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[ | Cultivated area (Quaternary)

locally limestone (Middle Jurassic)

by later rezional metamorphism

- Biotite, chlorite, quartz and feldspar augen myllonitic granite-gneiss,
locally with fine grained aplitic texture (Late Jurassic). \
Thrust fault

- Dark grey to black metamorphosed claystone (phyllite) with
intercalations of phyllitic siltstone, fine grained sandstone and

Dark grey to black phyllite with intercalations of meta-limestone,meta- \\ .
acidic volcanics-subvolcanics and meta-basic sills. the phyllite locally River and stream
constituents mainly by meta-volcanics (prasinite) (Late Triassic). channel

Grey meta-limestone and dolomite, locally crystaline white intercalations ) )
of meta-quartz, arenite, phyllite and prasinites (Late Triassic). Mine under operation

Cordierite, andalusite, staurolite and sillimanite spotted schist, had been affected
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Fig. 1. A: Schematic structural map of Iran showing the position of the Sanandaj-Sirjan Zone (Alavi, 1994), the study
area is shown with star symbol, and B: Simplified geological map of the study area (Sahandi et al., 2006).
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Fig. 2. A: Visible lineation on the mylonitic Granite-Gneisses rocks in the Northeastern of Jan mine, B: Wedge fracture
in tourmaline mineral which is filled with quartz mineral (XPL), C: Deformation twins in plagioclase that are conical-
shaped toward the center (XPL), D: Perthitic alkali feldspar (XPL), E:Phengite with mica fish fabric (XPL), and F: The

minerals of tourmaline are small, chopped, without prismatic and fractured structure (PPL). Abbreviations after
Whitney and Evans (2010), (Qz=Quartz, Tur=Tourmaline, Ph=Phengite).
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Fig. 3. SiO, (wt.%) - Na,0+K,0 (wt.%) (Middlemost, 1985) geochemical classification diagram that the studied rocks

are located granite field.
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Table 1. Major, trace and rare-earth element analyses of granitoid rocks from the northeastern of Jan mine pluton.
Major elements were analyzed by ICP-ES (as wt.%) and trace elements were analyzed by ICP-MS (in ppm)

Samples MO10-3 MO9-1 MO1-3 MO92 MO61 MO2-3 MO24  MO25
Si0, (Wt%) 76.3 7628 7835  76.16  76.05 71.24 72.75 75.08
TiO, 0.14 0.06 0.09 0.11 0.08 0.33 0.29 0.16
AlLO; 11.68 1215 112 1254  12.04 13.87 13.33 12.50
Fe,0; 2.37 0.80 1.36 1.23 1.49 2.58 2.60 2.28
MnO 0.01 0.01 0.01 0.04 0.01 0.03 0.03 0.02
MgO 0.18 0.08 0.12 0.09 0.08 0.25 0.28 0.18
CaO 0.59 0.8 0.55 0.92 05 1.45 0.92 0.66
Na,O 3.07 3.55 3.2 3.57 3.37 4.02 3.41 3.37
K,0 4.9 5.08 4.18 4.42 5.33 4.80 5.53 4.62
P,0s 0.03 0.01 0.01 0.01 0.01 0.07 0.07 0.02
L.O.I. 0.7 1.1 0.8 1 1.2 1.4 0.6 1
Total 99.97 99.92  99.78  100.09 100.16  100.04 99.81 99.89
Cr (ppm) 1325 16558 15869 15234  6.62 2053 10.26 67.22
Ni 5.6 12 17.1 15.8 3.4 5.3 3.2 8.26
Co 15 0.7 0.8 0.7 05 2.34 2.02 15
v 7 9 8 8 5 9.8 11.25 8.33
Cu 16.1 5.9 6.8 5.8 8.6 12.24 5.65 7.61
Pb 37.1 15.6 41.6 20.3 43 5.2 15.92 16.88
Zn 195 41 77 35 7 28 119.25 55.42
Sn 11 13 22 20 12 6.4 6.25 15.62
W 5.7 25.2 55 6.1 3.7 0.64 0.75 6.07
Mo 0.9 1.2 25 1.3 0.8 0.74 0.24 1.4
Rb 400.6 194.5 337 2838 3624 14444  186.67 284.98
Ba 84.5 59 58 26 245 381.1 330.47 106.36
Sr 42.9 36.3 15.4 18.7 16.2 69.38 62.72 31.48
Ga 21.9 19.7 21 25 21.7 25.86 25.97 23.87
Ta 6.8 4.8 4.8 6.9 4.4 3.12 3.47 5.26
Nb 56.6 40.9 436 77.3 487 46.6 49.85 60.09
Hf 7.8 7.8 75 7.8 6.8 10.26 10.62 9.23
Zr 173.6 191 157.7 3001 1294 330.5 316.6 208.26
Y 776 88 97.7 83.2 90.6 69.48 75 89.64
Th 65.8 49.8 62 70.6 49.1 21.26 27.05 70.08
U 13.1 10.1 17 16.9 12.2 4.42 4.75 15.09
La 69.8 67.9 86.1 74.4 52.6 72.9 62.9 95.4
Ce 139.8 1361 1726 1427 1165 15114  134.05 188.97
Pr 14.26 1409 1817 151  13.82 18.21 15.05 19.76
Nd 48.8 473 61.1 51.8 45.8 64.72 56.32 64.28
Sm 95 945 1243 1431  11.37 13.14 12.10 12.59
Eu 0.19 0.24 0.07 0.07 0.07 1.26 1.02 0.28
Gd 8.21 9.3 1278 1142  11.05 11.38 11.22 11.59
Tb 1.64 1.69 2.54 2.01 2.49 2.17 2.16 2.32
Dy 10.93 1025 1581 1312 1541 12.27 12.98 14.25
Ho 2.43 2.22 3.45 2.78 2.99 2.25 2.57 2.98
Er 7.53 6.8 1025 881 8.56 6.47 7.32 9.08
m 1.3 1.06 1.53 1.34 1.38 1.00 1.12 1.43
Yb 8.82 691 1008  9.04 8.24 5.91 6.92 9.18
Lu 1.3 1.02 1.46 1.43 1.12 0.85 1.03 131
Sc 2 3 4 3 2 4.4 3.75 3.57
Be 7 10 9 9 12 4.6 4 8.52
iy 2.24 2.17 1.6 36 1.43 4.72 4.22 2.32
AlLO,/TIO, 83.43 2025 12444 114 150.5 42.30 45.98 78.85
Nb/Y 0.73 0.46 0.45 0.93 0.54 0.67 0.66 0.67

L.O.l. = Loss-on-ignition; Fe,Os* = as Fe total
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(1971), samples located in the Calk-alkaline series with extensional trend (Petro et al., 1979).
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Fig. 5. A: the majority of samples located in the range calc-alkaline and alkalin+ HFCA in (Sylvester, 1989) diagram,
and B: A-type granites of northeastern of Jan mine are located in the range calc-alkaline and Condition of Oxidized in

Dall' Agnol and Oliveira (2007) diagram.
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Fig. 7. A: Rb (ppm) Versus Sr (ppm) diagram, B: Sr (ppm) Versus Ba (ppm) diagram, C: Rb/Sr Versus Sr/Ba diagram.
The fractional crystallization trends is shown in all three each charts with (Kf) for feldspar, (PI) for plagioclase and
(Bt) for biotite and (Hb) for hornblende, and D: Diagram La/Sm Versus Ce/Yb is show fractional crystallization trends
of allanite (Aln), Zircon (Zrc) and Titanite (Ttn) of mylonitic granite-gneisses in the northeastern of Jan mine.
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Fig. 8. Primitive mantle -normalized diagram for rocks of mylonitic granite-gneisses in the northeastern of Jan mine
(Sun and McDonough, 1989)
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Fig. 9. REE chondrite -normalized diagram for rocks of mylonitic granite-gneisses in the Northeastern of Jan mine
(Boynton, 1984)
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Introduction

Studied mylonitic granite-gneiss body is located
in the Northwest of the Azna region in the
Lorestan province close to the June dimension
stone mine. It is a part of the metamorphic-
magmatic complex including granite-gneiss,
amphibolite, marble and schist. The crystalline
basement is attributed to late-Neoproterozoic and
it indicates a Panafrican basement, which yields a
laser-ablation ICP-MS U-Pb zircon ages of 608 +
18 Ma and 588 * 41 Ma (Shakerardakani et al.,
2015). There are two granite-gneiss plutons in the
complex that are Galeh— Dezh (Shabanian et al.,
2009), and June plutons. The Galeh-Doz pluton
are previously proposed as syn-deformation
pluton with a major S-shaped bend which has
been imparted during dextral shearing with a Late
Cretaceous (Mohajjel and Fergusson, 2000).
However, new age dating on the pluton using U-
Pb in the magmatic zircon produced the late-
Neoproterozoic dates (Nutman et al., 2014;
Shakerardakani et al., 2015). The granite-gneiss
plutons show mylonitic fabrics and
microstructures (Shabanian et al.,, 2010). The
geochemical characteristics of mylonitic granite-
gneiss body near June mine in NW Azna, is in the
focus of our research.

Materials and methods

Petrographic investigations of 30 thin sections
were made. Then eight samples were selected and
analyzed for whole rock major, trace and REE
compositions by ICP-emission spectrometry and
ICP-mass spectrometry using natural rock
standards as reference samples for calibration at

the ACME Analytical Laboratories in Vancouver,
British Columbia, Canada.

Results

The studied gneiss- granitic body has lepido-
granoblastic texture as its major texture. It
variably shows evidence of dynamic deformation
from ultramylonite to protomylonite. The gneiss-
granite consists of quartz, alkali feldspar (mostly
as perthite), plagioclase, biotite, white mica
(muscovite and phengitic muscovite). Accessory
phases in the granitoid include, tourmaline,
zircon, magmatic epidote, allanite, apatite, and
magnetite. The mylonitic gneiss-granite has a
mantled porphyroclast texture that may be
characterized by large asymmetrical
porphyroclasts of K-feldspar and plagioclase with
a mantle which includes white-mica, biotite,
quartz and feldspar aggregates. Some of the
petrographic evidence show dynamic deformation
during the crystallization such as grain boundary
migration (GBM) or sub-grain rotation (SGR),
patchy perthite. Evidence of strain, such as
deformation twins, bent or curved twins,
undulatory extinction occur characteristically in
plagioclase and display dynamic deformation in
solid state. The rocks exhibit identical
compositional ranges with 71.24-78.35 wt.%
SiO2; high levels of alkalies (Na,O ranges from
3.07 to 4.02 %, K,O varies from 4.18 to 5.53 %);
low levels of Fe,05 (0.80 to 2.60 %). Also, the
trace element compositions display significant
variations, such as Zr (157.7-330.5 ppm), Eu
(0.07-0.28 ppm), Nb (40.9-77.3 ppm), Ga (19.7-
25.97 ppm). The studied rocks are strongly
enriched in LREE and HFSE and show a strong
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depletion in Ba, Sr, Eu and Ti and enrichment in
Rb and Zr. The element contents are also similar
to typical A-type granite (Whalen et al., 1987).
The rocks are alkali to alkali-calcic, metaluminous
to mildly peraluminous granite and ferroan in new
geochemical classification scheme for granitoids
(proposed by Frost et al., 2001).

Discussion

The chondrite-normalized rare-earth  element
patterns of the mylonitic gneiss- granitic rocks
indicate the LREE over HREE fractionation with
significant negative Eu anomalies. Primitive-
mantle-normalized  spidergrams  (Sun  and
McDonough, 1989) normalized trace element
patterns with negative Ba and Nb anomalies, and
positive Rb, Th and Ce anomalies, simulate the
collisional and post-collisional granitoids of
Pearce et al (Pearce et al., 1984). All of the
samples fall in the A2 group in Eby classification
(Eby, 1992). On the tectonic discrimination plots,
the granites show a within-plate granite (WPG)
character (Pearce et al., 1984).
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