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Fig. 1. Geological map of the study area and sampling locations (Nogol Sadat and Houshmandzadeh, 1983- Afaghi et al)
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Fig. 2. (a) Distant view of badland morphology of the Upper Red Formation (view to the east). (b) A marl sampling site

(view to the east). (c) Alternating marl and sandstone layers within the Upper Red Formation (view to the west). (d)
Badland morphology of the Upper Red Formation with nearly horizontal layers (view to the west).
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Fig. 3. (a) The Upper Red Formation conformably overlying the Qom Formation in the Ivanaki area (view to the east). (b) A

section of the Hezardarre Formation conglomerate overlying the Upper Red Formation marls near the Rudkhaneh-e- Shur
(view to the east). (c) A schematic stratigraphic column of the sedimentary sequences of the Upper Red Formation.
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Fig. 4. Suttner and Dutta (1986) diagram based on percentage of major element oxides. The diagram indicates a semi-
arid to somewhat arid climate during the formation of the Upper Red Formation sediments.
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Fig. 5. Proposed diagrams by Bhatia (1983) based on the percentage of major element oxides. OIA: Oceanic Island Arc,

CIA: Continental Island Arc, ACM: Active Continental Margin, PM: Passive Margin Based on these diagrams, the
studied samples are formed within the range of Continental Island Arc (CIA) to Active Continental Margin (ACM).
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Fig. 6. (a) Litharenite sandstone with volcanic and sedimentary fragments. (b) Feldspathic litharenite sandstone
containing plagioclase with polysynthetic twinning, surrounded by calcite cement. Plg: Plagioclase feldspar, SRF:
Sedimentary rock fragments, VRF: Volcanic rock fragments, Qt: Quartz mineral
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Table. 1. Etterberg ranges of marl samples from the Upper Red Formation

Sy Ses o> ]
Sample
(LL %) L %) PI %)
AA-1 44.35 24 20.35
AA-2 48.8 29.8 19
AA4 46.3 26.6 19.7
AA-5 41.5 27.5 14
AA-6 41.3 22.08 19.22
AA-7 29.6 19.7 9.9
AA-8 31.8 21.82 9.98
AA-9 44.9 23.6 21.3
AA-12 39.04 235 15.54
AA-13 | e | e [ e
AA-14 47.94 25.3 22.64
AA-15 42.6 20.9 21.7
AA-16 38.94 23.3 15.64
AA-18 48 24.5 23.5
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Table 2. The boulk mineralogical composition of the studied marls
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Fig. 8. a) Liquid limit and plasticity index according to Holtz and Kovacs (1981), b) Location of sampled marls from the
Upper Red Formation on Casagrande's plasticity chart (Agharezaei, 2021)
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Table 3. Results of quantitative X-ray diffraction (XRD) analysis of the studied marls
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Fig. 9. The results of X-ray Fluorescence (XRF) analyses of marl samples
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Fig. 10. Results of quantitative X-ray diffraction (XRD) analysis of the studied marls
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Fig. 10. Results of quantitative X-ray diffraction (XRD) analysis of the studied marls
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Table 4. The results of X-ray diffraction (XRF) analysis of the studied marl samples and also the results of X-ray
diffraction (XRD) mineralogical analyzes of four samples.

Sample | SiO2 | ALO3 | Fe203 | CaO | Na2O | K20 | MgO | TiO: | MnO | P:0s | L.O.I | SO3
% % % % % % % % % % % %
AA-1 52.65 11.02 3.45 10.22 1.71 2.73 1.67 0.462 | 0.121 | 0.152 15.66 | 0.85
AA-2 52.07 9.57 3.44 10.25 1.86 2.86 2.08 0.425 | 0.112 | 0.145 18.1 0.69
AA-4 49.62 10.83 3.16 11.3 1.89 2.55 2.33 0.419 | 0.103 | 0.163 19.24 | 0.09
AA-5 51.06 11.59 3.79 11.67 2.08 2.55 2.53 0.517 | 0.133 | 0.176 14.48 | 0.09
AA-7 51.37 11.27 3.72 13.41 1.56 1.98 1.85 0.62 0.099 | 0.183 14.05 | 0.22
AA-8 51.25 12.32 4.47 10.79 1.89 2.44 2.64 0.593 | 0.077 | 0.154 1342 | 041
AA-9 46.94 11.71 4.32 11.05 3.46 2.39 2.51 0.539 | 0.096 | 0.128 18.78 | 0.94
AA-12 46.79 11.99 3.56 14.31 0.74 2.38 2.23 0.487 0.06 0.141 14.6 2.69
AA-14 46.35 13.92 5.99 10.94 0.87 2.8 1.6 0.473 | 0.082 0.12 16.31 | 0.42
AA-15 50.85 10.76 3.96 11.23 3.66 1.96 1.82 0.428 | 0.058 | 0.127 17.62 0.4
AA-16 48.56 12.75 4.39 11.44 0.86 2.55 2.12 0.512 0.09 0.144 17.18 | 0.16
AA-18 47 12.3 4.38 13.14 1.42 2.52 2.45 0.529 | 0.096 | 0.152 15.85 | 0.35
AA-20 58.49 16.82 6.09 9.1 1.41 2.65 2.37 0.646 | 0.101 | 0.154 0.43 0.04
AA-24 62.74 12.45 4.02 11.59 0.69 3.74 3.36 0.672 | 0.082 | 0.212 1.06 0.2
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Table 5 . The relationships between the physical and mechanical relationships in brick tests
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Table 6. The results of X-ray diffraction fluorescence analyzes based on the percentage of main oxides (upper part) and the
results of X-ray diffraction fluorescence analyzes based on the chemical elements of manufactured bricks
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Sample Si0: Al203 Fe:03 CaO Na20 K20 MgO TiO: MnO P:0s L.O.1 N
% % % % % % % % % % % %

AA-5 61.3 13.29 4.21 12.2 1.72 2.64 2.52 0.577 0.126 0.192 0.91 0.16

AA-16 57.01 16.01 5.33 13.57 1.41 2.65 2.37 0.646 0.101 0.154 0.56 0.09

AA-20 58.49 16.82 6.09 9.1 0.69 3.74 3.36 0.672 0.082 0.212 0.43 0.04
AA-24 62.74 1245 4.02 11.59 1.07 2.92 2.63 0.544 0.127 0.215 1.06 0.2
Sample Cl Ba 14 Cr Ni Cu Zn As Sr Pb Cl Ba

ppm ppm Ppm Ppm ppm ppm ppm ppm Ppm Ppm Ppm Ppm

AA-5 1136 504 79 60 75 52 75 42 717 1 1136 504
AA-16 1467 300 94 67 66 33 231 36 528 31 1467 300
AA-20 1103 255 95 74 84 88 141 46 315 23 1103 255
AA-24 101 476 75 56 63 68 243 20 669 34 101 476
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Fig. 11. a) X-ray fluorescence (XRF) analysis of produced bricks based on major oxide content. b) X-ray fluorescence (XRF)

analysis of produced bricks based on chemical elements.
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Fig. 12. Color variations in produced bricks due to the presence of iron and calcium oxides at 1100°C
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Fig. 13. Compressive strength chart of marl-based bricks
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Fig. 14. a) Changes in compressive strength of marl bricks based on calcium oxide weight percentage. b) Changes in
compressive strength of broken bricks after load application in a uniaxial compression test.
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Fig. 15. a) Broken marl brick sample after a uniaxial compression test, b) Density chart of all produced marl bricks in

laboratory
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Table 7. The results of physical and mechanical testing of the bricks samples prepared in the experiment
K& el i Gl caglie | Sis Sl Ll g5 bl
Sample 3 2 . . . .
(gr/cm?) Wt% ) (kg /em*) (1) (1) ey (1)
AA-1 1.85 19.72 72 8.3 9 16.67
AA-2 1.70 14.80 88 8.3 9 16.67
AA-4 1.91 20.60 104 8.3 9 16.67
AA-5 1.87 16.74 136 8.3 9 16.67
AA-6 2.03 20.04 | - 8.3 1.81 10
AA-7 2.21 16.37 123.5 8.3 1.81 10
AA-8 2.15 18.93 96.02 8.3 1.81 10
AA-9 2.27 21.44 51.44 8.3 1.81 10
AA-12 2.17 14.60 144.03 8.3 9 16.67
AA-13 | - | | | | | e
AA-14 1.9 27.30 78.90 8.3 9 16.67
AA-15 1.92 265 | 8.3 1.81 10
AA-16 2.06 21.05 174.9 8.3 3.63 39.5
AA-18 1.94 26.21 116.6 8.3 9 16.67
Y AY 5 laibw! dumwgo) sy 32T caS 5 5o ylastive! A Jgao
Table 8. the standards composition of clay bricks, Institute of Standards and Industrial Research (2008)
Cl SO; | MgO | CaO | Fe20s AlLO3 SiO2 L.O.I bt oS
-\ -0 £ VY YoAY -1\ fo-5e \F FIESRUR e (Ko
0880 (Sio) Lty 1 50 52T adgl Slgo g5 iy S 5 A Jgur
Table 9. Compositions of selected brick clay raw materials in Great Britain (Maning, 1995)
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chemostratigraphy of a Palaeozoic submarine
fan-complex: Tanqua Karoo Basin, South
Africa. Marine and Petroleum Geology, 21(5):
555-5717.

ASTM Standard D4318 (2005) Standard Test
Methods for Liquid Limit Plastic Limit, and
Plasticity Index of Soils, ASTM International.

ASTM, C (2003) C67-03 Standard test methods for
sampling and testing brick and structural clay
tile. American Society for Testing and
Materials, Philadelphia, PA.

ASTM, C (2012) C62-04 Standard specification for
building brick (solid masonry units made from
clay or shale). West Conshohocken, PA, 19428-
2959.

Bahlburg, H (1998) The geochemistry and
provenance of Ordovician turbidites in the
Argentine Puna. Geological Society, London,
Special Publications, 142(1): 127-142.

Berberian, M., King, G. C. P (1981) Towards a
paleogeography and tectonic evolution of Iran.
Canadian journal of earth sciences, 18(2): 210-
265.

Bhatia, M. R (1983) Plate tectonics and
geochemical composition of sandstones. The
Journal of geology, 91(6): 611-627.

Bouma, A (1998) Investigation of relationships
between measured field indicators and erosion
processes on badland surface at Petrer, Spain.
Journal of Soil Science Society of America, 25:
105-109.

Cultrone, G., Sebastidn, E., Elert, K., De la Torre,
M. J.,, Cazalla, O., Rodriguez—Navarro, C
(2004) Influence of mineralogy and firing
temperature on the porosity of bricks. Journal of
the European Ceramic society, 24(3): 547-564.

El Ouahabi, M., Daoudi, L., Fagel, N (2018)
Technological behaviour of Cretaceous and
Pliocene clays of northern Morocco used in
fired brick manufacturing. Journal of Materials
and Environmental Science, 9(4).

El Ouahabi, M., Daoudi, L., Hatert, F., Fagel, N
(2015) Modified mineral phases during clay
ceramic firing. Clays and Clay Minerals, 63(5):
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Elert, K., Monasterio-Guillot, L., Cultrone, G
(2024) Effect of iron and organic matter on
mineralogy and texture of replacement bricks
for heritage conservation: The case of the
Alhambra Formation soil (Granada, Spain)” .
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physico-chemical indices on marls sediment
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Abstract

The Upper Red Formation, in the stratigraphic column, overlies the Qom Formation and is itself overlain
by the Hezar Dareh Formation. Its lithological composition consists of thick-bedded red sequences of
shale, siltstone, marl, mudstone, sandstone, and layers of gypsum accompanied by salt, with numerous
outcrops distributed along the Tehran-Qom highway corridor. Marls are predominantly classified into
two categories: marine and continental; the marine type contains a higher proportion of calcium
carbonate, whereas the continental type exhibits a greater clay mineral content. The characteristics of the
marls and bricks produced were examined through XRF and XRD analyses, as well as sandstone
petrography, following Pettijohn’s classification scheme. Geochemical investigations indicate that the
studied sandstones originated from intermediate to felsic igneous rocks formed within active continental
margin tectonic settings. The principal non-clay minerals identified in the marls of this region mainly
include quartz, calcite, and dolomite, while the clay minerals comprise montmorillonite, mixed-layer
illite-muscovite clays, and chlorite. Atterberg limit tests on marl samples demonstrate that the studied
marls possess plasticity limits and plasticity indices conducive to brick manufacturing. The iron oxide
(hematite or magnetite) is responsible for the color and strength of the bricks. The water absorption of
the manufactured bricks meets Iran’s national standards for internal-use bricks, with suitable calcium
oxide content and compressive strength.Overall, the marls from the studied area have potential for
lightweight brick production, provided that appropriate measures are taken to improve the quality of
raw materials.

Keywords: Marl, Upper Red Formation, Brick, XRD, XRF, Atterberg Limits

Introduction

Marl deposits are materials similar to stone or
soil, containing 35 to 65% calcium carbonate
and some clay, which can be used in the
production of cement, brick manufacturing,
and agricultural purposes. The primary

minerals forming marl deposits are clay
minerals, including illite, montmorillonite,
kaolinite, and chlorite. The dark color of marls
is due to the presence of organic matter. Bricks
are one of the oldest building materials. The
history of brick production in Iran dates back
to before the Achaemenid era, with examples
such as the palaces of Susa, Ctesiphon, Tag-e
Kisra, the Azarbarzin Fire Temple, the
Gonbad-e Kavus Tower, bridges, and
caravanserais. During the Sassanian and Seljuk
periods, the use of high-quality bricks in
various structures and in Iranian architectural
art flourished. Bricks have been a valuable

material in ancient and traditional buildings as
well as modern architectural works, used in
brick foundations, wall construction, thick and
slender columns, pilasters, bases, arches, and
covering various vaults, walls, and floors. They
have been utilized in diverse structures such as
mosques, husseiniyahs, schools, buildings,
palaces, bridges, caravanserais, bazaars, water
reservoirs, and residential houses.

Nomads used to dig what they called "ojagh
chal" for cooking, which hardened the earth
walls and floor due to the fire inside. Current
trends in construction activities show that
specialists are making significant efforts to
minimize building weights, especially in cities
where there is a shortage of space for high-rise
construction. Using thermal insulation for
residential and other buildings adds to this
challenge. A possible solution for reducing
building weight and optimizing thermal
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insulation is the use of lightweight and
insulating materials. Bricks, due to their
properties, are important materials for the
construction industry.

The role of bricks in modern and advanced
construction is very prominent. Bricks are a
major competitor to concrete blocks,
occupying a significant portion of building
volumes. Brick production is typically done
using either machine-based or traditional
methods. Suitable soil is the most critical
quality factor in brick production, often
sourced from clay, shale, and marl, which are
widely available. Quartz and clay minerals are
the main components of these materials,
accompanied by other minerals and rock
fragments. Along the Tehran-Qom highway,
numerous outcrops of the Upper Red
Formation are visible, containing significant
deposits of marl and clay that have high
potential for brick production. However, due to
lack of qualitative studies and adequate
investment, this potential remains untapped.
This study investigates the lithology of the
Upper Red Formation, which primarily
consists of a sequence of marl, sandstone,
conglomerate, and evaporites. Geochemical
processes play a crucial role in soil production,
and the chemical composition of each soil type
directly affects the physical, chemical, and
mechanical properties of the produced bricks.
Given the calcium carbonate content in marl, it
can exhibit significant economic value for
brick production; thus, geochemical studies
form the basis of all investigations regarding
the quality of brick-making soil and produced
bricks. Brick-making soil is composed of
various minerals with different origins and
proportions. Clay minerals are the primary
components of brick-making soil, formed from
the weathering or alteration of aluminum
silicates, particularly feldspars. Each mineral
exhibits different reactions during the firing
process. All predictions of the properties of the
produced bricks, such as color, porosity, and
strength, and the identification of harmful
components in brick production and the design
of firing conditions, are made through
mineralogical studies. It is worth noting that
there have been limited studies on utilizing the
mineral potential of the Upper Red Formation
for brick production. Therefore, the objective
of this research is to investigate the
mineralogical and geochemical characteristics
of marls in the Upper Red Formation along the

Tehran-Qom highway for use in the brick
industry, with the analysis results indicating
that these marls are suitable for brick
production.

Materials & Methods

In this study, marl samples were collected
based on variations in sedimentological and
lithological sequences, as well as changes in
color and texture. The aim was to investigate
the mineralogical relationship between the
marls and the associated sandstone source,
analyze the depositional basin conditions, and
assess the potential of the studied region for
producing marl- and clay-based bricks.
Petrographic studies of sandstones were
conducted at both macroscopic and
microscopic scales. The analyses included X-
ray diffraction (XRD), X-ray fluorescence
(XRF), and technical tests on brick properties.
These tests evaluated Atterberg limits, firing
shrinkage, total shrinkage, water absorption,
bulk density, and compressive strength of
marl-based bricks. The results were used to
classify brick samples based on their suitability
for various construction applications. The
methodology can be summarized as follows:
Sampling: Marl samples were collected
according to sedimentological and lithological
sequence  variations. = Macroscopic  and
Microscopic Studies: Petrographic analyses
were performed to understand the texture and
mineralogical composition of marls and
sandstones.

Discussion and Results

Generally, in common brick production, clay
with iron oxide is favored because iron oxide
functions as melting addition agent so
vitrification occurs in lower temperature and
the color of brick varies between yellow to red.
Principally all clays containing iron with high
plasticity, high tension and low shrinkage
property can be used for production of building
materials. Petrographic studies were done in
microscopic and macroscopic scales to find out
the mineralogical relationship with the
provenance of sandstones and analyzing
sedimentary basin conditions and finally
finding the potentially suitable area for
producing marly and clayey bricks.
petrographic study of sandstones and modal
analysis were carried out to determine the
provenance. In point counting those parts of
feldspars which undergone replacement with
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sericite or calcite were counted as feldspar
grains. The cements, which are diagenetic
products, were omitted. The results of XRD
and XRF besides the tests determining
technical characteristics of the bricks such as
determining Atterberg limits of the marl
samples and physical and mechanical tests for
calculating shrinkage upon baking, total
shrinkage, water absorption, total density and
pressure strength of produced marly bricks
were used to categorize according to their
application in the buildings. Chemical
Analyses: XRD and XRF techniques were
employed to determine the chemical
composition of the samples. Physical and
Mechanical Testing: Tests were conducted to
evaluate the technical properties of marl-based
bricks, including: Atterberg limits, Firing
shrinkage, Total shrinkage, Water absorption,
Bulk density and compressive strength.

Conclusions

The Upper Red Formation, a widespread
sedimentary sequence in the Central Iranian
Zone, consists of evaporites, sandstones,
shales, and marls. This study focuses on
evaluating the marl units of the Upper Red
Formation as raw materials for brick
production. Field observations and
petrographic analyses indicate that the
depositional environment of the Upper Red
Formation was fluvial with floodplains,
characterized by lateral changes and shifts. The
marls from this formation were analyzed using
XRF, XRD, and petrography of sandstones and
produced bricks. The primary minerals in these
marls include quartz, calcite, and dolomite,
with average amounts of clay minerals such as
montmorillonite, mixed-layer muscovite-illite,
chlorite, and non-clay minerals like quartz,
calcite, albite, orthoclase, clinoptilolite,
hematite, and gypsum. Petrographic analysis
suggests that the origin of the clay minerals can
be attributed to weathering processes.

The color of the produced bricks is light or
yellow due to the high content of CaO (calcite
and dolomite). Geochemical analyses of major
elements were used to determine the
provenance of the studied formation. Despite
similar depositional environments, significant
variations were observed in the results,
indicating that the marls are suitable for brick
production. Overall, the marls can be used as
high-quality raw materials for producing marl-
based bricks without extensive processing,

making them economically viable for large-
scale production. Additionally, the findings
suggest that parts of this zone are suitable for
producing clay bricks, further expanding the
potential uses of the marls in the brick industry.
Despite high weight loss due to heating,
mineralogical and geochemical characteristics
of marls and physical and mechanical
properties of bricks show that using URF marls
in the study area can be used as the raw
material for producing high quality and
economical marly and clayey bricks.



