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1. EPISODIC DEPOSITION OF PLIOCENE-PLEISTOCENE PUMICE FROM THE IZU-BONIN ARC,
LEG 126!

Akira Nishimura,2 Kelvin S. Rodolfo,? Akiko Koizumi,* James Gill,’ and Kantaro Fujioka®

ABSTRACT

Thick pumice deposits were found in the cored sequences of forearc, arc, and backarc sites of Leg 126 in the Izu-Bonin Arc.
These deposits, composed of fragmental rhyolite pumice with the chemical composition of low-alkali tholeiites, are products of
arc volcanism. Pumice deposits constitute more than half of the thickness of the sediment fill of the Sumisu Rift, a backarc rift
of the Izu-Bonin Arc. They comprise five thick pumiceous beds separated by thin hemipelagic units; as such, they record four
major episodes or pulses of explosive, rhyolitic volcanism during the last 0.15 Ma, separated by quiescent intervals that each
lasted about 30-60 k.y. The thick pumiceous beds were deposited in the rift mainly by sediment gravity flows during and
immediately after the eruption of arc volcanos, which were probably submarine. Initiation of rifting was also preceded in the
Pliocene by submarine rhyolitic volcanism, as seen in samples from the top of the eastern rift flank. Thick pumice beds correlative
with those in the backarc also occur in the forearc basin to the east.

INTRODUCTION

Volcanism along the [zu-Bonin Arc is attested to by recorded
eruptions on the volcanic islands, and by submarine volcanic rocks
that have been collected by research vessels. One of the primary
objectives of Ocean Drilling Program (ODP) Leg 126 was to establish
the timing of the initiation and development of the Sumisu Rift.
Before Leg 126, no scientific drilling had been conducted along the
Izu-Bonin Arc, although several holes had been drilled in the Mariana
Arc to the south by Deep Sea Drilling Project (DSDP) Legs 6, 31, 59,
and 60. Leg 125 drilled Site 785 in the Izu-Bonin forearc basin, but
encountered a thick pumice layer from which recovery was poor. Leg
126 drilled two sites 2.4 km apart in the Sumisu Rift (Sites 790 and
791), one site (788) on the eastern rift flank top, and three sites (787,
792, and 793) in the forearc basin (Fig. 1). The cores from the rift
basin and rift flank consist primarily of thick, Pliocene-Pleistocene
pumiceous deposits. These new cores have provided much needed
evidence for arc volcanism south of Tokyo, because Japanese records
of eruptions along the Izu-Bonin Arc are scarce compared with data
for other regions of Japan.

Existing models of backarc-basin sedimentation in their tectonic
context (Karig and Moore, 1975; Carey and Sigurdsson, 1984; Klein,
1985) are based on very sparse sedimentologic data, largely because
the coarse and friable volcanogenic sediments are difficult to drill and
core, and so complete or even well-recovered sequences like those
obtained at Sites 790 and 791 are very rarely obtained. In this paper
we describe the sedimentology and petrology of the pumice deposits,
determine their origin and mode of deposition, and explicate their
evidence for the geologic history of the Izu-Bonin Arc. We pay
particular attention to the great thickness of pumiceous rift-basin fill
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at Sites 790 and 791, and describe the deposits of the rift flank and
the forearc.

GEOLOGIC SETTING

The Izu-Bonin Arc (Fig. 1), situated between the northwestern
Pacific and the Philippine Sea, was formed since the Eocene by
intense bonititic, calc-alkaline, and tholeiitic volcanism (Honza and
Tamaki, 1985). The north-trending volcanic front, approximately 200
km west of the axis of the Izu-Bonin Trench, comprises a line of active
subaerial and submarine volcanos with discontinuous backarc rifts,
including the Sumisu Rift immediately behind the volcanic front
between Sumisu Jima and Tori Shima islands (Honza and Tamaki,
1985; Brown and Taylor, 1988; Murakami, 1988; Taylor et al., 1990).
This rift (Fig. 2) consists of north and south basins, separated by small
volcanic ridges, and is buried in sediments so thick that the two-way
traveltime exceeds 1.2 s on seismic reflection records (Murakami, 1988).
The volcanic history of the arc is not well understood, and most of the
information comes from the geology of the islands and from cores
taken in the Philippine Sea. In the northern part of the arc, in addition
to the island and submarine volcanos, six submarine calderas have
recently been discovered (Fig. 1). These are, from north to south, the
Higashi-Aoga Shima, Kita-Beyonesu, Myojin Sho, Sumisu, Minami-
Sumisu, and Tori Shima calderas (Murakami and Ishihara, 1985; Takada
and Yuasa, 1990; Tayloretal., 1990). During their generation, all these
calderas are thought to have produced large quantities of pumice. The
famous Myojin Sho eruption in 1952 (Niino et al., 1953) is the most
recent pumice-producing episode in the arc.

METHODS

Original shipboard visual core descriptions (Taylor, Fujioka, etal.,
1990) provide the stratigraphic, temporal, and areal distributions of
pumice deposits in the core sequences of Leg 126. We also report
additional analyses of pumice deposits sampled by Leg 125 at Site
785 in the forearc basin east of the Sumisu Rift. The ages of the
deposits were determined using biostratigraphic and magnetostrati-
graphic data. Grain-size distributions were determined by using standard
sieving methods for sand-size grains, and a Shimadzu Co Ltd. SALD-
1100 Laser Beam Particle Size Analyzer for silt- and clay-size grains.
The grain types of sand-size grains of the pumice deposits were deter-
mined with a binocular microscope. The vesicularity and mineral com-
position of the pumice were estimated using the color-index method.
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Figure 1. Bathymetric chart of study area and its volcanos, showing Leg 126 sites. Bathymetry in kilometers, contour interval

0.5 km, from Taylor, Fujioka, et al. (1990, p. 8). Calderas are as

follows: A = Higashi-Aoga Shima, B = Kita-Beyonesu, C =

Myojin Sho, D = Sumisu Jima, E = Minami-Sumisu, and F = Tori Shima.

Two to six pumice clasts were analyzed from each sample for
major-element chemistry. A fused glass bead was made from each
clast by heating a powdered split on an iridium plate at about 1200°C
for 20 s. Polished sections of the glass beads were analyzed with a
JEOL Model JCXA-733 electron probe microanalyzer, using 10-s
counting time, with a 10-pm diameter defocused beam at 15 kV, and
1.2x1077 A. Measurements were taken at 5-9 points on each sample
and reported as an average that is within 1.5 wi% for each oxide studied.
The results of the individual analyses are shown in the Appendix.

PUMICE DEPOSITS

In this section, we describe and discuss pumice deposits that occur
in layers, each thicker than several meters, in the Pliocene-Pleistocene
sequences of Leg 126 and Site 785 of Leg 125 (Fig. 1). The data for
the following descriptions can be found in Taylor, Fujioka, et al. (1990).

Backarc Pumice Deposits

The total sedimentary accumulations at Sites 790 and 791 in the
Sumisu Rift are roughly equivalent in age: 1.1 Ma at Site 790 and
about 1.0 Ma at Site 791. However, the thickness of the deposits is
very different: 271 m at Site 790 and 834 m, or over three times
thicker, at Site 791. This difference in thickness is attributable to the
sedimentologic response to the tectonic movements related to half-
graben formation. The sedimentary successions are similar at the two
sites and are divided into the same two units (Fig. 3). Unit I at both
sites is the principal concern of this report. Unit II, deposited between

1.1 and 0.20 Ma, consists of burrowed nannofossil-rich clay, silty clay,

and clayey silt with thin intercalations of volcanic ash. It is 106 m
thick and unconsolidated at Site 790; at Site 791 it is 406 m thick and
has been lithified by the greater overburden pressures.

Unit I, overlying Unit I at 165 mbsf at Site 790 (Fig. 3) and 428 mbsf
at Site 791, was deposited after 0.20 Ma and consists primarily of five
beds that range in thickness from 8 to 37 m at Site 790 (Fig. 4) and
from 29 to 118 m at Site 791 (Fig. 5). At Site 790, where recovery
from Unit I was excellent, each of these beds is a sequence that fines
upward from coarse pumiceous tephra and sand-size vitric ash to silt-
and clay-size ash. The lower portions of some of the beds contain
parallel-laminated sandy portions and darker-colored partings of
scoriaceous sand and basaltic rock fragments. We have numbered the
thick pumiceous beds I to V in order of increasing depth below the
seafloor. They are separated from each other by thinner successions
of clay-nannofossil hemipelagites with minor, thin ash intercalations. At
Site 790, these hemipelagite successions are 3—15.5 m thick.

Recovery was not as good at Site 791, and so the thicknesses of
the pumiceous and hemipelagic intervals are not as well known,
especially at the bottom of the unit. Consequently, most of the
following descriptive detail for each of the thick pumiceous beds
comes from Site 790. In general, the successions at Site 791 differ
from those at Site 790 in the following ways: (1) the pumiceous beds,
beside being about three to four times thicker, are more complex, each
comprising several coarse and fine successions; (2) some of the
coarser intervals contain muddy intraclasts, and (3) the hemipelagic
intervals between the thick pumiceous beds also tend to be thinner.
These characteristics are best interpreted as resulting from episodes
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Figure 2. Bathymetry of the Sumisu Rift (from Murakami, 1988), illustrating Izu-Bonin backarc sites drilled on Leg 126.

Contour interval is 100 m.

of sediment remobilization at the eastern flank uplift and redeposition
at the rift-basin depocenter. Site 790, being more distally located, was
much less affected by such events.

Thick Pumiceous Bed I

At Site 790 (Fig. 4), this bed is about 8 m thick and has a basal
portion of grayish black (N2), sand-size pumice, although its lower
part is composed primarily of light olive gray (5Y6/2), sand-size
pumiceous ash. Its upper part consists of light olive gray (5Y6/1),
silt-size ash. At Site 791 (Fig. 5), the layer is about 29 m thick, and
its lower part contains admixed, pebble-size pumiceous tephra. The
top of the bed lies just below the seafloor, being overlain by a
hemipelagic layer typically about 10 cm thick (Plate 1, Fig. 1), as seen
in the tops of gravity cores from the Minami Sumisu Basin (Nishimura
and Murakami, 1988). The entire bed probably corresponds to the
uppermost, transparent, 10-20 m thick stratum in 3.5-kHz sub-bottom
profiling records (Brown and Taylor, 1988). It is separated from Thick
Pumiceous Bed II by a hemipelagic interval that is 10.6 m thick at
Site 790 and 11 m thick at Site 791.

Thick Pumiceous Bed II

This bed is the thickest of the three uppermost pumiceous beds,
for which we have the data to reconstruct complete successions. It is
37 and 118 m thick at Sites 790 and 791, respectively. At Site 790
(Fig. 4), its basal 20 m consists of light olive gray (5Y6/1), pebble-size
pumiceous tephra (Plate 1, Fig. 2), succeeded by 12 m of gray (5Y5/1)
to olive gray (5Y4/1), sand-size pumiceous ash, and an uppermost 5-m
thickness of olive gray (5Y5/1), silt-size ash. At Site 791 (Fig. 5), the
coarser basal portion is exceptionally thick (about 80 m, or more than
two-thirds of the entire bed), appears to comprise several layers, and
contains muddy intraclasts. The hemipelagic interval that separates
this bed from Thick Pumiceous Bed 1T is 15.5 m thick at Site 790, where
it contains 22 thin ash layers; it is much thinner (<1 m) at Site 791.

Thick Pumiceous Bed I11

At Site 790 (Fig. 4), Thick Pumiceous Bed 111 has a total thickness
of about 17 m and consists of a basal 1.7-m layer of gray, olive gray,
and black (5Y5/1, 5Y4/1, and 5Y3/2 ), sand-size ash that coarsens
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Figure 3. Lithologic units of Site 790 (Taylor, Fujioka, et al., 1990, p. 140). Thick pumiceous beds are intercalated with thin

hemipelagites.

gradationally upward into a 4.5-m layer of light olive gray, olive gray,
gray, and black (5Y5/2, 5Y5/1, 5Y4/2, and 5Y3/2), pebble-size
pumiceous tephra and sand-size ash. This middle interval in turn is
succeeded by 10 m of olive gray (5Y5/1), silt-size ash. The bed is
about 46 m thick at Site 791 (Fig. 5), where it comprises several coarse
to fine layers, including one of pebble-size tephra that contains mud
intraclasts in the middle of the sequence. A hemipelagic layer <3 m
thick between this bed and Thick Pumiceous Bed IV contains three
thin ash layers.

Thick Pumiceous Bed IV

At Site 790 (Fig. 4), Thick Pumiceous Bed IV is about 37 m thick
and consists of a basal 13 m of olive gray (5Y5/2), pebble-size
pumiceous tephra and sand-size ash, overlain by 23 m of silt-size ash.
Because of the poor recovery at Site 791, we can say little about the
unit at Site 791, where it is about 146 m thick. A hemipelagic layer
about 16 m thick between this layer and underlying Thick Pumiceous
Bed V contains at least 29 thin ash layers.

Thick Pumiceous Bed V

The minimum thickness of this layer at Site 790, estimated at about
30 m, is uncertain because there was no recovery from an entire core
between its lowest sampled interval and the uppermost recovery from
underlying Unit II. The upper part of the bed consists of an 8-m-thick,
olive gray (5Y5/2 ), sand-size pumiceous ash and 2 m of silt-size ash.
Recovery was much less at Site 791.

Textures

Figure 6 summarizes the results from the grain-size analyses of
samples from each of the thick pumice beds. Pebble-size clasts were
not included in the analyses because of sample-size limitations. The
pebble-free matrices are relatively well sorted and have modes in the
medium sand range. The silt-size parts of the beds are also well sorted,
similar to previously sampled and described ash layers that occur
close to the seafloor (Nishimura and Murakami, 1988). In addition to
the dominant pumice clasts, which have water-saturated specific
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Figure 4. Lithologies of Thick Pumiceous Beds I-V in Holes 790B and 790C, based on shipboard
core descriptions (Taylor, Fujioka, et al., 1990, pp. 491-526). D = dark-colored part and L = laminated
part. Core numbers (e.g., 2H, 3H, etc.) are shown beside the graphic columns.

gravities ranging from 1.26 to 1.58, rare lithic clasts of scoriaceous
andesite with specific gravities of 2.1-2.2 are also present. The ten
largest pumice clasts in a core have diameters of 2—4 cm, whereas the
sizes of accompanying lithic fragments are typically 15%-37% as large.

Grain Types

Sand-size grains in the pumice beds are pumice, blocky glass
fragments, pyroxene and feldspar mineral grains, rock fragments, and
biogenic grains. The pumice grains are easily divided into two types
based on vesicle morphology. The dominant type has essentially
equant vesicles (Plate 2, Fig. 1), whereas vesicles in the other type are
very thin and exceedingly elongate (Plate 2, Figs. 3 and 4). Biogenic
components constitute minor portions of the sand fraction finer than
0.5 mm, and include molluscan and bryozoan fragments (Plate 2,
Fig. 6), and the tests of planktonic and benthic foraminifers. For
example, Sample 126-790B-2H-1, 110-114 cm, from Thick Pu-
miceous Bed I contains bivalves and gastropoda fragments and the
benthic foraminifers Bulimina aculeata, Uvigerina sp., and Quin-
queloculina sp. Shipboard smear slides show that the finer grained
portion of this bed is composed primarily of fine volcanic shards with
a few percent of calcareous nannofossils (Taylor, Fujioka, et al., 1990,
pp. 127-220). The grain types of each thick pumiceous bed correlate
well between Sites 790 and 791 (Fig. 7).

Petrography and Chemistry of Pumice

Petrographically, the pumice in these beds is two-pyroxene rhy-
olite (with normative quartz). Their vesicularities range from 17% to
45% (Table 1). Chemical analyses show that the pumice can be
classified into Kuno's (1966) low-alkali tholeiite series. Ranges of
each major element are summarized and contrasted with those of the
pumice deposits of the flank site and forearc basin sites in Table 2.
We also compare the chemistry of pumice from the rift basin, the flank
uplift (arc), and forearc basin in plots of 8iO, vs. TiO,, alkali, and
K,O (Fig. 8) and in K,0/SiO, plots (Fig. 9). The chemical composi-
tion of each thick pumiceous bed correlates well between Sites 790
and 791 (Fig. 10).

Approximate Ages

We have made a first approximation of the age of the thick
pumiceous beds of Site 790 (Fig. 11). Our biostratigraphic time
controls are the first occurrence (FO) of Emiliania huxleyi (0.275 Ma)
at a depth of 180 mbsf, and the base of the acme of this species (0.085
Ma) at 130 mbsf (Firth and Isiminger-Kelso, this volume). We assume
that the thick pumice beds, and the thin ash layers in the hemipelagite
intervals, were deposited during episodes so short as to be geologi-
cally instantaneous, whereas the hemipelagic sediment was deposited
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Table 1. Petrography of pumice of Leg 126.

Core, section, Vesicularity Pl Cpx Opx Hb Groundmass
interval (cm) (%) (%) (%) (%) (%) (%)
126- 790B- 2 H-2, 10 - 20 25 0.33 0.33 0.50 - 98.84
790B- 7 H-2, 34 - 38 23 1.00 1.00 0.66 - 97.34
790B-10H-1, 70 - 140 40 0.66 + - - 99.34
790C- 5 H-1, 73 - 77 45 0.33 - - - 99.67
790C- 8 H-6,116 - 120 20 0.66 0.50 0.50 - 98.34
791 A- 3 H-3, 20 -100 40 0.33 - 0.30 - 99.37
791 A- 10H-5, 53 - 96 30 0.20 0.33 0.33 - 99.14
791 A-22H-2, 45 - 50 40 0.66 0.20 0.33 - 98.81
791 A-28X-1, 66 - 70 17 0.50 - 0.20 - 99.30
788C- 1 H-1, 34 - 36 40 0.33 + - . 99.67
788C-14H-4, 70 - 72 30 0.20 - - - 99.80
788C-22H-1, 47 - 49 20 0.20 + + - 99.80
125- 785 A- 1 H-3, 14 - 17 25 0.33 - + ] 99.67
785A- 1 H-5, 11 - 14 45 0.10 - 0.10 - 99.80
785A- 2 H-5, 10 - 12 45 0.33 - 0.20 - 99.47
126- 793 A- 1 H-3, 50 - 52 35 0.66 0.50 0.50 - 98.34
793A- 1 H-3, 50 - 52 50 0.33 0.10 0.10 - 99.47
793 A- 2 H-5, 42 - 44 25 0.66 0.20 0.33 + 98.81
793 A- 2 H-5, 42 - 44 35 0.33 0.66 0.50 - 98.51
793 A- 3 H-5, 70 - 72 20 1.00 - - - 99.00
793 A- 5 H-7, 40 - 42 35 1.00 - - - 99.00
Table 2. Summary of ranges in major-oxide contents (%) of pumice samples from Leg 126.
Backarc Pumice Arc Pumice Forearc Pumice
Sites 790, 791 Site 788 Site 793 Site 785
Quaternary | Pliocene | Upper Quat. | Middle Quat.
SiO2 71.4-80.1 75.8-788 | 70.7-77.5 | 69.4-75.7 | 735-772 | 711.5-7786
Al203 11.6-150 | 11.9-136 | 11.6-13.8 | 13.2-143 | 12.8-143 | 12.1-14.1
TiO2 0.2-0.8 0.4-0.5 05-08 03-0.8 0.4-05 0.3-1.0
Fe203 23-52 28-33 36-54 19-56 28-34 26-49
MgO 03-15 0.6-0.7 0.9-22 06-1.6 05-0.6 0.4-1.7
Ca0 1.8-4.4 24-3.4 28-4.2 3.1-48 2.8-37 27-5.0
Naz0 1.4-29 15-2.3 1.8-23 2.7-3.1 2.0-28 2.0-24
K20 0.5-1.3 09-1.0 | 07-14 | 08-14 | 09-10 | 08-1.3

slowly at fairly constant rates (59 mm/k.y. in the interval between 180
and 130 mbsf, and 150 mm/k.y. for the column above 130 mbsf). This
yields ages of 1, 31, 61, 67, and 131 ka for Thick Pumiceous Beds I,
II, 11, IV, and V, respectively (Fig. 11), with only Thick Pumiceous
Bed V deposited during the period of slower sedimentation. Alterna-
tively, if the increase in hemipelagic sedimentation rate of 150 mm/k.y.
occurred between Thick Pumiceous Beds V and IV, Thick Pumiceous
Bed V would have an age of only 102 ka. The correlation of the thick
pumiceous beds between Sites 790 and 791 is shown in Figure 12;
we assume that the thick pumiceous beds at Site 791 are the same ages
as those at Site 790.

Pumice Deposits of the Arc (Eastern Rift Flank)

The sedimentary succession of arc Site 788 is dominated by coarse
clastic deposits of rhyolitic pumice (Fig. 13). Unit Il is early Pliocene
in age (4.8-3.8 Ma), and Unit I is Pliocene to Quaternary (>3.8 Ma).
The uppermost, 30-m thick interval is biostratigraphically separated
from the others by an unconformity. Below the hiatus, the age of these

pumiceous gravel beds is somewhere between 2.85 and 2.35 Ma,
depending upon the actual sedimentation rate, which is not well
constrained (Taylor, Fujioka, et al., 1990, pp. 221-314). The gravels
immediately above the hiatus were biostratigraphically dated at 0.275 Ma;
the age of the sediments at the surface is not known. Recovery from
Unit IT was poor, and so we present descriptions and analyses of
pumices only from Unit 1.

Unit I is composed principally of poorly sorted ash and pumiceous
tephra of sand to pebble sizes (Plate 1, Fig. 3). Sand and silt-size vitric
ash is very rare in the sequence, in which hemipelagites and pelagites
are virtually absent. The pumice clasts are colored olive gray (5Y4/2)
to light olive gray (5Y5/2), but in the Quaternary layer some are
discolored and oxidized to various shades of brown and yellow,
suggesting that the surface deposits resided for some time at the
seafloor, where they were subjected to oxidation and winnowing.

Shipboard grain-size descriptions subdivide the unit into four
intervals with coarsening-upward trends 30-50 m thick. It is possible
that some of the cycles may actually include composite layers. The
uppermost cycle corresponds to the Quaternary pumice deposits, and
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Figure 5. Lithologies of Thick Pumiceous Beds I-Ill in Hole 791A, based on
shipboard core descriptions. The key is the same as in Figure 4. M = mud intraclasts.

the lower cycles to the Pliocene ones. Sand/granule/pebble ratios range
from 5/5/90t0 90/10/0 in individual cores, with a mean of 25/30/45, Lithic
clasts of andesitic scoria, only 15%-30% as large as the pumice frag-
ments, comprise less than 1% of the total sediments.

Petrologically, the pumices at Site 788 are two-pyroxene rhyolites
(Table 1); chemically, they are arc tholeiites. The range of major-oxide
contents of the pumice samples are summarized separately for the
Pliocene and the uppermost Quaternary deposits in Table 2. The K,0
contents of the Pliocene deposits are higher than those of the Quaternary
samples from this site as well as those from the rift basin. Most of the
pumice clasts from the Quaternary bed of Unit1 at Site 788 are chemically
similar to the thick pumiceous beds of the Sumisu Rift, although also
present are some resedimented pumice clasts of dacitic (low-Si0,)
composition and very high K contents that were probably derived from
the lower sequence of Pliocene age (Fig. 9). Analyses of these clasts were
not used to determine the ranges of major element abundances given in
Table 2. The K,0 vs. S8iO, plots of Figure 9 show that the pumice deposits
of Site 788 may be correlative with Thick Pumiceous Beds I, IT, IV, and
V of Sites 790 and 791; Thick Pumiceous Bed I11 has lower K,O contents.

Forearc Pumice Deposits

Here, we briefly describe pumice deposits recovered from Legs 126
(Sites 787, 792, and 793) and 125 (Site 785). At Site 793 (Fig. 14), the
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uppermost 14.5 m of the sequence is a gravelly deposit of dark gray
(5Y4/1, N3) pumice that correlates biostratigraphically with the thick
pumiceous beds of the Sumisu Rift. Sand contents are low, ranging
from 10% to 30%. The middle part of the Quaternary sequence
(Subunit IA and upper part of Subunit IB) contains a 20-m-thick
interval of possible debris-flow deposits with a mixed assemblage of
dark gray (5Y4/1), pebble-size pumice and varicolored intraclasts of
nannofossil ooze (Taylor, Fujioka, et al., 1990, pp. 315-403). Petrologi-
cally, the pumice from the uppermost bed is hornblende—two-pyroxene
rhyolite, and that from the debrite is two-pyroxene rhyolite. The ranges
in major-oxide contents for both beds are given in Table 2; they are
very similar to those of the thick pumiceous beds of the Sumisu Rift.

At Site 785, located in the forearc basin 70 km east-northeast of
Tori Shima Island (Fig. 1), the uppermost 3-m-thick layer consists of
nannofossil ooze, which overlies thick pumice deposits that were
penetrated only down to 66.8 mbsf but are probably more than 100 m
thick (Fryer, Pearce, Stokking, et al., 1990). Calcareous nannofossil
biostratigraphy shows that the base of the surface nannofossil ooze is
older than the CN15/CN14b boundary (>0.275 Ma), and so the thick
pumice deposits of Site 785 are older than the thick pumiceous beds
of the Sumisu Rift. The pumice clasts are petrologically two-pyroxene
rhyolites (Table 1). Table 2 and Figure 9 show that the pumice from
these beds are chemically similar to the pumice deposits of the rift
basin, but they contain slightly more K,O.

At Site 792, a complete sequence records the volecanic activity of
the arc during middle to late Quaternary time (see the ash-layer table
of Taylor, Fujioka, et al., 1990, pp. 221-314). The sequence contains
no beds of coarse pumice, but thin ash layers are intercalated through-
out, some of which are possibly correlative with the thick pumiceous
beds of the Sumisu Rift. We estimate that ash-producing episodes
ranged in frequency from 120 to 350 per m.y. or more (Fujioka et al.,
this volume).

Site 787 is located in the Aoga Shima Canyon east of Aoga Shima
Island (Taylor and Smoot, 1984). The Quaternary sediment here (Unit
[; 0-21.7 mbsf) is dark gray (N3) to black (N2) sandy pumice and
scoria admixed with molluscan and bryozoan fragments (Taylor,
Fujioka, et al., 1990, pp. 63-96). These deposits are canyon fill
remobilized from the shallower surroundings and were not analyzed
in detail.

ORIGIN AND DEPOSITIONAL PROCESSES OF
PUMICE DEPOSITS

The thick pumiceous beds of the Sumisu Rift, separated from one
another by hemipelagic intervals, record five episodes of input by
explosive volcanism in the period after 0.15 Ma. Their chemistry
indicates that they are products of arc volcanism that belong to Kuno's
(1966) low-alkali tholeiite series. Rocks from the frontal-arc volcanos
in the northern Izu-Bonin Arc also belong to this series, except for those
from the Beyonesu Rocks of the Myojin Sho (Yuasa and Tamaki,
1982). Furthermore, the Sumisu Rift pumices have lower concentra-
tions of Rb, Zr, Nb, Ce, and Y relative to SiO, than do rift rhyolite
(Taylor, Fujioka, et al., 1990, pp. 97-126; Gill et al., this volume).

Five lines of evidence indicate that the thick pumiceous beds of
the Sumisu Rift were deposited by sediment gravity flows:

1. They each display a single upward-fining sequence.

2. Both coarser and finer grained parts of the beds are relatively
well sorted.

3. The deposits include biogenic grains (molluscan and bryozoan
fragments and foraminifer tests in the coarser part and calcareous
nannofossils in the finer part) that must have been incorporated by
sediment gravity flows from the underlying substrate (Carey and
Sigurdsson, 1980).

4. Thick Pumiceous Beds I1 and Il contain mud intraclasts at Site 791.

5. Each pumice bed is several times thicker at Site 791 than at
Site 790, which suggests a syntectonic smoothing of the rift-basin
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Figure 6. Grain-size distributions of the thick pumiceous beds at Sites 790 and 791. Numbers
1-25 on the figure represent the following samples: 1 = Sample 126-790B-1H-2, 3741 cm
(1.9 mbsf); 2 = Sample 126-790B-2H-1, 110-114 cm (5.6 mbsf); 3 = Sample 126-790B-2H-
2, 10-20 cm (6.1 mbsf); 4 = Sample 126-790B-4H-2, 78-82 cm (25.8 mbsf); 5 = Sample
126-790B-5H-5, 43-47 cm (39.4 mbsf); 6 = Sample 126-790B-7TH-2, 34-38 cm (53.9 mbsf);
7 = Sample 126-790B-10H-1, 70-140 cm (81.7 mbsf); 8 = Sample 126-790B-10H-4,
102106 cm (86.5 mbsf): 9 = Sample 126-790C-3H-6, 28-32 cm (112.0 mbsf); 10 = Sample
126-790C-5H-1, 73-77 cm (124.2 mbsf); 11 = Sample 126-790C-5H-3, 7-11 cm (126.6
mbsf); 12 = Sample 126-790C-7TH-2, 60-64 cm (144.8 mbsf); 13 = Sample 126-790C-8H-6,
116-120 cm (154.4 mbsf); 14 = Sample 126-791A-3H-3, 20-100 cm (17.2 mbsf); 15 =
Sample 126-791A-4H-3, 6-10 cm (26.6 mbsf); 16 = Sample 126-791A-7H-2, 30-35 cm
(53.8 mbsf); 17 = Sample 126-791A-8H-3, 38-42 cm (65.0 mbsf); 18 = Sample 126-791A-
10H-5, 53-96 cm (87.5 mbsf); 19 = Sample 126-791A-20H-4, 28-32 cm (181.8 mbsf); 20
= Sample 126-791A-22H-2, 45-50 cm (198.9 mbsf); 21 = Sample 126-791A-22H-6, 28-32
cm (202.7 mbsf); 22 = Sample 126-791A-25X-1, 28-32 cm (217.4 mbsf); 23 = Sample
126-791A-28X-2, 66~70 cm (246.7 mbsf); 24 = Sample 126-791A-33X-1, 60-64 cm (296.9

mbsf); and 25 = Sample 126-791A-34X-1, 4348 cm (304.4 mbsf).

floor by sediment gravity flows. At present, Site 790 is 40 m shallower
than Site 791.

Each thick pumice bed in the rift has an uppermost thick, fine-
grained ash layer. This suggests that the explosive eruptions that
produced the massive pumice deposits were submarine, because the
finer grained products of subaerial eruptions tend to be sorted out and
deposited far from the source volcano. Submarine eruptions input
both finer grained ash and coarser pumice into the seawater. Hot
pumice clasts sink immediately after cooling, but cold ones some-
times float for a long time (Whitham and Sparks, 1986). Fragments
of highly elongated vesiculated pumice similar to those described here
(Plate 2, Figs. 3 and 4) have been reported from deep-water sources
(Kato, 1987). Furthermore, the pronounced size differences of the
predominant pumice clasts and the rare associated lithic clasts in the
fank site deposits suggest that the clasts of both sizes settled together
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through seawater columns at the same velocities, in a fashion similar
to that determined for similar Miocene-Pliocene deposits in Japan
studied by Fiske and Cashman (1989).

We can speculate on the sources and transport paths of the rift-basin
pumice deposits by examining the modern bathymetry (Fig. 2), because
the deposits are very young (<0.15 Ma). Three submarine calderas are
present along the eastern rift flank: Sumisu, Minami-Sumisu (Daisan
Sumisu Knoll), and Tori Shima (Fig. 1). Minami-Sumisu Caldera is
a likely source because pumice from it is chemically similar to pumice
from Thick Pumiceous Bed I (Taylor, Fujioka, et al., 1990, pp.
97-126; Gill et al., this volume). At present, a ridge barrier of small
basaltic and dacitic cones arranged en echelon separates the north and
south basins of the Sumisu Rift, and no path exists through the Kita
(north) Sumisu Basin from Sumisu and Minami-Sumisu calderas to
the Minami (south) Sumisu Basin. The K-Ar age of two rock samples
from the ridge barrier are 255 and 276 ka (Hochstaedter et al., 1990);
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cm (246.7 mbsf).

these ages are older than that of the lowermost thick pumice bed of
the rift (131 ka). The foot of the eastern flank of the ridge has no large,
prismatic, talus-like deposits of volcanic debris, which excludes the
possibility that gravity flows could have passed over the top of the
flank crest. An unrestricted route into the basin lies northwestward
from Tori Shima Caldera, which, with its associated vents, is another
probable source. We have no sample from this caldera, however, and
basaltic and andesitic rocks are reported from the active volcano on
Tori Shima Island (Tsuya, 1937; Nishimura et al., 1988; Takada and
Yuasa, 1990). Chemical compositions alone cannot identify the source.

TEMPORAL AND AREAL DISTRIBUTION OF
PUMICE DEPOSITS

Age data have established a correlation of the thick pumice deposits
of the backare, arc, and forearc, and the chemical compositions of the
beds at these localities are concentrated in rather small areas in oxide-
oxide plots (Fig. 8). The older (Pliocene) pumiceous beds of Site 788
pre-date the backarc rifting have slightly higher K,O contents than the
Quaternary rift-basin pumices, but the uppermost 30 m at the flank site
correlates biostratigraphically and is chemically similar to those of the
Sumisu Rift (Taylor, Fujioka, et al., 1990, pp. 407-413).

In summary, the regional pumice-producing volcanism started in
the early Pliocene and continues to the present in the arc area of the
Sumisu Jima and Tori Shima islands. At Site 788, the hiatus between
the Pliocene and Quaternary pumice deposits suggests a break in
pumice production from the late Pliocene to the middle Quaternary
(2.35-0.275 Ma), a period that corresponds to the initial stage of
backarc rifting. However, the almost complete Quaternary sequences
at forearc Sites 792 and 793 suggest that pumice-producing volcanism
occurred continuously with variable intensities even during this period.

Our first approximation of ages for the thick pumiceous beds of the
Sumisu Rift indicates pumice-producing episodes of rhyolitic volcan-
ism about 1, 31, 61, 67, and 131 ka. If the third and fourth events are
regarded as close enough in time to represent two phases of a single
episode, and if the option of a higher sedimentation rate is exercised
for the interval of hemipelagite sedimentation between the deposition
of the fourth and fifth beds, the period between eruptive episodes is
about 30 k.y. Site 792, 100 km away from Sumisu Jima Island and 200

km away from Tori Shima Island, contains a complete sequence, dated
<1.1 Ma, with more than a hundred ash layers (Taylor, Fujioka, et al.,
1990, pp. 221-314), which may be thin, finer grained ash equivalents
of the thick pumiceous beds in the Sumisu Rift. The abundant ash
layers of Site 792 record a fairly continuous production of volcanic
materials since 1.1 Ma. Precise correlation of the ash layers in the
forearc and backarc sites based on stratigraphic, petrologic, and
chemical data is one of the most important future areas of study to
reveal and explain the nature of volcanism in this arc.

CONCLUSIONS

The thick sediment fill in the Sumisu backarc rift consists of a lower
sequence of hemipelagites with thin ash layers, and an upper sequence
of five pumiceous beds, each several tens of meters to over 100 m thick,
intercalated with thin hemipelagites. This upper sequence was rapidly
deposited since 0.15 Ma, principally during pumice-producing episodes
of rhyolitic volcanism that occurred approximately 1, 31, 61, 67, and
131 ka. These pumices are two-pyroxene rhyolites, indicating that their
sources were arc volcanos. Their sequences, grain types, and textures
indicate that they were deposited by submarine sediment gravity flows,
during and immediately after major eruptions along the arc that were
probably submarine.
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Figure 14. Lithostratigraphic units at Site 793 (Taylor, Fujioka, et al., 1990, pp. 315-403).
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Plate 1. Close-up photos of pumice deposits of Leg 126. 1. Finer grained, upper portion of Thick Pumiceous Bed I at Site 790 (interval 126-790A-1H-1, 0-30 cm).
The upper 13 ¢m is dark brown (10YR3/3), hemipelagic mud (mudline layer); the lower portion of the core is dark gray (5Y4/1), homogeneous, silt-size ash. 2.
Coarser portion of Thick Pumiceous Bed IT at Site 790 (interval 126-790B-5H-4, 90-125 cm). The gravels are gray in color (5Y6/1); the largest pumice clast is 48 mm
in diameter. 3. Typical interval of the coarse Pliocene deposits of flank Site 788 (interval 126-788C-4H-3, 15-50 cm). The dominant color of the pumice is grayish
black (N2). Rare basaltic and felsic clasts also occur.
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Plate 2. Scanning electron micrographs of sand-size grains from Thick Pumiceous Bed IV (Sample 126-790C-5H-3, 7-11 cm). 1. Transparent
pumice-type glass. 2. Transparent bubble-wall type glass. 3. White-colored, pumice-type glass with highly elongated vesicles. 4. Enlarged
view of the same sample as in Figure 3. 5. Brown-colored blocky type glass. 6. Fragment of molluscan shell.
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APPENDIX
Chemical Composition of Pumice.
Core, Section, Si02  TiO2 ARO3 Fe203 MnO MgO Ca0 Na20 K20  Akali Comment
Interval (cm) (R) (%) (%) (%) (%) (%) (%) (%) (%) (%)
126-790B-
2H -2, 10- 20| 7474 058 1323 388 017 079 321 243 081 3.24 Thick Pumiceous Bed |
2H -2, 10- 20 80.13 024 1161 236 016 028 1.83 205 133 3.38
2H -2, 10- 200 7379 058 1293 425 017 111 357 275 0B85 3.60
2H -2, 10- 204 7674 037 1274 319 017 053 301 229 096 325
2H -2, 10- 200 7681 035 1368 304 018 048 273 182 0N 272
126-790B-
7H -2, 34 - 7361 057 1403 405 016 100 38 190 079 268 Thick Pumiceous Bed ||
TH -2, 34 - 7302 054 1393 430 016 102 393 232 078 3.10
TH -2, 34 - 7279 057 1397 411 013 094 421 252 076 328
7H -2, 34 - 7291 058 1408 400 015 091 428 237 072 3.09
TH - 2, 34 - 7399 049 1447 325 015 070 381 229 079 3.08
126-7908-
10H -1, 70 - 140] 7647 044 1347 298 078 058 314 209 063 273 Thick Pumiceous Bed i
10H -1, 70 - 140| 7645 047 1304 291 022 067 324 232 067 299
10H -1, 70 - 140| 7664 058 1275 309 014 075 301 232 070 .02
10H -1, 70 - 140 7453 051 1420 322 016 077 35 235 065 3.00
10H -1, 70- 140] 7331 065 1424 382 019 097 398 204 063 267
10H -1, 70- 140] 7379 059 1339 410 016 112 381 235 059 284
126-790C-
5H -1, 73.- 771 7278 049 1493 353 016 072 408 250 075 3.25 Thick Pumiceous Bed IV
5H -1, 73 - 77| 7400 051 1420 341 016 063 413 224 072 296
SH -1, 73- 77 7796 050 123 299 011 040 277 195 09 29
5H -1, 73- 77 7621 042 1299 329 013 068 336 208 081 291
5H -1, 73 - 771 7870 036 1217 28B4 015 044 257 188 089 277
126-790C-
8H - 6, 116 - 120] 7471 050 1337 441 015 078 321 201 0B84 2.85 Thick Pumiceous Bad V
BH - 8, 116 - 120] 7516 048 1248 449 017 079 328 225 089 314
8H - 6, 116 - 120 7394 055 1257 520 020 1.07 337 227 083 310
BH - 6,116 - 120| 77.57 047 1180 363 012 052 277 210 102 an
BH - 6, 116 - 120] 7683 043 1251 379 010 052 289 199 095 2.94
BH - 6, 116 - 120] 7206 050 1418 486 016 103 416 234 070 3.04
126-791A-
3H -3, 20- 100 7469 060 1379 382 017 070 342 202 076 2.78 Thick Pumiceous Bed |
3H -3, 20- 100] 7448 056 1253 489 018 085 353 212 087 2.99
3H -3, 20- 1 7327 061 1379 437 018 086 3B4 230 079 3.08
3H -3, 20 - 100] 73.37 062 1314 447 017 118 35 269 079 3.48
3H -3, 20- 100] 7362 060 1250 500 022 15 333 239 079 3.17
126-791A-
10H - 5, 53- 7621 055 1357 311 019 074 309 181 070 251 Thick Pumiceous Bed ||
10H - 5, 53 - 7251 062 1398 447 019 111 422 216 074 2,90
10H - 5, 53 - 7459 058 1384 341 016 082 365 217 078 295
10H - 5, 53- 7515 054 1272 393 017 088 319 259 083 341
10H - 5, 53 - 7359 047 1452 324 014 069 428 234 073 3.07
126-791A-
22H -2, 45- 50 7247 075 1409 442 023 138 417 188 057 245  Thick Pumiceous Bed Ill
22H - 2, 45 - 50| 7407 065 1343 433 024 092 350 226 060 2.85
22H -2, 45- 50 7485 059 1309 380 020 105 345 228 060 287
2H -2, 45- 50| 71.38 070 1368 485 024 140 439 286 051 338
22H - 2, 45- 50| 7664 060 1261 334 020 074 325 1899 064 2.62
126-791A-
28X -1, 66 - 70 7251 052 1455 383 019 080 433 23 0N .07 Thick Pumiceous Bed |V
28X -1, 66 - 70| 7820 043 1239 279 018 055 267 190 089 2.80
28X -1, 66- 70| 7471 084 1354 407 015 081 331 187 086 272
28X -1, 66- 70] 7396 050 1386 358 015 082 378 265 07 a.36
28X -1, 66 - 70 7425 048 1386 337 018 076 373 266 072 337
126-788C-
1H -1, 34- 7755 051 1292 286 018 061 272 153 087 250 Quaternary pumice deposits
1H -1, 34- 78.38 036 1241 243 013 049 189 203 188 391
1H -1, 34- 7881 046 1188 276 012 058 238 202 1.01 3.03
1H -1, 34 - 7769 048 1263 280 013 071 261 208 087 2.95
1H -1, 34- 6840 044 1178 668 033 550 402 229 057 2.88
126-788C-
14H -4, 70- 72| 7336 070 1357 458 022 138 357 181 076 2.57 Pliocana pumice deposits
14H -4, 70- 72 7748 063 11.72 359 015 085 286 192 101 292
14H - 4, 70- 7631 068 1156 431 014 116 278 188 118 3.06
14H - 4, 70- 72| 7382 074 1257 482 023 133 338 226 074 300
14H - 4, 70 - 7501 068 1272 406 019 117 320 210 078 2.88
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Appendix (continued).
Core, Section, Si02 T2 ARO3 Fe203 MnO MgO CaQ Na20 K20  Akal Comment
Interval (cm) (%) (%) Be) (%) (%) (%) (%) (%) (%) (%)
126-788C-
22H -1, 47 - 49 7074 063 1377 535 015 187 425 187 130 3.7  Pliocene pumice deposils
22H - 1, 47 - 49 7328 057 1322 482 015 127 342 213 114 327
22H -1, 47 - 49 7376 062 1212 510 012 220 294 180 135 315
22H -1, 47 - 49 7212 063 1348 520 018 170 351 209 109 3.18
-2H -1, 47 - 49 7484 061 1259 466 015 121 296 209 110 319
126-793A-
1H - 3, 50- 7436 033 1355 333 009 085 380 271 097 369
1H - 3, 50- 6940 072 1430 558 021 124 475 305 0768 380
126-793A-
2H -5, 42- 7564 031 1404 192 006 055 305 301 142 443
2H - 5, 42 - 7040 077 1317 552 018 160 471 283 083 366
126-793A-
3H -5, 70 - 7351 053 1432 344 016 061 370 283 091 374
3H -5, 70- 7720 038 129 277 013 051 281 224 098 323
126-793A-
5H -7, 40- 42 7690 040 1284 299 015 060 308 204 100 303
5H - 7, 40 - 7608 043 1347 303 014 049 317 218 101 319
125-785A-

1TH -3, 14- 17] 7634 036 1326 284 013 053 343 211 101 3.12
TH -3, 14- 17| 7537 051 1228 421 010 086 340 207 120 326
1H -3, 14- 17 7502 09 1215 436 024 112 308 216 092 3.07
1H -3, 14- 17| 7685 035 1317 270 015 046 29 241 095 3.36
TH -3, 14- 17] 7768 037 1259 299 011 053 271 218 085 313
125-785A-
TH-5, 11- 14 7426 050 1407 376 013 051 382 206 089 295
1H -6, 11 - 14] 7605 051 1278 345 011 057 312 215 125 341
TH -6, 11 - 14 7662 042 1264 323 0.6 064 293 227 109 335
TH -5, 11 - 14 7531 051 1348 339 0.4 070 341 219 088 307

125-785A-
2H -5, 10 - 121 7537 040 1381 314 014 058 342 219 095 3.14
2H -5, 10- 12| 7155 054 1317 490 019 169 495 220 081 3.0
2H -5, 10- 12| 7485 046 1334 362 014 082 358 225 084 3.18
2H -5, 10 - 12] 7751 036 1257 262 013 046 302 234 1.00 3.34
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