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Abstract

For the study of glacier nourishment and the hydrological characteristics in inland Asia, measure-
ments of oxygen Isotope composition were carried out on samples of precipitation and glacial water
collected during the period from the middle of July to the middle of August in 1981. &*O values
of each half day precipitation at Tian Shan Meteorological Station (43°08' N, 846°50"E; 3539m) and
the base camp (3640m) in the Mt. Bogda region during the observed period had a weighted average
of -10~-11%, wilth a range between -1%, and -16%,. The daily mean §*Q value of precipitation
decreased with a decrease in daily mean air lemperature. 80 values of glacier icc and snow were
less than those of summer precipitation. The difference of 8*0 values between the precipitation and
the glacial water is attributed to the dependence of the oxygen isotope composition on the air tem-
peraturc.

[ . Introduction

Stable isotope studies in glaciology and hydrotogy have been done in  various regions
in the world for the last twenty years, and various glaciological problems, such as the pro-
cess of precipitation, accumulation rate and runoft characteristics, have beca studied. The
Tian Shan is one of the most inland glacierized areas in the world, Therefore, the stable
isotope composition of precipitation in this area is interesting from the point of view of
the geographical situation, However, such information has not yet been obtained from
inland Asia.

For the study of the glacier nourishment and the hydrological characteristics of  this
glacierized area, measurements of oxygen isotope composition were carried out on the sam-
ples of precipitation and glacial water collected during the summer scason in 1981 by
the China-Japan Cooperative Glaciological Expedition. In this paper, results of oxygen iso-
tope composition of the samiples of precipitation and glacial water are presented and their
characteristics are discussed.

1. Method

Precipitation samples were cotlected at the Tian Shan Metcorological  Station (4308
N.86°50"E; 3539m a.s.l.) at the headwaters ol the Urumgi River during  the perioad
from July 9 to August 17.and Mt Bogda Base Camp (3g40m a.s.l.) from July 24 to Au-
gust 13. The Mt. Bogda Base Camp is located 140km east-northcast from the Tian Shan
Meteorological Station, Samples of snow and ice from the glaciers were collected on Gla-
ciers No. | and No. 3 (the inventory numbers) at the headwaters ol the Urumgi River
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and the neighbouring 2 glaciers on the northwest slope of the Mt. Bogda massif. Since
these 2 glaciers in the Mt. Bogda region have the inventory numbers D-4 and D-5 in the
drainage of the Sigong River, they are called " Glacier D-4" and ® Glacier D-5" in  this
paper. ‘ : S

Measurements of oxygen isotope composition were performed by analyzing the isotope
ratio of (O, equilibrated with a sample water using MAT 250 triple collector mass
spectrometer. Results of measurements are expressed by a relative difference called the
8-value in permil (%,) defined as

8%0= [(Rsa — Rsmow)/Rsmow] x 1000

where Rsa represents the isotope ratio (**0Q/'*0) of a sample ahd Rsmow is the cor-
responding ratio of the Standard Mean Ocean Water. The  analytical e€rror of these
measurements is +0.1%o.

l. Results

NM-1. Oxygen isotope composition of precipitation
Oxygen isotope composition of precipitation at Tian Shan Meteorological Station and
Mt. Bogda Base Camp is shown in Fig. 1. Each Value indicates a half day mean of 8O
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Fig. 1. 8"0 wlue of precipitatimi in the eastern Tian Shan in 1981. Each valye indi-
cates a hal { day mean §"°0. Hor)':onm/ lines show the mean weighted according
to umount of precipitation during the period from July 29 to August 13
(T: Tian Shan Meteorological Station-3539m a.s.l., B: Mr. Bogda Buse Camp 3610m a.s. ).

divided by daytime precipitation (8h-20h) and nighttime precipitation (20h -next 8h).
The variation of §°0O value of precipitation collected at Mt. Bogda Base Camp showed
a similar tendency to that observed at Tian Shan Meteorological Station during the same
period, as seen in Fig. 1. And the weighted mean of §°Q considering the amount of pre-
cipitation were also similar at both sites. On the other hand, the relation “between the
daily values of 80O and daily precipitation on the same days was checked, but they did
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not show a relation.

At both the Tian Shan Meteorological Station and Mt. Bogda Base Camp, 8°O of
precipitation had the smallest value on July 31 during the observation period. As analy-
zed by Ageta et al (1983) from the upper weather charts, a strong cold trough from the
polar region was seen over this area and air temperature at Mt. Bogda Base Camp showed
a sharp drop on the same day. The relation between the daily mean 8'°0 value of pre-
cipitation and daily mean air temperature at Mt. Bogda Base Camp is shown in Fig, 2.
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Fig. 2. Relation between daily mean 8O of precipitation and daily mean aiv tempey -

atire at Mt Bogda Base Camp.

It is well known that the §*O value of precipitation is correlatéd with air temperature.
Such a relation has been established from monthly mean values in many papers (for exa-
mple. Siegenthaler et al, 1970). It can be said even from the daily values in Fig. 2 that
air temperature is one of the controlling factors of the 8°O value of precipitation in
this region.

Comparing the relationship between 8°'0O and temperature in Tian Shan shown in
Fig. 2 with that based on a worldwide data compiled by Yurtsever (1975), it is closer
to the relation obtained from marine and coastal stations than from continental ones.
"This is contrary regarding the geographical situation of Tian Shan. Characteristics of
hydrological cycle in this region may cause the different tendency of 87O - temperature
relationship comparing with the other regions.

h 2. Oxygen isotope composition of glacial water

A number of ice and snow samples were collected for the measurements of the oxy-
gen isotope composition. The decrease of 8*0 value with increase in altitude has often
been recorded in the various regions (for example, Sharp et al, 1960). The relation
between 'O values and altitudes of the sampling sites in this region are shown in
Figs. 3 and 4.

In Fig 3a for Glacier D-4, results of new snow collected on August 5 show nearly
the  same  value against altitude, although the altitude effect mentioned above can
be seen in the results of new snow collected on August |. These samples are precip-
itation on the previous days when. relatively heavy snow fell. Ageta et al (1983)
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concluded from the analysis mentioned in section 3. that precipitation was caused by
.a large scale cold trough on July 31, and by a local heat thunderstorm on Augusi 4.‘
Therefore, it can be said that the isotopic altitude effect is influenced by the mete-
orological cause of precipitation. However, more information is. necessary for this dis-
cussion, especially in the case of inland precipitation.

[V. Discussion

In this section, 80 values of glacier ice and snow will be compared with those of
summer precipitation in the Mt, Bogda region. As seen in Fig. 3, §'*O values of ice and
snow on Glacier D-§{ and D-5, excluding the new snow collected on August 5, are lesg
than the weighted mean of 80 value of precipitation at Base Camp. Since the 8*0 val-
ue of precipitation depends on air temperature as mentioned in section 3.1, two reasons
can be thought of for the smaller values of the samples from the glaciers.
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. Fig.4.6%0 value of snow (open circley and ice (solid circle) of Glacier No. 1 and
: .No. 3 (in a square) at the headwaters of the Urtungi River as « function of

aritude. solid line: same as Fig. 3.

First, the 8O value of snowfall which contributes to the accumulation of the glaciers
is less than that of rainfall, because the probability of snowfall increases at ‘lower air
temperature (Ageta et al, 1983). Second, precipitation samples at Base Camp were obtained
in the warmest season in the year, while the samples of the glaciers  contain  snow
which fell not only in summer but also the colder season when 8°0O values were less,
However, the change of the §*0 value after the deposition of snow on the glaciers must
be considered as discussed by Watanabe et al (1983a, b) for these glaciers.

V. Conclusion

The oxygen isotope composition of precipitation in Mt. Bogda region and the head-
waters of Urumgqi River in the summer season was --10~ -11%, on the average and scattered
in the range between -1%, and -16%, Air temperatureisone of the facters controlling
the 8“0 value of precipitation. Therefore, the 8'°Q values of snowfall are less
than those of rainfall. This is one of the reasons why 8'°0O values of glacier ice and
snow were less than the mean 8*O value of precipitation in the summer season. Since
these characteristics of the &°*0 of glacier ice and snow are thought to be wusefull in
understanding the hydrological conditions in this area, further studies by the isotope
methed are necessary.

Appendix: Oxygen isotope samples lists
t. The headwaters of the Urumqi River
1—1{. Precipitation at Tian Shan Meteorological Station (3,539m a.s.b)

Period 8'°0 (%) Period 80 (%)
July 9,  evening -8.9 Jul. 30/ 8% ~30/20" -6.2




106 S m % + 5%
Period 80 (%) Period 50 (%
Cdul w0200 ~11/8° 6.7 30/ 20 ~31/8 -12.4
- 118 ~11720 5.5 31/8 ~31/20 -15.3
T 138 ~13,20 1.7 Aug. 3/8 ~3/20 4.2
- 48 ~1420 1.0 3720 ~4.'8 5.8
hhhhh 15 8 ~15 20 2.2 4.8 ~4/20 6.8
1720 ~18 R 7.8 4 /20 ‘f5/’8 8.4
o 88 ~1820 7.2 9/8 ~9/20 -8.8
1820 ~19 8 -10.5 9/20 ~10'8 7.6
19 20 ~20 8 13.5 11'8 ~11/20 3.0
26 8 ~126,20 6.7 11720 ~12/8 -3.6
26 20 ~27. 8 7.6 14/8 ~14720 -10.4
27 8 ~27,20 5.3 14/20 ~15/8 10.0
27 20 ~28 8 -7.6 16:8 ~16/20 4.7
28720 ~29/8 7.3 16/20 ~17/8 7.7
29,20 ~30/ 8 7.8
1 -—2. Glacier No. |
a) I-ce of the ice tunnel (3,820m a.s.l.)
distance from the date 5'0() | ditance from the date 80 (%)
July 9 -10.6 9 August 16 9.6
3 August 16 -10.5 10 " -10.4
1 9.3 11 ” -9.9
T “gﬁf July 17 -10.7 12 " -10.2
o 5 | August 16 -9.8 5m from the end July 17 -10.0
6 10,5 Jl4m g - ’ -10.9
7 " -10.2 end of the tunnel i . ~10.2
dirt layer -» 10,5
8
b) West branch
altitude (m) pasition level from the surface (cm) material date 80 (%)
1,075 H—3 1(%.222‘1 ?Eove ls;7n91mer sur- snow July -13 -9.2
9ocm " ” g -10.9
65cm “ " v -11.4
4ocm " " " 11.8
20cm " ’ " -9.8
5cm below summer surface in 1979 ice ” -11.2
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altitude (m) position : level from the surface (cm) material date 80 (%)
|
4,075 H—3 l 25 Snow -9,9
! 10 ! " 9.2
50 " 10,1
60 9.1
75 ice 10.0
90 snow -10.8
100 9.6
120 i -9.1
140 icy -9.7
155 " " -8.4
180 ice i -8.4
189 ! Jaly 7 8.8
201 " 8.7
214 snow 8.3
234 ” -8.5
259 8.2
299 -9.5
319 ice -10.4
329 ’ -10.5
359 -9.5
378 -10.4
394 I ’ -11.5
119 ‘ snow July 17 9.2
459 i v " -8.2
181 b ice g -9.2
504 : ’ 9.5
521 y ’ 4 ~10.1
o 534 | snow v -9.6
574 ce i i -10.4
579 Snow [ ” -9.7
c) East branch
altitude (m) posttion leve! from the surface (cm) material date 80 (%)

4,480 Tianger [1 0—9 snow August 16 -9.2
(near the 9—25 " " -8.6
summit) 256—33 " -8.3
43 ice " 9.9
65 " " -9.3
83 " " -8.1
Tianger 11 snow August 16 -6.0

4,400 (below the | snow-fim patch dirty layer
summit) " ” -8.2
4,130 Snow August 16 -5.9
sdper-imposed ’ -10.1
glacier ice -8.8
4,000 snow August 16 ~-8.0
glacier ice " ~10.3
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1 —3. Glacier-No. 3
I altitude (m) pasition level from the surface (cm) material date 80 (%,
7 :;‘"‘?5(’)’*"”’"’"' 7 pit No. | 16 ice July 14 9.9
~ 3,700 i 9.3
3% 9.7
59 9.9
pit No. 2 5 icce July It 1.5
23 ' " 10.3
28 " 9.9
i
12 " " 10.3
around running
No. 2 water July 14 9.8
m—p-it _No. 3T 15 ice July 14 9.1
29 " 7 10.4
43 " » -9.3
38 ’ ’ -9.7
pit No. 4 20 ice July 14 -10.6
15 " i -8.5
65 " ’ -9.5
75 " ” -10.4
St. D siow cover August 15 1.5
" -12.1
St DB glacier ice ! -8.3
St B “ 8.1
St. E 4 -10.6
3,650 lake fake water July 12 -9.9
1—41, Others
altitude (m) pasition material date 80 (%)
Glacier terminal dead ice July 11 -10.2
No. 6 moraine lake water “ -9.6
river  water " -8.9
Glacier No. | river  water July 9 10.1
—
river  water July 7 -10.4
" v -10.6

2. Mt

Bogda region
Precipitation at Mt. Bogda Base Camp (3,640m a.s.l.)

Period

80 (%)

Period

80 (%

28/18
(Gl.
29/ 8
30/8
30/20
31/8
31/11
3714
s1/17
31720
4/8
4/20
4/20

Aug.

24/20"~25/8"

~30/13
D5 St. D)
~29/14
~30/20
~31/8
~31/11
~31/14
~31/17
~31/20
~1.8
~ 4/
~5/8
~4/22

Aug.

4 /220~ 4 /23h
4/23 ~4/24

4/24 ~5/8
1/20 ~5/4
6/8 ~6/20
6/18:30~ 6 /18:50

~ 6/20
8.8 ~8/2
8/10 ~ 8,11
11/20 ~12/8
12/8 ~12/20
13/8 ~13/20
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2—2. Glacier D-4

altitude (m) position level from the surface (cm) material date 80 (%)
3,600 termintis NEW SNOwW August 1 13.6
3,668 St. No. 2 ” ' 15.2
3.700 St. No. 3 15.9
1,006 St No. 9 i 13.7
3,628 St. No. | [ new saow August 5 9.8
3.668 St No. 2 i ! 9.1
3,700 St No. 3 ! 9.0
3,781 St No. ! 4.3
3,807 . St. No.. 3 9.3
3,833 St. No. 8 i RIS
3,844 St No. 7 " 0.5
3,978 St. No. & " " 0.0
1,006 St. No. g 9.1
1,030 St No. (¢ " 9.6
3,838 St. No. s U —15 ice August 5 -11.5
15—-28 “ " -11.38

28—61 " " -13.8

131—144 M " -17.1

156—175 " " -12.5

3,899 St. No.7 10 ice August 5 -12.2
22 ’ " -5.3

35 ” " 1.2

15 ” " 15.2

65 M " -16.4

75 i . -13.8

85 i 15.6

100 [ ! 13.2

L1t | -12.8

125 ; . 10,2

145 i " -13.5

160 ‘ -13.2

130 i ! -11.9

195 | ! -12.6

3,976 St. No.# 25 ; ice August § -9.7
40 : - “ 10.7

50 ” " -12.7

bh " -18.9

R0 " -11.7

Y6 i . ’ -12.3

130 i " 1.2

135 ! " ~-16.6

145 ! ’ -9.3

160 i " " -11.7

180 ! " ” 1.0

1,020 St No 9—10 5 I snow August | 15.7
20 : ‘ it

35 i ” 1.8

15 | 1.7

[iN 1 ice 1.4

7075 I snow ” 13.6

40—95 L ice 10.9

10o—110 SHOW N -10.2

1253—129 “ v -10.3

140—141 i “ -9.9

155—160 1 " -10.1

181 —190 " 9.1

2121 i BNt

215220 ice 11.8

220—225 i i 1t.0

270 —275 SHOW v -12.3
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altitude (m)

position

tevel from the surface (cm)

matenal

8"°0(%0)

Terminal area

St TI
St. T2

glacier ice

14.3
-11.4

St. T4

11.6

St T7

0

12.

St A

12.

St. No.2 3

dead ice

14.
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v | | o

13.
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9.

%)
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-10.

9.
-10.

[ B A ]

3.681
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3.722
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blue band
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August

13.
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3.700 glacier ice August 4 -11.8
-12.0
-14.4
9.1
-10.3
10.3
melt  water August 10 -13.5
| lake lake  water -11.7
river river water -10.7
2—4. Others
altitude (m) position | level from the sutface {cm) 1 material date 8°0(%)
1,180 Bogda [II (by along the climbing route on ! SNOwW August -16.6
—-———1 Japanese Tian the north ridge !
1450 Shan-kai Exped:- | 8.1
1 |
4,800 tion. 1981 ‘ 8.8
4.850 \ 9.8
1,900 | -6.8
{
1,950 : 7.3
5.120 7.2
5,213 the  cummit 9.6
1,940 Tianchi luke  waler July 2 -10.9
Sigong  River
nver water July 23 11,5
1.720 Forest precipi- August 13 -10.1
Station tation
August 14 10.2
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