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(Bonin, 2007). The Mishu granites are exposed over an area around 50
km2 in the northwestern Iran near the city of Tabriz (Figures 1 and
Figures 2). The Mishu granites have been injected into the
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Takab—Zanjan, Khoy, Soursat, and Mishu. Among these outcrops, there
are no systematic geochemical and geochronological studies on the
Mishu rocks. In this paper, we investigate the genetic relationship
between different parts of the mass, origin of the constructive magma
and the tectonic position of this intrusion with the help of the results of
field studies governing different parts of the Harris intrusion mass,
petrography and geochemical analysis of the main and rare elements.
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Petrography, Geochemistry and Tectonics of Harris Granite, East Azerbaijan Province ...

Based on petrographic observations, 20 samples with
minimal effects of hydrothermal alteration were
selected for whole-rock geochemical analysis (Table
1). These selected samples were analyzed for major
and trace elements at the ACME Laboratory (in the
ACME Analytical Laboratories of Vancouver,
Canada). Analytical errors for major elements are
assessed as <1% of the determined concentrations.
Results are reported in Supplementary Table 1.
Major element oxide analysis was performed by
Lithium Borate Fusion and Inductively Paired
Plasma Emission Spectrometer (ICP-ES). In this
method, the number of oxides of the main elements
is measured based on weight percentage. The
measurement accuracy for the main elements in this
method was 0.01 Wt.%. Also, in this method, the
number of volatiles in the form of L.O.l. was
measured with an accuracy of 0.01%. The induced
coupled plasma mass spectrometer (ICP-MS)
method was used to measure the amount of trace and
rare elements. The detection threshold of these
elements, depending on the element, varied from
close to 0.01 ppm to 10 ppm.

Results

Harris granite rocks are in the northwestern Iran and
about 20 km west of Shabestar city. This mass is
composed of alkaline feldspar granite. The most
abundant texture seen in these rocks is micro-pertite
and myrmicite and based on lithographic and
geochemical properties, they belong to Aa-type

granites. The samples are meta-aluminous to per-

aluminous is based on the saturation index of
alumina. In general, the studied granites have higher
amounts of Na;O + K;O, Fe / Mg, Ga / Al, HFSEs

and lower amounts of CaO, Sr and Eu. Also, the
content of REEs of the samples in the normalized
graph concerning chondrite shows a negative Eu
anomaly. In other words, it is likely that A-type
alkaline granites after collision have been created in
this area following collision events and during their
placement the tensile structure is predominant.
Normalized multi-element diagrams as well as high
Rb indicate that the continental crust has played a
significant role in the formation of the Harris granite
producing magma, possibly due to the melting of the
lower crust by a tonalitic-granodioritic combination.

Discussion

All lithographic and geochemical data show that
Harris granite rocks are of A-type nature. Negative
anomalies of Ba, Nb, Ti, Sr and Eu and enrichment
in LILEs, especially Rb and Th, indicate the crustal
origin of these rocks separation of feldspar during
crystallization or the presence of feldspar as a
residual phase in the origin and the anomaly of P and
Ti to iron-titanium and apatite oxides. Enrichment in
LILE and HFSE elements with negative anomalies
of Nb and Ti is a characteristic of subduction-
dependent. The negative anomaly of Eu in the trace
element pattern can be attributed to granites, usually
attributed to the mantle origin, previously due to the
metamorphic activity of fluids from sediments
deposited by LILE and HFSE elements (Pearce et al.,
1984), or may be the nature of magmas rooted from
a subcontinent meteorite mantle formed during early
subduction. In addition, enrichment at Th, Rb, and
depletion at Sr, Eu, Ba, Nb, and Ti indicate that the
granites are rooted in crustal lavas (Zhao and Zhou.,
2007).
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Table 1. Data of major elements (based on Wt.%) by ICP-ES method and rare earth and trace elements (based on ppm)
obtained from geochemical analysis of Harris granites rocks by ICP-MS method

No- No- No- No- No- No- No- No- No- No-

Sample No. G1 G2 Gs3 Gy Gs Gs G7 Gs Go Gio
SiO2 774 775 772 763 759 756 768 76.2 773 775
TiO2 005 0.07 017 0415 0.06 008 012 016 013 0.11

Al203 121 122 117 119 118 1215 12 122 115 121
Fe20st 1.2 1.03 141 132 115 098 104 138 135 0.96
MnO 0.01 0.01 <0.01 0.01 001 <0.01 0.01 <001 001 0.01
MgO 005 006 004 025 017 004 004 0217 012 0.06
CaO 045 031 0.35 0.7 054 038 032 042 035 0.38
Na20 3.6 331 325 365 39 341 362 338 322 338
K20 428 471 421 435 452 544 512 515 516 4.87
P20s <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01
Cr203 001 002 003 002 002 002 003 002 002 0.03

L.O.l 0.78  0.67 11 1.17 1.2 0.98 0.62 0.5 0.8 0.5
Total 99.94 999 99.48 99.83 99.33 9945 99.73 99.6 99.97 99.91
Ba 225 274 1405 452 356 266 243 855 763 356
Ga 247 223 215 25 262 245 223 227 211 212
Hf 14 16 17 16 15 18 16 19 18 16
Nb 448 262 343 431 452 321 181 291 321 242
Pb 25 12 15 14 13 15 16 20 9 17
Rb 292 205 233 268 256 231 210 229 231 212
Sn 11 7 10 12 9 7 6 7 6 6
Sr 10 13 245 191 122 102 108 18 142 16.2
Ta 4.8 3.5 2.8 45 5.3 54 2.2 2.7 2.8 3.2
Th 423 352 321 45 131 451 323 311 332 281
Y 62.1 442 501 622 672 52 402 521 478 331
Zr 256 223 201 236 265 290 263 293 235 220
La 415 458 821 624 549 612 767 531 54 42
Ce 83 89 154 120 109 107 136 109 107 70
Pr 9.67 108 1825 13.26 1223 1375 16.04 1225 12 9.1
Nd 325 371 601 432 385 47 521 431 411 302
Sm 802 774 105 921 907 102 942 912 885 7.09
Eu 0.17 018 0.6 023 019 020 0.22 0.3 024 019
Gd 9.5 94 1101 958 975 955 932 957 842 6.36
Th 174 132 162 172 18 162 132 165 142 106
Dy 115 745 862 1055 12 855 735 985 856 621
Ho 2.2 159 184 222 252 158 135 212 171 121
Er 711 436 54 7.2 785 423 355 584 512 321
Tm 112 065 078 09 123 074 052 08 079 051
Yb 769 426 512 659 785 527 4.1 574 521 423
Lu 11 052 074 09 121 0.75 0.6 075 0.72 055
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Table 1 (Continued). Data of major elements (based on Wt.%) by ICP-ES method and rare earth and trace elements
(based on ppm) obtained from geochemical analysis of Harris granites rocks by ICP-MS method

Sample No- No- No- No- No- No- No- No- No- No-
No. Gu G2 Gis G Gis Gis Gy Gis Gig Gao
SiO2 77.19 77.6 76.22 7744 7637 7784 77.86 77.04 76.16 76.84
TiO2 0.17 0.14 0.25 0.19 0.25 0.07 0.1 0.13 0.18 0.10

Al203 12.1 12.3 1225 1198 1205 1189 1178 121 12.4 11.84

Fe2Ost 1.35 0.95 1.69 1.47 2.13 1.05 0.98 1.32 15 1.22
MnO <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <001 <001 <0.01
MgO 0.01 0.01 0.12 0.02 0.69 0.01 0.27 0.09 0.16 0.05
CaO 0.35 0.08 0.83 0.39 0.14 0.34 0.41 0.46 0.33 0.32
Na.O 2.68 3.04 2.65 2.68 2.98 3.01 2.43 2.45 2.69 2.79
K20 5.66 5.31 5.27 5.13 4.88 5.19 5.82 5.53 5.92 5.06
P20s <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 <0.01 o0.01 <0.01

Cr203 0.02 0.01 0.03 0.02 0.01 0.03 0.02 0.01 0.03 0.01
L.O.1 0.63 0.60 1.15 1.01 0.74 0.68 0.74 0.81 0.54 1.22

Total 99.68 99.64 99.68 99.72 99.64 99.74 9943 9949 9951 98.84

Ba 22,5 27.4 140.5 45.2 35.6 26.6 24.3 85.5 76.3 35.6
Ga 24.7 22.3 215 25 26.2 245 22.3 22.7 21.1 21.2

Hf 14 16 17 16 15 18 16 19 18 16
Nb 448 26.2 34.3 431 452 321 18.1 29.1 321 24.2
Pb 25 12 15 14 13 15 16 20 9 17
Rb 292 205 233 268 256 231 210 229 231 212
Sn 11 7 10 12 9 7 6 7 6 6

Sr 10 13 245 19.1 12.2 10.2 10.8 18 14.2 16.2
Ta 4.8 3.5 2.8 4.5 5.3 54 2.2 2.7 2.8 3.2
Th 42.3 35.2 321 45 13.1 45.1 32.3 311 33.2 28.1
Y 62.1 44.2 50.1 62.2 67.2 52 40.2 52.1 47.8 33.1
Zr 256 223 201 236 265 290 263 293 235 220
La 415 458 82.1 62.4 54.9 61.2 76.7 53.1 54 42
Ce 83 89 154 120 109 107 136 109 107 70

Pr 9.67 10.8 18.25 1326 1223 1375 16.04 1225 12 9.1
Nd 32.5 37.1 60.1 43.2 38.5 47 52.1 43.1 41.1 30.2
Sm 8.02 7.74 10.5 9.21 9.07 10.2 9.42 9.12 8.85 7.09
Eu 0.17 0.18 0.6 0.23 0.19 0.20 0.22 0.3 0.24 0.19
Gd 9.5 9.4 11.01 9.58 9.75 9.55 9.32 9.57 8.42 6.36
Th 1.74 1.32 1.62 1.72 1.85 1.62 1.32 1.65 1.42 1.06
Dy 115 7.45 8.62 10.55 12 8.55 7.35 9.85 8.56 6.21
Ho 2.2 1.59 1.84 2.22 2.52 1.58 1.35 212 1.71 1.21
Er 7.11 4.36 54 7.2 7.85 4.23 3.55 5.84 5.12 3.21
Tm 1.12 0.65 0.78 0.95 1.23 0.74 0.52 0.85 0.79 0.51
Yb 7.69 4.26 5.12 6.59 7.85 5.27 4.1 5.74 5.21 4.23
Lu 1.1 0.52 0.74 0.95 1.21 0.75 0.6 0.75 0.72 0.55
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Fig. 4. Chemical classification of Harris granite rocks based on: A: (Middlemost , 1994) and B: (Maniar and Piccolli,

1989).
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B C
—r 40 T T
}
Z }
A- type granites Cale- ! A- type granites "
301 Alkaline 1 2
Ga | granites : o 3
2 [ ©
't 3
|
]
|
1 1 1 :
g 10 L i
0 5 10 1 5 10

1000* Ga/Al ppm

1000* Ga/Al ppm

0.4

0.3

0.2

0.1

0.0

A- type granites | Calc-
Alkaline
granite

oy
8 10 12 14 16 18
Ca0+ALO;

Frost).u,f@,\}A@;,,‘.ﬁ)aw,aq!ﬁduaﬂ‘lo,oooxGa/AI wCaiCe+ND+Zr+Y il jlssei ;o A S

Sl A 5 S 5 edd 55 e p Sl S (slasipes oS 5 oS das e 0L2510,000 X GA/AT 4 o3 Ga Ll 55 B c(et al., 2001

LS o NS A 5 el 53 e p Sl S slaasss CAO + ALOs o s CaO0/ALOs Ll 40 55 :C 5 (King et al., 2001)
.(Shand, 1943 «Konopelko et al., 2007)

Fig. 6. A: In the discrimination diagram of Ce + Nb + Zr + Y vs. 10,000 x Ga / Al, the Harris granite samples are in the
A-type domain (Frost et al., 2001), B: Ga vs. 10,000 x Ga / Al diagram, indicates the composition of the Harris granite
samples in the domain of A-type granites (King et al., 2001), and C: In the CaO / Al;O3 vs. CaO + Al,O3 diagram, the
Harris granite samples are in the A-type domain (Konopelko et al., 2007; Shand, 1943).
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Syn-collisional granites; ORG: ocean ridge granites; Post-COLG: post-collision granites

DOI: 10.22067/ECONG.2022.72028.1035

\of

Y oylad (VF o555 VP (3Ll owlis e


https://dx.doi.org/10.22067/ECONG.2022.72028.1035

e B Ol )3T Ol oy o (2318 035 Ll on 5 pm a4 B8 5 52

OS5 olile (Gkamen

Loos (gl sla 1 ges 53 S A 5 glas il § 5l s
,» (Pearce et al., 1984) oIl 5 ojm 5l
3t i, S S IWPG e S5 5 5 VAG o35
5 LTl sz s wsdlwclw sREEThY (Rb
Sils Lot 8 5l g5 ol 5 S mar—as Ag slas il §
Sl pli 5 SlosE gy ol e BT I S5
237215058 3 e e 23 53 15 6T S 5
3y50 53 edb S5 aaly s (BoNiN, 2007) £5,5 o L
2550 S S kel )3 g Ar sl S oo S

A odalie J;.B IR ol 53 e p

o B 5 (6 i Sk yrolie 5l 5 Y Sk
L (Whalen et al,, 1987) 1 A ¢ 5 slacsil 8 (s —aie

Wl ok lie oy 3550 1S (glad ped o SiLee
EETIN TSRV Sl 58 oo odaline ¥ g 53 SOl
o gas palie Lol e3)3 5005 1 3 A glac sl & slie o
2ole 5305 pa s A g ool Sl b () )50
Aliani) &,8 o )3 g 28 Slw S5 sbeas & HFSE
5L A g5 sl S (Eby, 1992) i et al., 2012
(s b byl 52) As (s L LS 1 o) As g5

QT .$J‘J a.&:.:LG (Bonin, 2007) U’l"j" w—:_r-o.b LSl o:;r:..@'

3wy o S5ke (Whalen et al., 1987) A 5 1 ¢ 5 sacsl & ke pislie o 5oge 3 (52 b it ColS G god alia Y S0
(McDonough and Sun, 1995) olu 5 ¥ 4 536S% 51 adsl «s S 5 (Wedepohle, 1995) J 35

Table 2. Comparison of Harris granite samples with some of the most important mean values of I-type and A-type granites
(Whalen et al., 1987), average crust from Wedepohle (1995) and primitive mantle from (McDonough and Sun, 1995)

A-type I -type A_verage of Average granite in  Primitive
continental crust the study area Mantle

Na20+Kz20 (wt.%) 7-11 5-8 5.6 8.2 0.4
FeOt >2 <3 6.28 1.3 8.0
MgO <0.5 >0.5 3.7 0.3 37.8
FeO/MgO >>4 >4 1.7 4.3 0.2
Zr (ppm) >400 <250 203 245 10.5
Y >>25 <40 24 47 4.3
ZrlY >7 <4 8.4 5.2 2.4
Nb (ppm) >>10 <<30 19 27.5 0.6
Nb/Y >0.7 <<0.7 0.7 0.6 0.1
La (ppm) >>30 10-30 30 57 0.7
Yb >>2 <<3 2 5.5 0.4
Th (ppm) >10 >4 8.5 31 0.07
Th/Yb 1-15 >0.3 4.2 5.6 0.2
Th/Y 0.2-1.2 >0.1 0.35 0.7 0.01
Ga (ppm) >18 <18 15 20 0.4
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51 (Clemens et al., 1986; Abdel Rahman, 2006)
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