
The temperature gradients in the sea floor sediments were
measured using a modified Bullard-type probe with two pairs
of thermistors between 10 to 110 and 110 to 210 centimeters
depth. Both pairs gave exactly the same gradient, 0.00067°C
per centimeter. A sediment core about 100 centimeters long
was obtained using a standard shipboard gravity corer, and
the thermal conductivity was measured at about 15-cen-
timeter intervals. The average thermal conductivity below 10
centimeters depth was 0.00195 calories per centimeter per
degree Celsius per second. The geothermal heat flux was thus
1.30 microcalories per centimeter per degree Celsius per sec-
ond, which is just about the worldwide average heat flux.

The interpretation of the temperature and salinity fields
found below the Ross Ice Shelf will require more data, in par-
ticular temperature and salinity data at other places under the
Ross Ice Shelf and long term current meter records. A very
tentative interpretation is as follows. Water from the open
ocean is advected in under the ice shelf in the bottom layer
near the sea floor. The water subsequently is modified by a
net melting at the bottom of the ice shelf. This water then
returns to the open ocean in the top layer just beneath the ice
shelf. The main evidence for net melting at this time seems to
be that the water just under the ice shelf is less saline than the
bottom layer. We would expect a nearly constant salinity
throughout the water layer because of haline convection if net
freezing were taking place.

I appreciate the assitance of my colleagues atJ-9 in taking
these measurements. This project was supported by National
Science Foundation grants DPP 75-14936 and DPP 76-12559.
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The third phase of the International Weddell Sea
Oceanographic Expedition (IwsoE) began in 1977 when the
Norwegian research vessel Polarsirkel set out five two-current
meter moorings in the southern Weddell Sea. From 1 Febru-
ary 1978 to 6 March 1978 the Glacier continued the third
phase of !WSOE with an intensive physical oceanographic in-
vestigation in the same general area in which the Norwegians
operated (see figure 1). This work is aimed at understanding
the mixing processes that lead to the formation of bottom
water near the edge of the continental shelf.

Figure 1. Track of Glacier during the IWSOE in 1978 (dashed
line) and area where oceanographic operations were carried

out (enclosed by heavy line).

Of the 118 hydrographic stations that were occupied, most
were in a rectangular grid with a spacing of about 10
kilometers (see figure 2). A high-resolution, electronic con-
ductivity-temperature-depth (cTD) recorder was lowered to
within about 10 meters of the bottom on most stations with
the aid of an acoustic pinger. Water samples were taken in
the surface layer and the bottom layer using 5-liter Niskin
bottles. These water samples were analyzed at sea for salinity
and oxygen, and part of each sample was frozen for later
analysis in the United States for silicate and nitrate. On about
half the stations water was also collected for Robert Michel,
who will analyze it for tritium. On the other stations the water
was filtered. These filters will be examined microscopically
for plankton in the United States.

The current meter moorings set by the Norwegians in
1977 had ground lines attached for purposes of retrieval, but
heavy sea ice prevented systematic dragging operations and
the current meters were not recovered. Five additional current
meter moorings were deployed on a line perpendicular to the
shelf break (see figure 2). Each of these moorings has two
acoustic releases arranged in parallel so that activation of
either release will enable the mooring to float to the surface.
In addition, the two shallow moorings on the continental
shelf have ground lines about 1,200 meters long similar to
those used by the Norwegians. Each mooring has two current
meters, which will record current speed and direction and
water temperature for more than a year. We hope ice condi-
tions will be less severe in 1979, so that we can recover all 10
moorings. It is planned that both the Norwegian research
vessel Polarsirkel and a U.S. Polar-class icebreaker will oper-
ate together in the southern Weddell Sea in February 1979.

Helicopters from the Glacier placed a buoy on a large tabu-
lar iceberg for the Norsk Polarinstitutt so that the drift of the
iceberg can be tracked by satellite.

Although analysis of the CTD data is not complete, some
interesting preliminary results have been obtained. At several
stations in the eastern part of the survey area extremely cold
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water with temperatures below the freezing point at one at-
mosphere pressure was found just above the bottom. Since
these stations were probably on the oceanic side of the sill
separating the Filchner Depression from the main Weddell
Sea basin, the extremely cold water may flow downslope and
contribute to the bottom water. The water mass probably
originates beneath the Filchner Ice Shelf, where the pressure
effect allows the water to be cooled below the freezing point at
one atmosphere pressure. Another interesting observation
was that the intrusion of warm water from the open ocean
onto the continental shelf was much more irregular than pre-
viously indicated by the single section made during IWSOE in
1973 in the same area. Perhaps this is an indication that the
intrusion is an intermittent event or that it occurs with an
eddy- or wave-like structure. We hope a detailed analysis of
the CTD data and the current meter data will resolve this
question.

We were assisted by Einar Svendsen and Tor Torresen
from the University of Bergen, Norway; Gwyn Griffiths from
the Institute of Oceanographic Sciences, England; David
Muus and Dwight Wahlberg from Scripps Institution of
Oceanography; and Bradford Fowler and James Mitchell
from the University of California, Santa Cruz. The Glacier's
Marine Science Division assisted in the scientific program,

and all the officers and crew gave superb cooperation.
This work was supported by National Science Foundation

grant DPP 75-14936.
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Figure 2. Positions of hydrographic stations (crosses) and
currant motor moorings sit out during iwsoa in 1978
(triangles), and positions of current motor moorings sit out

by the Norwegians during uwsot In 1977 (squarss).
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We made oceanographic measurements through the J-9
access hole on the Ross Ice Shelf (82°22'S. 168°40'W.) and
from the usccc Burton Island during December 1977-Febru-
ary 1978. The observations provided information on circula-
tion beneath the ice shelf and on interactions between glacial
ice and the adjacent oceans.

At J-9 temperatures were measured with reversing ther-
mometers. Water samples were taken from seawater pumped
up the hole and with modified "Niskin" bottles, closed from
the surface electrically or by messenger. Nearly all the equip-
ment was contaminated by diesel fuel byproducts remaining
from the "drilling" operation and by a slushy ice that formed
in the hole. Salinity was determined onsite with a laboratory
salinometer. Geochemical samples were sent to the United
States for analysis. A Geodyne savonius rotor current meter
was suspended beneath the ice for periods up to several hours
and a modified Thorndike deep-sea camera photographed
the sea floor, the ice hole, and biological activity.

From Burton Island 80 salinity/temperature/depth (STD)
casts were completed (figure 1). Aanderaa current meters and
a thermistor chain were bottom-moored at the locations indi-
cated. Fifty XBT (expendable bathythermograph) casts were

made at 5-kilometer intervals over portions of the ship's track.
A submarine depression deeper than 1,100 meters was en-
countered southwest of Terra Nova Bay, near station 168. It is
the deepest region on the Ross Sea continental shelf (see
Hayes and Davey, 1974), comparable in depth to Discovery
Deep beneath the Ross Ice Shelf (Robertson et al., 1977).

Seawater beneath the Ross Ice Shelf atJ-9 is above the in
situ freezing point below the ice/seawater interface (figure 2).
Relatively well-mixed layers exist below the ice and above the
bottom, with a transitional region between. Repeated obser-
vations showed variations of about 0.05°C. Salinity increased
from 34.39 parts per mill near the ice shelf base to 34.83 near
bottom, counterbalancing the temperature inversion to pro-
duce a predominantly stable water column.

The near-bottom layer atJ-9 has about the same charac-
teristics as the high salinity shelf water in the western Ross
Sea (figure 2, station 11) and appears to derive from that
water mass. Some modifications are probable from freezing
in cracks beneath the ice shelf and from geothermal heating.

The Northwind section (see Jacobs, 1977) along the ice
shelf in the Ross Sea (figure 3) is representative of Burton Is-
land and Eltanin observations. The warm subsurface core cen-
tered at station 25 can be traced to the circumpolar deep
water north of the continental shelf. There are two regions
where water is within 0.2°C of the in situ freezing point. One
is near 450 meters and centered at station 22; the other ex-
tends the length of the shelf at depths near 200 meters. We
hypothesized earlier that this very cold "ice shelf water" has a
sub-ice shelf origin (Gordon, 1974; Jacobs et al., 1970). The
J-9 observations indicate that it results primarily from melting
at the ice shelf base, with the heat supplied from the warmer
layers advected southward beneath the Ross Ice Shelf.

Current measurements extending through a full tidal cy-
cle were not possible at J-9, but interesting results were ob-
tained nonetheless (figure 4). In the bottom layer current
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