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ABSTRACT. T he George VI and Wilkins Ice Shelves are considered at ri sk of disinteg­
ration due to a regional atmospheric warming trend on the Antarctic Peninsula. Retreat of 
the nor thern margin of the George VI Ice Shelf has been obse rved previously, bu t the 
Wilkins Ice Shelf was thought to be stable. We investigated the positions of the northern 
fronts of these shelves from the literature and looked for cha nges on 1974 Landsat and 1992 
and 1995 European remote-sensing satellite (ERS) synthetic aper ture radar images. Our 
investigation shows that the northern George VI Ice Shelf lost a total of 906 km 2 between 
1974 and 1992, and an additional 87 km2 by 1995. The northern margin of the Wilkins Ice 
Shelf lost 796 km 2 between 1990 and 1992, and another 564 km 2 between 1992 and 1995. 
Armadas of tabular icebergs were visible in front of thi s shelf in the ERS images. These 
two ice shelves mark the southern most documented conspicuous retreat of ice-shelf margins. 

INTRODUCTION 

Mercer (1978) predicted that global greenhouse warming 
would lead to disin tegration of ice shelves on the Antarctic 
Peninsula. Whether related to global or local processes, cli­
matic warming on the Antarctic Peninsula has recently 
become evident (R aper and others, 1984; Morrison, 1990; 
R idley, 1993; K ing, 1994; T hompson and others, 1994; 
Vaughan and Doake, 1996) and local ice-sheet disintegra­
tion has been documented (Doake and Vaughan, 1991; 
Skvarca, 1993, 1994; Ward 1995; Rott and others, 1996). For 
instance, the Wordie Ice Shelf on the west side of the Antarc-
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Fig. 1. Antarctic Peninsula. Location map if ice shelves, 
Landsat and ERS -1 images. B, Bellingshausen Sea; D, Dyer 
Plateau; F, Faraday Station; M, Marguerite Bay; R, 
Rothera Station; W, Wordie Ice Shelf. 

60 ° 

tic Peninsula has completely disappeared (Doake and 
Vaughan, 1991). Until now thi s shelf has marked the south­
ern limit of ice-shelf disintegration. Farther south, retreat 
of the northern ma rgin of the George VI Ice Shelf was 
observed by Mercer (1978), Lennon and other: (1982) a nd 
Potter and others (1988). By contrast, the Wilkins Ice Shelf 
has been considered stable, though near its limit of viability 
(Vaughan and others, 1993). Here we report that the retreat 
of the northern margin of the George VI Ice Shelf is con­
tinuing a nd that recession of the northern margin of the 
Wilkins Ice Shelf has begun (Fig. I). We determined past 
frontal positions of these shelves from the literature and 
measured recent changes on older Landsat and more recent 
European remote-sensing satellite syntheti c aperture radar 
(ERS SAR ) images. 

METHOD 

We used two band 7 (near-infrared ) 1974 Landsat multi­
spectral scanner (MSS; 80 m/pixel resolution) images in 
the form of computer-compatible tapes, a rchived at the 

Table 1. Satellite images used in study 

George flf fee SI"1f rvi/kills fee Shelf 

Scelle fD Dale Scelle fD Dale 

Landsat 1532/2325 6Jan 1974 Landsat 1535/2500 9J an 1974 
ERS-I 5350/5049 24 J ul1992 ERS-I 5436/5049 30Jul1992 
ERS-I 5350/5067 24 J ul1992 ERS-I 5436/5067 30Jul1992 
ERS-I 7268/.,)067 5 Dec 1992 ERS-I 5436/5085 30 Jul1992 
ERS-I 7268/5085 5 Dec 1992 ERS-I 22313/5049 210cll995 
ERS-I 22227/5049 15 OCl 1995 ERS-I 22313/5067 210 cl1995 
ERS-I 22227/5067 15 OCI 1995 ERS-I 22313/5085 21 Oct 1995 
ERS-I 22642/5067 13 Nay 1995 
ERS-I 22642/5085 13 Nay 1995 
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U.S. Geological Survey, Flagstaff, AZ (Fig. I; Table 1). Addi­
tionally, we used 1992 and 1995 ERS-l image mosaics (25 m 
resolution at 12.5 mjpixel), in the form of CD-RaMs in 
Universal Transverse Mercator map projection using the 
World Geodetic System 1984 ellipsoid, and furnished by 
the European Space Agency through the German DLR 
(Deutsche Forschungsanstalt fur Luft und Raumfahrt) 
(Fig. I; Table I). The DLR also provided all images geometri­
cally adjusted to reference levels of sea level (0 m elevation). 
This procedure ensured that the coastline, where at sea 
level, has no range displacement or layover errors. Thus, 
the coastlines are correct on map projections and match on 
the mosaics. However, within the SAR images, all eleva­
tions above this level are subject to terrain distortion. 
Because the early Landsat images have unstable internal 
geometry, we registered the Landsat images to the ERS 
images. To co-register ERS images, we used the furnished 
latitude and longitude coordinates based on orbital para­

meters. Previous investigations (Lucchitta and others, 1995) 
showed that images coregistered by furnished coordinates 
may have relative maximum ground location errors of 
50 m (Roth and others, 1993). Compressing the images to 

25 mjpixel by averaging squares of four pixels reduced 
speckle on the radar images. Noisy data were also removed 
by applying adaptive box filters described in Eliason and 
McEwen (1990). We enhanced the Landsat images to bring 
out details in the ice-shelf fronts by applying contrast-en­
hancing stretches. 

After the above processing, we recorded the location of 
ice-shelffronts and crevasses. For multi-temporal composites, 
we overlayed the mosaics taken at three different times rep­
resented by the early Landsat and two later ERS images. The 
colors on the composites are due to spectral reflectivity of the 
Landsat band and backscatter intensity on the ERS images. 
On Landsat images, the differences between shelf ice and sea 
ice are small, making it difficult to distinguish between them. 
On ERS images these ice types are readily distinguished. 
After converting the multi-temporal composites to Lambert 
azimuthal equal-area projections, we digitized the locations 
of the ice-shelf margins at different times and calculated the 
areas of ice lost during retreat. 

GEORGE VI ICE SHELF 

The George VI Ice Shelf measures about 25 000 km 2 (Potter 
and others, 1988). It receives most of its ice from the Antarc­
tic Peninsula, whose ice streams extend into the shelf and al­
most reach its western margin. Ice from Alexander Island 
extends only a few kilometers into the shelf (Bishop and 
Walton, 1981; Potter and others, 1984). The ice shelf varies in 
thickness from about 100 m near its northern ice front to a 
maximum of about 500 m (Bishop and Walton, 1981; Lennon 
and others, 1982; Talbot, 1988). Warm-water intrusion from 
the Circumpolar Deep Water current from the southeast 
Pacific basin emerges onto the continental shelf and extends 
underneath the northern George VI Ice Shelf (Lennon and 
others, 1982; Potter and others, 1984; Potter and Paren, 1985; 
Talbot, 1988). The warm water contributes significantly to 
basal melting of the shelf (Potter and others, 1988), with a 
resulting average equilibrium basal melt rate of about 
2 m a - \ (Lennon and others, 1982; Potter and others, 1984; 
Potter and Paren, 1985). The basal melt rate at the ice front 
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was estimated to be as high as 10 m a - \ (Lennon and others, 
1982). 

The British Graham Land Expedition visited Cape 
Jeremy in 1936 and reported that shelf ice filled George VI 
Sound (Fig. 2) and was broken by rifts which were floored by 
sea ice (Fleming and others, 1938). This statement has been 
interpreted to indicate that the sound was filled with shelf 
ice to CapeJeremy (Doake, 1982). A 1979 sketch map (U.S. 
Geological Survey, 1979) shows the ice-shelf front extending 
from Niznik Island southwestward across the sound. The 
shelf south of the front is occupied by broken shelfsegments. 
This portrayal was based on the early but unenhanced 
Landsat images, which showed the position of the ice front 
poorly. Doake (1982) commented that it was difficult to 
locate the true ice-shelf front because of the fragmented 
shelf. The frontal position as shown on this sketch map is re­
produced in most subsequent articles discussing the George 
VI Ice Shelf (Bishop and Walton, 1981; Lennon and others, 

1982). Our contrast-stretched Landsat image of 1974 depicts 
the ice-shelffront clearly and shows that the previously pub­
lished front positions were incorrect; the front extended 
from just north of Niznik Island westward straight across 
the sound to Alexander Island (Fig. 2). By 1974, the area 
north of this front had cleared of the rifted icebergs and 
shelf segments reported by the 1936 Fleming expedition. If 
the shelf in 1936 indeed extended all the way to CapeJeremy, 
this clearing of rifted ice would mean a 40 km retreat of the 
shelf between 1936 and 1974. 

Fig. 2. Excerpt qf Landsat image, 6 January 1974, showing 
George VI Sound and covering northern margin qfGeorge VI 
Ice Shelf. Arrows denote location cif ice-shelf front. A, Alexan­
der Island; C], CapeJeremy; N, Niznik Island; p'polynya. 

By 1974, as shown on maps and observed by Doake 
(1982), the region behind the front was again occupied by 
complexly divided large shelf segments separated by rifts, 
including the fractured tongue of an unnamed glacier. 
Lennon and others (1982) report on ice-front retreats 
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Fig. 3. Excerpt of 15 October and 13 November 1995 ERS-1 
image mosaic covering northern mmgin of George VI Ice Shelf. 
Ice-shelf margin has retreated to south of the poly71ya shown in 
Figure 2. 

observed in 1977, 1979 and 1981. Potter and others (1988) 
show the location of the 1983 front as a few km north of that 
shown on our ERS images. By July 1992, as seen on the 
earlier ER S image, the front had retreated 20- 30 km from 
the 1974 position, and a ll the rifled ice-shelf segments and 
the fractured ice-stream tongue had broken out; the region 
was completely cleared of the 1974 shelf ice (Fig. 3). T he front 
had retreated beyond the southern margin of a conspicuous 
polynya at the west side of the sound that was already open 
in 1974 (Fig. 2) and that has been mentioned in several re­
ports as the on ly ice-free area near the northern ice front 

Fig. 4. Areas of retreat. Vertical hachures (906 km2
) show 

retreat from Landsat 1974 ice-shelf front (upper boundary) 
to ERS -1 1992 front (middle boundary). Hori;:pntal 
hachures (87 km2

) show retreat from ERS -I 1992 front to 
1995 front (lower bounda1Y)' Diagram is superimposed on 
ERS -1 image mosaic of 15 October and 13 November 1995. 

(Lennon and others, 1982; Potter and Paren, 1985; Potter 
and others, 1988). This polynya is now gone due to shelf 
retreat, and our ERS radar images show no trace of it in 
the sea ice. Our investigation shows tha t a tota l of 906 km 2 

of ice was lost between 1974 and 1992, amounting to an aver­
age of about 50 km2 a 1 (Fig. 4; Table 2). 

Table 2. Areas and average ice lossfor George VI and Wilkins 
Ice Shelves 

Location 

George V I lee Shelf 
George VI Ice Shelf' 

Wil kins Ice Shelf 
Wilkins lee Shelf 

Dates 

6 J an 1974 - 24Ju11992 
24 Jul 1992 - 15 O ct 1995 

27 Jan 1990' - 30 Ju11992 
30 Jul1992 - 21 Oct 1995 

Area loss Average 

906 
87 

796 

564 

retreat 

49 
27 

318 
175 

• Assumes ice front on Landsat image of 27 J a nuary 1990 ofVaugha n and 
others (1993) is in same position as that seen on Landsat im age of 9 J a nuary 
1974. 

By October 1995 (ERS image), an additional 6 km had 
calved on the east side of the shelf. The a rea lost is 87 km2

, or 
an average of about 30 km 2 a 1 (Fig. 4; Table 2). O vera ll , the 
shelf behind the 1995 front is less rifted than that behind 
ea rlier frontal positions, except for a region along the east 
side of the shelf, where large crevasses already existed in 1974. 

Potter and Paren (1985) estimate that the ice-shelffront 
between 1974 and 1979 lost about 25 km3 by calving, or an 
average of 5 km3 a - \ whereas annual equilibrium loss 
would be onl y about 0.3 km 3

. Assuming a frontal ice thick­
ness of about 100 m, the area lost between 1974 and 1979 
would average 50 km2 a- I. Our retreat rates of about 
50 km 2 a- I (1974- 92) and about 30 km 2 a- I (1992-95) agree 
reasonably well with their estimate. Our data confirm that 
the average retreat rate significantly outpaces the hypo­
thetical advance rate of a stable front a nd show that rapid 
retreat continued through 1995. 

Vaughan and Doake (1996) define an ice shelf that is no 
longer viable as one that will suffer progressive retreat, via a 
series of small calving events occurring each year over a 
period of many years, without substantial readvance. 
Jormal calving, by contrast, follows significant readvance 

of the ice shelf. Our observations show that the George VI 
Ice Shelf has undergone a persistent retreat over at least the 
las t 20 years and perhaps since 1936, without any significant 
observable readvance. T hus, it fits Vaughan and D oake's 
definiti on, and we may indeed be witnessing the first stages 
of disintegration. 

WILKINS ICE SHELF 

T he Wilkins Ice Shelf has an a rea of about 16 000 km 2 

(Vaughan and others, 1993). It is fed mostly by in situ accu­
mulation, like the Larsen Ice Shelf on the northeast side of 
the peninsula (Vaughan and others, 1993), but unlike the 
George VI and Wordie Ice Shelves (Doake and Vaughan, 
1991), which a re fed by glaciers. The middle of the shelf is 
very low, but Vaughan and others (1993) mapped a topo­
graphic bulge a long the shelf's western margin, where most 
of the accumulation appears to occur. 
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The Wilkins Ice Shelf has been studied relatively little. 
Radio-echo sounding of the late 1960s and early 1970s 
(Smith, 1972; Crabtree, 1983) was largely unsuccessful. 
Velocity measurements (about 60 m a- I) were made near 
the center of the shelf in 1972- 73 (Vaughan and others, 
1993), and a hole was drilled in that area (Swithinbank, 
1988). The most comprehensive report is by Vaughan and 
others (1993), who looked at the shelf using a variety of 
remote-sensing techniques and reviewed previously ac­
quired data within the context of their investigation. They 
discussed the morphology of the shelf based on Landsat 
images and Geosat altimeter data. They also investigated 
the ice-front positions on Landsat images of 1973, 1986 and 
1990 and found them stable for the two preceding decades; 
the ice front on all Landsat images up to that time showed 
no significant advance or retreat. However, our ERS images 
show that by 1992 a significant change had occurred. 

Fig. 5. Landsat image, 9 January 1974, covering northern 
margin of Wilkins Ice Shelf. Arrows denote location of ice­
shelf front. Note extensive sea-ice cover, even though image 
was acquired in summer. A, Alexander Island; C, Charcot 
Island; R, Rothschild Island; L, lake/ hole in ice shelf cif 
Vaughan and others (1993). 

Our Landsat image of January 1974 shows that the 
northern margin of the Wilkins Ice Shelf extended from 
Rothschild Island near the Alexander Peninsula to Charcot 
Island farther west (Fig. 5). The ice-shelf front had a con­
spicuous promontory projecting north near Charcot Island, 
and a bay extending south near Rothschild Island. By 1992 
the front had retreated by about 10 km, the promontory had 
disappeared and the bay was enlarged (Fig. 6). Armadas of 
sharp-edged tabular icebergs were visible in front of the 
shelf, suggesting recent break-up. Several of the icebergs 
are larger than I km by lO km, similar in size to tabular ice­
bergs that were observed in the early stages of break-up of 
the western part of the Wordie Ice Shelf (Doake and 
Vaughan, 1991). The icebergs are close to the shelffront, not 
far removed from their pre-calving position. By 1995 (ERS 
image), the front retreated another 8- 10 km, further enlar­
ging the bay near Rothschild Island and shedding a new set 
of icebergs (Fig. 7). Most of these newer icebergs are not as 
sharply delineated by straight edges as those from the earlier 
iceberg discharge; they show more irregular boundaries 
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Fig. 6. Excerpt of ERS-1 image mosaic, 30 JulY 1992, cover­
ing Wilkins lee Shelf. Note tabular icebergs calving riff north­
ern margin at top cif image. L, lake/ hole in ice shelf. 

and a greater range in size. Large rifts developed behind 
the new front, lining up with rifts that already existed in 
the 1974 Landsat image. Our investigation showed that 
between 1990 and 1992 the shelf lost 796 km2

, at an average 
rate of about 320 km 2 a 1, assuming that the position of 1990 
(Vaughan and others, 1993) matches that of 1974 (Fig. 8; 
Table 2). Between 1992 and 1995 the shelf lost 564 km 2 of 

ice, at an average rate of about 180 km 2 a I. 

Fig. 7. Excerpt cif ERS-1 image mosaic, 21 October 1995, cov­
ering Wilkins lee Shelf. Note tabular icebergs north cif new set 
cif more irregular icebergs. Next to ice-shelf margin is sea ice 
with narrow iceberg slivers. Also note new rifts. L, lake/ hole 
in ice shelf. 

https://doi.org/10.3189/1998AoG27-1-41-46 Published online by Cambridge University Press

https://doi.org/10.3189/1998AoG27-1-41-46


Lucchitta and Rosanova: Retreat cif northern margins cifGeorge VI and Wilkins Ice Shelves 

Near the northern shelf center a lake, or a hole in the 
shelf, persisted for the last two decades (Fig. 5). The lakej 
hole coincides with a local depression almost at sea level 
(Vaughan and others, 1993). The lake/hole appears to have 
a similar size on our 1992 ERS image to that on previous 
Landsat images, but is surrounded by ice with lower back­
scatter characteristics, perhaps seasonally wet ice. Simi lar­
looking dark splotches are seen farther east on both ER S 
images. Ice-surface melt pools noted by Vaughan and others 
(1993) near Rothschild Island also persist on our images. 
The Wilkins Ice Shelf had the longest melt season among 
four shelves on the peninsula investigated by Ridley (1993, 
fig. 4). Swithinbank (1988) comments that the ice shelf lTlay 
be unusually thin and that the failure to acquire radio-echo 
sounding returns could indicate tbat parts of the ice shelf 
are brine-soaked to sea level. A hole drilled with a hand 
auger inJanuary 1972 penetrated soaked snow and found a 
water table at a depth of 5.5 m. All of these observations sug­
gest that the shelf may be subject to rapid break-up. 

Fig. 8. Areas qf retreat. Vertical hachures (796 km2
) show 

retreat from Landsat 1974 ice-shelf front (upper boundary) 
to ERS -1 1992 front (middle boundary). Horizontal 
hachures (564 km2

) show retreat from ERS -1 1992 to 1995 
front (lower boundary). Diagram is superimposed on ERS-
1 image qf21 October 1995. 

Vaughan and others (1993) speculate that the Wilkins ice 
front is likely to decay by normal calving processes and is 
unlikely to undergo the sudden disintegration seen on the 
Wordie Ice Shelf, at least until the calving front decouples 
from the fringing islands. However, they caution that 
changes in accumulation and basal melting rates may dom­
inate any dynamic effect. The basal melt rate of the shelf is 
assumed to be 1- 2 m a - \ similar to that of the Geat-ge VI Ice 

Shelf, because it receives the same warm-water influx of the 
Circumpolar Deep Water current (Potter and others, 1988). 
Talbot (1988) suggests that this warm water may contribute 
to the recent disintegration of ice shelves. Also striking is a 
major decrease in sea-ice extent in the Bellingshausen Sea 
from late 1988 through early 1991 Uacobs and Comiso, 
1993), coincident with the warmest years on record at the 
Antarctic Peninsula (Morrison, 1990). These authors 
observed a record retreat of sea ice in March 1989, and their 
figure 2 shows that in February of 1989- 91 most of the sea ice 
off the northern margin of the Wilkins Ice Shelf was missing. 
Whether and how tlus sea-ice loss has affected the ice-shelf 
margin remains to be explored. 

WARMING TREND 

The disintegration of Antarctic ice shelves has been attribu­
ted to a recent atmospheric warming trend (Vaughan and 
Doake, 1996). Morrison (1990) showed that 1989 was the 
warmest year on record at Rothera Station near Marguerite 
Bay. She states that the warming is caused by a lack of cold 
periods, particularly in the winter months. Ridley (1993) 
counted the number of days showing melt features over ice 
shelves on the peninsula and elsewhere using passive micro­
wave sensors. He concluded that between 1978 and 1991 the 
number of melt days on ice shelves of the Antarctic Penin­
sula has increased by about 1 day per year. Satellite passive 
microwave data show a record decrease in sea-ice extent in 
the Bellingshausen Sea from mid-1988 through early 1991 
Uacobs and Comiso, 1993). Thompson and others (1994), 
from oxygen-isotope analysis of ice-core records on the Dyer 
Plateau, established a prominent warming trend since 1950, 
with the last two decades being the warmest in 500 years. At 
Faraday Station, a warming trend of about 2.5°e has been 
measured since 1945 (King, 1994). 

Tbe west side of the Antarctic Peninsula is about 6- 7°C 
warmer than tbe east side (Martin and Peel, 1978; Reynolds, 
1981), suggesting tbat ice sbelves on tbe west side are more 
likely to disintegrate. Mercer (1978) placed the limit of ice­
shelf viabi li ty near tbe January Goe air-temperature iso­
tberm, whereas Vaughan and Doake (1996) placed the limit 
at the 5°C mean annual air-temperature isotherm, after ob­
serving that this isotherm coincided reasonably well with 
non-viable shelves. Reynolds (1981) plotted a contour map 
of mean annual air temperatures over tbe Antarctic Penin­
sula between 1965 and 1980, based on temperatures in ice 
cores taken 10 m below the surface. Assuming a warming 
trend of about 2.5 °C as reported by King (1994), Reynolds' 
- 7.5°C isotherm would be near the present-day - 5°C iso­
tberm (Vaugban and Doake, 1996), and therefore his - 7.5 °e 
isotherm designates the location of the possible present limit 
of ice-shelf viabili ty. 

The northern margin of the George VI Ice Shelf falls 
exactly on Reynolds' - 7.5 °C isotherm and thus may be at 
its limit of viability. The northern margin of the Wilkins Ice 
Shelf lies at Reynolds' (1981) - 8°C isotherm, south of, but 
close to, the -7.5°e isotherm. The coincidence of these iso­
therms with our observed ice-shelf retreats strongly suggests 
that the retreats are linked to this atmospheric warming 
trend. Our observations thus bear out Mercer's (1978) pre­
diction of potential ice-shelfloss on the Antarctic Peninsula. 

CONCLUSION 

Tbe effects of the warming trend in the Antarctic Peninsula 

appear to be spreading south. We are now witnessing signif­
icant retreat of the northern margins of the George VI Ice 
Shelf, and a dramatic and fast disintegration of the northern 
margin of the Wilkins Ice Shelf. These two shelves mark the 
southernmost occurrence of ice-shelf retreat documented. 
Our observations support previous predictions (Mercer, 
1978; Vaughan and others, 1993; Vaughan and Doake, 1996) 
that these shelves are the most likely to break up if the 
warming trend continues. 
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