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Abstract:  
 
In 2000, a 3D MCS survey was carried out on the Eastern Nankai Trough. A strong and widespread 
bottom-simulating reflector (BSR) was observed and mapped after a preserved amplitude 3D prestack 
migration of the seismic data. We use this BSR to calculate a heat flow map over the 3D survey area. 
This map presents some high and low heat flow areas, that cannot be correlated to known active 
wedge faults and previously observed fluid venting sites. Since the heat flow anomalies are not 
correlated to known major faults or fluid venting sites, large fluid circulation is not likely to explain the 
varying BSR-derived heat flow distribution. In order to explain this heat flow distribution quantitatively, 
we calculate the rates of erosion and sedimentation that are necessary to create these anomalies. 
These rates are in good agreement with observations on seismic profiles, and are locally consistent 
with a sedimentation rate calculated from slope basin depth, and reflect the distribution of erosion, 
landsliding and deposition on the margin slope. We therefore propose that the observed BSR-derived 
heat flow anomalies are mainly due to active erosion and sedimentation, and that heat flow distribution 
on the margin section of the 3D survey is controlled by surface processes. Fluid migration could occur 
where a BSR is absent, but is probably episodic or limited where a BSR is present, and does not affect 
the BSR-derived heat flow in this part of the margin. These surface processes are the consequence of 
the tectonic and seismic activity of the wedge and are influenced by the subduction of a wide oceanic 
ridge below the Eastern Nankai margin.  
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1 Introduction 

 
Heat flow and its causes have been widely studied over several active margins. It provides 

significant constraints to understand processes occuring within these margins. Whereas the effect of 

thermal advection and friction influences the thermal regime of the margins over a large spatial scale [1-

4], more local processes may also occur, that modify significantly the heat flow. Several authors pointed 

out that the heat flow sometimes presents strong local anomalies in comparison with its theorical value. 

These anomalies are generally interpreted as the consequence of fluid circulation, both in the trench [1,5] 

and in accretionary wedges [6-9]. On the Eastern Nankai margin, several fluid venting sites have been 

extensively observed at the outcrop of active faults [10-12], but the influence of the water expulsion from 

these sites on the heat flow is still in question. In this area, a detailed mapping of the heat flow is 

necessary to ensure the position of the anomalies and their relationships with faults along which fluids 

circulate. This is the approach we apply here. 

We used the map of the bottom simulating reflector (BSR) on the Eastern Nankai margin to 

calculate a heat flow on a 3D multichannel seismic survey location, where several erosionnal and 

slumping features have been observed. The BSR is a reverse polarity reflector on seismic profiles that is 

interpreted as the base of the gas hydrates stability zone [13]. The depth of this reflector may be used to 

calculate the temperature at BSR depth from the hydrate dissociation curve, and then used to calculate a 

thermal gradient and a heat flow [14-16]. 

This method has been widely used in several terrestrial and marine environments, and gives heat 

flow values that are generally consistent with direct probe measurements, within an error range reaching 

15-20% in worst cases. Heat flow derived from BSR depth is less sensitive to short timescale changes in 

sea-bottom water temperature than probe measurements, and thus may be more reliable for water depth of 

less than 2000 m (see for example [17]). The obtained heat flow presents some areas of very high heat 

flow. Some of them are located in erosive channels, and one corresponds to a landslide initiation area. 

This landslide provides an insight on the process by which a shallow BSR, and subsequently high heat 
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flow, is obtained over part of the 3D survey area. Positive BSR-derived heat flow anomalies can not be 

here correlated to any known major fault in the accretionary wedge or fluid seepage, and several areas 

have an anomalously low heat flow. Furthermore, the survey was carried out on a transect where fluid 

manifestations have been observed, but are discreet in comparison to other areas of the margin. These 

observations are not consistent with the expulsion of warm fluid as the main cause of the anomalies 

inferred from the BSR depth, with respect to a margin-scale advection-conduction model. Another 

explanation has then to be found. 

Surface processes, such as erosion and sedimentation, may cause heat flow anomalies. The 

thermal aspect of these processes has thoroughly been studied in several sedimentary basins [18-20]. On 

continental margins, these processes are generally linked to subsidence or tectonic uplift. To investigate 

the role of these processes in our study area in the heat flow variations, we use a 1D thermal model to 

calculate average erosion and deposition rates that would explain the observed anomalies. 

 

 

Figure 1. Schematic zone of gas hydrates stability (after [13]). Gas hydrates are stable due to high pressure 
at depth and low temperature in the gray area. The geothermal gradient causes a temperature elevation deeper in the 
ground, and causes hydrates dissociation that creates a BSR. 
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2  3D structure of the BSR 

In this study, we used 3D seismic images of the Eastern Nankai Trough (figure 2), acquired over 

the accretionary wedge in 2000 during the french-japanese SFJ survey [21]. Processing of the data was 

performed using the 3D Kirchhoff preserved amplitude prestack depth migration algorithm [22] with an 

acquisition footprints regularisation scheme [23]. The velocity model was obtained after a migration 

velocity analysis. The validity of the velocity model was ensured by the flatness of the BSR in migrated 

common reflection gathers [24]. Over the BSR area, the wedge bathymetry can be divided into four 

domains, from the shallowest to the deepest. The first corresponds to the flat forearc basin landward from 

the Kodaiba fault, and is slightly tilted around a relief, the Daiichi Tenryu knoll. The second part is located 

between the Kodaiba fault and the slopebreak. The bathymetry is affected there by channels and faults. 

The third part is the slope between the upper slopebreak and the Tokai fault location [25]. The Tokai fault 

is considered as the limit between an old wedge and an active wedge [26]. The last part is a slope basin on 

top of the active wedge. The BSR is present nearly everywhere in the 3D box area, except under a major 

part of the slope, around the Kodaiba fault and under the Daiichi Tenryu knoll, where the seafloor is too 

shallow to enable hydrate formation. A double BSR was also observed and its possible origin discussed by 

[27]. The BSR map is presented in figure 3. It disappears or has a very weak amplitude around the 

Kodaiba fault but is not significantly raised towards the seafloor around this location on the seismic 

profiles where it is identified crossing the fault (see figure 3). On another profile eastward from the 3D 

box and parallel to it, the BSR is continuous and not uplifted under the Kodaiba fault surface location, 

which indicates that no or only very little warm fluid circulation presently takes place along the fault in 

this area (east of 137°30’E). 

Further in seaward direction, the BSR is discontinuous and is closer to the surface in the upper 

part of the slope. Downslope, it is strong and nearly flat under the slope basin. The amplitude of the BSR 

is generally strong in the forearc basin, but is locally weak in a thick sedimentary layer. The weakness of 

the BSR amplitude coincides with the disappearance of the double BSR and the presence of a flat spot 
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under the BSR. This phenomenon could be due to a different sediment nature and a possibly different 

porosity in this sedimentary layer. 

 

Figure 2. Up: map of the SFJ survey area. High-resolution profiles and the 3D-box location are drawn in black and 
gray. The main faults are represented after [25]. The MITI well location is represented with a star. ODP leg 190 
wells lie west of the represented area. Down: schematic cross-section from a seismic profile from the MITI well to 
the 3D survey area. 
 

 

Figure 3. BSR tridimensionnal view on the forearc basin zone. The colorscale corresponds to the BSR amplitude, 
after a 3D Kirchhoff preserved amplitude prestack depth migration. Weak amplitudes (light gray) probably 
correspond to a change in lithology. The BSR is present on the left of the area crossed by the Kodaiba fault, and is 
not affected by the fault. Gas seeps in the stable hydrates zones, that can be recognized because of their negative 
polarity, can be observed on the seismic profile on the right. 
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3 Heat flow calculation 

 

The calculation of the heat flow from the BSR is generally done by assuming a purely vertical 

thermal heat transfer hypothesis [15]. Presence of small reliefs or depressions affect the temperature field 

and the temperature gradient is not purely vertical. We therefore smoothed the bathymetric and BSR depth 

maps using a gaussian filter of 1 km diameter (2σ), that corresponds to the maximum spatial wavelength 

of the strongest bathymetric irregularities. In that way, we reduce the horizontal component of the 

temperature gradient, but the obtained heat flow map will correspond to spatially smoothed heat flow 

values. 

The temperature at the BSR can be deduced from the Pressure-Temperature hydrates dissociation 

curve. Several authors (e. g. [28,29]) use a lithostatic pressure value to calculate the temperature , which 

can be the case in large landslide areas. However, [16] indicate that the pressure to take in account for 

calculations is the hydrostatic pressure, since it is very uncommon to observe fluid overpressures at the 

BSR depth in stable sediments. We assumed for the calculation a hydrostatic pore pressure, for two 

reasons. First, a very high pore pressure would not enable persistency of the slopes of the wedge, and 

would destabilize the sedimentary column. Second, well data indicate that the temperature conditions at 

the base of the gas hydrate stability zone are much closer from the dissociation curve if a hydrostatic 

pressure, rather than lithostatic pressure, is assumed. This is the case in the MITI well on the Nankai 

margin (14°C at a 1245 m depth [30]), located about 20 km westward from the survey site on the flat 

forearc basin (see figure 2). 

We calculate the hydrates stability curve by using a set of dissociation temperature measurements 

[31-33]. The hydrates dissociation curve depends of several factors, the most commonly varying being the 

gas composition and the water salinity. Local pore and circulating fluid samples taken during submersible 

dives around Tokai and Kodaiba fault location westward from the study area and on the active wedge and 

in the MITI well showed that the gas in the sediments have a nearly pure-methane composition, with a 

nearly constant CO2 composition [34] and very high CH4/C2H6 ratios [34,35] at BSR depth. The water 
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chlorinity in the sediments was measured on core samples in the MITI well [36,37] and is close to the 

seawater chlorinity (about 550 mMol/L), excepting in sand strata where it is much smaller (100 to 200 

mMol/L) because of gas hydrates dissociation during the cores recovery. We used then measurements of 

dissociation temperature for pure methane in a seawater environment, as recommended by [38], as a 

model curve. In order to reflect the differences between laboratory measurements and the local 

environment, this model curve was shifted by 0.3°C to fit the dissociation conditions observed in the MITI 

well (figure 4 left). It can be noted that the starting curve has a similar slope in the 0°C-30°C temperature 

range than curves corresponding to pure water or gases having a non pure methane composition. The used 

curve is therefore very similar if the model curve is that of pure water composition for example (see figure 

4 left), provided that it is shifted to fit the well in-situ measurements. The range of CO2 and C2H6 

measured in the sampled pore water gas content [34,35] has practically no effect on the dissociation curve, 

therefore the spatial variability of the pore samples in the study area has a very reduced effect on the 

temperature curve (less than 0.1°C). 

Thermal conductivity estimation is an important potential source of errors, because it is variable 

from one site to the other [16]. [38] showed that presence of gas hydrates in sediments pores has 

practically no effect on the sediments conductivity, and that the conductivity can be averaged on the 

sediment column above the BSR. Conductivity measurements on core samples are the best source of data 

for heat flow calculation, but no conductivity data from the MITI well were available. We then used a 

conductivity-P waves velocity law extracted from ODP leg 190 well data [39] which is located farther 

away on the Nankai margin, as suggested by [40], along with the migration velocities used to proces the 

seismic data. We assume here that the conductivity-P waves velocity law is similar in the ODP leg 190 

wells and in the study area. The conductivity-P waves velocity law has a reduced standard deviation of 

about 17%, which is a high value. However, about one measurement of conductivity every 2 m was done 

in the wells. At a 200 m depth, it means that the statistical standard deviation of the mean value of the 

thermal conductivity is reduced by a factor of 10, which is finally less than 2% of the value (1.7%). 
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The seafloor temperature is deduced from a annual mean water temperature profile from the Japan 

Oceanographic Data Center in the Tokai area (figure 4 right). The seasonal variability of the temperature 

has practicaly no effect on the BSR depth, because the annual cyclic temperature variations do not have 

the time to diffuse deep in the sediments. However, variations of this temperature for longer periods are 

likely to occur in shallow water due to long term variability in ocean water circulation. Furthermore, the 

BSR itself is shallow in the shallow water zones, water temperature changes can thus more rapidly affect 

the BSR. Therefore the heat flow values obtained in the shallow parts of the 3D box may be biased due to 

marine currents. 

 

 

Figure 4. Left: Hydrates dissociation curve deduced from experimental measurements in pure methane and pure 
water (white symbols) or seawater (gray symbols) conditions, after a compilation of data in [31-33]. The hydrates 
curve is calibrated to fit the MITI well temperature (black square) at the BSR depth. The scale on the right gives the 
equivalent depth below sea level. Middle: Velocity-Conductivity relationship from ODP leg 190 [38], used to 
calculate sediments thermal conductivity in the 3D box. Right: Yearly average sea temperature as a function of depth 
in the Tokai area, used for the seafloor temperature. The gray area is the 67% confidence interval (source: Japan 
Oceanographic Data Center). 
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4 Obtained heat flow 

 
As stated above, the error on the mean thermal conductivity at a 200 mbsf depth is about 1.7%, 

and this error statistically decreases with depth. A BSR depth of 200 m corresponds to a seafloor depth of 

about 750 m, where the seawater temperature mean error is 0.4°C. Since the temperature gradient on this 

area is around 40°C/km, a 0.4°C discrepancy in the gradient leads to a 5% error estimate of the 

temperature gradient over a 200 m depth. This error also decreases with depth. An increase of the BSR 

depth leads then to a better reliability of the computed heat flow, regarding the uncertainties on the water 

temperature and the thermal conductivity. Since the hydrate dissociation curve is considered as reliable, 

the cumulated error range of the heat flow at a 200 m depth is about 6.8%, which is considered as 

acceptable. We therefore consider the heat flow as reliable from a BSR depth of 200 m. 

The heat flow computed with the previous dissociation, conductivity and seawater temperature 

laws is presented in figure 5. Its values range from 40 to 70 mW/m2 in the 3D box, where a BSR was 

observed. These values are in good agreement with the heat flow computed from the BSR in a previous 

study from time migrated profiles [41], although the latter are slightly higher, due to approximations in the 

time to depth conversion to obtain the temperature at the BSR. It is low (40-45 mW/m2) on the upper 

accretionary wedge flat and on a slope basin, where several heat flow probe measurements have been 

previously made (see figure 5). Probe measurements give a higher value of 70-83 mW/m2 [42,43] to 132 

mW/m2 [44]. The discrepancy between these probe measurements is probably due to a change in marine 

currents, or by transient fluid expulsion, both of these effects having little influence on the BSR-derived 

heat flow. Upper on the wedge, The BSR-derived heat flow is high (55-70 mW/m2) on the wedge slope 

upper part in channels, where the strongest heat flow is observed near the slope break. No major fault is 

known at this location, and no fluid venting observations were reported in the channels. Values of the 

computed heat flow observed at the location of the main wedge faults in the 3D box, Tokai and Kodaiba 

faults, are in the mean of observed heat flow range, and are not locally high along the faults where a BSR 

is observed. Furthermore, no high of the heat flow where a BSR is observed is located around existing 
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major faults, which should be the case if rapid fluid expulsion occurred. As a matter of facts, the effect of 

a strong fluid circulation on the BSR depth has previously been reported by [6,8], and in these cases, the 

BSR is clearly lifted to the surface, with a maximum uplift at the crossing between the BSR and the fault. 

The consequence of this uplift is the local strong elevation of the BSR-derived heat flow around the fault. 

Such an uplift is absent around the Kodaiba area where the BSR is observed and crossing the fault and 

where fluid venting has been reported. The heat flow variations on the wedge derived from the BSR are 

thus probably not linked to fluid circulation along the major accretionary wedge faults. Another 

mechanism must then be proposed to explain these variations. 

 

Figure 5. Heat flow deduced from the BSR depth in the 3D box area. White areas denote a missing BSR, 
where no heat flow can be calculated. Scales in the three directions are different to enlarge details. Location and 
values of heat flow probe measurements from [41,42] (white triangles) and [43] (black triangles) are also given, and 
are grouped because they are only a few metres apart of each other. See text for comments. 
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5 Effect of erosion and sedimentation on the heat flow 

 
To explain the heat flow variations on the wedge, we studied the effect of other phenomena, such 

as erosion and sediment deposition on a BSR-derived heat flow. In order to provide a comparison frame 

for the derived heat flow, we computed a basal heat flow using a finite elements modelling program after 

[45], with a model similar to the one used by [1]. The geometry of the subduction was defined after 

seismic profiles across the margin where the interplate decollement can be observed [46] and provides the 

geometry of the finite elements model (figure 7 left). A heat flow of 80 mW/m2 was forced in the trench 

[42,43,46] and at the base of the slab. A subduction velocity of 30 mm/yr was used, after [48,49]. The 

thermal conductivity of wedge rocks is the same law than used for the heat flow calculation, with a surface 

value of about 1.1 W.m-1.K-1 and a mean gradient of 0.3 mW.m-2.K-1. The heat capacity was calculated 

from the porosity after Athy’s law, taking a value of 3.7 MJ.m-3 near the seafloor down to 2.5 MJ.m-3 at 

great depth (null porosity). The corresponding material thermal diffusivity is then around 10-12 m2.yr-1 for 

surface layers, and is more elevated (15-30 m2.yr-1) for the consolidated wedge and the slab. The obtained 

surface heat flow is given in figure 7. The basal heat flow is reduced over the accretionary wedge from 80 

mW.m-2 in the trench to about 45 mW.m-2 over the forearc basin. This computed heat flow provides a 

reference heat flow Φ0 that can be used to identify heat flow anomalies over the wedge. Large positive 

BSR-derived heat flow anomalies can be observed near the slopebreak and in the upper part of the slope, 

where a recent slump initiated. A negative anomaly can be observed over the slope basin. 
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Figure 6. Evolution of the heat flow as a function of time for constant erosion and sedimentation rates. The thick 
curve corresponds to the flow observed at the surface of the slope basin after a sufficient time to fill it with a 600 m 
sedimentary sequence. 
 

 

 

Figure 7. Observed heat flow and reference basal heat flow (right) calculated with a finite-elements model (left). 
Arrows indicate displacement velocity of the subducting slab. 
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6 Effect of surface processes  

 
The effect of erosion or sedimentation has already been quantified in many studies (see for 

example [18-20]). The classical relationship for quantifying the surface heat flow ΦS as a function of 

erosion rate is the following [19,50]: 
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with Φ0 basal heat flow, v erosion rate, t time since beginning of erosion and κ thermal diffusivity of the 

ground. However, this formula gives the surface heat flow, whereas we computed the heat flow using a 

mean temperature gradient between the seafloor and the BSR. The exact expression of temperature as a 

function of depth as expressed by [50,51]: 
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with G being the temperature gradient without erosion or sedimentation. It follows that the apparent heat 

flow between the BSR and the seafloor is: 
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with d being the BSR depth. This equation gives a lower variation of the heat flow than equation 1, 

especially when the BSR is deep, because of the delay caused by the diffusion of the heat flow anomaly to 

the BSR depth. The evolution of this heat flow as a function of time for several erosion/sedimentation 

rates is represented in figure 6. 
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7 Application to the BSR-derived heat flow 

 
The age used in the calculation corresponds to the last major change of regime in the accretion 

history. Seismic profiles correlated with the stratigraphy at the MITI well show a recent (< 1 Ma) folding 

of the forearc basin, that coincides with the beginning of a new phase of accretion. In the eastern Nankai 

region, the currently active accretionary wedge is separated from an older upper wedge by the Tokai 

thrust. The volume of the new wedge can then be estimated from seismic profiles, and gives an age for the 

beginning of accretion. The estimated age of the active wedge is about 740 ky [46], which gives a 

maximum age for the setup of the present tectonic regime. This estimate is consistent with ages of 

accretion given by nannofauna analysis of [52] (500±300 ky) on the Yukie Ridge, located at the same 

distance from the trench southwestward from the 3D box. We then use a mean age of 600 ky. The 

sensitivity of the calculation to the age is not negligible, and leads to errors of up to 0.15 mm.yr-1 of the 

obtained erosion/sedimentation rates within the range of ages given above. 

With this age estimate, we calculate the corresponding erosion or sedimentation rates that can 

create the observed heat flow anomalies using equation 3. The result is shown in figure 8. Several domains 

appear then, described from northwest to southwest. The first domain corresponds to the upper wedge flat, 

where slight erosion or sedimentation is predicted by the model. Because this domain corresponds to a 

very shallow BSR, the computed sedimentation and erosion rates may not be reliable. The second domain 

is an erosional area on the upper part of the wedge slope, where channels and levees can be identified.  

In the slope, the heat flow is high in the upper part and decreases rapidly as the seafloor depth 

increases. It is roughly constant in the slope basin with a value of 41-42 mW.m-2. This heat flow 

corresponds to a 1.0-1.2 mm.yr-1 deposition rate. At this location, seismic profiles show that the basin is 

about 600 m thick. The slope basin is necessarily more recent than 740 ky, which is the maximum age of 

accretion, the mean deposition rate over this period has therefore a minimum value of 0.8 mm.yr-1, which 

is consistent with the heat flow-predicted rate. 
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Can tectonic events bias the BSR-derived heat flow by bringing the BSR far from its equilibrium 

position ? Horizontal displacements have negligible effects on the heat flow, and vertical motions at first 

only change pore pressure. This change is immediate compared to the diffusion of a temperature change. 

As a consequence, the BSR reacts more rapidly to a tectonic event, in comparison to erosion and 

sedimentation. The BSR position is probably not far from its equilibrium when only affected by uplift or 

subsidence. The heat flow anomalies calculated from the BSR depth are probably not much biased by 

tectonic motions. 
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Figure 8. Up: Erosion and sedimentation rates map in the 3D box area. Blue zones correspond to sedimentation and 
red zones to erosion. Rates are in mm/yr. The hatched area corresponds to a less than 200 m deep BSR. Since the 
heatflow is not completely reliable in this area, cautious interpretation of the rates has to be done. Dashed box 
indicate the location of the enlargement below. Middle: Cross-section in the slope, showing the BSR and the slump 
slip surface. Down: Enlargement of the upper sedimentation map, with P-waves reflectivity of the seafloor in the 
slope area, showing the location of the channel. The location of the upper profile is marked by a bar. Three slumping 
areas can be delimited: one current on the top of the slope, one recent and one older lower in the slope, suggesting 
that slumping is a common and repeated process over the slope. 
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8 Cause of the heat-flow anomalies 

 

We have seen that heat flow anomalies inferred from BSR depth do not correlate well 

with zones where seafloor manifestations of methane emissions are found. These manifestations 

are found, in particular, on the hanging wall of Tokai and Kodaiba faults. The BSR is absent 

above Tokai. Thus, we cannot exclude that a heat flow anomaly may be associated with these 

vents. Around Kodaiba, BSR-derived heat flow is close to the background value but the BSR is 

patchy. The absence (or relative weakness) of the BSR below cold seep sites is a puzzling 

observation. One possible explanation is that gas migrated out of the sediment during the recent 

past, possibly during a transient flow event with associated high heat flow. 

As previously calculated, erosion or sedimentation since the last major tectonic event can explain 

the heat flow anomalies. On the slope basin, the sedimentation rate calculated from the heat flow matches 

the mean deposition rate observed. On seismic profiles, zones of heat flow-predicted erosion also coincide 

with active erosion on the part located above the wedge slope, with channels and a few levees observed on 

the basin area near the slope. In the slope, a large positive heat flow anomaly is followed downwards by a 

large negative anomaly. These anomalies correspond to a slump, that can be observed on seismic profiles 

(figure 8), that has approximatively a 5 km3 volume inside the 3D box. This type of anomaly was 

previously observed by well temperature measurements on the Cascadia wedge by [40]. 

The sliding surface is clearly defined above the BSR (see figure 8), and the BSR has not yet 

responded to the change of seafloor geometry. The temperature perturbation due to the sliding has not yet 

been diffused down to the depth of the BSR, about 80-100 m below the sliding surface. Sliding thus 

occured less than an estimated age of 1700 years ago, using a mean thermal diffusivity value of 11 m2.yr-1. 

The BSR geometry was used to reconstitute the original seafloor position. With this original geometry, we 

used the approximation of [53] to calculate the necessary conditions to initiate the sliding, for a typical 

material following Byerlee’s  law (µ = 0.85) and for clay (µ = 0.4). The factor of safety in the two cases is 
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respectively equal to 3.41 and 1.65. It has been suggested that an excess pore pressure can trigger a 

landslide, for example when a BSR is destabilised and therefore releases the water contained in the 

hydrates. The corresponding fluid excess pore pressure coefficient (see [40]) that may cause the sliding is 

respectively σ∗ = 0.67 or σ∗ = 0.37, with σ∗ = 0 corresponding to hydrostatic pore pressure and σ∗ = 1 to 

lithostatic pore pressure. In terms of ground motion, the peak acceleration that can trigger the sliding is 

respectively 0.60 g and 0.16 g. Given the proximity of the seismogenic zone and possible splay faults 

(Kodaiba and Tokai), these acceleration values are reached during every major earthquake recorded in the 

area, occuring about every 180 years [54]. If both pore fluid overpressure and ground motion occur during 

an earthquake, the acceleration caused by any of the most recent earthquakes alone can have triggered this 

sliding, without fluid overpressure. On figure 8, the seafloor reflectivity shows the recent slump, but also 

an older slump probably caused by a previous earthquake. Slumping is then here a repeated process, and is 

therefore most probably caused by the regional strong seismicity. Over a long enough period, slumping 

have the same effect than erosion of the upper slope part and redeposition on the lower slope part, and can 

then be interpreted as the cause of the heat flow anomalies. Slumping is a discontinuous process but the 

erosion and sedimentaiton rates calculated reflect in average the balance between slide initiation areas and 

redeposition areas. Areas of observed sedimentation and erosion match the heat flow-predicted erosion 

and sedimentation over most of the wedge, where the heat flow can be confidently calculated. 

Sedimentation and erosion are then sufficient to explain heat flow anomalies revealed by the BSR over the 

Eastern Nankai Trough without any wedge-scale fluid circulation. The near-surface thermal regime of the 

wedge in this area is then probably dominated by surface processes and not by fluid circulation along 

faults. The origin of these processes is the tectonic activity of the margin. The presence of a large oceanic 

ridge under the wedge, the Paleozenisu Ridge, has been suggested from sandbox modelling experiments 

[55], magnetic anomalies [56] and MCS survey [26,46]. It has an effect on the wedge deformation, and 

may be the cause of local uplifts, enabling erosion by channels and building of potentially unstable slopes. 

It also interplays with the seismic cycle [26], that is responsible for the trigerring of submarine mass 

movements observed in the 3D survey area. 
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From this analysis, we cannot exclude that fluid flow is contributing to the heat flow distribution 

on Nankai. However, we show that along the profile studied, erosion and deposition yield a stronger signal 

and that it would be difficult to isolate and quantify the effect of fluid flow. This finding is consistent with 

earlier observations at the deformation front [10]. The average heat flow there is not significantly 

increased, although some of the seepage sites where associated with very local (1 to 10 m size) 

temperature anomalies. Our result is also consistent with budget calculations showing that heat flow 

anomalies related to fluid flow in accretionary wedges are necessarily local and transient (e.g. [57]). Other 

sections of the Tokai margin where more vigorous seepage is observed may have associated heat flow 

anomalies. 

 

 

9 Conclusion 

 
We calculated a heat flow over the eastern part of the Nankai wedge using the BSR as a 

temperature indicator by assuming that the sediment types are the same as those observed on the central 

part of the Nankai wedge. This heat flow presents strong anomalies in comparison with the expected heat 

flow after a simple wedge model. Since the heat flow anomalies are not distributed with respect to active 

wedge faults and fluid venting sites, it is unlikely that fluid circulation along major wedge faults is the 

cause of the BSR-derived heat flow anomalies. We propose that these heat flow anomalies are due to 

erosion and sedimentation. Assuming that the tectonic and therefore erosional regime last changed about 

600 ky ago, which corresponds to the beginning of the accretion of the presently active wedge, we 

calculated erosion and sedimentation rates that explain the BSR-derived heat flow anomalies. Areas of 

present erosion and sedimentation observed on seismic profiles match the heat flow-predicted areas. In 

particular on a slope basin where a mean sedimentation rate can be calculated from seismic images and 

datations, it matches the heat flow-predicted sedimentation rate. The erosion and sedimentation map on 

the wedge slope also reflects the sliding initiation and redeposition areas of slumps. These surface 
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processes are the result the tectonic regime over the Eastern Nankai margin. A large oceanic ridge is 

currently subducting under the margin, causing uplifts of the forearc domain and steepening of the margin 

slope, and also probably influencing earthquake rupture geometry. Fluid flow may occur in this area, but 

only episodically or with a low flow rate that does not significantly affect the BSR-derived heat flow. 
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