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GeoloGical BackGround of Some archaeoloGical 
SiteS of Sri lanka

Pathmakumara JayaSinGha

Introduction

	 Sri	Lanka	is	well	known	for	its	richness	of	archaeological	sites.	As	described	in	the	great	
chronicles	of	Mahavamsa	(300	A.D.),	Thupavamsa	(300-600	A.D.)	and	many	others,	such	places	are	
not	restricted	to	one	particular	region	or	place	and	they	are	scattered	all	around	the	island.	During	the	
past	2500	years	of	written	history	of	Sri	Lanka,	earth	materials	have	been	used	to	build	up	ancient	
cities,	royal	palaces	and	mighty	irrigation	systems.	Not	only	that,	tangible	evidence	from	archaeological	
sites and museums confirm the extensive use of stone materials by ancient people for their day today 
requirements. Scientific identification of such materials is essential to understand and interpret ancient 
technological	developments,	trade	and	cultural	evolution.	

Geological knowledge has been commonly applied in the field of archaeology for long time in a 
global context (Renfrew 1976; Rapp & Hill 1998; Goudie 1987). In contrast, such geological studies 
on	archaeological	sites	of	Sri	Lanka	are	quite	rare,	although	it	has	only	been	around	forty	years	ago	
from	the	establishment	of	geology	in	the	country.	As	seen	today,	lack	of	interest	of	researchers	in	both	
fields might be the main reason for this aloofness. Insufficient geological knowledge on archaeological 
sites has resulted in misleading explanations and use of incorrect terminology among historians and 
archaeologists.	

However, it is well understood that comprehensive background knowledge on the geology of 
archaeological sites is a present day major requirement. This study was carried out to fulfill that 
requirement	and	to	give	a	base	line	of	information	for	future	research	and	interpretations.	

Study	areas
 From the vast number of archaeological sites, the geology of five famous historic sites was 
studied.	Among	them	three	are	the	world	heritage	sites	of	Anuradhapura,	Polonnaruwa	and	Sigiriya	

3 0



304

Sirinimal Lakdusinghe Felicitation Volume

and the others are Thissamaharamaya and Rambaviharaya in Embilipitiya (Fig.1). Presently, all these 
five sites are maintained by the Central Cultural Fund, Sri Lanka.
	
Anuradhapura was the capital city of the first kingdom of Sri Lanka for nearly 1500 years dating 
before	the	5th century BC and it is recognized as a highly urbanized city. Polonnaruwa was the capital 
of second kingdom from the 11th century to 13th	century	AD.	Sigiriya	was	once	the	royal	palace	of	
King Kashayapa during the Anuradhapura period from 478 to 432 BC. Thissamaharamaya is known 
as one of the important places of Magama (Ruhuna) Kingdom (240 BC) and this was the capital 
of Rohana subkingdom of the southern Sri Lanka. Also it is believed that princes called “Rohana” 
started the civilizations during the 5th century BC. Rambaviharaya has been identified as the royal 
temple of the Mahanagakula city in the 11th	century	AD	during	the	medieval	times	of	Sri	Lanka.	
Before eviction of Cholas from Polonnaruwa, King Vijayabahu I stayed at Rambaviharaya for 15 
years	to	plan	his	mission.	

Physiography	of	the	study	areas	

	 All	the	studied	archaeological	sites	are	situated	in	coastal	lowland	with	elevations	from	sea	
level to 305m and slope ranging from 5 to 150(Vitahnage 1970).  Anuradhapuara, Polonnaruwa and 
Sigiriya are located in the northern dry zone while Thissmaharamaya and Rambaviharaya lie in the 
southern dry zone of the country (Fig.1). These dry zone areas receive an annual rain fall of 1500mm 
and	the	average	temperature	is	300C. Northern archeological sites receive rainfall mainly from the 
northeastern	monsoon	during	October	to	December	and	southern	archaeological	sites	receive	it	from	
the	southwestern	monsoon	from	May	to	July.	

General	geology	of	Sri	Lanka
 Ninety percent of Sri Lanka’s land mass is composed of Proterozoic metamorphic rocks, which 
are	one	of	the	oldest	rocks	on	earth	and	the	rest	is	underlain	by	Miocene	and	Jurassic	sedimentary	
rocks and Quaternary sediments (GSMB, Cooray 1984). According to the geochronological and 
petrological studies, metamorphic terrain is subdivided into four main lithotechtonic units (Raith and 
Hoerness 1994; Hansen et al 1987; Kroner et al 1991; Holzl et al 1991). They are namely Highland, 
Wanni, Vijayan and Kadugannawa Complex (Fig.1). 

Among them, Highland Complex (HC) is the largest and oldest rock unit which is dated 2000 Myrs 
(Kroner et al 1987; Holzl and Kohler 1989). It forms the back bone of the Precambrian rocks of Sri 
Lanka.	Supracrustal	rocks	and	variety	of	igneous	intrusions	of	predominantly	granitoid	compositions	
which are predecessors of banded gneisses are comprised in Highland Complex. All these rocks have 
undergone high grade metamorphism and all are granulite facies rocks such as Charnockitic Gneisses, 
Quartzofeldspathic Gneisses, Quartzite, Marble, Calc Gneisses and Migmatitic Gneisses. 

Wanni Complex (WC), lying West to the HC, is dated 1100 Myrs (Kroner et al 1987; Holzl and Kohler 
1989) and consists of Amphibolite to Granulite metamorphites such as Charnokites, Charnokitic 
Gneisses, Granitic Gneisses, Garnet-Silimanite Gneisses, Marble, Calc Gneisses and Quartzites. The 
area of the East and Southeast to the HC is the Vijayan Complex (VC) dated similar to WC. The rocks 
of VC were undergone Amphibolite facies metamorphism. It consists of mainly Hornblende Biotite 
Migmtites, Hornblende Biotite Gneisses, various Charnockitic Gneisses, Granitic Gneisses, Garnet 
Biotite Gneisses, Quartzites, Quartzofeldspathic Gneisses, Calc Gneisses and Marble.
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Kadugannawa Complex (KC) is the smallest lithotectonic unit and rocks of KC aged 1400 to 1600 Myrs 
(Milisenda et al 1988; Kroner et al 1991). KC is characterized by doubly plunging synformal structural 
basins named “Arinas” (Vithanage 1972). It is composed of Biotite-hornblende and Biotite Gneisses, 
Amphibolites, Quartzofeldspathis Gneisses, Pelitic Gneisses Quartzites and Granitic Gneisses. 

The rocks of all the complexes underwent the final metamorphism dated to 550 Myrs ago. The post 
metamorphic	intrusions	can	be	observed	in	most	of	the	places	of	the	crystalline	terrain.	

Materials	and	methods
	 Geomorphology	and	bed	rock	geology	of	selected	archaeological	sites	were	studied	mainly	
by field observations. Different types of stones used as building materials, for the carving of statues 

Figure 1: General Geology of Sri Lanka and its subdivisions. Solid lines show the main subdivisions 
and dotted lines show the climatic zones. HC: Highland Complex. VC: Vijayan Complex. WC: Wanni 
Complex. KC: Kadugannawa Complex. ML: Miocene Limestone.

Geological Background of Some Archeological Sites of Sri Lanka
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and other stone monumental structures were identified by close observations. Presently available 
maps	 especially	 those	 published	 by	 Geological	 Survey	 and	 Mines	 Bureau	 were	 correlated	 with	
field observations. The present state of well known stone statues and monuments were studied and 
deterioration of stone materials were identified and recorded as special features. 
Results and Discussion :

Anuradhapura	world	heritage	site	
 Generally the Anuradhapura area is a flat terrain where the soil profile thickness varies 
greatly	within	short	distances,	although	slight	undulations	and	small	isolated	rocky	hills	are	found.	
In	Wessagiriya	and	Isurumuniya	area	almost	no	or	very	thin	soil	cover	can	be	observed	while	in	the	
areas of Twin ponds (Kuttampokuna), Abayagiriya and Jethawanaya, the soil profiles are thickened. 
In addition residual soils can be observed in surrounding areas of exposed rock outcrops and alluvial 
deposits are dominant in flood plains of Malwathu Oya area. However the soils of the area have been 
largely	disturbed	by	anthropogenic	activities	over	a	long	time-period.	

Geologically Anuradhapura World Heritage Site is situated in Wanni complex (Figure 01). Generally, 
all the rocks are trending north-south direction. As shown in figure 2, the historic area is mainly covered 
by Charnokitic biotite gneisses, and the middle part of it is covered by Granitic Gneisses which forms 
a small hilly area at Wessagiriya. Charnokitic Biotite Gneiss is margined with Hornblende-Biotite 
Gneisses/Migmatites in west and Granitic Gneisses in east. Right next to the Granitic Gneiss a small 
quartzite band which tapes out in south is running north south direction (Figure 2). 

Dominantly	Granitic	Gneissic	rocks	had	been	used	to	make	statues,	pillars,	steps	stones,	ponds,	water	
ways	and	other	building	structures.	These	can	be	observed	specially	in	Jethawanaya,	Isurumuniya,	
Abayagiriya, Lowamahapaya, Sacred Bo tree premises and Ruwanweliseya premises. The famous 
moonstone	at	Bisomaligawa	premises	is	made	up	of	Granitic	gneiss	(Figure	03).	Among	those	stones,	
marble	rocks	had	been	widely	used	presumably	for	its	colour	and	lustre.	All	the	Samadhi	statues	

Figure 02: Map shows main rock types covering Anuradhapura World Heritage Site
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(Samadhi	 I,	 II,	 and	 III)	 in	Anuradhapura	are	made	up	of	marble	 stones	 (Figure	04).	 In	addition,	
guard	stones,	stone	steps	and	moonstones	had	been	made	of	marble	in	special	places	such	as	shrine	
rooms	and	royal	palaces.	In	the	premises	of	Anuradhapura	world	heritage	site	and	its	close	vicinity,	
Marble out crops (bed rocks) can not be found. Therefore it is no doubt, to fulfill the requirement of 
such	creations,	marble	rocks	must	had	been	brought	from	other	areas.	The	most	probable	locations	
are	Galgamuwa	area	and	Polonnaruwa	region	where	north	south	trending	wide	marble	bands	can	be	
observed.	When	considering	used	other	rock	resources,	it	is	believed	to	be	quarried	from	the	same	
area (Jayasingha, 2009b). This is evidenced by Granitic rock quarries in Wessagiriya area (Figure 
05) and Charnokitic Gneissic rock quarries in Deegapasanaya area. 

		

Polonnaruwa	world	heritage	site
 The Polonnaruwa World Heritage Site covers an area about 100sq kilometers and shows 
highly undulating surfaces. In many places rock outcrops are exposed, and valley areas are filled 
with elluvial and alluvial sediments. Soil profile thickness varies drastically within short distances. 
To some extent the present day existing landscape is a result of the activities of ancient people. 

This archaeological site lies within the Highland complex and the area is dominated by complex of 
gneisses known as Polonnaruwa-Mahiyangana Gneisess which includes Migmatized and Charnokitized 
black and white layered Orthogneisses, Charnokitic Biotite Gneisses and Garnet Biotite Hornblende 
Gneisses. In west, this gneissic band is margined by Charnokitic Gneiss (Figure 06). The significant 
feature	of	the	area	is	a	thin	band	of	Marble	running	in	the	middle	of	the	Polonnaruwa-Mahiyangana	
Gneissic complex. All the rock bands are trending north-south direction and dipping westerly with 750	
to	300. Exposed outcrops can be observed in the area of Pothgulviharaya, Galviharaya and Polongala 
premises.	

Most	of	the	stones	used	as	building	materials	are	made	up	of	Biotite	Gneiss.	This	is	evidenced	by	
pillars, basement stones, wall stones and moonstones at various buildings such as Castle of King 
Nissanka and “Nissanka Latha Mandapaya”. Not only that, some Migmatized and Charnokitized 
black and white layered Orthogneiss had also been used for buildings. The best example is the Hindu 
kovil	close	to	the	Parakramabahu	palace.	The	unique	feature	of	Polonnaruwa	world	heritage	site	is	
the	in situ carvings on parent rocks. The area around “Galviharaya” has four great masterpieces of 
rock sculpture carved on a Migmitized and Charnokitized black and white layered Ortho Gneiss 
(Figure 07). In contrast, the area around Parakramasamudra (lake) is composed of Garnet Biotite 
Hornblende Gneiss in which a great sculpture of king or sage was carved (Figure 08). It is noted that, 

Figure 03: Moonstone at Bisomaligawa, Anuradhapura, made up 
of Granitic Gneiss. Also it shows discoloration due to chemical 
weathering.

Figure 04: Samadhi (I) 
Statue in Mahamewna uyana, 
Anuradhapura, made up of 
Marble

Figure 05. An ancient rock 
quarry site at Wessagiriya, 
Anuradhapura

Geological Background of Some Archeological Sites of Sri Lanka
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as	in	the	Anuradhapura	period,	marble	had	been	used	in	special	places	which	should	be	highlighted	
and honored such as shrine rooms, Buddha statues, moonstones, guard stones and step stones. Rock 
slabs had been chiefly cropped from existing outcrops as evidenced by quarrying features in exposed 
bed rocks (Jayasingha 2009b).

				

Sigiriya	world	heritage	site
 The area around Sigiriya has prominent undulating geomorphology which is characterized 
by	isolated	hills	known	as	inselbergs	as	well	as	valleys	and	ridges	running	north	south	direction.	
Pidurangala	and	Sigiriya	inselbergs	are	such	two	places	which	are	archeologically	very	important.	
Exposed bed rocks are dominant and very little soil cover in hilly areas can be observed. Valleys are 
filled with clastic elluvial and alluvial sediments formed from tropical weathering.

Figure 06. Map shows main rock types covering Polonnaruwa World Heritage site

Figure 08:  The standing Buddha Statue at Gaviharaya, 
Polonnaruwa Worl Heritage site. An insitu carving made up 
of Migmatitic white and black layered Ortho Gneiss

Figure 07: The statue of King or Sage at Pothgulaviharaya, 
Polonnaruwa World Heritage Site.  An insitu carving made 
up of Garnet Biotite Hornblende Gneiss
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The area belongs to Wanni complex. Geologically the Sigiriya fortress is significant place where three 
different geological rock units are piled up. The lowermost rock unit is Garnet Hornblende Biotite 
(Gt-Hb-Bt) Gneiss. The middle rock unit is Biotite Hornblende (Bt-Hb) Migmatitic Gneiss. Garnet 
Gneiss	forms	the	upper	rock	unit	(Jayasingha,	2005b).	A	sharp	boundary	between	upper	rock	unit	and	
middle rock unit can be identified, especially in the area of the lion paws (Figure 09).  The adjacent 
rock units of the ground layer are Granitic Gneiss in west and Impure Marble in east (Figure 10). 

The	rock	garden,	which	is	the	only	such	place	found	in	the	historic	places	of	Sri	Lanka,	is	decorated	
with different sizes of boulders of the above mentioned rock types of inselberg. The boulders had been 
used	for	several	purposes	such	as	rock	shelters,	assembly	halls	and	guard	houses	etc.	Also	those	rocks	

Figure 09. Different rock units of Sigiriya Inselberg. A. Garnet Gneiss. B.  Biotite Hornblende 
Migmatitic Gneiss. C. Garnet Hornblende Biotite Gneiss. 

Figure 10.Map shows main rock types around Sigiriya World Heritage site

Geological Background of Some Archeological Sites of Sri Lanka
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had been used to make stone steps and pillars. Specifically, at the entrance to the palace premises, a 
staircase	made	of	marble	is	noted	and	also	marble	blocks	have	been	widely	used	for	decorating	the	
palace. Marble was probably quarried from marble bed rocks existing to the east side of the Sigiriya 
fortress.	Most	of	the	areas	where	stones	were	unable	to	be	placed,	have	features	such	as	staircases	
carved	in	the	parent	rocks.	Naturally	formed	pot	holes	due	to	differential	weathering	are	common	
and	the	famous	frescoes	of	Sigiriya	have	been	presently	limited	to	such	pot	holes.			

Tissamaharama	archaeological	site
 The archeological site of Tissamaharamaya is situated in a flat terrain where bed rocks are 
rarely exposed. The southern part of the site is mainly composed of alluvial sediments possibly derived 
from flood waters of the Kirindi oya, paleo channel deposits, or sediments brought by flood waters 
of	man	made	lakes	nearby.	

Geologically the area belongs to Vijayan complex and composed of Amphibolite facies metamorphic 
rocks. The archaeological site is covered it self with granitic gneisses, complex of hornblende (Hb) 
biotite (Bt) gneisses/Hb-Bt migmatitite and complex of Bt-Hb gneisses/Bt-Hb migmatites. Both 
complexes show varied percentages of biotite and hornblende mineral compositions (Figure 11).  

As building materials, all three rock types had been used. In most cases Hb-Bt Gneisses and Hb-Bt 
Migmatites and Bt-Hb Gneisses and Bt-Hb Migmatites are common. However, in contrast with above 
discussed	archeological	sites,	clay	has	been	widely	used	as	an	earth	resource	rather	than	the	stones.	
Some	Buddha	statues	made	up	of	marble	can	be	seen	in	the	premises	of	Thissamaharama	stupa.	Not	
only	that	step	stones,	moonstones	and	guard	stones	were	made	with	marble	stones.	Marble	blocks	
possibly	had	been	quarried	from	bed	rocks	in	the	northern	area	of	the	site.	

Rambavihara archaeological site
 The archeological site of Rambaviharaya is a flat area situated on the left flood plain of the 
Walave River. The site is filled with a thick deposit of alluvial sediments especially sand, sandy clay 

Figure 11. Map shows main rock types covering Thissmaharamaya archeological site
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and clay.  Exposed bed rocks are rare and the area around this archeological site is dominated with 
mineral resources such as gems, sand, vein quartz, feldspar and calcite. 

The area belongs to Vijayan complex. The dominant rock types that covers the archeological site 
and surrounding area are Charnokitic Gneiss, Charnokitic Biotitte Gneiss, Biotite Gneiss and Marble 
(more dolomitic and some places significantly high calcite).

Building materials used in this site is derived from existing parent rocks in the area. All the above 
mentioned	rock	types	had	been	used	to	construct	the	buildings	and	other	statues,	staircases,	moonstones	
and guardstones etc. However, among the rock works, marble had been widely used. This is evident 
from Buddha statues carved from coarse grained marble blocks (Jayasingha 2005a). However, clay 
is	the	most	widely	used	earth	resource	in	this	archaeological	site.

Deterioration	of	stone	materials
	 Most	of	the	stone	statues,	monuments	and	other	stone	materials	used	in	various	buildings	
are under threat of deterioration (Jayasingha et al 2009; Jayasingha 2007; Jayasingha 2005). As a 
tropical country Sri Lanka experiences high rainfall and high temperatures. Such climatic conditions 
favour	natural	weathering	processes	of	stones.	It	is	well	noticed	that	physical	weathering	followed	
by	chemical	weathering	and	biological	weathering	play	a	major	role	in	the	deterioration	of	tangible	
cultural	heritage.	Most	are	in	open	sites	and	are	poorly	protected.	

All the sites mentioned in this study are in the dry zone area, day time high heat and high diurnal 
temperature	 variation	 enhance	 the	 physical	 weathering	 of	 unprotected	 stone	 materials.	This	 is	
evident	from	cracks	appearing	in		the	moonstone	and	guard	stone	at	Bisomaligawa,	Samadhi	statue	
in Mahamevna park, statue of King or Sage and four Buddha statues (Figure 13) in Galviharaya 
(Jayasingha 2007). Also the discoloration and stains resulted from chemical weathering of mafic 
minerals such as hornblende and biotite (Figure 14), are common in those archeological sites. Lichens 

Figure 12. Map shows main rock types covering the area around Rambaviharaya archeological site

Geological Background of Some Archeological Sites of Sri Lanka
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which	cover	the	surface	area	of	stone	materials	are	the	dominant	agent	in	biological	weathering	(Figure	
15). Their extended roots in to the weathered surfaces of stones develop the micro cracks in minerals 
and excreted organic acids enhance the chemical weathering (Jayasingha et al, 2009).

		

Conclusions
	 This	study	has	recorded	all	the	archeological	sites	belong	to	Precambrian	crystalline	terrain	of	
the country. Anuradhapura and Sigiriya World Heritage Sites lie in the Wanni complex lithotechtonic 
unit, while Thissamaharamaya and Rambaviharaya archeological sites are situated in Vijayan complex 
lithotechtonic unit. The Polonnaruwa World Heritage Site is located in Highland complex lithotectonic 
unit,	which	is	composed	of	oldest	rocks	of	the	country.	All	the	sites	are	comprised	of	different	types	
of metamorphic rocks and quaternary top soil cover. Evidence of quarrying at all these sites suggests 
that	the	types	of	stone	used	were	quarried	from	the	bed	rock	located	at	the	sites	themselves.	The	
common feature identified is use of marble stones in all the studied archeological sites, although 
the	bed	rocks	of	Marble	are	not	found	in	the	premises	and	must	had	been	brought	from	out	side	the	
archaeological	sites.	All	the	stone	monuments	and	stone	materials	of	archeological	sites	are	under	
threat	of	deterioration	due	to	lack	of	protection	and	care.	
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