
that at least five species of henthic firaminifera
(Globocassidulina crassa, Psammosphaera Jusca, Reo-
phax denta1enifrmzs, Trochammina malovensis, an(1
Hippocrepinella hirudznea) are found either corn-
monly or abundantly. Forms he considered rare
were collected in large quantities on vertical rock
faces where they were living in association with
other, much larger vertebrates.

Direct influence of sediment type on meiolauna,
including foraminifera, distribution is well docu-
mented (Bandy, 1960; Boltovskoy, 1971; Frenkel,
1974; Tietjen, 197 1). Underwater observations and
preliminary data indicate that a definite relation-
ship exists between the firaminiferal assemblages
and the substrate in the Arthur Harbor area. A dif-
fèrence is evident in the species composition and
the morphology of foraminifera found in a soft-
bottom substrate, in the sediment patches inter-
spersed on slopes, and in association with algae
and invertebrates on vertical rock cliffs. Typical
foraminifèra found in association with sponges,
hydrozoans, and other invertebrates include Astro-
nonion stelligera, Bolivina pacfica, Cassidulinoides par-
kerianus, Cibicides refulgens, Crithionina hispida, Pyrgo
elongata, R osalina globularis, Tolipammin a vagans,
Trochammjna ochracea, T. malovensis, and Tuiritel-
lella shoneana.

Other biological and ecological studies included
laboratory culturing of foraminifera to study re-
production. Monthly collections of mud-dwelling

invertebrates (figure 2) near Palmer Station also
should provide data on composition and popula-
tion dynamics of some lesser known benthic inver-
tebrates.

We thank the Holmes and Narver, Inc., winter
crew for their support. This research was sup-
ported by National Science Foundation grants GV-
31162 and opp 74-12139. Finally, we thank ]ere H.
Lipps, University of California, Davis, for his guid-
ance and support.
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Suspended sediments on the Argentine continental
shelf: R/V Hero cruise 75-3

F. R. StEGEL,1 J . W. PIERCE,' and P. P. HEARN''2
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R/V Hero cruise 75-3 originated in Ushuaia, Ar-
gentina, on 13 May 1975, and terminated in Rio
Gallegos, Argentina, on 28 May 1975 after collect-
ing suspended sediments and grab samples from

44 stations on the southern Argentine continental
shelf (figure 1). In addition to the authors above,
the scientific complement included F. Aragno,
H. R. Aragno, H. R. Gonzales, and H. Nicolli, all
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from Argentina, and L. Joseph, T. Purdy, and D.
Sayala, all from The George Washington Univer-
sity.

Suspended sediments were collected to deter-
mine the potential of southernmost South America
to act as a provenance area for a portion of the
lutite fraction deposited in the Argentine Basin,
as compared to the input from the Antarctic via
Antarctic Bottom Water (AABW), especially the
nepheloid layer, and from the northern part of the
Argentine continental zone. It has been suggested
that the suspended load discharged into the Atlan-
tic Ocean by the major river system of northern
Argentina (Rio de la Plata) is not being transported
across the continental shelf in sufficient quantity
to be an important contributor to the surficial
(Holocene) sediments of the Argentine Basin
(Groot et al., 1964; Biscaye, 1965, 1971). This is
hypothesized on the basis of pollens, clay mineral-
ogy, and radioisotopes present in the uppermost
layers of the sediments. The data did not permit
unequivocal answers on the relative importance of
contributions from other Argentine river systems.
On the basis of clay mineralogy, Biscaye (1965) be-
lieves that the Antarctic was the major source of
lutites in the Argentine Basin, while Groot et al.
(1964), on the basis of palynological data, rejects
the Antarctic as an area of great importance. Iso-
tope techniques also ruled out the Rio de la Plata,
but not the Argentine land mass to the south (Bis-
caye and Dasch, 1974). Ewing et al. (1971) devel-
oped a model of fine-sediment transport into the
Argentine Basin, which pointed to Antarctic Bot-
tom Water (AABW) as the major carrier of sediment
into the basin.

Krinsley et al. (1975) believe that, in sediments
from the Argentine Basin, they are able to distin-
guish between material transported from South
America. From studying the surface textures of 61
quartz sand grains in six samples, they conclude
that AABW transports an important amount of ma-
terial from Antarctica into the basin, but there is
also cross-shelf transport. No attempt was made to
evaluate the relative contribution from the two
sources, since this would require analysis of many
more than six samples. Even a definitive quantita-
tive result on the relative contributions from dif-
ferent source areas of sand-sized material would
not completely identify the source of the much finer
material that by far makes up the bulk of sediment
in the Argentine Basin. Siegel (1973) determined
that if only 5 percent of the combined suspended
loads of the three largest river systems of northern
Argentina bypassed the shelf, this would account
for up to 20 percent of the lutite fraction deposited
in the basin. The problem of the origin(s) of the
lutites in the basin may be resolved by studying
material suspended in the different water masses
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Figure 1 B. Location of stations made during R/V Hero cruise
75.3

(different provenance areas) that may influence
Argentine Basin deposition.

The area studied during this cruise was selected
because of the somewhat greater breadth of the
continental shelf versus that of the northern area,
and because of the lesser loads discharged by the
southern river systems (Rio Chico, Rio Deseado,
Rio Santa Cruz, Rio Coig, and Rio Gallegos) com-
pared to the northern rivers. If lesser amounts of
river-discharged suspended matter and slightly
greater transport paths allow transport of sus-
pended matter across the shelf, it thus is reason-
able to assume that greater suspended loads
coupled with shorter transport paths would permit
a greater amount of suspended matter to be dis-
charged into the Argentine Basin.

Grab samples were collected primarily for re-
search by the Argentine participants, who are
concerned with size and mineral analyses of the
samples as well as measurements of selected geo-
chemical parameters. The grab samples, however,
will permit a comparison of the mineralogy of the
suspended matter with that of the bottom sedi-
ments; further, the samples will permit quantifica-
tion of the various sizes present in the suspended
matter against similarily sized material in the bot-
tom sediments.
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Figure 1A. General location map showing study area and
disposition of major river systems discharging into the Ar-

gentine continental shelf environment.

Sampling. Suspended sediments were sampled
from various preselected water levels at each station
by using a Reda submergible pump (40 liters per
minute capacity) and hose assembly (figure 2). (A
table giving station location, depth to bottom, depth
of sampling level, and salinity at these levels is avail-
able from the authors upon request.) The waters
with their contained suspended matter were col-
lected in 20-liter polyethylene containers. Solid
and liquid phases were immediately separated
using a Millipore filter transfer system with 0.45-
micrometer filters. Water salinity and water tem-
perature were determined on a separate hydrocast
using 1.8-liter Niskin bottles, reversing ther-
mometers, and a Plessy model 6220 salinorneter.
Small volumes of water from the Niskiri bottles
were filtered through 13-millimeter-diameter fil-
ters for use in a scanning electron microscope
study of the suspensates. All suspended sediment
samples were placed in polyethylene centrifuge
vials and then were sealed and stored in the ship's
freezer. Grab samples, taken with an orange-peel
sampling device, were placed in plastic bags and
stored in the ship's freezer.

Laboratory work. After returning to Washington,
D.C., the samples were stored at —5°C until proc-
essing. Each filter was dissolved with four succes-
sive 40-milliliter washes of distilled acetone. The
acetone and solubilized material were separated
from the insoluble fraction by centrifugation and
were decanted after each wash. Two washes with
distilled water followed the acetone washes. Com-
bined decantates from all washes were evaporated
to dryness and stored for later geochemical analy-
sis. The insoluble fraction was transferred quanti-
tatively to preweighed beakers and was air-dried
and weighed to ±0.05 milligrams. Twenty milli-
liters of 30 percent reagent grade H202 then were
added to each beaker and the samples were left in
the solution at room temperature for at least 16
hours, after which they were evaporated to dryness
and were reweighed. Weight loss was expressed as
a percentage of the total sample weight and was
designated as organic matter. The remaining phase
(mineral) was resuspended ultrasonically in a few
milliliters of distilled water, and after partial evap-
oration was transferred as a slurry to a 1-inch
square microslide that was warmed at 80° on a hot-
plate until all the water had evaporated from the
slurry. These slides were used for X-ray diffraction
determinations of the mineralogy of the suspended
detrital matter.

Observations. There is a great range in the quan-
tity of total suspended matter (inorganic plus or-
ganic phases) and in inorganic and organic phases
taken separately. With a few exceptions, the total
amount of suspensate in near-surface samples de-
creases from west (close to shore) to east (toward
the edge of the continental shelf). The values in this
sampling range from 22.15 to 0.10 milligrams per
liter for total suspensates; for mineral and organic
phases, respectively, these values were 21.05 to 0.03
and 1.70 to 0.04 milligrams per liter. The highest
values in near-surface water are present in areas in-
fluenced by river discharge; these values appear to
be dependent both on river discharge and tidal
stage. Some of the increase in concentrations of
mineral matter in the nearshore zone may be due
to resuspension of bottom sediments by waves, al-
though the association of relatively high values with
less saline water suggests a significant contribution
from the estuaries.

The near-bottom suspensates sampled also have
a great range of values. For the total suspended
matter, the range is from 42.48 to 0.10 milligrams
per liter; the mineral and organic phase ranges
are 39.34 to 0.06 and 3.14 to 0.03 milligrams per
liter, respectively. As with the near-surface suspen-
sates, the higher values are associated with near-
shore environments, especially those at or near
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river discharge zones. The near-bottom values are
generally greater than corresponding values higher
in the water column; inversions to this generality
exist, however, particularly in rather shallow, near-
shore areas.

Whereas values for total suspensates or their
mineral fractions decrease from west to east, there
is no systematic change in the amount of organic
matter in the suspended sediments, especially if
measurements are made on samples from stations
beyond the nearshore zone. The absolute values
of organic matter in milligrams per liter is great-
est at nearshore stations, although the percentage
contribution to the total is minimum. These greater
quantities of organic matter at nearshore stations
represent greater productivity in shallower waters.

Figure 2. Submergible pump and hose assembly used for
sampling suspended sediments during RIV Hero cruise

75-3.

The organic fraction of suspended matter in the
study area has a percentage contribution to the
suspensates, which average about 29 percent when
all samples are considered. If suspensates in near-
shore, near-river discharge areas are used for cal-
culation (about one-third of all the samples), how-
ever, the organic fraction contributes only about 8
percent to the total suspended matter. If the other
two-thirds of the sample suite are evaluated (those
away from the nearshore river discharge zones),
the organic fraction contribution to the suspensates
averages about 38 percent. This observation attests
to the fact that, in the rather immediate areas of
discharge, there is a major dilution of organic mat-
ter by mineral matter discharged into the Atlantic
Ocean regime by the Rios Chico, Deseado, Santa
Cruz, Coig, and Gallegos.

The dilution factor is emphasized by the mineral-
ogic makeup of the suspensates present in near-
shore waters compared to that of the suspensates
in waters farther from the coast. The mineralogy,
as determined by X-ray diffraction analysis, shows
the dominance of quartz and feldspar in the near-
shore suspended mineral suite plus the presence of
the clay minerals illite and chlorite as dominant
forms, and kaolinite and montmorillonite as minor
and trace forms. Other minerals identified in the
suspensate mineral suite include clinoptilolite, cal-
cite, and dolomite. In addition to the dominance
of quartz and feldspar in the suspensates of the
nearshore regime, there are other distributional
trends in the clay mineral suite, although at present
not all of the samples have been analyzed by X-ray
diffraction and any conclusions as to distribution
are not yet warranted.

Conclusions. Suspended sediments from the Ar-
gentine river system south of about 48°30'S. are
discharged into the southern South Atlantic Ocean
and their concentrations in continental shelf waters
decrease significantly from west to east (toward the
edge of the continental shelf) in near-surface, inter-
mediate, and near-bottom waters. Nonetheless, in
near-surface waters (10-meter depth where the
bottom is at 140 meters), a minimum of 0.04 milli-
grams per liter of mineral matter is suspended in
the water at the edge of the continental shelf and
is available for transport off the shelf and subse-
quent deposition in the Argentine Basin. Similarly,
in waters closer to the bottom (130-meter depth
where bottom is at 178 meters), a minimum of 0.06
milligrams per liter of the suspended mineral mat-
ter is present near the edge of the continental shelf.
Since these data are based on actual measurements
and are not generated indirectly by calculations
based on other parameters and assumptions, we
can state that the southernmost part of South
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America is a significant source area for a portion
of the lutite sediment being deposited in the Ar-
gentine Basin. Since the discharge of suspended
matter into the Atlantic by river systems draining
the northern part of the Argentine land mass is
much greater than those in the south, and because
the transport path across the continental shelf is
generally shorter than in the south, it could be as-
sumed that suspended mineral matter is carried
across the shelf and is available for transport to
and deposition in the northern part of the Argen-
tine Basin. A systematic study of suspended matter
in Argentine continental shelf waters north of
48°30'S., collated with quantitative physical
samples from the AABW entering the basin, would
enable an acceptable estimate of the relative con-
tributions of lutite from Antarctica and South
America.

On the basis of mostly unpublished data from
Lamont-Doherty Geological Observatory, Ewing
et al. (1971) emphasize that major sediment se-
quences are adjacent to continents, suggesting that
continents are major sources for the sediment.
They also believe that there are no exceptional sedi-
ment accumulations near Antarctica, which sug-
gests that the southern continent has been a major
source of deep-sea sediments. Based on these ideas
and calculations from assumptions on possible sus-
pended loads carried by the AABW nepheloid layer
and probable residence times for the sediment,
Ewing et al. (1971) write that if the major source
of the sediments in the Argentine Basin is South

America, then the fraction brought in is about half
or less of the total (if the assumed residence time
of 1 year is correct). No factual data on quantities
of suspended matter present in waters were pre-
sented, either of total suspended matter or of in-
organic and organic contributions to the total.

The master of WV Hero, Pieter Lenie, and his
crew provided excellent assistance to our program.
This research was supported by National Science
Foundation grant opp 73-09317.
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Diatoms in a phytoplankton sample from the
1907-1909 British Antarctic Expedition
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In 1907 Sir Ernest Henry Shackleton (1874-
1922) commanded Nimrod on an expedition to Ant-
arctica. The ship was loaded to capacity and had
only about a meter of freeboard when it left Lyttel-
ton, New Zealand; it was too small to carry all the
provisions needed for the expedition, including
coal for the journey to the Ross Sea and back to
New Zealand. So Shackleton hit upon the idea of

having a steel-hulled steamer, Koonya, tow Nimrod
as far as the Antarctic Circle (Fisher and Fisher.
1958). One is reminded of his statement, "Difficul-
ties are just things to overcome," as quoted by Fuchs
(1975). The party wintered over after Nimrod left
the Antarctic for New Zealand on 22 February.

On 20 August 1908 the British Antarctic Expe-
dition took a phytoplankton sample from 50 to 80
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