The most remarkable feature of the findings to date
is the confirmation that the deep current carrying
water equatorward from the antarctic region is indeed
confined to a narrow path close along the western boundary. This has already been discussed
(Reid et al., 1968; Warren et al., 1968) and is briefly
repeated here. The evidence for this flow is based on
interpretation of the salinity distribution. A deep
(3,000-4,000 m) maximum in salinity is found at the
western boundary (the eastern side of the TongaKermadec ridge). This maximum can be followed
back to the Antarctic (where it lies at a shallower
depth), then westward through the Indian Ocean,
and finally northward to its origin in the North Atlantic. The argument for the narrowness of the flow
in the Pacific and its confinement to the western
boundary is also based upon calculations of the relative geostrophic flow. In the 28'15' S. section, the.
surface of maximum salinity slopes abruptly near the
western boundary, and the associated horizontal pressure gradients indicate that the maximum speed is
confined to a narrow band (about 70 km wide).
At the eastern boundary, the equatorward-flowing
Chile Current was observed to have a well-developed
poleward countercurrent inshore, somewhat broader
at 200 m than at the surface, and to carry highly
saline, warm water of low oxygen content toward the
south. The flow is not simple, however, but is marked
by some large-scale eddy-like features.
The double oxygen minimum pointed out earlier
in the sparser data (Reid, 1965) is amply confirmed,
though the details are altered somewhat by the
"Scorpio" data. The phosphate data confirm the
earlier conclusion (which was based upon very sketchy
information) that the double oxygen minimum does
not imply a double phosphate maximum; there is
only one phosphate maximum and it is near the
deeper oxygen minimum.
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MARINE GEOLOGY AND GEOPHYSICS
Paleomagnetic Studies of Eltanin
Sedimentary Cores and Dredged Rocks
N. D. WATKINS
Department of Geology
Florida State University
A regional survey of Eltanin marine-core paleomagnetism (Goodell and Watkins, 1968) was extended westward during the past year through studies
of the cores collected during Cruises 24-27. Inconsistencies and possible hiatuses (Fig. 1) inhibit any reliable correlation between the many cores. For such
to be made, therefore, appropriate micropaleontological examination is required.
Watkins (1968a) has argued that inconsistencies
in the details of paleomagnetic data from sedimentary
cores are to be expected because of biological redeposition of surface sediments as thick as 50 cm which
certainly would modify and conceivably completely
remove evidence of geomagnetic events of up to
50,000 years' duration. There exists, nevertheless,
limited evidence consistent with the discovery of
hitherto undetected short-duration normal-polarity
events at t = 0.82 and 1.07 million years in several of
the Eltanin cores (Watkins, 1968a). The latter event
may also have been detected by Abdel-Monem et al.
(1967) as normal-polarity lavas of similar age on
Hierro (Canary Islands), but further work is required to confirm this suggestion.
Antarctic glaciation is recorded in the sediments of
the southern ocean. Goodell et al. (1968) have shown
that glaciation has persisted for at least the last 5.0
m.y. Core 13-4 of the Eltanin collection has recently
provided evidence of glaciation during the Eocene
period (Geitzenauer et al., 1968).
The great relevance of the magnetic properties of
oceanic igneous materials to the analyses of magnetic
anomalies in terms of crustal spreading (Watkins,
1968b,c) provides one of the motives in examining
the Eltanin dredged materials, the sources of which
are shown in Fig. 2(a). From these hauls, 6,000
specimens have been classified on very simple bases.
Considerable problems exist in determining the geological meaning (if any) of the collection, particularly
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Figure 1. Paleomagnetic polarity variation in three Eltanin deep-sea sedimentary cores recovered on Cruise 27. Core numbers are at head of logs. Inset shows core locations. The presently known geomagnetic-polarity history for the past 4 million
years is given on the right. One possible correlation line is shown. As discussed in the text, detection of hiatuses and
final correlation between these and other cores from the same region await appropriate micropaleontological investigations.
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Figure 3. Diagram showing the water depths at all Eltanin
dredge stations. These are plotted as a function of latitude
(degrees south) for presentation purposes only. The minimum depth of those hauls which include objects definitely
identified as manganese nodules is sharply defined at 1,500
fathoms.

Figure 2. (A) Map showing locations of dredge-haul stations
on Eltanin cruises 1-27. (B) Map showing second-order
trend surface fit of granite fraction of the total material
received at Florida State University from the Eltanin
dredge stations shown above. The surface is based on a
normalized data point at every station, each of which has
resulted from a count of six different rock types (including
manganese nodules) of all specimens with at least one dimension of 3 cm or greater. For some of the factors limiting any geological interpretation, see text. The 2,000-fathom
bathymetric contour appears on both maps.

since various dredge types and shipboard methods
were used, but the number of specimens and shipboard personnel involved is so large that regional an170

alyses are justified. The second-order trend surface of
the granite fraction of the total recovered samples is
shown in Fig. 2(b). The strong latitude-dependence of the granite distribution is clearly consistent
with an ice-rafted origin, but the equatorward increase of the manganese-nodule content of the recovered material also contributes to the character of
the trend surface. This result is one of several which
have been presented (Watkins et al., 1968) and which
will be published in detail at a later date following
further analyses. The purpose of the study is to
delineate objectively areas of probable in situ material. If these are associated with physiographic features, consistent local departures of the distribution
ANTARCTIC JOURNAL

of rock types from regional patterns is more likely to
reflect the occurrence of in-situ than of ice-rafted
materials, which are most unlikely to be selectively
associated with physiographic features. Preliminary
results suggest that the materials dredged from the
Macquarie Arc contain much in situ material. These
materials are being subjected to examinations of magnetic and opaque mineralogical properties (Watkins
and Haggerty, 1967, 1968) and are being integrated
into continuing comparisons of cooling histories and
chemical and magnetic properties (Watkins et al.,
1967; Gunn and Watkins, 1968). The same samples
are also being examined in order to determine their
suitability for potassium-argon isotope dating, the
results of which are highly relevant to the crustalspreading hypothesis, as shown by Dymond et al.
(1968).
An incidental result of the above examination of
the Eltanin dredged materials is shown in Fig. 3. For
reasons which are not at present clearly understood,
the recovered manganese nodules are systematically
restricted to those hauls from water depths greater
than 1,500 fathoms, although slight manganese staining occurs at all depths. This observation is being
analyzed in terms of other, possibly related, variables,
such as the dependence of oxygen solubility on pressure.
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Marine Geophysical Observations
Aboard Elf anin, 1967-1968
DENNIS E. HAYES
Lamont Geological Observatory
Columbia University
In the early part of 1967, a Graf sea-gravimeter
and an Anschutz gyrotable were installed on Eltanin
for operation beginning with Cruise 28. With this
addition, the geophysical equipment enabled continuous and simultaneous acquisition of gravity, magnetic, and seismic-profiler data. Nearly continuous
data have been collected along approximately 50,000
track miles during Eltanin Cruises 28-33. With the
aid of analog error correction devices and the Navy
satellite navigation system, the gravity measurements
made on these cruises are believed to be among the
most accurate ever obtained in remote, deep-water
areas; a grid survey made in the Tasman Sea indicates
that the measurements were accurate to about 3 mgal
in moderate to rough seas. Measurements made on
Eltanin now provide a major portion of our knowledge of surface gravity in the oceans south of 40° S.
The magnetic data taken on Eltanin continue to be
vital in evaluating the patterns of global tectonics and
sea-floor spreading. In addition, they are most important in the regional analysis of the Earth's main
field and its secular variations. A report on sediment
distribution and an accompanying isopach map of
sediment thickness for the South Pacific based largely
on Eltanin seismic-profile data south of 40° S. are in
the final stages of preparation. On Cruise 32, Eltanin
made her first crossing of the western continental margin of Antarctica and the adjacent Pacific-Antarctic
Ridge, along which gravity, magnetic, and seismic
information was simultaneously recorded.
Bathymetric, gravimetric, and magnetic data obtained on these cruises are being systematically reduced and analyzed according to a standard format
by using digital computers and x-y plotters. These
parameters are plotted as profiles (e.g., depth vs. track
distance), and pertinent navigational and time information is annotated on the plots. In the figure, an example is given of such a plot for the first part of Eltanin Cruise 29. The ship's three crossings of the
Peru-Chile trench are clearly shown in the depth pro171

