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Hughes (1981-a) proposed that ice draining through Pine
Island Glacier and Thwaites Glacier into Pine Island Bay is
lowering the drainage basins of these ice streams and that this
represents the initial stages of a chain reaction that could ul-
timately lead to collapse of the west antarctic ice sheet. Accord-
ing to Hughes' theory, collapse would begin when these lower-
ing ice drainage basins enlarge and neighboring ice drainage
basins, which supply ice streams across the west antarctic ice
divide, shrink. In particular, Hughes believed that the Pine
Island Glacier ice-drainage basin enlargement (and the con-
sequent Rutford Ice Stream ice drainage basin shrinkage) is in a

/r

-------

lo

/	 RonnS-	.

	

S	 Ii,
/I-L4Z.

	

0	 sip'

	

/10	
P

	

3.	 ....	 -.

I- Y^f

SSW

>
\

Figure 1. Location map of drainage basins for Pine Island Glacier,
Thwaites Glacier, and Rutford Ice Stream, with ice elevation con-
tours in 0.1-kilometer intervals. Shown are calving fronts for
grounded ice (solid borders and floating ice (hatchured borders),
Ice-shelf grounding lines (dotted lines), ice-streams (crevassed
areas), limits of ice-stream drainage basins (dashed lines), ice sur-
face elevation contours (thin lines), and mountains (black areas).

Figure 2. Drainage basins for Pine Island Glacier, Thwaites Glacier,
and Ruttord ice Stream with surface precipitation isopleths in 10-
gram-per square-centimeter-per-year intervals. Numbers are pre-
cipitation measurements in grams per square centimeter per year at
sites along tractor train traverse routes, and circled numbers are
mean precipitation rates in grams per square centimeter per year
between isopleths and summed in the table. Data from Bull (1971).

late stage and that the Thwaites Glacier ice drainage basin en-
largement is in an early stage. There is now adequate data
roughly to test this idea.

Figures 1 and 2 show surface elevations and surface ac-
cumulation rates in the drainage basins of Pine Island Glacier,
Thwaites Glacier, and Rutford Ice Stream. Our borders for these
drainage basins differ somewhat from those obtained from sur-
face contours published by Scott Polar Research Institute
(Drewry 1983), but they are based on the same data sources.
Radio-echo data not available to us was also used to define the
drainage basins for Pine Island Glacier and Rutford Ice Stream
(Crabtree and Doake 1982). Surface accumulation rates are con-
toured at 10-gram-per-square-centimeter-per-year intervals
within these drainage basins, primarily from snow-pit stratigra-
phy along tractor-train traverse routes (Bull 1971). Contouring
at these intervals is not really justified by the data, but it does
give the best possible estimate of mass input. Extensive surface
crevassing on the ice streams themselves leads us to suspect
that katabatic winds reduce mass input to nearly zero or possi-
bly even cause ablation on these surfaces, as is the case for Byrd
Glacier.

The table lists the mass balance data we obtained for the
drainage basins of Pine Island Glacier, Thwaites Glacier, and
Rutford Ice Stream. We used ice thickness measurements and
grounding line positions obtained from radio-echo data
(Drewry 1980; Crabtree and Doake 1982; Stephenson and
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Doake 1982). Our mass input to Pine Island Glacier is 30 percent
less than that obtained by Crabtree and Doake (1982) from
essentially the same data. We regard this difference as an accu-
rate reflection of the uncertainties in measuring catchment areas
and accumulation rates.

We used surface velocity measurements obtained pho-
togrammetrically from Landsat imagery for Pine Island Glacier
and Thwaites Glacier (Lindstrom and Tyler, Antarctic Journal,
this issue), and from a surface survey for Rutford Ice Stream
(Stephenson and Doake 1982). Since these velocities were meas-
ured on the surface of floating ice, we assumed the velocities
were unchanged with depth. Ice-stream widths (where surface
velocities were measured) were the distances from one lateral
shear zones to the next observed on Landsat imagery; ice-
stream velocity between these shear zones was assumed to be
nearly constant, as is the case for Byrd Glacier (Brecher 1982).
An ice-stream density of 900 kilograms per cubic meter was
used to compute the mass flux being discharged. Basal mass
balance under the floating parts of these ice streams is unknown
and could be strongly positive (Budd, Corry, and Jacka 1982) or
negative (Robin 1979). We estimate that the mass flux dis-
charged will change by less than 5 percent due to a positive or
negative mass balance between the grounding lines and the
cross-sections where we measured the discharge mass flux.

We compute a positive mass balance of 40 x 1012 kilograms
per year for Pine Island Glacier, a positive mass balance of 4 x
1012 kilograms per year for Thwaites Glacier, and a negative
mass balance of 10 x 1012 kilograms per year for Rutford Ice
Stream. We attach an uncertainty of ± 7 x 10 11 kilograms per
year to these values.

Because there is a strongly positive mass balance for Pine
Island Glacier, we must ask whether or not the Hughes (1981-a)
proposal is valid. Hughes (1981-b) showed that an ice-stream
surge downdraws its drainage basin and this downdraw en-
larges the basin at the expense of neighboring ice-stream drain-
age basins. If a surge of Pine Island Glacier has downdrawn its
drainage basin, Pine Island Glacier should have captured part of
Rutford Ice Stream drainage basin leaving Rutford Ice Stream
with a negative mass balance. We indeed find this to be the case,
and we claim this to be indirect evidence that the surface of Pine
Island Glacier drainage basin has been lowering.

Direct evidence for surface lowering in conjunction with a
strongly positive mass balance has been reported for Shirase
Glacier drainage basin on Mizuho Plateau in East Antarctica
(Naruse 1979). Like Pine Island Glacier and Thwaites Glacier,
Shirase Glacier is moving at a surge velocity and calves into an
open embayment. Thwaites Glacier, which has the fastest ve-
locity and a mass balance closest to zero, would seem to be in an
early stage of surging before the effects of downdraw become
apparent. We are now modeling this possibility, with more data
and a better model than was used in the initial modeling inves-
tigation of the Pine Island Bay ice drainage system by Hughes,
Fastook, and Denton (1980).

This work was supported by National Science Foundation
grant DPP 80-06503.
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Summary of values used for mass balance calculations

Mass input-drainage basin	 Mass output-ice stream

Accumulation	Accumulation	input mass	Mean ice	Mean ice	ice-stream	Output mass
regiona	area 	fluxc	velocityc	thicknessd	width 	fluxc

Mass
balance°

Thwaites
Glacier

Pine island
Glacier

Rutford ice
Stream

	

0.1 x 1012	3.100
1.3 x 1012

2.3 x 1012

16.0 x 1012

8.5 x 1012

20.7 x 1012

48.9 x 1012

	

0.2 x 1012	0.712
0.6 x 1012

1.5 x 1012

12.6 x 1012

11.4 x 1012

27.9 x 1012

8.2 x 1012

3.5 x 1012

65.9 x 1012

	

1.9 x 1012	0.400
2.3 x 1012

2.8 x 1012

7.0 x 1012

	

0.325	49.0	44.4 x 10 12	+ 4 x 1012

	

1.564
	

26.2
	

25.5 x 1012	+40 x 1012

	

1.860
	

26.0
	

17.4 x 1012	-10 x 1012

5
	

2,165
15
	

8,659
17
	

13,530
25
	

63,862
35
	

24,354
45
	

46,002
158,572

5
	

3,788
15
	

4,059
17
	

8,930
25
	

50,602
35
	

32,472
45
	

61,967
55
	

14,883
65
	

5,412
182,113

17
	

11,365
25
	

9,200
35
	

8,118
28,683

a In grams per square centimeter per year.
b in square kilometers.
c In kilometers per year.
din kilometers.
"Totals.
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Hot-water drilling on the Siple Coast
and ice core drilling at Siple and

South Pole Stations

K. C. KUIVINEN and B. R. KOCI

Polar Ice Coring Office
University of Nebraska

Lincoln, Nebraska 68588-0200

The Polar Ice Coring Office (Pico) used a new hot-water drill
and a new 200-meter winch and electromechanical coring drill
at three antarctic locations during the 1983-1984 field season.
Hot-water drilling of shot holes for the University of Wisconsin-
Madison seismic program was conducted at Upstream B
(83°31.2'S 138°05'W) on the Siple Coast. PICO collaborated with
the Physics Institute, University of Bern, Switzerland, in two
drilling and core processing projects: (1) a 201-meter ice core
was collected at Siple Station for analysis by the University of
Bern group and (2) at South Pole Station, a core was drilled from
230 to 353.5 meters in a hole left open after the 1982-1983
season.

In early November, a team of three drillers (Jay Arneson, Bill
Boller, and Bruce Koci) invaded the Upstream B camp on the
Siple Coast to drill an array of seismic holes for University of
Wisconsin (at Madison) (Bently et al., Antarctic Journal, this
issue) and to drill a deep hole to test the feasibility of using hot-
water drills to place thermistor strings and other scientific in-
struments to various depths on the ice.

Two 80-kilowatt oil-fired burners were used to generate water
from snow on the surface and to heat the water to 90°C for
drilling 8-centimeter diameter holes. An array of 17 holes, each
to a depth of 23 meters, was completed in 1 working day. Hole
depth was limited to 23 meters since water pooled at this depth
and there was no way to place the explosive charges before
refreezing occurred.

The water required to drill each shot hole was in the 150-
gallon range. All drilling apparatus and water tanks were
moved between sites by two Alpine skidoos without problem.
The simplicity and lack of drilling problems suggest that inves-

tigating organizations could drill their own shot holes in the
future.

The deep-drilling challenge was handled by using four 80-
kilowatt heaters, two of which were used to generate water on
the surface and two to heat the water while drilling. Tanks
similar to fuel bladders with a hole in the top proved very
satisfactory for water storage. Tank capacities were 500 and
1,000 gallons.

The drill hose was a standard 2-centimeter interior-diameter,
reinforced hose surrounded by 20 pairs of #24 wire and jack-
eted with a Kevlar-strength member. Performance of this hose
proved satisfactory. The flow rate was 30 liters per minute at a
temperature of 90°C. A thermal gradient of 12°C per 100 meters
was observed between the heater outlet and the nozzle during
drilling operations. The drill hose with thermistors attached was
left down hole.

All the thermistors in the string survived the freezing-in
process and a temperature profile will be forthcoming.

From mid-November through early December a four-person
team from rico and the University of Bern drilled, logged, and
packaged a 201-meter ice core from Siple Station. The team
consisted of Karl Kuivinen and John Litwak from rico and
Henry Rufli and Jakob Schwander from the Physics Institute,
University of Bern, Switzerland.

Drilling and core processing took place in a trench excavated
by tractor to 3 meters wide by 3 meters deep by 12 meters long.
The trench was roofed with 4-by-4-inch timbers and 1/2-inch
plywood sheets to provide protection against wind, blowing
snow, and heating by solar radiation of the drill and core pro-
cessing equipment—all problems that had hampered a drilling
project at Siple during the 1978-1979 season.

The rico electromechanical drill and 200-meter winch system
(Koci in press) was used to collect 10-centimeter diameter core
in a total of 12 days of operation. Core quality was excellent
down to a depth of 144 meters but deteriorated beyond that
depth. Drilling reached a depth of 201 meters.

The ice core was flown to South Pole Station for processing,
sampling, and packaging for retrograde to Switzerland
(Stauffer and Schwander Antarctic Journal, this issue).

At South Pole Station both drilling teams combined efforts to
continue core drilling and processing of core from 230 meters to
353.5 meters below the surface in a hole drilled to 230 meters in
the 1982-1983 season (Kuivinen 1983).
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