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The aim of this study is to analyze the chemical facies of the Qom
Formation in the northwest of Tafersh based on geochemical data.
The studied area includes a part of the 1:1000000 Farmahin quadrangle
geological map, which is located in the northwest of Tafresh.
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The lithology of the Qom Formation in the study area consists of
limestone, sandstone and marl.

Two sections were selected for sampling and for geochemical studies,
16 limestone samples were selected and subjected to primary
mineralogical analysis.

The results of this study show that the carbonate rocks of the Qom
Formation in the studied area are within the range of Gordon
limestones and Mozdouran aragonite limestones. The similarity
between rare elements in ancient and modern aragonitic carbonates
indicates that the Qom limestones (shallow part of the basin) had an
early aragonitic mineralogy and are within the range of Ordovician
limestones with aragonitic mineralogy.

Introduction

Distinguishing between primary mineralogy of
aragonite and calcite in ancient limestones is
challenging. The use of X-ray diffraction method and
the magnesium content of ancient limestones is not
very useful in differentiating basic aragonite from
calcite, because most ancient limestones have been
affected by meteoric conditions or burial diagenesis
and turned into low-magnesium (low-magnesium)
calcite. In open diagenetic environments, low-Mg
calcite remains largely stable and undergoes only
minor chemical changes. Aragonite carbonates are
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inferior models for meteoric diagenesis compared to
calcite limestones.To understand the temperature of
depositional ~ environment,  diagenesis  and
geochemistry of carbonates, it is necessary to
distinguish aragonite from calcite. The best criterion
for distinguishing modern carbonate (limestone)
sediments from their ancient counterparts is the
change in trace element ratios between cold water
and warm water sediments. This change is caused by
the different proportions of trace elements in cold
water and hot water limestone carbonates, which in
turn affects the structure of the carbonates.
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This study was conducted with the aim of
investigating the geochemical properties of
sediments and the primary mineralogical
composition of carbonate rocks of the study area
using the changes of major and rare elements.

The studied area includes a part of the 1:1000000
Farmahin quadrangle geological map, which is
located in the northwest of Tafresh city and north of
Arak city. The access roads of the area include the
asphalted roads of Salafchegan-Tafresh, Tafresh-
Ashtian-Farmahin,  Arak-Tafresh, Tafresh-Fark
village and the road under construction Tafresh-
Noubaran (Figure 1). The studies conducted on the
Oligocene-Miocene limestones of central Iran have
been significant due to the possibility of hydrocarbon
deposits. Gansser proposed the term "Qom
Formation" for these lithological units in 1955.
During the oil exploration of the Qom formation in
the south of Qom (Gansser, 1955 and Furrer and
Soder, 1955), six lithological units (A-F) were
identified. Sudar (1959), during a detailed study,
divided unit C into 4 units. Berberian (1983)
attributed the formation of the Qom Formation
sedimentary basin to the subduction of the young
Tethys oceanic crust beneath central Iran, which was
accompanied by the opening of the back-arc and the
deposition of marine sediments of the Qom
Formation and alkaline volcanic processes, but he did
not discuss the formation of the fore-arc basin.
Nogul-Sadat (1985) conducted further research on
the Qom Formation and proposed three sedimentary

basins, each sedimentary cycle starting with shallow
marine facies and ending with gypsum and anhydrite
lagoonal facies. Karimi-Mosadegh(1999), Studied
Biostratigraphy and lithostratigraphy and study of
sedimentary environments of the Qom Formation in
Saveh area. Preparation of geological maps 1:
250,000 Qom (Emami and Hajian, 1991), Saveh
(Nogul Sadat et al., 1985), Hamedan (Sabzei and
Khane, 1990) and Kabudrahang (Bolruchi and
Hajian, 1979) more help to identify the conditions of
the formation Qom is located in the western region of
central Iran. Imendoust (2006) investigated the Qom
formation in the southwest of Saveh to the southeast
of Qom, and the sedimentary environment of the
Qom formation was introduced as the edge of the
Qom shelf. Karimi Mossadegh also studied the Qom
Formation in the southwest of Saveh and west of
Qom. He determined the age of the Qom Formation
deposits to be Aquatanian-Bourdigalian. Daneshian
and Bakhtiari (2001) identified 26 sediments and 31
types of benthic framework, identified two sections
in the northwest of Saveh and suggested the age of
early Burdigalian and the abundance of the area
indicates a shallow sedimentary environment with a
warm climate. Okhravi and Amini (1998) studied an
example of mixed carbonate-pyroclastic
sedimentation of Miocene in Central Basin of
Iran.Vaziri and Torabi (2002) and Sierafian and
Torabi  (2003) separately investigated the
sedimentary environment of the Qom Formation in
southwestern Ardestan and northern Nain.
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Figure 1: The position of two sections AB and CD of the studied area of Qom formation in the northwest of Tafresh in
the geological map of Farmahin (Hajian, 1970).
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Methodology

In this study, two sections AB and CD were selected
for sampling. The desired samples were taken to the
laboratory for examination. Then the collected
samples were turned into powder for chemical
analysis. From each sample were crushed 200 grams
into powder. The chemical mineralogy determination
test was performed using the XRF method and based
on the reference standard ASM E 1621 13 at a
laboratory temperature of 25 degrees Celsius and a
humidity level of 30%. The result of the chemical
analysis of the sent sample was obtained by the XRF
device based on the weight percentage of the
constituent elements and compounds. Some elements
cannot be identified and are less than the device
measurements. The sample was heated at 900°C for
one hour to measure L.O.I (lost weight).

Discussion

The figure 2 shows the changes of Fe, Mn, Na, Sr
elements in the collected samples. According to this
figure, the highest value is 183.6 ppm and the lowest
is 100 PM. The highest amount of sodium is 876 ppm
and the lowest is 640 ppm. The highest amount of
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manganese is 69.3 ppm and the lowest amount of
manganese is 29.6 ppm. The highest amount of iron
is 3254 ppm and the lowest amount of iron is 1406

ppm.

Figure 3 shows the ratio of Sr/Mn, Sr/Na elements.
Based on this figure, the highest amount of sodium is
0.2622 ppm and the lowest amount is 0.1356 ppm.
The highest amount of strontium to manganese is
0.5347 ppm and the lowest layer to manganese is
0.1677 ppm.

In this study, the analysis of geochemical data using
the amounts of major and rare elements was used to
determine the primary mineralogy of deepcarbonates.
Data related to iron, manganese, sodium and
strontium elements with tropical and temperate
carbonate range (Milliman, 1974), tropical
Ordovician carbonate with primary aragonite
mineralogy (RAO, 1991), cold subpolar Permian
carbonates with calcite mineralogy (RAO, 1991), in
Tasmania, Australia, and the mineralogy of early
aragonite in deep limestones (Mozdouran Formation)
is compared.
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Figure 2: Diagram of changes of elements in lithological units of the studied area.
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Figure 3: Diagram of element ratio changes in lithological units of the studied area.

Early aragonite mineralogy in deep
limestone

According to some researchers, calcite first appeared
as an important mineral in the Early and Middle
Paleozoic and Jurassic, and carbonate mineralogy has
changed since the Phanerozoic (Sandberg, 1975,
1983; Wilkinson et al., 1985). Major and rare
elements were used to investigate the primary
mineralogy of Qom limestone. Data related to the Fe,
Mn, Na, Sr elements of the studied area and with the
range of temperate tropical carbonates (Milliman,
1974), carbonates of the Mazdouran Formation in the
Lower Jurassic, tropical Ordovician carbonate,
tropical Ordovician carbonate with primary aragonite
mineralogy (Rao , 1991), cold subpolar Permian
carbonates have been compared with calcite
mineralogy (Rao, 1991), in Tasmania, Australia, and
early aragonite mineralogy in deep limestones
(Mozdouran Formation).

Sr-Mn changes

The diagram of Sr-Mn changes in the studied
limestone is presented in Fig. 4. The limestones of the
Qom Formation in the study area have been
compared with the aragonitic limestones of the
Mazdouran Formation (Adabi and Rao, 1991),
carbonate samples from the temperate zones of the
recent age (Rao and Adabi, 1992), and aragonitic

samples from the tropical zones of the recent age
(Milliman, 1974). Figure 4 shows that the carbonate
samples of the study area are within the range of the
Gordon Ordovician tropical limestones with
aragonite mineralogy. Therefore, the limestones of
the study area are within the range of Ordovician
limestones with aragonite mineralogy and are
generally low in strontium. Qom Formation in the
study area with Aragonitic limestone ranges of
mercenaries (Adabi and Rao, 1991), total carbonate
samples of the present -day temperament (Rao and
Adabi, 1992) and Aragonitic samples of the present
(A ; Milliman, 1974) is compared.
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Figure 4: Comparison of Sr and Mn values in calcareous
rocks of the study area related to the shallow section of
the basin (Adabi and Rao, 1991).



Note that most carbonate samples are located at the
bottom and some within the Aragonite carbonate
range of Qom, which is probably due to the
mineralogy mixture of aragonite and calcite. Some of
the range and symptoms used are similar to Fig. 4.
Most of the deeper carbonate samples of the basin
have lower Sr values compared to their shallower
aragonite equivalents (average 340 ppm). As
previously stated, the Sr content in carbonates
depends on their mineralogy and water depth, i.e., it
decreases with decreasing aragonite content or with
increasing sea surface depth. Therefore, the low Sr
content in these samples is due to increasing water
depth and increasing calcite mineralogy (HMC +
LMC) compared to aragonite mineralogy in the
shallower part of the basin (Adabi and Rao, 1996).

Na-Mn changes

Figure 5 changes Na and Mn values in Qom's
limestone in the study area.

According to the figure, samples are located in the
range of Tasmania's Gordon limestone with
Aragonitic mineralogy. Comparison of the study area
and benchmark areas shows that it is located within
the Gordon Tropical Limestones of Tasmania with
aragonite mineralogy.
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Figure 5: Changes of Na and Mn values in the limestone
of the study area related to the shallow part of the basin
and the symptoms used are similar to Fig. 2.

Sr-Na changes

The amount of Sr in the total carbonate samples
(Bulk) of the tropical regions of the present is
between 8,000 and 10,000 ppm in change (Milliman,
1974), while in the total carbonate specimens the
present -day carbon regions have less range and
between 1642 to 1642 to 5007 ppm (average 3270
ppm) fluctuates (Figure 2). The amount of Sr varies
depending on the mineralogy of carbonates.

The amount of Sr increases with an increase in
aragonite levels and decreases with increased calcite.
The abundance of Sr is also directly related to the
increase in seawater temperature (Morse and
Mackenzie, 1990).

Usually, the semi-stable CaCO3 minerals are
transformed into calcite during meteoric diagenesis
or burial, and therefore the amount of Sr in diagenetic
calcite depends mainly on the partition coefficient
and their concentration in diagenetic solutions.

Since the distribution coefficient of Sr is less than 1
and its concentration in meteoric waters is negligible,
the resulting diagenetic calcite will have a low Sr
content.

The value of the Sr and in the studied area is between
100 and 183 ppm (average 141 ppm) in change
(Figure 2). The Sr values of these samples are much
lower than the equivalent values of their present,
because the Sr decreases significantly during
meteoric diagrams.

The diagram of Sr-Na changes in the studied
limestone is presented in Fig. 2.

Na values in calcareous samples in the deep part of
the basin are between 44 and 525 ppm (average 144
ppm) in change (Fig. 2).

Drawing of Sr-Na values in these limestones
indicates a systematic decrease in the amount of both
Sr and Na elements, probably due to an increase in
the effect of non-marital diagnosis (Fig. 6). In this
figure, a positive relationship between Sr and Na
values is probably due to the similar separation
coefficients of these two elements in carbonate
minerals. In this form, most of the data is located



within the range of cold -water limestone rocks of the
Permin, and some are located within the range of
Mozdouran aragonite limestone.

Examination of carbonate rocks in the study area
indicates that these samples are within the Permian
subpolar limestone range (Rao, 1991). Note that most
of the data are within and below the subpolar

limestone range and have a low correlation
coefficient.
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Figure 6: Sr and Na changes in limestone in the study
area.

Sr/Mn changes vs. Mn

Mn values in the total carbonate specimens of the
present temperature regions vary from 1 to 311 ppm
(average of 69 ppm) 1. The concentration of the Mn
on the limestone studied area is between 29.6 to 69.3
ppm, average of 64.25 ppm (Figures 5 and 6). Mn
values increase with decreased aragonite percentage
(Rao and Adabi, 1992) and increase with the effect of
meteoric water. The concentration of the Mn also
decreases with increased sedimentation rate
(Pingitore et al., 1988; Mucci, 1988). Usually in
carbonate near the beach due to the abundance of Mn
and Fe (amini and rao, 1998).

The changes of Sr/Mn and Mn (Fig 7) in the
limestone samples of the Qom Formation in the target
area show that they are in the range of warm water
aragonite limestone belonging to the Ordovician
(Adabi and Rao, 1991) and the aragonite limestone of
the Mazdooran Formation (Rao and Adabi, 1992).
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Figure 7: Sr/Mn changes against Mn in Qom Formation
Limestones (shallow basin) compared with the total
carbonate specimens of temperate regions and tropical
Avragonite limestone (Gordon) (Rao, 1991).

Sr/Na changes vs. Mn

Figure 8 indicates Sr/Na changes against Mn in Qom
Formation Limestone in the northwest of Tafresh.
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Most data related to Qom limestone in the study
area above the semi-polar limestone (Rao, 1991),
and near the total carbonate specimens of the
recent age Tasmania (Rao and Adabi, 1992).
This indicates a mixed calcite-aragonite
mineralogy in these samples.

Relationship of destructive elements in the
shallow areas of the basin

Fe and Mn Relationship

Iron values in Qom Formation Limestone in the study
area are between 1406 and 3254 ppm (average 3033
ppm) in change. There is very little information on
the amount of iron in the shallow marine carbonate
aragonite of the present hot water. In the studied
limestone, due to the increase in the effect of
meteoric diagrams, iron values increase with
increased Mn values (Fig. 9).

Iron concentration is usually increased by increasing
the percentage of insoluble residue (IR) in acid, as
iron may be added to the solution through the
dissolution of insoluble residue in acid. Therefore, it
is best to skip carbonate specimens that contain non -
acidic materials (> 15 %). In carbonate facies, it is
usually the possibility of the presence of non-
carbonate elements, which are more expressive of
destructive origin. For this purpose, in this study, the
relationship between Fe and Mn changes is presented
in Figure 9.
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Figure 9: Fe and Mn changes in calcareous rocks of Qom

An examination of the relationship between iron and
manganese values in limestones of the Qom

Formation shows that they have a low correlation
coefficient.

Sr/Mn to Mn ratio

The changes of strontium to manganese versus
manganese are shown in Figure 10. Some limestone
data are inside and some are under the range of
Gordon Aragonitic limestone, which is due to the low
Sr value compared to the Mn.

The reason for this could be due to the mixed calcitic
and aragonitic mineralogy in these limestones. A
comparison of the study area and the reference areas
shows that in the study area, some samples in the
Permian cold-water limestone range have calcitic
mineralogy and a low correlation coefficient. The
similarity between the minor elements of the ancient
and present-day aragonitic carbonates confirms that
the Qom limestones (the shallow part of the basin)
also had an early aragonitic mineralogy.
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Figure 10: Sr/Mn changes against Mn in the limestone of
the study area (shallow section of the basin).

Sr/Na Changes to Mn

The changes in manganese versus the strontium to
sodium ratio are shown in Figure 11.

Note that Qom data (the study area) is located at
the bottom of the Aragonitic Gordon limestone
and away from the total carbonate samples of the



present-day temperate regions. The area is
located in the Ordovician limestone area with
Aragonitic mineralogy.
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Figure 11: Sr/Na changes against Mn in the limestone of
the study area (shallow section of the basin).

Conclusion

The Qom Formation sediments in the studied section
with a thickness of 473 meters include thin, medium
to thick bedded and massive limestones. This
sedimentary sequence is placed with erosional
discontinuity on Eocene volcanic rocks and is finally
covered by alluvium.

In this study, using major and minor elements, the
primary mineralogy of limestones was used to

identify the primary mineralogy of ancient
carbonates.
Elemental information (Fe, Mn, Na, Sr) was

investigated and compared with the ranges of
present-day carbonates in the regions. The results of
this study show that the carbonate rocks of the Qom
Formation in the studied area are within the range of
Gordon limestones and Mozdouran aragonite
limestones. The similarity between rare elements in
ancient and modern aragonitic carbonates indicates
that the Qom limestones (shallow part of the basin)
had an early aragonitic mineralogy and are within the
range of Ordovician limestones with aragonitic
mineralogy.

Acknowledgments:

We express our gratitude to the respected
officials of Payam Noor Damghan University,
Payam Noor Damavand University who helped
the authors in conducting this study

References:

Adabi, M., 1993. Dianegensis of the upper Jurassic
Carbonate  (Oxfordian-Tithonian) in  Sarakhs
area,10th Symposium of Earth Sciences, Geological
Survey, Pages 109-112.

Adabi, M. H. 1996, Sedimentology and geochemistry
of carbonates from Iran and Tasmania, Ph.D.thesis
(Unpublished). University of Tasamania Australia.
pp 470.

Adabi, M. H., Salehi, M. A. & Ghabeishavi, A.,
2010-  Depositional  environment,  sequence
stratigraphy and geochemistry of Lower Cretaceous
carbonates (Fahliyan Formation), south- west Iran.
Journal of Asian Earth Sciences, 39, pp 148- 160.

Adabi, M, 2011. Sedimentary geochemistry, Arian
Zaman Publications.

Adabi, M. H., 1999. Effective Carbon isotopes 13 in
New Zealand and tasmania (Australia) during
Dianegenesis Meteoric. Third Iranian Geological
Symposium, Shiraz University, pages 22-24.

Daneshian, J. Derakhshani, M. 2006
Paleoenvironment of the Qom Formation based on
foraminifera in the Ghasr-e-Bahram section,
northwestern slopes of Siahkoh, located south of
Garmsar. 10th Conference of the Geological Society
of Iran, Tarbiat Modares University, p. 191.

Furrer, M. A., and Soder, P. A. 1955. The oligo-
Miocene marine formation in the Qom region
(central Iran), Proc. 4th world petrol. Congress. Rom
sect. I/A/5, pp. 267-277.

Gansser A., 1955, New aspects of the geology in
Central Iran. In: Proceedings of the 4th World
Petroleum Congress, Rome, Section I/A/5, pp 279-
300.



Imendoust, A., 2006. Stratigraphy of the Qom
Formation in the southwest of Saveh (Jalair) and
Shurab (southeast of Qom). Master's thesis,
University of Tehran.

Karimi-Mosadegh, Z, 1999, Biostratigraphy and
lithostratigraphy and study of sedimentary
environments of the Qom Formation in Saveh area.
Unpublished MSc. thesis, Shahid Beheshti
University of Tehran.

Karimzadeh, F and Adabi, MH, (2008) Describing
the types of dolomites in the camel (mountain range)
based on rock and chemical studies, with an attitude
on the role of the Red Shile Shale in Magnesium
Union, Quarterly Journal Basic Sciences with
Scientific-Research (Basic Sciences), Eighteenth
Year, No. 69, page 211-192.

Mason Brian, B. Amr, Cartoon, Mary, Farid, Sharafi,
Ali Asghar, 2003, Shiraz.

Mucci A., 1988: Manganese uptake during calcite
precipitation from seawater: conditions leading to
the formation of a pseudokutnahorite: Geochim.
Cosmochim. Acta. 52: 1859-1868.

Milliman, J. D. 1974. Marine carbonates. Recent
sedimentary carbonates part 1. Springer-Verlag, New
York, Heidelberg, & Berlin, xv + 375 p.

Morse J.W., Mackenzie F.T. 1990: Geochemistry of
Sedimentary Carbonates: New York, Elsevier. 707 p.

Neko, M. Adabi, M., 2005, an attitude on
geochemical findings in the carbonate deposits of
Permine Southeast of Reza, the 22nd Articles of the
Earth Sciences.

Okhravi, R., & Amini, A., 1998. An example of
mixed carbonate-pyroclastic sedimentation
(Miocene, Central Basin, Iran). Sedimentology, 118:
37-54.

Pingitore N.E., Eastman M.P., Sandidge M., Oden
K., Freiha B. 1988: The coprecipitation of
manganese (I1) with calcite, anexperimental study:
Mar. Chemistry. 25: 107-120.

Rao C.P. 1991: Geochemical differences between
subtropical (Ordovician), temperate (Recent and

Pleistocene) and subpolar (Permian) carbonates,
Tasmania, Australia: Carbonates and Evaporites. 6:
83-106.

Richoz, S., krystyn, L., Baud, A., Brandner, R.,
Horacek, M., Mohtat-Aghai, P., 2010. Permian-
Triassic boundary interval in the Middle East (Iran
and N. Oman): Progressive environmental change
from detailed carbonate carbon isotope marine curve
and sedimentary evolution. Journal of Asian Earth
Sciences: (39), pp236-253.

Sandberg, P.A. 1975: New interpretation of Great
Salt Lake ooids and ancient non-skeletal carbonate
mineralogy. Sedimentology 22, 497-538.

Seyrafian, A., and Torabi, H., (2005), Petrofacies and
sequence stratigraphy of the Qom Formation (Late
Oligocene - Early Miocene?), north of Nain, southern
trend of Central Iranian Basin: Carbonates and
Evaporites, v. 20, NO.1, p. 82 — 90.

Teichert, C., Kummel, B. and Sweet, W. ,1973.
Permian—Triassic strata, kuh-e-Ali Bashi,
northwestern Iran. Bull. Mus. Com. Zool., 145 (8), pp
359 - 472.

Vaziri-Moghaddam, H., Kimiagari, M., Taheri, A.,
(2006), Depositional environment and sequence
stratigraphy of the Oligo-Miocene Asmari Formation
in SW Iran, Springer application, Facies, NO 52: 41—
51.

Wilkinson, B.H., Owen, R.M. & Carroll, A.R. 1985:
Submarine hydrothermal weathering, global eustacy,
and carbonate poly- morphism in Phanerozoic marine
oolites. Journal of Sedimentary Petrology 55, 171-
183.

Yousefi Rad, M., 2010, Cretaceous Chemical
Sequence at Northern Mahallat, Proceedings of the
27th Earth Sciences congress.



