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THE UNDERSTANDING OF ORE FORMING PROCESSES
IS VITAL FOR THE PROPER AND SUSTAINABLE
MANAGEMENT OF GLOBAL METAL RESOURCES

[ aiso key to the enwronmental remedlatlon
—that must aecompany aII m|n|ng act|v1ty

—




BOTH‘"AT AN i -.BELOW ITS SURFACE

' w.leferent geologlcal pro(zessés (|gneous

hydroth |, sedimentary) give rise to very
'dlfferenthtypes of‘ﬁ eposits:,..

The various stages of earth history also gave
rise to differing styles of ore formation.....
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THIS LECTURE WILL ATTEMPT TO COVER 4 -
MAJOR PROCESSES...... \

1. Circulation of sea water through the oceanic crust
['black smokers’.and Cu-Zn-Pb massive sulphide deposits]

2. Concentration of metals in sediments linkec
to the "Snowball Earth*events: .
[Cu-Co ores of the Central African Copperbelt]

3. Granites and fluids along subdueting plate margins
[the ‘porphyry copper’ giants'of the Andes]

4. Basalt magmatism and fractional crystallization
[the Cu-Ni-PGE deposits of the Bushveld Complex]



1. OCEAN

exhalative vent
or ‘black smoker’.....first
observed 1977
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VOLCANOGENIC MASSIVE SULPHIDE (VMS) ..... mainly Cu and Zn
SEDIMENTARY EXHALATIVE (SedEX) ...... mainly Pb-Zn
(Troodos), Kidd Creek (Canada), Kuroko (Japan) —§ &
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This black smoker, from the East Pacific Rise, consists of a sulfide mound with
several actively venting chimneys. (© Woods Hole Oceanographic Institution)


http://www.amnh.org/nationalcenter/expeditions/blacksmokers/black_smokers.html
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Black smokers......a dramatic
example C.)f metal Anhydrite with © chimneys_*
precipitation by temperatur;/ some sulfide_

decrease
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....the classic ‘massive sulphide” mound model.....

Sea water
The development of black smoker chimneys, /
sulphide mounds and mineralized stockwork, /, p~
where hydrothermal fluids emerge from the \W ro\ A
ocean floor, the sulphide mounds are often i) s \———Porous to
fifty metres or more across - " lass porous
(-] \TL] ~~  anhydrite with

some sulphides

Anhydrite with ! Collapsed
some sulphide - 55 chimney 7 2 %

Impermeable
crust

Hot fluids (275-350°C) rising on fractures




Mediterranean Sea

Yus_———
N-_\gﬁ _//

/ Mavrovouni

m Nicosia

Skouriotisse

Alestos/Memi

Troodos complex
\

l |
0 10 20 30

km

w

AR

Mt Olympus
Paphos\y P
— ™\ Eﬁmassol
L

|
\ Famagusta

® Larnaca

|:] Basaltic pillow lavas

Sheeted dyke complex

- Gabbroic/harzburgitic
cumulates

® VMS deposits (Cu-Zn)

Y,
&
iy .
i f e
. g
- f : . v)l" ';
e o o A
> ¢ mj\i«" ( 4_’.’{_.!}'1-'“ ey
> ""»'( . "‘..‘."..,
f‘ ol g " v -
2
S

¥
K
Sidh AN {'
Ry A
w B el
- 4 vy ‘.'c\
-
3 - P

““Image © 2005 EarthSat

"
P AL v
0
'?’ s
’L..A ;

- _‘K
-
=5 voole



v
<
<
[
=
-
O
>3
"2,
O
Q
O
O
[+
-
LLl
L
-




ell as

- VMS de

RV

as w

2p




. . - »~ : - . ¥ 14 A f I
P N i - e .-J‘:s_...,"‘._z-....-—n'!-*"

2. THE ‘'SNOWBALL EARTH’ AND PREGIPITATIGN /
OF METK[SJ-N ASSOCIATED”SEDIMENTS =7
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REDOX REACTIONS......how do they work?

> ... . XIDATION S 'OSS
EDUCTION S cAIN....... of e-
> Oxidation....... U4+ - 2e- = U 6+
Cut - e- = Cu?*
(Increases uraniumj/copper solubility....
.. reduction precipitates uraniumj/Copper)

> Reduction....... Fe >t 4 e- — Fe 2+

(Increases iron solubility......
.. oxidation precipitates iron)



....the upwelling hypothesis

Before 2300 million years ago

Reducing Atmosphere 0, produced by
photosynthesis

Iron-formation
Deposition

Weathering
under reducing
atmosphere

Period 2200-2300 million years ago

0, produced by
Weakly Oxygenated Atmosphere photosynthesis

<4+— vn:0, P

Manganese-formation
Deposition

Weathering
under weakly
oxidizing
atmosphere







Also stratiform Cu-Co
mineralization in the
Central African
Copperbelt.....
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GLACIERS

The Snowball Earth

Palaeoproterozoic (2400 Ma)

Neoproterozoic (580 Ma - Varangian
620 Ma — Marinoan PC?
750 Ma — Sturtian GC?)
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The Snowball aftermath

CARBON DIOXIDE

Extreme greenhouse....
OXIC surficial conditions,
Cap-carbonates

HOT VOLCANO
SPRING



ENVIRONMENT FLUID REGIME

AVAVAVAVANRE S

SR  Cap carbonate SIS S S e S i S S D S A B Brief interlude of intense surficial oxidation

Glacial diamictite

(Sturtian)
VAVAVAVAVAS UL

Shallow marine BIF
“Snowball Earth”

SEIGES | :

; e metallite
Coarse graben fil QY W
(Cu-rich detritus) | ‘ o \j

Palaeoproterozoic
magmatic arc
(magmatic-
hydrothermal
Cu mineralisation)

Red beds

1950150 Ma
younger intusion



3. SUBDUCHIOIN RELATED GRANITE MAGMATISM
AND VOl

..... THE 'PORPHYRY%Cu MK - G CHILEAN ANDES

Oceanic crust

Continental crust

1
Lithosphere Lithosphere
AsthenospheN Asthenosphere






L Escondida Mine, CHILE

....and on top of them
sit some of the
great porphyry copper

deposits of the world.......

ASTER/VNIR, RGB=321 [2000/04/07] METY/ERSDAC
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MAGMAS CONTAIN VARIABLE AMOUNTS OF VOLATILES
(H,0, CO,, H,S etc) THAT EXSOLVE AT HIGH CRUSTAL
,LEVELS DUE TO PRESSURE DECREASE ......
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PRECIPITATION OF
PYRITE (FeS,) AND
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WHAT IS CRYSTAL
FRACTIONATION?

...as early crystals form
and settle to the floor
of the magma chamber,
the residual magma
changes composition....

...S0 later crystals also
change composition,
ultimately forming a
‘layered intrusion’

- Accumulation of mafic minerails . -




The Bushveld Complex

N1
POL OKWANE
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Johannesburg Northern Limb l

MOKOPANE k

SOUTH AFRICA

Cape Town

Northam

Western Limb Dwarsrivier

Bafokeng Rasimone

Rustenburg Plats astern Limb

RUSTENBURG
Kroondal

Pilanesberg Intrusion Marikana
Granite

Bushveld - mafic-ultramafic rocks
Transvaal Sediments

Archaean Basement o o Kilometres




THE BUSHVELD COMPLEX
CONTAINS >80% OF THE
WORLD’S PGE RESERVES AND A
SUBSTANTIAL PORTION OF ITS
CHROMIUM RESERVES....
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Cooling sill

Chromite ore
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...Sulphide immiscibility
and partitioning of
siderophilic metals (Cu,
Ni, PGE) into the
sulphide globules which
tend to coalesce at the
base of the magma
chamber......

...a potentially very
important ore-forming
process...

eg. Merensky reef (PGE)
Sudbury (Ni-Cu)
Kambalda (Ni-Cu)
Norilsk (Ni-Cu)

magma chamber

sulphide
droplets

Pt (K=10,00

Cr

pyrite (FeS,)
chalcopyrite (CuFesS,)
pyrrhotite(FeS)-pentlandite(Fe,NiS)
PGM’s in sulphides




METAL DEPOSITS FORM IN RESPONSE 2
TO SEVERAL DIFFERENT PROCESSESS AND
OCCUR THROUGHOUT GEOLOGICAL TIME...

tectOnics granite and basaltic magma‘tism,?f :
~___hydrothermal fluid flow, redox contrﬁls
= _i:stal f_ractlonatlon -fetc;-»v — —




