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2019EDI0H 2 HILHICAT T, A28=he~vI¥, u—V7 ) YHIZMET S, T vk
OB TEESL2MD 7 A4 A a7 Z4HI L7z, JHIH AT HERE860 mOFEHTH 0, 2D, K /5—
WBFASE D B RATHIRKIE D 723, WH TIEANY) 2757 — DA KRk T 5 2%, BHFH» 5
DFNZHFTANY) AT Y —IZTTA A7 LIWMHIBEROWRELZIT) TEDTEL. A4V 6 R
FATAAZRALTCHEHML, WMEISN/A7 A4 23 7IEEEST 52 L, duigE KRAKIREHAIFZE
i CHi%ET A2 ERI Lz. B TOMPBITOME, 74 237 D88% #1830 kg m™ Ll Lo
FHFIKTH L Z e bh o7,

The Ice core drilling at Trambau Glacier, Nepal Himalaya

Akane Tsushima'

An 80.12-m-long ice core was retrieved from the accumulation area (5862 m above sea level (a.s.l.)) of
Trambau Glacier in the Rolwalig region during October—November 2019. The drilling site is located at a high
elevation area and is in a restricted flying area, normally making it difficult to operate a helicopter. However, we
could transport the ice core and drilling equipment by helicopters with permission from the government of Nepal.
Dry ice imported from India was included in the insulation boxes with ice cores, and the ice cores were successfully
transported to a cold laboratory in ILTS without melting. The primary analysis showed that 88% of the ice core was

refrozen with a density of > 830 kg m”.

F—J—R:T7ARa7, #8— V< TV, HBEBELH, 77 &
Ice core, Nepal Himalaya, Paleoenvironmental change, High Mountain Asia

1. FLE&HIC

FRoLKBEEH MO0, BAER 741422
T, R % E ok e eicET O F v (RBRERE
WO LR BRI A B DOFLEREA) 2 HETT S B ik
TR EARTT K TH Y (Alexander et al, 2013), 5if
BEOIFRFUMOGEMEZ HD S -0 57 v %

V7= OZEMIY R IETE & A S B R O R
LIEEELPETH L. JBEETL T v cd
BIc—RE T L, BRIC, BEED SRTERETAED
5 JLER A I o KA BN, MR X > TEOZE B
MR BB AT & { R %5 (PAGES 2K Consortium,
2013; Tsushima et al., 2015). IE4F 2 W %l Lo FE g
LRI LE AT O X 27— 518, REROILVET

HIE i
TR KA BB A i Je e
T 263-8522 THEWLT-HE AR CIX oR 0T 1-33
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MICIEFTE S N TE 72 (PAGES 2K Consortium, 2013).
— T, R AR E RS R TR HE T D
LI EDPMEENTWEHDOD (Wang et al, 2016),
A ORI HERTE D L) mlidmE 7T ax v
F=FFFEAER

A=W ITVYDLE) REFE A — VU4
DRV DREKRDERT 2 EFEEIDKIIE, SRS LA L
7%, BRI E N SRICEDL D72, BKIENO
KMOERINNCHFG- L b, KNEHIHETED
N D ETERTURFDETAF X SN2,
G EDVEROMED T Y, MBI L TRIEISIEE
3% (Fujita 2008a, b). BELZ% ERAMEEEZE S ILEK
T OME/ME R 2 EO¥MZ 7253 —HFHT, &
B3R O A & 21RO % &2 D] Sk
L, AMHASICHEEMICER B L5 2 2 WY H 5
(Immerzeel et al, 2010). 512, 7 ¥ 7 HiIIEHED
SR NORIMRPRHEREO 2012, ABRBERRG W
HAOFRELRFEERD—D L 2> T2 (Ohara et al, 2007;
Alexander et al, 2013). L7:4%>T, ZOHIET, #%
BB AR O BRI ) 2 N 25 R R STG G DA B DM
THER, BT A A7 2HElL, HEPREos R L
Sk - BREEEB O MR ZFT S Z L IEEETH 5.

LY IYURTOT 4 X3 7HENE, #HMEML2T 7 &
AOWREES NS, BHEMIZLZNEILEL TR
25, ZThFTlizhd ke <5 ¥ DDasuopuKiil (Thompson
et al, 2000) & F~Xv bt =< F¥YDEast Rongbuk (ER)
K (Qin et al, 2002) 2°5, W ODPDT A4 A 3T HHH
Hlsh, 7IY7EY A= VREERLEORBE R KR
TEROEFE T A 2 ATIZEENDEANEMES A -2
o & OBRME L EAmE I N TWwS (eg. Thompson
et al, 2000; Kang et al, 2002; Qin et al, 2002). %7z,
Qin et al. (2002) &, ERT A A2 7 OEEEA & ~ DS
Dasuopu” A A2 7 OWEEA & VB IR T 2 R ES
, INDBZXRVAMOBFNFELIZL BT —H Vg
ERBLLZZHERCTHL EBRRD L EDHIC, LPEONSE
B RG A E OB O Th#EmL T b, —7),
Kaspari et al. (2008) 1%, 125kmifii 7z b D200 T 4
AT DEWERELFOENEZW SN ER7T A X2
7 O iR IX18004F (LI i IV Z 7R A%, AR O
Dasuopu7 4 A2 7 DB REIIR O EWMEEZRL TV
COHBIE VW TR SN2 T A 237 OBERO
FEFPEIZOVTIE, eI VYOHMLIILICE D0
h, BYA—VEBRLREICI AR REVICE SO
B, 3 E, TA AT OERIEEICHE) BEICLD

#HE Hrh

MHEEDZEZO6NEN, ZOHRKFITENTELZW. 20
W THEISNT2T A 2T RART =y BLhvizn

WHGEDA T 57200 TH 5. FFIZ, eI YILROME
L7 7 2 AP HEEZ 720 ICHE S 727 4 A3 71T
LA L (Fujita et al, 2002). L7zA%->T, ZOHu
TH2T A 237 2l 5 0LENDH 5.

ARPEHNZ20174E4 T IS RAGH K% & Al R KA & Hul
CHRB L7, BIR T e Y s b [BARGERE 74 22
T OGN & B 7 27 IR OB S B SEE T (R
AR ] o—BELTER_LA. BKEOHBEL
LTHW SN TV 2 AREIRERFF KL (Sano et al.,
2013, 2019) L7 A4 RaAT7 D200 EEBET X T2
T, FRARBRFLLUT OB CLIA ARAETRIC X % oK
2TV, BMBALD EOREETIE T A 2 a 712X ARk
BEILEIT) 2 LT, XTIV HMOBEBEEMOR
BEBOEGERA LT 222 HWE LT
Tx 7 bTHAH. IEIKINILIEAE O 2 R TEZ IR
HBOBEIZSI S ShTBY, RmIZy, —2HRL
BHEZERZIY) B3OS H 5 L OE» A ST
W5 (Ice Memory project; https://en.unesco.org/events/
international-launch-ice-memory-project).

ARTIE, 20194F 12 AN = VHER O T — v T ) ¥ s
THEIE L 7-812mD &R 7 4 2 2 7l &, HHIHY T
fribh7z7 4 227 OWMEN ORERIZOWT, BEICHE
B k44 (International Glaciological Society) D ZF4iaE
Annals of Glaciology 1Z#8#{ & LT\ % {3 (Tsushima et
al, 2021) ONEE S &I, —EBIMEL, L HRET 5.

2. {EHItR EERAIBRE

2.1 fEEt R DR

FIANT 4 V=T N7 R A= VEE O
T—) V7Y I E T A (K1a). KIMIEAE R 4600 —
6850 m asl , TWR765km* T, HKIIZI1Z19604E 4% A & L
KUFET B A28 = Vi KOKI#HE Y + - @SSR &
NTw% (Sakai et al, 2000). NI ANVTFT 4 —hTF ¥
N KIIZRE 5000 m as) Mm% BTG BETH W S,
77 CHR) BESTH L TIRDO NI H VT 4 YK &
BRDPHBEL T2 LD N5 o kiicgirsns (X
la). 201941112, b T 23 okan) ik, B 5862 m asl.
g (27, 919° N, 86, 545° E) OHFID %725 9 B JFIC
T (R1b), 74 A a7 OIMEIER S N7z, 20164E20 5
20184 F TIZAT AN 7K AR Y RS SN/ AT —
7 Ok O KR N %2 WE T 5 721K IRk 5
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B1: ()R f= - exI%, O—=L7Y YHIcHL T ANT 42— T KMo, i iida— vy ) s Gk,
H b YA (KTM), BEOPZAXL R M (EV) OEMFEEZR L2 #EOITRLZNab &, B8 4100 m I2A7E L, Kic7 7+
AT LD REDOHTH L. (b) HElHEOIKKEZ R L7z, KTOBEFIE, GAMDAM JKif A » X Y (Nuimura et al, 2015;
Sakai, 2019) THiIE L7z, WHEOKMOM I, 2017 4F 11 A 24 Hiog Sz v F 40V 2 OFFEMI{ETH S, Tsushima et al.
(2021) & v 5.

Figure 1: (a) Overview of the Trakarding—Trambau glaciers in the Rolwaling region, Nepalese Himalaya, and (b) a close-up view of the drill site.
The inset in (a) shows the Rolwaling region (red circle), Kathmandu (KTM), and Mount Everest (EV). Na Village (yellow circle in (a)) is the highest
(4100 m a.s.l.) and final village before the field site. Open white box in (a) denotes the area of (b). Glacier boundaries were modified from the
GAMDAM Glacier Inventory (Nuimura et al., 2015; Sakai, 2019). The background image is a Sentinel-2 image taken on 24 November 2017. Cited

from Tsushima et al. (2021).

S, ERELIFIEINS,) #WTHEMOERPE AR S
i, R TSP ORI O 4F 8 0 IE R &I 28
Yol &) BT 52 L bh o> Twb (Sunako
et al, 2019). ¥ 72, GPR (Ground Penetrating Radar)
WX D, FHTH S OKEIE300mBRE TH 5 L e S

71T\ % (personal communication from Sunako et al.).

2.2 BHRIAY N—

BIRRIE, B A Y N=8A, Yz VX7 ABLOFR—
7 — 3BADEBIATHIR SNz, £ LT, T4 A7}
HlEy = VoS3 A, AU N—4ANDFHT7 AN THEITE N,
BEICE 2, MELLTO [Yo ] ohFT54 X
IIXFERLD 75, AT, [T =w8] EFEICML Y F
YIHA RRAEN - BlOYR— b, [R—5F—1 135
DFEFD A ZFTH i % ORI E LTRBEL TV 5.

23RV a—-I

SROFAETIE, KT EROFHTOT 4 A a2 7
DN, TKITFHEA S IKI LR OIE Wi T, Fa—
& BRI 7R (KM2a), KEEZ2E ) 77 O
DWW (K2b), GPSIZ & K OREIZIROWE, HE)
HAENMBOF—F B L O X V7 F v A, HBKRLH
frOFRE (M2c), A7 —212 & 2 R EPCHE &
AT =2 OfRE (K2d), SEro 7 — 2 B L i

2 : ki Bl okt

(a) NafJTo Fu— it B F#%). b) Fv 7144
AT, 77 BN E (B RO, (o) % v » 7 3L,
BB RGNS OFRIEE W d  ERERTR). (D) Fv 7
44558, BKIBTO A7 — 27 ORENESE B EEFLT).
(e) MEHIBIHICC, SMEHINIUM SNz T 4 2 a7 (g
FH). () BRBEOWOF v ¥ TAOFEAEE (Wig® - LB
SI).

Figure 2: Glacier observation

(a) An unmanned aerial vehicle operation at Na village (Photo by
Akane Tsushima). (b) Temperature measurements of debris layers at
near the Camp 1 (Photo by Yota Sato). (c) Installation of new AWSs
at near the Camp 3 (Photo by Yota Sato). (d) Measurement and re-
installation of mass-balance stakes near the Camp 4 (Photo by Koji
Fujita). (e) An ice core cut vertically at the drilling site(Photo by
Akane Tsushima). (f) Setting up the Camp 4 under the strong wind
(Photo by Koji Fujita).
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R3: 74 AaT7#ilz &L e~ I YKNBHO S 4 A5 4 VEXKMEDT A LTA YRR L. *x v 7O (i

WFEE) # B8 TR L7z, Tsushima et al. (2021) (ZN4E.

Figure 3: Timeline of the 2019 ice core drilling expedition and ice core transport. Elevations (m a.s.l.) of the camps are also

listed. Modified from Tsushima et al. (2021).

e EOKITBL & S L 72, R2IB P oEEOMT %
BEHTRLZ SHoBlillho Ao x, K- -
Va7ry =k AmMPoiEBLOEI ST 4 R
TOBEERRR LIz T A AT HRE & & ok
&, 10H12HICH b=y XM LTH2 S, 1IH14HIC
B IV XIR D ETORBAH B THEf S iz,

3. ANUDTFI—FRL—2aYy

AN)ATT—DF XL — 3 VIZIFKEL2ODME S
o7z, RATHEOARMEEE L, #i o FE & HI R T
L. WHIBERO EE RGO —E% Kallm Lz, — %
FICET A — PV ZBRDREEENDANY T 5 —DiR
1T - WEOHEIIWETDH 5. 410l o3 EH 25135860 m
aslAICMEL, 22, =LY ¥ Hld AT R R IX
WThobizd, ~N)aTy =X LMEIEME T4 22
T OHEONHRAUH L THREFE TH o7z, NV ITH—
P TE7ZGATYH, 6000m asl~NDORAT &7 P13k
L, AV a7y =25l LIRS 15 B L 72
WAL, 2ol a NI AT oM RIF 2 BE
LCwi, Zoa, HETIET 4237 b E
LERWEEETANTTEATZ L4 D, SEkICIZEH

RS HIENTREN, TA AT THEET BN
Holz. TARITHEBLIZLEIIE, TARXA2T70
JEHIRE IS A 2 L2 RE OB AR E L bICT7 4 A2
TWHIZERAL, [LEGHORRICEEE &2, 2h
B 72D I TS T T A A 3 7 KO YR Ak
ERITH)VERDHY, BWOWHI A ¥V 2 —VIZIF2H O
WP a2 Fiizelz. T2, AJITOMYIREZHET 5720,
1O OEEL AR — & — 20 e K E & O40kg A i
W5 L) ICHET H2LENRD -7 HIzIE, #FIEF
YV A Y FIZENTH HI80mD 7 4 ¥ F 7 —T N E&4h
L, TNENnZ40kg TIZL, r—7NVE oA rFE&H4
WZERE L 72, 20O b TE BB D A L4A0kgh T
WCAR5 X ICHMELz(M4a). F/, @O R—%—
DREEDIDIZ, ERLRT L, T Y ADORNIZIK -
YA BT AL LEETH->72(M4b, ¢

L) — OB, FHTE2AN) TS — DMK A

A THADH., 1998FEIZ A= VHFDOL Ky v« NL—T
TNz EOBNTIE, MW oOE%IZ, 5000 m aslT

2 U EABZ MY BRI R0 P T HOKREAY) a7
y— (Mi-8) #F v —%—LTw5% (Fujita et al, 2002).
L2Ladhs, BiECOX) AT TF =3 H /83—
FICHH N, REHZICHAHTE LR Z>Tws. K
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a) wHBEmEY mank EEke WEHE
F U VIRIEE HLv 10 ~AYyaFsz—
YAVYFRT L e 34 NED 2
GAVFr—TI B 17 AYyarg—
Zi\;?_x’ i 17 ~Ayarz—
NUFIZS AN EH 8 ~AJyarg—
Funear  DONTVERR 00 Ayavs-
FOMALIL 2% 24 16 NET -
Ty b
EEIFYILEITE &L, 5t26E 35, 30 ~Jare—
T A5G 38 ~ya7rz—
T BR—ILFE 32 ~AYyarz—
Ay Y Avyravy 20x4 R—5—
?ﬁéf@%ﬁﬁ#ﬂb,* ) 11 Rk —
S S 9 NEt

T A RATYHTAE

RO/ TV wprs, =
t5ivsiqy, BEVEHE
REEYAES/

RYTY— e

20%x 4 A)yare—

4 : () JHIBEROEEZLMMO—EEER L7z &TOMY
FAR—Y I X B2 RE L, MEAMOkgARmMIZZR % & 912
Hefif L7z, BB OT Y ) Vi3 37 7 —~OFWRAA]
DIcDR—=F =X 2k EB I ko7 (b) HiE - FAREHIR
D7D, F—ARLY WS, BHTHELLEM %R ET
TR S N7 EIBER, (Bogd - TLATEIC). (o) B—% —12
LW Bogs  REPLK). () AN) 37y —IChiE
N7HTHIBEST (B« fEEERIR) . Tsushima et al. (2021)
A,

Figure 4: (a) List of equipment. One box was prepared to be <40
kg for each porter load. Gasoline used for a generator could not be
loaded onto a helicopter, and therefore it was transported by porters.
(b) Drilling equipment repackaged due to weight and capacity limits
(Photo by Nao Esashi). (¢) Transport of supplies by porters (Photo by
Koji Fujita). (d) Drilling equipment loaded onto a helicopter (Photo
by Yota Sato). Modified from Tsushima et al. (2021).
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BN TR AT ¥y —F = L7 T T I —FTTINR
AS350-B3e T, M AMBARIZ068MFLETH L. NV
A7 —EH b AD M) TNV EREENPS T Y
INTIKFANEE T 2%, R <, BORENMH %
% KA b % R AT % BRI IS R B & RIS S 36 %
Wb, ZDD, HEIVAPbREAY IS Y —iZ
— B, KIEERE ONakt (Hla) (C5REL, fifi) % fAil
LCRIERZ RIEICRS LTh oKl L2 EHEL .
71 b= v X & Nabt ] o e KAE S E 7 13240kg T, Nakd 2
5K FIREIH A (6000 m asl ) [ o AR E & 1350-

100kgfefE & Sz, K ETORAMIBRERICESD 5
DI, BOWE % ERFICELAENDL2OTHL. 2F D,
WY ORLEIIANY 3Ty =% FHHTHLHEICD, £2To
T O A X« Tk % i ST 5 LD D - 72 (M 4 a,
b, d).

2019411 H2H SO a Ty —F XL —Y 3 v %
Ehi L7z 3o~ a7y —T, #330kgD HEIHEH %
N TSV E B2 S S Naf £ Tk L7z, Natd & il
oS ORI TRICHE L E L 2. HEEE, 1159
HICHRHI B & 7 4 2 3 7 THEHU550kg & 2 A O Bl 2
UON=FlE L7z R o~ a7 7 — CTHREIHLN & Na
MEAFTEEL, Y 78 v EREZEE & Nakt % 514418
L7-.

4. KERARL—Y 3V

TAZATIE, MY TNV ERRZEED S E L (-18T)
TH My AOEHARE (-13C) I, HARICHR% S
NBFETHRESNE (M3). 74 2AaT7EhE%To
HEEHOZOTAAATRY 7 ADE T V¥ HIZTD
RO, NHBKIRE T — % v — (TR-52i T&D Co.) %
L7z, B5ICid, 74 2R3 7Ry 7 ANOREE(LIC
MAT, 7ARATKRY 7 AOREOKTERLE 7
AAaT7 Ry 7 ANOREE, 20194118 9H ICNatks 22 5
BRI AANDAN) AT E —TORBENIZT T A%
RLZz. 2, K2 bNaff Ik Sh7z74 A3 7
A, AN AT —OWEEIC XY, 23R HINaf ICE S h
7272TH % (A5b). 20194E11H9HLIREE, 74 227
Ky 7 ANOBEZ~ A FAOMER L. dbilEE K
IRFHAFSEFTICHI G RIS T A AT OREBZER L2
B, TAAIAT KRy 7 ZNOREN—WET T X D% R
L72bDD, TAZAIT DR L7 Y70 ho
7-.

A= L ARETOKROEED WMEEZBD2. F
T, A=V EHAOMTIEEHT > 7 F & fif 2 72 Hiz
A Rdprol, ZORD, FIATARAETAAaTk
ML CH®ET I L2AD, 28— VEN
TERIATAADBEATEL W LD 072720,
HARNE %S 5014 HO20194E11H19H A ¥~ F25 %
IN—VIZ200kgD N T4 TA AZHGA LI, ZORIAT
4 2%, 1HI5kgfEED T 4 22 72K LT, #10kght
FEICR A XD L 72, FHD20194FE11H20H 7 1 A
3 7w WAE O @AW IS T Y TN v E R
BNV a7 fEH TG E T TR 2R I 22 S Az, 2019
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R5: 74 A7 Ry 7 AQHIZANT/NIFIKIRE T — % 0 — (TR-52i; T&D Co.) OREHZELEZ R L. T—5uh =37 v ¥ A
WAL ZOOT A2 TRy 7 221 BID AN REBBEMT 2R, LIAI9HOKMA»S21H £ ToOMMIZ, 77— ah—
1B (BE) PEBHL TV ARV, SR FTA 74 A X 2B AGHPENTH L LZE 25N (a) KT ETOTA AT TRy 7 A
DOREDORT. MOHRZ#ET 720, FOPICHDT, 20 RICHBRGF A2V TR Wogs « FE). (b) 20194FE11H9H, ~Y a7
=TT NVTNaWRILD ENZzT A AT Ry 7 ADkTF. ~N) 2Ty —OWEEIC L 23R I ORETREL I LIk o7z (B
R OHEEERIR) . (o) WU R B TR IR E KA AR TSR IT ISR L7 7 4 2 3 7 R (Bog® i ALL). Tsushima et
al. (2021) 1Z)n4e.

Figure 5: Temporal changes in temperatures inside two ice core storage boxes. One temperature logger (purple) did not work during the
transportation between Nepal and Japan, due probably to overcooling by dry ice. Shading indicates night periods.

(a) Storage of ice core boxes on the glacier. To avoid strong sunlight, we buried them under the snow with sunshade (Photo by Akane Tsushima).
(b) Ice core boxes left behind in Na Village for 2-3 hours due to a trouble of helicopter (November 9, 2019) (Photo by Yota Sato). (c) Ice core boxes

delivered to the ILTS by a refrigerated vehicle (Photo by Sumito Matoba). Modified from Tsushima et al. (2021).

FENH0HICH TREBICEVZTAAITIETCSFE
WHAICH AR Z SN, dLilEE K F IR LR ZE T oK
e (-20C) 128# - B4F S 7z (I3, 50). #ik i o920
FEE I EER T ICEIPNITA AT TRy 7 XA Tho
7R, BUET S ERKEEET S EDNTE.

5. 74 XJ74EHI

5.1 #g8l KUV

AKTa Ty bTIE, 20174 & 20184F O A4 I % 4% T,
20194 IS AR &2 47 o 7. BUEENCIE, JuNA Y Y ¥ T
T (B 8 Lo 7 EE73mmoOFE /L S iz
N+ =% w7z 20194 O ARIEE TRk E o 3 2 )
We, BB TOWY PR T 2E2ZEL T, MITE
w37z (Bk) HERTARFET 238 U 72 el H H ) 3¢
a7 (518, 1996, 2005). Z @ ¥ IV id20044F LA
FE, Fiw g cofilicfil ShTwb (eg. Takeuchi
et al, 2004, 2014; Matoba et al, 2007; Tsushima et al,
2015).

R IR 2 E T LR O IR B fE T 2 7 4£95mm, &
2050mD 7 A4 AATHR|HITE D, 4 Y FE—F —I
wAK 750 W, FYILE—F—IiZ DCI00V T 350 W& &
FNET L. PRl Rk ld Takeuchi et al.  (2004) (2t
SNhTwa. W62, MHIBYTERICEY FTy 7&h
W AT AR ER L. FUVET = Fr—7
LVTHY TFTIFoh, ¥—7VIiE~ A FOTE LI fHiF
LNBHEEFBLTYA Y FIEIrNDE, 71 v FD%
ELIFBETALBIEICE > TRY AR ETHIICH
Ao TBY, BIERT, Y4 FE—F—RF
YIVE—F —OEREEIT- 7 (G, 1996, 2005). i
FIRCEIMHREEZHEHT 202D, BEEIHE
OWMNTEIEMRIETE 250, KEBLRLEHHTH >
7oo ARYEHICHEE L7-REMRIL, K cofc#EL
eV ) vy Y 3B (EF2500i, v~/ N8B (Bk))
T, #ER329kg, BUEMIIIZIEK OmT25 kVATH 5.
ERE I TR SUE A  FRFRIRBEDMKC 22 2 D TA AR
Wrfi<20, FYTLI—HNOT =y b ANVOFEE
NS L GRS 1 1HX-1423E-31, ¥~ JEBEk (Fk)),
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X6:2019 4E DB THEEIIHRE SNHH ¥ 2 T A O
PO ENIZOE F)VHERSY v 7 LZ1IIASHT, Kbl &
WMLZ2FI VDT vy PEARRETINE, Fv 7200 134k
T FHIZL 0.

Figure 6: Drilling system set up during observation in 2019.

The photograph was taken after drill stack (November 5th), showing
that we hit the drill jacket with a wooden hammer for removing ice
chips immediately after pulling out the drill from the ice (Photo by
Akane Tsushima).

R OGRSV %R B X)L, S 612, BRE
ARIZEDAREEBRIETHEN R T %57 T 7 (NGK,
BPR4ES), B LHENRT B b A A VDR & HEIAT
oz, FEEBAMSHERHRIINIHRE L2, KRT 5
FANVE, BEREBEEFICRELZWE ) ITERELZ. B
FoxFIZL Y, FEERIIES 6000 m asl TOHHIEEIZ
TonEN MG T A LATE.

5.2 74 27 EHl

PHNE A6 0 BTV, HEEIRE NS A RHRO41RER, F1177
7 VT, =T IVETOWRFETI8AMD T 4 A 3 7 A3l
Sz EIHIE S A b EERICNRKIRE 7 — 4 1 —
ZHERTEL TR M, KioOWE 217072, SEl
B OKIRIZEICOCEL Tl 722% (M7a), H¥ouiwv
HEHNZ & D FY VSRS Sz, IR 250 B 3T O i
Bkl R KT O 7 4 2 2 7B BT, &Rt
ECCHE R 720, EHNC IR~ R ED SR LY
v (Kamiyama et al, 2001; Fujii et al, 2002; Kohshima
et al, 2002; Takeuchi et al, 2004; &i4%, 2005). ZJGATHF
ZElCEBE, Yx sy PFROAOMNETT v 7O

DAFETZILICEZ FYVOREEDR, hvd—<
v FOEM, Ay y—te—LofoMLe, v—
FHET ARV FORE EWEBESISNLTF v THINEL
YT —DOHNEPFELNLIETE)IUAZERD) T 5,

R EOBENZT 5N A (Takeuchi et al, 2004; =G,
2005). b ¥ NTIKIICT20174E, 2018412920 L 72N
v R —HRE, 20194F 12N L 72 ARBHNIC BV TH k&
GRS 572D, FUNDRAY v 2 THDH. T v
NEOKITIE, ARV oo, o BRI H 5
VALY FULDBBEEFSTLES. 20720,
FUVHEEE o 7= F T L 2285612, B R aRs K 20
SELNTZF v THRBYREBOTTANL FVE Ldo
TLBBBRTIATNLILVEDBTHETF> TEREINE S
LAYy 7 OFERIFNEHE Z Sz 20184F O i IR
WCAZ Y 7 L7z2FY)VERBICIY ML CHEEL722 25
Fo TR YY Ty PO EIANEREINT, T o A8
A ITNVIZHE> TP LY EEEF > Tl FE o> T,

20194E 1 F M L 727 A A 2 7 P H I R vh oo & & )
MEANTICR L7z, MERH (EBEICE FY Va2 3iE L
Wi HIC, EROLDIZHEITHIY TIFTwb. 20194
11H4H) FRIEAMED > 72720, HE b & TLH A
R AHZENTEL LAL, 2HH (2019411 H5H)
OHPEEIRDE < (H7a), HEDSHA 72720, Hib
OHRFIFFIC K YV DSAF v 7 Lz, K5l &7z F
UNDOT vy PREIZIIKFEEOWTEY, a7 L
WMV xry M hoplEE b oz, B, Yrvry
FEARETIIEFREFTNLILVE Y Y7y b OMICEMRS
NizFy T LTayNLvEi a4 e (K6) N1
WEDZRNRAL FVOMICIEERSINTF v 7B - LY
LT STV, ZONTTLVDEDIZ, EE20mP» 2D
T H E B S — R I L 72 (IM7b). 22T, RV
VDAY v 7 %kt 570, 3HHE, 4HH (2019411 H6H,
TH) (IR PRI S HESAES £ 2 /P2l X F Tl %
BT 5 2 L7 RHH (20194F11H8H) 132 ) TH
B H DG 5 72720, Tl 6 Keh 51218 £ T i Hl
R A I ENTE.

5.3 IRISZERAI

SiliE, A7—27C6 4 b (KRR, X1b) & H]
Hops (10 40 MkE, X1b) (2 C/MBKRE T — % a7 —T
PRl s 7z, L Y H—13AF—2C6% 4 +Tlx PVC
NA T THEZES TEESIN25 WEHIHFA FTIEER
VIV A MO LEBICHE A E S 3ICEE L7z, 20194511
ASH OHRHIHE T %, 14855 5 168EZ 201 CTHIHIFLZ -
FRKIBEDNEZRITo72. Nv ¥ 75 7HDT v F b
NWZIZF=a A —2W)AHT T, WHALICES L, K
BEICH — I RS — b v ¥ — 2 HMI LB OB T ST
KBOWEZ TR -7, F—=aH =W T OBIZIX
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K7 : (a) +F KMo BRIE b O&IR () & WEIRE (G 2R L7z KEOBIZA T — 7o C64
A b (1 BRRIBERE), HEoBIEH s (10 2ME) 12T, ZRZPHE S 2RIRZAL R 27179, (b) HEHEIE:
& EHREOMIRZ /R L7, a, bOW 75 7 OFRFITENEDOIHIERE % /RS (5 5 4. Tsushima et al.

(2021) & b 51H.

Figure 7: (a) Air temperature (left axis) and drilling progress (right axis) on the Trambau Glacier in the Rolwaling region,
Nepalese Himalaya, and (b) drilling progress vs time. Light blue and blue lines denote air temperatures (left axis) at Stake C6
(1 h intervals) and at the drill site (10 min intervals), respectively. The red lines in both panels denote the drilling depth (right

axes). Cited from Tsushima et al. (2021).

7T MV BEEMECTHELEVEHIZ, U —
O Y AFIF BT L7, IR0 R Citst X h,
&S5 10, 20, 30, 40, 60, 70, 7755 m #iA T% 10
SEIE S THlE L7z, KREICBT %0 5 41
D3 % JREIFLIEE & U CHRM L 72 (1X86).

WHI SN2 T A4 2T 7ICon I BT, 74
AATHEOHIBOZOICESEEREMEL, BHIC
TR (74 Vv R, KRE, S0k B & OB A
rEthE (UITF A ME) o5 & a7 EH k< 7
A 22T YWD O UEIN R &) 2B - sk L7z (X8).
R B ZHIKT 5720, T A A7 3R & 6EAREE 12K
LYTUENH o770, RELEROWEL L OHHEB
BafTo 2B, SEHACYRILZ 74 2370y
WidFsl& 7 axy) LEH ./ 2FY (JRIOIDW; (%) <
*5) ZPFHLC, FEETITR -7 ILDICTA R
7 K &SRS T & 2 a ) TEEG W TH#EE D
J, RICZOWICH-> CER aF ) 2fHHT5Z LT,
TA AT IR YRS 5 2 L asTE L (M2e).
TAAIATDOAENIIETT, KYD6HITE=— 81
ANT, =5 —TEH Lok, HEH LI, HS3cm
DOWEM 2 AN T T AF v 7 BOBR—VH GEHRE 5
. 039m x 065m x 045 m) IZFEDT, N ITF —
TH MYV RAC|ET2FETEOTICHD THRE L 7=
HHREZEBOCHIICE 2@@ 28T 5720, 74 23 T7H
RESNTVBEHIC, MICAZE=- VY —1%H
Briy & L CakiE L7z (K5a).

6. EHIFLEES LUTUEDRAIERSR

PRETFLIREE 1, 3R S5mil i T-0217C, S 77.55mih i
T-133C &, BELEBITREAIRT LA (X80, il
LIEE 2 MR o SRIE-67CTH -7z, — I, 4F
FIPEARERICHS T 2 L EAONTWAES 10 m DR
& (Loewe, 1970) &, -082CCTHo7z. A7 —27C6H
A4 b THbE S NEFH SR (2018410 A31H 5 14
MoFHfEE LCHB) 13-87CT, HElmcllEsh
7oRE 10 m ORARTE L, FERTFHRRL D DL <
EWEZ R L7z, JBATZE T, ER K (6450 m as.l. )
D10mizE O i FE13-96C (Kang et al, 2003), Dasuopu
KT (7200 m asl. ) D10mEDIREEIZ-160C (Thompson
etal, 2000) EfEINTBY, TS EHEKELTH M
N K DO 10mER DIRARIRELIZE L < iz oR L7z,
BI8ctZR L7z &k 9512, HHI M sl R TR SR 34 LT v
B SCATHEZE T, RBEK O PRI X B B ATK
HREZE LA SE LR 2 /R L Tw% (Bingham et al.,
2008). LLE25, b T 2N K TRl K O ik A%
KEREE LA S LR EnG. Zhps, RIK
MEDEALZZT Th L, T A AT TITHRAF S 7z s fee
HRICORE G A TRELH L. LT, 74
AATIZOWTIE, HRERHOBOCEAT ) WIS, B
R, FORMIC X 2L~ O B & AN EES 5
VDD 5.
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Figure 8: Profiles of (a) core length, (b) density, (c) stratigraphy, (d) dust layers, (¢) dust density and (f) borehole temperature
in the ice core from Trambau Glacier, Nepalese Himalaya, drilled in 2019. The light blue, pink, and blue shaded areas in (c)
denote firn, bubble-rich ice, and refrozen ice, respectively. Dust density is defined as the percentage of dust layers counted at
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0.01 m intervals in every 0.1 m of core. Cited from Tsushima et al. (2021).

7. P A X7 DHAREITER

B CHNESNZTAAITORS, RSLEEH,DH
HMENZTARITOEEBICHERBEICE ) HE
LicEfNoT7a7 7 4 VERBIZRLI:. TAAIT D4
FRENET2mTH > 72, —BOHH TR iz T
A 237 ORESOFHEIZ046 mT, S5THOT A 2327 )
FU Vo (050 m) XD HEw (M8a). 74 A2
7 OF¥EEEL 866kg m® (KI8b) T, 7 A A3 T &k
#188%H % 830 kg m LA EOFHFI K TEE I T w5
ZEMS, WHIHEIZREFICHEIND EEZEZ N
(Cuffey and Paterson, 2010). # A MN@lx7 4 22374
RIZHAi L, 7A AT EEONI2%IZ YT A bGP
TAHIENGho7z (K8d). X8ell, 0.1miglZsiih L7
FAVNEERR LI, FAMBEREEICL ) RECEL
L7z, BATHIRTIE, YT XYORANDOIZT TV LD
WAERIIEFTE Y A — Ol % ERKIEBROZALIZIG
By bEBRRSNTWS (eg. Thompson et al, 2000).
NG UNTTARAAT DT A NEEOELD 5H, K
PR FAEBRDZEAL & DHIIIFE % #e @, Bk & B4 3
LUVENHDHIEL .

Sunako et al. (2019) &, 7 — & CTHGES /- E =
INEEFN % HNT MT ¥ N KT o 4E B JE 38 5 % 50 1
LTHEY, 19804EA 52018 FEDMHIZB VT, KYm (5
RIS L7234 0R) T073 £ 011 m& e Shiz.

L7255 T, BEEHYOA—I VDRI YN T AL 2T
13100 ~ 1304FE R EOH BRI Z RIF L T D 2 &
rEns.

8. BhWIC

Z LT T v 8kl TOHE % R A 72 01320104
DZETHD. ZhASHIEORERET, LR EM
WO W ARG RAEIC W RE R 7 4 A2 7 OIEN KT L
7oo WHEINZIZETI L7 b 00, FRATHIRXIET, 5o,
6000 m aslOEEHETONY ISy —F XL — g »,
K= =12 X ZKW E~oWgo Ny, HERE (K21)
Y, ATHRIERY 2 BITH - 7.

R L7z& 912, 4, WET YT IERHE R RETER
2 &0 ABRBOGEWEOKKH~OPEH DB
L, KREBSEFRO—>ELTHMSNS (Ohara et
al, 2007; Alexander et al., 2013). HFE, FHH S XEHD
LRRAMARILZ &, NETFEIC & 2 K&UG%D b L —H%—
& % BACFRER T D AT 2 EIISED TBE Y, 4RI,
TAAIATHOEIT LB AHERERE 7 V7 2
e L7zthsy - MBHEBHOLEZILKL, WHEOMDY
EHOLMILTVWEZ W, S5, u—u7 Y YHlgo
AR = 38 TR S M7 R AR i D TR 3 42 o8 M AVAR EL 7 —
Y ONE - T HEDTEY, 7TARAT7»HMEILL
B AR LRI IR R AR ST L 72K E o b
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