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Stable isotopes study on geothermal 
waters in eastern India 
 
Pradeep Kumar, Nisith K. Das, C. Mallik and  
R. K. Bhandari 
Variable Energy Cyclotron Centre, 1/AF, Salt Lake,  
Kolkata 700 064, India 
 
An experimental study on stable-isotopes (δ D, δ 18O) 
of thermal waters as well as non-thermal waters, from 
different geothermal springs in the Ganga–Mahanadi 
basin is reported. A total of 38 water samples were 
collected during September 2010 and analysed by 
elemental analyser followed by stable isotope ratio 
mass spectrometer. The isotopic composition for oxy-

gen indicates that the water rock interaction is insig-
nificant for the springs in the study area whereas the 
δ D values indicate blending between thermal and 
non-thermal waters. The results reveal that the origins 
of the thermal spring waters are primarily meteoric 
origin. 
 
Keywords: Geothermal water, meteoric water, stable 
isotope. 
 
IN the present communication, we report the results of 
stable isotopic study (δ D, δ 18O) on thermal waters as 
well as non-thermal waters, collected from different geo-
thermal springs located in eastern India. Variations in 
stable isotopic composition of oxygen and hydrogen con-
stituting the water molecule have been used in several 
studies to identify geothermal resources1. This has been 
possible because stable water isotopes are influenced  
directly by several processes, including mixing and dis-
persion. In the case of geothermal springs where water 
circulation takes place at great depths and at temperatures 
that are substantially high, physical separation processes 
such as evaporation and condensation, responsible for 
fractionating the isotopes are practically absent. On the 
other hand, thermal waters, during their passage through 
subterranean regions, come into association with minerals 
containing variable amounts of natural radionuclide 
which may, upon disintegration, interact with nuclei of 
some of the elements within the water and cause a change 
in their relative isotope ratios2. Most of the previous 
works have remained confined to the chemical character-
istics of the springs. The hydrological aspects pertaining 
to the source and age of the thermal waters and their rela-
tionship with local non-thermal waters, especially with 
groundwater, are not well understood3. Moreover, the iso-
topic composition, particularly deuterium provides the 
best indication of the origin of thermal springs. This 
communication applies stable isotope techniques to offer 
direct constraints on the origin, recharge and movement 
of thermal water of geothermal areas in the Ganga–
Mahanadi basin. 
 The Geological Survey of India (GSI) has identified 
about 340 geothermal hot springs throughout the country. 
The Bakreswar (23°52′00″N : 87°25′00″E) and Tantloi 
(24°23′00″N : 87°16′00″E) geothermal areas are located 
in the Birbhum District of West Bengal and Santhal  
Parganas District of Jharkhand respectively. The average 
temperature of the springs is around 45–71°C. They  
belong to several groups of geothermal areas occurring in 
an E–W belt along the trend of Gondwana sedimentary 
basin in the central part of the Precambrian Chotanagpur 
Gneissic Complex. Geothermal activity in Bakreswar is 
represented by a cluster of seven thermal springs scattered 
over an area of 3500 sq. m. The emergence of the springs is 
mainly controlled by a nearly N–S trending buried fault4, 
which is likely to extend through the Tantloi geothermal 
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Table 1. Stable isotopic composition of groundwater in the study area 

Sample no. Water type* Latitude/Longitude Temperature (°C) δ 18O (‰) δ D (‰) 
 

Bak 1 PW 23°52′N : 87°25′E 27.9 –5.31 –28.45 
Bak 2 PW – 26.2 –4.60 –23.81 
Bak 3 TW – 27.6 –5.40 –29.30 
Tan 1 TW 24°23′N : 87°16′E 28.8 –6.83 –34.66 
Tan 2 RW – 26.1 –4.75 –25.30 
Tan 3 RW – 26.5 –6.67 –32.85 
Atr 1 TW 20°12′N : 85°30′E 26.5 –4.80 –20.48 
Tap 1 TW 19°29′N : 84°23′E 29.3 –6.38 –33.63 
Tap 2 PW – 27.6 –5.45 –27.07 
Tap 3 PW – 27.5 –6.12 –32.68 
Tap 4 PW – 25.9 –5.17 –23.77 
Tar 1 PW 20°15′N : 85°18′E 26.8 –5.61 –27.84 
Tar 2  PW – 26.6 –5.93 –28.69 
Tar 3 PW – 27.2 –5.19 –24.32 
Tar 4  PW – 26.7 –5.52 –26.98 
Tar 5  PW – 27.9 –5.04 –21.57 
Tar 6  PW – 28.1 –4.52 –19.03 
Tar 7  PW – 28.1 –6.34 –26.85 

*PW, Pond water; TW, Tube well; RW, River water. 
 
 

Table 2. Stable isotopic composition of thermal water in the study area 

Sample no. Water type* Latitude/Longitude Temperature (°C) δ 18O (‰) δ D (‰) 
 

Bak 4 TS 23°52′N : 87°25′E 47.2 –6.44 –36.83 
Bak 5 TS – 65.3 –5.87 –25.20 
Bak 6 TS – 44.0 –7.36 –37.73 
Bak 7 TS – 65.3 –6.52 –35.13 
Bak 8 TS – 68.0 –4.76 –28.18 
Bak 9  TS – 51.6 –6.33 –35.18 
Tan 4 TS 24°23′N : 87°16′E 65.8 –6.24 –32.77 
Tan 5 TS – 65.2 –6.03 –37.34 
Tan 6 TS – 67.1 –6.30 –37.71 
Tan 7  TS  64.3 –6.87 –35.81 
Atr 2 TS 20°12′N : 85°30′E 40.2 –5.82 –29.80 
Atr 3  TS – 42.6 –6.12 –32.41 
Atr 4  TS – 45.1 –6.09 –32.30 
Atr 5 TS – 60.2 –5.30 –26.09 
Tap 4 TS 19°29′N : 84°23′E 40.5 –6.70 –33.20 
Tap 5 TS – 42.3 –5.29 –26.59 
Tar 8 TS 20°15′N : 85°18′E 42.6 –5.34 –25.90 
Tar 9 TS – 45.3 –5.82 –28.46 
Tar 10 TS – 42.2 –5.40 –28.22 
Tar 11 TS – 44.8 –4.72 –23.57 

*TS, Thermal spring. 
 
area located about 20 km NW of Bakreswar5. The emer-
gence of thermal waters at Bakreswar takes place through 
some selected opening which is largely distributed along 
an E–W trend, indicating the presence of fractures along 
this trend in the basement rocks, which correspond to the 
ENE–WSW trending joints in granitic gneiss in and 
around Bakreswar6. The faults here play a controlling 
role in the formation and distribution of the geothermal 
water. Two thermal springs at Tantloi are associated with 
a NNW–SSE trending zone7. 
 Moreover, there are three main thermal spring issuing 
tracts along Mahanadi geothermal province, which is a 
fault-bound graben with post-Gondwana and possible late 

Tertiary/Quaternary reactivations. The Atri (20°12′30″N : 
85°30′45″E), Taptapani (19°29′05″N : 84°23′50″E) and 
Tarabalo (20°15′05″N : 85°18′10″E) geothermal areas are 
located in the Khurda District, Ganjam District and  
Nayagarh District of Orissa state respectively8. The aver-
age temperature of the springs lies in the range 40–85°C. 
 A total of 38 water samples, including thermal and 
non-thermal waters (surface water and groundwater), were 
collected from Bakreswar, Tantloi, Atri, Taptapani and 
Tarabalo geothermal springs as well as tube wells, rivers 
and ponds in the vicinity of the hot springs during Sep-
tember 2010. The sample details are presented in Tables 
1 and 2. All samples were collected in glass bottles 
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Figure 1. Sampling locations at (a) Bakreswar, (b) Tantloi, (c) Taptapani and (d) Atri and Tarabalo geothermal areas. 
 
 
(Borosil-make 30 ml volume). Out of the 38 samples, 18 
were collected from local non-thermal waters. The sam-
pling locations are shown in Figure 1 a–d for Bakreswar, 
Tantloi, Taptapani and Atri and Tarabalo respectively. 
 The D/H and oxygen isotope ratios (18O/16O) of water 
samples were determined using Elementar Vario EL Cube 
followed by Isoprime Isotope Ratio Mass Spectrometer in 

our laboratory. The δ D for the water samples was meas-
ured by HD reduction by chromate method. Water sam-
ples (1 μl) were injected directly into the furnace packed 
with 200–300 μm chromium mesh and at a temperature 
of 1050°C. As the carrier helium transports the sample 
water through furnace tube, the water was pyrolysed to 
form H2. This product hydrogen was then analysed using 
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mass spectrometer. The δ 18O was measured by pyrolysis 
of water to form carbon monoxide. Water sample (1 μl) 
was injected directly into a standard quartz furnace tube 
that contains 80 mm of black carbon located in the 
1170°C hot-zone of the furnace. With a large amount of 
carbon available in the furnace, the water was pyrolysed 
to form CO. This product CO was then separated from 
any residual nitrogen using a GC column held isother-
mally at 70°C. The sample CO was then isotopically  
analysed by mass spectrometer. 
 Results for isotopic analysis for different samples are 
given in Tables 1 and 2. The results have been reported in 
the usual δ notation which gives the measure of deviation 
of isotopic ratios of the samples from the international 
standard V-SMOW (Vienna-Standard Mean Ocean  
Water) in per mil (‰) units. The δ notation for isotopic 
deviation is given by the equation: 
 
 δ = [Rsample/R(v – SMOW) – 1] × 1000, 
 
where R is 18O/16O or D/H ratio (for δ D). The reference 
gas precision for δ 18O and δ D was 0.08‰ and 0.2‰ res-
pectively. The linearity for δ 18O analysis was 0.04‰. 
 The relationship between δ D and δ 18O values of  
geothermal water and non-thermal water in the study is 
shown in Figure 2. The non-thermal waters from Bakre-
swar and Tantloi show isotopic variation with δ 18O  
values ranging from –4.2‰ to –6.83‰ and δ D from  
–23.81‰ to –32.66‰. The thermal waters have δ 18O  
values varying from –3.34‰ to –6.12‰ and δ D from  
–19.09‰ to –30.41‰. The non-thermal waters from the 
geothermal spring region of Atri, Taptapani and Tarabalo 
show isotopic variation with δ 18O values varying from  
–4.52‰ to –6.38‰ and δ D from –19.03‰ to –33.63‰, 
and the values for  thermal waters vary from –3.34‰ to  
–6.12‰ and δ D from –19.09‰ to –30.41‰. It can be 
observed from the data that the R samples for thermal  
waters are greater than those of non-thermal waters. This 
may be attributed to the intermixing of water at great 
depths in the hydrothermal conduits. 
 Data for non-thermal waters of the Bakreswar and 
Tantloi region are linearly correlated (R2 = 0.93), yielding 
a local meteoric water line (LMWL) defined by the rela-
tion δ D = 4.2 δ 18O – 5.0. Data for non-thermal waters of 
the Atri, Taptapani and Tarabalo regions are also linearly 
correlated (R2 = 0.92), yielding a LMWL defined by the 
relation δ D = 6.8 δ 18O + 11.5. 
 One of the main observations is that the thermal 
springs have systematically lower δ D and δ 18O values 
than non-thermal waters sampled in the same area at the 
same time. Hence the genesis of isotopic characteristics 
of the water samples resembles meteoric signature. The 
data derived for spring samples plot slightly below 
LMWL, as shown in Figure 2. One possible explanation 
for this is that the δ 18O values of the springs increase as a 
result of the exchange of oxygen between the streaming 

water and the rocks through which they flow up to the 
surface level. Water–rock interaction usually affects δ 18O 
values, but does not necessarily affect δ D values because 
of the fact that rocks generally consists of 50 wt% O and 
traces of H. Since the thermal waters show no substantial 
18O shift, the possibility of isotopic exchange with the 
rocks is insignificant. Low reservoir temperatures for  
the springs are not suitable for isotope exchange, which 
usually takes place at temperatures above 200°C. Charac-
teristics of oxygen and hydrogen isotopes in thermal  
water are somewhat similar to those of LMWL. The δ 
values in thermal water have linear distribution character-
istics along LMWL in the δ D–δ 18O correlation plot. 
There is no evident δ 18O shift phenomenon, which indi-
cates that little water–rock isotope exchange had taken 
place. It is likely that the deep circulating thermal water 
or net thermal water has been replenished by ancient  
meteoric water as represented by hydrothermal systems in 
eastern India. It may be noted that these systems are 
marked by profuse helium emission and high radon 
counts9, implying the contribution of thermal waters at 
great depths. 
 It is clear from Figure 2 that the highest δ values of 
non-thermal water plot lie towards the high values of  
local line, while lowest δ values of thermal water plot lie 
towards lower values of local line. The mixing of water 
takes place between the two extreme points. In other 
words, the blending between thermal water and non-
thermal water has taken place during thermal water 
streaming up to the surface.  
 
 

 
 
Figure 2. Relationship between δ D and δ 18O in thermal water and 
non-thermal water in the study area. ■ Non-thermal water of Atri,  
Taptapani and Tarabalo. ● Thermal water of Atri, Taptapani and Tara-
balo. ▲ Non-thermal water of Bakreswar and Tantloi. ▼ Thermal  
water of Bakreswar and Tantloi. LMWL 1, Local meteoric water line 
for Bakreswar and Tantloi. LMWL 2, Local meteoric water line for 
Atri, Taptapani and Tarabalo. IMWL, Indian meteoric water line. 
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 Analytical results lead us to summarize that the simi-
larity in isotopic composition of the thermal springs and 
non-thermal waters in both the study areas indicate that 
the thermal springs are primarily attributed to meteoric 
origin. The nature of isotopic composition implies that, the 
thermal springs are mostly recharged by local ground-
water. Signature of oxygen isotope ratios does not  
endorse the contribution from water–rock interaction at 
great depths. The obvious δ 18O shift suggests that geo-
thermal waters, particularly at 3–5 km from the geother-
mal springs, have continuity with shallow and surface 
waters. 
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phytoplasma 
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Phytoplasmas are unculturable, phloem-limited plant 
pathogens and are associated with coconut root (wilt) 
disease. Recently, real-time polymerase chain reaction 
(PCR) methods were employed for the detection of 
plant pathogens. In the present study, a specific and 
efficient real-time PCR-based detection system for co-
conut root (wilt) phytoplasma was developed using 
double-stranded DNA intercalating dye, SYBR Green. 
Primers were designed to specifically amplify a 218 bp 
fragment from the 16S ribosomal DNA region. A melt-
ing curve analysis was programmed at the end of the 
cycling reaction. A unique melting peak at 80.71°C 
was observed for infected coconut samples. The 
healthy and no-template control had a lower or no 
melting peak. The PCR products were also sequenced 
and results were analysed using Blastn. The sequences 
showed similarity with sugarcane white leaf disease 
phytoplasma, with the nucleotide identities being 
more than 98%. This technique is highly sensitive for 
the detection of phytoplasma in coconut. 
 
Keywords: Coconut root (wilt), phytoplasma, real-time 
PCR, SYBR Green. 
 
THE root (wilt) disease is a major threat to coconut culti-
vation in South India, especially in Kerala and is the  
major reason for low coconut productivity in the state1. 
The disease is non-lethal but debilitates the productive 
capacity of coconut palms. The diagnostic symptoms  
include flaccidity of leaflets, yellowing of older leaves, 
necrosis of leaflets and deterioration and decay of the 
root system2. The leaflets bend inward to produce the 
typical ribbing symptom so that the whole frond gives a 
cup-like appearance. Abnormal shedding of buttons  
(female flowers) and immature nuts are also noticed. The 
root (wilt)-affected palms become susceptible to diseases 
like leaf rot and pests like rhinoceros beetle and red palm 
weevil. 
 Phytoplasma belonging to 16SrXI group is established 
to be associated with coconut root (wilt) disease3. Phyto-
plasmas are phloem-bound, unculturable, cell wall-less 
prokaryotes bound by a trilamellar unit membrane. They 
spread from plant to plant by the sap-sucking insect  
vector (Proutista moesta) and have a dual host cycle in 
which they can replicate in their insect vectors as well as 
in the sieve tubes of their plant hosts4. 


