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Consorem projects
2013-04, 2014-01 — Altered rocks metamorphosed to high-grade
2015-06 — Metamorphosed gold deposits
2016-07 — Methods for the quantification of hydrothermal alteration

Publication

The Coulon deposit: quantifying alteration in volcanogenic

massive sulphide systems modified by amphibolite-facies
metamorphism

Lucie Mathieu, Rose-Anne Bouchard, Vital Pearson, and Réal Daigneault

(Mathieu et al. 2016b)
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Quantifying alteration in
challenging areas

Coulon VMS

» High-grade metamorphism

R.A. Bouchard (M.Sc, UQAC) E
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Coulon deposit — La Grande Sub-Province, James Bay area
Upper amphibolite facies
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Mathieu et al. 2016b (maps adapted from Gosselin and Simard 2001, Tracy et al. 2009, Savard et
al. 2013)
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O S I S K O Osisko dataset + 38 thin sections (R.A.

MINING n = 5583 Bouchard, M.Sc — UQAC)
Five traces analysed

Table 1. Averaged chemical analyses of the Osisko database.

Altered Altered Altered Alrered

rhyolite dacite andesite basalt

Mean Stcd. Mean Std. Mean 5Std. Mean Scd. | - f d _ h
510, 7411 7.57 6324 439 5984 320 5343 267 A teration quantl led with:

TiO, 020 009 053 011 094 016 128 028
ALO, 1198 186 1466 124 1553 108 1579 100 .
FeO, 325 268 626 246 770 124 1069 128 « CONSONORM_HG (Mathieu
MgO 288 3.69 396 232 455 202 564 188 et al. 2016a)

MnO 005 005 009 006 011 003 017 004
CaD 103 154 313 134 352 170 631 228
Na,0 159 116 304 091 379 113 323 092

K;0 2.56 126 249 0.76 1L.57 0.85 090 071 * MaSS balance (Gresens 1967)

P,O. 002 002 015 006 019 007 022 0.07 with modelled precursor
LOI 127 164 105 0.82 087 078 066 068 , .
Cr 4341 119.00 17152 19531 57.75 17347 84.90 125.36 (Trépanier et al. 2016)

Ba 395.25 309.71 55743 246.41 376.26 269.28 233.33 14266
ir 25131 64.09 15415 4151 17174 3154 136.58 3943
Sr 41.69 B84.60 27790 200.66 179.21 167.07 172.48 B4.35
Y 4936 1911 32.89 14.20 28.79 847 27.08 911

Note: Values for 5i0, to P,O¢ in wt.% and for Cr to Y in ppm. St.d., standard
deviarion.

Mathieu et al. (2016b)
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1. Formating chemical data NO Use CO2 and H20 analysed _

Extracting major and trace Option: calculate Calculate: GOI HENE
H 2 diCulate:

elements and volatiles (wt%) || Converting normative CO27_jES H20" normative etal.

from an input .txt file to mole CO2_normative = 0 (1st loop) (2016a)

‘ 2. Calculate accessory minerals Calculate sulphides, Fe-Ti oxides, carbonates, etc. \

3. Calculate silicates

W

Adjustements

Calculate the 4 minerals

Select small tetrahedron A
Al d‘# of the small tetrahedron,
w = ":.. distribute elements
Mg 11179

Amount of Si consumed
by the minerals?

between the solid Si excess I‘:”
..m solubons Si deficit a
Fe KN
(see Fig. 4) = “' Form quartz React minerals E
El
g
4. Reacting quartz and carbonates under certain circumstances (see Fig. 5) o
(=]
5. Normative estimations of volatils s LOI > H20" mineral + COz + H20™+ S - GOI ? b
Option: calculate YES YES
normative CO27 | o NO Increase COz by 0.1 wt%

—

Density of sample

6. Final operations

Adjust for Fe203 wt% of minerals

consorem.ca
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KFASH (dashed) and KMASH (solid) reactions
(after Spear and Cheney 1989)
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KFMASH pseudosection
(Mesger and Régnier 2016)

Bt Crd Ms
1

| !
600 T°C 700

.+ '~ ] Pictures: Cordierite-enriched

%'l rocks of Coulon

consorem.ca



:“!1 ggo'r\ﬂlu-:.gzheer'c\:nhe en exploration minérale CO U I O n = #1 . CO N SO N O R M_H G 9 / 34

a)

Ox

Crd - cordierite
Grt - garnet
Ox - FeTi-oxide
Tlc - talc
Tr Ath - anthophyllite
Ol - olivine
Cpx - clinopyroxene
Tr - tremolite
other Prg - pargasite
FeMg- Ts - tschermakite |® Sample

minerals Bt - biotite © Precursor

Ath

Ol

other silicates
(except quartz)

Index_FeMg = 100(cordierite + biotite + olivine + talc
+ anthophyllite)/(sum of all silicates — quartz)

consorem.ca
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Calculated using mass transfer
equations (Gresens 1967)

Requires: 1. Precursor (fresh rock)

* Model (Trépanier et al. 2016) output layer
input layer
_ _ hidden layer
Requires: 2. Immobile elements Neural network
O Ti, Al, Zr, Y, Cr available — 1000 = -
7y e
: ] <
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GEOROC (mean values)
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Modelled precursors on the TAS diagram
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rhyolite

Rhyolite, dacite, andesite, basalt
classification — made using Zr/Ti

Na,0+K,0 (wt%) predicted precursors

o
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SiO, (wt%) predicted precursors
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L]
VMS deposit, Baie-James area O S I S < O

Upper amphibolite facies MINING

Cordierite-enriched hostrocks
» « Prograde hydrothermal remobilisation » ? (Tomkins 2007)

Alteration
» Chloritisation mostly, and sericitisation (proximal samples)
* In the most felsic unit (maximum porosity?, sub-surface VMS?)

Recommendations
« Sericitisation = Sillimanite-bearing schists (Qz-Bt-Sill)
» Chloritisation:
* Moderate: Bt+Cord < 20-30 vol% and Bt>Cord
» Intense: Bt+Cord > 20-30 vol% and Bt<Cord

Mathieu et al. (2016b)
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==Y, Consortium de recherche en exploration minérale

Merci de votre attention

Many thanks to R. Daigneault, S. Trépanier, R.A. Bouchard, V. Pearson
To S. Faure, L. Bigot, S. Rafini, etc.
And to Consorem’s parteners:
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