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15. CARBONATE BIOCLASTS OF SHALLOW-WATER ORIGIN AT SITE 7931

Akira Nishimura2

ABSTRACT

Shallow-water limestone fragments and carbonate bioclasts recovered at Site 793, Ocean Drilling Program Leg 126 are
described and discussed in relation to the rifting of the Oligocene basin in the forearc of the Izu-Bonin Arc. The author suggests
that there were islands with shallow-water environments on the flanks of the rift basin in its prerifting to initial rifting stage.

INTRODUCTION

Shallow-water limestone is one of the best indicators of sea-level
position. Ocean Drilling Program (ODP) Leg 126 was drilled in the
central part of the Izu-Bonin Arc to reveal the geologic history of both
the forearc and backarc. Shallow-water limestone fragments and
carbonate bioclasts were found as elastics in the sediment gravity-
flow deposits in the Oligocene sequence at Site 793 in the forearc
basin. This study describes these shallow-water limestone fragments
and bioclasts to determine the distribution and environment of shal-
low-water areas around the basin in the Paleogene. Furthermore, a
limestone fragment from a dredge haul of the forearc area south of
the ODP sites is also described to discuss supplementally the rifting
history of the basin in the forearc of the Izu-Bonin Arc.

GEOLOGIC SETTING

The Izu-Bonin Arc is an intraoceanic arc in the northwestern Pacific
that has been formed since the Eocene by extensive volcanism (Honza
and Tamaki, 1985). In the northern part of the Izu-Bonin forearc, two
basement highs form discontinuous north-trending lines along the vol-
canic front. One is called a frontal-arc high (FAH), and the other an
outer-arc high (OAH). The former continues to the Shin-Kurose Ridge
in the north, and the latter continues to the Bonin Ridge in the south
(Honza and Tamaki, 1985) (Fig. 1). The southernmost part of the FAH is
represented by a seamount (Ohmachi Seamount) near the junction be-
tween the Nishinoshima Trough and the Sofugan Tectonic Line (Fig. 1).
Beyond the Sofugan Tectonic Line, which separates the northern and
southern parts of this arc (Yuasa, 1985), the FAH cannot be recognized
in the seismic records, but frontal volcanoes continue southward between
the Bonin and the Nishinoshima troughs (Yuasa et al., 1982).

Between the two basement highs, there is a forearc basin that is a rift
basin with a Paleogene volcanic basement, as interpreted from the
multichannel seismic survey and confirmed with the drilling results of
Leg 126 (Leg 126 Shipboard Scientific Party, 1989; Taylor, Fujioka, et
al., 1990). During Leg 126, three sites were successfully drilled in the
forearc basin. Site 793 is situated in the central to outer part of the forearc
basin, and Site 792 is located near the frontal-arc high (Fig. 1). The
stratigraphic successions of these forearc sites are similar to each other;
the lower part of the Oligocene sequence consists mainly of sediment
gravity-flow deposits with a high sedimentation rate, whereas the upper
part consists of pelagic nannofossil chalk with a low sedimentation rate
(Taylor, Fujioka, et al., 1990, pp. 407-413).
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SAMPLE DESCRIPTION AND MICROSCOPIC
OBSERVATION

Nine rock specimens from Site 793 and one rock sample from a
dredge haul were used in this study. Sampling horizons, visual de-
scriptions, and microscopic observations of the samples are as fol-
lows. Folk's (1962) classification of limestone types is adopted. The
age assignments of larger foraminifers are based on the summary of
Hashimoto and Matsumaru (1984) for southeast Asia.

Site 793

Limestone fragments and carbonate bioclasts occur in the lower
part of the Oligocene sequence of Unit V of Site 793, from Section
126-793B-63R-3 to Core 126-793B-77R (1182-1326 mbsf) (Taylor,
Fujioka, et al., 1990, pp. 315—4-03) (Fig. 2).

Sample 126-793B-63R-3, 6-8 and 55-57 cm

These two samples are medium-grained sandstone taken from a thick,
greenish black to dark greenish gray (5GY2/1-5GY4/1) sandstone bed
152 cm thick. This bed consists of well-laminated calcareous coarse- to
medium-grained sandstone. Bioclasts are composed of highly fragmental
larger benthic foraminifers, encrusting coralline algae, and bryozoans.
Lens-shaped larger foraminifers occur in this sandstone and are arranged
parallel to the lamina (Plate 1, Fig. 1). Sand grains of volcanic rocks
include reddish brown ones, probably epiclastic.

Sample 126-793B-65R-2, 90-91 cm

Sample 126-793B-65R-2, 90-91 cm, was taken from the central
part of a thick, greenish black (5GY2/1), sandy granule conglomerate
bed. An inflated, lens-shaped, larger foraminifer (Eulepidina sp.) is
the only bioclast in this sample (Plate 1, Fig. 2).

Sample 126-793B-74R-4, 22-24 cm, and -74R-6,118-120 cm

These two samples were taken from one thick greenish black
(5GY2/1) debris-flow deposit (granule conglomerates) containing
large mud intraclasts. Sample 126-793B-74R-4, 22-24 cm, yields
larger foraminifers, Biplanispira mirabilis (Umbgrove) (Plate 1,
Fig. 4) and Pellatispira rutteni Umbgrove, which assign this sample
a late Eocene age (K. Matsumaru, pers. comm., 1990) (Hashimoto
and Matsumaru, 1984). It also contains fragments of light gray,
biomicrite that includes many miliolid foraminifers as well as frag-
ments of articulate coralline algae (Plate 1, Fig. 3). Sample 126-793B-
74R-6, 118-120 cm, was taken from the sandy granule conglomerate
and includes a pebble-sized fragment of biosparite with benthic
foraminifers and articulate coralline algae.
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Figure 1. Geologic structures of the Izu-Bonin Arc compiled from Honza and
Tamaki (1985), Yuasa (1985), and Leg 126 Scientific DriUing Party (1989). FAH
= frontal-arc high, OAH = outer-arc high, VF = volcanic front, OS = Ohmachi
Seamount, NT = Nishinoshima Trough, and STL = Sofugan Tectonic Line.

Sample 126-793B-75R-2, 41-42 and 86-87 cm; -75R-3,14-15 cm;
and-77R-5, 43-45 cm

These four samples were taken from a thick greenish black (5GY2/1),
debris-flow deposit (conglomerate). Sample 126-793B-75R-2, 41-
42 cm, includes two fragments of encrusting coralline algae with encrust-
ing benthic foraminifers (Plate 1, Fig. 5). Sample 126-793B-75R-2,
86-87 cm, contains a fragment of biomicrite that includes benthic and
planktonic foraminifers, ostracodes, and encrusting coralline algae.

Sample 126-793B-75R-3, 14-15 cm, is taken from the basal part
of the debris-flow deposit; it includes a fragment of biosparite with a
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Figure 2. Columnar section of the stratigraphic sequence at Site 793
(Taylor, Fujioka, et al., 1990, pp. 410-411). c claystone, s = siltstone,
fs = fine-grained sandstone, cs = coarse-grained sandstone, and g =
conglomerate.
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15-mm diameter. Larger foraminifers, encrusting benthic foramini-
fers, and encrusting and articulate coralline algae are constituents of
the bioclasts in this sample.

Sample 126-793B-77R-5,43^5 cm, is a greenish black (5GY2/1),
pebbly sandstone from the debris-flow deposit; it includes a pebble-sized
fragment of pelmicrite that includes encrusting coralline algae.

Sample D731

Sample D731 was taken from a dredge haul situated on the western
slope of the Ohmachi Seamount (D731; 29°09'N, 140°43Ti, 2640 m
in water depth) (Fig. 1) during the GH85-2 Cruise of the Geological
Survey of Japan. Several cobble- to pebble-sized rock fragments were
taken, and one sample (D731-7) is a calcareous sandstone that con-
tains pebble-sized gravels of clinopyroxene-orthopyroxene andesite
and includes larger benthic foraminifers (Plate 1, Fig. 6). Moreover,
free specimens of larger foraminifers were found in the sands of a
cylinder dredge. These larger foraminifers are Biplanispira mirabilis
(Umbgrove) and Asterocyclina sp., which assign a late Eocene age to
this sample. The calcareous sandstone includes encrusting and articu-
late coralline algae, echinoid spines, and bryozoans besides larger
foraminifers. Sample D731 includes andesitic gravels, one of which
has a K-Ar age of 31.9 ±1.2 and 33.6 ± 1.2 Ma (Yuasa et al., 1988).

DISCUSSION

Limestone fragments and carbonate bioclasts were found in the
Oligocene sequence at Site 793 in the forearc basin. The bioclasts
include larger benthic foraminifers, smaller benthic and planktonic
foraminifers, and calcareous algae, which were originally deposited
in a shallow-water environment <200 m in depth. All limestone
fragments and calcareous bioclasts were found in the sediment grav-
ity-flow deposits in the sequence. The paleocurrents of the sediment
gravity-flow deposits of Site 793 were examined by means of the
grain orientations, which suggest that a supply area existed north-
northwest of this site (Hiscott et al., this volume). Benthic foraminifer
data from the muddy sediments intercalated in the sediment gravity-
flow deposits in the lower part of the Oligocene sequence show that
a deep-water environment existed, probably below the calcium car-
bonate compensation depth (CCD) (Kaiho, this volume). These data
indicate that the carbonate materials were deposited through sediment
gravity flow from the basin margins, where the shallow-water envi-
ronment was present. Based on biostratigraphic and magnetostrati-
graphic age data, an early Oligocene age has been assigned, and the
larger foraminifers from the sediment gravity-flow deposits are Oli-
gocene species, except for two Eocene species in Sample 126-793B-
74R-4, 22-24 cm (K. Matsumaru, pers. comm., 1990). The sediment
gravity-flow deposits, including the carbonate bioclasts of a shallow-
water origin, were deposited in the Oligocene. The source of the
carbonate bioclasts was mainly a shallower part of the basin margins
as well as pre-existing Eocene limestone in part. The carbonate
bioclasts of Site 793 suggest that a shallow-water environment was
present from the late Eocene to the Oligocene.

In addition, Samples 126-793B-59R-3, 130 cm and -59R-4,
120 cm, yielded wood fragments, suggesting the presence of a land
area that supplied clastic grains into the forearc basin (Taylor, Fujioka,
et al., 1990, pp. 315—403). This horizon is just above the sequence
with calcareous bioclasts (Fig. 2). Moreover, epiclastic volcanic
debris with a reddish color occurred in the Unit V sequence of Site
793 (Taylor, Fujioka, et al., 1990, pp. 315^03). Consequently, these
data show the presence of a land area around the forearc basin as a
sediment source during the deposition of the lower part of Unit V of
Site 793 in the initial stage of the rift sedimentation.

Nummulites boninensis Hanzawa, which is middle Eocene in age,
occurs on Hahajima, one of the Bonin Islands. The Eocene sequence
of Hahajima is composed of volcanic rocks (lava and pyroclastic

rocks), sandstones, and limestones; and the uppermost Eocene se-
quence is composed of Pellatispira limestone (Ujiie and Matsumaru,
1977). Minamizaki limestone of the Chichijima Island yields larger
foraminifers of an Oligocene-Miocene age. In the northern part of the
arc, the present outer-arc area, probably a northern extension of that
of the Bonin Ridge area, had been already sunk below the sea level
at the initial stage of the Oligocene rift basin (Kaiho, this volume).

A sample from the Ohmachi Seamount includes late Eocene larger
foraminifers and demonstrates the presence of a shallow-water envi-
ronment in the late Eocene age in the frontal-arc high area. The age
assignment determined from the larger foraminifers and the K-Ar age
of the andesite in this sample suggest that the larger foraminifers are
reworked from the Eocene strata to the Oligocene one, although larger
foraminifers are well preserved.

CONCLUSIONS

The occurrence of carbonate bioclasts in the Oligocene sequence
indicates that a shallow-water environment (i.e., an island) was pres-
ent in the Paleogene arc-high areas of the flanks of the forearc basin
in the prerifting to initial rifting stage in the late Eocene to early
Oligocene. Frontal-arc-high islands were eroded in the initial stage of
the rift sedimentation and sank below the sea surface in late Oligocene
time, as evidenced from the very low pelagic sedimentation rate in
this arc from the latest Oligocene through the early Miocene.

ACKNOWLEDGMENTS

Thanks are to K. Matsumaru of Saitama University, who kindly
identified the larger foraminifers from Sample 126-793B-74R-4,22-24
cm, and provided valuable information on the larger foraminifer biostra-
tigraphy of Site 793.1 would like to thank R. N. Hiscott, M. Yuasa, K.
Rodolfo, K. Marsaglia, B. Taylor, K. Fujioka, and K. Kaiho for extensive
and fruitful discussions regarding sedimentation and geologic history of
the Izu-Bonin Arc. I am very grateful to K. Mori of Tohoku University
for reviewing the manuscript.

REFERENCES

Folk, R. L., 1962. Spectral subdivision of limestone types. In Ham, W. E. (Ed.),
Classification of Carbonate Rocks. AAPG Mem., 1:63-84.

Hashimoto, W, and Matsumaru, K., 1984. Mesozoic and Cenozoic larger
foraminifera of the Philippines and a references to those found from
Borneo by the APRSAs paleontological reconnaissance. Geol. Palaeon-
tol. Southeast Asia, 25:147-166.

Honza, E., and Tamaki, K., 1985. The Bonin Arc. In Nairn, A.E.M., Stehli,
F. G., and Uyeda, S. (Eds.), The Ocean Basins and Margins (Vol. 7): New
York (Plenum), 459-502.

Leg 126 Shipboard Scientific Party, 1989. Arc volcanism and rifting. Nature,
342:18-20.

Taylor, B., Fujioka, K., et al., 1990. Proc. ODP, Init. Repts., 126: College
Station, TX (Ocean Drilling Program).

Ujiie, H., and Matsumaru, K., 1977. Stratigraphic outline of Haha-jima (Hillsbor-
ough Island), Bonin Islands. Mem. Nat. Sci. Mus., Tokyo, 10:5-22.

Yuasa, M., 1985. Sofugan Tectonic Line, a new tectonic boundary separating
northern and southern parts of the Ogasawara (Bonin) Arc, northwest Pacific.
In Nasu, N., Kobayashi, K., Uyeda, S., Kushiro, I., and Kagami, H. (Eds.),
Formation of Active Ocean Margins: Tokyo (Terra Sci. Pub.), 483^-96.

Yuasa, M., Honza, E., Tamaki, K., Tanahashi, M., and Nishimura, A., 1982.
Geological map of the southern Ogasawara and northern Mariana arcs.
Geol. Surv. Jpn., Geol. Map Sen, No. 18.

Yuasa, M., Uchiumi, S., Nishimura, A., and Shibata, K., 1988. K-Ar age of a
forearc seamount adjacent to the volcanic front of the Izu-Ogasawara Arc.
Progr. Abstr. Volcanol. Soc. Jpn., 2:63. (Abstract)

Date of initial receipt: 2 January 1991
Date of acceptance: 11 September 1991
Ms 126B-130

233



A. NISHIMURA

áà
*

1

" <r4

y - 7

i f , ,
ji•"<•:•

•

••••••

% ' : ' : . ' ' * • • ' " • • ' * ~ %

6

Plate 1. Photomicrographs of thin sections of limestone and carbonate bioclasts at Site 793 and in dredge Sample D731. Scale bars = 1 mm. 1. Calcareous sandstone
including fragments of larger foraminifers and encrusting coralline algae (Sample 126-793B-63R-3,6-8 cm). 2. A single specimen of a larger foraminifer {Eulepidinα
sp.) in sandstone (Sample 126-793B-65R-2,90-91 cm). 3. A fragment of biomicrite that includes miliolid benthic foraminifers and articulate coralline algae (Sample
126-793B-74R-4, 22-24 cm). 4. A single specimen of Biplanisipira mirabilis (Umbgrove) in sandstone (Sample 126-793B-74R-4, 22-24 cm). 5. A fragment of
encrusting coralline algae (Sample 126-793B-75R-2,41-42 cm). 6. Calcareous sandstone including Biplanisipira mirabilis (Umbgrove) (Sample D731-7).
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