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Abstract 
In many parts of the world, data obtained from geochemical exploration of stream sediments are 
integrated with geological and geophysical data as one of the most efficient methods of exploring 
potential deposits at regional and semi-detailed scales. The aim of regional investigation is to 
study large areas to identify anomalies that might have been arisen from increased concentrations 
of an element or some elements in a region. A total of 78 geochemical samples were taken from 
Varamin sheet to identify regions of anomalies. The following information was used to perform a 
detailed geochemical exploration, in particular for geochemical sampling. 1) 1:100,000 geological 
map of Varamin. 2) 1:50,000 topographic maps of the region. 3) 1:100,000 airborne geophysical 
map of the region to locate shallow intrusions and hidden faults. The sampling network was de-
signed using the above data and the analysis of 1:500,000 topographic maps. The sampling density 
was higher around faults and apparent and hidden intrusions, and lower in plains and lowlands. 
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1. Introduction 
The 1:100,000 map of Varamin includes southeast of Tehran province with eastern longitudes of 30˚51'51" and 
northern latitudes of 30˚35'35". Varamin is one of the cities in Tehran province and is limited to Damavand and 
Shemiranat from north, Tehran and Rey from west, Qom from south and Varamin from east. Varamin consists 
of three towns including Varamin, Pishva and Gharchak. The central part of the city is plain, the southern part is 
desert and the northern part is limited to southern highlands of the Alborz mountain range. With a height of 
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1408 and 1708 m and a distance of 16 and 20 km from Varamin, Parchin and Jelvik mountains are the nearest 
mountains to the north of Varamin, respectively. Ghareaghaj Highlands are located 25 km from northeast of 
Varamin. Among the other mountains of this region are, Mount Gach near Pishva Village, Mount Sorkh, Siyah-
kuh on the south of Varamin sheet, Mount Makresh, Mount Sharifeh, Mount Gorgan, Mount Hajiha, Mount 
Dahaneh, Mount Koolik, Mount Dogoosh, and Mount Hamamak. Varamin has a mild and dry climate, but the 
southern part has a warm and dry climate due to being located on the edge of a desert. 

2. Geomorphology 
The region includes flat and mountain parts. Mountains have been emerged as a result of structural processes, 
especially the folding of Tertiary sediments (Berberian and King, 1981). The study area is located in the Central 
Iran Zone in terms of structural divisions [1]. The most important rock outcrops are merely located in three 
points, i.e. the central and eastern parts of the sheet at Mount Sorkh, Mount Makresh and Mount Gach, the 
northern parts of Siahkuh in the south of this region and northeast of Hamamak, Dogoosh, Dahaneh, Koolic, 
Hajiha, Gorgan and Sharifeh mountains. The rock units are composed of lava and Eocene pyroclastic rocks (in-
cluding basalt, andesite, trachybasalt, mega-porphyry, and acid breccia tuffs), clastic and marl sediments, Oli-
gocene volcanic rocks, limestone, marl and Oligo-Miocene gypsum, limestone marl, sandstone, Miocene gyp-
sum, conglomerates, Pliocene marl and conglomerates [2]. 

3. Structural Geology 
Structural geology of the region in Central Iran Zone shows that Eocene tectonic movements had led to a variety 
of intermediate to basic volcanic lava in the middle and southern parts of the region. These movements in the 
next developed stages led to the formation of destructive and sedimentary units as well as marl, red and gyp-
sum-bearing marl, gypsum and shale (Lower Red Formation equivalent). Miocene tectonic movements as epei-
rogenic (vertical) movements led to changes in the depth of sedimentary basin. These changes led to the forma-
tion of sandstone marl sediments with a thickness of several thousand meters in shallow marine and lagoon en-
vironments(outside the sheet in the north of Varamin). Some tectonic movements equivalent to final Alpine 
orogeny phase led to inconsistent Pliocene clastic deposits on the older units. The other feature of the region is 
the changing of the strata’s horizontality and the inconsistent placement of young Quaternary deposits on older 
units with a gentle gradient [3]. 

4. Faults and Folds 
1) With a length of 34 km and N30E direction, Pishva fault is located in the southeast of Varamin. This thrust 

fault with a northeast slope clearly cuts the Quaternary deposits and forms a boundary between the mountain 
and plain regions in Pishva. Currently, a number of houses have been constructed on Pishva fault. 

2) Parchin fault is located in the south of Parchin and on the outlet of Jajrood River to Varamin plain on the 
border between Hezardarreh alluvial formation and plain. Parchin fault cuts the alluvial sediments in the 
western part of Jajrood River. Parchin fault with a NW-SE direction includes thrust faults with a northern 
slope. 

3) The impacts of Kahrizak fault can be seen in the south of Rey as a long eastern wall with a length of 40 km. 
Part of the fault is seen in the south of Ghaleno in Varamin road. With a thrust mechanism Kahrizak fault is 
inclined toward north. 

4) Varamin fault with a NE direction is located in the north of Varamin with many bends toward the west. After 
passing through the foothills of Takht-e Rostam and Mount Sorkh in the southeast of Varamin, it reaches 
Pishva fault. The length of Varamin fault from the north of Deh Namak in the east to the southwest of the 
Mount Sorkh and the Shour (Abhar) River in the west is about 70 km. 

5. Mineral Signs in the Region 
Several types of minerals can be seen in the Varamin map, some of which have been used and exploited. These 
include: 
1) Sodium sulfate which is locally found in the lowlands and plains as small bumps where Na2SO4 is formed 

due to the evaporation of water containing this mineral. Sodium sulfate is currently exploited in proper sea-
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sons and in different areas of the sheet such as Mohammad Abad, Razi Abad, Karimabad, Sharif Abad, As-
qarabad, Shekarabad, Deh Shour and Yousef Abad [4]. 

2) Strontium sulfate horizons in the area are widely spread as celestite with low impurities of calcite and quartz 
between the calcareous sequences of Qom Formation. The mineral is concentrated as nodules and pebbles 
(with a diameter of 30 to 40 cm) between limestone or marl layers in one or more horizons. This horizon that 
also exists in Varamin continues to Jandagh. 

3) Limestone and marls of the Qom Formation consist of gypsum layers with outcrops in some places including 
Mount Gach, Mount Sorkh and the south of Varamin sheet (Siyahkuh). In some cases, gypsum and limes-
tone are used as pebble. Large deposits of sand and gravel have been exploited on the Sharif Abad-Tehran 
road near Pakdasht [5]. 

6. Discussion 
The best places to take samples in regional geochemical surveys are customarily stream sediments which, in turn, 
depend on different weather, geological, topographical, and mineralization conditions, as well as waterway 
slopes and the overall slope of the region. Rainfall in different environments causes varying degrees of mechan-
ical and chemical erosion and thereby varying levels of sediment transports. The type and severity of erosion 
and sediment transport is heterogeneous in regions with different morphologies. 

The full study of drainage basins for designing and sampling allows final assessment and access to informa-
tion of upstream basins as a guide to detect possible anomalies. Potential areas (secondary deposit zones) are 
clearly formed when mineralization (initial zones) occurs in an environment where sediments are originated. 
Therefore, in regional-scale geochemical explorations, mineralization process can be identified with stream se-
diment sampling and detection of secondary zones. In this study, by studying 1:50,000 topographic maps of the 
region, the watershed basins were studied and the waterway system was completed. Then, using the geological 
map of the region considering potentially mineralized rock units, intrusions, important crosses, fault systems and 
old and active mines were identified and the geography of the area was studied using the airborne geomagnetic 
map. Geochemical samples were taken from waterways with a sieve of 80 mesh size. This is also considered as 
a preliminary preparation step [6]. The weight of sample was about 150 g. In the case of wet environment, the 
samples were not sieved to be prepared after drying in the camp. Notable events in the field including alteration, 
mineralization, major faults, old and actives mines not registered in the geological maps were also considered. 
Data processing is valid when the experimental error(duplicate sample analysis) is less than 10%. With regard to 
complementary methods including heavy mineral studies and anomaly control and the consistency or inconsis-
tency of geochemical anomalies and the results of the data processing, the accuracy of analysis and data 
processing can be improved. The stages of data processing include documentation of raw data received from the 
laboratory, identification and replacement of censored data, univariate and multivariate statistical analysis to 
identify values outside category to provide desirable results in the form of graphs and tables. In 1:100,000 sheet 
of Varamin, a considerable part of the region includes Gharchak and Javad Abad. Each of these towns consists 
of a wide range of other rural and urban areas including gardens, farms and military zones. Thus, sampling de-
sign only covers sections of outcropped rock units. In this sheet, rocky outcrops can be merely seen in three re-
gions [7]. 
1) The northeast of the sheet on the Tehran-Mashhad main road including watersheds that are generally parallel 

and often pass through the sediments and sandstone formations. 
2) Central and eastern parts of the sheet in the east of Pishva which are mainly covered by the middle and eva-

porite sediments of the Qom Formation to the upper late Oligocene and the Lower Red Formation including 
marl sediments and upper Oligocene conglomerates and the Lower Red Formation which includes deposits 
of marl and lower Oligocene conglomerate. The access road to the above area is Varamin-Pishva road and 
then through a dirt road next to the railway [8]. 

3) The outcrops of Eocene formations in the south of sheet mainly include volcanic rocks, tuffs and gypsum 
marl which form highlands called Siyahkuh. The rest of the region includes cities, villages and salt plains in 
the Ghaleh Bandar and Javad Abad sheets. Some elements such as Nb, Mo, Sb, Nd, Sm, En, U, Au and W 
with more than 50 to 100 percent of censored values have been actually removed from data processing. 

Table 1, due to the lack of logical connection between some elements and rock formations in the study area, 
Ga, Ni, Co, Cr, La were not processed. The concentration of some elements such as Y, Cu, Ce, Yb and Tl was 
so high that anomaly assumption does not apply. After a careful look at values and histograms, Ga, Y, Nb, Mo,  
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Table 1. Names decomposed elements, the number and percentage of censored data they. 

VARAMIN SENSORED DATA 

 V Cr Co Ni Cu Zn Ga Sr Y Zr Nb 

NO.OF SENSORED 0 0 0 0 0 0 0 0 0 0 82 

 Mo Sb Cs Ba La Nd Sm Eu Tb Yb Hf 

NO.OF SENSORED 84 85 82 0 5 84 46 83 3 0 2 

 Tl Pb U P Ti Mn S As Ce Au W 

NO.OF SENSORED 3 0 85 0 0 0 0 0 0 80 67 

NO.OF SENSORED DATA PER PERCENT 

 V Cr Co Ni Cu Zn Ga Sr Y Zr Nb 

% OF SENSORED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 96.5 

 Mo Sb Cs Ba La Nd Sm Eu Tb Yb Hf 

% OF SENSORED 98.8 100.0 96.5 0.0 5.9 98.8 54.1 97.6 3.5 0.0 2.4 

 Tl Pb U P Ti Mn S As Ce Au W 

% OF SENSORED 3.5 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 94.1 78.8 

 
Sb, Cs, La, Nd, Sm, En, Tb, Yb, Tl, U, Au and W were removed from data processing. Potential mineralization 
and geology of the study area show that such evaporite and sandstone formations are expected to include evapo-
rite deposits of gypsum, celestite and barite [9]. 

Since celestite mineralization is observed along the Garmsar-Tehran route, the presence of this element in 
evaporite formations in Varamin sheet seems to be logical. A closer look at the data demonstrated that a specific 
kind of enrichment could be seen in this element, in a way that the minimum and maximum concentration of Sr 
in the sample was 359 and 6821 ppm, respectively. The other element is sulfur. While this element is usually 
less important in geochemical exploration in some areas, however, sulfur map was also drawn due to the de-
structive and evaporite formations in the study area and the coexistence of sulfur and strontium. Another ele-
ment that suggests anomaly is zirconium. Accordingly, Zr map was also drawn. Therefore, anomaly maps were 
prepared only for S, Sr and Zr to be used in subsequent data processing (Table 2). 

7. Univariate Statistical Studies 
In geochemical studies, any element, oxide or compound that is analyzed is considered as a variable. In univa-
riate statistical studies, the values of a variable are processed regardless of other variables. Due to the low num-
ber of elements due to the low amount of data that are not considered as geochemical anomalies (Zn, Ba, Sr), 
simple univariate studies were conducted in Varamin sheet on the basis of averages (X) and standard deviation 
(Stdev). Finally, abnormalities were separated based on X + S, X + 2S, X + 3S and the maps were drawn. For a 
better understanding of the regional data, histograms of raw and normal data were drawn for some elements. As 
can be seen, most elements naturally have a normal histogram. Statistically, this means the lack of significant 
anomaly in the study area (Figure 1). 

8. Geochemical Anomalies Map 
Efforts have been made to explain the anomaly map to provide relatively concise and complete description of 
the content of each element, exact address of anomalies, number and position of the anomaly, intensity and rela-
tive severity of anomalies, placement of geochemical anomalies on fractured and faulted zones, rock units and 
geological structures. Control step plays an undeniable role in examining the accuracy of anomalous areas de-
fined for each element (or a set of elements). At this stage of field operations, observations of explorers in com-
bination with geological, tectonic, mineralization and alteration phenomena will clear many unusual geochemi-
cal behaviors through interpretation of the anomalous areas. Samples of heavy mineral deposits in anomalies 
and lithogeochemical samples of the altered and mineralized areas are very helpful in the analysis of the pro-
posed areas. The degree and intensity of anomalies were determined given the number of anomalous samples 
within the anomaly and the sample grade in the triple range of anomalies. Most importantly, the obtained data  
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Table 2. Statistical values for selected elements in varamin. 

Statistics 

 V CR CO NI CU ZN SR ZR BA 

N 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 

Mean 84.4 77.5 10.7 67.8 32.6 58.0 883.4 225.8 728.3 

Std. Error of Mean 1.8 1.9 0.3 0.7 0.5 0.9 107.1 8.5 18.8 

Median 82.9 75.5 10.7 68.3 32.7 57.8 580.0 207.4 702.8 

Mode 85.1 62.7 8.2 67.8 32.7 50.1 642.0 173.1 663.8 

Std. Deviation 16.4 17.3 3.0 6.3 4.8 8.2 987.0 78.1 173.1 

Variance 268.2 298.1 8.9 39.8 22.6 67.7 974,093.7 6098.3 29,956.4 

Skewness 1.6 1.3 0.4 −0.4 0.2 0.3 4.2 4.8 1.1 

Std. Error of Skewness 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Kurtosis 7.5 3.6 -0.2 2.8 0.9 −0.1 21.0 27.7 2.8 

Std. Error of Kurtosis 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Minimum 46.1 43.7 4.9 46.7 20.3 38.6 287.3 160.6 396.5 

Maximum 168.0 151.0 18.0 88.1 47.2 79.8 6821.0 743.0 1449.0 

Statistics 

 HF PB P TI MN S AS CE  

N 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 

 

Mean 8.4 11.2 650.4 3401.1 761.6 1659.1 9.4 91.4 

Std. Error of Mean 0.3 0.5 7.0 63.6 13.0 355.4 0.1 1.5 

Median 8.2 11.0 650.9 3409.7 781.1 942.0 9.3 90.1 

Mode 5.1 13.0 650.9 1933.7 721.5 128.7 8.7 80.4 

Std. Deviation 2.7 4.5 64.6 586.7 119.6 3276.6 1.4 13.9 

Variance 7.5 20.1 4178.3 344,240.8 14,301.2 10,735,914.1 1.9 192.0 

Skewness 0.9 2.3 −0.1 1.3 0.0 6.2 2.2 0.7 

Std. Error of Skewness 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Kurtosis 1.8 9.1 0.2 7.6 1.7 46.8 8.5 2.8 

Std. Error of Kurtosis 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Minimum 4.0 4.1 478.6 1933.7 416.2 128.7 6.9 57.9 

Maximum 19.3 32.9 812.2 6380.5 1142.1 27,483.0 15.9 148.0 

 
were generally low for these three elements, especially for zinc. Except two samples, the rest of results are not 
significant. The geochemical anomalies for above elements are summarized in the following table according to 
the maps: 
• Raw data histogram of some elements in the 1:100,000 Varamin sheet. 
• Histograms of normalized data for abnormal elements in the Varamin sheet. 

Heavy mineral studies include sampling from low sorted alluvial deposits, washing and concentration, separa-
tion with heavy solution, magnetic separation and microscopic study of the remaining components. Deposits 
originating from the upstream rock masses, if did not form a placer deposit formation of one or more types of 
minerals, can be used as an exploration key tool along with or without geochemical exploration (Figure 2). 

Using this exploration logic in the 1:100,000 Varamin sheet, a total of 14 heavy mineral sampling stations 
were selected in addition to the designed geochemical samples. After sampling and preparation procedures, the 
samples were sent to the laboratory for heavy mineral studies (Figures 3-6). 
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Figure 1. Raw data histogram on the sheet elements Varamin. 
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Figure 2. Normal data histogram on the sheet elements Varamin. 

9. Conclusions and Suggestions 
1) According to studies, the geochemical data should be integrated with available information to reach a higher 

reliability. This introduction just includes geochemical, heavy mineral, mineralized samples and field obser-
vations which most of them do not have the potential to continue exploration. 

2) More than 75% of Varamin sheet area is covered by thick deposits of fine clay providing a suitable envi-
ronment for agriculture. High concentration of strontium is due to outcrops of destructive and evaporite for-
mations like gypsum, marl and clay sandstone. 

3) Sulfur anomaly is due to the presence of salt plains where sodium sulfate mining is prevalent. 
4) The study area is mainly covered by sand (with silt size) and fine shear and normal conglomerates. Due to 

the lack of outcrop or contact with internal or external igneous rocks, no sign of mineralization is observed. 
5) Generally, Varamin sheet is not suggested for semi-detailed or detailed exploration. 
6) The anomalies of Sr, Zr and S were controlled. The sulfur anomaly is traditionally used to exploit sodium 

sulfide. In addition, Zr anomaly has been observed in conglomerate formations of Sharif Abad sheet. Accor-
dingly, manual preparation of samples for analysis or polished sections is meaningless. 

7) Sr anomaly is located in the north of Ghale Boland sheet in a region with a small outcrop of evaporite for-
mations where the highest concentration of strontium is much lower than its minimum allowable concentra-
tion in deposits of this element. No obvious Sr mineralization was observed in the study area. 
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Figure 3. Anomally map of Sr. 
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Figure 4. Anomally map of S. 
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Figure 5. Anomally map of Zr. 
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Figure 6. Heavy minerals distribution map. 
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