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ABSTRACT 

Present study was undertaken in Ziarat Valley, Baluchistan to investigate recent trends of 

groundwater chemistry (geochemical facies, geochemical evolution) and assess the 

groundwater quality for drinking and irrigation purposes. For this purpose samples of 

groundwater (open wells, tubewells, karezes, springs) were periodically collected from 

different locations and analyzed for dissolved chemical constituents such as sodium, 

potassium, magnesium, calcium, carbonate, bicarbonate, chloride and sulphate. The data 

indicated that concentrations of sodium, potassium, calcium and magnesium vary from 5 to 

113, 0.3 to 3, 18 to 62 and 27 to 85 mg/1 respectively. Values of anions i. e. bicarbonate, 

chloride and sulphate lie in the range of 184 to 418, 14 to 77 and 8 to 318 mg/1 respectively. 

Hydrogeochemical facies revealed that groundwater in the study area belongs to Mg-HCC^ 

type at 72% surveyed locations. Dissolution and calcite precipitation were found to be the 

main processes controlling the groundwater chemistry. Chemical quality was assessed for 

drinking use by comparing with WHO, Indian and proposed national standards, and for 

irrigation use using empirical indices such as SAR and RSC. The results show that 

groundwater is quite suitable for irrigation and drinking purposes. 
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IIYDROGEOCHEMICAL INVESTIGATIONS OF GROUNDWATER IN 

ZIARAT VALLEY, BALOCHISTAN 

1. INTRODUCTION 

Water falling on the surface of the continents as rain infiltrates the soil and some 

of it may trickle down the soil into subsurface environment. During this movement, it 

comes into contact with substances that react with it and, as a result, alter its 

composition. In the subsurface environment, water interacts with rocks containing 

various minerals and these minerals are dissolved to varying extent (chemical 

weathering). The chemistry of groundwater evolves according to the available minerals 

and equilibrium conditions [1, 2]. Total chemistry of groundwater at a particular space 

and time is the result of continued action of dissolution, ion exchange and precipitation 

processes. During the movement of groundwater, total salinity increases with time but 

one or more ions may be disappearing from the solution by ion exchange or by 

precipitation where saturation conditions are reached for that particular ion. 

Identification of hydrogeochemical facies of groundwater and the processes controlling 

its chemistry is necessary for the sustainable development of groundwater resources [3]. 

Chemical quality of drinking water is very important as it affects the human 

health. Elevated concentrations of various dissolved chemical constituents have 

significant health hazards [ 4 - 6 ] , 

Ziarat Valley is a part of Ziarat District, Baluchistan. Agriculture is the major 

source of income and employment in the area. Karezes have been in operation for 

irrigation purposes and domestic use since long time. To meet the increasing demand for 

water, tube wells have also been installed. Population depends mainly on groundwater 

(wells, karezes and springs) for water supply. 

Present study was undertaken in order to gain insight into various aspects of 

groundwater chemistry such as chemical facies of groundwater, its geochemical 

evolution and the processes controlling its chemistry. Evaluation of chemical quality of 

groundwater for drinking and agricultural uses was another major objective. 
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2. CLIMATE 

This area lies in an arid region of Baluchistan. The annual precipitation is very 

low and the evaporation rate is very high. According to the rainfall record of the 

Meteorological Observatory at Ziarat, the mean annual precipitation is 356 mm [7]. The 

wettest months are July and August while significant amount of rain also falls during 

January to April. Summers in Ziarat Valley are pleasant while winters are extremely 

cold. The summer season lasts from May to August. The pleasant weather during this 

season makes the area a summer hill station. It starts getting cold in September and is 

extremely cold during November - March. In winter, it gets a good amount of snowfall 

and the temperature often falls well below zero degree Celsius. 

3. GEOLOGY 

Ziarat Valley is a part of Nari River Basin. The formation of the valley is built by 

deposition of fissured, disintegrated and fragmented rocks transported by water and also 

contains layers of gravel, deposits of different grades of sand and clay lenses. Due to 

high gravel content, the land seems to be highly permeable and its surface slope is 

generally steep. The rocks of Ziarat area have been deposited in the Lower Indus Basin 

during Jurassic, Cretaceous, Tertiary and Quaternary period [8]. 

The Jurassic formations are mainly represented by limestone, shale, mudstone, 

marl and sandstone with subordinate dolomite, sandy and ferruginous rocks. The rocks 

deposited during Cretaceous are differentiated as Parh Group and Mughal Kot 

Formation. The Parh Group mainly consists of limestone which lithologically bears its 

unique distinction (porcellaneous nature and concoidal fracture). Mughal Kot Formation 

comprises dark grey calcareous mudstone and calcareous shale. A thick sequence of 

Tertiary rocks has also deposited in the study area. Tertiarics have been recognized as 

Dungan, Ghazij, Kirthar, Nagri and Dhok Pathan Formations. Paleoccne rocks 

represented by Dungan Formation are wide spread and cover maximum part of the 

project area. This formation dominantly consists of nodular to massive limestone with 

subordinate shale, marl, sandstone and dolomite. Eocene rocks of the area have been 

described under Ghazij and Kirthar Formations. Their lithology consists dominantly of 
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shale with subordinate clay stone, sandstone, limestone, conglomerate, alabaster and coal 

that becomes abundant locally. The rocks of Oligocene period are missing in the area. 

Nagri Formation represents Miocene rocks and consists of sandstone with subordinate 

clay and conglomerate. The conglomerates beds have highly varied thickness 

composition in different areas. Dhok Pathan Formation is typically represented by cyclic 

alternations of sandstone and clay beds. 

Terrace gravel and fan deposits of Quaternary are found deposited near Ziarat and 

in the syncline extending northwest and southeast. Lithological logs of three boreholes 

drilled by Water and Power Development Authority show that area is underlain by 

alluvium containing gravel and boulders along with some sand and reddish silty clay up 

to the depth from 8 to 14 m. Bed rock of fractured limestone is found below the alluvium 

up to the maximum drilled depth of 205 m. A layer of shale of light grey colour, 4.3 m 

thick with minor pieccs of limestone was also encountered in the well drilled in Ziarat 

Town [8,9]. 

4. MATERIALS AND METHODS 

4.1 Sample Collection 

In the Ziarat Valley, the groundwater is exploited by dug wells, tube wells and 

karezes etc. Springs are also available at few locations. Samples were collected from all 

these sources on periodical basis during 1997-98. Location of sampling points is shown 

in Fig. 1. Important physico-chemical parameters like pH and electrical conductivity 

(EC) were measured in-situ using portable pH and EC meters. From each sampling point, 

separate samples for anions and cations were collected in pre-cleaned polyethylene 

bottles. Filtration and acidification of samples was carried out in the field when required. 

4.2 Analysis 

All the plastic and glassware was thoroughly cleaned and subsequently rinsed 

with distilled and deionized water. The solutions were prepared with distilled and 

deionized water. All chemicals were of analytical grade supplied by E. Merck or BDH. 
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Unacidified sample taken from each location was analyzed for anions such as 

carbonate, bicarbonate, chloride and sulphate using standard analytical methods [10]. 

Carbonate and bicarbonate were analyzed by titration against 0.02 N sulphuric acid. 

Chloride concentrations were determined by ion selective electrode using Orion 

Research Microprocessor Ionalyzer/901. Turbidimetric method was employed for 

sulphate analysis and samples were measured on Hitachi Model 220 A 

Spectrophotometer. 

Analysis was performed on the acidified sample for determination of sodium, 

potassium, calcium and magnesium concentrations using flame atomic absorption 

spectrophotometric method. Samples were diluted in different ratios depending upon the 

constituent under study. The instrument used was Hitachi Model 180-80 Polarized 

Zeeman Atomic Absorption Spectrophotometer. The operating parameters are given 

below. 

Constituent Wavelength Slit Flame 

Ca 422.7nm 2.6 nm Air-acetylene 

K 248.3 nm 2.6 nm Air-acetylene 

Mg 766.5 nm 2.6 nm Air-acetylene 

Na 589.0 nm 0.4 nm Air-acetylene 

5. RESULTS AND DISCUSSION 

All the water samples collected from each station were analyzed for chemical 

concentrations as mentioned above. However, mean data (Table 1) have been used to 

investigate various aspects of groundwater chemistry and quality and are discussed in the 

following sections. 

5.1 Chemical Characteristics of Groundwater 

The data indicate that EC values of groundwater (karezes, wells and springs) 
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range from 434 to 1717 ^S/cm. Concentrations of sodium, potassium, calcium and 

magnesium vary from 5 to 142, 0.3 to 8.3, 16 to 42 and 27 to 85 mg/1 respectively. Mean 

values for these four parameters are 38, 1.2, 8, 27 and 44 mg/1 respectively. Bicarbonate 

value of groundwater lies in the range of 166 to 357 mg/1 with mean value of 263 mg/1. 

Chloride and sulphate concentrations show variation from 14 to 85 mg/1 (mean = 31 

mg/1) and 8 to 300 mg/1 (mean = 78 mg/1). Total dissolved solids (TDS) of groundwater 

(karezes, wells and tubewells) vary from 296 to 928 mg/1. 

Chemical composition of kareze and well/spring water in Ziarat Valley is 

individually summarized in Table 2. It can be seen from the Table that water in the 

karezes has TDS ranging from 296 to 549 mg/1 (mean = 391 mg/1) while that in wells 

and springs has TDS values from 321 to 928 mg/1 (mean = 517 mg/1). The kareze water 

has low dissolved concentration of all the parameters as compared to the water collected 

from open wells, tubewells and springs. 

5.2 Hydrogeochemical Facies of Groundwater 

Hydrogeochemical facies were identified on the basis of equivalent 

concentrations (meq/1). Percentage of each cation as a function of total cations 

concentrations and each anion as a function of total anions concentration were 

calculated. It was observed that Mg is the dominant cation in all the groundwater 

samples and calcium is the second abundant specie (based on equivalent concentrations). 

In case of anions, bicarbonate shows the dominant character in all the samples except 

one which is of mixed type in terms of anions. Mean concentrations of major cations and 

anions measured during this study are plotted in Multi Rectangular Diagram, MRD (Fig. 

2) which illustrates various groundwater types. As K concentration in groundwater is 

very low as compared to other cations, so it is lumped with Na. It can be seen from the 

figure that magnesium bicarbonate is the most common water type. Groundwater at 18 

out of 25 surveyed locations (72%) falls into this category while magnesium sulphate 

and sodium bicarbonate types are found at 2 locations each. Mixed type of waters, where 

no single cation or anion shows dominant concentration, are found at only three locations 

(Mg-Ca-HC03 type at 2 locations and Mg-Na-HC03-S04 type at one location). However, 

in these mixed type of waters, Mg has more concentration as compared to other cations. 

5 



5.3 Geochemical Evolution of Groundwater 

In order to ascertain the geochemical evolution of groundwater, concentrations of 

various ions as a function of total dissolved ions concentration (TDIC) were studied [11]. 

The data has been plotted in Fig. 3 - 9. It is evident from Fig. 3 that Ca increases with the 

increase in TDIC upto TDIC value of 15 meq/1. This represents a dissolution process. 

Beyond this TDIC value, groundwater samples show depressed Ca concentrations. In 

case of magnesium, a significant positive correlation between the two parameters can be 

seen clearly over the entire TDIC range which points to a strong lithological source of 

groundwater magnesium concentrations. Potassium concentrations are very low which is 

usual in natural groundwater systems [3]. Sodium concentrations also show positive 

trend but it is not very strong. Fig. 7 reveals that bicarbonate and total dissolved ion 

concentrations increase correspondingly upto TDIC value of about 14 meq/1. Beyond this 

there is no corresponding increase in bicarbonate concentrations. On the contrary, high 

salinity waters show a negative trend. This behavior is similar to that of calcium which 

implies that chemistry of these two parameters in groundwater is controlled by the same 

process. Sulphate and chloride maintain a significant linear relationship with 1 DIC over 

the entire data range. The prominent feature depicted by these figures is the depressed 

calcium and bicarbonate values beyond a certain TDIC range (Fig. 3, 7). 

As discussed under Geology (Section 3), major deposition in the area is limestone 

(a rock consisting chiefly of calcite, CaC03) with subordinate dolomite (CaMg(C03)2)-

Dissolution of these minerals increases the concentrations of Ca, Mg and IICO3 in the 

water. 

H 2 0 + C 0 2 • H2CO3 

H2CO3 + C a C 0 3 • Ca2+ + 2 H C 0 3 

2 H 2 C 0 3 + CaMg(C03)2 • Ca2+ + Mg2+ + 4 H C 0 3 

As both the minerals contain calcium, the interacting water becomes saturated with Ca 

and calcite starts precipitating, common ion effect. Removal of calcium and bicarbonate 

is also proved by the relationship of calcium and bicarbonate (%) with total dissolved 

cations and anions respectively (Fig. 10 and 11). A negative relationship is observed for 

both the parameters proving that they are removed from the solution with the increase in 
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salt contents. On the other hand, dolomite continues to dissolve incongruently and 

magnesium concentration tends to increase. In this way, the groundwater acquires the 

magnesium bicarbonate character. Conditions under which direct precipitation of Mg 

from solution occurs are not commonly found in natural water environments [2, 3, 12]. 

Most of the water samples from Ziarat Valley have Na/CI equivalent ratios 

around 1 which indicates a limited contribution to water chemistry from feldspar 

weathering or ion exchange process [13]. 

5.4 Evaluation of Groundwater Quality 

Chemical quality of groundwater was evaluated for drinking and irrigation 

purposes. 

5.4.1 Drinking use 

The basic purpose of making guidelines or standards is to provide safe drinking 

water to all the citizens. The World Health Organization (WHO) has provided guidelines 

for drinking water, which are advisory in nature, and are based on scientific research and 

epidemiological findings. The values of various water quality parameters recommended 

by WHO are the general guidelines. That is why, different countries have established 

their own water quality standards to meet their national priorities taking into account 

their economic, technical, social, cultural, and political requirements. Pakistan Council of 

Research in Water Resources (PCRWR) and Pakistan Standard Institution (PSI) have 

also drafted drinking water quality standards, however, the enforcement of these 

standards is still pending. In the present, study groundwater quality for drinking purpose 

was evaluated by comparing with WHO, Indian and proposed national standards [6], 

Evaluated water quality parameters were calcium, magnesium, sodium, potassium, 

sulphate, chloride and hardness. 

(b) Calcium 

Calcium in drinking water has been associated with cardiovascular diseases, 

certain nervous system defects, prenatal mortality and various types of cancer High Ca 
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concentrations (hardness) in water may lead to formation of solid scales in pipes, 

encrustation of kitchen utensils and increased soap consumption. Table 3 shows that all 

the samples from the study area have Ca concentrations below the highest desirable level 

(HDL) specified by all three criteria (WHO, Indian and National). 

(b) Magnesium 

Ca and Mg may be considered as having similar effects as in their contribution 

towards water hardness. The hazards of hardness can be seen under Ca. It is also 

associated with stomach disturbances. Data shows that concentration of Mg in 20% 

groundwater samples is more than HDL (50 mg/1) given in WHO and PSI criteria. When 

compared to Indian and PCRWR criteria, norm of good quality water (30 mg/1) is 

exceeded at majority of the surveyed locations. These violations are 88%. However, the 

water samples meet WHO, Indian and National standards without any exception as far 

as Maximum Permissible Level (MPL) is concerned. 

(c) Sodium 

Elevated drinking water levels of Na may cause hypertension. Similarly high Na 

(NaCl) may cause vomiting, muscular twisting, rigidity, etc. Chemical data of 

groundwater obtained in this study reveals that all the samples meet the WHO criteria for 

acceptable quality drinking water (MPL). No limits have been defined for this parameter 

in the remaining criteria (Indian as well as national). 

(d) Potassium 

Some studies have documented the effect of K on the blood pressure. The 

available chemical data shows that groundwater at all the locations is of good quality 

with respect to this parameter according to the WHO criteria. All samples have K 

concentrations several times less than MPL. 

(J) Sulphate 

High levels of sulphate in drinking water cause gastrointestinal disorders in 
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human beings and corrosion in pipes. Evaluation of groundwater quality with respect to 

WHO and national criteria reveals that all the samples except two fulfill the criteria of 

good quality water. These two samples contain 300 mg/1 sulphate which is less than 

MPL given in different criteria. 

(g) Chloride 

Elevated CI concentrations in drinking water have significant health hazards. The 

health hazards of CI when present in the form of NaCl can be seen under Na. Chloride 

has also been reported to be associated with colorectal and bladder cancer in several 

epidemiological studies. It causes corrosion in pipes. None of the samples was found to 

have concentrations more than HDL specified in WHO, Indian and proposed national 

criteria. Hence, it fully meets the norm of good quality water. 

(It) Hardness 

Hardness is a property not attributable to a single constituent. It is the combined 

effect of more than one constituents especially Ca and Mg. Health hazards of this 

parameter can be seen under Ca and Mg. HDL of this important parameter in different 

criteria is set as 200 mg/1. Groundwater samples collected from Ziarat Valley during the 

present study show hardness ranging from 171 to 439 mg/1 of CaC03. Comparison of the 

observed values with the specified HDL in drinking water shows that nineteen out of 

twenty five samples (76%) violate the norms of good quality drinking water. However, 

all the samples comply with the MPL according to WHO, Indian and proposed national 

criteria. 

5.4.2 Irrigation Use 

Chemical quality of groundwater for irrigation use is quite important as poor 

quality irrigation water has significant hazards. A number of empirical indices have been 

established to determine these hazards [1, 3]. Two very important indices used in this 

study are discussed below. 
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(a) Sodium adsorption ratio (SAR) 

The ratio between univalent and bivalent cations in irrigation water is indicated 

by SAR which is defined by: 

SAR - [Na+/{(Ca+2+Mg+2)/2}1/2] (all concentrations in meq/l) (1) 

The degree of suitability of water is inversely proportional to its SAR. With a 

higher value of SAR, sodium replaces calcium and magnesium in the soil colloids which 

destroys the soil structure as it becomes compact and impervious. Acceptable value of 

SAR in irrigation water is upto 10. The groundwater in the study area has SAR values 

ranging from 0.18 to 2.4. This implies that groundwater in the karezes and wells are of 

very good quality and has no sodium hazard at all. It can be used for irrigating for all 

types of soils. 

(b) Residual sodium carbonate (RSC) 

To quantify the complications caused by carbonate precipitation or dissolution, 

an empirical parameter called RSC is used. This parameter is given by: 

RSC = {(CO3+HCO3) - (Ca+Mg)} (all concentrations in meq/l) (2) 

Waters having RSC less than 1.25 are safe for irrigation use, those having RSC 

from 1.25 to 2.5 are marginal and the waters having RSC more than 2.5 are not suited for 

this use. RSC values of groundwater encountered in the present study at different 

locations was always found to be less than 1.25. Hence, groundwater at all the surveyed 

locations is quite safe for irrigation use. 

6. CONCLUSIONS 

Distribution of various chemical constituents in groundwater shows that the 

groundwater in the area generally belongs to Mg-HC03 type. Groundwater shows 

relatively simple geochemical evolution from calcium bicarbonate to magnesium 

bicarbonate through dissolution of calcium and magnesium containing minerals. With 
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the increase in dissolved salts, calcite is removed from the solution and the groundwater 

evolves to magnesium bicarbonate type. Hence, dissolution and calcite precipitation are 

the main processes controlling the groundwater chemistry. Ion exchange process 

appeared insignificant in this case. Assessment of water quality for drinking purpose 

indicates that at most of the surveyed locations, groundwater has low dissolved chemical 

load and is safe for drinking. Groundwater is quite suitable for irrigation use. 
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Table 1. Mean chemical data of groundwater in Ziarat Valley (1997-98) 

Sample 
Code 

Station HCO3 

(mg/1) 
CI 

(mg/1) 
S0 4 

(mg/1) 

Na 
(mg/I) 

K 
(mg/1) 

Ca 
(mg/1) 

M g 
(mg/1) 

2 Well No. 1 d/stm Vouch 
Ghoski Damdam 357 26 113 53 2.30 40 49 

3 Well no.2 Ziarat valley 332 35 73 46 1.88 43 39 

4 Well no.3 Ziarat valley 289 52 51 49 0.98 29 50 

5 Well no.4 behind Agr. Office 320 40 31 26 1.28 33 47 

6 Sandeman tangi 213 26 51 20 0.59 27 33 

10 Old Pechi kareze 244 20 24 17 0.68 21 36 

11 New Pechi kareze 240 21 28 16 0.64 18 38 

12 New Pechi well 213 21 39 12 0.56 16 31 

13 Chinah Kareze 241 19 28 10 0.46 21 32 

.14 Chinah open well 294 23 39 16 0.58 26 45 

15 Nomind Kareze 265 27 68 26 0.64 21 50 

16 Nomind well 273 27 58 25 0.73 21 51 

17 Ziarat w.s.t.well 232 17 35 10 0.47 27 31 

18 Qaid spring 235 14 8 6 0.27 29 28 

19 Choori kareze 199 14 25 5 0.26 23 29 

21 Mana open well 184 14 70 17 0.41 29 27 

22 Kuz kareze open well 330 28 64 27 0.77 25 45 

23 Zandara kareze 225 18 34 21 0.38 22 40 

25 Open well D/S 352 63 300 105 1.21 20 82 

26 Kuch open well 310 85 300 113 1.56 35 85 

28 Faran Tangi 215 19 19 9.75 0.29 18 41 

29 Killi Khar boz open well 166 29 126 39 8.26 38 41 

30 Spring Kan Banglow 355 58 193 142 0.92 23 57 

32 Bandat Jungle kareze 219 41 120 90 0.68 40 39 
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Table 2. Summary of chemical composition of groundwater (karezes, wells & springs) 

Parameter Concentration in kareze water Concentration in well/spring water Parameter 

Minimum Maximum Mean Minimum Maximum Mean 

Na (mg/1) 5 90 26 6 142 42 

K (mg/I) 0.3 0.7 0.5 0.3 8 1.4 

Ca (mg/1) 16 40 24 18 43 29 

Mg (mg/1) 27 50 38 29 85 46 

HCOi (mg/1) 199 265 233 166 357 275 

CI (mg/1) 14 41 23 14 85 34 

S04 (mg/1) 24 120 47 8 300 90 
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Table 3. Evaluation of groundwater quality for drinking use 

Parameter Concentration 

in groundwater 
WHO Criteria Indian Criteria Proposed National Criteria Parameter Concentration 

in groundwater 
WHO Criteria Indian Criteria 

PCRWR PSI 
Parameter 

Minimum Maximum HDL MPL HDL MPL HDL MPL HDL MPL 

Ca (mg/1) 18 62 75 200 75 200 75 200 

Mg (mg/1) 27 85 50 150 30 150 30 150 50 150 

Na (mg/1) 5 113 200 

K (mg/1) 0.3 3 12 

S04 (mg/1) 8 318 200 400 200 400 200 400 200 400 

CI (mg/1) 14 77 200 600 200 1000 200 600 200 600 

Hardness (mg/1) 171 439 500 200 600 200 500 200 500 

HDL: Highest Desirable Level MPL: Maximum Permissible Level 
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Fig. 1. Map showing location of sampling points in Ziarat Valley 
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Fig. 2. Chemical composition of groundwater (wells, karezes, springs) in Ziarat Valley 
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Fig. 3. Plot of calcium concentration against TDIC 
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Fig. 4. Plot of magnesium concentration against TDIC 
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Fig. 5. Plot of potassium concentration against TDIC 
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Fig. 6. Plot of sodium concentration against TDIC 
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Fig. 7. Plot of bicarbonate concentration against TDIC 
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Fig. 8. Plot of chloride concentration against TDIC 
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Fig. 9. Plot of sulphate concentration against TDIC 
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Fig. 10. Plot of calcium (%) against total cations 
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Fig. 11. Plot of bicarbonate (%) against total anions 
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