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Abstract  UDC 551.442:549.514.51(548.79)
Pathmakumara Jayasingha, Robert Armstrong Lee Osborne 
& Ross E. Pogson: Sthreepura cave at Kiriwanagama, south 
central Sri Lanka: A network cave in saprolite and proterozoic 
quartzite
Sthreepura Cave at Kiriwanagama consists of an upper level 
of cavities in quartzite formed by arenization and a lower level 
developed in a saprolite formed from the weathering of gneiss 
sandwiched between two layers of quartzite. The lower level 
cave is not like most arenization and phantom rock caves as 
the walls are composed of saprolite, not exhumed unweathered 
rock. The cave is not a soil pipe as it is not in soil, lacks the 
characteristic features of soil pipes and has formed directly be-
low, not above an aquiclude. Sthreepura Cave at Kiriwanagama 
is a network cave in saprolite. Speleogenesis in the lower level 
began with the development of joint-guided tubes in the sapro-
lite directly below the upper layer of quartzite, probably under 
phreatic conditions. Later erosion under vadose conditions re-
moved the saprolite to produce a network of passages with a 
rectangular profile. Widening of the passages ultimately caused 
ceiling failure producing breakdown chambers, but fallen slabs 
of quartzite armoured the walls of the Main Passage of the cave 
protecting them from undercutting.
Key words: Sri Lanka, gneiss, network cave, saprolite, areniza-
tion.

Izvleček UDK 551.442:549.514.51(548.79)
Pathmakumara Jayasingha, Robert Armstrong Lee Osborne & 
Ross E. Pogson: Jama Sthreepura pri Kiriwanagami, južni del 
osrednje Šri Lanke: Mreža rovov v saprolitu in proterozojskem 
kvarcitu
Jamo St hreepura pri Kiriwanagami sestavljata gornji nivo ar-
enizacijskih votlin v kvarcitu ter spodnji nivo v saprolitu, ki je 
nastal s preperevanjem gnajsa med plastmi kvarcita. Tudi stene 
rovov spodnjega nivoja so iz saprolita, kar kaže na drugačen 
razvoj od znanih arenizacijskih in fantomskih jam. Jama nima 
lastnosti preperinskih cevi in je v nasprotju s temi nastala 
neposredno pod (in ne nad) akvikludom.
Jama Sthreepura pri Kiriwanagami predstavlja mrežo kanalov 
nastalih v saprofitu.. Speleogeneza se je začela z razvojem cevi 
vzdolž razpok v saprolitu, neposredno pod gornjo plastjo 
kvarcita, verjetno v freatičnih pogojih. Kasnejša erozija v va-
dozni coni je saprolit odstranila in tako ustvarila mrežo rovov 
pravokotnega profila. Širjenje rovov je privedlo do rušenja stro-
pa in nastanka podornih dvoran. V glavnem rovu so padli bloki 
kvarcita zaščitili stene in preprečili nadaljnje spodkopavanje v 
glavnem rovu jame.
Ključne beside: Šri Lanka, gnajs, mreža rovov, saprolit, areni-
zacija.
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INTRODUCTION

There has been considerable interest in cave forming 
processes that involve the alteration or weathering of 
the host rock in the shape of a cave, followed by the 
mechanical or solutional removal of the altered rock. 
These processes have several names, as does the altered 
material that is removed to form the cave. The term Ar-
enization is used to describe the disintegration of quartz 
sandstone (Martini 1979; Wray & Sauro 2017), or gran-
ite (Braga et al. 2002) into sand by the solution of ce-
ment or matrix. Vergari and Quinif (1997) introduced 
the term phantom rock, also called ghost rock to describe 
altered impure limestone, which was later removed to 
reveal a cave. Quinif (2011) and Dubois et al. (2014) ex-
panded on this work. Häuselmann and Tognini (2005) 
used the term phantom cave to describe a cave in sand-
stone, formed by the removal of altered rock, which 
they found to have a “phantomic” genesis. Urban et al. 
(2007) also used the term phantom caves in a similar 
manner. 

Geršl et al. (1999) however used the term phantom 
caves in a completely different sense to describe un-
roofed caves in the last stage of denudation when only a 
tiny trace of the cave remained. In a footnote, Šušteršič 
(2003) attempted to solve this problem by suggest-
ing that unroofed caves in the last stage of denudation 
should be called ghost caves. This is still problematic due 
to the use of “ghost” as a synonym for “phantom”, so 
while it may be reasonable to say in reference to an un-
roofed cave in the last stage of denudation that “only a 
ghost of a cave remains” it would seem to be unwise to 
apply the term ghost cave to an unroofed cave.

Aubrecht et al. (2011) introduced the term lateriti-
zation to describe an intense in-situ weathering process 
that resulted in the solution of feldspars and mica pro-
ducing both cave voids and dissolved silica for speleo-
them formation.

Ghost rock, phantom rock and phantom cave pro-
cesses have generally been used to explain the origin 
of caves in carbonate rock. In the parakarst realm the 
debate has been about the relative roles or lack of role 
of silica solution, arenization and lateritization in the 
formation of caves in silicate rocks.

This debate has focussed on the origin of caves on 
the Venezuelan tepuis, which are very different in scale 
and are developed in a very different bedrock and envi-
ronment to the cave we describe below.

Aubrecht et al. (2011) attributed the origin of the 
sandstone caves on the Venezuelan tepuis to two princi-
pal processes; the removal of poorly lithified sandstone 
not arenization as had been previously proposed, and to 
a process they described as “lateritization” involving the 

deep weathering of arkosic sandstones and greywackes 
resulting in the production of “laterite”. They described 
the red mud in the caves as having “a mineral composi-
tion of goethite, kaolinite, illite, quartz and pyrophyl-
lite, i.e., it represents true laterite” (Aubrecht et al. 2011, 
p. 363). While Aubrecht et al. (2011) discussed at great 
length the arguments against speleogenesis by areniza-
tion and the definition of pseudokarst, they did not dis-
cuss their use of the terms laterite and “lateritization” or 
the way they have applied it to caves. Sauro et al. (2013) 
disagreed with Aubrecht et al. (2011), however Au-
brecht et al. (2013) replied by restating that most of the 
cave formation was not due to arenization but to “the 
dissolution of quartz or by the dissolution of alminosili-
cates (lateritization).”

There is a large body of literature about laterite and 
lateritization, but much less about caves in laterite or 
laterite in caves. The idea that lateritization is primar-
ily about quartz and aluminosilicate solution is how-
ever a minority view. The review of laterite by Retallack 
(2010) begins with the simple statement that “Laterites 
and bauxites are rocks enriched in iron and aluminium 
respectively” (Retallack 2010, p. 655). Caves formed by 
the removal of the pallid zone below a strong laterite 
crust have been described from India by Kale (2014), 
Serra Leone by Bowden (1980), Australia by Twidale 
(1987) and McFarlane and Twidale (1987). These caves 
with roofs composed of rocks enriched in iron must 
truly be lateritic caves.

Laterites sensu Retallack (2010), soils and weath-
ering profiles with distinct iron-enriched zones and 
iron-poor pallid zones are common in Sri Lanka so it 
would be unwise to apply the term laterite to strong-
ly-weathered materials that are not associated with 
iron enrichment. The cave we describe below is largely 
formed by the removal of an in-situ deeply weathered 
compositional layer (folium) in the gneiss without sig-
nificant iron enrichment, so we have decided to call this 
weathered material a saprolite, a term used by Braga et 
al. (2002) to describe “in situ weathering products of 
granitoid rocks”.

Osborne et al. (2013) described caves in Sri Lanka 
developed in granitic gneiss by a weathering and re-
moval process that mimicked the phantom rock process 
described in limestone caves by Dubois et al., (2014). 
In these caves granitic gneiss was weathered into a fri-
able material that was washed out to expose a cave wall 
composed of un-weathered gneiss. The cave we describe 
below differs from these types of caves in that the cave 
walls are not composed of un-weathered gneiss but sap-
rolite.
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LOCATION

Sri Lanka is a teardrop shaped island lying to the south-
east of the Indian subcontinent. Most of the island and all 
of its highlands are composed of silicic Proterozoic gneiss 
containing a few bodies of marble, while the northern 
end of the island is composed of Miocene limestone (Fig. 
1A). Osborne et al. (2013) described the range of cave 
types developed in Proterozoic gneiss in Sri Lanka and 
noted that phantom rock processes could be recognised 
at four localities.

Sthreepura Cave at Kiriwanagama is not to be con-
fused with Sthreepura Cave at Batathota or the now 
flooded Sthreepura Cave at Pannala (Basnayake 1983). 
It is located 116 km east of Colombo in Uva Province 
in central southern Sri Lanka (Fig. 1A). Sthreepura, also 
spelt Isthripura, is derived from Sanskrit and Sinhalese 
sthri meaning woman and pura meaning town and refers 
to a mythical incident where King Walagamba hid 500 
queens in a cave to protect them (Basnayake 1983).

Three cave entrances, one in a doline, occur at an el-
evation of approximately 1390 m a.s.l. on the northwest-
ern face of a NE–SW trending cuesta ridge. The ridge 
crest has an elevation of 1424 m a.s.l. and slopes to the 
northwest at approximately 20 degrees. The hill slope 
steepens downhill from the cave and steepens again close 
to the stream at the base of the cuesta. After wet weather, 
a spring was located in the valley at the base of the cuesta 
face at an elevation of approximately 1358 m a.s.l. Shal-
low v-shaped valleys running south to north are incised 
into the face of the cuesta. There is little soil on the hill 
face, with much exposed bedrock. The dominant plants 
on the hill are large eucalyptus trees apparently planted 
to stabilize the slope after the original forest was cleared 
some thirty years ago. Two concrete fences running E-W, 
apparently intended to direct sheet-flow away from the 
cave entrances, have been constructed uphill of the Main 
and Blind Entrances (Fig. 2).

Fig. 1: A = Gross lithology of Sri Lanka and location of Sthreepura Cave. B = Geological provinces after Cooray (1994). Kc = Kadugannawa 
Complex, biotite gneisses near Kandy.
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METHODS

The cave was investigated over 6 days between March 
2012 and December 2014.

Surveys were made using a Suunto compass for di-
rection and a Disto D8 for length and inclination. Struc-
tural data was measured using a stratum compass.

Wall soundings were taken using SDS rock bits in 
both a hand brace and a battery-powered hammer drill.

X-ray diffraction (XRD) analysis was undertaken at 

the Australian Museum, Sydney, using Philips PW1730/
PW1050 and Panalytical X’Pert Pro equipment. A graph-
ite monochromator and proportional counter were used, 
with 40-45 kV and 30-40 mA of Cu–kα radiation. Scans 
were run from 20 to 700 2θ at 1.2 to 0.60 /minute with 10 
divergence slit, 20 antiscatter slit, 0.1 mm receiver slit and 
0.020 step size.

GEOLOGY

The geology of Sri Lanka is dominated by Proterozoic 
high-grade metamorphic rocks, which cover about 80% 
of the landmass (Cooray 1994). Sthreepura Cave is locat-

ed in the oldest cratonic rock belt known as the Highland 
Complex (Fig. 1B). The rocks of this complex are highly 
folded and sheared while those in the other two belts, the 

Fig. 2: Cave map after Dandeniya et al. 
(2015). A = Doline. B = Blind Entrance.  
C = Main Entrance. D = East Passage.  
E = East Breakdown Chamber. F = Main 
Passage. G = West Breakdown Cham-
ber. H = Eastern Maze. I = Descending 
Passage. J = E-W Section of Descending 
Passage. K = Meandering canyon in De-
scending Passage. L = Tube in Descend-
ing Passage wall. M = Final Chamber.  
N = Southwest Passage. O = Rising Pas-
sage. P = Island Room. Q = Cupola. Blue 
arrows indicate water flow observed on 2nd 
December, 2014.
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Fig. 3: A = Section exposed at 
southern edge of ridge. B = Sec-
tion in cave wall at Red “1” in Fig. 2 
showing ceiling quartzite, top and 
saprolite below, white rule is 1 m 
(Photo: P. Jayasingha). C = Com-
posite section based on observa-
tions in Main Entrance shaft and 
cave walls.

Fig. 4: A = Saprolite in wall of Main 
Passage showing foliation (Photo: 
A. Weliange). B = Tube in top of 
saprolite in eastern wall of De-
scending Passage near “L” in Fig. 
2. Note joint in overlying quartz-
ite dips to the south and its’ trace 
extends down into the saprolite. 
Pen is 140 mm long (Photo: R.A.L. 
Osborne). C = Residual pillar of 
saprolite towards the northeastern 
side of the Rising Passage (Photo: 
R.A.L. Osborne). D = Section 
through saprolite in side of the “is-
land”. Note well-developed traces 
of foliation. Pen for scale is 130 
mm (Photo: R.A.L. Osborne). E = 
Measuring penetration after drill-
ing with hand brace at site “Red 2” 
in Fig. 2 (Photo: A. Weliange). F = 
White paste close to ceiling of East 
Passage. Pen is 140 mm long .
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Wanni and Vijayan complexes, are much less deformed 
(Fig. 1B). Most of the rocks in the area near the cave are 
silicic metamorphics, such as garnet sillimanite gneiss, 
charnockitic gneiss, hornblende biotite gneiss, quartzo-
felspathic gneiss and quartzite. 

Massive saccharoidal quartzite covered by little 
or no soil crops out to form the northwestern dipping 
cuesta face of the ridge. At the back (southern) edge of 
the ridge, 260 m south of the cave entrance, a sequence 
consisting of a basal quartzite, a folium of “sandy” coarse 
grained quartzite with what appear to be solution cavi-
ties, a folium of saprolite and an upper quartzite folium of 
saccharoidal and friable quartzite, is exposed (Fig. 3A). 

The sequence exposed in the cave walls consists of a 
lower dense quartzite folium, the “floor quartzite” which 
is sometimes exposed as the cave floor, a folium of sap-
rolite and an upper dense quartzite folium, the “ceiling 
quartzite” which in most places forms the cave ceiling 
(Fig. 3B, Red “1” in Fig. 2).

A composite section based on exposures in the Main 
Entrance shaft and the cave walls (Fig. 3C) shows a basal 
layer of dense massive quartzite forming the cave floor, 
1.9 m of saprolite exposed in the cave walls, approximate-
ly 1 m of dense massive quartzite forming the cave ceiling 
and 6.7 m of saccharoidal and friable quartzite between 
the top of the “ceiling quartzite” and the ground surface. 
While the folia are largely planar, some folding is appar-
ent such as the small anticline exposed in the Rising Pas-
sage.

The saprolite forming the cave walls has specific 
characteristics. Firstly, it retains traces of the foliation and 
textural and mineralogical variations of the original rock 
(Fig. 4A). Secondly, there is no sign in the cave that there 
is any change in the degree of weathering either vertically 
or horizontally across the saprolite folium. Where joints 
are exposed in the saprolite, as seen in Fig. 4B, there is no 

change in the degree of weathering adjacent to the joint 
and the joint in the saprolite remains tight, while joints 
in the overlying quartzite are open. Consistent with an 
overall even degree of weathering, no core-stones are ex-
posed in the cave walls.

Initially, we thought that there might be unweath-
ered or significantly less-weathered rock a short distance 
inside the cave walls. Careful observations of the sap-
rolite pillar in the Rising Passage (Fig. 4C) and the “is-
land” in the Island Room (Fig. 4D) gave no indication 
that saprolite deep inside the walls was significantly less-
weathered than that exposed at the surface of the cave 
walls. In order to test the strength of saprolite in the cave 
walls, soundings were made with a 580 mm SDS drill in 
the eastern wall of the Main Passage at “Red 2” in Fig. 2, 
Fig. 4E, and into the wall of the Eastern Maze at “Red 3” 
and “Red 4” in Fig. 2. The soundings gave no indication 
that the saprolite significantly increased in strength with 
distance into the cave walls.

X-ray diffraction of a sample of the saprolite from 
the cave wall in the East Passage indicated the presence 
of only two minerals, kaolinite-1A with well-developed 
peaks and hematite. No peaks for quartz, feldspar, biotite, 
garnet or other minerals commonly occurring in gneiss 
were identified.

Unlike the Sri Lankan caves in gneiss described by 
Osborne et al. (2013), no speleothems, neither silica nor 
carbonate, with the exception of one tiny silica stalag-
mite, have been found in Sthreepura Cave at Kiriwanaga-
ma. The only cave mineral so far identified in the cave is 
a small deposit of a white coloured pasty material sitting 
on a tree root adjacent to quartzite close to the ceiling of 
the East Passage (Fig. 4F). X-ray diffraction showed the 
presence of two main components: major kaolinite-1A 
and lesser illite-2M, both with sharp peaks and the pos-
sibility of some very minor quartz.

SURFICIAL KARST-LIKE FEATURES

The largest surface karst-like feature is an elliptical break-
down doline partly filled with unconsolidated sediment 
(“A” in Fig. 2, Fig. 5A). The doline has a 4.8 m long axis, 
striking 160° and a 3.5 m long short axis, striking 070°. A 
3 m scarp is developed on its uphill, southern side with a 
small 1.7 m step onto its floor on the downhill, northern 
side. The southern end of the doline appears to be a cave 
entrance blocked by sediment and bats fly in and out of 
the doline in the evening.

Uphill from the doline and to the east of the Main 
Entrance is a small vertical opening, the Blind Entrance 
(“B” in Fig. 2, Fig. 5B). The Blind Entrance connects 

to a small chamber developed in saccharoidal quartz-
ite. Near the entrance, the chamber roof is 1.3 m thick. 
Joints dipping steeply to the south are visible in the ceil-
ing to the right of frame in Fig. 5C while foliation dip-
ping to the north is visible to the left. A hole in the base 
of the chamber penetrates through the “ceiling quartz-
ite” and with further digging might connect to more 
open cave. 

In December 2014, a spring was observed rising in 
the bed of the creek at the base of the cuesta slope 136 m 
to the northeast and at a level approximately 36 mbelow 
the cave entrance.

PATHMAKUMARA JAYASINGHA, R. ARMSTRONG L. OSBORNE & ROSS E. POGSON
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CAVE MORPHOLOGY

In plan (Fig. 2) the cave has its greatest length from south 
to north, but the most extensive cave development is in 
the uphill, southern part of the cave. The plan suggests 
structural guidance by structures striking approximately 
N-S, E-W and NE-SW.

MAIN ENTRANCE
The Main Entrance (“C” in Fig. 2) is a vertical elliptical 
shaft 8.61 m deep following a joint striking 055° (Fig. 
6A). The shaft intersects small elliptical tubes (Fig. 6B) 
and sand filled cavities in its eastern face (Fig. 6C). The 

top 6.65 m of the shaft are developed in friable quartzite. 
At 6.65 m there is a distinct shelf in the shaft formed by 
two folia of massive dense quartzite. The upper folium is 
0.7 m thick and the lower folium, forming the cave ceil-
ing, is 0.26 m thick. Below the quartzite the shaft pen-
etrates through 1 m of saprolite. 

There is no breakdown pile at the base of the en-
trance. This and the morphology of the entrance shaft 
suggest that the entrance is an exhumed solution or ar-
enization shaft or cupola, not a breakdown feature. The 
Main Entrance connects to the East Passage.

Fig. 5: A = Doline, looking south 
(Photo: R.A.L. Osborne). B = Blind 
Entrance. Note concrete wall uphill 
of entrance (Photo: W.S. Weilange). 
C = Looking up from inside cham-
ber of Blind Entrance. Note trace of 
joints dipping to the south in upper 
right, trace of foliation dipping to 
the north just below centre field, 
and head for scale (Photo: R.A.L. 
Osborne).

Fig. 6: A = Main Entrance look-
ing down to south (Photo: W.S. 
Weilange). B = Small elliptical tube 
intersected by entrance shaft (Pho-
to: R.A.L. Osborne). C = Eastern 
face of Main Entrance shaft show-
ing joint and sand filled cavities 
(Photo: R.A.L. Osborne). D = East 
Passage looking east. Note rec-
tangular passage profile, saprolite 
floor and quartzite ceiling (Photo: 
R.A.L. Osborne). E = East Break-
down Chamber. Note breakdown 
slabs, joint traces in quartzite ceil-
ing and sagging breakdown slabs of 
quartzite separated from the ceil-
ing (Photo: R.A.L. Osborne).
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Fig. 7: A = Southern end of Main 
Passage, looking south. Foot of per-
son entering the West Breakdown 
Chamber is indicated by red arrow 
(Photo: R.A.L. Osborne). B = Main 
Passage looking north. Note guid-
ing joint in ceiling and fallen slabs 
of quartzite armouring the lower 
walls (Photo: R.A.L. Osborne). C 
= Main Passage south. Note slabs 
of quartzite breakdown on west-
ern wall (Photo: R.A.L. Osborne). 
D = Entrance from Main Passage 
into Eastern Maze. Note curved 
folia in quartzite ceiling and inci-
sion into the saprolite floor of maze 
passage (Photo: R.A.L. Osborne). 
E = Looking east along easterly 
trending passage in Eastern Maze. 
Note northerly dip of ceiling and 
E-W trending guiding joint (Pho-
to: R.A.L. Osborne). F = Looking 
north along northerly trending 
passage in Eastern Maze near “H” 
in Fig. 2. Note meandering canyon 
in saprolite wall and floor (Photo: 
R.A.L. Osborne).

Fig. 8: A = Descending Passage, 
looking up to the SE from “K” in 
Fig. 2. Note exposed quartzite floor 
and large quartzite blocks (Photo: 
R.A.L. Osborne). B = Descending 
Passage, looking north down ir-
regular section north of “K” in Fig. 
2. Note meandering canyon-like 
walls, floor of rubble with guano 
and low ceiling height (Photo: 
R.A.L. Osborne). 

PATHMAKUMARA JAYASINGHA, R. ARMSTRONG L. OSBORNE & ROSS E. POGSON

EAST PASSAGE
The East Passage (“D” in Fig. 2) has a mud floor sloping 
gently to the west. East of the entrance, the passage has 
a rectangular cross-section approximately 1 m wide by 
1.7 m high. The walls are vertical and mostly composed 
of soft, squishy saprolite that can be dug out with a fin-
ger, but which still preserves traces of foliation, compo-
sitional layering and boudinage. The floor is composed 
of saprolite, while the ceiling and in some places the up-
per part of the walls are composed of quartzite (Fig. 6D). 

Northwest of the Main Entrance, the East Passage widens 
and the ceiling lowers as it extends obliquely to connect 
to the southeastern corner of the Main Passage.

EAST BREAKDOWN CHAMBER
The East Breakdown Chamber (“E” in Fig. 2) is a small 
rectangular room approximately 10 m long (E-W) by 4 
m wide (N-S) containing large sagging breakdown slabs 
of quartzite, which have separated from the ceiling (Fig. 
6E). 
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MAIN PASSAGE
The Main Passage runs almost directly N-S, sloping to 
the north for 35 m (“F” in Fig. 2). The passage is 5 m wide 
and 1.4 m high at its southern end (Fig. 7A) and narrows 
slightly to 4 m wide and 1.5 m high at its northern end. 
The ceiling is formed by the base of a folium of quartzite 
dipping to the north (20°335°). For most of the passage 
length an open guiding joint runs down the centre of the 
cave ceiling (Fig. 7B). The walls are composed of saprolite 
and at the southern end are almost vertical and parallel 
giving the passage a rectangular cross-section. For most 
of the passage length, slabs of quartzite have fallen from 
the ceiling, armouring the lower walls and giving the 
passage a U-shaped cross-section (Fig. 7C). The floor in 
the upper part of the Main Passage is composed of mud 
derived from the saprolite, but towards the northern, 
downhill end of the passage, the top of the lower quartz-
ite is exposed in the floor.

WEST BREAKDOWN CHAMBER
The West Breakdown Chamber is a small chamber west 
of the southern end of the Main Passage (“G” in Fig. 2). 
A large fallen slab of quartzite occupies the centre of the 
chamber.

EASTERN MAZE
The Eastern Maze is a system of small-scale joint-guided 
passages located to the east of the Main Passage (“H” in 
Fig. 2). The ceilings are mostly composed of quartzite 
while the walls and floors are mostly composed of sap-
rolite (Fig. 7D). Traces of guiding joints are visible in the 
ceilings (Fig. 7E). In places small meandering canyons 
are eroded into the passage floors (Fig. 7F).

DESCENDING PASSAGE
The Descending Passage (“I” in Fig. 2) is more irregular 
that the other passages in the cave and descends more 
steeply than the Main Passage, with the ceiling dipping 
25°334° near the top of the passage and the floor below 
the first step dipping 25°320°.

The Passage begins with an E-W orientation, (“J” in 
Fig. 2) and then turns to descend down-dip to the north. 
In some places a quartzite floor is exposed below a quan-
tity of large quartzite blocks (Fig. 8A). Towards its north-
ern end the passage becomes a narrow meandering can-
yon eroded into saprolite (Fig. 8B, “K” in Fig. 2). In this 
area an E-W trending almost circular tube in saprolite 
is exposed in the cave wall directly below a south-west-
erly dipping joint (Dipping 60° 233°) in the overlying 
quartzite (Fig. 4B, “L” in Fig. 2). At its northern, downhill 
end the Descending Passage turns to the east, forming a 
small chamber (“M” in Fig. 2).

SOUTHWEST PASSAGE
The Southwest Passage (“N” in Fig. 2) links the two 
southern parts of the cave. The Passage has a northerly 
dipping quartzite ceiling and weathered saprolite walls. 
At its northeastern end sag folds are developed in the 
quartzite ceiling (Fig. 9A).

The Passage width varies considerably and the com-
position of the floor changes with quartzite exposed in 
narrow sections and northerly sloping saprolite floors in 
wider sections (Fig. 9B). Just east of its junction with the 
Rising Passage, the Southwest Passage contracts to a V 
shape in the saprolite below a sloping quartzite ceiling 
(Fig. 9C). The passage widens again to the west where 
it appears that a block of saprolite may have slid down 
on the underlying quartzite and then disintegrated (Fig. 
9D). Southwest of its junction with the Rising Passage, 
the Southwest Passage shrinks dramatically to a small U-
shaped tube eroded in the top of the saprolite (Fig. 9E). 
Traces of guiding joints with a southerly dip are exposed 
in the ceiling. 

On December 2, 2014 a small stream was flowing 
northeast over rubble along the footwall of the Passage. 
Further southwest the stream was flowing through a nar-
row canyon eroded into saprolite in the floor.

RISING PASSAGE
The Rising Passage (“O” in Fig. 2) connects the Southwest 
Passage with the Island Room. The Rising Passage has a 
sloping quartzite ceiling and a floor of saprolite that thins 
to the northwest (downhill). Near its junction with the 
Southwest Passage small elliptical pits are developed in 
the quartzite ceiling (Fig. 10A). The walls of the passage 
are composed of saprolite. Small anastomosing U-shaped 
tubes are developed in the top of the saprolite, guided by 
joints in the overlying quartzite (Fig. 10B). A small wa-
tercourse runs along the base of the western wall, leav-
ing a bank of saprolite along the eastern wall. Roughly 
halfway between the Southwest Passage and the Island 
Room a residual pillar of saprolite joins the bank to the 
ceiling (Fig. 4C). Close to its connection with the Island 
Room the Rising Passage turns to the west, resulting in 
the cave floor and ceiling dipping towards the northwest 
(Fig. 10C).

ISLAND ROOM 
The Island Room (“P” in Fig. 2) is a diamond-shaped 
chamber with a N-S principal axis with a diamond-
shaped “island”, a remnant of saprolite occupying the 
centre of the room. To the northwest of the “island” a 
canyon is incised into the saprolite floor of the room (Fig. 
11A). The western face of the “island” provides a good 
section through the saprolite (Fig. 11B), seen in detail in 
Fig. 4D. Irregular hollows guided by jointing penetrate 
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into the quartzite ceiling of the Island Room. The largest 
hollow is an elliptical pocket with a long axis of 1 m and 
a short axis of 0.5 mm, guided by a NE-SW striking joint. 
This elliptical pocket penetrates for 1 m into the cave ceil-
ing (Fig. 11C).

CUPOLA
A cupola is developed in friable and saccharoidal quartz-
ite above the ceiling quartzite at the southwestern end of 
the Island Room (“Q” in Fig. 2). The cupola has a prin-

cipal axis of 3.8 m, guided by a joint striking 030° and a 
minor axis of 2 m, perpendicular to the long axis. The 
guiding joint and foliation in the quartzite can be seen in 
the wall at the northeastern end of the cupola (Fig. 11D). 
The highest point of the cupola is at the southwestern end 
where it rises 3.8 m above the cave floor (Fig. 11E). A 
boulder blocks the aperture at the highest point. There is 
a great quantity of fine sand on the cave floor below and 
in the vicinity of the cupola.

Fig. 9: A = Looking southwest into 
the Southwest Passage adjacent to 
its junction with the Main Passage. 
Note distinct sag fold in quartzite 
ceiling (Photo: R.A.L. Osborne). 
B = Looking southwest. Note dip-
ping ceiling and floor with rem-
nant of saprolite forming lower 
footwall (Photo: R.A.L. Osborne). 
C = V-shaped section of Southwest 
Passage close to junction with Ris-
ing Passage. Note quartzite ceiling 
dipping to the north with saprolite 
forming floor, headwall and foot-
wall (Photo: R.A.L. Osborne). D = 
Looking northeast from junction of 
Southwest Passage with Rising Pas-
sage showing space from which a 
block of saprolite may have slid. E = 
Termination of Southwest Passage. 
Note tube in top of saprolite guided 
by joint in overlying quartzite (Pho-
to: R.A.L. Osborne). 

Fig. 10: A = Looking down the 
Rising Passage towards the con-
nection with the Southwest Pas-
sage. Note small elliptical pits and 
traces of joints in quartzite ceiling 
(Photo: R.A.L. Osborne). B = Tube 
in saprolite directly below quartzite 
and following a joint in the south-
western wall of the Rising Passage 
(Photo: R.A.L. Osborne). C = Look-
ing up Rising Passage towards Is-
land Room. Note floor and ceiling 
dipping to the northwest, incision 
close to wall in northwestern (right) 
side of passage and people for scale 
(Photo: R.A.L. Osborne).
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SPELEOGENESIS

Two different cave development processes can be identi-
fied in the rock mass containing Sthreepura Cave. One 
process, arenization, is limited to the rock mass between 
the ceiling quartzite and the surface. The other process, 
selective removal of saprolite, is occurring between the 
floor and ceiling quartzites.

The Main Entrance shaft intersects small ellipti-
cal tubes in the quartzite (Fig. 6B). These tubes extend 
to the south on a bearing of 210°. The Cupola, aligned 
to the same bearing as the tubes, is entirely developed 
in saccharoidal and friable quartzite above the top of 
the ceiling quartzite and is connected to the underlying 
cave by localised failure of the ceiling quartzite. Sand 
similar to that in the vicinity of the Cupola fills open 
joints in the eastern face of the Main Entrance shaft 
(Fig. 6C).

The presence of loose sand at the base of the Cu-
pola and of sand filled cavities in the Main Entrance shaft 
suggests that open cavities in the saccharoidal and fri-
able quartzite such as the Main Entrance, Cupola and the 
chamber below the Blind Entrance formed by areniza-
tion of the quartzite along joints, followed by the result-
ing sand being washed into and through the underlying 
cave developed in the saprolite. This implies that the are-
nization of the upper quartzites and the weathering of the 
underlying saprolite need not have occurred at the same 
time. Spaces in the saccharoidal and friable quartzites, 
however, could only have been opened after the lower 
level of the cave formed.

The tube below the quartzite in the Descending Pas-
sage (Fig. 4B), the termination of the Southwest Passage 
(Fig. 9E) and the tubes in the wall of the Rising Passage 
(Fig. 10B) all suggest that cave development in the sapro-
lite began with water movement along joints being con-
centrated at the boundary between the ceiling quartzite 
and the saprolite, probably under phreatic conditions.

The next step in cave development was headward 
erosion following the lowering of the water table. This 
process is beginning to occur at the termination of the 
Southwest Passage and is at a later stage of development 
in the canyon in the Eastern Maze (Fig. 7F).

As channels in the saprolite widened the ceiling 
quartzite failed along the guiding joints resulting in slab 
breakdown. In some localities this resulted in the forma-
tion of breakdown chambers. In the northern section of 
the Main Passage the fallen slabs armoured the passage 
walls preventing undercutting and subsequent failure.

Apart from piles of quartzite blocks and a small 
amount of guano slime with mica flakes there is little 
clastic sediment in the cave. This lack of sediment is puz-
zling, given the evidence on the surrounding land sur-
face of significant denudation. It is possible that the cave 
entrances were not open when the denudation occurred. 
Since the earliest reference to the cave in the cave bib-
liography of Gebauer (2010) dates from the 1970s, it is 
possible that the cave entrances opened as a consequence 
of and following anthropogenic denudation.

Fig. 11: A = Looking up to Island 
Room from Rising Passage. Note 
canyon and bank of saprolite on 
right hand (northwestern) side 
and figure on upper left for scale 
(Photo: R.A.L. Osborne). B = 
Looking south showing side of the 
“island” exposing section through 
saprolite (Photo: R.A.L. Osborne). 
C = Elliptical pocket in the ceiling 
of the Island Room penetrating 
into the ceiling quartzite. Pen for 
scale is 130 mm (Photo: R.A.L. 
Osborne). D = Looking towards 
floor at northeastern end of cu-
pola. Note trace of guiding joint in 
midfield and foliation in quartzite 
dipping to the north (Photo: W.S. 
Weilange). E = Looking up into 
highest point of cupola at south-
western end. Note trace of guiding 
joint and boulder at highest point 
(Photo: W.S. Weilange).
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DISCUSSION

In most caves described as being formed by phantom 
rock or arenization processes, the cave walls, floor and 
ceilings are composed of unaltered or relatively unaltered 
bedrock. Caves formed by these processes begin by alter-
ation of bedrock along joints, followed by removal of the 
altered rock leaving behind caves with walls and ceilings 
of unaltered rock. In these caves, the shape of the altera-
tion or weathering front determines the shape of the cave 
(Dubois et al. 2014; Wray & Sauro 2017). 

In the case of Sthreepura Cave at Kiriwanagama, 
excavation of the upper level follows the normal style of 
phantom rock and arenization speleogenesis. However 
while the lower level of the cave has unaltered bedrock 
floors and ceilings, the walls are entirely composed of sap-
rolite. Drill soundings and observations in the cave suggest 
that there is not a confining wall or zone of unweathered 
bedrock close to or behind the saprolite walls of the cave.

The lower level of Sthreepura Cave at Kiriwanagama 
is not a phantom rock or arenization cave in the normal 
sense of the term, as the walls of the lower level are com-
posed of saprolite not unweathered bedrock. It is also not 
a soil pipe as the saprolite lacks soil horizons and other 
soil-like features and the cave was not formed by any of 
the processes recognised by Pierson (1983). Unlike soil 
pipes the main lower level of the cave did not form on top 
of an aquiclude but in saprolite below an overlying aqui-
clude. Sthreepura Cave at Kiriwanagama appears to be 
in a class of it own: a network cave in saprolite, related to, 
but not the same as phantom rock or arenization caves.

Network caves in saprolite are uncommon and prob-
ably short-lived phenomena but may play an important 
role in large-scale cave development in granitic rocks in 
Sri Lanka and elsewhere. Sri Lankan arch caves in gneiss 
described by Osborne et al. (2013) appear to have formed 
by the removal of large volumes of phantom rock. An ar-
chaeological excavation in the floor of Fa-Hein Lena, a 
large gneiss arch cave, penetrates through 6 m of phan-

tom rock. The bottom of the excavation intersects tubes 
with a circular cross-section developed entirely in phan-
tom rock. The tubes exposed in the excavation are lo-
cated in the centre of the cave approximately 14 m  from 
both bedrock walls. So, like the passages in Sthreepura 
Cave at Kiriwanagama these tubes are caves in weathered 
rock, and have weathered rock walls remote from the un-
weathered bedrock. Osborne et al. (2013) also described, 
Foliation Plane Cave at Karannagoda Rajamaha Viharaya 
near Ratnapura formed by the removal of a large volume 
of phantom rock from between two resistant folia. Holes 
in an isolated thin sheet of phantom rock in the cave sug-
gest that a system of caves was developed in the mass of 
phantom rock before the phantom rock was almost com-
pletely removed.

In both these cases it appears that caves were devel-
oped in the weathered rock before the almost complete 
removal of the weathered (phantom) rock from between 
the unweathered bedrock walls, floor and ceiling of the 
final cave. This suggests that the cave forming mecha-
nism in the lower level of Sthreepura Cave at Kiriwan-
agama may be the mechanism for early-stage removal of 
phantom rock from large gneiss caves in Sri Lanka.

Osborne et al. (2013) commented that the cave 
forming processes and the morphology of Sri Lankan 
gneiss breakdown caves mimicked those of conventional 
karst caves. We can see similar mimicking in the lower 
level of Sthreepura Cave at Kiriwanagama. The formation 
of joint-guided circular tubes under phreatic conditions, 
followed by incision after vadose conditions were estab-
lished, mimics the classic sequence of karst cave devel-
opment recognised by Bretz (1942). Sthreepura Cave at 
Kiriwanagama also has similarities with interstratal karst 
caves. If it were formed in a layer of soluble rock, Sthree-
pura Cave at Kiriwanagama could be considered an ex-
ample of a “sandwiched, 2D network cave” as described 
by White (1988).

CONCLUSIONS

Most of Sthreepura Cave at Kiriwanagama is a network 
cave in saprolite, not an arenization or phantom rock 
cave. While the upper level of the cave is a product of 
the arenization of quartzite, the lower level of the cave 
is developed in a layer of saprolite. Speleogenesis in the 
lower level began with the formation of tubes with a cir-
cular cross-section in the saprolite. The tubes are located 

directly below and follow joints in the quartzite cave ceil-
ing. The tubes probably developed under phreatic condi-
tions. After the establishment of vadose conditions, wa-
ter flowed through the tubes, cut down into the saprolite 
forming canyons and then locally removed the saprolite 
to form a network of passages with a rectangular cross-
section. Undercutting of the cave walls resulted in cata-
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strophic breakdown forming breakdown chambers, sug-
gesting that these caves could be short-lived phenomena. 
The Main Passage has avoided significant failure because 

fallen slabs of quartzite have armoured the lower cave 
walls, inhibiting undercutting.
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