
ships attempting passage to and from the southern Ross Sea.
The Pennell and Ross Passage polynyas are best developed in
spring and autumn, but also display intermittently lower ice
concentrations during winter. They appear to be topographi-
cally controlled and maintained in part by upwelling of warmer
water from the continental slope region. Slope water transports
heat onto the shelf as it replaces denser shelf water outflows.
The warm inflows to the continental shelf are evident from
year-long temperature records near the Ross Ice Shelf and from
the rapid spring enlargement of several shelf polynyas. These
polynyas near the continental slope are well positioned to in-
tercept and melt sea ice as it is exported from the shelf.

There is an impressive stability in the 86 percent average
winter sea-ice concentration on the shelf, which shows little
monthly or interannual sensitivity to present-day atmospheric
variability. Sea-ice extent in the full Ross sector and subsurface
ocean temperature along the ice shelf front both lag air tem-
peratures in the southern Ross Sea by several weeks (figure).
Warmer subsurface water entrained in the strong winter ver-
tical circulation on the shelf retards ice growth and enhances
heat flux to the atmosphere. The cycle of monthly average
ocean temperatures near the Ross Ice Shelf during 1984 in-
cludes a feature resembling the early winter air temperature
reversal that characterizes the coreless winter. This suggests
a shelf-water sensitivity to some climatic measure such as ac-
cumulated degree-days, which may be expressed in an ice-
thickness variability that is not observable with SMMR data.

Precautions are required in using SMMR brightness tem-
peratures and the derived ice-concentration data near conti-
nental margins, especially along dynamic coastlines where maps
are not regularly updated. Because of relatively large footprint
sizes and sidelobe effects on the antenna signal, observed val-
ues associated with data elements (pixels) near the continental
boundary may be significantly contaminated by adjacent areas,
particularly during summer. Interpretation of SMMR data in
coastal regions should evaluate probable errors associated with
this problem.

This work has been supported by grants to Columbia Uni-
versity from the National Aeronautics and Space Administra-
tion (NAGW 1344) and the National Science Foundation (DPP
85-12540), and by the Oceanic Processes Program at the Na-
tional Aeronautics and Space Administration.
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Granite Harbor is one of approximately 10 large fjords along
the coast of northern Victoria Land. These fjords constitute
the outlet zones of extensive glacial systems which traverse
the Transantarctic Mountains and drain the ice sheet of the
Polar Plateau. Most of these fjords contain deep basins (up to
1,000 meters) which are often silled to the east. Deep, protected
basins on the antarctic continental shelf act as sediment traps,
collecting fine-grained and low-density materials winnowed
from shallower areas. The combination of high rates of sedi-
ment accumulation and location near major glacial outlet zones

makes the fjord basin sediment packages uniquely suited for
high-resolution studies of Holocene ice sheet advance and re-
treat.

As part of a cooperative U.S.-New Zealand investigation of
sedimentation within Victoria Land fjords, we studied water
circulation within the inner deep basin of Granite Harbor (fig-
ure 1) between early November, 1988, and early January, 1989.
Our specific objectives were to assess the efficacy of marine
currents in winnowing and transporting fjord sediments and
to examine the influence of a large ice tongue on deep circu-
lation. Our overall goal is to combine results from sediment
trapping, current measurements, and surface sediment anal-
ysis to construct a comprehensive view of sedimentary dy-
namics in a very high latitude polar fjord. Here we report on
the results of short-term and long-term current measurements
during the 1988-1989 field season.

Field operations. All sites were reached by tracked vehicles.
Water column and seafloor samples were collected through
holes drilled in annual fast ice. Current measurements were
collected using two InterOcean S-4 electromagnetic current
meters. The Rice University group collected short-term mea-
surements ranging in length from 1.1 to 24.4 hours at 11 sites
between 9 and 22 November 1988. The Victoria University field
party installed an S-4 current meter 3 meters above the seafloor
adjacent to the MacKay Ice Tongue from 15 November 1988,
through 7 January 1989. In addition, 19 surface sediment sam-
ples and 11 large diameter gravity cores were collected in the
Granite Harbor area (see table). These samples are curated at
Rice University and are available to other investigators upon
request.
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Current meter and sediment coring sites, 1988-1989

Duration
hh:mm

12:07
12:46
23:36
13:00

7:31
1:08
9:36

ND
14.38

ND
ND

24:22
ND
ND
ND

13:05
ND
ND
ND
ND

5:37
ND
ND

13:06
1272:00

Water	Meter
Depth	Depth

Site	Latitude	Longitude	(m)	(m)

A	76058'6.8'	162044'36.3'	566	104
B	76059'2.6'	16250'29.5"	829	820
C	76°59'3.8'	162050'29.4'	829	80
D	76057'44.9"	16228'44.4'	598	593
E	76057'25.7"	16224'41.9'	475	450
F	76°59'0.1"	1622611.4'	132	131
G	76057'43.0'	1623527.9'	727	717
H	76057'58.7"	162038'13.3'	802	ND
I	76059'20.6"	162041'32.5"	704	703
J	76058'41.9"	16204579'	644	ND
K	76058'52.6	162047'39.7"	684	ND
L	76058'58.9"	162048'45.9"	793	84
M	7659'26.0"	162050'8.0'	793	ND
N	765921.8"	162052'11.2"	840	ND
o	76059'33.1"	1625350.4'	605	ND
P	7605970'	16252'49.8	840	823
o	76058'44.6'	162053'10.6'	772	ND
R	76058'13.7"	16205426.6"	739	ND
S	7605943.5'	162050'48.8'	656	ND
I	7658'30.1"	162049'30.2'	761	ND
U	77000.3	162425'	235	220
V	76056'49.4"	1625651.7"	877	ND
W	7605677'	162055'49.5"	856	ND
X	7706'47.9"	163010'6.0"	186	185
MGT88	7605719.3'	162030'23.2"	?	?

Velocity	Direction

	

Mean	Max	Mean	Grab	Gravity
(cm/sec)	(1	Sample	Core

	

5.81	7.0	249	X

	

1.67	3.5	026	X	X

	

3.47	4.5	208	 X

	

3.39	16.5	308	X	X

	

2.44	8.0	359

	

5.09	6.5	074	X

	

6.81	12.0	093	X	X

	

ND	ND	ND	X	X

	

4.02	6.0	288	X	X

	

ND	ND	ND	X

	

ND	ND	ND	X

	

1.52	3.5	029	X

	

ND	ND	ND	X

	

ND	ND	ND	X	X

	

ND	ND	ND	X

	

2.09	3.5	335	 X

	

ND	ND	ND	X	X

	

ND	ND	ND

	

ND	ND	ND	X

	

ND	ND	ND	X

	

14.77	18.0	005	X

	

ND	ND	ND	 X

	

ND	ND	ND	X	X

	

3.19	6.0	316	X

	

5.09	15.0	260

Results and discussion. Short-term current velocity records are
shown in figure 2; the long-term record is shown in figure 3.
Mean and maximum current velocities and mean directions
are listed in the table. Mean current velocities at 12 sites within
Granite Harbor range from 1.5 to 14.8 centimeters per second;
maximum velocities range from 3.5 to 18 centimeters per sec-
ond. The lowest current speeds (0 to 3.5 centimeters per sec-
ond) were recorded at depths greater than 800 meters at two
sites (B and P) at the eastern end of the inner basin. Surface
currents at this location (sites L and C) are somewhat greater
(1 to 4.5 centimeters per second). In general, maximum near-
bottom current velocities increase toward the tip of the MacKay
Ice Tongue, with speeds of up to 6 centimeters per second at
site I, 12 centimeters per second at site G, 15 centimeters per
second at site MGT88 and 16.5 centimeters per second at site
D. The two short-term sites immediately adjacent to the ice
tongue show numerous high-flow events of very short dura-
tion. The source of these transient current pulses is not yet
clear but may be related to downslope turbid flows derived
from fluid expulsion at the grounding line, vertical circulation
related to salinity changes induced by glacial or sea-ice freez-
ing/melting, or turbulence induced when fjord currents en-
counter the complex relief of the ice tongue.

The long-term record shows current speeds varying at a
diurnal tidal period. Mean current velocity (over 10-day inter-
vals) steadily decreases through the deployment from 6.9 cen-
timeters per second in late November to 4.3 centimeters per
second in late December/early January.

Our results are the first which demonstrate significant cur-

rent flow within a Victoria Land fjord. Previous studies in New
Harbor (Barry and Dayton 1988) and Granite Harbor (Mac-
pherson 1987), albeit based on limited sampling programs,
have led to suggestions that current velocities are negligible
within these fjords. Within the deep inner basin of Granite
Harbor, we have recorded current velocities as high as 16.5
centimeters per second, sufficient to winnow terrigenous grains
finer than 125 micrometer in diamater from the seafloor (Dun-
bar et al. 1985, figure 1). Most flow events greater than 5 to
10 centimeters per second are episodic and relatively short-
lived; such events will not be resolved during long-term cur-
rent meter deployments (when instruments average velocities
over long periods) and may be missed completely during short-
duration current profiling. Even though such high velocity
events are relatively rare and not easily sampled, it is likely
that these events control the texture of seafloor deposits and
dispersal of food to the benthos to a much greater degree than
does the long-term mean flow.

Our results support previous conclusions based on sediment
trapping and surface sediment analysis (Macpherson 1987;
Dunbar, Leventer, and Stockton 1989) that much of the sedi-
ment deposited in the deep basins of Granite Harbor must be
derived from winnowing of fines from adjacent shallow areas.
Based on the results of our current-meter study, we must now
modify our views to include winnowing from some high-en-
ergy deep water (i.e., more than 500 meters) areas as well.

This work was supported by National Science Foundation
grant DPP 85-16911 and the New Zealand University Grants
Committee. A. Leventer, T. Perrot, and G. Wellington assisted
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Figure 1. Location of current-meter and sediment-sampling stations occupied during 1988-1989 field season. Bathymetry is from Macpherson
(1987) modified by our own observations during 1987 and 1988. At this time, we are uncertain about the existence of a deep-water connection
between the inner and outer basins of Granite Harbor. (km denotes kilometer.)

with the field work; Pat Sole and Garth Falloon (New Zealand
Department of Surveys and Land Information) assisted with
surveying.
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Figure 2. Short-term current velocity measurements (averaged over
intervals ranging from 10 seconds to 2 minutes) at 10 sites in
Granite Harbor. Details of deployments are given in the table. (cm/
sec denotes centimeters per second. m denotes meter.)
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Figure 3. Long-term current velocity record from 3 meters above the seafloor at the site MGT88 adjacent to the tip of the Mackay Ice
Tongue. The record represents averages 17.5 seconds in length every 12 minutes for 53 days. (cm/sec denotes centimeters per second.)
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