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Sistemas Mineralizantes
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Introducao -

Mineracao?



Introducao

Desafio do Gedlogo de Explorag¢ao: Encontrar recursos minerais, cada vez mais
escassos, mais profundos e com maior custo...

Exploration expenditures: World
by Region : 1975-2014
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Introducao

Desafio do Gedlogo de Explorag¢ao: Encontrar recursos minerais, cada vez mais
escassos, mais profundos e com maior custo...

Tier 1, 2 & 3 discoveries in the World: 2005-2014

Three of the ten current
“Hot Spots™ are in Canada

Saskatchewan

Far East
Russia

Northern
Onftario

Latin America

Au Base U,0; Other Australia ¥ -
Metal
D D@ i Tiert
| T!ef2 Over the last decade, 336 Tier 1,2 & 3 deposits were
— Tier3 found in the World ... 46 (or 14%) of these were in Canada

Source: MinEx Consuling © March 2015



Introducao

Desafio do Gedlogo de Explorag¢ao: Encontrar recursos minerais, cada vez mais
escassos, mais profundos e com maior custo...

Average depth of cover for discoveries - all metals
World: 2005-2014
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Introducao

Pesquisa Mineral:

Custo, Dados, Conhecimento

Estdfio Inicial de Pesquisa (Greenfield)

Estdfio Avangado de Pesquisa (Brownfield)

Reconhecimento
e Geracaode >
Alvos

Desenvolvimento
do Alvo

Ly

Mapeamento Geoldgico
Amostragem Solo/Rocha
Trincheiras
Geofisica Terrestre
Sondagem Exploratéria

Sele¢do de Alvos
Anélise de Dados
Map. Geol. Regional
Geofisica Regional
Amostragem Regional
(Sedimento e Concentrado)

Avaliacéo do Alvo Estudo de
vall V T
L - Viabilidade
(Pré-viabilidade e Avaliagdo —» Econdmica
de Recursos)
(Reservas)

Construcao da
Mina

Sondagem de Delineacéo Sondagem In-Fill

Ensaios Metalurgicos
Modelamento
Estudos prelimirares Geotec.

Geotécnicos e
Ambientais
Modelamento

Estudos Metalurficos,

Projeto de Mienracao




Introducao

Sistemas Mineralizantes:

* Aindustria mineral mundial esta atravessando uma das maiores crises da
historia. No cenario atual vemos um aumento nos custos dos projetos de
exploracao em geral, ao mesmo tempo em que passamos por uma drastica
reducao de investimentos. Neste sentido cresce a necessidade de utilizacao de
ferramentas de baixo custo operacional para a selecao de alvos exploratorios.

* O conceito de Sistemas Mineralizantes tenta compreender processos de
mineralizacdo e aumentar a capacidade previsional e/ou prospectiva de uma
area. Considera todos os fatores geoldgicos que levam a formacao e
preservacao de depdsitos minerais, ou seja, parametros em todas as escalas,
desde feicdes locais de depdsito até evolucao geodinamica de um terreno ou
orogeno.
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Tipos de depdsitos e sistemas minerais

Os Depositos Minerais nao estao distribuidos randomicamente no Planeta!
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Tipos de depasitos e sistemas minerais

Volume percent

Height

Geodynamic settings of mineral deposit systems

DAVID I. GROVES & FRANK P. BIERLEIN
Centre for Exploration Targeting and Tectonics Special Research Centre, School of Earth and Geographical Sciences, The
University of Western Australia, Crawley, WA. 6009, Australia (email: derovesi@cyllene.uwa.edu.au)
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Tipos de depdsitos Mineral
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Tipos de depositos Mineral

A. Constructional stage

Oceanic arc

CuiAuporphyry
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Ti

pos de depositos Mineral

B. Orogenic stage

Tran sported
mid-ocean ridge
(Cyprus-type
Ni-Cu + PGE)

—_—

Oceanic crust

Cobar-style
Archaean/Palaeoproterozoic/ Cu-Au-Pb-Zn?
+ Cordilleran-style orogenic gold
Central Asia-
Retro-ard style gold
palaeoplacer gold
Fore-arc
Jiaodong-style placer gold
erosion orogenic gold ,
accretion 7 . ] s
~ ‘QQ ; . \ - [

Continent-continent
collision




Tipos de depositos Mineral

C. Late orogenic to post-orogenic stage

Mineralised - WnSn
arc (see A) Bingham-type
porphyries
Carlin-type gold ch )
Intrusion-related r)J 23 Unconformity.u " '
Oceanic goid (5 Proterozoic SEDEX? ontinenta
crust 10CG? foreland basin crust

Andean-type margin Cratonised Andean-type margin Continent-continent
(magmatism) arc (no magmatism) suture




Tipos de depdsitos Mineral

CONTINENT OCEANIC ACCRETED CONTINENTAL BACK-ARC
RIDGE TERRANES ARC EXTENSION

o Epithermal Orogenic e Epithermal ¢ Epithermal/
Au Au Au hotspring
Porphyry Porphyry Au
Cu-Au Au-Au 4 Carlin-style
{+skarns) (£skarns) Au

Accretionary wedge B Continental crust B Granitoids

- Oceanic crust Subcrustal lithosphere Asthenosphere

LY

B Compressional fault thrust \ Extensional fault




Tipos de depositos Mineral

porphw plutan
~———— 4 pluton — S
nmdmed {ymagma ascent
~ . MASH

E“‘ ~_enriched SLM

Y partial melnng
ydrated mantle

subducting slab with
hydrated oceanic crust

Porphyry Cu—Au deposits form at the end of magmatic episodes during contraction, dominantly in a convergent
plate margin undergoing collision (A) or soon after collision (B).

EXTENSIONAL TECTONISM

4 epithermal

- .:;;- pluton
{:-mdlzed jymagma ascent

-...h___.n SH

_-_-_-__——_n
? ~enriched SLM
1, partial melting
hydrated mantlz

rthermal

pa rtial m@l’nng of
SLM or upper mantle

H“

subducting slab with
hydrated oceanic crust

In contrast, epithermal deposits are associated with extension at the convergent plate margin (C) or (D) in a rift
zone.

Tosdal et al., 2009,Elements, Vol. 5, pp. 289-295



Caracteristicas dos depositos minerais
para Prospectores

Converter Commoditeis (Au, Cu, etc) em Geologia
(Orogenico, Epithermal, Carlin, etc)

Diferenciar possiveis ambientes mineralizados em
relacao a ambientes nao mineralizados para
maximizar chances de sucesso do programa de
exploragao

Selecionar técnicas e definir estratégias de
exploracao especificas para cada situacao geoldgica




Caracteristicas dos depdsitos minerais
para Prospectores

Texturas Diferentes,
Modelos Diferentes




Tipos de Deposito

* Porfiritico (halo Potassico/Filico)

«Stockwork multidirecional - Vénulas
e veios de quartzo e sulfeto

*Normalmente depositos de gde Vol



Tipos de Deposito

» Skarns

Transformacao de rochas carbonaticas em assembléias silicaticas calcicas
e magnesinas mineralizadas / Metamorfismo térmico

Pequeno volume e altos teores

~«*Zonade

Aureola termal / . /é Y rcizalle
3 <
2 ’/{é/




Tipos de Deposito

* (Carbonate) Replacement

Skarns Distais ao longo de
estruturas e sem conexao direta
com intrusoes

siltstone 0.006 oz/t

1.42 oz/t

I Jasperoid
] silicification = ——

|| Decalcification
%* Breccia
<_ Ore

“Wispy” unit

siltstone



Tipos de Deposito

* Brechas
Forte controle estrutural
Geometria variada e

complexa, Teores e volumes
variados




Tipos de Deposito = 8

* Veios ?‘} P

e & ; ) ok \
Corpos tabulares P .
Podem apresentar continuidade

Lateral e Vertical por Kms, altos
teores

e
0



Caracteristicas dos depdsitos minerais

Modelo Descritivo X Teorico

* Descritivo: Relaciona varios atributos essenciais,
entretanto a relacao entre eles é desconhecida

 Teorico: Os atributos estao correlacionados
através de conceitos fundamentais. Portanto, ha
um limitado niumero de modelos

* Geodlogos de Exploracao tendem a usar ambos,
alinhando a descricao com a teoria




Caracteristicas dos depositos minerais

O PERIGO DOS MODELOS

* O modelo adotado deve seguir as observacoes,
nao o contrario

 Modelos baseados em ideias preconcebidas
tendem a ignorar as observacgoes (fatos)

* Nem todos os depdsitos podem ser explicados
por modelos existentes, adicionalmente novas
propostas de modelo nao devem ser limitadas
aos depositos conhecidos.




Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem
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Sinclair, Geological Survey of Canada



Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem

10.0
Porgera \ ® Cu
Sulphurets ® Cu=Mo
(Snowfield zone)
V\ Nart oo Ladolam (Lihir) m Cu-Au
; San Filipe Kollo Au
G(r:ous; 7 / Troilus
B ree / Lepanto
r:;?:.’{ .. e @ g~ Far Southeast
1.0 o 7 Refugio W Grasberg

(lron Mask)

M Big Onion
(lron Mask)
Lorraine

Au (g/t)

0.1

0.01"

MGambier Island

B Huckleberry pu
%

Okh\d\‘

l/l Bajo de la Alumbrera
m gPanguna
B Oyu Tolgol

l.'\

Schaft Creek

.',\—- Pebble Copper
Bingham
Prosperity (Fish Creek)

B Dexing

m Cerro Colorado
(Panama)

Porphyry

%

’

10

100
Tonnage (10°)

1000

10 000 100 000

Sinclair, Geological Survey of Canada



Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem

1.0

Mo (%)

0.01

0.001

0.0001 ;

Boss
Mountain

Setting Net Lake
MclLeod Lake

Tyrnyauz
| Glacier
Gulch

Mount
mmans
Questa

| Endako
I‘,.”’/g

Casino

* Climax
& Henderson

B mcerro Colorado (Fanama)

* quartz Hill

|
M La Escondida :
Chuguicamata.fy
N O
Pebble Copper

Porphyry

100 1000
Tonnage (10°)

10 000 100 000

Sinclair, Geological Survey of Canada



Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem
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Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem
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Caracteristicas dos depositos minerais

Grade, g/t

Au o

—t

Modelos Teor/Tonelagem
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Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem

M Porphyry Cu, Cu-Mo, Cu-Au
O Porphyry Au
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Geological resources, tonnage (10°t)



Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem
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Caracteristicas dos depositos minerais

Modelos Teor/Tonelagem
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Caracteristicas dos depositos minerais

Modelos Teor/Tonelagem

rade-Tonnage for

Drogenic Au Deposits (>70t
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Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem

Examples of Ni laterite deposits / resources

z 100t Ni 10"t Ni 10% Ni

.~ World Class

Ni
(wt. %) 1

1 10 100 1000 10000
Production + reserves in millions of tonnes



Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem

Foco: depdsitos de sulfetos de Ni-Cu-(+PGE)

10 100 1000 10000
Production + reserves in millions of tonnes




Caracteristicas dos depositos minerais
Modelos Teor/Tonelagem

Grade in g/t total PGE
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Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

Sedimentary

Ocean
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Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

potassic

Weight 94 porphyry
fraction high-sultidation

NaCl epithermal
" low-sulfidation

I-.=-.l lode-gold — orogenic
IRGD

Ridley, Gold 2000



Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

Heinrich (2005)

Fluid processes in the
porphyry environment

VOLCANIC ROCKS
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Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

Grasberg porphyry Cu-Au deposit (Ulrich et al.,1999)

10% » Salts like KC1. FeCl,. ZnCl. PbCl, mainly
T 19 follow NaCl into brine
o
& 1000 » Gas species like CO,, H,S. SO, go into
% 1004 vapor
E
& 107 * Cu. As and Au fractionate into vapor to
E , variable degree. probably as S-complexes
§ (Heinrich et al.. 1999; Nagaseki, 2004)
0.1

0.1 1 10 100 1000 1% 10% 100%

— Concentration in BRINE ——



Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

Carlin-type gold deposits —— ——— e —

Porphyry systems sulphides<—

MVT deposits <= e

_ > Orogenic gold deposits

=2 ~  Thermochemical sulphate

Bacteriogenic reduction (e.g., most sedimentary and early ____reduction

digenetic pyrite) s E—
r : - - + - - -
20 -15 -10 5 0 5 10 15

0"'S, . (vs. CDT) %o



Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

8180 (%)



Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos
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S [Megetle seres, = — —— -
% | nmenite series
w 0.1
m Cu
B Cu=-Mo
0.01F | m Cu-Au Tin granites —
- o
W-Mo
* Sn
0.001 L f | |
40 45 a0 55 ol o5 Fib Fii= 80

SIO; (%)
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Intrusions Metals Alteration Ore Styles Examples
Calc-alkaline
E Granodiorite, Cu-Mo Potassic, phyllic, Oz vein stkwks, Chuguicamata
" dacite, gz monzonite propylitic, (AA) major breccias El Teniente
% Sar Chesmeh
& | Calc-alkaline to high-K calc-alkaline
E Diorite to Cu-Au Potassic, propylitic  Qtz vein stkwks, Batu Hijau
0z monzonite (phyllic, AA) disseminations Grasberg
Bingham
Silica-saturated alkaline
Monzonite Cu-Au Potassic, sodic, Oz vein stkwks, Cadia
propylitic, minor breccias Red Chris
calc-potassic Goonumbla

Silica-undersaturated alkaline
Syenile Cu-Au Sodic, cale-sodic, Sulphide-only stkwks  Galore Creek
cale-pot, pot, prop minor breccias Mt Polley
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silica under saturated

16— alkaline e.g. Galore Creek
silica saturated

alkaline e.g. Cadia '

Ve

Na,O + K,0 (wt%)
@
|

high-K calc-alkaline calc-alkaline
e.g. Grasberg, Bingham e.g., Escondida, Chuquicamata

| | | |
40 50 60 70

Si0, (Wt%)
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THE OLYMPIC DAM ORE DEPOSIT :

COMMENCED ALMOST 1.6 BILLION YEARS AGO




3 Kifometres

Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

Sericitic/Silicic Alteration Modified from Hitzman et al. (1992)
Hematite - sericite +/- quartz breccia

\\ Lericitic Alteration
‘“ﬂ-xﬂ__ Hematite - sericite - carbonate -
. Co— chlarite +/- quartz
£ T e —_— 9

"\.\l

%’ot&ssﬁc Alteration
K. feldspar - sericite - magnetite

| guartz +/- biotite, actinolite, chlorite

VY /)
k‘w”‘. Sodic Alteration
MAWAaN © Brines assoc with CAM alt -
Fotassic Alteration hypersaline, 350-500°C
Enclosing Ernest Henry
Tl « Fluids assoc with HSCC -

lower salinity, <300°C, surficial origin
« But which of 2 fluids carried Cu, Au, U?
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hm-chl-mu-carb

regional a

Fluids, metals, sulfur - Fluids, metals, sulfur -
‘external’ and/or rock source magma source




Caracteristicas dos depositos minerais
Caracteristicas dos Fluidos

400 T T T T T T T
Hi-T brine, mt-
350 f stable, interm. i,
— o redox (or reduced) +
Fe, CuAu, H,S
300 [ | € —
20u | L eeeeertttm e,
'I'er'np’I 250 ‘A-'.:I_-* """"
oC o Hm-chl + ser stable,
200 [ ™= oxidized + CuAu, U, SO,? .
150 e
1001
50 1 [ | 1 [ ] 1 1 [ |

0 5 10 15 20 25 30 35 40

- o
‘from Skirrow, 2004) Salinity, eq. wt.% NacCl
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D
Seawater H,0 - Felsic
: I magmas _
-20 | /Meteoric .- Metamorphic
— {waters waters
€ ) Cloncurry
e — Cu-Au
g ------- >
- ] — Curn. regional
e -60 i
o Curn. Cu=-Au alteration
s
80 1
% e +Cloncurry
] H,0 - MORB ' ;regional
-100 - ', alteration
] | I'
Emmie Bluff v
] . .
] lympic Dam
-5 0 5 10 15 20

0'8Owater, per mil
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6
al e Lavra Velha
I Carbonato
2 marinho
0 -
m
(=)
o .2
2
o O
wo 4 F
6 F Carbonato
continental
8T
_10 3 u 2 2 2
0 5 10 15 20 25 30

5 "*O %o SMOW
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r\ | qvra Velha

Sulfeto
magmaético S ———————————————— Sossego

= Salobo
Igarapé Bahia
e  Candelaria

messs—m Eloise

West
Tenant Creek - p,,
E——— e O/ympic Dam
1 1 1 1
-5 0 +5 +10

6 34Ssulfeto (0/00)
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COMPOSITION OF INTRUSIVE ROCKS IN 10CG PROVINCES

A B
W x
x ® B "
104 L] g
] w 'lﬁ
. | ¥ o« kS
L] o L
a - a7 .,;.:‘.i.nl "ﬂell _,_x = h P g™ =? -t
= 8- =W - o ] +
+ [ ] [ ] L
3 - W L ++f = = = it M
z e + 4 & A4 " . X v T +
Q g OW e o w T z i -,
% ] Ve w o £ 57
{EL :h 34 n S | -+ N
[
4 ) w
< m Euraka Suparsuita 9 v = v 7
x Hiltaba Suite . v 7
3 W Copiapo plutonic complex -
£ Ol Salobo granite 17 v ¥
+ Estrela granite
0 T T T T T 0 T T T T T
50 55 60 65 70 =] B0 50 55 6O 65 To TS &0
S0, (wit. %) i, (wit. %)
C ]
5 4
500 .
2 x _|_+
5y
o 14 _ v Wl D +
s = E - '£+"-"
" 054 & 50 % ¥ 1+
2 . & v
i - Granitoits 3ssocianad T
0.2+ with porpinyTy coppar
daposifs 7]
0.1 4 5
5
0.05
44
u |:2 T T T T T T T T T T T T
50 55 60 65 70 5 a0 1 5 50 500

Si0, {wi. %) Y+Mb (ppm)
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Orogenic Gold Fluids

Temperatures ~ 250-400 °C

Pressure >1-4 kb

Fluid comp H,0-CO, + CH,, N,, H,S
Salinity <35-8 NaCl eq
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Oceanic
sulfate

1 Nome
2 Fairbanks district 1. 12
3 Mohawk mine, W

Fairbanks district
4 Juneau sed-hosted

9 Juneau igneous- hosted

6 Valdez Creek and
Windham Bay

7 Chugach terrane
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Chugach tﬂ"ﬂﬁf Mother Lode

Calif

] Juneau

Metamorphic gold belt
H,0

S Alaska Magmatic H,O
Inclusion
waters--

Tertiary MWL SAK, BC

10 0
5190 (%)
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T2. Lower harzburgite SZ.
First influx of G magma,
expands chamber, forms
basal hybrid layer

M-rich hybrid

Max sulfide
. accumulation in Basal PGE anomal y
Olivine cumulates fast cooling zone
near margin
T1. Top of v
dunite SZ.

xxx Disseminated sulfide liquid droplets

Peri Peri
sidewall

positio G-rich hybrid

" G-M hybrid .
s)um'pin.

S
o

T4. Orthopyroxenite
subzone. Continuing influx
of G magma largely by flow
along deep axis of
chamber, continuing,
expansion and sagging of

T3. Upper harzburgite
subzone, Continuing influx
of G magma, expansion
and sagging of chamber,
slumping of steep-dipping
sidewall cumulates, chamber, maximum
accumulation of Santa Rita accumulation of sulfides
sulfide zone. along Southern Deeps axis.
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Range N Nofil'sk-economic
e O Sk-Uneconocmic
MNonl sk-harren

—_— Reaglansediments
Raglan ure

— Kambalda-gadimants
Kambalda ore

Voisey s-Bay gneisses
Voisey's-Bay {3+=|'$i:f!’F

Langmuir BIF Langmuir ore




Ambiente de Fluxo de Fluido

(a) Gravity driven ]
2

Maximum flow rdte: 1—ib m yr !
f Hydraullc ¥

head
N S ——
- O o5 BB e
o
?‘ - — ———
& = —— e

Maximum flow rate: 0.1—1 m yr '

2 = z ression
:l'hrust terrane &4 i
= ey ==

\\\

(c) Thermally drlven| Mid-ocean - - P
= Ocean floor - ridge e - Exhalative "7 =
= Y A > = s vents 5
Q< =R L T
~ N ~ ~
\\ =4 ‘ \\/— Rl A <,
=3 < A R T e e RN I . f
| N .;:: = f =S ——— S
O — ~
[P 350 C isotherm -~

Maximum flow rate: 0.1—1 m yr !

__Intracratonic basin or rift ’i ——
\\") (' f' \,/ ‘\f' A ‘

B 200 (@]
kKm

(e) Dilatancy/fault driven | Maximum flow rate: =10 m yr '

'\,ﬁ =

\ — ~—

h)

: Earthquake 5 o
focus km

Normal f'a.LIt
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Ambiente de Fluxo de Fluido

Compressional [ transpressional environment Extensional environment
=] () < =~

Surface

Constructional (voicanosedimentary) stage
& post-orogenic exiension

Medaronic geds EPIZONAL:  Deposit formed af

B Of host rocks 7] Shear zone 1 to ~5km depth

- Ore bodies x briftle structure MESOZONAL: Deposit formed at
B oo T 5 to ~10km depth
+ 4| Cranitoid W\ ductile structure  pypozONAL: Deposit formed at

10 to ~20km depth

-4 ¥
+ « 4| Gneissic rocks
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Crustal-scale Deformation (1st Order Fauits)
OPATICA

Proterozoic iy :
L] sedimentary rocks [ Granitic rocks Deformation

zones
("breaks”)

Archean Archean
[ sedimentary rocks L] volcanic rocks
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123°E
EASTERN YILGARN CRATON

® >100t Au deposits
(world class)

Selected <100 t
)x\\ Au deposns

;\ Il‘\\

{
Ny

)
/
l/

/— Major o
-' A
Greenstone

belt AGSO

Granite /
gneiss

Golden Mile (1,200 ©)

Gold Deposit=Focused flow

of large fluid volume; controlled
by rock permeability and thus
crustal deformation



Caracteristicas dos depositos minerais
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TRENDS ALONG BOULDER-LEFROY SHEAR ZONE (BLSZ)

1477\ Paddington 0
'4.\_ \ / N ) £ < Mean Trend 165
158’

. Kalgoorlie

: Mean Trend 155°
N New

| %, Celebration

\ BLSZ
1y Anticlinal
* Crest
" Domain

St Ives

From Hodkiewicz (2003) —
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a 2 \ (\ Integrated vein system
3,
‘5@/0 [*+.] Interpreted vein continuity
SSta -
() Preferential fluid flow pathways
Ay S,
Wy, (o
(S
%o Vs

\"\’%z[/ ‘ \’/7%0 N

Eluid up-flow
direction
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Transpression: Hl%h Crustal Composite volcanoes develog
Permeability at R ers;

i above shallow magma cham
eleasing Bends (\Nb high potential for PCD formation

Releasing

Bend y
Thais 5". 5 \ ; >
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Condicoes de Deposicao

PRESERVATION

TRAP (& SEAL)

Sedimentary Sequence

ACTIVE PATHWAY(S)

FLUID RELEASE &
MIGRATION

Metamorphic Fluid

SOURCE(S)

Metamorphic Fluid

) Fluid from
after D. Groves 2 Q) *Subcreted Oceanic

Hydric Fluid from Mantle Crust
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* \Variagao de Temperatura

Curvas de
Solubilidade
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Condicoes de Deposicao

3 1000 — 1100
Q.
£ 100 e 10
25 e
% 10 - 1
@] == 2R
g 1 5 f___,.r»f'“" Zonamento Metallclto 0.1
5 Q9> of
E U. 1 !:;"’ i ,..--"'HF i = 0.01
G : //
= ROt . —0.001
5 ~~ | Zn-Pb-Au zone Cuzone | Cu-Auzone | Pyrite zone
O — | | i
| | | | |
150 200 250 300 350 400

Temperature (°C)

Au solubilty (ppb)
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increase oxide/sulphide ratio of plume particulates
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e Mistura de Fluidos

Mistura de Fluidos
Magmaticos reduzidos com ~ f.25 o S
Fluidos oxidantes | Py ) V) i

* 10CG

Litologia Alteragao

Vulcanica? (~2,09Ga;
E ( ) Sericitica

- Metagabro s
- Turmalina granito AN I Hematitica
porfiritico Mineralizagao

Magnetitica
° - Turmalina Granito Au-Cu - v
c

Calcio-silicatica

5 [: Microtonalito -

©
it
=2
=
2
]




Solubility of apatite (moles Iiterq)

N\

AN\

Caracteristicas dos depositos minerais
Condicoes de Dep05|gao

10~

1072

1072

16

107°

1078

Alteracao nas condicOes
de PH e fO2

Dep de Fosforltos

| 1

0.0001 0.001 0.01
Total oxalate concentration (moles Iiter“1)

0.1

Log fO,

—42

—45

—48

i
/

/100 ppb
/

/ 1 ppb

/ B Neutralization

_-Reduction

______

Oxidation

\
1 ppb\\

Pyrite

\
Acidification \

\\ \\ ,/
10 ppb', 100 ppb\/
\

Pyrrhotite

Z
\1
\

U}
~

-

Hematite

/
,’, Magnetite
/

8 10

12
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Chemical Trap=Homestake Fm BIF

a g EXPLANATION
Paleoproterozoic Rocks:

B Ore bodies

Xe Xe Ellison Formation

I Homestake Formation
[Xp] Poorman Formation

15 Ledgd

100m
Y\ Sample HM020 ]—
100m
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Cuiaba Mine

No. 3 level

N

Balancao Footwall

Galinheiro Footwall

GALINHEIRO & "

GALINHEIRO 43
EXTENSAO

FONTE
GRANDE
SUL

Galinheiro
Quartzo

BIF-hosted )
gold crebodies l'ﬂ by =
) e ] Ml
0 100 m

/ Thrust fault — ]

)'/,

Chemical Trap
Cuiaba Mine - QF

Gold orebody

Plunge of the orebodies
(L,=116/24-35)

"3 Level

11 Level

21 Level
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0.95— |
0.90— |

Mudanca de Fase: \ = I
8 /
<
o

Extragao rapida da Fase 600

Vapor e Enriguecimento

da Fase Liquida 500 : g?
(Boiling) ‘\1 / /
400 Isochores B

L9
N
300 ()’.?x<3 4
cp. l ﬂ o

200 (Gaud) ’//ﬁ o

= iz 05— |
<) 0

Pressure (bars)

100 27 O
L= Q’&?,A—0.0S’—"""
| =T Al |
100 150 200 250 300 350 400

Temperature (°C)
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Physical Trap=Intrusive Body in Metasedimentary Terrane
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Bladed calcite, typical product of precipitation by boiling
and Peo dIop (pH increase)

«:‘.:N e £

g Madjarove, vein or. 2, Bulgaria b O el 0 A Penthond CO0))
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Reactivity
(Fe x [Fe/Fe+Mg

GRANITE-GREENSTONE
BELTS

Felsic
Volecanics

High-Mg
basalts

Volcaniclastic/®
clastic sedimentary
rocks

Gneiss

Tholellﬂc.bault

komatiite

Andesitic
Porphyry

Foliated

monzogranite

| | |

1 2 3

4

Competency (tensile strength)

S

® Granophyric

dolerite

@® Dolerite
Dolomite-Qtz

k

Granodiorite

Monzogranite
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* Vein mineralization

s S ;§\\\t\§.|1|]| I:!!///

« Alteration

» Hopefully a mineral
deposit

* Fractional crystallization, fluid exsoln, & metal partitioning
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anig

Assimilation ——

of S-rich L — il #
sediments, v' 1)
sulfide k_ P, ‘ VAT AP e
saturation [

Cumulus Ple
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> 350 M oz Au
Mostly circum-

g - e ——
Pacific deposits Pebble
Yangtze River

Kal'makyr
Ovyu Tolgoi
Cadia

2 1 0.5

Mostly circum-

Pacific deposits )
Epithermal Au-Ag

Orogenic Au




Discussoes

Depdsitos minerais (de mesmo tipo) podem ocorrer
em diferentes ambientes tectonicos

Diversos depdsitos minerais compartilham
caracteristicas de fonte e composicao de fluidos
semelhantes

Modelos descritivos e tedricos sao insuficientes
para descrever todas as ocorréncias e depositos

minerais que podem ocorrer no planeta

Entretanto,



Discussoes

Distritos Mineiros compartilham algumas
caracteristicas:

1- Presenca de depositos de classe mundial
—> Fatores Criticos:

2- Reservatorios como Fonte de Fluidos (Crosta - Manto
enriquecidos) +

3- Estruturas Litosféricas para circulacao de Fluidos +

4- Condicoes para transporte, desestabilizacao de
Fluidos e deposicao de Metais & Preservacao =



Discussoes

Distritos Mineiros compartilham algumas
caracteristicas:

1- Presenca de depositos de classe mundial
—> Fatores Criticos:

2- Reservatorios como Fonte de Fluidos (Crosta - Manto
enriquecidos) +

3- Estruturas Litosféricas para circulacao de Fluidos +

4- Condicoes para transporte, desestabilizacao de
Fluidos e deposicao de Metais & Preservacao =

MINERAL SYSTEMS






