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Abstract

Fim stratigraphic studies of glaciers in the eastern Tian Shan were camied out during the sum-
mer of 1981.

This is a preliminary study for the clarification of long term climatic change by means of ana-
lyses of snow-ice cores obtained from the glaciers. Fim cores to the depth of 2-6 meters from
the surface were obtained by means of a hand auger ‘on Glacier D-4 on the north slope of Mt.
Bogda and the west part of Glacier No. 1 in the area of Urumgi river head waters.

Stratigraphic descriptions, measurements of physical properties and analysis of oxygen isotopic
contents were made. Using those  data, stratigraphic interpretation of an assessment of annual
layers and the process of superimposed ice formation are attempted. As annual net balances
at the several sites of Glacier D-4, various amounts of around 1,000mm are found, This is an
unexpected value in comparison with the value of precipitation obtained previously in the vicinity
of the glacier,

Mass balance measurements by the slakc method were made on Glacier D-4, A linear re-
lation between mass balance and altitude on the glacicr in the warmest season s found.

[ .Introduction

The eastern part of the Tian Shan is one of the most arid and far inland glacier
jzed regions in the world (Fig.1). The Mt Bogda region, in particular, is just like
an island surrounded by a sea of desert. It is glaciologically interesting to reveal char
acteristics of the precipitation and the firnification processes under such geographic
and climatic conditions.

In the other hand, glaciers distributed in the area surrounding Mt Bogda (5,445m
a.s.l.) are the main water reservoir and source of rivers to oases south and north of
the Mt. Bogda range. Changes in the glacial conditions are closely related to human
life and “history in these regions. ‘

From the fim stratigraphic view point, firn and ice layers of glaciers are a reser-
voir of climatic records such as varation of temperature and precipitation. = For
the purpose of clarification of long-term climatic change, stratigraphic analysis -of snow-
ice cores obtained by glacier boring is the most effective means as obvious from the
work performed in Antarctica and Greenland.

This is a preliminary study for such an attempt on the glaciers in the’ inland moun-
tains  of the continent in the future. This field work was done during the period
from the end of July to the middle of August, 1981 as a part of the China-Japan
Cooperative Glaciological Expedition.
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Fig. |. Research arcas in the Tian Shan

1. The area of Urumgi river headwaters
2. The area of Mt. Bogda

(| .Glaciological setting of the glaciers located in the headwater of
the Sigong river

Mt. Bogda is located about 2,igo0km from the nearest ocean. Therefore. glaciers
in this area belong to the continental type (Shi and Li. 1981).

An‘unnamed glacier, where these observations were made, is located in the head
of the Sigong river as shown in Fig. 2 -(1). According to the glacier inventory, this
glacier is calalogued' as number 5Y725 (indicating the drainage area) D-4 (indicating
the individual glacier).

In this paper, this glacier is tentatively named Glacier D -1, Glacier D-4 starts
from a snow peak at an altitude of 1,348m, which is located at 3km north from the
highest peak of Mt. Bogda (5,445m), and tongue of which goes down 1o 3 600m
a.s.l.  As shown in Fig. 3 this glacier is a cirque-valley glacier  with an  area of
2,96km® and flows toward the nerth in the accumulation area turning to the west in
the ablation area. ,

A Dbrief summary ol climatic data (prepared by the Lanzhou Inst. of Glaciology
and Cryopedology) on the northern slope of Mt. Bogda are as follows:

At the firn line (about 3,800—3,900m a.s.l.)
annual mean air temperature, -9

annual precipitation . 670mm

AL 2Lgoum as.d. N
annual mean air temperature, -6 ¢ i
annual precipitation . 645mm ' Vi
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Fig. 2— (1). Distribution of glacier on the north slope of ML
Bogda. Notes: D—4 D—5 B—10:the cataloged number
of the .glacier; bpen circle: site for stratigraphic observation

on the glaciers; contour intetval: 100m .

Il .Mass balance” and firn stratigraphic studies on Glacier D-4 and the vicinity

I{-1 Mass balance measurements

-»General climatic conditions in the Mt. Bogda region have been reported by Wu
et al (1983). Results of local climate observations in the summer of  [981 at the
base camp (3,640m a.s.l.), near the Bogda fan-shaped diffluence glacier, have been
reported by Ageta et al. (1983). The mean air temperature during the period {rom
25 July to 14 August (21 days). which is the warmest season in the year, was 3.1°C
with a mean daily maximum of 5.7°C and a mean daily minimum of ¢,1C. The
mean lapse raté of air temperature from the end of July to the beginning of August
on north slope of the Bogda Mountains was 0.72'C,'100m between Fukang (548m a.
+3,1.) and Tianchi (1,943m, a.s.1.), and 0.68'C/100m between Tianchi and the  base
" camp. Precipitation during the period from 24 July to 14 August (22 days) was 89mm
-at the base camp’ and the amounts on glaciers were about 80% ol precipitation at
“the base camp. - e :
Mass balance measurements by the stake method were made on Glacier D-4 during
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Fig. 2 ~(2). Distribution of glacier in the area of Urumqi river headys aters. Notes:
1,2, 12 the cataloged mumber o) the giaciers; open cncie:site for siratigraphic
observation on e glaciers: coniour interval: 100m.

our stay in the Mt. Bogda region. The relation between ablation (A: cm water) and
the degree day index (ET: ‘C-day-sum of daily mean air temperature) was obtained
as

A=1.52T (Ageta et al, 1983),

The linear relation between mass balance and altitude on Glacier D—47 in the wamest
season was found and shown in Fig. 4

lil--2 Firn stratigraphic observations ,

The purpose of these observations are to interpret the glacio-climatic environment
and to assess the annual accumulation of this glacier. Therefore the sites of observa-
tions were decided on the basis of glacier zoning, a well-known concept  developed
by workers such as Muller (1962), into consideration.

The fim line of Glacier D-4 was known to  lie at around 4,000m in
clevation. Four sites for stratigraphic observation were selected to compare theglacier
zoning under various conditions over the glacier, one above the line, the. other three
(Stations Nos, 6.7 and 8)below the line including the bare ice area as shown in
fhig. 3 .
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Fig. 3. Sites of stratigraphic observation on Glacier D 4
Bt »ites of glacier boring for stratigraphic observation:  numbers on the

glacier: names of stations  for observations contour interval: 20
At each site, 2-4m deep coring was performed with a SIPRE type hand
The core was studied at the boring site with respect to

1) visible stratigraphy, especially on the occurrence of stratification and
posed ice:

auger.

superim-

2) sampling for the measurement of the oxygen isotopic ratio ('°0Q./°0Q)

and
chemical composition;

3) measurements of physical properties (density, grain size and bubble texture).

The stratigraphic diagrams obtained on.Glacier D 4 are shown in Fig. 5 (1) toge-
ther with the results on Glacier No. | in the Urumqi river headwaters (Fig.5 (2)).
The firn stratigraphic observations at Station H3 (4,075m a.s.l.) on Glacier No. 1 and
at the summit of Tianger |l (1,484m a.s.1.). which is the highest
No. 1. were made in the same summer of 1981 by this expedition.

According to studies on the firnification in Urumgqi

point of  Glacier

river head waters by Xie et
al (1965). occurrence of ice seen in the upper layer of the accumulation area was
classified into following categories: ice increment or ice lens (VKR Kok iEeEk), super-
imposed ice (FHMik) and percolation ice (3%i27k). This. basic idea for description of
ice occurrence in the firn layer is reasonable and acceptable for our  studies. The

method of stratigraphic description presented here is based on the idea  mentioned
above,
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Fig. 4 Relation between mass balance and altitude on Glacier .D~4 ‘
Results ‘ar altitudes lower than 3.800m are averages during i he period from

July 26 to August 6 (11 days) and those higher than 3,800m are averages
during the period from July 27 1o August 5 (9 days)

JJudging from these stratigraphic diagrams shown in Fig. 5-(1), the equitibrium linc
and the firn line appear to lie between No.6 and No.7, and No.8 and No.9-10,
respectively. ‘

Two types of ice texture were found: one is bubble-free ice’ and another 1s
bubbly 1ce. This difference in presence or absence of bubbles i:s"presumed to re-
flecta formation process; it depends on the season of the ice formation and refreez-
ing. and on the quantitative characteristics of the melt water infiltration. For the
interpretation of the annual .layer boundary, sequences of these ice textures in
layering are the most effective indicators together with presence of the dust laver.

Well-developed dust layer . not only single-layering, is one of the remarkable stru-
tigraphic features in this region. And deposition of dust beneath the  surface
granular show  (wet metamorphic snow) was observed in the midsummer of 1981.

The vertical profile of oxygen isotopic content, ' attached to the right side of each
diagram of Fig.5-(1). show a periodic pattern in the upper-most layer. [t cannot
be concluded exactly that the similarities of these profiles in Fig. 5--(1) can be attrib-
uted to scasonal  variation of 8'*O in precipitation , because  the  homogeniza-
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Fig.5-(1), Stratigraphic diagrams of Glacier D-4
Note: Ocm level on the depth approximately indicates the end of the previous
balance year and some accumlationf&bOVe that level may not be stable
tion of 8O by percolating meltwater usually takes place in the wet -
snow zone.

In Fig.5-(1), the occurrence of large amounts of superimposed ice at No.6 in
the ablation zone, is seen. Therfore, it is supposed that a  considerable amount of
meltwater flowing down on the surface of the ablation zone may be returned 1o the
glacier as nourishment due to crack filling and refreezing. This
may be a considerable amount of the nourishment of this glacier.

From the stratigraphic interpretation, the net balance of each balance year from
the end of the summerin 1979 and 1980 at each site was assessed and tabulated . in

Table 1.

Table 1. Net balance at each site of stratigraphic ‘observation (mm water)

Duration No.7 | No.8 No.9-10 H-3 Tianger ||
1980. Sum;—1981. Sum. 1110 990 840 175 820
1979.Sum,—1980.Sum. 1000 1400 1500 126 ! -

IV. Stratigraphic characteristics of the firn on.the north slope of Mt. Bogda

Stratigraphic characteristics of the firmn layer. in general, reflect the process -of
_snow accumulation and snow metamorphism in a given place. On the other  hand. .
“hoth ‘of these processes interfere each other and disturb to form the  stratigraphic
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Fig.3 (2). Stratigraphic diagrams at” Glacier No.l Note: same as Figo 5 --(1)

record of firnitication. Thus., detailed knowledge of the solid and liquid precipitation
and the snow melt is required to mterpret fully the fim stratigraphic data.

Although very limited climatic records arc available in the Mt Bogda  region. a
great deal of glaciological and glacio -climatological informations about the region of
the Urimugi river headwalers has been reported by Chinese glaciologists including Xic
et al (1965) and others. For the understanding of stratigraphic  characteristics in Mt.
Bogda region. this informations in the region of Urumgqi river headwaters should be sigaificant
because a distance between these region is not so long.

Simplified stratigraphic process in an annual layer -are schematically illustrated In
Fig.6. This figure is based on the idea presented by Xie et al  (31965),and  some
additions and adaptations are made, considenng the following situation which have been
described in their work., At Tian ShanStation (3,589m a.s.1.), 63-68% of the aimual
preciptation is concentrated in the summer (June-Aug.). while 13% and 16% occur in
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Fig.o0 . Schematic diagram of idealized process on accumulation and [irnification in
the area of the Urumgi river headwaters.

Data of P (precipitation) and T ( monthly mean air temperature) are [rom
Xu Shiyuan (1963); stratigraphic symbols used in this figure ure 1he same us in Fig.

S except for open circles . This symbol used here indicates serrled snow. The
stratigraphic diagrams, shown in the right side, are H—3 profice in- Fig.5—(2).
W (winter), S(spring), S(summer) and Afautumn) indicate the durations of
the seasons and the percentages altlached are seasonal  portions to annual  precipitation
(after Xie et al, 1965)

spring (Apr.-May) and autumn (Sep.-Oct.). respectively as shown in the upper part
of Fig.6. In the accumulation area on Glacier No. 1. since precipitation in winter is

small, snow 1s deposited mainly in autumn and spring. but spring snow is melted away
in summer.

Fig. 6 shows an idealized process of accumulation with no  melting i summer,
and firnification. The idealized process can be compared with the actual stratification
at H-3 on Glacier No.1 (Fig. 5-(2)) in the right side of Fig.6.

On the mode of superimposed ice formation in an annual layer, there may be two
pattems: ice.formed by refreezing of percolating water fully penetrating through  the
layer (ex. ’77-'78 layer) and refreezing of water standing on the upper impermeable
Jayer (ex. ‘76-'77 layer). These two patterns should be correlated to the two types
of ice texture in Fig. 5-(1) as described in the previous section. In comparison  with
complicated structure and ice occurrence at H-3 on Glacier No. 1. simplified structures
are found in the stratigraphic diagrams of Glacier D1 while there are no more than
two years of layering. ‘

On the other hand, from the appearance of the stratigraphic sequence for 6
or 7 years at H-3, it also can be said that annual .tendency of firnification varies year
by year remarkably.

At present, it cannotbé clearly concluded that differences appearing between these
tendencies in the two regions may reflect a difference of climatic characteristics  in
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these regions since small differences of altitudes cause large differences ol stratigra-
phy as seen in Fig. 5-(1). According to the stratigraphic observations, the ablation zone,
superimposed ice zone and wet snow zone can be seen in Glacier D-4. The exist-
ence of a percolation zone was not confirmed but should be higher than the  obscrved
area. Glacier D-1, which face north, lies from 3,600m a.s.l. at the snout to .1, 350m
a.s.l. at the highest peak. This feature in the spatial distribution with altitude is dif-
ferent [rom other glaciers on the north stope of Mt. Bogda. as seen in Fig. 2. while the
area of the glacier is comparable to that of others. It may mean that the altitude range
around 3,800-4,300m, corresponding to the upper part of the ablation zone, super-
imposed ice zone and wet snow zone, is the most effective altitude for glacier  nourish-
ment in this region in relation to the characteristics of summer precipitation and  su-
perimposed ice process.

Vertical distribution ol the stratigraphic characteristics and various aspects in the
glacier zoning in both regions of Mt. Bogda and Urumqi river  headwaters are
summarized in Fig. 7 including Ramm hardness profiles attempted on Glacier No. I.
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Fig. 7. Venical distribution of the stratigraphic characteristics and various aspects of
glacior zoning in the regions of Mi. Bogda and the Urumgi river head waters.
1. snow cover: 2. percolated ice: 3. clear ice: 4. deformed glacier ice
S anmud layer boundary. F.L.: firn line: E.L.: equilibrium line: Rl and
R2: Ramm hardness profile on Glacier No. !
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