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

| also key to the enwronmental remedlatlon
* that must- aecompany aII m|n|ng act|v1ty

—




UNDER?FANB% q PROCESSES

PROVIDES ﬁE GISIFS WITH FASCINATING

. “INSIGHTS INTO THE WORKINGS OF THE EARTH
+.BOTHAT A AND BELOW ITS SURFACE
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leferent geolé‘ |caI processes (igneous,

hydrothermal, sedimentary) give rise to very

different types of.ore deposits....



THIS LECTURE WILL DESCRIBE 3 GEOLOGICAL ~
PROCESSES THAT GIVE RISE TO ORE DEPOSITS...... -

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

2. Granites and fluids aleng subducting plate margins
[the ‘porphyry copper’ giants of the Andes]

3. Basalt magmatism and fractionals€rystallization
[the Cu-Ni-PGE deposits of the Bushveld CGomplex]



1. OCEAN

exhalative vent
or ‘black smoker’.....first
observed 1977



DRFEAD D RO ¢
PA AND DIAN OCEA OME 0 0
Udlil U Cd dlCI PDc Ou( > cd Cda
IS
S o
= e
£ North Ameérican N w
Eurasian plate *5eas , Plate &7
o LN =
. %e ....$0 )
J P3P . 4 2.
. s Juan de_ 38 % E
C7ZEAN Fuca plate &%, % T
o0 o ° E
o e K CRNG) A
171 q&b Q{r}a:‘ L\& . H ° Carlllé)]beean
awaiian
. Phidl = “< chain o 5 .:0‘2'@g SN
O offale Y15 Pacific plate Cocos .
plate ‘ |,.1--‘
oo :E' South
-85, 0% ° AR gAmerican
7 ° o 04 > e plate
So\Se o 5 Nazca 2
e F L) <=_Ta=~ Pplate o
.z‘ A ° L]
Australian-Indian o Qbo“,' =
plate N o
ﬁ OPo o ¢
& :. . ® e () D.D. ® ..AO.
i Scotia
(J ® o o°
N Antarctic plate  $

rican '\
Aplate

Somalian
surl;] ate 257

W _aaks

\== Spreading ridge & transform faults _» Converging plate boundary

e Earthquakes

A Active volcanoes

3 ,0”



), Kidd Creek

! .



http://www.amnh.org/nationalcenter/expeditions/blacksmokers/black_smokers.html
http://www.amnh.org/nationalcenter/expeditions/blacksmokers/black_smokers.html

....blind crabs
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....the classic ‘massive sulphide” mound model.....

Sea water

The development of black smoker chimneys,
sulphide mounds and mineralized stockwork,
where hydrothermal fluids emerge from the

ocean floor, the sulphide mounds are often :
fifty metres or more across. by 'y " lass porous

anhydrite with
some sulphides

Anhydrite with A b Collapsed
some sulphide ——.1 1= chimney {l; "y

Impermeable | £ = —
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Hot fluids (275-350°C) rising on fractures
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2. SUBDU N RELATED GRANITE MAGMATISM
AND VOE

..... THE 'PORPHYRY%Cu b CHILEAN ANDES

Oceanic crust

Continental crust

=1
Lithosphere Lithosphere
AsthenospheN Asthenosphere






L Escondida Mine, CHILE

BN

....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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The Bushveld Complex
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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
CONTAINS >80% OF THE
WORLD’S PGE RESERVES AND A
SUBSTANTIAL PORTION OF ITS
CHROMIUM RESERVES....
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MERENSKY REEF.....pyroxene and plagloclase with |nterst|t|al
‘Cu-Ni,sulphide minerals E
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magima chambper

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

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

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

pyrite (FeS,)
chalcopyrite (CuFeS,)
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,‘?k :
~___hydrothermal fluid flow, redox contrels
= _gstal ftactlonatlen Ete — —




