
Figure 1. Experimental setup
developed for the measure-
ment of metabolism of polar
marine organisms. (A) Pres-
sure chamber. (B) Oxygen
probe. (C) Pressure guage.
(D)	Pressure pump.	(E)
Magnetic stirring platform.
(F) Oxygen monitor. (G)
Oxygen recorder. (H) Tee-

thermometer.
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from the Arctic Shelf. The antarctic species is sensitive to
temperature and succumbs to temperatures above + 2°C.
The arctic species is tolerant to temperatures as high
as 20°C. The implications of this dissimilar physio-
logical makeup of these two similar crustaceans from
the two polar regions require further investigation. It

ws
Figure 2. In situ close-up of the shelf benthic environment in
McMurdo Sound (47 feet), showing the following dominant preda-
tor species: (A) the giant isopod Crustacean Glyptonotus acutus;

(B) the asteroid Odantaster validus.

will be valuable to establish the nature of the two polar
shelf ecosystems and the reaction of the communities
within the ecosystems to stress conditions.

This report constitutes a brief summary of activity
supported by National Science Foundation grant GV-360
81X.
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Marine geology of the subantarctic
Pacific region

Y. RAMMOHANROY NAYUDU

Division of Marine and Coastal Zone Management
Alaska Department of Environmental Conservation

The lithology and chemistry of surface sediments in
subantarctic regions, bounded by 30 0S. to 60 0 S. and
120 0W. to 180 0W., has been defined, and work has

Dr. Nayudu is science advisor to the governor of Alaska.
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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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Geochemistry of deep sea manganese
nodules in subantarctic regions of the

Padfic Ocean

Y. RAMMOHANROY NAYUDU
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Alaska Department of Environmental Conservation

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

September-October 1973	 281




