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POLITICAL FACTQORS

| texaton, fiscal and resource —
COMPANY POLICY policies of governments
tradition, size exploration
specialization; refining
and marketing facilities GEOGRAPHICAL FACTORS

transportation, labour, energy
markets, working, conditions

ECONOMIC ANALYSIS

COMMODITY MARKETS

OF
GEOLOGICAL FACTORS

ZHE 2| A EA

(Govett, 1983)

favourability for particular

minerals

ECONOMIC  ANALYSIS

AND
COMMODITY SELECTION

purchase of mine, prospect, etc.

OTHER OPTIONS |_MINERAL EXPLORATION |

QQOOO

O O

Stop work due 1o unfavourable results

I SELECTION OF REGION
acquisition of
regional scale
geological data
L 2—— secectionoF DisTRICT |
reconnaissance l
exploration
. —  SELECTIONOF AREA |
follow-up I
exploration
T — seLecTion OF TARGETS |
detailed J
exploration
4 { IDENTIFICATION OF TARGET |
exploration J
drilling
i IDENTIFICATION OF
MINERAL OCCURRENCE
assessment J
drilling
l IDENTIFICATION OF
MINERAL DEPOSIT
development _I
work
1 IDENTIFICATION OF
ORE DEPOSIT

APosmble revision of commodity targets

| 25 oo m
Seo- 5,00 kn”

E-bkokn
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— A O0H

2 A st

(Beus and Grigoian, 1977)

O} A1 == O]

OO /" o — L

1€ S8C=x ot A &5
Z ZMsot= & A (oxyphile elements)
Z ZMsot= &4 (chacophile elements)
22 (noble elements)
Ol =Moot A

—

(hydrophile elements)

- JINZ 2| S0 =Msot= & A (atmophile elements)

=5 s s DR (<0.1%)
(> 1%) (0.1 = 1%) ASHHAA AR A
|.Oxyphile
a. Lithophile O, Si, Al, Fe, Mn, Ti, P, (C) | Li, Be, B, F, Sr, Ba, Y, and | Ga, Ge, Rb,
Mg, Ca, Na, K rare earth elements, Zr, Nb, | Hf, Se, Ra,
Ta, Sn, Cs, W, Th, U (TI)
b. Siderophile Fe - V. Cr, Co, Ni B
II. Chalcophile - - S, Cu, Zn, As, Se, Mo, Mo, | Cd, In, Re,
Ag, Sb, Te, Hg, Pb, Bi Tl, (Ga), Ge)
III. Noble - - Pd, Os, Ir, Pt, Au Rh, Ru
V. Hydrophile (0O) H Cl, Br, I, (S)
V. Atmophile (0O) C He, N, Ne, Ar, Xe, Rn




HEXHO std 2t E[HLSe| A Baed (ppm)
da | 28JIde | SRY | ALEEY | A2 | MZ Nl Aoy
Ag 0.06 0.1 0.07 0.04 - 0.05 1
As 1 2 2 1.5 1 15 2.5
Au 0.005 0.004 0.004 0.004 - 0.004 0.005
B 5 5 20 15 35 100 10
Ba 2 250 500 600 - 700 100
Be - 0.5 2 5 - 3 1
Bi 0.02 0.15 - 0.1 - 0.18 -
Br 1 3.6 - 2.9 1 4 6.2
Cd - 0.2 0.2 0.2 - 0.2 0.1
Cl 85 60 - 165 10 180 150
Co 150 50 10 1 0.3 20 4
Cr 2000 200 20 4 35 100 10
Cs - 1 2 5 - 5 -
Cu 10 100 30 10 - 50 15
F 100 400 - 735 270 740 330
Ga 1 12 18 18 12 20 0.06
Ge 1 1.5 1 1.5 0.8 1.5 0.1
Hg - 0.08 0.08 0.08 0.03 0.5 0.05
| 0.5 0.5 - 0.5 1.7 2.2 1.2




HEXHO std 2t E[HLSe| A Baed (ppm)
da | 28JIde | R | AHEFY | & | MY Nl& A3l
Li - 10 25 30 15 60 20
Mn 1300 2200 1200 500 - 850 1100
Mo 0.3 1 1 2 0.2 3 1
Ni 2000 150 20 0.5 2 70 12
Pb 0.1 5 15 20 / 20
Rb - 30 120 150 60 140
Sb 0.1 0.2 0.2 0.2 - 1 -
Se - 0.05 - 0.05 0.05 0.6 0.08
SN 0.5 1 2 3 - 4 4
Sr 1 465 450 285 20 300 500
Te 0.001 0.001 0.001 0.001 - 0.01 -
Th 0.003 2.2 10 17 1.7 12 2
Ti 3000 9000 8000 2300 1500 4600 400
Tl 0.05 0.1 0.5 0.75 0.82 0.3 -

U 0.001 0.6 3 4.8 0.45 4 2
\% 50 250 100 20 20 130 15
W 0.5 1 2 2 1.6 2 0.5
Zn 50 100 60 40 16 100 25
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2t A A3 2 (Regional Scale)2 1X} 240t
-2 (Geochemical Province)

| |
UTAH COLORADO
ARIZONA NEW MEXICO T
X
O Albuquerque

v
® % Prescott ‘

X Major producing copper mine Nacozarl 0 )
X Major copper prospect 100 200
® Small copper mine km




Al(tin: Sn) Zst= &1 st

ale

MR HHES 52
—- =4 3422 (tin granite)
- & =AY (stanniferous granite)

44 51242 Sn 15~20 ppm 0|4
do8 2ta 2 Sn idel <3 ppm

Rb/Sr 1, Li/K T, K/Rb |, Mg/Li |, Ba/Rb |



st2=o X-ststd REN HE 013 A =4 (Tauson, 1984)

Geochem- i ) _ , Relative

: Na F L1 Rb Sr Ba Sn Pb Zn , F(Li+Rb) e o e

ical gran- K/Rb ————— distribution

o (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (Sr+Ba)

itoid types (%)

1 026 31 0015 5 4 140 60 3 '3 75 650 5 2
2 2.0 3.0 0.07 18 100 260 000 2 10 43 200 100 3
3 3.5 3.4  0.08 21 125 700 1700 5 23 70 230 50 5
4 3.6 40 0.2 105 270 12 40 |18 46 390 130 15000 2
5 3:3 2.8 0.08 50 175 330 830 6 27 51 190 1565 40
6 3.9 2.8 0.27 180 440 70 175 122 28 40 90 6800 o
7 4.1 3.5 0.05 27 140 650 1550 4 19 64 300 40 15
8 3.8 3.1 0.09 52 270 170 500 6 20 43 140 430 3
9 1.1 24  0.05 12 22 280 450 2 3 o0 500 2h 4
10 3 24 0.10 15 90 300 1000 2.5 10 50 370 30 3
1 4.5 24 017 30 250 110 1400 7 40 90 180 300 o
i 8 5.0 2.0 0.02 10 140 260 2300 3 12 30 360 12 8
A 3.3 2.9 0.08 42 160 340 1020 6 22 70 200 120
B K 28 0.08 40 200 300 830 3 20 60 160 170

1 =plagiogranites, tholeiitic series; 2=granitoids, andesitic series; 3 =granites, latitic series 4 =agpaitic rare-metal
granites; 5=palingenic granitoids, calcareous-alkaline series ; 6=nplumasitic rare-metal leucogranites; 7=palingenic
granitoids, alkaline series; 8=rare-metal granitoids, alkaline series; 9=enderbites; 10=charnockites; 11 =rapakivi; 12
=ultrametamorphic granites; A =average granits; B=average granite after Vinogradov(1962).
KNt Moz A LSO &HHIE 0|8olH sl 7R=52 &=
st HEE AL

J

rr
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) A = n
= =M 234 A2 (Chon et al., 1986)
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Number of [requency

10+

Cretaceous Gr.

Ll E By 1]

Jurassic Gr

— ] T

Precambrian Gr.

H2SRI0MAITH S22 R
st2etzol FAMEo)

(Chon et al., 1986)

Sn, log ppm



oSsAS & SdAF0 ELots 222 =2 AlFetstd =4

(Chon et al., 1988)

Ba/Rb 100X  K/Rb  Mg/Li  Bb/Sr Li Sn F
Li/K
Low-Ca 4.9 0.9 247 40 1.7 40 3 850

granite™

Naedeogri ~ (13) 1.3 0.5 210 58 3.7 22 13.5 704

granite

Nonggeori  (22) (.6 3.0 149 11 5.9 131 149 956

granite

Buncheon  (46) 1.5 0.8 234 94 5.6 31 3.2 913

granitoids

Wangpiri  (14) 0.1 [222] 63 07 534 687 3.280

granitoids

Tin-bearing <05 >24 <150 <30 >4 >100 >10 -

granites™*

*Source: Calculated from Turekian & Wedepohl(1961).
**Source: Tauson & Kozlov(1973), Beus & Sithin(1972), Flinter(1971), Olade(1980).



SsAS & SHASG 2 ZE R F-Sn-Liag&ax

(Chon et al., 1988)
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(Rb2xLi)/(KxMgxSr)d| gt =0f 2 &t
HlMAS 3220 2 (Govett, 1983)

=& &3t g}

l;.":l"n.-‘} }.‘ L : ] '1_:.
® TIN GRANITES i nchor, bia im :no

.\IO\ TIN GRANITES.

| Carnmenellis @

NON-TIN GRANITES. St EI?LUHI.['}H-. [-granite g

UNO OTHER ECONOMIC Elizabeth Creek @
MINERALIZATION .

A AVERAGE GRANITES NONGGE }'_H_[ ®

| "inlayson g
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— &t AH(diffusion)
2ZH(diffusion aureole) A A
OlLH=Z Xl gtstA O AHCH T

— S (infiltration) METAL
So oZ, E=222  coNTENT

2o LY ZoH
SHOtOl=E, 40|4(leakage
anomaly) &4
=8 MIIEX] K3t
=

ol

'S Olatth

]

Diffusion

Infiltration

---> Distance from ore



Fick2l MI1T& =1 M28 X

Wallrock Wallrock
3
F=D 2% 4 ] e
L
;10 54 =1 Diffusi
— = ! = Al(2 | :&| Dffusion
.?TL ﬂ %‘EI ) = | into ﬁ.—x-';.a.]!mctkh
S5 #2012 A= (01 Pb, C=100 pom) &S 40
o4S EWECID E O, =0 0A S DOl Pb B E ) £
0 pomOletl] JtEoHE A(2)= t=t 0l Al... " -
C'=(Cgll—erf ‘1— ) s
\kﬁlﬂf X _

N S : 0
Erf= ~ 4 Sl error function



Concentration ¢ in solution(ppm)
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AAZA-L2| 0| Zn A2 22Xt AHE W =29
StA S 2 (diffusion aureole) (Barnes and Lavery, 1977)

S 1 == . H)
0.075m N }
L |velns §
A0 \ ~ 40
ol \
£ 301 N 5130 -
5 201 \ & 205
1)+ j ff}!._,,.f"‘ % — 10
() H_.J'/ L..- | !J_—ﬁ___[_F-F___T__# [ | § 0
S0 60 50 4() 30 20 [0) ()

(Meters)
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£ S Altenbergl| Sn& & =2 0ll LIEF Sn, Li, Bi, Ca &
HukskL &~=X18E8F0| X238k 0] & (Tischendorf, 1973)
e o S S B
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Organic debris lodged on the soil

r

Horizons of maxium
biological activity, of
eluviation(removal of
materials suspended
or dissolved in water),
or both

The Solum
(the genetic
soil f_tE'IVE"ID[}Ed 3
by soil-forming o
processes ) Horizons of illuviation
(accumulation of
material by deposition
or precipitation from
percolating waler).

Parent material derived by weathering 3 #

N 1

Organic debris only partially decomposed
Dark-colored horizon, organic( humus)
rich, mixed with mineral matter.

Light—colored horizon of maximum
eluviation, Prominent in some soils, famnt
or absent in others. Generally loose
structure,

Brown to orange-brown horizons.
Accumulation of elay minerals or of iron
and organic matter; compact blocky,
prismatic(sometimes concretionary)
structure.

Some soils show intensely gleyed layers
(Horizon G of hydromorphic soils; (v may
appear directly bencath Al or layers of
caleium carbonate(Horizon Cg, of

2 x/'{" calcareous soils).

Bedrock { R

0: RIS, A BEE, B IS A Z3E DIZ PA, R 2
BE: BE, M3E, 220/, FASHS0| AHE0 0L 526 = B2}
B0} XI REHBHEAFS) CHAHE 0| &
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Stability increase during weathering

Increasing temperature of crystallization

B

S0l et =2 otE8 &
Olivine Bytownite
Pyroxene Labradorite
Amphibole Andesine
[Hotite Ohgoclase
wﬂ_usctuv{V
Quartz
Zeolites

Hydrothermal
Minerals

Sanidine

!

Microcline

#

Orthoclase



O and / = Oxygens O and @ = Silicons

(D) and [ = Hydroxyls @ Aluminums, magnesiums, etc.



PLANES OF IONS SHEETS, LAYERS

basal O's —> ()

: > tetrahedral
tetrahedral cations
- , sheet 11
OH's & apical O's —> g
. pciahedral |
pctahedral cations —> aver
sheet
CH's —>» o
BasprG e _; O tetrahedral
tetrahedral cations - sheet
OH's & apical O's —»
octahedral cations — octanedral | 2
; sheet taver
OH's & apical O's —3» y
tetrahedral cations . tetrahedral
basal O's —=> () i sheet

Ex) Montmorillonite Al,(Si,0,,)2(0OH),xH,O



E2 S0l &Mool Xt

al

=<

Ol Xt

3

Hd

=
=

Name Chemical formula®
Primary minerals

Quartz 510,
Muscovite KAIL (AlS1;0,,) (OH),
Biotite K(Mg, Fe);(AlS1;0,,) (OH),
Feldspars

Orthoclase KAISi;Oq

Microcline KAISi;Oq

Albite NaAlSi;O,
Amphiboles

Tremolite Ca,Mg;51,;,0,,(CH),
Pyroxenes

Enstatite MgSiO,

Diopside CaMg(51,0,)

Rhodonirte MnSi0;,
Olivine (Mg, Fe),S10,
Epidote Ca,(Al, Fe);S1; O4;,(OH)
Tourmaline (Na, Ca) (Al, Fe**, Li, Mg);Al(BO;);(Si;O;5) (OH),
Zircon ZrSi0,
Rutile Ti0,



E2 S0l &Moot 22X & OlXH &=

Name Chemical formula®

Secondary minerals
Clay minerals®

Kaolinite Si,Al,O,,(OH),
Montmorillonite My (Al Fe?*, Mg),SigO,,(OH), (M = interlayer mertal cation)
Vermiculite (Al, Mg, Fe3*),(S1, Al);O,,(OH),
Chlorite [M Al (OH)J(AL Mg),(Si, Al)g O,,(OH, F),
Allophane Si;Al,O,, - nH,O
Imogolite Si,Al,O,, - SH,0O
Goethite FeOOH
Hematite a-Fe,0;
Maghemite v-Fe, 0,
Ferrihydrite Fe;,0O;; - 9H,,0
Bohemire v-AlIOOH
Gibbsite Al (OH),
Pyrolusite B-MnQO,
Birnessite 6-MnQ,
Dolomite Ca Mg(CO,;),
Calcite CalGOy

Gypsum CaS0, - 2H,0
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Prima 1}' Aluminosilicates
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Microchne J

arthoclase [ _~"Rapid removal of bases
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Contour map of log-transformed
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for the reconnaissance survey.
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Contour map of log-transformed

As | concentrations in soil samples

for the reconnaissance survey.
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Location map of the area for the detailed survey.
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