55 43 3% 55 3 ) Y/ S | B S Vol. 43, No. 3
2021 4 6 H JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Jun. , 2021

DOI: 10. 7522/j. issn. 1000-0240. 2021. 0014

QIN Changxiong, XU Liubing, XIE Jinming, et al. Glacier reconstruction of the Guxiang Glaciation in the Bodui Zangbo Valley in southeastern
Tibet[J]. Journal of Glaciology and Geocryology, 2021, 43(3):724=734. [FAME, X, W40, . AR m A YL Y £ vk

JIET]. vk, 2021, 43(3):724-734. ]

e 2R R RO ME TR A L sy ik HRK I B &

FRM, WAE, HEW, RAHE'

(1. RIS M PRS2, TR M 5106315 2. 22 Mk WIRFREE =2, Hlr 221 730000)

WOE: W UK T R RS U e vk R T R AR ER M B K 2 — R AR SR R vk,
oAy 44 AT e 5 T TR B U0 TR VLA L AR AF Tl & — il AR - 22, & A 9555 B % K "Be
T MAELE B R R AL TSR E R Z B (MIS) 6., SR, 1l 5 KIS b S A YT 3 Sk oA 1 T3
Rl Pk BT 5 B (BLA) A5 JCHF B A e ite— 2D AFSE o 456 0K 1 MU P A1 4% s i i@ B 14
R R B A AL A, o b M A VT Ry & v A ok VR RV LA T T d A, 7E LRl R A5
BT R A 3z FH oK A T A AR e g M A Tty 2 K MR ok AT T B SRR
Wy S KRRk P 2K 1 81 25 JEE 8 249 360 my, KRR TE B R 2 648 km?, ARFR 28 953 km?, bl 4 9 K )11
T 5 Rl 2 vk 1 63% JE ik EFAERY 22. 4% LM, 18 R R X AL R (AAR) 3 FLAK S — T 3k
T B HE SR (THAR ) 35 %5 30 80 A VT3 AR ANy 2 v (0 ok ATk w8 FE AT T A58 Hoh 3R
UKJI ELA A 4 455 m, 2F 5B 2§ RO 4 6 0y vk i s AR T3 iy & kK AES ELA 9 3 871 m, FL3AR
ELA{ T 584 m, 7 vk 1| ELA {4 825 5 S A 25 SR AR — 5

KGR o 2 UK PR VIO E ; SPATA R BRI IR FE A5 AR STk g B LR

hE 5 ES: P343. 6; P534. 63

0 35

VRN R TEVS SR 71, % IR R/ 5 7K A2 Ak
AU UK AR X SR VKN 40 o~ A 2 v
J# (equilibrium-line altitude ,ELA) \TEIFH A A K
IRFREFRRNE S E AR Ak X 1 vl A=A RN T o >k
S A 2o, Horh BUARVK) A9 4 TURRE 2
BECRT AR AR S OO | D | R G R R TR
FEAR AT B, X v 3 R AR s BRI
5YETAR A R (A0 BEK HIE AE) 1) 5
TR, FRAS G vk b A R AR AR 2 S ok 2 AR [
BB IO B 25 WOCHE 280, D\ H T A 58 3R R
B VKN & B R SRS 800 Y
£ P 7E R WK Kk 9 £ 3% 39 (Last Glacial Maximum,
LGM) Aok, 2 25 K & LGM DK A vk )1 b5 A A7
AERT S84, b B AR AL BEVE G 0 22

T

Fm B 2021-06-01; EiTHHE: 2021-06-11
BEEWME: FHEARPAEETH (41771065;41271077) %)

ERARAERD: A

XEHS: 1000-0240(2021)03-0724-11

“H S UK R 20 T4 80 AR AR T B AR 4
R B VI ARE A2, ] s 42 10 AR A R VKO X
PR~ VK3 44 FRAE 75 0 e Dt 6 O 22 K AR FH AR 22 Hh
D5 kI 24 Freh AR BA AR BTk — vk
JrzZW e Hrp ol S kR R R
VB R UK A T R A% R “Be MR
T R M AF 25 50 g R LR A 1 1 P A TR o0 26 B B
(marine oxygen isotope stage, MIS) 6., S 4Kk £ K
WIMEEC PR NIEZ  HRAAERBE FE B 2
K i 2 b BV 98 AR T D0 M AT LI 8 o A FH R
LA VKR B oK 55 ) i ELA 55 XSS S 5 A
Frifk—20 Uk . A SCTE 22 0T S BT A1 A 1 S A
b S i RGeS 1 B I Mo AR S
P M AT VL, £ kI R oKk )T VR e BBl T 1 8
It — 2P 22 ilas A vk 9A ) 1 (glacier surface

PEE B FACHE, oA, ARSI vk ST . E-mail : 1391789666 @qq.com
BEEE: VX5, #102, FEONF AR 5 BRI 5T . E-mail : xuliubing234@163.com



38

BT « AR P A A TS & K vk | e

725

profile, GSP) #5 #1  F 2 [X [fif £ L % (accumulation
area ratio, AAR) ¥ FI K 3y — 5 3k 55 BE LU % (toe-to-
headwall altitude ratio, THAR ) 55 J 1 Xof 15 M ek AT
LG 2 vk 09 vk N R IE S B T B

1 &2 kBk)IETEREER
e e AT VT U8 T 2 T R A 0D AR B

(29°89'~30°67' N .95°08'~95°96" E, [& 1), i fuf 1
LY 1. 46x10" km?, <F k& AL K5, b T
B 2 AR R R K VG GE b RN
Ly (e g A ) 3 4K 6 364 m) 308 KU T [ K 2, A
RZ IR T TR R0 5 a2 FELAR KN, vk
JII ELA i oK 1 5K s ey BE 2 A b T [A) 45 B2 1) o
IR

86°56'00" 90°2120" 93°46'40" 97°12'00"E
30°12'00"N [ r = ( SIS
ot Hivy
27°41'45" =
~ d 0 130 km|
o (EENAE 3 Rl (T
% ’ b ok 2 —f= | B 4
= e -~ = ! v X
= , < = e
R~ 7P r;,., e : ? 3 ’ .
ot | A AT Al . A
W e % - Akt
k. G\ E ASAA PR At
30°29'45"N H&M(J” “%‘ B ’ oy B :'f a et g
- Uy A AT A\ ? V1
= T - ot LA N
»‘4“ i :
FE S
4 pe
¥ 04/ W
R

DL

Wy . B .
— A%
WHEREAIL [
Fidin R

0 BRI
29°59'30" |

95°17'20"
E 1
Fig. 1

ML, SR
Y /ﬁt PN

Map showing location of the Bodui Zangbo River catchment, modern glaciers

95°42'40"E
g e FRCA VL U S A7 R VR A B ™ Ry & vk DK i 28 3 A 1

[4

!, and moraines of

the Guxiang Glaciation within the catchment

2 KPR S A G T SRR Uk
17, 2 A T 20 H20 80 AR Y, Hodim 44 M
A2 T AR T D0 A AT V-5 0 A A VTS AR T U
2917 km B S48, B S pKABI, sk g 3245 0K
TCAE A (ED PR VA ) B U & B L 4 0K
NI, oK BNG5 Tl 2 BRI, 3847 A BRI Y 2
i~ 22

ity & By 1 UK At 22 41, Il A VL 25
MIRRAFA 7 & IR O (L 1) o PRAFAE W]
B JEASEAF HRRLR K MG 28 BigE i —
ELAEAR A AT BRI, BT 7R B A 550 m B ZE 260 m
A LE2(a)F1(b) |5 H R AR,
HWLER 34378 iR A & B 0 UKt ) 5 {8 7 I M
AR VAL A BB TLAL 19 R a5 BRI, 4 52 4



726 K JI

7 + 43 %

EERUS N 2

© R

(d) T AR A 25

K2 Hi(a) M) ARIBHF (o) FIE L AR 75 1 (d) Tl 2 UKDk 28 i

Fig. 2 Photos of moraines deposited in the Guxiang Glaciation (Moraines in a, b, ¢, and d are located

near Yuren, Lingiong, Kada Bridge, and Yalong Zangbo Valley, respectively)
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Fig. 3 Reconstruction of glacier outline in Guxiang Glaciation in the Bodui Zangbo River catchment ( The solid colored lines

represent glacier centerlines, and the dotted red line represents the boundary of the Bodui Zangbo River catchment )
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Fig. 5 Characteristic parameters of the glacier reconstructed from the glacier centerline E4 (Figure a, b, ¢, and d represents

basal shear stress, ice thickness, surface elevation, and shape factor, respectively)
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Fig. 6 The modeled glacier surface elevation (a,b,c) and glacier thickness (d) and reconstructed ELAs (black lines in a,b,c)

based on different glacier surface elevation (Figures a,b,c show the glacier surface elevation using

IDW, UK, and OK interpolation methods, respectively)
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Table 1 The five modern glaciers AAR values in the Bodui Zangbo River catchment in glacier inventory of China'®’ and
their estimated ELA values in second glacier inventory of China "
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Table 3 ELAs in the Bodui Zangbo River catchment

SR LA TRl
AAR=0. 73 THAR=0. 35 A {E
AL 44517 4458 4 455
i & VK (B F IDW) 4021 3720 3871 584
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Table 4 Precision comparison of paleo-glacier surface elevation estimated from different spatial interpolation methods
MBS EYm R {H/m Y X R 2% /m AR ZE %
IDW UK OK IDW UK OK IDW UK OK
1 2 678. 742 2678.072 3025.929 2 956. 566 0. 67 347. 19 277. 82 0. 025 -12.961 —-10. 371
2 2705.931 2706.710 2923.167 2 882.967 0.78 217.24 177. 04 -0. 029 —8. 028 —6. 543
3 2718.123 2719. 080 2 834. 148 2 811. 306 0.96 116. 03 93. 18 —-0.035 —4.269 —3.428
4 2734.359 2733.184 2911.702 2 881.433 1.18 177. 34 147.07 0. 043 —6. 486 -5.379
5 2753.043 2753.531 2 753. 087 2753.087 0.49 0. 04 0. 05 -0.018 —-0. 002 -0.002
6 2776. 828 2 776. 500 2 980. 947 2 946. 629 0.33 204. 12 169. 80 0.012 =7.351 —6. 115
7 2783.399 2783.711 2971.017 2 940. 639 0.31 187. 62 157.24 -0.011 —6.741 =5. 649
8 2791. 636 2790.393 2871.972 2 859.999 1.24 80. 34 68. 36 0. 044 -2.878 =2.449
9 2813.275 2813.493 2920. 051 2909. 309 0.22 106. 78 96. 03 -0. 007 -3.796 -3.413
10 3 889. 426 3885.117 3991. 450 3989. 136 4.31 102. 02 99.71 0.111 -2.623 -2.564
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Glacier reconstruction of the Guxiang Glaciation in
the Bodui Zangbo Valley in southeastern Tibet

QIN Changxiong', XU Liubing', XIE Jinming®>, ZHOU Shangzhe'
(1. School of Geography, South China Normal University, Guangzhou 510631, China; 2. College of Earth and

Environmental Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract: The Guxiang Glaciation is one of the most typical glaciations on the Tibetan Plateau during the Quater-
nary and has been widely used to represent the penultimate glaciation on the plateau. It was named from the
frontal-lateral moraine at Guxiang, over 100 km down valley from the source area around the Guanxing Glacier,
in the Bodui Zangbo River catchment in southeastern Tibet. Existing cosmogenic radionuclide "“Be surface expo-
sure ages (~130 ka) show that the Guxiang Glaciation occurred during marine oxygen isotope stage 6, however,
key information, such as ice volume, ice extent, and equilibrium line altitude (ELA) in the Bodui Zangbo River
catchment during the Guxiang Glaciation, is an open question. In this study, we reconstruct the ice extent of the
Guxiang Glaciation for the whole catchment on the basis of repeated field investigations, existing numerical dat-
ing results of moraines, and high-definition remote sensing images/satellite photos; estimate the ice volume and
ice thickness using a glacier surface profile model run in Excel and ArcGIS software; and estimate the ELA of
the catchment during the Guxiang Glaciation using the accumulation area ratio (AAR) and toe-to-headwall alti-
tude ratio (THAR) methods. Our results show that during the Guxiang Glaciation, the total glacier area was
2 648 km?, the average glacier thickness was nearly 360 m, and the ice volume around 953 km®. The ice-cover
rate has decreased from 63% in the Guxiang Glaciation to the present cover rate of 22. 4%. Based on the paleo-
glacier surface elevation interpolated with the inverse distance weighting method, the Guxiang Glaciation ELA is
estimated to be 3 871 m, which is 584 m lower than the present ELA of 4 455 m. Our ELA estimation result is
consistent with existing values.

Key words: Guxiang Glaciation; Bodui Zangbo River; glacier reconstruction; equilibrium-line altitude
(ELA) ; accumulation area ratio (AAR ) ; toe-to-headwall altitude ratio (THAR)
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