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1-Introduction

Kaolinitic and refractory clays are a group of non-metallic minerals that retain their physical and chemical
properties at high temperatures and have special applications in industries such as metal smelting, ceramics,
and foundry (Pohl, 2020). The Chah-Aliakbar kaolinitic clay deposit is located in the Iran-Central structural
zone, north of the Tabas Block, 65 km northwest of the Tabas Golshan, and in part of the Permian horizon.
Recent studies in the Tabas Block include the study of the stratigraphy of the Triassic and Jurassic systems
in the north of the Tabas Block and the effect of active tectonics on the formation of rock facies in global,
regional, and local scales.

Petrographic, mineralogical, and geochemical studies can be used to identify the constituent minerals
and chemical composition of the mineral substance, as well as the depositional environment, mode of
formation, and processes involved in the formation of the studied deposit. Mineralogical studies and related
analyses can also determine this deposit's key and significant minerals. The abundance percentage of
elements and the type of clay minerals are closely related to their applications in dependent industries. The
studies and results from this research can significantly impact the economic decision-making process for
extracting clay minerals from this area and their introduction into the industrial and commercial cycle.
Additionally, the social consequences of exploiting and extracting from this mining area will not only
supply raw materials for domestic industries but also create employment opportunities for the local
workforce (directly or indirectly) and contribute to the region's economic growth. It is worth noting that all
these studies can significantly contribute to the identification of similar sedimentary deposits in the Tabas
Block.

2-Material and methods

Field investigations in the study area included field studies of the geology and stratigraphy of different
formations and their comparison with the 1:100,000 scale map of the Halvan region, examination of various
outcrops of the deposit, and preparation of 1:5000 scale map of the Chah-Aliakbar area. A total of 54
samples were collected from an area of 13.4 Km?2 along several vertical profiles perpendicular to the
extension of the mineral substance. Eight thin sections were prepared for petrographic and mineralogical
studies in the workshop of the Geological Survey and Mineral Exploration Organization of Iran and studied
in the Economic Geology Laboratory of Tehran University using an Olympus polarizing microscope
(transmitted light) model. 27 samples were analyzed to determine the percentage of major oxides by X-ray
fluorescence (XRF) in the laboratory of the Geological Survey and Mineral Exploration Organization of
Iran using a MAGIX-PRO device. In addition to completing the geochemical studies and identifying trace
and rare earth elements, two samples were analyzed and chemically analyzed by inductively coupled
plasma mass spectrometry (ICP-MS) in the Applied Studies Center of the Geological Survey laboratory.
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3-Results and discussions

Kaolinitic and hematitic shales and sandstones located at the base of the last limestone layer of the Khan
Formation (Jurassic age) host the intended ore mineral of this deposit. In the studied area, they outcrop with
an approximate length of about 1 Km and a transverse extension of 0.5 km. The results of X-ray diffraction
(XRD) analysis on samples taken from the Chah-Aliakbar industrial and refractory clay indicate the
presence of main minerals: kaolinite, hematite, and quartz, and minor minerals: rutile, anatase, and feldspar
in the mineralogical composition of the Ore deposit. Microscopic studies of thin sections reveal the sorting
and rounding of quartz grains in the sandstones of the Khan Formation, which host minerals and can be
attributed to their mechanical transportation, and are considered clastic in origin. The clastic deposits of the
Khan Formation were laid down in a high-energy coastal environment (Shadan and Hosseini Barzi, 2010).
The high sorting of the sandstones indicates the effective role of waves in the depositional environment.
The intrusion of such a volume of clastics into the sedimentary basin was due to alongshore currents caused
by the oblique impact of waves on the shorelines. Monocrystalline quartz with wavy and straight extinction,
with a frequency of 95%, constitutes the largest volume of clastic grains in the sandstones of the Khan
Formation. The abundance of monocrystalline quartz in the clastic units could result from the high-energy
depositional environment and sedimentary reworking. Based on the position of the samples taken from the
Chah-Aliakbar deposit as interpreted on the A-CN-K and A-CNK-FM diagrams, the rapid advancement of
the weathering process of the deposit can be observed. The significant reduction of Na20, CaO, K20, and
MgO components in these diagrams indicates the progression of weathering in the deposit (Nesbitt and
Young, 1984). The position of the mineral samples of the deposit on the AI203/Ti02 ratio diagram suggests
a mafic and basaltic parent rock composition for this deposit. The high concentration of TiO2, with an
average amount of 4.37 wt% in the mineral samples, confirms the role and influence of supergene solutions
in forming this deposit (Maiza et al., 2003). To determine the type and conditions of the depositional basin
of the Chah-Aliakbar deposit, considering the K/Rb ratio = 36.67, it can be concluded that the sedimentation
of this deposit occurred in a marine environment (Campbell et al., 1965; Zawada et al., 1988).

4-Conclusion

Stratigraphic evidence, including the strati-bound placement of the mineral material between the limestone
layers of the Khan Formation within a large syncline and aligned parallel to its axial trend, as well as the
gradual boundary between the mineral layer and the overlying limestone layers of the Khan Formation,
strengthens the possibility of that the Chah-Aliakbar deposit is sedimentary in origin. Also, the sorting and
rounding of quartz grains in the ore of this deposit can be attributed to the reworking of sediments, providing
further evidence of its sedimentary nature. The deposition of this deposit in a marine environment was
influenced by the weathering of rocks and clay-bearing sediments during the reworking cycle, along with
the transport of fine clay particles in colloidal form by water currents. The impact of waves in a high-energy
coastal environment also likely played a role in forming this deposit.
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location of the study area (with changes from Ghorbani, 2002).
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Fig 4. (a) stratigraphic sequences of the Khan and Sorkh Shale Formations appeared as a syncline, as well as the Recent
sediments in the river bed (View to the northeast), (b) A view of the Shotroi Formation with the dark and light alternation

of limestone and dolomite layers (View to the north), (¢c) A view of Ab Haji Formation with sandstone and green shale
sediments (View to the west), and (d) closeup view of the Badamo limestone Formation (View to the northwest).
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Fig 5. (a) The location of the sandstone layer hosting the deposit between the hanging wall and foot wall layers in a
general view of an outcrop, and (b) a close-up view of a trench.
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Table 1. X-ray diffraction (XRD) test results of ore samples from the Chah-Aliakbar deposit.

SAMPEL.N

CHA- 27

CHA-33

CHA-34

CHA-35

CHA-36

CHA-37

CHA-39

CHA-40

CHA-41

CHA-42

CHA-44

CHA-45

CHA-46

CHA-48

CHA-49

CHA-50

CHA-51

CHA-52

CHA-53

CHA-54

ROCK TYPE

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

Shale/sandstone

XRD RESULTS

PYROPHILLITE + HEMATITE + KAOLINITE

KAOLINITE+ HEMATITE + FELDESPAR

HEMATITE + KAOLINITE

KAOLINITE+ HEMATITE + GEHLENITE + FELDESPAR + ANATAZ + HALITE

KAOLINITE+ HEMATITE + RUTILE + HALITE

KAOLINITE+ HEMATITE + RUTILE

QUARTZ+ KAOLINITE + HEMATITE + FELDESPAR

QUARTZ+ KAOLINITE + HEMATITE+ ANATAZ

QUARTZ+ KAOLINITE + HEMATITE+ FELDESPAR+ RUTILE

KAOLINITE + HEMATITE+ RUTILE + QUARTZ+ ILLITE

KAOLINITE QUARTZ+ HEMATITE+ RUTILE

HEMATITE + KAOLINITE

KAOLINITE + HEMATITE+ RUTILE

KAOLINITE + HEMATITE+ RUTILE+ HALITE

HEMATITE + KAOLINITE

HEMATITE + KAOLINITE+ RUTILE

HEMATITE + KAOLINITE+ RUTILE

HEMATITE + KAOLINITE

KAOLINITE + HEMATITE+ RUTILE

CALCITE + KAOLINITE

'YV
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Fig 6. (a) Compact fabric of quartz grains in sandstone, with rounding and good sorting (XPL light), (b) Hematite cement
between quartz grains (XPL), (c) Chlorite accumulation between quartz grains (XPL light), (d) Kaolinite and hematite
accumulation between quartz grains with Gulf depression (XPL), (e) Plagioclase with specific polysynthetic twinning

along with kaolinite mineral accumulation between quartz grains (XPL), (f) Zircon with distinct relief and color (XPL),
(1) inclusion in the quartz grains (XPL), snd (j) texture of coarse-grained and fine-grained quartz.
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Table 2. Geochemical data of major elements for kaolinitic and hematitic sandstone samples from the Chah-Aliakbar
deposit. All data are in wt.%.

SAMPEL.N

CHA- 07

CHA- 11

CHA-19

CHA-26

CHA-27

CHA-29

CHA-33

CHA-34

CHA-35

CHA-36

CHA-37

CHA-38

CHA-39

CHA- 40

CHA- 41

CHA- 42

CHA- 43

CHA- 44

CHA- 45

CHA- 46

CHA- 47

CHA- 48

CHA- 49

CHA- 50

CHA- 51

CHA- 52

CHA- 53

ROCK TYPE

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

Sandstone/Shale

L.O.1

9.3

1.9

35

4.3

9.2

3.0

12.4

8.5

12.5

9.8

7.8

1.9

6.5

4.4

6.5

10.5

4.2

9.6

8.3

8.1

8.3

8.5

7.4

8.6

5.5

10.0

TiO2

5.6

0.8

1.9

1.7

3.7

2.5

7.3

2.8

7.0

4.1

7.2

1.7

53

6.3

6.0

7.2

2.5

5.5

3.4

5.0

1.7

6.5

3.5

4.6

5.1

2.1

7.0

MnO

<1

<1

0.2

n.d

<1

<1

<1

<1

P205

<1

<1

0.1

0.3

<1

0.2

<1

<1

0.2

<1

<1

<1

0.1

0.2

0.1

<1

0.1

0.2

<1

<1

<1

0.1

0.3

0.3

0.1

<1

<1

K20 Na20 MgO CaO

0.3

<1

<1

0.6

0.5

0.3

<1

0.4

0.8

1.1

<1

1.9

0.1

1.2

0.9

0.6

0.6

0.6

0.5

0.8

0.1

1.2

0.4

0.9

0.7

0.3

1.4

<1

<1

<1

0.3

0.3

0.1

0.5

0.4

1.1

23

1.6

<1

24

<1

2.5

2.1

0.5

0.9

0.7

1.0

0.1

1.9

0.5

1.3

1.2

0.5

1.9

0.6

0.7

0.9

<1

0.4

0.4

<1

1.1

<1

<1

<1

0.6

0.3

1.3

0.4

0.3

1

<1

<1

<1

0.2

<1

0.5

<1

<1

0.3

<1

0.2

0.9

0.6

0.8

23

0.6

0.2

0.4

3.0

1.2

0.1

0.4

1.0

0.4

0.8

2.0

0.4

0.3

0.3

0.3

0.6

0.4

0.8

0.7

0.3

0.3

0.5

Fe203

21.3

13.6

49.0

20.1

24.5

54

53.9

10.2

18.6

14.8

14.9

15.8

38.8

15.3

13.1

30.1

16.9

39.9

5.8

18.2

13.7

60.6

34.8

28.7

62.0

6.7

AI203  SiO2
27.3 34.7
4.7 77.2
6.5 54.1
14.6 28.1
25.9 37.1
14.1 54
342 39.2
16.1 16.5
29.7 34
28.0 33.2
28.1 38.8
6.0 74.2
254 40.2
11.0 36.6
24.6 42
29.0 34
12.4 47.8
29.9 353
21.2 253
33.9 41.6
8.0 62.6
29.4 37.9
16.5 18.3
24.1 26.5
25.7 29.2
13.1 16.5
34.2 37.5

AR
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Table 3. Geochemical data of trace and rare earth elements for kaolinitic and hematitic sandstone samples from the Chah-

Aliakbar deposit. All data are in ppm.

SAMPEL.N ROCK TYPE Ba Rb Sr Y Zr
CHA-26 Sandstone/Shale 301.0 12.1 140.0 17.2 1043.0
CHA-27 Sandstone/Shale 11.5 12.9 129.0 18.1 1106.1

Nb Th Pb Zn Cu Ni Co U w
142.1 202 982 6060 24.1 533 107 532 1.72
148.6 205 17.7 1230 31.0 602 235 562 1.47
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Fig 7. Classification of samples taken from the Chah-Aliakbar deposit on the Herron, 1988 diagram, with modifications.
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Table 4. The average concentration of the main oxides obtained from the chemical analysis of kaolinite and hematite
sandstone samples of Chah-Aliakbar deposit and their comparison with the registered PAAS, NASC and UCC (based on
the studies of Taylor, 1981). Values are in weight percent.

Wt% Samples average NASN uccC PAAS
SiO, 389 64.8 60.6 62.8
AL>03 21.24 16.9 15.9 18.9
Fe03 24.75 5.65 5.67 7.22
CaO 0.72 3.63 6.4 2.3
MgO 0.37 2.86 4.7 22
Na2O 0.91 1.14 3.1 1.2
K20 0.60 3.93 1.8 3.7
P20s 0.13 0.13 0.1 0.16
MnO 0.1 0.06 0.05 0.11
TiO2 4.37 0.7 0.7 1.0
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Fig 8. The weathering trend of Chah-Aliakbar deposit samples according to the chemical alteration index (based on the

studies of Nesbitt and Young, 1984).
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Fig 11. Schematic representation of the tectonic setting of the Tabas Block and the location of the Khan Formation (Khan
F.) from the Upper Permian to the Jurassic (with changes based on the studies of Wilmsen et al., 2009).
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