
been done on their relationships to the topography,
oceanography and role of submarine volcanism (Nayudu,
1971). Study is in progress on significant changes in
depth of the cores from this area, to delineate important
lithological changes. This will help to evaluate the origin
of the sediments, their Paleoclimatic history, and this
region's Paleocurrent regime.

The major part of last year's research was directed
at the study of the brown clay that exclusively is con-
fined to the southwestern Pacific Basin. Petrological and
chemical studies of these sediments in the depth of
cores reveal that the brown clay essentially is an alter-
ation product of submarine volcanism. The study re-
veals a strong affinity between titanium and phosphorus,
showing a strong inter-relationship to manganese, iron,
cobalt, and nickel. Some cores have sediments gener-
ated by turbidity currents that were produced by sub-
marine volcanism (Nayudu, 1972). A high concen-
tration of iron, manganese, cobalt, nickel, and copper
occurs in depth of the cores. Some cores at depth
also contain a high concentration of fish bone debris.
These occurrences confirm the concept that the high

concentration of fish debris in deep sea sediment layers
is attributable to a high mortality of fish and other
animals, induced by the region's submarine volcanism
(Nayudu, 1971).

Preliminary results show no evidence of upward
migration of iron, manganese and trace elements, due
to diagenesis. These results also question the concept of
uniform deposition of manganese on the ocean floor.

The sediments' petrological and chemical characteris-
tics are being studied, as well as their relationships to
the manganese nodules. This investigation is supported
by National Science Foundation grants GV-26368 and GV-

3922 5.
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In progress are petrological and geochemical studies
of deep sea manganese nodules in the subantarctic re-
gion of the Pacific Ocean. These samples were collected
during cruises of the USNS Eltanin. Twenty new chemi-
cal analyses were completed for major and important
minor elements chemistry.

Evaluation of chemical data shows that manganese
ranges from 2.0 to 30 percent; iron from 5 to 25 per-
cent. Trace metals show great ranges: cobalt, 180 to
3,000 parts per million; nickel, 500 to 9,400 parts per
million; copper, 100 to 8,000 parts per million. These
three metals are covariant with manganese. Some cores
of nodules contain patches and segregations of ferro-
manganese oxides and trace metal concentrations that
are very similar to the outer crust.

The majority of nodule crossections and broken
nodules consists of cores of basaltic glass and pala-
gonitized material in various stages of alteration, as de-
scribed by Nayudu (1964). Geochemical studies show
that basaltic glass, especially sideromelane formed dur-
ing submarine eruptions, hydrothermally is altered to

palagonite. During this process a considerable amount
of silica, alumina, magnesium; and calcium are leached,
resulting in the enrichment of iron, manganese, titanium
and potassium, and phosphorous. Also extraordinary
concentrations of cobalt, nickel, copper, and strontium
occur during this process.

The study of internal structures in thin sections and
polished sections suggests that there is decomposition,
solution and selective leaching of original volcanic ma-
terial from the core of the nodules. The mobilization
and subsequent diffusion of selective elements takes
place during this process, resulting in outward migra-
tion. This growth process is augmented by the precipita-
tion of significant elements on the surface of the nodule,
from seawater that is enriched by the dissolution of
some elements present in volcanic material during sub-
marine eruptions.

Geochemical and petrological studies of additional
samples are in progress. The study will include a criti-
cal evaluation of the nodules' concentrations of titanium,
phosphorus, and mercury, along with other elements, to
evaluate the effect of submarine volcanism on the origin
and genesis of manganese nodules on the ocean floor.

Two unique samples were identified in the study:
one is a phosphorite nodule, the importance of which
will be discussed in a separate paper (in preparation);
the second is a manganese nodule containing a core of
altered basaltic glass with different degrees of altera-
tion and segregation of high concentrations of ferro-
manganese oxide minerals and microfossils enclosed
within the thick crust (this sample's significance will
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be discussed in a paper that is in preparation). This
unique sample confirms some of the author's earlier ob-
servations on the role of submarine volcanism (Nayudu,
1972). This investigation is supported by National Sci-
ence Foundation grants GV-26368 and Gv-39225.
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Our study of fossil silicoflagellates 1 indicates that
during a relatively short interval of time in the Late
Eocene there was at least one pronounced change in sur-
face and near-surface southern ocean water temperatures
on the east side of South Island, New Zealand.

Two recent papers (Mandra and Mandra, 1971;
Mandra et al., 1973) recorded preliminary data on the
paleotemperatures and the taxonomic composition of
fossil silicoflagellate faunules from Upper Eocene dia-
tomaceous rocks of the Oamaru region, South Island,
New Zealand. This paper is a continuation of those
studies, presenting data obtained from 10 samples—ap-
proximately equally spaced—from the 70-foot-thick

* 8 Bucareli Drive, San Francisco, California 94132
1 Silicoflagellates are defined here as marine planktonic Masti.
gophora (protozoa) with pseudopodia, a flagellum, and a
skeleton of hollow siliceous rods. These organisms also con-
tain color pigment organelles and therefore are treated by
some authorities as plants (algae) and by others as an animal-
plant group (protista).

Flume Gully section. In some prior papers this section
has been referred to as: North Papakaio; South Papakaio;
Papakaio; Borne's; Hurst's,

After all of the non-silicates chemically were re-
moved from our samples, the materials were divided into
fractions based upon size. The fraction used in this
report is the material that passed through the 250 mesh
screen but did not pass through the 400 mesh screen. A
minimum of 4 strewn slides per horizon were made
and counts were recorded for the first 100 specimens of
silicoflagellates per slide. Hence our study was designed
to have a minimum of 400 specimens per horizon. At a
few horizons silicoflagellates were so rare that all speci-
mens on the slides had to be counted. In some cases
more than four slides had to be made. No more than
10 slides per horizon were made, however, even if the
count had not yet reached 400.

The model by which these microfossils can be used
to estimate paleotemperatures was first described and
used in a study of fossil silicoflagellates from California
(Mandra, 1958). This model also was used in studies
on antarctic Tertiary climates, by Mandra (1969, 1971,
1972); by Jendrejewski and Zarillo (1971); by Ciesiel-

Figure 1. Scanning electron micrograph of the silicoflagellate
Dictyocha (enlarged xl,200). The central apical bridge has a
reticulation pattern with many more multidirectional, intersecting,
low relief, surface ridges per equal area than the surface area
of the apical ring of fig. 2. The triangular basal ring, at its
inside diameter, has a pattern of essentially parallel, low relief,
surface ridges that appear as lines. There are three unusually
large abapical spines, one at each of the areas where the cen-

tral apical bridge is attached to the basal ring.
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