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Fig.1 Cross section of the Gongba Formation near Gongdapu Village, Tibet
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Fig.6 Glacier remains of the Yulong ice age in eastern Yulong Mountain

Yulong Mountain Inspection Station. In the foreground there is the Erliang Mountain composed by Yulong glacial moraine

and breccia, whereas in the background there is Ganheba, a snow—covered long platform; the outermost side is the side—

end moraine of the Lijiang ice age; the area haunted by rain and fog—rain is the snow covered Yulong Mountain
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Fig.7 Plant remains in the Pleistocene lacustrine strata in Zhagenjialong, headwaters of the Yellow River

A (181 7)o 1k T B e B 9T 9k F) L e 3
Bz i) 3t DX ) PR B N S0 A AE e W] B 25 e, 2B
N BT Sk AR T IR Sk 70 7K B4 2 R 78 7 5
B LUG 5 10 oK) CAR R DA L B 7 L BK IR 1
IR THEA VKRB T U, 3k — I AR AT e k2R 7
B TR

4 THeMmgsiE

LU KO 8 3 v SR b R0 B R U RRIE o, iX
SRR S A VKR B D s 1 T SR LAk A b
B A 1R 2 1 AR SR T X oy AR R #
TRk B 3500 m VA b, ETFH A,
G P )2 A BSR4 BR 0 1 5 — B b J22 1 A AT
BN 2.3 Ma 5 JFAR B BR R A TATT 0 L3 2 b e 5
A AR 2 o AR ) R DL B AR AR )0 A A2 3 R
25 5T R JZE T BB KK TR 2 AR A — B,
L B pK A A B T O 1) AR 5 Lk A b TR
GERJE TR L b R 28 R UK 2B A AR R
FOM Y00 J BT 3R ROHE L Bk A L vk
W=k F, WL E R L AR R T R TR

P 5 15 11 1 DX T iy K L 1 R B AR T R A L R R
i

DU PG IX ) 7 ok R 0 B R 5 L
4 3 235 B 3 b X5 — B 0 8 2 58 T & vk o P
B AR R & B S S AR S S R L ik oRT
AEANIF], ELARMB A 75 ZERA TAE

T b X 3 38 4 UK R B SR S A O B
THE LI B 2 v SR L A BR VKT 0 2R vk
DURTE = )2 0 A AR E B Ll X
JE oty 7 1L e DXL K B R Lk b DX PO ) O
R A W E S TS T BRI FR T, TR
PR 9 75 T H 0 AR G0 DX B L K 7 Bk
MR 30 S R R G g T B A T R R A
— B P AR T E A VKRB BDEIR 3500 m DAL,
TN BT A R R ABESE

5 % 3k (Reference) :

[1] A8 2. 5 5 5 40 4 B vk 11 9801 €58 0 45 (122 000
000)[M]. P52, V4 4 3 I8 H R A, 2009:1-3.
Yao Tandong ed. Map of Glaciers and Lakes on the Qinghai—



ERIESN N

A 45 R R re JLERS DU 2 VA Y A0 S R R 3 S AR A L 1205

Xizang(Tibet) Plateau and Adjoining Regions(1:2 000 000)[M]. Xi’
an:Xi’an Cartographic Publishing House, 2009:1-3.

(2] B, BB, KL, % H i A B R b 0 R,
H BT AR, 2008, 27(2):1961—1967.

Zhao Yue, Li Dunpeng, Liu Jian, et al. Tectonic geomorphology:
A key to understanding of the history of the plateau [J]. Geological
Bulletin of China, 2008, 28 (12):1961 —1967 (in Chinese with
English abstract).
[3] M oT, 45 ¥ (FE ). W M A DU 22 vk 1 s 43 A (1
3 000 000)[M]. dbat . B2 ML, 1991:1-5.
Li Bingyuan, Li Jijun (ed.). Quaternary Glacial Distribution Map of
the Qinghai—Xizang (Tibet) Plateau (1:3 000 000) [M]. Beijing:
Science Press, 1991:1-5.
(4] DO, 2574 b, A0 T 9 R A PR R 5 R 2 M.
JUM . TTARBHG R MR, 1998.
Shi Yafeng, Li Jijun, Li Bingyuan. Uplift and Environment
Evolution of Qinghai —Xizang (Tibet) Plateau [M]. Guangzhou:
Guangdong Science & Technology Press, 1998(in Chinese).
[5] HSARE it Ak A BR A YT 0 04 b X 55 DY 20 vk P 3 [/ oh R 2
Wt P 0] 27 5 B2 BN DR BT 35 04l X R 27 2% 484 5 (1966 —1968)—
SR JEat, B REL, 19762962
Zheng Benxing, Shi Yafeng. Discussion on the Quaternary glacial
periods in Mt. Qomolangma area [C]//The Xizang Scientific
Expedition of Chinese Academy of Sciences (ed.).Report on
Scientific Expedition of Mt Qomolangma Area 1966—1968,
Quaternary Geology. Beijing: Science Press, 1976:29 —62 (in
Chinese).
FBADG, = LR LY 1 38838 (C//vE Rk I AL, B
fitt, 1986:195-202.

[6

Zheng Benxing. The relics of Quaternary glaciation in Xizang
region|C]//Glaciers of Xizang(Tibet). Beijing: Science Press, 1986
195-202.
[7] Li T D. The process and mechanism of the rise of the Qinghai—
Tibet Plateau [J|. Tectonophysics , 1996, 260:45-53.
KB, F SN, BEIEN, S5 P R AL 3K 4 bt — B
MR R B | PR B S T AU AL (). HUFRE R, 2007, 81(3):
295-306.

8

Zhu Dagang, Meng Xiangang, Shao Zhaogang, et al. Evolution of
the paleovegetation, paleoenvironment and paleoclimate during
Pliocene —early Pleistocene in Zhada Basin, Ali, Tibet [J]. Acta
Geologica Sinica,2007, 81 (3):295—-306 (in Chinese with English
abstract).

[9] AR, i SE M, BRIEMY, 45, PG by B AL 5 4 4 bt — L oy
TH] AR 2 AE AR A= B ST ). T B, 2007, 34(6) : 983—992.
Zhu Dagang, Meng Xiangang, Shao Zhaogang, et al. Chronology of
Pliocene—early Pleistocene lacustrine strata in the Zanda basin, Ngari
area, Tibet [J]. Geology in China, 2007, 34(6):983—992(in Chinese
with English abstract).

[10] KRR, e W, BRIENI, 45, VU BAL K fa K J 45 e 1 XA pa 22

VRNHERR B vk )1 BER AR R ). o LS, 2006, 33(1):86-97.

Zhu Dagang, Meng Xiangang, Shao Zhaogang, et al. Quaternary
glacial deposition and glacial advance and retreat in the Zanda basin
and its surrounding mountains in Ngari, Tibet [J]. Geology in
China, 2006, 33(1):86—97(in Chinese with English abstract).

[11] B, TR, 35 980 E S 0 e e ol it B CAL R 3T ). R 2
(D #), 1996, 26(4) : 289—-295.

Zhong Dalai, Ding Lin. Rising process of the Qinghai —Xizang
(Tibet) Plateau and its mechanism [J]. Science in China (Series D),
1996, 26(4) :289—295(in Chinese).

[12] ARS8, VAR, g7 B, 4% W0 VIR K e 1l b SR 4 ) 26 BF 5 ).
B RFEFR, 1957, (4):9-18.

Ren Mei’e, Liu Zhenzhong, Yong Wanli, et al. Geomorphology
in Lijlang and Mt Yulong [J]. Acta Scientiarum Naturalium
Universitatis Yunnan, 1957, 4.:9—18.

[13] Ives, Jack D, Zhang Yongzu. Glaciation of the Yulongxue Shan,
North—western Yunnan Province, People’s Republic of China [J].
Erdkunde, 1993, 47(3):165—176.

[14] W1 B A8 P 2 1056 00 22 1 A PR ). 25 P 5 2

2241, 1996, 16(3) :94—104.

Ming Qingzhong. The Quaternary glaciations in Yulong

Mountains [J]. Journal of Yunnan Normal University, 1996, 16(3):

94—104(in Chinese with English abstract).

XA i, I KCHT, 2B, T I A RE T vk AR T ). vk

1, 1999, 21(3) ;242248

[15

Zhao Xitao, Qu Yongxin, Li Tiesong. Pleistocene glaciations along
the eastern foot of the Yulong mountains [J]. Journal of Glaciology
and Geocryology, 1999, 21(3):242—-248 (in Chinese with English
abstract).

[16] HB7R 24 25 85 T 5 LL 50 D240 K000 5 vk 1 FEt ), vk
+, 2000, 22(1):53-61.
Zheng Benxing. Quaternary glaciation and glacier evolution in the
Yulong Mount, Yunnan|J].Journal of Glaciology and Geocryology,
2000, 22(1) :53—61(in Chinese with English abstract).

[17) BB, e, TR0, 2 T 5 1L P A KR () 2 0 T
RS ). BRI, 2007, 21(1):150—156.
Zhang Yongshuang, Guo Changbao, Shi Jusong, et al. Research on
the engineering geological properties of moraine/outwash rocks on
the west side of the Yulong mountains[J]. Geoscience, 2007, 21(1):
150—156.

(18] BV, S b, A i, 45 9 B B L DK P B I 4 k1
FEJA)]. 3L BETE, 2002, 22(4) : 424—433.
Zhao Xitao, Wu Zhonghai, Zhu Dagang, et al. Quaternary
glaciations in the west Nyaigentanglha Mountains [J].Quaternary
Sciences, 2002, 22(4) :424—433 (in Chinese with English abstract).

(1] 5613t 07, A0 E, 5. 7 R B L P A v 1 X 0 B
JZ[]]. Wk, 2002, 23 (4):343-348.
Wu Zhonghai, Zhao Xitao, Zhu Dagang, et al. The Moraines of
Xibu glacier area in the Nyaingentanglha range(]]. Acta Geoscientia
Sinica, 2002, 23(4):343—348(in Chinese with English abstract).

[20] S i, B8 A P, VLT, A5 T R R Ll 2R R R T o1 I



1206 T E # Jit 2009 4F
TR AR SE [7]. YKIR £, 2003, 25 (3):272-274. variation [C]//The Quaternary Glacier and Environment of
Wu Zhonghai, Zhao Xitao, Jiang Wan, et al. Dating result of Western China. Beijing: Science Press, 1991:15—23 (in Chinese).
the Pleistocene glacial deposits on the Southeast foot of [28] HEZ A, w AU, XUBHAE, 45 77 70 m JBL 5 1 1 5 2 i A B
Nyaigentanglha Mountains  [J|. Journal of Glaciology and EIR ). BHFER, 1996, 41(15):1402—-1406.
Geocryology, 2003, 25 (3): 272—274 (in Chinese with English Cui Zhijiu, Gao Quanzhou, Liu Gengnian, et al. The initial
abstract). elevation of palacokarst and planation surfaces on Tibet Plateau[]].
[21] Kong P, Granger D E, Wu F Y. Cosmogenic nuclide burial ages Chinese Science Bulliten, 1997, 42(11):934-939.
and provenance of the Xigeda paleo —lake: Implications for [29] Qian Fang, Zhang Jingqi. Discovery of the Hipparion sp. at the
evolution of the Middle Yangtze River [J]. Earth and Planetary Kunlun pass of Golmud and quantitative study on neotectonism|]].
Science Letters, 2009, 278 :131—141. Journal of Geomechanics, 2(English supplement), 1996:139—147.
[22] DU L Pk 2 ZE BN DU 1T PG 5 0B Lt X5 DU 20 vk 1t S [/ / [30] 80, By, WA, ZR B 55 U 42 vK 1 b I [/ /9 78 e Jit b
P b SR e 5 A IS T . v T DO A O S SR JRSCHE (4) 2L BT, vk Jb st i A, 1982:1-18.
At M A, 1977144154, Wu Xihao, Qian Fang, Pu Oingyu. Quaternary glaciogelogy at the
Quaternary Glacier Survey Group. The Quaternary glacial geology eastern Kunlun range [C]//Contributions to the Geology of the
in  Luojishan area, Xichang, Sichuan [C]//Institute  of Qinghai —Xizang  (Tibet) Plateau,No.4. Beijing: Geological
Geomechanics, Chinese Academy of Geological Sciences (ed.). Publishing House, 1982:1—18(in Chinese).
Collection on Quaternary Glacial Geology of China. Beijing: [31] Cui Zhijiu, Zhang Wei, Zhou Liping. Couple control of global
Geological Publishing House, 1977:144—154. climate change and regional tectonic uplift on the glaciations in the
[23] 5K A g, J1E g AL A 18 b BB A R BT Y (M), b northern middle —lower latitudes. Abstract Volume of 5th
A AT Tk Rk, 1994111, International  Symposium on the Tibetan Plateau & 24th
Zhang Zonghu (ed.). Late Cenozoic Geology in Middle Segment Himalaya —Karakorum —Tibet Workshop. Beijing, China, 11 —14.
of Sichuan —Yunnan South —North Tectonic Belt [M]. Beijing: Aug, 2009:199.
Petroleum Industry Press, 1994:1—11. [32] WARFT, Tk, FInar, A BT IR X E S AR ) Ak A b
[24] P, XK B8 TG DR R 8 (M. AT . U R A R R S0 B R L Yp). R E LT, 2006, 33(1):78—85.
#k, 1989:17-20. Zhang Sengi, Wang Yonggui, Xin Yuanhong, et al. Discovery of
Chen Fubin, ZhaoYongtao. The Neotectonics in Panzhihua — early Pleistocene strata containing plants fossils in the source area of
Xichang Region of China [M]. Chendu: Sichuan Science & the Yellow River and significance [J]. Geology in China, 2006, 33
Technology Press, 1989. 17—20(in Chinese). (1):78—85 (in Chinese with English abstract).
[25] AR, XA, Z2RiAE. TS K B ALY AR R DT RUIR B [33] Lewis A. Owena, Glenn Thackrayb, Chaolu Yic, et al. Mountain
U], & HLWFFE, 2007, 27(4):620—631. glaciation and landscape evolution [J]. Geomorphology, 2009, 103
Fu Jianli, Zhao Zhizhong, Li Chaozhu, et al. Age and sedimentary 155—157.
environment of the Dagqingliangzi formation in Xichang [J]. [34] Kempf, O., Peter M. Blisniuk, Shifeng wang, et al. Sedimentology,
Quaternary Sciences, 2007, 27(4) :620—631. sedimentary petrology, and paleoecology of the monsoon —driven,
[26] 257 =, S D4R ) il me B AR Bl B O L 5 00 20 vk 1] sk fluvio—lacustrine Zhanda Basin, SW—Tibet [J]. Sedimentary Geol.,
[C)// P 58 Y 22 K 33500 A 5% SCAE . b e . Bh2 i i, 1964 2009(in Press).
14—-84. [35] Yin An, Dang Yuqi, Zhang Min, et al. Cenozoic tectonic
Li Chengsan, et al. Quaternary glacialvestige in eastern of South evolution of the Qaidam basin and its surrounding regions(Part 3):
segment and mountainfront in Longmenshan, Sichuan [C]// Structural ~ geology,  sedimentation, and regional  tectonic
Research Collection on Quaternary Glacial vestige of China, 1964, reconstruction [J]. Geological Society of America Bulletin, 2008,
14—84.(in Chinese) 120(7/8) : 847-876.
(7] HSA, M, A, S PR CWS AU SRR (36] AT, AN, MNRI S H IR A IS 3% A 5 3R b

[Cl//+F 55 0 40 K 11 5 R BRI o o 5 7 2055 U 240 F 5
B2 o b RS DU 2 KON PR b et R A, 1991
15—-23.

Zheng Benxing, Jiao Keqin, Li

Shijie, et al. Quaternary

glaciogeology of the west Kunlun Mountains and Environmental

ALRYSZ IR )], M BT A, 2006, 25(1/2) :214—220.

Zhang Senqi, Li Yonggui, Shang Xiaogang, et al. Effects of
neotectonic movement in source area of the Yellow River, China
[J]. Geological Bulletin of
China, 2006, 25(1/2):214—220(in Chinese with English abstract).

on eco —environment deterioration



%36 % 4 6 W] A 45 R R re JLERS DU 2 VA Y A0 S R R 3 S AR A L 1207

Early records of Quaternary glaciation in Qinghai—Tibet plateau and their
tectonic and climatic implications

ZHAO Yue, QIAN Fang, ZHU Da—gang,
ZHANGYong—shuang, SHAO Zhao—gang, HE Zhe—feng

(Institute of Geomechanics, CAGS, Beijing 100081, China)

Abstract: This paper gives a review of early records of Quaternary glaciation in Qinghai —Tibet plateau, based
upon recent progress in the study of ages of Early Quaternary glaciation as well as the related stratigraphy,
sedimentology, paleontology and paleo—environment in this plateau, especially in its typical basins. The existence
of freeze —thaw layers in the upper part of the Xiangzi Formation of Zada basin within western Himalayas
represents, regionally, an ice margin paleo —environment of the plateau around 3500m a.s.l. The freeze —thaw
layers in the upper part of the Xiangzi Formation in Zada basin are Early Pleistocene in age, similar to the age of
aqueoglacial deposits in the lower part of Gongba Conglomerate in Mount Qomolangma region, around ca. 2.3
Ma. The age of moraines at the top of the Xiangzi Formation can be correlated to the Cho Oyo ice age and the
Shisha Pangma ice age of Mount Qomolangma region, showing the further development of mountain glaciers in
the region. This suggests that the Himalayas, the highest region in Qinghai—Tibet plateau, began its cryosphere
environment in sometime of early and middle Early Pleistocene. Early Pleistocene moraines in western Sichuan
area adjacent to the eastern Himalayan tectonic syntaxis demonstrate that peaks of the region had reached to
cryosphere during that time. However, their elevation and climate may be different from those of the Himalayas.
Most of the surface of the plateau rose above the cryosphere in early Middle Pleistocene with intense deformation
taking place in the plateau region during global ice ages. The glaciation in early Middle Pleistocene in Qinghai—
Tibet plateau is the most developed and extensive glaciation, which suggests that the surface of Qinghai —Tibet
plateau rose entirely and rapidly into cryosphere in earliy Middle Pleistocene, that is, above 3500m a.s.l. The
detailed processes still need a deepgoing investigation in future.

Key words: Qinghai—Tibet plateau; Quaternary glaciation; Early Pleistocene; early Middle Pleistocene;
cryosphere
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