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ABSTRACT 

The thermal structure of the western Nankai subduction zone has been studied through surface heat flow measurements 
with conventional geothermal probes and estimation of heat flow from depths of gas hydrate bottom simulating reflectors. 
Temperature and thermal conductivity measurements at ODP Site 808, located at the toe of the Nankai accretionary prism, 
added important information on any variation in heat flow with depth and thus on thermal effects of pore fluid flow in the 
prism. Surface heat flow is generally higher than 130 mW/m 2 on the floor of the Nankai Trough. Such high heat flow 
cannot be explained simply by conductive cooling of the subducting Shikoku Basin lithosphere. Recent closely spaced probe 
measurements revealed that the heat flow on the trough floor shows local variation, with particularly high values near the 
deformation front. The heat flow distribution suggests that warm fluid flows seaward possibly along the d6collement and 
locally rises toward the seafloor along some channels, resulting in both the regional and local high heat flow anomalies. 
Contrary to this inference, no active localized fluid flow was detected at Site 808. The temperatures measured at six depths 
down to 347 m below seafloor (mbsf)just below the frontal thrust can be well explained by conductive heat flow of 125-130 
mW/m 2. No geochemical anomaly associated with present-day pore fluid movement was observed in cores recovered from 
the frontal thrust or the d6collement. On the other hand, the high heat flow at Site 808 requires some heat source below 350 
mbsf. There is a possibility that the fluid flow in the Nankai accretionary prism is localized and transient, and thus was not 
detected at this single drill site. 
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I. Introduction 

The Nankai accretionary prism has developed 
in a subduction zone where the Philippine Sea 
plate (Shikoku Basin) is underthrusting beneath 
the Southwest Japan arc. Expulsion of pore water 
must occur inside and beneath the prism as a 
result of sediment compaction associated with the 
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accretion and subduction processes. Recent  sub- 
mersible studies provided direct evidence of fluid 
expulsion in the eastern part  of the Nankai accre- 
tionary prism [1,2]. Such fluid flow may affect the 
thermal structure of the subduction zone and be 
reflected in the surface heat flow distribution. 

Hea t  flow anomalies caused by pore fluid 
movement  in accretionary prisms have been re- 
ported in several subduction zones [3,4,5]. One of 
the best studied area is the Barbados Ridge ac- 
cretionary complex, where anomalously high and 
variable surface heat  flow was observed, suggest- 
ing the existence of fluid flow along the d6colle- 
ment  and thrust faults [6,7]. Tempera ture  mea- 
surements in ODP drill holes also revealed that 
the thermal structure of the accretionary complex 
is strongly influenced by transient fluid flow along 
local conduits [8]. 

In the western part  of the Nankai subduction 
zone, the most prominent  feature of the heat flow 

distribution is a high heat flow zone on the floor 
of the Nankai Trough [9,10], where surface heat 
flow is generally higher than 130 m W / m  2 (Fig. 
1). Conductive heat flow near  a trench axis with a 
thick sediment cover should be dominated by the 
thermal structure of the subducting plate, and the 
generally high heat flow in the Nankai Trough is 
thought to result mainly from cooling of the young 
Shikoku Basin lithosphere. Hea t  flow expected 
from the age of the Shikoku Basin (about 20 m.y.) 
is, however somewhat lower, about 110 m W / m  2, 
indicating that some other mechanism is neces- 
sary for sustaining the high heat flow anomaly 
[10]. Advective heat transfer by pore fluid move- 
ment  may be an explanation. 

Recently, detailed surface heat flow measure-  
ments were carried out in the Nankai Trough 
area to investigate the regime of subsurface fluid 
movement  [11]. We also made tempera ture  mea- 
surements in deep-sea drill holes at ODP Site 808 
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Fig. 1. Heat flow data in the western Nankai subduction zone [11,13] (in mW/ma). Stars are DSDP and ODP drill holes. The data 
in the rectangle at around 32°20'N, 135°00'E are shown in Fig. 2. Contours are drawn taking BSR heat flow into consideration. 
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[12]. Bottom simulating reflectors (BSRs) pro- 
duced by the base of gas hydrate layers are widely 
distributed on the Nankai accretionary prism and 
they provide a third source of information on 
temperatures inside the prism. In this paper, we 
review these geothermal data and discuss effects 
of fluid expulsion on the thermal structure of the 
western Nankai subduction zone, especially 
around Site 808. 

2. Heat flow data 
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2.1. Seafloor measurements 
Heat flow measurements with conventional 

marine geothermal probes have been made in the 
Nankai Trough area since the 1960s and have 
revealed that heat flow is very high on the floor 
of the trough [9]. Yamano et al. [10] compiled 
seafloor heat flow data and delineated the re- 
gional pattern of the heat flow distribution. In 
the last several years, more detailed measure- 
ments were carried out using multipenetration- 
type probes [11]. The stations were located mainly 
along a line extending from the Shikoku Basin to 
the accretionary prism at about 135°E (line A - B  
in Fig. 1) in order to detect local anomalies due 
to fluid flow near the toe of the prism and to 
investigate the transition between the high heat 
flow on the trough floor and the lower and scat- 
tered heat flow in the Shikoku Basin. 

All of the seafloor heat flow data in the west- 
ern Nankai subduction zone are shown in Figs. 1 
and 2. There are only few data on the landward 
slope of the trough because the hard bottom 
prevented good penetration of probes. Errors in 
the heat flow values are estimated to be generally 
+ 10-15%. The data measured in the area where 
the water depth is less than 2000 m may be less 
reliable, because nonlinear temperature profiles 
were observed at some stations, suggesting influ- 
ence of variation in the bottom water tempera- 
ture. In the deeper area, most of the temperature 
profiles were linear. 

2.2. Measurements in DSDP holes 
In the Nankai Trough area, temperature mea- 

surements in deep-sea drill holes were made at 
Sites 297 and 298 on DSDP Leg 31 [14] and at 
Sites 582 and 583 on DSDP Leg 87 [13] before 
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Fig. 2. Heat flow data in the rectangle in Fig. 1 [11,13] plotted 
on a Seabeam bathymetric map. Star represents ODP Site 
808. Solid line is a part of the line along which the heat flow 
profile in Fig. 7 is constructed, and broken line shows an 

approximate location of the deformation front. 

our measurements at Site 808 on ODP Leg 131 
(stars in Fig. 1). These borehole measurements 
can provide information about vertical variation 
in conductive heat flow, and may refec t  effects of 
advective heat transfer by fluid movement. 

At Site 297 on the outer rise of the trough and 
Site 298 located on the lowermost part of the 
landward slope (near 133°35'E), heat flow was 
determined from one sediment temperature mea- 
surement and the seafloor temperature. The val- 
ues are 130-200 m W / m  2 and 59 m W / m  2 at 
Sites 297 and 298 respectively, but are not very 
reliable. 

Site 582 is on the trough floor seaward of the 
deformation front (at about 133°55'E). Tempera- 
ture was measured at four depths down to 508 m 
below seafloor (mbsf) in two holes, the locations 
of which are within 50 m of each other. The 
temperature gradient appears to be higher in the 
upper 150 m than in the lower part. 
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Fig. 3. Multichannel seismic reflection profile NT62-8 through ODP Site 808 (from Moore et al. [15]). 

Site 583 is located at the toe of  the accre- 
t ionary prism, about  5 km nor thwest  o f  Site 582. 
Fif teen t empera tu re  measurements  were success- 
ful down to 172 mbsf in four holes which are 
about  150 to 900 m apar t  f rom each other.  The  
t empera tu re  data  are very scat tered above 50 
mbsf. This may partly result  f rom measu remen t  
errors, but  also suggests the possibility that  heat  
flow is highly variable, both vertically and hori- 
zontally a round  Site 583. 

The  heat  flow calculated f rom the average 
gradient  is 63 and 67 m W / m  2 at Sites 582 and 
583 respectively. These  are relatively low values 
as compared  with the high surface heat  flow on 

the t rough floor, a l though there  are no surface 
measurements  in the close vicinity of  these sites 
for direct comparison.  

2.3. Measurements at ODP Site 808 
During O D P  Leg 131, seven holes were drilled 

at Site 808, located at the toe of  the accret ionary 
prism above the frontal  thrust  (Fig. 3). We made  
tempera tu re  measurements  at this site mainly 
using the water  sampler,  tempera ture ,  pore  pres- 
sure (WSTP)  tool [16,17]. The  tool had a temper-  
a ture  p robe  with a d iameter  of  1.27 cm at its 
bo t tom end. The  probe  was pene t ra ted  into the 
bo t tom of  the hole, about  1 m ahead  of  the drill 
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Fig. 4. Temperature data measured with the WSTP tool at ODP Site 808 [12] plotted against subbottom depth (a) and thermal 
resistance between the seafloor and the measurement depth (b). Black squares are measurements in Hole 808B, white squares are 
those in Hole 808F. Dot represents the bottom-water temperature. Lines are temperature profiles expected for purely conductive 

heat flux. 
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bit, and kept in undisturbed sediment for about 
15 minutes. The recorded temperatures were ex- 
trapolated to the equilibrium following the theory 
of Bullard [18] (for details, see Shipboard Scien- 
tific Party [19]). 

Of the eleven measurements with the WSTP 
tool attempted, six were successful, five in Hole 
808B and one in Hole 808F. The deepest data 
were obtained at 347 mbsf in Hole 808B, just 
below the frontal thrust that was penetrated be- 
tween 336 and 341 mbsf in Hole 808B. Hole 808F 
was drilled about 250 m away from 808B but in a 
similar position with respect to the structure of 
the prism. We thus treat the measurement in 
Hole 808F together with those in 808B in the 
present analysis. The temperatures are plotted 
versus subbottom depth in Fig. 4a, with the 
seafloor temperature at 1.6°C. Because of the 
possibility of conduction or advection of heat 
from the borehole to the depth of the probe 
measurement the temperature values are proba- 
bly minima. Recognized errors in the equilibrium 
temperatures are +0.1-0 .2  K. 
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Fig. 5. T h e r m a l  c o n d u c t i v i t y  m e a s u r e d  o n  co re  s a m p l e s  f r o m  

Site 808 a n d  c o r r e c t e d  to in-situ p r e s s u r e  a n d  t e m p e r a t u r e  

c o n d i t i o n s  [19,22]. L i n e s  a r e  the  a p p r o x i m a t i o n s  o f  t he  d a t a  

se ts  f r o m  0 to  400  m b s f  a n d  be low 400  mbsf .  

Thermal conductivities were measured on re- 
covered core samples by the needle probe method 
[20]. Measurements for lithified sediment and 
hard rock samples were made in half-space con- 
figuration [21]. The measured raw conductivities 
were converted into true conductivities based on 
measurements of several standard samples, and 
then corrected for in-situ temperature and pres- 
sure conditions [19,22]. 

Thermal conductivity generally increases with 
depth as porosity decreases due to compaction 
(Fig. 5). The relatively large scatter in the upper 
100 m results from high conductivity in sandy 
layers and low conductivity due to cracks in the 
samples produced by gas expansion. There may 
be a bias to low conductivities because of core 
disturbance and preferential recovery of muds in 
this section. Several extreme low values between 
600 and 820 mbsf are those measured on ash 
layers and volcaniclastic sandstones. We approxi- 
mated the average thermal conductivity versus 
depth relationship by straight lines as shown in 
Fig. 5: k = 0.91 + 0.0017 z (for 0 to 400 mbsf) and 
k = 1.38 + 0.00048 z (for 400 to 1400 mbsD, where 
k is thermal conductivity in W / m  K, and z is 
depth in mbsf. 

To obtain a conductive heat flow estimate, the 
temperature data were plotted versus thermal 
resistance between the seafloor and the measure- 
ment depth calculated from the average conduc- 
t ivity-depth function [23]. The best fit to the all 
six WSTP measurements forced through the 
seafloor temperature gives a heat flow of 125 
m W / m  2 (Fig. 4b). The low temperature at 299 
mbsf as compared with the other data might be a 
real temperature anomaly but there is also a 
possibility that it is a result of insufficient pene- 
tration of the probe or cooling by water which 
mixed into the sediments below the bottom of the 
hole along cracks. If we exclude this measure- 
ment, a conductive heat flow of 129 m W / m  2 well 
explains the WSTP data (Fig. 4). 

Temperature  measurements were also made 
by wireline logging in several holes down to about 
800 mbsf (Fig. 6). The temperature profiles were 
obtained only a few hours after long periods of 
circulation, and were strongly affected by this 
activity. They all exhibit the expected cooling in 
the deeper  parts and warming in the shallower 
parts of the holes. Computation of the true tern- 
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perature profiles by correcting for this distur- 
bance is in progress [24]. The preliminary results 
indicate that the equilibrium temperature in 
Holes 808C and 808E is much higher than the 
temperature profile calculated for a conductive 
heat flow of 129 m W / m  2 (solid curve in Fig. 6). 

2.4. Estimation from gas hydrate BSRs 
Clear gas hydrate BSRs are widely observed in 

seismic reflection records on the western Nankai 
accretionary prism (e.g., Fig. 3). These reflectors 
occur at the base of the hydrate stability field 
[e.g., 25,26] and represent the temperature-pres-  
sure limit condition in sediments for hydrate to 
occur. Therefore,  it is possible to determine heat 
flow from the depth of a gas hydrate BSR if (a) 
the temperature-pressure  field for hydrate stabil- 
ity, (b) the thermal resistance between the 
seafloor and the BSR and (c) the seafloor tem- 
perature are known [27]. The stability field for 
pure methane and 3.5% NaC1 is thought to be 
appropriate to most BSRs and has been used in 
this study. However, field calibrations of BSRs 
recently made suggest that the pure wa te r -  
methane conditions may be applicable [26]. If we 
apply the pure water stability field, heat flow will 
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Fig. 6. Temperature logs obtained at Site 808 [12] with the 
WSTP temperature data and the bottom-water temperature 
(cf. Fig. 4). C, E-1 and E-2 denote the log in Hole 808C, the 
first log in Hole 808E and the second log in Hole 808E 
respectively. Solid line is the temperature profile for conduc- 
tive heat flow of 129 m W / m  2 calculated using the approxi- 

mate thermal conductivity-depth function shown in Fig. 5. 
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Fig. 7. Heat flow profile across the Nankai Trough along the 
line A - B  in Fig. 1. Dots are surface probe data within 30 km 
of the line, circles are BSR heat flow estimated along the line, 

and rhombus represents the value determined at Site 808. 

be higher by '5-10%.  Considering errors in ther- 
mal conductivity estimation, heat flows obtained 
by this method (termed "BSR heat flow" below) 
have estimated overall errors of 20-25%. 

BSR heat flow has been calculated along many 
seismic profiles available in the Nankai accre- 
tionary prism [28,29]. It fills the gap in probe 
measurements on the landward slope of the 
trough (cf. Fig. 7). Seeing as BSR heat flow is 
determined from the temperature at the reflector 
(about 200-800 mbsf in this area), it represents 
the thermal structure of layers that are deeper  
than those represented by seafloor heat flow. 
Only a few seafloor heat flow values were ob- 
tained in the area where BSRs exist and they 
agree with the BSR heat flow within about 20%. 

3. Heat flow distribution 

After integrating the probe, drill hole and BSR 
data, features of the heat flow distribution in the 
western Nankai Trough area can be delineated. 
Heat  flow is generally higher than 130 m W / m  2 
on the floor of the Nankai Trough, with a maxi- 
mum of 230 m W / m  2 (Fig. 1). The eastern limit 
of this high heat flow zone is not well determined 
because there are few data east of 136°E. To the 
south of the trough, heat flow is highly variable in 
the Shikoku Basin, and this is probably due to 
active hydrothermal circulation in the basement 
a n d / o r  through the sediment cover [10]. The 
heat flow distribution on the landward slope of 
the trough was revealed primarily by estimation 
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from gas hydrate BSR depths (contours in Fig. 1 
are drawn taking BSR heat flow into considera- 
tion). BSR heat flow decreases landward from 
about 100 m W / m  2 at the toe of the accretionary 
prism to about 50 m W / m  2 on the upper part of 
the slope (cf. Fig. 7). In addition to this general 
trend, BSR heat flow varies along the strike of 
the trough [28,29], although small variation in 
BSR heat flow might be attributed to variation in 
physical properties of sediment and /or  composi- 
tion of the hydrate. 

Recent surface probe measurements were 
mainly concentrated in an area surrounding ODP 
Site 808 (Fig. 2; [11]). On the trough floor, heat 
flow is higher than 100 mW/ m  2 but rather vari- 
able. For example, heat flow of 164 m W / m  2 and 
114 mW/m 2 was measured at stations close to 
each other (within 1 km). The highest values in 
this area, 170-200 m W / m  2, were observed in the 
vicinity of the deformation front. The conductive 
heat flow obtained at Site 808, 129 mW/ m  2, 
agrees well with the average of surface heat flow 
at nearby stations. 

We constructed a heat flow profile along line 
A-B in Fig. 1, crossing the trough from the 
Shikoku Basin to the aceretionary prism (Fig. 7). 
Surface heat flow data within 30 km of the line 
are projected together with the data from Site 
808 and BSR heat flow obtained along the line. 
The profile clearly demonstrates that BSR heat 
flow monotonously decreases upslope from about 
120 mW/m 2 at the toe of the prism to 30-50 
mW/ m 2 60 km landward of the deformation 
front. Heat flow on the trough floor ranges from 
100 to 200 m W / m  2, and it appears that there is 
no clear boundary between the higher heat flow 
on the trough floor and the lower heat flow in the 
Shikoku Basin. 

4. Discussion 

4.1. High heat flow on the trough floor 
In order to discuss the origin of the high heat 

flow on the floor of the Nankai Trough, it is 
necessary to consider the thermal structure of the 
subducting Shikoku Basin deep lithosphere. Heat 
flow observed in the Shikoku Basin is very scat- 
tered, indicating the existence of hydrothermal 
circulation. We therefore cannot estimate the 

deep thermal structure from the surface heat 
flow data. 

The relationship between heat flow and crustal 
age for marginal basins was examined by compil- 
ing reliable heat flow data, which were measured 
at stations with a thick sediment cover and far 
from outcrops, and was shown to be consistent 
with that for ocean basins [30,31]. This indicates 
that the thermal structure of marginal basin litho- 
sphere is not significantly different from that of 
the oceanic lithosphere with the same age. 

The age of the Shikoku Basin subducting at 
around 135°E, the youngest part of the basin, is 
estimated to be 14-16 m.y. based on magnetic 
anomaly lineations [32,33]. Drilling at ODP Site 
808 reached the basaltic basement of the Shikoku 
Basin, and nannofossils sampled from sediment 
just above and within the basalt indicate that the 
age of the basement is about 15 m.y. [12]. If we 
apply the heat flow-age relationship for ocean 
basins [34,35], heat flow expected from the crustal 
age of 15 m.y. is 120-130 mW/m 2, not much 
different from the values observed on the trough 
floor. The rapid sedimentation in the trough, 
however, should suppress the surface heat flow. 

We calculated the sedimentation effect on heat 
flow using the model presented by Hutchison 
[36], which takes account of the process of sedi- 
ment compaction. The sedimentation history used 
was derived from the biostratigraphy at Site 808 
corrected for displacement by the frontal thrust 
[12]. Calculations were made for several sets of 
reasonable thermal property values and porosity- 
depth functions. The results show that the sur- 
face heat flow should be reduced by about 20% 
and is expected to be about 100 mW/m 2. There- 
fore, some other heat source and /or  heat trans- 
fer mechanism is necessary to reproduce the ob- 
served heat flow of 130 mW/m 2 or more. It is 
possible that the thermal structure of the Shikoku 
Basin lithosphere is different from that of normal 
oceanic lithosphere of the same age for some 
unknown reason [10], but we will consider other 
possibilities in the following. 

Bray and Karig [38] demonstrated that deposi- 
tion of turbidites in the trough loads and thus 
causes rapid dewatering of the Shikoku Basin 
hemipelagic sediments. They argued that the high 
heat flow may be explained by expulsion of hot 
water from the dewatering sediments. Here we 
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assume that the average porosity of the 
hemipelagites decreases from 61% to 43% [38] in 
the 20-km-wide trough floor part Of the Shikoku 
Basin, the thickness of the hemipelagites before 
the dewatering is 400 m, and the convergence 
rate in this area is 4 cm/yr  [39]. With these 
assumptions the average rate of fluid expulsion is 
about 8 x 10-12 m/s .  If pore fluid flows upward 
through 400-m-thick turbidites at this rate, the 
effect on the surface heat flow is estimated to be 
less than 1% using the simple model of Brede- 
hoeft and Papadopulos [40]. Although this esti- 
mation is crude, we need a more than one order 
of magnitude higher flow rate to attain the ob- 
served high heat flow. If significant upward flow 
exists, it could be detected by detailed tempera- 
ture measurements in drill holes. The decrease in 
temperature gradient with depth observed at 
DSDP Site 582 possibly represents upward flow 
[38], but more dense and reliable measurements 
are necessary. 

Another possible cause of the high heat flow 
anomaly is heating by warm fluid flow along the 
d6collement zone, which originates from a land- 
ward and deeper-- thus hot ter--par t  of the ac- 
cretionary prism (Fig. 8). Upward diffusive flow 
from the d6collement zone may increase the effi- 
ciency of heating. Heat flow higher than expected 
from the age of the subducting plate was also 
reported in the Barbados subduction zone both 
seaward and landward of the deformation front, 
and interpreted as resulting from hot water flow- 
ing along the d6collement zone [6,7,8]. A problem 
in this model is that the amount of water brought 
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Fig. 8. Schematic pattern of pore fluid flow in the Nankai 
accretionary prism expected from the surface heat flow data. 
Solid and broken arrows represent channelized and diffusive 

flow respectively. 

into the Nankai prism by subduction and accre- 
tion is not enough to produce the broad high heat 
flow anomaly in the trough [10]. 

The large scatter of heat flow on the trough 
floor indicates that localized upward fluid flow is 
also occurring there (Fig. 8). This inference is 
supported by the existence of several mud volca- 
noes seaward of the deformation front, which 
were discovered through an ocean floor imaging 
survey with the IZANAGI sonar system [41]. 

Hydrothermal circulation in the Shikoku Basin 
crust is thought to be sealed by the thick sedi- 
ment cover in the Nankai Trough. However, it is 
probably still active in the basement and redis- 
tributes heat laterally (Fig. 8). Such sealed hy- 
drothermal circulation may also result in the scat- 
tered heat flow in the trough and contribute to 
the lateral heat transport necessary to give the 
high heat flow anomaly to some extent. 

4.2. Thermal structure of the accretionary prism 
The most important factors controlling the 

thermal structure of the Nankai accretionary 
prism are subduction of the Shikoku Basin litho- 
sphere and the landward increase in the prism 
thickness. Kinoshita and Kasumi [42] calculated 
the subsurface temperature structure along the 
line A-B in Fig. 1 using a simple two-dimen- 
sional conduction model, which only takes ac- 
count of the motion of the subducting lithosphere 
and the shape of the prism. The calculated heat 
flow near the surface agrees well with the BSR 
heat flow when the heat flow from the deep crust 
is assumed to be 110-120 m W / m  2, close to the 
value expected from the age of the subducting 
plate. However, movement of sediments in the 
prism and frictional heating should also affect the 
thermal structure [6], and a simulation with a 
more comprehensive model is necessary for fur- 
ther discussion. 

Expulsion of pore water in the accretionary 
prism may occur both by regional diffuse flow 
and by localized flow. In the northern Cascadia 
accretionary prism, the surface heat flow is con- 
sistently about 35% higher than the BSR heat 
flow, and it can be explained by regionally uni- 
form upward fluid flow [5]. The flow rate re- 
quired for this difference is, however, much higher 
than that expected from sediment compaction 
[43], and the difference may result partly from 
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uncertainty in the hydrate stability field. In the 
Nankai prism, the surface heat flow data are too 
sparse to be compared with the BSR heat flow 
(e.g., Fig. 7). More surface probe measurements 
are necessary for detecting diffuse flow in this 
way. 

The existence of localized flow in the pro- 
tothrust zone is indicated by the extremely high 
seafloor probe heat flow (170-200 m W / m  2) in 
the vicinity of the deformation front (Figs. 2 and 
7). A landward dipping seismic discontinuity is 
imaged just landward the deformation front in a 
seismic reflection profile through Site 808 (Fig. 3; 
[15]). Warm fluid may rise from the d6collement 
zone, flow upward along a discontinuity of this 
type, and result in the local heat flow anomaly 
(Fig. 8). Similar anomalies are expected to occur 
associated with major thrust faults in the prism, 
since they are probably more suitable for fluid 
flow paths. Such heat flow anomalies have not 
been detected, but there are too few measure- 
ments to resolve such localized flow. 

Minshull and White [4] reported that the BSRs 
in the Makran accretionary complex curve up 
into thrust faults. This curvature may be at- 
tributed to water expulsion along the faults. In 
the Nankai prism, no similar upwarping of BSRs 
is observed in association with thrust faults [29], 
so any flow along such faults in the Nankai area 
must be at a slower rate. 

The temperature data obtained at ODP Site 
808 provide important information about the 
thermal structure of the Nankai prism. The tem- 
peratures measured with the WSTP tool are con- 
sistent with conductive heat flow of 125-130 
m W / m  2 (Fig. 4). This value agrees with the sur- 
face heat flow at stations close to Site 808 and at 
stations located at similar positions with respect 
to the frontal thrust (120-140 m W / m  2) (Fig. 2). 

The sedimentation effect must be considered 
in order to discuss the implications of these data. 
We calculated the temperature structure of the 
sediment layers at Site 808 with the sedimenta- 
tion history both corrected and uncorrected for 
the thrust displacement, using the Hutchison 
model [36]. The surface heat flow is reduced by 
about 20% in the thrust-corrected case, and addi- 
tional 3 - 4 %  reduction occurs in the uncorrected 
case. Heat  flow increases with depth, but the rate 
is almost negligible, less than 1%/500  m. This 

result is consistent with the observation that heat 
flow does not significantly vary with depth. Thus 
the thermal regime at Site 808 appears to be 
nearly conductive, at least down to 350 mbsf. 

Based on the temperature data only, we can- 
not exclude the possibility that slow diffusive up- 
ward fluid flow exists. The WSTP data at Site 808 
can be explained reasonably well even if there is 
a constant and uniform flow at a rate of 1 to 
2 × 10-1° m/s ,  which gives surface heat flow of 
130-140 m W / m  2. However, this rate is high 
enough to produce a significant effect on the 
chemical profiles of interstitial water, and such a 
flow was not detected by geochemical studies 
[12]. 

On the other hand, the heat flow of 125-130 
m W / m  z at Site 808 is appreciably higher than 
that expected from cooling of the subducting 
plate, considering the sedimentation effect. It is 
difficult to evaluate the effect of the frontal thrust 
quantitatively as we do not know the time and 
rate of the movement. But the high heat flow 
cannot be a result of thrusting, because the layers 
above the thrust, where the most of the WSTP 
measurements were made, must have been cooled 
by displacement. Therefore some heat source is 
required below 350 mbsf to explain the observed 
heat flow. 

Localized flow of hot fluid might supply some 
heat. The temperature logs down to 800 mbsf are 
relatively smooth and give no evidence of local- 
ized fluid flow (Fig. 6). The d6collement at about 
960 mbsf is a candidate for the zone where con- 
centrated fluid flow occurs. We could not make 
temperature measurements across the d6colle- 
ment, but interstitial water chemistry studies 
showed no evidence for present-day fluid move- 
ment along it [12], although anomalies in several 
constituents were detected there [44]. No chemi- 
cal anomaly suggesting active fluid flow was found 
at the frontal thrust either. 

4.3. Regime of fluid flow 
A possible pattern of pore fluid movement 

discussed above is schematically summarized in 
Fig. 8. The surface heat flow distribution suggests 
the existence of significant lateral fluid flow pos- 
sibly along the d6collement and some kind of 
conduit beneath the trough floor. Hydrothermal 
circulation in the oceanic crust sealed beneath 
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the sediment cover may play an important role in 
lateral heat transport. Thrust faults in the accre- 
tionary prism are also thought to be fluid flow 
paths. Diffuse upward flow should also occur 
both inside the prism and beneath the trough 
floor. 

At ODP Site 808, however, no clear evidence 
for fluid flow was obtained by geothermal and 
geochemical studies. A possible solution for this 
discrepancy is that the fluid movement is inter- 
mittent and localized. If this is the case, currently 
active flow channels may not be encountered by 
drilling at a single site. In the Barbados accre- 
tionary complex, fluid flow is supposed to be 
transient, as flow velocities estimated from the 
observed thermal anomalies are too high for the 
steady state [6,7,8]. 

In the above discussion, fluid flow is assumed 
to be vertical or perpendicular to the strike of the 
prism. However, lateral flow parallel to the strike 
may exist. The variation in BSR heat flow along 
the strike might result from such lateral fluid 
flow. 

5. Conclusions 

Local and regional surface heat flow anomalies 
were observed in the western Nankai Trough 
area. They may indicate that warm fluid is flow- 
ing along some channels as part of expulsion of 
pore water from the accretionary prism a n d / o r  
that heat is being laterally transported by hy- 
drothermal circulation in the basement. The heat 
flow on the floor of the trough at about 135°E 
ranges from 100 to 200 m W / m  2, with many val- 
ues significantly higher than expected from the 
crustal age of the subducting Shikoku Basin. One 
explanation for this regional high heat flow is 
fluid flow along the d6collement zone. The large 

s c a t t e r  in the observed heat flow may be at- 
tributed to local upward flow rising from the 
d6collement or ongoing thermal redistribution by 
circulation in the underlying crust. In particular, 
heat flow of 170-200 m W / m  2 measured near the 
deformation front probably results from flow 
along an underlying conduit related to deforma- 
tion in the protothrust  zone. Expulsion by diffu- 
sive upward flow should also occur, but is not 
demonstrated by the present geothermal data. 
Information on the diffusive flow may be pro- 

vided by temperature measurements in deep drill 
holes and surface probe measurements in the 
area where gas hydrate BSRs are observed. 

In contrast, no direct evidence for pore fluid 
movement was obtained at ODP Site 808, which 
is located at the toe of the accretionary prism. 
The temperatures measured down to 350 mbsf, 
just below the frontal thrust, are consistent with 
conductive heat flow of 125-130 m W / m  2. The 
high heat flow value itself suggests that additional 
heat flux is supplied somewhere below 350 mbsf, 
but geochemical studies of pore water showed 
that there is no active fluid movement along the 
d6coUement. If fluid flow in the Nankai accre- 
tionary prism is localized and transient, it would 
be possible that the flow cannot be detected at 
Site 808. 

Another  important problem is that the amount 
of water brought into the prism is not enough to 
explain the high heat flow on the trough floor. A 
similar deficiency of pore fluid was pointed out in 
the Barbados, Cascadia and eastern Nankai sub- 
duction zones [43]. It is necessary to find a source 
of the excess fluid or a thermal model that does 
not require as much fluid as the previous models. 
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