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Sample ALO, CaO FeO K,0 MgO MnO | Na,O P,0, SO, Co Cr Nb Ni Sc
K-280 -9.4 -4.8 14.8 -0.4 -5.7 -0.05 -1.9 0.3 2.1 -52.1 45.9 7.4 -344 -1.7
K-291 -6.4 -4.6 -6.3 1.9 -5.5 -0.05 -2.1 0.1 0.4 -52.3 6.8 2.8 -17.7 -6.6
K-262 -1.7 -4.5 -5.6 0.7 -5.5 -0.05 -1.4 -0.2 0.1 -52.7 -45.1 4.5 -32.1 -9.6
K-265 9.1 -4 -4 -0.7 -5.8 -0.04 2.4 -0.1 1.4 -52.8 -29.2 -1.3 -32.8 -8.8
K-289 -8.6 -4.2 -6.5 -0.1 -5.5 -0.04 24 0.1 0.4 -53 -32.1 3.7 -34.7 -10.1
K-274 9.1 -4.3 -4.2 -1.9 -4.7 -0.05 -2.1 -0.2 0.9 -51.4 81.2 9.9 -31.2 -5.5
G-65 -6.4 -4.1 -4.2 1.9 -5.3 -0.04 2.2 0.1 0.8 -50.8 29.1 7.8 -32.6 -4.3
K-312 -4.2 -3.7 -1.3 -0.8 -4.9 -0.05 -2 0.1 1.2 -53 -48.2 43 -33.2 -3.5
K-263 7.1 -4.1 -4.3 0.4 -5.9 -0.05 -1.8 -0.1 0.4 -50.1 -53.4 1.7 -31.4 -10.1
G-38 -7.9 -3.8 -5.2 0.6 -5.9 -0.01 -2.1 0 0.4 -51.1 -44.1 2.1 -34.4 -9.8
K-326 -0.7 =32 -1.9 1.2 -4.7 -0.02 -2.1 0 0.6 -47.7 -18.5 16.4 -31.1 -4
G-55 -8.9 -3.8 -6.9 0.2 -6 -0.01 2.3 -0.1 0.1 -51.8 -51.9 0.9 -34.9 -11
K-264 -7 -3.5 =17 -0.1 -5.4 -0.05 2.3 -0.1 1 -52.5 -43.1 -2.9 -32.6 -9.5
G-46 -34 -3.3 -4.8 0.2 -6 -0.04 0.2 -0.1 2.9 -49.7 -42.7 -0.8 -30.8 -6.8
G-36 -7.6 -3.5 -5.3 1.1 -5.9 -0.02 -2.4 -0.1 0.5 -51.5 -54.9 2 -35.4 -8.1
K-297 -9 -3.3 212 -0.5 -5.2 -0.03 2.2 -0.1 1.4 -49.8 23 33 -31.4 -11.5
K-313 -6.9 -3.1 -1.9 -0.6 -5.2 -0.04 -2 0 22 -50.7 -40.1 5.1 -32.6 -6.7
K-328 -6.4 -3.3 -6.7 -1.3 -4.6 -0.02 2.4 -0.2 0.7 -50.6 -25.1 7.6 -33.9 -7.9
K-288 -8.3 -3 -4.1 -0.6 -4.9 -0.04 23 -0.1 2.1 -53.1 -35 3.8 -33.6 -10.2
K-256 -5.4 -0.8 1.3 -1.2 -3.6 0.02 -1.8 0.1 1.2 -45.6 62.6 14.4 -27 -2.8
K-273 -4.2 -0.2 7.5 -1.5 2.3 0.17 2.2 0.1 - -31.6 57.4 15.3 -6.6 2.3
Sample Sr \% Zr Au Cu Mo Sb Zn La Ce Nd Y As
K-280 -124.8 53 -74.4 -13.1 10.9 0.8 11.5 =342 13.2 51.4 -0.7 -15.9 422.6
K-291 -244 -52.9 -63.1 -9.7 -24.9 16.9 11 -60.8 -17.5 -13.8 -17.8 -15.1 906.1
K-262 -260.2 | -26.4 -68.1 - -6.2 1.2 3.7 =71 -18.2 -17.7 -16.3 221.3
K-265 -208.4 | -89.7 -58.8 -7.9 -22.3 15.1 10.4 -69.6 -13.7 7.3 -5.8 -10.2 638.2
K-289 -255 -53.6 -51.3 -10.8 -25.6 5 12.7 -53.3 -15.6 -5.1 -9 -13 509
K-274 -48.6 25 -47.6 -10.4 -1.7 24.4 21.4 -65.9 -17 9.1 -1.3 -13.1 -
G-65 -164.5 15.8 -57.5 -12.1 -10.6 10.9 23.1 9.5 -17.4 1.1 7.6 -12.8 476.5
K-312 -196.5 12.3 -48.3 - -24.8 1.8 255 -58.9 -12.4 43.9 43 -8.4 -
K-263 -238 -57.1 -57 - -1.9 - 4.1 -69.3 -10.8 -7.8 -7.4 -11.7 360.3
G-38 -90.1 -65.9 -42.7 -3.8 3.1 69.6 20.7 71.8 11 65.6 10.9 -10 367.2
K-326 -177.4 | 116.6 -33.9 -6 73.6 - 22.3 -72 -11.1 29.7 -0.6 -8.9 671.8
G-55 -197.1 | -146.4 21.9 - -26.7 3.7 15.8 -16.9 0 37.4 5.5 -8.2 68.5
K-264 -184.7 | -105.9 | -63.7 -12.3 -24.3 3.2 6.3 =272 -16.4 -2.6 -6 -12 706.6
G-46 -175.8 | -82.2 -50.8 - -20.7 0.8 11.4 -26.9 -0.1 422 8.2 -11.6 296.1
G-36 -191.8 | -65.5 -47.5 -10.5 -28.8 7.8 7.7 -62.8 -2.7 25.4 1.7 -10.5 256
K-297 -2339 | -822 -47.8 - -23 4.7 18.6 0.4 -16.3 -11.2 -8.3 -11.7 341.1
K-313 -205.9 | -183 -51 - -24 2.8 9 -32.2 -13.1 18.4 -1.3 -10.1 -
K-328 -232.4 0 -71.9 -13.4 213 33 21.6 -45.1 -13.4 -33 -53 -9.2 494.1
K-288 -195.9 -38 -67.1 -12.9 -24 11.1 13.5 -68.1 -12 12.7 -1.4 -10.5 666.4
K-256 -195 108.3 -68.4 -8.8 22 1.7 21.2 -41.4 -13 25.7 8.7 -4.7 -
K-273 -202 119.5 -46.5 - -24 - 21.3 71.2 10.2 39.5 13.7 -4.8 287.3

'va Y=Y () ™ .\inwj(}l.a
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Argillic samples
Sample | 1K-11IM | K-280 | K-291 K-262 K-265 K-289 K-274 | G-65 | K-312 | K-263 G-38
ALO, 16.58 11.02 10.62 11.78 6.81 9.88 10.79 11.98 | 11.45 12.98 10.35
CaO 5.08 0.48 0.55 0.74 1.00 1.04 1.15 1.20 1.24 1.33 1.53
FeO 20.54 38.72 4.13 6.17 5.69 4.70 8.73 7.12 8.27 8.17 6.07
K,0 2.65 3.51 4.77 4.44 1.73 3.13 1.04 5.31 1.69 4.16 3.85
MgO 6.38 0.99 0.88 1.12 0.53 1.09 2.39 1.31 1.42 0.63 0.63
MnO 0.05 0.01 0.00 0.00 0.01 0.01 0.00 0.02 0.00 0.00 0.04
Na,O 2.57 0.99 0.54 1.53 0.19 0.25 0.60 0.43 0.53 1.06 0.59
P,0, 0.32 0.96 0.46 0.17 0.20 0.45 0.20 0.54 0.34 0.35 0.33
TiO, 0.70 1.08 0.73 0.92 0.63 0.86 1.00 0.82 0.65 0.96 0.83
SO, 0.46 391 0.95 0.74 1.67 1.07 1.91 1.52 1.53 1.15 0.82
Au 3.81 3.81 6.13 1> 6.99 5.94 7.51 4.09 1> 1> 14.00
As 317.7 663.6 954.9 302.9 586.3 637.1 1000< | 567.2 | 1000< | 505.7 445.5
Co 55.30 4.94 3.16 3.47 2.31 2.86 5.63 5.27 2.15 7.09 4.99
Cr 58.00 160.30 | 67.74 17.01 26.11 31.96 199.90 | 102.10 | 9.10 6.26 16.54
Nb 13.30 31.97 16.81 23.58 10.91 21.01 33.38 2477 | 16.24 20.65 18.28
Nd 19.70 29.31 1.99 1> 12.65 13.20 17.79 14.15 | 22.25 16.85 36.42
Ni 37.00 3.98 20.13 6.49 3.79 2.83 8.35 5.16 3.49 7.72 3.10
Sc 19.50 18.17 13.46 13.11 9.74 11.64 20.03 17.84 | 14.84 12.88 11.55
Sr 372.00 381.30 | 133.80 | 148.00 148.50 144.30 464.30 | 243.10 | 162.40 | 184.20 335.10
Sb 1.70 20.31 13.22 7.11 11.00 17.74 33.20 | 29.03 | 25.16 8.01 26.60
Cu 31.00 64.70 6.40 32.81 7.88 6.61 42.08 23.86 5.72 31.79 40.55
Mo 1.00 2.70 18.67 2.98 14.62 7.35 36.51 13.95 2.57 1> 83.89
Zn 73.00 59.79 12.72 2.62 3.07 24.27 10.14 | 96.67 | 13.09 5.04 172.10
Zr 89.00 22.49 27.06 27.71 27.46 46.43 59.38 3693 | 37.62 43.99 55.06
v 178.00 356.30 | 130.70 | 200.60 80.14 153.40 291.40 | 227.10 | 176.10 | 166.10 133.30
La 19.00 49.61 1.61 1.11 4.80 4.15 2.93 1.93 6.14 11.25 35.70
Ce 36.00 13480 | 23.22 24.19 39.27 38.10 38.69 | 43.45 | 73.94 38.78 120.80
Y 19.00 4.75 4.08 3.61 7.98 7.35 8.54 7.26 9.79 10.07 10.65
Al 58.53 59.05 70.92 56.92 50.35 56.98 20.58 64.58 | 34.90 58.06 50.34
CCPI 68.53 96.44 82.09 76.27 83.94 81.69 86.39 83.82 | 84.57 78.68 76.04
CIA 51.56 73.35 64.05 58.80 65.93 68.13 7430 | 62.03 | 73.50 62.43 59.25
MIA 68.53 87.48 64.99 61.87 71.48 67.77 69.69 | 64.62 | 73.35 68.16 64.48
MI 3.11 46.69 28.11 17.60 31.86 36.25 48.61 24.06 | 47.01 24.86 18.49
Argillic samples
Sample K-326 G-55 K-264 G-46 G-36 K-297 K-313 | K-328 | K-288 | K-256 K-273
ALO, 13.30 12.76 10.60 15.30 11.91 9.67 11.60 13.80 | 10.45 11.32 14.27
CaO 1.55 2.06 1.74 2.08 2.11 2.29 2.35 2.45 2.62 4.29 5.70
FeO 7.00 5.53 2.87 6.34 6.60 391 10.05 4.89 7.75 11.74 20.51
K,0 3.19 4.76 2.81 3.26 5.01 2.77 2.45 1.87 2.64 1.41 1.33
MgO 1.37 0.61 1.13 0.41 0.61 1.54 1.48 2.40 1.81 2.82 4.73
MnO 0.02 0.06 0.00 0.02 0.03 0.02 0.02 0.04 0.01 0.07 0.26
Na,O 0.37 0.43 0.31 3.19 0.24 0.52 0.71 0.27 0.33 0.73 0.38
PO, 0.25 0.33 0.20 0.25 0.34 0.23 0.38 0.16 0.26 0.39 0.46
TiO, 0.58 1.16 0.78 0.81 0.92 0.89 0.84 0.95 0.88 0.71 0.81
SO, 0.85 1.00 1.59 3.95 1.32 2.31 3.25 1.59 3.29 1.72 0.1>
Au 8.01 1> 3.66 1> 6.74 1> 1> 3.00 3.43 6.83 1>

WYY D) O Eee s sk



DL 5 (o poane 1)

YU gl aals)
Argillic samples

Sample K-326 G-55 | K-264 G-46 G-36 K-297 K-313 | K-328 | K-288 | K-256 K-273
As 568.3 126 794.5 352.1 349 443.8 1000< | 683.2 | 849.2 | 1000< 340.8
Co 6.34 5.84 3.11 6.53 4.99 7.02 5.51 6.42 2.74 9.85 27.40
Cr 33.01 10.15 16.52 17.69 4.15 103.10 21.49 | 44.74 | 29.00 | 121.90 133.30
Nb 24.84 23.57 11.59 14.50 20.25 21.19 22.12 | 2851 | 21.53 27.96 33.10
Nd 16.01 41.72 15.27 3231 28.30 14.48 22.13 19.62 | 23.05 28.73 38.55
Ni 4.90 3.45 4.89 7.24 2.09 7.13 5.30 4.20 427 10.08 35.08
Sc 12.95 14.06 11.17 14.78 15.03 10.24 15.43 1585 | 11.74 16.89 19.86
Sr 162.80 289.60 | 208.40 | 227.50 238.50 175.80 199.90 | 190.10 | 221.90 | 178.90 196.40
Sb 20.07 29.01 8.92 15.16 12.42 25.81 12.84 | 31.77 | 19.17 23.15 26.57
Cu 87.45 7.10 7.45 11.99 2.88 10.14 8.45 32.27 8.79 33.52 8.11

Mo 1> 7.82 4.67 2.10 11.69 7.32 4.62 5.87 15.19 2.75 1>
Zn 55.03 92.82 51.00 53.50 13.48 93.39 49.10 | 3796 | 6.14 31.95 166.60
Zr 46.10 183.70 | 28.17 4423 54.95 52.41 4569 | 23.31 | 27.63 20.80 49.09
A% 246.40 52.40 80.23 111.10 148.90 122.00 192.20 | 242.40 | 176.40 | 289.40 343.70
La 6.63 31.52 2.84 21.91 21.57 3.48 7.12 7.61 8.77 6.06 33.76
Ce 54.97 121.50 | 37.20 90.62 81.24 31.62 65.45 | 44.50 | 61.38 62.36 87.24
Y 8.44 17.81 7.80 8.61 11.32 9.35 10.76 13.39 | 10.73 14.42 16.41
Al 49.42 60.63 47.10 36.51 62.96 39.08 3528 | 27.06 | 35.89 15.58 11.38
CCPI 81.31 71.13 66.11 56.16 75.40 65.95 79.03 | 72.84 | 76.39 74.36 80.61
CIA 67.92 59.15 62.98 56.15 57.38 56.42 61.75 | 6791 | 58.02 54.11 55.80
MIA 68.55 56.69 61.36 61.16 62.93 55.88 66.47 | 62.89 | 60.69 58.57 60.87
MI 35.83 18.29 25.95 12.30 14.75 12.84 23.51 35.82 | 16.05 8.22 11.59
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Abstract

The action of alteration processes on the Eocene tuffs has led to the formation of a spread argillic alteration zone in the Kamar district (south of
Ardebil, Tarom-Hashtjin Znoe). The aim of this study is to determine the factors controlling argillic alteration, using mineralogical studies and
chemical alteration indices. Quartz, kaolinite, muscovite (sericite), rutile, anatase, illite, diaspore, alunite, albite, clinochlore, jarosite, gypsum,
pyrite, orthoclase and dolomite are the mineral assemblage of this alteration zone. The mineralization of sulfides include pyrite (predominantly),
chalcopyrite, bornite, chalcocite, galena, and sphalerite. The chemical index of alteration (CIA) values are between 51.55 to 74.3 %, and the
mineralogical index of alteration (MI) values vary from 8.22 to 48.3%.These values indicate the intensity of medium to high alteration of
feldspar minerals. The mafic index of alteration (MIA ) ranges from 55.88% to 87.48%, which indicates the alteration of ferromagnesian
minerals (pyroxene and amphibole) in tuffs. Mineral alteration path in the diagram of Ishikawa alteration index (AI) vs chlorite—carbonate—
pyrite index (CCPI) is cholorite-pyrite-sericite. The rate of negative mass change of the major oxides is as Al,O,>MgO>CaO~FeO>Na,O, and
K,O shows negative and positive mass change, P,O, and MnO remain unchanged, and SO, is enriched. Ni, Zr, Sb, Sc, Au, Y, Zn and Cu are
depleted; Cr, V, La, Ce and Nd depleted and stabilized; Nb and Mo enriched. As is the most enriched. Depletion of a large number of elements,
including some immobile elements (Al, V, Y, Zr and LREEs), the presence of minerals indicating acidic pH, such as jarosite and alunite, and
high-temperature minerals such as rutile and anatase, the presence of the vuggy quartz in some altered regions, and concomitant enrichment of
As, Sb and Mo, in the Kamar argillic zone, bear similarities to the hot fluid alterations of high-sulfidation epithermal deposits.
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