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Abstract

ABSTRACT

For the vast majority of mountain glaciers speaking, much useful environment
information in fresh snow has to be leached out with melt water before they were
preserved in glacier ice, which result in interpretation difficulty of chemical record.
Meteorological factor is the important parameter to influence ablation. With the global
glacier melting speed up and more and more ice cores were drilled in low-middle latitude
mountains, we need to explore the relationship between snow-infiltration ice formation
process and meteorological elements. Based on long-term observation research and data
accumulation on Urumgi Glacier No.l1, this paper gives rise to useful climatic
interpretations from snow-firn pack that suffer seasonal melting, combined with
meteorological data, snow-pit chemical data and a wider range of ice data proxies. Our
purposes are exploring the elution process and its characteristics in different weather
conditions, futher for providing quantitative basis to judge the quality of ice core,
choosing ideal location for ice core drilling, and revising the ice core record from
imperfect region.

(1) We studied the variability of snow-ice chemistry by investigating homogeneous
snowpacks from October 2003 to September 2006 on Urumgi Glacier No. 1. Principle
Component Analysis of ionic species in dry and wet seasons revealed the impact of
meltwater in redistributing ions in the snowpacks. The 1%, 2" and 3™ principle
components for dry seasons differ significantly, reflecting complex associations between
depositional or/and post-depositional processes. The variability trend of ionic
concentrations during the wet seasons was found to fit a Gauss Function with significant
parameters. The elution factor revealed that more than half of ions are leached out during
the wet seasons. Of the ions studied SO,*" was the most mobile and Mg®* was the least
mobile. A threshold relationship between air temperatures and the elution process was
investigated over the study period. The results indicate that the strong melt/ablation
processes and iconic redistribution occur at a threshold air temperature of 0<C. The study
found that surface melt on the snowpacks is the main factor causing the alteration of the

snowpack chemistry. Rainfall also has an impact on the chemistry but plays a less
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significant role than the surface melt.

(2) The evolution of vertical profiles of microparticle and magnesium concentrations,
as well as their seasonal variation in surface snow, was studied by weekly sampling a
snow pit from September 2003 to September 2004 on Urumqi Glacier No.1.The analyses
of microparticles and magnesium indicate that they have the similar changing tendency
both in surface snow and vertical profiles. During the winter season, microparticles and
magnesium concentrations in the surface layers are altered slightly by sublimation and
wind erosion, and the concentrations are further modified as the wet season begins in late
April. In contrast, chemical stratigraphy in the deeper layers remains relatively unchanged
through the winter. In early summer, as melting occurs in the upper part of the snow-firn
pack, meltwater carries microparticles and magnesium to different depths in the
underlying snow-firn layers, at the end of the ablation season, all of the surface elements
might be leached out from the upper layers. Correlation coefficient between concentration
of microparticles and magnesium in vertical snow layers shows the counter-related with
the temperature.

(3) We examine the impact of air temperature and precipitation on the chemical ionic
concentration. Data suggest that the arrival of high temperatures has more impaction on
ionic concentration in snowpack. Therefore, we establish the correlation between positive
accumulated temperatures and ionic concentration. The results indicate that ion
concentrations are exponential decline along with Positive Accumulated Temperature in
strong elution periods. During this process, ionic concentration reduced sharply at first,
then, generally decreased as temperature rising proceeds until it dropped to the minimum.
Elution Factor shows most of ions were leached out from snowpack after summer melting
at Urumgi glacier No.1. The continuous precipitation could increase the ions
concentrations in snowpack through enhancing them in surface snow. However, the
relationship is weak.

(4) The evolution process of dust layers shows that one-year layer is preserved in ice,
although strong ablation may leached out most of chemical ions. Compared to air
temperature and precipitaition, we find that high temperatures made 70% of ions lost.

Every April, the concentrations increase because of the frequent precipitation.
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Abstract

(5) The characterstics of chemical ions migration at firn-ice interface: mean ion
concentration at firn bottom was higher in the dry season (from November to March) than
that in the wet season (from April to October), and the mean ion concentration at the ice
top was higher in the wet season than that in the dry season, the mean concentration ratio
of ions between the firn bottom and the ice top in the dry season was generally higher than
1, suggesting that during the dry season the concentration at the firn bottom was generally
higher than that at the ice top, whereas during the wet season the situation was quite
opposite; the ion transportation at the firn-ice interface constituted a process of recording
the environmental information, which was influenced by the melt water of snowpack, air

temperature and some other factors.

Key word: Glacier No.1; elution process; air temperature; precipitation; ions

concentrations; ice core resolution
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Fig.1.1 Atmosphere-snow chemical process under dry and wet deposition
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Fig.1.2 Chemical process at atmosphere-snow-ice interface
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AR, B S IR AR T2, W NS TR R i R A B

RIEFIGIRE SRS KCELRER KRR b, @S B 28 7 i i f i
FTREAL LR 72 8 T UK R I3E A2 812F - (Jeonghoon et al.,2008; Torsten et al.,2011;
FEANSE, 2011) o RS FEIE OV RBERIZEL, S ORE R S T R
TR &, I BLTRINUK 2 Rk 4237 (Yukiyoshi et al.,2011; Woods et al.,2009), it
B R 1 R0 55 2 il AT € 70 i (Franz et al., 2008;  Georg et al.,2012).

1. 2.4 159K ER T EBARR R

HT 1 SUNBAGE R T, CfF Z2HFERFEPI L. Wake (Wake C Petal.,

1992) 1 Williams (Williams M W et al., 1992) 5%t 1 5 UK 13T B UKL £ 52
1996 AT, AH IR BAKFE TR R Lok ) RS0 mE #4717 F 4800 55 UKAL 22 0
SR T 200247 F, XAE150K)1 4130 m BRARIX AL | F KR 2l 18
MR, TR 7O 5 B, (2253 & VKRR I ECR &R, AT
T EHUKIACITFER 7L (RiFR N PGPI, the Program for Glacier Processes Investigation),
I T R FRER .

FT RIS B ARTFHAELS UK )115-6 H 18] 204 A R il A 114 R 2= 5 1 i

Sun Junying% (1998) @I E R EH M IER T FE TR, R T —
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FY VAR T2 MM E R (Sun Junying®, 1998) . 45 REH, SIERA
RESPHE TR ERELEETHE T, RUHLSIK)IRAZZIER . B
FIZTHIINHS MINOg B 10 56 R, KR WINH, HINOg B 172K |5 5 Al g
2 FTURUEAE IR0 . (B3GR, 150K HNa", KT, Ca®* FIMg® i ki
HL R R, SO4~ (R B R LR o 7EMI M 5 T, B IR AR JZF PiffiCa®, Na', CI,
K*, Mg® F1SO,% 15 25043 71°50.91, 0.95, 0.91, 0.79, 0.76F10.63. X XWX 2T
FHRZ BB T, FilAECa™, Na RICI 7] LA M AS AR fE . 7K ZE 242007
FAH L 8HMIOH =AM BA, 7 EBRCREE 1234 T B AT Fr BT AR b, X
FF PR AT B T REAT T 0T IR, S E ARSI IR LS UK I IR S
it PRV S T AR A R SAAR A, SRR BT R, TS R R 2 T T
w, RZIVR. RIEIRAEE 1 Ca®, Na', CIY, K, Mg® M AR LY, PSS thix
I (AR P R AR R S SR IR, TN FINO 75 B BR A H A B 79 1 5
AHIK, X GSunSEHIRTF S A . TINH, ) NOs7ER 2 S 50tk %k,
HIE K A] R W e 5 LR B (Zhao Zhongping et al., 2006) . Li Huilin et al.
T HINH, IR RN R )= S a8 A AR ARTL, BB B KR, M
A BMARSFRRAE, KRS 510 T m mT REINRINH, 7E RS T 22 55, 350
AT R . KA Z R/ 5T NH, R O PEAE X 8022 (Li Huilin et
al.,2008) . FRIMEH AN, 15UK)IIhca®, M WKEmmE THEhX, E5%
AR RS R R I, B A RN T (TkHh4E, 2008) .

T W 7E G RlKAE R 25 2 A B AR 58 5 T, R 9R R 1 2 B AR 5T U5
LUK NI R . B iS5t R, RK AL EER 38 55 = & SR 4R 1R
[Ep AR fiE (Hou Shugui, 2002) , T H2x 015 K& 70 B TRk AR mIH &, RA
DR BT RARAEAERLT UKo & B F AR A PRI, 170 BAEAS R B A bk
RN, 7= A i P 22 S P AR AR S5 DR TS [ 88 7 WL 25 AN UK i s FP AR TE 1)
B BRI . @IS TR hs0. pH (EATE SR EXT LT, RICE
5O 5 A I 2 1) B AR 5 o B AR T KRR o S CORUAR A, T IX — 45 5 55°0
ZRMKERA K. SR, WK POl 55 L4 P R M BT — B R



HooE Al

FISME(Hou Shugui,1999; i8R, 1998; fE455%, 1999). i BHTE 241 (1)< Mk 25
L RlK S T ) 5 SR FHIE LS UK AR SR AT DS S ] () SRS B . 1S
UKNEJZ P EE/HIT R, ZXWESEEET S THER), FEE2HT
SR R R, H AR Y 5 B R Kk (Li Zhonggin et al., 2007) .

VRS IR TR T K e G, RIIE SR AR OB S R 25 L,
Gk )W TR BN 77 1), R 7 E R R E R OF 24, (H2
il FAIAESE R, AEAFAR I AR T G BR o BRI UK K #3182
i, DAMRRROKAER N E, DUl B oK e s s/ E -2 s 2, R,
b6 52 (KR B B G ER B L ok 1], S R BN - DK A 2 S 7y
RZIAN R R WAFIONEE,

1.3 AR ANE

AV S PAR LK )T DI S 56 st AR FE, - PAS & RFERE 15 K 1 95X 4
HT ZENMB AR R, AT TR AR E R Aok
AR LR A X1, JF R AR R BRSNS B #2 % 3 73 9 58 (1) 5 AL 2 A
Fo BEBIFBARTRFMAT, WMEEHRRAEFEMRE, &I KEId R 7
MR MBI, DLW KGEIE R 2, 25 AR SR UK Al U 5 ) e B A1t
EAGHE, o EE FEEAR RS B SR B sk AT B 1R, NUKOEE sk B 4T
i AR A IR B DO N SR AR RS . EEPATAEN T (E1.3) -

1.3. 1 ANABETHELERRFERT

BT I R KR S b B ey AU B B R Xy A A AR
B MIE I R AR AE, B AE AN [F) B 1 i 7E Rl K AR FE R B BT kAT € &)
B, AR RS RN G N E . BARN AR 1)@ & ATTIIEL
SUKNHFHRABLOMAL B IR T AT R . & RERESMEYURE M RED T, B
TR EAVEEE T (Ca®t, Mg, KY' Na', CI',S0.%) « Ak 3% & 1 BT (NOy
NH," FIMVES R DL, HRRAE. WA NIMIEIT o 200 EEANRIRHE S 5~ CF
JURTEE B I R MBS ) BIMAZE 57, A [ DX 430 B - VA I 22 53 A7 7E 1Y
JR AL o
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1. 3.2 [EERIMELEH PR ELET 5

AR EZIIEE LR R ARSI DA 2 —, X N
HERDHE TR IR TR R R R MmN B, SER
SLTHERERRR. BANECR: D @ SO RCREWIR, B ARFHTELS
UKL BRI TR EZWN, DI RER (ERR. HER. FK.
HIERSE) SRME 7 EIRE . {8 FIREZRANGI . 2 E2T1D M8k,
ZEE R E B RLE], UROR . BEK. HIRSERRERZAMASE, TERE.
ARS8 2 BRI A8 IR OV S8, 3L 3 2 [ IR A,

=GR
BT SR T8 ol TR,
VKZFE
AT B T
\ 4 \ 4
f= 1 R /= 3
giﬁﬁ;gT S 2 A o AR R B T
A A
5180
| ORREIES Tk R Y i
| T [ B 4T i
i ¢ v i
| s || TRERGKER | pppmsien |
| L ” iﬁggziﬂ% | i |

____________________________________________________________________________

K 1.3 AR LA

Fig.1.3 Technical scheme used in this study

1.3.3 BUSRERMKELRIEREHSTHRRIRR

X T FOR T YU T RE— D IESL R T HUR A VKIZ H o — 5 5 A 7T 4G
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HooE Al

REAHENIE, 55 —77 A RN AR E RN VORIE R PR 5 . BAR N a5
D A EARFHELS UK IELLRAE T ITAL, REF I T MKERE M, HETERS
VKA AT RE AN K Z AL SR N ERE X BURIE 7E . LA UK EE B R & 2) &1
AR (G5b)z) Z UK ABE & L A iSRS U, R E
VKBS A PR I EE S 3@ B 78 55 -UKe 536 P A 27 5 10 B VA P DK T B s A
AR SR 5 KR &R, R R R KT T & IR E R AR, 5
ZNE L0 USRS i AT

ST AT OSCR , AR SCAENE FU N AR VAT AT 1 kb e AR
w1 5INARSH, BERRE AR EFRKEC U U RE S 7y 2 1 7,
SXAE [ P AU TR o AR R R FIWKEE S0 55, I F B AR VIGE A
e, BAREEE, ZEREEAAHET Y. 20 JIRUE R SR T A
W, FLHHE AR BOELL IBHE S B . R sl T S5 1) AW I AN s Bk A
ARWICEHAERME TILRMAR R, IR R B R B SR TR T e -
3) (A 1 FE AR A AVRFAEAR LU XS (R 73500 B 2 & 1 E R A E far e AT 1 WL,
RAEM R FER AR R D . 4) E BT Ry SIS - UK A R 7T O B
. RILRBINIELRRN, BRI T R H 5 2T N SR B PT RE o
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FE-E HARXBNR

2. 1 Ruliss XAES

Rl RAL T ROE KRG, SARVEE MBSO, FRPE. S5l
R OR T WAL 2200 e W DU [, 43K 2500 km, LI RO R .
Kl R EAG BN SR 0 GRS A R, TR R SURE . AN TR
PR ZEIR LA SO NSRRI, AR I L 2 2 R s e AR R . — B RASK, #2 [HBr
FF 9 A A A5 X 3

70°E 75°E 80°E 85°E 90°E 95°E
B T T /v’. T T
4 M\ W5 N
§ s s |z
- ey S g
t‘ Gl |
‘
S -+
i

z| &
A mm-155-0 b

= 0-200

3 200-500

[1500-1000

C31000-1500 ¢ z
Z| 15002000 % 2 g
& 2000-3000 “
3 £33000-4000

140005000

[C35000-6000

[16000-8000 -
Z |0 100 200Km 15
?q _I_l_lI : 4 : . | 8
o 75°E 80°E 85°E 90°E 95°E

2.1 JRESA R IIHIX 5 RS E A

Fig. 2.1 The geographic environment of Tianshan in China

FALTE TR 1) 7 A AR VUK B8R 1700km, B Rl R 5 H2/3 (E2.1)
FENL TR R AL R BRI o L P A = B2 4000m, A< PE A L 1Y 1L K R
WrsEk o Jure . SRS BRI X . FEAURIEA T RIERE B, 2Rl
U o RUniARAID AL, Bk A 8o A, RO TR A T ZE IR K
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5 WXL

BRI ZR Pk B, LA K, Nz Ak vl KUy B8 32 5 X, AEIE A6 THITER T,
Ly DX R B 7K 25 0K AT, B Ll TB) 2 St A2 et DXVRT e« IR 1 = B A
iz —. FEEALIE (2004) KT RUNUHERTEMGT, % N474x00°m®, AT
i BN BRI AR LA T 1954% . L =R R URE R B AR SOW DL R Y
HIM RO, A AW LLR B A AR 70 H X .

Rl F RS R KSR — 887> (FILREE, 199D o h Rmadx
ABFrkpE K IR . KREHE 4000 KLLR, 325 ks B AUBEES, 78 XA e i
IS, 4o R AE I 3 Jb 3R AL Bk 2 E5gm R ILX . 42 (1 F), £ 1500m
[ 20 o | e = 13- P < N = Wt ST ) W e A B2 S O s s e
X &2 T EIRRE, 18 R AL S8V (0 f 2R XA 27 A1 Ve X B R s ) TR R .
Z= (4D, ERGERALER R, FH8iR. AP RILZYE, BT Rk
(RIFEF, W S R S AT HE N TR R I R b X o b SRRAE R LU R R B AR
LR R I — SRR, NS T X SRR RSEME A, IR LD AR R e X T
Bl B REESFAER S L, PRSI —0, BAKIRAD, ZamiEdb R (B 12) .
B2 (7 H) , BT RS Ak rb [ 78 b pA i DORT 5 80 e S X LR, £ [ K
B0 73 1 X R AT FR) 2% T 2 IXURT VG i 2 XUHE DA S IR 2% X8, R L s X473 BV 6 <
Fo ARG X )RR AR, ZBMIEHESE, $oada 7™ AT g
K, ARAF R AL REATER 7 LU XA R T AR B 7K, BRI 5 S AR T X 32 234
T GRLEE, 2004) o K2 (10 H) , — UL S i N RIEAN E 1 Z i
i X 73 3R R B SE T SR HE N R LB BRI, B Azt X i 2R G K. e
KR v R HE N T 98 1B DX 78 S 20 R TR L Fg BT B2 G L B R TR AR 1l g S
X HR) S A AU B . (R, 1991)

KU AR, Iz SR, L AsRZIIE, AN KL L $U S
ERFE R RBE IR TR . AR R, AR & E & 1 F100m, =
T B R BE0.7°C o AER W Al #k = B B R4, B AL R . PG [ 2R 3% T
PRAR MRS . TR, A AL e n) o Bk B AR e 3 . R Bt DX, 1H K
RUIHBIX e H N BN -3 R AE-10°C AT, FELL ERok g, H-F¥)

pai
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R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

RN T-20°C o ARIRIFEAR L Wt = 2@ DU 773 — =2 R BRI ZKIRAE
PRSI E R S RIS, EARBER R, KEEERD . 2k AL
UKPE KV BHARBT ZR 22 LA A3 R L ALK 2 TR . — 2 B BARIRA & v R S
b b, TERCREERE K . BRI AR s BEAN R . DOR LA 6], Al
FERNITH, BEAE R S TR, AT R s . il B R Pl AR AR A
e L A S5 L AR T X K B 3 Fe 7K B8 44K 7k 9200~300 mm, 300~450 mm, 450~
600 mm, 500~700 mmA1700~800 mm, ZEHLH B E MG . RiHXAE =4
BEAKIX o SR ILAT T, DORESFEKOS T B oARdlas, BIRS (Adha
B /K EI70~75%) FIEZBEK (L5 RBEKERS0~25%) NE; H=AFKIX
Rm A, FEENESREK.

2.2 SEARFMIR E R BHHE
2.2.1 BBAFRTIE E A SHHAE

B @RS 4b86° 45 - 87° 56’ E, 43° 00’ - 44° 07' N, fi Tt
BRep A RO KR P I, 5k m b . & ARFF R IR T R bz S a3,
REERINE, FmdbZRdb, HilbfE, 258gadrmiEdl, FdSERFmx, £
KR ELFEAA 55 2 ALZE WAL BT e, MK 214.3 km, JilinAR4684 km® (f1[&2.2
PR B e I S & ARG T KR R LS e BB, B
W, B bR AR O FE R G 3 3600m B 1) L R L R R B e X
(3500-2600m)  HIKILIARMRIX (2500-1600m) . Hort, fEFERRE UK A6, A
Hiki/D, AR LU AR I LA 0 ZAZ B bR B 5 AR o By LR
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Fig. 2.1 Map of Urumugi River watershed

B ERFE TSR RO KRG . 2R PE. B dbar e SRS . KT
JBVKPE. ENEEVEZI3500km. 6900 km. 3400 kmAi12500 km. [ 4 3528 XU SR 5k
FUORSPPE BRI SR AR R R op, BRI 3038 — B8 b AR Ab- v ma e 1) sl g b
FE LK BEES, AN AR R K, SEAR KIS RESR I, A ATE BT SE M X A T
Ke FIRE, BORMENEFERRRSN, BASHEENKATE, MG m K
I, ARORSZ BIBH R T 7= A KV HURE,  MEE 1R /D> — 30 2 T T L ok LA SO )
RAENHEBR S, ORI R ARIRZ — T B AR SF IR AL T B R 28 1L W 5
X (LA, 1991 , SREALUKEER IR IR /R 2= (LI, S RERE
KR 2RI BT, 5 A RS2 B RS S RO s, DL AR KK s PR R
T LA 7K ) T EKVTR IS R H R PEVE B ARAT /KT BRI 32 38 2 AT B 7 XS
PR, LB AR RS, KR KR LSRN S SR SRR,
BCKE K (X, 199D .
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5 @RGSO X AR RN, K ZETAREOR .t XI55 X
e mKEF X, FEAIE-6.0C, FFEKE SFERFEKERTS%LL E; e liEk X,
FHRIR-25-1.2°C, BEKE HFEFKERS0%; FmlEiRX, F3576E0-4.0C,
B 7K B o AF B 7K B 1 209%-30% . RE4FE11H 285K 43 H 7E 15 $k 1000-2400m AL JE 300 i
JZ . REUEHEH1900mFI3500m /e A5 A UK K A GGREAR, 1994)

2.2.2 BEARFFRIR 1 SUK) I ZEARRE

1'5UK)1 (43°06'N, 86°49'E) JEXU LUK — 1L vk, Ar T FE K Ll g Hir
B R L i R AR S AR TR CRPEYAD AR B3, B E RS T 120km. HIZR,
FAPE SR, HRL79 km® (E2.3) .

VS UK NREFEAARK), BREEKER, BKLURE . BMERINEG%
FBIKNERH . 15UK)190% LA E KK AEAERFERIE AR (5~9H) (F4EHE, 1985;
BRPR, 1992; SKBZE, 1994) , HARMBMAKN-/r#b. BT RKERER, BEK
BRI (MRS, 1992) o iZHBIX FE/K 12 B 70w MEBO W R (RS EE,
2000; EH5F5, 1992; M RBR%E, 1992) , BPVEHR A PR K & 200 H S K i
INEIERIE AR ASAE . TR R K, B T 150k GRS,
1992) F11800-2200K iy Ll My 7, IX PN 70 ol EAUK UK AT LM R Oy 3ty 12 5
fiE. BT H KPR (1988) (A FTEE A, 123 DX 4K i FE 4 T 151 100m, K™ 42 22mm
R KGR, [, EZRIR L5 oK) Hh X IR fo e (A 38, ZE R TR, iR
EHIAE8H , Alik4.6C, HIGIREFHHN-275CT, ZHITI2H. SEIFELS
UK)TNE RlRZ, B R L5 0K RS ) KA I AR . 32 SR AT B /K 55 ZE R A ARl
FRISZME,  1959-20064F [A] ¥K ) 1| 221~ 445 £k 8k 1 75 H 4k 4055mA4ck

TS UK N S AT Sk, BITAR 28 % Ll 3 X DY J&) D) 22 R vb B An B (4]
2.4) o HE. K. AGHEAI PG 23 0] 5 5 ve b TV D AN S AR A Vb L o
AH VD 3 LR N 52 B B L R PRI RS AR AR = R AR D
MG kA, 1994; JUBEWE, 2006) o 15 UK BB HE Ay P34 I 2 404
MR ET Y. mEAM. RSN IeRmBRIER = J5m: —2 ke 2
HUE AT HIRARAE R, BDCURHSRIE A . — R R RSRRK I B s e, ==&
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Fig. 2.3 Glacier No.1 on head of Urumugi River
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Fig. 2.4 The geographic environment of Glacier No.1 in Urumgi riverhead
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R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

159K 11 i Ak £ 4 257 88 T AR5 R RER o PO e e N 2K 3 ) B e, X 915
VIV Hi DX BT S8 2 A S TR R R AR RS IR I X R K SR A . 48T, 38
ARFHALT 150K AR A6 T7 17 B4R BE 25 29 105km At FEES UK 1| X 50km 1] 5 I B A —
ENREE, @AWY FUKIE 5. E&EUMRIFRE R, X A4
AR T T HETBOR R 05 e vl R A5 VK 12K
2.2.3 RERNA

K 2.4 ARWWFFURFE S (LUEEPTR) MARZMN CRESETEITR) S E

Fig. 2.4 The location of sampling site in this study

SRRE AU IR B L ORAE 00 X AT HURE S RE KA Ul (E A, 1999)
ARV I A, R AG AR VG R 2500 X o ARy A6 BRE 2 B KR
TR, H IR ST AL BRI AL M R 5, R 1Z X R
FAEIA . B, 1ZHXAE X3 B AT R ERES . AR T E 1 S B RS
TYEL S UK EAg R B X IARTRME o 12t Xt 4 v 0 55 28 RS0 2644 T B9 52—
PRI FEIEE, BRK 2 AR RS 2R RURI PG JXUT L (RS2 e T R AR e, # T R
RAHFAIAE BT, FREX — SR A R RF T oKid s GRS,
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5 WXL

2005) .

AT 58 KA SO B AR 2.4FTR, AL F 150K AR 308 1R R 457 1 4Kk 4130m
SEHIRLE TG % o 2 BIHL IR AN S (5200, 1R A i H IR (R R, JC 2 ik N4,
DRI K BH 8 56 71 P 520, AT 246 G K B BRI, Iz iz ab KUK, —URAIK, AT 5K
) S SR A A LA, G E2E, 1975) o AT EHI, TN ST, W
A RE R YR THNIE, S-RERRE, 52 FBSHRZBEIKA
MUKES R . XMpokaig. AR&BEE. EAEHIR, HAEFAL1-5mmERER
BRIEA, ZERTBEAMIENKS . FENRRLEIR, BRAEEZFREZEAE0C
YA ESL, HEFEFH/NTETOC. MUKMEH CAER Dy, oK EER, 8%,
FOKE R ZZEN A SOKER AT, BOKERD . BANE R, BERFNS
HUIR B — e R B L.5mANE R [K3mZ (B 3, X = H R e . RE LG,
HAIRITIE ETY, TR . AR R R IR A K RGeS R AT A, izAb
FEFERIEN9.1 T, FER/KENT0 mmK S & CURRGESE, 2006) o i KREKE
RAEMEEZ, TN, A RKHILE .
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R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

B8 BHINREERRER LS =T

VEZ R AN B UL R 32 2 F A i SR AR AE 150K ) 1 4 130muu il B 5 A 7 354 T
20029 FJ 14 H T4 1 BURE il 91 09 — J B it SR SR AIRLIN A o B AR UL 4045 =5 0K
PIPRENERRAE . PS5 28 Sk A2 . AR REE B FE R R IR TR R 12
BT RESRE. WEESTIFIKFESM . H2003FEHFGIa8E I 1 w7t X AR 1L FE
ACHERE K UK K BT KR SR AE, BT KA B AR 1, AT sl Ko
ISR . H AT A E S5 MR S RTLI Bk, R4 T %258 1180002 4,
CLYE S50 % 0 AT 8000 Ao IEAL AT 5 A1 SCH A ET AR WM P 25« F it SRR I
Gy BT AT B
3.1 FUKYEIM N B K I5TE

PR VKRR R T 5 - UK A X — P B R AT 1 o R TR TE UK )1 R THT 1Y)
%, WETI— RINEN G A AR RGN IK . AFRIHX K, 53063 F— 20K NI
IO, AT RER ARG AN], (X — I FRAPE 22 5. DRk, JER 55 vk B
BEAT LI, AT AR SRR SRAE T BN AR, &R il
AR B g St 5 AN B FURH S ) B UL 3 S AR B DU . S 5T
PRI SIE/E PR
3.1. 1 YHEHEHR

ENNEE N st 0 =S AT E A= S 1N VAR (A N VAR - X /B
PEBEATIE SIS, M E BRI AR — RS 2 BRI IR E P28
o, BATRZ NS JZH 2 50T 5 (Shumskiy P A,1964; (L%, ZK0, 2001). ¥
FREN DI 2 &5 E b 2 2 Fe i BT T, RO O E PR IR LI b J2 2 A SR
MR RIS, . HTRRFERATT . F R CRIE K,
DRI 25 2 351 Tt 52 B s A oS B K AR A AN B . 4k, FRATTRT B i x5 E R4
TR, NMARRIERT R VORI RS EBR, PR UTR G 178 i R 4515

S|

Iy o

B3 Uy IR = R B R BB O 7T SRR L, Agaof
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B FPAMLINRE f R S SRR = M

WA SN0, W T DU N RHERIR . NIBE RIS, Ao Sidms
GRS (fresh snow) o FrEA BN TR REMIREE, KIERBRIR T
(firn) o KEH—RREET A2 FRRAATIFEARATR T RIS 0K 15
W o GNP T AR L RES R HESHOR S, AR
et gt . vk (ice layer) 2 B - SRR G TR BRIK T2 2| — g R EN, &
B KIS R ME LGRS TR, FRAEACF 7 M SRS, i@ B 5 2D
AT UK BEWAR, ESTTH KPS . K ReE—ERE E, kS
JEHIKPRGL (ERIEEE, 2006) . y51b)Z (dust layer) 2T AR, KA
W B AR R B R T 2 . FEVFZ (R, ISHEEGR B, BKF
WAMETTARALE . £ H ATV EEITESY, 15RO H I E 071k
o RH (depth hoar) & — MR, BMEARE T 2N A TEAIRIF B AR, P2
R RSF2-BmmANEE, — R HIIES 2 WA BORR B IS . 2 BT FHEER
MERL HFHRFERGENTPAGRERE . —RYIKIHIRIER, EREYIHE K
B K. AR EILBIR 2, B ERAE (100-300kg/m*) o BRILLIAN, 22K 1A
T % AE WU A0 S R 5 (B O UK o (8 2 R 208 58 IRV I T T OB Btk
(R, FIRRERSS 72 AR

TEHT S BN E FBIVK ) DK I AR o, 25 1 2 B TR S I AR T R AL U
FHEOLE R KRN EEZA WA — %2 PETERINFTEEN . X —id
TR EBONENS: R RS Z % BRI R, I R B 1
ERONRE . X FEGARS 5Lk (densification) o ARFEME AL, A,
PRET AN 200 B B (A Nglem®) IR : BT 0.05—0.07g/em®; ¥ A1
. 0.1-0.2g/cm®; 40F: 0.2-0.3g/cm3; ZF: 0.3-0.4g/cm’; ¥#: 0.2-0.4g/cm®;
%% 0.4-0.83g/cm®; ¥KJI[VK: 0.83-0.910 g/cm’.
3.1.2 HITEHEERN

P T S P 3 2 3 SRR PR S RS2, e BV SRS 2 AR /K . Atk
Ol WX R, FONVE S EHRR . WS EEE
I, SB¥2— A FERIE, TEZ 2% AR IKSGEREE 0K, K5 H L
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THENEREENE, E3.25 K125 EEZRISNE.

s
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BHI5HE
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TS S

3.1 SR T R T A K

Fig.3.1 The composition of stratigraphic profiles of the snow pits at observation site

BFANIN A I, EHUE A W M2 . AT SR A, R
—EFEARNIRE (A15m) , FREYEE (E33) » XFHTHKMD. mE
BAK, FRBEENAKR. ESET &, TR LR HIEL, SHIFREN.
ERE WAL, RUKERK, FREEEE/ME. AR, L AR m
K, ATREFZMZIBAN TR BUKIEEBREM RSN s £ shfdiETd,
—HB IR 2 B ALK SRR, ERIRSS, TRk 53— 80 WY BK T AR
TR/ N
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K 3.2 T )= 5 5 R &

Fig. 3.2 The snowpack depth measurement at the observation site

K3.4 &5 EE N &5 o = B . f H 122002429 H 2200411 A ENFH
EWEE. NFHEH, BEENSHAL WEAFIREKT) ST —A e
-t -l - AR AR RS (KBS, 2006) .
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3.3 HHUHITH A Fn & K (5 £ W, 2006)

Fig.3.3 Evolution of stratigraphic profiles of the snow pits at observation site
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? L/ e . - [0
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. =
| f | | 1 | H o E
o o L L (o=
T i sal. Lo bl 1 P
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] 3.4 2002 4 9 H % 2004 4F 11 H & )ZHIH EEHEA (35 £ G, 2008)

Fig.3.4 The variation of snowpit profile depth. temperature and precipitation.
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3.2 FUKMLERARER DT

[ zaws |- mesimase || macas |
[ AL }[ . ]

!
| esmmEn |

l | SR

[ LR AR }

gmn || ks |

AL ]

B

B

3.5 (R R R TR
Fig.3.5 The process of the snow samples collection and chemical analysis

FH T 55 UKORE S R A P R, T L KGO R e L A 5 KR B S 3
FEHAR, WAER RS FE P RS BE B R T . — Ok UE, TR mRES
BT BRI R A SRR TR . SRS RE . BES kA7 g
B, KB OHTE S MBI (E35)
3.2.1 FUKALERRRXE

e RE AR IR N A . ARl R A F MGG B FIRE AR L 55
T PEK IR R, TR 2 B T AAORAFE 20K )UK AR NS AL B . it 75 AR AN 23 By
OREG R EOFE: REEHM. THRERAKERER.

KFERTTRALEE o SRAE T IRk 2 AR RLHE S PR A TR & AL B . SR
T LHARERE . TEMR. T5. BR. DBNRCGFES. M, JLEn]
REfb Al B F 5 1 T H AR ) 75 2 B2 KT 18.0MQ.cm )2 B T /KIE T TiF
T R R IRk 42 R e s - IR - TR P R AR AT o P AR TR E R BT =, &
B KRy 1-6 M H, JFHRESE THRRIMMK. &EHHE OIS NE
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R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

RETHVET A VoA a BT 5 T3 AR e R AR S e, i T I
KAFI L BFAME SRR S AL B R o, 343 o e d TUAC PR A A
M, B ENSBMRLGTE, i/ MEEHEA G5 (K 3.6) .

%3.6 BFAMELIARER RS

Fig.3.6 The process of the snow samples collection at the sampling site

WEFC R BT A AR Bk BN SRR T b SOURE S AIUKZ R L, BRARXIX
=R AR AR NEM . A RS SRR EE [F—FYt. BUE
i, I AL B A F TR BRI T A 10em R RER S, DARIEFTECS %
AR BIRPHARSS o T XS A DTS B S HURE fh B REEA T3 5 L) kE
adfi BT BA 10em BIRIRS . HE B N BE T ELEAR I . AEBONHLAE FURLRL S 2 A
BT UK I TR 3 ey 5, SRAEIS I RERAE, SRAESE SR 5 T
FUR, BE NRIERTHG2IT CEBgESE, 2006) o RJZSHFREFZ R
KA SR RO H LR IR RIS . fhHE T HTITE R JZ Scm AL (B
MEMPRSERERNS)  AREEENRKER, ARFTERZEHEHRE
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REARR,. 428, DREREN T 3em FTFRE: ERERBKEZ, &SN
FETRREREE . BURER, RIS TN ORI NI . IKERES TR S
UK SR S B T RO ID R AE AR 7E o DK)ZRE ML A R — S5 50, DAUKIEDASEEUE, K BA
NEERE 10cm BEATHURE . HITEEAVKE B R, BORE R R AR E] ) 2 E B, —
R OKTEI AR 40cm Abo BRI By 2 S TR FE ROKAE .38, K& R I 25
AR SO #E S 2003 4 10 H & 2006 4 9 A S i, A 143 A5 ZHI,
3199 NEHUFEf .

PESAEATE OS5 . BT RE R A OIS TS S50 % . A H0IRES F ARE IR
JERER UK R B LK UG, ZERXAN I R, FRIEIEVE R R T Re IR DI 5. IR e
YIVERL S IREE &AL 740 J5 1 7K A B S A TR AR F AR 20 03 R4
3.2.2 LA SRR = AT

I I 53T B 5 5 B AL S B T RNV ROk o MU 5 (8
Dionex-3207% T4 B HEAT 7047 o 43 AT IS 75 K 4 BT TR Sl R B8 BBt T A vV TR
(ASCRA A AHRIE, RIEC& HAPRHERD , AR RN . BT a1
FRAEE ORI 2535 B T4 °CIE IR DR A o

* 3.1 ARy

Table 3.1 The chromatographic conditions

e S BRE R FhI2E HIfH BB
Dionex lonPac CS12A N
FHEF CG12A(4>60mm) CAESPH B Tl 2% 65mA
(4>250mm)
BT AS11-HC ( 4>250mm) AG11-HC(4>60mm) ASRS-4mmiiii| #% 52mA

i1 FH Dionex-3205 (4 i AT I FHES T2 BT I i S5 AF i R 3.1 B . ok
FHE o #rEy, KA 15mmol/L MSAMKEEH, i N1.0ml/min; =PI FEAE.
B 15 573 BT ik >R F 15mmol/L NaOHHk e, Jiis 9 1.40ml/min; A 30 C Y #4E
HATFE S AT, TR UEAX AR AT o S PRk 25 SREm 1, R OEAT 20 BT I
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W B E B TR E A E B, DB IR i i e B R B, B2
Wi " 4% 53 B 4

AT T A AN EPEORL A2 B 70 BT R FH T AccuSizer 780A SGAERLARAR I .
FE N OIAE TR B, 7RV 540N 100 RS TAF 6 AIE 2 iR T B R L, R
FERE Al RURLEY 51 70 BORES . WEBRESHOFERBOEEAT 0 (2 3.2) o 2T
I, T ORUEACE 20 A0 T Sh iR R v TAE G rhBE T . B SR AR K e i o 4
AT AR, KA RS i £ B 1ok, BPEsEH, RS
BEN o FEER— IRHBEATTORLRE it 20 A B AR BUR A AR i, 7 2 0 5 AR R TP
R A, JFEREM T R rp L. iy, HERRER e, JFRRRa
B, FHZE Iml RS ER RGO T i ORTHE, 2006) .

R 32 LRAKMECK T, 2006)

Table 3.2 Parameter of experiment (Zhu Yuman, 2006)

BB REBERAR  BARE SRR WERF  EEH R

JeHU v 30ml 60ml/min <8000 “Mml 60Sec 128 iml

3.3 SEWH

AR F A AR S s R EAFEEAEK . ZHE R ERIE T AL T S8 A5
FL K TG V) RAR R 0 1L B A 7 3543.8 K I K TEVA S %l H BT, CABHA
2003-20074F 4 KA 1) il A BE K B RE. 538k, FERRBSIURE ;15mAL, &2 B AT FH I
FEFEA AT DR ES (K249, BOFZIEMR) o BUCKFEARE, H2idsx ]
IS ) AIRR AT — i AR B ARG, AR YR I X K P v R Rl B e P K
AT e BE AR IE
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FE SHE TIRERRRHMED B

UORER T s KA A S BT, il s 7 A5 B £ T oK b 1T
FUG . PIAE A AHE B 79 B (Sigg and Neftel, 1991). Jh#(Wagnon et al.,
1999). WEH FIA A B 5 2 (B Ak 5 S B (Wolff et al., 1998). 7EMRBR IR+, Hit
TH AT AR R T B R B E BRI, TR R TP R I 3 I
(Sigg and Neftel, 1991;Wagnon et al., 1999). H &l 3= % & A= 75 T8 IR B2 R 4R &5 05
FIRUK N o« B2 T T B b /K e 25 B 27 85 - TR FEE 1) 52 1) A1 250 22 (Johannessen  and
Henriksen, 1978; Brimblecombe, 1985; Brimblecombe et al., 1987; Bales et al., 1989;
Hewitt et al., 1989; Davis, 1991; Tranter, 1991), =B ALFE7EZ= 7P s R 1)
BTEP O, BT, DS (Johannessen and Henriksen, 197;
Brimblecombe, 1985; Goto-Azuma et al., 1994; Harrington et al., 1996; Eichler et al.,
2001; Leeetal., 2008; Bernhardtetal., 2012). A 7@ L F =AM 7 HI5IN,
ST Gy B T I AL T B R (Harrington and Bales, 1998; Moore et al.,
2005; Leeetal., 2008b; Moore and Grinsted, 2009; Meyer and Wania, 2011).

ARSI T & AT PE LS UK 112003410 H 200649 A 134 SLBURE 4T, FIH
TR A ATIENFEAEE, R T H BB FIRE R 2RAAE, it —2 0
SR EZON H LI B E £l
4.1 FHLEETFIRERAE
4.1.1 FEEETRERUKZ R

PRI KA ) /K S AR R AR, AR —E R0 2= (10 H 1 HE] 3 A 31
HY Mgz (4 1 HF9 H 30 H) o NRIEFR o4 RATSEA 2%, RIRIES
ANFEATHAHFE RIRE A PR AR o 3 AT 3 MBEE. [ATRR
BinEoR, £1T2, HPHREN-15.7C, FHBKEMNE 46mm, MmiEZ, 1
iR A-25C, FEKEDY 447Tmm.

FHI A (PCAY AT T3 M 36 )2 5 v &AL 7 o3 (kU5 (Moore et al., 2005;
Li et al., 2006; Zhao et al., 2006; Li et al., 2007; Moore and Grinsted, 2009). 1% /7 % #] H
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BdE (2Rt de) W75k, ARG BBUREDRIRTR T IEZ MR EA N LA 2618
b CEIT), HERGTabrRk iR 2 AR RN TT Z - T 2450, BVREA T2 #f e Ji
IR AMEH S, BRI Z A AR, (45 o L R UG48 & B Kl
AR VERE o A SCIE I 32 573 o0 M AVRFAL AR BE (0 75 R U T 5 A2 1 1 ik
FEARMCRFAL o — 5 T AT LA Wb 3t X 520 5 30 18 B AR AR I 2 Bl AT A R
25, 73 T AT AKX A A ) AR R 3 AT B A S o e AEREAT 2
JR A o3 HTHT TR TR B AT X B e AR AL AL P

T4 1 HHUEFIREERI 4R (2003410 22200649 1)
Table 4.1 Total variance explained by the firs three components for chemical elements in the

snowpacks from October 2003 to September 2006

A AR 1K) 47 2
3 EpsrL EHS2 L3
HE RBNE HE RBNE HE RBNE
(%) (%) (%) (%) (%) (%)

%

2003.10-2004.3  3.267  40.840 40.840 1468  18.349 59.189 1182 14772 73961
2004.10-20053 ~ 3.285  41.066 41.066 1922 24026 65.092 1025 12818  77.910
2005.10-2006.3 5101  63.769 63.769 0927 11584 75.352 0742 9270 84.622
s

2004.4-2004.9 5994 74927 74.927 0753 9410 84.337 0627  7.835 92172
2005.4-2005.9 7.089 88612 88.612 0400  4.998 93611 0199 2483 96.094
2006.4-2006.9 6.145 76811 76.811 0743 9201 86.102 0463 5785 91.887

%t20034F10 H £20064F9 H HAFE I T YL H B HF (CIL, SO, NOs,
Na*, K*, Ca®*, Mg®, NHs") , BISANAEE, AT EMS . SR ER, HEF,
9 F R T ARRET0% LA IR T 22, B A s AT AR = B3 T 43 ) T AR5 %-10%
AN3%-8%H) )7 72 o HIl =A>E R AT AR RARTT 2 990% A | (R4 1) o BB — K
TI R T A B B, TR R AT ZE 30 N T4. 9% 88. 6%FNT6. 8%, XS
TSNS, EZEMAKNEFREER T2, EERKNTE, AH
TWREIAFRE R AT AR K . R, D Rl K 2 2 BORE R AR
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BRI B8 3 B DA B B - AN B RN BT, B RE ] R A 3 S HA
BT AR ST R R SR R AE A 5% AE T2, 88— TR0 P AR RE40%-60% 1) 77 22,
Hif = AN AT AR IR P38 RART ZAUNT9% . IR EE T2, AR E T2 2
AFERGOREEH N, Flinrtte, E . RS0, KRR Z B R K
A DA AL, BhAb, DGETE S BT o B eV E A B BN R IR S

TGRS TR TR PR R I AT BE 52 B AN AN R R ) s PR KN PTAR IS I
o BEAGIRRAE NS IUE TH FERIR, LM AR S A0 25 2o AN [R] 88 7 | f1) 5%
R AR RO o UAR S I AR TP AN R BS F HRFPE AT DK S O OE B, Y2 R 318 1 WA
TR AT NN o Dy 5 B ) 0 I T IR B SRR RS R A, AR SO 2R AT
W2, FER U E RS 2R E AT EE (4. 1D o ARIZETT, AFEMEE
MG SR V& AR R Bkt B4 TalaR, 2003-20045%
2, NH,", Ca®*, Na+, NOg ", SO~ FICI ) 3 43 1AM 5 J 3 2 (IR A (1 28 B0 L A S22 41
B, HF2MEAE-05-02 8. MMg? FIK B RS, HF2EHAT0. FRETF
RFIE(EFL3 S8 HH 7£0.3-0.42 [] . 2003-20044F T2, % &5 T HIRFAEME 2 /5O,
HFENH,", NOg FICI, /R EZZETT 2 MU AL [ 5 A B 1 IR 1AL
. 2004-20054F, % & FHRAEERMLEAMEIE. K4, 1bE7R, 2004-20055 7,
IR B8 1 R AEAAF 15 460.3-0.4 2 1] . Hidh, NH,*, Ca®*, Na*, SO,> HICI i &
B, TR IELRAE TR 2 B2 . Mg, K* RINOs W 40k, T
2 (20044E10H 222005453 H) , B 7 NH RICI AN AL B R £ AL, HAETH)
FRIRME [F] T-2003-20044F+ 2= . XA B R WA EFFHE, RN T ARZES PR
DI R SRR 2 5

SRR YU TR EZEA AT, B U R AR R il A .
Lo, DIRUE R XBHERE . THE. RFHMBAKRIRESE . AT K2 H0EK)]
M, F/KSERE FRER AR ROV RER, ARSI AR S i A%
BT B2 o 3X — s AT LA 2R 3 B AR X R I H R SR E h (R4,
K41 o Mg®, K' 3R R AR 040 BB % 7T B2 DU BT 1 R 1 22 57 S 30

_H.

\

i
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(). BB AR, Mo? KR B4 R, OB RITEN kA,
FE8 H AT B K (L et al.,2006; You and Li, 2012) . FHHpH K AN i
R, FEERE YHE YA A KO (Luo, 1983; Williams et al.,1991; Hou and
Qin, 2002) . [AK, HEHAE T, MgZ MK ESY R BoNFaE, “EIFEER

A1 R R AR TR A RER HA G B 4R

0.8 a 2 b.los
ONO3 Mg
Max k o Cl
o Mg  ca |04
Ca
SOp o oNO, o o
SO
Na
NH, Mg o SO4°>$<3:a
e X_ 0 cilg 0.0
X NH Na o
NH, NO, xglK s | Na
o Ca)ls\l<a K
04| o FF 20 o T Ko i | 0.4
X g Clo x 7 4
xXNO,
00 041 02 03 04 0500 0.1 02 03 04 05
F1 F1

K4.1 Forl (F1) MER2 (F2) FRAHEM XS (2003410 H 220054-3H )
Fig. 4.1 The eigenvectors of component 1 (F1) and component 2 (F2) for October 2003—March 2004
(o) and April 2004-September 2004 (x) (a); the eigenvectors of component 1 (F1) and component 2
(F2) for October 2004—March 2005 (0) and April 2005-September 2005 (x) (b)

B 7K R DA i ok 2B FHAN )T 220K T 2T o T 2= P P /K B o 4 4 PRk 2 1Y
90%LA £, 45 % FhE T B AR Oy AT RE . £, WHELSS, FOKIRtar
Mk, HHUPE TIRE R SRS SRR EA R TR, KE2ET (R
TNH,D 2B THEEA B RERES: 7 HARLnMg™, Ca* FINa', Zilid+
DURRAE ‘& SAE 0K ) 1|2 1 (Ginot et al., 2001; Schotterer and Ginot, 2004) ; i E AJ
RETH BRI 2= IS ER I fIchE, AT 30 JZ NOs & % (Wolff et al., 1998). 1t4h,
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B TAE T AR T I AL B R 2 5 B IR EE AR . BN, CIBCAAFAE T35 4
PRI, R E AT SRR ST, B R 42T (Tsiouris et al., 1985). 1
NH,", B RAKRE, FRAEDKHS T A= W AHIZ#2  (Eichler et al., 2001)

b, BPIRERMARERSRE T2 BEN. AT RIS FRMEHFHE, A3
BE— BT VIR R IR AR TE, IR AT T ANIR B T TR R 2 5
4.1.2 BFE TIRERAAHE

4.1.2.1 BB FIREAWAFAE

800
300+ S50
56 400
200
100
. r . . 0 . . . .
2005/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/12005/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/1
2004 240 . .
160 4 2004
120 1604
b 80 1201
2
w3 80 4
w40
=y 2005/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/12005/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/1
= 140 " . 15001
120
1000+
100
80 1
500
60 |
§885/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/1 2g85/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/1
300
200
100

2005/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/12005/3/1 2005/5/1 2005/7/1 2005/9/1 2005/11/1

4.2 2005418 2 F 1% TR FE ARk

Fig. 4.2 Concentration variations of ionic species in the snowpacks
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4.2 20054F 18 7% (20054E4 7 29 ) HHUES FIREE AT T 700, B
IR TR, LA A I ST RILITE B T IR B IR 2= AU
AR R AF 250, BT IRE RN, Math&Ex-FE; 6HE8H, &
TR POEIR D, 8HIERIRARME: 8HZEIH, B FIREHRIET . HABMN
B ] e R TR S (4.2, A AW FHIR:

A 20sS

=y +———8€ .
Y=Y, W\/TC/_Z (L

Forr, yo NG I 2B, ARIw I A& - A TAR AT 56 B2, xo UL
WA R RS HOIIA SRR B TR R E L. S HX AR T IMIE 2 5 AE
[ E] . 4 FNa™, Mg®, Ca* RICI S 58 1 5, X EARAR IR, A AT Tik B35 /ME )
i T 3I7E8 H 4] o SO4%, NH4™ FIK 8BS T HIXAEL AR [ D, FLak J3E ik 0 gt /M Ay e 7]
J98H b4, TMINOg e FETES ) RIVE BB AAR, W7~ 45 1% 25 B 25 5 Wbk 4, TiiNa™,
Mg, Ca* FICI % &5 T MM X AR T o« B8ty FT FR AR — Bl s T IRA I 46 1R FE K/ 6
fltn, Ca®* B FHIMRIKEEEHR (Yol N1226) , Wik BT/, Yol 42, w
EFRRINE IR AT, HABOR, DT M 2R RRR TR, 7510 3 B2 R 1A ¥ e [r) ik
AR —FHEBLS T U0 B U IRV (0 A PR o 5 R AT P WA A A bk I I £
fatr (H4.22.2) . WEARKSHTENERAL2.

#42 BTHHELARNSH

Table 4.2 Parameters of fitting function for major ionic species and total ions

S8

BT
Yo A w Xc Ye R?

cr 286 ~14,522 67 2.45360E6 113 0.79
S0 590 -43,997 71 2.45359E6 95 0.79
NO; 333 -27,813 88 2.45358E6 81 0.82
Na* 174 -10,332 68 2.45360E6 53 0.84
NH,* 201 -8,247 59 2.45359E6 89 0.75
Kt 42 -1,762 55 2.45359E6 16 0.71
Mg?* 114 -2,611 43 2.45360E6 66 0.64
ca? 1,226 —77,760 68 2.45360E6 313 0.89
Total ions 2,939 ~181,280 69 2.45359E6 842 0.89

Hd, yo, AW, X, ye FIAR (1D
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WZE, P BT RS il 2% 0 AT R O R G, R Ca’, Na',
NO;", SO FICI, HAUAER?S:7790.89, 0.84, 0.82, 0.79 £l 0.79 (n=26, P<0.01;
F4.2). Mg™ FIK LA BEARGTEAR, 43 7012490.64F10.71, (EPUEMBR AR AAE
5H) , BFIREMEEBN, WIRERMBONINE, Rt H THEFEME
PRI 24 S AR T 1 I D e 7K SR R DR AR AR O ) S S T3l . 200546 H, 5
TURE T R, R . BN, ERIEAIA113.2C, BAKEN
464.6mm, K% 4 4F [F/K & [1]85%.

4.1. 2.2 WIENGT

gi b, ARG SH w HE & B TSI . w R, B 5 TR .
HEMIBIF R : NOs > SO4% > Ca** ~ Na™> CI'> NH,™> K™> Mg¥. X—45 5
Li et al. (2006) i i L5 28—k P2 740 10 HlT 28 114 R 236 BITAf 2 (10 IR V8 L3 s A AR TR], - 0
FEUlF: SO > Ca®™> Na*> NO; > CI'> K™> Mg?*> NH,*. %4k, Brimblecombe et al.
(19873 T B 4R, #i5E SO42> NO3 > NH,™> K> Ca?*> Mg?*> Na*> CI ik i
J¥; Hewitt et al. (1989) M3 i SLIG AL 71k, 158 SO~ > Ca®*> Mg™™> K*> Na*>
NO;z > CI I «

TR bR S = SO M AT AR, B N T AR T b A B A A (R
(Brimblecombe et al., 1987; Tranter et al., 1992; Eichler et al., 2001; lizuka et al., 2002)
SRIM, X0 22 5 14 T B R S5 DU I 1 AR A Rl s 36 2% A4 1) AN 5] BT 81 (Tsiouris et al,
1985), FHRLAE . BFIES SR P IEIEALE , DAR RS 17T 1 4t m] 8 2 i S
W (Anja et al., 2001), PRI, Wk IR 23 B8 I 1) R0 23 [a] T A 2R B A o 13— 2 BT
GO H I H AR UK ) X AT AR DGR FE LA B A P ifh e PRV IR0 £ 58 )32 11
A N R H A IE A .

4.2 /NG5

AN B B ARTHRIR 15 UK RS N B TG gt AT 1 I 18] P2 470 64 23 A
WHFL, OO s e B R EE i, R T TR T B AR AR AIE
NF BRI REZN S HE TR R K . R R T

D FHLAE T K s AR L E o i B, SO0 T IER MG B &
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FREE R T8, SHAFEEFRZIAE MG S R, A8 A%
Sy MTENREE, BT FEZRROKIER, FOREZEAR LRI AL R

2) WBZE, HYUE TR EE AR Ak mT A 7 R AT AR L (RIS - R A2 Ca’', Na,
NOs -, SO.% #1 Cl, HAUEE R? 43519 0.89, 0.84, 0.82, 0.79 F1 0.79 (n=26, P<0.01;
% 4.2). M@?" R K LA BEAIXT AR, 4351079 0.64 71071,

3 ETFUAEAXNSH w, HE@EiFuF: NOg > SO > Ca® ~ Na™> Cl >
NH,"> K*> Mg o 3% — 45 55 5 B0 FUmE AT AR, 30 B 0K 7 M1 15 < i B ] 0 2 ] 1
KAHAE .

36



S AT B KON 5 DK R R S T 7

BLE [SEZERYW T SKETHEIERR

R 52 LU i X R UGES R L, 28 TR A TR B 2 B3 [ R 7 P s U )
LI (BT %, 2010; Kaufmann et al., 2010; Laluraj et al., 2011; Isaksson et
al., 2001; Kotlyakov etal., 2004), TfiixL&ih[X 1) & Z=7H mhk o] ge s kil s =42
SEMAL o UK 1 DX R 2R B v T RME RS, R ERE BT R, Rk AR B RAE
FAEAT %R ES T SR AR S KRR G, RS M R 4615 B4 T3t (Van de Wal
et al., 2002) . QIR —FELPEEILRNSTZRAMAL, eSSBS IKPETE
BHZET AR 5E 45 2k (Koerner et al., 1997) . iR R Mtk ia i A < B S50,
R e RE IR S IH RS AR R &, BTN UK =5 Bt /K 423 (Yukiyoshi et al.,
2011; Woods etal., 2009), Jfifiid i 5 K71 800 55 2 I ildk AT i€ & 73 At (Franz et
al., 2008; Georgetal., 2012), Az 55T 1R T YU IR R AALRE A, it
—BHINAURMEKETIR S, @ TAESHEFETETIRIEN LR,
RGARTT 15 VKA 22 B SR AR R A7 ) 7
5. 1 RIEXHHE T HIRENAHT 5T
5.1.1 B RIBS & FIRE

AR AT RAF R R o A SR AT DU STMGA I 1 5 R TRV AR G
KEFR, GG URBRUT DUE L R a S AR AT VR . T B T B AR A Tk
E VBT RE .. JEHPETIRERDN, W TR TR E T EE
ANTHURKIES T, BoRETIEATMHEN . BH50hEFIRERE R, WS
EHRRAFRE TRERTHIRME THRE, B rLaTHENY. B 5.1 8
2003-2006 “FANFE TR BT RIKRE (B) 8 i BB TR ER AR 5H
WIHPFEREKR R TREL, SHP RS FRE st HS5H S
A —ER AR K R HPERB I ], 3k BEAR B HLssh Rl 2y,
AURBUCIN 3, B R R HAR AR 22. P 2005 4F 55~ SR E N, 2005
E1-6 H, BTIREMNRE, WEhEEY 2093-3016ug L™, HIA]xH N K H P55,
I9-13.0°C, B AR IR 2209 0°CRI-26.2°C B R TH i, B TR EE R

37



R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

YN, 2005 4 8 H rhi ik B (K8 985.4ug L7, HIAIxT R H T8 0.3°C,
R RIR A 6.1CH-5.9C, N 9 H, il R, BFRERF, 10
ANIAE] 2363.2ug L It TRE CRLATE 2000ug L™ 33D « ARRUKIAELAE 2004
112006 AF- B35 H 14T .

ANF B TR B S 5 H TP HRUR R R R I — B 2 7. Na™, KTH
Mo> B IS AR TR A+ B3, 5 URIMNFHAXC R AR, HEEH
WP AR AR A . FERR MO® BT, 2004 4E LK, FEARHIECK IR
ifi S04, NOg", CI', NH" F1 Ca® ({45 i WA MR 0 55 B8 Bk BE AR, il BRI 97
IR G BO R B
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Fig. 5.1 Comparison of the ionic concentrations in snowpack and in situ diurnal mean temperature.

Total means total ionic concentration
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AR T RPIAERE, R LRI  THERMIE S 12 F TR a8 . 422 (12-2
A BERFFEIR 15K R R D SIRBAL, T e IR 27
WRE . THE. TR R A, XIS IR AR B
HEREN] (3-6 A, SRIFEETE BACH BB, TR S TIREME
Tt XARe 5 ARiES) . BRSPS K. HE, EX ETHRE
TER, KA R B A 2 Rl R i R AR AR, KB K AR A
SRR 1A R B B, AR R L AR BOIE N — P KR Z 10T (L et al., 2006) . H.
BYIE, SHIEFRRERRRKNE. 7 H, [RREAE, SHTHIEBRILR,
RKEHFHERUKRR. BFRESEW/DN. N9 H, "RIFEE TR, MhiE ik
¥, BTIREHEA T,
5.1.2 MR EETIRE

H P02 — H WSR2 HE, Tk al RE 32 SR AR A TR AU
AT, B, N T RREE SRS TR E R ARER, A2
BT 7 RAESAT] A RUE . ) IERR S TS FIRERIOR R, AR 2R AT 6 L
Wt (B 5.2) o FREEMRIFZHTRMEE, E— R En U
RER RN (RIS, 2006) o [HBSF R T AR A B F AR LR AE, 3%
T R B AT U

Kl5.2 92003 4 9 H & 2006 4 9 A EHTHHIE TR SRR, ERELS
JFEERAR K R HEW, FREENEREA, 55508 TR s
o, A E 253 52 5 R KRR /NI 21T . SRTT S5 VR X dee /MBS B IR BE T ¢
(IR AR R, —H A+ REAE M, FAHX R R A 0. 10, 1F
BUR B FIR B0y B3 . MIERURSFRS M ARME T, FHiEs IR
IR BB I Rd sk = e ME . FoE, R IERIRIKIRE R T EHTE R N3, &
GBS IR RNTT AR 18 T o BN B 1R B2 R RE MR 2[R T IE AR . AR A7 (A X
5K 8 R B (R e (X, R P TE A X T o 7 - 84 3 B P PRl X .
T R AR B8 IR B RS S AN LE R, R IAE R R 3 A R 5 B 1
S AH L PR AR
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Fig. 5.2 Comparison of the total ionic concentrations in snowpack, accumulated temperature,

positive accumulated temperature and snow depth.

FET B FIREE AR ARFE, 2 S0K T 5088 7R BT 4R SR/ 22 d /M ¥ 34
(6 AXIZE 8 AJE) & NI o % T8 IR A8 ] & (O vA R 1 Fg
s WRPE RN AR (B R . BT RS, AR AT REAE SR LI
W2 O RkA, RIIERBE BN THE TR E R SR, A SCAE Sbe.
— ROk, R AL, DB RUKEE WL E TR E R R AL (Suzuki et
al.,1982) . SULFERS, BAEHZEEEAC, RKRTRESZ 2% BB IS = R
PSS (Bales et al., 19905 3KT* 755, 2010), XAERNTRIEFEX BAFHK
U, WAHB T, MEREE P TE, ORI E RN, ThE A
UKIAR IR, BRI S FIREE SR . B 2004 42900, SREGKIEIHVILE (6
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), FHE TR NR M (3844, 3ug: LY, HFHSIE. BURMIERUE S
AlfE-0.5°C, -3.2°CHI 1. 9°C. P& IR ERFEE LI, WA REIR], SHYHues Ik EEfE
8 A NP EHARME (940. 1pg- LD, HINAH PSR BUEA R 51T =
£-0.2°C, ~1.4°CH 6. 3°C. HUt[FN, T2 F W 247cm il 2 5 /ME(135em).
AN TRV B TR B AR A S FEX B SR S U A R (AR 5. 1)« 2004-2006
ESRFIMAE AT 6 A B g, ST 8 A, M. SHHUE FIRE ARG IR
h, 4r5 2904. 2ug- L. 2318ug L1 #2397, 6pg- L. AT, FHS S IRAEIS G
ANE],  SRENMIE T AR H P3R5 A 9-0. 5°CL -0, 6°CHI-1. 2°C, R A
-3.2°C. —4.2°CHI-8.5C, 1IERUE/ AN 1.9C. 3.4CHMI1.6°Co HULAT I, A
A SR BRI AR RN 4 R I IR) B SRS 58 AR Rl . AT RE IR 2, AR TR
FEREIBE A — M, YU F IR — AR E R, 558 H AR
RRRIEATME . F5h, BT AREX—FEREI, AFRNHNSEEE. WK)iI4
il B AR XU R ) 55 S R AR AT e AN AR B SR FH 0 38 T IR I %
5.1 FHUE T B R EEAE B R AN R /MBI N T 24

Table 5.1 The maximum and minimum of total ion concentration with corresponding air

temperature indexes.

MR EE H i AR IEARE

H # EiE (cm)
(Mglh (C) (C) (C)

74 2004/6/11 3844. 3 -0.5 -3.2 1.9 247

I 2005/6/6 3303. 4 -0.6 -4.2 3.4 235

B 2006/6/3 3322.3 -1.2 -8.5 1.6 288

i 2004/8/11 940. 1 -0.2 -1.4 6.3 135

2N 2005/8/9 985. 4 0.6 3.3 7.8 170

B 2006/8/31 924.7 -0.6 -4.6 4.1 190

RN R R RAT g B, AR SO S 5R ZIRIE WA IR B IR E 2 (]
UERR. W, IERES B IRE A B . B 5.3 5 2003-2007
FEaZUME A T O 1 RIRE S R EAR A LA i 2k, RIUNTE BB
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K&, WMEaAXaT:
Y=Y, +Ae ™ @

Horb, oy, BAUGHZRI WA E, A fCRIMZIRIE, o Z3aE. UG REs
IS EH) KN Al O T Rom R LA R R . A R T ol A A ST
THRIREYIIGME: o R AFRIEREZN T & T RMERRE . A RS IE L
HKIZHLE 5.2, Hh REFRIHZIG L.
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Fig.5.3 The relationship between positive accumulated temperature and total ion concentration
in snowpack during strong ablation periods from 2003 to 2007. Straight lines are exponential fitting

curve..
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TREAS, 5508 T IR B B IR (38 KRB 48 B D M o IX — 3kt
FERBOT LA A B : BE—Fr B, MIERRIRER] 0°C B B HT & Ik EIT iR
SURNE /> AH SRR SRR B, T KR 20 B 2 D R K R T I 2K Y
(Johannessen et al., 1978; 3K7*7*%%, 20105 7KBEF, 2011) . X—BMBRILH
RS F AR R, AR, BTk E R BB, AR — DT
w, MIERURIE R 60°C A AR, FHHTE T Kk N AR R AR LR, RILEMIE
2 I I ALK AR, FFAE SR ZTE AU AR IS B i ME, IS R SRS AR 4 R

% 5.2 RREFEHBE LIS

Table 5.2 Function parameters values of fitting curve.

e 21
oy R’
Yo A c
2003 317 2937 32 0.83
2004 823 1978 39 0.74
2005 947 2101 24 0.91
2006 703 2160 27 0. 86
2007 843 6186 15 0.84

ANFEEG, THHE TIRERIEBURN A RIUH 2 50, X ] Re 5 S E R
BAHFAE . TR A AR GRENE R4 5 (Davies et al., 1987; Bales et al.,
1990) . 2003-2007 4F 5 Z1ith i WAMI 46, 55 BT 88 F R iR A 4 A 2894pg- L
3844ug-L?, 3303ug-L?, 3322ugL™t 1 7200ug- LY SRZUHMIAIAR, 551 (%
Z A4 886ug LY, 940pg-L?, 985ug-L?, 925ug- L™t Al 787ug- L™, XFRifIIE
TR 7798 63.9°C, 123.8°C, 104.3°C, 60.3°C fil 108°C. 4 B T [F 1A B F AIAE KT, XF
LFERR IR S R i e, a0 2003 A1 2006 4. 31X U B TE SRS 5 1, AR
TR FEE YK — S0, FINER T8 A B R AL S ERKEE
FIRIH. B FEHEN, T F IR A AT RECRRIE N, iR — AR X
T 1 Sk, XA ERARME KL 800pg L A2 4. Iz 8 HJE 9 A#I, REIE
FURFFSIG N, (B HRE T FAK BAEB A B MK, S0k RS T —2 M
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MEVEF . 2007 SEBONFEIR, TEE T RIREEIAT] 5 RN, Sl E il
JEAEH 5 AESRIEB/IME. TS M IEAURIRE 5 k. Fe b, HHuRKm
FEAE SRR R P R S AR L, XS 3 B T hu & T R AR AL
tedn, 3%, BB, W, KEESMEESE (Hock et al., 2003). HHH
TWREERR T 32 IEAR /N EENR, 385 IR R RFEEI 1], I3 S AR o R A FH 25 A
=K HAERNUEA R E— B RN T o

5. 1.3 B FHBAIEER
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Fig. 5.4 The relationship between positive accumulated temperature and each ion species
concentration in snowpack during strong ablation period in 2003. Straight lines are exponential fitting

curve.
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5. 4 920034E 5 i i B T+ (Na', K*, Ca®*, Mg, NH,", CI", SO, #1 NO3)
WS IERURAOC R T, RUE R B T B AE SR Z0TH BRI I HE B 2 vk i 1
H, AANFEE FZ A 2R A R % . IR SR 3 i LA R, SO,%,
NOg, Na*, CI', NHs" #1 Ca*" M4 BEHAT, 43 %1°40.91, 0.96, 0.85, 0.82, 0.78
0.89. LIRE-TIYL N 1 9 ZLMRE ST T SRR AN g Zb A ) JE R 22 18 A
A B, WERIX LR BT (ks PR L o TTKT A Mg™ R4 & BE AR HERAIE,
Sy B0, 4110, 240 FZERIEEL (c) i, CI',Na’, NH," Fl SO 2 A AHIU I, 2
AA12.7, 12,7, 12.1 A 13,15 ZERECREIAK A Mg™, 735°449. 9F1-28. 1.
MIERRFZME N ki th 2ok E, 8 TR B B A T 1 T P B2 3R,
HIREAAAIR Y — o BB TR E R I 1 5 HAR AR, T2 R0 H S 18 P
R R

BRI, FERK B AR TR FREE R T 1) B9 1 et 2 KRR BE CRAEAE VK vh
BT 23 7 AEE . BT A7 TR A7 B 55 22 (Moore et al.,2005) . 1R B &,
SO4%, NO3", Na", CI', NH," I Ca®" 55 Gyt 1y . 24 IERLIR I 310°C DAL I,
KRBT RKH A, R IUEMIA 22 b 55— ORI S8 — YR 9] e A 0 £ 89 79k 3
SRR o A AR 1 b Al T ) 2 AR AT 5T T TR A T (You et
al.,2015). X5 & FET R BONRE B AERER/NG G, S5, W THES
Jo R ARG B B S AR AN S A
5.1.4 BHRBETFHHIAR

XH, 5IN “WERT” () KIS, ARERXRZY —MHBE, it
BT, HEARW R,

e=l-exp (InCt-InCs)  (3)

Hoh, Cs NumZUMIB VI B FIREAE, Ct ARIRFUMIE AR WS IR {H,
ZER WA 5. 2.

W 1 B T5 B RS AT AT . AR, S EARTRIIE 1 50K
N RAZEAE SSRGS PRk . ENIEN, PRMERE A
0.79, Herbribhia B s KAB AN B /IMEL 7> 30l Y IAE 2007 4F (0.90) £ 2006 (0.67) 4F-.
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RIS T RO IR Tt A 5228 58, Mg ORI IR T Bl (0.43) SO MR
TR (0.84) o XUt HEERS FAERUKIE ] I B ouRase, T AR B9 1 B 2% 5 itk
V. AN S EARTERE LS UK RKASRAL PR AEREAT 208, 4538 1 50K) 1] fl
KBEHZRHHETLL Ca™ AL, BIETLL SO R HCO; HE (7%, 2014) ,
X5 I R S B 25 SR AR TR 1)

R 5.2 ANFEEAR BT RIMGE R KA R 1 T R o PR T

Table 5.2 Elution Factor for ion concentration from 2003 to 2007

FEh 2003 2004 2005 2006 2007

e 0. 84 0.79 0.75 0.67 0. 90
=BT Cl” S0."" NOs~ Na' K Ca® Mg™ NH.
e 0. 60 0. 84 0.76 0. 70 0.61 0.74 0.43 0. 56

REEGMIER TAAEZERE, WA =NER: e, B rlEdies G480
T B S HARUARFAE A O o FH B T IR BE B IERUR IS R I F e B o T A IR
JEARA A B TG OB R 3R . IR, VAR R R AR AT R b AL 22 o3 1
THRUTFERGE T EHTH RS 780, (ENThuh L RS, HohkiE ey
FE— RIS . T, XS EARFWIRIN S, RERIS-10 H BE2 MRl S %
KBRS EE R T SHih R B AT R K B 2 g .
e, B K H 5 B AR 20 R R 7= AR . A DEALRY, BRI
SRR, REMEM, RS REEE R4 K (Lietal., 2006; Moore etal., 2005)
5. 2 [ R M 2

B 7, BEAKTR RS BT TR ER SRR SH BKIE R A2 gy
BB —MERR DT, RETULEE TR RO, B BRI A, AEsRAY
W], BEKSbR BRI S ST E TSR, XERRSE RS TRAR
Ko BRI BEAKE P IMAERREL S, Hrh 7 QARSI 5 HflRR, 5
— A Y BT SR A S B RS A BRI . R T AR FE B K H U IR EE I
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Fig. 5.5 Total ionic concentrations in the snowpacks, positive accumulated temperatures and

precipitations during the wet seasons of 2003-2006.
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ZIR S VKRR B, @RI, AT 3 S50 i XUR B3 7 s R PR AL 27 13 o3 BEa 1Y)
HefRAF R(Li et al., 2006; You et al., 2012). Z5 Lprik, &7, (XAUKAESH )
IR AP ARAF ELF T ZH

5.2.2 FREKSEFIREZRL
5.2.2.1 BT ERF

N TR K B0 AN [ B iR BE R R, X 20054F-3 H 222006473 J 8] 8 L
T (A AR ) 1 B K R T MG WA, T PEI5.6 T
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Fig.5.6 The comparison between ionic concentration and precipitation from March 2005 to

March 2006
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L IR U1 23 A AL 5 =l 2 Z AR ST P AR S 2t ARt I 1 B K e . Pl
5.60 13, FESRZUMIEI, TR TR FERE R K & 1Y IR I H — 8 i3 e,
YRR B A F TR IR A — e . SR AR+ 205, HAEAF &
FRIGFAERKZES. Kb, SO MINOs M REEAE, 41X 50.05510.10. Mg**
RIAHOC R B R &, PIIk0.43. — ok, BE/KHE T R AL iy e 22 55 )= 3K 00
R R RAE—E R B RS F A TIRIE. R/, BoKIFERET T
ME—UE, AZEMMREIMEAFRREEE FEmRZTIRE. M2 RE ., FHEME% sl
FHAMPTRUG IR, RIS FIRE S R KA I A B3
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Fig. 5.7 Total ionic concentrations in the snowpacks, precipitations during the dry seasons of
2003-2006. The area figures are total ionic concentrations, step lines are precipitations and dot lines

are daily average temperatures.

49



R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

T2, BETRERSIEN (B5.7) , HikshitE )5l Z&1157-1814pg/L,
2080-3083ug/LF11567-2512ug/L, Z=1I WARLIEZIN1000pg/L , /N TR B 148
LB (Z3543000pg/L) o 55— T2 (20034E10 H 2 20044F4 )  H_ANFZ (2004
10 H ZE20054E4 H ) 5 = A T2 (2005410 A £200644 A ) K MK 247 A~ 28mm,
35.6mmAN74.2mm, [FHIfK H T2 RAE 279 09-15.9<C, -15.4 CTHI-16.3<CT.. &5, T
Ry B B IR I R o 2, B BRI K I B K B T B2 5
HOE TIRETE (Fltn, 20044E2 H 22004463 H) , AR, 78 FKEH/INAEHHTR
REXL B 5 TR B B B34 (9dn, 20034E10 H £20034E11H) o Bh4h, 20054
SAK, REMHAHERMBKEL, TREFREHNZINFFEGES. FHik, BEKE
HAREHTFESRE TIREERR IR EZENHE R, A, B oATZE (20044F
107 2200544 H ) W -k BEAE & T FAB I3, X B = A= B oK &
SIRMERIL, = AZEATHY RN K A A AN o 12 B I U B9
-30.5C ~ -44T, Fkx VARMMAE AT REN:, Bk, FEE TR S TR
ARG S A K
5.2.2.3 {ENAL

BT BiRvhie, fR4E20054:3 H 2200643 A 5 YLK 2 5 B 1K B 1B A0 HE
fiE, HHEZFRERr CRIRETMEHE FIRERIED , JFFZEURAME K
LY FIRE IR, A — R R NI, A RIAETL, T2, T3FIT4R
TNo

TIRT By BHYIZ6H HA)) , HHUE FIREEHT LA B, PR
2759.0ug L. KRBT B TR B R O B O AE SR LR 2L B, SF IR E A
3788.8ug- L. LR LT KRIRB . FWIFEKENL108.7mm, £ 54ERKKE
[f120%. X BRI () P B /K AR AT RE SR B T 2 7R T, BETIEA3 55 0 28 50k
Ji BT E A . T2 B (6H T AIEIAYD |, FHHUES IR E IR F B
i, PR N1305.5pg L. KRBT B FIRERMEN AR, SFRIREHN
824.6pg- L' ZHTBAE T T AE60% A A K. R KRR, FAKSRE, H
FEEEFIREIR B R JRER TR s, RESME S
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B TIEHEMREI R . ZHWRBN (<) 7JEE, ZNBERES S FIRER
ZUNFEHYL, BORFIMATEE IR T T, X0 T RE T 2 KBRS ¥ B B
H, PR R, SEERERR . RET2RMEABURI, 27K
SRV 22 B AR, U6 B 2= K RS A8 BRI AR ORI R UK. T3 BN (9
AWIZELR2H B, [HRRZETE WS FIREEARBRER T, PRWE S 5N
1990.6/11919.9ug L. [FHIME /K& H99.0mm, £ 5 4E /K& 118%, B i B
B K PO = B IR EE R = A E . TARTE: (12H FRIR064F3HYD , &
JEEFEHTE PRI kN, HrEaa 2N T 1. FRKE R15.7mm, 2] 59ER
IKERI2% A . BT KD, R IRE S —E i RE, SHMERETE 7K
JEARA AR R E o
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5.8 HHIMEZE T TIRES R KR LEES 5SEHE FIRERHE (0 &,
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Fig.5.8 the relationship between the ionic concentration in snow-pack and surface snow and the

comparison with precipitation
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P, BN HHLE IR 3 B AR B A (3HAIE6H
) PLAKZERIA YN (OHWIE12H A | B nRE TS TR
NETUIE TIREA IS, mEKERKNET (G FUEIAVD . FKFEM
X EGTUE TR IFA RS T T .

5.3 ETRESHHIMBFRAB T

Sz AKOHAR
=B HUE T ’/
T LLS7: Ficdid FEN
Elution Model Percolation Model Melt Index
Il i1l Ll

B 5.9 BRI

Fig. 5.9 Elution model on temperature index

BT FRBEIT, AN 2 R S B L ST By B, Rk
FRR LR T B UK RS T AR, IR SR Sk R S G R . B
R N =TT RE: ARYE S i 8E . IR R B, L E R ;
PRAE T BRI EIR M SR A IR VCS B, # At (B 5.9 o &
WIANNE FIREE . RS, Sl A R

FEVR I IX SRS 78 i X, DK E i AR SRR AR Y, < S M AL B 7K SR Bt
(Jansson et al., 2003), M\ i 3 B 1% U K SC H B WY R K 2 AR A B H AR AL
(Rothlisherger and Lang, 1987). X428 484k B AR KRS B ok V8 Al 72,
PRI, R 20 e P T =5 DK K AR AT KR R AR . — R TE, TR
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BB T AP B . — R AEE- PR, a1 @ S A4 7 R R AT = A
TRIBESEER, @RS HEBRZ AR R RE SR B H . 5
BN T vk 1R LE 1987 4 (Finsterwalder and Schunk, 1887) , BtjE#t) 32
[ 2 FH - At [X 35k ¥ 92 (e.g. Clyde,1931; Collins, 1934; Corps of Engineers, 1956;
Hoinkes and Steinacker, 1975; Braithwaite,1995). 5 Z¥RM  fr LLAE WS4 V2 N
M R, A 4 M (D SREBER 230U (2) RIRS AT
EAITI, (3 ARMFHEME R, (4) TR,

I & Z BRI 2 1A% FH 0382 FH T 90 i on) ATk 7K R 0 A 7K S Ak A
(WMO, 1986). K#EF/42Mimis, FHlhn HBV i (Bergstrom, 1976), SRM #¥i%Y
(Martinecand Rango, 1986), UBC #%%Y (Quick and Pipes, 1977)f1 HYMET #:7}!
(Tangborn, 1984) Z5:#R &3 TR FERE AL G T K] . J5E S EUR LI Fy vk )1 5 7y A Ay
S Bt 5i -1 (Oerlemans et al., 1998), JFf T~ TN IK )40 Jo7 1446 % A A2 4K R i Bz
( Baggild et al., 1994;Braithwaite and Zhang, 1999).

BT R — R AR AR, AETPARER FEOK X, AR ki I AR IR 52 i+ 2 3
F, X EENR 32 B IR S e T Rk ) RN T R B R . AN, R
TIESMESRERR R, EURSEERR R b, AT @S m i R SR 2 1)
IR R, PR NMIER
5.3. 1 EBESHRT KV EE A

V2 B 70 3R R 5 W Rl 2 TR R R A 95 1 - Braithwaite and Olesen (1989)
R IV AV Fib o A E AR 22 TA] R A 58 R ALATIA 0.96. [RIRE, ilid REAR B T £
RER-F AL (WMO, 1986). JRE RS RHAAK AR ERIRR, AR, [R5
Me) e 52~ 187 1) LA 32 22 o0 Y9 B A 55 P (Ambach, 1988; Sato et al., 1984;
Braithwaite and Olesen, 1990; Lang and Braun, 1990). J: /5 &2 & #4GE & n) A v ab i
FRIRALEAN G 3/4, T WAl & 5 IR E % UIAH .

5.3.2 EHEF

T 55 2 B 52 T VR R AT S 2 [B) IR SR P A o AR SO B H R 73S —

BREARAIREIS:
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n n
> M=DDF) T"At
i=1 i=1

o, MOAy—ANH TR T] Bgn o BV ke, — B — B iR SE R TR TR B . TN
XN T IEA IR, DDFARE AR T, Sfikd? - Ct

R53 1 SUKNRIAFREEGFELIE R TE GEEEHE

Table 5.3  The annual mean DDF at diffe rent a ttitudes in eastern branch of the Glacier No .1

mEHERM EHE T (mm e dteCh EEHHAKm?

3740-3800 7.121 0.065
3800-3850 6.695 0.088
3850-3900 6.713 0.118
3900-3950 6.430 0.160
3950-4000 3.995 0.205
4000-4050 4.140 0.160
4050-4100 4.661 0.169
4100-4150 5.190 0.095
4150-4267 5.190 0.201

J& H FIME& 2 Finsterw alder 1 Schunk (1887) 7E i /R BLT 1Lk )1 A8 (L AFF 7T
HIRGIANR o JaREITTFERIL, BEH BT IFA R — A, HABEE S UKL=
oA BRI S SR A AN RITAF S — € IS 321K Braithwaite (1989) 4%
¥ B H H R TAg B 2 oK s R BRI o rh, A5 KoK H I 72K T35
HRIRE F L, DK DKRT S 1 B H Bl 8] ) 22 3 B R T L i AR i s o A B oh—
e (Braithwait R J et al., 1993; Schreider S Y etal., 1997; Arendt A etal., 1999;
Cazorzi Fetal., 1996; Hock Retal., 1999) 7EAR AL o 5] N7 i) 73 A7 20 H AR T Mk
&, (EAEURE B . TR B S AT E VK1 (TR B5E, 2006) FIRML
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RREFK) (5KkFAE, 2005) FEH KR, RIEHBFRZ3<E. &
PP S AF IR, AFAERR I SRR IE . B R (2010 4F) SSREFRILY
BARFERE | S UK)13T 50 a M) -FAT 0L B2k}, I 1983-2004 +F[A] 741 132 H
W) 5 TG AT I AT R VA S R H AR BRKIERE, IR T 1 50K
JE H RIS 2SI, A3 AR FE AU H IR 5.190d ™ - L

5.3.3 WMBHKEA, (elution model)
Sefr b, vEREhE AT BLR AR TR

fm(Td _T0)1Td >To
M= {

<
0,T, <T, (5)

(Gottlieb, 1980; Lang, 1986; Braun et al., 1994)

deat, MRS H R, TARIEH ERR, To =3B R A 1 555
fm VRl T, AR EE R B AR Rl R AT T R T ST R AR K
A SR, A FRSCER A A A IR . Kuhn 5 (1987) AR — L8 & iR 22
LEAFER R, WEERER A A IHA—EE>CCHIZFM T, 1M Braithwaite (1995)
SR T A SR AN R RS ROV OCIE, JHREI SR

UWEUURY, BE AN (Davies et al., 1982; lizuka et al.,
2002) . X 5 B REME AL A B H B AR O &5 9C (Cragin et al., 1996) o
SR, H TR T ROW Y 2 R & TR 2 B, BATAE i, BT
WA S O FE % DIAHSS (Grinsted et al. 2006) , Ak, A5 H LR AR:

oC
—=-ac
oM
C(0)=C,

C(M)=C,e™ (6)
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Horp, M RERERE: C AR—PLS B FIREE: Cp 2 e RN S R B ey
THIWIRIKRIE: a BRI FE FEITH AR, EHE - R0E, XEMIRE
AT IR IR R AN, v IR 72 AT RS B Ik &, oAb w] F ik ]
T H PR LR T FRERTT, X 2003 43R ZH A A A 85 7 (ks o f2
BEATRLALL, WIRRINEE R (E5.1D) -
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Fig. 5.11 Elution model of the Glacier No .1

& 5.11 J&T 2003 Sk R 5~ ARSI I IR AT, M T 1 50K
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JUATR S T ia R . MRS ARIE 5.4, B TEERE S S48 T3
KA VIR B Co Bt SkiE R A S R 3 a lUx L, a Bk, itk
BRI . AR R R — 3 R U, Co Al a ¥WNE . HHE FIKE S HRE
M R b, Rl E ) B H R A OEARTR Te A58, PR S AR, WHRkE M R
BT IR RN e BERBFE I, IERRIR K T 0, sRZ0M s E - ED k4,
BRI b 26 O AR Rl YR To N2

ISR, A ] A S R [ B T A I R . HESIE NOg. SO4% Na'
A Ca®* BT, BRI A I RUR T A TR A8 5 Se PR B AR S e (MR &
¥R 43519 0.92, 0.93, 0.93 F10.93) . MISEPERAKIIA Mg, {0 0.29. H& 5.11
AU, BRI SR S5 S I M L SE PR S R G, X AE Ca®™*, Na', CIpiif
W e, XA RE S R H B BUE WK K

R 54 AFEETMHESA LS E

Table 5.4  Elution model of ions and their key parameters

Y
BT IR FREHR
Co(ng/L) a

S0% 735.08 0.0063636 C (M) =735,08 ¢ 00T 0.93
NOy 421.46 0.0057576 C (M) =421.46 0% 0.92
Na* 161.31 0.0053030 C (M) =161.31 ¢0-0%6T 0.91
cr 391.55 0.0045112 C (M) =391.55 ¢ 002 0.74
NH," 185.52 0.0042420 C (M) =185.52 ¢0:022Td 0.82
Ca? 2049.51 0.0056060 C (M) =2049.515.08 ¢0%™ 0.91
Mg®* 341.05 0.0032576 C (M) =341.05 001 0.29
K* 78.12 0.0046212 C (M) =78.12 ¢00%™ 0.63
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HeF 5.2 MBFFE, T AN R 26 R0 S 4T B T AG VR B B AR 0 1 RS R BT 22 5
Rk, AFEEMREBRRSE CoM a MEHFIAR. mMEx kL, HT a il
WA (R 5.4) , HXPEEABI R FE AR LN o AT B THZ b XK IR AR A Ry
fiE, 190 & T HUR R E DR, B, SRR, SMERE
VUGBS TR A A %

5.4 /NG5

R E GG AR A K R, JESL T AR BL IR T S5 IR TR R A A
AR, FELERW T

(D FHEFIRERZNE RS —EM MK R, EF, HFHA
T, B FIRERC, ARBAC BRI A, Thid i e ke 2 <R
AL

(2) BREUHIEH (6 H WIS AR T A Ay B IR B IERUE A T 2 F 4t
o ZEPRAT FE AT 73 g PR PR 22 18 S 9 B B . 4 IERRIRAA 20°C LA B F
BT WRE TR, BT EER . SRR HIERRIAR60C LA AR, T
BRI NS B AL, SRS BRE .

(3) A7 IERR AR AR i N AT 22 530 . SO,%, NOg,, Na*, CI', NH," #
Ca’* B4l IE AR 0 S 30 P T8 A 34 5 4 0ok UL & 5, P04 FE 43 R0, 91,
0.96, 0.85, 0.82, 0.78 F10.89; Mg HIK" B F7E 1E AR T I A W &AM
ERiR T

(4 WEHEF BT E A SIS B850, GIRIERE50.84) , Mg”
BTNt GRERT 0. 43) .

(5) SRZLGMIEND], FE/KEXN TR FIRER M A& . R 20HE 1,
Pk B 5 T HU R FIRIE RS IEAR DGR R, Bk E @M WINER R T P S TR
JERR AT U IR BT in .

(6) JHRI ST b B IR B LR O Tl Al R S B R S SR R AL, T
TH Rl SR H R ANEARIR B ek, PR, AT @ AR AR B IE AR S E 5T
FIRFEMI DG RAERL, BN Ay S VAL AR F SR AR I3
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BANE IKEERHITERERE & PRI 5T

USRS RS, REEE - FEEES, BEIR TR P2 S
o ZAC AT DB I ORAF AR T URRIN (A e 5 2, HOREMESR. [FREX,
SrFEERE . IR . B EBKGE,  BURES TR A O i RS2, X
L MRS AR HEAT 2 HTE 7T, KRR B AR A AL AT T . OS]
ARG R. BAKEGFE. RAABER. KNESIER. AUERE BMASES)

TN IX A BT IR, RN . RS2 T VOS2 = e
FEJikZ— (Thompson. L. G, 1975) . AR, VKCH LA IE R 21452 BTN
TR R I RE RS T A AL g . PRIE, 75 B S5 2 AL 2 8 5 AN SRR AR
JERFEBEAT 204, B HEAR R, T PO PKOR E SRR A T R AR (U ges%,
2006) o Z T RAERORLAIL 5 B T i 2 LUBRE I 70 HER R B UK, B AT FE )
TIEAAFE T B S Sedicds, A S 25 TE N 1288 1 RIS SoRE gt AT ER R
W FARE ORI, THU A RORLAN & AL B TS (R B R R
A K IR I T S PR ER RN S B VA ORI 5 B A T ST R A R TE K
HIDRAF I FEREAT 2047, DA B AR UK T SR 1 i R K HG 73 25 1) T J T i R
o
6. 1 VK IERHITERILTE

AN AR A B, SRS 8 g R HEAT 247 6

DRI R OAE AN AR RSO AE A% S AL A O S A BT AN ), AR ST AN ok
e d KN, R AR (d >10pm) ARk (d<ipm) . K 6.1 A
RLAE TR S 2 IR B R RAR K 40 AT o H AT AL, K42 KT 10pm B RORL IR
JE WA T DRI B S e 5 2 b B35 A 2 20 A o ORI B AE 55 BT R B B 40 2 Hh H
PLGEAR, Ef% RIS 02 i isE B R . AR/ N T Lpm AN, ok &
TORE SR EE Y 7 80% LA b, 7EF iSRRI R, HERfF AR
REARTIORE IR BB, Ut I AH RO AE 25 J22 o (RIS S AR BR TR, 5 5 KA
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I T A A 55 0 T AR B2 P 2T o AL, IS B A% AR ROk 2 8 A AR AR
WO o) BUAGR R 1 S WORLORE (R i d, DAL, 29l Bty RO9R IS AR« FLRORLAAR
BUE 73 b B 1 HURIUREAE B ORE H BT o3 AR RR G0 30, B R AURORE T~ T kA% A i (14
RAE. HAAMEHTIESEERIRK, HRTRAETGR LA R SR, He T
RS AR BRI RS, FATTHIE 54 ZH 30 i S RURTRE IR P Bk}, alad R g Y
LIS, 15H) 03 4F 9 3 04 £ 9 ABFEENIsHERKLEE (H6.1) .

SOWREE kLR i AL HLB KL HELBL KL 5 i HELU KL (AFR
Mmb ek Mmb Mmb A (%) T 73t (%)

003'12'19 0 4e+6 8e+6 1 2 3 le+5 2e+5 3e+50 10000 200000 2 4 6 8 10 70 80 90 100

_________________________________ ﬁ e

g 52 2 ik

K 6.1 TokL & Ik 2 2 B & T2 v 1 2 B0 AT
Fig.6.1 Depth distribution of microparticles in snow-firn pack. Dashed lines are used to emphasize

the relationship between dust layers and peaks.

IRFEIEAE P1 RALFEIKII B IT V5= . 2003 4F 8 H 30 H P1 FRE R H UK
58cm, {EDEEKLTEEIMER TG T (RIERER T UK KR S48 ,
LY —4EI [ {E 2004 4 8 H 31 HATEHR Tk, mEmH, BT PLT
AERIERCR, AL T ROV T B, RUKPERREAD, #im TR EESEE. P2
TERN BRI T UK S A5 2 M RAETE 2003 FEEARBHICNEE (T 0249
H% 034F 8 HiBekl. K 02 fEilmhsmsy, AREREBORIGAEE, REARHITE
O Z D4, 38, K, P2 B2 3 s fEH  THE = {181 (Ginot, P.,2001;
Stichler, W.,2001; Schulz, O. and C. de Jong, 2004) , FH%EE. HEANEZE, HEER
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FERIBEK 3G N, P2 WEah MR aR, RIE FREEN K. BT P24h, H 034FEK
£ 04 FHZE, EOR)IRIH TR, KIRE PR EEKRIAE A — L85
TUCRLIR FE VAR o IR LEIEAEAE VR /K SR I E TN DO BRI 2 ™, IR P2 &
F (K 6.2).
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Fig.6.2 The evolution process of large particles in snowpack. A complete year-round concentration
data of large particles (from 30th August 2003 to 31st August 2004) are exhibited here. P1, P2 and P3

indicate three typical dust-rich layers.

BEAh, f£ 2004 FHZ, MERDLFEAERTRRIEK T 28T HE,
BV 4.4 iy P3" iR — 5 AN — A RUF R B3 ok B 2 BRI AN
R, —J7 XA ANMRIE, AREHIEAERR . 7 RS 8 Ak (B
A PR SEEAE RO RIZLRIT I, P, P2, P3' A KIEER . St
i, Eht EER S e, FREBEEZM 200cm BiEE 126em, KEAE AL
P3' HEFRAILREIGILE (I P3 FR) - K63 ER T ELIREASEH
AL .
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Fig.6.3 Evolutional graph of large particles with main peaks. More detailed information on
incorporation of peaks is lay out. Small fluctuation is probably from man-made error. P1, P2 and P3

indicate three typical microparticles peak.

g bprik, KRAMAE— BRI 20K, £ REFMR MBI T, e
FERUKZS SRETIRTER N A N iERe, FRERIRE A R UM . TRtk
XHRORLIRIAE AT TR AL 2% AR AR I 55 2 T A% T A AT 3 7 W B R 2B 45 AT
HE, JFIZH N, ERREIWR AR AT, BATHOXZ &4 3= k5 2 10
AT R o 15 RAES —HL S 2 577 DL K (AR YR 4k 82 DU 1) 17 R
TR, ARk B BRI, BRI ERSAUE VD L S B (1
BEMB S . =K, RS IKEE, SHERN, —ASEriszITieE
HEEEEE. BRREE, BEA - NSREER, MR EIREE. KSRk
YR P VA (s AL W] DU L BRIERTS AL 2 AL B AT By B AT B S6HIE (JEIBede, 2005) .

6.2 VEHRLE Mg” BRI
YO Ca” (AR RIS I LB bR, RFT A URE N EE S5
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(Petit J R et al., 1990; Mayewski P A et al., 1993) . Mg®* [l 5 Ca®* 7£ vkt Hh (ARt AH 5%
P Aok RO S BRSO R Y R P4 AR (Mayewski P S et al., 1996; 5K,
2008) . 7t Taylor Dome #K:ts 71, — 35 [RIAH K R 2N 0.926(Mayewski P S et al., 1996) .
BB ARFHAIR X BB KR f IR OC R M08 0.88 (15555, 2001) .

SR, 52 B SR S HURE S AR RO PR 1, AT TR Mg e FE AR BRI
PURRJE I R b AR AL SRR SR 9T, SOk A ERIE . Dy 7 B4 AU B S oK eha] v
FUANT 8 0oy D ORRARRAE B, — 3 A LR R, RN HE— B 005 1 204 P W £ 1 ¥
AR POE AR BRI S, AN T RIS EARFERIE 1 5 0k)11R )2
T AP ORIEORIAT Mg™ R B 56 R S FEAE TR i A b R AR AR A
6. 2. 1 PUBLS R HIAH R

K 6.4 Bon T RIZE PAERKL. Mg IREREZETTIAEIL, PARBRAK. R
HARA . BT LUE AR R Mo IR BE I ZE T AR LA — Btk . & KEY, =%
WRERAR: 6 A3 8 F HBUIKR BB, A BORIRE 5] .

1 SUK)IAREBCRLAT Mo (SRR FT LU ek 2 7 3% 2 55 % J0 3R & 2 AR A 5%
RHOKSLH . ST HMBE IO REERE, RI Mo® 5 A ORL AT B 1+
FtE (R = 0.74) (2-tailed, p=0.01, N=45). X% Z 5 Mg®* FE &7k 28
PEIE UK R TH . SATRE RS RA TR, RET PRBENRA Mg IR B K
I AEHBIAEYIZ (Sun Junying et al., 1998) , TIREREZ, X 5H MR Kih
BRI K F G 6 BEARFFIR X B2 B0 R, &5, (£
PR ETHSIRIPE R T, T2 M IE I RO YD 2R I 2R i R L b X 1) AR 2
. SULFIES, TR REKIRAETE )G T A R %30 (Thompson L G, 1977), {§i45
KINABAE 6-8 H (W 6.4) BEN—4EFBKBINE TN, NAEMEA Mg®
R RS BT RE

A, 1SN BISERZ, RIS Ehl. SeE 8, Fimidca
PERURGEM . IX Ly KB, BT RRSE, AR, KRR, EEE TR E
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Fig.6.4 Seasonal changes in magnesium and insoluble particle concentrations in surface snow and
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Fig.6.5 The evolution process of vertical profiles of large insoluble particles and Mg?* in snow pits

65



R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

6.2.3 EMERST

1.0
.8 1
.6
(9N}
x
4 A
2
0.0 T T - T - T - T - T . .
03-9-1 03-11-1 04-1-1 04-3-1 04-5-1 04-7-1 04-9-1
H# (-1 -H)
10
5 4
O 4
O 5]
ui
.m-’ -10 4
15 A
220 A
-25 T T T T T T
03-9-1 03-11-1 04-1-1 04-3-1 04-5-1 04-7-1 04-9-1
H W (- -H)
6.6 T =PRIk S MZ W EEIIARSCE (R?) Bl 1] (AR Ak Je FL SR e R (284K
RIS
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0 100 200 300 400 500 600

Cug LD

2* in snow layers

Horp BRI ACGERA R R PL,

P1 K EZAEAE 2003 SEA4FAHN &S, A 2004 £ 3 H, HAETFAG1E K.
N, B R INX YD BRI I B A2 PG XA T,

f£ Ko ARIERT— /N AR FT LS

2002-2004 “E B Z=H A, dEAKE .

68

U]

2+QZ

HAE 8 HWIRAIKE . fEIX—id

JURNER
RO Z BN S PR EEORIE. 5 H TS 8 A, MEREME—S L
Tho BEES TR AR 85 VKT (137 B 4 ek
Frh, SRR TS B 388.2ug L™ AN 112.7pg LY, FELLIZIK I (EHE N VK Z R
, WIZIEE P1 MZEMAT 2002 F5HZ, &t



FNE VORISR A R K MR BT

RIE (cm)

50 -
40 4
30 -

. !
Al 7 4 o f s rk J\ : n;“/ [
2 0 | n/j jh:\j’\ A T"’\b f?unJ \j J/L J
7 N, } J

10 b

0 -

-10 -

N )

30

20

| | | | | I |
2003/12/1 2004/1/1 2004/2/1 2004/3/1 2004/4/1 2004/5/1 2004/6/1 2004/7/1
H# ¢ €/A/HD

6.8 WKIEIEAE P1 AL R S e 5K I R &

Fig.6.8 The evolutional process of concentration peak P1

10

L-10

+-20

--30

Kl 6.9 R VIKEZIR(E P2 AL A . Horh, B EITHEAEA RN B P2,

HL T AR

/RO AR RS E B - 2003 4F 12 H & 2004 4F 6 H [d], P2 1725 4k5 P1 #H1L,

WAL R B UK 80cm A G B A, WK E BT 248.4pg L BN E
459.8ug- L™t HEN 6 A5, P2 BB VKO0 B RE A, 1 80cm Jk/N% 20cm A
Fio BRI R, P2 MIKEEARLEB N Z, 7 459.8ug L™ & 140. 6ug- L™ 2 /]
W o i WY PRI T i AR B RilK 3 BRI iR BN R AR . AMNEEE T
M P2 [ ™ #5), SR REE T IRSIEA P2, 2004 45 10 H UG, P2 BHESIK
AL BARELE 20cm Zida, HIKRFERIN. 2005 4F 3 A JE, P2 WK HIRE i -
W/ NAE R, FET 2005 4 8 AWILL 132.6pg L™ MR EEMEHEAVKZ . [FH, P2
R T 2003 4E4£ZE, 4] 7 2003-2005 4 {52 278 Bl 5 AR A7 B Ko

69

S (0)

F&/K & (mm)



R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

100 -

|
-
X
X

L300

g

0+ P

g

10 _%'

=20 | o, X

T T | | T T
2003/12/1  2004/3/1  2004/6/1 2004/9/1 2004/12/1 2005/3/1  2005/6/1
H# ¢ €£/H/H)

K 6.9 WIS P2 RO R S 5 R PRI R &

Fig.6.9 The evolutional process of concentration peak P2

K] 6.10 27 7 IKEEIEAE P3 AL AR . Horh B B AR AN RIS IR P3, H

HARNREE R IEN . BT RAFEIEC, P3 HAR AT A R —MEREE R
LI WARAE (FIL 78 . 2004 4E5F, P AT S hi B85, MIUAKR AN 134.3ug-L'1o
IR R 2 T8 IRk B AR LRI R A 1, bt R4 sy th IR B I (.
2004 FEIHAU G, ££ 2004 8 AV BOVAR € MR LG . LIS, P3 BHES KT
90cm LA, WREMEIGINE 381.9ug L. RS —BHARFFE 2005 45 4 H, MEESE
I (7D AR K EA R A, P3 IR — BEIA S 502.6pg- L7 BEFE H MR, I
RIUAEIR, P3 ¥k (RN BE K T ) BE B8 4608/ . %8 2005 4F 8 AR, FeuE 7EFRVK
[ 40cm 4b, BEZIREERECVNE 263.1pg LY. S E 2006 4FE 4 H BN, [ P1
P2 —FE, BEETIRE RN REE. St 2006 FHAL, P3 RALE 8
H 10 H L 176.7ug- L™ (KR B HENVKZ

70



WE (cm)

FNE VORISR A R K MR BT

) -15
AN
)
<
e
r
Y oY
g
£
20 © il
- 15 %,
0- h W %
J } "
'20 T T T T T T T T T
2004/4/1 2004/10/1 2005/4/1 2005/10/1 2006/4/1

H# ¢ &£/A/H)

6.10 WKFZIEME P3 T AL S H 5 R FEK 58 &

Fig.6.10 The evolutional process of concentration peak P3

ZREPTE, RESZENHAIIRN, BEARTHIE 1 50K B8 T HAREEL 1 4
N PRI ROKEIE R, B — MR EIEE R A VKR . SR, D52 2 1
FRIFZM, HR UG AL DR A7 UK R I RE T, 210 TR RTHISS . BA PL. P2,
P3 A, = AN F 3980 T 70%. Zd R SR 4y B2, =ikt
WS S R AR D o TR AW NI BEVEAEL, P 2 52 BT A 8 1 RIS i
AR, BIERZR KA R IR BE T o SRR A8 7 RS P 1 R 2= il
Ja, REBIIIIPEMET R, AT 30% 0k B UKELsR

JRBERIEIT, BTG R RV, WA E MR M L RSR AT € & RO U4
Ko AN CRRB G VKL TR MR, IR ARAE 2 AT e BRAR PR
TN, FERFREE B R K AR S OIS W, A& & UGBl U
TSR s AT RORE E N R AT B /K A AL RT BB I DRGSR U Cln =i B KO

71



R B 1 1030 B EATERR 1 50k E R SO R B R L7 B 1 5C R 7L

WE CniiAiEED 5, DA E o e 4 R AT I I .
6.4 F-UKFHENFEE THITBHFR
6.4.1 F-KFAEMFEEFIBHFNEL

TP TR A B T (KR RS 7T, A3 BB AT TR A 5 - UKV A P 8 IR B 1) R AT
R ARYE 15 UKIRAE X BRI AE AR ARRAE, AT A4 T2 (11 A 1
HZEWRES H 31 H) 5% (4 H1H-10 H31 H) (Li et al., 2008) . EHUE
HEGUH T R R AVKZ R TEAH AR 2 AR NS -0k R A BT, A
A5 2] 8 Fh £ AL B TR E | 2005 4 3 A% 2006 4 11 H AN FZET 32
thek (K 6.11, B 6.12) - M5 fUEBNEE AT LUKIL, -0k FHHIAS [F] 14 7 B
THIAFAE W B (2B AR AR AE

T BERZEE. IKZT 8 Fi FIkE-THEIE 6.1, £6.2. AE
HRDVE T, TR 8 P RN E TR E TR TS, KET 8 R EEA
FEPERERZERT T2 FREKHAKZETEERAS AR A, LT3
TR, B FIRERKMZ Ca”, /R K, SRS TFIRREGRL. Hht
HE) KA 02 R, 22k 2 E ) A K stiA (Luo, 1983; Williams
etal.,1991; Hou and Qin, 2002) , ifii Ca” MRIELLE V2, BRI Maf4h, ik
ARHERNERADE, LFERRGERER R (R, 2011 .

LRI 8 FhE AL B TN T 25— ELAR R B R VR, B
I IER, P CIL S04 . Na' R a8 16 A A, (H & AE 14 BORg A
IS (IS AT 2 5. A CLIRE AR R AT U, #EANRZERR 7 AP
L R sh Ak, LM 5 ARl (R 150ug LD 6 A ) (ifl 131ug LD
9 H bA) (Rmfl 161pg L™ 3 MG B 10 ALk, B FIREEESIF
Wk ETE, fE 11 3 NS T 2005 4FH B E 254pg L. 2R HE N0, 7EBE G
FJE 03 A H LB R Eh, ek 4 Ao (e 155pg LD 55 H M (B
B 163ug LD 2 MEER B, 5 A LG, 529 M N, WKREAIEEER /N, K
JEAE AL T BARMIZK: 10 H LR, B AER S ETF, 10 H 10 H HIUE(E 204pg
L, BEJEREANTZE, 2006 4E 3 AVIARIRKME. T2 N 7EENIBTFE 1 4 4

72



FNE VORISR A R K MR BT

AR R, R4 Bt sl 165pg L A1 5 H s d) i Bl 119ug

L2 MR B 5 H FHLUS, FEH NHBsheh, 27 A Ml ME
1Tug L™, BJS SOFMREEh T, 3 11 A Rk 3 —FE iR Rl 188pg LY. F 2
JEEHR KA Ca™ AR BE DS AZ A - 2 BA AR . KAEHE IR ZRR) 6 S H (e
(A BB EART T CL v NO, « NH, SRR3R . 4 3 N A tHIAE B3pg LY, 7F
WS 5 A, SERED, B 10 B ALY 6pg LY, BEANTIRS, s
Tt, 11 A FRES—E P Kl T9ug LY FEIRES 7 Me™ WK I S (AR 5
SRR KR Ca” SR, Al RE S WMIBORIE. XUHSEA K.

£ 6.1 FRERMSAEEFIRETFHME CARL: pgL™D

Table 6.1 The averages of ions concentration at bottom of snow layer

P 1] Ccl S04 NO;~ Na' NH" k' Mg™ Ca™
T2 171 284 254 103 103 41 119 530
TS 126 177 196 80 83 27 90 400

% 6.2 VKIETUESALE B TIRE P CAAL: pg L™

Table 6.2 The averages of ions concentration at top of ice layer (pgL™)

i Ji] Cl” S0,° NO; Na' NH" k+ Mg™ Ca”'
T 124 173 147 51 87 18 47 367
TS 356 1049 446 254 111 62 122 1187
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Fig6.12 The variations of ions concentration at top of ice layer from March 2005 to November 2006.
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