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ABSTRACT 

The Tattapani geothennal field, located in 
northeastern India has been the site of explora
tion efforts designed to evaluate its geothermal 
potential since 1978. These efforts have incl uded 
geologic, hydrologic and geochemical investiga
tions, and recently the drilling of shallow ther
mal gradient wells. 

The Tattapani area contains numerous hot 
spri ngs which issue from fractured metamorphic and 
sed imenta ry rocks. The spri ngs di scha rge wa ter 
ranging in temperature from 55-98°C. Several of 
the springs actively are depositing siliceous sin
ter around their vents. Most of the hot spring 
waters are dilute Na HC03-Cl-S04 fluids with a 
total dissolved solid content of approximately 550 
ppm. Cation geothennometers appl ied to chemical 
analyses of the W'lters suggest that temperatures 
of approximately 150°C could be encountered at 
depth. 

INTRODUCTION 

Geothemal exploration W'lS started in India 
in 1973 by the Geological Survey of India. fthout 
350 hot springs with temperatures ranging from 30° 
to 98°C are known to occur throughout the country. 
No reeent volcanism or plutonic igneous activity 
has been reeoyni zed and consequently all of the 
hot spring systems are considered to be the result 
of deep circulation of local groundW'lters. 
Krishnaswamy (1975) gave a detailed account of the 
hot spri ng occurrences and divided them into two 
groups on the basis of their tectonic setting: an 
orogenic group, represented by W'lnn springs in the 
Hima 1 aya sand a non-orogenic group, represented by 
the W'lnn springs in peninsular India. The 
Tattapani geothennal area is located in peninsular 
India about 450 kms east-northeast of Nagpur (Fig. 
1, i nse rt) • 

In 1978, geologic, geochemical and hydrologic 
investigations of the Tattapani thermal field were 
in it i a ted to eva 1 ua te the geothenna 1 potent i a 1 of 
this area. As a result of this work the area W'lS 
targeted for additional study which has included 
the drilling of several shallow thennal gradient 
wells and further sampl ing and analysis of the hot 
spring W'lters. This paper presents the results of 

chemical and isotopic analyses conducted on fluids 
from the Tattapani field. 

GEOLOGICAL SETTING 

The Tattapani area is underla in by Archean 
metamorphics and a thick sedimentary sequence 
belonging to the Gondwana Super Group. The 
Archean rocks consist of gneiss, granulite, amphi
bol ite, schi st, carbonaceous phyll ite, and quartz
ite. These are intruded by two generations of 
granite with associated pegmatite and quartz 
veins. The rocks comprising the Gondwana Super 
Group include sandstone, shale and siltstone depo
sited during late Carboniferous to Jurassic tir.1e 
within faulted troughs. A 20 meter thick fault 
breccia dips northerly at a steep angle and sepa
rates the Archean rocks from rocks of the Gondwana 
Super Group in the southern part of the area (Fig. 
I). The breccia zone is offset by north-northeast 
trending faults. A thermal gradient well located 
between wa rm spri ng 7 and 8 penetra ted 110 meters 
of sandstone and shale of the Gondwana SUfler Group 
before intersect i ng the Archean rocks. 

THERMAL SPRING ACTIVITY 

Thennal activity is spread over an area of 
approximately 500 square meters, part of which is 
marshy. The location of the seven springs sampled 
in the area are included on Figure 1. Four of the 
srrings sampled issue from breccia (1, 7, 9, and 
1 ), two di scha rge from rocks of the C-,ondwana 
Super Group (8 and 10) and one from Archean rocks 
(l2). One cold well (C, 20 feet deep) located one 
kilometer from the study area was also sampled. 
Thennal springs 1, 8, 9 and 10 are actively de
positing amorphous silica around their vents. 
With the exception of spring 12 and the cold well, 
all the springs discharge minor amounts of 
unidentified gases. 

WATER CHEMISTRY 

Chemical analyses of waters from the 
Tattapani thennal area are presented in Table 1 
and displayed on a trilinear plot in Figure 2. 
Three types of W'lter have been recognized. Type I 
water is sodium chloride in character and is re
presented by spring 12 which has a measured tem
perature of 70°C. Type II water is sodium bicar
bonate-chloride-sulfate in character and includes 



Table I 
Chemical ana1yses(1), of waters from the Tattapan i thermal area 

(Analyzed at Los Alamos National Laboratory and USGS, ~len 10 Pa rk, CA) 

Water Type Type I Type I I Type I I I 
Character tia C1 Na HC03-C1-S04 Ca HC0 3 

Spring No. 12 8 9 10 11 

Surface Temp. °C 70 84 98 84 55 84 84-89 20 
Na 140 150 140 150 140 150 160 16 
K 8 12 8 9 7 8 10 1.7 
Ca 4 4 4 7 5 5 5 21 
Mg 0.10 0.32 0.31 1. 36 0.38 0.96 0.53 7.6 
HC0 3(2) 29 156 151 176 152 108 166 117 
Si02 119 128 132 128 122 123 120 5 
Li 0.19 0.22 0.21 0.23 0.21 0.21 0.24 0.01 
B 0.25 0.33 0.25 0.43 0.35 0.36 0.36 0.11 
F 17.8 19.0 19.6 18.7 18.3 18.1 20.2 2.75 
C1 132 72.2 59.3 76.5 63.6 87.3 75.6 8.7 

S04 65.7 72.0 65.7 78.9 63.6 91.3 78.4 4.92 
P04 1.0 <0.4 <0.2 <0.4 <0.2 <1.0 (0.4 <0.1 
N03 <0.05 <0.2 <0.1 <0.2 0.87 <0.5 <0.2 0.44 
Br 1.67 <0.2 (0.1 <0.2 <0.1 (0.5 <0.2 <0.05 
TDS (cal cu1ated) 501 535 503 557 496 537 552 134 
Oepos it i ng s i1 i ca yes yes yes yes 
Bubb 1 i ng gas yes yes yes yes yes 

Geothermometers-oC(3) 
Na-K-Ca (Mg) 162 166 149 100 149 106 142 
a-Cri s toba 1 i te 97 101 103 101 98 99 97 
Quartz (cond.) 147 151 153 151 141 149 148 

Isotope Values 

rP (0/00) -38.65 -38.86 -41.90 -30.20 -41.86 -33.44 -33.44 -37.68 

0180 (0/00) -4.68 -3.91 -4.59 -3.09 -2.94 -5.02 -3.88 -5.67 

Concentrations in mg/l. ( 1 ) 
(2) 
(3) 

HC03 has been calculated by cation and anion 
Geothermometers cal culated by the methods of 
and Fournier (1981). 

balance. 

and includes the remainder of the wann springs 
sampled (I, 7, 8, 9, 10 and 11). Type I and Type 
II waters are distinctly different. Type II water 
has lower Cl and higher HCO and Mg contents than 
Type I water and near equar molar concentrations 
of S04 and Cl. Both fluid types, however, have 
similar cation and total dissolved solid (TDS) 
content s. 

Type III water is represented by the cold 
well which has a temperature of 20°C. This ~.ater 
is calcillTl bicarbonate in character and is sub
stantially different fran both Type I and Type II 
waters. Type III water is characterized by higher 
contents of Ca, HC03 and N0 3 and a lower TDS con
tent canpared to water discharged from the ~lann 
springs. 

SUBSURFACE TEMPERATURE 

The Na-K-Ca (Mg) and sil ica geothennometer 
temperatures were calculated for all Wlter samples 
collected to estimate the subsurface reservoir 

Fournier and Potter (1979), Fournier (1977) 

temperature in the Tattapani field. The sil ica 
geothennometer employed for each sample was that 
of the least supersaturated polymorph. This 
approach provides a minimum estimate of the base 
temperature. Figure 3 shows that the least super
saturated polymorph for all of the samples is a
c ri stoba 1 He. The temperatures ca 1 cul a ted based 
on this polymorph indicate a base temperature of 
at least 100°C. The Na-K-Ca (Mg) and quartz (con
ductively cooled) geothe~ometers on the other 
hand generally predict similar reservoir tempera
tures of approximately 150°C for these Wlters. 
The enthalpy-chloride relationships, illustrated 
in Figure 4, suggest that with the exception of 
spring 12 the wann springs could be derived from a 
canmon parent reservoir fluid. For example, warm 
waters represented by springs 1, 7, 8, 9,10 and 
11 coul d be deri ved by steam loss and mi xi n~ of a 
parent Wlter, having a temperature of 200 C and 
chloride content of 70 ppm, with the local ground
water. The relationship between sample 12 and 
other hot spring Wlters is not clear. Oespite 
differences in HC03, Mg and Cl contents between 



sample 12 and other harm hater samples, similar 
temperatures and Na, Li, B, and TDS contents among 
all the harm water springs suggest that sample 12 
is not related to the other samples Simply by 
dilution. 

ISOTOPE DATA 

All the samples were analysed for their oxy
gen and deuterium contents. The results of the 
analysis are shown in Figure 5. All of the sam
ples display isotopic shifts from the meteoric 
water 1 ine. Warm spring 9 which has a temperat~8e 
of 55°C at the surface displays the greatest 15 0 
shift, while the hottest spring 7 has values COOl

pa rab 1 e wi t h ot he r ha tT!1 S pri ng s • Wa rm s pri ng 12 
which differs from the other harm springs chem
ically, does not differ isotopically. Regional 
isotope values of the area are not known and hence 
it is difficult to assess the relationship between 
the cold and thermal waters of the area water at 
this pre1 imina ry stage. 

CONCLUS IONS 

Geological and geochemical investigations 
indicate that the Tattapani thermal field is 
underlain by a moderate temperature structurally 
controlled geothermal resource. The dominant 
structure is an easterly trending fault which has 
localized most of the hot springs and juxtaposes 
Archean metamorphic rocks aga i nst the over1yi ng 
sedimentary rocks of Carboniferous to Jurassic 
age. This fault represents the main conduit for 
the upwelling fluids. Northeast trending faults 
offset the main easterly trending structure and 
locally channel fluids northward from the main 
conduit • 

The springs discharge f1 uids representing a 
mixture of near surface cold hater and upwelling 
thermal hater. The hot spring waters are rela
tively dilute fluids ranging in temperature from 
55-98°C. Two types of thenna1 haters have been 
recognized. Most of the hot spring haters are 
sodium bicarbonate-ch10ride-sulfate in character 
with a TOS content of approximately 550 ppm. The 
second fluid type is represented by a single 
spring located in the northeast part of the ther
mal area. The hater contains a higher content of 
Cl and a 10'ner HC03 concentration compared to the 
other springs. 

Ca t ion geothermometers suggest tha t the 
fluids could have equilibrated with reservoir 
rocks having a temperature of 140-160°C. These 
temperatures could be attained by conductive heat
ing of downward circulating groundwaters to a 
depth of 4-5 kms if an average geothermal gradient 
of 30°C/km for this area and an ambient ground 
hater temperature of 20°C is assumed. Several 
shallow thennal gradient wells are currently being 
drilled. One, has encountered fluids at depths of 
152 and 164 meters in the subsurface extension of 
the major ea sterly trendi ng fa ult wh ich crosses 
the thermal field. At these depths, the reservoir 
consi sts of Archean metamorphic rocks. 
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FIGURE 2. THE CHEMICAL CHARACTER OF WATER IN THE TATTAPANI THERMAL AREA. 
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