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Apatite, a promising indicator mineral Abundance of apatite (and iron oxides) in layered intrusions

Main features Apatite and oxides typically crystallise late as cumulus phases from evolved tholeiitic melts. They occur towards the top of layered intrusions (e.g. Upper Zone
of Bushveld Complex) or at the end of differentiation cycles (e.g. MCU | and MCU Il of Sept-lles). Crystallisation can be triggered by the phosphorus saturation of
the melt (Tollari et al. 2006), or liquid immiscibility (Charlier et al. 2011). Additional processes (e.g. liquid immiscibility or gravitational settling) are required to
concentrate apatite and oxides (nelsonite) as Fe-Ti-P mineralisation (Charlier et al. 2011, Tollari et al. 2008).

Apatite is a weathering-resistant mineral found in most igneous, sedimentary, metamorphic and
hydrothermal rocks. It can be associated with barren or mineralized rocks, or even form part of the
mineralisation (e.g. Fe-Ti-P and iron-oxide apatite (I0A)).

Apatite can incorporate more than 39 different elements (including the REE) in substitution. However, apatite also forms throughout the unmineralized parts of the intrusion, from the more primitive rocks (intercumulus apatite, which crystallizes from
Its composition primarily depends on magma composition and partition coefficients. trapped liquid) to more evolved rocks (accessory apatite in A-type Sept-lles granites)

Provenance indicator: sedimentary studies, host rocks (0’Sullivan et al. 2020) Need to assess the chemical differences between apatite from mineralised and unmineralised parts of layered intrusions
Uses of apatite ndicator mineral for exploration (Mao et al. 2016)
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Petrogenetic indicator: track magmatic processes

Problematics

Several processes may modify the apatite chemistry during and/or after its crystallization
L Do they hinder or help the use of apatite as an indicator mineral for exploration purposes ?
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Apatites can occur in mineralised (Fe-Ti-P) and unmineralised parts of layered intrusions
> These apatites have not be taken into account by previous indicator mineral studies.
Is their geochemical signature distinct from apatites from other types of rocks and deposits ?
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Mineralised zone: nelsonite (30 % apatite + 70 % iron oxides)

Magma input /\ Massive nelsonite (97 vol.%) Semi-massive nelsonite (57 vol.%) Disseminated nelsonite (29 vol.%)

Why is this study innovative ?

Mafic layered intrusions are natural laboratories to study the effect of magmatic processes on apatite ey
chemistry. They crystallized under different conditions (e.g. magma source, fO:), so we can also assess
their effect on apatite chemistry. -1 500 -
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New analyses of apatites from mafic layered intrusions (e.g. Sept-lles, Quebec; Bushveld, South Africa;

Sudbury Igneous Complex, Ontario) -2000 7
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Comparison with existing datasets and discrimination diagrams (host rock / deposit type) -2500 -

Sept-lles Layered Intrusion

. Unmineralized
AIms Provide a new indicator mineral tool for exploration of Fe-Ti-P in layered intrusions -3.000 - <8%ap

Improve discrimination of apatite, provide framework for mafic rocks without stratigraphy (e.c. amca)

Methods

Eletron microprobe (Laval University): volatile content (F, Cl). Conditions of 15 kV and 10 nA with a 10 um beam size to
minimize F migration. Data within 2.2 % and 3.2 % precision for F and Cl respectively Namur et al. (2012) & m—— ——

LA-ICP-MS (LabMaTer, UQAC): trace elements. Use of NIST610 to calibrate with Ca (probe). Monitors are NIST612, GSD, X refract.
GP10-GPMAPS and UQAC-APA. Data quality is within 0.2-4 % precision and 0.2 % accuracy Pl, Ol, Cpx

Crystallization from trapped
liquid: apatite show an
irregular shape

<1 %vol.
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Apatite records differentiation processes Intercumulus apatite is different from cumulus apatite

Sept-lles Layered Series and granites are the result of protracted fractional crystallization of a tholeiitic basaltic melt (Namur et al. 2011) Intercumulus : e more REE-Y, Th, U, As and V 500
Previous work proposed to use the REE increase to track fractionation (Tollari et al. 2008) L trapped liquid is more evolved

Bushveld Complex (South Africa), Upper Zone see *Legend

Here, we display apatite chemistry according to the anorthite content of plagioclase, which is an estimate of the degree of o less Sr
differentiation. Other elements can be used to track differentiation and apatite from mafic rocks is different to felsic rocks. e more pronounced negative Eu anomaly (and less Sr) Cumulus

Increase of REE, Th, U, Pb, Ti, As, Nb, Na, K and negative Eu anomaly Increase of U during differentiation towards granites L possible effect of plagioclase crystallization
Decrease in S, Ba, V and Mg with differentiation 100
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Bushveld Complex (South Africa), Upper Zone see *Legend
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Apatite / chondrite (Sun and McDonough 1995)
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Apatite / chondrite (Sun and McDonough 1995)

15 samples
n=159
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Apatite as an indicator mineral for exploration narease of

negative Eu anomaly

Can we discriminate apatite from mineralised and How do apatites from layered intrusions compare to other types of rocks and deposits ?

[} ® ?
unmineralised rocks : L Apatites from layered intrusions do not fit in existing discrimination diagrams, because they were not part of the dataset

L Apatites from massive mineralisation are enriched in Mn: o S . o o . *Legend
possible reequilibration with ilmenite Existing discrimination plot for types of rocks Existing discrimination plots for mineralisation styles (principal component analysis)

Nelsonite component
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