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Polar ice is an important component of the natural system, affecting global climate on large as well as small scale. The
Antarctic ice sheet has undene significant changes in the past and governed the earth’s climatic Syisiteine sheet
appears to have been very dynamic and yet, not much is known about the processes involved for this dynamism.

Glaciological studies in parts of Central Donning Maud Land (cDML) of &atsirctica include monitoring the changes of
Antarctic ice sheet overriding the Schirmacher Oasis, measurement of snow accumulation on the ice sheet, study of
subsurface topography and ice sheet dynamics. In the last three decades, Dakshin Gangotri (DG) glacier snout, which is a
part of EasAntarctic Ice sheet (EAIS) overriding Schirmacher Oasis shows continuous recEksi@nare major peaks

of recession in every five year cycle. The higher average annual surface air temperature leads to the greater recession in the
next year Interestingly this recessional trend of DG snout does not show perfect correlation with the meteorological
parameters (such as surface air temperature, ground temperature, wind speed, etc.) of this area. This all reflect towards the
existence of very complex equation for the recession of ice sheet and snow and ice characterization inAritapetitaf

The vector component of ice sheet shows differential movement all along the southern edge of Schirmacher Oasis. The
average annual recession of snout has shown positive correlation with the mean annual runoff and negative correlation with
annual mass balance of the area.

Keywords: Recession; SnowAccumulation; Mass Balance; SchirmacherOasis; EastAntar ctica

Introduction is being monitored regularly by the GSI. The routine
AN i d h has b q 4 by th glaciological observations include monitoring of the
n integrated approach has been adopted by the,q glacier snout and its western flank along with

GleOI.O%'CEl.I SlIJrveyd_of In_dla r(]GSI) for carrying dO_Ut recording of annual accumulation/ablation of snow
glaciological studies in the area surrounding . the jce shelf and on ice sheet. The snow

Schirmacher Oasis i_n cen_tral Dr?””‘”g Maud L_and accumulation/ablation study has been recently initiated
(CDML), EastAntarctica (Fig. 1) since the inception in the Larsemann Hills area also. The present write

9f IndianAntarctic program in 198 hese stut_jles up explains the overall glaciological observations taken
include yearly measurements of the changes in polag

. . _ _ by GSl in parts of cDML area, south of Schirmacher
glacier front and accumulation/ablation over ice sheet ; -

. L ) Oasis, Easfntarctica.
and ice shelf for obtaining information on the state of
the polar ice sheetfis-a-vis the impact of climate  Methodology
change (Singh et al., 1988; Chaturvedi et al., 2009; _ _ o
Shrivastavat al., 2011; Swain et al, 2011, 2012). The overall work on glaciological studies in
Ground Penetrating Radar surveys have been>chirmacher Oasis and Larsemann Hills areas by the
undertaken in selected areas to understand th&Sl includes identification of area with the help of
subsurface ice characteristics and groundSatellite images and available literature. This is
configuration (Dharwadkaet al., 2012). Dakshin followed by sub-surface characterization of ice sheet
Gangotri (DG) glacier snout was identified during the ©f the selected areas with the help of Ground
second Indiafntarctic Expedition and since then it Penetrating Radar (GPR). The GPR system
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period and the net recession during the austral summer
@ period show an increasing trend in the cumulative
T recession (dble 3).The meteorological data obtained
for the Schirmacher Oasis were compared for annual
average surface air temperature (AA3Aannual
average air temperature (AAGT), Maximum surface
air temperature (MSH), annual average relative
humidity (AARH), annual average precipitation
(AAP), annual average wind speed (A/S) and

Maitri

A
70°45'57"s - Novolazarevskaya_
e —

70° 50°46" S,
110 50°50° §

o) annual average total cloud cover (K&C in tenths)
Fig. 1: Location Map of Dakshin Gangotri snout andWestern (Swain and Raghuram, 2015)- It is observed that
wall in Schirmacher Oasis, EastAntar ctica meteorological parameters including higher average

annual surface air temperature and higher wind speed

) ~results in greater recession of the snout of DG glacier

aToughbook, GPS, Survey wheel, cables and variousrg|ationship of annual average surface air temperature
antennas of 15, 20, 35, 40, 80, 100 and 200 MHzith the recession of DG glacier snout of the next

frequencyThe system was run in continuous static year and vice versa (Shrivastasal., 2011).
mode generating a continuous subsurface profile along

the traverse line. When running in continuous mode, Glaciological studies conducted in the area
the antennas were dragged at a constant speed argfound Schirmacher Oasis during the last three
the profiles were pegged to ground surface usingdecades were helpful in deriving some meaningful
calibrated survey wheel as well as a handheld GPSpatterns and charting a cause for future work. The
unit. The dielectric constant for ice, confirmed by annual recessional patterntbe DG glacier snout
velocity analysis using the common midpoint survey indicates that major recession in every five years with
was kept at 3.0. The GPR study has been used téninor peaks at every 2-3 years interval between 1996-
delineate the Land-Ice-Sea (LIS) interfaces. Regular2010 period. But in the last five years the trend of the
monitoring of annual snow accumulation/ablation is DG snoutis different than the previous 15 years period
being carried out by stake networks. The (Fig. 2;Table 1).When the annual recession of the
meteorological parameters of the area help inDG snout is compared with average annual surface
characterizing the annual changes of the part of icedir temperature, it does not show direct correlation,
sheet in EasAntarctica. Calculation of vector butwhen the recession is compared with the preceding
components of ice body with D-GPS at different average annual temperature, the correlation show little
locations gives the idea about ice sheet dynarics.  improvement.

these factors contribute in estimation of mass balance Between the period of 1996 to 20hearly 4800

calculation. m? area has been vacated by the shrinking snout of

this glacierThis recession has led to the disappearance
DakshinGangotri Glacier Snout and Western of about 672 x 1dm?3ice, which is equivalent to 576
Wall x 10° m3 of water The average annual recession of
The snout of DakshinGangotri (DG) glagiaverriding th_e DG Glacier does not show any linear correlation

with average annual surface air temperature, average

Schirmacher Oasis is being monitored every yearannual round temperature and average annual wind
since 1982. Since then, the snout has shown continuous 9 P 9

. ) . i . “Speed (Chaturvedit al., 2009; Shrivastavat al.,
recession. During the period 2014 ;5’ the DG glac'.erZOl‘L, Shrivastavat al., 2014).The recession of DG
snout has receded by 1.31 m with respect to its

o ; snout has shown good positive correlation with mean
position from previous year ébles 1 and 2). For the u wng POSItiV fon wi

. ._annual runoff and has shown negative correlation with
same period, the western wall has shown a recession

of 2.37 m with respect to the previous y€Hne annual mass balance of the area (Fig. 3).
recessional data measured is the resultant of the TheWestern wall includes 7 km (approx) long
advancement of the Polar ice sheet during Polar wintelice front (including ice wall and ramps) of the western



Table 1: DakshinGangotri glacier snout measurements (in meters) since 1996

3.3

4.6
5.3

7.0

OBS. ORIG FEB FEB FEB FEB FEB FEB FEB FEB FEB FEB FEB FEB FEBORIG FEB JAN JAN JAN JAN FEB FEB
PTS. PTS -97 98 -99 -00 -01 -02 -03 -04 -05 -06 -07 -08 -09ORIG -10 -11 -12 -13 -14 -15 -16
FEB FEB
1996 2009

1 200 266 335 302 370 356 322 391 480 7.81 795 804.62 1205 1.72* 1.80* — — 1033 — — —

2 450 493 7.40 9.1010.80 11.10 11.25 12.19 13.94 1565 1586 1450 17.85 16.8B5 2.09 2.17 1.98 3.00 276 455 6.42
A - - - - - - - - - - - - - - - — 239 230 — 615 689 87

3 1.00 1.28 1.90 220 233 269 31037 420 486 544 672 711 729 136 161 239 230 284 293 342 3.46
4 200 1.80 2.83 340 372 401 435 466 533 563 629 652 680 692 200 202 240 255 276 274 299
4A 200 219 260 285 3.10 346 390 427 445 465 483 524 563 584 200 237 289 305 3.80 4.19 5852
4B 250 270 295 3.00 340 3.74 4.05 443 433 415 527 520 563 567 178 225 280 290 410 454 5569
5 7.00 7.16 810 870 9.30 832 853 856175 11.65 11.3 11.48 11.08 14.42 2.86 2.64 330 355 427 4.3210.26 9.63
5A 110 149 151 192 150 1.99 230 3.09 308 335 410 390 404 417 165 193 233 238 309 324 3.37
5B 1.10 142 205 260 3.00 3.04 345 408 437 439 504 455 563 566 121 160 216 230 3.18 378 5.17
6 150 1.36 1.80 1.96 2.08 292 4.10 506 697 855098 1155 14.35 1470220 3.13 372 330 560 580 6.31 6.61
7 150 1.72 3.0 3.84 424 515 6.00 814 944095 1245 1290 14.10 1533290 272 3.10 400 480 553 594 6.37
8 500 509 640 620 698 698 7.96 871 800 915 95035 11.09 1122 422 422 436 408 487 472 53251

9 200 349 450 556 654 7.25 8.3510.52 10.01 10.92 1243 1250 1297 13.32.62 415 4.68 514 540 530 555 576
10 400 4.10 443 447 604 661 659 832 845 905 97020 1094 1232 — — — — 136 1254 14.66 155
0A — — - - - - - - - - - - - — 181 523 58 562 — — — 643
11 200 209 366 371 446 520 483 546 630 625 646 790 852 866 230 110 271 342 433 454 6.07
12 350 501 6.15 6.68 7.0l 7.33 7.99 894 9.880.79 11.34 1215 1436 15.131.82 132 3.30 358 3.62 3.69 544—
13 100 184 325 426 515 583 585 7.99 7.840.15 11.31 1251 1422 1506401 134 293 325 450 496 597 6.91
A - - - - - - - - - - - - - — — — 754 9411020 11.91 12.94 14.04
14 150 222 410 6.06 8.02 9.3410.00 13.32 1590 16.10 1871 23.74 23.82 34794 359 462 464 550 617 698 8.09
15 650 8.41 10.10 11.13 12.15 12.72 13.38 16.78 18.10 19.64 20.94 2142 2253 23®B 285 258 472 7.10 841 11.82.09
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Table 2: Average annual ecession/advancement of DakshinGangotri glaciesince 1997 (in metes)

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
to to to to to to to to to to to to to to to to to to to to to
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
1 066 069 -033 068 -014 -0.34 069 089 301 014 010 357 043 008 0.37— — — — — —
2 043 247 170 170 030 015 094 175 171 021136 335 -098 044 008 -0.19 1.02 -024 179 187 17.14
2A — — — — — — — — — — — — — — — 021 — 074 181 2.76
3 028 062 03 013 036 041 060 050 066 058 128 039 018 025 0.7/809 054 009 049 0.04 839
4 -0.20 103 057 032 029 034 031 067 030 066 023 028 012 002 038 015 O@E2 025 035 6.26
4-A 019 041 025 025 036 044 037 018 020 018 041 039 021 037 052 016 075 039 133 0.28
4-B 020 025 005 040 034 031 0.38-0.10 -0.18 1.12 -0.07 043 004 047 055 010 120 044 115 0.01 7.09
5 0.16 094 060 0.60 -098 0.21 0.03 3.19-010 -0.35 0.18 -040 334 -0.22 066 025 072 0.05 5094 -0.63 14.19
5-A 039 002 041 -042 049 031 0.79 -0.01 027 0.75 -020 014 013 028 040 005 071 015 013 1.316.1
5-B 032 063 055 040 004 041 063 029 002 06949 108 003 039 056 014 088 060 139 0.14 8.66
6 -0.14 044 016 012 084 118 096 191 158 243 057 280 035 093 O0HM2 230 020 051 03 1761
7 022 138 074 040 091 08 214 130 151 150 045 120 1.ZB18 038 090 080 073 041 043 173
8 009 131 -020 0.78 0.00 098 0.75 -0.71 115 037 083 074 013 000 0.14-0.28 0.79 -0.15 060 -0.22 7.1
9 149 101 106 098 071 110 217-051 091 151 007 047 034 153 053 046 0.260.10 0.25 0.21 14.45
10/10A 0.10 0.33 0.04 157 057-002 173 013 060 066 049 0.74 138 342252 -0.18 1.10 -1.04 210 0.84 12.04
11 0.09 157 005 0.75 0.74-037 063 084 -005 021 144 062 0.14 -1.20 220 012 091 021 153 — 6.43
12 151 114 053 033 032 066 095 094 091 055 081 221 O04¥50 161 065 0.04 007 175 097 114
13 084 141 101 089 068 0.02 214-013 229 116 120 171 0.84-267 328 -137 125 046 101 — 1525
14 072 188 196 19 132 066 332 258 020 261 503 O0IB94 065 103 002 086 0.67 0.81-485 3245
14A — — — — — — — — — — — — — — — 187 079 171 103 7.0612.46
15 191 169 103 102 057 066 340 132 154 130 048 111 122 08”7 214 238 131 3.09 0.59 27.36

*Positive values indicate recession; *Negative values indicate an advance

1994

2014

7.64
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Fig. 2: Pattern of the DakshinGangotri (DG) glacier snout’s recession. (A) Recession of the DG glacier
2016, (B) Recessional pattern since yedr996, (C)Total recession of DGsnout since yearl996, (D) Cumulative curve for
the recession of DG snout since 1996
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Fig. 3: Correlation between recession of DG snout with
mean annual runoff and with annual mass balance

of the area

in

the years 2015 and

Table 3: Cumulative recession of the DG glacier snout

Period Recession (m) Cumulative recession (m)
1996-97 0.49 0.49
1997-98 1.01 1.50
1998-99 0.55 2.05
1999-00 0.68 2.73
2000-01 0.41 3.14
2001-02 0.42 3.56
2002-03 1.21 4.76
2003-04 0.79 5.55
2004-05 0.87 6.42
2005-06 0.85 7.28
2006-07 0.60 7.88
2007-08 1.10 8.98
2008-09 1.10 10.08
2009-10 0.26 10.34
2010-11 0.59 10.93
2011-12 0.33 11.26
2012-13 0.92 12.18
2013-14 0.29 12.47
2014-15 1.31 13.78
2015-16 0.6 14.38
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flank of DG snout. The wall lies on the higher ground Bay region. Stakes are fixed in a grid pattern with an
compared to DG snout and receives maximum suninterval of 50 m between two stakes. During the early
light throughout the dayhis wall is being monitored phases of the austral summer period of 2014-15, a
continuously since 2001 with respect to fixed thick pile of snow accumulation took place in the study
observation points located on the ground. The dataarea. Unlike the data taken during the previous years,
on recessional pattern w¥estern wall has shown the measurements carried out in 2015 show that there
four advancements between 2007 and 20abl€T4 was net ablation of 66.07 cm of snow from January
and 5). This pattern is totally different with the pattern 2014 to December 2014; the months January and
of DG snoutAgain after comparing with the average February 2015 showed a net ablation of 9.40 cm and
annual surface air temperature, the recession ofet accumulation of 7.61 cm, respectively (Fig. 5).
Western wall does not show any direct correlation. The annual average accumulation / ablation data of
The average annual recession between 2014 and 201this area (2014 to 2015) shows a net ablation of 66.20
is 2.37 m. Recession at different observation pointscm. The past two years data shows annual
vary in magnitude with the western points showing accumulation of 56 cm for 2012012, 32.6 cm for
larger retreat which gradually reduces towards east2012-2013, and 42.86 cm for 2013-2014. During the
(Fig. 4). period of 2014 and 2015, a total of 66.20 X &g of
snow is ablated from the area encompassed by the
stake network on the Polar ice sheet, making unit

Snow accumulation and ablation is measured by stakéblation of —16.55 kg/fnFor the period of 2015-16

networks fixed on théntarctic ice sheet, south of 1€ larger area south of SchirmacherOasis shows
Schirmacher Oasis and on ice shelf near the Indig¥1¢m mean ablation. The annual mass balance of

Snow Accumulation/Aablation on Ice Sheet

A Recession of Western wall
Cummulative recession of Westem wall

40

35

30 |

25 |

20

15

10 |

Rel:ess:.on [:11
&
/
l\.

|/
<
=
L

Recession (m)

Mean annual surface air temperature
-8
551986 2001 20086 2011

8

Recession (m)

Temperature [°C)
a

Year

Fig. 4: Pattern of Western wall’'s recession. (A) Recession ofestern wall in the years 2001, 2015 and 2016, (B) Cumulative
curve for the recession ofWestern wall since 2001, (C) Recessional pattern since yez001, (D)Average annual surface
air temperature of the area



Table 4: WesternWall measurement (in meters) observation points since 2001

Fixed Latitude Longitude Feb-01 Feb-02 Feb-03 Feb-04 Feb-05 Feb-06 Feb-07 Feb-08 Feb-09 Feb-10 Feb-11 Feb-12 Feb-13 Feb-14 Feb-15 Fe
points (S) (E)
XX2 700 44.603' 11°26.390° 1.06 3.20 44.10 — 46.15 — 30.50 — 52.76 51.65 54.48 4530 89.00 52.85 48.62 —
XX3 70°44.621' 11°26.529° 0.95 0.86 5850 72.50 — — 28.60 — 41.31 59.25 58.60 56.10 1274 77.25 90.79—
XX 4 70° 44.729' 11°27.660° 0.78 0.65 1.44 18.65 21.65 — 20.25 — 21.83 2260 21.05 23.35 2286 2143 1825 22.65
XX5 70°44.797° 11°28.147° 1.53 — — — — 1395 1415 — 16.28 16.60 16.90 1040 13.44 1511 15.69 16.55
XX 6 70° 44.879 11°28.562° 2.67 — 7.78 15.00 — — 21.20 — 30.00 2785 2420 — 13.66 16.41 24.85 24.74
XX7 70° 44,932 11°28.905° 2.53 5.01 5.24 6.80 — 8.56 11.13 — 18.45 11.87 1220 12.34 13.78 13.84 16.38 17.43
XX 8 70°45.225 11°31.120° 2.50 2.45 6.52 8.28 — 11.70 16.75 1547 1176 21.00 17.38 12.00 20.00 13.86 14.14 17.84
XX 9 70° 45268 11°31.401' 1.72 2.47 — 3.00 — — 2270 530 16.93 6.73 6.50 529 6.10 5.98 14.23 7.09
XX 10 70°45.300° 11°31.614 3.30 16.71 891 17.63 17.00 19.12 20.05 18.72496 21.08 21.35 21.11 21.80 23.8 23.60 23.59
XX 11 70°45.417° 11°33.135 1.84 4.37 5.27 5.92 710 7.30 9.7010.75 19.73 10.24 10.73 9.83 13.00 9.40 16.82 14.64
XX 12 70° 45.428' 11°33.289° 1.08 — 2.78 — 280 -~3.35 5.90 9.76 10.94 10.40 842 1323 1592 1535 16.97 19.76
XX 13 70° 45.407' 11°33.478 1.58 1.86 2.96 3.10 470 4.73 6.10 7.9611.55 6.20 1890 7.53 8.63 8.54 10.66 10.78
XX 14 70°45.403 11°33.619° 1.02 1.87 2.66 3.80 5.65 ~6.50 8.20 12.5 9.21 14.85 15.92 - - 20.88 20.86 24.82
XX 15 70°45.424' 11°33.733° 4.06 — 4.42 4.80 437 4.47 490 — 1352 543 450 558 5.04 578 6.40 6.81
XX 16 70°45.436° 11°34.022° 0.53 — — 0.01 155 2.60 440 — 4.86 244 1490 454 548 582 466 6.98
XX 17 70°45.631' 11°34.739° 0.94 — 1.54 — 20.05 — — — — - 16.78 - -
“—" points not available/snow covered
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Table 5: Average annual ecession/advancement alVesternWall (in meters) from observation points since 2001

(2009-  (2010- (2011- (2012- (2013- (2014- (2015- (2001-

(2002- (2003-  (2004- (2005-  (2006- 2007-  (2008-
05) 06) 07)

(2001-

Fixed

16)
47.56

16)

15)

-4.23
13.54

14)

-36.15*
-50.15*

13)

43.70

12)
-9.18
-2.50
2.30
-6.50

11)

2.83
-0.65
-1.55

10)
-1.11
17.94
0.77
0.32

09)

08)

03) 04)
40.90

02)

points

2.14
-0.09
-0.13

XX2
XX3

89.84
21.87
15.02
22.07

71.30
-0.49
3.04

14.00
17.21

57.64

4.4

-3.18

-1.43
1.67
2.75

3.00

0.79

XX 4

0.86
-0.11

0.58
8.44

0.30
-3.65
0.33
-3.62
-0.23

0.27

0.20

XX'5

-2.15

-6.58

9.24
-10.20

7.22

XX 6

14.9
15.34
5.38
20.29

1.05

3.7
-7.14
-0.01
-2.18

2.79

0.12
3.96

2.54
0.28
8.25
-0.20
7.42
1.62
2.12
-0.02

0.06
-6.14
-0.12

1.44
8.00
0.81
0.69
3.17

0.14
-5.38
-1.21
-0.24
-0.90
481
-11.37

1.56
1.76

0.23
4.07

2.48
-0.05
0.75
13.41
2.53

XX 7

-3.71
11.63
-13.76

-1.28
-17.40
-1.33

5.05

XX 8

XX 9

2.00
-3.60
-0.57
-0.09

16.12

8.72 -0.63 2.12 0.93

-7.80

XX 10

12.8

0.49

-9.49
-0.54
-5.35
5.64
-8.09
-2.42

1.18 0.20 2.40 1.05 8.98
3.86 1.18

0.65

0.90

XX 11

18.68
9.2

2.69
1.10

-1.98
12.70

XX 12

3.59
-3.29

1.86

4.30

0.03 1.37

1.60

1.85
-0.43
1.54

0.14
1.14
0.38

0.28 1.10
0.79

0.85

XX 13

23.8

1.07
-0.93
12.46

XX 14

2.75
6.45
21.73

-0.54 0.74 0.62 0.41
2.32

0.94
10.45

1.08
-10.36

-3.02*

0.43

0.10

XX 15

0.34
-0.37*

1.80

1.05

XX 16

0.78

2.70

5.28 1.16 0.70 1.84 -1.28* 0.66 0.27 1.19

10.96

Average 2.22
recession

*Positive values indicate recessidiNiegative values indicate an advance

interface along the northern margin
of the Schirmacher Oasis has been
carried out (Fig. 6) which is very
crucial for the study of mass
balance of this region. During
expeditions,A 60 m line was
surveyed (MLF at 35 MHz) at a
distance of 90 m north of
Baalsrudfjellethunatak to 150 m
distance north, showed that the
variation in land-ice interface at a
depth of 50 m to 90 m\nother 60

m profile obtained (MLF at 35
MHz) from 190 m north of this
nunatak to 250 m north of it show
the variation in land-ice interface
at a depth of 140 m to 180 iA.
combined profile from the base of
Baalsrudfjellethunatak to 250 m
north shows a uniform and
moderate slope of 280 till initial 70
m, followed by a steep slope of 380
till 250 m. Further GPR profiles
obtained beyond these points show
that the depth of the Land-ice
interface increased to 300 m at a
horizontal distance 500 m away
from Baalsrudfjelletnunatakand at
a distance of 750 m, a more or less
uniform thickness of ice is
observed for about 330-350 m till
the pointA7 of the Indianconvoy
route.To observe still deeper part,
two way travel time was increased
to 6000 ns range, which is an
equivalent to a depth of 440 m.
Thereaftey the survey line
followed the convoy route closely
and subsurface data was recorded
fromA-7 (70°52.772S: 12°8.550°
E) to A-12 (70°50.393'S:
12°18.492'E). Data indicates that
the polar ice thickness increases
from O m near Baalsrudfjellet
nunatak to about 380 m at point
A-12 of convoy route
(Dharwadkaret al., 2012).

A possible loci for L-I-S
(Land-Ice-Sea) interface was
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Snow accumulation / ablation over ice sheet, south level. The gIaCIerS are of mountain _gIaqer_ type
of ALCl air base occurring in the form of ice aprons or flowing in simple

&0 basin. The general elevation of outlet glacier Oasiss

from 1900 metre above sea level (masl) in the north

60

T 60 4
H a0 in the Gruber blocRqithin the ambit of glacierisation
g - . I of Gruber 19 glaciers of dferent orientation and
% dimension were identified. The general elevation of
f "Tas: was  mea i I the outlet glacier is 2300 msl in the south to 1000 msl
E 27 in the north in Petermann block. There are 45 glaciers
& w0 in this group. In Humboldt group the general elevation
50 of outlet glacier (and ice sheet) is 2100 masl in the
oo south to 1000 masl in the north. There are 41 numbers
P S —— of glaciers in this group. In the Orvin group there are

during austral summer 17 glaciers and the general elevation 21200m to 1700m
from south to north (Srivastava et at., 1988). Studies
of recessional moraines indicate that the deglaciation

14
12 <

1

E

7

S

&

B o in the eastern part &¥ohlthat Mountain has taken

§ oe - place in three stages leading to the formation of dry

£ sl valleys. The presence of ice sheet at 2000 m above

b | . . . .

g sea level is indicated by polished surfaces and

s EsEErEEEEES 30 striations. These striations imply northwesterly flow
Year

. _ _ Ice Sheet Dynamics
Fig. 5: Average annual snow accumulation/ablation and run-

off, south of Schirmacher Oasis During 229 (2002-03) and 24 (2004-05) Indian
Antarctic Expeditions, study was carried out to

_ . , _ understand the movement of glacier surrounding the
detected at latitude 70°51.090°S and longitude gopirmacher Oasis in collaboration with Indian

12°14.429°E that gets expressed as a steeply sloping, iy te of Geomagnetism (IG), Mumbai (Fig. 7).
land-ice interface juxtaposed against gently sloping e Gps network in the south of Schirmacher Range
sea-ice mterface_. This juxtaposition is obse_rved '?ltwith 21 sites (Fig. 7) having 5 km inter-space
340 m below the ice sheet that was later confirmed inp ey 4rking was established to measure the horizontal
a closely spaced profile line generated during 30th 1, ement of ice sheet. The base station (MAIT) was
expedition. Convex nature of the bedrock has beeng, up on exposed bedrock on Schirmacher Oasis.
observed in one profile north of the grounding line. The GPS receivers in the field were powered by
specially sealed 12V2Ah chaged batteries enclosed

in non conducting boxeall the sites were observed

A glacial inventory of th&Vohlthat Mountains was  continuously for 48-72 hours duration with 30 s
prepared as per the guidelines of the Manual ofsampling interval and 15° elevation mask. The
Temporary Secreteriat (TTS) &orld Glacier recorded GPS data organized into 24h segments,
Inventory (Muller 1977, 1978 The Wohlthat covered a Universdalime Coordinated (UTC) day
Mountain, located 10 km south of Schirmacher Oasis and were analysed in three steps. In the first step the
in Dronning Maud Land, compriséour blocks as (i) GPS carrier phase data were processed with the
Gruber (ii) Petermann, (iii) Humboldt and (iv) Orvin.  precise ephemeris from the International GPS Service
There are total 122 glaciers Wohlthat mountain  (IGS) stations to produce position estimates. In the
chain. Out of this, more than 50% of the glaciers arenext step these data have been standardize with the
oriented in NW and W directions. Most of the glaciers help of daily solutions for station positions using GPS
are smaller than 1 sq km. In general the glacieranalysis Massachusetts Institute Tafchnology
elevation varies between 700 to 2600 m above sedGAMIT) and software (King and Bock, 2000). In

Glacial Inventory of the Wohlthat Mountains
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Fig. 6: (A) Interface between Ice and Land between Baalshrudnunatak ané-12 point, (B) Land-lce-Sea interface, East of
Schirmacher oasis

the third step station position and velocity vectors atconfined to calculate the horizontal velocity
each site were obtained. components only by imposing tight constraints (1 cm/
o ] a) on the horizontal components of the base station.

For a complete description of the flow field of & i, yntal velocities of the glacier sites lie between

glacier both the horizontal and vertical components y gg.( 01 and 10.88£0.01 m a-1 to the north-northeast
of the velocity are required. Howey#ris study was with an average velocity of 6.21+0.01 mt.aThe
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Fig. 7: Ice Sheet dynamics sumunding the Schirmacher Oasis, EastAntar ctica

principal strain rates provide a gquantitative GangotriglaciefThese extra bulged parts of the snout
measurement of extension rates, which range frombreak down and melt away from the main glacial body
(0.11+0.01) & times 10-3 to (1.48+0.85) x 10-3 a-1, during the polar summer resulting in a net retreat of
and shortening rates, which range from (0.04+0.02)the glacier (Chaturveet al., 1999, 2003 and 2004).
x 10-3 to (0.96+0.16) x 10-3 a-1. The velocity and _ _
strain-rate distributions across the GPS network inDiscussions and Conclusion
the ice sheet_, south of Schirmacher Oasis are §patia||>1-he Dakshin Gangotri (DG) snout which is a part of
correlated with topographgubsurface u_ndulatlons, EAIS, overriding Schirmacher Oasis, shows
fracture zones/crevasses and the partial blockage of 5 inyous recession since last three decades. During
the flow by nunataks and the Schirmacher Oasis (Sun'lthe period 2014-15, the DG glacier snout has receded
etal., 2007, 2010). by 1.31 m with respect to its position from previous
In a related studythe movement of ice sheet Year Forthe same period, the western wall has shown
was also observed on year long basis through one recession of 2.37 m with respect to the previous
polar winterThe vector movement of the glacier helps Y&ar It is observed that meteorological parameters
in bulging forward in the snout area of Dakshin including higher average annual surface air
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temperature and higher wind speed results in greater The ice-land interface in the south of
recession of the snout of DG glacier snout in the Schirmacher Oasis indicates that the polar ice
succeeding yeaiThe annual recessional pattern of thickness increases from 0 m near Baalsrudfjellet
Dakshin Gangotri glacier snout indicates that major nunatak (south east of Schirmacher Oasis) to about
recession in every five years with minor peaks at every380 m towards north-west of Schirmacher Oasis
2-3 years interval between 1996-2010 period. But in (70°50.393’S: 12°18.492’E). There are total 122
the last five years (20116) the trend of DG shout is  glaciers inWohlthat mountain chain. Out of this, more
different than the previous 15 years period. The than 50% of the glaciers are oriented in NW and W
recessional pattern @¥estern wall is totally dierent directions. Most of the glaciers are smaller than 1 sq
with the pattern of DG snout. During the period of km. These glaciers partly contribute to the part of ice
2014 and 2015, there is unit ablation of —16.55 Kg/m sheet south of Schirmacher Oasis. Thermal profiling
over ice sheet, south of Schirmacher Oasis. The meawf ice sheet shows that the variations in the polar cold
annual runoff in the study area varies between 0.01front penetrated up to a maximum depth of 25m.
to 1.2 n? per sq. metefThis mean annual runof  Beyond this depth, the temperatures remained uniform
shows direct positive correlation with the average throughout the yearlhe highest temperatures were
annual recession of the snout. The annual massecorded at the bottom of the glaci€he zone of
balance of the part of ice sheet, south of Schirmachetemperature-inversion was observed between 25m
Oasis varies between —1.6 to 0.22 Gty last five and 30m depth. Beyond this zone, the temperature
years. The minor correlation between surface airgradually kept on rising till the borehole reached the
temperature anomaly of Schirmacher region alongbedrock. Horizontal velocities of the glacier sites lie
with global (southern and northern hemisphere) between 1.89+0.01 and 10.88+0.01ttathe north-
temperature anomaly pattern provides space for som@ortheast, with an average velocity of 6.21+0.01 m
other factors such as effect of ocean current, albedoa.

isostacy and solar cycle, which may be contributing

to the recession of this snout.
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