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of the upper crust (Hl, Hn, Hh) – horizontally, and three 
values of thermal conductivity (λl, λn, λh) – vertically. 
It shows temperatures at the end of the thrusting 
~ 20 million years (left columns in all columns) and 
42 million years after the end of the thrusting (t = 62 
million years – right columns). The upper values are for 
a depth of ~ 20 km (the boundary of the upper and lower 
crust), the lower values for a depth of ~ 30 km (lower 
crust) below the midpoint (maximum) elevation point, 

in Fig. 4) for different values of thermal conductivity λ 
(a) and heat generation rate H (b).

According to the simulation results, the heat flow 
density drops by about 10 mW/m2 over the limiting 
fault during the thrusting (shaded area in the figure). 
The physical basis of this phenomenon is that a layer 
of a certain thickness (in our model, this is the upper 
crust) with the same initial temperature distribution 
gradually moves on a plate with some initial temperature 
distribution. As a result of the thrust, the “cold” layer 
is under the “hot” layer and then the temperature 
equalization stage follows. The early postcollisional 
stage is characterized by a slight increase in heat flow 
due to an increase in the thickness of the upper crust with 
maximum heat generation. Further, the heat flow reaches 
stable values, since the redistribution of additional load 
caused by erosion of uplift and sedimentation is very 
insignificant at this stage due to the local nature of 
erosion assumed in the model. 

Discussion of the results and conclusions
Table 2 presents a sample of temperatures for all 9 

models with three different values of heat generation 

Fig. 8. Evolution of heat flow from the surface above the area of maximum uplift. (a) Options with different values of thermal 
conductivity λ: 1 – 2.0 (low), 2 – 2.5 (normal), 3 – 3.0 (high) W/m·K with an average value of heat generation 2.0 μW/m3. (b) 
Influence of various rates of heat generation H: 1 – 1.5 (low), 2 – 2.0 (normal), 3 – 2.5 (high) µW/m3 with an average value of 
thermal conductivity 2.5 W/m·K. Shaded area – the period of thrusting

а)                                                                                                  b)

Tab. 2. The temperature values (ºC) under the midpoint of the 
uplift at the end of the thrusting (t = 19.4 Ma) are left columns 
and in the post-collisional stage (t = 62 million years) – right 
columns. The first cell shows the initial temperatures of the 
selected depths of 20 and 30 km, respectively. Details are 
given in the text
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Fig. 7. The distribution of the heat flow density over the uplift (point 0 in the horizontal direction corresponds to the point x0 in 
Fig. 4) 42 million years after the end of the horizontal contraction process. (a) Effect of thermal conductivity λ: 1 – 2.0 (low), 
2 – 2.5 (normal), 3 – 3.0 (high) W/m·K. The discontinuous curve (4) represents the result for the case of thermal conductivity 
anisotropy λx = 1.2 λy. (b) Influence of the rate of heat generation of the upper crust H: 1 – 1.5 (low), 2 – 2.0 (normal), 3 – 2.5 
(high) μW/m3. The discontinuous curve (4) represents the distribution of the heat flow at the time of the end of the thrusting 
(t ~ 20 Ma) for the “normal” model (2)
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at a distance of about 80 km to the right of the point x0 
(Fig. 4). Calculations have shown that this is the region 
of maximum temperatures in the horizontal direction 
due to the maximum thickening of the crust with high 
heat generation. The expected result is the maximum 
temperature increase at the post-collision stage in the 
case of maximum generation and minimum thermal 
conductivity (Hh and λl). The average temperature 
increase after the end of the thrusting is approximately 
200oC for the upper crust (the initial temperature of the 
model is 460oC for the boundary of the upper and lower 
crust at a depth of 20 km) and 110oC for a depth of 30 km 
(in the lower crust). In most variants of thermophysical 
parameters, the temperature at the final stage of thrusting 
and at the post-collision stage, with the exception of a 
high value of thermal conductivity, exceeds the solidus 
temperature of “wet” granite (shown in bold in Table 2). 
These results under conditions of local erosion confirm 
the main conclusions of a one-dimensional simulation 
of instantaneous thrust about the possibility of the 
formation of partial melting zones under certain thermal 
conditions (England, Thompson, 1984). 

For the set of selected thermophysical parameters, 
the calculated maximum temperature range is 590‑750oC 
(from the initial 460oC) and 670-885oC (from the 
initial 610oC) after a horizontal reduction of 100 km 
with a thrusting duration of 20 Ma. In the future, the 
temperature increase rate for 42 million years of post-
collisional evolution is much less (compared with the 
columns on the right), which demonstrates the important 
role of the initial heating phase during the slow thrusting 
and the formation of a thickened crust. Thus, with the 
mid-continental initial temperature, most models provide 
the possibility of the appearance of a partial melt in the 
solidus conditions of “wet” granite (the temperatures 
indicated in bold in Table 2).

The evolution of heat losses at the stage of motion 
during thrusting and after its termination is studied. 
The density of the heat flow drops by about 10 mW/ m2 
over the fault, along which the process of thrusting 
occurs. The early postcollisional stage is characterized 
by a slight increase in heat flow due to an increase of 
the upper crust thickness, in which heat generation 
is maximum. Further, the heat flow reaches stable 
values, since the redistribution of additional load 
caused by erosion of uplift and sedimentation is very 
insignificant at this stage due to the local nature of 
erosion assumed in the model. The maximum values 
of the heat flow density in the frontal thrust area at the 
post-collisional stage are 85-95 mW/m2 with regional 
background values of 50-70 mW/m2. It has been shown 
that heat losses from the surface after the end of the 
crust shortening are more dependent on the values of 
heat generation than on the thermal conductivity of 
the upper crust.
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