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Extended Abstract

Introduction

The Yeilag Samanloo area is located 19 km southwest of Meshginshahr and 22 km west of Sablan in
the West Alborz-Azarbaijan structural zone. Cenozoic igneous-pyroclastic rocks cover more than 95%
of the area. The Eocene units are mainly composed of volcanic rocks, including andesite, trachy-
andesite to trachy-basalt, tuff and shale layers. A granitoid intrusive body (granodiorite, monzonite,
guartz monzonite) with Upper Oligocene age intruded the Eocene volcanic rocks and produced chlorite
and epidote alteration in them, especially in the contact zone. A number of silica veins containing pyrite
and chalcopyrite cross-cut both the granodiorite body and Eocene volcanic rocks, which host gold and
copper mineralization. The youngest unit includes Sablan lavas of trachy-andesite, basaltic andesite and
andesite with Quaternary age, which have flowed unconformably on the Eocene volcanic rocks.

Materials and Methods

In this research, 65 samples were taken from stream sediments for geochemical studies. In order to
check the anomalies revealed from stream sediment studies, 30 rock samples were taken for
lithogeochemical studies and 10 petrological samples from the igneous rocks and were analyzed by
XRF and ICP-MS (petrological samples), ICP-OES (geochemical samples of stream sediments) and
Fire Assay (for gold) at Zarazma lab.

Results and Discussion

Based on the petrological diagrams, the volcanic rocks of the region mainly have andesitic to
andesi-basaltic composition, high potassium calc-alkaline and shoshonitic nature, and meta-
aluminous to per-aluminous affinity. The tectonic setting of these rocks is an active continental
margin, and their trace and RE elements pattern is similar to the subduction-related rocks.
Remote sensing and field studies show that the distribution of various alteration zones is not extensive.
The chlorite-epidote (propylitic) alteration zone is the most widespread zone, mainly observed in the
northeast and southeast of the area. Argillic and sericitic alterations are present in the central and
southwestern parts, and the distribution of alunite-pyrophyllite alteration is scattered and very limited.

Stream-sediment geochemical studies and lithogeochemical investigations upstream the observed
anomalies led to the introduction of several Cu-Ag and precious and base metal mineralization areas
for the first time in this region.
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Coincidence of geochemical anomalies with alteration zones shows that Cu anomalies are mostly
associated with argillic and sericitic. The association of Au with argillic and sericitic alteration zones
in the south of the area is noteworthy. But Ag mineralization is associated only with propylitic and to
some extent, argillic alteration. Microscopic studies of rock samples showed that the Cu-Ag
mineralization in the Samanloo area is stratabound, being associated with andesitic units of the Upper
Eocene and includes pyrite, chalcopyrite, bornite, malachite, azurite, chalcocite, native copper and to a
lesser extent, covellite, which occur as disseminations, open space fillings and replacements, especially
within the mega-porphyritic andesite unit. In the rock samples of this area, the highest anomalies of
elements are: Cu (67800 ppm), Ag (18 ppm) and Au (1088 ppb). Based on the obtained statistical
correlations, the anomalous elements were divided into three groups: (1) Cu-Ag, (2) As-Sh-S-Au and
(3) Pb-zZn-Fe, which are attributed to three genetic-lithologic groups. The first group is related to the
granitoid body, especially the halo around it. The second group is directly related to pyroclastic units
and Eocene lavas, especially mega-porphyritic andesites and chlorite-argillic alteration zone within it.
The third group can be attributed to the silicic veins/veinlets of the Neogene tectono-magmatic activities
and the infiltration of hydrothermal fluids into fractures; Au displays more considerable anomaly among
the elements of this group.

Conclusion

Based on the characteristics of mineralization, including host rocks, stratabound nature, mineralogy,
metal content and alteration, it can be concluded that the mineralization at Yeilagh Samanloo area is of
Manto-type copper deposits. According to the structure, texture and mineralogy of the mega-porphyritic
andesite unit, two phases can be considered for the hypogene mineralization at the Samanloo area:
primary diagenetic stage and burial stage. Early diagenetic processes led to the formation of pyrite
within the porphyritic andesite unit, which is the host of mineralization, and as a result, reducing
conditions have appeared in this unit. Inthe next stage, under the influence of the burial process, oxidant
saline fluids have migrated and washed Cu from the underlying Cu-rich volcanic units (trachy-andesite,
tuff with shale layers) and deposited it in the reducing mega-porphyritic andesites.

Keywords: Manto-type, Stratabound copper, Stream sediment exploration, Volcano-sedimentary
sequence, Yeylagh Samanloo.
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area and rock units.

b lawgie oS 5) (e, YO-Ye) (mm b ojludl
o b o ISs anss g o S sl ok & jgumy (SdS
SE sk, glJl st 5! SR S g 009 Sids; g
(oS Jl o LTHPL wed e cvalic oS
lglegite Getilr CodST g 0ad (0S5 (S e
(32,0 Vo =10) (Culgh) cpmS g giedS ol oo L5l
Srdy39085 Slaezs o 5 (555800 sloysh g
& el jeS e 5 Sl S 4 525 il 50 5 009
ol By Jlaws [ 185 S ue) (B alg .ol o0lo
9 Wb S b n, gl )l assexe
6‘4\.........“4 - 4...~o) )o aS w‘ oD L.im; Q.Q—‘ LSLQ..\.H.MS ‘

P S oy (o ¥ ISD) wyls 18 55k 55 sl b

igi s ol b bS5 o3l (S5 waly
Sl s adlate 6 Jlod 40 0,5 S5, L aly
sl (Sl o3laS slagh,z 5l slacs, Jols
VOUSL) cwl (B B et Sl (s slaoslaS
29 E Y IS0 cwl yie o axly ol Culses (S
@S sladsle Sl adlaie (355 0395 b Oyl
Sy Swd sladiges Sy 0l ol (b3
(32,0 BO-V+) (psdgl g (aoy Vo b)) e BT (sl sl
S8l oKy, Slalllas [0 0,95 0 i 4 G
iy 5 Sl (68,950 U (558500 (Sl 5,0 L6 S
g (Coy9olpY = onjah PSePL g 5l ol slaysh
L) WDy slocun S92 (o V) JS8) Coul 2oyl



WO ol Kes g baese

VPANAN Slas VFF ) o)l (o035l 0,98 (e (il (sletngly

Bedise oS CudgPee B)l5 9 CuigPse «uymoglS
oy 4 bl S wgee ) L S ()l
05,5 @had l) (rugil (p 41 jolme slo JIg5 g 0092 i
S Celd by (Foslme (G555 el g (0 F JS)
SIS e 5o ilosds ksl o (e ool ¥o JIN+)
wload hos SElslie g i yon 4 (gl slaJlgs
(&Y US8) aidl oo 3 (SYL) olials glls a5
sl Sl as sas o ol oSS lg Wu&.‘a s
Woiled (obFSe i yon wadsl (nlS g Se 598
e (9550 (95 5 SadsnaST g Dgal wy IS
ool (Y Jeuz) )b jeas gl o Jlg J1s
Bl sl 63 b p9Swg e lllas
©Sylse 3 5 IoUSE e sl JSiie Vgl S
@ o Siw pl ol (Sasme 9 609 Y93l 59 ,50e
Dls JSIT IS5l slo S5 5 S
Wloads LS5 Jembel B 5 Coten oplsS
oy $9995 6 5 oS5 dari Kot g5 1 553k
5950 €8 3 bleals JSIT il o o (T o 5
sy )T = (6 )l5e 40 5 Wl sy S8l g 00y
ol 55 Sl 5o (slo sy 59 oies & SalymaiS] - Culges
Jolds sy opl aigli 5 (28 Sla B aisd e 23
Sloosy > ob) s ilp B ooy il

(Y JSs) aib e cusb]

slocy S (ol ansl) a5 sla S 5 olnyS Sl
- el oad JSCas Sk el oS 5 Mk
957 5o Ol S 5 ol GlaaruST (il yu (o) sl
A 3>y ul 466 sl SIS

Gloaxly g3, » 92y ool 16 yedrnlle Cojuil sy
aibie 08 Cy g ooz 0 g AL 13 Sl gl
5| skie slacaalins Jolis 53l iy anllas 3,50
Sl (5528580 b (50 (Tl Se il b 0]
il o 2la Glls g oas e Fo bl 55 0 a8
A aes o LS g 95w S Dlalllas (o (AT JSS)
10-T)  lewals JSIT (oo Fo-00) S
- sl S (o0 8-V 0) Useiol g 35,055 Ly
B lo S & ygua o S g5 D Loz S odjle sl
Sl 5 5 edT ISLo Lom ¥ b o5l b o IS das
slysk Sogar Gy LB JSIT sl o o
o b Lawgio &g 35,185 05 so oaalin o JSo
3 s S sl ol slls o8 IS o oyl
5 Sbe Gl &ya (ailiyse) Jswdel ool
Rl 9Tl ool (30l g Dl S 4 oads a5 (oS
m@ oS (o) B SE WS g GlalaTgn wll oo
oo )08 ol g sl (5o (glogS sl (S
S 552 Seanl 5 oy G LT 2T YLD
(O JS2) sten (Ko axly pl a9l 5 (03
Sllllas osgame wf Jlad o imsSadl glasls
S5 L i S 5l sl LB o5

(VSRS AEY) U’“’}ﬂ ».\>|5 Adw <5”9" ! )Q»"u*i‘w" ijoLw 0dgdme (O u.wsia.n 9 w}‘:‘ 6Lmd>|5 g )| GJ‘)M le.«e.: Y Jim

msSll (S3585 9215 (595 68y Sl axly geis o
Fig. 2: Field images of the outcrops of Eocene and Oligocene units in the Samanloo area, Meshginshahr. a:
Sequence of three Eocene units in order of age. b: Outcrop of megaporphyritic andesite unit on Oligocene intrusive

unit.



VWP See 5 b

O 28 ghlla Dl 15 (S 4z (e (Br2e 9 (2loerdig SBLLIS]

@hls oty ol 0,5 (Gabpeadl (b5 slocy 0]
'-Qj slojbedys g 00 Grdie (SgSue 8L
5 9 (Mo,0 0-V0) S gy (duo,d BV ) Sedb
JSiie ok o) oped 1 (aoy0 V) sl (9l
o g wluyS 5,15 il IS5 slacady S S
2 GGl 5 oy GGl gl Jodel

O Jgaz ) @ g ¥ JS) wil oo (o] aenST)

addllas 5,90 dilaie 0 lasly (pl 16 5leS saslg
L oGlojlas” lapl > Jolls 5 )l g0k o yns
Sy 4 s g L (ST - sl ST Sy
03,5 aad 1) Hugil slaasly aS aiil oo 05 (5 xS >
6Lbd.‘>‘9 (C Ay Js.w) *»j-““f odnliwe LQ)T S99y 2 L- Ky
0305wl s 4y Lo 1y 315 lsl ST ]
Sl g bl slaeslad 5 Sols ool sle

axdlUas 0)3.4 005..\.790 )b (Sal.w)fb ‘51.%03) 9 éﬂ“ 6L®449.oa XRD ,JL"“ @Lu :) Jj..\>
Table 1: XRD analysis results of rock samples and alteration zones from the study area
Sample  Major Phase(s) Minor Phase(s) Trace Phase(s)

Hornblende, Mica — illite, Hematite, Chlorite

Hornblende, Mica — illite,
Hematite, Actinolite, Epidote, Calcite

S-16 Anorthite, Microcline, Augite

S-14 Anorthite, Chlorite,
Quartz, Microcline,

S-1 Albite, Quartz, Orthoclase, lllite Microcline, Chlorite, Hematite Epidote

S-2 Albite, Quartz Orthoclase, Hematite Chlorite, Chlorite

S-3 Albite, Quartz Orthoclase Chlorite Natrojarosite Kaolinite

S-4 Quartz, Natroalunite Muscovite, Goethite, Montmorill, Grossular

S-5 Albite, Quartz, Orthoclase Goethite, Jarosite, Tourmaline Talc

S-6 Anorthite, Albite, Quartz , Mica — illite Chlorite, Calcite
Augite, Magnetite

S-7 Albite, Kaolinite Muscovite, Calcite

S-8 Albite, Quartz, Calcite, Dolomite  Orthoclase, lllite, Hematite, Kaolinite

-
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Fig. 3: Microscopic (XPL) and field images of rock units. a: Altered analcime-bearing andesite unit. b: Eocene
trachy-andesite unit with trachytic texture. c: Eocene tuff unit. d: Megaporphyritic andesite unit with coarse
plagioclase crystals altered to carbonate and clay minerals, and biotite. e: Formation of hornblende, malachite,
muscovite and secondary chlorite in the contact halo and the intrusive body itself. f: Oligocene granitoid intrusive
unit with granular texture in Samanloo. g: Outcrop of Quaternary lava unit on Eocene units. h: Pyroxenes altered
to carbonate in a fine-grained groundmass of the Quaternary andesitic-basaltic unit. i: Quaternary trachyandesitic
lavas with flow texture.
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Fig. 4: Discrimination diagrams for classification and determining the magmatic series of the volcanic rocks of
the study area. a, b: The composition of the rocks in the Samanloo area is in the range of andesite and basaltic

andesite. ¢: In the Th/Co diagram, the studied samples plot in the shosonitic and high-K calc-alkaline series. d:
The A/INK-A/CNK diagram showing that rock units of the area are metaluminous to peraluminous in nature.
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Fig. 5: Tectonic setting and spider diagrams of elemental variations in the volcanic rocks. a: In the Zr/Al203-
TiO2/Al203 diagram (Muller and Groves, 1997), volcanic rocks plot within volcanic arc setting. b: In the Th/Ta
diagram (Schandl and Gorton, 2002), all samples fall within the active continental margin setting. ¢: Chondrite-
normalized trace element spider diagram (Thompson, 1982) for volcanic rocks. d: Mantle-normalized trace
element spider diagram for volcanic rocks (McDonough and Sun, 1995).
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Table 2: Statistical classification of geochemical variables.

Class 1 (background)
Class 2
Class 3
Class4 (2" grade anomaly)
Class5 (1%t grade anomaly)

N < Median
Median <n < Q3
Q3<n<Q3+15IQR

Q3+1.5IQR<n<Q3+3IQR

Q3+3IQR<n

720400 725400 720400

Geochemical classification

725400 720400 725400

o 1stClass @® 4thClass

© 2ndClass @ 5 h Class
® 3rdClass

Sericite chlorite&Epidote
Kaolinite Alunite & Pyrophyllite
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Fig. 6: Comparative maps showing the distribution of geochemical anomalies in the stream sediments and
alteration zones of the study area. (a) Cu, (b) Mo, (c) Ag, (d) Au, (e) Zn, (f) Pb, (g) As, (h) Sb, (i) General map of

alteration zones.
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Fig. 7: Dendrogram obtained from cluster analysis of samples taken from the study area.
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Fig. 8: Field images of mineralization in the Samanloo area. a: Malachite and azurite mineralization and the
formation of iron oxides, carbonates, and zeolites in a dispersed and open space-filling form within the
megaporphyritic andesite unit. b: Formation of azurite and goethite in the oxidized zones. c: Replacement of
plagioclase by malachite within the porphyritic andesite-basalt unit. d: Silica veins/veinlets containing malachite
and azurite with gold anomalies within the trachy-andesite to trachy-basalt unit, intercalated with tuff layers which
may have acted as conduits for ore-bearing fluid. e: A 1,000-gram piece of pure native copper surrounded by
chalcocite, malachite, and goethite. (All image abbreviations from Whitney and Evans, 2010).
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Fig. 9: Mineralization in the Samanloo area. a: Formation of disseminated pyrites within megaporphyritic
andesites as the main mineralization host. b: Formation of bornite, chalcopyrite and chalcocite in a veinlet (image
taken with immersion oil). c: Formation of secondary chalcocite and covellite at the margins of pyrite. d: Oxidation
of pyrite and formation of malachite in a silica veinlet. e: Formation of malachite and azurite due to supergene
processes. ¢: Formation of covellite at the margins of chalcopyrite and presence of hematite resulted from iron
release. f: Formation of secondary hematite resulted from oxidation of primary dispersed pyrites by oxidizing
fluids. h: Formation of iron hydroxides in a pyrite-bearing veinlet due to the contact with oxidizing fluids. i:
Fracturing in a primary veinlet and presence of sulfide minerals in it, which have subsequently transformed into
hematite
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Fig. 10: Cross-section of the southern part of the Samanlu area, classified based on the results of geochemical
anomalies and element correlations, lithogeochemical studies, and the proposed probable generative model for

mineralization in this area for three groups of elements (Pb+Zn, Au+Sb+As, Cu+Ag).
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Table 3: Summary of statistical results of a number of ore elements in stream sediment samples from the Yeylagh

Samanloo area (ppm).

Minimum Maximum Mean Median Std. Deviation Variance Skewness Kurtosis
Au(ppb) 375 1088 21.75 3.75 108.766 11830.04 9.407 92.394

Ag 0.2 18.1 1.23 0.37 2.623 6.882 4.196 20.287

As 45 133.3 22.86 10.15 33.002 1089.192 2.702 6.294

Cu 7 67866.8 2267.56 65 7902.172 62444.324 6.097 44.584

Mo 0.7 79.5 3.214 1.32 8.465 71.658 7.572 65.548

Pb 5 97 20.81 18 15.269 233.128 2.561 8.551

Zn 6 569 80.1 70 64.079 4106.107 4.608 32.663

Sh 0.75 133.3 12.50 1.08 26.244 668.771 3.277 11.703

Sgaze 5 &yl (soly S b Gle 5o cnl bl o & S Al

worigsy Olllas ool s 4y glaazil sl o
;3 AU 3C0 AQ CU yolic a5 ols Lis glanl bl Ggus,
—olaidl cwlid ey Sl gllo glilels MLy adlais
S b gE a0 slaly polie Ko 5 aiwe Sluss]
o 2 G)ilS ppe polie wimsoe lid (olerdsls
As-Sb- S- Au (Y 5 Cu- Ag (Y Pb-Zn-Fe () 04,5
VOWRIPY1 “SO S [ PYL P URIP L SR TR WIP-R CEP LR
Jloy o Ju g la SinSss Sl bl )| .aigs oo 00ld
Sronle casulazly o g5l ST L JB lalas

OYlle 2 g bRie caiz )0 gblels ddlais o
rosSell (5398 axly 5 pugil (151,01 /o )3T sloaly
b sgiad Cudle sl basly opl aijle s
S S CoxBge 0 aS 00g Y el L JISISIS
o LS5 glo,B b anils SilSTy (glapud
sl pl Dy s oliardgsy Olalllas 5l Jol> slaazil,
@ JrsS Al e 0 alo Gl oy 5 5 s
sl Sle 3o lls eogase pl a5 ol lis sl
Sy 9 Calidgrn —ousdll (ST Sedagn



VAP ] e 5 boese

O 058 gblab s )3 Ol Sz e (B2 9 (2loonttesy SLLAIS]

S g o ) o Slaass] glaasly 5l e
axly 0 g s (b sldaY b ol jon g5 o]
Ailools Cotiar ol byl glyls (548,950 cojus]

(58,980 ozl azly) hals sl)ls aly po o
o e dLm)MLT )'l KVRCS ﬁL&.S LSt 4 &.:19;‘59

Gl cpl eizmen L0gd e ddlaie (pl o gule
ashis o jue sla,lsls BlissT ol wilgs oo Slucs]

P dblial s 6dim slepw 3l m (Yl o)
Dgb aid)S

&l Fowlew

Odlxe (s3logs 9 S 28 0 lacoles 5l B
oglae slacs,lSon 5l izren g (5590 00) aile gl
Snlly 0s3 Gl)a8 Caled 5y olils (5 )5L8 5 gl
Gondjle g oai)l glaslin o ol 519 Wyl o
il 535k e o me g

References

Alavi-Panah, S.K., 2010. Evaluation of Landsat TM
spectral bands in studies of Iran's deserts, Journal
of Natural Resources of Iran, v. 25, p. 67-78 (In
Persian).

Amini, B., 1994, 1:100000 geological map of
Meshginshahr, Geological Survey and Mineral
Exploration of Iran (In Persian).

Babakhani, A., 2008. The Sabalan volcano, report of
the Geological Survey and Mineral Exploration
of Iran (In Persian).

Barnes, H.L., 1979. Solubilities of ore minerals. In:
Geochemistry of hydrothermal ore deposits, 2nd
ed. John Wiley & Sons, New York, p. 404-410.

Berger, B.R., Ayuso, R.A., Wynn, J.C. and Seal,
R.R., 2008. Preliminary Model of Porphyry
Copper Deposits, U.S. Geological Survey Open
File Report, v. 2008-1321, 55 p.

Brenan, J.M., Shaw, H.F., Phinney, D.L. and
Ryerson, F.J., 1994. Rutile-aqueous fluid
partitioning of Nb, Ta, Hf, Zr, U and Th:
implications for high field strength element
depletions in island-arc basalts: Earth and
Planetary Science Letters, v. 128, p. 327-339.

Carrillo-Rosua, F.J., Morales-Ruano, S., Morata, D.,
Boyce, AJ., Belmar, M., Fallick, A.E., Fenoll
Hachali, P. and Munizaga, F., 2006. Sulfur
isotope studies in Chilean Manto-type Cu-(Ag)
deposits in the Coastal range of central Chile:
Ore Geology Reviews, v. 56, p. 13-24.

wil ahals (b kil osles Sl g
ailes adhaie cpl o ol S5 (Wilson et al, 2003)
b s o sloanlb ,5beod gile as slalusls’ oo
Sldlas  cwsl oad fSi 35ke g el
s Hbals oogase o a5 oy lis 59N,
ORIV LU KL PN LN R

oS ke a5 G o SIS 5] S
gBéuéoMﬁ}oﬁ‘ﬁJi&ng‘M&ﬁJ”S
byl Cojul K (e 50 bowe il
13 omlis 1S 5 8l il arg b ailons LS5

A5 ooz gl 5B 50 Olgiee b inlSe Cajul axly
s &yl s launlp 85 i s sl

Obie rdym ol woly a0 Copm S
axly oyl o @"L.,}l Loyl il iolows doed 0 g dl)'culf

u’d\» M‘)B )*‘LM GO 4-1-‘>)-A)¢ R PRI ¢!
o ol 00,8 by 55 ol 55 SV

Chavez, P.S., Berlin, G.L. and Sowers, L.B., 2011.
Statistical method for selecting Landsat MSS
ratios: Journal of Applied Photographic
Engineering, v. 8, p. 23-30.

Chica-Olmo, M., Abarca, F. and Rigol, J., 2002.
Development of a Decision Support System
based on remotesensing and GIS techniques for
gold-rich area identification in SE Spain:
International Journal of Remote Sensing, v. 23,
p. 4801-4814.

Cisternas, M.E. and Hermosilla, J., 2006. The role
of bitumen in strata-bound copper deposit
formation in the Copiapo area, Northern Chile:
Mineralium Deposita, v. 41, p. 339-355.

Coop, J.A., 1973. Geochemical Prospecting for
Porphyry type mineralization-a review: Journal
of Geochemical exploration, v. 2, p. 81-102.

Edwards, M.A., Kidd, W.S.F., Li, J., Yue, Y. and
Clark, M., 1996. Multi-stage development of
thesouthern Ti bet detachment system near
Khula Kangri: new data from Gonto La:
Tectonophysics, v. 260, p. 1-20.

Espinnoza, R.S., Veliz, G.H., Esquivel, L.J., Arias,
F.J. and Moraga, B.A., 1996. The cupriferous
province of the coastal ranges, Northern Chile. in
Camus, F., Sillitoe, R.H., Petersen, R., (eds.)
Andean copper deposits: new discoveries,
mineralization, styles and metallogeny: Society
of Economic Geologists Spetial publication v. 5,
p. 19-32.

Foley, S.F., Barth, M.G. and Jenner, G.A., 2000.
Rutile/melt partition coefficients for trace


https://www.sciencedirect.com/science/journal/0012821X
https://www.sciencedirect.com/science/journal/0012821X

YAV ] ol g baesxe

VFAVAA Sloio Vo F ) ol ool 090 ooy il (sletngsy

elements and an assessment of the influence of
rutile on the trace element characteristics of
subduction zone magmas: Geochimica et
Cosmochimica Acta, v. 64, p. 933-938

Geoffroy, J.D. and Wingall, T.K., 1985. Designing
Optimal Strategies for Mineral Exploration:
Plenum Press, New york.

Haggan, T., Parnell, J. and Cisternas, M.E., 2003.
Fluid history of andesite-hosted CuS-Bitumen
mineralization, Copiap district, north central
Chile: Journal of Geochemical Exploration, v.
78-79, p. 631-635.

Hassanipak, A.A., 2009. Principles of Geochemical
Exploration, Tehran University Press, 615 p (In
Persian).

Hassanipak, A.A. and Sharafeddin, S.M., 2011.
Exploratory data analysis, Tehran University
Press, 987 p (In Persian).

Hastie, A.R., Kerr, A.C., Pearce, J.A. and Mitchell,
S.F., 2007. Classification of altered volcanic
island arc rocks using immobile trace elements:
development of the Th-Co discrimination
diagram: Journal of Petrology, v. 48, p. 2341-
2357.

Hedenquist, JW. and Browne, P.R.L., 1989. The
evolution of the Waiotapu geothermal system
New Zealand based on the chemical and isotopic
composition of its fluids, minerals and rocks:
Geochimica et Cosmochimica Acta, v. 53, p.
2235-2257.

Jensen, J.R., 2011. Introductory digital image
processing: a remote sensing prospective, 3rd
Ed, Prentice-Hall, sries in geograohic
information science, v. 2, p. 163-164.

Juyzadeh, S., Brahimi, M., Akhgar, Sh., Shamshiri,
M. and Ahrari, A.H., 2019. Processing satellite

images in ArcMAP, Academic Publications.

Kashkoei Jahroomi, M. and Qishlagi, A., 2016. A
new approach for hydrothermal alteration
mapping by selecting and interpreting principal
components in Landsat ETM+ images:
Economic Geology, v. 8, p. 12-181 (In Persian).

Kirkham, R.V., 1996. Volcanic red bed copper. In
Eskstrand, O.R., Sinclair W.D. and Thrope, R.I.
(eds.) Geology of Canadian mineral deposit
types. Geological Survey of Canada, v. 8, p. 241-
252.

Kojima, S., Astudillo, J., Rojo, J., Trista, D. and
Hayashi, K., 2003. Ore mineralogy, fluid
inclusion and stable isotopic characteristics of
stratiform copper deposits in the coastal
Cordillera of northern Chile: Mineralium
Deposita, v. 38, p. 208-216.

Kojima, S., Trista, D., Guilera, A. and Ken-ichiro
ayashi, H., 2009. Genetic Aspects of the Manto-
type Copper Deposits Based on Geochemical
Studies of North Chilean Deposits: Resource
Geology, v. 59, p. 87-98.

Kojima, S., Trista, A.D. and Hayashi, K.I., 2007.
Genetic aspects of the manto-type copper
deposits based on geochemical studies of North
Chilean deposits: Resource Geology, v. 59, p.
87-98.

Learned, R.E., 1972. Gold, a useful pathfinder
element in the search for porphyry copper
deposits in Puerto Rico: Proceedings of the 4th
International Geochemical Exploration
Symposium, London.

Legg, C.A,, 1992, Remote Sensing and Geographic
Information Systems: Geological Mapping,
Mineral Exploration and Mining (Wiley-Praxis
Series in Remote Sensing). Ellis Harwood
Publication, 166 p. Maghsoodi, A., Yazdi, M.,
Mehrpartou, M. and VVosogi-Abedini, M., 2010.
Introducing of Copper Porphyry Type and Gold
Mineralization in Siliceous Veins at Mirkuh Ali
Mirza Area, Sarab, by Geochemical Exploration:

Geosciences, v. 81, p. 121-128.

Maghsoodi, A., Younesi, S. and Nemati, M., 2003.
Heavy mineral geochemical exploration in
1:100000 sheet of Meshgin-Shahr, Geological
Survay of Iran (In Persian).

McDonough, W.F. and Sun, S.S., 1989. Chemical
and isotopic systematics of oceanic basalts:
Implications for mantle composition and
processes: Geological Society of London Special
Publication, v. 42, p. 313-345.

Moeinvaziri, H. and Ahmadi, A., 2003. Petrography
and petrology of igneous rocks, Kharazmi
University Publication, 544 p (In Persian).

Mohammadian, H., Calagari, A. A., simmonds, V.
and Siahcheshm, K., 2024. Surface and sub-
surface studies on geology and characteristics of
ore-forming fluids in the Niaz porphyry copper
prospect, west of Meshginshahr. Researches in
Earth Sciences, 15(1), 49-66 (In Persian).

Muller, D. and Groves, D.I., 1997. Potassic igheous
rocks and associated gold-copper mineralization:;
Springer, 342 p.

Oliveros, V., Feraud, G., Aguirre, L., Ramirez, L.,
Fornary, M. and Palacios, C., 2008. Detailed
OArAr dating of geologic events associated
with the Mantos Blancos copper deposit,
northern Chile: Mineralium Deposita, v. 43, p.
281-293.

Oyarzun, R., Ortega, L., Sierra, J., Lunar, R. and
Oyarzun, J., 1998. Cu, Mn, and Ag
mineralization in the Quebrada Marquesa
Quadrangle, Chile: the Talcuna and Arqueros
districts, v. 33, p. 547-559.

Parsi, E., Edward, J.M. and Allison, L.D., 2001.
Alteration Zoning and primary geochemical
dispersion Bronzewing lode-gold deposite,
Western Australia: Mineralium Deposita, v. 36,
p. 13-31.

Pearce, J.A., 1996. Guide to basalt discrimination
diagrams: in Wyman, D.A., (ed.), Trace element


https://econg.um.ac.ir/article_31402_6eb62c03c6a172f72bdc99fd2546ac95.pdf?lang=en
https://econg.um.ac.ir/article_31402_6eb62c03c6a172f72bdc99fd2546ac95.pdf?lang=en
https://econg.um.ac.ir/article_31402_6eb62c03c6a172f72bdc99fd2546ac95.pdf?lang=en
https://econg.um.ac.ir/article_31402_6eb62c03c6a172f72bdc99fd2546ac95.pdf?lang=en

VAN ] ol e g baese

O 058 gblab Mz )3 Ol Sz e (B2 9 (ploonttesy SLLAIS]

geochemistry of volcanic rocks: Applications for
massive sulphide exploration:  Geological
Association of Canada, Short Course Notes, v.
12, p. 79-113.

Pearce, J.A. and Norry, M.J., 1979. Petrogenetic
implication of Ti, Zr, Y and Nb variations in
volcanic rocks: Contributions to Mineralogy and
Petrology, v. 69, p. 33-47.

Qaid, M. and Basavarajappa, H.T., 2010.
Application of Optimum Index Factor technique
to landsat-7 data for geological mapping of
North East of Hajjah, Yeman: Americani-
Eurasian Journal of Scientific Research, v. 3, p.
84-91

Rajabpour, Sh., Behzadi, M. and Rasa, A., 2016.
Geochemistry, ore mineralogy and hydrothermal
alteration characteristics of Kuh-Pang volcanic
copper deposit in Saveh, middle part of Urmia-
Dokhtar subduction zone. Researches in Earth
Science, v. 25, p. 109-128 (In Persian).

Ramirez, L.E., Parada, M.A., Palacios, C.,
Wittenbrink, J., Lehmann, B. and Sial, A.N.,
2006. Magma sources of Mantos Blancos copper
deposit, Coastal range of Northern Chile:
Resource Geology, v. 58(2), p. 101-203.

Richards, J.P., Boyce, A.J. and Pringle, M.S., 2001.
Geologic evolution of the Escondida area,
northern Chile: A model for spatial and temporal
localization of porphyry Cu mineralization:
Economic Geology, v. 96, p. 271-305.

Rollinson, H., 1993. Using Geochemical Data:
Evaluation, Presentation, Interpretation:
Longman, Essex, 384 p.

Safaei, H., Ghasemi, A. and Taghipour, B., 2005.
Identification of brecciated zones and their role
in the distribution of altered areas in the south
and southwest of Nain using digital satellite data

processing ¢ 21st Symposium of Earth Sciences,

Geological Survey and Mineral Exploration of
Iran (In Persian).

Sarmasti, N., Fathi, M.H., Fariba, A., Beigipour
Motlagh, F. and Suzandepour, S.F., 2013.
Application of the Optimum Index Factor (OIF)
technique of ETM+ Landsat 7 data in evaluation
of Kashan Salt crusts, Second International
Symposium of Natural Hazards, Kharazmi
University (In Persian).

Sato, T., 1984. Manto type copper deposits in Chile,
a review: Bulletin of the geological survey of
Japan, v. 35, p. 565-582.

Schandle, E.S. and Gorton, M.P., 2002. Application
of high field strength elements to discriminate
tectonic settings in  VMS environments:
Economic Geology, v. 97(3), p. 629-642.

Sinclair, W.D., 2007. Porphyry deposits. In
Goodfellow, W.D., ed., Mineral deposits of
Canada: Geological Association of Canada
Special Publication, v. 5, p. 223-243.

Solovov, A.P., 1987. Geochemical Prospecting for
Mineral Deposits: Moscow, 284 p.

Taylor, B. and Martinez, F., 2003. Back-arc basin
basalt systematics: Earth and Planetary Science
Letters, v. 210, p. 481-497.

Thompson, R.N., 1982. Magmatism of the British
Tertiary Province: Scottish Journal Geology, V.
18, p. 49-107.

Tosdal, R.M. and Munizaga, F., 2003. Lead sources
in Mesozoic and Cenozoic Andean ore deposits,
north-central  Chile (30-34S): Mineralium
Deposita, v. 38, p. 234-250.

Trista-Aguilera, D., Barra, F., Ruiz, J., Morata, D.,
Talavera-Mendoza, O., Kojima, S. and Ferraris,
F., 2006. Re-Os isotope systematics for the
Lince-Estefania deposit: constraints on the
timing and source of copper mineralization in a
stratabound copper deposit, Coastal Cordillera of
Northern Chile: Mineralium Deposita, v. 41, p.
99-105.

Whitney, D.L. and Evans, B.W.  2010.
Abbreviations for Names of Rock-Forming
Minerals: American Mineralogist, v. 95, p. 185-
187.

Wilson, M.B., 1989. Igneous Petrogenesis a Global
Tectonic Approach: Springer Netherlands, 446

p.

Wilson, N.S.F., 2000. Organic petrology, chemical
composition, and reflectance of pyrobitumen
from the EI Soldado Cu deposit, Chile:
International Journal of Coal Geology, v. 43, p.
53-82.

Wilson, N.S.F., Zentilli, M. and Spiro, B., 2003. A
sulfur, carbon, oxygen, and strontium isotope
study of the volcanic-hosted EI Soldado
mantotype Cu deposit, Chile; the essential role of
bacteria and petroleum: Economic Geology, V.
98, p. 163-174.

Wilson, N.S.F. and Zentilli, M., 1999. The role of
organic matter in the genesis of the El Soldado
volcanic-hosted manto-type Cu deposit, Chile:
Economic Geology v. 94(7), p. 1115-1135.

Wilson, N.S.F. and Zentilli, M., 2006. Association
of pyrobitumen with copper mineralization from
the Uchumi and Talcuna districts, central Chile:
International Journal of Coal Geology, v. 65(1),
p. 158-169.

Winchester, JA. and Floyd, P.A., 1977.
Geochemical discrimination of different magma
series their differentiation products using
immobile elements: Chemical Geology, v. 20, p.
325-345.

Zentilli, M., Munizaga, F., Graves, M.C., Boric, R.,
Wilson, N.S.F., Mukhopadhyay, P.K. and
Snowdon, L.R., 1997. Hydrocarbon involvement
in the genesis of ore deposits; an example in
Cretaceous strata-bound (manto-type) copper
deposits of central Chile: International Geology
Review, v. 39, p. 1-21.


https://www.resource-geology.jp/english/

