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Lalehzar igneous rocks are located in the southeast of Iran, the SE of
Saveh-Naein-Jiroft magmatic belt. In this study, zircon U-Pb dating, and
whole-rock geochemistry and Sr-Nd isotopic analyzes were performed
on granitoid rocks (granite and granodiorite) and associated volcanics.
The granodiorites and granite include quartz, plagioclase, alkali
feldspar, biotite and amphibole with different percentages. New zircon
U-Pb ages show granitic magmatism at ~28 Ma, followed by
emplacement of granodiorite at ~24 Ma. Both granitoid and volcanic
rocks are characterized with depletion in Nb and Ti and enrichement in
large ion lithophile (LILE) and light rare earth elements (LREE). Their
calc-alkaline arc geochemical signature (low Sr/Y ratio of almost <55),
negative to positive Eu anomalies (Eu/Eu* =0.6-1.3) and the negative to
positive eNd (t) values of -1.4 to +0.27 offer formations in an orogenic
belt. The geochemistry and isotopic results show that they are formed
during partial melting of the lower crust (amphibolite) which is
impelemented by inherited mantle source components in a subduction
zone.
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EXTENDED ABSTRACT

Introduction

The magmatism at the convergent margins changes
in response to processes related to the subduction
zone. For example, most magmatic systems are
associated with typical calc-alkaline to adakitic
magmatic rocks, respectively (Cooke et al., 2005). In
this research, we study the Oligocene magmatic
rocks of Lalehzar in the southeastern part of the
Saveh-Naein-Jiroft belt based on new geological,
geochemical and isotopic data in order to obtain
more information about the Oligocene magmatism of
southeastern Iran.

Research method

About 100 samples were sampled from namerous
Lalehzar intrusive and volcanic  outcrops
Afterward, 50 granitoid and volcanic rocks were
selected for mineralogical studies. 12 samples of
volcanic and granitoid rocks that had little alteration
were selected for major and minor elements
analyzes. Major oxides and trace/minor elements
were analyzed by XRF and PQ2 Turbo ICP-MS
methods at Institute of Geology and Geophysics,
Chinese Academy of Sciences (IGGCAS) in Beijing.
Two samples of granitoids were selected for zircon
U-Pb dating. Analyzes were done by an Agilent
7500a quadrupole ICP-MS and a Thermo-Finnigan
Neptune multi-collector connected to a 193nm
Excimer ArF laser-ablation system at the IGGCAS
laboratory in Beijing, China.

Four volcanic and granitoid rocks were chosen for Sr
and Nd isotopic analysis at the IGGCAS laboratory
in Beijing, China. Sr, Rb, Sm and Nd isotopes were
measured by a Thermo Fisher Scientific Triton Plus
multi-collector thermal ionization mass spectrometer
(TIMS). During the analysis process, the Sr-Nd
isotopic ratios were corrected for mass separation to
88Sr/%8Sr=86Sr=375209 and Nd="*Nd=0146/7219.

Geology setting

Regional geology

The Saveh-Naein-Jiroft magmatic belt mostly
consists of alkaline to calc-alkaline igneous rock,
which were formed during subduction of the
Neotethys ocean beneath central Iran (Berberian and
King, 1981). Magmatism in the Saveh-Naein-Jiroft
magmatic belt initiated in the late Paleocene,
followed into the late Cenozoic, with a magmatic

flare up in the Middle Eocene (Verdel et al., 2011).
Southeast of Saveh-Naein-Jiroft, is known as the
Dehj-Sardouyeh magmatic belt, mainly comrisis of
abundant calc-alkaline to adakitic igneous rocks,
which consists of Late Eocene to Late Miocene
granitoid rocks (Asadi et al., 2014). The Lalehzar
volcanic rocks include lavas, breccias, tuffs and
agglomerates that are exposed around the villages of
Lalehzar to Bezenjan. The Oligocene calc-alkaline
granitoids are intruded in the Eocene volcanic rocks
with the northwest-southeast trending.

Field observations and petrography

The Lalehzar magmatic complex is exposed in the
southeast of Saveh-Naein-Jiroft (120 Km?). The
oldest rocks include Late Cretaceous limestone-
marble and sandstone, which are overlain by Eocene
andesite and dacite. The andesites and dacites are
intruded by Oligocene granitoids. Granitoids include
granodiorite and granite, which are outcropped as
stocks. Granodiorites have a granular texture with
main minerals of quartz (20-25%), plagioclase
(35%), alkali feldspar (30-35%), biotite and
amphibole (5-10%), whereas, magnetite and zircon
are the main subordinate minerals (Figure 3B).
Granite is less abundant than granodiorite and has a
granophyric texture (Figure 3C). The principal
phenocrysts include alkali feldspar (30-40%), quartz
(20-25%), plagioclase (40 %), biotite and amphibole
(5-4%). Andesites have a porphyry texture with main
phenocrysts of feldspars, biotite and amphibole, set
in a matrix composed of plagioclase microlites. They
also include mafic microgranular enclaves, size of 2
to 5 cm, that show a curved shape (Figure 3D). The
dacite consists of plagioclase, biotite and quartzset in
fine-grained groundmass. Due to the proximity of
this unit to intrusive rocks, evidence of contact
metamorphism is observed.

Whole-rock geochemistry

The volcanic rocks show SiO; in ranges of 52.5 to
67.5wt.%, Al,Os in ranges of 15.8 t0 19.3 wt.%, K>0
in ranges of 1.4 to 5.4 wt.% and of K,O/NazO in
range of 0.4 and 1.2. The granitoids are
characterized with SiO; in ranges of 61.5 to 68.4
wt.%, Al;Os in ranges of 15.1 to 17.2 wt.%, KO in
ranges of 1.2 to 5.2 wt.% and K,O/Na;O in range of
0.35 and 1.94. In the TAS (Middlemost, 1994)
diagram, intrusive plot in granite and granodiorite,
whereas volcanic rocks lie in andesite, and dacite
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fields in the Nb/Y vs. Zr/TiO; diagram. Both
granitoid and volcanic rock are characterized by
enrichment in Rb, Ba, Th, U and depletion in Nb, Ti
and P in the primitive-mantle normalized multi-
element diagram (Sun and McDonough, 1989). They
also show enriched in light rare earth elements
(LREEs) with respect to heavy rare earth elements
(HREES) in chondrite-normalized REE patterns (Sun
and McDonough, 1989), with the Eu/Eu* ratios from
0.6 to 1.03.

U-Pb dating of zircon

The zircons from granodiorite and granite are
euhedral to subhedral grains with length of 100 to
250 pum. Oscillating zoning, Th/U ratio (0.31 to
1.63), depletion in LREE along with negative Eu
anomalies point to magmatic origin (Belousova et
al.,, 2002). Concordia diagram and the best age
obtained from U-Pb data were shown in Figure 6.
Based on the analysis, the average ages were 24.6
and 28.1 Ma for granodiorite and granite,
respectively.

Sr-Nd isotopic study
The (¥Sr/%Sn)i and (**Nd/**“Nd)i (t=25Ma) of
granitoids range from 0.70540 to 0.70522 and

0.51252 to 0.51260, respectively. While the volcanic
rocks are characterized by those values of 0.70542-
0.70612 and 0.51263-0.51253, respectively. The eNd
(i) values varies from +0.27 to -1.4, plot in the
enriched quadrant of the Nd-Sr isotopic diagram
(Hou et al., 2011).

Discussion

U-Pb dating indicates that plutotism of the area
occurred in the Middle to Late Oligocene (24-28).
These rocks are depleted in Nb and Ti and enriched
in light rare earth elements and large ion lithophile
elements. Their geochemistry with typical calc-
alkaline magmatism (Sr/Y ratio is low ~55), negative
Eu anomalies of 0.6-1.3 Eu/Eu*, and enrichment in
HFSE and radiogenic Sr isotope values indicate their
formation in the subduction zone. Eu/Eu* ratios,
negative to slightly positive Eu anomalies and non-
depletion in HFSE and initial values of & Sr/%Sr are
similar to other Oligocene magmas of Saveh-Naein-
Jiroft magmatic belt. The geochemistry and age of
magmatism show that partial melting of the lower
crust (amphibolite) with a low contributions of
inherited mantle source in a subduction zone may has
role in the genesis of Lalehzar igneous rocks.
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Fig. 2. The geological map Lalehzar magmatic complex (modified from Geological Map of Iran, 1:100000 of Bardsir,
(Afsharian Zadeh et al., 1992), which studied rocks are located in the north-northwwest of Lalehzar village.
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Fig. 3. Field and microscope photographs of igneous rocks from the Lalehzar. A: Oligocne intrusive rocks with Eocene
volcanic rocks (view toward to W-NW), B: Different type of minerals in granodiorite, C: Granophyric texture within the
granite, D: Andesite with porphyritic texture and mafic microgranular enclaves (MMES), E: Different type of minerals in
andesite, and F: Dacitic samples with porphyritic texture in Lalehzar. Abbrevation after Whitney and Evans (2010) (Qz:
Quartz, Kfs: K-feldespar, PI: Plagiclase, Amp: Amphibole, Bt: Biotite).
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Table 1. Whole rock chemical analysis results of representive samples of the Lalehzar (major oxide based on wt. %, tarce
and rare earth elements based on ppm)

Sample L- L- L-
NoO L-1 L-2 L-4 L-5 L-6 L-7 L-8 L-26 L-3 17 18 2
And. Dac/Rhy. Dac/Rhy. And. And. And. And. G. Gd Gd Gd Gd
SiO2 53.3 57.5 67.5 56.3 543 525 55 68.4 615 625 636 627
TiO2 0.46 0.44 0.45 075 079 09 087 016 044 046 052 0.52
Al203 17.6 19.2 15.8 188 193 168 176 16.6 17 172 171 151
FEOT 6.52 8.82 417 822 875 989 7.25 19 621 633 452 554
MnO 0.11 0.11 0.09 009 018 016 015 005 013 0.09 0.08 0.08
MgO 2.31 3.62 1.33 324 242 346 251 052 225 274 152 263
CaO 5.76 6.43 3.61 693 652 6.77 523 095 581 6.02 521 443
Na2O 343 4.46 257 323 34 437 432 545 349 341 441 532
K20 1.86 241 3.22 151 286 251 394 517 135 122 242 29
P20s 0.24 0.06 0.37 026 021 011 023 044 022 027 033 0.29
LOI 1.3 1.66 1.57 1.32 1.68 1.47 2.75 0.9 145 121 14
Total 100 99.9 99.1 100 98.7 99.9 100 100 100 100 100 99.9
A/ICNK  0.97 0.89 1.11 096 094 076 084 102 096 096 0.88 0.76
A/NK 2.30 1.93 2.05 271 222 170 155 114 236 248 173 1.27
Ba 325 389 715 237 521 453 526 622 242 233 438 439
Cr 54 62 59 52 45 52 60 30 41 58 35 29
Cs 1.25 0.41 5.9 483 41 3.6 315 049 102 348 157 26
Ga 16.9 16.8 16 18.5 20 15 18.1 149 169 167 198 178
La 8.9 22.4 20 19.8 26 44 325 433 98 9 9.8 8.2
Ce 18 44 41 39 53 84 63 69 21 19 33 29
Pr 2.38 5.22 4.6 471 65 95 738 6.75 246 218 489 2389
Nd 9.86 52.1 18 18.9 26 35 3524 206 187 856 17.7 127
Sm 4.96 7.43 3.7 3.9 5.7 6.8 5.9 346 3.63 197 3.06 2.06
Eu 0.74 1.26 0.7 116 16 1.8 15 063 071 07 08 09
Gd 2.76 3.59 34 4 5.4 5.7 574 266 241 212 213 219
Tb 0.44 0.55 0.6 0.62 0.8 0.8 0.88 042 037 034 027 037
Dy 3.25 3.37 3.2 3.73 48 4.4 518 251 231 225 153 1.85
Ho 0.7 0.77 0.8 0.83 1 0.9 1.11 065 055 051 035 0.36
Er 2.05 2.29 2.3 243 31 2.6 324 208 157 145 082 1.04
Tm 0.3 0.31 0.3 036 04 0.4 046 033 023 021 01 01
Yb 1.94 2.11 2.3 237 28 2.3 311 231 159 138 159 17
Lu 0.35 0.35 0.4 041 05 0.4 051 041 029 025 012 0.13
Rb 93.5 44.8 112 34.3 78 78 63.9 855 421 413 531 431
Sr 421 915 339 400 743 441 425 176 322 360 370 353
Y 17.7 19.7 20 21.3 27 24 285 175 139 133 169 165
Ta 0.2 0.4 0.6 0.3 0.5 0.6 0.8 0.5 03 08 04 04
Nb 3.1 4.9 8.2 4.7 9.7 10 11.2 9.7 28 26 45 35
Y 17.6 19.6 20 21.2 27 24 284 174 138 132 88 79
U 0.92 1.39 2.6 134 15 3.1 297 542 087 076 224 125
Th 3.14 5.91 11 6.36 6.9 16 131 331 278 27 86 56
Hf 2.95 3.21 5 3.26 3.6 3.6 473 564 228 208 223 25
Zr 108 126 205 126 148 158 207 83 73 87 87

And: Andesite; Dac/Rhy.: Dacite/Rhyodacite; G: Granite, Gd: Granodiorite
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Table 2. Zircon dating analysis results of the representive samples from Lalehzar

Th/U 207Pb/206pb 207Pb/206Pb 237Pb/235U 206Pb/238U 206Pb/238U 208Pb/232Th 208Pb/232Th
Age (Ma) 1sigma (AI\\/‘(IJae) Age (Ma) 1sigma  Age (Ma) 1sigma
Granodiorite
L-3-1 0.50 3524 280 111 27.6 2.1 54.5 7.3
L-3-2 0.47 2699 359 99 28.4 2.2 27.5 5.4
L-3-3 0.52 2425 323 79 24.8 13 19.1 2.8
L-3-4 0.42 2539 279 81 24.7 14 26.4 4.5
L-3-5 0.36 3596 360 129 27.1 1.7 45.8 6.9
L-3-6 0.38 2290 249 76 26.4 1.3 31.0 4.6
L-3-7 0.41 4133 337 150 235 2.2 36.6 7.1
L-3-8 0.56 3744 272 121 26.8 2.0 38.8 5.4
L-3-9 0.42 3997 359 1255 23.3 2.0 38.5 9.5
L-3-10 0.50 3932 266 171 28.6 1.8 63.8 9.8
L-3-11 0.52 error error 202 225 2.1 83.3 14.3
Th/U 207Pb/206pb 207pb/206pb 237pb/235U 206pb/238U 206pb/238U 208pb/232Th 208Pb/232Th
L-3-12 0.42 3913 294 186 26.0 2.1 85.0 13.4
L-3-13 0.52 3560 267 165 26.9 2.4 62.4 10.6
L-3-14 0.44 4029 395 132 24.2 2.2 47.0 8.2
L-3-15 0.40 4326 370 120 19.9 1.7 40.9 6.3
L-3-16 0.44 3205 398 101 26.6 2.2 37.7 6.1
L-3-17 0.47 4570 696 139 235 2.0 48.5 7.0
L-3-18 0.68 4571 774 153 23.7 1.9 35.0 5.4
L-26:
Granite
L-26-1 413 225 35 30.5 0.7 28.5 2.0
L-26-2 383 196 33 27.8 0.6 26.5 1.6
L-26-3 354 196 32 28.8 0.7 28.4 2.0
L-26-4 863 218 41 28.8 0.7 26.7 2.2
L-26-5 639 208 34 27.0 0.6 26.7 2.1
L-26-6 error 25 27.9 0.6 27.6 1.8
L-26-7 528 193 37 29.9 0.7 28.9 2.1
L-26-8 339 164 35 314 0.6 29.9 2.0
L-26-9 383 176 30 25.9 0.5 26.9 1.7
L-26-10 524 179 35 28.6 0.7 29.4 2.1
L-26-11 698 141 38 28.9 0.6 28.1 1.8
L-26-12 633 143 38 29.4 0.6 28.3 2.1
L-26-13 606 214 35 28.5 0.6 28.5 1.9
L-26-14 683 179 42 31.8 0.6 26.9 2.1
L-26-15 324 183 31 28.0 0.7 26.8 1.7
L-26-16 494 163 38 31.0 0.6 324 2.1
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Fig. 6. A: CL images (Red circles show analytical spot used for U-Pb geochronology) and U-Pb zircon Terra-Wasserberg

diagrams for Lalehzar granodiorite, B: Chondrite normalized zircon REE pattern for the Lalehzar igneous rocks, C: CL
images and U-Pb zircon Terra-Wasserberg diagrams for Lalehzar granite, and D: Chondrite normalized zircon REE

pattern for granite.
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Table 3. Whole rock Nd-Sr isotopic analysis results of representive samples of the Lalehzar

Ref sample L-3 L-26 L-4 L-8
Litology Gd. G. Dac. And.
Sr 322 176 915 425

Rb 42.1 85.5 44.8 63.9

87Rb/86Sr  0.241 0.922 0.234 0.096
Erro (2s) 0.006 0.006 0.006 0.004
87Sr/8Sr - 0.70532 0.70579 0.70552 0.70616

Nd 10.8 20.6 52.1 35.3

Sm 3.63 3.46 7.43 5.90

147Sm/*Nd  0.156 0.136 0.104 0.124
Nd/Nd 0.51255 0.51263 0.51256 0.51263
Sr/Sr(i) 0.70522 0.70540 0.70542 0.70612

esr(i) 1026 1327 2081  26.35
Nd/Nd(i)  0.51252 0.51260 0.51254 0.51261
eNd(i) 138 006  -133 027
tDM (Ma) 1296 864 721 749
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Fig. 7. Diagram of (87Sr/%Sr)I vs. eNd (t) for Lalehzar igneous rocks
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