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Pmb Thick bedded to massive white marble

t Green and light buff and benlonite

El Limestone ,marly-limestone and cream to orange marl

Qal Alluvium channel deposits

EOm,c Green to buff marl , conglomerate , sandstone , shale and tuff

QPLc Unconsolidated conglomerate

m,g,t Buff to green marl , gypsum and tuff

Ev,t Brecciated andesitic lava . andesitic lava with related tuff ,red
to dark brown volcanic breccia

Qt2 Conglomerate ( low level alluvium deposits )

Eda Light brown and green dacite , dacitic andesite and quartze andesite

Qt1 Highlevel piedmont and alluvial fan

Ean Brown micro porphyritic andesite

Eap Brown mega porphyritic andesitic lava that vesiculars are filled
by calcite zeolite opal and malac

PZmt Mica-schist . metasandstone and meta dolomite and limestone

Edt White to blue dacitic crystal tuff and tuff breccia

Em,t,l Tuffatleous marl and shale ,cream tuff , tuffaceous limestone ,
gypsum ,red and green marl and conglomerate

I,dl Medium bedded to massive metalimestone and meta dolomite

ap Porphyritic andesite

TRI Medium to thick bedded meta dolomitic limestone

Evbr,ag,v,c | Volcanic breccia , congelomerate , volcanic rocks and conglomerate

Ec,s,m,t Conglomerate sandstone , andesitic tuff , marl and volcanic rocks

Pms,sch Meta sandstone and schist

KLl,c Sandy limestone , conglomerate , buff marl and green-shale

m Light green gypsiferous marl sandstone and conglomerate

sl Siliceous limestone ( Listwaenite )

Es,sh,c Alternation of thin bedded . tuffeceaus shale , sandstone and
Conglomerate

TRI,sch Medium to thick bedded meta dolomitic limestone

ts,tsh Tuffaceous sandstone and red shale

ms Metaquartzitic sandstone

Gsch Meta morphic tuff and volcanic rocks

Jsm Meta-sandstone and quartze schist

gsch Green Green schist ( Vetavolcanic rocks and meta-tuff )schist
(_metavolcanic rocks and meta-tuff )

Sch,Mtv Dark green metamorphosed andesite-basaltic lava , meta-tuff ,
green schist , micaschist , quartzite , marble and ultrabasic rocks

sr Small serpentinite blocks

QPlc,m Conglomerate and marl

mdi Meta-diorite

sit Siliceous tuff

Ec,v Conglomerate , volcanic rocks ( Andesite ) , agglomerate and sandstone

Plc,m Conglomerate and white and light grey marl

Sch,mt Chlorite-epidote schist , micaschist ( sericite- muscovite schist ) and

quartzite with white quartzitic veins
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Mtv Metavolcanic rocks

KUsh,l| Alternation of green shale , limestone , sandy limestone and calcareous
sandstone

Ps,l Grey quartzitic sandstone with minor limestone

PId limestone dolomy limestone and dolomite

Ngc Consolidated thick bedded conglomerate

Ps,m,g,l Grey sandstone red marl , gypsum with intercalations of limestone
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Eigenvector Bandl Band2 Band3 Band4 Band5 Band7
PC1 -0.174121 | -0.273951 | -0.4667 | -0.355983 | -0.536292 | -0.512338
PC 2 -0.62051 | -0.45915 | -0.293902 | -0.0993 0.335305 | 0.442131
PC3 0.480704 | 0.232832 | -0.569097 | -0.460716 | 0.402218 | 0.129628
PC 4 0.160673 | -0.00352 | 0.127809 | -0.327115 | -0.60753 | 0.694074
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Eigenvector Band2 Band 3 Band 4 Band 5 Band 6 Band 7
PC1 0.401199 | 0.416919 | 0.411888 | 0.406494 | 0.412274 | 0.400447
PC2 -0.54472 | -0.339283 | -0.248418 | 0.12744 | 0.517565 | 0.492282
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PC6 -0.087511 | 0.54159 | -0.638652 | 0.288937 | -0.369037 | 0.267343
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Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7 Band 8 | Band 9
PC1 | -0.2225 | -0.2872 | -0.3162 | -0.4127 | -0.3465 | -0.3541 | -0.3402 | -0.3206 | -0.3657
PC2 | -0.1810 | -0.4699 | -0.6163 | -0.0910 | 0.2186 0.2025 0.2806 0.4306 0.0729
PC3 | 0.7265 0.2721 -0.1687 | -0.4748 | -0.0056 | 0.0096 0.0476 0.2718 -0.2608
PC4 | 0.2784 -0.0877 | -0.2898 | 0.5502 0.2371 0.2221 -0.0583 | -0.3745 | -0.5281
PC5 | 0.2875 -0.0398 | -0.3084 | -0.1464 | 0.1689 0.1222 -0.2576 | -0.4845 | 0.6743
PC6 | 0.2738 -0.0152 | -0.2791 | 0.5011 -0.4141 | -0.5633 | 0.0275 0.2216 0.2391
PC7 | 0.1223 -0.1706 | 0.0522 -0.0425 | -0.6543 | 0.4144 0.5218 -0.2787 | 0.0403
PC8 | 0.2613 -0.5206 | 0.3468 -0.1096 | 0.3456 -0.4494 | 0.4034 -0.2104 | -0.0095
PC9 | -0.2675 | 0.5595 -0.3343 | -0.0829 | 0.1682 -0.2799 | 0.5456 -0.3030 | -0.0245
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Eigenvector | Band 10 Band 11 Band 12 Band 13 Band14
PC1 -0.395996 | -0.421729 | -0.445691 | -0.481242 | -0.484868
PC2 -0.323245 | -0.304936 | -0.529205 | 0.47023 | 0.548956
PC3 0.729082 | -0.059151 | -0.470395 | -0.401619 | 0.287003
PC4 -0.296714 | -0.2104 0.421858 | -0.570369 | 0.603662
PC5 0.345108 | -0.825465 | 0.349379 | 0.246316 | -0.129503
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Eigenvector Band 1 Band 2 Band 3 Band 4
PC1 -0.345538 | -0.472701 | -0.531586 | -0.612025
PC2 -0.635736 | -0.368206 | -0.03913 | 0.677298
PC3 -0.575124 | 0.172118 | 0.68876 | -0.406469
PC4 -0.381675 | 0.781891 | -0.491421 | 0.038422
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Eigenvector | Band 1 Band 4 Band 5 Band 8
PC1 0.330591 | 0.611631 | 0.524391 | 0.491559
PC2 0.641044 | -0.653438 | -0.018953 | 0.402147
PC3 0.690954 | 0.289782 | -0.174788 | -0.638794
PC4 0.048538 | 0.339045 | -0.833129 | 0.434268
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Eigenvector | Band 4 Band 5 Band 6 Band 9

PC1 0.559145 | 0.467154 | 0.476149 | 0.492348
PC2 0.791904 | -0.427046 | -0.429278 | -0.078994
PC3 -0.245431 | -0.30497 | -0.308876 | 0.866806
PC4 -0.002985 | -0.711612 | 0.702566 | -0.000862
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Channel Min Max Range Mean StdDev Var Sum SumSq GeoMean Median Mode StdErr Skewness | Kurtosis
Ag 0.028 3.439 3411 0.1091263 0.225083 0.0506622 64.821 37.116371 0.07836051 0.07 0.07 0.009235255 10.2086 123.622
As 4.3 85.4 81.1 10.389394 6.94122 48.1805 6171.3 92687.13 9.43426743 8.8 8 0.284801736 6.11978 51.3233
Au 0.0003 0.0149 0.0146 0.0012133 0.000885 7.8274E-07 0.7207 0.00133859 0.00107023 0.001 0.001 3.63007E-05 7.72173 101.063
B 1.31 77.421 76.111 38.368175 10.6479 113.379 22790.696 941671.009 36.7120873 | 37.1705 36 0.436890496 0.371288 0.80159
Ba 177.59 4161 3983.41 500.7921 368.661 135911 297470.51 229566159 451.740487 | 423.825 | 384.17 | 15.12635276 6.30283 48.3604
Be 0.74 2.47 1.73 1.6500505 0.271268 0.0735863 980.13 1660.9007 1.62606291 1.67 1.66 0.011130262 -0.281982 | 0.33371
Bi 0.08 2.8 2.72 0.2176094 0.188718 0.0356145 129.26 49.2476 0.18979327 0.18 0.14 0.007743196 7.76318 81.7424
Co 6.01 46.34 40.33 16.397929 5.87912 34.5641 9740.37 180218.384 15.5811422 15.18 12.73 0.241223232 2.13933 6.20756
Cr 20.122 1216.9 1196.78 | 119.78601 165.489 27386.5 71152.89 24763306.1 86.9423671 73.44 51.645 | 6.790080464 4.16747 17.816
Cs 1.808 13.624 11.816 5.0336886 1.54938 2.40059 2990.011 16474.3359 4.82012033 4.806 4.307 0.063572027 1.19844 2.50903
Cu 10.71 198.33 187.62 33.340875 14.7943 218.872 19804.48 790089.559 31.0440839 30.57 25.88 0.607017879 3.69495 29.2402

F 219 887 668 442.05556 91.9385 8452.69 262581 121087833 432.686058 434 398 3.772282089 0.644796 1.52201
Hg 0.01 8.8 8.79 0.0409343 0.363158 0.131883 24.315 79.202175 0.02050333 0.018 0.013 0.014900534 23.6551 566.813
Li 14.75 67.53 52.78 32.94032 8.93703 79.8705 19566.55 691891.598 31.8334884 31.23 24.84 0.366690678 0.959414 0.77253
Mo 0.64 9.6 8.96 1.7260774 0.811908 0.659195 1025.29 2160.6325 1.6085095 1.5 1.4 0.033312996 3.85826 24.3036
Nb 5.342 30.126 24.784 13.19316 2.66726 7.1143 7836.737 107610.102 12.9200258 13.2115 13.713 0.109439159 0.661142 4.46537
Ni 16.53 627.72 611.19 61.49266 84.958 7217.86 36526.64 6526313.59 44.5060602 37.295 37.47 3.485869498 4.20597 18.6733
P 0.0394 | 0.2057 0.1663 0.0953641 0.030641 0.00093889 56.6463 5.95878429 0.09071539 | 0.09175 | 0.0779 | 0.001257225 0.858807 0.92536
Pb 8.861 804.607 795.746 33.870734 53.9589 2911.56 20119.216 2408009.98 26.5528777 22.9745 18.019 2.213960853 10.2552 129.355
Rb 20.426 108.771 88.345 57.304865 13.1073 171.8 34039.09 2052482.93 55.7420514 56.9385 | 45.621 0.537797153 0.260964 0.66945
Sb 0.21 13.1 12.89 0.9067003 1.02415 1.04888 538.58 1110.3142 0.71101881 0.62 0.46 0.042021241 6.11613 52.4081
Sn 0.5 2.473 1.973 1.3673232 0.313503 0.0982843 812.19 1168.80882 1.32839944 1.36 1.4 0.012863192 0.094708 0.6435
Sr 166.77 2706 2539.23 | 385.81451 173.938 30254.3 229173.82 106359362 361.058356 | 359.985 | 313.38 | 7.136742876 5.12949 55.0816
Th 5.009 18.007 12.998 10.441488 1.86023 3.46045 6202.244 66812.7071 10.2708345 10.4065 9.542 0.076326147 0.165765 0.64572
U 1.019 5.33 4.311 2.0830539 0.472694 0.22344 1237.334 2709.93331 2.03313178 2.051 2.14 0.019394887 1.25306 5.22098
\Y 40.73 308.34 267.61 104.22278 28.2495 798.036 61908.33 6925493.74 100.502745 102.115 97.36 1.159092634 1.04004 4.96071
W 0.45 2.7 2.25 0.9956397 0.295643 0.0874047 591.41 640.6623 0.9575776 0.93 1.1 0.012130376 1.3589 2.74462
Zn 36.63 471.01 434.38 86.551162 31.748 1007.93 51411.39 5047420.01 82.7339926 80.05 57.38 1.302634839 4.60153 41.2676
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Factor Eigenvalue | cum. %
1 7.391 26.4
2 4.169 41.3
3 3.214 52.8
4 1.935 59.7
5 1.615 65.4
6 1.054 69.2
7 0.951 72.6
8 0.902 75.8
9 0.772 78.6
10 0.649 80.9
11 0.629 83.1
12 0.596 85.3
13 0.563 87.3
14 0.52 89.1
15 0.411 90.6
16 0.366 91.9
17 0.333 93.1
18 0.305 94.2
19 0.291 95.2
20 0.249 96.1
21 0.237 97
22 0.197 97.7
23 0.175 98.3
24 0.169 98.9
25 0.131 99.4
26 0.091 99.7
27 0.061 99.9
28 0.024 100
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PC1 PC2 PC3 PC4 PC5 PC6

AG 0.331 0.606 | -0.084 0.396 0.082 | -0.028
AS 0.431 0.536 0.239 | -0.025 | -0.108 0.244
AU 0.306 0.43 0.238 | -0.266 0.402 | -0.099

B 0.291 0.208 | 0.415 | -0.312 | -0.506 -0.17
BA 0.302 0.471 -0.1 0.512 | -0.179 | -0.337
BE 0.781 | -0.246 | 0.027 0.059 | -0.097 0.028
Bl 0.343 0.579 | 0.067 | -0.236 | -0.215 | 0.357

CO | -0.121 | -0.071 | 0.951 0.159 | -0.061 0.019
CR | -0.422 0.049 | 0.833 0.121 | -0.122 0.033
CS 0.626 | -0.388 | -0.042 0.068 | -0.238 | -0.016
CuU 0.381 | -0.178 | 0.422 0.215 0.393 0.113

F 0.688 | -0.062 0.109 | -0.249 | -0.175 -0.14
HG 0.167 0.423 | -0.015 0.548 | -0.062 | -0.504
LI 0.575 | -0.274 0.035 | -0.167 | -0.474 | -0.177

MO 0.559 | 0.468 | 0.124 | -0.158 0.394 | 0.124
NB 0.719 | -0.307 | 0.166 | 0.011 0.243 | -0.106
NI -0.438 | 0.052 0.85 | 0.101 -0.14 | -0.006
P 0.568 | -0.616 | -0.035 | 0.242 0.296 | -0.037
PB 0.328 | 0.568 -0.26 | 0.488 | -0.119 | 0.222
RB 0.849 | -0.111 | -0.072 | -0.207 | -0.193 -0.13
SB 0.34 | 0.712 | 0.105 | 0.061 0.1 | 0.094
SN 0.59 | -0.314 | 0.201 | 0.109 0.142 | -0.054
SR 0.129 | -0.181 | -0.264 | 0.278 | -0.336 0.37
TH 0.628 | -0.067 | -0.181 0.04 -0.14 | 0.173
U 0.739 0.09 | -0.005 -0.28 0.24 | -0.127
0.572 | -0.492 | 0.299 | 0.302 0.063 0.12
w 0.602 | 0.469 | 0.091 | -0.313 0.014 | -0.025
ZN 0.503 | -0.279 | 0.151 | 0.265 | -0.079 | 0.301
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PC1 PC2 PC3 PC4 PC5 PC6
AG 0.045 0.475 -0.1 0.628 0.117 0.051
AS 0.057 0.711 0.137 0.175 -0.176 0.118
AU 0.104 0.568 0.017 0.039 0.006 -0.493
B -0.083 0.274 0.334 0.029 -0.696 -0.05
BA 0.011 0.164 -0.055 0.826 -0.124 0.058
BE 0.655 0.159 -0.179 0.063 -0.416 0.147
Bl -0.158 0.753 -0.008 0.005 -0.234 0.199
CO 0.21 0.022 0.949 -0.036 -0.019 -0.084
CR -0.118 -0.041 0.936 -0.05 0.088 -0.054
CS 0.555 -0.066 -0.176 0.022 -0.459 0.228
CuU 0.662 0.173 0.243 -0.006 0.167 -0.118

F 0.388 0.253 -0.119 -0.004 -0.604 -0.086
HG 0.002 0.023 0.039 0.864 -0.038 -0.124

LI 0.318 -0.044 -0.092 -0.002 -0.75 0.129
MO 0.277 0.756 -0.13 0.082 0.023 -0.267
NB 0.77 0.118 -0.112 0 -0.238 -0.181
NI -0.141 -0.058 0.955 -0.046 0.059 -0.082

P 0.865 -0.222 -0.228 -0.025 -0.019 0

PB -0.004 0.469 -0.198 0.596 0.119 0.413
RB 0.487 0.249 -0.323 0.047 -0.656 -0.002
SB -0.041 0.721 0.016 0.361 0.02 -0.062
SN 0.691 0.045 -0.005 0.027 -0.194 -0.06
SR 0.11 -0.078 -0.158 0.024 -0.036 0.634
TH 0.398 0.243 -0.31 0.06 -0.295 0.28
U 0.454 0.441 -0.316 0.008 -0.324 -0.319
\% 0.835 -0.057 0.142 -0.005 -0.126 0.179
w 0.111 0.684 -0.136 0.102 -0.372 -0.204
ZN 0.596 0.103 0.06 -0.002 -0.111 0.371
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Abstract

The studied area is part of the geological sheets of Klateh-Rashm. It is located in the
southeast of Damghan and in Semnan province. The purpose of this research is to
determine the areas susceptible to manganese by combining different layers of
information in the GIS environment. Geological, satellite and geochmical data were
used for this purpose. the remote sensing section, the ASTER and ETM + satellite
image processing techniques include false color combinations, band ratio, least squares
regression, main component analysis of argillic, filice, propylitic, carbonate, sillic and
iron oxide interactions that can be directly or indirectly Detected and indirectly linked
to mineralization, and rock units were also segregated. The lines were also detected
using various filters. To integrate the information and the resulting layers, we used the
GIS environment. For this work, digital maps of the effective factors were linked and
scored on the basis of different weights, and a compilation of information layer was
made in the software environment. Then, to determine the best and most suitable areas,

we used Index overlay methods, fuzzy method using Sum, Product, and, or, gamma.

Based on the results of the integration of existing information layers, suitable areas
were identified using simple Classification and fractal Geometry, then a final map of
the Mn potential in the study area was producted, after that Using the Fuzzy operator,
the final Mn potential was identified. Finally, the mineralizations of study the area were
used to validate the results. Accordingly, more than 90% of indexes are located in
proposed locations.So, it can be said that the use of satellite data and determining the
correct selection of required information layers and the integration of information in

GIS is a suitable method for identifying Mn potiontal areas.

Keywords: Manganese, Remote Sensing, Geographic Information System,
Integration, Index Overlay, Fuzzy Process, Potential Map
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