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Abstract

The stundy on chemical composition of glaciers is important to know the charactleristics of the
material circulation in the atmosphere, hydrosphere, lithosphere and the interaction between these
sphere.

Ninety samples of precipitation, snow, ice and melt water for chemical analysis were collec-
ted during the summer in 1981. These samples were brought to the laboratory in  Nagoya Univer-
sity for the determination of F-, CI-, S NO- and K. Na', Ca’, Mg’ Samples
arc  classified into 5 groups, namely-New snow. snow cover, glacier ice, dirt band and swiface
meit water, The mean concentration and standard deviation of various chemical compohients in
each group of samples are estimated. General fendency of the conceuiration among these groups
are  described.  The concentration of each anion and cation in dirt band has 2-7 times
higher value than it in other groups.
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I ." Introduction

The Tian Shan Mountains are the most inland glacierized area in the world. The
study on chemical composition of glaciers in such an area is considered to, be important
to know the characteristics of the circulation of the material in the atmosphere, hydros-
phere and lithosphere, and the interaction between them. Therefore, a number
of ice, snow and melt water samples for the chemical analysis were collected during the
summer in 1881 by the China-Japan Cooperative Glaciological  Expedition. A brief
report with the data lists of the sampling and the chemical analysis is presented here.

[i. Method

Ninety samples of precipitation, snow, ice with debris and melted glacier ice waters
were taken in the Mt Bogda region and headwaters of the Urumqi River which is loca-
ted about 140km west to southwest from the former, and they were brought to the labora-
tory in Nagoya University for chemical analyses. The frozen snow and glacier ice sam-
ples were melted at the sampling stations and were put in 100ml polyethylene bottles.

The containers used for storage of samples were cleaned with nitric acid and rinsed
with deionised  water. The chemical composition also has been measured in the laboratory.

_ These samples were filtered with millipore filter before the analyses. Dionex Model
10 Ton Chromatograph was used for the determination of F~,C1-,SO:~, NO,~, PO/", and
Br- in the samples.

The condition of the chromatograph was as follows, eluent, 0,005 M NaHCO, and

0.0024M Na.CO;; flow rate, 138mi/hr; separator column, 3 X 500mm anion first separator;



uz kK N % + 5%

suppressor colvmn, 6 X 250mm anion suppressor: injection volumn, (00ul.
Ill. Results

Samples can be classified into 5 groups, namely, new snow, snow cover, glacier ice,
ice of dirt band in glacier ice and surface melt water. Mean concentration and standard
deviations of various chemical components in each group of samples are shown inTablej.

Table |, Mean concentrations (x) and standard deviations (o,) of various

chemical components in each group of samples (unit, mg/1)
New snow Snow cover Glacier ice Dirt band Surface melt water
X g, X g, X (s X G, X g,
F 0.004  0.003 0,006 0,003 0.009 0.0077 0.025 n.nzvﬁﬁ_‘m_uﬁ.nn—s_ 0.002—
Cr- 0.017  0.051 0.211 0,190 0,450 0.415 0,589  0.601 0.559  0.268
NO,~ 0.250 0,175 0.202 0,147 0.263 0,278 0.247  0.178 0.315  0.200
S0, 0.263 0.106 0.203 0,162 0,457 0,862 3.391  06.358 1.042 0.512
Na' 0.104  0.076 0,105 0.099 350 0.370 0.543  0.453 0.579  0.231
K’ 0.024  0.007 0.077  0.063 0,176 0.149 1.i87  1.464 0.165 0,071
Ca” 0,112 0,039 0.351  0.356 2,018 2,525 11.525 9.613 3.139  1.894
Mg 0.025  0.022 0.118  0.182 0.353  1.05 0.735  0.680 0.367  0.156 «

Although numbers of samples are different among these groups, it can be seen as gea-
eral tendency that the concentrations in the snow cover are higher than the new snow and
lower than the glacier ice except nitrate and sulfate. Such difference of the concentrations
among these groups can be attributed to the condensation by infiltrated melt water from the
surface where the chemical concentrations are high due to dry fall-out etc.. Such difference
of the concentration of K', Ca*tand Mg"' is especially inuch. The concentrations of chemi-
cal components of the surface melt water excluding SO, are similar to those of the gla-
cierice, since the latter become the former by melting.

The dirt band among the groups in Table 1 is debris band in the glacier ice containing
silt, sand and gravel with thickness of several ¢cm ~several 10cm. The dirt band near the gla-
cier terminus is considered to be one kind of shear plane which is made by the thrust up of
the glacier bottom due to differential movement of the glacier.

And also, the dirt band is formed in the accumulation area by falling stones from the
surrounding rock wall.

The concentration of chemical components of ice in the dirt band are much higher than
that of the other groups. For example, the concentration of each anion and cation in the dirt
band has 2-7 times higher value than that in the glacier ice, which do not contain debris.
Although the reason of such high concentration is not clear, two possibilities can be supposed.
One is the condensation due to the pressure melting-refreezing process when the ice of the
glacier bottom take in the debris from the base rock, and another is the dissolution by melt
water of chemical components from the debris.

Typical two profiles of chemical concentrations of the west branch of Glacier No. |
al the headwaters of the Urumqi river with values of the mol equivalent per litre are
shown in Fig. 1 and 2.

Fig. 1 shows the vertical profiles of those in the snow cover at Station H-3(4,075m a.s.l.)
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Fig. 2. Variation of concentrations of the chemical components in ice with the chemical components
in ice with the horizontal distance in the ice tunnel at thebottom of Glacier No. 1.
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above the firn line. Since this snow cover will change to the glacier ice through super-
imposed ice process, the profiles in Fig. 1 can be considered as that at the initial condi-
tion of the chemical components of the glacier ice.

It can be seen in Fig. 1 that the chemical components increase with depth due to
the infiltration of meit water from the surface as mentioned above (Table 1). Snow of
gm thick in Fig. 1 consisted of deposited snow for 7 years, and granular snow which had
not yet changed to the superimposed ice is remaining. Therefore, the melt water may
reach deeper part and chemical concentrations may increase more with deeper layer. Since
the measurement of HCO;~ lacks, total cations are much higher than that of anions
as seen in Fig. 1.

The snow cover will change to the glacier ice and reach the terminus by glacier
flow. To see such continuity from the results in Fig. !. chemical concentrations of the
chemical composition of glacier ice in the ice tunnel at the bottom of the terminus of
the same glacier are shown in Fig. 2. In this figure, variation of those with the horizon-
tal distance from the entrance can be seen. It is notable in Fig. 2 that the concentrations
of chemical components are very high at dirt layer, 5m from the entrance. The order
of average concentrations of chemical components in the whole glacier is considered to
be in a small range between the results at the lower part in the profiles of Fig.1 and
those of Fig.2 excluding the results around the dirt layer.

The concentrations of-4 anions and 4 cations (mg/litre) of all samples are shown
in Table 2 at the end of this report with the informations of sampling conditions.

The concentration of chemical composition in those samples and the comparison be-
tween the concentrations of these elements are very important for understanding of the
mechanisms of the circulation and transportation of these elements. Further studies
will be made continuously.

—
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