
end of the twig. From the heat released by freezing
to the calorimeter, the total amount of water frozen
at any time and the rate the water froze as a func-
tion of time were computed. Placing the rewarmed
twig in a pressure chamber enabled determination of
the water potential in the xylem and in the cells as
a function of the volume of water pressed from the
cells. Combining this relationship between water
potential and volume of water expressed (inverse
pressure versus volume expressed) with the knowl-
edge obtained from the freezing curve of the calo-
rimeter gave the hydraulic permeability. For this de-
termination, the rate of efflux at any time from the
cells was calculated from the rate of freezing. The
chemical potential of the ice was known from the
temperature of the leaves, and the chemical potential
of the cell solution was calculated from the amount
of water frozen out at any time and from the curve
of inverse pressure versus volume. The difference in
chemical potentials across the membrane equalled the
driving force. The efflux was plotted as a function
of driving force as water froze out of the cell. The
lope of this curve is the hydraulic permeability times

the surface area of the cells.
The results (see table) on freezing twigs from nine

species of woody plants indicated that some species
had two cell populations, one with a low and one
with a high membrane permeability to water. The
plot of the efflux of water versus driving force gave
a curve with two slopes, a steep one for the high-
permeability cells and a low one for the low-permea-
bility cells. The values of hydraulic permeability ob-
tained for these species by the freezing method
ranged from 0.1 to 1.3X10- 13 cm3 sec-1 bar-' cm-2.
The highest value is about the same as that reported
for the beet root, and it is about 1/1000 the value for
Nitella.

Hydraulic permeability of membrane complex of leaf
nd stem cells of 20- to 50-gram twigs of some winter-

hardened trees and shrubs from the southern Chilean
I	 rain forests.

Permeability
/ cm 3

\ sec bar cm

Species	 High	Low

Chiliotrichum diffusum	 1.27	 0.20
Iilgerodendron uvif era	 0.92	 026
Podocarpus nubigenus	 0.073
Pernettya macronata	 0.33	 0.19
Nothofagus betuloides	 0.22
Pseudopanax valdiviensis	 0.096
Embothrium coccineum	 0.58
Nothofagus antarctica	 0.29
Haplopappus sp	 0.13

Eltanin Cruise 45

LAWRENCE A. FRAKES*

Department of Geology
The Florida State University

Cruise 45 of the research vessel USNS Eltanin was
made to investigate marine geology and geophysics,
physical oceanography, and meteorology in the south-
ern oceans between Western Australia and Wilkes
Land. The emphasis of the cruise was on sediment
coring, with a view toward obtaining materials of
considerable age for study of paleoclimatology and
paleo-oceanography. A total of 93 cores was taken on
102 tries for a recovery of 727.61 m. Twenty-five
scientists and support personnel, in addition to the
ship's crew, participated in the 6,463-mile cruise.

The cruise began at Fremantle, Australia, on
September 9, 1970. The ship cruised northwest to

*U . S . Antarctic Research Program Representative, Eltanin
Cruise 45.
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Broken Ridge at 100°E., then south-southeast to the
southernmost penetration at 61°21'S., and then north
to Fremantle, where the cruise ended on October
28, 1970 (see map). Additions to the scheduled track
allowed a total of four crossings of the Diamantina
Fracture Zone and an east-west traverse of the
Naturaliste Plateau off southwestern Australia. The
Southeast Indian Rise was traversed twice; several
possible fracture zones were observed to cut the Rise.

Although the southern oceans have been studied
only slightly in the longitudes of Cruise 45, a great
deal is known of their history from study of sediments
taken by Eltanin and other vessels immediately to the
east. Along the Southeast Indian Rise, the sea floor
has been spreading in a north-south direction; initial
examination of stratigraphic sequences of cores taken
near the Rise shows that climatically significant sedi-
ment has been moved latitudinally by lower, older
layers acting much like a conveyor belt. However, de-
tailed documentation of the process awaits study of
relatively old sediments. Some sediments from Cruise
45 may range as far back as the mid-Tertiary and
could thus provide a lengthy record of climatologic
and oceanographic conditions in the region.

Surface-sediment distribution is in the form of
bands parallel to the Rise, with thin patches near
the crest and thick abyssal-plain sediments near the
continents. Between the crest and abyssal plains, the
dominant types are 50- to 200-fathom-high "hay-
stacks" of radiolarian and diatom oozes and brown
pelagic muds. Near Australia, the muds are associ-
ated with hard foraminiferal oozes, and farther south
they seem to be facies equivalents of at least part of
the radiolarian oozes.

_II

A. Kosko

Ice covers deck and railings of Eltanin.

Distinctive seismic reflectors in places lie beneath
the haystack oozes, but their extent, composition, and
age are not known. Small-scale faulting abounds.

Sediments of the Diamantina Fracture Zone con-
sist of laminated silty muds and oozes, including
foraminiferal varieties. Portions of this multiple struc-
ture are sediment-filled, but others appear to be
empty of sediment, suggesting that the Zone has a
complex history. The most interesting of the three
successful rock dredges on Cruise 45 retrieved basaltic
material from the wall of one depression in the Zone.

In other work, geophysics programs by a party
from Lamont-Doherty Geological Observatory pro-
vided much new information from seismic profiling,
magnetics, and gravity observations. For example,
seismic profiling revealed a thick capping of sedi-
ment with a much-faulted southern margin on the
Naturaliste Plateau and a thin, flat-lying blanket of
sediment on Broken Ridge. In revealing the sea-floor
structure, the seismic records also were useful for
selecting coring sites likely to yield ancient material.
Except for gaps due to infrequent, temporary fail-
ures, the geophysical records are complete for the
entire cruise, as are records of the ship's precision
depth recorder. However, sonobuoys placed off the
continental rise northwest of Fremantle and on the
antarctic fringes of the South Indian Basin were un-
successful.

Bottom photographs were taken at 38 of the ship's
62 stations; about three-fourths of these included
nephelometer recordings as well. Because double
cores were taken at most stations in an effort to
achieve maximum bottom penetration, the Lamont
camera was often run between corings to save time.

Twenty-seven hydrographic stations weiv occupied
as part of the Lamont-Doherty program. The hydro-
graphic observations, made from the surface to the
bottom, gave much new information on the distri-
bution of shallow- and deep-water bodies in the
vicinity of the Antarctic Convergence and the South-
east Indian Rise. The hydrographic group also made
bathythermographic measurements at 85 locations.

As on previous cruises, two scientists from th
Australian Bureau of Meteorology observed surfac
meteorological conditions and studied upper atmost
phere air masses. On at least two occasions, thei
forecasts of storms allowed advanced planning o
ship's time.

Weather was predominantly good to fine. There
were several storms, however, and high winds an
seas twice forced curtailment of work. The greatest
scientific loss during the storms was a decrease in the
quality of the geophysical records, but also during
heavy seas a camera, its attached nephelometer, and
other scientific equipment were lost when an over-
the-side cable parted. A later cable breakage caused
the loss of a coring rig.
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