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Fault, Faults are among the most critical geological structures influencing aquifer
Groundwater aquifers, systems, exhibiting diverse hydraulic behaviors depending on their architecture,
Groundwater flow, material properties, and stress regime. Fault zones can act as barriers, conduits,
Hashtgerd or combined barrier-conduit systems, thereby controlling groundwater flow

paths, recharge rates, and water quality (Caine et al., 1996). The hydraulic
gradient around faults is controlled by hydrogeological processes including
recharge rate, topography, human activities, and deep processes such as
sediment compaction (Bense et al., 2013). Fault activity can also mix fossil
waters with shallow groundwater, altering chemical properties such as EC, pH,
and total dissolved solids (Hamed et al., 2014). Evidence of fault impacts on
aquifers includes the spatial coincidence of springs along major faults and
significant differences in discharge between fault-related and non-fault springs
(Demircioglu, 2024).

In Iran, several studies have examined fault-aquifer interactions. The effect
of the North Tabriz fault on groundwater quantity and quality has been analysed
(Rajabpour &Vaezi, 2017). Water level changes caused by faulting in the
Shahrchai-Urmia plain catchment have been studied (Kiani & Yousefi, 2017).
It has been shown that the Dorood fault causes sudden changes in aquifer
thickness and water quality (Alijani et al., 2023). The Dehshir-Baft fault acts as
Receive: 2026-05-22 a barrier preventing saline water intrusion, as shown using ERT (Mousavi,

2013). Wells on the left side of the Sabzevaran fault have higher discharge and
Accepted: 2026-07-24 better water quality (Jafari et al., 2011). Groundwater flow in karst formations
Published: 2026-08-23 is parallel to bedding and dominant joint trends (Tamburini & Menichetti, 2016).
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The Hashtgerd Plain, located in the southern foothills of the Central Alborz Mountains, is characterized by
numerous springs and a critical alluvial aquifer that supplies water for agricultural and domestic use. However,
the region faces challenges related to groundwater level decline and quality degradation. This study aims to
investigate the role of mountain frontal faults (e.g., Mosha and North Tehran thrusts) and related fractures on
the groundwater regime, spring discharge, hydraulic gradient, and water quality in the Hashtgerd Plain. The
novelty of this research lies in integrating detailed geological mapping (1:100,000 scales) with hydrogeological
data to explain how fault-induced fracturing and lithological variations control groundwater storage and flow
in a tectonically active mountain-front setting.

Methodology

The study area is located in Hashtgerd Plain, central Alborz Province, between longitudes 50°35' to 51°00' E
and latitude 35°50" N, covering a catchment area of 1171 km2. To achieve the research objectives, several
methods were employed.

First, a comprehensive geological database was compiled by integrating four 1:100,000 geological maps
(Karaj-Hashtgerd, Tehran, Marzanabad, and Shokran) published by the Geological Survey of Iran (Amini,
1993; Emami, 1994; Bazli, 1977; Vahdati, 1998). These maps were digitized and merged to produce new
geological, fault, and DEM-based structural maps.Second, all springs (140 springs) within the study area were
inventoried, and their location, discharge, water temperature (cold, semi-thermal), quality (mineral vs. non-
mineral), and structural type (fracture-related, drainage) were recorded. Third, groundwater level data were
used to construct water table contour maps and flow direction maps.Fourth, electrical conductivity (EC) and
pH data from springs and wells were analyzed in relation to the host rock lithology (tuff, volcanic rocks,
limestone, dolomite, sandstone, shale). Finally, a spatial analysis was performed using GIS overlay techniques
to examine the relationship between fault lines, spring locations, aquifer thickness variations, and hydraulic
gradients. The Darcy law principle was applied to interpret changes in hydraulic gradient as a function of
aquifer thickness.

Results and Discussion

Geological and structural setting: The study area is part of the southern Alborz fold-thrust belt, characterized
by east-west trending folds and thrust faults. The main faults include the Mosha thrust and the North Tehran
thrust, along with several minor faults extracted from the integrated geological maps. The stratigraphic
sequence ranges from Late Proterozoic (Soltanieh and Zaigun formations) to Jurassic (Shemoshak Formation)
and Eocene (Karaj Formation).

Springs and fault relationship: Out of 140 springs, 136 are permanent and 91 are valley-type springs. Most
springs (118 springs) emerge from the Karaj Formation, followed by the Soltanieh (14 springs), Zaigun (5
springs), and Shemoshak (3 springs) formations. A total of 50 springs are directly associated with faults, while
90 show no direct fault contact. However, in areas where faulting has caused intense fracturing and brecciation,
spring discharge increases significantly. Springs hosted in the Soltanieh and Zaigun formations exhibit a good
spatial correlation with fault lines, indicating that fault-induced permeability enhances groundwater outflow.
Conversely, in the Karaj Formation, the presence of shale layers within the volcaniclastic sequence reduces
hydraulic conductivity, resulting in lower spring discharge despite faulting. This highlights that lithology
modulates the hydraulic effect of faults.

Groundwater flow and hydraulic gradient: The Hashtgerd aquifer drains groundwater from the southern slopes
of the Alborz Mountains toward the Kordan River and finally to the central Iranian plain. Water table contour
maps and flow direction maps reveal that the hydraulic gradient increases in the southeastern part of the plain.
According to Darcy's law, for a constant discharge, a decrease in aquifer thickness leads to an increase in
hydraulic gradient. Therefore, the observed steepening of the hydraulic gradient in the southeast is attributed
to a reduction in aquifer thickness. This thinning is likely caused by the presence of a fault zone at the
mountain-front boundary, which creates a vertical offset. Additionally, an elevation difference of
approximately 300 meters exists between the Hashtgerd heights and the southern plain, which is interpreted as
the vertical component of the Mosha and North Tehran thrust zones. In the southwestern part of the plain,
thicker and finer-grained alluvial sediments result in a lower hydraulic gradient, indicating that sediment grain
size distribution also controls flow patterns.
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Water quality: Water quality, classified based on data from the Iranian Ministry of Energy, ranges from "good
to relatively good" in the northern highlands to "poor" in the southernmost part of the plain (Eshtehard basin).
In the northern area, springs hosted in volcanic and tuffaceous rocks show EC values ranging from 140 to 600
pS/cm and pH from 6.3 to 6.8, indicating moderate mineralization. In the southern plain, poor water quality is
associated with fine-grained evaporite deposits, playas, and salt flats. The study also found that springs in
dolomite (Soltanieh Formation) have EC values of 200-500 uS/cm, while sandstone-hosted springs show
higher EC (up to 970 uS/cm). Thus, lithology exerts a first-order control on groundwater chemistry, whereas
faults locally enhance or reduce water quality by connecting different aquifers or bringing saline waters to the
surface.

Conclusions
This study demonstrates that mountain frontal faults in the Hashtgerd Plain, southern Alborz, significantly
influence groundwater resources through three primary mechanisms.

Fault-induced fracturing enhances spring discharge, particularly where fault zones have developed
brecciated and fractured networks, especially within carbonate and dolomitic formations (Soltanieh and
Zaigun). However, within the Karaj Formation, the presence of interbedded shales mitigates the positive effect
of faulting on spring yield.

Aquifer thickness and hydraulic gradient are governed by the vertical component of thrust faults. A
300meter elevation difference between the mountain front and the plain results in reduced aquifer thickness in
the southeastern sector, which in turn produces a steeper hydraulic gradient. Conversely, thicker and
finer-grained alluvium in the southwestern portion gives rise to a gentler gradient.

Water quality is predominantly controlled by the lithology of the host rock: volcanic and carbonate rocks
yield water of moderate to good quality, whereas evaporite-rich fine sediments in the southern plain are
associated with poor water quality. Faults play a secondary role by locally facilitating the mixing of different
water types.

These findings are of critical importance for groundwater balance assessment and the management of the
Hashtgerd aquifer, particularly in light of the ongoing water transfer project from Taleghan to Karaj, which
traverses active fault zones. Future research should prioritize large-scale geological cross-sections and
geophysical surveys in order to better characterize fault zone architecture and its associated hydraulic
properties.
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Fig (1): Location of Alborz Province and Hashtgerd County on the map
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Fig (5): Springs in the study area.
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Fig (6): Number of springs and the lithology of the formations in which they are located.



oL oo VPO Jlo lsl Jad ) okl o) 0590 (60 9315 cd b 9 g LS Lw cwlilipno)

cslale 055l gl o a0 ez ,S 055k 51 il Le wilad 3,108 T )5 aalllas 5 )50 00ga5te (slodei 45 o loai;Lls
Ailazd )3 )18 Saads Wl )0 etz ¥ g ¢y55T5 wisle o e O casllaln wijle (o el VT 7,5 W5le (o e

el oas ools gioled Wiyle 103 QT)o paois oS ‘_,’J"LQ.AJ)'L» g dauiz olaws 4 S o

axlllao 890 00guo Al Wlasin () Jous
Table (1): Specifications of the springs in the study area.

Ao Sloss %3k o
VA s
Y Slous
V¥ aslale
o o8l
Aotz olaas W55l
VA crosd
Y 5::-“)‘)93
14 OoeolS
odazy Sluas Ol oS
\ RN
Y4 (S
Aoz Olaxs ol slos
AR S yos |
AN N
EPOWERINE Y} FPSWE S L2 W
\YF ECEIN
¥ 52
dnicy ol JouS b L
o 35l
a- KR




The effect of mountain frontal faults on the status of groundwater ... Mohammadian

50°300°E 50°400°E 50°S00°E 51°00°E
1 1 1 1 1

1 L 1 1
8
o -2
e
8
- -3
36°00°N+ 3
e
g
- -0
2
o
3
35°50'0°N S
2
g
. 024 8 12 16 -3
2
g
-
35°400N—= | g
- -
-8
1 ] 1 §:. -8 I L] I | IS |
320000- 310000- 300000- 290000- 280000- 270000- 260000-
axfllo 590 00g9dxo glaud jlw (V) JSS&
Fig (7): Formations in the study area.
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Fig (8): Map of carbonate and non-carbonate formations and springs.



Obdozxo VFe0 Jlo bl Jad ) o)lols o) 090 (60 39,15 s luimmo 9 5 L5 Lw Ls“’l“:"u”)

YA A

V¥
c ¥
[ ] . — ¥
NEE agillal, Stiad - &

Alas )5 4158 4T 40 ez 45 g auijlw 4o e slasi :(]) JSi
Fig (9): Number of springs in the formations in which they are located.
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Fig (10): Map of faults and springs in the study area.
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