Metals in the Mantle & Cratons

MetallogenesisHow metals become mineralised
through space and time

7 N

1 caratOrapadiamond (blue) with multiple sulphide inclusions (red) shown as 3D volume rendered false colour image from uCT Hannah Hughes l ! I
Clip available from McDonald et al. (2017)
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Criticalraw materials

& green/technology metals Critical raw materials are those

with vulnerable supply due to
their production being
dominated by one or two
countries and  susceptible
economically/ politically driven
fluctuationsin supply

Green or W¢SOKy2$ 213t
are those whose availability are
essential for green or digital
technology

Thislist is not exhaustiveand there are a plethora of terms/definitions. Formore information clickhere.



https://mmta.co.uk/glossary-of-minor-metal-terms/

Geochemical behaviour

highlysiderophileelements and chalcophile elements
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Mineralisationin the crustisthe culminationof
many factors from the source region of the
magma/metalsto the locationof WRSLIJ2 & A U A 2
of the ore body.

Whilst the main concentratingevents
that lead to mineralisation are
predominantlycrustalprocessege.g.,
magmatic differentiation, S
saturation, etc) the fertility of the
sourceregionis important. Thelower

the concentration of metals in the
sourceregion,the more W dzLJ3 Ndis R A
requiredby later (crustal)processes

Smum Thus by understanding the principals dictating

source composition and fertility, we may feed into
mineral exploration models




Partial melting of the mantle

During partial melting,
the most fusible minerals
will melt first:

clinopyroxene sulphides

In a partial melting model
there will come a point
that sulphides  will
becomeexhaustedin the
source

As sulphideshost most of
the chalcophileelements,
they control the budgetof
these elements in the
meltsthat are formed.

Exhaustion of sulphides
means no significant
input of  chalcophile
elementsin the melt and/
dilution of theseelements
with continuedmelting.
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How do we know how much metal
IS In the mantle”

volcanic chain

subduction

Modelling
Empirical

A Meteorites C Mass balance .
calculations to estimate Bulk = %o, | a0
i il e, _ - A Mantl lith
SilicateEarth(BSE)etc - antle xenoliths
P A Inclusionsn diamonds

B cimberite T~ X i

A Igneous rocks C Wdzy R2 t]
fractionation via modellingand | bsalveciogite
estimatesourcecomposition lithospheric mantle

Observe and analyse mantle
sulphides

convecting mantle c . -
X Assumedomogeneity ’ X Bewilderingdetail

Image creditsTappert& Tappert(2011);Diamina C. AMacris Meteorites.tv;PaulWignall



Metal budget above subduction zones

i Partial melting of mantle
peridotites releasesbase metal
Hydrothermal Ephaiial depoutis sulphides and their metal
alteration m . -
Sea level . budget into silicate magma
betholities compla generateX

Feederdlkes XBut what proportion of these
Continental crust .
metals become trapped in the
lithospheric mantle and lower
crustduring magmaasceng

Lower crustal

MASH or “hot zone” A
4 ~600°¢.

Pyroxenitexenolithsare material
from the melting, assimilation,

~ lmge| storage and homogenization
Subcontinental , ’ .
—_manieiospree| O Wa ! { | Zane  overlying
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Image : Richards (2011)



Metallogenesis

Spatial patterns for mineralisation

V Associatiorwith
Archaean crust

cratons
A Ni-CuPGHleposits
preferentially located
near craton margins

V Associatiorwith
mantle plumes

Isthis a biased preservation

potential of Archaean/
Palaeoproterozoitarge
layered intrusion
deposits(in a stabilized
cratonicsetting)?

X 2NJ OKSYAOL!
interaction between the
plume and craton?
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Source region metal concentrations

Mass balance for deep plume:
Incorporating ~ 0.5% outer core material = 2.5 x mantle concentration of PGieplume material
Andersen et al. (2002)
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Crust

Work of Jordan J. Lindsay

Theconcentrationof metalsin the
sourceregionthat is beingmelted
will differ ¢ whether this be the
lithosphere or asthenosphere
(shallowor deep)

Is the concentration  of
chalcophile elements consistent
throughout the asthenosphere?

There is even a debate as to
whether deep mantle plumesmay
incorporate componentsof outer
core material Highly siderophile
(and thus chalcophile) elements
exist in much higher
concentrationsin the core than
the mantle,

If deep plumes W { FntdQouter
core material (originating from
the 5 € Layer) this could
significantlyupgradetheir fertlllty
for somemetals.




The empirical approach

Close up view of sulphide inclusion within 1 c&natpadiamond (3D volume rendered false colour image from pCT). Inclusion approx. 80um wide. l ! l
Clip available from McDonald et al. (2017)




There are mantle sulphides and then there
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Sulphide inclusions in diamond
Peridotite (Ptype) vsEclogite(Etype)
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Diamondsmay be P-type (derived from a peridotite) or Etype
(derivedfrom an eclogitg. Both P- and Etype diamondsmay have

sulphideinclusions

Thereappearsto be a systematicdifference in the metal budget

of P- and Etype diamondsulphideinclusions
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McDonald et al. (2017)
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@ Bulanova et al 1996 - Yakutian P-type
diamonds

» Aulbach et al 2012 - Diavik Mine
(Slave Craton) E-type diamonds

B McDonald et al. (2017) Orapa E-type
diamonds




Cobalt: terranescaletrends
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Xenolith suites
Loch Roag (LR), Rinibar (RNB), Streap Com'laidh (STP)
Coire na Ba (CnB), Colonsay (COL), Islay (ISL)
Hillhouse (HH), Patna (PNA)

Weaklaw (WKL), Fidra (FDA)
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In situ analysesof sulphidesfrom spinel Iherzolite

mantle xenolithsin Scotlandshowtwo trends:

A North of the Great Glen Fault (GGF*)have ppm
levelsof Ca

A Southof the GGFavewt.%levelsof Ca

Hughes et al (2016) I—!—J
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Criticalraw materials

& green/technology metals

Thislist is not exhaustiveand there are a plethora of terms/definitions. Formore information clickhere.
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Critical raw materials are those
with vulnerable supply due to
their production being
dominated by one or two
countries and  susceptible
economically/ politically driven
fluctuationsin supply

Green or W¢SOKy2$ 213t
are those whose availability are
essential for green or digital
technology



https://mmta.co.uk/glossary-of-minor-metal-terms/

Critical metals  «.,
X Fdzy FI Ol a

Clickon any of the chemical
symbols to find out more
about their uses in
technologyandour lives

Formore info see http://www.rsc.org/perioditable
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US $ oz

Metal prices

Platinum & Palladium price

Platinum, Palladium

mMonthly Average prices between 01 Jan 2000 and 10 Feb 2020
JM Base Price $/0z

Platinum average: $1,091.90, Palladium average: $604.72
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Formore info see http://www.rsc.org/perioditable
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Co is used to make magnets (particularly
powerful when alloyed with Al and Ni). Co
alloys are also used in jet turbines and gas
turbine generators . Co metal is used in
electroplating and Co salts as a pigment .
Radioactive  %Co is used in cancer
treatment . Of course of major interest for
green technology, Co is a fundamental

component in many batteries and energy
storage systems.




ritical metals A
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Bi alloyed with Sn or Cd has low
melting points and is used in fire
detectors and extinguishers , electric
fuses and solders. As an oxide, Biis
used as a yellow pigment for paints
and BICIO for a pearly effect in
cosmetics . As a carbonate, Biis used
to help indigeston as O bi sm
mi xturebd

Formore info see http://www.rsc.org/perioditable
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Critical metals - .
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Formore info see http://www.rsc.org/perioditable
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Se is currently mostly used in glass making
(to reduce transmission of sunlight or as a
pigments) . | t é@lso toxic to scalp fungus
and thus wused in some anti-dandruff
shampoo . As a critical metal, Se is both
photovoltaic  (converts light to electricity)
and photoconductive  (electrical resistance
decreases with increased illumination) so
it & fundamental component in
photocells / solar cells (and photocopiers!)

Formore info see http://www.rsc.org/perioditable


































































































































































