, there have been
antisynchroneities in stable isotopes between the east-
ern and western Tibetan Plateau (Lin et al.,, 1995), as
well as in accumulations between the eastern and
western Himalayas (Kaspari et al., 2008) for the last
thousand years. In order to understand the spatial
variations in former environments and climates in the
Asian high plateau, more ice cores need to be recov-
ered from new locations.

Geographical variations can also be made appar-
ent by studying microbial communities living on
those glaciers. Recent studies have revealed diverse
biological communities on many glaciers across the

world (e.g. Kohshima, 1987). Such communities usu-
ally consist of snow algae, bacteria, micro animals,
and insects. These are specialized species that have
adapted to live on snow and ice environments. Com-
munity structure and biomass vary among glaciers in
different geographical locations. For example, snow
algal communities differ on glaciers from northern
Asia (Altai), middle (Tibet), and southern Asia (Hima-
layas; Takeuchi et al., 2006). The characteristics of
organic matter derived from such biological activities
also vary on different Asian glaciers (Takeuchi, 2002
b). The biogenic material is usually composed of a
dark sediment called cryoconite (e.g. Takeuchi et al.,
2001a). These geographical variations in biological
communities and biogenic materials may be due to
differences in the physical and/or chemical conditions
on glaciers, but they need to be better understood for
future studies of glacial eco-systems and the useful-
ness of biogenic materials for ice core analysis.

The Kalik Mountains are located at the eastern
boundary of the Tien Shan Mountains of western
China at elevations up to approximately 4800 m a.s.l.
There are more than 30 small glaciers in this moun-
tain range, some of which appear promising sites for
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ice core drilling. The geographical location of this
mountain range is very important in terms of its
atmospheric circulation. This area is on a boundary
between two major sources of water vapor: east (mon-
soon vapor from the Pacific or Indian Oceans) and
west (westerly vapor from the Arctic or Atlantic Oce-
ans; e.g. Tian et al., 2007). Therefore, ice cores drilled
in this mountain range could provide valuable infor-
mation on the Asian climate system.

We carried out two reconnaissance field trips in
the in summers of 2003 and 2004. This paper de-
scribes the physical, chemical, and biological condi-
tions on the two Miaoergou Glaciers as a promising
ice core drilling sites based on our investigations.

2. Study site and methods

These investigations were carried out on two
Miaoergou Glaciers (43°03’N, 94°18’E) in the Kalik
Mountains, which are located north of Hami City in
the Xinjyang Uygur autonomous region of China (Fig.
1 (a)). The Miaoergou Glacier is named after a small
village in that area. There are more than 30 small
glaciers in this mountain range (Fig. 1 (b)). The term
“Miaoergou Glacier” does not denote one specific gla-
cier, but rather refers to all the glaciers in the moun-
tain range covered in this paper. There is a serious
dearth of glaciological information on these glaciers.
There have been only a few reports on the glaciers in
this mountain region, all of which were published in
Chinese (e.g. Li et al., 2007).

Two of the glaciers (A and B in Fig. 1 (b)) were
investigated in this study, and were selected because
they have a dome-shaped accumulation area and are
relatively accessible (Fig. 2). Elevations of the top of
the glaciers are 4510 m a.s.l. for Glacier A and 4530 m
as.l. for Glacier B. Both glaciers flow mainly westward
down to their terminus at 4200 m a.s.l. for Glacier A
and 4230m a.s.l. for Glacier B. Field studies were
carried out from 5 to 10 September 2003 on Glacier A,
and from 27 August to 4 September 2004 on Glaciers A
and B. The local people (Uyghurs) of a village in this
area refer to Glaciers A and B as Ailixibixi and
Kazaidabutai, respectively. Glacier A is accessible
from the village of Badashi, and Glacier B from Shuit-
ing Village.

Ice thickness was sounded wusing two ice-
penetrating radar systems. One system designed by
Matsuoka et al. (2004) was used on Glacier A in 2003;
its pulse amplitude and the center frequency of its
transmitted signal were about 990V and 5MHz, re-
spectively. The system included a controller, which
sets the measurement parameters, and displays and
stores data. Further specifications of the system are
described in Matsuoka et al. (2004). The measure-
ments were continuously conducted from SA3 to the
top of the glacier (SA7) via SA4, SA5, SA6 in Fig. 3.

(a) jaoer ier
5 n r n i
USSIA
Altdi Mt /
| T sﬁa 3 MONGOLIA &0“\
H
\ Qilian Mts.
Kunlyn Mts.
CHINA
INDI
2 iy 120N
T T . T T
80E 100E 120E

(b)

2 km

& Glacier
= Mountain ridge
— River

A B Studied glaciers

A Camp site A

Fig. 1. Location (a) and map (b) of the Miaoergou
Glaciers in the Kalik Mountains, China. Two
studied glaciers (Glaciers A and B), and campsites
are shown on the map.

The second system using radar was manufac-
tured by Ohio State University, and employed on
Glacier B in 2004. It was powered by a 12V battery,
and produced a short pulse signal of a few hundred
volts in amplitude which was radiated using a resis-
tively loaded dipole antenna. The center frequency
of the transmitted signal was about 5 MHz. A dipole
antenna identical to that of the transmitter was used
for a receiver. The transmitted and returned signals
were recorded by an oscilloscope (Tektronic Digital
Storage Oscilloscope) and photographed; travel time
was then measured. The measurements were con-
ducted at 6 sites on the glacier (SB1-SB6 in Fig. 4).
The ice thickness (d) was calculated by the following
equation:

d= /<%>2—LZ (1)

where v (m us™!) is the velocity of the radio wave, T
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Fig. 2. Pictures of the surface of Miaoergou Glaciers
(a) View of top of the Glacier A from site SA3. (b)
View of Glacier B on the way to camp site.

Fig. 3. Map of Glacier A showing study sites for
radio-eco sounding and surface ice sampling.

Fig. 4. Map of Glacier B showing study sites for
radio-eco sounding and surface ice sampling.

(us) is delay time, and 2L (m) is antenna-separation
distance.

To measure annual net accumulation (mass bal-
ance) on the glacial surface, 5 bamboo stakes each 2-m
in length were installed at sites SA3, SA4, SA5, SA6,
and SA7 on Glacier A in 2003. These stakes were
buried about 50 cm below the snow surface. Two old
stakes at SA1 and SA2, which were found during our
fieldwork in 2003 and may have been installed before
by other researchers, were also measured in 2003 and
2004. The change of stake height above the glacial
surface between 2003 and 2004 was measured.

Snow pits were dug at SA3 on Glacier A in 2003
and at the top (SB6) of Glacier B in 2004. Stratigra-
phy was recorded and density measured every 10 cm.
Snow samples were collected at every 10cm of the
snow pits and put in plastic bags (Warlpak). In addi-
tion to the snow-pit study, a 2-m-deep ice core was
drilled at the top (SB6) of Glacier B. Stratigraphy
was recorded, and weight was measured for density
immediately after drilling. The ice core was then cut
into b-cm sections, and each one was stored in a plastic
bag (Warlpak). When the snow-pit and ice-core sam-
ples were melted in the bags, pH and electrical con-
ductivity were then measured (D-54, Horiba, Japan).
Then, the samples were poured into glass vials for
isotope analysis, and into plastic bottles for particle
and microbial analyses. Formalin was added to the
plastic bottles to arrest biological activity. All sam-
ples were then transported to the Research Institute
for Humanity and Nature in Kyoto, Japan.

The samples were analyzed at Nagoya University
for oxygen and hydrogen stable isotopes with a mass
spectrometer (Finnigan Delta XP). The analytical
precision of 60 and 6D measurements were 0.05 and
0.5%0, respectively. Deuterium excess (D excess) was
obtained from a definition by Craig (1961) as d=6D—
8.0 6'%0. Particle concentration was measured by vis-
ual counting under an optical microscope (E600,
Nikon, Japan). 200uL of the samples was filtered
with a hydrophilized membrane filter (pore size 0.5um,
13mm diameter, Advantec, H020A013A). The parti-
cles on the filter were observed with an optical micro-
scope. Particles more than 2ym in diameter were
counted, and particle concentration was obtained.
Microbes on the filter were also examined using a
florescent microscope.

Surface ice on the ablation area of both glaciers
was collected in order to quantify dust and to describe
microbes on the glaciers. Ice on the surface layers
was collected with a stainless-steel scoop (approxi-
mately 10cm X 10cm in area and 1-3cm in depth) in
the bare ice areas from one site on Glacier A and two
sites on Glacier B (SA8, SBI1, SB2, Figs.3 and 4). Five
samples were collected from randomly selected sur-
faces at each study site. Collection areas on the sur-
face were measured to calculate the amount of dust
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per unit area. To arrest biological activity, the col-
lected samples were melted and preserved as a 3%
formalin solution in clean 30-ml polyethylene bottles.
All samples were transported for analysis to a labora-
tory of the Research Institute for Humanity and Na-
ture, in Kyoto, Japan. The samples were dried (60°C,
24 hours) in pre-weighed crucibles. The amount of
dust per unit area of the glacier was obtained based on
measurements of the dry weight and the sampling
area. The dried samples were then combusted for 3
hours at 500°C in an electric furnace, and weighed
again. The amount of organic matter was calculated
from the difference in weight between the dried and
combusted samples, this method is slightly modified
from Dean (1974). After combustion, only mineral
particles remained. To investigate the composition
of the surface dust, other samples of surface ice/snow
were collected and examined with optical microscopes
(Leica MZ125, and Nikon E600).

3. Results

3.1 Radio-echo soundings

Radio-echo soundings showed the ice-thickness
variations of Glaciers A and B. Figure 5 depicts an
example of a time series of received voltage (SA3 on
Glacier A); reflection signals were clearly observed in
the wave. The result of continuous measurements
along a glacial longitudinal line from SA3 to SA7 on
Glacier A was shown in Fig. 6. The ice thickness
ranged from 21.2 to 53.6 m, while that at the top of the
glacier, which was a potential drilling site, was 41.7 m;
the thickest ice was found near site SA6 (53.6 m).

The results of radio-echo soundings on Glacier B
were shown in Table 1. The thickness ranged from
29.6 to 76.5m, while that at the top of the glacier was
29.6m. The thickestice was found at site SB2 (76.5 m).

3.2 Stake measurement

All five stakes installed on Glacier A in 2003 could
not be found the following year, 2004. They most
likely fell on the glacial surface due to significant
ablation (more than 50cm) in summer of 2004, and
were buried in new snow. Thus, the stakes could not
be used for net accumulation measurements. How-
ever, the two old stakes (SAl and SA2) found at the
middle of Glacier A in 2003 were still intact and could
be re-measured in 2004. The mass balance between
2003 and 2004 at both stakes was negative. The height
changes were 62cm for SA1 and 69cm for SA2.

3.3 Snow pit and ice core

A 0.56-m deep snow pit at site SA3 on Glacier A
showed a stratigraphy with a mix of snow and ice
layers (Fig. 7). Beneath the bottom of the snow pit
was a thick ice layer. Snow density ranged from 299
to 517kgm °, and three visible dust layers were found
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showing in Fig.3. The thickness was calculated

based on a radio propagation speed of 169m x sec™ ..

Table 1. Results of radio radar sounding on the Glacier B

Site Coordinate Elevation Travel time Depth
ma.s.l. W sec m
SB1 N43 06.344 4230 0.7448 69.8
E94 14.294
SB2 N43 06.561 4306 0.8220 76.5
E94 14.747
SB3 N43 06.716 4347 0.5828 55.7
E94 14.984
SB4 N43 06.939 4493 0.3656 36.4
E94 15.699
SBs N43 07.001 4466 0.3360 359
E94 15.537
SB6 N43 06.908 4528 0.2932 29.6
E£94 16.015
kgm® %
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Fig. 7. Stratigraphy, 60, D excess of a 0.6-m-snow pit
at site SA3 on Glacier A.
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Fig. 8. Stratigraphy, 60, D excess, electrical conduc-
tivity of a 2-m-ice core drilled at site SB6 on
Glacier B.

in the pit. The 60 ranged from —9.28 to —6.15%0
(mean: —7.42%), and D excess ranged from 134 to
22.1%0 (mean: 18.4%o).

The stratigraphy and density profile of a 2-m deep
ice core drilled at SB6 (4550 m, the top of Glacier B)
showed that there was a snow layer only above 0.24 m,
while the remainder below that depth was refrozen ice
(Fig. 8). Three visible dust layers were apparent in
the stratigraphy. The 60 profile showed a range of
variations with a maximum (—7.21%) at 1.71 m and
minimum (—15.74%) at 1.46 m. The mean 60 was
—10.21%0, with D-excess ranging from 11.4 to 20.6%
(mean: 15.8%). Electrical conductivity varied from
3.44 to 46.50£S cm ! (mean: 17.98uS cm ™), and particle
concentrations in the core from 2.7X10% to 5.7X10°
numbers mL ™! (mean: 2.8 X 10* numbers mL™'). There
was a distinctive peak of particle concentrations at
0.54m. Observation with fluorescent microscopy re-
vealed that abundant microbes including filamentous
and unicellular cyanobacteria were contained in this
dust layer (Fig. 9).

3.4 Dust on the ablation surface

Table 2 shows the characteristics of surface dust
collected from the bare ice areas on Glaciers A and B.
The amounts of dust in dry weight ranged from 73.6 to
205gm~? (mean: 142 gm™? standard deviation (SD)=
51) on Glacier A, and from 27.1 to 295.6gm ? (mean:
98.2gm™2 SD=89) on Glacier B. The surface dust
contained levels of organic matter ranging from 7.6 to
11.2% (mean: 9.6%, SD=1.1) in dry weight. The amo-
unts of organic matter per unit area on the ice surface
ranged from 2.7 to 31.1gm *(mean: 109gm ? SD=
8.1).

A microscopic study of the surface dust revealed
mineral particles, amorphous organic matter, and liv-
ing cyanobacteria. Brown organic granules, which
were the main component of the dust, were spherical
in shape and contained an abundance of filamentous
cyanobacteria and mineral particles (Fig. 10). The
size of the organic granules ranged from 0.22 to 1.8 mm

Fig. 9. Microbes in an ice core sample on Glacier B
(0.54m from the surface) observed with a fluores-
cent microscope. (a) a green alga, (b) filamentous
and unicellular cyanobacteria.

Table 2. Amount of cryoconite, mineral particles, and
organic matter on the ablation surfaces on the
Miaoergou Glaciers.

Total surface

Glacier and Surface Mineral
L . dust . Organic matter
sampling site Date condition . particles >
i (cryoconite) > gm™ (%)
(altitude) B gm”
gm
Glacier A 13.9+5.6
2003/9/8 Ice 142 + 51 128 £46
SA8 (4200) (9.6 +0.53)
Glacier B 109+12
2004/8/29 Ice 104+ 112 93+ 100
SBI (4230) (10.5 + 0.46)
Glacier B 78+59
2004/8/29 Ice 92+72 84 + 66
SB2 (4306) (8.6 +0.30)

(mean: 0.75 mm, SD=0.22) for SA8 on Glacier A, and
from 0.20 to 2.9 mm (mean: 1.0 mm, SD=0.44) for SB1
on Glacier B. Observation with a fluorescence micro-
scope revealed at least three taxa of filamentous cy-
anobacteria with autofluorescence densely covering
the surface of the granules. The cell size (diameter)
and characteristics of the three taxa were: (1) 4.720.79
um (mean®SD) with a sheath, (2) 2.2+0.26um with a
sheath, and (3) 1.4£0.14#m without a sheath (Fig. 11).
The mineral particles in the dust were brown, white,
or transparent, and were microscopically observed to
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Fig. 10. Surface dust (cryoconite granules) at SA1 on
Glacier A.

Fig. 11. Photos of three taxa of filamentous cyano-
bacteria observed on Glaciers A and B.

range from 3.1 to 63um (mean: 10.7um, SD=7.1 for
those larger than 3.0u4m) in diameter. The minerals
appeared to be quartz, feldspar, mica, calcite, and clay
minerals, although more detailed analysis will be re-
quired.

4. Discussion

4.1 Suitability of glaciers as ice core drilling sites
Both of Glaciers A and B were dome-shaped with
a flat surface at the top, which seemed to be suitable
for ice core drilling since flat annual layers with little
glacial flow can be expected at such sites. However,
results of our field investigation showed some poten-
tial difficulties for ice core drilling. The ice thick-

nesses measured by radio-echo sounding at the top of
Glaciers A and B were 43.7 and 29.6 m, respectively,
which are generally shallower compared with ice
cores drilled on other Asian glaciers. For example,
ice cores of 140 m were recovered from the Dunde Ice
Cap in the Qilian Mountains (Thompson 1989), while a
320-m core was recovered from the Guliya Ice Cap in
the Kunlun Mountains (Thompson et al., 1997). Shal-
lower ice depths on glaciers suggest that they contain
only the ice from relatively shorter time periods or the
ice of thin annual layers (less amounts of annual net
accumulation). Moreover, significant melting fea-
tures observed in the snow pits and ice cores on
glaciers also imply analytical difficulties for ice core
study. Significant melting at the top of the glaciers
is revealed by stake measurements and the stratigra-
phy of a 2-m ice-core sample. The stake installed at
top of Glacier A (4510m a.s.l.) in 2003, was found to
have fallen by the following summer. This indicates
that the surface level has dropped by at least 50cm
due to summer melting. Percolating melt water can
alter both the chemical and isotopic records in ice
cores (e.g. Liet al, 2006; Hou et al., 2006; Koerner et al.,
1973). Although some variations in a stable isotope
in a 2-m ice-core sample were observed (Fig. 8), the
record seems to imply difficulties in their usefulness
as an air temperature proxy, since continuous refro-
zen ice in an ice core suggests that some accumulation
has been lost due to melt water runoff (Koerner et al.,
1973). Thus, the suitability of chemical and isotope
information for ice core study on these glaciers ap-
pears questionable.

In contrast to chemical and isotopic records, how-
ever, insoluble particles are more likely to prove use-
ful for such ice core studies. Microscopy of our ice
core samples revealed a clear dust peak at a depth of
0.51-0.56 m. The dust peak layer was probably for-
med by a spring maximum of airborne dust in this
region. A variation in dust concentrations can be
used for the dating of an ice core (e.g. Han et al., 2006).
In addition, annual dust flux derived from such con-
centrations would provide valuable data on environ-
mental changes in a region. Moreover, microscopy
has revealed significant numbers of microbes con-
tained in dust layers. A layer 051-056cm in depth
was found to contain unicellular and filamentous cy-
anobacteria. Cyanobacteria are among the most com-
mon microbes on glaciers in this region (Takeuchi et
al., 2005). Their biomass and community structure
can reflect environmental conditions such as radiation
and nutrients, thus making their analysis a potential
source of valuable data for the reconstruction of past
environments from an ice core.

Ice cores were drilled in 1993 at an elevation of
4100 m on the Uriimgi No. 1 Glacier, which is located
approximately 300 km west of the Miaoergou Glaciers.
The cores have been analyzed and revealed the history
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of soluble ions and dust concentrations in the region
(e.g. Lee et al., 2003). However, the 6'®0 records of the
ice cores were found to be significantly altered by melt
water, which rendered them unsuitable as an air tem-
perature proxy (Hou et al, 2006). The conditions of
intense melting on the Miaoergou Glaciers seemed
similar to that at the drilling site of the Uriimqi No. 1
Glacier. Although the use of chemical and isotopic
records would be problematic on both the Miaoergou
and Uriimqi glaciers, a geographical comparison of the
records of dust flux and/or microbes might provide
valuable information to improve our knowledge of
dust transportation and the variations of the biologi-
cal community in this region.

4.2 Dust and microbes on the ablation surface

Surface dust in the ice areas of the both glaciers
contained high levels of organic matter and cyano-
bacteria. The percentage of organic matter on the
glaciers (8.6-10.5%, Table 2) is comparable to those on
glaciers in the Tien Shan Mountains (mean 11.2%,
Takeuchi and Li, 2008), and in the Qilian Mountains
(mean: 8.7%, Takeuchi et al., 2005), and in the Himalayas
(mean: 7.13%, Takeuchi et al, 2001a), on which an
abundance of microbes has been reported. Micros-
copy showed that the dust consisted mainly of minute
brown granules (Fig. 7). Their size, composition, and
structure resemble those of the cryoconite granules,
which grow as algal mats on the glacial surface (e.g.
Takeuchi et al., 2001a). Such granules are therefore
likely to be the products of biological activity on the
glacial surface.

The amount of total (organic plus inorganic) sur-
face dust on theice surface of the Miaoergou Glaciers is
less than on other Asian glaciers in China and the
Himalayas, but is markedly greater than on glaciers in
other parts of the world. According to previous stud-
ies, the average amount on the Uriimqi Glacier No. 1 in
the Tien Shan Mountains was 334gm ™ ? (Takeuchi and
L1i, 2008), while that on the July 1st Glacier in the Qilian
Mountains was 292gm 2 (Takeuchi et al, 2005), and
that on the Yala Glacier in the Himalayas was 225gm 2
(Takeuchi et al., 2001a). These amounts are roughly
two- to three-fold greater than those on the Miaoergou
Glaciers (92-142gm™2, Table 2); the lesser dust amounts
on the latter may be due to low levels of airborne dust
deposition on the glaciers. Incontrast, the amounts of
surface dust are reported to be less than 50gm 2 on
glaciers in the Canadian Arctic, Alaska, and Patagonia
(Takeuchi, 2002a; Takeuchi et al, 2001b; Takeuchi et
al., 2001c), suggesting that the dust deposition on the
Miaoergou Glaciers is larger than those glaciers.

The surface dust on the glaciers is likely to sig-
nificantly reduce the surface albedo, as reported on
other Asian glaciers. The surface dust on Chinese
and Himalayan glaciers has been reported to substan-
tially reduce surface albedo and to accelerate ablation

of the glaciers (e.g. Kohshima et al., 1993; Takeuchi et
al., 2001b). Since the dust was visibly apparent on
the ice surfaces of our studied glaciers, its effect on
surface albedo is likely to be substantial, even al-
though the amounts of dust were smaller than those
on other Asian glaciers. Both the organic and inor-
ganic components of dust seem to contribute to sur-
face albedo reduction, though the quantitative contri-
bution of each component to the total reduction is
uncertain.

Cyanobacterial dominance in algal communities
on the glacial surface in our study is similar to those
reported on glaciers in the Tien Shan and Qilian Moun-
tains, but different from those in the Altai and Hima-
layas. Filamentous cyanobacteria were dominant on
the glacial ablation surface of Uriimqi Glacier No. 1
and the July Ist Glacier, and no green algae (Chloro-
phyta) were observed on those glaciers (Takeuchi and
Li, 2008, Takeuchi et al., 2005). In contrast, algal com-
munities consisting of cyanobacteria and green algae
were observed on the Akkem Glacier in the Altai and
Yala Glacier in the Himalayas (Takeuchi et al., 2006;
Yoshimura et al., 1997). Our results showed that the
cyanobacterial dominance in snow algal communities
is common on the glaciers in the northern part of the
Tibetan Plateau from eastern Tienshan (Uriimqi Gla-
cier No. 1 and the Miaoergou Glaciers) to the Qilian
Mountains (July 1st Glacier), and that it differs from
the one in Altaic and Himalayan glaciers. This geo-
graphical difference in algal communities may result
from physical and/or chemical conditions on the gla-
ciers, and could prove valuable in understanding the
characteristics of Asian glaciers. Further investiga-
tions of other glaciers in this region will be required to
reveal the underlying factors responsible for such
geographical variation in glacial microbial communi-
ties.

Acknowledgments

We wish to thank the staff and students (Xingping
Zhang, Chongyi E, Yong Wang, and Chao Lu) of Qing-
hai Normal University, Akiyo Yatagai of the Research
Institute for Humanity and Nature for their generous
field assistance. We are also indebted to the staff of
the Hydrospheric Atmospheric Research Center of
Nagoya University for their help in stable isotope
analysis. We also thank S. Kohshima for review of
this manuscript. This study was a part of the Oasis
and the Ili Projects funded by the Research Institute
for Humanity and Nature, and was also supported by
the Japanese Government’s Special Coordination
Fund for the Promotion of Science and Technology.
Laboratory analyses were partly supported by a Grant-
in-Aid for Young Scientists (A, No. 18681005) and
by a Grant-in-Aid for Scientific Research (No. 19310020
and 19201005) from the Japan Society for the Promo-



40 Bulletin of Glaciological Research

tion of Science (JSPS).

References

Craig, H. (1961): Isotopic variations in meteoric waters. Sci-
ence, 133, 1702-1703.

Dean, W.E,, (1974): Determination of carbonate and organic
matter in calcareous sediments and sedimentary rocks
by loss on ignition; comparison with other methods. J.
Sediment. Res., 44, 242-248.

Han, J., Nakawo, M., Goto-Azuma, K. and Lu, C. (2006): Impact
of fine-dust air burden on the mass balance of a high
mountain glacier: a case study of the Chongce ice cap,
west Kunlun Shan, China. Ann. Glaciol., 43, 23-28.

Hou, S., Ren, J. and Qin, D. (2006): Modification of three ice-
core 0'%0 records from an area of high melt. Ann. Glaciol.,
43, 172-176.

Kaspari S., Hooke, R. LeB., Mayewski, P.A.,, Kang, S., Hou, S.
and Qin, D. (2008): Snow accumulation rate on Qo-
molangma (Mount Everest), Himalaya: synchroneity
with sites across the Tibetan Plateau on 50-100 year
timescales. J Glaciol. 54 (185), 343-352.

Koerner, R.M., Paterson, W.S.B. and Krouse, H.R. (1973): 6'%0
Profile in ice formed between the equilibrium and firn
lines. Nature Physical Science, 245 (148), 137-140.

Kohshima S. (1987): Glacial biology and biotic communities.
In Kawano, S., Connell, J. H,, and Hidaka, T. (eds.), Evolu-
tion and Coadaptation in Biotic Communities. Faculty of
Science, Kyoto University, 77-92.

Kohshima, S., Seko, K. and Yoshimura Y. (1993): Biotic accel-
eration of glacier melting in Yala Glacier, Langtang
region, Nepal Himalaya. Snow and Glacier Hydrology
(Proceeding of the Kathumandu Symposium, November
1992) IAHS Publ. 218, 309-316.

Lee, X, Qin, D., Jiang, G. Duan, K. and Zhou, H. (2003):
Atmospheric pollution of a remote area of Tianshan
Mountain: Ice core record. J. Geophys. Res. 108 (D14), doi:
10.1029,/2002JD002181.

Li, Z., Edward, R., Mosley-Thompson, E., Wang, F., Dong, Z.,
You, X, Li, H, Li, C. and Zhu, Y. (2006): Seasonal variabil-
ity of ionic concentrations in surface snow and elution
processes in snow-firn packes at the PGPI site on Uriimqi
glacier No. 1, eastern Tien Shan, China. Ann. Glaciol., 43,
250-256.

Li, Z., Wang, F., Zhu, G. and Li, H. (2007): Basic features of the
Miaoergou flat-topped glacier in East Tianshan Moun-
tains and its thickness change over the past 24 years (in
Chinese). J. Glaciol. Geocryol. 29 (1), 61-65.

Lin, P.N., Thompson, L.G., Davis, M.E. and Mosley-Thompson,
E. (1995): 1000 years of climatic change in China: ice-core
60 evidence. Ann. Glaciol., 21, 189-195.

Matsuoka, K., Saito, R. and Naruse, R. (2004): A novel back-
packable ice-penetrating radar system. J. Glaciol., 50
(168), 147-150.

Takeuchi, N. (2002a): Surface albedo and characteristics of
cryoconite (biogenic surface dust) on an Alaska glacier,
Gulkana Glacier in the Alaska Range. Bull. Glaciol, Res.,
19, 63-70.

Takeuchi, N. (2002b): Optical characteristics of cryoconite
(surface dust) on glaciers: the relationship between light
absorbency and the property of organic matter con-
tained in the cryoconite. Ann. Glaciol., 34, 409-414.

Takeuchi, N. and Li, Z. (2008): Characteristics of surface dust
on Uriimqi Glacier No. 1 in the Tien Shan Mountains,
China. Arc. Antarc. Alp. Res,, 40 (4), in press.

Takeuchi, N., Kohshima, S. and Seko, K., (2001a): Structure,
formation, darkening process of albedo reducing mate-
rial (cryoconite) on a Himalayan glacier: a granular algal
mat growing on the glacier. Arc. Antarc. Alp. Res., 33,
115-122.

Takeuchi, N., Kohshima, S., Shiraiwa T. and Kubota, K. (2001
b): Characteristics of cryoconite (surface dust on gla-
ciers) and surface albedo of a Patagonian glacier, Tyn-
dall Glacier, Southern Patagonia Icefield. Bull. Glaciol.
Res., 18, 65-69.

Takeuchi, N., Kohshima, S., Goto-Azuma, K. and Koerner, R.
M. (2001c): Biological characteristics of dark colored ma-
terial (cryoconite) on Canadian Arctic glaciers (Devon
and Penny ice cap). Proc. Mem. Nat. Inst. Polar Res.,
Special Issue, 54, 495-505.

Takeuchi, N., Matsuda, Y., Sakai, A. and Fujita, K. (2005): A
large amount of biogenic surface dust (cryoconite) on a
glacier in the Qilian Mountains, China. Bull. Glaciol. Res.,
22, 1-8.

Takeuchi, N., Uetake, J., Fujita, K., Aizen, V. and Nikitin, S.
(2006): A snow algal community on Akkem Glacier in the
Russian Altai Mountains. Ann. Glaciol., 43, 378-384.

Thompson, L.G. (1989): Holocene-Late Pleistocene climatic ice
core records from Qinghai- Tibetan Plateau. Science, 246
(4929), 474-471.

Thompson, L.G,, Yao, T., Davis, M. E., Henderson, A., Mosley-
Thompson, E, Lin, P.-N.,, Beer, J., Synal, H.-A., Cole-Dai, J.
and Bolzan, J.F. (1997): Tropical climate instability: The
last glacial cycle from a Qinghai Tibetan ice core. Sci-
ence, 276, 1821-1825.

Thompson, L.G., Mosley-Thompson, E., Brecher, H., Davis, M.,
Leén, B.D,, Les, D., Lin, P.-N., Mashiotta, T. and Mountain,
K. (2006): Abrupt tropical climate change: Past and pre-
sent. Proc. Natl. Acad. Sci. USA, 103 (28), 10536-10543.

Tian, L., Yao, T., MacClune, K., White, J. W. C., Schilla, A.,
Vaughn, B, Vachon, R.,and Ichiyanagi, K. (2007): Stable
isotopic variations in west China: a consideration of moi-
sture sources, J. Geophys. Res., 112 (D10112), doi: 10.1029/
2006JD007718.

Yoshimura, Y., Kohshima, S. and Ohtani, S. (1997): A commu-
nity of snow algae on a Himalayan Glacier: change of
algal biomass and community structure with altitude.
Arc. Alp. Res,, 29, 128-139.



