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Antarctic geography

In 1959 International agreement
about Antarctica was concluded.
It tells that Antarctica can be

used only for scientific research,

All nuclear explosions and
storage nuclear waste is
forbidden.

Mean height of Antarctic surface
Ia a biggest one.

Besides of pole of cold the points
of lowest relative atmospheric
humidity, strongest and long
wind, most intensive sun
radiation are situated there

USA: south pole (Amundsen-
Scott

Russia: the pole of relative
inaccessibility and geomagnetic
pole (\Vostok)
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Underglacial lakes milestons

1955 N.N. Zubov Introduce the critical value of glacial
thickness that is determined the flux of geothermal heat and
temperature gradient is determined thermal conductivity.

1955 Gordon K Robin Introduce the flux of cold directed to
bottom of glacier with moving of ice as mass

1961 I.A. Zotikov have shown that in case of thick glacier
the heat practically does not go up. It is spent for melting of
Ice in the bad of glacier.
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Map of possible places for underglacial lakes (1963 )
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Puc. 2.9. Kapra Aurapxrias (3otukos, 1963), Ha KoOTOpo# MOKa3aHs 30HL NOCTOAHHOIO JOH-
HOIO TARHMA JIbJAa B UCHTPAJLHOH HaCcTH SHTAPKTHHCCKOIO JICAHMKOBOIO MOKpOBA,
I — NOTOK Temna K [IHY NEAHHKA CHH3Y B 2 pa3sa MpPEeBsLIIaeT CPeAHHH reorepMHYeCcKii
notok (104 mer/m?). 2 — ofinacTs Tasuus, paccuHTaHHas B MPEANONOKCHHH, YTO CHH3Y
NOCTYNACT TONBKO CPCAHMH 1A 3CMHOH IMOBCPXHOCTH ICOTCPMHMCCKHIT NMOTOK TCIA
52 mBeT/M”,



Seismic prospecting

SEISMIC REFLECTION METHOD SEISMIC REFRACTION METHOD

Encagy Source Detsctocs Crergy Sourco Detocion

V3 = 15,000 fps Sodrotk

A.P. Kapitsa

1964

Single-reflection seismogram
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Radiosonde observation

Radio waves penetrate through
ice very well and are reflected of
border between substances with

different properties. T -
Since 60-th they were used for pm— naitr o rocoive

measuring the profile of i
underglacial surface.

Huge radio transparency was
the problem for pilots as
standard equipment gave
wrong data
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Lake Vostok

The discovery of Lake
Vostok was reported
at the 23 session of
SCAR In Rome in
1994

Data were published

INn Nature (Kapitsa et
al., 1996)

Figure 1. The location of Lake
Vostok on the East Antarctic

Lo Ice Sheet (from Siegert 1999).




Deglaciated Antarctic Topography
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Underglacial Antarctica

Ice covering
Antarctica

Continent with
subglacial lakes, rivers
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Vostok lake

Surface area
15,500 km?

The world's 15th largest lake.
It is the size of Chechnya
or a bit larger than Montenegro

The coastline is
1,010 km long

Water volume
6343 km’ Maximum depth
Seventh largest More than
in the world 1,200 m
The worlds
third deepest
(after Baikal
and Tanganyika)
Maximum length
Maximum width 250 km

50 km



Vostok lake

Vostok Station

 ICE SHEET

cored 2.2 Miles -~

pockets of
 subglacial meltwater |
f\ and small subglacial |
“\lakes

inflow of
subglacial

meltwater and
roundwater?

preglacial
limnetic
sediments
300-400 m thick



1)
4
- -

g )

WWIWQ.. == {




5G-1[2] Vostok borehole

190200  [X \
— Russian-French-US

{ ‘ F collaborative program of Deep

1 Drilling and Ice Core Study at
-42m r & Gladjer ice Vostok station
Each party obtained 1/3 part of core
19/92 EWl 2243 n
,rl. N 7\\‘ 3
S . /| ... stopped for almost 8 years
Max. 575m % 0 51-1 7 |3650m-2005/06
~345m 27/12% &8 2603 m ‘ 3659 m— 2006/07

/\ 3667 m—2007/08

3599 m—2008/09

2070198~ 3m -3650 M —2009/10 | ~gg,
3720 m - Jan 21, 2011
3750 m — ice-water boundary

Al Feted ice

Bulatl3nov-20 | ake \/ostok Entel"\ 3769.3 m — Fev 05, 2012
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Dynamic of Antarctic climate during 800 thousand years
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EPICA community members Eight glacial cycles from an Antarctic ice core

(Nature)



YAensHan akkyMynauma (r/cM’) negHnkosoro nokposa AKrapkruas, Ee wuakve
IHaverna (TEMHO-ronyObie NATHA) — OAMH U3 DCHOBHBIX XpUTepues soibopa ToYKn
rny6okoro Gypesua aas npoexta «flonTopa Muannona ners,

Project
1.5 billion years
Choice of place

atmospheric precipitates
have to be minimal



5G-2[3] Vostok borehole

% 3424 m — Uppermost frozen water ice
3425 3429

35 m — layer of frozen lake water

3450
8 |\ 3458 m — Bottommost frozen water ice
oo ﬂ
-T |

S = s %3 3543.56 m — Fev 2013
o

3608 m — Type &
3 227 m remained to drill — 2013/2014 season?

37%9.3 m =\Fev 05, 2012

Bulat13 nov-20



5G-1N-3425 Vostok water ice

| —

Bulat13 nov-20




5G-1N-3429 16S rRNA gene

3429v3-4 - 93-Janthinobacterium spBPb

Unknown genus and 1.5 L processt

species of bacteria
(Burkholderiales,
Oxalobacteraceae, Beta-
Proteobacteria)




'\w) LAKE VOSTOK

Cored 3623 m

Hydrates?

. ’ 3 . q Accretion iee
Liguid water depth. = S D R ~200 m thick
650-800m R g = ¥ o

Methane hydrates?. . 4 ‘
‘ L5 ‘9 Lake sediments
e g _300-400m thick |

Gedthermal?



‘ Lake VOStOk known since 1994

) Published in Nature (Kapitsa et al., 1996)

¥
RADARSAT, CSA o

Friendly environment?

* Deeply ice buried (in dark) — 4 km
* High pressure — 337-377 bar
 Permanently BUT not very cold — -2.65°C

» Likely oxygen supersaturated - 800 mg/L
(upper bound 700-1300 mg/L)

Bulat13 nov-20



Module for Vostok lake
research

Plate 3. (a) Diagram of technology used for exploring the water column of Vostok Subglacial Lake within borehole 5G-2,
(b) with principal schemes of transportation and measurement-exploration modules. Numbers indicate the following: 1,
drill winch; 2, load-carrying electrical cable; 3, transportation module; 4, exploration module with respective sensors or
water sampler; 5, power supply engine; 6, winch; 7, steel cable; 8, 12-V battery set; 9, microprocessor; 10, exploration
unit; 11, hermetically sealing lid. The borehole is shown filled with drilling fluid (yellow-green shading).



The location of 386 Antarctic subglacial lakes (from
Wright and Siegert, in press). Lake Ellsworth is circled.

Heddell Sea

J/Antarctica \ |

Q

Nea

Hoss Sea



DELORES radio-echo sounding data across Lake Ellsworth (Line D7.5). A
prominent lake-like reflector is observed between 2600 and 5400 m along the
profile at depths of ~3100 to ~3220 m. Buckled englacial layers generated by ice
flow over a zone of pronounced subglacial topography southeast of Lake Ellsworth
(see Figure 5) are annotated. Ice flow is approximately
into the page. See figure 5 for location.

= Buckled englac:
layering

Bedrock
sidewall

o —————]
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Water i
storage v
e’ aKe sSwort
v 3 P filtration
system
|
|
- H ‘, - |
Startup
circulatory
system Heaters
A 4
High pressure
water pumps P |:P
Borehole umbilical Hot water
reeler reeler 210 Itr/min
o T T 2000 psi
E F ; 90°C
“ ‘
~300m Drill hose
Hydrological water level (270m)
Submersible
borehole Cavity
pump
Lake access hole
' Drilling nozzle

Figure | 1. Schematic diagram of the hot water drill system. H =
heaters; P = pumps; F = filters.




Hose for drilling

Hw




There will be 1 x 30 kVA unit to run the
domestic camp and

3 x 100 kVA units which will have a
combined output capable

of running the drilling operation.

Total AVTUR =51,250 | (250 drums)
Total PETROL =1,025 1 (5 drums)

2 seasons!
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Kilometres

* Ellsworth Lake

P r«Figure 20. shows an image of the proposed flexible bulk fuel

container on a skid base.

Figure 21. The transport route for equipment and fuel from the

ALE base camp at Union Glacier to the proposed drill site.

Figure 22. The tractor and sledge used to transport equipment
and fuel to the drill site.




Lake Whillans

OIHOBPEMEHHO C OTEYECTBEHHBIMU OYpPOBBIMHM pabOTaMU Ha
CTaHLIMU BOCTOK, aMEpUKAHCKHUE KOJUIETH ITPOBOIUIIA CBOU
OIepalyy B NOJIEAHOM BOJHOM IMOTOKE BUIIAHC IO MPOEKTY
«Buccapay. JlaHHBIN N0J€THUKOBBIM BOJAHBIM O0OBEKT 110 CBOEMY
IIPOUCXOXKICHUIO, XapAKTEPUCTUKAM U METOJaM MCCIIEIOBAHNUM
3HAYUTEIBHO OTJIMYACTCA OT MOJJIEAHUKOBOTO 03¢pa BoCcToK.
BoaoéM pacroiiokeH Ha 0ro-3arajHon rpaHuIle M1eIb(OBOIro
nenHuka Pocca u nipeacraBisieT coO0M OJUH U3 DJIEMEHTOB
OOIIIMPHOM IOJIJIEAHUKOBOM T'HAPOJIOTHYECKON CUCTEMBI,
HampasJicHHOU B Mope Pocca. Oxann pa3 B 10 et Boga B 3ToM
BOJI0EME MOJTHOCTHIO OOHOBIsAETCS. Ero 00bEM COCTaBISIET BCErO
0,5 kM3, B TO BpeMs Kak 00bEéM o3epa Boctok 6100 km3. Tonmunaa
JEeIHUKA HaJl BOJOEMOM coctaBiaeT 801 meTp, a Ha CTaHIIUMU

Boctok 3769,3 M.
Lake Ellsworth (750 years) and Lake Vostok (10,000 years).



READY TO BORE Daren Blythe and Dar Gibson shoveled snow into a melter
feeding the hot water drill to be used to penetrate half a mile of ice above Lake
Whillans. Exploring extreme environments offers lessons for efforts in space.



Lake Whillans



Lake Whillans



http://sayitaintsoalready.com/2013/01/27/scientists-reach-subglacial-lake-in-antarctica-that-could-contain-one-million-year-old-water/subglacial-lake-via-j-t-thomasdiscover/
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attention



