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Abstract

Ghezeljeh area is located in the northeastern part of Mahneshan at 70 km northwest of Zanjan. The rock units exposed in the area
are including the Lower Red, Qom, and Upper Red formations which the Upper Red Formation is the purpose of current research.
According to field studies, the Upper Red Formation with 750 meters thickness includes 250 meters of evaporative units with
intercalations of marls at the bottom and 500 meters of alternation of marls and sandstones intercalations at the top. According to
microscopic studies, the grain size of the studied samples ranging from very fine sandstone to gravel. These sandstones show poorly
orientation and well to poor sorted and are angular to sub-angular. The sorting and roundness parameters as well clay content show
that these sandstones are immature and in some cases are sub mature. Based on a high percent of components and the Folk
classification, the middle part of the Upper Red Formation displays lithic-arenite (sed-arenite) and feldspathic-lithic-arenite with an
average composition of QssF1sRfs7. Geochemical studies show that these sandstones sourced from intermediate to felsic igneous
rocks and deposited on the active continental margin. Furthermore, the weathering index shows an arid and semi-arid climatic

condition during their deposition.
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Introduction

Sedimentary rocks are the main source of information about
past conditions. According to the chemical composition of
sediments and sedimentary rocks, the origin and other
depositional processes such as weathering, transportation,
and diagenesis can be evaluated (Mclennan et al. 1993).
Meanwhile, the study of trace elements has more reliable
results than the major oxide elements because these elements
are immobile against processes such as transport, diagenesis,
and metamorphism (Whitmore 2004; Von Eynatten 2004). So in
the current study, in addition to petrographic studies,
information obtained from rare earth elements was used to
find out the origin of rocks, determine of tectonic setting, and
palaeoclimate. The Upper Red Formation, which is the
subject of this study, consists of three parts. In the current
research, we investigated the middle part (M,) of Upper Red
Formation, because it has potential as a cap-rock in gas fields

and also a suitable host rock of ore deposits. Therefore, a
detailed study of litho-stratigraphy, petrography, and
geochemistry of different parts of this formation in Central
Iran and Alborz sedimentary basins is very important. This
study aims to investigate the tectonic setting, ancient climatic
conditions, and the origin of these sandstones in the
Ghezeljeh area, NW Zanjan.

Material & Methods

In the current research, a suitable section was selected by
using the Mahneshan geological map with a scale of
1:100000 (Lotfi 2001). In the second step, the stratigraphic
column and profiles associated with the geological map
(scale: 1:20000) of the study area were prepared. Besides, 30
thin-section fine- to medium-grained samples were prepared
and carefully studied for sedimentary aspects and point
counting. Furthermore, eight sandstone samples from the
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Upper Red Formation with minimum alteration and the least
amount of carbonate cements, calcareous matrix, and bioclast
were selected for whole-rock geochemical analysis. The
whole rock geochemical analysis was done in the Zarazma
Laboratory, Tehran. Several discriminatory plots of the trace
elements were used to determine the provenance and tectonic
setting of the studied sandstone of the Upper Red Formation.

Discussion of Results & Conclusions

The study area is located in the central Iranian zone which is
part of the Alpine-Himalayan orogenic belt. The Upper Red
Formation is the main outcropped rock unit in the study area
which mainly consists of marls and sandstones. The
investigated sandstones are mainly composed of sedimentary
and metamorphic rock fragments. Additionally, there are
some bioclasts in the studied sandstones that indicate that the
carbonate and calcareous fragments in the Upper Red
Formation may originate from older carbonate succession
such as Qom Formation which has extensive outcrop in the
study area. The studied sandstones are generally poor to well-
sorted as seen in the thin sections. Petrographic studies
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revealed that sandstones of Upper Red Formation in the
Ghezeljeh area are mainly lithic-arenite (sed-arenite) and
feldspathic-lithic-arenite with an average composition of
QsgF1sRfs7. The grain size and particle geometry, as well as
the degree of sorting of the studied sandstones, indicate that
they are texturally immature to sub-mature in terms of
textural maturity. The petrographic and geochemical studies
of sandstones in the middle part of the Upper Red Formation
indicate that the active tectonic setting and recycled orogeny
for the investigated sediments which is consistent with the
earlier studies. Moreover, the results of the modal analysis
show that the climatic condition was dry to semi-humid
during the deposition of this formation. According to
geochemical analyzes, the investigated sandstones originated
from acidic to intermediate igneous rocks. Furthermore,
geochemical diagrams show that the studied sandstones
formed in an active continental margin setting. These studies
generally indicate that the investigated sediments were
deposited probably in a foreland basin during the
Arabia—Eurasia collision.
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Fig. 1- Geological map of study area (Modified after Lotfi 2001), which shows
the formations of Cenozoic time including the Lower Red, Qom and the Upper

Red Formations.
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Fig- 2. Field images of the study area, A) photo of the Upper Red Formation
in the Ghezeljeh area (view to the northwest), B) Medium layering in
sandstone layers of the Upper Red Formation in the study area (view to the
southwest), C) the ripple marks traces in the Upper Red Formation in the
study area, D) load and flute casts within this formation, E) bird footprints
inside the sandstone units of the Upper Red Formation.
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Table 1- The modal composition of sandstone samples from Upper Red Formation in the Ghezeljeh area. Quartz

with parallel extinction (Qnon), Quartz with undulose extinction (Qun), monocrystalline quartz (Qm),

polycrystalline quartz (Qp), total quartz (Qt), Alkali feldspar (Or), plagioclase (PI), total feldspar (Ft),

metamorphic (Lv), volcanic (Lm), chert (Cht), limestone and fossil (LIs), sandstone (Ls), total (Lt), Matrix (M),

carbonate cement (C), open space (P), biotite (Bt), muscovite (Ms), chlorite (Chl), pyroxene (Pyr), epidote (Ep),
apatite (Ap), zircon (Zr), azurite (Az), malachite (Mlc), iron oxide (FeO), total trace elements (T).

Sample Q% F% L% Groundmass% Other minerals% OP
No Qo Quw Ow Q Q. Or PI Ft L, L, Cht Lls Ls Lt M C P Bt Ms Chl Pyr Ep Ap Zr Az Mic Feo T

Gz-30 11 2 11 2 13 6 2 8 3 1 6 25 15 50 2 6 7 0 1 2 0 0 0 0 3 0 3 5
Gz-31 16 3 17 2 19 8 4 12 2 7 5 10 7 31 8 10 7 3 2 0 1 0 0 0 0 0 3 4
Gz-32 18 2 19 1 20 7 3 10 3 8 6 12 7 36 8 5 6 3 2 3 2 0 0 0 0 0 2 3
Gz-33 15 2 16 1 17 9 4 13 2 7 4 10 6 29 6 4 8 2 0 0 0 0 2 0 0 18 2 1
Gz-34 17 2 18 2 19 7 3 10 2 7 5 9 8 31 9 8 7 3 2 3 2 0 0 0 0 0 2 4
Gz-35 17 2 19 3 20 9 3 12 2 6 3 12 5 28 9 8 9 3 1 2 2 0 0 0 0 0 3 3
Gz-37 19 1 17 3 20 6 1 7 0 6 7 10 6 29 5 23 0 3 2 3 0 0 0 0 0 0 4 4
Gz-38 18 3 19 2 21 5 3 8 0 4 4 6 5 19 10 15 5 2 1 4 2 0 0 0 0 0 3 10
Gz-1 17 2 18 1 19 6 5 11 3 5 7 16 8 39 9 6 3 0 0 0 0 0 0 0 0 0 3 10
Gz-4 14 2 15 1 6 7 4 11 2 4 6 3 5 20 9 3 13 1 1 0 2 0 0 0 3 12 2 7
Gz-6 19 2 20 1 21 7 5 12 2 6 5 14 7 34 10 4 6 2 1 3 1 0 0 0 0 0 2 4
Gz-8 17 1 16 2 18 5 2 7 2 6 7 10 6 31 8 4 4 2 2 0 0 0 0 1 3 11 3 7
Gz-11 14 1 13 2 15 7 4 11 2 5 5 12 6 30 12 5 16 2 1 2 1 0 0 0 0 0 3 2
Gz-13 22 2 21 3 24 4 2 6 5 5 6 11 6 33 9 1 1 2 1 2 1 0 0 0 0 0 10 10
Gz-A 20 1 19 2 21 7 2 9 2 7 4 10 8 31 7 5 4 3 2 4 0 0 1 1 0 0 7 7
Gz-B 19 3 21 1 22 6 4 10 2 6 4 11 6 29 12 6 6 2 2 2 1 1 0 0 0 0 3 4
Gz-C 18 1 17 2 19 6 2 8 0 6 5 8 7 26 8 4 3 4 1 0 0 0 1 1 3 14 4 6
Gz-D 8 1 7 2 9 3 2 5 5 4 7 23 12 51 5 5 7 0 0 0 0 0 0 0 4 4 4 6
Gz-17 19 2 18 3 21 8 3 11 2 8 5 12 6 3 7 1 7 2 1 2 0 0 0 0 0 0 3 8 2
Gz-20 13 2 13 2 15 5 3 8 2 6 6 11 4 29 14 18 3 2 2 2 0 0 0 0 0 0 3 9 4
Gz-21 10 2 6 6 20 4 0 0 1 0 0 0 0 0 0 0 2 3 55

Gz-21-1 10 2 6 6 20 4 0 0 1 0 0 0 0 0 0 0 2 3 55
Gz-22 10 3 5 5 28 6 0 0 1 0 0 0 0 0 0 0 2 3 45
Gz-23 8 2 5 5 24 5 0 0 1 0 0 0 0 0 0 0 0 1 55
Gz-24 9 7 32 32 14 24 0 2 2 2 2 0 0 0 0 0 3 11 3
Gz-25 10 3 5 5 15 6 0 0 1 0 0 0 0 0 0 0 0 1 60
Gz-25 14 4 6 6 30 10 O 0 1 0 0 0 0 0 0 0 0 1 35
Gz-27 14 5 6 6 52 7 0 0 1 0 0 0 0 0 0 0 0 1 15
Gz-28 11 5 7 7 51 9 0 1 1 0 0 0 0 0 0 0 0 2 15
Gz-29 11 4 6 6 56 7 2 1 1 0 0 0 0 0 0 0 0 2 12
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Fig 5- Photomicrographs of sandstones components in the Ghezeljeh area, A) litharenite
sandstone with monocrystalline quartz (Qzm), B) Microscopic image of polycrystalline
quartz (Qzm), C) plagioclase (PI) with a polysynthetic twinkle which surrounded by calcite
cement. The composition of rock is litharenite, D) alkali feldspar (Or) mineral that has
been affected by alteration. The composition of rock is litharenite, E) fragments of red
algae in the studied sandstones, F and G) benthic and plankton foraminifera in the studied
sandstones, H) a carbonate fragment containing benthic foraminifera and Bivalvia fossils
(microscopic images were taken using crossed polarized light). Mineral abbreviations are
from Whitney and Evans (2010).
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Table 2- Calculated percentage of counting results of
sandstones for wusing in the Folk (1980) diagrams.
monocrystalline quartz (Qm), polycrystalline quartz (Qp),
total quartz (Qt), alkali feldspar (Or), plagioclase (PI), total
feldspar (Ft), metamorphic fragments (Lv), volcanic
fragments (Lm), chert (Cht), limestone and fossil fragments

(LIs), sandstone fragments (Ls), total fragments (Lt).

Sample Q% F% L%

No. Qn Q. @« Or PI Ft L, L, Cht Lls Ls Lt
Gz-30 16 3 19 8 3 11 4 1 8 3% 22 70
Gz-31 24 3 27 11 6 17 3 10 7 14 22 56
Gz-32 27 3 30 10 5 15 5 12 9 18 11 55
Gz-33 27 2 29 15 7 22 3 12 7 17 10 49
Gz-34 29 3 32 12 5 17 3 12 8 15 13 51
Gz-35 28 5 3 15 5 20 3 10 5 21 8 47
Gz-37 31 5 36 11 2 13 0 11 12 17 11 51
Gz-38 40 4 4 10 6 16 O 8 8 13 11 40
Gz-1 26 2 28 9 7 16 4 7 10 23 12 56
Gz-4 32 2 34 15 8 23 4 8 13 6 12 43
Gz-6 30 2 32 10 7 17 3 9 7 22 10 51
Gz-8 28 4 32 9 4 13 4 11 12 17 11 55
Gz-11 23 4 27 12 7 19 4 9 9 21 11 54
Gz-13 33 5 38 6 3 9 8 8 10 17 10 53
Gz-A 31 4 3B 11 3 14 3 11 7 17 13 51
Gz-B 35 2 37 10 6 16 3 10 6 18 10 47
Gz-C 32 4 36 11 4 15 0 11 9 16 13 49
Gz-D 11 3 14 5 3 8 8 6 11 35 18 78
Gz-17 28 5 38 122 5 17 3 12 8 18 9 50
Gz-20 23 6 29 10 6 16 4 11 11 21 8 55
Gz-21 56 11 33

Gz-21-1 56 11 33
Gz-22 59 12 29
Gz-23 53 13 34
Gz-24 19 15 66
Gz-25 55 17 28
Gz-25 58 17 25
Gz-27 56 20 24
Gz-28 48 22 30
Gz-29 48 22 30
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Fig 6- Position of sandstones from middle of the Upper Red Formation in the Ghezeljeh area on the Folk (1980)
triangular diagram.
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Fig 7- Tectonic discrimination diagrams of the Ghezeljeh sandstones, A: Dickinson and Suczek
(1979) and B: Dickinson et al. (1983). (F: feldspar, L: rock fragments, Lt: total rock fragments, Qm:

monocrystalline quartz, Qt: total quartz).
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Fig 8- Tectonic discrimination diagrams of sandstones in the Ghezeljeh area based on
Ingersoll and Suczek (1979) triangular diagrams. (Lm: metamorphic fragments, Ls:
sedimentary fragments, Lv: volcanic fragments, Lsm: metamorphic sedimentary
fragments, Lvm: volcanic-metamorphic fragments, Qp: polycrystalline quartz).
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Fig 9- A) The diagram show climate conditions in the Ghezeljeh area at the deposition
time of rocks using modal composition of sandstones éSuttner et al. 1981). Quartz (Q),

feldspar (F), rock fragments (RF). B) Two-dimensional

iagram of climate determination

based on modal composition of sandstones (Suttner and Dutta 1986).
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Table 3- Geochemical analysis of trace and rare earth elements (ppm) of sandstone units in the Ghezeljeh area.

Sample No Am-B1 Am-11 Am-17 Am-31 Am-32 Am-34 Am-35 Am-6
Ag 4.7 31.6 2 26.4 61.7 2 0.4 84.3
As 2.9 31 17.2 4.1 21.8 3 4.2 9.8
Ba 576 699 215 322 321 488 479 515
Be 0.4 0.6 0.3 0.5 0.5 0.6 0.5 0.4
Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 1.3
Cd 0.6 0.2 39.2 0.6 1 0.1 0.1 0.4
Ce 47 34 42 41 48 48 44 33
Co 8.5 8.9 8.3 7.2 33.9 12.4 10.2 75
Cr 42 30 27 30 43 42 43 27
Cs 1.8 24 15 2 2 2.1 19 18
Cu 3276 1135 130 335 108 123 403 5%
Dy 3.03 2.32 2.65 2.53 2.87 2.8 2.8 2.25
Er 2.24 1.93 1.98 1.97 2.18 211 2.09 1.82
Eu 1.03 0.84 0.88 0.89 0.97 0.99 1.02 0.77
Gd 3.48 2.61 3.18 2.99 3.32 3.32 3.32 2.45
Hf 1.11 1.27 0.7 1 1.14 1.07 0.96 0.96
In 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
La 24 17 20 21 25 25 23 17
Li 19 24 21 21 21 23 21 16
Lu 0.24 0.20 0.21 0.21 0.24 0.23 0.23 0.19
Mn 999 663 1751 923 590 657 628 904
Mo 0.8 0.6 1.2 0.6 2.2 0.8 0.5 2
Nb 6.2 6.2 55 4.7 8.3 7.1 4.8 5.6
Nd 20.2 145 175 17 19.8 19.6 19.1 13.9
Ni 23 24 21 23 46 33 24 24
P 365 366 356 380 390 391 399 564
Pb 69 36 4700 25 21785 57 31 100
Pr 4.74 3.1 4.02 3.82 4.65 4.64 4.47 2.95
Rb 37 48 33 42 46 47 43 40
Sh 0.5 0.9 0.9 1 1.1 0.8 0.6 0.8
Sc 8.9 7.8 7.1 8.3 9.5 9.4 9.9 8
Se 0.5 0.5 0.5 0.5 0.5 0.5 0.57 0.52
Sm 4.12 3 3.63 3.35 3.88 391 3.92 2.84
Sn 1.4 1.6 1 1.2 1.2 14 1.6 0.8
Sr 397 446 227 358 453 413 424 1680
Ta 0.31 0.4 0.37 0.29 0.53 0.44 0.21 0.39
Tb 0.56 0.43 0.52 0.48 0.53 0.52 0.52 0.44
Te 0.1 0.12 0.1 0.12 0.1 0.12 0.1 0.14
Th 5.44 4.94 3.66 451 5.56 5.72 5.07 3.92
Ti 4017 2549 2730 2841 4429 3939 3779 2333
TI 0.3 0.64 1.65 0.68 7.2 0.3 0.26 0.57
™™ 0.26 0.22 0.23 0.23 0.27 0.25 0.25 0.2
U 15 1.18 1.2 11 15 1.3 1.3 1.3
\Y 79 61 49 63 78 80 78 56
W 1 1 1 1 1 1 1 1
Y 14.9 12.1 13.4 13.3 15.2 14.5 14.1 115
Yb 15 1.3 1.4 1.4 1.6 1.6 15 1.2
Zn 96 93 19534 75 256 77 112 64

Zr 45 52 38 44 50 50 43 40
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Fig 10- Diagrams show the origin of sandstones from Upper Red Formation based on trace elements,
A) diagram of La/Sc vs. Th/Co (Cullers 2002). B) diagram of Sc vs. Th (Maclennan et al. 1993), C) V-

Ni-Th*10 diagram (Bracciali et al. 2007).
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