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Numerical Estimation of 10* Years Later Equilibrium Ice Sheet
Profile in the Shirase Glacier Drainage Basin,
East Antarctica
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Abstract: Recent observations show that the ice sheet in the Shirase Glacier
drainage basin, East Antarctica, is thinning. If the observed thinning is assumed
to be a transitional process in which the ice sheet is adjusting to the present
climate, an equilibrium ice sheet profile which adjusts to the present climate would
provide us with information for understanding the present behavior of the ice
sheet. The equilibrium ice sheet profile was estimated by using a three-dimensional
non-steady state ice sheet model.

Estimations were carried out with data based on observations of bedrock
topography, surface elevation, accumulation rate and surface temperatures, and
their extrapolation for areas where there is no field data. And the equilibrium ice
sheet profile against various parameters, e.g. surface temperatures, accumulation
rate and geothermal heat flux, was investigated.

Results of the calculation showed that an almost stationary state of the ice sheet
was achieved after 104 model years when started from the present profile of the
ice sheet. The equilibrium ice sheet profile depended on bedrock topography and
tested parameters sensitively, but the calculations indicated that ice-thickness tend
to decrease in the middle-stream region in general. It was also revealed that the
ice sheet in the vicinity of the Yamato Mountains was relatively stable even if the
parameters were changed.
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1. Introduction

The following observations and studies were carried out about the dynamical
behavior of the ice sheet in the Shirase Glacier drainage basin (Fig. 1). NARUSE (1978,
1979) analyzed the result of triangulation chain survey which had been carried out in
the area from the Yamato Mountains to Mizuho Plateau, which was in the middle-
stream region of the Shirase Glacier drainage basin, along latitude 72°S. He investi-
gated horizontal and vertical components of surface velocities and strain-rate at the
surface. Taking into account the effect of the firn densification, he found that the ice
sheet was thinning there by about 70 cm/a. With the result of observation by NARUSE,
MAE (1979) estimated that velocity of 10 m/a within the horizontal surface velocity
reported by NARUSE, which ranged between 13 and 21 m/a, was due to basal sliding.
NisHIO et al. (1989) carried out observation of horizontal and vertical components of
surface velocities along the flow line which was along longitude 39.5°E, and along
2000 m contour between Mizuho Station and the Belgica and the Yamato Mountains,
by using the satellite doppler positioning system. They showed that the ice sheet is
thinning in the region where ice elevation is lower than 2800 m. On the other hand,
according to the result of radio echo-sounding on Mizuho Plateau, higher values of
reflection intensity of radio echo than in the up-stream region were observed in the
regions where the ice elevation was lower than 2500 m (OHMAE et al., 1989; NisHIO
et al., 1989). This result suggests that the base is wet there.

Based on the above studies, it has been proposed that the recent thinning of the
ice sheet in Mizuho Plateau is due to occurrence of basal sliding (MAE and NARUSE,
1978; NisHIO et al., 1989) and decrease of the accumulation rate (MAE and NARUSE,
1978).
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Fig. 1. Area map of the Shirase Glacier drainage basin.
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If the observed thinning of the ice sheet is assumed to be a transitional process in
which the ice sheet is adjusting to the present climate, an equilibrium ice sheet profile
which adjusts to the parameters of the present climate would provides us with some
information for understanding the recent thinning. In order to investigate the equili-
brium ice sheet profile there, the three-dimensional non-steady state ice sheet model,
which had been developed by NAGAO et al. (1982, 1984), was improved and used.

The numerical modeling of dynamical behavior of the ice sheet in the Shirase
Glacier drainage basin was preliminary made by NAGAO et al. (1984). The model,
however, did not have a computational stability probably because of too coarse reso-
lution of the grids into which the studied area was divided for calculation, or the
unsuitable use of an explicit method to solve partial differential equations, or the lack
of field data especially on the bedrcck topography. Therefore, this model was im-
proved first by employing the Finite Elements Method (FEM) and an implicit method
to solve the partial differential equations. Next it was improved with the new data of
bedrock elevation observed by the Japanese Antarctic Research Expedition (JARE)
during the Glaciological Research Program in East Queen Maud Land. With these
improvements, the model has acquired a computational stability, which enables us to
investigate the equilibrium ice sheet profile against various parameters and discuss the
instability of the ice sheet.

2. Outline of the Model and the Method for Calculating the Mass Flux

The model used in this study is an advance from the earlier three-dimensional
modeling of NAGAO et al. (1984). Since the method for calculating mass flux of ice
due to internal deformation has been described in NAGAO et al. (1982), this paper
deals mainly with a method for calculating basal sliding and a particular improvements
of the model.

The model developed by NAGAO et al. (1982) was an improvement of MAHAFFY’s
three-dimensional non-steady state ice sheet model (MAHAFFY, 1976), taking into ac-
count the temperature profile at a given place of the ice sheet, which was ignored in
the previous case. MAHAFFY's model assumes that the flow is laminar, and ignores
longitudinal stress and lateral shear stress. These assumptions are valid for a large
ice sheet except near the terminus and up-stream of the mountains. One of the
advantages of MAHAFFY’s model is that arbitrary bed topography can be considered
in it.

For saving the much of the computation task, NAGAO et al. (1982) proposed a
simple method for calculating mass flux of ice. For the depth profile of the tempera-
ture at a given place, a linear profile is assumed which is formulated with the bottom
temperature and the temperature gradient at the bottom. The bottom temperature
can be derived by solving the equation of heat conduction including the horizontal
advection term (RADOK et al., 1970). The temperature dependence of the flow law of
ice was converted from the Arrhenius equation to a simple expression. This conver-
sion, together with the above assumption of temperature profile, made the calculation
of mass flux very simple. NAGAO et al. (1982) estimated that the maximum error of
mass flux caused by the assumption of linear temperature profile was less than 11%.

Basal sliding mechanism was also considered in the present study. This mech-
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anism seems especially important in the Shirase Glacier drainage basin because it is
considered to be one of the causes of the recent thinning of the ice sheet. WEETMAN
(1957) proposed that regelation and enhancement of plastic flow around the bumps of
the bedrock are the dominant mechanism of basal sliding. Although latter mechanism
is not a linear function of basal shear stress, basal sliding velocity (#,) is assumed to
be proportional to the basal shear stress and sliding is considered to occur in the area
where the bottom of the ice sheet it at the pressure melting point of the ice in this
study. Then u, is expressed as,

= —BoogH (S") 1T, (1)

Here B, is constant. p and g are the density of ice and gravitational acceleration,
respectively. H is ice thickness and 4 is surface elevation. In the coordinate system,
x is taken in the horizontal plane. Notation f,(7}) is given as

0 (if T,< Ty

1 Gf Ty=Thy)- (2)

fs(Tb): {
Here T, and T,,, are bottom temperature and pressure melting point of ice, respec-
tively. B, was determined so that velocity due to basal sliding ranged between 50%
and 75% of the surface velocity. This was based on estimation by MAE (1979) that
velocity of about 10 m/a was due to the basal sliding in the surface velocity which
ranged between 13 and 21 m/a measured by NARUSE (1978) along latitude 72° in MizuHO
Plateau.
One of particular techniques used in this study is Finite Elements Method (FEM).
With this technique the area of the drainage basin was divided into a number of ele-

ments (Fig. 2) on which the mass flux of the ice is computed so as to satisfy the equa-
tion of mass continuity. Since in the down-stream region ice was expected to flow
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Fig. 2. Division of the studies area into finite elements.
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relatively faster than the other regions, the ice sheet is represented with smaller ele-
ments. In this paper, the Shirase Glacier drainage basin is considered to be composed
of three regions for convenient. They are defined as the up-stream region, the middle-
stream region and the down-stream region. The boundary of these regions are latitude
74°S and 72°S. Another technique used in the model is an implicit method for
solving partial differential equations. Equation of mass continuity is expressed with
partial differential equation in this study. In general, the implicit solution provides
computational stability in time-dependent simulations.

It should be noted that there are some limitations in the present model for esti-
mating the dynamical behavior of the ice sheet. They are as follows. (1) Because
longitudinal stress is ignored, this model is unrealistic at the terminus of the ice sheet.
(2) Because the seaward boundary is fixed, advance of the ice sheet and effect of the
ice shelf are not incorporated. (3) Steady state temperature profile is assumed. So
the transitional state of temperature profile when the climate changes cannot be
reconstructed. (4) Isostasy of the bed and change of the bedrock topography over a
long period of time is not considered. (5) The outer margin of drainage basin is fixed.

Therefore the model in the present stage should be used for estimating dynamical
behavior in the region except the ice sheet terminus and in a relatively short period of
time, namely a situation where the drainage basin and the bed topography will not
change significantly during that period. It seems proper to use this model for the
objective of present study. For further applications the model should be improved.

3. Input Data and Boundary Conditions

The bedrock topography data were compiled into a contour map (Fig. 3) from
the data published in NisHIO ez al. (1984, 1986), Fui et al. (1986), AGETA et al. (1987)
and MAE and YosHIDA (1987). For reading into computer, data were interpolated
onto the place of nodes of finite elements. As for the regions where there is no field
data, especially for the up-stream region, the values of the known regions were extra-
polated. Initial elevation of the ice sheet surface (Fig. 1) has been obtained from the
map ‘“East Queen Maud Land-Enderby Land” that was edited by National Institute
of Polar Research (Japan) in 1988.

For the accumulation rate, NAGAo (1982) expressed annual accumulation rate
(A) at a given place as a function of surface elevation and distance from the coast, as
follows,

A=bal(h)/(1+ x/100). (3)

Here x is distance from the coast to a given point expressed with km. Notation
bal(h) is a function of elevation as in Fig. 4. It is based on compilation of surface
mass balance data in the Shirase and the S6ya drainage basins made by YAMADA and
WATANABE (1978), but adapted as a monotonously increasing function with 2. We
used eq. (3) for the surface mass balance in calculations. As the discharge of the ice
sheet, instead of calving of ice-bergs at the terminus of the ice stream, the same
amount of ablation is assumed to occur around the terminus.

Surface temperature (7;) is expressed as a function of elevation. It is based on
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Fig. 3. Bedrock topography. Fig. 4. bal (h) (m in water/a) as a function of the surface ele-
vation of the ice sheet in eq. (3) (from NAGAoO, 1982).

10 m snow temperatures compiled by SaATow (1978). In Mizuho Plateau the relation
between 10 m snow temperature and elevation is expressed as temperature gradient
with elevation. At elevation from O m to 1000 m, it is —0.8 X 10-2 (°C/m). At eleva-
tion from 1000 m to 3000 m, it is —1.3 X 10-2 (°C/m). And at higher elevation than
3000 m, it is —2.0%x 10-? (°C/m). For standard boundary condition in calculations,
the temperature at sea level is chosen at —8 (°C) to represent the present climate.

The geothermal heat flux (G) of 53 mW/m?, 55 mW/m? and 57 mW/m? were used
in the calculation. Since the geothermal heat flux is one of the major unknowns in the
Antarctic ice sheet, the validity of these values are discussed later.

It should be noted that the accumulation rate in the up-stream region expressed
by eq. (3) is about twice as large as that in the recent compilation of the surface mass
balance (TAKAHASHI, private communication). Moreover, the field data of the bedrock
elevation are still few in the up-stream region. Therefore the calculation in relation
to the up-stream area is not necessarily reliable. So we mainly investigate and discuss
the regions except the up-stream region.

4. Numerical Experiments

The model was used to investigate the following questions concerning the ice
sheet in the drainage basin. That is: (1) What is the equilibrium ice sheet profile
which adjust to the present climate? (2) How the equilibrium state of ice sheet varies
when boundary conditions, such as surface temperature, surfcace mass balance and
geothermal heat flux, are changed? In order to investigate the above questions, seven
preliminary numerical experiments were carried out with various boundary conditions.
The present profile of the ice sheet was used as an initial profile of the ice sheet. The
parameters tested in this study are surface temperature (7,), accumulation rate (A)
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Table 1. Numerical experiments and parameters.

; Surface Annual Geothermal
Exlzglorr;ent temperature accumulation heat flux
' (Ty) rate (A) (G) (mW/m?)
1 A
[e]
e:s(glerx,'?r?;g)t ; present (present value) 33
higher than
2 present by 2°C Ao 35
lower than 3
3 present by 2°C Ao 33
4 present [ 0.8X 4, | 55
5 present [1.2X 4, | 55
6 present Ao 53]

7 present Ao [57]

and geothermal heat flux (G). The experiments and parameters are tabulated in
Table 1. A numerical experiment using the present values of T,, 4 and G of 55 mW/m?
is defined as the standard experiment.

5. Results

5.1. The standard experiment

Results of the calculations showed that an almost stationary state of the ice sheet
was achieved after 10* model years when started from the present profile of the ice
sheet. The time interval required for getting a computational stability is 50 years.
When time interval is larger than 100 years, computations become unstable. The
results of the standard experiment (No. 1) are shown in Figs. 5 and 6. Figure 5 shows
computed surface elevation, bottom temperature, surface velocity and sliding velocity,
of the ice sheet after 10* years. Figure 6 shows variation of the ice-thickness profile
of a cross-section along the center flow line of the drainage basin with time. The
equilibrium ice sheet profile shows that ice thickness decreases in the middle-stream
region and increases in the down-stream region. In the experiments, fluctuation of
the surface profile is relatively large in initial 500 years, then the profile gradually
becomes stable, and reaches equilibrium by 10* years later.

5.2. Response to the change of the surface temperature

The resutls of experiments Nos. 2 and 3 are shown in Figs. 7, 8,9 and 10. In
the calculations, T, higher by 2°C (experiment No. 2) and lower by 2°C (experiment
No. 3) than their present values were used as the boundary conditions. Figure 7
shows the results of experiment No. 2. It shows (a) surface elevation, (b) bottom
temperature, (c) surface velocity and (d) sliding velocity, of the ice sheet after 10* years.
The bottom temperature (Fig. 7b) was higher than that of the standard experiment
(Fig. 5b), and both surface and sliding velocity (Figs. 7c and d) was larger than those
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Equilibrium Ice Sheet Profile in Shirase Basin

The results of the experiment
No. 1. The figures show the
state of the ice sheet after 10*
years. In the calculation, pa-
rameters of the present climate
and the geothermal heat flux
(G) of 55mW/|nz2 were used as
the boundary condition.

Variations of the ice-thickness
profile of a cross-section along
the center flow line, with time,
in experiment No. 1. The
lines show the profiles of the
ice sheet in following condi-
tions, (p) present profile, (1)
2000 years later and (2) 10*
years later.
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of the standard experiment (Figs. 5¢ and d). The surface elevation in the middle-
stream region (Fig. 7a) was lower than that of standard experiment (Fig. 5a).

Figure 8 shows the results of experiment No. 3. The bottom temperature (Fig.
8b) was lower than that of the standard experiment (Fig. 5b), and both surface and
sliding velocity (Figs. 8c and d) were smaller than those of the standard experiment
(Figs. 5c and d). The surface elevation of the middle-stream region (Fig. 8a) was
higher than those of the standard experiment (Fig. 5a).

The ice-thickness profiles of a cross-section along the center flow line obtained
from the experiment Nos. 2 and 3 are shown in Fig. 9. The difference in ice-thickness
of the middle-stream area is about 100 m for difference in 7, by 2°C. The tendency
that the elevation of the ice sheet becoming lower in the middle-stream region and
higher in the down-stream region than that of the present ice sheet was similar to the
standard experiment.

Figure 10 shows the ice-thickness profiles of cross-section along the westward
boundary of the drainage basin obtained from the experiment Nos. 2 and 3. The ice
sheet in the vicinity of the Yamato Mountains did not fluctuate compared to the

(a) SURFACE ELEVATION(m) (b) BOTTOM TEMPERATURE('C)

(G) SURFACE VELOCITY(n/2) (d) SLIDING VELOCITY (m/2)

Fig. 7. The results of the experiment No. 2. The figures are same
as Fig. 5 but for T higher than the present values by 2°C.
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(a) SURFACE ELEVATION(m) (b) BOTTOM TEMPERATURE ('C)

The result of the experiment
No. 3. The figures are same
as Fig. 5 but for T; lower than
the present values by 2°C.
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Fig. 10. The ice-thickness profiles of the ice sheet after 10* years
along the flow line in the westward boundary of the drainage
basin, with various condition of Ts. The region in the
vicinity of the Yamato Mountains is denoted by “Y”’. The
lines are same as Fig. 9.

profile along the center flow line (Fig. 9) even if T, were changed. This tendency is
discussed later.

5.3. Response to the change of annual accumulation rate

The results of the experiments No. 4 and 5 are shown in Figs. 11 and 12, respec-
tively. In the calculations, A different from the present values were used as the
boundary condition. Figures 11a and 11b show the surface elevation and the bottom
temperature, respectively, of the equilibrium ice sheet after 10* years with 4=0.84,.
Here A, means the present values of accumulation rate. Figures 11c and 11d show
the surface elevation and the bottom temperature, respectively, of equilibrium ice sheet
after 10* years with 4=0.84,. Figure 12 shows the ice-thickness profiles of a cross-
section along the center flow line.

With 4A=1.24,, the computed bottom temperatures (Fig. 11b) became higher than
those of the standard experiment (Fig. 5b), and the surface elevation (Fig. 11a) and
the line “2” in Fig. 12) became lower than that of the standard experiment (Fig. 5a
and the line “1” in Fig. 12). With 4=0.84,, the bottom temperatures (Fig. 11d)
became lower than those of the standard experiment (Fig. 5b), and the surface eleva-
tion (Fig. 11c and the line “3” in Fig. 12) became higher than that of the standard
experiment (Fig. 5a and the line ““1”" in Fig. 12).

The surface elevation in the middle-stream region of the ice sheet became lower
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The results of the experi-
ments Nos. 4 and 5. In the
calculations, accumulation
rate A=0.8A, (a, b; No. 49)
and A=1.2A, (¢, d; No. 5)
(A, is the present values)
were used as the boundary
conditions.

The ice-thickness profiles are
same as Fig. 9 but for accu-
mulation rate. The lines show
the profile of the ice sheet,
() wtih A=A, (No. I), (2)
with A=0.8A, (No. 5) and
(3) with A=1.2 A4, (No. 4).

(a) SURFACE ELEVATION (m) (b) BOTTOM TEMPERATURE(’C)

(C) SURFACE ELEVATION(m) (d) BOTTOM TEMPERATURE(C)

ELEVATION (m)

40001 3

3000~

2000

1000 BEDROCK

1 T L] 1§ L4 ¥ L] L
l ’éél\ 200 400 600 800
DISTANCE FROM THE TERMINUS (km)



24 Funta, IKEDA, AZUMA, HONDOH and MAE

than that of the present ice sheet with 4=0.84,. However, it became almost thc
same as that of the present ice sheet with 4 =1.24,.

5.4. Response to the geothermal heat flux

The results of the experiments Nos. 6 and 7 are shown in Figs. 13 and 14. In the
calculations, G of 53 mW/m? and 57 mW/m* were used as the boundary conditions.
Figures 13a and 13b show the surface elevation and the bottom temperatures, respec-
tively, of the equilibrium ice sheet after 10* years with G of 53 mW/m?. Figures 13c
and 13d show the surface elevation and the bottom temperature, respectively, of the
equilibrium ice sheet after 10* years with G of 57 mW/m?. Figure 14 shows the ice-
thickness profiles of a cross-section along the center flow line.

With G of 53 mW/m?, the bottom temperatures (Fig. 13b) became lower than
those of the standard experiment (Fig. 5b), and the surface elevation (Fig. 13a and the
line “3” in Fig. 14) became higher than that of the standard experiment (Fig. 5a and
the line “1” in Fig. 14). With G of 57 mW/m?, the bottom temperatures (Fig. 13d)
became higher than those of the standard experiment (Fig. 5b), and the surface eleva-
tion (Fig. 13c and the line “2” in Fig. 14) became lower than that of the standard

(C) SURFACE ELEVATION (m) (d) BOTTOM TEMPERATURE ('C)

Fig. 13. The results of the experiments Nos. 6 and7. In calculations,
G of 53mW/m3 (a, b; No. 6) and 57 mW/|m? (c, d; No. 7)
were used as the boundary conditions.
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Table 2. Results of the experiments (comparison with the standard experiment).

Surface elevation

. - : Bottom Surface Sliding

Ex[()gg.r;ent ;rtlrégianlég%i temperature velocity velocity
(higher: 1 ; lower: |) (larger: 1 ; smaller: |)

2 l 1 1 1

3 1 l ! l

4 i 1 i 1

5 1 | ! }

6 1 l 1 !

7 ! 1 ) 1

experiment (Fig. 5a and the line “1”’ in Fig. 14). The tendency that the surface eleva-
tion of the ice sheet become lower in the middle-stream region and higher in the
down-stream region than that of the present ice sheet was similar to the results of the
standard experiment. The results of experiments No. 2 to No. 7 are compared with
those of No. | in Table 2.

6. Discussion

6.1. The surface elevation of the ice sheet and the parameters

The surface elevation in the middle-stream region of the equilibrium ice sheet
becomes lower than that of the standard experiment by (a) increasing 7, by 2°C
compared to their present values (experiment No. 2), or (b) reducing 4 to 80% of
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their present values (experiment No. 4), or (¢) using G of 57 mW/m? (experiment
No. 7). On the contrary, it becomes lower than that of the standard experiment by
(a) reducing T, by 2°C compared to their present values (experiment No. 3), or (b)
increasing 4 to 120% of the present values (experiment No. 5), or (c) using G of 53
mW/m? (experiment No. 6). As shown in Table 2, the surface elevation becomes
lower when the bottom temperature is higher while it becomes higher when the bottom
temperature is lower.

The relation between the surface elevation and the bottom temperature can be
interpreted as follows. The higher bottom temperature enhances the flow of the ice
sheet because an amount part of the shear deformation occurs near the bottom and
the deformation rate of ice increases exponentially with temperature. Moreover, the
higher temperature at the bottom widens the area in which the bottom is at the pres-
sure melting point and thus the area of basal sliding. As a result, a larger amount of
the ice mass flows away from the middle-stream region and the surface elevation in
the middle-stream region becomes lower. On the contrary, the lower bottom temper-
ature reduces the flow of the ice sheet. Because, the lower temperature at the bottom
reduces both the deformation rate of ice and the area in which the bottom is at the
pressure melting point and thus the area of basal sliding. As a result, a smaller
amount of the ice mass flows from the middle-stream region and the surface elevation
in the middle-stream region becomes relatively higher.

6.2. The equilibrium profile of the ice shect

All of the results of the experiments except No. 5 revealed that the surface eleva-
tion of the middle-stream region became lower than that of the present ice sheet. The
results suggest that the present ice sheet may tend to decrease its thickness in the
middle-stream region to adjust the present climate.

The difference of the surface elevation from that of the present in the middle-
stream region is larger when the bottom temperature is higher (e.g. experiment Nos. 2,
4 and 7), and smaller when the bottom temperature is lower (e.g. experiment Nos. 3, 5
and 6). Thus the profile of the ice sheet become closer to that of the present ice sheet
when the basal sliding mechanism and enhancement of the shear deformation near the
bottom are less effective. Therefore, the results of the experiment suggest that the
basal sliding and deformation of ice near the bottom determine the equilibrium profile
of the ice sheet. From this point of view, the increase of the area of basal sliding
and the activation of deformation rate can be one explanation for recent thinning of
the ice sheet, as proposed by MAE and NARUSE (1978) and NisHIO et al. (1989).

Here the calculated results are compared with the observations. The area with
high value of reflection intensity of radio echo is the area where the present surface
elevation is lower than about 2500 m (OHMAE et al., 1989). This area roughly corre-
sponds to the area where the bottom is at the melting point in the results of the
present study (Fig. 5b). Moreover, this area roughly corresponds to the area of thin-
ning ice sheet observed by NARUSE (1978, 1979) and NisHIO et al. (1989).

The model, however, suggested that the ice sheet in the region where the surface
elevation is lower than about 2300 m finally thickens. Since the ice sheet profile in
the down-stream region may be affected by constrained boundary conditions of the
model, this tendency should be further investigated with the numerical model which
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involves proper seaward boundary condition and effect of longitudinal stress. The
possibility that the ice sheet in the down-stream region thickens was mentioned by
MAE (1979). According to estimation based on observations, the mass balance of the
Shirase Glacier drainage basin is positive (SHIMIZU et al., 1978), whereas the ice sheet
is thinning in Mizuho Plateau. MAE (1979) suggested if estimation of total accumu-
lation is correct, the positive mass balance in the drainage basin indicates that a
thickening may take place down-glacier. The observation showed, however, that the
ice sheet is thinning even at the G2 station (71°02'25"'S, 39°51’47"'E) where surface
elevation is 1787 m (NisHIO et al., 1989). The thickness changes in down-glacier
where the surface elevation is lower than G2 station have not been reported so far.
It should be examined whether thickening is taking place there.

6.3. The effect of the bedrock topography and the stability of the ice sheet in the vicinity
of the Yamato Mountains

As shown in the results of the experiments (Figs. 5, 7, 8, 11 and 13), bottom
temperature, surface velocity, sliding velocity and thus the equilibrium ice sheet profile,
depend on the bedrock topography (Fig. 3). The results of the experiments showed
that the bottom temperature was higher in the area in which the bedrock elevation
was lower, and thus the amount of mass flux become larger. On the contrary, bottom
temperature was lower in the area in which the bedrock elevation was higher, and
thus the amount of mass flux became smaller. Moreover, the flow of the ice sheet tend
to be more stagnant there because thickness of the ice sheet is relatively thin. Such
different aspect of the ice flow between areas where surface elevation is high and low
clearly can be seen in the ice sheet near the Yamato Mountains and the eastern side
of the drainage basin (Figs. 5, 7, 8, 11 and 13).

Figure 10 also shows that fluctuation of the ice sheet was small in the vicinity of
the Yamato Mountains even if 7, were changed. Moreover, it was stable not only in
the experiment in which surface temperature was changed but also in the other results
of the experiments although they were not shown like Fig. 10 in this paper. The
tendency that the ice sheet there is relatively stable is due to the higher bedrock eleva-
tion than that of the other region. This result suggest that the ice sheet there is stable
in the period of time of the order of 10* years if it is assumed that the ice sheet outside
the western boundary of the drainage basin do not change significantly during then.

6.4. The geothermal heat flux

Bupb and JENSSEN (1989) showed that basal temperatures were closely dependent
on the geothermal heat flux in a three-dimensional model of the whole Antarctic ice
sheet. According to them, the geothermal heat flux 51.7 mW/m? fits closely to the
observed deep temperature profile in the drill-hole at Vostok. This estimation can be
supported by the interpretation of temperature profile at Vostok Station by RiTz
(1989) that the geothermal heat has to be higher than 50 mW/m?. In the present study
the geothermal heat flux lower than 53 mW/m? seems to make the calculated ice sheet
profile closer to the present one (Fig. 14).

The geothermal heat flux and its distribution still remain unknown in the Antarc-
tic ice sheet, and it should be further studied by analyzing observed temperature
profiles in drill-holes in the studied area.
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