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Diatom Micropaleontology and Deep-Sea Stratigraphy
of the North Pacific*

Taro KANAYA**

Abstract: The present status of diatom studies of the North Pacific deep-sea cores is out-
lined with the view toward. the future applications of diatom micropaleontology in the fields
of deep-sea stratigraphy, paleobiogeography and palecoceanography. The fact that the distri-
bution of modern diatom thanatocoenoses in pelagic sediments of the North Pacific reflects
the areal distribution of the upper watermasses and currents governed by the present clima-
tological and circulatory regime of the Pacific warrants the value of diatom remains as a mean
to deduce the past events (oceanological, biological and geological) that took place in the North
Pacific.

Quaternary subdivisions so far been proposed for deep-sea sequences of the western North
Pacific are analysed. The need for a time control that is independant of the past biogeogra-
phic boundaries is stressed in order to relate the sedimentary records from separate oceanic
localities, and in this connection is mentioned the recent developments in paleomagnetic strati-
graphy and microfossil biostratigraphy to construct a time-stratigraphic framework workable
for Tertiary and Quaternary deep-sea sequences.

The diatom criteria so far been applied to detect the Pliocene-Pleistocene boundary in deep-

sea sequences require revision.

Those diatom species which appear to be extinct or originated

in the younger Tertiary and Quaternary are mentioned for future confirmation.

From the view of micropaleontology, the
North Pacific is unique in that it almost entirely
lacks carbonaceous pelagic sediments containing
Foraminifera and Coccolithophorids, except in
the Equatorial zone. The feature, generally
attributed to the greater depths of the North
Pacific Basin lying largely below the calcium
carbonate compensation depth, shows a sharp
contrast when compared to the South Pacific
where an extensive development of carbonaceous
pelagic sediments is known in the mid latitudes
extending continuously from the Equatorial
zone. Instead, in the North Pacific, siliceous
pelagic sediments containing siliceous microfossils
(diatoms, Silicoflagellata and Radiolaria) occupy
a large area.

The deep-sea sediments containing more than
* Received March 14, 1969
#% Institute of Geology and Paleontology,

University, Sendai, Japan

Tohoku
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5 percent of amorphous biogenaceous silica
occupy the area north of approximately 30°N,
Lat. in the western and central North Pacific
and north of approximately 50°N, Lat. in the
eastern North Pacific (LISITZIN, 1966, Fig. 6).
To these siliceous sediments in the North Pacific
diatoms are known to be a chief contributor of
biogenous silica, except for a zone of Radiolaria
ooze north of the Equator around 10°N, Lat.
(RIEDEL, 1959).
diatom valves in a unit weight of surface sedi-

The numerical distribution of

ments from the Pacific was summarized by
JOUSE(1968a). The figure (Fig. 1), taken from
JOUSE (¢bid.) shows that the concentration of
diatom valves reflects principally that of the
nutrient salts in the oceanic surface waters
(BRADSHOW, 1959).

The greater availability of the siliceous sedi-
ments for study at the paucity of good carbon-
aceous samples have directed the micropaleo-
ntological works of the North Pacific cores to

)
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that of siliceous microfossils, particularly of
diatoms, and the North Pacific Ocean has be-
come one of the extensively studied regions in
Diatom biostrati-
graphy also has better control in the North
Pacific with the knowledge on diatoms from

diatom micropaleontology.

Tertiary marine diatomaceous sequences exposed
on land along its periphery, from Japan to
California through Sakhalin, Kurile and Kam-
tchatka (see JOUSE, 1968c and KANAYA in press
for reference).

The purpose of the present paper is to review
the present status of diatom studies of the
North Pacific deep-sea sediments, with the view
toward future developments of studies in the

field of deep-sea stratigraphy, paleobiogeography
and paleooceanography. More emphasis will
be placed on the North Pacific especially of its
western part; those from the Equatorial East
as of the South Pacific and

Antarctic will be cited only when pertinent to

Pacific as well

the purpose of the present discussion.

1. Distribution of diatoms in modern deep-
sea sediments

Fig. 1 shows that in a considerable area in
the mid latitudes modern sediments from the
uppermost layers of the cores practically lack
diatom valves, probably due to the low rates
of production in the surface water layers and
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Fig. 1:

Quantitative distribution of diatom valves in the uppermost layers of the cores

from the Pacific (after Jousf, 1968a, Fig. 1).

1. diatoms lacking;

4. 25-50 millions'g; 5.
7. LEthmodiscus ooze; 8.

2. 0.04-5 millions/g;
50-100 millions/g; 6.
sediments of Tertiary age; 9.

3. 5-25 millions/g;
more than 100 millions/g;
stations studied.

(2)



Diatom Micropaleontology and Deep-Sea Stratigraphy of the North Pacific

to the post-depositional dissolution after reach-
ing the bottom. The sediments in the rest of
the region contain substantial amounts of diatom
valves for study. JOUSE (1962) summarized the
works by Russian workers on the distribution
of diatom species in the uppermost layers of
the deep-sea cores from the Far Eastern Seas,
including the Bering Sea, the Sea of Okhotsk,
the Sea of Japan and the northwestern part
of the North Pacific north of approximately
40°N., Lat. Information presented were, among
many things, the identification of all diatoms
from a great number of cores to the rank of
species, areal patterns of distribution of the
more important species, and identification of
the phytogeographical habitate of the species
(arcto-boreal, north and south boreals, temperate,
subtropical, tropical and equatorial) mainly on
the basis of their records in surface plankton.
The presence of a good correlation in species
composition between the modern sediments at
the bottom and the planktonic diatom popula-
tion of the surface water have been emphasized
with the allowances for certain groups of
diatoms valves have dissolved before
reaching the deep-sea bottom while sinking
through the water column after the death.
By extending the coverage to the Antarctic
through the Equatorial Pacific, JOUSE et al.
(in press) distinguished seven diatom complexes
(thanatocoenoses) in the modern Pacific deep-
sea sediments, of which five are of the North
Pacific. They are:

subtropical,

whose

arctoboreal, northboreal,

tropical and equatorial diatom
complexes. The species combination characteriz-
ing each complex as well as the geographical
defined
given, incorporating the results of her previous
works (1962, 1963) as well as of MUCHINA
(1963, 1966).

The classification and areal distribution of
modern diatom thanatocoenoses of the North
Pacific were also given by KANAYA and KoizuM1
(1966). On the basis of occurrences from 118

deep-sea cores, the species were grouped stati-

distribution of the complexes were

In terms of the groups (recurrent
groups) thus identified, explicit definition of
each assemblages was possible.

stically.

Seven assem-
blages were discriminated in the North Pacific.

(
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They are: Subarctic, Northwest Marginal, Sub-
arctic-Central Mixed, Northeast Transitional
(North) Northeast Transitional (South), Central
and Equatorial assemblages.

The distribution patterns of modern diatom
assemblages (thanatocoenoses) presented in two
papers, KANAYA and KO1zuMI(1966)and JOUSE
et al. (in press, the same figure was given in
JOUSE, 1968a) show difference in details due
mainly to the difference in approaches to identify
Nevertheless, two
the distribu-
tion of modern diatom thanatocoenoses in pelagic
sediments of the North Pacific show patterns
that is best explained by the areal distribution
of the upper watermasses governed by the
climatological and circulatory regimes of the
Pacific.  Where two mix as
along the subarctic boundary in the Northwest

the discrete species group.
papers clearly bear out a theme:

watermasesses

Pacific, the mixed assemblage results in the
composition of the bottom sediments; even
where the current flows continuously, like off
the West Coast of North America, the bound-
aries of the different assemblages remain distinct
in the bottom sediments, reflecting the changes
in water characteristics as it flows south. It
appears logical to conclude that a diatom valve
will reach the abyssal bottom after traveling
much shorter horizontal distances than one
would expect considering the assumed hydrolic
diameter of a single empty diatom valve sink-
ing. Their actual paths to reach the bottom
is an enigma. RIEDEL (1963) suggested their
relatively rapid sinking as aggregates; JOUSE
(1957) held the view that the movement of
water layers in different directions in deeper
layers cancel out the lateral transport of the
diatom valves after they pass through the
column of surface water.

2. Quaternary biostratigraphy of the North
Pacific

With the information on the areal distribution
of diatom species in modern sediments that have
accumulated, the efforts have turned toward
interpreting the geological events that left records
in the deeper layers of the deep-sea cores.
The species composition as well as the geo-
graphical distribution of the assemblages in

)
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modern sediments reflects the present day surface
water circulation and distribution of the upper
watermasses in the North Pacific. The large
majority of the species used as criteria for
defining the modern assemblages have been
found extant throughout the deeper layers of
the cores so far taken from the western North
Pacific.
coenoses, therefore, provides criteria useful to
interprete the ancient conditions that prevailed
during the accumulation of the deeper layers
of the cores in oceanic localities.

Both A.P. JOUSE and T. KANAYA have ar-
rived at the view, after examining the geogra-
phical patterns of the distribution of individual
species as well as of assemblages, that the
temperature of the surface water is the para-
meter which, among others, should have the
most effective role in determining the species

The knowledge of modern thanato-

make up of the assemblages in deep-sea bottoms.

Table 1.

With this view, JOUSE (1961, 1962, 1963) pro-
ceeded in identifying the sequential fluctuation
in the species composition of diatom thanato-
coenoses in the successive layers of the cores
in terms of the temperature variation. The
fluctuation in concentration of diatom valves
in a unit weight of sediments was also used
by JOUSE as a guide: the greater concentration
indicates the betterment of the condition for
diatom production that took place during the
interglacial or warmer intervals in high latitudes
in the North Pacific, according to JOUSE. Her
works have resulted in subdividing the sequence
of deep-sea cores from the North Pacific into
stratigraphic horizons which, starting from the
top (Horizon 1, Holocene) represent alternatingly
the interglacial and glacial intervals in descend-
ing order, odd number horizons being inter-
glacial, and the even numbers glacial.

Table 1 lists those Russian cores from the

List of USSR cores for which more important diatom information has been reported.
The Roman numerals indicate that of the ‘° Horizons

I

adopted in the works by the

scientists of the Institute of Oceanology, Moscow, to represent major subdivisions of

the Quaternary sequence.

Starting with Horizon I (Holocene) they represent alter-

natingly interglacial and glacial intervals in a descending order.

Depth of Length of

The age interpretation of the

E?f?finfber Latitude Longitude water (m) cores(cm) ~ lowermost core level -

USSR 3155 40°31"8N 166°12'3 K 5414 525 VI (Jousk, 1968b)

USSR 3163 43°49°0N 156°37'9E 5441 1170 VII (Jousk, 1961); VIII (Rowm. et al., 1966)

USSR 3252 46°00"2N 160°21’4E 5397 380 IV (Joust, 1961); III (Jousk, 1968b)

USSR 3274 51°04'0N 162°13'3E 5417 255 1V (Jousk, 1962)

USSR 3325 52°03'0N 166°44'8 E 4061 188 II (Joust, 1961); IV (Jousk, 1962); II-3
(Rom. et al., 1966)

USSR 3342 54°42"0N 164°30'9FE 4588 245 II (Jousg, 1961); IV (Jousgk, 1962); II-3
(Rowm. et al., 1966)

USSR 3359 51°21"AN 172°14°0FE 4880 276 IV (Jousk, 1962); II-3 (Rowm. et al., 1966)

USSR 3361 49°28'0N 169°04"2E 5511 470 IV (Jousk, 1961)

USSR 3378 50°53"2N 162°24'7TE 5461 340 II (Jousg, 1961); IV (Jousk, 1962); II-3
(Rowm. et al., 1966)

USSR 3797 2°01’5N 172°32'5W 5328 320 IV (Jousk, 1963; Mucuina, 1966)

USSR 3802 3°17° S 172°52" W 5300 266 IV (Mucuina, 1963, 1966)

USSR 4066 47°18'9N 175°57"0W 5735 320 IV (Joust, 1961, 1963)

USSR 4084 34°59'8N 172°56'5W 5971 325 IV (Joust, 1968b, 1963)

USSR 4104 41°07'5N 159953'9W 5427 340 VI (Joust, 1963)

USSR 4112 47°32'0N 160°03'0W 5158 297 VI (Jousk, 1963)

USSR 5113 5901”7 'S 154°15" W 290 IV (MucHina, 1966)

USSR 5117 0°03’7N 154°14'TW 4724 700 Pleistocene (Jousk, 1968b)

USSR 5124 7°55’3N 153°41’5W 5571 890 Pliocene (MucHina, 1966; Jousk, 1968b, c)

USSR 5133 5°58'6N 176°04’4E 5396 780 Pliocene (Jousk, 1968c)

(1)
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western and central North Pacific, together
with a few from south of the Equator, for
which diatom evidences were sufficiently given,
either in the forms of descriptions or by tables
and lists, showing the frequencies of the species
through the core sequences. The scheme of
deep-sea Quaternary stratigraphy of the western
part of the North Pacific developed by Jous:
and her collaborators were drawn mostly upon
the diatom records of these cores, some of
which have been mentioned repeatedly in their
papers. In the table the Horizon identified for
the lowermost part of each core is indicated
in Roman numeral accompanied by the reference.
Works by ROMANKEVICH et al. (1966) dealt
with some of these cores when they made the
absolute age determination of 28 deep-sea cores
from the western Pacific. Their designation
of the lowermost portion of the core in terms
of the Horizon are also indicated, because their
work resulted in the necessity for change in
Horizon designation in some cores from that
originally made by JOUS% mainly by diatoms.
ROMANKEVICH et al. (ibid.) includes extensive
studies made on granulometric composition,
contents of amorphous silica, calcium carbonate
and organic carbon as well as of diatoms and
The apportionment of the core
sequences into units of layers and Horizons
were sald to have been done on the basis of
the changes in gross characters of these attri-
butes investigated; the on the
diatom flora by Jous§ played a role to identify
colder and warmer intervals together with the

Foraminifera.

knowledge

interpretation based upon the composition of
Absolute ages for the lapse of
Horizons were then calculated by the varieties
of radiochemical methods, and the results were
discussed taking the time-scale presented by
ROSHOLT et al. (1961) for Atlantic cores as
reference, together with the age interpretation
of the Pleistocene Stages of Europe and North
America suggested by ROSHOLT et al.

the sediments.

The oldest Quaternary Horizon indentified
by JOUSE is Horizon VII at USSR 3163 (1961),
which according ROMANCHEVICH ef al. (1966)
is Horizon VIII. Jousf has been in the
opinion (1968b) that, judging from the floral
composition of the diatoms, USSR 3163 is still

187

too short to represent the entire Quaternary
by its total length of approximately 12m.
ROMANKEVICH et al. (op. cit.) on the other
hand correlated Horizon VIII provisionally with
the Giinz Glacial Stage by extraporation on
the basis of the rate of accumulation calculated
for the upper part of that core.

A statistic, 7d (diatom temperature), was
proposed by KANAYA and KoizuMi (1966) to
deduce the surface water temperature during
the accumulation of the lower levels of the
core sequences. Td of a sample as defined as
Td=Xw/|(Xw+ Xc) x100, where Xw is the
frequencies of warm water forms and Xc is
that of cold water forms in a random count
of 200 specimens for a bottom sample, shows
broadly a positive correlation with the surface
water temperature of oceanic water of that
geographical site in the North Pacific. Diatom
temperature curve derived for a North Pacific
core V20-130 (36°57.8’N, 152°36’E ; depth 6,547
m, length 1,039 ¢cm) by calculating the Td value
for each of the 86 core levels has shown fluctu-
ation through the core sequence; four temper-
ature maxima (including the uppermost part
representing present condition) and four tempe-
rature minima were identified through its upper
650 cm of the sequence. The type of assemblage
identified at the core levels showing 7'd maxima
and minima are the expected, judging from
the
temperatures and type of modern assemblages
(thanatocoenoses) at North Pacific localities.

correlation between the surface water

In the lower part of the core (below 650 cm
level), the
fluctuates; the type of assemblage, however,
was not necessarily the one anticipated from
the Td values.

KANAYA and KoizuMl (op. cit.) took this
discrepancy as indicating that, although the

diatom temperature curve also

species composition were more or less the same,
the frequency relationship among the species
were different from the modern ones during
the accumulation of the lower part of the core
(below 650 cm).
650 cm level, the structure has changed to be-

Commencing from about the

come similar to the modern ones that continued
to the present time. It was maintained that

a change in structure of the diatom assemblage,
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from the older one to the younger one, is thus
detected in a seemingly continuous sequence
that was interpreted as of the Quaternary in
age, due to the lack of obvious Pliocene species,
except for sporadic occurrences of secondary
origin. Coscinodiscus weilesii Gran and Angust
that was extant in the lower part of the core
is lacking in the upper part, paralleling the
change in the assemblage structure. The corre-
lation of temperature maxima and minima
detected in the core with that of the continental
Pleistocene Stages was not made in that study
(ibid.) as premature, and the need for a reliable
time control was pointed out in correlating the
peaks of temperature fluctuations in the deep-
sea cores with the continental Pleistocene
Stages.

Superimposed on these fluctuation reflecting
that of the surface-waters temperatures the
evolutionally changes of the diatom flora are
found in the cores. Extinctions of species and
appearances of new species, forma, and ecolo-
gical races have been observed (JOUS?, 1968a).
According to Jous? (ibid.), Rhizosolenia cur-
virostris Jous? and Actinocyclus oculatus Jous?
become extinct by the end of ‘““ middle Pleisto-
cene’’ in temperate latitudes. In the subtro-
pical latitudes, Coscinodiscus weilesii Gran and
Angust does not cross the upper boundary of
the ‘“middle Pleistocene.”” In the equatorial
latitudes, Rhizosolenia praebergonii Muchina,

Thalassiosira convexa Muchina are character-

istics for “early’” and ‘“middle > Pleistocene.
Some of the important species of modern
thanatocoenoses were interpreted by Jous?%

(bid.)to have descended from the older counter-
parts that were extant in ‘‘early Pleistocene ”’
in the same biogeographic zone: Rhizosolenia
bergonii Perag. is the descendant of Rhizosolenia
praebergonii Muchina; Rhizosolenia alta f.
curvirostris Jousé is of Rhizosolenia curvirostris
Jousé; Actinocyclus ochotensis Jousé is of Acti-
nocyclus oculatus Joust; Nitzschia marina Grun.
is of Nitzschia praemarina Jous: (MS); Cosci-

nodiscus nodulifer A. Schmidt is of Coscino-

* Based on the observation of slide no. 618, labelled
““ Polystins Mergel v. Nankoori” in J. Brun’s col-
lection, Conservatoire Botanique, Geneve, Oct. 1967.

(
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discus nodulifer {. cyclopus Jousé.

held by Jous® and her collabo-
1968c; MUCHINA, 1963, 1966)
the Pliocene in deep-sea cores

The premise
rators (JOUSE,
in recognizing
appears to be
Pliocene elements besides that of ‘‘ precursors

the substantial occurrences of
of modern species. In cases for the cores from
the mid and high latitudes, the Pliocene flora
reported from Saghalin, Kamtachatica
Tturup island (Kurile islands) are available for
control (Jous#, 1962). In the case of the
cores from tropical latitudes, the bases of their
concept of the Pliocene flora seems to rely
heavily on the record by KOLBE (1954) from
an Albatross core, SW 76 (3°45’N, 149°44'W ;
depth, 5,153 m; length 1,342 cm), who concluded
that ‘“ 5-6 m zone represents, in core 76, the
Plio-Pleistocene boundary’” (ibid., p. 18). It
is true, as pointed out by KOLBE (ibid.), that
the classical ““the
Nankoori,”” contains® many species which are
restricted to the lower part(below that boundary)
of SW 76.
however, is quite likely to have come from
the Archipelago Series of Nicobar island, judg-
ing from the geological information made
available by GLAESSNER (1943). According to
GLAESSNER (7bid.) the Archipelago Series is of
the Miocene Age, ranging from the Burdigalian
to Tortonian. Correlation extended by diatoms
from the sequence of the Experimental Mohole
has shown (KANAYA, in press) that the lower
part of SW 76 is Miocene in age and underlies
also diatomaceous upper part which is likely of

and

sample, limestone from

5

The so-called Nankoori sample,

Pliocene in age. Some part of the upper
Miocene (sense RIEDEL and FUNNELL, 1964)
appears to be missing in the core in a hiatus
indicated by the undulating boundary at the
core level 519cm, described by OLAUSSON

(1961).

3. Time control in deep-sea stratigraphy

As pointed out elsewhere (e.g., HAYS and
BERGGREN, in press), most microfossil species
suitable for deep-sea stratigraphy have limited
geographic distribution, hence no single criteria
can be applied to tracing the time line in deep-
The fluctu-
ation of surface temperature due to the Pleis-

sea records over the entire Pacific.

)
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tocene glaciation may be a global phenomenon,
but the correlation, either by paleontological
or lithological means, of identified warmer or
colder horizons in the deep-sea core sequences
from stations of different climatic zones involves
a great deal of subjective interpretation.
most studies made of deep-sea cores (e.g.
ARRHENIUS, 1952) more numbers of temperature
minima and maxima have been identified than
may be anticipated from the records of the
continental glaciation during the Pleistocene.
Seeking the parallelism between the temperature
histories of land and sea may be justified. How-
ever, the age interpretation of the temperature
minima and maxima in terms of continental
glacial and interglacial stages usually runs into
difficulties by the lack of adequate time control
in deep-sea sequences. Paleomagnetic strati-
graphy that has been extended to deep-sea
sequences (OPDYKE et al., 1966; NINKOVICH
et al., 1966) provides, combined with the bio-
stratigraphic datum and zones, time controls
for the

In

Quaternary and younger Tertiary
stratigraphy of deep-sea sediments. At the
SCOR symposium, ‘“ Micropaleontology of
marine bottom sediment,”” held in Cambridge,
England, in September, 1967, J.D. HAYS and
W.A. BERGGREN related the recent develop-
ments in this field in an excellent paper (HAYS
and BERGGREN, in press) dealing with the
Pliocene-Pleistocene and Quaternary boundaries
in deep-sea succession ; historical reviews of the
criteria that have been invariably adopted
among anthropology, glaciology, invertebrate
paleontology and vertebrate paleontology to
define the Quaternary Period were given ex-
plicitly in the paper (ibid.). Some of the
plications of their conclusions to the deep-sea
stratigraphy of the western North Pacific will

be briefly outlined, but firstly, some basic facts

im-

and reasoning that are presented in that paper.

1) By the line of study initiated by Cox
et al. (1963) based on the Pliocene and Pleisto-
cene lava flows it has been possible to date
the changes in polarity of the earth’s magnetic
field through the past 3.5 million years. The
bimodal distribution of the directions of magne-
tization of the lava flows has its origin in
reversal of the earth’s magnetic field, therefore,

(
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normally and reversely magnetized rocks as
reference to the present direction of the earth’s
magnetic field can be expected to occur in alter-
nating sequences traceable as precise time-stra-
tigraphic units around the world. The longer
intervals (on the order of a million years) of
constant polarity have been termed normal and
reversed polarity epochs; of shorter time duration
(about a tenth as long) have been called events.
The epochs have been named in order of increas-
ing age (in million of years) : the Brunhes normal
epoch (0-0.7), the Matuyama reversed epoch
(0.7-2.440.1), the Gauss normal epoch (2.4
0.1 to 3.35). Within the Matuyama reversed
epoch, two short periods of normal polarity
occurred at about 0.9 and 1.9 million years,
termed Jaramillo and Olduvai events, respecti-
vely, and the latter having the duration about
0.1 million years. Within the Gauss normal
epoch there was a short period of reversed
polarity at 3.0 million years, called the Mam-
moth event. (Excerpted freely from HAYS and
BERGRREN, o0p. cit., in the chapter, ‘‘Radio-
metric dating, paleomagnetism and the Pliocene/
Pleistocene chronostratigraphic scale ).

2)  Evolutionary transition of the planktonic
Foraminifera, Globorotalia tosaensis to Globo-
rotaria truncatulinoides was confirmed to occur
near (about 15 feet above) the base of the
holostratotype of the Calabrian Stage at Santa
Maria di Castanzaro in southern Italy. The
Calabrian has been accepted as the basal sub-
division of the marine Pleistocene in Italy,
following the recommendation made by an
international body at the 18th International
Geological Congress (Int. Geol. Congr. Repts
18th sess., 1948, pt. 10, 1950). Since the evo-
[utionary transition from one species to another
is an irreversal event that happens only once,
Globorotalia tosaensis/Globorotalia truncatuli-
noides transition was taken as denoting isochro-
neity and considered to be the most satisfactory
paleontological criteria for recognizing the Plio/
Pleistocene boundary in mid latitudes. In the
biostratigraphic zoning of the Neogene made
by BANNER and BLOW (1965) using planktonic
Foraminifera the transition marks the boundary
between zone N21 below and zone N22 above.

3) The Globorotalia tosaensis/Globorotalia

)
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truncatulinoides transition was found in a North
Atlantic deep-sea core from the mid-latitude
(BERGGREN et al., 1967). The paleomagnetic
study carried out for the core has shown that
the transition occurred within the Olduvai
normal event; the estimated age of the transi-
tion in the core was 1.85 million years old.
Although paleomagnetic studies have not been
made on the type Calabrian of Italy, the sug-
gested age for the base of the Pleistocene in
the Atlantic core is in a good agreement with
the suggested age, 1.8 million years, by SELLI
(1967) for the base of the Pleistocene in the
Italian section.

4) Hays and Berggren was in the opinion
that Globorotalia tosaensis/Globorotalia trunca-
tulinoides transition has only moderate to poor
value in recognizing the Pliocene-Pleistocene
boundary in the sediments of the Equatorial
The ex-
tinction of the Radiolaria species Prerocanium
prismaticum has been used to recognize the
Pliocene-Pleistocene boundary in the equatorial
Pacific (RIEDEL, 1957; RIEDEL et al., 1963).
Recent works at Lamont Geological observatory
was cited by HAYs and BERGGREN (op. cit.)
to have shown that the species disappears con-
sistently just above the top of the Olduvai event
in four oriented cores from the equatorial Pacific;
the species was thus taken as good indication
to approximate the Pliocene-Pleistocene boundary
in equatorial Pacific sediments; the somewhat
earlier disappearance of discoasters (RIEDEL, et

zone for both are temperate species.

al., 1963) was also considered as corresponding
the
boundary in the equatorial Pacific sediments.
5) Altogether (HAYS, 1965; HAYS and
OPDYKE, 1967) six* radiolarian zones have been
recognized for Antarctic deep-sea sediments.
They are based primarily on the upward sequen-
tial disappearances of radiolarian species and
are named from the youngest to the oldest in
greek letters Q (Omega), W (Psi), X (Khei), ®
(Phei), Y (Ypsilon) and T(Tau). These radio-
larian zones have been related to the paleo-
magnetic stratigraphy also established for the

approximately with Pliocene-Pleistocene

* the oldest one, T was not yet mentioned in Hays
and Berggren (op. cit.)

8
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same series of cores (OPDYKE et al., 1966) repro-
ducing the scheme by COX et al. (1965). Using
the known age of the reversals, the rate of
sedimentation was calculated and on that basis,
the approximated age of radiolarian zones have
been estimated as follows (OPDYKE et al., 1966;
HAYS and OPDYKE, 1967): W—Q boundary
0.4-0.5 million years old; X—% boundary,
slightly more than 0.7 million years, ®—X
boundary about years, Y-—-®
boundary 2.4 million years. The ©® — X boundary
marked by the last common occurrences in
Antarctic sediments of Eucyrtidium calvertense
falls just below the base of the Olduvai event,
and was considered to represent a close approx-
imation of the Pliocene-Pleistocene boundary
shown in North Atlantic cores which falls within
the Olduvai event (BERGGREN et al., 1967).
For the combinations of the ranges of other
species defining each zones the readers are
referred to HAYS and OPDYKE (1967). X-W
boundary (slightly more than 0.7 million years
old) bears the radiolarian evidence indicating a
temperature change, from warmer below to

2.0 million

cooler above, causing the disappearance of some
arctic species at the boundary. On the other
hand, the disappearance of Clathrocyclus bicornis
and Eucyrtidium calvertense are synchronous
with reference to the Olduvai event in the
cores from the south of the Polar front and
that from north of it at about 41°S, suggesting
that the extinction of radiolarian species in that
region is not necessarily due to the temperature
change alone (HAYS and OPDYKE, 1967).

6) HAYS and BERGGREN (o0p. cit.) proposed
five radiolarian zones for the North Pacific.
Likewise those of the Antarctic sequence, greek
letters designate each zone, with subscript “n >’
indicating their restriction to the northern
hemisphere. They are in descending order, Qn,
W¥n, Xn, ®n and Yn. Three upper zones are
considered Quaternary, the latter two are of
Tertiary. Paleomagnetic data from the ten
cores from the central North Pacific ranging in
latitudes from 30°N to 50°N were said to be
incorporated to their age interpretation.

Because of the lack of calcareous deep-sea
sediments in that part of the North Pacific a
radiolarian species, Eucyrtidium matsuyamai,
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was proposed to be the criterion to recognize
the Pliocene-Pleistocene boundary in the mid
and high latitudes of the North Pacific:

The Xn Zone is defined by the range in the

North Pacific sediments of the new species

Eucyrtidium matsuyamai. This species first

appears near the base of the Olduvai event

and disappears in the Jaramillo event. This
range has been confirmed by an examination
of ten cores that contain its full range. The
appearance of this species within the Olduvai
event roughly corresponds in time with the

transition from Globorotalia tosaensis to G.

truncatulinoides observed by Berggren in a

North Atlantic core and therefore provides a

criterion in the North Pacific sediments which

can be used to identify the Pliocene/Pleisto-
cene boundary. (from the chapter, North

Pacific, HAYS and BERGGEN, op. cit.)

7) As to the climatic deterioration having
been a major criterion for identifying the base
of the Pleistocene, they wrote:

The onset of glaciation which has long been

thought to be a major environmental change

of sufficient magnitude to separate the Tertiary
period from the Quaternary period has no
value for world wide correlation. The world
climate has apparently deteriorated gradually
with glaciation beginning in high latitudes
several million years before it reached tem-
perate ragion. (in the chapter, Conclusions,

HAYS and BERGGREN, op. cit.)

As cited by BERGGREN and HAYS, ice rafted
debris in Arctic deep-sea cores has been dated
in excess of 4 million years old (HAYS and
OPDYKE, 1967). The earliest glacial till yet
dated in Iceland occurs in the middle of the
Gauss normal polarity epoch giving it an age
of about 3 million years(RUTTEN and WENSINK,
1960 ; K-A dating, MACDONGALL and WENSINK,
1966). Foraminiferal evidence by BERGGREN
et al. (1967) from the mid latitude cores from
the North Atlantic (significant cooling com-
menced in the Jaramillo, 0.9 million years old),
and temperature changes from warm to cold
indicated by Radiolaria both in the Antarctic
and mid latitude North Pacific, respectively, at
the X—% boundary (slightly below the Matu-
yama/Brunhes boundary, slightly less than 0.8

(9

million years old) and at the Xn—¥n boundary
(in the Jaramillo, 0.9 million years old) were
taken as the reflections in deep-sea sections of
a world wide cooling associated with the first
glaciation in Europe, that is the Donau glaciation
which preceeded the classic four continental
Glacial Stages of the Pleistocene in Europe.

When one accepts HAYS and BERGGREN and
considers the upper limit of the range of the
Radiolaria species Pterocanium prismatium to
be a good approximate marker to identify the
Pliocene-Pieistocene boundary in the Equatorial
Pacific sediments, the Quaternary subdivisions
by diatoms so far advocated in the western
Equatorial Pacific needs revision. In correlating
the diatom flora of the deeper layers of equa-
torial cores, MUCHINA (1966) mentioned two
Albatross cores, SW58(6°44'N, 129°28' W ; depth,
4,440 m; length, 991 cm), and SW62(3°00'S;
136°26’'W ; depth, 4,510m; length, 1,479 cm).
On the basis of Pterocanium prismatium as an
approximate criteria the Pliocene-Pleistocene
boundary* in the two cores are about at 8m
at SW58, and at a little above 12m at SW62
(see RIEDEL et al., 1963). MUCHINA (op. cit.)
considered the base of both cores to be Quater-
nary in age, however, on the ground that
Tertiary diatom species are few and the elements
which invariablly called exotic or ancesters of
modern species are characteristically present.
The latter characteristics separated the lower
and upper parts of the two cores at about 8 m
in SW58 and at about 12m in SW62; and also
on the same ground the similarity of these
lower flore with that of Horizon IV at USSR
3802 and USSR 3113 were mentioned. It ap-
pears (Mi;CHINA, bid., p. 110) that MUCHINA
considered the Horizon IV at USSR 3802 and
USSR 3113 to be ‘“middle Pleistocene,”” while
the lower flora at SW58 and SW62 ‘‘early
Pleistocene ’’ in ages. This age interpretation,
which alsc involved an discussion against the

;kﬁThe Pliocene-Pleistocene boundary drawn by Arx-

nentus (1952) on the basis mainly of the abrupt
increase in calcium carbonate contents was at 395
cm at SW 58 with which 1,080 cm level of SW 62
was correlated. The estimate age of the boundary
was slightly less than 1.0 million years at SW 58.
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validity of the disappearance of discoasters as
having been the criteria approximating the
Pliocene-Pleistocene boundary (ERICSON et al.,
1963; RIEDEL et al., 1963), has in tern been
reflected to a considerable extent to the concept
by Jousk of the Pliocene diatom flora in the
equatorial Pacific sediments (JOUS%, 1968b, c).

The extended correlation of the Pliocene-
Pleistocene boundary of Italian section to the
Equatorial Pacific as proposed by HAYS and
BERGGREN {op. cit.) provides a reasonable
chronostratigraphic control in the Egquatorial
Pacific region to which the sequential changes
of the diatom species through younger Tertiary
and Quaternary can be related. The examina-
tion of the records on the stratigraphic distri-
bution of diatom in equatorial cores so far made
available by Russian colleagues (see Table 1)
and my personal working experiences of some
equatorial Pacific cores makes me inclined to
believe that there are a number of diatom
species whose ranges may be tied successfully
with paleomagnetic stratigraphy to serve as
criteria for the chronostratigraphic correlations
of the Quaternary and younger Tertiary
boundaries. This is also true for mid and high
latitudes of the North Pacific where time
controls are needed badly. Some of the diatom
criteria previously suggested may be proved to
be useful, if not for its original sense, in time-
correlation of the younger Tertiary and Quater-
nary sequences when the paleomagnetic and
micropaleontological works have been done on
more cores from the North Pacific.

For example, the disappearance of exotic or
ancestral forms at certain core levels or Horizons
have been frequently cited (JOUS%, 1968b, c;
MUCHINA, 1963, 1966). An exotic or ancestral
form, Rhizosilenia praebergonii was cited to
have disappeared at 8 m in SW 62 (MUCHINA,
1966, Fig. 5) and at about 12m in SW 62
(ibid.). As mentioned, the levels are approxi-
mately the Pliocene-Pleistocene boundary in
the sense of HAYS and BERGGREN at both
cores. The species is extinct in Horizon IV at
USSR 3113 and at USSR 3118 at about the
upper boundary of the Horizon II (MUCHINA,
1966, 1963). The lowest known occurrences of
Rhizosolenia praebergonii is from the late

Miocene of Oga Peninsula, Japan (KOI1ZUMI,
1968). The species related most morphologi-
cally to R. praebergonii is, as pointed out by
JousEk (1968a), Rhizosolenia bergonii, one of
the common elements of modern thanatoco-
enoses of low latitudes of the world oceans
(KOLBE, 1957); its earliest occurrence has not
yet been satisfactorily confirmed, but judging
from the available information (KANAYA, in
press), it is most probably in the Pliocene in
the sense of HAYS and BERGGREN (op. cit.).
The zone of their concurrence and the transi-
tion in the zone in which only Rhizosolenia
bergonii is present, when checked with reference
to the Olduvai and older paleomagnetic bound-
aries, appear to me to serve as a workable
criterion in low latitudes. Fragilariopsis pliocena
and its close morphological ally Pseudoeunotia
doliolus (KANAYA, in press) may form another
set that may provide a criterion in tracing
Pliocene time-levels from low latitudes to mid
latitudes of both hemispheres.

There are numbers of other biostratigraphic
boundaries and units of diatoms whose relation-
ships with the magnetic polarity sequence of
of past 3.5 million years appear to me to be
worth considering for chronostratigraphic pur-
poses. Among those previously mentioned by
Jous? (1968a) are: Coscinodiscus nodulifer f.
cyclopus—Coscinodiscus nodulifer set for low
latitudes; Rhizosolenia curvirostris-——Rhizoso-
lenia alata f. curvirostris set, and the extinction
of Actinocyclus oculatus in mid and possibly
subarctic latitudes of the North Pacific. Al-
though the kinship is not readily apparent from
morphological features, Denticula kamtchatica
and Denticula seminae form a set that may be
checked in subarctic Pacific cores. In this con-
nection it will be of much interest, not neces-
sarily for the constructions of chronostratigraphic
framework in itself, but for the ellucidation of
the histories of developments of the diatom
plankton population in the North Pacific, to
chronicle the changes having taken place in
the structure of the diatom thanatocoenoses,
like that detected by KANAYA and KoOIzZUMI
(1966) in V20-130 as mentioned earlier, of dif-
ferent latitudinal or geographical zones. Their
time relationship with the past polarity changes

(10)
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of the earth’s magnetic field may give informa-
tion as to the bearings of the polarity change
on planktonic population.

Some of the works along these lines have
already been started in the North Pacific. For
the cores on which HAYS and BERGGREN based
their North Pacific Radiolarian Zones (op. cit.),
Jessie G. DONNAHUE of the Lamont Geological
Observatory has been doing parallel works by
means of the diatoms. Plaeomagnetic strati-
graphy of four of these cores was published
(NINKOVICH et al., 1966), showing that three
cores reached the Olduvai event, at core depths
ranging from 9 to 13m. Jousf reported on
the diatoms of one of these cores, V20-119,
the result of which awaits publication (JOUS%
in press). One oriented piston core of con-
siderable length was raised for paleomagnetic
purpose during the cruise of the Research Vessel
Hakuho-maru, of the Ocean Research Institute,
University of Tokyo (St. 15-2 of KH 68-3:
38°26’N., 165°58’E; depth, 5,492 m; length,
970 cm). A quick examination of the sample
from several core levels of the sequence includ-
ing the one from the core bottom appear to
me to suggest that the core did not reach the
Pliocene-Pleistocene boundary in the sense of
HAYS and BERGGREN (op. cit.)

Efforts of establishing paleomagnetic strati-
graphy on continuos marine sequence exposed
on land has been started in Japan. From the
continuous marine sequences ranging in age
from Miocene to Pleistocene in the Boso Penin-
sula, H. NAKAGAWA and his colaborators at
the Institute of Geology and Paleontology,
Tohoku University have succeeded to reproduce
CoX et al.’s (1965) paleomagnetic stratigraphy,
and in addition were able to identify, below
the Gilbert reversed epoch, two normal and
one reversed polarity intervals which they con-
sidered to be in the order of epochs ((NAKAGAWA
et al., 1969). The interval representing the
Olduvai normal event of the Matuyama reversed
epoch was identified in the Umegase Formation
approximately at the stratigraphic position at
which the Pliocene-Pleistocene boundary was
suggested earlier (ASANO et al., 1958) from the
studies of planktonic Foraminifera. Detailed
micropaleontological works are in progress at

the Institute dealing with the same series of
rock samples on which paleomagnetic measure-
ments have been made.

No single method, varieties of radiochrono-
metric (ARRHENIUS, 1967), paleomagnetic and
of fission tracks, is foolproof in dating a layer
of deep-sea sequence which frequently involves
stratigraphic hiatus and the products of re-depo-
sition and of diagenetic alterlation; the need
of cross-checking between the results obtained
by different methods is apparent. In HAYS
and OPDYKE (1967) cases were presented in
which micropaleontological criteria, the radio-
larian zones in that case, helped to interprete
the alternating paleomagnetic polarity sequences
of Antarctic cores. I support HAYS and BERG-
GREN and advocate that, when confirmed on
more core sections as well as land based
sequences, the dated sequence of polarities of
the earth’s magnetic field and biostratigraphic
datum and zones by microfossils supplement
each other to form a reliable chronostratigraphic
framework that is reasonably workable for the
younger Tertiary and Quaternary. It is only
with a resonably reliable and workable frame-
work of time-control that the numbers of geo-
logic, climatologic, biologic and oceanographic
events can be synthesized satisfactorily from
the deep-sea records.

4. Concluding remarks

1) The study of paleomagnetic stratigraphy
of fossiliferous deep-sea sequences is highly
desirable for the western part of the North
Pacific. In this general region siliceous micro-
fossils (diatoms and Radiolaria) will prove to be
useful as micropaleontological means to be tied
with the sequence of polarity changes of the
earth’s magnetic field to form a chronostrati-
graphic framework. Although more informa-
tion is always needed, the data so far accu-
mulated for the geographical distribution of
diatom species in modern thanatocoenoses of
the Pacific will make broad interpretation of
the past oceanographic conditions possible, should
satisfactory time-control becomes available. It
seems to me that a systematic study of the
history of the Kuroshio current system from
this approach deserves attention.

(11)
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2) Inasmuch as thanatocoenoses in the
bottom sediments represent only a fraction of
the life that populated the water column, the
discussions of the past plankton biocoenoses on
the basis of preserved bottom records have
limitations. At least the change of biocoenoses,
however, should be reflected to a certain extent
to bottom thanatocoenoses, so far as the com-
parisons are based on certain groups preservable
through physico-chemical processes involved in
sedimentation and diagenesis. Even within this
limited sense, the sequential records in bottom
sediments should provide more meaningful in-
formation regarding the developments of the
diatom population and the fluctuation of the
surface environmental factors as water tem-
perature, if analysis of the assemblages have
been more adequate. As is evident from the
case of the core V20-130 (KANAYA and KoI-
ZUMI, 1966), a direct analogy of species rela-
tionships in modern thanatocoenoses becomes
less reliable when applied to deeper-layers even
as young as Pleistocene in age. More rigorous
analysis making use of modern statistical tech-
niques is apparently needed to interprete the
sequential changes of the diatom thanatoco-
enoses in deep-sea cores.

3) In the light of current progress in marine
technology, the availability of deep-sea sequences
significantly longer than that have been available
by conventional piston-core technique will be
in a foreseeable feature. As VAN ANDEL
pointed out (1968) in outlining the JOIDES
Project, reasonably continuous pelagic sediments
dating possibly back to early Tertiary and even
Mesozoic will become available to provide un-
preceeded opportunity to marine micropale-
ontology; much improvements for biostrati-
graphic correlation and age dating by the use
of planktonic organisms will be achieved; the
evolutional lineages of plankton life can be
evidenced in deep-sea records in the way that
has never been done before; many other
problems revolving around the evolutionary
developments of planktonic organisms can be
attacked in the way that have never been
possible before; the remains of pelagic life and
the nature of pelagic sediments undoubtedly
provide information concerning the oceanic

La mer, Tome 7, N7 3 (1969)

circulation of the more remote geologic past.
The amount of works requiring micropaleonto-
logists with a good background in both geolo-
gical and biological sciences should become
enormous in marine sciences. Preparation for
this situation deserves serious consideration.
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Topographie des fosses au Pacifique du nord-ouest

Yoshio IwABUCHI

Résumé: Ia caractéristique topographique des fosses de Kourile-Kamtchatka, du Japon, du
Japon du sud-ouest, de Nansei Shoto, de Philippine et de Bonin est expliquée. Un certain

nombre de traits se trouvent communs a toutes ces fosses, bien que la grandeur du relief, la

profondeur et la pente de la fosse soient plus ou moins différentes les unes des autres.

1. #
JEPERMETED RIEHME D L, HaF % v 7L
B, TR, BARSE, MEHE, 58, 74
R L A —dD BN D, TNH D
S, KL, HIEE AR, Bl KFEhie
vk, EO IR Tl b IRV E S o
BThDo TE—HAF v WG, BHAREE
PHREE L A, FEVARE S (R Wik, 74 0 @
VL E Th D, i, RERMEE, BT,
KM S CRERE S T AR E B L <, H
A sk i ¥ A A L, OV —/ NS IR A,
~ V7 S, ST, vy Sl Y L
e AhEND S, —R, K, MEHANS
ZECHATREOWHER LR Th b,

STAR, R DHEEC Y A BRI RIS b R
AT, FHLWEELb» -, TEl, I,
BARSE A0 AN LT, vEa2a—LT
BT T D,

T

2. &ZOEE

1. THE—haF v 7 hilik

B ATy 5 LB R A 2 B A 5
L, TRAUE &S, JEiisssennn o, =
DI 2,200 k1T o7z » CTHfilc HWRETHh Do 2D

* 196943 151 %)
ok S Hydrographic Department, Tokyo

Mkl v M ORSEE T L5 TEHL L BEALNT
WhHE AT, HfEEEOHIE oW, T
17, UDINTEV (1955)V 12 L o THME I T Do

R 2000
S -8000 e
B Ry Jj/
M e 000 < 5000
T ——8000 e
T e 000 —— 9000
T
I —— Vo] 3
,4//
T 7000 N £ 9000
D e N
T 8000 8000 —
g e 7000 79000
~_ _
™ 8000 —
< e
T
F < 7000 9000
8000~
o
) . —9000
8000——">""
:’;_(-—figooo
10 0
0
1000
2000m

Fig. 1. Profiles traced from depth recordings of
the Kurile-Kamchatka Trench south of Urup
Sima.



198 5 A BMT% H3E (1969); R{LMEHEFRE

fol 2, BT e v B A O SR 4 A
T HEEVCERE A, K 3,500 m, 5,000~5,500
m, 7,000 m i@ bR, SEHE A S 2 m
i, SENZABCYETALDTHE LR T
W

W EE L, TVITIAZ] S0 X5 &,
Urup B DK 10,542 m Lo Tus B 9%,
196245 B o> THRTED W X A 2 O BB ¥ 1) 8 ©
AT, 9,550 m X D EEGHIRIE B os s T
T\ ZOLEOFAET, THNIN 2 7o EElHE
#Fig. 1 wid,

Fig. 1 %@+ 5 &, K¥E7,000~7,400m 1=
IE %720 km @ 58 & 7+ bench 2325 B %, bench @
L, HEE ) 200~400 m o ridge % @ & T s
%o Wi Bioksus T, bencho ohigeis »3 He #2400
miEERB I AL, ZOM6.5kmici7: 5 T4 LE
BREWEL - TWbh, SDED, BO/NST
SO BRI S bench 23,  BEAIDKE 8, 000~
8,500 m, AZEMIO 8,500 m BIRICEDBIL, F
fo RIHRIRHANCLE, B AR#ED =M THD b
7 & A Ak 7¢ small narrow depression (253,
1968)% PrPfET %o

Ty FEMOKEE T, 000 m 2 B EIEC
CTORE O —REFNE 5 ~9° 13 ETh D, KPEM
T, WEECHCEBORR E A7 8NN,
L DT 3~4° FBETH %,

2. HAHEWE

B, 2 R4 800 km wwirt: 5 ¢, BULH
R TR TSI DI e D 7 S FEbic it
5%,

mEeEOMIEs Fig 2 ¢, ¥/, 7T
WEDOITX L PV T WL EEmOw K E A Fig.
3 T, HILHARKG DOREME L oo
RBERHAC 1L, HEBROEEFEHEI ABD DN L,
LT, WAL CREN L Ve KT D
800~1,400 m, =pErro 1,000~1,800 m it o1H
WL, HomEbE BT ARG DI, 1§
vy & 2 A 50 km Pl L, Bgdbd#A2s b ik 110 km
WCRET Do WETRTE MBI O B Al B 25 Clr, ¢
Hm oS, SR T s~/ 18 DL

5
<

PN
N\

&
i
1

AOMORI

<i©

— =
—=5500

rF39

o377

Fig. 2. Topography of the Japan Trench and
its neiborhood.

B 70 » T bo BTFHEIO L, HEBE A1 &
EEBRCH D, EAESERIBE S E 2 AT
W, Thomag<, Bk n & AT
THRIEIARET S &) L5 B - T o
T b »

P (1968)% 1%, HAMEEICH 5 W 1 3 4
FTAM= TVl EOMBEDRERS, HIBHIZ—D
D7 wy s BAOEBGEER 2T 2 & b
MWL, Thbo7my 20, Boeel, K
BERNE EOSFHE DS & b, BRI H S
CEEIL S & D IR

W proper & KBERE & 8 5k, K &
2,400~3,400 m, KPEMI &1k 5,600~6, 000 m ThH
Do HAMFEDOHEERAL, DX <Dk L H
ke, AlHAdk & L cofafler, BEHIfl ¢, K
TEEICAE . SRR ol &, BEIC Y B 6°, K

(16 )



199

o ok E O oo i o MO

Fig. 3. Profiles traced [rom depth recordings of the Japan Trench off Sanriku District.

N

|

|
]
.

— T'\
e W[
[N
~
1
s P SR

+38°30"

50KM

e
o

= / :

Sench Trench Axis Small narrow Depression

T T T e

] ‘

Geographical chart of the Japan Trench off Sanriku District.
Hm) 3oL oR, HRECHEMCR, T3
8¢ L 2°Thb, LD ENDAH, ZPENOELS, 4,700~4, 800 m
HeRERLEIT L, bench EFREN S MR HIFE (1516 km) 72324 T o I 70 52, 182
small narrow depression & & X .5 X IR DYE el h b, HEEE 6,000m EHEAL Tu
WriEsbs (Fig. 4), bench v i B il Do ZDIED, MM LD EL T, 6,250 m (IR
P FA# ¢, bench @ edge 1T ridge (M & B 2.8km), 6,600 m (IF 4.1 km), 7,200 m (ifF 8 km)
C17)

Fig. 4.

FEM T 4°, AT d® & 17, RBRIREC,



200

Te & ))d) Bo

A

small narrow depression (3, o K ZEME
B L OREERITHROHE ALK T 5,
ik, Mie L CoORBOREILSIEERE i
W, Mo L T, TORENFEL S Eu
LD, B TICHSEED bR D
BEIz UL, K EE7,100m, 6,700 m, 6,300 m, 6,200 m
5800 m M IIC 5RADOBNDL &L AN Do KE
7,100 m, 6,300 m Ddepression %, 90 km Pl Rz

—

5 & H7%k 35 (1969); BILEEESR

WE.

400m, FWHFLOEE D AL OB 200m T,
MR E A R T, EERNEI DI RIFIE LTS % Hulic
7eh &, MHULSIEEEV 270D £ D DifF
BEX D I0m EL bt d Eigh,

H /f\‘%ﬁﬁ‘i%@“rﬁ}ffili X VERIALSL,
BIENREEL T DB & AP, P HUR,
T, BGHERBYIIEETE v, Fig. 51%
EEREDOKEYEILE ey F LEtbDTh b,
B b RN EEL o T B £ 5 Th

E

Jo o THi/e D, 7,100 md & DikEL.9 km ¢, M Do
e LC, A/Hﬂ' ChichEE D nbD R
- — ~ — -|-5000M
e “—'7*"\\’—‘ e — — —— ——1-6000M
/.' - +-+l-7000M
S S il B - l.8000M
AN 4 [
O A \
T - ‘ LsoooM
1 ‘[ IO000M
‘ : +
34° 35° 36° 37° 38° 39° 40°
o | 100 200 300KM
Fig. 5. Depths along the Japan Trench.
3. P B AR LS HIcE <, wBE»DATEE (MENEHE) ~

wINEED S B A £ 5 RO KEERHRIE R
T, A 5,000 m %z B HREIIC R o Ho i
mﬁ@% Link, Ml (1952) k2 i & R ifg
RS EFR L 7o ALEF (1963)7 1, ZOHE%

Fimd H A G T A lE & AL, Bl <
AR & EH LI, Fhuc X5 &, #HFHES
THM - 35 FUFHIC L - T FVE S & B s
AL THTER o L AT O D BRI S LU D &
DEIHTV %o

W HE O BB, 4,000~4,500 m EZEHR TR
B Eon, PR H AR IS TIZ, 650 km i
fo o CHETL Do WEHERE O AECHS KBERHE CET
bhHZ L, Mo OWELRKRTH S, At
ek910°, A T2~3° ThbH, KM

DRITHLIHEIC 72 T B EZHEH D,
WL, AR & LG, db S o K
4,000~4,600 m 7 HEFFES~ &R A« T < Te D,
4,600~5,000m& 7c 5o BRAEKIH N DB,
JWEF A IO 5,014m Thb, fMOHFEICIL C
EL < E EEETREMICER T, 2ok
@ﬁm@&5ma Lz A\, BIREE DA
HMETHHZ ENTH S D,
ﬁqu@%@m A PLfiﬂgG#A%
Nz, Mo, KPEFT (BEALED
TMkmf%é@KHLTJM%'TLMkmg&
W HEHETUE, S5.lkm/sec BAKBLEIL, TOL
i, MEEIE AEEY (2.0~3. 1 km/sec ) 2E X
1.8km i3 ¥ CHEMET Do D CLEY A & D Eruv

(18)



b ok E

6.0(4.00
4.0(3.9)

< 2.0

83(5.0}

O HE W WO 201

2.2(0.4) 22104

_______ T Tsous
6 OKM/SEC s 64 o2 6.5(53)
10 E
8.2
o B8
h 2_0“0) 2.0(0.7)
2.30.8)
5 - “3aan
3838 T
1 5.1(33)
4 - P
([ e
65(3.4)
: .87 -
b 19
4 g O KM oo 200
8~ 1 1
”0
Tig. 6. Crustal structure sections across the Izu-Ogasawara Trench (A) and the Southwest

Japan Trench (B), compiled with the data taken from MURAUCHI ef al. (1964 and 1968)©%

and LUDWIG et al. (1966)'.

ol LT, KB 7,000m jEi-r

DI EIIE D fols,

4 AR (B Wi

HETE D LI TN -2 7 Al IR S 0, FsLT
BEh I £ CBHTE S, Z 0, 1,350 km
Tt - T, MHEHESREIN (% ERE) L
frL<ws (Fig. 7).

PP R B e, NG (1965 1wk 5 ¢, B
W ETHREGRBCKS S, WECALILD
Serh BT AR &, PR N AR O R & K
LTwaZEBlInTN5, bz, ki
MEHARRELRE 2 RIS T B & LT, BiaRBiEkk
WAF BN EN T Db Fio, SerhFirsnkig s
B3, left-lateral transcurrent fault CIRX ARG
BTUDLITHDE LN M, SR 5D crest
DFNEL THIFE EeRbh T 5,

W DRLS] (& < wdbbarie sav) ik, e
BrE G & O WAIBIREET <, B L AFAR

Kl & OEATEE AT,
HHEERL, WA E e T A ESE KB
D, EH SRR LR XD, dbi,

Y THR

NS Seamounts & Hills

¢ Troughs

% Basins
A

Fig. 7.

Geographical chart of the Nansei Syoto
(Ryukyu) Trench and its neiborhood.
Geological provinces of the Nansei Syoto Ridge
and Kyusyu are based on KONISHI (1965)® and
Isom1 (1968)7.
R: Ryoke belt, S:
Titibu belt, SN:
SS:  South belt

volcanic belt.

Sanbagawa belt, T:
North belt of Simanto,
of Simanto, v: Ryukyu

C19)



202 o)

B, EEo&mEC =S Shh, mETRE T,
HRE R T b TR MU C, SRR 7,88lm I #E TS,
JKER 7,300 m DHFEKRICRKIT 5 A THE O & %
(MURAUCHI et al., 1968)® iz L % &, 4.4km/
sec Hw AR, o0 FREOHRERE (92 km/
sec ) DJEX 1.2km OFENMIH I T3
Lﬁﬁaf,ﬁﬁwﬁﬁﬂﬁmébm%b:am
o AEIBR LU EEOHEEIEME, hif L vk
< ~&rm% ,000~6,500 m I A 5 4o
KIEIED B O HEE$1,000~2,000 m 2R Th %,

EEAmO G, JTHEGATSCELRT
WIRWD T, bEs ED L B, M
M AL O @ et ¢, BEHENCK 8%, AZEM T
3° THhb

5. 7 4 )Y ulE

wEEE O L, NNW-SSE %#/54 V FHo
R T T, LS D Luzon #C broad
trouhg-like depression =T L T %, DR
¥ty Halmahera 5 & CIBHT% %,

7 4 YV EvEEOWmEL, @<t KILERICH
(1956)' 1z X b, fdiik IWABUCHI and SAIKI
(1S6)W Ik T2 BT\ B, 18654F, 19664E
WG] - TabhicimiE 2 o i 5 %
Fig. 8 wird, Wi A Luzon 5 DIk
D DT, WIS 7 narrow gorge 1%
EL Tuwigls, Luzon 3¢ kg o HE %R
S HEBHCE, BEALHDYTHERTL T,

10C0 4 5000+

4
30004

Fig. 8. Profiles across the Philippine Trench.

BTk HE3E

(1969); MALiGrr4&sk

Tl TH L LT, bl L, VR A A
ERL LS CERWCEE TH - o Db Lit7a,

Wriii B. C. D 1% Samar ¥, E.F (% Cape John-

son Deep (10,497 m) LY AT m MoLDTH

b avR o BEEAIRRC 19°, KREE[ O B
T 5% LisAHh, HWBIC XD, REFMOFTE
Bl XD @i b L2 ARD B,

WU T, BEAEERHECE, E 4~12km FEEO
D bench 2D BN A, Fiho, REMIE
WA % £ A TEE 7n marginal swell (3D B h
feu s, BORHERE TR b & ERR T W R
L2z bhp  small narrow depression % sea D
scarp A {f 5 BEROHENED LN L, D
ML, WEMXAEE 72 Luzon o troughd
Rl HIRe L EPFCE 5,

W IR AR YL ST Wi v & & s
B, WEEAIED CTTW 250 MR O AR ]
TFCE el

6. GFE—/NEEEE

HAR#HE & BHE—/NEREE OB, TR
DIFIFEE ST, AR SFIREZ DX~ D HIT ok
Hbhd, FE—NEFEEY, FEFHE N
FEHBZHCmREEETL T ZoRlicE i
BIs L 850km i irte » Tullie % o BUiLE Ogasa-
wara plateau 1= X - CH@I BT %, Fig. 9
R I IR A e & LB IR M K%, $ 72
?ﬁﬁ@ﬁ%ﬁﬁ’\]%ﬁﬁi% Fig. 10 12mrd
WD crest i, HEKE M
Bbibibkﬂ.ﬁﬂ ELHWEKILH & O ¥ T
%o LnL, 30° Vuﬁf G, KL o B

L, NEEMIRGEE LN TT, Ebied 5D
D crest FHM—/NEREEED b, HER
Fill &R 3,

30° NPUbie s W, MlaiE- & h Lic B
Hoo—owid, SRAILST < iE EWIlicET %
E ki, erest & U CoRENE oD, WAL
D crest [l trough 23, HFEY CTHDTTHNS
ok, W RNt & B b
%o ZoMoBFoME, Fig. 10 K@BDHbI5
K5, PR &R T < © rough HIE

C20)



203

54

B NS O ER O - S 11

/ @
I} .
3 35" N
G
g4
A o ]
SE B
;o ]
< 9 L:
g 1 o
j]

ENC
!
TR
AT
nal
H

Margi :

cig s L
| % : &
) m
@//%any\\m ~ <

AT

@
(o]
o
o
S
= >
~_K N
\§:§;> - Q
U 1
%”@ ;'m% \
o= \
] \\
30
:
145°E

1400
Fig. 9. Geographical chart of the northern part of the Jzu-Ogasawara Trench and Ridge.

1ZU-O GASAWARA TRENCH:

Fig. 10. Profiles across the Tzu-Ogasawara Trench.

(21)



204 5 B BTk H3% (1969); HILEHY A

ELThbND, HETEEE,  Fhe—/NgF X
Th, FARKAAFZOE S crest & o Wl
IR
crest O PO ERENIAIE, B G & %)
i, Kl E A b 552 < oih—ihic
&, Fofa 5 % intermontane basin & oblique
trough o 2 b A MoK A2 R Hidic 7e - T
Wb
W &R CRBERHAD oy, e
LB T 2, 000~3, 000 m 123K B A A,
W DD TURZE <, 4,000~4, 500 m & 75 2 Hilii
bdbHo Nl & DERE—RC WY TH 5
s, RETHLC £ L%&%Uﬁ%amw
6,000 m Mg D, PUk D LK I KA
KU Tuwb,
HETEEE A A IC bench 238D B, FO4HC
e Em o ridge 2422 L0k 745 M £ f @
small narrow depression A {1+ 5 & Lk, A
Moy &4 < JuJL’CZ%%a
marginal swell O AWM, 2AfHA L - T
}\{F e R L(DJ, LB W A Al &
% (Fig. 9.
fiﬁ'@?fd\'\“ﬁi R s, KR & oo HE A
KT EOLI LD, WHEDKRPKTHEZ L&
iz, EROBEEAKECEVIREDSD S,

3. BEOFREE S TR E

FOARIE DT BRI, B - I 3E (1961)1

B &, ko KEERHA 1 oo SE A AR AT
DIEEE#} )5 late Pliocene~ early Pleistocene
ThbEINTb,

Fro, WM AARIEEOE RS OWTH, AT
DT Lie 25 BRI D A, AN+
Fkftge 70— 7" (1968)™ 1w L % &, P H A
MO )y -HHAhc i S REEER (FE=%
WL R A oMRRT, Dl £, B
{EDFRGH TSR O v pE D IR A 2 b
HEWS, L Lishb, HEOHELEEMA
VRISE2 X5 et Y brcus, Yo ke
DL OWHRHIE T~ WL ooy, PEIl A

SV O RKEERIE B X O 1] /ix‘ful‘(‘% I L fe

— DB K G EE) I X5 KR &N
Shbh, cozk b%,ﬂ:@mamm%ﬂﬁw

Whesst L€, dHaME P bdi L) 23 2
HDIAD TS D F D

g i s &, TR A eed 2 G0
2L Wb Eieh, FETURSHBC OV
WEEHE DS R B T o B R & oo Bt Z L
WI &b, LI RIC X A ML & A
Laddo AR, PEH—/NEEmEC>
WTHWZAHTHA I,

MEHE O EIL, 2P0 OBHEKTULE DI
X, HAVBMAOWEDE, (2E RS IICED)
LTWedTliidb b b, ZLC, &0k
HEBHHE L CIEBRETOS WTwWbE # 2 5 L
Do IO &L, REOHME E TS KiE,
[ A7 O KSEPEA A marginal swell 1@
FChBRBZ Enbb 5 T s
al., 1966)1%,

Wl DI BT B te - T, m?ﬂ;JL}Pcoqg'zﬂ'!(;avb
WIS ARk ) & 5 R B ORERTH D & R
MHRE T D, UL, 4T, m(%i/ convection
Lo THPL X5 L5 4urumk 4w
T Tinde BABECOLCL, FH - 42
FL968Y T X o T Treb T, o
WD\ TOFHRUE 1 Tk d 525,
WicEB L& B2 bR AHE GRS TsIu
WD) &, FRIFCH—CHIAL 5 5 X 5 7t con-
vection current OFEEEAH 2 L = ik, BlfED L
AT ML

by, HEF (1962)'9 ik, Hd oMb, KN
DR E ABT W, #LurikEo FRELA
W%T7h DIT, WHEO S CHREICILERL
FERLLDELTWS

W L A, Aﬁ(“%hot\{ >, JERREEH, B
A 5 < DT, AT SkL/ﬁL Tiugie b e
W& < @Hﬂ&ﬁﬁ%%é:hm»f o TOFEW T, Jb
VA SETEHIBR O B AL, 2 s S AT DTN D
vz ki,

(LUDWIG et

current 2

ESEIEIIN

¢22)



LT NS A

X Bk

UDINTEV, G. B. (1955): Topography of the
Kurile-Kamchatka Trench. Trudy. Inst. Okeanol.,
12, 16-61.

HIMERER (1968) : HAWEF o> i <>

WO HWEME, T4, 1, 37—46.

3) FAEIHZER (1968): HARWHEIC R HifdiEi & 8l
. EBARGEN IS o AR Y o AT REE, 18—24,
BORHFFEDT

4 HILFI=88 (1952): HAGEHEER I >vT. K
WRER . 32 160—167.

5) EEFEY- (1963): VERS HANMERE. WTHUE, 1, 2,
10—15.

6) MuraucHI, S., N. DEN, H. Hotta, ]. CHUJO,
T. AsaNnuMa, K. ICHIKAWA and 1. NOGUCHI
(1964): A
Kumano Nada (Kumano Sea), Japan. Proc. Japan
Acad., 40, 111-115.

7) BRI (1968): HAMVEREER. MR FHAT.

8) /PR (1965): HiEkFE (HEEEE) o &K
4y, HOUBME, 71, 840, 437—457.

9) MuRrAUCHI, S., N. DEN, S. AsaNo, H. HOTTA,

T. Yosuil, T. AsanxuMma, K. Haciwara, K.

IcHikawA, T. SaTo, W. J. LupwiG, J. L

EwWING, N. T. EDGAR and R. F. HouTz (1968):

D

2)

seismic refraction exploration of

(%)

WO W P 205

Crustal structure of the Philippine Sea. Jour.
Geophys. Res., 73, 10, 3143-3171.
10) KiLericH, A. (1956): Echo-sounding and
hydrographical studies. Galathea Expedition 1950~
1953, 29-41.
Iwapucil, Y. and K. SaAIKI (1968):
graphy of the Philippine Trench. Report Hydrogr.
Res., 4, 1-3.
BE TR VAT (1961): ZREH—HIES vh oK
FeAhihi DTS SR AR OB FEE . WK, 6T,
793, 561—577.

1D Topo-

12)

13) A2 pu s -H R BT ZE 7 v — 7 (1968) @ et R
PG BE WL (20 2), HEREE, 22, 5,

224—231.

Lupwig, J. W., I. I. EwinGg, M. EwING, S.
MuURrAUCHI, N. DEN, S. AsanNo, H. HoOTTA,
M. Havakawa, T. AsanuMa, K. ICHIKAWA
and 1. NocucHI (1966): Sediments and struc-
ture of the Japan Trench. Jour. Geophys. Res.,
71, 8, 2121-2137.

D - R B (1968)  AURFIE I-VIL R
., 38, 91—97, 138—145, 269--277, 322—331,
382—390, 443—477, 499-504.

BUFESE (1962) : KOFEE. HBEONGEE, 18, 1—136,
BRIt

14)

15)

16)

(23)



La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 7, N° 3, Aott 1969

Some Petrological Problems on the Seamounts and
Ridges in the Northwestern Pacific*

Hitoshi AOKI**

Abstract: Some conclusions and suggestive remarks can be summarized on the petrological

problems of the seamounts and ridges in the northwestern Pacific as follows:
1) Distinctive differences are found between the tholeiitic rocks of Quaternary and Tertiary
age. Furthermore the former is subdivided into minor three types.

Quaternary volcanics:

RKK tyre (Ryokyd, Kurile and Kamchatka)

OMM type (Oshima, Toshima, Niijima, Kozushima, Miyakejima, Mikurajima, Hachijsjima,
Aogashima, Torishima, Yu6to, Uracas, Agriham, Pagan and Alamagan)

Mixture type (Mydjinsho)
Tertiary volcanics:

Mixture type (Bonin, Saipan and Guam)

2) Two ways of interpretation are possible on the evolution of the continental crust on

and west of the Izu—Bonin—Mariana arc.

One is considered to express the stage of genera-

tion of the continental block, and the other is considered to express that of diminution of the

continental crust.

3) Exact situation must be re-examined of the so-called ‘“ Andesite Line .

i

In the same

meaning it must be re-examined whether the iceberg is the main factor to construct the rocks

of the Emperor seamounts.

1. Introduction

There exist so scare mineralogical, petrolog-
ical and petrochemical data available on the
seamounts and oceanic ridges in the north-
western Pacific that it is impossible to discuss
their problems fully. But on the basis of the
petrological and geophysical data hitherto ob-
tained on the island arcs and oceanic ridges,
it is possible to guess and suggest some basical
problems to clarify the future direction of re-
searches on the seamounts and oceanic ridges.

In this paper I intend to summarize the
present status and give some suggestions on
petrological problems in the northwestern Pa-
cific, in close combination to the information
on the islands and some dredged samples.

* Received April 2, 1969
** College of Marine Science and Technology, Tokai
University, Shimizu-shi, Shizuoka-ken

2. Island arc and oceanic ridge system

The geological setting of the island arc and
oceanic ridge system in this area has been
given in detail by such eminent geologists as
HEss (1948), TavaMma (1952) and DIETZ
(1954), so here only the brief outline relevant
to present discussion is presented on geological
environment of the island arc and ridge system.

1. Ryitkyi, Honshi, Kurile and Kamchatka :
They are situated along the marginal part of
the northwestern Pacific and are the member
of so-called ‘‘ Circum-Pacific Suite’’. Plentiful
petrochemical data are available.

Towards
southward from Izu Peninsula, the the well-

2. Izu-Bonin-Mariana island arc:

known Izu-Bonin-Mariana arc extends in order
of Oshima, Toshima, Niijima, Shikinejima,
Kozushima, Miyakejima, Mikurajima, Hachijo-
jima, Aogashima, My6jinshé (Bayonnaise),
Torishima, Bonin, Yuo6ts, Uracas, Pagan,
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Saipan and Guam. The first five are arranged
subparallel to the main structure of the Jap-
anese islands to be pointed out as echelon
structure. On the other hand, the rests are
distributed with ‘“Fossa Magna’’ trend, form-
ing long lines of small islands. MURAUCHI et
al. (1968) measured the value of 5.5km/sec
in the seismic velocity near Yudto of this arc.

3. Kyiushii-Palau and Oki-Daito ridges: The
former is developed with the N-S trend from
off of Kytshii, through the boundary portion
between the Philippine and Shikoku basin,
to Palau islands. While Oki-Dait6 ridge is
situated in the Philippine basin, just west of
the Kyasha-Palau ridge. MURAUCHI et al.
(1968) reported the layers of 5.6 and 6.0 km/
sec in seismic velocity on the Kytshi-Palau
and Oki-Daitd ridges respectively. A significant
discovery.

4. Nishishichito and west Mariana ridges:
Parallel to the Izu-Bonin-Mariana arc, these
ridges are formed in the eastern part of the
Shikoku basin, ending near the Yap-Mariana
trench.

5. Emperor seamounts: They are running
from the neighbourhood of the Aleutian islands
towards the Hawaiian islands. KUNO et al.
(1956) reported a lot of rock fragments from
the Jimmu seamount.

6. Marcus-Necker ridge: Of particular
interest is its structural relation to the Izu-
Bonin-Mariana arc. Near Yuoté where they
are encountered each other, the water depth
becomes shallower.

3. Major division of rock types

Tholeiitic rocks series on the Kamchatka ter-
ritory, the islands such as Rytkya and Kurile,
and the Izu-Bonin-Mariana arc can be tentatively
classified into several major rock types, on the
basis of the petrochemistry. According to my
opinion (AOKI and ITO, 1968a, 1968b, 1969),
the so-called high-alumina basalt proposed and
thereafter modified by KuNo (1960, 1965, 1966,
1967, 1968a, 1968b) is erroneous. Hence it is
included into the tholeiite member.

1. Quaternary volcanic rock

1) RKK type: Ryukyd (KUuNO, 1962),
Kurile (3PJIMX, 1966) and Kamchatka

(TOMKEIEFF, 1949).

2) OMM type: Oshima (Tsusol, 1917;
IwasaKkl, 1935; NAGATA, 1941; Tsuyva
and MORIMOTO, 1951; TSUYA et al.,
1952; SAWAMURA, 1952; NAGASHIMA,
1953 ; Geological Survey of Japan, 1957,
KATSURA and NAKAMURA, 1960 ; KUNoO,
1962; ISSHIKI et al., 1963), Toshima
(BACHER, 1914), Niijima (BACHER, 1914;
TsuyvaA, 1929; KANI, 1939 and KuNO,
1962), Kozushima (Tsuva, 1929), Mi-
vakejima (Tsuvya, 1937, 1940, 1941;
HAaGIwARA, 1941; KAWANO and AOKI,
1959; IssHIKI, 1960, 1964; MATSUDA
and MORIMOTO, 1962), Mikurajima
(Tsuva, 1937), Hachijojima (Tsuva,
1937; KATSURA, 1956; ISSHIKI, 1958,
1959, 1963), Aogashima (Tsuyvya, 1937;
IssHIKI, 1955), Torishima (TSUYA, 1937;
TANAKADATE, 1940b; KuNo, 1960),
Yuoto (Tsuva, 1936; IwWASAKI, 1937),
Uracas (KAISER, 1903; TANAKADATE,
1940a), Agriham (SCHMIDT, 1957), Pagan
(TANAKADATE, 1940; SCHMIDT, 1957)
and Alamagan (SCHMIDT, 1957).

3) Mixture type of RKK and OMM:
Myéjinsho (NINO et al., 1953; Tsuyva
et al., 1953; HAMAGUCHI and TATSU-
MOTO, 1953; Suwa, 1953; MORIMOTO
et al., 1955).

2. Tertiary volcanic rock
Bonin (HoBBS and HUNT, 1926; TSUYA,
1937; IGAwWA and IwAsAki, 1938),
Saipan (TSUBOYA, 1932, SCHMIDT,
1957, CLOUD et al, 1956) and Guam
(SCHMIDT, 1957; STARK, 1963).
The main difference between RKK and
OMM types may be summarized as follows:
The former tends to maintain higher SiO,,
Na,0, K,O and total alkali and lower TiO,,
FeO, total FeO, MgO and CaO than the latter.
There seems to be no regular distribution trend
in Al,O; and Fe,O; between both types. The
oxidation state predominates in RKK type.
The rocks from Tonga islands (RICHARD, 1962)
in the southwestern Pacific seem also to belong
to OMM type.
Mixture type is characterized by the occur-
rence of both RKK and OMM types in each
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FeO : Fe,0,

Na,0 i K,0 MgO
Fig. 1. MgO—FeO+Fe,O;—Na,O+K;O diagram for tholeiitic rock series in the north-
western Pacific. For the sake of comparison, those from the southwestern Pacific and
East-Pacific Rise are also indicated.
a-a: Boundary line between pigeonitic rock series (above a-a) and hypersthenic rock
series (below a-a) in the Izu-Hakone region.
b: Mixture type of the Tertiary volcanic rocks in Bonin, Saipan and Guam.
¢: RKK type of the Quaternary volcanic rocks in Rytky@, Kurile and Kamchatka.
d: OMM type of the Quaternary volcanic rocks in Oshima, Toshima, Niijima, Kozu-
shima, Miyakejima, Mikurajima, Hachijojima, Aogashima, Torishima, Yuoto, Uracus,
Agriham, Pagan and Alamagan.

e: Mixture type of the Quaternary volcanic rocks in Mydjinsho.

f: Emperor seamount (Kuno ez al. 1956)

g: New Britain trench (ITETEJUH, 1964)

h: Vitiaz deep (Yac1, 1960)

i: East-Pacific Rise (Enxcer and Encer, 1964; McBirney and Aoxi, 1966; Bonatri,

1967)

island or islands. The most famous examples the Tertiary age.
are the rocks of Myojinsho in the Quaternary Trachyandesite is found on Yu6tdo where the
age and those of Bonin, Saipan and Guam in Izu-Bonin-Mariana arc is encountered with the
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Marcus-Necker ridge, as already mentioned.
Except of trachyandesite, the rocks from Yuoto
are included in OMM type.

Here the diagram is presented only for the
MgO—-FeO+Fe,0O;—Na,O+K,O relation to
demonstrate the characteristics distinct in each
rock type (Fig. 1). For the sake of comparison,
the dredged samples are also shown from Em-
peror seamount (KUNO et al., 1956), Vitiaz
deep(YAGI, 1960), near New Britain ([IETEJIVH,
1964) and East-Pacific Rise (ENGEL and ENGEL,
1964 ; MCBIRNEY and AOKI, 1966; BONATTI,
1967).

4. Rocks dredged from the northwestern
Pacific

Very scanty rocks are hitherto dredged and
chemically analysed from seamounts and oceanic
floors in the northwestern Pacific.

1. Emperor seamounts: KUNO et al., (1956)
reported rock fragments dredged from Jimmu
seamount, one of Emperor seamounts, and ren-
dered their origin to the Pleistocene iceberg
which transported them from the Kurile and
Kamchatka territory. They are andesitic and
basaltic rocks, gneiss, tuff, and sedimentary
rocks. Petrochemically the volcanic rocks evi-
dently belongs to RKK type. In the cruise
of R/V Hakuho in 1968, I dredged biotite-
hornblende granite with 29x18x17 cm in size
and rounded form from Suiko seamount of Em-
peror seamount (unpublished data). Though
the volcanic rocks, gneiss and granite belong
evidently to rock types characteristic in
“ Circum-Pacific mobile belt”’, it is not yet
distinct that all rocks were transported by the
iceberg from the marginal belt of the north
Pacific.
possibility yet for some of them to be formed
in situ for their ultimate origin.

2. Vitiaz deep: YAGI (1960) described the
doleritic block from the bottom of the Vitiaz
deep of Mariana trench and contributed its
origin to ‘‘ Circum-Pacific Suite””. But I am
led to the conclusion against his interpretation.
The doleritic rock has higher contents of TiO,,
MgO and low content of K,O, and resembles
to the so-called oceanic tholeiite.

I believe that there exists alternative

It is clear,
that; if it is in situ, then ‘‘andesite line”” must

be redrawn.

Though the basaltic rock (ITETEJIMH, 1964)
dredged from the New Britain trench in the
southwestern Pacific seems to belong to OMM
type in some respects, but resemble to the rock
from the Vitiaz deep in many respects except
of the low contents of Al,O; and TiO,.

5. Suggestive remarks

The data available on the seamounts and
oceanic ridges are too few to give full discussion
on their origin. In spite of scanty data, with
aid of the information on the islands, some
suggestive remarks can be given on the present
status and future direction of oceanic petrology
in the northwestern Pacific.
follows:

1. Rocks on Kamchatka territory and islands
in the northwestern Pacific are tentatively
grouped into three major rock types, namely
RKK, OMM and Mixture types. The Tertiary
voleanic rocks belong to Mixture type on Bonin,
Saipan and Guam, while the Quaternary vol-
canic rocks tend to be seperated into RKK and
OMM types. But rocks from My6jinshé belong
to Mixture type. Of particular interest is the
problem to be solved in future study whether
the characteristics of each rock type are con-
tinuous or not on the adjacent oceanic ridges
such as Nishishichité ridge and west Mariana
ridge.

2. It is obvious for the continental blocks
to exist on and west of the Izu-Bonin-Mariana
arc. It must be decided from what kinds of
rock types the layer with 5-6 km/sec in seismic
velocity on the Ky@isha-Palau and Oki-Dait6
ridges is built up. This study will surely con-
tribute to the solution of the evolution of this
area.

These are as

3. As evident from the re-examination of
doleritic rocks from the Vitiaz deep, the Ande-
site Line must be re-examined to get the cor-
rect position. It is clear for the Andesite Line
not to be so simple as hitherto accepted one.
This suggestion is harmonious with the already
mentioned working hypothesis that the rocks
of the Izu-Bonin-Mariana arc are made up of
various rock types such as RKK, OMM and
Mixture types.
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4. Myojinshd and Yuoté seem to hold one
of the keys to solve the island arc problem.

The latter has the significant position where
the Marcus-Necker Ridge encounters with the
Izu-Bonin-Mariana arc and trachyandesite oc-
curs.

5. The generally accepted conclusion that
the iceberg is the main factor to transport the
RKK type from the ‘‘Circum-Pacific Suite”
must be reconsidered on the basis of the de-
tailed floor survey. At least the basement rocks
must be dredged out. If RKK of the Emperor
seamount is the basement rocks, interesting
problems arisen on the oceanic petrology.

6. According to my opinion (AOKI, 1969),
two possibilities exist on the evolution of the
continental crust on and west of the Izu-Bonin-
Mariana arc. First is the stage of generation
of the continental block. Second is the stage
of diminution of the continental crust due to
such factors as ‘‘ oceanization’ (BEJIOYCOB,
1968) and/or erosion. This fundamental prob-
lem must be researched on the basis of the
quantitative oceanic petrology.
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Some Geological Problems on the Western Pacific Region™

Michihei HOSHINO*#* Koichiro ICHIKAWA***,
Hiroshi NuNO**, Takahiro SATO**** and
Yokichi TAKAYANAGI***#**

Foraminifera in Relation to the Marine Geology
of the Western Pacific

Living planktonic foraminifera are generally
classified into three major groups, namely,
warm-water fauna, transition fauna, and cold-
water fauna. They are distributed latitudinally,
and their boundaries almost coincide with the
geographic boundaries of the surface water
masses. Within each faunal zone the member
species are cosmopolitan except for a few of
the warm-water fauna. Good correspondence
in distribution is found between the faunas
living in the water and the dead assemblages
in the bottom suface sediments. The same
type of distribution pattern may be traced into
the geologic past. Previous discussions on the
Quaternary climatic fluctuations and correlations
between deep-sea cores and mostly based on
the promise that the cold-water fauna migrated
Recent
studies on the Late Tertiary planktonic fora-
minifera in Japan revealed two distinct types
of faunas, each of which is analogous to that
exhibited by modern faunas. One of the two
faunas may be termed a warm-water fauna,
and the other a cold-water fauna. During the
Early Miocene time the warm-water planktonic

equator-ward during the glacial age.

* Received May 19, 1969
** College of Marine Science and Technology,
Tokai University
#k Department of Geoscience, Osaka City Univer-
sity
#¥%% Hydrographic Department, Japan
o

* Institute of Geology and Paleontology, Tohoku
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assemblages are similar in composition and dis-
stributed ubiquitously throughout the marine
The faunal
composition is similar to the faunas recorded
from the Caribbean and other tropical-sub-
Since the Middle Miocene a
cold-water fauna migrated into northern Japan

deposits of the Japanese Islands.

tropical regions.

from the boreal Pacific, whereas a warm-water
fauna continued to survive in parts of southern
Japan. Similar climatic deterioration is inferred
from the Neogene planktonic foraminiferal
sequences in California on the eastern North
Pacific. Detection of paleogeographic dispersal
pattern of these types of faunas and the loca-
tion of the transition zones may be effective
means for reonstructing paleoceanography.
Paleoclimatic trends within the Late Creta-
ceous to Cenozoic interval were inferred {rom
the paleogeographic distribution of the Globot-
runcana- and Globorotalia-faunas (BANDY,
1960). On the basis of the evolutionary line-
ages ol the warm-water planktonic species, the
Cretaceous and Cenozoic biostratigraphy was
carried out on land, and 60 zones are currently
recognized on a worldwide scale including the
ocean floors (BOLLI, 1966).
zonation is, however, conditioned to be effective
in principle within the latitudinal limit of the
warm-water region, such as the Globorotalia-
Globotruncana line delineated by BANDY (op.
cit.). In other words, different criteria are
necessary for the biostratigraphy of cold-water
deposits, in which a limited number of longeval

This planktonic
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species are found dominantly. Among the
trochospirally coiled planktonic foraminifera
there are some species, in which the coiling
direction of the shells are obviously controlled
by temperature. Of them Globigerina pachy-
derma is a diagnostic species for a cold-water
fauna. Its left-coiling populations dominate in
cold-water currents, and the right-coiling ones
in warm-water currents. Fluctuations of the
coiling ratios of this species in the younger
Cenozoic sequences are consistent over wide
areas, and have been proved to be useful for
correlation at least on a regional scale (TAKA-
YANAGI and OBA, 1965; and others). Based
on the chronologic change in the morphologic
traits of species, biostratigraphic zonation can be
established for the younger Cenozoic sediments
formed outside the warm-water region. More-
over, these zonations of different concepts may
be synthesized in a transitional area between
the warm-water and cold-water faunal provinces.

The formation of the Sea of Japan is one
of the remarkable events in the Neogene geo-
history of the western North Pacific. The
general foraminiferal sequences in relation to
the paleogeographic change of Northeast Japan
have been already outlined (ASANO and TAKA-
YANAGI, 1966), and the change in faunal
facies is typically represented in the benthonic
foraminifera. For instance, the benthonic
faunas of the Pliocene of Japan are grouped
into two types, Japan-Sea type and Pacific type
(ASANO, 1939). The former is distributed in
deposits of Japan-Sea coastal area of Hokkaido
to Central Japan, and the latter in the Pacific
coastal area of southern Kwanto and westward.
Further, another type of fauna (so-called
Tatsunokuchi fauna) is distributed along the
Pacific coast of Northeast Japan and the me-
ridional zone of Hokkaido. In the light of our
present knowledge, however, this is considered
to represent a nearshore bay fauna of the
Japan-Sea type. These two major types are
nothing but a branch of the boreal Pacific
fauna (cold-water fauna) and that of the Indo-
Pacific fauna (warm-water fauna), respectively.
On the other hand, in the Pliocene of California,
in the eastern North Pacific, the benthonic
faunas consist of the boreal Pacific and West
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Indian faunas. Accordingly, the Californian
fauna has a close relationship not with the
fauna of the Pacific coast of Japan but with
that of Japan-Sea coast. Benthonic foraminifera
will substantiate the historical development of
the oceanic margin areas, because they are
mostly common and variable on the continental
shelves and slopes. Previous studies on benthonic
as well as planktonic foraminifera in the seas
surrounding Japan are local, but have never
been organized on a nation-wide scale. From
a uniformitarian point of view, it seems to be
a matter of urgent necessity to investigate
systematically the Recent foraminiferal faunas
of the western Pacific.

In practice there are many difficulties in
prosecuting paleontological studies of deep-sea
sediments as already discussed by various
authors. Above all the solution of calcium
carbonate in deep seas is considered to be the
important factor affecting foraminiferal faunas
secondarily. According to the field experiment,
appreciable solution occurred below 1,000 m and
increased rapidly below 3,000m and 5,000 m
(BERGER, 1967).
depth below which all calcareous matter is es-

The compensation depth, a

sentially dissolved, is generally about 4,000 m
in the Pacific but changes locally. The solution
works selectively to species, and changes the
species composition and size distribution of the
fauna. It will thus more or less ruin the ex-
actness of the original fauna as a paleontological
record. Nevertheless, we may derive rather
valuable informations on paleocenvironments
from the fossil fauna affected by the solution.

Another difficulty may concern mixed faunas.
Recent progress in biostratigraphy of deep-sea
sediments has divulged that pre-modern sedi-
ments ranging from the Cretaceous to Quater-
nary in age are distributed on the Pacific ocean
floor. It is not unusual to find that older
fossils are mixed with younger fossils or Recent
faunas in the materials obtained either by coring
or dredging. So far as the state of preservation
is concerned, it is not always easy to distinguish
the reworked older fossils from the younger.
Such mixing may be caused mechanically by
some sedimentary processes as turbidity currents,
and also biologically by mud-eaters, though on

39 )
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a small scale. In any case the distinction of
the mixed fauna is to be the first step for
further research.

To search into the geohistory of the western
Pacific Ocean, biostratigraphic studies of the
calcareous pelagic sediments will play an im-
portant role. Among the calcareous microfossils
planktonic foraminifera have been most useful
for correlation and age assignment of the sedi-
ments. There is, however, a great obstacle
in the way of the planktonic foraminifera to
prove their merits in the Pacific Ocean. The
area covered with calcareous sediments in the
North Pacific is fairly limited in distribution,
because most of the ocean floor is below the
calcium carbonate compensation depth. The
extent of investigation will be thus inevitably
concentrated to the areas near continents or
topographic highs above the compensation depth.
as PARKER (1967) the
displacement of sediments are prevalent near

However, remarked,
continents and any topographic high on the
ocean floor may provide the source for displaced
material. This fact is naturally led to that a
large time gap may be caused in the sedimentary
sequence of these areas by such displacement.
Careful biostratigraphic examination will be
needed for the evaluation of the
hiatus, because of the slow rate of accumulation

resulting

on the deep-sea floor. In the non-calcareous
sediments of the North Pacific,
microfossils such as radiolarians and diatoms
and their
biostratigraphic zonations have been performed

the siliceous
occupy a fairly large proportion,

more in the deep-sea sediments than on land.
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Under these circumstances, the linkage of the
planktonic zonations of calcareous and siliceous
microfossils is considered necessary for the vast
application to the western Pacific.

(Y. TAKAYANAGI)
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On the Deep-Sea Terrace

HosHINO (1961, 1966) the first to
postulate that the deep-sea terrace developed
world-widely on the lower part of the conti-
nental slope is the flat plain that was formed
near the coastal line of late Miocene and hence

was

it was once the erosion base for submarine
It is distributed in depth of about
2,000 m as the result of the upheaval of sea

canyons.

level that was caused from the expansion of

(40 )

the oceanic crust after its formation.

Afterward, UozuMl (1967), based on the
study of crustal movement of Pliocene Series,
supported Hoshino’s hypothesis and FujiTa
(1968), from the study related with the origin
of Japan Sea, was also led to the conclusion
similar to that of HOSHINO.

It is hitherto generally accepted that the
deep-sea terrace, including Aleutian Bench, has
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the topography that was formed by the depo-
sition of the recent sediments transported by
But MURAUCHI et al.
(1965) in their seismic observation have pointed
out that the material constituting the deep-sea
terrace is the layer with about 2.0 km/sec in
seismic velocity. This value of wave velocity

the turbidity current.

seems to correspond to that of Neogene sedi-
ments. The similar conclusion can also be
obtained from the evidence of fossils collected
there (IIJIMA and KAGAMI, 1961; HOSHINO,
1965). Furthermore the distribution area of
deep-sea terrace is genetically connected with
that of the epicenter of shallowest earthquake
(HOSHINO, 1967, 1969; DEN, 1968). This rela-
tion is also suggesting the existence of Neogene
sediments constituting the deep-sea terrace, and
disfavors that of recent sediment transported
by the turbidity current.

Recently HOSHINO (1968) presented the
recognition that the circumstance under which
the marine Pliocene Series is deposited is similar
to that of the marine Holocene Series and that
both series are the strata formed as the result
of the upheaval of sea level.

From the standpoint of marine geology in
the western Pacific, some fundamental problems
can be summarized as follows:

1. The deep-sea terrace well corresponds to
the world-widely developed low sea level in
late Miocene. This feature is analogus to the
character that the depth of continental shelf
edge indicates the low sea level in Maximum
Wiirm. Hence it is expected that the detailed
examination on the depth of deep-sea terrace
will shed light on the problem concerning the
crustal movement of ridges and sea-mounts
since late Miocene. For example, towards
northern Izu—Mariana ridge, the depth of
deep-sea terrace tends to become shallower,
suggesting the upheaval of the northern part
of the Izu—Mariana ridge.

2. It is necessary to re-examine the theory
concerning the origin of coral reef and guyot
that are usually attributed to the subsidence of
Though both the coring data
on Eniwetok Atoll and fossils collected from the
top of guyot in the central Pacific demonstrated
the evidence of the subsidence of Pacific basin

oceanic basin.
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since Cretaceous, there exists some evidence
negative to the wholly subsidence. The terrace
topography has been reported from many is-
lands, showing the upheaval of crust since late
Tertiary. So it is concluded that the problem
on the wholly subsidence of Pacific basin re-
mains unsolved. HESS (1946) was the first
to propose the subsidence of guyot that was
caused by the upheaval of sea level due to the
depositior: on the ocean floor. Following him,
many geologists ascribed the origin of guyot
to the increase of volume of sea water. Nev-
ertheless HOSHINO presented the idea that
is well harmonious to the general geological
features as follows:

The fundamentally important points are the
balance between the upheaval of sea level and
the rise of oceanic island. 1If the former is
greater than, is equal to and less than the
latter, then the guyot, atoll and terrace topog-
raphy on the land will be formed, respectively.

It is quite evident from the above-mentioned
facts that the deep-sea terrace will provide the
key to solve the crustal movement of island
arc, guyot, coral reef, etc. and to explore the
deep-sea oil field. In this connection, detailed
research is needed on the deep-sea terrace from

the geological and geophysical point of view.
(M. HOSHINO)
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Problems about Guyots in the Western Pacific

HESs (1946) had discovered the strange flat-
topped seamounts from the Mid-Pacific, named
““Guyot”’, and made the interpretation that
they were drowned ancient islands. This was
so exciting that many geological expeditions
and researches about guyots were carried out.
In 1950, the Mid-Pacific Expedition set out to
test this hypothesis by exploring guyots, and
integrated such reef fauna of Middle Creta-
ceous age as reef building corals, rudistids and
stromatoporoids, were dredged from the tops
of five guyots west of Hawaiian Islands.
HAMILTON (1956) concluded that the guyots
of the Mid-Pacific had been truncated by wave
erosion and drowned since late Cretaceous age.
Similar drowning of ancient islands were con-
firmed by the thickness of coral cap in atolls.
At the Eniwetok Atoll, drilling of 1,400 m long
penetrated the whole cap coral of shallow water
fauna, and the actual material of platform was
basalt. The limestone just above the basalt
basement was of FEocene age (LADD et al.,
1953).

In following paragraphs, the writer will de-
scribe the facts recently reported concerning to
the guyots near to Japan and propose some
problems;

The Emperor Seamounts in the Western
Pacific contain many guyots.
fossils of Neogene age were reported by NINO
(1961) from the Kammu Guyot one of them,
and guyot (G 52-170) was found at just axis
of the Alutian Trench (MoaGI, 1953). Similar
guyot in trench was described at first from
the Aleutian Trench near the Gulf of Alaska
(MENARD and DIETZ, 1951).

Recently the Erimo Guyot (called Sysoev

Foraminiferal

Seamount by the Russians) sited just con-
junction of the Kuril-Kamchatska and Japan
Trenches was sounded and dredged (TSUCHI,
1966). The depth of trench bottom is about
7,000 m and the top of the guyot is 3,678 m
deep where Plesioptygmatis, one of the late
Cretaceous Nerinea fossil and some calcareous
algae were dredged. The truncation of the
Erimo Guyot may be older than the formation
of the Japan Trench considering various infor-
mations. The depth difference between ocean
floor and the bottom of trench is about 1,500
m and the top of the guyot is about 1,500 m
deeper than the average depth about 2,000 m
deep of the Mid-Pacific guyots. This difference
is in the same order. Similar case is known
concerning to the Kashima Seamount at the
axis of the southern Japan Trench.

Many guyots have been found from the area
near to the Marshall and East Caroline Islands
of coral reef archipelagoes (SATO and MOGI,
1965). The existence of guyots in such coral
reef islands area have been confirmed in the
Austral Islands in the Southeast Pacific.

The Koshu Seamount (in old days called
Kinan Bank) of the Shikoku Basin, is also
guyot from which calcareous algae fossils of
shallow water species were dredged. However,
the age of the fossils is not determined yet
(IWABUCHI et al., 1963). Extremely deep flat-
topped seamount of 3,787 m deep has been
recognized from the Philippine Basin (SATO
and A0, 1961). Shallow flat top of about
700 m deep is found at the seamount on the
Kyushu-Palau Ridge (oral communication from
Dr. MoaGI).

Although the origin of flat tops of guyots
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is generally assumed as the results of wave
erosion, two ways of explanations are probable
concerning to the subsidence of guyots to pre-
sent depths; one is the theory of the constant
seawater volume during geological ages and
other is the gradual increase theory. MENARD
(1964) proposed the hypothesis of the Darwin
Rise and the evolution of oceanic rises based
on the first viewpoint. If the flat top of guyot
indicates the ancient sea level, the height of
guyot above ocean floor means the depth of
ancient ocean. He made palaeo-submarine to-
pography of the Mid-Pacific Basin in 1 billion
years ago, and found the palace-oceanic rise
““Darwin Rise.”” This is an exciting hypothesis.

However, the writer considers the necessary
of further detailed surveys in the Western
Pacific rather than the hypothesis. Now he
wants to propose following problems and sur-
veys:

1. The writer was engaged in the compila-
tion of the bathymetric charts of the Western
Pacific (J. H. O. Charts No. 6301—6304), and
found very scarce soundings in this area. Pro-
bably 10%? guyots exist in the Western Pacific,
among which only ten or less guyots were
sounded and dredged in detail. He hopes
detailed surveys of much more guyots in this
basin.

2. It is unknown whether the Mid-Pacific
guyots and/or the Marcus-Necker Seamounts
elongate to further west of the Mariana Trench
The northern part of the Mariana
Trench is divided into several small trenches
by the seamounts in trench. If the formation

or not.

of trenches in the Western Pacific is younger
than that of guyots in the Mid-Pacific, the
continuation of guyots into the West Mariana

and Philippine Basins is propable. However,
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guyots in these basins may be very scarce.
Taking ocean spreading theory, the Mariana
Trench might be just digesting the Mid-Paoific
guyots. He considers that to clarify the ages
of formation of submarine relieves is important
especially in the case of crossing of large scale

relieves. (T. SATO)
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Seuthwest Honshu Arc in the pre-Neogene Time, with

Reference to Problems of its Oceanic Side

It has been demonstrated that the pre-Neogene
Honshu arc, including SW Hokkaido, Honshu,
Shikoku and Kyushu islands, was differentiated
into two major island arc systems since the

These systems are referred
to as the east Japan arc system and the west
Japan arc system (MATSUDA et al., 1967). In
the Neogene-Quaternary period the latter sys-

Neogene period.
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tem is in general less active than the former
with respect to the volcanism, submarine sub-
sidence, tectogenesis and some other features.
Therefore, the pre-Neogene features of the
Honshu arc is better preserved in SW Japan.

With reference to the pre-Neogene geologic
the NE Honshu arc and the SW

Honshu arc* have some important features in

process,
common. (1) Presence of pre-Late Paleozoic
basement rocks, (2) extensive development of
(3) Late
Paleozoic-Early Mesozoic Honshu tectogenesis,
(4) development of Late Mesozoic geosynclines
on the outermost (oceanic) side, and (5) Late
Mesozoic diastrophism, accompanied with large

Late Paleozoic Honshu geosyncline,

amount of acidic igneous activity are important
common features (for details, see MINATO et
al., 1965).

However, several notable differences can also
be recognized between the two arcs, concerning
the actual process and the resultant geotectonic
structure. For example:

1. The dominantly acidic Cretaceous-Paleo-
gene igneous activity is confined to the inner
(northern) side of the Median Tectonic Line
in SW Honshu arc (ICHIKAWA et al., 1968),
whereas in NE Honshu arc it was extensive
also on the Pacific side.
such clear-cut tectonic line as the Median Tec-
tonic Line is not distinctly developed.

2. The outer side of the SW Honshu arc
shows a characteristic zonal structure of the
Chichibu and Shimanto belts.
General aspect of its folding style is somewhat
different from that of the outer side of the
NE Honshu arc, namely the eastern Abukuma
and the Kitakami belts (cf. KIMURA, 1968).

3. In the outermost belt of the SW Honshu
arc (Shimanto belt), the dominant subsidence
and folding lasted until the mid-Cenozoic (about
20 million years ago). In the outermost belt
of the NE Honshu arc (Outer Kitakami belt),

In the latter region

Sambagawa,

* The bounday between NE and SW Honshu arc in
the pre-Neogene time is not the Itoigawa-Shizuoka
line, but is located eastward beyond the Kanto
mountains, They are now, secondarily separated

from each other by the Kanto tectonic line in broad

sense. They are regarded as two sub-arcs within

the Honshu major arc.
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they came to an end already before the late
Early Cretaceous, accompanied with extensive
granitic activity of about 110-120 million years
old. The late Early Cretaceous and still later
sediments suffer little folding.

These differences must be attributed to certain
differentiated situation of the two segments,
which took place particularly in the Late Mes-
They
cannot be a result of the hypothetical bending
of the Japanese islands, (KAWAI ez al., 1961),
which, if it really occurred, is inferred to be
of post-Mesozoic age. They are due to the
mutually differentiated condition of the base-

ozoic and lasted until the mid-Cenozoic.

ment complex of the older arc and its frontal
now under the sea, and/or the tecto-
genetic pattern undergoing them.

area,

Here some problems of the frontal area of
the SW Honshu arc will be mentioned.

1. In the past it was vaguely suggested
that the difference may be partly due to the
particular condition of the major unit, now
occupied by the Philippine Sea (‘‘ Philippinia’’).
Whether this concept is invalid or not should
be examined through future research. Recently,
the crustal structure of the Philippine Sea has
been clarified considerably (MURAUCHI et al.,
1968).
ridges, where the crustal structure of basins

This sea includes various basins and

has a fairly normal oceanic character (op. cit.).
The submarine topography and structure in
front of the SW Honshu arc and the Nansei
Shoto arc, including troughs, Shikoku basin
and various ridges and plateaus, are much more
complicated than those of the Philippine basin
proper and also those in front of the NE Japan
arc. How old is the origin of that complexity ?
It remains to be investigated whether the re-
gion under the Philippine Sea was essentially
similar to the Pacific Ocean proper in the pre-
Neogene period. Our knowledge about the
geologic age and nature of sediments under
these regions is still insuflicient.

2. The Nankai trough or the Southwest
Japan trench may have a pre-Neogene origin,
since it seems to have received a thicker pile
of sediments than the Japan trench. Ages of
these sediments must be determined together
with those of the continental slope along its

3
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northern margin.

3. At deep-sea terraces off Kii and Shikoku
very thick pile of sediments is present, accord-
ing to seismic studies. TIts thickness is more
than 6 km at Kumanonada (V,: 2.00-3.84km/
sec) (MURAUCHI et al., 1964) and attains even
more than 11 km off Shikoku (V,: 2.04-4.58
km/sec) (DEN, 1968). Recent investigation of
orthoquartzite-bearing Early Cenozoic strata in
south Kii (southern part of the Shimanto belt)
shows presence of an ancient land of certain
extent, composed of possibly Precambrian rocks,
on the oceanic side (TOKUOKA, 1967; Kishu
Shimanto Res. Group, 1968). Partial supply
of clastic material from the south in the Early
Cenozoic (-early Miocene) of the same belt was
also suggested from South Kyushu (SHUTO,
1963) and Shizuoka (KIMURA, 1966). What
is the relationship between these provenances
and the very thick sediments found off Kii and
Shikoku ?
is needed for the sake of clarifying the site
and extent of the above-mentioned ancient
land. This will greatly advance our knowledge
about the growth process and structure of the
older arc system.

4. In order to elucidate these problems, it is

Certainly much more investigation

necessary to make more extensive and detailed
research of the crustal structure from the outer
side of SW Japan, through the Nankai trough,
to the Philippine sea and then to carry out
core-sampling of the bottom sediments at se-
lected stations where various velocity layers are

directly exposed, respectively. (K. ICIITKAWA)
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Some Problems of the Mineral Resources Exploration
on the Continental Shelves in the West Pacific

Today, the interest in the exploration of the
underground mineral resources on the conti-
nental shelves of Asia and its adjacent island
area seems to be going to grow explosively.
The Congress of Submarine Resources Cooper-
ative Expedition belonging to ECAFE carried

(45

out the expedition after having five meetings,
and obtained quite many important information.
Although the most fundamental requirement of
exploring the submarine resources is to assure
the existence of the resources, the other geo-
logical, physical, and social factors are not less
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important and should be examined thoroughly,
at the same time, the water depth, the distance
from the shore, the state and its change of the
sea, the facilities of the port, and the conditions
of the available supplies are but few of them.
In case of a continental shelf connecting two
or more countries, there might be another type
of problems which would restrict the research
activities in that area, as far as International
Laws are concerned.
1. Mineral resources in sediments

Unconsolidated marine sediments on con-
tinental shelves may be classified into two
groups, (a) recent sediments and (b) Diluvium
sediments. As these sediments are generally
assumed to be land-originated, it is very im-
portant to examine coastal sediments in order
to get better idea of the distribution of useful
resources on the sea bottom. Therefore, coun-
tries separated by a strait would better exchange
the necessary bathymetrical and sedimentary
data. Besides these, the information about the
topography of the base rock, covered by the
layers of sediments, should be distributed
through international means, for the base rock
topography is closely related to the distribution
patterns of mineral-resources on the ocean floor.
2. Mineral resources in base rocks

Although every kind of mineral resources
are found in the base rocks, fuel resources
such as coal, natural gas and petroleum espe-
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Airborne
instruments are very effective for the primary

cially attract our attention today.

geophysical surveying. However, vessels are
needed for the detailed research. As the data
should be collected at every point of the sea,
the supplementary material gained by the or-
dinary fishing boats, ocean liners, and navy
ships must be reported to the data collecting
agencies. For this to be done, a foundation
may be effectively used to pay proper amount
of money for the reported information. This
foundation should be operated by an inter-
national organization, otherwise the narrow
nationalism and territorial troubles might jeop-
ardize its data gathering activities.
3. Mineral resources on continental slopes and

banks

The mineral resources on the continental
slopes and banks may be classified into two
groups, (a) resources in the sediments, and
(b) resources in the base rocks, as in the case
of the resources on the continental shelves.
Some parts of the continental slopes and banks
have been intensively investigated, however,
most of the regions are still waiting for the
coming research work. As these areas may
provide us with very important clues helping
to solve the geological tectonics of the conti-
nental shelves, international cooperation is de-

sired urgently in this field. (H. NuNo)
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Present State of Japanese Investigation of the Western
Pacific Ocean Floor and a Proposal for Future Studies*

Sub-committee for International Cooperative
Studies of the Ocean Bottom
in the Western Pacific,
Special Committee for Ocean Research,
Science Council of Japan

1. Introduction

Geophysical, geological and geochemical investi-
gation of the western Pacific ocean floor is now
carried out actively by the scientists of many
But the present state of high scientific
activity in this vast area has been brought about
only rather recently. Although the famous
gravity measurements made by late Prof. Vening
MEINESZ in the water around the Indonesian
Island Arc pioneered the marine geophysics in

nations.

as early as 1930’s, major endeavours of marine
geophysics after the World War II have been
focused on the studies of the world encircling
Through the

energetic surveys made on a number of expedi-

system of mid-oceanic ridges.

tions, the mid-oceanic ridges have disclosed
various characteristic features that are of the
topmost importance in understanding the develop.
Based on these
investigations, the hypothesis of ocean floor
spreading was proposed to explain the history
of the development of the ocean floor.
Non-ridge part of oceans, the western Pacific

ment of oceans and continents.

being the typical, seems to be characterized by
features that are in contrast to those in the ridge
part. It is now believed that intensive studies
of this relatively unexplored part of oceans will
provide not only the crucial key information on
the validity of the ocean floor spreading hypothesis
but also some entirely new type of knowledge

* Received April 5, 1969.
At the sub-committee’s request this paper was
compiled by M. HosHINO, K. KAawAakaMI, K.
KOBAYASHI, S. Murauct, T. SATo, Y. ToMo-
DA, S. UYEDA and M. YASUI

on which the more basic theories on the origin
of the major surface features of the globe may
be developed.

In order to promote the investigation, a well
planned international cooperative program appears
to be highly desirable. In this report, a review
and analysis of the present state of the investi-
gation, mainly by the Japanese, of the western
Pacific will be presented. The analysis will be
subdivided according to disciplines rather than to
geographical areas.

In what follows, the term western Pacific will
be used to mean the part of the Pacific ocean
and adjacent seas west of the 170°W.

2. Bathymetric studies

A systematic bathymetric investigation of the
western Pacific is being carried out by the
Maritime Safety
Board of Japan as a part of GEBCO program.
The GEBCO (General Bathymetric Chart of the
QOcean) program, which aims the compilation of
1:10,000,000 world’s bathymetric chart in 24
sheets, published its first version in 1904. Since
then, revisions have been repeated and in 1952

Hydrographic  Department,

a resolution was made at the International
Hydrographic Congress to publish the fourth
version. It was agreed that hydrographic offices
of 17 nations will provide 1:1,000,000 work-
sheets for the seas around their countries and
the fourth version of GEBCO charts will be
compiled on these sheets by the GEBCO Com-
mittee composed of representatives from ICSU,
IAPSO and IHB.

Most ol the western Pacific region is covered
by A-III (0°-46°40°'N, 90°E-180°) Chart of
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GEBCO. Of the region covered by A-III Chart,
the Hydrographic Department of Japan is respon-
sible for the compilation of the area (18°-48°N,
120°E-180°). As to the other areas in A-III
region, the Hydrographic Department is expected
to make due adjustments on the parts compiled
by Australia, England, India, Indonesia and
Holland.

Based on the most up-to-date data the Hydro-
graphic Department published in 1965 four sheets
of 1:3,000,000 Bathymetric Charts of the adjacent
seas of Japan. These charts, (No. 6301-6304)
which are to replace the existing chart No. 6901,
are highly more reliable compared with any
existing charts of the area. But if one examines
the density of soundings closely, it can be found
that the basins away from the coasts still suffer
a great need of data, especially those based on
the modern echo-sounding data. In these areas,
therefore, extensive surveys should be made, using
the modern techniques of position fixing, such as
Loran C. or satellites navigation and narrow
beem echo-sounders.

It was found in the process of the compilation
of the new charts No. 6301-6304 that the follow-
ing aspects should be pursued in the western
Pacific: 1) regionality in the distribution of the
thickness of sediments; 2) possible existence of
fracture zones similar to those in the eastern
Pacific; 3) detailed topography of seamounts and
ridges in relation to the possible subsidence of
the Mid-Pacific ocean floor; 4) complexities in
the topography of deep sea trenches, especially
that of Mariana and Nansei-Shoto trenches
which are separated in pieces by shallows: 5)
the distribution and structure of the deep sea
terraces on the continental side of trenches.
These problems are not merely topographic but
are of wider interests in the general geology
and geophysics of the ocean bottom. We strongly
emphasize that the future bathymetric surveys
should be conducted simultaneously with various
other measurements, such as gravity, geomag-
netism, and seismic reflections.

Such a comprehensive type of survey has been
done by the Hydrographic Department in limited
areas off the coast of Japan Sea and the areas
of Sagami-Bay and south of Hokkaido by taking
tracks with 2-4 miles spacings. As a result,

our knowledge on the sub-bottom topography
underneath the unconsolidated sediments has
increased enormously. Also, the correlation of
the sediment-thickness with the gravimetric and
At the
present stage, it is planned that this type of
work will be made around the whole Japan from
the coast to as far as the continental slope. Dut,
for the future work, we strongly recommend

magnetic data has become possible.

that similar surveys be made in the whole
western Pacific area, in connection with the five
points of interest cited above. Marine geological
considerations on these matters will be discussed
in a later secticn, too.

3. Gravity measurement

Submarine gravity measurements were made
in the Indonesian waters by Vening MEINESZ
and in the Pacific off Japan by MATUYAMA
(1934) in 1930’s. Afterwards some more pen-
dulum measurements were added (TSuUBOI, 1934;
KuMaGal, 1953; WORZEL, 1965).
era was opened by the advent of the surface

But, new

’’’’’ HAKUHO MARU
UMITAKA MARU

|
l

I .
100 120° 140

Fig. 1. Ship’s tracks during which continuous
gravity measurement was condueted. (in the
Western Pacific)
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128° ® 130 “35“ 140° st
Fig. 2. Ship’s tracks during which (’:ontinuous
gravity measurement was conducted. (in the
vicinity of Japanese Islands)

ship gravity meters in early 1960’s. Since 1963,
T.S.S.G. (Tokyo Surface Ship Gravity Meter)
type gravity meter has been in use by TOMODA
and his colleagues (TOMODA, 1958, 1959, 1960;
ToMoODA and KANAMORI, 1962; TOMODA,
1966, 1967; TOMODA and SEGAWA, 1966, 1967;
ToOMODA and OzAWA, 1965; TOMODA et al.,
1968; SEGAWA, 1967, 1968). During the early
years, data were obtained only on about 50 %
of the total tracks. But, with the improvements
of the machine, useful data were obtained on
more than 90 % of tracks in the period 1966~
1968 (Fig. 1, Fig. 2). Thus, gravity data in
this area are expected to be accumulated quite
rapidly in the future.

Until 1967, however, the gravity survey has
not been made on a cruise specially planned for
it. It has been made mainly during the cruises
of UMITAKA-MARU, Tokyo University of
Fisheries, of which main objective was the
training of fisheries-students.  Since 1967, a
new research vessel HAKUHO-MARU operated
by the Ocean Research Institute, University of
Tokyo has become available for gravity measure-
The same type of apparatus is used by
the Hydrographic Department. Another type of
surface ship gravity meter has been developed by
the Geographical Survey Institute of Japan, and
some measurements have been made by TAJIMA

ments.

and his colleagues.
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In order to interpret the gravity data correctly,
a large amount of computational work is needed.
Electronic computers are used for this work,
but much of the processing of data before as
well as after putting into computers still requires
considerable manual manipulations, so that it is
still difficult for a non-specialist to handle the
data. Improvements are being made to remedy
this drawback.

Following points have so far been established.
1. Trenches and island arcs:

1) As for the Japan Trench, the minimum
of free air gravity anomaly is displaced slightly
but definitely toward the land from the axis
of the topographic trench. This fact suggests
that, in addition to the negative anomaly due
to the trench itself, there is an equally pro-
nounced negative free air gravity anomaly
belt west of the topographic trench. This
“gravity trench’ is a strong indication of
either a thickened crust or sediments on the
landward side of the trench.

2) Free air anomaly shows a notable difference
in the northern and southern portions of Japan
Trench, 7.e. Japan Trench off Hokkaido is far
more isostatically compensated than that off
Boso Peninsula.

3) Of the trenches so far surveyed, Mariana
Trench and Aleutian Trench (at about 180°)
are most markedly out of isostatic compensation.

4) Free-air anomaly in the Izu-Bonin arc area
reflects the bottom topography very closely,
showing the absence of tendency to the local
isostasy as found in the landward side of Japan
Trench. Existence of a gravity trenches in
the case of the island arc having a continent
on its inner side and non existence of such a
gravity trench in the arc having oceans on
both sides may be of considerable tectonic
significance.

2. Continental margins without trenches:
There are continental margins where there is
no trench but a strong negative free air anomaly.
Typical examples are the Bungo Suido and
Hyuganada areas, and the west coast of New
In the southwestern coast of Australia,
such a negative belt can be observed in the
inland area.
3. Area of subsidence:

Zealand.
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Makassar Strait
and Bachi Channel seem to be out of isostasy,
the free-air anomaly closely reflecting the bottom
topography.

Subsided areas in Indonesia.

The gravity program now underway at the
Ocean Research Institute, University of Tokyo,
is as follows:

1. A fairly accurate chart of gravity in the
seas adjacent to Japan (30°N, 43°N-130°E, 150°E)
will be completed in one to two years.

2. From the relationship between the topo-
graphy and free-air anomaly and the apparent
density of the bottom materials, the degree of
isostasy will be assessed for each topographic
relief.  This will provide useful information about
the state of isostasy over the Pacific ocean and/or
the possible regionality in the mean density of
the bottom materials.

Important future problems would be:

It would
be a matter of time to clarily, from the obser-
vations made so far, the state of local isostatic
anomalies.

1. Origin of isostatic anomalies.

But the origin of these anomalies
would be the important future problem. If the
origin of the isostatic anomalies lies at a depth
of 100-200 km, it would be necessary to estimate
the density at these great depths. For this to be
done, regional anomalies over an at least 1,000 km
wide area must be measured. Considering the
drift of the instruments, one line of measure-
ments should be completed within 10-20 days
and, moreover, a geodetic marine gravity net-
work must be established by the calibrations
against pendulum measurements at base stations.
In relation to this problem, the area to be investi-
gated with highest priority would be the Izu-
Mariana Arc. The north-south variation of
regional anomaly should be traced along the
Kyushu-Palau Ridge also. If sufficiently high
accuracy can be attained, the difference in the
north and south of 27°N should be pursued in
the area east of 150°E.

To be more specific, we propose to make the
following work.

1) Establishment of gravity test field around
Bonin Islands and also Hawaiian Islands.

2. Linear measurements along about 25°N.
' 20°N.
' 160°E.

5 T 3R (1969); BLEEEYAE

3. Detailed survey over selected seamounts
in the area of the Darwin Rise.

4. Geomagnetism

Results of marine geomagnetic measurements
in the western Pacific region by Japanese groups
have been reported by UYEDA ef al. (1964,
1967), MATSUZAKI (1966), MATSUZAKI and
UTASHIRO (1966a, b), YASUI et al. (1967a,
1967b, 1968), SEGAWA et al. (1967), SEGAWA
(1967, 1968), ToMoDA and SEGAWA (1967),
ToMmopA (1966, 1967) and TOMODA et al.
(1968). Tentative isodynamic total force ano-
maly chart of the area (28-56°N—130-164°E)
is as shown in Fig. 3. In this figure, measure-
ments by the Lamont Geological Observatory,
the Scripps Institution of Oceanography and the
U.S. Hydrographic Office have also been incorpo-
rated. The anomaly values have been obtained
But now they are
computed digitally using various reference fields.

so far only graphically.

Since most of the data were taken during cruises
which were originally planned for other purposes,
ships’ tracks are quite unevenly distributed. But
still the investigations made to-date show the
following characteristic features of the geo-
magnetic ficld of the northwest corner of the
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TFig. 3. Magnetic chart for the total intensity

anomaly in units of 100 gammas.
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Pacific.

1. Prominent NEE-SWW trending linear
magnetic anomaly belts exist off northeast Japan.
These lineations are similar in nature to those
found in the eastern Pacific but on the whole
much less persistent spatially. They become
vague as approaching the trenches and do not
exist inside the trenches. The lineations are not
correlated with the bottom relief.

2. Although less remarkable, similarly trend-
ing anomaly patterns may exist in the Japan
Sea and the Sea of Okhotsk. But, the results
of the earlier aeromagnetic surveys by Russians
in the Okhotsk Sea (SOLOVYEW and GAINANOV,
1963) do not perfectly agree with the Japanese
results.

3. Shikoku and Philippine Basins do not show
the linear trends.

4. 14 seamounts located in the seas around
Japan have been surveyed in detail and their
magnetizations computed (UYEDA & RICHARDS,
1966; VACQUIER & UYEDA, 1967). The results
indicated that the northwest Pacific ocean floor
might have drifted northward by a few tens of
degrees since the time of formation of these
seamounts, which is believed to be Mesozoic.
These attempts are considered to be useful as
a method of palaecomagnetic study of the ocean
floor as will be shown later.

It may be easily noticed that the way how the
lineations off Japan are connected or unconnected
with those in the eastern Pacific is a matter of
great importance. U.S. surveys have recently
disclosed that the lineations in the eastern Pacific
changes their trend from N-S to E-W south of
the Aleutian Trench (HAYES and HEIRTZLER,
1968; PITMAN and HAYES, 1968). If these
lineations are connected with those off Japan,
the age of the lineations would increase south-
ward, which is just opposite to the case when
the lineations were produced in the southern
sea and have traveled northwards. The key
area on this problem (40°-50°N, 160°-180°E)
must be surveyed thoroughly immediately.

ToMODA and his colleagues have made linear
measurements of the total magnetic force over
various world’s oceans (see the references cited
above). They find that the magnetic character-
istics of various parts of oceans are quite varied,

(@)
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i.e. some basins such as the area off NE Japan,
are full of anomalies whereas in some others,
such as the large area of the western mid-Pacific,
there are no remarkable anomalies except those
due to surface topography. To clarify the origin
of such a drastic difference from basin to basin,
we emphasize that the future survey should be of
composite nature including gravity,
reflection and refraction and heat flow measure-

seismic

ments. The magnetic anomaly pattern in the
Darwin Rise area would be most valuable in
testing or extending the hypothesis of ocean floor
spreading.

We propose that the surveys in the following
areas should be undertaken:

1. 15°N-50°N—150°E-180°
20°N-30°N—130°E-150°E
(possibly by the aid of the air-borne method)
05°S-20°N—125°E-140°E
(possibly by the aid of the air-borne method)
and East and South China Seas.
(possibly by the aid of the air-borne method)
2. Darwin Rise area.

In relation to the palaeomagnetism of sea-
mounts, detailed surveys over selected seamounts
should be made in and around the area of the
Darwin Rise.

3. The crustal structures should be investigated

by explosion seismology in the deep sea area

with small magnetic anomalies:
15°-20°N—140°-135°E
10°-15°N-—165°-175°E
0°-05°N—165°-170°E

and also in the area with strong anomalies: for

for example,

example,
40°-42°N—145°-150°E
45°-48°N—175°E-175°W.

5. Terrestrial heat flow

Since 1961, the terrestrial heat flow has been
intensively studied in the seas around Japan by
several agencies. UYEDA ef al. (1962, 1965),
YASUI et al., (1967, 1968a, 1968b) and Vac-
QUIER et al. (1966), have published data
measured at 327 stations. Beside these the
Lamont Geological Observatory and the Academy
of Sciences, U.S.S.R. have made some measure-
ments. Taking account of 42 measurements on
land of the Japanese Islands (UYEDA & HORALI,

)
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Fig. 4. Heat flow valucs in units of 107% cal/cm®sec
in and around Japan.

1964), this area can be considered as one of the
most well surveyed areas in the world geother-
mally. Nevertheless, many more data are needed
in Shikoku and Philippine Basins, off Kamchatka
area, East China Sea and most of the south-
western Pacific. There is no measurement in
the South China Sea and the Australian-Asian
Mediterranean Sea.

The published data in and around Japan are
summarized in Fig. 4 by symbols. From the
figure, the heat flow in this area can be charac-
terized by the following three major features;
(a) the uniformly sub-normal heat flow in the
area east of the Kuril-Japan-Izu-Bonin Island
Arcs, (b) the high heat flow area in the conti-
nent side of the Island arc and in the Japan Sea
and the Okhotsk Sea, and (¢) the area west of
the Izu-Bonin-Mariana Ridge. The last area
has not been surveyed well but preliminary data
indicate that heat flow there has a complicated
distribution.

In the first area, one may notice that the heat
flow over the major topographic relief, such as
the Emperor Seamounts and Shatsky Rise, is
also subnormal. In this manner, these topo-
graphic features in the northwest Pacific are in
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a sharp contrast to those in the east Pacific
including the East Pacific Rise (VON HERZEN
& UYEDA, 1963; VACQUIER el al., 1967). The
complicated heat flow distribution in the Philip-
pine Basin may be related to its equally com-
plicated physiographic structure. The basin is
not only situated behind the Izu-Mariana Arc
but also has another island arc system at its
western margin, Z.e. the Ryukyu Arc. It must
be noted that th® heat flow is high above both
Kyushu-Palau Ridge, which supposedly ceased
the tectonic activity long time ago, and strikingly
the Nankai Trough (WATANABE, 1969). High
heat flow in a trough in the size of the Nankai
Trough has not been found anywhere else.

The high heat flow in the marginal seas be-
hind the island arcs presents interesting problems.
The results of the seismic refraction studies show
that the crustal structure beneath the Japan
Basin and Kuril Basin, where the heat flow is
extremely high, is semi-oceanic or oceanic. It
means that the heat from radioactive substances
in the crust cannot be the origin of the high heat
flow. MURAUCHI (1966) presented the hypothesis
that the Tapanese Islands have been separated
from the Asiatic continent, the Japan Sea being
a developed rift with high heat flow. YASUI et
al. (1966) inferred that the excess heat was
transported by the upward intrusion of magma
beneath the bottom. WATANABE (1966) con-
sidered the possibility that a tectonic deformation
of the crust in the past resulted in the anomaly
of heat flow at present. MENARD (1967) points
out that the marginal sea which has the oceanic
or semi-oceanic crust may be in the transient
state from a continent to an ocean. If so, dis.
turbances during the oceanization process could
affect the heat flow at the surface for a fairly
UYEDA & VACQUIER (1968)
pointed out the possible correlation between the
deep focus earthquakes and the high heat flow
MCKENZIE & SCLATER (1968) estimated the
effect of various heat sources which could be the

long period.

origin of high flow in marginal seas and con-
cluded that none of them could be large enough
to explain the excess heat in the area.

It would be an important matter to examine
the generality of high heat flow in the marginal
seas behind island arcs. In the Bering Sea,
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WATANABE and Erp (private communication)
obtained high values in the western part whereas
FOSTER (1962) reported low values in the
eastern part. Recently, Scripps and Japanese
groups made an extensive survey in the Mela-
nesian region. High values were obtained in
the North and South Fiji Basins, but low values
were also found, especially in the South Fiji
Basin, Apparently the situations are highly
complex and require much further work.

Heat flow in the Darwin Rise region has been
studied by U.S. groups so far and show normal
This supports the idea
that the Rise ceased its activity long time ago.
But, it may still be worth reexamining this
point, since the measurements made to-date are
small in number.

Considering the above points we propose to
make extensive heat flow expeditions in the

to subnormal values.

>

following areas:

1) The marginal seas, 7.e. the Philippine Sea,
Fast and South China Sea, Sulu Sea, Celehes
Sea, Java Sea, Banda Sea and Coral Sea.

2) Caroline Basin and to the area of Darwin
Rise.

3) Pacific-Antarctic Ridge area.

It would be rewarding to make expeditions
comprehensive so that not only heat flow but
magnetic, gravity and profiler surveys are made
simultaneously. At some stage of investigation,
areas of special interest should be selected for
really concentrated survey.

6. Palaeomagnetism and rock magnetism

Palacomagnetism of rocks obtained from the
ocean bottom should resolve the relative move-
ments of the ocean floor, or yield a key to test the
ocean floor spreading hypothesis. Although it is
very difficult to obtain orientated samples from
the ocean floor, samples obtained from islands in
the Pacific Ocean can be used to examine the
relative displacements of the ocean floor on which
the islands rest. Unfortunately, ages of islands
in the Pacific Ocean which have so far been
dated radiometrically are rather young and palaco-
magnetism on these islands would only yield
information of recent movements of the islands
or the underlying ocean floor. Hence, to begin
with or in parallel with the palaecomagnetic
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study, K-Ar dating reconaissance survey should
be undertaken on as many islands in the Pacific
Ocean as possible. Extensive palacomagnetic
study should then be made on islands whose
ages turned out to be sufficiently old, say older
than 5x107 yr. As one of the rewarding sam-
pling sites for these purposes, we suggest Tahiti
Island where 150 m.y. of basalts were found,
although its location is not in the western Pacific.
The K-Ar reconaissance survey on the islands
in the Pacific Ocean would also be very inter-
esting to see if the age pattern obtained for
these islands are accordant with that expected
from the ocean floor spreading hypothesis.

Seamounts yield the second approach for the
palacomagnetic study of the ocean floor. As
stated in §4, it is possible to compute the
the direction and intensity of magnetization of
seamounts from their topographical and geo-
magnetic total force data at the sea surface
(VACQUIER, 1962). The palacomagnetic direc-
tion and intensity of 14 seamounts in the
Western Pacific region was obtained with this
method by UYEDA and RICHARDS (1966),
VACQUIER and UYEDA (1967) and YASUI et al.
(1967a). These results show that the inclination
of magnetization is generally shallower than that
of the present geomagnetic fleld at the location
of seamounts. If the conventional palaecomagnetic
assumptions are accepted, this fact would mean
that the seamounts in this region, in particular
those in the Pacific out of the Izu-Bonin Arc
were originally formed at localities nearer to the
geomagnetic equator than the present locations.
It is consistent with the hypothesis of northward
drift of the ocean floor. The magnetization of
seamounts in the Japan Sea and the Sea of
Okhotsk so far investigated has not shown
systematic evidence of the northerly creep.

The depositional remanent magnetization of
ocean sediments is useful in the palacomagnetism
at sea. First published report on this type of
work in the western Pacific is by NINKOVICH,
OPDYKE, HEEZEN and FOSTER (1966).
the large number of Lamont cores taken in the
sea west of the date-line zone, 24 cores were
chosen for preliminary analysis and it was found
that four of them, three {from stations along the
date line zone in 43°N to 48°N and onc {rom

From
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the flank of the Emperor Seamounts, have
actually reached the deeper strata than that of
the last reversal of the geomagnetic field. It is
notable that the occurrences of reversals in the
geomagnetic field proposed from the terrestrial
palaeomagnetism was ascertained by the ocean
sediments. In particular, it was suggested that
each complete reversal of geomagnetic field
occurred in less than 1,000 years.

The epoch of the last reversal of the earth’s
magnetic field (Matuyama Epoch) is reportedly
from 700 thousand to 2.4 million years ago (e.g.
Cox, 1968). Dividing the core length from the
surface to the uppermost part of the sediment
of the Matuyama Epoch, the mean rate of sedi-
mentation was obtained; 0.7 cm/1,000 yr. in the
date-line zone and more than 1.5c¢m/1,000 yr.
in the 156°E meridian zone.

The sedimentation rate in the western Pacific
region was studies by measuring the y-ray inten-
sity ratio of ionium to thorium (MIYAKE and
SUGIMURA, 1961, 1965 and 1968, SUGIMURA
and MIYAKE, 1966). In the Pacific, the value
obtained by them ranges from 0.05 cm/1,000yr. to
0.25em/1,000 yr. with the exception of a little
larger value of 0.63 cm/1,000 yr. from the east
flank of the Japan Trench.
one tenth of the above-mentioned values obtained
Whether the
difference between them is geologically meaningful
or is merely due to the difference in the methods
applied is vitally important. In the northeast
Pacific, HARRISON (1966) presented a sediment-
ation rate of 0.3 ¢m/1,000yr. from the palaeo-
magnetic stratigraphy. This is in the same
order of magnitude to those obtained by the
Io/Th ratio method in the western Pacific.
Extensive determination of the distribution of

These rates are about

from the magnetic stratigraphy.

the sedimentation rate would be an extremely
useful information for the study of palaeo-cur-
rents and palaeo-climate. Higher rate of sedi-
mentation has been presented in the marginal
seas. This higher rate will be convenient for
detailed palaecomagnetic stratigraphy of the
recent era.

Paleomagnetic study of deep-sea sediment cores
has been conducted at the Ocean Research
Institute, University of Tokyo since only 1967

(KoBAYASHI and Kitazawa 1969). Such a
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late start of this type of work was mainly because
long, undisturbed samples of sediment cores had
not been available among Japanese researchers.
However, a technique of piston coring has
recently been established in the R/V HAKUHO-
MARU and some 10m cores were collected
every 5-10 degrees between 30°N and 70°S on
the longitude of 170°W during the last cruise
in the Southwest-central Pacific (Ocean Res.
Inst., 1969). Magnetic, radiometric and variety
of chemical analyses are being conducted with
the collected samples.

As to the magnetic properties of rocks of the
ocean bottom OzIMA et al. (1968), and KO-
BAYASHI and KiTAZAWA (1969) have started
some studies. It has been found so far that:

1. The ferromagnetic minerals in oceanic
rocks usually contain more titanium than those
in continental rocks. They often indicate vari-
ous degree of low temperature alterations. Degree
of oxidation seems to control the magnitude of
saturation magnetization and Curie point. Inten-
sity of natural remanent magnetization ranges
from 1072 emu/gr. to 10° emu/gr.

2. The magnetic properties of most oceanic
basalts changes greatly by heating to 300-600°C.
The reason for this phenomenon and its possible
bearing with the local magnetic anomaly of the
ocean bottom are still to be investigated.

3. Some basalts from the ocean floor exhibit
self-reversal of natural remanence upon heating.

Mituko OzIMA (1967) studied the magnetic
properties of manganese nodule dredged from
the Pacific area. She found that manganese
nodules are paramagnetic, whereas they become
strongly ferromagnetic upon heating to 400°C
(Js=50 emu/gr). Hence, this magnetic property
may be used as a geothermometer to resolve if
any manganese nodule or the ocean floor where
the manganese nodule was obtained from has
ever been heated up to 400°C.

In summer of 1968 the R/V HAKUHO-MARU
had a northwest Pacific cruise during which a
comprehensive investigation was conducted on a
seamount called ‘Emperor Suiko’ in the Emperor
Seamountain Range. The survey included de-
tailed mapping of topography, gravity and
magnetic field as well as collection of more than
one hundred of hard rocks by the dredge hauls
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(Ocean Res. Inst., 1968). The analyses of the

results are now in progress.

For the future research we propose to make
a comprehensive study on selected seamounts and
ridges in such a manner as was done with the
‘Suiko’” Seamount. A number of hard rocks,
preferably with orientation, should be collected
to be examined from the basic petrological and
magnetic viewpoints. In addition to the use of
conventional dredge hauls, handy deep-sea core-
drills, which will be capable of collecting some
20 cm long hard oriented rock cores, are highly
needed and being developed at the Ocean Re-
search Institute.

Following sites are considered for the first
phase of the future study:

1. Seamouts in 10°N-25°N along 150°E, as a
representative of magnetically quiet areas.

2. Seamounts just outside of Japan Trench off
northeast Japan as a representative of areas
of magnetic lineations.

2. Seamounts of Shatsky Rise and the Emperor
Seamounts,

4. Seamounts in marginal seas.

5. Seamounts on and around the Darwin Rise.

We also propose to take many long cores

over the area of red clays in the western Pacific.

Cores should be taken from both where the

sedimentation rate is high (=10 mm/10°y) and

low (<1.0 mm/10%). Former cores will be used
for the study of detailed magnetic secular vari-
ation and the behaviors of the field during
reversals, while the latter cores will serve for
palacomagnetism and magnetic stratigraphy of

a longer time span. Basic study on the magnetic

ingredients of these cores will provide some

clues to their origin and consequently to the
development of the ocean bottom.

Samples recovered should naturally be shared
with scientists of varied interests and should be
used for international exchange also. Actual
shipboard operations would be much facilitated
by cooperation of scientists of various disciplines,
such as palaeontologists, and petrologists.

7. Explosion seismology

The Japanese group conducted a seismic re-
fraction work in the sea south of the central
part of Honshu in 1962, in cooperation with the
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American group (MURAUCHI et al., 1964). The
same group has extended their project to the sea
east of the northern part of Honshu (LUDWIG
et al., 1966), the Japan Sea (MURAUCHI ef al.
unpublished), the sea off Shikoku (DEN et al.,
1968), the Philippine Sea to the East China Sea
(MURAUCHI et al., 1968). The locations of
the refraction profiles are summarized in Fig. 5.
In Fig. 6, cross section of the crustal structure
along the lines B-B’ in Fig. 5 is demonstrated.

Ocean Basins: Both of the northwest Pacific
Basin and the Philippine Basin differ in the
thickness of the second layer from the average
structure of the western North Pacific (RAITT,
1963). The depth of the upper surface of the
second layer in the Parece Vela Basin is almost
constantly at about 6km from the sea surface
and, therefore, the sea bottom relief is formed
mainly by the variation in the thickness of the
The Shikoku Basin also can be

considered as having the oceanic structure.

first layer.
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PRIMORY E JAPAN SEA
JAPAN BASIN YARATO BANK
—
p—
Trenches: The series of the Kurile-Japan-

Nanseishoto Trenches has a similar structure;
that is the crust is quite oceanic in the ocean
side of the trenches and is continental in the
continental side. As a matter of course, their
detailed characteristics are different from each
other. Beneath the Kurile Trench, down-war-
pings of the Moho-discontinuity between the
trench and the island arc are remarkable ac-
cording to the Russian works. In the Japan
trench, a succession of grabens and step faults
were observed along the seaward slope.

The Mariana Trench has a little different
structure from those of other trenches. Namely,
the structure of the ridge west of the trench is
not continental but rather oceanic.

Ridges: The Kurile, Japan and Nanseishoto
Arcs have a typical continental crust. A thick
granitic layer exists between the sedimentary
and the third layers, and the Moho-discontinuity
is depressed down to a few tens of kilometer.
Beneath the Oki-Daito, Kyushu-Palau and
Mariana Ridge, an increase in the thickness of
the 3.5 km/sec layer and an appearance of the
6.0 km/sec layer are found. These factors result
in the crustal thickening under the ridges, in
spite that the thickness of the basaltic layer
remains rather uniform. These ridges of course
are in many ways different from the mid-oceanic
ridges.

Marginal seas: The structure of the Japan
Basin, Yamato Basin, and Kurile Basin is semi-
oceanic or oceanic. In the Japan Basin, the
Russian scientists (KOVYLIN and NEPROCHNOV,
1965 and KOVYLIN, 1966) found a 2.0 km thick

sedimentary layer directly overlying the basaltic
layer. This structure can be conceived as being
The Japanese group (MURA-
UCHI et al., unpublished) observed three layers
(2.0, 3.0 and 4.8 km/sec) with 4.5km total
This struc-

ture is almost the same with the structure

typical oceanic.

thickness above the basaltic layer.

beneath the Kurile Basin where the basaltic layer
is directly beneath the 3.5km to 4.0km thick
sedimentary layer. The Yamato Basin has a
structure almost similar to those in the above
described basins though the wave velocity of the
On the
other hand, beneath the Nanseishoto Trough the
Jayer with the wave velocity of 6.0 km/sec,
presumably a granitic layer, is as thick as 10 km

second layer is as great as 5.5 km/sec.

between the 3km thick sedimentary layer and
the 7.2 km/sec layer. It is interesting that all
the basins in the marginal seas show high heat
flow.

The part of the Okhotsk Sea excluding the
Kurile Basin has a three layer structure, sedi-
mentary, granitic and basaltic, as thick as 20
to 30 km. Namely, about eighty percent of the
Okhotsk Sea consists of the continental crust.
The Yamato Rise, one of the major banks
around Japan, also seems to have a granitic
layer and a thick basaltic layer. However,
further exploration is necessary for a definite
interpretation because of the complicated topo-
graphy.

Studies of sedimentary layers by the reflection
techniques have revealed a number of interesting
features. According to MURAUCHI, on the
continental slope in the Pacific side of the island
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arcs in the western Pacific, the upper surface of
2.5km/sec layer almost always shows a flat
terrace at a fairly great depth. This may be the
same one with the deep sea terrace reported by
HosHINO (1962), who postulates that a global
rise of sea level was the main cause of these
terraces (See §2 and §9). The depth of the
deep sea terrace ranges from 2,000m to some
3,000 m, though it sinks down to nearly 4,000 m
along a Aleutian Trench and the Lombok
Straits. Along the Japanese coast facing the
Japan Sea, the deep sea terrace can also be re-
cognized at the depth of 1,000 m and so. The
difference between the depths along the Pacific
and the Japan Sea is unexplained.

Though it is yet to be published, the U.S.-
Japan cooperative group has made some refrac-
tion profiles in the Sulu Sea, East and West
Caroline Basin, Solomon Sea, Bering Sea, the sea
just west of Luzon Island over the Shatsky Rise.
However, the vast area such as the main part of
the South China Sea, the Yellow Sea, is left
unsurveyed. These area are important in clarify-
ing the structure of the island arcs.
mentioned in the section of geomagnetism, the

As was

crustal studies in the central Pacific area would
be of a great value.

8. Seismicity

Seismicity is an indication of the presence
of present-day tectonic activity. in
land

rather well as shown in Figs. 7 and 8.
shocks are most concentrated

Seismicity
areas has been known
Shallow
in the outer zone
of the island arc and deep shocks are located
more or less regularly on a curved surface dip-
ping toward the continent.

and around the

The area away from
land, however, cannot be covered sufficiently
with seismic network on land, especially in the
The observation of
earthquakes in the western Pacific Ocean will
supply essential materials for the geo-tectonics

case of micro-earthquakes.

of this area. The seismic activity in this area
will be obtained in a short time by ocean-bottom
seismograph observation for small-and-micro-
earthquakes.

The interesting areas are (1) trenches, (2)
deep earthquake zones, (3) oceanic ridges and

rises. The deep basin itself must also be studied

(
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Fig. 7. Epicenters of the 3147 conspicuous and
moderately conspicuous earthquakes during
1900~1950 period.

¢ 61-100 Km
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Fig. 8.

Epicenters of the deep and intermediate
focus earthquakes during 1926~1956 period.
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to see if there is any earthquakes at all.

Three dimensional distribution of earthquake
epicenters in and around Japan trench will reveal
deformation and stress concentrations associated
with trench tectonics.

Deep-focus earthquake zone along Izu-Bonin-
Mariana Arc is an indication of large scale
tectonic movement which extends deep into
the mantle. The precise survey of seismicity in
these areas will supply interesting information
for testifying the hypothesis of mantle convection.

Oceanic ridges and rises such as Emperor Sea-
mountain chains, Hawaiian ridge, Marcus-Necker
rise, and their associated ridges are the important
features for clarifying the history of the Pacific
Ocean. The variation of the tectonic activity
from the southeastern part of the Hawaiian
ridge, which is active at present, northwestwards
to the Emperor Sea-Mountains, which is thought
as a Cretaceous feature, will be revealed by the
observation of seismicity along this structural
trend. Temporary seismic stations on islands,
including Hawaiian Islands, will be useful for
this study. The present-day stability of oceanic
rises such as Shatsky Rise and Kapingamarangi
Rise and the great fossil rise (Darwin Rise) will
be examined by the investigation of seismicity
of small earthquakes.

For the future investigation, development of
ocean bottom seismometers now underway at
the Earthquake Research Institute, University of
Tokyo, should first be expedited.

9. Geology, petrology, and geochemistry
Andesite Line: The position of the andesite
line, originally defined as the border between the
continental and oceanic crusts, has become vague
after the discoveries that marginal seas also have
oceanic crust. The problem is related to that of
trenches which are numerous in the western
Pacific region. Formerly, the andesite line was
taken as coincident with the trenches in location.
But the trenches exist two to three fold in some
areas of the western Pacific. The problem is
also closely related to the fact that metamorphic
rocks exist on the Marianas and Yap Island and
that plutonic acidic rocks exist in the FEastern
Marshall Islands.
site line problem has a basic importance. In

Petrogenetically also the ande-

this regard, sampling of as many rocks as possible
on trench walls as well as on seamounts must
be attempted.

Problems related to the wvertical movement
of the crust and the wvariation of sea level:
The Pacific ocean floor, which formerly was be-
lieved to have been stable throughout the geo-
logical history, has been found to be mobile in
vertical as well as horizontal directions. Vertical
movements of the crust that can be measured
in the unit of 10® meters have been suggested
through the studies of guyots and atolls. Both
of these marine uplifts are largely characteristic
of the western Pacific and clarification of the
processes of their formation would be one of the
most important objectives of the geology of the
western Pacific. At the present time, submersion
of guyots is believed to have occurred in the
post-Cretaceous time and this view is supported
by the finding of the drilling at Eniwetok Atoll,
However, Miocene fossils are often found on the
top of guyots. Although there are a number of
guyots in the western Pacific, only a very few
of them have been investigated closely. A
systematic survey of these important features of
the ocean floor would be extremely informative
for the crustal movements of the Pacific Ocean
floor.

Deep-sea terraces, that are developed on the
continental slopes and on the insular slopes in
open oceans, are important in the investigation
of this kind of problems. Some geologists con-
sider that these terraces were formed by burial
of lower parts on the slopes due to turbidities,
while others postulate that these deep sea ter-
races represent, as continental shelves do, the
past shore lines. Those who maintain the former
view consider that the subbottom depressions in
which the turbidities settled were related causally
with trenches, whereas those who take the latter
view may be divided into two classes, one at-
tributing the present depth of these terraces to
the rise of sea level, others attributing it to the
subsidence of the crust.

It will thus be an matter of the topmost
significance for the geology of the Pacific Ocean
to perform a comprehensive surveys on guyots,
coral reefs, and deep-sea terraces from a unified
point of view.
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The western Pacific is
one of the areas where the investigation of deep
sea sediments has been least advanced. Corre-
lations between the ocean-current systems which
are intense in this region and the deep-sea sedi-
ments should be investigated. Special efforts
should be made on the study of palaeo-current
systems by means of deep-sea sediments. Distri-
bution and the rate of deposition of various
types of sediments with different sources must
be determined in detail.

Deep-sea sediments:

This problem is im-
portant from purely academic point of view, but
it will have an equally great importance in the
future development of the exploitation of ocean
floor resources.

Establishment of stratigraphy in the western
Pacific is an important palaeontological objective
by itself. But it will also have a key importance
to check the validity of such an up-to-date
problem as the ocean floor spreading theory
which predicts that the western Pacific is the
oldest part of the oceans.

Sr and Pb isotope studies: Many geophysi-
cists take the view that island arcs have been
formed upon the descending site of the mantle
convection current. If the mantle convection
carries the overlying crustal layer, the mantle
where the convection current descends may be
contaminated by the crustal materials. Hence,
Sr and Pb isotopic ratios of basalts erupted in
such downwelling site of the convection current
may show more crustal characteristics than those
found in the upwelling site. It is then particu-
larly interesting to compare the Sr and Pb iso-
topic compositions of basaltic rocks from the
island arc regions with those from the mid-oceanic
ridges such as the East Pacific Rise. Such a
test may give a crucial information about the
above-mentioned hypothesis that the island arcs
were formed upon the downwelling site of the
mantle convection current. Conversely, if we
accept the above hypothesis, a systematic measure-
ment of Sr and Pb isotopic compositions of
basaltic rocks from the entire Pacific area would
elucidate the pattern of the mantle convection
current.

In this respect, it is particularly interesting
that Ferrar dolerites (absolute age is about 1.7
x10%) which is believed to extend from the
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Antarctica to Tasmania has a remarkably high
Sr87/Sr8 {ahout 0.711) (COMPSTON et al., 1968).
The uniformity of the unusually high Sr%/Sr8
seems to indicate that the whole mantle region
where the Ferrar dolerites were derived from
was contaminated by the crustal materials. This
may be due to the dragging of the crustal mate-
rials into the mantle by the mantle convection.
In order to test this speculation, it is very desi-
rable to carry out other geophysical measurements
such as heat flow, gravity and seismic measure-
ments in this area.

Preliminary experiments to measure Sr®7/Sr8
in dredged basalts from the western Pacific area
are now underway at Geophysical Institute,
University of Tokyo.

Absolute ages of submarine rocks and rocks
Jrom islands: The ages of submarine rocks and
rocks from islands in the Pacific Ocean should
indicate the minimum age of that part of the
ocean floor. However, as submarine rocks are
generally heavily altered, much care should be
paid to evaluate the validity of the obtained
experimental age results. Laboratory experi-
ments such as extensive examination of thin
sections of each rock specimen, argon retention
test under differential heating should first be
undertaker to obtain more reliable age results.
It is also important to study the effect of the
hydrostatic pressure on the trapping of the
environmental rare gases in rocks, since it is
recently advocated that high hydrostatic pressure
prevailing under the deep ocean bottom would
greatly enhence the trapping of primordial argon
in erupted rocks, giving erroneous K-Ar ages.

Several dredged basalts from the western
Pacific seamounts have been dated by K-Ar
method (OZIMA et al., 1968).
from 20m.y. to 90m.y. In most cases, rocks
are heavily altered and the K-Ar ages should
be regarded to be rather qualitative. However,
one of the samples gave a concordant K-Ar ages
of about 80 m.y. both for the separated plagio-
clase and the whole rock sample, suggesting
that the true age of this seamount (28.22°N,
148.12°E) should not differ much from the ex-
perimental value. The K-Ar ages so far obtained
does not contradict with the view of the youth-
fulness of the ocean floor.

The ages range

More ages of sub-
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marine rocks and rocks from the islands in the
Pacific Ocean should be obtained to see if the
age pattern is in accordance with that expected
from the ocean floor spreading hypothesis.

In addition to the K-Ar ages of submarine
rocks, dating of the rocks from Izu-Bonin-Mariana
islands should be particularly interesting for the
WILSON (1964) suggested
that systematic change of the ages in the Hawaiian
islands is a manifestation of the mantle convec-

following reasons.

tion, which carries away the islands in analogous
A systematic change
of the K-Ar ages of the Izu-Bonin islands would
be expected if a similar conveyor-belt mechanism

way to a conveyor belt.

was operative to form these linear arrangement
of islands. On the other hand, similar ages
should be expected if these islands were formed
as an accumulating scum upon the downwelling

of the mantle convection.

10. Summary

As has been described in earlier sections, the
problems that we face may be summarized into
the one related to the island arc tectonics, in-
cluding that of marginal seas, and the one related
to the tectonics of the western Pacific basin, 7.e.
the history of the Darwin Rise. Both problems
are closely connected with the ocean floor spread-
ing hypothesis, that has been developed so far
mainly from the studies in the other side of the
Pacific, i.e. the East Pacific Rise area.

Investigation of the first problem should check
the wvalidity of the spreading floor hypothesis
because island arc areas are the possible terminus
of the movement of the ocean floor, whereas
the second problem is expected to be related to
the pre-history of the proposed spreading Pacific
floor.

For the practical point of view, the investi-
gation should be carried out in three lines of
approach. The first one is by cruises of research
vessels concentrating on the type of work that
requires no station-time, Z.e. areal survey of
gravity, geomagnetic field and bottom and sub-
bottom topography. The second one is by
expeditions requiring stations, such as heat
flow, coring, dredging, bottom seismometry, and
seamount survey. The third one is mainly for
the refraction studies of the crust, which normally

needs two ships. O course, other types of
measurements (gravity, magnetics and profiling)
should always be made while steaming not only
for the purpose of general survey but also for
the better results of station works, as emphasized
repeatedly. Satellite navigation must be employed
by all the ships so that exact reoccupation of
track lines and stations can be made.

Rough estimate gives that, if five ships are in
full time service, complete survey of the area we
propose would be made in 10 years. The size
of the project certainly appears to require an
internationally organized operation, and an ex-
tremely efficient system of data processing and
exchange. It would perhaps be most appropriate
that the project be carried out as a part of the
scheme of international cooperation now under
consideration by the International Union of
Geodesy and Geophysics, and the International
Union of Geological Sciences for the period after
the termination of the present Upper Mantle
Project.
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Safety
with

Koden Radio Navigation Instruments

Radio Direction Finder
Loran Receiver.

Echo Sounder

Fish Finder

Facsimile Receiver

Morse Teletype Converter
Morse Code Selector

O Koden Eloctunics Co. LI

10-45, Kamiosaki 2-chome, Shinagawa-ku, Tokyo, Japan

Bearing Indication of Radio Direction -Finder

Tel: Tokyo 441-1131

Cable Address: "KOELEC TOKYO"
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PRECISION ECHO SOUNDER
FOR DEEP SEA RESEARCH
12,000 meters below the sea surface can be sounded
with a good accuracy.

This equipment is for sounding
sea bottom as deep as 12, 000
meters from a marine research
ship with very high accuracy.

It has various ranges of scale;
however, the scale range is
automatically shifted from one
to another with the sudden cha-
nge of depth. The recorder
is so designed that it can co-
work with other equipments for
recording various kinds of data.
especially with sonar pinger.
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PRECISION ECHO SOUNDER
FOR SHALLOW

for surveying shallow sea, harbors,
lakes, dames, rivers.

1) The special transmitting system and the ma-
gnification of range scale enable the operator
to take direct reading from the record.

2) The self contained crystal watch improves
the accuracy of recording.

3) The recording device has three ranges, 0to
1, 000 meters, O to 6,000 meters, and QOto
12,000 meters. Their full range scales make
reading of the change of depth easy.

4) Multiple number of recorders can be opera-
ted in parallel.

5) 486 mm width dry type recording paper is
adopted, which makes reading easy.

6) The transmitter and the receiver can be
installed in consol or in seperated areasas
desired.
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MARINE INSTRUMENTS CO.,LTD.

1-19 KANDA NISHIKI-CHO, CHIYODA-KU, TOKYO.
CABLE ADDRESS “MARINEINSTRU" TOKYO




REVERSING THERMOMETER

Protected

Unprotected

Patented parallax-free back scale, opal glass

back sheath enable precise measurements.
Write for details

Precise Thermometer
1-14, NISHIGAHARA KITA-KU

Mercury Barometer
TOKYO JAPAN Hydrometer

e Yoshino Keiki Co. [S“‘“d“d Thmmeter}

AuTo-LAB INDUCTIVE SALINOMETER
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Direct-Reading Current &
Direction Meter -

Model Products
KM-2: Direct Reading Knot-Meter for Trawl-
. Boats to Control Adequate Speed
f1-5 : Electric Meter of Water Temperature

Catalogues are to be sent EC1-5: FElectric Conduction and Temperature

immediately upon receipt of Meter for Chlorine
your order products

TOHO DENTAN CO..LTD.

Office: 1-8-9 Miyamae, Suginami-Ku, Tokyo. Tel Tokyo (334) 3451~3



B7% HB3IF

B x
I3 =z :
JEREEHBRIC BT A EROMEEYFHMAEL
VSR DO BAISE (FEX) crrrrrrorernraneiesienons o
JETE A EEEDEEHITE ccocvrcrerrrriimeiaiiaies e Ceeeeee = OE O A
EBEAEEOWEL - BEOBAENERE (F30 oo B A ®
FAREPEFHE DYEIEHITE ~ - cv v i ciiaenoe BEA B
& ]
A ERROMEENERE G50
------------------ EEHET - WIHE—ED - #7185 - MR - OIS
O EOEAFEEENROIRR LR EA~ORE (30
---------- HARFNREFERIERS, BAVREENREERIMERS
& = R LR R PR PR

Tome 7 N° 3
SOMMAIRE

Netes origimales
Diatom Micropaleontology and Deep-Sea Stratigraphy
of the North PacificeercececrsoscccescececscocssncecsecTaro KANAYA
Topographie des fosses au Pacifique du
nord-ouest (en japonais) ceceecccrccciiiiiiiii iy Yoshioc IWABUCHI
Some Petrological Problems on the Seamounts and
Ridges in the Northwestern Pacific creveeverriresreorcine Hitoshi AOKI

Topographie sous-marine de mers bordiéres du

Pacifique d’ouest (en japonais) «rererecrcrriariiiiiiiriiees Akio MOGI
Miscellanées
Some Geological Problems on the Western Pacific
Region ceocrevee Michihei HOsHINO, Koichiro ICHIKAWA, Hiroshi NIINO,

Takahiro SATO and Yokichi TAKAYANAGI

Compte rendu
Present State of Japanese Investigation of the Western Pacific
QOcean Floor and a Proposal for Future Studies
...... ittt et ettt e eaeeseeeees.Sub-committee for
International Cooperative Studies of the Ocean Bottom in the Western

Pacific, Special Committee for Ocean Research, Science Council of Japan

?f@e;ég.,\’erbagx .......................................... P R R )

183
197
206
213

220

229
246

183

197

206

213

220

229
246



Houp

r~en

%

%

B
TR

mm

'y
—n

LaEN
o

Y4

ol
R

BE
BaBg

2 400
#F 5.1 01
291 1141
EE BB ERIE6503

RESTREEXMEETR2-3
£

5] &
-

:_&m_
— 0
w o Ao
B2
R
B %2
ﬁimﬁ@
LB
i
K@ W
s
2=
B &




