3% L
i !\L ) Scientific Quarterly Journal of Geosciences, Vol. 35, Issue 1, Serial No. 135, Spring 2025, pp. 129-148
= &

www.gsjournal.ir

Original Research Paper

Geochemistry and tectono-magmatic setting of hypabyssal intrusive rocks in the
south of Mamouniyeh, Urumieh-Dokhtar magmatic arc, Iran

Mohammad Goudarzi', Hassan Zamanian*'2, and Urs Klotzli}

' Department of Geology, Faculty of Science, Lorestan University, Khorramabad, Iran

2School of Geology, College of Science, University of Tehran, Tehran, Iran

3 Department of Lithospheric Research, Faculty of Earth Sciences, Geography and Astronomy, University of Vienna, Vienna, Austria

ARTICLE INFO

Article history:

Received: 2024 March 12
Accepted: 2024 July 23
Available online: 2025 March 21

Keywords:
Geochemistry
Tectonic setting
Subduction
Monzonite
Diorite
Urumieh-Dokhtar

1. Introduction

ABSTRACT

The study area is located in the south of Mamouniyeh and middle part of the Urumieh-Dokhtar
magmatic Arc. The Oligo-Miocene intrusive rocks have combined domain of gabbro, gabbroic
diorite, diorite, monzonite, monzodiorite and quartz monzonite with calc-alkaline nature and they are
metalaluminous type, which microscopic evidence shows granular, heterogranular, hypidiomorphic,
intersertal and porphyry textures in them. A notable feature is the LILE enrichment in comparison
to HFSEs, a characteristic of calc-alkaline rocks from continental margin subduction zones. Positive
Pb anomaly indicates contamination of the magma by crustal material, while the scarcity of elements
such as Ti, Nb implies an altered lithospheric mantle source located above the subduction zone. The
Ba/Nb > 28 and Ba/Ta >450 indicate an active continental margin. A faint Eu anomaly, bending
chondrite-normalized REE pattern, and balanced La/YD ratios suggest a high-water content in the
source magma. It appears that the origin of the magma involves the partial melting of low-grade
spinel lherzolite mantle at a depth of 60-70 km. Geochemical analyses, align these granitoids with
the active continental margin, stemming from Neotethys oceanic crust subduction beneath the central
Iranian plate. This subduction facilitated mantle wedge metasomatism and partial melting through

fluids released from the subducting oceanic crust.

The study area is located in the Markazi province and south of and intrusive rocks which are suitable for mineralization. The
Mamouniyeh, which is a part of the Zaviyeh 1:100,000 geological various magmatic and tectonic activities, there is a significant effect
map and is positioned within the middle part of the Urumieh- on the geological evolution of this area. Our recent study (Goudarzi
Dokhtar magmatic arc and characterized by the presence of volcanic et al.,, 2025a) indicates a long-term tectonomagmatic evolution
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from intermediate to mafic magma, spanning approximately 60 to
3 million years in the central part of the Urumieh-Dokhtar Belt,
in the Saveh region. These findings highlight the complexities of
tectonomagmatic evolution in this area. Additionally, processes
such as fractional crystallization, crustal contamination, and
magma mixing may play critical roles in the genesis of these rocks.
Due to the lack of detailed studies on the hypabyssal intrusive rocks
in this area (Mamouniyeh), our research aims to establish a link
between the tectonic setting and the magmatic evolution of these
rocks. Our study presents new petrological and geochemical data
from this part of UDMA.

2. Research methodology

Sampling of surface volcanic units and drilled boreholes was
carried out simultaneously with the preparation of a 1:20000
geological map of the area. Forty samples of hypabyssal intrusive
rocks were collected based on lithological diversity and then
thin sections were prepared and after studying petrography, 13
samples with the least amount of alteration were analyzed by
ICP-MS and XRF methods and by combining the information
obtained from field observations, microscopic studies and
analysis of the main and rare elements using the GCDkit
software, petrogenesis and the formation of volcanic rocks of

the region have been investigated.

3. Results and discussions

3.1. Regional geology

The Urumieh-Dokhtar Magmatic Arc is characterized by a series of
volcanic and plutonic rocks that formed during the Late Cretaceous
to Early Miocene, approximately 95 to 20 million years ago and
extends for about 2,000 km. The magmatic rocks within the UDMA
show a variety of lithologies, including lavas, pyroclastic deposits,
and plutonic rocks such as granites and diorites. These rocks
originated from the subduction of the Arabian plate beneath the
Eurasian plate, resulting in mantle melting and magma formation.
In the middle part of UDMA, Eocene volcanic units have been
significantly disrupted due to the intrusion and displacement
caused by shear-compressional faulting. The granitoid intrusions
exposed in the northwest of Saveh show a variable composition
ranging from monzogabbro to granite. These masses include the
Salijard granodiorite group, Nashweh granodiorite, and Khalkhab
quartz monzodiorite. Based on Sr and Nd isotopic ratios, mantle
metasomatism has played a significant role in the origin of these

intrusive masses in the northwest of Saveh.

3.2. Petrography
According to petrographic studies, the rock types include monzonite,

monzodiorite, diorite and gabbroicdiorite. The main outcrop area

of the gabbro-gabbroicdiorite units is in the northeastern part of
the 1:20000 map of area which microscopic studies show granular,
hetero-granular, hyp-idiomorphic and granular and porphyritic
textures. Plagioclase, orthoclase, hornblende and clinopyroxene
in different sizes are the main constituents of the rock. Secondary
and alteration minerals include epidote, chlorite, actinolite, clay
mineral, apatite, zircon, carbonate, iron oxide and hydroxide.
The outcrops of monzonite, monzodiorite in the center, west and
northeast include parts of the main elevations of study area. In
microscopic studies the main textures are granular, porphyritic,
porphyritic microgranular. The main minerals observed include
plagioclase, K-feldspar, clinopyroxene, hornblende, quartz and
secondary minerals are apatite and small amounts of zircon, clay
minerals, chlorite, epidote, biotite, carbonate, iron oxides and

tourmaline.

4. Conclusion

The amount of SiO, varies from 51.1 to 60.1wt.% and the total
amount of AL,O, from 14.2 to 17.7wt.%. The total amount of alkali
elements in the samples varies from 4.7 to 6.67 wt.%. The magmatic
series of rocks is calc-alkaline series and they are mataluminous. The
geochemical data of REE suggest the effect of crystal segregation and
mixing during magma ascent. In spider diagram (Primitive Mantle-
normalized multi-element and Chondrite-normalized REE) samples
show enrichment in large ion lithophile elements (LILE), especially
Pb, U, Th and depleted of high field strange elements (HFSE), such
as Nb, Ti, P, YDb. The strongly positive Pb anomaly can be caused by
crustal involvement in magmatic processes. The Values > 28 in the
Ba/Nb and > 450 in the Ba/Ta ratio for these rocks indicate an active
continental margin setting. A weak Eu anomaly and a listric-shaped
in chondrite-normalized REE pattern, along with moderate La/Yb
ratios in the host suites, suggest a high-water content in the source
magma. This likely led to early hornblende fractionation and the
preferential depletion of MREEs, HREEs, and Y from the magma.
The strongly positive Pb anomaly is indicative of the contamination
of mantle-derived magma with crustal materials. The intrusive
rocks in the south of Mamouniyeh originated from a garnet-poor
mantle. The key role of the partial melting process in the origin of
this intrusive bodies was known based on the ratios between La
and La/Sm. The identification of the tectonic location using the
ratio of minor elements indicates that the volcanic arc granitoids
in the range of the active continental margin. The enrichment of
Ce/Sm (average 1.8) is much higher than that of Sm/Yb (average
1.5), which occurs when garnet is not present at the origin,
meaning that Ce has entered the mineral phase, as shown in the
Sm/Yb vs. Ce/Sm plot. The available geochemical data shows the
contamination with crustal materials and mixing during the ascent

of parent magma and role of fluids released from the subducting
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plate in the composition of the magma. As well as, during the ascent
and presence of magma within the crust of subduction zone, it often
becomes mixed with injections of fresh magma from the mantle.
This process hinders its evolution through partial crystallization and
preserves significant amounts of compatible elements, including

copper. These elements are conducive to the formation of mineral

131

deposits in this region. Subduction process, which was accompanied
by the release of water and volatile materials from the subducting
spheroid, caused the metasomatism of the mantle wedge and its
partial melting by the fluids released from the subducting oceanic
spheroid. This pattern is consistent with the results presented in the
entire of UDMA.
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Figure 2- A) A general view of the plutonic outcrops (view to the southwest). B) A close view of gabbro unit. C) Coarse crystal of clinopyroxene
and plagioclase with polysynthetic twining and chloritized ferromagnesian minerals. D) Sericitization of plagioclase crystals along polysynthetic
twining and fracture filling with carbonate in gabbrodiorite. E) Altered hornblende microcrystals that caused the creation of fine and needle
shaped actinolites and plagioclase with anti-apakivi texture. F) Tabular and radial amphibole microcrystal with microcrystalline quartz.
G) Argillized alkali feldspar microcrystals and plagioclase crystals with epidote alteration. Mineral abbreviations (Kretz, 1983): P1: plagioclase,

Ep: epidote, Am: amphibole, Cb: carbonate, Ser: sericite, Cpx: clinopyroxene, Fsp: feldspar, Chl: chlorite, Op: opaq minerals, Act: actinolite.
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[ Gabbro - Gabbro Diorite |

Monzonite - Monzodiorite
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Figure 3- A) A general view of monzonite-monzodiorite rock units (view to the northwest). B) A close view of monzonite. C) Coarse plagioclase
crystals with inclusions of small clinopyroxene crystals where some minerals have been replaced by carbonate and chlorite (in XPL).
D) Fine-grained groundmass containing plagioclase microlites and microcrystals and sericitized plagioclase that replace by K-feldspar in
the rim with hypocrystalline texture (in XPL). E) Aphitic texture and carbonate alteration with zircon inclusions in monzodiorite (in XPL).
F) Tourmalinization in quartz monzonite under the influence of boron containing fluids. Mineral abbreviations; (Kretz, 1983): PI: plagioclase,

Cpx: clinopyroxene, Ca: calcite, Cb: carbonate, Qtz: quartz, Tur: tourmaline, Ser: sericite, Zr: zircon, Op: opaque minerals.
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Table 1. The results of Whole rock geochemical composition of the plutonic rocks from south of Mamouniyeh (major elements

in wt. %, trace and rare earth elements in ppm).

Sample MN MN MN MN MN MN MN MN MN MN MN MN MN
No G-3 G-4 G-8 G-10 G-11 G-15 G-16 G-18 G-24 G-25 G-29 G-30 G-35
Sio, 56.5 583 53.1 522 60.1 56.4 52.7 539 56.2 56.9 58.6 511 583
ALO, 16.4 153 16.4 17.5 14.2 14.8 17.1 15.1 16.1 14.9 15.1 17.7 14.3
CaO 5.38 3.61 7.6 6.3 5.2 6.83 6.81 6.97 6.11 4.64 43 7.7 5.1
Fe,0, 9.9 9.5 9.8 10.1 9.2 10.2 10.4 10.2 9.1 10.4 8.3 10.7 9.1
K,0 0.67 0.8 0.46 0.5 0.67 0.74 0.69 0.5 0.6 0.65 0.3 0.6 0.8
MgO 2.63 3.1 2.63 32 2.95 3.28 3.8 3.1 3.1 2.6 3.1 33 3
MnO 0.18 0.21 0.24 0.19 0.26 0.21 0.3 0.27 0.1 0.16 0.23 0.34 0.3
Na,O 5.17 5.87 5.64 5.1 4.88 4.94 5.1 4.88 6.18 6.32 5.43 4.1 5.87
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Continued from Table 1. The results of Whole rock geochemical composition of the plutonic rocks from south of Mamouniyeh

(major elements in wt. %, trace and rare earth elements in ppm).

Sample MN MN MN MN MN MN MN MN MN MN MN MN MN
No G-3 G-4 G-8 G-10 G-11 G-15 G-16 G-18 G-24 G-25 G-29 G-30 G-35
PO, 0.19 0.18 0.24 0.77 0.3 0.45 0.3 0.6 0.3 0.2 0.5 0.3 0.36
TiO, 0.59 0.91 0.74 1.1 0.8 0.94 0.95 0.9 0.94 0.89 0.96 1.2 0.9
LOI 2.14 1.96 2.57 2.44 1 1.1 1.7 3.4 1.23 1.98 2.63 2.53 1.7
Total 99.8 99.7 99.4 99.4 99.6 99.9 99.9 99.7 100 99.6 99.5 99.6 99.7
As 15.7 10.1 7.1 11.7 9.1 11.8 4.2 11.4 13.2 13.5 10.4 6.1 11.7
Ba 482 364 412 382 285 311 324 475 321 394 436 483 384
Be 1.2 1.3 1.1 1.7 1.3 1.3 0.9 1.3 1.2 1 1.4 1.1 1.2
Ce 27.9 29.3 283 38.4 39.5 41.2 315 434 22.5 273 40 26.8 38.1
Co 12.7 9.2 243 16.9 16.5 12.8 254 24.1 15.2 13.5 16.3 20.3 14.7
Cr 39 25 19 58 29 14 34 18 42.0 39.0 45.0 36.0 26.0
Cs 1.03 0.7 1.2 1.4 1.4 1.3 1.4 1.7 1 1.2 1.3 1.4 1.1
Dy 6.1 5.6 6.5 4.9 5.8 4.8 4.4 6.6 6.1 5.8 5.5 5.1 6.1
Er 32 2.7 2.7 32 2.4 3.1 29 32 2.6 2.7 2.9 2.5 3.1
Eu 0.84 0.92 0.91 1.23 1.03 1.14 0.98 1.12 1.26 1.06 1.13 1.4 1.04
Gd 4.8 5.1 43 45 4.44 5.1 39 4.4 52 4.1 4.9 5 53
Hf 24 22 3.1 2.5 2.8 3.1 35 5.1 3.8 4.6 2.4 3.4 4.1
La 14 17 13 27 18 26 13 19 15 18 24 14 18
Lu 0.41 0.47 0.36 0.39 0.41 0.43 0.37 0.45 0.41 0.31 0.3 0.4 0.39
Nb 13.2 10.2 14.1 13.2 10.1 11.8 10.6 17.3 11.8 9.2 11.6 17.2 13.5
Nd 14.2 14.9 13.8 21.4 17.2 22.3 13.5 19.8 16.2 17.3 20.6 19.8 21.1
Ni 11 3 3.1 2 7 10 13 11 8 6 7 9 12
P 621 713 654 1297 856 1209 697 1163 793 811 1032 752 1120
Pb 153 8.8 16.4 12.8 16.3 10.2 8.6 11.6 13.5 12.3 16.2 9.8 6.6
Pr 3.59 3.25 2.86 6.1 49 6.72 4.22 4.89 3.1 34 59 5 4.2
Rb 17.9 15.3 13.5 234 26.8 12.4 13.7 17.8 19.6 18.3 24.8 10.5 9.4
S 123 45 64 745 128 73 63 56 183 189 310 62 53
Sc 19.4 10.1 294 30.1 18.5 28.8 293 31.3 26.1 21.9 22.7 264 238
Sm 3.7 33 32 4.8 5.1 5.1 4.7 43 34 3.1 4.6 33 4.9
Sn 0.7 0.8 1.1 0.9 13 1.1 0.9 0.8 0.9 1.2 0.8 1.2 1.2
Sr 196 157 210 216 142 194 223 179 212 170 154 206 184
Ta 1.01 0.8 0.8 0.82 0.55 0.64 0.65 1.03 0.71 0.86 0.94 1 0.8
Tb 1.1 0.9 1 0.9 0.67 0.9 0.8 0.9 0.7 0.7 0.8 0.8 0.7
Th 8.1 9.4 10.3 9.6 10.1 8.8 9 8.6 9.2 9.5 10.4 8.1 9.2
Tm 0.38 0.36 0.47 0.41 0.51 0.39 0.41 0.48 0.44 0.39 0.38 0.34 0.41
U 1.7 1.5 1.4 1.8 1.9 1.8 2 1.9 1.6 1.7 1.6 22 1.9
\4 143 79 198 173 136 311 289 293 158 172 186 273 231
Y 20.3 22.7 19.2 29.2 27.1 20.4 19.4 21.7 234 25.1 234 22.1 29.7
Yb 3.1 2.74 2.13 2.72 2.85 332 2.87 2.81 2.6 2.16 2.72 1.95 3.1
Zn 21.1 10.9 68.9 69 84.6 73 74 64.2 41.1 49.2 56.4 65.2 75.4
Zr 192 174 203 217 194 227 174 196 182 215 219 232 187
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Figure 4. Chemical classification and determining the nature for intrusive rocks in south of Mamuniyeh. A)

Geochemical classification of studied rocks in the multi cationic R1-R2 diagram (De La Roche et al., 1980);
B) SiO, vs. Na,O+K,O (Middlemost, 1994); C) Zr vs. Y plot (after Ross and Bedard, 2009); D) Plot of
A/NK [molar ratio Al,O,/(Na,O + K,0)] vs. A/CNK [molar ratio Al,0,/(CaO + Na,O + K,0)] for studied

rocks (from Shand, 1943).

g5 31 GV S s g b S, bl cdzaa 5T L 5 LS
Wsd sl osh Gl L Gl B (@Yl ey L LSl YT
el u32a 7 /Y G OV/Y 31SI0, jltie anlllas 55 50 (slad gas 5> (Wilson, 2007)
ALO (8 JS8) Llodd o 5 ool i 4 s &8 S ls slalosai 3
s Shl Bl 4 S Js5 L5, PO, (6354 b 5 CaOc Fe,0,¢ TiO, MgO

yoLs Ol gk iy 2 — Y-
ook ez SISl Jpp s fae ladulp S Caale 4 03500 e
eS| S A ST Dl s slasla g S OIS e oA
e, N sba 58 esleal (Harker, 1909) Sl aie— e b
Lokl ¢ b akd JES G s e b Cte et LUl shyls

YA



TEA=1P9:(1) PO <1 Fol o pgle/gl a9 (5388 2a20/.... ) jouas (53985 (5395 laSlo—iSluwgpso j 084> 9 ouwings § w2

O il 31 Ligy eolie ol sy ol 519 ST sad iy 5o 85 J5 lisd oo yslie Aas e Ol il 3l e 5 KLO5Na,0 slis (0 JS) s e 0Lis SIO,
SaeSn Gl s o ks 313 1 B KI5 gm enl o 0553 ms oo MgO¢ Fe,05¢ pslie Si0, sldie il b JISIT SIS (glade sama 53
dol e 53 SKnly, Lo S5 b byl s Wilg o KO (FuST, dsl aibe Al o Sl I KO o3> b 5 Na,O slis 5 ialS MgO 5 CaOc TiO,
Wl LSl oY o 15 glulid 55 .8l (04d 2§15 5 o ) (Sl sk Kb Wl e PO, 5 Fe,0, MgO 2al5 Wy, (Feely et al., 2002)
g oalil 36 S0 Slaslasel S BB 5 sk Sl (s sl Ll 2 Ca0 [l 55 2alS Ly A3k sk 38 S6 5 G p S
S b Ly sen (i e il (G-0 JSK2) St 4l 55 SI0, Llasei )3 opl il ST 4 ) 9T 51 IS 550 i b WSS 5550 ks 51 L
4 0l S8 3 50350 55 S gdS IV STl ld (oS LS e plicl oSl G5 Lo $SdS sl iS5 50 ol eias Ol (i
SiO, pslie il L Obejen v.:.“;l):...:‘ Slae G 9 5 i b s e OT O e 5355 3505 Llg o 5o JpmteT 5 S 5 0 5lS Hltlo )5 uioan
(G-0 &) (Wilson, 2007) das e Ol ialS Sladlas adlets e s 3345 Hbilan S sam 51y gy ol S ) b g 5k adsl e s
Kl o das o 0l salS L5, MgO uslie S2l3 L St ldie (pioman r,rop}fdu@Ky6,«..5,,";@,1154,1,4&”&&,{»,;?‘&@
Sy st 14l SI0, il L Eu slie (I-0 JSK8) Gl IS 5 50 il 0 5,28 31Ca0 Oljs 5555 oa 0lbd Cuy 3 fse 4 bg e Gladged & o
e B OIS O il das e DL ST 55 on (SRS e 5 (SRl SK,0 5Na0 ol b5, (D=0 JS&) b oo 2ol Coppag 5 g0 e
3 el el B ey e DU e (H-0 JS8) 505 LS Lo iy s oG Cal Sl b S G pde Sy cdzen LG obe 55
el NS 50 Kk il s S Eu LSL 51«8 0T b clawlds LSl 31 208 o gaies 035 W5 4 Slwatls
ey e ‘o - .
g0 et g- g% IS g AN
. . S . s e g N
w ‘. m L] ° e, om a3 N . o, \\\ = =
N Tl o “ L. 24 e 41\ [ \‘\\ _1 " “w
0 Sowmd 0t T~ Somiy & " e @ ;§ioz(m7%> “m e e ;5Si°2 (“ZL?%) “
“TE . “TF . o T
. ’ ’ . g ~ H .
: . K L] . . LS u _ . ---.‘ L] z . )
8 . sl & s o ek
H ne = X : & u .
-« P . . . ] .o g 2 . .
o . 8 2 o "
s P P TR R P T Gomd ¢ "
§ 8 = T §—~
I D (K " . oo
s ° . . g,o . .
= o s 8 .
g g " z° . = L] =5
© L o £ "
s ¥ . g a pi‘-.._ugg?s.ﬁ.!hl) ° 1 § | - [ .
B = s - > - . 8 .
E o T o A SR S
27 “le . :
3, &°
* La (ppm) o ” SSSio, (w:?%) "

SI0, (C MgO 1, ,3Si0, (B Fe,0, 1, ;5 SiO, (A ailiin 5358 SacSin K55, o 5y 235 sl o 0SS
Bu 4l 55 SI0, (H St 1, 53 Si0, (G KO i, 55 S0, (F Na,0 i, ;5 SiO, (B «CaO L, ,38i0, (D P,0, 1, ,»
553 S0, (N 5 La/Yb i, ;5 La (M Ti/Yb i, 55 Th (L «Th i, ;> Th/Ti (K Rb/St i, 55 St (J St 0, 53 MgO (I
5 gzl (Wilson, 2007) & sub s (Davidson et al., 2007) 01,SKar 5 0w 53 bl olis [l 5 585 gladis, Dy/Yb
F P role 5 (W) (G55 o3 o p ST aes lie (Klimm et al., 2008) 01K 5 oIS” 5 (Stepanov et al., 2014) of,Kes

el (PPM) 5 3 p 8 e

Figure 5. Diagrams for petrogenetic interpretation of Mamuniyeh intrusive rocks. A) SiO, vs Fe,O,; B) SiO,
vs MgO; C) SiO, vs P,0,; D) SiO, vs CaO; E) SiO, vs Na,O; F) SiO, vs K,0; G) SiO, vs Sr; H) SiO, vs Eu;
1) MgO vs Sr; J) St vs Rb/Sr; K) Th vs Th/Ti; L) Th vs Ti/Yb; M) La vs La/Yb; N) SiO, vs Dy/Yb. Fractionation

trends are from Davidson et al. (2007), Wilson (2007), Klimm et al. (2008) and Stepanov et al. (2014).
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Figure 6- A) Primitive mantle-normalized trace-element
spider diagram for intrusive rocks of Mamuniyeh
samples. Normalizing values are from Sun and
McDonough (1989). B) Chondrite-normalized REE

patterns of the Mamuniyeh samples, with chondrite

values are from Boynton (1984).
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