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Fig. 2. Microphotographs of Kangan area lavas A: Olivine phenocryst and microliths of plagioclase in basalt, B:
Phenocrysts of olivine and clinopyroxene with plagioclase in basalt, C:Resorbtion rim around plagioclase in pyroxene
andesite, D: Sieve texture in plagioclase and clinopyroxene and existence of amphibole in pyroxene andesite, E:
Phenocrysts of euhedral amphibole with burned margin in andesite, F: Zoning of hornblende in andesite, G: Vitrophyric
texture and rounded quartz with embayment in dacite, and H: Perlitic texture and plagioclase, quartz and biotite

minerals in rhyolite.(All pictures except for D in crossed polarized light). Mineral abbreviations from Whitney and
Evans (2010)
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Table 1. Whole rock major (wt.%) and trace element (ppm) composition of volcanic rocks of Kangan area

Sample name DM47 SM18 SM14 KM93 KM83
Sample X 59°55'31"  59°55'7"  59°56'17" 59°52'25"  59°54'3"
location Y 32°40'9"  32°41'35" 32°41'39" 32°41'58" 32°42'25"

Rock type Basalt Andesite Andesite Andesite Andesite
SiO, (Wt%) 47.99 62.38 61.63 59.62 57.10
TiO, 1.67 0.76 0.9 0.86 0.93
AlO; 17.82 16.58 16.05 17.07 16.71
Fe,Osrp 9.35 4.5 5.16 5.58 5.75
MnO 0.14 0.07 0.09 0.10 0.10
MgO 7.81 2.38 2.68 3.84 3.27
CaO 9.71 5.06 4.94 6.29 6.68
Na,O 3.99 3.47 4.23 3.48 3.73
K,O 0.45 2.82 1.87 2.25 2.03
P,0;s 0.34 0.16 0.2 0.18 0.25
LOI 04 1.6 2.0 0.9 3.20
Total 9991 99.78 99.75 99.81 99.74
Sc(ppm) 25 11 12 14 14
A% 185 70 82 107 107
Co 39.5 11.7 13.5 16 15.7
Ni 103 20 20 20 20
Ga 15.3 16.6 17.1 15.9 15.70
Rb 7.6 133.6 109.1 96/8 117.3
Sr 566.8 315.8 339.7 346.6 427.6
Nb 15.3 10.9 13.0 9.8 13.0
Cs 0.3 7.5 12.0 6.6 6.4
Ba 146 346 356 307 336
Hf 3.6 5.9 6.6 4.9 5.5
Ta 1.1 0.8 1.1 0.6 0.9
Th 1.7 14.5 13.5 11 11.4
U 04 2.9 2.6 2.5 2.3
A\ 0.5 2.1 2.3 1 1.4
Zr 172 242.8 268.7 201.3 250
Y 24.1 23.7 28.4 243 25.2
La 16.7 30.9 30.6 25 31.9
Ce 35.7 57.8 58.3 48.2 59.7
Pr 4.23 6.24 6.78 5.54 6.62
Nd 17.9 22.3 23.9 20.6 24.3
Sm 3.92 4.5 4.82 4.07 4.81
Eu 1.48 1.02 1.11 1.04 1.21
Gd 4.74 44 .4 5.11 4.4 4.66
Tb 0.74 0.75 0.8 0.72 0.76
Dy 4.43 431 491 3.94 4.39
Ho 0.79 0.88 0.95 0.83 0.85
Er 2.44 2.53 2.83 2.47 2.45
Tm 0.34 0.35 0.42 0.35 0.36
Yb 2.04 2.54 2.7 2.28 2.48

Lu 0.35 04 0.;14 0.36 0.39
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Table 1 (Continued). Whole rock major (wt.%) and trace element (ppm) composition of volcanic rocks of Kangan area

Sample name KM103 KM101 DM44 DM61 KM64
Sample X 59°53724"  59°54'15"  59°56'27" 59°55'53"  59°52'11"
location Y 32040277 32°40°38" 32°39'46"  32°39'8”  32°41'36"

Rock type Andesite  Andesite  Andesite  Andesite Dacite
Si0, (wt.%) 62.21 61.03 61.67 60.85 63.19
TiO, 0.76 0.97 0.84 0.80 0.61
ALO; 16.14 17.5 16.68 16.65 15.87

Fe,Osr 4.59 4.87 4.79 4.85 4.20

MnO 0.08 0.08 0.08 0.08 0.07
MgO 3.00 1.75 2.59 3.33 2.84
CaO 5.08 5.15 4.88 5.36 4.82
Na,O 3.45 4.06 3.88 3.69 3.38
K,0 2.39 243 2.61 2.03 3.13
P,0s 0.18 0.29 0.22 0.21 0.14
LOI 1.9 1.6 1.5 1.9 1.5
Total 99.73 99.92 99.75 99.75 99.75
Sc(ppm) 11 9 10 11 10
\Y 81 84 75 83 68
Co 15.3 13.1 12.6 14.5 13.9
Ni 46 20 35 45 33
Ga 16.0 17.1 14.7 14.9 15.2
Rb 89.3 89.9 86.3 70.1 1134
Sr 349.7 434.0 354.1 375.6 314.9
Nb 12.0 15.1 14.1 12.3 10.8
Cs 5.7 6.4 6.2 4.8 8.7
Ba 337 458 363 330 411
Hf 5.6 5.7 6.2 52 5.1
Ta 0.9 1.1 1.1 0.9 1
Th 11.1 12.9 11.1 9.8 17.5
U 22 25 2.1 1.9 3.4
w 1.3 1.4 1.2 1 1.6
Zr 2383 246.9 254.9 227 205.3
Y 23.1 24.5 24.5 24.1 22
La 28.6 35 31.8 27.8 31.5
Ce 53.3 65.8 55.1 50.8 57.4
Pr 5.88 7.07 6.11 5.57 6.16
Nd 21.1 26.8 21.6 21.3 22
Sm 43 4.87 44 4.03 4
Eu 1.04 1.21 1.07 1.03 0.94
Gd 4.26 4.88 4.45 4.19 4.01
Tb 0.68 0.78 0.71 0.63 0.66
Dy 4.13 4.55 4.12 39 3.95
Ho 0.81 0.92 0.88 0.78 0.76
Er 2.38 2.42 2.34 2.3 2.24
Tm 0.35 0.4 0.39 0.36 0.36
Yb 2.49 2.71 2.54 2.29 2.33
Lu 0.39 0.4 0.42 0.37 0.36
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Table 1 (Continued). Whole rock major (wt.%) and trace element (ppm) composition of volcanic rocks of Kangan area

Sample Name KM76 DM14 KM54 KM59 KM98

Sample X 59°52'54"  59°55'5"  59°52'45" 59°53'33"  59°55'10"
location Y 32041'54"  32°39'5"  32°41'19"  32°4120"  32°41'5"
Rock type Dacite Dacite Rhyolite Rhyolite Rhyolite
Si0, (Wt%) 66.32 63.23 72.63 73.25 74.30
TiO, 0.51 0.56 0.14 0.15 0.19
Al,O4 15.03 16.89 12.64 12.62 12.96
Fe,Osr 3.20 3.97 1.11 1.36 0.74
MnO 0.05 0.04 0.02 0.01 0.01
MgO 1.49 1.25 0.06 0.11 0.24
CaO 2.97 5.21 1.09 0.84 0.97
Na,O 2.97 391 248 2.75 2.16
K,O 4.49 1.57 6.03 5.39 4.92
P,0Os 0.11 0.17 0.02 0.03 0.03
LOI 2.7 3.1 3.7 34 34
Total 99.84 99.75 99.78 99.92 99.9
Sc(ppm) 7 8 3 3 2
Vv 48 57 8 8 8
Co 8.1 7.9 0.8 1.1 1
Ni 20 20 20 20 20
Ga 14.4 14.5 14.7 14.8 12.3
Rb 154.7 52.2 222.2 221.5 190.9
Sr 237.9 383.5 49.6 53.0 60
Nb 11.1 8.4 11.9 12.4 11.8
Cs 11.5 4.6 26.8 25.5 10.9
Ba 457 248 174 158 326
Hf 5.6 4.6 4.7 5 4.2
Ta 1.2 0.6 1.7 1.6 1.3
Th 23 7 354 35.1 334
U 4.6 1.7 7.7 7.1 6.8
\%% 2.6 0.5 5.1 4.9 2.9
Zr 2154 178.3 146.6 159.8 140.8
Y 22.2 17.7 30.6 30.3 20.7
La 33.8 21 42.4 45.5 41.6
Ce 59.3 41.2 76.8 76.9 66.6
Pr 6.5 4.6 7.92 8.42 6.8
Nd 21.5 16.8 26 26.8 21.8
Sm 4.09 3.12 4.77 4.87 3.57
Eu 0.78 091 0.27 0.3 0.48
Gd 3.82 3.2 4.76 4.82 3.36
Tb 0.61 0.54 0.81 0.82 0.55
Dy 3.56 3.28 5.01 4.85 3.27
Ho 0.72 0.59 1.01 0.97 0.67
Er 2.21 1.72 3.11 2.92 1.97
Tm 0.35 0.26 0.47 0.43 0.32
Yb 2.24 1.73 3.34 3.38 2.32
Lu 0.36 0.29 0.52 0.55 0.36
Jlesil (Soeso0, 2000) was o olii glatiss sl LILE Soi ¢ ol apa Eu g Nb (Ti a0 Jlogl
o Lwald 5y a5 ,Slo Wlgi oo ol slasld o Ba s Sl _wlgas g ol lrojla_ 5 o Ba glic_wla)
il laSle slaanl ) o (YL (glo) wgy 285 L ol il yg 8 4 aly JIITSIS slao;las slouSsg
Cu—i LREE Sos ¢ (Arsalan and Aslan, 2006) Wu et al., 2003; Wilson, 2007, Yang and Li, )

oosile S Jdoas el (S LK ! ,o HREE o 21, ile 8 5t 5 (2008 ; Kuscu and Geneli, 2010
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Ol Gyt g 5ol e 50 g Sl 009 5Ll WS L (Pearce and Peate, 1995; Winter, 2001) oul,q,
oasile B Slale o (gloay];d liwan LaSle jo Lajle CoyS Loand jlousay SLs ol olie jloged .ol
(Rollinson, 1993) wgis co 35 yeie il Joo yole Sai e L aises sl (Boynton, 1984)
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2 £ |28 ®
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F
C 601D £ ¢
4.8 = =
= =
E ;
Tholeiite Series gi“ 3.6 = High-K
3
S. 241 Medium-K
Calc-alkaliane Series
0 i ; ;
A M 45 52 51 63 75

SiO,(wt.%)
Eoazme lo9ei B Ladises 0g5 Sl 5o 9l sl (Takanashi et al., 2011) Na,0+K,0 Llis ,3 NayO/Ky0 lsges :A ¥ S
FeO- LU aw jlogeiiC (IS0l § (JLSIT atws (0 ,Slo g i somails sl (Le Bas et al., 1986) ol oy 0 JWIT
Si0; Jolie 10 KrO Jlogai D g cotdes aiws 5l JSIISIS aws oy8,STax sl drvine and Baragar, 1971) MgO- (Na,O+ K,0)
O SliassT sladiges o 9 (Le Maitre, 1989)

Fig. 3. A: Na,O/K,0 versus Na,O+K,0 diagram (Takanashi et al., 2011) for samples that are unaltered, B: Total alkalis
(Nay,O+K,0) versus SiO, (Le Bas et al., 1986) for classification of samples and discrimination between alkaline and
sub-alkaline series, C: FeO- MgO- (Na,O+ K,0) ternary diagram for discrimination of calc-alkaline and tholeiitic
series (Irvine and Baragar, 1971), and D: K20 versus SiO, diagram (Le Maitre, 1989) and position of Kangan volcanic
rocks

Lan/Smy co—s 3l oola_wl L (Hirschman,1998) oS Ol Jele g0 @ (S S ol jolie )l Sus e

5o oadol Jlse 51 SO plas as sl lis e oo LS 5 (deo VD 5l ,oeS) oad S8 slaisS ade siSucgd
o Al e S S b olie 5l (Sas gf ol S oo 0318 o GlAwgy Slg o ba g LaSle 2Vl
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(Yang et al., 2009)
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oS

Fig. 4. A: Chondrite-normalized REE diagram (Boynton, 1984), B: Primitive mantle-normalized trace elements spider
diagram (Sun and McDonough, 1989) for intermediate and acid lavas of Kangan; C: Chondrite-normalized REE
diagram (Boynton, 1984), and D: Primitive mantle-normalized trace elements spider diagram (Sun and McDonough,

1989) for basaltic lava of Kangan
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Fig. 5. Position of Kangan samples on A:Tectonic setting discriminate diagram based on Th/Ta versus Yb (Schandl
and Gorton, 2002), B: Discriminate diagram of basalt types (Verma et al., 2006) ( Symbols are similar to Fig. 3)
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Fig. 6. A: Position of basalt of Kangan on Ce/Yb versus Ce diagram (Ellam, 1992) B: Nb/La versus La/Yb diagram
(Smith et al., 1999; Moharami et al., 2014), C: Rb/Y versus Nb/Rb (Temel and Gondogdu, 1998), and D: Th/Nb versus
Ba/Nb diagram (Ersoy et al., 2010) (Symbols are similar to Fig. 3)
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Introduction

The study area is located 12km away from the
north east of Sarbisheh at the eastern border of the
Lut block (Karimpour et al., 2011; Richards et al.,
2012). The magmatic activity in the Lut blockhas
begun inthe middle Jurassic (165-162 Ma) and
reached its peak in the Tertiary age (Jung et al.,
1983; Karimpour et al., 2011). Volcanic and
subvolcanic rocks in the Tertiary age cover over
half of the Lut block with up to 2000 m thickness
and they were formed due to subduction prior to
the collision of the Arabian and Asian plates
(Jung et al., 1983; Karimpour et al., 2011).

In the Kangan area, the basaltic lavas cropped out
beyond the above intermediate to acid volcanic
rocks. In this area, bentonite and perlite deposits
have an economic importance. The main purpose
of this paper is to present a better understanding
of the tectono-magmatic settings of volcanic rocks
in the northeast of Sarbisheh, east of Iran based on
their geochemical characteristics.

Materials and methods

Fifteen samples were analyzed for major elements
by inductively coupled plasma (ICP) technologies
and trace elements by using inductively coupled
plasma mass spectrometry (ICP-MS), following a
lithium metaborate/tetraborate fusion and nitric
acid total digestion, at the Acme laboratories,
Vancouver, Canada.

Results

The Kangan area is located at the northeast of
Sarbishe, Southern Khorasan and the eastern
border of the Lut block. In this area, basaltic lavas

have cropped out above intermediate to acid lavas
such as andesite, dacite, rhyolite (sometimes
perlitic). The main minerals in the basalt are
plagioclase, olivine and pyroxene, in andesite
contain  plagioclase, pyroxene, biotite and
amphibole and in acid rocks include plagioclase,
quartz, sanidine, biotite and amphibole.
Intermediate to acid rocks have medium to high-K
calc-alkaline nature and basalt is alkaline.
Enrichment in LREE relative to HREE (Ce/Yb=
21.14-28.7), high ratio of Zr/Y(4.79- 10.81),
enrichment in LILE and negative anomaly of Eu,
Nb, P, Ti, Ba and Sr in intermediate to acid lavas
are characteristics of subduction related calc-
alkaline magmatism. Geochemical characteristics
such as high ratio of La/Yb (8.18), low content of
Rb with tectonic setting discriminant diagrams
show within plate environment for basalt. The
constituent magma of the studied rocks originated
from an enriched garnet Iherzolite source in 100
to 110km depth.

Discussion

Enrichment in LREE relative to HREE (Ce/Yb=
21.14-28.7), high ratio of Zr/Y (4.79- 10.81),
enrichment in LILE and negative anomaly of Eu,
Nb, P, Ti, Ba and Sr in intermediate to acid lavas
are characteristics of subduction related calc-
alkaline magmatism. Tectonic setting
discrimination diagrams show that andesite to
dacitic rocks are located in active continental
margin (Schandle and Gorton, 2002) and basalt is
placed within the volcanic plate zone and
continental  rift type (Verma et al., 2006).
Intermediate to acid rocks of Kangan area
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originated from lithospheric mantle (Moharami et
al., 2014) that is enriched by sediment melt
related metasomatism (Ersoy et al., 2010) whereas
Kangan basaltic lava origin is Nb enriched (Wang
et al, 2008; Sajona et al, 1996) mixed
lithospheric - asthenospheric mantle (Moharamiet
al.,, 2014). According to the trace elements
diagrams (Ellam, 1992), partial melting depth for
generation of Kangan area lavas was determined
to be about 100 to 110Km. Because of absent
crustal contamination instances in the basalt, it
can be argued that ascending of magma has been
rapid and probably similar to other alkali basalts
in east of Iran, it may be related to deep fault
systems.
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