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1-Introduction

In karst environments, geological structures such as anticlines, synclines, with joint patterns in these structures,
stratification surfaces, folding intensity, faults, and main joints make the vertical and horizontal connection in
the saturation zone. Some fault surfaces may have low porosity due to compaction or filling of fault surfaces by
secondary calcite and are a barrier to groundwater.

Sometimes faults move the layers and cause the permeable and impermeable layers to be placed next to each
other, which is also an obstacle to water passage (Mohammadibehzad, 2016). In this connection, in the recent
years, research on the role of faults has increased so that Charchi et al. (2010) in one of the studies have
considered the role of fault structures in karstic aquifer nutrition important. One of the most comprehensive and
valuable researches in this field has been done by Ashjari and Raeisi (2006) on 72 karst anticlines in Zagros. In
this study, they have presented a conceptual model based on the geometry of the anticlines and the outlet flow
position to describe the regions flow and have divided the anticlines into two main groups based on the
connection or lack of hydraulic connection between their edges. Geological and tectonic status has been the
most critical influential, and controlling factors in this classification. Rubio et al. (2007) studied tectonics' effect
on hydrogeological and Kkarstic processes in a fault karst basin (graben). Gremaud et al. (2009) investigated
geological structures' role in subsurface recharge and drainage processes in Switzerland's glacial karst system.
Chihi et al. (2015) investigated the relationship between tectonic structures and hydrogeochemical distribution
in southeastern Tunisian aquifers. It is to be mentioned that these researches were not under the title of
hydrotectonic. Addressing this issue can be very useful as a helpful reference for future groundwater exploration
to optimize the goal and reduce costs. In this study, we intend to investigate the relationship between geological
and tectonic structures (folded and fault structures), their role in the development of the Lily-Keno karst aquifer,
and especially in the emergence of karst springs in the study area from the perspective of hydrotectonics to be
analyzed. This research aims to study the relationship between geological and tectonic structures (fold and
faulted structures) and their role in developing karstic aquifer, especially in the emergence of karstic springs. In
this research, we introduce the title of Hydrotectonic in the present article in Iran, with a unique view about
karst aquifers.

The calcareous terrain of the Ilam-Sarvak Formation at Leyli-Keynow Anticlines in the northeast of Khuzestan
Province has formed a very rich karst aquifer under the influence of geological structures. Many dolines at the
heights of these anticlines and karstic springs such as Sousan spring with super-high discharge, springs of
Tange-Sard, and Dare-kool with a relatively high discharge indicate that the regional karst is well developed.
Studies of geological structures show that the study area is affected by the Izeh and Balaroud shear zones'
basement faults. As a result, in addition to fractures' development, the area's anticlines have been merged
through structural interferences. The aquifer (anticline) of the Leyli-Keynow results from the same structural
development, which can also be linked to the adjacent aquifers (or anticlines) based on water budget estimation.
Field surveys also show that faults and fractures are more frequent in the study area. These fractures and faults
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play a crucial role in controlling the general flow and water transfer patterns. In sum, these results indicate that a
specific hydrotectonic regime controls the karstic aquifer in the study area.

2-Methodology

Using geological maps of 1: 100000 and 1: 250,000 of the National Iranian Oil Company and satellite imagery
of the study area’s geological map has been drawn. GIS and image enhancement and visual interpretation
operations, the geological structures of the faults, fractures, and joints of the study area were extracted from the
Landsat 2002 sensor image, using remote sensing techniques. Springs were also identified during field
operations in the area. Using a satellite locating device (GPS; Geographical Position System), their location and
place were determined and evaluated lithologically and structurally in these visits. In field studies, in the
recharge area of Susan, Tange-Sard, and Dare-kool springs, four stations were determined to measure joints and
fractures. Then, by drawing a rose diagram, the joints and the type of dominant joints in the study area were
determined. Finally, a model of the hydrotectonic regime was presented.

3- Results and discussion

The study area is located in the northwestern part of the 1zeh zone and east of Dezful embayment in the folded
Zagros tectonic zone. From a tectonic point of view, the study area structures are more periodic than parallel
anticlines and synclines. The most critical tectonic movements in the region are orogenic movements of the
Cenozoic (Alpine) period. In addition to reducing the sedimentation environment's depth and changing the
lithology and thickness of sediments, these tectonic movements have cause folding and development of
fractures in the rock units. The performance of the mentioned movements has also caused secondary porosity
and increased the rock units' permeability.

The Leyli anticline is asymmetrical and has multiple hinges. The elevation of this anticline in the northwestern
regions is higher than its central and southeastern regions so that in that area is the oldest outcrop related to the
Garou Formation, while in the southeastern region, the deepest outcrop belongs to the calcareous formations of
Ilam- Sarvak (belongs to Bangestan group; Motiei, 1995).

The Keynow anticline has a unique structural condition and an axis length of about 40 km with a northwest-
southeast axis trend. This anticline shows several rotations compared to other anticlines in the study area. The
southeastern nose and the entire northern edge of this anticline are structurally interfering with the southeastern
nose, and the southern edge of the Leyli anticline has an en-echelon arrangement.

It is necessary to determine how the Leyli and Keynow anticlines formed and merged, to understand the
pressure and, consequently, the type of tectonic regime governing different parts. Cosgrove and Price (1990)
believe that the folds in the folded belts are formed due to the distance between their axes that can affect each
other. In this way, the axes of the folds that are formed next to each other usually move to the left or right
relative to each other and show an En-echelon arrangement.

The karst features in the study area can be divided into two categories: surface and deep. The most important
surface and in-depth Kkarst features are the valleys on the Leyli and Keynow anticlines' heights, respectively, and
the karst springs at their limbs, which are of particular geological importance due to their hydrogeological
significance.

Most of the Leyli - Keynow karst aquifer springs have appeared along the Mafaroun reverse fault and under the
influence of basement faults. Due to the position of Mafaroun fault, its performance has caused the llam-Sarvak
formation to be located opposite to the Pabdeh-Gurpi impermeable formation and has created a hydraulic dam
parallel to the mentioned fault. Hydrotectonic evidence shows that the Susan spring is morphologically in
contact-fault springs and is the most critical discharge of the Leylia - Keynow karst basin.

The joints and fractures were investigated to know the role of tectonics and geological structures of the study
area. According to these studies, joints in the Tange cord can be divided into two sets: systematic (fractures that
are relatively parallel and have regular spacing) and non-systematic (joints that are irregularly spaced). In
general, fractures in the area of all three springs are often of the water-conducting type. The transfer rate should
be high in these springs' catchment areas, considering the transverse fractures concerning the cross axis and
layering and the role of transverse fractures in controlling the general direction of flow within the karst.
Karamivardanjani (2016) also showed that the flow velocity due to fractures' development in these springs'

catchment areas and the type of fractures and their opening rate is high.
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4-Conclusions

The Leylia - Keynow anticlines show several bends compared to other anticlines in the study area. Also, the
southeastern nose and the entire northern edge of the Keynow anticline are merged with the southeastern
promontory and the southern edge of the Leylia anticline due to structural interference and have an en-echelon
arrangement. The reason is the growth of the folds and the performance of the Izeh shear zone's basement faults
and the resulting Balaroud shear zone. Tectonic activities of the region in the form of anticline interference and
intense faulting in the limestones of the Ilam-Sarvak Formation of these anticlines have created an utterly
fragmented zone, and dissolution leads to the development of karst aquifer and hydrotectonic regime in the area
has been. The formation of several dolins in the heights of the mentioned anticlines confirms this. The
alignment of the position of dolins with the density of fractures and their linear trend, which mainly follow the
axis of the anticlines, indicates the effect of the fault path, the fracture system, especially longitudinal fractures
(parallel to the axis of the anticline) and the intersection of fractures in the development of these karst features.
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Fig 9- Picture of Susan springdrainage (photo view to the northeast).
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Fig. 10. Dare-kool (right) and Tange-Sard (left) springs in the Leylia - Keynow karst aquifer.
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Fig 12. Effect of Mafaroun fault in the area of Tang-sard spring with fragmentation and faultingstriation.
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Fig.13. Three-dimensional model of geological structures (including anticlines and thrusts) in the study area which have played a key
role in the appearance of Tange-Sard, and Dare-kool springs.
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Fig. 16. Rose diagram of fractures in the Susan spring.
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45 160
| Rainfall
—Discharge
- 140
36
120
= =
"E 27 @ 100 E
o =
g a2 | | 80 E;
£ £
2 18 L Quick flow | |~ ]
a s e 60
- 40
9 Base flow
‘ | l L " i k X
; 1 i i ! | I
9 < €, - o, S 2 2, < 2,
% % % %, %, %, % %, % % 0 %,
G, 2, % %, %, 2 % % % 2
Y o, % 3 3
3 % o
%, o
%,
1391 1392
Time (day)

doiiz al 4 by Sledbh VYAY 3T sloxl B YY) (50 (glatl 5l g o w5 (lgtul w5 a0l (b, SUSE g 04,8 sla e wilyy, ISy 00 —VA S

el 0ds 438 )5 5 (YY) ] 5 o Karimi Vardanjani ;| e
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