




a karst system or subsystem that is poorly developed

and is dominantly displaced by a piston-flow regime.

Previous findings about Enakak Spring (S14) (Kesha-

varz, 2003) confirm our interpretation of a karst system

or subsystem dominated by a piston-flow regime for

Group 2.

Group 3 includes Gilan Spring (S1), Marab Spring (S4),

Morikosh Spring (S10), Atashgah Spring (S12), Shosh

Spring (S13) and Ghomp Spring (S15), which are subjected

to (1) a negative correlation between discharge and EC

values (Fig. 2); and (2) different temporal structure in

variograms of discharge and EC (Figs. 3 and 4). We believe

this group is supported by a well-developed karst system or

subsystem that provides higher discharge values that

coincide with lower values of EC. Quick response of the

karst system or susbsystem to precipitation events causes

different temporal behaviors in variograms of discharge

and EC.

Figure 5. Relationship between residence-time range (A1) and selected characteristics of the springs.

ON THE TEMPORAL BEHAVIOR OF KARST AQUIFERS, ZAGROS REGION, IRAN: A GEOSTATISTICAL APPROACH

224 N Journal of Cave and Karst Studies, December 2009



CONCLUSIONS

The time series that describe discharge and EC

variations at the springs represent aquifer behavior over

the time domain. The application of variogram analysis

suggests two temporal behaviors characterize the time

series of discharge and EC at springs. These temporal

behaviors include periodicity and nugget effect plus one or

two temporal structures. For the springs studied here, the

periodicity ranges from 100 to 316 days and from 82 to 300

days for variogram of discharge and EC, respectively. The

temporal structure in one cyclical period is explored by

application of variogram on partial data in a cycle.

Some of the variograms are modeled by double

exponential or spherical models which introduce two

temporal ranges (i.e., A1 and A2). The short range (A1)

can be considered as an indication of water residence time

in well-developed karst conduits, while the entire karst

system is responsive to the long range (A2). The springs are

classified into three groups according to differences

between ranges obtained by variograms of discharge and

EC that belong to the development of karst in each system.

The results obtained in this study confirm previous findings

of the study area and provide valuable new findings

regarding the temporal structure of the aquifers and

additional insights into the karst systems. This research

also illustrates how variogram analysis can improve our

understanding of karst systems by using time series of

physico-chemical parameters. The authors propose the

application of variogram analysis on time series of physico-

chemical parameters as a part of karst spring studies.
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Table 8. The ratio of difference between obtained ranges based of variograms of discharge (RQ) and electrical

conductivity (REC).
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Group

Elec. Cond.

(REC)

Discharge

(RQ)

Gilan 70 108 38 43 3

Golin 126 98 28 25 1

Sarabgarm 69 107 38 43 2

Marab 114 46 68 85 3

Piran 95 88 7 8 1

Gharabolagh 41 51 10 22 1

Rijab 95 61 34 44 2
Sheshpir 47 65 18 32 1

Berghan 17 28 9 49 1

Morikosh 31 94 63 100 3

Tangkelagari 33 60 27 58 2

Atashgah 268 110 158 84 3

Shosh 10 39 29 118 3

Enakak 19 9 10 71 2

Ghomp 54 26 28 70 3

Note: EC is electrical conductivity.

Q is discharge.
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