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ICE DYNAMICS AND THERMAL REGIME OF TAYLOR GLACIER,
SOUTH VICTORIA LAND, ANTARCTICA

By P. H. Ropinson*
(Antarctic Rescarch Centre, Department of Geology, Victoria University of Wellington, Wellington, New Zealand)

ApstracT.  Glaciological data collected from Taylor Glacier have been
used to assess aspects of the dynamics and thermal regime of the glacier.
Mass-balance studies suggest that the glacier is in near equilibrium. The
thermal condition of the basal ice over much of the ablation area was
calculated from estimates of the geothermal heat influx and measurements
of near-surface ice temperatures, ice velocities, and ice thickness. It was
found that, in as much as 509, of the lower ablation area, the basal ice may
be melting.

Résume.  Dynamique de la glace et régime thermique du Taylor Glacier, South
Victoria Land, Antarctique. Les données glaciologiques recueillies sur le Taylor
Glacier ont servi a reconstituer les principaux traits de la dynamique et du
régime thermique du glacier. Les études du bilan de masse montrent que
le glacier est proche de I'équilibre. Les conditions thermiques de la glace
basale sur une grande partie de la zone d’ablation ont été calculées a partir

INTRODUCTION

Lack of understanding of polar glacial processes
and their glaciogenic products provided the impetus
behind this study. Because of the inferred influence
of Taylor Glacier in the past glacial history of
Taylor Valley (Denton and others, 1971; Stuiver and
others, 1981), the present glacier was used as a
model for assessing the behaviour of outlet polar
glaciers.

The understanding of sediment transport by
glaciers requires a knowledge of the dynamics and
thermal conditions of the ice itself, The dynamics of
glacier ice are best expressed by the mass balance
and the consequent glacier flow, whereas the thermal
regime is controlled by the geothermal heat flux, the
mean annual surface temperature, ice velocity, and
ice thickness. These glaciological conditions are
basic to the understanding of the processes involved
in producing, moving, and releasing glacial sediment
in the Taylor Glacier system (Robinson, 1982, unpub-
lished). This paper presents glaciological data col-
lected from Taylor Glacier between 1975 and 1978, and
applies the data to assess the present dynamic and
thermal regime particularly at the base of the glacier.

A large ice dome, inland of Taylor Glacier, acts
as a centre of outflow. Localized flow off the east-
ern slopes of the dome drains into Skelton, Ferrar,
MacKay, and Taylor Glaciers, with very restricted flow
to Wright Upper and Victoria Upper Glaciers (Drewry,
1982). Taylor Glacier is almost 100 km long from ice
divide to snout (Fig. la). The accumulation area lies
west of the Transantarctic Mountains, covering over
650 kn? with a maximum elevation of 2450 m. The ice
divide is over 30 km west of the mountains and extends
south-westward from Wright Upper Glacier in the north,
then south-eastward to the Lashley Mountains in the
south. In the lower glacier, the ablation area covers
approximately 760 km* and is over 60 km long.

ICE DYNAMICS

Mass balance
Mass-balance investigations require that a glacier
be divided into two areas, one characterized by net

*Present address: Petroleum and Basin Studies, New Zealand Geological Survey,
Lower Hutt, New Zealand.
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d’estimation du flux de chaleur géothermique, et de mesures des tem-
pératures de la glace prés de la surface, des vitesses et de I'épaisseur de la
glace. On a trouvé que jusqu’a 50%, de la zone d’ablation la glace basale
pouvait étre fondante.

ZUSAMMENFASSUNG,  Eisdynamik und Wirmehaushalt des Taylor Glacier, South
Victoria Land, Antarktika. Glaziologische Daten, die am Taylor Glacier
gewonnen wurden, dienten zur Bestimmung der Dynamik und des Wirme-
haushaltes des Gletschers, Studien zur Massenbilanz zeigen, dass der
Gletscher sich annihernd im Gleichgewicht befindet. Die thermischen Ver-
haltnisse des Eises am Untergrund eines Grossteils der Ablationszone wur-
den aus dem geothermischen Warmefluss, aus Messungen der
oberflichennahen Temperatur sowie aus den Eisgeschwindigkeiten und
-dicken berechnet. Es ergab sich, dass in bis zu 509, der unteren Ab-
lationszone das Eis am Untergrund abschmelzen diirfte.

accumulation and the other by net ablation. Locating

‘the zone of separation of these areas is rather

difficult. Normally, at the end of the summer, a
temperate glacier (as defined by Ahlmann (1935)) can
be readily seen as two distinct areas, one snow-
covered (where the winter accumulation has exceeded
the summer ablation), and the other, exposed glacier
ice (where the reverse is true). The line of separa-
tion is termed the equilibrium line (EL). In polar
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Fig. 1. a. Map of Taylor Glacier, from the ice divide
to the snout b. Map of Taylor Glaeier depicting the
area of averaged ablation and accumulation rates
(in m water year—1). Transverse lines A to G indieate
the approximate position of ablation and velocity-
pole lines. EL 18 the equilibriwm line. Ice-surface
contours are at 200 m intervals.
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regions, particularly in arid areas, the EL coin-
cides with the boundary between dry snow and ice on
the glacier surface (Miller, 1962; Fig. 3). Surface
ice loss in polar glaciers, in both accumulation and
ablation areas, is almost entirely by sublimation.
The Tittle melt that does occur is significant only
in the lower part of the ablation area for 1-2 months
in the summer. The approximate position of the EL for
Taylor Glacier was determined from air photographs
flown between 1957 and 1973.

Measurement of accunulation. Accumulation along the
route of the 1959-60 Victoria Land traverse was de-
rived from 19 snow pits (Stuart and Heine, 1961) and
averaged 0,16 m water year~! for the area inland from
McMurdo Sound. The Taylor Glacier accumulation area
is, on average, 200-300 m lower in elevation than the
inland stations occupied by Stuart and Heine (1961);
thus, a good approximation of net accumulation is
0.13 + 0.02 m water year~!, or 0,03 m water* less
than the averaged accumulation obtained from the
Stuart and Heine (1961) inland snow pits.

Measwrement of ablation. Ablation occurs by surface
melting, sublimation, and cliff ablation and calving.
Surface ablation was measured at 62 pole sites and
extrapolated to cover the entire ablation area of
Taylor Glacier. The poles were placed in seven lines
transverse to the glacier flow (Fig. 1b).

The close spacing of lines across the snout (A-C)
was considered critical because of high ice-surface
relief. Close spacing of the poles towards the mar-
gin enabled refined measurement of ablation, which
was assumed variable due to the effects of snow drift-
ing, shading, and high melt run-off.

The rate of ice ablation was obtained from the
difference between the height of a pole measured on
two separate occasions. The difference for measure-
ments at the beginning and end of the measurement
year (in metres) was converted to water-equivalent
(m water) balance. Monitoring ablation for Taylor Glac-
ier covered the period December 1975 to October 1978,
The most complete ablation record for any one year
was obtained during 1976 and 1977 (Table I). The
other measurements, although incomplete, indicate
similar ablation rates for the 3-year monitoring per-
iod. A mass balance was computed for the 1976-77
measurement year.

An estimate of mass balarnce. The loss of ice from
Taylor Glacier by surface ablation was calculated by
assuming that ablation rate is a linear function of
elevation. The average ablation across lines A to G
for the 1976-77 year was calculated, and a linear
regression of ablation against elevation obtained

(r = -0,87), The regression equation was then used
to estimate the total ablation down-glacier of the
equilibrium line, For the calculation, the ablation
area was subdivided using the 200 m contours on the
U.5.G.S. 1:250 000 Taylor Glacier Sheet (ST 57-
60/5). The area between the contours was planimetered
and multiplied by the average ablation determined at
the elevation midpoint on the regression line (Fig. 2).
The derived volumes were then summed and converted to
a mass loss for the ablation area for the measurement
year., The total accumulation expressed as a mass gain
was obtained by multiplying the estimated average
accumulation (0.13 m water year™!) by the area of
accumulation as defined by the ice divide (from
Drewry, 1982) and the EL. Summing the mass loss and
mass gain gives a mass balance (Table II) for the
glacier measurement year.

* An estimate of the decreasing sublimation with elev-
ation in the Taylor Glacier ablation area (0.0l m
water (100 m)-! elevation) was used to estimate annual
ablation (not including drift loss) in the accumula-
tion area, where melting is absent.
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TABLE I. MEASURED ICE-SURFACE LOWERING BY ABLATION
(m WATER year~l ) ON TAYLOR GLACIER AT LINES A TO G
FOR THE MEASUREMENT YEAR, NOVEMBER 1976 — NOVEMBER
1977, THE ESTIMATED ERROR ON ABLATION MEASUREMENT
IS 7%

Line Average ablation
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The estimated accumulation for the Taylor Glacier
accumulation area is 84,9 x 108 tonnes for the measure-
ment year 1976-77, However, additional ice input comes
from Ferrar Glacier, Ice discharge through the cross-
section beneath line F is calculated at 3.5 x 106
tonnes year™!, and the estimated discharge through
Windy Gully is 0.6 x 10° tonnes year™'.* Thus, the
estimated ice gain for Taylor Glacier for the measure-
ment year is 89.0 x 10° tonnes.

The estimated ice loss from the Taylor Glacier
ablation area for the same measurement year is 79.5 x
106 tonnes and includes an estimate of 2.8 x 108 ton-
nes from ice-c1iff ablation and calving. The ice-
cliff ablation rate is an average of the ice-surface
ablation between lines A and G (0.25 m water year™!),
and represents an annual mass loss of 0.5 x 108 tonnes
for the entire cliffed margin of Taylor Glacier. The
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Fig. 2. Ablation, in metres of water equivalent

(m water), plotted against elevation (m a.s.l.), with
a reyression line (solid) through the plots of aver-
age measured ablation for lines C to G (®), and fimed
at the equilibrium line. The area-averaged ablation
is determined from the regression line. 0.13 m water
i8 an estimate of the average accumulation for the
entire accumulation area (acewnulation is negative
ablation).

* Jce discharge through Windy Gully is calculated from
estimates of the ice cross-sectional area (0.15 +
0.09 x 10° m2) and the average velocity of the ice
column (e¢. 2.4 + 1.6 m year™1).


https://doi.org/10.3189/S0022143000005888

ice-cliff calving was determined from the size and ex-
tent of the ice-margin avalanche apron at the begin-
ning of summer (after Bull and Carnein, 1970). The
avalanche apron, averaging 2 m thick and extending

9 m from the ice cliff, skirts almost 140 km of the
glacier margin, and represents an annual mass loss of
2.3 x 10 tonnes from the ablation area.

The errors involved in balancing glacier mass
are large and are attributable to definite sources:
(1) defining the positions of the ice divide and
equilibrium 1ine; (2) determining glacier surface
areas; (3) calculating ice-surface and ice-cliff
ablation; and (4) estimating local accumulation from
regional averages. These errors are random and are
assessed by calculation and estimate, and expressed
as a percentage. For Taylor Glacier the mass gain has
a 19.7% error* and the mass loss a 7.2% error.t
Thus, the net mass gain of 9.5 x 10° tonnes computed
for the year 1976-77 is 10.7% of the mass gain and
within the calculated error.

Because of the large variability in mass balance,
it is not possible accurately to deduce the equilib-
rium condition of Taylor Glacier. However, no visible
change in the position of the Taylor Glacier terminal
face was observed during this study, or between the
years 1913 and 1960 (Péwé and Church, 1962). For the
purpose of this study, Taylor Glacier is considered
to be in balance, within the stated 1imits of error.

Glacier flow

Surface velocity. Taylor Glacier does not appear to
have a simple flow pattern. Nevertheless, a reason-
able approximation of the pattern was obtained from
the surveyed lines (A to G). Horizontal velocity was
measured, while the vertical component of velocity
was assumed equal to the measured ablation rate.

TABLE II. NET MASS BALANCE FOR TAYLOR GLACIER FOR THE
MEASUREMENT YEAR, NOVEMBER 1976 — NOVEMBER 1977.
ERROR LIMITS FOR MASS GAIN ARE * 20% AND FOR MASS
LOSS ARE + 7%

x 10° tonnes year™!

Negative balance of ice

surface below EL 76.7 + 5.4
Negative balance of ice-
cliff face D:5 & 0l
Dry calving from ice-cliff
face 23 & 02
Ice loss 79.5-% HaF

Positive balance of ice

surface above EL 84.9 = 16.1

Positive balance of Ferrar
Glacier inputs 4.1 & 1.5
Ice gain 89.0 ¢ 17.6

The net mass gain for the whole glacier is (9.5 =
23.3) x 10° tonnes.

* Errors in ice gain are calculated from a 19% error
in estimating the accumulation rate, and a 36% error
for the estimate of ice input from Ferrar Glacier.

t Errors in ice loss are a composite of a 7% error
in calculating the volume of surface ice lost and a
10% error in estimating ice loss by cliff ablation
and calving.
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Robinson: Taylor Glacier, south Vietoria Land

Horizontal velocity measured between December
1975 and January 1978 is illustrated in Figure 3 and
summarized in Table III. In each Tine, the velocity
changes 1ittle across the central part of the glac-
ier but decreases rapidly towards the sides. This
is attributed to ice drag against the valley sides
and decrease in ice thickness away from the glacier
centre line, thus altering the thermal condition of
the basal ice. The variation in ice velocity across
the glacier is enhanced where the width is only four
or five times the centre-line ice thickness (e.g.
lines E and G). However, the across-glacier velocity
profiles for lines A to D and F are less variable,
?robab1y due to wide ice cross-sections beneath these

ines.

Flow rates measured at line F are related to ice
influx from Ferrar Glacier. The majority of the Ferrar

Fig. 3. Ice-surface movement for the ablation area of
Taylor Glaecier (lines C to G), measured between
December 1975 and January 1978, and expressed as
vectors of iece motion in a horizontal divection (in
metres) .
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TABLE II1. MAGNITUDE OF SURFACE-ICE MOVEMENT (m year~!)
FOR TAYLOR GLACIER DURING THE MEASUREMENT YEAR,
NOVEMBER 1976 —NOVEMBER 1977, ESTIMATED SURVEYING
ERROR LIMITS ARE + 0.1 m FOR LINES A, B, C, F,

AND G, AND + 0.2 m FOR LINES D AND E

Pole Velocity Pole Veloeity Pole Velocity
m year™! m year™! m year~!
Al 2.0 D1 1.2 El 0.5
A2 4.4 D2 1.9 F2 1.5
A3 4.4 D3 4.5 F3 b |
A4 4.8 Church Rock 7.1 F4 2.2
AS 4.4 D4 5.5 F5 23
A6 - D5 5.6 F6 2.0
D6 5.3 F7 1.8
Bl 3.2 D7 5.l F8 1.4
B2 bk D8 2.9 F9 Ll
B3 Bl D9 1.7 F10 -
B4 5.4 D10 1.5
B5 4.9 Gl 1.5
B6 - El 3.7 G2 h ey 4
E2 8.1 G3 4.4
Cl1 2.9 E3 113 G4 13.7
c2 4.1 E4 13.9 G5 14.4
c3 5.6 E5 14.0 G6 14.0
c4 5.6 E6 12.9 G7 13.5
Ch 5.4 E7 11.4 G8 FAY)
Cé 5.0 E8 6.2 G9 2.5
G10 2,9

Glacier ice flows to the north-east, down-valley.
However, a small amount moves north-west into Taylor
Glacier. The low surface velocities measured at line
F probably result from compressional flow between
Ferrar and Taylor Glaciers, as the former flows into
the latter. Generally, however, measured surface
velocities for Taylor Glacier exhibit ice under ex-
tensional flow. Such patterns of ice-surface velocity
enable theoretical approximations of the englacial
and basal components of ice flow.

Englaecial and basal veloeity. If the basal ice of a
glacier is at pressure melting, a part of the measured
surface velocity is likely to result from ice slip
over the bed, To obtain the amount of basal slip,
assuming temperate ice conditions at the glacier sole,
an estimate of the englacial velocity is required.
This allows basal velocity to be estimated as the dif-
ference between the surface velocity and englacial
velocity.

Summary of symbols

R ablation rate.

Flx) Dawson's integral,

g gravitational acceleration.

H total ice thickness.

h height of a layer of ice above
the glacier bed.

Ki thermal conductivity of ice.

n flow-1aw exponent (n = 4.2 for

Taylor Glacier; personal communi-
cation from W. Robinson, 1978).

@ heat produced in basal ice
@p =utp).
dg geothermal heat flow.

mean of basal-ice velocity.

*|

Ug surface-ice velocity.
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up velocity of a layer at heighth
above the bed.

a slope of ice surface,

B measure of the proportionality of
strain-rate to stress.

oy ice temperature at height A above
the glacier bed.

8¢ surface-ice temperature (mean ann-
ual surface temperature).

K j thermal _diffusjvity of ice
(41.6 year™ for Taylor Glacier).

p density of ice.

Th basal shear stress.

(iﬂl) temperature gradient in the basal

8, /b ice,

In the absence of field measurements, horizontal
englacial velocities for Taylor Glacier were theoret-
ically determined using

28 (pg V' (sila) (7 -
by =y m— W)
il i |

h)rr+1

which is derived from the generalized flow law of ice
(Nye, 1951), where g and n are constants.

Before reliable englacial velocities can be deter-
mined from Equation (1), specific values of B, which

o 540 surface 555
Line C Line D
Pole C5 Pole D5
—./ ce
280~ ] 212
bed
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Fig. 4. Theoretically derived englacial horizontal

veloeity profiles for centre-line poles in lines C
to G. Horiszontal veloeity is expressed inm m year-1;
ice thickness in metres.
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is dependent on temperature, are required. Ice tem-
peratures in Taylor Glacier probably differ by 15 to
25 deg between the glacier surface and the sole,
Under such conditions, the value of 8 is a function
of position and could vary by nearly two arders over
such temperature ranges (Glen, 1955). Since the flow
law involves many simplifying assumptions and because
of the uncertainty of the value of parameter B, the
velocity profiles derived from Equation (1) are
approximations.

Figure 4 presents the calculated englacial and
basal velocities beneath the centre poles of lines C
to G. The basal slip is large relative to the internal
flow; presumably, this is the result of low basal
shear stresses which result from high hydrostatic
pressures. In areas where wet-base conditions are in-
ferred to occur, the theoretically derived englacial
velocity represents, on average, about 40% of the
measured horizontal velocity at the ice surface. The
remainder is taken up in basal slip and, therefore,
is the main process contributing to horizontal ice
movement in these areas of Taylor Glacier.

THERMAL REGIME

Temperature modelling

The behaviour of most glaciers is critically de-
pendent on temperature, The temperature distribution
through a glacier is mainly determined by geothermal
heat flow, mean annual surface temperature, ice thick-
ness, the vertical component of ice velocity, and the
heat generated by basal sliding and ice deformation.

When temperature modelling, it is normally as-
sumed that the glacier is close to dynamic equilib-
rium; this has not been conclusively proved but is
assumed for Taylor Glacier. The above features are
reviewed and values for Taylor Glacier are found.

Geothermal heat flow. An estimate of the geothermal
heat entering the base of Taylor Glacier was obtained
from existing measurements in the region. Decker and
Bucher (1977) presented data on sub-surface tempera-
tures, thermal conductivities, and heat-flow values
from permafrost sediment and bedrock. Pre]iminarg
calculations indicated a heat flow of 0.088 J m=¢ s-!
for Dry Valley Drilling Project (DVDP) hole 6, drilled
in granite at Lake Vida. This is more than twice the
heat flow measured in other continental crustal ter-
rains (e.g. Canadian shield with a heat flow of
0.038 J m=2 s-1 (Clark, 1966)).

The plutonic terrain beneath Taylor Glacier is
similar to that around Lake Vida and therefore it
seems reasonable to assume the same heat-flow value,
particularly since Decker (1978) explained the high
heat flux by a convective model on a regional scale.

Mean annual surface temperature. It is commonly
accepted that the temperature measured between 15 and
20 m beneath the glacier surface is a good approxim-
ation of the mean annual air temperature (MAAT)
(Paterson, 1981, p. 188). Calculation for Taylor
Glacier showed that seasonal temperature changes are
not detectable below a depth of 20 m (Robinson, un-
published) and that, at 17 m, the amplitude of change
is unlikely to exceed 0.1 deg (Keys, unpublished).
Therefore, the MAAT can be approximated by a measure
of the mean annual surface temperature (MAST) at

17 m depth.

Measuring the MAST over the entire glacier is im-
practical. However, as a first approximation, it is
assumed that the MAST decreases in a more or less
linear fashion with increasing elevation (Hooke,
1977), and the rate of decrease is termed the lapse-
rate. In association with a measured MAST at a known
elevation, the lapse-rate can be used to infer an
approximate surface-ice temperature for different
parts of a glacier or ice sheet.

A number of lapse-rates have been recorded for

https://doi.org/10.3189/50022143000005888 Published online by Cambridge University Press

Robinson: Taylor Glacier, south Vietoria Land

Antarctica. Budd and others (1971) obtained a lapse-
rate of approximately 1.0 deg (100 m)~! inland of the
Wilkes Coast, and Taylor (1965) computed a lapse-rate
of 0.8 deg (100 m)~* on a traverse to the South Pole,
Bentley and others (1964) calculated a much lower
lapse-rate at 0.35 deg (100 m)~! for traverses that
covered large areas but small ranges in elevation in
West Antarctica.

Lapse-rates in the Dry Valleys area lie between
the extremes quoted above. Calculations from the
temperature and elevation measurements for Meserve
Glacier (Hughes, 1971; Holdsworth, 1974) give a lapse-
rate of 0,6 deg (100 m)™. From surface ice-temperature
measurements at different elevations on Taylor Glac-
ier (Robinson, un{nub]ished) a lapse-rate of 0.4 *
0.05 deg (100 m)™* was obtained. The latter is con-
sistent with lapse-rates calculated by Keys (unpub-
lished) from meteorological observations for the
McMurdo Sound region.

At the snout of Taylor Glacier, the best fit be-
tween measured and calculated crevasse temperatures
gives a MAST of -17.0°C at 17 m beneath the ice sur-
face, whereas at lines F and G the 17 m temperatures
are -20,1°C and -21.5°C, respectively. These ice
temperatures are measured at known elevations, hence
MAST values for any known elevation on Taylor Glacier
can be estimated by extrapolation and interpolation
using the calculated lapse-rate.

Ice thickness. Ice thickness for Taylor Glacier was
obtained from gravity (Stern, 1978) and radio echo-
sounding (Calkin, 1974; Drewry, 1982) surveys, and is
presented as simplified transverse profiles (Fig. 5).

SE
o 02 03 D4 D5 D6 D7 DB DODWO i

NW SE o) o ce NW

El E2 E3 E4

E5 EGE7 Es

Fig. 5. Profiles of ice eross-sections beneath lines
€, D, £, F, and G, Taylor Glacier (adapted from
Stern (1978)). Approximate sediment thickness is in-
cluded in the profiles at lines F and G. The inter-
section of yravity and radio echo-sounding profiles
18 marked (®) on profiles F and G.

Both Calkin (1974) and Drewry (1982) wrote of the sub-
ice terrain as bedrock. However, Stern (1978) found
that the combined gravity and radio echo-sounding data
for lines F and G were inconsistent with any simple
two-layer model. The data required a third layer of
density between that of ice and bedrock. The most
reasonable value was the density of unconsolidated
sediment (2.2 Mg m=3 ). Stern used this value in a
three-layer model and calculated the maximum thickness
of subglacial sediment to be 613 m for line F, and
563 m for line G, with the maximum thickness of ice
beneath these lines as 640 m and 1110 m, respectively.

At lines C, D, and E, where there are no echo-
sounding control data for the corresponding gravity
profiles, Stern (1978) explained the gravity pro-
files entirely by changes in ice thickness and as-
sumed no sub-ice sediment,
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Vertical ice veloeity. Ice velocity can be resolved application of these models to regions above the
into two components, horizontal and vertical. Al- equilibrium Tine. However, Robin's model is readily
though horizontal velocities are almost without ex- modified for use in ablation areas:
ception the larger, the temperature gradient produced .
by horizontal velocity is quite small. A far more im- 50\ |2k H BH ‘g” 5 f"H
portant process of heat transfer through an ice mass 05_9":(51'1)\/ é [F( 2h__)exp - F(h\/2x-H)e"p < ] (2)
results from the vertical component of velocity. b i i

Vertical velocities for Taylor Glacier were ob-
tained from ablation rates in the ablation area (see Modification of the Budd and others' model for use
Table 1). The maximum vertical velocity (0.56 m year™') in the ablation area was presented by Hooke (1976).
occurs 400 m from the snout, An up-glacier progress- Comparisons were made between ice temperatures derived
ive decrease in vertical velocity is assumed from the from Hooke's modification and the modification of
decrease in the averaged ablation (line C, 0.47 m year=';Robin's model for this study. In both the Hooke and
line D, 0.36 m year‘l; line E, 0.22 m year™; modified Robin models, the vertical velocity is as-
line F, 0,11 m year™; and 1ine G, 0,16 m year“l) sumed to decrease linearly with depth. However, Hooke's
and this velocity is assumed to decrease linearly model accounts for internal heat generation from shear
with depth. deformation at the glacier base, and the horizontal

No assessment of the downward velocity component temperature gradient throughout the ice mass.
in the accumulation area was attempted, as the accumu- In Taylor Glacier, the heat generated from shear
lation rate for Taylor Glacier (0.13 m water year™ ) is deformation could increase the basal heat input by
only an approximation and any temperature profiling 6-24% when added to the geothermal heat flow (see
for this area, using a single value of vertical veloc- Table IV). Such additional heat is likely to be sub-
ity, would be misleading. stantially greater than any cooling effects produced

by horizontal advection in ice. Since Hooke's model

Internal heat generation. Because horizontal velocity accounts for both internal heat generation and hori-
decreases with depth, there is a shear deformation in zontal cooling (or warming), and basal temperatures
the horizontal direction. Calculation of this deform- derived using this model are warmer than those derived
ation for Taylor Glacier indicates that upwards of from the modified Robin model, it is assumed that
60% of the shear occurs just above the bed (see Fig. the heat produced by internal deformation exceeds
4). A1l the frictional heat resulting from the that from horizontal cooling. The lower temperatures
deformation is assumed to be released at the base of derived using the modified Robin model indicate only
the glacier. the minimum approximate extent of the melting zones

In the lower ablation area of Taylor Glacier beneath Taylor Glacier (Fig. 6). The study of basal-
(down-glacier of line E), theoretical calculations ice temperatures in Taylor Glacier was carried out to

show that the frictional heat produced in the basal
ice (@p) contributes between 6 and 12% to the total
heat generated (Table IV). This extra heat input is
greatest at the centre and decreases towards the mar-
gin. For lines C, D, and E, the calculated ma]imum
increase in basal ice temperature due to heat from
basal ice deformation is 1,5 deg. Beneath lines F
and G the addition of internally generated frictional
heat to the geothermal heat input at the ice base is
calculated to increase the total heat by approximately
24 and 19%, respectively (Table IV), which is likely
to increase basal ice temperatures by a maximum of
4.5 deg.

TABLE IV. CALCULATIONS OF FRICTIONAL HEAT (@p) AND
TOTAL HEAT GENERATED (4, + @p) IN THE BASAL ICE OF
TAYLOR GLACIER BENEATH ~i’HE CENTRE OF LINES C TO G

Line
c D B F G Fig. 6. Map of areas of theoretically derived basal
temperatures at 0°C (hachured) for the lower ablation
dh 0.0073 0,0055 0.0120 0.0278 0.0207 area, Taylor Glactier.
(Jd m=2 s™1)
determine the presence of temperate ice and melting
9y *dp 0.0953 0.0935 0.1000 0.1158 1.1087 zones at the glacier sole. Therefore, it is suffici-
gy ent to use a simplified model (Robin, 1955) that
(G m= &) broadly delineates basal-ice thermal zones. This model

probably underestimates the basal-ice temperature in
Taylor Glacier and thus the melting zones detected
will be underestimated, while the model of Hooke
(1976) gives larger zones of basal-ice melting.

The greatest errors were assumed in assessing

(Qg of 0.0880 J m™2 s7! is assumed for Taylor Glacier.)

Caleulation of basal ice temperatures vertical velocities and basal heat gradients. There-
A number of mathematical models were reviewed for fore, the sensitivity of the basal thermal regime to
calculating Taylor Glacier basal-ice temperatures changing these input variables was assessed: (i) when
(Robin, 1955; Budd and others, [1970], 1971; vertical velocities equivalent to the ablation rate
Philberth and Federer, 1971; Hooke, 1976, 1977; Jones, and zero were separately applied to Equation (2); and
1978). The models of Budd and others, Philberth and (i1) when the basal heat was reduced by neglecting
Federer, and Jones were developed from Robin (1955) the frictional heat produced. By separately reducing
for ice-temperature modelling in accumulation areas. both vertical velocity and basal heat influx, the
As the implicit requirement is that the accumulation area of basal melting is effectively reduced. For ex-
rate be positive, this generally restricts the direct ample, if the vertical velocities were neglected (i.e.
158
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B =0 in Equation (2)) but equilibrium in the tempera-
ture profiles was maintained, the heat flow through
the basal ice beneath lines E, F, and G would require
only 80, 79, and 49%, respectively, of the estimated
total geothermal heat supplied to the glacier sole.
Such a heat reduction would just maintain the basal
ice at 0°C. Any further heat loss would result in
freezing at the base.

The effect of reducing the geothermal heat influx
while maintaining the vertical velocity was also con-
sidered. Under such circumstances, a 9 to 79% decrease
in the geothermal heat flow beneath C to G, respect-
ively, is required before basal-ice melting is pre-
vented beneath all the lines (assuming the temperature
equilibrium is maintained throughout the ice column).

Figure 6 illustrates that about 50% of the lower
ablation area of Taylor Glacier may be at pressure
melting and therefore can be expected to behave as
temperate ice. The area is a minimum, for the rea-
sons already outlined, and because the glacier prob-
ably passes over extensive salt deposits (Keys,
unpublished), which have the effect of depressing
the freezing-point of the basal ice and thereby ex-
tending basal melt. Further investigation may reveal
similar large areas of basal melting beneath the
upper ablation area and into the accumulation area,
extending the zones of melting beyond the restricted
distribution discussed here and beyond the sub-ice
lakes described by Drewry (1982) for the ice sheet
west of Taylor Glacier,

SUMMARY

The temperature distribution in the basal ice for
ablation area of Taylor Glacier was obtained from
following data:

the
the

1. Mass loss from surface ablation (measured aver-
age 100 kg H20 m=2 year~!)and ice-cliff ablation
(estimated average 1000 kg Hy0 m™ year™!) for the
ablation area, and mass gain from accumulation
(estimated average 130 kg Hy0 m™ year™) and ice
input from Ferrar Glacier (estimated total 4.1 x
10'9 tonnes H,0 year™) indicates that Taylor Glac-
ier is close to mass-equilibrium conditions.

2. Horizontal surface-ice velocity measured for
the Taylor Glacier ablation area averages

6.1 m year! , with a maximum of 14.4 m year~!
(line G). The vertical surface-ice velocity, esti-
mated from the measured rate of surface ablation,
averages 0.24 m year~!, with a maximum of

0.56 m year™ (in line C). In areas of inferred
basal melting, theoretically determined englacial
velocity profiles indicate that between 25 and 83%
(and on average 60%) of the surface velocity is
the result of basal slip.

3. A regional geothermal heat flow of 0.088
J m? sl was used to approximate the heat flow
into the base of Taylor Glacier.

4. Mean annual surface temperatures at the snout
and equilibrium line of Taylor Glacier are -17.0°C
and 24.6°C, respectively. These data were obtained
from crevasse temperatures and extrapolation of
drill-hole temperatures. A temperature lapse-rate
of 0,40 + 0,05 deg (100 m)-! was also determined.

5. Ice thickness, obtained from gravity survey and
radio echo-sounding data, is on average 400-500 m
in the ablation area. However, in restricted sub-
glacial depressions the ice thickness exceeds

1000 m,

Assuming steady-state conditions, the distribution
of basal temperatures for Taylor Glacier, determined
from the above data, indicates that as much as 50% of
the basal ice in the lower ablation area may be melting.
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