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;|1 O18RkNEE3 830 mEBER (C) . EHM D |
R PETH (b)) HARMER

xmw | mw % | 4 lsa|oc |3sc]| w b

B ¥ t P ! P I
o) (mm) ) (msm) (mm) | (mm) ’(mm) (mm) (mm> (mm)
6.1 2.5 6.0 | —0.9 0.2 8.1 8.1 o | o - 8.1 -8.1
6.2 2.3 0.0 0.2 0.0 | 18.8 | 26.9 0 0 -18.8 -26.9
6.3 £.6 0.0 3.4 0.0 34.9 | 1.8 0 0 ~-34.9 -61.8
6.4 6.0 0.0 4.3 0.0 25.5 87.3 0 0 -25.5 -87.3
6.5 4.8 2.8 2.4 3.0 2.2 | 89.5 5.4 5.4 +3.2 ~-84.1
'5;.5 0.5 | 1.2 | -0 t.a | 27.3 | 1t6.8 2.8 g.2 | —24.5 | —108.6
s7 _ .'3.5. 0.0 | 0.4 0.0 | 22.6 | 139.4 3.0 | 11.2 -19.6 | —128.2
6.8 | 6.5 | 00 | 40 | 0.0 | 484 |187.8 o | e | -ess | -t
6.9 4.5' g2 | 2.0 8.5 | 19.1 | 206.9 | 10.5 | 21.7 | ~-8.5 5.2
Teto | s 0| o0 ‘ 0.0 | 7.5 214 | 0 2.7 BE T
"s,.r'i- S P 1.2 2.5 0.0 1304 | 227.8 o 21.7 | —1s.4 | —206.1
1"5'.12 6.1 9.9 4.8 8.5 | 22.3 |z2s0.1 | ti.z | 32.0 —11.1 | —217.2
6.13 45 | 4.5 2.7 4.2 s | 26103 0 32.9 —1t.2 | -228.4
6.14 5.5 8.9 3.8 7.4 | 40.2 | 301.5 0 32.9 ~40.2 | —268.¢
6.15 5.3 | 24.6 4.0 | 20.8 | 26.2 |327.7 | 24.5 | 67.4 -1.7 | -270.3
6.16 1.2 4.2 1.2 1.9 4.5 |332.2 | rac0 | 714 +9.5 | —260.8
6.17 2.7 1.9 3.8 1.8 2.3 334.5 4.2 75.6 +1.9 —-258.9
6.18 2.1 3.3 0.3 2.2 | 11,2 | 345.7 2.8 | 78.4 -8.4 | -267.3
T6.10 4.5 0.0 | 1.6 0.0 | 40.5 |386.2 0 78.4 -40.5 | —307.8
8.20 7.4 0.0 5.0 0.0 | 7.5 |453.7 0 78.4 -67.5 | —375.3
6.21 | 6.8 4.8 4.7 3.8 6.8 | 480-5 4.8 83.2 -2.0 -377.3
6.22 1 | o4t 4.8 4.5 | 20.1 |480.6 7.2 | 90.4 —12.9 | —390.2
6.23 41 | 47 5.8 | 12.0 | s1.5 | 512.1 14.4 | 104.8 ~17.1 | —407.3
6.24 © 3.4 4.3 1.9 4.8 33.8 | 545.9 5.0 | 113.8 ~-24.8 | —432.1
“6.25 6.3 | 5.2 5.0 1.8 | 20.3 | 566.2 1.5 | 115.3 -18.8 | —450.9
6.26 5.7 | 1.8 | 3.8 3.4 13.5 | 579.7 4.5 | 119.8 -9.0 —459/.9
6.27 4.9 0.2 3.6 2.4 9.0 | 588.7 16.5 | 136.3 +7.5 | —452.4
6.28 3.4 8.4 1.8 | 5.2 6.8 | 595.5 0 136.3 —6.8 | —459.2
s.os | s | 0.5 2.9 0.4 | 18.0 |s13.5] o 136.3 | -18.0 | —477.2
"‘s.{sn‘ 4.5 1 0.0 3.9 0.0 | 40:5 | 654.0 0 1363 | -40.5 | —617.7




I ) z w3 A SA C
# t P t P
‘ (T) | (D [§*D) (mm) | (mm) | (mm) | (mm)
7.1 5.4 0.7 4.8 0.0 406.5 694.5 0
7.2 5.7 6.9 4.3 8.2 29.3 723.8 5.6
7.3 3.9 0.0 2.3 0.0 20.5 744.3 0
7.4 1.4 4.3 1.3 4.8 9.0 753.8 4.5
7.5 2.8 3.1 2.7 4.2 24.8 778.1 7.9
7.6 3.4 0.0 1.9 0.0 38.3 816.4 6.8
7.7 5.8 6.5 3.8 5.2 47.3 863.7 0
7.8 7.8 0.0 4.9 0.0 56-3 920.0 0
7.9 7.4 3.0 6.1 2.6 65.3 985.3 0
7.10 3.7 0.7 3.1 0.0 18.0 [1003.3 0
7.11 2.2 16.4 2.1 10.4 6.8 |[1010.1[ 21.4
7.12 3.7 3.7 2.8 3.4 9.0 [1019.1 7.0
7.13 3.0 0.7 3.3 0.0 11.3 | 1030.4 0
7.4 4.1 0.0 3.8 0.0 27.0 | 1057.4 0
7.15 5.0 0.0 4.4 0.5 5§.8 |1109.2 0
7.18 4.0 2.7 2.4 0.7 9.0 |1118.2 5.0
7.17 4.2 3.4 2.6 5.4 9.0 |1127.2 0
7.18 4.6 2.2 3.4 4.3 0.0 1127.2 3.0
7.19 1.4 12.7 0.6 13.7 0.0 |1127.2 [ 25.0
7.20 2.3 0.0 0.8 0.0 0.0 |1127.2 0
7.21 4.2 0.0 2.8 0.0 22.5 |1149.7 16.9
7.22 .7.3 5.1 5.4 5.3 38.3 [1188.0 28.4
7.28 6.5 11.4 4.8 4.2 13.5 [1201.5 8.0
7.24 2.9 7.1 1.5 13.7 ‘13.8 [1215.3 | 12.0
7.26 3.1 5.1 0.9 7.8 31.5 |1246.8 2.5
7.26 3.7 3.5 2.0 3.2 58.5 |1305.3 2.0
7.27 5.6 2.7 8.7 6.4 6.8 |1312.1 0
7.28 3.1 0.0 0.8 0.0 40.5 |1352.6 0
7.29 5.1 0.8 2.0 0.0 20.5 |1373.1 0
7.30 4.6 0.0 2.6 0.0 60.8 1433:9 0

=C bt Zbr
(mm) (mm) (mm)
136.3 —40.5 | —558.¢
141.9 -23.7 | —581.¢
141.9 -20.5 | —602.4
146 .4 -4.5 | —606.9
154.3 -16.9 -623.8
161.1 -31.5 | —655.9
161.1 -47.3 -702.6
161.1 ~56.3 | ~768.¢
161.1 -65.3 | —824.9
161.1 -18.0 | —842.2
182.5 +14.6 | —827.8
. 189.5 -2.0 | -829.8
189.5 —11.3 | —840.8
189.5 -27°0 [ ~867.9
189.5 -51.8 | —818.7
102.5 -6.0 | —925.7
182.5 - 9.0 - 834.7
185.5 +3.0 | —931.7
220.5 +25.0 | —906.7
220.5 0.0 | —906.7
237.4 -6.6 -912.3
265.8 -9.9 | ~922.2
273.8 -6.5 | —927.7
285.5 -1.8 | —929.5
288.3 -29.0 | —958.5
297.3 —49.5 |-1008.0
297.3 ~6.8 |-1014.8
297.3 -40.5 |[-1055.3
297.3 -20.5 [-1075.8
297.3 -60.8 |-1136.6
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A¥E, MERTIRE () NRANEEE CAH WEREFHHEXRR:

SA4=—65.29+5.75¢ (1

FEWAREY, AERRAR1C, WHEHEMSE.7 mm.
FEKE T, BYRTEEEEBENEATED, YRTHEISRERELNE
&, FHHMTAT. ERNBRE, YHOTH RN S,

3 WJIBL ERYBCFERAENERE

B EWIIE. BEXSERNENRTEERASBERANAHIIAES,
o Hi A DU BT R B AL

%2 1SRNELEBEBYRTH

WEER | W OB | By o]

(m) (km® | 5.3 : 5.15 8.2 l 6.15 7.1 7.15 7.30 8.15 g.30
8 740—3 800 0.059 296 258 ) 211 -75 - 406 ‘-742 —-1081 —1535 |—-1849"
.8 800—8 850 0.097 3086 374 387 216 43 | —192 | —468 | —873 |-1054
3 856~—3 5§00 0.155 357 355 369 247 213 103 -34 | —282 | —400
3 900—3 950 0.194 375 540 568 530 535 441 423 254 2286
3 950—4 000 0.138 394 566 571 537 575 492 475 278 249
4 000—4 050 0.147 876 473 521 500 556 485 417 300 300
4 050—4 100 0.115 398 528 556 484 583 543 544 363 313
4 100—4 150 0.112 388 452 541 541 831 625 607 568 584
4 150-—4 200 0.099 320 603 612 892 783 777 788 719 735
4200—4 269 0.047 283 368 /| 877 457 | 548 542 553 484 500
8 740—4 269 1.163 360 470 495 440 448 8565 291 | 98 ‘40

(1) K, BEEYRTES BN, 144 mm, 1EKNAHHT8 om, B K
14%10%*m*, ‘ ,

(2) KNBREN4 ABFFHBMBMRE, 25 A%, KR, BX KN 55 %35
360F1460 mm, FAEEZHBHESZREN. MUKNESERFTEAR 2, 6 SRkNLFEE
FIRERY R A

(3) EFHE, £RNTHRHEEEERNFER, k5, EHIRERR, Rk
WY FERNBESEW L, BFLEME, £ ) . B 06D AFYRFE G, K R
A FREDR:

by=b,~3b (2)
R b EFHRNY e, HESRER, R, B XK EF 465 5k
302 mm, 1BWKINFEH314 mm, FERNMNEFEER, LFHATEPEE.






 BEeansan
[dsur

o Jtrg

E=luamun

Bl 18%k)1]1980—19904E R P % HES

4 FHU1989—1990F YR TN EERN KT ‘

MK | Y B AR AR (R B RAE BOR R 5R0, 707 b R ) £ 4 B
RAREHEEM, 2171989199047 BRTEWIE(3 539 m) HEH A MK THIR



TREKE, FSHEEHMVELE (£7) BERLIEH, 1989—19904F B 51 4R
1987 —1988EE MY BIE, BREEE 7 ARMIBRTHELSC. EEFEAH F,
7 A SRE RN MY R E RS AR AN, 6 Al Kk TFLE

%7 RUABEHWESTEHSE (7, ©) PBKE (P, mm)

6 7 —
2 8 ST L wm¥r | zvas
5 T ‘ P T P T P T P | (mm) (m)
1985—1986 | 1.9 124.2 6.5 74.2 5.1 52.4 4.5 250.8 2689 4130
1087—1988 | 3.0 29.8 5.8 105.4 4.2 145.0 4.3 280.2 =642 4080
1989—1990 /4,".6 117.5 4.3 107.8 4.3 62.0 4.4 287.1 52 3395
JE

Y

FH PO RPN TR F M, TS S8 XA MR R R, BT 8
BARE R LB RSN E R WA RIS, TXKE R COEE B
¥Rk, TABRERMNEERRE, HIRWEASBRE, 7 ABR—EPRER
%, MG EYFEEEE S WHER S, FZARN, KRR 4 %k §
5%, GLERTEHBRN SRR E L HE, B SRR ke k)1
EEAY AR KNS . SEBBMNAEY, ESHEBRBERY 7 AHHEKRENS
B, B BRI BERT R B KNIV N 2 B R RS, T B i T BRR % 25 %
R F 1 19 1 ST T 8 10 B SRk I S RO AT . T 3R 447, 1989—1990
ﬁE%Eé%ﬂ%ﬁﬂE%mﬁﬁﬁwm*wwﬁﬁ,mm?m%7ﬁﬁ%ﬁmm,%
ARARE, B Y I IR, T1087—19884F B I th B3R M SUT 41K
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#4 IBEKNELG REIANITRR
m | F| B K it " b:] p: 3 (mm) A 3
WD Moo | | NI | LGS [ SR ] R [ TR T T T [T T [ W05 |
1 +170.5 -67.0 -112.0 ~232.5 —334.5 | —180.0 - 189.0 —-265.5 —229.5 — 1438,
A’ Z 3786.7 +257.3 ~38.8 -77.5 -321.0 -3896.0 -378.0 ~405.0 —433.5 ~304.5 -2097.
3 3764.4 +181.8 ~33.8 -142.0 —-471.0 —471.0 | —486.0 ~450.0 —577.5 ~412.5 —2862.
Ty 3760.1 +208.2 - 46.4 -110.5 -341.5 ~400.5 | —348.0 —-348.0 ~426.5 -315.5 -2132,
+1 +435.6 | ~131.8 0.0 —242.0 ~296.0 | ~423.0 —360.0 —477.0 —315.0 —1808.
+2 3 787.4 +476.2 - 53.4 ~2.3 —187.3 —232.0 | —279.0 -297.0 ~ 486.0 -342.0 —1403.
B’ 1 3791.7 +405.8 ~53.8 +49.2 -257.0 -261.5 -278.0 - 3824,0 —483.0 -282.9 —1485.
2 3798.8 +356.4 —52.4 +23.5 - 183,56 ~279.0 | —225.0 -342.0 —489.0 —280.0 -1 431.
3 3799.8 +287.0 -2.0 ~9.5 -230.0 —180.5 | —288.0 ~360.0 —417.0 —276.0 — 1478,
4 3809.8 +313.5 —74.0 +0.1 - 165.0 -209.0 | -315.0 - 406.0 ~414.0° —207.0 —1475.
L] 3797.5 +878.9 -61.2 +10.2 -210.8 ~243.0 | -301:6 - 348.0 —457.7 —-280.1 ~1513.
+1 3 823.8 +348.8 | +202.8 +25.6 -212.7 . ~87.8 | —241.6 -171.0 —418.5 —220.5 -774.
+ 2 3824.8 +328.4. | +84.0 -80.4 - 165.8 —189.2 —288.0 -279.0 —385.5 ~243.0 -1213.
1 3849.0 +389.4 ~38.8 +31.4 —144.8 -8l.4 | -145.0 —182.0 -389.0 ~141.0 ~702.
c’ 2 3 846.0 +349.8 -11.8 +39.0 -122.9 -151.8 | ~246.5 ~306.0 | -—438.0 ~93.0 - 981,
3 3840.4 +393.8 +22.4 +28.0 —169.8 -175.0 | -184.5 -279.0 - 459.0 -99.0 -910.
4 3 838.0 +475.2 ~1.5 +59.3 - 1569.7 ~200.0 | —189.0 | —128.0 —282.0 ~96.0 - 519,
S 3837.0 +380.2 +42.7 +17.3 ~159.2 -148.2 | —215.8 -220.5 -397.0 ~148.8 — 850,
1 3 890.6 +388.8 +69.9 ~2.5 T - 153.4 . -32.1 | - 70,0 -119.5 -273.5 ~118.5 -311,
2 3892.3 +330.6 +25.5 +4.0 -101.1 -17.4 ~151.0 -102.0 —-258.5 -94.5 ~362.
D’ 3 3892.8 +284.0 +3.9 +24.3 —95.4 -62.0 | -103.2 —196.4 -177.0 - 147.0 - 487,
4 3892.7 +202.9 | +23.2 +32.9 ~139.83 -23.z | -118.5 ~131.0 ~283.5 ~112.5 ~ 459,




=
.

WU 4 AT 2 R} (mm) & i
wm| oo | oy | TSRO s TR0 ST 0 S I G R IR L0 T 0 Tl TR0 Ry [
B2 3892.1 +324.0 +30.8 +14.7 -122.8 -33.7 | =110.7 ~137.0 ~247.6 -118.1 ~400.1
A 1 392000 +561.3 +24.0 +27.9 - 63.7 T+11.1 ~95.8 —14.0 |- —174.0 ~21.0 +256.0
2 3926.0 4548.0 +172.3 +9.3 - 25.3 T 44l -88.4 —38.0 ~204.0 ~26.0 +252.4
B’ 3 39298 +371.0 +28.7 128 T-32.3 ¥2.0 | -85.0 T-p.9 | -—180.1 —31.0 +96.2
4 3831.9 +520.4 +27.1 +58.5 ~28.6 +2.8 | -108.0 -10.1 ~135.9 ~36.5 +298.5
1y 3929.6 +£502.4 +38.0 +27.1 -37.5 +5.1 -94.3 | -18.0 ~168.5 -28.9 +225.8
i 3970.1 +870.4 +46.6 ~2.0 -39.0 #47.6 | ~69.0 ~10.0 | —244.0 ~34.0 +366.0
2 | 3970.0 +591.4 +0.1 +17.8 -17.5 +35.7 | —87.3 -1z | -102.3 ~31.0 +302.5
Es 3 3967.0 +380.7 +7.7 +1.2 —47.4 +33.5 836 -26.4 - 156.8 izo..x 479,0
iy | 4969.0 +547.5 +18.1 +5.6 -34.6 rasT | —83.3 -16.9 | -197.6 - 28.4 +249.1
1 4011.1 +508.7 -0.2" +11.0 ~10.4 +64.2 - T1.9 -6.5 ~175.6 ~1.5 £330.9
2 4007.7 +545.2 +1.86 +43.1 -12.0 +25.4 ~14.8 ‘-18.2 ~199.3 0.0 %éil.o
G’ 3 4003.0 +385.0 -0.7 +89.7 -41.5 +77.0 ~-65.7 -12.2 ~155.0 0.0 +256.6
ey | 40073 +473.0 +0.2 +47.9 ~21.3 +55.5 |. —T0.3 -7.9 | -17s.8 -0.5 +299.5
¢ | 40s3.0 +527.8 +50.2 +38.0 -81.2 +88.4 | -47.2 -2.0 | -214.0 —se9 | 275
- G +456.8° +20.2 +20.3 —54.4 F110.4 | -32.8 -3.8 ~148.8 ~15.6 | 41801
4 4053.0 +492.3 " ¥35.2 +29.2 -72.8 +99.4 -39.9 +0.9 —181.4 -50.3 +312.6
.' In +497.8 +60.9 +14.6 “61.6 | +511.7 }S\;’T]l';%f;(
. +583.8 +120.2 ~23.5 -"z~5.1 +655.4 g,«ﬂ:{?‘é
1 Kx +612.0 +171.0 +4.5 ~'52.2 +735.3 g,ﬂ“ggﬁ
sy : +564.5° |ornrd ’ 1 -46.3 +634.1 3751,& R
WE: EHR g Ut ERR. Bexte i
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3539 m) B3k, EFLHKER-5.4 C, EBEKEL0 om, BERMREZ FRER
KBAHRE57 mm (B KIKet al.,1988; Yang et als,1989) LB ARFMF10—4 B K
BRIETF 0 C, MBEAERTLHR50 um, BEREBEETIOR TOER, HTLER
KEEAD, 1—2 BHERMEEEHRESEELR20 cm, 4 AJKS AMBEERE K &
BRBERNN, REFEEXAEAME, FEBENEEN 30—70cm, XM B #,
i, WANREFKL0—2.0 n, BTREHER. 5 S FABRHARN, SR
th, 5HRE6 ANREREHLBRR,

SOER LI, HBIES (1965) . FHX (1985) FELHE (1987) O &Y
HEUEMBREEAFAE | BEXEIRREREENRERR, HRRSPRL
EFEWEERE. 19894E10 8 F 19904 5 A, RINEWEKI/MRIR (43°07"—
08’N, 36°49’—50'E, 3 820—4 360 m, E#1.62 km®) Hl 1 5K JI(43°06/—07'N,
86°48"—49’E, 3 740—4300 m, TH1.24 km?®) FEBIL R Y M| R/ X H K
AERRSERBE, MU E aERR, BE, BKE. KHES RERE, BE,
e, BE. EEALRKAERES. HPREZBEABENRC. 1 CHE RERE
HEE, WAL TERICER (3835 m) M1 EBWIIEREZC, HT (3845 m),
MW B HE QKE 2 10, 10, 20, 30, 40FI50 cm, BUEEEEWE N 19904
1 AP QREZ 6 AP QREBANY, RAGT—10RWE—K, HENRELEIZ:00
—16:00 (H75R$11:00—14100) 2 [H],

2 SZWNARS R IR BRI KR AR
ZAC MR ENBRENE (H1) £, HESBREMSENEMLE 41 4
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Ok&4et al., 1984, FBASTA I FUHNKREE, RWWKIIMWER, 124—104,
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ERMBTRAE LEE LS, MRS LPESEEREKHERTAE, BRERY
ATHEWHER BTSRRI LRERR, BANREAE, REDELAS < %,
SEBEATE (0119904 2 A20B 2kt B KB K E-28.8 T, AEHEFE D
-23.5 C,M2A198 FI8H W HVPHSBEAFH-17.6CTH-11.8 C) , BEH R
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3=
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H2 15UBERXCUSREBEHE

~11C, RER L HMBE L C. I AW L.5C. AAPHMTH, C.HMAREELER
THMBREXAMEF SR 2C, 5 AL, CMAREREWELH -3.5C, L FH
BEZETO0C, il EW%)C, MRS BRI LINEEST N -8.0M-8.5C,
BARERERBENLER LN ESHANBE, 1 BRI@EE, 2K ERE
8, AABESVHBHZRARAMNTRERASURIFES, LIAAES W LR B
Ko B, 1EHNC, ARSI EA LSRR EWKC, U AEFELOR,
BWSCMA L Ao, FTAM2 A LW ZEE H35—55 cm, HiH L k20—
30 co b L WRMEHEBEAT ~20—-30 C, REFRHMEMBELY - 15 T, X
PR TIRITA 1 AIERB SRR 0—60 cm, HELE40 cmbhly 8 1% F 8 X
—16—-17C, WERENT -2—-8C GkRB, 1987) , HILAEZWL12—2 B
PEREARHNT cm, RERBHEHRENTO0—-1C, B E KT T2 cmibhy
BEAR - 5T (EEHK, 1987) . WRAR, KEEASBEURKRERAKK, 5%
ARFEFTVENE R B, £ BB T RIS QR BIIRIESR —16.0C, BKR{L3.4 mm),
RGBS R A A, SRR SRR R 1 WA KOS I BRI B BR (Z kT
et al., 1988) , " ; '
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APARERIRE (0 —10cm) WRERBEEH IR, HbE1 ATHM2A b 4
BB KR BERE B 38 K F) - 0.36—— 0.22°C Jem, A B MUK TR , T 0 V5 48 LG 4
EBOEATRER A &M, PG, RERZERENTE, BEBEE NN/
Ef. WERSFTFH (10—20 ecm) 4 d4 2 B9 5008 BEBE R (8 B A 2 —104%,
4 AFRZIE B B /AT £0.01 C/em. HP 1R 2 B B9 SUB B B 35— 0.37—
—0.58 T/em, WHHNRELTHIERE 0.2 °C/lem (EER, 1987) . T H K
BB, RRMRE N1 malHFREKEE A EEO BE R T L2030 cm)

%1 WKSCBREEEERE (C/cm)

N 0—10 10—20 20—30 30—50
B #1090,
1.16 —0.04 —0.50 0.04 ] —
1.28 —0.86 —0.68 ~0.16 —
2.04 -0.22 —0.38 0.08 —
2.20 0.08 ~0.87 -0.37 —
2.28 0.01 -0.08 0.01 0.07
3.06 —-0.15 —-0.26 0.02 0.14
3.12 -0.12 —0.29 0.04 0.05
8.8 . 0.02 —=0.10 0.0f 0.01
3.28 0.0 - —0.17 0.01 -0.03
4.02 -0.04 -0.17 -0.03 0.07
4.08 » -0.03 -0.21 -0.09 : 0.0%
4.16 0.05 —0.01 0.04 0.01
4.21 - 0.05 0.0 0.05 -0.01
5.13 0.02 0.01 0.0 0.0

WEERBEE 2 AR WHUARES, s ARZEHUE/ D =, ERMHEB S A
£0.05 °Clemo, B, RITAARBRERNRN, RESHEEZ AMEREN . L
FERRBH, EHRER LY (30—50 cm) HMEEMEBYENE, LHUENE
KEH40.14 C/cm,

FEERENBEREAL1—2 BONAE, 3 HWERBA, 4 BRTaRER
EETFNE, IES AMBRBENERE, 5 FPAXERAEAAFER T RS
B, BAREENRERE0 C, FREBENE (E1) .

1ERMEREC, I ARERES (0 —10 cm) WREBESEEE N E, B
HWREME, ERRAERESE. KiHHEN, C.AC,HAREEREMRE # H4 D
EWEMRE (B . PHHE, ClARTRBPOREREXTC A, RREZK
BT RAK R 538, AFHEREY L KERE. C.lAREE R FRI0—20 cm)
HREBEEL ATRZWER0E, BAMEN -0.21C/cm, 4 AT 540 EM,

OB KKet gl 1991, K BE AT U S IEW 8 PFoE,
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B3 CofCsHEMTERE 0—10 cm) BEBENLR

C:WABEEH L3 (20—30 em) WREMELR 2 BIRE 3 7L 4 8 5 -F 0 8hAh
EH, 3ATRELAPQYPRERSF, 4 ATOXEESERE, HEHE, BRK
BB E BB BN, — B £0.10 T/em. C U RRERE M HER TC.M
A, BHA—NANREESHRERENFRNERTELR, £ESEZRA N E NS

22 1BXRNEXC,ERVBRERE (t/cm)
 BH(em) {
0—10 10—20 20~—30 30—50
B W
1980. 2.28 -0.00 -0.05 - o -
3.06 -0.19 -0.21 0 0.20
3.10 -0.09 0.08 0.02 0.18
3.12 -0.11 -0.20 —0.1% 0.18
3.198 0.05 ~0.05 ~0.02 0.10
3.26 0.02 -0.06 =-0.01 0.09
4.02 -0.02 -0.08 -0.07 0.02
4.10 0.03 —0.04 ~0.06 -0.02
4.22 -0.02 0.03 0.02 -0.04
5.03 0.50 0.0t 0.0 0.04
5.15 0.08 0.80 0.16 0.09
6.02 0.03 0.0 0.0t 0.01
6.15 0.02 -_ — -




Bo WHC MM 3 AOTR LI ERE B2 L C. M AR 14, HA4An, BE
%E%&ﬁ%&ﬁﬁ%m%%Eﬁ¢—Aﬂwﬂﬁ%&ﬁ%ﬁ%?ﬁ%wﬁﬂﬁwe

1SN C MRS R BB B B33 9 AR E S 25 0K 3 Co TSR L, Hord ) 2%
e (R WC.WMAERIORESR (A2) .,

3 Ak BRI SURA
%R B B FH RO

HEELMAMESKEEL 1 BRI RGABES Frh AL BERER
EEMTE—EREEAN G312 WEESAE B BLEEELS (1987) 0N, RE
FEREHBIEESSKEMHRBLEEE, REEEFISANBEEHTEREANTE
BEM B, PRI R (Paterson,1981; Langham, 19815 #i%{Het al.,
1965) ,

KIWARA G ARE R EREEN HEE i+ T11—16 CTORER, 1987, 5
BHFMELEEE IR ZENAEEEARIC, A3 PHEKNRETETU T cm AEF
B BIRIERE 9 C (FEKlHet of., 1965), MM KRIBE KER HEL, BUERENZH
B GuEE L) BRI B IR R B B G R DA EN A ENE . B kA
wﬁ*ﬁEWHE%ﬂ%%@#ﬁﬂ?ﬁﬁ%ﬁ*%%ﬁ&%%%m%m ﬁ%Tﬂ?
B GHRIASHBZE WEEMIREESEEN,
© TR CL AL m A BENRRIER. SR, CUEARSARK
RE%QMﬁﬁﬁﬁmm,80%M4W(%EH)%%ﬁﬁmﬁ%%%&%%@%%'

FI OBRICHEREEE (ST 55
B AT BRXEH (V=26

ﬁgé;n__. B R
¥ 2100 8400 - 14100
WEE (em)
L

) 0.82 0.84 ’ 0.79
50 0.83 0.80 ' 0.78
=T 0.78 0.75 0.88
10 0.78 0.68 0.63
T 0.65 0.64 0.:59

KBTS, AERESREMNMHABEEHRBARERTER. 5, RERE L#H50cm
WEREYMH 8 NRBMRAEED, MHE—30 cn EEMBESXH 2 KA
MEBft, IRELEAREEESREBEMRYOEBESR FERTENEY TR, 1y
RERY IR B e, XGRS BTN 25,

EHTF ERMEENTE, 519904181 BES5 A318 2, 8, 14, 20fC.I A R
LB, NMHREHMNEFIRERE (H4) .
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Kagw, RER L. AN THREFYBEOEAIBREL B AHHENER, X
RRMNPENER. H5, RERXRHEREZRHEY, YAV EERHN, BER
EWRRESSEME, KBREEN, SRESER1—5 T ASEPROBEEKL
HRBEEMERSILFES, TRBOEBELL, 2 ARWERTRR (B5) . B
B, MEEDHMAFYEEN B FEABERA, EBRZ, KEED.

—25. 0
- [ 2 150cm — TE
154
~ — = DST
—15. 0\t
-5.0 //\A
0’ T30 60 80- 120 150(d)
WEZ E30em —— ATE
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-25.0¢
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_15-0 3

Bs5 C:lERTHRE (LUTE) 5RFHHEFRE (DST) HXHE

RATHRENS: 1—2 AREEERE, AR, RENENRE E WM
ORsffEh -23.1C) , L¥KRZ, RFPEFELEWFHL.2—1.4 Co EHH B, =i
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IWBFHRBERTREENRE, PERERNRELSEARS CEE, 3—4 AR
SERNUMBEYBEAR, HIHRL, BENERLERFNEL. EHERNE,
HERTHRNAESSEREE, FENREELSER2—3 C, TWHHETFHEL¥EY
#E, SRRMLSRK.5 C. SHHREREM HE RN LTHAH KBETFS
i, HEREHMWBEELADREHEO T, HATEYE, HHESH AN BEHE (B
6) o

Hicm)

B ZrkICMRRFHNIREYE

RERRTWRAEBERAGRN AL (B7) SERUEHEREA—%, &
% B PR ESEANTERUEE, |

1 B IR Rk LHSB RS, BELE 1 BIKIK A 43°06’N, 87°15’E, 3 693
m) KRBRSCMASNERBETHX, HEFUHWRELHKE, BRHENS 1—5
AHPYERIEHERET N LHRFEAR, SEFURSESBTHABKR, BHE
WL 20 cmfb BRI EEBBRE. KERE, BWFR 1S RIKIC ALK
RO AR P AR B A s R 5, MG HETE, MZERLC, WA m, HHELS
MENHBREIBRSKIC W EWREEEE, 9ERE (1989) B, BTEZE %I
FEESENR AR, SHEAFAEARA B E X FT KRN SREAREE X
1.18%C/100m,

Lk, BEMTEELER:

(1)%%mﬁmﬁxé%@%%,ﬁ?ﬁﬁ&%,§WE%%ﬁﬁ§ﬁﬁﬁﬁﬁ
YRBTHERA IR 23,47 ~-23.1 T,

(2) BERFHRLAZHERERTTIE (10—20 cm) KWHRBHEHY X, 1
-2 AUHEREBENE PHES RN -0.28 T/cmM—0.26 T/cm, STWEKBE M

- as



=—DST (50—30cm]}

DT C).

10. 0’. ] ~DST(30—-20cm)

0, OWWWLAM
30 60 80 120 150(d)

10.0, - =DST(20—10cm)

Q - \ i L
0_0______4____;,_} 2 e A [N 1240 £
VA 150(d)

10, 0r ~ —DST(10—0cm)

DT(°C)

o 63 80 120 150(d)

-5.0
I

—10.0t
B7 CWMARFWRZREZ (D7) HMEEL

B

51K -0.37H~0.58 C/cm,

(3) BEAFFREBEAKERENBERRETLESTHERK, HSKET
FRTHEERBRKTHERE., HEREHEFTAIRBKEREBHIORER,
oy BRASAEBERENREE SRR ZANXRED, KETHERSHE
VR .
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BEREBMAZ N, TERORERUES IR E. RERTMLE, BKET
BER, ARREMTOCHEER KAEFRE., 1w kBESERRERELE160gZE
EAE1T, BRAXXNBERERENARBREEREEN. H—FH W, KWEHFEY
(0.05 w/m.k) BE=S (0.025 w/m.k) K205 %, BMAKRBRTEREREAZE <
FEBYER, FERRSHSREARKEE LA, BT, MASENSHERLT
?%E%%goﬁimﬁwimZﬁﬁﬂﬁﬁ?i%,sﬁﬁﬁimw%%%ﬂ%ﬂ&

o HIt, RIB[SBESZRMWMEXXATE s BORESHEE REEKK, BEt—5R
ﬁﬁ%m

ERERB P HERF, i%ﬁm%&ﬁﬁﬁmﬁﬁﬁﬁﬁﬂ§¢@z RV,
BT T RNASERERNRSRRET (Male ef.ol., 1981), B K B H
T RRHEE SRR R R AR, SEAFTARREREE ¥ A 8o
Mcm,E%&ﬁ?%G%%mw%%,@@m@ﬁ%m%ﬁﬂ%EE%ﬂL%%ﬁE
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RHLE,

ﬁwxiMWMMW%ﬁ%%#%%MM%&%%#,ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%*“ﬁﬁﬂﬁﬁ
2, BEWE,

& % X i

iéﬁ,wm PARX RS S R ENE THEEE. *Eﬂﬁ%%%—ﬁéﬂ%M%#%ﬂﬁxﬁﬁ._
I WA AR, 173—176 :

BER, 1980, KIISSRXROFEKINGE, 11 (4), 287—207

HHEX; 1985, R SEHARFFAE 1 B INEEHR, kNwL, 7 (2) b1a6—152

BB, 1987, RUADBFASZFUREHARERK SHELREMXR, dMEE, 9 (1) ¢ 69——79

HRKet al., 1988, KW 55K IFE G Bk TR WIE 2 44T BT HOE, AW £, 10 (4) 1 884—399

EX¥et al.,1988, ﬁ&%giﬁﬂﬁﬁmﬁﬁEWMEﬁﬁﬁﬂﬂ*ﬁﬁ ﬁﬁ%‘ﬁﬁj’cﬁ %5£ (bj()ll#) E19
Ko B liat, 84—z

WBitEet of.,1086, KIBBAFTR 1 SHIKESEHRBERR, %m%ﬂ*ﬁﬁ%)il“i?}ix%% :ib)iu ﬂ-%
HiEH, 25—s0 , ‘

RRMN et al.,1987. ANBENEEATR, HEER, 32 (22) *1782—1733

Langham E J, 1981, Physics and properties of snoweover, Handbook of SNOW.a Torontoy Pergamon
Press, 285—208 ,
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The Chemical Content of Snow and Water
in the Daxigou Valley, Tianshan, PRC

Mark W.Williams®

1 Introduction .

The glaciochemical record contained in the glaciers of central Asia
represents 2 valuable resource that can be used to document the atmospheric
deposition of this region and to reconstruct past regional climate.Recovering
representative long-term glaciochemical records from central Asia requires
understanding the processes which control the chemical content of ‘s.nolw
and the local-to-regional scale complexities (Wake et al., 1990), Und‘e'r-
staﬁding the representativeness of individual snow samples is imperative
when interpreting regional atmospheric deposition or rcconmstructing past
regional climate from glaciochemical records. Chemical inputs to mountain
basins can vary spatially and temporally in a complex and interactive
manner, Knowledge of the source of solutes is also essential to interpret
the atmospheric deposition of the region, The solute content of snowpacks
in central Asia may provide background measurements of deposition una-
ffected by anthropogenic emissions,

Interpretation of glaciochemical data recovered from snow pits in central
Asia also necessitates undcrstanding the processes that control the che-
mical content of the snowpack after deposition., Aeolian deposits from the
arid regions of central Asia have been shown to be an important source
of solutes in the snowpack of central Asia (Jenkins et al., 1987; Wake
et al. , 1990), Dissolution of aeolian dust in central Asia may change
the ionic content of snow and increasc the difficulty of interpreting the
glaciochemical record, v

Snowpack runoff from glaciers is thc major source of solutes in stream
waters of many alpine basins, However, the relative contributions of
snowpack runoff and catchments to the solute content of stream waters

is unknown in western China. In this report I investigate the processes
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that determine the glaciochemical record in the headwaters of the Urtimq
River, I also investigate the relative contributions of snowpack runof:
and catchment processes to the solute content of headwater strecams in the

basin of the Urumgqi River,

2 Methods

I investigated four hcadwater basins, three with active glaciers(Gla-
cier 2, west and east branches of Glacier 1)and one basin free of glacial
ice. The research was conducted in May of 1990, about two weeks after
maximum accumulation of the winter snowpack Snow samples were
collected from four pits in each of the four headwater basins, Four rcp-
licate snowcores were sampled at each pits snowcores were separated by
a horizontal distance of one meter, Vertical, contiguous cores were colle=
cted, in increments of 400mm, from the snow.air interface to either the
snow_firn or snow.ground interface, Snowr'Was transferred from the cores
into new polyethﬂéne bags, Pit sites within each basin were ‘locatcd at
high_, mid_, and Iow_eievations along the center line of the basin,and on a
n>orth~/facing slope at mid-elevation; elevations ranged from 3 775m to 4 300
m.Sampling strategy was designed such that analysis of variance(ANOVA)
statistical tests could be used to evaluate the presence or absence of
spatial variation in the chemical content of accumulated smow., Snmow
temperatures were taken every 100mm and were the mean of three dial-
stern thermometers (£1.0°), Event samples from new snow were collected
in bulk containers that were opened to the atmosphere at the start of
snowfall, Samples of new snow were transferred to new polyethylene bags
after collection, Each snow sample was analyzed for pH, conductance
(uS cm™), and solute concentrations (peq L™' or pmol L™'); a subset
of samples was analyzed for acid neutralizing capacity(ANC),

Snow samples were melted in the collection bags the night after
collections air temperatures ranged from 0°C to 10°C, Air_equilibrated
pH, specific conductance, and ANC were measured on unfiltered samples
immediately after samples were meltcd, Subsamples were fﬂtercd through
pre_rinsed, 47mm Gelman A/E glass fiber filters with ca, l-pm pore
size into 125ml polyethylene bottles, These samples were hand-carricd
back to the United States for the analysis of major imorganic ions and
reactive silica at iny analytical laboratofy at the University of Califormia,
Santa Barbara,

Grab samples of stream water were collected at the Dry Cirque



gauging station, Uppcr Station bridge, Glacier 6 bridge, and at the Total
Control gauging station, Samples were collected daily from 13 May to 19
May, between the hours of 17.00 and 21.00, Water samples were treated
the same as melted snow samples,

The pH measurements were made with a Ross 8 104 combination ele-
ctrode and Orion pH meter, For each series of measurements the electrode
was calibrated with pH 7.00 and pH 4.00 reference buffers, The electrode
was rinsed with an aliquot of sample, and the temperature compensated
pH determination made on a fresh, quiescent sample after five minutes,
Conductance was measured with a YEW {field meter and glass electrode
with a 1.0 cell constant, Simdltaneous temperature measurements were
made, and conductance was standardized to 25°C using a coefficient of
2 % per °C, Calcium, magnesium, sodium, and potassium were analyzed
with a Varian AA6 atomic absorption spectrophotometer. Chloride, nitr-
ate, and sulfate were. measured by ion chromatography (Dionex Model
2010 i) employing chemiical ion suppression and conductivity detection,
Reactive silia (Si) was measured by the silica-molybdate method, Acid
neutralizing capacity (ANC) was measuréd using the Gran titration met-
hod, Analytical techniques, detection limits and measurement precision
for the various solutes are similar to those published in Williams and
Meclack (1991),

3 Results and discussion

Snow depths for all sixteen pits ranged from 0.47 to 1.51m, Sno-
wpack tempcratures were 0°C and free water was observed in all
snowpits, Distinctive layers of dust were observed in each snowpit in
the Tian Shan, These dust layers werc often twenty to thirtymm in
thickness and cccurred about every 200 to 300mm, Fifty-nine snowpack
samples were usable; three samples were opened in transit and only\two
samples were taken at the high—elevétion snowpit on the west lobe of
Glacier | due to the steepness of the site, Seven samples of new snow
were collected,

The solute content of all smow samples are listed in Appendix 1,
The mean pH of the snowpack was mnear -neutral, 6.91, The specific
conductance of the snowpack varied from 3.7 to 13.9 uS cm™, with
mean of 8.9 pS e¢m-,, The mean ANC concentration of 50.2 peq L~
composed 61% of the total anionic charge (Z-) of the snowpack(Figur

DD, Sulfate had an average concentration of 16.2 pcq L' and represente:



20% of =-. The mean Ca®' concentration of 52.5 neq L~! represented
64 % of the total cationic charge (Z+) of the snowpack (Figure 1),
Sodium, Mg2+, and K* represénted 20% of 2+, Ammonium, calculated
as =- minus =+, was 12.7 peq L™', Concentrations of Si ranged from
0.1 to 1.1 pmol L™, with a mean of 0.4 pmol L7, »

Spatial variation of solutes within an individual snowpit was small,
but there was significant spatial variation among snowpits, The standard °
aeviation within each pit was about 10 percent of the mean, illustrated
here for concentrations of SO,%” and Ca®* (Figure 2) ., Snmowpits were
segregrated into groups of hign_, mid., and low_eievation andi norfth*
facing aspect, on the east branch of Glacier I, Concentrations of soyllutes
were generally highest on north_facing aspects and lowest at the.saow-
pits located on sites at low_elevation, Results of the ANOVA test show
that the solute content of snowpits within the east branch of Glacier 1
varied significantly at the p<<0.05 level,

However, there was no significant variation among basins for most
solutes, -using a-one~way ANOVA and a=0.05. Using Ca®* as an examplc,

* among the.

there was little variation in the mean concentrations of Ca?’
east branch of Glacier I, the west branch of Glacier 1, Glacier 2, and
the Dry Cirque (Figure 3), Mean concentrations of Ca®* ranged from
about 50 to 55 peq L™, Tne standard deviations among basins were high
relative to the standard deviations within an individual snowpit, adout
30 percent of the mean, The probability value of 0.59 indicates that

there was no significant wvariation in concentrations of Ca®* among

peql -t

basins,
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Fig. 1 Mean concentrations of individual solutes (ueq L™")
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Sources of solutes were investigated by looking at associations among
ions, A parametric correlation analysis for all ions in the snowpack
indicates that ANC was highly correlated with Ca®*(r=0.82, n=32)and
inversely correlated with H* (r=-0.63, n=32) , Specific conductance
was ncgatively correlated with H*(r=-0.76, n=59), Sodium was highly
correlated with K* (r=0.75, n=59) aand with Cl- (r=0.90, .n=59), and
not with any other ions, The Na: Cl molar ratio of 0.98 was slightly
higher than the sca salt ratio of 0.85, Analysis of linear regression
shows that SO«>™ -was significantly correlated with Ca?" (SO " =1.74+
0.27Ca**, r*=0.70, n=59), Adding Mg®" in a multiple regression incre~
ased the r® to 0.80; adding Na* did not increase the r*, Multiple

** was significantly correlated with

regression analysis also shows that Ca
ANC and SO,* (Ca**=2.14+0.47ANC+1.60SO,*", r*=0.82, n=32)

Anthropogenic .sources appear to .contribute about 70% of the
SO.*” in the snowpack of the Tian Shan., Mean SO,*” concentrations in
snow from three areas in the central Himalayas varied from 4.8—7.7 peq
L' (Wake and others, 1990), Sulfate concentrations in ‘precipitation
from remote areas of the world is around 4 peq L7* (Galloway and oth™
ers, 1987), similar to tne SO4%” cosncentrations in the Himalayas, The
mean SO,*” concentration in the snowpack of 16.2 peqL™" is about 3=
fold higher than SO,?” concentrations reported for the central Himalayas
and remote areas of the world, However, SO.*” concentrations in the Tian
Shan are many times lower than SO, *-concentrations reported for other arcas
fo China, Galloway et al .(1987) report SO4*” concentrations of rural areas
in southern China that varied from 77—147 peq L™'; Zhao and Sun (1986)
report SO,*- concentrations from urban areas of China that ranged from'
273—345 peq L-1, The relative contributions of anthropogenic SO.*- to
the Tianshan from regional sources and from local sourccs, such as the
steel mill located down canyon, cannot bc scparated using our data
set. (

Much of the SO.2” appears to bc dcposited to the TianShan in
association with basic cations, Calcium and Mg®* accounted for 80% of
the SO,*” in the smowpack.Deposition of SO,*” in association  with
basic cations may also contribute to the relatively high pH of 6.34
for new snow. Sea salts appéar to be the main source of Na* and Ci-,
and perhaps K*, in the smowpack of the TianShan, Sea salt as a
source of Na* and Cl™ is indicated by both the high correlation
between Na* and CI™ and by the congruency of the Na:Cl molar :ratio

with that of sea salt, Assuming that all C!~ comes from sea salt, about

~r-



12% of th_e solute content in siow has a maritime component,

The solute content of new snow was at times different than that of
the snowpack, The pH of new snow was 6.39 and had a conductance of
4.7uS em™', Calcium and ANC concentrations in new snow of 21.6 peg Lt
and 15.6 peq L™ 'were 41% and 33% of S+ and - in new snow,respective
ly. Correlation analysis shows that there was a small inverse correlation
between conductance and H¥(r=-0.22), Acid neutralizing capacity was
not correlated with H* (r=0.07), Usinga two_tailed t-test, the solute:
content of the smowpack and new snow differed significantly at the
a=0.005 confidence level for the following parameters, Total ionic
charge of the snowpack (n=59) was 164 peq L~! e.md total iomic cha-.
rge of the new snow (n=7) was 65ucq L™!, Conductance, pH, ANC and
Ca®' were significantly higher in the snowpack than in new snow.
In contrast, SO, concentrations did not differ significantly between
the snowpack and new snow (p=0.40), Furthermore, SO, concentr-
ations - accounted for 37 %of the Z—of new snow and for only 20%
of the ©— in the snowpack.

Post_depqsitional alterations of the solute content of snowpacks is
indicated by thc significant differences between solute concentrations in
the snowpack and new snow. Seasonal differences in deposition may
account for the observed differences in the solute content of the snowpack
and new snow, However, the similarity in cbncentrations of S0O.,* in
the snowpack and in new snow indicates that the soluie -content of
snowfall was smilar for the snowpack and new snow, for all ions,
Furthermore, an additiopal sottrce of anions after deposition is indicat\;e:g.
by the dccrcase in the ratio of SO,*”; - in the snowpack relat-
ive to new snow, Dissolution of dust in the snmowpack may be resp-
onsible for the increase im solute content of the snowpack relative to
new snow. Wake et al, (1991) also report that the dissolution of dust
increases the solute content of the snowpack in the Tianshan, Mo-
reover, dust from westetn China has been shown to change the chemical
content of snow .in areas as distant as the Canadian Arctic (Welch
et al., 1991),

The in situ production of ANC and Ca®**may be from weathering

of carbonates contained in the dust, Dissolution of CaCOs in Saharan

2
* content

dust has been shown to significantly increase the pH and Ca
of rain in Corsica (Lo¥ye-Pilot et al., 1986), Weathering of CaCO,
to Ca®* and HCO;~ im meltwater can explain the high correlatino

between concentrations of ANC and Ca®* in the snowpack, and
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the inverse relationship detween ANC and H*, Furthermore.dissolution of
carbonates can explain the increase in the ratio of ANC; X-and Ca: +in
the snowpack relative to new snow. The low concentrations of Siin the
snowpack indicate that weathering of silicate minerals was npot an
important source of solutes in the snowpack,

The solute content of all water samples are listed in Appendix 2, The
mean pH of stream waters was slightly basic, 7.67., The specific cond-
uctance of stream waters varied from 25.7 to 104 pS cm™', with a mean
of 65.3 S em™!, The mean ANC concentration of 546 peq L' composed
66% of the total anionic charge (E-) of the snowpack(Figure 4), Sulfate
had an average concentration of 196 peq L% and rcpresented 23% of =-,
The mean Ca®+ concentration of 676 peqL™' representd 75% of the
total cationic charge (Z+) of the snowpack (Figure 4), Sodium, Mg*+,
and K+ represented 25% of =+,

The watershed supplied most of the solute content of stream waters,
Concentrations of all individual ions in stream waters wers 5 to 20-fold
greater than in the snowpack, Acid neutralizing capacity and SO.,>” in
stream waters were about 11-fold greater than in the snowpack (Figure
5). The basin was also the source of most of the Cl™ and NO,~ instream
waters, Cations showed a similar trend, The catchment supplied 8 to
20 times more basic cations than did snowpack runoff to the basic

cation content of stream waters.,

SOOT Anions Calions
ﬂm W%\
600-
‘ j ‘ -‘g i
400- {
400 t
200 200
0 [ - Y Jﬂﬂﬂﬂﬂ" O_JJ. J lmw i
ANC ot cl- NO3 Ca?* Na* Mg K+

Fig. 4 Measn cencentrations of individual solutes (ueq L™!)
in stream waters of the Daxigou Valley
(n=28) . Anions are shown in the
upper panel and cations

in the lower panel
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[-J

LI i
C $0§- - NO3 Ca?+ Na* Mg+ K* -

.

Fig. 5 Ratio of mean ionic concentrations in streamwaters (n=28)
to mean ionic concentrationsof the snowpack (n=59) , all
unitsin ueqL™!, Anionsare shownin the upper

panel andcations in thelower panel
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Appendix 1

Snow sampless major ions

- uo v

D Location pH  Cond  ANC ~ H* Ca?* Mg* Na* K* C NOs~ SO0 Z-  3- —éﬁé—:
1 New Snowfall .22 5.29 20.5 0.60 9.6 1.7 5.0 1.7 3.0 3.1 9.4  18.5  38.6 —0.30
2 New Snowf{all 6.41 4.41 14.0 0.39 9.0 1.1 4.7 1.9 46 4.7 10,9 17.1 35.3 -0.33
3 New Suowfall 6.49 3.10 1.5 0.32 4.2 0.1 3.3 1.8 3.8 2.7 6.9 9.7 19.8 -0.7
4 New Snowfall 6.49 NA 18.8 0.32 5.0 0.3 2.6. 0.8 2.4 3.0 8.8 8.8 36.2 —0.42
5.5 New Snowiall 6.47 3.55 22.8 0.3 NA NA NA NA NA NA NA NA NA NA
21 New Snowfall NA NA NA NA 83.8  12.2 12.7 2.9 1g.v 7.5 26.0  111.7  35.8 0.42
22 New Snowfall 6.48 7.61 20.5 0.35 30.5 3.3 5.3 2.1 3.8 4.8 26.8 41.5 41.1 -0.17
23 New Snowfall 5.99 4.05 11.3 1.02 8.8 1.1 2.7 2.0 1.7 4.0 8.1 15.6 29.0 -0.17
9.1 Dry Cirque 6.89 5.88 38.0 0.13 27.3 8.5 4.7 0.8 5.6 2.2 7.6 36.4 57.8 -0.18
9.2 Dry Cirque 6.45 3.89 18.3 0.35 18.6 2.5 2.5 0.4 3.2 1.6 4.9 24.4 35.1 —0.06
9.3 Dry Cirque 8.44 3.67 NA 0.38 18.8 2.3 7.8 0.4 3.0 1.7 5.7 29.3 18.7 0.41
9.4 Dry Cirque 6.51 3.93 NA 0.31 21.8 2.9 2.7 0.0 3.8 2.6 6.1 277 18.4 0.33
10.1 Dry Cirque 6.80 3.87 NA 0.16 20.9 3.3 2.5 0.4 2.9 3.4 3.2 27.3 18.3 0.39
10.1 Dry Cirjue 6.98 8.43 48.5 0.10 60.0 7.5 10.3 1.2 8.2 8.9 15.8 79.1 73.6 0.01
10.3 Dry Cirque 7.03 8.82 34.9 0.09  56.0 5.0 6.8 1.0 7.4 7.5 14.4  68.9  81.8 0.04
10.4 Dry Cirque 6.99 9.85 NA 0.10  56.8 5.0 8.8 0.8 9.0 7.6 16.¢  71.5 28.8 0.38
11 Dry Cirque 7.11 11.54 68.7. 0.08 75.2 6.7 18.1 2.2 16.2 6.3 20.8 102.3  103.2 —0.05
11.2 Dry Cirque 6.67 10.01 g0.1 0.21 62.4 8.4 9.8 1.4 9.9 6.4 16.7 82.2 88.4 —0.05
11.3 Dry Cirgue 6.92 9,55 NA 0.12 82.4 7.6 10.2 0.8 9.9 5.9 15.9  -81.1 27.8 0.45
11.4 = Dry Cirque 6.98 9.68 NA 0.11 60.8 7.0 11.8 1.2 11.7 6.6 17.8 80.7 30.3 0.40
12.1 Dry Cirque 6.93 6.63 44.9 0.12 42.5 8.9 7.9 2.1 8.4 3.8 8.9 59.5 68.9 —0.05
12.2 Dry Cirque 8.84 7.90 48.5 0.14 48.9 6.9 7.5 0.8 9.1 4.7 10.6 64.2 74.8 —-0.06
12,3 Dry Cirque 6.84 9.40 NA 0.14 64.8 9.3 7.8 0.8 8.7 5.3 13.9 82.8 26.0 0.50
12.4 Dry Cirque 6.90 8.89 NA 0.13 57.6 7.8 7.0 0.8 7.9 4.9 12.3 73.1 24.8 0.49
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Appendix | (continual

Z)

. . S+-2-
D Location. pH Cond ANC H* Ca?* Mg?* Na* K* CI- NOs~ S0, =+ Z- S +S—
19.1 Glacier®*1 (Uper) 6.83 7.59 34.3 0.15 42.5 4.1 7.5 1.0 7.7 5.5 15.1 55.3 59.5 -0.08
19.2 Glacier®t (Uper) 6.73 7.97 35.8 0.19 48.9 5.3 8.0 1.0 8.4 6.9 18.4 63.4 €3.1 -0.05
19.3  Glacier®! (Uper) 6.76. 7.96 NA 0.17  46.5 4.3 8.2 1.0 8.3 5.9 16.2 60.2 28.2 0.34
19.4 Glacier®1 (Uper) 6.84 9.07 NA 0.14 59.2 5.6 11.6 1.9 11.5 6.4 18.3 78.4 29.9 0.39
20.1 Glacier®1 (Uper) 6.78 8.46 32.8 0.17 40.1 4.0 14.8 2.9 18.3 7.1 19.3 62.0 70.2 ~0.12
20.2 Glacier®! (Uper) 6.60 8.18 34.5 0.25  28.1 3.6 26.9 5.2 21.2 3.5 8.8 64.0 71.2 -0.03
24.1 Glacier®2 6.84 8.54 29.5 0.14 51.3 4.4 8.2 1.9 8.2 6.3 18.4 65.9 56.0 0.03
24.2 Glacier®2 6.72 8.26 40.1 0.19 43.3 4.8 5.9 0.6 8.4 6.6 17.8 54.3 67.1 -0.15
24.8 Glacier®2 6.89 8.32 NA 0.13 46.5 4.1 9.1 1.0 9.6 6.5 20.2 60.8 28.1 0.28
24.4 Glacier®2 6.86 9.23 NA 0.14 53.6 4.6 9.9 0.8 9.9 6.0 18.4 69.0 27.9 0.36
25.1 Glacier*2 7.00 7.98 53.6 0.10 48.9 5.5 8.3 0.6 8.9 4.1 13.3 63.4 78.6 -0.12
25.2 Glacier®2 6.87 8.26 43.0 0.13 50.5° 4.7 6.6 1.2 7.5 5.4 14.1 63.1 67.9 -0.05
25.3 Glacier®2 6.74 6.41 NA 0.18 37.7 3.3 4.9 0.8 6.6 4.7 11.3 46.9 23.3 0.35
25.4 Glacier®2 7.10 8.21 NA 0.08 51.3 4.6 9.2 0.8 9.6 4.8 16.1 66.0 26.4 0.38
26.1 Glacier®? 7.15 11.68 62.3 0.07 69.8 6.5 11.2 1.2 11.7 8.1 28.8 88.8 94.1 ~0.09
26.2 Glacier®2 7.13 12.61 67.7 0.07 7.6 6.3 13.2 1.2 12.9 8.6 26.8 98.4  101.2 -0.09
26.3 Glacier®2 7.08 12.03 NA 0.08 72.8 6.1 10.8 1.0 11.4 8.8 25.5 90.8 32.2 0.37
26.4 Glacier®2 7.13 11.36 NA 0.07 NA NA NA NA NA NA NA 0.1 12.0 0.01
27.1 Glacier®? NA NA NA NA 34.5 8.8 5.8 1.0 4.4 2.1 3.6 50.1 18.5 0.58
27.2 Glacier®? 6.89 8.36 45.5 0.13 51.3 5.8 13.6 1.0 7.5 5.7 15.0 71.6 70.7 -0.02
27.3 Glacier®2 6.87 7.98 48.0 0.13 45.7 5.0 5.9 0.6 6.5 7.0 16.3 57.3 73.5 -0.16
27.4 Glacier®2 691 8.08 NA 0.12 47.3 4.6 6.8 0.6 7.8 6.6 16.1 59.4 26.4 0.34
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B ARV R R 8 A AR R AT R BN R, RNEEKXAF
HRETIEWNUE, AR BK. BESUW 76K 10K ) 055 S8 08 H—%
*5%%, RAUREFL.

Fil 1 BRMNEFEHNEENR, KIERAL.84 kne HTHRRKE B KEHR
AR, TEEKTE300 m, ¥IK3 693mAb I BA 1 B u KSR, B M m AR
3.34k m?, WREIEREL, WHRTEL o, & Lo, BAWERDRETR, <
LGB ER Y.

HTHRBUHERKSRUERR, 75 1 BUJNRE R Z kS DR A bk
SR ¥R ON3 804.6 m, EHIERL.68 km?, WRWIE MY, WER Y Bl m, ¥
1.5 m, BAMMEHEBRATIR, KLPREERILE, '

AT SEARBICAL, WiR3 404 m WWH FBENE BATR, BHER
$28.9 km?e BKICKETVLBFIERT 401 Bk I L vk B Bk R bk B
WF W E R EMRA, ENELEE—LTER, ETRUKE, SLyRELRLY,

13 AKX L, 393 TR, WTOT B IE Nk, REHEN 6 %.
ﬁﬁmi%%ﬁﬂw@ﬂﬁ%%o

2 1990FES5HERE. K. BAEERER

HT U190 S AR, Bk BRKER, XEIE (F1—15) FUHEH,

31 199051’-5555’-:‘1253573&&5
B, T

&I KRR |
-2 O I - B o & Bk M 35
£ f |

1986 ~7.0 ~6.6 -5.7
1987 ~6.4 -1.2 -5.2
1988 -8.3 -7.4 -5.8 0.8
1989 -17.4 -7.6 -6.1 0.4
23y -7.3 - 1.2 - 5.7
1990 - 5.6 -6.1 -4.8 1.0

43



82 1990E5HERKEEE

-%ﬁlzz mm
AKXRRELH
1 5 % Zz % 3 R B J& sk Nk
£ 4 .
1986 389 582 354
1987 400 382 370
1988 464 448 401 893
1989 461 449 460 411
R 2] 429 415 396
1930 409 3§54 387 475
®3 190 EHERRBILEE
B 10%m’
KX K .
t g %o z= % 3 B & M
S 1%
T 1986 318.7 60.8 1 604.7
1987 187.2 85.8 1 338.0
1988 253.0 76.1 1 598.0
1889 175.7 60.8 1 048.2
X8 221.2 70.8 1 397.2
1990 140.8 64.2 1173.9
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) BHEAFAFISKIDKITR0ERAFHRRE
SR 5.34 km? WELmS/si

\E ]
102 3 4 5 6 7 8 ] 10 1 12
B
1 0 0.037 | 0.313 ( 0.251
2 0 0.114 | 0.251 | 0.454
3 0 0.166 0.139 0.573
4 0 0.192 | 0.092 | 0.092
5 0.021 { 0.0092 | 0.222 | 0.092
6 0.021 0.082 0.313 0.192
7 0.021 { 0.222 | 0.491( 0.192
3 0.021 { 0.251 | 0.573 | 0.282
9 0.021 ( 0.114 | 0.251( 0.222°
10 0,020 | 0.139{ 0.072 | o0.114
B 0.126 | 1.419 | 2.717 | 2.464
R 0.013 | 0.142 | 0,272 0.246
11 0.021 | o.222 | 0.002{ o0.012
12 0 0.282 ( 0.072 { 0.011
R 0 0.282 | 0.166 | 0.021
14 0.021 | 0.454 | 0.222 [ o0.011
15 0.052 0.222 0.114 0.037
16 ; 0.021 | o0.114 | 0,082 0.037
17 0.011 | 0.114 | 0.139( 0.037
18 0.011 | o.114 0.072 | 0.037
19 oo 0.192 | -0.021 | 0.082
20 0 0.313 0.114 0.092
WEK 0.137 ] 2.309( 1.104 | 0.388
073 0.014 | o0.231| o0.110 | 0.032
21 0 ©0.347 | o0.282| 0.114
22 0 0.282 0.379 0.114
23 0.021 | 0.282 | 0.251'] 0.037
24 . 0.021 | 0.313( 0.251 ) 0.021
25 0.052 | 0.313) 0.251 | 0.005
26 0 T 0.282 | o0.222| o0
27 0 0.661 [ 0.222 [ 0
28 0 0.192 | 0.139 [ 0.005
29 0.021 [ 0.222 | 0.139 ) 0.005
30 0.052 | 0.282 | 0.072 ) o0.037
31 . 0.037 — 0.166 { 0.037
R 0.204 | 2.681 | 2.374 ) 0.375
ATy ) 0.019 | 0.268( 0.216 | 0.034
B 0.467 | 6.409| 6.195| 3.225
A | 0.015 (- 0.214 | 0.200 | 0.104
5 N 0.052 0.610 1.381 1.57
R 15 14 g | 3
it | ' 0 0.037| o0.005| 0
R 7] 12 1 20 26
M 15296 | BAWRISTSRIH | RAWRo A A | FMWEo.13
4G5
B 140.8%10¢m3 ‘ BB 29.9 L/sokm? | BWHEEL22 mm
HF%. BPT Btk xiui
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¥ BRAFTESERIKIZEI990EFETHRERE
ZKEH: 1.68km? WELm?/sH

A
\ 1 2 3 4 5 6 7 8 9 10 11 12
H
1 0 0.047 | 0.023 | 0.083
2 0 0.104 | 0.047 | 0.083
3 0 0.055 | 0.034 | o0.104
4 0.034 | 0.034 | 0.023 | 0.139
5 0.034 | 0.034 | 0.047 | 0.104
6 0.034 | 0.034 | 0.063| 0.073
7 0.084 | 0.034 | 0.083 | 0.041
8 0.034 [ 0.047 | 0.083 | 0.047
[] 0.034 0.047 | 0.083 0.063
10. 0.034 | 0.047 | 0.063 | 0.06%
WA 0.238 | 0.483 | 0.549 | 0.800
73y 0.024 | 0.048 | 0.055 | 0.080
11 0.047 | 0.047 | 0.083 | 0.073
r 0.047 ( 0.083 | 0.084 | 0.063.
13 0.023 | 0.063 | 0.083 | 0.063
14 0.047 | 0.104 | ©0.083 | 0.083
15 0.104 | 0.063 | 0.063 | 0.104
16 0.104 | 0.063 | 0.083 | 0.104
17 0:047 [ 0.047 | 0.104°| 0.055
18 0.047 | 0.047 | 0.083 | 0.034
19 0.063 | 0.063 | 0.041 | 0.047
20 0.023 | 0.047 | 0.047 | 0.047
BN 0.562 | 0.627 | 0.764 | 0.873
BNYY 0.055 | 0.063 | 0.076 | 0©.067
21 0.023 | 0.083 | 0.063 | 0.047
22 0.034 | 0.063 | 0.104 | 0.047
23 0.034 0.104"| 0.115 0.063
24 0.063 | 0.3104 | 0.126 | 0.083
25 0.047 | 0.083 | 0.104 | 0.063
26 0.023°| 0.083 | 0.104 | 0.034
27 0.023°( 0.104 | 0.083 | 0.055
28 0 0.083 | 0.083 | -0.047
29 - 0.023'| 0.084 | 0.055 | 0.047
30 ‘| 0.083°| 0.023 | 0.083 | 0.047
31 0.083 — 0.083 | 0.047
[ 4 0.436 | 0.744 1.003 | 0.560
AFH 0.040 | 0.074 | 0.091 0.051
B 1.226 [ 1.854 | 2.316 | 2.033
B |EH 0.040 | 0.062 0.075 0.065
' K 0.176 0.176 0.15% 0.151
& A ¥ 15 ] 12 12 4
W (B 0 0.014 | 0.023 | 0.023
= 15) 1 30 20 26
BERFT.420 BAWEO.T s AISA | WAWEO B H | FH¥m.0n
4 g3t e
B E64.2%10'm3 ZRE36.3 L/srkm? I BWEE2 mm

M. BT Bedo X



%3 BEAFTERENKXEI00ERATH HRE

SRR, 28.9 km? HEUmY/sH
A 1 ‘
1 2 3 4 6 6 7 8 9 10 11
A
1 0 0.470 | 1.28 1.85
2 0 0.812 | 1.57 2.45
3 0 1.29 1.05 2.95
4 0 1.57 0.700 [ 1.98
5 0 0.932 | 0.932 | 1.44
6 0 0.700 | "1.71 1.44
7 0 1.16 2.45 1.29
8 0.020 [ 1.44 2.28 1.44
9 6.020 1.05 2.13 1.57
10 0.042 | 1.16 1.16 1.16
HR¥ 0.082 | 10.584 | 15.272 | 17.57
13 0.008 [ 1.06 | 1.53 1.76
11 0.206 | 1.29 2.78 0.580
12 0.470 | 2.28 1.71 0.470
13 0.470 | 1.71 1.44 0.700
14 0.372 | 3.41 1.57 0.812
i5 0.932 3.10 1.29 1.28
16 0.700 | 1.44 1.16 0.932
17 0.372 | 1.16 1.71 0.580
18 0.872 | 0.700 |-.1.57 | '0.580
19 0.088 | (.29 [ ‘1.29 0.812
20 0.042 | (.57 1.29 0.812
R 4.024 | 17.95 | 15.81 7.568
IR 0.402 1.80 1.58 0.757
21 0 1.85 1.98 1.05
22 0 1.85 3.10 1.29
23 0 2.28 3.10 1.29
24 0 1.71 2.78 0.832
25 0.283 | 1.98 2.13 0.470
26 0.283 1.44 1.85 0.283
27 0.283 [ 1.71 1.57 0.283
28 0.088 [ .57 1.29 0.283
29 0.042 | 1.16 1.18 0.372
30 0.206 | 1.29 1.05 0.470
31 0.372 1.44 0.470
AR 1.567 | 16.81 | 21.45 | 7.185
A 0.142 | 1.68 1.95 0.654
5% ) 5.663 | 45.344 | 52.532 | 82.381
H F® 0.183 1.51 1.68 1.04
% EX 2.28 5.26 4.50 5.24
B 15 14 11 3
I (B 0 0.206 | 0.580 | 0.206
H 34 1 1 | 10 26
gy |_FRROS0T | BMBs sB3R | mAwEe A A | e
¥
, BWEIT3.0%104md | BEEWI.4 L/sekm, | mwmmios mn

e BE: s



4 ERERFTRISKINKZLAI0EXRBEHSER

KEHCH
ﬁ‘ ey
A 1 2 3 4 6 6 7 8 9 10 11 12
1 ~15.3 | —18.1 | ~15.7 {—=11.9 [~-11.8 1.6 | 4.9]10.9] -0.2 2.4 -6.2 |—~14.9
2 -15.6 | —19.2 | —20.1|-10.5 | —5.8 5.4 11.0 1.2 2.0 -3.8 |—12.7
3 ~15.4| —18,9 | —20.0 | —9.6 -1.2 5.6 9.3 2.9 0.6 ~2.5[=10.4
4 -13.8| -21.8 | —-19.5| —8.3" 0.6 3.3 2.7 0.7.| —0.6 -8.2| -5.8
5 -12.0 [ —19.2 [ ~20.2 [-10.8 3.4 [—0.1 4.0 -2.7 -0.6 ~6.1| —8.0
6 -12.2( ~19.6 { ~13.7( —8.6 3.6 1.7 4 4.6 ( —3.3 0.9 [-10.9 {~11.3
7 —16.8| —16.6 | —11.6 | = 7.1 2.0 | 8.2 5.1 ~3.2 0.8 [-14.5|—-10.8
8 -16.8 | —18.7( —12.2 | -7.9 0.7 2.3 . 6.9 | —1.7 0.9 -3.5| =7.7
9 —18.5| —18.3 | —11.7 (-10.7 © 0.5 3.0 . 6.2 —1.0 -1.4 ~2.6 | ~9.7
10 -21.9| -13.0 | —10.0 | ~9.5 3,1 2.3 0.1 | —-1.3 6.3 ~4.7| -8.1
WY [-157.1 (-183.4 |—154.7 |-94.9 | —4.9 |3t.2|31.1]60.8]| ~8.8 11.3 [-63.1 |-99.¢4
WY | -16.7| —18.3 | -16.5| —9.5 | —0.5 3.1) 3.1 6.1] —0.9 1.1 | —-86.3| —9.9
11 -18.8| —1t.3 [ —14.0| -6.9 | -0.3 5.0 1.4]|-2.7| -0.8 | —2.6 —4.3 ] —9.4
12 -16.6 | —10.2 | —16.5| ~4.5 | —2.5 3.4 1.7 f-0.2( —1.2 ~ 1.t -4.7|-13.2
13 -19.0 -8.2 -9.2 | -5.3 -3.2 4.4 3.7| 2.9| —0.9 -0.6 -2.0 [-14.2
14 -16.9) -9.9| —10.2 | —-6.8 -3.5 4.1) 4.6 | 1.4 0.8 -1.5 | —1.3{-14.8
16 .| —t4.0| ~13.4 -7.9| -6.5 B.4 [-t.2]| 2.7 t.1 2.1 -3.3 -8.4 |- 15.0
16 -19.9 | ~15.6 ~2.7| -7.9 | —-0.7 2.1 2.3 4.2 —-4,7 |=11.4 [-12.0
17 -20.7 | ~12.6 ~6.3| —4.9 [ —3.5 | 0.9 6| 3.1 4.6 | —6.4 [-10.8|—12.6
18 -17.3| —13.0 -9.1) —6.1 0.2 3.1 9 2.5 2.1 —4.2 |-14.1|-14.8
19 —-16.9( —198.2 -7.8| -7.7 | —2.0 7.1 0| 3.1 0.3 -6.4 [—11.8|-11.8
20 -16.6 | —24.7 —9.0 |—10.1 -2.7 65.3| 3.7| 3.% 0.4 |-13.5 -9.7|-13.0
R [-176.6 [-138.1 | —92.6 |-66.7 -2.8 | 34.2|26.9 | 17,1 11.6 |—44.3 |—78.2 (~130.6
W¥Y | -17.6 | ~13.8( -9.3[ —6.7 | 0.3 3.4 2.7 1.7 1.2 | —4.4 | -7.8[-13.1
21 -19.2 | —25.1| —-138.3| —-7.8 | —1.2 4.0 6.7| 6.3 0.7 J-11.2 (—11.8(-10.2
22 -12.6 ) ~21.3 | —12.9| —8.7 | —1.4 2.6 | 5.3 4.7 1.5 [~14.0 -8.8| —-9.0
23 —12.4| -16.2 ] -t0.2| —7.9 | —0.2 1.2 | L.2|-0.5 1.4 -9.8 [ —9.3 | —-9.1
24 -14.6| -13.4 | -13.9| —-6.0 0.1 4.4 2.0|-1.2 0.8 -6.7 |-11.5 | —8.7
25 ~12.0 | —11.4 | —-12.8| —4.8 -0.1 3.4 | 2.8 0.t -1.4 —4.7 -9.2 |-11.4
26 —10.2 | —14.7| —11.7 | —4.9 -4.9 3.2 | 4.9 ([-1.1 1.4 —4.5 | —-8.1|-11.5
27 -20.2( —16.7 | —13.1| —5.9 -5.9 2.2 1.9] 2.1 1.3 -3.9 |-1c.8 | -7.7
28 -22.0| —15.7] —t'.4 {—10.3 -3.0 4.4 | 4.5| 2.7 1.7 | —4.2 |-20.5|—13.0
29 -20.7 -9.5 |—12. 1.8 3.6 4.1| 3.6 0.1 - 5.4 |—16 6 |[—-18.0
30 -15.9 ~9.5 |- 13.4 3.1 6.2 ¢.9| 5.5 0.8 -7.4 [-12.8|-18.7
31 —14.6 ~10.8 1.5 . 7.0 | 4.4 -6.8 -16.7
WY |-174.1 |- 134.5 [—128.9 [-81.9 [-10.2 |34.2 | 45.3 | 26.6 | 8.3 |-78.6 |—-119.5~134.0
R | ~15.8| —16.8] ~11.7| —8.2 -0.9 | 3.4| 4.1]2.4 0.8 ~7.1 -12.0/—12.2
1B -506.7 |-456.0 |—2376.2 [—343.5.(—17.9 [ 99.6 [103.3 |164.6 | 11.3 |[-111.6 |-260.9/—364 0
B FH| —16.3 [ —16.3 | —12.1 -8.1( —-0.6 3.3 ) 3.3} 3.4 0.4 ~3.6 -8.7|-11.7
5 BEl -7.8| -4.0 1.8 1.0 13.8 | 13.0 | 14.4 | 17.¢ 5.9 6.0 3.4 -0.8
H#l 26 13 16 - 24 15 7 | st 2 16 1 14 4
3F |BEE -26.2 | —28.5) —25.0| —17.0[-13.4 |-4.1|-2.7[-6.0| ~6.0 |~-18.3 ~29.9|-22.4
B 29 20 12 29 2 6 | 27 24 6 22 28 30
ﬁﬁﬁj B®IT.1 83 2A AL - 29.9 118288 SRy -5.6

Wk BFC, BT B X



;5 SBEAFAEZXRIATHIIELZALEHKE

s@Euci
A
1 2 3 4 5 6 7 8 9 10 1 12
2|
1 ~17.4 | —18.4 | —15.4 | —11.5| —11.4| 0.2 | 4.3{ 9.7 0.8 1.7 —-8.2{ —15.3
2 -17.6 | -19.0 | —19.9 -9.7 -6.1( 3.4( 2.3 t0.7 2.6 .7 -6.0 | —13.0
3 -16.7| —19.1 ] —-19.8 -9.2 -1.2| 4.3 1.3 8.6 4.5 0.2 | —4.5[ -9.8
4 -14.5| —21.8 | —18.9 -7.8 0.1 2.4 2.7| t.6 3.3 -0.8 |-10.5]| -6.0
5 -13.3| -t9.t ) —19.4 ) —10.4 2.3 |-0.8| 1.9 2.5 0.5 -t.1| -7.6] -8.8
6 -14.3 | —19.5 | —12.3 -9.6 2.1 0.4 s.3] 3.4 -0.6 -0.1 [—-12.7| —11.3
7 —18.2 | —17.4 [ —11.1 -7.2 0.8| 4.0| 4.9 4.1 -0.2 ~1,3|-16.8 | —11.0
8 -16.9 | ~19.4 | —11.4 -7.6 -0.3| 2.0|.6.1| 5.9 0.7 -1.8| —5.1 -8.9
9 -20.5| —18.3| —10.8| —10.9 0.5 2.0 3.1| 4.7 1.8 —-2.4| —-3.3 ~6.8
10 -23.9  —12.3 ~9.3| —10 4 1.9 2.5( 2.t o.5 1.2 -7.0| -5.9| -9.2
WR¥ [-173.0 |—184.3 |—148.2 | -94.3 [ —11.3 [ 20.0 | 52.0 [ 51.7 l 14.6 | ~10.9 |—80.9 |—103.1
AR | -17.3 | —18.4 | —14.8 ~9.4 -1.1( 2.1] 3.2| 5.2 | 1.5 -1.1| -8.1| —10.3
11 -20.6 | —10.9 | —13.9 ~7.8 -0.1] 4.8 ~2.6 1.9 ~2.1( -5.2| ~9.4
12 —17.8 —10.2 | —16.1 ) =~5.3 t.o| 2.7 s3.3) 0.0 7 S-0.3( =59 | -13.6
13 -21.0 -8.0 -9.3 -5.2 -3.2] 3.8 1.2 0.6 0.3) —4.0] —15.8
14 -19.0 -9.5[ —10,8 ~8.1 3.9 | 4.0 0.0 -0.9| -1.0| —16.7
15 —15.4 | -12.7 -8.4 -6.8 7.4 | 1.2 4(-0.1 2.6 -3.0 (-10.2 - 16.5
16 -21.0 | —15.37 —2.9 -7.4 -2.3| 3.8 0.6 5.1 —4.1(|-13.7]| -12.2
T 17 -22.0 | —13.9| ~-5.6| ~5.2| —4.1] o.3 1.3 5.7 —6.8 (-12.5( —14.1
18 —-19.4( —11.8 ~8.3 ~5.9 -2.3] 1.6 2.2 2.5 -4.t|-16.3| —-16.0
19 —17.4 ] —17.8 -7.3 -7.7 -3.2 5.0 2.5 -6.0 |-12.7| —12.9
20 -17.6'Y —23.5 -8.2 -9.7 —-3.5| 4.7 2.7 0.8 | -15.3 |[-11.4 | —14.5
HAEL (~191.4|-155.7{ —80.6 | —69.1 —~64(31.9| 28.9 7.8 23.8 | —41.3 |-92.9 |- 141.1
ey | -19.1) —155 | —9.1| -89 -0.6] s.2| 2.7| 0.8 2.4 | —4.1| «9.8| —14.1
21 ~'19.5 | —24.3 | —12.7 ~11.0 -2.6| 4.8) 5.4 5.3 0.t | —t1.5]-13.4} ~11.8
22 —-11.8 | —20.6 ) ~12.4 -9.2| -z.2| 2.8) 4.8 4.0 0.7) —14.8) —9.0 | ~10.8
23 -14.9 | «1s.2 -8.9 -8.7| -1.8]| 1.8 1.5(~0.2 0.5 —10.8 |—-10.6 | ~10.4
24 ~14.1 | ~12.83 | =13.2| -7.1 -0.7| 5.0 0.9 [-0.6 -1.4 -5.9|-13.1| —-10.8
25 ~12.7 -9.7| -11.8| -4.7| -1.7{ 3.8( 2.0| 0.0| —-1.7| -5.4|-11.4| —12.7
26 -10.0 | —14.1 | =11.0 -5.2 -6.3) 3.6 3.7[-1.2 1.6 -6.0[—10.8| —12.8
27 ~19.6| —16.4 ) —11.7 —4.5 -8.3| 1.8] 0.8 1.1 1.3 ~-6.3 |- 13.0 -8.6
28 —-21.8 | —16.3 | —10.3 -9.8( -4.8( 3.9| 2.0{ 0.9 1.4 —4.8(~23.4] —14.0
29 -20.8 -8.6 | —13.4 ~0.1) 8.9 2.6]| 2.1 -0.3 -7.1 (=170 | ~19.8
30 —15 4 -9.2| -12.9 0.8 4.8 2.7 3.7 0.8 -8.9|-14.0 | —20.8
§1 -15.2 -10.4 ~0.8 5.6 3.7 ~7.8 -17.8
WRY |—-172.6 |~127.9 |-120.2 ( —86.6 | —28.4 | 36.2 [ 31.9 [ 18.8 2.8 | ~88.0 [—135.8/—149.9
¥y | ~16.7| —16.0| -10.9 -8.7 ~2.6| 3.6 2.8 1.7 0.3 ~-8.0 | —13.6] —13.8
B Xl-537.0 [-467.9 [|-359.0 [—249.9 | —46.1 | 88.7 ] 20.8 | 28.3 41.9 {—140.2 [-309.4(-393.4
B |EH -17.3 -16.7| ~11.6 -8.3 -1.5]| 3.0) 2.9 2.5 1.4 —4.5 | —10.3] —-12.7
Bl 6.9 - 4.2 2.8 .~0.8 12.2 | 11,0 12.1 { 16.1 10.0 5.7 2.0l -1.0
B¥ 26 13 16 17 15 24 31 2 16 1 14 4
ﬂ_féflx: -27.0 ) —28.8| —-24.9 -16.8) ~14.8 |-4.6 {~3.9 [-4.8 -6.9| —19.6 | —31.9] —24.0
a1 10 20 12 10 1 [ 5 11 25 22 28 29
E£HW | BEi16.1 8B 2A BIR -31.9 11H28H THy—6.1
Wk BWT. BET Kotk X#I¥E
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gop SRR Bk SR 1000E R R EH SRS

S| TH
H
\\J 1 ' 2 3 l 4 ' 5 6 7 8 9 10 11 12
H
1 _18.8| —17.8| —16.2| —11.8] ~-9.4| 3.0 s5.9]11.0 2.1 3.8) -8.6 | —14.5
2 —16.8] -17.00 —19.0| —11.2| -4.11 5.5] 4.4 10.9 4.0 3.4 -0.5( -13.2
3 180 -19.6| —18.3) -9.3 1.5( 6.1 2.4 10.4 5.5 1.9 -0.5| —10.6
4 —16.4] —18.6| —17.2] ~-8.5 0.2 5.2 8.86| 4.0 4.5 1.3 -6.20 -s6.1
5 —14.9 | —17.6 | —18.4 | —11.0 4.1] 0.4 4.0 4.8 0.5 1.6] =3.6) -8.4
6 —15.9 | —18.1| —14.7 | —12.7 s.0l 3.8] 5.9 5.7 —0.5 2.8] -7.6| -96
7 —of.1| —16.7] -8.7| -~7.6 3.1) 6.6 8.1] 5.2 0.4 0.2 |=15.0 | —10.1
8 —i5.0) ~17.0] -10.8] -6.8 i6| 3.4] 8.0 6.8 1.4 2.0 -65.0] -8.8
) -18.5| —17.8 | —11.1| —8.4 2.9 4.5) 4.t1 7.3 2.9 0.4 -3.5| =-9.0
19 —24.3| —13.0| -9.5} -8.4 3.5] 4.4 3.1] 2.0 19| —42) -4.7] 9.0
A )-179.1 |—173.1 |- 145.8 | —95.8 7.1 42.9 ] 49.5 | 68.1 22.0 12.6 |—50.2 | —99.2
gy | -17.9) -17.8) —14.6 ) ~-9.6 0.7 4.3) 5.0 6.8 2.2 13 -5.0 | —-9.9
11 -20.0| -9.4| -13.7] —4.4 1.6) 6.6] 8.6| 0.1 2.9 -2.6|-4.2| -8.2
12 —19.3| —10.9| 70| -2.8] -2.4| s5.9| 4.0 1.4 1.8 0.6 -2.8] ~14.2
13 ~20.1| -9.8| -10.1] —8.2| -3.3] 5.8] 4.2 2.9 1.9 1.7 —0.6 | -15.9
14 ~16.8| —10.8) ~10.9] =-5.4 4.9 5.4 47| 2.5 2.6 1.8 0.4 —17.3
15 -13.8| -12.3] -7.6| =3.9 g.s) 2.5 45| 8.0 3.8 0.2 | —7.6) —17.9
16 -20.3 ) —14.4| —-2.3| =-5.5 0.2] 2.7 4.9) 2.5 5.8 —1.5 ) ~9.5| ~14.5
17 —23.4| -12.5| -6.3] -1.8| —2.5| 3.8] 5.2 4.1 6.4 | -4.¢| -7.6] -15.0
13 -19.5| —11.8| -8.3| -2.9) —~1.1] 53] 2.8 3.2 5.8 -3.9|-11.7] ~16.3
19 -16.3 | -16.7) 7.0 ~-4.7| -1.9| 7.0 2.3) 4.9 ~0.8| -1.7]| -9.5] -135.0
20 ~18.3 | —22.0) —10.0| -7.4| —1.1| 6.9| 4.9 5.7 0.6 | —11.6 ) —7.8! —13.8
R |-187.8 |- 1s1.3 | —9e2.9| —42.1 3.2|51.9|40.6]31.0 27.1| —20.7 |-60.9 [-145.8
tgey | -18.8| —13.1 ] -9.83| -4.2 0.3 6.2 4.1 3.1 2.7 -2.1| -6.1| ~14,8
21 -19.8| —23.5| —-13.2| -6.3 0.9 5.6 6.9 6.4 2.9 ~7.9| —9.1| —~12.6
22 | ~16.8 | —21.0| —14.0 -8.0| -0.4| 4.8 6.6| 5.6 2.6 | —10.5 | -8.9| —10.7
23 ~14.3 | —15.4| —10.9 ] -5.3 0.8 4.3 3.3! t.8 2.20 —7.9( -9.4] —11.2
24 -17.5 ~13.1 | —14.1 | —4.3 1.8 6.5| 6.7 2.2 0.7 =—4.8|-10.4]| =—9.5
25 ~13.80 —11.1| —12.6| -3.7 0.4 6.0 8.8] 1.7 0.7 -3.1| -7.1| —11.4
26 -11.3 | —14.4| —-10.7] =3.8| -3.4| 5.1| 5.3]| 0.4 3.3 —-2.5| -5.7| ~10.8
27 -21.0 | —15.6 | —11.6 | -2.7| -5.0| 4.3| 2.8! 2.4 2.4 -0.8| -7.7T| -7.4
28 —24.7| -16.6| —15.0 | -6.7| -2.6] 5.1 4.7] 2.9 3.44] —0.81-16.9| —16.0
29 | -21.% -90.7| ~11.4 2.4 | 4.1] 4.7] 4.7 1.9 —1.5|-10.9] —-20.8
33 ~16.4 -8.5| —11.2 3.3 6.0] 5.0 6.3 2.3 | -5.3]-22.5] —21.8
3i ~15.9 -10.5 2.6 7.8 | 6.4 -4.3| -18.7
HBP [—192.8 |~ 130.1 |- 128.8 -63.4 0.8 51.9 54.5| 40.8 } 22.4 —-49.5|-108.6|- 60,4
fg¥sy | —17.5| -16.83 | —11.5 6.3 0.1 6.2 5.0] 3.7 2.2 -4.5| -10.9] -13.7
B -559.7 |-434.51-365.5 | —201.3 11.1 (146.7 |144.6 |i39.9 71.5 | -57.6 |-219.7)-395.4
Aew| 181 —15.5] —11.8 -6.7 0.4 4.9 4.7 4.5 2.3 ~-t.9| =7.3| —12.¢
@ -7.8] -8.1 3.8 3.2 16.0 ) 13.4 ) 17.0 ] 18.2 15.6 9.1 4.9 0.
ﬁﬂm 26 13 16 13 15 7 31 2 16 1 14 4
i iG] —-30.0 —28.91 —-27.0 -17.3 | =17.2 |-8.0 {—2.5 |-4.2 ~5.8) —16.4 | —28.7 —24.
B\ 10 21 12 i 2 1 5 5 ' 27 19 22 30 30
@&wl B is.2 8H2R i #A%30.0 1 3100 iy -4.8
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q A 1 2 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 } 8 9 10 11
~.
1 0.1 6.7
2
3 3.80 4 6.7 %%
4 3.6°% [ 4.6 x| 3.0°x
"5 1.2 o4
6 10.3 *
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b2 —~2.498 4.184 4.873 —0.074 120°517 4.88
bs ~8.648 5.202 6.354 0.231 1250037 ~ 6.37
¢t -0.550 3,251 $.297 0.582 99°37/ 3.31
. —0.971 7.520 7.582 —1.307 g7022¢ 7.57
cs -8.130 6.848 7.529 —0.641 114034/ 7.58
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) - ]
ds 0.330 8.641 6.641 ~0.773 87°06’ 6.55
ds 0.355 8.295 8.302 -1.868 87°33/ 8.30
de 1.230 7.765 7.861 -0.400 81°00” 7.86
ds 1.327 3.696 3.927 -0.125 700157 3.93
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e’ 3.339 0,702 3.412 0.920 110527 3.40
el 5.21% 0.856 5.298 0.341 09°577 5.30
e’s 5.601 0.863 5.667 0.002 08°45’ 5.67
els 5.404 0.73¢ 6.455 0.768 - 07°477 5.44
e’s 4.652 0.079 4.853 —o.1l 0058 £.65
in 3.978 0.98¢ 3.135 " 0.872 18014/ $.15
S A 4.998 1.103: 6.118 0.657 . 12°267 5.12
i’ 5.316 1.127 5.484 0.752 11°58’ 5.44
£, 5.526 0.9186 5.601 ~1.178 09°257 5.58
¢’ 1.534 0.666 1.673 0.986 23°28/ 1.68
ety 4.331 1.3797 4.546 " 0.706 17°39/ 4.55
g's 6.022 1.546.° 5.254 " 0.782 19°06”’ 5.26
Y 5.441 1.502 St -0.908 15°26/ 5.66
h’y 2,531 1.837 3.128 0.286 35°58” 3.11
ey 0.504 2.514 2.564 0.177 78°397 2.68
Ces 2.094 7.900 7.519 —0.797 ° 73°497 7.52
‘g 2.443 7.177 7.581 -0.797 T1°12/ 7.59
. e 2.648 6.711 7.214 —0.564 63°28’ 7.23
s 2.114 4.369 4.854 0.15¢ 64°107 4.87
h 1.931 4,058 4.494 0.196 64°327 4.51
" fa 2.690' 5.746 6.345 ~0.423 "64°547 6.34
fa 2.787 5.664 6.312 0.569 '63°487 6.30
f. 2.754 5.478 6.181 0.546 68°18” 6.12
fs 2.266 4.859 4.912 —-1.113 62°317 4.90
g 1.085 2.224 2,475 1.231 64°007 2.47
: é, 2.483 5.521 8.063 -0.042 65°46” 6.05
gs 2.606 5.368 5.968 +1—0.173 84°067 5.98
g 2.657 5.067 . 5.721 —1.240 62°197 5.78
Zst 1.368 3.617 3.867 0.540 69°16/ 3.87
g2 2.566 5.767 6.812 -0.216 66°01’ 6.80
hs 3.222 4.961 6.916 0.380 57200/ 5.91
" hs 3.093 6.141 " 6.000 0.322 . 58958/ 6.01
hae 3.585 5.884 5.890 0.127 58°397 6.87
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] S (m) U (cm/_d) S (m) U (co/d)
a’s - 2,749 0.0103 0.762 0.0031 0.79
als 2.980 0.0112 0.846 0.0090 0.80
b2 2.343 0.0083 0.496 0.0058 0.80
b’y 0.471 D.0018 0.206 0.0022 1,22
b’z 2.429 0.0091 0.694 0.0074 0.81
b’s 3.627  5.0138 1.220 0.0180 0.98
b’y 3.517 0.0132 1.287 0.0186 1.02
¢t 1.038 0.0089 0.091 0.0010 0.28
c/ez 3.812 0.0124 0.957 0.0102 0.82
¢/ 1.813 0.0068 0.254 0.0027 0.40
¢’z 4.136 0.0155 1.238 0.0132 0.85
c’3 4.041 0.0152 1.281 0.5136 0.88
¢’y 3.341 o.oxzs‘ 0.678 0.0072 0.57
d’y 1.964 0.0074 0.263 0.0028 0.39
d’2 £.178 0.0167 1.056 0.0122 0.78
d’s 4.437 0.0167 0.922 ©.0098 0.59
d’. 4.118 0.0155 1.010 0.0107 0.69
b2 3.597 0.0132 1.292 0.0139 1.05
bs 4.514 0.0166 1.843 0.0200 1.20
¢ " 2.650 0.0094 0.750 0.0081 0.86
2 5.494 0.0202 2.089 " 0.0225 1.11
cs 6.490 0.0202 2.041 0.0220 1,09
d1 1.181 0.0048 0.174 0.0019 0.44
dz 4.768 A 0.0175 1.778 0.0189 1.08
ds 5.953 0.0219 2.350 0.0258 1.16
d, 5.748 0.0211 2.‘.19 0.0228 1-.08
ds- 2.899 0.0107 1.029 0.0111 1.04
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