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A zone of high bottom current activity has been identified
in the subantarctic sector of the South Pacific using bottom
photographs (Hollister and Heezen, 1967), sedimentation
rates (Goodell and Watkins, 1968), and the presence of lag
deposits of ice-rafted debris (Ledbetter and Watkins, in
press). An increase in bottom current activity during the
Matuyama (0.7-2.43 million years ago) was inferred from a
study of textural and compositional parameters from six cores
within this zone (Huang and Watkins, 1977). We have at-
tempted to learn if the temporal velocity increase was accom-
panied by an increase in the areal extent of the zone of high
bottom water velocity.

We have chosen the apparent accumulation rate of
manganese micronodules (MMN) as our index of bottom cur-
rent activity. Increases in MMN accumulation rates in cores
have been attributed to increases in bottom current activity
during deposition (Kennett and Brunner, 1973; Ledbetter
and Watkins, in press). The origin of MMN is not well under-
stood: Immel and Osmond (1976) conclude that at least some
MMN in Southern Ocean cores were diagenetically formed
after deposition, in particular where conditions are less ox-
idizing than average. The core sections in the South Pacific
having high accumulation rates of MMN are mostly associated
with the laminae produced by high bottom current activity
(Huang and Watkins, 1977) and presumably represent highly
oxidizing conditions. Nevertheless, we believe that in zones of
high bottom water velocity, the accumulation rate of MMN is
enhanced more by the reduction in sedimentation rate than
by the increase caused by remobilization of manganese dur-
ing diagenesis. Therefore, in the South Pacific where bottom
water activity is high we use the MMN accumulation rate in 23
Eltanin piston cores (see figure, a) to define fluctuations in the
areal extent of the dynamic zone.

The mean apparent accumulation rate of MMN was deter-
mined for three magnetic epochs: Brunhes (0.7 million years
ago), Matuyama (0.7-2.43 million years ago), and Gauss
(2.43-3.32 million years ago). The mean MMN rates for each
period were plotted and the values contoured (figure, b, c,
and d). The contour interval was arbitrarily chosen to express
adequately temporal fluctuations of the limit of the dynamic
zone. The inferred high-velocity zone had its widest extent in
the Gauss period (figure, d), when the northern limit was in
the vicinity of 50'S. The exact limits cannot be determined
because of a lack of cores with Gauss-age sediment. The
Matuyama is characterized by a more restricted high-velocity
zone between 58° and 68°S. (figure, c). The high-velocity
zone during the Brunhes (figure, b) is further restricted to a
narrow zone between 61° and 65°S.

The expansion of the zone of high bottom water velocity
during the Gauss represents increased bottom water produc-
tion, which may be responsible for erosional unconformities
observed in Gauss and Matuyama core sections in the same
area (Fillon, 1975; Huang and Watkins, 1977). Widespread
unconformities of the same age also have been reported in the
southeast Indian Ocean (Kennett and Watkins, 1976;
Watkins and Kennett, 1971, 1972). The increased bottom
water production may be linked with a pronounced Pliocene
cooling trend in the Southern Ocean (Ciesielski and Weaver,
1973; Keany, 1978; Shackleton and Kennett, 1975) which
coincides with the first Patagonian glaciation 3.5 million
years ago (Mercer, 1976).

Since the MMN zone continually decreases in areal extent
through the Matuyama and Brunhes epochs, we infer that
bottom water production in the South Pacific has decreased
since the onset of the Northern Hemisphere glaciation 3.2
million years ago (Schackleton and Opdyke, 1977). Addi-
tionally, the decrease in inferred bottom water production oc-
curred after a significant cooling of antarctic water 3.5
million years ago (Keany, 1978). Clearly, more work is
needed to determine the timing of the changes in bottom
water velocity in order to understand how bottom water pro-
duction is coupled to major regional and global climatic
changes. The evidence available at this time implies that
climatic deterioration did not result in increased production
of bottom water.
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grant DPP 77-09491.

References

Ciesielski, P. F., and F. M. Weaver. 1973. Southern Ocean Pliocene
paleotemperatures based on silicoflagellates from deep-sea cores.
Antarctic Journal of the US., 8: 295-297.

Fillon, R. H. 1975. Late Cenozoic paleo -oceanographyof the Ross
Sea, Antarctica. Geological Society of America Bulletin, 86: 839-845.

Goodell, H. G., and N. D. Watkins. 1968. The paleomagnetic
stratigraphy of the Southern Ocean: 20 West to 160 East
longitude. Deep Sea Research, 15: 89-112.

Hollister, C. D., and B. C. Heezen. 1967. The floor of the
Bellingshausen Sea. In: Deep-Sea Photography (Johns Hopkins
Oceanography Study 3, J . B. Hersey, ed.). Johns Hopkins Press,
Baltimore, Maryland. pp. 177-189.

Huang, T. C., and N. D. Watkins. 1977. Contrasts between the
Brunhes and Matuyama sedimentary records of bottom water ac-
tivity in the South Pacific. Marine Geology, 23: 113-132.

October 1978	 113



CORE LOCATIONS

•20-2

)'44f!\	EI5-2.,-,-

a

N ,	O•
N /

MANGANESE MICRONODULE
MEAN ACCUMULATION RATE
(mg /l000yrs/cm2)

r. I
b

B RU NilE S

&

/

or	27-3

OEI 1 -11	 E15-3

V	00
OE 

-9E33- 4'EI'r_I0

TA,COEI3;.EI.i	

:/	/ N
6	ANTARCTICA

\J(; 

MANGANESE MICRONODULE
MEAN ACCUMULATION RATE

MANGANESE MICRONODULE
MEAN ACCUMULATION RATE
(mg/I000yrs/cmE) 

120.
'°•0.02

L
0.21

00.71 r
'--

0.44

C
N AT U YAM A

N ie

ANTARCTICAr-

(a) Location of Eltanin cores used In this study. The mean accumulation rate of manganese micronoduies is plotted and con-
toured for three time periods defined by paleomagnetic epochs: (b) Brunhes (0-0.7 million years ago); (C) Matuyama (0.7-2.43
million years ago); (d) Gauss (2.43-3.32 million years ago). (Cross-hatched areas represent accumulation rates greater than an
arbitrarily chosen value of 0.3 milligrams per 1,000 years per square centimeter. The areal extent of the zone of high bottom

water velocity has decreased with time during the three periods studied.)
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