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ABSTRACT

A 200-m-thick, near-vertical, middle Miocene (ca. 14 Ma), gabbroic sheeted intru-
sion in the Muroto area of the Shimanto accretionary complex of southwest Japan 
yields anisotropy of magnetic susceptibility (AMS) showing a magnetic foliation 
for the minimum axis (Kmin) oblique (by ~70°) to the perpendicular of the intrusive 
contact. Assuming the Kmin axis represents the paleovertical axis, these data suggest 
that the gabbroic sheet was not intruded into the host sediments horizontally. Paleo-
magnetic measurements of the gabbroic intrusion show an in situ mean direction of 
reversed polarity (declination/inclination [Dec/Inc] = 287°/–65°, α 95 = 3°) that is con-
siderably different from the expected, reversed-polarity dipole-field direction of this 
region (Dec/Inc = 0°/–56°). A structural analysis combining the paleomagnetic and 
AMS data led to the determination of a unique pole of rotation, around which the dike 
can be back-rotated to its initial orientation. The magnitude of rotation necessary 
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INTRODUCTION

The Shimanto belt of southwest Japan is a subaerially 
exposed Cretaceous to Early Tertiary accretionary complex 
(Taira et al., 1988), which extends along the outer part of the 
southwest Japanese archipelago from the islands of Kyushu 
and Shikoku to central Honshu (Fig. 1). The Shimanto belt is 
composed of mainly clastic sediments, which, prior to accretion, 
filled the proto–Nankai Trough; the belt also contains alloch-
thonous sediments and volcanic rocks regarded as fragments of 
accreted oceanic crust (Taira et al., 1988). Uncharacteristic of 
accretionary complexes, the outer zone of the Shimanto belt is 
host to widespread, although short-lived, magmatic activity with 
ages of ca. 15–13 Ma (Shibata and Nozawa, 1967). The Miocene 
magmatic activity in the outer zone of southwest Japan is anoma-
lous in that it is characterized by S-type granite and basic rocks 
with mid-ocean-ridge-basalt affinity (Kimura et al., 2005, 2014). 
Vitrinite reflectance and illite crystallinity studies indicate high 
thermal maturity for strata of the Shimanto outer zone (Under-
wood et al., 1992). These data and the anomalous magmatic 
activity collectively have been interpreted as the consequence 
of the subduction of the young and therefore “hot” Philippine 
Sea plate (Hibbard and Karig, 1990a; Underwood et al., 1992), 
the subduction of an active spreading ridge on the Philippine Sea 
plate (Hibbard and Karig, 1990a), subduction initiation (Kimura 
et al., 2005) or the subduction of a seamount (Kodaira et al., 
2000; Kimura et al., 2014), or some combination thereof.

Magmatism in near-trench regions is observed elsewhere 
in the world, for example, along the South American margin, 
close to the triple junction of the Nazca, Antarctic, and South 
America plates, where Neogene to Quaternary plutonic magma-
tism most likely originated from the subducting southern Chile 
spreading ridge (Guivel et al., 1999). Likewise, Middle Tertiary 
volcanism in west-central California has been interpreted to be 
derived from the interaction between the subducting East Pacific 
Rise and the North American plate (Cole and Basu, 1992, 1995). 
Among these examples of near-trench magmatic activity, the in 
situ accretionary prism thermal event recorded in the Oligocene–
Miocene rocks at Cape Muroto, eastern Shikoku Island, has 
been well documented by means of structural and stratigraphic 
studies (Hibbard and Karig, 1987; DiTullio and Byrne, 1990; 
Hibbard et al., 1992; Mizoguchi et al., 2009), paleotemperature 
estimates using vitrinite reflectance (Underwood et al., 1992; 

for the in situ paleomagnetic direction to be back-rotated to the expected direction 
is ~60°, which is consistent with the rotation required for the Kmin axis to be vertical. 
This consistency can be regarded as independent support for our interpretation of the 
AMS results and the reliability of the paleomagnetic data. Consequently, we propose 
that the Muroto gabbro was intruded when the paleo–trench-fill sediments had been 
tilted landward by ~20°, presumably by accretion, and that the gabbro might have 
been intruded as a sill-like sheet along a structurally weak zone, possibly part of the 
frontal thrust plane in the Shimanto accretionary prism.
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Figure 1. Index and general geologic map of the outer zone of south-
west Japan and the Muroto Peninsula of Shikoku Island, with the loca-
tion of study area at Cape Muroto.
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Hibbard and Larue, 1993), and thermochronologic data, includ-
ing fission-track and radiometric age analyses (Hamamoto and 
Sakai, 1987; Tagami et al., 1995). These studies have unraveled 
the relationship between the complicated deformation stages of 
the accretionary prism and the timing of emplacement of forearc 
magmatism. It has further been suggested that the structure and 
magmatism of this region could be explained in terms of the col-
lision and the successive subduction of the spreading ridge on the 
Shikoku Basin (Hibbard and Karig, 1990b). In order to provide 
new and better insight toward understanding the origin and the 
emplacement mechanisms of forearc magmatism, we undertook 
a combined study of paleomagnetism and magnetic fabric analy-
sis of a thick gabbroic intrusion at Cape Muroto.

GEOLOGIC SETTING, SAMPLING, AND 
MEASUREMENTS

The Tertiary Shimanto belt on the Muroto Peninsula has 
been subdivided into two subbelts, the Nabae subbelt of late 
Oligocene to early Miocene age at Cape Muroto, and the Mur-
otohanto subbelt of Eocene to early Oligocene age to the north 
(Taira et al., 1988). The boundary between these subbelts is the 
Shiina-Narashi fault, which dips steeply to the northwest and is 
interpreted as an out-of-sequence thrust fault (Fig. 1). The Nabae 
subbelt is subdivided into three major tectonostratigraphic units: 
complexly deformed coherent strata (Misaki and Tsuro assem-
blages) and mélange units (Sakamoto and Hioki units), slope-
basin strata (Shijujiyama Formation), and mafic plutonic rocks 
(Maruyama intrusive suite; Hibbard et al., 1992). The deformed 
rocks in the Nabae subbelt, like those in the Murotohanto subbelt 
to the north, show evidence for multiple-stage structural fabrics 
overprinted by structural shortening of various degrees taking 
place during the deformation of the Shimanto accretionary prism 
(Hibbard and Karig, 1987; DiTullio and Byrne, 1990; Lewis and 
Byrne, 2001). The Muroto flexure (Fig. 1) affects both subbelts 
of the Shimanto belt and is marked offshore by a steep bathy-
metric gradient, suggesting that it is an active or recently active 
structure (Sugiyama, 1989).

The Maruyama intrusive suite consists of a number of mafic 
dikes and sills that intrude the Upper Oligocene–Lower Mio-
cene sedimentary strata of the Nabae subbelt at Cape Muroto. 
The most prominent one is the Murotomisaki gabbroic complex, 
a sheeted layered intrusion, ~200 m thick, located at the south-
ern tip of Cape Muroto, which has been radiometrically (Rb-Sr) 
dated at 14.4 ± 0.4 Ma (Hamamoto and Sakai, 1987). The com-
plex consists mainly of cumulates of gabbro and olivine gab-
bro, with dolerite at chilled margins, and it shows, as a whole, 
a distinct zonal distribution parallel to the bedding of the host 
sedimentary strata, suggesting that the source melt intruded and 
crystallized as a sill (Yajima, 1972). The intrusive body also fea-
tures a pegmatite-like pocket in the core zone with unique texture 
(Taira et al., 1992), which indicates, as does the layered structure, 
that crystals were precipitated and accumulated in melt, forming 
crystal mush layers (Akatsuka et al., 1999; Hoshide et al., 2006). 

The body can be subdivided into four subzones on the basis of 
mineral constituents and grain size, including chilled-marginal 
dolerite, fine-grained olivine gabbro, medium-grained olivine 
gabbro, and gabbro pegmatite (Yajima, 1972). We hereafter refer 
to them, for simplicity, on the basis of grain size, as zone I (dol-
erite and fine-grained olivine gabbro), zone II (medium-grained 
gabbro), and zone III (gabbro pegmatite; Fig. 2).

Samples for this study were collected from the intrusive 
body at 1–5 m intervals from the southeastern chilled margin 
toward the core of the body. The samples were subjected to mea-
surements of natural remanent magnetization (NRM), with pro-
gressive alternating field demagnetization (AF) for the majority 
of the samples and thermal demagnetization (TH) for representa-
tive ones to examine blocking temperature. NRM was measured 
mainly with a spinner magnetometer (Natsuhara SMD-88), with 
supplementary measurements of weak NRM by a superconduct-
ing rock magnetometer (2G 755 rock magnetometer). Demagneti-
zation was conducted with a Natsuhara DEM-88 for AF and 902S 
for TH. Magnetic hysteresis curves were measured for selected 
samples with an alternating gradient force magnetometer (PMC 
MicroMag 3900). Anisotropy of magnetic susceptibility (AMS) 
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Figure 2. Geologic map of the Murotomisaki gabbroic complex (Ya-
jima, 1972; Akatsuka et al., 1999), linked with an aerial photo of the 
outcrop over Cape Muroto, showing (A) gabbroic intrusive body and 
(B) Upper Oligocene–Lower Miocene sandstone and shale sequence 
(Taira et al., 1992). Zone I—dolerite and fine-grained olivine gabbro, 
zone II—medium-grained gabbro, zone III—gabbro pegmatite. Dots 
indicate locations sampled for paleomagnetic and anisotropy of mag-
netic susceptibility (AMS) studies. The associated numbers (blue) are 
the sample identifiers and localities with demagnetization behaviors 
shown in Figure 7.



132 Kodama et al.

was measured with a KappaBridge KLY-2 to investigate their 
magnetic fabric and help to quantify the orientation of the lay-
ered structure and the mode of intrusion of the body. No sample 
was collected either from the baked contact layer of the country 
rocks, which is too altered and weathered for magnetic analyses, 
or from portions close to the northwestern chilled margin, which 
is inaccessible.

RESULTS OF MAGNETIC FABRIC ANALYSIS AND 
PALEOMAGNETISM

Results of AMS measurements are shown in Figure 3, in 
which they are subdivided according to the three subzones in 
order to clarify the relationship between the magnetic fabric and 
grain size and to investigate possible differences in emplace-
ment mechanism, such as flow direction, between the core and 
marginal portions. Figures 3A to 3C are plots of the principal 
eigenvectors of the AMS data, and Figures 3D to 3F are the cor-
responding mean directions with confidence ellipses calculated 
using least-squares analysis (Hext, 1963). There appears to be 
a systematic distribution of principal axes of susceptibility; the 
directions of the minimum principal susceptibility axis (K

min
) 

for zone II show a better clustering with a mean direction in the 
southeast quadrant. However, the overall large error ellipses make 
these mean directions ambiguous. This is principally because 
of the restriction associated with the conventional least-squares 
method requiring a small error for the underlying mother popula-
tion (Tauxe, 1998). This a priori assumption does not necessar-
ily hold, for example, in the present case, where limited data are 
available from samples with weak magnetic anisotropies. A plot 
of shape parameter (T) versus the degree of anisotropy (Pj) for 
the AMS data from the three zones (Fig. 4) demonstrates no obvi-
ous relationship between T and Pj, with average T ~ 0, suggest-
ing no preferred shape of the magnetic ellipsoids. Thus, we also 
attempted the bootstrap method (Constable and Tauxe, 1990), a 
numerical simulation for creating synthetic distributions from a 
relatively small number of data points, allowing us to empirically 
estimate the underlying distribution. This quantitative method 
has successfully been applied to AMS data (Tauxe et al., 1998), 
as well as paleomagnetic data (Tauxe et al., 1991). In this study, 
we used PmagPy (Tauxe et al., 2016), an integrated software 
package for the analysis of paleomagnetic and AMS data. We 
calculated a total of 1000 eigenvectors for individual principal 
axes for each zone (Figs. 3G–3I). The calculated parameters and 
eigenvectors of the Hex statistics and the bootstrap statistics are 
summarized in Table 1.

The synthetic eigenvectors of K
min

 for the central zone II 
(Fig. 3H), in contrast to the loose grouping in Figure 3B, are con-
centrated with a mean direction of 136° and a plunge of 33°. In 
the same zone, the directions of the eigenvectors corresponding 
to K

max
 and K

int
 are distributed around a girdle. This oblate-shaped 

magnetic fabric, along with the rather weak degree of anisotropy, 
i.e., <5%, is analogous to what is often observed for sedimentary 
fabric formed in the presence of gravity and weak current flow 

(Tarling and Hrouda, 1993). Results from the other two zones 
show markedly different results from zone II. The eigenvectors 
of K

max
 show circular distributions, whereas those of both K

int
 

and K
min

 lie along the girdle perpendicular to the lineation direc-
tion of K

max
. This AMS fabric can be classified as a prolate shape, 

the K
max

 direction of which is interpreted to represent the magna 
flow direction (Tauxe et al., 1991; Herrero-Bervera et al., 2001; 
Andersson et al., 2016).

Results of NRM measurements show a totally reversed 
polarity, pointing steeply upward with considerable westward 
deflection from the geographic north. The overall mean direction 
was calculated from a total of 120 samples, which were judged 
as stable by the stepwise demagnetization of all 195 samples col-
lected. The resulting mean direction is declination (D) = 287.2°, 
inclination (I) = −65.0°, with α 

95
 = 3.1° for in situ coordinates 

(Fig. 5). Figure 6 shows variations in magnetization directions 
within the gabbro body from the chilled margin toward the core, 
for in situ coordinates. There appears to be a difference in direc-
tional patterns between layers; inclinations tend to be steeper and 
declinations get more scattered for zone III, while magnetiza-
tions of zones I and II seem to show relatively consistent direc-
tions. However, due to these scattered data from zone III, it seems 
tenuous to draw a conclusion about the internal deformation, and 
we have taken the entire intrusive body as the first approximation 
in this study.

In total, 120 out of 195 samples exhibit stable linear decay, 
such as shown in Figure 7, demonstrating the moderate magnetic 
coercivity that indicates fine-grained magnetite, presumably 
single-domain magnetite. To examine the possible occurrence of 
magnetites in the host phenocrysts, we made hysteresis measure-
ments on a suite of samples from zone II, including whole-rock 
powders and separated phenocrysts of plagioclase and augite. The 
resulting rock magnetic properties are provided in Table 2. The 
representative hysteresis curves (Fig. 8) show loops typical of fer-
romagnetism, superimposed by a slight but continuing increase 
at higher fields, indicating the contribution of paramagnetic sili-
cate minerals. There is a close similarity between the hysteresis 
loops from the whole-rock sample (Fig. 8A) and augite crystal 
(Fig. 8B), whereas that from a plagioclase (Fig. 8C) showed a 
markedly weak hysteresis loop. These distinctive patterns sug-
gest that titanomagnetites carrying NRM occur mainly in the 
phenocrysts of augite, which are abundant throughout the gab-
bro complex (Yajima, 1972; Akatsuka et al., 1999; Hoshide et al., 
2006). Such titanomagnetite generally occurs in mafic intrusive 
rocks, in which submicroscopic inclusions of titanomagnetites in 
host silicate minerals are responsible for the creation of stable 
NRM (Feinberg et al., 2005). The blocking temperature distribu-
tions obtained from the thermal demagnetization (Fig. 7) show a 
narrow spectrum in high temperatures, ranging between 500 °C 
and 590 °C. The narrow blocking temperature distribution also 
suggests the narrow volume distribution of the single-domain 
magnetite. The uniform patterns in the demagnetization behav-
iors between the separate zones (Fig. 7) may rule out different 
hydrothermal alteration in the separate zones, although it is hard 
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Figure 3. Plots of anisotropy of magnetic susceptibility (AMS) data from the three subzones of the Murotomisaki gabbroic complex. Lower-
hemisphere, equal-area projection, in situ coordinates. Dotted girdle (green) indicates the plane of the chilled margin. (A–C) Principal suscep-
tibility axes for samples from the three zones. Solid symbols are K

max
 directions (red squares), K

int
 directions (triangles), and K

min
 directions 

(circles). (D–F) Mean directions and error ellipses calculated with the Hext method (Hext, 1963). (G–I) Directions of 1000 eigenvectors of the 
principal axes, calculated with the parametric bootstrap method (Constable and Tauxe, 1990). Same symbols as in A–C.
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Figure 4. T-Pj plot showing the relation-
ship between shape parameter (T) and 
degree of anisotropy (Pj).

TABLE 1. SUMMARY OF THE HEX STATISTICS AND BOOTSTRAP STATISTICS FROM THE THREE ZONES
OF THE MUROTOMISAKI GABBROIC COMPLEX

τι Δι Ιι ζι Δι_ζι Ιι_ζι ηι Δι_ηι Ιι_ηι

Zone I
0.3361 225 34 27 357  46 21 116 25 
0.3325 351 42 33 227 30 82 118 29 
0.3314 112 30 26 225 32 94 338 32 
Zone II
0.3381 246 28 29 8 46 6 137 32 
0.3352 7  45 28 238 31 7 129 29 
0.3267 136 33 7 351 52 6 237 17 
Zone III
0.3369 49 10 126 281 45 50 148 34 
0.3328 312 36 78 145 45 52 51 4 
0.3303 152 53 67 311 31 25 47 10 

Note: τι, Di, Ii—the Hext eigenparameters and eigenvector directions (degrees); ζι, ηι, Di _ζι, Ii _ζΙ, Di _ηI, Ii _ηι—the bootstrap confi dence 
parameters and corresponding eigenvector directions (degrees), where the i subscripts refer to the principal axes, indicating the maximum 
(i = 1, top), intermediate (i = 2, middle), and minimum (i = 3, bottom) axis for each zone. 
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Figure 5. Directions of stable remanent magnetization 
components from a total of 120 samples of the Muroto-
misaki gabbroic complex (in situ coordinates). Star sym-
bol represents the overall mean direction. Upper-hemi-
sphere, equal-area projection. N—geographic north; D—
declination; I—inclination. 

Figure 6. Variations in declination (left) and inclination (right) of remanent magnetizations within the gabbroic intrusive 
body at Cape Muroto. Chilled margin is at the bottom of zone I, and the northwest margin of zone III is at the top.
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at present to distinguish between the thermal remanent magne-
tization and the chemical remanent magnetization due to wide-
spread alteration soon after intrusion. It is therefore most likely 
that the inclusions of uniform-sized, single-domain magnetite in 
the augite crystals are the major magnetic carriers in the gab-
bro body.

DISCUSSION

It is generally controversial how to apply proper structural 
correction to the in situ paleomagnetic direction of an intrusive 
body. In particular, considering the prominent, regional fold-
ing by the Muroto flexure, it seems inappropriate to make a 
conventional, simple tilt correction, which usually unfolds 
a magnetized body around a horizontal axis using the dip of 
itself or neighboring sedimentary strata. In addition, it is hard 
to estimate the magnitude of the plunge of a fold in an accre-
tionary prism, and it is more difficult to separately deal with 
the regional flexure and the superimposed local deformations 
of various magnitudes at different stages. Therefore, for the 
structural correction of the gabbroic sheet at Cape Muroto, 
we devised a simple, but more general, model, which allows 
the intrusive sheet to be back-rotated to a paleovertical plane 
around a pole of rotation that can be located using the AMS and 
paleomagnetic data.

For determining the unique pole of rotation, we first assumed 
that K

min
 indicates the direction normal to the plane on which the 

gabbro settled in gravitation (assumption 1). This means that the 
initial direction of K

min
 was vertical. A few AMS studies of lay-

ered mafic intrusions (e.g., Ferré et al., 2002) have reported K
min

 
perpendicular to the layering. Consequently, the pole to be deter-
mined should lie on the great circle that is perpendicular to the 

bisector connecting the initial (dip = 90°) and the present (dip = 
33°, strike = 136°) poles (Fig. 9). Second, we note that the gab-
bro intruded ca. 14 Ma, and we assumed that the intrusion took 
place right after the rapid clockwise rotation of SW Japan that 
was completed by 14 Ma (e.g., Otofuji, 1996; Baba et al., 2007). 
This means that the gabbro has experienced no vertical-axis, 
clockwise rotation, which affected overall SW Japan, but just 
local deformations since it was magnetized, contemporaneously 
with the settlement of magnetic fabric, parallel to the geocentric 
dipole field direction of reversed polarity: D = 180°, I = −52° 
(assumption 2). This provided us with the other constraint for 
determining the pole of rotation: The pole should also lie on the 
great circle perpendicular to the bisector connecting the initial 
paleomagnetic direction (D = 180°, I = −52°) and the present, 
in situ direction (D = 287°, I = −65°). Those two geometrical 
constraints enabled us to determine the rotation pole, P

o 
, which is 

located at the intersection of the two great circles, which plunges 
22° and trends 58°.

This method also provided us with the magnitudes of two 
different rotations, R

AMS
 and R

MAG
, around P

o
, wherein R

AMS
 is 

the amount of rotation necessary to back-rotate the plunged K
min

 
direction to vertical, and R

MAG
 is the amount of rotation required 

to restore the in situ paleomagnetic direction to the reversed, 
dipole field direction. Those values can serve for assessing the 
validity of the two assumptions. This is because if the acquisition 
of stable remanent magnetization and the settlement of magnetic 
fabric were contemporaneous, then it follows that the magnitudes 
of two independent structural rotations should be the same. We 
carried out this consistency test to obtain two concordant values, 
62° for R

AMS
 and 64° for R

MAG
. This result can be regarded as 

independent support for our interpretation of the AMS results as 
well as the reliability of the paleomagnetic data.

TABLE 2. ROCK MAGNETIC PROPERTIES OF SAMPLES FROM THE MEDIUM-GRAINED GABBRO IN
THE MUROTOMISAKI GABBROIC COMPLEX

Sam ple Type Bc Bcr M r Ms Bcr /Bc Mr /Ms

(mT) (mT) (mAm2/kg) (mAm2/kg)

MT-08-206 Whole rock 13.79 23.16 86.95 503.15 1.68 0.17

Whole rock 20.58 31.75 58.11 239.11 1.54 0.24

Whole rock 17.73 28.55 114.36 540.96 1.61 0.21

Plagioclase 29.15 <0.1 0.04 0.09 <0.1 0.38

Augite 15.54 24.31 76.03 294.50 1.56 0.26

MT-11-218 Whole rock 16.80 30.89 709.00 4447.50 1.84 0.16

Whole rock 12.66 21.71 43.32 287.37 1.71 0.15

Whole rock 13.64 20.68 53.66 273.72 1.52 0.20

Plagioclase 30.08 <0.1 0.03 0.09 <0.1 0.37

Augite 17.47 25.90 50.27 177.45 1.48 0.28
Note: Bc, Bcr , Mr , Ms—coercivity, remanent coercivity, remanent saturation magnetization, and saturation magnetization, 

respectively.
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Figure 8. Hysteresis loops of samples from zone II (medium-grained 
gabbro) in Figure 2: (A) whole-rock ground sample (MT-08-206), 
(B) augite crystal (MT-11-218), and (C) plagioclase crystal (MT-08-
206). Note that the magnetic moment of the plagioclase is 1/1000 of 
the others. The rock magnetic properties are summarized in Table 2.

Figure 9. Graphical analysis for determination 
of the single pole of rotation (P

0 
), around which 

the in situ directions of remanent magnetiza-
tion (P

1
) and the K

min
 axis of AMS (anistropy 

of magnetic susceptibility) (P
3 
) can be back-

rotated to the expected paleomagnetic direc-
tion (P

2 
) and the vertical (P

4 
), respectively. The 

single pole can be located at the intersection of 
two great circles: one that can be defined as a 
bisector perpendicular to the great circle arc 
P

1
–P

2 
, and the other as that perpendicular to 

the great circle arc P
3
–P

4
. The arrow, from P

1
 

to P
2 
, indicates the direction of rotation around 

P
0 
, meaning the structural correction for the in 
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row, from P
3
 to P

4 
, indicates the rotation corre-

sponding to the bedding-tilt correction, which 
can be defined assuming K
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Application of this single-pole rotation to the host sedimen-
tary layers also provides a means by which to infer where in the 
Shimanto accretionary prism the gabbro had intruded. For this 
purpose, we used the bedding attitude of the nearby sedimentary 
strata, which generally dip 80°NW with 45°NE strike. Untilt-
ing around P

o
 by the amount of 63° in the same way as done 

for the gabbro made these strata dip 22°NW and strike 69°. If 
we add 10° margin of error to the mean bedding attitude, the 
restored dip ranges from 15° to 24°NW with a general strike of 
40° to 100° from north. This suggests that the gabbro intruded 
into accreted material that had already been tilted more or less 
landward. Compared with the structure and evolution of the pres-
ent Nankai Trough subduction zone (e.g., Bangs et al., 2004), the 
intrusion appears to have taken place in the deformation front 
of the Shimanto accretionary prism, in which landward verging 
of accreted sedimentary layers had initiated. We further suggest 
that the gabbro was intruded as a sheet along a structurally weak 
zone, presumably part of the frontal thrust plane in the Shimanto 
accretionary prism. Figure 10 illustrates schematic models of the 
intrusion of the gabbro at ca. 14 Ma, and the emplacement at 
present after intraprism folding and shortening of the Shimanto 
accretionary wedge. The divergence in magnetization directions 
within zone III of the gabbro (Fig. 6) could reflect internal defor-
mation of the sheet caused by thrusting in the frontal part of the 
accretionary wedge since the intrusion of the gabbro. However, 
considering the greater directional scatter of zone III (Fig. 6), the 
position of the sill intrusion would have been farther landward 
and at a greater depth than the deformation front in the accretion-
ary prism.
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