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Fig. 1. Regional geological map of Qandi Bolagi region. Adapoted from 1:250,000 scale geological map of Zanjan
(Stocklin and Eftekharnezhad, 1969) and Takan (Alavi and Amidi, 1976).
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Fig. 2. Outcrop views of the Upper Red Formation in Qandi Bolagi region, southwest of Zanjan. A - Red-brown marls
belonging to the third part of the Upper Red Formation. B to D — Medium to thick-bedded grey sandstone layers in the

third part of the Upper Red Formation.
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Fig. 3. A- The stratigraphic column of the Upper Red Formation in Qandi Bolagi region. B: The stratigraphic column
of the third unit of the Upper Red Formation in Qandi Bolagi area and the position of the studied sandstone layers.
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Table 1. Modal composition of sandstone samples of Upper Red Formation sandstones in Qandi Bolagi area which is obtained
from point counting. (Q: quartz, Qm: monocrystalline quartz, Qp: polycrystalline quartz, Qt: total quartz, F: feldspars, Or:
orthoclase, Pl: plagioclase, Ft: total feldspar , L: rock fragments, Lv: volcanic rock fragments, Lm: metamorphic rock
fragments, Ls: sedimentary rock fragments, Cht: chert, LLs: fossil and calcareous rock fragments, Lss: sandstone rock

fragments, Lt: total rock fragments, M: matrix, C: cement, P : porosity, Gt: total groundmass, Bt: biotite, Ms: muscovite, Chl:
chlorite, Opq: opaque minerals).

Sample Q% F% L% Groundmass% Accessory minerals% Total

No Qm Qp OQt Or Pl Ft Lv Lm Ls Lk M | C P Gt | Bt Ms Chl = Opq %
Cht LLs Lss

Gb-o 48 3 51 | 18 6 24 0 6 18 33 0 57 18 | 12 | 126 | 156 0 0 6 6 300
Gb-1 81 6 87 | 38 9 47 6 20 46 20 0 92 12 | 17 9 38 0 3 0 23 290
Gb-2 61 3 64 31 6 | 37 3 18 31 31 0 83 31 | 15 55 101 2} 0 0 18 306
Gb-3 63 11 74 29 11 40 0 14 46 23 0 83 26 | 17 29 72 3 0 3 11 286
Gb-4 76 9 85 | 27 | 12 | 39 6 1 55 34 0 110 | 24 | 15 12 51 0 0 3 15 303
Gb-5 68 12 80 | 33 9 42 3 15 45 33 0 96 15 | 30 12 57 3 0 3 18 299
Gb-6 71 6 77 |26 | 9 | 35 6 15 50 20 0 91 26 | 12 29 67 3 0 0 20 293
Gb-7 36 3 39 | 15 6 21 0 9 21 15 0 45 21 | 12 | 152 185 3 0 0 9 302
Gb-8 74 9 83 | 28 6 34 6 18 49 28 0 101 28 | 18 15 61 3 0 6 18 306
Gb-9 55 6 61 | 27 6 33 3 15 33 24 0 75 | 46 | 15 46 107 3 0 3 21 303
Gb-3b 71 16 87 | 34 | 12 | 46 3 12 47 28 0 90 34 | 12 16 62 0 0 6 19 310
BHS.3 68 2 70 30 9 @ 39 0 18 50 27 0 95 27 | 15 30 72 3 0 0 15 294
Mean 64 7 71 | 28 8 36 3 15 41 26 0 85 26 | 16 | 44 86 2 0.25 205 16 299

— A (£ guid il 30 (UL 3038 ol (S Souwanslo 10 392 g0 (35 )laS 3| XPL (ablio 03 )Ly 195) (o 95wg Yoy gl .F S
“Gagkaiz 3585 — 0 5 g ST 3 yleS

Fig. 4. Microscopic images (cross polarized light, XPL) of quartz in the sandstones of the Upper Red Formation in the
Qandi Bolagi region. A- Monocrystalline quartz, B- Polycrystalline quartz.
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Fig. 5. Microscopic images (plane polarized light, PPL) of various types of volcanic and metamorphic rock fragments
in the sandstones of the Upper Red Formation in Qandi Bolagi region. A- Metamorphic rock fragments, B- Volcanic

rock fragments.
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Fig. 6. Microscopic images (cross polarized light, PPL) of sedimentary rock fragments in Upper Red Formation
sandstones in Qandi Bolagi region. A- Red algae debris, B- Planktonic foraminifera.
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Fig. 7. Microscopic images (cross-polarized light, XPL) of feldspars in the sandstones of the Upper Red Formation in
Qandi Bolagi region. A- Plagioclase, B- Orthoclase.
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Fig. 8. Microscopic images (P image in plane polarized light, PPL and the rest of the images in cross polarized light,

XPL) of mionr grains in the sandstones of the Upper Red Formation in the Qandi Bolagi region. A- Biotite, B-
Muscovite, P- Chlorite, T- Opaque minerals, S- chert fragments.
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Table 2. The results of chemical analysis of the main elements of Upper Red Formation sandstones in Qandi Bolagi
region. All data are in weight percent.

S.N. GB-0 GB-1 GB-2 GB-3 GB-3B GB4 GB-6 GB-7 GB-8 GB-9 Mean
SiO2 5522 51.64 5491 56.04 52.58 66.14 63.5 5898 61.09 59.83 57.99
ALO; 8.09 8.64 8.14 7.58 7.63 8.31 7.58 8.77 8.43 9.12 8.22
CaO 15.08 16.88  16.47 15.53 16.9 9.49 11.99 1245 11 11.85 13.76
Fe,0; 3.31 2.61 0.92 2 2.52 0.7 0.95 2.03 2.46 1.23 1.87
K>,O 14 1.25 1.23 1.37 1.41 1.51 1.49 1.59 1.37 1.41 1.40
MgO 1.11 0.75 0.37 0.75 0.75 0.79 0.71 1.12 2.02 0.72 0.90
IOL 13.38  15.72  15.58 14.67 16.03 10.74  11.87 1258 1092  12.56 13.40

MnO 0.08 0.1 0.08 0.09 0.09 0.05 0.07 0.05 0.11 0.05 0.07
Na,O 1.71 1.81 1.81 1.63 1.66 1.77 1.5 1.87 1.84 1.92 1.75
P05 0.05 0.06 0.08 0.06 0.05 <0.05 0.05 0.06 0.06 0.09  0.062
TiO, 0.44 0.45 0.36 0.29 0.31 0.33 0.3 0.4 0.66 0.45 0.39
SO; 0.13 0.1 0.07 <0.05 <0.05 0.12 <0.05 0.09 0.05 0.07 0.09
BaO <0.05 <0.05 <0.05 <0.05 <0.05 0.05 <0.05 <005 <0.05 <0.05 <0.05
Total 100 100.1 ~ 100.02  100.01 99.93 100 100.01  99.99 100.01  99.3 99.93
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Fig. 14. The location of Upper Red Formation sandstones in the Qandi Bolagi area based on the geochemical separation
diagrams of the sandstones. A- On the diagram of the ratio of Log(SiO2/AL203) versus Log(Na:0/K:20) (Pettijohn, 1987).
B- On the diagram of the ratio of Log(Si02/Al203) versus Log(Fe203/K20) (Heron, 1988).

b oges cpl 31 oo s 1) 50 45wl ol oolazul
Olyss jurie 90 (bl 1 (VAAY) Lob 0gis o oL
S8 e bSiwanle o Lol sbansST s
el 08,5 oolaiwl gy loads (Sl ) oSl
Iy s bocme; ol (VAAY) L guispmunds cpl j0
ol GleS pliz (ol (SEESS oKl ez 4
slo,B Jlad ail> ((CIA) slo)8 SleS ul5> (OLA)
05,5 s PM) Jlad e (glo,B ail> 4 (ACM)
Cldas aoye wlolpy (VAAY) Lo 6l SLo ol
bl e Fe034MgO  Llie o ALOYSIOr ,ole
50 Elbguid dilaie glo Siwaulo ool Sho ol olul s

S 5T olool 3 b Siwunle Sigi oKy >
Jom il e Ko 95 Langs e Siwanle oS 5
Oz 2l 5o Ll eogds oo S 353k slaasl 89 S
Sl 353l ol el o i e Loy Cardge
7B OLRsegn 5l (S (VY Gl Sen o (L))
oolazwl (gaiedgw 5 (VAAF) 5 ,04,5 9 (VAAY) LiL
o fsas ol ol pberd oleSy )
aly p Sl re; oRlr 35 Cesdey sl Srwanle
Sotey ool o iles,S St g losed o)
Lo ol cll gz it glajloges



INYd

VP f lewoli g 5lee YO o5losls VY 0,90 (60 j135 ol g,

Jlas ;o SiO/ALOs s plFho jo 0,5 asin
cilsy glhaiges soled (o -1 JSi) NayO/K,O
S FSS 0dgd5s 0 dalllas 3,90 slaSwanle 5l ons

W55 50 )18 slo B b arile 4y bsy e

30

204
on
<

& Passiv . 1 "
9 Active continental margin SRR
w107 4\
D "
continental island arc
001 T T I I L 1
Na,0/K,0

ailazd )3 1,8 glo B Jld ail> oogame Soo3 G Jlo
G085 9 gy Jloges 3l eoliiul b (Al SV S
b Swanle SieSs oKl olg oo 55 (VAAA)
shol oS o bl ) dlllas 5 )50 dilaie

al)
0.3
e
5-\
= Q)
% 7
0.1
|
i | A | i | A L " ' | A A i ’ | J
0 2 4 8 8 10 12 14

Fe 0.+ MgO(%)

oS w12 CIA (slo )8 Jled apisls AACM) .(0AAY) i jlogei (59 p (£l gusd ddhin sl Souwdmlo (S 9585 oSS 1> -1 N0 Sl
J1og0d 59y Elgud dibin (LSowdnle (SigiST olSyle —0 (gloyld Jled i acisls PM ( cwgildl (kS plse :0IA ((glo,l8

08AA) (5595 9 pwg;

Fig. 15. A- The tectonic setting of the sandstones of the Qandi Bolagi region on the diagram of Bhatia (1983). (ACM:
active continental margin, CIA: continental arc islands, OIA: oceanic arc islands, PM: passive continental margin), B-
tectonic setting of studied sandstones on the diagram of Roser and Korsch (1988).
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Fig. 16. The position of the sandstones of the Qandi Bolagi region on the provenances diagrams of the sandstones. A-
ALOs to TiO: ratio diagram (Paikari et al., 2008), B- Roser and Korsch discriminant function diagram (1988).

S (SB5bs sl losws 3 S Gl slo oo
‘519.0 LQLQM )‘ oolaw! L) ML)GQ ASAQOGQ QLM.Q |)
Sade 0,8 oeai | Jlaae ol oS 550 5Ca0
) olaawd Glo T Gl b ceandiuws alal, CIA
SNLL lapesls Bds Sl CIA by Gl 45055k
(AT, Ti*) Il eaileudl gly>l a5 caus (Ca, Na, K)
Ol OAAY (KL g cond) il oo (Sojlep e 0
@l GloFs b Glime Kby jlade cnl og
wbaw pl Shos bl p les o]y (Sojlen i .l
Soe sians )l ISase (V2 2 A) K 5 5,00
ols )|J.9 IS D) o (A1203+K20+N320+C30) )..oL.c
52U 5,8 Wl bSwaule l,o CIA lais
ool oolel o aS wcl £Y sga o Elhgaid adhais
alas o590 SlaSiwdwle a5 3505 Lo le5 oo Hloges
balys jo Ghwgie az s olerd (Sojlen 13U cos
S (A=Y S ailassls )8 i des lgp g ol
sUﬁQ 9 ).)Lw) AlO3+Na,O+K>0 J)Lu S SiOs )|o543
Slea g Ol adllae 8,00 slaSowanls i (VAP
yob as (o VY USs) ses lid | Sasdes b Ses
s3a g g (b5l Jol> @l (28,5 1 o by (IS
aihio ;0 pts slavaly 500 5 (25 Gloalole
S S aes b Sad olgp g ol Lulys adllas 590
55U Cov Slgwy pl g 009 cmiim BB ddhis

adlasls 13 ol sleens Sl 8o

2 Chemical Index of Alteration

Sigo 4 Y g\ loo,les | S mbi Jloges opl o
5.5 oo 418 oolaul 0550 ol SLo o eolaiwl Cyz )

e o plas 1) S el oS ol ()
Discriminant Function 1: = -1.733 TiO, +

0.607A1,03 + 0.76 Fe;O3 - 1.5 MgO + 0.616 CaO
+ 0.509 Na,O - 1.224 K>O - 9.09

Discriminant Function 2: = TiO,+ 0.07A1,05+ 0.25
FexOs( - 1.142 MgO + 0.438 CaO + 1.475 NaO +
1.426 K,0O - 6.861

lice S slgp 5 T 5 (Fojlep

lonisl} S ILT el p K iwwaule
Sad & Gl et S 50 5L else
@y S alrerd oS 5 g ojlal (Sojlse
o) S Sas conle 13l s gl JS8 &
Ol @) (9w 452 (Sojlea Jlade 5 Dol
AAY (O )en 5 WS cunl 35k g (Sade>
byl o sk ed 4 (VVA (o Sen (Ao
)50 3300 5 (S 5ler G NS Dl oliuls gl
SO Sl (o) sl AL 51058 (e S5 (o) 2
Js05% 5145 (CIA) T oleasds (Fo5ls il 4y 55 0
Cewsdy CIA:[ALO3/(AL,03+Ca0"+NaO+K,0)]. 100
oondS (A0 gl gl Eloslims 13 5505 0,1 ] oo
5 Blise J5 S j50 S Al slo i3 50 09250
5 Sszge Ca0 Jake liand slaydll a5 Jls

! Discriminant function



VP f lewoli g 5lee YO o5losls VY 0,90 (60 j135 ol g,

OA
100
Humid
801
Q60
7] &
40~ .
Arid
20 1 1 1 1
0 5 10 15 20

K.0+Na,0+ALO,

Nlite
80 Smcetic
Muscovite

50 Plagioclase K-feldespar

| T I T T T T I ' !
CN
0 20 40 60 80 100

9 y5lw) ALO3+Na:O+K20 flio yo SiO2 jlo 905 (5950 £ g8 03900 33 UL 30,8 wijlw Gl Kivwdumle Cuxdgo — VY JSCi

Yoo h oo Kon 9 5,150L) A-CN-K il 113503 (595 2 (£ U 5058 03900 33 Ul 30,3 03l slocKinwanls Cuxdge -0 .(1AAF g

Fig. 17. A- The position of Upper Red Formation sandstones in the Qandi Bolagi area on the diagram of SiO: versus
ALO3+Na20+K20 (Suttner and Dutta, 1986). B- The position of the sandstones of the Upper Red Formation in the
studied area on the A-CN-K triangular diagram (Paikaray et al., 2008).
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Abstract

The Qandi Bolagi area, where the Upper Red Formation has a significant expansion, is located in the
northwest of Zanjan province, and in the Central Iranian zone. The Upper Red Formation (URF) in this
area with 2354 meters thickness mainly divided into two parts. The lowermost parts of the URF consist
of colorful marl and separated from the Qom Formation by a gypsum layer. The upper parts include red
and green marls with alternating layers of red to greenish-gray sandstone and conglomerate.
Petrographic studies of the sandstones in the Qandi Bolag region, which hosts Pb-Zn mineralization,
indicate the presence of quartz particles (mainly undulose extinction) with an abundance of about 24%,
feldspar (mainly orthoclase) with an abundance of 12%, and metamorphic and sedimentary pebbles with
an abundance of 28%. According to Folk's classification, it can be stated that the studied sandstones are
mainly fine- to medium-grained immature calcareous feldspathic litharenite to litharenite. The obtained
data consider the source rock of these sandstones in a semi-arid climate and from intermediate to felsic
rocks, which are mainly derived from carbonate rocks belonging to the Qom Formation, fine to medium-
grained siliciclastic rocks, metamorphic rocks, cherts and intermediate to felsic igneous rocks exposed
in the area (belonging to the Takab complex). Based on common triangular diagrams, the tectonic
position of these sandstones is considered the active continental margin and the foreland basin.

Keywords: Geochemistry, Foreland basin, Miocene, Takab complex, Zanjan

Introduction

The studied area is located in the northwestern
part of Iran (Central Iran Zone), which was
located in the active margin of the continental
collision zone between the Eurasian and
Arabian plates during the Cenozoic period,
therefore, it has undergone significant changes.
The result of these changes is the formation of
diverse sediments with significant thickness
like the Upper Red Formation (Ballato et al.,
2008), which is considered as a suitable cap
rock in Sarajeh and Alborz gas fields due to the
presence of layers of evaporite and marl rocks.
The sandstone parts of this formation also host
numerous sedimentary deposits such as
copper, lead and zinc in many areas of
northwestern Iran, especially in Zanjan.
Therefore, it is important to study the
stratigraphic and petrographic sequence of this
formation in the Central Iran Zone, and the
study of these sandstone units provides
valuable information about the conditions of
the e geodynamic characteristics of the region.

Material and Methods

To outline the provenance and tectonic setting
of the clastic sequences of the Upper Red
Formation (Miocene) in the Zanjan region, a
suitable stratigraphic outcrop of this formation
in the Qandi Bolagi region, which hosts lead
and zinc mineralization, in terms of
stratigraphy, sedimentology and geochemical
studies have been considered. First, available
information from the study area such as
satellite images and geological maps such as
the 1:100,000 geological map of Halab
(Shahidi and Baharfiroozi, 2001), related
reports and paper were reviewed. More than 30
samples were taken from the sandstone units,
and 12 microscopic thin sections were selected
for point counting. Next, in order to determine
the provenance, tectonic position and
paleoclimate of the area of formation of Upper
Red Formation sandstones, 10 samples of
sandstones with the lowest amount of
weathering and calcium carbonate were
selected and sent to the laboratory of Zarazma
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Company in Tehran to measure the main
oxides by XRF method.

Discussion of Results & Conclusions

The deposits of the Qandi Bolagi area mainly
belong to the Eocene to Quaternary sequences,
which include sandstones, shales and tuffs of
the Eocene, clastic rocks of the Lower Red
Formation (Oligocene), carbonate rocks of the
Qom Formation (Lower Miocene) and finally,
the clastic-evaporitic rocks of the Upper Red
Formation belong to the Middle to Upper
Miocene. In addition to this sedimentary
sequence, the Precambrian rocks belonging to
the Takab complex in northwestern Iran have a
significant outcrop and include a variety of
igneous and metamorphic rocks including
schists, gneisses, amphibolite, and granitoids
along with fine to medium sedimentary rocks.
The Upper Red Formation with 2354 meters
thickness consist of five different parts (mainly
red and green marl with interlayers of
sandstone). The sandstones of the Upper Red
Formation in Qandi Bolagi area are grey to red,
and their constituent particles are mainly
between 0.07 and 0.3 mm with medium sorting
and angular to semi-angular roundness.
According to the constituent grains and the
classification of sandstones according to Folk
(1980), the sandstones of the Upper Red
Formation in Qandi Bolagi region are
considered as a feldspathic litharenite and
litharenite. The data obtained from the

petrographic and geochemical analyzes of the
major elements, the presence of a high amount
of rock fragments (especially sedimentary and
metamorphic rock fragments) and
polycrystalline quartz with undulose extinction
indicate fine- to medium grain siliciclastic,
metamorphic and carbonate source rocks for
the studied sandstone. The sandstone of the
Upper Red Formation is related to the
collisional tectonic setting (foreland basin)
during the Middle to Upper Miocene in Zanjan
region. The composition obtained for the
source rocks of the studied sandstones as well
as the results of paleocurrent analysis (Ballato
et al., 2017; Ghasemlooytakantapeh et al.,
2023) show that these sediments are mainly
originated from carbonate rocks of the Qom
Formation (Lower Miocene) and Takab
Metamorphism complex (Precambrian) in the
northwestern parts of the studied region
(Halab). The result of this research clearly
states that the source rocks of the Upper Red
Formation is not the same in all parts of the Iran
and in the central and eastern parts of Alborz
sedimentary basin is completely different from
the studied area (SW Zanjan). As, in the central
and eastern parts of the Alborz sedimentary
basin, the FEocene volcanic rocks (Karaj
Formation) and the tectonic erosion of the
Alborz Mountains during the early Miocene,
played a major source in the formation of the
Upper Red Formation.



