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Abstract
Objectives: This study aimed to conduct a detailed chemical analysis of the
Samanalawewa dam to provide information on its weathering conditions.
Method: Themineralogical composition of the damwas analyzed by powder X-
ray diffraction (PXRD), atomic absorption spectroscopy (AAS), gravimetric, and
X-ray fluorescence (XRF) analysis in order to identify chemical changes that
have taken place. Findings: Widespread discoloured (brick red) and crushable
areas in the dam and the quarry site indicate weathering of the compositional
rocks. Each weathered rock sample showed a similar compositional pattern
to each other as well as charnockite (CHA) rather than the other structural
rocks of the dam; biotite gneiss (BIO), garnet biotite sillimanite gneiss (GAR),
and limestone (LIM) indicating that only CHA has been weathered rapidly.
Since LIM is not affected and the contact water (pH; reservoir 6.79 - 7.12 and
holes in the quarry site 6.43-6.78) is almost neutral, this rapid weathering
has not been governed by general chemical weathering processes like acid
rains or stormwater. The relative contents of aluminium and magnesium
have decreased during the weathering process while increasing the relative
content of iron as well as sodium, which is a mobile element. The potassium
content also has not decreased significantly. Moreover, chemical weathering
indices like chemical index of alteration (CIA) and chemical index of weathering
(CIW) values for completely weathered rocks were less than 50 revealing their
unsuitability to assess the degree of weathering of the Samanalawewa dam.
Novelty: Charnockite in the Samanalawewa dam has been weathered rapidly
and chemical weathering indices; CIA and CIW are not valid to assess its degree
of weathering.
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1 Introduction
Sri Lankan basement rock is composed of granulite grade Proterozoic agemetamorphic
rocks and is widely used in construction projects (1) of all sizes, including large-scale
dams. In dam construction, these rocks are mainly used for filling. Samanalawewa
reservoir is located in Belihul oya area about 160 km southeast of Colombo, Sri Lanka,
which was built by damming the Walawe river between 1986 and 1992 as part of a
120 MW hydroelectric generation project. Additionally, this reservoir is used to supply
irrigationwater during the dry season tominor irrigation schemes that are located about
10 km downstream of the Samanalawewa dam is 110 m in height and is 530 m in length
at crest level. Samanalawewa dam is a rock-filled gravity dam with a well-compacted
clay core (2) constructed using high granulite grade, highly deformed metamorphic
rocks, including CHA, BIO, GAR and LIM found at nearby a quarry site. Before use,
the quarried rock’s suitability was assessed using standard mechanical and physical
tests. The dam has been significant unexpected weathering over the last thirty years (3).
However, under natural conditions, these rocks are expected to weather over a few
thousand years (4).

Natural rock weathering results in the disintegration and breaking down of
the surface minerals (5) due to a combination of physical, chemical, and biological
processes (6). The breakdown of rocks into small pieces due to tectonic activity, freeze-
thaw cycles, root expansion, andwet-dry cycles are referred to as physical weathering (5).
Lithophilous lichens, fungi, and bacteria induce the biological weathering process (7)
while chemical weathering results from acidification, dissolution, and/or oxidation (8).
Chemical weathering takes a longer period compared to biological weathering but
does occur in almost all types of rock and the mechanical strength of rocks
significantly decreases when the degree of chemical weathering increases (9). The
rate of rock weathering depends on several variables, for instance, parent rock type,
size, climate, biological activity, topography and the chemical nature of interacting
water (8,10), including ionic potential and temperature (11) (12). Chemical weathering
can lead to changes in the mineralogical composition of rocks, forming Kaolinite,
Vermiculite, Smectite, Montmorillonite, and Chlorite like minerals. The resulting
minerals can provide some information about the weathering conditions. For instance,
Kaolinite indicates the chemical weathering that has taken place under humid tropical
conditions (13).

Since the accelerated weathering strongly affects the stability of the dam (3), it is
required to identify the causes behind this to take remedies to minimise it. Hence, a
detailed chemical analysis of each type of rock in the dam is more important. However,
fewer research has been conducted on this, and they have analysed the composition
of weathered rocks but not fresh rocks in the dam. The present study was carried
out to identify the chemical and mineralogical changes that occurred in rocks in the
Samanalawewa dam and adjacent quarry site during this rapid weathering and compare
them with chemical changes in general rock weathering processes using chemical
weathering indices.

2 Methodology

2.1. Study area
The Samanalawewa reservoir is located in the Sothern central part of Sri Lanka, which
stretches from the north at 80.680972◦–80.925972◦ longitudes to the east at 6.554583◦–
6.783472◦ latitude (14) falling within the intermediate climatic zone of Sri Lanka. As a
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tropical region and all others, it shows a wide fluctuation of climatic parameters. Samanalawewa dam was constructed for the
Samanalawewa hydropower project at the confluence of theWalawe river and Belihul Oya, about 160 km southeast of the capital
Colombo.The altitude of the site is about 530 m, placed in a slightly V-shaped valley.The average annual rainfall of the site area
is above 2500 mm, and the temperature varies from 19oC to 30oC.

Geologically, the dam site lies in the Sri Lankan Precambrian rock complex, which mainly consists of high-grade
metamorphic rocks which belong to the Kaltota formation. These rocks have been subjected to different weathering processes
since Gondwana to present under tropical environmental conditions. Samanalawewa dam is a rock-filled dam that mainly
consists of four different rock types; charnockite (CHA), garnet biotite sillimanite gneiss (GAR), biotite gneiss (BIO), and
crystalline limestone (LIM) (3).

2.2 Sampling

The samples were collected using the grab sampling method to cover a large geological region and represent all rock types
available in the quarry site with both weathered and fresh samples. After a careful observation in the field, fresh rock samples
from each type of rocks, which had used to build the dam and four different weathered rock samples depending on the color
and crushability were collected representing all the weathered rock samples present at the quarry. All the collected samples
were put into clean polythene bags soon after collection, and they were appropriately labelled. Later the collected samples were
powdered to make homogeneous samples for chemical analysis.

2.3. Analytical methods

2.3.1. Determination of acidity/ alkalinity
The acidity/ alkalinity of rock samples and water in both the Samanalawewa reservoir and holes in the adjacent quarry site was
determined using their pH. For rock samples, pH was measured with HQ40D Portable Multi Meter by mixing powdered rocks
with water (1:2 w/w). The mixture was stirred vigorously for 30 seconds and kept for one hour to settle before measuring the
pH.

2.3.2 Determination of mineralogical composition
The mineralogical composition of weathered and unweathered rock samples was determined using a Rigaku Ultima IV X-ray
powder diffractometer (PXRD).The Cu Kα radiation (wavelength –1.540 Å) was used over a 2θ angle of 10◦ to 80◦ with a step
size of 0.02◦ .

2.3.3 Determination of elemental and chemical composition
Atomic absorption spectroscopy (AAS) and X-ray fluorescence spectroscopy (XRF) were used to determine the elemental and
chemical composition of rock samples. Since Si content cannot be determined by AAS, it was determined using gravimetric
analysis.

2.3.3.1Determination of elemental composition using the AAS technique. Elemental compositions (Na, Mg,
Al, K, Ca, and Fe) of both weathered and non-weathered rock types were analysed using the AAS with flame and graphite
furnace mode (Thermo Scientific iCE 3000). Acetylene was used as the gas to generate the flame for the elements except Ca and
Al. Nitrous oxide was used only for Ca and Al to generate the flame. Silicate rock samples were prepared by acid digestion (15).
In brief, the dried rock samples (0.6 g of each) were heated for 48 hours with 15 cm3 of c. HF, 5 cm3 of c. HNO3 and 2 cm3 of c.
HClO4, in a Teflon crucible for complete dissolution (15,16) (17) After obtaining clear solutions, all excess acids were evaporated
and dried until a crust was visible. It was then heated again with 5 cm3 of HNO3 and a small amount of deionised water to a
clear solution.

To prepare samples of limestone rock, deionized water and HCl were added to a known amount of powdered rock samples
in a 1: 1 (v/v) ratio and heated for 1 hour while stringing. Then, it was cooled and filtered through a No.42 ashless filter paper,
and then the filtrate was diluted up to the required volume (18).

2.3.3.2 Determination of chemical composition using XRF technique. Rigaku NexCG (USA)X-ray
Fluorescence instrument was used for the analysis of the chemical composition of rock samples in an inert helium atmosphere
and the diaphragm at 20 mm (19).

2.3.3.3 Determination of SiO2 content using gravimetric method. SiO2 content in rock samples was measured
using a gravimetric method. Two different methods were followed for sample preparation of silicate rocks and limestone for
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gravimetric analysis.
For silicate rocks, rock samples (0.5 g of each) were mixed with anhydrous Na2CO3 (2.5 g) in a platinum crucible and fused

using a muffle furnace at 1050 oC for one hour (17). Then, the crucible was heated with a mixture of deionised water and c. HCl
(about 50 cm3 of each) until detaching the melt completely from the crucible, and the solution was filtered using No. 42 filter
paper after further evaporation of the solvent.The residue was washed with deionised water, placed in a platinum crucible, and
heated in a muffle furnace at 1050 ◦C for one hour. Then, it was cooled and weighed the precipitate with the crucible (W1).
Then HF (about 10 cm3)was added to the crucible and heated on a hot plate to release SiF4, then ignited and weighed again (W
2). The SiO2 content was determined using the difference between two weight readings (W1-W2). The above procedure was
followed to determine SiO2 content for all fresh and weathered rock samples except lime stones (20).

For limestone rocks, the residue in the filter paper that was separated by filtering the decomposed limestone was kept in
a clean weighed platinum crucible and burnt in a muffle furnace at 1050 ◦C for two hours and weighed the crucible with
the content (W3). Then, the platinum crucible was ignited after heating with a few drops of H2SO4 and HF acid (10 cm3) to
evaporate excess HF, then cooled and weighed again (W4). The SiO2 content in limestone rocks was determined using the
difference between two weight readings (W3-W4).

3 Results and Discussion

3.1. Visual assessment of rock weathering at Samanalawewa dam and its adjacent quarry site

A widespread clear colour alteration from dark grey to brick red was observed in the Samanalawewa dam during the field
inspection. That colour change was observed in both the upstream and downstream sides of the wall (Figure 1 ) as well as
in some rock bands in the quarry site from which the construction materials were obtained. No discoloration was observed
in the limestones. The discolored material was notably weaker and more crushable in both the dam and the quarry site. As a
preliminary study, it was intended to find out the causes that might have caused this accelerated rock weathering within the
geological timescale (3).

Four different types of weathered rock samples (W1, W2, W3, and W4) were collected for testing according to their
appearance and crushability in order to cover the types of completely weathered rocks population found on the dam and the
adjacent quarry site (Figure 2).

Fig 1. Current states of Samanalawewa dam site and quarry site. A) Upstream dam wall not exposed to water showing weathered and
unweathered rocks. B) Downstream dam wall exposed to the water showing weathered and unweathered rocks. C) Current state of the
abandoned quarry site
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Fig 2. Physical nature of weathered rocks at the dam site and quarry site (W=Weathered Rock)

3.2 Acidity/ alkalinity of rock and water

pHmeasurement is a relatively rapid and also a simplemethod to determine the readily available acidity/ alkalinity of the soluble
(or reactive) components of the rock samples. If the easily exchangeable cations for H+ ions; base cations like Na+, K+, Mg2+
and Ca2+ are less in weathered rocks compared to unweathered rocks, the pHwould be low (21). Generally, melanterite-like acid
generating minerals, high surface area pyrites like reactive sulfides and carbonates are assessed by pH measurement. The low
pH is an indication of the sulfide oxidation in the sample, which indicates the degree of weathering of rocks. The samples with
pH less than 5 would contain acidic sulphatesalts, which would release acidity when water is added (21).

The weathered rock samples were more acidic (pH; W1=4.32, W2=4.26, W3=4.54, W4=4.49) than unweathered rock
samples. Unweathered CHA (pH 7.11) (22), BIO (pH 6.87 ), and GAR (pH 6.91) were neutral, and limestones (pH 8.53) were
alkaline in pH. The pH of water in both the Samanalawewa reservoir (pH 6.79 - 7.12) and holes of its adjacent quarry site (pH
6.43-6.78) was much closer to each other than that found in the rock samples suggesting the higher acidity values observed in
the weathered rock samples is not originating from water contact.

3.3 Mineralogical composition of unweathered and weathered rocks

PXRD of unweathered GAR rock type showed that it contains a mixture of quartz (ICDD card number is 01-070-2517),
microcline (ICDD card number is 01-083-1895) biotite (ICDD card number is 00-003-0024), and orthoclase (ICDD card
number is 01-071-0957). The relative abundance of those minerals in GAR was as follows, microcline > orthoclase> biotite
> quartz (Figure 3 a).

PXRD of unweathered CHA rock type contained quartz (ICDD card number is 03-065-0466), albite calcian (ICDD card
number is 00-041-1480), biotite 1M, Ti-rich (ICDD card number is 01-088-1899), and orthoclase (ICDD card number is 00-
031-0966) (Figure 3 b). Quartz content was higher in CHA rock type, and its percentage was 57%. Albite calcian content in
CHA rock type was low compared to the albite calcian content in the BIO rock type. BIO rock contains 72.5% of albite calcian
mineral. However, CHA rock type contains only 26.4% of albite calcian content.

Calcite (ICDD card number is 01-085-1108), dolomite (ICDD card number is 01-089-5862), and quartz alpha, alpha
SiO2 (ICDD card number is 01-089-8940) minerals were present in unweathered LIM rock type. Their relative abundance
in LIM was calcite > dolomite> quartz alpha, alpha SiO2 (Figure 3 c).

Unweathered BIO rock type contained a mixture of quartz (ICDD card number is 00-046-1045), albite calcian (ICDD card
number is 01-076-0926), and biotite (ICDD card number is 01-088-1905 d). Furthermore, PXRD quantitative analysis revealed
that BIO rock contained more percentage of albite calcian than quartz and biotite.

PXRD of weathered rock samples reveals that theminerals of quartz (ICDD card number is 01-089-1961), orthoclase (ICDD
card number is 01-071-0956), pigeonite and enstatite (ICDD card number is 01-083-0669) are contained in each weathered
rock samples of W1, W2, W3 and W4 (Figure 4). However, the intensities of peaks were different in four weathered rock
samples because the samples were obtained from heterogeneous rocks. Furthermore, it revealed that the weathered rock
samples contained the minerals such as pigeonite and enstatite, which were not contained in fresh rock samples. According
to the previous study conducted by Udagedara, Quarts, plagioclase, Orthoclase and microcline were contained in the entirely
weathered rocks (23) .
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Fig 3. PXRD pattern of (a) Garnet biotite sillimanite gneiss, (b) Charnockite, (c) limestone, (d) Biotite gneiss

Fig 4. XRD patterns of weathered rock samples.
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3.4 Elemental and chemical composition of unweathered and weathered rocks

The elemental composition of the samples was established (Table 1), and the unweathered samples are consistent with their
mineralogical identity. For example, limestone contained a greater amount of Ca (61.79 %) compared to the Ca content in CHA
(3.19 %), BIO (4.63 %), and GAR (1.47 %). The element compositions of non-weathered rocks were varied as follows. LIM;
Ca > Al> Mg>Fe>K>Na, GAR; Al>Fe> K>Na>Ca>Mg, both BIO and CHA; Na> Fe> Al>Ca>Mg>K. However, the weathered
rocks have more similarities to each other in elemental composition (Table 1) and contained lower silicon content compared
to the unweathered rock types except for limestone because of in general weathering processes Si is leaching out (24). However,
the silicon content was very high in weathered rocks than that of limestones (Table 2).

Since XRF has low accuracy when used on heterogeneous samples, the analysis was performed on powdered unweathered
rock samples. When considering the composition patterns of Na, Fe, Al, Ca, Mg, K and Si in the unweathered rocks, the results
obtained by XRF analysis were similar to the results obtained from AAS analysis (Table 2).

Table 1.The elemental composition of weathered and unweathered rocks

Rock type
AAS analysis (mass %) (X± s)

Na Fe Al Ca Mg K
CHA (n = 3) 7.13± 0.22 7.04± 0.09 3.79± 0.03 3.19± 0.10 2.48± 0.01 2.30± 0.06
BIO (n = 3) 5.50± 0.56 5.33± 0.18 5.17± 0.07 4.63± 0.08 2.56± 0.17 1.82± 0.17
GAR (n = 3) 2.73± 0.04 6.13± 0.06 6.92± 0.10 1.47± 0.08 1.03± 0.11 3.10± 0.12
LIM (n = 3) 0.02± 0.01 2.20± 0.08 0.68± 0.01 61.79± 0.11 0.50± 0.02 0.22± 0.01
W1 (n =3) 8.17± 0.03 7.92± 0.17 3.17± 0.06 3.53± 0.12 1.78± 0.07 2.16± 0.08
W2 (n = 3) 9.04± 0.09 8.49± 0.15 3.26± 0.04 3.08± 0.06 2.07± 0.01 2.05± 0.08
W3 (n = 3) 8.92± 0.09 7.85± 0.13 4.11± 0.07 3.26± 0.08 3.12± 0.04 1.78± 0.03
W4 (n = 3) 8.49± 0.19 8.27± 0.07 3.28± 0.08 3.51± 0.10 2.37± 0.04 1.84± 0.09
X – Mean, s – Standard deviation

Linear range: Na 100 – 300 ppm, Fe 10 – 80 ppm, Al 20 – 80 ppm, Ca 2 – 8 ppm, Mg 0.2 – 0.8 ppm and K 2 -8 ppm.

Table 2. Chemical composition of rock samples

Rock type
XRF analysis (mass %) (X± s) Gravimetric analysis (X±

s)
Na2O Fe2O3 Al2O3 CaO MgO K2O SiO2 SiO2 % (w/w)

CHA
(n=3)

10.14±0.16 9.92±0.15 7.15±0.08 4.32±0.09 3.97±0.14 2.73±0.11 51.30±0.15 75.95±0.94

BIO (n=3) 7.38±0.12 7.61±0.11 10.18±0.14 6.53±0.02 4.14±0.04 2.07±0.08 55.60±0.35 66.30±0.23
GAR
(n=3)

3.77±0.11 8.59±0.15 13.11±0.15 2.08±0.08 1.82±0.18 3.72±0.06 61.35±0.23 58.83±0.10

LIM (n=3) 0.03±0.01 3.04±0.06 1.02±0.05 88.04±0.21 0.84±0.03 0.15±0.02 5.50±0.04 5.68±0.06
W1 (n=3) - - - - - - - 60.06±0.19
W2 (n=3) - - - - - - - 59.83±0.07
W3 (n=3) - - - - - - - 63.43±0.10
W4 (n=3) - - - - - - - 68.94±0.08
X – Mean, s – Standard deviation

3.5 Identification of weathered rock type

Mobile elements; Ca, Na, P, K, Sr, Ba, Rb, Mg, and Si, which are contained in the rock structures, are usually leached out during
the chemically induced rock weathering, although the elements like Zr, Hf, Fe, Al, Th, Nb, and Sc are generally immobile (6).
However, the mobile elemental compositions in weathered rock samples have not decreased significantly compared to the
mobile elemental compositions of unweathered rock types. Regardless of the slight variations caused by the residual components
present in the samples, similar elemental compositions (Figure 5) were obtained for all the weathered rocks, concluding that
only one rock type might have weathered within the short period out of the four rock types present in the dam.
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Si content of fresh limestone (LIM) is significantly lower than other rock samples of both weathered and unweathered
rocks, indicating that weathered rocks have not originated from limestones. Al content of GAR and BIO is considerably higher
than weathered rock samples. Na content of GAR and BIO is considerably lower than weathered rock samples. However, the
weathered rock samples show similar elemental composition patterns as charnockite rocks (CHA) rather than other fresh rock
types.

Collectively the results of each analysis suggest that Charnockite (CHA) is the weathered rock. However, this conclusion is
different to the results obtained by Udagedara, who suggests that garnet biotite sillimanite gneiss (GAR) is the weathered rock
type in the Samanalawewa dam (23).The reason for thatmay be the previous studies have analysed the composition of weathered
rocks only. However, the current study analysed the chemical composition of weathered rocks and also each fresh rock type in
the Samanalawewa dam and then compared them.

Fig 5. Elemental composition of weathered and unweathered rock samples

3.6 Determination of the degree of rock weathering at the quarry site

Although the silicate weathering rate of metamorphic rocks in Sri Lanka is comparatively low; 14 mm ky-1 (25), the unusual
weathering of charnockite in the Samanalawewa dam has been observed since 2005 is growing rapidly. There are various
methods andweathering indices to determine the degree of rockweathering. Among themWeathering potential index, Product
index, Ruxton index, Parker index, Mium index, Chemical index of alteration (CIA), chemical index of weathering, mobiles
index, and CALMAG index are a few chemical weathering indices (23), Intensity of rock weathering also can be measured with
the content of dissolved solute in water where water-rock interface exists. Because solute cataion contribution depends on
the degree of weathering of contact rocks (26). The climatic condition and atmospheric CO2 content also affect rock weathering,
mainly the chemical weathering of silicate and carbonate rocks (27). If HCO3 and total cation in interactedwater is 1:1, it suggests
that the solute mainly comes from chemical weathering (11).

However, as CIA and CIW indices are suitable for metamorphic rock types (23) these weathering indices were used to
determine the degree of rock weathering at the Samanalawewa dam and its adjacent quarry site. CIA and CIW values of CHA,
BIO, and GAR rock samples were calculated using the elemental composition data obtained from AAS analysis (28).

CIA = Al2O3 ×100
Al2O3 +CaO+Na2O+K2O Eq. (1)

CIW = Al2O3 ×100
Al2O3 +CaO+Na2O Eq. (2)

If the CIA and CIW values of rock are equal or less than 50, that rock type is considered unweathered. If the values are more
than 50, that rock is considered weathered (29).
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Table 3. Calculated CIA and CIW values for fresh metamorphic silicate rocks & weathered rocks
Sample name Na2O MgO Al2O3 K2O CaO Fe2O3 SiO2 CIA CIW
CHA 19.23 4.12 14.30 5.53 4.46 20.14 51.20 32.87 37.65
GAR 7.36 1.71 26.15 7.46 2.05 17.54 59.50 60.80 73.55
BIO 14.81 4.25 19.53 4.38 6.48 15.23 55.70 43.21 47.85
W1 22.03 2.95 11.98 5.20 4.94 22.65 45.90 27.13 30.76
W2 24.37 3.43 12.32 4.94 4.31 24.28 48.00 26.82 30.05
W3 24.05 5.17 15.53 4.29 4.56 22.45 45.90 32.07 35.19
W4 22.89 3.93 12.40 4.43 4.91 23.65 47.20 27.77 30.84

The calculated CIA and CIW values of fresh rock samples were less than 50 for CHA and BIO rocks, confirming that CHA
and BIO rocks are unweathered. However, the calculated CIA and CIW values of GAR rocks were greater than 50 (Table 3)
because the natural weathering rate of garnet biotite sillimanite gneiss (GAR) is higher than other rock types (30). The fresh
rocks at the Samanalawewa dam and the quarry site have completely weathered within less than thirty years (3) , which indicates
the rate of rock weathering has occurred at the Samanalawewa dam, and quarry site is greater than the natural rock weathering
rate of GAR (Figure 6).

CIA and CIW values have been introduced to apply for the most abundant chemically weathered rocks where the mobile
elements such as Na and K are leaching out during the weathering process and immobile elements such as Al is accumulated.
Although the CIA and CIW values below 50 indicate unweathered rocks theoretically, the calculated CIA and CIW values
for completely weathered rock samples collected from the Samanalawewa dam site were below 50 (Table 3). In this scenario,
chemical weathering indices are not valid to determine the degree of weathering of the Samanalawewa dam.

Fig 6. Comparing the rock weathering at the tunnel and the dam site. (a) Samanalawewa dam’s tunnel, (b) Natural rock weathering of GAR
rock type, (c) & (d) Rapid rock weathering at the dam site
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4 Conclusion
This study indicates that the weathering of the Samanalawewa dam is not governed by natural chemical weathering processes.
Although the dam was built recently, a widespread crushable, discoloured area from dark grey to brick red in the upstream and
downstream of the dam as well as the quarry site where the rocks were quarried to build the dam, is notably visible showing a
rapid weathering of metamorphic rocks.

Elemental composition of the weathered rocks (W1; Na 8.17%, Fe 7.92%, Al 3.17%, Ca 3.53%, Mg 1.78%, K 2.16%, W2; Na
9.04%, Fe 8.49%, Al 3.26%, Ca 3.08%, Mg 2.07%, K 2.05%, W3; Na 8.92%, Fe 7.85%, Al 4.11%, Ca 3.26%, Mg 3.12%, K 1.78%,
W4; Na 8.49%, Fe 8.27%, Al 3.28%, Ca 3.51%, Mg 2.37%, K 1.84%) were most similar to each other as well as to CHA ( Na
7.13%, Fe 7.04%, Al 3.79%, Ca 3.19%, Mg 2.48%, K 2.30%) rather than GAR (Na 2.73%, Fe 6.13%, Al 6.92%, Ca 1.47%, Mg
1.03%, K 3.10%), BIO (Na 5.50%, Fe 5.33%, Al 5.17%, Ca 4.63%, Mg 2.56%, K 1.82%), and LIM (Na 0.02%, Fe 2.20%, Al 0.68%,
Ca 61.79%, Mg 0.50%, K 0.22%). According to the results obtained, among the major rock types of GAR, CHA, BIO and LIM
which are consisted in the dam, only charnockite (CHA) has been weathered rapidly although it takes a long to weather in a
natural circumstance.

The weathered rock samples were acidic (pH; W1 4.32, W2 4.26, W3 4.54, W4 4.49), although fresh rocks were almost
neutral or basic (pH; BIO 6.87, GAR 6.91, CHA 7.11 and LIM 8.53). Also, the pH of water in the reservoir (pH 6.79 - 7.12)
and holes of the quarry site (pH 6.43-6.78) were almost neutral, suggesting that the higher acidity of weathered rock samples is
not originating from water contact. Moreover, the rocks of the dam except CHA, specially limestone were not affected by this
weathering issue suggesting that this rapid rock weathering is not governed by general chemical weathering processes like acid
rains or stormwater.

Furthermore, the relative contents of aluminum, and magnesium have decreased and iron, as well as some mobile elements
like sodium, have increased in this weathering process.The relative potassium content also has not decreased significantly. Also,
the calculated CIA and CIW values were less than 50 for weathered rocks although they were completely weathered (CIA; W1
27.13,W2 26.82,W3 32.07,W4 27.77 and CIW;W1 30.76,W2 30.05,W3 35.19,W4 30.84). Hence, chemical weathering indices
such as CIA and CIW are not valid to explain this rapid rock weathering.
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