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Rock Type (Location) No. of Samples e | Mean Source(s
> Igneous rocks- Intrusive

Alkalic ultramafic 7 200 to 2,700 1,100 3,10
Gabbro, diabase 26 50 TO 1,100 420 6
Granodiorite and granite swithout extremes 93 20 TO 2,700 810 6
Tertiary intrusives, diorite to granite (central Colorado) 592 90 to 33,900 1,170 15
Alkalic intrusives 65 200 TO 2,250 1,000 6
Alkalic intrusives 100 - 2,640 13
Granite (mostly Silver Plume, central Colorado) 459 70 to 260,000 1,100 15
Granite (mostly Pikes Peak, central Coloado) 284 60 TO 170,000 1,116 15

Igneous rocks- Extrusive

Picrite basalts, (Eastern Rift, Kenya'and Tanzania) 5 480 TO 1,400 904 11
Olivine basalts ((Eastern Rift, Kenya and Tanzania) 18 290 to 1,300 900 11
Basalt ’ 130 20 to 1.060 360 6
Andesite 77 b.d.l. to 780 210 6
Andesite 85 630 13
Phonolite 14 860 to 1,490 930 6
Phonolite (Eastern Rift, Kenya and Tanzania) 2 2,100 TO 2,200 | 2,150 11
Trachyandesite (Eastern Rift, Tanzania) 1 1,400 11
Nephelinites (Eastern Rift, Kenya and Tanzania) 2. 20 1,000 TO 4,900 | 2,480 11
Peralkaline trachyte (Eastern Rift, Kenya and Tanzania) 4 1,700 to 3,600 3,070 12

Melilite, leucttite, and carbonatite (Western Rift, Uganda) 4 1,400 to 3,000 2,500 1,4
Alkali rhyolite (Eastern Rift, Kenya) 4 .| 1,700 to 6,800 3,870 2

Metamorphic rocks
General metamorphic 69 60 to 1,500 380 6
Schists and gneisses (central Colorado, mostly Idaho Springs Formation) 816 50 to-81;000 1,180 15
Sedimentary rocks L

Sandstones 49 10 to 880"« 180 6
Graywacke 17 40 8
Carbonaceous or dark sandstones 11 400 8
Varicolored sandstones 23 320 8
Pale, nearly white, sandstones 12 280 8
Shales 79 10 to 7,600 800 .6
Pierre Shale 22 560 to 880 682 5
Limestones 98 b.d.l. t0 1,210 220 6
Dolostones 14 110 to 400 260 6
Anhydrite rock 3 b.d.l. to 350 121 7
Halite rock 7 b.d.l. to 130 31 7
Phosphorite (Phosphoria Formation, United States) 60 31,000 9
Phosphorite (8 mining areas worldwide) 8 30,500 to 41,000] 36,560 14
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Associated L CO3,
Number of deposit BRI aqueous
Sample type and area samples type or PH (pS/c:ré)at 25 | F (ppm) dissolved CO3 (ppm) | HCO3 (ppm) | SO4 (ppm)
rock type(s) (ppm)
Natural waters
X4
River,water — na. — — 0.05t0 2.7 — — — —
Seawater na — — 0.03t0o 1.4 — — —
Mountaifi region runoff-=Rhoads Limestone
Fork of Rapid Cregg Black Hills, 1 and 7.9 466 <0.10 — — — 2.2
South Dakota;*United States alluvium
Near-recharge groundwateriin
limestone Q
—Site i.d. 440612103152001, &, .
Well No. 10 in Madison aquifer, d LB e e 02 o - o o
Rapid City, South Dakota,
United States
Basinal groundwater in limestone—
Site i.d. 440415101093002, well .
in Madison aquifer, Midland, 1 Limestone 6.69 — 2.8 — — 150 800
South Dakota, United States 4
Basinal groundwater in sandstone—
i i Y4
Well P17 in Lanceffox Hills 1 Sifidstone: | 8.18 1,810 3.2 — 2 982 16
sandstone, Gillette, Wyoming,
United States
L
i Paadon setone (oot sandstone "\
: post- 1 and 46 95,000 25 - . 1,010 4
halite” water), Paradox Basin anhvdrite
Grand County, Utah, United States 4
Mineralizing water for MVT .
R . Granitic
fluorspar deposits—From fluid E—
inclusion measured data, and na sandstone' 455 - 26 (CO2) - 2558
estimates calculated at 120 °C, - ! cale’d calc’d 17,589 ’
Ilinois-Kentucky fluorspar oL
district, United States dolostone "
Measured fluid inclusions in
fluorite— . .
“Complex” sedimentary brine at 1 4b; ;gitlfsma(;]:jphlc - - o 9 - o o o
about 140 °C, Berbes subdistrict, h o
. A R . limestone
Asturias Province, Spain. equiv.
wt. % NaCl: 83; cations: 34
Surface water—Lake Tulusia of Alkalic (HCO3 +
the Momela Lakes, Eastern Rift 1 volcanic — 14,390 437 — CO3) 422
Valley, Tanzania rocks 2189
Water interstitial to newly @
precipitated, Trachyte and
evaporitic trona and 1 alluvial 104 — 1,610 — 85,400 2,560 973
villiaumite—Borehole H4, sediments
Lake Magadi, Kenya
Hypothetical hydrothermal mineralizing water
Calculated mineralizing water for ¢
MVT fluorspar deposits after adding
hypothetical magmatic gas
with 0.5 g/lkg CO2 and 0.5 g/kg na. 4a C:’IZ’ J — 023?033 (Coizlcz,%loo — ciloc 5 q
HF and heating to 300 °C, Illinois-
Kentucky fluorspar district,
United States




Cylog (dme (o Oyljg

23S ne LS g ol (05 il

Ok 50 (SL 0L polie (sl -V-)

ook a5 (2lasslS was oo 25 PPM 8o 55 Joero jokas o5 jlade a2 (CaF2) 0255k ;5 (loond (il
L4

Zr 4 Ag, Cu, Be, Fe, Pb, Si ¢ 3 ,olic Allen (1952) 548 ,olic p ogdle .aiiwa Th g M, Na, K, U

Jaidlas g Sonl sla il 55 slaidy (o ysld job D 50 peandS Jleixl slagntily Glyie 4 1,

O)l5 ol3] 5Pl 005 51551 558l8 (gl LIS cndile ke Ford (1926) .aes oo 7 (259l 5o o5

0,550 b S Tl alasg 4 a5 Al (5l a5 glalais b Ll 5o sl Kan (yysld 5o oi

e o5z 5Vl Syl

(S 30 olie gt ga (il ol (SISl 5 oS wiea (5 olie (e o S 30 ol

U mhaw 555 La 5l am aies g S Jlaie ools Jeax 1) VY 5 OV ol slael b jolic 4F las o

X4

Ce jl jae V¥ a0 g &gl 0 5d 515 51 5 8wl 4F 515 Jlis )5l cas e uen 40 .(Moller,1963)

IS L g ams oo plid 1) plie S58 g plsel o She aS canl anld ol sl gl aeas LU b

D gos il b job 4 o 0 g 00e Ll (P o3l oo L) Promeothium s REE ,olc

bl ez o REE ,olis aes) bl aus (Ce, Nd, SMEUSTM, YB) 8,L o5 & y50 4 REE ,olic

(Moller, 1963) aig oo 0a3 Gasli:;.:ujl'c,uum ,o (Ce, Pr, Nd, Tb, Dy)

P9yl < IAF B (OV o3l sae L) La® (gl pginSST V¥ 5l sosl sae Gil38l L REE ol Sg gl

il cnl il o Ll LU G LA S Juadln e cpad 0ol oo Lol (VY sasl s0e L) LU (gl

REE ¢z 5 pom raie (om0 G Jemily lo Kiwgnl ol (oo (Sowgnl GBEYl9e (520 50 S

Tetrad jlgic Coxs a5 048 o0 0030 (HO- EN) p203L 9 a2 paic 4 (GA-Th) piin 5 liyaic (Nd-Sm)

oobol 058 c0 000 T § G o S Sl j0 (Niwgol plad o yiiis 098 0 aisliiy Effects

ool S5 5 S ol polic 05,5 15 90 clidkis] an

el GA b La yolie Jolis a8 Sws S (6,56 polie T

el LUG Th jobe Jols a5 e S 0l yole -Y

R



895 5958 —pwlS Soky )3 ()99l (SIS (g5l re
Qlﬁls : Js‘ Jaaﬁ

g EUT @ EUR clsl g Ce* 4, Ce¥ pgnlonns| 5l b5 g Jgome joka (iol3dl b zals oyl
4

OYAP (859m) 9 o0 00ld

' 9l gl S~ A

(V=) ng:;) S0 mly> (Byme |y i H5isls 5l 84S Game 09,5 b SIS Cute 4y i3l o
23 Gla eSS 5 laelisyS jo a8 ol jgigls Sy S Sums oole (paiz saies ol a5 e paly -
5l golaws o0 (REE) (S SleaS/obie o] 5l a5 conl (Lol SIS ol ai)ls 0425 oldd Lol 1l
’ (Timothy et al, 2017) w] o s ool 5

4

S5 oo 2l bileSy 5l 2 5 &0 i el S ssle S ((NA3(AIFE <SS gige) Yoolsl S -
L4

9ol 5 098 oo gl Pl drug ) 50 o> JHeblsllesS 10V ol jem Ll 3 (MOF2 JUsST1,:5) T dls -
Dgd oo gl Bl ol 5

S Jle g e Sldglone a5 was 0 ) (2l )0 kS g el (5L 5l (T Sl LS 5l LI
2 el g azle o5, b oS sloolgns 5o (Gos WSIBILL o) wsete 51 i 5UbS b G sisle
Mount a4 ol oo Wl alox 5l a5 wiloads <8l Steglys bpme S o locy jsls atigs cpoix
Xianghuapu ;yose Lyl Slewsls ;o Ly ge LI o Murphy 4 Shephe'rd O Ll il Slewls Bischoff
(Timothy et al, 2017) 5405 o,Lol arwsg, ,o Yaroslavskoye al3 LailSwg > Hunan cJbl ;o

& L 81 Gy 4, (Na3(HCO3 )(CO3 ) » 2H20 SodSgige) Ly ,o «(NaF :_i*)z.ng)’.ﬂ) *c@},lﬁ -

w55 Jdo 4 Uy iy 81 5,0 Cady ) et sl0,0 51 B 0 el mads Sl S pls ol Lg 5ol e

" Bastraesitg Qilgi oo 00l (pl big i LS jo Cumgulig S clale b ool oo Coniidl i dbg> Glaaxl 6 o
¥ Cryolite .
v Sellaite B9 2Lk y85el8 e i g ool o Ll S

t Villiaumite

'Y



Cylog (dme (o Oyljg

23S ne LS g ol (05 il

(Timothy et al, 2017) ai)ls ;1,5 ST 5 JIUT,, SleassT lSow Soop 31 5,8 40 Ly slaaiiys
SIS 5 sl Blas Ly a5 5l sl (0,9 5] @b cble gl oS canl Sawe oole cn Szl (5908 -
S STy hons sl b 5 ol SaglS 51 5 S 5 55 5 5 5 gl ol IS g S 5elS
": gl el asis BB axiue ol en ] L Vﬁw S 35,085 5 CodS Sl gLy @ cnlpln s oo
polfl 9 °£‘“ Mo slaaiig alox 5l Jlojg,one slaatind 5 il ;0 (22 Sone o3l G plge
L by 9,098 — e 0] ST laaiiys docslels (S £) (65ud)5 dye (Jloyi o]
B ke ‘G3é A5 ,0 oa oolo lid sla Ll glgil 1o 0,00 0925 o gw om0 0,0 MVT (sla \LuilS
o) (o Dgoman gl puce )b b (Sl Jpamme b S e Jpame wix e Sul Lol goladdl
g 8L leaw yold (sl LS L's’st Elgl 55 WlF oo (595 eSS (@l ( S 0b yolie vy s
Ty o0 ST S b o s 15 930 551 ol 22l ol 2155 51 5 s 10
Joe 55 Soge @ ol |y 2yl (S ¢ By ( Sol ojlgs Siw jo e g0 S8 1) o y5ld 5 00l
. 55
2 HF + CaCO3 — CaF2 + H20 + 02

oS (Bl 0 S VIV CondS JBo 92) 098 oo > mundS g wa0 o0 £ (392 STy &5 oS 50
g Lo 5o gly 1o 09d oo Slml aaa I laldd (SwlgpnSte o (il 22 05 TNA (n)pols JB&
Sy oo J1oud dax 358 4 (CaCO3 endS ils,S) Sal pw vzt 5l o y0 10 dga oo lailienl Lad
Gloaiigs ST, a0 5 WS oo b, 5b slad o ol B S s )sld e sla sl
355 § s ¢ ihDy G o ] Bl laSi) b g Cekds (Sao b oaSe (sloysly O jgeas 055l il S
(Timothyet al, 2017) Sgu g0 S

Lt 555 41y sl sy ) oo ke e ol 5 (CaS(POA)IF Jig5T550) il gl -
2 ol Soxe oole il als ams Sis 1) S jlews 05l pe SO sunl j0 Wil o Lol camd
S o phnd all oo (Fs 2oy FUY 558 Jle sl Jseme jshay a5 Cenl pigm; Lo yas la)luils
Olsie 4 ol bl 5l gyl )0 oy yiud sl onds LS5 a5land gla SIS 5l Boas 45 sl gy S
(oddos L) odlad 5 o)l dliwsy (nysld (il DY game (53T o0 digd o gloinl 355 e

poies)] ania (gly 5wl (nysls ) UK Sy aS Sed e ha (Sstas Cudl S 4 s Wl ge Cenny

VY



895 5958 —pwlS Soky )3 ()99l (SIS (g5l re

u“dg‘&aﬁ

oolitul (caeldl Ol 0,8 Jlo,g35ls (sl a5 95 o o Senadiws jold ool 4 by g 058 o0 o0liiul

¢

D5 eod s o ysield 5l 6,50 (Hlr Jsame b sl 035 LS ol aF A oKin
4 z . . . < A
=Bl yPald 2Lk lp (ee vilyd men ol Lol wgd oo cdl GlLaw sla SIS 51 golaas jo oy 595418
el 00 Slomy) (gl 5Ly

X 5l Sl (o aS cwl (55508 (g9l SIS S (AI2(SI04 )(F,0H)2 s ,55,) 5bos -
L

D o 8L ol glSERFONt RANge )0 Loy 5 cif Gl 0,8 paztio diged SO g (Il g 00 0uls ol T

(K(Mg,Fe)3(AISi3010 )(OH,F)2) SoudS ig0) Cigun ¢ oy 9 Koo (sla SIS 10 s0el 54295 (sl 55518 -

000 V10 LplSaleasslid 15 odb oS o3l (s, 55ls e ,iSTas i 515 iaugld oy ol (sledlie 51 LS
X4

9ol,ds ;o Henderson (s .85, uuyj slaiin ;o a5 Coul Jloyg e lads, ;0 05>g0 Culgn 5l 39

.(Gunow and others, 1980) ! sdw! Cuwas

D5l 5l 5 45 oIS TN Jsaz

Possible fluorine\ore minerals Fluorspar

Bastnaesite Cryolite Sellaite Villiaumite Fluorite Fluorapatite Phyllosilicates Topaz
Hexagonal Monoclinic|  Tetragonal Isometric Isometric Blexagonal For examplei l?lotlte Orthorhombic
Monoclinic
(Ca,La,Nd)(CO3)F [ Na3(AlF6) MgF2 NaF CaF2 Ca5(PO4)3F K(Mg,Fe)(AISi3010)(OH,F)2 | Al2(SiO4)(F,0H)2
2to9wt. % F. [54wt. % F| 61wt %F. 45wt. % F 41.6t048.7Wt.% F | 3.1t0 4.9 wt. %' Oto 7.5wt. % F 13to20wt. % F
<
Mined together Fluorosilicic acid
Carbonatites and | Pegmatites;| with fluorite in . byproduct of mining | Hydrothermally altered rocks; Pegmatites,
L . Isometric .
alkaline intrusions | natural hydrothermal NaF phosphorites and for example hydrothermally
or hydrothermal. cryolite deposits with 150t % E ? byproduct of nelsonites and Henderson porphyry altered rocks, and
? byproduct F probably Mg-rich ' trona mining phoscorites from molybdenuw deposit, a topaz schist,
. ? byproduct of .
from mining not wallrocks trona minin ultra-alkalic igneous | Colorado, U.S.A} (Gunow Front
rare-earth lements | economic | or wallrocks 9 complexes; P usedin and others, 1980) Range,Colorado,
without Ca fertilizers US.A
¢
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EXPLANATION

“\m Carhonatite-related fluorspar deposits

@ Eluorspardeposits related to strongly
differentiated granites

A Vein fluorspar deposits of all classes
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) A Country Fluorspar Reserves
(mt CaF2)
Argentina NA
Brazil 1.5
China 42
‘Germany NA
Iran 3.4
Kenya 2
Mexico s 68
Mongolia 22
Morocco 0.46
South Africa 41
Spain 6
Thailand 3.6
United Kingdom 4
United States 4 N
Vietnam 5 hs
Other countries 110
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World Fluorite Production (2021)

Oehars, 8% Mexico (Fluorinated
Mongolia, 8%

South Africa, 4%

Europe, 3%

Vietnam, 2%

USA & Canada, 1%

S\
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Solutions), 15%

China, 63%

Source: HEA Consulting and internal analysis (2021)

’

(BFS £2) 5 el Yo+ B YN8 JLo 51 ol sl s -0-) Jpo

Country 2015 120161 2017 2018 2019 2020
Afghanistan 4108 4000 4000 4000 4000 4000
Argentina 58556 14222 13696 7924 1500 4800
Brazil 23623 18260 24000 26000 | 18000 | 18000
Bulgaria 146500 4400 0 0 0 0
China 3820000 3470000 3700000 4000000 | 4300000 | 4300000
Colombia 47 75 57 46 0 0
Egypt 25902 1000 1000 1000 1000 1000
Germany 49801 52552 45375 49197 | 79959 | 64933
India 2333 175 1314« 1079 1315 1052
Iran 57232 122427 36511 *| 89102 | 49705 | 50000
Kazakhstan 100000 100000 100000 100000 | 87800 | 88000
Kenya 70096 42656 6945 0 0 0
Korea 3000 5000 7000 7000 /| 7000 6000
Kyrgyzstan 4000 4000 4000 4000}, %4000 | 4000
Mexico 624574 655555 741678 1182058 | 1231465 | 914597
Mongolia 183500 167700 108900 101200 | 156100 | 127300
Morocco 80890 73920 75509 87874 | 73240 | 70000
Namibia 0 1495 0 0 0 0
Pakistan 5962 9494 2263 2777 4208 4000
Russia 2000 3000 2700 6000 4000 | 32000"
South Africa 135000 165000 257000 242000 | 210000 | 320000
Spain 157486 162989 154931 176188 | 145185 | 185958
Thailand 15095 31948 5500 16700 | 17747 | 9807
Turkey 6238 10339 20150 6200 14400 | 19896
United Kingdom 12000 12000 11000 11000 | 14000 | 15000
Vietnam 193164 217900 234905 238702 | 238003 | 219920

Y
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Wo;ld fluorspar export sources 2018
Emergence of Vietnam; dominance of Mexico; decline of China
4
World acidspar exportsources World metspar exportsources
total 1,446,650 tonnes & total 1,398,781 tonnes
4
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6% _
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China EELe
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World fluorspar markets 2018

Primary importers of acidspar and metspar

World acidspar imports World metspar imports
total 1, 9,270 tonnes ) total 1,340,593 tonnes
Ukraine .
Brazil
Others
Tunisia 7o,

4%\

Canada
5%
Japan /
6%
China|
6%

UAE
6%
Russian

TurkeyFederation
6% 7% 15%

Germany
1%

Source: datafrom [TC
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Classes of primary hydrothermal fluorspar deposits
’
Alkaline-related
c c Sub alkaline-volcanic- Apparently
|l ¥
. Mississippi Valley- S e e, Tl related epithermal conformablein
Carbonatite-related . . K4 . replacements related to strongly . -
Allkaine-intrusi Alkaline-volcanic- type differentiated eranites veins and tuffaceous, limy
E DE I R ) g replacements lacustrine sediments
related veins, skarns,and . .
carbonate replacements R
carbonate repla cements
Examples: Examgples: Examples: Exampless Examgples: Examples: Examples:
. Illinois-Eentucky .
R St. Lawrence district, e o o } R e e s Castel Giuliano-
Amba Dongar, India c Asguachile, Mexico ﬂmrs&a; dj\-smt: Voznesenka Russia Yangjia Wirnd China Pianciaro, Ty
<
Northern P ennine
L Jam estown district . ) Orefield and . W A . . e .
Okorusy, Namibia Colorado, US.A Bor Ondor. Monzolia S0 P ermi LostRiver Alaska TS A Kalareni, Russia Santo Maniadi Sala Italy
Orefield UK 1
Meto Preto, Brazil Yermakovskoye, Russia 7 Kimwarer, FKetryal Marico d.lSI:FlCt_ Shiztaryuan Chire 7 Las Cuevas, Mexico : as'Rang?__ Ut
N N South Africa N USA
- e , . Salt-related . —_— ? Thomas Range Utsh | 7 SumochazanObo,
Kiricadren Turkey | Dulaan Ovoo, Mongolia carbonate hosted El Hammam Morocco US A Chim,
73 'hag.mOb
Karasuz, Rissia Hushe China Examples: Vergenoez, South Africa ) umoc: s .
TKimwarer, Kerya Asturias, Spain MNui Phao, Vietnamda
7 Hacks Dome, .
Itincis, U.S.A Fossignol, France
Encantada-
Buenavista, Mexico N
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Ag, As, Au, Ba/Bi, Co, Cr, Cu, Fe, Hg, Mo, Mn, Ni, Pb, Sb, Sn, Sr, V, W, Zn
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Descriptive Statistics (Qaem_Shahr)
Variable Valid N | Mean | Median | Minimum | Maximumi J/StdDev. | Skewness | Kurtosis
Ag ppm 529 0.0511 0.0490 0.0200 0.119 ». 0.0164 0.76244 0.9456
Ag norm 529 -1.3135 -1.3098 -1.6990 -0.924 20,1400 -0.20333 0.0269
Ba ppm 529 3486049 | 334.0000 @ 1250000 1789.000 138.9800 522632 42 0526
Ba norm 529 25214 25487 2.0969 3253 0.1%6 1.09126 57NT
Pb ppm 529 17.5098 16.1000 5.4000 79.100 7.6450 263599 13.3583
Pb norm 529 1.210 1.2068 0.7324 1.898 0.1626, 0.40003 0.8624
Zn ppm 529 72987 | 75.0000 38.0000 361.000 222086 4. 46684 50.6503
Zn_norm 529 1.6744 1.6751 1.6798 2.558 01063 " D&7437 31923
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Ag, As, Au, Ba, Bi, Co, Cr, Cl], Fe; Hg, Mo, Mn, Ni, Pb, Sb, Sn, Sr, V, W, Zn
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Descriptive Statistics (Polsefid) Q [
Wanable ValidM | Mean | Median | Minimum | Maximum | Std.DeV. | Skewness | Kurtosis
Ag ppm 502 0.0678 0.0650 0.0240 0.4940 0.0358 72519 347N
Ag norm 502 -1.1983 -1.1871 -1.6198 -0.3063 0.1455 1.1044 6.3758
Ba ppm 502 3200398 | 2980000 = 104.0000 | 4011.0000 @ 2565292 10.7365 135.0925
Ba norm 502 24676 24742 20170 3.6033 0.1434 | 20504 16,1344
Pb ppm 502 298749 18.3000 5.9000 2000.0000 | 124 0530%. 92642 1742429
Pb norm 502 12650 1.2625 0.7709 3.3010 0.2248 48526 | 37.6310
Zn ppm 502 951853 84.5000 35.0000 1007.0000 = 7V7.6855 9.0093 " 80.8197
Zn norm 502 1.9391 1.9268 1.5441 3.0030 0.1473 2.9254 17.5881
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Ag, As, Au, Ba, Bi, Co, Cr, Cu, Fe, Hg, Mo, Mn, Ni, Pb, Sb, Sn, Sr, V, W, Zn
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Descriptive Statistics (Kiasar)
Variable Walid M | Mean | Median | Minimum | Maximum | Std Dew | Skewness | Kurtosis
Ag norm 620 -1.2038 -1.2218 -1.8239 0501 01956 | = 08454 1.3583
Ag ppm 620 Qo702 0.0600 0.0150 0.3140 0.0414 26708 w 87752
a norm 620 24120 24265 1.9590 3.1136 0.1666 01508 .| 06558
Ba ppm 620 2764937 | 2670000 91.0000 1299.0000 | 1192923 2410 12 5443
Pb norm 520 13277 1.3395 04771 3.0883 0.2360 1.4741 11.6671
Pb ppm 620 278752 21.8500 3.0000 12254000 66.1070 14 5567 | 2330704/
Zn norm 620 19578 1.9580 16435 2.7569 0.1297 1.0970 o4 967 3,
Zn ppm 620 956401 90.9910 44 0000 5700000 39.6114 56219 F2 2855
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Descriptive Statistics (Firuzkuh) R

Wanable ValidN | Mean | Median | Minimum | Maximum [ StdDev. | Skewness | Kurtosis

Ag_ppm 1237 0.1223 01080 0.02800 0.5934 0.0678 216119 6.5558
Ag norm 1237 -0.9650 -0.9666 -1.55284 -0.227%  0.2086 0.23041 0.5%5
Ba_ppm 1237 5543133 4225500 60.13000 6378.000 “509.1657 576918  46.8630
Ba norm 1237 26653 2659 1.77309 3.805 0.2301 1.14256 3203
F_ppm 1237 4932611 480.0000 £9.00000 1080.0000 M6.1374 075148 1.2°41
F_norm 1237 26812 26812 1.77085 3.033 0.1030 052299 4909
Pb_ppm 1237 287276 23.3250 9.21800 590584 247283 /o 1224223 2342250
Pb_norm 1237 1.4086 1.3678 0.96464 27 0.1753 *1.92483 72770
Zn_ppm 1237 77.7416 72.6600 7.45000 361450 288245 2.49?9_1r 14.05582
Zn_norm 1237 1.8651 1.8613 0.87216 2 558 0.1502 -00445 96 41871

Ol V:)evoee oS o -5
el 00 plonil (g 5988 Qb )5 Jasgs ¢lians sl 5o @8y lions 45 51 (gliangsy DL anllia
2 Sk S5 b a4 3Ll Cga bdiges 08,5 Clils p Sileiians Gl 4 diges VVVY Ll cpl o

0,5 U1 paze YA (glyy s Syl oz jaiS

Yoy

t4



Cylog (dme (o Oyljg

23S ne LS g ol (05 il

robe le 6)L°T STy elbd 5 Jluag polie (b jslaie 4 0 piiecSS 6)1-“] S o)

el 0y ploxil 45l 4o 00 (g S o5l
53 amsee Glid |y liows 48 5 50 (g 3550 slopiia Jloji g pls sloosls (5 kel sl el b #-8 Jgar
RS o St o Sz lane Bl oo o Sils dlaiges sl ol (s Ll zaly A slass Jyar o
HoE e giraie o Sl ke s @ JSS oy bl 0nd 03,51 Wosls Jlake it 5
S5 B TAL Lo paie & (Fgz ke (b Jpir (l 53 el (o)) BB adiges Jnly

. Wik os axgi Jl polie oaimolis oo o pw g o)l polic

QLI-AM d‘ff‘ o @lise foL,.C JLA).’ 9 r:l} LngoéL) Lg)LoT LSLQJ.'.A‘)L\ -7 Js..\>

Descriptive Statistics' [Semnan)
Vanable Valid N | Mean [“Meédian | Minimum | Maximum | StdDev. | Skewness | Kurtosis
Ag ppm 1111 0.0860 0e0730-=  0.0150 0.89 0.0661 5.24382 39.6191
Ag norm 1M1 -1.1282 -1.1367. | -1.8239 -0.050 0.2119 0.9326 26816
Ba_ppm 1111 4386086 | 3606900, 3678700 5751.000 | 4112264 7.33139 77.0840
Ba norm 1111 25640 25571 % . 1.5896 3.760 0.2374 0.6277 2.9693
F_ppm 1111 5418740 | 518.0000 = 1520000 2691.000 194 5646 227294 15.9196
F_norm 1111 27097 27143 21818 3.430 0.1438 0.11048 0.6136
Pb_ppm 1111 292768 | 20.8310 7.36200 2286.000 71.6466 2540901 8892M2
Pb_norm 1111 13710 1.3187 08670 3.39 0.2154 2.0%17 93227
Zn_ppm 1111 83.6829 67.8400 128300 _~ 1070.000 BT 6.60581 63.3224
Zn_norm 1111 1.8476 1.8315 11082 4 «3.08 0.2299 0.825 34 3.0604
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Id Element &, % HeayyMiner Rock

1 Ag, Ba, Pb, Zn Flourine, Barite, Galena, Pb_Native 6662_316M

2 Ag, Pb, Zn Flourine, Barite, Galena, Massicote, Pb_Native 6662 _299-M

3 Pb, Zn Flourine, Barite, Galena 6662_400M, 6662_401M

4 Ag, Ba, Pb Flourine, Barite, Galena, PbNative 6562_226/1M

5 Flourine, Barite, Galena

6 Ag Flourine, Barite, Galena

7 Flourine, Barite, Galena,Sphalerite

8 Ag, Ba, Pb,Zn | Flourine,Barite, Galena, Massicote,PbNative, Cerussit | 6762_325/2M,6762_657/1M,6762_MINE/1M,6762_325/1M
9 Ba Flourine,Barite, Cerussit

10 |[Ag, Ba F, Pb, Zn
1 Ag, F, Ph, Zn
12 F, P,

13 F, Pb

14 Ba, F, Pb, Zn
15 Ag, Ba, Pb, Zn
16 Ag, Ba, Pb,Zn
17 Ag, Ba, Pb,Zn
18 Ag, Ba, Pb,Zn
19 Ag, Ba, Zn
20 Ba,F, Pb

\RaY%



o 4 =TT S (PRt (fae i) 46 o gl g6 o

000°096°¢

frey e jrrningn® (emmroini

v st
TR e s =5
wrormmetsi: @)

000°0F0'F

000°000'F

K e 110 e 5 D e ¢ ol |F e (g
000°LL 00°0rL [ ¥ H00°0R9 000°0s9
T T T T T

- Ny B

I Q
-
Y il | ;
el w
Lol [ kit o PR "
aSN s
<0 > o N # e
&
ard  aex mes L o ! @
- - ,
p‘
oS e o (DR300

cinl g <o PRI WP “ R 1.
o = : P g e W*
: a \
g 3 ok N

! ; N ~

AW O N \ ,/

N\ L

o B | 2
| \ °
) , = .,. A ﬂll.\
= \I.J‘_ / \
. o\ . N
. + A ot i r. =<
1 1 1 1 1

O0LL 00°orL B001L (0089 0059

000050

000°096'¢

000°000°F

YEA



g/ /})&U(&/






Oylog (dme o Oyljg

23S ne LS g ol (05 il

doddo — V-V

Slr ool ol 3l sloans )3 Gl pngal $5IeSS 5 ojleale ;o (y5ld G938l5s, Cdpten b
obml Saxe S-S BlisST g o9x o ye0l 0 mie g Syl oY laie 4 w0 Slallas gl
L oplad sbvodiomw glaosls wluly ey daw (5)lge ¢ oayay dasllae ple oxiw )90 .Canl 00l
¢
Gl ol 5 o S5 sl g alids; slassly 4 JaSy o sl SuF (55 polie Joos
S5 iz cud Ml el bhosisiin Sl 5l ogh e ol paal S KaSs LS o Sy
Gl pglat ool Gl wiins JuSs ;o 6lib ' gail aiz cuilyy S calie zae Jsb iz (lp
SIS 5 5 pslal cnl oy g Sledilon b pizen hlor S92 suizin Sy iy
T50985 G009 (6105 8l mlie Cans Digliie (6l STl gl Loy 4y il 5 il
sl culey coblB L oleonizun jpas aaldh bosizuw 58060 slexd g b 0gd oo 0uuls
e’
e polas Jl o 50 a5 cl S8 ble andl wn alas oy 268 5 "L jlas SIS <8o 5 T lgl 8
‘Eﬂ:y ul.’z.;.?ua.’ 5 U"‘ )‘ >._..M.>u > 3 aS ..\.x...ul.»(sn ).,)Lf (_s"l'et" oolazw T G’m 5 A..\.A)L..: O w‘é).’
Jloe! )5 Lawgs 5 Sluoas Lan 5 bosls oasS il o e bl Lawgs idy wodiow
= - N 4 . - PR
35S 50 O 03l 518510 00 90 pglas (nl g 5 Vg o0
bty o dlazipe a5 Zusl 0bj Jloay (colidiee) 5 Gee) ol S0 slojlgle pglai lao )5
Iy S SBLST L LLs )l o slojlgale polar sbos IS o 5 Lol a4ls glarus p iai  Slacs]
J)....S 0‘9“9 Y Libo)b.'a:} C\).?Lw‘ e g G?v_b...a LgL:aLSSLm)fQ AL ‘&Si;"‘“ 6L‘°“\>‘9 S ‘0‘9"6“

3y ol )5 slronsay gly g S g slSe slhoasss

' Multi Spectral

" Digital

¥ Hyper Spectral

¥ High Resolution
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® Satellite Imaging Corporation
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Band Number Wavelength(um) Spectral Region Spatial Resolution(m)
1 0.52-0.60
2 0.63-0.69
VNIR 15
3N 0.78-0.86
3B 0.78 - 0.87
4 1.60-1.70
5 2.145-2.185
@ 6 2.185-2.225 it %5
7 2.235-2.185
8 2.295 - 2.365
9 2.360 - 2.430
¢ 10 8.125 - 8.475
1 8.475 - 8.825
¢ 12 8.925-9.275 TIR 90
o 13 10.25 - 10.95
14 10.95 - 11.65
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AST_L1T_00303022002072704_20150421160559_ 104471
AST_L1T_00308172005072446_20150510192534_1363
AST_L1T_00309192002072055_20150425042235_67268
AST L1T_00309262002072659 20150425085854 2081

AST L1T_00303182008072505_20150523100317 97589
AST_L1T _00310102007072522_20150521143244 88907
AST_L1T_00306092003072555_20150429034803_ 40413
AST L1T_00309262002072650_20150425085848 30512
AST_L1T_00310242003071916_20150501075709_17109
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Band Number Wavelength(um) Spectral Region Spatial Resolution(m)
1 0.421 - 0.457 Coastal Aerosol 60
2 0.439-0.535 Blue 10
3 0.537 - 0.582 Green 10
4 0.646 - 0.685 Red 10
5 0.694-0.714 Vegetation Red Edge 20
6 0.731-0.749 Vegetation Red Edge 20
O 7 0.768 - 0.796 Vegetation Red Edge 20
8 0.767 - 0.908 NIR 10
8a @ 0.848 - 0.881 Vegetation Red Edge 20
9 0.931-0.985 Water Vapour 60
10 1.338 - 1.414 SWIR-Circus 60
1 1.539 - 1.681 SWIR 20
12 '2.072 -2.312 SWIR 20
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L1C_T39SXA_A031420_20210628T070623
L1C_T39SXV_A031277_20210618T071037
L1C_T39SYA_A022440_20210623T070722
L1C_T39SYV_A011400_20170828T071819
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Band Number Wavelength(um) Spectral Region Spatial Resolution(m)
1 0.433 -0.453 Coastal Aerosol 30
2 0.450 - 0.515 Blue 30
3 0.525 - 0.600 Green 30
4 0.630 - 0.680 Red 30
s 0.845 - 0.885 NIR 30
62, 1.560 - 1.660 (SWIR)1 30
7 ¢ 2.100 - 2.300 (SWIR)2 30
8 0.500 - 0.680 Panchromatic 15
9 14360 - 1.390 Water Vapour 30
10 | 10560 >11.19 (TIRS)1 100
1 11.50 - 12.51 (TIRS)2 100
7
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v Signal to Noise Rate(SNR)
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4 Geo Referencing
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Features Red Green Blue Reference
Vegetation and visible 3,3/2,0r 2 1
K bands** NDVI
AIOH minerals/advanced 5/6 (phen) 7/6 (musc) 7/5 (kaol) Hewson (CSIRO)
argillic alteration***
Clay .amphibole, laterite  (5x7)/62 (clay) 6/8 (amph) 4/5 (lat) Bierwith
¢
Gossanfalteration, host  4/2 (goss) 4/5 (alt) 5/6 (host) Volesky
rock
Gossan, alteration, host 6 (goss) 2 (alt) 1 (host)
rock
Decorellation (envi) 13 12 10 Bierwith
y 4
Silica, carbonate, basie.” (11x11)/10/12  13/14 (carb) 12/13 (basic) Bierwith
degree index (silica)
Silica, carbonate ﬁ?1*«1};%@7/(10)42) 13/14 12/13 Nimoyima
®. =i
Silica 11/10 11/12 13/10 CSIRO
.
Discrimination for 4/1 _\. 3/ 12/14 Abdelsalam
mapping
Discrimination in 12 5] 3
sulphide rich areas :
Discrimination 4/7 4/1 (2/3)x (4/3)  Sultan
Discrimination 4/7 4/3 v 2/1 Abrams (USGS)
Silica, Fe?* 14/12 (1/72) + (5/3) MNF Band.1 Rowan (US6S)
.
Enhanced structural 7 4 2 - ] Rowan (USGS)
features
*Comments by Hewson P
**Equivalent to Landsat RGB 432 .

***Alunite/pyrophyllite, mica, kaolinite/dickite
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