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Fig. 1. Geographical location of the Alluvial aquifer of Dasht Goor 
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Fig. 2. Geological map of Dasht Goor aquifer area  
  

 O�.11. P�� 
��.Q&�  ���R� (Q�!� � 6��!'  &S���;G�� �����  

Table 1. The amount of expansion and outcrop area of lithological units in the region 
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Fig. 3. Chemograph of Dasht Gor aquifer in 9 years period 
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Table 2. Statistical characteristics of different chemical components in terms of miligrams/litre related to the samples 
of March 2009 

���&��8  EC  T.D. S pH  Ca  Mg Na  K  HCO3 Cl  SO4  

����� �&.E"��  26  26  26  26  26  26  26  26  26  26  

���!Q ��A����  58/43705  7/2958  7/7  2/319  6/148  8/485  10  3/209  2/836  6/975  

���E� Y&�/�&  48/3298  5/2398  0/1  9/183  2/158  7/528  11  4/37  9/956  4/706  

(.N��) M&���D" b��0  5/76  1/81  1/8  6/57  1/105  8/108  2/110  9/17  4/114  4/72  

�d�&.Q  14540  10140  8  750  624  2208  8/46  305  3/4171  4/2606  

HF&.Q  1300  928  3/7  70  36  7/49  7/2  3/140  4/83  6/333  

.�  
�	�� ��  1890  8  300  72  690  1/3  5/213  3/621  648  

�����  3635  5/2377  7/7  290  78  313  4/6  5/213  5/524  708  

M&���D" ���&�  13240  9212  7/0  680  588  3/2158  1/44  7/164  8/4087  8/2272  

�A:�>  82/1  8/1  -8/0  1,3  1/2  2/0  7/2  3/0  2/2  4/1  

e����&�  10860157  5752771  0/0  33823  24406  279559  120,9  1395  915702  499036  
  

 
 

  
 H=�4. f� �B;� ����	 �	�� �� �=���=:& (�&.� H�!���89 �:��� K:&(  O��1388  �T(  O��1397 

Fig. 4. Equipotential map of electrical conductivity in a 9-year period, A) 2009, B) 2018 
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Table 3. Statistical characteristics of different chemical components in terms of miligrams/litre related to the samples 
of March 2018 

���&��8 EC  T.D. S pH  Ca  Mg  Na  K  HCO3  Cl  SO4  

�� ����� �&.E"  26  26  26  26  26  26  26  26  26  26  

���!Q ��A����  6/5552  5/3373  8/7  4/437  1/194  7/436  7/12  8/161  9/814  5/1469  

���E� Y&�/�&  3235  5/2006  1/0  9/177  9/129  5/448  6/11  4/26  855  8/913  

(.N��) M&���D" b��0  3/58  5/59  8/1  7/40  9/66  7/102  3/91  3/16  9/104  2/62  

�d�&.Q  12675  7493  8/1  700  480  2/1403  39  7/225  3479  2/4856  

HF&.Q  2638  456  5/7  154  48  8/56  7/4  5/91  6/168  9/662  

.�  2808  1764  7/7  600  48  
�	�� ��  2/6  7/161  8/301  
�	�� ��  

�����  5/4792  2726  8/7  511  174  3/281  8  7/161  8/443  4/1233  

M&���D" ���&�  10037  7037  6/0  546  432  4/1346  3/34  2/134  4/3310  3/4193  

�A:�>  4/1  1  4/0  -1./  7/0  3/1  7/1  -1/0  2  1/2  

e����&�  10860157  5752771  0/0  33823  24406  279559  9/120  1395  915702  499036  
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Fig. 5. Chlorine equipotential map. A) 2009, B) 2018 
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Fig. 6. Sulphate equipotential map, A) 2009, B) 2018 

 

 

 H=�7f� �B;� .f�.� H�!���8� K:&(  O��1388  �T(  O��1397 

1- Fig. 7. Sodium equipotential map, A) 2009,  B) Year 2018 

2-  

3-  

 H=�8f� �B;� .�� H�!���8M������ K:&(  O��1388  �T(  O��1397 

4- Fig. 8. Bicarbonate isopotential map, A) 2009,  B) Year 2018 
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Fig. 9. Potassium isopotential map, A) 2009, B) Year 2018  
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Fig. 10. Calcium isopotential map, A) 2009, B) 2018 
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Fig. 11. Magnesium equipotential map, A) 2009, B) 2018 
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Fig. 12. Equipotential map of TDS, A) 2009, B) year 2018 
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Table 4. Groundwater salinity classification (Todd, 2005) 
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Table 5. Quality classification based on total hardness (March 2009) 
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K���  ����� H/�
�&��� 
��_�R& (��?J  H� ��*�  (F�� ��*�  f,&� ��*�  
 g��& �� T) (�+��

H� ��*�  

1  .����  W1  66/1341  420  66/921  .F� �����#  
2  .����  W2  74/745  350  74/395  .F� �����#  
3  .����  W3  6/994  270  6/724  .F� �����#  
4  .����  W4  15/871  400  15/471  .F� �����#  
5  .����  W5  8/796  400  8/396  .F� �����#  
6  .����  W6  89/620  300  89/320  .F� �����#  
7  .����  W7  13/1245  500  14/745  .F� �����#  
8  .����  W8  15/871  400  15/471  .F� �����#  
9  .����  W9  07/471  350  07/121  .F� �����#  
10  \���  W10  51/571  400  51/171  .F� �����#  
11  ����9  W11  45/1119  350  45/769  .F� �����#  
12  \���  W12  71/770  350  71/420  .F� �����#  
13  ����9  W13  02/746  400  02/346  .F� �����#  
14  ����9  W14  45/1119  250  45/869  .F� �����#  
15  ����9  W15  64/1194  300  64/894  .F� �����#  
16  ����9  W16  04/597  350  04/247  .F� �����#  
17  �-3� $�)  W17  3/847  380  3/467  .F� �����#  
18  ��V  W18  48/993  350  48/643  .F� �����#  
19  ��V  W19  54/1145  230  54/915  .F� �����#  
20  �*i�� ����  W20  9/1242  350  9/892  .F� �����#  
21  �*i�� ����  W21  66/1346  300  66/1041  .F� �����#  
22  �*i�� ����  W22  3277  300  2977  .F� �����#  
23  �*i�� ����  W23  28/3970  350  28/3620  .F� �����#  
24  �*i�� ����  W24  7/3230  300  7/2930  .F� �����#  
25  �*i�� ����  W25  56/3566  320  56/3246  .F� �����#  
26  ��a  W26  2933,02  250  02/2683  .F� �����#    
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Table 6. Quality classification based on total hardness (March 2018). 

K���  ����� H/�
�&��� 
��_�R& (��?J  H� ��*�  (F�� ��*�   ��*�f,&�  
 g��& �� T) (�+��

H� ��*�  

1  .����  W1  89/721  250  89/471  .F� �����#  

2  .����  W2  76/1989  215  76/1774  .F� �����#  

3  .����  W3  58/746  210  58/536  .F� �����#  

4  .����  W4  05/2114  240  05/1874  .F� �����#  

5  .����  W5  11/858  265  11/593  .F� �����#  

6  .����  W6  77/821  290  77/531  .F� �����#  

7  .����  W7  32/2683  265  32/2418  .F� �����#  

8  .����  W8  75/3352  350  75/3002  .F� �����#  

9  .����  W9  64/2486  265  64/221  .F� �����#  

10  \���  W10  21/809  305  21/504  .F� �����#  

11  ����9  W11  55/3348  250  55/3098  .F� �����#  

12  \���  W12  25/920  290  25/630  .F� �����#  

13  ����9  W13  53/920  290  53/620  .F� �����#  

14  ����9  W14  72/1890  270  72/1620  .F� �����#  

15  ����9  W15  52/796  255  52/541  .F� �����#  

16  ����9  W16  65/1614  265  65/1349  .F� �����#  

17  �-3� $�)  W17  996  150  846  .F� �����#  

18  ��V  W18  2/2414  280  2/2134  .F� �����#  

19  ��V  W19  36/2486  265  36/2221  .F� �����#  

20  �*i�� ����  W20  7/2732  250  7/2482  .F� �����#  

21  �*i�� ����  W21  3/2731  250  3/2481  .F� �����#  

22  �*i�� ����  W22  07/2066  280  07/1786  .F� �����#  

23  �*i�� ����  W23  1393  265  1128  .F� �����#  

24  �*i�� ����  W24  26/3325  370  26/2955  .F� �����#  

25  �*i�� ����  W25  3/3229  300  3/2929  .F� �����#  

26  ��a  W26  13/1713  210  13/1503  .F� �����#    
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Fig. 13. Shuler's diagram in the study area, A) 2009, B) 2018, vertical boarder unit is mg/l 
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Table 7. The percentage of each of Schuler's classification classes for drinking purposes in the entire area of March 
2009. 

  

�;^]T) 
.��  TDS TH  pH  Na  Cl  SO4  

'*c  0  0  96  19  15  0  
7)�6,*�6  8  4  4  15  19  0  

X�*��  38  46  0  31  31  31  
Y������  35  31  0  19  19  46  

]*�&��� ^����#  15  19  0  12  12  12  
7)�6��C'��  4  0  0  0  4  12    
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Table 8. % of each of Shuler's classification classes for drinking purposes in the entire range of March 2018 

�;^]T) 
.��  TDS TH  pH  Na  Cl  SO4  

'*c  4  0  96  27  4  0  

7)�6,*�6  0  0  4  12  27  0  

X�*��  27  35  0  35  42  0  

Y������  46  19  0  8  8  46  

]*�&��� �̂���#  23  46  0  19  15  38  

7)�6��C'��  0  0  0  0  4  15  
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Fig. 14. Piper diagram in the study area, A) 2009, B) 2018 
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Fig. 15. Wilcox diagram in the study area, A) 2009, B) 2018 
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Fig. 16. Doro chart in the study area, A) 2009. B) 2018 
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Fig. 17. Gibbs diagram in the study area, A) 2018, B) 2019 
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Fig. 18. Stiff chart in the study area Well No. 1, A) 2009, B) 2018  
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Abstract 
Dasht Gour is located in the northeast of Bushehr province and the study area of Dalki-Shabankare. In 

the past, this plain had good potential in quantity and quality, and now, with 303 unauthorized 

agricultural wells, it is considered one of the prohibited and critical plains. Through the selective 

monitoring network with 26 exploitation wells and the analysis of underground water samples in a 

period of 9 years (1388-1397), the hydrogeochemical characteristics of the Dasht Gour aquifer were 

analyzed. The analysis of hydrogeochemical diagrams and maps in the Arc GIS environment showed 

that in the studied aquifer, the dominant anion is sulfate, and the dominant cation is calcium. Total 

dissolved solids have increased to 355 mg during the nine years. The waters are mainly calcium sulfate, 

and salinity has increased by 1221 units with an annual average of 136 microsiemens/cm. The 

influencing factor and water quality control is the presence of the Aghajari formations and Bakhtiari 

conglomerate. 
 

Keywords: Aquifer, Underground Water Quality, Dasht Goor, Bushehr 

 
Introduction  
In general, reducing groundwater quality 

directly impacts human health. Groundwater is 

directly affected by natural factors such as 

geological formations, nutrition and retention 

rate, water-rock interaction, depth, and 

anthropogenic activities. Groundwater 

geochemistry is a function of various processes 

such as cation exchange, dissolution of salts, 

and mixing with other groundwater. The use of 
composition diagrams of significant ions is a 

useful tool in determining hydrochemical 

processes governing aquifers. This study 

discusses the hydrogeochemistry and general 

characteristics of dissolved ions in the 

underground water of Gore Plain. Dasht Gore 
aquifer, with an area of 95 square kilometers, 

is one of the important plains in terms of 

underground water harvesting and agricultural 

activities, and it is located in the prohibited 

area of Barazjan Dalki-Shabankare. The 

distance between the studied area and Bushehr 

city is about 100 km and accessible through the 

connecting roads from Barazjan to Shabankare 

on the way to Goldasht village. This plain is 

located on the edge of the heights and 

geological formations of Aghajari (sandstone, 

shale, and marl) and Bakhtiari Formation 

(conglomerate, sandstone, and shale). 

 

Materials and Methods 
In general, this research includes three stages: 

field studies and field sampling, laboratory 

analyses, and software studies. In the field 

studies, firstly, the exposed formations in the 

area were examined in terms of their type, 

thickness, slope, layering length, and 

stratigraphic sequence. Then, the 
sedimentological characteristics of alluvium 

and the conditions of surface and underground 

water sources were examined. Then, the 

sampling method was selected according to the 

characteristics of water resources and the 

geology of the qualitative network area. In the 

sampling stage of water sources, considering 

the dispersion of exploitation wells and the 

need to investigate the changes in the 

maximum period during different seasons in a 

period of 9 years (1009-2017), 341 samples of 

underground water were taken from the 

exploitation wells and sent to the laboratory. At 
the same time as sampling to send the samples 

to the laboratory, electrical conductivity, and 

pH factors have also been measured through 
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portable devices in the desert. In order to 

control and validate the laboratory results, a 

comparison is also made to minimize the error. 

Standard titration, flame measurement, 

gravimetry, and spectrophotometry methods 

were used to calculate and measure the 

dominant ions of water samples. The titration 

method was used to measure calcium, 

magnesium, and chloride, and the gravimetric 

method was used to measure sulfate. After 

identifying and studying all the anions and 

cations, the operating seasons, and the effects 

of Rais Ali Delwari Dam, qualitative index 

tables and charts were prepared, and the 

situation was analyzed from the point of view 

of consumption, drinking, agriculture by 

hydrogeochemical software AqQa 1.5.1. Then, 

for the hydrogeochemical evaluation of the 

studied aquifer, different charts such as Piper 

and Statistical methods of kriging, kriging, 

inverse weighting method (IDW), and spline 

method were used in ArcGIS geographic 

information system. 

 

Discussions & Results  

Qualitative investigation of the aquifer 

through composite diagrams and main 

elements of the aquifer 
(Cl): The primary source of chlorine in natural 

waters is the mineral halite or table salt. In the 

first round of sampling in the western areas of 

the river, chlorine was mainly less than 200 

mg/liter, and its maximum value was 798 

mg/liter. However, in the eastern areas, it starts 

from near the river (values of 800 and 400 

mg/liter) and shows an increase up to 4000. 

The average amount of chlorine in 2018 was 

948 mg/liter. In the second round of sampling 

(March 2017), the amount of chlorine 

drastically changed from 400 mg/liter for the 

western regions and increased from about 800 

to 3500 mg/liter. The reason for this can be 

found in factors such as digging new wells in 

areas with suitable water potential, pumping 

them from other horizons of aquifers, and 

increasing exploitation. 

(SO4): This anion, mainly caused by the 

dissolution of evaporite minerals such as 

gypsum and anhydrite, has changed 

dramatically during the statistical period, and 

its values have changed mainly in the western 

areas of the aquifer. In these areas, there has 

been an increase in the amount of sulfate ions 

from 20 to 1860 mg during the 9 years. In 

general, the wells in the western regions have 

less sulfate ions. From the northwest to the 

southeast, the amount of sulfate ions has 

increased, one of the reasons for which is the 

outcrop of the Aghajari formation in the 

northeast and east of the plain. In the first round 

(March 2017), the minimum, maximum, and 

average sulfate ions were 334, 2608, and 1061 

mg/liter, respectively. In the second round 

(March 2017), the minimum, maximum, and 

average of sulfate ions were 663, 4859, and 

1529 mg/liter, respectively, which shows the 

average increase of sulfate amounts in the 9-

year statistical period. 

(Ca):  Like magnesium, calcium is one of the 

central cations of underground water, the 

primary sources of which are calcite, aragonite, 

dolomite, and gypsum minerals. According to 

Figure 10, the calcium ion equipotential map 

related to the samples of March 2018 and 

March 2017 shows that, in general, the amount 

of calcium ion increases from the western to 

the eastern regions. The average increase of 

this ion has doubled during the 9 years of the 

statistical period. In other words, the average of 

this cation has changed from 70 mg in 2009 to 

154 in 2017 because, in the Aghajari 

Formation, various types of evaporite minerals 

such as gypsum and anhydrite and thin to 

medium layers of calcareous sandstone and 

siltstone along with Bakhtiari conglomerate 

with calcareous cement are observed. The 

drilling and development of wells is an 

apparent reason for increased calcium in the 

region. On the other hand, the influx of 

excavations near the borders of the Aghajari 

formation and the depth of the Bakhtiari 

conglomerate layers is another reason for the 

occurrence of such a phenomenon. 

(Mg): In general, the amount of magnesium 

ions increases from western to eastern regions. 

The reason for this increase is the amount of 

evaporite minerals in the deposits of the 

Aghajari Formation, which are exposed in the 

northeastern areas of the plain. The average 

magnesium ion has reached 206 mg/liter from 

170 mg/L in 2017. Drilling and development of 

wells are clear reasons for the increase in 

magnesium in the region. On the other hand, 

the influx of excavations near the borders of the 

Aghajari formation and the depth of the 

Bakhtiari conglomerate layers is another 

reason for the occurrence of such a 

phenomenon. 
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Piper Diagram: Based on the results of the 

Piper diagram of Dasht-Gor, the water samples 

in Esfand 88 are mainly sulfate-calcic (calcium 

sulfate) and then magnesium sulfate 

(magnesium sulfate). The analysis of the 

samples shows that the amount of SO4 

(dominant anion) and Ca (dominant cation) 

ions is higher than other ions due to carbon 

dioxide and the high solubility of calcium 

carbonate. In addition, the SO4 ion is caused 

by the dissolution of the evaporites of the 

Aghajari formation in the region (gypsum and 

anhydrite samples) and the evaporite formation 

of Gachsaran (washing water upstream). Also, 

the drawing of this diagram for water samples 

in March 2017 shows that the water samples 

are mainly sulfate-calcic (calcium sulfate). 

Hydrogeochemical studies based on the results 

of the Piper diagram of Dasht Gour show that 

the water quality in the first round of sampling 

in Esfand 2017 is mainly sulfate-calcic 

(calcium sulfate) and then magnesium sulfate 

(magnesium sulfate). Also, drawing this 

diagram for water samples in the second round 

of March 2017 shows that the water samples 

are mainly sulfate-calcic (calcium sulfate). 

Stiff Diagram: Examining the Stiff diagram in 

the studied samples shows that in most of the 

samples in Dasht Gore for the first and second 

rounds of sampling, the sulfate ion is the most 

abundant, and the bicarbonate ion is the poorest 

ion. The water samples in Dasht Gor were 

divided into four groups based on the star 

charts: Group number one: samples from wells 

number (1, 2, 3, 5, 6 and 12), group number 

two: samples from wells number (4, 7 and 8), 

group number three: samples from wells 

number (11, 12, 14), 15, 16, 20 and 21) and 

group number four including samples of wells 

number (22, 23, 24 and 25). Examining the 

shapes of the star diagram for the results of the 

first round of chemical analysis (2018) shows 

that four zones with hydrogeochemical 

characteristics can be identified. In the 

northwestern regions, wells No. 1, 2, 3, 5, and 

12 have similar characteristics. In the central 

areas of the western part of the river, wells No. 

4, 7, and 8 have relatively similar 

characteristics. In the areas around the river, 

wells No. 11 and 12 and No. 14, 15, 16, 20, and 

21 have similar and identical characteristics to 

some extent. In the southeastern areas of the 

aquifer, wells No. 22, 23, and 24 and, to some 

extent, well No. 25 have many similarities in 

terms of origin. Investigating the water source 

and comparing the hydrogeochemical 

characteristics of the aquifer wells of Gore 

Plain in the second period (March 2017) shows 

changes compared to 2018. In this period, four 

regions with different characteristics and wells 

with similar characteristics can be identified 

for each group. The first group includes wells 

No. 3, 5, 6, and 12; the second group includes 

wells No. 4 and 7; the third group includes 

wells No. 14, 18, and 19; and the fourth group 

includes wells No. 22, 23, and 24 in the 

southeast of the plain. Other wells follow 

different characteristics outside the above four 

groups. Examining the process of changes in 

the hydrochemical characteristics of the 

exploitation wells in different parts of the plain 

shows that in the 9-year statistical period, there 

have been changes in the characteristics of the 

hydrochemical origin of wells in different areas 

of the plain and their hydrochemical 

characteristics have changed or are similar to 

the neighboring wells. The reason for such 

changes can be floor breaking, spatial changes, 

quantitative and qualitative differences in 

alluvial sediments, exploitation characteristics, 

and the effect of Rais Ali Delwari Dam and 

Shapur River. 

The effect of different formations of the 
region on the quality of water resources in 
the studied area: Accurate knowledge of 

lithology, sedimentology, and mineralogy of 

geological formations is one of the most 

important factors affecting the quality and 

quantity of underground water resources. In the 

studied area, there are deposits related to the 

Upper Fars, namely the Aghajari Formation, 

where various chemical and physical 

weathering can be observed. So that the 

existence of sandstone layers with lime 

cement, marl, and siltstone sediments, as well 

as gypsy veins and other evaporite minerals, 

have a direct role in the quality of underground 

water. Due to their excellent resistance to 

erosion factors, sandstones usually form 

ridges, and due to calcite cement, they 

sometimes have holes of different sizes. 

Geological formations whose components are 

fine-grained and evaporite deposits and 

colloidal sediments have high erosive power 

and, as a result, increase the suspended load 

and destructive ions such as chlorine and 

sulfate in underground water sources. 

According to the geology of Dasht Gur Plain, 

unconsolidated floodplain deposits (gravel and 

sand) are exposed on the surface and in the 
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depths of parts of the younger layers of the 

Bakhtiari conglomerate. Aghajari and 

Bakhtiari formations are also spread around the 

plain. Sandstone layers of Aghajari formation 

do not destroy water quality, but marl layers 

can have a negative effect due to their delicate 

texture. Due to high solubility, gypsum layers 

cause water quality degradation and increase 

sulfate ions in water. The dominant lithology 

of the Bakhtiari formation is conglomerate, 

which also forms a part of the aquifer below the 

surface with horizontal layers. This formation 

acts like karst formations, and due to the low 

solubility of the constituent particles, the water 

sources that form it can be of good quality. 

 

Conclusions  
The changes in chlorine, sulfate, calcium, and 

magnesium in the studied period in Dasht Gur 

are caused by the high number of new wells 

drilled and increased exploitation, the impact 

of debris and evaporation formations, and 

possibly the bottoming of the wells. Changes in 

the TSD index in the studied aquifer in the 

studied period are caused by the change in the 

natural composition of the aquifer due to the 

drilling of more wells in different parts of the 

plain. Also, the pH index varies between 7.49 

and 8.05 in 9 years, and the aquifer conditions 

are reported to be shallow. 

Based on the results of the Piper diagram of 

Dasht-Gor, water samples in Esfand 88 are 

mainly sulfate-calcic (calcium sulfate) and 

then magnesium sulfate (magnesium sulfate). 

The analysis of the samples shows that the 

amount of SO4 (dominant anion) and Ca 

(dominant cation) ions is higher compared to 

other ions, which is due to carbon dioxide and 

the high solubility of calcium carbonate. 

Examining the prepared Stiff diagrams shows 

that in most of the samples in Dasht Gor for the 

first and second sampling periods, SO4 is the 

most abundant, and HCO3 is the poorest. The 

water samples in Dasht Gor were divided into 

four groups based on the star charts: Group 

number one: samples from wells number (1, 2, 

3, 5, 6 and 12), group number two: samples 

from wells number (4, 7 and 8), group number 

three: samples from wells number (11, 12, 14), 

15, 16, 20 and 21) and group number four 

including samples of wells number (22, 23, 24 

and 25).  According to the sampling in the first 

round of March 2018, two types of sulfate and 

chloride can be seen in Dasht Gor. The 

dominant anion frequency in Dasht Gore is 

HCO3 > CL > SO4 or HCO3 > SO4 > CL. In 

the first round of sampling (March 2017), the 

aquifer had three types of facies: sedimentary, 

menisic, and calcic, and in the second round of 

sampling (March 2017), no aquifer sample 

with a menisic facies was observed, and the 

extent of the water area with calcic facies was 

more than that of sedimentary. 
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