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ACCELERATING FLOW OF THE BRUNT ICE SHELF, ANTARCTICA 

By D. A. SIMMONS and J. R. ROUSE 

(British Antarctic Survey, Natural Environment Research Council , High Cross, Madingley Road, Cambridge CB3 OET, England ) 

ABSTR ACT. Position fi xes made at the British Anta rctic Survey sta tio n , 
H a ll ey, on the Brunt Ice Shelf a re considered for the period 1968- 82. These 
show an ini tia l westwa rd vel ocity of approxi ma tel y 400 m a - 1 rising to over 
700 m a - I by the end of the period . The data are well fitt ed by two stra ight 
lines. The first fo r 1968- 7 1 has a slope 430 m a - I in agreement with that 
found by Thomas (1973 ) fo r the period up to 1968. The second for 1972- 83 
has a slope 740 m a - I, a la rge increase susta ined fo r up to 10 years. 

R ESU ME. Acceleration de l'icoulement du Brunt fee Shelf, Antarctique. Des d eter
minations de points e ff'ectuees a la sta tion Halley, British Antarctic Survey, 
sur le Brunt Ice Shelf sont examinees pour la period e de 1968 it 1982. Elles 
rcvi:: lenl unc vilcsse dirigee it I'ouest d'environ 400 m a- I croissant a plus 
de 700 m a - I vers la fin d e la periode. Les donnees sont bien representees 
pa r deux lignes d roites. La premiere, de 1968 it 197 1, a une pente de 
430 m a - I, conform ement it ce qu'a trouve Thomas (1973) pour la 

I NTR ODU eT! ON 

The Brunt Ice Shelf lies on the eastern coast of 
the Weddell Sea and has been the site of intermittent 
glaciological investigations since 1956, when the 
Royal Society established a base there for the Inter
national Geophysical Year (I .G.Y.). The British Ant
arctic Survey station, Halley, lies on the south
western corner of the ice shelf at lat. 75°31'5., 
long. 27°00'W . (in 1983). Figure 1 is a map of the 
Brunt Ice Shelf (from Thomas, 1973) . 

The history and morphology of the area up to 1968 
have been described by Limbert (1963, 1964), Barclay 
(1964), Ardus (1965[a],[b]), and Thomas (1973). In
vestigations during this period showed that the ice 
near Halley was moving approximately due west at 
about 400 m per year and that thi s rate had been con
stant to within ±25 m per year since the establish
ment of the station. Since 1956, the station has 
occupied buildings on two distinct sites, the major 
site change being in 1967-68, when the I.G.Y. site was 
abandoned and a new site 3 km further east was chosen . 
During 1983-84 the station position changed again 
when new bui 1 di ngs became operati ona 1. 

During the period of occupation, the position of 
the station has been regularly determined in a number 
of different ways. The data for the period up to 
1968 have been discussed (Thomas, 1973) and cover the 
original (I.G.Y.) site. The data presented here cover 
the period 1968-82, after the first site change. They 
were not collected specifically for glaciological 
purposes and, as a result, were not obtained at a 
single geographical position throughout the time ser
ies. Nevertheless, they show that there has been a 
marked increase in velocity since 1956-68. 

POSITION 

Three distinct methods of position fixing were 
used; astronomical fixes, satellite navigation fixes, 
and the magnetic survey of an area of high geomagnetic 
field gradient. Local surveys enabled the results of 
these three methods to be referred to a single point 
on the site. 

periode a nte reiure it 1968. La second e, de 1972 it 1982, a une pente de 
740 m a - 1 J c'est-a -dire une importante a ugmentation continue pendant ces 
dix annees. 

Z USAMM E NFASSUNG. Beschleunigtes Fliessen des Brunt fee Shelf, Antarktika . 
Lagebestimmungen aufdem Brunt Ice Shelfbei der British Anta rctic Sur
vey Station Halley wahrend der Periode 1968-82 werden untersucht. Sie 
ergeben eine ursprungliche Bewegung nach Westen von etwa 400 m pro 
J ahr, die a m Ende der Periode aufuber 700 m proJahr anstieg. Diese Oaten 
lassen sich durch zwei gerade Linien gut darstellen. Die erste fUr 1968- 71 
hat eine Neig ung von 430 m pro Jahr in Obereinstimmung mit dem von 
Thomas ( 19 73) gefundenen Wert fUr die Perode bis 1968; die zweite fUr 
1972-82 ha t eine Neigung von 740 m pro J ahr, also eine starke Zunahme, 
die uber 10 J a hre lang anhielt. 

INLAND ICE SHEET 

Fi g. 1. Brunt Ice SheLf, 1967 ( from Thomas, 1973) . 
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Fig . 2. position of ice front in 1967 ,1977 ,1980 , and 1981, showing successive positions of the 
station, 1956-82 . Fig . 3 . Latitude of HaHey, 1968- 82. 
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Fig. 3. Latitude of HaLLey, 1968-82 . 

Successive positions of the sta tion are shown on 
the map in Figure 2, and plotted against time in Fig
ures 3 and 4. Figure 2 also shows the position of the 
ice front in 1967,1977, 1980, and 1981. The position 
of the ice front has remained relatively constant, al
though the rate of ice flow has increased, possibly 
supporting the suggestion that ice calving in this 
area is controlled by sea-bed topography. 

Figure 3 gives the results of latitude determin
ations. These show a southerly movement of up to 
100 m a-I almost masked by the large scatter. This 
southerly movement will not be considered further, the 
subsequent analysis being restricted to the larger 
westerly movement. 

Fi gure 4 shows the longitude converted to metres 
west of an arbitary fixed point. The total movement 
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Fig . 4. Position of HaHey west of an arbitary 
point , 1956-82 (note change of site 1967-68). 

between 1968 and 1982 was about 9 km and the associ
ated increase in velocity due to ice-shelf spreading 
is expected to be less than 20 m a-I (Thomas"1973). 
It is clear that the observed increase in velocity 
during this period is much larger than can be ex
plained by movement along the flow line. 
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VELOCITY 

The position data (Fig. 4) may be described by 
two intersecting linear regressions (Table I). The 
first line, for the period 1968-71, gives a velocity 
of 431 ± 22 m a-I, agreeing with the value 400 ± 
20 m a -1 found by Thomas for the peri od up to 1968. 

TAB LE I. LINEAR FITS TO HALLEY POSITION 1968-71 AND 
1972-82 

1968-1971.99 1972.03-1982 

Vel oci ty by regress ion 431 m a-I 740 m a-I 

Standard error of velocity 22 m a-I 9 m a-I 
estimate 

Standa rd error of positi on 116 m 176 m 
estimate 

The second line, for the period 1972-82, gives a value 
740 ± 9 m a-I and the two lines intersect in late 1971. 
Although the slopes are influenced by the exact range 
of points chosen for each group, these differences 
are of the same order of magnitude as the error estim
ates . 

The accuracy of single-position fixes varies 
acco rding to method and, in the case of star shots, 
from one set of sights to another; the errors may be 
as large as ±200 m. This agrees well with the standard 
errors of the position estimates obtained by regress i on 
(Table I). The standard error of velocity estimates 
is of the same order as that given by Thomas (1973) 
(±25 m a-I). 

The data were also fitted to a smooth curve by a 
polynomial . This did not, however, give any signifi
cant improvement to the fit; the standard error was 
±150 m for the differences between measured and fit
ted positions. 

AZIr1UTH 

The principal reason for making the astronomical 
observations was to obtain the azimuth of a mark, also 
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Fig . 5. Azimuth of a fix ed mark, 1968- 82 . 
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on the ice shelf, for use in the programme of'geo
magnetic obse rvations . These azimuths show the ~ota~ 
tion of t he ice shelf and are plotted against tlme ~n 
Figure 5. A smooth curve was drawn through these.polnts 
and the rate of change of azimuth calculate? ThlS 
rate of change, or rotation, is plotted agalnst tlme 
in Figure 6. 

DI SCUSSION 

The velocity of the ice shelf is governed by both 
the rate at whiCh the ice flows into the shelf from 
the plateau and the rate at which the shelf spreads 
under its own weight . The spreading velocity of the 
shelf is governed principally by ice-shelf thickness 
and temperature, and by the restraint caused by locally 
grounded areas. The motion of the ice shelf in the 
vicinity of Halley is strongly influenced by the 
grounded ice at the McDonald Ice Rumples. It is sig
nificant that considerable calving occurred in this 
area in September 1971, at about the time given by the 
intersection of the two straight lines describing the 
position data . 

If we consider the velocity to be primarily time 
dependent and assume that the ice shelf is moving as 
a solid body and rotating about a grounded point, 
then we can calculate the distance r to the centre of 
rotation from the linear velocity v and rate of ro
tation w, by v =wr. This gives a centre of rotation 
from 85-100 km south of the station, well inland from 
the grounding line, which, to the south, is about 
65 km away. This hypothesis also assumes that no 
shearing occurs between the inland ice and the ice 
shelf, and thus requires the increased velocity to 
follow from a corresponding increase in the flow of 
ice onto the shelf. However, if the motion of the 
shelf is the sum of both the rotation and the trans
lation due to spreading and shear at the grounding 
line, then a centre of rotation near the grounding 
line is possible. It may be noted that recent field 
trips in this area have reported a l arge increase in 
activity. 

If, on the other hand, we assume the flow onto 
the shelf to be constant and further assume the change 
in velocity to be a function of position along the 
flow line, then the implied vertical strain-rates 
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are at least an order of magnitude greater than those 
given by Thomas (1973). There is no other evidence to 
support this view. 

Three possible reasons have been suggested for 
the observed increase in velocity. First, that it is 
due to calving in the McDonald Ice Rumples area dur
ing 1971-73, though it is not clear that this would 
result in a sustained increase. The 30% increase 
noted by Thomas (1973) in 1969/70 did not continue 
into 1971. 

A second possibility is an increase in the veloc
ity of the Dalgliesh Ice Stream. The third possibility 
is suggested by considering the area 50-100 km to the 
east of Halley (Thomas, 1973, fig. 2). This area des
cribed as consisting of thin ice, open water, and ice
bergs sepa rates the fast-movi ng Da 1 gl i esh Ice St ream 
from the more slowly moving part of the ice shelf on 
which Halley is situated. During 1981-82 one of the 
authors travelled to this area and observed that it 
consisted of heavily crevassed shelf ice. This ice, 
although considerably lower than the surrounding area, 
would allow a greater velocity transfer from the 
Dalgliesh Ice Stream to the Brunt Ice Shelf than would 
the earlier mixture of thin ice, open water, and ice
bergs. 

CONCLUS.ION 

These observations, related as they are to a 
single small area of the ice shelf, raise more ques
tions than they answer, and do not allow us to dis
tinguish between different hypotheses. It is clear, 
however, that the Brunt Ice Shelf cannot be thought 
of as being in a "steady state", and that a success
ful hypothesis has to explain a velocity that is 
approximately twice that found by Thomas (1973) and 
sustained for eight years or more. 
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