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thermal structure at a given instant in time. In-sequence 
thrusting may result in the propagation of top to the 
south shearing across the MCTZ and into the footwall 
of the MCT, thereby passively transporting mineral 
assemblages formed at earlier times in the structurally 
higher units. Post-metamorphic transport within the 
HHC is supported in some areas (e.g. near 93Bp100), 
where kyanite is deformed and rotated into the top to 
the south shear foliation (fig. 3b in Swapp & 
Hollister, 1991). 

The range of temperatures maintained within the 
HHC of Bhutan during decompression appears to 
contrast with Nepal and parts of India where Hodges 
et al. (1988a) argued that temperatures, based on 
geothermometry, across large sections of the HHC 
were nearly uniform. Alternatively, the temperature 
estimates based on geothermometry may only be 
reflecting the average blocking temperature for Fe-Mg 
exchange between garnet and the matrix phases during 
cooling. This is supported by FeO/(FeO + Mg0)- 
enriched rims present in most of the samples from the 
Bhutan HHC (Fig. 5). In addition, most garnet from 
the HHC of Bhutan has complex zoning patterns, 
variable rim compositions, and in some cases, zoning 
that is truncated, probably due to garnet resorption 
during decompression, or fragmentation during de- 
formation. Therefore, most of the rocks in Bhutan are 
unsuitable for geothermobarometry without careful 
analysis. This underscores the necessity of determining 
the: spatial composition of rocks using X-ray maps 
before proceeding with geothermobarometric 
calculations. 

Swapp & Hollister (1991) argued that the migmatites 
in the upper structural levels of the HHC in Bhutan 
were tectonically transported (by thrusting) from the 
deepest parts of the HHC, where temperatures were 
high enough for melting (due to the breakdown of 
muscovite and/or biotite under fluid-absent con- 
ditions). Rapid decompression of these hot rocks 
during thrusting and exhumation of the entire HHC 
probably led to further melting (see Harris & Massey, 
1994) and intrusion of leucogranite into the section 
during top to the south thrusting. All of these processes 
working in concert: advection of heat due to thrusting 
and intrusion of leucogranite, rapid decompression at 
high temperatures and eventually rapid cooling of the 
HHC, helped cause and preserve the range in tempera- 
tures recorded by the metamorphic reaction textures 
and garnet zoning patterns in the HHC of Bhutan. 

Thus, the H H C  of Bhutan was extruded and 
exhumed between the down-going Indian and over- 
riding Asian plates while being internally deformed by 
a varying velocity field, rather than being extruded as 
a rigid block (Fig. 7). The conclusions of Grujic et al. 
(1996), who showed, based on quartz textures, that 
much of the HHC of Bhutan experienced penetrative 
top to the south shearing at  high temperature, 
suggested such a model of channel flow between two 
non-parallel walls. 

To conclude, we return to the original compilation 
of Himalayan geology by Heim & Gansser (1939, 
p. 225), where, based on field observation and deduc- 
tion, they made the following statement: 'the crystalline 
basal part of the Main Central Thrust mass must have 
been at a depth of 30 km below the surface. There, 
within (not below) the Sial, at temperatures of 700 "C 
and more, the injection and migmatization occurred, 
partly before and partly during the thrusting 
movement.' 
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