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Mass changes of trace element in chloritic zone

Mass changes(%)

=100

200

150

100

allo

B

SRR

T

a L

01Cu Zn0.IMA Co M Rd S B Pb As

NY It oM

o 33 S g (25 Sle il o D e s 0L (gl 55 WY IS

S B los g Aol s

Mass changes(%)

5.04

&

s
=

a
(r

SI02 TIOQ A2O3 503 Mg0 Co0 Ma20 20 P05 Fe203

Mass changes of major components in sericitic zone

E_BI g0

=

chloritic alteration

Scatterplot of chloritic alteration vs Fresh Rock
|l
1000 4 Aol
4 A
¢ ‘e
100 # ke
x M
« BB
10 B 2 :’
> >
- 4 Ir
1 +
1 10 100 1000
Fresh Rock

03 (St 4, (bl S0l o i o liasOS G s 5e3-10 IS

S5 M B los g Aol s

Ll g s 53 2 IS gy (23 Sl o Sk (55T Sl -)Y K

S H3dF s s

sericitic alteration

Scatterplot of sericitic alteration vs Fresh Rock

100

“38EE8E8E]

Fresh Rock

L g ot 33 s o gy ol (S0l p o Dl (85T ales VF S

S Hlsd B gles s

YYA



OLan 5 03lidemms inmdasus

(3B e 215 G Ol SLAET (gls K o me (6l 0 g lasd 4 2 s =) J s

SNo | Na,0(%) | MgO(%) | ALO(%) | SiO,(%) | P,0(%) | SO(%) | K,0(%) | CaO(%) | TiO,(%) | Fe,0,(%)
T1-S1 331 7.44 13.73 39.65 0.22 0.007 0.041 8.93 0.70 9.73
T1-S2 2.12 4.75 15.16 42.92 0.184 032 0.69 743 0.65 11.47
T1-S3 2.29 8.49 14.81 45.57 0.23 0.001 0.25 6.83 0.75 9.96
T1-S4 1.92 7.29 14.82 4536 0.19 0.001 0.64 731 0.68 8.60
T1-S5 2.05 6.59 13.33 41.06 0.14 0.10 0.32 8.42 0.58 8.61
T1-S6 3.26 3.95 15.09 50.49 0.124 0.04 0.34 3.77 0.65 7.48
T1-87 1.25 6.74 13.22 48.17 0.15 0.022 0.49 771 0.48 7.84
T1-S8 1.24 9.25 12.92 4345 0.161 0.001 0.05 6.92 0.64 10.7
T1-S9 1.157 6.017 14.76 46.12 0.137 0.54 047 10.43 0.596 8.92
T1-S10 441 2.63 14.75 42.92 0.218 011. 0.64 10.43 0.41 472
T2-S1 243 6.15 15.1 4621 0.16 0.011 0.87 3.90 0.616 9.88
T2-S2 0.95 6.25 15.16 3334 0.16 0.002 1.63 10.81 0.65 10.87
T2-S3 0.58 7.13 12.66 40.33 0.03 0.06 0.19 470 0.54 11.89
T2-S4 1.32 438 12.97 39.04 0.12 0.56 0.657 6.97 0.56 8.93
T2-S5 2.03 6.01 14.38 3721 0.11 0.042 0372 7.23 0.53 10.42
T2-S6 1.40 5.81 13.95 36.98 0.242 0.016 0.99 9.50 0.51 9.91
T2-S7 1.46 6.85 13.04 47.09 0.14 0.011 0.024 731 0.48 11.18
T2-S8 112 6.43 12.23 42.96 0.139 0.045 0.08 6.41 0.52 10.93
T2-S9 2.29 3.66 12.67 44.59 0.157 0.04 0.235 6.493 0.702 7.87
T2-S10 2.06 338 10.88 50.54 0.143 0.015 0.075 8.608 0.509 621
T3-S1 2.96 5.90 14.00 3821 0.198 1171 1.144 2.963 0.6 9.68
T3-S2 1.42 3.11 14.62 47.32 0.1 0.264 2.061 7.467 0.439 630
T3-S3 2.04 5.58 13.32 38.49 0.106 0.005 1.166 6.74 0.452 8.13
T3-S4 0.52 6.84 15.57 43.63 0.101 0.006 0.02 15.17 0.492 10.31
T3-S5 1.46 6.14 12.99 38.47 0.15 0.001 0.257 15.61 0.629 7.94
T3-S6 1.56 7.63 9.33 27.18 0.074 0.08 0.06 8.581 0.408 9.32
T3-S7 249 4.89 14.73 45.59 0.14 0.153 0.585 6.518 0.557 8.29
T3-S8 1.62 7.12 12.26 41.63 0.117 0.113 0.057 6.355 0.544 9.11
T3-S9 1.20 3.67 136 48.22 0212 0.016 2.546 7.464 0.667 6.41
T3-510 2.49 4.89 132 45.52 0.145 0.008 0.585 6.518 0.635 8.29
T4-S1 3.8 421 12.3 48.68 0.113 0.011 0.054 5.974 0.552 7.86
T4-S2 3.20 439 13.92 44.89 0.168 0.001 0.089 5.345 0.68 731
T4-S3 1.37 5.79 13.49 50.87 0.094 0.001 0.081 8.701 0.558 8.79
T4-84 2.10 6.01 12.7 46.71 0.094 0.001 0.011 7321 0.483 10.4
T4-S5 1.18 5.86 8.938 28.57 0.066 0.042 0.037 16.93 0.34 10.39
T4-S6 1.09 571 13.89 52 0.245 0.007 0.082 10.26 0.72 9.45
T4-S7 3.20 439 13.17 55.11 0.205 0.28 0.08 5.34 0.58 731
T4-S8 1.36 6.68 15.12 39.68 0.13 0.001 0.30 925 0.64 10.95
T4-S9 3.99 3.18 13.41 57.03 0.18 0.08 0.32 3.43 0.51 5.05
T4-S10 3.18 3.08 15.19 5332 0.15 0.029 0.816 4.066 0.67 6.88
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S.No Sr(ppm) y(ppm) Zr(ppm) Nb(ppm) Ag(ppm) Ba(ppm) Pb(ppm)
T1-S1 350 20 50 4 2 130 10
T1-S2 330 30 40 3 22 860 10
T1-S3 390 20 50 4 6 180 10
T1-S4 340 20 60 3 420 10
T1-S5 410 20 60 4 2 1270 10
T1-S6 270 20 70 3.3 3.9 720 10
T1-S7 240 20 60 2.1 1.7 260 10
T1-S8 270 20 50 3 2 50 6
T1-S9 320 20 60 2 1.1 80 10
T1-S10 230 20 60 5 190 60
T2-S1 200 20 70 3.6 2 680 10
T2-S2 230 20 50 2.5 3.2 500 10
T2-S3 130 15 50 1.3 1.4 80 30
T2-S4 230 10 40 1.6 2 310 10
T2-S5 210 20 40 1.3 130 30
T2-S6 250 20 40 15 2 240 10
T2-S7 290 20 80 4 12 450 6
T2-S8 230 20 50 1.5 2 110 5
T2-S9 270 20 50 0.5 3.2 60 10
T2-S10 200 30 70 3 2 90 10
T3-S1 230 20 80 3 2 560 20
T3-S2 140 20 70 2.1 2 810 8
T3-S3 290 20 60 22 2 560 20
T3-S4 110 20 70 2.4 2 710 20
T3-S5 430 20 40 2.3 2 100 6
T3-S6 160 10 30 1 2 140 10
T3-S7 230 20 80 4.1 2 870 5
T3-S8 250 20 40 1.6 2 80 20
T3-S9 240 30 90 49 2 80 10
T3-S10 230 20 50 2.4 2 90 20
T4-S1 290 20 50 1.9 2 80 10
T4-S2 310 20 70 1.9 2 70 9
T4-S3 260 30 80 3.5 1.7 130 8
T4-S4 300 20 40 2.5 2 70 6
T4-S5 160 10 20 1 610 5
T4-S6 160 30 90 47 1.4 230 10
T4-S7 250 30 90 47 1.4 3530 10
T4-S8 390 20 50 1.7 2 190 6
T4-S9 20 20 10 10 12 150 5
T4-S10 240 20 10 1.9 32 700 10
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S.No V(ppm) Mn(ppm) Co(ppm) Ni(ppm) Cu(ppm) Zn(ppm) As(ppm) Rb(ppm)
T1-S1 340 3250 30 30 480 140 10 5
T1-S2 260 2720 20 40 10 180 2.5 10
TI-S3 330 2710 30 30 90 210 32 3
T1-S4 310 1900 20 20 40 190 22 10
TI-S5 280 1880 10 30 420 150 2 4
T1-S6 230 1460 10 20 90 170 43 5
T1-87 220 2950 10 30 50 200 1.8 10
T1-S8 270 4240 20 50 120 220 2 3
T1-S9 270 2950 20 20 10 120 2 5
T1-S10 90 1320 10 10 120 90 1.4 3
T2-S1 270 1450 10 20 8 170 2.7 10
T2-S2 350 2890 10 20 50 160 22 20
T2-S3 240 2540 20 60 1540 170 10 10
T2-S4 260 2500 3 30 2830 160 10 10
T2-S5 260 3530 3 30 1540 180 2.6 5
T2-S6 210 1890 10 30 190 80 2 20
T2-S7 180 2190 10 20 50 110 3 3
T2-S8 230 3800 3 70 3920 180 10 5
T2-S9 290 3460 3 60 1110 180 1 5
T2-S10 140 1680 3 20 570 70 1.1 1
T3-S1 260 1290 3 20 1310 230 2.5 20
T3-S2 180 1910 10 10 30 260 1.5 30
T3-S3 310 1320 10 20 30 220 33 20
T3-S4 220 1050 10 20 10 230 3.6 40
T3-S5 280 2690 20 30 50 120 2.5 5
T3-S6 290 2800 20 70 80 180 1.9 5
T3-S7 210 2410 10 20 220 170 1.4 10
T3-S8 220 2810 20 30 30 180 3.8 7
T3-S9 180 2610 10 20 10 280 3.1 2
T3-S10 250 2210 10 30 130 190 32 7
T4-S1 180 2100 10 40 190 120 26 9
T4-S2 280 2530 10 20 990 120 2.6 9
T4-S3 160 2240 10 20 320 110 1.3 3
T4-S4 270 4200 10 40 500 840 9 8
T4-S5 260 7070 20 60 90 950 12 5
T4-S6 140 1920 20 10 8 90 2.6 6
T4-S7 150 2650 20 40 1110 130 2.6 6
T4-S8 320 3520 10 20 260 190 2 4
T4-S9 110 1390 10 10 10 70 1.7 9
T4-S10 150 2120 3 10 100 110 28 10
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Abstract

The Ghezildash massive sulphide copper deposit is located in the northwest of Iran. The area is a part of the ophiolotic colored mélange zone of
NW Iran, also known as Khoy—Maku colored mélange. Copper mineralization occurred in part of basaltic meta-volcanic rocks, and extensive
alteration zones such as chloritic—epidoitic along with minor carbonate and sericitic zones are consequently developed in the area. This paper
aims at identifying hydrothermal alteration zones related to massive sulphide deposit particularly those associated with chloritic zones where
the mineralization have been identified. Another aspect is to determine the elemental enrichment and depletion before and after alterations in
the host rock. For this purpose, the alteration box plot was used, which approved Trend 4 of chlorite-carbonate zone in much of the samples
and Trend 5 of sericite—carbonate in few samples. Furthermore, thin section studies showed similar results, confirming the method used.
Maclean method as a useful reconnaissance tool for mineralized zones was then applied to identify the enriched and depleted alteration zones
between unaltered host rock and altered chloritic and sericitic zones. Results of McLean method revealed in the chloritic alteration zone large
enrichment of Fe and Mg and depletion of Na, K and Ca elements, which have occurred due to decomposition of feldspars in the rock during
chloritic alteration. It was also observed that these rocks in the chloritic alteration zone were subjected to a moderate increase in Cu, Zn, Co,
and V contents. Also, sericitic alteration zone showed a moderate enrichment in Fe and Mg. Therefore, alteration zone detection using box plot
and mass change calculations by McLean method enabled us to identify mineralization zones in the Gezildash massive sulphide deposit of
Khoy. Characteristic features of detected alterations and geochemical indices obtained by this study suggest the Cyprus type massive sulphide
mineralization for the area associated with Cu-Zn enrichment and Ca and Na depletion. In some cases, very minor amount of K enrichment in
sericitic zones was also observed. Overview of the deposit represents cluster form in a particular trend that emphasizes its structural control
by faults. The presence of ophiolitic mafic volcanic rocks, Ocher horizons, exhalative cherts and regional pyrite horizons are considered as
exploration signs for this deposit.
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