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Introduction

The Urumieh-Dokhtar magmatic arc (UDMA) of Iran with a
length of about 1700 km and a width of approximately 150 km is
mainly composed of Tertiary volcanic rocks and acidic to basic
intrusions (Berberian, 1981; Emami et al., 1992; Darvishzadeh,
2003; Ghorbani, 2003). The UDMA has been attributed to the
subduction of the Neotethys oceanic crust under the Iranian
plate, which occurred from the Triassic to the Eocene (Asiabanha
et al., 2012; Pang et al., 2013). The UDMA extending NW-SE
includes a large volume of Cenozoic magmatism, especially in
the Eocene (Chiu et al, 2013; Kananian et al., 2014). The
purpose of this research is to identify the petrographic and
geochemical characteristics of the volcanic and intrusive rocks of
the Lak area in NW Iran and also to determine the
tectonomagmatic setting of these rocks.

Geology

The Lak area is situated 36 km southwest of
Buin Zahra, in the northern part of the UDMA and
the western part of the Central Iran zone

2011; Gohari et al., 2022). One of the remarkable
features of the UDMA is the emplacement of
intrusive masses due to late Eocene and early
Oligocene pressure phase (Pyrenean tectonic

(Aghanabati, 2006). The UDMA is an Andean phase) in volcanic-sedimentary sequences of

Eocene age (Delavari et al., 2017).

magmatic arc with a NW-SE trend, which formed
by the oblique subduction of the Neotethys oceanic
plate under the central Iranian plate (Shearman et
al., 1976; Berberian and King, 1981; Agard et al.,

The main outcrops of the study area include
Eocene volcanic and volcano-sedimentary rocks
consisting of andesite, andesitic basalt, basalt,
dacite, and rhyodacite. The volcano-sedimentary
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rocks of the Lak area comprise alternating lava
flows (basalt to andesite) and pyroclastic materials
(various types of tuff and agglomerate).

Methods

The studies carried out in the Lak area include
field and laboratory parts. During the field studies,
a geological map with a scale of 1:5000 in an area
of 20 square kilometers was prepared. Forty-five
samples of volcanic rocks and intrusive masses for
preparation of thin sections and petrographic
studies (20 samples), measurement of main oxides
by XRF method (14 samples), and analyzing minor
and rare earth element contents by ICP-MS method
(17 samples) were collected and sent to the
relevant laboratories for analysis.

Petrography

In the Lak area and its surroundings, volcanic
and intrusive rocks are exposed. These rocks
mainly include andesite lavas, basaltic andesite,
basalt and tuff, and pyroclastic deposits of lower
Eocene age and intrusive masses and dykes with
the composition of dacite, rhyodacite, microdiorite,
and gabbro-diorite of upper Eocene-Oligocene age,
which were injected into the Eocene volcanic rocks
(Firouzbakht et al., 2018).

Geochemistry and tectonomagmatic setting
of the volcanic and intrusive rocks

The amount of SiO; in the rocks under study
varies from 42 to 71% and on KO versus SiO»
diagram, those are in the range of andesite, basaltic
andesite, basalt, dacite, and rhyodacite. The range
of K>O changes in these rocks as well as intrusive
rocks is relatively wide so the investigated samples
of volcanic and intrusive units are located in
different groups of low- and medium-potassium
rocks. According to the geochemical characteristics
and also taking into account the temporal and
spatial location of the volcanic rocks of the Lak
area, it seems that these rocks are related to the
magmatism caused by the subduction of the Neo-
Tethys oceanic crust under the central Iranian plate
and have been originated in a (magmatic arc)
environment.

Possible origin of magma

The widespread distribution of plutonic rocks in

the study area, mineralogical similarity between
these plutons and the volcanics as well as very
similar chemical compositions of these two rock
types in different geochemical and tectono-
magmatic discrimination diagrams suggest that the
plutonic and the volcanic rocks may have
originated from the same source.

The volcanic and plutonic rocks of the area are
very similar to calc-alkaline lavas based on major
and trace element geochemical data. The Al203
content of these rocks is high, but they are low in
Mgt, their Zr/Y ratio is greater than 3, similar to
the volcanic rocks of continental arcs (Pearce and
Norry, 1979). In the diagram of normalized trace
elements relative to the enriched mid-ocean ridge
basalts (E-MORB), Ti (except basalts), Nb, P, and
Rb have negative anomalies, but Pb and K show
positive anomalies, pointing to magmatic rocks
from a subduction zone (Morata and Aguirre,
2003).

Magmas forming volcanic rocks in subduction
zones usually originate from mantle wedges, fluids,
and hydrous melts derived from subducting oceanic
crust. The samples from the Lak area have high
K20 contents and the downward trend in MgO
values of the volcanic rocks of the area indicating
that the magma originated from the mantle wedge
(Gourgaud and Vincent, 2003).

Acknowledgments

We would like to express our gratitude and
appreciation to the Research Vice-Chancellor of
Tarbiat Modares University as well as Mr.
Poursaleh, CEO of Yazd Peijouyan Industrial and
Mining Company, for providing the facilities to
carry out this research.



Petrological Journal

E-ISSN: 2322-2182
13" Year, No. 52, Winter 2023, pp. 127-146

T LY —")

TYYY-YVAY & S80I UL
Petrological Journal YFF-AYY .o A+ yluo) o908 g oloxiy 6 yloud (o0 jus Jlw

kg3 Al

oy 3 AT oS S la iS5 ol 3 i
Ol2) b b dyp s g (6 S Logier (ST Ao

"Il (e T g 506 s o9 b dpswiene
saeid.firoozbakht@gmail.com <yl ! ¢y 55 e yde S i olKitils ¢ golaidl ol o 09,5 e )| cwliis IS Gzl !
mghaderi@modares.ac.ir ¢y pl o) 43 « w00 oy olSiils o golaml cwlids s 09,5 cobiwl”
h.tajeddin@modares.ac.ir ¢yl ! ¢y 5 ¢ ydo a5 olKitils ¢ gobazdl ool yoy 09,5 ¢ Lobiw! ™

oduS> alio Wledb|

@Sl oo (Jlod s )5 i oy kS 17 50 S dikase

oS | dihie ol ol slageis, o)l gl ol 6yl lad 5 s —ages)| VEVYYA il )l
5 s slaanigs s il o g 5ol it 5T ol eyl s &) apges - Lt ] VANYEN G b
S 5 L OB iaens (63585 (slmosgs dacKiw dcgazma ol ;o ilosls JSis (s ,lgl,31 Wojlg wuls

G057 oSl m@VL gl G @ Z0,0239 05 5 S 009 S0 il il
2 395 slmosg g laojlas wliv olud oS 5 5 S sla Shs wiload
6&9_04 9 @LMT (51‘“6)—"" as MT SM.)ULM 5‘5vL..o.o...ou.uo) u;b; Lng)'»)}o.t
ol Gl paie olondipe) G S L silails S e oKiuls NICEPVIR
sl= UJLQLSJLT Z)Z_M.f 5o adlie 63585 slaodg g GJL.M.QM;T LSL““\—"S «olweS g
i 03 g ((Fgimo,0 1 a SLo3p) cewl bl (ol ALO3 Jlade 85,5 0
Ay gynlil s sl e ¥l sadiol GleKiw ;0 ZI/Y Cad Syls (4/Y) oS Mg#)
S 5 00l Hloged 0 akiwd dud (glo, LB slapleS SliassT slacKi
5 o JLgT Rb g Nb (lacdlb ,K0) Ti sla paie 0ads é  wsildl o (sloarsy
aed oo lts saly b ol e e lits ot JLawgl K 9 Pb slajaie 6l 20.1001.1.22285210.1401 .13.4.6.0@
s 5 oSl g b slaasgy 5 ) dilate (539 5 SLiti] oS 10.22108/ijp.2023.133697.12789

—ang) (@leSle LS 53 ol el Gl o) 0 et
Omrani et al., ) o) 5as 5 Sl oe Glo oy p s oo 50
g (Verdel et al, 2011) LS g s, 2008
Gaedamini Harouni et al., ) ;|,LSes g Jg,lo colasls
i —das )| alaSle (LS LT &l a5 5, 61, 2015

POl dio p a e (pugll gy (13598 waly

doddo
g WWeo any S5 il b pto-ams )l oldle leS
Sl Gl 5yt aglS 10 4 S sl
L5 ol (53988 slooogs )] 13 5 ol ol oS85 (535
Berberian, 1981; Emami et al., ) aloo—s 3,5 So3b

51.(1992;  Darvishzadeh, 2003; Ghorbani, 2003

Jsts s DX

Ol @bl dyasms 6 ptbogir oS dibie 8585 5 Sliais] glackin lSlegisiSs oSl 5 cwliti S (VF+ 1) 2 Izl cp g,00 e cn g 5.8 o oyl & o Lol

2322-2182/ © 2023 The Author(s). Publisher: University of Isfahan

This is an open access article under the CC-BY-NC 4.0 License (https:/creativecommons.org/licenses/by-nc/4.0)

NEEANTYY (Y siels



VEN hies oo g ooty o)lod oo s Jlo (65809 —y

(Chiu et al., 2013; Kananian et al., 2014) s,.5 Asiabanha et al., ) ol oas a by (pwgl U by 5
P 6 liogs 6w lS TF o S dili iy, (2012; Chiu et al., 2013; Pang et al.,, 2013
Aghanabati, ) ;255 —aweg)| (2Ll (S (5 23 Lot G S os s b led sl Ly s —ae )|
O 59 35 gl 635 0 Glnl &g 55251 (2w 55 5 (2006 9l sl 53 gt Sagisi pileS Lo 5l (5 )

49:’30 F 49‘:45 - 50°00°

36°00°
=

Zeyn Abad

Danesfahan
-

Buin Zahra

Amirabad-c Now.
Tofak

35945

Rudak

2| 56 E
in
£
in
in
el
2
=
in
Ll
50°15°
] 25 50 100
LEGEND
[ ] conteattcan Symbols
- T Intrusive and Subvolcanic Rocks e — S
e —— Microgranite £
Major fault
- Ignimbrite B Granite :
5 il S . GEASSAel Thrust fault
< - Granodiorite, menzodiorite
‘ Tuff Diorite = Cly
I sasait Rhyodacite °  Village +  PbZn
(B Andesite Dacite @] sample location s+ FeCu
R Andesitic lava flows and lava breccia Hydrothermal altered zones %2 Active mine = Fe
[55.74] volcanic breccia i
Alteration %  Abandoned mine + Ba

i (B 1y —apey) gloSle oS Jlont o S dilato ol Kil>  (Richards et al., 2012) o) okidineo; 5 6ytlo (gaimaigy 245 (A ) JSCi
ol 00 00l ol (St Judais b oS S dilate g g i —deag )| aipeS Jlad (ioy ) cwlidcpe sadosls
Figure 1. A) Map of structural and geological divisions of Iran (Richards et al., 2012) and position of the Lak area in the north of

the Urumieh-Dokhtar magmatic arc; B) Simplified geological map of the northern part of the Urumieh-Dokhtar arc and the
location of the Lak area shown in a black rectangle.
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microscopic image of the basaltic andesite unit where abundant plagioclase and hornblende macrocrystals are observed in a glassy
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Table 1. The chemical analytical data of major oxides (in wt%) and minor elements (in ppm) for the volcanic and intrusive

rocks from the Lak area using XRF.

Rock type Andesite Basaltic Andesite Basalt Dacite Microdiorite Dyke ~ Gabbro-Diorite Dyke
Sample No. A4  BIl A345 El 3D2 346 E4 E9 D4 344 C345 B345 E2 E7
SiO, 56.33 5809 5391 5195 5200 4191 5135 67.81 6934 70.69 5242 51.14 53.25 46.64
ALOs 15.16 1694 16.01 15.77 15.63 1521 1539 2402 064 144 16.17 16.14 1597 18.34
Fe,03 921 834 1081 9.50 9.00 11.26 9.10 013 096 049 1097 11.36 10.79 10.17
MnO 0.16 030 023 0.19 0.16 0.22 028 0.00 00l 0.00 021 0.17 0.19 0.21
MgO 398 392 429 4.09 5.28 4.69 417 005 010 0.07 449 4.89 4.38 2.09
CaO 628 591 7.62 1030 7.96 14.88 887 011 034 008 844 8.36 7.66 12.15
Na,O 280 338 270 217 2.23 1.08 273 518 520 526 259 2.54 2.71 2.12
KO 216 181 165 0.88 1.69 0.079 094 1.04 108 124 1.08 0.69 1.57 0.58
TiO, 1.14 086 127 094 0.71 0.85 065 036 028 032 126 1.30 1.323 135
P,0s 029 018 033 0.18 0.23 0.09 0.18 011 001 002 028 0.30 0.36 0.19
SO; 024 004 009 0.04 0.13 0.05 0.05 027 035 009 0.06 0.06 0.08 0.03
L.O.IL 212 000 095 3.81 4.79 9.60 599 687 075 037 186 2.86 1.57 5.98
Cl 6 12 14 12 17 9 16 7 6 8 10 12 16 11
Cr 0 45 0 0 15 13 0 0 0 0 0 0 0
Co 0 0 0 0 9 0 0 0 0 0 0 0 0 0
Ni 0 57 6 0 11 9 13 5 4 0 0 6 0 0
Cu 7 0 20 16 14 13 21 3 4 0 15 18 22 21
Zn 12 12 10 14 8 7 41 0 2 0 14 11 10 16
Ga 0 2 0 0 0 0 0 3 0 0 0 0 0 0
Rb 5 3 5 0 3 2 0 0 0 3 0 3 0
Sr 30 37 37 36 39 26 40 71 2 4 39 40 36 49
Zr 14 15 20 12 11 0 188 32 15 18 18 21 20 17
Cd 0 0 0 35 0 0 0 0 10 0 0 0 0 0

1 0 0 0 12 0 0 0 0 0 0 0 0 0 0
Ba 50 53 45 56 68 0 44 15 0 0 38 43 50 42
Nd 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Pb 0 5 0 0 0 0 0 3 0 4 0 0 0 0
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Table 2. The chemical analytical data of minor elements (in ppm) in the volcanic and intrusive rocks from the Lak area

using ICP-MS.

Rock type Andesite Basaltic Andesite Basalt
Sample No. A4 Bl A345 2B17 346 E4 El 3D2 337 B17
Li 33 1.5 22 8.7 12.1 2.9 15.0 6.2 1.7 224
Be 0.59 0.67 1.04 0.50 0.05 0.39 0.67 0.37 0.62 1.47
Na 10623 16232 11729 16518 5317 13139 10723 11115 778 540
Mg 11084 13404 16186 12468 12863 11952 14176 14215 1129 575
Al 40566 55565 49192 49781 48036 48705 52430 49981 37842 28870
P 1067 1020 1518 1116 384 707 829 967 622 429

33 65 833 776 30 40 20 2341 344 525
K 10427 11528 8443 28465 324 5862 5139 9108 21045 6772
Ca 22138 26908 31568 10012 54283 33432 44445 30703 3305 2838
Ti 4216 4119 5517 3519 3176 3201 4120 3283 2658 1570
\% 150 132 177 104 206 180 160 170 74 60
Cr 4 3 12 6 38 12 27 9 14 9
Mn 688 972 1001 3939 753 970 651 642 4027 2888
Fe 37607 41003 48588 35941 42156 42988 40891 42139 37209 35174
Co 132 14.3 19.5 134 18.0 183 18.8 17.8 60.2 133
Ni 21.27 4.09 15.78 5.84 17.41 9.94 24.75 12.15 8.09 8.38
Cu 29 14 108 66 61 127 87 82 12594 288
Zn 78 98 95 1049 60 135 75 74 3573 1575
Ga 18.00 22.09 22.69 27.25 14.12 20.77 19.73 20.77 21.30 18.69
Ge 0.24 0.03 0.18 0.12 0.08 3.99 0.11 0.16 0.38 0.19
As 6 4 15 8 4 1 9 10 14 67
Se 37.18 25.27 32.18 3221 2542 18.62 16.33 2351 29.13 22.67
Rb 59.25 50.98 52.40 147.1 1.45 20.63 25.86 37.38 117.5 4242
Sr 193 275 250 204 168 254 237 247 57 31
Y 23 25 34 19 10 27 23 15 16 8
Zr 111 111 188 125 45 52 100 25 92 30
Nb 11.29 11.95 19.04 14.56 1.70 6.10 12.53 7.65 10.53 4.89
Mo 0.24 0.02 0.29 0.44 0.39 0.20 0.70 0.34 1839 1.54
Ag 0.65 0.67 1.02 3.05 0.05 0.79 0.84 0.13 349 743
Cd 1.70 1.01 1.95 3.55 1.49 2.06 1.67 222 282 6.45
In 0.08 0.10 0.08 0.06 0.09 0.08 0.12 0.11 0.11 0.06
Sn 1.75 1.98 217 3.44 0.29 1.75 1.80 1.28 1.45 1.51
Sb 0.57 0.22 0.62 6.13 0.01 0.31 0.81 0.34 449 4592
Te 0.53 0.58 0.57 0.54 0.54 0.54 0.02 0.57 0.56 0.02
Cs 0.97 1.15 1.45 1.32 2.79 1.79 145 2.19 1.48 1.31
Ba 216 326 260 807 32 226 198 301 786 363
La 15.60 16.54 20.90 15.77 3.51 12.40 15.75 13.72 14.60 845
Ce 3239 3327 45.48 33.18 8.38 24.85 32.78 2743 31.35 17.89
Pr 4.8 4.77 6.75 4.58 14 371 493 3.8 4.02 2.5
Nd 19.86 20.02 27.58 18.54 5.65 15.50 18.83 15.18 16.22 8.61
Sm 4.48 4.81 6.68 3.67 1.68 3.62 4.65 3.68 3.07 1.88
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Table 2. Continued.

Rock type Dacite Microdiorite Dyke Gabbro-Diorite Dyke
Sample No. E9 D4 344 C345 B345 E2 E7
Li 434 1.1 0.8 3.0 7.6 0.9 11.0
Be 0.22 0.08 0.18 0.97 0.64 1.06 0.85
Na 649 819 603 12062 13238 12496 10288
Mg 403 401 366 15929 15601 16045 7462
Al 61688 4554 6188 51784 55343 50792 56423
P 465 35 69 1535 1413 1645 1061
1402 2371 631 437 351 517 44
K 524 365 258 6658 3761 8599 3389
Ca 830 1738 574 34222 36729 32383 43688
Ti 2540 942 1457 5550 5743 5832 4976
v 26 11 14 177 176 177 177
Cr 1 28 22 10 11 10 11
Mn 16 48 33 914 731 849 799
Fe 998 6020 3481 49365 50478 49384 41883
Co 2.8 2.6 2.8 189 20.6 193 16.3
Ni 5.66 7.82 13.96 19.04 16.02 14.02 13.10
Cu 19 15 17 99 102 108 98
Zn 23 26 33 91 85 94 132
Ga 26.56 0.64 0.91 15.77 22.00 23.20 21.06
Ge 1.24 1.14 1.14 0.10 0.09 0.21 0.28
As 6 2 4 1 1 1 2
Se 24.78 21.21 34.48 61.33 20.76 29.86 27.20
Rb 0.65 1.07 428 2823 14.93 48.52 9.68
Sr 676 14 36 268 285 257 304
Y 6 12 3 34 37 37 27
Zr 157 51 50 186 182 208 204
Nb 24.35 8.75 11.16 18.66 17.71 19.04 11.74
Mo 2.01 321 5.99 0.27 0.04 0.48 0.32
Ag 0.90 0.64 0.90 0.88 1.11 1.16 0.72
Cd 1.74 1.59 1.65 2.20 1.63 1.67 1.68
In 0.05 0.04 0.04 0.10 0.08 0.11 0.09
Sn 7.63 5.15 1.17 425 2.81 2.51 2.02
Sb 2.64 1.3 0.77 0.93 0.30 0.73 1.82
Te 0.54 0.54 0.02 0.73 0.57 0.53 0.02
Cs 0.60 0.59 0.76 1.20 1.10 1.09 1.70
Ba 109 29 43 227 193 279 194
La 25.12 334 6.93 17.44 21.46 22.60 15.27
Ce 4531 6.30 13.37 37.62 45.78 4847 33.29
Pr 5.74 0.72 1.71 5.63 7.16 7.35 4.94
Nd 19.38 241 5.55 2332 29.92 30.65 2031

Sm 242 0.39 0.76 5.59 6.78 7.55 5.00
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