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Assessing the Age of Karstic Groundwater in
South West of Lorestan Province Using Tritium
Isotopes and Hydrogeochemical Methods:

Inconsistencies Between the Two Approaches
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Abstract

Karst groundwater resources in Lorestan Province (west Iran) are one
of the most critical drinking water sources in the region. However, no
comprehensive study has yet been conducted to assess their age and
quality. To address this gap, the present research employs tritium
isotopes (*H) and hydrogeochemical indices to analyze the relative age
and quality of these resources. Twelve groundwater samples, including
seven sulfurous, three non-sulfurous, and two saline samples, were
collected in 2023 and analyzed for their ionic and isotopic
compositions. Tritium data and chemical indicators (SO4/Cl, Na/Cl,
Mg/Ca ratios, EC, and major ion concentrations) were analyzed to
determine relative age, origin, and mixing patterns. Piper diagrams, ion
scatter plots, and saturation indices of calcite, dolomite, and gypsum
were used to interpret geochemical processes and water-rock
interactions. Results indicated that most groundwater samples are of
modern age (tritium: 1.31-3.07 TU), with a few showing mixed
modern—submodern characteristics. The dominant bicarbonate type
reflects carbonate origin and recent precipitation recharge, while
chloride-sodium (samples S6, S7) and sulfate-chloride-calcium types
(samples W2, S2) suggest influence from the Gachsaran Formation or
contamination. Notably, samples S6 and S7 exhibited high tritium and
salinity, indicating rapid infiltration of recent rainfall into the
Gachsaran Formation and localized salt dissolution. Furthermore, the
characteristics of samples W2 and P1, including high SO,/Cl ratios and
elevated tritium concentrations, indicated potential contamination and
the introduction of pollutants into the groundwater system. Samples
W1, P2, and S3, characterized by simple ionic compositions and high
tritium levels, represented young waters, whereas samples S1, S2, and
S4, with more evolved ionic compositions and lower tritium
concentrations, indicated mixed sources and intermediate behavior in
terms of age and hydrochemical composition. Other samples, such as
P3 and S5, with moderate SO,/CI ratios and tritium levels, lie at the
boundary between young waters and mixed sources, likely influenced
by mixing, surface recharge, anthropogenic contamination, or water
inflow through faults.
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Fig. 4- Tritium decay curve used for estimating
the age of groundwater (Mazor, 2004)
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Table 2- Classification of Water Age Based on Tritium Concentration (Karimi Rad et al., 2017)
(Karimi Rad et al., 2017) a5 Cdalé (wlwl p BT s g —F Jooa

Concentration of

tritium (TU) Age description

<0.33 Submodern—recharged prior to 1952
0.33-2 Mixture between submodern and recent recharge
2-6.1 (Modern)=less than 5 to 10 years old
6.1-12.25 A small amount of tritium exists from nuclear bomb tests (1950—-1963)
12.25.20 4 A significant portion of the water is recharged in the 1960s or 1970s
>20.4 Water primarily recharged in the 1960s

Table 3- Results of tritium (*H) concentration measurements in groundwater samples (2023), tritium level
in precipitation (Mohammadzadeh and Soleimani Valikandi, 2018), and estimated relative ages in the
study area

Mohammadzadeh ) &, & ;3 CIE (VP Y) uojp; & adiges ;5 (H) pats 5 Cdalé g S0l gl -F Jgas
axdllao 390 dbliin )3 duwidwlme (omwd Cpw g (and Soleimani Valikandi, 2018

Group 1D SH% *H (TU) Age EC (us/cm)
Rain - 5.5 - -
A w1 43.09 237 14.86 499
w2 40 22 16.23 15900
S1 25.64 1.41 24.22 989
S2 29.09 1.6 21.9 1490
S3 41.27 2.27 15.67 773
S4 23.82 1.31 25.65 860
S5 36.55 2.01 17.77 892
B P1 49.09 2.7 12.63 595
P2 48.18 2.65 12.8 507
P3 30.91 1.7 20.84 499
C Sé6 52.91 2.91 11 224000
S7 55.82 3.07 10.36 235000
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Fig. 5- Classification of rainwater and groundwater samples based on tritium (*H) concentration in the
study area
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Fig. 6- (a) Variations in electrical conductivity (EC) and Ttritium concentration (TU); (b) The relationship
between tritium concentration (TU) and water age (years) in the groundwater resources of the study area
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Table 4- Measured hydrochemical and isotopic parameters in karst groundwater samples
)8 (i Ol Grdiged 53 o (6505051 (g9l g (S Sl yelsl -F gaa

Group Sample ID EC T/ °C PH Major Elements (mg-L™")
(1S)

Ca Mg Na+K Cl SOs HCO Na/Cl

A W1 499 204 7.6 63.6 10.6 25.5 294 17.8 261 0.85

W2 2450 204 7.6 2053 1104 362 515.8 700 394 0.58

S1 989 238 73 74.7 313 93.8 49.0 956 442 1.82

S2 1490 233 7.1 1329 41.1 123.7 195 318 255 1.63

S3 773 145 63 704 151 56.2 942 194 290 0.57

S4 860 21.1 69 64.1 257 79.7 474 533 447 1.62

S5 892 282 6.2 889 28 63.7 704 632 409  0.85

B P1 595 226 72 712 309 5.7 53 103 288  0.81

P2 507 18.1 7.1 63.6 10.5 27.1 314 194 247 084

P3 828 19.6 8.1 94.5 30.5 43.9 53.5 98.1 354 0.77

C S6 224000 255 6.8 1694 191 94644 138939 4307 88.5 0.68

S7 235000 262 7.1 1246 169 114829 173348 3494 162  0.66
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study area
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Fig. 10- Relationship between Different Ions in the Karst Water Samples for the Study Area
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Fig. 11- Scatter plots of chemical parameters in the groundwater samples of the study area: (a) HCOs3 vs.
vs. Na/Cl ratio vs. EC, (¢) HCOj3 vs. Na/Cl ratio, and (d) SO, electrical conductivity (EC), (b) SO,
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