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1-Introduction

Submarine groundwater discharge (SGD) represents a critical yet often overlooked component of the
hydrological cycle in coastal regions. Particularly in karst-dominated formations adjacent to marine
environments, such discharges can play significant roles in both hydrology and marine ecology. The present
study aims to evaluate the existence of submarine springs in the Persian Gulf, with a particular focus on the
Salt-Kangan Anticline in the Assaluyeh region, where geological structures potentially allow for
groundwater discharge into the sea. Previous research has demonstrated that SGD, particularly in karstic
and tectonically active coastal zones, can significantly impact seawater chemistry and coastal ecosystems
(Aggarwal et al., 2004; Burnett et al., 2006). In many global locations, such as southeastern Sicily, the
Adriatic Sea, and southern France, detailed investigations have revealed substantial submarine discharge
zones with observable thermal and salinity anomalies (Zektser & Dzhamalov, 2007). These studies often
rely on a combination of isotopic, geophysical, and hydrogeological techniques. Despite global advances,
empirical verification of SGD in the Persian Gulf remains limited. However, several Iranian studies point
toward the plausibility of submarine springs in the region. For example, Nemati Mansour et al. (2023) and
Zaerian & Eslamian (2021) emphasize the importance of groundwater balance assessments in
understanding aquifer behavior.

Additionally, Kastning (1977) identified the potential for groundwater discharge from karstic anticlines
near the southern Zagros Mountains, due to the abundance of faulting and transverse geological structures.
Thus, this study integrates hydrogeological balance analyses, satellite remote sensing, and field-based
observations to investigate the likelihood of SGD in the Assaluyeh region. Given the strategic and
ecological importance of the Persian Gulf, particularly in the context of increasing freshwater demand and
industrial expansion, identifying and evaluating submarine springs could offer new avenues for regional
water resource management.

2-Materials and Methods

This study employed a combination of field investigations, hydrogeological modeling, and remote sensing
techniques to investigate potential SGD zones. The methodology was divided into three main components:
field and hydrogeological analysis, satellite remote sensing, and community interviews.

* Corresponding author: h.karimi@ilam.ac.ir
DOI: 10.22055/aag.2025.49351.2509
Received: 2025-04-23

Accepted: 2025-08-11

192 ISSN: 2717-0764



aVa

shahid Chamran Adv. Appl. Geol. Summer 2025, Vol. 15(2): 192 - 213

University of Ahvaz

Field Surveys and Hydrogeological Balance: Fieldwork was carried out in both summer and winter
seasons to identify any physical manifestations of submarine springs. Interviews were conducted with local
fishermen and coastal residents to gather anecdotal evidence. Simultaneously, geological and hydrological
data from research institutions and governmental sources were used to analyze recharge, storage, and
discharge characteristics of the karst systems within the Salt and Kangan anticlines.

The groundwater balance method was used, where inflows (mainly from precipitation) and outflows
(spring discharge, evapotranspiration, and potential SGD) were computed. The catchment area, recharge
coefficients, and spring discharge data were collected and processed using established hydrological
equations (Domenico & Schwartz, 1998).

Satellite Remote Sensing: To detect SGD, sea surface temperature (SST) anomalies and chlorophyll-a
concentrations were analyzed using MODIS-Aqua satellite data for three key years (2000, 2011, and 2021).
Additionally, ASTER imagery and Google Earth Engine (GEE) were utilized for higher-resolution thermal
anomaly detection and digital elevation model (DEM) creation. SST variations, when correlated with
salinity and chlorophyll patterns, provide indicators of freshwater inputs into marine environments (Wilson
& Rocha, 2012).

Infrared thermal bands (3.93 um and 12 um) were used to extract SST. These images were processed
with atmospheric correction and georeferencing using QGIS and GEE. The presence of thermal plumes
with anomalous temperature patterns was considered a key criterion for identifying potential SGD zones.

Study Area: The Salt-Kangan Anticline, situated on the northern margin of the Persian Gulf near
Assaluyeh, was chosen due to its geological setting, karstic nature, and proximity to the sea. The anticline
comprises karstifiable formations such as the Asmari and Jahrum limestones, which have considerable
secondary porosity due to faulting and fracturing. The region also exhibits notable elevation differences,
which favor the gravitational discharge of groundwater toward the sea.

3-Results and discussions

Field Investigations: Field visits yielded no direct visual confirmation of submarine spring activity along
the coast of the study area. Interviews with fishermen and coastal dwellers similarly did not indicate
knowledge of persistent freshwater discharges in the sea. Observations during different seasons also failed
to reveal temperature or color anomalies typical of freshwater plumes.

Hydrogeological Balance: The calculated water balance for the Salt-Kangan Anticline revealed limited
groundwater recharge potential. Precipitation in the region is low, averaging 200—300 mm/year. Using a
conservative recharge coefficient of 5-10%, the annual recharge was estimated at approximately 2.8 million
cubic meters. However, the total discharge from known springs and ganats within the anticline already
accounted for 1.1 million cubic meters per year, suggesting limited surplus water available for SGD.

Furthermore, the anticline is hydrologically isolated, receiving minimal lateral inflow from adjacent
structures. The lack of excess hydraulic head and the absence of significant spring activity near the shoreline
point toward minimal or no submarine discharge (UNESCO, 2004).

Satellite Analysis: Remote sensing analysis identified a weak thermal anomaly in Nayband Bay during
the winter season. SST maps showed a local temperature increase of 0.5-1.0°C compared to surrounding
waters, consistent across multiple time points. However, these anomalies were spatially limited and
inconsistent in intensity, suggesting that they might originate from coastal aquifer discharge or
anthropogenic thermal sources (e.g., industrial activity), rather than from persistent groundwater discharge.
Chlorophyll a concentrations and salinity gradients did not exhibit significant deviation near suspected SGD
zones, further diminishing the likelihood of major freshwater inflows into the Gulf. The absence of
consistent multi-parameter anomalies undermines the case for active submarine springs in the area.

4-Conclusion

This study employed a multi-method approach combining field investigations, hydrogeological balance
calculations, and satellite-based thermal and chlorophyll analyses to assess the possibility of submarine
groundwater discharge in the Salt-Kangan Anticline along the Persian Gulf. The evidence suggests that
large-scale submarine springs are unlikely to exist in this region. Although a minor thermal anomaly was
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observed near Nayband Bay, its significance requires further validation through high-resolution imagery
and field sampling to confirm. The results highlight the importance of integrating diverse datasets when
investigating SGD, especially in arid and semi-arid coastal systems. Future research should focus on
deploying in-situ sensors, tracer tests, and high-resolution remote sensing platforms to verify localized
discharges.
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Table 1- Geological units of the drainage basin of Deir and Kangan plains
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Table 3: Some characteristics of the springs in the study area of Deir and Kangan
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Table 4: Some characteristics of the permanent ganats in the study area of Deir and Kangan
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Figure 3: Groundwater potential map of Kangan Plain (Farsab Sanat Consulting Engineers, 2009)
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Figure 4: Groundwater level zoning in Deir-Kangan Plain for October 2015 (Kavab Consulting Engineers, 2021, cited
from Karimi & Karimi, 2024)
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Figure 5: Map of sea surface chlorophyll concentration in October 2021
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Figure 6: Map of sea surface temperature in October 2021
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Figure 7: Map of sea surface salinity in October 2021
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Figure 8: Standard sea surface temperature interface map during May and October for the period 2000-2011-2021
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Figure 9: Standard sea surface chlorophyll-a interface map during May and October for the period 2000-2011-2021
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Figure 10: Standard sea surface salinity interface map during May and October for the period 2000-2011-2021
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