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30 aHBapsa 2017 r. Ha y4acTKe AoOporu, CoeaAnHALLEN POCCUNCKYIO CTaHLmMIo [Tporpecc n KUTancKyto cTaH-
Lnio 30HrLLaH C a3pPOoAPOMOM M TPACCON CnefoBaHNA CAHHO-TYCEHNYHbIX NOXOAOB Ha BHYTPUKOHTUHEH-
TanbHble cTaHUMK BocTok 1 KyHnyH, B 3anagHoi yactv negHuka Jonk (Dalk Glacier), B paiioHe poccuii-
CKoli noneeoit 6a3bl Mporpecc-1 o6pasosanca nposar. [laHa XxapaKTepUCTUKA 3TOro NpoBana.
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Summary
In the afternoon of January 30, 2017, the wide depression in the western part of the Déilk Glacier, East Ant-
arctica, was formed. By coincidence, aerial surveying was carried out in this area, so it is possible to assess
the extent of this catastrophic phenomenon. Aerial photos were taken on January 20 and February 9, 2017,
respectively. Based on the photographic data, the size of the depression were 183 x 220 m, and its area
reached 40.260 m2. The depth of the depression in the early days was 20-30 meters; the maximum measured
depth was 43 m. An approximate volume of the cavern was about 884,013 m>. On preliminary conclusions,
this event should be the similar jékulhlaups, when the water of Boulder Lake broke the icy border and rushed

downstream under Dalk Glacier to Prudz Bay.
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In the afternoon of January 30, 2017, in the west-
ern part of the Dalk Glacier, near the Russian field
base Progress-1, a depression formed on the fragment
of the road connecting the Russian station Prog-
ress and the Chinese station Zongshan with the air-
field and the logistic traverse to the inland Vostok
and Kunlun stations. During the austral summer field
season, by coincidence, aerial surveying was carried
out in this area, so it is possible to assess the extent
of this catastrophic phenomenon. Sections a and b of

Fig. 1 show a fragment of the orthophoto of the de-
pression area before and after the event. In section
¢ of the same figure, its enlarged image is displayed.
Aerial photos were taken on January 20 and Febru-
ary 9, 2017, respectively. They were processed using
Agisoft PhotoScan 1.2 software package (Agisoft LLC,
Russia), which implements a modern technology of
creating three-dimensional models based on digital
photos. This makes it possible to perform a morpho-
metric analysis of the natural feature under study.
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Fig. 1. Ice depression area near
Russian fieldbase Progress-1 be-
fore event (a), after event (b), and
enlarged depression (c).

1 — water channel from Boulder
Lake; 2 — wet (?) blue spot; 3 — water
channel near Progress-1. The white
star is marking the place of the photo
in Fig. 2, a. Ortophoto on a was ob-
tained on January 20, 2017, the other
ones were obtained on February 9,
2017

Puc. 1. Jlenipeccusa B AeIHUKE
PSIIOM C POCCUMCKOM I10JIEBOU
6azoit Ilporpecc-1 g0 (a) u mo-
cjie coonITud (b), a TaKKE YBEJIM-
YeHHOE M300paxXeHue Aerpec-
cuu (¢).

] — KaHaJj, 3alOJHEHHBIN BOJOM,
BbITeKalolleil u3 ozepa bonnep; 2 —
BiIaxHoe (?) ronayboe MITHO Ha (o-
Torpauu; 3 — KaHal, 3aroJHeHHbII
BOJOI, pacMoOJIOXXEHHBIN psIIOM C
noneBoii 6a3oit [Iporpecc-1. benoit
3BE3MOYKOM MOKa3aHO MECTO, C KO-
TOpPOTO BBINOJIHEHA (poTorpadusi,
npeacraBieHHas Ha puc. 2, a. OpTo-
¢ororpacdus, npeacTaBjieHHas Ha a
BoinoaHeHa 20 suBapsa 2017 r.,
ocTanbHble (poTorpaduu caeaaHbl
9 deBpasst 2017 r.
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Fig. 2. Photos of the depression from the ground (@) and from a dron (b).
Photo on section a was taken by S.S. Pryakhin. Location of the photo is shown in Fig. 1, 5. Photo on section b was presented by

A.V. Mirakin, the Leader of Progress Station

Puc. 2. ®ororpaduu Aenpeccuu, BHIIOJHEHHbBIE C TTIOBEPXHOCTH 3¢MITH (a) U ¢ 6opTa GECUIOTHOTO JIETATEIBHOTO

anmapara (b).

dororpadus, npenacrasieHHas Ha a, BeimmogaHeHa C.C. [TpsaxunbiM. [TonoxeHne MecTa ChbéMKH ITOKa3aHo Ha puc. 1, b. dororpa-
¢us Ha b ipegocTaBieHa HaYaIbHUKOM cTaHLuM [1porpecc A.B. MupakuHbimM

The orthophoto and the three-dimensional
model of the feature allowed estimating the max-
imum linear dimensions of the forming depres-
sion, which were 183 X 220 m, and its area reached
40,260 m2. According to the preliminary assessment,
the depth of the depression in the early days was
20—30 m; the maximum measured depth was 43 m.

An approximate volume of the cavern was about
884,013 m3. Unfortunately, the above event occurred
at the end of the field season, shortly before the de-
parture of the seasonal team from the Progress sta-
tion. Thus, it was impossible to accomplish the nec-
essary set of geophysical and glaciological studies.
However, the reconnaissance observations were car-
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ried out, which made it possible to draw only prelim-
inary conclusions.

In the photo (see Fig. 1, b) obtained in the
course of aerial surveying, channel / flowing out
from Boulder Lake is clearly seen adjoining the
western part of the hill on which the Russian field
base Progress-3 is located. Further northwards,
downstream, within the Dalk Glacier, there is a
bright blue spot 2 (see Fig. 1, b). It lies within the
feature marked as a lake in the Australian maps [1].
Possibly, after the breakthrough of Boulder Lake,
water along the under-ice channels flowed into
it, filled it to the margin, and then burst through.
Water flowed further coming to the surface as drain
channel 3, directly adjacent to the eastern part of
the hill, near the northern slope of which the Rus-
sian field base Progress-1 (see Fig. 1, b) is located.
This process was promoted by numerous crevasses
in the area [2] which disturb the integrity of the gla-
cier. Further, water along the existing as well as the
forming channels flowed under the Dalk Glacier
eroding and collapsing the cavern, which, probably,
had already existed there for some time. The rapid-
ly flowing lake water was visually observed at vari-
ous sites, between the field base Progress-3 and the
formed depression. Then, under the Dalk Glacier, it
rushed to the Prydz Bay. A large under-ice channel
is clearly seen in the photos in Fig. 2.

A similar process of subglacial floods called using
the Icelandic term jokulhlaups [3] has been repeated-
ly discussed in the scientific papers with reference to
the subglacial hydrosphere of the Antarctica [4—8].
Thus, proceeding from the preliminary information
and description of similar phenomena, the process
of the depression formation can be presented as fol-
lows. In the lake basin of Boulder Lake, in the pro-
cess of melted glacial water inflow, water accumu-
lated gradually (the accumulation period could be
several years). Lakes of this type, as a rule, are not
emptied by a simple overflow. When the water level
reached a certain critical point, as a result of hydro-
static pressure and thermal expansion of the drain
channels, a breakthrough in the weakest place oc-
curred. Due to the excess of water temperature over
the temperature of the melting ice and the heat re-
leased during the movement of the water flow, the
breakthrough developed rapidly resulting in forma-
tion of a channel for the drainage of lake water. In the
process of lake emptying, the cross-sectional area of
the channel increases, and hydrostatic pressure drops

as the lake water volume is reduced. Outflow from
the lake occurred until the water level fell below the
height of the drain threshold. Further, judging by the
photo, the channel got into a grotto or a crevasse and
moved further not too deep under the surface spread-
ing in the snow firn sequence. Presumably, water
gradually filled the interglacial cavity in the area of
the depression formation, which, in turn, caused a
breakthrough, emptying along the interglacial chan-
nels towards the ocean, and, as a consequence, ice
subsidence in the form of a depression, and further
drainage of water into the Prydz Bay.

The described event is of great scientific inter-
est. In addition, it is of great practical importance in
the light of the study of subglacial reservoirs and the
under-ice hydrographic network as a whole. At simi-
lar unique features located near the infrastructure of
the polar stations, it is possible to directly study the
equivalents of the processes occurring in the interi-
or regions of the Antarctica. The practical interest to
its study is associated with ensuring the safety of the
movement of people and transport vehicles within
the areas of the Antarctic glacier.

Acknowledgements. The authors thank A.V. Mirakin,
V.V. Lukin, V.L. Martyanov for the support of the
scientific works in Antarctica.

baaroaapuocTu. ABTOpPHI CTaTbU OjJarogapHbI
A.B. Mupaxkuny, B.B. Jlykuny u B.JI. MapTesgHoBYy
3a NOAAEPXKKY B OpraHM3aluyd HaydHBIX paboT B
AHTapKTHUIIE.

Pacmupennasi pycckosi3bIYHASI AHHOTAIIUS

Juém 30 suBaps 2017 r. Ha yyacTKe I1OPOIu, CO-
eIUHsOIIe poccuiickyto ctaHuio Ilporpecc u
KMTalCKyI0 CTAaHLIMIO 3OHTIIAH C a3pPOAPOMOM U
Tpaccoil cleIoBaHUS CAaHHO-TYCEHUYHBIX ITOXOHI0B
Ha BHYTPUMKOHTMHEHTaJIbHbIE CTaHIIMU BocToK 1n
KynnyH, B 3amagHoif vactu geganka Honk (Dalk
Glacier), B palioHe poccUIICKOU MmojeBoil 6a3bl
IIporpecc-1 obpa3zoBaics mposaji. B metHuit moe-
BOI1 CE30H B 9TOM paiioHE BBHIIIOIHSIIACH a3p0odoTO-
CBbEMKA, YTO MTO3BOJISIET OLIEHUTbh MaCIITa0bl JAHHO-
ro xKaractpoduaeckoro ssenenus. Ha puc. 1, au b
ImoKa3aH (parMeHT opTodoToILIaHa pailoHa IIpo-
BaJla 10 U 1mocJje coObITUsI. B cexiiuu ¢ Toro xxe pu-
CYHKa IIPUBOIMUTCS YKPYIHEHHOE ero n3o0paxke-
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Hue. AspodoTochéMKa BeITToTHeHa 20 SHBaps 1
9 deBpans 2017 r. coorBeTcTBeHHO. OpTOdOTOILIaH
1 TpEXMepHasl MOJAeIb 00OBbEKTa II03BOJIMIIN OIIe-
HUTh MaKCHUMaJIbHbIC JIMHEHHEBIE pa3Mephl 00pa3o-
BaBIIelics genpeccun — 183 X 220 M, a e€ turomanb
cocraBuia 40 260 mM2. CorjacHo npeaBapuTesb-
HOI1 OlIeHKe, INIyOMHA IIpoBajia B MIepBEIC THU ObLIa
paBHa 20—30 M, a MaKCUMaJIbHasI U3MEpPEeHHA IIy-
6mHa coctaBuia 43 m. [1puOIM3NTENHLHEBIN 00BEM
KaBepHBI — oKoJ1o 884 013 M3

Ha ¢ororpaduu (cMm. puc. 1, b), moaydeHHOMK
B mpoliecce adpoPoTochbEMKHU, OTUETINBO HAO-
JogaeTcs KaHai I, BeITeKalomuii u3 o3epa boi-
nep (Boulder Lake) u mpuMBbIKalOMil K 3anagHOM
YacTH XOJIMa, T PacIloJIoXeHa poccuiicKas Io-
neBas 6aza IIporpecc-3. Jlanee, Ha ceBep, BHU3 MO
Te4YeHUI0, B Npeaeaax JeaHuka Joak, Habiogaer-
cs1 ronyooe maTHo 2 (cM. puc. 1, b). OHo pacroJara-
eTcsI B IIpezeiax 00beKTa, IIOMEYeHHOTO Ha aBCTpa-
Juiickux Kaptax [1] kak o3epo. BepostHo, mocie
npopsiBa 03. boynep Boga mo moaJiEAHBIM KaHa-
JlaM TIOCTYIIMJIa B 03€pO, HAMOJIHMUIA €ro 10 Kpaés,
a 3aTeM IPpoUu3O0LIEN MpophIB. Boma nmorekna ganee,
BBHIMISI Ha ITOBEPXHOCTh B BUIE KaHala CToKa 3,
HEMOCPEICTBEHHO IPUMBIKAIOIIETO0 K BOCTOUHOM
YaCTH XOJIMa, ¥ CEBEPHOI'0 CKJIOHA KOTOPOTO Ha-
XOOMUTCS poccuiickas moJjeBast 6a3a Ilporpecc-1
(cMm. puc. 1, b). DToMy mpolueccy cnocooCcTBOBAIU
MHOTOYHMCJICHHBIE TPEIIUHEI, UMEIOIINECS B 3TOM
paiioHe [2] 1 HapylIalolue UeJOCTHOCTh JIETHUKA.
Bona mo cymiecTBylommM, a Takke 00pa30BaBIINM-
cs KaHaJlaM MocTynujaa mnopd jJenHuk Honak, pas-
MBIB ¥ 00BaJIMB KaBepHY, KOTOpasl TaM, BEpOSITHO,
yXKe CyIIeCTBOBaJIa KaKoe-TO BpeMs (CM. puc. 1, b).
CTpeMuUTEeIbHO TeKYIIast 03€pHas Boda BU3YyaJIbHO
HaO0II01a1ach Ha Pa3INYHBIX yJacTKaxX MEXIy I10-
neBoii 6azoil ITporpecc-3 u obpaszoBaBuieiics ae-
npeccueii. 3aTeM oHa ycTpeMuiiach B 3auB I1proac.
3HaUYMTENIBHBIN ITO pa3MepaM ITOMIETHBII KaHAJ OT-
YETIMBO BUACH Ha (poTorpadusx puc. 2.

ITogoOGHEIN TTpollecC MOAICAHUKOBBIX ITABOJ -
KOB, Ha3BaHHbII MCIAHACKUM TEPMUHOM LOKYAb-
aayn [3], HEOOHOKpPAaTHO 0OCYyXAaJiCsl B HAyYHOU
IevaT IMpUMEHUTEIBHO K MOMIENHOM THapocdepe
AnTtapkTtunbl [4—8]. TakuM obpa3om, OCHOBBIBA-
sICh Ha IIpeIBapUTeIbHON MH(GOPMAIIUN U OIIHMCA-
HUU CXOMHBIX SIBJICHUI, ITpoliecc 00pa30BaHUsI IPO-
BaJla MOXHO MpPEICTaBUTb CIEAYIOIIUM O0pa3OM.
B o3€pHolii yaiiie 03. boiaep B mpoliecce NocTyrie-
HUSI TAJIBIX JIETHUKOBBIX BOJ IIOCTSIIEHHO HaKaIlI-

Bajlach BoJa (Iepuo] HAKOIUIEHUS] MOXET JOCTHU-
raThb HECKOJbKUX JieT). O3€pa mogoOHOro TUIa, Kak
MIPaBUJIO, HE OMIOPOKHSIOTCS ITYTEM IIPOCTOTO Mepe-
smBa. I[Ipu mocTHXKeHUU BOMOM HEKOTOPOU KPUTH-
YeCKOI OTMETKM, B pe3yJibTaTe TMaApOCTaTUYECKOTO
IaBJIeHUSI U TEPMUYECKOro pacIIMpeHUsI KaHAJIOB
CcTOKa B cCaMOM CJ1aboM MecTe (OpMUPYETCS TIPO-
pbIB. 3a CUET MpeBBILICHUST TEMIIEPaTypbl BOAbLI HAI
TeMIIepaTypOi TAIOIIETO JIbIA U TeIljIa, BRIACISIEMO-
ro Npu ABMXKEHUU BOJHOIO IIOTOKA, IIPOPHIB ObI-
CTPO pa3BUBAETCS U B pe3ysibTaTe GOpMUPYETCS
KaHaJI CTOKa 03EpHOI Bombl. B mpoiiecce omopox-
HEHMSI 03epa YBeJIMYMBAeTCs IUIOIANb IOIIePEYHO-
ro CeYeHMsI KaHajla U yMEHbIIIaeTCsl TUIpocTaThye-
CKO€ JaBJIeHHE [0 Mepe CHUXKEHUST 00bEMA 03EPHOIL
Boabl. McTeueHue 3 o3epa MpouCXOauT A0 TeX Mop,
MOKa YPOBEHb BOAbI HE YIaAET HUXE BHICOTHI CIMB-
HOTO mopora. 3aTteM, Cyas 110 CHUMKY, KaHaJl yXO-
IWUT B TPOT WJIM TPEIIUHY U JaJIbIlle IBUTACTCS HE
CJIMIIIKOM TJTyOOKO MO/ MOBEPXHOCTHIO, PacTeKasiCh
B CHEXXHO-(pUupHOBOI Tomie. [IpeanonoxurenbHO
BOJHBII MOTOK IIOCTETICHHO 3aMOJHUI BHYTPUJIEI-
HUKOBYIO €MKOCTb, HAXOJUBIIYIOCS B pailoHe 00-
pa3oBaHUs MpoBaJia, 4YTO, B CBOIO o4epedb, BbI3Ba-
JIO IPOPHIB, OIIOPOXHEHNE IT0 BHYTPIIICTHUKOBBIM
KaHajJaM B CTOPOHY OKeaHa U, KaK CJIeICTBUE, IIpo-
cagKy Jbla B BUAE MpoBaJia U NAJbHEUIIUN CIIUB
BonHI B 3aiuB Ipronc.

OnucaHHOe COOBITHE UMEET OOJIBIION HAYYHBIH
nHTepec. He MeHee BaxkHO M MPUKIIAIHOE €ro 3Ha-
YyeHHe IJIs U3YYeHUS IOIJIeTHUKOBBIX BOIOEMOB
U TIOAJIEAHON ruapoceTu B LeaoM. Ha momoOGHbIX
YHUKAJIbHBIX 00bEKTaX, PACIOJOXEHHBIX BOIU3U
MHGPACTPYKTYPHI MOJISIPHBIX CTAHIINI, MOXHO He-
IMOCPEICTBEHHO M3y4YaTh aHAJIOI'U IIPOIIECCOB, MPO-
HUCXOMSIINX BO BHYTPEHHUX palioHaX AHTapKTUIbI.
IIpuknagHoOl MHTEpEC K €ro UCCAEI0BAHUIO CBSI-
3aH ¢ obecreueHreM 0e30MacHOCTU NepeMeILeHUS
JIIONIEe ¥ TPAaHCHOPTHOM TEXHUKM B TIpeeIax yJacT-
KOB aHTApPKTUYECKOTO JeTHUKA.

References

1. Broknes Peninsula, Larsemann Hills, Antarctica: en-
vironmental management map. Map No 13135, 2005,
Scale 1:10,000, Australian Antarctic Division.

2. Popov S.V., Eberlein L. Investigation of snow-firn thick-
ness and ground in the East Antarctica by means of
geophysical radar // Ice and Snow. 2014. V. 4 (128).

-431 -



Kcnpecc-uHpopmayus

P. 95—106. doi: 10.15356/2076-6734-2014-4-95-106. Sciences. 2009. V. 465. Ne 2106. P. 1809—1828. doi:
[In Russian with English summary] 10.1098/rspa.2008.0488.

3. Bjornsson H. Subglacial lakes and jokulhlaups in Ice- 6. Pattyn F. Antarctic subglacial lake discharges // Ant-
land // Glob. Planet. Change. 2003. V. 35. Ne 3—4. arctic Subglacial Aquatic Environments. 2013. AGU.
P. 255-271. doi: 10.1016/S0921-8181(02)00130-3. P. 27—44. doi: 10.1002/9781118670354.ch3.

4. Evatt G.W., Fowler A.C., Clark C.D., Hulton N.R.J. 7. Shoemaker E.M. Effects of bed depressions upon floods
Subglacial floods beneath ice sheets // Philosophical from subglacial lakes // Global Planet Change. 2003. V. 35.
Transaction. A. Mathematics. Physics. Engeneering Ne 3—4. P. 175—184. doi: 10.1016/S0921-8181(02)00125-X.
Sciences. 2006. V. 364. Ne 1844. P. 1769—1794. doi: 8. Wingham D.J., Siegert M.J., Shepherd A., Muir A.S.
10.1098/1sta.2006.1798. Rapid discharge connects Antarctic subglacial lakes //

5. Fowler A.C. Dynamics of subglacial floods // Proc. Nature. 2006. V. 440. Ne 7087. P. 1033—1036. doi:
Royal Society. A. Mathematical Physics. Engineering 10.1038 /nature04660.

ITopnucano B neyaTth 04.09.2017 r. Brixop B cBer 30.09.2017 . dopmat 60 X 881/8
Ludposas nevarp Ycrmed.n. 18.0 VYemkp.-orT. 7.2 Thic.  Y4.-usp.i. 18.0 Bym.r. 9.0
Tupax 170 ax3. 3ak. 1446 Ilena cBobopHas

CoyupenuTtemu: Poccnitckas akageMus Hayk, Pycckoe reorpaduieckoe o611ecTBO

Vsparenn: OI'VII «M3natenbctBo «Haykar, 117997, Mocksa, ITpodcorosnas yi., 90
Orneuarano B PI'VII «MsparenbctBo «Hayka» (Tunorpadmsa «Haykar), 121099, Mocksa, Illy6unckuit miep., 6

-432-



