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Dy : BAHRAM FORMATION
Dg : SIBZAR FORMATION

D, : PADEHA FORMATION

Sp : NIUR FORMATION

Osh: SHIRGESHT FORMATION

€4 : DERENJAL FORMATION

WS o Lol RLE 5 dse YT S
8 en g g, ol 0al ap5

I Q : QUATERNARY

Ng: NEOGENE

€k : KALSHANEH FORMATION B d: IGNEOUS ROCK S

€' .TOP QUARTZITE

€; :LALUN FORMATION
€; : ZAGUN FORMATION
€pr : BARUT FORMATION

€s : SOLTANIEH FORMATION
Ch : CHAPOGHLU SHALE MEMBER
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Formation symbols: i€, — Soltanieh, 1€, — Barut, 1€, — Zaigun, €,— Lalun, €; —
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SM-7-1 58 asLalls w55k 340710N,564509E
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SM-3-7 G SLalls 5l 3407 19N,564503 E
SM-6-1 Suy92998 ALl w5l 3406 15N,5647 05 E
SM-5-1 o SLaS w55 3407 12N,5645 10 E
SM-10-2 o255 SIS 5L 340701 N,5644 14 E
DM-1-2 O N | JrSRRe 340453 N,5647 13 E
DM-2-1 I3 sl o5 il 340507N, 5648 14E
DM-2-3 Il ol R 340507 N, 5648 14 E
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Samples SM-13-1 SM-7-2 SM-7-1 SM-11-2 SM-3-7 SM-6-1 SM-5-1 SM-10-2 DM-1-2 DM-2-1 DM-2-3
ol gl 58 58 A8 FowdTces Somie gl il sl
A8 58 e
Major oxides (wt%)
Si0; 42.38 42.05 47.96 48.86 47.11 47.93 46.25 52.69 45.95 40.1 49.53
ALO; 8.4 8.95 12.87 15.13 16.82 16.36 16.28 20.28 14.08 10.59 15.54
Fe;0; 15.44 14.8 10.42 8.52 10.84 12.08 11.24 9.95 14.58 14.86 10.87
MnO 0.189 0.184 0.195 0.153 0.146 0.168 0.246 0.109 0.097 0.181 0.1
MgO 26.03 253 12.48 9.86 10.67 6.84 7.01 4.72 10.68 25.4 8.07
CaO 5.94 6.77 12.16 12.88 9.51 10.72 7.61 1.51 8.14 6.29 9.86
Na,O 0.8 0.93 1.46 2.08 2.1 2.87 4.34 4.58 243 0.88 2.38
K,O 0.36 0.39 1.39 1.32 1.72 1.29 0.29 4.61 1.72 0.34 1.24
TiO; 0.6 0.718 1.011 1.156 0.983 1.641 2.808 1.138 2.116 0.728 2.316
P,0s 0.06 0.09 0.11 0.13 0.19 0.2 0.32 0.5 0.39 0.08 035
Total 100 100 99.96 100.04 99.99 99.97 100.05 100.01 100.01 99.14 100.19
Norm(CIPW)
Q(S) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
or (KAS6) 2.13 2.30 8.29 7.80 10.16 7.62 1.77 27.24 10.16 2.02 732
ab (NAS6) 6.75 4.81 12.44 14.37 15.35 20.00 32.66 38.67 17.52 1.50 20.06
an (CAS2) 18.21 19.04 24.62 27.98 31.31 27.88 26.33 4.56 22.35 24.04 27.94
le(KAS4) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ne(NAS2) 0.00 1.65 0.00 1.73 1.29 2.29 2.81 0.00 1.62 3.24 0.00
C(A) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.06 0.00 0.00 0.00
ac(NFS4) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ns(NS) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Di wo(CS) 4.54 5.84 14.85 14.66 6.15 10.06 4.47 0.00 6.55 2.87 7.86
Di en(MS) 3.10 4.01 9.98 9.62 3.82 5.29 2.57 0.00 3.81 1.98 4.73
Di fs(FS) 1.06 1.34 3.72 3.99 1.96 4.46 1.68 0.00 242 0.66 2.69
Hy en(MS) 0.95 0.00 0.49 0.00 0.00 0.00 0.00 032 0.00 0.00 9.52
Hy fs(FS) 0.33 0.00 0.18 0.00 0.00 0.00 0.00 0.33 0.00 0.00 5.41
Ol fo(M2S) 42.63 41.39 14.69 10.51 15.98 8.25 10.85 8.03 15.99 43.31 4.11
Ol fa(F2S) 16.14 15.28 6.04 4.81 9.07 7.68 7.83 9.13 11.21 15.98 2.58
mt(FF) 2.91 2.79 2.51 2.06 2.62 291 2.80 2.40 3.52 2.83 2.62
he(F) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
il(FT) 1.14 1.36 1.94 2.19 1.87 3.11 5.50 2.16 4.01 1.39 4.39
ap(CP) 0.13 0.20 0.24 0.28 0.41 0.44 0.72 1.09 0.85 0.18 0.76

o



Samples SM-13-1 SM-7-2 SM-7-1 SM-11-2 SM-3-7 SM-6-1 SM-5-1 SM-10-2 DM-1-2 DM-2-1 DM-2-3

Sl ol s ol IS Sl Sy Sowwe Gl sl sl

35 s A5 il el el
Trace elements (ppm)
Sc 18 20 40 51 33 35 27 1 27 18 28
Be 0 0 1 1 1 2 2 2 2 0 2
v 112 113 187 211 163 303 335 61 238 115 255
Cr 1020 900 430 400 360 60 30 0 260 1090 270
Co 76 62 39 23 36 27 34 12 39 78 39
Ni 530 460 140 100 120 50 70 0 200 570 200
Cu 50 60 120 120 120 50 50 0 10 80 150
Zn 80 70 160 120 90 90 120 50 100 110 60
Ga 7 6 10 11 11 14 16 17 14 8 14
Ge 1.2 1 1.3 1.6 1.2 1.4 1.4 0.7 1.4 1.2 1.3
Rb 6 6 31 26 41 32 5 55 25 6 21
Sr 124 157 255 369 134 398 431 213 148 158 236
Y 6.6 5.9 13 13.6 14.3 17.2 18.4 19.2 20.8 7.3 22.9
Zr 29 28 66 70 89 106 112 246 144 32 124
Nb 3.1 32 7.8 9.4 9 15.7 22 42.4 25.4 5.1 22.2
Sb 38 4.5 2.6 4.2 3.2 4.9 5.4 4.4 4.1 4.9 7.3
Cs 0.6 0.3 0.5 0.3 0.3 0.5 0.1 0.3 0.2 0.3 0.8
Ba 42 60 316 296 225 286 85 1011 516 66 283
Hf 0.8 0.8 1.9 2 23 2.7 32 5.1 3.8 1 33
Ta 0.21 0.26 0.55 0.65 0.68 1.13 1.62 3.03 1.77 0.31 1.53
w 0 32.8 4.1 0.9 0.6 0.7 1.2 2.6 1.2 0 0
Tt 0.21 0 0.2 0.15 0.21 0.22 0.05 0.25 0.11 0 0.08
Pb 10 11 264 505 49 30 38 32 20 29 23
Bi 0 0 0.3 0.1 0.8 0.3 0.2 0.9 0 0 0
Th 0.45 0.51 1.46 1.09 2.12 221 2.07 5.08 3.01 0.54 2.41
U 0.07 0.07 0.31 0.22 0.51 0.55 0.49 1.08 0.68 0.09 0.51
Rare earth elements (ppm) - :
La 3.11 3.67 8.65 9.48 12.1 13.6 17.8 18.6 23.5 431 19
Ce 7 8.08 18.4 19.8 25.5 28.4 37 39.2 48.6 9.32 40
Pr 0.95 1.07 2.35 2.55 3.1 3.56 4.66 4.5 592 1.23 5.1
Nd 4.1 4.62 10.1 11 12.7 14.4 19.6 16.5 24 5.31 21.1
Sm 1.17 1.24 2.6 2.79 3.01 3.42 4.54 2.84 5.28 1.35 4.91
Eu 0.467 0.494 0.893 1.04 1.04 1.29 1.72 0.829 1.94 0.517 1.78
Gd 1.38 1.39 2.94 3.14 3.28 372 4.88 2.64 5.31 1.57 5.28
Tb 0.23 0.23 0.49 0.52 0.55 0.61 0.76 0.48 0.83 0.25 0.83
Dy 1.36 1.31 2.1 2.85 3.05 3.49 4.02 3.13 4.42 1.42 4.53
Ho 0.26 0.24 0.51 0.52 0.56 0.65 0.72 0.73 0.79 0.27 0.84
Er 0.71 0.65 1.39 1.48 157 1.82 1.97 245 2.18 0.75 2.36
Tm 0.1 0.092 0.199 0.206 0222 0.253  0.269 0.4 0.295 0.103  0.341
Yb 0.62 0.57 1.2 1.24 1.36 1.55 1.62 2.62 1.8 0.63 2.09
Lu 0.086 0.08 0.164 0.165 0.193  0.226 0.22 0.379 0.252 0.091 0.289
2REE 21.543 23736  52.596 56.781  68.235 76.989 99.779 95.298 125.117 27.121 108.45
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Rb 114 110 160 119 15 15 27 9 20
Sr 490 518 491 391 488 9438 473 382 448
Y 28.1 24.2 26.8 27.1 19 42 29 19 25
Zr 146 138 141 147 126 181 183 71 108
Nb 15 13.9 15.3 14.8 - - - 23 24
Ba 451 367 312 272 290 375 406 254 461
La 18.6 15.5 16.9 17.4 19.6 57 26.7 16.9 23.1
Ce 42 35.8 38.7 39.7 47 67 58 36.3 48.7
Pr 5.43 4.59 5.26 5.19 5.9 13 7.4 - -
Nd 24.7 21.6 24.1 23.5 23.1 52 30 18.1 24.4
Sm 5.78 4.92 5.37 5.53 4.9 10.3 6.5 4.11 5.09
Eu 1.93 1.76 1.58 1.63 1.72 33 1.89 1.64 1.8
Gd 6.43 5.23 5.68 5.82 4.7 10.2 6 4.5 5.05
Tb 1.01 0.88 0.95 0.99 0.7 1.44 0.95 - -
Dy 5.99 4.86 5.49 5.54 4.1 8.1 5.4 4.05 4.56
Ho 1.16 0.99 1.09 1.13 0.76 1.44 1.07 - -
Er 3.16 2.77 3.07 3.16 2.07 35 2.76 - -
Tm 0.43 0.38 0.47 0.43 0.28 0.46 0.4 - -
Yb 2.86 2.52 2.89 2.83 1.89 2.8 2.45 2.13 2.14
Lu 0.4 0.39 0.43 0.41 0.27 0.41 0.38 - -
Hf 4.12 3.76 4.08 4.21 3 5 5 - -
Ta 1.02 [.01 1.06 1.13 1.54 1.74 1.67 - -
Th 2.08 1.91 1.79 1.96 2.2 2 3.2 - -
U 0.52 0.64 0.44 0.52 0.59 0.79 0.66 - -
La/Sm 322 3.15 3.15 3.14 4 5.53 4.11 4.11 4.54
Y 5.2 5.7 5.26 5.42 6.63 431 6.31 3.74 4.32
La/SMispirgeshn 2.66- 6.55

Z/Y shirgesit 4.38- 6.92
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Abstract
The study area is located in 60 Km of NW of Tabas and in the 10 Km North of

Shirgesht village in Derenjal Mountains district. This area is belonging to the part of
Central Iran Zone. These mountains results of Lower Paleozoic rocks uplifting and there
are a nearly complete sequence of Lower Paleozoic rocks in these mountains.

Cambrian to Silurian sedimentary rocks are associated by the studied plutonic and
volcanic rocks. Soltanieh, Barut, Zaigun, Lalun, Kalshaneh, Derenjal and Shirgesht
Formations are the host of the plutonic igneous rocks. The main and dominant plutonic
rocks as irregular bodies and with composition of olivine-gabbro, gabbro, gabbrodiorite,
diorite and monzodiorite, occur as intrusions in Kalshaneh Formation. The observed
compositional ranges of the mentioned rocks have been resulted of differentiation
crystallization presses. Mineralogical composition of these rocks include: olivine,
plagioclase, clinopyroxene, hornblend, biotite, phologopite, apatite and opaque
minerals. Those are holocrystalline, and they show granular, intergranular, ophitic and
poikilitic textures. The abundance of olivine in olivine- gabbros and their roundness
indicate that they accumulated by mechanical segregation during their producing. The
intrusive rocks that outcropped in the Kalshaneh Formation have been undergone
medium to high grade alteration. Olivine gabbros show the minimum alteration, but the
monzodiorites show the most intensive alteration that may be resulted of its related
fluids (Deutric alteration). Alteration processes are resulted in to formation of secondary
minerals such as: epidote, chlorite, calcite, serpentine and uralite. There is an olivine
basaltic lava flow with approximately 20m thickness in the lower parts of Niur
Formation. Olivine basaltic rocks have microlitic-porphyry, glomroporphyry and
vesicular textures and also they have hyaline matrix. These rocks have been undergone
relatively intensive alteration, which results in pseudomorphing of olivine crystals by
calcite, zeolite and quarts.

The plotted diagrams based on major and trace elements indicate that there is a
magmatical and genetical relation between plutonic and volcanic rocks and also they
derived from a same magmatic origin. In the spider diagrams normalized to chondorite,
enrichment pattern of the studied samples nearly parallel to each other, and show that
they enriched compared with chondorite. LREEs have more enrichment in relative to
HREEs. The enrichment of Sr, K, Rb and Ba in the spider diagrams normalized to
MORB may be resulted from enrichment of source region or contamination of magma
by crustal rocks.

Field, petrography and geochemical investigations indicate that these rocks have
transitional to alkaline nature and they produced within continental plate setting. The
different diagrams show that these rocks originated from sub-continental lithosphere
(90-100 Km depth) by 12-17 percent partial melting of an enriched garnet-lehrzolite
source. Magmatic nature and tectonic setting of studied rocks are corresponded to
extensional environment (rifting system) and these evidences confirmed that strong
extension during the Silurian in this part of Central Iran. This magmatic activity
probable is related to Paleotethys rifting in this part of Iran.

Key words: Petrogenesis, Geochemistry, rifting, Lower Paleozoic, Shirgesht



