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Lithology Outcrop

Series
Formation
Sampling
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'

Miocene
Upper Red

IIOm

| Thin to medium bedded -
sandstone - Pb_— 7Zn qnd Cu
- Red marl mineralization

Alternation of red marls and — i
laminated to thin sandstones samplelosinian

Legend Meters Symbols
— % Syncline axis

Recent alluviums and gravel fans Stratigraphy
—_—
Section

S~ sandstone in which red marls are of predominant rock-units |t

Miocene

Alternation of red brown marls and red to grey medium- |

to thick-bedded sandstones Cultivated area

B Low level, unconsolidated, textulary variable, recent claslic  ——— Fqulg
g deposits
5
g High level, unconsolidated, textullary variable, recent clastic 5 Strike and dip
(<4 deposits
Loosely cemented i and Cu Copper index
i A om
g
2 ;
2 Brick-red, consolidated conglomerate &  Aboundoned mine
e
- Green marls intercalated with thin-bedded green siltstone Roud
Alternation of red and green marls with intercalations of OO~ Drainage

v v Alteration of green, thin-bedded gypsi marls and )
v v | medium- to thick-bedded gypsum, and salt in places ‘ Village
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Qm non Non-undulouse monocrystalline quartz Lt  Total siliciclastic lithic fragments

Qm un  Undulouse monocrycrystalline quartz Lsm Metasedimentary

Qpq Polycrystalline quartz

Lvm Metavolcanic

Qpg>3  Crystal units per grain

Total unstable rock fragments and chert
used for Folk (1980) classification

Qpq 2-3  Crystal units per grain

Gt  Groundmass

solbel WMo ) dadr

K d}l.«\’ 35 olkd eslatul

Cht Chert Matrix
Qp Polycrystalline quartz C Cement
Qt Total quartz grains (Qm+Qp) P Pore

Total (Qm non + Qm un) and Qpq used for

» Dickinson (1985) ; sl Q  Folk (1980) classification (Qm + Qpg) R Calcite
Whitney and Evans (2010) Pl Plagioclase Acc  Accessory minerals
Or Potassium feldspar (Orthoclase) L.O  Iron oxide
F Total feldspar grains (P1+Or) Mus Muscovite
Lv Volcanic-metavolcanic rock fragments Pyr  Pyroxinit
Ls Sedimentary rock fragments Bt  Biotite
e
Lm Metamorphosis rock fragments Chl Chlorite
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Qp 2 3erystal units per grain
%75 oftotal
polycryStaline quartz Lm

' Suture belt
Magmatic are
Mixed &
subduction complex

Suture belt

Ls
Magmatic arc & rifted
continent

Qp

Qp >3 crystal units per grain
> 925 of total
polycrysaline quartz.
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Q Quartzarnite

Subarkose 9% Sandstonearenite

Sublitharenite

50, 0

Chertarenite

Calclithite,
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F/RF Ratio

Phyllarenite

VRF MRF

Volcanicarenite
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Q% F% L% Groundmass% Accessory minerals%
mshw-._m Qp Ls
Qm Qnon | Qun [ Qt | Or | Pl | Ft Lv | Lm Lt (o) P Gt Bt Pyr | Chl Ms 1O | Cu | Op | Total
Qp>3 | 1<Qp<4 | Qpt Cht | LLs Lsst

CH6 68 16 16 32 71 29 (2110 3 13 0 9 14 3 0 26 22 8 32| 025 | 0/25 | 0/75 | 0/75 4 0 2 8
CH7 76 11 13 24 65 35 |26 8 4 12 2 9 13 2 0 26 27 2 29 | 0/75 0 0/75 | 0/5 3 0 2 7
CH9 82 10 8 18 58 42 21| 8 3 11 1 10 12 2 0 25 17 16 | 33 0/5 0 1 0/5 2 0 6 10
CH18 86 6 8 14 68 32 |28 8 3 11 0 17 9 2 0 28 14 2 16 0 0 2 1 9 0 5 17
CH23 72 15 13 28 63 37 |24 9 4 13 0 17 7 2 1 27 21 4 27 0/5 0 2 0/5 4 0 2 9
CH24 60 19 21 40 61 39 |22 9 4 13 2 14 11 3 1 31 20 3 23 | 0/25 | 0/25 1 0/5 4 0 5 11
CH20 77 9 14 23 64 36 |20 7 1 8 1 13 10 3 0 27 22 11 34 0 1 1 2 3 0 4 11
CH4 68 15 17 32 62 38 |21 8 2 10 0 16 14 2 0 32 10 4 17 1 1 1 1 2 0 14 20
CHAb | 78 10 12 22 67 33 16| 7 2 9 1 5 10 1 0 17 2 19 | 21 0/5 0 0/75 | 0/75 2 0 33 37
CH49 71 13 16 29 63 37 |20 8 3 11 1 9 10 3 1 24 13 10 | 23 0/5 0 0/75 | 0/75 3 8 9 22
CH41 72 14 14 28 59 41 21 | 7 1 8 1 13 11 1 1 27 9 7 17 0/5 0 0/75 | 0/75 4 8 13 27
CH47 77 8 15 23 62 38 | 22| 8 1 9 0 12 11 6 1 30 17 3 20 0 0 1 1 4 5 8 19
CH40 71 12 17 29 62 38 18| 7 1 8 0 9 11 1 2 23 13 12 | 26 0/5 0 0/75 | 0/75 3 0 20 25
CH38 77 13 10 23 58 42 (20 7 1 8 0 12 10 2 1 25 11 9 20 0/5 0 0/75 | 0/75 2 0 23 27
CH33 70 12 18 30 61 39 |22 9 3 12 1 13 13 1 1 29 7 9 16 0/5 0 0/75 | 0/75 3 0 16 21
CH32 82 8 10 18 59 41 21 | 8 2 10 0 12 11 1 1 25 8 8 18 0 0 0/5 0/5 2 0 23 26
CH31 81 6 13 19 63 37 |21 8 2 10 0 13 11 2 1 27 13 6 19 0/5 0 0/75 | 0/75 2 0 19 23
CH28 74 14 12 26 60 40 | 21| 7 1 8 0 10 11 1 1 23 8 12 | 20 0 0/5 | 0/75 | 0/75 3 0 23 28
CH15 72 11 17 28 64 36 |22 6 2 8 1 11 13 0 1 26 4 6 10 0 0/5 | 0/75 | 0/75 4 0 28 34
CH13 79 10 11 21 63 37 18| 7 1 8 0 6 13 1 0 20 9 27 | 38 0 0 0/5 0/5 2 0 13 16
CH12 80 8 12 20 62 38 17| 6 1 7 0 11 9 0 0 20 7 17 | 24 0 0 1 0 3 0 28 32
CH3 72 14 14 28 61 39 1915 2 7 0 8 13 0 1 22 6 22 | 28 0 0 0/5 0/5 4 0 19 24
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Sample No. Ch-4 Ch-6 Ch-7 Ch-9 Ch-18 Ch-20 Ch-23 Ch-24 Ch-47
SiO, 35.13 36.82 42.69 35.02 46.27 45.18 42.99 44.76 47.13
ALO, 8.42 9.95 10.05 8.89 12.67 9.48 8.94 9.72 9.64
Ca0O 9.8 27.28 24.48 29.24 15.06 20.6 20.46 22.53 17.88
MgO 1.29 1.76 1.61 1.74 3.41 1.96 1.68 1.82 1.71
TiO, <0.1 0.61 0.45 0.73 0.54 0.58 <0.1 0.58 0.52
Fe,0, 1.98 4.58 3.4 4.17 5.5 2.51 3.78 3.54 2.41
MnO <0.1 <0.1 <0.1 0.01 <0.1 <0.1 <0.1 <0.1 <0.1
SO, 9.66 0.15 <0.1 0.27 0.13 0.14 1.65 <0.1 <0.1
P,0, <0.1 0.13 0.12 0.13 0.2 0.12 0.13 0.11 <0.1
Na20 2.01 1.55 1.43 1.34 1.11 1.43 1.04 1.34 1.59
K,0 1.56 1.6 1.9 1.48 2.6 1.07 1.22 1.82 1.88
SrO <0.1 <0.1 <0.1 0.31 <0.1 <0.1 1.72 <0.1 <0.1
ZnO 2.71 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
PbO 18.32 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
CuO <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.29 <0.1 4.14
L.O.I 9.13 15.57 13.89 16.66 12.46 16.95 15.37 13.78 13.02
Total 100.01 100 100.02 99.99 99.95 100.02 99.27 100 99.92

wﬂﬂbﬁbélﬁ}-Lp):ija)Al,Ca,FC,K,Mg,.;L’&5&;:1:.:&,@3;&&‘5‘;}?):@\’@)}x)bsh&uubs\ﬁg)ﬂb&wghqfdc_l:iffd_g-»\?

RO STy 4
S”;J':f"" Ch-4 | Ch-6 | Ch-7 | Ch9 | Ch-15a | Ch-15b | Ch-18 | Ch-20 | Ch-23 | Ch-24 | Ch-28 | Ch-40 | Ch-41 | Ch-4la | Ch-47
Al 348 | 434 | 495 | 446 | 191 114 | 541 | 437 | 368 | 436 | 3.15 3.3 2.57 172 | 429
Ba <10 | 4829 | 513.7 | 1475 | <10 1131 | 273.6 | 3927 | 522.7 | 549.1 | 49.09 | 3632 | 638.1 | 2267 | 665
Ca 426 | 12.86 | 13.58 | 14.15 | 2.19 1.39 8.84 | 1227 | 1129 | 11.64 | 4.13 7.9 019 | 041 9.9
Cd | 4049 | 045 | <0.1 | 0.82 | 1065 | 7133 | 037 | 048 | 022 | 03 | 931.7 | 28.64 | 065 | 2055 | 0.15
Ce 16.46 | 37.38 | 48.15 | 40.33 11.36 3.16 40.07 | 34.93 | 4488 | 51.09 15.8 23.97 3.69 3.9 28.56
Co 828 | 793 | 7.89 | 885 | 4.63 3.06 | 1217 | 75 | 997 | 8359 | 7.7 705 | 5.6l 9.49 | 7.79
Cr 113.7 | 85.63 | 104.65 | 6491 | 60.97 | 42.65 | 59.93 | 178.4 | 203.9 | 107.45 | 100.75 | 1224 | 2465 | 1252 | 142.7
Cu 1244 | 2156 | 88 283 | 400.5 | 543.5 | 5083 | 541.9 | 1215 | 2182 | 2389 | 5144 | 143700 | 238300 | 18920
Fe 045 | 159 | 118 | 121 0.1 0.1 235 | 094 | 133 | 15 | 031 | 038 | 067 | 0.18 | 085
K 088 | 1.08 | 127 | LI2 | 047 0.3 16 | 1.16 | 084 | 111 | 079 | 081 094 | 075 | 102
La 11.53 | 24.68 | 29.18 | 24.49 | 3.73 175 | 2534 | 23.07 | 24.5 | 287 | 11.03 | 1466 | 181 197 | 20.64
Li 11.64 | 1236 | 1454 | 1454 | 291 1 2545 | 1673 | 16 | 13.09 | 10.18 | 1091 | 945 8 8
Mg | 0.89 1 098 | 106 | 032 018 | 216 | 137 | 1.0l | 105 | 084 | 089 | 064 | 066 | 0.99
Mn | 3649 | 1005 | 1010 | 1133 | 2258 | 2049 | 79L.7 | 1029 | 1350 | 1043 | 3767 | 669 | 256.1 | 292.3 | 843.8
Nb 187 | 269 | 27 | 242 | 118 1 32 | 23 | 247 | 287 | 165 | 154 | 163 1.82 | 2.17
Nd 506 | 10.64 | 1034 | 897 | 3.66 164 | 9.65 | 849 | 9.62 | 1028 | 477 | 525 | 239 22 | 647
Na 1.1 1.3 152 | 133 | 062 0.38 L18 | 141 | 092 | 12 1.04 | 097 | L14 | 072 | 137
Ni 11.63 | 1493 | 14.44 | 1688 | 7.02 502 | 3064 | 14.07 | 23.04 | 1837 | 1025 | 11.63 | 13.16 | 1247 | 13
Pb [ 41790 | 195.1 | 37.99 | 462.9 | 19060 | 73540 | 3589 | 325.8 | 301.9 | 279.6 | 37070 | 61620 | 99 7339 | 164.9
Rb | 1608 | 195 | 1758 | 18.74 | 93 506 | 2747 | 1829 | 1629 | 20.03 | 12.83 | 1328 | 1217 | 1032 | 147
Se 558 | 759 | 81 | 7.85 | 3.8 2.09 9.54 | 728 | 691 | 7.7 | 516 | 5.14 4.1 396 | 74
Sr 189.5 | 3723 | 3928 | 1517 | 2946 | 1723 | 2353 | 236.9 | >5000 | 339.6 | 139.4 | 272 | 83.19 | 246.6 | 208.1
Th 26 | 397 | 428 | 348 | 16l <1 507 | 3.18 | 3.63 | 476 | 235 | 228 1.47 166 | 271
A 44.48 | 652 | 59.55 | 59.26 | 3147 | 24.09 | 90.13 | 56.44 | 56.68 | 59.87 | 4559 | 4945 | 5397 | 195 | 56.02
Y 817 | 152 | 157 | 1548 | 435 296 | 1741 | 16 | 1313 | 1471 | 809 | 978 | 492 | 556 13
Zn | 18050 | 229.8 | 73.36 | 159.2 | 23240 | 16160 | 138.6 | 1654 | 90.01 | 98.21 | 27600 | 968.3 | 161 1758 | 115.5
Zr 13.99 | 2873 | 38.72 | 31.61 5 5 64.24 | 27.43 | 2938 | 25.62 | 1573 | 1657 | 12.87 | 21.56 | 27.29
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Abstract

In this study, petrography and major and minor elements geochemical data are presented for sandstone layers of the Upper Red Formation
(URF) in the Chehrabad Pb-Zn deposit (NW Zanjan) to investigate sandstone composition, tectonic setting and their source rock. In this area,
URF has maximum 980 m thickness and is conformably overlies the Qom Formation limestones. Based on the microscopic studies, these
sandstones mainly composed of fine- to coarse-grained clastic fragments including sedimentary and metamorphic rock fragments (25%), quartz
(21%) and feldspar (10%). Based on petrographic studies, these sandstones are feldspathic litharenite and litharenite (mainly chertarenite).
Based on the main components and major and minor elements geochemical data, the tectonic setting of these sandstones is an active continental
margins and foreland basins. These data represent an intermediate to felsic source rock for these sandstones which was affected by the semi-

humid to semi-arid climate and a low chemical weathering.
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