Reports

Tertiary Sediment from the East Pacific Rise

Abstract. More than 50 cores ranging in age from Pliocene to Lower Miocene
have been recovered from the East Pacific Rise. Near the crestal regions the
sediment cover is thin or lacking, and only Pleistocene sediments were recovered.
On the flanks, the sediment thickness increases and pre-Pleistocene sediments are
encountered. This pattern of increasing age and increasing sediment thickness
away from the axis of the rise is in agreement with that predicted for spreading

of the ocean floor.

Recent progress in the study of
anomalies of the magnetic field over
the oceanic ridge system (I, 2) sup-
ports the “ocean floor spreading” hy-
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Fig. 1. Ships’ tracks across the crestal
region of the East Pacific Rise. Numbered
tracks are shown in Figs. 3 and 4.
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pothesis of Dietz (3) and of Hess (4).
Important to this hypothesis is a knowl-
edge of the distribution and age of
sediments lying on the crest and flanks
of the ridge system.

Since 1962, twelve crossings have
been made of the East Pacific Rise by
research vessels of the Lamont Geologi-
cal Observatory (Fig. 1). Two crossings
were made in the North Pacific around
46°N, eight in the equatorial Pacific,
and two in the South Pacific above
30°S. In addition, several cruises of
the U.S.S. Eltanin have crossed the
southern end of the rise. Of approxi-
mately 200 cores taken on these vari-
ous cruises, more than 50 pre-Pleisto-
cene cores, ranging in age from Lower
Miocene to Pliocene, have been recov-
ered from the flanks and crest (Fig. 2)
(5). These pre-Pleistocene cores range
in length from less than 1 m to over
12 m and show a variable lithology
ranging from biogenous oozes to red
clays. In general, the biogenous oozes
(foraminifers, coccoliths, Radiolaria,
and diatoms) occur on the crest and
upper flanks of the rise, while the red
clay cores occur in the lower flanks
and in the adjacent abyssal plains. In
several cores from the lower flanks the
red clay overlies a carbonate ooze con-
taining microfossils from the Lower
Miocene.

‘Since the position of the cores in re-
lation to the axis of the rise is im-
portant to the hypothesis of spreading
of the ocean floor, we will address
ourselves here exclusively to this prob-
lem. The paleontology of the cores cited
in this report will be included in a
larger publication, now in preparation,
on all pre-Pleistocene cores in the La-
mont collection (6).

Figures 3 and 4 show bottom topog-

raphy, sediment thickness, core sites,
and age of cores for various crossings
of the East Pacific Rise. These cross-
ings. have the following characteristics
in common. (i) The crestal regions are
almost entirely free of sediment cover.
(ii)) In general, the sediment thickness
increases away from the crest (7). In
crossings where there is no continuous
sediment cover, the number of sedi-
ment-filled pockets increases with dis-

‘tance from the crest. (iii) Frequently,

cores taken in the crestal regions hit
rocks or penetrated only a meter or
so of sediment before being stopped,
and these cores usually contained pieces
of fresh volcanic glass in their bottom
portions. (iv) The age of the oldest
sediment increases away from the axis
of the rise. Characteristics (i) and (ii)
are self-evident from Figs. 3 and 4
and will not be included in our discus-
sion. It might be instructive, however,
to review (iii) and (iv) in view of the
bearing they have on spreading of the
ocean floor.

The cores taken near the axis of the
rise are Quaternary in age and general-
ly consist of biogenous clays (foramini-
fers, coccoliths, and diatoms) and pieces
of fresh volcanic glass; this. glass was
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Fig. 2. Pre-Pleistocene cores along East
Pacific Rise. Crestal region is enclosed by
2000-fathom (3660-m) isobath.
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finely disseminated through the bottom
of the core or in large cobbles at the
bottom. These cores did not achieve
much penetration and, apparently, were
stopped by the rocky bottom. Further
evidence of this are the badly smashed
cutting edges of the piston corer and,
in many cases, bent coring pipe.

Along the upper flanks of the rise,
away from the axis, cores were en-
countered that penetrated through Pleis-
tocene into Pliocene sediments. These
are generally foraminiferal clays with
a few cores in the equatorial region con-
taining diatoms and Radiolaria. The
cores that ranged into Pliocene sedi-
ments usually had a deeper penetration
and did not encounter rocks. Distribu-
tion of Pliocene cores in relation to
the axis of the rise and in relation to
the cores of Pleistocene age is best
shown on the V-19 crossing (Fig. 4).
In this traverse, the length of each
core pipe was the same; that is, each
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core was taken with a core head and
a single 22-foot pipe (6.7-m). Pliocene
cores taken on the upper flanks had a
deeper penetration, by a factor of 2 to
3, than Pleistocene cores taken from
the crest.

On the middle flanks of the rise,
cores of Middle and Upper Miocene
age, as well as of Pliocene and Pleisto-
cene age, are encountered. These cores
are generally foraminiferal clays, with
some diatoms and radiolarian clays
near the equator. On the V-20 track
a Lower Miocene core (V 20-80) con-
sists largely of a diatomaceous ooze
(Fig. 3). Again, as with the Pliocene
cores in the upper flanks of the rise,
no rocks were recovered.

On the lower flanks of the rise, sedi-
ments ranging as old as Lower Mio-
cene were recovered. These cores gen-
erally consisted of red clays overlying
calcareous oozes. Paleomagnetic inves-
tigations of these cores showed that they
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have discontinuities (8) which, however,
probably do not occur at the contact
of red clays and carbonate oozes, since
the change in lithology appears to' be
transitional. We suggest that this se-
quence (red clay overlying carbonate
ooze) on the lower flanks is due to lat-
eral downward movement of the base-
ment from the crest of the East Pacific
Rise.

Additional pre-Pleistocene cores have
been recovered from areas in the East
Pacific other than the East Pacific Rise,
and their distribution in relation to the
rise is pertinent to this discussion. In
general, they also show a pattern of in-
creasing age farther away from the
crest of the rise. The Oligocene core
nearest to the crest, and in fact the
only Oligocene core obtained in the
area under consideration, is at a dis-
tance of 1600 km. It consists of a
medium brown calcilutite overlying a
dirty white to pale orange calcilutite.
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Fig. 3. Seismic reflection profile records across East Pacific Rise. Arrows indicate core sites, and symbols above them indicate age of
core. Where no core was obtained, the corer encountered rock. NC, no core; P, Pleistocene; triangles, Pliocene; and circles, Miocene.
V-20, V-18, and V-21 are ships’ tracks; V 20-80 is a Lower Miocene core.
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Eocene sediments have been recovered
from the southeast Pacific, the western
part of the Tuamotu Ridge, and to the
south and southeast of Hawaii (9). The
first two of these areas contain Eocene
calcareous oozes, while the cores recov-
ered near Hawaii generally consist of
radiolarian oozes. No deep-sea Creta-
ceous sediments have been reported
east of the East Pacific Rise. On the
western side of the rise, the nearest
known Cretaceous is a reworked
Maestrichtian foraminiferal fauna from
the eastern scarp of the Manihiki
Plateau (9, 10). In addition, Hamilton
(11) reported a Lower Cretaceous (Ap-
tian-Cenomanian) coral-rudistid fauna
from the mid-Pacific mountains. Deep-
sea Lower Cretaceous (Albian) sedi-
ments have also been reported from
the Shatsky Rise in the northwest Pa-
cific (12).

Pitman and Heirtzler (I) and Vine
(2), on the basis of magnetic profiles
across the southern part of the East
Pacific Rise, calculated spreading rates

of 4.5 and 4.4 cm/year, respectively.
It might be instructive, therefore, to
compare their data with the age and
distribution of sediment cores on the
rise. If we assume the Plio-Pleistocene
boundary to be 2 million years old,
then, using a spreading rate of 4.5
cm/year, Pliocene sediments should
first appear at about 90 km from the
crest. As can be seen in Figs. 3 and
4, the Pliocene core nearest to the crest
is approximately 100 km away.

If we assume the Pliocene-Miocene
boundary to be at 7 million years (/3),
then upper Miocene sediment should
first appear at more than 315 km from
the crest. Figures 3 and 4 show that
the Miocene cores closest to the crest
are more than 350 km distant; this is
also true for Middle and Lower Mio-
cene cores. Thus, the distribution of
pre-Pleistocene sediments along the
southern part of the East Pacific Rise
is not in contradiction to spreading
rates obtained by study of magnetic
anomalies.
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In the northern part of the East
Pacific Rise, a core that penetrated into
Miocene (V 20-80) was recovered from
the western flank at a point where the
basement comes close to the surface
(Fig. 3). On the basis of magnetic anom-
alies, the basement at this core site is
about 22 million years old (24). Fora-
minifers indicative of the Globigerinatel-
la insueta—Globigerinoides bisphericus
zone, such as Praeorbulina glomerosa
glomerosa (Blow), P. glomerosa circu-
laris (Blow), Orbulina suturalis Bronni-

mann, Globorotaloides suteri Bolli,
Globorotalia praescitula Blow, and
Globigerina praebulloides Blow are

present. The fauna represented in this
core is just below the Orbulina datum
(I15) which marks the top of the Bur-
digalian stage (/6) and is about 20 mil-
lion years old. Thus, in the northern
part of the East Pacific Rise the evi-
dence from fossils is in agreement with
rates of spreading based on evidence
from magnetic anomalies (17).
Distribution of pre-Pleistocene cores
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Fig. 4. Seismic reflection profile records across East Pacific Rise. NC, no core; P, Pleistocene; triangles, Pliocene; and circles, Miocene.
V-21, V-19, RC-9, and RC-8 are ships’ tracks.
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in the eastern Pacific has furnished
strong evidence in support of the hy-
pothesis of the spreading of the ocean
floor. Many additional cores are
needed from this area, however, to de-
termine whether the spreading move-
ment has been continuous or intermit-
tent (7).
LrLoyp H. BURCKLE
JouNn EwiNG
TSUNEMASA SAITO
ROBERT LEYDEN
Lamont Geological Observatory,
Columbia University,
Palisades, New York
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Radiolarian Evidence Consistent with

Spreading of the Pacific Floor

Abstract. In sediments west of the East Pacific Rise between the equator and
20°N, Eocene microfossils are recorded no farther east than 134°W; Oligocene,
no farther east than 125°W; while Miocene and Pliocene occurrences extend
closer to the crest of the rise. This distribution may result from post-Eocene
spreading of the sea floor here averaging about 8 centimeters per year.

It is an inevitable consequence of the
hypothesized spreading of the sea floor
(1) that the sediment immediately above
the igneous basement should be progres-
sively younger toward the crest of the
ridge at which the spreading originates.
Burckle et al. (2) have indicated that
the ages of the oldest cores (Pliocene
and Miocene) that they have obtained
in the eastern South Pacific increase
with increasing distance from the crest
of the East Pacific Rise. Evidence ex-
tending this type of observation as far
back in time as Eocene has now been
culled from the numerous cores col-
lected (3) in the area bounded by lati-
tude 0° and 20°N and longitudes 115°
and 150°W (Fig. 1).

At some of the sampling localities in
this region, Tertiary sediments outcrop
on the sea floor or are disconformably
overlaid by a layer of Quaternary sedi-
ment thin enough to be penetrated by
commonly used corers capable of pene-
trating 1.5 to 10 m. Comparison of the
distribution of these in situ samples
representing the various Tertiary epochs
(Fig. 2) reveals that some Oligocene
occurrences are farther east than the
easternmost Eocene occurrence, and
that some Miocene occurrences are far-
ther east than the easternmost Oligo-
cene occurrence, as would be expected
in accordance with the hypothesized
spreading of the sea floor and if the
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techniques now in use sampled the old-
est sediments occurring in an area.

This latter condition is unlikely to be
fulfilled, but some information on the
nature of generally deeply buried sedi-
ments can be obtained by investigation
of older microfossils reworked into
younger sediments. Over a large propor-
tion of the sea floor in the area under
consideration the sediments deposited
throughout the Cenozoic contain radio-
larians, and at mahy localities micro-
fossils as old as Eocene are reworked
into Quaternary sediments (4). These
siliceous microfossils are especially use-
ful as tracers of the presence of Tertiary
sediments, since they do not dissolve
as readily as calcareous skeletons and
therefore can probably survive several
cycles of erosion and redeposition. At
least over the area of the Pacific floor
that is now considered, the discrete pat-
tern of microfossil assemblages, and the
fact that some Quaternary sediments
scattered throughout the area do not
contain reworked Tertiary microfos-
sils, indicate that sediment components
are not transported great lateral dis-
tances by reworking processes; there-
fore the occurrence of Oligocene radio-
larians in a Quaternary sediment, for
example, may be taken as evidence of
the occurrence of Oligocene sediments
in that vicinity. The information avail-
able from such reworked microfossils

120°

0°

120 100

equal-area projection. Positions of East

Pacific Rise (dotted line) and fracture zones (broken lines) after Menard (I1).
General distribution of Quaternary types of sediment indicated by finer stippling (cal-
careous-siliceous ooze), coarser stippling (siliceous ooze and highly radiolarian clay),
and no stippling (clay with few or no microfossils). Latitude, N; longitude, W
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