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This paper provides an analysis of multi-channel seismic data obtained during 2000–2001 on seamounts near
the Ogasawara Fracture Zone (OFZ) northwest of the Marshall Islands in the western Pacific. The OFZ is unique
in that it is a wide rift zone that includes many seamounts. Seven units are delineated on the basis of acoustic
characteristics and depth: three units (I, II, and III) on the summit of seamounts and four units (IV, V, VI, and
VII) in basins. Acoustic characteristics of layers on the summit of guyots and dredged samples indicate that the
seamounts had been built above sea level by volcanism. This was followed by reef growth along the summit
margin, which enabled deposition of shallow-water carbonates on the summit, and finally by subsidence of the
edifices. The subsidence depth of the seamounts, estimated from the lower boundary of unit II, ranges between
1,550 and 2,040 m. The thick unit I of the southern seamounts is correlated with proximity to the equatorial
high productivity zone, whereas local currents may have strongly affected the distribution of unit I on northern
seamounts. A seismic profile in the basin around the Ita Mai Tai and OSM4 seamounts shows an unconformity
between units IV and V, which is widespread from the East Mariana Basin to the Pigafetta Basin.
Key words: Ogasawara Fracture Zone, acoustic characteristics, subsidence depth, unconformity.

1. Introduction
The western Pacific is characterized by its abundant

seamounts and fracture zones with variable orientations.
Wessel and Kroenke (1997) suggested that more than 8,800
seamounts exist in the Pacific, most of them in the west-
ern Pacific. Most of the seamounts in the western Pacific
originated from intraplate volcanisms (Sager, 1992). Using
data obtained on drill cores and some of the seamounts of
the Marshall Islands, several researchers have investigated
the complex interactions among Pacific intraplate volcan-
ism, seafloor uplift and subsidence, reef-building, and sea-
level change (e.g., Schlanger et al., 1981, 1987; Lincoln
et al., 1993). Studies of seamounts are important because
seamounts contains a record of the tectonic history of the
plate. Most of the seamounts in the western Pacific have
been studied using dredged rock samples, shallow sediment
cores, and geophysical data, and for only a very few have
deep drill cores been taken for direct study. In addition,
of the latter, many were focused on a search for mineral
resources, such as ferromanganese crusts, and the data are
proprietary.

Originally proposed as extensions of transform faults on
spreading ridges, it has been suggested more recently that
fracture zones record the spreading direction of the plate.
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of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sci-
ences; TERRAPUB.

Fracture zones can be detected by differences in seafloor
depth, discontinuity of magnetic anomaly lineations, and
disruption of the acoustic layers in seismic profiles. Most of
the fracture zones in the western Pacific have been clearly
identified from an analysis of magnetic anomaly lineations
(Nakanishi et al., 1989, 1992)—particularly in cases where
it has been difficult to identify seafloor depth differences
due to the widespread layer of thick sediment disguising the
depth difference. Fracture zones may control the variable
thickness of the sediment layer owing to different basement
depths.

Geophysical data were obtained over seven seamounts
northwest of the Marshall Islands in 2000 and 2001 during
reconnaissance surveys of seamounts for ferromanganese
crusts carried out by the Korea Ocean Research and Devel-
opment Institute (KORDI) using the R/V Onnuri. The Oga-
sawara Fracture Zone (OFZ) crossing the study area sep-
arates the East Mariana Basin (EMB) and Pigafetta Basin
(PB), which are parts of the oldest Pacific plate (Fig. 1).
Among the fracture zones of the western Pacific, the OFZ
is somewhat unique in that it is a wide rift zone that includes
many submarine volcanoes (e.g., Magellan Seamounts and
submarine volcanoes on the Dutton Ridge). We have inves-
tigated the acoustic characteristics of these seamounts on
seismic profiles of the PB, EMB, and OFZ, even though the
seismic lines were too short to completely cover the basins.
We also investigated the characteristics of acoustic layers
on the summit of seamounts to clarify their sedimentary his-
tory. The DSDP and ODP sites in the EMB, PB, and OFZ
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Fig. 1. Location map of the study area delineated by the box in the main panel. The magnetic anomaly lineations are based on Jurassic geomagnetic
reversals for oceanic basement (M28 = 158–159 Ma; M32 = 161–162 Ma; M35 = 164 Ma). The Ogasawara fracture zone (OFZ) crosses the study
area (after Nakanishi et al., 1989, 1992; Koppers et al., 1998). In the Magellan seamount trail, Vlinder (95.1 Ma) is abbreviated as VI, Pako (91.3 Ma)
as Pa, and Ioah (87.1 Ma) as Io (Koppers et al., 1998). KFZ denotes Kashima Fracture Zone. ODP Sites 800 and 801 are located in the Pigafetta
Basin (PB) and ODP Site 802 in the East Mariana Basin (EMB). DSDP Sites 199 and 585 are close, but located in different subbasins of the PB and
OFZ, respectively.

near the study area were used as tie points.

2. Geological Settings
The study area lies on the Jurassic ocean crust, which is

the oldest part of the Pacific plate, and is crossed by the
OFZ (Fig. 1). The OFZ impinges on the Izu-Ogasawara
Trench to the northwest, and its southeastern boundary
is ambiguous because of insufficient data. Multi-channel
seismic profiles (Abrams et al., 1992) have revealed that
the OFZ is a 150-km-wide rift zone with sharp bounding
walls that are perpendicular to the surrounding magnetic

lineations. Based on the magnetic anomaly lineation M35
between the PB and EMB, it has been estimated that there
has been about a 600-km movement between these two
points (Fig. 1) (Nakanishi et al., 1989). The drill core of
Ocean Drilling Program (ODP) sites 800 and 802 in the PB
and EMB did not reach the oceanic crust, while the drill
cores of ODP site 801 in PB indicates that the crust is as
old as 167 Ma (Pringle, 1992). The drill cores at DSDP site
585 in the OFZ also failed to reach basement, even though
it penetrated to 893 m below the sea floor (mbsf) (Moberly
et al., 1986). Based on a study of the cores and seismic pro-
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Fig. 2. Bathymetric map of the seamounts in the box of Fig. 1. Contour interval is 200 m. Thin solid lines indicate ship tracks and thick solid lines
(AA′–EE′) seismic survey lines (see Figs. 3 and 4). Numbers are DSDP Sites.

files across the OFZ, Abrams et al. (1992) concluded that
the thickness of sediment over the basement in the OFZ is
greater than that in the EMB.

Most of the seamounts that we investigated in the study
reported here have been mapped recently using modern
multi-beam echosounder and denoted sequentially by KO-
RDI. These seamounts are named OSM1, OSM3, OSM4,
OSM5-1, OSM5-2, and OSM6, with OSM6 denoted as hav-
ing subclusters OSM6-1 and OSM6-2 (Fig. 2). OSM1 and
OSM5-2 were previously named Ita Mai Tai and Seascan,
and those original names are also used here. Most vol-
canism in the study area is associated with seamount-
island (hot-spot) chains, such as the Magellan/Marcus-
Wake Seamounts of Early Aptian age (Lancelot et al., 1990;
Winterer et al., 1993) and the Marshall/Gilbert seamounts
of Albian and Paleocene age (Lincoln et al., 1993). The
seamounts of the study area are divided into three sectors
based on location: seamounts in the EMB (Ita Mai Tai and
OSM3) linked to the Magellan Seamounts, the one in the
OFZ trough (OSM4), and those linked to the Marshall Is-
lands (OSM5-1, Seascan, and OSM6).

Ita Mai Tai has been drilled, age-dated, and surveyed
using gravity, seismic, subbottom, and magnetic methods
(Heezen et al., 1973b, c; Sager, 1983; Koppers et al., 1998;
Lee et al., 2003, 2005). Its summit consists of a pelagic

cap, oolitic limestone, and lagoonal mud based on Deep Sea
Drilling Project (DSDP) sites 200–202. Extrapolation of
the Neogene sedimentation rates of the drill cores suggests
that there is either a sedimentation hiatus between the Early
Eocene and Early Miocene or a marked reduction in sedi-
mentation rate, resulting in a condensed sequence (Heezen
et al., 1973b, c). Koppers et al. (1998) estimated the age of
Ita Mai Tai to be 118 Ma based on radiometric age dating of
dredged rock samples. Sager (1983) and Lee et al. (2003)
investigated the paleomagnetism of seamounts in the study
area and proposed that the poles of most seamounts cluster
along the 129–72 Ma paleopole path.

All seamounts we examined are guyots with a flat sum-
mit, except for OSM5-1 (Fig. 2). In plan view, Ita Mai Tai
is “L”-shaped, whereas the others are nearly circular. Ita
Mai Tai has well-defined flank rift zones, which are steep
and have bladelike sheets (dikes and sills) that parallel and
bisect the rift zone. In our study area, depths to the base
of slope range from 5,300 to 6,000 m (Table 1). The wa-
ter depth to the summits ranges from 1,085 to 1,350 m.
Flat-summit margin depths lie between 1,300 and 1,650 m.
The southern seamounts are higher than the northern ones.
The maximum diameter at the base of Ita Mai Tai is about
100 km. The surface areas of the flat summit are as large as
650 km2, while the rest of the seamounts have a maximum
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Table 1. Summary of seamount morphology in the study area.

Location Depth
Height

Flat surface Diameter of base Average Maximum

Longitude Latitude Summit Base Flat summit margin
(m)

summit Major Minor slope thickness of

(E) (N) (mbsl*) (mbsl) depth (mbsl) area (km2) axis (km) axis (km) gradient (◦) unit I** (m)

Ita Mai Tai 156◦50′ 12◦50′ 1,350 5,900 1,650 4,550 650 100 90 11.2 150

OSM3 157◦40′ 11◦50′ 1,260 5,900 1,550 4,640 70 40 35 13.7 45

OSM4 157◦50′ 12◦50′ 1,270 6,000 1,500 4,730 140 55 45 10.7 70

OSM5-1 158◦45′ 15◦20′ 1,205 5,500 — 4,295 — 40 35 11.5 —

Seascan 159◦15′ 15◦05′ 1,150 5,500 1,300 4,350 80 55 45 12.7 <15

OSM6-1 160◦05′ 15◦40′ 1,085 5,300 1,400 4,215 155 55 45 7.7 <15

OSM6-2 160◦20′ 15◦35′ 1,225 5,300 1,400 4,075 70 45 40 9.2 <15

*mbsl = meters below sea level.

**Maximum thickness of unit I is identified from chirp data.

diameter of less than 55 km and a flat-summit surface area
of less than 155 km2. The average gradient of the seamounts
varies from 7.7◦ to 13.7◦ (Table 1). OSM6 generally has a
gentle slope gradient, with the exception of a steep upper
slope. Ita Mai Tai has a gentler upper slope than the others.

3. Data Acquisition
We obtained detailed bathymetric, multi-channel seis-

mic, chirp (3–7 kHz) subbottom, and magnetic data along
5,120 km of geophysical survey lines (Fig. 2). Naviga-
tion was logged by a differential Global Positioning Sys-
tem (GPS). Multi-beam bathymetry was acquired by the
SeaBeam 2000 and SeaLogger system. The bathymetric
survey was conducted mainly in the N-S and E-W directions
with approximately 7-km spacing, based on the seafloor
coverage of SeaBeam 2000. Seismic data were obtained
along one line per seamount, except for OSM6-2, for a to-
tal seismic line length of about 395 km (Fig. 2). The seis-
mic data obtained on OSM5-1 were excluded from analysis
in this study because distinctive acoustic layers did not ex-
ist on the peaked summit. Although seismic data obtained
from each seamount are insufficient for a detailed analy-
sis, the shallow acoustic structures are interpreted by sub-
sidiary data and chirp subbottom profiles, which are exten-
sive over all the seamounts. The total volume of the air-
gun and shot interval are 2.5*2 l and 12 s, respectively dur-
ing the 2000 cruise and 2.5 l and 15 s, respectively, during
the 2001 cruise. Data were acquired using a 12-channel
streamer with a total active length of 75 m. The sampling
rate was 4 ms for the 2000 survey and 2 ms for the 2001
survey. The seismic data processing steps included gath-
ering, constant velocity stacking, predictive deconvolution,
amplitude recovery, and bandpass filtering.

4. Characteristics and Interpretation of Acoustic
Units

In this study, the delineation of acoustic units on the
flat summits was determined by comparing our data with
those on drill cores and previously obtained seismic data
on seamounts of the western Pacific. The interpretation of
acoustic units from seismic sections taken from the basins
is also based on seismic sections from drill core sites and
the cores. Three acoustic units are identified on summits
of the seamount: unit I, with either no internal reflectors

or only weak ones; continuous and parallel internal re-
flectors; unit II characterized by either chaotic, incoherent,
discontinuous, and hyperbolic internal reflectors, or by a
transparent layer; unit III, which is characterized by semi-
continuous and parallel strong internal reflectors (Fig. 3).
Four units are identified beneath the deep-ocean basins
around the seamounts: unit IV, with a transparent layer with
weak and parallel internal reflectors overlapping the base
of the seamounts; unit V, which is characterized by contin-
uous high-amplitude internal reflectors; unit VI, which is
characterized by intermittently discontinuous and irregular
low-amplitude internal reflectors; a lower well-layered and
thin high-amplitude unit (unit VII) (Fig. 4).
4.1 Seismic stratigraphy of seamounts summit

Unit I is lenticular- or dome-shaped and as thick as 0.15 s
in two-way travel time (twtt) at the center of the summit
of Ita Mai Tai (Fig. 3). Unit I has been interpreted as
a pelagic cap by comparison with drill cores from DSDP
sites 200–202 on Ita Mai Tai (Heezen et al., 1973b, c)
and its maximum age estimated to be Middle Eocene based
on the drill cores (Heezen et al., 1973b, c). Unit II has
developed along the margin of the summit and has high-
amplitude reflectors that are distinct, although the lower
boundary is indistinct (Fig. 3). Based on studies of western
Pacific seamounts, unit II is interpreted to be a reef complex
(Lincoln et al., 1993). Unit III, which is overlain by unit I,
is widely distributed on the summit and is surrounded by
unit II (Fig. 3). Based on drill cores of DSDP site 202
and the cores drilled from seamounts in the western Pacific,
unit III is interpreted to be a shallow-water lagoonal deposit
that is mainly composed of mud and fragments of reefal
rock (Heezen et al., 1973c; Winterer et al., 1993). The
reef complex had been deposited near the sea surface. The
maximum thickness of units II and III on Ita Mai Tai is over
0.3 s twtt.

Seamounts with a flat summit in the study area have sim-
ilar units to those of Ita Mai Tai, whether they are located in
the PB or elsewhere, but unit I is much thinner than it is on
Ita Mai Tai (Fig. 3). Based on chirp subbottom profiles (Lee
et al., 2005), there is a distinct difference in the thickness of
unit I between the northern and southern seamounts. The
maximum thickness of unit I on Ita Mai Tai is about 150 m,
while the maximum thicknesses of OSM3 and OSM4 are
45 and 70 m, respectively, while those of OSM5-2, OSM6-
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Unit I

Unit III

Unit II Unit II(?)

CDP  Number

CDP Number

Fig. 3. (continued).

1 and OSM6-2 are less than 15 m (Table 1). In particu-
lar, the pelagic cap on OSM6-1 is intermittently distributed,
filling lows in the irregular surface, and OSM6-2 has no
pelagic cap. Unit I on OSM3 occurs only on the north-
west summit, and the volcanic basement is exposed at the
southeast, implying the possibility of post-shield volcanism
(Fig. 3(b)). Unit II, with an internal transparency on OSM4
and Seascan, is also distinct at the summit margin, and par-
allel internal layers of unit III are discontinuous near unit II
at the summit margin (Fig. 3(c)). The lower boundary of
unit III is ambiguous on most summits of the seamounts.

We obtained dredge samples from the upper slope of the
seamounts. Rock sampling at eight stations on Ita Mai
Tai was attempted, but it was successful at only two sta-
tions. Shallow-water carbonates, including mudstone, were
recovered on the northwest upper slope. Rock samples
obtained at ten stations along the upper slope of OSM3
included shallow-water carbonates at two stations. Rock
samples obtained at nine stations along the upper slope of
OSM4 included shallow-water carbonates, including mol-
lusk fragments at two stations. Dredged samples on most
of the seamounts included basalt, mudstone, conglomerate,
breccia, phosphorite, and tuff, in addition to shallow-water
carbonates. Most seamounts in the EMB show unit II on the

summit, but rock samples dredged from their slopes rarely
showed rocks typical of a reef complex. Rock samples ob-
tained from OSM5-2 and OSM6-1 consist of basalt, pelagic
limestones, and conglomerate, while those from OSM6-2
also include andesite and mudstone.
4.2 Seismic stratigraphy of the basin

The objective of this survey was to estimate the abun-
dance of ferromanganese crusts; therefore, the seismic sur-
vey lines were mostly confined to volcanic edifices and did
not cover much of the adjacent basins. However, the small
amount of seismic stratigraphy of the basins in this study is
interpreted by comparison with the drill cores of DSDP site
199 in the EMB and DSDP site 585 in the OFZ (Tables 2
and 3), both of which are close to the study area (Fig. 1).
The drill cores of ODP sites 800–802 also provide reference
data.

4.2.1 South of the OFZ The south basin of Ita Mai
Tai is about 5,860 m deep. Unit IV covers the uppermost
part of the basin and has a thickness of about 0.14 s twtt
(Fig. 4). Chirp subbottom profiles extending from this site
reach DSDP sites 199 and 585. This unit consists of nan-
nofossil ooze and clay and, based on drill core data, the
boundary between beds is sharp (Tables 2 and 3) (Heezen
et al., 1973a; Moberly et al., 1986). A piston core from
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3 km

3 km

CDP Number

Fig. 4. (continued).

the basin floor between OSM4 and OSM5-1 indicates that
unit IV is pelagic sediment. This unit may be interpreted as
turbidites that grade away from the seamounts into pelagic
sediments (Heezen et al., 1973a; Abrams et al., 1992). The
thickness of unit V is constant at about 0.3 s twtt; based
on drill cores of DSDP Site 199, this unit may be inter-
preted as turbidites mainly composed of nannofossil chalk,
clay, and diagenetic chert partings (Heezen et al., 1973a).
Unit V shows relatively strong reflectors because it may be
consolidated or contain interlayered, highly reflective chert
(Fig. 4). The upper part of unit V is truncated by unit IV,
and contact between these two units appears to represent an
unconformity. Unit VI with 0.17-s twtt may be composed of
redeposited claystone and radiolarian siltstone based on the
drill cores of ODP site 802 (Lancelot et al., 1990) as well
as volcaniclastic sediment (Heezen et al., 1973a). The layer
below unit VI shows chaotic and discontinuous reflectors,
and the lower boundary of unit VI seems to be concave-up.
The lower layer below unit VI may be interpreted as the
volcanic basement. When a seamount forms on an oceanic
plate, the plate bends owing to the load and the elastic prop-

erty of the plate. The flexural loading appears in the form of
the moat around the seamount (Watts, 2001), which charac-
terizes the seamounts here.

4.2.2 The OFZ The basin around OSM4 is about
6,030 m deep (Figs. 2 and 4(b)). Init V (0.2 s twtt) is much
thicker than unit IV (0.07 s twtt), and, based on a compari-
son with drill cores of DSDP site 585, both layers are inter-
preted as turbidites deposited during the Eocene to Quater-
nary (Moberly et al., 1986; Abrams et al., 1992). Abundant
and successive sills intruded along the boundary between
units IV and V, which truncated the upper part of unit V
(Fig. 4(b)). It is probable that the sills intruded along the
unconformity surface between units IV and V.

Units VI and VII near OSM4 are 0.08 and 0.06 s twtt,
respectively (Fig. 4(b)). Abrams et al. (1992) compared
seismic profiles to drill cores from DSDP site 585 with the
aim of interpreting unit VI as primarily being composed
of nannofossil chalk and claystone, and unit VII primar-
ily as claystone, chert, and siltstone. Sills intruded along
the lower boundary of unit VII (Fig. 4(b)). Seismic data
near the boundary of the OFZ suggest that the intrusions
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Table 2. Lithology of DSDP Site 199 (Heezen et al., 1973a).

Core Subbottom depth (m) Age Lithology

1 57.5– 67.0 E. Pliocene Yellowish gray Nanno-fossil ooze and brown zeolitic clay

2 67.0– 76.5 M. Miocene Brown, silty zeolitic clay

3 76.5– 86.0 M. Miocene Brown, silty zeolitic clay

4 86.0– 95.5 E. mid Miocene Brown, silty zeolitic clay

5 143.0–152.5 L. Oligocene or younger Radiolarian ooze

6 200.0–209.5 M. Miocene Gray and brown zeolitic clay, interlayered tuff

7 285.0–295.0 L. Paleocene Nannofossil chalk, Limestone/chert

8 295.0–304.5 L. Paleocene Nannofossil chalk, Limestone/chert

9 304.5–314.0 L. Paleocene Nannofossil chalk, Limestone/chert

10 371.0–380.5 E. Paleocene Limestone/chert

11 399.5–409.0 E. Cretaceous–E. Tertiary Limestone/chert

12 437.5–447.0 L. Campanian Chalk, brown clay, chert

13 447.0–456.5 — Brown tuff

E, Early; M, middle; L, late.

Table 3. Lithology of DSDP Site 585 (Moberly et al., 1986).

Core Subbottom depth (m) Age Lithology

1 0– 6.8 Recent to E. Pleistocene Nannofossil ooze, clay-bearing nannofossil ooze, and clay

2 256–399 M. Miocene to Maestrichtian Nannofossil chalk, silicified limestone, chert, and zeolitic claystone

3 399–426 Maestrichtian–L. Campanian Zeolitic claystone, nannofossil chalk and chert

4 426–485 Campanian Chert and claystone

5 485–504 Campanian Brown and olive black claystone

6 504–550 Coniacian–L. Cenomanian Dark gray claystone

7 550–590 Cenomanian–M. Albian Calcareous claystone, radiolarian claystone, and clayey limestone

8 590–893 M. Albian–L. Aptian Graded sequences of volcanogenic sandstones, siltstones, and claystones

are common near the fracture zone (Wedgeworth and Kel-
logg, 1987; Abrams et al., 1992). The acoustic layer be-
low unit VII consists of a volcanogenic layer that origi-
nated from seamount OSM4 during its formation, based on
DSDP site 585 cores and previous seismic interpretations
(Moberly et al., 1986; Abrams et al., 1992).

4.2.3 North of the OFZ The basin between Seascan
and OSM5-1 is about 5,330 m deep (Figs. 2 and 4(c)). It is
difficult to identify the acoustic layers from the seismic sur-
vey of the basin between those two sites. From a relatively
shallow depth and hummocky characteristic in the seismic
profile, we infer that the seismic line does not extend into
the abyssal plain, but rather is a continuation of the base of
the seamount flank. The hummocky structure is interpreted
as slumps originating from the seamount.

5. Discussion
5.1 Seismic stratigraphy of the summit

In this study, the contact between units I and III is sharp,
and their respective acoustics are considerably different
(Fig. 3). In addition, some internal reflections within unit I
abut unit III at spell-out CDP (CDPs) 1140–1170 and over-
lap unit III at CDPs 1280–1300. Based on their study of the
drill cores at DSDP site 202, Heezen et al. (1973c) stated
that the top of unit III on Ita Mai Tai may be unconformable
with the overlying unit I. Ooids, like those in unit III, have
not been reported to occur as deep-water deposits. How-
ever, they are characteristic of shallow, calcium-carbonate-
saturated waters in a coral reef environment (unit II) in
which continuous, rather vigorous agitation winnows the

fine sediments and constantly rotates the ooids as they grow
(Heezen et al., 1973c). This implies that there were ener-
getic currents on the summit when unit II was deposited
and the seamount was near sea level. The presence of
this unconformity between units I and III on Ita Mai Tai
also suggests that the energetic currents existed until the
seamount subsided to a considerable depth. We suggest that
the seamounts of the study area experienced the same his-
tory as Ita Mai Tai, based on the consistent existence of
units I, II, and III. However, the duration of strong currents
on the summit of each seamount is unique and related, in
part, to the subsidence rate of seamount.

There may be no statistical relationship between the ele-
vation of the present flat-summit and either sediment thick-
ness or stratigraphic completeness. However, Watkins et al.
(1995) proposed, by comparing the pelagic cap thickness
for seven guyots drilled by DSDP and ODP, that the pelagic
sediment distribution of the summit in the western Pacific
and their present-day latitudes are highly correlated. Thick-
nesses decrease to the north. A pelagic cap only exists on
a few seamounts among the Japanese Seamounts, the Wake
Seamounts, and the Mid-Pacific Mountains between 20◦N
and 35◦N in the western Pacific (Van Waasbergen and Win-
terer, 1993). However, the Limalok (5◦N), Lo-En (10◦N),
and Wodejebato (12◦N) seamounts in the Marshall Islands
have thick pelagic caps, ranging in thickness from 50 to
150 m (Bogdanov et al., 1995). In the southern study area,
the range of thickness of the pelagic caps is similar to that
in the Marshall Islands—45–150 m. Drill cores from DSDP
site 200 show that the Miocene and Pliocene were the peri-
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Fig. 5. Subsidence rates of Ita Mai Tai, OSM4, and Seascan. The subsided depths are inferred from seismic profiles in this study and ages estimated
from paleomagnetic data by Lee et al. (2003). The seamount subsidence curves are calculated by modifying the simple cooling plate model of Parsons
and Sclater (1977).

ods of high sedimentation rates for the pelagic caps (Heezen
et al., 1973b). The paleolatitudes of most seamounts in the
study area were between 15◦S and 25◦S during formation
(Lee et al., 2003). The present latitudes, paleolatitudes,
and the period of high sedimentation rates suggest that the
seamounts of the study area have moved considerable dis-
tances since their formation and that there was high sedi-
mentation while they were in the northern hemisphere near
the equator. In contrast, the northern seamounts do not show
a consistent relationship between pelagic cap thickness and
their present latitude, although their latitudes are not greatly
different than those of the southern seamounts. The north-
ern seamounts in the study area may have been affected by
local currents that eroded the caps or prevented them from
accumulating. In addition, the thickness of the pelagic cap
may have been affected by the flatness of the summit, the
area of the flat summit, and the development of a reef com-
plex at the summit margin.

In general, while the volcanic islands subsided after for-
mation, the reefs on the summit continued to grow up to
sea level, eventually burying the volcanic basement. These
reefs formed a carbonate platform, most often in the form
of an atoll, before the subsidence that produced the guyots.
Therefore, if the lower limit of the reef complex were to be
identified, then the subsidence depth of the seamount could
be inferred. Wedgeworth and Kellogg (1987) proposed that
Ita Mai Tai subsided over 2,090 m, which is comparable
to the subsidence determined for other seamounts in the
area, such as Kwajalein (2,000 m) and Enewetak (1,900 m)
(Jones, 1973). In our study, the subsidence depth of Ita Mai

Tai is about 2,040 m and those of OSM4 and Seascan are
1,800 and 1,550 m, respectively. Based on seamount pa-
leomagnetic data, Seascan is younger than Ita Mai Tai and
OSM4 (Lee et al., 2003), which is consistent with the sub-
sidence depth as well as the depths of the summit and base.
However, this method must be used with caution because
the depth can be affected by rejuvenation of the lithosphere,
the thermal stress near the fracture zone, post-shield volcan-
ism, among others.

From the subsidence depths and estimated ages (Fig. 5)
(Koppers et al., 1998; Lee et al., 2003), Seascan seems
to have had a higher subsidence rate than Ita Mai Tai and
OSM4, although Ita Mai Tai, with a large volume and older
age, likely also had a high subsidence rate. Menard (1984)
suggested the ‘Darwin rise’ hypothesis from the shallower
depth anomaly of the central and western Pacific. Many re-
searchers have proposed that the central and western Pacific
basin was the site of widespread intraplate volcanism dur-
ing one or two intervals in the Cretaceous (e.g., Matthews et
al., 1974; Winterer, 1976a, b; Rea and Vallier, 1983). The
estimated age of Seascan is consistent with the last pulse of
widespread volcanic activity (Schlanger and Premoli-Silva,
1981; Schlanger et al., 1981; Lee et al., 2003), and the litho-
sphere was rejuvenated by the widespread volcanism. Lee
et al. (2009) also proposed the possibility of rejuvenation,
based on the result that the lithosphere beneath the study
area has an anomalously thin elastic thickness. Ita Mai Tai
and OSM4 have been uplifted twice or more by volcanism
and rejuvenation of the lithosphere, but the amount of the
uplift is not known. Therefore the subsidence rates of Ita
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Mai Tai and OSM4 appear to be lower than that of Seascan.
5.2 Seismic stratigraphy of the basin

Unit IV in the basin near Ita Mai Tai and OSM4 is ex-
ceptional in that it overlays unit V (Fig. 4(a) and (b)). The
internal layers in unit V are truncated by unit IV. Based on
cores from DSDP site 199, Heezen et al. (1973a) proposed
that there were bottom currents during the Middle Miocene,
as indicated by primary sedimentary structures that possess
sharp boundaries, are parallel-laminated at the bottom, and
then gradually become coarser upward with shale chips.
Abrams et al. (1992) proposed that the drill cores from ODP
site 800 to the northwest of the study area show a hiatus
between the Miocene and underlying Late Cretaceous sed-
iments. These results suggest that the unconformity in the
basin may be widespread and extend from the PB to EMB,
but that the unconformity on the summit of seamounts is not
widespread because of local currents and subsidence rates.

Wedgeworth and Kellogg (1987) found that predomi-
nantly clay and nannofossil ooze characterize the 0- and
256-mbsf interval at DSDP site 585 and that its maximum
age is Pleistocene (Table 3). The cores seem not to include
the interlayered tuff that has been found in Miocene cores
from DSDP site 199, despite the fact that the two sites are
close, 60–70 km. The sediment between 6.8 and 256 mbsf
at DSDP site 585 was not recovered. Therefore, it is pos-
sible that the layer between 0 and 256 mbsf at DSDP site
585 deposited during the Cenozoic includes volcanogenic
sediment of the Miocene age. Abrams et al. (1992) pro-
posed, based on their interpretation of seismic profiles near
our study area, that tuff sediment of Miocene age origi-
nated from volcanism at the Caroline hotspot located to the
southeast of the study area and that it was distributed widely
throughout the EMB and OFZ.

The study area belongs to the Jurassic Quiet Zone (JQZ),
which is the oldest part of the Pacific. The basin near the
northern study area is much shallower than that near the
southern area. The northern basin is shallower than the
depth calculated from the cooling plate model (Parsons and
Sclater, 1977). The depth difference can be explained by
either rejuvenation or a volcanic swell, such as the Hawaiian
ridge. The seismic profile of the basin near Seascan shows
that the acoustic layers are not as well developed as at
Ita Mai Tai and OSM4 (Fig. 4), and that the layer with
hummocky characteristics was deposited by slumping. This
indicates that the seismic survey line near Seascan does not
image the basin, but that it is part of the Seascan volcanic
edifice or, alternatively, a volcanic swell.

6. Conclusions
We reached the following conclusions based on our inter-

pretations of the seismic and bathymetric records.

1) Three acoustic units are identified on the seismic re-
flection profiles taken over the summit of seamounts:
an uppermost transparent layer (unit I); a chaotic or
transparent layer with an irregular surface (unit II); a
lower layered unit (unit III). We also identified four
units in the seismic profiles taken in basins: an up-
permost transparent layer with weak internal reflectors
(unit IV); an upper well-layered unit with a high am-

plitude (unit V); a lower transparent layer (unit VI); a
lower well-layered and thin unit with a high amplitude
(unit VII).

2) Unit I (pelagic cap) is exceptional in that it overlays
unit III (shallow carbonate deposit), indicating that en-
ergetic currents existed until the seamounts subsided to
considerable depths. The period of strong currents on
the summit of seamounts is unique to each seamount.

3) We infer that seamounts subsided between 1,550 m
(Seascan) and 2,040 m (Ita Mai Tai) after their for-
mation based on interpretations of the origins of the
seismic units on the summits of the seamounts. The
southern seamounts subsided more than northern ones.

4) Seismic stratigraphy at the base of Ita Mai Tai and
OSM4 shows an unconformity between units VI and
V. Based on seismic profiles and drill cores, the un-
conformity in the basins may be widespread and ex-
tend through the PB to EMB.

5) The basin near the northern boundary of the study area
is much shallower than that near the southern bound-
ary, and it is shallower than the depth calculated from
the cooling plate model. The difference in depth may
have been caused by the uplift of the lithosphere re-
juvenated by the younger volcanism of the northern
seamounts, which is consistent with widespread vol-
canism.
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