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Abstract

The study is undertaken in the barite mining area of Mangampeta (Lat. 14◦ 01′ N; Long. 79◦ 19′

E), which is located in the Kodur Mandal of Cuddapah District, Andhra Pradesh, India. The important
geological formations in this area are quartzites (quartz veins), carbonaceous tuff and dolomites. The paper
presents the assessment of water quality for its suitability for agricultural and domestic purposes. The
results of chemical analyses for the major ions of 50 water samples collected from the entire study area
(mining and adjacent virgin area) are presented. The quality analysis is performed through the estimation
of silica, calcium, magnesium, sodium, potassium, carbonate, bicarbonate, sulphate, chloride, total dissolved
solids, pH, specific conductance, alkalinity and hardness. Based on the analyses, certain parameters like non-
carbonate hardness, sodium adsorption ratio, percent sodium, potential salinity, residual sodium carbonate,
Kelly’s ratio, magnesium ratio, index of base exchange, permeability index and Gibb’s ratio were calculated.
The striking difference is in the sulphate content of mine water samples, which ranges from 211 to 589 mg/l,
and is due to the presence of barites, the source for the high content of sulphates in the mining area. In
contrast, in the virgin area water samples show 1-20 mg/l sulphate content. The bicarbonates (262 to 1100
mg/l) and alkalinity (198 to 953 mg/l) are very high and this is due to the presence of tuff and dolomitic
rocks in the virgin area. According to the Gibb’s diagram all the samples of both the virgin and mining
area fall in the rock dominance field. From the evaluation it is known that the water quality is suitable for
both domestic and irrigation purposes.

Key words: Hydrogeochemistry, Water quality, Mangampeta barite deposit, Andhra Pradesh.

Introduction

The Earth’s immediate subsurface is a reaction front
between the atmosphere (generally oxidising and
acidic) and the geosphere (generally reducing and ba-
sic). Groundwater is the circulating medium which
carries atmospheric reactants (oxygen, carbon diox-

ide) into the geosphere. The zone of groundwater
circulation is typically the zone where redox and
acid-base reactions occur. In normal groundwater
environments, the contents of oxidisable minerals
(e.g., pyrite) are so low or the access to oxidising
species (e.g., oxygen) is so poor, that acid-base reac-
tions (which consume protons) dominate over redox
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oxidation reactions (which may generate protons).
Thus, “normal” groundwaters have typically neutral
to slightly alkaline pH (Frengstad and Banks, 2000),
dominated by base cations (Ca++, Mg++, Na+)
and bicarbonate. Groundwater is often defined as
water occurring within the subsurface geological en-
vironment. Mine water is thus merely a type of
groundwater, subject to the same geochemical pro-
cesses as “normal” groundwater. We should start,
however, by examining, in outline, some of the pro-
cesses which give all groundwaters (including mine
waters) their characteristic chemical signatures.

Groundwater forms one of the primary resources
for developmental activity. Several interrelated pro-
cesses control the chemical composition of the water
and it is essential to understand the processes in or-
der to arrive at the distribution and quality of var-
ious types. Underground water plays an important
role in the overall water balance of the environment.
The main factors that control the quality of water
are associated with lithology and soil. Water qual-
ity may vary depending upon variations in geolog-
ical formations. The ratio of different elements in
the subsurface water is dependent on the associated
rocks and sediments that form the aquifers and the
time it has been in contact with this geological ma-
terial. The shallow aquifers tap groundwater down
to 50 m depth, while deep aquifers are 125 m deep.
The aquifers are being tapped for augmentation of
the drinking water supply and agriculture.

Human activities such as industrialisation, min-
ing and urbanisation may also alter the water qual-
ity by polluting the environment (Pojasek, 1977; Sa-
lomons, 1995; Banks et al., 1997). The quality of
water plays a prominent role in affecting both agri-
cultural production and human health. Surface min-
ing inevitably produces major environmental distur-
bances since vegetation, top soil and underlying soil
mantle have to be removed to gain access to the min-
erals beneath. In underground mining, large quan-
tities of waste are produced, which commonly ex-
ceed the volume of minerals (Plumlee et al., 1993;
Salomons, 1995; Younger, 1997). Not only is there
local destruction of the eco-system and loss of pro-
ductive areas, but there can also be serious pollution
problems caused by wind- and water-borne materi-
als. The problem can be further aggravated as nat-
ural water courses may be disturbed due to disrup-
tion of surface and groundwater circulations. Vari-

ous living communities may also be affected (Smith
et al., 1983). Earlier studies have examined the
environmental and occupational health implications
of barites (Seaton et al., 1986; Thomas and Gary,
1992).

Mining affects water resources, both surface and
groundwater, at various stages of the life cycle of the
mine and even after its closure. The mining process
itself, mineral processing operations, mine dewater-
ing, seepage of contaminated leachates, flooding of
mine workings, and discharge of untreated water are
some important processes with related mine water
problems (Younger et al., 2002).

This paper examines the water quality of a barite
mining area and its adjacent virgin area and at-
tempts to see whether chemical parameters have any
impact on water quality.

Mangampeta barite deposit

The Mangampeta barite deposit is located in the Ko-
dur Mandal of Cuddapah district, Andhra Pradesh
(Lat. 14◦ 01′ N; Long. 79◦ 19′ E) and is included
in the survey of India toposheet no. 57 N/8 (Fig-
ure 1). This is the single largest bedded deposit
in the world. The deposit occurs as 2 separate
lensoid bodies within the upper Carbonaceous tuff
zone of the middle Proterozoic Cuddapah Super-
group. The granular barite beds overlain by a zone of
lapilli barite constitute the economically significant
deposit, with an estimated reserve of over 74 mil-
lion tons. The ore deposit at some places is associ-
ated with copper mineralisation primarily consisting
of pyrite, chalcopyrite, azurite and malachite.

Barite is mined by opencast mining and the de-
posit is a bedded deposit with tuff as hanging wall
and dolomite as foot wall. The general strike of the
deposit is N300W - S300E and dips 20◦–30◦ towards
N-E. The top strata consist of soil and tuff, which
forms the overburden. Under this strata there is a
bed known as rosette barite (inferior barite) of spe-
cific gravity 4.2. Below it lies the good quality barite
(specific gravity more than 4.27). Below this bed lie
the black tuff and dolomite beds. The ore to overbur-
den ratio is 1:3. Earlier workers studied mineralogi-
cal (Kurien et al., 1977), geochemical (Neelakantam,
1987; Basu, 1997), and petrological (Viswanath and
Sastry, 1983) aspects of this mineralised area and
confirmed that the deposit is of volcanic origin.
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Figure 1. Geology of the study area with sample locations.

Materials and Methods

The present study provides a detailed description of
the chemical criteria of groundwater. Fifty repre-
sentative samples (20 samples from the mining area
[sample Nos. M1 to M20] and remaining 30 sam-
ples from the virgin area surrounding the mine [sam-
ple Nos. K21 to YK 50]) were collected in June
2003 and analysed for silica, calcium, potassium,
sodium, magnesium, chloride, bicarbonate, sulphate,
total hardness, alkalinity, TDS, EC, and pH. Fur-
ther the sodium adsorption ratio, percent sodium,
potential salinity, residual sodium carbonate, non-
carbonate hardness, Kelly’s ratio, magnesium ratio,
permeability index, indices of base exchange and
Gibb’s ratio were calculated. The techniques and
methods followed for collection, preservation, analy-
sis and interpretation are those given by Rainwater
and Thatcher (1960), Brown et al. (1970), ICMR
(1975), Hem (1985), Raghunath (1987), Karanth
(1989) and APHA (1995). The chemical quality data
are shown in Tables 1-3. The sample locations in the
study area are depicted in Figure 1. Various meth-
ods and graphs were used to study and interpret the

water analyses data (Figures 2-5).

Results and Discussion

From Tables 1-3 the following observations were
made for different parameters:

pH

The pH values in the water samples of the study area
range from 7.34 to 8.17 in the mining area and from
6.84 to 7.84 in the adjacent virgin area. There are
no very significant differences in pH values observed
between mine water and adjacent virgin area sam-
ples.

Specific conductance (EC)

A high concentration of salts in irrigation water ren-
ders the soil saline. This also affects the salt intake
capacity of the plants through the roots. Specific
conductance of water samples ranges from 1020 to
1740 µmhos/cm in the mining area samples and in
the virgin area samples it varies between 646 and
1573 µmhos/cm.
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Total Dissolved Solids (TDS)

Gorrel (1958) presented a very simple classification
based on the total dissolved solids. The water sam-
ples in the present area belong to the “Fresh water”
category, having a range of 655 to 1112 mg/l in the
mining area, and 413 to 1007 mg/l in the virgin area
samples. Out of the 50 samples collected, 46 samples
fall into the “Fresh water” category while 4 samples
(3 samples from the mine area and 1 sample from the
virgin area) fall into the “Brackish water” category.

Waters can be classified based on the concentra-
tion of TDS (Wilcox, 1955; ICMR, 1975) as given
below:

Up to 500 mg/l Desirable for drinking
Up to 1000 mg/l Permissible for drinking
Up to 3000 mg/l Useful for irrigation
Above 3000 mg/l Useful for drinking and irriga-

tion
Based on the above classification, almost all sam-

ples in both mining and virgin areas will come under
desirable and permissible for drinking.

Hardness

Hardness results due to the presence of divalent
cations of which Ca and Mg are the most abundant in
groundwater. Hardness in water is also derived from
the solution of carbon dioxide released from the bac-
terial action in soil in percolating water (Sawyer and
McCarty, 1967). The waters of the study area are
classified according to hardness as suggested by Hem
(1985). All the 50 samples collected in the study area
fall into the very hard category. In the present study,
the hardness of water samples ranged from 386 to 686
mg/l in the mine area samples and from 253 to 984
mg/l in the adjacent virgin area samples. This high
amount of hardness in the virgin area samples is due
to the presence of carbonate rocks, i.e. dolomites.

Alkalinity

Most of the natural waters contain substantial
amounts of dissolved carbon dioxide, which is the
principal source of alkalinity, and this can be conve-
niently evaluated by acid titrations. An increase in
the temperature or decrease in the pressure causes a
reduction in the solubility of CO2 in water. In the
present study, alkalinity ranges between 133 and 242
mg/l in the mine area and in the virgin area it ranges
from 198 to 953 mg/l. The high amount of alkalinity

in the virgin area samples is due to the presence of
country rocks, i.e. carbonaceous tuff and dolomites.

Non-carbonate hardness (NCH)

Hardness of water relates to the reaction with soap,
since Ca and Mg ions precipitate soap. Hardness
is expressed as mg/l of CaCO3. If the hardness as
CaCO3 exceeds the difference between the alkalinity
as CaCO3 and hardness as CaCO3, it is called ‘Non-
carbonate hardness’ (NCH). Non-carbonate hard-
ness is further called permanent hardness. The NCH
values range between 162.30 and 531.55 mg/l in the
mine area samples and between -67.70 and 154.30
mg/l in the adjacent virgin area samples.

Sodium adsorption ratio (SAR)

Excess sodium in waters produces the undesirable
effects of changing soil properties and reducing soil
permeability (Kelly, 1951). Hence, the assessment of
sodium concentration is necessary while considering
the suitability for irrigation. The degree to which ir-
rigation water tends to enter into cation-exchange re-
actions in soil can be indicated by the sodium adsorp-
tion ratio (U.S. Salinity Laboratory, 1954). Sodium
replacing adsorbed calcium and magnesium is a haz-
ard as it causes damage to the soil structure. It
becomes compact and impervious. SAR is an im-
portant parameter for the determination of the suit-
ability of irrigation water because it is responsible
for the sodium hazard (Todd, 1980). The waters
were classified in relation to irrigation based on the
ranges of SAR values (Richards, 1954). According to
Richard’s classification all the samples of the study
area have been classified as excellent for irrigation.
SAR values of the water samples in the virgin area
vary from 0.38 to 1.67 and in the mine area from
1.20 to 2.18.

Integrated effect of EC and SAR

The SAR and EC values of water samples of the
study area were plotted in the graphical diagram
of irrigated water (U.S. Salinity Laboratory, 1954)
(Figure 2). The entire water samples of the mine
area fall into C3S1 (high salinity with low sodium),
and among the 30 water samples from the surround-
ing virgin areas, 5 samples fall into C2S1 (medium
salinity with low sodium) and the remaining samples
fall into C3S1 (high salinity with low sodium). The
waters are satisfactory for irrigation use in almost

208



NAGARAJU, SURESH, KILLHAM, HUDSON-EDWARDS

all soil types. All these waters are being used for
irrigation, as they facilitate good soil drainage.

Percent sodium

Sodium concentration is important in classifying ir-
rigation water because sodium reacts with soil to re-
duce its permeability. Soils containing a large pro-
portion of sodium with carbonate as the predomi-
nant anion are termed alkali soils; those with chloride
or sulphate as the predominant anion are saline soils.
The role of sodium in the classification of groundwa-
ter for irrigation was emphasised because of the fact
that sodium reacts with soil and as a result clogging
of particles takes place, thereby reducing the perme-
ability (Todd, 1980; Domenico and Schwartz, 1990).
Percent sodium in water is a parameter computed to
evaluate the suitability for irrigation (Wilcox, 1948).
The percent sodium values of the mine area samples
vary from 25.30 to 39.78 and in the virgin area it
ranges from 7.70 to 41.80.

Percent sodium is plotted against conductivity,

which is designated as a Wilcox diagram (Figure 3).
From this figure, it is clear that 20 mine samples
and most virgin area samples fall into the category
of ‘Good to permissible’, while 5 virgin area samples
fall into the category of ‘Excellent to good’.

Potential salinity

This is defined as the chloride concentration plus
half of the sulphate concentration. Doneen (1954)
pointed out that the suitability of water for irriga-
tion is not dependent on the concentration of soluble
salts. Doneen (1962) is of the opinion that the low
solubility salts precipitate in the soil and accumulate
with each successive irrigation, whereas the concen-
tration of highly soluble salts increases the salinity of
the soil. The potential salinity of the water samples
ranges from 4.06 to 9.60 in the mine area and in the
adjacent area it varies from 1.47 to 7.82. This huge
amount of potential salinity is due to the presence of
sulphates, which are derived from the ore mineral,
i.e. barites.
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Residual sodium carbonate

In addition to total dissolved solids, the relative
abundance of sodium with respect to alkaline earths
and boron, and the quantity of bicarbonate and car-
bonate in excess of alkaline earths also influence the
suitability of water for irrigation. This excess is de-
noted by ‘Residual sodium carbonate’ (RSC) and is
determined as suggested by Richards (1954).

The water with high RSC has high pH and land
irrigated by such waters becomes infertile owing to
deposition of sodium carbonate as known from the
black colour of the soil (Eaton, 1950). According to
the U.S. Salinity Laboratory (1954), an RSC value

less than 1.25 meq/l is safe for irrigation, a value be-
tween 1.25 and 2.5 meq/l is of marginal quality and
a value more than 2.5 meq/l is unsuitable for irriga-
tion. In the present study, the waters in both virgin
areas and the mine show RSC values of -11.06 to 1.35
meq/l, which includes both the safe and marginal
quality categories for irrigation. Further, continued
usage of high residual sodium carbonate waters af-
fects crop yields.

Permeability Index (PI)

The soil permeability is affected by long-term use of
irrigation water. Sodium, calcium, magnesium and
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bicarbonate content of the soil influence it. Doneen
(1964) evolved a criterion for assessing the suitability
of water for irrigation based on a permeability index
(P.I.) where

P.I. =
Na +

√
HCO3

(Ca + Mg + Na)
× 100

Accordingly, waters can be classified as Class I,
Class II, and Class III orders. Class I and Class
II waters are categorised as good for irrigation with
75% or more of maximum permeability. Class III
waters are unsuitable with 25% of maximum per-
meability. Accordingly, all the samples fall into the
Class I category of Doneen’s chart. In the present
study, P.I. values vary from 29.29 to 48.40 in the
mining area samples and from 26 to 61.80 in the vir-
gin area samples. These values are more pronounced
in the virgin area than in the mining area samples.

Indices of base exchange (IBE)

Control of the dissolution of undesirable constituents
in waters is impossible during the subsurface run off
but it is essential to know the various changes un-
dergone by waters during the travel (Pojasek, 1977;
Johnson, 1979). The ion exchange between the
groundwater and its host environment during resi-
dence or travel can be understood by studying the
chloro-alkaline indices. To know the direction of ex-
change during the path of groundwater through the
aquifer, Schoeller (1965, 1977) suggested 2 chloro-
alkaline indices CaI1 and CaI2 to indicate the ex-
change of ions between groundwater and its host
environment. This is positive when there is an ex-
change of Na and K from the water with Mg and
Ca of the rocks, and is negative when there is an ex-
change of Mg and Ca of the waters with Na and K
of the rocks.

In the present study, CaI1 values range from -
0.51 to -0.09 in mine area samples and from -0.91 to
0.49 in virgin area samples. CaI2 values vary from
-0.16 to -0.05 in mine area and from -0.23 to 0.36
in the adjacent area samples. In the study area, all
the samples in the mining area fall into the category
of negative zones, while some samples fall into posi-
tive zones in the virgin area. This indicates that in
some water samples in the virgin area, the exchange
of Na and K from the water with Mg and Ca of the
dolomitic rocks is taking place.

Kelly’s ratio

Based on Kelly’s ratio waters are classified for irri-
gation. Sodium measured against calcium and mag-
nesium was considered by Kelly (1940) and Paliwal
(1967) to calculate this parameter. A Kelly’s ratio
of more than one indicates an excess level of sodium
in waters. Therefore, waters with a Kelly’s ratio less
than one are suitable for irrigation, while those with
a ratio more than one are unsuitable. Kelly’s ratio
in the present study varies from 0.06 to 0.49 in the
virgin area and from 0.25 to 0.55 in mining area sam-
ples. Therefore, according to Kelly’s ratio, all of the
water samples are suitable for irrigation.

Magnesium ratio

Generally, calcium and magnesium maintain a state
of equilibrium in most waters. In equilibrium more
Mg in waters will adversely affect crop yields. As the
rocks of the study area consist of dolomites, it is ob-
served that most waters contain more Mg than Ca.
In the present study 98% of samples contain a Mg
ratio more than 50%. This would adversely affect
the crop yield as the soils become more alkaline. In
the present study, the ‘Magnesium ratio’ values vary
from 14.99 to 95.81 in the mining area samples and
from 61.74 to 93.66 in the virgin area samples. These
high values are because of the presence of dolomite
in these areas.

Gibbs ratio

Gibbs (1970) proposed a diagram to understand
the relationship of the chemical components of
waters from their respective aquifer lithologies.
Viswanathaiah et al. (1978) emphasised the mech-
anism of controlling the chemistry of groundwa-
ter of Karnataka. Further, Ramesam and Barua
(1973) carried out similar research work in the north-
western regions of India. Three distinct fields,
namely precipitation dominance, evaporation dom-
inance, and rock dominance areas, are shown in the
Gibbs diagram (Figure 4).

The Gibbs ratios are calculated with the formulae
given below.

Gibbs Ratio I (for anion) = Cl/(Cl+HCO3)
Gibbs Ratio II (for cation) = Na+K/(Na+K+Ca)

where all ions are expressed in meq/l.
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Figure 4. Mechanism controlling the quality of groundwater (after Gibbs, 1970).

Gibbs ratios for the study area samples are plot-
ted against their respective total dissolved solids as
shown in Figure 4 to know whether the ground wa-
ter chemistry is due to rock dominance, evapora-
tion dominance or precipitation dominance. In the
present study, Gibbs ratio values for adjacent virgin
and mine area samples are shown in Tables 2 and
3. It is observed from the diagrams that both vir-
gin and mining area samples fall into the rock dom-
inance area, indicating the interaction between rock
and water in the subsurface.

Graphical methods of representing analyses

Piper diagram Collins (1923) first proposed a graph-
ical method of representation of chemical analy-
sis. The method was later modified by Piper
(1944, 1953), based on the concentration of domi-
nant cations and anions, and a trilinear diagram was
proposed to show the percentages at milli equivalents
per litre of cations and anions in water samples. The
Piper diagram was modified by Davis and Dewiest
(1967). The trilinear diagrams of Piper are very
useful in bringing out chemical relationships among
groundwaters in more definite terms (Walton, 1970).
This is useful to understand the total chemical char-
acter of water samples in terms of cation-anion pairs.
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Table 3. Minimum, maximum and average values of different constituents of water samples.

Sl.
No. Constituents Min Max Mean SD SE ‘r’ value

1 Silica (SiO2) (mg/l) 3 8 5.45 1.28 0.29 -0.62

2 Calcium (Ca) (mg/l) 7 50 28.70 12.31 2.75 -0.29
(4) (24) (7.67) (4.53) (0.82) (-0.31)

3 Magnesium (Mg) (mg/l) 72 139 98.45 16.17 3.61 0.46
(43) (224) (110.27) (48.70) (8.89) (0.15)

4 Sodium (Na) (mg/l) 54 100 80.85 11.82 2.64 0.29
(26) (81) (44.73) (16.36) (2.99) (-0.24)

5 Potassium (K) (mg/l) 22 61 44.70 8.36 1.87 0.05
(21) (53) (38.17) (9.04) (1.65) (-0.71)

6 Bicarbonate (HCO3) (mg/l) 148 230 169.35 21.04 4.70 0.13
(262) (1100) (593.33) (205.50) (37.52) (-0.03)

7 Carbonate (CO3) (mg/l) 4 23 8.25 4.79 1.07 -0.02
(10) (45) (26.11) (11.11) (2.03) 0.75

8 Sulphate (SO4) (mg/l) 211 589 362.15 97.53 21.81 0.42
(1) (20) (6.09) (5.54) (1.01) (-0.02)

9 Chloride (Cl) (mg/l) 98 172 127.55 16.70 3.73 0.30
(52) (276) (120.70) (54.90) (10.02) (-0.05)

10 Total dissolved solids (mg/l) 655 1112 839.25 115.60 25.85 -0.38
(413) (1007) (686.93) (154.61) (28.23) (-0.07)

11 Hardness as CaCO3(mg/l) 386 686 476.60 85.19 19.05 -0.46
(253) (984) (538.63) (187.96) (34.32) (0.09)

12 Alkalinity as CaCO3(mg/l) 133 242 157.45 30.10 6.73 0.16
(198) (953) (510.97) (165.14) (30.15) (-0.04)

13 Non-carbonate hardness (mg/l) 162.30 531.55 319.15 95.17 21.28 -0.47
(-67.70) (154.30) (27.68) (60.37) (11.02) (0.39)

14 Specific conductance (µmhos/cm) 1020 1740 1312.55 181.95 40.68 -0.38
(646) (1573) (1073.60) (241.17) (44.03) (-0.06)

15 pH 7.34 8.17 7.67 0.33 0.07 0.88
(6.84) (7.84) (7.28) (0.26) (0.05) (-0.47)

16 Sodium adsorption ratio (SAR) 1.20 2.18 1.62 0.27 0.06 0.45
(0.38) (1.67) (0.90) (0.39) (0.07) (-0.19)

17 Percent sodium 25.3 39.78 33.05 3.81 0.85 0.54
(7.70) (41.80) (23.04) (9.31) (1.70) (-0.26)

18 Potential salinity 4.06 9.60 7.19 1.30 0.29 -0.29
(1.47) (7.82) (3.33) (1.55) (0.28) (0.02)

19 Residual sodium carbonate -11.06 -3.25 -6.41 1.97 0.44 0.23
(-3.35) (1.35) (-0.60) (1.31) (0.24) (-0.33)

20 Permeability Index 29.29 48.40 40.21 5.10 1.14 0.51
(26) (61.80) (41.42) (10.54) (1.92) (-0.16)

21 Chloroalkaline indices 1 -0.51 -0.09 0.12 -0.30 -0.06 0.10
(-0.91) (0.49) (-0.01) (0.40) (0.07) (0.43)

22 Chloroalkaline indices 2 -0.16 -0.05 -0.10 0.02 0.01 -0.11
(-0.23) (0.36) (0.02) (0.13) (0.02) (0.22)

23 Kelley’s ratio 0.25 0.55 0.37 0.07 0.02 0.23
(0.06) (0.49) (0.22) (0.12) (0.02) (-0.10)

24 Magnesium ratio 14.99 95.81 81.54 16.13 3.61 -0.01
(61.74) (93.66) (81.16) (10.29) (1.88) (0.23)

25 Gibbs ratio I 0.42 0.62 0.56 0.05 0.01 0.11
(0.09) (0.48) (0.27) (0.09) (0.02) (-0.02)

26 Gibbs ratio II 0.64 0.92 0.77 0.08 0.02 0.29
(0.38) (0.79) (0.63) (0.08) (0.01) (0.02)

Values in parentheses are virgin area water samples; Values outside parenthesis are mine area water samples
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The Piper diagram (Figure 5) consisting of 2 tri-
angular and 1 intervening diamond-shaped field. All
3 sides of the 2 triangular fields and the 4 sides of the
diamond-shaped field are divided into 100 parts. The
percentage reacting values at the 3 cation groups—
Ca, Mg and (Na+K)—are plotted as a single point
in the left triangular field and the 3 anion groups—
(HCO3+CO3), SO4 and Cl—similarly on the right
triangular field. The 2 points in each triangular field
show the relative concentration of several dissolved
constituents of the water sample. Later a third point
is plotted in the central diamond-shaped field after
computing percentage reacting values for anions and
cations separately. This field shows the complete
chemical character of the water samples that gives
the relative composition of groundwater about the
cation-anion point. These 3 fields reflect the chem-
ical character of groundwater according to the rela-
tive concentration of its constituent but not accord-
ing to the absolute concentrations.

Later Piper (1953) classified the diamond-shaped
field of the trilinear diagram into 9 areas to know

quickly the quality of water and they are given be-
low.

Area-1: Alkaline earth’s (Ca+Mg) exceeds alka-
lies (Na+K) (includes areas 5, 6 and 9a)

Area-2: Alkalies exceed alkaline earth’s (in-
cludes areas 7, 8 and 9b)

Area-3: Weak acids (CO3+HCO3) exceed
strong acids (SO4+Cl+F) (includes areas 5, 8 and
9b)

Area-4: Strong acids exceed weak acids (in-
cludes areas 6, 7 and 9a)

Area-5: Carbonate hardness (secondary alkalin-
ity) exceeds 50%.

Area-6: Non-carbonate hardness (secondary
salinity) exceeds 50%

Area-7: Non-carbonate alkali (primary salinity)
exceeds 50%

Area-8: Carbonate alkali (primary alkalinity)
exceeds 50%

Area-9: None of the cation and anion pairs ex-
ceed 50%

8
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g

SO
4
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l
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Ca 
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M
g

5 7
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Figure 5. Piper diagram for representing the analysis of groundwater quality.
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In the present study, it is noted that all the sam-
ples of both virgin mining area fall under area-1, no
samples fall under area-2; all virgin area samples fall
under area-3; all samples from the mine area come
under area-4; all virgin samples falls under area-5;
4 samples from the mine area fall under area-6; 16
samples from mine area fall under area-9; and no
samples fall under area-8.

Conclusions

1. The water samples in the virgin area show
enrichment of magnesium and calcium among
cations and of bicarbonate among anions. Geo-
chemically the behaviour of magnesium is dif-
ferent from that of calcium. Magnesium ions
are smaller than Na or Ca ions and therefore
have a stronger change density and greater at-
traction for water molecules. This enrichment
is due to the dissolution of mineral dolomite
[(Mg, Ca) CO3]. Generally, the concentration
of magnesium in waters ranges from 72 to 139
mg/l in the mining area and from 43 to 224
mg/l in the virgin area samples. The desirable
range for drinking is 30-100 ppm (Indian Stan-
dards Institution, 1991).

2. Sulphate is predominant in the waters of the

mining area and this enrichment of sulphate in
mine waters is due to barite (BaSO4).

3. Quartz (the crystalline form of silica) and the
feldspars, amphiboles, pyroxenes and mica (the
silicate minerals) are the chief sources of silica
in groundwater. When the water is fresh, sil-
ica comes next in abundance to bicarbonate,
but at higher concentrations the silica content
is usually less than that of sodium, bicarbon-
ate, sulphate and chloride. Silica in the present
study area varies between 4 and 24 ppm in the
virgin area samples and between 3 and 8 ppm
in the mining area water samples.

The minerals are responsible for the release of the
above-mentioned elements predominantly in large
amounts. These cations are solubilised and removed
by leaching, leaving a residue deprived of its easily
soluble bases. Based on concentration of TDS, about
92% of the samples are within the permissible limit
both for drinking and irrigation, while 8% are use-
ful only for irrigation but not for drinking. Although
soluble salts of barium are regarded as extremely poi-
sonous to higher animals, barite (barium sulphate) is
only slightly soluble in water (approximately 2 mg/l)
(Thomas and Gary, 1992).
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