
young volcanic rocks of basaltic composition (low strontium-
87/strontium-86 ratios, high strontium concentrations).

The measured strontium-87/strontium-86 ratios and
strontium concentrations can be used to estimate the con-
centrations of volcanogenic detritus in the sediment samples
by means of a two-component mixing model developed by
Boger and Faure (1974) and Shaffer and Faure (1976). The
mixing equation was derived by fitting a straight line to the
data points in coordinates of strontium-87/strontium-86
and the reciprocals of the strontium concentrations (figure
A). Figure A demonstrates that the data points form a
straight line (correlation coefficient = 0.95) whose equation
is given in the figure.

The strontium concentrations of the basaltic (B) and
sialic (S) components can be calculated from this mixing
equation by substituting assumed values of the strontium-
87/strontium-86 ratio (0.704 ± 0.001 for the basaltic com-
ponent and 0.730 ± 0.005 for the sialic component). After
the strontium concentrations of the basaltic and sialic com-
ponents have been determined in this way, they can be used
to calculate the concentration of the basaltic component of
any given sample from the strontium concentration of that
sample.

Estimates of the concentration of volcanogenic detritus in
sediment samples from core E32-25 calculated in that
fashion are given in figure B. The concentration of
volcanogenic detritus varies with depth in the core and may
be used to define stratigraphic layers which may be useful in
correlating sediment layers in piston cores collected
elsewhere in the Ross Sea.

The results of this study provide additional baseline data
for anticipated future studies of sediment cores to be
recovered from beneath the Ross Ice Shelf by the Ross Ice
Shelf Project.

The samples for this study (owned by the National Science
Foundation) were made available by D.S. Cassidy, Antarctic
Marine Geology Research Facility, Florida State University,
Tallahassee. This research was supported by National
Science Foundation grant OPP 72-00459.
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Sedimentary geochemical
processes near the Pacific-

Antarctic Ridge
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Tallahassee, Florida 32306

Metalliferous sediments have been reported from several
locations on the Pacific Antarctic Ridge (PAR) by Nayudu
(1971) and Piper (1973). The origin of metalliferous
sediments on the East Pacific Rise to the north has been at-
tributed to hydrothermal processes associated with
volcanism and sea-floor spreading (Bostrom and Peterson,
1966, 1969; Bender etal., 1971).

The purpose of this study was to establish geochemical
trends in the vicinity of the PAR, to ascertain the presence of
hydrothermal metallogenic activity on the PAR, and to inter-
pret the distribution of hydrothermal deposits in the light of
two current theories of metallogensis on active midoceanic
ridges. These are: (a) mineralized, juvenile, thermal fluids
emanate from the axial zone of active faulting and vol-
canism and precipitate the metals in the vicinity of the axial
zone (Bostrom, 1973) and (b) isolated, open, hydrothermal
convective cells that circulate sea water are operative in the
oceanic crust even at some distance from the axial zone and
may be a source of mineralized fluids (Lister, 1972;
Williams et al., 1974; Sclater et al., 1974; Anderson and
Halunen, 1974).

One hundred and twenty surface samples from the core
collection at the Antarctic Research Facility, raised from the
PAR, Southeast, and Southwest Pacific Basins south of 40°S.
between 80° and 160 0W. were analyzed for Si, Al, Ti, Ca,
Mg, Na, K, Fe, Mn, Cu, Zn, Ni, Co, Pb, and Sr using
atomic absorption spectrophotometry, and for P (as PO43)
using colorimetry.

Sediments on the PAR are enriched in Ti, Fe, Mn, Cu, Zn,
Ni, Co, Pb, and P. Volcaniclastic materials invariably con-
stitute less than 1 percent of the sediment and cannot ac-
count for the element enrichment on the PAR. Only 8 of 50
PAR samples were classed as Al-poor sediments (i.e.,
Al/[Al + Fe + Mn] less than 0.20). A group of calcareous.
Al-poor sediments in the vicinity of 40°S showed a Sr-
depletion that is suggestive of calcite recrystallization at
elevated temperatures or in the presence of Sr-poor pore
fluids (Kinsman, 1969).
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The distribution of Si, Al, Ca, Mg, Na, and K in the study
area is controlled predictably by the major lithogenous and
calcareous and siliceous biogenous constituents. With the
exception of Si, Mg, K and Na, no influence of biologic ac-
tivity on the precipitation of elements could be detected
south of the Antarctic Convergence.

Compositional criteria to discriminate metalliferous
active-ridge hydrothermal precipitates in the presence of
lithogenous materials and hydrogenous ferromanganese
precipitates were established from published analyses of
these materials. Biogenous materials were assumed to con-
tribute nothing to the heavy-metals content of sediments.
The sediment compositions were examined in ternary
diagrams in terms of deviations from predicted compositions
by mixing representative lithogenous material with fer-
romanganese precipitate using the relations Al-Fe-Mn, Al-
Fe-Ni, Al-Fe-Co, Al-Mn-Cu, Al-Mn-Zn, Al-Mn-Pb, Al-Mn-
Ni, and Al-Mn-Co.

The results showed that sediments remote from the PAR
have compositions which are consistent with a theoretical
mixture of lithogenous materials and ferromanganese
precipitates. Sediments from the PAR and adjacent areas are
Fe-rich with respect to Mn, Ni and Co, which is consistent
with active-ridge hydrothermal deposition. Ni and Co
enrichment could not be discriminated from hydrogenous
ferromanganese precipitation. Approximately 70 percent of
the PAR samples are anomalously enriched in Cu, Zn and
Pb, some as much as 10 standard deviations from the
theoretical mixture of lithogenous materials and fer-
romanganese precipitates. Cu, Zn, and Pb anomalies also
occur in the Southeast Pacific Basin. There is no continuity
in the magnitude of Cu, Zn, and Pb enrichment; rather,
they appear to be isolated pockets of enrichment.

The source of Cu, Zn and Pb enrichment is not entirely
clear. In nearly all cases, the anomalies occur in ordinary,
nonmetalliferous sediments. In the few cases where Cu, Zn
and Pb accumulation rates could be determined, they were
not found to be significantly higher than in hydrogenous fer-
romanganese deposits. A hydrothermal source is suspected,
however, since (1) the anomalies are confined to areas of
thin (less than 100-meters) sediment cover (Ewing et al.,
1969) and correlate with bottom roughness, (2) the
magnitudes of the anomalies correlate strongly with one
another, (3) the distribution of the anomalies is confined to
areas of Fe-enrichment, and (4) Cu, Zn and Pb are amend-
able to dissolution in chloride-rich hydrothermal solutions
(Helgeson, 1969).

The widespread but discontinuous distribution of Fe
enrichment and Cu-Zn-Pb anomalies in surface sediments of
the PAR and adjacent areas is best explained by the existence
of isolated, open hydrothermal convectice cells rather than
an axial hydrothermal system.

This research was supported by National Science Founda-
tion grants GA-40, GA-523, GA-1066, GA-4001.
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From 20 June to 6 July 1976, samples of suspended and
bottom sediments were collected from the R/V Hero at 40
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