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Oceanic crust and Moho of the Pacific Plate in the eastern Ogasawara
Plateau region
TAKESHI TSUJI,1,* YASUYUKI NAKAMURA,1 HIDEKAZU TOKUYAMA,1 MILLARD F. COFFIN1
AND KEITA KODA2
1

Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku, Tokyo 164-8639, Japan, and
Japan Oil, Gas and Metals National Corporation (JOGMEC), 1-2-2 Hamada, Mihama-ku, Chiba-shi, Chiba
261-0025, Japan

2

Abstract To show the structure of oceanic crust and Moho around the eastern Ogasawara
Plateau, we have analyzed industry-standard two-dimensional multichannel seismic reflection data. To obtain improved velocity models, phase information of seismic signals was
used for velocity analysis and velocity models for oceanic crust above Moho were determined. We apply this velocity analysis technique to seismic reflection data around the
eastern Ogasawara Plateau, with the result of clear images of structures within oceanic
crust and Moho. South of the Ogasawara Plateau, Moho deepens proximal to the Plateau.
Moho distal to the Plateau is ca 7 km below sea floor (bsf), whereas it is ca 10 km bsf near
the Plateau. The characters of oceanic crust and Moho differ significantly north and south
of the Plateau. To the north, the structure of oceanic crust is ambiguous, the sea floor is
shallower and less smooth, and Moho is discontinuous. To the south, structures within
oceanic crust and Moho are imaged clearly, and the sea floor is deeper. A strong Moho
reflection south of the Plateau might represent a sharp boundary between layered gabbro
and peridotite. However, discontinuous Moho reflections north of the Plateau might represent rough topography because of intensive magmatism or a gradual downward increase
in velocity within a thick Moho transition zone. A fracture zone north of the Plateau also
appears to separate oceanic crust and Moho of different characters, suggesting vigorous
magmatism between the Plateau and the fracture zone, and that the Ogasawara Plateau
and the fracture zone influenced the genesis of oceanic crust and upper mantle. Differences
in acoustic characteristics to the north and south of the Plateau are apparent in profiles
illuminated by seismic attributes.
Key words: magmatic activities, Moho, oceanic crust, Ogasawara Plateau, seismic
attributes, seismic velocity.

INTRODUCTION
Knowledge of structure within oceanic crust and
Moho geometry is critical for understanding the
processes governing the formation and evolution of
oceanic crust. However, interactions among magmatic intrusion accompanying formation of an
oceanic plateau, large igneous province (LIP), the
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intrusion and extrusion of ‘normal’ oceanic crust,
and the development of Moho are poorly known
because LIP, oceanic crust and Moho present
challenges for imaging and determining velocity
models. The internal structure of oceanic crust has
commonly been inferred from velocities determined from wide-angle seismic data (e.g. Ewing &
Houtz 1979). Complementarily, seismic reflection
data provide information on oceanic crustal and
Moho geometries, and resolve fine-scale geological
structures, although this technique averages
lateral variations in crustal structure over the area
doi:10.1111/j.1440-1738.2007.00589.x
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defined by the first Fresnel zone (e.g. Brocher
et al. 1985). Seismic reflection data can show the
structure and stratigraphy of the crust (e.g.
Nedimovic et al. 2005); however, a dearth of clear
reflections within oceanic crust precludes determination of precise stacking velocities necessary
for constructing interval velocity models. Herein,
we image oceanic crust and Moho on seismic
reflection data from the Pacific Plate around the
eastern Ogasawara Plateau (Fig. 1). We apply a
specific velocity analysis method to multichannel
seismic reflection data that uses the instantaneous phase of seismic signals (Taner et al. 1979).
We determine an interval velocity model for
oceanic crust, obtain a depth profile by using the
velocity model, and interpret the structure of the
oceanic crust and the Moho geometry, including
enhancement by seismic attributes, around the
eastern Ogasawara Plateau (Fig. 1). We discuss
magmatism accompanying emplacement of the
Ogasawara Plateau and its effects on oceanic
crust and Moho.

GEOLOGICAL SETTING
The Ogasawara Plateau extends to the west of
the Marcus (Minami-Tori-Shima)-Wake seamount
chain in the western Pacific. In the map view
(Fig. 1), the Ogasawara Plateau consists of a
roughly circular edifice to the west and a 500-km
long chain of seamounts to the east. From west
to east, the three seamounts are Yabe, Hanzawa
and Katayama, and the seamount chain is called
Michelson Ridge (Smoot 1983). We refer to both
the circular edifice and the seamount chain as the
Ogasawara Plateau. In addition, another ridge,
including Hanzawa seamount, extends south from
Michelson Ridge.
The age of the Pacific Plate around the
Ogasawara Plateau is ca 150 Ma (e.g. Nakanishi
1993; Plank et al. 2000). The age of Michelson
Ridge is estimated to be ca 80 Ma (Ishizuka O.,
unpubl. data, 2005), similar to many other Cretaceous volcanic features in the western Pacific
(Larson 1991). Although the origin of Michelson

Fig. 1 Bathymetric map around the Ogasawara Plateau. Seismic profiles (D00-1, D00-3, and D00-C) are represented by red lines. Line D00-C crosses
Michelson Ridge. Line D00-1 and D00-C cross the Kashima fracture zone (yellow line in [b]; Nakanishi 1993). Sea floor north of the Ogasawara Plateau
is shallower than that south of the Plateau. Small conical knolls are distributed north of the Plateau (b).
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd

Oceanic crust and Moho of Pacific Plate

Ridge is unknown, it has been proposed to have
been constructed by hotspot volcanism (e.g.
Okamura et al. 1992) or fissure eruptions (e.g.
Kasuga et al. 1995). Construction of the Plateau by
hotspot volcanism, however, is difficult to explain in
light of current knowledge of Late Cretaceous
Pacific Plate motions (e.g. Tarduno et al. 2003).
Similarly, creation of a linear 500-km long ridge is
challenging to explain by any current model of
fissure eruptions (e.g. Mège & Korme 2004).
The Ogasawara Plateau rises 2000–3000 m
above the adjacent ocean basin floor, and several
tablemounts surmount it (e.g. Okamura et al.
1992). The western Ogasawara Plateau impinges
on a convergent plate margin (Izu-Ogasawara Arc
at the Ogasawara Trench), where the Plateau is
subducting (Kobayashi 1985; Fryer & Smoot 1985;
Miura et al. 2004) or obducting (Smoot 1983;
Nagaoka et al. 1989) at the Ogasawara Trench.
Smoot (1983) and Nagaoka et al. (1989) proposed
that the present Plateau consists of offscraped seamount fragments that were originally aligned eastwest, such as Michelson Ridge. From seismic data,
however, Okamura et al. (1992) concluded that the
Ogasawara Plateau is not a collage of offscraped
seamount fragments. Although faults are abundant close to the trench, Michelson Ridge does
not appear to be affected much by deformation of
oceanic crust because of subduction or collision of
the Plateau (Okamura et al. 1992).
The Kashima fracture zone (yellow line in
Fig. 1b) bounds our study area to the northeast.
The crustal age difference across the fracture zone
is <4 my, and the horizontal offset across the
fracture zone is 300–500 km in our study area
(Nakanishi 1993).
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zone. Miura et al. (2004) processed and interpreted
line D00-2 of the same seismic survey.

SEISMIC DATA PROCESSING
OVERVIEW

Before undertaking velocity analysis, the data
were resampled at 4 ms and deconvolved, and a
band pass filter was applied to the common midpoint (CMP) gathers (Fig. 2). We then calculated
the ‘cosine of instantaneous phase’ of the CMP
gather (Taner et al. 1979) to determine interval
velocities. Horizon-based velocity analysis (e.g.
Yilmaz 2001) for oceanic crust is difficult as a result
of weak and discontinuous reflections. Therefore,
we applied normal moveout correction (NMO) correction, poststack migration, and depth conversion
by using a velocity model derived from velocity
analyses every 100 shots (5 km). After obtaining

SEISMIC ACQUISITION
In November 2000, the Metal Mining Agency of
Japan and the Japan National Oil Corporation
(JNOC) acquired seven lines of industry-quality,
two-dimensional, multichannel seismic reflection
data in the southern Izu-Bonin Trench region with
R/V Geco Emerald. The sound source consisted of
a 134.4 L airgun array fired every 50 m. The
receiver array was a 240-channel, 6-km streamer,
and the record length was 16 s. For the present
study, we analyzed the eastern sections of lines
D00-1 and D00-3, and the complete line D00-C (red
lines in Fig. 1), which encompass the Pacific Plate,
including the Ogasawara Plateau. Furthermore,
lines D00-1 and D00-C cross the Kashima fracture

Fig. 2 Processing flow including velocity analysis with the cosine of
instantaneous phase CMP gather.
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd
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Fig. 3 Comparison of seismic traces
and attributes within oceanic crust
(8–8.9 s in two way travel time). (a)
Original trace f(t) (solid line) and imaginary part g(t) (dashed line) of the
complex trace F(t); (b) envelope; (c)
instantaneous phase; (d) cosine of
instantaneous phase.

poststack seismic images, we enhanced the data
with complex seismic trace attributes (Taner et al.
1979) to better understand oceanic crust and
Moho.

SEISMIC ATTRIBUTES

Let us assume that the observed seismic trace f(t)
is the real part of the analytical signal F(t); the
imaginary part g(t) of the analytic signal can be
obtained by Hilbert transformation of the real part
f(t) (Fig. 3). The following equations show these
relationships.

F ( t ) = f ( t ) + i ⋅ g ( t ) = A ( t ) ⋅ eiθ(t)
A (t) =

f 2( t ) + g 2( t )

θ ( t ) = arctan ( g ( t ) f ( t ))

(1)
(2)
(3)

The modulus A(t) (Eqn 2) is called the envelope,
or reflection strength, and it represents the total
instantaneous energy of the input trace f(t) (Taner
et al. 1979; Fig. 3b). The instantaneous phase q(t)
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd

becomes the argument of the complex trace F(t)
(Eqn 3), and the instantaneous phase q(t) is independent of trace amplitude; thus it relates to
the propagation phase of the seismic wave front
(Fig. 3c). Furthermore, the instantaneous frequency can be computed as the time derivative
of instantaneous phase. Robertson and Nogami
(1984) have shown that the instantaneous frequency at the peak of a zero-phase Ricker wavelet
is equal to that wavelet’s average Fourier spectral
frequency weighted by its amplitude spectrum.
From instantaneous phase (Eqn 3), we calculate
the ‘cosine of instantaneous phase q(t)’ (Fig. 3d).
Comparing an original seismic trace and the cosine
of instantaneous phase (Fig. 3) shows that the
cosine of instantaneous phase has the same oscillation as the original trace; however, the amplitude
becomes one. Therefore, the cosine of instantaneous phase enhances weak reflections and preserves polarity information. Although conventional short window automatic gain control application also normalizes the seismic trace amplitude, it
changes reflected event characteristics. Because
the instantaneous phase respresents the phase of
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dominant frequency and has one value for each
sampling point, it is different from the phase as a
function of frequency, derived from the Fourier
transform (Taner et al. 1979). Therefore, the
cosine of the instantaneous phase can display
reflected events without changing these basic
characteristics (Fig. 3).
Usually, such seismic attribute analysis is
applied to poststack data (e.g. Taner et al. 1979;
Tsuji et al. 2005); however, we also calculate the
cosine of instantaneous phase of the CMP gathers
and use them for velocity analysis. Taner et al.
(1979) proposed use of instantaneous phase information for velocity analysis, yet phase velocity
analysis has not been applied to real seismic reflection data.
VELOCITY ANALYSIS

The velocity spectrum (Taner & Koehler 1969) displays the resultant stack traces for each velocity
side by side on a plane of velocity versus two way
zero-offset time. When we consider a CMP gather
with a single reflection, the stacked amplitude S, at
two way zero-offset time t0 on a velocity spectrum,
is defined as
M

S = ∑ f i, t ( i ) ,

(4)

i =1

where M is the number of traces in the CMP
gather and fi,t(i) is the amplitude value on the i th
trace at two way travel time t(i) (Yilmaz 2001). Two
way travel time t(i) is calculated using stacking
velocity Vstk and xi, which is the offset distance of
the i th trace:

t ( i ) = t02 +

xi2
.
2
Vstk
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because the instantaneous phase represents the
phase of the dominant frequency at the peak of
wavelet (e.g. Robertson & Nogami 1984), noise
outside the range of the dominant frequency
should not be enhanced by calculating the instantaneous phase. When we calculate amplitude
(power) spectra from the signal f(t) and its cosine
of instantaneous phase cosq(t), both spectra have
similar characteristics. This observation further
confirms that noise outside the range of the dominant frequency is not enhanced.
The stacked amplitude of cosine of instantaneous phase Sq (Eqn 6) is clear on the velocity
spectrum and its peak is continuous with
depth, in sharp contrast to the stacked amplitude
of the original seismic trace S (Eqn 4). We
compare various types of velocity spectra in
Appendix I.

RESULTS
INTERVAL VELOCITY

Instantaneous phase velocity analysis enables
us to obtain a velocity model above reflection
Moho south of the Ogasawara Plateau (Fig. 4).
Although the 6 km streamer was not appropriate
for determining velocities accurately near the
Moho reflection (12–14 km below sea level), we
determined velocities within shallow oceanic
crust. Lateral velocity variations in deeper sections might result in part from errors in velocity
picking because deep reflections near the Moho
do not have sharp peaks in velocity spectra as a
result of small normal moveout (time lag between
the zero trace and traces with finite offset in a

(5)

In the present study, we determine stacking
velocity Vstk from the stacked amplitude of the
cosine of instantaneous phase CMP gather Sq
using the following equation:
M

Sθ = ∑ cos θi, t(i) .

(6)

i =1

Because the cosine of instantaneous phase
diminishes reflection strength, all reflection events
have the same amplitude. Therefore, the velocity
spectrum obtained using the cosine of instantaneous phase CMP gather (Eqn 6) is strong even
for low-amplitude events. Noise on the cosine of
instantaneous phase is also enhanced. However,

Fig. 4 Example of the seismic interval velocity model (line D00-3). The
gray shaded area corresponds to regions where velocities were not determined: upper mantle (below the Moho reflection) and the Plateau. The red
dashed line represents the interpreted boundary between sediment (layer
1) and layer 2, and the blue dashed line the interpreted boundary between
layers 2 and 3.
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd
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Fig. 5 Migrated seismic profile of (a) line D00-1, (b) line D00-3, and (c) line D00-C. The vertical axis represents time in seconds. The seismic profile
is displayed with automatic gain control. Moho is indicated by black arrows. White arrows pointing upward represent the top of oceanic basement that
formed at a spreading ridge (reflection A). White arrows pointing downward represent the top of sills or flows related to formation of Michelson Ridge
(reflection B). Intersections for each profile are represented by gray lines. FZ indicates the location of the Kashima fracture zone.

CMP gather). To estimate magnitudes of velocity
errors, we measured deviations in stacking velocities of maximum semblance contours for Moho
reflections on velocity spectra. Near Moho (ca
10 s two way travel time), seismic interval velocity errors can be estimated as <800 m/s depending on which parts of the peaks of velocity
spectra we choose.
In contrast to south of the Plateau, it is difficult
to determine velocities north of the Plateau
because fewer reflections are observed within the
oceanic crust. Therefore, we estimate interval
velocities by constructing seismic profiles with
several velocity models (e.g. 5% faster and slower
than the initial velocity model) to develop
improved velocity models (Yilmaz 2001). We could
not determine accurate velocities within the
Plateau because of its complex, heterogeneous
structure (gray shaded area in Fig. 4).
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd

SEISMIC PROFILES

Resolution within oceanic crust on the seismic profiles resulting from the instantaneous phase velocity analysis (Fig. 5) is improved compared to that
from conventional velocity analysis, especially
south of the Ogasawara Plateau. There, we were
able to clearly interpret a few lithological boundaries and Moho from the processed seismic profiles
(arrows in Fig. 5). We also calculated depth to
Moho (Fig. 6) using interval velocities derived
from the instantaneous phase velocity analysis
(Fig. 4); such a depth conversion for deep oceanic
crust is rare because seismic reflection data do not
typically yield accurate velocity models. Away
from the Plateau, Moho lies ca 7 km below sea floor
(bsf); near the Plateau, it lies ca 10 km bsf. This
deepening proximal to the Plateau (black arrows in
Fig. 6) might be attributed to loading, which is

Oceanic crust and Moho of Pacific Plate
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Fig. 6 Depth profiles of (a) line D00-1, (b) line D00-3, and (c) line D00-C. The vertical axis represents depth in kilometers. Moho is indicated by black
arrows. White arrows pointing upward represent the top of oceanic basement that formed at a spreading ridge (reflection A). White arrows pointing
downward represent the top of sills or flows related to formation of Michelson Ridge (reflection B). Intersections for each profile are represented by gray
lines. FZ indicates the location of the Kashima fracture zone.

consistent with gravity data (Kasuga et al. 1995).
Some variations in Moho depth might be attributed to velocity errors (<800 m/s), which we estimate to correspond to variations of <1000 m.
To show small-scale events and evaluate subtle
differences within the oceanic crust, we calculated
seismic profiles enhanced by envelope and instantaneous frequency (Figs 7,8) using poststack
seismic data in the time domain (Fig. 5). These
profiles provided further information on geometry
and subsea floor physical parameters.
SEISMIC CHARACTERISTICS OF OCEANIC LAYERS 1, 2,
AND 3

The western portion of seismic line D00-3 appears
to show less magmatism postdating formation of
the oceanic crust, i.e. magmatic intrusion within
the crust. Therefore, some reflections at the

western end of the line might correspond to
boundaries between seismic layers 1, 2A, 2B, 2C,
and 3 (Raitt 1963; Ewing & Houtz 1979). The
boundary between sedimentary layer 1 and basaltic layer 2 (red dashed line in Fig. 4) is characterized by a strong-amplitude reflection (Fig. 5) and
a change in dominant seismic frequency on the
profile enhanced by instantaneous frequency
(Fig. 8). A high velocity gradient in layer 2 causes
NMO stretching, resulting in relatively low dominant frequencies, despite application of a stretching mute to CMP gathers. Enhanced integration of
the source wavelet by the high velocity gradient
(ramp velocity function) also contributes to enrichment of relatively low frequencies in layer 2
(Costain & Çoruh 2004). The estimated seismic
velocity at the bottom of layer 1 is high (3000–
4000 m/s; Fig. 4), suggesting that igneous sills or
magmatic flows accompanying formation of the
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd
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Fig. 7 Seismic profiles of (a) line D00-1, (b) line D00-3, and (c) line D00-C enhanced by an envelope. Red and dark-green regions represent high and
low values of the envelope, respectively. The vertical axis represents time in seconds. Moho is indicated by dark gray arrows pointing upward. White arrows
pointing upward represent the top of oceanic basement that formed at a spreading ridge (reflection A). White arrows pointing downward represent the top
of sills or flows related to formation of Michelson Ridge (reflection B). Intersections for each profile are represented by gray lines. FZ indicates the location
of the Kashima fracture zone. Magmatic intrusions are represented by gray-arrows.

Fig. 8 Seismic profile of line D00-3 enhanced by an instantaneous
frequency. Red and green regions represent high and low dominant frequency, respectively. The vertical axis represents time in seconds. Moho
is indicated by black arrows pointing upward. White arrows pointing
upward represent the top of oceanic basement that formed at a spreading
ridge (reflection A). White arrows pointing downward represent the top of
sills or flows related to formation of Michelson Ridge (reflection B).
Magmatic intrusions can be observed in the central to eastern portions as
low-frequency events (gray arrows).
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd

Plateau might be interlayered with sediment at
the bottom of layer 1. Therefore, magmatism postdating formation of crust makes it difficult to
define the layer 1/2 boundary near the Ogasawara
Plateau accurately; we observe some reflections
with similar strong, low-frequency reflections on
all seismic profiles (white arrows in Figs 5–8).
Seismic refraction data from the flank of the
East Pacific Rise around Deep Sea Drilling
Project/Ocean Drilling Program (DSDP/ODP)
Site 504B indicate that the seismic layer 2/3 boundary lies within the sheeted-dyke complex, where it
is associated with gradual downhole changes in
crustal porosity and alteration, not a lithological
transition from sheeted dykes to gabbro (Detrick
et al. 1994). Furthermore, drilling in the eastern
Pacific Ocean (Guatemala Basin) at ODP/
Integrated Ocean Drilling Program Site 1256D

Oceanic crust and Moho of Pacific Plate

(Wilson et al. 2006) encountered gabbro at a depth
clearly within layer 2. Therefore, the boundary
between layers 2 and 3 might not be marked by a
sharp change in acoustic impedance (e.g. Detrick
et al. 1994), making the boundary difficult to image
with seismic reflection data. From previous wideangle seismic studies (e.g. Ewing & Houtz 1979;
White et al. 1992), layer 2 is characterized by a
rapid increase in seismic velocity with depth, and
layer 3 is distinguished from layer 2 by both a
higher P-wave velocity and a much smaller vertical
velocity gradient. A lower velocity gradient in
layer 3 than in layer 2 might result in layer 3
having a higher dominant frequency than layer 2
(Fig. 8). Furthermore, previous research (e.g.
White et al. 1992; Detrick et al. 1994) has indicated
the thickness of layer 2 to be 1–2 km, and that of
layer 3 to be ca 6 km. Using the information above,
we interpret the boundary between layers 2 and 3
(blue dashed line in Fig. 4).
In our interpretation, the interval velocity of
layer 2 is 3900–5900 m/s, and the velocity of layer 3
is 5500–7100 m/s. The interval velocity of layer 3
derived from our reflection data is somewhat lower
than that calculated with seismic refraction data
(e.g. White et al. 1992).

DISCUSSION
MAGMATISM IN THE OGASAWARA PLATEAU REGION

We interpret magmatic intrusions, possibly associated with emplacement of the Ogasawara Plateau,
in the central portion of seismic line D00-3 and in
the southern portion of line D00-C enhanced by an
envelope (gray arrows in Fig. 7), although it is difficult to identify these magmatic intrusions on the
original seismic profiles (Fig. 5). Magmatic intrusions can be imaged as blocks on the envelope
profile (Fig. 7) mainly because the envelope
(Eqn 2) ignores phase information; these intrusions disturb the original structure of oceanic
crust. Furthermore, the magmatic intrusions can
be identified as low frequency events (Fig. 8).
These observations suggest that seismic attribute
analysis (Taner et al. 1979) is useful for characterizing structures within oceanic crust. The magmatic intrusions thickened the crust near the
Ogasawara Plateau. South of the Plateau, the top
of oceanic basement (white arrows pointing
upward in Fig. 6) formed at a spreading ridge and
Moho deepens proximal to the Plateau because of
loading. Sills, flows and sediment overlie the origi-
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nal oceanic crust, resulting in a smooth and flat sea
floor south of the Plateau (Figs 5,6).
Magmatism north of the Plateau (western
portion of line D00-1 and northern portion of line
D00-C) seems to have been more intense than to
the south, because to the north we observe deformation of the original structure of oceanic crust
(Fig. 7) and the top of the basaltic crust north of
the Plateau is shallower and rough (Figs 5,6),
probably as a result of more extrusive and intrusive activity. Although sills, flows and sediment
mostly cover the top of crust that formed at a
spreading ridge, igneous rock crops out in several
places north of the Plateau, resulting in rougher
sea floor than to the south of the Plateau (Fig. 1b).
Furthermore, Moho is observed as a strong
and continuous reflection south of the Ogasawara
Plateau, and as discontinuous reflections north of
the Plateau (Fig. 6). Differences in characteristics
of oceanic crust and Moho north and south of
the Plateau likely represent effects of Plateau
emplacement. Vigorous magmatism north of the
Plateau seems to be constrained by the Ogasawara
Plateau (Michelson Ridge). Small conical knolls
north of the Plateau (Fig. 1b) could be related to
this magmatism.
Furthermore, on the northeastern side of the
Kashima fracture zone (eastern portion of line
D00-1 and northern end of line D00-C), oceanic
crust seems relatively undeformed and Moho is
continuous (Figs 5–7). These observations suggest
relatively little magmatism on the northeastern
side of the Kashima fracture zone compared to
south of the fracture zone. Therefore, thermal
uplift related to magmatic activity, as represented
by discontinuous Moho reflections and shallower,
rougher sea floor because of magmatic intrusions
within oceanic crust, appears to have been controlled by the Plateau and the fracture zone
(Fig. 1). These observations indicate that the
Plateau and fracture zone acted as barriers to
magmatism and boundaries of thermal stress in
the oceanic lithosphere.
MICHELSON RIDGE AND THE SOUTHWARD-EXTENDING
RIDGE

Within oceanic crust south of the Plateau, we
observe two prominent reflections (A and B in
Figs 5–8). Reflection A parallels the Moho reflection on line D00-C (Figs 5c,6c); therefore, we interpret that reflection A is the top of oceanic crust
constructed at a spreading ridge. That both reflection A and Moho deepen proximal to Michelson
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd
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Ridge further supports this interpretation, assuming that their displacement resulted from emplacement of Michelson Ridge. The other prominent
reflection (B) parallels sea floor on line D00-C
(Figs 5c,6c), and we interpret it to represent sills
or flows accompanying emplacement of Michelson
Ridge.
Focusing on line D00-3 (Figs 5b,6b), we observe
that both reflections A and B deepen proximal to
the northsouth ridge extending south from Michelson Ridge and parallel the Moho reflection
(reflection B does not parallel the sea floor). Before
the northsouth ridge formed therefore the flows
and sills represented by reflection B formed
contemporaneously with Michelson Ridge. Then
reflection B was deflected downward by loading
resulting from emplacement of the northsouth
ridge. These observations clearly demonstrate
that the northsouth ridge formed after Michelson
Ridge.
MOHO AROUND THE OGASAWARA PLATEAU

Although several models have been proposed to
explain reflection Moho – igneous crust (gabbro)mantle (peridotite) boundary (e.g. Dick et al.
2006), serpentinization front (Hess 1962; Muller
et al. 1992) and other changes in physical properties – the nature of reflection Moho is still ambiguous. Seismic modeling (Brocher et al. 1985; Collins
et al. 1986) has suggested that areas with a single
strong Moho reflection event are probably characterized by an abrupt transition from layered
gabbros of the lower crust to residual peridotites
of the uppermost mantle. Areas with weak or no
Moho reflection event might indicate rough Moho
topography that scatters acoustic energy, or might
represent thick Moho transition zones composed
of thin, alternating gabbro and dunite sills, where
the ratio of dunite to gabbro gradually increases
with depth resulting in a gradual downward velocity increase (Nedimovic et al. 2005). Therefore, the
strong, clear Moho reflection south of the Plateau
and north of the fracture zone might represent a
sharp boundary between layered gabbros and
peridotites. The discontinuous, ambiguous Moho
reflection north of the Plateau might be explained
by rough topography because of intense magmatism or by a gradual downward velocity increase in
a thick Moho transition zone.
The Moho reflection near the Plateau is
complex; a few reflections can be observed parallel
to Moho. One possible explanation for sparse
Moho reflections near the Plateau is that mag© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Asia Pty Ltd

matic underplating of gabbroic sills (e.g. Korenaga
& Kelemen 1997; Nedimovic et al. 2005) associated
with emplacement of the Ogasawara Plateau
might have resulted in several changes in acoustic
impedance with depth (Brocher et al. 1985).
CONCLUSIONS
1. Velocity analysis using the cosine of instantaneous phase helps in determining seismic interval velocities within oceanic crust. The interval
velocity of oceanic layer 2 can be estimated as
3900–5900 m/s, and that of layer 3 as 5500–
7100 m/s.
2. We interpret magmatic intrusions, possibly
associated with emplacement of the Ogasawara
Plateau, on seismic profiles enhanced by
seismic attributes.
3. The structure of oceanic crust is ambiguous and
Moho is discontinuous north of the Ogasawara
Plateau and south of the Kashima fracture zone.
In contrast, we can obtain clear images of structures within oceanic crust and Moho south of
the Plateau and north of the fracture zone.
These different characteristics in Moho and
oceanic crust reflections show that magmatism
was apparently vigorous between the eastern
Ogasawara Plateau and the Kashima fracture
zone.
4. South of the Ogasawara Plateau, depth to Moho
increases proximal to the Plateau. From geometric relationships between two prominent
reflection events within oceanic crust south of
the Plateau, we interpret that the northsouth
ridge extending south from Michelson Ridge
formed after Michelson Ridge.
5. A strong, clear Moho reflection south of the
Plateau and north of the fracture zone might
represent a sharp boundary between layered
gabbros and peridotites. Discontinuous,
ambiguous Moho reflections north of the Plateau
and south of the fracture zone might result from
rough topography because of intense magmatism or by a gradual downward velocity increase
in a thick Moho transition zone. A few reflections
parallel to Moho near the Plateau suggest magmatic underplating of gabbroic sills associated
with emplacement of the Plateau.
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APPENDIX I
VARIOUS TYPES OF VELOCITY SPECTRA

We compare (a) the velocity spectrum calculated
by instantaneous phase information Sq (Eqn 6)
with results from four conventional methods (Montalbetti 1971; Yilmaz 2001): (b) stacked amplitude
of original CMP gather S (Eqn 4), (c) normalized

∑ f i, t ( i )
NS = Mi =1
∑ i = 1 f i, t ( i )
M

stacked amplitude

, (d) cross2

correlation sum CC =

and

(e)

M
⎫
1 ⎧⎡ M
⎤
2
⎨ ⎢ ∑ f i , t ( i ) ⎥ − ∑ f i, t ( i ) ⎬ ,
∑
2 t ⎩ ⎣ i =1
⎦ i =1
⎭

(

)

1 ∑ t ∑ i = 1 fi , t ( i )
⋅
semblance NE =
M ∑ ∑ M fi2,t(i)
t

M

2

i =1

(Fig. A). Other conventional methods could be

Fig. A Examples of each velocity spectrum for the same CMP gather. (a) Stacked amplitude of cosine of instantaneous phase. (b) Stacked amplitude of
original traces. (c) Normalized amplitude. (d) Cross-correlation sum. (e) Semblance. The vertical axis represents the two way zero-offset time in seconds.
The horizontal axis in each velocity spectrum represents the scanned normal moveout velocity with a range of 1400-3500 m/s. Warmer colors indicate
higher coherency. The spectrum peak at 10.8 s in two-way travel time represents Moho (black arrows).
© 2007 The Authors
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used to calculate coherency in velocity spectra, but
they do not differ significantly from the above
methods. When we calculate each velocity spectrum, we select parameters (time gate length,
event strength, etc.) for recognizing sharp and
continuous peak of the spectra (Fig. A).
The stacked amplitude of cosine of instantaneous phase Sq (Fig. A-a) is clear and its peak is
continuous with depth, in sharp contrast to the
stacked amplitude of the original seismic trace S
(Fig. A-b). Although the normalized stacked
amplitude NS brings out weak reflection events in
the velocity spectrum (Fig. A-c), the peak of velocity spectra has a broad width. Furthermore, the
normalized stacked amplitude NS is less sensitive
to trace polarity than other methods. Thus, it is
difficult to determine accurate velocities for deep
reflections because of the limited aperture. The
cross-correlation sum CC is unduly influenced by
the larger event, thus it represents the spectrum
only at strong reflections in the shallow section
(Fig. A-d). Because semblance NE (Taner &
Koehler 1969; Neidell & Taner 1971) represents
continuous peaks in the velocity spectrum (Fig. Ae), it also provides useful coherence to analyze
weak reflections. However, because seismic traces
near the Moho reflection (deeper section) are characterized by a poor signal-to-noise ratio, the velocity spectrum of semblance has a low value and it is
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difficult to determine velocities on the spectrum
(Herman 1968). Although the spectrum of the
stacked amplitude of instantaneous phase also
has a low value in low amplitude sections and contains much noise relative to semblance (Fig. A),
the overall trend of peaks with depth can be identified on the spectrum and allows determination of
velocities.
From these comparisons, the stacked amplitude of cosine of instantaneous phase is sensitive
to weak reflections and trace polarity. Furthermore, we can identify the peaks of spectra of
stacked amplitude of cosine of instantaneous
phase in low signal-to-noise ratio (deeper) sections. Therefore, instantaneous phase velocity
analysis (Eqn 6) is a useful tool for oceanic crust.
However, because we remove reflection strength
from the original CMP gather using the phase
velocity analysis technique, we cannot analyze
reflection coefficients (acoustic impedance contrasts). Therefore, the phase velocity analysis
technique should only be used for low-amplitude
intervals, such as oceanic crust. In most sedimentary sections, it is better to use the CMP gather
of the original trace f(t) (Fig. A-b–A-e) for velocity analysis, because velocities typically change at
boundaries of geological sequences that have high
reflection amplitudes as a result of large contrasts in reflection coefficients.
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