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Heat transfer takes place within the lithosphere in 
the form of heat conduction. thus heat conduction 
equation models have found extensive applications in 
constructing knowledge about thermal structure and 
evolution of continental lithosphere. this knowledge is 
vital for understanding the rheology and deformation of 
lithosphere.  organized work in this direction started in the 
country with establishment of the theoretical Geophysics 
Division at nGRI Hyderabad in 1964. such models are 
developed in confrontation   with the data of heat flow, 
metamorphic pressure –temperature arrays of exposed rocks 
or xenoliths, composition of igneous bodies and thickness 
of the sedimentary basins within the continents or active 
and passive continental margins.  Indian continental 
region is well endowed with these geological events, but 
all have not yet been confronted with the heat conduction 
equation models to build quantitative knowledge of thermal 
evolution of the Indian geological terrains.   However, 
some significant problems have been addressed.  these 
developments are:
• the present thermal regime of the lithosphere has 

been quantified using the available heat flow and 
heat generation data. earlier studies found the Indian 
region to be hot with Moho temperatures exceeding 
6000C, whereas now with more observations and heat 
generation constraints, Indian region is found to be 
as  cold as other shields (Rao et al, 1976; singh, 1981; 
singh and negi 1982; Gupta et al 1991; Ramana et al 
1999, 2003; thigagrajan et al 2001; Manglik and singh, 
2002; Roy and Rao, 2000, 2003; Manglik 2006; singh, 
2007; Kumar et al 2007a,b). the results crucially depend 
on partitioning of the observed surface heat flow into 
the heat flow from the Moho and that due to crustal 
radioactivity. earlier this partitioning was done using the 
linear surface heat flow - heat generation relationship. 
now crustal structure revealed by geophysical methods 
and composition of exposed rocks are used to build 
radiogenic heat model of the crust. 

• Pressure and temperature arrays from xenoliths of about 
1Ga age  from Dharwar craton and granulites and 
charnockites of southern India  of about 3Ga age have 
been used to build   models of thermal structure at these 
regions, which would be representative models of the 

paleogeotherms (Ganguly et al 1995, Roy and Mareschal, 
2011; singh and Ganguly, 2014).  Metamorphic data 
have also been used to find the way the Indian cratonic 
region has cooled over the geological history (singh, 
1984).  

• Models of thermal perturbations generating the 
charnockitic region in terms of advection of carbon 
dioxide fluxes and erosion of thrust sheet are developed 
(Ganguly et al 1995).   the magnitude of flux and the 
thickness of thrust sheet are constrained so that the 
temperatures at depth increase to the level required for 
charnockitization. A combination of both processes is 
shown to be the cause of charnockitization in south 
India. 

• similarly thermal perturbation associated with Cuddapah 
basin is   shown quantitatively to be due to the rise 
of melts from great depths to the base of the crust 
and resulting eclogitization led to subsidence for 
sedimentation to take place (Bhattacharya and singh 
1984).  In an alternate model, Cuddapah basin, which is 
formed in the intracratonic set up over a long period of 
time, could be generated by subsidence of an extending 
lithosphere. the usual model of extension of lithosphere 
used to explain shorter duration basins and continental 
margins needs modifications. extent of stretching 
required has been quantified from geochemical data of 
igneous bodies in Cuddapah basin (Anand et al 2003).

there are a large number of geological events and their 
signature products over the three billion years history of the 
Indian geological terrains. these can be better understood 
by confronting the heat conduction equation models with 
geological, geochemical and geophysical data of these 
events and products.  several of these events and products 
have been recently discussed and are listed in table 1 
(Meert et al 2010).  Indian cratons, viz.  Aravalli, Bastar, 
Bundelkhand, Dharwar, and singhbhum, and surrounding 
mobile belts have several igneous, metamorphic and basin 
forming events.  these episodes have occurred repeatedly 
during the last 3 billion years. Many of these problems 
can be posed as evolution of initial conditions or special 
type of boundary conditions, or changes in the thermal 
properties of the lithosphere. When sufficient observations 
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are available, resort to inverse methodologies can also be 
adopted.  thermal models of each of these events can lead 
to an integrated picture of detailed thermal evolution of 
cratonic lithosphere. table 1 also shows that all cratons 
stabilized by 2.5Ga age.  stabilization of cratons is generally 
explained in terms of isopicnicity hypothesis (Jordan,1975) 
wherein the density increase by heat loss is balanced by 

density decrease by loss of melt fractions from the  cratonic 
keel.  Dharwar craton also shows a keel structure (srinagesh 
et al,1989)   and more such studies are being conducted 
now.  Recently a heat conduction model for the evolution 
of cratonic keel based on initial condition either by plume 
or subducted slabs has been developed (eaton et al 2013).   
such heat conduction models for the Indian cratons could 

Table 1: summary of the Precambrian History of India (Meert et al.,2010; copyright (2010) permission from elsevier). All ages 
are in Ga.

 Oldest age Stabilization age Metamorphic events Igneous events Sedimentary basins

Aravalli ~3.5 ~2.5 ~2.0 (t)
 1.7-1.6 (t) 

0.95-0.94 (s)
0.99-0.836 (t)

1.711-1.66 (g) 
0.82-0.75(g, d)

Marwar (<0.635)

Bundelkhand ~3.3 ~2.5 3.3 (t) 
2.7 (t) 
2.5 (t)

2.15 (d) 
2.00 (d)
1.1 (k)

Vindhyan (1.8-1.0)

singhbhum ~3.5-3.8 ~2.5 3.3 (g)
3.1 (g)
3.5 (v)
2.1 (d)
1.5 (d)
1.1 (d)
0.9 (v)

Dhanjori (~2.5)
Kolhan (~1.1)

Bastar ~3.5 ~2.5 2.5 (t) 
2.3 (t) 
1.1 (t)

2.5 (v)
1.9 (d)

Chhattisgarh (~1.1)
Indravati (1.1 ?)

e. Dharwar ~2.7 ~2.5 2.7-2.5 (t) 2.5 (g)
2.4 (d)
2.2 (d)
1.9 (d)
1.2 (d)

1.1 (k,l)
1.0 (d)

Cuddapah (~1.8-1.0)
Kurnool (< 0.6 ?)

Pranhita–Godavari (1.1)
Bhima (1.1-0.6 ?)

W. Dharwar ~3.6 ~2.5 3.3 (t) 
3.1 (t) 

3.35 (v)
2.6 (g)
2.5 (g)
? (d)

Kaladgi (1.1-0.6 ?)

s. Granulite ~3.5 ~2.5 ~2.5 (t) 
0.8-0.9 (t,s)
0.5-0.6 (t,s)

0.5 (g) none

Abbreviations: (t) = tectonothermal; (s) shear; (d) dyke intrusion; (k) kimberlite/lamproite intrusion; (g) granitic and/or mafic 
intrusions; (v) volcanism
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answer questions about their stability. thus there is great 
need to develop heat conduction equation models of these 
events and processes, as listed in table 1, to arrive at 
quantitative understanding of the Indian geology.
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