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Introduction

More than 25 percent of the world population live on the karst or depend on karst aquifers for water supply (Ford and Williams
2007). Lithology, precipitation, tectonic setting, vegetation cover, geomorphology, stratigraphy and deposition environment are the
most important factors affecting karst development. High calcite bearing, thick bedded and massive limestones have a higher
capacity for karst development (White 1988, Dreybrodt 1990, Karami 2009). Groundwater chemistry is a result of the interaction of
geology, chemical weathering, chemical interactions and human activities and quality of the recharging water (Domenico and
Schwartz 1990, Scheider and Andreo 2007, Karami 2009, Chitsazan et al. 2015). In this regard, investigating the geology and
stratigraphy effects on water quantity and quality is necessary for any karstic terrain. Studied area situated in the central part of Iran
at 20 km west of Tabas city. This region fall between 56° 45' and 57° 35' northern latitude and between 33° 00' and 34° 00' eastern
longitude. According to the meteorological data, the climate of study area is arid with average annual precipitation of about 80 mm
in plain and 200 mm in high mountainous parts. From the geological, point of view the study area situated in the Central Iran
plateau, including rocks and deposits with age range from Paleozoic to Quaternary. Main lithological rock units in the study area
include limestone, dolomite, sandstone, shale, marble, conglomerate and alluvial deposits. Carbonate formations with considerable
thickness consists of nearly 53 percent of the land surface of the Shotori Mountains. Jamal Formation (limestone and dolomite),
Shotori Formation (dolomite and limestone) and Esfandiar Formation (massive reef limestone) are the main carbonate formations in
the studied area (Stocklin et al.1965). Karstification process results in the development of the secondary porosities and occurrences
of karstic aquifers. Karstic aquifers have an important role in providing water supply for different consumptions also recharging the
Tabas and Boshrouyeh alluvial aquifers. Sequence stratigraphy and difference hydrostratigraphy leaded to forming three karstic
aquifers entitled Jamal, Shotori and Esfandiar. Almost all springs in this studied area emerge from these karst formations. So that
annual discharge from these karst springs is about 83% of total annual discharge in the studied area. The higher extend, thick layer
and more purity of the limestone in Esfandiar Formation in comparison with the Jamal and Shotori formations lead to the higher
degree of karstification in this formation so that the main springs emerging from this formation.

Material and Methods

To find out the lithological composition of the carbonate
formations, 49 thin sections were prepared from the different
rock units in the studied area. Purity percentage (L.O.1.) and
main oxides (including MgO, CaO, Fe,03, Al,03, and SiO,)
for nine samples of carbonate rocks were determined using
XRF analysis. Field surveys carried out in 2014 - 2015 water
year and 11 largest springs from 118 springs of studied area
were selected as representatives for detail monitoring.
Totally, 66 water samples collected and analyzed in this
investigation. Electrical conductivity, pH, temperature and
spring discharge measured in the field. Major ion
concentrations measured in the laboratory of Khorasan
Razavi water authority.

Discussion of Results and Conclusion

According to the obtained results of XRF analysis, it may be
argued that the samples of Esfandiar Formation have higher
than 53 percent of CaO while the MgO content is lower than
2 percent. The value of MgO in Jamal and Shotori formations
are 15 and 16 percent, respectively.

Total discharge of all springs in Shotori Mountains is
about 528 I/s. Discharge from karstic springs is about 83
percent of the total discharge from Shotori Mountains. It
should be mentioned that the Esfandiar karst aquifer with
30.4% of total area of Shotori Mountains include about 60%
of total discharge of this region.

Regarding the stratigraphy and base levels of erosion,
discharging springs may be classified into three main groups,
with considerable variation in their qualities.
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Discharge variation in the largest karstic spring of each
aquifer in 2014-2015 water year indicates that all the three
large Kkarstic springs have variations lower than 22 percent.
The highest variation ratio of discharge observed in spring
originated from the Esfandiar Formation that indicates the
higher Kkarstification degree in this formation.

Studies related to annual recharge percentage in the
Shotori Mountains yield the value of 20% for annual recharge
in this region. Therefore, about 20% of annual precipitation
(164 mm) on Shotori Mountains recharges their aquifers. The
total discharges of springs (i.e. 440 I/s) are not equal to the
amount of annual recharge (i.e. 1370 I/s) in the Shotori
Mountains. Therefore, it may be concluded that the excess
recharged water (i.e. 930 I/s) should laterally discharge to the
Tabas and Boshrouyeh alluvial aquifers.

Stratigraphy of the study area have significant role in
partitioning of the lithology facieses to different aquifers with
different water quantities and qualities. The higher purity of
the Esfandiar Formation and its massive and thick-bedded
limestone provides better conditions for karstification in
comparison to Jamal and Shotori formations. One of the most
important reasons for more karst development in Esfandiar
Formation is higher variability of discharges of springs which
originating from Esfandiar Formation.

In addition to the effect of stratigraphy on quantity, it has
a significant effect on the quality of the discharging water
from the springs in the area. Springs which discharge from
Esfandiar Formation with volcanic and Qala Dokhtar
formation basement have higher quality than Esfandiar with
Baghamshah basement. The electrical conductivity of the
first group of springs is below 500 pS/ cm whereas it
fluctuates between 700 to 1800 pS/ cm in the second group.
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