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A multi-disciplinary geophysical study including gravity. magnetic, and seismic reflection profiling
was carried out in the area between the Clarion fracture zone and the Clippertone fracture zone
of the northeastern equatorial Pacific basin. There are small free-air gravity anomalies of less than
20 mgal over seamounts and the east-west trending abyssal hills. The negative residual gravity anoma-
lies over seamounts may indicate the existence of low density seamount roots compared to surroun-
ding oceanic crust

Non-existence of magnetic lineations and the magnetic anomalies of small amplitude with no
polarity change in the east-west direction support that the study area belongs to the Cretaceous
magnetic quiet zone. Positive magnetic anomalies over seamounts offset 100km in the east-west
direction in the southern part of the study area suggest a possibility of lefi-lateral movement of
those seamounts along unknown fractures.

The sedimentary section in the study area can be divided into three units (Unit I, Unit IIA. and
Unit [IB) on the basis of reflection characteristics. The total thickness of sedimentary section varies
from 200 to 400 meters and the sedimentary section is thicker in the southern area of rough topogra-
phy near the seamount belt than in the northern flat area. Manganese nodules are abundant in
the southemn part of the study area where the ridges are developed and the Unit I layer is thicker
than 100 meters.
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INTRODUCTION

The Exclusive Economic Zone (EEZ) in the
Central Pacific has been explored intensively for
the exploration of manganese nodules by nations
such as USA., USSR, France, England, and Ja-
pan (Andrews ef al., 1984 ; Calvert ef al, 1978). The
Korea Ocean Research and Development Institute
(KORDI), in cooperation with the U.S. Geological
Survey (USGS), has conducted a multi-disciplinary
study of manganese nodules distribution in a area
bounded by Clarion and Clipperton fracture zones
(C-C Zone) of the northeastern Equatorial Pacific
Ocean.

The study area is located approximately 780 km
southeast of Hawaii in the westernmost section
of the Pacific plate which is tectonically inactive
(Fig. 1). The bathymetry map (Fig. 2) shows a cha-
racteristic seafloor morphology in the area. Con-
tour lines are generally parallel to the Clarion and
Clippertone fracture zones having a WSW-ENE
trend (Fig. 2). The seafloor does not show such
an apparent abyssal hill topography as the Gloria
images around Hawaii. The abyssal hills and the
seamounts have reliefs of about 1300m and are
mostly located in the southern part of the study
area (Fig 2).

Muld-disciplinary geophysical exploration, inc-
luding air-gun seismic reflection profiling. 3.5 kHz
subbottom profiling, 102kHz bathymetry survey-
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Fig. 1. Tectonic map of the area surrounding the study
area.
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ing, and gravity ad magnetic measurements, was
conducted in a 55500 km® tract as a reconnaissa-
nce study for the manganese exploration project
which is now being conducted by KORDI. The
track lines for the air-gun seismic profiling were
laid out to cross the major topographic features
at nearly right angles (Fig. 2). Although the orien-
tation of those track lines would result in poor
resolution of any anomalies associated with seaf-
loor spreading. the major objective of the survey
was to study morphological characteristics which
may affect the formation and distribution of ma-
nganese nodules. In this paper. results of seismic
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Fig. 2. Geophysical survey track lines are shown on ba-
thymetry contours in meter. The solid lines are
the tracks where the air-gun seismic survey was
done together with gravity and magnetic data co-
Hection.
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reflection, gravity. and magnetic studies are prese-
nted.

TECTONIC SETTING OF THE STUDY
AREA

The tectonic position of the area, located about
1000 km east of the Line Islands, is somewhat un-
clear. Many researchers (Larson et al., 1972; Win-
terer e al. 1973 and Winterer, 1976) have studied
the tectonic evolution of the area. However, there
are still many uncertainties about its tectonic evo-
lution. Examination of the models suggested by
all the different researchers is beyond the scope
of this study. We will summarize the sequence
of tectonic events speculated by Winterer (1976).
Only the events occurring later than 115Ma will
be discussed to show the age relationships between
the study area and the surrounding geological st-
ructures.

A tectonic map of the area is shown in Fig. 1.
According to Winterer (1976), the Pacific and the
Farallon plates were separated by a ridge at the
present-day location of the Line Island chain
about 110 Ma. Assuming the Line Island chain
is a relict of the Pacific-Farallon spreading ridge.
Winterer infered the age of the island chain as
100-115 My. The Line Island chain is not orthogo-
nal to the C-C fracture zones. This geometrical
relationship requires a change of orientation of
the ridge axis sometime in the 10My after the
formation of the Line Islands to a direction more
nearly orthogonal to the fracture zones. The Paci-
fic-Farallon ridge, then, jumped eastward to the
present-day location of our study area between 105
Ma and 75Ma. The age of the oceanic crust at
DSDP site 163, about 100km east of the study
area has been estimated to be 78 My by Van An-
del and Heath (1973). The age of the oceanic crust
of the study area can be therefore considered to
be slightly older than 80 My.

The morphology of ocean floor will be discus-
sed in relation to the sediment thickness. The area
is characterized by elongated ridges nearly parallel
to the C-C fracture zones. In a few places in the
south, the trend of ridges appear to be offset in

a left-lateral sense along the northeast-trending
faults. The offset scems to be related to the unna-
med fracture zone proposed by Sclater er al. (1971).
The unnamed fracture zone is within 50" in lati-
tude to the south of our study area. The offset
may be a result of shear stress within an area
between transform faults. In contrast to the south
half of the survey area. where several seamounts
reach up to about 4000 m below sea level, the nor-
thern half is characterized by nearly flat basin
with relief less than 200m (except for one sea-
mount in the northwestern corner).

DATA ACQUISITION AND PROCES-
SING

Shipboard navigation included GPS and Loran
C with a FARNAV integrated navigation system
aboard the Famella. GPS was available for app-
roximately 13 hours per day during the entire sur-
vey. Seismic reflection data were acquired using
two 40 in' air-guns and a Teledyne two-channel
streamer along the tracks of 11136 km in total le-
ngth. The ship speed was maintained at about 7.5
knots and the air-guns were fired every 9 seconds
(35 m spacing). Seismic reflection data were recor-
ded for all frequency bands using two Raytheon
line scan recorders with different vertical exagge-
rations for the intervals of 4-8 seconds or 4.4-84 se-
conds depending on bathymetry.

Gravity and magnetic field were measured every
20 seconds using the LaCoste-Romberg Sea Gravi-
meter (Model S-53) and a proton precession mag-
netometer (Geometrics Model G801) along 7789
km of the cruise track. Measured gravity data were
processed by subtraction of a reference value, Eot-
vos correction and low pass filtering to get Free-
air gravity anomalies. The free-air gravity anoma-
lies were converted into Bouguer anomaly by sub-
traction of the gravity effect of mass deficiency
of sea water using the equation dgp=dge,—41.97
ph where p is density contrast between sea water
and seamount (g/cm?®), h is depth in km. dgg is
the Bouguer anomaly (mgal), and dgga is free-air
gravity anomaly (mgal). The density contrast used
in this study was —167g/cm® assuming that the
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densities of sea water and seamount are 1.03 g/cm’
and 2.7 g/em’. respectively.

Frec-air gravity data were contoured in an inter-
val of 10mgal. The study of crossover errors
(COE), the difference in gravity values at the cros-
sings of two tracks, indicates that there are about
13 mgals of COEs. Considering a standard devia-
tion of 2243 mgal of crossover errors based on
more than 63000 COEs of worldwide marine gra-
vity data set (Wessel and Watts, 1988). our data
set is of average quality. Gravity data from some
iracks with COEs bigger than 10 mgal were not
used in contouring because the variation of gravity
anomaly is small in the study area.

Total magnetic intensity data were reduced to
magnetic anomalies by removing the regional field
calculated using the IGRF 1980 from the measu-
red total magnetic intensities. Measurement of the
diurnal variations of the geomagnetic fields was
not attempted during this survey. In general, diur-
nal variations show errors up to +/— 30 gamma
from the measured anomaly. Therefore. the mag-
nectic anomaly of the study area can have the
maximum errors of about 30 percent.

GRAVITY

North-south profiles of gravity and magnetic
anomalies are shown together with morphology
in Fig.3. All the seamounts are well-correlated
with local free-air gravity highs of up to 35mgal.
In general, local gravity high zones are wider than
seamounts due to their deep positicns. The profiles
of simple Bouguer anomaly show lower values of
Bouguer anomaly on seamounts than those on
flat areas nearby. giving negative residual anoma-
lies as low as —70 mgal (Fig. 3). This may indicate
the existence of low density material beneath sea-
mounts even though topographic correction was
not conducted. Topographic corrections for sea-
mounts would result in decreasing of the ampli-
tude of Bouguer anomalies and residual anomalies
over the seamounts. Gravity modeling would be
helpful to resolve the low density material beneath
seamounts,

The Free-air gravity anomaly has relatively low
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Fig. 3. Profiles of gravity and magnetic anomalies with
bathymetry (WD: water depth, FA: free-air gravity
anomaly., BA: Bouguer gravity anomaly, MA:
Magnetic anomaly).

values ranging from —36 to 19 mgal in the study
area (Fig.4). A positive anomaly belt of less than
10 mgal. trending east-west, is found near 9°40'N.
This positive anomaly belt is interpreted to be a
gravitational expression of a seamount belt which
has relief of about 500-1100m. Another positive
anomaly belt in the northern part of the study
area is also related to an abyssal hill belt. Isolated
circular positive anomaly zones of about 10 mgal
represent existance of isolated seamounts.

MAGNETICS

Fig. 5 displays amplitude of magnetic anomalies
plotted in a coordinate normal to the survey lines.
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Fig. 4. Contour map of free-air gravity anomaly. Con-
tour interval is 10 mgal.

At some cross points, differences of up to 280nT
are found. These crossover errors are attributed
mainly to the diurnal variation of geomagnetic
field.

To some extent magnetic anomalies reflect the
seafloor topography running east west. The ampli-
tude of the magnetic anomalies becomes subdued
toward the east just as do changes of seafloor to-
pography.

Fig. 6 compares the magnetic anomaly with the
subbottom crustal structure detected by seismic se-
ctions. Magnetic anomalies reflect the topographic
relief. Negative anomalies occur over most sea-
mounts. An exception is a positive anomaly along
the east-west trending seamount chain near 9°40/
N. It is interesting that the seamounts which are
offset over 100 km in the east-west direction near
9°40'N have magnetic anomalies of same polarity.
This phenomenon would be possible if the sea-
mounts had been formed in several different nor-
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Fig. 5. Magnetic anomaly profiles plotted in a coordi-
nate perpendicular to track lines. Hatched por-
tions denote positive anomaly.

mal geomagnetic periods. Another explanation for
the phenomenon is that the seamounts was for-
med during one normal geomagnetic period at a
position and had been moved west in a left-lateral
manner. The latter explanation requires the existe-
nce of unknown fractures which cut the east-west
trending seamount chain near 9°40'N in the direc-
tion of ENE-WSW. The topographic features
seems to support the latter explanation as discus-
sed in section of tectonic setting.

In some places. peaks of the negative anomaly
do not occur just over seamounts’ summits. This
phenomenon could be interpreted as the result
of the ovelapping of normal polarity of seamounts
on an overall positive anomaly of the Mesozoic
quiet zone. In some cases, abrupt changes of mag-
netic intensity are found even though the seafloor
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Fig. 6. Magnetic anomaly profiles with subbotiom crustal structures. Subbottom crustal structures were drawn from

seismic sections.

topography is flat. Seismic interpretation indicates
that large amplitude magnetic anomalies, which
are not likely related to the topographic features.
arise from concealed intrusive masses beneath the
scafloor (Fig.6). Some scamounts have both posi-
tive and negative anomalies simultaneously. This
phenomenon indicates that those seamounts inc-
lude differeni remnant magnetizations.

To review the magnetic anomalies associated
with seafloor spreading of the Pacific plate we
plotted its residuals after a removal of linear trend
from the anomaly profiles of Fig. 5 in the east-west
direction. Over the most of oceanic crust in this
region, magnetic anomalies are extremely low (-
30 to +25nT) except for some places where the
bottom topography is irregular (Fig. 7). Hays and
Pitman (1970) suggested that the magnetic quiet

zone in the North Pacific is in the area west of

anomaly 32. The magnetic quict zone spans the
area between 85Ma and 110Ma in age and has
a normal magnetic polarity. Park er al. (1986) inve-
stigated magnetic anomaly profiles around 150°
west longitude, west of anomaly 32, and found
no magnetic lineations. The facts that no magnetic

lineation can be traced over the area and anoma-
lies of small amplitude with no polanty change
prevail in the area. support that the oceanic crust
of the area was formed during the Cretaceous pe-
riod.

SEISMIC RESULTS
Features on Sea Bottom and Crustal Structure

The water bottom reflectors are relatively weak
in the study area. Sometimes they are not seen
with the air-gun single channel seismic data. The
weak reflectivity of the sea bottom has been attr-
buted to low density contrast between seawater
and unconsolidated sediments. Velocity logs from
the DSDP 163 site indicate that the upper 90 m
of the sedimentary section has velocities less then
1.6 km’sec (van Andel er al., 1973).

There are many seamounts and intrusive masses
within the sedimentary layers of the study area.
Dimension of seamounts range from 2.5 10 25 km
in basal width and up to 19km in height (Fig. 6).
Some seamounts are flanked with moat-like struc-
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tures at their base (Fig. 8). Existence of undefor-
med sedimentary layers beneath these moat-hke
structures suggests that their formation 1s related
to depositional mechaism rather than subbottom
movement. Movement of Antarctic Bottom water.
flowing from SSW to NNE may be rapid cnough
to create erosion or non-deposition near the base
of the ridges (Holmes and Suk, 1990).

A typical seismic section showing overall crustal
structure of the of study area is shown in Fig 9.
The cross section shows secamounts and concealed
igneous bodies within the sedimentary section (A
& C in Fig. 9). The Age rclationship between sca-
mount activity and sedimentary layers can be infe-
rred from the seismic section. The sedimentary la-
vers over rock mass C are folded and include
many normal faults and graben structures. This
indicates uplifiing of rock mass C after the depo-
sition of overlving sedimentary rocks. In particular.
the seismic facies of parallel and continuous refle-
ctors with high amplitude of the topmost section
of the sedimentary layers over rock mass C indi-
cates the turbidite sequence deposited at a lower
place than present place. This supports the fact
that volcanic activity occurred recentely in contrast
to the general consideration of the area as a tecto-
nically calm arca. Seamount B represents volcanic
acitivity that occurred at differnt time from the

TWO-WAY TRAVEL TIME(SEC)

x

Fig. 8. Seismic section showing geologic features near a seamount Moat structures and a talus pile are denoted.
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Fig. 9. Uninterpreted and interpreted seismic section of a line shown in Fig. 2.
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lower main igneous body. The existence of the
moat structure in the west of the seamount rules
out the possibility of sideswipe from a nearby sea-
mount.

Reflection Characteristics of the Sedimentary Layers

The sedimentary section of the central Pacific
ocean basin has been divided into Unit I and
Unit II based on reflection characteristics (Ewing
et al., 1966; Tamaki, 1977; Tamaki and Tanahashi,
1981; Jeong er al., 1988).

The sedimentary layer of the study area shows
a typical seismic reflection pattern of the central
Pacific ocean. A typical seismic section of area
is correlated with the DSDP 163 data in Fig. 10.
The seismically transparent layer at the top is cor-
related to Unit I of Tamaki and Tanahashi (1981).
Unit 1 is distinguished from the older and more
reflective section (Unit IT) by a strong refletor (Re-
flector A'). Correlation of the seismic section with
drill data of DSDP 163 indicates that Unit I con-
sists most of unconsolidated clayey ooze and clay
(Fig. 10). Unit I has sonic velocities of 1.50 km/sec
in average and low bulk densities of 1.14 to 1.26
g/cc (van Andel er al,, 1973). Low values of veloci-
ties and densities made the Unit 1 sometimes too
transparent to be distinguished from the overlying
water layer.

Unit II has usually been divided into two subu-
nits of Unit IIA and Unit 1IB by a strong reflector
(Reflector B’) (Fig. 10). The upper part of Unit HIA,
having parallel and continuous reflectors with high
amplitude, consists of thin chert beds separated
by soft sediment (probably radiolarian ooze) based
on the DSDP 163 data (van Andel e al., 1973).
Intercalating chert beds and soft sediment layers
provide good contrast of acoustic impedance at
the chert bed-soft sediment boundary and the
acoustic laminations on seismic sections. The seis-
mic transparency of the lower part of Unit IIA
is explained by the lack of conspicuous lithologic
boundaries. The DSDP 163 data shows that the
lithology of this part is mostly ferruginous clay
(van Andel e al., 1973).

Unit 1IB shows parallel and continuous reflec-
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Fig. 11. Isopach map of the study area. Contour values
repersent two-way travel time (msec) through the
layers of Unit I and Unit HIA

tors with high amplitude along all the seismic
profiles. Strong reflectors in this unit inhibit ima-
ging of the basement and estimation of total thic-
kness of sedimentary section. Lithology of the unit
consists of intercalating layars of relatively thick
chalk and relatively thin chert. Chalk layers and
chert layers have sonic velocities of 1.6-1.7 kmy/sec
and about 49 km/sec, respectively (van Andel e
al., 1973). The good velocity contrast at the litholo-
gic boundary resulted in strong continuous reflec-
tors in the unit

The basement of the sedimentary section, the
top of oceanic crust, is not easily discernible in
most of the seismic sections. Diffractions, which
are sometimes found below the Unit 1IB, are inte-
rpreted to be the top of the layer 2 of oceanic
crust. The top of the layer 2 is generally unders-
tood to have an irregular surface due to volcanic
activity which results in diffractions in a seismic
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Fig. 12. Isopach map of the Unit I. Contour values rep-
resent two-way travel time (msec).

section.

Thickness of Sedimentary Section and Distribution of
Manganese Nodules

Fig. 11 shows the total thickness of Unit I and
Unit IIA. The sediment layer is thicker in the
south where there are more seamounts than in
the north. The thickness of sedimentary section
1s over 280 m south of 10°N and about 140-200 m
north of 10°N. Although the thickness of Unit 1B
is uncertain due to undicernible basement, a thic-
kness of about 70-100 m in inferred from a seismic
section which includes diffractions beneath the
Unit [IB (Fig.9). Therefore. the sedimentary sec-
tion in the area has a thickness of 200-400 meters.

The relationship between acoustic stratigraphy
and abundance and type of manganese nodules
has been studied in the Equatorial Central Pacific
basin (Price and Calvert. 1970: Piper and Blueford.

1982; Usui and Tanahashi, 1986). The factors
which affect growth rate, abundance, and patterns
of deposition for manganese nodules are not well
understood yet. Interaction of such factors as sedi-
ment chemistry, near bottom currents and sedime-
ntary environments have been considered to esta-
blish proper conditions for nodule growth and
preservation (Holmes and Suk. 1990). A general
rule found in previous studies is that nodule abu-
ndance is inversely related to the thickness of Unit
I where the layer is seismically transparent.
Isopach map of the Unit 1 (Fig.12) shows a
range of 40-230 msec in two-way travel time,
30-170 m in thickness assuming 1.5 km/sec for the
velocity of the layer. The comparison of the iso-
pach contours of the Unit I with the manganese
nodule abundances in the study area (Kang er al.,
1990; Jung er al. 1990) indicates that manganese
nodules are abundant on or around the ridges
in the southern part of the area where the Unit
I layer is thicker than 130 msec (two way travel
time). Relationships between the bottom topogra-
phy and manganese nodule abundance have been
studied in the equatorial north Pacific and central
Pacific basins. Rather unusual relationships bet-
ween sediment thickness and bathymetry were ob-
served at the DOMES site A in the equatorial
North Pacific: bathymetric lows of non-deposition
and highlands with thick Quaternary sediments.
Piper and Blueford (1982) attributed this relation-
ship to erosion of sediments during the past 2X10°
years by Antarctic Bottom Water through the E-
W trending valley in this arca. It seems that the
same explanation can be used in our study area,
about 50km north of DOMES site A, which
shows high manganese nodule abundance on or
around the elongated ridges in the south.

SUMMARY AND CONCLUSIONS

We have shown the magnetic and gravity ano-
maly and seismic reflection profiles. It seems that
they can be interpretted in relation to the E-W
trending geological structure in this area. There
are small free-air gravity anomalies of less than
20 mgal over seamounts and east-west trending
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abyssal hills. All the seamounts have local free-air
gravity highes and negative residual gravity ano-
malies. The negative residual gravity anomalies
over seamounts may indicat the existence of low
density material beneath seamounts compared to
surrounding oceanic crust. The seamounts are also
characterized by either positive or negative mag-
netic anomaly. The peaks in magnetic and gravity
anomaly arc nearly parallel to the E-W bathyme-
try trend. This rather unexpected E-W trend offset
seems to be related to shear stress in the unnamed
fracture zone proposed by Sclater er al (1971).

Although we do not have enough information
to identify the chronological order of the seamou-
nts, seismic profile gives us some clue on the age
relation between the seamounts and the oceanic
crust in the area. The age of the oceanic crust
has been estimated to be approximately 80 My ba-
sed on the study at the DSDP site 163 about 100
km to the east. Reflection profiles clearly show
that some seamounts were formed after deposition
of the Unit II sedimentary rock. indicating that
the seamounts are younger than 80 My.

The sedimentary section in the study area can
be divided into three seismically different units:
Unit L, Unit IIA, and Unit 1IB. The total thickness
of sedimentary section varies from 200 to 400 me-
ters and the sedimentary section is thicker in the
southern region of rough topography near the sea-
mount belt than in the northern flat area. The
sediment thickness seems to be related to the
bathymetry, which, in turn, affects manganese
nodule abundance by erosion due to the bottom
water flow. Manganese nodules are abundant in
the southern part of the study area where ridges
are developed and the Unit 1 layer is thicker
than 100 meters.
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