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Legend Symbols
Quaternary I:I:l Qt2 Gravel plain Drainage
T .~~~ Fault

-| K5 Marly bedded orbitolina limestone with ammonites

- K4 Argillaeous marls or black shale

== K3 Aptian massive orbitolina limestone containing

K1 Red conglomerate and sandstone with a yellow sandy dolomite
: G.d Granodiorite-Granite (Jurassic)

J Low Jurassic sandy shale and sandstone

Cretaceous

Jurassic

(Zahedi, 1994) soal; ;| ol s b o oBS dilaie cwlidipue; 4 g oyl pl 0 (w090 dilaie LSl am Condge ) JSb
Fig. 1. Geographical location of studied area in Iran and geological map of the Kolah-Ghazi area (Zahedi, 1994 with
modification)
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Fig. 2. Modal classification of Kolah-Ghazi plutonic rocks (Streckeisen, 1976). 1: quartz rich granitoid, 2: alkaline
granite, 3: granite, 4: granodiorite, and 5: tonalite
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Fig. 3. micrographic photos of texture and mineral assemblage of different granitoid units of Kolah-Ghazi; A:
Hypidiomorphic granular texture of granodiorite (XPL), B: simpletic texture in the margin of andalusite xenocryst in
granodiorite (XPL), C: poikilitic texture in granite (XPL), D: Turmaline in the Dare-Neyzar granite, E: inclusion of
ilmenite and apatite in the biotite of granite (PPL), F: Epi-taxial texture in granite, G: sphene and ilmenite in tonalite,
and H: biotite rich mafic clots in the granite (PPL). (Plg: plagioclase, And: andalusite, Bio: biotite, Or: Ortoclase, Tur:
Tourmaline, Ilm: Ilmenite, Sph: sphene (Kretz, 1983))
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Table 1. The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and trace elements:

ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite; X: xenolith

Samples  GS1 GS2 GS3 GS5 GS7T GS10 GS12 GGl GG2 GG3 GG8
Rock Alfgr  Alfgr Gr Ton Gr Gr Alf.gr Gr Gr Grd Ton
Si0, 70.58 7442 69.55 6546 @ 66.7 69.96 7350 73.13 70.03 66.65 68.22
TiO» 0.32 0.11 039  0.69 0.63 0.38 0.16 0.11 0.33 0.64 0.47
AL Os 14.53 1452 1459 157 1562 14,69 13.88 1399 1481 1551 14.68
FeO, 3.12 0.71 3.74 5.5 4.83 3.15 2.33 1.71 3.17 491 4.44
MnO 0.06 0.02  0.07 0.10 0.09 0.06 0.03 0.03 0.07 0.07 0.08
MgO 0.87 0.09 1.06  2.13 1.90 1.02 0.28 0.31 0.98 1.78 1.37
CaO 1.50 0.64 1.59  2.07 1.66 1.95 1.12 1.23 2.01 2.19 2.12
NaxO 2.71 357 272 218 2.06 2.45 2.84 3.24 2.60 221 2.67
K>O 4.48 4.63 424 387 427 447 430  4.68 4.03 3.69 3.29
P,0s 0.15 036 015 0.14 0.14 0.13 0.17 0.13 0.13 3.69 0.14
LOI 1.04 0.81 1.46 2.5 221 1.36 1.12 1.25 1.47 2.51 1.7

Ba 363 341 179 457 416 377 548 584 401 367 290
Rb 208.3 2158 413.1 166.6 181.5 173.8 192.0 1859 1845 177.6 156.9
Sr 1440 1371 704 1933 2206 1423 1335 1343 128.1 1325 1439
Cs 8.5 15.3 4.9 7.3 8.2 9.5 7.2 6.3 10.3 11.0 5.9

Ga 17.3 17.6 34.8 19.2 18.3 16.6 19.2 18.7 17.1 19.3 18.1
Ta 1.1 1.1 5.1 1.0 1.2 0.8 1.0 1.2 0.9 1.1 1.0

Nb 11.3 11.1 66.9 13.4 12.8 10.2 13.6 12.1 10.3 13.1 11.7
Hf 3.9 3.6 1.7 4.0 4.1 33 39 29 4.6 4.9 3.5

Zr 119.0 1206 20.1 1534 151.1 1145  107.8  79.1 152.1  168.1 1237
Y 20.9 22.8 4.8 24.5 22.7 27.8 5.0 2.8 30.7 242 20.2
Th 14.1 13.7 1.8 13.6 14.3 13.5 16.8 13.7 15.8 16.6 13.4
U 2.0 2.3 1.9 23 22 1.9 1.5 1.1 3.0 23 2.0

Cr 16.7 323 * 60.2 67.8 28.5 10.3 222 23.5 65.0 25.3
Ni 10.3 9.5 * 20.2 23.2 8.4 3.1 0.9 20.1 22.7 11.2



www.SID.ir

\o¥ Okl Cgiz (oW sudsil T dcgase P59 g (o) AYAY L) Y oyleds Ve al>

» k_)l.a.AS ].aLa.C 9 @)5 Qo )0 > ‘}@‘ f\aL..C MS‘) sobo)'{s L;A.js.a.g‘; AL g0 L‘bd.:s..o.: S)lmﬂsj) LgLs'b)‘JlJ" CJL.J Al Js» PRy
Cudgiy X ey, g04il,5 Grd sl 5 Gr ey Ton eeusl 5 Lawals JSIT-AIfEr -5l o )le g lass | o e (PPM o>
Table 1 (Continued). The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and

trace elements: ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite;
X: xenolith

Samples GS1 GS2 GS3 GS5 GS7 GS10 GS12 GGl GG2 GG3 GG8

Rock Alfgr Alfgr Gr Ton Gr Gr Alf.gr Gr Gr Grd Ton
Co 5.9 7.9 1.0 10.8 12.0 8.3 3.0 2.2 8.4 12.4 8.7
\Y 51 56 17 112 104 50 * % 28 87 47
Pb 20.3 20.2 4.5 23.8 19.6 22.4 23.1 17.4 18.4 16.7 16.7
Sn 2 4 9 24 8 4 3 3 2 7 4
W 0.9 1.9 5.4 2.1 2.1 2.6 1.6 4.8 2.0 23 1.3
La 29.1 25.9 2.1 31.9 35.0 28.2 39.7 28.7 342 329 256
Ce 61.1 54.5 4.1 67.0 73.7 60.7 87.2 63.5 73.8  70.8 547
Pr 6.75 6.22 0.47 7.71 8.19 7.04 9.78 7.27 8.28 8.05 6.18
Nd 259 223 1.6 30.1 33.0 27.4 36.9 27.5 304 314 241
Sm 5.13 476 099  5.58 5.82 5.08 7.05 5.63 598 586  4.60
Eu 0.88 083 0.12  1.05 1.02 0.88 1.24 1.14 0.90 1.00 092
Gd 4.58 438  1.67 496 5.18 4.86 4.75 3.29 574 519 415
Tb 0.72 071 041 0.80 0.79 0.82 0.49 0.28 095 080  0.67
Dy 3.96 398 132 429 4.01 4.65 1.36 0.76 540 443 3.69
Ho 0.73 0.79 0.13  0.87 0.78 0.96 0.14 0.07 1.11 0.87  0.71
Er 2.13 224 023 246 2.24 2.96 0.25 0.13 3.03 248  2.02
Tm 0.30 032 003 0.38 0.34 0.42 0.04 0.03 044 035 029
Yb 1.94 225 017 236 2.08 2.73 0.29 0.26 298 234 1.97
Lu 0.28 033 003 0.37 0.33 0.43 0.04 0.03 043 036 028

EuwEu* 0.55 0.56  0.28 0.61 0.57 0.54 0.65 0.81 0.47 0.55 0.64

(La/’YDb), 10.6 8.2 8.8 9.6 11.9 7.3 97.0 78.2 8.1 10.0 9.2
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Table 1 (Continued). The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and
trace elements: ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite;

X: xenolith
Samples GG11 GG13 GG15 GG16 GG17 GL2 GL3 GL5 GN49 GN55 GN56
Rock Gr X Grd Gr Gr Gr Grd Gr Gr Gr Gr
Si0O, 66.37 5567 66.67  70.67 69.3 66.85 64.77 67.04 66.79 6459 66.36
TiO, 0.60 0.93 0.55 0.32 0.37 0.57 0.89 0.56 0.616 0.70 0.65
ALOs 15.24 16.87 15.40 15.34 1519 15.04 15.84 15.04 15.54 15.73 15.53
FeOy 4.73 8.5 4.53 231 3.06 4.54 5.37 4.42 4.61 5.32 4.88
MnO 0.08 0.18 0.08 0.05 0.06 0.09 0.11 0.08 0.09 0.09 0.08
MgO 1.73 5.53 1.70 0.87 1.06 1.65 1.83 1.51 1.70 2.30 1.70
CaO 3.01 5.62 2.47 1.89 2.48 3.04 3.73 3.01 2.38 2.80 2.43
Na,O 2.49 1.46 2.51 5.04 3.21 2.45 2.72 2.38 2.10 2.42 2.15
K,O 344 2.42 3.47 1.88 3.53 3.40 2.56 3.61 3.68 3.40 391
P,Os 0.13 0.14 0.14 0.14 0.14 0.14 0.19 0.13 0.14 0.14 0.15
LOI 1.63 2.68 1.95 2.1 2.06 1.7 1.36 1.7 2.8 1.89 2.58
Ba 336 350 386 234 426 348 274 386 373 403 387
Rb 148.6 145.7 173.0 97.7 152.1 1549 150.1 1584 1394 1643 177.2
Sr 136.9 150.9 162.2 162.1 162.5 1404 1457 1383 1629 217.7 156.9
Cs 9.8 8.2 8.7 5.1 6.9 10.6 14.2 8.5 4.9 11.7 5.1
Ga 17.5 17.8 19.1 17.3 18.2 18.1 19.7 18.2 19.0 19.9 19.0
Ta 0.9 0.6 1.0 0.7 0.9 0.9 0.9 0.9 1.0 1.1 1.0
Nb 124 6.8 11.5 9.9 10.3 11.3 15.6 11.4 12.1 12.8 12.5
Hf 4.5 2.5 4.5 3.6 5.1 3.6 3.8 4.2 4.8 5.2 4.7
Zr 151.6 96.7 150.9 129.5 1729 1344 133.7 160.6 1566 1762  158.0
Y 24.6 23.6 29.7 33.4 29.1 25.5 24.9 28.1 24.7 253 25.7
Th 14.5 6.5 14.5 15.6 15.9 15.8 7.2 14.7 16.5 15.9 15.6
U 2.4 1.6 2.1 1.6 2.4 1.9 1.6 1.8 2.1 1.9 2.2
Cr 54.8 301.8 40.8 9.7 21.0 45.7 4.2 49.2 61.4 72.3 57.9
Ni 15.5 41.1 15.1 8.3 13.1 13.4 13.1 13.6 20.3 18.4 20.8
Co 11.6 26.3 11.7 54 6.9 11.0 13.2 10.9 11.3 13.1 10.5
\% 73 214 76 21 31 68 41 68 78 95 80
Pb 18.3 9.9 16.6 11.6 15.5 16.9 16.9 17.5 19.3 13.7 17.6
Sn 5 10 4 4 3 3 5 4 5 4 8
W 1.9 2.2 1.6 1.0 1.9 2.2 23 3.8 1.6 2.1 2.2
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Table 1 (Continued). The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and
trace elements: ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite;
X: xenolith

Samples GG11 GG13 GG15 GGl16 GGl7 GL2 GL3 GL5 GN49 GN55 GN56

Rock Gr X Grd Gr Gr Gr Grd Gr Gr Gr Gr
La 33.1 17.3 34.1 27.8 37.0 31.8 19.4 31.7 342 353 32.8
Ce 70.1 36.2 73.0 61.6 80.3 68.7 43.0 68.3 73.6 75.6 71.7
Pr 8.06 4.26 8.16 7.20 8.66 7.65 4.98 7.33 8.05 8.28 7.90
Nd 30.9 17.4 314 29.2 34.1 29.1 20.4 29.7 31.5 32.7 31.1
Sm 5.89 3.85 5.83 5.92 6.21 5.66 4.69 5.46 5.70 5.92 5.78
Eu 1.02 1.09 1.03 0.95 1.02 1.00 1.06 1.04 1.01 1.08 0.96
Gd 5.18 3.95 5.46 5.71 5.86 5.02 4.74 5.09 5.03 5.44 523
Tb 0.82 0.69 0.92 1.00 0.92 0.80 0.85 0.84 0.81 0.85 0.83
Dy 4.67 4.43 5.29 597 5.40 4.79 4.97 5.06 4.65 4.69 493
Ho 0.90 0.88 1.08 1.24 1.04 0.97 0.96 1.01 0.91 0.91 0.93
Er 2.40 2.49 2.99 3.69 3.03 2.64 2.58 2.86 2.52 2.56 2.74
Tm 0.35 0.36 0.42 0.55 0.44 0.38 0.36 0.43 0.38 0.37 0.41
Yb 2.25 2.65 2.76 3.51 2.87 2.67 2.23 2.76 2.47 2.45 2.71
Lu 0.34 0.39 0.39 0.52 0.42 0.39 0.34 0.40 0.37 0.38 0.40

EwEu* 0 56 0.85 0.56 0.50 0.52 0.57 0.69 0.60 0.58 0.58 0.53

(La/Yb)a  10.11 4.6 8.8 5.6 9.1 8.4 6.2 8.1 9.8 10.2 8.6
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Fig. 4. A: Geochemical classification diagram for the Kolah-Ghazi samples (Middlemost, 1985), B: Aluminium index
diagram (Shand, 1951), and C: magmatic series diagram (Peccerillo and Taylor, 1976). Major oxide values used in all

diagrams
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Fig. 7. A: Rare earth elements pattern of the Kolah-ghazi samples normalized to Chondrite (Nakamura, 1974), and B:
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