is one tritium atom per 1018 hydrogen atoms).
This value has not been subtracted in calculating
the results in the table.
These samples were collected to study the interaction of the various antarctic water masses.
The formation of Antarctic Bottom Water
(AABW) in the Weddell Sea was of particular interest. Some idea of the time scale of AABW formation and the water masses involved in its formation should be obtained from tritium
measurements.
As the bottom-water layer is very thin in many
places, some difficulties were encountered in trying to sample it. In many cases where it was present the Nansen bottles tripped above the bottom
layer. Bottom water was sampled at four stations;
significant tritium concentrations were found in
three of the samples. Stations 8 (just south of the
Scotia Ridge) and 13 (in the northwestern Weddell Sea) aro in areas of thick bottom-water
layers, and tritium concentrations here are the
highest of any of the bottom-water samples. They
approach the tritium levels found in surface
waters. Stations 27 and 29 were on a track running west toward the Larsen Ice Shelf. Station 29
shows a tritium concentration similar to that expected for water that is a mixture of surface
water, winter water, and warm deep water. All
other deep samples were in a transition zone between warm deep water and bottom water. They
show no significant tritium concentrations above
blank levels.
As expected, all warm deep water samples
show no tritium. This water has had no contact
with surface water in several hundred years and
any tritium would have decayed away. Highest
tritium concentrations are at the surface, where
the input of tritium from the atmosphere occurs.
Tritium concentrations tend to be lower in the
winter-water layer (temperature minimum) and
decrease to zero in the transition zone between
the winter water and warm deep water.
One profile was taken in the Erebus and Terror Gulf; substantial amounts of tritium were
found here at all levels. There is a layer of water
at the bottom that is high in tritium content and
low in temperature. It indicates the presence of a
mechanism that mixes a component of surface
water into the lowest layer of water in the gulf.
Technical assistance in sample measurements
was provided by Teresa L. Jackson. Theodore D.
Foster furnished the hydrographic data. This
work was supported by National Science Foundation grant DES 75-07166. Sampling was carried
out under National Science Foundation grant
GA-41578.
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R/V Hero cruise 76-4 originated in Ushuaia,
Tierra del Fuego, Argentina, on 22 June 1976
and terminated in Puerto Montt, Chile, on 6 July
1976 after making 44 stations in the southern
Chilean Archipelago between latitudes 55022'
and 42°44'S. (figure). Samples at each station
were taken of suspended sediments at selected
depths and of bottom sediments. The portion of
the cruise track on the Chilean continental shelf
had to be cancelled because of poor weather from
the southwest: at one point, Hero was making
"full steam ahead" and moving only 1/2 knot. In
addition to the authors above, the scientific complement included geologists F. Ferraris and C.
Vieira from the Instituto Chileno de Investigaciones Geob3gicas, and R. Edwing, D. Kostick,
and I. Merin, all graduate students at The
George Washington University.
Suspended sediment sampling was done as
described in our earlier paper (Siegel et al.,
1976): we used a Reda submergible pump and
hose assembly, and large-volume Niskin bottles
(30-liter capacity) were used to obtain samples
from depths greater than about 140 meters. Shipboard laboratory work also followed a scheme
similar to that described in the earlier paper.
Solid and liquid phases were separated immediately after collection using a Millipore filter
transfer system with 0.45-micrometer filters of
47-millimeter-diameter (to determine the
amount of suspensate per unit volume of sea
water) and of 142-millimeter-diameter (to collect
enough material for mineralogical and
geochemical analyses). Suspensate was also collected on 13-millimeter-diameter filters for scanning electron microscope research on particulate
ANTARCTIC JOURNAL

morphology. Suspensate samples for major element determination via X-ray fluorescence were
prepared by passing 1 liter of sea water through a
second 47-millimeter-diameter filter. Salinities
were determined aboard ship using a Plessy
model 6220 salinometer, and temperature
changes to depths of 275 meters were monitored
using a bathythermograph. The suspended particulate matter and the grab samples were placed
in plastic containers and stored in the ship's
freezer.
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So far we have collated our accumulated data
and have finished with the first stage of the investigation: determinations of the amounts of
material in suspension (total particulate concentration, and amount of inorganic and organic
phases taken separately). (A table giving station
location, depth to bottom, depth of sampling
levels, and salinity at these levels is available
upon request from the authors.)
After returning to Washington, D.C., the
samples were stored at -5°C until processing. The
47- millimeter filters were preweighed before the
cruise. Upon our return to Washington, D.C.,
they were dried in a dessicator for a minimum of
48 hours after which they were reweighed. The
difference in weight represents the total particulate in suspension weight. Every fifth filter
was set aside as a control and weight corrections
were made according to the gain or loss of weight
of these controls. The amount of organic and inorganic phases was determined by firing at
1000°C for 1 hour.
The average suspensate concentration in
southern Chilean Archipelago waters is 0.81
milligrams per liter with a range of 0.11 to 2.83
milligrams per liter. Of this total, the average
mineral (inorganic) phase contribution is 0.37
milligrams per liter with a range of 0.06 to 2.63
milligrams per liter, and the organic phase content averages 0.44 milligrams per liter with a
range of 0 to 1.62 milligrams per liter. The total
suspensate concentration and organic phase concentration averages represent 134 samples. One
sample was not included in these calculations
because it is extremely anomalous with a very
high concentration of material and would have
increased the total suspensate and organic phase
average concentrations respectively by about 30
and 35 percent.
The highest concentration, excluding the
anomalous station, was found at station 43 off
the mouth of the Rio Yelcho (figure), which does
not discharge from a glacier. We found little
relationship between concentrations at stations
off the mouth of rivers discharging from glaciers
and those stations not so situated. This is not sur-
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Station locations during R/V Hero cruise 76-4, southern
Chilean Archipelago.

prising because the cruise did not take place during periods of high meltwater discharge.
There seems to be an irregularity in the
distribution of suspensates with depth at a majority of the stations although 10 stations showed
a regular decrease in concentration with depth.
In continental shelf waters, near-bottom concentrations are generally higher than values in the
overlying water column. Departures from this
trend may be due to retarded settling at pycnoclines (Drake, 1971; Pierce, 1976) and are
especially marked in nearshore areas (Pierce et
al., 1976). The irregularity in the Chilean Archipelago may be due to one or a combination of
several reasons. First, pycnoclines undoubtedly
do exist in this area of deep fjords (Pickard,
1971). Malfunctions of the reversing thermometers and limited depth capability of the
bathythermograph (275 meters) prevented
measurements of temperature in the greater
depths. Such pycnoclines may retard settling here
as elsewhere. Irregularity of input (seasonal as
well as geographic) and strong tidal currents
could also be contributing factors in the irregularity of suspensate concentration with
depth.
We are initiating the second and third phases
of our research. The mineral fraction will be
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separated from the total suspensate and slides for
mineralogical determinations will be prepared
according to the technique described by Siegel et
al. (1976). After the preparation of 1-squarecentimeter microslides for X-ray diffraction
determinations of the mineral phase, remaining
mineral matter will be used for geochemical
analyses by atomic absorption spectrometry for
copper, zinc, lead, molybdenum, silver, gold,
chromium, platinum, nickel, and cobalt. Subsequently, correlative mineralogical and
geochemical data will be generated for stations'
bottom sample fine-size fraction. Our Chilean
colleagues are concerned with size and heavy
mineral analyses of the grab samples as well as
with studies of selected geochemical parameters.
The master of R/V Hero, Pieter Lenie, and his
crew provided excellent support to our program
this year as they had last year. This research is

Mineral suspensate geochemistry,
Argentine continental
shelf: R/V Hero cruise 75-3
F. R. SIEGEL,'J. W. PIERCE,' S. BLOCH,'and
P. P. HEARN'
'Department of Geology
The George Washington University
Washington, D. C. 20052
2Diztision of Sedimentology
The U.S. National Museum
Washington, D. C. 20052

Suspended sediments were collected from
waters over the Argentine continental shelf
(48 0 00' to 53°30'S.) during R/V Hero cruise 75-3
to study the amount of suspensate per volume of
sea water, suspensate mineralogy, and corresponding distributions of each laterally and with
depth. The cruise objective was to determine
from the data the potential of southernmost
South America as a provenance area for a portion of the lutite fraction deposited in the Argentine Basin as opposed to a southern continent
provenance area. A preliminary report was contained in Siegel et al. (1976) and updated in
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funded by National Science Foundation grant
DPP 73-09317.
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Pierce et al. (1976). Although the suspensates
taken during cruise 75-3 were not obtained with
the idea of doing geochemistry, samples from six
stations of the 44 made during the cruise yielded
sufficient inorganic material for analytical
analyses by atomic absorption spectrometry; one
of the six samples was done in replicate.
The samples are from the coastal zone between
latitudes 48°00' and 53°30'S. and represent
depths ranging from 5 to 78 meters. Only the
mineral matter component of the suspensates was
analyzed; the contents of mineral matter in the
analyzed suspensates ranged from 1.63 to 39.28
milligrams per liter. Analyses were made for copper, zinc, lead, nickel, cobalt, iron, manganese,
and gold using a Perkin-Elmer 503 atomic absorption spectrometry unit. Samples were
prepared according to the lithium metaborate
fusion method described by Medlin et al. (1969),
and any matrix effect was accounted for by using
the simple standard additions technique described by Fuller (1972).
Average metal contents of the samples analyzed were copper, X = 422 parts per million
(range of 171 to 760 parts per million); zinc,
X=262 parts per million (range of 117 to 475
parts per million); lead, X = 415 parts per million
range of 261 to 933 parts per million); nickel,
X = 310 parts per million (range of 142 to 440
parts per million); cobalt, X=71 parts per
million (range of 40 to 133 parts per million);
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