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Fig. 1. The process of research methodology, include preparing data and exploration layers and identify the best
mineralization areas and Ranking other areas in the east of Sarcheshmeh with using TOPSIS method.
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Fig. 2. Images of processing satellite data related to the east of Sarcheshmeh area on the pixel size of 30 m, white color
points show alterations, A: hydrothermal alteration in the study area, and B: iron oxide in the study area
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Table. 1. Results of PCA method on data from the east of Sarcheshmeh area

PC1 PC2 PC3 PC4 PC5 PC6
Pb 0294 0449 0069 0047 0135  0.006
Ni 0.577 0200  0.000  0.036  0.004  0.183
Cu 0.559  0.000 0012 0420  0.008  0.000
Co 0488  0.291 0.003  0.035  0.061 0.122
Zn 0232 0117 0648  0.000  0.002  0.000

Mo 0.585 0.066 0.073 0.013 0.233 0.029
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Fig. 3. Images from magnetic data processing related the east of Sarcheshmeh area on pixel size 30 m, magnetic

property reduce from pink color areas to blue color areas, A: Image from the analytical signal in the study area, and B:
Image of reduced to pole filter
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Fig. 4. Raster image of PC1 on geochemical data of the east of Saecheshmeh area, probability existence of Cu porphyry
increase from pink color areas to blue color areas.
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Fig. 6. Geological map of the east of Saecheshmeh area which geological formations have been shown (Dimitrijevic,

1959 «Khannazer, 1996).
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Table 2. Formations in the east of Sarchshmeh area and the scores given to each according to the importance of each of
them

Discription Value
Granodiorte;dots: exo contact phenomena;Veins: diorite 10
Sandstones:microconglomerates with opal and halite 1
Granite,Granodiorite 10

Dacites and dacite pyroclastics, dacite porphyry
Andesitic volcanic breccia,with lava flows

Andesitic basalt and volcanic breccia

Coloured tuff,Sandy tuff and tuffite

Megaporphyritic andesite

Altration of dacitic tuff breccia and hyalo-porphyritic dacite
Submarine andesitic rocks,vesicular

Dacitic tuff-breccia and lithic tuff,green

Andesite

Porphylitic andesite lava with volcanic breccia

Altration of conglomerate and sandstone
Conglomerate,gray-brown,unconsolidated,tilted

Breccia and conglomerate with intercalations of Siltstone
Aphanitic andesitic lava flows,with volcanic breccia

Ash tuff,lahar and breccia

Rhyolitic and dacite tuff breccia and volcanic breccia

Quaternary,Alluvium

Olh=hR R PERQUQNNQ 0 RN

A o3lLTA JSE Sy g 4 et ool
A by e b Y ab Ll ylsbn Sl Y 0
skl 0¥ 3L L gl n 42 ) Joolo (gla JuE
ol T Cons (sl l 5 iy 93 (Slrosls jlodkeT s
4 eblise glaesls ol 3 stie 5 CAS 44l 42k )
ol ik (ol edi onls 0Lis 4 S 55 45T S po oy
S el Cmwdd 03 gdmms 53 3 4 g0 (Sla kit L odias LS
3 smabline Glaosls jlodaT Cowsas glajlslu o7 10T
S 50 e lils (5 208 Coatl (gloylgale (glaosls
oS ol Jsas AND (656 S 5 51 5 il ol ] 6T &
LeT Lo pea ol ctisl Kalen oo L b oY 53
aibaie wlid e glalitlo 5 s o8 5550 53 s oslinal
5l ol gt U o i el o
Guasas S biysSum 56 oS 5L el O son
2Ly ol Gl ol 5o 58 i g ais 55 0T I
S 0 bl la o Faal b S o 4 GIS Laos

ey ol ag ol dilaie Sy Jlo 58 Sl 4¥ £
Y 5 eSOl oSk s S 5LT sla Gl S slagY
Gla ol B3 Cuenl 5 Sld bl b o3lizul aTunS)
G Gl 5555165 a0 6 8T g o cailate 53 52 50
33 & st Sl S Sl $5 48 Sy g0 plw b S
S oo 4 5 ol il allate 53 (655 5 e S5 S
S S5 0T 5l Gy 28 8 o 0T & 3 o 0 20
Sz 0¥ Sl 53 5035 de Coenl glls ST
o S &S el St s S S5 4 by e okaT
534S s a5 L OT 51 e b 03l ol O 4 L5k
Sl bl e b Gl 8 4 e p dxis ailate
5 oslizel Jle 5 g e slba Sl B> 51, OR (536 S 5
WquLMJKJ;Q_AT.A:JU}&Sl?QTﬂ Colg oo
el Sum S 5 o T ST Y L ol 6 )5
3l Gl B on I g ol Gl T2 a2E b
(G Gl b5 Gle Faa by ol oY 5l e

adbis )31y gy e 25 S L LS e Ghble ST 4



st p s Gl oa bodaT sy SNl glaw Y S o gy 4 Gl s
955 Codo L;}g-jr.:iL: ails |y Sledb rw S ol sl Olsea ( SLaS Ol claaY (aL.J 03,531 St 5l s
s 3ol sl SU Glg e 5s Laslae ol O i aals U Cmal LI GIS Lases 53 4 S5 oS
et 3V S s 4SOl (80 LE (536 Slh g o 3bie i atals glate s 358 OLSS a8 o sla 5

L esliul (ol qyoé)jTﬁ._w:gkgb_g..\_&a:))T\U-ajl.g;:L@JT(aLJ

Ll das Liala 1y e sl Ll ity Gblis 87 ol

Iron Oxide( weight: 1) Propylitic(weight0.2) l Phyllic(weight:1) Argilic{weight:0.5)

Fuzzy Suit -
S

t Map of alteration factor ]

sledsl 4y O09) Sl (Gl ez o (5, 03gdze 4 gy e s y50 slaosls ode] oty sl oS 5 RSP E G )

S50
Fig. 8. Method of Fuzzy overlay layers from Remote Sensing data from the east of Sarcheshmeh area to obtain
Information alteration layer
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Fig. 9. Method of Fuzzy overlay layers from types of structures data to obtain Information structures layer from the east
of Sarcheshmeh area
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Fig. 10. Method of fuzzy overlay information exploration layer to obtain final mineral prospecting map of the east of
Sarcheshmeh area

o e AL Ol pean 48T bl a5 Ly eiia by el G (55 Gdl iy, 5l aS abl
Sy A g ol wld gy 55 98 05 g9dome )3 (S0 (:\SJAQ}L“A}..UVL&MGIS L:»);G_Lw}fsg
E b5 e (S5l SLS Gblis Ol gieas caibate Yo 550 OT 51 g T iz i 5 50 (sl lne 51 (K Ol oo
W USCE 3 el T Cwnas bl s Ol 5 asetie sl 5 e plal a5 Jabie Jhlde e 55 biys L

Ll 0l i 3525 mp FoskS Y Sl Jildo L Gble oyl 4 e 5 L

slalolus u:ejf A3 wmmen 5 el Cwnd (il azdls

55°55'0"E 56°0'0"E 56°5'0"E 56°10'0"E 56°15'0"E
' 30°0'0"N S Sy
] # Kansars reydoonf 2 RS FarsatT 30°00"N
o o Wyt 5 %
| Andis Deh siahichan khavafi
29°57'30"N o % e 20°57'30"N
Andin band mamzar
<igKansar Sereydgon shomali
29°55'0"N 20°55'Q"
18 29°55'0"N
Kanszr Darehzar . H Madan Kouh panj
. ) Apndis Mamzar = I%Aﬂ.‘ﬁs Kouh pahnj?
29°52'30"N @%amnma = B 29°5230"N
¥ o Andis Kotth panjd
,ﬁ_-—\ndis K ouh panjl @
29°50'0"N 20°50'0"N
20
29°47'30"N 158 20°4T'30"N
Legend
55°55'0"E 56°0'0"E 56°5'0"E 56°10'0"E 56°15'0"E
¢ Mineralization indicator
l:l Ideal areas

g g0 00latiwl Hurnsl o )lrnsiz (6 S el (o Slo sloals 35 lgicds 45 (6308 90 (o (S5l SIS dmians 0uls Jaseine 3bls )Y JSS

Cowl 00l ALl doli ps (3,5 00905t ;0 (638,90 o (55l SIS L& lgicay oS ablis yuzmes o
Fig. 11. Porphyry copper mineralization areas in the east of Sarcheshmeh are used as attributes TOPSIS and Fuzzy
TOPSIS Multi Criteria Decision Making matrix and known Porphyry Copper index



\Eg o B 0jleresiz (6 S el 9 531 anay boe » (2, L)

Y87 Jlo) Y ojles @ al>

(ot 35 e lib s G S5 5 68 o oy K
ST 5l S o by o gl ol B3 5 650 53 585
i A e Sl el (6 8 el (sl slns Ol e
s5E s 058 g0 03l s B g5 plasil g S
SLESTT LA slaay¥ 5l aslizal Ly G ol p3Y 1oz
Gole o by pe sla S 55 ¢ IS (slacand s oaT Cosay
SLa S 505 o et 255 S 5 48 Ik )3 okd Sl
(SIS b B eS Jals sl e a1 53 (e B
Lo ¢ b 55 LS 35 Lo gia o Sl B3 s o e
(La 8 W) o sl ot L S50 S8 55 s s
23 b o aibain 33y g wliBSi g5 5 ailate 5
Slasbns 3l Jolo (5 S el o Sl F Jpbr
ok a3ls DL pS” a4y bl jolansl yslie 5 (6,8 nanad

@WIR 9 R

S SLiged (595 4 wius Fble 89T Cawdd
oz oy (s 4 |5 gl 53 &S 5 sb0les
LY Glisea LGIS Lo 5 SlisT glaaY 05,57
S5 o Sl GLS daie L (5L G lats B,
O e 03,5 Jabeicn 03,05 5 5 5 45 Gldlia . daT Coisas
Anin ailaie g 03531 Cwdan g aibiie ;o Coanl
3ol b ibte S a0 LS el ol S Sl (g5le SIS
OL aseiio 51 oy, Jdo eants )15 58 BB 55 Ll
5 0 (628 a5 B35 315l Jonily (55
A oslinal adlaie o g (8L 5 Gble uu Il )

391 31 ooliiw! L vmicwn 3bLw (s o9

a6
Qly@c-hT@:mJéd:-ﬁ)sgdb;a\“ 4(_,.«..‘,5&1|).3

(ka5 5l plas’ 12 sl ol sy Sl las polin) puewal o ile ¥ Jous

Table 3. Decision matrix (values of criteria obtained for each of the options)

Criteria Area Lithology Alteration  Geochemistry  Geophysics Structures
Attribute (km2) (Normalized) (Normalized) (Normalized) (Normalized)
1 3273 0.6 0.3 0.858 0.715 0.549
2 2.716 0.51 0.23 0.77 0.697 0.9
3 3.165 0.6 0.1 0.453 0.777 0.316
4 1.779 0.8 0.42 0.92 0.726 0.447
5 9.613 0.8 0.54 0.84 0.787 0.626
6 4716 0.79 0.18 0.803 0.755 0.673
7 1.859 0.5 0.044 0.803 0.267 0.624
8 9.292 0.77 0.42 0.806 0.677 0.603
9 1.736 0.8 0.176 0.703 0.707 0.69
10 2.465 0.63 0.377 0.88 0.195 0.208
11 2.657 0.7 0.02 0.81 0.287 0.824
12 3.504 0.75 0.286 0.831 0.297 0.76
13 1.721 1 0.107 0.92 0.34 0.463
14 9.310 0.85 0.76 0.85 0.287 0.476
15 1.465 1 0.172 0.701 0.498 0.805
16 9.292 0.95 0.32 0.819 0.236 0.51
17 1.075 0.7 0.02 0.813 0.536 0.916
18 9.018 0.95 0.3 0.816 0.538 0.603
19 3.206 0.6 0.155 0.703 0.236 0.684
20 1.316 0.7 0.01 0.9 0.29 0.726




olazdl wlidiyee; ol 5 b, Yv.

) o aJ)ch-kATwJA{)ExAJbEU}&DQ LA)L:&A)| d{_AJAA_:aJ_&a:\J UPL"‘:"‘U')}‘? d).&_?-)b

a5 Ly il a5 & el ) el g

3T ol ool s oo Lo 51 Sy a5 00s o0l slayse F Jgua
Table 4. The weights given to each criterion, according to their importance

Criteria Area Lithology Alteration Geochemistry Geophysics Structures

Weight  0.100 0.25 0.25 0.2 0.15 0.15
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Table 5. Closeness Coefficient (CC) obtained from three different modes of TOPSIS method, the rows that have been
marked by star show the regions with high potential of porphyry copper mineralization

Attributes General Closeness Closeness Closeness Coefficient of
Coefficient Coefficient without Optimization TOPSIS
Area Criteria
1 0.447866697 0.4564 0.1128
2 0.392860017 0.4009 0.1131
3 0.288279635 0.2899 0.1109
4 0.573366739 0.6001 0.1304
*5 0.721912886 0.7127 0.1454
6 0.412635071 0.4121 0.1085
7 0.271736419 0.2768 0.1166
*8 0.604400631 0.5899 0.13
9 0.388987699 0.3996 0.1154
10 0.49975514 0.5152 0.1375
11 0.303103144 0.3065 0.1171
12 0.446829299 0.4539 0.1266
13 0.37008586 0.3783 0.1178
*14 0.796969957 0.7927 0.1871
15 0.420246744 0.432 0.1277
16 0.512783724 0.4943 0.1318
17 0.325074353 0.3326 0.1151
18 0.522262561 0.5055 0.1237
19 0.284142029 0.2856 0.1172
20 0.295792167 0.3021 0.1147
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Fig. 12. Comparing the results of different modes TOPSIS method for top three attributes of this method, No 14
attribute is Darehzar, 5 is near Sereydoon and 8 is near North Sereydoon.
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Table 6. The results of the change values of criteria and values weights of criteria, , the rows that have been marked by
star show the regions with high potential of porphyry copper mineralization

Attributes Closeness coefficient with change 10% Values

Closeness coefficient with

of criteria changel0% values weights of
criteria
1 0.479217366 0.1081
2 0.420360218 0.1087
3 0.308459209 0.1111
4 0.613502411 0.1226
*5 0.772446788 0.1351
6 0.441519526 0.1032
7 0.290757968 0.1038
*8 0.646708675 0.1293
9 0.416216838 0.1122
10 0.534738 0.1224
11 0.324320364 0.1114
12 0.47810735 0.1035
13 0.39599187 0.1121
*14 0.852757854 0.1728
15 0.449664016 0.1129
16 0.548678585 0.12
17 0.347829558 0.1216
18 0.55882094 0.1246
19 0.304031971 0.1099
20 0.316497619 0.1169

@;g@ujwbé,g&&&w,@!wwaﬁou

Dyl Slgan pwld pwy Glaladly b okaT
C——“’“—“JJMUUWJ—%d;Mg}})“"‘))
oled 5,8 15 s idyl c Tl (Cadlis 4 § LS
c&ﬁj}cg@;;:cwwwjbﬁydu)@u
BEgepE- Z(:JJ ol (u ssl.>l_me_9\AJL:>'l_.~ ‘Lf“'-‘-_‘;'}:j
Ot Al S (Al 5 (b SRS e (35
5 S oslaul ol C}Lﬂ\ Oy ol dToJ.L‘ @meg;.au
Gl s 3l solgtg dais bl S5t s LI (2
4_36_{;":}'3%}_‘;2&1):_@';);}_3l)bl_g)\)'a);‘x_i]a.;e.kg)‘\é
&l acibaie o g (VAP laie) JTounl as § Lol 5

(S 5 o
5 o5 S0 5 5 33 Saodls I s nl o
DLl B b0 i 5 o o3 home Sl g go (ol
(e 33 eolid ) SIS Glaan Y (aaio s
oS a s b e S (sl b 5 &S 5 5 a5
23 G3L8 Gate Gl g Sleslial U e 5 4g5 Laosls |
L ) e G o Joily gdyaigy (GIS Lo
1 il Gble 5 Al plol (6 105 gmy e S5l 5L
5 o KA Gl 5 el (658, 0 e (S
il L 5L Ghie e ol Sl oalgiin Gble 4 lis
wtls 8516 s g e 3G il Olsiea oS



yvy o ol 0 )lrediz (655 ool 5 (531 Sty Sl 2 (5B, A1)

OYAF JLo) Y o)les A al>

L e g dlin sl IS 25 ) Jol b L eT
O P KU P PN AP I Py

@L’b cl.h)l::u d)_}))/\'ﬂb&@‘ LSSL?)J L)‘i‘ M‘b

I 1,8 (8 et i 6 ) il ol
s 5 (5115 L jline 4 0l 0313 059 457 3 58 oo blizal

)L__m;'u\_':_l;.u}_‘i;ﬁoa‘))l_::u}mQS@‘}}‘)@‘W

.L.&L’ ol odoeiw 9 é:.;.)

References

Abedi, M., Torabi, A., Norouzi, Gh., Hamzeh, M.
and Elyasi, GR., 2011. PROMETHEE 1II: A
knowledge

driven method for copper exploration.
Computers & Geosciences, 46(1): 255-263.

Ataei, M., 2010. Multi Criteria Decision Making.
Shahrood University Publications, Shahrood,
333 pp

Beiranvand Pour, A. and Hashim, M., 2012. The
application of ASTER remote sensing data to
porphyry copper and epithermal gold deposits.
Ore Geology Reviews, 44(1): 1-9.

Bonham—Carter, G.F., 1994.  Geographic
information system for geoscientists-molding
with GIS. Geological Survey of Canada,
Ontario, Canada, 398 pp.

Bonham-Carter, G.F., Agterberg, F.P. and Wright,
D.F., 1998. Integration of Geological Datasets
for Gold Exploration in Nova Scotia.
Photogrammetric Engineering and Remote
Sensing, 54(11): 1585-1592.

Brreto-Neto, A.A., Roberto, C. and Fillo, S.,
2008. Application of fuzzy logic to the
evaluation of run off In a tropical watershed.
Environmental Modelling & Software, 23(2):
244-253.

Dimitrijevic, M.D., Dimitrijevic, M.N.,
Djordjevic, M. and Voluvic D., 1959.
Geological map of Pariz, No. 7149, Series
1:100,000. Geological Survey of Iran, Tehran.

Ford, A. and Hart, C.J.R., 2013. Mineral potential
mapping in frontier regions: A Mongolian case
study. Ore Geology Reviews, 51(1): 15-26.

wslis Sy ool Sesliul b 3lasST Slles aslsl 5 55 a5
O S35 A 50 laoyled Lol (g 108 0 s Gblie s
5N DLl L ks Jlad Oy o 5 Ok o GbLs
2o Bds Lalis o g 5 093 Loy Jsl Ol siew /70 FF
Olsssas 5 S S5l oy nl B 55 oaT Sy L
oLl oluls SLasS|t Slles absl 6l LOKS o 2
o3l> Lolas| 0155l Ol 4 @Lﬁ b J:.l»_? Sl s
Cowsass Lajlas polie 7V e ,uis L aS ol cbajlne 4 ol

Gunn, P.J., 1995. An Algorithm for Reduction to
the Pole that works at all Magnetic Latitudes.
Exploration Geophysics, 26(3): 247-254.

Hassani Pak, A.A., 2005. Exploration Data
Analysis. Tehran University Press, Tehran, 987
pp-

Honarmand, M. and Ranjbar, H., 2005,
Application of image processing techniques in
order to explore the ETM" data to exploration
type of Porphyry Copper and veins deposits in
the kouh mamzar and kouh panj regions in
Kerman. Geosciences, Scientific Quarterly
Journal, 57(15): 110-127.

Hosseinzadegan gouya, N., 1994. Select the
appropriate filter in the exploration by
Magneto metric method. Journal of the Earth
and Space Physics, 21(1, 2): 52-64.

Hwang, C.L. and Yoon, K., 1981; Multiple
Attribute Decision Making: Methods and
Applications, Springer-Verlag, Berlin, 228 pp.

Khaleghi, M. and Ranjbar, H., 2011. Alteration
Mapping for Exploration of Porphyry Copper
Mineralization in the Sarduiyeh Area, Kerman
Province, Iran, Using ASTER SWIR Data.
Australian Journal of Basic and Applied
Sciences, 8(5): 61-69.

Khannazer, N.H., 1996. Geological map of
Chahar Gonbad, scale 1:100000. Geological
Survey of Iran, Tehran.

Khouei, N., Ghorbani, M. and Tajbakhsh, P.,
1999. Copper deposits in Iran. Publication of
Geological Survey of Iran. Tehran, 421 pp.

Li, X., Wang, k., Liu, L., Xin, J., Yang, H. and
Gao, Ch., 2011. Application of the Entropy
Weight and TOPSIS Method in Safety



ohen 5 b, Yv¥

Evaluation of Coal Mines. Procedia
Engineering, 26(1): 2085-2091.

Malekzadeh shafaroodi, A., Heydarien shahri, M.
and Karimpour, M.H., 2010. Mineralization
and geophysical exploration with IP/RS and
ground-based magnetometers methods in MA-I
and its surrounding area, the exploration of
porphyry copper-gold Maherabad, East Iran.
Journal of Economic Geology, 1(1): 1-17. (in
Persian)

Malkzewski, J., 1999, GIS and Multi Criteria
Decision Analysis. John Whily and Sons,
Canada, 387 pp.

Mars, J.C. and Rowan, L.C., 2006. Regional
mapping of phyllic- and argillic-altered rocks
in the Zagros magmatic arc, Iran, using
Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) data and
logical operator algorithms. Geosphere, 2(3):
161-186.

Minatour, Y., Khazaei, J. and Gholami, A., 2013.
Extension of an integrated AHP and TOPSIS
approach in water resources management. 9th
International River Engineering Conference,
Shahid Chamran University, Ahwaz, Iran.

Najafian, T., Ranjbar, H. and Fathianpour, N.,
2010. Evaluate the integration of ALI and
ASTER spectral sensor data to identify zones
of porphyry copper deposits. 14th Iran
Geophysics Conference. Institute of
Geophysics, Tehran, Iran.

Noorollahi, Y., Itoi, R., Fujii, H. and Tanaka, T.,
2007. Geochemical Resources Exploration and
Well Site Selection With Enviromental
Consideration using GIS in Sablan Geothermal
Area, IRAN. Thirty-Second Workshop on
Geothermal Reservoir Engineering, Stanford
University, California, United States.

Pazand, K., Hezarkhani, A. and Ataei, M., 2012.
Using TOPSIS approaches for predictive

porphyry Cu potential mapping: A case study
in Ahar-Arasbaran area (NW, Iran). Computers
& Geosciences, 49(1): 62-71.

Ranjbar, H., Hassanzadeh, H., Torabi, M. and
llaghi, O., 2001. Integration and analysis of
airborne geophysical data of the Darrehzar
area, Kerman Province, Iran, using principal
component analysis. Journal of Applied
Geophysics, 48(1): 33-41.

Ranjbar, H., Honarmand, M. and Moezifar, Z.,
2003. Integration and analysis of airborne
geophysics and remote sensing data for
exploration of porphyry copper deposits in the
Central Iranian Volcanic Belt. Map Asia
Conference, Petronas Twin Towers, Kuala
Lumpour, Malaysia.

Ravankhah, A., Moayed, M., Sadr al Din, A. and
Hosseinzadeh, Gh., 2009. Geology, petrology,
economic geology and alteration zones studies
of porphyry copper Darrehzar deposit (South
West Kerman). Quarterly Iranian Journal of
Geology, 12(3): 75-63.

Shakour shahabi, R., Kakaei, R., and Basiri, M.,
2008. Iran Minerals Ranking by TOPSIS
Method.  Iranian  Journal of  Mining
Engineering, 2(4): 1-10.

Wang, J.J., Jing, Y.Y, and Zhang, C.F., 2009.
Review on multi-criteria decision analysis aid
in sustainable energy decision-making. Renew.
Renewable and Sustainable Energy Reviews,
13(9): 2263-2278.

Yousefifar, S., Khakzad, A., Asadi Harooni, H.,
Jafari, M.R. and Vosoughi Abedini, M., 2010.
Using Index Overlay, Fuzzy Logic Mrthod and
Analytical Hierrarchy Process in order to
determine Au and Cu Potential Targets in
North part of Dalli Porphyry Deposite. Journal
of Geosciences, 21(83): 49-58.



Journal of Economic Geology
Vol. 9, No. 2 (2017-2018)
ISSN 2008-7306

u’./‘:ﬁrﬁ g "

&Ll (pubiods
(Y28 Jlo) ¥ ojle & al>
Y5 5 YO i

Presenting a mapping method based on fuzzy Logic and TOPSIS multi criteria
decision-making methods to detect promising porphyry copper mineralization
areas in the east of the Sarcheshmeh copper metallogenic district

Shokouh Riahi*, Nader Fathianpour and Seyed Hassan Tabatabaei

Faculty of Mining Engineering, Isfahan University of Technology, Isfahan, Iran

Submitted: Apr. 13, 2015
Accepted: Apr. 6, 2016

Keywords: mineral exploration, Fuzzy logic approach, TOPSIS method, porphyry copper mineralization,

favorable regions

Introduction

The growing demand for base metals such as iron,
copper, lead and zinc on the one hand and the
diminishing of surficial and shallow resources of
these elements on the other hand have forced
explorationists to focus on detecting deep deposits
of these metals. As a result, the discovery of such
deep deposits requires more advanced and
sophisticated methods in the course of preliminary
prospecting stages. Since the discovery of new
deposits is getting to be increasingly difficult,
deploying new prospecting technologies that
employ more deposit attributes in the course of
combining exploratory evidence may reduce the
exploration costs with lower uncertainties. In the
past two decades, a number of new data mining
and integrating  approaches capable of
incorporating direct and indirect mineralization
indicators, based on expert knowledge, data, or a
combination of both, have been proposed
(Bonham-Carter, 1994). In the first step, the input
exploratory data layers are corrected and validated
through applying some statistical pre-processing
algorithms such as background and outlier
removal methods. In order to detect a
mineralization occurrence, it is necessary to find
the proper exploratory geological, geochemical
and geophysical data layers which have direct or
indirect associations with the governing
mineralization followed by constructing these

models in an appropriate GIS platform
(Malkzewski, 1999). Due to the imperfect
available data and a number of unknown
parameters affecting the mineralization process,
the application of conventional GIS integration
methods such as Boolean or weighted overlay or
even fuzzy logic methods alone may not produce
appropriate results, pointing to a need for
deploying multi-criteria decision-making methods
such as TOPSIS. In the present study, the pre-
processed exploratory data including geological,
remotely sensed geophysical and geochemical
imagery were used to detect favorable
mineralization zones through applying the multi-
criteria decision-making method. Finally, the
selected favorable areas in the metallogenic strip
located at the south to the south-east of the
Sarcheshmeh porphyry copper deposit are
prioritized and introduced for further follow up
ground exploration operations.

Methodology

In order to solve complex decision-making
problems like the problem of mapping favorable
porphyry copper mineralization zones under great
uncertainties, the TOPSIS method is considered as
an appropriate approach offering significant
simplicity, flexibility and capability (Ataei.,
2010). The TOPSIS method is considered to be an
efficient method due to having very high
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accuracy, speed, sensitivity as well as being easy
to implement and interpret the outputted results
(Hwang and Yoon, 1981). It has found many
applications in important areas of mining industry
where there is a need to make decisions under
risky conditions and data uncertainties.

One basic issue in applying decision-making
methods in the field of mineral exploration is to
rank and propose the best possible candidates
among all potentially favorable areas for the next
stage of mineral exploration. In this regard, the
best favorable areas are selected based on
exploratory data layers including favorable
lithologies, alterations, structures plus
geochemical and geophysical anomalies (Pazand
etal., 2012).

Results and discussion

In the first step, the area located south to the
southeast of one the largest porphyry copper
deposits in Iran known as Sarcheshmeh was
investigated for favorable areas using all available
exploratory data as mentioned in the previous
section using fuzzy logic integration approach in
the GIS environment.

Evaluating the highly favorable areas presented by
the fuzzy logic approach showed great
consistency with the already known copper
mineralization prospects. Next, the first 20
priorities obtained from the fuzzy logic approach
were chosen as the best candidates to be ranked
using the TOPSIS multi criteria decision-making
method. Among these favorable prospects, the one
with the highest coefficient close to the ideal
solution of 0.796 was found to be coincident with
the Darehzar area that is a well known porphyry
copper deposit 12 Kkilometers south of the
Sarcheshmeh deposit.

The favorable areas numbered 5 and 8 that
correspond to well known porphyry copper

mineralization prospects called Sereydoon and
North Sereydoon were ranked as the second and
third priorities with scores of 0.721 and 0.604,
respectively. Other favorable areas ranked by the
TOPSIS method were also prioritized and
presented for further follow up explorations.

To assess the sensitivity of the results obtained by
the TOPSIS method, an amount of 10% of the
values of each of the criteria were added and the
outputted ranking results were compared to that of
the original TOPSIS results. It was concluded that
a slight change in the values of the criteria would
not have significant impact on the results.
However, 10 percent change of each criteria
weight would greatly affect the prospects
priorities obtained by re-applying the TOPSIS
method.
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