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Article History Introduction

Received: 02 February 2021 Considering the wide extent of the Urumieh-Dokhtar magmatic arc and
Revised: 14 June 2021 the presence of many intrusive and volcanic rocks in this belt, an
Accepted: 26 June 2021 important question from scientific and exploration points of view is

“Why are some plutons productive whereas others are sub-productive
and/or barren?” Barren and productive magmatic systems related to
calc-alkaline arc magmatism are identified as normal or non-adakitic
(low Sr/Y<20) and adakitic (high Sr/Y>20) magmas, respectively.
Barren magmas are non-mineralized and have a low Sr/Y ratio, while
high Sr/Y magmas are responsible for Cu-mineralization and are known
as productive magmas that occur in all major orogenic belts worldwide
(Cooke et al., 2005). Understanding their origin and petrogenesis is of
critical importance to decipher their long-term growth and stabilization
of the continental crust, and formation of economically valuable ore
deposits (Monecke et al., 2018). Barren granitoid magmas typically
form in pre-collisional subduction zone environments (Shahabpour,
1992), which is confirmed by the results obtained in this study.
Magmatism in this region began in the Early Eocene and continued until
the Pliocene. The volcanic and intrusive barren-type rocks (Eocene) that
formed in a subduction-related tectonic setting are characterized by calc-
alkaline and tholeiitic geochemical signature (Shahabpour, 2005). The
*Corresponding author northwest of Saveh magmatic complex is situated at the central part of
the Urumieh-Dokhtar magmatic belt. The volcanic rocks of northwest
of Saveh are crosscut by Late Eocene-Early Oligocene granitoids that
are exposed over an area of about 100 km?,
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Geochemistry of northwestern Saveh magmatic complex (Markazi province)

Materials and methods

Approximately 70 samples were intrusively
collected from Mount Shahpasand and Neivesht
volcanic rocks. Subsequently, 9 granitoid rocks and
7 volcanic rocks that showed the least amount of
alteration were selected for whole-rock geochemical
analysis. The main elements analysis was performed
by X-ray fluorescence method using Optima 100V
device and the analysis of rare earth elements was
performed using Inductively Coupled Plasma Mass
Spectrometry method and with ICP NeXION 300
device in the Lab West Laboratory of Australia.

Results

The northwest of the Saveh magmatic complex is
situated at the central part of the Urumieh-Dokhtar
magmatic belt. The volcanic rocks of this area are
crosscut by the Late Eocene-Oligocene granitoids.
Whole-rock geochemistry shows that the studied
igneous rocks with low to medium potassium calc-
alkaline geochemical signatures have strong
depletion in Nb and Ti and enrichment in LREE and
LILE, which imply formation during normal arc
magmatism. Sr/La and La/Yb trace element ratios
show that all samples have evidence for slab fluid
metasomatism and a mantle source affected by
metasomatism. La/Nb and La/Ba ratios also confirms
a subduction-modified lithosphere mantle source for
the magmatic rocks in the northwest of Saveh.
Geochemical evidence shows that these rocks are
barren-type igneous rocks that have the same origin
and differential crystallization is the dominant
process in their petrogenesis. Barren magmatism in
the northwest of Saveh is likely a result of partial
melting of juvenile lower crust caused by subduction
of the Neo-Tethys oceanic lithosphere, whereas
productive adakitic rocks within the Urumieh-
Dokhtar magmatic belt have formed by partial
melting of thickened lower crust.

Discussion

Granitoids have gabbrodiortite-diorite, Quartz
monzonite, granodiorite and granite composition,
while volcanic rocks are petrologically classified as
basaltic andesite, andesite and dacite-trachydacite.
Geochemical studies of whole rocks indicate that
they have strong depletions in HFSE (Nb, Ti, Zr) and
enrichments in light rare earth elements and large ion
lithophile elements compared to N-MORB.
Geochemical signature of the igneous rocks in
northwest of Saveh (low Sr/Y ratio of almost <30)
and their negative Eu anomalies (Eu/Eu* = 0.62—
1.05) suggest generation in a subduction zone and
pre-collisional setting. However, productive rocks
elsewhere within the Urumieh-Dokhtar magmatic
belt exhibit adakite-like calc-alkaline magmatic
characteristics (high Sr and Sr/Y, but low Y).
Signature of this magmatic complex is consistent
with other barren-type magmas through the
Urumieh-Dokhtar magmatic belt. The low ratios of
(La/Sm)n and (Dy/Yb)n (0.50-1.18 and 0.91-1.35,
respectively) are similar to those from barren-type of
granitoids. Examination of the studied samples on a
Y versus MnO diagram (Baldwin and Pearce, 1982)
shows that the samples have characteristics of
barren-type igneous rocks. Haschke and Pearce
(2006) suggested that a high Y content in barren
magmas may record the participation of anhydrous
phases during the early stages of magma genesis and
so account for lack of associated mineralization.
However, it may be possible that partial melting of
the source is superficial, in agreement with a
moderate pre-collisional crustal thickness of 3545
km. Low Sr/Y (< 30) ratios measured in the Eocene—
Oligocene northwest of Saveh igneous rocks suggest
generation via island-arc magmatism, while a Sr/Y
ratio of > 56 for productive rocks implies garnet,
hornblende, and clinopyroxene minerals in the
source, leading to enrichment of LREE/HREE
(Castillo, 2012).
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Fig. 4. Microscopic images from volcanic and granitoid rocks of NW Saveh. A: Granular texture and presence of apatite
mineral in plagioclase as a inclusion in granite sample ( XPL light), B: Inclusions of plagioclase in amphibole crystals in
granodiorite sample as a poikilitic texture (XPL light), C: Presence of pyroxene, biotite and amphibole in diorite sample
(XPL light), D: Existence of two generations of plagioclase in granodiorite sample (XPL light), E: Amphibole phenocrysts
with twinning in a glassy background in the andesitic sample (XPL light), F: Presence of needle apatite mineral in the
plagioclase crystals in basaltic andesite sample (PPL light), and G: Euhedral to subhedral plagioclase in the dacite sample
(XPL light). Abbreviations after Whitney and Evans (2010) (PI: Plagioclase, Amp: Amphibole, Kfs: K-feldspar, Bt:
Biotite, Ap: Apatite, Px: Pyroxene, Opg: Opaque).
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Table 1. Chemical analyses of plutonic rocks of the NW Saveh (north of Shahpasand mountain), Major elements (by

XRF, wt.%) and trace element (by ICP-MS, ppm)

Samples Kh4 Kh5 Kh10 Kh32 Kh33 Kh62 Kh8 Khé8 Kh71
Rock Granodiorite Diorite Qtz Gabbrodiorite ~ Granit
Major element (wt.%0)
SiOz2 64.14 62.79 66.65 5587 5549 60.59 52.28 53.93 73.45
TiO2 0.64 069 089 075 0.70 0.70 0.81 1.15 0.39
Al203 1540 1597 18.66 1754 1752 15.68 18.08 16.50 14.08
FeOt 4.65 4,74 0.57 6.52 5.92 421 7.7 7.46 0.76
MnO 0.15 0.15 0.03 0.22 0.14 0.19 0.24 0.25 0.04
MgO 2.24 2.26 0.60 3.80 3.77 3.71 4.65 3.54 0.69
CaO 4.67 4.95 4.42 7.16 7.26 2.73 8.49 8.26 2.07
Naz20 3.30 3.37 6.21 3.14 4.49 2.20 3.35 3.59 6.34
K20 2.07 2.13 0.68 141 1.01 6.65 1.06 0.99 0.59
P20s 0.16 0.19 0.02 0.17 0.17 0.21 0.14 0.13 0.06
LOI 2.43 2.26 1.27 2.31 2.08 1.89 1.99 2.88 1.47
Total 99.85 99.50 100.0 98.89 9855 98.76 98.26 98.68 99.94
K20/Naz 0.63 0.63 0.11 0.45 0.22 3.02 0.32 0.28 0.09
A/NK 6.74 6.87 3.68 7.00 491 13.78 6.46 5.59 2.81
AICNK 0.73 073 059 070 058 1.17 0.64 0.57 0.50
Trace element (ppm)
Ba 100.00 3210. 6150 276.0 103.0 534.00 12500 175.00 398.00
Rb 1830 181.0 7430 28.80 19.60 58.30 1500 17.30  32.20
Sr 217.00 112.0 388.0 401.0 380.0 264.00 255.00 374.00 401.00
Y 1090 16.70 23.20 16.00 28.30 26.20 43.00 9.00 14.80
Cs 0.30 180 340 200 1.40 1.30 0.30 0.30 1.50
Ta 0.17 075 047 018 047 0.50 0.55 0.22 0.26
Hf 0.97 2.73 0.29 0.38 0.85 3.57 0.46 0.28 0.27
Pb 940 1470 12.00 1270 230  8.70 2.00 7.30 7.60
U 016 164 128 045 086 1.17 0.99 0.74 0.98
Th 037 586 567 130 453 4.04 7.43 1.12 2.47
Zr 23.00 107.0 5.00 8.00 17.00 132.00 8.00 6.00 6.00
Nb 3.50 1340 8.10 4.00 6.70 9.10 9.00 4.20 4.80
Ni 18.00 45.00 16.00 57.00 15.00 10.00 14.00 14.00 10.00
Cr 51 87 71 76 104 50 124 75 85
La 340 18.30 18.90 10.80 15.60 19.00 20.60 6.26 10.00
Ce 9.29 38.60 36.30 20.60 43.70 37.90 45.60 15.80 20.20
Pr 1.15 4.40 4.40 2.67 6.01 4.84 5.83 1.74 2.54
Nd 5.58 17.10 18.10 11.60 24.00 20.50 24.80 7.39 10.80
Sm 1.58 3.64 4.23 3.02 5.55 4.97 6.38 1.77 2.68
Eu 0.47 1.10 1.07 0.94 1.57 1.28 1.23 0.51 0.77
Gd 1.47 3.86 4.01 2.80 4.51 4.58 5.76 1.54 2.47
Tb 0.34 0.53 0.72 0.57 0.93 0.88 1.26 0.30 0.46
Dy 211 3.15 4.33 3.47 5.74 5.38 7.81 1.81 2.81
Ho 0.46 065 091 073 119 1.11 1.67 0.38 0.58
Er 1.31 187 266 218 356 3.23 4.96 1.07 1.67

Note: Qtz mz: Quartz monzonite
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Table 1 (Continued). Chemical analyses of plutonic rocks of the NW Saveh (north of Shahpasand mountain), Major
elements (by XRF, wt.%) and trace element (by ICP-MS, ppm)

Samples Kh4 Kh5 Kh10 Kh32 Kh33 Kh62 Kh8 Kh68 Kh71

Rock Granodiorite Diorite Qtz mz Gabbrodiorite Granite
Trace element (ppm)

Tm 0.19 027 039 032 052 0.46 0.71 0.15 0.24

Yb 1.10 176 249 195 312 2.86 4.44 0.90 1.49

Lu 0.15 024 036 029 043 0.42 0.61 0.13 0.22
Eu/Eu* 0.95 090 080 099 0.96 0.82 0.62 0.95 0.92
(La/Yb)n 2.07 695 508 370 334 4.44 3.10 4.65 4.49

SrlY 19.91 6.71 16.72 25.06 13.43 10.08 5.93 41.56 27.09
(La/Sm)n 0.50 118 1.05 084 0.66 0.89 0.76 0.83 0.87
(Ce/Yb)n 2.15 558 371 269 356 3.37 2.61 4.46 3.45
(Dy/Yb)n 1.23 1.15 1.12 1.14 1.18 1.21 1.13 1.29 1.21

Note: Qtz mz: Quartz monzonite

J...a\;;) (wt.% e XRF -d:..»:) 4;) dLa\j..pL& ‘5\.&.\:_.5\ u(g'_..&}:;) o)Lw ufdb..& U.:L.Z..Q..ZJT 5&&# g_g,’,l':“',‘."; @ @b Yy Jj»

Table 2. Chemical analyses of volcanic rocks of the NW Saveh (Neivesht), Major elements (by XRF, wt.%) and trace
element (by ICP-MS, ppm)

Samples N31 N67 N78 N77 N76 N14 N98
Rock Basaltic andesite Andesite Dacite Rhyolite
Major element (wt.%0)
SiO2 51.94 54.27 56.26 57.83 65.93 67.61 70.44
TiO: 0.79 1.16 0.77 0.86 0.64 0.94 0.4
Al203 19.29 19.16 18.21 16.88 15.28 18.71 13.25
FeOt 6.89 8.04 6.44 6.36 3.17 0.46 0.91
MnO 0.2 0.28 0.22 0.08 0.23 0.02 0.06
MgO 4.56 3.53 3.02 2.78 1.32 0.35 0.17
CaO 7.54 6.86 7.15 6.93 2.7 3.56 3.12
Naz20 441 4.23 3.62 3.84 4.97 6.48 5.54
K20 1.25 0.99 1.01 0.69 2.43 0.7 2.76
P20s 0.12 0.12 0.31 0.23 0.17 0.02 0.08
LOI 1.27 0.88 1.2 1.76 1.72 0.94 2.82
Total 98.26 99.52 98.21 98.24 98.56 99.79 99.55
K20/Na20 0.28 0.23 0.28 0.18 0.49 0.11 0.50
AINK 5.62 4.82 6.04 5.09 5.50 3.59 5.15
A/CNK 0.63 0.57 0.68 0.62 0.64 0.60 0.49
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Table 2 (Continued). Chemical analyses of volcanic rocks of the NW Saveh (Neivesht), Major elements (by XRF, wt.%)
and trace element (by ICP-MS, ppm)

Samples N31 N67 N78 N77 N76 N14 N98
Rock Basaltic andesite Andesite Dacite Rhyolite

Trace element (ppm)

Ba 158 159 219 123 763 542 97.1
Rb 28.8 16.9 15.1 143 465 199 57.8
Sr 305 218 271 352 255 821 422
Y 133 13.1 14.4 17.3 252 239 27.4
Cs 1.6 0.2 05 1 0.2 1.2 0.2
Ta 0.1 0.17 0.25 0.3 043 033 0.47
Hf 0.75 1.04 0.49 1.57 249 273 0.82
Pb 4.2 16 4.8 55 6.3 11 2.2
U 0.08 0.23 0.33 0.52 066  0.86 1.04
Th 0.24 0.4 1.4 1.72 283 352 4.27
Zr 17 29 10 53 72 106 17
Nb 2.4 35 4.4 5.7 7.6 5.9 6.9
Ni 24 16 15 15 12 12 13
Cr 28 15 13 13 16 18 14
La 5 3.62 9.27 5.78 237 137 14.2
Ce 12 10.1 20.2 14.1 504 258 39.5
Pr 1.47 1.28 2.48 1.73 634  3.06 5.61
Nd 6.84 6.2 11.1 8.11 263 125 23.3
Sm 1.93 1.91 2.7 2.54 6.05 2.9 5.4
Eu 0.59 0.62 0.86 0.81 1.57 0.8 1.44
Gd 1.84 1.79 2.37 2.45 543  2.89 4.34
Tb 0.4 0.43 0.45 0.59 0.93 0.9 0.58
Dy 2.49 2.7 2.74 3.7 545  3.79 5.45
Ho 0.52 0.58 0.58 0.78 1.07 115 0.86
Er 1.52 1.66 1.69 2.24 294 267 3.37
Tm 0.21 0.23 0.25 0.3 041 048 0.41
Yb 1.29 1.38 1.49 1.81 258  2.66 2.83
Lu 0.17 0.19 0.22 0.23 036  0.39 0.38
Eu/Eu* 0.96 1.03 1.05 1.00 084 085 0.91
(La/Yb)y 259 1.75 4.16 2.14 6.14  3.44 3.36
SriY 2293 1664 1882 2035 1012  3.44 15.40
(La/Sm)n 061 0.44 0.80 0.53 092 111 0.62
(CelYb)y  2.37 1.86 3.45 1.98 497 247 3.55
(Dy/Ybn 124 1.25 1.18 131 135 091 1.24
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Fig. 5. Discrimination diagrams for the NW Saveh magmatic rocks. A: An-Ab-Or (O’Connor, 1965), B: Na,O + K,O
versus SiO; (Middlemost, 1994) for volcanics and granitoids, C: Zr/TiO; versus SiO, (Winchester and Floyd, 1977) for
volcanic rocks, and D: K,O versus SiO, diagram with field boundaries between Low-K medium-K, high-K and

shoshonitic series according to Peccerillo and Taylor (1975)
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Fig. 6. A: Chondrite-normalized rare earth element (Nakamura, 1974) and B: NMORB-normalized trace element patterns
(Sun and McDonough, 1989) for the northwest of Saveh magmatic rocks
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Fig. 7. Geochemical identification plots of the barren to productive in the northwest of Saveh magmatic rocks A: Rb
diagram versus Y + Nb (Pearce et al., 1984), B: R1 [4Si - 11(Na + K) - 2(Fe + Ti)] versus R2 [5Ca + 2 Mg + Al] diagram
(De la Roche et al., 1980), C: Plots of MnO versus Y (Baldwin and Pearce, 1982), D: La/Yb versus SiO; (Richards et al.,
2012), and E: Sr/Y versus Y diagram (Defant and Drummond, 1990). Geochemical plots illustrating differences between
the productive porphyries and barren igneous rocks.
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