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Black Flag Group felsic volcanic, volcaniclastic and
clastic rocks + sub-volcanic intrusions

~2.69 — 2.66 Ga

Au Mineralization ~2.66 — 2.64 Ga

Compositionally specialized hbl-plag- to plag-
porphyritic felsic intrusions (‘porphyries’)
~2.67 —2.65 Ga

Lamprophyres ~ 2.67 — 2.64 Ga
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Fig. 4 Near-K-edge spectra (XANES) of the samples in Fig. 1
The 15— 3d feature is &1 ~7,111 ¢V. This feature has s maximum
intensity of ~6% of the edge step in structures with mostly Fe'*
on @ tetrahedral site, but 2% o less in all octanedral structures
examined. Resolution is ~2.0 eV. Data recorded with silicon (111)
maonochromator crystals.

Masshauer 1S values, because such a highly distorted site would
be much lsrger geometrically than, for example, the octahedral
spinel Fe’* sitex and thus yield a larger 1S. Hence both Mass-
bauer parameters and the XANES pre-edge feature intensity

MgSiO; glasses'™ . Melt lations'*'* have also predicted
tetrahedrally oooldmamd Mg Uur usullﬁ on_iron reinforce
the pred of d Mg*" in melts and
polm o the ibili of P induced

changes for Mg®* in melts in the upper mantle.

This work was supported by NSF. The EXAFS/XANES
analyses were carried out at the Stanford Synchrotron Radiation
Laboratory, which is supported by DOE and NIH. We thank
J. Stebbins for advice on glass preparation and M. Brandriss
for assisting with the preparation and microprobe analyses.
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Do lamprophyres carry gold
as well as diamonds?

Nicholas M. S. Rock & Davyid L. Groves

Department of Geology, University of Western Australia,
Nedlands 6009, Australia

Diamonds are now known from kimberlites, lamproites and alka-
line and ultramafic lamprophyres. Here we point out that these
rocks are also significantly eariched in gold, as are calc-alkaline

are consistent with the EXAFS results, and coll y venfy
Fe®* in dominantly tetrahedral sites,

The Fe'' in the silicate melt compositions in this study must
therefore act as network formers, or belong to tetrahedral free-

The average gold abundance in lamprophyres seems
to be at least an order of ma
igneons rocks, and many individs
higher. This high gou content may reflect two factors: (1) lam-

ion complexes, ‘Modifier” sites are also a bility, though
with a smaller oxygen coordination than the 6-8-fold value xhul
5 usually assumed. Of the other two powmlmcc mc frec -hon

complex is more likely to have ax

tap deep regions of the Earth—regions
not only where diamond is stable, but also where gold may be
maore enriched than in the source regions for other igneous rocks:

Waseda' observed in melis with higher FeO and lower Si0,
content. Furthermore, the stoichiometry of our melt samples
is consistent with a complete network, with a ratio of tetrshedral
network formers to oxygens near 1:2. llvcnuu of this lh: forma-
tion of free-ion would

imbalances throughout the melt, which are energetically
unfavourable.

We therefore conclude that Fe*' in our glasses and melts is
anetwork {omm contrary (o popular assurnpuon“ ', This leads
to the i of g duced changes from
four- to six.coordination for Fe*' in sulu:ale melts in the upper

2) magmas are suitable carriers of gold from depth
because, in their high CO,, H0, F, K, Rb and Ba bat mederate
S conteats, they closely mirror fluids actually known to deposit
gold veins in the crust. Most types of lamprophyre rise rapidly
enough from great depths to retain any dinmond and gold, along
with rich mantle-xenolith sultes. Calc-alkaline lamprophyres, on
the other hand, underge extensive crustal interactions which cause
them to pick up crustal xemoliths, and to lose any diamond and
mantle xevoliths along with at least some of their gold; this last
may account for their association with mesothermal (for example,
Archacan) gold deposits,

lamprophvrﬂ are a diverse ‘clan’ of mafic to ultramafi

mantle. This would be to Waff's'!

tion change for Fe'™, but more nsmﬁum, as Fe'* is 2 minor
weues by comp.trlson Such a ooommauon chnngc would
ps for the mels,
probably Mth chmgcs in \ncomy, demxly compressibility and
solid phases stable on the liquidus. Mg*' is a more common
ion in the upper mantle which, being somewhat smaller, is more
likely than Fe*' 1o enter tetrahedral coordination in melts. Mg
exists in tetrahedral coordination in some silicate crystals (such
as melilite). and can be interpreted as four-coordinated in

. volatil ch alkaline igneous racks, here taken
1o include kimberlites®, as well as the more traditional® groups
of cale-aikal phyres (such as mi *, alkaline lum-
phyres (such as i
(xuch as alndites)® and lamproites’. Their economic interest
springs first from their Assuclnlmn with dumonds {now
in both " and
(refs 1, 6 and unpublished Au‘lralun company da!ai u well
asin Iumberlncs and lamproites™'*, and also from a spatial and
temporal jon between culc-alkal and

Do lamprophyres carry gold
as well as diamonds?

Nicholas M. S. Rock & David I. Groves

Department of Geology, University of Western Austrabia,
Nedlands 6009, Australia

Nature 1988 v. 332 no 6161
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The ‘porphyries’ — very
common in DDH in the
Kalgoorlie—Kambalda
region
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Calc-alkaline lamprophyre Sanukitoid
MAFIC e ? Are they genetically related ---------- FELSIC
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Early perspective — sanukitoids as primitive as regionally occurring lamrophyres
and hence cannot be related. Thus the high-Mg# of sanukitoids must indicate
direct derivation of these felsic rocks from the mantle (lithosphere)




75

Samples from
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For GEOLOGICALLY RELATABLE groups of lamprophyres and sanukitoids,
the lamprophyres are clearly potential parental magmas to the sanukitoids.

So the sanukitoids we see are NOT direct melts of lithospheric mantle, they are
the products of fractional crystallisation from primitive lamprophyre-like melts.



— Lunnon
| Basalt
©
2 R R N R
©
4 Devon Consols
- Basalt
©
S
w
24 Paringa
Basalt
'4 1 1 1
50 60 . 70
asSio,
RHS1164 13.02.19

® Lamprophyre
A Sanukitoid



Calc-alkaline lamprophyre » Sanukitoid

Hornblende(—apatite) fractionation
MAF'C (melting of lithospheric mantle) (=ap ) >

EGST lamprophyres are probably genetically related to the sanukitoids (including
the ‘porphyries’ that intrude the Kalgoorlie Group)...... perhaps unsurprising!!



Calc-alkaline lamprophyre » Sanukitoid

Hornblende(—apatite) fractionation
MAF'C (melting of lithospheric mantle) (=ap ) >

EGST lamprophyres are probably genetically related to the sanukitoids (including
the ‘porphyries’ that intrude the Kalgoorlie Group)...... perhaps unsurprising!!

Compositional evolution within the sanukitoid series occurs within the crust !



Calc-alkaline lamprophyre » Sanukitoid

Hornblende(—apatite) fractionation
MAF'C (melting of lithospheric mantle) (=ap ) >

Black Flag Group ???
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BFG volcanic and sub-volcanic rocks are:

» the eruptive or near eruptive equivalents of sanukitoid

* NOT TTG-like or ‘adakitic’ magmas

« distinct from typical Archean felsic suites of the EGST

* NOT derived through melting mafic crust

« derived through fractionation (in the crust) of lithospheric

mantle melts.

We are looking at the highest level in a huge
(crustal-scale), long-lived sanukitoid magmatic

system.



Calc-alkaline lamprophyre » Sanukitoid

Hornblende(—apatite) fractionation
MAF'C (melting of lithospheric mantle) (=ap ) >




Calc-alkaline lamprophyre » Sanukitoid

Hornblende(—apatite) fractionation
MAF'C (melting of lithospheric mantle) (=ap ) >
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Black Flag Group = sanukitoid — a massive, crustal-scale,
multi-phased, sanukitoid magmatic system.



So what Is, or why Is there, this clear and
significant relationship between these
magmas and Au mineralization

f?



Simple

Lamprophyres, sanukitoids
and Au mineralization all like
to hang around big cracks!




Petrological Constraints on Crystallization The primary mineralogy and QQOChemiStry
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Southeastern Amazonian Craton, Brazil .. .

| sanukitoids are amongst the most volatile-
rich Archean magmas that we know of.
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1) Explicitly implicate close proximity to a translithospheric crack, that has tapped volatile-
rich mantle

2) Primitive magmas derived from the mantle but sanukitoid/BFG series represents
fractionation in the crust

* Very wet and oxidized primitive magmas
fractionating to the dacitic (and even
rhyolitic) compositions of the BFG
reduce in volume but give off a large
amount of volatiles.

« Even if primitive magmas (i.e.
lamprophyres in dykes!!) don’t carry Au,
there is the huge potential for net
transfer of metals towards the surface in
a series of punctuated and overlapping
magmatic/hyrothermal events.

hydrated and enriched
mantle lithosphere
(peridotite)

RHS1160 09.11.18
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>90% Low-Ca and HFSE granites
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Fractionated sanukitoids?

>90% Low-Ca and HFSE granites
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Zircon compositions preserve magmatic heritage

Increasingly hydrous & oxidized

>

Zircon (Eu/Eu¥)
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Zircon (Yb/Gd)

Increasing differentiation

Lu et al., 2019 submitted to Nature Geoscience



