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' Environment for visualizing images
" Geometric correction
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¥ Reflectance image
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' Spectral analysis
" Image classification
" Digital processing
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Overall Accuracy 88.772
Kappa Coefficient 0.8495

Class Unitl Unit2 Unit3 Unit4 Unit5 Unité Total
Unclassified 0 0 0 0 0 0 0
Unit 1 Blue 30 0 0 0 6 0 36
Unit 2 Red 0 95 0 0 0 0 95
Unit3 Magenta 0 0 148 0 17 0 165
Unit 4 Cyan 0 0 0 17 20 0 37
Unit5  Yellow 0 0 0 0 17 0 17
Unit 6 Green 0 0 0 0 0 33 33
Total 30 95 148 17 60 33 383
_ GroundTruth(Percent)
Class Unitl Unit2 Unit3 Unit4 Unit5 Unité Total
Unclassified 0 0 0 0 0 0 0
Unit 1 Blue 100 0 0 0 10 0 9.4
Unit 2 Red 0 100 0 0 0 0 24.8
Unit3 Magenta 0 0 100 0 28.33 0 43.08
Unit 4 Cyan 0 0 0 100 33.33 0 9.66
Unit5  Yellow 0 0 0 0 28.33 0 4.44
Unit 6 Green 0 0 0 0 0 100 8.62
Total 100 100 100 100 100 100 100
Unit 1 Blue 16/670 0 6/360 0/30
Unit 2 Red 0 0/0 0/95 0/95

' Overall accuracy



Unit3  Magenta 10.3 0 17/165 0/148

Unit4 Cyan 54.05 0 20/37 0/17
Unit 5 Yellow 0 71.67 0/17 43/60
Unit 6 Green 0 0 0/33 0/33
Class Prod. Acc. User Acc. Prod. Acc. User Acc.
(Percent) (Percent) (Pixels) (Pixels)
Unit 1 Blue 100 83.33 30/30 30/36
Unit 2 Red 100 100 95/95 95/95
Unit 3 Magenta 100 89.7 148/148 148/165
Unit4 Cyan 100 45.95 17/17 17/37
Unit 5 Yellow 28.33 100 17/60 17/17
Unit 6 Green 100 100 33/33 33/33
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Conductivity (S/m)
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Steel casing Serpentine Quartz, feldspars, pyroxenes, amphiboles, carbonates
| Rock-forming minerals / [ ]
Graphite
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] |
I Metallic minerals
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Water Ice Air
Pore contents [r—) | ]
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Madel resistivity with topography
Iteration 4 RMS error = 59.1

Elevation
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Unit Electrode Spacing = 15.0 m.

Madel IP with topography
lteration 4 RMS error = 6.3
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Chargeability in "msec”
Unit Electrode Spacing = 15.0 m.
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YG-02
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Y1-TROL sl 5l oascasls s slatigas 56T 51 Jols gl ¥-F Jsor

| |
Trenchs . Sa”.‘? € Zn As cd Sb Samp © Au Zn As cd Sb
Azimuth Position Position
Name (m) (ppb)  (ppm)  (ppm)  (ppm)  (ppm) (m) (ppb)  (ppm)  (ppm)  (ppm)  (ppm)
0.5 161 2810 5806.9 98.5 37.2 22.5 677 1635 264.8 53.9 56.3
0-2
N180/-20 (m)
m 2 205 2659 8751.8 155.1 55.1 23 572 1284 8134 324 24.2
3.5 309 4019 8199.8 240.8 68.2 24 385 735 2296.8 26.7 22.9
2-4
N180/-10 (m)
5 118 7194 8130.3 122.9 75.1 25.5 519 2280 4871.6 69.8 41.3
6.5 238 3511 8055.9 85 117 26.5 457 1004 2619 30.3 35.4
4-5
N200/-8 (m)
7.5 307 2160 9082.7 85 69.8 27.5 772 450 1334.3 16.6 11.9
5- 8.5 520 3180 8346.7 126 100 30 278 384 1605 24.7 13.8
N210/-10 10
(m) 9.5 93 2707 8709.1 114.7 44.1 325 190 293 1192.6 30.2 9.6
10- 10.5 318 2865 6908.6 72.9 105.9 35.5 286 344 6917.5 82.2 107.8
N210/-5 12
Y1-TR- (m) 11.5 239 3169 8406.6 100.8 110.4 39 187 480 5621.8 42.8 96.3
o 12- 12.5 187 2748 8476.8 73.9 95.6 41 359 820 6588 70.9 147.3
N220/-2 16
(m) 13.5 216 2276 6312.9 65.5 63.9 43 681 1143 4241.4 33 107
16- 14.5 424 3680 8484.7 112.1 100.7 45 481 578 5107.8 35.3 153.6
N230/-1 28
(m) 15.5 579 5428 2353.8 190.1 107.4 47 1045 1052 3333 25.8 38.4
28- 16.5 216 3085 7715 75.9 84.9 49.5 894 367 2667 21 220.5
N210/1 42
(m) 17.5 347 2504 5253 62.6 56.6 59 68 539 7759.7 90 145.7
42- 18.5 289 1762 6665.9 53 333 61 196 947 9213.3 124.4 176.3
N250/1 50
(m) 19.5 708 1259 6097.6 49.2 56.3 63 1093 1374 5712.1 52 143.2
50- 20.5 776 2490 7430.7 96.4 46.8 65 132 553 3881.6 433 92.5
N220/1 70
(m) 215 490 2032 4855.2 60.7 47

WY



YL-TR02 a3 5l ondeils p slaaigas U 51 Jol> mbs F-F Jsor

Trenchs . ampley zn As cd s amele zn As cd sb
Name Aaimuth P tepb)  (em)  (ppm) (ppm) (pm) " (ppb) (o) (ppm)  (ppm)  (ppm)
1 1313 8011 14953.2 373.7 126.8 63.5 159 860 999.7 11.2 1.25
N260/1.5 (z:]';) 3 871 4338 5341.1 109.5 177.5 68 12 133 107 13 0.96
5 717 5253 6571.4 117.2 79.9 71 204 873 1911.5 28 20.6
7 1516 5321 5407.8 71 49.9 73 21 1393 1796.8 30.1 1.19
N240/2 12%_ 9 697 3101 4316.3 97.5 18.6 75 21 1693 1882.5 36.7 1.17
) 11 600 3203 4648.1 88.6 36 77 19 325 1703.7 28.7 25.3
13 624 4420 4507.7 74 33.7 85 73 1773 5475 56.6 302.2
N230/2 24%_ 15 1066 2285 32333 48.7 25.7 87 99 552 6069.1 49 234.2
) 17 1107 2956 4124.3 90.2 10.5 89 96 426 3744.7 40.5 247.5
19 612 2311 4329 78.1 17.4 91.5 39 584 3055.6 38.7 225.6
40-
N230/1 6% 21 1081 3306 5271.1 90.8 21.2 94 5 859 4963.8 38.8 184.9
) 23 439 5325 5608.2 86.2 38.2 95.5 61 2782 595.8 32 302
25 193 3432 3419.8 63 18.6 96.5 42 945 2473.4 324 174.4
N280/0 ?S(Z)l- 27 225 1423 2770.9 47.6 15 97.5 73 397 717.6 14.6 106.9
) 29 154 846 2341.3 41.8 44.5 98.5 36 1871 1762.9 73.5 425.2
31 374 1866 4120.9 45.6 17.1 99.5 49 3467 17866 134 786.9
Y1-TR- N240/0 Zjé- 33 315 2539 4336.6 46 24.7 100.5 37 3038 7609.2 76.5 304.9
02 ) 34 211 1009 3205.9 311 1.19 101.5 147 586 6341.5 51.2 353.5
35.5 311 3070 9150.7 67.2 17.3 103.5 22 57 896.8 6.3 1.2
N260/1.5 f(g)g) 36.5 644 18572 3710 160.4 133 105.5 3.75 92 207.9 1.8 0.97
) 37.5 3052 45563 1950 244.4 192.6 107 6 90 2913 2.7 0.9
39 129 2280 12465 85.6 101.3 109.5 16 59 446.7 3 0.96
N240/1 ]Z-I.(?L(;- 40 71 2870 3494.8 227.4 21.9 112.5 41 213 1069 7.5 1.21
) 41 196 11763 8155 123.4 332.1 118.5 3 121 721.6 4.7 1.05
42 95 502 7862.5 53.1 402.9 121.5 62 323 972.9 6.7 1.14
N210/1 :;.1235- 43 42 391 5865.8 31.7 329 1235 34 131 513.9 3.9 0.96
) 45 44 1963 4210.1 36.7 19.1 125.5 52 271 364.6 25 0.98
46.5 87 410 3827.5 23.9 33.9 127 12 122 115.9 15 1.03
N220/-2 112356 48 316 719 6191.7 45.4 129.3 129 19 272 194.9 2 1
) 49.5 372 975 4857.1 41.1 76.6 131 24 65 143.7 11 1.09
51 106 235 2133.7 121 10.7 133 20 119 230 21 1
130- 53.5 28 236 2560.4 13.1 1.04 135 12 86 342 25 1.02
N230/-1 136
(m) 56.5 38 341 773.2 8.6 1.05
59.5 146 558 1260.2 8.9 1.08
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Mode! resistivity with topography
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Chargeability in "msec"
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PB6 Resistivity contour-section  misfit=27.18 pm
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Y1-TR-00 a3 5l ouscesls s sloaigas 56T 5| Jols gl d-F Jsor

Trenchs . Sarr'w'JIe Zn As Cd Sb Sample Zn As Cd Sb
Azimuth Position Position
Name (m) (ppb)  (ppm)  (ppm)  (ppm)  (ppm) (m) (ppb)  (ppm)  (ppm)  (ppm)  (ppm)
2.5 44 1041 2978.8 25.7 19.2 95.5 20 5 53.2 0.4 0.95
N230/-1 0-22 (m)
7.5 3.75 63 181.5 11 1.03 98.5 14 16 824 0.6 0.91
12.5 5 61 194.4 11 0.82 101.5 6 24 161.4 1 0.93
22-33
N230/-2 (m)
m 17.5 7 92 99.2 0.6 0.99 104 3.75 12 160 1.3 1.09
22.5 31 62 85.8 0.4 0.96 108 9 44 244.8 1.4 1.01
33-63
N210/-2
(m) 27.5 11 24 65.6 0.25 0.96 113 15 134 64.9 0.6 1.02
31 9 18 217.2 13 0.9 117.5 10 130 97.2 0.9 0.94
63-84
N200/-2
(m) 34.5 3.75 13 175.6 1.2 0.94 122.5 10 84 91.2 0.7 0.89
37.5 3.75 53 265.8 1.9 0.93 128 3.75 141 62.1 0.5 8.5
84-93
N220/-1 (m)
m 40.5 3.75 34 118.2 0.7 0.9 132 47 1323 1621.1 20.5 214
435 15 73 177.5 1.5 0.97 135 57 237 384.4 7.1 1.1
93-100
N230/1 (m)
Y1-TR- m 46.5 3.75 56 225.9 13 0.92 138 55 2200 2101.8 15.9 0.98
00 1 49.5 3.75 4 56.3 0.5 0.88 140 18 1492 881.7 11.5 0.98
00-120
N210/1
(m) 54 6 6 239.6 15 0.92 142 13 416 423.9 4.6 1.21
120-134 58.5 19 34 342.4 2 0.97 144 5 1055 1009 12.4 11.6
N240/1 (m)
m 62.5 53 155 155.2 1.6 1 146 3.75 781 1229 10.3 0.96
67.5 59 187 357.3 3.2 11 148 6 20 725 4.4 1.23
N250/1 134-146
(m) 72.5 49 764 899.9 9 1.07 149.5 3.75 32 907.9 5.4 1.1
146-150 77 22 1029 809.8 6.3 1.05 150.5 5 83 1071.2 5.5 0.98
N260/1
(m) 80 14 173 298.3 2.3 0.99 152 10 71 627.2 3.9 0.97
150-166 83 3.75 68 215.5 15 0.88 154 6 65 273.4 1.8 1.01
N280/2 (m)
m 86 16 731 736.3 5.5 1.09 156 23 121 643.8 3.9 1.03
166-170 89.5 13 338 362.2 2.9 0.97 158.5 54 57 203.5 1.3 1.02
N300/2 (m)
m 925 3.75 79 153.2 13 0.9

P7 Jud93 (39519 ilw oo gl s V-1o-F

5 51 Y= 4064868 5 X= 691943 olSiusl 55, 5 bz 95,55 ols 3 L dsy ol £5,5
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» 6ol ehglaglio g 4l i coan ol 6 p30,L b 9o sl Ldgn 0l g9y p adaids
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Madel resistity with topography
Elevation  lteration 5 RMS error = 8.6
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23 14 6956 1321.5 27 238.6
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(UTM_WGS 1984_Zone 38N) ailais ;5 (g ,li> blis lasio 5 Condes 11-0 Jsiz

Name X Y Azimuth Slope Depth(m)
BH_01 691681 | 4065664 0 90 130
BH_02 691852 | 4065656 0 90 120
BH_03 691917 | 4065569 0 90 150
BH_04 691988 | 4065496 0 90 150
BH_05 692056 | 4065416 0 90 150
BH_06 692183 | 4065428 0 90 100
BH_07 692232 | 4065324 0 90 150
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In general, considering field surveys, and also, comparing the results of trenches and
drilling of several boreholes and the ranges of resistivity and chargeability values in the
sections, it can be said that the high chargeability levels coincide with mineralization zones
known by drilling and geophysical studies made by IP and resistivity in the area could
separate the existing geological units, and provide useful information from the depth. In
general, the mineralization zone extends to the middle parts of the area and continues until
the last survey line. As a result, areas with high chargeability in the limestone units are
suitable for more detailed studies. Based on all the information and results of the remote
sensing and 2D and 3D modeling of resistivity and IP data, promising areas for drilling
exploratory boreholes were identified and introduced.

Key words: Remote sensing, Resistivity, Induced Polarization (IP), two-dimensional

(2D) and three-dimensional (3D) inverse modeling, Zarshuran gold, Takab.



Abstract

Remote sensing compared to other exploration methods due to low cost and high
efficiency, it can play an important role in determining initial exploration targets and
providing preliminary and initial findings for deposits. Geophysical methods are amang those
prospecting and exploration methods for mineral deposits that possess high efficiency. These
methods, if chosen properly, will provide valuable information of mineralization in surface
or depth. In the present study, in order to identify alterations in the Zarshuran gold mine in
north of Takab, using remote sensing techniques, visual interpretation and various spectral
analysis were performed on ASTER sensor data. Finally, in order to identify the hidden parts
of the mineralization after examining the results of remote sensing as well as the available
geological evidences, field data surveys using resistivity and induced polarization (IP)
methods were carried out in a rectangular grid with dimensions of 1650 x 750 m and pole-
dipole array along 17 parallel survey lines, in the direction of northeast-southwest and
distancing 100 meters from each other.

In doing remote sensing studies, first, to investigate alterations by creating false color
combinations using combining different bands the alteration areas were approximately
determined, by determining the optimum index factor (OIF), and the method of band ratio,
and with the help of visual interpretation of the images. Then, in order to interpret and extract
alteration zones and rock units with high accuracy in the study area, the principal component
analysis (PCA), linear prediction method using least squares fit (LS-Fit), spectral angle
mapping (SAM) and maximum likelihood classification (MLC) methods were used. In each
of the aforementioned methods, images were obtained that provide information about the
alteration regions and rock units of the study area. Moreover, field data acquusition using
resistivity and IP method was carried out and then, using Res2dinv and ZondRes2d software
packages and performing initial corrections and least squares inversion, modeling was made,
and the results were presented in two-dimensional (2D) sections. In the next step, the results
of modeling and interpreting the geophysical sections were compared and validated using the
information obtained from the trenches and drilled boreholes. Furthermore in order to reduce
the risk of subsequent studies and more precise determination of the mineralization areas,

three-dimensional (3D) data inversion modeling was carried out using Res3dinv software.
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