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EXTENDED ABSTRACT

Introduction

Neogene to Quaternary magmatism in NW of Iran
occurred as sub-volcanic and volcanic acidic domes
with an adakitic nature. Recent studies on Miocene
and post-Miocene magmatic rocks from different
parts of Iran have demonstrated that most of the
dacitic-rhyodacitic rocks have an adakitic nature
(Jahangiri, 2008; Jamshidi et al., 2015; Saadat,
2023). There are some small dacitic domes in the
west of Zanjan (from the Qaraie village in the south
to the Moghanlou village in the north) that have not
been reported in published maps and geological
reports. The Qaraie dacitic dome, the largest dome in
this area, was marked as Kahrizbeik granitic
intrusion in the Mahneshan 1:100000 geological map
(Lotfi, 2001). Considering the importance of the
Miocene-Pliocene sub-volcanic domes in the
evolution of Iran's tectonic-magmatic settings, and
their role in the formation of some Au-As
mineralizations (e.g., Arabshah, Zarshouran, and
Aghdareh in the Takab area; Najafzadeh et al., 2017),
studying the Qaraie sub-volcanic dome can provide
valuable information for this part of Iran.

Regional Geology

Based on Iranian tectono-stratigraphic zones, the
Qaraie area is located in the Urumieh-Dokhtar
magmatic belt within the Central Iran zone. This area
is a small part of the Mahneshan 1:100000 geological
map (Lotfi, 2001). Based on the prepared 1:25000
geological map for this study, the Qaraie area is
composed of Cretaceous sedimentary rocks along
with other rock units including the Lower Red
Formation, Qom Formation and Upper Red
Formation, and Pliocene conglomerate. Kahrizbeik
granitoid with Upper Proterozoic age (Lotfi, 2001) is
located in the central part of the area. The Qaraie sub-
volcanic dome is exposed in the north of the Qaraie
village. This sub-volcanic dome intruded into rock
units of the Lower Red Formation and Kahrizbeik
granitoid intrusion and revealed prismatic structure
in marginal parts. There are some outcrops of dacitic
sub-volcanic domes in the south of the Moghanlou
village intruding into the limestones of the Qom
Formation which had an important role in the
formation of the Moghanlou Sb deposit (Bavi et al.,
2023)

Materials and methods

This research includes field and laboratory studies.
During the fieldwork, different rock units were
identified and a geological map with a scale of
1:25,000 was prepared. In this base, 32 samples were
collected from the Qaraie dome. Among the
mentioned samples, 15 thin sections were examined
using a transmitted polarized light microscope in the
laboratory of the University of Zanjan. The chemical
composition of rock samples (n = 15) was analyzed
at the Zarazma Analytical Laboratories, Tehran, Iran
using XRF and ICP—MS methods.

Results

Considering petrographical studies, the Qaraie dome
compositionally includes dacite and rhyodacite.
These rocks have porphyry along with
glomeroporphyritic, vesicular, and flow textures.
Dacites consist of plagioclase, biotite, quartz, and
sometimes hornblende phenocrysts in the fine-
grained groundmass. Sanidine presents along with
the mentioned phenocrysts in rhyodacites.

Based on geochemical diagrams, Qaraie samples
were classified as dacite, rhyodacite, and
trachydacite. These rocks have a high-K calc-
alkaline to shoshonitic affinity. Based on primitive
mantle normalized spider diagrams, these rocks have
similar patterns. These diagrams indicate positive
anomalies of LILEs along with negative anomalies
of HFSEs. Chondrite-normalized REE patterns
demonstrate a steep slope pattern with LREE
enrichment and a high ratio of LREE/HREE, devoid
of specified positive and negative Eu anomaly
(Eu/Eu* between 0.94-1.07), (La/Yb)nand (La/Sm)n
ratio between 26.72-32.83 and 10.7-11.6,
respectively.

Dacite-rhyodacites of the Qaraie dome demonstrate
geochemical similarity with adakites and are platted
in adakite field on Y vs. Sr/Y, La/Yb vs. Sr/Y, and
SiO; vs. MgO diagrams. Based on Sr vs. CaO+Na.O
and Sr vs. Na;O+K;O diagrams, the Qaraie samples
are classified as high-silica adakites.

Discussion and conclusion

Geochemical data including LILEs and LREEs
enrichment and negative anomalies of HFSEs along
with strong positive Pb anomaly demonstrate
subduction-related magmatism for the Qaraie sub-
volcanic dome. Based on tectonic-magmatic setting
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discrimination diagrams (Th vs. Ta, Th/Hf vs. Ta/Hf,
Th/Ta vs. Yb, and Th/Yb vs. Ta/Yb diagrams),
formation of the Qaraie dome has been related to an
active continental margin tectonic setting. Based on
the (La/Yb)n vs. Yby diagram, the Qaraie adakitic
dome resulted from 25% partial melting of garnet-
amphibolite. Other diagrams such as SiO; vs. Ni
indicate that the source rocks for the Qaraie adakitic
dome resulted from a thick lower continental crust.
Considering the Th vs. Th/Ce diagram, the Qaraie

adakitic dome was formed in a post-collisional
setting.
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Fig. 6. Hand specimen and microscopic (crossed polarized light, XPL) photographs from dacites of the Qaraie dome. A:
Dacite in hand specimen with plagioclase and biotite phenocrysts, B: Plagioclase with sieve texture, C: Plagioclase with
zoning, D: Glomeroporphyritic texture in dacites, E: Biotite crystals in the fine-grained background, F: Phenocryst of
quartz with absorption rim, G: Rounded quartz phenocryst, H: Hornblende with opacitic rim along with biotite and
plagioclase, and I: Xenolith composed of quartz and alkali feldspar. Abbreviations after Whitney and Evans (2010) (Afs:
alkali feldspar, Bt: biotite, Hbl: hornblende, PI: plagioclase, Qz: quartz).
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Fig. 7. Hand specimen and microscopic (crossed polarized light, XPL) photographs from rhyodacites of the Qaraie dome.
A: Rhyodacite in hand specimen with plagioclase and biotite phenocrysts, B: Phenocrysts of plagioclase with
polysynthetic twinning, C: Glomeroporphyritic texture in rhyodacites, D: Biotite crystals with opacitic rim in the fine-
grained background, E: Orientation of biotite crystals in the fine-grained background, F: Fine-grained quartz crystals in
the background along with biotite and plagioclase phenocrysts, G: Rounded quartz crystal along with plagioclase
phenocryst, H: Sanidine phenocrysts with carlsbad twinning along with biotite phenocrysts, and I: Small hornblende

crystal along with biotite and plagioclase phenocrysts. Abbreviations after Whitney and Evans (2010) (Afs: alkali
feldspar, Bt: biotite, Hbl: hornblende, PI: plagioclase, Qz: quartz).
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Table 1. Chemical analyses for the Qaraie sub-volcanic dome samples. Major oxides in wt.% and other elements in ppm.
Dacite: Q-05, Q-06, Q-07 and Q-14, rhyodacite: Q-02, Q-10, Q-15, Q-16, Q-7 and Q-19

SN. 002 005 Q06 Q07 010 014 015 Q-16 Q17 Q-19
Rock  phd Da Da Da  Rhd Da Rhd Rhd Rhd  Rhd
Type

SiO2 67.13 66.86 66.78 6735 6741 6786 67.09 67.00 68.60 68.03
TiO2 0.34 0.34 0.33 0.31 0.32 0.33 0.35 0.35 0.33 0.36
Al2Os 15.62 15.61 15.58 1547 1570 1542 1567 1544 1544 15.17
FeO 2.70 2.81 2.55 2.54 2.64 2.67 2.77 2.98 2.62 2.92
MnO <0.05 <0.05 <0.05 <0.05 <0.05 <005 <005 <0.05 <0.05 <0.05
MgO 0.97 1.03 0.93 0.95 1.03 0.99 1.03 1.05 0.96 1.08
CaO 151 1.46 1.82 1.61 1.19 1.33 1.64 1.65 1.17 1.55
Na20 3.91 3.85 3.82 3.84 3.82 3.69 3.77 3.68 3.75 3.61

K20 5.48 5.55 5.54 5.53 5.62 5.13 5.17 4.95 5.09 4.98
P20s 0.09 0.09 0.07 0.08 0.08 0.16 0.11 0.10 0.09 0.10
LOI 2.05 2.20 2.22 2.10 1.96 2.08 2.10 2.49 1.74 2.01

Total 100.00 100.00  99.92 99.99 9997 99.90 99.92 99.89 100.00 100.00

Sc 1.8 1.9 2.0 2.0 1.6 1.9 2.0 2.0 2.0 2.0
\Y; 25 30 25 26 25 26 26 26 25 26
cr 6 5 4 4 3 4 3 4 6 6

Co 2.5 3.0 2.6 3.2 2.6 3.0 3.2 3.4 3.4 3.2
Ni 2 2 2 2 1 4 2 3 2 3

Cu 42 17 21 19 25 27 12 11 15 11
Zn 296 253 293 300 330 483 262 263 281 259
Pb 172 213 59 50 37 33 48 45 28 30
Sn 1.8 2.1 1.8 1.7 1.5 1.8 1.8 1.8 1.7 1.8
Cs 0.7 0.8 0.7 0.7 0.8 0.7 0.8 0.8 0.7 0.8
Rb 102 108 109 109 96 102 105 104 105 111
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Table 1 (Continued). Chemical analyses for the Qaraie sub-volcanic dome samples. Major oxides in wt.% and other
elements in ppm. Dacite: Q-05, Q-06, Q-07 and Q-14, rhyodacite: Q-02, Q-10, Q-15, Q-16, Q-7 and Q-19

SN. Q02 Q05 Q06 Q07 Q10 Q14 Q15 Q16 Q17 Q-19
$§;§ Rhd  Da Da Da Rhd Da Rhd Rhd Rhd  Rhd
Sr 1341 164 1445 1397 1304 1531 1516 1517 1278 1537
Ba 1353 1400 1945 1491 1245 1630 1516 1452 1429 1414
zr 246 258 257 265 221 234 262 252 262 263
Hf 615 635 641 623 555 572 631 632 610 6.7
Nb 486 598 625 540 564 635 566 545 57.2 433
Ta 213 276 292 281 268 297 282 277 272 307
Y 124 134 134 133 108 122 129 128 128 131
Th 2069 2213 2236 2256 2023 2135 2164 2146 2185 2105
u 46 54 50 50 42 44 50 51 50 53
La 54 59 57 60 51 58 59 59 59 60
Ce o4 102 9 102 9 97 102 101 103 103
Pr 756 818 794 813 708 767 810 800 798 801
Nd 237 249 245 250 223 237 250 252 243 250
sm 315 319 329 326 28 312 330 337 326 326
Eu 092 097 104 095 08 095 101 100 092 097
Gd 260 268 266 275 241 250 268 270 272 267
Tb 037 039 039 039 033 035 038 039 039 040
Dy 237 249 255 254 215 227 251 248 260 2.0
Er 141 154 152 153 137 14 15 151 154 154
Tm 022 024 023 023 019 020 025 023 023 024
Yb 13 15 14 14 12 12 14 14 14 15
Lu 027 030 029 028 024 025 028 029 027 030

Eu/Eu* 0.98 1.01 1.07 0.97 0.93 1.04 1.03 1.01 0.94 1.00
(La/Sm)n  10.70 11.55 10.82 1149 1113 1161 11.16 1093  11.30 11.49
(La/Yb)n  28.22 26.72 27.66 29.11 2887 3283 28.63 2863  28.63 27.17
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Fig. 8. Location of the Qaraei dome samples on: A: SiO, vs. Na;O+K,0 diagram (Middlemost, 1994), B: SiO; vs.
Na,O+K,0 diagram (Le Bas et al., 1986), and C: SiO- vs. Zr/TiO, diagram (Winchester and Floyd, 1977)
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Fig. 9. Location of the Qaraei dome samples on A: AFM diagram (Irvine and Baragar, 1971), B: SiO; vs. K0 diagram
(Peccerillo and Taylor, 1976), and C: Co vs. Th diagram (Hastie et al., 2007)
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Table 2. Comparison of the Qaraie dome samples with prominent features of the adakites (Defant and Drummond, 1990)

Standard Adakites Studied area Adakites
SiO; (%) 562 68.60>Si0,> 66.78
Al,03 (%) 152 15.62>Al,03> 15.17
MgO (%) 3< 1.08>MgO> 0.93
HREE/ADRs-Y, Yb Y and Yb <10 and 1.0 ppm Y <13.4and Yb < 1.5 ppm
Sr 300 ppm> 128-164 ppm
HFSE Low Low
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Fig. 11. Location of the Qaraei dome samples on A: Y vs. Sr/Y diagram (Defant and Drummond, 1990), B: Sr/Y vs.
La/Yb diagram (Kamber et al., 2002), and C: SiO vs. MgO diagram (Hastie et al., 2010)
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Fig. 12. Location of the Qaraei dome samples on the Martin et al. (2005) diagrams. A: Sr vs. CaO+NazO diagram, and

B: Srvs. Na,O+K0 diagram
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Table 3. Comparison of the Qaraie dome samples with different adakite types based on Martin et al. (2005)

Average of Qaraie samples LSA HSA
68.60 > Si0O;, > 66.78 % Si0,< 60 % SiO,;> 60 %
1.08 > MgO > 0.93 % MgO =4-9 % 4>MgO>05
5.45 > CaO+Nay0 > 4.92 % CaO+Na,0 > 10 % CaO+Na,0 <11 %

164 > Sr > 128 ppm, without positive  Sr > 1000 ppm, with high positive Sr

Sr anomaly anomaly
TiO2<0.36 % TiO2,>3%
Low MgO and without clinopyroxene High MgO and sometimes with
as phenocryst clinopyroxene as phenocryst

Sr < 1100 ppm, without positive Sr

anomaly or weak positive anomaly

TiO2<0.9%

Low MgO and without

clinopyroxene as phenocryst
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