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ABSTRACT

Severa magmatic activities occurred in India during the
Precambrian and Post Carboniferous Eras, as represented
by granites, basalts and pegmatites. Northern parts of India
including Ladakh, Zanskar, Uttarkhand, Himachal Pradesh,
and Madhya Pradesh were loci of intense intrusive activity.
This is represented by granites of different ages varying
from 5-477 Ma Meanwhile, Precambrian igneous
activities were widespread across the country. The
Precambrian gneiss invariably forms the stratigraphic
basement unit in India. A variety of older granites have
intruded into this basement. Although the granite outcrop is
discrete, gravity and aeromagnetic anomaly maps indicate
that these granites occupy a large area below the sediment
and Deccan volcanic cover. In certain areas, they form the
basement of Paleozoic (e.g. Gondwana) and Cenozoic (e.g
Deccan basalt) formations. These granites occupy an area
of about 150,000 km? extend to great depths, and
sometimes form large batholiths several kilometers thick.
The most significant feature of these granites is that they
drive al the hydrothermal systems in the country. The heat
production capacity of these granites varies from about 3-5
uW/m?®. Prolonged circulation and intense water-rock
interaction processes are indicated by high “He content,
low “He/®He ratio, and high fluoride content in the thermal
water. Even though the west coast thermal circulation is
thought to be in the Deccan volcanic flows, recent reports
on the presence of 140 Ma granite below the Deccan
volcanic flows does not preclude major thermal fluid
circulation in a granite reservoir. Even in places where
natura fluid circulation is not present, these high heat
generating granites can be considered hot dry rocks with a
high potential to generate electricity. Considerable EGS
potential exists even in regions where hydrothermal
systems do not exist (e.g. Tamil Nadu). Assessment has
been carried out on the power producing capacity of thee
granitesusing U, Th and K content. For example, estimates
on a small volume of granite from northern India indicate
that there is potential to generate a minimum of 61,160 x
10 kWh. Perhaps in the future, EGS may help to make
India energy independent and to eliminate its 78,577 MWe
deficit.

1. INTRODUCTION

With population growth accelerating, demand for power
will increase world the over. This demand will be high in
non-OECD (Organization for Economic Cooperation and
Development) countries like India, where the population
growth is greater that 17% per year, and the and the
electricity demand will grow by 35 % annualy
(Chandrasekharam and Bundschuh, 2008). The 2004-2030
energy forecasts indicate that cod and gas will continue to

dominate energy use and will remain the single dominant
contributor to CO, emissions (IEA,2007). India is no
different from the global scene. The demand for electric
power will grow to 1,41,080 MWe from the current
production of 1,23,668 MWe. India will try to approach
this target by using easily available coa reserves. It is
estimated that an additional 263 tonnes of coa will be
burnt to achieve this target, thereby releasing 870 million
tonnes of CO, (Chandrasekharam and Chandrasekhar,
2010). With the UNFCC cap on emission rates, developing
countries like India must depend on low carbon emission
energy sources like renewable energy sources. The
renewable energy sources should be large enough to
sustain the demand for longer periods of time, should be
commercialy and technically accessible and should emit
low amounts carbon dioxide. India has sufficiently large
EGS sites that, if exploited, may fulfill India’s ambition of
increasing the per capita electricity consumption to 1000
kWh from the present 631 kWh (MOP, 2008). As
discussed earlier, al hydrotherma systems in the country
are driven by high heat generating granites whose volumes
are large enough to make India energy independent and
reduce electricity demand to zero. With current and
developing drilling technologies and breakthrough research
in heat extraction technology, India will become a major
producer of electric power from EGS.

2. GRANITESAND GRANITES

India is one of the few countries that contain geological
formations extending from Archean to recent. The country
has excellent exposures of rocks belonging to the entire
geological age spectrum, and a magor volume is
represented by volcanic and plutonic rocks. Volcanic flows
and sedimentary formations provide excellent heat
insulation to these plutonic intrusions.. The role of plutonic
granite in the stratigraphic evolution in India is shown in
Figure 1. Granites, representing the continental crust, occur
asintrusions in early and late stratigraphic units, as shown
inTable 1.

As shown in Table 1, granites of age varying from the
Precambrian to recent (1 Ma) occur in the Indian
stratigraphy. The area of outcropping of granite over the
continent is about 150,000 km? (Chandrasekharam and
Chandrasekhar, 2008, Chandrasekhar and
Chandrasekharam, 2008). These granites are covered by
sedimentary sequences of varying ages or by Deccan flood
basalts. Post Carboniferous igneous activities were
generaly concentrated towards Central and Northern parts
of India, such as aong the Indus Suture Zone, which is
shown in Figure 1. On the other hand, Precambrian igneous
activities were widespread across the continent. Unlike
other countries, India has a stratigraphic basement unit
invariably composed of Precambrian granite gneisses.
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Table 1. Plutonic granite activities (vertical Bars) in the and along the 22 °N latitude was chosen. The geological
Indian stratigraphic sequence. For the sake of surface and drainage features of this region were taken
simplicity, the for mations representing each Era from published maps and are shown in Figure 2 (GSI,1993,
are omitted (modified from Chandrasekharam CRUMANSONATA, 1995, Srivastava et al., 2009).
and Chandrasekhar, 2008). Several DSS profiles were carried out across the Narmada

river, as shown in Figure 2 (Kaila et a, 1981). Gravity,
ERA Ma System magnetic, magnetotelluric, and heat flow investigations
were also carried out in this region (Rao et d., 1970, Kail
et a., 1981, Singh and Meissener, 1995). The subsurface
CENOZOIC (CZ < . ! ’ oo " .
(€2) 2 I lithology across the DSS profile A-B (from Figure 2) is
Quaternary shown in Figure 3. The subsurface lithological features
Neogene were modeled to 1 and 2 km depths using the above
Paleogene geological and geophysical data set. This is shown in
MESOZOIC (MZ) 250-65 Figure 4. The Narmada lineament controlling the river
c Narmada becomes atight fracture at crustal levels although
refaceous o .
7 . it is presumed to extend to mantle depths (Kaila e a,
Hrassic 1981). This inference is supported by the absence of
Triassic mantle signatures in the thermal gases (low *He/*He ratios)
PALEOZOIC (PZ) 5245% sampled aong this fracture in the SONATA geothermal
. province ( Minissale et a, 2000).
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: Narmada Mahana
Devonian 250km
Silurian m— 4 SSE
Ordovician Decun_tnT/\w/\/zyw—vug
Cambrian X X 4 0
X X = Gondwanas D
PRECAMBRIAN (PE) | >540 *x Cx 32 T x4
Proterozoic I Yrxox X . x x x \G\rani\te x XX
X X X X N X X 5.9 x X
Archean X x X X x X Nyx ' X X X X X
A B

Fig. 3. Subsurface lithology based on DSS profile. The
granites that outcrop as discrete bodies towards
SE and NW corners in Figure 2 form a
continuum below the depth of 1.5 km. Numbers
denote seismic velocities in km/s (modified after
Kailaet al., 1981).

India

Figure 1. Post Carboniferous granite activity along the
Himalayan Geothermal Belt (HGB, modified
after Chandrasekharam and Bundschuh, 2008).
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Figure 4. Subsurface lithological features projected to 1

and 2 km depths using DSS, gravity, heat flow,
In order to evaluate the subsurface extension of the magnetic and MT data set across Narmada
granites, a small region between 72 and 82 °E longitude lineament.



The Bundelkhand and Bastar granite shown in Figure 4
hosts geothermal circulation at Tattapani (SONATA,
Minissale et al., 2000) and Tuwa ( Minissde et a 2003),
and the reported heat generating capacity of these granites
varies from 3-8 pwW/m® ( Chandrasekharam and
Chandrasekhar, 2008 and the references therein). These are
fertile granites with high Th (3-101 ppm), U (5-14 ppm)
and K contents, indicating that they are high heat
generating granites. The occurrence of such fertile granite
is becoming a common feature in the Indian subcontinent
(Senthilkumar and Sethuraman, 2003). Thus, at depths of
2-3 km, the area occupied by this fertile granite is several
times greater than 150,000 km? and comprises a huge
volume of potentialy exploitable granite bodies for EGS.
In the case of HGB, the temperatures of the granites at a 2
km depth are twice that estimated for the central India
(Chandrasekharam and Bundschuh, 2008).

The power generating capacity of these granitesin relation
to the electricity requirements of the states where these
granites occur has been estimated by M/s GeoSyndicate
Power Pvt. Ltd (Chandrasekharam and Chandrasekhar,
2008). The estimate for a small area of about 1000 km? in
Ladakh in the HGB indicate geothermal reserves of about
61,160 x 10" kWh in this area. Meanwhile, Ladakh is
currently generating ~ 4 x 108 kwWh using diesel generators,
and the reported demand is 310 x 10° kwh
(Chandrasekharam and Chandrasekhar, 2008). Thus,
geothermal reserves are greater than the current electricity
demand in Ladakh by severa factors. Similarly, it was
estimated that a small part of these granites (1000 km?) in
Madhya Pradesh (shown in Figure 4) has a reserve of
about 24464 x 102 kWh (Chandrasekharam and
Chandrasekhar, 2008), while the present consumption of
electricity in the entire state of Madhya Pradesh is about 33
x 10° kWh. (CEA, 2006). The Bundelkhand and the Baster
granites shown in Figure 4 extend southward, forming the
basement in Andhra Pradesh, including the Godavari rift
(Senthil Kumar et al., 2007). Similar granites of equivalent
age are adso exposed in and around Hyderabad. The
estimated reserve of Andhra Pradesh granites is 111,200 x
10% kwh, while the current electricity deficit of the state is
~ 25 x 10° kWh (Chandrasekharam and Chandrasekhar,
2008). Even states like Tamil Nadu, which has no known
hydrothermal systems, has potential sites to initiate EGS
projects. Thus, the granites of varying ages in the Indian
stratigraphy (shown in Table 1) are potential candidates for
exploitation to meet Indias growing eectricity demand
and reduce its dependence on coa and oil. Thus,
geothermal energy can help to make India energy
independent and to wipe out its 78,577 MWe deficit.
Further, it aids in India's compliance with the UNFCCC
mandate of reducing the CO, emissions by more than 5%
and reducing carbon trade activity with European countries
in the future. In fact, the hydrothermal systems that have a
potential of generating 80 x 10° kWh are driven by these
high heat generating granites (Chandrasekhar and
Chandrasekharam, 2009).

3. DISCUSSIONS

All hydrothermal systemsin India located along major rift
zones (West coast, Cambay, SONATA and Godavari) and
those associated with subduction related tectonics (such as
the Himaayan Geothermal Province) are driven by high
heat  generating  granites  (Chandrasekhar  and
Chandrasekharam, 2009). Although a small mantle helium
component is present in the thermal gases, this component
could have been an artifact of mantle material entrapped
during the evolution of the crust, as is the case of the
%He/*He ratio in the Himalayan granites (Hoke et al.,
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2000). This is aso true in the case of the Cambay and
SONATA geothermal provinces, where this small mantle
helium component may be due to leakage of helium from
the mantle through the major fractures and faults that
extend to mantle depths. This shows that al the
hydrothermal systems in India are in fact naturally
enhanced geothermal systems and they provide
considerable amounts of information for selecting sites and
initiating EGS projects in India (Chandrasekhar and
Chandrasekharam, 2009 GRC). In addition to this, as
described above, almost al states in India have potentialy
high heat generating granite. The observed heat flow and
thermal gradients within these hydrothermal systems
(Chandrasekharam, 2005) is inherent in granites present in
these regions. Considering the total surface exposure of
such high heat generating granite over the Indian
subcontinent (150,000 km2), their depth of occurrence, and
the stress regime of the Indian plate (Chandrasekharam,
2001), Indian granites are future warehouses of geothermal
energy. It is estimated that these granites have the capacity
to generate a quantity of energy equivalent to 3.133 x 10°
BTU. As new data regarding the radioactive element
content in these granites are flooding the literature, the
future of granites in supporting the electricity demand of
this country is looking brighter. In fact, new uranium mines
are being opened based on the high concentration of
radioactivity in the Cuddppah district in Andhra Pradesh
(Dr Achar, Atomic Minerals Division, India, Persona
communication). Perhaps in the next decade, India may
become one of the hot spots for EGS in southeast Asia.

4. CONCLUSIONS

India appears to be a warehouse of high heat generating
granites and has the potential to generate electricity greater
than projected regquirements by the year 2030 and make
India more energy independent. In fact, the earning
accumulating through CDM is substantial that it can trade
carbon, like European countries, in the near future. The
location of EGS sites, considering the local logistic support
of ports, water, and surface transport facilities, is
conducive to foreign direct investments in the power
sector. The Indian government has realized this potential
and is making efforts, albeit slowly, to bring geothermal
into the primary energy source mix. In the future, India
may disprove the |[EA’s 2007 report that it will be a major
coal importer in 2030 if its geotherma resources are
judiciously utilized not only for power generation but also
in the building and food processing sectors (Chandrasekhar
and Chandrasekharam 2010, this volume).

5. REFERENCES:

CEA. Centrd Electricity Authority, Govt. India, Annul
Report (2006-07).

Chandrasekharam, D. HDR prospects of Himalaya
geotherma province in Kiril Popovski and Bukhard
Sanner (ed) Proceed. HDR Technology, International
Geothermal Days, Bad Urach, September, 2001,
Chapter 3.7, (2001), 268-273.

Chandrasekharam, D. Geothermal resources of India: Past
and the present. Proceed. WGC, 2005, Antalya. CD
(2005).

Chandrasekharam, D. and Bundschuh, J. “ Low Enthalpy
Geothermal Resources for Power generation” Taylor
& Francis Pub., U.K. (2008)169 pp.

Chandrasekharam, D. and Chandrasekhar, V. Granites and
granites: India' s warehouse of EGS. Bull. Geothermal
Res. Council, 37, (2008), 17-20.



Chandrasekharam and Chandrasekhar

Chandrasekharam, D. and Chandrasekhar, V. Geotherma
Energy Resources, Indiaz Country Update. WGC,
2010 this volume.

Chandrasekhar, V. and Chandrasekharam, D. Enhanced
Geothermal Resources: Indian Scenario. Geothermal
Res. Council Trans., 31, (2007), 271-273.

Chandrasekhar, V and Chandrasekharam, D. Enhanced
geothermal resources in NE Deccan Province, India.
Geothermal Res. Council Trans. 32, (2008), 71-75.

Chandrasekhar,V. and Chandrasekharam, D. Geothermal
systemsin India. Geothermal Res. Council Trans, 33,
(2009, in press).

CRUMANSONATA. Geoscientific study of the Son-
Namada-Tapilineament zone, Crumansonata Project
report, Geol. Survey of India Special Pub., 10, (1995),
371p.

GSl. The Geologica Map of India. Geol. Surv. India
Publication (1993)

Hoke, L., Lamb, S, Hilton, D.R. and Poreda, R.J.
Southern limit of mantle-derived geotherma helium
emissions in Tibet: implications for lithospheric
structure. Earth and Planetary Science Letters 180,
(2000), 297-308.

IEA. World Energy Outlook. International Energy Agency,
France, Pub., (2007), 674p.

Kaila, K.L., Rao, |.B.P., Koteswara Rao, P. Madhva Rao.,
Krishna, V.G. and Sridhar, A.R. DSS studies over
Deccan Trap adong the Thuadara-Sendhwa-Sindad
profile across Narmada-Son lineament, India. In
R.F.Mereu , S. Muller and D.M. Fauntain (eds).
‘Properties of Earth’'s lower crust, AGU Monograph,
51, (1991), 127-141.

Minissale, A., Vasdli, O., Chandrasekharam, D., Magro,
G., Tassl, F. and Casiglia, A. Origin and evolution of
“‘intracratonic’’ thermal fluids from central western
peninsular India. Earth and Planetary Science Letters.
181, (2000), 377—-394.

Minissale, A., Chandrasekharam, D., Vasdlli, O., Magro,
G., Tass, F., Pansini, G.L. and Bhramhabut, A.
Geochemistry, geothermics and relationship to active
tectonics of Gujarat and Rajasthan thermal discharge,
India. J. Volcanology and Geothermal Research. 127,
(2003), 19-32.

MOP. Ministry of Power Govt. India Annua report,
(2007-08).

Rao, R. UM. , Verma, R. K., Venkateswar Rao, G. and
Gupta, M.L. 1970. Heat flow a Damua and
Mohapani, Satpura gondwana basin, India
Earth.Planet. i Lett., 7, (1970), 406-412.

Senthilkumar, P. R. and Sethuraman, R. Fertility of Late
Archaean basement granite in the vicinity of U-
mineralized Neoproterozoic Bhima basin, Peninsular
India. Curr. Sci., 82, (2003), 571-576.

Senthil Kumar, P., Menon, R. and Reddy, G.K. Therole of
radiogenic heat production in the thermal evolution of
a Proterozoic granulite-facies orogenic belt: Eastern
Ghats, Indian Shield. Earth. Planet. Sci. Letters, 254,
(2007), 39-54

Singh, A.P. and Meissener, R. A crustal configuration of
the Narmada-Tapti region ( India) from gravity
studies. J. Geodyn., 20, (1995), 111-127.

Srivastava, R.K., Ellam, R.M. and Gautam, G.C. Sr—Nd
isotope geochemistry of the early Precambrian sub-
akaline mafic igneous rocks from the southern Bastar
craton, Central India. Miner Petrol. 96, (2009), 71-79




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


