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Formation of Hot Water Springs in Sri Lanka 
H.M.R. Premasiri, D.S. Wijeyesekera, S. Weerawarnakula and 

U.G.A. Puswewala 

Abstract: As a wonderful gift of nature, several hot water springs occur in Sri Lanka, though it is not 
situated within a very active tectonic zone of the earth. The present research was conducted to model 
the formation of hot water springs in Sri Lanka based on geological and tectonic settings by using 
geological, geophysical and remote sensing techniques. It is found that the major boundary between 
Highland Complex and Vijayan Complex show multiple thrust planes and shear zones showing 
imbrecated lithological slices of both Highland Complex and Vijayan Complex. Other than the ductile 
structures, brittle fractures, joints and fault planes extend as mega lineament for several kilometers. 
These lineaments produce good secondary aquifer conditions with adequate porosity. The surface 
mapping and geophysical evidence of the lineaments show that they are very deep and interconnected. 
Thus it is proposed that structurally controlled hot water springs in Sri Lanka are associated with deep 
geologically weak zones of fracture or fault systems within the thrust boundary which shows some 
neo-tectonic activities. 

Keywords: hot-water springs, Sri Lanka, thrust boundary, lineaments, fractures, faults, geological 
model. 

1. Introduction 

Several hot water springs are located mostly in 
the eastern part of Sri Lanka. Generally, hot 
water springs in the world are commonly 
associated with volcanic terrain. But hot water 
springs in Sri Lanka do not have any relation to 
volcanic activities, since the island is located in 
an area free of volcanic activity. Therefore, the 
formation of hot water springs in Sri Lanka is an 
interesting phenomenon to investigate based on 
the geological setting of the area. 

First records and pioneering work on hot water 
springs in Sri Lanka were made by Parson (1907) 
and Danial (1908). Hot water springs at 
Mahapelassa off Embilipitiya, Kanniyai off 
Trincomalee and Mahaoya are well known to 
people. These thermal springs have their out­
flow temperature ranging between 34°C and 
56°C and lie close to the boundary between 
Highland-Vijayan lithologic Complexes (Figure 
1) consisting mainly of crystalline metamorphic 
rocks (Cooray, 1984). The hottest springs lie at 
Kapuralla (56°Q, followed by Mahaoya (55°Q; 
Mahapelassa (44-46°C) and Marangala-Wahawa 
close to Padiyatalawa (42-45°C); Nelumwewa 
which was known earlier as Madawewa is now 
under a lake, and records 45°C in mud samples 
(Fonseka 1994). Recently two hot-springs were 

reported at Weherapokuna within the Ulhitiya 
national park and Adampane (Cooray 1984, 
Dissanayake and Jayasena 1988, Fonseka 1994). 
Table 1 lists the currently known hot water 
springs in Sri Lanka. 
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Table 1: Hot water Springs in Sri Lanka 

Location of Hot water Out flow temp­
spring erature (°C) 

Mahapelassa 44.9 

Kanniyai 42.0 

Rathkihiriya 42 .0 

Kapurella 55.0 

Mahaoya 54.2 

Planoya ( J a y a n t h i w e w a ) 34.1 

Wahawa( Padiyata lawa) 46.8 

Ne lumwewa 45.0 

Adampane * 

Weherapokuna * 

* Not measured yet 

T h e t h e r m a l s p r i n g s o f S r i L a n k a a re a 
manifestation of the ear th 's internal heat, and its 
p o t e n t i a l for o u r c o n s u m p t i o n is n o t y e t 
i n v e s t i g a t e d p r o p e r l y . T h e f u t u r e u s e o f 
geothermal energy in Sri Lanka can vary from 
power generat ion to industrial, agricultural and 
domestic uses and the tourist industry (Fonseka, 
1994) . 

2. Investigation and environments of 
hot water springs 

G e o l o g i c a l , g e o p h y s i c a l , a n d g e o c h e m i c a l 
exploration techniques and the remote sensing 
method can be used to investigate the formation 
of hot wa te r spr ings . Occu r r ence , na ture and 
properties of heat sources or geothermal sources 
in the ear th d e p e n d on g e o t e c t o n i c s and the 
geological s tructure underneath . Therefore, an 
in tegra ted effort is m o r e app rop r i a t e for the 
geothermal investigation process. In this work, 
geological investigations such as field mapping 
and remote sensing interpretations were used to 
p r e p a r e s u b s u r f a c e g e o l o g y a n d g e o l o g i c a l 
s t ruc tu re s at b o t h loca l and reg iona l s ca l e s . 
H y d r o g e o c h e m i c a l i n v e s t i g a t i o n o f the ho t 
w a t e r s p r i n g s p l a y s a m a j o r ro l e in 
unders tand ing the cond i t ion of a geo the rma l 
s y s t e m as all g e o c h e m i c a l p r o p e r t i e s o f hot 
w a t e r a re c o n t r o l l e d b y t h e s u r r o u n d i n g 
underg round e n v i r o n m e n t and the sou rce of 
origin of hot water. Special isotope analyses give 
most of the information regarding the source of 
o r i g i n s u c h as m e t e o r o l o g i c w a t e r o r 
underground water . Normal ly , h igh en tha lpy 
v o l c a n i c r e g i o n s a n d rift v a l l e y s a re h i g h l y 
potential areas for geothermal resources. 
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Figure 1. Geology map of Sri Ixinka showing locations of 
hot water springs (Cooray, 1994) 

Present ly , th ree e n v i r o n m e n t s are g e n e r a l l y 

accepted to lead to the formation of most of the 

hot wa te r spr ings in the wor ld . T h e y are: 1. 

Tectonically active or inactive deform zones; 2. 

Environments associated with volcanic activity; 

and 3. E n v i r o n m e n t s a s s o c i a t e d wi th r ad io 

ac t ive z o n e s . In all these e n v i r o n m e n t s , the 

c o m m o n f e a t u r e is t he r e l a t i v e l y h igh 

geothermal gradient , which is a key factor for 

the formation of hot water springs. 

3. Geological and Tectonic Setting of 
Hot Water Springs in Sri Lanka 

N i n e t e n t h s o f S r i L a n k a is u n d e r l a i n by 
Proterozoic Metamorphic rocks. The remaining 
ten percent is most ly Phenerozoic and Recent 
s e d i m e n t a r y rocks and super f ic ia l d e p o s i t s . 
Recent Nd model ages , h igh- precis ion U-Pb 
zircon ages (Millisenda et al. 1988, Holzl et al. 
1991) and Rb - Sr age dates indicate that Sri 
L a n k a ' s e v o l u t i o n d u r i n g the P r o t e r o z o i c 
occurred essentially by the tectonic assembly of 
t h r e e d i s t i n c t c r u s t a l u n i t s w h i c h a re 
d i s t i n g u i s h a b l e by t e c t o n i c s e t t i n g , 
geochronology and geology. These three units 
are named as (1). Highland Complex (formally, 
H i g h l a n d S o u t h W e s t e r n G r o u p , H i g h l a n d 
S e r i e s , C e n t r a l G r a n u l i t e B e l t ) ( 2 ) . W a n n i 
Complex (formally Western Vijyan Series) , and 
(3). Vjayan Complex (formally Eastern Vijayan 
Series) ; (Cooray 1994) . 



This Proterozoic rock terrain represents a small 
portion of the Gondwana super continent. Sri 
Lanka was juxtapositioned with India, 
Antarctica, Madagascar and Mozambique in 
Gondwana super-continent. Evolution of 
Gondwana super continent and reconstruction 
has been subjected to much debate. However, it 
has been explained by using recent 
paleomagnetic and geologic data (Yoshida and 
Vitanage 1993). Jurassic and Cambro-
Ordovician paleomagnetic pole position 
deduced from rocks of Sri Lanka and Antarctica 
conform approximately when Sri Lanka moved 
and rotated to juxtapose with Lutzow-Holm 
Bay. 

Geophysical, geochemical and remote sensing 
studies were carried out in an integrated 
attempt to understand the geological and 
tectonic setting of the areas of hot water springs 
in Sri Lanka. Based on the results of these 
investigations, a conceptual geological model is 
developed to explain the formation of hot water 
springs of Sri Lanka. 

4. Geological setting of Highland 
Complex-Vijayan Complex 
boundary 

Geological field mapping, structural geological 
analysis, geophysical investigation and other 
aerial photographic and satellite image 
interpretation are used to describe the geological 
structural evolution in the area. The granulite 
facies ( 2.0 -1.85 Ga isotope ages) and 
Amphibolite (1.1-1.0 Ga ages) are two major 
metamorphic rock terrains at the boundary that 
are extremely vital to explain the Sri Lankan 
Geology. Available geophysical data elucidate 
that rocks in the Highland Complex show a 
slightly higher density of 0.05 to 0.1 g/cm3 
when compared to the adjacent rocks of Vijayan 
Complex. This higher density may be due to the 
abundance of basic rocks and garnet- sillimanite 
gneiss (khondalite). Mineralogfcally, presence of 
higher contents of mafic minerals or Fe-Mg rich 
minerals and garnet would be the reason for 
having a higher density. The higher density of 
rocks result in the gravity anomaly shown in the 
gravity map of Sri Lanka compiled by 
Hatherton et al. (1975). The concept of a simple 
thrust boundary between Highland Complex 
and Vijayan Complex is well established by 
various studies (Vitanage 1972, Kroner et al. 

1991), and many other geological mapping 
programmes conducted by the Geological Survey 
and Mines Bureau (GSMB) of Sri Lanka. The 
mapping of the southern part of the boundary 
consisting of the area around Mahapelassa hot 
water spring and Haputale, Thimbolketiya and 
Ambalantota (1:50000 map sheet area) helped to 
interpret much of the geological, structural and 
tectonic behavior of the HC- VC boundary. 

Careful studies of the rocks in the two tectonic 
complexes show obvious differences such as 
geochronological, mineralogical, structural, 
textural and geomorphological features (Kroner 
1991). Generally, the Highland Complex area is 
characterized by high relief and elevated ridge 
and valley topography. A very complex 
sequence of deformational and metamorphic 
events at deep crustal level resulted in the 
highly complicated and deformed nature of the 
rocks in this complex than in the case of the 
Vijayan rocks. Lithologies in the Highland 
Complex are predominantly highly tectonized 
gneisses which were metamorphosed under 
granulite facies condition. Major rock types 
found in the Highland Complex are ortho and 
para charnockite and charnockitic gneisses, 
garnet-sillimanite-gneisses+graphite, crystalline 
limestone with calcitic and dolomitic 
composition and meta quartzite. This lowest 
lithological sequence of the Highland Complex 
is formed as a very steep escarp slope (example: 
Kaltota escarpment) and is a sudden break of 
the regional geomorphology. 

Field observations revealed that the area has 
been subjected to a sequence of tectonic events 
at various crustal levels. A major trend of 
lithological layering of the southern part of the 
boundary is in the NW-SE direction which 
coincides with the direction of the boundary. 
Also the direction of trends of lithological 
layering changes through the boundary zone 
but it mostly follows the direction of the 
boundary zone. The lithlogical sequence of the 
area is very often duplicated due to folding, 
refolding during various deformational events 
and the presence of several thrust planes. The 
gently dipping, tectonically repeated D2 
sequence has been further complicated by 
subsequent refolding due to continued ENW-
ESE shortening, producing a hook shaped fold 
and paired synform and antiform upright fold 
(03) of large scale. Subsequently, by a late event, 
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l imb areas of these large folds have been sheared 
and have mostly disappeared. 

V i j a y a n C o m p l e x is b o u n d to H i g h l a n d 

Complex at the east by the formation of a flat 

g r o u n d . Vi jayan C o m p l e x c o n t a i n s v a r i a b l y 

m i g m a t i z e d a m p h i b o l i t e g r a d e g n e i s s e s . 

H o r n b l e n d - b i o t i t e g n e i s s w i th c o m p o s i t i o n 

ranging from gabbro, diorite to synogranite , and 

g r a n i t i c a n d g r a n o t o i d g n e i s s e s a re m a j o r 

V i j a y a n r o c k s f o u n d in the a r e a . T h e p a r a 

gneisses found in the Vijayan Complex are only 

in minor amounts . The zone between Highland 

and Vijayan C o m p l e x e s has a t ransi t ion zone 

which can be clearly recognized by mapping of 

the area. This transition zone comprises of rocks 

b e l o n g i n g to b o t h l i t h o t e c t o n i c c o m p l e x e s 

(Figure 2) . 

A l though p rev ious s tud ie s con f i rmed a wel l 

defined boundary be tween H C and V C in the 

form of a single horizon boundary (Cooray 1985, 

and Vithanage 1972) , present field information 

suggests that there is a transition buffer zone of 

partially or weakly migmat ized to fold banded 

c h a r n o c k i t e g n e i s s e s e x t e n d i n g o v e r tens o f 

kilometers. The cross section of the boundary 

z o n e s h o w s m u l t i p l e t h r u s t p l a n e s as an 

imbricate thrust boundary consis t ing of slices of 

both Highland Complex granulites and Vijayan 

C o m p l e x a m p h i b o l i t e g r a d e gne i s s e s . In the 

transition zone between HC and V C , following 

fea tu res can be o b s e r v e d f rom H i g h l a n d to 

Vijayan direction: 

1) Disappearance of charnocki t ic nature of the 

rocks. 

2) Occurrence of more hornblende rich gneisses. 

3) Increasing of migmatizat ion. 

4) D e c r e a s i n g o f c o m p l e x i c i t y o f g e o l o g i c a l 
structures. 

The major geological feature of the eastern part 
of Sr i L a n k a is the H C - V C b o u n d a r y z o n e 
having multiple thrust planes, and shear zones 
showing imbrecated l i thological sl ices of both 
High land C o m p l e x and Vi jayan C o m p l e x . In 
add i t ion there are d u c t i l e s t ruc tu re s , b r i t t l e 
fractures, jo in ts and fault p lanes occur ing as 
mega l ineaments extending several ki lometers . 
T h e s e l i n e a m e n t s h a v e p r o d u c e d g o o d 
s e c o n d a r y a q u i f e r c o n d i t i o n w i t h a d e q u a t e 
porosity. The surface mapping and geophysical 
e v i d e n c e s ( F o n s e k a 1 9 9 4 ) of the l i n e a m e n t s 

s h o w tha t t h e y a re v e r y d e e p a n d 
in t e r connec t ed . There fore they offer a bet ter 
pathway for percolating surface water to reach 
d e p t h s and r e tu rn u p w a r d s wi th a d e q u a t e 
pressure to reach the surface 

O the r general geologica l features seen in the 

boundary zone are the presence of geothermal 

a c t i v i t i e s o r ho t w a t e r s p r i n g s , i g n e o u s 

i n t r u s i o n s ( s e r p e n t i n i t e , d o l e r i t e d y k e s ) , 

pegmati tes and other vein type mineralizations. 

Figure 2. Geological map of Mahapelassa area showing 
boundary zone between HC and VC ( Source GSMB) 

All these e v i d e n c e s h o w that the b o u n d a r y 
b e t w e e n H i g h l a n d C o m p l e x and V i j a y a n 
C o m p l e x o f Sr i L a n k a n l i t h o - t e c t o n i c 
s u b d i v i s i o n is a t e c t o n i c a l l y a c t i v e m i n o r 
b o u n d a r y and is a g e o l o g i c a l l y w e a k z o n e . 
Therefore, a fairly high geothermal gradient can 
be expected in this zone when compared with 
s i m i l a r t e c t o n i c a r e a s in the w o r l d e.g. 
Mozambique belt. 

5. Lineaments in Sri Lanka 

L i n e a m e n t s o f r e g i o n a l s c a l e r u n n i n g N - S , 
NNW-SSE, N N E - S S W and E-W directions have 
been recognized in Sri Lanka by various studies 
(Vi tanage 1 9 7 2 ) . Recent ly , t ec tonica l ly ac t ive 
l i n e a m e n t s were r ecogn ized in Sri Lanka by 
analysing micro seismic activities and by using 
Land-sat images (Kehelpannala 2003) . The deep 
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fractures, fault and joint sys tems dissect the mini 

crustal unit of Sri Lanka into a rectangular and 

r h o m b o i d a l m o s a i c . T h e y s h o w d i s t i n c t 

horizontal (max imum 50-350m) and vertical (10-

15m) displacements . T h e field studies of these 

l ineaments in many parts of Sri Lanka indicate 

that most of the l ineaments are wrench fault or 

strike-slip faults wi th lateral d i sp lacement . In 

addi t ion, wel l def ined m e g a l i neamen t s a lso 

occur in the off-shore, e.g. in the area running 

through Palk St ra i t s , N E - S W fault z o n e wi th 

t r a n s v e r s e s u b m a r i n e " V a l l e y a n d R i d g e " 

(graban and host) structures mark the divergent 

rift b o u n d a r y o f sou th Ind ia and Sr i L a n k a . 

Other significant mega l ineaments include the 

N - S l i n e a m e n t o f P o n d i c h e r i - M a n n a r -

Puttalam. 

T h e r e is m u c h e v i d e n c e to s u p p o r t t he 

proposition that the neo-tectonic movements are 

mainly associated wi th l ineaments , faults and 

fracture zones. During the Mahawel i project the 

m i c r o - s e i s m i c n e t w o r k a r o u n d K o t m a l e , 

Randenigala and Victoria projects recorded over 

5 0 0 m i c r o s e i s m i c e v e n t s ( s i n c e 1 9 8 2 ) w i t h 

m a g n i t u d e r a n g i n g f rom 0.2 to 2 . 2 5 on the 

R i c h t e r s c a l e . T h e c o i n c i d e n c e o f m a n y 

epicenters of these micro-se i smic events with 

the ex i s t ing l i n e a m e n t pa t te rn s h o w s a c lea r 

r e l a t i o n s h i p b e t w e e n m i c r o - s e i s m i c i t y a n d 

l ineament re la ted neo- t ec ton ic m o v e m e n t s in 

the area and also indicate that many l ineaments 

a re a c t i v e . O t h e r t h a n t h e s e e v e n t s , m e g a 

ear thquakes occur r ing in the west , south and 

east of Sri Lanka (e.g. around Sumatra Island) 

were felt by sensit ive persons in Sri Lanka in the 

recent past and the pa t t e rn of s e i s m i c w a v e 

travel shows a connec t ion with l ineaments in 

the Sri Lankan crust. 

6. Geochemical parameters of hot 
waters 

According to geochemica l parameters (Figure 
3) , Kapurel la , Mahaoya and Padiyatalwa show 
s i m i l a r c o n d i t i o n s w i t h c h l o r i d e , s o d i u m , 
m a g n e s i u m , a n d p o t a s s i u m c o n c e n t r a t i o n s 
being almost similar. But Mahapelassa shows an 
exceptionally high content o f chloride, fluoride 
and b icarbonate c o m p a r e d to o ther locat ions . 
Kanniya i hot wa te r sp r ing has ve ry low sal t 
concentration with respect to the others. 

0* o cntm Ic tl D i tlbution of Hot V\J » r 

tOOOOO 

3500CD 

- too oo 

| 2500 iX 
I 

9 2000130 

£ 
c 150GJJG 

5ODO0 

ooo 

- 9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

/ 
1 

9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

1 
t 

9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

1 

9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

! 

9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

i 

/ 

9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

9 car bona IT mgt 
Fluoride mH 

— ajprat mg.t 
CNoiHf mg.l 

—•— c r i d u m mj , l 

U a p n r i U n m§A 

P o m aunmol 
CCrikln fng.1 

1 
t 
s I 

I 
Spr ing l o o a l o n 

Figure 3. Geochemical characteristics of hot waters in 
Sri Lanka. 

7. Model 

Most of previous interpretations of formation of 
hot water springs in Sri Lanka have indicated a 
relationship with the H C - V C boundary but they 
mostly considered heat from shal low intrusive 
i g n e o u s a c t i v i t i e s on ly . A l s o m o s t o f t hem 
(Fonseka 1994) considered that hot water rises 
through single deep thrust zones such as weak 
geo log ica l bounda r i e s . But the present s tudy 
reveals that hot water springs in Sri Lanka are 
mostly related to H C - V C boundary zone, and 
d e e p - s e a t e d m e g a l i n e a m e n t p re sen t in the 
areas. S o m e springs have hot waters of similar 
na ture , ind ica t ing a s imi la r source of or igin. 
Therefore it can be hypothesized that multiple 
thrust p lanes and a major tec tonica l ly ac t ive 
z o n e g e n e r a t e hea t suff icient to increase the 
g e o t h e r m a l g r a d i e n t , a n d s u r f a c e w a t e r 
p e r c o l a t i n g t h r o u g h a v a i l a b l e d e e p - s e a t e d 
f r ac tu r e s a re h e a t e d up . S u b s e q u e n t l y , the 
p r e s s u r e in t h e f r a c t u r e is i n c r e a s e d by 
formation of steam and the hot water travels up 
through intersecting fractures which are readily 
avai lable in the area. Th is wate r reaching the 
su r face can be c o n t a m i n a t e d wi th a v a i l a b l e 
chemica l cons t i tuen t s as well as cool ground 
water, occur r ing in the flow path in different 
amounts and at different levels. This mechanism 
is mostly similar to the formation of hot water 
springs of the Rocky Mountains in Canada. 

Conclusions 

N e o - t e c t o n i c ac t iv i t i es a long mul t ip le thrust 
boundary between H C and V C are the reasons 
for formation of hot water springs in Sri Lanka. 
The water of these springs are meteoritic waters 
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i.e. surface water percolates through deep 
fractures and return after being heated by 
geothermal energy at depth. According to 
geochemical parameters and geological and 
geographical setting, hot water springs in Sri 
Lanka can be divided into three groups as 
follows: 

Group 1 : Mahapelassa. 

Group 2 : Kapurella, Mahaoya, Padiyatalwa, 
Palanoya and springs around 
Mahiyangana and Ampara. 

Group 3 : Kanniyai, Rathkhiriya and 
Adampane areas. 

The hot water spring of Group 1 is located in the 
southern part of Sri Lanka and mostly towards 
HC side of the HC-VC boundary zone. 
Geochemically it shows a high salt content 
(Figure 3). Hot springs belonging to Group 2 fall 
in the eastern part of Sri Lanka and are located 
mostly on the VC side of the HC-VC boundary 
zone. The waters in this group have low content 
of salt. Hot water springs in Group 3 are located 
in the northeastern part of Sri Lanka and mostly 
to the HC side of the HC-VC boundary. They 
also show very low content of salt. 

According to the proposed model, there are 
possibilities for more locations where hot water 
springs may occur in Sri Lanka, specially in the 
HC-VC boundary zone, mostly along the mega 
lineaments. Hot water springs in Sri Lanka do 
not show any relation to volcanic activities. 
Based on this model it is recommended to carry 
out more explorations along major fractures or 
lineaments in these areas. 
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