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Abstract

Understanding  the  chemical  characteristics  and
hydrogeochemical processes controlling karst groundwater
quality represents a fundamental precondition for the
protection and mana% ment of groundwater resources in karst
systems. This research, combining hydrochemical and isotopic
ata, various geochemical plots, as well as multivariate
statistical techniques, focuses on the application of a multi-
technique approach to characterize the oriﬂin of groundwater
and assess the main factors controlling groundwater
salinization and hydrogeochemical processes in Hezarmasjed
karst groundwater system in northeast of Iran. To this end, a
total of 22 samples from springs, along with 2 samples from
rivers and 2 samples from the dam reservoirs, were collected
for hydrochemical and isotopic analysis (6180, 62H, and
tritium). The results of multivariate statistical analyses,
Hierarchical Cluster Analysis (HCA) and Principal
Component Analysis (PCA), showed that four distinct clusters
(factors) which include dissolution of carbonate minerals,
dissolution of sulfate minerals, salt dissolution, and common
ion effect, can be generated based on the quality of karst waters
in the area. The main source of karst groundwater was meteoric
water (modern precipitations). As well as the recharge by
surface water and shallow groundwater sources. Based on
isotopic analysis results, the residence time of water in the
karst system is relatively short, and the groundwater is
renewable. Water-rock interactions have the predominant
impact on the hydrogeochemical evolution of Karst
groundwater and the role of cation exchange, evaporation, and
anthropogenic activities can be i%nored. Two groundwater
types, Ca* - Mg?* - HCOs and Ca?* - Mg?* - SO4%, were the
ominant chemical types for the Hezarmasjed Kkarst
groundwater system. The springs in the southeastern part of the
surveyed area exhibited a dolomite dissolution domain with a
above zero saturation index, whereas the springs in the
northeastern part showcased a calcite dissolution domain with
a negative sturation index.

Keywords: Multivariate Statistical Analysis, Water-Rock
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Fig. 12- The plot of 520 vs. 3D for spring water samples with best fitted line representation
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Table 3- The amount of real activity of tritium and the age of groundwater samples
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Sample Name  °H (TU) Dating
S15 4 Recent recharge (between 5 to 10 years)
S18 1.8 A mixture of pre-1952 and recent recharge
S19 3.8 Recent recharge (between 5 to 10 years)
S20 3.2 Recent recharge (between 5 to 10 years)
S22 6 Recent recharge (between 5 to 10 years)
S23 3.8 Recent recharge (between 5 to 10 years)
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8- Global Meteoric Water Line

9- Mediterranean Meteoric Water Line
10- Iranian Meteoric Water Line

11- Mashhad Meteoric Water Line
12- Local Moisture Source

13- A Very Low Vapour Humidity
14- Recycling of Water Sources

15- Recycled Precipitation
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1- Thick-layer to Massive Oolitic Limestones
2- LGR Laser Spectroscopy

3- Liquid Scintillation Counting

4- Vienna Standard Mean Ocean Water

5- Tritium Units

6- Principal Component Analysis

7- Hierarchical Cluster Analysis
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