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correlations between temperature and IRD at dif-
ferent latitudes for comparison with the require-
ments of the more complex model by computation
of down-core running correlation coefficients be-
tween the two variables.

This research is supported by National Science
Foundation grant o11' 75-19222.
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Upper: Extension by Keany et al. (in press) of the simple
model relating ice-rafted debris (IRD) accumulation rate to
latitude during glacial and interglacial periods (Watkins et al.,

1974) to include periods of transition (curves 2 to 6) between
extreme glacial (7) and interglacial periods (1). The curves
are spaces at arbitrary intervals and present the IRD distri-
bution at different times (1 to 7). Lower: Adaptation of the
seven curves in the upper figure into the IRD accumulation
rates that would occur at five separate latitudes (A to E),
assuming an oscillation of glacial (7) to interglacial (1) con-
ditions without any sustained glacial or interglacial periods
but rather with a simple reversal of climatic trend. Numbers
on the left correspond to those on curves in the upper figure.
The stippled area represents those periods in which a posi-
tive correlation can be expected between temperature and
IRD accumulation rate; the clear area represents those
periods when the correlation would be negative. Note the
increasing bifurcation of the IRD maxima in core A with
decreasing latitude, and the virtual impossibility of estab-
lishing simple correlations between each core. For further

discussion, see Keany et al. (in press).
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Sediment fabric variation caused
by fluctuation in Antarctic Bottom
Water velocity during the last 2.5

million years

T-C. HUANG and N. D. WATKINS
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

Studies ot USNS Eltanin piston cores and of sub-
antarctic Deep Sea Drilling Project cores have re-
vealed disconformities showing that significant
variations in Cenozoic deep-sea sedimentation have
been controlled by changes in the magnitude and
patterns of bottom water circulation (Watkins and
Kennett, 1971 and 1972; Kennett and Watkins,
1975; Kenneth et al., 1972, 1975). We are making
detailed sedimentological investigations of a series
of cores to delineate those long-term dynamic ef-
fects of bottom current variation, which we contend
must also be expressed by sediment fabric varia-
tions as well as discon form ities.

The stratigraphy of six selected cores (figure 1)
has been established through independent
methods involving paleomagnetic dating, radio-
larian zonation, and tephra distribution (Huang
et al., 1975). The observed hiatuses occur in the
Matuyama epoch sediments (figure 2). Average net
sedimentation rates during the Bruhnes are up to
four times that of the Matuyama. We have shown
that multiple sedimentary processes, including
pelagic settling, turbidity and bottom currents,
and bioturbation were responsible for the varia-
tion of the rates (Huang and Watkins, 1975). To
objectively discriminate the dominating processes
that caused the variation in sedimentation rates,
statistical analyses of selected textural and compo-
sitional parameters were made in the cores at 10-
centimeter intervals. The textural parameters used
include mean grain size, sorting, skewness, and
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Figure 1. Locations of core
studies. Possible bottom
water flow directions—
open arrows; Lower Matu-
yama ferro-manganese
nodule distribution—
dotted lines; present man-
ganese nodule distribution
—solid line. Modified from

Goodell (1973, plate 3).

Figure 2. Skewness varia-
tion in three Eltanin cores.
Note the larger skewness
fluctuation associated with
the hiatuses (given as data
gaps), and the general lack
of positive skewness (or
inferred sustained major
bottom current activity) in

the Brunhes epoch.

kurtosis, all as defined by Blatt et at. (1972). The
results show that the textural parameters of
Brunhes sediments are far less variable than those
of the Matuyama sediments. Fluctuations of skew-
ness (figure 2) are typical. A sharp positive skew-
ness corresponding to coarser mean particle size
and better sorting occurs within the 2.0- to 1.8-
million-year segment of the cores (figure 2). Ex-
treme high positive skewness is associated with
hiatuses. Both skewness peaks and hiatuses reflect
pulses in bottom current velocity. The concept
of a bottom current that winnows fine sediments

and changes the grain size distribution is well
established: Krumbein and Aberdeen (1937)
showed that as bottom water turbulence increases,
a given sample will experience a shift from fine to
coarse mean particle size, the sorting will shift from
poor to good, and the skewness will change from
negative to positive. Our data also show that as
current velocity increases to a critical point, it be-
gins to erode, probably removing positive skew
sediments (previously marking the current velocity
increase) so that a discontinuity from negative to
positive skew is created in association with the dis-
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nformity, with the upper positive skew reflecting
e decrease of velocity associated with the end of
e pulse. Other factors that affect the textural
trameters include compositional variation. We
[all discuss these in detail elsewhere and show
at bottom currents are the dominant control of
xtural variations.

The present distribution of stronger bottom
irrents coincides roughly to the location of the
resent Antarctic Convergence (Gordon, 1971),
hich is also associated with the present distri-
ution of manganese nodules (Goodell, 1973).
)ur inferred bottom current pulses suggest that
is region may have been 5° of latitude wider

uring the Lower Matuyama (figure 1).

This research was supported by National Science
Foundation grant DES 75-04877.
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Water mass-related morphologic
variation in the Globigerina

bulloides plexus in the Recent
southern Indian Ocean

BJORN MALMGREN and JAMES P. KENNETT

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

We are making biometric analyses of the plank-
tonic foraminifera Globigerina bulloides d'Orbigny-
G.falconensis Blow plexus in trigger core tops (Ella-
nin cruises 44, 45, 48, 49, and 50) from subantarc-
tic and southern subtropical areas of the southern
Indian Ocean (30° to 53°S.). The analyses include
the following: frequency, coiling direction, general
size, apertural size, and shape variation. We are
analyzing this group biometrically in an attempt to
understand the biogeography especially with re-
gard to water mass boundaries, to differentiate
phenotypically controlled from genetically con-
trolled variation, and to establish indices for future
paleoceanographic use.

Preliminary results indicate that a close corres-
pondence exists between water mass distribution
and frequency variations and certain morphologi-
cal features of G. bulloides. Specimens referable to
G. bulloides predominate the entire latitudinal range
except in a few of the northernmost samples where
G.falionensis is dominant (figure, A). The propor-
tion of G. bulloides within the plexus is 92 to 100
percent in subpolar waters and 46 to 79 percent in
subtropical waters.

A distinct pattern also exists in the coiling charac-
teristics in G. bulloides, with increased sinistral coil-
ing forms occurring from north to south (figure, B).
The frequencies of sinistral forms are 57 to 68 per-
cent in subtropical waters and 63 to 71 percent in
subpolar and northern polar waters. The correla-
tion between latitude and coiling is statistically
significant at the 1 percent level (the Kendall coef-
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