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ABSTRACT 

 
Study of water resources of Ziarat Valley was carried out to investigate groundwater 

recharge mechanism and effectiveness of delay action dams. Samples of precipitation 

(rain, snow), dam reservoirs and groundwater (dug wells, tubewells, karezes, springs) 

were periodically collected from different locations and analyzed for environmental 

isotopes (2H, 3H, 18O, 34S). The data indicate that rainfall and snow samples show wide 

ranges of δ2H and δ18O. However, the mean values for these isotopes are -6.4‰ and -37‰ 

respectively. Mean tritium value of rain is 9TU. δ2H and δ18O values of dam reservoirs 

range from -6.7 to +4.9‰ and –42 to +30‰ respectively. Average isotopic indices of all 

the karezes are close to each other. Mean δ18O and δ2H values of Sandaman Tangi, Faran 

Tangi and Quaid springs vary from -6.3 to -6‰ and -40 to -31‰. Tritium concentration of 

Sandaman Tangi and Faran Tangi springs (7 TU) is less than Quaid spring (11TU). 

Ranges of mean δ18O and δ2H values of all the groundwater samples (wells, karezes, 

springs) are -6.6 to -2.2‰ and -40 to -16‰ respectively. δ34S values of dissolved 

sulphates in groundwater vary from -8.5 to -0.8‰. In δ18O vs. δ2H plot, most of the 

groundwater samples lie close to LMWL indicating the meteoric origin. Reservoir water in 

Pechi Dam shows highly enriched isotopic values in summer due to evaporation. Such 

enriched values are not depicted by the groundwater in the wells and karezes downstream 

of the dam. This implies that there is no significant recharge from this dam. Similar is the 

case of Mana Dam. Vouch Ghouski Dam has some contribution towards groundwater 

recharge while Warchoom Dam is much effective and makes significant contribution. 

Results of tritium dating suggest that residence time of groundwater is quite short (only 

few years).  
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APPRAISAL OF GROUNDWATER RESOURCES OF ZIARAT VALLEY 

USING ISOTOPIC TECHNIQUES 

 

 

1. INTRODUCTION 

Ziarat Valley is a part of Ziarat District, Balochistan. The district is mostly 

mountainous and roughly a rectangular piece of country comprising several valleys. The 

principal valleys are: Kach, Kawas, Ziarat, Zandra, Mangi, Mana, & Gogi Ahmadoon. The 

altitude ranges from 1800 – 3,488 meters. Agriculture is the major source of income and 

employment in the area. Except a small area under wheat, fodder and vegetables, almost 

the entire cropped area of the district is occupied by fruit production; apple and cherry 

being the most prominent. About 3500 hectares have been brought under orchards [1]. 

Almost, the entire cultivated area is irrigated. Karezes have been in operation for irrigation 

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

water, many tube wells have been installed which have lowered the water table so much so 

that flow in the karezes has been adversely affected. As a result, many karezes have gone 

completely dry while the flow of others reduced drastically [2]. In order to combat the 

situation, some storage dams, called delay action dams were constructed on the alluvial 

fans to collect the flow of hill streams, and allow water to percolate and supplement the 

flow in the karezes. The ability of delay action dams to recharge groundwater regime is 

crucially controlled by the rate of silt deposition in the reservoir. As the siltation of dam 

progresses, the percolation of water diminishes and may stop altogether at some later 

stage.  

In Ziarat Valley, few delay action dams have been built for supplementing the flow 

in downstream karezes and recharging the groundwater.  Pechi Dam is one such dam built 

on Ziarat Nala near Ziarat City in 1973 to supplement the flow of four karezes in the 

downstream area (viz. Old Pechi, New Pechi, Chinah and Nommind Karezes located at a 

distance of 0.5 km, 0.8 km, 3 km and 7 km respectively from the dam) being used for 

domestic and irrigation purposes. Height of the dam is 10.1 m and gross storage capacity 

is 0.63x106 m3. The dam has catchment area of 25.6 km2 [2].  Vouch Ghouski Dam, Mana 

Dam and Warchoom Dam are the other dams in the valley.   



Present study was undertaken on the request of Pakistan Council of Research in 

Water Resources. The main objectives of the study were determination of recharge 

mechanism of groundwater and evaluation of delay action dams in the valley with special 

emphasis on Pechi Dam. 

 

2. CLIMATE 

This area lies in an arid region of Balochistan. 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. The 

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

January to April [2]. Most of the precipitation water drains out in the form of flash floods 

and the recharge to groundwater seems to be meager.  

The temperature in Ziarat ranges from -16o to 20oC. 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 deformed into mega-anticlines/synclines. 

Numerous local fold and fault systems have developed in the area. Ziarat Nala itself has 

made its way along a big fault system which ultimately has developed into a valley. The 

rocks of the area have been deposited during Jurassic, Cretaceous, Tertiary and Quaternary 

period [3 - 5].  



 The depositions during Jurassic have been classified into two formations Shirinab 

and Chiltan, respectively. The Jurassic formations are mainly represented by limestone, 

shale, mudstone, marl and sandstone with subordinate dolomite, sandy and ferruginous 

rocks. Shirinab Formation consists of stratified limestone, sometimes inter-bedded with 

richly fossiliferous dark calcareous shale. The overlying Chiltan Formation mainly 

comprises limestone which is typically a massive, thick bedded having dark color.  

 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). Outcrops of 

Parh Group are almost scattered in whole of the study area in the south, north and west of 

Ziarat. Mughal Kot Formation is exposed in the north and northwest of Ziarat. It 

comprises dark grey calcareous mudstone and calcareous shale. Quartzose sandstone and 

light grey argillaceous limestone intercalations are also found. 

 A thick sequence of Tertiary rocks has also deposited in the study area. Tertiaries 

have been recognized as Dungan, Ghazij, Kirthar, Nagri and Dhok Pathan Formations. 

Paleocene 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 limestone conglomerate. Eocene 

rocks of the area have been described under Ghazij and Kirthar Formations. The rocks of 

these formations are locally exposed in different parts of the area. Their lithology consists 

dominantly of shale with subordinate claystone, sandstone, limestone, conglomerate, 

alabaster and coal that becomes abundant locally. 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 of Pliocene is exposed in the south west of the study area. It is typically 

represented by cyclic alternations of sandstone and clay beds. Conglomerate in the form of 

lenses and layers is an essential character of the upper part.  

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

in the syncline extending northwest and southeast. Talus and scree deposits are mainly 

found in the south of the area. Other Quaternary sediments consist of cultivated silts, 

Colluviam deposits and stream deposits. Lithological logs of three boreholes drilled by 

Water and Power Development Authority show that the upstream area of Pechi Dam is 



underlain by alluvium containing gravel and boulders along with some sand and reddish 

silty clay up the varying 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 pieces of limestone was also encountered in the well 

drilled in Ziarat Town [3]. 

 

4. MATERIALS AND METHODS 

Environmental isotopes (stable and radioactive isotopes) of elements of water and 

dissolved salts were used as fingerprints to investigate recharge mechanism and residence 

time of groundwater in the valley. 

 

4.1 Basis of Isotope Technique 

 Environmental stable isotopes of elements of water and dissolved salts such as 18O, 
2H (or D, deuterium) and 34S were used as fingerprints to identify the source of 

groundwater recharge in the valley. Basis of the isotope technique is the variation in their 

abundance in different sources due to fractionation. Fractionation is a process that 

separates the isotopes in physical processes and chemical reactions. Due to different 

thermodynamic properties, molecules with different masses have different rates of 

evaporation, condensation, freezing, melting and diffusion. Chemical fractionation 

occurs due to different bond energies of different isotopic molecules. Heavier 

isotopes prefer higher bond strength than lighter isotopes, so the isotopes may be 

separated in chemical reactions [6, 7]. As a result different sources of water 

recharge are labeled with different isotope signatures. If the isotope content does not 

change within the aquifer, it will reflect the origin of the water. If the isotope content 

changes along the groundwater paths, it will reflect the history of the water. Origin deals 

with location, period and process of recharge. History deals with mixing, salinization and 

discharge processes.  

 Basic source of groundwater recharge in the area is precipitation (i.e. rain and 

snowmelt) directly or indirectly (through streams/dam reservoirs). As the isotopic indices 

of precipitation depend upon height, temperature, humidity, amount of rain etc. so the 



values vary with different locations and seasons. Moreover, the surface waters like in dam 

reservoirs get enriched in heavy isotopes due to evaporation and the slope of δ18O – δD 

line falls between 4 and 6 as compared to slope of about 8 for non-modified meteoric 

water [7]. Due to such isotopic variations, the contribution of dam reservoir to the 

groundwater recharge can be determined.  

After determining the origin and history, it becomes possible to date the 

groundwater by the radioactive isotopes present in water. The time function is provided by 

the radioactive decay of the radioisotope according to the law of radioactivity: 

  t = (T1/2 / In 2) In (Ao / At )      (1) 

where the decay of radioactive atoms of half-life T1/2 decreases its specific concentration 

from Ao to At during time 't' (expressed in the same units as T1/2 ). Thus calculation of 't' 

requires the measurement of At and knowledge of Ao. Tritium (3H) the radioisotope of 

hydrogen that emits low energy beta radiation (Emax = 18 keV) having half-life of 12.32 

years was used to estimate the age/residence time of groundwater in the study area. 

Environmental concentration of tritium in natural water is usually given as an isotope ratio 

in terms of TU (Tritium Unit). One TU has an isotope ratio of 3H/1H = 10-18. 

 

4.2 Sample Collection  

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

karezes etc. Water samples were collected from the dam reservoirs, karezes, wells (in the 

Ziarat Valley and in the downstream of storage dams outside the Ziarat Valley) and 

springs, generally, on monthly basis. 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 stable isotopes (2H, 18O, 34S), tritium (3H), 

anions and cations were collected in pre-cleaned polyethylene bottles. Precipitation 

samples (rain and snow) were collected from two stations i.e. one in the Ziarat Valley and 

other at high altitude. Location of sampling stations is given in Fig. 1.  

 



4.3 Isotope Analyses   

 Water samples were analyzed for environmental stable isotopes (2H, 18O, 34S) by 

gas source mass spectrometers, which do not accept water and other organic or inorganic 

substances for analyses. The sample was first transformed into gas form and then 

introduced into the mass spectrometer. The stable isotopes concentrations are expressed in 

terms of relative concentrations as the difference between the measured ratios of the 

sample and standard. These concentrations are expressed using the delta (δ) notation and 

defined as [6]: 

  1000.1⎥
⎦

⎤
⎢
⎣

⎡
−=

std

x
x R

Rδ        (2) 

Where Rx represents isotope ratio of a sample (2H/1H, 18O/16O, 34S/32S etc.) and Rstd is the 

corresponding ratio in a standard. The sample preparation system for analysis of each 

isotope is different and unique.   

 

(a) Oxygen isotope (18O) 

 For determining the oxygen isotopic composition of water samples, CO2 

equilibration method was used [8]. This method involves equilibration of CO2 with 

sample water and subsequent mass spectrometric determination of "R" - the ratio of 
12C16O18O/12C16O2 obtained by necessary corrections from the masses 46 and 44 in CO2, 

which have isotopically equilibrated with water sample. This is compared with Rstd - the 

isotopic ratio in CO2 equilibrated with internal standard (IS) at identical temperature and 

δ18OIS (per mill deviation from internal standard) is determined. Finally the results are 

quoted against internationally known standard VSMOW (Vienna Standard Mean Ocean 

Water) by converting δ18OIS to δ18OVSMOW. Measurement uncertainty of δ18O is ±0.1‰ 

[9]. 

 

(b) Hydrogen isotope ( 2H ) 

 For analysis of hydrogen isotope ratio (2H/1H) analysis, water samples were first 

reduced to hydrogen gas using zinc reduction method [10-12]. Quantitative reduction of 



water to hydrogen gas was achieved by treating water sample with  zinc shots of 0.5 – 2.0 

mm size under vacuum of the order of 10–4 torr according to the equation:  

                                H2O + Zn  ⎯⎯→  ZnO + H2                                                              (3) 

The hydrogen produced was measured on a mass spectrometer against internal standard 

and converted to delta values against International Standard (δ2HVSMOW). Measurement 

uncertainty of δ2H is ±1.0‰ [9].

 

(c) Sulphur-34 (34S) in dissolved sulphates 

 BaSO4 precipitates collected in the field were decomposed to SO2 gas using    

V2O5–SiO2 mixture [13]. Using the same procedure, SO2 gas is prepared from BaSO4 of 

the Internal Laboratory Standard (PS-1). These SO2 samples were measured on the 

modified GD-150 mass spectrometer against the Internal Standard and converted to delta 

values against International Standard: Canyon Diablo Troilite (CDT). Measurement 

uncertainty of δ34S is ±0.1‰ [9]. 

 

(d) Tritium ( 3H) 

 Tritium content of water samples was determined by liquid scintillation counting 

after electrolytic enrichment [14]. The enrichment is generally carried out by using cells 

with stainless steel anodes and phosphated mild steel cathodes. Starting with 250 ml of 

initial volume, about 17 folds enrichment is done for subsequent counting by liquid 

scintillation spectrometer. The standard error of measurement is about ±1 TU. 

 

5. RESULTS AND DISCUSSION 

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

concentrations and the results are shown in Table 1. However, mean data (Table 2) have 

primarily been used to investigate various aspects of groundwater recharge mechanism 

and are discussed in the following sections.   

 



5.1 Isotopic Indices of Precipitation and Local Meteoric Water Line 

 Rainfall and snow samples collected from Ziarat Valley give wide ranges of δ18O 

and δ2H. Combining the rain data of the same locality collected in a previous study [14] 

from March 1991 to September 1993, arithmetic means have been taken for the isotopic 

indices of precipitation because the exact amount of individual events is not known. 
 

    δ18O  =  -6.4‰   

                     δ2H   =  -37‰    

                   3H     =   9 TU 
 

Although δ18O of precipitation samples is not normally distributed in the frequency 

histogram (Fig. 2) but the above-mentioned value of mean δ18O falls in the modal class.  

After excluding the very enriched δ18O and δ2H values (normally with positive 

δ18O), Local Meteoric Water Line (LMWL) was determined by taking the simple 

regression of the data. The LMWL for this area is represented by the equation: 

 

  δ2H = (7.8 ± 0.2) δ18O + (12.6 ± 1.3)       n = 58, r2 = 0.965                               (4) 
 

As the rain sampling covered a sufficiently long period of more than five years, so the 

above computed LMWL seems fairly good for this area. The δ18O and δ2H values of 

meteoric water samples along with LMWL have been plotted in Fig. 3. The d-excess for 

Pakistan is higher than the global average value of 10 due to the partial contribution of 

Mediterranean source of moisture [15]. In a study carried out in Chaj Doab (an inter-

fluvial Area in Punjab, Pakistan), the d-excess was 14‰ [16]. In another mountainous area 

(Northern Areas of Pakistan) even higher d-excess (i.e. 16.5‰) has been found [17]. 

 

5.2 Isotopic Character of Dam Reservoirs  

 The minimum, maximum and mean values of δ18O, δ2H and tritium for dam 

reservoirs are shown below. The δ18O values for dam reservoirs show wide variations 

starting from -6.7 to +4.9‰ showing very high enrichment. Similarly δ2H values show 

high enrichment from -42 to +21‰. Obviously, such enrichment could be expected in the 

reservoirs due to high evaporation in the dry environment. 



 

Isotope Vouch Ghouski Dam Pechi Dam Warchoom Dam Mana Dam

Min. -4.8 -6.1 -6.7 -6.2 
Max . 4.9 4.1 2.9 2.9 δ18O (‰) 

Mean 0.67 -0.36 -0.99 -3.6 
Min. -25 -39 -42 -37 
Max. 21 30 11 15 δ2H (‰) 

Mean 3.5 -1 -11 -23  
Min. 8 8 6 8 
Max. 27 21 8 15 

3H (TU) 

Mean 17 17 7 13 
 

 

5.3 Isotopic Character of Karezes and Wells  

Six karezes in the study area viz. Old Pechi Kareze, New Pechi Kareze, Chinah 

Kareze and Nomind Kareze flowing downstream of the Pechi Dam, Khozal Kareze in the 

Mana area and Zandra Kareze while the two karezes located outside the Ziarat Valley i.e. 

Choori Kareze and Bandet Jangle Kareze were investigated. Summary of the isotopic 

values of karezes is given below.  
 

 

 

Isotope Old 
Pechi 

Kareze 

New 
Pechi 

Kareze 

Chinah 
Kareze 

Nomind 
Kareze 

Zandra 
Kareze 

Khozal 
Kareze 

Choori 
Kareze 

Bandet 
Jangle 
Kareze

Min. -6.6 -6.7 -6.8 -6.6 -7.0 -6.9 -7.6 -5.5 

Max.  -5.2 -5.3 -5.4 -4.9 -5.2 -5.1 -4.7 -4.4 

 

δ18O 
(‰) Mean -5.9 -6.3 -6.3 -6.0 -6.3 -6.0 -6.0 -5.1 

Min. -39 -42 -42 -40 -44 -41 -38 -34 

Max. -30 -29 -34 -34 -32 -31 -31 -27 

 

δ2H 
(‰) Mean -35 -36 -38 -36 -38 -37 -34 -31 

Min. 7 7 8 8 10  12  

Max. 11 11 11 14 17  14  

 

3H 
(TU) Mean 9 9 10 11 13  13  

 

 



The table shows that the isotopic values of all the four karezes downstream of 

Pechi dam and Khozal Kareze are very consistent. Zandra Kareze and Choori Kareze have 

slightly wider ranges of δ18O and δ2H but their average values are similar to the four 

karezes downstream of Pechi Dam and tritium is slightly higher. Temporal variations of 

the isotopic values in Bandet Jangle Kareze are also low but these values are relatively 

higher than those of the other karezes. 

In the main valley, samples were collected from one well just downstream of 

Vouch Ghouski Dam, three open wells in the city area, two wells downstream of Mana 

Dam, three wells downstream of Pechi Dam, one well downstream of Warchoom Dam and 

few more wells outside the valley. Mean data show that the well downstream of Vouch 

Ghouski Dam has very enriched δ18O and δ2H values i.e. (-3.0‰ and -16‰). The ranges 

of δ18O and δ2H of wells upstream of  Pechi Dam are -5.7 to -5.1‰ and -33 to -30‰. Like 

the four karezes downstream of Pechi Dam, the δ18O and δ2H values of three wells 

installed downstream of Pechi Dam are very consistent -6.1 to -6‰ and -37 to -36‰ 

respectively. The well downstream of Warchoom Dam and Kach Well have enriched δ18O 

and δ2H values -2.5‰ & -19‰ and -4.7‰ & -26‰ respectively. The mean δ18O and δ2H 

of deep water samples collected from Ziarat water supply tubewell are -6.2‰ and -36‰ 

which are similar to that of shallow open wells in the city area. Tritium of open wells 

between Vouch Ghouski dam, Mana Dam and Pechi Dam varies from 11 to 14TU whereas 

the open wells downstream of Pechi Dam have 9 to 11TU. 

The mean δ18O and δ2H of the three springs i.e. Sandeman Tangi, Quaid and Faran 

Tangi range from -6.3 to -6‰ and -40 to -32‰ respectively, while the Ken Bungalow 

Spring which is far from the valley has relatively enriched values i.e. -5.4‰ and -34‰. 

Tritium of Sandeman Tangi and Faran Tangi springs (7 TU) is less than Quaid Spring (11 

TU). 

 

5.4 Origin and Recharge Mechanism of Groundwater 

Isotopic data can well differentiate between the possible types of origin of water 

[18, 19]. Ranges of mean δ18O and δ2H of all the sampled groundwater (wells, karezes and 

springs) are -6.3 to -2.5‰ and -40 to -16‰ respectively. The electrical conductivity (EC) 



varies from 434 to 1717 µS/cm. The possibility of oceanic origin of the groundwater 

(connate water) is ruled out by the absence of highly enriched δ18O, δ2H and EC values. 

δ18O vs. δ2H have been plotted in Fig. 4 with the LMWL. All the points form a trend in 

the vicinity of LMWL which points to meteoric origin. Slight departure of these points 

from LMWL may be due to evaporation or mixing of evaporated dam reservoir waters [7]. 

This aspect will be discussed in the next section. 

Sulphates resulting from the dissolution of evaporites can have δ34S from +10 to 

+35‰ whereas in modern oceanic sulphates its value is about +20‰ [18-21]. The δ34S 

values of sulphates of groundwater samples from the study area are in the range of -8.5 to 

-0.8‰. It shows that the sulphates are not of modern oceanic origin [15, 18 - 21]. 

Relatively low values of δ34S indicate that the contribution of sulphates is derived from 

reduced sulphur compounds such as sulphide minerals and/or organic sulphides [18]. 

Source of sulphates also confirms the origin of groundwater as meteoric.   

  In Ziarat valley, there are only two possible sources of the meteoric origin which 

could recharge the aquifer i.e. precipitation (rains/snowmelt) and delay action dams. The 

spatial distribution of δ18O in groundwater and dam reservoirs gives information about 

modification of isotope indices which is due to the contribution of delay action dams in the 

base-flow recharged by precipitation.  Recharge mechanism of groundwater is discussed 

in the following sections with special emphasis on the effectiveness of delay action dams.  

 

5.4.1 Recharge from Pechi Dam 

 

(a) Statistical evaluation of data 

 The normal probability plot of data from a single normally distributed population 

is generally a single straight line. In the present case, the normal probability plot of δ18O 

values of all the samples from dam reservoir and downstream karezes (Fig. 5) shows that 

the data points fall along two straight lines, data points from the karezes lie along line ‘a’ 

while those of dam reservoir lie along line ‘b’). This implies that the data belong to two 

different populations.  

  



The histogram of δ18O values (Fig. 6) shows that the data points from karezes are 

distributed in a short range of -7.0 to -4.9‰ whereas the data points from dam reservoir 

are scattered from -6.1 to +4.1‰. The modal value of δ18O for karezes is similar to the 

isotopic index of the local precipitation which shows that the source of groundwater 

flowing in the karezes is precipitation directly. 

 

(b) δ18O vs. δ2H plot 

The δ18O and δ2H values for Pechi Dam reservoir show wide variations whereas 

those of the karezes exhibit small fluctuations. In the δ18O vs. δ2H plot (Fig. 7), the data 

points pertaining to the dam reservoir are scattered along a line:  δ2H = 5.2 δ18O + 0.5. The 

slope (5.2) of the line clearly indicates the dominance of the evaporation process [22]. All 

the data points relating to the karezes are clustered on the LMWL around the precipitation 

index. It is inferred that the main source of recharge feeding the karezes is precipitation 

directly as there is no mixing evidence especially with the evaporated and enriched 

reservoir water.  

 

(c) Temporal variation of δ18O   

 The temporal variation of δ18O of karezes and the dam reservoir has been given in 

Fig. 8. The value of δ18O for karezes is almost uniform with small fluctuations. However, 

the reservoir water shows large variations in δ18O (-6.1 to +4.1‰). The contribution of 

reservoir water to the flow in the karezes would have altered the isotopic content of the 

karezes whereas no appreciable change is vivid in any of the karezes.  

The δ18O value of reservoir water during December 1997 matches with those of the 

downstream karezes and wells. It might be due to the fact that the sample would have been 

taken from the reservoir shortly after a rain event before any significant evaporation. So, 

the δ18O of the reservoir remained similar to that of karezes.  

 In the study period the reservoir did not attain a significant level of water. 

Therefore, the data of previous study carried out during October 1990 to October 1993 

[14] is discussed for comparison. Temporal variation of δ18O of karezes and the dam 



reservoir during this period has been given in Fig. 9. Similar to the present study, the value 

of δ18O for karezes was almost uniform with small fluctuations but the reservoir water had 

large variations in δ18O (-6.98 to +10.8‰) with most enriched values during August to 

September 1991. The reservoir was full during May to November 1992 and its δ18O values 

were similar to that of the karezes because the isotopic enrichment due to evaporation was 

not prominent in the large volume of water. This similarity is not due to any hydraulic 

interconnection between the dam reservoir and the karezes. It is only due to the fact that 

both (reservoir and karezes) were fed by the same source i.e. rains. From November 1992 

onwards, the reservoir level began to drop and the δ18O value started increasing due to 

high evaporation resulting in drastic variations in the isotopic contents. At the lowest 

reservoir level, most enriched values of δ18O & δ2H were found. The lowering of reservoir 

level from 108.42 to 88.23 feet (contour level) resulted in the enrichment of δ18O values 

from -6.9 to -2.9‰ during August 1992 to May 1993 (Fig. 10) indicating loss of water 

dominantly by evaporation. The figure indicates a clear inverse correlation between 

reservoir level and δ18O values. The enriched isotopic values even at significantly high 

level of the reservoir were not reflected in the kareze water. It shows that the Pechi Dam 

reservoir does not recharge the groundwater significantly even at high level.  

 

(d) Spatial variation of δ18O 

The karezes and wells downstream of Pechi Dam have depleted δ18O values than 

that of upstream wells. If the groundwater had been recharged by the dam reservoir water, 

its δ18O would have been enriched as compared to the upstream groundwater because 

reservoir water is highly enriched due to evaporation. It clearly indicates that there is no 

significant recharge from the Pechi Dam reservoir. Relatively depleted isotopic values of 

downstream groundwater show that some other source depleted in δ18O also recharges the 

base-flow. Faran Tangi Spring, which is in the hills on left side of Ziarat Nallah having 

depleted δ18O and δ2H represents the recharge from precipitation at higher altitude. 

Therefore, the additional source of recharge near Pechi Dam could be the precipitation on 

mountains located on the sides of the valley. In δ18O-δ2H diagram (Fig. 11) of mean 

values of different types of water, data points pertaining to the karezes and downstream 

groundwater fall on mixing line of the upstream groundwater and spring water. It confirms 

the additional recharge from the mountainous precipitation in the base-flow. 



 The upstream wells have enriched δ34S and low SO4 concentration which may be 

due to gypsum dissolution [21]. In the downstream wells the trend is inverse. Relatively 

depleted δ34S values in this case show that sulphate geochemistry is controlled by a 

different process i.e. oxidation of sulphide minerals [18]. This is another evidence that the 

base-flow in the Pechi area is modified by mixing of chemically different water.  

 

5.4.2 Recharge from Vouch Ghouski Dam 

Ranges of δ18O and δ2H of Vouch Ghouski dam reservoir are -4.8 to +4.9‰ and    

-25 to +21‰ respectively, while those of the downstream well are -5.2 to -1.2 ‰ and -30 

to +0.7‰. These data clearly indicate that the isotope indices of groundwater in the 

vicinity of the dam are modified due to contribution of evaporated water in the delay 

action dam having enriched isotopic values. In the δ18O vs. δ2H plot (Fig. 12) the data 

points pertaining to the dam reservoir are scattered along a line:  δ2H = 5.5 δ18O + 0.8. The 

slope (5.5) of the line indicates the dominance of evaporation process [22]. The data points 

of the downstream well are scattered on the same line towards the precipitation index 

showing mixing of evaporated water in the base flow recharged by precipitation.   

In the δ18O vs. δ2H plot based on the mean values (Fig. 4), position of Vouch 

Ghouski Dam reservoir indicates highest enrichment as compared to other dams (Pechi 

Dam and Warchoom Dam).  The well downstream of this dam lies almost on the mixing 

line of the dam reservoir and precipitation index and its position in the middle of the line 

shows the equal contribution from the dam reservoir and precipitation, if there is no 

significant evaporation from the open well. The average fraction of the reservoir water in 

the well water can be calculated by using “two component mixing model” given below 

[7].  
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Where δ18OM, δ18OB.F and δ18OR are δ18O values of mixed groundwater, base-flow and 

reservoir water respectively. Using the above equation, the average contribution of the 

reservoir comes out to be 48%. 



  The normal probability plot of δ18O values of dam reservoir and the downstream 

well (Fig. 13) shows that the data points fall along two lines, line AB representing only 

reservoir water samples and line CD representing water samples of downstream karezes 

and wells. It rules out the single normally distributed population which is generally a 

single straight line. This implies that there is no contribution of the dam in the 

groundwater recharge when δ18O of reservoir water is more enriched than 0‰. As 

discussed above in case of Pechi Dam, δ18O is inversely proportional to the level of the 

reservoir, so the enrichment in this case resulted from significant reduction in the quantity 

of surface water due to evaporation and the small quantity of water in reservoir is unable 

to recharge the groundwater. It was also observed during the field samplings that when the 

reservoir was like a tiny pond, its isotopic values were found highly enriched. The line CD 

generally fits to the data points of both the reservoir and the well, which is only possible 

due to mixing of reservoir water in the groundwater. In this range the reservoir water 

seems to be in reasonable quantity to recharge the groundwater.  
  

 Temporal variation of δ18O in the downstream well (Fig. 14) also reflects the effect 

of the Dam. The reservoir after having the most enriched δ18O during September 1996 

(must be of very small quantity of water) remained completely dry up to July 1997. 

During this period δ18O of the well was found decreasing because of absence of recharge 

component from the reservoir. But when the reservoir had water again and its δ18O was 

increasing due to evaporation during the period from July 1997 to February 1998, water 

samples of the well also reflected enriched δ18O. It clearly indicates that Vouch Ghouski 

Dam recharges the groundwater. 

 

5.4.3 Recharge from Warchoom Dam 

Ranges of δ18O and δ2H of Warchoom Dam reservoir are -6.7 to +2.9‰ and -42 to 

+11‰ receptively, while those of the downstream well are -4.0 to +0.8‰ and -27 to          

-6‰. The enriched δ18O and δ2H values and d-excess of -12 to +5 indicate that the 

groundwater downstream of the dam contains high contribution of evaporated/enriched 

water of the dam. δ18O and δ2H of this dam do not get as enriched as that of Vouch 

Ghouski Dam and Pechi Dam because it is mainly fed by a spring and has always 



sufficient quantity of water and the enrichment is directly proportional to the ratio of 

surface area and volume of water. In the δ18O-δ2H diagram (Fig. 4), positions of the dam 

reservoirs based on mean values indicates enrichment order as Vouch Ghouski Dam, Pechi 

Dam and Warchoom Dam. The well downstream of Warchoom Dam lies exactly on the 

mixing line between the dam reservoir and precipitation index and its position near to that 

of the reservoir shows larger fraction of reservoir water as compared to that of the base-

flow recharged by precipitation directly. Therefore, contribution of Warchoom Dam to 

groundwater recharge is confirmed. The temporal variations of δ18O and δ2H  in both of 

these waters are not high especially δ18O of the downstream well mostly remained 

between -2 to -4‰. It shows that the recharge process depending on the reservoir level is 

continuous. The average fraction of the reservoir in the well water calculated by the above 

mentioned “two component mixing model” comes out to be 72%. This value can not be 

generalized as it is only for one downstream well in the close vicinity of the reservoir. 

In the δ18O vs. δ2H plot of this dam and downstream well (Fig. 15), the data points 

pertaining to the dam reservoir are scattered along a line:  δ2H = 4.1 δ18O – 7.0. The slope 

(4.1) of the line indicates the dominance of evaporation process [6, 7]. The data points of 

the downstream well fall on the same line towards the precipitation index showing mixing 

of evaporated water in the base flow recharged by precipitation.   

 The normal probability plot of δ18O values of dam reservoir and the downstream 

well (Fig. 16) shows that the data points fall along three lines. It rules out the single 

normally distributed population. The line EF represents samples of the dam reservoir only 

which indicate no contribution of the dam in the groundwater recharge when its δ18O is 

most depleted (<-6.0‰). Actually such values are obtained for short time after high rain-

fall events before any significant evaporation in the reservoir, otherwise they do not 

represent the reservoir for reasonably longer period. Even if there is some contribution in 

the recharge from such peaks, they are not reflected in groundwater due to damping effect. 

The other two lines AB and CD indicate mixing of reservoir water in the well.  

 Temporal variations of δ18O in Warchoom Dam and the downstream well are 

shown in Fig. 17. High variation in the well samples indicates contribution of local source 

in the recharge. The curve for the well does not follow the curve for the dam reservoir due 

to different time-lag at different reservoir levels and variations in groundwater regime 

depending on the rain events and climatic conditions.  



 

5.5  Groundwater Dating With Tritium  

 Tracing the transient behaviour of bomb-tritium has opened a unique opportunity 

to study short-term transport, exchange and mixing processes in the hydrosphere [23, 24]. 

In particular, the 3H labeling of the hydrosphere allows for the determination of mean 

residence times of unconfined groundwater in fractured and sedimentary aquifers. Direct 

age determination using tritium is difficult due to variable input of tritium since advent of 

thermonuclear testing. Some qualitative approaches are suggested by IAEA [7, 23]. 

Several models are proposed to match tritium output function at a discharge/sampling 

point with the input function at the recharge zone. Basically, these models are based on 

extreme considerations dealing with groundwater flow: 
 

• Each episode of recharge is stratified upon the previous one and whole flow is 

moving without any mixing between respective contributions. This is the case 

of "piston flow model (PFM)". 

• Each episode of recharge mixes instantaneously and completely as a 

continuous and constant flow within the reservoir which is homogenized and 

which discharges an aliquot of the same flow with the tracer concentration 

corresponding to that of the reservoir. This is the case of "completely mixed or 

exponential model (EM)" proposed by Eriksson [24]. 

 It is generally admitted that PFM does not apply to groundwater flow as 

hydrodynamic dispersion and mixing below the water table tend to attenuate variations in 

tritium input function. EM also describes the extreme case of mixing. Actual tracer 

behaviour in hydrological system is between these two extreme cases, so, combination of 

both the extreme cases have been applied to relate input and output data using Multis 

Model [25]. In the present study, groundwater samples were collected during 1996-1998. 

During these years tritium in precipitation is about 10 TU. The long-term mean input data 

of tritium in precipitation of Northern hemisphere has been used [26]. The aquifer under 

Ziarat is an open system and receives input from the whole area. Therefore for qualitative 

interpretation, the following ranges of residence time have been calculated [15]. 

 
 



 <1 TU  Submodern --- Recharged prior to 1950 

 1 to 4 TU Mixture between submodern and recent recharge 

 5 to 15 TU Modern (<2 to 10 years) 

15 to 20 TU Some “bomb” 3H present (mixture of recent and 1960s/70s 

recharges 

 20 to 30 TU Considerable component of recharge from 1960s or 1970s 

 > 30 TU Dominantly the 1960s recharge 

 Mean tritium concentrations of the groundwater samples (open wells, springs and 

karezes) fall in the range of 7 - 13TU indicating the residence time from 2 to 10 years. 

Considering most of the tritium values of groundwater in the range of 9 to 13 TU, mean 

residence time can be refined to only few years. Sandeman Tangi and Faran Tangi springs 

have slightly less tritium (8 and 7 TU) which indicate relatively longer residence time. 

Slightly higher value of tritium (17 TU) for Vouch Ghouski and Pechi dams is due to 

enrichment by evaporation.  

 

6. CONCLUSIONS 

On the basis of available isotope data it was concluded that recharge source of the 

groundwater is meteoric water recharged mainly by precipitation/runoff directly. 

Hydraulic connection does not seem to exist between Pechi Dam reservoir and the 

downstream karezes/wells. Under the prevailing conditions, the dam has lost its  

effectiveness to recharge the groundwater. The reservoir water seems to be lost through 

evaporation. Vouch Ghouski Dam contributes to the recharge, while Warchoom Dam 

significantly recharges the groundwater. Residence time of the groundwater is very short 

(few to 10 years).  
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TABLES 



Table 1.  Isotopic data of dam reservoirs, karezes and wells in Ziarat Valley 
Sample 
Code Station Date 

(yymm) δ18O (‰) δ2H (‰) d-
excess 

Tritiu
m 

1  Voucg Ghouski Dam  9508 -4.8 -25 13.4 8 
1  Voucg Ghouski Dam  9603 1.8 6 -8.9 14 
1  Voucg Ghouski Dam  9607 2.1 17 -0.3 11 
1  Voucg Ghouski Dam  9707 -0.8 -1 5.8   
1  Voucg Ghouski Dam  9708 1.5 12 -0.3   
1  Voucg Ghouski Dam  9710 4.9 21 -18.1   
1  Voucg Ghouski Dam  9712 4.8 20 -18.8   
1  Voucg Ghouski Dam  9802 -4.1 -21 12.1   
2  Well No.1 D/S Voucg Ghouski Dam  9603 -3.7 -20 9.4 11 
2  Well No.1 D/S Voucg Ghouski Dam  9608 -2.6 -15 5.9 16 
2  Well No.1 D/S Voucg Ghouski Dam  9609 -3.3 -12 14.3   
2  Well No.1 D/S Voucg Ghouski Dam  9610 -2.7 -17 4.8 9 
2  Well No.1 D/S Voucg Ghouski Dam  9611 -2.9 -18 4.7 9 
2  Well No.1 D/S Voucg Ghouski Dam  9612 -3.1 -20 4.3   
2  Well No.1 D/S Voucg Ghouski Dam  9704 -5.1 -29 11.9   
2  Well No.1 D/S Voucg Ghouski Dam  9706 -5.2 -30 11.2   
2  Well No.1 D/S Voucg Ghouski Dam  9707 -2.7 -15 6.4   
2  Well No.1 D/S Voucg Ghouski Dam  9708 -1.2 1 10.4   
2  Well No.1 D/S Voucg Ghouski Dam  9710 -2.2 -6 11.6   
2  Well No.1 D/S Voucg Ghouski Dam  9712 -1.3 -4 6.4   
3  Well No.2. Ziarat Valley 9603 -5.5 -30 14.3 13 
3  Well No.2. Ziarat Valley 9607 -5.6 -32 12.8 8 
3  Well No.2. Ziarat Valley 9608 -5.5 -31 13.1 15 
3  Well No.2. Ziarat Valley 9609 -5.5 -30 14.0   
3  Well No.2. Ziarat Valley 9610 -5.3 -28 14.2 14 
3  Well No.2. Ziarat Valley 9611 -3.7 -26 3.5 13 
3  Well No.2. Ziarat Valley 9612 -4.4 -32 3.0   
3  Well No.2. Ziarat Valley 9704 -5.5 -31 12.7   
3  Well No.2. Ziarat Valley 9706 -5.2 -31 11.1   
3  Well No.2. Ziarat Valley 9707 -5.3 -29 12.8   
3  Well No.2. Ziarat Valley 9708 -4.7 -28 10.2   
3  Well No.2. Ziarat Valley 9710 -4.1 -25 7.9   
3  Well No.2. Ziarat Valley 9712 -5.4 -32 11.4   
3  Well No.2. Ziarat Valley 9802 -4.9 -29 10.1   
4  Well No.3 Ziarat Valley  9508 -5.6 -32 12.7 6 
4  Well No.3 Ziarat Valley  9603 -5.5 -30 13.8 12 
4  Well No.3 Ziarat Valley  9607 -5.7 -31 15.0 7 
4  Well No.3 Ziarat Valley  9608 -5.5 -31 13.3 15 
4  Well No.3 Ziarat Valley  9609 -5.5 -31 13.0 21 
4  Well No.3 Ziarat Valley  9610 -5.5 -32 12.5 14 
4  Well No.3 Ziarat Valley  9611 -5.6 -31 13.9 10 
4  Well No.3 Ziarat Valley  9612 -4.3 -32 1.8   
4  Well No.3 Ziarat Valley  9704 -5.1 -30 10.8   



4  Well No.3 Ziarat Valley  9706 -5.2 -31 10.6   
4  Well No.3 Ziarat Valley  9707 -4.4 -29 5.4   
4  Well No.3 Ziarat Valley  9708 -5.3 -28 14.5   
4  Well No.3 Ziarat Valley  9710 -4.5 -27 8.8   
4  Well No.3 Ziarat Valley  9712 -5.0 -30 10.6   
4  Well No.3 Ziarat Valley  9802 -5.0 -27 12.9   
5  Well No.4 Behind Agri.Office 9603 -6.3 -36 14.5 9 
5  Well No.4 Behind Agri.Office 9607 -6.7 -37 15.9 8 
5  Well No.4 Behind Agri.Office 9608 -6.1 -33 15.2 18 
5  Well No.4 Behind Agri.Office 9609 -6.0 -31 17.0 18 
5  Well No.4 Behind Agri.Office 9610 -6.0 -36 12.3 12 
5  Well No.4 Behind Agri.Office 9611 -6.0 -34 14.3 9 
5  Well No.4 Behind Agri.Office 9704 -4.5 -28 8.1   
5  Well No.4 Behind Agri.Office 9706 -5.3 -31 10.9   
5  Well No.4 Behind Agri.Office 9707 -5.5 -31 13.6   
5  Well No.4 Behind Agri.Office 9708 -5.5 -29 14.8   
5  Well No.4 Behind Agri.Office 9710 -4.9 -29 10.9   
5  Well No.4 Behind Agri.Office 9712 -5.5 -30 14.0   
5  Well No.4 Behind Agri.Office 9802 -5.8 -34 12.7   
6  Sademan Tangi Spring 9508 -6.0 -40 8.4 8 
6  Sademan Tangi Spring 9603 -6.3 -36 15.0 6 
6  Sademan Tangi Spring 9607 -6.7 -40 13.1 0 
6  Sademan Tangi Spring 9608 -6.6 -38 14.3 16 
6  Sademan Tangi Spring 9609 -6.5 -36 16.0 5 
6  Sademan Tangi Spring 9610 -6.9 -40 15.2 11 
6  Sademan Tangi Spring 9611 -5.9 -35 12.8 8 
6  Sademan Tangi Spring 9612 -5.5 -40 4.0   
6  Sademan Tangi Spring 9704 -5.8 -35 11.5   
6  Sademan Tangi Spring 9706 -6.2 -36 13.7   
6  Sademan Tangi Spring 9707 -5.7 -37 9.3   
6  Sademan Tangi Spring 9708 -6.5 -38 13.3   
7  Pechi Dam Resevoir 9508 -0.3 -10 -8.0 12 
7  Pechi Dam Resevoir 9603 3.2 16 -9.6 1
7  Pechi Dam Resevoir 9607 -0.6 2 6.7 1
7  Pechi Dam Resevoir 9608 4.1 30 -2.8 2
7  Pechi Dam Resevoir 9609   44 -14.2 1
7  Pechi Dam Resevoir 9610   67 -48.5 2
7  Pechi Dam Resevoir 9708 -0.5 6 10.0 
7  Pechi Dam Resevoir 9710 -0.5 -6 -1.6 
7  Pechi Dam Resevoir 9712 -6.1 -39 10.1 
7  Pechi Dam Resevoir 9802 -2.1 -8 8.9 
8  Seepage 1 from Pechi Dam 9508 -3.3 -22 4.1 1
9  Seepage 2 from Pechi Dam 9508 -3.1 -23 1.7 1
9  Seepage 2 from Pechi Dam 9607 -5.1 -26 14.7 
9  Seepage 2 from Pechi Dam 9608 -5.6 -29 15.1 1
9  Seepage 2 from Pechi Dam 9609 -5.6 -30 14.9 1
1 
6 
1 
9 
1 
  
  
  
  
5 
3 
6 
3 
4 



9  Seepage 2 from Pechi Dam 9610 -5.8 -32 13.7 8 
10  Old Pechi kareze 9508 -5.2 -34 7.8 10 
10  Old Pechi kareze 9603 -6.5 -37 15.1 7 
10  Old Pechi kareze 9607 -5.5 -31 13.4 9 
10  Old Pechi kareze 9608 -6.3 -34 16.6 11 
10  Old Pechi kareze 9609 -6.6 -37 16.1 11 
10  Old Pechi kareze 9610 -6.3 -37 13.3 8 
10  Old Pechi kareze 9611 -5.2 -30 11.3 8 
10  Old Pechi kareze 9612         
10  Old Pechi kareze 9704 -5.7 -34 11.6   
10  Old Pechi kareze 9706 -5.9 -35 12.1   
10  Old Pechi kareze 9707 -5.3 -35 7.2   
10  Old Pechi kareze 9708 -6.3 -35 15.3   
10  Old Pechi kareze 9710 -5.4 -33 10.5   
10  Old Pechi kareze 9712 -6.4 -39 12.4   
10  Old Pechi kareze 9802 -5.8 -34 12.2   
10  Old Pechi kareze 999997 -6.6 -39 7.23 7 
10  Old Pechi kareze 999998 -5.2 -30 16.55 11 
11  New Pechi kareze 9508 -6.3 -38 12.5 11 
11  New Pechi kareze 9603 -6.4 -36 15.3 10 
11  New Pechi kareze 9607 -6.7 -37 16.4 10 
11  New Pechi kareze 9608 -6.2 -36 13.7 10 
11  New Pechi kareze 9609 -6.7 -38 15.4 7 
11  New Pechi kareze 9610 -6.4 -38 13.2 7 
11  New Pechi kareze 9611 -5.3 -29 13.5 8 
11  New Pechi kareze 9612 -5.8 -42 4.1   
11  New Pechi kareze 9704 -6.0 -35 13.2   
11  New Pechi kareze 9706 -6.3 -36 14.1   
11  New Pechi kareze 9707 -6.4 -39 12.1   
11  New Pechi kareze 9708 -6.5 -35 16.6   
11  New Pechi kareze 9710 -6.6 -37     
11  New Pechi kareze 9712 -6.7 -40 13.5   
11  New Pechi kareze 9802 -5.9 -33 14.1   
12  New Pechi Well 9508 -5.6 -33 12.3 13 
12  New Pechi Well 9603 -5.8 -35 11.7 9 
12  New Pechi Well 9608 -6.7 -39 14.7 12 
12  New Pechi Well 9609 -6.6 -38 15.3 7 
12  New Pechi Well 9610 -6.4 -39 12.3 8 
12  New Pechi Well 9611 -6.0 -38 9.6 9 
12  New Pechi Well 9612 -5.4 -40 3.3   
12  New Pechi Well 9704 -5.6 -33 12.1   
12  New Pechi Well 9706 -6.3 -36 14.2   
12  New Pechi Well 9707 -6.8 -39 15.7   
12  New Pechi Well 9708 -6.2 -36 13.6   
12  New Pechi Well 9710 -5.9 -34 12.9   
12  New Pechi Well 9712 -5.6 -35 9.9   



12  New Pechi Well 9802 -5.7 -36 10.4   
13  Chinnah Kareze 9508 -6.3 -38 12.2 9 
13  Chinnah Kareze 9603 -6.3 -36 14.6 9 
13  Chinnah Kareze 9608 -6.8 -39 15.8 10 
13  Chinnah Kareze 9609 -6.8 -42 12.2 11 
13  Chinnah Kareze 9610 -6.5 -40 12.2 8 
13  Chinnah Kareze 9611 -5.7 -37 8.3 10 
13  Chinnah Kareze 9612 -5.4 -34 8.7   
13  Chinnah Kareze 9706 -6.4 -37 14.3   
13  Chinnah Kareze 9707 -6.8 -39 15.8   
13  Chinnah Kareze 9708 -6.3 -36 14.4   
13  Chinnah Kareze 9710 -6.4 -37 14.0   
13  Chinnah Kareze 9712 -6.1 -38 10.6   
13  Chinnah Kareze 9802 -6.5 -35 16.8   
14  Chinnah Well 9508 -5.7 -36 9.4 12 
14  Chinnah Well 9603 -6.0 -36 11.3 10 
14  Chinnah Well 9607 -6.2 -36 13.6 13 
14  Chinnah Well 9608 -6.3 -35 15.3 12 
14  Chinnah Well 9609 -6.5 -37 14.5 10 
14  Chinnah Well 9610 -6.3 -38 12.8 10 
14  Chinnah Well 9611 -5.5 -35 8.9 9 
14  Chinnah Well 9612 -5.0 -38 2.0   
14  Chinnah Well 9706 -6.6 -39 13.9   
14  Chinnah Well 9707 -6.5 -38 13.4   
14  Chinnah Well 9708 -6.4 -38 12.6   
14  Chinnah Well 9710 -6.4 -38 13.5   
14  Chinnah Well 9712 -6.5 -39 13.0   
14  Chinnah Well 9802 -6.3 -37 13.3   
15  Nomind Kareze 9508 -6.4 -38 13.6 10 
15  Nomind Kareze 9603 -6.2 -36 13.0 12 
15  Nomind Kareze 9607 -6.2 -36 13.1 9 
15  Nomind Kareze 9608 -6.6 -40 12.8 10 
15  Nomind Kareze 9609 -6.3 -35 14.7 14 
15  Nomind Kareze 9610 -6.1 -38 11.3 11 
15  Nomind Kareze 9611 -5.5 -35 8.7 8 
15  Nomind Kareze 9612 -4.9 -36 3.3   
15  Nomind Kareze 9706 -6.4 -38 12.9   
15  Nomind Kareze 9707 -5.8 -34 12.3   
15  Nomind Kareze 9708 -6.1 -36 12.8   
15  Nomind Kareze 9710 -5.7 -35 11.2   
15  Nomind Kareze 9712 -5.9 -36 11.6   
15  Nomind Kareze 9802 -6.2 -37 12.5   
16  Nomind Kareze 9508 -6.6 -40 13.1 11 
16  Nomind Well 9603 -6.2 -37 12.9 8 
16  Nomind Well 9607 -5.8 -34 12.4   
16  Nomind Well 9608 -6.2 -36 14.0 8 



16  Nomind Well 9609 -6.5 -37 15.0 14 
16  Nomind Well 9610 -6.1 -38 11.1 6 
16  Nomind Well 9611 -4.9 -30 8.7 8 
16  Nomind Well 9612 -5.9 -37 10.0   
16  Nomind Well 9706 -6.1 -35 13.6   
16  Nomind Well 9707 -6.1 -37 12.1   
16  Nomind Well 9708 -6.1 -37 11.9   
16  Nomind Well 9710 -7.0 -38 18.4   
16  Nomind Well 9712 -6.1 -33 15.7   
16  Nomind Well 9802 -6.3 -38 12.6   
17  Ziarat Water Supply Tubewell . 9607 -6.5 -35 16.2 9 
17  Ziarat Water Supply Tubewell . 9608 -6.5 -33 18.7 9 
17  Ziarat Water Supply Tubewell . 9609 -6.5 -36 15.9 13 
17  Ziarat Water Supply Tubewell . 9610 -6.8 -40 14.5 11 
17  Ziarat Water Supply Tubewell . 9611 -6.2 -34 15.2 10 
17  Ziarat Water Supply Tubewell . 9612 -4.3 -33 0.9   
17  Ziarat Water Supply Tubewell . 9704 -1.8 -15 -0.1   
17  Ziarat Water Supply Tubewell . 9706 -6.5 -38 14.6   
17  Ziarat Water Supply Tubewell . 9707 -5.7 -34 11.4   
17  Ziarat Water Supply Tubewell . 9708 -5.6 -35 10.1   
17  Ziarat Water Supply Tubewell . 9710 -5.7 -35 11.0   
17  Ziarat Water Supply Tubewell . 9712 -2.7 -19 2.6   
18  Qaid Spring 9607 -6.6 -39 13.6 11 
18  Qaid Spring 9608 -6.6 -40 12.9 14 
18  Qaid Spring 9609 -6.5 -36 15.9 13 
18  Qaid Spring 9610 -6.5 -39 13.4 6 
18  Qaid Spring 9611 -4.6 -31 6.2 12 
18  Qaid Spring 9612 -5.5 -36 8.5   
18  Qaid Spring 9706 -6.1 -32 16.4   
18  Qaid Spring 9707 -6.1 -34 14.3   
18  Qaid Spring 9708 -6.0 -33 15.2   
18  Qaid Spring 9710 -5.9 -34 13.5   
19  Choori Kareze 9607 -6.3 -35 15.2 22 
19  Choori Kareze 9608 -6.3 -37 13.7 14 
19  Choori Kareze 9609 -6.4 -37 14.5 13 
19  Choori Kareze 9610 -7.6 -38 22.6 12 
19  Choori Kareze 9611 -5.3 -33 9.5 12 
19  Choori Kareze 9612 -4.7 -35 2.7   
19  Choori Kareze 9704 -5.5 -33 11.8   
19  Choori Kareze 9706 -6.4 -34 16.9   
19  Choori Kareze 9708 -5.7 -31 14.5   
19  Choori Kareze 9710 -5.7 -32 13.2   
20  Manna Dam 9607 -3.9 -20 11.3 15 
20  Manna Dam 9608 -2.5 -17 3.1 16 
20  Manna Dam 9609 2.9 15 -8.5 13 
20  Manna Dam 9610 -6.2 -37 12.4 8 



20  Manna Dam 9611 -5.6 -33 12.1 14 
20  Manna Dam 9704 -5.3 -33 9.1   
20  Manna Dam 9706 -4.4 -27 8.1   
20  Manna Dam 9707 -4.3 -24 10.1   
20  Manna Dam 9708 -4.0 -21 10.9   
20  Manna Dam 9710 -5.8 -34 12.3   
20  Manna Dam 9712 -5.7 -60 -14.7   
20  Manna Dam 9712 2.1 19 1.8   
21  Open Well near Kuz Karez 9607 -5.9 -31 15.6 19 
21  Open Well near Kuz Karez 9608 -6.3 -38 12.9 19 
21  Open Well near Kuz Karez 9609 -6.3 -34 16.1 12 
21  Open Well near Kuz Karez 9610 -6.3 -38 13.2 9 
21  Open Well near Kuz Karez 9611 -4.6 -31 6.4 10 
21  Open Well near Kuz Karez 9704 -4.5 -30 5.7   
21  Open Well near Kuz Karez 9706 -5.3 -31 11.3   
21  Open Well near Kuz Karez 9707 -4.3 -32 2.4   
21  Open Well near Kuz Karez 9708 -5.8 -28 19.2   
21  Open Well near Kuz Karez 9710 -6.3 -36 14.7   
21  Open Well near Kuz Karez 9712 -4.7 -31 6.6   
21  Open Well near Kuz Karez 9712 -5.4 -32 11.1   
21  Open Well near Kuz Karez 9802 -5.8 -32 14.5   
22  Open Well D/S Manna Dam 9608 -5.7 -30 15.3   
22  Open Well D/S Manna Dam 9610 -6.4 -38 13.2 12 
22  Open Well D/S Manna Dam 9611 -4.9 -34 4.9 11 
22  Open Well D/S Manna Dam 9706 -5.8 -34 12.6   
22  Open Well D/S Manna Dam 9707 -5.2 -32 10.0   
22  Open Well D/S Manna Dam 9708 -4.6 -27 9.6   
22  Open Well D/S Manna Dam 9710 -6.4 -36 15.5   
22  Open Well D/S Manna Dam 9712 -5.6 -30 14.6   
23  Zandara Kareze 9608 -6.0 -33 14.9 17 
23  Zandara Kareze 9609 -7.0 -42 14.3 12 
23  Zandara Kareze 9610 -6.7 -40 13.8 10 
23  Zandara Kareze 9611 -6.4 -40 10.9   
23 9704 -5.4 -35 8.9   
23  Zandara Kareze 9706 -5.2 -32 9.7   
23  Zandara Kareze 9707 -6.6 -38 14.5   
23  Zandara Kareze 9708 -6.5 -39 13.0   
23  Zandara Kareze 9710 -6.7 -36 17.5   
23  Zandara Kareze 9712 -6.4 -44 7.2   
23  Zandara Kareze 9712 -6.7 -39 15.0   
23  Zandara Kareze 9802 -5.3 -33 9.4   
24  Warchoom Dam 9607 0.1 -5 -6.1 8 
24  Warchoom Dam 9608 -6.7 -43 11.4 8 
24  Warchoom Dam 9609 1.1 -7 -15.2 6 
24  Warchoom Dam 9610 1.7 -2 -15.1   
24  Warchoom Dam 9611 2.1 -1 -18.1   

 Zandara Kareze 



24  Warchoom Dam 9704 -2.0 -21 -4.9   
24  Warchoom Dam 9706 -0.7 -12 -6.3   
24  Warchoom Dam 9708 -5.8 1 47.3   
24  Warchoom Dam 9710 -2.8 9 31.2   
24  Warchoom Dam 9712 2.9 11 -12.7   
24  Warchoom Dam 9712 -0.5 -9 -5.2   
24  Warchoom Dam 9802 -6.1 -25 23.4   
25  Open Well D/S Warchoom Dam 9607 -1.2 -14 -4.9   
25  Open Well D/S Warchoom Dam 9608 0.8 -6 -12.1 9 
25  Open Well D/S Warchoom Dam 9609 -2.1 -16 1.2 13 
25  Open Well D/S Warchoom Dam 9610 -2.2 -18 -0.1 6 
25  Open Well D/S Warchoom Dam 9704 -4.0 -27 4.2   
25  Open Well D/S Warchoom Dam 9706 -3.5 -26 2.0   
25  Open Well D/S Warchoom Dam 9707 -1.3 -12 -1.6   
25  Open Well D/S Warchoom Dam 9708 -2.5 -21 -1.3   
25  Open Well D/S Warchoom Dam 9710 -2.7 -22 -0.6   
25  Open Well D/S Warchoom Dam 9712 -3.4 -27 0.5   
25  Open Well D/S Warchoom Dam 9712 -2.1 -15 2.1   
25  Open Well D/S Warchoom Dam 9802 -2.3 -13 5.1   
26  Kuch Open Well  9607 -5.6 -33 12.2   
26  Kuch Open Well  9608 -2.4 -16 3.4 10 
26  Kuch Open Well  9609 -5.8 -33 14.0 12 
26  Kuch Open Well  9610 -6.0 -35 13.1 7 
26  Kuch Open Well  9611 -1.3 -11 -0.9   
26  Kuch Open Well  9612 -3.9 -29 1.6   
26  Kuch Open Well  9704 -6.2 -34 14.8   
26  Kuch Open Well  9706 -5.2 -31 10.9   
26  Kuch Open Well  9707 -2.6 22 42.3   
26  Kuch Open Well  9708 -5.0 -35 4.5   
26  Kuch Open Well  9710 -5.4 -31 12.4   
26  Kuch Open Well  9712 -5.0 -32 8.3   
26  Kuch Open Well  9712 -6.0 -33 14.8   
26  Kuch Open Well  9802 -5.5 -32 12.5   
27  Khozal karez 9704 -5.4 -35 7.9   
27  Khozal karez 9706 -6.4 -39 12.5   
27  Khozal karez 9707 -5.1 -38 2.6   
27  Khozal karez 9708 -6.1 -38 11.3   
27  Khozal karez 9710 -6.9 -38 16.9   
27  Khozal karez 9712 -6.2 -37 12.4   
27  Khozal karez 9712 -5.3 -31 11.5   
27  Khozal karez 9802 -6.8 -41 13.4   
28  Faran Tangi Spring 9508 -6.5 -40 12.2 7 
28  Faran Tangi Spring 9706 -7.0 -41 15.4   
28  Faran Tangi Spring 9708 -6.4 -38 13.1   
28  Faran Tangi Spring 9710 -6.4 -41 10.4   
29  Open Well Kili Kherbz 9611 -4.6 -30 6.5   



29  Open Well Kili Kherbz 9704 -6.2 -34 14.8   
29  Open Well Kili Kherbz 9706 -5.0 -37 2.8   
29  Open Well Kili Kherbz 9707 -5.4 -35 8.4   
29  Open Well Kili Kherbz 9708 -6.8 -37 18.0   
29  Open Well Kili Kherbz 9712 -5.2 -35 6.2   
30  Ken Banglow Spring 9611 -5.4 -32 11.3   
30  Ken Banglow Spring 9706 -5.8 -34 12.9   
30  Ken Banglow Spring 9708 -5.4 -36 7.5   
30  Ken Banglow Spring 9710 -5.6 -35 10.1   
30  Ken Banglow Spring 9712 -5.0 -30 10.4   
30  Ken Banglow Spring 9712 -5.5 -33 11.5   
30  Ken Banglow Spring 9802 -5.4 -37 6.1   
31  Open Well M. A. Dubo Kareze 9706 -6.6 -35 18.5   
31  Open Well M. A. Dubo Kareze 9707 -4.4 -30 4.8   
31  Open Well M. A. Dubo Kareze 9708 -5.2 -32 9.8   
31  Open Well M. A. Dubo Kareze 9710 -5.9 -27 19.7   
31  Open Well M. A. Dubo Kareze 9712 -5.4 -30 12.7   
31  Open Well M. A. Dubo Kareze 9712 -5.9 -40 7.5   
31  Open Well M. A. Dubo Kareze 9802 -5.6 -30 14.3   
32  Bendat Jangle Kareze 9611 -4.4 -27 7.7   
32  Bendat Jangle Kareze 9706 -5.5 -34 10.4   
32  Bendat Jangle Kareze 9707 -5.1 -27 13.0   
32  Bendat Jangle Kareze 9708 -5.0 -34 5.6   
32  Bendat Jangle Kareze 9710 -4.7 -32 4.9   
32  Bendat Jangle Kareze 9712 -5.4 -29 14.7   
32  Bendat Jangle Kareze 9712 -5.3 -33 9.3   
32  Bendat Jangle Kareze 9802 -5.5 -32 12.2   

20-A  Mana Dam Pond 9706 -3.27   -24.92   
20-A  Mana Dam Pond 9707 -3.25   -20.33   
20-A  Mana Dam Pond 9708 -3.51   -19.65   
20-A  Mana Dam Pond 9710 -2.23   -22.36   

 



Table 2. Mean Isotopic data of dam reservoirs and groundwater (karezes/wells) in Ziarat Valley 

 

Sample 
Code Station  δ18O (‰) δ2H (‰) d-excess Tritium 

(TU) 

1  Vouch Ghouski Dam 0.7 18 -6.9 16.6 
2  Well No.1 D/S Vouch Ghouski Dam  -3.0 -16 8.4 11.3 
3  Well No. 2 Ziarat Valley -5.0 -30 10.8 12.6 
4  Well No. 3 Ziarat Valley -5.2 -30 11.3 12.1 
5  Well No. 4 Ziarat Valley -5.9 -32 15.2 12.3 
6  Sademan Tangi Spring -6.2 -31 18.1 7.7 
7  Pechi Dam  -0.4 10 -4.9 16.7 
8  Seepage 1 - Pechi Dam -3.3 -22 4.1 15.0 
9  Seepage 2 - Pechi Dam -5.0 -28 12.0 10.8 
10  Old Pechi Kareze -5.6 -33 12.1 9.1 
11  New Pechi Kareze -6.3 -37 14.0   
12  New Pechi Well -6.0 -36 12.0 9.7 
13  Chinnah Kareze -6.3 -38 13.1 9.5 
14  Chinah Well -6.1 -37 12.0 10.9 
15  Nomind Kareze -6.0 -36 11.7 10.6 
16  Nomind Well -6.1 -36 13.0 9.2 
17  Ziarat Water Suply Tubewell  -6.2 -36 14.1 10.2 
18  Qaid Spring  -6.0 -35 13.0 11.2 
19  Choori Kareze -6.0 -34 13.5 14.6 
20  Mana Dam -3.6 -23 5.7 13.2 
21  Open Well D/S Mana Dam -5.6 -33 11.9 9.3 
22  Open Well near Kuz Kareze  -5.5 -33 11.5 13.8 
23  Zandara Kareze -6.2 -38 12.4 13.0 
24  Warchoom Dam -1.0 -9 2.5 7.0 
25  Open Well D/S Warchoom Dam  -2.5 -17 -4.7 9.3 
26  Kuch Open Well -4.7 -26 11.7 14.3 
27  Khozal Kareze  -6.0 -37 11.0   
28  Faran Tangi Spring -6.3 -40 10.5 7.0 
29  Open Well KiliKherbz -5.5 -35 9.4   
30  Ken Banglow Spring -5.4 -34 9.1   
31  Open Well A. M. Dubo Kareze -5.6 -32 12.5   
32  Bendat Jangle Kareze -5.1 -31 9.7   

20-A  Mana Dam Pond -3.1 -22 2.7   
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Fig. 1.  Map showing location of sampling points in Ziarat Valley 
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                       Fig. 4.  δ18O vs, δ2H plot of dams and groundwater in Ziarat Valley (mean values)   

 



 

 

Fig. 5. Normal probability plot of δ18O of Pechi dam, downstream karezes and wells 
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Fig. 11.  δ 18O vs. δ 2H of groundwater (upstream / downstream of Pechi Dam
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     Fig. 13.  Normal probability plot of δ18O of Vouvh Ghouski Dam & downstream wells
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Fig. 14  Temporal variation of δ18Oin Vouch Ghouski Dam and downstream well No. 1 
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Fig. 16.  Normal probability plot of δ18O of Warchoom Dam and downstream well 
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