Sr isotopes indicate millenial-scale formation of metal-rich layers by
reactive melt percolation in an open-system layered intrusion
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Overview

Rum, ~60 Ma, western Scotland

Several cyclic units in the Rum intrusion exhibit a close association
between Cr-spinel seams and PGE enrichment

ubiguitous mineral zoning associated with Cr spinel seams due to
reaction with invading picritic melts

use Sr isotopes to test open system models and calculate time-scale
preservation of Sr isotopic zoning => very rapid (107 yr) formation of
metal-rich layers by reactive melt percolation in the Rum intrusion
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/ seams
in Lower Peridotite, laterally
continuous for 10-100s m often
associated with coarse-grained
(harrisitic) peridotite intrusions

Diffuse (with olivine) or discrete
seams of chromitite; enriched in
Platinum Group elements (PGE),
both in sulphides and Platinum
Group minerals (PGM)

Interpreted as forming by reactions
in picritic melt percolation zones
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Mineral key for (a) and (b)
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Method:

Use Sr isotopes (measure 8°Sr/%65r) to test if external (picritic) melts have
interacted with the cumulate framework to form the Cr-spinel seams and
associated PGE enrichment

Closed system fractionation => constant 87Sr/36Sr;
open system melt percolation could introduce variable Sr isotopes
(variable source of melt, assimiliation of rocks with variable 8”Sr/56Sr)

Analyse selected parts of plagioclase and clinopyroxene crystals, that
(very low Rb/Sr ratios - no age-correction needed)

Do the chemically zoned plagioclase and clinopyroxene exhibit Sr
/sotopic heterogeneity? Answer: yes

Using experimentally determined diffusion rates for Sr, how long can
these isotopically-zoned crystals remained hot and still retain their
zoning?

Answer: Must be short implying very rapid (10° yr) formation of metal-
rich layers by reactive melt percolation in an open-system



Intercumulus plagioclase and
clinopyroxene sampled (by Luke
Hepworth) using the Micromill
guided by SEM imaging




intracrystalline 87Sr/86Sr variation in Unit 10 intercumulus
plagioclase (left and oikocrystic clinopyroxene (right)
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Generally Cr-spinel is associated with more An-rich plagioclase and Cr-spinel is
absent when plagioclase is more sodic. As interstitial picritic melt flows through,
olivine and Na-plagioclase dissolve and Cr-spinel precipitates
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Potentially the incoming picrite acquired radiogenic Sr by assimilating
early formed feldspathic cumulates that had been contaminated with
country rocks (e.q. picrite melt + ~7% Lewisian gneiss
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Results of Sr diffusion calculations
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Conclusions

Significant proportion (~20%) of the Unit 10 cumulate pile of the Rum
layered intrusion was intruded late

Numerous chromite seams attest to repeated late-stage infiltration
of picritic melt and melt-rock reaction events. These are intimately
associated with PGE mineralization

Intercumulus plagioclase associated
with chromite seams exhibit
significant mineral chemical and Sr
isotopic (6°Sr/%6Sr) heterogeneity
(disequilibrium)

Length-scales (10-100 um) of
preservation of Sr isotopic
heterogeneities suggest rapid cooling
to below diffusion closure
temperatures on ~1000 year timescale
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Rapid crystallization of precious-metal-
mineralized layers in mafic magmatic systems

Luke N. Hepworth'?, J. Stephen Daly?*#, Ralf Gertisser®', Chris G. Johnson®?, C. Henry Emeleus®’
and Brian O'Driscoll 2=

The solidified remnants of mafic magmatic systems host the greatest concentrations of platinum-group metals in the Earth's
crust. Our understanding of precious-metal mineralization in these intrusive bodies is underpinned by a traditional view of
magma chamber processes and crystal mush solidification. However, considerable uncertainty remains regarding the physical
and temporal controls on concentrating these critical metals, despite their importance to modern society. We present high-
precision #Sr/%¢Sr analyses of plagioclase and clinopyroxene from within centimetre-thick precious-metal-enriched layers in
the Palaeogene open-system Rum layered intrusion (northwest Scotland). Isotopic heterogeneity is present between plagio-
clase crystals, between clinopyroxene and plagioclase and within plagioclase crystals throughout the studied section. On the
basis of these observations, we demonstrate that platinum-group element mineralization formed by repeated small-volume
reactive melt percolation events. The preservation of strontium isotope heterogeneities at 10-100um length scales implies
cooling of the melts that formed the precious-metal-rich layers occurred at rates greater than 1°C per year, and cooling to
diffusive closure within tens to hundreds of years. Our data highlight the importance of cyclic dissolution-recrystallization
events within the crystal mush and raise the prospect that precious-metal-bearing mafic intrusions may form by repeated self-
intrusion during cooling and solidification.



