
in many samples from bathyal and abyssal environ-
ments suggests that the trend, if really present at all,
does not continue to great depths.

The results indicate not only that K. producta is
morphologically a highly variable species but also
that its morphology may be expected to vary in an
interpretable way, even over very small distances. A
multivariate statistical analysis of 10 morphological
characters is under way to further test the hypotheses
generated by the study of size alone.

This research was supported by National Science
Foundation grants GA-12472 and GV-25157 to The
University of Kansas. Specimens studied have been
deposited with The University of Kansas Museum
of Invertebrate Paleontology.

Neogene genus Trinacria
as a stratigraphic marker

in southern ocean sediments
DAVID W. MCCOLLUM

Florida State University
Department of Geology

During investigations of diatom stratigraphy in the
southern ocean, an interesting and possibly important
diatom genus was discovered in Eltanin cores 13-17,
34-17, and 47-7. At least two species of the genus
Trinacria Heiberg have been found in portions of
cores that have been dated as lower Gilbert Epoch
5 by paleomagnetic events and radiolarian zones.
Core 13-17 has been dated as extending into the Gil-
bert magnetic epoch (Hays and Opdyke, 1967);
Bandy et al. (1971) show core 13-17 as extending into
Epoch 5. Core 34-17 has been dated by paleomag-
netics as extending into the lower Gilbert (Watkins,
1972). The Tau radiolarian zone of Hays and
Opdyke (1967) also designates this portion of core
34-17 as lower Gilbert. Core 47-7 is undated as of
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A: Trinacria pileolus. Point to point measure 30 to 120 micro-
meters. B: Trinacria excavata. Point to point measure 50 to 160

micrometers.

this report, but preliminary study of radiolaria shows
this core to extend into the lower Gilbert.

These two species, Trinacria pileolus and Trinacria
excavata, are relatively large and very distinctive in
shape (fig.). They are easily seen with the lower
power magnifications generally used for viewing
radiolaria and Foraminifera, therefore making them
readily identifiable in gross core descriptions and
study.

The genus is known only from fossil deposits. The
two species mentioned here are also recorded as oc-
curing in Russia (Witt, 1886), Franz Josefs-Land
(Grunow, 1884), Denmark (Heiberg, 1863), Barba-
dos, and Nottingham, Maryland, U.S. (Greville,
18641 1865). Hanna (1927) reports species other
than those reported here as occuring in California.
The ages reported for the aforementioned deposits
range from Eocene to upper Miocene, except pos-
sibly for the offshore occurrence in Franz Josefs-
Land, which is a dredge sample from approximately
500 meters of water and is undated.

The genus is composed of 39 species including the
two reported in this paper. The prospect that more
members of the genus will be found is therefore
likely.

Other diatoms found to occur with Trinacria in
these cores include Actinocyclus ingens, Rhizosolenia
curvirostris v. inermes, Goscin odiscus marginatus,
Coscinodiscus marginatus f. fossilis, Denticula hus-
tedtii, Denticula lauta, Rouxia californica, Rouxia
peragalli. Members of the assemblage of diatoms
associated with Trinacria have been reported as
Miocene-Pliocene in age in the North Pacific and in
Japan. (Donahue, 1970; Kanaya, 1971; Simon-
sen and Kanaya, 1961).

This work was supported by National Science
Foundation grant GV-27549.
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Late Cenozoic paleo-oceanography
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Graduate School of Oceanography
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During Cruises 27 and 32 of USNS Eltanin, 64
piston cores were taken from the continental shelf
and slope within and just to the north of the Ross
Sea. Paleomagnetic, paleontological, and sedimento-
logical studies have been conducted on each core.
A refined depth zonation consisting of five depth
zones can be recognized on the basis of dead benthic
foraminiferal assemblages (table). The division of
benthic foraminiferal faunas in surface sediments
within the Ross Sea into dominantly calcareous and
dominantly arenaceous assemblages has been recog-
nized by previous authors (Kennett, 1966; Thomas,
1968). So far, ages for 20 cores have been de-
termined using paleomagnetic polarity patterns (Cox,
1969) and established radiolarian biostratigraphy
(Opdyke et al., 1966; Hays and Opdyke, 1967). The
age distribution of cores (fig.) offers an explanation
for the foraminiferal faunal division in the Ross Sea.
Calcareous benthic foraminiferal assemblages from

Benthic foraminiferal de pth zonation in the Ross Sea.

Depth range
Location	 (meters)	Type of fauna

Ross Sea	(1) 0-550	dominantly calcareous
(2) 400-2000	"	arenaceousa
(3) 550-3000	cccalcareous

Slope north	(4) > 2200	CC arenaceous
of the Ross Sea	(5) > 3000	"	calcareous

aArenaceous foraminifera in the Ross Sea construct their
shells by cementing together sand grains and other non-
calcareous particles.

the continental shelf in the Ross Sea are restricted
to sediment older than lower Matuyama (1.87 mil-
lion years). Sediments bearing calcareous faunas are
found exposed at the surface or separated by a dis-
conformity from overlying Brunhes or late Matuyama
sediments. The widespread erosion implied by the
disconformity was caused probably by bottom current
scour initiated by increased bottom-water velocities
associated perhaps with a significant northward ad-
vance of the Ross Ice Shelf and with thicker pack
ice formation in the Ross Sea. Previous evidence for
a period of increased bottom-water velocity is pre-
sented by Watkins and Kennett (1971) who at-
tribute an erosional disconformity in the southern
ocean, south of Australia and Tasmania, to an in-
crease in bottom-water production and velocities in
post-Gilbert or post-Gauss time.

In the Ross Sea, the change from calcareous to
arenaceous faunas in post-Gauss time was probably
effected by a rise in the calcium carbonate compen-
sation depth caused by the increased production of
undersaturated bottom water. Paralleling the faunal
change was a sedimentological change. Gauss and
lower Matuyama sediments are coarse, poorly sorted,
and glacial marine, averaging about 30 percent sand-
size and larger particles. Sediments above the dis-
conformity contain generally less than 10 percent
sand that is typically fine. Such a change in sedi-
mentation could have been caused by a change in

Core logs showing paleomagnetic polarity (left) and benthic
foraminiferal faunal type (right). Normal polarity intervals are
portrayed in black, reversed polarity intervals in white.
Dominantly arenaceous foraminiferal faunas are indicated
by crosshatched bars, dominantly calcareous foraminiferal faunas
by blank bars. Established paleomagnetic scales (Cox, 1969;
Vine, 1968) are shown at the left of the diagram. Epoch
boundaries delineated by heavy and light lines are according
to Cox (1969) and Foster and Opdyke (1970), respectively.
The cores are all plotted at a scale of 10 meters equals 1
million years. Arrows indicate range of uncertainty in dating

short core segments.
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