Reports

Lower Cretaceous Sediments from the Northwest Pacific

Abstract. The first occurrence of deep-sea Lower Cretaceous (Albian) sedi-
ments in the Pacific Ocean is reported from the Shatsky Rise at 31°51’N,
157°20'E. Seismic-profile records indicate that the core was taken between the
extensive seismic reflectors A’ and B’. Two hundred meters of unconsolidated
sediment lies between the core site and basement (B’) and suggests that the
sediment just above basement may be at least as old as Middle Jurassic.

During her 21st cruise, R.V. Vema
raised a Lower Cretaceous (Albian)
core, V 21-143, from Shatsky Rise
(1) between the Emperor Seamount
chain and the Japan Trench, at
31°51’N, [57°20°E (Fig. 1). Fig-
ure 1 shows three units on the rise
that stand more than 3000 m above
the adjacent basins and trend generally
from northeast to southwest. The core
was taken at a depth of 3500 m from
the southwestern flank of the largest
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and most southerly of these three
units. A continuous seismic-profile rec-
ord made across the rise indicates
stratified sediments as thick as 1 km
on the crest; the core source was an
outcrop exposing part of the sedimen-
tary section.

The oldest sediments previously re-
covered from the Pacific Ocean were
shallow-water reefal deposits from the
tops of the Hess and Cape Johnson
Guyots of the Mid-Pacific Mountains
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Fig. 1. Vema’s track and the sources of cores. The inset (37) shows approximately the

probable position of the former Darwin Rise.
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(3); their ages are considered Aptian-
Cenomanian, although Hamilton re-
garded the total aspect of the faunas
as most likely Urgonian (Upper Bar-
remian and Aptian), during which
time massive zoogenic limestones, bear-
ing a characteristic rudistid fauna, ac-
cumulated in the neritic zone of the
world-encircling Tethys Sea. An Up-
per Cretaceous (Campanian-Maestrich-
tian) foraminiferal fauna, mixed with
Tertiary and Recent species, was re-
ported by Hamilton (4) from two
cores raised at 19°34'N, 171°54'W,
near Guyot 20171. Riedel and Fun-
nell (5) described reworked Creta-
ceous and Miocene Radiolaria from
cores CAP 5 BG (09°03’S, 174°52°E)
and CAP 5 BP (09°03’S, 174°52’E).
Further coring in the area suggested
that the source of the Cretaceous sedi-
ment lies in the shallower regions to
the south, in the vicinity of Alexa
Bank. Kagami et al. (6) reported
Cretaceous  (Aptian?)  shallow-water
gastropods (Nerinea) from the Shisoef
Seamount, a solitary seamount Jo-
cated near the junction of the Japan
and Kuril-Kamchatka Trenches. Re-
worked Cretaceous Radiolaria were
found by Hays (7) in core V 18-267
from the Manihiki Plateau in the
southeast Pacific.

The continuous seismic-profile rec-
ords of two crossings of Shatsky Rise
appear in Fig. 2; the uppermost is the
more northerly of the two. The device
used (8) is essentially an echo sounder
that records the topographic profiles
of both the sea. floor and buried sur-
faces.

The records in Fig. 2 show that
sediments buried several hundred me-
ters deep on the rise and in adjacent
basins are exposed at the coring site
on the flank of the rise, apparently
by erosion. Hence, determination of the
age of the sediments (Albian) at the
outcrop enables us, by correlation of
reflectors, to establish the stratigraphic
position of the Albian on the rise and,
even more important, in the undis-
turbed sections of sediments in the
Pacific Basin.

Although the record is interrupted
at short intervals and the sedimentary
layers themselves are interrupted by
erosion, faulting, and sharp peaks, cor-
relation of the reflectors marked a,
A’, B, and B’ with reflectors in the
adjacent basins is supported by several
lines of evidence. For instance, reflec-
tors A” and B’ are moderately smooth,
and each forms the sharp upper sur-
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face of an acoustically opaque layer
(9). Such layers could represent high-
ly stratified sediments in which the
stratification is too fine for resolution
by the profiler. These opaque layers
are separated by a lower, acoustically
transparent layer over most the tra-
verse. The interval between reflector
A’ and the sea floor (“the upper acous-
tically transparent layer”) can be un-
mistakably identified except on the
crest of the rise, where the presence
of additional reflectors complicates the
positive identification of A’. According
to our correlation, this layer is thicker
and more stratified on the crest of the
rise than elsewhere. Reflectors « and
B are identified only on the crest of
the rise in this traverse, 8 being near
the bottom of the upper opaque layer.
Reflectors A’ and B’, on the other
hand, extend over major parts of the
Pacific Ocean (10).

Core V 21-143 (Fig. 2) sampled
sediments at about the level of reflector
B, whose stratigraphic position in the
crestal area is about 200 m above re-
flector B’ and an equal distance below
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A’. Correlation of the strata at the
source of the core with those in the
basin to the southwest is established
on the basis of continuity of the lower
transparent layer and of the two
opaque layers; thus the core is placed
stratigraphically near the bottom of the
upper opaque layer (reflector g).
Cores 141, 144, 145, and 147 (Fig.
2) definitely sampled the upper trans-
parent layer, all apparently in undis-
turbed areas. The upper transparent
layer is thickest over the crest of the
rise, but is only slightly thinner to the
northwest, in which area the thick
sediment may result from high produc-
tion of plankton in the Kuroshio Cur-
rent. Core 142 is from a saddle be-
tween two peaks; core 146, from a
steep slope near the crest. Core 146
was located to sample reflector B’, but
apparently penetrated only a thin cov-
ering of younger sediments. We should
emphasize that the resolution of the
profile record is not fine enough to
show a thickness equal to the core
depth. The accessibility (for coring)
of outcrops indicated by the profiler
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should be further judged by the ap-
pearance of local roughness on the
record of the precision depth recorder;
Fig. 3, for example, indicates local
roughness at the source of V 21-143,

Core V 21-143 is 73 cm in length
(Fig. 4). The top 24 cm is com-
posed of a pale yellowish-brown fora-
miniferal ooze, with manganese nod-
ules and at least one piece of angular
chert. The Foraminifera, Globorotalia
inflata (d’Orbigny), G. truncatulinoides
(d’Orbigny), G. tumida (Brady),
Globoquadrina dutertrei (d’Orbigny),
Globigerina pachyderma (Ehrenberg)
(right coiling), and Pulleniatina ob-
liquiloculata (Parker and Jones), indi-
cate a Pleistocene or Recent age for
this™ayer; mixed foraminiferal assem-
blages of Recent Pleistocene and Creta-
ceous age suggest submarine erosion of
Cretaceous sediments.

At 24 cm there is an abrupt change
to a white foraminiferal chalk contain-
ing Cretaceous fossils; at the top of
this layer is a large fragment of a>
manganese nodule, which may also be
interpreted as a manganese crust. The
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Fig. 2. Seismic-profile records across Shatsky Rise and adjacent basins. The numbers above the arrows identify sources of cores.
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clay-size particles are generally made
up of coccolith plates; calcite rhombs
occur, and some of the foraminiferal
tests and the plates are recrystallized.
Below 45 cm is a mixed layer of
white foraminiferal chalk, manganese
nodules, and angular chert fragments;
the chalk is soft but contains occa-
sional “slugs” of hard, semi-indurated
chalk. Beside Foraminifera, Inocera-
mus prisms and juvenile pelecypod
shells (< 2 cm) also were noted in
the bottom two layers; their poor pres-
ervation prevented specific identification
of the shells.

When the corer was raised, mud on
the core head (portion of the device)
indicated that it had toppled after the
coring. As a result, the bottom layer
of the core was mixed with sediment
from the top layer; thus the true, un-
disturbed bottom of the core is at 45
cm (Fig. 4); there is evidence in the
presence of a mixed assemblage of

Cretaceous and Recent Foraminifera
and Radiolaria in the 45- to 73-cm
layer.

Examination of planktonic foraminif-
ers in the Cretaceous portion of this
core reveals a rather monotonous as-
semblage consisting of five species:
Ticinella primula Luterbacher, T. ro-
berti Gandolfi, Hedbergella planispira
(Tappan), Biglobigerinella  cushmani
(Tappan), and Biticinella sp. (Fig. 5).
The Albian age of the white chalk is
based upon the presence of T. pri-
mula, T. roberti, H. planispira, and
B. cushmani,

Ticinella primula, the planktonic spe-
cies most abundant in the white chalk,
was identified in the upper and mid-
dle portion of the Albian in a core
from Le Maley, Canton de Neuchatel;
it is also reported from the pyritic
Albian of Vraconne, Canton de Waadlt,
and from the lowest (Albian) part of
the Scaglia section from near Balerna
(all locations are in Switzerland) (/7).

Ticinella roberti, originally regarded
as a species of the benthonic foramini-
feral genus Anomalina, was identified
by Gandolfi (/2) in the Lower Ceno-
manian at Breggia, Switzerland; accord-
ing to Sigal (/3) it is characteristic
of the middle Albian of Algeria. In
Tanganyika, Banner and Blow (74)
found a specimen referable to this spe-
cies in Upper Albian or Lower Ceno-
manian strata, Klauss (/5) studied
the succession of planktonic foraminif-
eral assemblages in the Complex Schis-
teaux Intermediaire, Switzerland; he es-
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Fig. 3. Tracing from precision depth recorder near source of V 21-143.

tablished six zones between the Albian
and Middle Turonian, the lower two
serving to divide the Albian into lower
and upper parts; he regarded 7. ro-
berti as ranging stratigraphically from
the upper part of zone 1 to the top
of zone 2.

Originally described from the Gray-
son Formation of Texas, Hedbergella
planispira has a wide geographic dis-
tribution; it is reported from the Wash-
ita and Eagle Ford groups of Texas,
the Greenhorn limestone of South Da-
kota, Wyoming, and Kansas, a subma-
rine core from the edge of Blake Pla-
teau, the Cenomanian of Germany, and
in the Albian and Cenomanian of the
U.S.S.R. and Trinidad (76).

Biglobigerinella cushmani is de-
scribed from the Duck Creek Forma-
tion of Oklahoma as a species of the
genus Globigerinella (17); the forma-
tion is the second-lowest unit of the
Washita group in the Gulf Coast re-
gion and is widely recognized as the
equivalent in the United States of: the
Albian (18).

Strata equivalent to Albian are well
developed in Hokkaido, the northern-
most island of Japan; although five
species and subspecies of planktonic
foraminifers are reported (/9), there
is little similarity in fauna to Shatsky
Rise. Monoclinal Neocomian-Albian
formations also outcrop in a few scat-
tered areas along the northeastern coast
of Honshu, Japan (20); they generally
dip toward the Pacific, and were most-
ly deposited in shallow seas in which
ammonities, rudistids, trigonians, cor-
als, and Orbitolina (large benthonic
foraminifera) thrived. The Lower
Cretaceous fauna of Shatsky Rise
seems to have greater affinity with that
of the Albian strata of Switzerland and
the Gulf Coast than of Japan.

The proportion of planktonic to
benthonic foraminiferal specimens in
samples of sediment is known to pro-
vide an approximate method for esti-
mating the depth of deposition (27):
in general, planktonic foraminifers in-

crease in number with increasing water
depth. The predominance of plankton-
ic foraminifers is the most characteris-
tic feature of the Albian fauna of the
rise; they constitute 96 percent of the
foraminiferal assemblage. Additional
evidence of deep-water deposition of
this fauna is the occurrence of ben-
thonic foraminiferal species of genera
such as Robulus, Astacolus, Dentalina,
and Nodosarella, which indicates that
the depth over the rise during Creta-
ceous time was about 1800 m or great-
er (22). A few poorly preserved Ra-
diolaria also were recovered from the
white chalk.

Core V 21-141 consists of moderate-
yellowish-brown manganese lutite con-
taining a 7-cm layer of whitish-gray
altered tuff. Core 142 comprises alter-
nating zones of moderate-yellowish-
brown manganese lutite and very-pale-
orange lutite; the manganese content
increases with depth. Core 144 con-
sists entirely of a grayish-orange man-
ganese lutite. Core 145 is largeiy a
moderate-yellowish-brown  manganese
lutite containing a few interbedded
layers of altered tuff. Core 146 differs
from cores taken on the southern
crossing of the rise in that it contains,
besides the brown manganese lutite,
numerous layers of olive-brown, olive-
gray, and yellowish-green lutite, as well
as two layers of white carbonate-rich
lutite. Core 147 resembles 146 except
that it lacks the white lutite layers.

Hess (23) suggested that the
drowned atolls and guyots in the Mid-
Pacific Ocean represent the site of a
former trans-Pacific rise that preceded
Middle Cretaceous time; he postulated
a width of 3000 km and a length of
about 14,000 km. Since Cretaceous
time the rise, named the Darwin Rise
(24), was considered to have subsided
about 1 to 2 km. Raitt (25) pointed
to a high-velocity layer in the upper
mantle of this feature, which Menard
suggested may be characteristic of an-
cient, subsided rises.

Raitt also observed in the Pacific
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Fig. 4. Core V 21-143; Cretaceous portion is the white layer from 24 to 45 cm.

Ocean basin that 200 to 500 m of
unconsolidated sediment overlays ma-
terial thought to be basalt. Revelle
et al. (26) have remarked that this
thickness accounts for sediment ac-
cumulation only since the Cretaceous,
if one assumes that rates of sedimenta-
tion during Cretaceous and Tertiary
times resembled that determined for
the last 14,000 years (27). Proponents
of continental drift suggest that major
reorganization of the Atlantic Ocean
basin took place . during Mesozoic
time, and Ericson et al. (28) reported
in 1959 that no sediment older than
Cretaceous had yet been found.

Hamilton (29), using soil-mechanics
techniques, concluded that the ocean
basins were Paleozoic to pre-Paleozoic
in age, while Beloussov (30) believes
the oceans to be no older than Meso-
zoic. Menard and Hamilton (31)
stated unequivocally that the Mid-Pa-
cific Mountain area in mid-Cretaceous
time had a depth of at least 3200 m;
the sediments of V 21-143 support
this view.

As we have mentioned, the seismic-
profiler records (Fig. 2) indicate at
least 200 m of sediment above “base-
ment” at this coring site. Accumula-
tion of Upper Eocene pelagic sedi-
ments at 0.3 ¢cm/1000 years (32) re-
quired 66 million years for the deposi-
tion of 200 m. Using the age for Albian
of 106 million years (33), we calcu-
late, at the bottom of this sedimen-
tary column, a value of 172 million
years, which is equivalent to the Bajo-
cian epoch (Middle Jurassic). We do
not mean to imply, however, that we
believe the Pacific Ocean basin to be
no older than Middle Jurassic; there
is a good possibility that the deepest
layer measured, which we are calling
“basement” may in fact be consoli-
dated sediment, as Hamilton suggests
(29); the smoothness of this basement
reflector in the Shatsky Rise vicinity
supports the opinion that it consists of
sedimentary rock.
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If one applies the rate of 0.3
cm/1000 years to the zone A’-B, the
age of A’ is about 46 million years.
However, this rate, which was deter-
mined for a very different environ-
ment, or any single rate is so ques-
tionable that the result of the calcula-
tion is only approximate. The thick-
ness of the upper acoustically trans-
parent layer varies by at least a fac-
tor of 10, (Fig. 2), even if one ex-
cludes the crest of the rise, and the
same may be said of the upper acous-
tically opaque layer in other areas
(10). Tt seems preferable to consider
that A’ and B’ represent major changes
in sedimentation, oceanwide in extent,
whose age must bracket that of the
Albian sediments cored. This line of
thought suggests that reflectors A’ and
B’ of the Pacific correlate with Atlan-

tic reflectors A and B (34), and with
A” and B” in the Caribbean (35).

In the absence of direct evidence
of the age of reflector B’, speculation
should recognize two facts: (i) If the
proposed correlations are correct, these
two very extensive reflectors record
major changes in the sedimentary re-
gime in the Atlantic, Pacific, and Carib-
bean, changes that very likely corre-
late with events that have long been
recognized as marking major divisions
of geologic history. (i) The smooth-
ness of reflector B’ in many places
strongly suggests that it is the top of
a layer of sedimentary rock; it marks
the earliest event recorded in our re-
flection surveys; for instance, one is
tempted to correlate it with an event
of the magnitude of a boundary be-
tween eras.

Fig. 5. Diagnostic species of Albian planktonic foraminifers from core V 21-143: 1,
Hedbergella planispira (Tappan); 2, Ticinella roberti (Gandolfi); 3-5, Ticinella primula

Luterbacher; 6, Biticinella sp. (X 125).
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The Albian core is located a little
to the north of the former Darwin
Rise (Fig. 1). The lithology, fauna,
and seismic results suggest that Shat-
sky Rise may have been a sedimen-
tary basin during Mesozoic time, re-
ceiving fragments of shallow marine
organisms that inhabited the fringes of
nearby atolls or islands on the Darwin
Rise; this idea could explain the pres-
ence of shallow-water mollusc shells
and Inoceramus prisms in pelagic sedi-
ments. Sometime after early Cretace-
ous, this basin was uplifted. It ap-
pears that the greater thickness of
the layers on Shatsky Rise, than of
those of the adjacent Pacific floor, re-
sults from subsidence and subsequent
deposition; and that the subsidence
and deposition continued, perhaps in a
narrowing belt, considerably beyond
Albian time, until uplift to the present
position occurred. Determination of
the exact age of this uplift must await
more cores from Shatsky Rise. We can-
not preclude the possibility, however,
that the basement arch forming Shat-
sky Rise is older than the sediments,
and that the thickness of the sedimen-
tary layer results from a type of de-
position in which the rate is greater
in lesser depths. This hypothesis, how-
ever, does not explain the presence of
Inoceramus prisms and molluscs in
pelagic sediments of V 21-143.

Zverev, Kobylin, and Udintsev (36)
reported seismic-reflection  traverses
over Shatsky Rise very near the tra-
verse in Fig. 1; they assigned sound
velocities to the various layers on the
basis of the observed amplitude of re-
flected signals and of Rayleigh’s form-
ula relating reflection coefficient to
sound velocity and density. Despite the
well-known limitations of this method
of estimating velocity, they have pro-
duced cross sections showing basaltic
rocks, probably of Hawaiian type, out-
cropping near the crest of the rise. If
such outcrops are present in the sec-
tion of Fig. 2, they are the small
peaks in sheets 839, 844, and 845.

On the more-northerly crossing of the
rise (Figs. 1 and 2) the maximum
elevation is about the same as that on
the southern crossing; the sediment
cover is far less regular, and cores
V 21-147 and 148 (Fig. 2) consist of
radiolarian clay and red clay respec-
tively. These results suggest that dur-
ing future work, when the profiler is
used to guide selection of coring sites,
a substantially larger number of older
Tertiary and Mesozoic cores will be
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obtained from the rise. For example,
a steep slope, shown in sheet 839
(Fig. 2), appears to be an even-better
site than the source of core 143.
MAURICE EwWING
TSUNEMASA SAITO
JouN 1. EwING
Lroyp H. BURCKLE
Lamont Geological Observatory,
Columbia University,
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Superconductivity of Alpha-Uranium
and the Role of 5f Electrons

Abstract. 4 much sharper and lower
superconducting transition has been
found for a-uranium than any reported
previously. A model that explains the
unusual volume dependence of a-ura-
nium below 43°K and the unusual pres-
sure dependence of its superconducting
transition temperature is presented.

We report the superconducting tran-
sition' of a single crystal of g-uranium.
This transition (7,), between 0.21° and
0.25°K, is sharper by about an order
of magnitude and occurs at a much
lower temperature than that previously
reported for q-uranium (/-3). Such be-
havior was anticipated in the recent
work on superconductivity in B-ura-
nium (4), although at that time a con-
sideration of published heat-capacity
data led to an estimate that T, would
be < 0.15°K. A qualitative model in-
volving the gradual transfer of electrons
from the 6d—7sp band (5) to an almost
pure 5f band below 43°K is offered to
account for the unusual behavior of o-
uranium at low temperatures (see 6,
7).

The superconducting transition of a
small single crystal of q-uranium (ap-
proximately 1 by 3 by 5 mm, heavily
etched and without any sharp edges)
grown by the grain-coarsening technique
(8) is shown in Fig. 1. The transition
is representative of pure g-uranium in
a relatively unstrained condition and is
not complicated by the presence of
filaments of other phases. The small tail
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