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Abstract 

The temperature structure of the shallow part of a subduction zone, i.e. the region between the trench and 
the volcanic arc, has been calculated with finite difference methods. Published heat flow measurements are 
used as a constraint for the thermal models. Heat flow in the arc-trench region is low (<40mW m- 2) for 
subduction zones which have been active for more than about 60 Ma. In the central part of the arc-trench 
region of these subduction zones average heat flow values range from 30 to 36mW m-2. From the thermal 
modelling it follows that such a heat flow level requires shear stresses of 20-60 MPa near the upper surface of 
the descending slab at depths between 25 and 75 km. 

In addition, it is shown that the pressure-temperature relations, inferred from mineral assemblages in 
high-pressure metamorphic belts, can only be reached if significant heat production by friction takes place, 
with shear stresses similar to those inferred from heat flow data. Subduction related volcanism is caused by 
high temperatures in the asthenospheric wedge above the slab . It is likely that the volcanic line marks the 
boundary of the asthenospheric wedge. 

Introduction 

Several thermal models have been published of the 
temperature structure of a subduction zone (e.g. 
Minear & Toksoz 1970; Turcotte & Schubert 1973; 
Andrews & Sleep 1974; Anderson et al.1978; 1980; 
Bird 1978; Hsui & Toksoz 1979; Sydora et al. 1980; 
Furlong et al. 1982; Honda & Uyeda 1983; Honda 
1985). Especially for the shallow part of a subduc­
tion zone, the arc-trench region (see Fig. 1), the 
temperature distributions in these models exhibit 
large differences, mainly caused by differences in 
heat production by friction at the upper surface of 
the descending slab. Shear stresses vary from 0 
MPa (Honda & Uyeda 1983) or 20 MPa (Bird 1978) 
up to values above 100 MPa (e.g. Turcotte & 

Schubert 1973; Anderson et al. 1978, 1980; Sydora 
et al. 1980). Generally these assumed shear stresses 
are rather arbitrary; only Bird (1978) bases his 
estimate on a force balance for two subduction 
zones, where back-arc spreading occurs. 

The shear stresses can not be derived from the 
rheological properties of the material near the slip 
zone. Pore-fluid pressures have a large influence 
on rock strength in the brittle regime. Different 
flow laws may be chosen to model plastic deforma­
tion at higher temperatures (Yuen et al. 1978). It is 
not clear, to what extent subducted sediments con­
tribute to the weakness of the material near the slip 
zone. In this article a different approach is chosen: 
temperatures (and thus shear stresses) are con­
strained by heat flow data. Although Anderson et 



134 

A RC-TRENCH REGION 
VOLCANIC 

ZONE 

TRENCH L /SEA LEVEL 

MANTLE 

100 KM 

VOLCANIC LINE 

i 

CRUST 

SUBCRUST AL LITHOSPHERE 

I 
I 

,.,.,.--------

I ASTHENOSPHERIC WEDGE 

SLAB 

/ 
/ 

/ 

/ 
/ 

Fig. I. T he sha llow part o f a subduction zone . Dashed lines indicate the base of the lithosphere of the overriding plate and of the 
subducting plate . The vertical scale is equal to the horizontal scale. 

al. (1976) already noted that the low heat flow in 
the region between the trench and the volcanic 
zone could be an important constraint for thermal 
models, none of the published models makes a 
detailed comparison between model results and 
observed heat flow. In view of the increased num­
ber of heat flow measurements available for sub­
duction zones, such a comparison seems possible 
now. 

In the model presented here, temperatures are 
calculated for the region between the trench and 
the volcanic line (arc-trench region in Fig. 1). The 
volcanic line is the boundary, in the direction of the 
trench, of the volcanic zone. The arc-trench region 
differs from a subduction zone as a whole, because 
the dip of the slab is much smaller here. Tempera­
tures in the arc-trench region are particularly im­
portant for the evolution of continental crust near 
an active plate margin. High-pressure meta­
morphic belts are formed in the region near the 
trench (Miyashiro 1973; Ernst 1977). A substantial 
part of the continental crust may originate from 
subduction related volcanism (e .g. Windley 1984). 
Both the pressure-temperature relations for meta­
morphism and the place where melting (which 
causes volcanism) occurs are determined by the 
thermal structure of the arc-trench region. 

Description of the model 

The geometry of the model is given in Figure 2. The 
dip of the slab is 20° and the depth of the slab below 
the volcanic line is 105 km. These values are chosen 
in such a way that the position of a slab in the arc­
trench region, as inferred from seismicity (!sacks & 
Barazangi 1977), is approximated as well as possi­
ble . The crustal thickness of the overriding lithos­
phere is 30 km; that of the descending oceanic 
lithosphere is 8 km . 

The time dependent two-dimensional tempera­
ture distribution T(x, z, t) (where z is the depth, x 
the horizontal distance from the trench; Tin °C) is 
calculated from: 

~-'!:._ + v ·'VT= _ l_ ( \7 · (k \7T) +A) 
at QCP 

(1) 

For crustal material the density Q = 2. 7 x 103 kg 
m- 3 and the thermal conductivity k = 2.5 W m- 1 

0 c-1• For subcrustal lithosphere and mantle the 
density is 3.3 kg m- 3 and a temperature dependent 
thermal conductivity for olivine is used , from 
Schatz & Simmons (1972) . The specific heat cP is 



constant throughout the model and equal to 
1.05 x 103 J kg- 1 0 c-1• The convergence velocity v 
between the descending slab and the overriding 
lithosphere is one of the input parameters of the 
model. It can be inferred from the low heat flow in 
the arc-trench region (see below), that heat trans­
port for the area above the slab is caused by con­
duction only and that no subduction induced flow 
of mantle material above the slab takes place in the 
arc-trench region . Thus velocities for the area 
above the slab are assumed to be zero. Adiabatic 
compression ( (CIT/ot)0 d in Equation 1) causes an 
increase in temperature of 20--40° C for an increase 
in depth of 100 km. A is the heat production, as a 
consequence of friction and the decay of radio­
active elements, per unit volume. 

Finite difference methods are used to solve 
Equation 1 numerically. Time dependent solutions 
of the temperatures at gridpoints are calculated, 
using Runge-Kutta formulas, by a procedure de­
scribed in Verwer (1977). The boundary condition 
at the surface is T = 0° C. Temperatures for the 
down bending oceanic lithosphere below the trench 
(x = 0 km) are calculated for a boundary layer 
model from Crough (1975), described in Wortel 
(1980), with a temperature of 1325° Cat the base of 
the oceanic lithosphere. Temperatures below the 
volcanic line, at depths less than 90 km, are those of 
a geotherm with a surface heat flow of 80 mW m- 2• 

Temperatures are about 820, 1240 and 1355° C at 
depths of 30, 60 and 90 km . Such a high heat flow is 
common for the volcanic zone and the back-arc 
region (see also Fig. 3). Also high temperatures 
below the volcanic zone can be inferred from the 
composition of arc basalt magmas (Tatsumi et al. 
1983). Migration, if any, of a volcanic zone is very 
slow (Dickinson 1973). 

Frictional heat production 

Interaction between the two plates leads to a zone 
of thrust earthquakes. This zone extends to a depth 
of 60--70 km (!sacks & Molnar 1971). Large thrust 
earthquakes do not occur near the trench at depths 
less than about 15 km (Yoshii 1979). It is probable 
that significant heat production by friction will only 
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take place in the zone of thrust earthquakes. In the 
thermal model , shear stress (and thus heat produc­
tion by friction) increases linearly with depth for 
depths less than 25 km. At depths between 25 and 
75 km the shear stress is taken to be constant; the 
magnitude of this shear stress is one of the input 
parameters of the model. Below a depth of 75 km 
the shear stress is assumed to be zero. 

Friction causes a heat production (per unit vol­
ume) Ar: 

A= Vt 
r Zr 

(2) 

where Zr is the thickness of the deformation zone 
(6 km in the model) and -r the shear stress. The 
effect of friction on temperatures is governed by 
the product of the convergence velocity and the 
shear stress, which has the dimension of heat flow . 
Most of the heat that is generated is used to heat the 
cold upper part of the descending slab. 

Radiogenic heat production 

A substantial part of the heat flow at the surface is 
caused by the decay of radioactive elements, con­
centrated in sediments and crustal material. Crust 
in the arc-trench region can be of various origin. 
Radiogenic heat production in crust of oceanic 
origin is low; a characteristic heat production of 
0.5 µ, W m-3 leads to a contribution of 5-10 mW m- 2 

(for crustal thicknesses of 10-20 km). Crust formed 
by subduction related volcanism (arc crust) has a 
low typical heat production of 0.25- 0.50 µ,W m- 3 

(Gill 1981: 45). For an arc crust with a thickness of 
30 km, the resulting contribution to the surface 
heat flow is 8-15 mW m- 2• The upper part of conti­
nental crust will have a much higher radiogenic 
heat production (typically 2.5 µ, W m- 3 ; Pollack & 
Chapman, 1977); it is estimated that the probably 
thin continental crust in an arc-trench region will 
not give a contribution greater than 25mW m- 2• 

Sediments in the forearc basin are derived from 
arc crust near the volcanic zone (Dickinson 1974) 
and are thus expected to give a low contribution to 
the surface heat flow ( < 5 mW m - 2 for a sediment 
thickness less than 10 km) . Heat production in the 
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Fig. 2. Geometry of the model. The depth of the slab below the 
volcanic line is 105 km. The vertical scale is equal to the horizon­
tal scale . 

accretionary wedge, consisting of offscraped deep 
sea sediments may be much higher, resulting in a 
maximum contribution of 20 mW m- 2 for an accre­
tionary wedge with a sediment thickness of 15 km 
(Oxburgh & Turcotte 1971). 

In an arc-trench region the following sequence 
generally exists (in the direction from the trench to 
the volcanic line; see also Fig. 1): accretionary 
wedge - oceanic crust and forearc sediments - arc 
crust and/or continental crust (Dickinson & Seely 
1979). Although the radiogenic contribution to the 
heat flow will vary significantly in the arc-trench 
region, it is probably everywhere between 10 and 
25 mW m- 2 (except in the region near the trench, 
where the accretionary wedge is very thin) . 

In the model, heat production decreases expo­
nentially with depth for the crustal part of the 
overriding lithosphere (with d equal to 12 km; Jau­
part et al. 1981): 

A/z) = A0 exp(-z/d) (3) 

For the region between Band the volcanic line (see 
Fig. 2) , this results in a heat flow Q,: 

Q, = f0h A0 exp(-z/d)dz (4) 

where h is the thickness of the crust in this region 

(including sediments) which is taken to be 30km. 
Q, is one of the input parameters of the model and 
has been varied between 10 and 25 mW m- 2• 

Heat flow in the arc-trench region 

Heat flow measurements (from Anderson 1980; 
Nakamura & Wakita 1982 and Yoshii 1983) for the 
subduction zone near the Japan trench (N.E. 
Honshu) are given in Figure 3. Heat flow is low in 
the entire arc-trench region; most data points fall 
below a level of 40 mW m- 2• The volcanic line is 
(lSsoci(lterl with :rn in~rP<'ISe in heat flow to 75-100 
mW m-2 over a relatively short distance. 

Heat flow in other subduction zones falls in a 
similar pattern ; low heat flow (generally less than 
40 mW m-2) in the arc-trench region and high heat 
flow in the volcanic zone and the back-arc region. 

Table I. Heat flow in the central part of arc-trench regions. 

Subduction zone Heat flow" Durationh 
(in mwm- 2) (in Ma) 

N.E. Honshu 34±2 >100 
s .. w . Honshu 53 ± 3 ± 15 
Kuriles 33 ± 5 >100 
Im-Bonin 43 ± 9 ± 40 
South America 35 ±5 > 100 
Central America 30±5 > 100 
Cascades (Oregon) 36±3 >100 
Cascades (Brit. Columbia) 31±6 >100 

a: Average values for heat flow measurements a t distances 
greater than 0.25 x XAr (where XAr is the total distance be­
tween the trench and the volcanic line). Heat flow data from 
Anderson 1980 (N. E . Honshu, Izu-Bonin) ; Blackwell et al. 1977 
(Central America); Blackwell et al. 1982 (Cascades, Oregon); 
Henry 1981 (South America); Hyndman 1976 (Cascades, British 
Columbia); Nakamura & Wakita 1982 (N .E. Honshu); (Uyeda 
& Watanabe 1982 (South America) ; Watan.abe et al. 1977 (S. W. 
Honshu, Kuriles) ; Yoshii 1983 (N.E. Honshu). Also given are 
standard deviations for the average values. 
b : Duration since the initiation of subduction, taken or inferred 
from Coney & Reynolds 1978 (Cascades) ; H ilde et al. 1977 
(N .E . Honshu, Izu-Bonin, Kuriles); Karig et al. 1978 (Central 
America); Kobayashi 1983 (S.W. Honshu) ; Palacios 1984 
(South America). These durations are in agreement with the 
ages of the oldest volcanic rocks for a number of subduction 
zones, given by Dickinson (1973). 
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Fig. 3. Heat flow for the subduction zone near the Japan trench 
(N.E. Honshu). Heat flow data from Anderson (1980) ; 
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from Crough (1975)) for oceanic lithosphere with an age of 120 
Ma. This is the age of the descending Pacific plate at the Japan 

trench. Distance be tween the tre nch and the volcanic line is 

about 270 km. 

Average values of the heat flow measurements in 
the central part of the arc-trench region for a num­
ber of subduction zones are listed in Table 1. Data 
at distances less than 0.25 x XAT from the trench or 
the volcanic line are excluded (where XAT is the 
total distance between the trench and the volcanic 
line). Despite the large spread in the individual 
heat flow data , the differences in these average 
values are quite small. The large variations in the 
current convergence velocity (3 cm/a for the Cas­
cades; 11 cm/a for South America) and the current 
age of the subducting oceanic lithosphere (10 Ma 
for the Cascades; 120 Ma for N.E. Honshu) are 
apparently of little influence. 

Average values higher than 40 mW m-2 are only 
reached for the Izu-Bonin and S.W. Honshu sub­
duction zones. Note that the error in the average 
value for the Izu-Bonin subduction zone is rela­
tively large. The time passed since the initiation of 
subduction is relatively short for these two subduc­
tion zones (see Table 1). This may lead to a higher 
heat flow, since it will take time for the lithosphere 
above the slab to cool, after the initiation of sub­
duction. All other subduction zones have been ac­
tive for more than 100 Ma. Average values of heat 
flow in the central part of the arc-trench region for 
these subduction zones range from 30 to 36 mW 
m- 2 . During model calculations this interval is used 
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as a constraint for the heat flow of older subduction 
zones. 

All older subduction zones have a sharp increase 
in heat flow in the direct vicinity of the volcanic 
line. For some of these subduction zones heat flow 
in the arc-trench region at distances less than about 
60 km from the volcanic line is somewhat higher 
than in the central part of the arc-trench region (on 
the average about 8 mW m- 2 for the Cascades) . 
This could be caused , via horizontal conduction, by 
the high temperatures behind the volcanic line. 

Model calculations 

As a starting point for the model calculations a 
convergence velocity v is chosen of 8 cm/a; an age 
T,1 of the oceanic lithosphere at the trench of 70 Ma 
and a radiogenic heat flow Q, of 17 mW m- 2• The 
values of T,1 and v are chosen in such a way , that 
they are close to the average values of these param­
eters for subduction zones. The value of Q , lies in 
the middle of the interval 10-25 mW m-2. In order 
to investigate the effect of friction , model calcu­
lations have been made for three values of T; 0 , 40 
and 80 MPa. Note that these values represent the 
shear stress at depths between 25 and 75 km . 

Figure 4 gives the heat flow for these three mod­
els (ATaO, ATa40 and ATa80), 100 Ma after the 
initiation of subduction. At this time a stable situa­
tion is almost completely reached (see Fig. 6); still 
longer model calculations give differences in tem­
perature that are less than 5° C everywhere. The 
model with a shear stress of 40 MPa has a heat flow 
which falls within the interval (30-36 mW m- 2) 

inferred from heat flow data for the central part of 
the arc-trench region ; the other two models have a 
significantly lower or higher heat flow . The ther­
mal structure of the model with a shear stress of 40 
MPa (model ATa40) is given in Figure 5. 

The main part of the heat produced by friction is 
used to heat the cold upper part of the descending 
slab. For model ATa40 only 10-15% of the heat 
flow, caused by friction, goes upward and contrib­
utes to the surface heat flow. This is sufficient, 
however, for friction to be of vital importance for 
the temperatures in the lithosphere above the slab. 
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Temperatures for the model without frictional 
heating are about a factor 2 lower here. 

Heat flow profiles for model ATa40 at 10, 30, 60 
and 100 Ma after the initiation of subduction are 
given in Figure 6. During the first 60 Ma the heat 
flow is significantly higher than that of the stable 
situation. Thus the gradual cooling of the lithos­
phere above the slab can explain higher heat flow 
values for the Izu-Bonin and S. W. Honshu subduc­
tion zones. 

40 

~ 80 
~ 
::r: 
>-:;; 
0120 

40 

DISTANCE FROM TRENCH (KM) 
80 120 200 

160 ATa40: 't ~ 40 MPa 

200 

Or ~ 17 mW m-2 

Ts1 ~ 70 Ma 

v = 8 cm/ a 

240 280 

Fig. 5. Thermal structure of the region between the trench and 
the volcanic line for model A Ta40; 100 Ma after the initiation of 
subduction. 

N' 
E 

80 

60 

~ 40 
E 
0 

20 

0 -'-f~~~~~~~~~~~~~~~~~ 

TRENCH VOLCANIC 
LINE 

Fig. 6. Heat flow for model A Ta40 at 10, 30, 60 and 100 Ma after 
the initiation of subduction. 

Variation of model parameters 

The thermal structures, 100 Ma after the initiation 
of subduction, for models with values for Q, of 25 
mW m- 2 (model ATb20) and 10 mW m- 2 (model 
A Tc60) are given in Figure 7. Shear stresses are of 
such a magnitude that the steady state heat flow lies 
between 30 and 36 mW m-2 in the central part of 
the arc-trench region (20 MPa for model ATb20 
and 60 MPa for model A Tc60). Thus model A Tb20 
gives a low estimate of the temperatures in the arc­
trench region and model A Tc60 gives a high 
estimate. The differences in temperature for these 
models are primarily caused by differences in shear 
stress; the influence of Q, is smaller and limited to 
the temperatures near the surface. 

Numerical calculations have shown that varia­
tions of T51 and v have only a small effect on tem­
peratures above the slab. For model ATa40 an 
increase of T51 from an average value of 70 Ma to a 
very high value of 150 Ma or a low value of 30 Ma 
has about the same effect on the temperatures 
above the slab as a decrease or increase in shear 
stress of about 4 MPa . An increase in convergence 
velocity causes an increased cooling by the cold 
upper part of the slab; but also a greater heat 
production by friction (Equation 2) . The net effect 
turns out to be small; calculations with velocities of 
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5 and 11 cm/a (other parameters the same as in 
model ATa40) give differences in heat flow that are 
less than 2 mW m-2 everywhere. 

It can be concluded, that the temperatures above 
the slab and at the upper surface of the slab are 
primarily determined by frictional heating. If heat 
flow data are used as a constraint, the uncertainty 
in the estimate of the shear stress is determined by 
the uncertainty in Q,. 

High-pressure metamorphism 

Subduction of oceanic lithosphere can lead to the 
formation of an accretionary wedge, which consists 
of sedimentary material. In a high-pressure meta­
morphic belt, such as the Franciscan complex of 
California, the deeper parts of a former accretion­
ary wedge are exposed (Oxburgh & Turcotte 1971; 
Miyashiro 1973). A high-pressure metamorphic 
belt is characterised by the following metamorphic 
facies (Ernst 1975, 1977): zeolite - prehnite and 
pumpellyite - blueschist and/or greenschist. The 
increasing metamorphic grade is caused by the in­
creasing depth, that is reached by the material. 
Especially the occurrence of blueschists points to 
low temperatures, lower for instance than those of 
a shield geotherm. These low temperatures (at rel­
atively high pressures) can probably only occur in a 
subduction zone environment. 

Ernst (1977) derives, from observed mineral as-
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Fig. 7b. Thermal structure for model A Tc60; JOO Ma after the 
initiation of subduction . 

semblages and experimentally determined or cal­
culated phase equilibria, prograde p-T trajectories. 
Since sedimentary accretionary wedge material in 
downward movement is expected to be close to the 
upper surface of the descending slab (Cloos 1982), 
these trajectories represent temperatures during 
subduction at or just above the upper surface of the 
slab. Figure 8 gives such temperatures for the Fran­
ciscan complex in California. Also temperatures at 
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temperatures for high-pressure metamorphism in the Fran­
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converted to depths, assuming a density of 2. 7 kg m-3). 
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the upper surface of the slab are given for the 
models ATa40 (i: = 40 MPa), ATb20 (i: = 20 MPa) 
and ATaO (i: = 0 MPa, hence no heat production 
by friction) . Temperatures for the Franciscan com­
plex are in reasonable agreement with those of the 
models ATa40 and A Tb20. At depths greater than 
20 km, the temperatures for the model without 
heat production by friction are much lower. 

Wang & Shi (1984) have modelled temperatures 
for an accretionary wedge, assuming no frictional 
heating. For a velocity of 10 cm/a, their models 
show temperatures in the lower part of the accre­
tionary wedge which are also much below those 
inferred for the Franciscan complex. 

Discussion 

An obvious limitation of thermal models of sub­
duction zones is the constant dip of the slab. In this 
model of the arc-trench region a constant dip is 
chosen of 20°. In this way a better approximation of 
the geometry of the slab in an arc-trench region is 
obtained, than in models of a subduction zone as a 
whole, which generally use a constant dip of 45°. 
For depths below 30-40 km, however, the actual 
dip of the slab is usually even smaller than 20°. Also 
it is not clear, how shear stress increases with depth 
in the upper 30-40 km. In the model it is assumed 
that, for depths less than 25 km, shear stress in­
creases linearly with depth. In reality the way shear 
stress increases with depth will be more compli­
cated and depend for instance on pore-fluid pres­
sures and whether the slab is in contact with the 
accretionary wedge or with the overriding lithos­
phere. Thus no accurate estimate of shear stresses 
can be made on the bases of temperatures inferred 
for high-pressure metamorphic belts alone. It does 
seem clear, however, that temperatures of 
± 400° C at a depth of ± 40 km, inferred for high­
pressure metamorphic conditions in a subduction 
zone environment (e.g. Ernst (1977) and Cloos 
(1985) for the Franciscan complex; Ernst (1981) and 
Gillet et al. (1985) for early Alpine metamor­
phism), can only be reached if significant heat pro­
duction by friction , with shear stresses similar to 
those in the models ATa40 and ATb20, takes 
place. 

Endothermic dehydration reactions for water­
containing minerals in the crust of the descending 
slab will influence the thermal structure (Anderson 
et al. 1978). Major dehydration reactions in the 
crust of the slab, however , do not take place at 
depths less than about 75 km (Delaney & Helgeson 
1978). The influence of these reactions is thus lim­
ited to temperatures in the upper part of the slab 
below this depth. The heat needed for the reactions 
will be readily supplied by the nearby asthenos­
pheric wedge. 

The magnitude of shear stresses depends on the 
rheological properties of the material near the up­
per surface of the slab and a number of parameters 
such as pressure, temperature and pore-fluid pres­
sure. Large interplate thrust earthquakes at the 
upper surface of the descending slab occur between 
depths of 20 and 40 km (Ruff & Kanamori 1983) 
and this points to brittle deformation at these 
depths. For brittle deformation the strength of the 
material will be much reduced if high pore-fluid 
pressures exist (Kirby 1983). High pore-fluid pres­
sures are likely for the accretionary wedge (Davis 
et al. 1983; von Huene 1984) and the crust of the 
slab, which consists for a substantial part of water­
containing minerals. This may explain why shear 
stresses, inferred from heat flow data, are rela­
tively low; about a factor 10 lower than those infer­
red from experiments under dry conditions (102- 103 

MPa; Byerlee 1978). The absence of interplate 
thrust earthquakes at depths below 60-70 km prob­
ably indicates that below this depth ductile defor­
mation in the crust of the slab leads to low shear 
stresses. 

Bird (1978) gives an estimate of 20 MPa for the 
average shear stress for depths less than 100 km. 
This estimate is based on a force balance for two 
subduction zones where back-arc spreading occurs 
(Tonga and Mariana subduction zones). Average 
shear stresses for depths less than 100 km for the 
models ATa40, ATb20 and ATc60 vary from 13 to 
37 MPa, which is in reasonable agreement with 
Bird's estimate. 



Volcanism 

Generally subduction of oceanic lithosphere is as­
sociated with volcanism. Linear chains of vol­
canoes lie parallel to most of the ocean trenches. 
Volcanism is concentrated at the volcanic line; in 
the direction away from the trench the volume of 
erupted magmas decreases sharply (Sugimura 
1968; Marsh 1979). Two possibilities are proposed 
for the first step of the process that leads to volca­
nism (e.g. Wyllie 1979; Gill 1981). Partial melting 
may occur in the crust of the slab, which requires 
temperatures above the wet solidus for basalt. At a 
depth of about 100 km this solidus lies near 750° C 
(Lambert & Wyllie 1972). An alternative is, that 
dehydration reactions in the crust are followed by 
upward migration of water and melting of hot man­
tle material above the slab. In both cases, however, 
melting is caused by the high temperatures in the 
asthenospheric wedge above the slab. This is in 
agreement with the absence of volcanism in seg­
ments of the South American subduction zone , 
where the dip of the slab is very small ( <5°) at a 
depth of about 100 km, and the asthenospheric 
wedge is absent (Barazangi & I sacks 1979) . 

Friction does not lead to melting in the crust of 
the slab, within the region of our thermal models. 
Temperatures at the top of the slab below the 
volcanic line vary between ± 600° C (model 
A Tb20) and ± 730° C (model Atc60). Essential, 
however, is the depth to which the boundary con­
dition below the volcanic line continues. For these 
models this depth lies about 15 km above the top of 
the slab. Melting does take place if this boundary 
condition continues up to about 5 km above the 
slab . 

Heat flow for older subduction zones is low 
(<40 mW m-2) in the entire arc-trench region. 
Thus temperatures between the surface and the 
slab are much below mantle temperatures in the 
arc-trench region. This rules out convective pro­
cesses in this area and heat transport is thus deter­
mined by conduction only. Temperatures in the 
back-arc region are high , as can be inferred from 
heat flow data (e.g. Fig. 3); generally the thickness 
of the lithosphere in this region is 50-75 km. Tem­
peratures between the slab and the overriding 
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lithosphere below the volcanic zone are also high; 
temperatures near 1400° C directly below the 
lithosphere near the volcanic zone are inferred by 
Tatsumi et al. (1983) from the composition of arc 
basalt magmas. It thus seems likely that the vol­
canic line marks the boundary of the asthenos­
pheric wedge. 

Conclusions 

From published heat flow measurements it can be 
inferred that heat flow in the arc-trench region of 
older subduction zones (subduction started more 
than about 60 Ma ago) is low: less than 40 mW m-2 . 

Average heat flow values in the central part of the 
arc-trench region for a number of these subduction 
zones vary from 30 to 36 mW m- 2. 

From our numerical calculations we conclude 
that a shear stress of 20-60 MPa along the plate 
contact, at depths between 25 and 75 km, is re­
quired to satisfy the heat flow data. Heat produc­
tion by friction has a large influence on the tem­
peratures in the arc-trench region. The influence of 
the age of the subducting oceanic lithosphere and 
the convergence velocity is relatively small . Grad­
ual cooling of the region above the slab can explain 
higher heat flow in the arc-trench region for sub­
duction zones, where subduction started less than 
about 60 Ma ago . 

Temperatures inferred from mineral assem­
blages in high-pressure metamorphic belts can only 
be reached if significant heat is produced by fric­
tion . Calculated temperatures at the upper surface 
of the slab for the models satisfying the heat flow 
data are in reasonable agreement with tempera­
tures inferred from mineral assemblages. 

The volcanic line probably marks the boundary 
of the asthenospheric wedge. 
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