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“Rare Metals”
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Geochemical Behaviour

Classification of Elements Based on Charge and Radius
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Hydrothermal REE

fluorlte

Gallinas Mountains,
New Mexico

Hydrothermal veins
and breccias

abundant bastnasite
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Alkaline-rock related rare metal deposits
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o fluids play?
Primary vs secondary concentration and
enrichment?
What types of fluids are capable of mobilizing
significant rare metals?
What is the evidence for this?
Are rare metals present in the fluids?
What concentrations?
What controls enrichment?




Thor Lake Location




" L ~. e
\

~ - < /
. \ Thor 3/ 5
\ \\
SRR 1

I

N L
T \{\\T ‘V-'A(Icw.km 2

)
r\ A
1. Great Slave _
Lake ’
e F
\ o= :: __~7% Resoltion
,\_ -
/\ LZ/Ha, Riv 9?‘s
~J s
- 100 km

APHEBIAN
Compton Intrusions

Great Slave Supergroup

BLACHFORD LAKE COMPLEX
Thor Lake Syenita
Grace Lake Granite

Heame Channel, Mad Lake Granites
Whitaman Lake Quariz Syenite
Caribou Lake Gabbro
Leucoferrodiorite

ARCHEAN
Two-mica Granite

Bl OEOOC® BN

Yellowknife Supergroup:
Burwash Formation

THOR LAKE

5 km

PROPERTY

NECHALACHO
DEPOSIT

Blachford Lake complex

modified after
Sheard et al., 2012,
Davidson, 1982



The Nechalacho Layered Series

Two Main Mineralized Zones

Nechalacho: REE, Zr, Nb

T Zone: REE, Zr, Nb, Li, Be

Schematic cross-section
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Modified after Moller and Williams-Jones (2012)



Nechalacho Layered Series:
aegirine-nepheline-sodalite-biotite syenites
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The Nechalacho Layered Suite
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The Nechalacho Deposit
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Nechalacho Deposit: Cumulates

Thor Lake
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Nechalacho: secondary rare-metal minerals

zircon ZrSi0,

fergusonite

NbO,

columbite (Fe,Mn)(Nb,Ta),O¢

allanite (Ca,Na),Ln;Si0,42H,0

bastnasite
mohnazite
xenotime (

(CO,)F
PO, (LREE-enriched)
JPO, (HREE-enriched)



eudialyte pseudomorphs Courtesy of E. Sheard

Yttrium



Heavily altered Basal Zone
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secondary assemblages e
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monazite

secondary assemblages

xenotime




Moller & Williams-
Jones, 2016, J. Pet.
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Upper Intermediate Zone

- Lower Intermediate Zone

Wall Zone
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Pegmatitic Textures
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A more altered version
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T Zone rare-metal minerals

zircon ZrSiO,
columbite (Fe,Mn)(Nb,Ta),O¢

bastnasite Ln(CO;)F
monazite LnPO,
xenotime (Y,Ln)PO,

phenakite Be,SiO,
polylithionite KLi,AlSi,O,,(F,OH),

How do the rare-metal minerals occur?

are they primary or secondary?



REE-minerals in pseudomorphs
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Phenakite = Be,SiO, = Be metsamomatism
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Simple or multi-fluid history?

: : : HFW 20.0pm
multiple generations of zircon " o B



What was the character of
the fluids and did they
contain rare-metals?

Does the fluid record bear-
out the mineralogical
complexity?

Approach = fluid inclusions

How can we tie the fluid
inclusions to the rare-metal
minerals?




fluid inclusions restricted to pseudomorphs
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fluid inclusions restricted to pseudomorphs




pseudomorphs defined by fluid inclusions




Growth zones in quartz

fuatds e,
e
TZone S < A Y
- -

W"ﬁﬁ‘.‘






Isolated/growth zones in xenotime

Nechalacho
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Fluid Inclusion Assemblage (FIA) Classification
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Isolated Inclusions in
xenotime + quartz
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parallel to the c-axis of
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Trapped = zircon, anatase, rutile + ?




25 microns

Trapped zircon in fluid inclusions
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Ice melting temperatures

in quartz in bastnasite
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Complex growth and fluid history
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Evolution of T and salinity

/56.2/322.5
©2.4/292.6

2/2/>350 R : 16 Jon
. ainr e 7

P ntllV 18.0/268.1 ‘

2 2 <& 10 0/268.8

% 1602233 7 o

WA b S
~20)i18. 7/291 = 4

1612909 B 10, 6/248.4
.18.9/153.4 @3 7

195064 (O . W
&/ 97%42 2.1/>350 - Y-
secondary? - , &




What about fluid chemistry?




Energy-dispersive spectroscopy of decrepitates
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EDS analysis of decrepitates
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LA-ICP-MS analysis of fluid inclusions: Na, K,

in growth zones
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Mixing Model: Sheard et al. (2012)
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Rare-metal concentrations
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Fluid/Chondrite

REE concentrations
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Trapping T (°C)

Two Populations
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Reasons for Enrichment?: Aegirine and Mica replacement
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Strange Lake, Quebec/Labrador

gittinsite + gtz + hm

Photos courtesy of J. Gagnon
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A magmatic source?

Li and Be?
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Questions: what roles do fluids play?

Primary vs secondary concentration and enrichment?
e Secondary at Thor Lake
What types of fluids are capable of mobilizing significant rare metals?
 Aqueous, low to moderate T and salinity
* Low CO, and CH,
What is the evidence for this?
* Ubiquitous replacement of primary minerals by hydrothermal assemblages
* Primary fluid inclusions in pseudomorphs with rare-metal minerals, in rare-
metal minerals, and in growth zones in quartz
Are rare metals present in the fluids?
* vyes
What concentrations?
e 10s = 1000s ppm
* Highest concentrations: ~ 150 to 250 °C and from ~ 20 to 25 wt. % NaCl,,;,
What controls enrichment?
* Replacement of mafic minerals and micas



Salinity of fluids in rare-metal systems
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XCO, of fluids in rare metal systems
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