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ABSTRACT. Ice-front change may well be a sensitive indicator of regional climate
change. We have studied the western Oates Coast from Cape Kinsey (158°50" E, 69°19'S)
to Clape Hudson (153°45" E, 68°20" S) and the entire George V Coast, from Cape Hudson
to Point Alden (142°02" E, 66°48' S ). The glaciers here drain part of the Dome Charlie and
Talos Dome areas (640 000 km”). A comparison between various documents, dated
several years apart, has allowed an estimate of the surficial ice discharge, the ice-front
fluctuation and the iceberg-calving flux during the last 50 years. The ice-front discharge
of the studied coast has been estimated at about 90 +12 km” a Lin 1989-91, 8.5 km®a 'for
western Oates Coast and 82km” a ' for George V Coast. From 1962-63 to 197374 the
floating glaciers underwent a net reduction that continued from 1973-74 to 1989-91. On
the other hand, from 1989-91 to 1996 the area of floating glaciers increased. Ninnis Glacier
Tongue and the western part of Cook Ice Shelf underwent a significant retreat after 1980
and 1947, respectively. Satellite-image analysis of large icebergs has provided information
about ice—ocean interaction and the existence of an “iceberg trap”along George V Coast.
A first estimate of the mass balance of the drainage basin of Mertz and Ninnis Glaciers
shows a value close to zero or slightly negative.

INTRODUCTION

The effects of global climate change may prove to be more
pronounced in Antarctica than at mid-latitudes (Weller,
1993). Floating glaciers (ice shelves, ice tongues and glacier
tongues) are sensitive to atmospheric warming, as shown by
the break-up of ice shelves around the Antarctic Peninsula
(Doake and Vaughan, 1991; Skvarca, 1994; Vaughan and
Doake, 1996; Rott and others, 1996). Vaughan and Doake
(1996) and Frezzotti (1997) pointed out that the extent of
floating glaciers may well be a sensitive indicator of regional
climate change. Much uncertainty about iceberg-calving
processes makes it difficult to determine the present ice-
sheet mass balance (Jacobs and others, 1992).

The Oates Coast is located between Cape Williams
(164°09" E, 70°30' 8) and Cape Hudson (153°45" E, 68°20' 8)
and the George V Coast between Cape Hudson and Point
Alden (142°02'E, 66°48'S). In a previous paper, Frezzotti
(1997) studied the eastern part of Oates Coast between Cape
Williams and Cape Kinsey (158°50"E, 69°19'S); in this
paper, the western part of Oates Coast, between Cape
Kinsey and Cape Hudson, and the entire George V Coast
have been studied. The study area is approximately 1400 km
long. The ice shelves and glacier tongues here are fed by
glaciers draining part of the Dome Charlie and Talos Dome
arcas (640 000 km?). Bentley and Giovinetto (1991) pointed
out that no mass-balance assessments of the East Antarctic
ice sheetsection that drains along Oates and GeorgeV Coasts
have been made. Here we present a description of coastline
change since 1912 and, as a step towards reducing the uncer-
tainties about mass balance, we have attempted to evaluate
the average area of iceberg calving each year (iceberg-calv-
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ing flux) and the volume ofice discharged at the ice front (ice-
front discharge volume) in 1989-91. Satellite-image analysis
of large icebergs can provide useful information about ice-
berg behaviour, ocean currents and ice—ocean interaction.
A first estimate of the mass balance of the drainage basin of
Mertz and Ninnis Glaciers has been made.

MATERIALS, METHODS AND DATA
Previous work

Various authors (e.g. Ferrigno and Gould, 1987; Ferrigno
and others, 1993; Lucchitta and others, 1993; Skvarca, 1994;
Frezzotti and Mabin, 1994; Vaughan and Doake, 1996; Frez-
zotti, 1997) have shown that reliable records of ice-front
changes and the velocity of floating glaciers can be obtained
by analysis and comparison of different sources (historical
maps and records, aerial photographs, satellite images) doc-
umenting conditions over several years.

The eastern part of Oates Coast was discovered during
the 1910-13 Scott expedition. Maps drawn then do not allow
accurate identification or mapping of floating glaciers.
George V Coast was explored and mapped by members of
the Australasian Antarctic Expedition (1911-14) under Sir
Douglas Mawson (Mawson, 1914). However, the available
material provides only a general outline of the Mertz and
Ninnis Glacier Tongues observed at those times. Aerial
photographs of Oates and George V Coasts were taken by
the U.S. Navy and Australian National Antarctic Research
Expedition (ANARE) using the trimetrogon aerial camera
system (TMA) between 1947 and 1962. These photographs
were used by the Australian Division of National Mapping
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Table 1. Areas of floating glaciers, western Oates Coast, 1947-96, shadow ice-thickness data average (IT) and surficial ice

discharge at ice front (SID )

No,  Floaling glaciers Long. Lat. T SID Floating ice area
1947° 1962° 1973° 19807 1989* 19967
19594 19637 1991
E S m km?a ! km? km* km” km” km® km’
I glaciers 158°30° 69°20" = 06+02 21.5f 223 21.3 24,98 26.4
2 glacier 158°06" 69712 = 02401 — 9.5° 8.3 92 8 iy
3 Matusevich Glacier Tongue 157°16" 69707 270 100403 353° 373° 400 479 2678 315.8
4 glacier tongue 156°53"  69°09’ 295 0.5+02 = 42° 48 39 40.5% 39.3
5 ice shelf 156715 69703 365 114+ 11 = 166° 591 — 510" 530
6 glacier 155°27¢ 68757’ 410 05+02 — 424 475 — 44t 54
7 Slava Ice Shelf 154°51" 68°43" 400 30+ 06 190" 3074 280 — 336" 351
Western Oates Coast "Total 26.2+3 — 1261 1397 — 1230 1324

For locations see Figure 1. Areas of floating glaciers were calculated using various dated ice-front positions but the same grounding line. a, b, ¢, Australian
sketch map (1:1000 000); d, Argon photo; ¢, Landsat | MSS; f; Landsat 3 RBV; g, h, Landsat 4=5 TM: j, ERS1SAR; k, hypothesized.

to compile 1:1000000 scale sketch maps of the area. The
Soviet Antarctic Expedition mapped the ice-front position
of Mertz and Ninnis Glacier Tongues during February 1958
(Bardin, 1964; Koblents, 1963) using aerial photographs;
moreover Koblents (1963) reported the ice-front position
mapped by an aerial survey of the French Antarctic Expedi-
tion of Mertz Glacier Tongue in 1952. During the U.S. Deep
Freeze 79 expedition, a new map of the Mertz and Ninnis
Glacier Tongues was drawn using ship’s radar (Anderson
and others, 1979). Wendler and others (1996) used Japanese
SAR JERS-I satellite images, acquired in 1993 and 1994, to
study Mertz and Ninnis Glacier Tongues.

Methodology

In this study, we have integrated the previous data with satel-
lite images and photos acquired by Argon (1963), Landsat 1

MSS (1973-74), Landsat TM 4 and 5 (1989-91), ERS1-2
SAR (1996) of the entire Oates and George V Coasts, a Land-
sat 3 RBV image (1980) for a part of Oates Coast and a Soyuz
Kosmos KATE 200 image (1984) for the western part of
George V Coast. Digital data were used when available but
were not available for Argon, Soyuz Kosmos KATE 200,
Landsat 3 RBV and some Landsat | MSS images, therefore
the photographic products were scanned from 50 um to
200 pm to obtain a digital dataset.

Satellite-image maps with a spatial resolution of
30 mpixel ' were created using Landsat T'M images.
Images were georelerenced by means of geographical coor-
dinates of satellite-image corners. Georeferencing was car-
ried out by rectifying the images in a Polar Stereographic
projection, using a linear conversion matrix. Using these
georeferenced TM satellite images as a reference, other

Table 2. Areas of floating glaciers, George V Coast, 1912-96, shadow ice-thickness data average ( IT ) and surficial ice discharge

at ice front (SID )
No.  Floating glaciers Long. Lat. IT SID Floating ice area
1912° 1963° 19731 19847 1989% 1996*
1947 1974 991"
E 8 m km?a ' km* km? km? km? km? km~
8 Cook Iee Shelf 151°59" 68°30° E 375 700442 3840° 3960 25774 28855 3200
W 585
9 ice shelf 150716 68°25' 170 205+ 1.0 157 133¢ — 117# 131
10 glacier 149°31"  68°21 165 21+04 = 162 177¢ == 1298 144
1l glacier 149°13"  68°24/ 170 06402 — 29.5 23.8¢ — 92335 213"
12 Ninnis Glacier Tongue 147°27"°  68°15° E 375 900475 == 2970 3400¢ 2138 2166" 2510
GT 420
W 220
13 glacier 146°36"  67°56" L1+ 02 = 105 102° 100 105" 105"
14 glacier 146717’ 67°42 300 16+ 02 == 159 144° 149 143.5" 142
15 glacier 145°35"  67°33" 245 24404 — 163 147.5! 147.5 158.5% 175
16 Mertz Glacier Tongue 144°58'  67°22 255" 450+ 14 4950" 4100 45507 4730 4940% 5250
George V Coast Total 23304 155 = 11805 11254 = 10 667 11678

For locations see Figures 2 and 3. Areas of floating glaciers were calculated using various dated ice-front positions but the same grounding line. Data sources
used: a, Mawson (1914); b, Australian sketch map (1:1000000); c. Argon photo; d, e, Landsat | MSS; f; Soyuz Kosmos Kate; g, h, Landsat 4-5 TM,; i, Wendler
and others (1996); j, hypothesized; k, ERS1-2 SAR;GT, glacier tongue; E, eastern part; W, western part.
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satellite images and photos (Argon, Landsat ] MSS, Land-
sat 3 RBV, Soyuz Kosmos KATE 200 and ERS1-2 SAR)
were rectified by identifying about 10-15 tiepoints for each
image pair and using a linear conversion matrix giving an
rms error ranging from 1-3 pixels.

The available maps have considerable and largely un-
known inaccuracies. These have been corrected where pos-
sible through reference to the satellite-derived data and only
the data that are in agreement with satellite-image data and
glaciological features (ice flow, ice velocity, ice-front change
etc) have been used. The satellite images and maps of float-
ing glaciers were analysed, compared and organized into a
geographic information system (GIS) using ERDAS and
ARCINFO software (Tables I and 2). The geographical po-
sitions of glacial features (ice fronts, snowdrifts, sastrugi,
drift plumes, crevasses, ete.) in different years made it possi-
ble to determine the surface velocities and positional varia-
tions of the ice fronts.

Landsat T'M satellite images were acquired (21 Feb 1989,
17 Feb 1991, 3 Mar 1989 and 15 Mar 1991) with low Sun-ele-
vation angles (respectively 20°, 207, 18 and 13° above the
horizon). By measuring the length of the shadows, we used
the known Sun elevation to calculate the freeboard of ice-
bergs and glacier tongues (Swithinbank, 1988). Applying
the freeboard-thickness relationships of Shabtaie and Bent-
ley (1982) and of Keys and Fowler (1989), developed for the
Ross Ice Shelf and the icebergs grounded along the Victoria
Land coast, we computed ice-front and iceberg thickness at
241 points to evaluate the iceberg-discharge volume,
assuming a density of 10275kgm ™ for sea water and
865 kg m ° for floating ice. We estimated an error of 1 pixel
(28.5m) in the determination of shadow length and there-
fore an error in the determination of ice thickness between
42 m (13°) and 65 m (20°).

As a step towards reducing the uncertainties about the
iceberg-calving rates, we attempted to evaluate the average
area of iceberg calving each year (surficial flux) and, where
ice thicknesses are available, the volume of'ice discharged at
the ice front during 1989-91. The surficial iceberg-calving
flux was assessed on the basis of the annual surficial ice-front
discharge of each floating glacier and the change in area of
glacier tongues and ice shelves during the study period (sur-
ficial iceberg-calving flux = surficial ice-front discharge —
change in floating glacier areaa Y. The surficial ice
discharge was estimated at the floating ice front on the basis
of the average velocity and of the width measured using sa-
tellite images. Frezzotti and others (1998) have evaluated the
errors in measured average velocity through comparison of
GPS data and satellite-image tracking data and have deter-
mined an error of satellite-tracking ice-velocity measure-
ment of + 15-70ma . We used the ice velocity at the ice
front because of the longitudinal and transversal strain rate
present in the floating part mainly where the tongue
emerges from the fjord.

Ice-thicknesses of Ninnis and Mertz Glaciers have been
obtained from airborne radio-echo sounding (RES) sur-
veys by the Scott Polar Research Institute, the U.S. National
Science Foundation and the Technical University of
Denmark (Steed and Drewry, 1982; Drewry and Jordan,
1983). Inertial navigation systems were used for navigation;
this technique presents errors which increase as navigation
proceeds. Integration of data about ice thickness (airborne
RES survey) and ice velocity (satellite-image tracking)
presented many difficulties due mainly to lack of ground-
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control points for satellite-image rectification and naviga-
tional inconsistencies in the RES data. Therefore ice dis-
charge at the grounding line, calculated on the basis of
these data, is only a general estimate.

The drainage area of the Mertz and Ninnis Glacier
basin has been calculated using a digital elevation model
(DEM) derived by ERS1 radar altimeter data (Brisset and
Rémy, 1996).
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Fig. I Variations in the ice front, western Oates Coast.
Numbers are used to identify unnamed features.

DISCUSSION
Oates Coast

The part of Oates Coast studied extends from Cape Kinsey
to Cape Hudson (Fig. 1). The glaciers flowing in the central
part, from Cape Kinsey to Buromskiy Cape (155°27'E,
68°57"S), drain the northwestern slope of Talos Dome, the
extreme northeastern sector of the East Antarctic ice sheet.
In the western coastal stretch, between Slava Ice Shelf and
Cape Hudson, are the glaciers that drain the coastal areas of
the Mawson Peninsula. The glaciers in these two sections of
coast together drain an area of about 75000 km”, The area
of the floating glaciers in 1996 was 1334 km® (Table 1). The
main glaciers here are Matusevich Glacier and those
glaciers that feed the ice shelf (No. 5) flowing into Lauritzen
Bay (Fig. 1. The surficial ice discharge of the floating
glaciers that terminate at this part of the coast can be esti-
mated at around 26 +3 km?a ', about 82% of which is from
Matusevich Glacier (10+03km”a ") and ice shelf No. 5
(14+11km*a™). Using the surficial ice discharge and the
ice thickness derived from the shadow satellite-image techni-
que for each glacier, we estimated for 1989-91 an ice-front
discharge volume of about 8.5 +1.8 km?” a ! for western Qates
Coast. Between 1962-63 and 1973, an increase of about
136 km? of the area of floating glaciers occurred, with an
average value of iceberg calving of 12 km”a . However,
during the period from 1973 to 1989-91 there was a reduction
in the area of floating glaciers of about 167 km” with an aver-
age iceberg-calving value of 36 km”a !, Between 198991
and 1996 we evaluated an increase of about 104 km” with an
average iceberg-calving value of 12 km”a ', The major calv-
ing events for Matusevich Glacier Tongue occurred in 1947
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Fig. 2. Changes in the area of selected floating glaciers with time. Dotted line, uncertain variation; dashed line, variation with
iceberg calving; solid line, increase in area without important iceberg calving. The floating part of Ninnis Glacier (T) was
divided into three parts due to its considerable size, complexity, and history: the western part (W), from Cape Webb to Cape
Pollock; the central part (GT ), from Cape Pollock to Cape Spencer; and the eastern part, from Cape Spencer to Organ Pipe Cliff
(E). Cook Ice Shelf ( T) was divide in two parts (eastern, E; western, W) due to different ice-front histories. Location of
glaciers in Figures 1, 3 and 4.
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and between 1980 and 1989 and for ice shelf No. 5 hetween
1973 and 1991 ('Iable 1 and Fig. 2).

GeorgeV Coast

The George V Coast drains the northeastern slope of Dome
Charlie. The glaciers here drain an area of about
565000 km?® while the area of the floating glaciers was
about 11678 km” in 1996 (Table 2). Except for Mertz and
Ninnis Glacier Tongues, these glaciers have floating parts
within their fjords; none extend for any significant distance
beyond the boundaries of the valley (Figs 3 and 4).

0 km 30

,,,,,, Australian map 1947 g

— ——— Argon 1963

—-—-— Landsat 1973

————— Landsat 1989
ERS 1996

Grounded ice
Sheet

Cape
|Freshfield i

Fig. 3. Eastern George V' Land showing Cook Ice Shelf and
vartations in the ice front.
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Fig. 4. Western George V' Land showing variations in the ice
Jfront and movement of icebergs. Numbers are used to identify
unnamed_features. Bathymetric contours are based on Chase
and others (1987). W, Cape Webb; E, Cape Pollock: S, Cape
Spencer; O, Organ Pipe Cliffs.

Analysis of iceberg behaviour

In the Soyuz Kosmos KATE 200 image of the western part
of George V Coast acquired in 1984 (Fig. 5) 6 large icebergs,
ranging in size from 90-860 km? may be observed. Analysis
of Landsat | MSS 1974 satellite images showed that up to 5 of
these icebergs (A, B, C, D, E) derive from Ninnis Glacier.
Icebergs A, B, C and D represent the central section of the
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Glacier Tongue while iceberg E is visible as part of the large
iceberg that is about to calve from the coast east of Ninnis
Glacier (Fig. 5). Further analysis of the 1974 images, and sur-
veys carried out during the 1979 Deep Freeze expedition
(Anderson and others, 1979), indicate that the calving event
that created icebergs A, B, C, and D occurred between 1980
and 1982. Iceberg E must have broken off before 1979, since it
is mapped between the Ninnis and Mertz Glacier Tongues
by Anderson and others (1979).

The sixth iceberg (F in Fig. 5), the largest (41 x30 km),
derives from the eastern section of Cook Ice Shelf. Landsat |
MSS 1973 images show a dramatic ice-front retreat com-
pared to the position in 1963 (Figs. 2 and 3) which is related
to calving of iceberg F. The area of iceberg F (890 km”?) is
compatible with the change in ice shelf area which was esti-
mated for the eastern section of Cook Ice Shelf between 1963
and the early 1970s; morcover the detected iceberg morphol-
ogies (ice flow, crevasse pattern etc.) are compatible with
those observed on the 1963 Argon photo. Therefore, the
calving event occurred in the early 1970s; we can estimate
an average 24 kma ' drift rate for iceberg F between 1972
and 1984 from the distance between Cook Ice Shelf and the
ocean section in front of Ninnis Glacier Tongue.

Icebergs A and B were noted by Wendler and others
(1996) in the 1993 JERS-1 images and were related by them
to Ninnis Glacier Tongue. These icebergs are also visible in
1989-91 Landsat TM images and in the 1996 ERS1 SAR
image. The succession of images shows that these two ice-
bergs have the same shape and size in 1984 and in 1996,
about 15 years after their calving. Their drift rate may be es-
timated between 1984 and 1996 at 4-5 kma ', an extremely
low drift rate for a floating iceberg. Many authors (e.g.
Swithinbank and others, 1977; Tchernia and Jeannin, 1984;
Keys and others, 1990) have pointed out that offshore ice-
berg movement in the Ross Sea ranges from 3-12kmd ™’
and is strictly related to ocean and coastal currents and that
icebergs tended to align their long axis parallel to the host
currents. Ferrigno and others (1993) mention that the
Thwaites Iceberg Tongue in the Walgreen Coast (108° W,
74°30'S) moved approximately 140 km towards the west
(23 kma ' between 1986 and 1992). The very low velocity of
icebergs A and B suggest that they are grounded, but bathy-
metric maps (Fig. 4) by Chase and others (1987) indicate
that the bottom topography between Mertz and Ninnis
Glacier'longues is dominated by a linear inner-shelf depres-
sion deep parallel to the coast. This depression reaches
depths of over 1400 m just west of the Ninnis Glacier Tongue,
where iceberg Awas present in 1984 and 1989-9] images. On
the basis of the shadows of these icebergs shown in 1989 and
1991 images, their average thicknesses may be estimated to
be 240 m (23 points, min. 135+ 42 m, max. 370 +42 m) for
iceberg A and 230m (12 points, min. 190 +42 m, max.
270+42 m) for iceberg B. Floating ice of such thicknesses
require 110-310 m water depth, much less than the depth of
the ocean (from 1400-500 m) in which they are shown in
satellite images taken from 1984-96. The observed drift of
icebergs in the area is towards the west (Domack and
Anderson, 1983) or northwest (Keys, 1990). Moreover Barnes
(1987) concludes that the drift directions of icebergs offshore
George V Coast is southeast—northwest and in front of
Mertz Glacier Tongue south-southwest—north-northeast on
the basis of sea-bed morphology that may be related to
modern iceberg keels,

Bardin (1964) pointed out that in February 1958 two
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Fig. 5. Soyuz Kosmos KATE 200 image of 14 February 1964 showing the western part of George V Coast. Solid line, Ninnis
Glacier ice front in 1974; dashed line, iceberg limit; Al, Bl, C1, DI, El are iceberg positions in 1974 before calving; A2, B2, C2, D2,
E2 are icebergs derived from Ninnis Glacier in 1984; F, iceberg calved during 1972-73 from Cook Ice Shelf in 1964.

large icebergs (46 x 18 km and 68 x 18 km) were situated
close to Ninnis Glacier longue and that Soviet aerial photo-
graphs showed a sharp difference in morphology between
Ninnis Glacier Tongue and the icebergs. He concluded from
the difference that the icebergs were produced by another
glacier. Another large iceberg in front of Mertz Glacier
Tongue was observed in U.S Navy TMA aerial photographs
of 1956, was mapped by the Soviet expedition during 1958
(Bardin, 1964) and is visible on an Argon photo of 1963
(Fig. 4). Analysis of the Argon photograph made it possible
to determine that this iceberg (1480 km? 55 x 37 km) de-
rives from Ninnis Glacier lTongue and not from Mertz
Glacier Tongue as hypothesized by Bardin (1964). The per-
sistence of floating icebergs along George V Coast leads us
to hypothesize the existence of an “iceberg trap” that is
related to the stopping effect caused by Mertz Glacier Ton-
gue and to the extremely low velocity of coastal currents
along this stretch of coast. On the basis of the drift of ice-
bergs we may determine that the currents in the first 100
300 m (iceberg draught) depth are along the coast with an
east-west direction from Cape Hudson to Mertz Glacier
Tongue and with a southwest-northeast direction from
Mertz Glacier Tongue to the continental slope, directions
in agreement with previous authors and with very low
velocities from 524 kma .

Comparison between thicknesses (430m) of Ninnis
Glacier Tongue in 1989 (55 points, min. 310 m, max. 756 m)
and of the icebergs that originated from it in 1980-82 (ice-
bergs A 240 m and B 230 m), suggest a basal melting rate of
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about 12 ma ' between 1973 and 1989, a value similar to the
one determined at the calving front of Pine Island Glacier
along the Walgreen Coast (Jacobs and others, 1996) and cor-
related to relatively warmer water (Circumpolar Deep
Water). Jacobs (1989) has hypothesized that basal melting
of Mertz Glacier Tongue exceeds 7ma L moreover, he
pointed out an intrusion of “warm” water derived from Cir-
cumpolar Deep Water along George V Coast. Oceanic cir-
culation conditions (iceberg drift and basal melting) and
the “iceberg trap” of Walgreen and George V Coast seem
very similar in spite of the considerable distance between
them, while they seem totally different from the conditions
near Qates—Pennell Coasts and in the Ross Sea.

Ice-front fluctuation

Many authors have described ice-front variations of the
Mertz and Ninnis Glacier Tongues (Bardin, 1964; Koblents,
1965; Domack and Anderson, 1983; Holdsworth, 1985; Wend-
ler and others, 1996) using data derived from cartography of
the Mawson (1911-14), Soviet (1958) and U.S.A. (1979) expe-
ditions. If one supposes a steady-state condition for ice
velocity and flow, the integration and comparison of all
these data with data from the most recent satellite images,
and Argon photos, present many incongruities. In particu-
lar, the following were determined:

Mawson’s (1914) cartography of Mertz Glacier Tongue
based on surveys on the fast ice and on the ship Aurora
seems rather accurate, whereas Ninnis Glacier Tongue
surveys, carried out only by the “eastern coastal party”
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present many uncertainties, as already pointed out by
Holdsworth (1985) and Bardin (1964). The extremely ir-
regular ice front of Ninnis Glacier Tongue in 1912, as
mapped by Mawson, would seem to indicate the possibi-
lity that it represents the ice front of the Glacier Tongue
plus one or more icebergs in contact with the main
Glacier Tongue.

Koblents’ (1965) report on the 1952 ice-front morphology
of Mertz Glacier longue, determined by Irench survey.
The ice-front shape is anomalous with respect to the
glacier-tongue history during this century determined
from other sources and these data contradict those re-
ported by the same authors for the year 1958.

Analysis of the Argon photo of 1963 showed that the 1962
ice-front position of Mertz Glacier Tongue, as mapped in
the Australian 1:1000 000 scale sketch maps, represents
the ice front of the glacier tongue plus the iceberg
observed from U.S. NavyTMA air photo in contact with
the main glacier tongue since 1956.

Wendler and others (1996) report an area of 8100 km” for
Mertz Glacier Tongue in 1993. Since the glacier-tongue
width is about 38—40 km, a length of 200-210 km would
be necessary to yield an area of 8100 km* such a length is
not compatible (Table 2) with the length determined by
1989 Landsat TM (100 km) and 1996 ERSI satellite
images (108 km) or with the JERS1 image reported by
the same authors. Wendler and others (1996) further
hypothesize a grounding line at the coastline, while on
the basis of the satellite images it may be located about
50 km within the fjord-like valley. The same grounding-
line location, 50km within the fjord-like valley, is

hypothesized by BAS and others (1993).

Wendler and others (1996) have observed an extraordin-
ary retreat of Ninnis Glacier Tongue since 1912; the
authors pointed out that the reduction to about one-

third of the 1913 size occurred during the earlier part of

this century. Our studies suggest that the retreat has
been more pronounced from the 1980s forward, since
we believe that the Ninnis Glacier Tongue extension
during 1913 was similar to the one in 1973 and that the
remaining mapped area was icebergs.

Ieeberg-calving flux

We estimate a surficial ice discharge of the floating glaciers
that terminate at this part of coast of around 233 +16 km” a '
("Iable 2), of which 88% comes from Mertz Glacier longue
(454+14km®a "), Ninnis Glacier Tongue (90+75km”a )
and the Cook Ice Shelf (70 +4.2 kmZa Y. Using the surfi-
cial-ice discharge and the ice thickness derived from the sha-
dow satellite-image technique ("Table 2), we have estimated
the ice-front discharge volume of George V Coast to be
about 82 +11km” a 'in 1989-91. During the period between

1963 and 1973—74 a decrease of about 550 km? of the area of

floating glaciers occurred with an average value of iceberg
calving of about 292 km*a ', The area of floating glaciers
continued to decrease during the period from 1975-74 to
1989-91 with a reduction in area of about 587 km* and an
annual value of iceberg calving of 368 km”a . In contrast,
during the period from 1989-91 to 1996, there was an
increase in the area of floating glaciers of about 1011 km”

with an average value of iceberg calving of 70 km*a .
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Calving events — past and future

The major calving event for Cook Ice Shelf (about 1200 km?)
occurred before 1973 in the eastern part. Subsequently, the
satellite images have shown constant growth of the eastern
part of the ice shelf, with no substantial iceberg calving (Figs
2 and 3). On the other hand, in the western part we have
observed a continuous and significant retreat since 1947, with
a total ice-front retreat greater than 30km (Fig. 2). The
major calving events for Ninnis Glacier Tongue occurred
during the early 1950s with iceberg calving > 1480 km®, and
between 1980 and 1982 with the calving of icebergs A, B, C
and D (about 1450 km?); subsequently the satellite images
have revealed a general growth. A 1996 ERS satellite image
shows that a calving event of about 700 km® will occur in the
near future from the glacier tongue. This calving event will
cause the projecting glacier tongue to break off and the ice
front to retreat within the fjord-like valley.

We have reconstructed the evolution of Mertz Glacier
Tongue during most of the 20th century (Figs 2 and 4). The
glacier tongue was about 150 km long (from the grounding
line) in 1912. During 1958, the length of the glacier tongue
was about 113 km. Subsequently, satellite images have evi-
denced a constant growth of the glacier tongue, with no sub-
stantial iceberg calving, reaching a length of 155km in
February 1996, an average advance of 1kma '. On the basis
of this reconstruction we may hypothesize at least one or
two important calving events between 1912 and 1956, with
an estimated ice loss > 3000 km”.

Stgnificant retreat

Most of the floating glaciers have shown cyclic behaviour
without a strong trend. Exceptions to this general style are
the western parts of Cook Ice Shelf and Ninnis Glacier
Tongue, which have undergone a significant retreat at least
since 1947 and 1980, respectively. These floating glaciers are
characterized by numerous linear snow-filled depressions
and rifts that extend across the floating glacier a few kilo-
metres downstream of the grounding line. These are inter-
preted as the surface expression of bottom crevasses. The
depressions become accentuated from the generation point
to the ice front and are the preferential line of major rift for-
mation and subsequently of calving. Increased melting
along bottom crevasses might reduce the strength of the
floating glacier and cause an increased calving flux, Com-
parison of ice thicknesses (min. 835 m, max. 1243 m) col-
lected using RES in 197475 (Steed and Drewry, 1982) with
thicknesses (min. 310 m, max. 750 m) estimated from sha-
dows on the 1989 satellite image seems to indicate a sharp
thinning of the ice in the floating section of Ninnis Glacier.
The constant reduction in the areas of these two floating
glaciers in the last 20 years and possible thinning may be
linked to an increase in the melting rate because of changes
in ice—ocean interaction, as noted for the floating glaciers of
the Cape Adare area (Frezzott, 1997).

Mass balance

By combining RES ice-thickness and ice-velocity values
close to the grounding line, it has been possible to estimate
the ice-discharge values at about 62 Gta ' for Mertz and
Ninnis Glaciers. Using a DEM constructed from radar alti-
meter data (Brisset and Rémy, 1996), we have estimated the
size of the drainage basin of these two glaciers to be
420 000 km®, According to Giovinetto and Bentley (1985),
the surface net accumulation value on grounded ice in this
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area is 138 kgm “a . Using this value we have estimated
the snow and ice accumulated over the drainage area to be
58 Gta . The large uncertainty in the numerous para-
meters taken into consideration makes it difficult to deter-
mine the value of the mass balance in this area in
quantitative terms, but we believe that the mass balance is
close to zero or slightly negative.
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