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Abstract: Geological samples beneath the Antarctic ice and in the Southern Ocean are
crucial for understanding the evolution of the Antarctic geology, the stability of the
Antarctic ice sheet and the influences mechanisms of the Southern Ocean on global
climate and environment. Scientific drilling is the only technical means to obtain such
samples. In recent years, the United States has developed a series of scientific drilling
equipment and tools for drilling beneath the Antarctic ice and in the Southern Ocean,
and has carried out a large number of scientific drilling projects. Although China has
also carried out the research and development of drilling equipment for subglacial
bedrock coring and successfully applied it in Antarctica, there is still a considerable gap
compared with the United States. This paper systematically reviews the drilling
technologies and projects at home and abroad involved in drilling beneath the Antarctic
ice, beneath the ice shelves, and in the Southern Ocean, and proposes development
suggestions for scientific drilling beneath the Antarctic ice and in the Southern Ocean
that are suitable for China's national conditions. with the aim of providing a reference
for the formulation of China's polar science and technology plans.
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Fig 1 Drilling locations of Antarctic subglacial and Southern Ocean geological drilling projects
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[a1#£5) 173 (Boeckmann et al., 2021; Kuhl et al., 2021; Goodge et al., 2021;
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(1) EJZVK N A FR TR (Winkie b1

H 2016 “Fjt, [ Ice drilling Program (IDP) K H] Winkie &5#/17E PG RI AR T
J& T VUIRIK T & A B AR TR, JETUTHTE 2024/25 TAERTEF L (Mount
Waesche) FFEIUK FIAHHR (Braddock eral., 2024) . 2016/17 TAEZE, it
Wt Z Mk (Ohio Range) FrhivkKZ= AW IKE, HkLHRHAEEEHR, &4
RELT 6 MK TFHUFAARES, G5 5 IREES O (ERED MUK 1 IRTTERYRE
fs A O K EIEE] T 0.67m. 2019/20 TAEZE, 7EFUREG M a23ELL (Mount Murphy)
FERT 4 MRIEE AL (BORKEEHRTE 409m) , k15 T 4 iEEA SO (Ba
BEFRRE) BAK 1 ARVKCE JERE S . 4 Fos, BERKEEE]T 1.37m. 7E4
PESR TAR R, SEIIE T B8+ R 77 R0 IR e RS 2R 2R A R,
SR AR YRR TR At 08 380 b T8 S R P T e 5 Bl b o A el L LR
ZERRALR R R, 2022/2023 TAFZE, IDP fE B M #iT % (Enterprise Hills)
BT 4 MUK NEEE S0 CRSESE) , FEMERKKIEN 0.47 m.
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Fig 4 The Ice-bedrock interface samples from Mount Murphy and Ohio Range obtained by Winkie
drill
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W, B AL R A B R T, IR 5 149.8 m UKJZ, Jfidid PDC
BEkRAE T Sm KUK FE A A0 (Boeckmann etal., 2021) . 2023 4E, IDP i
F ASIG £ HLIERS R 22 35 h f82E UKS (Prudhoe Dome) %55 516 m VK2, FF3KHL
T 74m Elﬁ/7J<T1¢nn, K 4.5m kﬁﬁﬁtaau

& 5 ASIG 54 FEatREFSMEAIRINA (Boeckmann er al., 2021)
Fig 5 ASIG drill in the Antarctica field drilling site

(3) WEUK T EEHE TR (RAID £

RAID E5#LI I THH R PRIE B 0K E, TERK T R A e fLisTE, REH
b EALUKZ 5 UK BA R 0 DL UK 55 R 3 #4240 (Goodge etal., 2021) - 2016-
2020 4F, 23 =IREGIRILIA BT SRS 5 sk, RAID #5H1E 2T 2019/20 TAFZE
FEVEEE I WIZNGEE (Minna Bluff) 588k 1 4 NMGFL, H s RALIE 681 m. W&
6 fii7n, RAID BEHLILEL 5 677 m UK)Z, FFEHEL T 2 m UG RJERESLAT 2 m UK R
HE AL

RAID Hifd S F IR 1 T AN &S D RS ZaEdEd, did
BeAER Al JEL A T A 2000k o 0K o R DD AR AL, I S BUARSEEE R 2) ik
IVK S B A% S M S B, 75 IR S H B Btk B ZEAE UKL N, 51 R RS
3) & LB 71 S B K R 20 0™ T AN PRAG o — AN FLTE 0.7
MPa [EZ56M N RAE TIKEERENH, SEEIRIEE: 4 BREHERLIEZI,
RAID HIBGEEE TR ALITE T UK E IR . R T oM Az,
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SR S5 R HI R AL

6 RAID 543K SRk TR (Goodge e al., 2021)

Fig 6 The subglacial geological samples obtained by RAID drill



x1 EEATEEHIRIEFTERARSH (Boeckmann ef al., 2021; Kuhl efal., 2021; Goodge et al., 2021; Braddock er al., 2024)

Table 1 Main Technical Parameters of United States Subglacial bedrock Drilling Projects
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78 R AR e L Bk 496 0 Badger- 25 Badger-Eclipse #ik
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1.2.2 PEIKTEESRTE

IBED #4541 H BT L TT R P X E I B4R T H - 2018-2019 Ml TAEZ, FHAk
RLEHRABNAERE st 12 km H AR SEOK ) X6 IBED BSHLIZEAT T DI
IBED #iHl85 % 1 196.4m UKz, FREL S 58 BEHIERIKEMEL) 6 cm VK T iG55
o XEIRELE RGBT B SOK T RE a0 (KA 55, 20200 . 2023-2024
W TAEZE, N T IR IR B AR AR I P (2 32 1 22 AP R 244 1 8 2R 1 9 00 £ 1 v
e, RIS 25 km b, FERL T A 545 m IRIVEN AL, FEIREL T IELE UK
A1 0.48 m VK FILE A0 (Talalay et al., 2025) (&7

2023-2024 PR TIEFK TRERR

7 IBED $AMLERBRAK TEEH M (GKiF ¥, 2020; Talalay er al., 2025)
Fig 7 The subglacial geological samples obtained by IBED drill
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3 RETF Al (Kelloggetal., 1986; Hemeretal., 2003) ; =4z r i
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UK B TR JE DR P BOORE 5 AR e o e 1ok 205 408 B0 P 000 BOURE 28 A HOK Bl AL
AN ZE AT YU, AR T SR B8 32 B n] 43 N HURE o R o HURE 2% A
PRENIUFE S = 5 HURE S 2 IR TR 5 B i I 7% (Hodgson e al.,
20160 , AR S5 G0 5 RS AH E], AH T PR e FLR ST BRI, vk
N E ISR TR B AR R R G, WU Sl M TR S AR A AR U R
PAE 5~25 m A0, 2 )5 B R IFE AN DU Z A o Bl HORE 2510 45 1
. RN R A s N T S, FRAE H R I 0 IR fs E AT
i, JES BORE 2% S L IURE RS BER IO BIN . HAT, N RO 2 (R L
FEAE A UWITEC HURERS, HHGEEAAN 59.5 mm, S KB AN 3m (Hodgson
etal., 2016) o PRAHUFEAA TR VIR BACHLERFEAT B BE R 75 7%, @R AR
FEE o7 e miRah B B, RO A SRR HE I b T m iR SRS, B2
P R IO P Hb JZAE BRSO AT IR, DT ASE EOURE 8 Rl Sk AN 75 450/l
8] IR RS BE N o H AT D L T T A R 4R 2l RO 25 D i L 75 MR OR 22 A i 110
JLU-1 (HIE, 2017) , HEUEEARAN 106 mm, HKPCSKEN 6 m.

PA_EDTAR IR G N 4D 80 “EARTT AR5 fE R T Rl LMK 4R F Ui
PIEEIRIE , AR T REUURIIRES, KEREE 1.5m DA, HAR K
DURWIRER N 2.9 m (Hodgson et al., 2016) .

2.1.2 JKEETHREHUE B2 RER

UK BT IR J2 b R B PR B A 75 b R B L i Bl AP BURE 28 TR NAL
JRBEAT GO A . HATEBR B3R TR HLH T OKE T IR E R R 2 4G R,
437~ ANDRILL (ANtarctic geological DRILLing) %45#£3i H il AIDD (Antarctic
Intermediate Depth Drill) £i#R5i{H (Harwood etal., 2006; Huston, etal., 2006;
Naish e al., 2007; Patterson et al., 2022; Falconer et al., 2007) .

ANDRILL #i#LEE TEVKE /K IRIE 1000 m PR IR T AR BGE L 1200 m 2%
IR TR AN O i, e BRI R AT WL ML I MR B AN IR L,
N 8 . HURATHL € R THIR AL, 58 MR P2, HELREME
AIA 30 t, BT TR AR B DLE N UK BB VKT 6 Ed 1.5 m (13 A9 38 5)

(Naish et al., 2007) o [FIEF, A7 B LD R B FUK T30 7 & 1
TKFA% Bl T e o A A AR, TR ST THU R ) 78 U0 U R i s A R Gk
TENEK 77, AR AORFR KR . A ESRH PQ. HQ Al NQ =l AR 48 R I
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O, BUOERSHN 83 mm, 61 mm 45 mm, 7O REUCKIE 98%, HH
NQ RHEBLC A HERE I A% 2500 m.

N T HERF KBRS FLIT R, RIS B 1 g K 4R = AE J§ oh, ANDRILL 5B %
T T A PR A M RS R G0 A in sk [a] 6 R0 Rk e S el 0 i 45 7 20
BRI IAT TR A . BEAE, BT AAME 450 mm/600 mm PR TEBEHE,
SE IO BOKEEFLIEATY AL, DURRRGFE LB UK BB FL A I H 30

8 ANDRILL $5#l (Naish et al., 2007)
Fig 8 Schematic diagram showing the main elements of ANDRILL drill

AIDD HitfLJ& A VE R 0K 5 2 CCHUBPETNH  (Sensitivity of the West Antarctic
Ice Sheetto 2°C, SWAIS2C) ik, HHhZREGHIR A MP1000 Y425 4N A7 HC
BEFL, BEHERE N 1603 m (BQ &%) . 1285 m (NQ &%) Al 876 m (HQ &
F) o BEHURBUE SIE K5, Fed oy 1400 rpm, FHAET X 2800 Nm, AL HE &
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215 1800 kg. HitLi&E FHUKZE//KIRIE 1000 m, VKZE FHULHE/IHE 200 m. RS
& PR IR AT S 3G SR A S TR A, AR KN 3 m. WRDIUREURE R B
=R RS VUK FH U 5 2R EDORE 25 A0 N SRIORE #5188 5 URR 42 U)K FH 4 A1)
A EERGE, ik 9 BTk (Patterson et al., 2022) o

S
o )

9 AIDD £5#LE RS IMARYENAEER B (Patterson ef al., 2022)
Fig 9 Ocean sediment samples drilling tool used by AIDD drill

2.2 JKETHURAHZEHRE TR
(1) ANDRILL #5#§ T2
N T SREUE UK AR R R 720 1300 m IR FE OB RE S, B R A i 2
6500 J34F E BRI BT ARG R AR IAE R, 2006 4K, ANDRILL T H 4175 2 3¢
PRZUKZERS T AR, 40l 10 FTaR. ANDRILL B5HLARID 5555 1 82 m JE 1)
UKZEFN 860 m 7KK, FREL T HFPRLAR 1284.87 m [MUTEIFE S (Falconer et al.,
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2007) o WL RIIEANBEAR LN 17.18 m, Z Ja RH/KIBEAT B H . HE50T
R 2R F N SRS 25 T i AU BRSO BORE 2R T
41.88 m RS, 5B HY PQ AT R IG IR LT 238.04 m IR, JFAEULIRTE
FERL T IR BEE T HQ BiFHAG i RIEIR LR 700.65 m IRFE, {HLERLIR
JEN, BT LA B % T B0 HLR A R FERA TCV A B R R
RN U ZBR BEEAT T SR =R, IFEE 408 NQ &, FRIRENEE 1284.87
m A FLIREE . S ESS o, HUR D) BRI U 1) 07 25 UL Y A A
SLEF . TRYE GPS MEMEAE, M 2006 4 10 A 31 HATROLA E 2007 41 A 11 H
DI ELAE, HWPErE  O ISR T4 21.93 m. 2007 4 9 HAJK, ANDRILL
T H HAR N SRR 22 T BR 204 8 m JEIAIE VK R AR MBS HLEE I 384 m
IKIRREC T HERLAT 1138 m MIPTARIFE S (Falconereral., 2008) « 5% %
UKBEERITE A2, SR N SRS I T 24 5 e M 24~ 10 ¢
AT RS (B 1D, AT CHEMK B, DURRIEIKT & 53
’ B E K K

2006/2007 :
. e
y ' 2% _{

10 ANDRILL i L%
Fig 10 Schematic diagram of ANDRILL Drilling Projects
(2) SWAIS 2C #i#R LH%2

O T BRGNS 2 A BRP e RURAA B e 2°C, P R AR UK S5 G
ARSI AR PR T B, o =2 ST AN H A SR [H AL [F] S i) SWATS 2C T H
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T3 F A KA (Kamb Ice Stream) Flogdi BLUKFE (Crary Ice Rise) 4 7l 4l
B 200 m IR URRIRE S (Patterson eral., 2022) . 2023 4E 11 H FAJE 12 H
1, 12 2R, 10 85 T 4 2R8I AR SWALS 2C B AT K
TS THEE L, T 44 12 A 18 HAEESE 586 m MIVKZE BIER T EAR4)
35 cm [HKES L, BJGTEROKEFL BT %% T AIDD L & %0, 44 80m K
IV N7 AE R RN B NI N o (R RN B R R, 1% TAEZE IR 52 B
A N BT S Ik a0 2 2 . SR B HURE gl oK B AL 3R
BT e 1.92 m PTRRIRE S . 2024 4, %300 H 1B\ EE 3 78 i S A T A R
B U R LU T 200 m UTRRRE e 2024 4 12 1 17 H, BIRERSE
587.96 m FIVKZE FIE AL T HAAZ) 35 em BIFOKESFL, FET 2024 4F 12 A 20 HX
FE RS SREL T 11 m JURRIRESS, BE)S S AIDD &5HLIRE AL, FERTh T
JBUFT A AL, ARBIRIR I, 75 N R AR T UGO8 7 5 R ), S EOTE gk
LR, AIAT 2024 4 12 H 27 HERAR TR TAER. 2025-2026
W TAEZE, I H ST 523m IKE )5, B S AT 1300 m KRR KB MR,
AT 2026 4 1 F 6 HATZIEEEL 229 m TR it o
3 BERORVER BB Ah IR

H 1972 FERAK, £ r Al AT g R Sl 7 19 ORFERHR TR, £
R SEAE (et TR PRI 70 R SR —SCHhxt 2018 4F LURT S (¥ e AR
PERI AR IRIEAT TR, A SCE SO 2018 4 LK SEEY IODP 374 (2018) . IODP
379 (2019) 11 IODP 382 (2019) Mk IR IR BUR AR (McKay eral., 2019;
Gohl et al., 2021; Weber et al., 2021a) . FRFERFAERE KB EEH ARG
FEERRAT . B ALE NPT BCO A .
3.1 FEREMRBFAAHREAR

IV RAR M S T PR B PR I A, I AR R KPR RIS e O 5 Bl AR
FETER (JE5FIE 55, 2016) o “Pob S IR 143 m, % 21 m, HEZKE 18636
W, £h¥5m 61.5 m, FEJEHIMELS 7 m, BEAECE 9150 m HIEHHAT, B REHIRK
TR 8235 m, W LA SR ET IRV FE ATk 4000 m A2 A7, REFEIR FOESHAT 45 K,
AIAE 50 75 R AT 8 m IR = VL N R b . «oC S B R AIC & 12 N3l €
A7 (15 I HERE ZR A 400 ¢ TR AMEEAE B, W ORIEE BRVE VIS Bl A AT (R AR X A2 E
HBEC& AL Bk &, IS RERIE L, GhFE 55, 2016) .
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Yot G R MK E R EROR, 11 Prox, —BCRATEKE B R .
TR EFGR B E, B RSB RSN, 1S JE IR MK .
THRKE, AT RIESRAEIE R B IEARAL, HEEFHAEATAR (RZ
Al 2, 20200 o EEAENFLIN, I 2 AR RN Sk b 107 Mg A A E N HE I
FR 75 A S5 S SRR 5 B SRR T S NHE R ER AN 5 AL, SR B ) A &
iR AN EE ST SEIL NG L, [N A PR T HEMARS, BESEm&dml
W, R 7 ENEL LI H AR R R R AT SE

B E 7K HL A

st GEWNE i
R — P
/ L
1 RIS SIRMEBRAKTEMASE CRZF %, 20200
Figure 13 The Seismic-Resistant Underwater TV System of " Jordis Resolution" drilling vessel
YL RER TG A 18 AN R Z SR AF GO B R, EEAFE & IOE B0
BiE (APC) . (4G ATEUG AT R (XCB) MEIFHERGOAYE (RCB)  (Weber et
al., 2021b) . APC %5 H FEH TR FIHJe E ARG, 8l IRE KT
KRR N BRI ANE B BTV B T BT IR, A P BT TR ZEAT ) N s S U ANHUZ (B 12),
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T —ANEAE AN 66 mm 0. APC 84 B B KA EITFEN 9.5 m. BUE 52 1%
] APC &4 B Al 48 R & E AT 95 o

BULATRFFHERT o.5m 38 Ll N

N
12 APC $h B E5Hg[RIEE (Weber et al., 2021b)
Figl2 Schematic diagram of APC drilling tool structure

M JZOKEE S8 APC &5 B IJoiE AU 2 K F B APC & ik Jid K
i, R 4 SO AT B A (XCB) HHURHGEE . XCB 44 2L & — B R A UIH
Bk AR RS (B 13) , &M TR E AR E 2 I R IR GO . DDA
B S AMEN T AMUZF R8N Sk AT, B DLAE/INFH R AN G B S VI Al B 25
FELLTN IS A, BUSEAR )Y 58 mm. TEFCE HESERT, XCB A D) Hl4h ki ai
i BE B — M 152~356 mm;  EGEE tPRGEBERS,  FLUTHI RS Sk 0 56 424 [ 5 Fe 4l
kW . XCB 2 A APC £ B A R — LR A S, Bk & Al EA R TS
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VRIEISE R

BEBULEEE A BULELBE
RN i B = P
Het A N 3  HRHIAE
A D ¢ W H 7
P 178 mm BRGHTE e
. T ) ’ - Bk
. ST ‘B
N I e WD T
’ - 1. ' R
7 ‘. BRI L If
T TR - ”
b [ ] a4
o, — iﬁig a7 ) :
. I i 4 ) .
, I R g :
o o HEWE ‘
’ ] TS, " . :
< Wl st ® | W[
. sk —
1 - . LY
. . Bt
. " - () EEpALSL
. 152 #]356 mm
i - TR
N DI
ARG YIRS ALy AR A L 4]

[&] 13 XCB $h B LEHJRIRE (Weber e al., 2021b)
Fig 13 Schematic diagram of XCB drilling tool structure

RCB %5 H. (B 14) NEEEHEEN, & TSR R BUL AT R . RCB 45 E
KOS 0, BERTEL 58 mm BEARMIAE L, HAKEUOKE—HN 9.6 m.
RCB #i BN RUE B, BhigtnS, SMEIRBER L), TN ENWRFEAZ). B
FHER L, RCB 4 BLA1 XCB & H 3 m I AN ¥ 4 T Bl gk o
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14 RCB $h BL4EH/RIEE (Weber et al., 2021b)

Fig14 Schematic diagram of RCB drilling tool structure
TR NS IR, AR IRET IR, R AR ORTERH A ER Y R PR 48 R L

TIEATH R F . BERICOEAT AW T SRS R, NAEN 105 mm, KEEH 9.65

m, ] DL R A FHUCHG B SN I N3 75 3R . RFERHE IR AR &
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WL HERR R CAE TR, BT EZAAE R ) B O RBRAL, BAN KV
ERERIF T35 25 0 R BLRALUA 62.2%.
3.2 EAHRZEHEIE

2018 4FLASK, IODP 46 )5 7E Bl 2 Wi (IODP 374) . Bl Z¢ #xifE (IODP 379)
Wikl (10DP 382) JFJE 1 KiFERFEERRATIR, WK 2 Fim (McKay e al.,
2019; Gohletal., 2021; Weberetal., 2021a) o FEANURIEA RS E T
ERERAE L . SZUKIE R S5 RREma, 30 Sl A St 22 B AL,  DUSREH A7 2 B
Hilo

2018 4 1 A% 3 H, NRZRFEWIKSEE. TR EIL 5 &SN
KEZR, Pl S B ERAGAE S Wit 1) 5 AN b A7 R F GO B 1E A0 4 1 Bl ok 9 b7 2058
BT 1 AR FLEIIE T, HRAF KR 2394.39 m, H5PREHER 3006.8 m, JL4kHEL
1292.7m &0y, O REURAUN 52.2%, “FIHEN 4.67m/m. 2019 451 A% 3
H o NS R AR UK 55 1 I 24T A S O SRR AR SR BT, <Rl 5 1 B 52 Ak i
()2 ANSEALIE T T 11 AL, FRAEALKIR 4190.1 m, FLEEHEL 1086.46 m K&
Oy mDREURIL R T 85%, ~FHIEEERR] 3.77m/h. FF3 =5, NE
B RS TRBRIKEE S5 KGR Z B KRR, gl 578 Hrkt
FE S NI TE AR 18 TVRGFL, R R 3715.4 m, £FECA O 2809.38 m, AR EX
HIE 92.6%, “FEINUESEEE] T 4.13 m/h.
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7 2 2018 FLUREMTUSHA R FR FEIRTIE (McKay et al., 2019;

Table 2 Southern Ocean Scientific Drilling Projects Conducted Since 2018

Gohl et al., 2021; Weberetal., 2021a)

] » | g | DR R ) g | BUE TR

i ] WLk | Ik DE A EhL g 2354 7K /m S R /m SUBUDIN SUBUIIN F /m B FIE), | 3/ fn-h'
/m /m x

U1521 | UIS21A | 75°41.0351'S | 179°40.3108'W | 562.18 | 650.1 | 650.1 0 41150 | 6330 | 553 | 490

U1522 | UI522A | 76°33.2262'S | 174°45.4652'W | 557.60 | 7018 | 70138 0 27957 | 3984 | 626 | 4.67

UI523A | 74°9.0172'S | 176°47.7067W | 828.02 | 463 463 0 3351 | 7238 | 111 | 1.74

UI523B | 74°9.0179'S | 176°47.6660'W | 827.99 | 1644 | 12122 £32 | 4513 | 3724 | 153 | 448

U1523 | UI523C | 74°9.0288'S | 176°47.6680'W | 827.99 | 433 0 423 0 0 033 | 547

22%1188%13' 374 E’ﬂﬁ U1523D | 74°9.0288'S | 176°47.7087W | 827.97 | 3078 | 1728 1350 | 090 | 052 | 205 | 626

UIS23E | 74°9.0290'S | 176°47.7491'W | 827.88 | 1308 | 84.7 461 | 5408 | 6385 | 113 | 482

U1524A | 74°13.0427'S | 173°38.0185'W | 239439 | 299.5 | 299.5 0 28235 | 9427 | 196 | 637

U1524 | UI524B | 74°13.0440'S | 173°37.9834'W | 2394.16 | 7.7 77 0 776 | 10078 | 044 | 0.73

UI524C | 74°13.0537'S | 173°37.9338'W | 239434 | 4419 | 1814 | 2605 | 1920 | 1058 | 236 | 7.80

U1525 | UI525A | 75°0.0603'S | 173°55.2028'W | 1775.74 | 2132 | 2132 0 15870 | 7444 | 214 | 4.15

U1532A | 68°36.6833'S | 107°31.5003'W | 3961.5 | 100.6 | 100.6 0 103.04 | 102 15 | 279

U1532B | 68°36.6837'S | 107°31.4696'W | 39614 | 1803 | 87.2 931 | 9192 | 105 23 | 327

N U1532C | 68°36.6952'S | 107°31.4721'W | 39614 | 3923 | 214 1783 | 179.6 84 43 | 380

22%1199//%13' 379 gﬁ U1532 | U1532D | 68°36.6953'S | 107°31.5015'W | 3961.5 | 3819 | 192 3627 | 1742 91 22 | 1»3

UIS32E | 68°36.4292'S | 107°32.4613'W | 3977.4 | 101.6 0 101.6 0 0 0.5 | 847

UIS32F | 68°36.6833'S | 107°31.5303'W | 39614 | 321.4 0 3214 0 0 2 6.70

UI532G | 68°36.6954'S | 107°31.5200W | 39614 | 794 | 4217 | 3723 | 36641 | 87 108 | 3.06
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U1533A | 68°44.0168'S | 109°0.6014'W | 4180.8 | 28.5 28.5 0 29.54 104 1.6 0.74
Uls33 U1533B | 68°44.0994'S | 109°3.0010'W | 4190.1 | 382.6 357.1 255 250.78 70 8.6 1.85

U1533C | 68°44.0696'S | 109°1.5103'W | 4183.1 7.7 7.7 0 7.74 101 0.2 1.60

U1533D | 68°44.0727'S | 109°1.4901'W | 4183.9 40 40 0 40 100 1.3 1.28

U1534A | 53°11.3777'S | 58°45.6479'W | 605.09 | 266.3 265.3 1 270.84 | 102.09 | 2.5 4.49

U1534B | 53°11.3763'S | 58°45.6298'W | 605.07 1.5 1.5 0 1.51 10067 | 0.2 0.37

uis3 U1534C | 53°11.3865'S | 58°45.6296'W | 606.27 | 159.2 159.2 0 159.55 | 10022 | 09 7.37

U1534D | 53°11.3879'S | 58°45.6259'W | 606.07 | 28.5 28.5 0 29.64 | 104.00 | 0.2 7.92

U1535 | U1535A | 53°11.4899'S | 58°38.6048'W | 646.86 | 117.3 117.3 0 11247 | 95.88 1.0 5.03

U1536A | 59°26.4602'S | 41°3.6596'W | 3219.52 | 354.4 354.4 0 36427 | 102.78 5.9 2.50

U1536B | 59°26.4608'S | 41°3.6399'W | 3220.06 | 226.1 224.1 2 230.71 | 102.95 1.3 7.20

U1536 | U1536C | 59°26.4604'S | 41°3.6191'W | 3222.05 | 352.0 208.0 144 187.42 | 90.11 3.0 4.92

2019/03- 1l U1536D | 59°26.4501'S | 41°3.6198'W | 3221.72 | 6.9 6.9 0 6.86 99.42 0.5 0.53
201905 | > | ity UI536E | 59°26.4496'S | 41°3.6392'W | 3219.08 | 645.4 305.4 340 110.55 | 36.20 8.8 3.06
UI537A | 59°6.6458'S | 40°54.3725'W | 371291 | 264.0 264.0 0 268.86 | 101.84 | 2.7 4.12

U1537B | 59°6.6583'S | 40°54.3516'W | 3712.01 7.4 7.4 0 7.40 100.00 | 0.1 2.18

U137 U1537C | 59°6.5197'S | 40°54.0870'W | 3713.61 | 15.3 153 0 11.92 | 77.91 0.2 425

U1537D | 59°6.6597'S | 40°54.3677'W | 3713.09 | 354.3 3543 0 348.94 | 98.49 43 3.43

U1538A | 57°26.5248'S | 43°21.4691'W | 3130.58 | 676.0 676.0 0 476.43 | 70.48 6.6 4.29

U1538B | 57°26.5368'S | 43°21.4454'W | 3129.81 8.5 8.5 0 8.49 99.88 0.1 2.50

1338 U1538C | 57°26.5387'S | 43°21.4521'W | 313021 | 105.9 105.9 0 98.92 | 93.41 0.8 5.52

U1538D | 57°26.5335'S | 43°21.4723'W | 313040 | 126.4 126.4 0 114.60 | 90.66 1.2 4.58
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4 RE

T RER AR AR TRE R B P AR N 5 J L R P A 85 1 20 R i 2 ik A
PR Tk, AR ERSITRE 7K TR . UK H SR B AR 1 B
FRIR RS, ERIREOR 53& . BRI XS 1R R . (BIRESOT
T AURE S 73 300K R Bl B AN RN, BORIT e 1 R Ml #% 25h 75K
BEHUIE A, B I RAE R AR RSN o ] o Ll i AN 2 vty 73 3l 25 AR PR ER HLUK 2R AT
FHKEE (Rt = RIKZZ =D, Al IFJRoKSE I R BHA B R SR A m B IR,
EFE ¥ AR A KRB IRBOR 52 % W A . B RS AR MK r S E R E C A
HRIEREIRIAE ST, (M ARTT PR AR IR TR, SR AT R AR T i i KUK
DX RSB IR o i 7 3131 A5 10 5 I DA RAR L DR Bt R I A
SRR TR AT AT ] UM 5 Rk AT 3 7 A E SRS F R, AR T
] PR AR 3t T B AR RE I 7, 3 A R AR KT B R b i ot 2l R Aot — 25
TFIERTTC AR, AT,

(1) RIEUKIZIK T S A PO PRI SR o Bl S8 R AR K T 3t i s sk BEAR
M5 PRIEAE TR, REDKZ RSB H . R AR 5 B RE i . 2 DhREES:
B IR RIESE NS RS BB, ERGESE AR UK iR 2
I RPE R AR R, T RIS s TG TR, A XIAIT R Bl UK T s it 7t
RS . LEINAE R H AT /R R R L SER KR 28 B85 IR TR, A BRI Rk
PWREERABIRE, £ 1~2 DR CAETFEN 52 1000 m IKEBEER,  FFERICA D+
10 m HIUK R A Do

(2) KIEFRMBOKIE T R BHABEIR TR . H SRt KSR T s R =5 3K
FRAB PRI VKA T B AR S REAME IR . KR EARUKE S FLRRAL AT R EOR |
v 98 P A A IR TR VPR 8 S SRR, T J R R UK SRR 1 S s 2 e 45 A
FIFIT B 7=IE TR, N Fa oK s2 A0 5 AR AR P AT Fe s (1S3 LT
WnAE S WK BRSO B IR TRE,  #87s PH R AR K i i A 5 R AR Z 1Al R G R
£ 2~3 AR LARZ A IS #5211 R LUK R B IR AT VKSR T TR URE

(3) RIEFGRIKX KRR ZBHIR AR . KFERE “BARS 7 KRR,
Bl R P R UK X R B2 Bl R JFUBURE 755K, SRS I B R M AR (X E B B PR 45
MRFARGHR 3 DR AL 7K T 5 SR AR I e B SR ME A B BRI R 23 )2 i3 2K
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