
water in the last 10 to 20 years (Michel and Williams,
1973).

Total mercury was analyzed in 48 seawater samples
(surface to 4,900 meters), in three surface films, in
two pack ice melts (one each of snow and sea smoke
melts), and in 24 sediment samples. The mean con-
centration of mercury in the seawater column at
station 3 (0 to 3,900 meters), station 4 (0 to 4,892
meters), station 6 (0 to 2,550 meters), and station 7
(0 to 1,695 meters) was 68, 106, 103, and 93 ngkg'.
There were no significant differences in mercury con-
tent between surface and deep waters nor between
locations, except at station 3 where the mercury con-
centration in the water column was two-thirds that in
the more southerly waters. The most striking observa-
tion was that the total mercury content in the south
polar seas is 2 to 3 times that found in the northeast
Pacific. Wilkniss et al. (1973) also reported high mer-
cury concentrations (100 to 200 ngkg 1 ) in surface
waters of the Ross Sea. These high concentrations
may be a result of submarine volcanism in this area.

The mercury content of sediments at statioxis 6,
9, and 15 was relatively low (8 to 34 ngg', dry
weight basis), and decreased slightly from 0 to 30
centimeters in the sediment cores. The concentration
of mercury in surface films (very ill-defined) was
similar to the subsurface waters, while the pack, ice
and snow showed low mercury contents (19 to 26
ngkg1).

This work was supported by National Science
Foundation grants GV-27 110 and 25952. We a pre-
ciate the assistance of Messrs. R. Cuhel, K. Robertson,
and K. Chen in various aspects of our technical and
analytical work.
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Circumantarctic current studies on
leg 29, Deep Sea Drilling Project

J . P. KENNETT
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

One of the objectives of the Deep Sea Drilling
Project (DSDP) leg 29 was to determine the evolu-
tion of the Circumantarctic Current south of Aus-
tralia and New Zealand and to decipher its effects
on Cenozoic deep sea sedimentation in the southern
and the South Pacific oceans. Several drilling sites
were selected to evaluate the development of this
major current system.

The Circumantarctic Current is of great oceano-
graphic and climatic importance because it trans-

The following were principal investigators during leg 29
of the Deep Sea Drilling Project: Dr. Kennett; Dr. R. E.
Houtz, Lamont-Doherty Geological Observatory; Dr. P. B.
Andrews, N.Z. Geological Survey (Christchurch); Dr. A. R.
Edwards, N.Z. Geological Survey (Lower Hutt); Dr. V. A.
Gostin, University of Adelaide (Australia); Dr. M. Hajos,
Hungarian Geological Survey (Budapest); Dr. M. A. Hamp-
ton, University of Rhode Island; Dr. D. G. Jenkins, Univer-
sity of Canterbury (New Zealand); Dr. S. V. Margolis,
University of Hawaii; Dr. A. T. Ovenshine, U.S. Geological
Survey (Menlo Park); Dr. K. Perch-Nielsen, Institut fur
Historisk Geologi (Denmark).

ports more than 200 million cubic meters of water
per second, probably the largest volume transport of
any ocean current (Gordon, 1967, 1971, 1973).
Furthermore, the Circumantarctic Current circulates
completely around the antarctic continent and is the
only current that mixes the waters of all oceans.
The combined effects of plate tectonic movements at
high southern latitudes and antarctic glacial develop-
ment during the last million years (almost the entire
Cenozoic) led to the formation of the present Circum-
antarctic Current (fig. 1D). Initial development of
the Circumantarctic Current resulted from the open-
ing of the final constricting region south of Australia.
Earlier separations already had occurred south of
New Zealand and in the Drake Passage south of
South America (Dalziel and Elliot, 1971; Barker 2nd
Griffiths, 1972). Magnetic anomalies adjacent to New
Zealand record the separation of New Zealand frm
Australia and Antarctica 60 to 80 million years ago,
forming the Tasman Sea between Australia and New
Zealand, while Australia remained firmly connected
with Antarctica (Weissel and Hayes, 1972; Christoffel
and Falconer, 1972; Hayes and Ringis, 1973).
Approximately 55 million years ago spreading ceased
in the Tasman Sea region and Australia detached
from Antarctica and commenced drifting northward
toward its present position (Weissel and Hayes, 1972)
(fig. 1). From about 50 million years ago to the
present, the spreading center south of New Zealand
appears to have remained midway between New
Zealand and Antarctica, and the Tasman Sea spread-
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Succ essive Cenozoic recon-
structons of Australia, Antarc-
tic, lsw Zealand, and as-
socia.d ridges during (a)
early late Eocene (45 million
year' ago); (b) early Oligo-
cene (37 million years ago);
(c) lcte Oligocene (30 million
years ago); (d) Recent, show-
ing directions of bottom water
circuation (arrows). During
the early Oligocene (b) exten-
sive erosive bottom currents
fiowd northward through the
Tasrran and Coral seas. The
Circijmantarctic Current did
not develop until about the
late Oligocene (c), and a
strorg northward flowing
western boundary current
formed to the east of New
Zealand. Continental recon-
structions are after Weissel
and Hayes (1972) and Hayes
and Ringis (1973). Site num-
bers are those drilled during
Deep Sea Drilling Project legs

21 and 29.
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ing center has remained inactive (Hayes and Ringis,
1973).

Cenozoic deep sea sedimentation in the southwest
Pacific area, as revealed by leg 29 drilling (in addi-
tion to leg 21 in the Tasman Coral Sea), was
controlled by large changes in the patterns of bottom
water circulation and erosion. The circulation pat-
teris largely were controlled by the development of
the Circumantarctic Current south of Australia.
Development of the Circumantarctic Current did not
oc ur until the middle Late Oligocene (fig. 1C) when
fin 1 separation occurred south of the South Tasman
Ri e, at initial seafloor spreading between
Australia and Antarctica commenced in the late early
Eo ene (fig. 1A). Before the Late Oligocene an
erd sive western boundary current flowed northward
th ough the Tasman Sea and Coral Sea areas (fig.
1B), creating a regional unconformity centered near
the Eocene-Oligocene boundary (Kennett et al.,
1972). When Circumantarctic flow was established
in the Late Oligocene, a regional Neogene uncon-

formity formed south of Australia and New Zealand
and sedimentation recommenced in the northern
Tasman-Coral Sea area because the western bound-
ary flow, which earlier passed through the region, was
diverted largely to the area east of New Zealand and
into the Tonga Trench. A worldwide Oligocene un-
conformity was created by a major change in bottom
water circulation in turn caused b y increased bottom
water production related to the onset of substantial
antarctic glaciation near the Eocene-Oligocene
boundary. The separation of Australia from Antarc-
tica led to a fundamental change in the world's
oceanic circulation and marks the onset of the mod-
ern climatic regime.

This research was supported by National Science
Foundation grants Gv-28305 and GA-35252.
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Structural geology of the Lassiter Coast

KARL S. KELLOGG and PETER D. ROWLEY
U.S. Geological Survey

Denver, Colorado 80225

A detailed structural analysis is being completed
of the Lassiter Coast. This area at the base of the
Antarctica Peninsula, bordering over 300 kilometers
of the Weddell Sea, was mapped by the U.S. Geo-
logical Survey (usGs) during the 1969-1970, 1970-
1971, and 1972-1973 field seasons. The Lassiter
Coast is part of the Mesozoic and Tertiary Andean
orogen; rocks of the Lassiter Coast (Williams and
Rowley, 1971; Williams et al., 1972; Rowley, 1973)
consist of marine slate and argillaceous sandstone of
the Latady Formation, and overlying (unnamed)
volcanics, mostly of Middle and Late Jurassic age
(Erie G. Kauffman, personal communication, 1974).
These rocks were folded and subsequently intruded
by gabbroic to granitic stocks and batholiths that are
middle Cretaceous, according to potassium-argon
determinations (Mehnert et al., in press; A. H. Clark
et al., personal communication, 1974). Plutonism was
accompanied by metamorphism to grades as high as
andalusite hornfels (Plummer, 1974). Plutonic rock
and contact metamorphic features are more abundant
toward the north; either plutons in the north were
more voluminous or they intruded higher into the
sedimentary rocks.

Folds in the Latady Formation and overlying
volcanics range from open to isoclinal, and the
rocks display a well developed axial plane cleavage.
The structural data demonstrate a 30° change in
strike of the axial plans along the Lassiter Coast,

from about N.50°E. in the south to about N.U°E.
in the north. This reflects the apparent orolinal
bend of the Antarctic Peninsula. A continuation of
this bend to the west agrees well with the west-
northwest structural fabric of eastern Ellsworth Land
(Laudon, 1972). Many folds are asymmetric, and
some are overturned; most axial planes dip north-
west, indicating compression from the northwesi and
yielding to the southeast. Most fold axes are hori-
zontal or plunge gently northeast.

A second period of folding, which caused disçlace-
ment of the older folds, is due to forceful intrision
of the plutons. Such folds are confined to distances
of less than a kilometer from pluton contacts. This
type of folding is much more common toward the
northeast where plutonic rocks are abundant.

Northwest compression, thought to be relatei to
the Andean orogeny, also is reflected in the attitude
of joints in both plutonic and sedimentary rods as
well as in the attitude of the numerous and chemi-
cally varied dikes found all along the Lassiter Cast.
Vertical joints define two major sets at right anghs to
each other. The predominant set is oriented north-
west, normal to the fold fabric, and is believed tc be
extension jointing (e.g., formed normal to the nlini-
mum principal compressive stress). In many places
these open joints contain fillings of epidote, iron
oxides, and chlorite. The other major set of joints,
oriented generally parallel to the northeast fold axes,
mostly is barren of mineral fillings

Numerous pegmatite and aplite dikes were em-
placed into plutonic rock during late stages of
plutonism. The orientations of these dikes nearly are
random; this may reflect a nearly hydrostatic stress
state in the hot, semiplastic plutonic rock.

Syn- to post-plutonic rhyolitic to andesitic dikes,
however, mostly are vertical and strike northwest
parallel to the extension direction. Similarities in
paleomagnetic (Kellogg and Reynolds, 1974), petro-
graphic and chemical character between dikes and
plutons, and limited potassium-argon determinations
(A. H. Clark et al., personal communication, 193)
indicate that the age of most dikes is mi die
Cretaceous.

The only known faults observed in the Lass ter
Coast are high angle, northwest-striking shears of
relatively minor, apparent dip-slip displacement. T ey
are within plutons in the immediate vicinity o a
small porphyry-type copper deposit in the central
Lassiter Coast (Rowley et al., in preparation). These
faults are associated with mid-Cretaceous plutonism
and are interpreted to represent slippage, perhps
along the predominant northwest joint planes, dtr-
ing late stages of magma emplacement.

The overall picture of Lassiter Coast structure,
therefore, is one of compression from the northwest
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