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Abstract

Ice core study is one of the important part s in the global change studies. Due to
it s high resolution, more information, high quality, long time series and purity, ice
core is the best media to study the biology, chemistry and physics processes in the
global system. Ice core chemistry records contain climatic and environmental
information over a wide range of time-scales.

Physical process of snow to ice transformation is one of important research

contents in Glaciology. However, most previous studies on Glacier No.1 focused
mainly on properties of the snow profiles, rather than the process due to lack of
long-term field observation archive. In this study, particular effort was contributed to
those visible layers on snow-firn stratigraphy, such as different sized firn, dust layers
ice layers, etc., by tracing their evolution process over time. Data from more than 120
snow pits was used to investigate temporal changes in the snow stratigraphy between
1961 and 2005. During the last 45 years, features of snow pack stratigraphy, including
depth, structure, and composition were found to be significantly altered by climate
warming. The recrystallization- infiltration zone observed in the 1960s turned into
infiltration zone in the 1980s, and a small meltwater pool emerged at the upper end of
the east branch in 2000s, indicating melting occurring at both ends of the glacier.
The records preserved in glaciers, however, are not only determined by the
atmospheric concentration of the physical and chemical species and the processes
involved in their deposition, but also by post-depositional processes such as melting,
percolation, sublimation, wind filtration through firn (which involves mass loss,
addition and/or exchange) and diffusion. The seasonal variability of the ionic
concentrations in surface snow samples and ion elution behavior in the snow-firn pack
were assessed from surface samples collected year-round and 1,011 samples collected
from a snowpit at weekly intervals from September 2003 through September 2004.
From this investigation we conclude that the major ions in Glacier No. 1 snow can be
categorized into three groups based on their seasonal behavior and characteristic
relationships that were explored using correlation and factor analysis. The elution
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sequence, was determined by comparing the temporal trends in their concentration
ratio relative to Mg>". Quantitative analysis of the relationship between in- situ air
temperature and total ionic concentration in snow-firn pack at the study site revealed
that elution is initiated when the diurnal mean temperature reaches about -3.6 °C.
When the temperature rises above 0.3 °C, all the new, year-round ionic inputs are
leached from the snow. The processes involved in the evolution of vertical profiles of
Mg®", Ca*" and microparticle concentrations, as well as their seasonal variation in
surface snow, was also studied. During the summer, the snow in the pit experienced
the maximum post-depositional alteration through the percolation of the meltwater;
however, alteration deeper in the snow pit was very slight and the general information
was still preserved. Physical and chemical study is correlative in glaciology. Long
term data were used to determine the development of depth hoar and its relation to
stable oxygen isotopic content in snow-firn stratigraphy on UGI1 in the eastern
Tianshan.

Few relevant studies have been done in central Asia because the study greatly
relies on long-term observation and regular sample collection. We ascertain that this
study would be strongly helpful for our interpretation of ice core record recovered

from this region as well. Major conclusions are drawn as the following.

Key words: Glacier No.l; snow to ice; transformation process; elution process; depth
hoar

v






o 0 A

% %%

% —5 PGPI Tt B N4 S BUR 1 e R

UK N DX AE DR A 2247 P R0 25 DK P B 27 T P 2 1] B A 3R AR A0 DT 1R A0
o FVKLR MRS fERAL I T IX— 7 MBI X — R0 B S B A1
S (KDL o R B R LK) AR B CRRTRR R Lok el R Lt
19964 UL TT 4R T 41 ARG T UKW, TR T8I oKL E. B
IKAGEE G T T ARG o S Ja T T LUKt o AU ot FH 7 STtk A 0 5 T otk
B AR ol SR I 8 TR L1 1 8 AR SR 15 ok CRRTRR S5 95 15 ok N Tl 15 1K) 1D
UK IR AR AR M, AR5 UK IEEIC T 2 300K . 2002457 H 5 £ EEFA K
SR, FE1S5UK)114130 mAR R QST T 5 vk AL 2l RE LI IRRE b, RTRR A
PGPI (the Program for Glacier Processes Investigation). 34T AN A] ¥ () 5 vk 7
A2 RN A P S SR o 5 S IRTINE A S (R DA 5 7 e A 0 R
HGETT R, AHR20054F7E i /K VUK IR BE 25260 miZ IRk, 20064E/EZE T
T 5 AR 485 UK [l B A S R VK S 4%

2003 F LS T R Ik N ok 2z 0 i s, BT ORCE T 6 8 ik,
PORLRLAR T BTy BAK LR SRR T UKL . 2B BT AL, SEACH
JEPGPIFE S A BT I oKk e i TR T RAFIIAR 70 &, W T VR 2 [E A 41
FHIRHNA 22 W KT AT, U I B AR L K2 A Rl JH VD BRI 5
it (DRD HIHAChiba K% IIBFFEN R EEFANIUFEIE R b, 4 T By ki 4
ARSI SR AT W] LU PERN e R, FRATTHRE T 7R (RR A E o RFF R
e RS FHFES . BTA IIFRE S EA HORES F8 2 22 HIR sl vk 25402 51
W AT S 0T o TR, B MBI S5 0 5 S RO 2% S Rk
WU R0 DA 5 T2 P R 88 (R o DGR 20 i 10 - 2 P AN
PICRLIA AT o 3840 FE TR e SRR 2 LR (81°0) H4xJE . K (OC FIBC)
(R8T o JEAT— 3 0 A i RV VRIRAS R 58 3 OR A7 L& Al H (Li Zhonggin, 2006 . .

ETIA K EAL 2%k, PGPICAEAS T —E MG SR . Ul 457 1
SUKNN A B X AFHR 4130 mAb R IR 5 738 4 2 AE IRF9Y (PGPD) KB, %Ak

1



T R B o 1 22 0 18 SC——R 1l 5% AR TR 15 0K) 1] PGP 5 J32 fl thi e il S Js A 5%

B A UK A 241 ~474 F o 8-9 A O F vk, AN JEAL S 2 135 5L
FSCUKIHE e PRURE 5 1 JT R 85 B AN [ T A3 AR K Z2 0], Rl A 5% Wi BSGK IS 1) S ek
(R BE IR 28 o X FWIF ST T 45 Bl s 1R BT 1 4% Bl 3 1 BRI (Li Zhonggin,
2006). T2 WML, vk)lthca® . Mg Wk e T H e X, 7508
IR FNER 5 5 T R I ATRAE, ARG IR R R R ka4, 2008). RJZE
5 A INO; 7EA I T RURE F I AR, AR IINOy 43 2 BV e =
PEIFEI (Zhao Zhongping et al, 2006). W7 &I, 154K )1+ 1) 5 4 s S (H i
PR, FER T 2RI . 68 TR AR R T 5 i
(KI5 (Li Zhonggin et al,2007) . NHy" 75T AN 235 vy il i 8] (1) A2 A4 6 AH
L, #AAR E AR R, AT RAE, R B SRR Tl e
FINH, S T mac e, SEHANB TR, T35 (KFENLFE) hl
FA B INH, FSSHEAN G 45 % (Li Huilin et al,2008) 0 % L H XA i 1 240 4 1
W, IR, ETF (1H-4 HORBKNENT, RESES5 FES
H TR B 1R R AR AR A — B, 2 S e K v PR A 2 R, 7RG B K IR L 1
RIATFEZNRE . ZRFVRUGERTEN, SPRESEE. ERSFE (S
J-10/3) KU, RIZERE 2310 B 1R A S oAk A, (AR
RUSHITR] (7-8 1), RUEREAKARC, &MU FIRBEHR DN, B TRk 1 ik
Wit (Li Zhonggin et al, 2008 ).

PGPIA|IN J& T AFL RSy, WSO ¥z, pHAHL SR &L TS (Li
Xiangying et al,2007; JUBRAESE, 20065 7KT5 75, 2009); L[k AN [FHk %
TKAEFRFAEREST (Zhao Zhongping et al,2008); A K LA [FEIHLIX FVKpHIE . H S
RS ARFFEXS LU T (ZER NAE, 2007; A CEE, 2008, 2009); %3 UK
B TSI VA LT 1R GRPT4E, 20045 K245, 20065 25 H

FHEE, 2007).

AT PGPII— &5y, BT 2 F TR Ak A s AL 5 5 T FEIT T,
XEERIFFTES R T BRSSP B AE . oK B . & AR e N T 2
J PR AR G R A5 T T AT HE S, X SR R S R UK iE s A —
HESEH]



o 0 A

B AR RE X

UK s T B R KA I RORL AL 2 i CREE IS A2 KR A
B S5 DR R AR T R BAT L S UeBe i 7 B 20k L, FEL 1 — R B DTR
JaII#2 (post-depositional processes) M iz 2 PR A7 7L UK I UK H I e B AT — e #l
5 UR S DI S SRR . R0 AL 2 ) AR TE 1L
DRI K Z AR ARTEER Y, AR AR AT R PE T UK sk e —HEA
UK BN OREE KBS el TR M IR A7

WAED ALY K AL K T IE B B ok, & T A—5 . RH—
UKPRAS FRIH R A0 AT 2 T2 T AR AL, X AR AR AT R o e T KB e SR 1Y)
AR — HX A 2 E ) Tk N UK A A VKB R L, el T A Mk
IRIFHIERAT o XS UKEC AR — N IEAGE 2 — HUE DR 5 AR R DKL
TESR M ] DM ANTE o %o H A AR DK 25 A0 A B0 L DK VA B ks (R K
BT, WEH, FHESEESTRE YRR Rk R, Xl e
J SR S A AT AR 6] 3 A IR A, SRRy N R e . ORI AL
PR R URAESE, T2 M BIVKED TR X T K2 B0l &k i e
B T /D HC & T R KA FH AN CBORERR, 1998, 22800k )1 EARE RS vk AE ] (78
REGBE—RE OKTERD h3. BERLOKAE R I KA RUE A RIUK IS 5 .
TESENSTE T, UK)AE L ZRN A= R T B RLK, Rl I R B,
EAIERLT RN TERIK R, KE, BZIRBhE R RBIE R UK, 2B
ekt P, A2 SRAORAT o« BT UKTEVK N B0y ) 28 A E R JE— 23648 ok 119K,
SR MR Z B UK B RS, o X — KRR T, KRR S J2 N A i R 4
AVEHZE RN —J7H, K el DO 2 N AN ) ST 40s, 0 )i
Ve BEATINE . 53— T, AR T SRR, R R S5 BROK B S A A
FCRT AL B IR e A 3 (AL AR 3D 2 R AR TR 01 o AR I 5T, 52 20-30%
oW oAb o & & g o 50-80% MWW OB T O Bk
( Brimblecombe,P,1985,1987,1988; Johannessen,M,1978), i [FI4v 2 [T 87 43 1%
PRI AT DA T T R w4, WREKIL 2, AEvKi B IR AR,
RS i R 90 a1 P DR GHUSTRlS S (952 SN 11311 1 IS 1 A7) TN



T R B o 1 22 0 18 SC——R 1l 5% AR TR 15 0K) 1] PGP 5 J32 fl thi e il S Js A 5%

sk, JCHOE R VKSR i, TIRUR RIS, St Al ),

H 2002 4F 7 H LAk, Kok ) st Rl 2 S AR 15 vk S5 ka2
WA FRYEAT T RN SE . AR4E AT, 1 S0k IF R X A gy
(I 2R KA FHARFAE, 1 5 ok AR BRIX R 1) A 27 s o 5 B 35 RTOK 1 3R
125 )2 o (1 2 B o A B R I RIA DG o RS 19 4 27 B0 A SR B R 5
UKYE I OER FE PR AE T WA . WFSER I, X — M RS vk £ R
ATEREZE, UK)IAREK B AT LLEE3E bR AN 2 IORL 5 T 7 25 2 iR R 445
R YK . B R, R R BT — 4R — RS —HRL S (AL
iR AR VK XA AR FE 7-8 A0 LI Bk 2 5 IR ek o 32,
3 R ZURRGE . e T M LUK NN R ) R 78 Bk ol 3, AR R 4%
1. EXMA AR BT, 52N R E A EY TS T T ik
VKSR A o A X PR 1B R KA T R v, R T R B K — 2 R
B, IR RGO VKA SRS 1 s SRRy, G AT S AN TR Y
{ERIKZ 5 N AR AEATIR D3R MoK R I DL R, A2 By (R 2%
H2 R RE—RF UK I b, A2 T4 0 [ 32 15 A7 5y
TEA, WRBREEEN, NG REREWFEAT 2K, XL R if
Y[y ]

B UAS SRR R D, R AT B TR S A 22 ) T A e T R4 P 4%
PER UG RS, FiEUiRUR RO s B B PR T, DA
SV IMA GRS R R R, S mik s iR B IERTE . BRI, XI5
G0 RRZ Bl FE UK NVKEIE s 1 BEAR AN P R AT+ N 2% . FBIEH,
HARZWNEM . Fhh, X Ei R, s h BB ARTERUEX UK oK)
IKFRSACEA AR 2 rp (VR 22 SR A AL, O D3 23 A M v Bt R A 2
A DR B A HAT B 2 3

B=1 HASMIREERE

TR H R AE S A B R S B A AL Ty N AR, FLEL
PRI 2 BT3RS AR L A2 7 TN E 208, 15 XS AN ALK AR K



o 0 A

FH AT, BRI R OK S AL C TR 2R o AU P B Wk &= 1 e
I, AL B A PR ET A feg2 . B 20 A 80 EAUH LK,
Bt BRI IT N A e, AT AR ORI BIUKSE S E AL, HEE RO & 0K

T FE B AV 22 15 AR T i 2 RIDRE T Ji& 1) LS DK B R o 3= i wiF 5200
Ho ABBRBIX, B T i SRR 2 B AEAs B 20T R IR UK A &) (GISP T
A GRIP) Z Ak, —ANHEEPIUR TN (NASA) SCRFIIFEBE 220K 7 AR R 20
FUHRIMAE S e o XI5 B A AP S A AR A AR T 5 LB 15
PIZ IR ZAREAT ORI, TR S B 22 B B0 52 10-20m 50T sL
150-200m VK FIRR A TORE s SURIRE 3 A A S B o0 B AERG AT GE A6 i 22 0K
wi AR R S LA R ARG, RN DAy 1L Bt ) R B2 it b T B0 Bk o X
TR T, SEAVERIOR S A A ST E e [ B B R AR 7 2 5122 (SCAR)
5T 1)l B 27 p R 2% % 5% 0 H R (ITASED . XTI £/~ SCAR i {2 5,
PR RHB H vRl 5 AR S IR A 5 UK i 5 R (S0m) i 2 (1]
IR, AT 200 4 LK I B ARFAEG AL TG G52 . S Ar b,
Hh 2 X () T ORI RE T 7O D A, (HUR R . 20 2D 90 ALK,
B A RO IR R S 22 TS T U A A I S AE L T AT e 1
T RIKTAZE G W, KOS IR RS, IR - A
RE, LK) A S

F I 7E 7 J2 R TR AE S A ARy T T AN AR . Hedan 20 4D 60 4F
R, WA 2SS T T RIE AR N ek BT . 80 AFARLAK, 22 K3
SERT R UK SR AR K A B . A R RS, TR T BRI 7R A ) LA
RGBT LA BB VAR e & T RUMHETT. 90 ALK, Ik
[ R 0K 5 Ak 290 NI N 2%, 965 SRR ST e 3 R Lok ) 136 1996
ERUR TS T AT . RN T UK, FFRE T Bk RfI . Bk
WAFZE TR S G GESr T LUK S5 R 7K St A9 MR FE 1) % Y] L 35k
B KA R AR L8 A 1 50K )1 S UKSH ORI iR AR, 75 1 5 KR T
Z3CUK . 2002 4 7 A S REREEREGME, 161 50K 4130 m BRRX G T
UKL AR B ERE S, (PGPI SITE), HEATASIAIWT (0S5 sk, (b2

5



T R B o 1 22 0 18 SC——R 1l 5% AR TR 15 0K) 1] PGP 5 J32 fl thi e il S Js A 5%

AN B RE SRR . S RN, A Y AT 58 e s 67 N e T
JFREFESR, C1LFE 2005 FEAE I /RIGVKIEEEE 2 3 60 m i UKL, 2006 FEAEZs,
TS 25 AR 48 5 UK ) A U iR K 55

1 F oKy R J5 T BT U R

RATIERIRSy, YIRERIK)IRITZ G, 207 T RS R R kil 72,
HIRATEC R A 1D VAN R IVAEC I (b VAL VA= E27 Ov7) LI 7 < B U S VAR AR NN E 0T Ry
TUFIE B PRFPVE R o T8 AR RAR RS R AT AR FUE R, J5# e
PR BE TR RK S 5540 N TR TUER . CAMICERY, 1 %5
UK NP A P2 5 2= DA AR S A T o 2, AR DA B R b 3 H 7,
HRK FBEE T R EAN 2 PR T RS S R RS O RIS UK, X
SR MUKAER R AR ZE 7-8 10y, 4R RIZURIIRIE,  He 240 I DAVe B8 i
KA, A 18 . FIRIATARER R, AT 145 BRI X T = — Ak 25—
RERE T — R0 T3 UK A 1R BT 75 IR IS TR) 53124 3-4 4 CJUREHE,2005), IRIRIUGR 411
5. R, 52 A A B s R, KL S T Bt A YesE 1
VER o WS T FE AR bk (1 i FEANUE A TRUK ) N SEA D B AE (Y L 2%, 1fn HL
A DA 7R UK X A AR I SR SRR AE o 5 AR K ) R 2 B F e A, (H
FEBEA YRR A Ak, Foseib 2 R E Y e B A N & 2. A, T i
FEHAR ORI R, 0] TSR SR 2 N A R R, A
PR RO IR SR AL B Bl

EH UK FERORE ST, AR EARR 2 LN, U
L PATER T M AR SO AR R NS L AR A 2 g S SR A S
THFGEE . WFFUTERRIRE, BEA SIS 25, Ay
FIAGZE SR 53 BT 6

FOK NI 0] FASOK AT S, #ies 20T Y BARRE R B SR
R AR, 0 [ T2 U ORA M2 2R —FE . B TR AR S
AR A SR R RE R DRI S T R SR SR P AR A AR R
ek, AT E B EX R, SRR AR S T ORI (KR IR R
Ol DI AR Pl AR A8 B o IS5 2512 A F 7T (Shumskiy P A,1964; {1553
Z& K3, 2001).



o 0 A

T2 A AE AR TR 2E (Selley, 1988) Alt3E2% (USDA,1993)
TAE A — NS AR, RIS EHK AR hum 2t
JEYE AR RN R R B T AR ERER . 5 ERMER A2
TEH S, FUOKSORNE ZHI. ARG R T T 3 2E 0 55 2 10 20
A A BURAESEAT LA 73 AT, OB TR RARA (S, 25, K
RS MR RIS WS RRRIE GA/KIBEIK. FHAZ UK. VKR BUZ )
ZITE DN ¢i0 LT NG AN & 0 = VA GRS =S i TR P
AL 25 GO UREBEAT B 0 DA B I S HEA T B TR AR SE I . 105 S 4
BEAURHL (Bartelt and Lehning, 2002; Brun et al., 1989;Jordan, 1991) FIRAE M2 A
WTF B = 0% (Schneebeli, 2002) K TCEE A T 2 1ML Z 240 SEN T 15
J1o FIZFFEIIBE T 52K LAYy 5 2K

flA I, JREAIEAR I — S OSBRI . AT — il
RTS8, Hh s g, 5. HiBS 2T
B A% . TEAS S TTVE SR 3 S AR R AN AREAT IR s AU 72 DU e
HE TR EHUER s AL S5 R0 2 256 T AR S RN LRI A P 7 T 6 5
JZ I AR 1¥) (Schneebeli, 2002; Shultzetal., 1998; Schweizer et al., 2001; ).

SCER AT R HURN BB B JOGRE LR 18 ) T )
(Scheuchzer 1706). ZJ5 (1) 1840 4, Agassiz %I & ZHFAEMAT T 41454
(Agassiz, 1840) . Coaz B AN 2 HLE 22 R 1E 5 35 3 (1B % & % V) (Coaz,
1881), Heim HIMIH T VEMERE T 5 )2 FORFFAE IO TE ORI B, 508
A UK 1K R 2 v Ol 2 R AR 1 (1 AR 3R AT T #R3 (Heim,  1885).
Welzenbach 1 F Y BHIRERR T3 2 Tk, HEXEKIEAN R RO AR g4 T T
5¥ (Welzenbach, 1930). Paulcke FUK)I22I7 k0 E AT T 4328 Mg T4t
HR AN ) 2 R A S R R ) S 7 (R AR P T 5T A7 R4 (Pauleke 1926, 1938)
Ellerbruch, Little et al. (1977) 11 Boyne and Ellerbruch (1979, 1980) 37 7 Hi i
PR R E R T U BT 2 R OC R o ORI 21 55 Bl Br 43 28 2 B A 0 &5
J2 RS R AR AL . R SR AR IRAR, KA, AT
AR, ARSI R (Colbeck et al., 1990). Johnson and Schneebeli
(1999) KR T —4B RS H 155 vk ih i s R sh 1 S 500 e 5 3k
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ITHERES, —SHMBATFBUsH TS 24NN, afEHiE. X 1
AL 5 s | S URARS 3 AR LY AREE S 6o Sl I 'S AL e S
A & T E T i

TR DO UK BRI ST 46 T 1962 47, 1 F 48 55 HI 25 2 5 T A4 2R AE
P TS UK S etk S UK T B 3~5 4F (I F 25,1965). IbJm i B 284 2k
FERA LU AL« AR LT DX DAAR R R P VE AT IR0 8 4, 3 AT AR AR
DAL VKIS TE] G 48, 1982a,1975,1984) . FRRZESE AN 1 S vk )17 T £
OO CERRZE,1981, 1984, 1996). HRAEOKBAVGALIHEN 1 5 0K )1 Bk
AT 10 4, AN ZANTE T E IR A28 v SRR UK UK E - CEREE,
1996). 1994 4F, =850t HUHEDKIE 6400m o B2 IR R X AT T T UK He AL
BURIRE ST, N %A ZR KIS RAR G BT, 75 24 1S5 2 R R &5 ik
FLEFUK (2 680,1994).

Fiz b, ROKEERRER 132 oK E RIS bk, SR E 2 R A K. [F—
SR UK, UK BRI v B (R AN TR AT AR K ZE o IRV X, BRIk (1 ik
FURIRAE— A 2Rt nT LASERE CRIEIE,1997) 03X 32 22 R A AN [) (10 I 4 e
ORI R, AKIE A B FARVK IR AN A . AR SCATHR MUK R RL UK, ik
PR BB T AR T UK I R (R %E,1996).
2 FoKAL A R T TR ST R

H i FE AN KA A AT S 25 b B i =N DT T

(1) TURWAEA 3T R S SR 7R 3 X

TEFIE,  F R A g G RS B B WA S0 A DK ) 1R Bl e BB 1 R on 6 ok 1|
BEAT T H UK A ZJm,  EAPARAERT R 28 L ACTE W s DX AR e S 30k 1
RIUHFEARIEPE B G 220K )1, SIS EAE S B ARFERE 1 SUk)1, FFER %\
RATVK S IS L O UK T RIA i vk T AT L Rk 4 D8 L K 1R 0 Ll ok
N B SR 5 T by A L bk R £ B Rt DX (¥ ) e 5 55 UK ) R AT T 9T Yao
Tandong 55 (1999) R H5 E AT IS M A M X FRE/K ERE, WF T W FUlES
BRTEuG PRI A K KPRV B K TP AR E R A 3R BRI G R, R
T TR R G K T ARE R A7 3R R AR



(2) AR FUREL R

UK SRIESE . SEE s T I 25 KA SRS IR I AL ORI A, B
FEIMGEE o FEUKN DR IEAT KT AWM 341, AT BLT iz X 1K<
REEARGL, ARSI 1) 2% [ 43 A3 R 25 58 S e 1) S5 o B2 Rt Al
1M H AT 50Kk G Aok, ORI ARIUR 522 s, ARFIN A
PRI KI5 0 LA G e (A8 Ak o X T UK T A0 2 e s IR R A i
T RAM = 5 1A A5 0K 37 b A6 2% 1 o 1 A8 A % DDA G IX — R i
(Woff E.W., 1996) AU IR UK S ic s v KAk 22 415 AR Ak, 1 58 B4R /R
S T/ UKZ A LA (Dibb.J.E., and J.L.Jaffrezo., 1997) 1989 4E4EH%
B 24 S ) Dye 3 VKU THRIFIZE SummitFF B I SRRV BCRFE VTR, C 8 iR
Fof iX 46 ] UHEATAF Y (Dibb.J.E.,andJ.L.Jaffrezo., 1997; Dibb.J.E.,J.L.Jaffrezo,and
M.Legrand., 1992; Davidson,C.I..etal., 1993). Arun B4 AT 1994 4%} % thdr
AE L Hidden e 23 7= KR 5 IR IR A RS2 5 BEAT T RAF1 3 HT (Arun B. Shrestha.,
etal., 1997). Wake et al. (1992) 1 Williams et al.(1992)t5 8 %} 1 54K )11 UK 1)
P22 21 AT i JE T T (Wake,C.P. et al., 1992; Williams,M.W., etal., 1992)
2006 “FKaplan YalcinZs AXTIN% KKing Col (4135 m)HilX (14 5235 A/ W I
AT T K450 # ( Kaplan Yalcin et al., 2006).

F 1989 fEj, PP 5 L EBA A R FHBR WS T A4, TTRE
T e R S VKA SR E e e SR BT UK AR S R
GRS M E, TR T e SRR BB KB P 2 Bl oy e 1) 28 () AR
HFAE,  DASCZH DX SR I o) ISR R S ARl OR S AR AL s 0l 75 7 o i
PURKASIATAE LA TR A T AVPAN o B ANIITR], 075 5 g b i pi g #k
VKNS RS BEPHRFVER VK1 3 40Uk ST TR S R AR RS . I LAER
EAERE AbM. 8 e LUROR L AR A5 UK 1 X3 EAT T R IR I AR i
DFIRIE T o @ IR A SRAE R IR B 7K TR A 8 5 2 RS 215 AR A DL S
JRS I T B S FE 23k i (Shresthaetal., 1997, 2000). 2007 4= B4 A%
RYATVK NS R RPAT TS (Jing Ming etal., 2007).

R R LK) 156 1996 42 J5 4128 T R G5 kAW 558 LAE . Sun
Junying®§ (1998) JHIFFUR S AA ORI 235 o 1) a2 235 1 2 I A HL G &



T R B o 1 22 0 18 SC——R 1l 5% AR TR 15 0K) 1] PGP 5 J32 fl thi e il S Js A 5%

AR . 1996 4E 5 F 19 HE 6 29 HIAl, ERIILEARFIE 1 5 0k)1]
WK 4030 KALREE T 20 NI IEFERAT 114 NRZHREM . BRI, BRI
R IRAEZ TP E e R TR, R Sk R
(K. ESWIRRIRZ T h, Ca® EF B 7rh W 4axf LL T, SO RICO;™ MI7ENT &
T EE . AR Ca /SO, NH, ' SOL” I L 2R S 3L H AR 4 1 9k
KKFR (R=096), fERZATH, EFCRAE, XgE—PRPRZT I
UG EFIXINHL SRR R . Ji4h, AR E T IINH, FINOs 25
TN IC R, XK WINH, FINOs B8 1 7E4% ) 25 v n] B8 52 BN IRUS 1R I R5%
Wi, FESERFTIM, 1 5UK)IAS PN, K, Ca” AiMg™ il tb R i m, &
BOREIIE R BT ATE R K M, KP4 Mhs PR ERUIK, Mk
J2 T PR BE R o 117 SO™ (R B 26 LU ARG, 1T R A2 SO4™ UL LA A1 /N 1 J5 A
KRESIR], AR B AR O O R 2 T b R AR R (A . i AR G
SRR, EIREZ T HCa®, Na', CI, K, Mg® RSO I R K0 il
091, 0.95, 091, 0.79, 0.76 Fl 0.63. XRKWRETHIRZEET, Fral
Ca™", Na'fICT Al PSR X—RMEH, RERZEHE FiE—
SERERE B2 BGOSR s, R4 ) e it — oAy R IR RO R

(3) HRVPRBUR LRI

UK A 2 TRUR TR R IR IRt Re . DTRE BT ok b 4k 224
JRAEY B TRl 2R BREERIIRE N AWTSCE S S R, AT
G =Y O TR S WIS S Uy i DI - S PO &

[ b A SSRGS RE 5 T R 9T O 30 4ELL Rif Dy s, AR
vk b, TR TGRSR 5 2 A A 272 1 4 1R AR A R R Bl 1 A8 H8
s B, Eftgd 90 4R LIK, Mayewski. Legrand. Harder. KreutzZ5 A%}
A DX URCES T B ¥ I TS TR B BRI Eh A S REAT T IR AN AT
Reging Rothlisbergerad AT Bl FIAS B == X 25 22 S oK i IRINOy 1) Jig e e ik
FEHHT THEST, WM S 2 LNy G UL S R N 2 R ER b 5
HNO3 [#JB¢ % . Dibb,J.E.. Waddington, E.D., Anjn Eichler® A\ X 5% M J5 i Fid
FEMIR R BT T AT . SLrH, Anjn  Eichledd i 7E R /R 9137 111 Grenzgletscher
DRI, RGEWTIT T RKAE AL TR SR DT R R R S, X
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BT IR RE AR T HE . Delmas FTWolfE23 53 LUK S 7 88 5 1 18 ik 1) s I K ik
SEACE S BRE T N R B, T PR A AN [ 6 2 T 1) B Rt K Es T i
SN o TR 10 4, BEXT LR NIRRT 03 8K, BRI 8 e ok (A B i
IREIT L KBRS MMVF 20K )1 B, AR TR S I R A 5 K e B i i
UKD FIE SR b, IOy E bRk St b S &R —

5 TR S R AR L 5 B ARFHRE SR I R R o e 5t
AT AR A N B E W RR e TF T RIS I R b, Rl AN e
AR S 2B TR S AL E (Hou Shugui,2002) , 1 HKHE /> B 7 14
BGKIE AV N0, S BB I AR AEVK N UK o Rk I A, 4%
B P AAAEEWE R, T HAEAS R Bl R iR BE AN TR, 7= 2R ks 4
(FIAR AR SR 7 TR S [ 88 1 J 40 (A e BT BT 22 5o % 35 2 s PO,
pH EANH GRG0 00T, RIS O T-52 BB/ /E H s mn, Lk
(¥18'°0 el 35T IR AR AR DGR B WY A T B /KR R8P0 (A AL, (DK
8"°0 AN 5 B AT L ) AT — s R (A DG (Hou Shugui, 1999 4
P, 1998; fEA55T, 1999b), pH {HAHFRE b ER G, REEE
AR, HPIE ZRPEALRRR IEAROCOC R, AT LR UK S id sk 45 2
SRS R SRR G o EAh, 86T 2 T g iy B KR Sl 2 b, IR /K
B 8 7 o LACR™ Dl 3, B BT 4 LASOL o 2, X 43 32 R T X dsk
B R Je SRR L N S B0 A (R R 18 43 LR TR e SR A9 o 45 (4
b5, 2001b) o IXEEHFFON L KL L DA A Ll KO [ KGE e sk P R A
IS R R A EES L

YRR I PR T 3 WL, M ASE R T 205 5 i)y X EAT, A2
PG UK NS R A S IR 7 1), RV X7 T A AR B T e O T 248,
R SR MBI FEATS AR 0 A B o Tl (13K ) 1 K8 4 A 1 ARG 28 8 DA 28 ok
UKVER A E, DIBRE IR OKE i sk B A F 1o 52, DRI, B R DK
WETCRIANET YRR, S IR AR I AR i SoE R
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BFE HIRXARL
H—H Kl X g
1 Rl XS

Rt A7 T 40°~45°N, 67°~95°E, MhE T W YNAREE, Pk w2 5=
221 Ji, AR 2 SR s i) B, RSP R R R 1 Ll R, AR P JEIE 2500 km.
Rl g — e BRI AR, WEEAR L IACARTEE. X
RGN LS 5 NRA BRI CR/E, BA 0 A e A et
F, DR A AR B I EAT BB R (R I 5 0t 70 AT s e

T RIS P R R L FOBT SR A B /R VA X A, P [ S R i
Fb R LURIY R A S RE, RVGSRAE 1700km, A7 R L RS
2/3 A bo AR, (st P2 ik s B 4000m, K58 58 0 il r B P
e H G T R HERES K ZE M 2 3000m, B RIS HUR 24 3500m. K il i VF 2
JAE 6000m LA f0y L0, g e W T A ZR WA A 3 L T B oA i B FRIEIR
Va5 R LR, A ANFRFREE . T NSRS IR f B2, 03K
FEL R L L A S Lty RDAAS [ iR a ot (R, A TR IR LG R A
SR B — AN L H AR B SR G4, S, R g LA L R

5

Rl th 20 246 (LK IR 1 VF 2 25 T Ll I i . S b2 B, M Ak g
KA . BT ERIEE . AR OB S DL ) e, 1 IX K
B WIIRE, BN R 2 5 85 R i b2 A 2 V. 19 10 A U
oo PEATEARMIKICG W, PERUNHERTE D 474<10°m’, 29 5B s
PRV B 54%0 Rl A4 H s ol () S A 2 4l DL S Ll F SR AL RS, TR
29 5.7x10°km?, HHIEIA (1.65%10°%km?) 1) 34.5%LA b (LA FET 5,
ARE AR SO At WUURIFFUR i AR R R L [ AR B8
FIEARVIE, AAE ISR R KRR, Rk A bR
50 H R G, 2004) .

2 Rl X A SARRFAE
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HEANR AL L PR SRR AR 2 KB s T, EAE . R
L Ly S R R Bt AR AR A AR SR LRI Sh i . HL - SRR
N HER, AT A X AL, KA 2 e, A
WIERZER, mmd, AT RSk e, I ARZIDIE], Mkl
AR, BRI 51 .

2%/ N N RIS N #2719 2319 Q0 A NG 828 11 157 W N T R TR Y (VA 1
PR MM, A 7 e SR K R« BT BT R 2R Ll ko X 2 2 (1) M BT 93 A1
AR IR RAT — R IRFIE CRIEREE, 1991 i, 475 KR il o,
HANMG: HZE, Hua @l el B RGcoh kak, AL 2 ) 2R
TR O . BT DX AL T 40°N BT, JEROR Ll S Z= R X o R0 i
(3000~ 12000 m) [R]H &R EFBPE ARG G H o LKA PG A 43 O AN
], AR ) B SR Lk, A6 T 28 1) SRR PG A TR AR N 1A 2 S R Lk
BRARTE 4000 m =¥ 2L F o 42 (1 H), 7E 500hPa 45 /K 5 b, 7ERREK
bfi b2, MR —F TR, — AR R, — A BRYNELEEAE, bR e,
XAFETE R, A HA ST T o AR, 2 58 v e R e i
2y, HEuE RIS T, AR DU, G g AL s e A, B
B ARFEIA ROA IE A 3T 20 SRR, HINRIEAMBLX AR, &, T
BRI A, RERE AL E N % . 1998 4F 10 A FAIAKLICK, LUXFhKRIR
WER L, BUEARIEHX LS EARF IR Z , — AT 41 3~5C. XA
VORI, W e B R i, A A A B R VA A A BRI o 9 A
7. AZE, 500hPa IR ALYy b, B sR P s R PR, BT ERAL TR TS .
— 32 AL AL BT R I R SRR s T 5 — 3L
UM BT By R EE NGB, XIS AR s A, TR EAE R
o FHOH ML 5 B R 14 2 ORIV B DX R (9 G e 8 25 AR AR, eI BT e (L
BHAIGRGY, HRLGHR AT RA R R . B, MR AUE R AEIR R, T
AR B AR, HTEEE FRUGE 2 S0°E LAV, 78357 8B U SR 55 Py O VA i L
1E 40-50°N Z[F] 90°E FHIT A —AMEAF B, J5irE 30°N iy H 3 VUaR 2 B v Jo,
TEMB PR IIX, A2 B AEIX, RN, AT MEER, T XA
fonas, WA SCR G, AR RS W R, G OB R R
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MRS PR, WS EARFIMRIBR TREWA AR M. 58K
() R . ey A e B A, 3B TSR i D R, BT RS, SR R
s AF m JRUH DX O ARAE S, 70 °B LAV, 100°E BAAR A oK i FR3a ], 3 i i
HHRARELR A, WA KRR B mE o FERES, BramA s il
SRZLIIR . FKZE, 500hPa VI iy b, WL SERREIIR. P, 7Y
ARNE . BT =B ARy, JFATRRNRE AN SRR, TR R i 4
HREAK = IR (BT AEE, 2006).

AIBAFEAK: R R LA, B AR s . AP 1)
IRIBETEAR TS o RIS, AR A Ll b % i) P ok B (0 3. TR 2000m LA
b SR R SRR R HEOCR, R LRI R 1000m, R BRI
7°C o R IX e v ) %3 HHEAE 1 4y, LB PRy D8 23 b DX - 38 R AR T-10°C
ELAET-15°C, PRI e A b Ak 3, H PSR T-20C. Rl
bR FEZER B =AN 51 — P T, #5 R P KV 78 ) AR N
B, RIPEEFKI 2 TARM. &R B ALKAERKR . = IR &
VIR RSN Ab b o EACHRE R 20 AT BEIRE B e FE ) T s i 3 e LR LR 3 R 491,
L e AL JRU e B K O 200~300 mm, Ll RS A& 300~450 mm, L
FRIRHF 450~600 mm, = Ll 55 5150 500~700 mm, FLARVK )X K BTy 700~
800 mm. UL PRE R LM X 23 i = AN ISR X o B8 — AN K X L
P AT iy, X R REKER 85% LLEASTEA ;5 A2 i,
VA M A5 B K 23 ) 7 70~T75%H1 30~25%.0 45 = ANBEAK & mnliaf, 5k
[ 74 B 7K o

BN BEARFHATIRRIRA B RIABEFE

B 8 ARSI A T A6 e 3k 20 B2 RO K B s, 5 780y Jsl b, e T
RPRBE R S . R TR s hr S el b3, RAG/RINE, Jin b4k,
WHJGE, 28 80ndrmnEdL, Fl S ERFWIX, 2OKEEAEN S I8 5
WEBEH 0, K 214.3 km, H LA RL EITK 62.6 kme L F 5, 7K#5 I
FEU . PRIIR 4684 km®, LA ILIX (P A4 LR Hitk AR 1070 km?,
IV IHER 3000 222K, JEMERF L LSRR 924 km®, V39K 2083 m, X
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BT BN

HEF DA LRI R 310 km, P339k 3483 mo SN A, S BE. R E
A EMI L, 3600 mEA bRy Enli YRy, VKN ART iz, BRI R T s Ll
HOLCRMIG L Ee Bty ARRPERI TS 0 e AL PRI L SR A

B AR T AR DX B R A AT R ) AR . O AR AR
AN, BEKEN RO S . BEE 1T ] 2K 3 JJAEIER 1000-2400m At JE B
W . KREEIFR 1900m Fl 3500m 74743 PHNMRK /KA GIREZE, 1994).
R X TR P71 o P8 XU i R PO 2K 7 T 2R 5
No R HACUKFAE IR, HAERS 2R PE0 Ll bl g AR L

T
76E

—48N

—40N

—36N

B 2.1 RIS EARTHYE 150K P AR 0 830 s BEIA S5 7R 2

Fig. 2.1 The geographic environment of Glacier No.1 in Urumgqi riverhead

By RSN DA T P R 1) [ P AL X . AR BRSPS 3500 km,
PEEE RGN 6900 km, JLEAALVKEE A 3400 km, 7§ 28 EIEE VL) 2500 kmo #4%
o ] 2R 90 2 S A K PR AT (R e A i PG G IR, B2 RSB BRI L 0% (1 L
P, BlikHeE LA, AAIPRAK S ORI, LR, HEEER
SRAR KIS, A AT DLE AN R S EE R, OXHEF BB K R s P LB RE VT
VYR, AKVE AR 5, KV ATIA 3.5 km, B ik = BB 4.5 km
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(R0 e S T B, AT AR 2D 83 vy MU A B L Bk A5 7 e B AR, e e
AN BTHE R, 0 F 8RB — 2 (M DTk BrsE AL B /R 2L, 4K 3-4
km PLF, J607 SR G AR AN S BB R R I s, AR UUER], ANBEIE
FRAR KB 7K o 77 A T 8 B 7K T 2 K VORI K VEVE 17K B B s S AT I
PR AET, SdbsR S p A AL OSSR, R T T s K 1
FEORARE (TR, 199D,

=T SERFHME 150K ZEAFHE

1 5UK)11 (43°06'N, 86°49'ED A7 -3 [ % 1l 6w 1715 b Ly ik = ik Ab 3 2
GARTFEW CRPGE) P L, BEEEARTEM 120 km.e 2%, VUPISCALAL, 1
FL1.79 km?,

1 SRR AT, 5~9 AR TR R A, L 744
90%I¥IFE7K . He I I K AR D, UG RAE R K1 12% 47 (EAERE,
1985; M KIK, 19925 3RS, 1994). AMYAndt, 5-9 Horthid 4 F R KR
S I O K EREE, 1992) . FE/KIFEZEAGEME . k. 1M B TH]
IRAEVK N aR ZUH R, X R 8 5 R RIS A0 TR L S Uk AR 6
RIS AR . 1 50K X R B KA G 21k, 1 HARA 9
(RRERR m BE AR PE CREDGRE, 20005 THT5F%E, 1992; MR, 1992). Fif
R R TR, B R RO, o KIBoKAl e 1 S0k E (B
KIK, 1992)0 A 538 —MERIEKAT, JrAAE 1800-2200 KR AR .
RIREE (1988) S5 88 A S5 IAT IRt 4 K I 28 408 5 228 1 J VA0 (10 12 R DX 8 7K
&k 22 22K/100 Ko HHIETHEHI 1S UK) AR SR 4050 Kkb CRigi &) 11
AR KEL 645.8mm K4 (B KPKREE, 1998). 1959—2003 4F[AJIK
N ZEA 28 e Z R 54K 4055m Ak

15 UK 1 e Ak Fy J) 2 BRPA B AR KRR B PR T izt X iy A sl Tk
Az pe S AR R TR K R T e K 1 R 2 LS P A A K 3
R DEARF AT 150K )IARIET7 0 HZEE 2549 105 km &b 05 &R
FEHAR T N2 50 km BT H 1958 4F LISk G @A A0k FKe] 45, 1X L8
AL S L b A R R A P TS K G T B IR 4 A vl i

16



o i WS

JitEMIA AR GERI A G 2 150K

15 UK S B ARTERIUER BT AR IR 2R R Lt DY ) D )22 (R b A &,
BE (I 2,100 Rl EAL 155 RGBS s hr 35 VIR SIE AR TGS, 2R
B BT H AR Vb, DL N S SR v et BT S T R AR S v R BT
RBP4 5 BRI R = PRI . GIREEZE, 1994),

1S5 0K A R AR A B 40 RFVERTE ). H A k. fEE4]
O, AR NS WA SR Z . MO IR AT AL
R R WA RDIOREA SR A, R DI R A O
Rl 15Uk EETCR RIEAT = A5 — 2R A, 2K
PR, =R DR NS IS4, LRI X R, W, REstqy™
YIRETSUR , BRGH BIK R s DR B2 s, SRR ESTEE . @lih, the
UK PRI B K1 A0 T aORE A, AT S W | K A4S FRORE 7 (R 2 BT 35
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=% BIMERE LR T

F— EAMERRE

A SE 15 B AT 15 0K A AP A AR . X Ak
HOE 55 7 KR B T T 2 DR S8R, K B2 2K g 2 AT I XL
MFERITIZ), SRR AR, #f o m1 T 7KV ORIR I AL T £E 55 DKl sk
(GEALERTASINET S 2 N

BT ML B E LI AL T 1 5 UK 2R SR 4130m ARk =5 0 B, Ak
FEVK)INBR R a5l g Rl 2 18], sl (R 3.1 A8 s 1 H B [a]
R, Rl AT, e H B, M HKORIER, 5w BRI <%
FAFARLL CHf B2, 1975). TG, FWICHETNIE, T—RTREE, T

B 3.1 R 150Kk 5o fr &

Fig.3.1 Location of the study area

B R B B BB RINIB B . T AR SEREAS , WR7E E 0 7 5 0°C
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[RL, JlOKE R A=A RN, Aok ERD . HRRKA R 2RSS
FEARAT N, Do BRI T UK T R o BRI K VPG4 5 W R I FE4T F /K A
WEEELT, 19281Z4 2 FRKE N 663.4mm, 24PN —104C
(FETeE), 2004: BKIK, 1988).

W 5 ORI S A5 JA— 2k, EURE P A% 42 B DG AT o TSI U
TAEC T 2002 4F 9 J1 14 HIFUL, A 1 1R (AFEREMESE), SFEER
FE o BT AMULINALHE 7 UK BRI AL 27 7 THT o A i AR AR A K IR T [ A7
. WFEET RESE. BORESTTINTUKFES . B 2003 FEIFMHIEHE N T 0t
FUXAIR I F AL B K . KK SRR SRS, T R4 1 23 [ AR,
N A5 B 7K T PR 5 0 S5 5o

B YyEREW I A RIS

UK NP ORISR A o K——35 o FEVRAEUK I RIS, Sl —
RV G A FAR IR UK ARG, DAL RS AN ], T 42
JROK Rt AT BT AN R o BIME ] — 20 DK N AN AL A, it B NTRAE /K ) 22 57 DA K
WA 2 FET AR O R LR 5 2257 . 1o, BT AR oK i i
FEA DG N TRUK ) HEAY BARFAE K L 2, i HL ] DR 7R UK XS AR AL
HEEERFAIE . TR AR UK FE L B B R, (HAEBEE Y T A AL
Resefp e A e A N A A D, PR S AR KRR, W T
i R AT SR AE T R WA A AL R, Ol & BB OIS B U A ok B2
SE FEAit o

TR MUK R IEST, L EINERR ) 2. It EIn S, AN
AR ) L AR RO B SRR T 2R A S R AR AR
TR . MBI ESRRE , A = 25w, Sy
AACZE S o Hre B UK R TT) RXHK N BEATIELE LR, il 25 i) By
MEBER P s 2R e 028 4k, IR oo OB M 2 2l i — 4. il
GIRAT RATF AR YA A AT s, DRI S J2 ) 1t 52 B 55 LA S 2
AR . Pait, BATR B i SRR ER, SRR T YR
MEIABLIRGE . IRUR A O R AR5 B . RV 23 JZ 221 5Y(Shumskiy P
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A,1964; AEBI3C, ZE K, 2001).

B 3.2 g LAY (S S T P A ) T £ M0 AR AN ] P T L
o e R AE VER A PR, Horh, e R R N AR TR R
HRMERE . TR S B KRS B ERR I N ARG TS A IR A%
FIREIE 207 Cnyo 2. FVS 2 VK SORFE S BOHEmI 5. T T u
(1A R AR IRIR .

o
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15 1L 2
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i 25 ok
(b I k)

Bl 3.2 SR S B A

Fig.3.2 The composition of stratigraphic profiles of the snow pits at observation site
1 ZEHIEREENE
2 5 R RE WL S T SR K AR, 52 IR AN B
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KRN PR TJZEEN, 20— AT RGN, MEIE SRR
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Fig.3.3 The snowpack depth measurement at the PGPI site
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Fig.3.4 Snow temperature measurement at the PGPI site
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Table 4.1 The Index for different stages in snow to ice transformation process
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Fig.4.1 The variation of snowpit profile depth. temperature and precipitation at Daxigou
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K42 XFFRERERAEL (C)

Table 4.2 Snow temperature variation in 2003 winter (C)

2003-0 2003-02-13 2003-02-20 2003-02-27 2003-03-06

2-06

Ocm I -13.0 -12.5 -15.0 -10.4 -12.4
A% -29.5 285 -25.5 -13.8 31.3

40cm  He -12.5 -11.0 -14.0 -14.1 -12.0
A% -17.0 -16.5 223 -15.4 -15.4

2 B, BRERIAMARKS Y, RS RN T, KA
TRV, 25 S T R R A, U2 TR L.

37



T R B o 1 22 0 18 SC——R 1l 5% AR TR 15 0K) 1] PGP 5 J32 fl thi e il S Js A 5%

AR WU AR, L 2003 4E 2 H 6 %5 —3 H 6 S iX B TR A1 (R 4.2),
) Ocm f 40em AL, fesili KT —10°C, BRIHORL T 4 72 AR 2 h
¥, WAL, SEAL PR,

H KRB BUAR ST R 5 1 AR o A LA RS R = e Al I (1) 2 %
AT TR AT ZF 2 ] RN, 3 oRs T A i ) 2 A B
T 225 . WEPERBL CJURiREE, 2005): 5728 I 57 25 5640 00025 (1)
IS TRIRZ A 1 R, 4R0 s BPRDRL S (I 2 AN H A28 Faoe IR BT 21041
RL A RSO 2 A, AWHRLT BPRRL S KB 3~4 4N H

03-09-13  03-09-27 03-10-31 03-12-05  04-01-31  04-03-27 04-04-24 04-06-30  04-07-28
0 0 0 Ommg O

03

40

50 - 50 §

80 3

JEJElecm

=
pay

g

BT 120

160

140 M T R M ORLE s Ym i B

C OB E =R ez p T
4.2 WL A ) A

Fig.4.2 Evolution of stratigraphic profiles of the snow pits at observation site
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Fig.4.3 The proportion of component at snow profile in different seasons
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Table 4.3 The composition of snowpit with time (cm)

IS 1] LREE TS gkE kg kT REES

2003-05-16 210 20 40 40 105 5
2003-06-26 120 0 5 20 90 5
2004-06-04 262 0 45 40 160 17
2004-08-05 130 2 0 0 127 1
3.3 kRt

UK B E AR T RlK T 5 R 8 31— IR IN 32 BRI 7K1 7 11 9248 i 50
AR UREE TGN o AR BE IEH G, 55 5 TP ORAFAT AN RIS ST ok
2002 fFE NI SR, TR R e, R BRSO LR A
TRl B 4.4 BoR 1 2003 459 H 13 H—2004 4F 10 H i1 BEI ] Py 7K 5 1) 742
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Fig. 4.4 The variation of ice layer at observation site from September 2003 to October 2004
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Fig.4.7 Typical stratigraphic profiles of eastern branch snow-firn pack for the
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Table4.4 Data Series for snow-firn pack on Glacier No. 1
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asl) eq)
1961-1 52 20 4100 133.2 7 5.2 0.54 NIIYIS
962 IR3Z 6 4095 144.0 9.0 4.5 0.53 A
1980-1 52 28 4068 102.0 3.6 4.6 0.58 i
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Fig. 4.8 Stratigraphic composition of snow profiles for different time periods.
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Table4.5 Long- term stratigraphic observation sites on Glacier No.1

I ] MR R (m asl) V-7 2 v JE (m asl)

X 962 4100m 4075m
1980 4068m 4038m
3 1980 4075m 4038m
2004 4130m 4074m
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F4.6 TEEBERHBERL 1962 - 2004/5] 124 F

Table4.6 Changes in snow depth and ablation rate from 1962 to 2004

i R SHIHE  8H31IHE ki R
JE J2 R J2 R (cm &

A B (cmWeq) (cmWeq) (cmWeq) Weq) (cm W
-1
eqday )
1962 1328 165.6 123.6 42.0 0.34
['53
1980 103.2 136.7 84.1 52.6 0.43
1980 135.2 150.0 116.0 34.0 0.28
IR
2004 959 130.0 70.0 60 0.49

14945 tH T 150K PE S S HU/E R (5-901) JEEEMAALTE L. 1962
FESH-9AM, FEEELIERAE-138cm (KM E) , FHNERE H111cm.
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THREZN0.31em/day. 19804 [ )% 2 51124 )5 85em. 5 19624F A LE,
TR JE LI T 26em(30.6%) . 19804 TH BIHAI(5 H205) 15 JZ & A 112em, i
RISUIR (O 10HD JEJE R 70em, PRI ELE A 40.35cm/day . 19805 )7 Rl
HE19624E 19N T 12.9%

F1201H 20804 LASK, o[BI VG HH I 17 58 2 1) A0 El B T 1) BRI A B (145 5
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AT R 5 R T R R B R . 41048 Y T AR SO B R AR A
Ule MHEH, 200455-9 1) S 2 )5 B S AR _E U 1980AEAH, | I 5
77cm, Ja# A 107cm. WRIHRUE N 5, 20044 Rl 46 1R 5L RE A 123em(5 ]
14H) MR (9OH8S) JEEER63em, T3 RAUE % 40.53cm/day. 198047
RIS 465 2 5 53 791 A3 136ecm,  89cm,  7H @l % 4y 0.44cm/day . 2004425 J2 11 milidt
R EL19804EHY N T 20% - 20045 1¥) 7 il %2 L 19804F- 38 11 1720%. M IEl4.10F th,
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Fig.4.9 The temporal development of the snow-firn pack during the melt season (May 1 to

August 31) at different times at west branch of Glacier No.1.
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Fig.4.10 The temporal development of the snow-firn pack during the melt season (May 1 to

August 31) at different times at east branch of Glacier No.1.
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Fig.5.1 Temporal variations of major ions and dust in surface snow, compared with
contemporaneous precipitation and wind speed in this area.
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2-tailed, p=0.01, N=45) KB O F K. b TS Retkds, Fdl] XA
F FE 153 3 W ) 73— AT 43 W (3R 5.2).

K51 REFHTARABTHIRY

Table5. The correlation matrix for the elements in surface snow

% NHst Dust NO3y CI' SO Mg* Ca** Na* K HCOO

NH," —

Dust 036 —

NO; 053 033 —

Cr 0.70% 0.62 047 —

SO 0.67 0.56 062 0.78 —

Mg®™ 032 074 023 055 036 —

Ca®® 054 0.85 030 0.85 065 065 —

Na* 0.65 0.63 032 097 072 0.58 0.89 —

K* 045 049 033 0.76 048 0.58 0.67 0.76 —

HCOO 0.55 038 045 0.50 0.67 020 040 041 036 —

* PR FIRA S PER HI(R > 0.7) at the 0.01 level (2-tailed).

K52 REFHETRIRS T

Table 5.2 Factor loading matrix for the elements in surface snow

Elements Communality Factor loadings

58



S5 i 5 I SR AL

Factor 1 Factor 2 Factor3

NH," 0.740 0.557  0.665  0.033
Dust 0.902 0278 0266  0.868
NO;” 0.775 0.014  0.849  0.231
Cr 0.941 0.806 0411  0.351
SO,* 0.828 0.463 0742  0.250
Mg** 0.825 0314  0.041  0.852
Ca*" 0.892 0.668 0241  0.623
Na* 0.962 0.865 0268  0.376
K" 0.711 0.753  0.155  0.346
HCOO  0.668 0.306  0.757  0.034

Fraction of variance (%) 32.06 26.68 23.70

ERA NI, 411 PERSOSHN, Cr, Ca™', Na il K E S — s BT

DURRER I, DRI, B — R s AT RE SR A R IR I . TR R B

o, SE NP2 2 85 17 1 6 o b5 ) ST e S 0K )1 SR T e i A TR AR 2 1
UK ] R RR I () A A 2 1 5 ) 3 R

B, NH, Y, NOy, SO AT HCOO Tk %4 i o W 1 7] ILERSO,™
Ak, A3 e UM TR AR S VBT o 5 5 iy T LR g N 2R Gyl
ara RO HEB USRS & 1S B A S NERRAE S . 04
B — B X5 eI EA . 15Uk IERA 200 7N RS SRS HTAH
105km, HLEH 25 5 8 AR FE 43 1 5 e AN 50km, 7] 55 - 22 23 B SR UK AT 3km
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Fig. 5.2 Profiles illustrate the temporal variation of SO, concentrations in the snow-firn pack at
the PGPI site and confirm that they are severely modified by snowmelt during the ablation season.
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Fig.5.3 Concentration variations of Mg®", NO5” and SO,* during the ablation season.
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Fig5.4 Temporal variations of the ratios of Ca2+, Na’, K', NH,", CI, SO42', and NOj relative to

Mg”" are shown along with their linear trend.
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Fig 5.5 Comparison of the total ionic concentrations (TIC) in snow-firn pack and in-situ diurnal
mean temperature.
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Fig.5.6 The relationship between total ionic concentrations (TIC) in the snow-firn pack and
diurnal mean temperature during the ablation period.
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Fig.5.8 The evolution process of vertical profiles of Mg”" in snow pits from13th September 2003
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Fig.5.9 Seasonal changes in calcium, magnesium and insoluble particle concentrations in surface
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time from September 2003 to September 2004 recorded at the Daxigou Meteorological Station.
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Fig.5.11 The development of snow-firn pack and depth hoar from August 2004 to August 2006.
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Fig.5.12 Seasonal changes in depth hoar thickness, mean air temperature and the temperature
gradient in the snow-firn pack from August 2005 to June 2006 (dates are mm/dd/yy).
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Fig.5.15 The 8'%0 profiles of the snow-firn pack at different times (dates are mm/dd/yy).
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