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Introduction

Marshoun area located 120 km Southeast of Zanjan, is a part
of the Tarom-Hashtjin metallogenic-magmatic subzone within
the Alborz-Azarbaijan zone. Similar to most parts of the Alborz-
Azarbaijan zone, the Eocene-Oligocene volcanic and the
intrusive rocks of this subzone were formed as a result of the
Alpine orogenic phase, which has a close spatial and temporal
relationship with metallic mineralization (Kouhestani et al.,
2019). Several studies have been conducted on metallic
mineralizations in different parts of the Tarom-Hashtjin subzone.
The petrological studies carried out in this subzone are mainly
focused on intrusive rocks (e.g., Seyed Qaraeini et al., 2020) and
volcanic rocks' geochemical and petrological characteristics have
been less considered. Marshoun area is composed of volcanic-
sedimentary ~ sequences  which are  hosts for Pb-Zn-Cu
mineralization (Kouhestani et al., 2019). A detailed scientific
study has not been done on the lithological sequence and their
geochemical and petrological characteristics in the Marshoun
area so far. In the present study, the lithological and geochemical
characteristics including Sr, Nd, and Pb isotopic data, as well as
the tectonomagmatic environment of the volcanic rocks of the
area have been investigated.
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Materials and methods

During fieldwork, a 1:25000 geological
map was prepared from different lithological
units of the area, and over 30 samples were
taken. Also, 17 thin sections for petrographical
studies, 10 samples for chemical, and 4
samples (2 andesites and 2 dacites) for isotopic
analyses. Chemical analyses (XRF and ICP-
MS methods) were carried out at Zarazma
Laboratory, Tehran, Iran., and isotopic studies
(i.e. Nd, Sr, and PDb isotope studies at Institute
of Geology and Geophysics, Chinese Academy
of Geosciences, Beijing, China.

Results

The predominant rock units in the
Marshoun area are Eocene acidic tuffs, dacitic-
rhyodacitic lava, and occasionally ignimbrite
at the base and alternation of intermediate tuff
with minor andesite and basaltic andesite
intercalation in the top, along with some
intrusive rocks with (Zajkan intrusion), and
some gabbroic dykes.

Zajkan intrusion including pyroxene quartz
monzodiorite, quartz monzodiorite, and
granodiorite composition intruded acidic
volcano-sedimentary rocks with a total
thickness of 930 meters can be divided into 9
parts.

Volcanic rocks of the Marshoun area are
classified as rhyolite, rhyodacite, dacite,
andesite, basaltic andesite, and trachy-andesite
with high-K calc-alkaline affinity. Dacitic-
rhyodacitic rocks have porphyritic, flow, and
spherolitic textures, composed of plagioclase,
quartz, alkali feldspar, and mafic minerals
(amphibole and biotite) set in a quartz-
felspathic groundmass whereas, andesitic
rocks show porphyritic, glomeroporphyritic,
and amygdaloidal textures, composed of
plagioclase and mafic minerals (amphibole and
some pyroxene) set in a fine-grained and
occasionally microlithic groundmass.

All samples under study on primitive
mantle normalized spider diagrams, have
similar patterns indicative of their genetic
relations. LILEs and HFSEs. negative
anomalies are remarkable features of these
rocks. Chondrite-normalized REE patterns
demonstrate a relatively steep to low slope
pattern with LREE enrichment and a high
ratio of LREE/HREE, (La/Yb)x, and
(La/Sm)x ratio between 3.8-30.1 and 1.2-
8.25, respectively. On tectonomagmatic
setting discrimination diagrams, volcanic
rocks of the Marshoun area have been formed
in an active continental margin tectonic
setting. Isotopic data of Sr (0.70485-
0.70622), Nd (0.512695-0.712733), and Pb
(206Pb/204Pb, 207Pb/204Pb, and 208Pb/204Pb
between 18.743-18.803, 15.5938-15.6112 and
38.8138-18.0721, respectively) point to
dominant role of mantle in the formation of
the investigated rocks. According to the Pb
isotopes, the area's acidic rocks originated
either from a more enriched mantle or were
contaminated by crustal materials during
ascending magma.

Discussion and Conclusion

As the geochemical data indicate the
primary magma of Marshoun volcanic rocks is
generated by the partial melting of
subcontinental metasomatized mantle
lithosphere as a result of the subduction
process within the continental margin
environment. According to data obtained from
the present study as well as the previous
research, it can be concluded that the result of
the subduction of the active continental margin
and the shortening of the crust in Alborz
during the Eocene gave rise to the thickening
of continental crust and further led to the
separation and subsidence of the lower part of
the subcontinental lithospheric  mantle
(delamination).
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As a result of this event, the ascending of
asthenosphere currents has led to an increase
in the thermal gradient and partial melting of
the subcontinental lithosphere and generation
of basic magma which during ascending
contaminated by crustal materials. Finally, the
differentiation process led to the formation of
intermediate and acidic rocks.
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2003); B) Geological map of the Marshoun area in 1:25000 scale.
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E™! unit (view to the northwest); B) A view from the alternation of E"! and E™? units in the study area (view to
the northwest) (The Marshoun industrial soil mine is visible in both figures).
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Figure 6. Lithostratigraphic column of the volcano-sedimentary succession in the study area and its comparison

with Abhar 1:100000 geological map.

aS Cowl cpl aimsylis gloys JSLe (E -V S5) s oo
iy G JLars Hoks plSie M9 sl ol
A alisee ala o L IS 5D, (Shelley, 1993) wloss,
5 asl ©jgodn o2 )8 lond ol S (ow; Sl S
Lo )lsS 3sd oo ond S (nl )3 asll 900 oo
laails L olS 5 IS0 b 35 slasl &0 4l
o sla g S g co osd yiarkee Y b slul o _xds
oo oS a8 s 65155 sleaxS; Ojpon b
Looyi> Jome 0 Ly g i oo glad | St ol ConnlS
(Sl e b ciewls slasjlad jo ailedel ayay Sw

Ol s 50 ek, 355165 layeh 5l eadaisle slasil

sl S
oo o Lo (ol i cldgy ) — ctewls glooslas
VD) Sl LAY S8 (s pdys SOl (g5Sms S
(D -V J52) (s yaal 5 (C -V IS0 (5 99,095 (B
FoleS M 9D slomyshei o ) ISt g 0l
2 (Eigm 3 Jymial) Sl sla gl 5 jLuwals JISIT
(o) SLAGE i jlewald 5 51585l 5 jails (slases;
Dygmodn 135 Gla g CondS (o)l (5l slaaS
DD sl gbci o aloasl oy S (ol 4o w gl
g Vg o 000 Hlo S ba o U o JSCo (sl yoly &) 904
o5 P53 sl ysl sy o piaree ¥ s Lyl ol
St sl 5 (il JSle ool 5 5 015 (satadhaie




VIV Sl g 5 olonty o)lod om0, loz Jlo ‘639"9)—""3

ay

o lamio 5 5 9t 5oLl S b Sl sla S
Gl S ailoass lu 55 35165 5 ConndS 2o IS gla SIS
Lo glLS 5 (F Y JS8) Jomeeial 55 5l 5 9t Sedls

At S £ 5 Slamans Sl

Lo el JISIT 51 Sl o (B -V IS5) g s oo
el sloa ol L olS g oaiin 5 sle ol &5 0
il 7S ke ) ) Lesals JISIT (gl ol olol st
bl LacSiw ol 5o jiashia ¥ 1) ole) b Kbl (gla lS

.J._§)L> o;)._wd.ls_.wl)3| 6Lbdu._wl> L.erv] i g ;X:H(_,’_A

oz S8l (A gy dilaie (slogy ) — (sl glacSin 5L CXPL qblice 55 0 (55505 199 (2155w5,S sl g ¥ S5
Sl (C 1535155 a5 (155w Son lidie )0 Slyz 8L (B o jlewadd =55 158 5 jails are; SG jo lajshicet )0 aead ) JSase
5 oudalysl Jomiel (F rislojs JSLo slls sl 525y (B ¢ syl by (D s o) G5 2 D5 (Lo )59 5 (5 5dg 0515

(g sl ©8L SPh) ConndS 5 o5 4 oa L 5
Figure 7. Microphotographs from dacitic-rhyodacitic rocks of the Marshoun area (in the XPL). A) Porphyritic
texture composed of phenocrysts in a fine-grained quartz-feldspar matrix; B) Flow texture in microscopic scale
and quartz laminate; C) Glomerophyric texture and alteration of plagioclases to clay minerals; D) Spherolitic

texture; E) Plagioclase with spear twining; F) Opacitic amphibole and alteration to chlorite and calcite (Sph:
spherolitic texture).
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Figure 8. Microphotographs from andesitic rocks of the Marshoun area (Fig. B in PPL and others in the XPL). A)
Porphyritic texture composed of plagioclase and minerals replaced with chlorite in a fine-grained matrix; B)
Totally opacity amphibole and alteration of plagioclase crystals to clay minerals; C) Euhedral pyroxene crystal
replaced by chlorite along with plagioclase in a fine-grained matrix.
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Figure 9. Microphotographs from intermediate lithic tuffs of the Marshoun area (Fig. A in PPL and others in the
XPL). A) Layering of lithic tuff on a microscopic scale. Layers enriched from Fe hydroxides present in the
sample; B) Porphyroclastic texture; C) Broken and angled plagioclase crystals indicating the intensity of the
explosion (Lithic: rock fragment).
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Figure 10. Microphotographs from acidic tuffs of Marshoun area (in the XPL). A) Plagioclase phenocrysts with sericitic

alteration; B) Dacitic rock fragment with porphyritic texture containing plagioclase phenocryst; C) Spherolitic texture long
with alkali feldspar phenocryst (Lithic: rock fragment, Sph: spherolitic texture).
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Table 1. Analytical results for the volcanic rocks in the Marshoun area. Major elements are in weight
percent (wt.%) and trace elements in ppm.

Sample No. Ma-06 Ma-10 Ma-04 Ma-05 Ma-01 Ma-07 Ma-03 Ma-09 Ma-08 Ma-02
Rock Type andesite dacite rhyodacite dacite

SiO, 52.42 52.97 54.14 55.26 56.54 66.83 69.47 69.77 72.15 74.73
TiO, 1.11 0.92 0.76 0.73 0.92 0.59 0.4 0.4 0.33 0.36
AL O; 15.43 15.21 15.6 15.1 15.72 16.73 15.43 15.58 14.12 14.49
Fe,03 8.05 12.33 7.89 7.66 8.68 333 3.02 3.12 1.52 0.67
MnO 0.2 0.16 0.17 0.18 0.16 <0.05 <0.05 <0.05 0.05 <0.05
MgO 7.18 8.18 5.71 5.63 7.27 1.12 0.99 0.99 0.54 1.19
CaO 6.51 0.68 2.82 3.35 1.74 1.53 0.33 0.33 2.77 0.81
Na,O 242 3.6 4.73 4.5 3.6 7.36 4.48 4.45 6.37 6.07
K,O 2.67 1.3 2.29 2.27 1.3 0.24 4.54 4.35 0.26 0.53
P,0s 0.58 0.37 0.31 0.31 0.37 0.28 0.14 0.14 0.34 0.12
LOI 3.23 4.25 5.62 5.02 3.63 1.9 0.97 0.77 1.55 1.03
Total 99.80 99.97 100.04 100.01 99.93 99.91 99.77 99.9 100 100
As 7.1 3.6 4.21 4.74 3.8 3.7 0.9 35 2.8 43
Ba 502 123 303 423 324 308 764 750 342 103
Ce 28 42 26 30 38 40 109 53 54 123
Co 16.6 23 22.15 20.65 12.3 31.2 21.02 1.8 1.2 1
Cr 101 2 114 101 82 52 88 3 3 3
Cs 1 0.5 0.35 0.3 0.5 0.5 0.6 0.5 0.5 0.5
Cu 8 1 6 9 4 6 27 2 6 6
Dy 3.38 4.38 3.01 3.05 4.22 3.81 3.85 33 3.58 3.27
Er 2.19 2.78 1.87 1.87 2.56 233 1.85 2.24 2.16 2.17
Eu 0.97 1.12 1.11 1.09 1.12 1.25 2.15 1.05 1.1 1.45
Gd 3.12 3.61 35 3.62 341 3.85 6.98 3.22 3.62 4.45
Hf 3.96 4.88 3.49 341 4.22 4.34 2.05 4.88 3.86 1.83
La 12 19 12 14 17 18 54 27 25 71

Lu 0.35 0.43 0.27 0.28 0.33 0.36 0.2 0.4 0.32 0.36




VEY e cpsms 5 olnty o)l 000 oz Jlo S39de—0 v

caolsl ) gl

Table 1. Continued.

Sample No. Ma-06 Ma-10 Ma-04 Ma-05 Ma-01 Ma-07 Ma-03 Ma-09 Ma-08 Ma-02
Rock Type andesite dacite rhyodacite dacite

Nb 14.1 16.6 11.7 11.7 12.6 15.2 10.9 15.6 13.1 16.4
Nd 14.6 15.9 15.9 16.2 14.9 223 47.2 21.5 21.3 41
Pb 12 4 11 14 8 12 15 6 14 10
Pr 33 3.96 3.65 3.76 3.24 5.05 11.78 591 5.21 13.03
Rb 55 7 16 12 11 21 46 62 26 5
Sc 18 4.5 12.9 12.5 6.5 18.6 14 14 0.5 1.1
Sm 3.64 3.66 3.57 3.6 3.48 5.03 8.48 4.04 4.92 5.37
Sr 74.5 105.4 102.8 105 112.4 92.9 454.8 113.9 84.2 263.4
Ta 0.86 1.23 0.7 0.76 0.81 1.07 0.87 1.15 0.92 0.96
Tb 0.58 0.64 0.49 0.5 0.53 0.62 0.76 0.56 0.58 0.61
Th 8.65 15.25 4.6 7.98 11.34 8.84 8.67 17.26 12.71 20
Tm 0.3 0.4 0.25 0.26 0.32 0.32 0.23 0.32 0.29 0.31
U 3.6 3.7 1.5 245 2.7 2.6 2.92 42 3.7 3.11
v 144 60 174 161 87 203 157 35 25 39

Y 16.7 26 17.7 17.1 18.3 17.8 18.6 17.2 16.7 17.2
Yb 2.1 2.6 1.8 1.9 22 2.6 1.5 1.8 2.4 1.6
Zn 123 15 257 258 85 116 93 52 8 9
Zr 111 187 162 151 145 117 79 136 98 75
Eu/Eu* 0.88 0.94 0.95 0.92 0.99 0.86 0.85 0.89 0.79 0.90
(La/Sm)x 2.06 3.24 2.10 243 3.05 223 3.97 4.17 3.17 8.25
(La/Yb)n 3.88 4.96 4.53 5.00 5.25 4.70 24.45 10.19 7.07 30.14
o 18 6 eSS (T g Zr asle) S ,o00S Le )SiOz , 1,0 Na2O+KL0 Slog—os a3k 5

La X 5,056 ol b yaie ] slaosls o)l
Winchester and Floyd, )<l soloxel J 0B
.1977; Rollinson, 1993; Hastie et al., 2007
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Figure 11. Composition of the samples from volcanic units of Marshoun area on the: A) SiO, versus
Na,O+K,0 diagram (Le Bas et al, 1986); B) Zr/TiO, versus SiO, diagram (Winchester and Floyd,
1977); C) AFM diagram (Irvine and Baragar, 1971); D) Co versus Th diagram (Hastie et al., 2007).
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Figure 12. Volcanic rocks of the Marshoun area in A) Primitive mantle- normalized (McDonough
and Sun, 1995) trace element pattern; B) Chondrite- normalized (McDonough and Sun, 1995) rare
earth element pattern.
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Figure 13. Composition of the volcanic rocks of the Marshoun area on the: A) Ta versus Th diagram
(Gorton and Schandle, 2002); B) Ta/Yb versus Th/Yb diagram (Gorton and Schandle, 2002); C) Yb
versus Th/Ta diagram (Gorton and Schandle, 2002); D) Th/Hf versus Ta/Hf diagram (Gorton and
Schandle, 2002).
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Table 2. Isotopic data of Sr, Nd, and Pb for dacitic (da) and andesitic (an) rocks of the Marshoun area.

Sample type SSt/5Sr BN/ #Nd eNd 206pp/209phy 207pp,/209phy 208pp,/209phy
da (Ma- 03) 0.706177 0.512716 1.5215415 18.8030 15.6046 39.0680
da (Ma- 09) 0.706221 0.512695 1.1118957 18.8007 15.6112 39.0721
an (Ma- 06) 0.705290 0.512719 1.5800623 18.7435 15.5938 38.8138
an (Ma- 10) 0.704851 0.512733 1.8531595 18.7678 15.5976 38.8193
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Figure 15. Composition of the andesitic
samples in the Marshoun area on the
(La/Sm)n versus (Tb/Yb)ny diagram (Wang et
al., 2002). Data normalized to chondrite
values (Normalizing values are from
McDonough and Sun (1995)).

bl
Lo atad oo gLt phagim =l sleasily
Cajal 5l S ity po & Blate SLas]
L gy 5 Comalogs ) enls wzgjail ( jastedlily
gl 6laSlo st YUy pankty SIS s o
5,5 Ko iBusgd 5l oaiol Slzassl slasiw
Sl d (o 3 9 oyl batip—ilagalic gl tsS
Ll oaal a0y (glo s apil> ba e jo il )g,-5
Oty SLa gt 5 (o2 Ol slaail 4 aa g
Ols— s— (Khalatbari Jafari et al., 2016 uilo)
S aelisS g (sloyl8 Jlsd &l ilyg, 8 oy S
0ol (59, wmwgy (FaDprd gl o 5l S gy
Glo,S S & 565y ) So dlol o g
Jlisany oo 572y, 8 5 Gralaz Lz (sl B ;5
sy ot e, sl S il il ol
oS S (—Euod oS gLl >

9 delamination

9] GlaSiw aJgl (sLoSlo o a5 4ol
oS S A D65 (9SSl (e pe OB
SLzo 00 s 13 g 00l Bay cu S —Slegulio
ot (glo 5 &gy Ly T 5 laSle (9l o
Sl

b e (Rl Th Glie «(—dly98 sladarse )
2 o, L b glaSiw 0 Th/Ta e
Gorton ) el ;s Vo =F s Lo L8 Jlad dil>
slaXw gl cuus ol (and Schandle, 2002
R B E 7 297 o BN O S WP e
gl sloaSw jula g sues i Laas 4 =S5
ol (slo) 8 Jlsd il (il g8 b e )3 (950
e K s 5l CIYY AV NDY slace s
Sy (R L e aleSle slaples j3 a5 ol
Slaassl slaw (Temel et al, 1998) ool
S 9 Wt (45 HFSE (sla,aie jloa i)
IV el e) +JOA =130 Lyl Lol s NB/Y
GlaSi o Pb g NA ST 5 5552) (6l oyt -l
A 5g5 s wls S samo i e ye Slsais]
Lo alaSi (sl (gl oot i (gho,S K
5 i (LA/SMIN Cas Ly (95 50 dibate 2250
wl 5 VY 5 oS (TB/YD)N G o VIOY
S Ll jole sleSle tulay Bosas il 4 S aig i o
Sl Cadgan p Sl S 5 L laags aliuls
00 Jss)

sl g, oo—bplaxl slo o) 2 o
ssbeme s el psls Jlas o Elogl ailaie Slsiss]
Khalatbari Jafari et al., ) &0 & dlaie Lo

bouly o> -SG50 sleassT slafw 75 (2016
L5‘°)5‘<' 5 :.‘95 - ’muso . sl

g dlg e L a S wiloads ools Caui M slo,LE 5

ilazsly Sl

8 SCLM = Sub-continental lithospheric mantle



VIV Sl g 5 olonty o)lod om0, loz Jlo ‘63519)—“‘%

Vo

155 ol
olesy oliuils Jlo sla Slociy 5l (o)
3 eomizmen 5,18 ol g5 ol plasl sl
A5 alie oS gl 50s,) ode sla o laial,
e et el ol i gl 4 ;e

“)‘)fu*’t-“

Sl oSl ol a il — oy lo,l 3,5

00 pSlogaslio &i_5g8  iSugd 5l oaslayy
Ly 9 3L Lol o any (slo)l8 505 (sl S
5 Gl Sy Ly s )3 g 03, S S92 (slo,) LS
LS le (5l Gialos (ol 5o .l o a_aél

RLW FXPIERY

References
Aghazadeh, M., Badrzadeh, Z., and Castro, A. (2015) Petrogenesis and U- Pb dating (SHRIMP) of
Tarom intrusions. Geosciences, Scientific Quarterly Journal, 95(1), 3-20 (in Persian).

Bonin, B. (2004) Do coeval mafic and felsic magmas in post-collisional to within plate regimes
necessarily imply two contrasting, mantle and crustal, sources? A review. Lithos, 78(1-2), 1-
24.

Cameron, B.1., Walker, J.A., Carr, M.J., Patino, L.C., Matias, O., and Feigenson, M.D. (2003) Flux
versus decompression melting at stratovolcanoes in southeastern Guatemala. Journal of
Volcanology and Geothermal Research, 119(1-4), 21-50.

Castro, A., Aghazadeh, M., Badrzadeh, Z., and Chichorro, M. (2013) Late Eocene- Oligocene post-
collisional monzonitic intrusions from the Alborz magmatic belt, NW Iran. An example of

monzonite magma generation from a metasomatized mantle source. Lithos, 180-181, 109-
127.

DePaolo, D.J., and Daley, E.E. (2000) Neodymium isotopes in basalts of the southwest basin and
range and lithospheric thinning during continental extension. Chemical Geology, 169(1-2),
157- 185.

Esmaeli, M., Lotfi, M., and Nezafati, N. (2015) Fluid inclusion and stable isotope study of the
Khalyfehlou copper deposit, Southeast Zanjan, Iran. Arabian Journal of Geosciences, 8(11),
9625-9633.

Foley, S., and Peccerillo, A. (1992) Potassic and ultrapotassic magmas and their origin. Lithos,
28(3-6), 181-185.

Foley, S.F., and Wheler, G.E. (1990) Parallels in the origin of the geochemical signature of island
arc volcanic rocks and continental potassic igneous rocks: The role of titanites. Chemical
Geology, 85(1-2), 1- 18.

Ghasemi Siani, M., Lentz, D.R., and Nazarian, M. (2020) Geochemistry of igneous rocks associated
with mineral deposits in the Tarom- Hashtjin metallogenic province, NW Iran: An analysis of
the controls on epithermal and related porphyry- style mineralization. Ore Geology Reviews,
126, 103753.

Ghasemi Syani, M. (2014) Timing and origin of the epithermal veins and geochemical zoning in the
Glojeh district, Iran. Ph.D. thesis, Geosciences Department, Kharazmi University, Tehran,
Iran (in Persian).

Ghorbani, M. (2013) The economic geology of Iran: Mineral deposits and natural resources.
Springer Dordrecht Heidelberg.

Gorton, M.P., and Schandle, E.S. (2002) From continental to island arc: A geochemical index of
tectonic setting for arc-related and within plate felsic to intermediate volcanic rocks.
Canadian Mineralogist, 38(5), 1065- 1073.



V-0 ohHlen ¢ (5, 5us 05,8 9ty dilate l2a25T slaKiw Ph g Nd Sr 55950 sloosls 5 cardiym; o Kisw g

Green, N.L. (2006) Influence of slab thermal structure on basalt source regions and melting
conditions: REE and HFSE constraints from Garibaldi volcanic belt, northern Cascadia
subduction system. Lithos, 87(1- 2), 23-49.

Hastie, A.R., Kerr, A.C., Pearce, J.A., and Mitchell, S.F. (2007) Classification of Altered Volcanic
Island Arc Rocks using Immobile Trace Elements: Development of the Th-Co Discrimination
Diagram. Journal of Petrology, 48(12), 2341- 2357.

Honarmand, M., Rashidnejhad Omran, N., Neubauer, N., Emami, M.H., Nabatian, G., Liu, X.,
Donge, Y., Von Quadt, A., and Chen, B. (2014) Laser-ICP-MS U-Pb zircon ages and
geochemical and Sr-Nd-Pb isotopic compositions of the Niyasar plutonic complex, Iran:

constraints on petrogenesis and tectonic evolution. International Geology Review, 56(1), 104-
132.

Hosseiny, M., Mousavi, E., and Rasouli Jomadi, F. (2016) Explanatory text of Abhar. Geological
Quadrangle Map 1:100000, Geological Survey of Iran, Tehran.

Hosseinzadeh, M.R., Maghfouri, S., Moayyed, M. Lotfehnia, M., and Hajalilou, B. (2015)
Petrology, geochemistry and alteration at the polymetallic (Cu- Pb- Zn) vein and veinlet

mineralization in the Luin- Zardeh area, NE Zanjan. Geosciences, Scientific Quarterly
Journal, 96, 41-52 (in Persian).

Hosseinzadeh, M.R., Maghfouri, S., Moayyed, M., and Rahmani, A. (2016) Khalifehlou deposit:
high sulfidation epithermal Cu- Au mineralization in the Tarom magmatic zone, north
Khoram Dareh. Scientific Quarterly Journal of Geosciences, 99(1), 179-194 (in Persian).

Irvine, T.N., and Baragar, W.R.A. (1971) A guide to the chemical classification of the common
volcanic rocks. Canadian Journal of Earth Science, 8(5), 523-276.

Jiang, Y.H., Liu, Z., Jia, R.Y., Liao, S.Y., Zhou, Q., and Zhao, P. (2012) Miocene potassic granite-
syenite association in western Tibetan Plateau: Implications for shoshonitic and high Ba- Sr
granite genesis. Lithos, 134-135, 146- 162.

Kamber, B.S., Ewart, A., Collerson, K.D., Bruce, M.C., and McDonald, G.D. (2002) Fluid- mobile
trace element constraints on the role of slab melting and implications for Archaean crustal
growth models. Contributions to Mineralogy and Petrology, 144, 38- 56.

Khalatbari Jafari, M., Akbari, M., and Ghalamgash, J. (2016) Geology, Petrology and magmatic
evolution of the Eocene volcanic rocks in Aqdagh area, NE Abhar. Kharazmi Journal of
Geosciences, 2(1), 33- 60 (in Persian).

Koepke, J., Schoenborn, S., Oelze, M., Wittmann, H., Feig, S.T., Hellebrand, E., Boudier, F., and
Schoenberg, R. (2009) Petrogenesis of crustal wehrlites in the Oman ophiolite: Experiments
and natural rocks. Geochemistry, Geophysics, Geosystems 10(10).

Kouhestani, H., Mokhtari, M.A.A., Chang, Z., and Johnson, C.A. (2018) Intermediate sulfidation
type base metal mineralization at Aliabad- Khanchy, Tarom- Hashtjin metallogenic belt, NW
Iran. Ore Geology Reviews, 93, 1- 18.

Kouhestani, H., Mokhtari, M.A.A., Qin, K., and Zhao, J. (2019a) Fluid inclusion and stable isotope
constraints on ore genesis of the Zajkan epithermal base metal deposit, Tarom—Hashtjin
metallogenic belt, NW Iran. Ore Geology Reviews, 109, 564-584.

Kouhestani, H., Mokhtari, M.A.A., Qin, K., and Zhao, J. (2019b) Origin and evolution of
hydrothermal fluids in the Marshoun epithermal Pb—Zn—Cu (Ag) deposit, Tarom-Hashtjin
metallogenic belt, NW Iran. Ore Geology Reviews, 113, 87-103.

Kouhestani, H., Mokhtari, M.A.A., Qin, K., and Zhao, J. (2020) Genesis of the Abbasabad
epithermal base metal deposit, NW Iran: Evidence from ore geology, fluid inclusion and O-S
isotopes. Ore Geology Reviews, 126, 1-21.

Le Bas M.J., Le Maitre R.W., Strecheisen A., and Zanttin B. (1986) A chemical of volcanic rocks



VEY e cpsms 5 olnty o)l 000 oz Jlo S39de—0 V-7

classification based on the total alkali-silica diagram. Journal of Petrology, 27(3), 745-750.

Machado, A.T., Chemale, J.F., Conceicao, R.V., Kawaskita, K., Morata, D., Oteiza, O., and
Schmus, W.R.V. (2005) Modeling of subduction components in the Genesis of the Meso-
Cenozoic igneous rocks from the South Shetland Arc, Antarctica. Lithos, 82(3-4), 435-453.

McDonough, W.F., and Sun, S.S. (1995) Composition of the Earth. Chemical Geology, 120(3-4),
223-253.

Mehrabi, B., Ghasemi Siani, M., Goldfarb, R., Azizi, H., Ganerod, M and Marsh, E.E. (2016)
Mineral assemblages, fluid evolution and genesis of polymetallic epithermal veins, Glojeh
district, NW Iran. Ore Geology Reviews, 78, 41- 56.

Mokhtari, M.A.A., Kouhestani, H., and Saiedi, A. (2016) Investigation on type and origin of copper
mineralization at Aliabad Mousavi- Khanchy occurrence, east of Zanjan, using petrological,
mineralogical and geochemical data. Geosciences, Scientific Quarterly Journal, 100(2), 259-
270 (in Persian).

Morata, D., Oliva, C., Cruz, R., and Suarz, M. (2005) The Bandurrias Gabbro: Late Oligocene
alkaline magmatism in the Patagonian Cordillera. Journal of South American Earth Sciences,
18(2), 147-162.

Muller, D., and Groves, D.I. (1997) Potassic igneous rocks and associated gold copper
mineralization. 2nd edition, Springer, Verlag, Berlin.

Nabatian, G., Ghaderi, M., and Honarmand, M. (2016b) Petrography and mineral chemistry of
Tarom plutonic complex, NE Zanjan. Petrological Journal, 26(2), 99-116 (in Persian with
English Abstract).

Nabatian, G., Ghaderi, M., Corfu, F., Neubauer, F., Bernroider, M., Prokofiev, V., and Honarmand,
M. (2014a) Geology, alteration, age and origin of iron oxide—apatite deposits in Upper
Eocene quartz monzonite, Zanjan district, NW Iran. Mineralium Deposita, 49, 217-234.

Nabatian, G., Ghaderi, M., Neubauer, F., Honarmand, M., Xiaoming, L., Dong, Y, Jiang, S.H.,
Quadt, A., and Bernroider, M. (2014b) Petrogenesis of Tarom high- potassic granitoids in the
Alborz—Azarbaijan belt, Iran: Geochemical, U-Pb zircon and Sr—Nd-Pb isotopic constraints.
Lithos, 184—187, 324- 345.

Nabatian, G., Jiang, S.Y., Honarmand, M., Neubauer, F. (2016a) Zircon U-Pb ages, geochemical
and Sr—Nd—Pb—Hf isotopic constraints on petrogenesis of the Tarom-Olya pluton, Alborz
magmatic belt, NW Iran. Lithos, 244, 43-58.

Nabavi, M.H. (1976) Introduction to geology of Iran. Geological Survey of Iran, Tehran.

Naderi, M. (2011) Petrology of quartz monzonitic intrusion at the southern range of Tarom sub-
zone, east of Zanjan. MSc. thesis, Tarbiat Modares University, Tehran, Iran (in Persian).

Nouri, F., Azizi, H., Stern, R.J., Asahara, Y., Khodaparast, S., Madanipour, S., and Yamamoto, K.
(2018) Zircon U-Pb dating, geochemistry and evolution of the Late Eocene Saveh magmatic

complex, central Iran: Partial melts of sub-continental lithospheric mantle and magmatic
differentiation. Lithos, 314, 274-292.

Pang K.N., Chung S.L., Zarrinkoub M.H., Khatib M.M., Mohammadi S.S., Chiu H. Y., Chu C.H.,
Lee H.Y., Lo C.H. (2013) Eocene- Oligocene post-collisional magmatism in the Lut Sistan
region, eastern Iran: Magma genesis and tectonic implications. Lithos, 180-181, 234-251.

Plank, T. (2005) Constraints from Thorium/Lanthanum on Sediment Recycling at Subduction Zones
and the Evolution of the Continents. Journal of Petrology, 46(5), 921-944.

Ramezani, J., and Tucker, R.D. (2003) The Saghand region, Central Iran: U-Pb geochronology,
petrogenesis and implications for Gondwana tectonics. American Journal of Science, 303(7),
622- 665.



Vo OhLSes 5 5, Kuwe o358 9ty dilate l2a25T slaKiw Ph g Nd Sr 55950 sloosls 5 cardiym; o Kisw g

Rashidnejhad Omran, N., Aghazadeh, M., Arvin, M., and Nazari Nia, A. (2014) Petrology and
geochemistry of quartz monzonite intrusion at the Tarom sub-zone, NE Zanjan. Petrological
Journal, 20(4), 91-106 (in Persian with English Abstract).

Rollinson, H.R. (1993) Using Geochemical Data: Evolution, Presentation, Interpretation. Longman
Scientific and Technical, England.

Saccani, E. (2015) A new method of discriminating different types of post-Archean ophiolitic
basalts and their tectonic significance using Th- Nb and Ce- Dy- Yb systematics. Geoscience
Frontiers, 6(4), 481- 501.

Saiedi, A., Mokhtari, M.A.A., and Kouhestani, H. (2018) Petrology and geochemistry of intrusive
rocks at Khanchay- Aliabad region (Tarom sub-zone, East of Zanjan). Petrological Journal,
33(1), 207- 229 (in Persian with English Abstract).

Seyedqaraeini, A., Mokhtari, M.A.A., and Kouhestani, H. (2020) Petrology, geochemistry and
tectonomagmatic setting of Zajkan granitoid (Tarom-Hashtjin sub-zone, West of Qazvin).
Petrological Journal, 39(3), 79-100 (in Persian with English Abstract).

Shelley, D. (1993) Igneous and metamorphic rocks under the microscope. Chapman and Hall,
London.

Temel, A., Gondogdu, M.N., and Gourgaud, A. (1998) Petrological and geochemical characteristics
of Cenozoic high K- calk alkaline volcanism in Konya, Central Anatolia, Turkey. Journal of
Volcanology and Geothermal Research, 85(1), 327-357.

Turner, S., Arnaud, N., Liu, J., Rogers, N., Hawkesworth, C., Harris, N., Kelley, S., Van Calsteren,
P., and Deng, W. (1996) Post-collision, shoshonitic volcanism on the Tibetan, Plateau:

implications for convective thinning of the lithosphere and source of ocean island basalts.
Journal of Petrology, 37(1), 45- 71.

Varekamp, J.C., Hesse, A., and Mandeville, C.W. (2010) Back-arc basalts from the
Loncopuegraben (province of Neuquen, Argentina). Journal of Volcanology and Geothermal
Research, 197(1), 313- 328.

Vetrin, V.R., and Rodionov, N.V. (2008) Sm-Nd Systematics and petrology of post-orogenic
Granitoids in the Northern Baltic Shield. Geochemistry International, 46(11), 1090-1106.

Wallin, E.T., and Metcalf, R.V. (1998) Supra-subduction zone ophiolite formed in an extensional
forearc: Trinity Terrane, Klamath Mountains, California. The Journal of Geology, 106(5),
591- 608.

Wang, K., Plank, T., Walker, J.D., and Smith, E.I. (2002) A mantle melting profile across the basin
and range, SWUSA. Journal of Geophysical Research, 107(B1), 1-21.

Wang, K.L., and Chung, S.L. (2004) Geochemical constraints for the genesis of post-collisional
magmatism and the geodynamic evolution of the northern Taiwan region. Journal of
Petrology, 45(5), 975- 1011.

Wayer, S., Munker, C., and Mezgar, K. (2003) Nb/Ta, Zr/Hf and REE in the depleted mantle:
implications for the differentiation history of the crust-mantle system. Earth and Planetary
Science Letters, 205(3-4), 306-324.

Weaver B.L., and Tarney J. (1984) Empirical approach to estimating the composition of the
continental crust. Nature, 310, 575- 577.

Whitney, D.L., and Evans, B.W. (2010) Abbreviation for names of rock-forming minerals.
American Mineralogist, 95(1), 185- 187.

Wilson, M. (1989) Igneous Petrogenesis. Chapman and Hall, London.

Winchester, J.A., and Floyd, P.A. (1977) Geochemical classification of different magma series and
their differentiation products using immobile elements. Chemical Geology, 20, 325-343.



VEY e cpsms 5 olnty o)l 000 oz Jlo S39de—0 VA

Yasami, N., Ghaderi, M., Mokhtari, M.A.A., and Mousavi Motlagh, S.H. (2018) Petrogenesis of the
two phases of intrusive rocks at Chodarchay, NW Iran: using trace and rare earth elements.
Arabian Journal of Geosciences, 11, 605.

Yeganehfar, H., Ghorbani, M.R., Shinjo, R., and Ghaderi, M. (2013) Magmatic and geodynamic
evolution of Urumieh—Dokhtar basic volcanism, Central Iran: major, trace element, isotopic,
and geochronologic implications. International Geology Review, 55(6), 67-786.



