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Introduction

The studyarea,situated5 km northeasbf Zanjan,is a componentf the
Tarommagmaticsubzonewithin the TaromHashtjinmetallogenigrovince
This province is characterizedby a variety of deposit types, including
porphyry, skarntype iron, IOCG, volcanicsedimentaryand IOA deposits,
all locatedin the WesternAlborz megmatic arc (Nabatianet al., 2015
GhasemiSiani and Ebrahimifard,2023. Previousresearchin the Tarom
Hashtjin subzonehas largely concentratedon intrusive igneous bodies
(Nabatianet al., 2014a 2014h Aghazadelet al., 2015 Saeedet al., 2018
Ghagmi Siani et al., 2020), with less emphasison the geochemicaland
petrological aspectsof volcanic rocks Specific iron depositsidentified
include skarntypes(Qozlu, Arjin, GozelDarrelk Moghaddaskt al., 2019
Mokhtari et al., 2019 Shafaiepouret al., 2020, iron oxide-apatite types
(zaker, SorkhehDizaj, Morvarid - Nabatianet al., 2014a Nabatianand
Ghaderi, 2013, volcaniesedimentantypes (ShahBolaghi, HosseinAbad,
Reyhan Mokhtari et al., 2019, and placertype (Zarnan- Ebrahimiet al.,
2016 2017. Some studies highlight the influence of intrusive igneous
masse®n regionalmineralization For instance GhasemiSianiet al. (2020)
suggesthat the internal igneousmassesf Tarom provided the necessary
heat and chemical composition for hydrahermal fluids responsiblefor
epithermalmineralization The EoceneOligoceneAlborz magmatisncycle,
particularlyin the TaromHashtjin province,yielded diverseintrusive, semi
volcanic, and volcanicsedimentaryrocks, spanningacidic to intermediate
compositionsand belongingto calcalkaline, high-potassiumcalcalkaline,
andshoshoniticserieg GhasemBianiandEbrahimifard 2023.
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Given the debatedorigin of iron ore deposits,this
study undertakegletailed geologicaland mineralogical
researchin the ChoreNab region It aimsto investigate
the petrologyof igneousandvolcanicrocksto ascertain
their role in iron mineralization analyzethe textures,
structures, mineralogy, formation, and types of iron
mineralization,and establishthe magmatt seriesand
tectonicsettingof thelocal rock massesComprehensive
geochemicaland rare earth element studies will be
conductedusing XRF, XRD, ICP-MS, SEM, and EDS
analyses

Regional Geology
ChoreNab is locatedin the central part of Zanjan

Province,Iran. The study area,coveringapproximately
20 km?, is located5 km northeastof Zanjancity, with

geographicatoordinate®f 36°4 11NJtOIFE] 4 34AN)NNjN;j
and48°3 2N tdlfMgP 3 51N ENjjcordingto Tar o md s

1:100,000 geological map, several rock units with
outcropsare presentin the study area Theserocks are
Eocenevolcanic and pyroclasticrocks, including basalt,
dacite andesitebasaltandesitesandston@andgreentuff
in the lower part(unitE.a), light greentuff brecciaand
lapilli tuff(E%k.a) and andesiticlavaswith tuff breccia,
green tuff, sandstoneand mudstone(unitE®.a) The
Late Eocene granitoid rocks have a lithological
compositionof quartzmonzodiorite,quartz monzonite,
quartz syenite(unit Qm), and microquartz diorite
porphyry(unit P). Quaternarydeposits consist of old
alluvial terracegunit Q.") andnew alluvial terrace (unit
Q2).

Analytical methods

Field sampling of rock units was performed,
resultingin 50 collected samples From these,36 thin
sectionsand 22 polishedthin sectionswere preparedor
petrographicmineralogical andalterationstudiesat Bu-
Ali Sina University. Following this, 14 sampleswere
chosenfor chemicalanalysis Zar Azma Companyin
TehranconductedlICP-MS analysisfor rare earth and
trace elementsand XRF analysisfor major and minor
elementoxideson thesel4 samplesAdditionally, SEM
and EDS analyseswere performed on ten mineral
samples,and eight sampleswere selectedfor X-ray
diffraction studiesat LorestanUniversity.

Petrography

Rocksin the areaare classifiedinto volcanic rocks
(basalt,andesite,dacite), intrusive massegmonzanite,
quartz monzodiorite), and Quaternary sediments
Volcanic rocks primarily display porphyritic and
glomeroporphyritictextures, while granitoid intrusives
arepredominantlygranularwith someantirapakiviand
granophyrictextures Exsolution texture in pyroxenes
and sieve texture in plagioclaseswere noted Main
mineralsare plagioclaseand pyroxenein volcanics,and

quartz, alkali feldspar, and plagioclasein intrusives
Amphibole, epidote, and chlorite are common mafic
minerals; apatite and monagzite are minor. Laboratory
studiesreveal extensivemineralizationand alterationin
volcanic rocks Magnetite mineralization appearsas
massive and dispersed grains, accompanied by
secondary hematite, limonite, goethite, and copper
minerals(malachite chalcaite). Field studiesconfirmed
ggnificant limonite andgoethitealteration

Geochemistry

For geochemicahnalysis,14 minimally alteredrock
samplesfrom the study area underwentwhole-rock
analysisusing XRF and ICP-MS. Intrusive masseglot
as quartz monzodiorite and monzodioriteon the SiO2
versus(Na:O + K20) diagram Volcanic massesppear
as andesitebasalt, andesite, trachyandesite, and
subalkalinebasalton the Nb/Y versusZr/TiO2 diagram,
and as andesite, andesitebasalt, trachyandesite,and
bas#t on the Nb/Y versusZr/Ti diagam The trace
elementCo versusTh diagram, along with the AFM
diagram,indicate all samplesare calcalkaline On the
SiO2versusk20 diagram,sampledall within the high-
potassiumcalcalkaline range All samplesare mee-
aluminousbasedon the A/ICNK versusA/NK diagram
Negative Ti and Nb anomalies suggestsubduction
related magmatismand crustal involvement Studied
samplesare enriched in LREE relative to HREE,
showinga high LREE/HREEratio anda subtlenegative
Euaromaly.

Discussionand Conclusion

Eoceneigneousrocks in the Chore Nab region are
linked to iron mineralization The Chore Nab mine
specifically featuresiron oxide-apatitemineralizationin
lensesyeins,andasdisseminationsvithin intrusiveand,
to a lesser extent, volcanicsedimentey rocks The
r e gi wakdase highpotassium calcalkaline and
metaaluminouswith granitoidsbeing Typel. Intrusive
massedormed in an active continentalmargin setting
during collision, while granitoids are associaté with
volcanic arcs Volcanic massesare found in orogenic
environmentsrelatedto continentalarcs Geochemical
diagrams(Th/Ta versusTa/Yb, Th/Ta versusYb, Nb
versus Y) place the intrusive masseswithin active
continental margin and volcanic arc setthgs,
respectively Geochemically the mineralization falls
within the range of iron apatite and titaniferous iron
depositdasecn Ni, V, Ti, andFe content
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Figure 4. Microscopic imagesof the studied granitoid and volcanic rocks (XPL light). A) porphyritic and

microlithic porphyrytexturesin basalt B) basalticandesié with porphyriticandglomeromrphyritic textures C)

andesitewith porphyritic and glomeroporplgritic textures D) trachyandesitavith porphyritic texture E) dacite

with porphyritic texture F) monzodioritewith granulartexture; G) quartzmonzodioritewith a granulartexture
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Table 1. Thewhole-rock geochemicatlatafor the volcanicandintrusiverocksfrom the ChoreNabregion(major
elementsn weightpercent minor andrareearthelementsn ppm).

SamplesNo CH-82 CH-48 CH-41 CH-40 CH-98 CH-54 CH-52
Rock Type Monzodiorte Basalt QuartzMonzodiorite Andesiteto Basalticandesite
SiO2 5194 56.39 57.26 57.69 51.38 57.65 57.81
TiO2 0.86 0.64 0.75 0.76 1.01 0.77 0.76
Al203 1516 148 15.28 1758 1174 16.02 16.06
Fe03 13.95 9.99 6.31 6.32 2456 7.4 7.4
MnO 0.2 0.36 0.28 0.14 0.17 0.19 0.15
MgO 7.04 0.47 3.39 2.63 3.06 347 343
CaO 3.84 15.39 5.7 6.46 10.04 6.32 6.59

NaxO 521 0.09 5.92 3.76 1.92 2.88 2.98
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Table 1. Continued

SamplesNo CH-82 CH-48 CH-41 CH-40 CH-98 CH-54 CH-52
Rock Type Monzodiorte Basalt QuartzMonzodiorite Andesiteto Basalticandesite
K20 0.61 ' 0.27 3.08 213 3.15 3.04
P20s 0.06 0.24 0.26 0.42 313 0.28 0.3
LOI 1.04 1.53 454 1.09 3.19 181 142
Total 9991 99.9 99.96 99.93 99.46 99.94 99.94
Zr 6 62 66 29 99 138 131
Nb 6.9 4 6.6 8.3 5.7 7.9 8.6
Y 7.8 137 16.6 19 1376 20.7 20.7
Ti 5452 4072 4869 4762 6641 5081 5013
Co 157 4 101 132 275 193 18.6
Th 5 5 5 5 5 5 <5
Ba 149 19 99 663 383 649 611
Rb 17 8 11 68 66 85 87
Tm 0.3 0.3 0.3 0.3 23 0.4 04
Lu 04 0.3 0.3 04 18 0.4 04
Ta 04 0.1 0.1’ 0.3 0.2 0.2 04
La 11 13 14 18 231 22 21
Ce 13 25 33 34 453 44 42
Sr 226 816 249 417 414 318 339
Sm 0.65 284 33 4.13 46.35 4.23 4.33
Hf 1.34 243 251 1.88 3.16 3.89 3.86
P 63 894 839 1461 13337 1013 1019
Mn 1332 2282 1844 938 1180 1234 1022
Tb 0.2 05 0.6 0.7 6 0.7 0.7
Yb 25 23 21 2.3 128 2.7 2.7
Pr 201 3.73 4.95 4.87 62.79 5.32 5.53
Nd 6.8 153 19 196 2633 209 221
Eu 0.58 1 0.85 1.39 4.03 1.23 1.28
Gd 1.69 3.28 3.62 4.09 3361 4.21 4.27
Dy 247 4.08 473 4.83 2873 5.07 5.06
Er 1.08 155 1.92 2.24 16.43 231 237
\% 137 239 178 132 402 167 162
Ni 12 8 12 10 28 18 14
Sm 0.65 2.84 3.3 4.13 46.35 4.23 4.33
Eu 0.58 1 0.85 1.39 4.03 123 1.28
Gd 1.69 3.28 3.62 4.09 3361 4.21 4.27
Sm* 16 7 8.13 1017 11416 1042 1067
Eu* 3.79 6.54 5.56 9.08 26.34 8.04 8.37
Gd* 311 6.03 6.65 7.52 61.78 7.74 7.85
Eu/Eu* 121 0.94 0.76 1.04 0.48 0.92 0.94

Sm*=8& Nna G Eu*=8 Smmé G Gd*=8 S m&N T b BuW/EU*=Euwn.d ( SorBa)
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Table 1. Continued

SamplesNo CH-53 CH-43 CH-74 CH-51 CH-72 CH-71 CH-70
Rock Type Andesiteto Basalticandesite Quartz Monzodiorite Trachyandesite
SiO2 584 58.73 58.72 60.2 6116 6211 64.25
TiO2 0.75 0.74 0.74 0.95 0.94 0.91 0.6
Al203 15.86 15.99 14.94 1548 1515 14.97 15.73
FexOs3 7.23 6.89 7.11 6.55 6.29 6.61 457
MnO 0.15 0.12 0.39 0.42 0.19 0.22 0.05
MgO 3.44 3.44 2.83 2.24 252 211 1.24
CaO 6.44 5.38 511 5.18 5.16 4.36 412
NazO 3.01 3.49 2.7 2.32 3.12 3.03 4.06
K20 3.19 3.37 3.26 3.72 3.93 3.85 321
P20s 0.27 0.27 0.32 0.33 0.36 0.32 0.32
LOI 119 152 3.82 247 1.09 142 172
Total 9993 99.94 9994 9986 9991 9991 99.87
Zr 139 117 11 9 11 11 137
Nb 7.4 75 8.2 9.3 8.4 8.6 9.5
Y 20.8 194 391 321 301 27.8 10
Ti 4925 4852 4798 5581 6194 5148 4008
Co 187 185 103 7.9 9.8 122 9
Th 5 5 5 5 5 <5 5
Ba 631 640 784 1384 864 917 805
Rb 85 74 65 74 70 86 61
Tm 04 0.4 0.8 0.6 05 0.6 0.2
Lu 0.4 0.4 0.8 0.6 0.5 0.6 0.3
Ta 0.3 0.3 0.2 0.3 0.4 0.2 0.4
La 22 20 25 25 23 26 39
Ce 44 40 51 49 49 49 66
Sr 335 320 262 330 275 309 545
Sm 4.1 4.06 7.56 6.88 523 5.62 3.81
Hf 3.84 3.6 1.51 157 151 1.62 3.78
P 1005 878 1099 1309 1410 1217 1149
Mn 997 812 2634 2721 1329 1488 373
Tb 0.7 0.7 1.3 1 0.9 1 0.4
Yb 2.7 25 4.5 35 33 3.2 12
Pr 5.2 51 7.51 7.3 5.93 6.74 6.76
Nd 21 201 334 317 247 275 24.8
Eu 1.32 1.13 1.66 2 1.45 1.55 1.26
Gd 4.26 4.1 6.71 5.94 49 5.38 3.4
Dy 5.01 4.84 8.65 7.03 6.11 6.56 331
Er 2.22 2.08 4.67 3.67 3.01 3.15 113
\ 159 162 92 88 113 104 57
Ni 15 12 7 8 8 9 11
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Table 1. Continued

SamplesNo CH-53 CH-43 CH-74 CH-51 CH-72 CH-71 CH-70
Rock Type Andesiteto Basalticandesite Quartz Monzodiorite Trachyandesite
Sm 41 4.06 7.56 6.88 5.23 5.62 381
Eu 132 113 1.66 2 145 1.55 126
Gd 4.26 4.1 6.71 5.94 4.9 5.38 34
Sm* 101 10 18.62 16.95 12.88 1384 9.39
Eu* 8.63 7.39 10.85 13.07 9.48 1013 8.24
Gd* 7.83 754 1233 10.92 9.01 9.89 6.25
Eu/Eu* 0.98 0.85 0.8 1 0.93 0.91 1.07
Sm*=& Nna G Eu*=8 Sma G Gd * =8 A MK BEu/Eu*=Eun.d ( SrBd)
XRD ¢ a3 CemAly A& CE wAwh BWE «
Table 2. Phasesdentifiedin the sampledasedon XRD data
Sample Ch72 Ch76 Ch82 chal Ch44 Chs2 Ch54 Ch70
Number
Quartz Andesite
Rock Name M .~ .. QuartzMonzonite MonzoDiorite Basalt Basalt Andesite  Andesite Trachy-andesite
onzoDiorite basalt
Porphyry Porphyry Porphyry
Texture Granular Granular Granular Glomero Glomero  Porphyry  Porphyry Microlithic
Porphyry Porphyry Porphyry
Major artz artz Anorthite Sanidine Diopside  Diopside Anorthite
al Quartz, Quartz, Oligoclas A Anorthite PSK pst Sanidine
minerals Oligoclase Oligoclase Diopside Diopsi Actinolite  Sanidine 5
iopside Enstatite
Minor . . . . . .
minerals - - - Olivine Biotite Biotite Laurelite - Cristobalite
Alteration Calcite EpidoteCh!orite EpidoteChlorite EpidoteC_hIorite
Minerals Muscovite Muscovite CalciteSericite Calcite ) ) ) )
u Dolomite Muscovite
Fe-Ore Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite
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Figure 5. Geochemicalstudiesof Chore Nab samples A) diagramof SiO, versusNa,O + KO (Middlemost,
1994); B) QAP diagram(Streckeisen1974); C) diagramof Nb/Y veraus Zr/TiO; (Winchesterand Floyd, 1977,
D) diagramof Nb/Y versusZr/Ti (Pearce1996); E) diagramof SiO, versusNaO + K,O (Le Basetal., 1986); F)
AFM trianglediagram(Irvine andBaragar,1971); G) SiO, versusk,0 diagram(PeccerilloandTaylor, 1976); H)
A/CNK versusA/NK diagram(Shand1943; I) CoversusTh diagram( Hastieetal., 2007).
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Figure 6. Harker diagramfor major oxide elementsof volcanic and intrusive rocks in the Chore Nab area
Amountof all oxidesis in weight percent(wt%).
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Figure 7. A) Primitive mantlenomalized multi-element spider diagram (Sun and McDonough, 1989; B)
ChondritenormalizedREE patterngNakamura,1974) in the volcanicandintrusive rocksof the ChoreNabarea
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Figure 8. The tectonicposition of the studiedsamplesin the ChoreNab region A) Th/TaversusYb diagrams
(SchandlandGorton, 2002); B) Nb versusY diagramgPearcestal., 1996); C) Th-Hf-Tatrianglediagram(\Wood,
1980); D) SiO, versusZr diagram(Collins et al., 1982); E) Th-Hf/3-Ta ternarydiagram (Wood, 1980); F) Yb
versusTh/Tadiagram(GortonandSchandl 2000); G) Ta/Yb versusTh/Yb diagram(SchandlandGorton,2002);
H) Nb/Yb versusTh/Yb (Pearce20089.
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Figure 8. Continued
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Figure 9. A) La versusLa/Smbinary diagram(Chenet al., 2001); B) Rb versusBa/Rbdiagram(Askrenet al.,
1997); C) Nb/Y versusRb/Y diagram(Temel et al., 1999; D) Rb/SrversusLa/Ce diagram(Hofmannet al.,

1986.
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Figure 10. A) Zr versusY diagran (Sun and McDonough, 1989 to distinguishthe origin of enrichedand
depletedmantlesthat formedthe granitoid rocks of ChoreNab; B) Zr/Nb versusYb/Nb diagram(Wilson, 2007)
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Figure 13. Zr versusY diagramfor identifying the
dependencen enrichedand depletedmantle (Abu-
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Figure 14. A) A view of the magnetitelensinside the granitoid rocks, part of which is hiddenunderthe debris
Goethitic mineralizationparts can also be seenon the left side of the picture (northwardview); B) A closeup
view of the stockworkveins and veinletsof magneite within the granitoid rocks; C) A view of the stockwork
veinsandveinletsof magnetiteon the wall of mineralexcavationsD) A view of magnetiteveinsandlensesthat

cutthroughthegranitoidrocks
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Figure 15. A) Coarsecrystalsof apatitein the magnetitecontext B) A handphotoshowingveinletsof magnetite

cuttingthe magnetiteapatitemineralization;C) Thin pyrite andactinoliteveinsin the granitoidrocks




00 0 v VOMIZGINEZEE Ya~ V) Bw B A p wasa LA Uiddew Aywd A we &1 CAwd

[
Zanjan Fault FEeR

Ek*.a Ek°k Ek' k

|:| Q',:Young terraces LEGEND |:IE1<6.k:Light green to pink tuff breccia,
: _ . lapili tuff, pumice tuff
[:I Q 1 :Old terraces ; EK2 K:Tuff, tuffaceous sandstone, siltstone
_ E'Green to gray crystal-lithick tuff _ Ek! .k : Greenish gray tuffaccous
sandstone,tuflf,mudstone
:] Ek®.a:Andesitic lava with tufl breccia, green tufl, sandstone IE P :Micro quartzdiorite porphyry
|:] EKkS.a:light green tuff breccia, lapili tuff Qm :Quartz monzodiorite, )
X XXX X XK . N N quartz monzonite,quartz syenite
Ek?®.a:Basalt, dacite, anesite basalt, andesite
Ek3 :Sandst rith intercalated mudst Symbolls
W,a :Sandstone with intercalated mudstone Fsiilt
:‘ Ek® k:Gray alternation of sandstone and mudstone
P yave (EC oA ALk & y-B6& Oprive wa @R EWE 1 £
Figure 16. Crosssectionof the structuralunits of the ChoreNabregioncut by thrustfaults.

v 201 ICE-~3°Q) LAGOWY wi & p Y & itz IwARLavAd yw i
+VCLLLBALE B8 020 L € LU L L LBV M e Wi % winEal 1636%nw ~

P AyawCiwesEayC 6 vw Aw@A&-~ 2 ° | YaWwh 7 %6 & CyCAST 3B@wa o @ pudadyz A ~
CLLyBYZE, 2 ¢ vwa $EEL Leylwidoweze L L ¢ % € & A R € EAR LGOI WzA C Y v
UL%&° & EE MLEBWZRAEMRY 0 1$5 P pot CUERBOS LIAE fbw B EL i %C ~ /
CwhPp hiiAZLecECzD peCBAYwi Cy wiCAmyi CABE EpeyL CIEAGE wi &
¢ LCDAWHEM? 601 $CEL CEWGIHAOCZ P BYWL &2 & %Q- ARG V6 pC& w i
C~AT LAGCAMECHA O 2 0 TS Ewl a oAy L ew LByl wiCa p o

0 0 VALELGEE witA Ve $EL ¢ v s~ | ¢ A LLv Mg B dueishvatell £1wBAS S LL E

ya ° LAvyeass AERWZE OYRBYCo p O U, 201 I$.a: ML L&, 2 ¢ vwa $L E
0wiElwad DIap pePAMtJaiL 16 AEY Co pHE U2 6 1 $UFL E Ayt £l &1 $a° pAlyw i~
Yo ACEH viS C o pw AICLAT 2 ovBE £ w~ (v 2 01 I € YAN@R) ©e3mp~ACha © ¢ ¢
Lw.§7a © € b EvE iAo o LEWEI LBFA v ¥4¢ L CE wd & °0i1 £1C 6 Ap-C°Div 41

¥ 20 2¢vwd PLFVULER S L WCIEw ) & LA CADALaM-EL L ALErm P30+l L i e
i 2 Aleie ¥ CyeAS Fo@mvsi WC &FCHAW i 2 0 6 UBYL2ES T g B Y& WALERVG - 3 © | 141

i Yo ALY BZL Y EICIANEBAS £ ICLWAL L & %A B Iz Eip-& P O ko LA1C E A pIER LY

° ALty lv oA vd~LjL ootk Wi ° A% C0 -2 ¢ LILL &P &G T LLYELL Av

V¢ L ECUOgiMi ¢ Wit AME 2 0 15 ULlvEB -3 2+ i3 2+ LEACE WU 2
a° CloaCuyC o AACHACIA Gk ¢ % C ~ ATo@MWL 2 16 E LY LAFI6WOM MiLE yE VR

wlL ZChARBHE L CEIAMN COHYO-R AE CU -3 2 £ d L Ge pO THIWE & LLIT %



LA AR T Ea YpwBUERAWIGRA AG Y %L L L o ~ 0

wLOAWEWH ACHR © &R o FOF ¢ AR E ¢ L CUVCEY R AIRR ARG Wit ACHA © ¢ 1
¢ L Ecvaw L 3 YORD ZIE £l § %ECO-CAPOWE g p wE FABEM ¢ Wit XTAa/° E
C L B4 BAMSE Li LOJL Yo WA 4 dndL % &6t v {CYEWICH v W I BL@ 348K~ A D © ®Pip oL pEAV %4
¢ wCly WA g LAyl REM EvvEd L L A vedulzg & AEGCW A ARz ¢ cA G &y U i
P potl KER ] ispuylvelC wiivkd %L LA b YR L£jLd pHi LéApavd L yERiEClz E
0 LLWEL@® LLY:MNEzEvHNGd WAE L ° [ A AL LAWESAL ISP E ATHE GG £ w ~ |
i Yo MUAIZCOAPOF v FOveEeAWBNI CE CED ¢ A 2wl $¢H. A LALBED V A
al ¥BOBSEAWIMA DG W FUCE e i1 Yo O ¢ WAl EC+ %4 & wik® COWcAiuC~ AT 8
C~A1 LyCAyvyse @il U Ay iCloAv ¢ L Co p oGyyw szl :Aa L widkvoz
Vow LOApyéAanitl &tz WALLAIZER P pWEY Cy wEIpafwe E AtwhaP (EC A © € fwA i
| CLIES&zIB afl AALYAL S & Y2 A~ A LCILVA & 2B W AR WCic @ @\gwaiv %0 a
¢ WILEWWEZ B6 G iwa @ LLPsai°prhyw kYo 1 A ECLYELE T I¢ E biw A AAK Iz
U LBt divz ¥ub SEEL AL % AL ¢ ACE® CAKK B ° Wawéa ¥4 A%kl
¢ %Cé mBILE LAY ©LE p e@EAEE v WA LEIL AP jlOwiaCE R § y0 6Cwssa ¥ A E
| ¢ CYBEY:¢ A & CaAwM(CEMT-Ap C8 L |#HKAGIA W b AN AZLE ZLYDE W~
¢ Yo\t A v 3OEA-CH @ fivag FAwWaw i ¢ L C a p SAlLHIGAL A& WL E 1kt
( ¢ CHWEEWGY pWpGaw 3 Jyavfz &2 0 w iCh AUAZCTIL CALGYE-% A bz FA
OAZ MDD €2 AGCAWUWEIAE CO AP Co L CEIWRA Y Wilss-€ ¢ Waadr wiCw O &
Cy callbAlEal- AL C [FC 21 i WdMACZA | ¢ COWBW 3E A ° i LA R i AGAEY
al %y pe-EBrhAmacalEE %BwACo Yy W wEhEWA PLUAL YOI lv B€ L & EIC3~v U
wC AL & vioneLVeER ® O CWGYW-A v  C 0o o LV BEL CTIELWEEYHE L & @ AieQauAs,
AL 6WwWOEAM § ywiv 8 wae W & V& wi Y%v AEWAGHavCIouAE & B, &P CloE v
Cp C LOBGAWERY WG W § VIEC Ely wAy § ®AA & Q@A ¢ fivay C EicAwwiiv %0 &
Je L ey C AV d ¥ C € 6Vl pES o) ivaC ~ A0 Q deilE By wWEMAE W a AR
EEVARLCYRAECAEAVCH BV AC 6y VAIOA 2 Xip QXisg° paEyAT Ay 3%l ¢
cLLE wBX £ MR W LEC LWy imuid wizzdl L LYCH L € el |#55% AsbLA b &1 AEY
w A 1¥3efE0 o LL@EEAIAC W E ¥ B2 VCAAQEEi V UCy M HECIHWC 6 Ap Ca i
CLICOGIwa @LPDLU RarrzA E 3G o §¢ L ECA #HL0 Aazt st C o \pvieAlgwC U
¢ WayEwd VAL BV & Q- AR RawT LY jLE AL ) AAALAICIAdD Cy igkétr E
CL BuEPro & p HEZBYW LAY C&@d ALPLIAL WAl € Lo EICF~¢ PAMICKE Ivd § YU 2
Cy W LB YER © <L vieé v YOI 4%z ¢ L(CE WG § A ICHIIAWAW W il £ p ° U &
i eIz e Ly¥ER Aavo e wA wpae € &winding Y2¢ ARz v OYaWw2 a b 0 U
whLlv ALY G128 F BNy CEERVLL & %#&%06 a0C A YawalLl LEC 6 W h €& WBvIskrA v
Cvdd LRAL{AVAEDPEHRWCapOLLCONDIEE AR AR RLE CTA Y



02 0 v VOMIZGINEZEE Ya~ V) Bw B A p wasa LA Uiddew Aywd A we &1 CAwd

X LAwAWRALRBE, waaj ANy Wi o Owllid £ 29yt | LEd LA 2z

O LE&° €aEoYANL At B/t EEVEE Y4C ~0 L (EY E)vAew (AW JPAERE 6 § € Co p o

AN

u

OLARL MyAwd t To B EIPWY VU] wi wl pAGAR 2 0§ € s proQs £, y
UCLEYV oy ARCLANES WA, v 0 O EEWILERAC-Av BUA@QEEV O C~
X Aae E  Cp CLEERWPW VOEC R C A Ao E C 2

A LAA L LC LAWA Wk @ cdpLAaR WL IE B 6 € v B CA 2emidAy° 6 SavizC o &0 1

¢ Liwaikk GolplOARVLIER 6 € fmwkR i € - %A € & L ¢AMAMIZC ap & dav T FOvemsC 6 |A
Wz LILLE @ BaGAAAG % W byl idiiaa R iEc A ¢ € Sy @ 8(Fa CERANUBA A B © [Aly
walvy 24w Ld & A CAIE#: 4 Aacouge® GA Aivomeik° i BeA e C FA Ao iEE Ao € A
EévydLld BA & ABwhx B C £48 +AE0CW & akiowrd & b ivsA€ C a3h & Iy YUl

¢ VAL Lw (L% 34k 30 0 BCARY $4a# p- o) IEY S £40 7 AEGICE % 'w a#/2A © 2 HhoQip &1 HEEWka
0 oA € wylic awiet CAARR BWeE %LBFCATBICIH {I£C ¢ %d A CECRANAEWED#H A D
QL sEveYe MLIETLRAWLL BRIBEREWAICE WE A Ah 6t A © € N AdYd B i€ % (

At ¢ %CyaRIED W C mERTY p A yevctorp 3 Aav°UEC A® C finA 6 EW $20 & LEC 6

 AartevG 5@ @ 6ARAAS WAC E
Figure 17. A) Magnetitewith a vein texture or band that has been martitized and turned into hematite B)
Magnetitewith a veinlet texturethat hascut throughactinolite C) Magnetitewith a masstexturethat hasbeen
changednto hematitein someareas D) Magnetitewith a disseminatedexture,mostof which is martitizedand
turnedinto hematite E) relict texturein which chalcopyriteis primarily chalcocite which hasbeenaltered,and
goethiteforms as veinlets around chalcocite F) Berriciation of the host rock with goethite and limonite; G)
Magnetite filling the spacebetweensemishapedapatite crystals H) The existenceof an exclusion texture
resultingfrom the growth of thin ilmenite bladeson magnetite |) Coarse,subhedrakrystalsof apatite(second
generationpresenin magnetite(first generationglongwith actinoliteveinlets J) Bladedcrystalsof specularite
K) Altration of pyrite and chalcopyritefrom the margininto goethite L) Relict texturein which chalcopyriteis
mainly turnedinto chalcocite andchalcocitefrom the margin haschangednto goethite;V) SEM imageof pyrite
ore that haschangedfrom the margininto goethite N) Disseminatednagnetie which hascompletelychanged
into hematite andchalcopyritehasalteredfrom the marginto covellite andgoethite
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Figure 19. A) Apatite-actinolite veinlet (generationlll) containingmagnetitemineralization(generationll) that
cutsthroughmassivemagnetiteof generation. The apatiteveinletalsohascut the stockworksilica veinlets B)
Anhedralto subhedralApatites (generationll) and apatite veinlets (generationlll) that cut through massive
magnetites(generationl), the apatitescontain rare minerals, including monazite; C) The image of lamellar
hematitecrystals(specularite)inside the quartzvein; D) The presenceof magnetite(generationll) in the quartz
vein, which hasinclusionsof apatitemineral(generatiorl); E) Alterationof chalcociteinto goethitealongsidethe
fracturesthat hascausel boxwork texture;F) Anhedralmagnetitecrystalsin the quartzveinletwhich havebeen
changedrom the centerto goethite with a colloform texture;G) Relict texture: Pyrite crystalsin a cavity filled
with silics bearing sulides have beencompletely changed into goethite and has cut by actinolite veinlet H)
Magnetiteilmenite exclusionin the spacebetweenquartz,alkali feldspar,andpyroxenecrystals;!) Silicic veinlet
containing pyrites and chalcocitewhichhave been changedinto goethite The silica veinlet has cut massive
(generationl); J) A photographshowing covellite inside the fracturesof apatte; K) Anhedraland subhedral
magnetiteandapatitecrystalswhich havebeencut by silica veinlets;L) Specularitebearingstockworkveinletsof
silica which havecut the apatitesof the first generationji) Anhedralmagnetitesand apatitecrystals(geneation
1); N) Silicic bearingpyrite crystalschangednto goethite O) Magnetiteapatitebearingquartzveinlet P) Pyrite
bearingsilica veinlet cutting magnetitesand apatitesmineralization Q) Presenceof magnetiteand galenawith
apatite R) Presenceof ilmenite with magnetiteand pyroxenecrystals S) Presenceof zinc, molybdenum,and
cadmiumsulfide mineralsin apatite T) Calcite veinletshave cut through massivemagnetite(generationl); U)
Magnetiteand euhedralkrystalsof apatite(generation) in which havebeencut by chlorite-epidoteveinlets;V)
Firstgenerationmonazie as inclusions inside apatite; \W) Secondgenerationmonazite formed in the late
carbonatereinlets
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Figure 20. The compositionof ChoreNab mine oreson LobergandHorndah diagrams(Lobergand Horndahl,
1983. A) Ti verausV diagram,B) Ni versusV diagram,C) Mn versusSr diagram(Belousoveaetal., 2002).
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Appendix 1. Glomeroporphyritidexturein abasaltsample
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