Cu-PGE vs Cr-PGE mineralization in Alaskan-type mafic-ultramafic intrusions
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INTRODUCTION Tulameen sulphides Platinum group minerals POLARIS CHROMITITE Cr-PGE vs Cu-PGE ENVIRONMENTS
Alaskan-type ultramafic-mafic intrusions in convergent margin settings, Magmatic sulphides in the Champion zone are hosted by hornblende The Early Jurassic Polaris intrusion (below) is a zoned, sill-like body Chromitites In the Tulameen and Polaris intrusions are primarily The textural features taken as evidence for remobilization of hot,
distinguished by a lack of orthopyroxene, are well represented in the clinopyroxenite, hornblendite, and magnetitite. The principal Cu-Fe with dunite(-chromitite) cumulates prevalent near the base (east) and hosted by dunite and are invariably remobilized. Their platinum variably consolidated ultramafic cumulates at Tulameen and Polaris are
accreted arc terranes of the northern Cordillera. Although known world- sulphides (<2 vol. %) are chalcopyrite and lesser bornite, minor more evolved hornblende-bearing rocks towards the roof (west). abundances reach 9.3 g/t Pt (Pt/Pd ~127) but are heterogeneous. common to many other Alaskan-type intrusions. Formation of the dunite
wide for platinum occurrences in lode and commercially exploited pyrite and rare pyrrhotite, sphalerite, acanthite(?), and platinum Zones of Intermingled ultramafic cumulates, minor breccias and - s W —— core involves episodic recycling of early formed chromitite-olivine
placer deposits, four of these intrusions (named below) contain group minerals (PGM). Whole-rock abundances of PGE attain 1.9 g/t dikes represent remobilized cumulates in variable thermal/rheological cumulates and their redeposition in deposits of mixed age and heritage.
orthomagmatic Ni-Cu-PGE sulphides. The nature and environments of Pd+Pt with Pd/Pt~1.5. states, features that may reflect magma recharge processes like those Peripheral, syn-magmatic avalanche deposits and coherent zones of

Inferred for Tulameen. (Ni-)Cu-PGE sulphides occur in the more
evolved ultramafic and mafic rocks, and comprise mainly pyrrhotite
and chalcopyrite with minor pentlandite, pyrite, and rare bornite.

sulphide-PGE and chromite-PGE mineralization at Tulameen and Intermingled ultramafic cumulates reflect gravitationally driven

Four main textural associations are illustrated below: 1) magmatic movement downslope In the cooler sidewall environment.
Inclusions (<50 um) In hornblende, magnetite, and clinopyroxene; 2)
Interstitial sulphides; 3) sulphides recrystallized during greenschist

metamorphism; and 4) a late, localized pyrite overprint.

IUGS Classification
Ultramafic Rocks

Low-volume, disseminated (Ni-)Cu-PGE sulphides at Tulameen and
Polaris are restricted to the more evolved clinopyroxene-rich cumulates.
In both cases, the first appearance of sulphides is closely linked to
magnetite crystallization in evolving parental magmas. Magnetite
fractionation depletes residual silicate liquids in ferrous and ferric iron
thereby promoting sulphide saturation and segregation of an immiscible
sulphide melt. Thus, this intrinsic process induces formation of
magmatic sulphides, obviating the need for wallrock contamination.
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Polaris intrusion (Early Jurassic)
I:I Felsic intrusions: pegmatite, syenite, quartz
monzodiorite
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granular palladium antimonide (mertieite, me) associated with chlorite(chl) and
copper silicate(Cu-sil) in hornblendite (left); and mertieite with chlorite-epidote(ep)-
titanite(tn) in magnetite(mt)-ilmenite(ilm) hornblendite (right).

hornblendite
I:l Chaotically intermingled ultramafic unit: wehrlite,
olivine clinopyroxenite, dunite

Polaris: remobilized, semi-coherent block of layered chromitite (Chr) indunite (Du)
cut by late dunite dikes (left); chromitite schlieren in dunite cut by dunite dike (right).
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|:| Olivine clinopyroxenite, clinopyroxenite

I:l Undifferentiated olivine-rich wehrlite/wehrlite —

Magmatic inclusions

TERRANES
PR | Pacific Rim

\:' Dunite (+minor chromitite)

\:l Hornfels: variably foliated metasedimentary/
volcanic rocks, minor gabbro and diorite

CR | Crescent

AX | Alexander \\\ Host rocks N

Nicola Group (Upper Triassic)
mafic volcaniclastic and sedimentary rocks

Lay Range assemblage (Mississippian-Permian)
metasedimentary/metavolcanic rocks

I:I Big Creek group (Devonian-Permian)
sedimentary rocks
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BR [ Bridge River

Undifferentiated rocks (Cambrian-Devonian)

EXPLORATION TARGETING

Exploration challenges include:

Atan, Razorback, Echo Lake groups

cC [ Cache Creek ‘ Prince Ingenika Group (Upper Paleozoic)
MT | Methow George( )\ \

CcD | Cadwallader

HA | Harrison Lake

CK | Chilliwack

> |low-volume (NiI-)Cu-PGE sulphide mineralization requires
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ST | Stikinia Z Fomousonsony Tulameen: remobilized and deformed chromitite (Chr) schlieren in the dunite (Du) mtenS'V_e_ geOChemlcal sam_pllng of the more fa\_loura_ble rock typ_es.

i Quesnalia Pacific 7 e core of the intrusion. magnetitite and hornblendite at Tulameen; olivine clinopyroxenite at
- [l sice Mountai Okein . o Polaris.

YT | Yukon-Tanana 4 s & Thrust fault
-+ Normal fault

¢ Sulphide locality

Magnetite(mt)-hosted inclusions of chalcopyrite(cp)-pyrite(py) in hornblende s

clinopyroxenite (left); and chalcopyrite-magnetite-bornite(bn) altered to covellite-

Ancestral North America

O Chromitite locality

> chromitites with significant PGE-alloy mineralization are typically

Magma Recharge Model

CA | Cassiar ® Alaskan-_type mqfic- ) ] ] ] ] B k_ d | I f - I I | I | h | : = - 0 1 2 3
ultramafic intrusion digenite (cv-da) in hornblendite (riaht). ack-scattered electron images of composite inclusion of chalcopyrite(cp) e : -
i, vk Orthopyroxene-rich ’ (cv-dg) (right) bornite(bn)-magnetite(mt) and trace sphalerite(sph) in hornblende in magnetite i remobilized; placer concentrations are better targets unless chromitite

NAp | Platformal strata

ultramafic intrusion
NAc | Craton and cover —  Maijor faults
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The disaggregation, reworking and redeposition of pre-existing
ultramafic cumulates in Alaskan-type intrusions resemble some key
features of a simulated magma chamber recharge model (below). An
olivine cumulate mush is intruded by a new influx of basaltic magma
which induces a viscoplastic response and defines an uplifted region -

hornblendite (left); silver mineral (?acanthite(Ac)) at margin of chalcopyrite altered bodies with lateral continuity can be identified.

to Fe-oxyhydroxide in magnetite hornblendite (right).

Alaskan-type ultramafic-mafic intrusions in the accreted arc terranes of the northern
Cordillera. Orthomagmatic sulphide mineralization is known at Duke Island, Turnagain
and Polaris (Ni-Cu-PGE) and Tulameen (Cu-PGE); chromitite-PGE mineralization
occurs at Polaris and Tulameen.
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Magmatic avalanche deposits
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The Late Triassic Tulameen ultramafic-mafic intrusion (below) Is a
classically zoned Alaskan-type body with a dunite(-chromitite) core
and hornblende clinopyroxenite rim. Chromitites in the core host PGE
mineralization, mainly Pt-Fe(-Cu-Ni) alloys; Cu-PGE(-Ag-Au)
orthomagmatic sulphides are hosted in peripheral hornblende
clinopyroxenites and are well exposed in the Champion zone.
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triggered by magma recharge event(s).

T G Initial magma influx

Resident Magma

Bornite and chalcopyrite with vermiform bornite exsolution and covellite-digenite
rim Iin hornblendite (left); relict chalcopyrite extensively altered to Fe-
oxyhydroxide(fox) in hornblende clinopyroxenite (right).

olivine(ol)-bearing clinopyroxenite (left; plane-polarized transmitted light);
interstitial sulphides (pyrrhotite(po)-chalcopyrite(cp)-pentlandite(pn)) in olivine
clinopyroxenite (right; backscattered electron image).

Intruding Magma
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Disaggregated to bulbous (left) and elongate (right) dunite inclusions (Du) in olivine
clinopyroxenite (Cpxt).
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and sedimentary strata

Late Triassic

Tulameen intrusion
Clinopyroxene-biotite-
hornblende syenodiorite

I:I Biotite-hornblende syenogabbro-gabbro
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I:I Dunite, minor chromitite and wehrlite

Host rocks
Nicola Group: metavolcanic and
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M \ B Chalcopyrite and minor pyrite intergrown with oriented laths of actinolite(act) in y iaseemt i Fragments of dunite(Du)-olivine wehrlite(OWe) with diffuse boundaries set in mmera“.z atlo_n n Alaskan-type UI.tramaﬂC mafic intrusions Brl.tISh

T S N hornblendite (left); late hydrothermal pyrite replacing interstitial chalcopyrite in Dunite (Du) inclusions up to 15 m across (left) locally enclosing olivine | wehrlite(We)-olivine clinopyroxenite(OPx) matrix (left); olivine clinopyroxenite Columbia Ministry of Energy, Mines and Low Carbon Innovation,
: crome Homeres b hornblende clinopyroxenite (right). clinopyroxenite (Cpxt) (right). blocks in wehrlite cut by/intermingled with dunite (right). (after Schleicher and Bergantz, 2017). British Columbia Geological Survey, GeoFile 2021-07 (poster).






